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Introduction Introduction 

Adhesives and consolidants are important 
components of almost every conservation 
treatment. Symposium 2011 brought 
together conservators and scientists from 
around the world to share their practical 
and theoretical knowledge about the use of 
adhesives and consolidants in all areas of 
conservation. The program included a mix 
of paper (lectures, abstracts), posters, 
tours and demonstrations, along with 
stimulating discussions. Papers were 
presented in English or French with 
simultaneous translation. 

Les adhésifs et les consolidants sont des 
éléments essentiels dans presque tous les 
traitements de restauration. Le Symposium 
2011 a rassemblé des restaurateurs et des 
scientifiques du monde entier, qui ont 
échangé des connaissances pratiques et 
théoriques sur l'emploi des adhésifs et des 
consolidants dans tous les domaines de la 
conservation. Il y avait au programme toute 
une gamme de conferences, d’

beaucoup de discussions stimulantes. Les 
conférences étaient présentées en anglais 
ou en français, et il y avait une traduction 
simultanée. 

Le Symposium 2011 a été organisé par 
l'Institut canadien de conservation en 
partenariat avec Bibliothèque et  Archives 
Canada. Il a eu lieu au 395, rue Wellington 
à Ottawa, en Ontario, du 17 au 21 octobre 
2011.  
 

, de 
visites guidées et de démonstrations, et 

Symposium 2011 was hosted by the 
Canadian Conservation  Institute in 
partnership with Library and Archives 
Canada. It was held at 395 Wellington 
Street in Ottawa, Ontario, from October 17 
to 21, 2011.  
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Keynote Presentation: 

Does What We Want Exist? 

Velson Horie 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

Conservators are problem solvers. As the solution to any problem usually flows from its 
definition, the clever bit is to find the right definition. Having identified all the factors involved in 
a perfect solution, one then has to prioritize these factors and confront the limitations of 
materials science. But where are these limitations? Are they theoretical? Is it our imagination 
that cannot reconfigure the definition? Has the technology not been invented? Does the 
technology exist, but we don’t know about it? Do we know about it, but not trust it? 
Conservators are frequently without the resources to find, understand, adapt, or apply these 
technologies — appropriately. 

Early records of applying technology to adhesion and consolidation are largely derived from the 
highly literate. The application of new science to objects was applied through the 19th century 
by scientists. Unfortunately, these ideas were frequently applied widely without the necessary 
evaluation steps. Conservators are now thinking about adhesion and consolidation in a more 
systematic manner. The solutions to our problems can be developed only in collaboration with 
material scientists. Introducing a new technique or material depends on long-term resources. 
Conservation professionals must cooperate and consult widely to define the most pressing 
problems. 

Titre et Résumé 

Présentation du conférencier invité : Ce que nous recherchons 
existe-t-il? 

Les restaurateurs sont, en pratique, des gens qui réussissent à résoudre des problèmes. Comme 
la solution à tout problème découle habituellement de la définition de celui-ci, l’astuce consiste à 
trouver la bonne définition. Une fois que tous les facteurs permettant d’atteindre une solution 
idéale ont été déterminés, il convient d’établir des priorités parmi ces facteurs, tout en tenant 
compte des limites qu’impose la science des matériaux. Mais quelle est la nature réelle de ces 
limites? Sont-elles théoriques ou ne serait-ce pas plutôt notre propre imagination qui n’a pas la 
capacité de réorganiser la définition du problème? Serait-ce que la technologie nécessaire n’a 
pas encore été mise au point ou, s’il elle existe déjà, que nous l’ignorons? Peut-être savons- 
nous qu’une technologie particulière est disponible, sans toutefois considérer qu’elle est assez 
fiable pour répondre à nos besoins? Les restaurateurs sont souvent démunis lorsqu’il leur faut 

identifier et bien comprendre ces technologies, et surtout lorsque leur adaptation ou leur 
application doit être réalisée de manière adéquate. 

Les plus anciens textes qui mentionnent des applications technologiques d’adhésifs et d’agents 
de consolidation proviennent en grande partie de documents hautement littéraires. Au cours du 
XIXe siècle, ce sont les chercheurs qui ont appliqué les nouveaux concepts scientifiques au 
traitement de divers objets. Malheureusement, dans bien des cas, ces idées ont été largement 
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mises en oeuvre sans suivre les étapes d’évaluation nécessaires à ces fins. De nos jours, les 
restaurateurs abordent les problèmes de traitement au moyen d’adhésifs et d’agents de 
consolidation en adoptant une approche plus systématique. Les solutions à ces problèmes 
peuvent uniquement être élaborées en collaborant avec les spécialistes de la science des 
matériaux. L’utilisation soutenue d’une technique de pointe ou d’un nouveau matériau dépend 
des ressources disponibles à long terme. Les professionnels en conservation et en restauration 
doivent de ce fait être prêts à consulter de nombreux intervenants du milieu et à coopérer avec 
eux afin de clairement définir la nature des problèmes les plus urgents. 

How We Got Here 

Conservation of objects has always required materials. Until very recently, the choice of 

materials was limited to what came easily to hand. 

Isolated records of these past treatments survive (Daniels 1988). Around the 11
th 

century,

monks in the north of England protected the degraded wood of St. Cuthbert’s coffin by coating 

it with pine resin and wrapping it with textile. (Simeon (of Durham) 1130; Cronyn 1985). 

Agnolo Gaddi (1350-1396) used a wax/mastic adhesive to repair mosaics in San Giovanni, 

Florence (Merrifield 1849).  In the 1750s, Antonio Piaggio used glue and gold beaters’ skin to 

support fragile papyrus during the mechanically assisted  unrolling of carbonised Herculaneum 

papyri (Gilberg 1988). 

Over the past 200 years, old materials have continued alongside the new – with a huge increase 

in production and therefore relative proportion of the new. The acceptance of novelty in 

preservation techniques grew as new technology and materials became available and 

fashionable. Exploration and exploitation of natural materials became available and applied to 

conservation during the 19
th 

century: rubber (Davy 1821), dammar (Feller 1966), paraffin wax

(Reichenbach 1830; Salzer 1887). Involvement of chemists was rapidly followed by the 

modification of natural products to form adhesives and consolidants. 

These materials are based on organic chemistry. A similar history is seen with inorganic 

materials in conservation. The traditional and adapted materials based on calcium carbonate and 

sulfates and cements continue in use. For stone consolidation, alum in combination with fatty 

acids was used from the 1850s, barium hydroxide from 1860s and fluorosilicates from 1883 

(Heaton 1921; Lewin 1966). Alum was also used for consolidation of waterlogged wood from 

the 1860s (Lindahl 2006). 

The acceleration of chemical research through the 19
th 

and 20
th 

centuries created a flow of new

products into the market and onto objects (Horie 2010). These materials were chosen from the 

plethora of those commercially available. The process of choosing, testing and approving 

materials for conservation has been variable. Notable for thoroughness of approach was the 

work by Gettens and Stout in the 1930s culminating in their still standard text (Gettens 1942). 

Their work was carried forward in an exemplary manner by Feller (Feller 2002), whose 

approach still has a strong influence on how conservation approaches the use of new materials 

(de la Rie 2002). 

There is a long list of rapid borrowings from industry of new inventions, which were regretted 

at leisure. Many of these applications were warned against, but continued nevertheless. 
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Examples have been cellulose nitrate, rubber and chlorinated rubber. Some like soluble nylon 

(Sease 1981) appear to have been introduced only with the immediate problem in mind (Werner 

1958) but once recommended remained in use for decades (Baynes-Cope 1980). 

Longer term difficulties occur when a material is shown to be significantly better than the 

alternatives, and is widely applied, becoming the default treatment without continued 

examination of the merits of the particular use. As a replacement for cellulose nitrate, cellulose 

acetate was a really good idea, in the 1920s. It was used as a consolidant (Plenderleith 1934), 

but came into major conservation use for laminating paper (Wilson 1959) and for copying 

cellulose nitrate cinema films (Adelstein 1981). In both cases, the polymer was subjected to 

extensive tests and formulated to perform well against these tests, so was approved for use as an 

archivally stable polymer. Unfortunately in both cases, the tests did not simulate the conditions 

of use. In use, it takes about 20-30 years for this polymer to deteriorate severely, threatening the 

original by degrading, producing acetic acid, losing plasticiser and shrinking (Maxson 1988; 

Allen 1992). The acceptance and then unquestioning application of this material is threatening 

many objects. 

Strategies For Choosing Materials 

Preservative treatment should only be employed where it is certain it 

can do no harm. Articles of unknown composition should be avoided 

and only materials used the action of which is well understood 

(Heaton 1921) 

During our conservation training, we are taught to rationalise the process of conservation: 

 examine and analyse the object,

 think about its physical condition,

 work out its significance,

 decide what aspects, physical and significance, of the object need preserving

 work out what actions are needed to achieve these ends

 propose practical measures that can achieve these ends, making the inevitable

compromises explicit

 test and evaluate competing proposals

 test and confirm the chosen proposal with a trial on the object

 carry out the confirmed method

 monitor the success of the method over time, in the light of changes in the object’s
physical state and significance

 reverse the action as far as possible

If you are a professional conservator, you will implement these principles through your working 

life. The profession is working well when it uses these prompts at all levels - an individual 
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object or a problem at the international level. Indeed at each iteration of this process, we can 

learn from the outcome of previous actions in order to modify the process and future proposals. 

There is a natural tendency to short-circuit thinking when dealing with apparently similar 

objects, materials or proposals. This tendency becomes pressure when a method is codified. The 

process is therefore not re-considered for each application, but a standard treatment is specified. 

There are considerable benefits in this approach. Experienced staff can be transferred to carry 

out the expensive decision making process elsewhere. Provision of materials and facilities can 

be centralised and highly specified, so improving both their quality and cost. 

There are a number of downsides. In any process, there are failures, but conservation rarely 

works out the failure rate, implicitly or explicitly, before a process is introduced.  By reducing 

the skilled oversight from a process, the likelihood of spotting failure, recognising patterns of 

failure then feeding those lessons back into the process are reduced. The more institutionalised, 

costly and embedded are established processes, the less likely it is that improvements can be 

made. Things have to get pretty bad before the need for change is recognised. Both the 

lamination of paper and supporting textiles using dispersion adhesives have had to be re- 

thought. 

The cost and time needed to develop a treatment and appropriate method for conservation form 

an unholy alliance with the limited resources of most conservation developments. When a 

material or solution has been recommended for one application, it gains a magic aura and is 

frequently widely applied for many other applications. In the conservation world, it was well 

known that cellulose nitrate was unstable (Posse 1899). But 3 decades later - '90% of one's 

troubles can be overcome by "Celluloid in Acetone" '  (Leechman 1931).  Although it had been 

known from the 1880s that consolidants and coatings fail to prevent corrosion of archaeological 

iron but that it stops rusting when kept dry (Jakobsen 1988), coatings were being proposed 100 

years later (Keene 1984; Horie 1997). 

Implementing The Strategy 

What is the cause of these repeated mistakes?  Have we learned and applied the lessons from 

the past?  My answer is – only in part. 

There is now a greater understanding of the properties of materials, both of the original object 

and of added materials. But there is still a lack of understanding of the resultant properties, 

chemical and physical, of the treated object. As a result, it is difficult to forecast the outcomes 

of different proposed treatments. 

Descriptions of the distribution of added adhesives and consolidants are improving, for model 

and a few real objects (Vestergaard 1996; Kessler 1998; Schniewind 1994; Mortensen 2007; 

Cnudde 2009). However, understanding about why the distribution turns out that way is 

lagging, as this requires mathematical models of the liquid flow within the object, in turn 

requiring detailed knowledge of the internal structure of the object, the changing properties of 

the adhesive as it flows and sets, and the changing interaction between the components. This 
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has been started for poly(ethylene glycol), PEG, flow in waterlogged wood (Jensen 1997) and 

for tetraethoxysilane, TEOS, in stone (Clarelli 2010). Consolidation is one of the most invasive 

and irreversible treatments that we carry out. It is also one of the least understood. Advances in 

this field would be directly useful to preservation. 

A Systems Approach 

The well developed theoretical (and practical) expertise of industry is rarely applied to 

conservation problems. An adhesive material can fulfil many tasks depending on the particular 

application. Thorough analysis of the tasks leads to a full specification of the properties needed 

to be successful. These properties will be physical (e.g. strength, stiffness, colour), chemical 

(e.g. adhesion, stability) or even cultural (e.g. choice of source materials). The limitations of 

real materials mean that compromises must be made between what desirable and what is 

possible. The options are further limited by what is actually available. Even so, there are far 

more options available than appear at first sight. The first stage is carrying out an element 

analysis, looking at each specific requirement and matching it to a component in the system. 

This helps to reveal the very different tasks that a single material is undertaking, when it 

appears to be carrying out a single role. 

An example is the adhesion of heavy statues (Podany 2001). The different roles of the join - 

adhesion, reversibility, strength, gap-filling, aesthetic restoration - were traditionally achieved 

by drilling the break surfaces, inserting a metal dowel, filling the gap with a semi- structural 

plaster, then painting the fill. To avoid the damage caused by drilling and the process of 

reversing the dowelling, strong adhesives (polyester and epoxy resins) were introduced to 

conservation to fulfil all these tasks. But the resin therefore has to carry out all the tasks.  These 

roles can be carried by separate materials, each of which can be optimised for these more 

limited tasks. In this example, existing materials were used. Paraloid B-72 was applied as a 

reversible coating on the bond surface. The gap filler was made as a preliminary cast using an 

epoxy resin. The structural adhesive was an epoxy resin which then cured to form the bond 

between the B-72 and gap filler. This separation of both the tasks and the stages of the adhesion 

made the process longer, more expensive, but much more controllable and adaptable to the 

present and future requirements for the object. The increase in reversibility will reduce damage 

in future. 

A more radical re-evaluation of an unsatisfactory adhesive system for hanging large paper 

objects was carried out by McGlinchey (McGlinchey 2004). Again, each element of the system 

was analysed. Identification of the forces on the object, the adhesive and the mount prompted a 

major change in the support structure, which improved the transfer of stresses from the object to 

the structure. This in turn enabled the use of weaker materials attached to the object, so 

reducing risks during application and removal. In parallel, a cool hot-melt adhesive was 

designed from scratch to match the new requirements for this adhesive system in the new 

support structure.  Although this may seem an extreme example of ab initio design, these 

thought processes can be applied even when time and opportunities are more limited. 
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In the early 1950s, poly(vinyl acetate), PVAC, dispersions started to be used in supporting 

textiles that could not be stitched (Beecher 1959), having been introduced into conservation for 

consolidation of waterlogged bones (Purves 1950). Previous research had shown that PVAC 

resins were stable and of conservation standard. In addition, the ability to apply the polymers in 

a water base enabled existing methodologies (using starch or glue solutions) to be applied with 

the new material. Unfortunately, the dispersions and the component polymers etc have very 

different properties, in application, in ageing and in reversal (Karsten 2002). Much work went 

into tackling the application challenges (Landi 1966), but almost none into the longer term 

aspects of the treatment and the effects on the object. The method repeatedly failed over 

decades (Reiter 2006; Jordan 2005) showing that the concept needed radical rethinking. 

Dispersions are really good in industry. They have: low hazard; have low viscosity; are water 

dilutable; form strong films; and create little waste. These are considerable advantages for 

conservation as well. The downsides for industry are: the deposited film has many impurities so 

is far less stable than a purer polymer; the polymer needs to be soft in order to form a coherent 

film. The additional disadvantages for conservation are related to the high molecular weight of 

the polymer: considerably higher temperatures and pressures are needed to enable the flow and 

adhesion of the polymer to the substrate; a very little chemical change transforms the polymer 

into an insoluble network; many of the additives create chemical bonds of the polymer to the 

substrate; removal of the polymer by dissolving requires large quantities of organic solvent in 

order to mobilise the long chains. There is a lot of expertise in designing dispersion polymers 

and their production can be carried out in a moderately equipped laboratory. Dispersions much 

more appropriate for conservation can be designed and made.  However, it is quite likely a 

thorough analysis of supporting weakened textiles would propose different methods and 

materials. 

Traceability 

When recording a treatment or experiment, a conservator should specify the materials they have 

used, for instance, the trade name, supplier/manufacturer, date of supply/manufacture, lot 

number, presumed composition etc. In practice, many conservators have, at best, recorded the 

trade name of the material. This carries an implicit assumption that the material is well 

characterised and is the same every time it is used. Unfortunately, this was never the case and is 

now less likely to be so. Paraloid/Acryloid B-72 provides a cautionary tale. Feller (Feller 1967) 

reported that the manufacturer, Rohm & Haas, had been most cooperative in confirming its 

composition as poly(methyl methacrylate–co-ethyl acrylate), P(MMA/EA). De Witte (De Witte 

1978) demonstrated that its composition was actually poly(ethyl methacrylate–co-methyl 

acrylate),  P(EMA/MA). Varying composition (and consequent properties) was not recognised 

as a difference by the manufacturer. A similar tale is seen with MS2A, a ketone resin (Horie 

2010). 

A structural change is occurring in the chemical industry. Many of the manufacturers used by 

conservators since the 1930s are being absorbed by manufacturers in China and India. As a 

result, products familiar for decades have been discontinued or changed significantly. Research 

and technical information facilities have been closed down, with the loss of historical 

information about production and composition.  Past conservation scientists could call on 
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manufacturer’s insights and resources - these are no longer easily available. As the industrial 

base reduces, the research and university resources are lost. As a parallel in the 1950s, the UK 

leather industry institute, supported by university teaching departments, led the world in 

collagen research. With the decline of tanning in the UK, the industry research base has 

declined to a service function. Conservation scientists must build up their expertise base for 

adhesive systems. 

Strategy For Developing New Treatments 

Up to the present, no more satisfactory material of this type has been 

produced 

(Heaton 1921) 

Research is typically only 10-20% of the costs of introducing a new method into a field – 

development, testing, training and changing practice are the major costs. Conservation is not 

unusual in having a long time horizon, requiring testing and evaluation over decades. Expertise 

will thrive where there is a need for results and long term resources are provided. This has been 

recognised for 150 years, which is why heritage research and development institutes, such as 

the Canadian Conservation Institute (CCI) are needed and supported. Conservation research is a 

long haul to improve the preservation of the heritage. 

How are these long term research aims to be realised? 

In the 1950s, IIC and ICOM were formed to create an atmosphere of communication and 

openness, building on previous efforts. Using ICOM-CC, CCI led the way in building 

international networks working on carefully defined topics. The European Union attempted to 

create comparable networks, but for primarily political reasons. Many research contacts have 

been made, but overall the outputs have been disappointing, with little continuity into the 

development and implementation stages. With the exception of research into waterlogged wood 

particularly PEG, many major advances in adhesives and consolidants have been the result of 

the initiative of a single institution, frequently a single individual, working for decades on a 

problem. 

In some fields such as stone consolidation, progress was held back by a piecemeal approach 

associated with low research standards and lack of rigour (Wheeler 2005). Coordinating the 

resources available in museums and universities internationally requires considerable self 

discipline in the profession. The UK has recently gone through a strategic review of 

conservation research (National Heritage Science Strategy Steering Group 2009) which proved 

effective in identifying themes to be addressed, but more importantly creating a community 

from the disparate groups working in the field. This in turn attracted funding to carry the project 

forward. 

There are major unsolved material science problems affecting collections around the world. 

These include deteriorating paper collections, stone consolidation, and film degradation. The 
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costs of the deterioration and maintenance of these collections are large and are predicted to get 

even larger, if they are to survive. The alternative of copying then destroying the original is 

routine.  As conservators, we need to be sure of the problems and have a plan for tackling them. 

Only then can we make a good case to the public in order to influence those allocating 

resources. 

Out of an agreed strategy and priorities will emerge a plan for pooling our resources (time, 

influence, money) in order to attract further resources with a timetable of research, development 

and implementation. This then needs to be managed to high standards. 

The process outlined is fairly standard within organisations where it is possible to find an 

independent arbiter over the competing priorities. To achieve agreement across organisations 

and countries needs long term commitment at the individual, organisation and country level. 

Much compromise and loss of pet projects will be required.  The problems are bigger than any 

one organisation can tackle. But the solutions can be applied across the world.  An initial stage 

would be for the major conservation organisations to appoint jointly a steering group of the 

great and good, drawn from the conservation community, users and funders, who could 

investigate the overarching and urgent needs of the discipline.  This coherent approach will 

increase the rigour and status of the recommendations, leading to greater likelihood of 

implementation.  It requires a shared vision and resources devoted to achieve a shared outcome. 
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Abstract 

Traditionally, adhesives of natural origin have been used to repair and adhere paper-based 
material — most particularly, starch paste, gum arabic, and animal glue or gelatine. These 
adhesives are expected to remain relatively reversible over time. However, adhesives based on 

natural substances may react with the paper and related media to become less treatable than 
expected. Similarly, components within the adhesive may affect the degradation of the 
cellulose. 

In this paper, three reaction pathways are investigated: 
 Multivalent metal ions such as copper and iron are known to degrade cellulose, gum

arabic, and other polysaccharide substances. There is evidence to suggest that they
may also react with protein adhesives to form insoluble complexes.

 Aldehydes formed during the oxidation of cellulose may react with natural polymers,
resulting in hardening.

 Adhesives containing both proteins and carbohydrates may undergo condensation
reactions, resulting in discolouration and loss of solubility. These reactions may also
occur with the cellulose or with a sizing layer on the paper sheet.

The paper provides an overview of these mechanisms and calls for further studies specific to the 
paper–adhesive bond. A better understanding of the reactions occurring between adhesive and 
paper would assist with the assessment of deterioration patterns and the evaluation of 
treatment options for adhesives that resist solubilization. 

Titre et Résumé 

Interactions entre les adhésifs de sources naturelles et les 

substrats de papier 

Ce sont les adhésifs d’origine naturelle qui ont traditionnellement servi à réparer les matériaux à 
base de papier et à assurer leur adhérence. Ces adhésifs comprennent notamment la colle 
d’amidon, la gomme arabique et la colle animale (ou gélatine). Les adhésifs de ce type 
devraient conserver leur capacité de réversibilité au fil du temps. Toutefois, les adhésifs de 
sources naturelles peuvent réagir avec le papier et des médiums connexes, ce qui rend plus 
complexe le traitement prévu à l’origine. De même, les composants de l’adhésif peuvent aussi 
influer sur la dégradation de la cellulose. 

Le présent article traite de l’étude de trois voies de réactions distinctes, soit : 
 Il est reconnu que des ions métalliques polyvalents comme ceux du cuivre et du fer

provoquent la dégradation de la cellulose, de la gomme arabique et d’autres
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substances polysaccharidiques. Certains résultats semblent indiquer que ces ions 
peuvent aussi réagir avec des adhésifs protéiques et former des complexes insolubles; 

 Les aldéhydes formés par oxydation de la cellulose peuvent réagir avec des polymères
naturels et entraîner leur durcissement;

 Les adhésifs comprenant à la fois des protéines et des glucides peuvent subir des
réactions de condensation, lesquelles entraînent une altération de la couleur et une
perte de solubilité. Ce type de réactions peut aussi se produire dans le cas de la
cellulose ou celui d’une couche de l’encollage de la feuille de papier.

L’article offre aussi un aperçu de ces divers mécanismes et des raisons qui demandent 
l’exécution d’autres études particulières sur l’adhérence papier-adhésif. En ayant une meilleure 
compréhension des réactions auxquelles participent l’adhésif et le papier, il sera plus facile 
d’établir des profils de détérioration et d’évaluer la pertinence de traitements au moyen 
d’adhésifs résistants à la solubilisation. 

Introduction 

Adhesives of natural origin are often found on paper-based collection material. Though 

adhesives like animal glue and starch paste were less widely used after the development of new 

synthetic polymers in the 1920s-1930s, they are still commonly encountered by paper 

conservators. 

The exact composition of such adhesives is rarely of concern, as many remain treatable using 

standard aqueous methods. Similarly, the reactions that may have taken place between adhesive 

and paper over time are not often considered, unless the adhesive proves to be unresponsive to 

traditional treatment methods or when unusual degradation is observed. 

This paper examines the types of reactions that may occur between adhesives of natural origin 

and paper, focusing primarily on reactions involving proteins and carbohydrates. To begin, the 

nature of the paper-adhesive bond and a brief overview of cellulose deterioration are presented. 

This is followed by a summary of natural binders used with paper. Three reaction pathways are 

then examined: reactions with metallic ions (particularly multivalent ions), the effect of 

aldehydes on natural binders, and condensation reactions. These reactions may occur within 

either the paper or the adhesive alone, creating new functional groups which may then react 

with other layers in the assembly. Alternatively, these reactions may occur across the bondline. 

In 1976 Baer et al noted that there has been little investigation of the interaction of the adhesive- 

artifact system in conservation literature. This would still seem to be the case. The information 

in this paper is largely drawn from studies of related effects, such as the deterioration of 

cellulose by iron or copper-containing inks or the degradation of sizing layers on paper. Further 

studies specific to adhesive-substrate interactions would be of benefit to the conservation 

profession, both to understand observed degradation and to assist with the development of 

treatment methodologies for insoluble adhesives. 

The Adhesive Bond 

To understand what reactions may take place between adhesives and paper, it is first necessary 

to understand the nature of the adhesive bond. An adhesive bond typically contains three 
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distinct parts — two adherends (e.g. the two pieces of paper to be joined) and the adhesive in 

between. Petrie (2006, pp. 8-9) defines two additional ‗interphase‘ regions. These are thin 

volumes of material between the adhesive and each adherend. The interphase regions may 

contain many layers, such as adsorbed water, corrosion products, oxidation products or 

contaminants and plasticisers that have migrated out of either adhesive or adherend. The weak 

boundary layer theory of adhesion even proposes that adhesives bind with these layers, rather 

than to the substrate itself (Petrie 2006, pp. 50-66). 

Size layers are also significant in a paper-adhesive assembly. Size is added to decrease the 

porosity of the paper surface and may be added to the pulp itself, before the sheet is formed, 

and/or to the surface of the paper after sheet formation. Traditionally, starch and gelatin were 

used to size paper. From the early nineteenth century, alum and rosin were often added to 

gelatin size, to improve its water resistance (Gess 1996). On old papers, the adhesive and the 

size may be very similar materials. 

The surfaces of materials are highly energetic compared to the bulk of the material within or 

beneath. As they have fewer neighbouring molecules, the surface molecules are less closely 

bound and have more energy available for other reactions. These atoms can interact with each 

other, with atoms from the ‗bulk‘ (below the surface or within the material) or with other 

materials in the environment (Schneberger 1983, pp. 21-22). 

Much of the adhesion between an adhesive and paper is due to simple mechanical interlocking 

— paper is a fibrous, porous surface; adhesive molecules can penetrate the surface and become 

mechanically intertwined. However, adsorption is also thought to play a role in adhesive 

bonding to cellulose. Hydrogen bonding is likely to play an especially important role, due to the 

large number of hydroxyl groups (OH) available for bonding on the cellulose molecule (Petrie 

2006, pp. 50–66). Many natural binders also contain side groups capable of forming hydrogen 

bonds. (See Table 1). For example, proteins contain amino groups (NH2) and carboxyl groups 

(COOH); polysaccharides contain hydroxyl groups (OH). Hydrogen bonds are therefore likely 

to form between various natural binders and cellulose (or a sizing layer), across or 

encompassing molecules in the interphase regions. 

Cellulose Deterioration 

Paper is primarily composed of cellulose, a straight-chain polysaccharide, consisting of long 

chains of D-glucose units joined by 1-4-β-glycosidic bonds. Hydrogen bonds form within and 

between molecules, contributing to the strength of the material. Though relatively stable to 

degradation, acid hydrolysis can occur as cellulose is oxidised to form acidic carboxyl groups. 

Oxidation can also occur, particularly on exposure to light. Here, primary hydroxyl groups are 

oxidised to carboxyl groups (Mills & White 1999, p. 73). Cellulose can also oxidise to form 

peroxy radicals. These radicals then cause chain scission or cross-linking of nearby materials. 

Metallic ions are powerful oxidizing agents and may be present as residues of the papermaking 

process or as components of various media applied to the paper substrate. 
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Of course, paper is rarely (if ever) just cellulose. Hemicellulose, lignin, pectin and other 

materials may also be present within the fibre matrix, adding to its already complex chemistry. 

In addition, paper may have had size, dyes, bleaches, bluing agents and various other substances 

added during or after manufacture. 

Natural Binders used as Adhesives for Paper 

A study of published adhesives recipes from the period 1870-1920 found a wide variety of 

natural substances in use as adhesives for paper (Cannon 2009, pp. 45-74). The most commonly 

used materials were animal glue (and its purer form, gelatin) and starch or flour pastes. Sugar, 

dextrin and gum arabic were also very common organic binding agents. Less common materials 

included shellac, linseed oil, gum tragacanth, rubber, gutta percha, casein, fish glue, egg, 

cellulose nitrate and plant resins such as dammar and mastic. Table 1 contains a summary of 

these materials and Table 2 a description of their common functional groups. In terms of broad 

chemical categories, natural binders include proteins, polysaccharides, polyisoprenes, terpenes 

or triglycerides. Many are naturally-occurring polymers, or biopolymers. 

About one third of all recipes identified by Cannon (2009, pp. 75-116) contained more than one 

binder. For example, animal glue mixed with starch or flour paste was a common recipe. Plant 

resins were sometimes added to starch and protein adhesives to increase tack. Linseed oil was 

added to animal glue to make a more waterproof adhesive. It may not be unusual, therefore, to 

encounter an aged adhesive that contains both protein and starch, or starch and terpene, and so 

on. 

The insolubility of an adhesive based on natural substances may, of course, be a characteristic 

entirely independent of the paper substrate. The adhesive may have been formulated to be 

water-resistant, utilizing either non-water soluble binders (e.g. rubber, linseed oil, plant resins) 

or chemical hardeners (e.g. alum, formaldehyde, potassium permanganate, tannic acid). 

All of these substances are complex on an individual level; in combination even more so. The 

chemical makeup of an adhesive based on natural binders may be further complicated by the 

presence of various additives, including metal salts, essential oils, solvents and diluents, which 

were often added to alter the working properties of the adhesive or the qualities of the dried 

film. This complexity makes it hard to predict what chemical degradation may occur within the 

adhesive itself, as well as what effects it may have on an adjacent paper substrate. 

Table 1: Common binding agents of natural origin 

Binder Description Reactive groups 

Animal glue, gelatin, 

fish glue 

Fibrous protein. Consists primarily of partially degraded 

collagen. Collagen contains frequently repeating glycine- 

proline-hydroxyproline sequences. 

Amine (NH2) 

Carboxyl (COOH) 

Peptide links (-C(=O)NH-) 

Double bonds 

16



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Casein The principal protein in milk; composed of α, β, γ, and κ- 

caseins (differing molecular weights). Contains about 1% 

phosphorous, mostly in the form of phosphoric acid. 

Amine (NH2) 

Carboxyl (COOH) 

Peptide links (-C(=O)NH-) 

Double bonds 

Egg albumen A globular protein, though on denaturing adopts an open 

chain-like structure. Egg white contains ovalbumin, 

conalbumin (both glycoproteins) and lysozyme proteins. 

Egg yolk contains phosphorous and lipids, amongst other 

materials. 

Amine (NH2) 

Carboxyl (COOH) 

Peptide links (-C(=O)NH-) 

Double bonds 

Starch Polysaccharide. Comprised of glucose units joined by α- 

glycosidic bonds. Composed of varying amounts of 

amylase (linear chain) and amylopectin (branched chain). 

Hydroxyl (OH) 

Acetal (R(RO-C-OR)H) 

Flour Polysaccharide containing protein component (prolamins 

and glutelins). Cereal grains generally contain about 10% 

by weight of protein, seeds or beans as much as 50% of dry, 

de-fatted materials. 

Hydroxyl (OH) 

Acetal (R(RO-C-OR)H) 

Functional groups related to protein 

component (e.g. amine, carboxyl) 

Dextrin Polysaccharide. More highly branched than starch. Made 

from starch that has been hydrolysed and then re- 

polymerized with heat and/or acid. 

Hydroxyl (OH) 

Acetal (R(RO-C-OR)H) 

Plant gums (gum 

arabic, gum 

tragacanth etc) 

Mixtures of polysaccharides (C6H12O6) and glycoproteins. 

Contain different sugars and acid salts – e.g. arabinose, 

galactose, galacturonic acid. Gum arabic also contains 

calcium, magnesium and potassium. 

Aldehyde (H(C=O)) 

Hydroxyl (OH) 

Sugar Disaccharide (contains sucrose, which is composed of 

glucose and fructose). 

Carbonyl (C=O) 

Hydroxyl (OH) 

Hemiacetal and/or hemiketal (R(RO-C- 

OH)H, R(RO-C-OH)R) 

Cellulose nitrate Modified polysaccharide – hydroxyl groups on glucosidic 

rings substituted with nitrate groups. 

Hydroxyl (OH) 

Nitrate (R-ONO2) 
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Linseed oil Triglyceride. Main components linolenic, linoleic, oleic, 

palmitic and stearic acids. Contains high number of 

unsaturated esters. 

Alkyl group (-O-) 

Ester bonds formed from hydroxyl (OH) 

and carboxyl (COOH): RCO2H 

Rubber, gutta percha Polyisoprenes (rubber is the cis isomer, gutta percha the 

trans). Composed of isoprene units (C5H8). Contains a 

small percentage of other materials, such as proteins, fatty 

acids, resins and inorganic materials (salts). 

Methyl (CH3) 

High proportion of double bonds 

Plant resins 

(dammar, elemi, 

mastic, sandarac etc) 

Terpenes (diterpenes and triterpenes). Composed of 

isoprene units (C5H8), which may be arranged in chains 

and/or rings. 

Aldehyde (H(C=O)) 

Carboxyl (COOH) 

Hydroxyl (OH) 

Double bonds 

Shellac Terpene (sesquiterpenes) combined with colouring matter 

and waxes. 

Aldehyde (H(C=O)) 

Carboxyl (COOH) 

Hydroxyl (OH) 

Double bonds 

Table 2: Common organic functional groups 

Functional group Description Formula 

Acetal Two single bonded oxygen atoms attached to the same carbon atom. A 

component of glycosidic bonds in cyclic glucose molecules. 

R(RO-C-OR)H 

Alkoxy An alkyl (carbon and hydrogen chain) group single-bonded to oxygen. -O-

Aldehyde Carbon double-bonded to oxygen, on the end of polymer chain. RCHO 

Amino Contains a basic nitrogen group with a lone pair. -NH2, -R(NH) or –R(N)R

Carbonyl Carbon double-bonded to oxygen. A characteristic of aldehydes, ketones, 

carboxylic acids and esters. If found on the end of a chain it forms an 

aldehyde H(C=O). If found between two carbon atoms, it denotes a ketone. 

C=O 

Carboxyl Consists of a carbonyl group and a hydroxyl groups. Characteristic of 

carboxylic acids, the most common type of organic acid. 

-COOH

Hemiacetal Formed by the addition of an alcohol to a carbonyl group. Derived from 

aldehydes. Less stable than acetal groups, but glucose and other aldoses 

exist as cyclic hemiacetals. 

R(RO-C-OH)H 
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Hemiketal Formed by the addition of an alcohol to a carbonyl group. Derived from 

ketones. Less stable than acetal groups, but fructose and other ketoses exist 

as cyclic hemiketals. 

R(RO-C-OH)R 

Hydroxyl Characteristic of alcohols; especially predominant in carbohydrates. -OH

Imine Contains a carbon-nitrogen double bond. May be found on primary or 

secondary carbons and attached to either a hydrogen ion or another 

molecule. 

C=N 

Ketone Carbon double-bonded to oxygen, between two carbon atoms. RCOR‘ 

Methyl The simplest alkyl group, which consist only of single-bonded carbon and 

hydrogen atoms. 

-CH3

Possible Reaction Pathways between Paper and Adhesives 

The paper-adhesive assembly is clearly a complex structure. A multitude of reactions may be 

expected to occur within and between components of the assembly. The following reactions 

may occur within the adhesive or the paper alone, or they may occur across the bondline. These 

reactions result in crosslinking, manifested by increased insolubility of the adhesive, or in chain 

scission, which weakens paper and adhesive binders alike. Oxidation (the reaction of oxygen 

with radicals formed within a substance) may result in oxygen and other molecules becoming 

embedded in the structure. Yellowing generally indicates the formation of double bonds within 

the structure (Horie 1992, pp. 37-38). 

Metallic ions 
Metallic ions often act as oxidizing agents for cellulose and adhesive materials. Multivalent (or 

polyvalent) metal ions are particularly reactive, as they can participate in ionic reactions in two 
or more oxidation states. Common multivalent ions are iron, copper, lead, chromium, 
aluminium, mercury and manganese. The alternation between charged states for multivalent 

metal ions (e.g. between Cu
+2 

and Cu
+3

) requires a partner in the oxidation/reduction process.
Cellulose and other polysaccharides (e.g. gum arabic) can act as the reaction partner and thus 

will undergo oxidative degradation, creating radicals that further contribute to the deterioration 

process (Daniels 2002; Hagadorn 2004). Kireyeva (1995) additionally found that aged samples 

of fruit tree gums, gum arabic and egg white plasticised with honey were decomposed to 

various organic acids (e.g. formic, lactic, oxalic and acetic) on exposure to copper acetate. Such 

acids may contribute further to the deterioration of the adjacent paper substrate. 

The formation of radicals via this path can occur in both acidic and alkaline environments. 

Bicchieri & Pepa (1996) found that in low-acid environments, iron ions acted as a catalyst for 

the cleavage of cellulose at the 1-4-β-glycosidic bond, whereas copper catalysed the oxidation 

of the anhydroglucose ring. If conditions were acid or neutral, the new end groups formed on 

the chain were aldehydes; if alkaline, the groups became carboxyl groups. An increased 

concentration of metal ions within the paper appears to accelerate the rate of reaction and thus 
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subsequent damage. More soluble form of these ions — for example, copper acetate, found in 

the pigment verdigris — are more likely to be diffused through the paper (Banik 1989). 

Multivalent ions are also known to cause protein chains to crosslink, hence the use of 

aluminium, iron and chromium in leather tanning. Metal ion-induced crosslinking between 

protein chains is thought to include hydrogen, ionic and covalent bonds. For example, copper 

may form metal mercaptides with sulphur groups in proteins (Walsh 1962; Gettens & Stout 

1966, pp. 24-25; Hubbard 1977; Norland 1977). Lead ions have been found to complex with 

proteinaceous material on the surface of paintings, making them insoluble to normal aqueous 

treatment methods (Wolbers 2000, pp. 119-120). 

There are many potential sources of metal ions within the adhesive-adherend structure. Metal 

ions may have been present in the original binding materials — for example, gum arabic 

naturally contains calcium and magnesium salts of arabic acid. Old adhesive recipes based on 

natural binders often included metal salts as additives, in order to alter the physical properties of 

the adhesive. Some recipes contained chemical hardeners, such as alum (as aluminum sulphate 

or aluminium potassium sulphate), potassium dichromate or tannic acid. Copper sulphate was 

used occasionally, most likely as a preservative. Lead salts, such as lead acetate, lead carbonate, 

lead (II) sulphate and lead oxide (litharge), when added, were probably intended as driers or 

fillers, though on occasion it seems they were intended to increase the water-resistance of the 

adhesive. Mercury salts were added to prevent insect attack (Cannon 2009, pp. 81-91). Paper 

itself often contains iron and copper impurities from papermaking equipment. Alum sizing was 

common from the seventeenth century (Kolbe 2004) and so aluminium is likely to be present in 

many historic papers. Inks and paints may contain iron, copper, zinc, calcium, lead, chromium 

and a host of other metallic ions. 

It seems likely that the diffusion of metallic ions from one layer to another could bring about 

adhesive insolubility and/or paper degradation. For example, Figure 1 shows a printed label 

adhered to a scrapbook page. The adhesive was easily soluble in water except for the portions 

directly below the gold-coloured ink. This ink was found to contain copper, by using x-ray 

fluorescence (XRF). The machine used was a Bruker AXS TRACeR III-V hand-held instrument 

loaned by KeyMaster Technologies. The item in question is a printed label from the Victorian 

Patent Office Copyright Collection belonging to the State Library of Victoria. Diffusion of 

copper ions through the paper and into the adhesive, causing crosslinking, could explain this 

difference in solubility. 
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Figure 1: Printed label adhered to scrapbook page. Adhesive is water-soluble except in areas 

immediately adjacent to gold-coloured ink. 

Many authors have examined the role of size layers and media binding agents in the degradation 

of cellulose by copper and iron. Though not directly concerned with any adhesive layer, these 

studies nevertheless indicate what may occur when metal ions react with natural adhesives. 

When used as a binder for iron and copper-containing inks, gum arabic binders have provided a 

temporary barrier between the metallic ions and the cellulose, though the binder itself 

eventually suffers copper-induced decomposition (Hagadorn 2004). Gelatin has a similar 

buffering effect but appears more effective than gum arabic, with less deterioration of the 

cellulose observed. Barret and Mosier (1995) proposed that gelatin acts as an acid acceptor, 

buffering the paper from acidic environmental pollutants and degradation products. Daniels and 

Leese (1995) theorised that gelatin may act simply as a physically protective layer, preventing 

metal ions from passing into the substrate. Kolbe (2004) proposed that gelatin may complex 

transition metals, making them unavailable for oxidative decomposition of the cellulose 

beneath. Kolbe additionally noted that iron-gall ink brings about local ―tanning‖ on the surface 

of vellum and of gelatin-sized paper. When investigating the effects of copper on gelatin 

binders, Meyer and Neumann (2009) found that copper-gelatin complexes were relatively 
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unstable and that the presence of moisture may cause them to dissolve. Short-chain gelatin was 

more effective at forming complexes than longer chain molecules. Alum also has a crosslinking 

effect on gelatin size, forming bridges between gelatin and cellulose and making the size more 

resistant to water (Dupont 2002). It is presumably also possible for these reactions to occur with 

an adhesive layer. 

Though acidic polymers such as proteins and degraded cellulose may not strictly be called 

chelating agents, polymers that form complexes with metal essentially act as such. In doing so, 

they may become very difficult to resolubilise in aqueous systems (Wolbers 2000, p. 121). It 

seems clear that metal ions can diffuse through the adherend-adhesive layers, regardless of the 

layer in which they originate. Metal ions will thereby accelerate the degradation of proteins and 

polysaccharides and/or cause crosslinking of proteins. 

Aldehydes 
Aldehydes (e.g. formaldehyde) have been observed to harden proteins, with vapours of 

formaldehyde reportedly enough to cause films of fish glue to become insoluble (Walsh 1962). 

Aldehydes are also used to tan animal skins. The reaction between aldehyde and protein occurs 

primarily at amino groups, resulting in intra and intermolecular crosslinking (Hopwood 1968). 

In undegraded collagen, an N-hydroxymethyl group (collagen-NH-CH2OH) is formed from the 

initial reaction with an aldehyde. This group is highly reactive, combining with further amino 

groups to form crosslinks between collagen molecules (Covington 2006). 

In a study on the degradation of gelatin size on paper, Dupont (2002) found evidence to suggest 

that crosslinking of gelatin occurred during ageing, through links other than hydrogen bonds. 

On ageing an alkali-prepared gelatin, Dupont found that there was an increase in low molecular 

weight fractions as well as formation of high molecular weight proteins, the latter probably 

formed through crosslinking or aggregation of chains. Crosslinking occurs in proteins when 

bound water within the gelatin molecule is progressively removed. However, as mentioned 

previously, the degradation products of cellulose contain aldehyde groups and thus can react 

with free amino groups on the protein molecule. Amino glycosides are formed, which can react 

with other gelatin amino groups. The result is a crosslinked, less soluble structure. 

Starch is also reported to form insoluble complexes with aldehydes. The chemical pathways are 

not thoroughly understood, but it is likely that aldehydes react with hydroxyl groups on the 

starch chain. Crosslinking of chains may occur through the formation of bonds between 

methylene groups on the aldehyde and hydroxyl groups on the starch. Borax (sodium 

tetraborate) is thought to have a similar effect and has been used widely for tackifying starch 

and dextrin adhesives. It is possible that any ‗polyhydroxy‘ acid groups (those having three or 

more hydroxyl functional groups) could have similar crosslinking mechanism with starch (Kerr 

1950, pp. 466-470; Kruger & Lacourse 1990). 

Maillard (browning) reactions 
In these reactions, amino groups (NH2) from a protein react with carbonyl groups (C=O) from 

carbohydrates, or from oils undergoing auto-oxidation. Derivatives of these substances or their 

acid-catalyzed degradation intermediates may also participate. The subsequent reactions are 

complex and varied, comprising a number of reactions occurring in series or in parallel. The 
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results are cross-linked products, thought to be polymeric carbonyl-amine compounds 

containing free carboxyl groups (COOH) and phenols — substances containing a six-membered 

ring structure bonded to a hydroxyl group. The resulting brown or yellow colouration is due to 

the presence of conjugated double bonds. The resulting compounds are also insoluble (Palladino 

1992; Cortesi et al 1998; Mills & White 1999). 

Maillard reactions are known to occur within glycoproteins (substances that contain both protein 

and sugars, such as egg albumen and gum arabic). Such reactions are thought to be responsible 

for the yellowing and browning of albumen photographic prints (Reilly 1982). It is likely that 

similar reactions occur in adhesives containing both protein and carbohydrate binders (e.g. 

animal glue or gelatin mixed with starch, sugar, dextrin or gum arabic). Certainly, sugars have 

been used to cross-link gelatin for pharmaceutical purposes (Cortesi et al 1998). 

Maillard reactions are very sensitive to temperature and may be initiated by a period of high 

heating — possibly, for adhesives, by the cooking required in their preparation. (The Maillard 

reactions are responsible for much of the browning and flavour of cooked food — see McGee 

2004, pp. 778–779). After initiation, the reactions can continue at room temperature (Reilly 

1982). Moisture also accelerates the reaction (Karpowicz 1981). The reactions would appear to 

occur in both alkaline and acid conditions — some authors have found that alkaline conditions 

accelerate browning (e.g. Reilly 1982); however, Daniel & Lohneis (1997) found that instead 

acid conditions promoted browning of sugar and egg white confectionery. It seems likely, 

therefore, that adhesives could react with a sizing layer or the paper itself via this mechanism. 

Maillard reactions may also explain excessive discolouration of adhesives containing both 

proteins and carbohydrates. 

Conclusions 

Adhesives of natural origin and cellulose contain reactive groups that can interact across the 

bondline. On ageing, degradation products (such as radicals, aldehydes or organic acids) from 

either material may migrate across the bondline and bring about crosslinking, chain scission 

and/or oxidation of the other materials present in the assembly. 

The most likely reactions to occur are those involving multivalent metal ions, contained in either 

the adhesive or the paper, resulting in crosslinking of the adhesive and cellulose deterioration. 

There have already been studies on the effects of multivalent ions contained in pigments on 

cellulose degradation. Though these studies have examined the role of binders such as animal 

glue and gum arabic in the reaction, the deterioration of binders has not been the primary focus. 

Other chemical reactions that take place within organic substances may also occur over the 

adhesive-substrate bond. These include condensation reactions (e.g. the browning or Maillard 

reactions), and reactions caused by the production of free radicals or other deterioration by- 

products, such as aldehydes. To date there is little specific information available about the 

reactions that may occur between adhesives of natural origin and a paper substrate, on ageing. 

Most information must be inferred from studies of similar systems, such as the ageing of sizing 
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layers on paper or the degradation of cellulose by metallic ions. The reactions between paper 

and adhesives of natural origin have not been a major research concern, as the majority of such 

adhesives have remained treatable with aqueous solutions over time. However, some adhesives 

resist solubilisation or swelling. Others deteriorate in unexpected ways. Closer investigation of 

possible reaction pathways can only benefit the materials conservator. 
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(biographies and contact information for authosr can be found at the end of this paper) 

Abstract 

A systematic review of the range of adhesives used in the conservation of collection items in the 

British Library was carried out to assess their suitability with regard to established conservation 
criteria. Information was gathered through a questionnaire, research of articles and 
publications, and enquiries to individuals and institutions. Research and testing were also 
carried out by the Conservation Science department to investigate concerns associated with 
unrefined proteinaceous glue (animal glue) and certain synthetic adhesives. 

We found that, on the whole, there is consensus in the conservation community about which 
adhesives are suitable for conservation. However, some areas need more research, especially in 

relation to animal glue. We discovered that a synthetic adhesive (based on ethylene vinyl 
acetate) commonly used in the United Kingdom off-gasses volatile organic compounds. We were 
able to recommend adhesives for use either directly on collection items, or in housings, and to 
suggest an ongoing program of research and development. The review has informed our work, 
allowing conservators to adapt treatments according to the latest research. Overall, it has 
proved to be an invaluable exercise with tangible benefits to the conservation of the British 
Library collection. 

Titre et Résumé 

Examen des pratiques courantes et récentes relatives à 

l’utilisation d’adhésifs au département de restauration de la 

British Library 

Un examen systématique de la vaste gamme d’adhésifs utilisés pour restaurer les objets de la 
collection de la British Library a été entrepris afin de déterminer s’ils sont adéquats, en tenant 
compte des critères acceptés dans le domaine de la restauration. L’information a été recueillie 
au moyen d’un questionnaire, en consultant des articles et des publications, ainsi qu’en 
demandant des renseignements à des personnes et institutions pertinentes. Des travaux de 
recherche et des essais ont aussi été exécutés dans les installations du département de 
restauration afin d’étudier des sujets de préoccupation particuliers, notamment l’utilisation de 
colle protéique brute (colle animale) et de certains adhésifs synthétiques. 

Nos résultats indiquent qu’il existe en général un consensus au sein de la communauté des 
restaurateurs au sujet des adhésifs de restauration adéquats. Il reste toutefois certains 
domaines qui devraient faire l’objet de travaux de recherche supplémentaires, notamment au 
chapitre de la colle animale. Nous avons établi qu’un adhésif synthétique (à base de copolymère 
d’acétate de vinyle et d’éthylène) qui est couramment employé au Royaume-Uni dégage des 
vapeurs de composés organiques volatils. Les données nous permettent de recommander des 
adhésifs particuliers pouvant être directement appliqués sur des objets de collection ou utilisés 
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dans des enceintes ou des vitrines, et de proposer la mise en oeuvre d’un programme continu 
de recherche et développement. Les retombées de l’examen comprennent, entre autres, 
l’acquisition de connaissances précieuses qui permettent aux restaurateurs d’adapter les 
traitements en fonction des résultats de recherche les plus récents. Les répercussions de 
l’exercice, qui sont dans l’ensemble inestimables, comportent de nombreux avantages concrets 
pour les projets de restauration de la collection de la British Library. 

Introduction 

The British Library, was formed in 1973 and moved to St Pancras in central London in 1998, 

see Figure 1. It is home to an ever-growing collection of over 150 million physical items. It is 

one of six legal deposit libraries in the UK. The Library also has a purpose-built facility at 

Boston Spa, West Yorkshire, which stores print material in a low-oxygen, low-light 

environment. 

Figure 1. The British Library, London 

The British Library Centre for Conservation (BLCC) is the latest state-of-the-art addition to the 

St Pancras site, see Figure 2. The BLCC provides accommodation designed to meet the specific 

requirements of the majority of its conservators who work on a vast range of collection items 

and materials including; paper, books, leather, parchment, textiles, wood, papyrus, ivory, 

pigments, scrolls, seals, photographs, metal, plastics, maps and stamps. 
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Figure 2. The British Library Centre for Conservation opened in 2007 

In accordance with professional practice, the Conservation department timetables regular 

reviews to promote best practice in its conservation approach (E.C.C.O. 2007). This gathering 

of collective knowledge ensures that Library resources are used efficiently and that our 

approach links into the wider conservation community professional practice. 

‘The Conservation Treatment Review is part of a package of projects 

that are being undertaken to ensure that the work done in 

Conservation meets the current and future needs of the British 

Library...’ ‘...The aim is to develop a Conservation service that is 

world class, effectively managed and staffed by professionals who are 

equipped to make decisions about the best options for the treatment of 

the BL’s Collections, with the chosen treatments carried out to 

consistently high standards.’ 

(Humphrey 2004). 

Regular treatment reviews were implemented six years ago and began with the ‘Iron Gall Ink 

Treatment Review 2005’ (Beltran de Guevara 2006). 

The project represented within this paper is a review of the use of adhesives in the British 

Library Conservation department which seeks to develop a consistent and appropriate use of 

adhesives in specific conservation treatments. This paper is an overview of the treatment review 
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process, concentrating on the methodology employed and reporting on a selection of the most 

interesting findings. 

Information gathered from the review has been compiled in a report held at the Library and 

relayed to staff via a Topic Talk. Topic Talks are held monthly in the BLCC’s training facility. 

Collection Care staff can use these sessions to show current work, report about seminars and 

conferences or to discuss conservation issues. The wider conservation community will be 

informed through a series of talks, workshops and publications. Should any future actions be 

identified these will be acted upon as part of the Conservation department’s on-going strategy. 

Methodology 

Information gathering and research 
Information gathered from the Library conservators was crucial to gauge the extent and specific 
use of adhesives within the department over the last five years. The team developed a 'tick-box' 

questionnaire and colleagues were invited to indicate which adhesives they would consider 

using for which conservation treatments. 

We chose to review the 11 most widely used and familiar adhesives in the Conservation 

department consisting of four main adhesive types: 

Starch and polysaccharides 

• Wheat starch (BDH and Zin Shofu; powdered with gluten removed)

• JunFunori (red algae extract)

• Furu-nori (aged wheat starch - although the Library does not have a stock of aged starch,

this was also investigated as a possible alternative to non-aged wheat starch paste for

specific treatments)

Cellulose ethers 

• Methyl cellulose (Methocel A4C; medium viscosity, 400mPas)

• Hydroxypropyl cellulose (Klucel G/E and Cellugel; hydroxypropyl cellulose in

isopropanol)

Proteinaceous 

• Gelatine (powdered, type B)

• Unrefined animal glue (crystalline, hide and bone)

• Isinglass (dried, sturgeon air bladder)

Synthetic 

• Evacon-R (Conservation-by-Design; liquid, ethylene vinyl acetate with calcium

carbonate)

• Adhesive tapes (due to the wide variety of adhesives on different carrier tapes we

restricted our research to general recommendations on use and storage pending further

investigations)
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• Acrylics such as Particle Technology Conservation Adhesive AD20 (Particle

Technology; liquid, acrylic in acetone) and Archibond Tissue (Conservation-by-Design;

heat-set Paraloid acrylic adhesive).

The adhesive-related treatments we chose to review included; repairs, consolidation and lining, 

as well as the making of new bindings and conservation housings such as boxes, mounts and 

frames. The treatment list helped us identify the adhesives used in direct contact, close 

proximity and indirectly with collection items. 

The results formed the basis of decision-making for the team. This questionnaire also informed 

our enquiries to professional colleagues and institutions around the UK and internationally. 

When specific questions or issues arose the Conservation Distribution List (ConsDistList) 

provided a useful forum (ConsDistList 2010). 

Information was gathered from up-to-date unpublished and published literature as well as 

articles on-line. This knowledge base provided us with valuable information on the chemical 

and physical aspects of adhesives as well as the current trends and thinking in the conservation 

community. Any gaps we found in specific areas were filled via empirical testing and practical 

work by members of the team. 

Current trends 
To establish the ethical trends in conservation we consulted guidelines provided by the Institute 

of Conservation (Icon), the leading professional body for cultural heritage in the UK. Their 

guidelines clearly illustrate the basic ethical approach for conservators; they state that 

conservators should have the: 

‘…training, knowledge, skills, experience and understanding to act 

with the aim of preserving cultural heritage for the future…’ and that 

‘Conservation consists mainly of direct action carried out on cultural 

heritage with the aim of stabilising condition and retarding further 

deterioration.’ 

(Icon 2007) 

The European Confederation of Conservator-Restorers' Organisations’ (E.C.C.O.) guidelines 

are specific, with regard to materials conservators use on cultural items. 

‘The Conservator-Restorer shall strive to use only products, materials 

and procedures which, according to the current level of knowledge, 

will not harm the cultural heritage, the environment or people. The 

action itself and the materials used should not interfere, if at all 

possible, with any future examination, treatment or analysis. They 

should also be compatible with the materials of the cultural heritage 

and be as easily and completely reversible as possible.’ 

(E.C.C.O. 2007) 
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Both guidelines espouse fundamental principles such as ‘minimal intervention’ and ‘re- 

treatability’. In order to keep the object’s integrity and leave the possibility of re-treatment in 

the future it is clear that we, as conservators, have a responsibility and duty to evaluate, 

understand and apply our knowledge of processes and materials in our work (Applebaum 1987; 

Clarkson 1999). 

Suitability of adhesives for conservation 
Before an adhesive can be considered suitable for use on a collection item it must fulfill certain 
criteria. The review team established a set of criteria based on previous valuable work carried 

out by the American Institute for Conservation of Historic and Artistic Works (AIC 1988, 

chapter 46). These criteria form a list of characteristics applied to adhesives in the context of 

conservation, and allow materials to be assessed with respect to their suitability for particular 

applications or object. For example, the pH of the adhesive, both immediately after application 

and after ageing, must be compatible with objects in close proximity; the adhesive should not 

release potentially harmful volatiles; the physical properties (strength, flexibility, shrinkage, 

etc.) must allow it to provide sufficient adhesive support without introducing the risk of 

mechanical damage; it should ideally be removable, and this must be achievable in a way which 

will not damage the object itself; it must not discolour with age if this will mar the appearance 

of the object. 

We also wanted to consider the additional complexities involved when additives are used in 

adhesives to alter properties or promote the ease of application, such as plasticizers. The 

addition of such chemicals may affect the suitability of that adhesive for use in conservation, 

and should be identified wherever possible. By the same reasoning, care should also be taken 

when deciding which solvents to use for making up adhesives. For example, the Library has a 

supply of reverse osmosis water which can be used to make up water-soluble adhesives, such as 

wheat starch paste. 

Results 

Scientific testing 
The importance of the scientific testing carried out as part of this review cannot be emphasised 

enough. Testing our adhesive supplies directly saved time and resources as well as being a 

useful tool to focus on specific concerns. Where we were unable to find consistent or recent 

data in published material, our in-house testing provided some benchmark values, on which we 

could build our information and identify areas of concern. 

Below are three examples of scientific investigations resulting from our enquiries. These 

examples illustrate concerns about the use of adhesives within the conservation community in 

the UK, but also reflect wider international concerns and issues. 

It has been suggested by the AIC Book & Paper Group that ‘Commercial preparations are 

recommended with caution because formulations can change without notice. Product literature 

may not fully disclose chemical composition or aging properties.’ (AIC 1988, chapter 46). The 

discovery of cellulose nitrate in a formulation of a material marketed as B72 (not pure Paraloid 
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B72, produced by HMG paint manufacturer), has strengthened the cautious approach when 

selecting adhesives for conservation treatments (Nel and Lau 2009). 

The British Library hold in stock a liquid acrylic adhesive which is sold as Particle Technology 

Conservation Adhesive AD20 and is said to contain ‘Paraloid B72 acrylic in acetone.’ As this 

formulation was not supplied by Rohm and Haas, the manufacturers of Paraloid B72, and given 

the concerns raised regarding the HMG B72, it was considered worth testing for the presence of 

cellulose nitrate using Fourier transform infrared (FTIR) spectroscopy. The spectrum of the 

adhesive sample was not found to contain any cellulose nitrate contamination (FTIR spectrum 

acquired using a Perkin Elmer ‘Spectrum One’ spectrometer, fitted with an attenuated total 

reflectance [ATR] accessory, and running under Spectrum software, over the range 4000-400 

cm
-1

, with a resolution of 4 cm
-1 

and 16 accumulations). Further testing will be carried out as

part of the on-going testing strategy recommended by the review team. 

As a result of our questionnaire we became concerned about the suitability and use of unrefined 

proteinaceous glue (animal glue) in conservation treatments of book and paper items. Gelatine 

is a commonly used refined form of proteinaceous glue for parchment repair and as a size or 

consolidant for paper especially where iron gall ink is present (Kolbe 2004, p34-36). However, 

animal glue used in traditional bookbinding was shown by our questionnaire to be considered 

by some as a suitable conservation adhesive. We thought it useful to research the use of animal 

glue; and although our investigations revealed the current trend is moving away from using this 

adhesive, the reasons given are based on observation and experience, not backed up by 

empirical testing or research. In fact there appears to be a lack of current research into animal 

glue in the context of book and paper conservation. In order to seek some clarification we 

requested several experiments to help assess aspects of animal glue of particular concern to the 

review team; namely, its pH on ageing, its tendency to off-gas and how its stability is affected 

by repeated reheating. Although we were able to demonstrate that the repeated reheating of 

animal glue did not change its chemical properties the action of reheating altered the glue in 

several ways; we observed that it became more brittle, changed colour from amber to a grey- 

brown and became less efficient as an adhesive. An artificial ageing test demonstrated that 

animal glue tended to become more brittle and to discolour the paper substrate over time. An 

Oddy test also showed that animal glue has a tendency to off-gas and become acidic which was 

quantified by a surface pH reading, see Table 1 (Oddy 1973). These characteristics are a cause 

for concern and are consistent with the ‘received wisdom’ of conservation colleagues who 

witness the detrimental effects of animal glue on spines on a regular basis. The results directly 

informed our recommendations, which was that unrefined animal glue should not be used in 

book and paper conservation treatments; pure gelatine was suggested as the alternative adhesive 

for unrefined animal glue, where appropriate. 

During the Oddy test of a commonly used adhesive in the UK, an unexpected result was 

revealed. Evacon-R is described on the supplier's website as an ‘ethylene - vinylacetate 

copolymer emulsion...’ and includes ‘...a small quantity of calcium carbonate…’ (Conservation- 

by-Design). It is preferred by conservators to the ‘pure’ homopolymer poly(vinyl acetate) 

(PVAC) as it possesses similar adhesive properties, but its copolymeric composition gives it 

‘reversibility’ in water. Although it is normally used in conjunction with a barrier layer, its 
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proximity to collection items is generally accepted and has been adopted by some conservators 

for use in conservation housings, new bindings and in some cases, on actual collection items. 

However, under Oddy testing conditions, Evacon-R generated significant quantities of volatile 

organic acids, see Table 1. Further tests on two-week old (allowed to stand in open conditions) 

and aged (80°C, 60% RH, for four weeks) samples of Evacon-R showed that it produces 

volatile acids as it ages. The tests also showed that the acidic off-gassing of Evacon-R were 

most significant in a period roughly equivalent to the first few years after application and 

dropped off subsequently, although the surface acidity of the material continued to increase. 

These results indicate that the Evacon-R formulation under test (currently used in the Library) 

fails the Lead Tarnish aspect of the Oddy Test, see Table 1. These results have instigated further 

work with the co-operation of the supplier to find ways of redressing the problem. 

Table 1: Results of Oddy testing of Evacon-R and animal glues, immediately after drying and after roughly five 

years equivalent artificial (thermal) ageing, along with surface pH measurements. (‘’ indicates that no corrosion 

of the relevant metal token was observed; ‘()’ denotes minor tarnishing or corrosion; ‘’ indicates heavy 

corrosion.) 

Sample 

Immediate Five Years 

Oddy Test 
pH 

Oddy Test pH 

Cu Ag Pb Cu Ag Pb 

Evacon-R 
   6.5   () 4.5 

Animal Glue 
  () 5.5    4 

Discussion 

As a result of the review we have been able to create guidelines based on current expertise at the 

Library and further afield, helping to provide consistent decision-making in our use of adhesives. 

In addition it has enabled concerns associated with the use of specific adhesives to be addressed 

and appropriate alternatives recommended, such as using gelatine instead of 

unrefined animal glue, and identified areas of future research, such as the investigation of 

adhesives commonly used in textile conservation. 

On a practical level the review team have recommended that all unlabelled or non-archival 

adhesives be disposed of and that the testing of existing and new adhesives is implemented on a 

three year rolling programme. 

The research into adhesive tapes and their use is still on-going due to the complexities of their 

construction and the many types available. The British Library Conservation Science 

department will also continue to research and test Evacon-R, working closely with the supplier 

to either refine it or find ways to mitigate the effects of off-gassing. 
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The responses generated by the questionnaire showed that the use of adhesives is not 

necessarily consistent between individuals, even those working for the same institution. 

However, by asking questions, discussing issues and raising awareness in this way, we believe 

that the treatment review process can be a valuable tool to influence practice in a positive way; 

encouraging a consistent approach to treatments. 

It is inevitable that reviews raise more questions than they answer, so there must be flexibility 

within the strategy for reviews to develop, to incorporate new leads and discoveries. We aim to 

revisit the subject of adhesives on a regular basis, directing workshops to answer specific 

questions and needs and to reissue the questionnaire next year to assess any change in working 

practice. 

The next treatment review proposed will investigate conservation book structures as a means of 

reducing the use of adhesives in original bindings and to study alternative options. 

Conclusion 

Treatment reviews such as this have the potential to influence many areas within the 

Conservation department: conservators have the chance to question, adapt and hone their 

treatments according to the latest research; the Conservation Science department are given a 

focus to test adhesives and materials used in conservation; and the Management Team have the 

information they need to identify areas for future research. 

The treatment review process embeds a professional attitude to continuing professional 

development both as an institution and as individuals. Overall, this review has proved to be an 

invaluable exercise with direct and tangible benefits to conservation of the British Library 

collection. 
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Materials and Suppliers 

Adhesive tapes (archival, various): Conservation Resources. http://www.conservation-resources.co.uk 

Archibond Tissue (heat-set Paraloid acrylic adhesive on manilla spider tissue): Conservation-by-Design. 
http://www.conservation-by-design.co.uk 

Cellugel (hydroxypropyl cellulose in isopropanol, gel): Preservation Equipment Ltd. (PEL). 
http://www.preservationequipment.com 

Evacon-R (ethylene vinylacetate with calcium carbonate, liquid): Conservation-by-Design. 
http://www.conservation-by-design.co.uk 

Furu-nori (aged wheat starch, paste): Hayashibara Biochemical Laboratories, Inc. 
http://www.hayashibara.co.jp/index.php?lg=en 

Gelatine (type B, cell culture tested, powder): Sigma-Aldrich. http://www.sigmaaldrich.com 

Isinglass (sturgeon air bladder, dried): Kremer Pigmente GmbH & Co. http://kremer-pigmente.de/en 

Lascaux JunFunori (red algae extract, dried): Lascaux. http://lascaux.ch/en/produkte/restauro/index.php 

Klucel G/E (hydroxypropyl cellulose, powder): Conservation Resources. http://www.conservation-resources.co.uk 

Methyl cellulose (Methocel A4C – medium viscosity, 400mPas, powder): BDH, a chemical brand distributed by 
VWR International, LLC. http://www.vwrsp.com 

Paraloid B72 (acrylic beads): Rohm & Haas. http://www.rohmhaas.com. 

Particle Technology Conservation Adhesive AD20 (acrylic resin in acetone, liquid): Conservation Resources. 
http://www.conservation-resources.co.uk 

Texicryl 13/002 (acrylic resin dispersion, liquid): Archival Aids. http://www.archivalaids.com 

Wheat Starch (powder): BDH, a chemical brand distributed by VWR International, LLC. http://www.vwrsp.com 

Zin Shofu wheat starch (powder): Conservation-by-Design. http://www.conservation-by-design.co.uk 
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Abstract 

In addition to deacidification and alkaline reserve deposition, and in contrast to compounds used 
in current mass deacidification processes, aminoalkylakoxysilanes (AAAS) also improve the 
mechanical properties of paper. This simultaneous double effect was demonstrated with 
aminopropylmethyldiethoxysilane (AMDES). Following treatment with AMDES, papers of various 
composition exhibited adequate alkaline reserve and pH, as well as a significant increase in their 
tensile resistance and folding endurance. These properties were partially preserved, together 
with a moderate molar mass retention, after hygrothermal aging of a model cotton paper. These 
beneficial effects of the treatment were also found for papers that had been pre-oxidized to 
various extents (the oxidation was intended to produce a degree of degradation more 
comparable to old and brittle papers). This strengthening effect of AMDES treatment was, 
however, found to be more modest for very highly degraded papers on which, moreover, slight 
yellowing was observed. This yellowing might be due to a reaction between the amine function 
of AMDES and the carbonyl functions on cellulose, with possible formation of imines, amines, 
amides, and Maillard reactions products. 

Titre et Résumé 

Désacidification et renforcement des papiers dégradés au 
moyen d’aminosilanes : exemple de l’AMDES 

En plus d’assurer la désacidification et le dépôt de la réserve alcaline, et par contraste avec les 
composés utilisés dans les procédés courants de désacidification de masse, les 
aminoalkylalcoxysilanes (AAAS) permettent aussi d’améliorer les propriétés mécaniques du 
papier. Ce double effet simultané a été démontré dans le cas de 
l’aminopropylméthyldiéthoxysilane (AMDES). Une fois traités au moyen de l’AMDES, des 
échantillons de papiers de diverses compositions présentent une réserve alcaline et un pH 
adéquats ainsi qu’une augmentation importante de leur résistance à la traction et de leur 
résistance au pliage. Les échantillons modèles en papier de coton ont en grande partie conservé 
ces propriétés, en plus d’un maintien moyen de leur masse molaire, à la suite d’un traitement 
de vieillissement hygrothermique. Ces effets avantageux du traitement sont aussi observés pour 
les papiers ayant été préalablement oxydés à divers degrés (l’oxydation visait à produire une 
dégradation dont la nature serait plus comparable à celle de vieux papiers fragiles). Il a 
toutefois été établi que l’effet de renforcement du traitement à l’AMDES est moins efficace dans 
le cas de papiers fortement dégradés, pour lesquels un léger jaunissement a de plus été 
observé. Le jaunissement pourrait être causé par la réaction de la fonction amine de l’AMDES et 
des fonctions carbonyle de la cellulose et la formation possible d’imines, d’amines, d’amides et 
de produits de la réaction de Maillard. 
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Introduction 

In libraries and archives some of the paper-based items which have acidified upon aging since 

their production have become brittle and often cannot be handled without risking loss of 

material. Deacidification is the term used for a chemical treatment in paper conservation, which 

involves the neutralization of the acids present in the paper and the deposition of an alkaline 

compound such as calcium carbonate, commonly referred to as alkaline reserve, to prevent, or 

at least delay, further acidification. Mass scale deacidification processes have been available 

commercially and used by libraries and archives in several countries for decades (Turko 1990, 

Carter 1996), on specific types of collections, usually at risk of rapid decay. However as none of 

the existing processes do strengthen the paper, they fail at offering a full solution to the problem 

of degraded and weakened documents. In order to provide and favour access to documents 

while handling of brittle items becomes restricted, the emphasis and budgets are currently 

geared more towards digitization of the collections. 

In previous publications, a new system offering a complete response to the problem of degraded 

documents was investigated. The new solvent phase process based on aminoalkylalkoxysilanes 

(AAAS) - aminosilanes in short – was shown to simultaneously deacidify, introduce an alkaline 

reserve, confer fungistatic properties, improve the mechanical properties and enhance the 

stability of paper towards aging processes (Ipert 2005, Ipert 2006, Rakotonirainy 2008, Dupont 

2010). The use as carrier of hexamethyldisiloxane (HMDS), a volatile, aprotic solvent with a 

low solubility parameter allows limiting the dissolution of polar substances present in the paper 

and fibre swelling, thereby providing a good dimensional stability during the treatment (Battelle 

Institut 1992). However, it was observed that for very oxidized and brittle papers the efficiency 

of the treatment was somewhat less satisfactory (Dupont 2010). 

Aminosilanes are a large family of compounds, several of which have been tested in the past by 

the authors. These molecules are otherwise known in the field of nanocomposite materials and 

have been used to produce hybrid materials, or modify surface activity (Moon 1996, Jacob 

2005, Pasqui 2007, North 2010). In this work 3-aminopropylmethyldiethoxysilane (AMDES) 

was introduced in papers of different composition. AMDES, a primary amine difunctional 

silane, has been studied in detail previously (Bennevault-Celton 2010). It was chosen here due 

to its capability to polymerize as a linear polymer upon hydrolysis (see Figure 1). No three 

dimensional structure can form that would create a cross-linked network, which brings rigidity 

to the system, as was shown previously by using tri-functional silanes (Ipert 2006). The 

modification of the physicochemical and mechanical properties upon treatment with AMDES of 

a recent groundwood pulp paper and one old brittle book, as well as a pure cellulose paper 

before and after its chemical oxidation with sodium hypochlorite, were evaluated. The oxidation 

was performed in order to achieve a degree of degradation which would be somewhat more 

representative of old and brittle papers. 
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Materials and methods 

Materials 
AMDES is a primary amine with a silicon atom bearing two hydrolysable ethoxy groups. The 
polycondensation of the silanol functions formed upon hydrolysis leads to linear oligomers and 

polymers (Figure 1). 

The papers used and their characteristics are summarized in Table 1. 
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Figure 1. 3-aminopropylmethyldiethoxysilane (AMDES) and its reaction path to form 3- 

aminopropylmethylsilanediol (AMSdiol) (hydrolysis) and poly-AMSdiol (polycondensation). 

Table 1. Characteristics of the papers used 

paper date pulp composition fillers sizing basis weight pH 

(g m-2) (cold extract) 

P2 1990 >95% cotton none none 76 6.2 

P3 1990 75% groundwood pulp 20% kaolin alum/rosin 80 5.1 

25% softwood cellulose traces casein 

B1928 1928 50% groundwood pulp ND* ND ND 4.7 

50% chemical pulp 

* ND: Not Determined

Chemical and physicochemical determinations 
The moisture content of the papers (MC) (% wt/wt) was determined according to TAPPI 

standard T 412 om-02 with a 50 mg mass of paper. The alkaline reserve of papers (AR) 

(meq(OH
-
)/100g) was evaluated following the standard method ASTM D4988-96R01. The cold

extract pH of the papers was measured according to TAPPI T509 om-88, with a 50 mg mass of 

paper. The uptake in the paper (% wt/wt) was measured by weighing the samples pre- 

conditioned at 23 °C and 50% relative humidity (RH) before and after AMDES treatment. The 
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reported values are the average of the measurements on at least three samples. The copper 

number N(Cu) (g Cu2O), which represents an index for compounds in paper which possess 

reducing properties (such as carbonyl functions), was determined according to TAPPI standard 

T 430 cm-99, with a reduced mass of paper (300 mg). At least three repeat measurements were 

done for each sample type and the average value is given. 

Tensile breaking length (BL) (km) and tensile elongation at break (EB) (%) were measured 

according to the standard method NF: Q03-004 July 1986 using a Adamel Lhomargy 

instrument (DY-20B). Samples were tested at a speed of 10 mm min
-1

, with the 100 DaN load

cell. The data was processed with TestWorks 4 (MTS Systems Corp.) software. 

Zero-span tensile strength (zsTS) was measured with a Pulmac instrument (TS 100) following 
TAPPI standard T231 cm-96. The measured value (P) was used in the modified formula zsTS = 

(P-P0) × 5.474 (daN mm
-1

), where P0 = 2 (instrument constant).

Folding endurance (FE) (log of number of double folds) was determined according to ISO 

5626:1993 with a Tinius Olsen double fold instrument. The applied force was 0.5 kg. These 

mechanical properties were measured in the machine direction, on 10 strips taken from the same 

sample conditioned at 23 °C and 50 % RH. 

Colour measurements were carried out with a hand-held spectrophotometer SP 64 (X-rite) 

equipped with an integrating sphere. The configuration adopted was in reflectance mode 

(spectral range 400-700 nm in 10 nm steps), with the specular component included, using the 5 

mm diameter aperture. The colorimetric coordinates values (L,a,b)* were calculated in the 

CIE*Lab76 Colour System, with the D65 Standard Illuminant and 10° Standard Observer. 

Based on the (L,a,b)* values before and after treatment, the total colour change ∆E* occurred 

upon treatment was calculated as ∆E 
*  

= (∆L
* 
) 

2  
+ (∆a 

* 
) 

2  
+ (∆b

* 
) 

2  
(Marcus 1998, p. 31). 

Reported values are the average of 10 measurements. 

Molar mass determinations 
Size-exclusion chromatography with multiangle light scattering and differential refractive index 

detection (SEC-MALS-DRI) was used for the determination of the average molar mass of 

cellulose according to a procedure previously published (Dupont 2003). A HPLC pump 515 

(Waters) and autosampler ACC-3000T (Dionex) were part of the chromatographic set-up, 

together with a Dawn EOS MALS detector (Wyatt Technologies) and a DRI detector 2414 

(Waters). The separation was carried out on a set of three polystyrene divinyl benzene columns 

Phenogel Linear(2) (5-μm particle-diameter mixed bed pores columns, L×D 300 mm×4.6 mm, 

Phenomenex) preceded by a guard column Phenogel (5-μm, L×D 30 mm×4.6 mm, 

Phenomenex). The data acquisition was carried out with ASTRA software version 5.3.1.5 

(Wyatt Technologies). Each sample solution was run three times non-consecutively. The 

average values are reported. 

Artificial aging 
Papers were artificially aged at 100°C for 2, 5 and 10 days in tightly closed glass vessels 
following ASTM D6819-02e2. 
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Oxidation 
Sheets of P2 were immersed in aqueous solutions of sodium hypochlorite (NaClO) at 0.26% 

(P2 ox1), 0.39% (P2 ox2) and 0.52% (P2 ox3) active chlorine at pH 7 (adjusted with HCl 6 N), 

at room temperature. The papers were thoroughly rinsed in deionized water. After gentle 

pressing, they were dried under vacuum at room temperature. 

AMDES impregnation 
The impregnation was carried out by immersing paper sheets (4 at a time, i.e. approximately 12 

g) separated with non-woven fabric and placed on a metallic grid in 1L of treatment solution

(AMDES/HMDS (% wt/wt)) at room temperature under magnetic stirring in open air. After

treatment, the sheets were dried under vacuum for one hour at room temperature. Control

papers were not subjected to any treatment as it was shown that their immersion in HMDS did

not modify their mechanical properties.

Results and Discussion 

AMDES treatment efficacy 

Treatment parameters and physicochemical properties 

For P2, higher AMDES solution concentrations resulted in larger uptakes after impregnation 
during 10 minutes (Figure 2). The impregnation time, in 10% AMDES/HMDS, from 10 to 60 

minutes was also investigated with P2. After 10 minutes the uptake was of 4.9%.  After 30 

minutes and up to 60 minutes the uptake was 10%. Two impregnation times will be used for 

further experiments: 10 and 30 minutes. Figure 2 also shows that larger uptakes corresponded to 

increased folding endurance. 
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Figure 2. AMDES uptake and folding endurance (FE) of P2 Vs 

AMDES/HMDS concentration. 
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The alkaline reserve and uptake values of various papers treated with 11.7 % AMDES/HMDS 

are reported in Table 2, and their mechanical properties are represented in Figure 3. For the 

book B1928, a significant increase in BL (22%) and zsTS (21%) was observed after treatment. 

For P2 and P3, zsTS and BL increased slightly after the treatment. Only P2 showed a 

considerable increase in FE. In the case of B1928, FE remained very low after the treatment. 

Table 2. Alkaline reserve (AR) and uptake of the papers treated with 11.7 % AMDES/HMDS (10 min 

impregnation time). 

Papers 
AR 

(meq(OH-)/100g) 
Uptake 
(% wt/wt) 

P2 40 8.0 

P3 26 4.5 

B1928 30 6.0 
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Figure 3. Folding endurance (FE), tensile breaking length (BL) and zero-span 

tensile strength (zsTS) of P2, P3 and B1928 with (T) and without (Ctrl) treatment 

in 11.7 % AMDES/HMDS. 

Impact of heat/humid aging 

Samples of P2 treated with 10% AMDES/HMDS (average uptake of 4.4%) were subsequently 
aged for 2, 5 and 10 days in order to evaluate the long-term impact and aging behavior of the 

treatment. Their properties were measured and compared to those of the reference papers 

(untreated) aged. Results are shown in Figure 4. The breaking length, which remained roughly 

unchanged for the reference papers aged, increased for the aged papers treated, up to five days 

of aging. After ten days of aging, the treated sample still showed slightly higher BL than the 

reference unaged (Ref A0d). 

The folding endurance of the treated papers decreased slightly with aging (about 10%), roughly 

as much as for the untreated papers. However, the nominal values of FE for the treated papers 
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were all higher than for the untreated counterparts. The treatment with AMDES appears to have 

imparted intrinsic resistance to the paper vis-à-vis the degradation incurred during the artificial 

aging, up to a certain degradation state, beyond which the benefit vanishes. As expected, the 

alkaline reserve decreased during the aging upon production of acids by the paper, and was 

fully consumed after 10 days (Figure 4b). A decrease of the molar mass of cellulose was also 

observed (Figure 5). The weight-average degree of polymerization (DPw) was 1792 ± 23 for the 

untreated sample unaged, and 1151 ± 1 after ten days (36% decrease). The DPw of the sample 

treated with AMDES was 1448 ± 12 after ten days, which is 16% less decrease compared to the 

aged counterpart reference sample. A modest molar mass retention upon aging, due to the 

treatment was thus observed. For the unaged sample, DPw was 1816 ± 3 after treatment, 

showing that AMDES did not modify the macromolecular properties of cellulose. 
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Figure 4. Folding endurance (FE) and breaking length (BL) (a) and alkaline reserve (AR) 

(b) of P2 reference (Ref) and P2 treated (T) with 10% AMDES/HMDS, unaged (A0d) and

aged 2 (A2d), 5 (A5d) and 10 (A10d) days. 
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Figure 5. DPw of P2 control (Ctrl) and P2 treated (T) 

with 10% AMDES/HMDS Vs aging time. 

Impact of chemical degradation with NaClO 

Attack of cellulose with sodium hypochlorite (NaClO) has been characterized to happen 
randomly in the accessible areas of the fibers, and lead to considerable chain scission, as well as 

to the formation of carbonyl groups (aldehyde, ketone, and carboxyl groups) on C2, C3 and C6, 

and short chain organic acids (Lewin 1962, Potthast 2006). The nature and the relative amount 

of the carbonyl functions produced depend largely on the pH; oxidation at neutral pH creates 

predominantly aldehyde and ketone functions. 

The results of the analyses are presented in Table 3. The values obtained for N(Cu) confirmed 

that the oxidation at neutral pH created carbonyl functions on cellulose, the quantity of which 

increased with NaClO concentration. The decrease in the degree of polymerization, weight and 

number average DPw and DPn, respectively, clearly indicates that extensive cleavage of the β- 

(1-4) glycosidic bond occurred with oxidation. The moisture content of the papers decreased 

upon degradation, which was expected as degraded paper has lesser capacity to retain moisture. 

The oxidized papers show smaller AMDES uptake than the reference paper. This could be the 

result of the smaller moisture content in the paper, and/or the hindered possibility to form 

hydrogen bonding with AMDES due to the high proportion of carbonyl groups on cellulose, as 

proposed in a recent study (Souguir 2011). The pH values of the oxidized papers remained quite 

comparable, the acids produced during the oxidation being washed away by the water rinsing. 

As expected, after treatment, the pH increased considerably, confirming the efficient 

deacidification and alkaline reserve deposition. 

One drawback was that the treatment brought some discoloration to the paper. Although the 

yellowing was below the commonly accepted perceptible limit in the case of P2 reference 

(∆E*<1) (Marcus 1998 p31), it was slightly larger (1<∆E*<3) for all the oxidized papers. This 

could possibly arise from the reaction of the amine groups of AMDES with the carbonyl groups 

on cellulose, forming imine, amine, amide functions and Maillard reactions products (Hodge 
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Uptake 
(% wt/wt) 

pHbef pHaft
MC 

(%) 
DPn DPw 

N(Cu)bef

(g Cu O) 

N(Cu)aft

(g Cu O) 
∆E* 

b* 

P2 Ref 11.2 ± 1.4 6.3 ± 0.3 9.7 ± 0.1 6.2 997 ± 11 1972 ± 43 0.28 ± 0.04 - 0.79 ± 0.1 -1.44

P2 ox1 7.0 ± 1.7 7.1 ± 0.1 9.7 ± 0.3 5.5 789 ± 45 1470 ± 20 1.0 ± 0.1 0.87 ± 0.13 1.08 ± 0.28 3.56 

P2 ox2 6.9 ± 0.7 6.8 ± 0.2 9.7 ± 0.2 5.3 545 ± 35 1158 ± 23 4.30 ± 0.3 3.48 ± 0.35 2.05 ± 0.93 6.37 

P2 ox3 6.5 ± 1.8 6.4 ± 0.3 9.7 ± 0.2 5.2 249 ± 26 681 ± 23 5.31 ± 0.06 3.45 ± 0.37 2.86 ± 0.36 7.51 

1953, De la Orden 2006, Martinez Urreaga 2006). This observation is consistent with the 

decrease in N(Cu) of the treated oxidized papers as compared to their untreated counterpart 

samples, as under that hypothesis, the carbonyl function would be unavailable to titration. 

Unfortunately, attempts to determine these chemical functions using Fourier transform infrared 

spectroscopy were unsuccessful, probably due to their small concentration in the paper. 

Table 3. AMDES uptake, cold extract pH before and after AMDES treatment (pHbef, pHaft), copper number before and after 

AMDES treatment (N(Cu)bef, N(Cu)aft), trichromatic coordinate after treatment b*aft, and total color difference ∆E* (between 

a given sample and his AMDES treated counterpart) for P2 reference and P2 oxidized. 

2 2 aft 

Figure 6 (a) shows the relation between the degree of oxidation of cellulose and the mechanical 

properties. The values of zsTS for the oxidized papers decreased with increasing oxidation. For 

the treated papers, the nominal values of zsTS were all higher compared to their untreated 

counterpart. The decrease in FE with increasing N(Cu) confirmed that oxidation greatly affected 

the paper strength, while AMDES imparted somewhat better mechanical properties in terms of 

paper deformability. On Figure 6 (b) these properties plotted against DPn indicate a similar 

trend, with the treated papers showing better mechanical resistance than their untreated 
counterpart. Accordingly, the elongation at break decreased dramatically for the oxidized papers 

(Figure 7). The cellulosic material became brittle after oxidation, and the degradation of the 

amorphous areas led to increased rigidity. After treatment, the elongation at break was roughly 

maintained for the moderately oxidized papers showing a better deformability capacity, but 

decreased for highly degraded paper. From these results it can be assumed that the inter-fiber 

and intra-fiber bonding of cellulose fibers was improved by the presence of the AMDES 

oligomers in the paper. 
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Figure 6. Zero span tensile strength (zsTS) and folding endurance (FE) of P2 untreated (NT) and P2 treated with 

AMDES (T) as a function of copper number N(Cu) (a) and as a function of DPn (b). 
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Figure 7. Elongation at break (EB) of P2 untreated (NT) and P2 treated with AMDES (T) as a function of copper 

number N(Cu) (a) and as a function of DPn (b). 
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Conclusion 

The investigation carried out showed that AMDES not only provided deacidification and 

alkaline reserve, but also improved some of the mechanical resistance properties of papers of 

different composition, such as breaking length, zero span tensile strength and folding 

endurance. This can be attributed to the formation of AMDES oligomers in-situ, which provides 

strengthening and plasticity to the paper. The mechanism of this reinforcement has been 

investigated in a recent publication by the authors (Souguir 2011), which showed that in-situ 

polycondensation of hydrolyzed AMDES monomers occurs in the paper to form poly-AMDES 

with an average DP of 10. The importance of the presence of moisture in the paper in relation 

with the uptake was investigated as well in the same publication. Upon treatment with AMDES, 

the extent of the macromolecular degradation due to heat/humid aging was somewhat 

diminished. The beneficial effects were also found for papers which had been oxidized to 

various extents before their treatment, and for which the cellulose degradation in terms of DP 

loss reached about 40-45%. This positive effect of the treatment with AMDES was however 

more modest for extremely degraded papers, which had undergone extensive chain scission (DP 

losses around 65-75%). However, it has to be noted that in such cases, the DP of the cellulose 

approached the levelling-off degree of polymerization where the length of the cellulose chains 

comes close to the size of the crystallite, and where virtually all the amorphous regions are lost. 

Such a large degradation state is rarely attained in historic paper documents. It was also 

observed that upon incorporation of AMDES in these highly oxidized papers, some yellowing 

occurred, which might be due to a reaction between the amine function of AMDES and the 

carbonyl functions on the cellulose, with possible formation of imines, amines, amides, and 

Maillard reactions products. This point remains to be investigated. 
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Materials and suppliers

Chemicals 

AMDES and  HMOS were  purchased from  ABCR, Gelest  (France). 
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Abstract 

This paper reports on some properties of various adhesive tapes and heat-set tissues that were 
tested to help understand their stability and impact on paper. The tested properties include: 

 pH of fresh products
 colour change of the products (carrier side) and of the paper substrates to which they

were attached (reverse side) after thermal aging
 photographic activity test (PAT)

 mechanical and solvent removal of the products from 1870s commercial printing paper
and resin-coated photographic (RC) paper before and after thermal aging and after 1
year of dark aging

Only one product discoloured the paper substrate on the reverse significantly after thermal aging, 
but several product carriers discoloured substantially. Only 40% of the products passed the PAT. 
Fresh products were generally neutral, but a few were slightly alkaline or acidic. Generally, 
products were easier to remove from the RC paper than from the 1870s commercial printing 
paper. Aging tended to decrease removability, although several products did not change 
drastically on aging. A discussion of the results identifies a few products that have scored well 
overall so far, but aging continues and results must be considered in this light. 

Titre et Résumé 

État du projet de l’ICC sur les rubans adhésifs et les papiers de 
soie fixés à chaud 

Le présent article traite de certaines propriétés de divers rubans adhésifs et papiers de soie fixés 
à chaud qui ont été mis à l’essai afin de mieux comprendre leur stabilité et leurs effets sur le 
papier. Les propriétés mises à l’essai comprenaient, entre autres, les suivantes : 

 le pH des produits neufs;
 l’altération de la couleur des produits (du côté support) et des substrats de papier

auxquels ils sont fixés (le verso), après le vieillissement thermique;
 l’essai d’activité photographique (EAP);

 l’enlèvement mécanique et l’enlèvement au moyen d’un solvant des produits présents
sur du papier d’impression commercial datant des années 1870 et du papier
photographique plastifié (papier RC), avant et après vieillissement thermique, et après
un an de vieillissement dans le noir.
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Un seul produit a provoqué une importante altération de la couleur du verso du substrat de 
papier, après le vieillissement thermique, mais plusieurs supports de produits ont subi une 
altération appréciable de la couleur. Seuls 40 % des produits ont réussi l’essai d’activité 
photographique. Les produits neufs sont généralement neutres, mais quelques-uns sont 
légèrement alcalins ou acides. De manière générale, il est plus facile d’enlever les produits fixés 
sur du papier RC que ceux fixés sur du papier d’impression commercial des années 1870. Le 
vieillissement a tendance à réduire la facilité d’enlèvement des produits, mais plusieurs d’entre 
eux ne subissent pas d’altération grave après ces traitements. La discussion portant sur les 
résultats permet d’identifier quelques produits qui ont jusqu’ici donné des bons résultats 
globaux, mais les traitements de vieillissement se poursuivent et l’interprétation des données 
doit en tenir compte. 

Introduction 

Commercial adhesive tapes are not usually recommended for archival applications but, given 

the enormous volume in use by the general public, they will inevitably find their way into 

museum and archival collections. Thus, research into their properties and removability is 

important. Heat-set tissues (HST), on the other hand, are frequently used in conservation 

treatments, but not without questions about suitability and safety. 

In 2001, the Canadian Conservation Institute (CCI) began a project on tapes and heat-set tissues 

(THST). The purpose of the project was to study the chemical, mechanical, and removability 

properties of THST so as to understand their impact on paper and to develop a reliable system 

for comparative evaluation. A program of research, which included a screening program to 

reduce the number of products to test in a larger testing program, was devised. 

Screening Program 

The screening program was carried out in 2005 (Down et al. 2006) and involved the following 

steps: 

 collection of 146 THST

 identification of major components by Fourier transform infrared (FTIR) spectroscopy

 measurement of composite pH (carrier+adhesive) (ASTM Standard D1583-01 2001)

 tabulation of results and selection of 44 products that did not:

o contain poly(vinyl chloride) (PVC), rubber, rosin, or styrene butadiene
o have a pH less than 6 or more than 8

o have a colour

(however, token products containing PVC, rubber, rosin, or styrene butadiene, and one 
black tape were included as possible worst-case scenarios for comparison purposes) 

When preparations for further testing began in 2009, fresh products were ordered and analysed 

by FTIR to ensure that they were identical to the original products selected in 2005. A few 

products showed differences, but these were fairly slight. Ten products were no longer 

available, so were either deleted from the program or substituted with similar products. Also, a 

few new products were added. The final list of 42 products selected in 2009 for further testing is 

given in Table 1. 
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Testing Program 

The original testing plan included many tests (Down et al. 2006), but only the following 

assessments are reported here: 

a) composite pH on natural dark aging (NDA) [only controls reported here]

b) colour change after NDA and oven aging [only oven aging reported here]

c) damage to photographs using a photographic activity test (PAT) on unaged samples

only

d) removability of the THST after NDA and oven aging [only controls, 1 year NDA, and

oven aging reported here]

The oven aging conditions were 80°C, 65% relative humidity (RH) for 28 days (ISO 5630/3 

1986). NDA was carried out at CCI at ambient conditions (22°C, 45% RH). 

Preparation of heat-set and remoistenable tissues 
Procedures to prepare the heat-set and remoistenable tissues were as follows: 

 The wet adhesive was spread with a glass microscope slide onto thick Mylar where

wells (5 × 25 cm) were made using 3M Magic Tape. This produced an even film with

fairly constant thickness. Before the adhesive dried, the Magic Tape was removed and

strips of Kurotani tissue were carefully laid on top of the wet adhesive from end to top.

Bubbles (if any) were eliminated with very light finger pressure. Once dry, the tissues

were cut to the desired width and peeled off the Mylar just before being attached to the

substrate either by moistening with distilled water (or ethanol if solvent-reactivated) or

by tacking lightly at either end with a heated spatula and then heat-set in a Dritac 3442

Electro Laminating Press (Beckgrey Ltd., London, England) for 3 minutes. The HST
were heat-set at temperatures indicated in Table 1.

 The Library of Congress (LoC) HST were made with Rhoplex AC73, Plextol B500, and

distilled water (1.5:1:1) according to the procedure by Hey and Waters (1977). This

involved applying the adhesive with a wide Japanese brush onto Mylar and laying

Kurotani tissue on top (laid in the middle first, then each end of the tissue was slowly

lowered to avoid bubbles).

 Super 77 spray adhesive was applied directly to the substrates using a Mylar cut-out

template (2 × 25 cm) which was placed over the substrate. The spray can was held about

20 cm from the substrate/template while spraying. Two passes with the spray were made

at a slow steady speed and then the template was removed leaving a strip of adhesive.

pH 
A modified pH standard (ASTM Standard D1583-01 2001; Down et al. 1996) was used to 

measure the cold water extracted composite pH (adhesive+carrier) of the control samples (0 

hours). As several heat-set and remoistenable tissues were prepared using the Kurotani tissue, 

the pH of the dried adhesive alone and with tissue was measured. The pH of NDA samples 

(taken in the future) will be compared to these controls (see Table 1). 
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pH results 

For this control set, the majority of the products were in the neutral range (6–8). However, a 

few (Perforated White Linen Tape, Framer’s Tape II #S2000, Frame Sealing Tape FST 1000, 

filmoplast R) were slightly more alkaline (>8), and some (Double-coated Film Tape #415, 

filmomatt libre, filmolux 609, Scotch Magic Tape #810, LoC adhesive alone, Unsupported 
Archibond) were slightly more acidic (<6). 

Colour change 
Samples for colour change were prepared using “Windsor” paper (acidic off-set paper, with 

alum-rosin sizing, no lignin) manufactured by Domtar (henceforth called “Domtar paper”) 

(Kaminska and Burgess 1994). Strips (2 × 25 cm) of each THST were laid on the Domtar paper. 
If the product was a remoistenable tissue, double-sided product, spray, or handmade HST, 

Kurotani tissue was applied on top and was considered as a carrier. Prior to aging, a control 

colour measurement was taken on the tape carrier side (henceforth called “tape side”) (Figure 1) 

as well as the reverse of the Domtar paper in the same location where the adhesive of the THST 

meets the Domtar paper (henceforth called the “paper side”) (Figure 2). Half of the samples 

were oven aged and remeasured. The remaining samples were left in the dark aging room for 

NDA and will be measured in the future for colour change. Colour measurements were taken 

using a Minolta CM-2600d spectrophotometer. Brightness, Yellowness Index, and Lab 

measurements were recorded. Only the Lab ΔE*ab measurements (i.e. colour change, 

henceforth called ΔE) will be discussed here (Table 1) (ASTM Standard D2244-05 2006). 

Generally, it is agreed that if ΔE is 1 or 2, then the colour change is perceptible to the eye 

(depending on the colour of the object in question and illumination, etc.), and if ΔE >5, then the 

colour change is substantial (Agosten 1987; Fundamentals 2006; Has 2011). 

Figure 1. Example of colour change sample — tape side. 
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Figure 2. Example of colour change sample — paper side. 

Colour change results 

Paper side: ΔE for the Domtar paper after oven aging was 6.57±0.07, representing a substantial 
visible colour change. This value was subtracted from all paper-side ΔE oven-aged values in 

order to determine if the THST caused a colour change on the paper side (i.e. through the paper) 

above and beyond the Domtar paper colour change. When this was done, only the BEVA 371 

samples came close to showing a colour change in the range of 5 (4.26±0.82) and this could 

have been caused from oven aging above the adhesive’s softening point (60–65°C) causing it to 

sink into the paper. Frame Sealing Tape FST 1000 and Self-Adhesive Frame Sealing Tape 

showed a colour change of 1.39±0.22 and 2.12±0.38, respectively, when the Domtar ΔE was 

subtracted. These could indicate a perceptible colour change. No other product caused a 

significant colour change through the paper. 

Tape side: Oven-aged results are more complicated to evaluate on the tape side as the carriers 

could be solid, semi-solid, transparent, and semi-transparent. Any colour change of the Domtar 

paper would be seen through a carrier that was transparent or semi-transparent, but not through 

the solid or semi-solid carriers. To estimate the colour change for the transparent and semi- 

transparent carriers, the Domtar tape-side ΔE (5.91±0.11) was subtracted for these samples (but 

not for the solid and semi-solid samples) and highlighted in Table 1 in orange if >5 (i.e. after 

the subtraction). Results indicate that there are many more products that show a substantial 

colour change on the tape side compared to the paper side, indicating that the carriers (and/or 

adhesives) are likely discolouring. A number of the HST made with Kurotani tissue and water- 

activated paper carriers showed lower colour change values after the above subtraction, 

indicating less discolouration. Assessing the products for actual light transmission and 

subtracting the proportional amount of colour change of the Domtar paper would be more 

accurate than the estimate used above and will be investigated for future colour measurements. 

Photographic activity test 
The photographic activity test (PAT) (ISO 14523 1999) was used to detect possible chemical 

interactions between an adhesive or carrier in the THST and photographic material (e.g. silver- 

gelatin or colour prints, etc.). The PAT consists of incubating the THST (70°C, 86% RH for 
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15 days) in a sandwich against the surface of two sensitive detectors — one for staining and one 

for image interaction. All tapes were adhered to Whatman #1 filter paper (in the sandwich) and 

HST heat-set onto the filter paper. 

To carry out the test, fading and staining of detectors that had been incubated with the products 

were compared to those incubated with controls. If the product failed one of the three tests 

(image interaction, staining, or mottling), then it failed the PAT test. 

PAT results 

Results for the PAT are given in Table 1. Of the 42 products tested, only 17 (40%) passed the 
PAT. 

If only the results for the adhesive side are examined (excluding carrier side results): 

 The products that contained protein all failed the PAT, except the one that also

contained methyl cellulose.

 The product with starch alone passed the PAT.

 The four acrylic poly(n-butyl acrylate) (PnBA) products gave different results, two

passed and two failed (for different reasons).

 The six acrylic poly(n-decyl acrylate) (PnDA) products gave similar results, depending

on the additives. If no additive was present, the PnDA product passed the PAT; if

polyisobutylene (PIB) was present, it failed due to mottling; if poly(acrylic acid) (PAA)

was present, it failed due to mottling and oxidation or reduction of the image.

 Two of the nine acrylic poly(ethylhexyl acrylate) (PEHA) products passed the PAT,

while most of the PEHA products that also contained poly(vinyl acetate) (PVAC) (five
out of six) failed the PAT due to mottling.

 The acrylic products containing poly(octadecyl acrylate) (PODA) and poly(ethyl

acrylate)/poly(methyl methacrylate) (PEA/PMMA) passed the PAT.

 Products containing poly(butyl acrylate)/PMMA (PBA/PMMA) failed the PAT due to

oxidation or reduction of the image.

 The two products containing poly(methyl acrylate)/poly(ethyl methacrylate)

(PMA/PEMA) gave differing results.

 Finally, products containing rubber and ethylene vinyl acetate (EVA) passed the PAT.

If only the results of the carrier side are examined (excluding the adhesive side results): 

 Most of the paper, polyester, polypropylene, poly(vinyl chloride), and cellulose acetate

carriers passed the PAT.

 Only about half of the cloth carriers passed.

Removability tests 
For the removability tests, 31 of the 42 products were tested. These were chosen by 

conservators as products more likely to be in direct contact with paper than others, although a 

few non-contact products were also included. 

For these tests, a strip of the product, either the width of the commercial tape or 2 cm wide, was 

adhered to two types of paper. The first paper was from two volumes of Punch periodicals 
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dating from 1863 to 1878 (henceforth called “Punch paper”). It is an acidic, smooth, medium- 

weight, machine-made, woven paper ranging from beige to cream in colour, and was selected to 

represent a paper that is neither overtly degraded nor robust. The Punch paper had text and 

cartoons printed in black ink and the tape samples were positioned over these areas. The second 

paper was a resin-coated Kodak photographic (RC) paper developed in the mid 1970s. (The 

polyethylene coating on both sides is designed to block the intake of processing chemicals 

reducing wash times.) The strip of the products was applied to the verso of the photograph. 

The water-activated tapes were moistened with distilled water using a sponge and then adhered 

to the papers using a Roll Down machine (ChemInstruments Inc.) that applied consistent 

pressure for each sample. The pressure-sensitive tapes were applied to the papers and lightly 

tacked at the top and bottom of the strip with finger pressure and then adhered along the strip 

using the Roll Down machine. The Roll Down machine made two passes along each strip. The 

HST were heat-set as described above using the Dritac Press. 

Samples were prepared for NDA and oven aging about 1.5 months before the control and oven- 

aged sets were assessed for removability. 

Five conservators carried out the removability tests. Two types of tests were conducted — 

mechanical removal and solvent removal. Ease of mechanical removal was assessed using 

spatulas, heated spatulas, erasers (crepe, vinyl, mechanical pencil), and scalpels (Figure 3). 

Solvent removal was assessed by immersion (and scraping) with seven solvents — ethanol, 

acetone, heptane, ethyl acetate, toluene, distilled water, and distilled water brought to a pH of 

8.5 with saturated calcium hydroxide solution (Figure 4). For solvent removal, the THST were 

not assessed for ease of removal, but rather for whether they were completely removed, 

partially removed, or not removed. Staining of the substrate was also noted. 

Mechanical removal 

All five conservators assessed ease of mechanical removal on all selected THST using these 
definitions. 

 Very Easy (100%): Carrier and adhesive came off quickly with the same mechanical

technique, a large area could be removed easily with a good result, and there was no text

loss.

 Easy (75%): Carrier came off with only slight adhesive to remove. This removal was

not as quick as that above, but a large area could be removed easily with a good result

and there was no text loss.

 Difficult (50%): These samples required various mechanical techniques (e.g. one

mechanical technique for carrier and another for adhesive). Removal was less successful

than those above and was assessed as needing some solvent assistance. Also, it was

possible to remove only small areas and there was some text loss.

 Very Difficult (25%): These samples required various mechanical techniques with less

success and were assessed as requiring extensive solvent work. Also, it was possible to
remove only small areas and there was text loss.

 Impossible (0%): These samples were not removable by any mechanical technique

even with solvents.
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One point was subtracted from the mechanical score if staining of the substrate following 

removal was assessed as low, two points if medium, and three points if high. 

Figure 3. Mechanical removal of tapes from Punch paper and RC paper. 

Solvent removal 

Only one conservator assessed removability of the selected THST for each solvent. A score of 
100% was assigned if the THST was totally removed, 50% if partially removed, and 0% if 

not removed. 

Three points were subtracted from the solvent removal score if a dark stain remained, two 

points if slightly stained; and one point if very slightly stained. Thus, if the score in Table 1 is 

100 or 50 then there was no staining; if 99 or 49 then there was a very slight stain; if 98 or 48 

then there was a slight stain; and if 97 or 47 then there was a definite dark stain. 
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Figure 4. Solvent removal of tape from Punch paper. Notice sample 

in glass Petri dish immersed in solvent waiting to be scraped. 

Removability results 

Removability results for the controls, 1 year NDA, and oven aging are given in Table 1. This 
table can assist a conservator in deciding what solvents to use to remove a specific product, how 

difficult that product is to remove mechanically, and if the product gets more difficult or easier to 

remove after aging. 

There are some general trends that can be seen by averaging various results: 

 It is more difficult to remove the products from the Punch paper than from the RC paper.

 For the Punch paper, after 1 year of dark aging, the removability scores (all mechanical

and solvent scores averaged together) of the products dropped on average by 9 points

compared to the controls, and after oven aging they dropped by about 27 points.

 For the RC paper, after 1 year of dark aging, there appears to be no difference in the

removability scores (all mechanical and solvent scores averaged together) compared to

the controls, but the scores dropped (on average) by about 17 points after oven aging.

After removal of the THST, the substrates were examined by ultraviolet (UV) light to see if any 

optical brighteners (OB) were transferred from the THST to the substrates. The controls and 

oven-aged samples showed no transfer of OB. 

The Lascaux 360 HV tissues were applied to the substrates in three different ways: as a heat-set 

tissue, as a pressure-sensitive tissue, and by solvent-reactivation with ethanol. This was done to 

see if there was any difference in removability after aging. The results, so far, indicate very little 

difference in removability between the application techniques. 

65



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Only a few products showed differences in removability when the pH 8.5 water was used 

instead of the regular distilled water and these can be seen in Table 1. 

During mechanical removal, skinning of the paper substrate, text loss, and amount of adhesive 

residue remaining were assessed by the conservators. Generally, on removal of the THST, more 

samples skinned the Punch paper than the RC paper, and adhesive residue was left on more of 

the Punch samples than on the RC samples. Oven aging almost doubled the number of samples 

displaying skinning, adhesive residue, and text loss. It must be remembered that text loss was 

assessed only on the Punch paper as the THST were not applied to text on the RC paper. 

The following products showed the least skinning, adhesive residue, and text loss: 

 Repa Tex G5

 wheat starch paste tissue

 Document Repair Tape

 Lascaux 360 HV tissue

 Duck Masking Tape

 filmoplast R

The products showing the most skinning, adhesive residue, and text loss were: 

 Seal Colormount

 filmoplast P and P90

 Vinamul 3252 tissue

 gudy 831

The remaining products were somewhere in between these groups. 

Discussion 

When all the results (pH, colour change, PAT, and the weighted removability score) were 

evaluated and considered of equal importance (Overall Score, Table 1), the following products 

fared well: 

 water-activated — Repa Tex G5, homemade wheat starch paste, and Gummed Japanese

Hinging Paper Hayaku

 pressure-sensitive — filmoplast P and P90, Document Repair Tape, gudy 871, and Duck

Masking Tape (Scotch 893 and 3M Magic Removable Tape #811 also fared well, but

removability was not tested)

 heat-set — Seal Fusion 4000 Film

In reality, however, the Overall Score might not be the most helpful way to view the results 

because some properties might be of more importance in particular situations. For instance: 
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 If an aged known tape needs to be removed from paper, it would be best to go directly to

the removability results for the Punch paper.

 If an HST is to be used, the data on the various products would be a good place to start

to make a choice.

 If a product is to be used in proximity to a photograph such as sealing case structures,

then the PAT results would be of great interest.

In examining the products that were included as token bad case scenarios, the following was 

found: 

 Rubber-based adhesives — Both the Duck Masking Tape and Scotch 893 have done

fairly well in the program so far except for discolouration on the tape side, which would

be expected with rubber-based products. The discolouration has not penetrated through

the Domtar paper to date, but it may be only a matter of time before this happens. These

products both passed the PAT and had a neutral pH (control). The Duck Masking Tape

required more toxic solvents to remove it, but was fairly removable mechanically.

 PVC Carrier — filmolux 609 did not pass any of the tests (the pH was too low, it

produced discolouration on the tape side, and it failed the PAT). Note that removability

was not tested.

 SBR/Rosin — Super 77 failed the PAT and needed more toxic solvents to remove it

from the two test papers, but the pH (control) was neutral and discolouration has been

minimal so far.

 Black Carrier — filmoplast T Tape failed the PAT, but the pH was neutral (removability

has not been tested).

Conclusions 

This paper presents considerable data on the pH, colour change, PAT and removability of 

various THST. However, it must be remembered that testing is still underway and there will be 

more NDA results to come, which could alter various judgments made here. Also, this study 

was not designed to identify tape products for direct use on heritage materials, and should not 

be seen as providing evidence to encourage the use of one product over another as part of a 

conservation treatment without a case-by-case evaluation. Nevertheless, it is hoped that the 

information presented will help conservators in their continuing quest to understand the 

stability, suitability, and removability of these products. 
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Materials and Suppliers 

BEVA 371 Film 1.0 mil 
Conservator’s Products Company 

PO Box 601 
Flanders NJ 17836 USA 
Tel.: 1-973-927-4855 
Website: http://www.conservators-products.com/ 

Crompton Tissue, Hinged Cambric Cloth Tape, Lascaux 
360 HV/498 HV, Wheat Starch Aytex P, Plextol B500 

Talas 

330 Morgan Avenue 
Brooklyn NY 11211 USA 
Tel.: 1-212-219-0770 
Website: http://www.talasonline.com 

Document Repair Tape and Seal Fusion 4000 Dry 
Mounting Adhesive Film 

Carr McLean 

461 Horner Avenue 
Toronto ON M8W 4X2 Canada 
Tel.: 1-800-268-2123 
Website: http://www.carrmclean.ca 

Double-Coated Film Tape #415, Scotch Magic Tape 
#810, Scotch Magic Removable Tape #811, Scotch 
Adhesive Transfer Tape #924, Acid-free Double-Stick 
Adhesive Pen #007, Spray Adhesive Super 77, Photo & 
Document Mending Tape #001, Scotch 893 

3M 

Building 17, 10746 Innovation Road 
Cottage Grove MN 55016-4600 USA 
Tel.: 1-651-458-2047 

Website: http://solutions.3m.com/wps.portal/3M/ 

en_US/CottageGrove/Plant/ 

Duck General Purpose Masking Tape 

Canadian Tire 

Ogilvie Road 

Ottawa ON Canada 

Tel.: 613-748-0637 

Website: http://www.canadiantire.ca 

filmoplast P, P90, R, SH and T, filmomatt libre, filmolux 
609, gudy 831 and 871 

Neschen AG 

Hans-Neschen-Str.1 
31675 Bückeburg Germany 
Tel.: +49 (0) 5722-20 70 
Website: http://www.neschen.com 

Frame Sealing Tape FST 1000 
Gaylord 

PO Box 4901 
Syracuse NY 13221-4901 USA 
Tel.: 1-800-448-6160 or 1-315-634-8221 
Website: http://www.gaylord.com 

Gummed Paper Hinging Tape, Gummed Japanese 
Hinging Paper Hayaku, Gummed Linen Hinging Tape, 
Self-Adhesive Linen Hinging Tape, White Foil Back 
Frame Sealing Tape, Perforated While Linen Tape 

Lineco (a Division of University Products) 
Tel.: 1-800-322-7775 
E-mail: info@lineco.com
or
University Products Inc.
517 Main Street
Holyoke MA 01040 USA
Tel.: 1-800-628-1912, 1-413-532-3372
E-mail: info@universityproducts.com  or
custserv@universityproducts.com

Kurotani #16 Small Tissue 
The Japanese Paper Place 

77 Brock Avenue 
Toronto ON M6K 2L3 Canada 
Tel.: 416-538-9669 
Fax: 416-538-0563 
E-mail: washi@japanesepaperplace.com

Website: http://www.japanesepaperplace.com/

PH7-70 Conservation ATG Tape Permanent, Gummed 
Linen Tape 

UK Industrial Tapes 

Brumwell House, Westway Industrial Estate 
Throckley Newcastle Upon Tyne NE15 9HW UK 
Tel.: 0191 269 7810 
Website: http://www.ukindustrialtapes.co.uk 

Repatex G5 
Gabi Kleindorfer 

Aster Strasse 9, D-84186, Vilsheim 
Tel.: 49 8706 1094 
Website: http://www.gmw- 
shop.de/shop/japanpapier--- 
repatex/repatex/repatex-g5.php 

Rhoplex AC-73 
Museum Services Corporation 

South Saint Paul MN USA 
Tel.: 651-450-8954 
Website: 
http://www.museumservicescorporation.com/ 

Seal Colormount Dry Mounting Tissue (SEC111425) 
B&H Photovideo Pro Audio 

Website: http://www.bhphotovideo.com/ 

Unsupported Archibond 
Conservation Resources International 

Unit 2, Ashville Way, Off Watlington Road 
Cowley Oxford OX4 5TU England 
Tel.: +44 (0) 1865 747755 
Website: http://www.conservationresources.com/ 
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Framer's Tape II #52000

Dick  Blick  Art Materia Is 

PO Box 1267 

Galesburg IL 61402-1267 USA 

Tel.:  1-800-828-4548 

Website: http://www .dickblick.com 

Vinamul 3252
Celanese Emulsions GmbH 

Industriepark Hochst, Building E-416 

65926 Frankfurt,Germany 

Tel.:  069  305  17701 
Website: http://www .celanese.com/htm 
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Library and Archives Canada 
Gatineau Preservation Centre 
625 bd du Carrefour 
Gatineau QC K1A 0N4 Canada 
Tel.: 819-953-3233 
E-mail: doris.st-jacques@lac-bac.gc.ca

Doris St-Jacques a obtenu un diplôme du Sir Sandford 

Fleming College de Peterborough (Ontario) en 1996, 
dans le cadre du programme en techniques de 
conservation des œuvres d’art de l’institution. Elle a 
commencé à travailler à Bibliothèque et Archives 
Canada (BAC) en 1994, alors qu’elle était encore 
étudiante en conservation, et elle occupe maintenant 
un poste de restauratrice au sein du laboratoire de la 
Section des livres, cartes et manuscrits du Centre de 
préservation du BAC situé à Gatineau, au Québec. 
De 2006 à 2010, Mme St-Jacques a occupé le poste de 
secrétaire du conseil d’administration du groupe 
canadien de l’Institut international pour la conservation 
des objets d’art et d’histoire. Elle participe toujours à 

divers projets de restauration et de conservation et des 
études réalisées de concert avec des partenaires 
externes de BAC. 

Coordonnées : 
Division de la conservation-restauration et de la 
reproduction à des fins de préservation 
Direction générale de la préservation analogue 

Bibliothèque et Archives Canada 
Centre de préservation de Gatineau 
625, boul. du Carrefour 
Gatineau (Québec) K1A 0N4 Canada 
Tél. : 819-953-3233 
Courriel : doris.st-jacques@lac-bac.gc.ca 
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Kate Westbury graduated from Queen’s University in 
Kingston, Ontario in 1997, where she earned a BA 
Honours in History and Geography. She continued her 
studies at Fleming College in Peterborough, Ontario, 
graduating from the Collections Conservation and 
Management program in 2001. Kate has worked as a 
conservator in Ottawa, Ontario since that time, 
participating in significant conservation projects with 
the Canadian Conservation Institute (CCI), the Senate 
of Canada, the House of Commons, and the Supreme 
Court of Canada. She has also acted as the course 
director for the Ontario Museum Association course 

Artifacts and instructed conservation students in the 

Applied Museum Studies program at Algonquin College 
of Applied Arts and Technology in Ottawa. She is 
currently employed as a conservator in the Paper Lab 
at the Parks Canada Ontario Service Centre in Ottawa. 

Contact Information: 
Parks Canada Ontario Service Centre 

1800 Walkley Road 
Ottawa ON K1A 0M5 Canada 
Tel.: 613-993-2125 
E-mail: kathleen.westbury@pc.gc.ca

Kate Westbury a obtenu un diplôme (B.Sc. avec 
distinction en histoire et en géographie) de l’Université 
Queen’s de Kingston, en Ontario, en 1997. Elle a 
poursuivi ses études au Sir Sandford Fleming College 
de Peterborough (Ontario), où elle a obtenu un diplôme 
en 2001, dans le cadre du programme de conservation 
et de gestion des collections de l’institution. Depuis 
lors, Mme Westbury travaille comme restauratrice à 
Ottawa et participe à de nombreux projets d’envergure 
avec l’Institut canadien de conservation (ICC), le Sénat 
du Canada, la Chambre des communes et la Cour 
suprême du Canada. Elle a occupé le poste de 

directrice de programme des cours « Artifacts » de 
l’Association des musées de l’Ontario, et a aussi 
enseigné à des étudiants en conservation, dans le 
cadre du programme d’études muséales appliquées du 
Collège Algonquin des arts appliqués et de technologie 
d’Ottawa. Mme Westbury occupe présentement un poste 
de restauratrice au sein du laboratoire de conservation 
et de restauration d’œuvres sur papier du Centre de 
services de l’Ontario de Parcs Canada, à Ottawa. 

Coordonnées : 
Centre de services de l’Ontario de Parcs Canada 

1800, chemin Walkley 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-993-2125 
Courriel : kathleen.westbury@pc.gc.ca 

Elissa O’Loughlin obtained a BFA from Moore College of 
Art and Design in Philadelphia, Pennsylvania in 1975. 

She worked as a conservator at the United States 
National Archives in Washington, DC from 1983 until 
2000, when she joined the staff of the Walters Art 
Museum in Baltimore, Maryland as Senior Paper 
Conservator. She has developed and taught the 5-day 
class Removal of Pressure Sensitive Tape and Tape 
Stains at numerous venues over the past 16 years. 

Contact Information: 
The Walters Art Museum 

600 North Charles St. 
Baltimore MD 21201 USA 
Tel.: 410-547-9000 x 627 
E-mail: eoloughlin@thewalters.org

Elissa O’Loughlin a obtenu un baccalauréat en beaux- 
arts du Moore College of Art and Design de 

Philadelphie, en Pennsylvanie, en 1975. De 1983 
à 2000, elle a occupé un poste de restauratrice aux 
Archives nationales des États-Unis, à Washington D.C. 
Elle s’est ensuite jointe à l’équipe du Walters Art 
Museum de Baltimore (Maryland), comme restauratrice 
principale d’œuvres sur papier. Elle a élaboré un cours 
de cinq jours sur l’enlèvement de rubans sensibles à la 
pression et l’élimination de taches causées par les 

rubans, intitulé Removal of Pressure Sensitive Tape and 
Tape Stains, et l’a donné à de très nombreuses 
occasions au cours des seize dernières années. 

Coordonnées : 
Division of Conservation and Technical Research 

The Walters Art Museum 
600 North Charles St. 
Baltimore, Maryland 21201, États-Unis 
Tél. : 410-547-9000 poste 627 
Courriel : eoloughlin@thewalters.org 
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Elzbieta Kaminska has a MEng in Drug Chemistry and 
Technology from the Technical University of Gdansk 
(Poland). She joined the Canadian Conservation 
Institute in 1991 as a contract scientist, and became 
involved in several major research projects relating to 
mass deacidification and permanent paper as well as a 
study of the degradation of cyanoacrylate adhesives. 
Elzbieta is a co-author of more than 20 publications 
and a co-recipient of two awards: a Canadian 
Department of Heritage Deputy Minister Award for 
outstanding contributions (2000) and a Research and 
Technical Studies Subgroup AIC Recognition Certificate 

for Excellence in Scientific/Technical Research (1998). 

Contact Information: 
566 Pocono Cres. 

Orleans ON K4A 3J6 Canada 
Tel.: 613-824-6906 

E-mail: elizabeth-kaminska@rogers.com

Elzbieta Kaminska a obtenu une maîtrise en génie 
(chimie des médicaments et technologie connexe) de la 
Technical University de Gdansk, en Pologne. Elle a 
amorcé sa carrière à l’Institut canadien de conservation 
en 1991, à titre de scientifique contractuelle, et a 
participé aux travaux de plusieurs projets de recherche 
importants portant sur la désacidification de masse et 
le papier permanent, ainsi que ceux d’une étude sur la 
dégradation des adhésifs du type cyanoacrylate. Mme 

Kaminska est coauteure de plus de vingt publications et 
corécipiendaire de deux prix, soit le Prix du sous-
ministre de Patrimoine canadien, accordé 

en 2000 en reconnaissance de services exceptionnels, 
et un certificat de reconnaissance de l’excellence en 
recherche scientifique ou technique, accordé en 1998 
par le sous-groupe de la recherche et des études 
techniques de l’AIC. 

Coordonnées : 
566 Pocono Cres. 

Orléans (Ontario) K4A 3J6 Canada 
Tél. : 613-824-6906 
Courriel : elizabeth-kaminska@rogers.com 

R. Scott Williams has been an analytical chemist and

Conservation Scientist at the Canadian Conservation
Institute since 1977. He has performed thousands of
analyses of materials from all types of museum and
cultural objects: paintings, paper, textiles, and
ethnographic and archaeological objects. He has a
particular interest in plastics, particularly the
degradation, interaction, and conservation of museum
objects and storage materials composed of plastics and
other synthetic materials. His current work includes the
development of portable mid and near infrared (IR)
spectroscopy to carry out non-destructive on-site
chemical analysis of objects at heritage institutions.
Scott has published or presented more than 80 papers
for conservation, museum, and scientific professionals.

Contact Information: 
1030 Innes Road 

Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 
E-mail: scott.williams@pch.gc.ca

R. Scott Williams occupe un poste de chimiste

spécialisé en chimie analytique à l’Institut canadien de
conservation depuis 1977. Il a réalisé l’analyse de
milliers de matériaux de diverses natures prélevés sur
des objets de musée et des objets culturels, soit des
peintures, des œuvres sur papier, des textiles et des
pièces ethnographiques et archéologiques. Il porte
aussi un intérêt particulier aux matières plastiques,
notamment aux processus de dégradation des objets de
musée et des matériaux d’entreposage composés de
plastique et d’autres matériaux synthétiques, ainsi qu’à
leurs interactions et aux mesures de conservation
adéquates. Ses travaux actuellement en cours
comprennent la mise au point d’appareils portatifs de
spectroscopie infrarouge (IR) ayant la capacité
d’effectuer sur place des analyses à infrarouge moyen
et à proche infrarouge non destructives d’objets se
trouvant dans des établissements du patrimoine.
M. Williams a publié ou présenté plus 80 articles
portant sur la conservation et la restauration, qui sont
d’un grand intérêt pour les professionnels travaillant
dans les musées et les scientifiques du domaine.

Coordonnées : 
Institut canadien de conservation 

1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-998-3721, poste 130 
Courriel : scott.williams@pch.gc.ca 
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Joe Iraci is a Senior Conservation Scientist in the 
Conservation Research division at the Canadian 
Conservation Institute, and has been performing 
research studies on electronic media for the past 14 
years. His research work includes examining the 
stability and degradation of CD and DVD formats as 
well as other materials such as magnetic tape, and 
investigating the disaster recovery of these materials. 
Joe has delivered many workshops across Canada, 
teaching participants from archives, libraries, and 
museums about the preservation of electronic media. 

Contact Information: 
Canadian Conservation Institute 

1030 Innes Road 
Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 
E-mail: joe.iraci@pch.gc.ca

Joe Iraci occupe un poste de scientifique principal en 
conservation au sein de la Division de la recherche en 
conservation de l’Institut canadien de conservation. Au 
cours des 14 dernières années, il a réalisé des travaux 
de recherche sur les supports électroniques, 
notamment sur la stabilité et la dégradation des CD et 
des DVD et d’autres matériaux comme les bandes 
magnétiques, ainsi que des études sur la récupération 
de ces matériaux endommagés par un sinistre. M. Iraci 
a participé à de nombreux ateliers donnés partout au 
Canada, ce qui lui a permis de partager ses 
connaissances sur la préservation des supports 
électroniques avec des intervenants des musées, des 
bibliothèques et des archives. 

Coordonnées : 
Institut canadien de conservation 

1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-998-3721, poste 142 
Courriel : joe.iraci@pch.gc.ca 

Season Tse has a BSc Honours in Applied Chemistry 

from the University of Waterloo (Waterloo, Ontario), 
and an MSc in Chemistry from Carleton University 
(Ottawa, Ontario). She joined the Canadian 
Conservation Institute in 1984, and is currently a 
Senior Conservation Scientist. Her research focuses on 
deacidification, bleaching and enzyme treatments for 
historic paper and textiles, preservation of iron gall ink 
documents, and the use of micro-fade testers to assess 
the risk of light damage to historic documents and 
works of art in museums and archives. 

Contact Information: 
Canadian Conservation Institute 

1030 Innes Road 
Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 
E-mail: season.tse@pch.gc.ca

Season Tse a obtenu un B.Sc. avec distinction en 

chimie appliquée de l’Université de Waterloo (Waterloo, 
Ontario) et une M.Sc. en chimie de l’Université Carleton 
(Ottawa, Ontario). Elle s’est jointe à l’équipe de 
l’Institut canadien de conservation en 1984 et y occupe 
présentement un poste de scientifique principale en 
conservation. Ses travaux de recherche portent 
principalement sur la désacidification et le blanchiment 
d’œuvres sur papier et de textiles historiques et leur 
traitement aux enzymes, la préservation de documents 
contenant de l’encre ferrogallique, ainsi que l’utilisation 
d’instruments de mesure de la microaltération de la 
couleur pour évaluer les risques de dommages causés 
par la lumière auxquels sont exposés les documents 
historiques et les œuvres d’art dans les musées et les 
archives. 

Coordonnées : 
Institut canadien de conservation 

1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-998-3721, poste 187 
Courriel : season.tse@pch.gc.ca 
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Table 1. Results of the chemical analysis, pH, colour change, PAT, and removability test for the THST. 

THST 
(Heat-set Temperatures) 

Chemical 

Analysis* 

pH 
(pH Kurotani Tissue 

alone = 7.18±.02) 

pH 6-8; <6 or >8 

Colour Change (Domtar 

Paper alone: ΔE=5.91±.11 

Tape Side; ΔE=6.57±.07 

Paper Side) (large 

change) 

PAT 

(Pass ; Fail) 

Removability 
(For Mechanical >70 is easier to remove; 40-69 more difficult; 
<39 very difficult. For Solvent 97-100 is removable; 47-50 is 

partially removable; 0 is not removable) (PU=Punch Paper; 

RC=RC paper) (AGE - C=Controls; 1=1 year dark aging; 

O=Oven Aging) (Staining: L=low; M=medium; H=high) 

THST 

Alone 
THST w 
Kurotani 

ΔE Tape 

Side 

ΔE  PU 
Paper  or 
Side RC 

WATER-ACTIVATED 

Paper Carriers 

Gummed Paper Hinging 

Tape 
Protein 7.24±.03 ST- 

3.79±.22 5.63±.20 F F F 
S 

PU C 75 100 100 0 0 0 0 0 

1 75 100 100 49 0 0 0 0 

O 43M 47 47 0 0 0 0 0 
62 

RC C 80 100 100 0 0 0 0 0 

1 74 L 100 100 0 0 0 0 0 

O 70 100 100 0 0 0 0 0 

PU C 95 100 100 50 100 100 100 0 

1 85 100 100 49 100 100 0 0 

100 100 100 50 50 100 0 0

Repa Tex G5 
Protein + methyl 

cellulose 

Gummed Japanese Hinging 

7.71±.20 ST 8.85±.50 6.89±.29 P P P 
O 

96 

RC C 100 100 100 100 100 100 100 0 

1 85 100 100 100 100 100 0 47 

O 100 100 100 100 100 0 100 0 

PU C 50 100 100 100 100 0 100 100 

1 35 100 100 100 100 50 100 100 

Paper Hayaku 
PVOH/PVAC 6.98±.04 ST 6.60±.29 6.21±.06 P P P O 20 0 0 0 100 0 98 100 90 

RC C 90 100 100 50 100 0 100 100 

1 85 100 100 50 100 50 100 100 
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Homemade Wheat Starch 

Paste with Kurotani Tissue 
Starch 6.04±.04 7.01±.05 ST 6.15±.46 6.05±.29 P P

Cloth Carriers 

O 40 50 50 50 100 0 100 100 

PU C 100 100 100 100 100 100 100 100 

1 95 100 100 99 97 100 100 100 

O 90 100 100 100 100 100 100 99 
95 

RC C 100 100 100 0 50 50 0 0 

1 75 100 100 50 50 100 50 0 

O 100 100 100 0 50 50 50 0 

Hinged Cambric Cloth Tape 

Gummed Linen Hinging 

Protein+Starch 

>8:1

Protein+Starch 

6.78±.02 SS 7.71±.25 5.98±.51 F F F removability not done 50 

PU C 90 100 100 100 50 100 100 100 

1 50 100 100 100 0 0 0 50 

O 80 100 100 0 50 50 100 100 

Tape 
>8:1 (carrier 

slightly different) 
7.57±.10 SS 3.89±.16 5.98±.17 F F F 67 

RC C 90 100 100 0 0 0 99 0 

1 80 100 100 100 50 0 0 50 

O 75 100 100 0 0 0 0 0 

PU C 85 100 100 0 0 0 0 50 

1 70 100 100 100 100 100 100 50 

65 0 0 0 0 0 0 48

Perforated White Linen Tape 
Protein+Starch 

>8:1
8.12±.01 SS 5.49±.25 5.82±.17 F F F 

O 
28 

RC C 90 100 100 0 0 0 0 0 

1 90 100 100 48 100 100 100 100 

O 75 100 100 0 100 0 50 0 

Gummed Linen Tape 
Modified Starch 
(carrier different) 

6.43±.04 SS 2.98±.16 5.93±.15 F P F removability not done 67 

PRESSURE-SENSITIVE 

Paper Carriers 

filmoplast P PnBa+CaCO3+UN 7.06±.11 ST 11.14±.25 6.67±.23 P P P 

PU C 45 50 50 100 99 99 100 100 

1 49 L 100 100 48 100 50 100 100 

O 25 0 0 0 0 50 99 99 73 

RC C 75 100 50 0 0 100 100 100 

1 70 100 100 0 0 50 50 0 
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filmoplast P90 PEHA+CaCO3 6.93±.07 ST 7.94±.15 5.99±.18 P P P 

O 65 50 50 0 0 50 100 100 

PU C 55 0 0 0 100 100 100 100 

1 50 0 0 98 50 50 100 100 

O 25 0 0 0 0 0 50 100 
85 

RC C 75 100 100 100 100 100 100 100 

1 60 100 100 100 50 50 100 100 

O 50 0 48 50 49 100 100 100 

PU C 60 0 50 0 100 100 100 100 

1 48 M 0 0 98 50 99 100 50 

28 M 0 0 0 99 50 48 99gudy 831 with Kurotani 

Tissue 

PEHA+PVAC+so 

ap 
7.16±.13 ST 10.66±.44 6.65±.20 F F 

O 
49 

RC C 85 100 100 50 100 100 100 100 

1 60 100 100 50 100 100 100 100 

O 75 0 0 50 99 100 100 100 

PU C 90 0 0 100 100 100 100 100 

1 74 L 0 0 98 100 100 100 100 

53 M 0 0 98 99 50 98 100

DocumentRepair Tape 
PVAC-vinyl 

maleate 
7.35±.08 ST 11.74±.47 6.50±.09 P P P 

O 
81 

RC C 90 100 100 100 100 100 100 100 

1 85 100 100 100 100 100 100 100 

O 69 L 100 100 100 100 100 100 100 

PU C 75 0 0 0 100 100 100 100 

1 70 0 0 100 50 100 100 100 

Duck General Purpose 

Masking Tape 

Cloth Carriers 

Rubber + Tackifier 

(carrier with acrylic 

coating) 

6.64±.03 ST 16.90±.25 6.97±.53 P P P 
O 47 H 0 0 47 97 50 97 97 

77 

RC C 85 100 100 100 50 100 100 100 

1 85 100 100 100 100 100 100 100 

O 70 0 0 50 0 50 100 100 

PU C 70 50 50 100 100 100 100 100 

64 L 0 0 98 50 100 100 100 

filmoplast SH PEHA + PVAC 6.12±.03 SS 6.99±.13 6.75±.10 F F F 51 
O 25 0 0 47 98 99 100 100 

RC C 75 100 100 100 100 100 100 100 
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O 

75 0 100 50 50 100 100 100 

65 0 0 100 100 100 100 100 

filmoplast T Tape (Black) 
PEHA + PVAC + 

tal/mica 
6.85±.04 S 1.15±.09 6.12±.18 F P F removability not done 67 

Self-Adhesive Linen Hinging 

Tape 
PnBA 6.54±.04 SS 9.21±.24 6.12±.10 F P F 

PU C 

1 

O 

85 50 50 100 50 50 99 100 

54 

74 L 50 50 98 0 59 100 100 

43 M 0 0 47 98 47 98 98 

RC C 

1 

O 

75 100 100 100 100 100 100 100 

80 100 100 100 100 50 100 100 

80 100 100 100 100 100 100 100 

Polyester Carrier 

Double-coated Film Tape 

#415 with Kurotani Tissue 
PnDA (+PAA) 5.93±.16 ST 11.00±.47 6.58±.18 F F removability not done 17 

Photo & Document Mending 

Tape #001 
PnDA + PIB ++ 7.49±.47 T 8.26±.29 6.60±.28 F P F 

PU C 

1 

O 

85 50 50 100 100 100 100 100 

67 

65 0 0 100 100 100 100 100 

54 L 0 0 98 48 99 98 98 

RC C 

1 

O 

100 100 100 100 100 100 100 100 

95 50 100 100 100 100 100 100 

85 50 100 100 100 100 100 100 

Scotch 893 Rubber + PP 7.49±.07 ST 10.62±.22 6.18±.10 P P P removability not done 83 

Polypropylene Carriers 

Framer's Tape II #S2000 PnBA 8.07±.02 T 10.51±.24 6.85±.13 F P F 

PU C 

1 

O 

49 L 0 0 100 100 99 100 100 

28 

58 M 0 0 98 100 50 100 100 

23 M 0 0 47 98 0 47 97 

RC C 

1 

O 

90 100 100 100 100 100 100 100 

75 100 100 50 100 50 100 100 

85 100 100 100 50 100 100 100 

filmomatt libre PEHA + PVAC 5.48±.06 T 9.90±.28 6.40±.25 F P F 

PU C 

1 

O 

60 0 0 100 100 100 100 100 

27 
58 M 0 0 98 100 50 100 100 

23 M 0 0 0 47 0 48 100 

RC C 90 100 100 100 100 100 100 100 
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1 

O 

90 100 100 100 100 50 50 50 

75 100 100 100 50 100 100 100 

Poly(vinyl chloride) (PVC) Carriers 

filmolux 609 
PEHA + PVAC + 

PH   PVC Carrier 
5.61±.05 T 16.93±.29 6.97±.16 F P F removability not done 17 

Cellulose Acetate Carrier 

3M Magic Tape #810 PnDA 5.45±.26 T 11.44±.17 6.60±.19 P P P 

PU C 

1 

O 

100 0 0 100 100 100 100 100 

50 

60 0 0 98 100 100 50 100 

38 M 0 0 48 47 98 98 98 

RC C 

1 

O 

100 100 100 100 100 50 50 100 

55 100 100 50 100 100 50 100 

89 L 0 0 50 100 50 50 97 

3M Magic Removable Tape 
#811 

PnDA 6.93±.06 T 11.68±.31 6.36±.18 P P P removability not done 83 

Foil Carriers 

Frame Sealing Tape FST 
1000 

PnBA 8.23±.08 S 4.13±.19 7.96±.21 P F F removability not done 33 

Self-Adhesive Frame Sealing 

Tape (White) 
PEHA 7.94±.06 S 4.74±.20 8.69±.37 F P F removability not done 50 

No Carrier 

3M Adhesive Transfer Tape 

#924 with Kurotani Tissue 
PnDA + sm PAA 6.29±.08 ST 10.51±.39 7.23±.15 F F removability not done 50 

Acid-Free Db-Stick 

Adhesive Pen #007 with 

Kurotani Tissue 

PnDA + PIB ++ 7.95±.19 ST 6.10±.34 6.78±.27 F F removability not done 67 

PH7-70 Conservation ATG 

Tape Permanent with 

Kurotani Tissue 

PEHA + UN 6.52±.13 ST 
19.17±1.8 

0 
7.19±.19 F F 

PU C 

1 

O 

75 50 50 0 100 100 98 99 

51 

63 M 0 0 50 100 99 100 100 

43 M 47 47 0 47 97 97 97 

RC C 

1 

O 

95 100 100 50 100 100 100 100 

75 100 100 48 100 100 100 100 

74 L 48 50 47 97 97 98 98 

gudy 871 with Kurotani 

Tissue 

PEHA + PVAC + 

soap 
7.29±.12 ST 7.72±.23 5.63±.12 P P 

PU C 

1 

44 L 50 50 100 100 100 100 100 
88 

49 L 0 0 48 100 100 50 100 
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Spray 

Spray Adhesive Super 77 

with Kurotani Tissue 

HEAT-SET 

Paper Carriers 

Crompton Tissue 

SBR + Rosin 6.80±.08 ST 9.32±.73 6.94±.21 F F 

O 43 M 0 48 0 47 99 49 99 

RC C 80 100 100 50 100 100 100 100 

1 70 100 100 100 100 100 50 100 

O 75 50 50 50 100 100 100 100 

PU C 38 M 50 50 50 99 100 100 99 

1 58 M 0 0 0 0 100 48 100 

O 27 H 47 47 0 47 47 97 47 
59 

RC C 85 0 0 50 100 100 100 100 

1 55 100 100 0 50 100 100 100 

O 74 L 0 0 47 99 98 99 97 

PU C 45 0 0 100 100 0 98 99 

1 25 0 0 98 100 50 100 100 

O 43 M 0 0 98 100 0 98 99 

(84-87°C) 
PMA/PEMA 6.10±.04 ST 10.28±.18 6.19±.21 F P F 

filmoplast R 

(88-94°C) 
PODA + UN 8.97±.03 ST 8.27±.39 6.10±.91 P P P

Seal Colormount Dry 

49 

RC C 60 100 0 100 100 0 100 100 

1 80 100 100 100 100 50 100 100 

O 34 L 50 0 100 100 0 100 100 

PU C 75 0 0 100 100 100 100 100 

1 50 100 100 98 0 100 100 100 

O 60 0 0 100 100 100 100 100 
68 

RC C 90 100 0 100 100 100 100 100 

1 90 100 100 100 100 100 100 100 

O 80 100 0 98 100 100 100 100 

PU C 39 L 0 50 0 100 98 100 98 

30 L 0 0 100 0 100 100 100
Mounting Tissue with 

Kurotani Tissue (84-

87°C) 

EVA + UN 6.11±.04 ST 10.65±.51 6.44±.29 P P 
1 

66 
O 37 H 0 0 0 0 97 97 97 

RC C 25 0 0 0 0 100 50 0 
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1 

O 

24 L 0 0 0 0 50 0 0 

25 0 0 0 0 100 0 0 

Vinamul 3252 with 

Kurotani Tissue (78-

81°C) 

VAE + VAL/VAC 

+ NaCMC
6.71±.19 7.70±.11 ST 6.44±.29 5.80±.19 F F 

PU C 

1 

O 

45 50 50 0 100 0 100 99 

62 

30 0 0 100 100 0 50 50 

32 H 0 0 0 0 0 98 99 

RC C 

1 

O 

70 100 100 50 100 100 100 100 

95 100 100 50 100 0 100 50 

35 100 100 0 100 0 100 100 

LoC HST (Plextol B500, 

Rhoplex AC-73, water) 

with Kurotani Tissue 

(86-91°C) 

PEA/PMMA 4.90±.11 7.01±.01 ST 8.09±.33 6.12±.36 P P 

PU C 

1 

O 

70 100 100 100 100 100 100 100 

68 

55 50 50 100 100 0 100 100 

60 100 100 100 100 0 100 100 

RC C 

1 

O 

90 100 100 100 100 100 100 100 

95 100 100 50 100 100 100 50 

60 0 0 100 100 100 100 100 

Lascaux 498 HV with 

Kurotani Tissue (72-

77°C) 

PBA/PMMA 7.29±.11 7.09±.09 ST 9.79±2.44 6.88±.59 F F 

PU C 

1 

O 

49 L 0 0 100 100 0 100 100 

63 

40 0 0 100 50 0 100 100 

35 0 0 100 100 0 100 98 

RC C 

1 

O 

100 100 100 100 100 100 100 100 

80 100 100 50 100 0 100 100 

45 50 50 100 100 0 100 100 

Lascaux 360 HV MADE AS 

HEAT-SET TISSUE with 

Kurotani Tissue 
(48-51°C) 

PBA/PMMA 6.87±.04 7.38±.04 ST 9.92±.89 6.43±.22 F F 

PU C 

1 

O 

80 0 0 100 100 50 100 100 

65 

49 L 0 0 100 100 0 100 100 

53 M 0 0 48 100 50 100 99 

RC C 

1 

O 

85 100 100 100 100 100 100 100 

80 100 100 100 100 0 100 100 

80 50 50 100 100 50 100 100 

Lascaux 360 HV MADE AS 

PRESSURE-SENSITIVE 

TISSUE 

with Kurotani Tissue 

PBA/PMMA " " " " " " " 

PU C 

1 

O 

49 L 0 0 100 100 0 100 100 

64 
44 L 0 0 100 100 0 100 100 

48 M 0 0 98 100 0 99 99 

RC C 88 100 100 100 100 0 100 100 
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Lascaux 360 HV MADE BY 

SOLVENT 

REACTIVATION WITH 

ETHANOL 

with Kurotani Tissue 

Lascaux 498/360 (2:1) 

PBA/PMMA " " " " " " " 

7.29±±.0 

1 95 100 100 100 100 0 100 100 

O 88 50 50 100 100 0 100 100 

PU C 63 0 0 100 100 100 100 100 

1 49 L 0 0 100 100 0 100 100 

O 49 L 0 0 99 99 0 99 99 
65 

RC C 88 100 100 100 100 0 100 100 

1 95 100 100 100 100 0 100 100 

O 75 50 50 100 100 0 100 100 

PU C 69 L 0 0 100 100 100 100 100 

1 49 L 0 0 100 98 0 100 100 

O 43 M 0 0 100 100 0 100 100 

with Kurotani Tissue 
(55-60°C) 

BEVA 371 Film 1 mil 

PBA/PMMA 6.78±.01 
6 

ST 8.44±.63 7.05±.27 F F 

10.83±.8 

65 

RC C 90 100 100 100 100 100 100 100 

1 80 100 100 100 100 0 100 100 

O 80 0 0 100 100 100 100 100 

PU C 48 M 0 0 100 100 100 97 100 

1 48 M 0 0 100 100 100 50 100 

O 48 M 47 47 97 47 47 97 100 

with Kurotani Tissue 
(60-62°C) 

Seal Fusion 4000 Dry 

EVA + KRN ++ 6.73±.21 ST 16.60±.39 
2 

P P 65 

RC C 90 100 100 100 100 100 100 100 

1 80 100 100 50 100 100 100 100 

O 84 L 0 100 100 100 100 100 100 

PU C 60 50 50 0 0 50 48 100 

1 38 L 0 0 50 0 0 0 50 

47 H 48 48 0 0 0 0 98
Mounting Adhesive Film 

with Kurotani Tissue 

(74-80°C) 

Unsupported Archibond with 

EVA 7.11±.18 ST 7.54±.47 6.47±.26 P P 
O 

85 

RC C 95 100 100 100 100 100 100 100 

1 95 100 100 100 100 100 100 100 

O 64 L 0 0 100 0 100 50 100 

PU C 50 50 50 99 100 50 98 100 

1 44 L 100 100 100 100 0 100 98 

Kurotani Tissue 
PMA/PEMA 5.06±.08 ST 7.00±.17 6.73±.11 P P 66 

O 43 M 48 48 99 99 49 98 99 

RC C 90 100 100 100 100 50 100 100 
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1 

O 

85 100 100 100 100 0 100 100 

44 L 100 50 100 100 0 100 100 

*Abbreviations for Chemical Analysis: CaCO3 = calcium carbonate; EVA = ethylene vinyl acetate; NaCMC = sodium carboxymethyl cellulose; PAA = poly(acrylic acid); PEA = poly(ethyl acrylate);

PEHA = poly(ethylhexyl acrylate); PEMA = poly(ethyl methacrylate); PIB = polyisobutylene; PMA = poly(methyl acrylate); PMMA = poly(methyl methacrylate); PnBA = poly(butyl acrylate); PnDA =
poly(decyl acrylate); PODA = poly(octadecyl acrylate); PVAC = poly(vinyl acetate); PVOH = poly(vinyl alcohol); SBR = styrene butadiene; VAC = vinyl acetate; VAE = vinyl acetate ethylene; VAL =
vinyl alcohol.

†Abbreviations for Transparency: T = transparent; ST = semi-transparent; S = solid; SS = semi-solid. 

‡ The point score for Removability in the Overall Score was determined by weighting the mechanical and solvent scores in the following manner: mechanical was given a weighting of 6; water 

and pH 8.5 water a weighting of 5; ethanol and acetone a weighting of 3; heptane and ethyl acetate a weighting of 2; and toluene a weighting of 1, only if the score was >70. This was done to give more 

emphasis to the mechanical and water removal scores and less emphasis to the more toxic solvents. 
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État du projet de l’ICC sur les rubans 

adhésifs et les papiers de soie fixés 

à chaud 

Jane L. Down, Sherry Guild, Greg Hill, Doris St-Jacques, 
Kathleen Westbury, Elissa O’Loughlin, Elzbieta Kaminska, 

R. Scott Williams, Joe Iraci et Season Tse
(Les biographies et les coordonnées des auteurs se trouvent à la fin du présent article.) 

Résumé 

Le présent article traite de certaines propriétés de divers rubans adhésifs et papiers de soie fixés 
à chaud qui ont été mis à l’essai afin de mieux comprendre leur stabilité et leurs effets sur le 

papier. Les propriétés mises à l’essai comprenaient, entre autres, les suivantes : 
• le pH des produits neufs;

• l’altération de la couleur des produits (du côté support) et des substrats de papier
auxquels ils sont fixés (le verso), après le vieillissement thermique;

• l’essai d’activité photographique (EAP);
• l’enlèvement mécanique et l’enlèvement au moyen d’un solvant des produits présents

sur du papier d’impression commercial datant des années 1870 et du papier
photographique plastifié (papier RC), avant et après vieillissement thermique, et après
un an de vieillissement dans le noir.

Un seul produit a provoqué une importante altération de la couleur du verso du substrat de 
papier, après le vieillissement thermique, mais plusieurs supports de produits ont subi une 
altération appréciable de la couleur. Seuls 40 % des produits ont réussi l’essai d’activité 
photographique. Les produits neufs sont généralement neutres, mais quelques-uns sont 
légèrement alcalins ou acides. De manière générale, il est plus facile d’enlever les produits fixés 
sur du papier RC que ceux fixés sur du papier d’impression commercial des années 1870. Le 
vieillissement a tendance à réduire la facilité d’enlèvement des produits, mais plusieurs d’entre 
eux ne subissent pas d’altération grave après ces traitements. La discussion portant sur les 
résultats permet d’identifier quelques produits qui ont jusqu’ici donné des bons résultats 
globaux, mais les traitements de vieillissement se poursuivent et l’interprétation des données 
doit en tenir compte. 

Title and Abstract 

Update on the CCI Adhesive Tape and Heat-Set Tissues Project 

This paper reports on some properties of various adhesive tapes and heat-set tissues that were 
tested to help understand their stability and impact on paper. The tested properties include: 

• pH of fresh products

• colour change of the products (carrier side) and of the paper substrates to which they
were attached (reverse side) after thermal aging

• photographic activity test (PAT)
• mechanical and solvent removal of the products from 1870s commercial printing paper

and resin-coated photographic (RC) paper before and after thermal aging and after 1
year of dark aging

85



Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Only one product discoloured the paper substrate on the reverse significantly after thermal aging, 
but several product carriers discoloured substantially. Only 40% of the products passed the PAT. 
Fresh products were generally neutral, but a few were slightly alkaline or acidic. Generally, 
products were easier to remove from the RC paper than from the 1870s commercial printing 

paper. Aging tended to decrease removability, although several products did not change 
drastically on aging. A discussion of the results identifies a few products that have scored well 
overall so far, but aging continues and results must be considered in this light. 

Introduction 

Il n’est habituellement pas recommandé d’utiliser des rubans adhésifs commerciaux comme 

produits de conservation de qualité archives, mais comme le grand public en emploie d’énormes 

quantités, il n’est pas surprenant d’en retrouver dans les collections des musées et des archives. 

Il est par conséquent important de réaliser des travaux de recherche sur leurs propriétés et leur 

facilité d’enlèvement. D’autre part, les papiers de soie fixés à chaud (PSFC) sont souvent 

utilisés dans le cadre de traitements de conservation, avec toutefois certaines réserves à propos 

de la sûreté de cette pratique et de son caractère adéquat. 

En 2001, l’Institut canadien de conservation (ICC) a lancé un projet sur les rubans et les papiers 

de soie fixés à chaud (RPSFC), qui avait pour but d’étudier les propriétés chimiques et 

mécaniques et la facilité d’enlèvement des RPSFC, et ce, afin de bien comprendre leurs effets 

sur les papiers et de mettre au point un système fiable d’évaluation comparative. Pour atteindre 

ces objectifs, un programme de recherche a été élaboré, lequel comporte un programme de mise 

à l’essai général et un programme secondaire de sélection préliminaire visant à réduire le 

nombre de produits devant être mis à l’épreuve. 

Programme de sélection préliminaire 

La mise en oeuvre du programme de sélection préliminaire a été réalisée en 2005 (Down et 

coll., 2006), selon les étapes suivantes : 

• le regroupement de 146 RPSFC;

• l’identification des principaux composés par spectroscopie infrarouge à transformée de

Fourier (IRTF);

• la mesure du pH de l’objet composite (support+adhésif) (norme ASTM D1583-01,

2001);

• la mise en tableaux des résultats et la sélection de 44 produits qui ne présentent pas les

caractéristiques suivantes :

o présence de poly(chlorure de vinyle) [PVC], de caoutchouc, de colophane ou de

caoutchouc butadiène-styrène;

o pH inférieur à 6 ou supérieur à 8;
o produit coloré.

(À des fins de comparaison, un certain nombre de « produits symboliques » ont toutefois 
été intégrés au groupe afin de représenter des cas de pires conditions; ces produits 

comprennent un ruban adhésif de couleur noire et d’autres produits qui contiennent du 

PVC, du caoutchouc, de la colophane ou du caoutchouc butadiène-styrène.) 
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Lors de la préparation d’essais additionnels, en 2009, des produits neufs ont été commandés, 

puis analysés par IRTF, afin de s’assurer qu’ils étaient identiques aux produits d’origine 

sélectionnés en 2005. Quelques produits présentaient de légères différences. Dix des produits 

d’origine, qui n’étaient plus disponibles sur le marché, ont été éliminés du programme ou 

remplacés par des produits semblables. De plus, quelques produits nouveaux ont été ajoutés au 

groupe d’essai. Le tableau 1 présente la liste finale des 42 produits sélectionnés en 2009 à des 

fins d’essais additionnels. 

Programme de mise à l’essai 

Le plan d’essai initial comportait de nombreux essais (Down et coll., 2006), mais seuls les 

résultats suivants sont traités dans le présent article : 

a) le pH de l’objet composite pendant le vieillissement naturel dans le noir (VNN) [seuls

les résultats des produits de référence sont présentés];

b) l’altération de la couleur, après le VNN et le vieillissement au four [seuls les résultats

des essais de vieillissement au four sont présentés];

c) les dommages subis par les photographies, déterminés au moyen de l’essai d’activité

photographique (EAP, ou essai PAT [photographic activity test]) et uniquement

d’échantillons n’ayant pas subi un traitement de vieillissement;

d) la facilité d’enlèvement des RPSFC, après le VNN et le vieillissement au four [seuls les

résultats des produits de référence, après une période d’un an de VNN et le

vieillissement au four, sont présentés].

Les conditions de vieillissement au four sont les suivantes : température de 80 °C, humidité 

relative (HR) de 65 %, pendant 28 jours (norme ISO 5630/3, 1986). Le VNN a été exécuté dans 

les conditions ambiantes des installations de l’ICC (22 °C, HR de 45 %). 

Préparation de papiers de soie fixés à chaud et réhumectables 
Voici une liste des diverses méthodes utilisées pour préparer les papiers de soie fixés à chaud et 

réhumectables : 

• L’adhésif humide est étalé au moyen d’une lame porte-objets pour microscope sur un

morceau de Mylar épais dans lequel des puits (5 cm × 25 cm) avaient été formés à l’aide

de ruban de marque 3M Magic Tape. Ceci permet d’obtenir une couche régulière

d’épaisseur constante. Le ruban Magic Tape est retiré avant que l’adhésif ne soit sec et

des bandes de papier japon Kurotani sont déposées avec soin sur l’adhésif humide, de

l’extrémité vers la partie supérieure. Les bulles formées sont, le cas échéant, éliminées

en appliquant une légère pression avec le doigt. Quand les bandes de papier de soie sont

sèches, elles sont découpées à la largeur voulue et décollées du morceau de Mylar juste

avant d’être fixées au substrat, en les humidifiant avec de l’eau distillée (ou de l’éthanol,

si elles doivent être réactivées par un solvant) ou en fixant d’abord légèrement une des

extrémités avec une spatule chauffée, puis en fixant à chaud la bande, pendant

3 minutes, dans une presse électrique de modèle Dritac 3442 Electro Laminating Press
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(appareil de marque Beckgrey Ltd. [Londres, Angleterre]). Le tableau 1 contient la liste 

des températures auxquelles les divers PSFC ont été fixés à chaud. 

• Les PSFC du type LoC (Library of Congress, ou Bibliothèque du Congrès des

États-Unis) sont préparés en utilisant du Rhoplex AC73, du Plextol B500 et de l’eau

distillée (rapport de 1,5/1/1), en suivant les directives de la méthode élaborée par Hey et

Waters (1977). Celle-ci consiste à appliquer l’adhésif au moyen d’un large pinceau

japonais à la surface d’un morceau de Mylar, puis à y déposer des bandes de papier

japon Kurotani (en commençant par la partie centrale de la bande, puis en déposant

lentement les extrémités afin d’éviter la formation de bulles).

• L’adhésif en aérosol de marque Super 77 est appliqué directement sur le substrat en

utilisant un gabarit en Mylar (2 cm × 25 cm) placé à la surface du substrat. La bombe

aérosol est maintenue à environ 20 cm du gabarit et du substrat lors de la vaporisation,

qui est exécutée en deux passes, d’un mouvement lent et régulier. Le gabarit est ensuite

retiré, laissant en place une bande d’adhésif.

Essais de détermination du pH 
Une méthode normalisée de détermination du pH modifiée (norme ASTM D1583-01, 2001; 

Down et coll., 1996) est utilisée pour mesurer le pH du produit d’extraction à l’eau froide de 

l’objet composite (adhésif+support), dans le cas des échantillons témoins (produits de référence 

ayant subi 0 heure de traitement). Comme de nombreux papiers de soie fixés à chaud et 

réhumectables ont été préparés avec du papier japon Kurotani, le pH a été mesuré dans le cas de 

l’adhésif sec et dans celui de l’adhésif sec et du papier. Les résultats de la détermination du pH 

des échantillons de VNN (valeurs qui seront mesurées à une date ultérieure seront comparés à 

ceux obtenus pour ces échantillons témoins (voir le tableau 1). 

Résultats des essais de détermination du pH 

Dans le cas particulier de cet ensemble d’échantillons témoins, le pH de la plupart des produits 

se situe dans la plage des valeurs neutres (de 6 à 8). Toutefois, quelques-uns d’entre eux 

(Perforated White Linen Tape [ruban de toile blanche perforé], Framer’s Tape II n° S2000 

[ruban d’encadreur], Frame Sealing Tape FST 1000 [ruban d’étanchéisation de cadres], ruban 

Filmoplast R), sont légèrement alcalins (pH > 8), tandis que certains autres (Double-coated 

Film Tape n° 415 [ruban double couche], adhésif Filmomatt libre, ruban Filmolux 609, ruban 

Scotch Magic Tape n° 810, adhésif du type LoC seul, Unsupported Archibond [papier 

Archibond sans support]), sont légèrement acides (pH < 6). 

Détermination de l’altération de la couleur 
Des échantillons servant à déterminer l’altération de la couleur ont été préparés avec du papier 
« Windsor » (papier offset acide à collage à base d’alun et colophane, sans lignine) fabriqué par 

la société Domtar (ci-après appelé « papier Domtar ») (Kaminska et Burgess, 1994). Des bandes 

(2 cm × 25 cm) de chaque RPSFC ont été déposés sur du papier Domtar. Si le produit mis à 

l’essai était un papier de soie réhumectable, un produit double face, un adhésif en aérosol ou un 

PSFC fait à la main, du papier japon Kurotani était déposé par-dessus et considéré comme un 

support. Avant d’entreprendre le traitement de vieillissement, une mesure de référence des 

couleurs a été effectuée du côté du support du ruban (ci-après appelé « côté ruban ») (figure 1), 

ainsi qu’au verso du papier Domtar (ci-après appelé « côté papier »), au même endroit où 
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l’adhésif du RPSFC entre en contact avec le papier Domtar (figure 2). La moitié des 

échantillons ont subi un vieillissement au four, avant d’effectuer une nouvelle mesure. Les 

autres échantillons ont été laissés dans la pièce de vieillissement à la noirceur pour y subir le 

VNN et l’altération de la couleur sera mesurée à une date ultérieure. Les mesures des couleurs 

ont été réalisées avec un spectrophotomètre Minolta CM-2600d. Les valeurs enregistrées sont 

les mesures du brillant, de l’indice de jaunissement et de paramètres du type « Lab ». Seules les 

mesures du type « Lab ΔE*ab » (c.-à-d. l’altération de la couleur, ci-après désignée par le 

symbole ΔE) feront l’objet d’une discussion dans le présent article (tableau 1) (norme 

ASTM D2244-05, 2006). De manière générale, il est reconnu que si la valeur ΔE est de 1 ou 2, 

l’altération de la couleur est visuellement perceptible (selon certaines conditions particulières, 

par exemple la couleur de l’objet observé et l’éclairage), et que si ΔE > 5, l’altération de la 

couleur est importante (Agosten, 1987; Fundamentals, 2006; Has, 2011). 

Figure 1. Exemple de l’altération de la couleur du côté ruban. 

Figure 2. Exemple de l’altération de la couleur du coté papier . 

Résultats des essais de détermination de l’altération de la couleur 

Côté papier : La valeur ΔE, dans le cas du papier Domtar ayant subi un vieillissement au four, 
est de 6,57 ± 0,07, ce qui correspond à une importante altération visible de la couleur. Cette 

valeur a été soustraite de toutes les valeurs ΔE du côté papier des échantillons ayant subi un 

vieillissement au four, et ce, afin d’établir si les RPSFC entraînent une altération de la couleur 
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du côté papier (c.-à-d. au travers du papier), en plus de celle qui est inhérente au papier Domtar. 

Une fois ce facteur de correction appliqué, seules les valeurs des échantillons de BEVA 371 

étaient proches de celles correspondant à une altération de la couleur se situant autour d’un ΔE 

de 5 (4,26 ± 0,82), et ces résultats pourraient être attribuables aux effets du vieillissement au 

four réalisé à une température supérieure au point de ramollissement de l’adhésif (de 60 à 

65 °C), qui l’auraient fait pénétrer dans le papier. Les rubans d’étanchéisation de cadres 

classiques (Frame Sealing Tape FST 1000) et autoadhésif (Self-Adhesive Frame Sealing Tape) 

présentent respectivement des valeurs ΔE corrigées de 1,39 ± 0,22 et 2,12 ± 0,38, lesquelles 

pourraient correspondre à une altération perceptible de la couleur. Aucun autre produit n’a 

entraîné une importante altération de la couleur au travers du papier. 

Côté ruban : La détermination de l’état de la couleur du côté ruban des échantillons vieillis au 

four est beaucoup plus complexe, car les supports utilisés pouvaient être solides, semi-solides, 

transparents ou semi-transparents. Toute altération de la couleur du papier Domtar peut être 

visible à travers un support transparent ou semi-transparent, mais pas à travers un support solide 

ou semi-solide. Pour évaluer l’altération de la couleur des supports transparents et 

semi-transparents, la valeur ΔE du côté ruban du papier Domtar (5,91 ± 0,11) a été soustraite de 

la valeur mesurée pour ces échantillons (mais pas de celle des échantillons solides et 

semi-solides); si cette valeur ΔE finale est supérieure à 5, elle est surlignée en orange parmi 

celles apparaissant au tableau 1. Les résultats indiquent que le nombre de produits présentant 

une importante altération de la couleur du côté ruban est beaucoup plus élevé que celui des 

produits présentant une altération de la couleur du côté papier, et, conséquemment, que les 

supports (ou les adhésifs, ou les deux éléments) subissent probablement une altération de leur 

couleur. Un certain nombre de PSFC fabriqués avec du papier japon Kurotani et des supports de 

papier activés par l’eau présentent des valeurs ΔE corrigées plus faibles, ce qui indique une 

altération de la couleur moins importante. Si l’évaluation des produits était effectuée en 

déterminant la transmission de lumière réelle et en soustrayant ensuite la quantité 

proportionnelle correspondant à l’altération de la couleur du papier Domtar, les résultats 

obtenus seraient plus exacts que les estimations susmentionnées; c’est pourquoi cette approche 

sera étudiée lors de futures séries de mesures des couleurs. 

Essais d’activité photographique (EAP) 
L’exécution de l’essai d’activité photographique (EAP) (norme ISO 14523, 1999) permet de 

détecter les réactions chimiques pouvant se produire entre l’adhésif ou le support des RPSFC et 

les matériaux photographiques (p. ex. des épreuves sur gélatine-argent ou des épreuves 

couleur). L’essai d’activité photographique consiste à soumettre les RPSFC à un traitement 

thermique intense (70 °C, HR de 86 %, pendant 15 jours), alors qu’ils sont disposés en 

sandwich entre les surfaces de deux détecteurs sensibles, qui réagissent respectivement au 

maculage et aux interactions impliquant l’image. Pour ces essais, tous les rubans ont été fixés à 

du papier filtre de marque Whatman n° 1 (dans la structure sandwich), et les PSFC ont été fixés 

à chaud sur le papier filtre. 

L’exécution des EAP comprenait la comparaison de l’altération de la couleur et du maculage 

subis par les détecteurs soumis au traitement thermique intense en présence des produits et des 

détecteurs traités en présence d’échantillons témoins. Tout produit ne respectant pas un des trois 
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critères de réussite de l’essai (interactions impliquant l’image, maculage ou marbrure) est 

considéré comme ayant échoué l’EAP. 

Résultats des essais d’activité photographique (EAP) 

Les résultats de l’essai d’activité photographique sont présentés au tableau 1. Des 42 produits 

mis à l’essai, seuls 17 (40 %) l’ont réussi. 

Voici les conclusions pouvant être tirées des résultats obtenus uniquement pour le côté adhésif 

des échantillons (les résultats du côté support sont donc exclus) : 

• Les produits contenant des protéines ont tous échoué l’EAP, à l’exception de ceux qui

contiennent aussi de la méthylcellulose.

• Le produit ne contenant que de l’amidon a réussi l’EAP.

• Les quatre produits du type acrylique PnBA [poly(acrylate de n-butyle)] ont donné des

résultats distincts, car deux d’entre eux ont réussi l’essai et les deux autres l’ont échoué

(pour des raisons différentes).

• Les six produits du type acrylique PnDA [poly(acrylate de n-décyle)] ont donné des

résultats semblables qui étaient toutefois fonction des additifs. Les produits ne contenant

aucun additif ont réussi l’essai, tandis que ceux contenant du polyisobutylène [PIB]

comme additif l’ont échoué en fonction du critère de marbrure, et ceux contenant du

poly(acide acrylique) [PAA] l’ont échoué en fonction des critères de marbrure et

d’oxydation ou de réduction de l’image.

• Deux des neuf produits du type acrylique PEHA [poly(acrylate d’éthylhexyle)] ont

réussi l’EAP, tandis que la plupart des produits de ce type contenant du poly(acétate de

vinyle) [PVAC], soit cinq sur six, l’ont échoué en fonction du critère de marbrure.

• Les produits du type acrylique contenant du poly (acrylate d’octadécyle) [PODA] et un

copolymère de poly(acrylate d’éthyle)-poly(méthacrylate de méthyle) [PEA-PMMA]

ont réussi l’EAP.

• Les produits contenant un copolymère de poly(acrylate de butyle)-PMMA

[PBA-PMMA] ont échoué l’EAP en fonction du critère d’oxydation ou de réduction de

l’image.

• Les deux produits contenant un copolymère de poly(acrylate de méthyle)-

poly(méthacrylate d’éthyle) [PMA-PEMA] ont donné des résultats différents.

• Et finalement, les produits contenant du caoutchouc et un copolymère d’acétate de

vinyle-éthylène [EVA] ont réussi l’EAP.

Voici les conclusions pouvant être tirées des résultats obtenus uniquement pour le côté support 

des échantillons (les résultats du côté adhésif sont donc exclus) : 

• La plupart des supports de types papier, polyester, polypropylène, poly(chlorure de

vinyle) et acétate de cellulose ont réussi l’essai d’activité photographique.

• Seuls quelque 50 % des supports de type toile l’ont réussi.

Essais de détermination de la facilité d’enlèvement 
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Lors de la réalisation des essais de détermination de la facilité d’enlèvement, 31 des 42 produits 

ont été mis à l’épreuve. Ils ont été sélectionnés par des restaurateurs qui considèrent que ce sont 

ceux pour lesquels la probabilité d’être en contact direct avec le papier est plus élevée, mais il 

convient de mentionner que quelques produits qui ne sont pas en contact avec le papier ont 

aussi été intégrés à ce groupe d’échantillons. 

Les essais de ce type consistent à fixer à deux types de papier une bande de produit de 2 cm de 

largeur ou de la largeur du ruban commercial. Le premier type de papier provient de deux 

volumes des périodiques Punch datant de 1863 à 1878 (ci-après appelé « papier Punch »). Ce 

papier-tissu mécanique acide, lisse, de grammage moyen et de couleur beige à crème a été 

choisi comme exemple de papier n’ayant pas subi une sérieuse dégradation, tout en n’étant pas 

excessivement robuste. Les morceaux de papier Punch comportent du texte et des caricatures 

imprimés à l’encre noire; les échantillons de rubans ont été mis en place dans ces zones 

particulières. Le second type de papier est un papier photographique plastifié (papier RC) de 

marque Kodak mis au point au milieu des années 1970. (Le revêtement de polyéthylène présent 

sur les deux côtés du papier sert à empêcher l’absorption des produits chimique de traitement, 

ce qui réduit les périodes de lavage.) Les bandes de produits ont été dans ce cas fixées au verso 

de la photographie. 

Les rubans activés par l’eau ont été humidifiés avec de l’eau distillée au moyen d’une éponge, 

puis fixés aux papiers en utilisant une machine Roll Down (ChemInstruments Inc.) qui permet 

de soumettre chaque échantillon à une pression uniforme. Les rubans autoadhésifs (sensibles à 

la pression) ont été appliqués sur les papiers, puis fixés en appliquant une légère pression du 

doigt aux extrémités supérieure et inférieure de la bande, avant que celle-ci ne soit entièrement 

collée avec la machine Roll Down, en deux passes. Les bandes de PSFC ont été fixées à chaud 

dans une presse électrique de modèle Dritac 3442, selon la méthode susmentionnée. 

Les échantillons ont été préparés pour effectuer les essais de VNN et de vieillissement au four 

environ 1,5 mois avant la détermination de la facilité d’enlèvement des séries d’échantillons 

témoins et de produits ayant subi le vieillissement au four. 

Les essais de détermination de la facilité d’enlèvement ont été exécutés par cinq restaurateurs. 

Deux types d’essais ont été réalisés, soit ceux d’enlèvement mécanique et ceux d’enlèvement au 

moyen d’un solvant. Dans le premier cas, la facilité d’enlèvement est déterminée en employant 

des spatules, des spatules chauffées, des gommes à effacer (en caoutchouc-crêpe, en vinyle, de 

porte-mine) et des scalpels (figure 3). Dans le second cas, elle est déterminée par immersion (et 

raturage subséquent) des échantillons dans sept solvants distincts, soit l’éthanol, l’acétone, 

l’heptane, l’acétate d’éthyle, le toluène, l’eau distillée et l’eau distillée dont le pH avait été 

ajusté à 8,5 au moyen d’une solution saturée d’hydroxyde de calcium (figure 4). Il convient de 

spécifier que dans le cas des essais d’enlèvement au moyen d’un solvant, les RPSFC n’ont pas 

été évalués en fonction de leur facilité d’enlèvement, mais plutôt selon un critère qualitatif 

(enlèvement complet, enlèvement partiel ou enlèvement impossible), et que l’évaluation globale 

tient aussi compte de l’importance du maculage du substrat. 

Enlèvement mécanique 
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Les cinq restaurateurs ont déterminé la facilité d’enlèvement mécanique des RPSFC choisis en 

se basant sur les définitions suivantes : 

• Très facile (100 %) : Le support et l’adhésif se décollent rapidement; en utilisant la

même technique d’enlèvement mécanique, une large zone de l’échantillon peut être

facilement enlevée avec des résultats satisfaisants et sans aucune perte de texte.

• Facile (75 %) : Le support se décolle et seule une petite portion de l’adhésif doit être

enlevée. L’enlèvement n’est pas aussi rapide que dans la première catégorie, mais une

large zone de l’échantillon peut tout de même être facilement enlevée avec des résultats

satisfaisants et sans aucune perte de texte.

• Difficile (50 %) : Les échantillons de cette catégorie demandent l’emploi de diverses

techniques d’enlèvement mécanique (p. ex. une technique pour le support et une autre

pour l’adhésif). L’enlèvement n’a pas le succès des deux catégories précédentes et il a

été établi que l’utilisation de solvant est nécessaire. De plus, seules de petites zones

peuvent être enlevées et une certaine partie du texte est perdue.

• Très difficile (25 %) : Les échantillons de cette catégorie demandent l’emploi de

diverses techniques d’enlèvement mécanique, mais les résultats ont moins de succès que

dans la catégorie précédente, et de plus, il a été déterminé que l’utilisation intensive de

solvant est nécessaire. En outre, seules de petites zones peuvent être enlevées et il y a

perte de texte.

• Impossible (0 %) : Les échantillons de cette catégorie ne peuvent être enlevés de leur

support en utilisant une technique d’enlèvement mécanique, et ce, même si un ou des

solvants sont aussi employés.

Le pointage final tient compte, le cas échéant, de l’importance du maculage du substrat : ainsi, 

un point est soustrait du pointage obtenu pour l’enlèvement mécanique si le substrat présente, 

après l’enlèvement, un maculage léger, deux points sont soustraits si le maculage est moyen, et 

trois points si le maculage est important. 
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Figure 3. Enlèvement mécanique de rubans fixés sur du papier Punch et du papier RC. 

Enlèvement au moyen d’un solvant 

Un seul restaurateur a déterminé la facilité d’enlèvement mécanique des RPSFC choisis, pour 
chacun des solvants utilisés. Un pointage de 100 % est attribué si le RPSFC présente un 

enlèvement complet, un pointage de 50 % s’il présente un enlèvement partiel, et un pointage 

de 0 % si son enlèvement est impossible. 

Le pointage final tient compte, le cas échéant, de l’importance du maculage du support : trois 

points sont soustraits du pointage obtenu pour l’enlèvement au moyen d’un solvant si le substrat 

présente un maculage foncé permanent, deux points sont soustraits si le substrat est légèrement 

maculé, et un point s’il est très légèrement maculé. Ainsi, si le pointage d’un échantillon 

apparaissant au tableau 1 est de 100 ou 50, celui-ci ne présente aucun maculage, s’il est de 99 

ou 49, le maculage est très léger, s’il est de 98 ou 48, le maculage est léger, et finalement, si le 

pointage est de 97 ou 47, le support présente un maculage foncé certain. 
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Figure 4. Enlèvement au moyen d’un solvant de rubans fixés sur du papier 

Punch. Il convient de remarquer l’échantillon se trouvant dans la boîte de 

Pétri, qui est toujours immergé dans le solvant, en attendant d’être raturé. 

Résultats des essais de détermination de la facilité d’enlèvement 

Le tableau 1 présente les résultats des essais de détermination de la facilité d’enlèvement pour 
les échantillons témoins, les produits ayant subi le VNN pendant un an et ceux ayant subi le 

vieillissement au four. Les données du tableau peuvent aider un restaurateur à prendre des 

décisions éclairées en matière du solvant à utiliser pour enlever un produit particulier et lui 

fournir une évaluation de la facilité d’enlèvement mécanique plus ou moins grande du produit et 

des connaissances précieuses sur le comportement connexe du produit ayant subi un 

vieillissement. 

Le moyennage de divers résultats permet d’établir certaines tendances générales : 

• Il est plus difficile d’enlever les produits fixés au papier Punch que ceux fixés au

papier RC.

• Dans le cas des produits fixés à du papier Punch et ayant subi un vieillissement dans le

noir pendant un an, les pointages de facilité d’enlèvement (valeurs moyennes de tous les

pointages d’enlèvement mécanique et d’enlèvement au moyen d’un solvant) sont réduits

en moyenne de 9 unités, par rapport à ceux des échantillons témoins, et pour ceux ayant

subi un vieillissement au four, les pointages sont réduits d’environ 27 unités.

• Dans le cas des produits fixés à du papier RC et ayant subi un vieillissement dans le noir

pendant un an, il ne semble pas y avoir de différence entre les pointages d’enlèvement

(valeurs moyennes de tous les pointages d’enlèvement mécanique et d’enlèvement au

moyen d’un solvant) et ceux des échantillons témoins, mais pour ceux ayant subi un

vieillissement au four, les pointages sont réduits, en moyenne, de quelque 17 unités.
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Après l’enlèvement des RPSFC, les substrats ont été examinés à la lumière ultraviolette (UV) 

afin de déterminer s’il y avait eu transfert d’azurants optiques (AO), présents dans les RPSFC, 

au sein des substrats. Les échantillons témoins et ceux vieillis au four ne montraient aucun signe 

de transfert d’AO. 

Dans le cas des papiers de soie Lascaux 360 HV, l’application sur les substrats a été effectuée de 

trois manières distinctes, soit la méthode utilisée pour un papier de soie fixé à chaud, celle 

employée pour un ruban autoadhésif (sensible à la pression) et la méthode de réactivation par un 

solvant (à savoir l’éthanol). Ces essais ont été réalisés afin d’établir si la facilité d’enlèvement 

des produits serait différente après vieillissement. Les résultats obtenus à ce jour indiquent que 

la différence est minime pour les trois techniques d’application en question. 

Seuls quelques produits présentent une facilité d’enlèvement différente lorsque l’eau distillée 

dont le pH a été ajusté à 8,5 est employée au lieu de l’eau distillée ordinaire, comme en 

témoignent les données du tableau 1. 

Lors de l’exécution des essais d’enlèvement mécanique, les restaurateurs ont évalué 

l’épidermage du substrat papier, la perte de texte et la quantité de résidu d’adhésif encore 

présent. De manière générale, une fois les RPSFC enlevés, le nombre de produits provoquant 

l’épidermage du papier Punch est supérieur à celui des produits provoquant l’épidermage du 

papier RC, et il y a plus d’échantillons de papier Punch que d’échantillons de papier RC qui 

présentent un résidu d’adhésif. Le vieillissement au four des produits entraîne un 

quasi-doublement du nombre d’échantillons qui présentent de l’épidermage et une perte de texte 

et contiennent un résidu d’adhésif. Il convient de signaler encore une fois que le critère ayant 

trait à la perte de texte n’a été évalué que dans le cas des produits fixés sur papier Punch, car les 

RPSFC n’ont pas été appliqués sur du texte dans le cas du papier RC. 

Voici la liste des produits pour lesquels l’épidermage du substrat, la quantité de résidu d’adhésif 

et la perte de texte sont les moins importants : 

• Repatex G5

• Papier de soie à base de colle d’amidon de blé

• Ruban pour la réparation de documents

• Papier de soie Lascaux 360 HV

• Ruban-cache Duck

• Filmoplast R

Voici la liste des produits pour lesquels ces mêmes effets sont les plus importants : 

• Seal Colormount

• Filmoplast P et Filmoplast P90

• Papier de soie Vinamul 3252

• Gudy 831

Les autres produits ont des effets se situant entre ceux des produits de ces deux groupes. 
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Discussion 

Une fois tous les résultats évalués (pH, altération de la couleur, essai d’activité photographique 

et pointage pondéré de la facilité d’enlèvement) et en tenant compte de leur importance 

équivalente (Pointage global, tableau 1), les produits suivants sont considérés comme ayant des 

propriétés et un comportement satisfaisants : 

• produits activés par l’eau — Repatex G5, colle d’amidon de blé faite à la main et papier

japon gommé à charnière Hayaku;

• produits sensibles à la pression — Filmoplast P et Filmoplast P90, ruban pour la

réparation de documents, Gudy 871 et ruban-cache Duck (les produits Scotch 893 et 3M

Magic Removable Tape n° 811 ont aussi donné de bons résultats, mais ils n’ont pas été

mis à l’essai pour déterminer leur facilité d’enlèvement);

• produits fixés à chaud — pellicule Seal Fusion 4000.

Mais en réalité, le pointage global ne constitue peut-être pas le meilleur moyen de comparer les 

résultats, car certaines propriétés peuvent être plus importantes que d’autres dans certaines 

situations particulières, notamment les suivantes : 

• Si un ruban dont la nature et le comportement sont bien établis a subi un certain

vieillissement et doit être enlevé du papier auquel il est fixé, il serait mieux de consulter

directement les résultats sur la facilité d’enlèvement portant sur le papier Punch.

• Si un PSFC doit être utilisé, il convient de consulter d’abord les données sur les divers

produits avant de faire un choix parmi eux.

• Si un produit doit être utilisé à proximité d’une photographie, par exemple dans une

vitrine d’exposition étanche, les résultats des essais d’activité photographique (EAP)

seraient alors d’un grand intérêt.

L’examen des produits symbolisant des cas de pires conditions a permis d’établir les faits 

suivants : 

• Rubans adhésifs à base de caoutchouc — Le ruban-cache Duck et le ruban Scotch 893

ont jusqu’ici donné des résultats assez satisfaisants, sauf en ce qui a trait à l’altération de

la couleur du côté ruban, ce qui est prévisible dans le cas de produits à base de

caoutchouc. L’altération de la couleur n’a pas encore affecté le papier Domtar, ce qui

pourrait toutefois n’être qu’une question de temps. Ces deux produits, qui ont un pH

neutre (témoins), ont réussi l’EAP. L’enlèvement du ruban-cache Duck demande une

plus grande quantité de solvants toxiques, mais son enlèvement mécanique donne des

résultats assez satisfaisants.

• Support de PVC — Le Filmolux 609 n’a réussi aucun des essais (son pH est trop bas, il

entraîne l’altération de la couleur du côté ruban et il a échoué l’EAP). Il convient de

noter que ce produit n’a pas été soumis à l’essai de facilité d’enlèvement.

• Caoutchouc butadiène-styrène (SBR)/Colophane — Le produit Super 77 a échoué

l’EAP et il faut utiliser plus de solvants toxiques pour le décoller des deux types de

papier d’essai, mais son pH (témoins) est neutre et l’altération de la couleur est, à ce

jour, minime.
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• Support de couleur noire — Le ruban Filmoplast T a échoué l’EAP, mais son pH est

neutre (les essais de détermination de la facilité d’enlèvement n’ont pas été réalisés).

Conclusions 

Le présent article contient de très nombreuses données sur le pH, l’altération de la couleur et la 

facilité d’enlèvement de divers RPSFC, ainsi que les résultats des essais d’activité 

photographiques (EAP). Il faut toutefois souligner que les essais se poursuivent et que des 

résultats additionnels sur le VNN seront obtenus ultérieurement, ce qui pourrait modifier les 

présentes évaluations. En outre, la présente étude n’avait pas pour but d’identifier des produits 

(rubans et papiers de soie) pouvant être directement employés sur des matériaux d’objets du 

patrimoine; les résultats présentés ne doivent donc pas être considérés comme des éléments 

probants qui favorisent l’utilisation d’un produit particulier parmi ceux étudiés, lors du 

traitement de conservation, car une évaluation doit nécessairement être réalisée en fonction de 

chaque cas. Toutefois, il est à espérer que les renseignements fournis seront utiles aux 

restaurateurs pour mener à bien leur recherche permanente de connaissances poussées sur la 

stabilité et la facilité d’enlèvement de produits adéquats. 

Remerciements 

Les auteurs tiennent à remercier Nancy Binnie (scientifique en conservation à l’ICC) pour son 

aide lors des essais de mesure des couleurs. Ils remercient aussi Jam Meng Tay (stagiaire du 

National Heritage Board de Singapour, à l’ICC) et Lauren Shoniker (stagiaire du Fleming 

College de Peterborough, au Centre de préservation de Gatineau de Bibliothèque et Archives 

Canada) pour leur aide lors des essais de détermination de la facilité d’enlèvement au moyen 

d’un solvant. 

98



Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Références 

Agosten, G.A. Color Theory and Its Application in Art and Design, 2e édition; New York, Springer-Verlag, 1987, 
p. 91.

Norme ASTM D1583-01, 2001. « Standard Test Method for Hydrogen Ion Concentration of Dry Adhesive Films »; 
West Conshohocken, PA; ASTM International, 2001. DOI (identificateur d’objet numérique) : 10.1520/D1583-01. 
http://www.astm.org 

Norme ASTM D2244-05, 2006. « Standard Practice for Calculation of Color Tolerances and Color Differences from 
Instrumentally Measured Color Coordinates »; West Conshohocken, PA; ASTM International, 2006. DOI : 
10.1520/D2244-05. http://www.astm.org 

Down, J.L., M.A. MacDonald, J. Tétreault et R.S. Williams. « Adhesive Testing at the Canadian Conservation 
Institute — An Evaluation of Selected Poly(vinyl acetate) and Acrylic Adhesives »; Studies in Conservation, 
vol. 41, n° 1, 1996, p. 19–44. 

Down, J.L., R.S. Williams, S. Tse et S. Guild. « The CCI Tapes and Heat-set Tissues Project »; 
PapierRestaurierung, vol. 7, n° 1, 2006, p. 13–17. 

Fundamentals of Color and Appearance. Manuel de cours X-Rite, octobre 2006. 

Has, M. « Color Management: Current Practice and The Adoption of a New Standard »; International Color 
Consortium. http://www.color.org/wpaper1.xalter (site consulté le 8 avril 2011). 

Hey, M. et P. Waters. Heat-set Tissue; 27 mai 1977. Document annexe, Library of Congress Publications of 
Library Materials: Conservation Workshop Notes on Evolving Procedures, séries 300, n° 1 : Heat-set Tissue 
Preparation and Application. 

ISO 5630/3: 1986. Papier et carton — Vieillissement accéléré. Partie 3 : Traitement à la chaleur humide à 80 °C 
et 65 % d’humidité relative; Genève, Suisse; Organisation internationale de normalisation, 1986. 

ISO 14523: 1999. Photographie — Matériaux photographiques traités — Essai d’activité photographique pour les 
matériaux de fermeture; Genève, Suisse; Organisation internationale de normalisation, 1999. 

Kaminska, E.M. et H.D. Burgess. « The Effects of Mass Deacidification Processes on New and Artificially Aged 
Modern Papers »; National Library News, vol. 26, n° 7, 1994, p. 11–12. 

99

http://www.astm.org/
http://www.astm.org/
http://www.color.org/wpaper1.xalter


Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Matériaux et fournisseurs 

Pellicule BEVA 371 de 1,0 mil 
Conservator’s Products Company 
PO Box 601 
Flanders, NJ 17836, États-Unis 

Tél. : 1-973-927-4855 
Site Web : http://www.conservators-products.com/ 

Papier de soie Crompton, ruban de toile à charnière 
Cambric, papiers de soie Lascaux 360 HV et 498 HV, 
amidon de blé Aytex P, Plextol B500 

Talas 

330 Morgan Avenue 
Brooklyn, NY 11211, États-Unis 
Tél. : 1-212-219-0770 
Site Web : www.talasonline.com 

Ruban pour la réparation de documents et pellicule 
adhésive Seal Fusion 4000 

Carr McLean 

461 Horner Avenue 
Toronto (Ontario) M8W 4X2 Canada 
Tél. : 1-800-268-2123 
Site Web : http://www.carrmclean.ca 

Ruban double couche Double-Coated Film Tape n° 415, 
ruban Scotch Magic Tape n° 810, ruban Scotch Magic 
Removable Tape n° 811, ruban Scotch Adhesive 
Transfer Tape n° 924, stylo de ruban adhésif Acid-free 
Double-Stick Adhesive Pen n° 007, adhésif en aérosol 
Super 77, ruban pour la réparation de photographies et 
de documents n° 001, produit Scotch 893 

3M 

Building 17, 10746 Innovation Road 
Cottage Grove, MN 55016-4600, États-Unis 
Tél. : 1-651-458-2047 
Site Web : http:// solutions.3m.com/wps/portal/ 
3M/en_us/CottageGrove/Plant/ 

Papier-cache Duck, à usages multiples 
Canadian Tire 

Chemin Ogilvie 
Ottawa (Ontario) Canada 
Tél. : 1-613-748-0637 
Site Web : http://www.canadiantire.ca 

Filmoplast P, P90, R, SH et T, adhésif Filmomatt libre, 
ruban Filmolux 609, Gudy 831 et 871 

Neschen AG 

Hans-Neschen-Str.1 
31675 Bückeburg, Allemagne 
Tél. : +49 (0) 5722-20 70 
Site Web : http://www.neschen.com 

Ruban d’étanchéisation de cadres Frame Sealing Tape 
FST 1000 

Gaylord 

PO Box 4901 
Syracuse, NY 13221-4901, États-Unis 
Tél. : 1-800-448-6160 ou 1-315-634-8221 
Site Web : http://www.gaylord.com 

Ruban d’encadreur Framer’s Tape II n° S2000 

Dick Blick Art Materials 

PO Box 1267 

Galesburg, IL 61402-1267, États-Unis 

Tél. : 1-800-828-4548 

Site Web : http://www.dickblick.com 

Bande de papier gommé à charnière, papier japon 
gommé à charnière Hayaku, ruban de toile gommé à 
charnière, ruban de toile autoadhésif à charnière, ruban 
d’étanchéisation de cadres à dos de feuille d’aluminium 
nu, ruban de toile blanche perforé 

Lineco (Division de University Products) 
Tél. : 1-800-322-7775 
Courriel : info@lineco.com 

ou 

University Products Inc. 
517 Main Street 
Holyoke, MA 01040, États-Unis 
Tél. : 1-800-628-1912, 1-413-532-3372 
Courriel : info@universityproducts.com or 
custserv@universityproducts.com 

Papier japon Kurotani n° 16 (petit format) 
The Japanese Paper Place 

77 Brock Avenue 
Toronto (Ontario) M6K 2L3 Canada 
Tél. : 416-538-9669 
Téléc. : 416-538-0563 
Courriel : washi@japanesepaperplace.com 
Site Web : http://www.japanesepaperplace.com/ 

Ruban pour travaux de conservation PH7-70 
Conservation ATG Tape Permanent, ruban de toile 
gommé 

UK Industrial Tapes 

Brumwell House, Westway Industrial Estate 
Throckley Newcastle Upon Tyne NE15 9HW, 
Royaume-Uni 
Tél. : 0191 269 7810 
Site Web : http://www.ukindustrialtapes.co.uk 

Repatex G5 
Gabi Kleindorfer 

Aster Strasse 9, D-84186, Vilsheim 
Tél. : 49 8706 1094 
Site Web : http://www.gmw- 
shop.de/shop/japanpapier--- 
repatex/repatex/repatex-g5.php 

Rhoplex AC-73 
Museum Services Corporation 
South Saint Paul, MN, États-Unis 
Tél. : 651-450-8954 
Site Web : 

http://www.museumservicescorporation.com/ 
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Papier de soie Seal Colormount Dry Mounting Tissue 
(SEC111425) 

B&H Photovideo Pro Audio 

Site Web : http://www.bhphotovideo.com/ 

Papier Archibond sans support 
Conservation Resources International 

Unit 2, Ashville Way, Off Watlington Road 
Cowley Oxford OX4 5TU, Angleterre 
Tél. : +44 (0) 1865 747755 
Site Web : http://www.conservationresources.com/ 

Vinamul 3252 
Celanese Emulsions GmbH 
Industriepark Hochst, Building E-416 
65926 Francfort, Allemagne 

Tél. : 069 305 17701 
Site Web : http://www.celanese.com/htm 
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Biographies et coordonnées des 
auteurs 

Author Biographies and 
Contact Information 

Jane L. Down est diplômée de l’Université Queen’s de 
Kingston, en Ontario (B.Sc. avec distinction en chimie 
et en mathématiques). Elle a débuté sa carrière à 
l’Institut canadien de conservation (ICC) en 1978 et y 
occupe présentement un poste de scientifique 
principale en conservation. Au cours de cette période, 
Mme Down a assumé toutes les responsabilités ayant 
trait à la recherche effectuée sur les adhésifs à l’ICC et 
à la gestion des demandes de renseignements et 
d’analyse d’adhésifs provenant de partout au monde. 
Elle a publié des articles scientifiques et a présenté les 
résultats de ses travaux dans le cadre de congrès 
nationaux et internationaux, a assuré l’encadrement de 
stagiaires et l’organisation et la direction de 
symposiums de l’ICC, et a organisé des ateliers sur les 
adhésifs dans le cadre desquels elle offrait des conseils 

et des démonstrations. En outre, elle rédige 
présentement un livre sur les adhésifs utilisés dans le 
domaine de la conservation et de la restauration. 
Mme Down a réalisé des travaux de recherche sur les 
résines époxydes, les poly(acétates de vinyle), les 
acryliques et les copolymères d’acétate de vinyle- 

éthylène. En 2002, elle a reçu le Preparator’s Award de 

la Society of Vertebrate Paleontology afin de mener des 

études sur l’utilisation d’adhésifs du type cyanoacrylate 
en conservation de fossiles. Elle a aussi été 
corécipiendaire du Prix du sous-ministre de Patrimoine 
canadien à deux occasions (2002 et 2003), et est 
membre officielle de l’Association canadienne des 
restaurateurs professionnels, membre titulaire de 
l’Institut international pour la conservation des objets 
d’art et d’histoire, et membre de l’Association 
canadienne pour la conservation et la restauration des 
biens culturels. 

Coordonnées : 
Institut canadien de conservation 

1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-998-3721 
Courriel : jane.down@pch.gc.ca 

Jane L. Down is a graduate of Queen’s University in 
Kingston, Ontario (BSc Honours in Chemistry and 
Mathematics). She joined the Canadian Conservation 
Institute (CCI) in 1978, and is currently a Senior 
Conservation Scientist. Over the course of her career, 
Jane has been responsible for all the adhesive research 
done at CCI and for answering all the adhesive-related 
queries received from around the world. She has 
published papers, presented her work at national and 
international conferences, supervised interns, 
organized and chaired CCI symposia, organized and 
taught adhesive workshops, and is currently writing a 
book on adhesives for conservation. Jane has carried 
out research on epoxy resins, poly(vinyl acetates), 
acrylics, and vinyl acetate/ethylene copolymers. In 
2002, she received the Preparator’s Award from the 

Society of Vertebrate Paleontology to investigate 
cyanoacrylate adhesives for fossils. She is also a co- 
recipient of two Department of Canadian Heritage 
Deputy Minister Awards for outstanding contributions 
(2002, 2003), and is an accredited member of the 
Canadian Association of Professional Conservators, a 
Fellow of the International Institute for Conservation of 
Historic and Artistic Works, and a member of the 
Canadian Association for Conservation of Cultural 
Property. 

Contact Information: 
Canadian Conservation Institute 

1030 Innes Road 

Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 
E-mail: jane.down@pch.gc.ca

Sherry Guild est restauratrice principale, Laboratoire de 
papier à l’Institut canadien de conservation (ICC). Elle 
a étudié à l’Université de Guelph et est diplômée du 
programme des techniques en restauration d’œuvres 
d’art du collège Fleming à Peterborough, en Ontario. 
Membre du personnel de l’ICC depuis 1984, elle se 
spécialise en restauration d’œuvres d’art sur papier. 

Coordonnées : 
Institut canadien de conservation 

1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 

Tél. : 613-998-3721, poste 212 
Courriel : sherry.guild@pch.gc.ca 

Sherry Guild is a Senior Conservator (Paper) at the 
Canadian Conservation Institute (CCI). She studied fine 
art at the University of Guelph in Guelph, Ontario and 
graduated from the Art Conservation Techniques 
Program at Fleming College in Peterborough, Ontario. 
She joined CCI in 1984, specializing in the conservation 
of works of art on paper. 

Contact Information: 
Canadian Conservation Institute 

1030 Innes Road 
Ottawa ON K1A 0M5 Canada 

Tel.: 613-998-3721 
E-mail: sherry.guild@pch.gc.ca
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Greg Hill occupe un poste de restaurateur principal de 
documents photographiques et d’archives à l’Institut 
canadien de conservation (ICC). Avant de se joindre à 
l’ICC, M. Hill a travaillé pendant 18 ans à Bibliothèque 
et Archives Canada et y a occupé des postes de 
restaurateur, de gestionnaire des services de 
conservation et de restauration et de conseiller en 
préservation. Il a fait des présentations dans le cadre 
d’ateliers et a publié des articles et fait des conférences 
portant sur une vaste gamme de travaux de 
conservation. Il occupe présentement le poste de 
président de l’Association canadienne des restaurateurs 

professionnels. 

Coordonnées : 
Institut canadien de conservation 

1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 

Tél. : 613-998-3721, poste 132 
Courriel : greg.hill@pch.gc.ca 

Greg Hill is Senior Conservator of Archival and 
Photographic Records at the Canadian Conservation 
Institute (CCI). Prior to joining CCI, he spent 18 years 
at Library and Archives Canada as a conservator, 
conservation manager, and preservation advisor. He 
has presented workshops, spoken and published on a 
range of conservation activities, and is currently 
President of the Canadian Association of Professional 
Conservators. 

Contact Information: 
Canadian Conservation Institute 

1030 Innes Road 

Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 
E-mail: greg.hill@pch.gc.ca

Doris St-Jacques a obtenu un diplôme du Sir Sandford 

Fleming College de Peterborough (Ontario) en 1996, 
dans le cadre du programme en techniques de 
conservation des œuvres d’art de l’institution. Elle a 
commencé à travailler à Bibliothèque et Archives 
Canada (BAC) en 1994, alors qu’elle était encore 
étudiante en conservation, et elle occupe maintenant 

un poste de restauratrice au sein du laboratoire de la 
Section des livres, cartes et manuscrits du Centre de 
préservation du BAC situé à Gatineau, au Québec. 
De 2006 à 2010, Mme St-Jacques a occupé le poste de 
secrétaire du conseil d’administration du groupe 
canadien de l’Institut international pour la conservation 
des objets d’art et d’histoire. Elle participe toujours à 

divers projets de restauration et de conservation et des 
études réalisées de concert avec des partenaires 
externes de BAC. 

Coordonnées : 
Division de la conservation-restauration et de la 
reproduction à des fins de préservation 
Direction générale de la préservation analogue 

Bibliothèque et Archives Canada 
Centre de préservation de Gatineau 
625, boul. du Carrefour 
Gatineau (Québec) K1A 0N4 Canada 
Tél. : 819-953-3233 
Courriel : doris.st-jacques@lac-bac.gc.ca 

Doris St-Jacques graduated from the Art Conservation 

Techniques program at Fleming College in 
Peterborough, Ontario in 1996. She joined Library and 
Archives Canada (LAC) in 1994 while still a 
conservation student, and is now a conservator in the 
Maps and Manuscripts Conservation Lab of LAC’s 
Preservation Center, located in Gatineau, Quebec. Doris 

served as Secretary on the Executive Board of the 
Canadian Association for Conservation of Historic and 
Artistic Works from 2006 to 2010, and continues to 
participate in various conservation projects and studies 
with LAC’s external partners. 

Contact Information: 

Conservation and Preservation Copying Division 

Analog Preservation Branch 
Library and Archives Canada 
Gatineau Preservation Centre 
625 bd du Carrefour 
Gatineau QC K1A 0N4 Canada 
Tel.: 819-953-3233 
E-mail: doris.st-jacques@lac-bac.gc.ca
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Kate Westbury a obtenu un diplôme (B.Sc. avec 
distinction en histoire et en géographie) de l’Université 
Queen’s de Kingston, en Ontario, en 1997. Elle a 
poursuivi ses études au Sir Sandford Fleming College 
de Peterborough (Ontario), où elle a obtenu un diplôme 
en 2001, dans le cadre du programme de conservation 
et de gestion des collections de l’institution. Depuis 
lors, Mme Westbury travaille comme restauratrice à 
Ottawa et participe à de nombreux projets d’envergure 
avec l’Institut canadien de conservation (ICC), le Sénat 
du Canada, la Chambre des communes et la Cour 
suprême du Canada. Elle a occupé le poste de 

directrice de programme des cours « Artifacts » de 
l’Association des musées de l’Ontario, et a aussi 
enseigné à des étudiants en conservation, dans le 
cadre du programme d’études muséales appliquées du 
Collège Algonquin des arts appliqués et de technologie 
d’Ottawa. Mme Westbury occupe présentement un poste 
de restauratrice au sein du laboratoire de conservation 
et de restauration d’œuvres sur papier du Centre de 
services de l’Ontario de Parcs Canada, à Ottawa. 

Coordonnées : 
Centre de services de l’Ontario de Parcs Canada 

1800, chemin Walkley 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-993-2125 
Courriel : kathleen.westbury@pc.gc.ca 

Kate Westbury graduated from Queen’s University in 
Kingston, Ontario in 1997, where she earned a BA 
Honours in History and Geography. She continued her 
studies at Fleming College in Peterborough, Ontario, 
graduating from the Collections Conservation and 
Management program in 2001. Kate has worked as a 
conservator in Ottawa, Ontario since that time, 
participating in significant conservation projects with 
the Canadian Conservation Institute (CCI), the Senate 
of Canada, the House of Commons, and the Supreme 
Court of Canada. She has also acted as the course 
director for the Ontario Museum Association course 

Artifacts and instructed conservation students in the 

Applied Museum Studies program at Algonquin College 
of Applied Arts and Technology in Ottawa. She is 
currently employed as a conservator in the Paper Lab 
at the Parks Canada Ontario Service Centre in Ottawa. 

Contact Information: 
Parks Canada Ontario Service Centre 

1800 Walkley Road 
Ottawa ON K1A 0M5 Canada 
Tel.: 613-993-2125 
E-mail: kathleen.westbury@pc.gc.ca

Elissa O’Loughlin a obtenu un baccalauréat en beaux- 

arts du Moore College of Art and Design de 
Philadelphie, en Pennsylvanie, en 1975. De 1983 
à 2000, elle a occupé un poste de restauratrice aux 
Archives nationales des États-Unis, à Washington D.C. 
Elle s’est ensuite jointe à l’équipe du Walters Art 
Museum de Baltimore (Maryland), comme restauratrice 
principale d’œuvres sur papier. Elle a élaboré un cours 
de cinq jours sur l’enlèvement de rubans sensibles à la 
pression et l’élimination de taches causées par les 

rubans, intitulé Removal of Pressure Sensitive Tape and 
Tape Stains, et l’a donné à de très nombreuses 

occasions au cours des seize dernières années. 

Coordonnées : 
Division of Conservation and Technical Research 

The Walters Art Museum 
600 North Charles St. 
Baltimore, Maryland 21201, États-Unis 
Tél. : 410-547-9000 poste 627 
Courriel : eoloughlin@thewalters.org 

Elissa O’Loughlin obtained a BFA from Moore College of 

Art and Design in Philadelphia, Pennsylvania in 1975. 
She worked as a conservator at the United States 
National Archives in Washington, DC from 1983 until 
2000, when she joined the staff of the Walters Art 
Museum in Baltimore, Maryland as Senior Paper 
Conservator. She has developed and taught the 5-day 

class Removal of Pressure Sensitive Tape and Tape 
Stains at numerous venues over the past 16 years. 

Contact Information: 
The Walters Art Museum 

600 North Charles St. 
Baltimore MD 21201 USA 
Tel.: 410-547-9000 x 627 
E-mail: eoloughlin@thewalters.org
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Elzbieta Kaminska a obtenu une maîtrise en génie 
(chimie des médicaments et technologie connexe) de la 
Technical University de Gdansk, en Pologne. Elle a 
amorcé sa carrière à l’Institut canadien de conservation 
en 1991, à titre de scientifique contractuelle, et a 
participé aux travaux de plusieurs projets de recherche 
importants portant sur la désacidification de masse et 
le papier permanent, ainsi que ceux d’une étude sur la 
dégradation des adhésifs du type cyanoacrylate. 
Mme Kaminska est coauteure de plus de vingt 
publications et corécipiendaire de deux prix, soit le Prix 
du sous-ministre de Patrimoine canadien, accordé 

en 2000 en reconnaissance de services exceptionnels, 
et un certificat de reconnaissance de l’excellence en 
recherche scientifique ou technique, accordé en 1998 
par le sous-groupe de la recherche et des études 
techniques de l’AIC. 

Coordonnées : 
566 Pocono Cres. 

Orléans (Ontario) K4A 3J6 Canada 
Tél. : 613-824-6906 
Courriel : elizabeth-kaminska@rogers.com 

Elzbieta Kaminska has a MEng in Drug Chemistry and 
Technology from the Technical University of Gdansk 
(Poland). She joined the Canadian Conservation 
Institute in 1991 as a contract scientist, and became 
involved in several major research projects relating to 
mass deacidification and permanent paper as well as a 
study of the degradation of cyanoacrylate adhesives. 
Elzbieta is a co-author of more than 20 publications 
and a co-recipient of two awards: a Canadian 
Department of Heritage Deputy Minister Award for 
outstanding contributions (2000) and a Research and 
Technical Studies Subgroup AIC Recognition Certificate 

for Excellence in Scientific/Technical Research (1998). 

Contact Information: 
566 Pocono Cres. 

Orleans ON K4A 3J6 Canada 
Tel.: 613-824-6906 

E-mail: elizabeth-kaminska@rogers.com

R. Scott Williams occupe un poste de chimiste

spécialisé en chimie analytique à l’Institut canadien de
conservation depuis 1977. Il a réalisé l’analyse de
milliers de matériaux de diverses natures prélevés sur
des objets de musée et des objets culturels, soit des
peintures, des œuvres sur papier, des textiles et des
pièces ethnographiques et archéologiques. Il porte
aussi un intérêt particulier aux matières plastiques,
notamment aux processus de dégradation des objets
de musée et des matériaux d’entreposage composés de
plastique et d’autres matériaux synthétiques, ainsi qu’à
leurs interactions et aux mesures de conservation
adéquates. Ses travaux actuellement en cours
comprennent la mise au point d’appareils portatifs de
spectroscopie infrarouge (IR) ayant la capacité
d’effectuer sur place des analyses à infrarouge moyen
et à proche infrarouge non destructives d’objets se
trouvant dans des établissements du patrimoine.
M. Williams a publié ou présenté plus 80 articles
portant sur la conservation et la restauration, qui sont
d’un grand intérêt pour les professionnels travaillant
dans les musées et les scientifiques du domaine.

Coordonnées : 
Institut canadien de conservation 

1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-998-3721, poste 130 
Courriel : scott.williams@pch.gc.ca 

R. Scott Williams has been an analytical chemist and

Conservation Scientist at the Canadian Conservation
Institute since 1977. He has performed thousands of
analyses of materials from all types of museum and
cultural objects: paintings, paper, textiles, and
ethnographic and archaeological objects. He has a
particular interest in plastics, particularly the
degradation, interaction, and conservation of museum
objects and storage materials composed of plastics and
other synthetic materials. His current work includes the
development of portable mid and near infrared (IR)
spectroscopy to carry out non-destructive on-site
chemical analysis of objects at heritage institutions.
Scott has published or presented more than 80 papers
for conservation, museum, and scientific professionals.

Contact Information: 
1030 Innes Road 

Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 
E-mail: scott.williams@pch.gc.ca
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Joe Iraci occupe un poste de scientifique principal en 
conservation au sein de la Division de la recherche en 
conservation de l’Institut canadien de conservation. Au 
cours des 14 dernières années, il a réalisé des travaux 
de recherche sur les supports électroniques, 
notamment sur la stabilité et la dégradation des CD et 
des DVD et d’autres matériaux comme les bandes 
magnétiques, ainsi que des études sur la récupération 
de ces matériaux endommagés par un sinistre. M. Iraci 
a participé à de nombreux ateliers donnés partout au 
Canada, ce qui lui a permis de partager ses 
connaissances sur la préservation des supports 
électroniques avec des intervenants des musées, des 
bibliothèques et des archives. 

Coordonnées : 
Institut canadien de conservation 

1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-998-3721, poste 142 
Courriel : joe.iraci@pch.gc.ca 

Joe Iraci is a Senior Conservation Scientist in the 
Conservation Research division at the Canadian 
Conservation Institute, and has been performing 
research studies on electronic media for the past 14 
years. His research work includes examining the 
stability and degradation of CD and DVD formats as 
well as other materials such as magnetic tape, and 
investigating the disaster recovery of these materials. 
Joe has delivered many workshops across Canada, 
teaching participants from archives, libraries, and 
museums about the preservation of electronic media. 

Contact Information: 
Canadian Conservation Institute 

1030 Innes Road 
Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 
E-mail: joe.iraci@pch.gc.ca

Season Tse a obtenu un B.Sc. avec distinction en 

chimie appliquée de l’Université de Waterloo (Waterloo, 
Ontario) et une M.Sc. en chimie de l’Université Carleton 
(Ottawa, Ontario). Elle s’est jointe à l’équipe de 
l’Institut canadien de conservation en 1984 et y occupe 
présentement un poste de scientifique principale en 
conservation. Ses travaux de recherche portent 
principalement sur la désacidification et le blanchiment 
d’œuvres sur papier et de textiles historiques et leur 
traitement aux enzymes, la préservation de documents 
contenant de l’encre ferrogallique, ainsi que l’utilisation 
d’instruments de mesure de la microaltération de la 
couleur pour évaluer les risques de dommages causés 
par la lumière auxquels sont exposés les documents 
historiques et les œuvres d’art dans les musées et les 
archives. 

Coordonnées : 
Institut canadien de conservation 

1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-998-3721, poste 187 
Courriel : season.tse@pch.gc.ca 

Season Tse has a BSc Honours in Applied Chemistry 

from the University of Waterloo (Waterloo, Ontario), 
and an MSc in Chemistry from Carleton University 
(Ottawa, Ontario). She joined the Canadian 
Conservation Institute in 1984, and is currently a 
Senior Conservation Scientist. Her research focuses on 
deacidification, bleaching and enzyme treatments for 
historic paper and textiles, preservation of iron gall ink 
documents, and the use of micro-fade testers to assess 
the risk of light damage to historic documents and 
works of art in museums and archives. 

Contact Information: 
Canadian Conservation Institute 

1030 Innes Road 
Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 
E-mail: season.tse@pch.gc.ca
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Tableau 1. Résultats de l’analyse chimique, de la détermination du pH, de la détermination de l’altération de la couleur, des essais d’activité photographique (EAP) et des essais de 

détermination de la facilité d’enlèvement des RPSFC mis à l’essai 

RPSFC (Températures de 
fixation, le cas échéant) 

Analyse 

chimique* 

pH 
(pH du papier japon 

Kurotani seul 

= 7,18 ± 0,02) 

pH : 6 à 8; 

pH < 6 ou pH > 8 

Altération de la couleur 
(Papier Domtar seul : 

ΔE = 5,91 ± 0,11 côté ruban; 

ΔE = 6,57 ± 0,07 côté papier) 

(altération importante) 

EAP 

(Réussi; 

Échoué) 

Facilité d’enlèvement 
(Enlèvement mécanique : > 70, enlèvement facile; 40 à 69, 

enlèvement plus difficile; < 39, très difficile. Avec solvant : 97 

à 100, enlèvement complet; 47 à 50, enlèvement partiel; 0, 

enlèvement impossible). (PU = papier Punch; RC = papier RC) 

(VIEIL. – C = témoins; 1 = vieillissement dans le noir, pendant 

un an; O = vieillissement au four) (Maculage : L = faible; M = 

moyen; H = important) 

RPSFC 

seuls 

RPSFC 

et papier 
Kurotani 

ΔE 

côté 

ruban 

ΔE               PU 
côté              ou 
papier             RC 

ACTIVÉS PAR L’EAU 

Supports papier 

Bande de papier gommé à 

charnière 
Protéine

7,24 ± 
0,03 

ST- 

S 

3,79 ± 

0,22 

5,63 ± 

0,20 
É É É

PU C 75 100 100 0 0 0 0 0 

1 75 100 100 49 0 0 0 0 

O 43M 47 47 0 0 0 0 0 
62 

RC C 80 100 100 0 0 0 0 0 

1 74 L 100 100 0 0 0 0 0 

O 70 100 100 0 0 0 0 0 

PU C 95 100 100 50 100 100 100 0 

1 85 100 100 49 100 100 0 0 

100 100 100 50 50 100 0 0

Repatex G5 
Protéine + 

méthylcellulose 

Papier japon gommé à 

7,71 ± 

0,20 
ST

6,98 ± 

8,85 ± 

0,50 

6,60 ± 

6,89 ± 

0,29 

6,21 ± 

R R R 
O 

96 

RC C 100 100 100 100 100 100 100 0 

1 85 100 100 100 100 100 0 47 

O 100 100 100 100 100 0 100 0 

PU C 50 100 100 100 100 0 100 100 

1 35 100 100 100 100 50 100 100 

O 20 0 0 0 100 0 98 100 

charnière Hayaku 
PVOH/PVAC 0,04 

ST 0,29 0,06 
R R R 90 

RC C 90 100 100 50 100 0 100 100 

1 85 100 100 50 100 50 100 100 

O 40 50 50 50 100 0 100 100 
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Colle d’amidon de blé faite à 

la main 

et papier japon Kurotani 

Amidon 
6,04 ± 

0,04 

7,01 ± 

0,05 
ST 

6,15 ± 

0,46 

6,05 ± 

0,29 
R R 

PU C 

1 

O 

100 100 100 100 100 100 100 100 

95 

95 100 100 99 97 100 100 100 

90 100 100 100 100 100 100 99 

RC C 

1 

O 

100 100 100 0 50 50 0 0 

75 100 100 50 50 100 50 0 

100 100 100 0 50 50 50 0 

Supports de toile 

Ruban de toile à charnière 
Cambric 

Protéine + amidon 
rapport > 8/1 

6,78 ± 
0,02 

SS 
7,71 ± 
0,25 

5,98 ± 
0,51 

É É É aucun essai de détermination de la facilité d’enlèvement 50 

Ruban de toile gommé à 

charnière gommé 

Protéine + Amidon 

rapport > 8/1 

(support 

légèrement 

différent) 

7,57 ± 

0,10 
SS 

3,89 ± 

0,16 

5,98 ± 

0,17 
É É É 

PU C 

1 

O 

90 100 100 100 50 100 100 100 

67 

50 100 100 100 0 0 0 50 

80 100 100 0 50 50 100 100 

RC C 

1 

O 

90 100 100 0 0 0 99 0 

80 100 100 100 50 0 0 50 

75 100 100 0 0 0 0 0 

Ruban de toile blanche 

perforé 

Protéine + Amidon 

rapport > 8/1 

8,12 ± 

0,01 
SS 

5,49 ± 

0,25 

5,82 ± 

0,17 
É É É 

PU C 

1 

O 

85 100 100 0 0 0 0 50 

28 

70 100 100 100 100 100 100 50 

65 0 0 0 0 0 0 48 

RC C 

1 

O 

90 100 100 0 0 0 0 0 

90 100 100 48 100 100 100 100 

75 100 100 0 100 0 50 0 

Ruban de toile gommé 
Amidon modifié 

(support différent) 

6,43 ± 

0,04 
SS 

2,98 ± 

0,16 

5,93 ± 

0,15 
É R É aucun essai de détermination de la facilité d’enlèvement 67 

SENSIBLES À LA 

PRESSION 

Supports papier 

Filmoplast P 
PnBa + CaCO3 + 

UN 

7,06 ± 

0,11 
ST 

11,14 ± 

0,25 

6,67 ± 

0,23 
R R R 

PU C 

1 

O 

45 50 50 100 99 99 100 100 

73 

49 L 100 100 48 100 50 100 100 

25 0 0 0 0 50 99 99 

RC C 

1 

O 

75 100 50 0 0 100 100 100 

70 100 100 0 0 50 50 0 

65 50 50 0 0 50 100 100 

Filmoplast P90 PEHA + CaCO3 6,93 ± ST 7,94 ± 5,99 ± R R R PU C 55 0 0 0 100 100 100 100 85 
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0,07 0,15 0,18 
1 50 0 0 98 50 50 100 100 

O 25 0 0 0 0 0 50 100 

RC C 75 100 100 100 100 100 100 100 

1 60 100 100 100 50 50 100 100 

O 50 0 48 50 49 100 100 100 

PU C 60 0 50 0 100 100 100 100 

1 48 M 0 0 98 50 99 100 50 

Gudy 831 

et papier japon Kurotani 

Ruban pour la réparation de 

documents 

Ruban-cache Duck, à usages 

multiples 

Supports de toile 

PEHA + PVAC 

+ savon

PVAC-maléate de 

vinyle 

Caoutchouc + 

agent poisseux 

(support avec 

revêtement 

acrylique) 

7,16 ± 

0,13 
ST

7,35 ± 

0,08 
ST

6,64 ± 

0,03 
ST

10,66 ± 

0,44 

11,74 ± 

0,47 

16,90 ± 

0,25 

6,65 ± 

0,20 
É É

6,50 ± 

0,09 
R R R

6,97 ± 
R R R 

0,53 

O 28 M 0 0 0 99 50 48 99 
49 

RC C 85 100 100 50 100 100 100 100 

1 60 100 100 50 100 100 100 100 

O 75 0 0 50 99 100 100 100 

PU C 90 0 0 100 100 100 100 100 

1 74 L 0 0 98 100 100 100 100 

O 53 M 0 0 98 99 50 98 100 
81 

RC C 90 100 100 100 100 100 100 100 

1 85 100 100 100 100 100 100 100 

O 69 L 100 100 100 100 100 100 100 

PU C 75 0 0 0 100 100 100 100 

1 70 0 0 100 50 100 100 100 

O 47 H 0 0 47 97 50 97 97 
77 

RC C 85 100 100 100 50 100 100 100 

1 85 100 100 100 100 100 100 100 

O 70 0 0 50 0 50 100 100 

PU C 70 50 50 100 100 100 100 100 

64 L 0 0 98 50 100 100 100 

Filmoplast SH PEHA + PVAC 
6,12 ± 
0,03 SS 

6,99 ± 
0,13 

6,75 ± 

0,10
É É É 

O 25 0 0 47 98 99 100 100 
51 

Ruban Filmoplast T (noir) 
PEHA + PVAC + 

tal/mica 

6,85 ± 

0,04 
S 

1,15 ± 
0,09 

6,12 ± 

0,18 

RC C 75 100 100 100 100 100 100 100 

75 0 100 50 50 100 100 100 

O 65 0 0 100 100 100 100 100 

É R É aucun essai de détermination de la facilité d’enlèvement 67 

109



Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Ruban de toile auto-adhésif à 

charnière 
PnBA

Supports de polyester 

Ruban double couche n° 415 

6,54 ± 

0,04 
SS

9,21 ± 

0,24 

6,12 ± 

0,10 
É R É

PU C 85 50 50 100 50 50 99 100 

1 74 L 50 50 98 0 59 100 100 

O 43 M 0 0 47 98 47 98 98 
54 

RC C 75 100 100 100 100 100 100 100 

1 80 100 100 100 100 50 100 100 

O 80 100 100 100 100 100 100 100 

[Double-coated Film Tape] 

et papier japon Kurotani 

Ruban pour la réparation de 

PnDA (+PAA) 
5,93 ± 
0,16 

7,49 ± 

ST 
11,00 ± 

0,47 

8,26 ± 

6,58 ± 
0,18 

6,60 ± 

É É aucun essai de détermination de la facilité d’enlèvement 17 

PU C 85 50 50 100 100 100 100 100 

1 65 0 0 100 100 100 100 100 

O 54 L 0 0 98 48 99 98 98 

photographies et de 
documents n° 001 

PnDA + PIB ++ 
0,47 

T 0,29 0,28 
É R É 67 

RC C 100 100 100 100 100 100 100 100 

1 95 50 100 100 100 100 100 100 

O 85 50 100 100 100 100 100 100 

Produit Scotch 893 Caoutchouc + PP 
7,49 ± 
0,07 

ST 
10,62 ± 

0,22 

6,18 ± 

0,10 
R R R aucun essai de détermination de la facilité d’enlèvement 83 

Supports de polypropylène 

Ruban d’encadreur 

[Framer's Tape] II n° S2000 
PnBA

8,07 ± 

0,02 
T

10,51 ± 

0,24 
6,85 ± 

É R É 
0,13 

PU C 49 L 0 0 100 100 99 100 100 

1 58 M 0 0 98 100 50 100 100 

O 23 M 0 0 47 98 0 47 97 
28 

RC C 90 100 100 100 100 100 100 100 

1 75 100 100 50 100 50 100 100 

O 85 100 100 100 50 100 100 100 

PU C 60 0 0 100 100 100 100 100 

1 58 M 0 0 98 100 50 100 100 

23 M 0 0 0 47 0 48 100

Adhésif Filmomatt libre PEHA + PVAC 
5,48 ± 
0,06 

Supports de poly(chlorure de vinyle) [PVC] 

T 
9,90 ± 
0,28 

6,40 ± 

0,25 
É R É 

O 
27 

RC C 90 100 100 100 100 100 100 100 

1 90 100 100 100 100 50 50 50 

O 75 100 100 100 50 100 100 100 
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PEHA + PVAC + 
PH 

support de PVC 

5,61 ± 

0,05 
T 

16,93 ± 

0,29 

6,97 ± 

0,16 
É R É aucun essai de détermination de la facilité d’enlèvement 17 

Supports d’acétate de cellulose 

Ruban 3M Magic Tape 

n° 810 
PnDA 

5,45 ± 

0,26 
T 

11,44 ± 

0,17 

6,60 ± 

0,19 
R R R 

PU C 

1 

O 

100 0 0 100 100 100 100 100 

50 

60 0 0 98 100 100 50 100 

38 M 0 0 48 47 98 98 98 

RC C 

1 

O 

100 100 100 100 100 50 50 100 

55 100 100 50 100 100 50 100 

89 L 0 0 50 100 50 50 97 

Ruban 3M Magic Removable 
n° 811 

PnDA 
6,93 ± 
0,06 

T 
11,68 ± 

0,31 
6,36 ± 
0,18 

R R R aucun essai de détermination de la facilité d’enlèvement 83 

Supports du type feuille de papier d’aluminium 

Ruban d’étanchéisation de 

cadres [Frame Sealing Tape] 

FST 1000 

PnBA 
8,23 ± 

0,08 
S 

4,13 ± 

0,19 

7,96 ± 

0,21 
R É É aucun essai de détermination de la facilité d’enlèvement 33 

Ruban d’étanchéisation de 
cadres auto-adhésif 

[Self-Adhesive Frame 

Sealing Tape] (blanc) 

PEHA 
7,94 ± 

0,06 
S 

4,74 ± 

0,20 

8,69 ± 

0,37 
É R É aucun essai de détermination de la facilité d’enlèvement 50 

Aucun support 

Ruban 3M Adhesive Transfer 
Tape n° 924 

et papier japon Kurotani 

PnDA + sm PAA 
6,29 ± 

0,08 
ST 

10,51 ± 

0,39 

7,23 ± 

0,15 
É É aucun essai de détermination de la facilité d’enlèvement 50 

Stylo de ruban adhésif [Acid- 
Free Db-Stick Adhesive Pen] 

n° 007 

et papier japon Kurotani 

PnDA + PIB ++ 
7,95 ± 

0,19 
ST 

6,10 ± 

0,34 

6,78 ± 

0,27 
É É aucun essai de détermination de la facilité d’enlèvement 67 

Ruban pour travaux de 

conservation [PH7-70 

Conservation ATG Tape 

Permanent] 

et papier japon Kurotani 

PEHA + UN 
6,52 ± 

0,13 
ST 

19,17 ± 

1,80 

7,19 ± 

0,19 
É É 

PU C 

1 

O 

75 50 50 0 100 100 98 99 

51 

63 M 0 0 50 100 99 100 100 

43 M 47 47 0 47 97 97 97 

RC C 

1 

O 

95 100 100 50 100 100 100 100 

75 100 100 48 100 100 100 100 

74 L 48 50 47 97 97 98 98 

Gudy 871 

et papier japon Kurotani 

PEHA + PVAC + 

savon 

7,29 ± 

0,12 
ST 

7,72 ± 

0,23 

5,63 ± 

0,12 
R R 

PU C 

1 

O 

44 L 50 50 100 100 100 100 100 

88 
49 L 0 0 48 100 100 50 100 

43 M 0 48 0 47 99 49 99 

RC C 80 100 100 50 100 100 100 100 

Filmolux 609 
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1 

O 

70 100 100 100 100 100 50 100 

75 50 50 50 100 100 100 100 

Spray 

Adhésif en aérosol Super 77 

et papier japon Kurotani 
SBR + Colophane 

6,80 ± 

0,08 
ST 

9,32 ± 

0,73 

6,94 ± 

0,21 
É É 

PU C 

1 

O 

38 M 50 50 50 99 100 100 99 

59 

58 M 0 0 0 0 100 48 100 

27 H 47 47 0 47 47 97 47 

RC C 

1 

O 

85 0 0 50 100 100 100 100 

55 100 100 0 50 100 100 100 

74 L 0 0 47 99 98 99 97 

FIXÉS À CHAUD 

Supports papier 

Papier de soie Crompton 

(84 à 87 °C) 
PMA/PEMA 

6,10 ± 

0,04 
ST 

10,28 ± 

0,18 

6,19 ± 

0,21 
É R É 

PU C 

1 

O 

45 0 0 100 100 0 98 99 

49 

25 0 0 98 100 50 100 100 

43 M 0 0 98 100 0 98 99 

RC C 

1 

O 

60 100 0 100 100 0 100 100 

80 100 100 100 100 50 100 100 

34 L 50 0 100 100 0 100 100 

Filmoplast R 

(88 à 94 °C) 
PODA + UN 

8,97 ± 

0,03 
ST 

8,27 ± 

0,39 

6,10 ± 

0,91 
R R R 

PU C 

1 

O 

75 0 0 100 100 100 100 100 

68 

50 100 100 98 0 100 100 100 

60 0 0 100 100 100 100 100 

RC C 

1 

O 

90 100 0 100 100 100 100 100 

90 100 100 100 100 100 100 100 

80 100 0 98 100 100 100 100 

Papier de soie Seal 

Colormount Dry Mounting 

et papier japon Kurotani 

(84 à 87 °C) 

EVA + UN 
6,11 ± 

0,04 
ST 

10,65 ± 

0,51 

6,44 ± 

0,29 
R R 

PU C 

1 

O 

39 L 0 50 0 100 98 100 98 

66 

30 L 0 0 100 0 100 100 100 

37 H 0 0 0 0 97 97 97 

RC C 

1 

O 

25 0 0 0 0 100 50 0 

24 L 0 0 0 0 50 0 0 

25 0 0 0 0 100 0 0 

Vinamul 3252 

et papier japon Kurotani 

VAE + VAL/VAC 

+ NaCMC

6,71 ± 

0,19 

7,70 ± 

0,11 
ST 

6,44 ± 

0,29 

5,80 ± 

0,19 
É É 

PU C 

1 

45 50 50 0 100 0 100 99 
62 

30 0 0 100 100 0 50 50 
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(78 à 81 °C) 
O 32 H 0 0 0 0 0 98 99 

RC C 

1 

O 

70 100 100 50 100 100 100 100 

95 100 100 50 100 0 100 50 

35 100 100 0 100 0 100 100 

PSFC LoC (Plextol B500, 

Rhoplex AC-73, eau) 

et papier japon Kurotani 
(86 à 91 °C) 

PEA/PMMA 
4,90 ± 

0,11 

7,01 ± 

0,01 
ST 

8,09 ± 

0,33 

6,12 ± 

0,36 
R R 

PU C 

1 

O 

70 100 100 100 100 100 100 100 

68 

55 50 50 100 100 0 100 100 

60 100 100 100 100 0 100 100 

RC C 

1 

O 

90 100 100 100 100 100 100 100 

95 100 100 50 100 100 100 50 

60 0 0 100 100 100 100 100 

Lascaux 498 HV 

et papier japon Kurotani 
(72 à 77 °C) 

PBA/PMMA 
7,29 ± 

0,11 

7,09 ± 

0,09 
ST 

9,79 ± 

2,44 

6,88 ± 

0,59 
É É 

PU C 

1 

O 

49 L 0 0 100 100 0 100 100 

63 

40 0 0 100 50 0 100 100 

35 0 0 100 100 0 100 98 

RC C 

1 

O 

100 100 100 100 100 100 100 100 

80 100 100 50 100 0 100 100 

45 50 50 100 100 0 100 100 

Lascaux 360 HV PRÉPARÉ 

COMME PAPIER DE 

SOIE FIXÉ À CHAUD 
et papier japon Kurotani 

(48 à 51 °C) 

PBA/PMMA 
6,87 ± 

0,04 

7,38 ± 

0,04 
ST 

9,92 ± 

0,89 

6,43 ± 

0,22 
É É 

PU C 

1 

O 

80 0 0 100 100 50 100 100 

65 

49 L 0 0 100 100 0 100 100 

53 M 0 0 48 100 50 100 99 

RC C 

1 

O 

85 100 100 100 100 100 100 100 

80 100 100 100 100 0 100 100 

80 50 50 100 100 50 100 100 

Lascaux 360 HV 

PRÉPARÉ COMME 

PAPIER DE SOIE 

SENSIBLE À LA 

PRESSION 
et papier japon Kurotani 

PBA/PMMA id. id. " id. id. " " 

PU C 

1 

O 

49 L 0 0 100 100 0 100 100 

64 

44 L 0 0 100 100 0 100 100 

48 M 0 0 98 100 0 99 99 

RC C 

1 

O 

88 100 100 100 100 0 100 100 

95 100 100 100 100 0 100 100 

88 50 50 100 100 0 100 100 

Lascaux 360 HV PRÉPARÉ 

PAR RÉACTIVATION AU 

MOYEN D’UN SOLVANT 
PBA/PMMA id. id. id. id. id. " " 

PU C 

1 

O 

63 0 0 100 100 100 100 100 

65 49 L 0 0 100 100 0 100 100 

49 L 0 0 99 99 0 99 99 
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(ÉTHANOL) 

et papier japon Kurotani 
RC C 

1 

O 

88 100 100 100 100 0 100 100 

95 100 100 100 100 0 100 100 

75 50 50 100 100 0 100 100 

Lascaux 498 et Lascaux 360 

(rapport de 2/1) 

et papier japon Kurotani 
(55 à 60 °C) 

PBA/PMMA 
6,78 ± 

0,01 

7,29 ± 

0,06 
ST 

8,44 ± 

0,63 

7,05 ± 

0,27 
É É 

PU C 

1 

O 

69 L 0 0 100 100 100 100 100 

65 

49 L 0 0 100 98 0 100 100 

43 M 0 0 100 100 0 100 100 

RC C 

1 

O 

90 100 100 100 100 100 100 100 

80 100 100 100 100 0 100 100 

80 0 0 100 100 100 100 100 

Pellicule BEVA 371 de 1 mil 

et papier japon Kurotani (60 

à 62 °C) 

EVA + KRN ++ 
6,73 ± 

0,21 
ST 

16,60 ± 

0,39 

10,83 ± 

0,82 
R R 

PU C 

1 

O 

48 M 0 0 100 100 100 97 100 

65 

48 M 0 0 100 100 100 50 100 

48 M 47 47 97 47 47 97 100 

RC C 

1 

O 

90 100 100 100 100 100 100 100 

80 100 100 50 100 100 100 100 

84 L 0 100 100 100 100 100 100 

Pellicule adhésive 

Seal Fusion 4000 

et papier japon Kurotani 
(74 à 80 °C) 

EVA 
7,11 ± 

0,18 
ST 

7,54 ± 

0,47 

6,47 ± 

0,26 
R R 

PU C 

1 

O 

60 50 50 0 0 50 48 100 

85 

38 L 0 0 50 0 0 0 50 

47 H 48 48 0 0 0 0 98 

RC C 

1 

O 

95 100 100 100 100 100 100 100 

95 100 100 100 100 100 100 100 

64 L 0 0 100 0 100 50 100 

Papier Archibond sans 

support et papier japon 

Kurotani 

PMA/PEMA 
5,06 ± 

0,08 
ST 

7,00 ± 

0,17 

6,73 ± 

0,11 
R R 

PU C 

1 

O 

50 50 50 99 100 50 98 100 

66 

44 L 100 100 100 100 0 100 98 

43 M 48 48 99 99 49 98 99 

RC C 

1 

O 

90 100 100 100 100 50 100 100 

85 100 100 100 100 0 100 100 

44 L 100 50 100 100 0 100 100 

*Abréviations et formules chimiques relatives à l’analyse chimique : CaCO3 = carbonate de calcium; EVA = copolymère d’acétate de vinyle-éthylène; NaCMC = carboxyméthylcellulose sodique;

PAA = poly(acide acrylique); PEA = poly(acrylate d’éthyle); PEHA = poly(acrylate d’éthylhexyle); PEMA = poly(méthacrylate d’éthyle); PIB = polyisobutylène; PMA = poly(acrylate de méthyle);
PMMA = poly(méthacrylate de méthyle); PnBA = poly(acrylate de n-butyle); PnDA = poly(acrylate de n-décyle); PODA = poly(acrylate d’octadécyle); PVAC = poly(acétate de vinyle); PVOH =
poly(alcool de vinyle); SBR = caoutchouc butadiène-styrène; VAC = acétate de vinyle; VAE = copolymère d’acétate de vinyle-éthylène; VAL = alcool vinylique (ou alcool de vinyle) .

†Abréviations relatives à la transparence : T = transparent; ST = semi-transparent; S = solide; SS = semi-solide. 
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:j: Le pointage accordC en fonction de Ia facilitC d'enlCvement, pour le pointage global, est Ctabli en effectuant  une pondCration des pointages de l'eniCvement mCcanique et de l'eniCvement au
moyen d'un  solvant, selon Ia mCthode suivante: enlE:vement mecanique: ponderat:ion de 6; eau dist:illee et eau dont le pH a ete ajuste a 8,5 : ponderat:ion de 5; ethanol et acetone : ponderat:ion de 3;
heptane et acetate d'ethyle : ponderat:ion de 2; toluene : ponderat:ion de 1, seulement si le pointage est> 70. Cette correction est effectuee afin de souligner 1'importance des pointages accordes en 

fonct:ion de la facilite d'enlE:vement mecanique et d'enlE:vement au moyen de 1'eau, et de reduire celle des pointages accordes en fonct:ion de 1'enlE:vement au moyen de solvants plus tox:iques. 
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Aquazol-Coated Remoistenable 

Mending Tissues 

Katherine Lechuga 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

A study was performed to evaluate the suitability of Aquazol as an adhesive for preparing remoistenable 
mending tissues to treat paper-based collections. Aquazol [poly (2-ethyl-2-oxazoline)] is a non-toxic, 
synthetic, water-soluble adhesive; it was studied because of its good adhesion strength, good retention 
of flexibility, and excellent reversibility. Various formulations of Aquazol-coated remoistenable tissues 
were prepared, using two molecular weights of Aquazol (50 and 200), in 10% and 15% weight/volume 
solutions, with water and alcohol as solvents. The sample remoistenable tissues were used to mend tears 
on historic handmade paper, newsprint, and clay-coated paper. Mended paper samples were assessed to 
compare adhesion strength, reversibility, and response to humid conditions. In successful formulations, 
reactivation of the adhesive layer occurred quickly, with very minimal water or alcohol, resulting in a 
suitably tacky mending tissue; upon drying the adhesion strength was comparable to that of wheat 

starch paste. Because so little moisture or solvent is required to reactivate the adhesive layer, Aquazol- 
coated mending tissues are suitable for treating water-sensitive media, coated papers, and papers prone 
to tide line formation. 

Titre et Résumé 

Papiers de soie réhumectables enduits d’Aquazol 

Une étude a été réalisée afin d’évaluer la pertinence d’utiliser l’Aquazol comme adhésif dans la préparation 
de papiers de soie réhumectables servant à traiter des objets de collections à base de papier. L’Aquazol 
[la poly(2-éthyl-2-oxazoline)] est un adhésif synthétique hydrosoluble non toxique dont l’étude a été 
entreprise en raison de sa bonne force d’adhérence, du maintien satisfaisant de sa souplesse et de son 
excellente réversibilité. Diverses formulations de papiers de soie réhumectables enduits d’Aquazol 
ont été préparées, en utilisant deux produits de poids moléculaires distincts (Aquazol 50 et Aquazol 200), 
dans des solutions à 10 % et à 15 % (poids/volume), avec de l’eau et de l’alcool comme solvants. Les 
échantillons de papiers de soie réhumectables ont été utilisés pour réparer des déchirures présentes sur 
du papier couché au kaolin, du papier journal et du papier fait à la main de nature historique. L’état des 
échantillons de papiers traités a été évalué afin de comparer la force d’adhérence, la réversibilité et le 

comportement dans des conditions humides. Les résultats obtenus avec certaines formulations sont 
encourageants : la réactivation de la couche d’adhésif est rapide, pour une teneur minime en eau ou en 
alcool, ce qui produit un papier de soie de réparation poisseux adéquat; en outre, une fois le produit 
séché, la force d’adhérence est comparable à celle de la colle d’amidon de blé. Comme la quantité 
d’humidité ou de solvant requise pour la réactivation de la couche d’adhésif est si faible, les papiers de 
soie enduits d’Aquazol constituent un matériau adéquat pour traiter les médiums sensibles à l’eau, les 
papiers couchés et ceux sur lesquels des auréoles peuvent facilement se former. 
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Introduction 

Book and paper conservators traditionally favor adhesives that require water for their 

preparation and utilization. When using adhesives such as wheat starch paste to treat water- 

sensitive materials, the amount of moisture needed to achieve adequate adhesion may damage 

sensitive media or cause tide lines. In response to this challenge, remoistenable-mending 

tissues—long-fiber tissue coated with aqueous or solvent-based adhesive mixtures that require 

minimal water or solvent to reactivate—have been developed and used successfully to treat 

moisture-sensitive materials. While Aquazol does not appear to be well known among book and 

paper conservators, a prior study involving Aquazol as an adhesive for textile conservation 

treatments revealed that it exhibits good adhesion strength and flexibility, is readily reversible, 

and  might also be useful for book and paper conservation (Lechuga 2009). In addition, 

remoistenable tissues were found to be more easily and quickly prepared with Aquazol than 

with other adhesives. This paper reports on a study conducted to evaluate the suitability of 

Aquazol-coated-remoistenable-mending tissues for the treatment of paper objects. 

Remoistenable tissues prepared with various proportions of wheat starch paste and methyl 

cellulose (Baker 1990; Brückle 1996; Wagner 1996) and acrylic-based adhesives such as 

Lascaux 498HV and Lascaux 360HV (Anderson 2003) have been successfully used to treat 

moisture-sensitive paper-based artifacts. Reporting on a survey of conservators’ use of pre- 

coated-mending tissues, Anderson and Reidell (2009) concluded that book and paper 

conservators are familiar with remoistenable-mending tissues and they support their use when 

treating water-sensitive materials. Respondents to their survey most commonly used starch 

adhesives, cellulose ethers, protein adhesives, and acrylic-based polymers to prepare such 

tissues. In a comprehensive study of adhesives used for creating remoistenable-mending tissues, 

Pataki (2009) highlighted additional adhesives such as gelatin, isinglass, and Aquazol as 

potential choices for book and paper conservation treatments. 

Aquazol, poly (2-ethyl-2-oxazoline), is a synthetic, water-soluble polymer (see Figure 1). The 

polymer’s physical and chemical characteristics, and its suitability as an adhesive for treating 

cultural artifacts, have received some attention in the conservation literature. Paintings and 

objects conservators have successfully used Aquazol in a variety of contexts, including as a 

consolidant, as an inpainting medium, and as an adhesive for gilding preparations (Arslanoglu 

2003; 2004; 2005; Shelton 1996; Wolbers 1998). Arslanoglu (2005, p. 107) noted that the 

presence of polar and non-polar regions facilitates Aquazol’s interaction with a wide range of 

solvents and allows it to adhere to various types of surfaces. Wolbers’ (1998) investigation of 

Aquazol’s characteristics, in which samples of Aquazol 50 and Aquazol 500 were artificially 

aged for the equivalent of approximately 24 years, concluded that the polymer did not discolor 

significantly, its pH remained virtually unchanged, and it tended more toward chain scission 

than cross-linking. Studies of Aquazol’s use as an inpainting medium and consolidant for 

paintings conservation treatments (Arslanoglu 2003; 2004; 2005) confirmed that Aquazol films 

retain good flexibility and do not shrink considerably upon drying, as compared with other 

commonly used adhesives such as gelatin and sturgeon glue. Arslanoglu (2003, p. 14; 2005, p. 

108) further observed that during moisture uptake, Aquazol films took longer to reach

equilibrium and absorbed more moisture by weight than other adhesives studied. Despite

Aquazol’s hygroscopicity, interviews conducted by Arslanoglu (2005, p. 110) confirmed
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conservators’ satisfaction with Aquazol treatments over time, with none having observed 

humidity-induced treatment failures. 

R1 N CH2CH N CH2CH N CH2CH R2 

C O C O C O 

CH2CH CH2CH CH2CH 
n 

Figure 1. Chemical structure of Aquazol, poly (2-ethyl-2-oxazoline). 

In previous research, the author explored Aquazol’s thermoplastic characteristics to assess its 

suitability as a heat-set adhesive for consolidating shattered, silk textiles. Results were 

promising; heat-set fabrics prepared with Aquazol were successfully applied to shattered silk 

using minimal heat and retained excellent flexibility upon cooling (Lechuga 2009). Other 

favorable characteristics of Aquazol included its solubility in a variety of solvents, strong 

adhesion in relatively low concentrations, and excellent reversibility. Treatment concerns 

included Aquazol’s sensitivity to high humidity and its tendency to remain slightly tacky in 

ambient conditions. While prepared Aquazol-coated-heat-set fabrics were found to be slightly 

tacky at room temperature, once reactivated with heat they were no longer tacky. However, in 

areas of loss to the damaged textile, where the heat-set fabric remained exposed and the 

adhesive had not been reactivated, clearing—i.e., the removal of unwanted excess adhesive— 

was necessary and accomplished by rolling a water-dampened swab across the exposed area. 

Aquazol’s sensitivity to humid conditions was observed as moderate staining on silk stabilized 

with Aquazol-coated fabric when exposed to humidity levels of approximately 75% RH for 

several weeks. Staining was removed in a brief bath of deionized water. 

Methods 

To evaluate the suitability of Aquazol-coated-remoistenable-mending tissues for the treatment 

of paper objects, 28 formulations of Aquazol-coated tissues were prepared and used to perform 

test mends on historic handmade paper, newsprint, and clay-coated paper. Mends were 

subjected to aggressive handling
1 

and elevated humidity conditions in order to assess their

efficacy. The reversibility of mends was also evaluated. 

Aquazol-coated tissue preparation 
Book and paper conservators tend to use thin, long-fibered tissues for mending paper to achieve 

strong, flexible, and visually unobtrusive repairs. Therefore, this study employed four 

lightweight 100% kozo fiber papers—usu-mino, usu-mino thin, tengucho, and tengucho thin— 

procured from Hiromi Paper, Inc. 

Seven solutions of Aquazol were studied (see Table 1). Deionized water, ethanol, and isopropyl 

alcohol were selected to prepare the adhesive solutions because they are commonly used by 

book and paper conservators, they pose minimal risk to both the artifact and conservator, they 
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are widely available, and they are easily disposed of. Aquazol is available in three molecular 

weights of increasing polymer chain size and adhesion strength: 50, 200, and 500. Based on the 

results of previous research conducted by the author and on the results of pretests in which a 

selection of Aquazol-coated tissues were used to mend paper, a 10% solution of Aquazol 50 

weight/volume (w/v) was initially selected for the study. This concentration appeared to possess 

sufficient adhesion strength characteristics for paper mending; however, tengucho thin tissues 

coated with the 10% solution of Aquazol 50 consistently failed to perform well. The author 

hypothesized that the reactivation solvent forced the adhesive through the thin paper onto the 

support below where it accumulated. In an attempt to address this problem, aqueous solutions of 

15% Aquazol 50 and 10% Aquazol 200 were also studied. Water was used as the solvent for 

these two additional solutions because its strong surface tension minimized adhesive penetration 

within the paper fibers, thereby improving adhesive film formation. 

Table 1. Aquazol Solutions Tested 

10% Aquazol 50 in: 

• water

• ethanol

• isopropyl alcohol

• water:ethanol (1:1)

• water:ethanol (9:1)

15% Aquazol 50 in: 

• water

10% Aquazol 200 in: 

• water

Adhesive solutions were prepared by mixing appropriate amounts of Aquazol granules and 

solvent in a beaker. The beaker was covered and the mixture was occasionally stirred until all of 

the solids dissolved; solutions were ready to use within a few hours. Prepared solutions were 

slightly viscous and exhibited a pale yellow cast, with solutions of Aquazol 50 appearing 

slightly more yellow than the Aquazol 200 solution. 

Applying the seven adhesive solutions to the four kozo-fiber papers produced 28 variations of 

Aquazol-coated-remoistenable tissues. Samples were prepared by placing a piece of tissue on a 

sheet of smooth silicone-release polyester and brushing the Aquazol solution onto the tissue, 

fully and evenly saturating it; the tissue was then air dried. A second coating of adhesive 

solution was applied to all samples prepared with usu-mino papers as one coating did not 

produce a satisfactory adhesive film. 

Performing test mends 
Pretesting revealed that the solvent used to reactivate the adhesive impacted the working time 

and ultimate successfulness of the mends. Several tissue samples were reactivated with 

deionized water, ethanol, and isopropyl alcohol. Tissues reactivated with deionized water 

exhibited the longest working time; ethanol tended to evaporate too rapidly, but isopropyl 

alcohol was found to be a successful alternative due to its slower evaporation rate (Horie 1987, 

p. 189). It was observed that tissues reactivated with water retained better adhesion strength;

therefore deionized water was used to reactivate all test mends performed in this study.
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Employing the 28 sample remoistenable tissues to mend tears on three types of paper—historic 

handmade paper, newsprint, and clay-coated paper—resulted in 84 test mends. To perform each 

test mend, a small strip of tissue was lightly dampened with water on a polyester support, which 

extended working time, positioned over the tear, boned down, and allowed to dry under a 

blotter and weight. Test mends were then subjected to aggressive handling to assess their 

strength. Mends were deemed unsuccessful if at least half of the mending strip lost its adhesion 

to the paper substrate. Reversibility of successful mends was attempted by applying minimal 

amounts of water, ethanol, and isopropyl alcohol to the mends and immediately attempting 

removal. 

To evaluate the mends’ response to humid conditions, additional mended samples of all three 

paper types were placed in a passive humidity chamber buffered to approximately 75% RH 

using a saturated sodium chloride solution, as specified by Padfield (2011) (see Figure 2). As a 

baseline for comparison, a mend of remoistenable-tissue prepared with methyl cellulose and 

wheat starch paste was also adhered to the three paper samples. The mended papers remained in 

the chamber for approximately 30 hours. Upon removal, the samples were aggressively handled 

and if at least half of a mending strip lost its adhesion to the paper substrate, the mend was 

deemed to have failed. Finally, to evaluate the polymer’s behavior in extremely damp 

conditions, the samples were placed in a Gore-Tex
2 

damp pack for 15 minutes.

Figure 2. Passive humidity chamber with mended samples of 

handmade paper, clay-coated paper, and newsprint. 

Results 
The results of this study have been summarized in Table 2. During mending, the Aquazol film 
on the sample remoistenable tissues, was quickly reactivated with a swab or brush lightly 

dampened with water. In general, the amount of water required to reactivate the adhesive was 

slightly less than that used when reactivating remoistenable tissues prepared with wheat starch 

paste and methyl cellulose. It was observed that the amount of moisture used to reactivate the 

adhesive impacted the ultimate success of the mends. If too much water was applied, mends 

were prone to failure, especially when using thinner tissues. Excessive moisture appeared to 

cause the Aquazol layer to re-solubilize and penetrate through the tissue fibers, resulting in the 
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adhesive accumulating on the polyester support below, rendering the mending tissue ineffective. 

During reactivation, only enough moisture should be employed so that the adhesive becomes 

tacky but not wet. The Aquazol 200 adhesive layer seemed to penetrate tissue fibers less than 

the Aquazol 50 adhesive film, presumably due to the polymer’s increased molecular weight. 

In this study, the remoistenable tissue samples that performed best were those prepared with 

aqueous solutions of Aquazol and those prepared using tengucho paper. Usu-mino papers 

performed well only when coated twice with aqueous solutions of Aquazol. Tissues coated with 

alcohol preparations of Aquazol were more transparent than those coated with aqueous 

preparations, presumably due to increased paper fiber penetration by the adhesive. Generally, 

Aquazol-coated tissues adhered best to newsprint and clay-coated paper, but frequently failed 

when adhered to handmade paper. 

Exposure to elevated humidity levels of approximately 75% RH for 30 hours in a passive 

humidity chamber caused some of the successful mends to fail (i.e., at least half of the mending 

strip lost its adhesion to the paper substrate following passive humidification and aggressive 

handling); however, none of the successful mends became fully detached under these 

conditions. Tissue samples adhered to handmade paper exhibited the highest level of humidity- 

induced failure with six of the 15 mends becoming detached, while four of the 15 mends 

adhered to both newsprint and clay-coated paper failed. In contrast, passive humidification 

caused the remoistenable tissue prepared with methyl cellulose and wheat starch paste to fail on 

all three paper substrates. Tissues coated with 10% Aquazol 200 fared best following 

humidification, with two of the 12 samples having failed, followed by the aqueous preparation 

of 10% Aquazol 50, with two out of nine samples becoming detached. 

Table 2. Results 

Adhesive Solvent Tissue type 

Mends adhered to handmade paper 

10% Aquazol 50 

water 

ethanol 

isopropyl alcohol 







 

water: ethanol (1:1) 

water: ethanol (9:1) 

15% Aquazol 50 water    

10% Aquazol 200 water    

Mends adhered to newsprint 

10% Aquazol 50 

water   

ethanol 

isopropyl alcohol 
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- 

water: ethanol (1:1) 

water: ethanol (9:1) 

15% Aquazol 50 water    

10% Aquazol 200 water    

Mends adhered to clay coated paper 

10% Aquazol 50 

water   

ethanol 

isopropyl alcohol 

water: ethanol (1:1) 

water: ethanol (9:1) 

15% Aquazol 50 water    

10% Aquazol 200 water    

- Unsuccessful mend (i.e., did not withstand aggressive handling)

 - Mend failed after passive humidification (75% RH for 30 hours) and manipulation

  - Successful mend (i.e., tissue retained good adhesion after humidification and manipulation)

* Two coats of Aquazol solution were used to prepare the usu-mino and usu-mino thin

remoistenable tissue samples

Reversibility 
All sample mends were successfully reversed using minimal amounts of deionized water, 

ethanol, or isopropyl alcohol; however, if excess solvent was employed during reversal, staining 

would occur, especially on newsprint and handmade paper samples, presumably from the 

solvated adhesive penetrating the paper substrate. This phenomenon appears to be somewhat 
related to the molecular weight of Aquazol resins. This characteristic was previously observed 

when reactivating thinner tissues coated with 10% Aquazol 50 wherein the adhesive solution 

penetrated through the paper fibers, failing to leave an adequate adhesive film on the tissue. As 

with the tissue preparations, the higher molecular weight 10% Aquazol 200 solution did not 

appear to penetrate as much as Aquazol 50 preparations, resulting in less staining (see Figure 3). 
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Figure 3. Detail of relative staining resulting from 

different molecular weights of Aquazol. Aquazol 50, 

which penetrated the newsprint more than Aquazol 

200, resulted in a darker stain. 

Because Aquazol is soluble in water and alcohols, should staining occur it is readily reversed, 

assuming the media can handle the remedy, by rolling a swab lightly dampened with an 

appropriate solvent repeatedly over the surface (see Figure 4), or by applying water or solvent 

to the affected area on a suction platen or table. If treatment reversal becomes necessary, 

minimal amounts of moisture or solvent should be used to prevent staining. 

Figure 4. Detail following removal of stains caused by 

Aquazol 50 penetration. 

Similar staining was observed when samples were exposed to the extremely humid conditions 

of a Gore-Tex damp pack for 15 minutes. All mends failed on all three paper substrates and 

staining was observed only on the handmade paper and newsprint samples; however, staining 

was minor, and was readily reversed using the methods described above. 
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Discussion 

The results of this study indicate that Aquazol is well suited to the preparation of remoistenable- 

mending tissues for treating paper-based artifacts. With minimal setup and materials, a thin 

layer of Aquazol adhesive can be easily applied to long-fibered papers by directly brushing the 

adhesive solution onto tissues. During drying, the adhesive accumulates on the bottom side of 

the tissue, against the plastic, producing an even, thin adhesive film. This method is akin to the 

preparation of heat-set fabrics for textile conservation, wherein an adhesive solution is brushed 

directly onto a carrier fabric and allowed to dry (CCI 1999). 

Aquazol’s solubility in a variety of solvents allows adhesive films to be reactivated with 

solvents other than those used for tissue preparation, enabling one to tailor tissues to individual 

circumstances. It was observed that the solvent used to prepare the Aquazol solution impacted 

the visual characteristics of the resulting remoistenable tissues. Tissues coated with alcohol 

solutions resulted in relatively transparent mends, whereas those prepared with deionized water 

retained more of the tissue’s original opacity. The lower surface tension of alcohol solutions 

allows the adhesive to penetrate the paper fibers more than those prepared with water, 

presumably causing a change in refractive index that resulted in more transparent mends. Care 

should be taken to avoid employing too much water or solvent when applying or removing 

mends as Aquazol readily penetrates porous materials. While penetration of a porous substrate 

is advantageous when consolidating friable paint, it may be undesirable when treating paper- 

based artifacts as it can lead to staining especially on uncoated papers. In this study, Aquazol 50 

solutions were found to be more prone to excess penetration and staining than Aquazol 200 

solutions; stains were removed by rolling a damp swab over the affected area or by applying an 

appropriate solvent to the stain on a suction platen. 

The results of this study indicate that tissue thickness can also influence the success of Aquazol- 

coated-remoistenable tissues. When coated with a 10% solution of Aquazol 50, tengucho thin— 

the thinnest of the tissues studied—adhered poorly to all three paper types. Tengucho thin tissue 

performed well once coated with aqueous solutions of 15% Aquazol 50 and 10% Aquazol 200. 

The greater concentration of Aquazol 50 and the higher molecular weight of Aquazol 200, 

combined with the strong surface tension of water, minimized adhesive penetration and 

improved film formation upon drying. During reactivation, this thicker adhesive film may have 

retained moisture longer, thereby increasing the likelihood of achieving good adhesion. The 

thicker usu-mino papers readily absorbed the adhesive solutions and a satisfactory adhesive film 

could only be achieved by applying a second coat of aqueous Aquazol solution, allowing the 

adhesive to dry between applications. 

Despite the hygroscopic nature of Aquazol, testing in a humid environment revealed that most 

tissue samples retained good adhesion on smooth surfaced papers, but demonstrated a higher 

incidence of failure when adhered to handmade paper. No staining of paper substrates was 

observed after passive humidification, however samples placed in the Gore-Tex damp pack did 

produce staining only on the handmade paper and newsprint. This characteristic allows for 

treatment reversal using closely monitored passive humidification instead of more aggressive 

techniques, reducing the potential for staining. 
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Conclusion 

The results of this research indicate that Aquazol may hold promise for some book and paper 

conservation applications. Aquazol-coated-remoistenable tissues may be easily and quickly 

prepared with equipment commonly found in the conservation laboratory; and because the 

polymer can be dissolved, reactivated, and reversed in a variety of solvents, the working 

properties and visual characteristics of Aquazol-coated tissues may be adjusted to suit 

individual circumstances. While Aquazol exhibits sensitivity to humid conditions, exposure to 

moderately high humidity (approximately 75% RH) did not cause many mends to fail. Upon 

exposure to extremely damp conditions (approximately 90%-95% RH) all mends failed and 

some staining occurred. Aquazol-coated tissues adhered best to newsprint and clay-coated 

paper, while less well to handmade paper, indicating that they may be more appropriate for 

treating smooth-surfaced papers. In addition to using Aquazol-coated-remoistenable tissues for 

mending tears in paper, they could be used as bridge mends, or as hinges for mounting artwork 

for short-term exhibits. Further testing, long-term aging, and case studies need to be conducted 

to assess the polymer’s stability and performance in actual collections storage environments 

over time and to ensure that items treated with Aquazol-coated tissues can withstand the 

demands of repeated use. 
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Endnotes 

1. “Aggressive handling” was conducted by attempting to peel apart the mend by pulling the

paper in opposing directions on either side of the mend. The mended area was then curled at

least three times to determine if the mend would fail during flexing.

2. A Gore-Tex damp pack is constructed by placing two sheets of Gore-Tex, smooth sides

together, on top of damp blotters. Additional damp blotters are placed onto the topmost layer of

Gore-Tex then the entire “sandwich” is covered with polyester sheeting to minimize moisture

loss. The object to be humidified is placed between the smooth sides of the Gore-Tex sheets.

This method of humidification is rather aggressive as humidity levels are typically very high

(approximately 90%-95% RH) within the damp pack.
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Materials and Suppliers 

Aquazol 50 and Aquazol 200 polymers 
Talas 

330 Morgan Ave. 

Brooklyn, NY 11211 
phone (212) 219-0770 
www.talasonline.com 

100% kozo fiber papers (usu-mino, usu- 
mino thin, tengucho, tengucho thin) 

Hiromi International Papers, Inc. 

2525 Michigan Ave Unit G-9 
Santa Monica, CA 90404 
(310) 998-0098
http://store.hiromipaper.com
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Étude du comportement mécanique 
d’adhésifs synthétiques pour le montage 
d’œuvres à base de papier et de cire 
d’abeille blanchie 

Emmanuelle Hincelin et Alain Roche 
(Les biographies et les coordonnées des auteurs se trouvent à la fin du présent article.) 

Résumé 

Cette étude concerne le montage par collage de l’œuvre Eclipses de J.M. Sicilia à base de 

papier. Cependant l’usage de cire d’abeille en couche épaisse sur toute sa surface a impliqué de 
modifier les pratiques habituelles de montage. L’adaptation d’un système de montage flottant a 
nécessité d’étudier le pouvoir adhésif de six adhésifs synthétiques : quatre acryliques 
(Lascaux 360HV, Plexisol P550, Paraloïd B72, Solucryl 356) et deux vinyliques (la BEVA 371 

Original Formula et le Mowital B60HH). Les sollicitations mécaniques diffèrent de celles 
communément en jeu lors du refixage ou collage de petits éléments cireux. Nous avons donc 
étudié le comportement en cisaillement et en pelage du joint adhésif assemblant les charnières 
en non-tissé sur une cire récente. L’étude a permis de déterminer trois adhésifs acryliques 
répondant au cahier des charges (Lascaux 360HV pur, Plexisol P550 dilué à 66 % dans l’acétone 
et Solucryl 356 dilué à 50 % dans le toluène). Les deux premiers ont un vieillissement 
relativement connu et seront privilégiés pour la mise en pratique. 

Title and Abstract 

Study of the Mechanical Behaviour of Synthetic Adhesives for 
Mounting Works on Paper and Bleached Beeswax 

This study looks at the glue mounting of Eclipses by J.M. Sicilia. The thick layers of wax used on 
the entire surface of this work of art on paper required a modification of the usual mounting 
practices. To adapt the float mounting system, it was first necessary to study the adhesive power 
of six synthetic adhesives: four acrylic adhesives (Lascaux 360HV, Plexisol P550, Paraloid B-72, 
and Solucryl 356) and two vinyl adhesives (BEVA 371 Original Formula and Mowital B60HH). The 
mechanical properties necessary for this project are different from those that commonly come 
into play during the consolidation or reattachment of small pieces of wax. We therefore studied 
the shear strength and peeling resistance of adhesives used to attach 
non-woven hinges to new wax. The study identified three acrylic adhesives that met the project 
specifications: pure Lascaux 360HV, Plexisol P550 diluted in acetone to 66%, and Solucryl 356 
diluted in toluene to 50%. The aging properties of the first two are relatively known, and they 
will be the preferred method for the project. 
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Introduction 

« Je fabrique des étangs sur lesquels se déposent des pigments, mais 

ces étangs se font à leur guise. » 

José-Maria Sicilia, 2001 

José-Maria Sicilia a utilisé la cire pendant quinze ans sur panneau de bois et sur papier. Le Fonds 

Régional d’Art Contemporain de Picardie possède dans sa collection dédiée au dessin 

contemporain sept de ses œuvres. Les missions de soutien à la création plastique contemporaine 

et de diffusion en région sous-entendent pour cette institution une constante réflexion sur le 

montage et l’encadrement. Le dernier achat à cet artiste, Eclipses,  à base de papier totalement 

inclus dans une couche de cire d’abeille blanchie (95 x 99 cm, 2 kg environ, 2007), est à 

l’origine de cette étude. La présence d’un matériau cireux remettait en cause l’emploi des 

adhésifs utilisés dans le domaine de la conservation-restauration arts graphiques. Un cahier des 

charges a été établi afin de hiérarchiser les paramètres les plus importants à étudier. A partir des 

pratiques en conservation-restauration de sceaux, de sculptures, de peintures ou des 

photographies sur papier ciré et des papiers imprégnés, six adhésifs synthétiques ont été retenus 

et leur comportement mécanique étudié (traction et pelage). Nous présentons ici les résultats 

obtenus et concluons sur les adhésifs utilisables pour le montage de ce type d’œuvre. 

De l’œuvre à la recherche appliquée 

Description technique d’Eclispes 
Afin de modéliser les éprouvettes, nous avons étudié les matériaux constitutifs de l’œuvre. A 

l’œil nu, le papier apparaît très fin, avec un épair nuageux. Il ressemble à un papier extrême- 

oriental. Une rencontre avec l’artiste, en mars 2010, a mis en évidence son intérêt et sa 

connaissance des papiers japonais. Il se fournit auprès de revendeurs français et ses voyages au 

Japon sont également l’occasion de visiter des papetiers et d’acheter leurs productions. Le 

matériau cireux est translucide et blanchâtre. Au verso, sa surface est satinée et ridée (Figure 

1). Sa matière est relativement dure. Cette couche mesure 1 à 2 mm d’épaisseur environ au 

recto alors qu’elle est très fine au verso. Aucune odeur n’est perceptible. 
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Figure 1 : Vue de l’aspect de surface du dos de l’œuvre avant traitement. Au premier plan est visible un  morceau 

de ruban double-face utilisé pour le montage existant avant acquisition de l’œuvre. 

L’analyse par spectrophotométrie Infra-Rouge à Transformée de Fourier a confirmé qu’il 

s’agissait de cire d’abeille. Parallèlement à cette démarche, nous avons rencontré J. M. Sicilia 

qui explique avoir utilisé la cire d’abeille durant une quinzaine d’années. Il ne travaillait la cire 

qu’à Majorque où le climat chaud la gardait malléable plus longtemps. Elle était mise à fondre 

dans une « grande bassine avec un robinet » (sic). Au sol était posé un support en bois sur 

lequel la cire était coulée. L’artiste souligne qu’elle s’étalait facilement au centre mais beaucoup 

moins sur les bords. Il était donc obligé de courir autour de la peinture avec un décapeur 

thermique pour l’empêcher de se figer avant d’avoir recouvert toute la surface. Les couleurs sont 

obtenues par un mélange de cire, de peinture à l’huile et de White Spirit ou par un mélange cire 

– vernis pour eau-forte qui donne des teintes brunes.

Choix du montage et des matériaux 
En 2007,  Eclipses a été acquise par le Frac Picardie encadrée : elle était épinglée par les quatre 

angles sur un carton de fond d’environ 130 x 130 cm, dans un cadre en bois lasuré en blanc, 

sans protection de face. Lors du constat d’entrée, un examen en lumière ultra-violette a révélé 

que l’épinglage était complété au verso par dix-huit morceaux de ruban double-face, répartis sur 

la périphérie (Figure 1). Ceux-ci s’adaptaient aux déformations naturelles du verso de l’œuvre 

mais l’adhésion sur le carton de fond était hétérogène. Il apparaissait nécessaire à court terme 

de modifier le montage pour sécuriser sa présentation à la verticale et pour éliminer l’adhésif 

instable du ruban double-face. L’œuvre a néanmoins été accrochée en l’état au printemps 2009 

et elle s’est détachée de son encadrement sans dommage. 

L’épinglage était le système souhaité par l’artiste. Après l’accident de 2009, l’observation de 

l’œuvre démontée a révélé que les angles supérieurs avaient été renforcés par un triangle de 

papier de soie collé avec un matériau cireux (Figure 2). Ceci laisse supposer que J.M. Sicilia 

était conscient des défauts de l’épinglage. 
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Figure 2 : En lumière transmise, un angle supérieur « renforcé » avant traitement. 

Ces constatations nous ont conduits à privilégier un système pérenne et invisible qui permette 

l’exposition à la verticale et maintienne l’œuvre dans le plan. Un montage flottant avec des 

charnières glissées dans des fentes ménagées dans le support nous a paru intéressant (Battison 

2005) (Figure 3). Il laisse la possibilité de repositionner les épingles dans leurs trous originaux. 

Figure 3 : Principe du montage flottant. 
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Les charnières collées au dos de l’œuvre sur 2 x 2 cm environ doivent épouser la surface 

froissée de l’œuvre semi-rigide. Elles doivent être résistantes pour ce grand format, souples 

pour s’adapter aux déformations de la surface et peu perceptibles au verso de cette œuvre 

translucide. A cette fin, nous avons préféré un non-tissé polyester (Reemay) aux papiers 

japonais couramment utilisés. Sa blancheur et sa trame ouverte et aléatoire le rendent peu 

visible sous l’œuvre, même utilisé ponctuellement (Figure 4).  Le nombre de charnières, leurs 

dimensions et leur répartition ne font pas partie de l’étude. Ces paramètres sont néanmoins 

essentiels lors de la mise en œuvre et font appel à l’expérience du restaurateur. 

Figure 4 : Détail d’un bord d’Eclipses avant traitement : à droite, avec un carton de fond, 

le non-tissé est très peu perceptible. 

Le cahier des charges pour l’adhésif 
Lors de l’application, l’adhésif pour le montage doit répondre à plusieurs critères : il ne doit pas 

dissoudre la surface de l’œuvre ni modifier son aspect de surface. De ce fait, la forte pression et 

la chaleur sont inadaptées. Par ailleurs, nous privilégierons un adhésif soluble dans un solvant 

polaire qui ne dissout pas ou peu la cire. Après tests sur l’œuvre, il s’avère que l’acétone et 

l’éthanol répondent à ce critère. Au moment de l’application, l’adhésif doit former un film le 

plus uniforme pour obtenir un collage stable et ce, malgré la faible mouillabilité de la cire d’où 

l’importance de la tension de surface du solvant. Enfin, il doit être étalé à travers le non-tissé. 

Une fois le film sec, l’adhésif doit avant tout avoir une bonne résistance en cisaillement pour 

supporter le poids de l’œuvre. Il doit former un joint qui résiste, dans une moindre mesure, au 

pelage car lors de l’insertion des charnières dans les fentes, le collage est sollicité. D’un point 

de vue de la conservation, nous souhaitons qu’en cas de rupture, cette dernière soit plutôt 

adhésive et qu’elle se produise préférentiellement entre la cire et l’adhésif. Sa couleur doit être 

neutre afin de ne pas être perceptible au verso de cette œuvre  translucide. Son comportement 

doit être stable dans le temps. L’adhésif doit être réversible mécaniquement ou par re- 

solubilisation. Enfin, nous souhaitons qu’il se différencie du matériau original. De ce fait, les 

mélanges cireux ou pâtes de cire ont été exclus. 
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Les pratiques existantes en conservation-restauration 
L’étude bibliographique a mis en évidence que pour les objets à base de cire, la gamme 

d’adhésifs utilisés est très variée. Les adhésifs naturels sont privilégiés dans un certain nombre 

de cas : la colle d’amidon ; les adhésifs protéiniques (Prévost 2008) ou encore les matériaux 

cireux (Kerlo 2007). Les éthers de cellulose sont peu utilisés car leur pouvoir adhésif semble 

souvent insuffisant. Les adhésifs synthétiques sont de plus en plus utilisés du fait de la variété 

des pouvoirs adhésifs et de leurs autres propriétés. Ils se différencient facilement de la matière 

originale et certains sont stables dans le temps. 

Six adhésifs ont été sélectionnés dont quatre acryliques : Paraloïd B72, Plexisol P550, Solucryl 

356, Lascaux 360HV  et deux polymères à base vinylique : la BEVA 371 Original Formula 

(copolymère d’éthylène et d’acétate de vinyle) et le Mowital B60HH (polybutyrale de vinyle). 

Protocole de la recherche appliquée 

La conception des éprouvettes s’inspire de deux normes (NF EN 1465, 2009) et (ASTM D 

1876, 2008). 

Fabrication des éprouvettes cire-papier 
Tout d’abord, le film de cire (sans pigments) a été réalisé sur un tasseau de bois. Cela ne 

reproduisait pas du tout la stratigraphie originale de l’œuvre mais nous souhaitions nous 

concentrer sur l’adhésion à l’interface cire - non-tissé. Cette mise en œuvre évitait le risque 

systématique de rupture de l’ensemble papier-cire avant celle du film adhésif ou du non-tissé. 

Les éprouvettes ont été fabriquées en trempant le tasseau dans la cire fondue : le film était lisse, 

homogène et d’épaisseur régulière. Cette méthode enrobait le papier japonais au cœur du film 

de cire. 120 échantillons ont ainsi été fabriqués, c'est-à-dire 10 par adhésif et par type de 

sollicitation mécanique. 

Réalisation des collages 
Le non-tissé testé est en polyester thermosoudé de faible grammage (Reemay 34 g/m²). Les 

charnières sont coupées suivant le sens machine du non-tissé afin d’exploiter sa résistance 

mécanique. En cisaillement, ce matériau présente un allongement important avant la rupture (23 

mm en moyenne). La force moyenne à la rupture est de 37,58 N. Il a tendance à se défibrer en 

diagonale. Ce matériau semble relativement hétérogène dans sa structure et donc, dans son 

comportement mécanique. 

Pour les tests en cisaillement, la zone de collage mesure 3 cm de long par 2,7 cm de large. Pour 

les mesures en clivage, elle mesure 11 cm de long par 2,7 cm de large. Ces zones de collage 

sont supérieures à celle du collage envisagé en situation réelle (environ 2 x 2 cm) cependant 

elles permettent d’obtenir des valeurs exploitables. 

La Lascaux 360HV a été appliquée pure, le Paraloïd B72 à 50% dans l’acétone, le Plexisol 

P550 dilué à 66 % dans l’acétone, la BEVA 371 Original Formula utilisée pure, le Solucryl 356 

dilué à 50 % dans le toluène et le Mowital B60HH à 15 % dans l’éthanol. 
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Dans l’optique d’une utilisation pratique des résultats, nous avons collé les bandes de non-tissé 

sur la cire comme nous envisageons de le faire au dos de ce type d’œuvre d’après le cahier des 

charges établi. Afin de ne pas induire de modification de la couche cireuse, nous n’effectuerons 

pas de préparation de surface avant collage (abrasion ou nettoyage). La rigidité de la cire nous 

a conduits à privilégier une application au pinceau à travers le non-tissé, en une couche régulière 

(Figure 5). Elle limite également l’évaporation du solvant des adhésifs lors de la mise en œuvre 

et offre un collage précis. Le contact entre le non-tissé et la cire est assuré par la simple pression 

du pinceau. Le collage a séché ensuite à l’air libre pendant dix jours sans mise sous poids. La 

pertinence de ce mode d’application a été évaluée lors de l’analyse des résultats. 

Figure 5: Application de l’émulsion Lascaux 360HV à travers le non-tissé. 

Tests mécaniques effectués 
Deux types de mesures ont été effectués : une série d’essais en traction pour étudier le 

comportement du collage une fois l’œuvre montée et accrochée et des essais en pelage pour 

évaluer la permanence du collage lors de l’insertion des charnières dans les fentes du carton. 

Les mesures ont été réalisées sur l’appareil de traction LLOYD LRX 250. Les essais ont été 

réalisés à température constante (24 °C), en dessous de la température de transition vitreuse de 

la cire d’abeille (31-33°C) (Delcroix 2005). 
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Résultats 

En préambule, nous souhaitons insister sur le fait que pour l’interprétation des mesures, nous 

avons privilégié la fiabilité de l’adhésif (c'est-à-dire une résistance peut-être plus faible mais 

peu variable d’un échantillon à l’autre) plutôt que celui présentant la valeur de résistance la plus 

élevée. Cette démarche s’appuie sur le fait qu’en conservation-restauration, le collage reste 

relativement artisanal : sa qualité dépend de l’adhésif employé mais surtout de la mise en œuvre 

et de l’état de surface de l’objet (nature du matériau, état de dégradation). De plus, les défauts 

initiaux inhérents au collage (micro-bulles, contaminants) vont être responsables d’un 

affaiblissement du collage. Souhaitant privilégier un collage durable et reproductible, nous avons 

exploité les données en ce sens. 

Observation des films secs d’adhésif 
Les qualités du film sec nous paraissent importantes à décrire car certaines d’entre elles font 

partie du cahier des charges (passage uniforme de l’adhésif à travers le non-tissé, régularité, 

souplesse) et ont des implications sur la qualité du collage final. Tous les adhésifs forment un 

film à l’interface non-tissé – cire ce qui signifie que le mode d’application choisi est compatible 

avec leur viscosité. Tous sont réguliers excepté pour le Mowital B60HH. Le Solucryl 356 et la 

Lascaux 360HV forment un film fin, souple et élastique. Le second reste très légèrement 

collant à température ambiante, ceci peut constituer un défaut (surface gluante, poussière fixée). 

Les films de Plexisol P550 et de BEVA 371 Original Formula sont un peu plus épais et 

légèrement rigides. Enfin, le film de Mowital B60HH  est moyennement épais, légèrement 

rigide et cassant. Celui de Paraloïd B72 est le plus épais, rigide et cassant. 

Mesures en traction 
La rupture est adhésive pour les échantillons avec la Lascaux 360HV, le Paraloïd B72  et le 

Plexisol P550. L’état de surface n’est pas modifié. Les trois autres adhésifs présentent des 

ruptures cohésives de l’adhésif. Il reste à la surface de la cire quelques résidus de BEVA 371 

Original Formula et de Mowital B60HH tandis que de longs fils de Solucryl 356 ont été 

parfois constatés. 

A partir des mesures de force maximale à la rupture, nous avons calculé la contrainte moyenne 

(σ) qui permet une comparaison entre les adhésifs (Tableau 1, colonne 1) : le Paraloïd B72, le 

Plexisol B550 et le Mowital B60HH présentent les plus fortes valeurs moyennes de résistance 

en cisaillement, symbolisées par des carrés noirs (Figure 6). Cependant, ce premier classement 

nous apparaît peu fiable car, pour ces trois adhésifs, la dispersion des valeurs mesurées est 

importante : celle-ci est représentée par l’écart-type qui est une mesure de la dispersion des 

valeurs par rapport à la moyenne (Tableau 1, colonne 2).  Sur le graphe (Figure 6), il est 

matérialisé, pour chaque adhésif, par un segment vertical noir : ainsi plus l’écart-type est 

important, plus la dispersion des valeurs mesurées est grande et la fiabilité du collage faible. Or 

nous souhaitons privilégier cette dernière plutôt que la résistance la plus élevée car elle reflète la 

qualité du collage et sa reproductibilité. Nous avons en ce sens calculé, pour chaque adhésif, le 

rapport de la contrainte moyenne sur l’écart-type (Tableau 1, colonne 3) afin de mettre en relation  

ces deux paramètres. Ce rapport est figuré par les ronds bleus sur le graphe (Figure 6) : les 

adhésifs qui offrent la résistance en cisaillement la plus fiable sont d’abord le Plexisol B550, le 

Solucryl 356 puis la BEVA 371 Original Formula et la Lascaux 360HV. 
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Tableau 1 : Récapitulatif des mesures en traction par adhésif. 

Contrainte (σ) moyenne à la 

rupture en cisaillement 

(N/cm²) 

Ecart-type 

(E-T) 

Rapport de la contrainte moyenne 
sur l’écart-type 

(σ/ E-T) 

Paraloïd B72 1,961 0,300 6,53 

Plexisol P550 1,646 0,171 9,62 

Solucryl 356 1,231 0,140 8,79 

Lascaux 360HV 1,184 0,145 8,16 

BEVA 371 

Original Formula 
1,285 0,156 8,23 

Mowital B60HH 1,611 0,242 6,65 

2,4 

Résistance en cisaillement des différents adhésifs 
15,0 

2,2 

2,0 
12,5 
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1,0 5,0 

0,8 

Contrainte moyenne 

à la rupture 

Ecart‐type 

Rapport contrainte 

moyenne – écart‐type 

Figure 6: Graphe comparatif de la résistance en traction des 6 adhésifs synthétiques testés. 

Mesures en pelage 
En pelage, la rupture est adhésive, entre l’adhésif et la cire, excepté pour le Plexisol P550. 

Seules les éprouvettes avec la Lascaux 360HVet le Mowital B60HH ne présentent pas de 

modification de surface après pelage. Pour ce dernier, l’adhésion est quasi nulle et le pelage 

irrégulier. 
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A partir des mesures obtenues, nous avons calculé la force moyenne de pelage (Tableau 2, 

colonne 1) : le Solucryl 356, le Plexisol B550 et la Lascaux 360HV présentent les plus fortes 

valeurs moyennes de résistance en pelage, figurées par des carrés noirs (Figure 7). Comme pour 

les mesures en cisaillement, nous avons calculé l’écart-type afin de rendre compte de la 

dispersion des mesures (Tableau 2, colonne 2).  Sur le graphe (Figure 7), il est matérialisé, pour 

chaque adhésif, par un segment vertical noir : ainsi plus l’écart-type est important, plus la 

dispersion des valeurs mesurées est grande et la fiabilité du collage en pelage faible. 

Comme pour les mesures en cisaillement, nous souhaitons privilégier une qualité de collage et 

sa reproductibilité à la résistance au pelage la plus élevée. Ces deux paramètres sont mis en 

relation, pour chaque adhésif, dans le calcul du rapport de la force moyenne sur l’écart-type 

(Tableau 2, colonne 3). Ce rapport est symbolisé par les ronds bleus sur le graphe : en pelage, 

les meilleurs résultats sont obtenus par la Lascaux 360HV puis le Plexisol P550, le Solucryl 

356 et la BEVA 371 Original Formula (Figure 7). 

Tableau 2 : Récapitulatif des mesures en pelage par adhésif. 

Force de pelage (F) 

moyenne (N/cm) 
Ecart-type 

(E-T) 

Rapport de la force de pelage 

moyenne sur l’écart-type (F/ 

E-T)

Paraloïd B72 0,309 0,232 1,331 

Plexisol P550 1,233 0,243 5,074 

Solucryl 356 1,442 0,351 4,108 

Lascaux 360HV 0,633 0,077 8,220 

BEVA 371 

Original Formula 
0,590 0,183 3,224 

Mowital B60HH 0,040 0,125 0,320 
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Figure 7 : Graphe comparatif de la résistance en pelage des 6 adhésifs synthétiques testés. 

Influence de la masse d’adhésif sur la résistance en cisaillement 

et en pelage 
Nous avions par ailleurs pesé avec une balance de précision toutes les éprouvettes afin de 

connaître la masse du film d’adhésif sec déposé (± 0,001 g). Les masses moyennes sont 

présentées ci-dessous (Tableaux 3 et 4, colonnes 1) : les différences de masse sont liées aux 

caractéristiques rhéologiques des adhésifs. Nous observons que la quantité de Paraloïd B72 

déposée est beaucoup plus élevée que pour les autres adhésifs. Ceci recoupe le constat d’un film 

sec épais et rigide. Par ailleurs, nous constatons que les écarts de masse varient beaucoup d’un 

échantillon à l’autre (Tableaux 3 et 4, colonnes 2). Cette dispersion des valeurs met en évidence 

l’importance de la mise en œuvre et la difficulté de reproductibilité de la formation d’un film de 

colle en conservation-restauration. Avec ces mesures de masse, nous souhaitions savoir s’il 

existait un lien entre la quantité d’adhésif déposé et sa résistance au cisaillement et au pelage. A 

cette fin, nous avons utilisé les cœfficients de corrélation. Ils permettent de déterminer la 

relation entre deux propriétés, ici la masse d’adhésif et la force exercée (la contrainte pour le 

tableau 3 ou la force de pelage dans le tableau 4). Le coefficient de corrélation est, par 

définition, compris entre -1 et 1. Un signe négatif indique que la force varie en sens inverse de 
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la masse et plus le coefficient est proche de 0, plus les deux variables sont linéairement 

dépendantes. 

Après calcul, en cisaillement, les cœfficients de corrélation sont faibles et nous indiquent que la 

dépendance des contraintes à la rupture aux masses de colle n’est pas vérifiée pour l’ensemble 

des adhésifs. Seule la relation linéaire du Solucryl 356   avec un coefficient de corrélation de 

0,838 pourrait être vérifiée. 

Tableau 3 : Récapitulatif des mesures et calculs pour évaluer l’influence de la masse d’adhésif sur les éprouvettes 

destinées au cisaillement. 

Masse moyenne 

en cisaillement (g) 

Ecart de masse (g) 

mmax – m min = Δ 

Contrainte 

moyenne 

(N/cm²) 

Coefficient de 

corrélation 
Observations 

Paraloïd 

B72 
0,101 0,137 – 0,075 = 0,062 1,961 0,3202 Faible probabilité 

Plexisol 

P550 
0,034 0,046-0,016 = 0,030 1,646 0,4262 

Probable relation 

linéaire 

Solucryl 

356 
0,028 0,044-0,004 = 0,040 1,231 0,838 Linéarité 

Lascaux 

360HV 
0,059 0,075 – 0,033 = 0,042 1,184 0,45291 

Probable relation 

linéaire 

BEVA 371 

Original 

Formula 

0,075 0,116-0,052 = 0,064 1,285 0,3452 Faible probabilité 

Mowital 

B60HH 
0,013 0,017-0,010 = 0,007 1,611 -0,1975

Variables 

indépendantes 

Pour les éprouvettes destinées aux mesures en pelage, la régression linéaire nous permet de 

classer les adhésifs en deux catégories : les adhésifs dont la force de pelage augmente avec la 

masse de colle, c’est le cas du Plexisol P550, de la Lascaux 360HV et du Mowital B60HH et les 

adhésifs dont la force diminue avec l’élévation de la masse de colle : le Solucryl 356, la BEVA 

371 Original Formula et le Paraloïd B72. Il est difficile d’expliquer ce phénomène sans avoir 

d’autres éléments d’analyse. Les coefficients de corrélation sont dans l’ensemble faibles, ce qui 

signifie que la dispersion des points est élevée. La dépendance de la force de pelage vis-à-vis de 

la masse de colle est peu probable pour quatre d’entre eux (Plexisol P550, Lascaux 360HV, 

BEVA 371 Original Formula et Mowital B60HH) et improbable pour les deux autres (Paraloïd 

B72 et Solucryl 356). 

Tableau 4 : Récapitulatif des mesures et calculs pour évaluer l’influence de la masse d’adhésif sur les éprouvettes 

destinées au pelage. 

Masse moyenne 

en pelage (g) 

Ecart de masse (g) 

mmax – m min = Δ 

Force moyenne de 

pelage (N/cm) 

Coefficient de 

corrélation 
Observations 

Paraloïd 

B72 
0,380 0,451 – 0,349 = 0,102 0,308 -0,127

Variables 

indépendantes 

Plexisol 

P550 
0,083 0,102 – 0,063 = 0,039 1,233 0,394 Faible probabilité 
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Solucryl 

356 
0,122 0,171 – 0,050 = 0,121 1,441 -0,193

Variables 

indépendantes 

Lascaux 

360HV 
0,232 0,270 -0,165 = 0,105 0,633 0,292 Faible probabilité 

BEVA 371 

Original 

Formula 

0,332 0,448-0,277 = 0,171 0,590 -0,328 Faible probabilité 

Mowital 

B60HH 
0,057 0,109 – 0,012 = 0,097 0,040 0,483 

Probable relation 

linéaire 

Les mesures de masse n’ont donc pas permis de mettre en évidence de lien entre la quantité 

d’adhésif déposé et sa résistance au cisaillement et au pelage. 

Analyse des résultats en fonction du cahier des charges 
L’analyse des mesures obtenues met en avant les performances en cisaillement du Plexisol 

P550, du Solucryl 356, de la BEVA 371 Original Formula et la Lascaux 360HV. La 

comparaison des valeurs des rapports contrainte à la rupture – écart-type met en évidence que 

leur fiabilité est proche même si le collage avec le Plexisol P550 semble le plus sûr. En 

comparant les valeurs des rapports force moyenne de pelage– écart-type on retrouve les mêmes 

adhésifs dans un ordre différent : la Lascaux 360HV apparaît comme la plus fiable puis 

viennent le Plexisol P550, le Solucryl 356 puis la BEVA 371 Original Formula. Nous 

souhaitons privilégier la résistance au cisaillement car il s’agit des efforts principalement subis 

par l’œuvre, une fois montée. Ce paramètre met en avant le Plexisol P550. 

Tableau 5 : Comparatif des performances des quatre adhésifs sélectionnés. 

Adhésifs 
Contrainte moyenne 

brutes (N/cm²) 

Rapports contrainte 

moyenne- écart-type 

Forces de pelage 

moyenne brutes 

(N/cm) 

Rapports force de 

pelage moyenne- 

écart-type 

Plexisol P550 

Solucryl 356 

1,646 

1,231 

9,62 

8,79 

1,223 

1,443 

5,074 

4,108 

BEVA 371 Original 

Formula 
1,285 8,23 0,590 3,224 

Lascaux 360HV 1,184 8,16 0,633 8,220 

Le Plexisol P550 répond à la plupart des critères du cahier des charges : il s’applique facilement 

et régulièrement à travers le non-tissé et le collage reste précis. Cependant, une fois sec, le film 

est légèrement rigide. L’adhésion est satisfaisante même sans séchage sous poids. Il présente 

une résistance au cisaillement largement suffisante vu les contraintes de cisaillement d’environ 

0,875 N/cm² exercée par le poids de l’œuvre. En cas de rupture, nous avons constaté qu’elle se 

faisait entre l’adhésif et la cire. Le Plexisol P550 semble laisser néanmoins quelques résidus à la 

surface de l’œuvre. 

Les valeurs mesurées en pelage permettent une manipulation sûre pendant le montage tout en 

autorisant une réversibilité mécanique (valeurs inférieures à 5 N/cm). D’autre part, il peut être 

re-solubilisé a posteriori. 
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Le Plexisol P550 est un adhésif acrylique stable utilisé en conservation-restauration. La qualité 

du collage peut être améliorée avec un séchage sous poids. Enfin, le nombre et la répartition des 

charnières, la taille de la zone de collage sont des facteurs non étudiés mais déterminants dans 

tout montage. Ces choix font appel à l’expérience du restaurateur. 

Conclusion 

Cette recherche appliquée a atteint son objectif principal : déterminer un adhésif pour un collage 

de conservation où les principales contraintes s’exercent en cisaillement. Les résultats obtenus 

sont valables pour une cire récente dont l’indice d’acide est faible. Par ailleurs, nous tenons à 

rappeler la complexité de la conservation des objets en matériaux cireux dont nous n’avons 

abordé qu’un aspect. La température de fusion initiale de la cire détermine son comportement 

ultérieur et son vieillissement (risques de changement de couleur, de blanchiment ou de 

craquelures). Ainsi, une même matière première cireuse travaillée par deux artistes différents 

pourrait évoluer et réagir différemment, entre autres, au collage. 
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Produits et fournisseurs 

BEVA 371 Original Formula, copolymère d’acétate de vinyle et d’éthylène (résine Elvax et A-C 400) avec une 
résine à base de cyclohexanone (Laropal K-80), de la paraffine et un ester phtalique de l’acide hydroabiétique 
(Cellolyn 21) à 40% de contenu solide dans des solvants aliphatique et aromatiques. CTS, www.ctseurope.com 

Cire d’abeille blanchie, ADAM, www.adam18.com 

Lascaux 360HV, copolymère de polyacrylate de butyle (> 50%) et de polyméthylmétacrylate épaissi avec un 
acrylate de butyle. LASCAUX, www.lascaux.ch 

Mowital B60HH, polybutyrale de vinyle (83) / alcool de polyvinyle (14) et 3 % d’acétate de vinyle, CTS 

Non-tissé, Reemay, 100% polyester thermosoudé, 34 g/m², CTS 

Papier japonais, 100% kozo, 19 g/m², ATLANTIS, www.atlantis-france.com 

Paraloïd B72, copolymère de polyméthacrylate d’éthyle et polyacrylate de méthyle, CTS 

Plexisol P550, homopolymère de polyméthacrylate de butyle en solution dans l’essence. CTS 

Solucryl 356, solution acrylique dans un mélange de solvants (64% de toluène, 35% d’hexane et 1% de 
méthanol). CYTEC, www.cytec.com 
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Adhesives for Wax Artifacts: Investigation 
of Suitable Materials and Their Adhesion 

Properties via Tensile and Bending Tests 

Johanna Lang 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

Research on suitable adhesives for wax artifacts was necessary to carry out conservation 
treatment of the moulages at the German Hygiene Museum in Dresden. Due to the complexity 
of the collection, waxes of various chemical compositions had to be considered. Therefore, test 
specimens of beeswax, Japan wax, paraffin wax, and montan wax were prepared and treated 
with nine selected adhesives, including synthetic resins, polyethylene glycol, and animal glue. 
Tensile and bending tests on the test samples clearly showed that the diverse wax types place 
different demands on adhesives and that numerous other factors (e.g. the nature of the fracture 
surface, the size and weight of the broken pieces, and the possibility of holding the broken 
components stable while the adhesive cures) are critical in the choice of adhesive. The 
investigations identified three adhesive materials that are suitable for wax artifacts, but could 
not distinguish one that would be suitable in all cases. Rather, the final choice will always 
depend on the conditions specific to the object. 

Titre et Résumé 

Adhésifs pour objets en cire : étude de matériaux adéquats et 

de leurs propriétés d’adhérence au moyen d’essais de traction 

et de flexion 

Il était essentiel d’exécuter des travaux de recherche sur les adhésifs adéquats pour le 
traitement d’objets en cire, afin de pouvoir par la suite réaliser la restauration de moulages de 
la collection du German Hygiene Museum de Dresde. La nature très complexe de la collection 
exigeait de tenir compte de la présence de cires ayant diverses compositions chimiques. Des 
échantillons d’essai de cire d’abeille, de cire du Japon, de cire de paraffine et de cire de lignite 
ont donc été préparés et traités avec neuf adhésifs particuliers, dont des résines synthétiques, 
du polyéthylèneglycol et une colle animale. Les résultats d’essais de traction et de flexion 
effectués sur les échantillons indiquent clairement que les divers types de cires exigent l’emploi 
d’adhésifs possédant différentes propriétés et que de nombreux autres facteurs (par exemple, la 
nature de la surface de rupture, la taille et le poids des morceaux de l’objet, ainsi que la 
possibilité de joindre et de stabiliser les composants pendant que l’adhésif durcit) constituent 
des éléments cruciaux lors du choix du meilleur adhésif. Les résultats des essais ont permis 
d’identifier trois matériaux adhésifs pouvant servir à restaurer adéquatement des objets en cire, 
mais ils ne permettent pas de déterminer si un de ceux-ci peut être utilisé dans tous les cas 
possibles. Le choix final reposera donc toujours sur l’état de l’objet à restaurer et les conditions 
de conservation ou d’exposition qui lui sont propres. 
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Introduction 

This study is based on research and conservation treatments carried out on the moulage 

collection of the German Hygiene Museum in Dresden (Deutsches Hygiene-Museum Dresden, 

henceforth DHMD) within the framework of the project “Wax Moulages: A Valuable 

Handicraft Threatened with Extinction.” Approximately 2000 moulages are preserved in 

Dresden, a great number of which require stabilisation with adhesives because of fractures in 

the wax (e. g., Figure 1). 

Figure 1. Wax moulage (DHMD 1995/607) with fracture, before conservation treatment. 

Wax presents unfavourable conditions for adhesion. Poor wettability, low polarity and a smooth 

surface prevent the formation of strong intermolecular and mechanical bonds at the interface 

between the fractured component and the adhesive (Habenicht 2006, pp. 297-299, 332-336, 

647-649). The sensitivity of wax to heat and solvents severely limits the choice of materials

suitable for achieving effective bonding, since many of the adhesives used in conservation are

applied warm or as solutions. Effective adhesion is also difficult to achieve because it is

generally impossible to hold broken wax pieces securely while the adhesive cures.

The following study investigates suitable adhesives for wax artefacts and is based on previous 

works by Murell 1971; Kaufmann 1998; Fillip 1998; Hierl 2000; Grausam 2002; Raddatz, and 

Fischer 2003; Reifarth 2003; Kokarnig 2004; Stremmel 2006; Wittstadt 2006; Eska 2009. 

Whilst these studies primarily consider mainly beeswax as the common material for wax 

sculptures, the present paper will for the first time include other types of wax, too. 
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The Wax Moulages at the German Hygiene Museum Dresden 

Moulages are three-dimensional wax reproductions of pathologically affected human body 

parts. They were originally used as teaching aids in medical training and as visual material for 

laymen in health education (Schnalke 1995). The DHMD was an important center for the 

production of moulages since its foundation in 1912 until the 1980s. Mixtures of waxes, plant 

resins and chalk were the base materials processed in Dresden, and besides beeswax also 

carnauba wax, Japan wax, montan wax and paraffin wax were used (Walther-Hecker 2010, pp. 

154-155).

Experiments to Identify Suitable Adhesives 

On specially made wax samples selected adhesives were tested for their suitability. The chosen 

test methods were tensile and bending tests, since they would produce forces similar to those 

that might affect historic wax artefacts. Adhesives that showed suitable properties in the tests 

were then used for the conservation treatment of the Dresden moulages. 

Selection of adhesives 
In the above mentioned papers, primarily aqueous dispersions of synthetic resin, polyethylene 

glycol and animal glues are recommended as adhesives for wax, and rarely synthetic resins 

dissolved in organic solvents. For this study, representatives of the first three groups of 

adhesives were chosen initially, as they comply best with general conservation requirements 

(sufficient adhesive strength with a certain amount of elasticity, so that no tension would 
endanger the join or the intact material; chemical and physical stability with ageing, e.g. 
permanent adhesive strength, no embrittlement, no yellowing, no releases of harmful 

substances; permanent reversibility; curing as transparent film; well-known ingredients etc.) 

and the particular demands of the material wax (above all application without the use of heat or 

solvents, since this would harm the wax; fast curing, since wax artefacts do not allow clamping 

during the adhesive cures; removability of excess adhesive and long-term reversibility of the 

cured adhesive with water and without great mechanical force, since this would endanger the 

wax). The aim was to achieve a tensile and bend strength with the adhered samples that would 

not be higher than the strength of the reference samples which were not treated with adhesive 

since this would indicate that the wax artefact would break in the material substrate before the 

adhesive joint would fail. In the meantime, the adhered samples were meant to perform only a 

slightly lower strength as the reference samples since otherwise the adhesion would not 

guarantee to hold the treated wax artefact fast enough together. 

Following preliminary experiments regarding the application properties and drying behaviour of 

various products, a total of four adhesives were subjected to tensile tests (Figure 2). These tests 

showed that for some wax-types none of the adhesives were suitable since they did not reveal 

sufficient strength. Hence, the selection of adhesives had to be altered to include stronger 

synthetic resins although these had to be applied dissolved in solvents. The identification of 

appropriate synthetic resin solutions in turn required solubility tests on wax test samples as well 
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as trials using various adhesive preparations. Five adhesives were finally subjected to bending 

tests (see Table 1). 

Table 1. Adhesives selected for tensile and bending tests. 

Adhesive Trade Name Chemical Composition Application Specification 

Tensile tests 

1 Mowilith DMC 2 poly(vinyl acetate); aqueous 

dispersion of a copolymer based on 

vinyl acetate and maleic acid di-n- 

butyl ester 

applied as ready-made product 

without further dilution 

2 Polyethylene glycol 6000 high molecular weight polymer of 

ethylene oxide 

applied as a 60 % (W/W) 

solution in deionised water + 

ethanol (1+1) 

3 Lascaux 498 HV + 
Lascaux 360 HV 

poly(alkyl acrylate); aqueous 

dispersions of a thermoplastic acrylic 

polymer on the basis of methyl 

methacrylate and butyl acrylate; 

thickened with acrylic butylester 

applied as ready-made products 
mixed in a 1+1 ratio (W/W) 

4 Lascaux 498 HV applied as ready-made product 
without further dilution 

5 Isinglass + wheat starch collagen (isinglass); carbohydrate 

(wheat starch) 
applied as a 1+1 mixture (W/W); 
with the isinglass as a 30 % 

solution, and the wheat starch as 

20 % solution in deionised water 

Bending tests 

1 Paraloid B 72 ethyl methacrylate co-polymer applied as a 40 % solution 

(W/W) in acetone + ethanol 

(1+1) 

2 Mowilith 30 poly(vinyl acetate); polymer of vinyl 

acetate 

applied as a 40 % solution 

(W/W) in ethanol + deionised 

water (1+19) 3 Mowilith 50 

4 Isinglass collagen applied as a 30 % solution in 

deionised water (W/W) 

5 Lascaux 498 HV poly(alkyl acrylate); aqueous 

dispersion of a thermoplastic acrylic 

polymer on the basis of methyl 

methacrylate and butyl acrylate; 

thickened with acrylic butylester 

applied as ready-made product 

without further dilution 

Production of test samples 
In order to represent the diverse composition of the DHMD moulages, six different mixtures of 

components were prepared for production of the test samples (Table 2). Recipes from the 
Dresden moulage workshop provided guidance for the selection of the raw materials and their 
ratio, as did the results of a material analysis carried out on selected moulages (Dietemann et al. 

2010, pp. 65-73). Consideration was also given to the results gained from melting temperature 

measurements, which indicated that the DHMD collection includes both soft and hard 

moulages. 
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Table 2. Composition of the test samples. 

Wax 

mixture 

Raw materials Ratio 

1 Japan wax 

Dammar resin 

Chalk (calcium carbonate) 

80 % 

10 % 

10 % 

2 Beeswax, bleached 

Colophony (pine resin) 

Chalk 

80 % 

10 % 

10 % 

3 Paraffin wax; soft 

Paraffin wax; hard 

Carnauba wax 

Colophony 

Chalk 

32 % 

40 % 

20 % 

4 % 

4 % 

4 Paraffin wax; soft 

Paraffin wax; hard 

Carnauba wax 

Colophony 

Chalk 

44 % 

35 % 

13 % 

4 % 

4 % 

5 Esterwax on montan basis; “soft” 
Paraffin wax; hard 
Colophony 

Chalk 

73 % 

17 % 

5 % 

5 % 

6 Esterwax on montan basis; “soft” 
Montanic acid wax; hard 
Paraffin wax; hard 

Colophony 

Chalk 

49 % 

29 % 
14 % 

4 % 

4 % 

According to the historic process of moulage-making, the waxes were melted separately in a 

water bath and mixed together whilst still liquid (Walther-Hecker 2010, p. 156). Then, the resin 

was added, which had been melted under high heat, followed by the addition of finely ground 

chalk. The resulting mixtures of low viscosity were poured into elastic silicone moulds, from 

which the hardened test samples could be removed without mechanical stress. To avoid faulty 

casts with unequal thickness and air bubbles, two-part moulds were used and the wax mixtures 

were poured through a funnel (Figure 2). 
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Figure 2. Material used for making the test samples. 

Although there are standards for the tensile and bending testing of materials that include 

specifications of test sample shape and size (e.g., DIN EN ISO 178, E DIN EN ISO 527-2), no 

standards exist so far for the testing of wax. Therefore, suitable test specimens for wax had to be 

developed based on the available standards and on initial experiments. For the tensile tests, 

dumb-bell shaped samples with dimensions of 170 mm x 20 mm x 6 mm proved to be suitable 

(Figure 3), and for the bending tests, bar-shaped samples of 60 mm length and 10 mm diameter 

(see Figure 4). 
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Figure 3. Dumb-bell shaped samples for tensile tests. 

For each wax mixture, a set of reference samples was tested to gain the average strength value 

for the material. These samples were neither fractured nor treated with adhesive. Further sets 

were fractured, then treated with the selected adhesives and tested under identical conditions. 

Although the testing of a large number of samples generally improves the precision of the mean 

strength values measured, only three reference samples of each wax mixture as well as three 

samples for each adhesive could be produced for the tensile tests due to a limited availability of 

material. After analysis of the tests, the samples were melted again and reused for production of 

the bending test samples. The smaller dimensions of the latter enabled the manufacture of seven 

samples per wax mixture and adhesive, and seven reference samples (Figure 4). 

Figure 4. Bar-shaped samples for bending tests. 
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Conditioning and fracture of the test samples 
The test samples were stored for three weeks at c. 20 °C and 50 % RH. Measurements of the 

melting temperature carried out after conditioning showed that the samples displayed similar 

values to those of the moulages. A longer storage period would have been desirable given that 

wax embrittles with time, but this was not possible due to time constraints. However, as the 

brittleness of wax is a significant parameter influencing its fracture behaviour, it had to be 

produced “artificially.” For this purpose, the samples were placed in a freezer for ten minutes, 

and immediately afterwards broken by hand. The fractures thus produced appeared very similar 

with those on the moulages. 

Adhesion of the test samples 
The adhesives were applied with a brush to both fracture surfaces of the samples; the isinglass 
was applied lukewarm. A gentle, manually applied compression of the broken pieces for three 

minutes followed hereafter, before the samples were stored again for two weeks under the 

aforementioned conditions to guarantee complete curing of the adhesive. 

Experimental details 
The tensile tests were carried out on a Zwick material testing machine equipped with a 2.5 kN 
load cell (Figure 5). The testing rate was 200 mm/min. The vices grips of the testing apparatus 

were covered with sandpaper in order to prevent slippage of the samples during testing. 

Figure 5. Wax sample during tensile tests. 
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For the bending tests, the machine was equipped with a three-point bending tool (Figure 6). The 

span width of the support was 60 mm. The load cell and testing rate remained the same as for 

the tensile tests. 

Figure 6. Wax sample during bending tests. 

Results and Discussion 

Despite some deviations, clear trends could be identified from the values measured for the 

tested specimens and enabled an assessment of the various adhesives. The essential results of 

both test series are presented below. 

Tensile tests 
The tensile tests showed that the diverse wax-types required different adhesives due in 

particular to a different nature of fracture surface and therefore a modification of the selection 

of adhesives was necessary for goal-oriented implementation of the bending tests. A schematic 
comparison of the strength value of the reference sample with those measured after adhesive 
application makes this particularly clear (Figure 7). 
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Figure 7. Results of tensile testing. 

On both the Japan wax and beeswax samples adhered with Mowilith DMC 2, the adhesive 

strength values came very close to and in a few cases even exceeded the strength of the 

reference samples. On the paraffin wax samples, the adhesive strength of the Mowilith DMC 2 

also proved to be slightly too high since in some cases breakage occurred in the wax and not 

within the adhesive joint. However, the main disadvantages of the poly(vinyl acetate) dispersion 

are its tendency to yellow with increasing age (Howells et al. 1984, pp. 29-30, 33; Down et al. 

2009, p. 95) and the fact that according to the manufacturer it is no longer produced (Galla 

2010). Given these problems, Mowilith DMC 2 cannot be considered as suitable adhesive for 

wax and therefore was not included in the bending tests. 

Polyethylene glycol 6000 (PEG 6000) proved to be too weak to adhere any of the waxes, 

because the strength of the re-adhered samples was always far below that of the strength of the 

reference samples. The low adhesive strength was particularly clear on the samples made of 

paraffin and montan wax, which often readily broke during clamping in the testing machine. 

Moreover, PEG 6000 application proved problematical when dissolved in pure water because of 

its very poor wetting of the wax surface. Although this problem could be counteracted by 

dissolution in a mixture of ethanol and water, this was of problematic approach as the resin 

contained in the wax mixtures is soluble in alcohol. Therefore, PEG 6000 was also not included 

in the bending tests. 

By mixing the non-tacky curing Lascaux 498 HV with the permanently viscoplastic Lascaux 

360 HV, the properties of both acrylic dispersions were combined, in order to optimise their 

adhesive performance. However, no advantages over pure Lascaux 498 HV could be detected, 

and since the production of Lascaux 360 HV is to be discontinued (Fritschi 2009), the mixture 

of the two products was not included in the bending tests. 
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On the beeswax samples which were treated with pure Lascaux 498 HV, a necking sometimes 

appeared close to the adhered joint, indicating too high adhesive strength. On the montan wax 

samples the adhesive strength was too low, i.e. nearly all specimens showed strength values 

below the strength of the reference samples. In contrast, the Japan and paraffin wax samples 

always broke at the adhesive joint and their strength reached similar values to that of the 

reference samples. Thus, indicating the suitability of Lascaux 498 HV for these cases, it was 

tested further with bending experiments. 

A mixture of isinglass with wheat starch paste was expected to yield better wetting of the wax 

surface, which would encourage the formation of effective bonding. However, for the paraffin 

and montan wax samples the adhesive strength of the mixture turned out to be very low 

nonetheless: the samples mostly broke during clamping. In contrast, the mixture showed 

effective bonding on the beeswax and Japan wax samples, whose strength was closer to the 

strength of the reference samples and which always broke at the adhesive joint. Only a slight 

increase in strength proved desirable here, and hence for the bending tests the component with 

the greater adhesive strength, i.e. the isinglass, was used by itself. 

Bending tests 
For the bending tests, adhesives were individually selected for each wax mixture according to 
the conclusions drawn from the tensile tests. To some extent this led to ideal results, as 

explained in the following. A diagram with the measurements shows that the strength of the 

samples after adhesion was always significantly below the strength of the reference samples 

(Figure 8). As this was the case even when fracture occurred within the adhesive joint, the 

results raised new questions in this respect. Nevertheless, it was possible to discern tendencies 

concerning the suitability of the tested materials for adhering wax artefacts. 

Figure 8. Results of Bending tests. 
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Adhesion with Paraloid B 72 dissolved in acetone induced fractures equally in the wax and 

within the adhesive joint and the test samples exhibited greatly deviating strength values. Only 

a conditional assessment of the adhesive was possible based on these varied results. 

Unfavourable application and drying behaviour, in particular fast evaporation of the solvent 

which impedes uniform wetting of the fracture surfaces, limit its use. Moreover, since the 

solvent was suspected of causing certain changes to the fracture surface (Figure 9), the Paraloid 

B 72 solution in acetone appeared unsuitable in the final assessment. 

Figure 9. Fracture surface after bending test; arrow indicates glossy area 

where the wax surface has softened probably due to the influence of the solvent of the adhesive. 

The Mowilith 30 likewise produced greatly varying results, so that it could not be judged on the 

test data alone. However, the measurements showed a trend towards higher strength values, as 

required particularly by montan waxes. Accordingly, the poly(vinyl acetate) was considered for 

this type of wax, since it is a solution in ethanol-water which is less likely to cause damage on 

wax than a synthetic resins dissolved in a stronger solvent. Moreover, for wax artefacts with 

sensitive surfaces the relatively rapid drying of the Mowilith 30 proved advantageous; thus it 

was not necessary to hold together the fractured sample parts for a long time. However, despite 

these positive properties, the use of Mowilith 30 is merely a compromise because it is only 

reversible mechanically or with solvents and hence can endanger the wax. 

Likewise, the more viscous Mowilith 50 produced varying strength values, although in general 

these were lower than those from Mowilith 30. The reason for this was the irregular behaviour 

of the adhesive in the course of the drying process, during which the adhesive joints mostly 

reopened. To prevent this adhesive failure, it would be necessary to support the fracture joint for 

a prolonged time until the adhesive is fully cured. Unfortunately, however, this practice is not 

possible on soft wax mixtures, some of which proved to be very sensitive to wrapping with tape 

or plastic foil as support. Therefore, Mowilith 50 cannot be considered a suitable adhesive for 

those waxes. 

Isinglass proved unsuitable as adhesive for paraffin wax because the strength of the glued 

samples was clearly below that of the reference samples. A comparable deviation was observed 

157



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

for Japan wax, although this must be considered with reservations regarding the positive results 

which the mixture of isinglass and wheat starch paste achieved during tensile testing. For 

beeswax, the values were only very slightly below the strength of the reference samples and the 

fracture always occurred within the adhesive joint. Thus isinglass is to be recommended as 

adhesive for beeswax. Good application and drying properties further support its use. The rapid 

initial drying of the isinglass means that the broken pieces have to be held together for only a 

short time. Its lasting solubility in water guarantees permanent reversibility, without affecting 

the wax. Moreover, excess isinglass can be removed at a later stage, so that the adhesive can dry 

thoroughly without exposure to mechanical stress. 

The samples adhered with Lascaux 498 HV frequently broke in the wax and not in the adhesive 

joint, indicating its unsuitability. Moreover, its slow drying-speed, which requires prolonged 

support of the pieces during initial curing, must be considered, again particularly regarding the 

softer wax mixtures, which are sensitive to the slightest contact. Additionally this adhesive is 

problematic for all waxes due to its insolubility in water once cured. Excess adhesive therefore 

has to be removed shortly after application. This exposes the joint to stresses before the 

adhesive has cured. Despite these disadvantages, use of Lascaux 498 HV for certain wax 

artefacts should be considered nonetheless. Broken components that are themselves quite heavy 

require a greater adhesive strength than can be achieved with isinglass. Because of its longer 

open-time compared with the rapidly drying isinglass, the Lascaux 498 HV can be applied 

better to large fractured surfaces. Hence, its use as an adhesive may be a suitable compromise. 

Conclusion 

The tests to determine suitable materials for adhesion of wax artefacts revealed that different 

wax-types require different adhesives. According to the results of the tensile tests, montan and 

paraffin wax mixtures require high adhesive strength, whereas for beeswax and Japan wax 

adhesives with lower strength suffice. 

The test results and the practical knowledge gained on the behaviour of wax artefacts during the 

investigations further showed that several factors are critical in the choice of an adhesive. Not 

only is the wax type important, but also the nature of the fracture surface, the size and weight of 

the broken pieces as well as the possibility of holding the broken components stable while the 

adhesive cures. 

In light of these findings it becomes clear that no single adhesive can be recommended across 

the board for conservation treatment of wax artefacts. Rather, three materials proved to be 

suitable in the course of these investigations. However, the choice must also depend on 

considerations of conditions specific to each particular object. 

For works of art that consist primarily of beeswax preference should generally be given to 

isinglass. This choice is based equally on the positive results of the bending tests and the 

advantageous application and drying properties of the glue. Furthermore, isinglass can always 

be removed with water, and long-term experience in conservation shows good aging 
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characteristics of this adhesive. The adhesion of heavy fractured pieces or that of smooth 

fracture surfaces made of beeswax requires a greater adhesive strength than isinglass can 

provide. The same applies to the adhesion of paraffin and montan wax artworks. Greater 

adhesive strength can be achieved with Lascaux 498 HV, although this adhesive only dries 

slowly and therefore stabilisation of the readhered components is required until fully cured. 

This renders the adhesive unsuitable for soft waxes and those with very sensitive surfaces, 

which may be easily damaged whilst supported. In such cases, Mowilith 30 should be preferred, 

which hardens much faster. However, like Lascaux 498 HV, it is insoluble in water when cured, 

and therefore is only reversible mechanically or through the use of stronger solvents. Since this 

constitutes great danger for wax artefacts, the use of synthetic resin represents merely a 

compromise. 

Wax objects can differ considerably in their fracture behaviour, as shown in particular by the 

varying results of the bending tests. Too many factors determine their properties, including the 

chemical composition of the wax, the way it was processed, and environmental conditions 

during aging. Therefore, adhesive selection has to be decided individually for every object. This 

test series enabled the identification of helpful reference points for making these choices, and 

their first application within the conservation treatment of the moulages from the DHMD led to 

positive results (Figure 10). 

Figure 10. Wax moulage, after conservation treatment. 

This study clearly indicates the unlikelihood that future research may lead to the identification of 

a uniformly suitable adhesive for all wax artefacts. Nonetheless, further investigations are 

desirable in order to ascertain adhesives that are even more suitable than the ones already tested. 

Such investigations should include further tensile tests using those adhesives that showed good 

results in the bending tests. Furthermore, the execution of both types of experiments on aged 
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wax test samples is desirable. Together with other studies in this field, the identification of the 

strength properties of adhesive joins on wax promises to be a useful starting point for further 

research in the field of wax conservation. In addition, the search should be continued for 

identifying whether pure wax exhibits a different behaviour to adhesives than the tested 

mixtures made of wax, resin and chalk, and whether the recommendations for adhesive 

selection must be adjusted accordingly. 
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Materials and Suppliers 

Beeswax, bleached. Fa. Kremer Pigmente; http://www.kremer-pigmente.de. 

Carnauba wax, bleached. Fa. Kremer Pigmente; http://www.kremer-pigmente.de. 

Chalk from Champagne. Fa. Kremer Pigmente; http://www.kremer-pigmente.de. 

Colophony extra light. Fa. Kremer Pigmente; http://www.kremer-pigmente.de. 

Dammar resin, best quality. Fa. Kremer Pigmente; http://www.kremer-pigmente.de. 

Esterwax on montan basis, “soft”: TeCe-Wachs RD 703 T (72-78 °C). Wachs- und Ceresin-Fabriken Th. C. Tromm 
GmbH; http://www.wax-tromm.de. 

Isinglass. Salianski. Fa. Kremer Pigmente; http://www.kremer-pigmente.de. 

Japan wax: Fa. Gerhard Eggebrecht, Süderau/Germany. 

Lascaux 360 HV; Lascaux 498 HV. Acrylic Glue. Deffner & Johann GmbH; http://www.deffner-johann.de. 

Montanic acid wax, hard: Montanwachs 30850 S (78-82 °C). Wachs- und Ceresin-Fabriken Th. C. Tromm GmbH; 
http://www.wax-tromm.de. 

Mowilith 30; Mowilith 50; Mowilith DMC 2. Poly(vinyl acetate). Fa. Kremer Pigmente; http://www.kremer- 
pigmente.de. 

Paraffin wax, soft: Polarit Z 40 (38-42 °C); Paraffin wax, hard: Polarit 30789 (60-62 °C). Wachs- und Ceresin- 
Fabriken Th. C. Tromm GmbH; http://www.wax-tromm.de. 

Paraloid B 72. Ethyl methacrylate polymer. Fa. Kremer Pigmente; http://www.kremer-pigmente.de. 

Polyethylene glycol 6000. Polyoxyethylen. Carl Roth GmbH + Co.KG; http://www.carlroth.com. 

Silicone casting compound Duplosil DM, fluid, Liquid A und B. Deffner & Johann GmbH; http://www.deffner- 
johann.de. 

Wheat starch. Local Pharmacy, Dresden. 
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What’s Going on With Guts: Assessing 
Adhesives Used to Repair Cultural Objects 
Made of Gut Skin 

Lauren Anne Horelick, Kelly McHugh, and Odile Madden 
(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

The use of adhesives for tear repair on artifacts created from gut skin is a largely underexplored 
topic in the conservation literature, creating the motivation for this preliminary study on the 
interaction between adhesives and processed intestines. The increased visibility of Alaskan 
Native collections in Europe, the United States, and Canada through exhibit or loan has 
necessitated treatments and revealed the gap in information required for making informed 
treatment decisions. This need prompted the current two-phase study underway at the National 
Museum of the American Indian (NMAI) in collaboration with the Smithsonian’s Museum 
Conservation Institute (MCI). In the first phase, trends in adhesive use on gut skin were 
identified by a review of the conservation literature, and through a survey of the condition and 
past treatment records of the parkas from NMAI and the National Museum of Natural History 
(NMNH). This information was augmented by a Web-based survey of conservators currently 
working with adhesive repairs on gut skin. The results from these surveys informed the second 
phase of the research in which the interface between adhesives and gut skin was examined with 
scanning electron microscopy to gain a better understanding of the effectiveness and effects of 
adhesives as a treatment choice. 

Titre et Résumé 

Ce n’est qu’une baudruche? Évaluation des effets des adhésifs 

sur les membranes d’organes internes utilisées en restauration 
des biens culturels 

L’utilisation d’adhésifs pour réparer les déchirures d’objets fabriqués de baudruche est un sujet 
qui est très peu traité dans les publications spécialisées du domaine de la restauration. L’étude 
préliminaire faisant l’objet du présent article a donc été entreprise afin de déterminer la nature 
des interactions entre les adhésifs et la baudruche (une  membrane d’intestin traitée). Les 
collections d’objets autochtones d’Alaska font de plus en plus l’objet d’expositions et de prêts 
entre institutions, que ce soit en Europe, aux États-Unis ou au Canada. Cette situation 
avantageuse, qui exige toutefois que les objets subissent des traitements adéquats, a mis en 
lumière les lacunes en matière de renseignements permettant de prendre des décisions de 
traitement éclairées. C’est ce besoin particulier qui a incité le National Museum of the American 
Indian (NMAI), en collaboration avec le Smithsonian’s Museum Conservation Institute (MCI), à 
mettre en œuvre un projet d’étude bipartite dont les activités sont toujours en cours. Les 
travaux de la première phase, qui ont permis d’identifier les tendances associées à l’utilisation 
d’adhésifs sur la baudruche, ont été réalisés en effectuant une analyse documentaire des 
publications du domaine de la restauration et en exécutant une enquête sur l’état de parkas des 
collections du NMAI et du National Museum of Natural History (NMNH) et sur les registres des 
traitements antérieurs de ces objets. Des renseignements additionnels ont été recueillis au 
moyen d’une enquête en ligne ciblant les restaurateurs qui utilisent actuellement des adhésifs 
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pour restaurer la baudruche. Les résultats de l’enquête ont servi de base aux travaux de 
recherche de la seconde phase du projet, laquelle comprend aussi l’examen, par microscopie 
électronique à balayage, de l’interface située entre l’adhésif et la baudruche. L’ensemble des 
données permettra de mieux comprendre l’efficacité des adhésifs utilisés comme matériau de 
traitement à ces fins particulières, mais aussi leurs effets sur la baudruche. 

Introduction 

Intestines of marine mammals, including seal, sea lion, walrus, and whales, are transformed by 

Alaskan Native people living in coastal regions into a translucent and waterproof material 

referred to as gutskin to create parkas and other functional objects (Figure 1). Gut allows for 

one-way permeability of moisture as part of its biological function inside the body, and as a 

protective outer-skin when it is worn as a parka (Hickman 1987, p. 6). Gutskin garments were 

critical to survival as a tear could result in hypothermia for the wearer, and the maintenance of 

their structural integrity was an important aspect of cultural use (McHugh 2007). In these 

instances, tears were traditionally repaired by sewing sinew around a patch created from gut 

(McHugh 2007). As gutskin parkas entered museum collections the material showed a tendency 

to become brittle and prone to tearing, hence creating the need for repairs. Conservators often 

are required to mend complex and extensive tears, and they tend to favor adhesive patches over 

traditional sewing techniques. Within the existing conservation literature, there has been no 

systematic study of the interaction of gutskin with these adhesives, which leaves conservators to 

rely on intuition, past experience, and best-educated guess options to carry out treatments. This 

preliminary research aims to provide evidence of how adhesives interface with gutskin and 

inform appropriate conservation choices. 

Treatment material choices were discussed frequently during preparations for the joint National 

Museum of the American Indian (NMAI) and National Museum of Natural History (NMNH) 

Arctic Studies Center exhibit “Living our Cultures: Sharing our Heritage,” which included a 

variety of gutskin objects.  Elaine Kingeekuk, a St. Lawrence Island Yup’ik skin sewer and doll 

maker, was consulted about the conservation of a torn ceremonial gutskin parka. She believed 

that adhering a patch with an adhesive would not have the longevity of a traditional sewn repair, 

and that an adhesive would stiffen the gut (McHugh 2007). This observation resonated with 

conservators working on the project as stiffening had been observed on mock-ups made in 

preparation for treatments on other gut objects. This idea that the penetration of an adhesive can 

induce undesirable stiffening of gutskin artifacts inspired the present research. 
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Figure 1: Summer gutskin parka in the collection of NMAI (D262568). 

Background 

The term gutskin, which is used colloquially to describe objects made from processed small 

intestine, is slightly misleading as no skin is present. As a processed material, gut differs from 

leather, parfleche, hide – all terms for outer skins - in composition, structure, texture, and 

mechanical properties, all of which are related to the biological function of the material in the 

living animal. These material differences make gutskin and outer skin suitable for different 

applications. For example, gutskin has been chosen for its ability to repel liquid water, while 

remaining permeable to water vapor (Shaffer 1974, p.72), while hide often is chosen for its 

insulating properties. Precising the structure of Native processed gutskin is an aim of the current 

research program, though its structure has been described by Morrison (1986) as a highly 

ordered specialized tissue that consists of two compact layers, the first of which is called the 

submucosa consisting of large collagen fiber bundles arranged in a double helix at 45-degrees to 

each other (Figure 2). The next layer is the muscularis externa or muscular layer, which exists 

in two discrete layers of collagen fiber bundles, one oriented in a circular arrangement, and the 

other in a longitudinal direction parallel to the surface of the gut wall (Morrison 1986). 
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Figure 2: Cross-section of gut. Image source: http://commons.wikimedia.org/wiki/File:Intestinal_layers.png 

Native processing of marine mammals’ small intestines is described by many authors (Morrison 

1986; Florian 2007; Schaffer 1974; Hickman 1987; Fienup-Riordan 2007; Reed 2005) all of 

whom describe the process as the removal of the intestines from the animal followed by 

repeated washing. One account indicates that the intestines are placed in a bucket with seawater 

and urine and given a second rinse followed by removal of the serosa muscle layer which is 

peeled off with the thumbs (Hickman 1987, p. 29; Florian 2007, p.30). The processing 

continues by turning the intestines inside out and removing the inner mucosa layer from the 

central connective tissue using a blunt tool (Florian 2007, p.30). The guts are washed again, one 

end is tied, and they are inflated into a long tube and stretched to dry (Morrison 1986, p.17). 

Two different types of gutskin can result from processing depending on the time of year and 

conditions in which the membranes are dried. A material referred to as “summer gut” is 

produced by hanging the inflated gut tube in the sun, which produces a translucent, yellowish, 

slightly stiff, wind and waterproof material (Hickman 1987, p.29). If the inflated gut is hung up 

in a freezing and windy environment, it becomes opaque white, flexible and supple, and is 

referred to as “winter gut” (Reed 2005, p. 48). An excellent resource for examples of winter and 

summer gut parkas is the Smithsonian Institution’s “Alaska Native Collections:  Sharing 

Knowledge” website (www.alaska.si.edu). The beginning research presented here focuses 

exclusively on summer gut, which is compelling for its wind and waterproof qualities. 

Adhesives used on gutskin 
Summer gut is described in only a handful of articles in the conservation literature that cite 
similarities in condition, such as brittleness and extensive tears along sharp creases that form in 

the gut during storage. A brief literature review of materials used to mend tears on summer gut 

parkas revealed the use of a wide variety of adhesives. Synthetic resins, such as Mowilith 50, 

Acryloid B-72, and Butvar B-98 prepared in organic solvents, were used successfully to mend 

tears on gutskin according to several authors (Jackson and Hughes 2009; Cruickshank 1987; 

Cruickshank and Sáiz Gómez 2009; Hill 1986; Morrison 1986). Equally successful tear repair 

was reported with water-soluble cellulose ether adhesives, such as methyl cellulose (MC), 
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Ethulose 400, and Klucel G (Fenn 1984; Gottsman 2009; Dumka 1991). Poly(vinyl acetate) 

(PVAC) emulsions were praised as strong, though less reversible, by Fenn (1984) who found 

that mock-ups that exhibited “better, less visible bonds” were achieved with PVAC emulsions, 

such as Elvace 1874 or CM Bond M2. Dumka (1991) also found Archivart (PVAC) thinned 

with water to be beneficial in instances where long tear edges are brought together slowly after 

dampening; strictly water soluble adhesives proved to be too reversible in these types of 

situations. Vinyl acetate emulsions such as Mowilith DMC2 were used for tear repair by 

Morrison (1986) after extensive empirical testing with a variety of adhesives. 

The literature review of adhesives that conservators have used to repair summer gutskin was 

augmented by reviewing past conservation records at the NMAI and NMNH, and by asking 

conservators directly via an online survey posted on the Conservation Online DistList (CooL) 

and the American Institute for Conservation Object Specialty Group List Serv (OSG) in 

February of 2011, which remains available on-line for further data collecting. In 2011 the 

authors conducted an initial examination of ten summer gut parkas in the NMAI collection. 

Only one of these parkas had an existing treatment record dating to 1998 when a tear was 

repaired with a patch of goldbeater’s skin adhered with heat-set Acryloid F-10, which appeared 

stable. Eight summer gut parkas at NMNH also were surveyed to examine the performance of 

PVAC resins, emulsions, and cellulose ethers applied between 1976 and 1991.  Most of the 

adhesive patches were peeling away at the perimeter, but were stable overall. Additional 

information about adhesives used on gutskin was gathered by creating an online survey, which 

collected information from conservators experienced in mending both summer and winter 

gutskin. The survey yielded thirteen in-depth responses that are summarized in Figure 3. The 

data from the online survey, literature review, and list of materials known to have been used at 

NMAI and NMNH was used to inform the second phase of the study in which a selection of 

the cited adhesives were experimentally prepared on a piece of summer seal gut for observation 

with SEM. 

Methods 

Pre-cut strips (approximately 4 cm length x 0.5 cm width) of goldbeater’s skin were dredged 

through a selection of aqueous and solvent-borne adhesives (listed in Tables 1-3), which were 

spread with a wooden tongue depressor into a thin layer on silicone release Mylar with the 

relative thickness gauged empirically. The adhesive-coated goldbeater’s skin was applied onto a 

sample of summer seal gut. To ensure good contact between the adhesive layer and the gutskin, 

a clean piece of silicone release Mylar was placed over the sample and pressure was applied by 

rolling a handheld bamboo skewer over the surface. For comparative purposes samples of 

Lascaux 498/360 HV (3:1 proportion) mixture, and wheat starch paste (WSP) and Jade 403 

(3:1) mixture were applied onto pieces of gutskin that had been dampened prior to adhesive 

application. This application method was mentioned by Dumka (1991) and several survey 

respondents. Heat-set adhesives were applied onto the summer gut sample with an ERSA 30 

heated spatula set at 70°C. In this preliminary study one sample of each adhesive and adhesive 

mixture was created. In all samples the protruding ends of the goldbeater’s skin were labeled 

with the name of the adhesive for record keeping. The samples were allowed to sit for five days 

in ambient conditions (21 °C, 56% relative humidity) after which time small rectangles 
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(approximately 0.5 x 0.2 cm) were cut from the center of each sample with a sharp scalpel. In 

few instances this mechanical action appeared to disrupt the adhesive bond. Samples were cut 

from the center to avoid pooled adhesive around the perimeter and thus favor consistent sample 

thickness. The cut-out samples, placed on edge to reveal the cross-section, were mounted on a 

SEM stub prepared with a layer of carbon tape. The stub was sputter coated at the Smithsonian 

Museum Conservation Institute (MCI) with approximately 30 nanometers of 99.99% pure gold 

with an Anatech Hummer sputter coater, and placed in a Hitachi S-3700N Variable Pressure 

scanning electron microscope (SEM). The samples were observed under vacuum in secondary 

electron mode. Several SEM images were taken along each sample, with the most 

representative locations presented in this preliminary report. 

Results 

Survey results 
The results from the online survey of adhesives that have been used by practicing conservators 
for gutskin tear repair are organized in Figure 3. Many respondents listed more than one 

adhesive, though the most common mention was BEVA 371 Original Formula and BEVA film 

followed by various mixed proportions of Lascaux 360 and 498 HV acrylic emulsions, 

unspecified PVAC resins, and polysaccharides. Mixtures of cellulose ethers, such as MC, with 

other polysaccharides were popular but less common. 
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Figure 3: Survey results of adhesives used by respondents to repair gutskin, organized by number of citations. 

SEM results 
The SEM images of eighteen, experimentally prepared samples mounted in cross-section appear 
to indicate that the adhesives tend not to penetrate into the summer gutskin. While depth of 

penetration was an initial focus of the research, additional qualitative information was obtained 

about the adhesive bonds between the gutskin-adhesive-goldbeater’s skin interfaces. Future 

work will aim to provide quantitative data about the nature of the adhesive bonds. 

Three major trends in contact were observed among the adhesives tested and are described here 

qualitatively with supporting annotated SEM images. The first trend showed intimate contact, 

defined here as possessing closely aligned bonding sites over extended areas of the gutskin- 

adhesive-goldbeater’s skin interfaces. Eight of the eighteen samples exhibited this type of 

adhesion. The second trend revealed intermittent contact defined here as discontinuities in 

adhesion between the adhesive-gut interface. This trend was observed on eight of the samples 

examined, though much variation exists within this category due to the samples exhibiting 
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segments of intimate contact interspersed with lengths of intermittent contact. The third trend is 

a lack of intimate contact, which in practical terms would constitute adhesive failure, and is 

characterized in this study by few bonding cites throughout. Six samples exhibited a lack of 

intimate contact, and some samples that exhibited intermittent contact also showed segments 

with no contact. Trends in adhesive contact along with the original question of whether there is 

penetration into the gutskin are organized in Tables 1-3 by category of adhesive. 

Table 1: Acrylic and vinyl acetate ethylene (VAE) emulsions. 

Adhesive 

Dampened 

gut? 

Intimate 

contact 

Intermittent 

bonding 

No intimate 

contact 

Penetrates 

gutskin 

Lascaux 498/Lascaux 360 HV 

mixture (3:1) No X X 

Lascaux 498/Lascaux 360 HV 

mixture (3:1) Yes X 

Lascaux 498/Lascaux 360 HV 

mixture (1:1) No X 

Elvace 45675 CX 
No X 

Jade 403 
No X 

Table 2: Polysaccharides, cellulose ethers and combinations. 

Adhesive 

Dampened 

gut? Intimate 

contact 

Intermittent 

bonding 

No 

intimate 

contact 

Penetrates 

gutskin 

MC 
No X 

WSP 
No X 

12% Sodium Alginate/ 
Arrowroot paste mixture No X 

MC/Jade 403 mixture (3:1) 
No X 

WSP/Jade 403 mixture (3:1) 
Yes X X 

WSP/Jade 403 mixture (3:1) 
No X X 

WSP/MC mixture (3:1) 
No X 

172

PCH-GracieM
Sticky Note
Can you add the top border and the row borders on this table?

PCH-StillmanC
Sticky Note
Cannot fix something like this if already in pdf form. 



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Table 3: Solvent-borne and heat-set synthetic resins. 

Adhesive 

Dampened 

gut? 

Intimate 

contact 

Intermittent 

bonding 

No intimate 

contact 

Penetrates 

gutskin 

Acryloid F-10 stock solution 

in mineral spirits (40% solids) No X 

Acryloid F-10 cast film Heat 

set No X X 

5% BEVA 371 Original 

Formula in xylene No X 

BEVA 0.25 mm cast film. 

Heat set No X 

15% PVAC-AYAA in 

acetone No X 

20% Acryloid B-72 in acetone 
No X 

Amongst the emulsions presented in Table 1 the three different Lascaux 498/360 HV mixtures 

produced bonds characterized as intimate, which is particularly evident when seen in 

comparison to the intermittent and non-intimate contact bonds evident in the Jade 403 sample 

(Figure 4 a-d). 

Within the polysaccharides and experimental mixtures with emulsions organized in Table 2, the 

WSP created the most intimate contact between surfaces, but only in combination with Jade 403 

or MC (Figure 5 a, b). WSP alone created an intermittent bond.  The reason for the less 

successful bonding is not clear but could be due to one or more competing factors including 

viscosity of the WSP, application method, and rigidity of the dry film upon sample preparation. 

A range of contact was observed amongst the solvent-borne and heat-set synthetic resins 

organized in Table 3. In the sample of BEVA 0.25 mm film intimate bonding between the 

layers is evident in the SEM images. However, this is not the case in the example of the heat-set 

Acryloid F-10 film where intermittent bonding between the gutskin and the adhesive occurs at 

irregular, tiny intervals across the sample (Figure 6 a, b). Overall a lack of intimate contact was 

observed with adhesives in applied in acetone possibly due to solvent volatility causing 

bubbling that is visible in the SEM images where the GB skin is pushed away from the gutskin 

(Figure 7a,b). The PVAC-AYAA example shows no intimate contact with an undulating 

adhesive skin barely touching the surface of the gutskin and large bubbles within the film, 

which is also observed on the Acryloid B-72 example. Intimate and intermittent bonding is 

present on samples prepared in other solvents. For example, the Acryloid F-10 in mineral spirits 

produced an intimate bond, and the BEVA 371 Original Formula in xylene resulted in an 
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intermittent bond (Figure 6 b, c). This may be due to the lower volatility of these solvents and 

therefore less of a tendency to bubble. 

All SEM images are annotated with the following designations to identify the different layers: 

Summer seal gut is represented with a “G”, the adhesive layer is “AD” and the goldbeater’s skin 

is “GB”. 

Figure 4:  Emulsions. a) Lascaux 498:360HV (3:1). Arrows point to locations of intermittent contact between the 

layers. b) Lascaux 498:360 (3:1) applied to damp gut. The sample largely shows an adhesive layer exhibiting 

intimate contact, though there are a few small gaps between the adhesive and gutskin. c) Lascaux 498:360HV 

(1:1). Sample shows intimate contact and the boundary between the layers is difficult to distinguish due to close 

adhesion. d) Jade 403. Arrows illustrates the gap between the gutskin and adhesive layers, characterized here as 

adhesive failure, or lack of intimate contact. 

174



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Figure 5:  Polysaccharides and mixtures with emulsions. a) WSP and Jade 403 (3:1). The arrows point to the 

irregular adhesive layer where there are intermittent and intimate areas of contact. b) WSP. The adhesive layer is 

very thin, occurring as the bright white line indicated by the location of the arrow. In the SEM image it is possible 

to see gapped areas of no contact and those of close adhesion. 

Figure 6:  Heat-set adhesives. a) Acryloid F-10 film. In this SEM image the goldbeater’s skin is absent, and the 

arrows point to the locations of the intermittent contact between the gutskin and the film layer. b) BEVA 0.25 mm 

film. The heat-set film shows intimate contact with both surfaces. 
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Figure 7: Solvent-borne adhesives. a) 20% Acryloid B-72 in acetone. The arrow shows the location of an air bubble 

pushing away the adhesive and goldbeater’s skin layer from the surface of the gutskin. b) 15% PVAC-AYAA in 

acetone. Arrows indicate the locations of air bubbles that may have contributed to complete adhesive failure in this 

sample. The layer of goldbeater’s skin was not captured within the image frame, but it was loosely attached at 

random points. c) Acryloid F-10 from concentrate in mineral spirits (40% solids). Intimate contact is exhibited 

between the layers visible in this SEM image, which is representative of the whole sample. d) 5% BEVA 371 in 

xylene. The central gap seen in the image, which is surrounded by areas of adhesive contact, provides evidence of 

intermittent contact. 

Discussion 

The wide variety of adhesives cited in the literature and survey results reflect the experimental 

and non-formulaic approach that conservators have adopted when mending gutskin objects. 

This trend also may reflect the differing treatment requirements for individual artifacts, which 

are rarely uniform. For example, gutskin can be flexible, stiffened, oiled, painted or heavily 

decorated, or may have received prior treatments such as lubricants or polyethylene glycol, all 

of which would influence a conservator’s choice of adhesive. 

SEM has proven to be a useful tool for visualizing at cross-sections and indicating where there 

is contact between the adhesive and gut.  However, SEM cannot tell the strength or weakness of 
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a repair/interface. Future research is planned to gather quantifiable data of tensile properties of 

select adhesives from this study to compliment SEM images to give a fuller picture of what’s 

going on with these guts. 

SEM images suggest that adhesion can differ when the adhesive is applied to damp gut.  In the 

case of the 3:1 mixture of Lascaux 498/360 HV, the dampened gut resulted in more intimate 

contact.  We hypothesize that the added moisture both relaxes the gut and can increase 

interaction with water-borne adhesives such as this emulsion.  On the other hand, we might 

expect, but have not tested, that adhesion of a polymer dissolved in less polar solvents may be 

inhibited by humidified gut. 

SEM images also revealed that bubbles formed during volatilization of acetone from solvent- 

borne resins and may undermine the success of gutskin repairs.  The synthetic resins applied in 

mineral spirits and xylene, both less volatile solvents, did not show a problem with bubbling. 

This could be an important distinction not only for an intimate and continuous adhesive bond 

but also for very fragile gutskin that could be damaged by the force of bubble formation. The 

potential influence of dampened gut and solvent choice underscore the importance of 

application method in any repair. Many conservators experience great success with adhesives 

that did not perform well under the conditions imposed in this study, and this indicates that 

myriad possible variations in application method can be key factors when repairing gutskin. 

Conclusion 

This study of gutskin is just beginning, and the results reported here are very preliminary. 

Furthermore, the tests presented here could benefit from repeat experiments to determine 

reproducibility. Nevertheless, the initial results with SEM of cross-sections of eighteen 

adhesives applied onto summer seal gutskin demonstrate the potential of SEM to characterize 

adhesives bonds.  This initial set of experimental samples, selected because they are adhesive 

formulations that have been used by conservators to repair summer gutskin artifacts, points to 

some interesting factors that may influence adhesion and a successful repair.  For example, the 

mixture of Lascaux 498/360 HV acrylic emulsions in 3:1 proportion adhered more intimately to 

gutskin that had been dampened prior to application. On the other hand the acrylic resin 

Acryloid B-72 did not adhere well to the gutskin or goldbeater’s skin perhaps because of 

bubbles formed during volatilization of the acetone solvent. Synthetic resins applied in mineral 

spirits and xylene and as a heat-set film without solvent did not show this bubbling 

phenomenon. Though the adhesives used in this study were prepared with different solvents and 

cannot be compared definitively, the use of less volatile solvents could be important not only 

for an intimate and continuous adhesive bond but also to protect fragile gutskin from forces 

imposed during solvent volatilization. These are just a few potential avenues for future research. 

Our initial results also seem to disfavor the idea of adhesive penetration for most formulations 

tested, and this certainly warrants further study. With the Intimate-Intermittent-Not Intimate 

classification, we have proposed a straightforward system for visually assessing adhesive 

success with the SEM. 
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Materials and Suppliers 

All materials supplied by talas: http://www.talasonline.com 

Arrowroot paste: A starch obtained from the tubers of the Maranta arundinacea plant. 

Acryloid B-72: (U.K: Paraloid) Ethyl methacrylate, and methyl acrylate copolymer. 

Acryloid F-10 : N-butyl methacrylate homopolymer in 40% solids solution in mineral spirits. 

BEVA 371 Original Formula: Ethylene vinyl acetate [EVA] copolymer), Ketone Resin N (polycyclohexanone), A-C 
copolymer (EVA), Cellolyn 21 (phthalate ester of hydroabietyl alcohol) and paraffin. 

BEVA film (0.25 mm): Elvax, Ketone Resin N A-C copolymer (EVA), Cellolyn 21 and paraffin dissolved in 1000 g of 
toluene. 

Elvace 45675 CX (U.K:Vinamul): Vinyl ethylene acetate copolymer aqueous emulsions. 

Seal gutskin: Prepared by Susanna Chanar of Tooksok Bay, Alaska in 2001 and purchased at the Native Hospital. 

Goldbeater’s Skin: Membrane prepared from the thin sack that surrounds the whole intestine of calves or other 
cattle. 

Jade 403: Vinyl ethylene acetate copolymer emulsion. 

Lascaux 498HV: Emulsion of butyl acrylate thickened with methacrylic acid. 

Lascaux 360 HV: Emulsion of butyl acrylate and methyl methacrylate thickened with acrylic butyl ester. 

Methyl cellulose (Talas Brand): Cellulose ether with a methyl functional group substitution. 2000 cPs. 

PVA-AYAF (U.K: Mowilith 50): Vinyl acetate. 

PVA-AYAA : Vinyl acetate. 

Sodium Alginate : Sodium salt of alginic acid. 

Wheatstarch paste: Polysaccharide granules. 
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Adhesion Without Adhesives: 

Gecko-Like Adhesives 

Julia Fenn 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

Research into adhesive mechanisms used by living organisms has resulted in innovative 
improvements in medical, architectural, and underwater adhesion. For museums, there 
are promising developments arising from the study of gecko feet. 

The underside of gecko toes has layered ridges with very fine keratinous hairs (setae) 
that provide intimate contact with virtually any surface, enabling the gecko to hang 
upside down supported only by a few toe pads. Even more impressive is the gecko’s 
ability to detach and reattach itself within milliseconds. 

During the last decade, international research has been carried out to study the degrees 
of adhesion provided by different shapes and arrangements of nanofibre arrays and to 
mimic the setae in synthetic materials. Many of these materials are chemically suitable 
for direct contact with museum artifacts. 

Gecko adhesion is dry and mechanically activated, which offers a solution for some 
problems (e.g. solvent damage and inadequate reversibility) with existing museum 
adhesives. 

Titre et Résumé 

L’adhérence sans adhésifs : les adhésifs de type gecko 

Les travaux de recherche portant sur les mécanismes d’adhérence chez les organismes 
vivants ont entraîné des améliorations de pointe dans les applications médicales, 
architecturales et sous-marines. Dans le cas des musées, des progrès prometteurs 
peuvent être réalisés grâce à l’étude des pattes du lézard gecko. 

Le dessous des doigts du gecko comporte des couches de stries recouvertes de poils 
kératiniques très fins (des soies ou sétules) qui assurent un contact très étroit avec 
pratiquement toutes les surfaces, ce qui permet au lézard de se tenir à l’envers sur un 
plafond en ayant uniquement comme appui quelques coussinets des doigts. La capacité 
qu’a le gecko de se détacher d’une surface et de s’y fixer de nouveau en quelques 
millisecondes est encore plus étonnante. 

Au cours de la dernière décennie, des travaux de recherche ont été réalisés à l’échelle 
internationale afin d’étudier le degré d’adhérence que permettent les réseaux de 
nanofibres présentant divers motifs et différentes formes, et d’élaborer des moyens 
d’imiter les soies dans les matériaux synthétiques. La composition chimique de bon 
nombre de ces matériaux permet d’assurer un contact direct avec les objets de musée. 

Le processus d’adhérence de type gecko est exécuté par voie sèche et activé 
mécaniquement, ce qui offre une solution pratique à certains problèmes que posent les 
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adhésifs actuellement utilisés en restauration (par exemple les dommages causés par les 
solvants et une réversibilité inadéquate). 

Introduction 

Developments in nanotechnology and the study of biological mechanisms and functions 

(biomimetics) are creating vast new possibilities in many fields, including adhesion. One 

enticing direction which seems to hold great promise for museum collections care is the 

development of adhesive systems based on the study of gecko feet. Gecko-like synthetic 

adhesives (GSAs) are currently under development in several countries and commercial 

production of gecko tapes appears to be imminent. 

Geckos can run swiftly upside down across dusty, crumbling plaster ceilings or polished 

glass skylights. Their feet are able to attach and release many times per second adapting 

to widely differing conditions with little apparent difficulty. 

Studies of their feet have shown that gecko toes have layered ridges of fine bristles 

(setae) further divided and subdivided into branches which culminate in thickened tips 

(spatulae). Figure 1. 

Figure 1 Macro, micro and nano view of gecko toe setae. Courtesy of Dr. Kellar 

Autumn, Lewis and Clarke Institute. 

Intimate contact with different surfaces is made possible by the fineness of the divisions 

at the tips of the setae and the lamellar arrangement which permits close conformity with 

underlying textures. The gecko slides its toes until enough spatulae are engaged with the 

surface. The accumulation of weak intermolecular forces of attraction (van der Waals 

forces) at these numerous points of contact, are more than enough to support the weight 

of the lizard. The numerous setae on each gecko toe allows for an enormous safety 
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margin to accommodate the fact that not all of them are orientated in the same direction 

or will make contact at any one time. As a result, an eight to ten ounce Tokay gecko can 

easily suspend its entire body weight from a single toe attached to polished glass. 

Gecko toes bend in the opposite direction to human toes so, to release its hold, the gecko 

curls its toes upwards until the angle between the setal stalk(s) increases to more than 30 

degrees which releases the bond, i.e. it slides its feet to bond and peels back its toes to let 

go. On horizontal surfaces, geckos do not need gecko adhesion and can be seen to run 

with their toes curled up so the setae do not make contact with the ground. 

There have been other theories to explain gecko adhesion, for example micro suction. 

However, despite the spatulate thickening at the tips of the branched setae, micro suction 

has been discounted (Autumn 2006).  Suction would not only interfere with the gecko’s 

demonstrated ability to detach itself within microseconds but since gecko adhesion can 

be proved to work under vacuum, it clearly does not rely on adhesion due to air pressure 

differential. 

Other possible explanations for gecko adhesion that have been investigated and disproved 

(Autumn 2006) include secretions, friction, electrostatic attraction and micro interlocking 

of the setae tips. It has also been postulated that capillary forces between spatulae and the 

thin film of water present on many surfaces may play some role in gecko adhesion (Sun 

2005), and there are still many adherents to this theory since gecko adhesion is 

demonstrably stronger at higher humidities. However Autumn (2006) discounts capillary 

forces having found that gecko adhesion was not measurably lower on a polished 

hydrophobic wafer of gallium arsenide than it was on a polished hydrophilic wafer of 

silicon dioxide.  Capillary forces may nevertheless be a factor with some species of 

gecko, since the shape of the spatula and the arrangement of the lamellae seem to be 

species specific, possibly resulting from adaptations to different environments. Until now 

most of the information on gecko adhesion is based on studies of the Tokay gecko 

(Gekko gecko). Figure 2 

Figure 2 Tokay gecko. Courtesy of Dr. Robert Murphy, Royal Ontario Museum. 
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Characteristics of Gecko Adhesion 

Geckos adhere well to most surfaces, even molecularly smooth surfaces, but they do not 

bond well to Teflon. This is supposedly because Teflon is not easily polarisable, 

suggesting that it is the chemical nature of the surface rather than its texture which affects 

gecko adhesion (Autumn 2006). Many geckos also do not adhere well to wet surfaces and 

some herpetologists take advantage of this by spraying the terrarium glass with water to 

make it easier to detach geckos for study. 

Gecko setae are formed from stiff beta-keratin similar to that found in feathers. Because 

of their intrinsic stiffness, the hairs themselves are not inherently tacky so are not prone 

to clump, tangle or self adhere. 

Geckos do not groom or deliberately wet their feet; nevertheless their toes do not become 

permanently clogged with dirt between moults that occur about every two months. The 

setae appear to self clean, shedding particles as the gecko walks.  It is believed that this is 

an intrinsic chemical and physical property of the setal array which allows self cleaning 

in the dry state (Hansen 2005). The premise is that very few spatulae will attach to any 

one particle of dirt so the intermolecular forces attaching that particle to the gecko are 

very weak, whereas the energy attracting the dirt particle to the substrate is greater; 

consequently dirt particles detach as the gecko moves. This premise has been borne out 

by mimicking setal arrays in stiff, non-adhesive, hydrophobic polypropylene microfibers 

(Lee 2008).  These also self cleaned when “walked” along glass. The degree of cleaning 

would not have been sufficient for any gecko’s exacting requirements but would be quite 

adequate for a modest amount of positioning and repositioning if such materials were 

used for mounting or clamping during museum conservation treatments. 

The lotus leaf is known for its ability to self clean in a wet environment.  It has a 

superhydrophobic surface which causes water droplets to bead up and to roll off the 

surface carrying away particles of dirt from the surface. Although gecko feet are self 

cleaning in the dry state they, like the lotus leaf, exhibit superhydrophobicity. This is 

inherent in their structure because innumerable, tiny nanohairs create a very hydrophobic 

surface. As a result, gecko toes have self cleaning properties in both wet and dry 

conditions.  It should therefore theoretically be possible for conservators to rinse soiled, 

synthetic GSAs for limited reuse. 

To sumarize, geckos have a dry, mechanical, solvent-free, plasticiser-free, directional 

adhesive system which is instantly effective on a variety of polarisable surfaces even in a 

vacuum.  It is reversible, reusable, resilient, self cleaning, without creep or deformation, 

non-matting and non-self-adhesive leaving no (bonded) residues. Some choice in the 

degree of adhesive force also seems to be possible.  It is less effective on wet surfaces 

and does not bond to non-polarisable surfaces such as smooth Teflon. 
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Gecko Synthetic Adhesive Tapes 

Such an adhesive system could be very useful for museum artefacts given the possibility 

of quick, stress-free, reversibility with no harmful interactions or residues - an ideal 

embraced, but rarely achieved, by conservators. However it seemed to be no more than 

an interesting theoretical concept since the actual production of gecko-like adhesive 

surfaces is far beyond the means, the expertise or the equipment in the average 

conservation laboratory. 

Fortunately, interest from well-funded groups involved in space research (an alternative 

to magnetic attraction in the dry, cold, vacuum of space); sports (better grip for running 

shoes and baseball bats); and robotics (scaling dangerous heights or entering toxic 

environments (Unver 2005; Kim 2011)) have stimulated international research into the 

production of gecko adhesives. 

During the last decade, gecko setae have been artificially reproduced and modified in 

research institutions throughout the world using a variety of synthetic materials. Among 

the many materials under scrutiny are carbon nanotubes (Ge 2007) and various polymer 

formulations. Several of these are polymers which museums consider chemically 

acceptable for direct contact with artefacts, for example silicones, polypropylene, 

polyesters and acrylics. It should not be long before museums can take advantage of the 

products arising from this research. 

Different physical configurations have also been studied for their adhesive effect. For 

example the hair-like setal structures have been compared with bumps, tubes and pillars 

arranged in various flat, angled and layered structures. These nanostructures have been 

attached to inert, flexible backings to create “gecko tapes”.  Many individual patents have 

been taken out and companies have been formed to exploit GSA tapes having properties 

suitable for different uses in areas such as electronics, medicine and clothing 

manufacture. The remaining barrier to wholesale production seems to be the difficulty 

and expense of actually making the tapes. Fortunately improved methods based on 

vapour deposition, nanomoulding, plasma etching, etc. are in continual development. 

(Davis 2008, Jeong 2009). No double-sided tapes, i.e. tapes with a GSA surface on both 

sides, have yet been produced. 

So far the surface area of most of the experimental sample tapes is extremely small; less 

than a square inch. Because of their directional nature, and the need for conformity, 

increasing the area of the gecko-like surface is not necessarily effective in magnifying 

adhesion force or contact area. A British company (B.A.E. Systems Advanced 

Technology Centre) claims to have overcome this problem and to be able to produce 

sheets approximately one metre square in polyimide (Acker 2007). They have named the 

product “Synthetic Gecko.” 

An interesting variant on gecko tape, patented under the name “Geckel,” coats the GSA 

with mussel adhesive. Mussels attach themselves to rocks in tidal pools by secreting a 

very tough, proteinaceous material which withstands very onerous wet and dry 
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conditions.  It is both reversible and self-healing. As yet, only very small amounts of 

Geckel have been made, using a silicone GSA coated with synthetic mussel protein 

poly(dopamine methacrylamide-co-methoxyethyl acrylate) (Lee 2007). Geckel reputedly 

combines a reversible, pH sensitive chemical reaction with mechanical gecko adhesion. It 

is versatile in that it adheres well to both wet and dry surfaces (including Teflon) and has 

proved to be reusable over 1000 times before its adhesive properties were significantly 

reduced. It is being developed for medical and electronic purposes but could conceivably 

be of use as an archaeological first response treatment for wet material, for example 

keeping broken sherds from underwater sites together during lifting. Similarly, damp, 

recently excavated material or flood-damaged artefact fragments could be held in the 

correct alignment to counteract differential warping while drying. 

With the exception of Geckel, most GSA tapes do not seem to have nearly the same 

degree of reusability as real gecko feet.  This is hardly surprising since geckos replenish 

the setae on their toes by periodic moulting and regrowth so it is unfair to expect non- 

renewable, nanoscale polymer fibres to show indefinite resilience. Some reusability in 

terms of repositioning would be quite adequate for most museum purposes. 

Gecko adhesion has been so well publicized in populist science during the past decade 

that the trade name “Gecko” has begun to appear on several tapes and adhesive systems 

which are actually traditional pressure-sensitive adhesives (PSAs) and have no 

connection with dry, mechanical, directional adhesion. 

Potential Uses for Gecko Tapes in Museums 

As an alternative to traditional PSAs 
PSA tapes are undeniably useful especially as temporary clamping systems during the 
alignment and repair of breaks. However, museum staff are rightly wary about using such 

tapes in direct contact with artefacts, because of recurrent problems with staining, creep, 

chemical instability, unpredictable adhesion and persistent residues. 

GSA tapes, when made from stable, artefact-friendly polymers, should have better 

chemical stability and be safer than traditional PSAs given that they have no plasticizers, 

solvents or viscoelastic adhesive to migrate, harden or interact with the substrate. Indeed, 

they could potentially outperform PSAs, for example when used to hold joins in place 

while glue is setting, because they would not have the same tendency to stretch, release 

unexpectedly or discolor as a result of reactions with the repair adhesive or its solvents. 

In theory GSAs leave no residues but it is to be expected that some nanohairs will break 

or become detached from GSA tapes during use. Any such loose fibres should be easy to 

brush, vacuum or blow away but even if some tiny, transparent hairs remain unnoticed in 

contact with the artefact, they will probably be more inert and harmless than most 

museum dust. 

In addition, GSAs should offer less risk of physical damage. PSAs flow (or are pushed) 

into surfaces, greatly increasing the probability that weak areas will be detached when the 
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tape is pulled off. GSA adhesion is the result of an overall accumulation of myriad tiny 

points of contact, so the adhesive force at each of the individual contact points is 

extremely weak. This should significantly reduce the risk of damage to delicate surfaces 

as the tape is peeled back. 

Safe contact with artefact surfaces could open up a whole range of uses for GSA tapes. 

For example, in close-up photography of vertical surfaces (e.g. paintings) tiny, temporary 

GSA labels containing the registration number and the treatment stage could be used 

directly on the object so that all the necessary information could be actually incorporated 

into the photograph itself. Barcode labels could be attached directly to artefacts as has 

been proposed for upgraded registration systems 

Mounting 
Gecko tapes can be used as pressure-sensitive mounting systems as in the illustration of a 
U.S. quarter mounted onto a steeply angled Plexiglas support (Figure 3). However there 

are already perfectly adequate support systems for such small rigid objects, so this 

example is an alternative rather than an improvement. 

However, GSAs may be able to address some unresolved mounting problems. GSA tapes 

“breathe” i.e. they do not create an airtight seal as they bond because gases can diffuse 

between the nanofibres whereas PSAs or elastomeric clamping systems form tight seals 

against the underlying surface. “Diffusability” could be very helpful when mounting 

artefacts which are emitting corrosive volatiles such as Vulcanite, cellulose acetate, 

cellulose propionate and some urea formaldehydes. Such artefacts are extremely difficult 

to support without inhibiting the emissions - which accelerates deterioration. These 

plastics can show noticeable changes in colour, translucency, texture and strength after 

volatiles have been trapped for a relatively short time. 

Cellulose nitrate plastics also emit corrosive volatiles but they are so aggressive that the 

GSA filaments would probably degrade too rapidly to be useful. 
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Figure 3 Gecko tape holding coin onto Plexiglas. Courtesy of C. Majidi and 

Professor R. S. Fearing, University of California at Berkeley. 

Temporary first aid for damage 
As a completely reversible system with no side effects, GSA tapes could be useful as an 
easily applied, interim adhesion system for museums and collectors who lack ready 

access to affordable conservation services. GSA tapes do not need ventilation, training or 

any specialized equipment which would prevent them from being used for quick 

emergency repairs in the storeroom or the home. 

Even in museums with trained conservators, loss of staff and recession economics has 

altered conservation priorities. As a result there is an accumulation of “non-priority” 

damage which is not scheduled for repair in the foreseeable future. In the interim, loss of 

fragments, soiling, or crumbling edges can make the eventual repair so difficult or so 

expensive that it will never be done. A “quick–fix” could keep the artifact together in 

reasonable shape for future repairs and would be particularly useful for humidity- 

sensitive, anisotropic materials such as carved ivories which often distort after fracturing 

and can be very difficult to reassemble once the warp has set. 

Vibration resistance 
Even museums which are not in earthquake zones can be affected by significant vibration 

from HVAC systems, traffic, or exuberant school groups. Current methods of preventing 

artefacts from “walking” or “jittering” on display such as museum gels, silicone sheet and 

quake waxes sometimes creep or leave unacceptable stains on porous materials. Given 

the structure of GSAs, they should be able to counteract vibration and could be 

mechanically fastened to the support (e.g. by sewing) then the artefact could be slid onto 

the GSA surface until firmly held. In this way GSA tapes could be used on both vertical 

and horizontal surfaces to reduce vibration damage while on display and in storage. 
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Improving grip on fragile fragments 
Another use for the tapes might be to improve control when manipulating tiny, friable 

fragments of rotted silk, crumbs of ethnographic earth pigments or flakes of iridescent, 

archaeological glass. To pick up and reposition such fragile items is often very risky 

using traditional tools such as forceps, spatulas, solvent-dampened rods or even mini 
vacuum tweezers. Fine brushes or rods dampened with solvent, gelatin or methyl 
cellulose can leave tide-marks or other residues which alter the refractive index, especially 

of lime pigments, iridescent glass or feather fragments. It seems likely that gluing a very 

small piece of GSA to a rod with the GSA surface facing outwards would provide a better 

lifting tool which could work with very light pressure and would not alter the surface 

appearance of the tiny flake. The rod could be angled for easy release once 

the fragment was attached in its rightful place. 

Discussion 

There are many unanswered questions that cannot be resolved until actual samples of 

gecko tapes are available for testing in real museum situations so that the apparent 

advantages of using GSA’s can be conclusively proved. 

For example, it is not clear how long GSA systems can be expected to adhere before 

failing. Long-term adhesion is not necessary for geckos - they do not need to hang in situ 

for more than a few hours at any one time so gecko adhesion may have an inherent flaw 

from a museum perspective. Similarly the GSA tapes may have little chemical durability. 

Most synthetic gecko tapes are made from multiple polymers - unlike homogenous gecko 

keratin. It is not yet known how this will affect their long-term durability and toughness 

under different environments. GSA surfaces consist of microscopic, non-renewable 

filaments. Such tiny fibres, having narrow diameters but comparatively large surface 

areas, might be extremely vulnerable to damage from light, aggressive volatiles, metallic 

catalysts or corrosive artifact surfaces such as those present on corroded metal, rubber, 

alkaline degraded glass and certain acidic plastics. 

Many of the test results on GSAs, for example load bearing properties, effective contact 

area and peel strength seem to have been based on very short-term measurements (i.e. 

hours and days). Since one of the major applications for GSA tapes in museums would 

probably be in support mounts for display and storage, there needs to be evidence of 

long-term stability, both of the bond and the GSA tape itself.  Until this has been clearly 

demonstrated, perhaps GSA tapes should be considered only for very short-term 

applications such as clamping and support during treatments where they will be under 

observation. 

GSA tapes may also require a different approach to repairs and supports. Gecko adhesion 

is attached by sliding but is detached by peeling, so the mount design needs careful 

forethought. Removing a rigid coin from a rigid mount such as the one in Figure 3 would 

be very stressful to a fragile archaeological coin although sliding it onto the tape would 

have been simple and stress-free. Even when a safe plan for freeing the artifact from the 

mount is incorporated into the design, it will need to be clearly apparent even to a 
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different crew dismounting the exhibit. One misdirected tug on a fragile object is all it 

takes! 

It also remains to be seen what degree of skill will be required to get appropriate adhesion 

in any given situation. It may require considerable practice on the human scale to achieve 

what is intuitive for small lizards. 

Conclusion 

GSA’s are not the only exciting new adhesives becoming available. There is a whole 

range of “smart adhesives” which can be activated or released by non-solvent methods 

such as pH change or electrical charges. However gecko adhesion does fill gaps in the 

area of quick, simple, mechanical reversibility with no side effects which is currently not 

available in most commercial adhesives – not even museum quality adhesives. 

Adhesion of this kind would be totally in line with the growing conservation belief that a 

feasible plan for safe reversibility should be incorporated into any treatment proposal. 
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Antibody-Based Techniques to 

Distinguish Proteins and Identify 

Sturgeon Glue in Works of Art 

Julia Schultz and Karin Petersen 
(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

The use of an indirect Enzyme-Linked Immunosorbent Assay (ELISA) method for the 
identification, down to a species level, of proteinaceous binding media and adhesives in works of 
art is presented. The production and application of a custom-made specific antibody to sturgeon 
glue is described and challenges of species specificity, detection limits, as well as localization of 
the protein in the sample stratigraphy are discussed through results obtained from analysis of 
replica and artwork samples. The custom-made antibody has proven highly specific to sturgeon 
species only and is suitable for the identification of sturgeon glue in works of art. ELISA 
screening for ovalbumin, casein, and collagen (unspecific) demonstrates the identification of 
proteins even in mixtures. 

Titre et Résumé 

Utilisation de techniques d’anticorps pour déterminer la nature 
des protéines et identifier la colle d’esturgeon dans les œuvres 

d’art 

Le présent article traite de l’utilisation d’une méthode indirecte du type ELISA (méthode 
immunoenzymatique fondée sur la fixation d’un anticorps) pour identifier, à une échelle aussi 
précise que celle des espèces, les adhésifs et les médiums adhésifs de nature protéique présents 
dans les œuvres d’art. Il comporte la description de l’élaboration sur mesure et de l’application 
d’un anticorps propre à la colle d’esturgeon, ainsi qu’une discussion portant sur les défis 
associés à la spécificité des espèces, aux limites de détection et à la localisation de la protéine 
dans la séquence stratigraphique de l’échantillon; les sujets de discussion sont fondés sur les 
résultats des analyses d’échantillons d’œuvres d’art et de reproductions. L’anticorps élaboré sur 
mesure présente une spécificité élevée particulière pour les espèces d’esturgeon et il constitue 
un outil adéquat pour l’identification de la colle d’esturgeon dans les œuvres d’art. Les résultats 
de la sélection préliminaire, au moyen de la méthode ELISA, de l’ovalbumine, de la caséine et 
du collagène (non spécifique) démontrent que l’identification de protéines est possible, et ce, 
même dans des mélanges. 

Introduction 

The identification of binding media and adhesives in works of art can provide important 

information regarding materials and techniques, history of use, trade routes and authenticity, 

and can also help in assessing deterioration processes and making informed treatment decisions. 
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Among naturally occurring organic substances, proteins have been widely used throughout 

history as binding media, adhesives or varnishes. Egg, milk and animal glue - with their main 

distinctive proteins ovalbumin (egg white), casein and collagen respectively - are the most 

prominent proteinaceous binding media. They can not only be encountered in a variety of 

objects but some have also been used as conservation materials, often as consolidants. 

Current traditional analytical methods for the identification of proteins in works of art such as 

staining methods, chromatographic and spectroscopic techniques can be limited by sample size, 

material mixtures, the natural degradation of materials as well as microbiological 

contaminations (Schultz et al. 2009, ref. 14-25). In addition the biological sources of the 

proteins usually remain unknown. Immunological methods are based on the specific reaction of 

antibodies with antigens and were originally developed in the fields of medicine and 

biotechnology. These techniques are able to distinguish between different protein types 

(ovalbumin, casein or collagen) and can for example further refine the biological source of 

collagen down to genus levels (e.g. collagen from rabbit, bovine or sturgeon). In comparison, 

molecular genetic techniques should be able to identify the species level and in ideal cases even 

the individual. The Enzyme-linked Immunosorbent Assay (ELISA), a common immunological 

technique employs enzymatic labelled antibodies for the immunological signal (Engvall & 

Perlmann 1971, Crowther 2001). It is characterized by minimal sample preparation and high 

sample throughput. The major benefit, however, is its acute specificity and high sensitivity, 

which allows unambiguous identification and differentiation of closely related binding media — 

even in complex mixtures — on a relatively small sample. Recent research has successfully 

demonstrated the use of ELISA for the identification of proteins and gums in works of art 

(Heginbotham et al. 2004, Mazurek 2006, Scott et al. 2009, Arslanoglu et al. 2010, Schultz et 

al. 2010). 

This paper presents the production and application of a custom-made specific antibody to 

sturgeon collagen and describes the use of an indirect ELISA technique to simultaneously 

screen for ovalbumin, casein and collagen, and further differentiate into unspecific collagen, 

fish collagen and collagen specific to sturgeon. The advantages and limitations of the ELISA 

technique in general as well as the identification of proteins on a genus specific level in works 

of art are discussed through results obtained from analysis of replica and authentic samples 

from artworks. 

Immunological Background and Method 

The basis of immunological approaches is the specific reaction of antibodies with antigens. 

Antibodies are proteins created in mammals to bind foreign molecules such as viruses (or in the 

present case, specific proteins), called antigens, for identification and neutralization by the 

immune system. They bind to specific three dimensional surface structures (epitopes) of the 

antigen and tag it for recognition by the immune system. Through labeling the antibodies with a 

reporting system (e.g. enzyme) an antigen-antibody-complex can be visualized and measured 

with a spectrophotometer. This instrument measures the optical density (OD; the amount of 

light absorbed) at a particular wavelength for the colored reaction and positive values verify the 

presence of the antigen(s) of interest. 
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There are two general categories of antibodies: mono- and polyclonal. Whereas monoclonal 

antibodies – those derived from a single cell line of the host - recognize and bind only to one 

single epitope, polyclonal antibodies are a serum product containing many different antibodies 

that can recognize several epitopes of the specific antigen. Only polyclonal antibodies were 

used in this study and they are typically produced by immunization of a suitable mammal such 

as rabbit or goat. 

In direct ELISA, in simple terms, an unknown amount of antigen is extracted from a sample. 

The extracted solution is placed into the wells of a commonly used 96-well microtiter plate 

where the antigen binds to the plastic surface of the wells by adsorption. The antigen, 

immobilized on the surface, is then incubated with a solution of specific antibody, which can 

bind to the antigen (if present). The antibody is conjugated to an enzyme, and in a final step a 

substrate is added such that the enzyme converts to yield a detectable colorimetric signal. If the 

target protein is present the solution in the wells turns green, otherwise they remain colourless. 

The colour is depending on the enzyme and substrate used for the assay. The indirect ELISA 

adds another step and is based on the use of a non-conjugated primary antibody and an enzyme- 

conjugated secondary antibody. The addition of a secondary antibody increases the sensitivity 

of the assay which is desirable if sample sizes are limited. An in depth discussion of the 

principles of ELISA techniques applied to the analysis of artworks can be found elsewhere 

(Schultz et al. 2009). Indirect ELISA experiments reported here were developed at the HAWK 

Hildesheim (Schultz 2006) and further optimized at the Metropolitan Museum of Art as part of 

the author’s PhD dissertation (forthcoming). This technique was used for the identification of 

different proteins in paint samples from a replica panel painting prepared by the author in 2005, 

species specific investigations of glues, and the detection of fixatives in pastel paintings. 

Figure 1: Commonly used 96-well microtiter plate for 

ELISA showing positive detection by green colour of a 

target protein (casein) 
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Results and Discussion 

Identification of different types of proteins from replica paint samples 
Indirect ELISA was performed on samples of a replica panel painting containing a ground layer 
(chalk bound with animal glue), a casein-bound green earth and a whole egg-bound French 

ochre paint layer (Figure 2). 

Figure 2: Cross section image of replica paint sample consisting of three 

layers (from top to bottom): whole egg-bound French ochre, casein-bound 

green earth, and animal glue-bound chalk (gesso) ground. 

Three samples were taken from the replica panel: Sample #1 containing all three paint layers, 

sample #2 only the casein and the egg paint layers, sample #3 only the ground layer and the 

casein paint layers. All samples were tested for ovalbumin, casein and collagen (unspecific) by 

indirect ELISA. Figure 3 confirms the presence of all three proteins in sample #1. In sample #2 

only ovalbumin and casein are present while only casein and collagen are found in sample #3. 

The traces of ovalbumin detected in sample #3 are the result of penetration from the egg bound 

French ochre paint layer into the casein paint layer below. The absence of collagen in sample #2 

allows the conclusion that the binding media for the ground layer is animal glue while the 

largely absence of ovalbumin in sample #3 indicates that the binding media for the earth green 

paint layer is casein. 
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Figure 3: ELISA results for the identification of proteins in replica paint samples. The concentration for all 

samples shown here is 30 µg/ml of pigmented sample in aqueous buffer solution. 

It is advised not to relate optical density (OD) value intensities with protein quantification when 

dealing with art samples, due to protein degradation, extraction efficiency and pigment 

interference. Furthermore, each antibody has a variable response to its antigen which also 

results in a variation in colorimetric response relative to concentration. ELISA can easily 

identify complex mixtures of binding media but only gives qualitative information on the 

protein(s) present in the whole sample. However, in some cases with appropriate sample 

preparation, the spatial distribution of the protein(s) can be determined within the sample. This 

ELISA was designed to definitively confirm the presence of those proteins that were part of the 

assay screening. But a comparison of intensities (semi-quantitative) is allowable when the 

layers/parts analyzed are from the same sample and were tested on the same plate and in the 

same experiment. 

Species specific investigation of sturgeon glue 
In some cases, not only the differentiation of the protein types is of interest, but also the 
biological source. Species specificity may be important for determining geographical 

provenance or mapping of trade routes, or could aid in the understanding of the history of use of 

specific materials or the verification of historical recipes. This seems to be of particular interest 

in the case for sturgeon glue, which is obtained from sturgeons´ swim bladders. 
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The use of sturgeon glue is mentioned in historic documents from the medieval times for the 

illumination of books, where it was used as a size on which pigments or gold leaf were laid and 

occasionally as a medium. However, historic sources do not always specify which fish species 

or part of the fish was used to make the glue. Sturgeon glue was also used for sizing paper, for 

gilding of glass and wood, and as a fixative for pastel drawings (Petukhova 1989). It has been 

traditionally used as an adhesive in painting and icon conservation and represents nowadays an 

essential conservation material for consolidation purposes. The exclusive use and acclaimed 

properties of sturgeon glue make its identification often desirable. 

A vast number of antibodies are commercially available on the market but almost no species- 

specific ones for the needs and requirements of conservation science exist. At present only 

monoclonal sturgeon collagen antibodies are offered. Using a monoclonal antibody is 

advantageous as it is more likely to identify a species of origin of the protein of interest. 

However, if the antigen is damaged and the specific epitope is lost, for example due to 

degradation, the antigen will not be detected. Therefore, we decided to use a custom made 

polyclonal sturgeon antibody. Polyclonal antibodies are used to obtain general information of 

the protein, and due to their greater variety, often increase the chance of detection at the 

expense of specificity. This is particularly important in works of art, where the state of the 

protein is unknown due to degradation over time. 

The specificity of an antibody depends on the quality and purity of the antigen, among other 

factors. Usually, little information is known about the exact origin or species, manufacturing 

processes, pre-treatments and additives of commercially-available swim bladders, which can 

have an impact on the glues’ quality but more significantly influence the antibody production. 

Therefore, the use of commercial sturgeon bladder was eliminated and fresh bladder material of 

a known sturgeon species (Siberian sturgeon) from a controlled fish farm was used as antigen. 

The quality of any antibody is particularly dependent on its specificity. Upon receipt the 

specificity of the custom-made sturgeon collagen antibody was extensively evaluated by 

indirect ELISA. The results confirmed that the polyclonal sturgeon antibody is not specific to 

the Siberian sturgeon from which it was derived, but to sturgeon species in general. The 

detection limit determined for sturgeon glue was below 1 µg/ml. No cross reactivity was 

detected with other fish, fish bladders, or fish and mammal glues, both commercial glues and 

those made from known species (Figure 4). 
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Figure 4: ELISA evaluation of the new custom made polyclonal sturgeon bladder antibody: Specificity and cross 

reactivity. (com) stands for commercial product; *glue from known species prepared by the author. 

The concentration used for all samples was 10 µg/ml of collagen based material in aqueous buffer solution. 

OD values below 0.05 cannot be considered as positive detection. 

However, one of the commercial sturgeon glues tested negative. The appearance and the low 

price of this glue differed greatly from all other tested sturgeon glues. In a separate ELISA 

experiment, the cheap sturgeon bladder was tested together with a sturgeon bladder of known 

origin and species and a commercial fish glue for collagen (species-unspecific), fish collagen 

and sturgeon collagen (Figure 5). The presence of collagen was verified in all three glues, but 

the origins differed. The result of the fish glue confirms the presence of fish collagen but not 

sturgeon; whereas the sturgeon bladder from the fish farm was positive for fish and for sturgeon 

collagen. The result from the cheap sturgeon glue was only positive for fish and not for sturgeon 

collagen. Reasons for the negative result can be manifold but most likely indicate that the cheap 

glue tested does not contain any sturgeon at all and/or is chemically modified such that the 

sturgeon specific epitopes are lost and no antibody binding is possible. The glue does contain 

fish collagen, but whether degraded sturgeon collagen or any other fish species were used 

cannot be answered with this ELISA set up. The result demonstrates the problematic nature of 

commercial trade names, but more importantly it underlines the significance of a well chosen 

antigen for any antibody production (known origin and species). 

The polyclonal custom-made sturgeon collagen antibody has proven highly specific to sturgeon 

species only and seems suitable for the identification of sturgeon glue in works of art. A 

201



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

O
p

ti
c
a
l 

D
e
n

s
it

y
 O

D
 (

4
1
4
n

m
)

distinction between glues made from sturgeon bladder or any other part of the sturgeon, 

however, is not possible with this method or antibody. 

1,200 

1,100 

1,000 

0,900 

0,800 

0,700 

0,600 

0,500 

0,400 

0,300 

0,200 

0,100 

0,000 

collagen f ish collagen  sturgeon collagen f ish collagen  sturgeon collagen f ish collagen  sturgeon 

(unspecif ic) collagen (unspecif ic) collagen (unspecif ic) collagen 

sturgeon bladder (know n 

species), f ish f arm 

liquid f ish glue (com)  sturgeon bladder, cheap (com) 

F 
igure 5: Species specific evaluation of three glue samples for collagen (unspecific), fish and sturgeon collagen by 

indirect ELISA. (com) stands for commercial product. The concentration used for all samples was 10 µg/ml of glue 

in aqueous buffer solution. 

Detection of fixatives in pastel paintings 
The indirect ELISA technique was also applied to the identification of fixatives on pastel 

paintings by Jean Etienne Liotard (1702-1789). In the course of a pastel conservation project at 

the Rijksmuseum Amsterdam (2007-2009), various 18
th 

century pastel paintings were examined

and removed from their frames; this offered a unique opportunity to take minute samples from 

some of the pastels (Table 1). 

Table 1: List of pastels from Jean Etienne Liotard 

Object Sample description and location 

La Liseuse (SK-A-228) Brown pastel (39.7 μg), lower left side of the pastel 

The Three Graces (SK-A-242) Green pastel (5.5 μg), lower right side of the pastel 

The View of Geneve (SK-A-1197) Brown pastel (10.4 μg), bottom left side of the pastel 
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Relevant literature reports that fish glue mixed with equal quantities of water and spirit of wine 

was a commonly used fixative in the 18
th 

century (Shelley 2005). Apparently, Liotard also

refers to those formulas but it is unknown if he made use of them (Trivas 1941; Anderson 

1994). Three samples from Liotard’s La Liseuse, The Three Graces and The View of Geneve 

were tested for fish and sturgeon collagen by indirect ELISA. Neither fish nor sturgeon collagen 

was detected in any of the artwork samples. 

However, to determine whether ELISA can be applied to the identification of fixatives, replica 

samples with and without pastel or fixative, non-aged and artificially aged (15 days at 80°C and 

65% RH) were prepared (Courtesy Cécile Gombaud, conservator in the pastel conservation 

project of the Rijksmuseum Amsterdam) and evaluated by ELISA. The fixative was prepared as 

follows: 0.5% percent (w/v) sturgeon glue in a water/ethanol mixture (1:1 v/v). The experiments 

were repeated several times with decreasing amount of sample (milligrams to micrograms) to 

establish detection limits (Table 2). 

Table 2: List of pastel replica samples and tested sample amounts 

Replica sample# Sample amounts* tested by ELISA 

#1 parchment, sturgeon glue fixative, non-aged 49.1 μg 567.2 μg - 2.3 mg 

#2 parchment, pastel (iron oxide), sturgeon glue fixative, non- 

aged 

66.6 μg 175.5 μg - 2.5 mg 

#3 parchment, sturgeon glue fixative, artificially aged 68.7 μg 92.1 μg 135.6 μg 2.6 mg 

#4 parchment, pastel (iron oxide), sturgeon glue fixative, 

artificially aged 

57.7 μg 143.3 μg 277.1 μg 4 mg 

#5 parchment, pastel (iron oxide), no fixative, artificially aged 90.2 μg 129 μg - 2.8 mg 

* total sample amount including parchment, pigment and fixative (where applied)

Out of five replica samples only the non-aged pigmented sample (#2) with the largest sample 

amount tested positively for fish and sturgeon collagen. The result indicates that: 

 there is a higher chance of protein detection for a pigmented sample because it contains

a greater amount of binding media due to the increased surface

 the protein retains immunoactive after the addition of ethanol used in the fixative

preparation (see recipe above). Ethanol is known for degrading proteins.

 aging has a devastating effect on the already initially low-concentrated protein

 but most importantly, the overall concentration of the fixative is too low

In order to get above the detection limit one would need an inappropriate amount of sample. 

Thus, in case of the pastel paintings, it is possible that no fixative or a fixative other than fish- 

based was used by Liotard or that the amount of protein in the fixative was below the detection 

limit of the ELISA technique. 
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Conclusion 

ELISA has proven effective in distinguishing proteins such as ovalbumin, casein and collagen 

(various sources). It is highly sensitive and provides qualitative information on the proteins, 

most importantly in mixtures. Still, quantification of proteins in art samples remains challenging 

and may never be possible by ELISA due to difficulties in extraction efficiency, protein 

degradation and pigment interference. 

Immunological methods can only detect proteins that are part of the assay; of course, other 

proteins may be present. Moreover, a negative ELISA result does not always mean that the 

target protein is not present in the sample. Other possibilities may be that the protein content in 

the sample is below the detection limit of the ELISA due to low concentration, insufficient 

extraction, or degradation of the protein. 

Species specificity is not easy to achieve when used for the identification of organic material in 

conservation science due to the similarity of related species, the inconsistent compositions of 

proteinaceous materials (modern and historical) and most importantly, the loss of 

immunoreactivity due to protein degradation and material mixtures. However, the presented 

results are encouraging because of the ability to narrow down the biological source of collagen 

to unspecific collagen, fish collagen or collagen specifically from sturgeon. Antibody-based 

techniques - like every analytical technique - have limitations but are clearly poised to take a 

significant and complementary role in the analysis of proteins in works of art in the near future. 
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Materials and suppliers 

Falcon 96-well flexible PVC assay plates, flat bottom, #353912, 
Becton Dickinson: http://www.bd.com/ 

Newborn calf serum (NCS) #SH30118.02, HyClone, 
Citric acid, #A940 
10xPBS liquid Concentrate, #BP3994 
Tween 20, #BP337 
Thermo Fisher Scientific: http://www.fishersci.com/ 

Sodium azide, #S2002, 
Sigma-Aldrich: http://www.sigmaaldrich.com/ 

Rb-anti-ovalbumin, #AB1225, 
Millipore: http://www.millipore.com/ 

Rb-anti-bovine casein, #RCAS-10A, 
Immunology Consultants Laboratory, Inc.:http://www.icllab.com/ 

Rb-anti-collagen type I, #ab34710, 
Abcam: http://www.abcam.com/ 

Rb-anti-fish collagen type I, #T89171R, 
Meridian Life Science, Inc.: http://meridianlifescience.com/ 

Gt-anti-rabbit-HRP, IgG, #4050-05 
ABTS substrate powder, #0202 
Southern Biotech: http://www.southernbiotech.com/ 
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Abstract 

This paper presents research that was conducted to investigate the interpretation of glass 
transition temperature in the context of conservation. The results of thermomechanical and bulk 
mechanical properties of Araldite EA1253 epoxy and Resin WTM poly(vinyl acetate) (PVAc) are 
reported. Both adhesives are used in painting conservation and represent two generic types 
used within conservation. The adhesives were also tested with the addition of fillers. 

The thermomechanical techniques employed were Dynamic Mechanical Analysis (DMA) and 
Differential Scanning Calorimetry (DSC). Frequency dependency, sample configuration, and 
moisture sensitivity were investigated. Bulk tensile testing was performed at temperatures on 
either side of the glass transition onset, calculated from DSC data. Comparisons were made 
between data from DMA, DSC, and tensile testing. 

The results highlight the inherent ambiguities in the interpretation of thermomechanical data (in 
particular, a difference of at least 15oC between the onset of the change in DMA storage 
modulus and the ductile/brittle transition compared to the Tan delta peak value), and the 
implications this has for conservation treatments. The use of the data to predict the physical 

properties of the unfilled and filled adhesive is demonstrated. It is suggested that a more 
consistent and sophisticated use of thermomechanical data would be of benefit to conservation 
practice. 

Titre et Résumé 

Utilisation de données thermomécaniques des adhésifs chargés 

et non chargés pour prévoir leurs propriétés pratiques 

Le présent article comprend les résultats de travaux de recherche portant sur l’interprétation de 
la température de transition vitreuse dans le domaine de la restauration. Les résultats de la 
détermination des propriétés thermomécaniques et de propriétés mécaniques globales de 
l’adhésif époxyde Araldite EA1253 et de la résine à base de poly(acétate de vinyle) [PVAc] 

Resin WMC sont présentés. Les deux adhésifs sont utilisés en restauration des peintures et ils 
constituent des types d’adhésifs couramment employés en restauration. Les essais ont aussi été 
réalisés sur des échantillons d’adhésifs auxquels ont été ajoutées des matières de charge. 

Les techniques thermomécaniques utilisées sont l’analyse mécanique dynamique (AMD) et 
l’analyse calorimétrique différentielle (ACD). Les paramètres étudiés comprennent la 
dépendance relative à la fréquence, la configuration de l’échantillon et la sensibilité à l’humidité. 
Des essais de traction totale ont été réalisés à des températures immédiatement inférieures et 
supérieures à celle du début de la transition vitreuse, à partir de calculs basés sur les données 
d’ACD. Les données d’AMD et d’ACD et les résultats des essais de traction sont comparés. 
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Les résultats mettent en évidence les ambiguïtés intrinsèques de l’interprétation des données 
thermomécaniques (en particulier une différence d’au moins 15 °C entre la température du 
début de la variation du module de conservation, en AMD, et de la transition ductile-fragile, 
comparativement à la valeur maximale de « tan-delta »), ainsi que les implications de ce 
phénomène lors de l’exécution de traitements de restauration. Des résultats particuliers 
serviront à démontrer que les données peuvent être utilisées pour prévoir les propriétés 
physiques d’un adhésif chargé et non chargé. Il est recommandé d’adopter une approche plus 
uniforme et perfectionnée en matière d’utilisation des données thermomécaniques, ce qui aurait 
des incidences avantageuses sur les pratiques de restauration. 

Introduction 

If the glass transition temperature (Tg) is known for a material it is possible, to some degree, to 

predict the physical properties such as stiffness, flexibility and fracture mode, of the material 

under different conditions. This is important for objects undergoing external forces: vibration 

and shock, tensioning and handling.  It also enables a prediction of internal forces that may 

affect the structural integrity of an object, including creep and the flexing of joints in response 

to changing relative humidity (RH). Tg values also give a good indication of surface related 

properties such as dirt pick-up, surface texture and degree of gloss. However, Tg data does not 

inform a conservation scientist or conservator precisely what physical behaviour to expect and 

how this might relate to damage of an object. A useful approach, to establish how materials will 

behave under stress, is prediction of the ductile/brittle fracture transition. A fracture can be said 

to be ductile when the material under load undergoes some degree of plastic (permanent) 

deformation before finally breaking. In the case of brittle facture very little or no plastic 

deformation occurs. Brittle fracture results in less predictable, high energy failure, because the 

energy stored in the crack tip is released fast. This also results in rapid crack propagation and 

usually greater damage. During ductile failure the energy is absorbed, crack propagation is 

slower, its direction is more predictable, and less damage occurs (Moore 2003). An important 

property for an adhesive is the degree of fracture toughness which quantifies the ability of a 

material to prevent crack propagation. An adhesive with low fracture toughness is more likely 

to lead to damage of the surrounding object, especially if the object itself is brittle and also has 

low fracture toughness. 

This paper presents part of continuing research into the potential and limitations of 

thermomechanical data (including Tg), obtained from Differential Scanning Calorimetry (DSC) 

and Dynamic Mechanical Analysis (DMA), in the context of conservation. Both techniques are 

explained in Appendix 1. It is well established within polymer mechanics that the glass 

transition temperature (Tg) is dependent on the thermomechanical technique used and 

interpretation of the data (Chartoff 1997). The numerical difference this makes has also been 

demonstrated for a subset of resins used in conservation (Schilling 1989). This is because of the 

viscoelastic nature of the materials under investigation rather than an error in methodology. 

However, this can lead to very different predictions of the physical properties of the materials 

and hence, the correct choice of adhesive for a conservation treatment. 

Thermomechanical and static uniaxial tensile data are compared for two adhesives to establish 

the relationship between Tg and fracture properties, and the most appropriate method of 

measurement. Thermomechancial analysis is also used to demonstrate how the data aids the 
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modification and potential design of adhesives, for conservation applications, with the example 

of the addition of filler to an adhesive. 

Samples 

The adhesive and fillers chosen are used in panel painting conservation and represent two 

generic types used within the profession (Young 2011). A crystalline two-part epoxy adhesive 

pre-filled with silica, Ciba Geigy Araldite 1253, and an amorphous poly(vinyl acetate) (PVAC) 

adhesive, Bostik Findley  Interior Wood Glue Resin W. The Resin W is modified with addition 

of a microballoon and cocoanut shell flour, this mixture is used as a gap filling adhesive for 

panel paintings (Young 2001). The Araldite 1253 was modified with the addition of 

microballoons to investigate the possibility of increasing its fracture toughness (see Table 1). 

Free films of the epoxy (test code EA1253), modified epoxy (test code EA1253Mi), PVAC (test 

code RW), and filled PVAC (test code RWCoMi) were draw down onto flexible 

polytetrafluoroethene (PTFE) sheets taped to rigid boards (see Table 1). They were made in a 

controlled environment (relative humidity (RH) 50% RH ± 2% RH and a temperature of 20
o
C ±

2
o
C) then left uncovered in UV filtered light for one week to allow volatile materials to

evaporate. Subsequently, the samples were placed in air tight opaque boxes with silica gel 

matting (Artsorb) conditioned to 55% RH and stored in ambient conditions (typically 55% RH 

± 10% RH, 20
o
C ± 4

o
C). Once a week the boxes where opened to allow any further volatile

components to escape. The films were left for a minimum of 6 weeks to ensure that they had 

reached their dry film thickness.  To prevent any pre-strain, the flexible PTFE was peeled away 

from the sample, rather than peeling the sample film. All test samples were cut from the same 

films and were nominally 6mm wide, 0.4 mm thick (PVAC) and 1.0 mm thick (epoxy), with a 

gauge length of 5mm for both the DMA and static unaxial tensile testing. Prior to testing, all the 

dimensions were measured with Vernier calipers and a micrometer. 

Table 1 Materials Tested 

Adhesive Code Composition 

Bostik Findley Resin W 

UK interior wood glue 
RW Poly Vinyl Acetate 

2 part (mixed 1:1) 

Araldite 1253HV: Araldite1253SV 
Carvable wood 

EA1253 Epoxy : phenolic resin. 

Filler Material 

Phenolic microballoons. Mi Spherical balloons of 50 microns 

diameter. 

Coconut shell flour Co Ground and sieved coconut husks. 

Filler in Araldite 1253HV - Silica/ titanium dioxide/ iron oxide 

Modified adhesives 
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Filled Resin W RWCoMi Filler mix 1:1 (wt:wt) of coconut flour 
and phenolic microballoons. 

1g of filler mix added to 5ml of adhesive. 

Modified Epoxy EA1253Mi 1g of phenolic microballoons added to 

5ml of epoxy. 

Static Uniaxial Tensile Testing 

Static uniaxial tensile testing was carried out on an Instron 4301 with integrated environmental 

chamber. The load, extension, RH and temperature were logged throughout the testing. Samples 

were clamped in the upper grip and aligned, then allowed to come into equilibrium at the 

desired conditions (typically 20 minutes) before tightening the bottom grip. A crosshead speed 

of 5mm/min was used because this is between the average speeds of the DMA test runs 1Hz 

(1.2 mm/min) and 10 Hz (12 mm/min). It also represents a speed at which induced strains might 

occur on works of art (not including shock). A minimum of three samples were tested at each 

test temperature and RH (see Table 2). 

DSC (Differential Scanning Calorimetry) and DMA (Dynamic 
Mechanical Analysis) 

Thermomechanical testing was carried out at the Getty Conservation Centre, Los Angeles. Three 

of each sample type were tested for both DSC and DMA measurements. Measurements with the 

Mettler Toledo DSC 822 followed a method, developed by Schilling (Schilling 1989), for the 

measurement of polymers such as Paraloid B72 (see Appendix 1).  After baking out the DSC, a 

blank pan was run to provide a baseline measurement from which the thermal characteristics of 

the test materials could be extracted. Nitrogen was used as the purge gas, discs were cut from the 

free films and placed in the sample pan ensuring good thermal contact. The typical weight of the 

sample was 2-4 mg. 

Dynamic thermomechanical analysis was carried out on a Triton 2000 DMA. In dynamic mode 

the instrument can operate in a variety of configurations - tension, shear, cantilever bend, and 

three point bend (Appendix 1). Most operating parameters are user defined. Preliminary testing 

on acrylic and alkyd paint films had allowed pre-selection of the best combination of 

parameters (configuration/ frequency/heating rate/sample dimension/preload) to obtain 

meaningful results. All samples were run on the DSC first to obtain a Tg value to ensure that the 

DMA temperature scan covered this region.  Where possible, tests were performed in all modes. 

Results 

Table 2 summaries the results for all the testing undertaken. 
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Comparison of DMA configurations 
Figures 1a&b show the DMA storage modulus E’, loss modulus E’’, and tan delta curves for 

EA1253 measured in single cantilever mode and tension mode. Storage modulus is related to 

the stiffness of the material, while loss modulus reflects the damping capacity (viscous nature) 

of the material. Tan delta is the ratio E’’/ E’, thus a material with a high tan delta is more 
viscous. 

These moduli are simply related to Young’s modulus E (calculated from the initial linear 

gradient of the stress/strain curve as measured using static uniaxial tensile testing) by E
2
= (E’)

2
 

+ (E’’)
2
. The peak of the Tan delta (δ) curve is often taken a value for Tg (64.5

o
C). However,

the storage modulus starts to drop significantly from 388 MPa at 47
o
C, falling to 12 MPa at

77
o
C. Thus the stiffness starts to fall 17.5

o
C below the Tanδ value. The temperature and value

of the Tanδ peak was measured as 64.5
o
C / 0.56, and 58.2

o
C / 0.49, in cantilever and tension

mode respectively. In comparison, the DSC Tg onset value was 43.8
o
C. Also, a greater change

in storage modulus occurred in cantilever than in tension mode. DMA testing configuration had

a significant effect on modulii values and the position of the Tanδ peak for all samples tested.

1.00E+09 0.6 

1.00E+08 

1Hz Storage Modulus 

1Hz Loss Modulus 

1 Hz Tan Delta 

0.5 
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1.00E+07 0.3 
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1.00E+05 0.0 
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Figure 1a DMA curves for EA1253 at 1Hz in single cantilever mode. 
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Figure 1b DMA curves for EA1253 at 1Hz in tension mode. 

In practice, the stiffness and dimensions of the sample determine the test mode (Duncan 2008). 

The best mode depends on the relative stiffness of the DMA spring coil and the sample and it is 

paramount for obtaining reliable and meaningful data. For the typical stiffness of paint and 

adhesives used for transportable cultural heritage (paintings/paper/objects), stiffness values lie 

in a region that is most suitable for single cantilever and tension modes (Erlebacher 1992; 

Grattan 1998; Williams 1978; Young 2001; Young 2008). Single cantilever is probably the 

most common mode for data published in the conservation literature. This is partly because it is 

the easiest to perform, especially on brittle samples. However, it is more sensitive to 

experimental error because small errors in dimensional measurement lead to large errors 

(±40%) in modulus determination. Tension mode is less sensitive to error as the dimension 

sensitivity is ±11% (Young 2011b). If the Tanδ is used for Tg this dimensional error is not a 

factor. 

Reproducibility 
To establish the experimental reproducibility of DMA data, identical samples of EA1253 where 

tested in the same mode and conditions and the standard deviation (σ) calculated (see Table 2). 

In tension mode the average Tanδ value was 57.8
o
C (σ±0.6

o
C) and storage modulus in the

glassy region 715 MPa (σ±86 MPa). 

Frequency dependency 
The shift towards higher temperatures with increasing test frequency for the storage modulus, 
loss modulus and tan delta curves has been discussed in many publications. For example, Figure 

2 shows that for EA1253 the shift in the Tanδ peak is from 58.2
o
C to 63.7

o
C between 1Hz and
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10 Hz.  This is a result of the strain rate dependency of viscoelastic polymers, and thus it is 

important that comparisons in Tg between materials are made at the same frequency. 

1.0E+09 

1.0E+08 

1.0E+07 

1Hz Modulus 

3.16 Hz Modulus 

10 Hz Modulus 

1Hz Tan delta 

3.16 Hz Tan Delta 

10 Hz Tan delta 
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0.4 

0.3 

0.2 

1.0E+06 
0.1 
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1.0E+05 
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Temperature /°C 

-0.1

Figure 2 Shift in DMA Tanδ and storage modulus for EA1253 in tension mode with test frequency. 

Static uniaxial tensile testing 
Figure 3 shows typical stress vs. strain curves for the filled PVAC (RwCoMi) at 10

o
C 53% RH,

10
o
C 68% RH and 20

o
C 55% RH (see Table 2). At 10

o
C, 53% RH there is no measurable plastic

deformation before failure at 3% strain (brittle fracture) whereas at  20
o
C 55% RH there is a

very large plastic deformation, after the linear elastic region, before failure initiates at 26% 

strain (ductile fracture). Thus the transition between brittle and ductile fracture is occurring 

between 10
o
C and 20

o
C.  The failure strain (strain at which fracture occurs) rather than the yield

strain (strain at which plastic deformation starts to occur) has been taken for quantitative 

comparison because, for viscoelastic materials, the yield point is not unequivocally discernible 

from non-linear elastic behaviour. 
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Brittle 

Fracture 

Ductile 

fracture 

Figure 3  Tensile stress vs. strain curves filled PVAC (RWCoMi) 

The effect of moisture content on the type of fracture can be seen from the 10
o
C 68% RH curve

which shows some plastic deformation before failure at 7.6% strain. The higher moisture 

content is sufficient to act as a plasticiser in the polymer. However, this 15% difference in RH 

at 10
o
C results in a less significant effect compared to the 10

o
C temperature change which

causes much greater mobilisation of the molecular structure. The bar chart in Figure 4 

summarises the results for all the samples tested. It can be seen that although there is a large 

variation within each set of conditions, there is a clear trend in behaviour between the samples 

at 10
o
C and 20

o
C, with an increase in strain to failure (average values went from 3.2% to

21.7%), there is also a corresponding reduction in stress at failure (average values went from 

171 MPa to 110 MPa). Without tests at intermediate temperatures one can only predict that the 

transition from brittle to ductile fracture occurs in the region of 10
o
C to 20

o
C. From the DMA

data, the onset in the change in modulus from glassy to leathery is 17
o
C (Tanδ peak 33.7

o
C),

and from DSC, Tg is at 23.2
o
C. Thus the DSC data correlates closely with the brittle to ductile

transition as measured by static tensile testing. 
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Figure 4 Summary of % Failure Strains for filled PVAC (RwCoMi) with temperature (RH at which the 

tests were performed has been averaged for each temperature range). 

Figure 5 shows the typical stress vs. strain curves for the epoxy (EA1253) at 10
o
C, 20

o
C, 30

o
C,

40
o
C, 50

o
C and 60

o
C (see Table 2 for complete results). From 20

o
C to 50

o
C failure occurs at

similar strains (7%-11%) although there is evidence of increasing plasticity especially at 50
o
C,

where the changes suggest an alteration in properties, even if the fracture is relatively brittle. At 

60
o
C there is a very large plastic deformation after the linear elastic region before failure at 30%

strain (ductile fracture). The tensile data suggests that the transition between brittle and ductile 

fracture occurs between 40
o
C to 50

o
C. From the DMA data, the onset in the change in modulus

occurs around 42
o
C (Tanδ peak 57.8

o
C), from DSC the Tg is at 43.8

o
C. It is worth noting that

the manufacturers quoted Tg is 65
o
C.
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Figure 5 Tensile stress vs. strain curves for filled epoxy (EA1253) 

Figure 6 Tensile Stress vs, strain curve for epoxy (EA1253) at different RH. 
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Experimentally it was not possible to maintain the same RH for each test temperatures. 

Although the effect is not as pronounced as for PVAC, moisture is known to change the 

mechanical properties of epoxy (Foster 2004). Figure 6 shows the stress vs. strain curves in the 

glassy region at 20
o
C/30% RH and 20

o
C /55% RH. At 30% RH there is slight reduction in

plastic deformation after the linear elastic region. The epoxy is, as expected, more brittle at the 

lower RH. Figure 7 summarises the strain to failure for all EA1253 tests. It can be seen that 

there is a consistent reduction in strain to failure (average value 7.3%) to (average value 4.1%) 

from 55% RH to 30% RH, respectively. This is a less significant effect when compared to the 

change in properties by a 10
o
C temperature change between 50

o
C and 60

o
C.
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Ave. RH 30% 

25 

20 

15 

10 

5 

0 

20   20   20   30   30   30   30   40   40   40   40   50   50   50   60   60   60 

Temperature (degrees C) 

Figure 7 Summary of % Failure strain for epoxy (EA1253) at different test temperatures, and at two RH at 20
0
C 

(RH given is the average value). 

Using DMA for predicting bulk properties 

Additional filler in EA1253 

The shape of the modulus curve for EA1253 (see Figure 1a) across the transition region is 
typical of a crystalline polymer (Chartoff et al. 2009), with a relatively small transition in 

modulus between 47°C and 77°C. The shoulder on the left side of the Tanδ curve (see Figure 

1b) around 45-55
0
C is also typical of a filled crystalline polymer. Addition of microballoons

alters the shape of all three curves (see Figure 8). Calculating the average values for each set of 

curves one sees a very small shift in properties: the Tanδ peak shifts from 57.8°C to 59.8°C and 

decreases in value from 0.46 to 0.41, respectively. Noticeable features are the greater variation 
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between samples (probably because of variations in the amount of additional microballoons 

manually mixed in), a reduction in the change of the modulus across the transition, and 

broadening of the loss modulus and Tanδ curves. These features are all consistent with the 

addition of a filler to a crystalline polymer (Chartoff et al. 2009). The broadening of the Tanδ 

curve is also important as it implies a high modulus of resilience (Chartoff 1977) e.g. better 

fracture toughness and thus a better ability to prevent crack propagation and brittle fracture. The 

broadening of the Tanδ curve can be quantified by calculating the relative change in its width to 

its height, known as the full width half maximum (FWHM), see Appendix 2. Comparison of the 

FWHM of the Tanδ curve at 1Hz shows that there is broadening from 26.0°C ± 1.6°C to 29.2°C 

± 3.6°C. A similar trend is found when comparing the results obtained from the DMA in single 

cantilever mode.  The Tanδ peak decreases from 0.56 for EA1253 to 0.46 for EA1253Mi at 

64.5°C and 65.4°C, respectively. The FWHM also increases from 24.1°C to 27.4°C.  However, 

the storage modulus decreases from 7.2x10
8  

Pa to 4.0x10
8   

Pa (measured at 30°C in the glassy

region). In this case the EA1253 is already filled with silica, the addition of the microballoons 

to a point where the commercial filler was at the limit of a workable paste has probably reduced 

its cohesive properties. Thus by comparing FWHM and the storage modulus one can measure 

how much filler can be added to an adhesive to increase fracture toughness while still retaining 

its cohesive properties. 

1.000E+09 

1.000E+08 

1 HZ Modulus 

1HZ Loss Modulus 

1 HZ Tan delta 
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0.4 

1.000E+07 0.3 
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1.000E+05 0.0 
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Figure 8 DMA curves for EA1253Mi at 1Hz in tension mode. 

Addition of filler to PVAC (Resin W) 
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The thermomechanical properties for the unfilled and filled PVAC were measured using DMA. 

Although DMA in tension mode reduces the error in the determination of the modulus, it was 

found experimentally that the modulus for this PVAC dropped below the measurable range of 

the instrument in tension mode, and therefore, single cantilever mode was used for both the 

unfilled and filled samples. Typically for an amorphous polymer, unfilled PVAC exhibited a 

large drop in modulus (greater than two orders of magnitude) through the transition. The Tanδ 

peak was at 31.6
0
C and has a value of 2.43. The transition in storage modulus started at 10

0
C

and finished at 30
0
C. Addition of the filler reduced the modulus from 530 MPa to 180 MPa at

10 
0
C, and reduced the range of the transition to one order of magnitude, with a corresponding

slight increase in the temperature of the Tanδ peak, a reduction in its height from 2.43 to 0.5, 

and an increase in FWHM from 38.8 to 40.5. 

Discussion and Conclusions 

DMA dynamic modes measure the material in its elastic region, across the transition from 

glassy to leathery behaviour. The transition from brittle to ductile failure occurs when there is 

some plastic deformation. Nevertheless the ductile/brittle transition relates to a molecular 

configuration of the polymer and correlates with thermomechancial data. 

Duncan has shown (Duncan 2008) that determination of the Tg, from the different methods of 

analysing DMA curves, leads to consistent trends with DMA Tanδ giving the highest value and 

onset in reduction of the storage modulus the lowest value.  For all the samples tested in this 

research the DSC onset was commensurate with the onset in the storage modulus reduction. 

EA1253 was shown to be stable over time with respect to both natural and thermal ageing 

(Young et al. 2011). RwCoMi exhibits an increase in uniaxial tensile strength (UTS) and 

stiffness with time when tested under four point bending (Young et al. 2011).  Thus the 

difference in the time between undertaking thermomechanical and tensile tests complicates the 

comparison. However, the features discussed in this paper have been found for a range of other 

adhesives and paints (Young 2011, Young 2008). 

Thus, DSC provides a much easier and reliable method of predicting how an adhesive or 

polymer might behave in an object. It also requires much smaller sample sizes and very much 

shorter experimental time. For the materials tested the DMA onset in the change in the storage 

modulus at 1Hz correlates with the ductile/brittle transition. Tg derived using Tanδ is at least 

15
0
C higher than the onset storage modulus value.

There is a difference in the position and value of the Tanδ peak for each DMA mode. Using the 

Tanδ peak does provide a repeatable point of reference for measuring Tg because it does not 

include the dimensions of the samples. However, its value is always higher than that derived 

from the transition onset measured by the storage modulus which relates directly to the 

transition in stiffness of the material. Practically the prediction of adhesive properties needs to 

take this in account .i.e. an adhesive will become softer or start to creep at a lower temperature 

than expected. 
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Although Tg’s are weaker events and less discernable from DSC data than DMA, the 

reproducibility and accuracy of the raw data is better. The transition has been easily discernible 

for a variety of PVAC, epoxy and acrylic, paints and adhesives tested.  Calculation of the onset 

of the glass transition from the DSC curve gives a glass transition value closest to that of the 

onset measured from the DMA storage modulus curve.  For consistency it is suggested that 

DSC should be used (as in many industrial applications) for comparison across materials. 

DMA is useful for predicting fracture toughness and stiffness changes in a filled adhesive; 

information that cannot be obtained from DSC. DMA provides a powerful method for 

investigating the properties of viscoelastic polymers encountered in conservation. 
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Appendix 1 

Principles of DSC and DMA 
A DMA instrument applies an oscillating force (stress σ) to a sample and measures the resultant 

dimension change (strain ε). It is measured under controlled temperature (scanning or 

isothermal). For a perfectly elastic material the stress and strain are perfectly in phase. DMA 

measures the amplitudes of the stress and strain, as well as the phase angle (δ) between them, 

this value is used to resolve the modulus into the storage modulus E’ and the loss modulus E". 

For a perfectly elastic material, Tan δ is zero whereas a perfectly viscous material Tan δ is 

infinite (Duncan 2008). 

DSC 
A DSC instrument measures the difference between the heat flow from the sample and a well 

characterised reference material as the temperature is changed. Changes in heat capacity during 

a glass transition are determined from the difference in heat flow (Gabbott 2008). 

DSC Method used for the tests (Schilling 1989) 

1. 25°C 5mins

2. 25-60°C at 10/min

3. 60°C 4mins
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4. 60-100°C at 10/min

5. 100°C 4mins
6. 100-60

0
C at 10/min

7. 60°C 4min

8. 60-150 at 10.min

All with N2 80ml/min

Appendix 2 

Full width half maximum FWHM 
The full width half maximum (FWHM) is defined as the width of the curve at a level which is 
half the maximum value of the peak (fmax). 
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Materials and Suppliers 

Araldite Epoxy 1253: Conservation Resources (U.K.), Ltd, Unit 2, Ashville Way, Off Watlington Road, Cowley, 
Oxford OX4 6TU, UK. 

Resin W Interior Wood Adhesive: Axminster Tools, Trafalgar Way, Axminster, Devon EX13 5PB, UK. 

Microballoons: West System: Thames Ditton Marina, Portsmouth Rd., Surbiton Surrey KT6 5QD.UK 
http://www.westsystem.com 

Coconut Shell Flour: Kindly supplied by Ray Marchant, Ebury St., London. 
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Table 2 Results for all samples tested. 

Sample Film Cast  DSC Tg onset 2nd heating  DMA Tg onset 1Hz  Tg Peak 1Hz  Tg (area all data) 1H  Tanδ Peak Value  Tanδ FWHM  Modulus 1Hz (30oC 

DMA Tension 

EA1253_Ten_02  04/04/2010  57  12.5  0.499  27.4  8.36E+08 

EA1253_Ten_03  04/04/2010  58.2  14.9  0.494  26.8  6.69E+08 

EA1253_Ten_04  04/04/2010  42  58.2  13.9  0.493  23.7  6.41E+08 

Ave  57.8  13.8  0.495  25.967  7.15E+08 

SDEV  0.57  1.0  0.003  1.621  8.6E+07 

EA1253Mi_Ten_01_t4  04/04/2010  37  61.7  15.5  0.389  34.3  3.45E+08 

EA1253Mi_Ten_02  04/04/2010  61.5  13.7  0.412  27.3  4.68E+08 

EA1253Mi_Ten_03  04/04/2010  56.3  13.5  0.422  26.2  3.92E+08 

Ave  59.8  14.2  0.408  29.267  4.02E+08 

SDEV  2.50  0.90  0.014  3.587  5.1E+07 

DMA Cantilever 

EA1253_SC_01  04/04/2010  64.5  0.555  24.1  5.30E+08 

EA1253_SC_02_U2 *  04/04/2010  66.6  0.532 

EA1253Mi_SC_01  04/04/2010  65.4  0.46  27.4  1.80E+08 

RW_SC_02  22/03/2010  31.6  2.43  38.8  5.30E+08 

RWCoMi_SC_01  10/03/2010  33.7  0.653  40.5  1.80E+08 

DSC 

E1253_03  43.8 

EA1253Mi_02  46.3 

RW_02  22/03/2010  22.5 

RWCoMi_01  10/03/2010  23.2 

Tensile  Ave. Test Temp  Measured Temp  Test RH  Bulk Elastic  Modulus UTS (N)  UTS (stress)  Strain to failure  Failure  Strain % 

RWCoMi_S10  10/03/10 50% 2  10  53  2.14E+08  10.6  2.75E+06  0.022  2.2 

RWCoMi_S14  10/03/10 50% 2  10  54  1.77E+08  15.06  4.73E+06  0.04  4 

RWCoMi_S15  10/03/10 50% 2  10  52  1.22E+08  10.09  3.26E+06  0.02  2 

RwCoMi_S16  10/03/10 50% 2  10  53  1.67E+08  18.78  5.76E+06  0.033  3.3 

RWCoMi_S02  10/03/10 50% 2  20  52  6.80E+07  15.7  3.90E+06  0.197  19.7 

RWCoMi_S03  10/03/10 50% 2  20  55  9.60E+07  17  5.20E+06  0.232  23.2 

RWCoMi_S04  10/03/10 50% 2  20  55  1.13E+08  18.2  6.20E+06  0.221  22.1 

RWCoMi_S05  10/03/10 50% 2  10  68  1.42E+08  22.9  6.70E+06  0.076  7.6 

RWCoMi_S06  10/03/10 50% 2  10  68  1.55E+08  30.3  7.80E+06  0.075  7.5 

RWCoMi_S07  10/03/10 50% 2  10  68  2.19E+08  30.1  8.70E+06  0.064  6.4 

RwCoMi_S13  10/03/10 50% 2  10  61  2.43E+08  26.1  8.97E+06  0.06  6 

EA1253_S22  04/04/10 52% 2  20  19.8  30.1  20.6  6.21E+06  0.037  3.7 

EA1253_S23  04/04/10 52% 2  20  19.5  30  10.5  2.95E+06  0.027  2.7 

EA1253_S24  04/04/10 52% 2  20  19.5  30  30.5  1.03E+07  0.058  5.8 

EA1253_S17  04/04/10 52% 2  20  19.5  54.9  28.6  8.74E+06  0.064  6.4 

EA1253_S18  04/04/10 52% 2  20  19.4  55.6  28.3  8.48E+06  0.077  7.7 

EA1253_S19  04/04/10 52% 2  20  19.5  54.4  31.5  8.63E+06  0.079  7.9 

EA1253_S01_U3  04/04/10 52% 2  30  30.8  44  28.8  7.67E+06  0.05  5 

EA1253_S03  04/04/10 52% 2  30  30.7  44  39.3  1.16E+07  0.064  6.4 

EA1253_S07  04/04/10 52% 2  30  30.1  53.8  37.1  9.48E+06  0.08  8 

EA1253_S08  04/04/10 52% 2  30  30.2  51.2  26.3  8.91E+06  0.068  6.8 

EA1253_S10  04/04/10 52% 2  40  39.3  25.3  24.5  5.73E+06  0.067  6.7 

EA1253_S11  04/04/10 52% 2  40  39.6  24.3  35.8  8.38E+00  0.077  7.7 

EA1253_S12  04/04/10 52% 2  40  39.7  25.9  23.1  8.14E+06  0.104  10.4 

EA1253_S14  04/04/10 52% 2  40  39.6  27  22.3  6.55E+06  0.086  8.6 

EA1253_S04  04/04/10 52% 2  50  49.3  21.5  15.7  5.69E+05  nk  #VALUE! 

EA1253_S05  04/04/10 52% 2  50  50.1  20.5  13.9  6.39E+06  0.075  7.5 

EA1253_S15  04/04/10 52% 2  50  50.1  17.5  13.5  4.92E+06  0.072  7.2 

EA1253_S16  04/04/10 52% 2  60  59.3  10.3  13  3.15E+06  0.169  16.9 

EA1253_S20  04/04/10 52% 2  60  60  10.2  8  3.01E+06  0.295  29.5 

EA1253_S21  04/04/10 52% 2  60  60  9.6  9.6  2.48E+06  0.281  28.1 
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Interprétations contemporaines 

d’une méthode empirique : 

le rentoilage à la colle de pâte 

Grazia Nicosia 
(Le biographie et les coordonnées d’auteur se trouvent à la fin du présent article.) 

Résumé 

Le présent article analyse le principe actif de la colle de pâte – un mélange de farine de céréale 
et de colle animale – ainsi que le rôle exact de certains adjuvants tels le miel, la mélasse, le 
mucilage de graines de lin et le fiel de bœuf. Les conclusions des essais réalisés sont 
inattendues par rapport aux connaissances transmises. En conclusion, le gluten de blé – une 
protéine formant avec l’eau un réseau élastique partiellement dégradé par la cuisson – est un 
agent de texturation de l’adhésif frais, donnant une homogénéité et une onctuosité permettant 
une application régulière de la colle. Son réseau tridimensionnel augmente également la 
cohésion du film sec. La farine de seigle contient des mucilages naturels, les pentosanes, qui ont 
les mêmes caractéristiques que le miel, la mélasse ou le mucilage de graines de lin. Ces 
derniers, longtemps considérés, à tort, comme plastifiants du film sec, sont en fait des agents 
humectants qui agissent tels des rétenteurs d’eau. Ils ralentissent la rétrogradation1 de l’amidon 
c’est-à-dire son séchage. L’ajout de fiel de bœuf, riche en tensioactifs, n’augmente pas le collage, 
mais diminue la rigidité du feuil. L’empirisme ici n’est pas sans raison, mais de tels 
raisonnements ne permettent pas d’expliquer les résultats observés. 

Title and Abstract 

Contemporary Views on an Empirical Method: Glue-Paste 

Linings 

This article analyses the active ingredient of glue paste (a mixture of cereal flour and animal 
glue) as well as the specific role of certain additives such as honey, molasses, flaxseed 
mucilage, and ox gall. The findings of the tests are unexpected in light of previous knowledge. 
The conclusions are that wheat gluten (a protein that combines with water to create an elastic 
web that is partially degraded during curing) is a texturing agent of fresh adhesive that makes it 
homogenous and unctuous enough to allow for regular application. Its three-dimensional web 
structure also increases the cohesion of the dry film. Rye flour contains a natural mucilage 
(pentosan) that has the same characteristics as honey, molasses, and flaxseed mucilage. 

Mistakenly used for a long time as softeners for dry film, they are actually humectants and act 
as water-retention agents. They reduce the deterioration of starch, slowing the drying process. 
The addition of ox gall, rich in surface-acting agents, does not increase the bonding, but does 
reduce the rigidity of the film. There is good reason for empiricism here, but such reasoning 
does not explain the results. 
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Introduction 

Cet article a pour but de comprendre le principe d’un adhésif de rentoilage datant de plus de 300 

ans. A l’heure des nanosciences, la colle de pâte, adhésif à base de farine de céréale, de colle de 

peau de lapin, de miel et de mucilage de graine de lin semble d’un autre âge. Directement issu 

de la transmission des savoir-faire, il est aujourd’hui encore utilisé par certains praticiens. 

L’analyse contemporaine des propriétés de ces composants nous semble aujourd’hui nécessaire 

pour comprendre le principe d’un adhésif employé en conservation-restauration. Ces résultats 

seront également confrontés aux discours argumentatifs construits lors de la transmission de ce 

savoir-faire empirique, nous éclairant ainsi sur le rapport aux savoirs et à l’œuvre-restaurée de 

ces professionnels. 

Son apparition en tant qu’adhésif de rentoilage date probablement du XVII
e 

siècle (Bergeon et al

1978, p.1). Bien que les recettes à l’origine puissent être très différentes, aujourd’hui la 

composition semble s’être uniformisée. La formulation la plus répandue dans les ateliers des 

conservateurs-restaurateurs français est la recette publiée en 1981 par Rostain : mélange en part 

pondérale d’une part de colle animale, de six parts de farine de méteil (mélange de deux parts de 

farine de seigle pour quatre parts de farine de blé) et d’eau chaude (environ 10 parts) 

additionnées d’un plastifiant - le mucilage de graine le lin et térébenthine de Venise - et d’un 

fongicide - acide phénique - (Rostain 1981, p.131). La colle est ensuite diluée jusqu'à obtention 

de la viscosité nécessaire à son utilisation, soit pour le cartonnage ou le rentoilage. Nous 

pouvons noter que cette dernière est très proche de la colle italienne dite florentine (Reifsnyder 

1995 p.78). Le mélange est épais, peu pénétrant et appliqué à la brosse sur la surface à encoller. 

La colle romaine à base de colletta a une méthodologie et une recette très différente. Deux fois 

moins visqueuse, elle est appliquée au revers de la toile de rentoilage, imprégnant totalement les 

textiles. Nous avons choisi de comprendre plus précisément le principe de la colle de pâte dite 

« française » en analysant son principe actif, soit le mélange de farines de céréales et de colle 

animale ; nous n’avons pas fait une étude exhaustive de tous les composants entrant dans sa 

composition. Au regard de ces résultats, nous avons toutefois réexaminé les publications sur le 

sujet afin de définir le rôle exact de certains adjuvants tels le miel, la mélasse, le mucilage de 

graines de lin et le fiel de bœuf. 

Principe élémentaire de la colle de pâte : le mélange de la colle animale et 
des farines de céréales 
Après avoir utilisé les colles de nerf, d’os et de peau de lapin, seules ou mélangées entre elles, 

aujourd’hui l’emploi de la colle de peau s’est généralisé dans les ateliers français. Cette 

suspension colloïdale est appliquée chaude et liquide, développant ainsi un pouvoir adhésif 

optimal. Employé seul, sa faible viscosité ne permettrait pas  la réalisation de joints de colle 
suffisamment épais pour épouser les irrégularités des deux toiles à assembler. L’ajout de la 

colle de farine, principe épaississant, permet d’en diminuer la fluidité et d’améliorer la cohésion 

du joint de colle sec, la farine agissant alors comme une charge. A la viscosité employée, ce 

mélange est stable, permettant un bon mouillage avec un minimum de pénétration de l’adhésif au 

sein des supports en contact. 
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Aujourd’hui, de nombreux rentoileurs utilisent la farine de méteil - mélange de 2/3 de farine de 

blé et de 1/3 de farine de seigle -. Ces deux céréales se différencient essentiellement par leur 

quantité de pentosanes et la nature de leurs protéines (Godon 1991, p.17). Contrairement aux 

autres céréales, les protéines du blé ont l’aptitude à former spontanément en présence d’eau, un 

réseau de gluten. La préparation de la colle de pâte demande aux moins une heure de cuisson, la 

viscosité de l’empois d’amidon est alors à son maximum, tandis que le gluten de blé est 

partiellement dégradé et perd ses qualités viscoélastiques si particulières. Il devient alors une 

substance visqueuse et onctueuse. Le gluten de blé cuit, employé en agroalimentaire comme 

agent de texture (Feillet 2000, p.119) donne au mélange, une liaison, une homogénéité et une 

grande onctuosité permettant ainsi une application régulière de colle de pâte sur la toile. 

Comme nous l’avons mentionné, le seigle et le blé se différencient par leur contenu en 

pentosanes: le pourcentage de pentosanes solubles du seigle est deux fois supérieur à celui du 

blé. Les pentosanes sont principalement des polymères fortement ramifiés de pentose, xylose et 

arabinose (Godon et Willim 1990, p.78). Ils sont caractéristiques des mucilages contenus dans 

l’épiderme du grain, ils sont très hygroscopiques et ont un fort pouvoir de rétention. Leur 

importante capacité d’absorption d’eau, leur aptitude à modifier la viscosité et à gélifier sont 

utilisées dans l’agroalimentaire pour stabiliser les suspensions. Les pentosanes solubles du 

seigle, de masse plus élevée que ceux de blé, contribuent à une répartition plus homogène d’eau 

dans le mélange. Les pentosanes forment également avec l’amylopectine, des liaisons qui 

retardent la rétrogradation de l’amidon lors du vieillissement (Kim et Appolonia 1977). Ce 

dernier phénomène spontané est responsable du séchage et du rassissement. Les pentosanes 

agissent comme des rétenteurs d’eau et ralentissent ainsi le séchage (Feillet 2000, p.113). Les 

mélanges sont d’autant plus collants que leur taux est élevé. Pour déterminer le rôle concret des 

farines de seigle, de blé et de méteil dans la colle de pâte, nous avons étudié expérimentalement 

ses données théoriques dans les conditions réelles de préparation. 

Méthodes 

Nous avons réalisé trois séries de tests, nous permettant de mesurer pour ces trois mélanges : le 

pouvoir épaississant ou la viscosité, le temps de séchage et la souplesse du film sec. 

Tests de viscosité 
Nous avons préparé trois mélanges (voir Table 1) de colle de pâte, à même quantité d’eau et à 

même poids d’extrait sec (75 g de farine + 12,5g de colle de peau de lapin en poudre + 100 g 

d’eau). La farine utilisée était soit du seigle, du blé ou du méteil. Nous avons ensuite augmenté 

progressivement la proportion d’eau des mélanges (de 20 g d’eau par mesure). Nos prises de 

mesures ont été réalisées à la température constante de 58° Celsius. La viscosité η est mesurée 
au moyen d’un viscosimètre rotatif VT. 01 et VT. 02 de Sodexim SA (précison de +/-0.1% de 

l’échelle total) pour respectivement VT. 01 la gamme de 0,0015 à 0, 330 Pa.s  (+/- 0.03 Pa.s) et 

VT. 02 pour la gamme de 0,03 à 4 000 Pa.s (+/- 400  Pa.s). 
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Table 1 : Formulation des mélanges 

Composition 

en g 
Colle de farine de blé Colle de farine de seigle 

Colle de farine de 

méteil 

Farine de blé 75 0 25 

Farine de seigle 0 75 50 

Colle de peau en poudre 12,5 12,5 12,5 

Eau 100 100 100 

Tests de séchage 
Nous avons remarqué qu’un conservateur-restaurateur qui prépare une colle de pâte pèse la colle 

de peau, la farine et ensuite les adjuvants, le plastifiant et le fongicide. Par contre, la quantité 

d’eau est souvent ajoutée « à l’œil », le référent étant ainsi la viscosité obtenue. L’objectif, lors 

de l’encollage est que la colle tienne à la brosse, s’applique régulièrement, tout en restant non 

pénétrante. Nous avons préparé deux séries d’échantillons différents de farine de 

blé, de farine de seigle et de farine de méteil (Table 2). La première série contenait pour chaque 
farine utilisée le même extrait sec et une quantité d’eau variable afin obtenir une viscosité 

équivalente. Nous avons choisi de tester une viscosité de 60 Pa.s, elle permettait un étalement 

correct de la colle afin de réaliser des films d’épaisseur régulière, tout en conservant un 

comportement visqueux marqué. La seconde série contenait le même extrait sec et la même 

quantité d’eau, avec une viscosité variable, nous avons pris comme référence le mélange à base 

de blé de la série précédente. 

Les préparations ont été placées dans six récipients identiques, nous les avons pesées et laissées 

sécher à l’air libre dans les mêmes conditions. (Surface de l’échantillon en contact avec 

l’atmosphère : 48 cm
2
). Nous avons pesé régulièrement tous les échantillons avec une balance

de précision (Mettler AE 200S) de précision 0, 1 mg. 

Table 2 : Formulation des mélanges 

poids d’extrait sec 

et viscosité (60 Pa.s) identiques 

poids d’extrait sec 

et quantité d’eau identique 

Composition en g 
Colle de 

farine de blé 

Colle de farine 

de seigle 

Colle de farine 

de méteil 

Colle de 

farine de blé 

Colle de farine 

de seigle 

Colle de farine 

de méteil 

Farine blé 75 0 50 75 0 50 

Farine seigle 0 75 25 0 75 25 

231



Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Colle de peau en 

poudre 
12,5 12,5 12,5 12,5 12,5 12,5 

Eau 135 109 127 135 135 135 

Tests de souplesse 
Les additifs présentés à ce jour comme plastifiants sont en partie contestés (confer infra, les 

plastifiants). C'est pourquoi il nous a semblé nécessaire de déterminer si suivant la nature des 

farines mélangées à la colle animale, exempte de tous additifs, les propriétés plastifiantes du 

feuil sec variaient. La souplesse d’un film s’exprime par sa capacité à se déformer. Nous avons 

réalisé 3 séries de films secs de colles de pâte, composés de farines de blé, de seigle et de 

méteil, additionnés de la colle de peau de lapin (6 parts de blé /seigle et méteil + 1 part de colle 
de peau de lapin + 10 part d’eau). 

Après avoir préparé les colles, nous les avons faites cuire 1 heure au bain-marie, nous les avons 

étalées sur un film de Mélinex siliconé puis laissées sécher 48 heures. Nous avons obtenu des 

films de 0,30 mm en moyenne. Nous avons découpé des bandes de 1, 5 x 3 cm. Pour mesurer la 

capacité d’un film à se déformer, nous nous sommes servis d’une série de cylindres de 

diamètres croissants jusqu’à rupture des films. Plus le film est souple et plus le diamètre de 

rupture est faible. 

Résultats 

Tests de viscosité 
La Table 3 montre les viscosités obtenues en faisant varier la quantité d’eau par pas de 20. 

Table 3 : Résultats des tests de viscosité en Pa.s (+/- 0,03 Pa.s 

de 0,0015 à 0, 330 Pa.s  et +/- 400 Pa.s de 0,03 à 4 000 Pa.s ). 

Poids total 

d’eau en g 

Colle de 

farine de 

Seigle 

Colle de 

farine de Blé 

Colle de 

farine de 

Méteil 

100 70 110 100 

120 37,5 85 65 

140 22,5 42 37 

160 11,5 24 21 

180 4,9 7 11,5 

200 2,9 3,5 6 

220 1,4 1,4 3,4 
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240 0,9 0,475 1,5 

260 0,55 0,275 0,75 

280 0,45 0,125 0,375 

300 0,36 0,05 0,25 

320 0,3 0,02 0,125 

340 0,25 0,07 

360 0,18 0,045 

380 0,125 0,03 

400 0,1 

420 0,07 

440 0,04 

460 0,03 

Figure 1 : Variations de la viscosité η suivant la masse en eau des échantillons 

La Figure 1 montre l’évolution de la viscosité en fonction de l’addition d’eau. 
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Tests de séchage 
La table 4 exprime la perte d’eau par rapport au temps de séchage. 

Table 4 : Variations du poids en pourcentage des échantillons en fonction du temps de séchage (+/- 0,001g) 

poids en g Perte d'eau en pourcentage par rapport à T0

T0

T0 + 1 

jour 

T0 + 2 

jours 

T0+ 3 

jours 

T0+ 4 

jours 

T0 + 7 

jours 

T0 + 8 

jours 

T0 + 10 

jours 

T0 + 11 

jours 

même poids 

d’extrait sec et 

même viscosité 

60 Pa.s 

Colle de 

blé 
43,98 7% 14% 22% 31% 52% 52% 52% 52% 

Colle de 

méteil 
43,88 7% 14% 21% 31% 50% 51% 51% 51% 

Colle de 

seigle 
43,59 7% 13% 20% 28% 48% 48% 49% 49% 

même poids 

d’extrait sec 

identique et la 

même quantité 

d’eau 

Colle de 

blé 
43,98 7% 14% 22% 31% 52% 52% 52% 52% 

Colle de 

méteil 
43,63 8% 15% 22% 30% 52% 52% 53% 53% 

Colle de 

seigle 
43,86 7% 13% 21% 29% 52% 52% 53% 53% 

60 

50 

40 

30 Blé 

20 
Méteil 

Seigle 
10 

0 

1 2 3 4 5 6 7 8 9 10 11 

nombre de jours 

Figure 2 : échantillons avec le même poids d’extrait sec et la même viscosité (60 Pa.s) 
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Méteil 
20 

Seigle 

10 

0 

1 2 3 4 5 6 7 8 9 10 11 

nombres de jours 

Figure 3 : échantillons avec le même poids d’extrait sec et la même quantité d’eau (viscosité variable) 

Les Figures 2 et 3 montrent l’évolution du temps de séchage dans nos deux séries à viscosité 

constante ou variable. 

Tests de souplesse 
La Table 5 rapporte les valeurs de diamètre du cylindre provoquant une rupture du film. 

Table 5 : Tests de souplesse 

Colle de farine de blé Colle de farine de seigle Colle de farine de méteil 

Diamètre de rupture du film 

sec après 48 heures de 
séchage 

l3 mm 5 mm 9 mm 

Diamètre de rupture du film 

sec après 120 heures de 

séchage 

l3 mm l3 mm l3 mm 
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Discussion 

Tests de viscosité 
Les tests de viscosité (Table 1 et Figure 1) démontent que la colle de blé à faible concentration 

présente un caractère visqueux très marqué, par contre celui-ci décroit rapidement. La colle de 

seigle est pour sa part est moins visqueuse à faible concentration, mais décroit de manière 

progressive. Par exemple à 0,125 Pa.s, (voir table 3 et table 1) la colle de farine nécessite 280 g 

d’eau tandis que la colle de seigle 380 g, soit 35% d’eau en plus. A cette même viscosité, la 

colle de méteil demande 320 g d’eau soit 14 % de plus que le blé. 

Le fait de mélanger le seigle au blé revient à conjuguer leur viscosité. A faible concentration, la 

colle de méteil se rapproche de la viscosité du blé, tandis qu’avec un important pourcentage 

d’eau, sa viscosité se rapproche de celle du seigle. 

Tests de séchage 
Lorsque nous comparons le temps de séchage des trois échantillons ayant le même extrait sec et 

la même viscosité (Figure 2), bien que les écarts soient de faibles amplitudes, nous notons que 

le mélange à base de blé a tendance à sécher plus vite. Le mélange à base de seigle sèche le plus 
lentement, contenant le moins d’eau, il en perd également le moins. Le séchage se fait plus en 

douceur. Le mélange à base de méteil a un comportement intermédiaire par rapport aux 

préparations précédentes. Nous notons, Figure 3, que l’écart entre les temps de séchage est 

moins net pour les mélanges contenant le même poids d’extrait sec et la même quantité d’eau. 

Tests de souplesse 
Les tests de souplesse (Table 5) démontrent que le seigle donne un film très tendre et très 

souple, tandis que le film de colle à base de blé est très cassant et difficilement manipulable. 

Après plusieurs jours, les échantillons à base de farine de seigle et de méteil étaient devenus 

aussi cassants que les films de colle de pâte à base de blé et la rupture du film avait lieu dès le 

diamètre de 13 mm. Les tests de séchage et de souplesse mettent en exergue les qualités 

hygroscopiques des pentosanes de seigle qui se comportent comme un plastifiant à court terme 
du film sec. 

En conclusion, le fait de mélange 1 part de seigle à 2 parts de blé modifie de manière 

conséquente la viscosité et la souplesse du joint de colle, ce qui n’est pas sans conséquence sur 

le comportement du feuil. En effet, si à même viscosité la colle de pâte employée est plus 

diluée, l’épaisseur du joint de colle n’en sera que plus fin et la contrainte issue du retrait au 

séchage plus importante. 

Ces résultats révèlent que le choix des composants permet une gestion des quantités d’eau et de 

leur temps séchage, ils attirent notre attention sur les adjuvants à caractère hydrophile tels les 

plastifiants et les tensio-actifs. Il serait intéressant de renouveler et de poursuivre cette première 

investigation. Au regard de ces conclusions, nous allons réexaminer les publications afférentes, 

afin de définir le rôle du miel, de la mélasse, du mucilage de graines de lin et du fiel de bœuf. 
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Les plastifiants 
On a longtemps cru qu’ajouter le miel, la mélasse, le mucilage de graines de lin aux préparations 

de colle de pâte plastifiait le film sec en augmentant le caractère hygroscopique du joint de colle. 

Mais Ackroyd (1996) a démontré, en faisant une série de tests sur des 

échantillons de toiles rentoilées 3 mois auparavant, que ces derniers ne diminuent pas la rigidité 
du film de colle, mais diminuaient nettement l’efficacité du collage, prouvant ainsi qu’ils 

n’étaient pas des plastifiants à long terme. 

Le miel, la mélasse, les mucilages de seigle et de graines de lin ont longtemps été pris à tort 

comme plastifiants du film sec. Ils sont en fait des agents humectant, agissant tels des rétenteurs 

d'eau qui ralentissent la rétrogradation de l'amidon. 

Ce même auteur relève également un autre contre sens : le fiel de bœuf, recommandé en tant 

que tensio-actif, n’améliore pas le collage, mais diminue la rigidité du film de colle sec. Le fiel 

de bœuf est donc un plastifiant à long terme. L'ajout de fiel de bœuf, riche en tensioactif - tels 

les sels biliaires et la lécithine- permet de former des complexes entre l’amidon (hydrophile) et 

les protéines du gluten (hydrophobe). Lors de la rétrogradation de l’amidon, la migration des 

molécules d’eau est ralentie, car elles sont piégées derrière la barrière de tensioactifs. La 

rétrogradation est freinée (Hui et Corke 2006, p.240). Le fiel augmente ainsi le pourcentage 

d'eau résiduel au sein du film sec et donc sa souplesse. 

Les fonctions des différents composants de la colle de pâte mettent en exergue une certaine 

maîtrise de la rhéologie. En effet, elles permettent un contrôle de la viscosité, de l’épaisseur du 

joint, de la contrainte et du temps de séchage ainsi que la diminution de la rigidité. On retrouve 

d’ailleurs cette préoccupation dans la mise en œuvre traditionnelle du rentoilage (Rostain 1981, 

p.72).

Conclusion 

Existe-il une formulation et une mise en œuvre idéale ? D’après Rostain, la réponse est négative 

« la préparation de la colle de pâte a une grande importance. Sa consistance peut varier selon le 

tableau à rentoiler » (Rostain 1981). La posture traditionnelle du rentoileur est ici d’utiliser des 

matériaux existants et de les modifier pour les adapter à ses fins, contrairement aux adhésifs 

synthétiques créés pour répondre à un cahier des charges préexistant. L’étude des composants de 

cette recette traditionnelle, quelquefois sévèrement critiquée pour leur empirisme, révèle une 

cohérence rationnelle. La bibliographie témoigne d'une volonté constante de maitriser la 
rhéologie de la colle, les contraintes en jeu et le vieillissement. 

Cette étude ne souhaitait pas promouvoir une formulation plutôt qu’une autre, car comme nous 

l’avons dit, le choix de cette dernière dépend de l’épaisseur du joint de colle et du séchage que 

l’on veut obtenir. Aujourd’hui le champ d’application de la colle de pâte, qui est l’un des 

adhésif les plus rigide et contraignant des techniques de doublage (Ackroyd et Young 2002), 

semble avoir trouvé sa place au sein des technique contemporaines. 
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Les tests réalisés sur cet adhésif sont inattendues par rapport aux connaissances héritées des 

rentoileurs français et italiens. La colle de pâte, encore en usage, a donc été transmise avec des 

théories erronées. L'empirisme n'est pas exempt de raison. Les connexions entre expérience et 

connaissance se sont établies progressivement. 
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Matériaux et fournisseurs 

Mélange en part pondérale 

Colle de pâte française : Une part de colle animale, de six parts de farine de méteil (mélange de deux parts de 
farine de seigle pour quatre parts de farine de blé) et dix parts d’eau chaude additionnées d’un plastifiant - le 
mucilage de graine le lin et térébenthine de Venise - et d’un fongicide - acide phénique. 

Colle de pâte florentine : une part de colle animale, 1 part et demi de farine de blé, 1 part et demi de farine de 
seigle, une demi part de mucilage de graine de lin, une demi part de mélasse, une demi part de térébenthine de 
Venise, zéro deux part de phénol et 7 à 8 parts d’eau. 

Colletta : une part de colle d’os, un quart de part de mélasse, zéro six part de vinaigre blanc et 0,08 part de fiel 
de bœuf. 

Colle de pâte Romaine : une part de colletta solide, quatre parts de farine de blé, zéro quatre part de 
térébenthine de Venise, 1,5gr/kgr de phénol et 12 parts d’eau 

Fournisseurs : 
Farine de Seigle T130, Celnat, Celnat Z.I. de Blavczy, F-43700 ST GERMAIN-LAPRADE 
Farine de blé T55, F.F, F-35330 MAURE 
Colle de peau, CTS, CTS S.A.R.L. France, 26 Passage Thiere, 75011 PARIS 
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Review: Adhesives for Thread-by- 

Thread  Tear Mending in Torn Fabric- 

Supported Paintings 

Petra Demuth, Hanna  Vogel, Christina Nägler, and Lena Reuber 
(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

This paper presents the results of tests on adhesives that are used  in the thread-by-thread tear 

mending of canvas  paintings. Single-linen threads were joined using  various natural and 

synthetic adhesives, and the ultimate tensile strength of these lap joints was tested. In the first 

series of tests, a mixture of sturgeon glue  and natural wheat starch paste proved to be one of 

the best performers. This mixture offers a high  tensile load  capacity as well  as other positive 

properties, e.g. neutral pH, reversibility in warm water, good  workability, and positive optical 

appearance (it was nearly invisible). A further series of tests on wheat starch / sturgeon glue 

mixtures indicated that some  industrially manipulated starch products (precooked and swellable 

in cold water) are an appropriate alternative to the commonly used  natural wheat starch. 

Additional advantages of these precooked products are their quicker preparation and a more 

consistent paste quality. Some  pH-neutral dispersions, based  on ethylene vinyl acetate 

copolymers, also provided promising test results. Dried films produced from these are swellable, 

even  in cold water. Finally, the paper reports on materials for the mending of torn synthetic 

threads, in this case Polyamide PA 6. The focus of this particular series of tests was the 

influence of the age of the thread and its sensitivity to light on the choice  of adhesive. 

Titre et Résumé 

Examen  des adhésifs utilisés dans la méthode de réparation fil 

par fil appliquée aux  peintures sur toile déchirées 

Le présent article traite des résultats d’essais  réalisés sur des adhésifs utilisés lors de la 

réparation fil par fil de déchirures de peintures sur toile. Des fils de lin simples ont été collés  au 

moyen de divers adhésifs naturels et synthétiques et les joints de recouvrement ont été mis  à 

l’épreuve en exécutant des essais  de détermination de la résistance à la traction. Les résultats 

de la première série d’essais  indiquent que le mélange de colle  d’esturgeon et de colle  d’amidon 

de blé naturel compte parmi les produits les plus  efficaces. Le mélange présente en effet une 

grande résistance à une charge de traction, de même que d’autres propriétés concrètes, par 

exemple un pH neutre, la réversibilité dans l’eau  chaude, une  bonne  malléabilité et un aspect 

esthétique satisfaisant (la couche  d’adhésif est presque invisible). Une série d’essais 

supplémentaires ont été exécutés avec différents mélanges de colle  d’esturgeon et de colle 

d’amidon de blé; les résultats indiquent que certains produits d’amidon ayant subi  un traitement 

industriel (notamment ceux  qui sont précuits et qui peuvent gonfler dans l’eau  froide) 

constituent des produits de substitution adéquats de l’amidon de blé naturel qui est couramment 

utilisé. La préparation plus  rapide et l’obtention d’une  colle  de qualité plus  uniforme constituent 

aussi  des avantages supplémentaires des produits précuits. Les résultats d’essais  de certaines 

dispersions de pH neutre, à base de copolymère d’acétate de vinyle et d’éthylène, sont aussi 

prometteurs. Les pellicules séchées, produites à partir de celles-ci, sont solubles, et ce, même 

dans  l’eau  froide. En outre, l’article comporte aussi des données sur des matériaux de 

réparation de fils synthétiques déchirés, particulièrement des fils de polyamide PA-6. Cette série 
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particulière d’essais  ciblait surtout l’étude des effets de l’âge  des fils et de leur sensibilité à la 

lumière sur le choix  de l’adhésif. 

Introduction 

In order to reconstruct the optical and mechanical properties of pre-torn canvas, it is important 

to copy the shape, color and ultimate tensile strength (UTS) of each thread while mending any 

given tear. However, substituting the thread´s cohesion with an adhesive is a peculiar and 

possibly problematic concept. The aim, therefore, is to find the most appropriate adhesives 

according to the general criteria described by Young (2003). To date there are no 

comprehensive investigations about adhesives suitable for tear mending, which are based on 

scientific standards and statistical evaluations. The aim of this preliminary study is to determine 

the stability of over-lapping joints in a single linen thread. A study by Reuber showed the UTS 

of the joints to be significantly influenced by the adhesive properties, but also by the 

conservator´s dexterity as well as relative humidity (Reuber 2010). In this test series, a highly 

concentrated sturgeon glue solution, mixed to wheat starch paste (SW-mixture), performed very 

well. The starch paste only acts as “filler” and increases the viscosity of the sturgeon glue. A 

further study by Vogel undertook to improve the properties of the SW-mixture by comparing 

different natural and precooked starch products in mixtures with sturgeon glue (Vogel 2010). 

Recent pH-neutral dispersions, based on ethylene vinyl acetate copolymers, were tested as well 

and are still under investigation. 

Another focus of the on-going research was the examination of different thread materials and 

their influence on the choice of adhesive. For instance, no specific adhesive has ever been 

described for the tear mending of Polyamide 6 (PA 6) in conservation literature. Exemplary 

tensile tests were carried out by Nägler with this particular synthetic thread, which is frequently 

used as a textile support in modern art (Nägler 2005). 

Methods for Linen-Tests 

Thread material 
Tests were carried out on single threads, and not on fabric. This was done in order to exclude 
the influence of parameters such as weave structure and crimp. A relatively uniform, new linen 

thread was chosen: Linen LEA 20 raw Nm 12, Nr. 115/2007 (average diameter: approx. 0.27 

mm; thread size: 83 tex; UTS: 32 cN/tex), sized with a negligible amount of cellulose ether 

(possibly sodium carboxy methyl cellulose). 

Tested  adhesives 
All the tested adhesives have been compiled in the following table (see Table 1). The test results 
of the adhesives nos 1-29 are summarized in Test Series 1. Four adhesives (no 11, 16, 17 and 

29) were selected to investigate the conservator´s dexterity on the UTS in Test Series 2. The

influence of humid conditions on the UTS was investigated in Test Series 3 when using the

same four adhesives with different hygroscopic properties. The focus of Test Series 4 was SW- 

mixtures using different wheat starch products (adhesives nos 30-33).
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Table 1. Tested adhesives for linen 

No Product Polymer name 

(Abbreviation) 

Concentration pH Tg 

(°C) 

1 Plextol D360 MMA/BMA/EMA 

dispersion 

as received 

(60% polymer) 

7.5 -8

2 Plextol B500 EA/MMA dispersion as received 

(50% polymer) 

9.5 9 

3 Plextol D540 acrylic dispersion as received 

(50% polymer) 

9.0 29 

4 Plextol D498 acrylic dispersion as received 

(50% polymer) 

9.0 13 

5 Lascaux 498HV (stock) BA/MMA dispersion as received 

(approx. 40% 

polymer) 

8.0-9.0 6 

6 Lascaux 498HV BA/MMA dispersion 70% of the stock 

7 Mowilith DMC2 PVAc dispersion 95% of the stock 4.0-5.0 13 

8 Mowilith DHS S1 PVAc dispersion 85% of the stock 3.5-5.5 38 

9 Mowilith LD167 PVAc dispersion 85% of the stock 5.0-6.0 38 

10 Mowilith D50 (stock) PVAc dispersion as received 

(50% polymer) 

3.0-4.0 38 

11 Mowilith D50 PVAc dispersion 95% of the stock 3.0-4.0 38 

12 Mowilith D50 PVAc 

dispersion 

90% of the stock 3.0-4.0 38 

13 Paraloid B72 EMA/MA resin 100% - 40 

14 Plexigum PQ611 BMA resin 100% - appro 

x. 32

15 Textile Welding Powder Kremer (130- 

133 °C) 

PA 11 100% - - 

16 Lascaux Polyamide Textile Welding 

Powder 5065 (80 °C) 

PA 11 100% - - 

17 UHU plus schnellfest Epoxy resin - - - 

18 BEVA 371, film EVA, ketone resin N, 

paraffin 

100% - - 

19 BEVA Dispersion D-8 EVA, ketone resin N, 

paraffin 

as recieved 4.0-5.0 - 

20 BEVA Dispersion D-8-S EVA, ketone resin N, 

paraffin 

as received 4.0-5.0 - 

21 Evacon-R EVA as received approx. 

6.0-6.5 

- 

EVA / PVAL* 

22 Neutral pH Adhesive, Lineco PVAc as received approx. 

7.0 

- 

EVA 

VAE copolymer / 
PVAL* 

23 Aquazol 500 PEOX 25% - - 
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24 20% Sturgeon glue/ 

12.5 % (and 25%) Aquazol 500 

- ratio 1:1 - - 

25 20% Sturgeon glue/ 

1% JunFunori 

- ratio 1:1 - - 

26 20% Sturgeon glue/ 

1% Tylose MH1000 

- ratio 1:1 - - 

27 Rice starch paste - 10 % - - 

28 Wheat starch paste 1 
(1: Kumetat product) 

- 10 % - - 

29 20% Sturgeon glue/ 

10% Wheat starch paste 1 

(1: Kumetat product) 

- ratio 1:1 5.0-7.0 - 

30 20% Sturgeon glue/ 

10% Wheat starch paste 2 

(2: Kleindorfer product) 

- ratio 1:1 5.0-7.0 

31 20% Sturgeon glue/ 

10% Shin Shofu 

- ratio 1:1 5.0-7.0 - 

32 20% Sturgeon glue/ 

10% precooked wheat starch paste: 

Gaylord, Crester ff, Kremer Wheat starch 

- ratio 1:1 5.0-7.0 - 

33 20% Sturgeon glue/ 

13% precooked wheat starch paste: 

Wheat Paste No. 301, Foodgel, Wetgel f 

- ratio 1:1 5.0-7.0 - 

BA/MMA = butyl acrylate/methyl methacrylate 

BMA = butyl methacrylate 

EA/MMA = ethyl acrylate/ methyl methacrylate 

EMA/MA = ethyl methacrylate/ methacrylate 

EVA = ethylene vinyl acetate 

MMA/BMA/EMA = methyl methacrylate/butyl methacrylate/ethyl methacrylate 

PEOX = poly (2-ethyl-2-oxazoline) 

PA = polyamide 

PVAc = poly(vinyl acetate) 

PVAL = polyvinyl alcohol 

VAE = vinyl acetate ethylene 

(All data collected from technical information sheets, in addition no 21 and 22 *: analysed by Dr. Elisabeth 

Jägers/CICS 2011; pH test data for no 18-33 by the author Vogel) 

Joining  procedure 
A relatively substantial overlap (1 mm) of thread ends, which were cut beforehand, guaranteed a 
definite and controllable length of overlap. All steps of the joining procedure were carried out 

with the help of a stereomicroscope (magnification 20x). Both thread ends were frayed out to a 

length of 1 mm with Weston dental probes. All sturgeon glue containing adhesives were kept 

luke warm at 45 °C in a sand bed during mending. In the case of water-and solvent- based 

adhesives, a small defined droplet of adhesive was applied onto the lower side of the cut with a 

ball end of an insect pin. Fibers of both thread ends were then intermingled. All joints were 

dried for approx. 30 seconds at approx. 40-45 °C with the help of a hot needle (transformer 
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Engelbrecht WZ IV and Minor-hot needle with diagonal tip). The needle was used under gentle 

pressure and with a constantly sliding motion. Acrylic dispersions were dried at approx. 50 °C. 

Instruments for joining can be seen in Figures 1 and 2. Hot-melt adhesives were applied with the 

hot-needle set according to their individual melting temperatures. 

Figure 1: Instruments for tear mending: Weston 

dental probe (top), insect pin (centre) and hot 

needle (bottom) 

Figure 2: Tips of Weston dental probe (top), insect 

pin (centre) and hot needle (bottom) 

In Test Series 1, 10-30 threads per adhesive were joined by one conservator. In Test Series 2, ten 

joints were carried out by seven conservators. In the Test Series 3, 15 joints were tested per 

adhesive and humidity condition by one conservator. Seven conservators worked on Test Series 

4 (10 joints per conservator). 

The joining process and the subsequent drying time (three weeks) occurred at 55 +/- 2% relative 

humidity (RH) and 20 +/- 2 °C temperature, before tensile testing (Test Series 1, 2, and 4). 

Humidification cycles 
In order to study the influence of changing humidity during ageing on the tensile strength of the 
joints in Test Series 3, joint threads were aged with rapid changes of RH. After the first three 
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weeks, the joint linen samples were exposed to short relative humidity cycles (2.5 hours 

changes between 30% and 85% RH) under a constant temperature of 30 °C (conditioning 

cabinet UV 200SB, Weiss Umwelttechnik GmbH) for 43 days (with pre-stressing of 10 g). 

Tensile  testing 
Uniaxial tensile testing was undertaken with the Zwick-universal testing machine (Type Z 

2.5/TN1S, 10 N load cell; clamp length 100 mm; speed: 20 mm/min; 1 gram pre-load) at 55 +/- 
2% RH and 20 +/-2 °C. The results were recorded in cN (1 cN = 0.01 N). 

The aged samples of Test Series 3 were also tested under a dry condition of 40% RH and 20 +/- 

2 °C (after a precondition at 25% RH for 72 hours) and under high humidity of 75% (after 

preconditioning at 93% for 72 hours). 

For the comparative investigation of wheat starch products the SW-joints were tested at 55 +/- 

2% RH (Test Series 4). The natural wheat starch 2 and the precooked product Foodgel, mixed 

with 20% sturgeon glue, were also tested at 72 +/- 2% RH after 3 weeks of drying and after 

preconditioning at 72% for 72 hours directly before testing. 

Methods for PA 6-Tests 

Thread material 
For bonding tests, new non-contorted Polyamide PA 6 yarn Enkalon 540 T (940dtex) was used. 
The thread consisted of 132 filaments. 

Tested  adhesives 
All adhesives used to join PA 6 yarns of Test Series 5 are listed in the following table (see 
Table 2). 

Table 2. Tested adhesives for Polyamide 6 

Product Polymer name 

(Abbreviation) 

Concentration pH Tg (°C) 

Araldite AY103/ HY991 epoxy resin - - 83 

Mowilith DMC2 PVAc dispersion as received 

(55% polymer) 

4.0-5.0 13 

Paraloid B72 
(in Toluene) 

EMA/MA solution 33% - 40 

Alberdink U325 PUR dispersion as received 

(39–41% polymer) 

7.5-9.5 - 

Primal AC33 EA/MMA 

dispersion 

as received 

(46-47% polymer) 

8.5-9.1 16 

Lascaux 360HV/ 

Lascaux 498HV 

BA/MMA dispersion ratio 1:1 8.0-9.0 -8/13

20% Sturgeon glue/ 

13% Wheat starch paste 1 

(1: Kumetat product) 

- ratio1:1 - - 
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Regalrez 1094 
(2% Tinuvin 292) 

(in Naphta 60-95 °C) 

hydrogenated hydrocarbon 
resin 

60% 33.0 

Klucel GF (in Ethanol) HPC 3.8% - - 

Methocel A4M (in water) MC 2.9% - - 

BA/MMA = butyl acrylate/methyl methacrylate 

EA/MMA = ethyl acrylate/methyl methacrylate 

EMA/MA = ethyl methacrylate/methacrylate 

PVAc = poly(vinyl acetate) 

PUR = polyurethane 

(All data collected from technical information sheets) 

Joining  procedure 
The procedural method conformed to the joining procedure, described above, under methods for 
linen-tests. Ten joints per adhesive were carried out by one single conservator. 

Tensile  testing 
For the uniaxial tensile test a Zwick-universal testing machine (Type Z 2.5/TN1S, 10N load 
cell; clamp length 150mm; speed: 20mm/min; 1.5 gram pre-load) was used at 46 +/- 2% RH 

and 18 +/- 2 °C. 

Results 

For the discussion of the results of the tensile testing Arithmetic average (AA), Standard 

deviation (SD) and Coefficient of variation (CV) are used. They are defined as follows: 

Arithmetic average (AA): The arithmetic average (arithmetic mean) is a common method to 

derive the central tendency of a data set (sample space). It is defined as the quotient of the sum 

of data and the number of data. 

Standard deviation (SD): The standard deviation shows the variation from the average 

(arithmetic mean). A low standard deviation indicates that the data points tend to be very close 

to the average, whereas high standard deviation indicates that the data are spread out over a 

large range of values. 

Coefficient of variation (CV): The coefficient of variation is defined as the ratio of the standard 

deviation to the arithmetic average (mean) of the data values. It is expressed as a percentage and 

therefore used for the comparability of results. 

Test Series 1: Linen  - Ultimate tensile strength 
During the tensile testing, all joined threads tore directly in the joint. Therefore all results can be 
attributed to the adhesives properties. Overall, the UTS of all joints proved poorer than the test 

thread itself. The average UTS of the linen thread came out at 2143 cN (coefficient of variation: 
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19%). There were only a few exceptions to this pattern; all produced by Lineco, which proved 

significantly stronger in some samples (see Figure 3 and Table 3). 

Joints with acrylic dispersions, common Plextol-types, showed a very poor ultimate tensile 

strength. It would seem that the higher the Tg value, the higher the UTS. Therefore the Plextol 

D 540 (with its relatively high Tg of 29 °C) proved the best performer in its group. 

All PVAc joints have a relatively high UTS, but not all joints have a significantly improved bond 

strength when compared with SW-mixtures. This tendency has already been observed by Heiber 

(1996). The best performer was Mowilith D50. The results can be explained with different Tg 

values. Joints with Mowilith DMC2 had the poorest UTS, due to their low Tg value of 13 °C. 

The three other test products have a Tg of approx. 38 °C. Furthermore, it is assumed that other 

parameters have an effect on the joint´s UTS: for example solid content, penetration behavior 

between the fibers, varying drying times of the dispersion and their influence on the workability. 

Only one epoxy resin was tested, a product named ‘UHU plus schnellfest’. The UTS of the 

epoxy resin joints was only moderate, even though epoxy resins are generally very strong 

adhesives. Some sturgeon glue mixtures and PVAc products performed notably better than this 

resin. Moreover, the joints broke at the interface between the adhesive and the yarn. The 

relatively low UTS of epoxy resin joints might be explained by the adhesive setting without 

pressure, leading to a greater distance between the fibers and a reduced fiber intermingling. 

The joints of the hot-melt adhesives showed relatively poor UTS values. The best results were 

achieved using Lascaux Polyamide Welding Powder 5065, which has a melting point of 80 °C. 

The melting point of the polyamide powder, supplied by Kremer, is approx. 130 °C. It was 

difficult to reach this high temperature with the hot needle. The result was a low penetration 

between the fibers and an extremely poor UTS. 

The two acrylic resins Paraloid B72 and Plexigum PQ611 gave results comparable to acrylic 

dispersions. 

The modern wax/resin adhesive BEVA 371 was tested as a melted mass. The adhesive appeared 

to be too weak to be useful in tear mending. Joints with two different BEVA dispersions (D-8 

and D-8-S, sold by different suppliers) showed a moderate UTS such as Lascaux Polyamide 

Textile Welding Powder 5065 (melting point of 80 °C). The pH-neutral dispersions such as 

Evacon-R and Lineco performed very well in all tests, with extremely high values in the case of 

the Lineco joints. 

The UTS of joints with 10% starch pastes of rice and wheat was too poor for thread-by-thread 

tear mending. By contrast, joints with 20% sturgeon glue, mixed with 10% wheat starch paste 

(wheat starch 1: starch sold by Kumetat) in the ratio 1:1, gave a high UTS. This result was 

significantly higher than those made of other sturgeon glue modifications, e.g. Tylose MH 

1000. Interestingly, the values seemed to rise, when no hot needle was used. However, to set the 

thread ends in the desired position more quickly, an accelerated drying process at a higher 

temperature of around 40 °C was necessary. This positive result of the Test Series 1 confirms 
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the findings of Heiber, who recommended this particular mixture of 20% sturgeon glue, mixed 

with 10% wheat starch paste (no 29) for tear mending (Heiber 2003). 
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Figure 3. Linen - Ultimate tensile strength (arithmetic average and standard deviation) of different adhesives 

Table 3. Linen - Ultimate tensile strength (arithmetic average, standard deviation and coefficient of variation) of 

different adhesives 

Adhesive Arithmetic 
average 

(cN) 

Standard 
deviation 

(cN) 

Coefficient of 
variation (%) 

Plextol D360 121 38 31 

Plextol B500 221 57 26 

250



Proceedings of Symposium 2011  – Adhesives and Consolidants for Conservation 

Plextol D540 343 126 37 

Plextol D498 273 59 22 

Plextol D498 (45 °C) 204 41 20 

Plextol D498 (70%) 202 38 19 

Lascaux 498HV 287 84 29 

Lascaux 498HV (70%) 131 34 26 

Mowilith DMC2 (95%) 626 136 22 

Mowilith LD167 (85%) 628 188 30 

Mowilith DHS (85%) 771 362 47 

Mowilith D50 (95%) 1069 443 41 

Mowilith D50 1299 378 29 

Mowilith D50 (95% - 75 °C) 1201 470 39 

Mowilith D50 (90%) 914 275 30 

Epoxy resin UHU plus schnellfest 797 282 35 

Polyamide Kremer 193 69 36 

Polyamide Lascaux 5065 428 134 31 

Paraloid B72 285 122 43 

Plexigum PQ611 179 66 37 

BEVA 371 film 154 65 42 

BEVA D-8 453 152 34 

BEVA D-8-S 503 95 19 

Neutral pH Adhesive, Lineco 1589 434 27 

Evacon-R 1155 346 30 

Aquazol 500 418 114 27 

Aquazol 500 (12,5%)-Sturgeon glue 275 136 50 

Aquazol 500 (25%)-Sturgeon glue 340 114 32 

Tylose MH 1000-Sturgeon glue 506 170 34 

JunFunori-Sturgeon glue 538 149 28 

Rice starch 143 73 51 
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Rice starch-Sturgeon glue 712 368 52 

Wheat starch 1 159 54 34 

Wheat starch 1-Sturgeon glue 854 291 34 

Wheat starch 1-Sturgeon glue (cold) 956 322 34 

Wheat starch 2-Sturgeon glue 915 228 31 

Shin Shofu-Sturgeon glue 825 187 23 

Gaylord-Sturgeon glue 935 336 36 

Wheat Paste No. 301-Sturgeon glue 1158 360 31 

Foodgel-Sturgeon glue 1215 441 36 

Wetgel f-Sturgeon glue 794 361 45 

Crester ff-Sturgeon glue 849 339 40 

Kremer Wheat starch-Sturgeon glue 505 151 30 

Test Series 2: Linen  - Ultimate tensile strength and dexterity 
In this Test Series further investigations were carried out on four selected adhesives, which had 
been the best performers in Test Series 1. At that stage the strong adhesives Lineco and Evacon- 

R, which are described in Test Series 1, were not taken into account. Seven conservators (P1- P7) 

joined threads with the SW1-mixture, Mowilith D50, Polyamide 5065 and UHU plus. Notably, 

the average UTS values of all adhesives vary significantly (see Figure 4). These differences 

could be explained by the dexterity of the conservator. Despite giving precise instructions about 

the joining process, e.g. intermingling and handling the material during the drying time, 

subjective decisions and individual skills are almost impossible to avoid. The influence of the 

conservator´s training and intuition on the UTS became evident. Even small manipulations had a 

significant influence on the UTS. However, the average UTS values of the joints, done by the 

seven conservators (P1-P7), were similar to the results of the Test Series 1, carried out by another 

conservator (P0). This comparison indicates that the values of the First Series (P0) provide an 

approximation to an average value. 
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Figure 4. Linen - Ultimate tensile strength (arithmetic average and standard deviation) 

of four selected adhesives and eight conservators 

Test Series 3: Linen  - Ultimate tensile strength at different RH after 

changing humidity exposure 
After exposing tensioned joined threads to changing humidity, the values of the SW1-mixture, 
Mowilith D50 and UHU plus were only slightly lower than those which had not undergone 

climate exposure (see Figure 5). The decrease of the UTS of the SW1-mixture joints could be 

explained by a decreasing stiffness of the adhesive: The water absorption causes a reduction in 

cohesion. PVAc shows similar results. Many parameters such as relaxation, cold flow or 

surfactants could have an influence on the reduction. Polyamide 5065 showed the opposite 

behavior and higher values after the climate change exposure. However, more testing is needed 

to verify this. 
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Surprisingly the SW1-mixture joints showed the least change in UTS, tested under high 

humidity. Even though the Tg of animal glue decreases under high RH, the humidity resistance 

was much higher than expected. PVAc joints showed a significant drop in the ultimate tensile 

strength. The UTS of polyamide joints was the lowest of all. The epoxy resin joints proved to 

have an insufficient strength for application in humid environments. In general, the drier test 

condition led to a considerable increase of the UTS. Polyamide 5065 joints, however, showed a 

different behavior, as the UTS seemed to decrease under damp and dry conditions. 
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Figure 5. Linen - Ultimate tensile strength (arithmetic average and standard deviation) of four selected adhesives: 

tested at 55% RH without changing humidity exposure, after changing humidity exposure, tested at normal (55% 

RH), high humidity (75% RH) and under dry condition (40% RH) 
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Test Series 4: Linen  - Natural and modified wheat starch 
The approach of this test series was seeking to improve the qualities of the commonly-used 
SW1-mixture, a recipe developed by Heiber (2003). The quality of the wheat starch paste varied 

significantly depending on the method of preparation. The wheat starch paste should be 

prepared from scratch and mixed with the sturgeon glue daily. However, it is difficult to 

produce the necessarily small amounts of a homogeneous paste. Test results of 20% sturgeon 

glue mixed with 10% wheat starch pastes (except 13% Foodgel) clearly highlighted the 

importance of using a homogeneous mixture (see Figure 6). Lumps in all wheat starch pastes 

had a negative effect on the UTS of the tested joints. 
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Figure 6. Linen - Ultimate tensile strength (arithmetic average and standard deviation) of homogeneous and 

inhomogeneous sturgeon glue-wheat starch mixtures (two natural and five precooked products) in comparison 
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Two natural wheat starches (W2: European product of Kleindorfer and Shin Shofu) and five 

different precooked wheat starches were investigated. Precooked wheat starches are not 

chemically changed. During the manufacturing process only the physical shape and condition of 

the wheat starch granules have been modified. As a result they are swellable in cold-water, in 

contrast to natural wheat starch (also called native wheat starch). Modified wheat starches have 

a high level of purity according to references. They also have the advantage of a fast and easy 

preparation. In Test Series 4 the starch powder was added to the water and stirred thoroughly 

with a kitchen hand mixer to allow an optimal dispersion. After approx. 2 minutes of swelling 

(except Foodgel which needed 15 minutes), the paste was passed through a thick nylon stocking 

(60 denier) twice. The result was a smooth and lumpless consistency. 

Apart from tensile testing (see Figure 1), the workability and optical qualities after drying were 

examined. A survey of the properties indicated two products of precooked starches as appropriate 

alternatives to the commonly used wheat starches. The joints using Wheat Paste No. 

301 or Foodgel, mixed to sturgeon glue, showed similar UTS results to those joined with 

Mowilith D50. Sturgeon glue mixtures with these two 13% wheat starch pastes were the best 

performers in test, followed by the 10% Gaylord paste mixture. Despite their relatively high 

viscosity, these three mixtures led to a sufficient wetting of the fibers. In addition, good initial 

setting (high tack) in combination with a short drying time enabled an efficient joining process. 

Only minimal color changes and gloss were observed on the surface of the joints after drying. 

Heiber had already described the addition of 13% natural wheat starch paste in his initial 

publication (Heiber 1996). According to the results of Test Series 4, the higher solid content of 

wheat starch paste seems to improve the UTS of the joints. Due to a low viscosity, long drying 

time without an initial setting and discoloration the products Wetgel f (13%), Crester ff (10%) 

and Kremer wheat starch (10%) showed less acceptable results. To a certain extent, it is possible 

to adjust the speed of drying and the penetration of the mixture to the condition of the threads, 

thus allowing more precise aligning of the fibers. Small variations of the starch 

concentration (10-13%) or an increase in the sturgeon glue content (ratio higher than 1:1) might 

be considered. 

Tested under higher humidity (72% RH), the UTS values (arithmetic average values) of joints 

with sturgeon glue mixed with Wheat starch 2 were 11% lower than the examples tested in a 

normal climate at 55% RH, and 26 % lower in the case of the Foodgel mixture. A similar 

tendency was observed in Test Series 3 (Reuber 2010). The decreasing strength of hygroscopic 

mixtures may be attributed to a decreasing Tg value in high humidity (Horie 2010). The 

relatively small difference in the UTS between 55% and 72% RH could be explained by an 

increasing tackiness and a high affinity to the cellulose. 

Test Series 5: Polyamide 6 
During the testing process, 10 different adhesives were compared (see Figure 7 and Table 4). 
The choice of adhesives followed industrial recommendations for PA 6 (e.g. epoxy resin, PUR 

dispersion) and conservation guidelines in relation to the reversibility and aging properties of 

adhesives. Again, as all threads tore precisely at the joint, the results could be evaluated as 

properties of the adhesives. The highest UTS was reached with an epoxy resin (Araldite AY 

103/HY 991), followed by a PVAc dispersion (Mowilith DMC2). In the middle range, we find 

the acrylic Paraloid B72, two acrylic dispersions (Primal AC33 and a mixture of Lascaux 
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360HV + 498HV), and a PUR dispersion (Alberdingk U325). Less stable joints were achieved 

by a SW1-mixture, Regalrez 1094, Klucel GF and Methocel A4M. 
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Figure 7. Polyamide 6 - Ultimate tensile strength (arithmetic average and standard deviation) 

of different adhesives 

Table 4. Polyamide 6 - Ultimate tensile strength (arithmetic average, standard deviation and coefficient of 

variation) of different adhesives 

Adhesive Arithmetic 

average 

(cN) 

Standard 

deviation 

(cN) 

Coefficient of 

variation (%) 

Araldite AY 103/HY 991 894 201 22 

Mowilith DMC2 864 239 28 

Paraloid B72 574 122 21 

257



Proceedings of Symposium 2011  – Adhesives and Consolidants for Conservation 

Alberdingk U325 468 91 19 

Primal AC33 402 85 21 

Lascaux 360HV/Lascaux 498HV 377 59 16 

Sturgeon glue-Wheat starch paste 1 211 78 37 

Regalrez 1094 (2% Tinuvin 292) 100 25 25 

Klucel GF 40 18 45 

Methocel A4M 35 13 37 

Discussion 

Coefficients of variation (CV) between 19-52% were recorded in the Linen-tests, similar to the 

Polyamide PA 6-test values. All standard deviations were relatively high. Apart from the 

varying yarn strength (CV: 19%), the reasons for this can probably be found in minor changes 

in quantities of adhesive, in the intermingling of fibers as well as to the pressure applied during 

joining. 

Linen 
For linen, the most suitable adhesives, as far as UTS is concerned, were 20% sturgeon glue 
mixed with 13% starch pastes (Foodgel and Wheat Paste No. 301), Lineco, Evacon-R and 

Mowilith D50. So far, the two SW-mixtures remain the best performers according to the test 

results. Their advantages could be summarized as follows: a high UTS of joints caused by a 

good wetting of the fibers and penetration into the threads. These mixtures have a moderate 

viscosity, a relatively high solid content, a sufficient adhesion and cohesion and an expected 

high Tg value of approx. 40 °C at normal room climate (Horie 2010), which avoids creep under 

continuous load. They also showed a relatively good resistance to climate changes and high 

humidity. Their reversibility in warm water enables a re-opening of the joint and allows repeated 

attempts during the joining process and in the future. Other positive properties were their 

compatibility with other different adhesives, the neutral pH value and their positive visual 

properties (no darkening or gloss – nearly invisible). Finally their good workability can be 

attributed to adequate water content and a sufficient working time, which allow for precision 

work in the aligning of the fibers thread ends. Furthermore, they offer a fast initial setting as 

well as an appropriate drying time. 

Mixtures of precooked starch products and sturgeon glue were able to result in bonds of a 

consistent high quality. This was due to the easy and reproducible paste preparation as well as 

their positive working properties in combination with sturgeon glue. 

The pH-neutral dispersions Evacon-R and Lineco produced promising test results, due to high 

UTS of their joints, good handling and adequate working time. Their swellability in cold water 

is yet another advantage in terms of the reversibility. Their chemical compositions, response to 
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changing humidity and ageing properties need to be examined in detail, before they can be 

recommended for the use in tear mending. 

For a complete understanding of the results one further fact should be pointed out. The UTS is 

an important parameter, it is but one among many others. The following underlines this 

complexity. 

Visual appearance: JunFunori might be considered as a useful substitute for wheat starch in the 

sturgeon glue mixture, even though it may not be the best UTS performer. Joints made with this 

mixture appear almost invisible, due to its excellent optical properties. 

Length and type of joint: Generally, it is rare to find an overlap of 1 mm in torn canvas 

paintings. An overlap of approx. 0.3-0.5 mm is more realistic (Heiber 1996). Furthermore, the 

type of joining has an influence on the strength of the joint. Due to the lack of fiber 

intermingling, epoxy resin UHU plus performed only moderately well in tests, but may well be 

considered a strong and useful adhesive for butt joints (Heiber 2003). 

Thread material: Epoxy resin was the best performer of tensile tests with polyester yarn (Plötz 

2002) and wax-impregnated linen threads (Plötz 2003). 

Long-term behavior: The testing did not investigate the long-term behavior under a constant 

load or changing tension. 

Tear mending: The UTS of joined single threads cannot be directly transferred onto mended 

tears. The comparison of joined threads and thread-by-thread mended tears in a fabric still has 

to be carried out in further tests. This remains the only way to apply the test results to the reality 

of torn paintings. 

Polyamide 6 
As a result of the tensile tests, a range of suitable adhesives for new PA 6 thread were revealed. 
The evaluation of adhesives should also take into consideration the aging of PA 6 and the 

associated embrittlement. According to its degradation, a PA6 thread sample from the early 

1960´s had a low UTS of 552 cN. Thus this value presents the maximum ultimate tensile strength 

for aged PA 6. Considering this maximum limit as well as the working properties and the 

appearance of the joints, there were just three adhesives of interest: Primal AC33, the Lascaux-

mixture and the SW1-mixture. All acrylic dispersions showed a similar performance in tensile 

testing. The Lascaux mixture with its high butyl acrylate fraction has a high tendency to form 

cross-links. Adversely, the more stable ethyl methyl methacrylate Primal AC33 guarantees 

solubility even after longer aging periods and therefore should be preferred in conservation. 

Adversely Primal AC33 generates an acid pH value of 3.71 (Down et al. 1996) after long light 

aging. A low pH adhesive is a risk, because PA 6 is soluble in strong acids. The joints with the 

SW1-mixture had a lower UTS than the acrylic dispersions joints. Therefore this mixture should 

be used for very brittle PA 6 threads. In addition to a very good solubility, it offers better optical 

properties than the acrylic dispersions. 
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Conclusion 

The aim of this study is to move towards a consensus about the preferred adhesives for tear 

mending in linen and PA 6. The investigations have shown that adhesive, original thread and 

type of joint have to be matched precisely, to optimize tear mending in paintings. No adhesive 

could reach the UTS of either new linen (except Lineco), nor new PA 6 thread. For linen, the 

mixtures of 20% sturgeon glue and 13% precooked wheat starch paste - especially Wheat Paste 

No. 301 and Foodgel - were the best performers in the overall evaluation. The pH-neutral 

dispersions Lineco and Evacon-R (based on ethylene vinyl acetate copolymers), have a high 

potential, although further material testing is essential before their introduction in painting 

conservation. The investigation also revealed two adhesives for aged PA 6 thread with general 

good tear mending properties. According to the UTS results the use of Primal AC33 was the 

best compromise. 
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Materials and Suppliers 

Adhesives 

Alberdingk U 325: Alberdingk Boley  GmbH, www.alberdingk-boley.de 

Aquazol  500, Araldite AY 103/HY 991, Klucel  GF, JunFunori, Lascaux  360  HV, Lascaux  498  HV, Lascaux  Polyamide 

Textile Welding Powder 5065, Methocel A4M, Mowilith DMC2, Paraloid B72, Plexigum PG611, Plextol B500, Plextol 

D498, Primal AC 33, Regalrez 1094, Rice starch, Salianski Sturgeon Glue (isinglass), Tinuvin 292, 

Textilschweißpulver (Textile Welding Powder): Kremer Pigmente, www.kremer-pigmente.de 

Beva D-8, Wheat Paste No. 301: Talas, www.talasonline.com 

Beva D-8-S: C.T.S. S.r.l Altavilla Vincentina, www.ctseurope.com 

Crester ff, Foodgel, Wetgel f: Kröner Stärke, Hermann Kröner GmbH, www.kroener-staerke.de 

Evacon-R: Conservation By Design, www.conservation-by-design.co.uk 

Gaylord: Gaylord, www.gaylord.com (Monochrom, www.monochrom.com) 

Shin  Shofu, Wheat starch 2: Kleindorfer, www.gmw-gabikleindorfer.de 

Mowilith D50, Mowilith DHS S1, Mowilith LD167: Celanese  Emulsions GmbH, www.celanese.com 

Neutral pH Adhesive: Lineco, www.lineco.com (Preservation Equipment Ltd, www.preservationequipment.com) 

Plextol D360, Tylose  MH1000: Deffner&Johann, www.deffner-johann.de 

Plextol D540: Polymer Latex, www.polymerlatex.com 

Wheat starch 1: Kumetat, www.kumetat-rpk.de 

UHU plus  schnellfest: UHU GmbH, www.uhu.de (Bauhaus, www.bauhaus.de) 

Yarn materials 

Linen  yarn: H.D. Textil Trade GmbH, Volksgartenstrasse 85-89, 41065 Mönchengladbach, Germany 

Enkalon 540  T (940dtex): Polyamide High  Performance GmbH, www.polyamide-hp.com 

Instruments 

Insect pin 000  (0.25 mm, “Sphinx”, black  enamelled): Ehlert & Partner GbR, www.ehlert-partner.de 

Weston dental explorer, double ended, cork screw: AF - Medical  GmbH, www.af-medical.com 

Transformer Engelbrecht WZ IV and Minor-hot needle: Deffner&Johann, www.deffner-johann.de 
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Lining and Consolidating Adhesives: 
Some New Developments and Areas of 

Future Research 
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Robert Proctor, Bertrand Lavédrine, and E. René de la Rie 
(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

This paper focuses on the light aging properties of heat-seal lining adhesives when used as 
solution-delivered consolidants, an investigation that is the first phase of a long-term research 
project. Because adhesives may yellow, discolouration related to aging is an important factor to 
consider when using adhesives as consolidants. 

The lining adhesive BEVA 371 is sometimes used for consolidation despite the fact that its 
photochemical stability does not appear to have been evaluated during its initial testing. In our 
work, BEVA 371 and 371b, along with alternative formulations with components that have been 
sourced or synthesized, are in the process of being evaluated qualitatively for their activation 
behaviour and analytically for their photochemical stability. The alternative tackifiers being 
considered are urea-aldehyde and hydrogenated hydrocarbon resins. These have low molecular 
weight and high glass transition temperatures (Tg), and offer improved photochemical 
resistance compared to the ketone resins found in the two BEVAs. Alternatives for other 
components, such as amorphous polyolefins and low Tg resins (which affect cohesion), are also 
being tested. Experimental formulations have been tested in accelerated light aging experiments 
and are being evaluated using Fourier transform infrared spectroscopy and solvent removability 

tests. Finally, synthesis of an ethylene vinyl acetate (EVAc) vinyl versatate (VVe) terpolymer is 
shown as a way to offer improved resistance to hydrolysis over EVAc copolymers used in 
conservation materials. 

Titre et Résumé 

Adhésifs pour le rentoilage et la consolidation : nouveautés et 

futures avenues de recherche 

Le présent article porte principalement sur les propriétés relatives au vieillissement à la lumière 
d’adhésifs de rentoilage thermocollants qui sont employés comme agent de consolidation 
appliqué en solution. L’étude constitue la première phase d’un projet de recherche à long terme. 
Comme les adhésifs peuvent subir un jaunissement au fil du temps, l’altération de la couleur par 
vieillissement est un élément dont il faut toujours tenir compte lorsque des adhésifs servent 
d’agent de consolidation. 

L’adhésif de rentoilage BEVA 371 est parfois utilisé pour des travaux de consolidation, et ce, 
même si sa stabilité photochimique ne semble pas avoir fait l’objet d’évaluation lors de sa mise 
à l’essai initiale. Dans le cadre de nos travaux, le BEVA 371 et le BEVA 371b, de même que des 
formulations de substitution qui ont été acquises ou synthétisées, font présentement l’objet 
d’évaluations qualitatives, afin de déterminer leur comportement d’activation, et d’analyses qui 
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visent à établir leur stabilité photochimique. Les agents poisseux de substitution étudiés sont des 
résines à base d’urée-aldéhyde et d’hydrocarbure hydrogéné. Ces produits, qui ont un bas poids 
moléculaire et des températures de transition vitreuse (Tg) élevées, possèdent une meilleure 
résistance à la dégradation photochimique que les résines cétoniques présentes dans les deux 
adhésifs BEVA. Des essais sont aussi réalisés sur des produits de remplacement pour d’autres 
composants, par exemple des polyoléfines amorphes et des résines à bas Tg (qui influent sur la 
cohésion). Des formulations expérimentales ont été mises à l’épreuve dans le cadre 
d’expériences de vieillissement accéléré à la lumière et leur état final est évalué par 
spectroscopie infrarouge à transformée de Fourier et à l’aide d’essais d’enlèvement au moyen 
d’un solvant. Finalement, des données indiquent que la synthèse d’un terpolymère à base de 
copolymère d’acétate de vinyle et d’éthylène (EVAc) et de versatate de vinyle (Vve) constitue un 
moyen d’obtenir un produit ayant une résistance accrue à l’hydrolyse, par rapport aux 
copolymères du type EVAc présents dans les matériaux utilisés en restauration. 

Introduction 

This new research initiative aims at developing new adhesives and consolidants for the 

conservation field. Despite a number of important publications on this subject (Brommelle 

1984; Down 1996; Down 2003; CESMAR7 2008; Ambers 2009; CESMAR7 2009), a need 

remains for the development and testing of new products. In this phase of the research we are 

focusing on designing a light-stable heat-seal adhesive by drawing from new materials 

developed after 1970 when heat-seal adhesives were first introduced to the conservation field. 

Our team includes museums that reflect a broad variety of fine art collections and academic 

institutions experienced in polymer synthesis and characterisation. We also have integrated into 

this research conservators to help provide feedback as the investigation proceeds. Examples of 

feedback include solvent recommendations, thoughts on thermal reactivation conditions, and a 

preliminary qualitative assessment of acceptable adhesive strength for test formulations. This 

feedback will help guide more thorough analytical characterisation and development of 

adhesives that will be the subject of future publications. 

Heat-activated lining adhesives based on poly(ethylene vinyl acetate) (EVAc) copolymers were 

first developed for conservation applications in the early 1970s by Berger (Berger 1972a), a 

decade after the copolymer was first developed commercially (Domine 1977; Satas 1999, p. 

399), and marketed under the trade name BEVA® 371. The three classes of compounds in 

BEVA are EVAc copolymers, a paraffin wax, and tackifier resins. They are distinctly different 

classes of compounds and our research is considering recent developments for each and will be 

described below. The EVAc is a semicrystalline thermoplastic copolymer, the wax is a 

semicrystalline mixture of long-chain hydrocarbons, and the tackifiers are amorphous low 

molecular weight oligomers. The tackifier resins used in BEVA 371 were Laropal® K80 

(BASF), a high glass transition temperature (Tg) ketone resin, and a small quantity of low Tg 

tackifier resin, Cellolyn™ 21 (Eastman), a phthalate ester of hydroabietyl alcohol. To prevent 

excessive flow, the crystalline components remain in the solid state at the activation 

temperature (below the melting point temperature) and since the crystalline portions of the 

polymers and the wax have not melted, the system can be thought of as a dispersion as long as 

the crystalline phase, evident by the opaque appearance, remains intact. For activation of the 

solvent-cast consolidant, joints can be set by heat if the bulk of the solvent is allowed to first 

evaporate. The benefit of this approach is that a short time later, after the join has cooled, the 

pressure can be released. When activation of the bond is accomplished by solvent evaporation, 

much longer times are required for the joint to set. 
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Light stability testing does not appear to have been part of the original evaluation process for 

BEVA 371, possibly because a study indicated that wax interfered with the light-induced cross- 

linking of EVAc copolymers (Feller 1970). Nevertheless, it was suggested as a consolidant 

early on (Berger 1970; Berger 1971; Berger 1972b). In a 1994 (Stoner 1994) survey of 

paintings conservators BEVA 371 was found to be the most commonly used lining adhesive 

and a 2001 questionnaire found that BEVA 371 was the most commonly used synthetic 

consolidant (Ackroyd 2002) despite the fact that a few years earlier aging studies indicated that 

it was found to yellow when exposed to light (Down 1996). In 2010, after production of Laropal 

K80 was discontinued, BEVA 371 was produced with a different ketone tackifier and renamed 

BEVA 371b (Chludzinski 2011). 

In the last twenty years a number of developments have occurred to suggest alternative 

materials may be more suitable for heat-seal type adhesives that are light-stable. In 1989 

Laropal K80 was shown to oxidize during light ageing leading to embrittlement and solubility 

changes, and yellow upon subsequent heat ageing in the dark (de la Rie 1989). A following 

paper discussed more stable commercially available alternatives to Laropal K80 for use in 

varnishes (de la Rie 1990).  All of these resins are low molecular weight high Tg resins and are 

classified as gloss modifiers in coatings applications and tackifying resins to adhesive 

formulators (McGlinchey 1990); some are hydrogenated hydrocarbon resins and others are urea 

aldehyde resins. With respect to the polymer component of heat-seals, there are two 

advancements that can be considered: first, commercially available amorphous polyolefins 

which are semicrystalline copolymers of polyethylene (PE) and polypropylene (PP) and second, 

chemical modification of vinyl acetates (VAc) to a copolymer that is chemically more resistant 

to deterioration. With regards to the latter, it has been shown that vinyl acetate (VAc) 

dispersions are resistant to hydrolytic degradation without any major alterations of physical 

properties when a small percentage of the acetate groups are converted to the more hydrophobic 

vinyl versatate (VVe) group (Smith 1993). The same concept is being considered for EVAc 

copolymers by making EVAcVVe terpolymers. The influence these more recently developed 

oligomers, waxes, and polymers have on the behaviour of heat-seal adhesives is the subject of 

this paper. 

Experimental Methods 

In this study, scientific analysis falls into two categories. First: evaluating BEVA 371 and 371b 

and test formulations based on commercial products currently available, and second: synthesis 

of polymers that are not currently available but may offer improved chemical stability and 

solubility properties. The test formulations were prepared utilizing EVAc copolymers- Elvax 

150 (Dupont) and  A-C™ 400 (Honeywell), a urea aldehyde resin- Laropal® A81 (BASF) and a 

hydrogenated hydrocarbon resin- Regalrez™ 1085 (Eastman) as tackifiers, an amorphous 

polyolefin (APO) copolymer of PE and PP- Eastoflex™ 1060 (Eastman) as a wax substitute, 

and Regalrez™ 1018 (Eastman), a low molecular weight low Tg resin. The individual 

components and their concentrations in the test formulations (samples A-H) are shown in Table 

1. The EVAc-VVe terpolymer synthesis is described below and illustrated in Figure 1.
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Heat-seal Formulations with Commercially Available Materials 

Test adhesive sample preparation 

Components requiring aromatic solvents were dissolved in TS-28 (Shell) and other components 

were dissolved separately in Mineral Spirits 135 (Shell). After both dissolved, the latter solution 

was added to the former. To help facilitate homogeneity, samples were warmed in a water bath 

to temperatures between 40
o
C and 70

o
C as needed. The amount of solvent used was 2x the

weight of solids. 

Eight different test formulations (A – H) were prepared and multiple sets of each formulation, 

along with BEVA 371 (sample I) and BEVA 371b (sample J), were cast onto microscope slides 

for testing and characterisation. Comments regarding the thermal activation of the unaged test 

formulation samples are shown in the second column of Table 1; they were tested for their 

thermal activation conditions relative to those suitable for activation of BEVA 371 (62
o
C +/-

2
o
C). BEVA 371b was not studied by this method, but previous tests have indicated that the two

BEVAs have similar activation temperatures. Tests were carried out as follows: a heated spatula 

was warmed to 62
o
C +/- 2

o
C and brought in contact with the adhesive and tested for tack by feel

and visual examination. Only after all samples had been tested under these conditions was the 

spatula reset to higher temperatures and the unaffected samples revaluated. 

Table 1: Experimental formulations with qualitative assessment of the dried films when pressed with a tacking iron 

set at 62
o
C ± 2°C. 

Sample 

Feel at 62oC ±2o C Components and weight percentage in formulations 

EVA copolymers Tackifiers ‘Waxes’ 

A little effect Elvax™ 150- 46.1% 

A-C™ 400- 19.2%

Laropal® A81- 24.4% 

Cellolyn™ 21- 2.6% 

Multiwax® 

W-835- 7.7%

B very little effect Elvax 150- 47.6% 

A-C 400- 19.9%

Laropal A81- 25.1% 

Regalrez™ 1018- 0.8% 

Multiwax 

W-835- 6.6%

C weak tack Elvax 150- 43.1% 
A-C 400- 17.9%

Regalrez™ 1085- 32.3% 
Regalrez 1018- 0.7% 

Multiwax 

W-835- 6.0%

D good tack Elvax 150- 38.5% 
A-C 400- 16.0%

Regalrez 1085- 28.9% 
Regalrez 1018- 0.6% 

Eastoflex™ 1060- 16.0% 

E little effect Elvax 150- 27.3% Laropal A81- 18.1% 

Regalrez 1085- 27.3% 

Eastoflex 1060- 27.3% 

F easily activated Elvax 150- 38.7% 
AC 400- 16.2% 

Regalrez 1085- 29.0% Eastoflex 1060- 16.1% 

G easily activated Elvax 150- 42.4% 

A-C 400- 17.6%

Laropal A81- 22.4% Eastoflex 1060- 17.6% 

H easily activated Elvax 150- 37.6% 
A-C 400- 15.6%

Laropal A81- 15.6% 
Regalrez 1085- 15.6% 

Eastoflex 1060- 15.6% 
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Transmitted polarized light microscopy (PLM) 

A programmable hot-stage (Linkam model LTS 350) was used to characterise and observe the 

melting behaviour of the unaged experimental formulations and BEVA 371 and 371b. The 

adhesives were heated at 10
o
C/min and held at 65

o
C for 10 minutes then heated to 80

o
C and

cooled. 

Accelerated photo-ageing 

Samples A-H, BEVA 371, and BEVA 371b were light aged. Four sets of the ten different 
formulations were placed in the xenon arc Weather-ometer (Atlas) at approximately two-week 
intervals and were aged for 333, 667, 997, and 1332 hours. The benefit of this approach is that 
the samples could be analyzed simultaneously, in one day of analysis. The Weather-ometer 

irradiance was set to 0.9 W/m
2 

at 420nm using a xenon arc lamp (6500 Watt) with an inner soda
lime and outer borosilicate filter giving a spectral power distribution that approximates daylight 

through window glass. The temperature and humidity was maintained at 25
o
C and 38% RH +/-

6% RH. 

Fourier Transform Infrared Spectroscopy (FTIR) and Solubility tests 

Micro-attenuated total reflectance (µATR) FTIR was performed with a Si crystal µATR 

(Thermo) with an infinity reflechromat 15X objective and a Nexus 670 bench. FTIR data was 

collected at 256 scans with a resolution of 8cm
-1 

for µATR measurements and 4cm
-
1 for data

collected in transmission mode. The sampling depth of the μATR data is on the order of 0.85 

microns. Transmission μFTIR measurements were performed in an effort to differentiate 

changes in bulk of the film from oxidation on the surface. Solubility properties were examined 

using a three-solvent (cyclohexane, toluene and acetone) approach common for assessing the 

solubility properties of varnishes (de la Rie 1988). The increased oxidation observed in the 

FTIR spectra can be evidence of changes in the polarity of the films and can be correlated to 

changes in solubility as the need for a more polar solvent increases as ageing progresses. 

Synthesis and Characterisation of EVAc-vinyl versatate (EVAcVVe) 
Terpolymer 

EVAcVVe synthesis 

Vinyl acetate (VAc) groups in Elvax 150 were partially transesterified to vinyl versatate groups 
(Figure 1). The first transesterification was achieved by dissolving the EVAc copolymer in 

toluene at 85°C followed by adding potassium hydroxide (KOH), dissolved in isopropanol. The 

reaction mixture was maintained, with stirring, at 80°C for 1 h. Afterwards, the EVAc-vinyl 

alcohol (EVAcVAl) terpolymer was precipitated and washed with isopropanol and water, and 

then filtered. The degree of transformation of acetate groups to hydroxyl was limited to 6% w/w 

by controlling the reaction time and temperature. The acyl chloride of versatic acid 10 (Hexion) 

was made by adding oxalyl chloride to a solution of versatic acid in anhydrous tetrahydrofuran 

(THF). In the second transesterification this product was slowly added to a THF solution of the 

first terpolymer and stirred under an inert atmosphere for 24 hours. Triethanolamine (TEA) was 

added to buffer the HCl evolved during the reaction. 

The new terpolymer (EVAcVVe) was dissolved in xylene at 70°C, precipitated and washed in 

methanol, and then filtered and dried at 70°C with a mechanical vacuum. 
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Figure 1: Transesterification reactions converting an EVAc copolymer to a EVAcVVe terpolymer 

Nuclear magnetic resonance (NMR) 

Terpolymers and intermediates were characterised by 
1
H NMR, using a 500 MHz Bruker

Avance spectrometer in the normal and 
1
H – 

1
H correlation spectroscopy (COSY) modes. Elvax

150 and the first EVAcVAl terpolymer samples were dissolved in CDCl3, while the EVAcVVe 

terpolymer spectrum was obtained by dissolving the sample in orthodichlorobenzene with 10% 

deuterated tetrachloroethane at 100°C. 

Differential scanning calorimetry (DSC) 

DSC measurements were performed on a Mettler Toledo DSC821. A double cycle program was 

used: samples were heated at 10°C /min from –100°C and +200°C and cooled at -10°C /min 

from +200°C to -100°C.  The data reported are related to the second heating ramp from -100°C 

to +200
o
C.

270



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Results and Discussion 

Evaluation of Experimental Formulations, BEVA 371 and 371b 
Transmitted PLM showed that at 65

o
C, the recommended activation temperature, the crystal

structure was evident in crossed polars. Above 75
o
C, all crystalline character disappeared and

samples became amorphous liquids. From a heat-seal perspective maintaining a solid 

component during activation (i.e. optimal tack) is critical to forming a good bond at the 

interface. 

Figure 2: The general assessment of FTIR μATR spectra in the C=O region during ageing by looking at the mid- 

peak broadening; these results clearly show the formation of new oxygen bearing species. A-H are the test 

formulations and I and J represent BEVA 371 and BEVA 371b respectively. 

As seen in Figure 2, BEVA 371 and 371b began to show evidence of oxidation products (in 

both the μ-ATR and transmission) after 332 hours of light ageing.  The carbonyl peak, with a 

maximum around 1739 cm
-1 

due to the ester groups in the EVAc copolymer and a shoulder

around 1711 cm
-1 

(due to the ketone tackifier), broadens significantly. The broadened peak is

deconvoluted and illustrated in the detail found in Figure 3. This helps reveal a new shoulder 

around 1770 cm
-1 

and indicates the formation of lactones.  The deconvoluted band also shows

broadening towards 1730, 1705 and 1697 cm
-1 

and suggests the formation of aldehydes or

esters, other ketones and carboxylic acids respectively. The formation of a peak around 1177 

cm
-1 

supports the lactone (CO-O) assignment and the broad hydroxyl peak between 3550 and

3200 cm
-1 

supports the formation of carboxylic acids and possibly hydroperoxides. Peaks
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around 1440 cm
-1 

and 962 cm
-1 

develop with photo-ageing and could be linked to the –COOH

stretching plus O-H deformation of the carboxylic acids. 

Photo-oxidative degradation in BEVA is likely assigned to the tackifier resin and EVAc 

copolymer. EVAc copolymers are suggested to undergo a complex set of oxidation reactions 

which could result in the formation of acids, ketones, aldehydes, esters, lactones, alcohols, 

hydroperoxides (Allen 2000; Allen 2001; Jin 2010) most of which are observed above. There is 

also the competition between cross-linking and chain-scission; EVA copolymers with higher 

vinyl acetate contents are more susceptible to degradation involving chain-scission, since vinyl 

acetate groups are points of weakness throughout the copolymer (Jin 2010). Ketone groups in 

the tackifier resin, Laropal K80, undergo Norrish I and II type reactions in UV-light (de la Rie 

1989) forming scission products, including aldehydes and alkenes. The tackifier resin in BEVA 

371b, is described as a ketone-aldehyde resin (Chludzinski 2011) and based on the spectra, has 

a structure similar to that of Laropal K 80. In future work EVAcVVe substitutions will be 

evaluated. 

Sample A was modeled after the BEVA formulations, with the substitution of the tackifier with 

a more stable resin, Laropal A81 (BASF), a urea-aldehyde resin. The exact structure of the resin 

is unknown; however it is known to contain tertiary amide groups and other functionalities, 

such as hydroxyl, ether, C-H and esters (de la Rie 2002). The μ-FTIR studies suggest photo- 

oxidative degradation products such as ketones at 1705cm
-1 

and carboxylic acids with peaks

between 1715-1680 cm
-1

, 1440 cm
-1 

and between 3500-3200 cm
-1

. These products are likely a

combination of the oxidation of the EVAc copolymers and Laropal A81, which has been 

described to produce species containing hydroxyl, ketone and carboxylic functionality (de la 

Rie 2002). Urea-aldehyde resins, including Laropal A81 have been shown to have a good 

resistance to photo-chemical ageing and degradation (de la Rie 1990; de la Rie 2002) and, 

compared to the BEVA formulations, fewer types of degradation products are observed (see 

Figures 3 and 4). 

Samples prepared with alternative tackifiers only (A-C) show little change in FTIR spectra after 

light ageing compared to the other samples, which is expected due to the better photo-chemical 

stability of the individual components. However, preliminary tests indicated that these samples 

require higher activation temperatures. The higher activation temperature may be irrelevant for 

a solvent delivered consolidant and may therefore be promising alternatives. However, 

reactivation with heat will likely be difficult using these specific blends. 
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Figure 3: IR μ-transmission spectra of control and light aged BEVA 371. 

Detail indicates source for carbonyl band broadening. 

Figure 4 IR μ-transmission spectra of test formulation A with a urea aldehyde resin. 

Detail indicates source for carbonyl band broadening. 
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In samples D-H, APO copolymers were used as a substitution for wax. Sample E showed a 

significant difference between the μ-ATR and transmission, suggesting a phase separation. A 

non-polar phase was identified along the surface whereas a more polar phase was observed in 

the bulk. With this sample having the highest concentration of APO, it is believed this 

separation is a physical phenomenon where the APO with insufficient tack likely settles 

predominantly on the surface. During photo-ageing there is a dramatic change along the surface 

of Sample E, where oxidation develops. Carbonyl peaks form and broaden around 1770, 1736, 

1718, 1706 and 1682 cm
-1 

representing a range of carbonyl species including lactones, esters

and/or aldehydes, ketones and carboxylic acids respectively (Gulmine 2003). Sample H showed 

many of the same oxidation degradation products along the surface and throughout the bulk. A 

significant broadening of the carbonyl peak with new peaks forming around 1775, 1718 and 

1680 cm
-1 

is observed, as well as the formation of a peak at 1191 cm
-1 

and a broad peak

between 3500 and 3200 cm
-1

. These new oxygenated species are likely a combination of

degradation of the EVAc polymer, the tackifier and polyolefin substituted wax component. 

At 1332 hrs of light-aging all samples remained soluble in 100% cyclohexane although the ease 

with which this was accomplished varied with age. Samples A, I and J, after 997 hours of 

ageing, required a little more time. After more extensive aging some samples become insoluble 

in cyclohexane. In 2161 hrs, solubility tests show BEVA 371 requires 100% toluene and BEVA 

371b requires about 95% toluene with 5% acetone. At the same time interval, the experimental 

sample that diverges the most from solubility in pure cyclohexane is sample G, requiring about 

89% cyclohexane and 11% toluene. Furthermore, after 3127 hrs of light aging BEVA 371 and 

371b require 62% toluene with 38% acetone and 52% toluene with 48% acetone, respectively. 

These results indicate changes in solubility related to light aging is greatest for both samples of 

BEVA when compared to the experimental formulations. 

Characterisation of a Vinyl-acetate Vinyl-versatate Terpolymer. 
The degree of transesterification of the samples was determined by 

1
H NMR by following the

position of the methine protons. 
1
H NMR solution spectrum of EVAc shows signals at about 5

ppm corresponding to the methine protons adjacent to the acetate groups, as seen in Figure 5. 

The magnification in Figure 5 shows the appearance of signals around 3.9-3.5 ppm (in CDCl3) 

in the EVAc-vinyl alcohol (EVAcVAl) terpolymer spectrum, and around 3.8 ppm (in o- 

dichlorobenzene) in the EVAcVVe terpolymer spectrum corresponding, respectively, to the 

methine protons adjacent to hydroxyl groups and versatate groups. The ratio of the integrals of 

these resonances and the integral of the signal around 5 ppm allows for the estimation of the 

degree of transesterification. Since the amount of –OH produced in the first terpolymer can be 

controlled, different concentrations of versatate groups can be obtained. 

1
H-

1
H (COSY) NMR revealed that the final product is a mixture of versatic acids, characterised 

by different aliphatic side groups. COSY detects interactions between protons no more than a 

few bonds away and indicates isomeric structures.  Pyrolysis Gas Chromatography Mass 

Spectrometry (Py-C-MS) (not discussed here) has confirmed the product is a mixture of 

isomers. 
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Figure 5: 
1
H NMR spectra corresponding to the copolymer EVAc (Elvax 150, Dupont), the terpolymer 

EVAcVAl, and the terpolymer EVAcVVe. The magnification shows the region among 4.5-3.0 ppm related 

to methine protons adjacent to a hydroxyl group and a versatate group. 

The DSC results of the polymers are reported in Figure 6. There is an increase of the Tg of the 

versatate terpolymer compared to the EVAc polymer (Elvax 150) from about -29°C to -25°C. 

This is linked to the fact that the bulky side-groups of the versatate reduce the free volume 

among the polymeric chains. The melting point increases for the EVAcVAl terpolymer to 68°C, 

as reported in the literature, but it is the same for EVAc and EVAcVVe (about 63-64°C). On the 

other hand, we can note a small increase of the enthalpy of melting with the transformation of 
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the acetate groups into versatates. This suggests the degree of conversion as confirmed by NMR 

is not sufficiently high to dramatically alter the thermal properties. 

Figure 6: DSC melting curves (3rd scan) of the copolymer EVAc (Elvax 150, Dupont), 

the terpolymer EVAcVAl, and the terpolymer EVAcVVe. 

Conclusions / Future Work 

One of the reasons why conservators might prefer a heat-seal type of adhesive is related to these 

adhesives’ gap-filling qualities.  This is influenced by the bulking effect some of the 

components have on the formulation; mainly the dispersed phase of the semi-crystalline 

component and the low molecular weight tackifier. These features help effectively leverage 

heat-seals once contact and activation are completed; solvent-based adhesives take longer time 

to dry and shrink as evaporation proceeds. 

Although much work remains, the results show that band broadening of the carbonyl region and 

changes in solubility for the samples containing Laropal A81 and Regalrez 1085 are 

significantly lower than what occurs with BEVA 371 and 371b. The findings also suggest that 

some changes observed with FTIR may be due to the EVAc component, justifying the research 

in developing and testing what in theory should be more chemically stable polymers via the 
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versatate process. In addition, the lower polarity of the versatate could influence the solvents 

these adhesives are delivered in during a treatment. Although some formulations appear to have 

a higher activation temperature, they may be suitable alternatives when solvent delivery and 

activation are acceptable. Other formulations are being considered when heat reactivation is 

necessary. 

Future work includes testing of formulations that contain stabilizing additives, and synthesis 

and characterisation of larger quantities of EVAcVVe containing terpolymer so that additional 

adhesive blends can be made. The stability of terpolymers will be tested and small angle x-ray 

scatter (SAXS) will be used to characterise the tack / phase behaviour of both commercial and 

experimental materials. Formulations that appear to be resistive to light-induced deterioration 

will be subject to further mechanical testing. Finally, expanded field-testing by conservators 

will help guide and evaluate these and other experimental formulations. 
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Materials & Suppliers 

Atlas MTT, LLC 4114 N. Ravenswood Avenue, Chicago, 60613 http://atlas-mts.com 

BEVA 371, 371b: Conservator’s Products Company, P.O. Box 601, Flanders NJ, 07836 http://www.conservators- 
products.com/ 

Bruker: Bruker Italia S.r.l. Viale v. Lancetti 43, 20158 Milano 
http://www.bruker-biospin.com/nmr.html 

Cellolyn 21; Eastoflex 1060; Regalrez 1085; Regalrez 1018: Eastman, PO Box 431, Kingsport TN. 
http://www.eastman.com/Pages/Home.aspx 

Elvax 150: Dupont 1 800 441 7515 http://www2.dupont.com/Elvax/en_US/products/elvax_industrial_index.html 

EVAc AC-400: Honeywell, 101 Columbia Road, Morristown NJ, 07962 
http://www51.honeywell.com/sm/acwax/products.html 

Laropal A81: BASF North America 1 800 526 1072 http://www.basf.com 

Mettler – Toledo: 1900 Polaris Parkway, Columbus OH, 43240, USA. 
http://us.mt.com/us/en/home/products/Laboratory_Analytics_Browse/TA_Family_Browse.html 

Linkam Scientific Instruments Unit 8 Epsom Downs Metro Centre, Tadworth, Surrey KT20 5LR UK 
http://www.linkam.co.uk/ 

Thermo Scientific: 5225 Verona Road, Fitchburg, WI, USA http://www.thermofisher.com/global/en/home.asp 

Versatic acid 10: Hexion Specialty Chemical, Inc. Varziner Strasse 49, 47138 Duisburg, Gerrmany 
http://ww2.momentive.com/home.aspx 
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Funori and JunFunori: Two Related 

Consolidants With Surprising 

Properties 

Françoise Michel 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

Funori and JunFunori are highly suitable for the consolidation of matte, powdery paint layers. 
They minimize the risk of optical changes such as the formation of tide lines, darkening, or 
unintended gloss. Case studies have identified other interesting applications for the two 
consolidants: as cleaning agents for the removal of water stains and as media for matte 
retouching. 

JunFunori is a new algae-based consolidant. Its traditional Japanese counterpart Funori shows 
considerable fluctuations in quality. For example, the pH value of 10 different samples was 
found to vary from 6.2 to 10.4. This inconsistency led to the development of a new purification 
process that was used to produce JunFunori. Unlike Funori, the first generation of JunFunori 
(2003–2006) was an almost standardized product. However, recent studies indicate that the 
quality of JunFunori produced after 2006 fluctuates considerably. Both consolidants are made 
from red algae. Funori is sold as bleached and dried yellowish-brown mats of algae, which can 
be soaked in water, warmed, and filtered to produce a yellowish-brown, cloudy adhesive 
solution. The algae used for JunFunori are not bleached. A gentle extraction and filtering process 
removes most of the colourants, salts, and proteins. Dissolved in water, the purified product 
produces a colourless, odourless, and pH-stable consolidant. 

Titre et Résumé 

Le Funori et le JunFunori : deux agents de consolidation 

apparentés aux propriétés étonnantes 

Le Funori et le JunFunori constituent des matériaux très adéquats pour assurer la consolidation 
de couches picturales poudreuses et mates. Leur emploi permet de réduire au minimum les 
altérations visuelles comme la formation d’auréoles, le noircissement ou la production 
involontaire d’un brillant. Les résultats d’études de cas ont permis d’identifier d’autres 
applications intéressantes des deux consolidants, soit leur utilisation comme agents nettoyants 
pour éliminer les taches d’eau et comme médiums de retouche de plages mates. 

Le JunFunori est un nouvel agent de consolidation à base d’algues. Le Funori, qui représente son 
homologue japonais traditionnel, se caractérise par des variations importantes de la qualité du 
produit. Ainsi, la valeur du pH déterminée pour 10 échantillons différents varie de 6,2 à 10,4. 
Ces résultats non uniformes ont entraîné la mise au point d’un nouveau procédé de purification 
qui a été par la suite utilisé pour produire le JunFunori. Contrairement au Funori, le JunFunori de 
première génération (période de 2003 à 2006) constituait presque un produit normalisé. 
Toutefois, des études récentes indiquent que la qualité du JunFunori produit après 2006 varie 
grandement. Les deux agents de consolidation sont fabriqués à partir d’algues rouges. Le Funori 
est vendu sous forme de mats d’algues blanchies et séchées, de couleur brun-jaunâtre, qui 
peuvent être trempés dans l’eau, puis chauffés et filtrés, ce qui permet d’obtenir une solution 
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d’adhésif trouble et brun-jaunâtre. Les algues employées pour produire le JunFunori ne sont pas 
blanchies. Un procédé d’extraction et de filtration dans des conditions peu sévères permet 
d’éliminer la plus grande partie des colorants, des sels et des protéines. Le produit purifié, 
lorsqu’il est dissous dans l’eau, permet d’obtenir un agent de consolidation de pH neutre, 
incolore et inodore. 

Introduction 

Funori was investigated in a joint research project of the Institute for the Preservation of 

Historical Monuments and Buildings (ETH Zurich), the Swiss Federal Laboratories for 

Materials Science and Technology (EMPA) and the Center for Conservation of the Swiss 

National Museum (SNM). Funori was tested in comparison with other aqueous consolidants 

such as gelatin, sturgeon glue, hydroxypropylcellulose (Klucel E) and methylcellulose 

(Methocel MC) (Michel 2002). The algae-based consolidant performed very well in terms of its 

flexibility after accelerated aging, susceptibility to microorganisms and optical properties. 

Funori’s adhesive strength, on the other hand, was found to be comparatively weak. 

Unfortunately, considerable fluctuations in the quality of traditional funori were observed. The 

importance of consistent quality led to the development of a new purification process that was 

used to produce JunFunori, a nearly standardized consolidant containing the same 

polysaccharide and as shown in the test results, the same good properties as funori (Geiger 

2005). With the production of JunFunori, further use of the traditional funori seemed 

questionable. This however is not the case. On the one hand excellent results can also be 

achieved with funori of good quality. On the other hand the JunFunori which since 2007 is 

manufactured by a new producer shows as serious variations in quality as the traditional funori. 

This paper should clarify possible confusion between the two related consolidants funori and 

JunFunori. Similarities as well as differences in their properties and in the production processes 

will be outlined. Helpful instructions for use and application will be given, and current 

problems with the production of JunFunori will be discussed. 

The SNM collection contains an artwork that clearly demonstrates the application of funori and 

JunFunori, the so-called “Landi-Bild” by Hans Erni. Using this work as an example, different 

application possibilities will be presented in the second part of the paper. Funori and JunFunori 

have earned an excellent reputation internationally, especially as consolidants for matt powdery 

paint. Matt paint can be consolidated using either consolidant without risking optical changes 

such as the formation of tidelines, darkening of the paint layer, or unintended gloss (Kariya 

1995, Grantham 1999, Masson 2004, Ritter 2005). In addition, they have other interesting 

properties, such as a particular suitability as an adhesive for facings (Mürer 2003). Both 

consolidants can also be used as cleaning agents, as in the case of the “Landi-Bild”, for the 

removal of water stains, and as a medium for matt retouching (Takami 2000, Michel 2003). 

Funori 

Funori is made from the red algae genus Gloiopeltis. Gloiopeltis typically grows in the 

intertidal zones of the Pacific coast of Japan, Korea, South China and North America. The 

alga’s cell wall consists of a water-insoluble fibrillose skeleton which is surrounded by an 
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amorphous matrix. This matrix, known as funoran is soluble in hot water and consists of a 

mixture of sulfated polysaccharides, lipids, proteins, salts and colorants (Izumi 1971). A large 

amount of Gloiopeltis is industrially processed, and as with other red algae it is mainly used as a 

stabilizer and thickening agent in foods, cosmetics and pharmaceutical products (Lüning 1985). 

In Japan, small family-based businesses process a limited amount of funori, mostly using 

Gloiopeltis furcata, Gloiopeltis tenax and Gloiopeltis complanata (Chapman 1980). The mature 

algae are harvested in early summer, rinsed in water and bleached with a sodium peroxide 

solution. After a further rinsing process, the bleached material is spread on rice mats and dried 

under the sun. Funori is sold in the form of dried yellowish-brown mats of algae (Figure 1). 

Figure 1  Different samples of funori. 

Recipes 
The dried algae material is soaked in water, warmed and filtered. The extract obtained in this 
way is a yellowish-brown, slightly cloudy adhesive solution (Figure 3). When poured onto a 

silicon-coated Mylar sheet, it dries to a thin film. Stored dry and protected from light, it keeps 

its properties for several years. The film dissolves easily when soaked in warm water and heated 

(45°C - 80°C) for a few minutes. The addition of 2% isopropanol and keeping the solution in 

the refrigerator when not in use guarantee a longer storage life. 

There are numerous recipes for the preparation of a funori solution. Basic and comprehensive 

information and a good overview are provided by Swider and Smith (2005). The concentration 

found in literature varies from 1 g to10 g funori in 100 ml water (Kremer 2011), and the 

extraction temperature ranges from 40°C to 100°C. Our examinations as well as the tests carried 

out by Swider and Smith have shown that a good extraction can be achieved between 45°C and 

80°C. The solution with the highest amount of extracted adhesive can be considered as an ideal 

concentration. To gain this result 1 g, 2 g, 4 g and 8 g of funori were soaked in 100 ml of 

deionized water for 5 hours. The soaked material was heated for one hour at a temperature of 

60°C. Afterwards the water-insoluble material was filtered off through two layers of a thin 

fabric. Then the solutions were dried and weighed. The results showed that the yield does not 
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increase linearly. On the contrary, it decreases with increasing concentration of the soaked 

material (Table 1). The molecule of the polysaccharide of Gloiopeltis has the ability to build a 

huge number of hydrogen bridges. This phenomenon is most likely the reason for the high 

amount of water that is needed to uncurl the macromolecules and dissolve them into solution. 

For 8 g of funori, 100 ml of water only swells the material but is obviously not enough to 

dissolve the water-soluble components. Concentrations of solutions higher than 1% diminish 

the yield and are therefore not recommended. 

Table 1: Yield of Funori in Solution with Increasing Amount of Extracted Dried Funori Used 

Extracted Dried Funori Used (g) Water (ml) Yield (g) Yield (%) 

1 100 0.865 86.5 

2 100 1.556 77.8 

4 100 2.465 61.6 

8 100 0.000 00.0 

This characteristic of funori to bind a large amount of water is probably the reason why the 

formation of tidelines does not occur. The transportation of dirt and microparticles with a 

solvent when it meets its volatility limit is responsible for the formation of tidelines. If no free 

water is present, this migration cannot take place. This fact is also supported by the observation 

that the risk of tidelines forming increases with the application of lower concentrations of 

funori. 

Fluctuations in quality 
Funori, like other natural products, shows a certain degree of heterogeneity. To get a better 

understanding of the variations that occur, funori from seven suppliers were compared in 2001 

(Tanaka, Wakai, Mizokawa, Paper Nao, Aiko’s, Hiromi, Kasuri). From three suppliers a second 

sample from another harvest was also included (Wakai2, Mizokawa2, Hiromi2). The pH value 

of eight samples varied from 6.6 to 7.5. Two samples with a significantly higher salt content 

and a pH value of 10.2 (Aiko’s) and 10.4 (Mizokawa2) respectively were unsuitable for 

conservation work. 

By rinsing the dry funori under dripping water before soaking (Swider 2005) some soluble 

material is lost in the process but the salt content can be reduced considerably. The same applies 

to the colorants. Although negative impacts caused by these salts were not observed, reducing 

salt content is a good way of both limiting risk and obtaining a cleaner product. The pH value of 

the funori solution has to be checked with each new lot. 

Fluctuations in quality of funori can probably be explained by differences in processing 

methods adopted by the small family-run businesses in Japan. Finally, in 2002 the desire for a 

consolidation medium of consistent quality and with the same good properties as funori led to 

the development of JunFunori (jun = pure in Japanese). 
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JunFunori 

Unlike in the production of Funori, the algae used for JunFunori are not bleached with sodium 

peroxide. In addition, only Gloiopeltis furcata is used for the production of JunFunori. It has the 

same good properties as Gloiopeltis tenax but the rate of yield is significantly higher. The dry 

material is rinsed in deionized water to remove all soluble salts. The soaked algae are chopped 

and the funoran is extracted. After extraction, charcoal is added. The solution is centrifuged and 

pressure-filtered through a fiberglass filter. The purified extract is dried at 60°C. It forms a thin 

film which is ground for later use. This process removes most of the colorants, salts and 

proteins. The purified algae product is a ground whitish powder (Geiger 2005) (Figure 2). 

Figure 2  JunFunori. 

To dissolve JunFunori in water it has to be warmed and stirred for several hours at a 

temperature of between 50°C and 60°C. A consistent flow of the liquid indicates complete 

dissolution. JunFunori solution (1 g in 100 ml of deionized water) is a colorless, transparent, 

water-like and odorless consolidant with a viscosity of about 90-125 mPas and has the same 

good properties as Funori (Figure 4). For the viscosity three samples of JunFunori produced 

before 2006 were measured at a shear rate of 100 s
-1

at 20°C with three measurements per

sample (Measurement by: Tracomme AG, analyzer: HAAKE Controlled Stress Rheometer 

RS6000, temperature control: Peltier, measurement geometry: Cone Ø 60mm/4°, software: 

HAAKE RheoWin 4.30). 

A solution of 0.5%-1% has proven to be best for consolidation. A repeated treatment is more 

advisable than a concentration > 1%. The addition of isopropanol guarantees a longer storage 

life. For insensitive surfaces an addition of 2 % proved to be of value. The isopropanol 

functions as a biocide as well as surfactant. Higher concentrations must be treated with caution, 

because JunFunori (and funori) precipitates in pure isopropanol. When adding it, sometimes a 

local increase of viscosity can occur. Streak-like structures develop temporarily but redissolve 

after stirring. Despite the fact that a JunFunori solution can be applied cold since it does not gel 
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at room temperature, a warm application is recommended to improve the penetration of the 

solution. Like funori, JunFunori solutions should be kept in the refrigerator and warmed up 

before each use. 

Figure 3  Left bottle: dry funori, right bottle: 

extracted funori solution. 

Figure 4  Left bottle: JunFunori film not yet ground, 

right bottle: JunFunori solution. 

Treatment 

“Landi-Bild” 
The impulse for the research project into funori and JunFunori was given by the so-called 
“Landi-Bild” by Hans Erni. The “Landi-Bild” is a casein tempera painting consisting of 136 

plywood panels. Measuring 91 meters wide by 5 meters high, this monumental work encased 

the exterior façade of the tourism pavilion at the “Landesausstellung” (National Exhibition) in 

Zurich, in 1939 (Figure 5). After the exhibition, the panels were placed in storerooms belonging 

to the Swiss National Railway. Their survival was more or less a matter of chance. The work 

has been in the possession of the Swiss National Museum since 1990. 
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Figure 5  Detail of the “Landi-Bild” at the “Landesaustellung” 1939 in Zurich. 

Poor storage conditions and two open-air exhibitions took their toll on the painting. The porous 

surface was dirty, and rain had left countless water marks. In some places the veneer layers of 

the plywood were separated and broken. The paint layer was powdering and had detached from 

the wooden support in several areas (Figure 6). 

Figure 6  Tenting paint layer, following the wood grain of the support. 

In 1991 the first attempts at consolidating the painting’s surface were carried out. The matt 

casein tempera proved to be highly sensitive to all consolidants that were tested (sturgeon glue, 

gelatin, methylcellulose, hydroxypropylcellulose, Paraloid B72, Acronal 500D, Mowilith, 

Plextol D 360). Satisfactory results could only be achieved with funori. A number of questions 

regarding the ageing stability of funori were subsequently scientifically investigated which 

resulted in the development of JunFunori (Michel 2002). Originally JunFunori was intended to 
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be used as a consolidant for powdery surfaces, and – when modified with sturgeon glue – for 

consolidating loose paint flakes. However, practical application rapidly revealed that JunFunori 

has other very interesting properties. In the case of the “Landi-Bild” for example, JunFunori 

was used as a cleaning agent, as a solvent to remove the old consolidant and as a retouching 

medium. 

Consolidation 

To consolidate the powdery and tenting paint layer of the “Landi-Bild” an area of 
approximately 150 cm² was dampened with an ultrasonic mister. A mixture (1:1) of JunFunori 

(1%) and sturgeon glue (4%) was injected between support and tenting paint flakes. After this 

JunFunori (0.5%, 1%) was applied on the powdering surface with a brush through a sheet of a 

thin wet strength repair tissue (Figure 7). Placing the tissue between the paint layer and the 

brush allows the consolidant to be distributed and loose flakes to be consolidated without 

particles being displaced. As long as the tissue remains wet, it can easily be removed without 

causing any damage (Figure 8). Residues of the consolidant were dabbed off with a paper 

tissue. The area was covered with Mylar and lightly pressed down with weights. When dried, 

the adjacent area was treated in the same way. Although it was impossible to avoid an 

overlapping of the consolidated areas, no tidelines appeared (Figure 9, 10). 

Figure 7  JunFunori is applied through a thin tissue. Figure 8  Removing of the tissue. 
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Figure 9  Tenting paint layer. Figure 10 Consolidated with JunFunori. 

Cleaning and removal of water stains 

It was not possible to clean areas where the surface was badly powdering prior to consolidation. 
During the consolidation treatment it was gratifying to discover that surface dirt and numerous 

water stains on the painting were significantly reduced by the chosen method (Figure 11). A 

correlation between the concentration of the JunFunori solution and the cleaning effect on the 

surface could be observed. With a solution of 0.5% the cleaning effect was remarkably higher 

than with one of 1%. This suggests that the higher amount of water has a positive effect, since 

more dirt can be dissolved. Accordingly, the panels were first consolidated and cleaned with a 

0.5 % solution of JunFunori as described above. If the paint layer was still powdering, the 

treatment was repeated with a 0.5% or 1% solution. 

Figure 11 On the left: water-stains, on the right: after consolidation treatment. 
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Removal of Klucel-E film 

At the beginning of the 1990s, the surfaces of twelve panels of the “Landi-Bild” were 
consolidated with Klucel-E. This treatment resulted in a darkening of the colors and a glossy 

surface, presumably due to the evaporation of the Klucel-E, which was dissolved in alcohol, 

causing it to migrate to the surface and accumulate as a film. During the consolidation of tenting 

paint flakes with JunFunori it could be established that the film of Klucel-E could be dissolved 

and removed using the algae-based consolidant. The panels which were treated in this way 

regained their original matt surface appearance (Figure 12). 

Figure 12 Red framed area: removed glossy Klucel E –film. 

Retouching 

Some of the panels showed signs of previous retouching treatments that had discolored badly 
over the years and were therefore considered to be undesirable. Since these areas could not be 

removed without damaging the porous paint layer, former retouching areas were integrated into 

the surrounding surface, i.e. matched in color. For this treatment, pigments were mixed with 

JunFunori. As JunFunori does not wet all pigments equally it is advisable to use pigments that 

have been previously soaked in water. JunFunori is notable as a retouching medium due to its 

good spreadability, its matt finish when dry and its excellent reversibility. 

Current Quality Problems with JunFunori 

The good results attained using JunFunori have been overshadowed by variations in its quality 

since 2007. In 2006 the rights of JunFunori were sold and the new producer has increased the 

amount of Gloiopeltis furcata used per extraction process. The new product was tested for its 

consolidation and optical properties on loose pigment layers on canvas and subsequently 

approved by the author. However, in 2008, when conservators of the workshop for wooden 

objects and furniture at the Collection Center of the SNM ordered JunFunori it became obvious 
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that the quality of the consolidant did not correspond to that of samples tested in 2007. The 

JunFunori powder had a yellowish appearance – instead of the whitish color of the original 

product – and the solution was nonviscous and had no adhesive strength. The producer 

responded immediately, stopped the sale, and promised to re-examine the production process 

and improve quality control. When new material was ordered in 2010 the quality of the 

JunFunori had improved, but it has yet to attain the standard of the previous producer’s product. 

It is a well-known problem that recipes of conservation products can be changed and modified 

by the manufacturer. Therefore one can never be sure that the properties and quality of a 

product will remain the same in the future. However, the problem with JunFunori is all the more 

in that it is a new product and has only been on the market for a short time. Only a few 

conservators have had experience working with JunFunori and understand its properties in terms 

of color, viscosity and adhesion; most conservators have therefore not had the opportunity to 

compare good and poor batches of the product. The producer is aware of the problem and is 

making efforts to improve the manufacturing process. 

Conclusion 

Flawlessly produced JunFunori is, in contrast to funori, a pH-stable, salt-free, colorless, 

transparent and odorless consolidant with the same good properties as funori. Funori and 

JunFunori are highly suitable for the consolidation of matt, powdery paint layers. They 

minimize the risk of optical changes such as the formation of tidelines, darkening, or 

unintended gloss. Their adhesive strength is weak but can be reinforced for the consolidation of 

flaking and tenting paint layers by adding, for example, sturgeon glue. Both consolidants can 

also be used as cleaning agents for the removal of water stains and as mediums for matt 

retouching. 
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Materials and Suppliers 

Fabric 

Stabiltex No.4: Sefar Holding AG, Töberstr. 4, CH-9425 Thal/SG 

Funori 

Aiko`s Art Material Import, Inc. 3347 N.Clark St. Chicago, Ill. 60657 www.aikosart.com 

Hiromi Paper, Inc. 2525 Michigan Ave Unit G-9 Santa Monica, Ca 90404 www.hiromipaper.com 

Kasuri Dyworks 1959 Shattuck Ave., Berkley, Ca 94704. Closed 

Mizokawa Shôten, Sakuru Kuromon Kakadak Hiuri Kamikyo-ku, 602 Kyoto Japan Phon: 075 441 55 28 Fax : 075 
432 36 10 

Paper Nao, 4-37-28 Hakusan Bunyo-ku, Tokyo Japan, Phon: 03-3944-4470, Fax: 03-3944-4699 
www.papernao.com 

Tanaka Tadashi,Senryo-ten Sanjyo Ogawa Nishi Nakagjyo-ku, Kyoto-City Japan, Phon: 075 221 41 12 

Wakai Arata Shôten Higashi-No-Toin Bukkoji Agura Shimogyo-Ku, Kyoto-City, Japan, Phon: 075-351-24-68 Fax: 
075-343-05-81 

Tissue 

PEL Wet Strength Repair Tissue, Preservation Equipment Ltd, GB-IP224HQ Norfolk. 
www.preservationequipment.com 

JunFunori: Lascaux Colours & Restauro, Barbara Diethelm AG,  Zürichstrasse 42, CH-8306 Brüttisellen, Phon +41 
44 807 41 41, Fax +41 44 807 41 40, www.lascaux.ch 

Methocel MC: Fluka, Sigma-Alderich Chemie GmbH, CH-9471 Buchs, www.sigmalderich.com 
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Abstract 

This paper presents some  of the most relevant results of an ongoing study on the penetration 

behaviour of adhesives using  fluorescent labelling which  was initiated in 2004  at the Stuttgart 

State Academy of Art and Design. It shows  the penetration of gelatine, methyl cellulose 

(Benecel A4C), and poly(iso-butyl methacrylate) (Degalan PQ611, formerly known as Plexigum 

PQ611, equivalent to Acryloid B-67) during re-adhesion of flaking paint on canvas. Fluorescent 

labelling before application allows  an exact localization of adhesives and provides both a better 

understanding of the penetration process and an opportunity to optimize consolidation 

treatments. Our experiments visualized the above-mentioned adhesives in the case of flaking 

paint layers, which  allowed to optimize the forms of application in order to create the required 

adhesive layer between the flaking paint layer and the canvas. First, the labelling procedure, the 

equipment, the specially developed test samples, and the detection methods are explained. 

Subsequently, the differences in the penetration behaviour of gelatine, methyl cellulose, and a 

mixture of both are demonstrated. Finally, the penetration and migration processes after an 

application of Degalan PQ611 during the re-adhesion of flaking paint from the front and through 

the back  of the canvas  fabric are discussed. 

Titre et Résumé 

Visualisation de la pénétration des agents de consolidation à 

l’aide  du marquage fluorescent 

Le présent article contient les résultats les plus  pertinents d’une  étude en cours qui porte sur la 

pénétration des agents de consolidation à l’aide  du marquage fluorescent. La mise  en œuvre de 

l’étude a été faite en 2004, à l’Academy of Arts and Design  de Stuttgart. Les résultats permettent 

de visualiser la pénétration de la gélatine, de la méthylcellulose (le Benecel  A4C) et du 

poly(méthacrylate d’isobutyle) [le Degalan PQ611, anciennement appelé  Plexigum PQ611, un 

homologue de l’Acryloid B-67], lors de la consolidation de peintures sur toile dont la couche 

picturale a subi  de l’écaillage. Le marquage fluorescent d’un  agent de consolidation avant son 

application permet de déterminer sa présence avec exactitude et, conséquemment, de mieux 

comprendre le processus de pénétration et d’optimiser certains paramètres des traitements de 

consolidation. Nos expériences ont permis de visualiser les agents de consolidation 

susmentionnés, lors de leur application sur des couches  picturales écaillées, et, par après, 

d’optimiser la méthode d’application afin d’obtenir une couche  d’agent de consolidation 

adéquate entre la couche  picturale altérée et la toile. La première partie de l’article traite de la 

technique de marquage fluorescent, du matériel utilisé, des échantillons d’essai  préparés sur 

mesure et des méthodes de détection. La section suivante comporte la démonstration des 

différences observées en matière de pénétration, dans  les cas de la gélatine et de la 

méthylcellulose et dans celui  d’un  mélange de ces deux  produits. Finalement, les processus de 

pénétration et de migration feront l’objet d’une  discussion ciblée, dans  le cas particulier de la 
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consolidation d’une  couche  picturale écaillée par application de Degalan PQ611, sur la face 

avant de la peinture et à travers la face arrière de la toile. 

Introduction 

Re-adhesion between delaminated layers is frequently executed, and is one of the most 

important interventions in the field of conservation. Besides general demands like best ageing 

properties, the adhesive should be positioned exactly at the desired position and as little new 

material as possible should be inserted. In the case of flaking paint on canvas, the aim is to 

rejoin the loose paint or the ground layers with the canvas. That requires placing the adhesive 

precisely and evenly between the two substrates: the loose paint (or paint and ground) and the 

canvas (see Figure 1). The adhesive should not penetrate anywhere except between the two 

substrates. In most cases the paint is non-absorbent whereas the fabric is quite the opposite. 

Therefore the creation of the desired adhesive layer is a challenging task. However, the 

allocation of an applied adhesive in a canvas painting is difficult to trace. The visible result of 

an adhesion only provides evidence that at least part of the applied medium has moved to the 

intended area, but not to what extent, and where else it is to be found in the object. In fact, the 

penetration into locations not intended for adhesion, or in amounts not adequate is very likely. 

Since every newly applied material can lead to changes in specific (chemical and physical) 

characteristics, in the appearance or can even cause new damages, it is essential to avoid such 

outcomes, and to study the penetration behaviour of adhesives in canvas paintings 

systematically. 

Figure 1  On the left: flaking paint before conservation, on the right: desired adhesive layer after conservation. 

Based on previous studies (Ream 1995; Kessler 1997), researchers at the Academy of Fine Arts 

and Design in Stuttgart have initiated a systematic study on the penetration behaviour of 

adhesives. In order to study the penetration of colourless adhesives, it is necessary to make them 

visible. One option is to mix a colourant to the dissolved adhesive (Winkelmeyer 1999). 

However, as there is no chemical bond between the dye and adhesive a chromatographic 

separation of the two could result in incorrect observations. A different insecurity occurs in the 

histochemical staining of cross sections (Plesters 1956; Wolbers 2000), because similar 

chemical groups may occur in the original paint layer and cause staining reactions. Another 

option is radioactive marking, but this expensive method requires special laboratory conditions. 

In contrast, fluorochromization before application provides a stable chemical bond between the 

adhesive and the fluorochrome, and allows a safe detection under a fluorescence microscope 

even on the basis of small amounts. Moreover, it is an easy and cheap method, which can be 

executed in every laboratory (Maushardt 2004; Nöth 2005; Dröber 2006; Soppa 2006; Laaser 

2010). 
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The selection of adhesives was based on a world wide enquiry by Ackroyd (2002) on the one 

hand and on ageing and solubility properties of the adhesives on the other. Ackroyd´s enquiry 

shows that conservators use mostly sturgeon glue and gelatine for re-adhesion of delamination, 

probably because, among other reasons, they share the opinion that gelatine penetrates better 

than for instance methyl cellulose (MC), as stated by Ream (1995, p. 29). This study seeks to call 

into question the assumed properties of gelatine and MC as well as to investigate a mixture of 

gelatine and MC with regard to consolidating flaking paint on canvas. In the presented research, 

gelatine was employed because it is purer than sturgeon glue and available in different strength 

and viscosity grades (ranging from approximately 50-300 bloom). MC Benecel A4C and 

gelatine (180/190 bloom) with medium viscosity were chosen as typical representatives of these 

adhesives. 

Another adhesive chosen for this study was Degalan PQ611, a poly(iso-butyl methacrylate) 

(PiBMA, formerly known as Plexigum PQ611). It is mostly used because it dissolves in pure 

aliphatic solvents, thus providing a good penetration and hardly any swelling in polar 

substrates. After the application an evaporation process starts, transporting the adhesive due to 

chromatographic processes (see for example studies of Domaslowski in the field of stone 

conservation from 1979 and Michalski 2008). The question arises if it is possible to control this 

transport for the purpose of producing the desired adhesive layer between paint and canvas. If 

the transport and evaporation processes were unidirectional, it could be possible to direct the 

PiBMA to one place, like the space between flaking paint and canvas: for instance by applying 

the PiBMA from the back of a painting and afterwards sealing the back, so that evaporation 

would only be possible through the cracks in the paint. This procedure was developed and 

demonstrated for a 19
th 

century painting by Demuth (1999). To gain further insight into these

penetration and migration processes and also to see, if it is possible to accumulate the adhesive 

in the paint/canvas interface, labelled Degalan PQ611 was applied from the back and compared 

to an application of adhesive from the front of a canvas painting. Solutions of low percentage 

were applied in order to increase the penetration and especially the migration process. 

All tests were executed on specially constructed test samples imitating aged, flaking oil paint on 

canvas. The employment of test samples allows a qualitative comparison between different 

experimental series. 

Methods 

Fluorescent labelling 
Fluorochromization of media has the advantage that already small amounts of the marker, 
which has a small molecular weight, suffice for a safe and fast detection under the fluorescence 

microscope making use of individually designed filter sets. Each filter set consists of three 

filters (see Figure 2). The first one, the excitation filter, passes only the wavelength which is 

needed for exciting the fluorochrome, the second one, the beam splitter, has a double function: it 

directs the filtered light to the sample and makes sure that only the fluorescence, that is the 

emitted light, can pass further to the third filter. This filter guarantees that only the main 

emission wavelengths of the used fluorochrome can be seen. Hence, if a sample does not 

fluoresce in the wavelength area of the used fluorochrome, all other parts except for the 
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fluorochrome remain dark and the fluorescence of the fluorochrome can be observed against a 

black background. However, possible limitations of the method should not be neglected. The 

adhesive may undergo a change in its specific characteristics through the labelling procedure 

and the studied sample may have disturbing autofluorescence in the same wavelength region as 

the fluorochrome thus blurring or falsifying the detected picture. Both problems have been taken 

into account, investigated and solved as far as possible. The fluorochromization was adjusted 

until there were only minimal changes in the viscosity in comparison to the unlabelled adhesive. 

Disturbing autofluorescence was removed by specially constructing test samples and by making 

thin sections of the samples, as weak fluorescence can be eliminated by reducing sample 

thickness while the chosen fluorochromes are still well detectable. Furthermore, a defined 

sample thickness allows quantitative comparison. 

Figure 2 Fluorescence microscopy with a filter set. 

Fluorochromes 
Three markers were used in the study (see Tables 1 and 2). Fluorescein-5-isothiocyanate (FITC 

‘Isomer I’) was chosen in this study for PiBMA because it is commonly used, small, easy to 

work with (Luttmann 2009, p. 82), stable when conjugated and because of its Quantum 

efficiency Φ of nearly 0.92 (Quantum efficiency is the quotient of photons emitted and photons 

absorbed, with a maximum of 1) (Ploem 1987, p. 3). Another positive aspect is its green 

fluorescence which is not often found in paint cross sections. The functional group, 

isothiocyanate (N=C=S), forms covalent bonds with amino (NH2), carboxyl (COOH) and only 

slightly with hydroxyl (OH) groups (Haugland 2005). In the case of MC the authors chose 5- 

(4,6-dichlorotriazinyl)-aminofluorescein (5-DTAF), which has a high reactivity towards 

hydroxyl groups. Apart from its low Quantum efficiency Φ which is compensated through a 

very high emission peak when using a high-pressure mercury vapour lamp, it has nearly the 
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same characteristics as FITC (Haugland 2005). In order to examine the mixture of gelatine and 

MC, tetramethylrhodamine-B-isothiocyanate (TRITC) with red fluorescence and the same 

functional group as FITC was chosen to label the gelatine. Quantum efficiency Φ is similar to 

that of 5-DTAF (Haugland 2005). 

Table 1. Fluorochromes 

Fluorochrome Molecular Weight Absorption maximum Emission maximum 

FITC 

(green fluorescence) 

389.38 g/mol ∼ 494 nm ∼ 519 nm

5-DTAF

(green fluorescence)

495.28 g/mol ∼ 492 nm ∼ 516 nm

TRITC 

(red fluorescence) 

443.52 g/mol ∼ 544 nm ∼ 572 nm

Conjugation reactions 

Gelatine and MC 

Based on Haugland (2005), the adhesive is dissolved (1-4%) in a sodium-bicarbonate buffer ( 
0.1 mol, pH 9.3), then the fluorochrome (5 mg per 1 g adhesive) is dissolved in DMSO and 

added drop-wise during 30 minutes with stirring. The gelatine reaction is carried out for one 

hour at room temperature, while the MC reaction takes five hours at a temperature of 50°C. 

Afterwards an aqueous dialysis in a membrane (about 36 hours) is carried out in order to 

separate the conjugate from free fluorochrome, DMSO and buffer-agent. Investigation of 

samples with a scanning electron microscope (Zeiss Evo 60 EP-SEM) showed that after 24 

hours most of the buffer was removed and after 36 hours the content of sodium ions was quite 

the same as in the unmodified adhesive. After dialysis, the solution was freeze-dried, because it 

is a fast and clean way of drying low percentage solutions. 

Degalan PQ611, (PiBMA) 

In general, PBMAs do not have any reactive groups. Therefore, a preceding partial hydrolysis 
of the ester groups with a lipase would yield free carboxyl groups. However, this was not 

necessary for Degalan PQ611. It seems to contain some reactive groups, perhaps acid or amino 

groups (inserted as stabilizers or co-polymers), which can be labelled without preceding 

hydrolysis. In order to analyze which functional groups were actually labelled, unmodified 

Degalan PQ611 was investigated by H-NMR at the University of Stuttgart, but neither carboxyl 

nor amino groups were detected. Presumably these reactive groups are present in very low 

concentrations only. 

Labelling method: While stirring a solution of PiBMA in toluene (20%), FITC (4 mg per 1 g 

PiBMA) dissolved in DMSO was slowly added under inert argon gas. After stirring for four 

hours at 60°C, free FITC was removed from the conjugate through extraction with slightly 

acidified water in a separating funnel. This was repeated until the aqueous layer was colourless. 

Subsequently, the organic phase was separated and toluene removed with a rotary evaporator. 

The obtained conjugate was freeze-dried. 
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Table 2. Reactants and conjugates in the fluorochromization reactions 

Reactive group  Fluorochrome Conjugate 

Gelatine 

Amino group TRITC 

MC 

Hydroxyl group 5-DTAF

PBMA 

Carboxyl group FITC 
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Test of conjugates for a stable chemical bond 

By performing thin layer chromatography the stable chemical bond of the conjugate was 
proved: no separation of the adhesive and FITC molecules was found (stationary phase: silica 

gel 60F, mobile phase: ethyl acetate for MC; water for Degalan; ethanol for gelatine). In the 

case of Degalan, the stability of the chemical bond was proved additionally by extraction 

because it was doubtful whether a thin layer chromatography was significant for PBMAs. 

Extraction was carried out against toluene at temperatures of -30°C with dry ice: after eight 

extractions, Degalan retained its fluorescence, though to a minor extent as in every extraction 

some adhesive was lost. 

Viscosity test 
The viscosity of conjugates measured with an Ubbelohde Viscosimeter (Schott AVS 400, 
capillary tube 0a, at the University of Stuttgart) slightly changed in comparison to the 

unmodified adhesive. However, the margin of error of 5-10% is within the accuracy of 

measurement. 

Samples 
In order to obtain samples with non-absorbent flaking paint, small paintings (20 x 20 cm²) with 

the lowest possible degree of autofluorescence were specially developed and produced as follows 

(see also Figure 3): A washed (60°C), ironed (220°C), wetted (to pre-shrink) flax fabric of 

medium quality and density (14-15 threads per cm
2
) served as a support. In order to reduce

its absorbency, wheat starch paste (13%) was twice applied instead of hide glue in order to 

avoid the latter´s strong autofluorescence. To imitate aged, cracked ground and paint layers, 

which are non-absorbent as well as non-fluorescent, a pigment mixture of chalk, gypsum, and 

iron red (30:30:1 parts by weight) bound in epoxy resin (Araldite 2020) was used. The iron 

oxide red was not only included for pigmentation but also to avoid the transmission and 

reflection of the labelled adhesive. The first layer imitated a ground layer and consisted of one 

part (by weight) of Araldite and two parts of pigment mixture. The second layer, called paint 

layer, was produced with a 1:1 Araldite-pigment-mixture. The upper layer consisted of pure 

epoxy resin and imitated a varnish layer. Defined amounts (by weight) of the Araldite mixtures 

were applied, providing comparably thick paint layers in different test samples (layer A = 2 g, B 

= 5 g, C = 20 g per painting). The paint layer (20 x 20 cm²) was broken into 2 x 2 cm
2 
fragments

and mounted on wooden stretchers. Flaking paint was produced by water damage, with 

additional mechanical stress, so that the Araldite layers lifted from the starch layer and the 

canvas. 
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Figure 3 Test sample set-up for flaking paint on canvas. 

Application and sample preparation 
All adhesives were applied with a micro pipette. At every entry point, for gelatine and MC, 0.02 
mL was applied, while for Degalan, 0.04 mL was used. In experiments with MC and gelatine, the 

adhesive was applied from the front and after a few minutes to allow for penetration the area was 

covered with absorbent cardboard and dried under pressure for 24 hours. Some areas were pre-

wetted with isopropanol immediately before adhesive application. In the case of Degalan 

(application from front and back), for controlling the evaporation after an application, the back of 

the canvas painting was always sealed with silicon-coated Mylar (polyester film) and the 

paint layer was left uncovered. Consolidation from the back was carried out according to 

Demuth (see Figure 4): test samples were turned face down and elevated 30 cm above a table to 

avoid direct contact to the latter (direct contact to the paint layer can cause penetration of the 

adhesive to the front due to capillary forces), Degalan was applied on the fabric and the back was 

sealed with silicon-coated Mylar for five days. In experiments with several subsequent 

applications the interval was 48 hours. After drying, the samples were cut out and embedded in 

Technovit 7100 for thin sections. During sample preparation the bond between paint layer and 

canvas was delaminated in some cases, causing a gap in the adhesive layer as is visible on the 

photographs of Figure 5. The thin sections (8 µ m thick) were cut with a rotary microtome (1140 

Autocut, Reichert-Jung) and a Leica HM knife (16 cm/d, inclination 3°, declination 30°). 
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Figure 4 Experimental set-up for application of Degalan from the back (according to Demuth 1999). 

Detection 
The detection of the labelled adhesive was conducted with a fluorescence microscope (Zeiss, 
Axiolab A), a mercury vapour lamp 50 (Osram) and halogen bulb. This set-up turned out to be 

the most rational, uncomplicated and reliable way for examining a huge amount of samples in 

comparison to structured illumination (Zeiss ApoTome) and a confocal laser scanning 

microscope (LSM 510 Zeiss): The ApoTome Software eliminated too much of the adhesive's 

fluorescence while the laser initiated too much disturbing autofluorescence of the substrate. The 

observation of thin sections with fluorescence microscopy, on the other hand, allowed for clear 

distinction between adhesives and eliminated autofluorescence. Three filter sets (Zeiss and ahf) 

were used, named FITC/5-DTAF, TRITC and DUAL by the authors for easy identification (see 

Table 3). Filter set FITC/5-DTAF was specially adjusted for fluorescein, filter set TRITC was 

used for rhodamine and filter set DUAL for investigating fluorescein and rhodamine 

simultaneously. A Canon 1000D digital camera was used for documentation and for a better 

view some pictures were stitched together with Photoshop CS3. 

Table 3. Filter sets 

Filter set Excitation filter Beam splitter Emission filter 

FITC/5-DTAF 

(green fluorescence) 

Bandpass (BP) 475-495 Longpass (LP) 510 BP 512-542 

TRITC 

(red fluorescence) 

BP 573-613 LP 562 BP 579-631 

DUAL 

(green and red fluorescence) 

BP 468 and 553 BP 493 and 574 BP 512 and 630 
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Results 

Adhesion of flaking paint with labelled gelatine, MC and a mixture of both 
The slightly heated (40°C) 5% solution of labelled gelatine (180/190 bloom) penetrated 

excellently under the paint layer of the test samples but always impregnated the canvas more or 

less. If gelatine was not heated it would not flow sufficiently, neither under the paint layer nor 

into the canvas, whereas a 5% MC (Benecel A4C) of a medium viscosity penetrated under the 

paint layer in a very satisfactory manner without impregnating the canvas. A mixture of 5% 

gelatine and 5% MC (1:1) also penetrated into the space between paint layer and canvas very 

satisfactorily. For comparison of gelatine, MC and the mixture see Figure 5 a-d. Particularly 

interesting is the deposition of each adhesive in the mixture. MC aligned alongside the paint 

layer and the canvas and built an anchor for bonding bridges consisting of gelatine and MC (see 

Figure 6). Pre-wetting the area of consolidation with isopropanol resulted in an increased 

penetration into the canvas of all adhesives, even MC and is thus inadvisable (see Figure 5 e, 

using the example of a MC-gelatine-mixture). 
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Figure 5 Penetration behaviour of gelatine, MC and mixtures of both (all adhesives 5%): a) thin section in visible 

light as reference, b) gelatine, without pre-wetting (filter set TRITC), c) MC, without pre-wetting (filter set FITC/5- 

DTAF), d) MC:gelatine 1:1, without pre-wetting, e) MC:gelatine 1:1, applied after pre-wetting with isopropanol 

(filter set DUAL). The arrows show the point of application. Gaps between paint layer and canvas occurred in 

some cases while cutting out samples from the paintings and during embedding. 
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Figure 6 Mixture of gelatine (red) and MC (green) between canvas and paint layer, viewed with filter set DUAL, 

green fluorescence of the MC is outshined by the red fluorescence within the mixture, but present. 

Adhesion of flaking paint with labelled Degalan PQ611 
Adhesion treatment with labelled Degalan PQ611 from the front and back of a canvas with 
flaking paint was carried out with 3% and 5% solutions in Shellsol T (used because of a high 

evaporation rate). When applying the solutions, concentric, fast and wide penetration as well as 

saturation of the canvas was always observed. A well-directed adhesion of certain parts of 

flaking paint is therefore hardly possible. In all cases, the canvas scarcely fluoresces on the back 

of the fabric and in the thin sections the PiBMA was distributed in the canvas (green 

fluorescence in Figure 7+8) with a slight tendency towards the paint layer. No striking 

discrepancy was detected between the concentrations nor with an application from the back or 

from the front. But a slightly better tendency in forming an adhesive layer was detected in the 

paint/canvas interface when applied from the back. A 5% Degalan solution applied twice from 

the back is displayed in Figure 8, where it is also evident - compared to Figure 7 - that a 

previously applied solution builds no barrier for the next one. 

310



Proceedings of Symposium 2011  – Adhesives and Consolidants for Conservation 

Figure 7 Labelled Degalan 5% applied twice from the back. The arrows show the point of application. Green 

fluorescence of the labelled Degalan is visible in the canvas and a slight accumulation towards the paint layer 

(filter set FITC/5-DTAF). 

Discussion 

Among the tested adhesives in this research, the desired adhesive layer between flaking paint 

and canvas was formed best by MC and a mixture of gelatine and MC. 

The results with regard to gelatine, MC and a mixture of both clearly show that the excellent 

penetration of gelatine results in an undesired impregnation of the canvas whereas MC and a 

mixture of gelatine and MC (1:1) formed the desired adhesive layers between paint and canvas. 

Further tests will investigate the possibility of using the excellent penetration abilities of 

gelatine while avoiding or limiting penetration into the canvas, for instance by applying 

cyclododecan from the back before the consolidation takes place or pre-wetting with aliphatic 

hydrocarbons. 

Concerning the results with Degalan PQ611, penetration into the canvas with a slight tendency 

toward the paint layer took place, thus a well defined adhesive layer between the paint and the 

canvas was not achieved. Already studies of Domaslowski have shown that PBMA disperse 

most evenly when using aliphatic hydrocarbons among other solvents. This is 

counterproductive with regard to the goal of achieving one sharp adhesive layer. As shown by 

Demuth, in principle an accumulation of the PBMA between paint layer and canvas is possible. 

At the same time, Degalan allocated everywhere in the canvas in this study. Furthermore, the 
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results showed that an application from the back is almost equivalent to that from the front, if 

not even better with regard to penetration. In additional tests comprising post-wetting with 

solvent one could attempt to direct the PBMA-remains in the canvas into the paint/canvas 

interface. 

Figure 8 Labelled Degalan 5% applied from the back (green arrow). Green fluorescence is visible in the canvas 

and in one semicircular crack in the middle of the paint layer (filter set FITC/5-DTAF). 

Conclusion 

With the help of fluorochromization and detection by fluorescence microscopy enlightening 

insights into the behaviour of adhesives were gained. Adhesives and application methods for 

creating an adhesive layer between paint and canvas in the case of flaking paint were 

successfully explored. Thus the methodology will help to advance consolidation treatments in 

general. 
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Materials and Suppliers 

5-(4,6-dichlorotriazinyl)aminofluorescein (5-DTAF) *single isomer*, Catalog Number: D-16, invitrogen, 

www.invitrogen.com 

Araldite 2020, Article: 140311600, Bodo Müller Chemie  GmbH, www.bm-chemie.de 

Benecel  A4C, Lot: 474304, Aqualon, www.aqualon.ashland.com 

Degalan PQ611, Charge: Z509051247, formerly Degussa  Röhm  GmbH  & Co Spezial  Acrylate, www.roehm.de 

(now www.degalan.de) 

Dialysis membrane T1, ZelluTrans, filter rating: 3.500, MWCO: 4.000-6.000, wall  thickness: 28 µm, Article: 

E658.1, Carl Roth GmbH  & Co. KG, www.carlroth.com 

Flax linen, L515  Leinwand 99, Kremer, www.kremer-pigmente.de 

Fluorescein-5-isothiocyanate (FITC ‘Isomer I’), Catalog Number: F-143, invitrogen, www.invitrogen.com 

Gelatine Gold, 180/190 Bloom, Article: 4274.1, Carl Roth GmbH  & Co. KG, www.carlroth.com 

Technovit 7100, Article: 64709003, Heraeus Kulzer GmbH, www.kulzer-technik.de 

Tetramethylrhodamine-B-isothiocyanate, 87918-50mg, Lot: 41608262, Sigma-Aldrich Chemie  GmbH, 

www.sigmaaldrich.com 

Thinlayer chromatography plates silica  gel 60F, 20 x 20 cm, Merck KGaA, www.merck.de 

Wheat starch, Article: 9447.1, Carl Roth GmbH  &Co. KG, www.carlroth.com 
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in Wood From Immersion in Specific 
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Dimensional Changes of Wood 

Immersed in Different Consolidant 

Agents 

Wendy A. Baker and David W. Grattan 
(biographies and contact information for all authors can be found at the end of this paper) 

Abstract 

Treatment of deteriorated wooden objects can include immersion in consolidant solutions of 
synthetic resins and organic solvents — a procedure that may provoke dimensional change. This 
paper examines the response of eastern white pine and white oak to immersion in ethanol, 
isopropanol, n-butanol, toluene, and pentane, and in consolidant solutions of 5% Aquazol 50 in 
ethanol, 5% Aquazol 50 in isopropanol, 5% Acryloid B-72 in toluene, 5% poly (vinyl butyral) 
Butvar B-79 in n-butanol, and 5% poly (vinyl acetate) AYAC in toluene. Samples demonstrated 

characteristic behaviours to specific solvents. Ethanol caused an increase in dimension, 
isopropanol and n-butanol an initial shrinkage followed by swelling, and toluene and pentane a 
small shrinkage in the wood. Behaviour of the oak and pine differed in rate and degree of 
response. Although the response of wood to organic solvents is likely multi-variable, molecular 
diameter and solvent polarity are important factors. The addition of consolidants to the solvents 
caused an amplification of dimensional change. For most samples immersed in consolidant 
solutions, original dimensions are not fully recovered after 4 months of drying. The samples 
showing the most change are those immersed in Butvar B-79 in toluene, and pine samples 
immersed in Aquazol 50 in ethanol. 

Titre et Résumé 

Examen des variations dimensionnelles du bois immergé dans 

divers agents de consolidation 

Le traitement des des objets en bois détériorés peut comporter l’immersion dans des solutions 
d’agents de consolidation à base de résines synthétiques et de solvants organiques, mais cette 
méthode peut toutefois entraîner des variations dimensionnelles des objets. Le présent article 
porte sur l’étude de la réaction de deux essences de bois (le pin blanc et le chêne blanc) dont 
des échantillons ont été immergés dans des solvants purs (éthanol, isopropanol, n-butanol, 
toluène et pentane) et dans différentes solutions d’agents de consolidation [solution à 5 % 
d’Aquazol 50 dans l’éthanol, solution à 5 % d’Aquazol 50 dans l’isopropanol, solution à 5 % 
d’Acryloid B-72 dans le toluène, solution à 5 % de Butvar B-79 {à base de poly(butyral de 
vinyle)} dans le n-butanol, et solution à 5 % d’AYAC {à base de poly(acétate de vinyle)} dans le 
toluène]. Les réactions des échantillons sont caractéristiques pour des solvants particuliers. 
L’immersion dans l’éthanol provoque une augmentation des dimensions du bois, tandis que le 
toluène et le pentane entraînent un léger retrait des échantillons; quant à l’isopropanol et au n- 
butanol, ils provoquent un retrait initial, suivi d’un gonflement. Les échantillons de chêne blanc 
et de pin blanc ont des comportements différents, notamment au chapitre de la vitesse et de 
l’importance de la réaction. L’ajout d’agents de consolidation aux solvants purs entraîne un 
accroissement des variations dimensionnelles observées. Bien que la réaction du bois aux 
solvants organiques dépend probablement de plusieurs variables, le diamètre moléculaire et la 

polarité du solvant constituent des facteurs importants. La plupart des échantillons ne 
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reprennent pas leurs dimensions initiales, et ce, même après quatre mois de séchage. Les 
échantillons qui présentent les variations dimensionnelles les plus importantes sont ceux 
immergés dans une solution de Butvar B-79 dissous dans le toluène et les échantillons de pin 
blanc immergés dans une solution d’Aquazol 50 dissous dans l’éthanol. 

Introduction 

Examination of the short- and long-term effects of bulk 

consolidation on the dimensional stability of wood was 

initiated by several works of art brought to the 

Canadian Conservation Institute (CCI) for treatment. A 

fragment from one object (Figure 1) showed severe 

damage to the wood from boring insects. Bulk 

consolidation, although a radical treatment option, was 

considered necessary as structural integrity was 

severely compromised. There are several treatment 

approaches that deliver consolidants into wood (Grattan 

1980); the present study focuses on thermoplastic resins 

dissolved in organic solvents. 

Dimensional stability is one of the requirements of an 

ideal consolidant (Werner 1978) because changes in 

Figure 1. A broken fragment of polychrome 

sculpture showing extensive damage to the 

wood. 

dimension can have a devastating effect on an object, e.g. causing warping of the wood and 

buckling or tenting of decorative layers in the case of shrinkage, and crack development or 

widening and lengthening of existing cracks in 

the case of swelling. Cracks in the radial axis in 

paint and ground layers of a panel painting can 

be seen in Figure 2. These cracks result from the 

wood’s swelling response to increases in 

humidity that exceeds that of paint and ground 

layers. 

The impregnation of degraded wood by organic 

liquids and consolidants is an ongoing 

preoccupation of the wood science industry. 

Volumetric change, in particular, has been 

examined by Stamm (1934, 1935), de Bruyne 

(1939), and Mantanis et al. (1994, 1995). 

Conservation scientists have addressed 

volumetric changes in studies by Wang and 

Schniewind (1985) and Schniewind (1990, 

1998). Schneiwind (1990) noted that wood 

swells during consolidation in an amount 

proportional to the swelling potential of the 

solvent. The swelling potential is not defined 

except in relationship to the polarity of the 
Figure 2. Cracking in the radial axis is caused by 

hygroscopic swelling of wood. 
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solvent and consolidant: the greater the polarity, the greater the swelling. As for predictors of 

swelling, molecular weight and solvent polarity were first proposed by Stamm (1935) and 

de Bruyne (1939). Other predictive theories followed: cohesive energy density of the solvent, or 

Hildebrand’s parameter as well as solvent donor number (Mantanis et al. 1994, 1995). A 

number of theories advanced by researchers for the calculation of volumetric change based on 

properties of wood and solvents were explored by the authors. However, with the exception of 

Stamm’s observation that swelling is proportional to molecular weight for alcohols, published 

theories to predict wood swelling are not entirely reliable. 

A phased project was undertaken to evaluate the short- and long-term dimensional effects of 

exposing wood (eastern white pine and white oak) to pure solvents (phase 1) (Baker and Grattan 

2009; Baker and Grattan 2010), and to consolidant solutions (phase 2). Can questions such as 

the predictability of dimensional change be answered or behaviour of wood characterized; and 

if dimensional change takes place, is this a temporary or a permanent change of state? 

Methods and Procedures 

Wood samples 
Samples were obtained from air-dried 

planks of quarter-sawn white oak and 

eastern white pine. Samples were cut with 

the long axis oriented in the radial direction. 

Size was determined largely by the width of 

each plank; oak samples were cut to 1.7 cm 

height × 2.0 cm width × 19.2 cm length and 

pine samples to 1.6 cm height × 2.0 cm 

width × 13.2 cm length (where height = 

tangential; width = longitudinal; and length 

= radial axis). Two stainless steel “T” pins 

were pushed into predrilled holes on the top 
Figure 3. Sample of white oak with measuring pins. 

surface and close to the ends of each sample (Figure 3). Measurements, recorded in millimetres 

to two decimal places, were taken between sets of pins using digital calipers. Samples were 

equilibrated to 50% relative humidity (RH) at 20˚C prior to and after immersion. Measurements 

and weights were recorded prior to treatment and at multiple intervals during and post 

immersion. Two samples each of oak and of pine were used for each experiment. Samples were 

immersed in glass pans containing 600 mL of solvent (phase 1) and consolidant solution (phase 

2). Pans were covered with Mylar sheet, followed by a layer of expanded polyethylene foam 

and a glass cover to seal the opening. Samples were removed from solvents and consolidant 

solutions after reaching maximum (in most cases) dimensional change. Following immersion, 

samples were dried on metal screen racks. 
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Consolidants 
Four consolidants were chosen. The first three are among consolidants cited in the research and 

review literature (Schniewind and Kronkright 1984; Wang and Schniewind 1985; Schniewind 

1990; Unger et al. 2001), and from among those identified in published treatments (Barclay 

1981; Payton 1984): poly(vinyl butyral) (PVB) Butvar B-79, poly(vinyl acetate) (PVAC) resin 

AYAC, and acrylic co-polymer Acryloid B-72. The fourth consolidant tested was Aquazol 50, 

one of a series of homopolymers of 2-ethyl-oxazoline.Where the consolidant is one in a series, 

the resin with a low or lowest molecular weight was chosen for testing. Butvar B-79 has the 

lowest molecular weight in the PVB series: 50,000 – 80,000 g mol
-1

. Ethyl methacrylate/methyl

acrylate (70:30), Acryloid B-72, has a molecular weight of 30,000 – 34,000 g/mol
-1

. AYAC, at

12,000 g/mol
-1

, has the lowest molecular weight of all of the PVAC resins, and of our test

consolidants. Aquazol 50 has a molecular weight of 50,000 g/mol
-1

. Each solution was made up

of 5% solids to liquid (weight to volume). 

Solvents 
Five solvents were chosen: anhydrous ethanol, isopropanol, n-butanol, toluene, and pentane. 

Selection of the solvents for phase 1 of the testing was predicated on differences in critical 

molecular diameters (CMD) as well as range of polarities expressed here as dielectric constants 

(see Table 1). Water is included in Table 1 as a comparison. A study carried out on waterlogged 

wood (Jensen 1997) shows that a solvent’s ability to swell wood falls off sharply after the CMD 

reaches and exceeds 5.5 Å, and once adsorbed into the cell wall, for swelling to take place, the 

solvent molecules must be polar (Jensen 1997). 

Table 1. Polarity (dielectric constant) and critical molecular diameter of test solvents. 

water ethanol n-butanol isopropanol toluene pentane 

Polarity 9 5.2 4 3.9 2.4 0 

CMD (Ǻ) 2.8 4.4 4.5 4.3 6.7 4.96 

If this is the case, then ethanol, n-butanol, isopropanol, and pentane should be adsorbed into the 

cell wall, but not toluene. Ethanol should produce the most swelling followed next by n-butanol 

and isopropanol. Toluene and pentane should not cause swelling. 

Results 

Phase 1. Exposure to pure solvents 
Percentage changes from pretreatment radial measurements as a result of immersion in solvents 

are shown in Figure 4 for oak samples and in Figure 5 for pine samples. Each data point reflects 

an average value for two samples. 
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Figure 4. Percentage change in the radial dimension for white oak immersed in pure solvents. 

Pine, All Solvents: Change Dimension
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Figure 5. Percentage change in the radial dimension for eastern white pine immersed in pure solvents 

Given small sample size, the data per se is not statistically significant; however, when examined 

as a whole (Figures 4 and 5), characteristic behaviours associated with particular solvents can 

be identified. Differences in dimensional response between oak and pine samples were in rate 

and magnitude; rate of response was faster for pine, but greater for oak. Increase in dimension 

was most pronounced for those samples immersed in ethanol. A maximum swelling in oak 

samples of over 2.5% was reached at between 600 to 800 hours of exposure to ethanol while 

pine samples immersed in ethanol reached their maximum swelling of 0.6% in less than 10 

hours of exposure. Isopropanol and n-butanol provoked, in both oak and pine samples, an initial 
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shrinkage followed by swelling. With oak samples immersed in isopropanol and n-butanol, this 

shrinkage reached 0.25% at approximately 50 hours. Subsequent swelling of oak samples 

reached just under 1% for isopropanol and just over 0.5% for oak immersed in n-butanol at the 

end of the test period (1700 hours). Pine samples show an initial shrinkage when immersed in 

both isopropanol and n-butanol of approximately 0.2% reached in under 10 hours of immersion. 

Subsequent swelling of the pine was almost identical for the two solvents with a maximum 

value of 0.3% attained in 300 hours. Toluene and pentane had an almost identical effect on the 

wood: both oak and pine samples showed an immediate shrinkage that continued slowly over 

the test period. For the oak samples this resulted in reduction of volume in the radial axis of 

0.3% at the end of the test period (1700 hours) and for the pine samples a reduction in volume 

of 0.15% after 550 hours of immersion. 

Phase 2. Exposure to consolidant solutions 
The following figures are based on averages of two samples each of pine and oak immersed in 

different consolidant solutions. Figures 6 to 10 show dimensional change between consolidant 

solutions and solvents alone for both oak (A) and pine (B). Samples immersed in consolidant 

solutions were removed from solution for drying, and results of this drying phase are also 

shown in Figures 6 to 10. 

A B 
Oak in 5% Aquazol 50 in ethanol during  and post immersion Pine in 5% Aquaz ol 50 in ethanol during and post immersion
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Figure 6. Percentage change in radial dimension for white oak and eastern white pine immersed in 5% Aquazol 50 

in ethanol compared to pure ethanol. Drying curves, post immersion, for samples exposed to consolidant solution 

only are also shown. 

Figure 6 shows the percentage change in dimension for oak samples (A) and pine samples (B) 

immersed in 5% Aquazol 50/ethanol compared to the change in dimension for samples exposed 

to ethanol alone. Samples of both oak and pine were removed from the Aquazol 50/ethanol 

solution at 650 hours and allowed to air dry (1450 hours). The swelling of the wood in the 

consolidant solution mirrors the response of wood to the solvent. However, Aquazol 50 causes 

an amplitude in swelling for both woods. In the oak samples (A), this reaches approximately 

3.25% with the consolidant added to the solvent compared to approximately 2.5% for the 

solvent alone. In the pine samples (B), the addition of Aquazol 50 almost doubles the swelling: 
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1.3% as opposed to a maximum increase for exposure to ethanol alone of 0.6%. After 1450 

hours of drying, neither the oak nor the pine samples have returned to original dimensions. The 

oak samples retain a swelling of 0.26%, and the pine samples a shrinkage of 0.3% from their 

pretreatment state. 

A B 
Oak in 5% Aquazol 50 in isopropanol during and post immersion Pine in 5% Aquaz ol 50 in isopropanol during and post immersion 
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Figure 7. Percentage change in radial dimension for white oak and eastern white pine immersed in 5% Aquazol 50 

in isopropanol compared to pure isopropanol. Drying curves post immersion for samples exposed to consolidant 

solution only are also shown. 

Figure 7 shows results for oak samples (A) and pine samples (B) immersed in 

5% Aquazol 50/isopropanol compared to immersion results for isopropanol alone. Oak and pine 

samples were removed from the consolidant solution at 575 hours, and drying results are shown 

for 1525 hours of drying. Samples immersed in consolidant solutions show similar patterns of 

behaviour to those immersed in solvent alone. Oak and pine exhibit an initial shrinkage 

followed by a swelling. Subsequent swelling of the wood is amplified by the presence of the 

consolidant. This is especially so for the pine samples (B) where maximum swelling with the 

consolidant solution reaches 0.8% as opposed to 0.3% for the solvent alone. The smaller 

percentage swelling of the oak (A) is anomalous, and more testing is required for oak. After 

drying, the oak samples have not returned to their pretreatment state, and exhibit a 0.15% 

increase in dimension. The pine samples have largely returned to their original dimensions. 
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Figure 8. Percentage change in radial dimension for white oak and eastern white pine immersed in 5% Butvar B- 

79 in n-butanol compared to pure n-butanol. Drying curves post immersion for samples exposed to consolidant 

solution only are also shown. 
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Figure 8 shows the response of oak samples (A) and pine samples (B) exposed to a consolidant 

solution of 5% Butvar B-79/n-butanol compared to immersion results from n-butanol. Samples 

of oak and pine were removed from the consolidant solution for drying at 650 hours. Drying 

time shown in Figure 8 is 1450 hours. Both oak and pine show similar behaviour in the 

consolidant solution and solvent alone with an initial shrinkage followed by swelling. The 

presence of the consolidant causes an amplification of the swelling. This reaches a maximum 

for oak (A) of just under 0.5% at 650 hours compared to a swelling of 0.25% for the solvent 

alone. Pine samples (B) show an increase in dimension of slightly over 0.5% at 650 hours of 

exposure to the consolidant solution compared to 0.3% for a comparable exposure time to n- 

butanol alone. After 1450 hours of drying, neither the oak nor the pine samples have returned to 

their original dimensions; the oak retains a 0.45% increase in dimension, and the pine 0.15%. 
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Figure 9. Percentage change in radial dimension for white oak and eastern white pine immersed in 5% B-72 in 

toluene compared to pure toluene. Drying curves post immersion for samples exposed to consolidant solution only 

are also shown. 

Figure 9 shows the results of oak samples (A) and pine samples (B) immersed in a consolidant 

solution of 5% B-72/toluene compared to toluene alone. Samples were removed from the 

consolidant solution at 600 hours, and drying times, as given in Figure 9, are 1200 hours. As 

with all previous tests, the solvent plays a predominant role in the behaviour of the wood. In 

this case, oak and pine shrink from exposure to both the solvent alone and the consolidant 

solution. The presence of the consolidant in solution appears to provoke non-ideal behaviour in 

oak samples (A) with some mitigation then a worsening of shrinkage, whereas the consolidant 

appears only to worsen the shrinking of pine samples (B), with a 0.1% shrinkage on exposure to 

the consolidant solution as opposed to 0.06% for toluene alone. After 1200 hours of drying, the 

oak samples retain a shrinkage of 0.08%, and the pine a shrinkage of approximately 0.13%. 
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Figure 10. Percentage change in radial dimension for white oak and eastern white pine immersed in 5% AYAC in 

toluene compared to pure toluene. Drying curves post immersion for samples exposed to consolidant solution only 

are also shown. 

Figure 10 shows the results of oak samples (A) and pine samples (B) immersed in a consolidant 

solution of 5% AYAC/toluene compared to pure toluene. Samples were removed from the 

consolidant solution after 250 hours of immersion. Drying time given in Figure 10 is 1150 

hours. Again, the solvent affects the reaction of both oak and pine. In this case, the predominant 

response is shrinkage. There is a similarity in behaviour to samples immersed in toluene and B- 

72 (Figure 9A, B) with oak samples (Figure 10A) showing non-ideal behaviour: some 

mitigation in shrinkage followed by increased shrinkage, and an overall increase in shrinkage of 

the pine samples (Figure 10B). After drying, the oak samples gradually regain most of their 

original dimension, but fall short at slightly over 0.04% loss after 1150 hours of drying. Pine 

samples show a loss in dimension of 1.5%. 

Long-term effects 
Measurements and weights taken after 4 months of air drying are shown in Table 2 for samples 

immersed in consolidant solutions. Negative numbers reflect loss of dimension. In almost every 

test, some dimensional change is retained. Generally, pine samples show the larger response 

both in retained swelling and shrinkage. Pine samples immersed in Aquazol 50/ethanol 

demonstrate a large loss from original dimension on drying (-0.39%) as do, to a much lesser 

extent, the pine samples immersed in Aquazol 50/isopropanol (-0.05%). Samples immersed in 

Butvar B-79/n-butanol show the greatest change in state upon long-term drying with retained 

swelling of 0.44% for oak and 0.65% for pine. Following immersion in AYAC/toluene and B- 

72/toluene, oak samples have virtually returned to pretreatment state, but pine samples show 

retained shrinkage. In terms of retained consolidant, the smallest weight gains are for samples 

immersed in Butvar B-79/n-butanol and Acryloid B-72/toluene. The greatest weight gain is by 

oak and pine immersed in AYAC/ toluene. AYAC has the smallest molecular weight of all of 

the test consolidants, and it is likely that uptake through the wood structure and into voids is 

more successful than that of consolidants with larger molecular structures. Samples of wood 

immersed in Aquazol 50/ethanol show a greater weight gain for both pine and oak than do 

samples immersed in Aquazol 50/isopropanol. In this case, the increased solvent swelling of the 

wood by ethanol may be responsible for the more effective uptake of consolidant. 
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Table 2. Percentage change in dimension after 4 months of drying/ weight gains. 

Solvents and consolidant 

solutions 
Percentage change after 4 

months drying 

Weight gain 

Oak Pine Oak Pine 

Ethanol + Aquazol 50 0.19 -0.39 2.29 5.60 

Isopropanol + Aquazol 50 0.08 -0.05 1.58 2.30 

n-Butanol + Butvar  B-79 0.44 0.65 1.88 1.57 

Toluene + Acryloid  B-72 -0.04 -0.13 0.89 3.65 

Toluene + AYAC 0 -0.15 2.66 11.90 

Discussion 

Role of the solvents 
Results show a correlation between dimensional change and exposure to solvents — the nature 

of the change depending on the solvent. Polarity, as described by Schniewind (1990), as well as 

molecular weight or volume (Stamm 1935; de Bruyne 1939; Jensen 1997) have a significant 
role. The more polar the solvent the greater the swelling potential, and the smaller the molecule 

the more likely the penetration into the cell wall where swelling takes place. For solvents to 

swell wood they must follow the same physical-chemical pathways as water. Water exists in 

wood in two forms: adsorbed into cell walls, and free water present in cell voids. Once absorbed 

into voids, water diffuses, below the fibre saturation point, into the cell structure, prompted by 

moisture gradients set up across the cell walls (Kollmann 1968, p. 220). This diffusion happens 

through a molecular jump phenomenon where molecules of polar vapour (water) are adsorbed 

on the hydroxyl groups of the cellulose, hemicellulose, and lignin at the solid void interfaces 

(Stamm 1975, pp. 104–106). When adsorbed, the water will swell the cell walls through an 

interaction with the hydroxyl groups of cellulose and hemicelluloses (Unger et al. 2001, p. 21). 

Swelling is not related to the uptake of liquid in the cell lumen or voids (Siau 1971, p. 5). Dense 

hardwoods (oak) have a greater ratio of cell wall to voids than softwoods (pine), and, as 

swelling is proportional to the volume of water adsorbed in the cell wall, the denser the wood 

the greater the dimensional change (Kollmann 1968, p. 162). This correlation is confirmed with 

the results for immersion of the hard and softwoods in pure solvents. 

A solvent with a small CMD and high polarity such as ethanol can rapidly replace water in the 

cell wall, causing this to swell as the wood is flooded with the solvent. The larger and less polar 

solvents, isopropanol and n-butanol, will penetrate cell walls, forcing water out, but will not 

replace water as readily as the more polar ethanol. This may explain the initial shrinkage 

followed by the gradual swelling of wood exposed to these solvents. In the case of toluene, the 

CMD of these molecules is too large to allow for penetration and, even if the molecules could 

pass into the walls, as is the case for the smaller pentane molecules, reactive hydroxyl groups 

cannot be accessed by these low to non-polar solvents for swelling to occur. As water is drawn 

out of the cells, the wood shrinks. 
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Consolidant solutions 
Solvents drive the dimensional response, and consolidants, present in swelling solvents such as 

ethanol, isopropanol, and n-butanol, will amplify the solvent swelling. Consolidants dissolved 

in a solvent that causes shrinkage, such as toluene, have a more complex influence that could be 

related to density of the wood. With denser wood, the consolidant in the toluene inhibits, to a 

small degree, shrinkage, but conversely amplifies this in the softwood samples. Schniewind 

(1990) reports that, in a number of consolidant solutions, tangential swelling of Douglas fir 

samples is largely recovered after a 4-week period. Results for samples dried for 4 months show 

some recovery, notably samples of oak immersed in AYAC in toluene and Acryloid B-72 in 

toluene. However, long-term changes are apparent in most of the other samples, especially the 

pine where, in each case, either swelling or shrinkage was more pronounced after 4 months of 

drying than in their oak counterparts. This is not due to quantity of consolidant retained by the 

wood, as weight gain does not correlate to dimensional change. In most cases the pine samples 

show a lingering, if not permanent reduction in dimension, especially in the case of samples 

immersed in Aquazol 50/ethanol. This shrinkage may be due to cell collapse as a result of 

pressure gradients that develop within the cell wall and between the cell wall and voids during 

loss of solvent in the drying phase. Retained consolidant within the voids may prevent 

dimensional recovery on drying. 

Conclusion 

Dimensional change can take place within the span of normal treatment times. Swelling of 

wood will cause cracking, and shrinkage: warping of the wood and compression and 

delamination of decorative layers. Although testing was carried out on undamaged wood, 

historic wood will still respond to the influence of solvents (Buck 1952; Erhardt et al. 1996; 

Unger et al. 2001). The purpose of this research was to better understand the response of wood 

immersed in common solvents and consolidants, and to begin to characterize these responses. 

The best treatment method may not yet be clear, but some interesting results on swelling and 

shrinkage provoked by solvents and consolidant solutions are presented. More work is required 

to characterize the behaviour of different species of wood to particular solvents and 

consolidants in order to identify appropriate combinations that will cause the least change in 

dimension. 
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Materials and Suppliers 

Acryloid B-72 (Paraloid B-72) 
Rohm and Haas Canada 

2 Manse Road 
Scarborough ON Canada 
Tel.: 416-284-4711 

Ethanol (anhydrous ethyl alcohol, water content 0.1%) 
Commercial Alcohols Inc. 
98 Walker Drive 
Brampton ON Canada 
Tel.: 905-790-7500 

AYAC 
Union Carbide (Dow Chemical Company) 
Resins for this experiment were obtained in 
2002 from Conservation Emporium, Sparks, 
Nevada, USA, and were manufactured by 
Union Carbide (Dow Chemical Company). 
PVACs are no longer made by Union Carbide. 
Currently available PVACs (manufacturer 
unknown) are not direct equivalents to the 
Union Carbide products. Glass transition 
temperatures and molecular weights differ. 

Isopropanol (isopropyl alcohol, water content 0.2%, 
certified ACS) 

Canada Wide Scientific 

2300 Walkley Road 
Ottawa ON Canada 
Tel.: 1-800-267-2362 

n-Butanol (1-butanol, certified ACS)
Aquazol 50 

Polymer Chemistry Innovations Inc. 

4231 South Fremont Avenue 
Tucson AZ USA 
Tel.: 520-746-8876 

Butvar B-79 
Monsanto Company 

5054 W. Jefferson Avenue 
Trenton MI USA 

Tel.: 313-675-5444 

Thermo Fisher Scientific 

112 Colonnade Road 
Nepean ON Canada 
Tel.: 613-226-8874 

Toluene (certified ACS, water content 0.006%) 
Thermo Fisher Scientific 
112 Colonnade Road 
Nepean ON Canada 
Tel.: 613-226-8874 
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Examen  des variations 
dimensionnelles du bois immergé 

dans divers  agents 

de consolidation 

Wendy  A. Baker et David W. Grattan 
(Les biographies et les coordonnées des auteurs se trouvent à la fin du présent article.) 

Résumé 

Le traitement des objets en bois détériorés peut comporter l’immersion dans des solutions 
d’agents de consolidation à base de résines synthétiques et de solvants organiques, mais cette 
méthode peut toutefois entraîner des variations dimensionnelles des objets. Le présent article 
porte sur l’étude de la réaction de deux essences de bois (le pin blanc et le chêne blanc) dont 
des échantillons ont été immergés dans des solvants purs (éthanol, isopropanol, n-butanol, 

toluène et pentane) et dans différentes solutions d’agents de consolidation [solution à 5 % 
d’Aquazol 50 dans l’éthanol, solution à 5 % d’Aquazol 50 dans l’isopropanol, solution à 5 % 
d’Acryloid B-72 dans le toluène, solution à 5 % de Butvar B-79 {à base de poly(butyral de 
vinyle)} dans le n-butanol, et solution à 5 % d’AYAC {à base de poly(acétate de vinyle)} dans 
le toluène]. Les réactions des échantillons sont caractéristiques pour des solvants particuliers. 
L’immersion dans l’éthanol provoque une augmentation des dimensions du bois, tandis que le 
toluène et le pentane entraînent un léger retrait des échantillons; quant à l’isopropanol et au n- 
butanol, ils provoquent un retrait initial, suivi d’un gonflement. Les échantillons de chêne blanc 
et de pin blanc ont des comportements différents, notamment au chapitre de la vitesse et de 
l’importance de la réaction. L’ajout d’agents de consolidation aux solvants purs entraîne un 
accroissement des variations dimensionnelles observées. Bien que la réaction du bois aux 
solvants organiques dépend probablement de plusieurs variables, le diamètre moléculaire et la 
polarité du solvant constituent des facteurs importants. La plupart des échantillons ne 
reprennent pas leurs dimensions initiales, et ce, même après quatre mois de séchage. Les 
échantillons qui présentent les variations dimensionnelles les plus importantes sont ceux 
immergés dans une solution de Butvar B-79 dissous dans le toluène et les échantillons de pin 
blanc immergés dans une solution d’Aquazol 50 dissous dans l’éthanol. 

Title and Abstract 

Dimensional changes of wood  immersed in different 
consolidant agents 

Treatment of deteriorated wooden objects can include immersion in consolidant solutions of 
synthetic resins and organic solvents — a procedure that may provoke dimensional change. This 
paper examines the response of eastern white pine and white oak to immersion in ethanol, 
isopropanol, n-butanol, toluene, and pentane, and in consolidant solutions of 5% Aquazol 50 in 
ethanol, 5% Aquazol 50 in isopropanol, 5% Acryloid B-72 in toluene, 5% poly (vinyl butyral) 
Butvar B-79 in n-butanol, and 5% poly (vinyl acetate) AYAC in toluene. Samples demonstrated 
characteristic behaviours to specific solvents. Ethanol caused an increase in dimension, 
isopropanol and n-butanol an initial shrinkage followed by swelling, and toluene and pentane a 
small shrinkage in the wood. Behaviour of the oak and pine differed in rate and degree of 
response. Although the response of wood to organic solvents is likely multi-variable, molecular 
diameter and solvent polarity are important factors. The addition of consolidants to the solvents 
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caused an amplification of dimensional change. For most samples immersed in consolidant 
solutions, original dimensions are not fully recovered after 4 months of drying. The samples 
showing the most change are those immersed in Butvar B-79 in toluene, and pine samples 
immersed in Aquazol 50 in ethanol. 

Introduction 

Le projet d’étude des effets à court terme et à long terme de la 

consolidation de masse du bois sur sa stabilité dimensionnelle a 

été lancé lorsque plusieurs œuvres d’art ont été soumises pour 

traitement à l’Institut canadien de conservation (ICC). Un 

fragment de bois d’un des objets (voir la figure 1) présentait de 

sérieux dommages causés par des insectes foreurs. Il a été 

établi que la consolidation de masse était nécessaire, et ce, 

même si cette méthode de traitement est assez extrême, car 

l’intégrité structurale de l’objet était sérieusement compromise. 

Il existe plusieurs traitements qui consistent à incorporer un ou 

des agents de consolidation au bois (Grattan, 1980), mais la 

présente étude porte principalement sur l’utilisation de résines 

thermoplastiques dissoutes dans des solvants organiques. 

La stabilité dimensionnelle de l’objet traité constitue une des 

exigences fondamentales d’un consolidant idéal (Werner, 

1978), car toute variation de ses dimensions peut avoir des 

effets catastrophiques sur son état, par exemple le 

gauchissement du bois et le gondolage ou le soulèvement 

en tente des couches décoratives, dans le cas du retrait, et la 

formation de nouvelles craquelures ou l’élargissement et le 

prolongement de celles déjà présentes, dans le cas du 

gonflement. La figure 2 illustre des craquelures qui se sont 

formées selon l’axe radial de la couche picturale et de la 

préparation d’une peinture sur panneau. Celles-ci ont été 

causées par le gonflement du bois, à la suite 

d’augmentations de son taux d’humidité, qui a dépassé 

celui de la couche picturale et de la préparation. 

Figure 1. Fragment de sculpture 

polychrome révélant les sérieux dommages 

subis par le bois. 

L’imprégnation du bois dégradé par des consolidants et des 

liquides organiques constitue toujours un sujet de 

préoccupation dans l’industrie et la science du bois. Les 

variations volumétriques ont particulièrement fait l’objet 

d’études réalisées par Stamm (1934, 1935), de Bruyne 

(1939) et Mantanis et ses collaborateurs (1994, 1995). Des 

scientifiques en conservation ont traité de cette question 

dans le cadre d’études de Wang et Schniewind (1985) et de 

Schniewind (1990, 1998). Schneiwind (1990) a observé 

que le gonflement du bois lors de sa consolidation est 

Figure 2. La formation de craquelures selon l’axe 

radial est causée par le gonflement hygroscopique 

du bois. 
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proportionnel à la capacité de gonflement du solvant. La nature de cette capacité n’est pas 

clairement définie, mais elle est associée à la polarité du solvant et du consolidant : plus leur 

polarité est élevée, plus le gonflement est important. En ce qui a trait aux paramètres permettant 

de prévoir l’ampleur du gonflement, Stamm (1935) et de Bruyne (1939) ont d’abord proposé 

d’utiliser la masse moléculaire et la polarité du solvant. Par la suite, d’autres théories 

prévisionnelles ont été élaborées, notamment celles basées sur la densité d’énergie de cohésion 

du solvant (ou paramètre de solubilité de Hildebrand), ainsi que sur le nombre donneur du 

solvant (Mantanis et coll., 1994, 1995). Les auteurs ont examiné un certain nombre de théories 

proposées par des scientifiques pour calculer les variations volumétriques en se basant sur les 

propriétés du bois et du solvant. Les méthodes de prévision du gonflement du bois publiées ne 

sont toutefois pas totalement fiables, à l’exception de l’observation de Stamm, selon lequel ce 

gonflement est proportionnel à la masse moléculaire des alcools employés comme solvants. 

Un projet en plusieurs phases a été mis en oeuvre afin d’évaluer les effets à court et à long 

terme sur la stabilité dimensionnelle de deux essences de bois (le pin blanc et le chêne blanc), 

lors de leur exposition à des solvants purs (phase 1; Baker et Grattan, 2009; Baker et Grattan, 

2010) et à des solutions de consolidant (phase 2). Les travaux avaient pour objectif de répondre 

à des questions particulières telles que la capacité de prévoir les variations dimensionnelles du 

bois et de caractériser son comportement, ainsi que d’établir clairement, lorsque ces variations 

surviennent,  si la modification de l’état de l’objet est temporaire ou permanente. 

Méthodes et procédures 

Échantillons de bois 
Les échantillons ont été prélevés dans des 
planches de chêne blanc et de pin blanc 

séchées à l’air et débités sur quartier. Ils ont 

été découpés de manière à ce que l’axe de la 

longueur soit orienté selon l’axe radial. 

Leurs dimensions étaient en grande partie 

déterminées par la largeur de la planche 

d’origine : les échantillons de chêne blanc 

mesuraient 1,7 cm de hauteur, 2,0 cm 

d’épaisseur et 19,2 cm de longueur, et 

ceux de pin blanc, 1,6 cm de hauteur, 

2,0 cm de largeur et 13,2 cm de longueur 

Figure 3. Échantillon de chêne blanc et épingles de mesure. 

(où hauteur = axe tangentiel, largeur = axe longitudinal et longueur = axe radial). Deux épingles 

en T en acier inoxydable ont été insérées dans des trous préforés à la surface supérieure de 

chaque échantillon, près des extrémités (voir la figure 3). La distance entre les deux épingles a 

été mesurée, en millimètres et à deux décimales près, à l’aide d’un pied à coulisse numérique. 

Les échantillons ont été laissés dans des conditions leur permettant d’atteindre un état 

d’équilibre, à 50 % d’humidité relative (HR) et à 20 °C, avant et après leur immersion dans un 

solvant. Les mesures susmentionnées et le poids des échantillons ont été enregistrés avant le 

traitement du bois et à de multiples intervalles durant la période d’immersion et après celle-ci. 

Chaque expérience comportait la mise à l’essai de deux échantillons de chêne blanc et de deux 
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échantillons de pin blanc. Les échantillons de bois ont été immergés dans des plats en verre 

contenant 600 mL de solvant (phase 1 du projet) ou d’une solution de consolidant (phase 2). Les 

plats ont été recouverts d’une pellicule de Mylar, d’une couche de mousse de polyéthylène 

expansé et d’un couvercle d’étanchéité en verre. Les échantillons ont été retirés du solvant ou 

de la solution de consolidant une fois les variations dimensionnelles maximales atteintes (dans 

la plupart des cas). Ils ont ensuite été séchés sur des grilles de tamis métalliques. 

Agents de consolidation 
Quatre agents de consolidation ont été choisis pour réaliser les essais. Les trois premiers 
comptent parmi les consolidants mentionnés dans des publications scientifiques et des analyses 

documentaires (Schniewind et Kronkright, 1984; Wang et Schniewind, 1985; Schniewind, 

1990; Unger et coll., 2001) et ceux indiqués dans des documents particuliers sur les traitements 

(Barclay, 1981; Payton, 1984) : ce sont le Butvar B-79, à base de poly(butyral de vinyle) 

[PVB], la résine AYAC, à base de poly(acétate de vinyle) [PVAC] et l’Acryloid B-72, un 

copolymère acrylique. Le quatrième consolidant mis à l’essai était l’Aquazol 50, un des 

membres de la série d’homopolymères de la 2-éthyloxazoline. Dans les cas où l’agent de 

consolidation choisi fait partie d’une série de produits, la résine mise à l’essai est celle ayant le 

plus bas poids moléculaire, ou du moins un bas poids moléculaire. Ainsi, dans la série des PVB, 

le Butvar B-79 présente le plus bas poids moléculaire, soit de 50 000 à 80 000 g mol
-1

.

L’Acryloid B-72, un copolymère 70/30 de méthacrylate d’éthyle et d’acrylate de méthyle a un 

poids moléculaire de 30 000 à 34 000 g/mol
-1

. L’AYAC, dont le poids moléculaire est de

12 000 g/mol
-1

, est le produit  qui possède la plus basse valeur de cette propriété parmi les

résines de PVAC et parmi tous les consolidants mis à l’essai dans le cadre de notre étude. Le 

poids moléculaire de l’Aquazol 50 est de 50 000 g/mol
-1

. Toutes les solutions préparées étaient

des solutions à 5 % (poids/volume) du solide (le consolidant) dissous dans le liquide (le 

solvant). 

Solvants 
Cinq solvants ont été choisis pour réaliser les essais, soit l’éthanol (anhydre), l’isopropanol, le 

n-butanol, le toluène et le pentane. Le choix des solvants étudiés dans le cadre de la phase 1 du

projet est basé sur les différences de diamètre moléculaire critique (DMC) ainsi que sur une

plage de polarités représentatives, exprimées ci-après sous forme des constantes diélectriques

(voir le tableau 1). Les valeurs de l’eau ont été incorporées au tableau aux fins de comparaison.

Selon les résultats d’une étude portant sur des échantillons de bois saturé d’eau (Jensen, 1997),

la capacité du solvant d’entraîner le gonflement du bois chute pour des valeurs de DMC égales

ou supérieures à 5,5 Å; de plus, une fois qu’un solvant est absorbé dans la paroi cellulaire, tout

gonflement subséquent du bois ne peut se produire qu’en présence de molécules de solvant

polaires (Jensen, 1997).

Tableau 1. Polarité (constante diélectrique) et diamètre moléculaire critique des solvants d’essai. 

eau éthanol n-butanol isopropanol toluène pentane 

Polarité 9 5,2 4 3,9 2,4 0 

DMC (Å) 2,8 4,4 4,5 4,3 6,7 4,96 
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Si tel est effectivement le cas, les molécules d’éthanol, de n-butanol, d’isopropanol et de 

pentane devraient être absorbées dans la paroi cellulaire et celles de toluène ne devraient pas 

l’être. L’éthanol devrait provoquer le plus important gonflement du bois, suivi du n-butanol et 

de l’isopropanol. Quant au toluène et au pentane, ils ne devraient pas entraîner de gonflement. 

Résultats 

Phase  1. Exposition du bois à des solvants purs 
Les figures 4 (chêne blanc) et 5 (pin blanc) illustrent les variations, exprimées en pourcentage 
par rapport à la valeur avant traitement, de la dimension radiale mesurée après immersion de 

l’échantillon dans le solvant. Chaque point du graphique représente une valeur moyenne pour 

deux échantillons. 

Chêne blanc, tous les solvant: variation dimensionnelle

3.00

2.50

2.00

1.50

1.00

0.50

0.00

-0.50
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Éthanol  Pentane  Isopropanol  Toluène  n-butanol

Figure 4. Variation (en pourcentage) de la dimension radiale d’échantillons de chêne blanc immergés dans des 

solvants purs. 
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Pin blanc, tous les solvants: variation dimensionnelle
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Figure 5. Variation (en pourcentage) de la dimension radiale d’échantillons de pin blanc immergés 

dans des solvants purs. 

Le nombre d’échantillons étant très petit, les données ne sont pas, en elles-mêmes, 

statistiquement significatives, mais il est tout de même possible, en les examinant globalement 

(figures 4 et 5), d’identifier des comportements caractéristiques associés à des solvants 

particuliers. Les variations dimensionnelles du chêne blanc et du pin blanc diffèrent au chapitre 

de leur importance et de la vitesse à laquelle elles se produisent. La vitesse est supérieure dans 

le cas du pin blanc, mais les variations sont plus importantes dans celui du chêne blanc. 

L’accroissement des dimensions est plus important pour les échantillons immergés dans 

l’éthanol. Les échantillons de chêne blanc présentent un gonflement maximal de plus de 

2,5 % après 600 à 800 heures d’exposition à l’éthanol, tandis que ceux de pin blanc immergés 

dans l’éthanol atteignent une valeur maximale de gonflement de 0,6 % en moins de 10 heures 

d’exposition. L’exposition à l’isopropanol et au n-butanol entraîne un retrait initial des 

échantillons de chêne blanc et de pin blanc, suivi de leur gonflement. Dans le cas des 

échantillons de chêne blanc immergés dans l’un ou l’autre de ces solvants, le retrait atteint 

0,25 % après environ 50 heures. Leur gonflement subséquent s’élève à un peu moins de 1 % 

dans l’isopropanol et un peu plus de 0,5 % dans le n-butanol, à la fin de la période d’essai 

(1700 heures). Les échantillons de pin blanc, quant à eux, subissent un retrait initial d’environ 

0,2 % après moins de 10 heures d’immersion dans l’isopropanol ou le n-butanol. Leur 

gonflement subséquent est presque identique pour les deux solvants, la valeur maximale de 

0,3 % étant atteinte en 300 heures. Les effets du toluène et du pentane sur le bois sont presque 

identiques : les échantillons de chêne blanc et ceux de pin blanc subissent un retrait immédiat 

qui se poursuit lentement au cours de toute la période d’essai. La réduction du volume des 

échantillons de chêne blanc, selon l’axe radial, est de 0,3 % à la fin de la période d’essai 
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(1700 heures), et celle des échantillons de pin blanc est de 0,15 % après 550 heures 

d’immersion. 

Phase  2. Exposition du bois à des solutions de consolidant 
Les figures ci-après sont basées sur des valeurs moyennes de variations dimensionnelles, pour 

deux échantillons de pin blanc et deux échantillons de chêne blanc immergés dans différentes 
solutions de consolidant. Les figures 6 à 10 illustrent les variations dimensionnelles subies par 
les échantillons de chêne blanc (A) et de pin blanc (B) immergés dans des solutions de 

consolidant et dans des solvants purs. Les échantillons immergés dans les solutions de 

consolidant en ont été retirés afin de les faire sécher; les résultats de cette étape de séchage sont 

aussi illustrés dans les figures 6 à 10. 

A B 
Chêne blanc, durant et après immersion dans une solution  à 5%

d'Aquazol 50 dans l'éthanol 
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Figure 6. Variation (en pourcentage) de la dimension radiale d’échantillons de chêne blanc et de pin blanc 

immergés dans une solution à 5 % d’Aquazol 50 dans l’éthanol ou immergés dans l’éthanol pur. Les courbes de 

séchage, après immersion, des échantillons exposés à une solution de consolidant sont aussi présentées. 

La figure 6 illustre les variations dimensionnelles, exprimées en pourcentages, des échantillons 

de chêne blanc (A) et de pin blanc (B) immergés dans une solution à 5 % d’Aquazol 50 dans 

l’éthanol et, par comparaison, les variations équivalentes des échantillons immergés dans 

l’éthanol pur. Les deux types d’échantillons ont été retirés de la solution d’Aquazol 50 dans 

l’éthanol après 650 heures d’immersion et ont été séchés à l’air pendant 1450 heures. Le 

gonflement du bois immergé dans la solution de consolidant est identique à celui du bois 

immergé dans le solvant pur. L’Aquazol 50 entraîne toutefois un gonflement plus important, et 

ce, pour les deux essences de bois. Dans le cas des échantillons de chêne blanc (A), le 

gonflement atteint environ 3,25 % lorsque le consolidant est ajouté au solvant, comparativement 

à quelque 2,5 % pour le solvant pur. Dans celui des échantillons de pin blanc (B), l’ajout 

d’Aquazol 50 se traduit par un doublement presque deux fois plus important du bois, qui atteint 

1,3 % par rapport à une valeur maximale de 0,6 % pour le bois exposé à l’éthanol pur. Après 

1450 heures de séchage, aucun des échantillons de chêne blanc ou de pin blanc n’a repris ses 

dimensions initiales. Les échantillons de chêne blanc présentent encore un gonflement de 

0,26 % et ceux de pin blanc ont subi un retrait de 0,3 % par rapport à leur état initial, avant le 

traitement. 
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A Chêne blanc, durant et après immersion dans une solution à 5% d'Aquazol 50 

dans l'isopropanol 

B Pin blanc, durant et après immersion dans une solution à 5% d'Aquazol 50 

dans l'isopropanol 
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Figure 7. Variation (en pourcentage) de la dimension radiale d’échantillons de chêne blanc et de pin blanc 

immergés dans une solution à 5 % d’Aquazol 50 dans l’isopropanol ou immergés dans l’isopropanol pur. Les 

courbes de séchage, après immersion, des échantillons exposés à une solution de consolidant sont aussi 

présentées. 

La figure 7 illustre les résultats obtenus pour les échantillons de chêne blanc (A) et ceux de pin 

blanc (B) immergés dans une solution à 5 % d’Aquazol 50 dans l’isopropanol et, par 

comparaison, les variations équivalentes des échantillons immergés dans l’isopropanol pur. Les 

deux types d’échantillons ont été retirés de la solution de consolidant après 575 heures et ont été 

séchés pendant 1525 heures (les résultats de cette étape de séchage sont aussi illustrés à la 

figure 6). Le comportement des échantillons immergés dans des solutions de consolidant est en 

général similaire à celui des échantillons immergés dans le solvant pur. Les échantillons de 

chêne blanc et ceux de pin blanc subissent un retrait initial qui est ensuite suivi d’un 

gonflement. L’importance du gonflement subséquent du bois est accrue par la présence du 

consolidant. Cette constatation est particulièrement observée dans le cas des échantillons de pin 

blanc (B), pour lesquels la valeur maximale du gonflement atteint 0,8 % dans la solution de 

consolidant, comparativement à seulement 0,3 % dans le solvant pur. Le pourcentage de 

gonflement plus faible observé pour les échantillons de chêne blanc (A) est anomal, ce qui 

implique que des essais supplémentaires doivent être réalisés pour cette essence de bois. Après 

l’étape de séchage, les échantillons de chêne blanc n’ont pas repris leur état initial et ils 

présentent une augmentation de 0,15 % de leurs dimensions. Les échantillons de pin blanc, 

quant à eux, ont en grande partie repris leurs dimensions initiales. 
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Figure 8. Variation (en pourcentage) de la dimension radiale d’échantillons de chêne blanc et de pin blanc 

immergés dans une solution à 5 % de Butvar B-79 dans le n-butanol ou immergés dans le n-butanol pur. Les 

courbes de séchage, après immersion, des échantillons exposés à une solution de consolidant sont aussi 

présentées. 

La figure 8 illustre le comportement d’échantillons de chêne blanc (A) et de pin blanc (B) 

immergés dans une solution à 5 % de Butvar B-79 dans le n-butanol et, par comparaison, les 

résultats équivalents pour l’immersion dans le n-butanol pur. Les deux types d’échantillons ont 

été retirés de la solution de consolidant après 650 heures et ont été ensuite séchés pendant une 

période déterminée (les données de la figure 8 indiquent que cette période de séchage est de 

1450 heures). Les échantillons de chêne blanc et ceux de pin blanc ont un comportement 

similaire pour l’immersion dans la solution de consolidant et dans le solvant pur, soit un retrait 

initial suivi d’un gonflement. L’importance du gonflement est accrue par la présence du 

consolidant. Dans le cas du chêne blanc (A), le gonflement atteint une valeur maximale 

légèrement inférieure à 0,5 %, à 650 heures d’immersion, comparativement à une valeur de 

0,25 % pour l’immersion dans le solvant pur. Les échantillons de pin blanc (B) présentent un 

accroissement de leurs dimensions légèrement supérieur à 0,5 %, à 650 heures d’immersion 

dans la solution de consolidant, comparativement à une valeur de 0,3 % pour l’immersion 

équivalente dans le n-butanol pur. Après 1450 heures de séchage, aucun des échantillons de 

chêne blanc ou de pin blanc n’a repris ses dimensions initiales. Les échantillons de chêne blanc 

présentent encore un gonflement de 0,45 % et ceux de pin blanc, un gonflement de 0,15 % par 

rapport à leur état initial. 
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Figure 9. Variation (en pourcentage) de la dimension radiale d’échantillons de chêne blanc et de pin blanc 

immergés dans une solution à 5 % de B-72 dans le toluène ou immergés dans le toluène pur. Les courbes de 

séchage, après immersion, des échantillons exposés à une solution de consolidant sont aussi présentées. 

La figure 9 illustre les résultats obtenus pour les échantillons de chêne blanc (A) et ceux de pin 

blanc (B) immergés dans une solution à 5 % de B-72 dans le toluène et, par comparaison, les 

résultats équivalents pour l’immersion dans le toluène pur. Les échantillons ont été retirés de la 

solution de consolidant après 600 heures et ont été ensuite séchés pendant une période de 

1200 heures, selon les données de la figure 9. Comme pour tous les essais précédents, le solvant 

joue un rôle de premier plan au chapitre du comportement du bois. Dans ce cas particulier, 

l’exposition des échantillons de chêne blanc et de ceux de pin blanc au solvant pur et leur 

exposition à la solution de consolidant entraînent un retrait. La présence du consolidant dans la 

solution d’immersion semble provoquer le comportement non idéal des échantillons de chêne 

blanc (A), avec une certaine atténuation subséquente des effets, qui est toutefois suivie d’un 

retrait plus important. Dans le cas des échantillons de pin blanc (B), la présence du consolidant 

semble uniquement aggraver le retrait, puisque le retrait atteint 0,1 % pour l’immersion dans la 

solution de consolidant et seulement 0,06 % pour celle dans le toluène pur. Après 1200 heures 

de séchage, les échantillons de chêne blanc présentent encore un retrait de 0,08 % et ceux de pin 

blanc, un retrait d’environ 0,13 % par rapport à leur état initial. 
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Figure 10. Variation (en pourcentage) de la dimension radiale d’échantillons de chêne blanc et de pin blanc 

immergés dans une solution à 5 % d’AYAC dans le toluène ou immergés dans le toluène pur. Les courbes de 

séchage, après immersion, des échantillons exposés à une solution de consolidant sont aussi présentées. 

La figure 10 illustre les résultats obtenus pour les échantillons de chêne blanc (A) et ceux de pin 

blanc (B) immergés dans une solution à 5 % d’AYAC dans le toluène et, par comparaison, les 

résultats équivalents pour l’immersion dans le toluène pur. Les échantillons ont été retirés de la 

solution de consolidant après 250 heures et ont été ensuite séchés pendant une période 

déterminée (les données de la figure 10 indiquent que cette période de séchage est de 

1150 heures). Ceci est un autre cas où le solvant influe sur la réaction du chêne blanc comme 

sur celle du pin blanc, leur comportement étant en grande partie caractérisé par un retrait. Ce 

comportement est similaire à celui des échantillons immergés dans le toluène et dans une 

solution de B-72 (figure 9A et figure 9B), car les échantillons de chêne blanc (figure 10A) 

présentent un comportement non idéal, soit une certaine atténuation des effets de retrait qui est 

toutefois suivie d’un retrait plus important, tandis que les échantillons de pin blanc (figure 10B) 

présentent un accroissement global du retrait. Une fois séchés, les échantillons de chêne blanc 

retrouvent graduellement une bonne partie de leurs dimensions initiales, car ils présentent tout 

de même un retrait légèrement supérieur à 0,04 % après 1150 heures de séchage. Quant aux 

échantillons de pin blanc, leurs variations dimensionnelles correspondent à un retrait de 1,5 %. 

Effets  à long terme 
Le tableau 2 comporte les résultats des mesures des dimensions et du poids des échantillons 

immergés dans des solutions de consolidant, après quatre mois de séchage. Les valeurs 

négatives correspondent à un retrait. Dans presque tous les essais réalisés, les échantillons 

conservent une certaine partie des variations dimensionnelles subies par immersion. De manière 

générale, ce sont les échantillons de pin blanc qui présentent les réactions les plus importantes, 

que ce soit en matière de maintien du gonflement ou du retrait. Ceux immergés dans une 

solution d’Aquazol 50 dans l’éthanol sont caractérisés, après la période de séchage, par un large 

retrait (-0,39 %) par rapport à leurs dimensions initiales, et ceux immergés dans une solution 

d’Aquazol 50 dans l’isopropanol suivent, à un moindre degré, la même tendance (-0,05 %). Les 

échantillons des deux essences de bois immergés dans une solution de Butvar B-79 dans le 

n-butanol présentent les variations les plus importantes, après le séchage à long terme, car ils

conservent alors un gonflement de 0,44 % dans le cas du chêne blanc, et de 0,65 %, dans celui

du pin blanc. À la suite de leur immersion dans une solution d’AYAC dans le toluène ou de
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B-72 dans le toluène, les échantillons de chêne blanc retournent pratiquement à l’état qui les

caractérisait avant le traitement, tandis que ceux de pin blanc présentent toujours un retrait. En

ce qui a trait à la quantité de consolidant toujours présent dans les échantillons, les plus faibles

gains de poids sont associés aux échantillons immergés dans une solution de Butvar B-79 dans

le n-butanol ou d’Acryloid B-72 dans le toluène. D’autre part, ce sont les échantillons de chêne

blanc et ceux de pin blanc immergés dans une solution d’AYAC dans le toluène qui présentent

les gains de poids les plus importants. C’est la résine AYAC qui possède le plus bas poids

moléculaire parmi tous les consolidants mis à l’essai et il est probable que son absorption à

travers la structure du bois et dans les pores est plus facile que celle des consolidants ayant une

structure moléculaire plus complexe. Tous les échantillons de bois (ceux de pin blanc et ceux de

chêne blanc) immergés dans une solution d’Aquazol 50 dans l’éthanol présentent un gain de

poids supérieur à celui des échantillons immergés dans une solution d’Aquazol 50 dans

l’isopropanol. Dans ce cas particulier, ce pourrait être le gonflement accru du bois causé par

l’éthanol qui est responsable de l’absorption plus efficace du consolidant.

Tableau 2. Variations dimensionnelles (en pourcentage) des échantillons, après quatre mois de séchage, et gains de 

poids connexes. 

Solvants et solutions de 

consolidant 

Variations dimensionnelles (en 

pourcentage), après quatre mois de 

séchage 

Gain de poids 

Chêne blanc Pin blanc Chêne 

blanc 

Pin blanc 

Éthanol + Aquazol 50 0,19 -0,39 2,29 5,60 

Isopropanol + Aquazol 50 0,08 -0,05 1,58 2,30 

n-Butanol + Butvar B-79 0,44 0,65 1,88 1,57 

Toluène + Acryloid B-72 -0,04 -0,13 0,89 3,65 

Toluène + AYAC 0 -0,15 2,66 11,90 

Discussion 

Rôle des solvants 
Les résultats indiquent qu’il existe une corrélation entre les variations dimensionnelles du bois 

et son exposition aux solvants et que la nature des variations dépend du solvant. La polarité de 

celui-ci joue un rôle important à cet égard, selon les indications de Schniewind (1990), et selon 

certains auteurs (Stamm, 1935; de Bruyne, 1939; Jensen, 1997), le volume ou le poids 

moléculaire font de même. Plus un solvant est polaire, plus la capacité de gonflement est 

grande, et plus la molécule est petite, plus la probabilité qu’elle puisse pénétrer dans la paroi 

cellulaire, là ou le gonflement se produit, est élevée. Les solvants ne peuvent provoquer le 

gonflement du bois qu’en empruntant les mêmes voies physico-chimiques que l’eau. Celle-ci 

existe sous deux formes dans le bois, soit celle de molécules adsorbées dans les parois 

cellulaires et celle de molécules libres, présentes dans les pores des cellules. Une fois que l’eau 

est absorbée dans les pores, elle subit, dans des conditions inférieures à celles du point de 

saturation des fibres, une diffusion au sein de la structure de la cellule, laquelle est régie par les 
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gradients d’humidité établis en travers des parois cellulaires (Kollmann, 1968, p. 220). Cette 

diffusion se produit par le biais d’un processus de saut moléculaire où les molécules d’une 

vapeur de composé polaire (l’eau) sont adsorbées sur les groupements hydroxyle de la cellulose, 

de l’hémicellulose et de la lignine, aux interfaces solide-pore (Stamm, 1975, p. 104-106). Une 

fois que l’eau est adsorbée, elle entraîne le gonflement des parois cellulaires par interaction avec 

les groupements hydroxyle de la cellulose et de l’hémicellulose (Unger et coll., 2001, p. 21). Le 

gonflement n’est pas associé à l’absorption du liquide par la lumière (le cana médullaire) ou par 

les pores de la cellule (Siau, 1971, p. 5). Les bois de feuillus (comme celui du chêne) présentent 

un rapport des parois cellulaires et des pores plus élevé que les bois de résineux (comme celui 

du pin) et, comme le gonflement est proportionnel au volume d’eau adsorbée dans les parois 

cellulaires, il en découle que plus une essence de bois est dense, plus ses variations 

dimensionnelles seront importantes (Kollmann, 1968, p. 162). Les résultats des essais 

d’immersion de bois de feuillus et de bois de résineux dans des solvants purs confirment la 

validité de cette corrélation. 

Un solvant qui possède un bas DMC et une forte polarité, par exemple l’éthanol, peut 

rapidement remplacer l’eau présente dans les parois cellulaires, ce qui provoque leur 

gonflement, car le bois est saturé de solvant. Les solvants moins polaires et dont la structure 

moléculaire est plus grande, soit l’isopropanol et le n-butanol, peuvent pénétrer dans les parois 

cellulaires et forcer l’évacuation de l’eau, mais ils ne peuvent remplacer l’eau aussi facilement 

que l’éthanol qui est plus polaire. Ce fait pourrait expliquer le retrait initial, suivi du gonflement 

graduel, que subit le bois exposé à ces solvants particuliers. Dans le cas du toluène, le DMC des 

molécules est trop large pour leur permettre de pénétrer dans les parois, et même si c’était le 

cas, comme pour les molécules de pentane qui sont plus petites, ces solvants non polaires ou peu 

polaires ne peuvent avoir accès aux groupes hydroxyle réactifs et interagir avec ceux-ci, ce qui 

exclut la possibilité de gonflement. Finalement, lors de l’étape où l’eau se retire des cellules, le 

bois subit un retrait. 

Solutions de consolidant 
Les solvants régissent le comportement dimensionnel du bois et les consolidants qui sont 
présents dans des solutions où le solvant provoque le gonflement, par exemple l’éthanol, 

l’isopropanol et le n-butanol, accroissent la capacité de gonflement du solvant. Les effets des 

consolidants dissous dans un solvant qui entraîne le retrait du bois, par exemple le toluène, sont 

plus complexes et ils pourraient être associés à la densité (masse volumique) du bois. Dans le 

cas du bois plus dense, le consolidant dissous dans le toluène entraîne une légère inhibition du 

retrait, mais à l’inverse, il amplifie ce processus pour les échantillons de bois de résineux. 

Schniewind (1990) rapporte que pour un certain nombre de solutions de consolidant, le 

gonflement tangentiel d’échantillons de douglas de Menzies est en grande partie éliminé après 

une période de quatre semaines. Les résultats de la présente étude démontrent que les 

échantillons séchés pendant quatre mois retrouvent en partie leurs dimensions initiales, 

notamment les échantillons de chêne blanc immergés dans une solution d’AYAC dans le 

toluène ou d’Acryloid B-72 dans le toluène. Des variations à long terme sont toutefois évidentes 

pour la plupart des autres échantillons, particulièrement tous ceux de pin blanc, pour lesquels le 

retrait ou le gonflement, après quatre mois de séchage, est plus important que pour les 

échantillons de chêne blanc. Ceci n’est pas attribuable à la quantité de consolidant absorbé par 

le bois, car il n’existe pas de corrélation entre le gain de poids et les variations dimensionnelles. 
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Dans la plupart des cas, les échantillons de pin blanc présentent une réduction dimensionnelle 

qui se prolonge pendant un certain temps, voire qui est permanente, particulièrement dans le cas 

des échantillons immergés dans une solution d’Aquazol 50 dans l’éthanol. Le retrait en question 

peut être imputable à l’effondrement cellulaire causé par la formation de gradients de pression 

dans les parois des cellules et entre la paroi cellulaire et les pores, lors de la perte de solvant qui 

se produit au cours de la période de séchage. Il est possible que le consolidant encore présent 

dans les pores des cellules empêche le bois de reprendre ses dimensions initiales lors du 

séchage. 

Conclusions 

Les variations dimensionnelles peuvent se produire au cours d’un intervalle normal de 

traitement. Le gonflement du bois entraîne la formation de craquelures, tandis que son retrait 

cause son gauchissement ainsi que la compression et la délamination des couches décoratives. 

Les essais ont été réalisés sur des échantillons de bois en bon état, mais il faut souligner que les 

essences de bois qui composent les objets historiques réagiront aussi aux effets des solvants 

(Buck, 1952; Erhardt et coll., 1996; Unger et coll., 2001). Les présents travaux de recherche 

avaient pour objectif de mieux comprendre le comportement du bois immergé dans des solvants 

courants et dans des solutions de consolidant, et d’amorcer la caractérisation de ces différents 

comportements. Il n’a pas encore été possible d’établir clairement quelle est la meilleure 

méthode de traitement, mais des résultats d’intérêt sont présentés dans le présent article, 

notamment en ce qui a trait au gonflement et au retrait qui sont causés par les solvants et les 

solutions de consolidant. Il faudra exécuter des travaux additionnels pour caractériser le 

comportement de diverses essences de bois exposées à des solvants et consolidants particuliers, 

afin de pouvoir identifier des combinaisons adéquates qui réduisent au minimum les variations 

dimensionnelles du bois. 
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Gesso-Type Foundations in 

Multilayered Decorative Coatings 

Nanke C. Schellmann and Ambrose C. Taylor 
(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

Determining the efficiency and performance of polymer formulations used as consolidants for 
fragile, multilayered decorative coatings is often a great challenge in conservation. This paper 
reports the results of tests that investigated the performance of a variety of consolidants for the 
stabilization of such coatings. East Asian lacquer coatings were used as a typical representative 
of multilayered coatings with protein-bound (gesso-type) foundation layers that show brittle 
fracture, delamination, and flaking. Mechanical strength tests were undertaken with a fracture 
mechanics approach using the standardized double cantilever beam (DCB) method. The 

independent material property fracture energy, GIc, was measured, and the fracture behaviour 
of the brittle, protein-bound foundation layers was determined. DCB specimens were prepared, 
fractured, then consolidated with a variety of polymer formulations and re-fractured to provide 
data for direct comparison. The tested consolidants included isinglass, hide glue, Lascaux 
Medium for Consolidation, Paraloid B-72 and B-48N, Mowiol 3-83, Mowilith 50, and Mowilith 
DMC2. Cross sections were taken from the DCB specimens before second-phase fracture to 
determine penetration behaviour and gap-filling ability of the consolidants. The results showed 
that the method could determine measurable differences in fracture energy and penetration 
behaviour, and could also supply valuable and detailed information on the location of crack path 
propagation. 

Titre et Résumé 

L’effet des agents de consolidation sur le comportement à la 
rupture mécanique de la préparation de gesso de revêtements 

décoratifs multicouches 

Les défis rencontrés dans le domaine de la restauration reposent souvent sur la nature 
complexe des approches, par exemple celle consistant à déterminer l’efficacité et le 
comportement de formulations polymères utilisées comme agent de consolidation pour traiter 
des revêtements décoratifs multicouches fragilisés. Le présent article traite des résultats 
d’essais visant à étudier le comportement de divers agents de consolidation employés pour 
assurer la stabilisation de tels revêtements. Des revêtements de vernis-laque comme ceux 
d’objets provenant de l’Asie de l’Est ont été choisis comme matériaux représentatifs de 
revêtements multicouches comportant des préparations de nature protéique (du type gesso) qui 
présentent des zones de rupture fragile, de décollement des couches et d’écaillage. Des essais de 
détermination de la résistance mécanique ont été réalisés, en utilisant une approche basée sur la 
mécanique de la rupture et la méthode d’essai normalisée sur double éprouvette en 
porte-à-faux (DEP). Une propriété des matériaux indépendante, soit l’énergie de rupture GIc, a 

été mesurée et le comportement à la rupture des couches de préparation de nature protéique 
fragilisées a été déterminé. Des échantillons du type DEP ont été préparés et soumis à une force 
suffisante pour entraîner leur rupture; ils ont ensuite été consolidés avec diverses formulations 
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polymères et ont subi une nouvelle rupture afin d’obtenir des données permettant une 
comparaison directe. Les agents de consolidation mis à l’épreuve comprenaient l’isinglass (colle 
de poisson), la colle de peaux, le produit Lascaux d’adhérence moyenne utilisé pour la 

consolidation (Lascaux Medium for Consolidation), le Paraloid B-72 et le Paraloid B-48N, le 

Mowiol 3-83, le Mowilith 50 et le Mowilith DMC2. Des sections transversales ont été découpées 
dans les échantillons du type DEP avant de leur faire subir une rupture lors de la deuxième 
étape susmentionnée, et ce, afin de déterminer le degré de pénétration des agents de 
consolidation et leur capacité d’obturation des vides. Les résultats indiquent que la méthode 
permet de déterminer des différences mesurables pour les valeurs expérimentales de l’énergie 
de rupture et du degré de pénétration. Elle peut aussi fournir des renseignements détaillés 
précieux sur l’emplacement de la voie de propagation des fissures. 

Introduction 

The consolidation of fragile, gesso-type foundation layers in multilayered, decorative coatings 

on wooden substrates is a complex task that still poses great challenges in conservation. To 

further improve the understanding of consolidant performance and to facilitate well informed 

choices on which consolidants are most suitable for the efficient stabilisation of such coatings, it 

is vital to extend the knowledge of the mechanical characteristics of the fragile coating. 

Furthermore, detailed information is required on how these characteristics change with a chosen 

treatment. However, these details are rarely available to conservators. Component materials of 

applied arts objects are generally inhomogeneous and technical data are seldom known. By the 

time such objects require conservation, these materials are usually aged and their properties 

have changed in various ways and to varying degrees. Additionally to the lack of information 

on the aged material, the properties of the consolidants and adhesives available are – if at all – 

mostly known only for bulk material, but not necessarily when dispersed in a porous substrate 

and potentially containing numerous voids. 

To tackle this problem, this paper will report the results of research based on a new approach 

for the performance evaluation of polymer formulations used to consolidate fragile decorative 

coating structures. Based on an adaptation of the standardised double cantilever beam (DCB) 

method, this approach looks at the fracture properties of test specimens that can be tested twice, 

i.e. before and after consolidation. This facilitates direct comparison between individual

specimens, and thus enables a better evaluation of the consolidants’ behaviour once applied to

the fragile material. For illustration purposes, this research was performed on East Asian

lacquer coating structures that contain protein-bound foundation layers, as a typical example of

decorative coatings most prone to delamination and flaking.

The methodology of the test method was recently presented in more detail at the ICOM-CC 16
th

Triennial Conference, Lisbon 2011 (Schellmann and Taylor 2011). The present paper therefore 

focuses on the results gained from the tests. Further details on these results are also due to be 

published in a Ph.D. dissertation by Schellmann (forthcoming) in 2012. 
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Materials and Methods 

DCB test specimens 
Measuring the fracture energy in mode I (i.e. in tensile loading), GIc, is a promising method to 

establish the resistance to fracture of multilayered coating layers. GIc is an independent material 

property influenced neither by the geometry of the cracked body nor by the test conditions and 
denotes the amount of energy required to propagate a pre-existing crack through a material. To 

measure GIc, a rather simple specimen is tested in tensile loading following a standardised 

method (BS7991 2001). 

Details of the DCB specimen containing the material or joint to be tested are given in Figure 1. 

The substrate was cut from a seasoned log of Québec yellow pine (Pinus strobus). The 

foundation was a gesso-type mixture of animal glue and Japanese clay powder (tonoko), based 

on a 10 weight percent (wt%) solution of bovine hide glue mixed with finely ground tonoko to a 

weight ratio of 1:1. These materials were used for two types of test specimens:  type A, as 

shown in Figure 1, contained just one coating layer (foundation only) between two wood 

substrates. The foundation was applied to a pair of wood boards, which were then placed 

together incorporating a starter foil (to serve as a crack initiator in the desired position of the 

layer) and two steel wires as spacers (to ensure constant and known adhesive layer thickness), 

and pressed until dry. Type B specimens were prepared by applying foundation in two 

consecutive layers to only one board of each substrate pair. After drying, the foundation was 

coated with five layers of East Asian lacquer including a starter foil. The second wood substrate 

was subsequently adhered to the top lacquer surface using epoxy resin. 

DCB test specimens were cut from these sandwiched boards and ground to final dimensions of 

20 mm width and 150 mm length. Specimens were equilibrated at 53.0 (±1.5) %RH at 21.0 

(±1.5) °C for 2.5 months (type A) and 3.5 months (type B). The longer equilibration time for 

specimen type B was solely governed by the availability of the testing equipment. 

Prior to testing, aluminium end-blocks were attached with cyanoacrylate adhesive (super glue) 

on the specimen end incorporating the starter foil. To enable crack length measurement, a scale 

with 1 mm increments was attached to one of the beams. 
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Figure 1. DCB specimen with end-blocks according to BS7991 (2001). l: total specimen length (150 mm); h: 

thickness of the wood substrate (4 mm); ha: thickness of the adhesive (foundation) layer; H: thickness of the end- 

block (13 mm); a0: starter foil length from the load line (30 mm); ap: pre-crack length, measured from the load line 

to the tip of the pre-crack; a: crack length, measured between the load line and the observed crack tip (> 30 mm). 

Consolidation of DCB specimens 
After initial fracture (cf. ‘Fracture testing’ section below), the DCB specimens were re-adhered 
with consolidants, to provide specimens for second-phase fracture. Ten different polymer- 

formulations were chosen (see Table 1), and applied with a brush to both fracture surfaces of 

four DCB specimens each. The paired beams were joined together and pressed during drying, 

before being equilibrated as described earlier. 

Staining of consolidants 

To facilitate visualisation of consolidant distribution within the specimens, the protein-based 
formulations and the acetone-dissolved acrylic were stained with Fast Green (Schramm and 

Hering 1988) and Solvent Blue G respectively prior to application, for subsequent examination 

in cross-section. Cross-section samples were cut from the ends of the DCB specimens before 

second-phase fracture (see Figure 2b), then polished and examined under incident visible light 

using an optical microscope (Zeiss AxioScope A1, reflected light geometry). The remaining 

consolidants were stained in cross-section, using Solvent Blue G in ethanol for acrylics, and 

Lugol’s solution for starch, poly(vinyl acetates) (PVAC) and poly(vinyl alcohols) (PVAL) 

(Lehmann 2004), as described in Table 1. 

Table 1. Consolidants used for DCB specimens. 

T
y

p
e Polymer Solvent/ diluent Concen-tration Stain 

[wt%] 

P
ro

te
in

 Isinglass water 10 Fast Green (0.1 wt%), added to consolidant 

Fish glue water 22.5 Fast Green (0.1 wt%), added to consolidant 
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Hide glue water 10 Fast Green (0.1 wt%), added to consolidant 

Isinglass/ 

starch 

water 13.3 Fast Green (0.1 wt%), added to consolidant / cross-section 

stained with Lugol’s solution 

A
cr

y
li

cs
 

Paraloid B72 toluene 25 Solvent Blue G, cross-section stained with 

0.2 wt% in ethanol (exposure time 10 min) 

Paraloid B72 acetone 25 Solvent Blue G (0.1 wt%), added to consolidant 

Paraloid 

B48N 

toluene/ xylene 

(1:1) 

25 Solvent Blue G, cross-section stained with 

0.2 wt% in ethanol (exposure time 10 min) 

Lascaux MfC (aqueous 

dispersion) 

undiluted 

25 Solvent Blue G, cross-section stained with 

0.2 wt% in ethanol (exposure time 3-5 min) 

P
V

A
L

 Mowiol 

3-83

water 25 Lugol’s solution (exposure time 3 seconds) 

P
V

A
C

 

Mowilith 50 toluene 20 Lugol’s solution (exposure time 3 seconds) 

Mowilith 

DMC2 

(aqueous 

dispersion) + 

water 

10 Lugol’s solution (exposure time 3 seconds) 

Fracture testing 
The DCB specimens were fractured under tensile loading, using an Instron 5584 universal 
testing machine fitted with a 5 kN load-cell and a humidity-controlled chamber. The tests were 

performed at a monotonic cross-head displacement rate of 0.3 mm/min and at 53.0 (±0.5) %RH 

and 21 (±1) °C. The applied load, P, displacement, δ, and crack length, a, were recorded, and 

GIc was calculated according to the British Standard 7991 (2001) using: 

GIc

3P  F 

2B(a  )   N 

where B is the specimen width. Δ, N and F are specimen-specific correction factors for crack- 

length, end-blocks, and large displacement, as defined in the Standard. Data analysis was 

undertaken using a customised Microsoft Excel spreadsheet (Blackman and Kinloch 2001a and 

2001b). 

Results and Discussion 

To establish the effect of the consolidants on the fracture behaviour of the specimens, the 

fracture surfaces and fracture energy values, measured during both initial testing and after 

consolidation, were compared. Complementary data on consolidants distribution were gained 

from cross-section analysis: 
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Fracture surfaces 
The percentage of new failure created after second-phase fracture gave information on whether 

the fracture occurred within the bondline between the old fracture surfaces or in entirely new 

areas of the foundation. These results indicated whether the consolidants were efficient bonding 

agents for joints of the old fracture surfaces and whether they were likely to facilitate failure of 
new areas of the material. An example for a typical DCB specimen after initial and second- 
phase fracture is presented in Figure 2. The differences in the fracture path are readily 

discerned, clearly showing areas of new failure of the foundation layer and some failure within 

the bondline. A summary of the results for all specimen sets is presented in Figure 3. 

(a) 

(b) 

Figure 2. DCB specimen type B; (a) after initial fracture; (b) after second-phase 

fracture post consolidation with isinglass/starch stained with Fast Green. The fracture 

surfaces show a high proportion of cohesive failure (CF, fracture within the layer) 

partly within consolidated (green stained) and unconsolidated (unstained) areas of the 

foundation, as well as some new interfacial, i.e. adhesive failure (AF, failure between 

foundation and wood substrate), and some failure between the old, re-adhered 

fracture surfaces. 
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Figure 3. Percentage of failure in new areas of the DCB specimens recorded after second-phase fracture. The 

remaining failure developed within the bondline, following the fracture path from initial testing either within the 

bulk consolidant or within the joint starved of consolidant/adhesive. Error bars indicate ± one standard deviation. 
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Figure 4. Mean fracture energy, GIc, values for each DCB specimen set of type A and B respectively, before and 

after consolidation. Error bars indicate ± one standard deviation. 

The average GIc values for all specimen sets before and after consolidation are summarised in 

Figure 4. The first light-grey bar in every chart represents the overall mean fracture energy of 

all DCB specimens of the respective type during initial fracture (46 and 47 J/m
2 

for type A and

B respectively). The pairs of dark grey and coloured bars refer to initial fracture and post- 

consolidation fracture for each set of specimens. The coloured bars indicate the general 

performance of the consolidants. 

To eliminate the lack of randomness in these samples and to correct the absolute mean GIc 

values from the systematic error contained within, the relative changes in fracture energy 

(between each individual specimen), ΔGIc, were also compared, as shown in Figure 5. 
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Figure 5. Effect of consolidants expressed as mean relative changes in.fracture energy, L1G 1c, measured during 

second-phase  DCB testing. Error bars indicate ± one standard deviation. 
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From these bar graphs (Figures 3-5) it can be seen that the cold-liquid fish glue, the three 

Paraloid solutions and the Mowilith 50 all failed to strengthen the specimens. Fracture 

unanimously occurred only in the bondline, due to the consolidants' lack of adhesive and gap- 

filling abilities. Hardly any or virtually no failure occurred in previously unfractured areas of 

the specimens consolidated with fish glue and Paraloid, respectively. Paraloid B72 dissolved in 

acetone (type B) showed almost identical results to those of the Paraloid formulations dissolved 

in the benzenes. In these limited tests, the polarity of the solvent did not appear to have much of 

an influence on the mechanical performance of the consolidants at the given solution 

concentration of 25% resin content. 

The PVAL Mowiol 3-83 displayed some degree of strengthening ability, despite not being able 
to restore GIc to the original level measured during initial fracture. Results for types A and B 

specimens were practically the same, both showing failure almost entirely within the bondline 
and at GIc levels of around half their original value. 

The remaining protein-based consolidants (except for the cold-liquid fish glue) showed partly 

similar and partly differing performance: 

For type A specimens, all the consolidants showed overall fracture energy values more or less 

within the range measured during initial fracture. As would be expected, only the scatter of the 

data tended to be larger after consolidation. The ΔGIc values for types A specimens were 

generally small. 

For type B specimens behaviour of the protein-based consolidants differed from type A. 

Isinglass and hide glue appeared to show opposite results for ΔGIc, although the respective 

positive and negative changes were very small and cancelled each other out when the average 

value for both specimen types was considered. Both consolidants also showed similar amounts 

of fracture in new areas of the specimens. However the isinglass/starch achieved exceptionally 

high levels of new failure in the type B specimens, also reflected in the significantly higher 

fracture energy values for the type B specimens compared with type A. The higher mean 

fracture energies for type B specimens than for type A suggested that the longer equilibration 

times for these specimens played a significant role. 

By far the highest average increases in GIc were measured for the polymer dispersions Lascaux 

Medium for Consolidation (acrylic) and Mowilith DMC2 (PVAc-based). Levels well above 
100% of their original value were reached for type A specimens, whilst for type B the Lascaux 

MfC even showed mean increases as high as 180%. Lascaux MfC displayed an overall greater 

percentage of fracture in new areas of the foundation, compared with Mowilith DMC2. 

Together with greatly increased fracture energy relative to that of the unconsolidated 

foundation, this implied that the Lascaux MfC had not only re-adhered the fracture surfaces 

well, but had also effectively strengthened the foundation layer far beyond its original strength 

properties. 

Again, the largely increased GIc values for Lascaux MfC type B specimens were attributed to 

the longer equilibration time of the samples. The mechanical properties of polymer dispersions 

were shown to change significantly during the first (at least 3.5) months after application. 
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Penetration behaviour 
Complementary qualitative indication of the consolidants' performances was gained by 

assessing the bondline thickness and penetration ability of the consolidants by cross-section 

microscopy of the specimens. Penetration depth was ascertained on micrographs by evaluating 

the distribution of the individual stains used. Intense- or dark-coloured areas were interpreted as 
containing a high consolidant concentration, and areas appearing lighter-coloured as containing 
lower concentrations. Average foundation layer thickness before consolidation for types A and 

B was 0.32 mm and 0.30 mm respectively (excluding lacquer and epoxy resin layers). Examples 

of typical cross-section micrographs are presented in Figure 6. These show a specimen type B 

consolidated with isinglass/starch, and a specimen type A consolidated with Lascaux MfC. 

(a) (b) 

Figure 6: Cross sections of DCB specimens; (a) consolidated with isinglass/starch, stained with Fast Green (type 

B specimen), showing almost complete penetration of the stained consolidant through the entire foundation layer 

down to the wood interface; and (b) consolidated with Lascaux Medium for Consolidation, stained with Solvent 

Blue G (type A), showing more limited consolidant penetration (grey-blue zone) marked with white arrows. Red 

arrows mark the bondline between re-adhered fracture surfaces. 

Broad trends of consolidant bondline thicknesses and penetration depths were established for 

each DCB specimen set and the results are summarised in Table 2. The data give the overall 

mean results for both specimen types A and B. This summary clearly shows that the non- 

aqueous consolidants mostly displayed insufficient adhesive bonding between the fracture 

surfaces and thus failed at the given concentrations as effective consolidants for fractured 

foundation layers. The protein-based consolidants that were applied as warm solutions, i.e. hide 

glue and isinglass, showed ideal properties in that they induced the fracture surfaces of the 

foundation layer to fit perfectly (due to softening of the layer). Also, they did not develop 

visible bondlines consisting of bulk polymer that could adversely influence the even distribution 

of mechanical properties in the consolidated layer. The isinglass/starch mixture showed both 

deep penetration and a significant bondline due to its two-phase composition of dissolved 

protein and dispersed agglutinated starch. The most efficient gap-fillers were the Mowilith 

DMC2 and the Lascaux MfC, which also achieved the highest fracture energy values. However, 

despite this similarity and a much lower polymer content of the DMC2 dispersion (10%), they 

showed rather opposing penetration behaviour, owing to greatly varying particle sizes (MfC 

~0.3-2.0μm and DMC2 ~0.03-0.3μm; see Hedlund and Johansson 2005; Lascaux). 
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Table 2. Summary of penetration and fracture behaviour of consolidants. (Mean values for type A and B 

specimens). 

Consoli- 

dant 
Solvent/ 
diluent 

Con- 

centr. 
Bondline 

thickness 
Pene- 

tration 

depth 

Gap filling 

ability 
Fracture 

energy 

GIc 

Bond-line 

failure 

[wt%] [μm] [μm] [J/m2] [%] 

Isinglass water 10 - 130-170 n.a. 53 75 

Fish glue water 22.5 starved joint 100-200 poor 8 99 

Hide glue water 10 - 100-250 n.a. 48 80 

Isinglass/ 

starch 
water 13.3 10-20 130-270 excellent 66 36 

Paraloid 

B72 
toluene 25 starved joint 200-320 poor 2 100 

Paraloid 

B72 
acetone 25 starved joint 100-200 poor 4 100 

Paraloid 

B48N 

toluene/ 

xylene (1:1) 
25 starved joint 200-320 poor 3 100 

Lascaux 

MfC 
water 25 20-40 100-160 excellent 109 45 

Mowiol 

3-83
water 25 10-20 60-250 good 22 97 

Mowilith 50 toluene 20 starved joint 200-320 poor 2 100 

Mowilith 

DMC2 
water 10 30-180 30-50 excellent 129 68 

The overall summary of the results is shown in Table 3. Such a table provides a good 

supporting tool for choosing consolidants with useful fracture properties for foundation 

material, as fracture energy values and their changes and the distribution of failure loci can be 

directly compared: 

If it is required to re-establish the previous fracture behaviour of the material, a consolidant has 

to be chosen that can induce similar fracture energy levels after application. This criterion is 

fulfilled by the isinglass and the hide glue, which also showed at most 25% of new failure that 

occurred in both unconsolidated and consolidated areas of the specimens. This behaviour 

suggested relatively uniform fracture properties throughout the foundation layer comprising 

both unconsolidated and consolidated areas. Such consolidants would thus be desirable if a 

fragile material were to be stabilised with less potential for future damage in new areas. 

Consolidants that induce very low GIc values due to starved joints (e.g. Paraloid, Mowilith 50) 

may not practically be useful, as fracture will reoccur when the least amount of energy is added 

to the system. Such energy levels are easily reached (and exceeded) during ordinary object 

361



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

handling. Despite inducing relatively low GIc values, the Mowiol 3-83 may however still have 

useful properties. This formulation has the advantage of failing reliably and almost entirely 
within the bondline, whilst providing some, albeit small, degree of stabilisation. Thus, if reliable 
fracture within areas of previous damage is categorically desired, a consolidant like Mowiol 3- 

83 may be an appropriate choice. 

Similar considerations apply to the consolidants that greatly increase GIc of the stabilised 

foundation, i.e. Lascaux MfC, Mowilith DMC2, and (to some degree) isinglass/starch. Such 

high strength improvements may be desirable in specific cases, e.g. where layers are 

particularly load-bearing. However, if these consolidants fail to disperse evenly within the 

structure, they pose the risk of creating within the specimen areas with very different 

mechanical properties that might induce further damage with time. This highlights that it is vital 

to chose consolidants on the most appropriate balance of properties, rather than a single 

criterion. 

Table 3. Summary of the consolidant performance for protein-bound foundations of East Asian lacquer coatings. 

Consolidant Solvent Concentration Effective adhesive Effective 

penetrant 

Toughening 

effect 

[wt%] 

Isinglass water 10 + + 0 

Fish glue water 22.5 x + - 

Hide glue water 10 + + 0 

Isinglass/ starch water 13.3 ++ + + 

Paraloid B72 toluene 25 x ++ -- 

Paraloid B72 acetone 25 x + -- 

Paraloid B48N toluene/ xylene 

(1:1) 

25 x ++ -- 

Lascaux MfC water 25 ++ + ++ 

Mowiol 3-83 water 25 + + - 

Mowilith 50 toluene 20 x ++ -- 

Mowilith DMC2 water 10 ++ x ++ 

Fields marked with ‘+’ and ‘++’ specify whether adhesive properties and penetration ability are good or very good, 
respectively. In the same columns, ‘x’ indicates the lack of effective adhesion or penetration. The toughening effect refers to 
the change in fracture energy, ΔGIc, induced by consolidation and is distinguished by ‘0’ (more or less unchanged), ‘+’ 

(increased), ‘++’ (much increased), ‘-’ (reduced), and ‘--’ (starved joints which gave low GIc values under these conditions). 

Conclusions 

This research clearly showed that measurable differences exist between the mechanical 

performances of the individual consolidants. With respect to restoring the fracture properties of 

protein-bound foundation layers of export-type lacquer coatings, the most promising results 

were achieved by the isinglass and hide glue solutions. Addition of starch to isinglass increased 

GIc of the foundations as it provided very effective bonding in the joints. Mowiol 3-83 showed 
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some degree of strengthening, but provided only half of the original fracture energy of the 

foundation in the bondline, inducing failure entirely in the bondline. All consolidants based on 

polymers dissolved in hydrocarbon solvents failed at very low loads between the re-adhered old 

fracture surfaces due to consolidant starvation. They thus proved to be unsuitable for 

consolidating fractured foundation layers, when used in a single application at the given 

solution concentration. Mowilith DMC2 and Lascaux MfC demonstrated very effective bonding 

between the re-adhered fracture surfaces, inducing large increases in resistance to fracture. 

DMC2 lacked penetration ability and appears unsuitable for consolidating foundation layers, 

whilst Lascaux MfC showed very promising strengthening potential. 

These data demonstrate that the methodology used has a wide scope for gaining a much 

improved understanding of the fracture behaviour of fragile foundation layers and the 

strengthening ability of different consolidants. This approach is therefore a promising tool for 

providing further selection criteria for suitable consolidants, complementing those already used 

in conservation, such as the consolidants’ chemical stability, resolubility, appearance and 

handling properties. 
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Materials and Suppliers 

Araldite 2015 (epoxy resin) 
Huntsman Advanced Materials Americas LLC 
www.huntsman.com 

Bovine Hide Glue (cubes), 63020 
Kremer Pigmente, Aichstetten / Germany 
www.kremer-pigmente.de 

Fast Green stain (C.I. 42053), 104022 
Merck, Darmstadt / Germany 
www.merck-chemicals.de 

High-Tack Fish Glue (cold water fish protein), 56K60.01 
Lee Valley Tools Ltd., Ottawa / Canada 
www.leevalley.com 

Lugol’s (iodine-potassium iodide, I2KI) solution, 109261 
Merck, Darmstadt / Germany 

www.merck-chemicals.de 

Lascaux Medium for Consolidation (aqueous dispersion of acrylic ester + methyl acrylate ester + styrene), 81012 
Mowilith 50 (polyvinyl acetate), 67040 
Mowilith DMC2 (aqueous dispersion of vinyl acetate + maleic acid di-n-butyl ester), 76582 
Kremer Pigmente, Aichstetten / Germany 
www.kremer-pigmente.de 

Mowiol 3-83 (polyvinyl alcohol), 2517100 
Deffner & Johann, Roethlein-Schweinfurt / Germany 
www.deffner-johann.de 

Paraloid B48N (methyl methacrylate/butyl acrylate + dibutyl phthalate + adhesion promoter), 67470 
Paraloid B72 (ethyl methacrylate/methyl acrylate), 67400 
Salianski isinglass (dried sturgeon swim bladder), 63110 
Kremer Pigmente, Aichstetten / Germany 
www.kremer-pigmente.de 

Shofu for Restoration (precipitated wheat starch) 
Paper Nao 4-37-28 Hakusan Bunkyo-ku 
Tokyo 112-0001, JAPAN 

Solvent Blue G (C.I. 61554) 
Town End (Leeds) Plc, Leeds / UK 
sales@dyes.co.uk 

Loctite Super Glue Gel (cyanoacrylate adhesive) 
Henkel Corporation, Rocky Hill, CT / USA 
www.loctiteproducts.com 

Tonoko (Japanese clay powder), 716362 
DICK GmbH, Metten / Germany 
www.more-than-tools.de 
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A Method and Apparatus for Evenly 
Dispensing Measured Acrylic Resin to 

the Upper Side of a Wood Lath and 

Plaster Ceiling Assembly Where Access 

is Limited 

Rod Stewart and Greg McEwan 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

The reattachment of loose plaster to its wood lath substrate is a common requirement in historic 
building rehabilitation. Typically, but not always, subject ceilings carry some important 
decoration that would be lost if the ceiling was allowed to fail. The most common treatment is 
usually referred to as consolidation — by which we mean the making whole of the assembly by 
the addition of a material that binds the ingredient components. 

The most common consolidation process used for plaster ceilings consists of saturating the 
upper side of the plaster and lath assembly with various dilutions of an acrylic resin that has the 
characteristics required to somewhat penetrate the porous plaster, encapsulate it, and 
essentially bind it to the wood lath structure that holds it up. This treatment is non-reversible. 
In a typical project, the consolidant is pumped up from the ground and applied from the attic 
side of a ceiling by means of a network of sprayers. Access to the treatment face is simply a 
matter of getting there and cleaning up the debris that has accumulated over the century or so 
since construction. 

This paper describes an advanced method and apparatus for achieving the same treatment 
result in situations where no access is possible from above, and where access through the face 
of the ceiling is constrained by the need to protect known or anticipated decoration. The 
pneumatic apparatus consists of a 6.25-mm-hollow piston that rises and falls within the joist 
cavity and through which precisely measured shots of resin can be delivered with predictable 
results. 

Titre et Résumé 

Méthode et appareil d’application uniforme d’une résine 
acrylique sur le côté supérieur d’un assemblage de latte en bois 

et de plafond de plâtre offrant un accès restreint 

Les travaux de restauration de bâtiments historiques exigent souvent de fixer un morceau de 
plâtre détaché au substrat que constitue une latte de bois. Dans bon nombre de cas, les 
plafonds comportent des motifs décoratifs qui seraient irrémédiablement perdus en cas de 
défaillance du plafond. Le traitement le plus courant est habituellement appelé consolidation, 
soit la reconstitution intégrale de l’assemblage par l’ajout d’un matériau qui assure la fixation de 
tous ses constituants. 

Le procédé de consolidation le plus utilisé pour traiter les plafonds de plâtre consiste à saturer le 
côté supérieur de l’assemblage de l’élément de plâtre et de la latte au moyen de diverses 
solutions diluées de résine acrylique. Cette dernière doit posséder les propriétés requises pour 
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pénétrer un peu dans le plâtre poreux, l’encapsuler et, principalement, le fixer à la structure de 
la latte de bois qui le soutient. Ce type de traitement est non réversible. Dans le cadre d’un 
projet de restauration courant, l’agent de consolidation est pompé à partir du sol et appliqué, au 
moyen d’un réseau de pulvérisateurs, sur le côté du plafond accessible depuis le grenier. L’accès 
à la surface devant être traitée est relativement facile, car il s’agit simplement de pouvoir 
pénétrer dans le grenier et d’éliminer les débris qui s’y sont accumulés depuis la construction du 
bâtiment, voire depuis des décennies ou des siècles. 

Le présent article comporte la description d’une méthode et d’un appareil perfectionnés qui 
permettent de réaliser un traitement identique, dans des cas où il est impossible d’avoir accès 
au plafond depuis le grenier et où l’accès au plafond depuis la pièce est restreint, en raison des 
exigences relatives à la protection des motifs décoratifs déjà en place ou de futurs constituants 
de ce type. L’appareil pneumatique comporte un piston évidé de 6,25 mm qui se déplace, par 
un mouvement de va-et-vient, dans l’espace libre entre les solives et qui permet d’appliquer des 
quantités exactes de résine, afin d’obtenir les résultats désirés. 

Introduction 

The re-attachment of loose plaster to its wood lath substrate is a common requirement in 

historic building rehabilitation. Typically but not always, subject ceilings carry some important 

decoration that would be lost if the ceiling was allowed to fail. 

The conservation treatment advocated is usually referred to as consolidation - the making whole 

of the assembly by the addition of a material that binds the ingredient components. The 

treatment effectively converts the suspended plaster ceiling from being one that is loosely hung 

by plaster lugs and keys to one that is adhered to the wood lath substrate to which it was 

originally applied. Unfortunately this treatment is not reversible. None of a host of treatments 

used to less advantage for the same purpose is reversible. Neither, for the record, is ceiling 

collapse. 

In 1980, the late Morgan W. Phillips published a seminal paper in which he reported on 

experimental work completed between 1976 and 1980 that was concerned with “injecting 

specially formulated acrylic based adhesives into the spaces between lath and plaster, through 

holes drilled either through the plaster or where the reverse side is accessible, through the laths 

or other substrate.” (Phillips 1980, p.41) 

The paper provided several formulas for adhesives using Rohm and Haas resins Rhoplex MC 

76 and Rhoplex 1950 along with fillers of different particle sizes including lime or chalk, micro 

spheres and the interesting shrinkage compensator petroleum coke also known as fluid coke. 

The paper also presented formulas for chemically thickening the resins to produce a thixotropic 

or more correctly pseudo plastic adhesive that could be injected through fine orifices and which 

remained in place when applied. Some of the unfilled mixtures have gained wide acceptance 

and there is a commercially available product called Big Wally’s Plaster Magic that is similar to 

Phillips’ unfilled chemically thickened adhesive. 

The Phillips paper noted the importance of using a non-shrinking material where voids greater 

than about 4 mm occur. He noted that by employing the space that exists between the plaster 

and lath, the restorer was “providing a continuous bond ...that distributes the load imposed by 

the heavy ceiling plaster over the maximum area of the reverse side of the plaster, thus reducing 
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the tensile stress on any one portion of the plaster” (Phillips 1980, p.41). Phillips qualified his 

offering by saying that it had not been extensively tested. 

One basic observation about how plaster functions and fails is that “as built” there is no 

significant adhesion between the plaster and its wood lath substrate. This is uniformly found to 

be the case, but no studies have been discovered to confirm that it is intentional. It does seem 

logical that in wood frame situations, that a loose flexible assembly would be more resistant to 

damage than a rigid monolithic system. In any case, whatever connection there might have been 

at the time of installation, plaster is never found to be adhered to its wood substrate – it is 

always loosely supported by the keys and lugs formed during installation. The entire assembly 

of flat plaster in three coats up to 25 mm or more in thickness and weighing as much as 20 kg / 

m
2 

is suspended by the keys and lugs that are formed when excess plaster in the brown coat is

forced between the laths (See Figure 1). 

Figure 1: Typical Cross-section of a Wood Lath and Plaster Ceiling 

The practice of plaster conservation is the practice of developing and using different methods of 

converting suspended “un-adhered” plaster systems from that condition to being adhered one 

way or another to their respective substrates with an appropriate adhesive. 

This paper deals with the use of an unfilled adhesive suitable for the specific situation where the 

gap between lath and plaster is minimal – less than 4 mm, and where access to the upper side of 

the plaster for conventional flooding is not possible.  These are cases where the detached plaster 

has not yet fallen further than 4 mm or where it has been raised on temporarily supports to the 

level where the use of an unfilled adhesive susceptible to shrinkage on curing is appropriate. 
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Sometimes direct access to the upper side of a ceiling is not possible because heavy occupancy 

loads in the building prevent the extended disruption that occurs with opening up floor and 

ceiling cavities. Sometimes it is the case that finished floors in rooms above the subject plaster 

are valuable and cannot be disturbed. In occupied public buildings, the condition is more likely 

to be one of restricted access than one of unfettered access. 

Temporary support of all flat ceiling surfaces during treatment 
In all cases however, after it has been determined that treatment is required a decision has to be 
made as to what temporary support if any is needed to protect the ceiling during the treatment. 

The current practice in most situations involves the use of a “dead man” prop to support padded 

surfaces against the subject ceiling. A “dead man” is typically a stiff timber that is slightly 

longer than the height of the room from floor to ceiling. In a high ceilinged room, such a “dead 

man” prop may be deployed from a scaffold platform. It is usually used to support a padded 

surface typically plywood, against the ceiling. There are drawbacks to this approach. 

• It is not very accurate in terms of how much pressure can be applied.

• The surface being protected is ultimately concealed from view during the protection

period.

• The installation of the “dead man” often causes damage.

• The removal of the “dead man” is required in order to actually work on the surface.

• Sometimes the ceiling collapses at this point.

A more precise method of protecting important plaster ceilings prior to and during treatment 

involves the use of many small micro jacks attached to 50 mm pipes that are supported above a 

conventional scaffolding system that will ultimately be used during the conservation of the 

decoration on the ceiling (See Figure 2). 
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Figure 2: The Temporary Plaster Support System Deployed at the Colonial Building in St. John’s, Newfoundland, 

summer 2011. 

This jacking system permits: 

• as many or few direct points of contact with the plaster as are needed to provide the

required support

• the application of jacking pressure to the surface without abrading the surface

• complete flexibility of jacking point contact locations so that sensitive painted areas can

be avoided

• grouping of jacking points so that whole planes of plaster can be manipulated and

coaxed back into better locations as required

• a clear view and unobstructed access to the surface during treatment

This system was used in the summer of 2011 at the Colonial Building in St. John’s 

Newfoundland. The Colonial Building is an 1853 Greek revival building with large ceremonial 

rooms. It was built as the seat of government in Newfoundland and served until it was replaced 

in 1958. It is currently undergoing extensive restoration and will ultimately become the 

Museum of Newfoundland History. 

For ceilings of national or regionally significant decoration, this temporary support system 

offers a precise alternative to other methods.  At the Colonial Building, two hundred and fifty 

micro jacks were deployed in each of eleven rooms with areas of about 32 square meters. 

Conventional access consolidation by flooding 
The conventional consolidation process used when access to the upper surface of the lath and 

plaster ceiling is available, consists of first meticulously testing keys and lugs to remove broken 

or non-functioning ones, and second saturating the upper side of the plaster and lath assembly 
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with measured amounts of various dilutions of acrylic resin (See Figure 3). The basic resin in 

Phillips formulas was Rhoplex MC 76 the characteristics of which were that it had high solids 

content and relatively low viscosity. Other resins with similar characteristics have been used 

successfully. Specifically Acrynol NX 4623 is appropriate for this purpose. 

Figure 3:  Left: Technician Testing Keys and Right: Technician Applying Dilute Resin 

The testing and removal of broken keys is desirable in order to expose as much raw plaster 

surface as possible to the potential for absorption of the consolidating resin. Technicians have to 

be careful not to break off previously unbroken keys in this part of the operation. 

The spray application is typically two or three coats of material the second following the first 

while it is still wet. The first application is often as diluted as 15% resin. The preferred solvent 

is Special Denatured Alcohol 9 (SDAG 9), but in cases where adequate ventilation cannot be 

guaranteed, water can be used. 

The diluted resin will somewhat penetrate the porous plaster, encapsulate it, and essentially bind 

it to the wood lath structure that holds it up. One of the remarkably beneficial features of these 

low viscosity high solids resins is how well they penetrate into fine cracks and crevices in the 

plaster essentially going where they are needed. The flooding technique guarantees that the 

resin finds its way into the space between the lath and plaster. 

New Developments in Materials and Apparatus 
A great challenge was presented in 2005 with the commission to study the condition of 400 

plaster ceilings in the former City Hall in Toronto. Old City Hall, designed by noted architect E. 
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J. Lennox and completed in 1899, is a National Historic Site that has been converted for use as

the hub of legal interface between the public and the judiciary in Toronto, with over 22 courts in

action six days per week, twelve hours per day. The study was preparatory to the installation of

a new heating, ventilation and air conditions system throughout the building. There is as a result

of that study a list of 150 heritage character defining wood lath and plaster ceilings to be

consolidated and protected in a project that will begin in the fall of 2011 and run for about two

years.

Conservation of plaster ceilings takes on a decidedly difficult turn when the requirements are 

that: 

• There is no access to the upper side of the plaster and lath between the joists.

• Work must be done between 8:00 pm and 6:00 am.

• All areas must be returned to full beneficial use of the tenant each day after any work

session.

• All work must be executed by members of the International Union of Painters and

Allied Trades.

For this specific project and other potentially similar applications the authors have developed a 

special apparatus designed to evenly apply a precisely metered amount of consolidation 

polymer resin to the floor of a joist cavity, such that it coats the lath and penetrates the plaster 

beneath. The apparatus, called a Plaster Conservation Polymer Applicator (PCPA), does this by 

injecting the material through a series of 6 mm holes drilled in the surface of the ceiling (See 

Figure 4). 

The intent is to accomplish approximately what occurs in the conventional consolidation 

process with the constraint that there is no access to view the work in progress. Floors above the 

rooms cannot be taken up and obviously ceilings cannot be overly disturbed. This treatment will 

not have the advantage of the use of the filled formula adhesives developed by Philips. Close 

inspection and hand testing of the plaster keys will not take place. The efficacy of the treatment 

will depend entirely on the flooding of the space between lath and plaster with multiple 

applications of the consolidant water diluted Acrynol NX 6423.  SDAG9 will not be used for 

reasons of fire safety. 

Old City Hall is a very regular building built predictably according to the architectural drawings 

that are on record. Joist direction and spacing are known. The location of herring bone bridging 

can be predicted and confirmed. The authors have seen several of this building’s plaster ceilings 

in a collapsed state and have had opportunities to conduct porosity trials on the plaster. This 

background work has all been done. 

It will not be possible to actually witness the application of resin to surface. The entire 

application will be done without direct access to view the work in progress. However, as in a 

regular consolidation treatment, when the measured amount of material is accurately placed and 

allowed to seep between the plaster and wood lath, it polymerizes there, and as it does so it re- 
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secures the plaster to the lath. That is the prediction on which the trials conducted in the 

summer of 2011at the Colonial Building are based. Test cuts will be used to confirm the results. 

Testing the apparatus in St. John’s NL in the summer of 2011 
The apparatus designed to do this work was tested earlier this summer at the Colonial Building 

in St. John’s, Newfoundland. 

Description of the apparatus function 

The PCPA has a small diameter applicator wand that is inserted vertically into the joist cavity 
through a 7 mm diameter hole either in the floor above or through the plaster in the ceiling 

below. 

An interchangeable nozzle on the end of the wand has its outlet at some angle, (nozzle angles in 

the prototype apparatus ranged from 5, 10 and 15 degrees) below the horizontal thereby 

directing a stream of polymer at the floor of the joist cavity. 

The wand reciprocates up and down. If the wand has been inserted up from below as at the 

Colonial Building, when it is retracted, the nozzle outlet is close to the floor of the joist cavity. 

When it starts to apply the consolidant Acrynol NX 6423, the area closest to the wand is coated 

first. As the wand extends vertically, the flow is directed outward along the floor of the cavity. 

For every measured unit of stroke, the apparatus delivers a precise amount of consolidant. This 

apparatus is sized so that 25 mm of stroke delivers 40 ml of consolidant, regardless of dilution. 

Coverage of the area on the floor of the joist cavity can therefore be carefully controlled. 

Once the conservator has determined the appropriate volume of consolidant to be applied and 

decided on the sequence of applications of different dilutions to accomplish the best penetration 

result for the given area of ceiling plaster, the information is dialed up on the apparatus and 

application can begin. 
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Ftgure 4: The Plaster Conservation PolYmer Applicator (PCPA) The PCP A consists cftwo main part. ..the

applicator  ':A" and the programmable controller unit "B". 
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The two principle parts of the apparatus are the 2 m long applicator marked “A” in Figure 6 at 

left, and the controller marked “B” at the bottom. 

In the same figure, 

a) is the dispensing wand with a close up view of the tip.

b) is the material inlet port with a bleed valve.

c) is the rotating On/Off control and the mechanism that sets the length of each stroke.

d) is a ratchet jack used to extend the length of the applicator to fit the circumstances.

e) is a foot valve attached to the reservoir end of the supply line

The applicator 

The applicator consists of three connected parts: 

1. is a non-rotating double-acting air cylinder,

2. is a divorcing stroke length control section, and at its end,

3. is a metering pump and wand.

The non-rotation feature ensures that the wand always sprays in a known direction. 

The metering pump is a single acting device, meaning that it dispenses only on the rod 

extension part of the cycle. There is one valve on the metering piston and one on the wand. 

They are opposed such that when one is open the other is closed. When the piston is in its 

“home” position, the piston is at the bottom of the metering chamber and its valve is open. The 

metering chamber is filled with liquid and the valve on the wand is closed. 

To dispense, the air cylinder drive rod extends, the metering piston valve closes as the piston is 

driven into the metering chamber. At the same time, the valve on the wand opens allowing the 

trapped fluid in the metering chamber to be extruded from its nozzle. The amount of liquid 

dispensed is a function of the distance the piston travels. 

When the piston reaches the end of its stroke, the air cylinder rod retracts, the wand valve closes 

and the piston valve opens. As the metering piston is pulled back to its “home” position it 

creates a vacuum behind it into which liquid from the reservoir is drawn via a suction tube. A 

foot-valve on the suction tube keeps it full once it has been primed 

The stroke length is mechanically set in the center section of the apparatus. A mechanical stop 

only allows the piston rod to travel a set distance. This distance is varied based on the height of 

the joist cavity and the amount of liquid to be dispensed per cycle. 

The programmable controller unit (PCU) 

The PCU tells the air cylinder when to extend and when to retract. 

The cycle time is based on how much air pressure is driving the air cylinder, the stroke length 

and how much back pressure is created by the dispensing nozzle. A totalizing counter on the 

control box counts the cycles and records the total number of cycles on the machine. A total 

377



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

quantity of consolidant dispensed can therefore be calculated. A count-down counter is also 

located on the control box. This can be set by the operator. When the applicator is activated, it 

will perform the number of cycles that have been input on the count-down counter and then shut 

off. 

Description of the set up process 

The conservator determines by experiment what amount of material will be required to 

consolidate a given area. At the Colonial Building trials indicated that a pre-wet of diluted resin 

at 1.3 L/m
2 

followed by a full strength application of 900 ml/m
2 

will be sufficient to stabilize

the plaster. 

At the Colonial Building there is deafening between the floors. Deafening consists of a course 

grained plaster mix approximately 50 ml thick poured onto loose boards that are supported by 

slats nailed to the sides of the joists about midway between the underside of the floor boards 

and the upper side of the plaster and lath. The presence of this material which cannot be moved 

greatly restricts the potential travel of the application apparatus. The maximum possible 

dispense stroke was therefore set at 75 mm. By calculation the dispense volume per stroke was 

established at (40 ml / 25 mm) x 3 or 120 ml. 

Using a 2° downward angle dispense nozzle, a triangle of application with dimensions 75 mm 

high and 750 mm long was created (See Figure 5).  The distance between joists is determined. 

The established trajectory and width of cavity, (350 mm) determined the specific treatment area. 

In this case the area was 0.625 m
2
. The quantity of consolidant calculated for the given area was

480 ml. 

The consolidant volume to be dispensed determines the number of stokes required to 

accomplish the desired coverage. In this case the stroke count was established at 6 strokes. 

Six strokes at 75 ml will be required to deposit 480 ml of material evenly over the subject area 

of 0.625 m
2
, effectively treating the joist cavity for a distance of 750 mm from the access

location. A 180° rotation after the first 6 stroke cycles accomplishes the same objective in the 

opposite direction. This represents coverage of 1.5 m treated from one hole. In these ceilings 

with 6 m spans it was determine that 4 access holes were required in each joist cavity. 
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Figure 5: Cross Section of the Treatment Zone in a Joist Cavity 

This technique is not universally applicable 
Site conditions at the Colonial Building created a severe challenge to this new technology. 

Trials conducted in the attic where it was possible to observe the distribution in full open joist 

cavities using the constraints present in the deafening locations were at first quite discouraging. 

The minimal application height of 75 mm meant that spray was sometimes interrupted by a 

particularly high lug. Occasionally, the spray head was just peeking over some of the higher 

lugs constraining the spray to a smaller area than intended and not delivering consolidant to the 

areas beyond what looked like mountain peaks. 

Ultimately a set of double-headed spray nozzles with very low dispense angles was devised. 

Trials using a 1.5° downward angel were successful and this was ultimately adopted as the 

standard for the Colonial Building work where deafening was present. 

The presence of deafening in a ceiling almost precludes the usefulness of the apparatus and 

technique because the short stoke height limits the coverage distance so dramatically that many 

more holes than one would wish have to be created in the ceiling. This would not be acceptable 

in a ceiling with important decoration. 
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Most of the floor above the subject ceilings at the Colonial Building have been opened one way 

or another to permit the installation of mechanical equipment. In all cases without exception, 

where floors had been opened all the debris from the disruption of the deafening, often 

including the support boards was found left on the ceiling surface. All of this material had to be 

sought out and removed because it would have prevented any beneficial penetration of the 

consolidants into the plaster. In a situation where a floor could not be disturbed, this would be 

great cause for concern. 

A future trial may involve treating alternate joist cavities. The thinking is that the span of 

unsupported plaster between two treated joist cavities is only 50% of the width (typically 350 

mm), and that this is not too great a span for the most deteriorated plaster. This might be an 

important consideration in situations where know decoration would be interfered with. The cost 

and intervention levels would be almost halved in such a scenario. Miniaturizing the entire 

apparatus to achieve a wand diameter of 3 or 4 mm is also a distinct possibility. 

Boroscopes and other ways of looking into cavities are available but they are not particularly 

useful because of the constraint the small access hole size used puts on lighting. Our best device 

will only allow a view of 50 cm into a cavity. 

Experiments in full depth joist cavities. 
Experiments were conducted in full depth joist cavities on the upper floor of the Colonial 
Building. Here with no deafening present and the attic floor boards removed the entire 

application could be observed.  In 300 mm depth joist cavities a maximum coverage of just 

under 5 meters was established by spraying both directions from a central application hole. This 

result was very promising and replicates results from a test bed created in our shops where the 

apparatus was developed. 

Conclusion 

The Colonial Building presented a severe challenge to this technology. The calculated amounts 

of consolidant were dispensed and had the consolidating effect but the number of holes in the 

ceiling required to accomplish this may be more than would be acceptable in the presence of 

important decoration. 

The intent of this technical development is to provide an economical means of dealing with 

fragile plaster in historic buildings that are subject to heavy occupancy loads and where direct 

access to the joist cavity is not possible. The number of historic buildings that have vernacular 

wood lath and plaster in need of treatment far exceeds the number that are appreciated as 

monuments. The development of this PCPA apparatus is intended to result in a reliable tool and 

methodology being available for use in “ordinary” historic buildings, by normally skilled 

conscientious practitioners. 
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Materials and Suppliers 

Rhoplex MC 76 and Rhoplex 1950 are an acrylic polymers manufactured by Dow Chemical. 
In Canada available from Canada Colors, Business Head Office 
6605 Hurontario Street, Suite 400 
Mississauga, Ontario 
L5T 0A3 
Tel: 905-454-6900 
Fax: 905-454-6988 

Acrynol NX 4623 is an acrylic resin produced by BASF 
In Canada it is available from: 
Brenntag Group 
Brenntag Canada Inc. 
416 243 9615 X 228 
Fax: 416-243-9731 

Arte Mundit 
Bouwelven 19 
B-2280 Grobbendonk
Belgium
Tel: +32 (0) 14 84 80 80
Fa x: +32 (0) 14 84 80 81
www.ftbremmers.com
info@ftbremmers.com

ABR Rubber Mask is a proprietary latex rubber material produced by American Building Restoration Products, Inc. 
9720 South 60th Street 
Franklin, WI 53132 
(414) 421-4125
1-800-346-7532 (Orders Only)
Fax (414) 421-8696
www.abrp.com

Big Wally’s Plaster Magic is a proprietary acrylic product thought to be an unfilled adhesive. 
Big Wally’s Adhesives, Inc. 

75 Southern Avenue 
Brattleboro, VT 0530 
Order Phone Line: 802-254-1330 
Technical Support Line: 802-254-9099 
info@plastermagic.com 
www.plastermagic.com 

Special Denatured Alcohol 9 (SDAG9) Anhydrous 
This is an ethyl alcohol denatured with 4.76 % Isopropyl Alcohol 
Commercial Alcohols 
2 Chelsea Lane 
Brampton, Ontario 
L6T 3Y4 
(905) 790 7500
www.Comalc.com

Historic Plaster Conservation Services Limited 
26 Barrett Street 
Port Hope, Ontario 
L1A 1M7 
(905) 885 8764
e-mail: Info@HirtoricPlaster.com
Web site: www.HistoricPlaster.com
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Peel Strength of Silk and Nylon 

Textiles Adhered to Sheer 

Support Fabrics 

Irene Karsten and Nancy Kerr 
(biographies and contact information for all authors can be found at the end of this paper) 

Abstract 

Fabric laminates consisting of silk habutae or nylon taffeta artifacts, one of six adhesives 
(Acryloid F10, BEVA 371, Clariant T1601, Dur-O-Set E150, Lascaux 360/498 HV, or Vinamul 
3252), and a support fabric (nylon net, polyester crepeline, or silk crepeline) were peeled at a 
rate of 50 mm min-1 in a controlled environment. The transfer of adhesive to the artifact fabric 
during peeling was observed visually and through scanning electron microscopy. The peel 
strength of the adhesives varied significantly according to the surface area of adhesive available 
for bonding and the mechanical properties of the adhesives. Bonds to silk habutae were 
stronger than bonds to nylon taffeta. Laminates supported on nylon net had weaker bonds than 
those supported on silk or polyester crepeline. 

Titre et Résumé 

Résistance au pelage  d’échantillons textiles en soie et en 
nylon contrecollés à un tissu de renfort diaphane 

Des essais de résistance au pelage ont été réalisés sur des substrats de tissus collés, composés 
d’objets en soie habutai ou en taffetas de nylon, d’un adhésif parmi une série de six 
(Acryloid F10, BEVA 371, Clariant T1601, Dur-O-Set E150, Lascaux 360/498 HV ou 
Vinamul 3252) et d’un tissu de renfort (filet de nylon, crêpeline de polyester ou crêpeline de 
soie). Les essais ont exécutés dans des conditions ambiantes régulées et à une vitesse de 
pelage de 50 mm min-1. Le transfert de l’adhésif à l’objet de tissu, durant le pelage, a été 
observé visuellement et au moyen d’un microscope électronique à balayage. La résistance au 
pelage des différents adhésifs varie grandement en fonction de leur surface de contact 
disponible et de leurs propriétés mécaniques. La force d’adhérence est supérieure dans le cas de 
la soie habutai que dans celui du taffetas de nylon. Les substrats de tissus contrecollés sur le 
filet de nylon présentent une force d’adhérence inférieure à ceux contrecollés sur la crêpeline de 
soie ou de polyester. 

Introduction 

Effective support for a textile artifact using an adhesive treatment requires a bond that will not 

fail under post-treatment display and handling conditions, but choosing an adhesive that will 

provide an adequate bond is complicated by the numerous factors that affect bond strength. 

Textile conservators often vary one or two aspects of adhesive treatments in their mock-up 

testing, such as support materials (Grant 1995), concentrations of a single adhesive (Hartog and 
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Tinker 1998), or different mixtures of two resins in different solvents (Thomsen 1984). When 

distinctly different adhesives are compared, however, a single preparation method for each — 

often based on past practice — is usually chosen (Grant 1995; Wills 1995). Similarly, when 

laboratory peel testing was used to develop a matrix to aid textile conservators in their choice of 

adhesive (Pretzel 1997a; Pretzel 1997b), comparative bond strength scores were derived from 

peel tests of one type of specimen per adhesive: silk habutae adhered to polyester crepeline 

using adhesive films produced from solutions of varying concentration (10–50% by volume). 

To better understand how adhesives contribute to bond strength, this study assessed the effects 

on peel strength of several different adhesives in laminates made with different artifact fabrics, 

support fabrics, and application techniques commonly used by textile conservators (Karsten 

2003). 

Methods 

Preparation of laminated fabric  specimens 
Laminated fabric specimens were prepared from two artifact fabrics, three support fabrics, and 
six adhesives. Two undyed, plain weave fabrics served as the artifact: a lightweight, degummed, 

Bombyx mori silk habutae (Testfabrics #609) and a semi-dull nylon taffeta (Testfabrics #306A). 

Three undyed, open weave fabrics were used as support fabrics: nylon net (Dukeries N8000), 

polyester crepeline (Stabiltex, Tetex-TR), and silk crepeline. The fabrics were washed in a 0.3% 

(w/w) sodium lauryl sulphate detergent solution, rinsed with distilled water, and air dried at 

room temperature before being cut into swatches measuring 200 × 30 mm (warp × weft) and 

raveled to 20 mm in width. Fabric and yarn structure, fabric mass, and fabric tensile properties 

were determined using standard test procedures. The raveled swatches were randomly assigned 

to laminate groups before adhesive coating and heat-sealing. Six adhesives were used to 

produce the laminates (Table 1). Five — Acryloid (Paraloid) F10, BEVA 371, Lascaux 360HV 

and 498HV, Vinamul 3252, and adhesives equivalent to Clariant T1601 (Mowilith DMC2 and 

Appretan MB extra) — had been used by textile conservators and tested for conservation 

purposes (Berger 1972; Blackshaw and Ward 1982; Down et al. 1996; Horton-James et al. 

1991; Howells et al. 1984; Verdu et al. 1984). Dur-O-Set E150, a neat dispersion, had been 

tested for its stability and suitability for conservation at the Canadian Conservation Institute 

(Down 1999). 

Adhesives were prepared and applied using textile conservation techniques (Keyserlingk and 

Down 1999). Dispersion adhesives were diluted with distilled water to two levels of adhesive 

concentration: 1:10 and 1:5 (volume adhesive : volume solvent). The two Lascaux acrylic 

dispersions were combined in a 1:1 mass ratio prior to dilution. Resin solutions were produced 

by diluting 1 part resin by volume with 8 parts toluene for Acryloid F10 and 1 part toluene for 

BEVA 371. BEVA 371 solutions were heated in a water bath at 40ºC to ensure proper mixing. 

Diluted adhesives were either brushed or sprayed onto the support fabric swatches. For 

brushing, swatches were clamped to a sheet of Teflon-coated glass cloth attached to a level 

glass plate in a fume hood. The adhesive was applied in a single brush stroke. BEVA 371 and 

Acryloid F10 solutions were also applied using a Preval aerosol sprayer from a distance of 

1.1 m through a cardboard tube, one end of which was set into a fume hood. The support fabric 
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swatch was clipped to the end of the tube in the fume hood. The adhesives were sprayed from 

the other end for 4 s. All coated swatches were allowed to air dry in the fume hood overnight at 

19 ± 1ºC and 33 ± 4% RH. The mass of the adhesive coating (add-on) was determined for each 

specimen by measuring the mass of the support fabric swatches before and after coating. The 

degree to which the dried adhesive film coated the support fabric yarns and filled the interstices 

was also classified visually. Coated swatches were stored in the dark for 6 weeks before heat- 

sealing. 

Table 1. Adhesive composition. 

Adhesive Polymer Major additives 

Resins 

Acryloid F10 PBMA Stoddard solvent, other hydrocarbon and aromatic solvents 

BEVA 371 EVA Laropal K80, paraffin, phthalate ester of hydroabietyl alcohol, toluene, 

VM&P naptha 

Dispersions 

Clariant T1601 VAC/maleate 

terpolymer 

hydroxyethyl cellulose stabilized 

Lascaux 360/498HV PBA/PMMA acrylic butylester thickener 

Dur-O-Set E150 VAE poly(vinyl alcohol) stabilized 

Vinamul 3252 VAE poly(vinyl alcohol) stabilized, sodium carboxy methyl cellulose 

The coated support fabric swatches were heat-sealed to artifact fabric swatches in a modified 

Seal Commercial 210 M drymount press. A Ducor ERO-0204 temperature controller attached to 

the press by a thermocouple controlled the temperature within ± 1°C. The fully locked position 

of the press during heat-sealing ensured consistent pressure. Layered swatches were heat-sealed 

for 20 s at either 65°C (Acryloid, BEVA, Lascaux) or 95°C (Clariant, Dur-O-Set, Vinamul) as 

determined through pre-testing. Adhesion of the upper 40 mm and raveled edges of each 

specimen was prevented by inserting polyester film (12.7 μm Mylar) between the swatches. 

Laminated specimens were stored in the dark for 6 weeks before peel testing. 

Determination of peel strength 
Peel strength was determined using a T-peel test according to the procedures of the test method 

CAN/CGSB-4.2 No. 65-M91 (Canadian General Standards Board 1997). Tests were conducted 

on an Instron Universal Testing Instrument, Model 4202, using a 2.5 N load cell and 6-mm- 
wide spring-loaded fibre grips set at a gauge length of 25 mm. The non-adhered fabric ends 
were reinforced with self-adhesive paper tabs so that the grain of the edges extending beyond 
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the grips remained aligned during peeling. The reinforced ends of the artifact strip and coated 

support fabric were placed in the upper and lower grips respectively (Figure 1). Each specimen 

was then peeled over 10 mm of its adhered length at a crosshead speed of 50 mm min
-1

(International Organization for Standardization 1993). Tests were conducted in a controlled 

environment of 20 ± 2ºC and 65 ± 2% RH. Peel strength was calculated manually from the 

resulting graph for each specimen. The five highest and five lowest peak forces were recorded 

and these 10 values averaged. The peel strength per metre width was calculated as follows: 

peel strength (N m
-1

) = average peak force (N) / width of specimen (m)

The peel strength values of 10 specimens represented each treatment group. 

Figure 1. Configuration of laminated specimen for T-peel test. 

The results of the peel tests were further characterized through visual observation and scanning 

electron microscopy (SEM). The relative amount of adhesive transfer to the artifact fabric 

during peeling was recorded. The artifact and coated support fabric surfaces of peeled laminates 

were examined using SEM in order to characterize the nature of the adhesive coatings and 

whether failure was adhesive, cohesive, or mixed. Small pieces of laminate were cut from the 

unpeeled ends of representative specimens. The pieces were adhered to stubs with carbon tape, 

support fabric side down. The artifact fabric was peeled back manually and adhered in place. 

The specimens were sputter-coated with gold prior to examination in a Jeol JSM 6301 FXV at 5 

kV. 
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Data analysis 
The significance of the effects of adhesive type (formulation plus application technique), 

artifact fabric, and support fabric was determined through three-way analysis of variance 

(ANOVA) and a multiple comparisons test coupled with Tukey’s adjustment using SAS, 

release 8.2. 

Results 

Adhesive coating 
The manner in which the adhesive solutions dried to coat the yarns and fill the interstices of the 

support fabrics varied by adhesive type and support fabric (Table 2). The 1:10 solutions of 

dispersion adhesives tended to coat or almost coat all yarns. Doubling the concentration resulted 

in approximately twice the adhesive add-on (Table 3), filling some interstices particularly when 

the support fabric was nylon net. Lascaux 360/498HV coatings seemed to be anomalous in that 

apparent filling of interstices was observed even with the more dilute solutions. SEM 

photographs of a representative coating showed that the adhesive film, which was poorly 

anchored to the support fabric yarns, filled many interstices but only partially (Figure 2). The 

solvent-based adhesives produced opposite results. The less viscous solution of Acryloid F10 

partially coated yarns on one surface of the fabrics when brushed, but coated yarns on all sides 

using about twice as much adhesive (Table 3) when sprayed. The more concentrated BEVA 371 

solution also coated the yarns when sprayed but with particles of adhesive. When brushed, 

BEVA 371 deposited slightly more adhesive (Table 3) and produced a continuous film over the 

fabrics. 

Figure 2. Coating of Lascaux 360/498 HV (1:1 by weight) brushed as a 

1:5 (v/v) solution in distilled water onto silk crepeline. 
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Table 2. Classification of adhesive coatings by the degree to which the adhesive coats the support fabrics, nylon net (N), polyester crepeline (P), and silk 

crepeline (S). 

Coating description yarns almost coated yarns coated few interstices filled many interstices filled all interstices filled 

Adhesive 

Acryloid F10 1:8 brush/S,P,N 1:8 spray/N,P,S 

Clariant T1601 1:10/S 1:10/P/1:5/S  1:10/N/1:5/P 1:5/N 

Dur-O-Set E150 1:10/S 1:10/P 1:10/N 1:5/P,S 1:5/N 

Vinamul 3252 1:10/S,P 1:10/N 1:5/P,S 1:5/N 

Lascaux 360/498 HV 1:10/N,P   1:5/P  1:10/S 1:5/S,N 

BEVA 371 1:1 spray/N,P,S 1:1brush/N,P,S 
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Adhesive 

Table 3. Mean peel strengths (with standard deviation) by adhesive, technique, artifact fabric, and support fabric. 

Adhesive/ 
Adhesive Peel strength (Nm

-
 
1
) Peel strength (Nm

-
 
1
) 

Support fabric add-on (g) Nylon taffeta Silk habutae add-on (g) Nylon taffeta Silk habutae 

Acryloid F10 1:8 (v/v) by brush 1:8 (v/v) by spray 

Nylon net 0.0063 ± 0.0014 1.4 ± 0.2 3.0 ± 0.3 0.0113 ± 0.0015 1.0 ± 0.2 2.0 ± 0.3 

Polyester crepeline 0.0082 ± 0.0016 1.5 ± 0.2 2.8 ± 0.5 0.0168 ± 0.0028 1.0 ± 0.2 1.8 ± 0.3 

Silk crepeline 0.0087 ± 0.0020 1.4 ± 0.3 2.2 ± 0.5 0.0175 ± 0.0038 0.9 ± 0.3 1.7 ± 0.3 

Clariant T1601 1:10 (v/v) by brush 1:5 (v/v) by brush 

Nylon net 0.0087 ± 0.0012 3.9 ± 0.7 9.8 ± 1.9 0.0206 ± 0.0051 6.3 ± 1.2 18.7 ± 2.5 

Polyester crepeline 0.0127 ± 0.0014 7.1 ± 1.3 18.2 ± 3.4 0.0251 ± 0.0032 12.9 ± 2.3 33.3 ± 3.2 

Silk crepeline 0.0140 ± 0.0034 6.1 ± 1.8 13.8 ± 3.8 0.0263 ± 0.0038 10.5 ± 1.7 24.7 ± 2.5 

Lascaux 360/498HV 1:10 (v/v) by brush 1:5 (v/v) by brush 

Nylon net 0.0110 ± 0.0019 7.0 ± 2.1 11.6 ± 2.4 0.0240 ± 0.0072 22.0 ± 6.4 29.4 ± 5.9 

Polyester crepeline 0.0126 ± 0.0017 6.0 ± 1.8 9.9 ± 2.4 0.0255 ± 0.0038 25.0 ± 5.2 31.1 ± 6.8 

Silk crepeline 0.0142 ± 0.0031 7.4 ± 1.8 8.1 ± 1.6 0.0273 ± 0.0048 17.9 ± 4.1 22.7 ± 3.7 

Dur-O-Set E150 1:10 (v/v) by brush 1:5 (v/v) by brush 

Nylon net 0.0100 ± 0.0032 7.7 ± 2.3 16.4 ± 5.6 0.0241 ± 0.0046 11.7 ± 1.5 25.4 ± 3.7 

Polyester crepeline 0.0151 ± 0.0031 14.2 ± 2.4 25.9 ± 6.5 0.0258 ± 0.0043 18.9 ± 3.2 36.8 ± 5.7 

Silk crepeline 0.0156 ± 0.0025 11.8 ± 2.6 19.3 ± 4.3 0.0287 ± 0.0038 17.2 ± 2.9 30.2 ± 4.9 

Vinamul 3252 1:10 (v/v) by brush 1:5 (v/v) by brush 

Nylon net 0.0104 ± 0.0029 9.5 ± 2.8 13.5 ± 3.0 0.0205 ± 0.0038 20.0 ± 5.2 27.1 ± 6.8 

Polyester crepeline 0.0134 ± 0.0018 14.2 ± 2.7 19.7 ± 3.5 0.0243 ± 0.0042 28.9 ± 3.4 39.2 ± 8.2 

Silk crepeline 0.0161 ± 0.0021 12.2 ± 2.0 17.4 ± 3.2 0.0272 ± 0.0043 29.8 ± 4.1 36.0 ± 4.9 

BEVA 371 1:1 (v/v) by brush 1:1 (v/v) by spray 

Nylon net 0.0502 ± 0.0105 34.8 ± 6.7 47.5 ± 15.3 0.0323 ± 0.0055 32.9 ± 6.2 42.0 ± 9.3 

Polyester crepeline 0.0492 ± 0.0130 42.6 ± 6.7 50.7 ± 9.5 0.0466 ± 0.0060 53.2 ± 6.5 72.1 ± 9.5 

Silk crepeline  0.0586  ±    0.0117 46.7  ±  13.0  56.7  ±  13.3 0.0460  ±  0.0085  49.5  ±  11.4  63.2  ±  13.2 
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Peel strength 
The laminate types exhibited a wide range of peel strength values (Table 3). The ANOVA 

results revealed the overall significance of the effects of adhesive type (formulation plus 

application technique) and laminate fabrics on peel strength but also indicated significant 

interactions between these factors. 

Effect of application technique 

Adhesive concentration clearly affected peel strength. The peel strength of fabric laminates 
produced using a 1:5 (v/v) solution of an adhesive was always significantly higher than the 

corresponding laminates produced with a 1:10 (v/v) solution for all artifact/support fabric 

combinations. Twice as much adhesive by volume in the dispersion solution generated bonds 

that were approximately twice as strong (Table 3). 

The effect of spray versus brush application depended on the type of adhesive. For Acryloid 

F10, brush application of a 1:8 (v/v) toluene solution gave significantly higher peel strengths 

than spray application for all artifact/support fabric combinations (Table 3). BEVA 371 tended 

to follow the same pattern only when the support fabric was nylon net. Spray application of a 

1:1 (v/v) toluene solution of BEVA 371, in contrast, yielded higher peel strengths than brush 

application when the support was polyester or silk crepeline. Because of considerable variation 

in the results, the differences for BEVA 371 were only significant when the support fabric was 

polyester crepeline. 

Effect of the artifact fabric 

The artifact fabrics used to create the laminates also significantly affected peel strength. Nylon 
taffeta laminates consistently exhibited weaker adhesive bonds than the corresponding silk 

habutae laminates regardless of adhesive type or manner of application (Figure 3). 

Effect of support fabric 

Multiple comparison tests indicated the particular effects of the support fabrics on peel strength. 
Silk habutae and nylon taffeta laminates supported with nylon net were weaker than the 

corresponding laminates supported with silk or polyester crepeline when the adhesive was 

Clariant T1601, Dur-O-Set E150, Vinamul 3252, or sprayed BEVA 371 (Figure 4). The peel 

strengths of the silk and polyester crepeline laminates for these adhesives were not significantly 

different, even though polyester crepeline laminate bonds were usually stronger on average. 

Silk crepeline specimens adhered with a 1:5 (v/v) solution of Lascaux 360/498 HV had weaker 

peel strengths than the corresponding polyester crepeline specimens. The Lascaux specimens 

supported with nylon net had intermediate peel strengths and were not statistically different 

from those supported with either silk or polyester crepeline. The peel strength of laminates 

adhered with Acryloid F10, BEVA 371 applied by brush, and a 1:10 (v/v) solution of Lascaux 

to the three support fabrics could not be statistically distinguished when artifact fabric and 

application technique were held constant. 

Effect of adhesive 

Overall, Acryloid F10 laminates had the weakest bonds (1–3 N m
-1

) and BEVA 371 the

strongest (33–72 N m
-1

) while dispersion adhesive bonds were of intermediate strength (4–39 N

m
-1

, Table 3). These distinctions were statistically significant for both silk and nylon artifact

fabrics and for all three support fabrics regardless of application technique. 
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Figure 3. Peel strength (N m
-1

) of nylon taffeta and silk habutae laminates adhered with Acryloid F10, BEVA 371, 

Clariant T1601, Dur-O-Set E150, Lascaux 360/498 HV, and Vinamul 3252 averaged over three support fabrics. 
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Figure 4. Peel strength (N m
-1

) of laminates having nylon net, polyester crepeline, and silk crepeline supports 

adhered with Acryloid F10, BEVA 371, Clariant T1601, Dur-O-Set E150, Lascaux 360/498 HV, and Vinamul 3252 

averaged over the two artifact fabrics. 
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Relative bond strength of the dispersion adhesives depended on the particular artifact or support 

fabric and on whether the adhesive was applied as a 1:10 or 1:5 (v/v) solution. In general, 

however, Clariant T1601 produced bonds that were consistently weaker than those produced by 

Dur-O-Set E150 and Vinamul 3252. The range of bond strengths produced with 

Lascaux 360/498 HV was broader than that for the other dispersions. For 1:10 (v/v) solutions, 

the Lascaux bonds were usually weaker or equivalent to Clariant bonds, while for 1:5 (v/v) 

solutions, they were stronger than or equivalent to Dur-O-Set bonds. 

Bond failure 
The peeling behaviour of the adhesives was classified according to whether the adhesive 
transferred to the artifact fabric during peeling or remained on the support fabric (Table 4). All 

adhesives exhibited some transfer except the one that formed the weakest bonds, Acryloid F10. 

Transfer was observed on Clariant T1601 and Dur-O-Set E150 specimens only when the 

support fabric was nylon net. Lascaux 360/498 HV and Vinamul 3252 showed transfer when 

the artifact fabric was nylon taffeta or when the support was nylon net. BEVA 371 exhibited 

substantial transfer when the coating was sprayed and slight transfer when it was brushed onto 

nylon net or adhered to nylon taffeta. Observation of the peel front during peel testing indicated 

differences in how this transfer occurred (Figure 5). Coatings of three adhesives — BEVA 371, 

Lascaux 360/498 HV, and Vinamul 3252 — were stretched into fibrils when subjected to peel 

force. Transfer occurred with Clariant T1601 and Dur-O-Set E150 when the coating broke away 

from fabric interstices. 

Table 4. Amount of adhesive transferred to the artifact fabric during peeling according to the type of fabrics and 

the application technique used to make the laminate. Observations were classified as none (N/green), slight 

(S/yellow), or lots (L/white); colour indicates the most prevalent classification when more than one occurred. 

Artifact and support fabrics 

Nylon taffeta Silk habutae 

Nylon Polyester Silk Nylon Polyester Silk 

Adhesive 
brush 

or 

1:10 

spray 
or 

1:5 

brush 
or 

1:10 

spray 
or 

1:5 

brush 

or 
1:10 

spray 

or 
1:5 

brush 

or 
1:10 

spray 

or 
1:5 

brush 

or 
1:10 

spray 

or 
1:5 

brush 
or 

1:10 

spray 
or 

1:5 

Acryloid F10 N N N N N N N N N N N N 

BEVA 371 S L N/S L N/S L S L N L N L 

Clariant T 1601 S/N S N N N N N/S S/L N N N N 

Dur-O-Set E150 S/N S N N N N N/S S N N N N 

Lascaux 360/498 

HV (1:1) 
S L N N N N/S N/S L N N N N 

Vinamul 3252 S L N/S N/S N N 
S/N/ 

L 
L N N N N 
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Figure 5. Peel behaviour of Lascaux 360/498 HV (left) and Clariant T1601 (right) brushed as a 1:5 (v/v) solution in 

distilled water onto nylon net and adhered to silk habutae. Lascaux 360/498 HV exhibits adhesive stretching and 

transfer to artifact fabric while Clariant T1601 shows adhesive transfer from the interstices of the coated net. (Note: 

carbon tape is visible through most of the nylon net interstices.) 

Discussion 

Adhesive effects 

Adhesive distribution 

The results of this study indicate that conservators can significantly influence the peel strength 

of textile/adhesive/support fabric laminates through their choice of adhesive, support, and 

application technique. Techniques that deposit more adhesive, such as doubling the 

concentration of a dispersion adhesive solution, provide more adhesive for bonding and thus 

higher peel strength. The adhesive that gave the strongest bonds, BEVA 371, also had the 

highest adhesive add-on, while Acryloid F10, which gave the weakest bonds, had the lowest 

adhesive add-on (Table 3). The other adhesives (dispersion solutions) gave intermediate 

adhesive add-on and intermediate bond strengths. A plot of peel strength versus adhesive add- 

on thus exhibits good overall linear correlation (R
2 

= 0.67, Figure 6)

But adhesive add-on cannot account for all the variation in peel strength. Figure 6 also shows 

that for a particular adhesive/application technique combination, more adhesive does not always 

increase bond strength. Where the adhesive is deposited also plays a role: only adhesive that 

contributes to superficial bonding between fabrics adds to peel strength. Brushed Acryloid F10 

formed a flat coating on one surface of support fabric yarns that provided more surface area for 

bonding with less adhesive add-on than sprayed coatings that conformed to the shape of the 

yarns (Figure 7a, b). In contrast, the sprayed coatings of BEVA 371 produced bonds exhibiting 

peel strengths as high as brushed coatings because the layer of fine adhesive particles deposited 

on one surface of the support fabric was almost all available for bonding (Figure 7c). Although 
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brushed BEVA 371 provided the greatest surface area of adhesive available for bonding in a 

continuous film coating, greater add-on may have increased the thickness of the coating without 

contributing much to the peel strength of a surface bond. Not all interstitial adhesive contributed 

to peel strength: traces of artifact embedding were most frequently observed next to the support 

fabric yarns. 

Support fabric structure influenced adhesive surface area available for bonding. The thread 

count of nylon net (9–10 yarns/cm) is one-half to one-third that of polyester (23 yarns/cm) and 

silk crepeline (20–30 yarns/cm) respectively, while the diameter of its yarns is similar (about 

50–60 μm). Adhesive add-on on nylon net for formulations that coated only one surface of the 

yarns (10% Clariant T1601 and Dur-O-Set E150) was about 30–40% lower than that on silk or 

polyester crepeline. Similarly, the corresponding peel strength values for nylon net laminates 

were about 35–45% lower than of those for silk and polyester crepeline laminates. This 

distinction diminished at higher adhesive concentrations as the adhesive was more likely to fill 

the interstices of nylon net than those of polyester or silk crepeline. When the adhesive was 

applied in a manner that produced a continuous film, as with a brushed coating of BEVA 371, 

the adhesive surface area and add-on for the three support fabrics no longer differed 

significantly; neither did the peel strength of the corresponding laminates for a particular 

artifact fabric. 
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Figure 6. The relationship between adhesive coating mass (add-on), adhesive type, and peel strength. 
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Figure 7. Adhesive coating types produced by resin adhesives applied by (a) brush or sprayed as a 

(b) dilute or (c) concentrated solution.

Bond failure mechanisms 

Whether or not adhesive is transferred to the artifact fabric during peeling appears to be related 
to mechanical properties of the adhesives and to how well adhesive coatings attach to the 

support fabrics. Failure is adhesive in nature (i.e. at the adhesive–artifact fabric interface) when 

the adhesive is relatively stiff under the test conditions or when the coating is well attached to 

the support fabric. When, by contrast, the adhesive is relatively flexible and extensible or poorly 

attached, failure is cohesive within the adhesive layer resulting in transfer of adhesive residue to 

the artifact fabric on peeling. The stiffest adhesives as indicated by high modulus (Down et al. 

1996; Down 1999), Acryloid F10 and Clariant T1601, exhibited little adhesive transfer during 

peeling. More flexible adhesives, such as BEVA 371 and Lascaux 360/498 HV, exhibited 

substantial transfer except when well anchored to the support fabric as was the case when these 

adhesives were applied by brush to silk or polyester crepeline. Adhesive coatings on nylon net, 

on the other hand, exhibited greater degrees of adhesive transfer. Both the large size of the 

interstices and its construction from monofilament yarns, which provide few points for 

mechanical interlocking of the coating, may predispose nylon net to adhesive transfer during 

peeling. 

Using an adhesive that stretches easily when subjected to stress is both advantageous and 

problematic for adhesive support treatments for textile artifacts. The ability of the adhesive to 
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stretch into filaments is often related to high peel strengths, since force is dissipated in 

deforming the adhesive and is not concentrated at the interface where it would break the 

adhesive–fibre bond. Higher peel strength means that the treated artifact can be handled and 

manipulated to a greater degree without fear of bond failure. Thus, adhesives such as BEVA 

371 and Vinamul 3252 are probably most appropriate for three-dimensional textile artifacts or 

flat artifacts that will be rolled for storage. In contrast, accidental delamination of two Acryloid 

F10 specimens before peel testing during this study confirmed that artifacts adhered with this 

adhesive in the manner applied would have to be handled very carefully to prevent bond failure. 

If an adhered support needs to be removed, however, an extensible adhesive that tends to 

transfer to the artifact makes the task more difficult. Conservators often use heat or solvent 

vapour to reduce the bond strength if using a peeling technique to remove the support (Boersma 

1998; Cruickshank et al. 1998; Landi 1992). Both heat and solvent vapour increase the 

extensibility of the adhesive, making adhesive transfer more likely. Thus Pretzel (1997a; 1997b) 

observed adhesive transfer for Lascaux 360/498 HV during a hot peel test but not during a peel 

test under ambient conditions. Cohesive failure within the adhesive is also more likely at slow 

peel rates (Derail et al. 1998), which textile conservators use instinctively in order to protect the 

relatively weak fibres of the artifact. If reversal without adhesive transfer is important for a 

particular artifact, a relatively stiff adhesive, such as Acryloid F10 or Clariant T1601, and a 

rigid mount to reduce the risk of unwanted delamination may be the best alternative. 

Fabric  effects 

Artifact fabrics 

That silk habutae laminates had higher peel strengths than the corresponding nylon taffeta 

laminates can be attributed to chemical properties and fabric structure. Silk is a more polar fibre, 

containing more amide linkages, and thus >C═O and >N—H polar bonding sites, than nylon 

where aliphatic chains of —CH2 groups separate the amide groups. Additional polar groups on 

amino acid side chains of the protein fibre, such as the hydroxyls of serine (— CH2OH), add to 

silk’s polarity. Polar groups provide sites for potential acid–base interactions and hydrogen 

bonding with polar groups on adhesive polymer molecules that contribute to bond strength. In 

addition, the triangular cross-sectional shape of silk fibres, their slightly rough surfaces, and 

their relatively loose packing in the habutae yarns may have optimized the surface area available 

for bonding when compared to the relatively smooth, circular, densely packed nylon fibres in the 

taffeta yarns (Figure 8). Given this difference in peel strength, a “stronger” adhesive may be 

needed for a nylon artifact to achieve a bond strength equivalent to that found suitable for silk 

fabrics of the same weave. If, for example, silk crepeline coated with Clariant 
T1601 produced bonds of adequate strength for silk habutae artifacts (14–25 N m

-1 
depending

on concentration, see Table 3), a conservator would need to use a similar solution of Vinamul 

3252 on silk crepeline to produced the same bond strength with nylon taffeta artifacts (12–30 N 

m
-1

). Clariant T1601 bonds to nylon would be much weaker (6–11 N m
-1

). Although few

adhesive support treatments of nylon artifacts have been described in the literature, the tendency 

for nylon to embrittle when exposed to light in a manner similar to silk suggests that adhered 

supports might be considered for such textiles in the future. 
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Figure 8. Silk habutae (left) and nylon taffeta (right) adhered to polyester crepeline with a sprayed coating of 

BEVA 371 in toluene (1:1, v/v) showing how the difference in fibre cross-section and yarn structure may optimize 

bonding to silk habutae. 

Support fabrics 

The effect of support fabric on peel strength is less consistent than that of artifact fabric. That 

the bonds of laminates supported on nylon net are weaker than those on silk or polyester 

crepeline for a number of adhesives is partly due to the amount of adhesive add-on, as already 

described, but may also be due to the relative flexibility of nylon net in comparison to polyester 

or silk crepeline. With an initial modulus (2.4 N mm
-1

) less than a third of that of polyester

crepeline (8.1 N mm
-1

) and silk crepeline (8.5 N mm
-1

), little force is expended in bending

nylon net into the peel configuration. In general, this study suggests that polyester and silk 

crepeline do not produce bonds of significantly different peel strength. Lower bond strengths 

can be expected from nylon net, however, when the adhesive coating does not form a 
continuous film over the fabric interstices. 

Conclusions 

This study has shown that materials (adhesives, artifact fabrics, and support fabrics) and 

application techniques used in adhesive support treatments for textile artifacts significantly 

affect the peel strength of the laminated textile. Doubling the concentration of a dispersion 

adhesive solution doubled the peel strength of the laminates. Spraying rather than brushing 

produced significantly weaker peel strength when the adhesive was Acryloid F10 but did not 

significantly affect the results of BEVA 371. Adhesive bonds to silk habutae were stronger than 

those to nylon taffeta. Laminates supported with nylon net had weaker bonds than those on 

polyester and silk crepeline for several adhesive formulations but not when the adhesive formed 

a continuous film. The type of adhesive used clearly influenced peel strength as well, although 

variations in application technique made a single ranking by peel strength impossible. Many of 
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the differences in peel strength can be attributed to differences in the surface area of adhesive 

available for bonding, although the artifact fabric differences are probably due to differences in 

fibre chemistry and yarn structure. Although this study compared a limited selection of adhesive 

application variables, its results contribute to a better understanding of the factors that affect 

laminate peel strength, which can help conservators make good treatment decisions with regards 

to materials used in the adhesive support of textile artifacts. 
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Materials and Suppliers 

Acryloid F-10 (Rohm and Haas) 
International Gilders’ Supplies 
12-1541 Star Top Road 
Ottawa ON K1B 5P2 Canada 
Tel.: 613-744-4282 
Fax: 613-744-0949 
Website: www.gilding-supplies.com 

BEVA 371 
Conservator’s Products Company (Canada) Ltd. 
23 Morrow Avenue 
Toronto ON M6R 2H9 Canada 
Tel. 416-539-8069 
Fax: 416-532-6829 

Clariant T1601 
Clariant (Canada) Inc. 
4600 rue Cousens 
St-Laurent QC H4S 1X3 Canada 
Tel.: 514-334-1117 
Fax: 514-334-6232 

Dur-O-Set E150 
Nacan Products Ltd. 
60 West Drive 
Brampton ON L6T 4W7 Canada 
Tel.: 905-454-4466 
Fax: 905-454-5207 
Website: http://www.nacan.com 

Lascaux 360HV, Lascaux 498HV 
Lascaux Restauro 
Alois K. Diethelm AG Lascaux Farbenfabrik 
Zürichstrasse 42 
CH-8306 Brüttisellen, Switzerland 

Tel.: 41 1 807 41 41 
Fax: 41 1 807 41 40 
Website: http://www.lascaux.ch 

Vinamul 3252 

Vinamul Ltd. 
Eastford Road 
Warrington, Cheshire WA4 6HG, United Kingdom 
Tel.: 44 0 1925 236400 
Fax: 44 0 1925 236458 

Silk habutae, nylon taffeta 
Testfabrics 
PO Box 26 
West Pittson PA 18643 USA 
Tel.: 570-603-0432 
Fax: 570-603-0433 
Website: http://www.testfabrics.com 

Silk crepeline, polyester Tetex-TR 
Talas 
568 Broadway 
New York NY 10012 USA 
Tel.: 212-219-0770 
Fax: 212-219-0735 
Website: http://www.talasonline.com 

Nylon net (N8000) 
Dukeries Textiles & Fancy Goods Ltd. 
Spenica House 
15A Melbourne Road 
West Bridgford, Nottingham NG2 5DJ 
United Kingdom 
Tel.: 44 0 115 981 6330 
Fax: 44 0 115 981 6440 

403

http://www.gilding-supplies.com/
http://www.nacan.com/
http://www.lascaux.ch/
http://www.testfabrics.com/
http://www.talasonline.com/


Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Author Biographies and 
Contact Information 

Biographies et coordonnées 
des auteurs 

Irene F. Karsten has an MSc (1998) and PhD (2003) 
in Human Ecology with specialization in textile 
conservation science from the University of Alberta 
(Edmonton) as well as a Diploma in Art Conservation 
Techniques (1994) from Fleming College in 
Peterborough, Ontario. She was the Conservator for 
the Clothing and Textiles Collection at the University of 
Alberta from 2004 to 2009, and is currently a 
Preservation Development Advisor at the Canadian 
Conservation Institute. 

Contact Information: 
Canadian Conservation Institute 
1030 Innes Road 
Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 ext. 126 
E-mail: irene.karsten@pch.gc.ca

Irene F. Karsten possède une maîtrise ès sciences 
(1998) et un doctorat (2003) en écologie humaine avec 
spécialisation en science de la restauration des textiles 
de l’Université de l’Alberta (Edmonton), et un diplôme 
en techniques de restauration des œuvres d’art (1994) 
du Fleming College de Peterborough (Ontario). De 2004 
à 2009, elle a été conservatrice-restauratrice des 
collections de vêtements et de textiles faisant partie 
des collections muséales de l’Université de l’Alberta. 
Elle est actuellement conseillère en développement de 
la préservation à l’Institut canadien de conservation. 

Coordonnées : 
Institut canadien de conservation 
1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-998-3721, poste 126 
Courriel : irene.karsten@pch.gc.ca 

Nancy  Kerr has a BSc in Home Economics from the 
University of Guelph in Ontario, an MSc in Clothing and 
Textiles from the University of California at Davis, and 
a PhD in Fibre and Polymer Science from North Carolina 
State University in Raleigh. She is a Professor Emeritus 
in the Department of Human Ecology at the University 
of Alberta in Edmonton, where her teaching and 
research focused on textile science and conservation 
topics. 

Contact Information: 
3-02 Human Ecology Building
University of Alberta
Edmonton AB T6G 2N1 Canada
Tel.: 780-492-7679
E-mail: nancy.kerr@ualberta.ca

Nancy  Kerr est titulaire d’un baccalauréat en sciences 
domestiques de l’Université de Guelph en Ontario, 
d’une maîtrise en vêtements et textiles de l’Université 
de Californie à Davis et d’un doctorat en sciences des 
fibres et des polymères de l’Université d’État de la 
Caroline du Nord à Raleigh. Elle est professeure 
émérite au département d’écologie humaine de 
l’Université de l’Alberta, à Edmonton, où son 
enseignement et ses travaux de recherche relèvent des 
sciences des textiles et de diverses dimensions de la 
restauration. 

Coordonnées : 
3-02 Human Ecology Building
Université de l’Alberta
Edmonton (Alberta) T6G 2N1 Canada
Tél. : 780-492-7679
Courriel : nancy.kerr@ualberta.ca

404

mailto:irene.karsten@pch.gc.ca
mailto:irene.karsten@pch.gc.ca
mailto:nancy.kerr@ualberta.ca
mailto:nancy.kerr@ualberta.ca


Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

______________________________________________________ 

Résistance au pelage  d’échantillons 
textiles en soie et en nylon 
contrecollés à un tissu de 

renfort diaphane 

Irene Karsten et Nancy Kerr 
(Les biographies et les coordonnées des auteurs se trouvent à la fin du présent article.) 

Résumé 

Des essais de résistance au pelage ont été réalisés sur des substrats de tissus collés, composés 
d’objets en soie habutai ou en taffetas de nylon, d’un adhésif parmi une série de six 
(Acryloid F10, BEVA 371, Clariant T1601, Dur-O-Set E150, Lascaux 360/498 HV ou 
Vinamul 3252) et d’un tissu de renfort (filet de nylon, crêpeline de polyester ou crêpeline de 
soie). Les essais ont exécutés dans des conditions ambiantes régulées et à une vitesse de 

pelage de 50 mm min-1. Le transfert de l’adhésif à l’objet de tissu, durant le pelage, a été 
observé visuellement et au moyen d’un microscope électronique à balayage. La résistance au 
pelage des différents adhésifs varie grandement en fonction de leur surface de contact 
disponible et de leurs propriétés mécaniques. La force d’adhérence est supérieure dans le cas de 
la soie habutai que dans celui du taffetas de nylon. Les substrats de tissus contrecollés sur le 
filet de nylon présentent une force d’adhérence inférieure à ceux contrecollés sur la crêpeline de 
soie ou de polyester. 

Title and Abstract 

Peel Strength of Silk and Nylon  Textiles Adhered to Sheer 
Support Fabrics 

Fabric laminates consisting of silk habutae or nylon taffeta artifacts, one of six adhesives 
(Acryloid F10, BEVA 371, Clariant T1601, Dur-O-Set E150, Lascaux 360/498 HV, or Vinamul 
3252), and a support fabric (nylon net, polyester crepeline, or silk crepeline) were peeled at a 
rate of 50 mm min-1 in a controlled environment. The transfer of adhesive to the artifact fabric 
during peeling was observed visually and through scanning electron microscopy. The peel 
strength of the adhesives varied significantly according to the surface area of adhesive available 
for bonding and the mechanical properties of the adhesives. Bonds to silk habutae were 
stronger than bonds to nylon taffeta. Laminates supported on nylon net had weaker bonds than 
those supported on silk or polyester crepeline. 

Introduction 

Le renforcement efficace d’un objet en tissu au moyen d’un traitement aux adhésifs exige que la 

force d’adhérence obtenue soit assez importante pour éviter, une fois la restauration réalisée, 

toute défaillance de l’ensemble, lors de son exposition et de sa manipulation. Les nombreux 

facteurs qui influent sur la force d’adhérence rendent encore plus complexe le choix d’un 

adhésif adéquat. Bien souvent, les restaurateurs de textiles font varier un ou deux paramètres 
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des traitements aux adhésifs quand ils réalisent des essais avec des modèles, par exemple la 

nature des matériaux de renfort (Grant, 1995), les concentrations d’un adhésif particulier 

(Hartog et Tinker, 1998) ou différents mélanges de deux résines dans divers solvants (Thomsen, 

1984). Toutefois, lorsqu’il faut comparer l’efficacité d’adhésifs distincts, une seule méthode de 

préparation est habituellement adoptée pour chaque adhésif, bien souvent en se basant sur les 

résultats de pratiques antérieures (Grant, 1995; Wills, 1995). Pretzel (1997a, 1997b) a choisi la 

même approche en exécutant en laboratoire des essais de résistance au pelage visant à élaborer 

une matrice qui faciliterait ainsi la sélection d’adhésifs par les restaurateurs de textiles : ces 

essais ont comparé les valeurs de la force d’adhérence, pour un seul type d’échantillon par type 

d’adhésif, soit de la soie habutai contrecollée à de la crêpeline de polyester au moyen de 

pellicules d’adhésif produites à partir de solutions de concentrations variables (de 10 à 50 % en 

volume). Afin de mieux comprendre la contribution des adhésifs à la force d’adhérence d’un 

ensemble collé, la présente étude a été mise en œuvre pour évaluer les effets de plusieurs 

adhésifs distincts sur la résistance au pelage de substrats de tissus collés composés de différents 

tissus d’objet et tissus de renfort, en utilisant diverses méthodes d’application couramment 

employées par les restaurateurs de textiles (Karsten, 2003). 

Méthodes 

Préparation des échantillons textiles contrecollés 
Des échantillons de substrats de tissus collés ont été préparés en utilisant deux types de tissus 
d’objet, trois sortes de tissu de renfort et six adhésifs distincts. Deux tissus écrus à armure toile 

ont servi de modèles de tissus dont peuvent être composés des objets de musée (les « tissus 

d’objet », dans le cadre de la présente étude), soit un tissu léger de soie habutai du Bombyx mori 

décreusée (produit Testfabrics n° 609) et un taffetas de nylon semi-mat (produit Testfabrics 

n° 306A). Trois tissus écrus à armure à jours ont été utilisés comme tissus de renfort, soit un 

filet de nylon (produit Dukeries N8000), de la crêpeline de polyester (produits Stabiltex et 

Tetex-TR) et de la crêpeline de soie. Les tissus ont été lavés dans une solution à 0,3 % (p/p) de 

détergent à base de laurylsulfate de sodium, rincés à l’eau distillée et séchés à l’air à la 

température ambiante, avant d’être découpés en coupons mesurant 200 mm sur 30 mm (chaîne, 

trame) et effilochés pour former une bande de 20 mm de largeur. Des méthodes d’essai 

normalisées ont été employées pour déterminer la structure du tissu et des fils, ainsi que la 

masse du tissu et certaines de ses propriétés de traction. Les coupons effilochés ont été répartis 

aléatoirement parmi des groupes distincts de substrats de tissus, avant l’application de l’adhésif 

et le collage à chaud de l’ensemble. Six adhésifs ont été utilisés à ces fins (voir le tableau 1). 

Cinq d’entre eux, soit l’Acryloid (Paraloid) F10, le BEVA 371, un mélange de Lascaux 360HV 

et de Lascaux 498HV, le Vinamul 3252 et des adhésifs homologues du Clariant T1601 (le 

Mowilith DMC2 et l’Appretan MB extra), sont déjà employés par les restaurateurs de textiles 

depuis longtemps et ont fait l’objet de nombreuses mises à l’essai comme matériaux de 

restauration adéquats (Berger, 1972; Blackshaw et Ward, 1982; Down et coll., 1996; Horton- 

James et coll., 1991; Howells et coll., 1984; Verdu et coll., 1984). Quant au Dur-O-Set E150, un 

produit sous forme de dispersion simple, il a été mis à l’épreuve par des scientifiques de 

l’Institut canadien de conservation afin de déterminer sa stabilité et d’établir s’il constitue un 

matériau de restauration adéquat (Down, 1999). 
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Tableau 1. Composition des adhésifs. 

Adhésif Polymère Principaux additifs 

Résines 

Acryloid F10 PBMA solvant Stoddard et autres solvants aromatiques et à base 
d’hydrocarbures 

BEVA 371 EVA Laropal K80, paraffine, ester phtalique d’alcool 
dihydroabiétylique, toluène et naphta VM&P 

Dispersions 

Clariant T1601 terpolymère à base de 

maléate et de VAC 

hydroxyéthylcellulose stabilisée 

Lascaux 360/498HV PBA/PMMA épaississant à base d’ester butylique de l’acide acrylique 

Dur-O-Set E150 VAE poly(alcool de vinyle) stabilisé 

Vinamul 3252 VAE poly(alcool de vinyle) stabilisé et carboxyméthylcellulose 
sodique 

La préparation et l’application des adhésifs ont été effectuées en employant des techniques de 

restauration des textiles (Keyserlingk et Down, 1999). Les adhésifs sous forme de dispersions 

ont été dilués avec de l’eau distillée pour obtenir deux concentrations distinctes, équivalentes à 

des rapports volume d’adhésif/volume de solvant de 1/10 et de 1/5. Les deux dispersions 

d’adhésifs acryliques Lascaux ont été mélangées pour obtenir un rapport massique de 1/1, avant 

la dilution. Les solutions de résines ont été préparées en diluant un volume de résine dans huit 

volumes de toluène, dans le cas de l’Acryloid F10, et dans un volume équivalent de toluène, 

dans celui du BEVA 371. Les solutions de BEVA 371 ont été chauffées dans un bain d’eau, à 

40 ºC, afin d’assurer un mélange adéquat. 

Les solutions d’adhésif diluées ont été appliquées sur les coupons de tissu de renfort au moyen 

d’un pinceau ou par vaporisation. L’application au pinceau est réalisée en fixant les coupons, au 

moyen de pinces, à une feuille de toile de verre enduite de téflon, elle-même fixée à une plaque 

de verre horizontale se trouvant dans une hotte. L’application de l’adhésif se fait d’un seul coup 

de pinceau uniforme. Les solutions de BEVA 371 et d’Acryloid F10 ont aussi été appliquées 

par vaporisation, à l’aide d’un pulvérisateur d’aérosol Preval situé à 1,1 m de l’échantillon, par 

le biais d’un tube à carton dont une des extrémités pénètre dans une hotte. Dans ce cas 

particulier, le coupon de tissu de renfort est fixé, au moyen de pinces, à cette extrémité du tube, 

et les adhésifs sont vaporisés pendant une période de quatre secondes. Tous les coupons revêtus 

sont séchés à l’air, dans la hotte, jusqu’au lendemain, à une température 19 ± 1 ºC et une 

humidité relative (HR) de 33 ± 4 %. La masse du revêtement d’adhésif de chaque échantillon 

(l’ajout, soit la quantité totale d’adhésif ajouté) est déterminée en mesurant celle du coupon de 

tissu de renfort, avant et après l’application. Un examen visuel permet de déterminer le degré 

d’enduction des fils du tissu de renfort par la pellicule sèche d’adhésif et son efficacité de 

remplissage des espaces interstitiels. Les coupons revêtus sont ensuite conservés dans le noir 

pendant six semaines avant d’être traités par collage à chaud. 
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Le thermocollage des coupons de tissu de renfort revêtus et des tissus d’objet est exécuté au 

moyen d’une presse de montage à sec Seal Commercial 210 M modifiée. Un régulateur de 

température Ducor ERO-0204 relié à la presse par un thermocouple permet de maintenir la 

température à une valeur donnée avec une exactitude de ± 1 °C. Durant l’étape de collage à 

chaud, la presse est maintenue en position de verrouillage complet afin que la pression 

appliquée soit uniforme. Des coupons en couches ont été collés à chaud pendant 20 s, à 65 °C 

(Acryloid, BEVA et Lascaux) ou à 95 °C (Clariant, Dur-O-Set et Vinamul), selon les conditions 

optimales établies à partir des résultats d’essais préliminaires. Afin de prévenir le collage de la 

section supérieure de 40 mm et des bords effilochés de chaque échantillon, une pellicule de 

polyester (Mylar de 12,7 μm d’épaisseur) est insérée entre les coupons. Les échantillons de 

substrats de tissus collés sont ensuite conservés dans le noir pendant six semaines avant de subir 

les essais de résistance au pelage. 

Détermination de la résistance au pelage 
La détermination de la résistance au pelage des échantillons est effectuée en réalisant un essai 
de type « pelage en T », conformément aux indications de la méthode d’essai CAN/CGSB-4.2 

N° 65-M91 (Office des normes générales du Canada, 1997). Les essais sont exécutés au moyen 

d’une machine d’essai universel Instron (modèle 4202), en utilisant une cellule 

dynamométrique de 2,5 N et des pinces à ressort pour fibres de 6 mm de largeur, l'espace d'essai 

entre pinces à ressort étant réglée à 25 mm. Les extrémités non collées des tissus sont renforcées 

avec des onglets en papier autocollant afin que le grain des bords dépassant des pinces reste 

aligné durant le pelage. Les extrémités renforcées de la bande de tissu d’objet et du tissu de 

renfort revêtu sont respectivement fixées dans les pinces supérieure et inférieure de l’appareil 

(voir la figure 1). L’échantillon est ensuite décollé sur une longueur de 10 mm de la zone collée, 

à une vitesse de pelage transversale de 50 mm min
-1 

(Organisation internationale de

normalisation, 1993). Les essais sont réalisés dans des conditions ambiantes régulées, soit à une 

température de 20 ± 2 ºC et une HR de 65 ± 2 %. La résistance au pelage est calculée 

manuellement à partir du graphique obtenu pour chacun des échantillons. Les cinq valeurs les 

plus grandes et les cinq valeurs les plus basses de force maximale sont enregistrées et la 

moyenne est calculée. La résistance au pelage par mètre de largeur est calculée selon la formule 

suivante : 

résistance au pelage (N m
-1

) = force maximale moyenne (N)/largeur de l’échantillon (m)

Les valeurs de résistance au pelage de dix échantillons sont représentatives de chaque groupe de 

substrats de tissus collés et de traitements subis. 
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Figure 1. Configuration d’un échantillon de substrat de tissus 

collés soumis à l’essai de résistance au pelage en T. 

Les échantillons ayant subi l’essai de résistance au pelage ont aussi été caractérisés en 

effectuant un examen visuel et par microscopie électronique à balayage (MEB). La quantité 

relative d’adhésif transféré au tissu d’objet a été enregistrée. L’examen par MEB de la surface 

de ce dernier et de celle du tissu de renfort revêtu, après le pelage du substrat collé, vise à 

caractériser la nature des revêtements d’adhésif et à établir si la défaillance est de nature 

adhésive, cohésive ou mixte. De petits morceaux de substrats collés ont été découpés dans des 

échantillons représentatifs, aux extrémités n’ayant pas subi de pelage. Les morceaux ont été 

collés sur des onglets en employant du ruban carbone, le tissu de renfort vers le bas. Le tissu 

d’objet a ensuite été décollé manuellement et fixé. Les échantillons sont ont été recouverts d’or 

avant d’être examinés dans un microscope électronique à balayage Jeol JSM 6301 FXV, avec 

une tension d’accélération de 5 kV. 

Analyse des données 
L’importance des effets respectifs du type d’adhésif (formulation distincte et technique 

d’application utilisée), de la nature du tissu d’objet et de celle du tissu de renfort, a été 

déterminée par analyse de la variance à trois facteurs et à l’aide d’un essai de comparaisons 

multiples couplé à un facteur d’ajustement de l’essai de Tukey, au moyen de la version 8.2 du 

SAS (système d’analyse statistique). 

Résultats 

Revêtement d’adhésif 
La manière dont les solutions d’adhésif enduisent les fils des tissus de renfort et remplissent les 
espaces interstitiels, lors de l’étape de séchage, varie en fonction du type d’adhésif et de la 

nature du tissu de renfort (tableau 2). Les solutions 1/10 des dispersions d’adhésif ont tendance 
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à enduire presque tous, voire tous les fils des tissus. Le doublement de la concentration entraîne 

une augmentation presque équivalente de l’ajout d’adhésif (tableau 3), ainsi que le remplissage 

de certains espaces interstitiels, particulièrement dans le cas du filet de nylon employé comme 

tissu de renfort. Les résultats obtenus pour les revêtements de Lascaux 360/Lascaux 498HV 

semblent anomaux, car un remplissage apparent des espaces interstitiels est observé, et ce, 

même dans le cas des solutions plus diluées. Les photographies d’un revêtement représentatif 

obtenues par MEB indiquent que la pellicule d’adhésif, qui est imparfaitement fixée aux fils du 

tissu de renfort, remplit, quoique partiellement, de nombreux espaces interstitiels (voir la 

figure 2). Les résultats obtenus dans le cas des adhésifs à base de solvants correspondent à une 

situation contraire. En effet, la solution d’Acryloid F10, qui est moins visqueuse, enduit 

partiellement les fils d’un côté des tissus, lors de son application au pinceau, mais elle enduit les 

fils de tous les côtés, par vaporisation, en utilisant près du double de la quantité initiale (voir le 

tableau 3). La solution de BEVA 371 plus concentrée appliquée par vaporisation enduit aussi 

les fibres, mais le revêtement est sous forme de particules d’adhésif. Lorsque la solution de 

BEVA 371 est appliquée au pinceau, la quantité d’adhésif déposée est légèrement supérieure 

(voir le tableau 3) et les pellicules à la surface des tissus sont uniformes. 

Figure 2. Revêtement d’adhésifs Lascaux 360/Lascaux 498 HV (rapport 

massique de 1/1) appliqué au pinceau, sous forme de solution 1/5 (v/v) 

dans l’eau distillée, à la surface de crêpeline de soie. 
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Description du revêtement 

Tableau 2. Classification des revêtements d’adhésif en fonction du degré d’enduction des tissus de renfort [filet de nylon (N), crêpeline de polyester (P) et 

crêpeline de soie (S)]. 

remplissage de quelques   remplissage de nombreux remplissage de tous 

fils presque revêtus fils revêtus espaces interstitiels  espaces interstitiels  les  espaces interstitiels 

 Adhésif 

Acryloid F10 1/8, pinceau; S,P,N 1/8 vaporisation; N,P,S 

Clariant T1601 1/10; S 1/10; P; 1/5; S   1/10; N; 1/5; P 1/5; N 

Dur-O-Set E150   1/10; S  1/10; P 1/10; N 1/5; P,S 1/5; N 

Vinamul 3252 1/10; S,P 1/10; N 1/5; P,S 1/5; N 

Lascaux 360/498 HV 1/10; N,P   1/5; P  1/10; S 1/5; S,N 

 BEVA 371  1/1, vaporisation; N,P,S  1/1, pinceau; N,P,S 
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Tableau 3. Valeurs moyennes de la résistance au pelage (et écart-type), selon l’adhésif, la technique d’application, le tissu d’objet et le tissu de renfort utilisés. 

Adhésif/ 

Ajout 

Résistance au pelage (Nm
-1

) 

Taffetas de Ajout 

Résistance au pelage (Nm
-1

) 

Taffetas de 

Tissu de renfort d’adhésif (g) nylon Soie habutai d’adhésif (g) nylon Soie habutai 

Acryloid F10 1/8 (v/v), au pinceau 1/8 (v/v), vaporisation 

Filet de nylon 0,0063 ± 0,0014 1,4 ± 0,2 3,0 ± 0,3 0,0113 ± 0,0015 1,0 ± 0,2 2,0 ± 0,3 

Crêpeline de polyester 0,0082 ± 0,0016 1,5 ± 0,2 2,8 ± 0,5 0,0168 ± 0,0028 1,0 ± 0,2 1,8 ± 0,3 

Crêpeline de soie 0,0087 ± 0,0020 1,4 ± 0,3 2,2 ± 0,5 0,0175 ± 0,0038 0,9 ± 0,3 1,7 ± 0,3 

Clariant T1601 1/10 (v/v), au pinceau 1/5 (v/v), au pinceau 

Filet de nylon 0,0087 ± 0,0012 3,9 ± 0,7 9,8 ± 1,9 0,0206 ± 0,0051 6,3 ± 1,2 18,7 ± 2,5 

Crêpeline de polyester 0,0127 ± 0,0014 7,1 ± 1,3 18,2 ± 3,4 0,0251 ± 0,0032 12,9 ± 2,3 33,3 ± 3,2 

Crêpeline de soie 0,0140 ± 0,0034 6,1 ± 1,8 13,8 ± 3,8 0,0263 ± 0,0038 10,5 ± 1,7 24,7 ± 2,5 

Lascaux 360/498HV 1/10 (v/v), au pinceau 1/5 (v/v), au pinceau 

Filet de nylon 0,0110 ± 0,0019 7,0 ± 2,1 11,6 ± 2,4 0,0240 ± 0,0072 22,0 ± 6,4 29,4 ± 5,9 

Crêpeline de polyester 0,0126 ± 0,0017 6,0 ± 1,8 9,9 ± 2,4 0,0255 ± 0,0038 25,0 ± 5,2 31,1 ± 6,8 

Crêpeline de soie 0,0142 ± 0,0031 7,4 ± 1,8 8,1 ± 1,6 0,0273 ± 0,0048 17,9 ± 4,1 22,7 ± 3,7 

Dur-O-Set E150 1/10 (v/v), au pinceau 1/5 (v/v), au pinceau 

Filet de nylon 0,0100 ± 0,0032 7,7 ± 2,3 16,4 ± 5,6 0,0241 ± 0,0046 11,7 ± 1,5 25,4 ± 3,7 

Crêpeline de polyester 0,0151 ± 0,0031 14,2 ± 2,4 25,9 ± 6,5 0,0258 ± 0,0043 18,9 ± 3,2 36,8 ± 5,7 

Crêpeline de soie 0,0156 ± 0,0025 11,8 ± 2,6 19,3 ± 4,3 0,0287 ± 0,0038 17,2 ± 2,9 30,2 ± 4,9 

Vinamul 3252 1/10 (v/v), au pinceau 1/5 (v/v), au pinceau 

Filet de nylon 0,0104 ± 0,0029 9,5 ± 2,8 13,5 ± 3,0 0,0205 ± 0,0038 20,0 ± 5,2 27,1 ± 6,8 

Crêpeline de polyester 0,0134 ± 0,0018 14,2 ± 2,7 19,7 ± 3,5 0,0243 ± 0,0042 28,9 ± 3,4 39,2 ± 8,2 

Crêpeline de soie 0,0161 ± 0,0021 12,2 ± 2,0 17,4 ± 3,2 0,0272 ± 0,0043 29,8 ± 4,1 36,0 ± 4,9 

BEVA 371 1/1 (v/v), au pinceau 1/1 (v/v), vaporisation 

Filet de nylon 0,0502 ± 0,0105 34,8 ± 6,7 47,5 ± 15,3 0,0323 ± 0,0055 32,9 ± 6,2 42,0 ± 9,3 

Crêpeline de polyester 0,0492 ± 0,0130 42,6 ± 6,7 50,7 ± 9,5 0,0466 ± 0,0060 53,2 ± 6,5 72,1 ± 9,5 

Crêpeline de soie  0,0586  ±    0,0117 46,7  ±  13,0  56,7  ±  13,3 0,0460    ±  0,0085  49,5    ±  11,4  63,2  ±  13,2 
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Résistance au pelage 
Les types de substrats de tissus collés présentent une large gamme de valeurs de résistance au 

pelage (voir le tableau 3). Les résultats de l’analyse de la variance illustrent l’importance 

globale des effets respectifs du type d’adhésif (formulation distincte et technique d’application 

utilisée) et de la nature des tissus collés des substrats, sur la résistance au pelage, mais ils 
révèlent aussi la présence d’interactions majeures entre ces facteurs. 

Effets de la technique d’application 

La concentration d’adhésif influe clairement sur la résistance au pelage des substrats de tissus 
collés. Celle des substrats obtenus à partir d’une solution 1/5 (v/v) d’adhésif est toujours 

grandement supérieure à celle des substrats correspondants préparés avec une solution 

1/10 (v/v), et ce, pour toutes les combinaisons de tissu d’objet et de tissu de renfort. Une 

quantité volumique double d’adhésif en dispersion dans une solution produit une force 

d’adhérence qui est environ deux fois plus importante (voir le tableau 3). 

Les effets respectifs de l’application par vaporisation et de celle au pinceau dépendent du type 

d’adhésif. Dans le cas de l’Acryloid F10, l’application au pinceau d’une solution 1/8 (v/v) dans 

le toluène se traduit par une résistance au pelage bien supérieure à celle obtenue par 

vaporisation, et ce, pour toutes les combinaisons de tissu d’objet et de tissu de renfort (voir le 

tableau 3). Le BEVA 371 suit la même tendance, mais uniquement lorsque le tissu de renfort 

utilisé est le filet de nylon. L’application par vaporisation d’une solution 1/1 (v/v) de 

BEVA 371 dans le toluène, par contre, permet d’obtenir une résistance au pelage supérieure que 

celle au pinceau, lorsque le tissu de renfort utilisé est la crêpeline de polyester ou celle de soie. 

Comme les résultats varient beaucoup, les différences observées dans le cas du BEVA 371 sont 

uniquement significatives lorsque la crêpeline de polyester est employée comme tissu de 

renfort. 

Effets de la nature du tissu d’objet 

La nature des tissus d’objet qui ont servi à fabriquer les substrats collés influe aussi de manière 
importante sur la résistance au pelage de ceux-ci. Les substrats comprenant du taffetas de nylon 

présentent toujours une force d’adhérence inférieure à celle des substrats homologues à base de 

soie habutai, indépendamment du type d’adhésif et de la méthode d’application (voir la 

figure 3). 

Effets de la nature du tissu de renfort 

Les résultats des essais de comparaisons multiples permettent de déterminer les effets 
particuliers de la nature des tissus de renfort sur la résistance au pelage. Les substrats collés à 

base de soie habutai ou de taffetas de nylon, renforcés à l’aide de filet de nylon, sont moins 

résistants que les substrats correspondants renforcés au moyen de crêpeline de soie ou de 

polyester, lorsque l’adhésif utilisé est le Clariant T1601, le Dur-O-Set E150, le Vinamul 3252 

ou le BEVA 371 appliqué par vaporisation (voir la figure 4). Pour ces quatre adhésifs, la 

différence entre la résistance au pelage des substrats renforcés avec la crêpeline de soie et celle 

des substrats renforcés avec la crêpeline de polyester n’est pas statistiquement significative, et 

ce, même si la force d’adhérence des seconds est généralement, en moyenne, plus élevée. Les 

échantillons comprenant de la crêpeline de soie comme tissu de renfort, collés au moyen d’une 

solution 1/5 (v/v) de Lascaux 360/Lascaux 498 HV, possèdent une résistance au pelage 
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inférieure à celle des échantillons à base de crêpeline de polyester. Les échantillons collés avec 

le mélange d’adhésifs Lascaux et renforcés au moyen du filet de nylon présentent une résistance 

au pelage intermédiaire, et leurs différences, par rapport aux échantillons renforcés à l’aide de la 

crêpeline de soie ou de celle de nylon, ne sont pas statistiquement significatives. La résistance 

au pelage des substrats de tissus collés avec de l’Acryloid F10, du BEVA 371 appliqué au 

pinceau ou une solution 1/10 (v/v) de Lascaux ne présente pas de différence statistique 

distinctive entre les trois tissus de renfort, si la nature du tissu d’objet et la technique 

d’application ne varient pas. 

Effets de la nature de l’adhésif 
De manière générale, les substrats de tissus collés avec l’Acryloid F10 présentent les forces 

d’adhérence les plus faibles (de 1 à 3 N m
-1

) et ceux collés avec le BEVA 371, les valeurs les

plus élevées (de 33 à 72 N m
-1

), tandis que les forces d’adhérence obtenues avec les adhésifs

sous forme de dispersions sont intermédiaires (de 4 à 39 N m
-1

; voir le tableau 3). Ces
différences sont statistiquement significatives pour les deux types de tissus d’objet (soie et 
nylon) et les trois tissus de renfort, quelle que soit la technique d’application de l’adhésif. 

70 

60 
Tissu d'objet 

taffetas de nylon 

50 
soie habutai 

40 

30 

20 

10 

0 

Acryloid Clariant Lascaux Dur-O-Set Vinamul Beva 

F10 T1601 360/498 HV E150 3252 371 

Adhésif 

Figure 3. Résistance au pelage (en N m
-1

) de substrats de taffetas de nylon et de soie habutai collés avec 

l’Acryloid F10, le BEVA 371, le Clariant T1601, le Dur-O-Set E150, les Lascaux 360/498 HV et le Vinamul 3252 

(valeurs moyennes pour trois tissus de renfort). 
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Figure 4. Résistance au pelage (en N m
-1

) de substrats comportant le filet de nylon, la crêpeline de polyester et la 

crêpeline de soie comme tissus de renfort, collés avec l’Acryloid F10, le BEVA 371, le Clariant T1601, le 

Dur-O-Set E150, les Lascaux 360/498 HV et le Vinamul 3252 (valeurs moyennes pour les deux tissus d’objet). 

La force d’adhérence relative des adhésifs sous forme de dispersion dépend de la nature 

particulière du tissu d’objet ou du tissu de renfort, ainsi que de la concentration de la solution 

d’adhésif appliquée, soit 1/10 ou 1/5 (v/v). Toutefois, l’utilisation de Clariant T1601 se traduit 

généralement par une force d’adhérence toujours inférieure à celle obtenue avec le 

Dur-O-Set E150 et le Vinamul 3252. La plage de valeurs de la force d’adhérence obtenue au 

moyen du mélange Lascaux 360/Lascaux 498 HV est plus large que celle des autres adhésifs 

sous forme de dispersions. Dans le cas des solutions 1/10 (v/v) d’adhésifs Lascaux, la force 

d’adhérence des substrats est habituellement inférieure ou équivalente à celle obtenue avec le 

Clariant T1601, tandis que dans celui des solutions 1/5 (v/v), elle est équivalente ou supérieure 

à celle obtenue avec le Dur-O-Set E150. 

Défaillance relative à la force d’adhérence 
Le comportement au pelage des adhésifs a été classé en fonction de deux critères, soit le 

transfert de l’adhésif sur le tissu d’objet, lors du pelage, ou le fait qu’il reste bien fixé sur le 

tissu de renfort (voir le tableau 4). Il y a un certain degré de transfert pour tous les adhésifs, à 

l’exception de l’Acryloid F10, celui qui permet d’obtenir la force d’adhérence la plus faible. Un 

transfert de l’adhésif est observé dans le cas des échantillons de Clariant T1601 et de Dur-O- 
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Set E150, mais uniquement lorsque le tissu de renfort utilisé est le filet de nylon. Dans celui des 

adhésifs Lascaux 360/Lascaux 498 HV et du Vinamul 3252, le transfert est observé lorsque le 

tissu d’objet est le taffetas de nylon ou que le tissu de renfort est le filet de nylon. Le BEVA 371 

subit un important transfert lorsque le revêtement est réalisé par vaporisation, et un transfert peu 

important lorsqu’il est appliqué au pinceau à la surface du filet de nylon ou collé au taffetas de 

nylon. L’examen de la face avant de la zone de pelage au cours des essais indique qu’il existe 

des différences dans la manière dont le transfert se produit (voir la figure 5). Les revêtements de 

trois adhésifs, soit du BEVA 371, du mélange Lascaux 360/Lascaux 498 HV et du 

Vinamul 3252, subissent un étirement lorsqu’ils sont soumis à une force de pelage suffisante. 

Le transfert du Clariant T1601 et du Dur-O-Set E150 est observé lorsque le revêtement se 

détache des espaces interstitiels du tissu. 

Tableau 4. Quantité d’adhésif transférée sur le tissu d’objet au cours du pelage, selon les types de tissus et la 

technique d’application utilisés pour fabriquer les substrats de tissus collés. Les observations sont classées selon les 

catégories suivantes : aucun transfert (A/vert), léger transfert (L/jaune) et transfert important (I/blanc); la couleur 

indique la nature prédominante du transfert lorsque deux ou trois types de transfert sont observés. 

Tissus d’objet et tissus de renfort 

Taffetas de nylon Soie habutai 

Nylon Polyester Soie Nylon Polyester Soie 

Adhésif 
pinceau 

ou 

1/10 

vapo. 
ou 
1/5 

pinceau 

ou 

1/10 

vapo. 
ou 
1/5 

pinceau 

ou 

1/10 

vapo. 
ou 
1/5 

pinceau 

ou 

1/10 

vapo. 
ou 
1/5 

pinceau 

ou 

1/10 

vapo. 
ou 
1/5 

pinceau 

ou 

1/10 

vapo. 
ou 
1/5 

Acryloid F10 A A A A A A A A A A A A 

BEVA 371 L I A/L I A/L I L I A I A I 

Clariant T 1601 L/A L A A A A A/L L/I A A A A 

Dur-O-Set E150 L/A L A A A A A/L L A A A A 

Lascaux 360/498 

HV (1/1) 
L I A A A A/L A/L I A A A A 

Vinamul 3252 L I A/L A/L A A 
L/A/ 

I 
I A A A A 
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Figure 5. Comportement au pelage des adhésifs Lascaux 360/Lascaux 498 HV (à gauche) et Clariant T1601 (à 

droite) appliqués au pinceau, sous forme de solution 1/5 (v/v) dans l’eau distillée, à la surface du filet de nylon, 

lequel est ensuite contrecollé à un morceau de soie habutai. Dans le cas de Lascaux 360/Lascaux 498 HV, il y a 

étirement du revêtement d’adhésif et transfert sur le tissu d’objet, tandis que dans celui du Clariant T1601, il y a 

transfert de l’adhésif qui se détache des espaces interstitiels du filet de nylon. 

(Remarque : Le ruban carbone peut être observé à travers la plupart des espaces interstitiels du filet de nylon.) 

Discussion 

Effets  relatifs à l’adhésif 

Répartition de l’adhésif 

Les résultats de la présente étude indiquent que les décisions des restaurateurs peuvent 
grandement influer sur la résistance au pelage de substrats collés composés d’un tissu d’objet, 

d’un adhésif et d’un tissu de renfort, notamment en ce qui a trait au choix de l’adhésif, du tissu 

de renfort et de la technique d’application. Les méthodes qui permettent de déposer plus 

d’adhésif, par exemple le doublement de la concentration de la solution d’adhésif sous forme de 

dispersion, augmentent la quantité d’adhésif disponible pour coller les éléments du substrat et, 

conséquemment, accroissent leur résistance au pelage. L’adhésif pour lequel les plus grandes 

forces d’adhérence sont obtenues, soit le BEVA 371, est aussi celui pour lequel l’ajout 

d’adhésif (la quantité totale d’adhésif ajouté) est le plus élevé, tandis que celui pour lequel les 

forces d’adhérence sont les plus faibles, l’Acryloid F10, est caractérisé par l’ajout le plus bas 

(voir le tableau 3). Les autres adhésifs (les solutions de dispersions d’adhésif) ont quant à eux 

des propriétés intermédiaires, que ce soit pour l’ajout ou la force d’adhérence. Il n’est donc pas 

surprenant que le graphique de la variation de la résistance au pelage en fonction de l’ajout 

d’adhésif présente un coefficient global de corrélation linéaire satisfaisant (R
2 

= 0,67; voir la

figure 6). 
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Toutefois, toutes les variations de la résistance au pelage des échantillons ne peut être 

uniquement attribuable à l’ajout d’adhésif. La figure 6 démontre aussi que pour une 

combinaison particulière d’adhésif et de technique d’application, l’augmentation de l’ajout 

d’adhésif n’entraîne pas toujours un accroissement de la force d’adhérence. L’emplacement du 

dépôt d’adhésif joue aussi un rôle non négligeable : seule la quantité d’adhésif qui participe à 

l’adhérence superficielle des tissus permet d’accroître la résistance au pelage du substrat collé. 

L’Acryloid F10 appliqué au pinceau forme un revêtement uni sur un côté des fils du tissu de 

renfort, ce qui offre une surface de contact plus grande pour le collage, avec un ajout d’adhésif 

moins important que les revêtements formés par vaporisation, qui adoptent la forme des fils de 

tissu (voir les figures 7a et 7b). Par contraste, les revêtements de BEVA 371 obtenus par 

vaporisation possèdent une force d’adhérence qui correspond à des valeurs de résistance au 

pelage aussi élevées que celles des revêtements appliqués au pinceau, car la couche de 

particules fines d’adhésif déposée sur un des côtés du tissu de renfort est presque entièrement 

disponible pour le collage (voir la figure 7c). Bien que le BEVA 371 appliqué au pinceau 

présente la plus grande surface de contact pour le collage, sous forme de pellicule de revêtement 

continue, un ajout d’adhésif plus important aurait peut-être augmenté l’épaisseur du revêtement 

sans toutefois contribuer significativement à la résistance au pelage de la couche superficielle. 

Les adhésifs qui remplissent les espaces interstitiels des tissus n’ont pas tous des effets sur la 

résistance au pelage des substrats, car des signes d’intégration des fils du tissu d’objet sont le 

plus fréquemment observés à proximité des fils du tissu de renfort. 

La structure du tissu de renfort influe sur la surface de contact de l’adhésif disponible pour le 

collage. La contexture du filet de nylon (de 9 à 10 fils/cm) représente environ la moitié à un 

tiers de celles de la crêpeline de polyester (23 fils/cm) et de la crêpeline de soie (de 20 à 

30 fils/cm), tandis que le diamètre de ses fils est semblable (environ 50 à 60 μm). L’ajout 

d’adhésif à la surface du filet de nylon, dans le cas des formulations qui n’ont servi à enduire 

qu’un seul côté des fils (solutions à 10 % de Clariant T1601 et de Dur-O-Set E150), était 

inférieur de quelque 30 à 40 % à celui à la surface de la crêpeline de soie ou de celle de 

polyester. De même, les valeurs correspondantes de la résistance au pelage des substrats collés 

comprenant le filet de nylon, sont inférieures de quelque 35 à 45 % à celles des substrats à base 

de crêpeline de soie ou de polyester. Cette distinction est moins importante pour des 

concentrations d’adhésif plus élevées, car il est alors plus probable que l’adhésif remplisse les 

espaces interstitiels du filet de nylon que ceux de la crêpeline de polyester ou de celle de soie. Si 

la méthode d’application de l’adhésif permet d’obtenir une pellicule de revêtement continue, par 

exemple lors de l’application au pinceau de BEVA 371, la surface de contact de l’adhésif et 

l’ajout d’adhésif ne présent plus aucune différence significative, pour les trois tissus de renfort. 

Le même phénomène est observé dans le cas de la résistance au pelage des substrats collés 

correspondants, pour un tissu d’objet donné. 
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Figure 6. Rapport entre la masse du revêtement d’adhésif (l’ajout), le type d’adhésif et la résistance 

au pelage du substrat de tissus collés. 

Figure 7. Types de revêtements d’adhésif obtenus à l’aide de résines adhésives appliquées a) au pinceau, 

b) vaporisé d’à partir d’une solution diluée ou c) vaporisé d’à partir d’une solution concentrée.
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Mécanismes de défaillance relative à la force d’adhérence 

Le transfert de résidus d’adhésif à la surface du tissu d’objet lors du pelage semblent être liés 
aux propriétés mécaniques des adhésifs et à l’efficacité avec laquelle les adhésifs se fixent à la 

surface des tissus de renfort. Une défaillance est de nature adhésive (c.-à-d. qu’elle se produit à 

l’interface adhésif-tissu d’objet) lorsque l’adhésif est relativement rigide, dans les conditions 

d’essai déterminées, ou lorsque le revêtement est fermement fixé au tissu de renfort. Si, par 

contraste, l’adhésif est relativement souple et extensible ou lâchement fixé, la défaillance est de 

nature cohésive, au sein de la couche d’adhésif, ce qui entraîne le transfert d’adhésif résiduel à 

la surface du tissu d’objet, lors du pelage. Les adhésifs les plus rigides, caractérisés par des 

valeurs de module élevées (Down et coll., 1996; Down, 1999), soit l’Acryloid F10 et le 

Clariant T1601, subissent un transfert très peu important lors du pelage. Les adhésifs plus 

souples comme le BEVA 371 et le mélange Lascaux 360/Lascaux 498 HV, subissent un 

transfert important, sauf lorsqu’ils sont fermement fixés au tissu de renfort, ce qui est leur cas 

lorsqu’ils sont appliqués au pinceau à la surface de la crêpeline de soie ou de polyester. D’autre 

part, les revêtements d’adhésif appliqués sur le filet de nylon présentent un transfert de l’adhésif 

plus important. La grande taille des espaces interstitiels et la structure connexe, à base de fils 

monofilaments, n’offrent que peu de points d’ancrage mécanique pour le revêtement, ce qui 

peut  probablement rendre le filet de nylon sensible au transfert d’adhésif lors du pelage. 

L’utilisation d’un adhésif qui s’étire facilement lorsqu’il est soumis à des contraintes est à la 

fois avantageuse et source de problèmes, lors des traitements de renforcement d’objets en tissu 

au moyen d’adhésifs. La capacité de l’adhésif de s’étirer sous forme de filaments est souvent 

associée à une grande résistance au pelage, puisque la tension appliquée est dissipée par le biais 

de la déformation de l’adhésif et n’est pas concentrée à l’interface adhésif-fibre, où elle pourrait 

réduire la force d’adhérence et provoquer une rupture. Un objet traité présentant une meilleure 

résistance au pelage peut être plus facilement manipulé sans crainte d’une défaillance de la 

force d’adhérence. Conséquemment, le BEVA 371 et le Vinamul 3252 constituent 

probablement les adhésifs les plus adéquats pour traiter les objets en tissu tridimensionnels et 

les objets plats mis en réserve sur rouleaux. Par contre, le décollement accidentel des couches 

de deux échantillons traités avec l’Acryloid F10, avant les essais de pelage réalisés dans le 

cadre de la présente étude, démontre que les objets restaurés en utilisant cet adhésif et une 

méthode d’application déterminée doivent être manipulés avec grand soin afin de prévenir toute 

défaillance de l’ensemble collé. 

Toutefois, si un matériau de renfort collé doit être retiré d’un objet traité, la présence d’un 

adhésif extensible, qui a tendance à subir un transfert à la surface de l’objet, rend la tâche plus 

complexe. Les restaurateurs emploient souvent la chaleur ou la vapeur de solvant pour réduire 

la force d’adhérence lors de l’enlèvement du matériau de renfort par pelage (Boersma, 1998; 

Cruickshank et coll., 1998; Landi, 1992). L’utilisation des deux méthodes accroît l’extensibilité 

de l’adhésif, ce qui favorise son transfert. Ainsi, Pretzel (1997a; 1997b) a observé le transfert de 

l’adhésif dans le cas du mélange Lascaux 360/Lascaux 498 HV soumis à un essai de pelage à 

chaud, mais pas lors du même essai dans des conditions ambiantes. Une défaillance cohésive au 

sein même de la couche d’adhésif est plus probable à des vitesses de pelage inférieures (Derail 

et coll., 1998), soit dans des conditions que les restaurateurs de textiles utilisent instinctivement 

afin de protéger les fibres relativement fragiles d’objets de musée. Si, pour un objet particulier, 

il est important d’enlever un matériau tout en empêchant le transfert de l’adhésif, la meilleure 
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solution consiste à utiliser un adhésif relativement rigide, par exemple l’Acryloid F10 ou le 

Clariant T1601, et un support renfort rigide, ce qui réduit les risques de décollement inattendu 

des couches. 

Effets  relatifs aux tissus 

Tissus d’objet 

Le fait que les substrats collés à base de soie habutai possèdent une résistance au pelage 
supérieure à celle de leurs homologues à base de taffetas de nylon peut être expliqué par 

certaines propriétés chimiques et la structure du tissu. La soie est une fibre plus polaire, car elle 

contient plus de liaisons amide et, conséquemment, plus de sites de liaison polaires >C═O et 

>N—H, que le nylon, dont la structure comporte des chaînes aliphatiques de groupements —

CH2 qui séparent les fonctions amide. La présence de groupements polaires additionnels sur les

chaînes latérales d’acide aminé de la fibre protéinique, par exemple les groupements hydroxyle

de la sérine (—CH2OH), accroît la polarité de la soie. Les groupements polaires constituent des

sites possibles d’interactions acide-base et de formation de liaisons hydrogène avec les

groupements polaires des macromolécules de l’adhésif, lesquelles contribuent à la force des

liaisons et à la force d’adhérence. En outre, la section transversale triangulaire des fibres de

soie, leur surface légèrement rugueuse et leur empilement relativement peu serré dans les fils de

soie habutai peuvent être responsables de l’optimisation de la surface de contact disponible pour

le collage, en comparaison des fibres de nylon circulaires et relativement lisses des fils de

taffetas, lesquelles présentent un empilement dense (voir la figure 8). Étant donné cette

différence de résistance au pelage, il serait préférable d’employer un adhésif plus « résistant »

pour traiter un objet en nylon, et ce, afin d’obtenir une force d’adhérence adéquate, équivalente

à celle caractérisant les tissus de soie d’armure semblable. Par exemple, si le revêtement de la

crêpeline de soie au moyen de Clariant T1601 permet d’obtenir une force d’adhérence adéquate

pour des objets en soie habutai (de 14 à 25 N m
-1

, selon la concentration; voir le tableau 3), un

restaurateur devra appliquer une solution semblable de Vinamul 3252 sur la crêpeline de soie

pour obtenir la même force d’adhérence avec des objets en taffetas de nylon (de 12 à 30 N m
-1

).

La force d’adhérence du Clariant T1601 à la surface du nylon serait en effet beaucoup moins

grande (de 6 à 11 N m
-1

). Bien qu’il existe très peu de publications portant sur le traitement de

renforcement d’objets de nylon au moyen d’adhésifs, il est tout de même envisageable

d’employer de tels matériaux de renforcement pour de futurs travaux de restauration de ces

textiles, car la tendance à la fragilisation du nylon exposé à la lumière est semblable au

comportement de la soie dans ces conditions.
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Figure 8. Échantillons de soie habutai (à gauche) et de taffetas de nylon (à droite) contrecollés à une crêpeline de 

polyester au moyen d’un revêtement par vaporisation d’une solution 1/1 (v/v) de BEVA 371 dans le toluène; les 

photographies illustrent comment la section transversale des fibres et la structure des fils peuvent optimiser la 

force d’adhérence à la surface de la soie habutai. 

Tissus de renfort 

Les effets du tissu de renfort sur la résistance au pelage du substrat collé sont moins uniformes 

que ceux relatifs au tissu d’objet. Le fait que la force d’adhérence des substrats collés produits 

sur le filet de nylon soit, dans le cas de certains adhésifs, inférieure à celle des substrats sur 

crêpeline de soie ou de polyester est en partie imputable à la valeur de l’ajout d’adhésif, tel que 

susmentionné; toutefois, ce phénomène pourrait aussi être attribuable à la flexibilité relative du 

filet de nylon, comparativement aux deux types de crêpeline. Son module initial (2,4 N mm
-1

)

est inférieur au tiers des valeurs de la crêpeline de polyester (8,1 N mm
-1

) et de la crêpeline de

soie (8,5 N mm
-1

), ce qui implique que l’application d’une très légère force permet d’obtenir

une flexion du filet de nylon et de lui faire adopter la configuration propice au pelage. De 

manière générale, les résultats de la présente étude semblent indiquer que la force d’adhérence 

des substrats à base de crêpeline de polyester et de soie n’entraîne pas une différence 

significative de leur résistance au pelage. Toutefois, une force d’adhérence inférieure peut être 

prévue dans le cas des substrats à base de filet de nylon, lorsque le revêtement d’adhésif ne 

forme pas une pellicule continue au-dessus des espaces interstitiels du tissu. 

Conclusions 

Les résultats de la présente étude démontrent que la nature des matériaux (adhésifs, tissus 

d’objet et tissus de renfort) et des techniques d’application employés dans le cadre de 

traitements de renforcement d’objets en tissu au moyen d’adhésifs influent grandement sur la 

résistance au pelage des substrats de textiles collés. Le doublement de la concentration d’une 
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solution d’adhésif sous forme de dispersion entraîne un accroissement équivalent de la 

résistance au pelage des substrats collés. L’application par vaporisation, comparativement à 

celle au pinceau, se traduit par une résistance au pelage très inférieure dans le cas de l’adhésif 

Acryloid F10, mais elle n’influe pas d’une matière significative sur les résultats obtenus avec le 

BEVA 371. La force d’adhérence des adhésifs appliqués sur la soie habutai est plus élevée que 

dans les cas d’application sur le taffetas de nylon. Les substrats collés dont le tissu de renfort est 

le filet de nylon présentent une force d’adhérence inférieure à celle des substrats à base de 

crêpeline de polyester ou de soie, pour plusieurs formulations d’adhésif, mais pas dans le cas où 

le revêtement d’adhésif forme une pellicule continue. Le type d’adhésif employé influe aussi 

clairement sur la résistance au pelage du substrat, quoique des variations propres aux techniques 

d’application ne permettent pas d’établir un classement simple en fonction de cette propriété. 

Bon nombre des différences observées au chapitre de la résistance au pelage peuvent être 

attribuées aux variations de la surface de contact de l’adhésif disponible pour le collage, mais 

les différences relatives aux tissus d’objet sont probablement associées à la composition 

chimique distincte des fibres et à la structure différente des fils. Bien que le nombre de variables 

relatives à l’application des adhésifs qui ont été comparées dans le cadre de l’étude est restreint, 

les résultats obtenus permettent de mieux comprendre les facteurs qui influent sur la résistance 

au pelage de substrats collés. Ils seront donc d’une grande utilité aux restaurateurs qui doivent 

prendre des décisions éclairées, notamment au chapitre du choix de matériaux adéquats, lors de 

traitements de renforcement d’objets en tissu au moyen d’adhésifs. 
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Abstract 

Many consolidation methods have been used to conserve fragile silk textiles. However, there is 
still much room for improvement. This paper reports on a new consolidation method for fragile 
silk conservation, which features a combination of fibroin and ethylene glycol diglycidyl ether 
(EGDE). We chose the fibroin protein as the consolidant because fibroin is one of the main silk 
proteins and is the structural centre of the silk. The consolidation process involved spraying the 
fibroin-EGDE solution onto the silk surface to form an even veneer in ambient temperature and 
humidity. Adhesive veneers were built up in multiple layers, with each layer drying before the 
next step. After optimizing solution concentrations, activation temperature, time, solvent, and 
pressure, we chose a standard protocol to apply the fibroin-EGDE solution onto fragile silk 
textiles. We then analysed some physical properties (such as the breaking strength, elongation 
at break, chromatic aberration, and flexibiility) of the consolidation samples. The samples were 

also analysed by Fourier transform infrared spectrophotometry, 13C nuclear magnetic resonance 
spectra, amino acid analyser, X-ray diffractometry, thermogravimetry, and scanning electron 
microscopy. The results showed that the fibroin-EGDE method provides excellent consolidation 
of fragile silks. Finally, the fibroin-EGDE method was applied to consolidate a silk relic made in 
the Liao Dynasty (907–1125). Both the breaking tenacity and breaking elongation of the fragile 
silk were improved upon consolidation treatment, while the appearance of the silk remained 
visually unaltered. 

Titre et Résumé 

La consolidation à l’aide  de fibroïne–EGDE : une nouvelle 
méthode pour traiter la soie dégradée 

De nombreuses méthodes de consolidation ont été employées pour restaurer la soie dégradée, 
mais bien des progrès peuvent encore être réalisés en ce domaine. Le présent article porte sur 
une nouvelle méthode de consolidation de la soie dégradée, dont l’élément clé est la 
combinaison de la fibroïne et du diglycidyléther d’éthylèneglycol (EGDE). Nous avons choisi la 
fibroïne comme agent de consolidation, car celle-ci constitue une des principales protéines de la 
soie et un constituant de base de sa structure. Le procédé de consolidation consiste à vaporiser 
une solution de fibroïne-EGDE à la surface du tissu de soie, dans des conditions correspondant à 
celles de l’humidité relative et de la température ambiantes, afin d’y former un revêtement 
uniforme. Le revêtement d’adhésif est produit sous forme de nombreuses couches successives, 
en s’assurant de laisser sécher la couche précédente avant d’en appliquer une nouvelle. Une fois 
l’optimisation de certains paramètres effectuée (les concentrations des solutions, la température 
d’activation, la période, la nature du solvant et la pression), nous avons élaboré une méthode 
normalisée d’application de la solution de fibroïne-EGDE sur des tissus de soie dégradée et 
fragile. Nous avons ensuite déterminé certaines propriétés physiques des échantillons 
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consolidés, notamment la résistance à la rupture, l’allongement à la rupture, l’aberration 
chromatique et la flexibilité. Les échantillons ont aussi été analysés en utilisant diverses 
techniques, dont la spectrophotométrie infrarouge à transformée de Fourier, la spectroscopie de 

résonance magnétique nucléaire du 13C, la diffraction des rayons X, la thermogravimétrie, la 
microscopie électronique à balayage et l’analyse des acides aminés. Les résultats indiquent que 
la méthode de consolidation à l’aide de fibroïne-EGDE donne d’excellents résultats pour la soie 
dégradée. Finalement, cette méthode de consolidation a été employée pour traiter une relique 
en soie datant de la dynastie Liao (907 à 1125). Le traitement de consolidation a permis 
d’améliorer la résistance à la rupture et l’allongement à la rupture de la soie dégradée, sans 
toutefois en altérer l’aspect esthétique. 

Introduction 

The fragility of certain deteriorated fibers and textiles has caused particular conservation 

problems, and a wide variety of consolidation methods have been used over the centuries to 

enhance the long-term preservation of fragile silks. Consolidants can be applied directly to the 

silk as liquids and integrate into the silk fibers. At present, the widely-used consolidants include 

paraffin, cellulose nitrate, various gums, starches, natural or artificial resin, Parylene C, and 

graft copolymerization (Keyserlingk 1990; He 1994; Hu 1995; Zhang 1999). For the very fragile 

silk fabrics, consolidation is also a good choice for prolonging the life of the aged silk fabrics. 

Zhang and Yuan (2003) applied a new kind of silicone modified acrylic resin SA 6 to 

consolidated fragile silk fabrics. Their results suggest that SA 6 is good in anti-aging, anti-mold 

and stain-resistant properties. Hansen (1989) and Ginell (1989) studied the consolidation of 

fragile silk by Parylene-C, which was capable of providing some consolidating effect for weak 

fabrics. Masschelein-Kleiner and other authors studied the consolidating effect of treatment by 

several adhesives on silk (Heylen 1968; Steene 1980; Juliette1984; Bergiers 1984; Masschelein- 

Kleiner 1986; Tsukada 2000). However, those methods have deficiencies in this way or another 

and certain restrictions limit their applications. Parylene C method adversely affects the 

characteristic of silk and the process is irreversible. Polymeric materials’ aging products will 

affect silk relics’ security. 

To find the most appropriate adhesive and consolidant, therefore, became the main aim of this 

study. Adhesives and consolidants were sought, which were chemically inert and which did not 

cause deleterious reactions on the silk. The desirable quality was measured by evaluating the 

degree of changes in the appearance of the silk after consolidating and the stability of the 

adhesive and consolidant over time. 

Silk fibroin, being biocompatible, non-toxic, non-polluting, non-irritating and biodegradable, 

shows obvious advantages over other natural or artificial polymers for the silk consolidation 

(Mori 2000). The reason that we chose fibroin to consolidate silk is because fibroin, as one of 

the major proteins in the silk, is homologous and compatible with fragile silk. A process for the 

chemical modification of silk fabrics by epoxy compounds has been developed in industrial 

scales in Japan (Tanaka 1969). EGDE is one of the most important modifying agents applied in 

industry. Researchers have analyzed the reactivity of epoxide with silk. Silk fibers and fabrics 

modified by epoxide showed improvements in the physical property, moisture absorption, 

chemical resistance, and wash and wear property (Shiozaki 1971; Tsukada 1993; Shiozaki 

1994; Masanobu 1991). 
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To the best of our knowledge, there is no report on the consolidation of fragile silk fabrics with 

silk fibroin and EGDE. In this study, the modification effects were measured by using artificial 

aged silks, instead of silk relics. A fibroin-EGDE consolidation technique was applied to the 

consolidation of a silk relic made in the Liao Dynasty, an ancient Chinese dynasty spanning 

from the 10
th 

to the 12
th 

century (907-1125).

Experimental section 

The silk fibroin was prepared in the following manner: fragile silk fabrics were prepared from 

white silk habutae fabrics, which were immersed in 50 g/L NaOH solution for 9 hours under 

35°C and 50% relative humidity (RH). Bombyx mori silk fiber was degummed by treating 

twice with 5 g/L Na2CO3 solution at 98~100°C for 30 min each and air-dried. Deionized water 

was used throughout the study. Twenty grams (20 g) of the fibers was dissolved in 1000 ml 

50% CaCl2 solution at 96-98°C for 90 minutes. The solution was dialyzed in a cellulose tube 

(molecular cutoff of 14 kDa) against water for 3 days, and aqueous silk fibroin solution with 

impurity was obtained. Then the solution was put into a freeze drier. After 16 to 20 hours 

drying, pure silk fibroin powders were prepared and removed from the freeze drier. Finally, 

different silk fibroin solutions were prepared from the pure silk fibroin powders as experiment 

required. 

The consolidation condition was chosen by varying factors including solution concentrations, 

activation temperatures and time. After a series of experiments, a standard process was decided 

for applying the fibroin-EDGE solution onto fragile silk fabrics. The fragile silk fabrics were 

first sprayed with 12.5 g/L silk fibroin solution in ambient temperature and humidity and 

subsequently with 50 g/L EGDE solution after 10 min. The samples were conditioned in air at 

25°C for 2 days. To figure out the consolidation mechanism, four groups of experiments were 

carried out (Table 1). 

Table 1 Sample preparations 

Samples 12.5 g/L silk fibroin solution 50 g/L EGDE solution 

FS - - 

FS-F + - 

FS-F-E + + 

FE-E - + 

Table 1 caption: FS Fragile silk fabric; FS-F Spraying 12.5 g/L silk fibroin solution on fragile silk fabrics; FS-F- 

E Spraying 12.5 g/L silk fibroin solution on fragile silk fabrics until supersaturation, after 10 minutes spraying 50 

g/L EGDE solution until supersaturation; FE-E Spraying 50 g/L EGDE solution on fragile silk fabrics. 

The consolidation efficacy was analyzed by testing both the physical properties, such as the 

breaking strength, elongation at break, color change and flexural stiffness and chemical 

properties of the consolidated samples. The breaking strength and elongation at break of the silk 

fabrics were measured with YG065 strength tester of fabric using the national standard 

technique (State Bureau of Technical Supervision, 1997) at 20°C and 65% RH at a gauge length 
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of 100 mm and strain rate of 100 mm/min. Each sample was tested for five times and the 

average value was calculated. The color change of the silk fabrics was measured with a SC-80C 

automatic colorimeter. Flexural stiffness of the silk fabrics was measured with a LLY-01 

Electronic Instrument Stiffness. Chemical properties were measured by Fourier Transform 

infrared spectroscopy (FTIR) using a Nicolet 5700 FT-IR Spectrophotometer, Carbon 13 

Nuclear Magnetic Resonance (
13

C NMR) spectra (Recorded on a Bruker AMX300-WB

working at 300.1 MHz on proton and 75.47 MHz on carbon with a 7-mm CP-MAS probe, 

under room temperature spinning at the magic angle (MAS) at a rate of 5 kHz.), amino acid 

analysis using a Hitachi L-8800 Type Rapid Amino Acid Analyzer, X-ray diffraction (XRD) 

using a ARL X' TRA diffractometer equipped with a CuKα tube, scanning electron microscope 
(SEM) with a JEOL JSM-5610LV scanning electron microscope at 15 kV acceleration voltage 

and thermogravimetric (TG) analysis running on a Pyris 1 instrument programmed under

isothermal conditions, raised at 20°C/min to 650°C. 

Results and Discussion 

Physical properties 
Both the strength and elongation of the fragile silk fabrics increased dramatically upon the 

fibroin-EDGE treatment (FS vs. FS-F-E, Table 2). However, treatments with the fibroin protein 

(FS-F) or EGDE (FE-E) alone only slightly improved the strength and elongation of the fragile 

silk fabrics. A possible explanation is that EGDE facilitates the crosslinking between silk 

fabrics and silk fibroin molecules, as was supported by the evidence obtained from chemical 

property tests (shown later). The fibroin-EDGE-treated silk fabrics showed better handle than 

the original fragile silk fabrics, while the color of the silk fabrics was only slightly changed 

upon the treatment. 

Table 2 Physical property of the silk fabrics 

Samples Strength(N) Elongation( %) Color change Flexural stiffness 

(10-2mN.m) 

FS 1.54 2.00 / 1.08 

FS-F 1.80 2.20 1.42 1.07 

FS-F-E 15.80 8.00 0.67 0.71 

FE-E 7.50 6.00 0.91 0.90 

Chemical properties 
Silk fabric samples with different treatments were analyzed in the range of 700 to 4000 cm

-1 
by

FTIR spectra (Figure 1). Before FTIR test, the samples (FS-F-E) and (FE-E) were washed with 

deionized water to remove unreacted EGDE. The two peaks (858.3 and 931.6 cm
-1

) that

presented in the spectra of EGDE, which were representing the two ends cyclic ether 

characteristic absorption of EGDE, disappeared in the spectra of silk fabrics treated with 

fibroin-EGDE (FS-F-E) and EGDE (FE-E). Water-soluble unreacted EGDE was removed by 

washing (Figure 1B). A new peak at 1105 cm
-1

, the characteristic absorption peak of EGDE

representing the unsymmetrical stretching vibration of -CH2-O-CH2- group, appeared in the 
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spectra of FS-F-E and FE-E treated samples. These results suggest that the silk fibroin 

molecules have been cross-linked by EGDE. 
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Figure 1. FTIR spectra of EGDE (A), FS , FS-F , FS-F-E and FE-E (B). 

The major amino acids of silk fibroin are glycine, alanine, serine and tyrosine, so NMR spectra 

was mainly manifested in these amino acids. A new peak appeared at the 72.50 ppm in the 
13

C- 

CPMAS spectra of the FS-F-E group, which belongs to the middle of the alkyl ether in EGDE 

(Figure 2). This indicates that EGDE cross-links the group -CH2-O-CH2- of the silk fibroin. 

Moreover, one carbon atom of Tyr shifted from 157 ppm to 157.58 ppm in the FS-F-E sample, 

which might be a combination of chemical shifts of the tyrosine residue of the alkyl ether 

groups under shielding effect. Therefore, we believe that the cross-linking reactions occur 

between the tyrosine residues of fibroin and EGDE. Pro-nuclear role of the imidazole group of 

histidine and amino group of lysine are stronger than those on the hydroxylation of benzene, but 

their contents and the absorption rate in a magnetic field are too low to be detected in the NMR 

pattern. 
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Figure 2. 
13

C CP/MAS NMR spectra of FE, FS-F and FS-F-E. 

The chemical shifts are represented in ppm downfield from TMS. 

The amino acid content of silk fabrics was analyzed to evaluate the reactivity of the functional 

amino acid residues of silk fibroin (Table 3). As reported previously, this analytical technique 

was useful for studying the formation of epoxide adducts by reaction with tyrosine and basic 

amino acid residues (lysine, histidine, and arginine) (Shiozaki 1969; Tanaka 1971). Other amino 

acids with functional groups reactive towards epoxides (aspartic and glutamic acids) should be 

reacted as well, but the covalent bond formed with epoxide molecule was easily broken during 

acid hydrolysis. The concentrations of most amino acids in FS-F-E increased, comparing those 

in the FS group. These changes may be due to the physical adsorption of the amino acids of 

fibroin on the surface of silk fabrics. However, the concentration of tyrosine in the FS-F-E 

group (9.58%) decreases from that in the FS group (11.51%). Among the basic amino acid 

residues, lysine and histidine decreased dramatically (Table 3). The changes of the composition 

of amino acids might result from chemical reactions between EGDE and the active groups of 

amino acids in tyrosine, lysine and histidine . 
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Table 3. Amino acid composition of silk fabrics. 

Amino acids 

(mol%) 
FS FS-F-E 

Glycine 37.14 37.36 

Alanine 30.54 30.85 

Valine 3.04 2.63 

Leucine 0.08 0.51 

Isoleucine 0.55 0.61 

Serine 12.08 12.63 

Threonine 0.79 1.05 

Asparagine 1.21 1.44 

Glutamine 0.86 1.10 

Proline 0.28 0.32 

Histidine 0.20 0.02 

Lysine 0.20 0.03 

Arginine 0.47 0.60 

Cysteine 0.00 0.01 

Methionine 0.11 0.03 

Phenylalanine 0.63 0.94 

Tyrosine 11.52 9.58 

total 99.70 99.71 

When analyzed by X-ray diffraction, the FS sample showed a major peak at 20.5 degrees, which 

corresponded to the specific crystalline spacing of 0.439 nm, a characteristic feature of silk 

fibers with a highly oriented β structure. The intensity of the peak in the FS-F group was higher 

than that in the FS group, indicating that the crystallinity of the silk fibers increased upon fibroin 

treatment. On the contrary, the crystallinity of the silk fibers seemed to decrease upon 

the EGDE treatment (Figure 3). Our observations are consistent with previous studies (Asakura 

1985; Gotoh 1993). EGDE-induced crosslinking might account for the structural changes of 

proteins in silk fabrics, leading to more random coils and wider amorphous areas. 
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Figure 3. X-ray diffraction intensity curves of FS, FS-F, FS-F-E and FE-E. 

TGA was used to analyze the thermo stability of samples with and without fibroin-EGDE 

treatments. We measured two inflection points, one at 100°C and another at 280°C (Figure 4). 

The temperature at which the peak of weight loss of the FS-F-E sample was higher than that of 

the FS sample (333.94°C vs. 326.411°C), indicating the fibroin-EGDE treatment increased the 

thermal stability of the silk fabrics. 
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Figure 4. TGA curves of FS (A) and FS-F-E (B). 

SEM 
Microstructures of silk fabrics were observed under SEM (Figure 5). The surface of the FS-F-E 

sample was smoother and straighter than that of the FS sample. This might result from EGDE- 

induced crosslinking between the silk fibroin and silk fiber, while silk fibroin might be 

adsorbed only on the surfaces of silk fibers without EDGE. 

435



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

A B 
FS FS-F 

C  D 
FS-F-E FE-E 

Figure 5. SEM micrographs of FS (A), FS-F (B), FS-F-E (C) and FE-E (D). 

Application Case 
Encouraged by positive results obtained from the Fibroin-EGDE method that we developed, we 
tried to use this method to consolidate a silk relic made in the Liao Dynasty, which spanned 

from 907 to 1125 in northern China (Figure 6). This ancient silk relic was fragile and yellowing, 

apparently due to deleterious effects of microorganism, dirt, and ageing. The standard process 

of the fibroin-EDGE treatment was applied onto the silk relic as was done in our previous 

laboratory experiments. 
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Figure 6. A silk relic dated to the Liao Dynasty (907-1125). 

The physical properties of the silk relic were analyzed before and after the fibroin-EDGE 

treatment. Due to the fragile nature of the relic, only breaking strength and color change were 

tested. The consolidation efficacy of the fibroin-EDGE treatment was very high, with strength 

increasing more than 20 folds (Table 4). The color change was 1.70, which might be due to the 

uneven color of the original silk relic. 

Table 4 Physical property of silk relic 

Sample Strength/ 

(cN/cm) 

Color fastness Color change 

Original silk relic 1.54 / / 

treatment silk relic 35.4 3.41 1.70 

The fibroin-EGDE solution’s main consolidation material-fibroin has homologous nature with 

the silk samples, so the ageing products of fibroin will not adversely affect silk relics and not 

hasten the silk relics’ ageing rate. It is very safe to silk relic. When the silk relic is too fragile to 

withstand traditional needle repair method, fibroin-EGDE solution could be adopted. 

Conclusions 

In this study, we developed an effective consolidation method, which was based on a 

combination treatment of fibroin and EGDE, to conserve silk fabric relics. We optimized the 

consolidation protocol and analyzed the physical and chemical properties of samples with 

different treatments. It appeared to us that many aspects of the silk fabric relics were improved 

upon the fibroin-EGDE treatment. 
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A trial of the fibroin-EGDE treatment on an ancient silk relic was conducted with a dramatic 

increase of its strength. Moreover, this new method can be conveniently applied at ambient 

temperature and humidity, with little affect on the flexibility of the silk. Our fibroin-EDGE 

consolidation method appears to meet the conservation principle "treatment does not change the 

appearance of the relic", the fibroin-EGDE solution providing a new way for the preservation of 

cultural relics. 

Acknowledgements 

We are grateful to Ziying Wu for thoughtful discussions and technical supports. 

438



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

References 

Asakura,T., Kuzuhara, A., Tabeta, R. et al. “ Conformation characterization of Bombyx mori silk fibroin in the solid 
state by High-frequency 13C cross polarization-magic angle spining NMR, X-ray diffraction, and infrared 
spectroscopy. ” Macromolecules 18(1985), pp.1841-1845 

Archaeological Institute of Chinese Academy of Sciences. Archeological work manual. Beijing: Cultural Relics 
Publishing House, 1994, pp.93 

Gotoh,Y., Tsukada, M. and N.Minoura. “Chemical modifacation of silk fibroin with cyanuric Chloride-activated 
poly(ethylene glycol): analyses of reaction site by 1H-NMR spectroscopy and conformation of the conjugates.” 
bioconjugate chemistry 4(1993), pp. 554-559 

Hu, Z. Cultural relics protection materials. Xi’an: Northwestern University Press, 1995, pp.80. 
Hansen,E. F., and W. S. Ginell. “The Conservation of Silk with Parylene-C.” ACS Symposium Series 
8(1989),pp.108–133 

He, L., G. Z. Liang and G. Q. Chen,. “Materials in Protection of Cultural Relics.” Sciences of conservation and 
archaeology 11, 1999, pp.146-149. 

Jackman L. M. and S. Sternhell. Theory of chemical shift, Applications of nuclear magnetic resonance 
spectroscopy in organic chemistry, 2nd revised edition. Oxford: Pergamon Press, 1969, pp.61-113 

Keyserlingk, M.A. “The use of adhesives in textile conservation.” The Ninth Triennial Meeting of the ICOM 
Committee for Conservation, 1990, pp.307-312. 

Masschelein-Kleiner,L. “Analysis of paint media, varnishes and adhesives.” Archaeology 13(1986),pp. 185-207 

Masschelein-Kleiner, L. and J.B. Heylen. “Analyse des laques rouges anciennes.”Studies in Conservation 
13(1968), pp.87-97 

Masschelein-Kleiner, L. and F. Bergiers. “Influence of adhesives on the conservation of textiles Adhesives and 
consolidants.” Preprints of the contributions to the Paris Congress (1984), pp.70-73 

Masschelein-Kleiner, L. and D. B. Juliette. “Contribution to the study of the conservation of monumental 

tapestries.”pp.33-37 in 7th ICOM triennial meeting copenhagen ,1984. Paris: ICOM Committee for Conservation, 
1984. 

Mori, H. and M.Tsukada. “New silk protein：Modification of silk protein by gene engineering for production of 

biomaterial.” Reviews in Molecular Biotechnology 74 (2000), pp. 95-100 

Shiozaki, H. and Y. Tanaka. “Reaction of phenyl glycidyl ether with silk fibroin.” Journal of Polymer Science Part B: 
Polymer Letters 7, 4(1969), pp.325–327 

Shiozaki, H. and Y. Tanaka. “Reactivity of mono-epoxides toward silk fibroin.” Die Makromoleku-lare Chemie 
143,1, (1971), pp.25-45 

Steene,G.V. and L. Masschelein-Kleiner. “Modified starch for conservation purposes.” Studies in Conservation 25 
(1980), pp.64-70 

Shiozaki, H. and M. Tsukada. “Physical characteristics of silk fibers modified with dibasic acid anhydrides.” Journal 
of Applied Polymer Science 52(1994), pp.1037-1045 

State Bureau of Technical Supervision. Textiles-Tensile properties of fabrics-Part1: Determination of breaking 
force and elongation at breaking force-Strip method. Beijing: Standards Press of China, 1997 

Tsukada, M. and H. Shiozaki. “Physical properties of silk fibers treated with ethylene glycol diglycidyl ether by the 
pad/batch method.” Journal of Applied Polymer Science 50 (1993), pp.1841-1849 

Tsukada, M. and N. Masanobu. “Structural characteristics of silk fibers treated with epoxides.”Journal of Applied 
Polymer Science 43,(1991), pp.643-649 

439

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gotoh%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsukada%20M%22%5BAuthor%5D
http://www3.interscience.wiley.com/journal/104033227/abstract
http://onlinelibrary.wiley.com/doi/10.1002/app.1993.070501021/abstract
http://onlinelibrary.wiley.com/doi/10.1002/app.1993.070501021/abstract
http://onlinelibrary.wiley.com/doi/10.1002/app.1993.070501021/abstract
http://onlinelibrary.wiley.com/doi/10.1002/app.1991.070430403/abstract


Proceedings of Symposium 2011- Adhesives  and Consolidants for Conservation 

Tsukada, M. and H. Shiozaki. "Chemical and  property modification of silk  with  dibasic  acid  anhydrides." Journal of 

Applied Polymer Science 9, 37  (1989), pp.2637-2644 

Zhang, X. L., and J. J. Tang. "Reinforcing and  preserving of ancient silk  fabrics." Sciences of conservation and

archaeology 1(1999), pp.23-29 

Zhang, X. M., and S. X.Yuan. "The  application of a new kind  of silicone  modified acrylic  resin  for  the  consevidation 
of fragile silk  fabrics." Sciences of  conservation and archaeology 15, 2 (2003), pp.1-11 

440

http://onlinelibrary.wiley.com/doi/10.1002/app.1989.070370915/abstract


Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Materials and Suppliers 

White silk habutae fabrics: Sichuan Nanchong Liuhe (Group) Corp, Nanchong, China; 

Bombyx mori silk fiber: Zhejiang Misai Silk Co. Ltd , Jiaxing, China; 

EGDE: Nagase ChemteX Corporation ,Tokyo, Japan; 

YG065 strength tester : LaiZhou Electron Instrument Co., Ltd., China; 
SC-80C automatic colorimeter: Beijing kangguang Instrument Co., Ltd., China; 

LLY-01 Electronic Instrument Stiffness: LaiZhou Electron Instrument Co., Ltd., China; 

Infrared absorption spectra : Nicolet, America; 

13C NMR spectra : Bruker, Germany; 

X-ray diffractometry: Thermo ARL, Switzerland;

Amino acid analysis: Hitachi, Japan; 

Scanning electron microscopy: JEOL, Japan; 

Thermogravimetric analysis: Pyris, America; 
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Abstract 

The archaeological artifact examined in this paper is a rare example of an infant’s garment 
(perhaps from the 16th–17th centuries) unearthed in a subterranean area behind the altar in 
the Medici Chapels in Florence in the burial chamber of the Grand Duke, Gian Gastone de 
Medici. Over time, this composite artifact, principally in silk and metal thread, has undergone 
extensive deterioration (natural degradation of the fibres as well as aging caused by use, the 
decay of the corpse, and attack from microorganisms and animals) in addition to suffering the 
effects of the 1966 flood in Florence. The current conditions are characterized by extensive 
material decay, making the handling of the artifact impossible. The objective of our work was to 
research and develop an alternative method for cleaning and consolidating the textile. Two 
different consolidating agents were identified: an organic consolidant (chitosan) and a hybrid 
inorganic–organic nanostructured consolidant. These were tested separately; they were applied 
to samples using immersion, an ultrasonic bath, and spray coating. Both consolidants increased 
fibre stability and mechanical elasticity and resistance without altering the hand and colour of 
the fabric or creating a visible film on its surface. 

Titre et Résumé 

Étude et utilisation d’agents de consolidation 

nanostructurés organiques et inorganiques dans la 
restauration et le traitement de tissus  funéraires 

archéologiques 

L’objet archéologique étudié dans le cadre des travaux faisant l’objet du présent article constitue 
un exemple rare de vêtement de nourrisson (qui date probablement du XVIe ou du XVIIe siècle) 
qui a été découvert dans une zone souterraine, derrière l’autel de la chapelle Médicis de 
Florence, dans la chambre funéraire du Grand-Duc, Gian Gastone de Medici. Au fil du temps, cet 
objet composite, principalement constitué de soie et de fil métallique, a subi une 
importante détérioration (la dégradation naturelle des fibres ainsi que le vieillissement causé par 
l’utilisation, la décomposition du corps et les attaques de microorganismes et de divers 
animaux), en plus des effets de l’inondation de Florence, en 1966. L’état actuel de l’objet se 
caractérise par une décomposition considérable des matériaux, ce qui rend sa manipulation 
impossible. Nos travaux de recherche avaient aussi pour objectif de mettre au point une autre 
méthode de nettoyage et de consolidation du tissu. Deux agents de consolidation distincts ont 
d’abord été identifiés, soit un produit organique (le chitosane) et un agent de consolidation 
nanostructuré hybride inorganique-organique. Ils ont été appliqués sur des échantillons par 

immersion dans une solution, dans un bain à ultrasons et par revêtement par pulvérisation, et 
mis à l’essai séparément. Les deux agents de consolidation étudiés permettent d’accroître la 
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stabilité des fibres ainsi que leur résistance et leur limite d’élasticité mécaniques, et ce, sans 
entraîner une altération de la couleur ou de la main du tissu et sans former une pellicule visible 
à sa surface. 

Introduction 

The discovery of the subterranean chamber containing the remains of the last Medici Grand 

Duke (1671-1737) and those of eight children (16
th

-17
th 

centuries) was probably the most

unexpected discovery during the first phase of Progetto Medici in 2004 in terms of anatomical 

pathology and history of medicine (Fornaciari 2008).
1 

In 1966, the devastating floods in

Florence also affected environmental conditions within the chamber and contributed to the 

traumatic condition of the artifacts and the remains contained therein (see Figure 1). This 

chamber was characterized by high relative humidity (RH) and temperatures. 

Mud 

(Copyright: Soprintendenza SPSAE e per il Polo Museale della città di Firenze) 

Figure 1. Detail of box n. 29 inside the burial chamber. 

The conspicuous deposits of mud can be seen throughout. 

Unfortunately, the chamber was opened without adequate preliminary planning. The reduction in 

humidity due to the sudden opening of the site triggered various chemical and physical 

processes. After this, the Restoration Laboratories at the Opificio delle Pietre Dure in Florence 

(OPD) was asked to become involved in the project. OPD carried out preventive conservation 

and non-invasive and micro-invasive analyses on the remains of Gian Gastone and on one of the 

children (probably Don Filippino, 1577-1582). The OPD did a controlled and gradual drying of 
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the damp fabric for the garment from box n. 29. This was a critical but inevitable operation, 

which would permit experimentation with new methods for cleaning and consolidating textiles. 

Description, Condition, Analysis and Preliminary 
Treatments 

The textile studied for cleaning and consolidation was a small garment, taken from box n. 29 

belonging to one of the eight Medici family children (see Figure 2). 

(Copyright: Soprintendenza SPSAE e per il Polo Museale della città 
di Firenze) 

Figure 2. Garment after opening the box n. 29 and removing some bones. 

The child in question was about nine months old and the artifact is a rare example of a silk 

garment with silver trim on the sleeves (see Table 1). The research project was based on the 

study of the constituent materials and pollutants, investigation into an innovative method of 

cleaning and consolidation and planning for a method for future controlled-environment 

storage. The analyses (Bracaloni 2009; Tosini 2009) carried out on the fibres and threads of the 

artifact established: 
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1. the garment was made almost entirely from degummed silk (Bombyx mori),

characterized by a very low viscosity (0.06 dl/g) indicating a high level of

depolymerization (see Table 2);

2. 2. the trim was made from silver strips, which had partially transformed to silver

chloride and sulphide, wrapped around a markedly degraded silk core;

3. various organic and inorganic materials were present as deposits, including fats,

proteins, amino substances, silicates, oxides and carbonates;

4. the mud consisted principally in a clay matrix, silica, alkaline nitrates and alkaline earths

with a prevalence of ammonium nitrate;

5. the presence of lead, iron, aluminium and copper compounds;

6. the presence of sodium nitrate, cellulose derivatives and ethylene glycol, the latter,

presumably from refrigerant seeped from cars and refrigerators during the 1966 flood,

was found during the cleaning tests in the solubilized materials using water and alcohol

extraction.

Table 1. General data on the infant’s garment 

Type Material Weave/ 

Technique 
Colour Weft average 

thread/cm 

Twist 

Warp 

average 

thread/cm 

Twist 

Thread count 

thread/cm2
Dimensions 

Infant’s 
garment 

Silk 

(Bombyx 

Mori) 

Taffeta Beige 2 yarns slight 

“S” twist 

72 threads/cm 

x-yarns

without

apparent twist 

(W.A.T.) 

59 warp/cm 

4.248 30 x 50 cm 

Metal trim 

(lower 

sleeve) 

Silver strip 

“S” twist 

over silk 

core 

Bobbin-lace Beige 

core 2 

silk yarns 
- - - 

2 cm high and 

16 cm long 

Ribbons Silk Taffeta Beige 2 yarns slight 

“S” twist 

x-yarns

W.A.T. - 

1.5 cm 

Table 2. Average values for the intrinsic viscosity of silk. 

Type of silk Intrinsic Viscosity Value [η] dl/g 
(average values) 

New silk 0.7 < [η] < 0.5 

Degraded silk < 0.3 

Ancient silk – very highly depolymerized < 0.1 

Silk from fabric n. 29 0.06 

The main material in the small garment, the silk, was permeated by a conspicuous presence of 

mud, which now acts as a support armature. In terms of conservation, the mud constitutes one 
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of the main factors in the degradation with other deterioration phenomena (type of object, its 

use, the decomposition of the corpse, microorganisms and animals) (see Figure 3). 

Mud 

(Copyright: OPD, Florence) 

Figure 3. Cross section of a textile fragment taken from the Gian Gastone’s burial garment; 

the mud deposited in the structure of the fabric is clearly visible. 

After the preliminary cleaning tests carried out on tiny fragments of the garment that could no 

longer be reattached, we decided to gradually bring the working environment RH to 55-60% at 

room temperature in order to carry out an initial removal of the surface mud using a micro- 

suction apparatus (Conti 1996) and, where the conditions of the silk allowed, an ultrasonic dry 

ablation (see Figure 4). 

As a result of these cleaning tests, we subsequently found that: 

• it would be necessary to perform a series of successive humidification phases in order to

gradually increase the RH, and to prepare the textile fragments for the subsequent

cleaning phase;

• later, it would be necessary to immerse the fragments in an ultrasonic bath with a

solution made up of 80% distilled water; 10% ethyl alcohol; 10% acetone at a pH c.5 in

order to remove and eliminate the mud and diminish application time of bath;

• the rinsing phase would be done in an ultrasonic bath with continuously recycled

distilled water to remove as many foreign materials as possible from the textile along

with the residues of the water-alcohol-acetone solution;
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• these steps would need to be carried out in succession without moving the artifact while

keeping it in the same container equipped with a duct system allowing for the inflow and

outflow of various liquids and dirt. This system would ensure that the textile would be

constantly immersed, thus avoiding any alterations as the liquids are drained;

• consolidation must follow the rinsing without a drying phase in order to minimize

mechanical tensions associated with wet-dry-wet treatments. The fragment would stay

immersed in distilled water between these two phases, and the water would gradually

substituted with the consolidating solution until the required concentration is reached.

• based on the type of textile fabric and its condition, in general, consolidation could take

place before or after the cleaning phase and it could be structural (fabric) and/or material

(fibres). In our case, it was unthinkable to carry out a structural consolidation without

first consolidating the materials.

Bibliographic research found that artificial and synthetic consolidants such as acrylic resins, 

fluorides, amides and cellulose ethers have been used in almost all cases to date dealing with 

consolidation of archaeological textile material. These categories of consolidants are highly 

invasive, are difficult to apply using the methods described above and, in some cases, lead to 

changes in mechanical and aesthetic properties of the fabric (Stauffer 2005). 
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(Copyright: OPD, Florence) 

Figure 4. Full view of the work during treatment. 

The result after the physical cleaning phase (micro-suction and ultrasonic dry ablation). 

Selection of consolidant 

For years our Laboratory has worked under the treatment criteria of “compatibility”, 

“durability”,”retreatability” and minimally invasive as possible (Conti 2010). Minimal 

intervention in conservation is always a question of choice. An “under treated” approach would 

result in an ineffective treatment, just as “over treatment” would be excessive (Ciatti 2009). 

Consequently, in choosing the consolidants we were constantly guided by the principle of 

minimal invasiveness, the nature of the consolidant, the molecular size, the minimal 

concentration and the effectiveness of the treatment. 
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In collaboration with Istituto di Fisica Applicata (IFAC-CNR) of Florence and Stazione 

Sperimentale della Seta (SSS) of Milan we developed a study taking into consideration a natural 

polymer, chitosan, previously proposed for a variety of applications including textile dyeing 

(Davarpanah et al. 2009; Chairat 2009), and a nanostructured hybrid (inorganic-organic) sol-gel 

(Bescher 2000; Zarraga et al. 2002; Bescher and Mackenzie 2005; Carmona et al. 2009), in this 

case, consisting of a sol-gel silicon dioxide modified with polyethylene glycol (PEG) 1000. 

Based on their chemical nature and their interaction with the substrate, chitosan and 

nanostructured sol-gel satisfy the criteria of “compatibility”,“durability” and “retreatability”. 

Compatibility with substrate 

In terms of the chitosan, it is a linear chain polysaccharide, which is derived as a weak acid- 
soluble material by deacetylation from chitin commonly found in the outer skeleton of 

crustaceans and in the cell walls of fungi (Muzzarelli et al.1986). Depending on the chemical 

nature of the substrate undergoing chitosan coating, different interactions can be produced at the 

host-guest interface. Chitosan can interact with apolar substrates by means of its polysaccharide 

backbone and can generate strong and durable hydrogen bonds with polar substrates (e.g. silk) 

thanks to its amino and hydroxyl groups. In addition, in the presence of negatively charged 

functionalities, the cationic nature of chitosan can be exploited for creating very stable and 

long-lived electrostatic interactions (Dutta et al 2004). In its crystalline form, chitosan is 

normally insoluble in aqueous solutions above pH 6.0-6.5, for any temperature treatment. 

However, in dilute acids (pH < 6), the protonated free amino groups of glucosamine facilitate 

solubility of the molecule. 

In terms of the sol-gel of nanostructured silicon dioxide modified with PEG 1000, it represents a 

state of matter in between molecules and bulk structures usually characterized by a large surface 

area that affects their physical-chemical properties. The sol-gel technique is a promising method 

that can be used to better control the size and shape of particles (Sakka 1990). This involves the 

phase transition of a system from a liquid “sol” (mostly colloidal) into a solid “gel” phase. The 

starting materials are usually inorganic metal salts or metal organic compounds such as metal 

alkoxides. In a typical sol–gel process, the precursor is subjected to a series of hydrolysis and 

polymerisation reactions to form a colloidal suspension, or a “sol.” Over time 

the “sol” turns into “gel” due to condensation reactions between the nanoparticles. With further 

drying and/or heat-treatment the “gel” is converted into an inorganic product like a glass, 

polycrystalline powder, dry gel or coating thin films. Due to the low temperature needed to 

process sol-gel materials and to the porosity of the 3D network formed, the inorganic matrix can 

be functionalized by organic molecules, giving rise to a hybrid material. The sol-gel matrices 

can be applied as protective coatings on the surface of materials. In this case, the sol-gel 

synthesis was performed by hydrolysis of metal-organic precursor, Tetraethylorthosilicate 

(TEOS) in acid water (pH 4.5) modified with PEG 1000 (0.25M). The organic and inorganic 

components are embedded and only weak bonds (hydrogen, van der Waals or ionic bonds) give 

the cohesion to the whole structure and the use of organic components (glycols) can give an 

improved flexibility to the inorganic network. Properties of these materials are the sum of the 

individual contributions of both phases thus rendering this consolidant versatile and suitable for 

application on both inorganic and organic substrates (as in our case). An improvement in terms 

of adhesion at the interface can be achieved through the use of hybrid precursors containing 
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chemical functional groups that could give rise to strong covalent bonds between the polymeric 

substrate and the silicon groups. 

If we consider the molecular characteristics of the two consolidants in question, we see: 

depending on the source and preparation procedure, the molecular weight of chitosan may range 

from 100 to over 500 kDa with a degree of deacetylation from 30% to 95%; instead, the sol-gel 

is characterized by particles smaller than 50 nm. Consequently, the reduced dimensions of the 

consolidants facilitate penetration into the yarn structure, settling between the fibres in order to 

evenly stabilize the fabric without coating the surface and retaining mechanical flexibility. In 

fact, one of the most attractive properties of chitosan is that it can be moulded in the form of 

films and membranes with high mechanical strength and resistance to stress, good elasticity and 

high permeability for vapour and gases (Matteini et al. 2010). The innovative applications of 

nanostructures are based on changes in reactivity and mechanical properties due to the small 

physical dimensions and large surface area. Additionally, the small particle size results in 

improved mechanical properties, like wear resistance and higher materials density, all of which 

are desirable characteristics in ultra high-strength structural materials (Baglioni, Giorgi 2006). 

For both these consolidants, the colour on the surfaces of the silk samples was unchanged at the 

concentrations that were employed because after the treatment they maintained good optical 

transparency (see Tables 3-4). 

Stability over time 

An attractive characteristic of chitosan is its antifungal and antibacterical activity (Rossomacha 
et al. 2003), which may impart resistance to consolidated silk over time. The occurrence of 

light-stimulated modifications to the composition of chitosan films, which may impair their 

optical (transparency) properties, were previously studied under natural and artificial aging 

(Sionkowska et al. 2004). The inorganic nature of the sol-gel coatings contributes to its stability 

over time/aging. And they can act as protective barrier against the principal sources of 

chemical/bacterial and physical attacks. Currently, studies on the ageing of nanostructure 

treated textiles are on-going at the SSS laboratories in Milan. 

“Retreatability” and flexibility of the treatment 

In general the total Removability of consolidants from an artifact is always a problem. This is 
also true for both consolidants used in this study and it is due to the chemical and physical 

structure of the fabric’s fibres. 

Our objective in this study is the Retreatability of the object after consolidation and for all the 

conservation treatments to be. It is important to know that these consolidants interact directly 

with the fibres and not with the fabric’s surface. Because of this particular interaction at a fiber 

level they permit restorers to retreat the samples both for fisical (microsuction cleaning, 

structural consolidation…) and chemical (cleaning and material consolidation…) conservation 

treatments. Furthermore the two consolidants tested can be applied in many ways: spray, 

immersion, immersion in ultrasonic bath, and application at room temperature. 
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Treatments and Results 

It should be kept in mind that due to the experimental nature of this work, research and study is 

still on-going. The necessity to consolidate a very deteriorated three-dimensional work directed 

the initial research and the procedures. Consequently, both the experiments and the diagnostic 

investigations were planned and modified as the work progressed, and was based on the 

characteristics of the textile piece and the results obtained from the various treatments. The 

application method was also studied and was based on the nature and versatility of the 

consolidant. 

The two different consolidation methods chosen to date are reported here: 

The chitosan solution was prepared by dissolving chitosan powder in an acetic acid aqueous 

solution (pH 5) by magnetic stirring for approximately four hours at different concentrations 

(0.1% w/v, 0.3% w/v. 0.5% w/v, 1% w/v). The molar mass of the chitosan we used, as 

determined from the intrinsic viscosity reported by the manufacturer, has an average value of 

120 kDa while the average degree of deacetylation was estimated around 83% by Fourier 

Transform infrared spectroscopy (FTIR) analysis. The testing was carried out on fragments of 

the silk that were no longer attached to the garment and on samples of old silk from OPD 

laboratory supplies. We decided to treat two groups of samples: the first group with a 

15 minutes consolidation treatment in immersion with the use of ultrasonic, the second group 

with 15 minutes consolidation treatment in immersion. These two groups were then divided into 

two groups, half were rinsed for 5 min in continuous distilled water, half no rinsing. All 

samples were dried at room temperature. 

The sol-gel synthesis was performed by hydrolysis of metal-organic precursor, TEOS in acid 

water (pH 4.5) modified with PEG 1000 (0.25M) with particle diameters smaller than 50 nm. 

The specific formulation is not commercially available but was prepared in the laboratories at 

the University of Bergamo. The tests themselves were carried out at the SSS laboratories on 

samples of new silk with density of 70 g/m
2
. Samples were coated with the hybrid thin film

using the application techniques of immersion in ultrasonic bath for one minute, or by spray- 

coating. After that, the treated samples were dried at room temperature and atmospheric 

pressure. 

Analyses 
The following techniques were used to document the consolidation achieved for both 
consolidants: 

• documentation with stereomicroscope, optical microscope (MO) and scanning electron

microscopy (SEM) in order to visually observe the distribution and placement of the

consolidant on the samples.

• standard method to determine the physical-mechanical characteristics of an individual

thread sample before and after treatment with the consolidant using costant rate of

extension (CRE) tester UNI EN ISO 2062 CRE (Ente Nazionale Italiano di Unificazione

1997);
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• standard method to determine the extent of the chemical changes of an individual thread

sample before and after treatment with the consolidant, SNV 195595 (Schweizerische

Normen Vereinung Association Suisse de Normalisation 1069);

• spectrophotometric method UV-Vis-NIR (whiteness value) to determine and evaluate

any optical changes to the sample before and after treatment.

Results 

Chitosan: 

• under macroscopic observation after consolidation and a continuous rinsing in distilled

water at 0.1% w/v, 0.3% w/v. 0.5% w/v, the “hand” of the sample does not appear to

have been modified, at consolidant concentrations of 1%, the “hand” was altered.

• the hand was also altered when there was no rinsing subsequent to consolidation, and

when rinsing was done without continuous flow replacement for at least 5 minutes

• the higher “Breaking Stress” value indicates that after treatment there was an increase in

the fibre resistance under mechanical stress (e.g. +5; see Table 3);

• the decrease in the value of “Young’s Modulus” (e.g. -36.8) and the increase in the

“Breaking Strain” (e.g. +26.2) value demonstrate a reduced rigidity and an increased

flexibility of the silk, most likely a result of the “bridge” arrangement of the consolidant

between the fibres (see Figure 5 and Figure 6);

• even in reduced concentrations of consolidant (e.g. 0.3%), stable bonds are formed

between the polysaccharide and the protein resulting in increased integrity of the textile.

This can be deduced because the sample, after consolidation treatment, is partially

soluble in its specific solvent (see Table 3 Intrinsic Viscosity value)

• the difference in the “Whiteness Value” between the treated and untreated sample is

negligible and is considered acceptable because there is an instrumental tolerance for

check-white standards equal to ±5 units due to the non-significant difference on a visual

level (see Table 3).

• by comparing the samples consolidated by immersion and by immersion in an ultrasonic

bath, it can be inferred that the ultrasonic bath assists in improving the penetration of the

consolidant into the textile structure, however, this aspect is still being examined and

verified. Our experimentation with the cleaning by immersion showed that it is

necessary to use ultrasonic baths in order to assist in the removal of the mud from the

textile.

Table 3. Results of the analyses of activity of the 0.3% w/v chitosan consolidant on samples of treated silk in 

ultrasonic immersion and rinsing. 

Chitosan 0.3% 
(the results are obtained from the average taken from c. 10 samples) 

Direction Weft 

Test sample: 

Silk twill 

(90 g/m2) 

Untreated Treated 

Change due to treatment (%) 

[(treated- 

untreated)/untreated]x100 
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Breaking Stress centiNewton 
cN 

Standard deviation cN 

279 

± 2.7 

293 

± 0.9 

+5.0

Breaking Strain % 

Standard deviation % 

10.3 

± 2.9 

13 

± 0.8 

+26.2

Young’s Modulus g/den 

Standard deviation g/den 

63.9 

± 11.2 

40.4 

± 11.6 

-36.8

Intrinsic Viscosity dl/g 

(lithium bromide) 0.34 

the sample proved to be 

partially soluble in the 

specific solvent 
- 

Whiteness Value Index 
illuminant D65 

Observer 2° 
47.04 42.99 - 

(Copyright: OPD, Florence) 

Figure 5. (SEM) Old silk taffeta from the laboratory supply (the pilling occurred prior to treatment) treated with 

0.3% chitosan. Even at these magnifications the consolidant does not show up as uneven deposits on the yarns. 
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(Copyright: OPD, Florence) 

Figure 6. (SEM) Detail of the chitosan (0.3%)“bridges” deposited between the fibres on the samples. 

Nanostructured sol-gel: 

• under MO and SEM the consolidant (one minute application) appears to have been

distributed in a uniform manner on the entire surface of the treated sample;

• the higher “Breaking Stress” value (e.g. +7.4, see Table 4) and the increase in the

“Breaking Load” value (e.g. + 7.3, see Table 4) indicate that after treatment there was an

increase in the fibre resistance under mechanical stress. The increase in the values is

most likely due to its “protection” of the individual fibres (Figures 7 & 8);

• the decrease in the value of “Young’s Modulus” (e.g. -18.8 see Table 4) and the increase

in the “Breaking Strain” (e.g. +7.3, see Table 4) value demonstrate a reduced rigidity
and an increased flexibility of the silk after the treatment;

• the percentage variation in the “Viscosity” value (e.g. +2.9 see Table 4) most likely

indicates that the nanostructured solution does not create bonds that modify the

molecular arrangement of the silk; it is hypothesized that hydrogen bonds and ionic

bonds form leaving the fibre more resistant to depolymerization;

• the slight reduction in the “Whiteness Value” is considered to be non-relevant. The

consolidant appears not to have affected the colour in the treated sample, for the same

reasons given above;

• the sol-gel can be applied either in an ultrasonic bath or in the spray-coating distribution

but spray distribution method does not seem to guarantee uniformity even if hand and

456



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

colour are considered to be good; the application at low temperatures and atmospheric 

pressure is particularly well suited to this type of treatment; 

Table 4. Results of the analyses of activity of the Hybrid SiO2 /PEG 1000 sol-gel consolidant on samples of silk in 

ultrasonic immersion and rinsing. 

Hybrid SiO2 /PEG 1000 Sol-Gel 
(the results are obtained from the average taken from c. 10 samples) 

Direction Weft 

Test sample: 
Silk twill 

(70 g/m2) 
Untreated Treated 

Change due to treatment 

(%) [(treated- 

untreated)/untreated]x100 

Breaking Stress cN 

Standard deviation cN 

373.4 

± 2.8 

400.9 

± 8.1 

+7.4

Breaking Strain % 

Standard deviation % 

16.5 

± 1.4 

17.7 

± 1.0 

+7.3

Young’s modulus g/den 

Standard deviation g/den 

58.4 

± 8.9 

47.4 

± 8.9 

-18.8

Intrinsic Viscosity dl/g 

(lithium bromide) 
0.34 0.35 +2.9

Whiteness Value Index illuminant 

D65 

Observer 2° 

63.5 62.7 - 
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(Copyright: SSS, Milan) 

Figure 7. (SEM) Detail of the silk twill before treatment with nanostructured silica sol-gel 

(Copyright: SSS, Milan) 

Figure 8. (SEM) Detail of the silk twill after ultrasonic treatment with nanostructured silica sol-gel, 

where the “protection” of the single fibres can be seen. 
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Discussion 

The study we have described is aimed at finding a consolidation method linked with the cleaning 

treatment that is suitable for a highly deteriorated three-dimensional textile. The initial results 

are very encouraging for further research. The ultrasonic bath does not appear to cause 

mechanical deterioration of the sample, but simply serves as an aid to remove the mud from the 

textile and the homogeneous distribution of the consolidant. This will be confirmed by more 

analyses. It was important to understand that all the immersion liquid should not be totally 

removed during treatments in order to avoid flattening, and thus adhering, the different layers of 

the fabric to one another. It was noted that in both cases (chitosan and sol-gel), the 

consolidation improved the mechanical and chemical properties of silk fibres and improved the 

flexibility without stiffness and breakage. Neither of the consolidants creates non-homogeneous 

films covering the exterior. Chitosan creates a bridge between the fibres, thus stabilizing the 

structure rendering it more flexible. The sol-gel consolidant coats the individual fibres 

strengthening and giving body to the fabric. 

It should be kept in mind that these are results obtained from experiments made on silk that was 

not in the same condition as our artifact. The fragments from the burial garment were also 

consolidated with both compounds, however, their small size, the small number of available 

samples, and the current inability to remove all the deposits on the fabric do not allow us to 

obtain repeatable and comparable results at this time. 

Conclusion 

This research is clearly still in the initial phases and a further phase of study is necessary. It is 

impossible to identify which of the two consolidants is better and more suitable at this time. The 

benefits of ultrasonic baths in the consolidation phase will continue to be tested. A lower 

molecular weight chitosan will be tested. In terms of the sol-gel, the process of consolidation 

first with ultrasonic immersion followed by spray coating will be evaluated to see if better 

results can be obtained. After aging tests will be carried out on silk fragments of the garment as 

well as samples of the silk from other sources in order to assess the results. This will be 

monitored over time in order to identify the treatment that will be carried out on garment n. 29. 

It is clear how important this experimentation has been in terms of innovation and in the 

implications it holds for conservation strategies applied to highly degraded textile materials. 
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Endnotes 

1.This project began in 2003 on the mortal remains of the members of the Medici family buried

in the Medici Chapels in the Laurentian Complex in Florence.
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Materials and Suppliers 

Chitosan: Sigma-Aldrich S.r.l. Milan, Italy 
120 kDa, deacetylation was estimated around 83%, 
http://www.sigmaaldrich.com/italy.html 

Silicon dioxide modified with PEG (polyethylene glycol) 1000 in ratio 0.05: 
silk + Sol-gel 0.125 M in acid water pH 4.5 
University of Bergamo and Stazione Sperimentale della Seta di Milano 
http://www.ssiseta.it/index.php 
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collaborative research with other institutions and 
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silk using nanotechnologies, in addition to coordinating 
numerous conservation projects. She has authored 
many publications and has been active in conferences 
and collaborative projects with both Italian and 
international organizations. 
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coordinatrice technique. Elle a commencé à donner des 
cours à l’école d’enseignement supérieur de l’OPD 
en 1980. Son enseignement et ses travaux de 
recherche portent en grande partie sur l’établissement 
de diagnoctis non effractifs et les techniques de 
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rédigé de nombreux articles et ouvrages, et elle a 
participé à des conférences et à différents projets 
conjoints menés sous l’égide d’organisations tant 
italiennes qu’internationales. 
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mène des études et des recherches et planifie les 
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techniques d’analyse au moyen d’instruments et 
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concentrating in textile conservation. She graduated 
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project “Tecniche avanzate per la conoscenza materica 
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actuellement au projet de recherche « Tecniche 
avanzate per la conoscenza materica e la 
conservazione del patrimonio storico-artistico » 
(TEMART) sous les auspices des autorités de la région 
toscane. Elle aborde, dans le cadre de ses travaux, de 
nombreux aspects de la restauration, allant de la 
documentation et de la description des conditions 
jusqu’aux enquêtes de diagnostic, aux traitements de 
restauration et aux recherches historico-artistiques. 

Elle a également travaillé dans le secteur privé, où elle 
a continué de peaufiner ses habiletés manuelles et 
d’approfondir l’application des techniques de 
restauration. 
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who currently works as a private consultant. He is a 
former Director of both the Scientific Laboratories at 
the Opificio delle Pietre Dure in Florence, Italy (1975– 
2002) and the CNR Institute for the Conservation and 
Promotion of Cultural Heritage (Florence, Milan, and 
Rome) (1972–1975). He has authored or co-authored 
more than 350 scientific publications in the field of 
conservation (including books on the Chemistry of 
Conservation adopted in many Italian and foreign 
universities); been a visiting professor at the 
universities of Bologna, Syracuse, Siena, Pisa, London, 
and Thessaloniki; and coordinated research projects on 
the diagnostics and monitoring of important 
monumental artistic works such as David by 
Michelangelo, The Rape of the Sabine Women by 
Giambologna, the Gates of Paradise by Lorenzo 
Ghiberti. His current research involves investigation 
into innovative methods for consolidating and 
protecting wall paintings and stone artifacts. 

Contact Information: 
CNR/ICVBC-Institute for the Conservation and 
Promotion of Cultural Heritage 
Florence, Italy 
Tel.: +39 339-3631675 
E-mail: mmatteini@inwind.it

Mauro  Matteini est spécialiste des sciences de la 

restauration; il travaille actuellement comme 
consultant privé. Il a déjà occupé le poste de directeur 
des laboratoires scientifiques de l’Opificio delle Pietre 
Dure, à Florence en Italie (de 1975 à 2002) et de 
l’Institut de conservation et valorisation du patrimoine 
culturel du CNR (Florence, Milan et Rome) (de 1972 
à 1975). Il est l’auteur ou le coauteur de plus de 
350 ouvrages et articles scientifiques dans le domaine 
de la restauration (dont des manuels de chimie de la 
restauration qui sont employés dans de nombreuses 
universités italiennes et étrangères). Il a été professeur 
invité aux universités de Bologne, de Syracuse, de 
Sienne, de Pise, de Londres et de Salonique. Il a 
coordonné des projets de recherche sur les diagnostics 
et le suivi d’importantes œuvres d’art monumentales 
comme le David de Michel-Ange, L’enlèvement des 
Sabines de Giovanni Bologna et Les portes du paradis 
de Lorenzo Ghiberti. Dans le cadre de ses travaux en 
cours, il étudie des méthodes novatrices de 
consolidation et de protection des peintures murales et 
des objets de pierre. 

Coordonnées : 
Institut de conservation et valorisation du 
patrimoine culturel (ICVBC) du CNR 
Florence, Italie 
Tél. : +39 339-3631675 
Courriel : mmatteini@inwind.it 
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textiles, nanotechnology applied to textiles, and 
innovation in textile restoration. She is an inspector 
(since 1995) Accredia (Italian accreditation body) and a 
professor of Textile Technology and Quality in various 
courses and seminars: FSE, laboratories, associations, 
and universities (the Engineering Department at the 
University of Bergamo, the Physics Department at the 
University of Milan Bicocca, and the Chemistry 
Department at the University of Milan). 

Contact Information: 
Stazione Sperimentale per la Seta 
Textile Research Centre 

Via G. Colombo 
83 - 20133 Milano, Italy 
Tel.: +39 0270635047 – 022665990 
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Sperimentale per la Seta, à Milan, et elle coordonne les 
projets de recherche et les structures d’analyse. Parmi 
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de 150 articles (publiés dans des revues italiennes et 
autres), plusieurs monographies, livres et brevets 
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naturels et synthétiques (chimiques et techniques), 
agents auxiliaires du textile et teintures, 
nanotechnologie appliquée aux textiles et innovations 
dans la restauration des textiles. Elle est inspectrice 
Accredia (organisme d’accréditation italien) 
depuis 1995, et elle donne divers cours et séminaires 
sur la qualité et la technologie des textiles : FSE, 
laboratoires, associations et universités (département 
de génie de l’Université de Bergame, département de 
physique de l’Université de Milan-Bicocca et 
département de chimie de l’Université de Milan). 

Coordonnées : 
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in the field of fluorescence microscopy of natural 
compounds and of biological tissues during 2005 before 
continuing his education. In 2009, he received a PhD in 
Chemical Sciences from the Institute of Applied Physics 
– National Research Council of Italy (IFAC-CNR) in
Florence, working on the molecular mechanism of
photothermal denaturation of proteins and on laser- 

induced modifications to extracellular biomolecules.
Since 2010, he has held a postdoctoral position at
IFAC. His current research interests include the study
of photothermal processes; the development of
polymeric scaffolds, films, and hydrogels for laser
applications in biomedicine; the fabrication of
temperature- and light-responsive biopolymeric and
metal nanoparticles; and the development of
nanostructured and biocompatible drug-delivery
systems.

Contact Information: 
Istituto di Fisica Applicata, Consiglio Nazionale 
delle Ricerche (IFAC-CNR) 
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E-mail: P.Matteini@ifac.cnr.it

Paolo  Matteini obtient son diplôme en chimie de 
l’Université de Florence, en Italie, en 2004. Il travaille 
en 2005 dans le domaine de la microscopie par 
fluorescence des composés naturels et des tissus 
biologiques, avant de reprendre les études. En 2009, il 
obtient un doctorat en sciences chimiques de l’Institut 
de physique appliquée du Conseil national de 
recherches de l’Italie (IFAC-CNR), à Florence, au cours 
duquel il travaille sur le mécanisme moléculaire de la 

dénaturation photothermique des protéines et sur les 
modifications des biomolécules extracellulaires sous 
l’effet du laser. Depuis 2010, il occupe un poste de 
recherche postdoctorale à l’IFAC. Il oriente 
actuellement son travail de recherche sur l’étude des 
processus photothermiques, la mise au point de 
supports matriciels, de membranes et d’hydrogels 
polymériques conçus pour les applications laser en 
médecine conventionnelle, la fabrication de 
nanoparticules métalliques et biopolymériques 
réagissant à la température et à la lumière ainsi que 
l’élaboration de systèmes nanostructurés et 
biocompatibles de libération des médicaments. 
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Istituto di Fisica Applicata, Consiglio Nazionale 
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author of about 200 scientific publications, including 6 
books, and 15 patents. 
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activés par laser et leurs applications à des fins 
médicales, les analyses microscopiques des 
modifications photothermiques des protéines, la mise 
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Waking the Dead: 

The Resurrection of a Tablecloth 

Suzanna Linda Meijer 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

In the summer of 1963, two 17th-century Dutch flowered tablecloths in tapestry technique were 
treated using the adhesive poly(vinyl acetate) (PVAc). In 1988, attempts to remove this 
adhesive and the support layer from the objects caused a lot of damage. The tablecloths were 
subsequently stored until 1999, when one of them was conserved using stitching. The other was 
in much worse condition and was considered a hopeless case. 

Investigations into the conservation history of the tablecloths revealed they were part of a 
project, started in the late 1950s by the University of Delft, the Netherlands, to investigate the 
use of adhesives for treating fragile objects such as silk banners. How the decision was made to 
apply this technique to the tablecloths remains unclear. In 2009, another conservation project 
was started on the “hopeless case.” Camouflage techniques were used to hide holes, missing 
leaves, and flowers. The tablecloth was mounted on an aluminum (Alucore) panel using minimal 
stitching, and covered with nylon net. The aim was to restore some of its original splendour and 
to protect it from further decay. The tablecloth will go on display in 2013. 

Titre et Résumé 

Comment donner une deuxième vie à une nappe très 
endommagée 

Au cours de l’été 1963, deux nappes à motif floral, fabriquées au XVIIe siècle en Hollande selon 
la technique du tissu tapisserie, ont été traitées au moyen d’un adhésif à base de poly(acétate 
de vinyle) [PVAc]. En 1988, des essais visant à décoller l’adhésif et la couche de renfort ont 
grandement endommagé les objets. Les nappes ont par la suite été entreposées jusqu’en 1999, 
lorsqu’une d’entre elles a été restaurée en réalisant des points de couture. L’état de dégradation 
de la seconde était beaucoup plus importante et celle-ci était considérée comme un cas 
désespéré. 

L’étude de l’historique des travaux de restauration des nappes révèle que ceux-ci ont été 
réalisés dans le cadre d’un projet lancé à la fin des années 1950 par l’Université de Delft, aux 
Pays-Bas, lequel portait sur l’utilisation d’adhésifs dans le traitement d’objets fragiles comme 
des bannières en soie. Il n’a pas encore été possible d’établir clairement sur quelles bases la 
décision avait alors été prise d’employer cette technique particulière pour traiter les nappes. En 
2009, un autre projet de restauration a été mis en œuvre afin de traiter la nappe en piètre état 
qui constitue un « cas désespéré ». Diverses techniques de restauration à effet de camouflage 
ont été employées pour cacher les trous et traiter les plages de feuilles et de fleurs manquantes. 
La nappe a ensuite été montée sur un panneau d’aluminium (Alucore), en faisant le moins de 
points de couture possible, et recouverte d’un filet de nylon. Les travaux visaient à redonner à 
l’objet une partie de sa splendeur d’antan et à le protéger contre toute dégradation 
additionnelle. La nappe pourra de nouveau être exposée en 2013. 
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Introduction 

In tapestry conservation, stitching techniques are the most widely used. In some cases, however, 

adhesive treatments have been carried out, because the condition of the tapestry was considered 

too weak to withstand stitching. In the Rijksmuseum collection there are two tablecloths that 

were treated in 1963 with an adhesive technique (BK-KOG-40 and BK-KOG-41). In 1988 

attempts were made to reverse the treatment but results were not satisfactory and the condition 

of the objects did not improve at all. Therefore the tablecloths were put in storage. In 1999 their 

condition was re-evaluated.  One of them (BK-KOG-40) could be treated with traditional 

stitching techniques. The other, however, was considered too weak for such treatment. After 

careful consideration it was decided to mount it on a honeycomb aluminum support and to use 

dyed silk patches to camouflage holes. 

History of Tapestries 

Tapestries are large textiles in tapestry weave, with a continuous warp and a discontinuous weft. 

The warp is usually either wool or linen. It is completely covered by the weft, which consists of 

wool, silk and sometimes metal threads. The weavers sit next to each other and work on a 

section about 50-60 cms wide. The design or cartoon lies underneath the warp or hangs behind 

the loom. The warp is stretched on the loom and the tapestry is woven at an angle of 90 degrees 

and from the reverse side (see Figure 1). When the tapestry hangs, it hangs from the weft and 

not the warp. 
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Figure 1. Tapestry workshop at the Manufacture des Gobelins, from Encyclopedie Diderot. 

History of Textile Conservation at the Rijksmuseum 

In 1937 the textile conservation studio of the Rijksmuseum was set up. It was the first textile 

conservation studio in the Netherlands. Mr Bloedhouwer, the first head of the studio was trained 

in traditional restoration techniques at the Manufacture des Gobelins in Paris. It was still 

considered acceptable to remove „rotten‟ silk entirely and to replace it with new silk. Holes 

were mended by inserting new warps and in-weaving with new wool. In general, the 

conservation of a tapestry took quite a number of years, even if six or more people were 

working on it simultaneously. Of course this is not only extremely time consuming but also 

very expensive! 

History of the Development of Adhesive Techniques 

In 1953, the Dutch Shell Oil Company offered a considerable amount of money to the 

Department of Fibre Technology and Textile Technique at the Technical University of Delft. 

The aim was to do research on the use of synthetic adhesives for the conservation of flags and 

banners.Traditionally they were sandwiched between two layers of net using a running 
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stitch.This caused the silk to deteriorate even more and created holes in the paint. The use of an 

adhesive technique could result in a more even support. 

The project started based on the idea that the flags should stay visible on both sides and that the 

method should be reversible. The adhesive should be transparent and preferably water-soluble. 

Mowiol, a poly(vinyl alcohol) (PVAL) was considered the best option. It was thought that 

textiles, once attached to a stiff support, would not be vulnerable to further deterioration caused 

by bending, folding or other movement of the fibres. 

In the period between 1953 and 1956 several flags and banners were mounted onto glass or 

poly(methylmetacrylate) (Perspex) using PVAL (Sieders 1956). 

Adhesive was poured onto the glass or Perspex and the flag or banner was laid on top of the wet 

adhesive. This caused the adhesive to penetrate into the structure of the textile and made it 

possible to flatten the creased bits and to put small pieces back in place. 

Some of these banners still remain in good condition, which proves the method actually works 

quite well, the only disadvantage being that the objects do not look and feel like textiles any 

more. But, aesthetics, ethics and authenticity were no concern. Soon, however, it turned out that 

PVAL became insoluble after several years, due to crosslinking. 

Around the same time, research was done using very thin textile materials such as silk crepeline 

and Terylene (polyester) as supports. Setamul, a poly(vinyl acetate) (PVAC) was used as 

adhesive (Lodewijks 1964). Paint was often added to the adhesive to mask holes in the object, 

because the support fabrics were only available in white. Very brittle objects were often sprayed 

with poly(vinyl butyral) (PVB) as well, to prevent the loss of fibres. 

In the Netherlands, research was carried out by Leene and Lodewijks at the Institute for Fibre 

Technology and Textile techniques in Delft. In 1961, Lodewijks was appointed chief scientific 

researcher at the Rijksmuseum. The same year Leene presented a paper on adhesive methods 

for the conservation of flags and banners at the International Institute for Conservation of 

Historic and Artistic Works (IIC) conference in Rome. She mentioned that the criteria for 

adhesives were that they should be transparent, colourless, sufficiently strong, highly 

permanent, free from harmful chemicals, applicable at room temperature and should not affect 

appearance (Leene 1961). At the same conference Beecher from the Victoria & Albert Museum 

gave a presentation on the reinforcing of weakened textiles with synthetic-fibre net. He 

mentioned the use of PVAC and Terylene (polyester) square-meshed net for the conservation of 

a tapestry measuring 12 feet x 8 feet. In this case the adhesive was spread on the support using a 

brush. It was left to dry completely and it was applied to the object using a heated spatula or 

iron. He clearly states that his method „does not saturate the fibres‟. This method, which is still 

used today, is called heat-sealing (Beecher 1961). 
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History of the Treatment and the Present Condition of the 
Tablecloths 

The Rijksmuseum has two tablecloths woven in the third quarter of the 17
th 

century, probably in

Delft by the workshop of Maximiliaan van der Gucht. Both have a dark blue ground on which 

flowers are spread around a medallion with a depiction of Flora. Combining pictures of both 

objects clearly shows that the same design was used. One has an extra row of flowers at both 

ends (see Figure 2). 

Figure 2: Photos of the two tapestries combined (inv BK-KOG-40 and BK-KOG-41). 

This shows that they are almost identical. 

A private owner presented them to the Royal Historical Society in 1859 and in 1885 they were 

given on permanent loan to the newly opened Rijksmuseum. They have been on display for a 

long time, not as tablecloths but as tapestries, i.e. hanging against the wall. 

No record was found regarding their condition in 1859, in 1885 or later. There is only a set of 

two black and white pictures that clearly show holes in the lower left hand corner of one of the 

objects (see Figure 3). 
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Figure 3: Holes in the left hand lower corner are clearly visible (BK-KOG-41). Date unknown. 

They do not appear in any of the Rijksmuseum annual reports before 1963, when it is 

mentioned that two flowered table carpets were restored using an adhesive treatment because of 

it being faster and cheaper than traditional methods. The adhesive that was used on the 

tablecloths was Setamul, a PVAC and the backing was  Terylene (polyester). 

Even though adhesive techniques were quite new and mainly developed for the treatment of silk 

fabrics, flags and banners, the decision was made to treat both objects with this technique. 

As far as we know only one other tapestry, the one at the V&A mentioned earlier, was treated 

with a synthetic adhesive. No evidence of this method being widely used has been found to 

date. 

Because of the structure and the loose ends of the weft hanging on the reverse side an adhesive 

is much less efficient on tapestries than on silks or flags. Because the warp is completely 

covered by the weft, the warp is not adhered to the backing so it can still break. Furthermore, it 

is much more difficult to remove the backing without damage. My conclusion is that 

reversibility was no concern at all in this particular case. 

Before applying the support layer, the tablecloths were washed using Lux, a very alkaline soap 

that must have had a terrible effect on the wool, drying it out. For reasons yet unknown, it was 

decided not to use the heat-sealing method to attach the backing to the object, but to spread the 

PVAC adhesive on the support fabric, let it dry out a bit and adhere it directly to the tablecloths. 
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This, of course, caused a lot of the adhesive to migrate into the structure of the objects. Apart 

from mentioning this treatment in the annual report, no documentation was kept. Therefore, it is 

unknown who carried out this treatment and why the choice was made not to use the heat- 

sealing method. It is not even known if the result was considered satisfactory. 

After the treatment in 1963, the objects were stored until 1971, when they were put on display 

in the Rijksmuseum as part of an exhibition on 17
th 

century flowered tablecloths. After this

exhibition they were probably stored again. No evidence of them being on display anywhere in 

the museum has been found yet. The tablecloths are mentioned again in the annual report of 

1988; their condition is described as: “adhered to a polyester backing, retouching with 
watercolour, hardly any other signs of restoration, some couching”. This suggests post-1963 

treatments but no record of them was found. The linen warp is described as extremely brittle, 

the condition of the wool as reasonably good, and most of the silk as in bad condition or 

missing altogether. 

It was considered necessary to carry out yet another treatment on both tablecloths. The idea was 

to remove the retouching by rinsing and then to wash the objects. It was expected that the 

adhesive would swell and soften during washing which would make removal of the backing 

possible. Advice was sought from the Central Laboratory in 1990. Analysis proved that the 

adhesive that was used to apply the support was indeed PVAC. 

Research was carried out on a couple of test samples of tapestry that were treated with the same 

adhesive in the period between 1959 and 1962. Trials with a suction table and acetone had little 

effect. Immersion in acetone and rinsing with acetone gave the best results. Of course you 

would have to have very specific equipment and a lot of acetone to be able to carry out such a 

treatment. This was not considered possible in the Rijksmuseum conservation studios, so 

another method was chosen. 

The largest tablecloth (BK-KOG-41) was treated first. It was washed, using warm to hot water. 

The support layer could be removed quite easily by pulling it off under warm running water. 

The adhesive still left on the reverse of the object turned white and became the consistency of 

chewing gum (see Figure 4). It was impossible to remove. The object was then washed again, 

using a detergent, and left to dry. 
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Figure 4: Residue from the adhesive on the reverse after removal of the backing (BK-KOG-41). 

To remove the remains of the adhesive from the reverse an acetone poultice, consisting of 

several layers of blotting paper and thick cotton with a layer of blotting paper with acetone in 

between, was used. It was left for 3 hours on areas of 30 x 30 cms at a time. Unfortunately it 

caused part of the adhesive to dissolve and migrate even further into the woollen fibres, which 

of course made the object even more brittle than before treatment. 

Because of this bad result, the other tablecloth (BK-KOG-40) was treated in a slightly different 

way. The support layer was pulled of mechanically, using surgical blades to separate it from the 

object. This resulted in a lot of damage in the silk areas, which were pulled out almost 

completely, but it removed much more of the adhesive before washing and caused the result to 

be less worrisome than that of the first. Of course there was a lot of damage to the silk, but, in 

general, much less adhesive was left on the reverse and it was much more supple. 

Waking the Dead 

Both tablecloths were put in storage without further treatment. They were more or less written 

off until 1999, when the smaller and less brittle one was stitched to a support layer, which made 

it suitable for display again. The larger one was in terrible condition. Large holes were apparent, 

especially around the corners where a lot of the adhesive seemed to have accumulated. Not only 

the warp but also the woollen weft split and broke like glass. The tablecloth could not be 

handled or rolled without causing further damage. 
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Because of other, more urgent projects, the tablecloth was left in storage. A couple of years ago, 

however, it was decided that at least one of the tablecloths should be on display when the 

Rijksmuseum reopens in 2013. Thinking about possible treatments, there were several problems 

to tackle. First of all the object measures 1.95 by 2.75 meters. The warp was extremely brittle, 

especially around the edges, which made handling of the object quite dangerous and 

undesirable. Most silk wefts were badly damaged and both silk and woollen wefts were brittle, 

and in some cases, whole leaves or petals were missing (see Figure 5). 

Figure 5: Both warp and weft are extremely brittle due to adhesive migrating into the structure (BK-KOG-41). 

Immersing the tapestry in a solvent would probably only make the adhesive penetrate deeper 

into the fibres. Mechanically removing the last remains of the adhesive was also no option. 

Therefore a solution had to be found that supported the weaker areas, made the object safe for 

handling and exhibition, camouflaged the damage and made it pleasing to the eye. A former 

colleague did some trials of camouflaging the holes with digitally printed woollen patches under 

the holes, but she could not get the colours right. This method, called KarwatTi, however useful 

for repeating designs, was too complicated for this object. 

On a study trip to Germany, we saw textile conservators using silk patches in tapestries. They 

used bourrette, which is a fabric woven from the uneven yarn from natural silk waste. It has a 

coarse, lusterless surface and a natural colour. It is available in different weaves, one of them a 
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rib weave very similar to tapestry weave. This material can be dyed easily using Deka-silk, an 

acrylic for silk painting, which has an extremely good light fastness and is easy to mix colours 

with to match the surroundings of a hole. 

The tablecloth was put flat on a table and patches were made for the large number of holes. 

These were inserted under the tapestry and stitched to the back, using a few large stitches with 

round needles in relatively supple areas in order to prevent more damage (see Figure 6). 

Of course this did not solve the problem of the tablecloth being so stiff and brittle. 

Figure 6: pieces of dyed silk placed under holes (BK-KOG-41). 

Because there is no safe way to make this object suitable for hanging it was decided to cover a 

large sheet of aluminum honeycomb with polyester felt. This felt would prevent the tablecloth 

from sliding down when placed at an incline of 80 degrees, but this alone would not be 

sufficient. It was decided to use some stitching in the less brittle and stronger areas to attach the 

tablecloth to the felt. The extremely brittle edges and corners were not stitched at all. 

Since some small bits and pieces could not be fixed to the felt a layer of nylon net was applied 

over the whole object. This was dyed a very dark blue which made it almost invisible. The net 

was stretched very tight over the surface of the tablecloth. 
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Lessons to be Learned 

Although the treatment that was carried out in 1963 seemed a good, cheap and fast solution at 

the time it caused many problems later on. These are mainly due to the fact that too much 

adhesive was used and the support was adhered to the backing when the adhesive was still wet. 

The much safer heat-sealing method, which is still used today, was not used in this case. This 

method involves much less adhesive and is therefore much more reversible, even after more 

than 25 years. 

Because of the attempts that were made to reverse the treatment in 1990, the condition of the 

objects became even worse than it was in 1963. This decision would probably not have been 

taken today; the objects would probably have been left the way they were without trying to 

remove the support nor the adhesive. The objects would have been stiff but would not have 

suffered further damage and loss of material. This would have been preferred over handling the 

objects so intrusively and risking penetration of the adhesive into the wool while attempting to 

remove the adhesive. 

Figure 7: Detail of left hand lower corner before and after conservation. 
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Conclusion 

We do realize that the tablecloth can hardly be called a textile anymore. But, it truly is an 

advantage that it can be handled and exhibited without causing further damage. One day the 

nylon net is going to be in need of replacement. We do have a lot of experience with nylon net 

in the Netherlands, and therefore know that as long as light levels are kept low (50-100 lux) it 

will last at least 15-20 years. If the polyester felt ever needs replacing take the stitching needs to 

be taken out, thus removing the tablecloth. It will be put back on a newly covered aluminum 

board. We do not consider this to be problematic. 
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Materials and Suppliers 

Alucore: 3A Composites (http://www.3acomposites.com/). 

Bourrette: Whaleys  Bradford Ltd, U.K (http://www.whaleys-bradford.ltd.uk/). 

Nylon net (mono-filament, scoured and heat set): Dukeries Textiles and Fancy Goods, Spenica House 15 A 
Melbourne Road, West Bridgford, Nottingham, Nottinghamshire NG2 5BG, U.K. 

Polyester felt: Vilta (local store), Amsterdam 

Setamul: not available any more 

Terylene (in this case Tergal, produced by Rhodiaceta): not available any more 

Mowiol: Hoechst (not available any more) 
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Adhesive Treatments in Textile 

Conservation at the Museum of 

Fine Arts, Boston 

Joel Thompson and Masumi Kataoka 
(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

The Textile Conservation Lab at the Museum of Fine Arts in Boston, Massachusetts has been 
investigating innovative ways to safely use adhesives and consolidants during conservation 
treatment for artifacts in the Textile and Fashion Arts Collection. This paper will present the 
thought processes and practical application of adhesives during the conservation treatments of 
seven objects: fragile linen wrappings from an Egyptian mummy; desiccated cotton cording 
from an Indian necklace; a Native American hide shirt with loose hair locks and previously 
infested ermine tassels; sails from mid-18th-century ship models; the delamination and 
breakage of raffia appliqué on a contemporary costume; the consolidation of powdering silk 
embroidery threads; and the consolidation of a linen plain weave canvas. The treatments 
discussed range from minimally invasive aesthetic compensations to structural reinforcement. 
Described will be the type of adhesive selected [specifically wheat starch paste, poly(vinyl 
alcohols), cellulose ethers, and acrylics], the customization of the adhesive for optimal 
performance per treatment, and the finessing of the application method for success of the 
treatment. The paper highlights the decision-making processes involved when balancing the 
needs of an individual object and the degree of intervention required for both its physical 
stability and an understanding of its original intent. 

Titre et Résumé 

Des bandelettes de momies aux vêtements modernes : 
la restauration des textiles au moyen d’adhésifs au 

Museum of Fine Arts de Boston 

Les chercheurs du laboratoire de restauration des textiles du Museum of Fine Arts de Boston, au 
Massachusetts, étudient de nouvelles méthodes qui permettent d’utiliser sans danger des 
adhésifs et des agents de consolidation lors du traitement de restauration des objets de la 
collection des textiles et des arts de la mode. Le présent article porte sur les processus de 
réflexion associés aux travaux de restauration de sept objets, et plus particulièrement sur les 
applications pratiques des adhésifs dans ces cas précis. Les sept objets sont de fragiles 
bandelettes de toile de lin d’une momie égyptienne, un cordonnet en coton desséché provenant 
d’un collier indien, une chemise de cuir d’origine amérindienne comprenant des mèches de 
cheveux mal assujetties et des glands en hermine déjà dégradés par des insectes nuisibles, les 

voiles d’une maquette de navire datant du milieu du XVIIIe siècle, un appliqué en raphia de 
costume contemporain dont les couches ont subi un décollement et une rupture, ainsi que les 
fils pulvérulents d’une broderie de soie et une armure toile de lin qui, dans ces deux derniers 
cas, doivent être consolidés. Les divers traitements envisagés vont des techniques de 
remplacement d’éléments esthétiques ayant des effets invasifs minimaux à des mesures de 
renforcement de la structure de l’objet. L’article comprend, entre autres descriptions, celles des 
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types d’adhésifs choisis [plus particulièrement, la colle d’amidon de blé, des poly(alcools de 
vinyle), des éthers cellulosiques et des acryliques], de l’adaptation des propriétés des adhésifs 
afin d’obtenir des conditions de traitement optimales et de la mise au point très précise de la 
méthode d’application afin d’assurer le succès du traitement. Il souligne aussi l’importance des 
processus de prise de décisions lorsqu’il faut équilibrer les besoins propres à un objet donné et 
le degré d’intervention requis pour assurer sa stabilité physique et une compréhension nette de 
sa fonction d’origine. 

Introduction 

The Gabriella and Leo Beranek Textile Conservation Lab at the Museum of Fine Arts, Boston 

(MFA) has been developing successful methods for using adhesives and consolidants during 

conservation treatment. This has been driven by the increasing demand to treat a wider range of 

materials often encountered with contemporary textile and costumes, mixed media objects and 

ethnographic artefacts. 

In textile conservation, use of an adhesive on an object has been conventionally considered only 

when tradition stitching methods are not possible, and has been generally discouraged due the 

irreversibility of adhesive treatments to fibre (Hillyer et al 1997).  However, practical 

experience has shown that adhesive treatments can be more compatible with the nature and 

condition of an object and therefore a more effective and less invasive treatment option. 

This paper will present seven case studies of recent conservation treatments that involved the 

use of adhesives in the lab: fragile linen wrappings from an Egyptian mummy, desiccated cotton 

cord from an Indian necklace, a Native American hide shirt with loose hair locks and previously 

infested ermine tassels, a mid-18th century ship model with brittle sails, the delamination and 

breakage of raffia appliqué on a contemporary costume, and the consolidation of powdering silk 

and linen yarns. The adhesives discussed range from natural adhesives like wheat starch paste to 

synthetic adhesives with good aging properties like cellulose ethers, poly(vinyl alcohols) and 

acrylics (Down et al 1996; Pretzel 1997; Shashoua 1995). In each case study, the decision 

making process as well as the practical application of the adhesive will be summarised. For the 

success of the treatment, customisation of the adhesive application method (the choice of 

adhesive, substrate, and application and reactivation methods) in response to the nature and 

condition of the object was key. 
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Case Studies 

Repair  and stabilisation of Ptolemaic Dynasty grain mummy 

Figure 1. Grain mummy with fragile linen wrappings stored 

in its wood case, before treatment (2006.1249) (©MFA, Boston). 

Description 

The first case study involves the repair and stabilisation of extremely fragile and damaged linen 
wrappings belonging to a Ptolemic Dynasty grain mummy (MFA 2006.1249) (see Figure 1). 

The mummy, dated 330-30 B.C., is in the form of Osiris and is made of clay, barley, and wax 

with linen wrappings. It measures 40.6 x 11.4 x 6.4 cm. 
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Rationale 

Traditionally, at the MFA, wrappings with extensive damage that were to be exhibited were 
encased in fine, sheer fabric - an effective treatment, but one that visually obscures subtle 

surface detail. Adhesive treatments had been used on mummies in the past but were rare and 

were limited to the use of heat-set-adhesive-coated threads or other minimal supports. The 

wrappings around the grain mummy were extremely brittle. Individual adhesive coated threads 

would provide insufficient support and could damage the brittle lifting flakes of linen. Patch 

supports would be impossible to position due to the level of manipulation they would require 

and the extreme and irregular delamination of the linen layers. Normally the textile lab would 

refrain from using adhesives on archeological material, however, in order to prevent further 

losses to the wrappings and to display this object as the curator intended, a more interventive, 

but gentler, adhesive approach was needed. 

Application 

It was determined, through experimentation with aged Egyptian linen samples from the lab’s 
study collection, that a very carefully controlled humidification of the linen in addition to the 

application of a fairly dry wheat starch paste worked very well to lay the fragments in place 

with no discolouration or creation of tidelines. Wheat starch paste was chosen as the adhesive 

best suited to this treatment due to its long-term stability, handling properties, compatibility 

with linen, and its matte appearance when dry. 

Loose fragments of linen were humidified using a mist of deionised water at ambient 

temperature applied with a Preservation Pencil attached to an ultrasonic humidifier. Moisture 

was very briefly applied using the smallest tip of the pencil, just until the linen was softened but 

not saturated. The softened fragments could then be moved into position. Humidification was 

followed by the application of wheat starch paste. Paste was first applied to a piece of blotting 

paper to remove any excess water, and minimal amounts were placed on the underside of lifting 

fragments with a small fan brush. The loose fragments were held gently against the linen layer 

below until the paste had set. Small sections were laid down each day and air dried overnight to 

insure a stable bond before continuing with the consolidation. The results were extremely 

positive, the linen responded very well to the combination of gentle moisture and paste (see 

Figure 2). Most importantly, the prior humidification of the linen softened the fibre and made it 

possible to use less water throughout the treatment. 

485



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Figure 2. The mummy wrappings before treatment (top) and after treatment (bottom). To stabilise 

the wrappings, small amounts of wheat starch paste were carefully applied to the underside of the 

brittle lifting linen flakes using a small fan brush. Care was taken to use minimal water. 
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Stabilisation of cotton  cord of the 19th century Indian necklace 

Description 

An Indian necklace (MFA 19.350), consisting of resin-filled gold ornaments (Derrick 2010, 
19.350), silk tassel and braided cotton cord was treated in a joint effort between the object and 

textile conservation labs (see Figure 3). The cord was broken into three pieces and required 

stabilisation. The cord is partially wrapped with a metallic thread, and the breaks occur where 

the wrapping begins due to differences in tightness in the cord. Clearly, the cord no longer had 

enough strength to hold the heavy gold ornaments 

Figure 3. A photograph of the Indian necklace before treatment (19.350). The cord 

was three pieces (the red arrows indicate the breaks). The metallic thread is tightly 

wrapped around the cord at some sections. The differences in tightness in these areas 

were likely to have caused the break. 

Rationale 

For its safe handling and display, a treatment was designed that would rejoin the cord while 
providing a passive support for the broken areas. The mechanically fragile state of the fibre did 

not permit an invasive treatment, such as inserting a thread to bridge the break, or directly 

adhering the broken ends together. 

Application 

First, a narrow strip of medium weight Japanese paper (HM-36 Senka-Shi Medium) toned with 
acrylic paint was placed under the broken section; and secured to the cord by wrapping another 

thin cut strip of toned lightweight Japanese paper (W-1 Tengucho) around it. The paper was 

wrapped diagonally at intervals of 2-3 mm, following the grain of braiding; and adhered only to 

the underlaid paper at the intersections using wheat starch paste (see Figure 4). Next, a mixture 

487



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

of paper pulp, methylcellulose and dry pigment was applied to the break to bridge the gap and 

encapsulate the torn yarns. To prepare the mixture, fibres of paper pulp were well separated and 

smoothed out by mixing with a small amount of deionised water. A minute quantity of 20% 

methylcellulose in deionised water and dry pigment was added to the wet pulp. A weaker 

application on adhesive was preferred, to approximate the mechanical strength of the cotton. 

The use of paper pulp also reduced the amount of adhesive required to fill the gap. This 

treatment was designed on the premise that proper storage and handling via moulded tray would 

be ensured; the cord is still far too fragile to be manipulated or take the heavy weight of the gold 

ornaments. 

Figure 4. Photographs showing the front after treatment (top two images) and the back of the same area after 

treatment (bottom two images). The coloured lines show the location of the paper strips. Here, the underlaid 

support paper strip extends around 2.5 cm to both sides from the break and is 2.5-3 mm wide. The underlaid paper 

strip was secured to the cord by wrapping another fine strips of Japanese paper (1.5 mm wide) around: wheat 

starch paste was applied at the intersections of the two papers and not to the object. The yellow arrow indicates 

where the paper pulp /adhesive mixture was applied. 
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Stabilisation and aesthetic compensation of ermine  tassels and hair 

locks on the late 19th century Lakota hide shirt 

Description 

The Native American, Lakota hide shirt (MFA 1991.962) is constructed of tanned deerskin, and 
is decorated with glass beads, ermine fur tassels, human hair locks, cotton fabric, and silk 

ribbons (see Figure 5). The ermine fur tassels were made of a cut rectangular piece of fur from 

the body of the animal, sewn into a tube; and a bundle of short black animal hairs inserted at the 

end. Each hair lock consists of a bundle of long hairs and short leather thong, which are tied 

with orange-coloured sinew thread at the top. The ermine tassels and hair locks had been 

infested and suffered severe structural and visual loses possibly from previous inadequate 

storage, and required a conservation treatment. 

Rationale 

The insect damage on the ermine tassels and hair locks made them appear less cared for; 
therefore, the curator requested both a stabilisation treatment and visual compensation of the 

losses. At the MFA, as with many fine art museums, it is undeniable that a visual improvement 

is often an expected outcome of conservation treatment. However, conservators are also equally 

sensitive to an object’s intangible cultural and historical value and try to be reflective when 

making decisions on conservation treatments that might alter the appearance of an object or 

affect its original intent or function. Because our decisions with this object were based only on 

our assumptions and understanding of the object and not from consultation with the Native 

community (Chang and Heald 2005), the treatment was designed to be easily and safely 

reversible and minimally interventive. As with previous case studies, the nature and condition 

of the materials dictated the adhesive chosen and how it was applied. 

Figure 5. A photograph showing the Lakota hide shirt, reverse (1991.962) (©MFA, Boston). 
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Application 

The ermine tassels were locally humidified to realign any deformation. While still humidified, a 
thin coat of 1: 1 wheat starch paste and 4% methylcellulose in deionised water (w/v) was 

brushed onto the skin around the edges of the losses. Then, small torn pieces (approx. 5 mm x 5 

mm) of Japanese paper (HM-1 Tengucho) toned with acrylic paint were adhered over the losses

(see Figure 6a). The initial humidification ensured less mechanical stress to the skin during the

adhesive application. The addition of methylcellulose made the starch paste more flexible,

smoother, and more sensitive to moisture (Baker 1990). An initial mockup experiment indicated

that the moisture sensitivity of the mixture is proportional to the content of methylcellulose.

Increasing the content of methylcellulose also resulted in creating a weaker bond. The modified

properties of the mixture were advantageous for its controlled application, as well as its future

reversibility.

With the hair locks, loose hairs were collected and sandwiched between two narrow strips of 

toned Japanese paper (HP-04 Usu Mino Thin) with fresh undiluted wheat starch paste (see 

Figure 6b). After drying the paste, the paper strip with the hairs was secured to the sinew tied at 

the top with a dot of 7% Klucel G in deionised water (see Figure 6b). Klucel G was applied to 

the paper, not to the sinew. The treatments improved both physical stability and appearance of 

these fragile insect damaged elements. 
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Figure 6a. The ermine tassel before treatment (top); the same tassel after the treatment (bottom). Small 

torn pieces of toned Japanese paper were layered, starting from the edges of the loss and working inward, 

to create a hollow, three-dimensional, translucent patch that mimicked the appearance of the soft fur. 

Figure 6b. Loose detached hairs secured between Japanese paper strips (top); and (bottom) the area 

showing the Japanese paper strip wrapped securely around the sinew (see arrow) and attached to itself 

with a dot of Klucel G. 
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Stabilisation and aesthetic compensation of losses  in the mid-18th 

century ship model sails 

Description 

This ship model is a fully rigged French corvette from 1775 (MFA 32.184) with original sails 
and rigging (see Figure 7). The sails are cotton; the stitching thread is silk and the rigging is 

made from linen cording. The cotton fibres of the sails are extremely brittle and fracture easily 

with any movement. The silk and linen components are equally fragile. As a result, the sails 

have tears, splits and losses (see Figure 8). 

Figure 7. A model of a fully rigged French Corvette, 1775, before treatment. 

Rationale 

The incredibly fine, sheer fabric used for the sails was far too brittle to withstand stitching and 
the sails were not removable for overall lining. A method was sought that would be virtually 

invisible from the front, support the sails, and be applied in situ. A combination of Lascaux 

adhesives was chosen for the patches. The Lascaux mixture made a soft, but strong, adhesive 

patch that was applied using only gentle heat and finger pressure, a plus for the sometimes 

awkward working angles presented by the in situ treatment. 

Application 

To make the patching fabric, the previously dyed silk crepeline was laid out on a Teflon work 
surface and secured at the perimeter with pressure sensitive tape; a 20% solution of Lascaux 

360HV and 498 HV mixed 1:1 w/v in deionised water was applied using a fan brush. The 

crepeline was brushed repeatedly with a clean brush to distribute the adhesive as evenly as 

possible until dry. Small patches were applied to the damaged areas on each sail using a heated 

spatula and finger pressure. The slightly tacky quality of the Lascaux helped to temporarily hold 

the patches in place during heat reactivation. Very little pressure could be applied, as the sails 

are extremely brittle and prone to splitting; since a light touch was essential, the temperature 

needed to be optimal. For this treatment a heated spatula was used at 50°C and very gently 
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touched to the surface of the textile. Where the sails were in contact with sharp areas of rigging 

or spars, and in need of further strengthening, the crepeline was applied to both sides of the sail. 

Figure 8. Details, the front of the jib sail before and after treatment (top left and right). Small pieces of fine sheer 

cotton were dyed, coated with adhesive, and shaped to fill the losses in the brittle sails. Heat reactivated Lascaux 

coated silk crepeline was used to secure the fills in place and stabilise split areas on the front and back of the sail. 

Losses were filled with shaped pieces of custom dyed cotton of similar weight and 

transparency. The cotton was also brushed with the Lascaux mixture so it could also be heat 

reactivated and to allow for precision shaping with scissors. Lastly, fills were covered with a 

second piece of adhesive-coated crepeline to fix them in place. The sandwiching of the fill 

fabric was an effective way to add strength to the repair and blend the fill with the original sail 

(see Figure 8). 
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Stabilisation of the woven raffia  appliqué of the 1970s woman’s 

ensemble 

Description 

A 1970s ensemble designed by couturier, Arnold Scaasi, was treated prior to dressing on a 
mannequin for display. The ensemble (MFA 2009.4083.1-4) consists of a wool jacket trimmed 

with mink fur, a wool dress, and a mink fur hat and muff (see Figure 9). The dress has a further 

decorative detail on the bodice, to which flowers of woven raffia appliqué, rhinestones and 

beads are sewn (see Figure 10). The appliqué is a multi-laminate structure of open plain weave 

cotton fabric, a film of processed starch (dextrin) (Derrick 2010, 2009.4083.1-4), and woven 

raffia. The ensemble was in good condition overall; however the stiff raffia, being incompatible 

with the three-dimensional form of the dress, has suffered bending, breakage and delamination 

from the cotton substrate (see Figure 10). The cotton substrate was fraying wherever the raffia 

was detached; and the starch film had also become extremely brittle with numerous cracks. 

Rationale 

To prevent further breakage and improve the visual appearance, the broken appliqué was 
stabilised prior to its display. Considering the nature and construction of the appliqué and the 

potential mechanical damage to the brittle starch film by stitching, adhesive treatment was 

chosen. As distinctly different layers, the raffia and cotton substrate required separate 

treatments. Since most of the damages were limited to individual areas of appliqué, the 

treatment was done in situ without releasing the stitching. 
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Figure 9. An overall photograph of the ensemble 

(2009.4083.1-4) (©MFA, Boston). The ensemble was custom 

made for American actress, Barbra Streisand by American 

couturier, Arnold Scaasi in the 1970s. 

Figure 10. The area of the bodice with broken raffia appliqués before treatment (left); and the same area after 

the treatment (right). The locally applied Japanese paper patches stabilised and visually compensated the 

broken raffia appliqués. 

495



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Application 

Firstly, a small amount of deionised water in ambient temperature was locally applied to the 
surface of the appliqué, using the Preservation Pencil connected to a humidifier. The starch 

film, bent raffia and frayed cotton were realigned without introducing much stress. Secondly, 

the frayed cotton backing was locally secured onto Stabiltex coated with 15% Lascaux 498HV 

in deionised water (w/v) (two coats by brush on polyethene casting bed). The underlaid 

adhesive patch was reactivated by a heat spatula set at 90°C; and set by gentle pressure 

introduced from the top, using a small dental spatula. Thirdly, the broken raffia was repaired 

with adhesive-coated toned Japanese paper strips (W-1 Tengucho), prepared in the same 

manner as the Stabiltex patch. Where raffia was missing, a piece of thicker, colour-matched 

Japanese paper (HM-36 Senka-Shi Medium) was adhered to the stabilisation patch to 

compensate the loss. Again, the 15% Lascaux solution was used, however, due to the limited 

surface area, it was more successful to reactivate the adhesive with acetone applied by brush. 

Finally, loose raffia strips were re-adhered to the cotton substrate with undiluted Lascaux 

498HV (see Figure 10). 
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Consolidation of powdering fibres 

Description 

The last case study involves two consolidation treatments done in the same method: the 
embroidery silk threads on a Spanish Colonial leather trunk (MFA 15.842) and the tacking 

margin of the linen canvas of the mid-18th century American embroidered picture (MFA 

44.750). The fibres in both cases had degraded to the point of powdering and were extremely 

mechanically weak. The trunk was constructed of a wood frame and pierced and tooled sheets 

of leather embroidered with sisal and silk threads. The silk yarns on the trunk were faded, 

splitting and powdering – they were in far worse condition than the other embroidery threads. 

The edges of the linen canvas of the American embroidery were extremely brittle and flaking. 

Extensive losses were present already on both objects and handling even during treatment was 

difficult or impossible without incurring further damage. 

Rationale 

A method was sought to prevent further losses and strengthen what remained. To achieve this, 
an adhesive was chosen to consolidate the fibres. Klucel G was chosen for this purpose because 

it is flexible, matte and miscible in solvent. A 2% solution of Klucel G was mixed 95: 5/ 

ethanol: deionised water w/v to prevent any discolouration from migration of degradation 

products and soiling. The predominance of ethanol made the solution dry quickly without 

spreading adhesive or creating tidelines. It should be noted that since organic solvents can 

discolour or dissolve certain dyes (Timar-Balazsy and Eastop 1998), the blue dye was tested for 

colour fastness in both water and ethanol before consolidation. 

Application 

The consolidant was applied to the yarns individually by fine brush under magnification. For 
the blue silk yarns, two applications of adhesive were necessary to strengthen and realign the 

fibers. The linen canvas also received two applications where it was hemmed, one from the face 

and one from the reverse; however one application was sufficient in un-hemmed areas. In both 

cases the consolidation with Klucel G was successful at strengthening the fibres so they could 

withstand some manipulation. Powdering was no longer a problem after treatment and there 

was no visible change in appearance due to the addition of an adhesive (see Figure 11). 

497



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Figure 11. Top: a detail of damaged silk yarns on the Spanish Colonial trunk before (left) and after consolidation 

(right). Bottom: a photo macrograph of the margin of the linen of mid-18th century American embroidered picture 

before (left) and after consolidation (right). In both examples there was essentially no visible change, but the 

mechanical stability was greatly improved. 
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Conclusions 

The case studies above demonstrate how fairly simple adhesive treatments can be modified and 

refined to achieve success with very fragile or complex textiles and textile related material. The 

success of these treatments is due to subtle adjustments in the application method, a careful 

understanding of the objects’ surface, and the selection of an appropriate adhesive and substrate. 

The challenge when using adhesives in conjunction with textiles is to make these virtually 

irreversible treatments successful without imposing noticeable changes in the flexibility, 

appearance, and feel. Many of the case studies show that the choice of an adhesive, when 

customised to the object's needs and treatment objectives, can provide effective support while 

creating a pleasing visual and tactile result. Though the treatments use readily accessible 

materials and tools, they demonstrate the importance of subtly tailoring the application method 

to greatest advantage - therein lies the success. 
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Materials and Suppliers 

Acryloid B72 (ethyl methacrylate copolymer) 
supplier: Talas (http://talasonline.com/) 

Japanese papers 
(HM-1 Tengucho, W-1 Tengucho, HM-36 Senka-Shi Medium, HP-04 Usu Mino Thin) 
supplier: Hiromi Paper, Inc. (http://store.hiromipaper.com/) 

Klucel G (hydroxypropylcellulose) 
supplier: Talas (http://talasonline.com/) 

Lascaux 360 HV (butylacrylate, methyl methacrylate copolymer) 
supplier: Talas (http://talasonline.com/) 

Lascaux 498 HV (butylacrylate, methyl methacrylate copolymer) 
supplier: Talas (http://talasonline.com/) 

Methyl cellulose (methylcellulose) 
supplier: Talas (http://talasonline.com/) 

Nori Wheat Starch Paste (packed ready to use wheat starch paste) 
supplier: Hiromi Paper, Inc. (http://store.hiromipaper.com/) 

Preservation Pencil, Model 805-0001 
supplier: Univeristy Products (https://www.universityproducts.com) 

Silk Crepeline (sheer, lightweight, open weave 100% silk fabric) 
supplier: Testfabrics, Inc. (http://www.testfabrics.com/) 

Stabiltex (Tetex-TR) (sheer, lightweight, open weave 100% polyester fabric) 

supplier: Testfabrics, Inc. (http://www.testfabrics.com/) 
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Pragmatism With Past Adhesive 

Treatments 

Zenzie  Tinker 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

Despite a long  history of using  adhesives in textile conservation in the United Kingdom, 

their use as an initial treatment is rare. Textiles with previous adhesive history are now 

increasingly beginning to require further conservation. The presence of the old adhesive, 

the effect of the original application method, and the current condition of the object all 

further complicate the decision-making process. This paper will  outline the main  reasons for 

considering reversal and re-treatment of such textiles, while  also exploring the occasions 

when  it might not be possible or desirable to choose  this option. The issues  will  be 

illustrated in part by examining the treatment of two large furnishing textiles conserved 

recently: an 18th-century Mughal  tent hanging and a set of 18th-century bed hangings. 

Their respective histories and failing adhesive supports make  interesting comparison, as 

does their subsequent conservation, demonstrating the need  for flexibility, pragmatism, and 

an approach informed by experience. 

Titre et Résumé 

L’évaluation pragmatique de traitements 

aux adhésifs antérieurs 

Même  s’il existe, au Royaume-Uni, une  longue tradition d’utilisation d’adhésifs pour assurer 

la restauration de textiles, leur emploi comme matériaux de traitement initial est 

relativement rare. Les textiles qui ont été traités au moyen d’adhésifs par le passé sont 

aujourd’hui de plus  en plus  nombreux à exiger des travaux de restauration additionnels. La 

présence d’anciens adhésifs sur un objet, les effets de la méthode d’application d’origine et 

l’état actuel de l’objet sont tous des éléments qui rendent encore plus  complexe le 

processus de prise de décisions. Le présent article traite des principales raisons qui 

permettent d’envisager l’enlèvement des adhésifs présents sur des textiles de ce type et 

l’exécution de nouveaux traitements, ainsi  que des cas où il n’est peut-être pas possible, 

voire souhaitable, d’adopter cette approche. Les sujets pertinents seront en partie illustrés 

au moyen de l’étude de deux  tissus de mobilier de grandes dimensions qui ont été 

récemment restaurés, soit une  tenture de tente moghole datant du XVIIIe  siècle  et un 

ensemble de tentures de lit du XVIIIe  siècle. Leurs histoires respectives et les défaillances 

des adhésifs distincts permettent d’établir des comparaisons intéressantes, tout comme la 

nature des divers travaux de restauration subséquents. Les résultats démontrent 

l’importance qu’il  faut accorder à la souplesse d’esprit pour aborder la question, à 

l’évaluation pragmatique du problème et à l’adoption d’une  approche judicieuse basée sur 

l’expérience. 
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Pragmatism With Past Adhesive Treatments 

On the rare occasions when textile conservators want to undertake an adhesive treatment, 

they are well-versed in carefully considering both the choice of adhesive and the application 

technique (Hillyer et al. 1997). In the UK, however, it is in fact far more common to revisit 

a textile with a previous history of adhesive use that now requires further conservation. 

Textile conservation has a long and well-documented history of adhesive application. As the 

range of available adhesives has grown, so too has the profession’s understanding of the 

mechanics of adhesives on historic artefacts. Application methods have evolved and become 

more refined and the last twenty years have seen much evaluation of the use of adhesives 

(Hillyer, 2010). However, many of the textiles treated with adhesives since the late 1950s 

now require further treatment. Both the presence of the old adhesive and the effect of the 

original application method further complicate the decision-making process facing the 

conservator today. 

This paper outlines the main reasons for considering reversal and re-treatment of an 

adhesive-supported textile while also exploring the occasions when it might not be possible 

or desirable to reverse a past treatment. The issues are illustrated in part by examining two 

large furnishing textiles re-conserved recently in the author’s conservation studio: an 18
th

century Mughal velvet tent hanging owned by a major Asian museum and a set of early 18
th

century velvet bed hangings made for a state bed in an historic house in England. They 

make an interesting comparison. Both had different adhesive treatments that had failed, 

leaving them extremely vulnerable with brittle detaching fragments (see Table 1). Their 

different treatments demonstrate the complex decision-making processes necessary before 

re-conservation can be safely undertaken. Assessing the condition of the textiles and the 

condition of their respective adhesive supports was paramount before treatment proposals 

could be made. 

Description of Textiles 

The Mughal tent hanging or Qanat (1997.2617, Asian Civilisations Museum, Singapore – 

see Figure 1), probably manufactured in Rajasthan, was made up of panels of red silk 

velvet. Each was stencilled and painted with gold leaf, in a design of three decorative arches 

enclosing large, formal flowering poppy plants bordered by foliage. (A panel which is 

thought to be from the same tent hanging is in the Victoria & Albert Museum, London, 

IM.30-1936). 

The bed hangings of green silk voided, cut and uncut velvet are part of an elaborate state 

bed from the National Trust property Hardwick Hall, Derbyshire (HHE/F/321: see Figure 

2). The bed comprises four hangings, base valances, upper inner and outer valances, 

headboard, head-cloth and tester all constructed of the same velvet and trimmed with 

elaborate silk passementerie. 
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Figure 1 (left). View of tent hanging before conservation. 

Figure 2 (right). Bed hangings. 

Table 1: Summary description and condition of tent and bed hangings 

Mughal tent hanging (see Figure 3) Bed hangings (see Figure 4) 

Description 

Red velvet with silk pile and cotton warp, stencil- 

printed gold leaf design. 18th Century 

Dark green complex weave silk velvet. Early 18th
 

Century 

Cotton lining, not known if original Polyester replacement linings 

10 widths of velvet 

270 cm h x 440 cm w 

Head curtains: 2 x 3 widths of velvet 

330 cm h x 170 cm w 

Foot curtains: 2 x 6  widths of velvet 

330 cm h x 330 cm w 

Hand-stitched together with silk thread Hand-stitched together with silk thread 

Condition of textile 

Very poor condition; unable to hang safely despite 

previous adhesive treatment 

Vulnerable. But still able to hang relatively safely due 

to previous adhesive treatment 

Ground crisp and weak with extensive splitting 

Minimal areas of loss 
Ground weak with splitting and large areas of 

loss/holes (now filled by previous conservation) 

Horizontal splits throughout and some vertical splits, 

causing stiff flaps of velvet to protrude from main body 

of textile 

Horizontal and vertical splitting and shredding in many 

areas; flaps of velvet protruding from hangings 
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Top edge particularly weak, presumably due to weight 
of damaged textile when hanging 

Weakness not confined to particular areas due to 
historic piecing -together of velvet as hangings became 

damaged with use 

Pile substantially worn, leaving extensive bald areas 

where warp and weft are exposed. Existing pile dusts 

off when touched 

Pile still exists in most places although it dusts off 

when touched. Weft damaged and warp fully-exposed 

in some areas 

Some patched and pieced repair, possibly 

contemporary to use of tent hanging 

Hangings extensively altered and pieced together since 

original construction 

Numerous stiffly held creases; exacerbated by adhesive 

treatment. Also some creasing due to original 

application of gold leaf pressed onto wet Gum Arabic 

Over-tight lining also constraining hanging 

Some creases; predominately caused by adhesive 

treatment but some also due to gathered hanging 

position 

Over-tight linings also constraining velvet curtains 

Poorly-tensioned seams due to original construction Problems with seam tension, possibly due to adhesive 

treatment rather than original construction 

Unsightly, cobbled stitched repair prior to adhesive 

treatment 

Varied stitched repair undertaken prior to adhesive 

treatment, some visually-disturbing 

Some painted infilling of splits N/A 

Figure 3 (left). Tent hanging: detail of condition. 

Figure 4 (right). Bed hanging: detail of condition. 

In the UK, textile conservators have probably learnt more about the use of adhesives from 

studying and revisiting past treatments than from scientific testing programmes, essential 

though these are to our choice of adhesive when considering a new treatment. Past adhesive 

treatments have shown clearly that there have been a great many successes, both in terms of 

long-lasting treatments and reversals (Lewis 1998). 

The issue of reversibility can be thorny and complex, particularly when choosing whether to 

undertake an adhesive treatment. Problems with reversibility can perhaps be unfairly 

emphasised with regard to adhesives and specifically thermoplastics. Experience has shown 

that many of the thermoplastics used in the UK over the last fifty years are fully reversible 

(Hartog and Tinker, 1998). Starch adhesives, on the other hand, which have seen a big 

increase in usage in textile conservation since the early 1990s, have proved to be far more 

problematic to reverse without major interventions, which many textiles cannot withstand 

(Brooks et al. 1995). With the recent developments in solvent reactivation techniques 

increasing the occasions when an adhesive might be used (Lennard and Ewer 2010), textile 
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conservators also need to consider the effect of different application methods on 

reversibility. Solvent reactivation can cause the adhesive to penetrate the textile fibres more 

fully than heat reactivation. One advantage of heat reactivation is that the adhesive usually 

remains as a distinct layer bonding the textile and support material, making them easier to 

reverse. 

When considering reversibility it is also wise to remember that re-treatability is actually the 

more important issue – can the object be safely re-treated if needs be? This is particularly 

relevant when considering re-treating an adhesive-treated textile because adhesives were 

often used as a last resort for an extremely degraded object deemed too damaged for any 

other treatment. Re-treating such a textile can therefore be quite daunting due to the 

condition of the textile rather than to the presence of the adhesive. If one is undertaking a 

last-resort treatment, how important is reversibility anyway? 

When  Might Reversal be Desirable? 

There are many instances when reversal or re-treatment of a textile with a past adhesive 

support may be necessary or desirable. The tent hanging and the bed hangings illustrate 

some of these considerations. (This section of the paper is based on notes prepared by 

Lynda Hillyer and Zenzie Tinker for the Adhesives Today Workshop, Victoria & Albert 

Museum, 2001). 

Poor application-method or outdated technique 
Poor application-methods are probably one of the major reasons for adhesive supports 
breaking down and requiring further treatment. The tent hanging clearly illustrates this 

point. Other techniques, although not so badly executed, have also become outdated, such as 

the double-sided support of the bed hangings. Experience has shown that adhering three 

textile layers together is often problematic, as this creates complex tensions between the 

layers, particularly in an uncontrolled environment. 

Use of poor or unsympathetic materials 
Poor materials need little explanation. An example of unsympathetic use of materials might 
be an adhesive-treated net support of a surface-sensitive weave such as satin or watered silk; 

the net weave often leaves an imprint on the face of the textile. The tent hanging was 

supported using unsympathetic materials; over-heavy cotton with too stiff an adhesive paste 

left it rigid. 

Degraded support or adhesive bond 
Support materials can obviously distort or weaken and degrade to the point where they no 
longer support the textile. For example, net weave adhesive supports have sometimes been 

seen to distort once applied to textiles. This can be due to differential movement of the less 

flexible textile and the more stretchy net support or because the net was distorted during 

adhesive application. More commonly, adhesive bonds fail at particular points (edges of 

holes, splits, along seams etc) due to a lack of supplementary stitching. Both the tent 
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hanging and the bed hangings showed adhesive bond failure associated with the areas of 

damage (see Figure 5). 

Figure 5. Failure of adhesive bond, bed hanging. 

Inappropriate use of an adhesive 
Adhesives are not appropriate for the treatment of all textiles. Using an adhesive with very 
degraded, dusting fibres will rarely work due to the dust inhibiting adhesion. Neither will 

the adhesive support of tapestry or other complex weaves unless supplemented by stitching. 

Attaching an adhesive support to the back of a weak, complex-weave fabric can pull the 

weave structure apart. This is particularly noticeable with tapestries which frequently 

change dimensions in response to fluctuating environmental conditions. 

New demands for use/display 
A past adhesive treatment designed for a particular purpose may no longer be adequate for 
another; for example, a textile treated with a lightweight adhesive support supplemented by 

a padded board may now require reversal and re-treatment to enable it to hang freely or be 

used as originally conceived. 

The condition of the object may  have  deteriorated 
Obviously the condition of conserved textiles can still deteriorate, resulting in the adhesive 
support becoming inadequate for the worsening condition of the object; re-treatment may be 

necessary. 

Ethical reasons/the integrity of the object 
Intellectual or technical advances can prompt the re-interpretation of textiles treated in the 
past, thus changing the conservator’s approach. If, for example, it is shown that the textile 

has been incorrectly reassembled, complicating interpretation, reversal may be desirable. A 

previous adhesive support may also be obscuring something now considered important such 

as original construction. 

As can be seen, there are many reasons why reversal and re-treatment might be desirable. 

As with the two hangings covered by this paper, the object may present a complex 

combination of factors. Detailed condition-assessment of not only the textile but also of the 
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previous adhesive support is therefore essential. An assessment of the past treatments of the 

tent and bed hangings is outlined in Table 2. 

Table 2: Summary description and condition of previous adhesive treatments 

Previous adhesive treatment of tent hanging Previous adhesive treatment of bed hangings 

Thought to have been recently undertaken, just prior to 

sale at auction in 1990s 

1980s treatment 

Non-professional repair Professional conservation 

Partial, pieced support of cotton; no regard to original 

construction 

Full support of polyester Stabiltex and dyed silk 

backing-layer applied with no reference to original 

seamed construction 

Heavy, unevenly-applied starch paste appears to have 

been directly painted wet onto reverse of textile, cotton 

support-patches pressed into position. Brush marks 

visible. 

Reasonably heavy thermoplastic film (probably 

Mowilith DMC2) cast double- sided onto polyester 

Stabiltex support, allowed to dry and then laid by hand 

onto reverse of textile with silk interlining laid on top. 

Adhesive re-activated with heat via vacuum hot-table 

Very badly-applied support causing numerous creases, 

folds and tension problems in textile as paste dried and 

possibly also as cotton shrank. 

A few tension problems where adhesive support is too 

tight and causing small bubbles or pleats in velvet 

No supplementary stitching No supplementary stitching 

Adhesive has penetrated fibres of textile yet does not 

hold support in good contact with textile 

Majority of adhesive support remains well-bonded to 

textile and silk interlining layer 

Bond breaking down unevenly throughout Bond remains fairly good throughout but is 

delaminating from textile along splits and holes 

Adhesive treatment not providing support intended; 

textile too weak to hang 

Adhesive treatment still providing good overall support 

as intended; textile still able to hang but with specific 

areas of vulnerability 

Support can be peeled from textile without too much 

damage if removed along direction of splits, meaning 

that adhesive bond is weaker than textile 

Support could not easily be removed mechanically 

without causing extensive damage to textile, meaning 

that adhesive bond is stronger than weakened structure 

of textile 

After removal of support, most of adhesive remains 
embedded in structure of textile 

N/A as too damaging to remove mechanically 

Adhesive (starch) residue not fully reversible Adhesive would be fully reversible by using an 
appropriate solvent if required 

When  Might Reversal be Inadvisable? 

With unsatisfactory past adhesive treatments, it is tempting to assume one can automatically 

improve the situation by reversing them and starting again. However, there are many 

reasons why this may not be possible or advisable. The challenges and issues surrounding 

reversibility and re-treatment of past adhesive supports are also much magnified when 

dealing with objects as large as the tent and bed hangings. 
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The textile might in fact be too weak  to withstand further intervention 
Adhesives were often used in the past as a last resort, meaning that extremely fragile 

textiles were treated. Both the tent and bed hangings were very weak and fragmented. 

Risk of damage, either to the object or to the conservator(!) during the 

reversal process may  outweigh the benefits of starting again 
This was a real consideration with the processes considered for reversing the starch 
absorbed into the tent panel. Whilst reversal of the PVAC (polyvinyl acetate) treatment of 

the bed hangings was theoretically possible, their fragility and sheer size meant reversal 

would be problematic. 

The previous adhesive treatment may  well  be sound  enough to require 

no more than supplementary stitching or an additional lining 
The adhesive support of the bed hangings was only failing around splits and areas of loss, 
and so was a good candidate for additional stitching to reinforce the previous adhesive 

treatment. 

There may  not be time to undertake a lengthy reversal and re-treatment 
As well as the practicalities of re-treatment, time and therefore economics usually have to be 

factored into the equation. This was certainly a consideration in the treatment proposal for the 

bed hangings; reversal was theoretically possible, if risky in some of the more degraded areas 

of velvet, but probably impracticable in terms of time and budget. 

It is interesting to note that one of the factors driving the development of large-scale textile- 

adhesive treatments in the UK in the past may well have been to save time and therefore 

money. The size and quantity of deteriorating textiles in UK museums, and even more so in 

historic houses, may have made very time-consuming stitched treatments uneconomic. 

Stitching was also rarely used in conjunction with early adhesive treatments because 

practitioners did not yet fully understand the mechanics of adhesive supports and the vital 

role of supplementary stitching. Interestingly, discussions with one of the conservators 

involved in the original treatment of the bed hangings revealed that this project was 

instrumental in her realisation of the importance of supplementary stitching. 

The Subsequent Re-treatment of Both Textiles 

For the reasons discussed above, although past experience had shown that previous PVAC- 

treatment of textiles such as the bed hangings can be successfully reversed using a variety of 

techniques including both mechanical and chemical, it was decided instead to leave this past 

treatment undisturbed and to reinforce it with extensive supplementary stitching. (The 

National Trust had specified supplementary stitching rather than reversal of the treatment in 

the tender documentation. The assessment of the author and her team concurred with this 

view. However, the National Trust’s tendering system allows for differing treatment 

proposals to be considered at the outset of the process if the conservators want to suggest a 

different approach.) 

510



Proceedings of Symposium 2011  – Adhesives and Consolidants for Conservation 

The total size (33 m²) of the four hangings, the weak, powdery condition of silk velvet pile 

and the overall strength of the adhesive bond were the major considerations as were the 

economics of reversal and re-treatment. While one could be critical of some aspects of the 

previous application technique — the lack of consideration for seam-structure, misalignment 

of the weave in some places, some over-tightness of support and the use of a double-sided 

adhesive support — overall the previous treatment was still holding and could be 

supplemented to good effect. 

Stitching tests indicated that although the velvet was very weak, the previous adhesive 

support was still giving it enough cohesion to allow stitching. A regular grid of laid 

couching in fine polyester thread was therefore carefully worked through the velvet and 

through the supporting layers of adhesive-treated Stabiltex and green silk interlining. 

Stitching was worked in and around the weak areas using 7 mm spacing, and staggered 

fixing-lines were also added through less-damaged areas to ensure even tension between the 

three layers. Around 2000 hours of supplementary stitching were worked through the four 

hangings (see Figures 6 and 7). 

Figure 6 (left). Stitching in progress, bed hanging. 

Figure 7 (right). Detail of supplementary stitching, bed hanging. 

Some loss of silk pile was unavoidable during treatment and the fragile surface of the split 

and shredded velvet remains vulnerable. However, far less of the original was lost than if 

the adhesive treatment had been reversed. The addition of the supplementary stitching 

helped restore flexibility to the hangings as it brought the three layers fully into contact with 

each other. As the bed hangings were to return to open display, hung as originally used on a 

state bed in a busy historic house, dyed nylon net was also applied to the face of the most 

vulnerable widths of velvet, to help further protect both the velvet and the conservation 

stitching. 

Unlike the bed hangings, the previous adhesive treatment of the tent hanging was so 

unsatisfactory that removal of the heavy cotton support and starch paste was essential to 

enable any further treatment. The cotton peeled off relatively easily but the rigid, unevenly- 

applied starch paste was far more problematic. (Analysis by Dr B Keneghan, Senior 

Conservation Scientist, Victoria & Albert Museum, showed that the adhesive was 96.14% 

starch.) The stiffened, splitting condition of the velvet made a stitched support difficult 
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without first providing the coherence of an adhesive support. However, the uneven starch 

residue and severe creasing would first need to be removed or much reduced for this to be 

successful. 

A variety of starch-removal techniques was investigated (including Albertina Kompress, an 

amylase poultice, and an Agarose seaweed poultice), but most required using far more 

moisture than was safe for the water-sensitive Gum Arabic securing the gold leaf 

decoration. Non-aqueous solvents for starch (N-methyl-2-pyrrolidone and propylene glycol 

with urea) were also rejected, as they required so much flushing-through of organic solvent 

that they were unsafe to use. (Dr Paul Wyeth, Conservation Scientist, Textile Conservation 

Centre, Southampton University, advised on the use of N-methyl-2-pyrrolidone.) 

The final conclusion was that a controlled-moisture poultice softened the starch enough to 

allow the thicker starch layers to be scraped off the back of the velvet. It was a delicate 

balance between reducing the thickest residues while not breaking the delicate silk loops on 

the back of the velvet and thus dislodging more velvet pile. This compromise partial- 

reversal allowed the worst areas of encrusted starch to be reduced (see Figure 8), but 

accepted that much starch remained absorbed in the structure of the textile. We were 

reassured however by the knowledge that starch remains relatively stable and inert (Daniels, 

1994). 

Figure 8. Scraping starch residue from reverse of tent hanging. 

Importantly, poulticing the tent hanging also allowed the severe creasing to be reduced 

enough to make a new adhesive treatment viable. Rather than re-treat the textile with 

another starch adhesive as before, the decision was made to use Beva 371 carried on 

polyester Stabiltex. This was chosen for lightness, flexibility and strength. A sprayed 

support of Beva diluted 1:3 in petroleum spirit was prepared, gradually building up 24 fine 

coats on the face of Stabiltex. Once dry and allowed to off-gas, the support was applied by 

hand with a heated spatula to each width of velvet. The stitching holding the ten panels 

together was weak and splitting, and so the panels were separated for safety and ease of 

handling. Care was taken to work the support into the still uneven and stiff reverse of the 

velvet, ensuring full contact between adhesive support and textile. Once fully-supported, 
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each width was placed on a vacuum hot-table (set at 68ºC for two minutes at 40 mb 

pressure) to ensure even application of the support. 

The new adhesive support was successful in that it consolidated the fragmented velvet and 

enabled stitched support to be provided to what had previously been unstitchable (see 

Figures 9 and 10). Each panel was laid over dyed cotton and the splits further supported 

with laid couching worked in fine polyester thread. The widths were reassembled into the 

complete tent hanging and given a lightweight lining to protect the conservation stitching. 

Contact fastener along the top edge allows vertical display against a fabric-covered board. 

Figure 9 (left). Detail of supplementary stitching. 

Figure 10 (right). View of tent hanging once re-supported. 

Conclusion 

There are a variety of complex and often inter-related reasons why one might want to reverse 

a previous adhesive treatment. Experience has shown that many past adhesive treatments do 

reverse fully and successfully, but there are reasons why this may not always be advisable. 

Textile conservators therefore need to bring pragmatism into the decision- making process. 

Careful assessment of both the current condition of the textile and of the past adhesive 

treatment is essential. The conservation of both the tent and the bed hangings illustrates the 

need for a flexible approach, particularly when dealing with very large, fragile textiles. The 

previous adhesive support of the bed hangings was left intact, and extensive stitching worked 

to supplement the failing adhesive bond. This approach proved successful in that it helped 

restore flexibility and strength to the velvet. Conversely, the very poorly- executed previous 

adhesive support of the tent hanging could not be satisfactorily supplemented without 

reversal. Despite problems with fully reversing the previous starch- treatment, the new 

adhesive support successfully consolidated the fragmented tent hanging, making a full 

stitched support possible. 
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Materials and suppliers 

Albertina Poultice (ready-to-use amylase enzyme poultice) 

Klug  Conservation 

Walter Klug  GmbH  & Co., KG 

Badeweg 9 

DE – 87509 Immendstadt 

GERMANY 

www.klug-conservation.com 

Cotton, plain  weave, ready to dye 

Whaleys Bradford Ltd 

Harris Court Great 

Horton BRADFORD 

BD7 4EQ UK 

www.whaleys-bradford.ltd.uk 

Dyes  (Lanaset and Solophenyl Ciba dyes) 

Lanaset Ciba Dyes 

Town  End (Leeds) Ltd 

Silver Court 

Intercity Way 

Stanningley 

LEEDS LS13 4LY 

UK 

www.dyes.co.uk 

BEVA 371  adhesive (ethylene vinyl acetate copolymer) 

AP Fitzpatrick 

142  Cambridge Heath Road 

LONDON E1 5QJ UK 

www.apfitzpatrick.co.uk 

Nylon  Conservation Net (20 denier monofilament) 

Dukeries Textiles 

Spencia  House 

15A Melbourne Road 

Westbridgeford 

NOTTINGHAM NG2 5DJ 

UK 

Petroleum Spirit (120-160°C ‘AnalaR’  1*1) 

RNL Slaughter Ltd 

Unit 11-12 Upminster Trading Park 

Warley Street 

Upminster 

ESSEX RM14 3PJ UK 

www.slaughter.co.uk 

Polyester Mara threads, various 

Gűtermann GmbH 

Landstrasse 1 

79261 Gutach 

Germany 

www.guetermann.com 
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Abstract 

This paper presents the results of an investigation of the action of water on granitic materials 
consolidated with commercial formulations of ethyl silicates. 

Three types of actions were tested in the laboratory: 
• cycles of temperature and humidity
• long-term water immersion
• cycles of absorption followed by drying of liquid water

Ultrasound measurements were used to monitor changes during the “aging” processes. [Existing 
knowledge in this field allows us to consider this method one of the best choices for 
characterization of fissured rocks such as granites, in particular when used in a comparative 
manner.] 

The results of these tests indicate that these ethyl silicates currently used in conservation are 
sensitive to the action of water. Although this sensitivity is not limited to these products, they 
are particularly vulnerable — even if the consolidant has a composition that makes it water- 
repellent. 

Titre et Résumé 

L’effet de l’eau sur la durabilité des matériaux 
granitiques consolidés avec des silicates d’éthyle 

Dans le présent travail nous avons étudié l’action de l’eau sur les matériaux granitiques 
consolidés avec différentes formulations commerciales de silicates d’éthyle fréquemment utilisés 
en restauration et conservation de la pierre. 

Les essais de laboratoire comprenaient trois types d’actions : 
• les cycles de température et d’humidité;

• l’immersion prolongée dans l’eau;
• des cycles d’absorption de l’eau suivie de séchage.

Pour évaluer les changements qu’entraînent les processus de « vieillissement », on a utilisé la 
vitesse de propagation des ondes élastiques. La vaste expérience acquise avec cette méthode 
indique qu’elle est l’une des meilleures solutions pour la caractérisation de roches fissurées 
comme les granites, en particulier lorsque le procédé est utilisé dans une perspective 
comparative. 

Tous les essais indiquent que les silicates d’éthyle sont sensibles à l’action de l’eau. Bien que 
cette sensibilité n’est pas exclusive à ces produits, ils sont particulièrement vulnérables, et ce, 
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même si un effet hydrofugeant complémentaire, associé à la composition de l’agent de 
consolidation, est présent. 

Introduction 

Ethyl silicates, as they are known by practitioners or referred in conservation literature, are a 

large family of products used for a long time as consolidants on several types of materials, 

namely on stone. Since the very beginning they were extensively used to consolidate 

limestones, sandstones or marbles and an important number of publications after Laurie and 

Schaffer (1932) and then Bosch (1972) present results on their behaviour on these types of 

substrates were published. Their use to consolidate granitic materials is more recent and in some 

way conditioned by a prejudice involving the inability to consolidate granitic materials, still 

very current in the 1990s. 

Past builders of our monuments often sculpted and shaped already decayed materials extracted 

from local outcrops used as quarries. The pollution and the systematic use of incompatible 

materials in modern times introduced other relevant decay agents. The use of incompatible 

mortars (with some Portland cement incorporated, for instance) is recognized harmful factor for 

stone. Flaking, contour scaling and granular disintegration are very common in granitic decayed 

surfaces and responsible for the fast erosion rates observed in practice. 

Granitic materials present in monuments are characterized by the existence of fissure-like voids 

and low porosity, but also by a high variability of mineral composition and textures, where 

quartz and feldspars are the major components. All these distinctive aspects control the physical 

and mineralogical characteristics of those materials and are key-parameters in consolidation, 

namely when alkoxysilanes are involved to achieve a mass consolidation effect. 

Generally speaking and despite the great variability of compositions available on the market, 

ethyl silicate-based products are recognized for their good capability to penetrate deeply into the 

materials and therefore a bulk consolidation of decayed material can be reached. In fact, the low 

viscosity and the ability to form Si-O-Si bonds, considered relatively strong and stable, are two 

properties often cited to justify the use of alkoxysilanes for the consolidation of stone, even 

when exposed to outdoor conditions. The chemical similarity of these gels with silicate minerals 

was used to support the idea of great resistance when submitted to weathering; actually, silicate 

minerals are not always stable phases and these gels are not comparable to them. Nevertheless, 

the gels formed after hydrolysis and condensation of ethyl silicate-based consolidants are 

chemically compatible with silicate substrates, fulfilling one important selection criterion for 

the choice of the product to be used. The information available (Elfving and Jäglid cited in 

Wheeler 2005, p. 39, 40) indicates the possibility of chemical bonding between the major 

granite components (quartz and feldspars) and the gels formed. 

Some words must be added about the context of this work. In the frame of the “Granitix 

Project”, an European Commission research project (1991-1994) on degradation and 

conservation of granitic rocks used in megalithic monuments, several types of consolidants 

were tested in laboratory conditions, including Wacker OH. Later, this subject was pursued 

using different products and tests involving Rhodia ethyl silicates. More recently, the works of 
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Wheeler (2005) and (2008) on alkoxysilanes used in stone conservation added practical and 

relevant information about the characteristics, behaviours and diversity of the gels allowing us 

to better understand our own results, some still unpublished. 

For all these reasons, in this paper some information obtained on different “ageing” tests 

performed in the laboratory is compiled. Different varieties of granites were treated with some 

of the most currently used commercial ethyl silicate-based products. The results are presented 

and discussed, taking into consideration the consequences of their behaviour for the in-practice 

consolidation of granitic materials. 

Some Relevant Questions Concerning the Consolidation of 
Granites with Alkoxysilanes 

As it is well recognized, the efficiency of a consolidant is determined by the capability of the 

liquid to migrate inside the system of voids. For alkoxysilanes, the product´s viscosity and the 

composition of the solvent, among others, determine the properties of the formed gel; the 

formation of this gel starts with hydrolysis followed by condensation reaction, making the 

presence of water molecules crucial for the polymerization to progress. 

Even when decayed, granites are low porosity rocks and absorb small amounts of product. 

Consequently, very low quantities of product remain inside the porous network after 

polymerization. In these circumstances, it may be questioned whether the desired consolidation 

can be guaranteed when only a small amount of consolidant is present inside the material. 

Some laboratory results can clarify the doubts and ultrasonic methods are considered very 

useful to evaluate stone consolidation in this context. 

For those who are not familiar with this technique some notes can be helpful. Natural hazards 

like earthquakes generate elastic waves that can travel and reach distant points. As it is well 

known, the reception of P-waves in a network of geographic points allows the fast identification 

of the epicentre, just after the earthquake. Less known is the application of the same principle in 

other fields of science. UPV method (“ultrasonic pulse velocity”) is one of these methods well 

established in civil engineering not only to control the quality of concrete and to detect the 

presence of cracks but also for the testing of stone. Later on, the technique was introduced in 

stone conservation by Mamillan (1972) to evaluate stone decay in monuments and to control the 

efficacy of consolidants. 

In laboratory or in the field several set-ups can be used but one of the most relevant parameters 

to be computed is the velocity of P-waves propagation. The values depend on the properties and 

the structure of the material but also on several parameters like the presence of fissures and 

cracks or moisture content. In general, the sound travels faster in denser materials and slower in 

water or air. For all these reasons, it allows to assess the degree of deterioration of the stone and 

the modifications promoted by the products after consolidation. 
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Coming back to the laboratory tests, when in direct contact with decayed granites, the product is 

absorbed at a quite fast rate that can be compared to the rates found in stones with much higher 

porosity. As an example, Wacker OH applied to a very porous limestone (open porosity of 

about 28%) and to a moderately weathered granite (2.3%) was absorbed in very different 

amounts (respectively 11.7 and 1.1 kg/m
2 

in Figure 1A), but the filling rates (percentage of

filled pores over time) are very similar (Figure 1B). After the application and in spite of the 

apparently low amount of product absorbed, the consolidation effect was very relevant, as can 

be seen in Figure 1C by the increase of the ultrasonic velocity in the treated zone of the prism. 

The original velocity obtained in the prisms before treatment (1500-2000 m/s, identified as “non 

treated granite” in the figure) was increased to around 2700 m/s after consolidation. Moreover, 

the increase of ultrasound velocity from 2700 to 3500m/s on the base of the prism (the firsts 

1.5cm) allows detection a concentration of the consolidant. It is also noticeable the interface of 

the treatment on the top of the sample marked by the slowly decrease of the velocity. 
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Figure 1 – Absorption curves of Wacker OH in granite and limestone (A and B) and the consolidation action 

evaluated by ultrasound velocity in a granite specimen (C). Note: In C, the liquid fringe reached the top of the 

prism (about 9cm height) and after polymerization, in the treated zone, the propagation of P waves is faster due to 

the better connection between the mineral components of the rock. 

The general conclusion is that, even in small amounts, this consolidant has a bonding effect 

quantifiable by non-destructive methods like ultrasonic velocity measurements, particularly 

useful on the characterization of fissured rocks. The mechanical strength results obtained in 

these samples also allow the same conclusion published by Vicente et al. (1996a) or Delgado 

Rodrigues et al. (1996a). 

The efficiency of consolidation depends on the characteristics of the gels formed. We believe 

that the durability of treatment is also dependent on them. As it is known, the “curing” or 

“polymerization” involves hydrolysis and condensation reactions that produce the gel. 

However, gels can have different characteristics depending on several factors such as; the 

original composition of the product, the prevailing environmental conditions and the chemical 

composition of the substrate, which seems to control the chemical bonds of newly formed gel. 
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The characteristics of gels formed are actually recognized as a key-aspect of the global 

performance of consolidation, yet the control of their properties inside the consolidated 

materials is not a simple task. Evaporation curves, similar to those presented in Figure 2, 

indicate different steps, namely the gelation process, here identified with arrows on B; the 

evaporation almost ceases, which means that the gel was formed (Wheeler 2005). In open-air 

conditions, after about 48 hours, the gel cracks. In this example the two gels are 

morphologically very similar in the end (Figure 2A), but it is worth noting that, under informal 

observation, the gels formed during laboratory consolidation applications usually present a 

higher index of cracks. 

Inside the stone, the process seems to be slower and it is probably different when compared 

with open-air conditions, but it is very similar when we consider very different stone substrates 

and consolidants (Figure 2C in comparison with 2B). Although informative, mass assessment 

over time is not able to give information about the characteristics of the formed gels, namely 

their crack indexes. 
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Figure 2 – Aspect of an alkoxysilane in a Petri dish (A), and mass loss during polymerization in open-air conditions 

(B) and inside the granite specimens (C). Note: In 2C, open porosity of granites: 2.6% (curves in black), and 5.5%

(curves in blue and red); Consolidants: Wacker OH - TEOS in acetone; RC70 - TEOS in white spirit; RC90 -TEOS

with methylphenylsilicone resin in white spirit and toluene. 

The cracking of the gel is a characteristic phenomenon during alkoxysilanes polymerization. 

The integration of flexible segments into the network of gels (Wendler 1996) or the inclusion of 

small particles (Yang 1998) have been proposed to decrease this effect that is considered 

undesirable in consolidation actions. Commercial products with components to reduce cracking 

are already available in the market. Research on the efficacy of the products when applied to 

granites is in progress. 

Besides original composition of the product, the influence of the environmental conditions on 

polymerization is also recognized, namely the relative humidity (RH) conditions prevailing 

during polymerization of gels (Charola et al. 1984 cited in Wheeler 2005, p. 63). The influence 

of temperature or the possible contact with liquid water on the properties of formed gels are not 

so evident. 
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Besides the observation of open-air polymerization of gels and the study of treated samples 

under scanning electron microscopy (SEM), to our best knowledge there are no systematic 

studies that correlate cracking degree, efficiency and durability of consolidation treatments for 

this family of products. 

Inside the porous system of the rock, we tried to follow the process using the changes on the 

water vapour transfer due to the opening of cracks. For this, we used the set-up of the water 

vapour permeability test based on RILEM (1980). It consists of a box were the environment 

was maintained constant (at 75% RH in the case). Small cells with slices of treated stones were 

mounted and sealed. The transfer of water vapour is made exclusively through the stone, from 

the outside to the interior of the cells. Regular weighing of cells (Figure 3C) allowed 

computation of the rate of vapour water transfer. As it is clear from the results in Figure 3A, the 

opening of cracks is responsible for the atypical shape of lines due to the changes in water 

vapour transfer in time, namely in the first part of the test (just few days after the application of 

the product). Initially the water vapour transfer is very low (step “a”), and it increase in “b” and 

after in the “c” step of the process. These results also support the consideration that the gel is 

gradually changing, at least during the 15-20 days of polymerization (transition from regime 

“b” to “c”). This interpretation of the results is based on typical results of the test, namely on 

“non-treated granite” and granites consolidated with Wacker OH, plotted also here for 

comparison (Figure 3 B). 
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Figure 3 – Water vapour permeability of samples treated with Wacker OH during (A) and after (B) polymerization. 

The picture in C represents a cell used to test a limestone sample. Note: Values measured with the “dry cup” 

method, at 75%RH gradient, in laboratory conditions (20 ±1 ºC). Additional information:”NT”- non-treated; 

“W”- Wacker OH. 

The use of this method to evaluate the cracking of the gel must consider some additional 

effects: water is needed for hydrolysis and the evaporation of the solvent promotes a mass loss, 

the interpretation of the results is more complex than it seems at first glance. 

In summary, from the results it can be considered that this test is potentially useful to evaluate 

the crack index of the gel inside the material, in particular if used in a comparative basis to 
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evaluate stone consolidation involving alkoxysilanes. Additional research is needed to evaluate 

the possibility of using it to follow physical changes of gels inside the materials or alternative 

methods for this purpose. 

Methods Used to Evaluate the Influence of Moisture on 
Durability 

Water is one of the most powerful agents of promoting chemical, physical or mineralogical 

changes in materials, as well as the transport and deposition of components that can take a 

decisive role on decay. Due to the brittleness and fragility of the gel, ethyl silicate-based 

consolidants can be particularly sensitive to the action of water, although the field evaluation in 

some places indicates that the consolidation action can last for one or two decades (Martin et al 

2002 cited in Wheeler 2005, p. 89,94). 

The action of salts and salty solutions on consolidated materials is usually a concern that 

justifies the vast number of studies published in the literature. The effect of water (in liquid or 

vapour phase) is less studied and the research involving granites is even scarcer still. 

To evaluate the behaviour of different ethyl silicate-based consolidants applied to granitic 

materials when exposed to moisture conditions three types of tests were performed: 

• Test A - cyclic changes of temperature and relative humidity,

• Test B - long-term immersion,

• Test C - wetting and drying cycles.

For these tests, two types of specimens were prepared (prism-shaped “P”, and cubic-shaped “C” 

specimens) and treated with three ethyl silicate- based consolidants: Wacker OH, Rhodorsil 

RC70 and Rhodorsil RC90 from Rhodia (identified as RC70 and RC90 in the text). They are 

commercial products very well known and studied in stone conservation. All of them are ready 

to use formulations and for this reason they were used as supplied. 

The “P” specimens (with open porosity of 2.6%) were consolidated with Wacker OH by partial 

immersion to guarantee a full impregnation. Samples of 1.5 x 3.5 x 12cm and 2.5 x 2.5 x 12cm 

were immersed up to 2/3 in height for 14 h and subsequently turned upside down for the next 10 

hours. 

Table 1 presents the quantities of product applied and retained after polymerization. 

Table 1 – Wacker OH applied and retained in the consolidated granite (“P” specimens) 

Product applied by 

immersion /full 

impregnation 

Product retained after polymerization 

(dry mass) 

(kg/m3) (%) 

Wacker OH 9.5 0.37 
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The specimens “C” were consolidated with RC70 and RC90 by capillarity, from the bottom to 

the top of the cube (Costa 2007). In this case, a different granite was used (open porosity: 

2.0%). 

Table 2 presents the quantities of the products applied and retained after polymerization. 

Table 2 – Rhodia ethyl silicates applied and retained in the consolidated granite (“C”specimens) 

Product applied by capillary 

absorption 

Product retained after polymerization 

(dry mass) 

(kg/m2) (%) 

RC70 0.5 0.04 

RC90 0.7 0.08 

Test A - Temperature and humidity cycles 
Specimens were tested in an automatic chamber from HERAEUS, programmed to reach events 

of water condensation on the surfaces of the specimens during each cycle of heating and 

cooling. Each cycle lasted for 8 hours (Figure 4). The test was conducted for 380 cycles; 

periodical non-destructive characterization was done after 120, 150, 280 and 380cy. “P” type 

specimens were used for this test. 

Some samples were characterized with destructive methods to evaluate the mechanical 

resistance after 150 and 380cy to complement the characterization done with ultrasonic methods 

present in this paper. The results were published by Vicente (1996b) and Delgado Rodrigues 

(1996b). 
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Figure.4 – Cycle of temperature –humidity 

Test B – Long-term immersion 
In this case, specimens were simply immersed in demineralised water for about 160 days. After 
40 days the test was momentarily interrupted, specimens were dried and characterized. 

Periodically the water was changed and specimens removed to be characterised with non- 
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destructive methods in wet condition. “P” type specimens were also used in this case (Vicente 

1996b; Delgado Rodrigues 1996b). 

Test C - Water  absorption/drying cycles 
This test was performed in two steps; a short wet phase followed by a long dry period. Water 

was applied by capillarity until it reached the specimen top and the water content was stabilized. 
Lateral faces of specimens were then covered to allow a unidirectional flux and let to dry in 
laboratory conditions until a constant mass was reached (usually not less than one month). Each 

cycle lasted for about 2 months and four “cycles” were done (identified as “W.1” to “W.4”). For 

this test “C” type specimens were used. 

In the case of tests A and B, changes were evaluated with ultrasound velocity (compression P- 

waves), mechanical resistance (bending strength), porosity and mass variation. Other properties 

relevant for the use of consolidants in conservation practice, such as colour changes, were also 

monitored. In the case of test C ultrasound velocity was measured along profiles (as in Figure 

1C). The results here presented were determined in dry conditions; in this case, specimens were 

dried in a ventilated oven at 60ºC (for about 72 hours or until the “constant mass” criteria was 

reached). 

Results and Discussion 

Test A 
The effect of temperature/relative humidity cycles on the consolidation action of Wacker OH 

was monitored with ultrasound velocity and the results are compiled in Figure 5. Results 

obtained for specimens consolidated with two different resins (“A”-methylphenylsilicone and 

“B”- epoxy) are also plotted for comparative purposes. 

4600 

T and RH cycles 

P waves /direct meas urement 

4200 

3800 

3400 

3000 

2600 

2200 

1800 

cccc 

Non t reat ed granit e 

0  50  100  150  200  250  300  350  400 

numbe r of cycle s T/RH 

Wacker OH 

res in A 

res in B 

Non treated 

granite 

Figure 5 – Evolution of ultrasound velocity of specimens treated with Wacker OH 

during moistening/drying cycles in a climatic chamber (test A) 
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The original values of the ultrasound velocity on non-treated specimens are also plotted for 

reference. The product retained (see table 1) promotes an increase of ultrasound velocities as 

may be seen in cycle 0, and therefore it can be concluded that the treatment was effective, and 

that the consolidation action is not far from the action induced by the other tested resins. 

However, the initial efficiency of Wacker OH drops significantly to reach a much lower though 

a relatively constant value with increasing number of cycles. The mechanical resistance also 

decreased significantly, as shown by Vicente (1996b) or Delgado Rodrigues (1996b), a result 

that the values of this non-destructive test now confirm. 

Test B 
The results of the long-term immersion test (Figure 6) show a tendency similar to that of test A. 
The initial efficiency of Wacker OH drops significantly to reach a relatively constant level at a 

much lower value. The decrease in the bending strength of specimens consolidated with Wacker 

OH after immersion is in accordance with these results, previously published Vicente (1996b) 

and Delgado Rodrigues (1996b). 
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Figure 6 – Evolution in the ultrasound velocities of specimens treated with 

Wacker OH during long-term immersion (test B) 

It must be said that resin A presents a strong water repellency behaviour due to its composition 

and this characteristic could have influenced the results. Besides, it also promotes unacceptable 

color changes to the original color of the granite, which are not possible to reverse later on any 

circumstances. 

Test C 
The water absorption/drying test is a mild test when compared with the immersion test. The 
percolation of water inside the material, followed by a slow drying process, is supposed to be a 

non-harmful action for consolidation treatments. 
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The results reported here (Figure 7) correspond to the behaviour of a slightly weathered granite. 

Some ashlars present in our monuments can have similar characteristics but usually they don’t 

require consolidation. 
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Figure 7 – Evolution of ultrasound velocity of granite specimens treated with RC70 and RC90, during water 

absorption/drying ageing phases (Water ab.1 to Water ab.4) after consolidation (test C) 

As can be interpreted from the results (Figure 7), the two ethyl silicates have different 

consolidation effects: RC90 increases the cohesion of granite more than RC70 is able to. 

Percolation of water followed by drying decreased the original consolidation but the evolution 

seems to depend on the type of consolidation treatment. In fact, RC90 consolidating action 

resisted better than RC70. 

Conclusion 

Alkoxysilanes are currently used for the consolidation of stone. Their use on granites is 

particularly relevant and it can be said that we can hardly find a substitute for them. 

In spite of the extreme variation in the formulations of products available in the market, in 

general all of them show a very good mobility on granite materials. This property is considered 

as absolutely decisive for the success of the consolidation of low porosity substrates. The 

chemical compatibility with silicate rocks is also a strong argument for their use on the 

consolidation of these rocks, and the information available indicates the possibility of chemical 

bonding between the major granite components and the gels formed, at least when the material 

to be consolidated is salt free. 
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In this paper results are presented that allow to conclude that the gels formed after 

polymerization of ethyl silicates increase the cohesion of granitic materials as was clearly 

demonstrated by the increment of the ultrasound velocities after consolidation. However, when 

submitted to conditions that involve the action of water, the original consolidation is rapidly 

changed (in the beginning of the process), even if some consolidating effect is kept after the 

test. 

The results of distinct tests indicate that ethyl silicates are sensitive to water; be it a softer action 

such as absorption and drying or a strongest effect like the one caused by total immersion in 

water. 

The explanation for this behaviour is not clear but the answer is certainly related to the 

characteristics of the gels formed. Several factors are recognized as determinant on the final 

properties of the gel but up to now their control and evaluation inside the rock was not 

systematically done. 

These results raise other questions, some of them directly related to the use of ethyl silicates in 

stone conservation practice: Is the lack of durability only a concern for granitic substrates? Can 

the use of water repellent treatments solve or mitigate the effect of water on consolidated 

materials? Can we expect that new formulations might have an improved durability when 

exposed to the presence of water? All of these questions are very relevant for the use of 

alkoxysilanes on the consolidation of granite materials and constitute important topics for 

further research in this domain. 
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Materials and Suppliers 

“Wacker OH” from WACKER (http://www.wacker.com): 
Supplied by Wacker Química Portugal. 

“Rhodorsil RC70” and “Rhodorsil RC90” from Rhodia Silicones; the company is now 
http://www.bluestarsilicones.com 
Supplied by CALDIC ESPAÑA, S.A. 

530

http://www.wacker.com/
http://www.bluestarsilicones.com/


Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Author Biographies and 
Contact Information 

Biographies et coordonnées 
des auteurs 

Dória Maria Rodrigues da Costa graduated in 
Geology from the University of Lisbon (Portugal) in 
1983. She obtained the “Suficiencia Investigadora” 
from the University of Oviedo (Spain) in 2004, and is 
currently finishing a PhD thesis on the degradation of 
granite and its conservation. She entered the National 
Laboratory of Civil Engineering as a Trainee in 1991, 
eventually becoming a Research Trainee (1994), a 
Research Assistant (1998), and a Research Officer 
(since 2007). Her main research interests are 
conservation of stone (particularly of granite), 
durability of stone, and consequences of salts in stones 
and conservation treatments. She has participated in 
EU-funded projects such as “Degradation and 
conservation of granitic rocks with application to 
megalithic monuments”; “Device for hardness 
measurements of exposed monumental rocks – 
HARDROCK”; “ON SITE monitoring of biological 
colonization of stone and plaster surfaces using field 
portable fluorescence based techniques”; and “Effects 
of weathering on stone materials: assessment of their 
mechanical durability.” 

Contact Information: 
National Laboratory of Civil Engineering 
Lisbon, Portugal 
Tel.: 351 218443359 
E-mail: drcosta@lnec.pt

Dória Maria Rodrigues da Costa obtient un diplôme 
en géologie de l’Université de Lisbonne (Portugal) 
en 1983. Elle obtient le certificat « Suficiencia 
Investigadora » de l’Université d’Oviedo (Espagne) 
en 2004, et termine actuellement sa thèse de doctorat 
sur la dégradation du granit et sa restauration. Elle 
entre comme stagiaire au laboratoire national de génie 
civil en 1991. Elle devient stagiaire de recherche 
en 1994, adjointe à la recherche en 1998 et agent de 
recherche en 2007. Elle s’intéresse plus 
particulièrement à la restauration de la pierre (surtout 
le granit), la durabilité de la pierre et l’action des sels 
sur les pierres et les traitements de restauration. Elle a 
participé à des projets financés par les pays de l’Union 
européenne comme « Degradation and conservation of 
granitic rocks with application to megalithic 
monuments », « Device for hardness measurements of 
exposed monumental rocks – HARDROCK », « ON SITE 
monitoring of biological colonization of stone and 
plaster surfaces using field portable fluorescence based 
techniques » et « Effects of weathering on stone 
materials: assessment of their mechanical durability ». 

Coordonnées : 
Laboratoire national de génie civil 
Lisbonne, Portugal 
Tél. : 351 218443359 
Courriel : drcosta@lnec.pt 

José Delgado Rodrigues obtained a degree in 
Geology from the University of Coimbra (Portugal) and 
got the degree of “Especialista” from the National 
Laboratory of Civil Engineering in Lisbon (Portugal), 
where he is currently a Principal Research Officer. He 
has participated in several European projects on the 
conservation of granitic rocks, laser cleaning, and 
development of testing tools. He has also supervised 
several MSc and PhD theses and served as a lecturer in 
several European universities as well as International 
Centre for the Study of the Preservation and 
Restoration of Cultural Property (ICCROM) courses in 
conservation. 

Contact Information: 
National Laboratory of Civil Engineering 
Lisbon, Portugal 
Tel.: 351 218443351 
E-mail: delgado@lnec.pt

José Delgado Rodrigues est diplômé en géologie de 
l’Université de Coimbra (Portugal) et a obtenu un titre 
d’« especialista » du laboratoire national de génie civil 
de Lisbonne (Portugal), où il est agent principal de 
recherche. Il a participé à plusieurs projets européens 
sur la restauration des roches granitiques, le nettoyage 
au laser et la mise au point d’outils d’essai. Il a aussi 
été directeur de mémoire et de thèse auprès de bon 
nombre d’étudiants et a été chargé de cours dans 
plusieurs universités européennes, en plus de donner 
des cours de restauration au Centre international 
d’études pour la conservation et la restauration des 
biens culturels (ICCROM). 

Coordonnées : 
Laboratoire national de génie civil 
Lisbonne, Portugal 
Tél. : 351 218443351 
Courriel : delgado@lnec.pt 

531

mailto:drcosta@lnec.pt
mailto:drcosta@lnec.pt
mailto:delgado@lnec.pt
mailto:delgado@lnec.pt


Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

The Consolidation and Bonding of 
Water-Saturated Siliceous Stone 

With Lithium Silicate — 

A Preliminary Evaluation 

Andrew Thorn 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

The consolidation of siliceous stone has received a great deal of study and has become a 
conventional treatment requiring very little further research and site-specific evaluation. The 
literature on this topic is extensive and readily found across all languages. The backbone of 
siliceous stone consolidation has been the application of ethyl silicate. Considerations of water 
repellency lead to a more considered assessment to determine whether altering water flow will 
protect or damage the stone. 

Stabilizing water-saturated stone presents a new set of criteria where water repellency and the 
water-repellent nature of ethyl silicate during application and cure render these methods 
redundant. This paper considers the specific consolidation and grouting requirements of water- 
saturated siliceous stone and discusses lithium silicate as a suitable water-compatible 
alternative to ethyl silicate. Evaluation has been carried out as a combination of laboratory and 
field evaluations. 

Titre et Résumé 

La consolidation et l’adhérence de pierre  siliceuse 
saturée d’eau au moyen de silicate de lithium — 

Évaluation préliminaire 

La consolidation de pierre siliceuse a fait l’objet de nombreuses études et elle fait maintenant 
partie des traitements classiques qui exigent très peu de travaux supplémentaires, que ce soit 
sous forme d’activités de recherche ou d’évaluation propre à un site particulier. Il existe un très 
grand nombre de publications, dans un vaste éventail de langues, qui traitent de ce sujet. 
L’élément clé du traitement de consolidation de pierre siliceuse a été jusqu’ici l’application de 
silicate d’éthyle. Une évaluation plus judicieuse des cas tient maintenant compte de 
l’hydrophobicité des matériaux utilisés, afin de déterminer si la modification de l’écoulement 
naturel de l’eau permet de mieux protéger la pierre ou, au contraire, peut l’endommager. 

La stabilisation de la pierre saturée d’eau est caractérisée par un nouvel ensemble de critères, 
en vertu desquels la nature hydrophobe du silicate d’éthyle, lors de son application et de son 
durcissement, et l’hydrophobicité de l’objet traité rendent ces méthodes redondantes. Le 
présent article traite des exigences particulières relatives à la consolidation et à l’injection de 
coulis, dans le cas de pierre siliceuse saturée d’eau; il comporte aussi une discussion sur 
l’emploi de silicate de lithium comme matériau compatible avec l’eau pouvant adéquatement 
remplacer le silicate d’éthyle. Le projet d’évaluation a été réalisé en combinant des essais de 
laboratoire et de terrain. 
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Introduction 

Ethyl silicate (tetra-ethyl ortho silicate, TEOS) has been widely used for the consolidation of 

siliceous stone (Munnikendam 1973; Charola 1994; Alonso 1992) and to a lesser extent lime- 

based materials (Pancella 1987; Saleh 1992). It replaces the earlier water-miscible potassium 

and sodium silicates (Nishiura 1988), considered unsuited to conservation through their release 

of salt forming cations. 

Ethyl silicate is limited in wet surface applications due to its initial hydrophobic liquid state but 

more critically through the cure period that renders the treated area hydrophobic for up to 8 

weeks. Water flowing through the rock during this gel phase may build sufficient pressure to 

cause stone failure. 

Lithium silicate is a more recent variant of the water-miscible silicates, free of salt forming 

cations (lithium does not form known damaging salts) and thus providing an alternative to the 

water-incompatible ethyl silicate for both consolidation and grouting. 

An aqueous treatment opens options in two directions. The first obvious benefit lies in the 

ability to apply the consolidant to water-saturated porous material without retarding moisture 

flow. The second option, discussed in more detail elsewhere (Thorn 2011) offers miscibility 

with limewater and other lime-based consolidants and grouts, providing an improved and 

compatible treatment for composite lime and silica-based plaster, fresco, and limestone. 

Lithium silicate has been evaluated as a new chemical providing consolidative benefits similar 

to ethyl silicate (Buj and Gisbert), and in this paper compares the performance variables to the 

more established consolidant. Ethyl silicate has been studied and applied by the author to 

sandstone for over 25 years and provides a performance benchmark for the current evaluations. 

Factors such as penetration, surface alteration and the regaining of surface cohesion have been 

compared to ethyl silicate and assessed simply as achieving either better or lesser results in 

relation to this reference consolidant. 

Grout success is similarly based on the ability to form a material with comparable or better 

cohesion than ethyl silicate grouts developed by the author from 1992 onwards, with similar 

material available commercially. 

The grout design criteria follow those of the ethyl silicate grout (Thorn 2010) with the only new 

parameter being the application to moist surfaces. 

Preliminary comparative use of sodium silicate revealed a problem with that material, apart 

from the very obvious salt formation, of being too strong rather than too weak. Ethyl silicate by 

contrast struggles to form a strongly cohesive and adhesive grout, particularly when injected 

into small closed voids by syringe. 

533



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Summary of Design  Objectives 

A stone consolidant should be readily available, affordable and simply applied under a range of 

weather conditions. The weathered zone should regain cohesion to a point where there is no 

further grain loss and this should be achieved to the depth of sound stone and beyond. 

Much attention has been focussed on depth of penetration but this is a more critical issue for 

coatings and consolidants that alter vapour transport characteristics. Both ethyl and lithium 

silicates will penetrate adequately into the stone. The lithium silicate was evaluated with a 

specific wet stone in mind (volcanic tuff) and able to penetrate easily through a 90mm sample at 

a rate of 1mms
-1

.

An important consideration for stone consolidation is ongoing retreatment, which has often 

been an obstacle in reapplying synthetics. Ethyl silicate has been shown to be re-applicable 

without altering vapour permeability or creating rheological zones in the surface (Snethlage 

2004). 

The full design objectives for the grout have been described previously (Thorn 2010) building 

on earlier criteria (Bouineau 1982; Ferragni 1984; Peroni 1982). The unique requirements of the 

siliceous grout, extending beyond the previous criteria, are as follows: 

1. The grout should not promote biological growth.

2. The grout should contain only stable and compatible components.

3. The colour must match its surroundings both in wet and dry conditions.

4. The material should be microscopically distinguishable from the stone.

5. The grout should be easily formulated on site.

6. The grout should be removable without threat to the original object.

7. The first treatment should not make subsequent treatments more difficult.

8. Tensile strength should be adequate to support the reattached stone spall through normal

hydrothermal cycles experienced in outdoor conditions. (Thorn 2008)

Lithium Silicate for Consolidation 

Lithium silicate improves upon earlier water-miscible potassium and sodium silicate by not 

releasing damaging salt forming cations (Buj and Gisbert), and has found application in the 

stabilization of concrete, as indicated by the commercial literature. Its high alkalinity (pH 10.8) 

is a desirable condition for reinforced concrete but presents issues when applied to siliceous 

rocks. The water miscibility of Lithium silicate has clear advantages when consolidating or 

grouting permanently wet rock, such as the surface illustrated in Figure 1. The formula for 

lithium silicate is shown in Figure 2. 
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Figure 1 Detail of a permanently water-saturated ignimbrite wall containing carved representations of canoes. 

Water flow and plant roots are causing delamination in many places. 

Figure 2 The structure of lithium silicate. 

A water-dispersed treatment will readily mix with water and therefore not be adversely affected 

by it and will to some extent be carried to the depth of the water zone by osmotic mixing. This 

all sounds positive but in being water-miscible the consolidant can also be carried back to the 

surface where it precipitates in concentration. This redistribution of consolidant can result in a 

concentration gradient that leaves very little strengthening at depth and over-consolidation of 

the surface. It was established in preliminary trials that darkening of the tuff sample occurred at 

some point between 2.5 and 4.5% solids concentration with no way of predicting what 

concentration will be brought to the surface through evaporative accumulation. 

Four tuff samples have been consolidated and the same consolidant made into a grout. The 

concentrations tested have been 4.6%, 2.3%, 1.15%, 0.58% and 0.29% lithium silicate. 
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Laboratory Evaluations 

Water  repellency 
Laboratory consolidation of tuff with up to 4.6% lithium silicate resulted in all samples 
remaining water-absorbent from application onwards, with similar results achieved with three 

repeated 1.15% applications. The grout samples all allow ready water absorption. 

Salt stability 
A 0.58% concentration of lithium silicate was added to 1, 2 and 5% solutions of sodium 

chloride. No turbidity resulted from these additions. From this no incompatibility or adverse 

reaction from applying lithium silicate to saline porous materials was expected. 

Typically 2% sodium chloride content in sandstone will be damaging with severe disruption 

above 5%. A 1.15% lithium silicate solution was applied to a moist saline surface at a test site at 

Uluru in central Australia. The results, while not being a controlled study for salt compatibility, 

produced an alarmingly white powdery precipitate (Figure 3). This was either rapidly reacted 

silicate material or precipitated salts mobilized by the water-based treatment. The white mass 

was readily dusted from the surface. Ethyl silicate had been applied the previous year to an 

adjacent and identically weathered surface with satisfactory results and with no evidence of 

white bloom. Sodium silicates applied in the 1990s also showed remnant white bloom. 

In response to this observation a sample of tuff was saturated with halite and allowed to dry. The 

dry sample had halite crystals visible across the surface and a generally darkened appearance. A 

1.15% lithium silicate solution, adjusted to a pH of 8.3, was applied to the surface. Early 

indications showed a substantial white crystalline mass forming within the dried edges of the 

sample indicating the formation of the white precipitate. It is therefore recommended that 

lithium silicate application to highly saline moist surfaces (Figure 4) requires prior desalination 

and certainly trial evaluation to assess bloom. 
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Figure 3 Test site at Uluru showing severe staining of lithium silicate applied to saline surface. 

Figure 4 Identified need for consolidation in saline rock at Uluru. Desalination trials have preceded any 

discussion of consolidation. The areas to the top and right are darkened through water saturation with resultant 

spalling. 
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Ethanol miscibility 
Ethanol was used at one of the sites, Te Ana a Maru (Figure 1), as an effective biocide 

following methods advocated by Ernfridsson (2009). Given that consolidation and biocidal 

control may become cyclical treatments there is logic in combining both into the one spray 

application across the site. Lithium silicate is however not sufficiently compatible at high 
ethanol doses to facilitate such a convenient treatment. Potassium silicate has known biocidal 
properties and current tests are evaluating this property for lithium silicate. It is considered that 

biocidal control will be required at Te Ana a Maru every 5 years and if this can be applied as a 

combined biocidal lithium silicate consolidant the long-term stability of the site can be better 

managed. 

Consolidation trials 
Lithium silicate was applied to tuff samples sawn into 20 mm thick slices of slightly variable 

surface area. The supplied product contains 23% lithium silicate solids in water. This was 

diluted to 4.6%, 2.3%, 1.15%, 0.58% and 0.29% solids content. Consolidation was evaluated by 

scratch resistance to a rotating wire passed across the surface. The depth of the abraded channel 

was compared to ethyl silicate consolidated surfaces. 

All consolidant was introduced from the top of the sample and ceased when the bottom became 

visibly darkened. This is in contrast to other test methods that draw the liquid up by capillary 

attraction. The top down approach has been preferred for three reasons. Firstly it has been 

deemed important to apply the consolidant through the surface representing the outer 

application and evaporation surface to ensure there are no unforeseen variables overlooked by 

doing otherwise. Secondly, allowing the liquid to migrate downwards to the bottom of the 

sample and then stopping application ensures there is no extra loading that may concentrate 

lithium silicate at the evaporation front if prolonged absorption is allowed. The third advantage 

was in being able to saturate some of the test samples by drawing water into them from below 

while consolidating in the opposite direction to water flow. 

Application into one block from the side face confirmed the same absorption velocity in both 

orientations. 

Two aspects were evaluated using the top down application method - depth of penetration and 

consolidative effect. 

Depth of penetration 
The objective, as with ethyl silicate consolidation, was simply to replace lost binding material 
and thus return the altered surface more closely to its initial unweathered state, compatible with 

the mechanical properties of the underlying parent rock. 

Initial tests indicated that absorption into tuff was very high with little difference between ethyl 

silicate, lithium silicate and pure water. The only real difference was that induced by the two 

aqueous systems, not readily absorbed initially due to their high surface tension. Pre-wetting the 

surface with ethanol allowed the water-based systems to be rapidly absorbed. 
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The rate of absorption was in the order of 1mm/sec to a depth of 20 mm with the greatest 

consolidation depth of 95 mm reached in less than three minutes. Penetration was timed through 

blocks of varying thickness with the time recorded when the opposite face became visibly wet. 

It is unlikely such depths can be achieved in sandstone and not certain whether the consolidant 

will achieve these results in a more water-saturated tuff. Buj and Gisbert (link cited) applied 

lithium silicate at 50% dilution (10% solids) with modest penetration into sandstones. The 

current work has indicated that 50% is unnecessarily concentrated and this may affect the 

published penetration results. What is clear from both studies is that lithium silicate will 

penetrate as well or better than ethyl silicate, which has broadly accepted penetration properties. 

Colour  stability 
One of the absolute requirements of a consolidation treatment is that it must leave the surface 
visibly unaltered from the untreated rock appearance. 

All of the lithium silicate treatments up to 2.3% left the surface appearance unaltered, whereas 

4.6% concentration darkens the tuff substrate to the same level as ethyl silicate. Acceptable 

darkening is defined here as the level caused by ethyl silicate consolidation. 

Early testing produced a very noticeable brown surface on the grout and an orange fringe 

around the consolidated tuff at concentrations above 0.29%. Repeat applications of the 0.29% 

concentration produced the same stain after one or two more applications. The stain appears to 

be an evaporation stain, as seen in figure 5. 

Figure 5. Deep brown staining of a 10% grout sample (left) and orange fringe development on tuff consolidated 

with 4 applications of 1.25% lithium silicate. 
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The high pH of lithium silicate was considered the cause of stain development. Adjusting to pH 

8.3 eliminated the stains and all treatments have remained colour stable with no evidence of the 

orange fringe returning. pH was adjusted with acetic acid, chosen as the least damaging in terms 

of potential salt formation. It is not expected that acetic acid buffered to pH 8.3 will damage 

stone directly and that acetate salts are less damaging than chlorides, nitrates and sulphates. 

Lithium Silicate Grouts 

Water-miscible silicates produce higher strength grouts than those achieved with ethyl silicate 

and this is also true of lithium silicate to the extent that while it is weaker than potassium or 

sodium silicate (both of which form overly hard grouts), a 4.6% dilution will result in a far more 

cohesive and durable grout than that achieved with 100% ethyl silicate binder. 

Grout development using lithium silicate binder proved straight forward, given the many years 

devoted to developing an almost satisfactory ethyl silicate grout (Thorn 2010). A 4.6% lithium 

silicate binder produces a stronger more cohesive grout than the 100% ethyl silicate system, 

based on surface abrasion assessment. Particle size distribution is still considered an essential 

rheological factor and for this fumed silica and the equally critical 1-100 micron quartz fraction 

are specified quite precisely (Thorn 2010). Lithium silicate grouts are not as tacky and hence 

workable as ethyl silicate but their application into wet surfaces on wet days gives them greater 

flexibility. 

Results and Discussion 

Strengthening of the surface is the primary requirement with the testing program. All other tests 

are ancillary to this single objective. 

To summarize the results, all concentrations from 2.3% and below did not produce the same 

surface durability as the 100% ethyl silicate sample. The 4.6% single application of lithium 

silicate equalled the strength of the ethyl silicate sample with a similar degree of slightly 

perceptible darkening, a temporary situation for ethyl silicate but seemingly more permanent for 

lithium silicate. The 2.3% sample on the other hand did not give a very satisfactory 

consolidation, with unacceptably high grain loss. It is believed that the degree of darkening 

observed with the 4.6% lithium silicate would be acceptable if the treatment is applied 

uniformly to the whole rear wall thus avoiding obvious treatment tide lines. A two or three 

staged 2.3% application can achieve the desired durable surface with no colour change and is 

obviously the preferred approach. 

Often single application treatments limit the amount of consolidant that can be applied. The 

reference consolidant ethyl silicate has been applied routinely as 4 to 5 passes over a 2 day 

period. This ensures that all consolidant remains in its liquid state before reacting into the gelled 

phase. Occasionally a five pass ethyl silicate treatment resulted in slightly darker surfaces to the 

degree seen in the 4.6% lithium silicate samples. In other ethyl silicate treatments stones have 

been consolidated in a two pass system and reconsolidated up to three times over several years. 
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The implications for lithium silicate are that by applying lower loadings and allowing them to 

fully form into the final product the pores are open to receive further liquid that retracts back to 

a less filled surface. Snethlage (2004) has confirmed that repeat ethyl silicate consolidation does 

not lead to case hardening or other rheological problems and nor does it lead to darkening of the 

surface. Lithium silicate does not go through a hydrophobic gel phase so can be absorbed into 

the substrate at any time after the previous application. 

Based on current knowledge it is recommended that a 2-3% solution of lithium silicate be 

applied to the surface in three passes with the third treatment subject to assessment of the first 

two and potentially several years after. Ongoing re-treatment will be subject to assessment. 

Conclusion 

Lithium silicate has proven itself capable of consolidating wet stone and forming suitably strong 

grouts for reattachment. It has been adjusted to eliminate some application problems and 

solutions have been found to treat difficult situations such as highly saline surfaces. Being an 

aqueous dispersion gives a slight advantage in terms of transportation and general user safety 

and the dilution ratios necessary to achieve comparable consolidative effect, result in a cheaper 

alternative to ethyl silicate. The following benefits can be summarized; 

• Low solids loadings can achieve same surface strengthening as ethyl silicate.

• Can be applied into wet surfaces that would react the ethyl silicate too quickly.

• Free of chemical diluents.

• Water dispersion provides safer transport and application.

• Effective low dilution ratios mean a cheaper product than ethyl silicate.

• Can make a stronger grout than the best achieved with ethyl silicate binders.

• Does not release salt forming ions such as those abundantly present in sodium and

potassium silicates.
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Materials and  Suppliers

Ethyl  silicate, Stone  Strengthener OH,  supplied by  Wacker  Chemicals, Melbourne Australia 

Lithium silicate, Lithisil 25, PQ Corporation, Valley  Forge  Pennsylvania, USA. 
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Abstract 

This paper describes the effects on Portland limestone of colloidal calcium hydroxide 
nanoparticles (“nanolimes”) dispersed in ethanol, available commercially under the trade name 
CaLoSiL. The effects of this conservation treatment on water uptake by the stone are discussed 
along with pore filling by the treatment (because deterioration processes are driven by water 
flux, understanding the impact on water movement and pore filling is essential). A two-layer 
model was applied to describe the imbibition behaviour exhibited by our samples. Depth 
penetration of the nanoparticles was investigated through scratching and drilling techniques, 
which are novel methods for quantifying consolidation. 

In addition, the efficacy of a nanolime-based repair mortar as an adhesive for repairing 
detached surface features was assessed through lap shear strength of repaired stone. 

CaLoSiL penetration depth into unweathered Portland limestone was found to be < 1 mm. 
Drilling resistance tests predicted little alteration in compressive strength of stone treated with 
CaLoSiL. Shear strength of the repair mortar was found to increase with time, probably due to 
carbonation. While the force per unit area generated by the weight of the re-attached fragment 
is less than the initial strength of the mortar–stone adhesive bond, the use of this adhesive is 
favourable. 

Titre et Résumé 

Utilisation de nanoparticules d’hydroxyde de calcium 
pour la restauration de la pierre  calcaire : imbibition et 

adhérence 

Le présent article traite des effets de l’application de CaLoSiL, un produit commercial à base de 
nanoparticules colloïdales d’hydroxyde de calcium (des « nanoargiles ») dispersées dans 
l’éthanol, sur la pierre de Portland. Il comporte aussi une discussion sur les effets de ce 
traitement de restauration sur l’absorption d’eau par la pierre et sur le phénomène de 
remplissage des pores (comme les processus de détériorations sont facilités par les courants 
d’eau, il est essentiel de bien comprendre les incidences du traitement sur l’écoulement de l’eau 
et le remplissage des pores). La description du comportement d’imbibition des échantillons mis 
à l’essai dans notre étude a été réalisée en employant un modèle bicouche. La détermination de 
la profondeur de pénétration des nanoparticules a été réalisée en employant des techniques de 
rayage et de forage, lesquelles constituent de nouvelles méthodes de mesure quantitative de la 
consolidation. 
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De plus, l’efficacité d’un mortier à base de nanoargiles, utilisé comme adhésif pour réparer des 
éléments superficiels détachés, a été évaluée en faisant subir à la pierre traitée des essais de 
résistance au cisaillement des joints de recouvrement. 

Les résultats indiquent que la profondeur de pénétration du CaLoSiL dans la pierre de Portland 
n’ayant pas subi de vieillissement atmosphérique est inférieure à 1 mm. Les essais de résistance 
au forage permettent de prévoir que la résistance à la compression de la pierre traitée au 
CaLoSiL ne varie que très peu. La résistance au cisaillement du mortier de réparation augmente 
au fil du temps, probablement grâce au processus de carbonatation. Bien que la force par unité 
de surface produite par le poids du fragment fixé de nouveau à la pierre est inférieure à la force 
d’adhérence initiale de l’ensemble mortier-pierre, l’utilisation de l’adhésif étudié donne des 
résultats avantageux. 

Introduction 

Limestone conservation is relevant to both the built environment and museum artefacts (Dei 

2001; Bradley 2005; Dei 2006). Processes of deterioration, such as salt crystallisation in pores 

and freeze-thaw damage, can cause cracking and are linked with water absorption (Hudson 

1971 pp. 106-113; Hall and Hoff 2002). A recently developed conservation method aims to 

consolidate limestone by application of calcium hydroxide nanoparticles (Giorgi 2000, Giorgi 

2010) which penetrate into the material and through carbonation form calcite resulting in 

consolidation and material strengthening (Drdácký 2009). 

CaLoSiL, developed for consolidating calcareous historic materials, is composed of lime 

nanoparticles suspended in alcohol (Ziegenbalg 2008; Drdácký 2009; Ziegenbalg 2010). It is 

supplied in a range of concentrations and solvents denoted by the identifier after the brand 

name, e.g. CaLoSiL E5 consists of 5g particles per litre of ethanol. This study investigated 

ethanol solutions of the minimum, mid-range and maximum concentrations E5, E25 and E50 

respectively. Repair mortar, which is calcium hydroxide and calcium carbonate nanoparticles in 

ethanol, is a lime mortar (Maryniak-Piaszczynski 2010) designed to repair detached surface 

pieces. 

Portland limestone was chosen because of its popularity as a building material in the UK and 

large fraction of small pores. Portland Base Bed is a coarse bioclastic oolitic grainstone 

(Hudson 1971) with a bimodal pore size distribution (Dubelaar 2003). Mercury intrusion 

porosimetry (MIP) data showed two pore throat size peaks characteristic of a bimodal structure 

with the maximum peak in the range 0.1 – 1.0 µm and a second peak at 2 – 20 µm giving a 

micro-porosity of around 60% (pores < 1 µm) as calculated from data published by Dubelaar 

(2003, figure 5) presented here in Figure 1. The CaLoSiL particles have a diameter range of 

0.05 – 0.25 µm which means that according to Figure 1, showing cumulative intruded pore 

volume against pore diameter, 35% of the pore space is accessible to the largest sphere while 

90% is accessible to the smallest sphere. This highlights the high microporosity of Portland 
Base Bed and the need to achieve very small particles if deep absorption is desirable. 
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Figure 1: Percentage of cumulative pore volume against pore diameter 

from MIP data taken from Dubelaar 2003. 

Methods 

Imbibition 
Portland stone blocks (225 cm

3
) were dried to constant mass and cooled to room temperature.

The sorptivity of each of the 9 blocks used was measured twice, first with ethanol then water 

uptake for 30 minutes per test and the blocks were oven dried between tests. Sorptivity is the 

rate at which the imbibing liquid moves through the pore structure and has units mm/min
1/2

.

After measuring the sorptivity of the untreated blocks, they were exposed to CaLoSiL for 30 

minutes. The mass of absorbed liquid was measured every 5 minutes to allow determination of 

CaLoSiL sorptivity, or uptake rate. Blocks were treated 1, 5 and 10 times with CaLoSiL, dried 

in the oven at 90 °C, then cooled between treatments. After the final CaLoSiL treatment, each 

block was treated with carbonizing agent, DiLoCarb-E, which reacted with the calcium 

hydroxide particles to produce calcite faster than reaction with atmospheric CO2 alone. A 

solution was made using a 1:1 ratio of DiLoCarb-E to water and allowed to absorb into the 

blocks for 4.5 hours to ensure full exposure to the solution. After carbonation with DiLoCarb-E 

the sorptivity of the blocks was measured again using water and ethanol. 

Penetration depth measurements 
A micro-destructive method known as the ‘scratch’ test was used with the aim of determining 

treatment depth. By tracing several shallow grooves on the surface of the stone the depth 

penetration of the treatment into the stone could be determined. The normal (F
c
n) and tangential

(F
c
s) forces acting on the cutter as the sample surface was scratched were recorded. Gradually

the depth of cut could be increased. The instrument employed for these tests was an Epslog 
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Engineering WOMBAT Scratch Tool equipped with a 10 mm wide sharp diamond cutter. Data 

analysis was performed using Epslog Engineering software. The scratches were carved into the 

stone samples at a depth of 0.10 mm along the entire length of the samples. 

Drilling tests were also performed using a Drilling Resistance Measurement System (DRMS) to 

obtain precise readings. The device, supplied by SINT Technology, was set to operate at 600 

rpm using a 5 mm diameter diamond drill bit while the holes were drilled to a depth of 30 mm. 

This system enables precise drilling resistance measurements on stone, providing a prediction of 

toughness and uniaxial compressive or flexural strength. 

Modelling 
All samples could be considered as two-layer composite materials into which the capillary 
absorption of water could be analysed using Sharp Front theory (Wilson 1995; Hall and Hoff 

2002).  The CaLoSiL treated layer and untreated stone were considered two layers, A (of fixed 

length L) and B (indefinite length). Water was applied to the face of A and the wet front 

progressed through the composite. Known variables were the sorptivity of the composite, 

sorptivity of the untreated stone and the layer thickness (without carbonation) as determined by 

optical microscopy. Unknowns were the sorptivity, porosity and permeability of the CaLoSil 

layer, which could be estimated from gravimetric data of particle uptake. Knowing this allowed 

determination of the water transport properties of the CaLoSiL layer itself and then pore filling. 

Water rise into the sample (i in mm) is given by equation 1: 

1) 

where: 

Here S, f, K and t are the sorptivity, porosity, permeability and time respectively (subscript 

indicates material) and L is the length of the CaLoSiL layer. 

Shear test 
Repair mortar was used to join two cut Portland stone blocks, each 800 cm

3
. The blocks were

painted with a high-contrast speckle pattern to allow the slip displacement across the joint to be 

assessed using digital image correlation (DIC) (Bisby 2009). The samples were shear tested 

using an Instron 4505 universal test machine. A gradual force was applied to the dividing plane 

to generate 0.15 mm per minute crosshead speed whilst the load and crosshead displacement 

were recorded. Images of the samples under load were taken every two seconds then DIC was 

performed using GeoPIV software to identify the displacement corresponding to the maximum 

load at which failure occurred.  The crosshead displacement for this test was equal to the 

movement of the top of the specimen relative to the bottom of the specimen. 
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Results and Discussion 

Imbibition 
Sorptivity was measured with water and ethanol prior to treatment, CaLoSiL sorptivity was 
measured during treatment and water sorptivity was measured after treatment and carbonation 

with DiLoCarb-E. From this data, the mass of CaLoSiL actually in the stone, the expected mass 

of CaLoSiL in the stone, expected volume percent of pores filled and how far up the stone the 

CaLoSiL solution or water should travel (height of rise) could be determined. In calculating the 

expected volume percent of pores filled, an estimate was made of the amount of trapped air in 

the pores by comparing the capillary moisture content (obtained by imbibition) and total 

moisture content (obtained by vacuum saturation). Air trapping in Portland Base Bed was 16 – 

25% of the total pore space. 

The change in composite sorptivity ranged from 3 – 15% varying with treatment type (E5, E25 

and E50) and number of treatments as shown in Table 1. From mass measurements before and 

after treatment (and carbonation) it became clear that fewer CaLoSiL nanoparticles were 

entering the stone than expected (see Table 1) with roughly 5 – 37% of the expected mass of 

CaLoSiL nanoparticles actually remaining in the stone. This suggested two possible models for 

the distribution of particles within the stone: a thin dense layer or a wide sparse layer. 

Scratching and DRMS could detect no difference in resistance as discussed below therefore 

further tests were carried out to determine the treatment penetration depth. 

Table 1. Measured and calculated property values for CaLoSiL and DiLoCarb-E treated Portland stone. Sw(u) is the 

sorptivity of the block prior to any treatment. Sw(tc) is the sorptivity of the block after a set number of treatments 

(1, 5 or 10) with CaLoSiL and then carbonated with DiLoCarb-E. HOR (height of rise) is how far up the block the 

imbibing liquid travels and was calculated from the final imbibition test with water on the carbonated block. Actual 

mass of particles in the block was measured gravimetrically after oven drying and between CaLoSiL treatment 

cycles. The expected mass was calculated from known mass of CaLoSiL solution entering the stone with each cycle 

and the expected volume percent of particles was calculated from the expected mass. 

Property 1×E5 5×E5 10×E5 1×E25 5×E25 10×E25 1×E50 5×E50 10×E50 

Sw(u) 

(mm / 

min½) 
0.47 0.28 0.42 0.35 0.25 0.34 0.46 0.34 0.26 

Sw(tc) 

(mm / 

min½) 
0.43 0.25 0.35 0.32 0.22 0.30 0.45 0.33 0.23 

HOR 

(mm) 
13.2 7.5 10.7 9.6 6.6 8.7 13.4 9.6 6.2 

expected 

vol % of 

pore 

space 

filled 

0.22 1.1 2.2 1.1 5.5 11.1 2.2 11.1 22.1 
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expected 

mass of 

particles 

entering 

(g) 

0.04 0.12 0.28 0.2 0.63 1.65 0.41 1.69 2.45 

actual 

mass of 

particles 

entering 

(g) 

>0.01 0.04 0.14 >0.01 0.05 0.23 >0.01 0.08 0.23 

Test blocks were treated once and five times with E25, cut open and sprayed with 

phenolphthalein indicator. Depth of penetration after one and five treatments with E25 was 0.4 

mm by optical microscopy. The properties of this CaLoSiL layer were determined by modelling 

as discussed below. It was seen that CaLoSiL did not penetrate far into this stone and as such 

could only be used to treat surface features. The bimodal pore structure of Portland Base Bed 

with its high percentage of fine pores is perhaps unusual but should accommodate 35 – 90% the 

CaLoSiL particles. 

Overall, the sorptivity (S) of the composite sample (CaLoSiL layer and bare stone) was 

reduced by at least half the final reduction observed (after 10 treatments) after the first treatment 

for E5 and E25. E50 however appeared to reduce the sorptivity by very little until 10 

treatments, which is being verified by further work. 

High sorptivity reduction, resulting in an impermeable thin layer is not desirable as it may 

encourage surface flaking from salt crystallisation or freeze-thaw; therefore the smaller 

reduction in sorptivity produced by CaLoSiL absorption is more likely to avoid these damage 

mechanisms. The efficacy of CaLoSiL in consolidating stone was examined by Maryniak- 

Piaszczynski (2008) who found that CaLoSiL with a concentration less than 36 g/L in 

combination with Funcosil silicic ester successfully consolidated surface flakes, however no 

quantitative analysis was carried out. Maryniak-Piaszczynski (2008) also found that CaLoSiL 

concentrations over 36g/L produced a white mist on the stone surface which is in agreement 

with our experimental observations and can be clearly seen using scanning electron microscopy 

(SEM). Figure 2 shows SEM images of stone treated with five cycles of E50 before and after 

carbonation compared to the surface of untreated stone. It can be seen that after treatment with 

E50 there was a surface layer of hexagonal platelet shaped Ca(OH)2 which became anhedral 

after reaction with DiLoCarb-E. 
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a) a) 

b b 

c) c) 

Figure 2: SEM images showing, at different magnifications 

a) (top, left and right) untreated Portland stone,

b) (middle, left and right) treated Portland stone, and

c) (bottom, left and right) treated and carbonated Portland Stone.
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Penetration depth measurements 
WOMBAT and DRMS tests do not detect any real difference in resistance between blank 

reference and treated samples. This showed that CaLoSiL was not adding resistance to the 

material through its action which suggested that the treatment was only lining the pores and not 

acting to block them. Results in Table 1 showing the expected volume percentage of pore space 
filled is an expression of the maximum possible mass of particles entering the stone only and 
does not differentiate between particles blocking pores and lining them. 

Modelling 
Water transport properties of the CaLoSiL layer and pore filling were investigated using depth 

information from optical microscopy and by comparing experimental imbibition data (after 

treatment and carbonation) with predicted imbibition from the sharp front model. Shown in 

Figure 3 is water uptake in a block treated ten times with E25 and carbonated with DiLoCarb-E. 

Fitting the experimental data with the model confirmed that CaLoSiL existed as a very thin 

layer which was known to be c. 0.4 mm thick (from optical microscopy), reducing the porosity 

from c.19% to c.14% based on the known quantity of CaLoSiL particles in the stone after 10 

treatments with E25 (determined gravimetrically). The corresponding estimated permeability 

reduction was around 40% based on the relationship between permeability and porosity. 

Sorptivity of the layer was difficult to determine experimentally as the layer was very thin but it 

was also estimated from the porosity reduction. As shown in Figure 3a, the upwards curve 

modelled at early time (blue circles) before one minute corresponds to water flow through the 

thin CaLoSiL layer. The downwards curve in the experimental data (black circles) at later time 

probably resulted from a band of stone with lower sorptivity. Portland Base Bed is known to 

have features such as vugs, small to medium sized cavities usually lined with crystals, (Roels 

2000) which affect water movement. If the CaLoSiL layer was thicker than say 1 mm, there 

would be an upwards curve in the sorptivity plot as shown in the lower curve of red stars in 

Figure 3b which was not observed (upper curve in 3b is a repeat of 3a for direct comparison). 

This confirmed that the CaLoSiL layer was thin and remained permeable. 

1.8 1.8 

1.6 1.6 

1.4 1.4 

1.2 1.2 

1 1 

0.8 0.8 
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Figure 3a (left) and 3b (right): Model (blue and red) versus experimental (black) water uptake data for Portland 

stone after ten treatments of CaLoSiL E25 and carbonated. The blue curve is the fit to the data when the treated 

layer is as measured (0.4 mm) and the red curve is the fit if the layer is thicker (1 mm). 
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Shear test 
The mortar shear strength increased over time (Figure 4). The mortar was five times as strong 

after 25 hours as it was after 15 minutes. The rate of strength increase was found to reduce over 

time. The average adhesive strength from a series of measurements was 0.020 N/mm
2
, 0.034

N/mm
2 

and 0.099 N/mm
2 

when tested 15 minutes, 25 minutes and 25 hours respectively after

attachment with repair mortar. 

Figure 4: Comparison of adhesive strength with time. 

Figure 5 gives an indication of the local joint behaviour under load for samples tested at 25 

minutes and 25 hours after forming the adhesive joint. The figure shows the crosshead 

displacement of the machine (which was the combination of shear displacement across the 

adhesive joint and “bedding in” of the loading supports into the masonry blocks); however, the 

difference in stiffness in the two groups of specimens was clear and indicated by the dashed 

lines on the plot. It was noted that the samples tested after 25 hours required a larger force to 

cause adhesive failure than for those tested after 25 minutes, thus the adhesive bond was 

stronger with time. The slip displacement was the distance one of the blocks comprising the 

sample was able to move before the adhesive bond failed and starts from zero on the x-axis. 

Negative x-axis values represent sample and loading support “bedding in”. It was observed that 

the displacement allowed before failure was very small for both sets of samples and reduced 

with time, therefore reducing the likelihood of being able to reposition stuck items. 

It was hoped that DIC could be used to measure the local displacement behaviour across the 

dividing plane, but this method was not reliable due to the very small displacements involved 

(as can be seen from the x-axis values in Figure 5). 
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Figure 5: Stress versus crosshead displacement at different times 

It can be seen that post-failure the mortar was powdery and that the surface of the glued face 

differed also with time, appearing less friable after 25 hours compared with the surface after 25 

minutes (Figure 6). This suggested natural carbonation was responsible for the strength increase 

(DiLoCarb-E was not used with repair mortar). Failed samples were tested with phenolphthalein 

causing uncarbonated material to become pink (Figure 7). It was found that after 25 hours the 

mortar near the edges of the sample had carbonated whereas after 25 minutes no carbonation 

had occurred. 

Figure 6: Failed surface at 25 minutes (left) and 25 hours (right). 
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Figure 7: Phenolphthalein treated failure surfaces exposed by strength testing 25 hours (left) and 25 minutes 

(right) after adhesion. Pink areas, with higher pH, are uncarbonated. 

Conclusion 

Treatment of Portland base bed with CaloSiL resulted in a 2 – 15% reduction in stone sorptivity 

varying with number of treatments and CaLoSiL concentration. The first application resulted in 

the most sizable reduction in sorptivity overall. CaLoSiL was found to exist as a very thin 

permeable layer (~0.4 mm thickness) and ten treatments of E25 resulted in a porosity reduction 

from 19% to 14% in the CaLoSiL layer and estimated permeability reduction by ~40%, in this 

case, in the layer. The compressive strength of CaLoSiL treated stone appeared unaffected as 

determined by DRMS and scratch tests. Imbibition with CaLoSiL resulted in a very thin layer 

which did not block pores. Despite the small CaLoSiL particle size, it did not travel far into the 

pore network in this case. Work is underway to determine what impact pore size and structure 

have on CaLoSiL uptake and efficacy as a consolidating agent with particular emphasis on 

weathered stone. 

For repair mortar it was found that a displacement shift of < 0.2 mm was sufficient to give 

adhesive failure. This signified approximately by how much an object stuck with repair mortar 

could be repositioned. Maximum strength was obtained after 25 hours which probably resulted 

from carbonation as the tests using phenolphthalein indicator suggested. During the time 

periods explored the adhesive bond strength was notably less than the tensile strength of the 

stone itself. Further work is underway to determine strength change over longer time periods for 

comparison with standard ISO strength requirements for dispersion and cementitious adhesives 

(Bowman, 1998). 
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Materials and Suppliers 

CaLoSiL (all concentrations): Calcium hydroxide, ethanol. 
DiLoCarb-E: Diethylcarbonate, ethanol. 
Repair Mortar: Calcium hydroxide, calcium carbonate, ethanol. 

All above products obtained from: 
IBZ-Salzchemie GmbH & Co.KG 
Halsbruecker Strasse 34 
09599 Freiberg 
Germany 
+49 – (0)3731 200 155
http://www.ibz-freiberg.de
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From Glory to Ruins  and Back — 
Conservation at the Mumbai 

Caves Since the Late 1800s 

Brinda Gaitonde Nayak 
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Abstract 

With one of the longest caves in the country at Jogeshwari, more than 100 caves (making it one 
of the largest cave sites) at Kanheri, and the oldest cave in the region at Mahakali, the Mumbai 
group of caves in India present a range and magnitude like no other in the country. However, 
given their location within a metropolis, these sites face challenges with regard to their 
preservation due to their innate petrological composition and building typology. Apart from the 
vibrancy of the tales depicted through the sculptural and architectural idiom, the evolution and 
application of conservation techniques at these sites tell their own stories. This paper tries to 
piece these together along with other interesting insights through archaeological journals and 
the observations of people involved in the conservation of the rock-cut caves of Mumbai. By 
means of such a documentation and presentation of current issues and policies at the sites, the 
paper charts the unique preservation processes of rock-cut architecture in India. 

Titre et Résumé 

La renaissance de ruines  et leur retour  vers un passé 

glorieux : les travaux de restauration des grottes de 

Mumbai depuis la fin du XIXe siècle 

Le groupe de grottes de Mumbai, en Inde, comporte une des plus longues grottes du pays, à 
Jogeshwari, en ensemble de plus de 100 grottes, à Kanheri (ce qui en fait un des sites de 
grottes les plus vastes au monde), ainsi que la grotte la plus ancienne de la région, à Mahakali. 
L’étendue et l’importance de ces grottes sot inégalées à la grandeur du pays. Toutefois, 
l’emplacement de ces sites, au sein même d’une métropole, pose des défis de taille en matière 
de préservation, en raison, notamment, de leur composition pétrologique intrinsèque et de la 
typologie de la structure du réseau. Outre le fait que ces éléments sculpturaux et architecturaux 
idiomatiques assurent la vivacité des légendes qu’ils illustrent, les progrès réalisés dans le 
domaine des techniques de restauration et l’application de celles-ci sur les sites des grottes 
témoignent de leur propre histoire. Le présent article a pour but de rassembler ces divers 
éléments et d’autres aperçus d’intérêt glanés dans les journaux spécialisés en archéologie et les 
observations de différents participants aux travaux de restauration des grottes creusées dans le 
roc de Mumbai. Les données de l’article permettent aussi, au moyen de documents de ce type et 
de la présentation des questions actuelles et des politiques pertinentes en ce domaine, de 
retracer les procédés exceptionnels qui ont permis d’assurer le préservation des œuvres 
architecturales creusées dans le roc de l’Inde. 
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Introduction 

The advent of Buddhism in India, from the 6
th 

century B.C., led to one of the most spiritual

phases in the country, with repercussions felt in the region spanning several centuries. That it 

also coincided with one of the most articulate forms of architecture that the country has ever 

witnessed, is testimony to the sheer magnitude of influence that the religion had on built form. 

This glorious awakening led to stupendous rock-cut enclaves such as those at Ajanta and Ellora 

in Aurangabad and the one at Elephanta near Mumbai, all of which have found recognition on 

the UNESCO World Heritage Site register. Although the caves of Mahakali, Mandapeshwar, 

Jogeshwari and Kanheri at Mumbai are perhaps not as architecturally prominent, with their own 

set of unique values (Figure 1) they deserve comparable recognition. However, being carved in 

close proximity to a burgeoning city has led to serious issues of damage to the caves due to 

erosion, abrasion and urban settlement. In addition to this, since rock-cut sites are inherently a 

singular architecture idiom, their restoration has generally baffled conservators and given way 

to trials and experimentation. The paper tries to weave together a record of such conservation 

actions through archaeological records, over a time span of a 100 years (1899 to 1999). 

Figure 1: The sculpture and architecture at 

Kanheri work in unison to make it one of 

the most articulate rock-cut sights. Seen 

here is the sculptural decoration outside the 

prayer hall. 

Geological Classification – The Influence of Material on 
Architecture 

The Mumbai caves are broadly classified under the category of “Basalts” or the “Deccan trap”, 

after the region in which these are found abundantly, and are volcanic igneous rocks formed as a 

result of extensive eruptions in the Cretaceous and Eocene periods of the Mesozoic era. The 

caves of Kanheri and Mandapeshwar are carved into the hill face comprising of amygdaloidal 
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basalt. Amygdaloidal basalt has the strength of 600 kg/sq. cm, offers ease of dressing, is non- 

porous, the vesicles are not interconnected and it is free from divisional planes (Gaitonde, 2005). 

On the other hand, the Mahakali caves are carved in a more friable form of rock known as 

volcanic breccia, consisting of coarse to medium grained rock in a matrix of finer material. 

Carved in a weaker rock are the caves of Jogeshwari, cut in pyritic volcanic tuff, containing 

sulphides of iron or copper and iron. The rock is extremely soft, being volcanic ash, and is 

therefore inherently vulnerable to the action of moisture and soluble salts. 

All the cave sites of Mumbai are listed in the national register of heritage sites with the 

Archaeological Survey of India (ASI) as its custodians, who are primarily responsible for their 

maintenance, restoration and promotion. 

Mumbai Caves – Their Description and Setting 

Carved over 475 m above sea level, the caves of Kanheri were excavated from the 2
nd 

century

B.C. to the 10
th 

century A.D. and are the only Buddhist monastic centre where a continuous

progression of the faith and architecture is observed as an unbroken legacy. With over 110

excavations evident in the form of a magnificent prayer hall (Figure 2), several shrines,

residential cells, ritualistic enclosures, storage granaries etc., it is one of the largest Buddhist

enclaves in the country, all carved within an enchanting natural landscape. Falling within a

designated National Park, it is relatively protected with over 9000 hectares separating it from

dense neighbouring development. It is, however, the strains of visitor pressure that are gradually

eroding its ancient courtyards and natural setting.

Figure 2: The wide courtyards at Kanheri provide perfect 

spill outs for numerous users and a foreground for 

appreciation of its carving. 

The Mahakali caves, another Buddhist site, were excavated in between the 2
nd 

and the 6
th

centuries in two groups on a hillock that used to overlook a few water bodies and undulating 

grasslands. Currently this group of caves, comprising of 4 caves along one mountain face and 

15 (Figure 3) on the other side, overlooks a dense squatter settlement and the high powered 
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multi-billion dollar software hub of Mumbai. This disparity of land use and economic fortunes 

is reflected in this site’s treatment, as it gets routinely ignored for conservation measures in lieu 

of its more prolific cousins. The most significant excavation at Mahakali is the uniquely shaped 

chaitya cave or prayer shrine with its singular plan form. 

Figure 3: The small complex at Mahakali is evocative of a 

tiny monastic hamlet in pristine natural setting. 

With the exact date of excavation unknown (several scholars believe it to be carved in the 6
th

century claiming the 8
th 

century inscription at the site to be a later addition), the Jogeshwari

cave is the longest cave in western India, with its length extending 75 m from east to west. The 

cave is cut in a low lying mound with steps leading downwards to almost a depth of 8 m. 

Jogeshwari is considered to be the precursor to Elephanta, with comparable sculptural and 

architectural expression. Earlier surrounded by rice fields and mango orchards, this cave is now 

completely engulfed within a slum settlement, with some houses even built atop the historic 

cave with sewage water dripping down its ancient sculpture. 

Mandapeshwar cave lies at the outskirts of Mumbai and its dense rock and sculptural imagery 
make it an interesting study of cave form and the oldest in the region. Unfortunately it was 

severely mutilated in the 16
th 

century and large portions of the sculpture and its articulate pillars
were damaged. The contemporary issues that the Mandapeshwar cave faces are those of a 
century old litigation and surrounding settlement pressure. 

It is evident from the descriptions of the cave sites that these once secluded enclaves have been 

thrust into mainstream urban life, with contested spaces and visitor pressure as the primary 

issues for concern. These have escalated the endemic issues of weathering and deterioration, 

through inherent salt water movement as well as use of solvents and restoration methodologies 

that have aided in this. 

Past Interventions – Lessons in Hindsight 

With the establishment of the Archaeological Survey of India in 1862, a process to list and 

study the monuments of India was begun. The beginning years are marked with forays only at 
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popular sites with minimal or no work initiated at the Mumbai caves. This period was also 

manifest with issues of working out legalities, acquisitions and trying to mitigate a system for 

management. 

The early 20
th 

century began with the passing of the Ancient Monuments Preservation Act in

1904. The stirrings of a few conservation actions were felt at the Mumbai cave sites too with 

non-invasive actions initiated at Mahakali and Kanheri such as removal of vegetation, 

introduction of fencing and cleaning of graffiti. The following account of conservation actions 

at the Mumbai caves is compiled from the Journals and Progress Reports of the ASI, with 

additional remarks about their present status and efficacy. A two-pronged conservation strategy 

was devised, of which the first was preservation of deteriorated stone using applications and 

preservatives and the second was to strengthen mutilated pillars by providing support. 

Accordingly in 1915 a new stone preservation process was tried out at Kanheri with the 

application of Szerelemey’s stone liquid. Szerelemey, a Hungarian resident in England, devised 

a process whose primary premise was the coating of surfaces with alkaline silicate soluble in 

hot water which on slight decomposition would provide an impermeable layer to the 

degenerated stone after hardening of the soluble glass. This would prevent the action of water to 

enter into the stone, thereby circumventing any salt water movement within the monument. 

Another coating comprising of bitumen and ingredients of common paint followed this 

application (apparently such a coating was even carried out slightly earlier at the Houses of 

Parliament in England). A year later it was reported by the Executive Engineer that there was no 

marked improvement of the applied stones, nor was there any difference as conclusions could 

not be drawn in such a short span of time. Hence, although the efficacy of this application 

methodology was questionable it continued to be recommended in want of alternative 

preservation solutions as the only means of repairs possible. Vulnerable areas such as 

inscriptions, disintegrating surfaces of sculptures and structural members not severely affected 

were treated. 

With regard to the structural members, another strategy was adopted since these were critical to 

both the aesthetic and structural integrity of the monuments. Due to the ravages of time and 

nature, the pillars had severely diminished. Some had completely fallen, while others had 

surviving capitals and bases, but with entirely missing central portions. In order to build the 

profile of the pillars large blocks of stone in like colour were used to fashion replacements with 

minimal joints (Figure 4). Hence the repairs were authentic in terms of material but the masonry 

construction jarred the monolithic lines of the original. For the next two decades such works 

and stone preservative applications were employed along with routine maintenance works. 
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Figure 4: Observed here are before and after restoration images of the pillars in stone. 

(Image copyright – Archaeological Survey of India) 

Petrologic studies were undertaken in 1935 and it is stated that since many of these were 

discovered choked up with drift earth and debris and were flooded by the access of water either 

from outside or by percolation from the rock inside, the interiors too had suffered heavily 

through sub-aerial weathering. The Archaeological Chemist, M. S. Vats, reported that, “There 

is no doubt that the whole rock is saturated with sea-salts, which gradually concentrate at the 

exposed surface and crystallize there under favourable atmospheric conditions. The soft 

portions of the rock (i.e. the seams and deposits of ash or tuff) succumb to the action of the salts 

most readily. The processes of hydration, carbonation, oxidation and alteration of carbonates 

into sulphates, are accompanied by great increase in volume, and if these happen to be of a 

local nature, the pressure exerted thereby is sufficient to shatter the rock” (ASI, 1937). 

Subsequently he recommended waterproofing applications to prevent excessive damp, 

consolidation of decaying parts by impregnation with suitable materials and periodical cleaning 

of the surface with brushes or jets of air to remove salt laden dust, followed with regular 

washing out of salts from affected parts by means of water jets. 

The next decade and a half saw sporadic activity at the Mumbai caves due to the turbulent 

economic situation as well as political instability. The years following independence were 

focussed on transfer of organisational mechanisms and re-enacting existing laws. In case of the 

Kanheri caves, the government acquired the land around the caves and converted it into a 

national park, thereby protecting the caves and its surroundings from development. The 1950s 

saw the advent of chemical preservation, as part of which wet paper pulp application for the 

elimination of salts followed with preservation with a thin solution of ‘Gelva’-polymerised 

vinyl acetate resin was adopted. 

Another petrologic study was initiated at the caves of Jogeshwari and Kanheri in 1954 to devise 

mechanisms for their preservation. In case of the Jogeshwari cave it was felt that it was already 

in an advanced state of decay as the rock was extremely soft volcanic ash, inherently vulnerable 

to moisture and soluble salt action, where thick layers of gypsum were found coating the 

surfaces, hastening the decay and deterioration of the caves, as there was little doubt that due to 

the percolation of rain-water the gypsum had moved from outside into the interior of the caves 
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(ASI, 1955). It was recommended that the most important sculpture at Jogeshwari be detached 

and moved to a museum before it was too late. Fortunately this was never implemented and the 

cave continues to hold its sculptural integrity to this day. 

The 1960s heralded ferocious construction activity in the city and it was only a matter of time 

before use of cement percolated in restoration works. The ease with which diminished profiles 

of pillars could be built up using reinforced cement concrete (reinforced with steel) with no 

joints was felt to be the ideal solution for monolithic examples. Purists, propounding the use of 

like material, could not counter the use of cement as the repaired work was stable, cost-effective 

and much better matched than stone. In addition to that, the dexterity of working with cement 

meant that not much of the original material had to be hacked out and several succeeding 

applications could be prepared to build up the profiles (Figure 5). However, the deleterious 

action of salts in Portland cement had not been accounted for. The presence of moisture within 

the monuments led to the eventual corrosion of the reinforcement, resulting in splitting of the 

cement work within a decade (Figure 6). However, the custodians contended that since all new 

work needed to be reversible, repaired work in cement had a limited life span and hence 

conformed to international charters such as the Burra and Venice charters. As a result of this 

pro-cement era, extensive repairs to ancient floors, door jambs, sculpture, pillars, overhangs, 

walls and other areas were blatantly undertaken using reinforcement cement concrete. 

Figure 5: Before and after images of Jogeshwari pillars post restoration using cement concrete 

(Image copyright – Archaeological Survey of India) 

Figure 6: Corrosion of steel within the repaired matrix 

gave rise to eventual issues of splitting and spalling 
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In the early 1980s, preservation work included treatment of the porous rock at Jogeshwari with 

epoxy resin followed by a coat of cement slurry. In 1986, the stone sculptures and walls at 

Kanheri, covered with thick growth of moss and lichen, were cleaned using 1% solution of 

ammonia and “idipol” (ASI, 1987). “Polycide” was used as fungicide to prevent vegetation 

growth and finally the cleaned portion was preserved with 1% Acrypol - P (a waterproofing 

compound) in toluene. In 1987, the vegetation growth at Kanheri was removed with the help of 

1% aqueous ammonia and non-ionic detergent. After the chemical cleaning, a 3% aqueous 

solution of zinc silico-fluoride was sprayed followed by preservative of 5% solution of Acrypol 

in toluene. The interior covered with a thick layer of dust, dirt, bird droppings etc., was also 

chemically treated (ASI, 1988). In 1993, the stone inscriptions were cleaned using a solution of 

ammonia and non-ionic detergent. To prevent early cryptogamous re-growth, 1% solution of 

sodium pentachlorophenate was applied on the cleaned surface (ASI, 1994). 

Chemical treatment and preservation work to stone inscriptions etc., was continued in 1994 by 

using aqueous solution of ammonium hydroxide and non-ionic detergent for cleaning purpose, 

while sodium pentachlorophenate and poly(vinyl acetate) (Vinnapas EP1) were used as 

fungicide and preservative coat respectively (ASI, 1995). These treatments were repeated in the 

following years, but the efficacy was debatable as the benefits could not be ascertained in such a 

short span of time. 

Current Issues – A Struggle for Survival 

In the first few years of the early 21
st 

century, restoration along the same lines as in the 90s with

use of ammonium hydroxide as a cleaning agent and poly(vinyl acetate) (Vinnapas EP1) as a 

preservative coat was carried out. However, the prohibitive costs and large surfaces required to 

treat has limited the use of poly(vinyl acetate) (Vinnapas EP1) to more significant areas such as 

sculpture and inscriptions. Repairs to damaged pillars and those that have cracked or spalled 

post repair continue to be restored with reinforced cement concrete. 

However, an added dimension has contributed to the concerns of the caves at Mumbai – that of 

growing population and settlements in close proximity to these ancient enclaves. Kanheri 

survives in a better condition primarily on account of being ensconced within a national park, 

but is severely affected due to growing numbers of visitors every year, most of whom are 

unaware or negligent of its importance. Vandalism in the form of graffiti and misuse, along with 

picnicking within historic caves continues. Jogeshwari has suffered the most as it is caught 

firmly in the grip of a dense slum settlement that holds its religious sentiment in regard, but is 

inconsiderate of its historicity and persists in gradual abrasion of its fabric through dumping 

sewage water and debris. The slum settlement around Mahakali caves too threatens to take over 

the site, the only surviving clear space for miles around this densely built neighbourhood. 

Mandapeshwar continues to mull in its ruins with no end to its litigation issues, thereby 

preventing any action at the site due to a status quo. It was evident that unless urgent 

intervention was initiated the caves would eventually succumb. 
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Conclusions – Temporary Measures to Increase 
Permanence 

Fearing the complete extinction of centuries old treasures, a public interest litigation was filed 

in 2005 by a local non-governmental organisation, Janhit Manch (www.janhitmanch.org), 

against the custodians. A directive was issued by the Mumbai High Court to the ASI for quick 

action and an experts panel comprising of architects, historians, archaeologists, officials of the 

ASI, Mumbai Corporation, stakeholders etc. was appointed. One of the first actions initiated 

was the preparation of a Conservation Plan (Gaitonde, 2006) for the cave sites; the 

recommendations of which were adopted by the ASI. A visitor management and information 

dissemination system was installed at Kanheri, with increase in security lessening the issues of 

vandalism and improving visitor facilities. Mahakali was fenced in and a landscape scheme has 

been recently mooted to improve the perception of the site. An alternative repair methodology 

using combination mortars and lime is being tried out. 

The challenges with Jogeshwari have been uphill and the conservators had to face stiff 

opposition from the locals, who are faced with eventual relocation. One of the first actions was 

the removal of tonnes of garbage from the cave top; the operation lasting several days with over 

9 trucks of debris removed (Figure 7). A drain on top of the cave was isolated and realigned so 

the issue of percolating water has been resolved. The next step is removal of the most critical 

slums directly affecting the cave structure, which is proving to be a thorn in the flesh, as there is 

much political backing against this move. Careful restoration in the form of cleaning using 

poultice applications at vulnerable areas has been initiated. Since sufficient evidence directly 

indicating the benefits of consolidants on exterior surfaces under diverse and uncontrolled 

conditions is not available, surface applications have not been approved as yet. These and other 

actions are part of the conservation plan which aims to provide a much needed respite and a 

fresh lease of life for these tormented and priceless monuments. 

Figure 7: It was the first time in decades that the 

courtyards of Jogeshwari were exposed again after 

piled debris and dirt was removed. 
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A Closer  Analysis of Old Cellulose 

Nitrate Repairs Obtained From a 

Cypriot  Pottery Collection 

Petronella Nel, Deborah Lau, and Carl Braybrook 
(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

After an infrared (IR) adhesive analysis survey of the Cypriot pottery collection at the University 
of Melbourne, a more detailed investigation was conducted into the 111 cellulose nitrate (CN) 
samples. The aim was to identify and understand differentiating factors between the CN 
samples.  Principal component analysis (PCA) of the IR spectra identified two groups — 
correlating with the two acquisition periods of the collection (1972 and 1987) — and a difference 
in intensity of the IR peak due to the carbonyl group of the plasticizer. Gas chromatography 
with mass spectroscopy (GC-MS) analysis of ~100 CN samples from the collection identified the 
plasticizer to be dibutyl phthalate (DBP) and quantified the DBP levels as follows: 

• ~15% (w/w) for the 1972 cluster and the HMG and UHU brands

• ~2% (w/w) for the 1987 cluster and an old formulation of Tarzans Grip

This difference in DBP levels between the two accession periods is most likely due to the use of 
different CN adhesive formulations. Previous conservation research found that plasticized CN is 
more stable than pure CN. Therefore, the low DBP levels of the 1987 cluster give it a higher 
conservation priority than vessels from the earlier 1972 acquisition period. 

Titre et Résumé 

Le réexamen de vieilles réparations effectuées avec le 
nitrate de cellulose sur des objets  d’une collection de 

poteries chypriotes 

L’analyse par spectroscopie infrarouge (IR) des adhésifs présents sur des objets de la collection 
de poteries chypriotes de l’Université de Melbourne a entraîné l’exécution d’une étude plus 
poussée qui ciblait les 111 échantillons de nitrate de cellulose (NC). Elle avait pour objectif 
d’identifier et de bien comprendre les facteurs qui différencient les échantillons de NC. L’analyse 
en composantes principales (ACP) des spectres IR a permis d’identifier deux groupes, lesquels 
correspondent aux deux périodes d’acquisition de la collection (soit 1972 et 1987), et une 
variation de l’intensité de la bande infrarouge associée au groupement carbonyle du plastifiant. 
L’analyse par chromatographie en phase gazeuse couplée à la spectrométrie de masse (CG-SM) 
de quelque 100 échantillons de NC de la collection a permis d’identifier le plastifiant, le phtalate 
de dibutyle (PDB), et d’en déterminer les concentrations : 

• environ 15 % (p/p), dans le cas du groupe de 1972 et des produits de marques HMG et

UHU;
• environ 2 % (p/p), dans le cas du groupe de 1987 et d’une ancienne formulation du

produit Tarzans Grip.
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La différence observée entre les concentrations de PDB des deux périodes d’acquisition est fort 
probablement due à l’utilisation de formulations différentes pour les adhésifs à base de NC. Les 
résultats de travaux de restauration antérieurs indiquent que le NC modifié par un plastifiant est 
plus stable que le NC pur. Par conséquent, la conservation et la restauration des poteries du 
groupe de 1987, caractérisées par de faibles concentrations de PDB, est une priorité par rapport 
à celle des récipients appartenant à la période d’acquisition antérieure (1972). 

Introduction 

Cellulose nitrate (CN) the first semi-synthetic polymer was first discovered in 1833 and 

developed during the 1840s (Fenichell 1996; Friedel 1983, Mills & White 1994; Mossman 

1997; Quye & Williamson 1999; Stuart 2007). The fully tri-nitrated material (Figure 1), with 

degree of substitution (DS) of 3, 14.4% (wt/wt) nitrogen (N), called guncotton was used as an 

explosive. The less completely di-nitrated and more stable product containing ~11.11% N 

(wt/wt) with DS=2 (Roff & Scott 1971), was called pyroxylin, and could be moulded or when 

its alcohol/ether solution is applied to a surface, dry to a thin transparent film. 

Figure 1. Chemical structure of fully nitrated cellulose nitrate polymer. 

To overcome shrinkage and stiffness, plasticizers were employed to soften the polymer. 

Alexander Parkes plasticised CN with oils and camphor to produce Parkesine (Fenichell 1996; 

Friedel 1983; Mossman 1997). John Wesley Hyatt mixed CN with camphor (Figure 2a) 30% by 

weight to produce Celluloid, which was commercially introduced in the 1870s (Fenichell 1996; 

Friedel 1983; Mossman 1997). Due to its decorative versatility, it could be coloured and easily 

moulded, and was successfully marketed as an imitation material for ivory, marble, mother-of- 

pearl, tortoiseshell and ebony (Friedel 1983; Mossman 1997). Celluloid also found a unique 

technological niche when it was developed by the Eastman Kodak Company to manufacture the 

first successful roll film system for the Kodak camera and later motion picture film. 

(a)  (b) 

Figure 2. Chemical structures of two commonly used CN plasticizers: (a) 
Camphor, molecular formula C10H16O, molar mass 152.23 g.mol

-1 
and (b)

DBP, molecular formula C16H22O4, molar mass 278.34 g.mol
-1

.
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Plasticised CN has found numerous applications (Paist 1977) and in 1899 it was introduced to 

conservation (Horie 1987), where it has been used as an adhesive, consolidant and as a coating, 

retaining its usefulness due to its ability to rapidly release solvents and form a strong dry film. 

However camphor volatilizes rapidly causing polymer shrinkage, so non-volatile plasticizers 

such as dibutyl phthalate (DBP) (Figure 2b) are preferred. A typical formulation is composed of 

5% DBP, 20% CN and 75% solvent (Horie 1987; Buys & Oakley 1993). Plasticised CN is still 

popular, especially with conservators of archaeological earthenware (Barov 1988; Elston 1990), 

due to its ease of use and high glass temperature (Tg) of ~50°C, making it suitable for use in hot 

climates. 

Identification 
Use of CN can be identified non-destructively by appearance and odour (Morgan 1991). Simple 

destructive tests are the flame pyrolysis test (Braun 1996; Quye & Williamson 1999) and a spot 

test employing diphenylamine in concentrated sulphuric acid (Braun 1996; Odegaard et al. 

2000). More recently the complementary non-destructive techniques of Fourier Transform 
Infrared (FTIR) (Mills & White 1994; Keneghan 1998; Derrick et al. 1999; Quye & Williamson 

1999; Stuart 2007; Shashoua 2008) and Raman spectroscopy (Quye & Williamson 1999; Paris 

& Coupry 2005; Stuart 2007) have been used to differentiate materials such as ivory from 

modern synthetic polymers. The main IR peaks that are characteristic of the nitrate group on 

CN are observed as asymmetric and symmetric stretches at 1634 and 1278 cm
-1 

respectively

(Silverstein & Webster 1998; Socrates 2001). A minor peak due to the carbonyl peak of the 

plasticizer is usually observed at 1728 cm
-1

. Additives such as plasticizers can be identified

using Gas Chromatography with Mass Spectroscopy (GC-MS) (Quye & Williamson 1999, 

Shashoua 2008). 

Deterioration 
Issues regarding the stability of CN are well known (Koob 1986; Selwitz 1988, Williams 2002). 
It is susceptible to decomposition via acid catalysis, heat and ultraviolet (UV) radiation, 

producing nitric oxides, which combine with water to form acids, resulting in molecular weight 

(MW) reduction, causing the polymer to yellow, dry out and become brittle and to initiate the 

degradation of other organic materials and metals that are in close proximity. However a 

thermal decomposition study (Shashoua et al. 1992), found that DBP-CN adhesive has a 

significantly slower rate of decomposition than the pure CN polymer. Furthermore in an open 

ventilated system the polymer has a significantly slower rate of decomposition than in a closed 

system. 

Case study 
Acquisitions (finds and purchases) by the archaeologist Professor James Stewart created a 

comprehensive archaeological record representative of the ancient Bronze and Iron Ages of 

Cyprus for study purposes in Australia. These acquisitions were comprised of three excavation 

seasons he conducted in Cyprus and purchases from Cypriot antiquities dealers and the reserves 

of the Cyprus Museum in Nicosia. As a consequence numerous universities, museums and 

institutions in Australia received assemblages of Cypriot artefacts (Garner 1983; Sagona & 

Zimmer 1988; Salter 2008). 
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The Cypriot pottery collection at the University of Melbourne was surveyed as a case study. 

Currently the collection is composed of ~350 pottery vessels, housed in the Ian Potter Museum 

of Art. Acquisition over two major periods, 1972 and 1987 (Salter 2008; Nel & Jamieson 2008; 

Nel et al. 2010) has culminated in a collection, which spans 2000 years from the early Bronze 

Age through to Roman times. Artefacts from the 1972 acquisition are derived from Ayai 

Paraskevi (1955-1956), Lapatsa (1960-1961) and Palealona (1960-1961). Those acquired in 

1987, via a purchase from the Australian Institute of Archaeology (AIA) came predominantly 

from Vounous (1937-1938) and Stephania (1951) (see Figure 3a & b). However it is also 

composed of vessels from a scattering of other excavation sites: Sphageion (4), Ayios Iakovo 

(2), Rizokarpas (1) and Pano Dikomo (1) and some for which the provenance is unknown. 

(a)   (b) 

Figure 3: Two vessels from the Cypriot Collection: (a) Red Polished Ware Basin (MU No. 1987.0259) excavated 

from Vounous and (b) Base Ring Ware Jug (MU No. 1987.0308) excavated from Stephania. Photography by 

Petronella Nel 2005. 

Due to a lack of written records from early restoration and conservation treatments, the 

circumstances surrounding the adhesive repairs on the vessels are unknown. FTIR-ATR 

analysis with a portable unit and a set of control samples were used to identify micro samples 

obtained using solvent swabs (Nel et al. 2010). Out of the 146 adhesive repairs analysed against 

spectral matches of control samples, 5 adhesive classes were identified: CN (67%), poly(vinyl 

acetate) (PVAc) (23%), acrylic (3%), protein (1%), polystyrene (PS) (3%), with only 2% failing 

to be identified. Therefore two thirds of repaired vessels are known to be adhered with CN. Due 

to concerns about the stability of CN, a large number of vessels are a priority for conservation 

intervention. 

It was thought that analysis of the FTIR spectra would be able to isolate the use of different 

commercial products or differences in deterioration and hence differences in environmental 

exposure. So the aim of this study was to pursue two methods of analysis: (1) Principal 

Components Analysis (PCA) of the IR spectra to identify groupings within the CN family and 

(2) GC-MS analysis for plasticizer identification and quantification if required.
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Methods 

Principal component analysis (PCA)  of FTIR spectra obtained from 
survey 
IR spectra were collected as previously described (Nel et al. 2010) using a FTIR spectrometer 
equipped with a diamond ATR window and micro sampling with a cotton wool swab moistened 

with acetone. PCA is a multivariate statistical data analysis technique for reducing the 

complexity and interpreting large data sets and was performed as previously described (Nel et 

al. 2010) using “The Unscrambler” software. PCA represents a complex multi-dimensional data 

set as a handful of principal components (PC), which indicate variance in decreasing amounts 

within the data set. Loadings plots calculated for each PC, indicate the degree to which each 

variable or wavenumber contributes to the variance represented by that particular PC. 

Gas chromatography with mass spectroscopy (GC-MS)  analysis 
Criteria for the selection of vessels to be sampled were as follows: (1) In order to prevent the 

possibility of sample cross-contamination, vessels previously identified to contain multiple 

adhesive repairs were ruled out and those containing only a CN repair included; and (2) Ensure 

that each excavation site was represented in the sample batch in order to capture the presence of 

plasticizers other than DBP or the use of different formulations associated with specific dig 

sites. 

Polymer film samples were manually removed from vessels and placed in glass vials. In order 

to quantify plasticizer content, ~2 mg amounts of each sample was weighed to four decimal 

places (+/- 0.0001) and cut and transferred with the aid of clean scalpel blades and tweezers, 

into glass vials 32 x 11.6 mm with a combination red rubber seal and polytetrafluoroethylene 

(PTFE) cap (Thermo Scientific, part no. THC11 14 1906). If a sample contained ceramic 

residues, these were minimized with a scalpel blade and the sample reweighed. Control samples 

of commercial CN products from HMG, UHU and Selleys Tarzan’s grip (pre 1997) were also 

weighed. All CN adhesive samples were dissolved in a known volume (0.5 ml) of spectroscopic 

grade acetone (Merck), and then diluted 20 fold in acetone. 

Gas Chromatography Mass Spectroscopy (GC-MS) is a combined analytical technique that 

employs the resolving power of GC to separate a mixture of organic compounds and MS to 

identify the unknown organic components (Artioli 2010). Electron impact (EI) ionisation was 

carried out using a Thermo TRACE Dual Stage Quadrupole (DSQ) GC-MS, with a Scientific 

Glass Engineering (SGE) 10 m x 0.1 mm ID-SOLGEL-1MS 0.1 mm (micron) Gas 

Chromatography (GC) column. The GC was programmed: at a flow rate of 0.2 ml/min of 

Helium, splitless injection was employed, with the injection of 1 µl of adhesive-plasticizer 

analyte + 1 µl of an internal standard (ISTD) methyl stearate, to allow for corrections due to 

sample injection variation. Each sample was injected four times to determine reproducibility 

and confidence limits. Initially the temperature was held at 50°C for 1 minute. Then it was 

ramped at a rate of 30°C/min to 320°C, where it was held for 2 minutes. The mass spectrometer 

was employed in full scan mode from 50 to 500 Daltons (Da) at a scan speed of 7298 Da/s. 
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A stock solution of DBP (2.5 mg dissolved in 1 ml of acetone) was serially diluted to prepare a 

set of calibration standards, which allowed preparation of a calibration curve (a plot of the 

response ratio of the peak areas of DBP and the ISTD versus the concentration of DBP) for 

quantitative analysis purposes (see Figure 4). The Xcalibur quantitative analysis software 

(Thermo Fisher Scientific) used the linear calibration curve obtained from the control DBP 

standards (as determined by manual baseline corrected peak area) to determine the amount of 

DBP in each of the unknown samples. These values were then corrected for dilution, original 

sample volume and calculated as a percentage of the original weight of the CN adhesive 

sample. 

Figure 4. Calibration curve of response ratio of DBP/ISTD versus concentration of DBP in acetone. 

Each charged fragment ion of the original molecule is measured as the mass of the fragment 

divided by its charge (usually +1), or mass to charge ratio (m/z), which represents the molecular 

weight of the fragment. DBP identification was confirmed by observation of the m/z base peak 

(which is the highest MW fragment from the original molecule) at 149 in the mass spectrum 

(Middleditch 1989) of the plasticiser peak. When viewing the mass spectra of samples with low 

DBP content or acetone alone, m/z peaks were observed at 73, 149, 207, 281 and 355, which 

are believed to be due to polysiloxane (extracted from the rubber lid of the sample solution 

glass vial due to the aggressive nature of the acetone solvent system). Another set of m/z peaks 
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observed at m/z 90-92, but not for the solvent blank, appear to be associated with the low DBP 

content adhesive samples. The source identity of this molecular ion is being further 

investigated. 

Results and Discussion 

Principal component analysis (PCA)  of FTIR-ATR spectra 
PCA was re-calculated for all 114 CN spectra from the Cypriot pottery survey and control 
samples, and the scores plots of the principal components (PC) plotted. The first PC (PC1) 

represents the majority of variance in the data, which is 57% and the second PC (PC2) 

represents 21% of variance within the data. No distinctions were found in the scores plot of PC1 

versus PC2 (not shown). However a scores plot of PC3 (9% variance) versus PC4 (4% 

variance) separated the CN samples into two distinct groups, referred to as Group 1 and Group 

2 (see Figure 5). As all samples were obtained as acetone solvent swabs, the sampling method 

was not considered to be a contributing factor. A comparison made between the two clusters 

and the accession numbers of the vessels, found a strong correlation, with 1972 corresponding 

to group 2 and 1987 to group 1. 

Figure 5. Scores plot of PC4 versus PC3 of FTIR-ATR spectra for CN samples obtained from survey of Cypriot 

pottery collection. The indiscernible differences within the large spectral set are captured by PCA and observable 

in this ordination plot. 
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A visual inspection between the overlaid line plots of IR spectra from Group 1 (1987) and 2 

(1972) (see Figure 6a & 6b respectively) found general congruence between the two sets of 

spectra making it difficult to explain what is differentiating the two groups. 

Figure 6. Overlaid line plots of FTIR-ATR spectra of CN samples obtained from Cypriot pottery collection: (a) 

Group 1 and (b) Group 2. 

However loadings plots of PC3 and PC4 (in Figure 7) highlight the specific bands that are 

attributable to the observed differences. The most significant band in the loading plots of PC3 

and PC4 (Figure 7) is the negative peak for PC4 at 1712 cm
-1

, which corresponds to the

carbonyl band of the plasticiser, most likely DBP (1721 cm
-1

). Superimposition of the IR

spectrum for DBP onto the loading plots of PC3 and PC4, demonstrates a strong correlation 

between the negative peaks of the PC4 loading plot and the peaks of the IR spectrum of DBP at 

1721, 1273, 1120, 1072, 742 cm
-1

.

Figure 7. Overlaid loading plots of PC3 and PC4 and IR spectrum of DBP. 
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Referring back to the IR spectra from the two groups in Figures 6a & 6b, it is discernable that 

there is a difference in the height of the carbonyl peak at ~1720 cm
-1 

between the two clusters,

due to the ~ 20% wt DBP content in CN adhesives (Horie 1987; Buys & Oakley 1993). 

However this small difference in plasticizer content, needed to be confirmed by a more sensitive 

technique, which can both confirm the identity of the plasticizer and allow quantification of 

plasticizer levels in the CN polymer. As a consequence GC-MS analysis was employed. 

GC-MS analysis 
Preliminary GC-MS analysis was conducted on samples removed from the 1972 accession 
period (Lapatsa vessels 1972.0138, 1972.0186 and 1972.0191) and from the 1987 period 

(Vounous vessels 1987.0068 and 1987.0127). On the chromatogram the retention times for the 

plasticizer and the internal standard occur at ~7.47 and ~7.91 minutes respectively. The 

plasticizer peak concurred with the retention time of a control sample of DBP and with the mass 

spectrum for DBP with a major molecular ion (base) fragment at m/z 149 (Middleditch 1989). 

Samples from the 1972 group contained DBP levels high in comparison to the internal standard, 

while being significantly low for the 1987 samples. 

Due to the approximately ten-fold difference in plasticizer levels between the two accession periods, 

quantitative GC-MS analysis was conducted on samples obtained from a more comprehensive 

survey of the pottery collection to determine whether the plasticiser identified and its level in CN is 

consistent across different excavation sites within each of the two clusters (see Figure 8). 

Figure 8. Plasticizer levels (± average deviation) in CN adhesives samples removed from pottery vessels in Cypriot 

pottery collection (grouped according to excavation site) and from three commercial adhesives, as determined by 

quantitative GC-MS analysis. Red circles and black squares indicate 1972 and 1987 accession periods respectively. 

Triangles indicate commercial adhesive samples. 
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From the results there is a clear correlation between the DBP content of ~15% and ~2% (w/w), 

for vessels from the 1972 and 1987 accession periods respectively, irrespective of excavation 

site. These results concur with a comparison of three commercial samples: two with a high DBP 

content (HMG and UHU) and Tarzans Grip (pre-1997), with a low DBP content. Thus the most 

likely explanation for the difference in DBP levels between the two groups resides with the 

adhesive formulations that were applied to the vessels. 

Another explanation is that vessels from the 1987 acquisition were exposed to elevated 

temperatures for instance, which caused the volatile loss of DBP, via diffusion to the polymer 

surface and evaporation (Wilson 1995, p. 80-81). DBP has a low vapour pressure of 0.082 mbar 

(8.2 Pa) at 100°C and a boiling point of 340°C, which makes volatile loss theoretically possible. 

Shashoua et al. (1992) heat aged pure DBP at 70°C for 50 days causing it to be reduced by only 

1%, due to the loss of water. So exposure to elevated temperatures alone is unlikely to be the 

explanation of the difference in plasticizer levels between the two groups. 

Another issue is the difference in stability between 2% versus 15% (w/w) DBP plasticised CN. 

Shashoua et al. (1992) conducted a comparative experiment between CN alone and DBP 

plasticised CN, which determined that the presence of the plasticizer slows degradation of the 

CN polymer. Thus it would be assumed that 2% (w/w) DBP is more vulnerable to deterioration. 

However this should be tested, as Shashoua et al. (1992) did not test different levels of DBP 

content at intermediate concentrations. Wilson (1995) indicates that evaporation controlled loss 

is independent of plasticiser content, whilst diffusion controlled loss is strongly dependent on 

plasticiser level, with diffusion being slower through a lightly plasticised polymer than through 

the more open structure of a highly plasticised polymer. 

Conservation implications 
Previous work has demonstrated how the unambiguous identification of adhesive types across a 

whole collection can assist with developing collection management strategies (Nel et al. 2010). 

Within the 1987 accession period there was a marked contrast between the poor application 

techniques applied to the Vounous vessels and the neat application techniques used on the 

Stephania vessels. However PCA of the IR spectra of the CN data set, followed by qualitative 

and quantitative GC-MS analysis, identified a marked difference in DBP content between the 

two acquisition periods of the collection. Therefore the Vounous and Stephania vessels, both 

from the 1987 acquisition period, have equal conservation priority by virtue of the low DBP 

content in the CN adhesives associated with this acquisition period. 

Conclusion 

This investigation involved a detailed analysis into the CN adhesive samples associated with the 

Cypriot pottery collection at the University of Melbourne. The predominant use of CN (~ two 

thirds of adhesives and three quarters of repaired vessels analysed) (Nel et al. 2010) will have to 

be taken into account when collection managers prioritise budgets for the conservation and 

display of the collection. This work has demonstrated how the use of PCA and GC-MS 

provided invaluable qualitative and quantitative data that led to the identification and 
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quantification of the plasticiser used in the CN samples, which potentially focuses treatment 

priorities onto vessels from the 1987 acquisition period. 
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Materials and Suppliers 

CN adhesives: 
HMG Heat and Waterproof adhesive was obtained from the CCMC reference collection. 

UHU Hart (yellow blue tube) was accessed from UHU Sydney Australia office, as distribution in Australia had been 
discontinued. 

Tarzans grip (Selleys, pre-1997 CN formulation) was found in a red-white tube in a drawer at CSIRO Clayton. In 
1997 the product changed to a polyurethane (PU) formulation (Nel 2007). 

Chemicals and solvents used for GC-MS: 
Acetone (analytical grade), used to dissolve adhesive samples, was purchased from Merck. 

Dibutylphthalate (DBP, >98%) plasticiser was purchased from Sigma-Aldrich. 

Methyl stearate (>99.5%), the internal standard (ISTD) was purchased from Fluka. 
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Abstract 

Museum artifacts made of polyurethane foam are affected when the foam loses its mechanical 
properties. While effective treatments are available for polyurethane ether foams, no convenient 
consolidation treatments exist for polyurethane ester foams. One possible solution is aminopro- 
pylmethyldiethoxysilane (AMDES), which has already been used successfully for deacidification 
and consolidation of paper. To explore this possibility, we tested AMDES on industrial flexible 
polyurethane ester foam samples. Various concentrations of AMDES solutions were applied to 
unaged samples and to samples that had been artificially aged hydrothermally. Mechanical 
properties were studied using a compression force deflection test, and the results showed that 
AMDES treatment improved the resistance to compression of both aged and unaged foams. To 
investigate the AMDES distribution in the thickness of the samples, Fourier transform infrared 
spectroscopy (FTIR) and scanning electron microscopy (SEM) were used. The colour of the sam- 
ples was monitored before and after consolidation to assess the impact of the AMDES on the 
visual aspect of the treated samples, and the colour difference was negligible for all the samples 
treated. These results suggest that the AMDES could be an efficient solution for the consolida- 
tion of polyurethane ester foams. 

Titre et Résumé 

Consolidation de la mousse souple de polyuréthanne à 

base d’ester : étude préliminaire d’un traitement de ren- 
forcement à l’aminopropylméthyldiéthoxysilane 

Les objets de musée en mousse de polyuréthanne se dégradent lorsque la mousse perd ses 
propriétés mécaniques. Bien que des méthodes efficaces pour traiter les mousses de polyu- 
réthanne à base d’éther sont disponibles, il n’existe pas de traitement de consolidation adéquat 
pour les mousses de polyuréthanne à base d’ester. Les solutions permettant de régler ce 
problème comprennent, entre autres, l’utilisation d’aminopropylméthyldiéthoxysilane (AMDES), 
un produit qui a été employé avec succès pour effectuer la désacidification et la consolidation du 
papier. Afin de valider la pertinence de cette approche, nous avons mis à l’épreuve des échantil- 
lons de mousse souple de polyuréthanne à base d’ester commerciale traités à l’AMDES. Des so- 
lutions d’AMDES de diverses concentrations ont été appliquées sur des échantillons non vieillis 
et des échantillons ayant subi un vieillissement hydrothermal artificiel. Les propriétés mé- 
caniques des mousses ont été étudiées en réalisant des essais de flexion sous compression : les 
résultats indiquent que le traitement à l’AMDES améliore la résistance à la compression des 
mousses vieillies et non vieillies. La spectroscopie infrarouge à transformée de Fourier (IRTF) et 
la microscopie électronique à balayage (MEB) ont servi à étudier la répartition de l’AMDES dans 
toute l’épaisseur des échantillons. La couleur des échantillons a été déterminée avant et après le 
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traitement de consolidation, afin d’évaluer les effets de l’AMDES sur leur aspect : tous les 
échantillons traités présentent une altération de la couleur négligeable. L’ensemble des résultats 
semblent donc indiquer que l’utilisation de l’AMDES pourrait constituer une solution efficace au 
problème de consolidation des mousses de polyuréthanne à base d’ester. 

Introduction 

Nowadays polyurethanes (PUR) cover a very large family of polymers widely used for common 

life and industrial objects. Their flexibility and diverse chemistry allows the synthesis of prod- 

ucts that exhibit different physical properties, from hard plastics to soft elastomers. Because of 

their multiple applications, since the 1960s, PURs attracted artists and designers, who utilized 

them for sculptures, paintings, design furniture, textiles and accessories (Williamson 1999; 

Waenting 2008). 

PUR foams deteriorate rapidly; the effects of degradation can appear after 20-30 years of natu- 

ral ageing. Consequently, conservation issues mainly related to the loss of their mechanical 

properties now affect these artefacts. The main symptoms of degradation are discolouration, 

loss of flexibility and crumbling, which occur under influence of moisture, heat and light (Szy- 

cher 1999). During the degradation process, PURs undergo both chain scission and cross- 

linking phenomena. For the two main families of PUR ester and PUR ether several studies 

demonstrated that the esters are more sensitive to hydrolysis while the ethers are more sensitive 

to oxidation (Kerr 1993; Wilhelm 1997; Wilhelm 1998; Szycher 1999). 

Several studies concerning degradation and conservation strategies for PUR foams used by art- 

ists are reported in the literature (Lorne 1999; Rodrigo 1999; van Oosten 2002; Lovett 2004; 

Colombini 2008). However, while Van Oosten (2004) reported that impregnation of PUR ether 

foam with a mixture of Impranil DLV and vitamine E (an anti-oxidant) inhibits the photo- 

oxidation and gives flexibility to PUR ether foam, no convenient consolidation treatment exists 

for PUR ester foams, and curators of modern and contemporary art are still seeking solutions to 

extend the lifetime of works of art made from this material. 

The 3-aminopropylmethyldiethoxysilane (AMDES), already used for deacidification and con- 

solidation of paper (Dupont 2010), was chosen to be tested on industrially flexible PUR ester 

foam samples. For paper conservation the use of aminoalkylalcoxysilanes (AAAS) provides an 

alkaline buffer on the cellulosic network, improves the mechanical resistance of the paper and 

remains effective even after ageing (Ipert 2006). AMDES was thus chosen to be tested on a 

series of aged and unaged PUR ester foam samples to evaluate its consolidation effect on PUR. 

This paper will present the results of the analysis performed on treated samples in comparison 

with untreated ones. Colorimetric measurements, scanning electron microscopy (SEM) images, 

stress/strain compression curves and Fourier transform infrared (FTIR) spectra will be discussed 

to evaluate the effectiveness of AMDES treatment for PUR ester foam consolidation. 
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Methods 

Samples 
New Dimension Industries LLC (NDI LLC) supplied the foam used as a reference. It is an 

open-cell flexible blue foam with a density of 30kg/m
3
, PUR ester formulated with 2,6- and 2,4-

toluenediisocyanates (TDI) and poly[di(ethylene glycol) adipate]. Nowadays this formulation is 

the most common in PUR ester flexible foam industry, and from an internal study on foams 

from museum collections it was found that PUR ester flexible foams were usually formulated 

with TDI isocyanates.  The foam was pre-cut by NDI LLC in cubic regular samples (50 mm x 

50 mm x 30 mm) suitable for compression tests. 

Artificial ageing 
Artificial thermal ageing has been performed at 90 °C and 50% RH for a period of 21 days in an 

environmental chamber Vöstch HC0020. The ageing conditions were chosen to obtain samples 

closely reproducing common conditions of naturally aged foams. 

AMDES treatment 
Solutions of AMDES in hexamethyldisiloxane (HMDS) solvent were prepared at different 
AMDES concentrations (2.5%, 5% and 10% vol/vol). Each solution was used to treat aged 

(AMDES 2.5% aged, AMDES 5% aged, AMDES 10% aged) and unaged samples (AMDES 

2.5%, AMDES 5%, AMDES 10%). HMDS solvent alone was also tested on aged (HMDS 

aged) and unaged samples (HMDS). The foam samples were weighed and immersed for 24 

hours in each solution using closed polypropylene containers. After immersion the samples 

were dried under vacuum for 6 hours and once completely dried they were weighed once more 

in order to determine the AMDES uptake. 

Colorimetric measurements 
The CIE L*a*b* coordinates were measured with a portable sphere spectrophotometer X-Rite 

SP64 using the following set-up parameters: 4mm measurement area (6.5mm target window), 

illuminant type D65, 10° standard observer angle and specular component included (SPIN). The 

measurements were repeated on the top surface of two replicate samples at 5 different locations 

on each, with the mean value for L*, a* and b* of the 10 measurements reported in Table 2. The 

mean values were used to calculate the colour differences between the treated and the reference 

samples (unaged or aged) using the standard colorimetric formulae reported hereafter according 

to the ASTM D 2244-93. 

and 

The foam flexible structure is deformed by the weight of the spectrophotometer if it is applied 

directly in contact with the foam surface; this deformation could affect the chromaticity coordi- 

nate value measurements (Binnie 2011). Therefore to avoid deformation of the cell structure of 

the foam, for both unaged and aged samples, a rigid black box with a hole of 53x53cm on the 

top was used as an additional device to the spectrophotometer X-Rite. The samples were in- 
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serted in the central hole of the box so that the portable spectrophotometer positioned onto the 

box could be in close contact with the foam surface and analyse it without any deformation. 

Mechanical tests 
Mechanical properties have been studied by Compression Force Deflection Test according to 

the ASTM D 3574-03 test C method using an Adamel Lhomargy DY.20 B tensile/compression 
instrument. Two specimens per sample were tested and the value reported is the mean value of 
those observed. Every specimen was compressed 50% of its thickness (15 mm) at 50 mm/min 

and kept under compression for 60 seconds. The entire stress/strain curve was recorded and the 

final force after 60 seconds determined. 

SEM imaging 
Backscattered electron images of the foam surfaces before and after treatment were obtained 

with a SEM Jeol JSM-5410LV. The samples were stuck with a carbon adhesive on aluminum 

sample holders and coated with gold to a thickness of approximately 300 Å. The analyses were 

performed at a working distance of 26 mm and accelerating voltage of 20 kV. 

FTIR spectroscopy 
The FTIR spectra were recorded on a Nicolet 6700 spectrophotometer, equipped with a dia- 

mond ATR macro-system (Smart Endurance) scanning from 600 to 4000 cm
-1

, 36 scans were

recorded for each spectrum at a resolution of 8 cm
-1

. To identify AMDES infrared absorption
bands, a reference polymerized monomer solution was used. 

Results and Discussion 

AMDES uptake 
The AMDES uptake values obtained after treatment show that higher concentration of AMDES 

in solution results in larger uptakes (Figure 1). In addition, aged samples always show larger 

uptakes than unaged samples (except for those treated with pure HMDS). This uptake differ- 

ence between aged and unaged foams could be explained by AMDES higher affinity to hydro- 

gen bonding with carboxyl groups (Souguir 2011), which are formed by hydrothermal degrada- 

tion processes. 
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Figure 1. Uptake of AMDES in the foam samples (% wt/wt) as a 

function of the concentration of AMDES in HMDS (% vol/vol) 

Colorimetric measurements 
An important issue of conservation treatments dealing with art works is the impact of the treat- 
ment on the original colour of the object treated. For this reason it is important to minimize the 

colour change due to the addition of a new material. The colorimetric coordinates a* and b* of 

the CIE L*a*b* colour space measured on the sample surface are represented in Figure 2. Table 

1 reports the values of L*, a*, b*, the metric chroma difference ΔC*ab and the total colour dif- 

ference ΔE*ab. 

Unaged samples 

The unaged reference sample has a* and b* value of -15.23 and -31.15 respectively, corre- 
sponding to a blue hue. 

After treatment, unaged samples show a small colour difference between treated and reference 
samples not readily visible. The change of metric chroma value is essentially the same for all 
unaged treated samples (ΔC*ab values between -0.83 and -1.62), while the lightness of the col- 

our rises with the increasing AMDES concentration. The HMDS treated sample, compared to 
the reference sample, has a ΔE*ab less than 1 unit, therefore no difference in colour can be seen 

before and after pure HMDS treatment. The AMDES treated samples show a trend of higher L* 
values with higher AMDES concentrations values. The consequence of this lightness increasing 
is highlighted by L* values between 47.31 and 50.96. 

Aged samples 

The aged reference sample shows severe discolouration and hue change from blue to greenish- 
blue as a consequence of hydrothermal ageing highlighted by a* and b* values of -19.76 and 

-13.45 respectively.
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Aged treated samples show higher ΔE*ab values than unaged treated samples, the difference in 

colour between aged treated and reference samples is visible when samples are compared side 

by side under natural illumination. Nevertheless, as mentioned in ASTM D 2244, the texture of 

the foam may hide the difference in colour appearance. The colour of the aged reference and 

HMDS-treated samples have significantly lower b* values than the aged samples treated with 

AMDES, consequently they appear less saturated in chroma than the aged AMDES treated 

samples. The AMDES treatment applied to aged samples causes a colour shift in the aged 

treated samples such that the b* values increase in a direction that results in a colour trend back 

towards the original colour of the reference. The a* and b* values of aged AMDES treated 

samples show a trend towards higher colour saturation with increasing AMDES concentration. 

As for unaged treated samples, the aged treated samples become lighter with increasing AM- 

DES concentration. 

Figure 2. Representation of the colorimetric coordinates CIE a* and CIE 

b* of CIE L*a*b* colour space (each value is the average of the measured 

values from 2 samples with 5 measurements on the top surface of each 

sample and the error is expressed as 1 standard deviation) 
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Table 1. Colorimetric coordinates of CIE L*a*b* colour space (each 

value is the average of the measured values from 2 samples with 5 

measurements on the top surface of each sample and the error is ex- 

pressed as 1 standard deviation) 

L* a* b* ΔC*ab ΔE*ab

Unaged samples 

Reference 47.31 ± 0.61 -15.23 ± 0.17 -31.15 ± 0.19 ─ ─ 

HMDS 47.78 ± 0.87 -15.7 ± 0.16 -31.53 ± 0.23 -0.54 0.98 

AMDES 2.5% 49.95 ± 0.32 -17.09 ± 0.09 -32.02 ± 0.09 -1.62 3.34 

AMDES 5% 50.2 ± 0.61 -16.98 ± 0.16 -31.89 ± 0.39 -1.45 3.48 

AMDES 10% 50.96 ± 0.45 -17.15 ± 0.16 -31.1 ± 0.32 -0.83 4.13 

Aged samples 

Reference 43.95 ± 0.36 -19.76 ± 0.25 -13.45 ± 0.19 ─ ─ 

HMDS 44.01 ± 0.51 -20.06 ± 0.25 -15.35 ± 0.62 -1.36 1.97 

AMDES 2.5% 46.49 ± 0.60 -20.31 ± 0.32 -19.46 ± 0.5 -4.23 6.57 

AMDES 5% 46.3 ± 0.46 -20.92 ± 0.30 -19.76 ± 0.43 -4.87 6.83 

AMDES 10% 47.78 ± 0.99 -21.46 ± 0.40 -20.5 ± 0.45 -5.77 8.21 

Mechanical tests 
For polymer foams compressive properties are usually tested to evaluate the mechanical fea- 

tures of the material. For this reason, a compression force deflection test (ASTM D 3574-03) 

has been used to evaluate the mechanical properties evolution of PUR ester foam after AMDES 

treatment. In Figure 3 and Figure 4 stress-strain diagrams of treated and untreated samples are 

reported. In Table 2 stress values are reported for each sample at five different strains to provide 

the measurement uncertainty. All the curves presented exhibit a first domain with a linear elas- 

tic behaviour which ends with a limit load maximum (yield strength). This first linear part is 

followed by a large plateau which involves either plastic deformation or rupture of the cell 

walls. Rupture of the cell walls is occurring after compression of the aged reference sample. 

After AMDES treatment, both aged and unaged foams show a stiffening effect on the initial 

modulus, the slope of the curve between 0 and 0.05 mm/mm becomes steeper. They also show 

an increase of the maximum load, the stress at yield point increases. This results in stiffer mate- 

rials more resistant to compression. Furthermore the whole stress plateau moves to higher stress 

values, corresponding to an increase of the whole toughness. The reinforcement effect appears 

larger for the treatment applied on unaged foams, even if the uptake values measured are greater 

for aged samples. 

The use of the solvent (HMDS) alone does not affect the compression properties of the foams, 

neither for aged nor for unaged samples which confirms that the resistance to compression is 

strictly related to the AMDES polymer. It is worth noting that treating an aged sample with a 

10% AMDES solution in HMDS confers a resistance to compression around 6 kPa. This value 

is higher than that of the untreated aged sample (around 3.5 kPa) and not too far from that of the 

initial value (around 9 kPa) giving hope about the restoration of the initial foam strength. 
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Figure 3. Compression stress/strain curves of unaged samples 

Table 2. Stress values for a strain of 0.1, 0.2, 0.3, 0.4 and 0.5 mm/mm. Each value is reported 

as the mean value of the two specimen tested. 

0.1 mm/mm 0.2 mm/mm 0.3 mm/mm 0.4 mm/mm 0.5 mm/mm 

Reference 8.86 ± 0.38 8.56 ± 0.33 8.56 ± 0.42 8.71 ± 0.44 9.12 ± 0.43 

Reference aged 4.07 ± 0.28 3.56 ± 0.19 3.59 ± 0.21 3.67 ± 0.22 3.81 ± 0.21 

HMDS 9.33 ± 0.5 9.08 ± 0.64 9.20 ± 0.69 9.39 ± 0.75 9.85 ± 0.89 

HMDS aged 3.90 ± 0.42 3.43 ± 0.36 3.41 ± 0.33 3.55 ± 0.30 3.78 ± 0.36 

AMDES 2.5% 12.28 ± 0.16 11.32 ± 0.19 11.22 ± 0.22 11.53 ± 0.16 12.34 ± 0.39 

AMDES 2.5% aged 4.57 ± 0.31 4.20 ± 0.28 4.24 ± 0.33 4.33 ± 0.47 4.60 ± 0.08 

AMDES 5% 13.65 ± 0.94 12.26 ± 0.58 12.16 ± 0.61 12.51 ± 0.66 13.45 ± 0.72 

AMDES 5% aged 5.02 ± 0.05 4.39 ± 0.05 4.39 ± 0.00 4.57 ± 0.03 4.96 ± 0.08 

AMDES 10% 12.61 ± 1.03 10.75 ± 0.83 10.69 ± 0.97 11.24 ± 1.03 12.36 ± 1.16 

AMDES 10% aged 5.51 ± 0.19 5.02 ± 0.11 5.04 ± 0.19 5.37 ± 0.16 5.83 ± 0.25 
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Figure 4. Compression stress/strain curves of aged samples 

SEM imaging 
The sample images recorded after compression by the SEM allow for observation of the AM- 

DES’s interaction with the foam surfaces and the investigation of reinforcement effect at micro- 
scopic scale. Backscattered electron images allowed the deposits after treatment to be high- 
lighted on the foam structure. Figure 5 shows the images of all the samples of this study (mag- 

nification x100). The unaged reference sample, flexible and elastic, keeps its structure intact 

after compression while, after artificial ageing, cell wall breaking occurs and the material loses 

its recovery properties. In Figure 5 it is shown that AMDES treatment inhibits cell wall break- 

ing during compression and permits the recovering of the original structure when the load is 

removed. 
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Figure 5. SEM backscattered electron images. Surface of foam samples after compression 

The images also show that AMDES treatment leaves deposits on cell wall surfaces, and that 

those deposits are more pronounced with the increasing of AMDES concentration in HMDS. 

AMDES deposits are limited to the surfaces and they do not fill the void of the open cells, 

which is important in terms of conserving the natural structure of the foam. 

FTIR spectroscopy 
To form an overall idea of the distribution of AMDES in the thickness of the samples and there- 

fore verify the homogeneity of the treatment ATR-FTIR analyses were employed. 

Figure 6. ATR-FTIR spectra of unaged foam, unaged foam treated with AMDES 5% and pure polymerized AMDES 
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On treated sample infrared spectra (Figure 6), the following polymerized AMDES infrared ab- 

sorption bands have been assigned based on the literature (Coates 2000): 1257 cm
-1 

(Si-CH3 

symmetric stretching), 1003 cm
-1 

(Si-O-Si stretching), 791 cm
-1 

(Si-C stretching and CH3 rock- 

ing) and 755 cm
-1 

(-(CH2)3- rocking). Si-O-Si absorption band at 1003 cm
-1 

confirms polymeri- 

zation of AMDES monomers on the foam surfaces. As shown by SEM images, the treatment 

forms a sort of coating on the cell walls; consequently the ATR-FTIR response of the treated 

foam mainly originates from the external polymer network. For this reason, on treated foam 

spectrum almost all infrared absorption bands, due to PUR, are hidden by AMDES absorptions 

and only C=O ester stretching at 1727 cm
-1 

is still visible.

To obtain information about the homogeneity of the treatment, treated samples were cut in 

slices allowing infrared analysis to different points of the sample thickness. Five spectra were 

collected from each sample; two from the external surfaces and three from the bulk. In Figure 7 

and Figure 8 the AMDES relative quantification, expressed by the ratio of Si-O-Si absorption 

band at 1003 cm
-1 

to the C=O ester absorption band at 1727 cm
-1

, is plotted as a function of the

depth of the points analyzed. This ratio is an indicator of the AMDES concentration. According 

to uptake values on unaged foams, AMDES seems to be evenly distributed (Figure 7); the dif- 

ferences between the values can be attributed to the experimental error. On the contrary, Figure 

8 highlights a non-homogeneous distribution of AMDES network for aged samples; AMDES 

concentration is higher near the external surfaces of the sample and lower in the center of the 

foam block. The reason for this difference of concentration is not completely clear at the mo- 

ment. However the results suggest that it could be attributed to a non homogeneous ageing, 

since treated unaged foams show even distributions in the whole thickness. According to this 

hypothesis, if the foam block external surface has higher concentration of degradation products 

than the core, AMDES polymer concentration will be higher near the surface because of its 

higher affinity to hydrogen bonding with carboxyl groups. Moreover, the results show that on 

aged sample foams higher concentration of AMDES are observed at each analysis depth point, 

along with uptake values. 
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Figure 7. Unaged sample AMDES relative quantification (ratio of AMDES 

Si-O-Si absorption band to PU ester C=O absorption band) plotted as a 

function of the depth of analysis (thickness of the sample). 

Figure 8. Aged sample AMDES relative quantification (ratio of AMDES Si- 

O-Si absorption band to PU ester C=O absorption band) plotted as a func- 

tion of the depth of analysis (thickness of the sample). 
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Conclusion 

This study shows that, after treatment of aged and unaged PUR ester foams, a reinforcement 

effect is obtained. This effect is a consequence of the formation of a macromolecular network 

due to AMDES polymerization on the cell wall surfaces. 

It was shown that after treatment the deposits formed are larger for aged samples than unaged 

samples. These data allow an interpretation of the interaction between the polymer network and 

the PUR foam surfaces: larger uptakes for aged samples are due to AMDES higher affinity to 

react with carboxyl groups, which are a result of the thermal degradation processes. Beyond its 

reinforcement effect, the polymeric network formed after treatment has two significant charac- 

teristics. Firstly, it weakly affects the visual aspect of the object since it does not change signifi- 

cantly its original colour when applied on unaged PUR foam and it reduces the colour degrada- 

tion when applied on aged samples, secondly it does not fill the void of the open cells preserv- 

ing the natural structure of the foam. 

These promising results suggest that the AMDES treatment could be an efficient solution for 

consolidation of polyurethane ester foams. The ongoing research is geared to well establish the 

interaction between AMDES and PUR ester foam and to examine the ageing behaviour of 

treated samples. 
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Materials and Suppliers 

Polyurethane ester foam CS-0009 
New Dimension Industries LLC (NDI LLC) 
One State Street, Moonachie, NJ 07074-1402 

3-Aminopropylmethyldiethoxysilane and hexamethyldisiloxane from ABCR GmbH & Co.
Supplyed by Roth Sochiel EURL
3, Rue de la Chapelle, F-67630 Lauterbourg
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Colour  Changes of Epoxy Resin 
Adhesives Used in Glass Restoration 
by Exposure to NOx  Fumes 

Claude  Totelin, Sophie  Calonne, and Viviane Bechoux 
(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

Two-part epoxy adhesive systems (epoxy resin + hardener) are complex mixtures of organic 
products, which makes identification of the chemical species responsible for discolouration 
problems very difficult. 

Four commercial adhesives currently used by conservators (Araldite®2020, Epo-Tek® 301-2, 
Fynebond®, and HXTAL®-NYL-1) were investigated. The main confirmations and findings of this 
work are summarized below. 

1. Exposure to NOx fumes has, in some cases, a significant discolouring effect on the

epoxy resin component (part A), pointing to a possible nitration reaction between
nitrogen dioxide (NO2) and the aromatic moieties.

2. Exposure to NOx fumes also has a discolouring effect on the hardener (part B) and in
some cases this effect is very strong. This discolouration might be linked to the

formation of nitrosamines by reaction of nitric oxide (NO) with secondary amines.
3. Exposure to NOx fumes causes substantial colouration of cured epoxy adhesives. This

factor is probably one of the two main contributors to overall discolouration of epoxy
adhesives, together with thermal aging.

4. The epoxy adhesive systems used by conservators are sensitive to moderate heat
treatment (80°C for 72 hours), but the discolouration resulting from this treatment is
smaller than the one caused by exposure to NOx.

5. Addition of phenolic antioxidant significantly slows down the curing reaction and

generally results in some discolouration. This approach does not seem promising to
improve the resistance of epoxy adhesives to exposure to NOx fumes.

Titre et Résumé 

Altération de la couleur des adhésifs époxydes utilisés en 

restauration du verre par exposition à des fumées  de NOx

Les adhésifs époxydes à deux composants (résine époxyde et durcisseur) constituent des 
mélanges complexes de produits organiques, ce qui rend très difficile l’identification des 
composés chimiques responsables des problèmes d’altération de la couleur. 

Les quatre produits étudiés sont des adhésifs commerciaux qui sont couramment utilisés par les 
restaurateurs (Araldite®2020, Epo-Tek® 301-2, Fynebond® et HXTAL®-NYL-1). Un résumé 
des principaux résultats et des hypothèses confirmées dans le cadre des travaux est présenté 
ci-après :

1. L’exposition à des fumées de NOx a, dans certains cas, d’importants effets d’altération

de la couleur sur la résine époxyde (composant A de l’adhésif), ce qui pourrait indiquer
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une possible réaction de nitration impliquant le dioxyde d’azote (NO2) et les 

groupements aromatiques; 
2. L’exposition à des fumées de NOx a aussi des effets d’altération de la couleur sur le

durcisseur (composant B de l’adhésif), l’altération pouvant, dans certains cas, être très
marquée. Celle-ci pourrait être associée à la formation de nitrosamines par le biais
d’une réaction de l’oxyde nitrique (NO) et d’amines secondaires;

3. L’exposition à des fumées de NOx cause une coloration importante des adhésifs

époxydes durcis. Ce facteur constitue probablement un des deux principaux éléments
qui contribuent à l’altération globale de la couleur des adhésifs époxydes, le second
étant le vieillissement thermal;

4. Les types d’adhésifs époxydes utilisés par les restaurateurs sont sensibles au
traitement à la chaleur, dans des conditions moyennes (80 °C, pendant 72 heures),
mais l’altération de la couleur qu’entraîne ce genre de traitement est moins importante
que celle causée par l’exposition à des fumées de NOx;

5. L’ajout d’un antioxydant phénolique ralentit grandement la réaction de durcissement

et, de manière générale, entraîne une certaine altération de la couleur. Cette approche
ne semble pas très prometteuse comme méthode permettant d’améliorer la résistance
des adhésifs époxydes aux effets de l’exposition à des fumées de NOx.

Introduction 

Many polymers show discolouration when aging. The term yellowing is frequently used to 

describe this phenomenon. However, some polymers yield brownish and sometimes even 

different colours. We prefer hence to speak of discolouration rather than yellowing. 

This discolouration is frequent with epoxy adhesives currently used for glass and non-porous 

ceramics restoration. 

In the case of glass, this phenomenon is particularly unsightly and understanding its origins 

could contribute to preventive steps to avoid its occurrence. 

Epoxy adhesive discolouration can be generated by various oxidation reactions. These reactions 

are induced by heat and/or light and result in thermal or photo-oxidation. 

It is worth noting that epoxy adhesives can exhibit strong discolouration even when totally 

protected from UV exposure. This topic has been covered by several authors (Bailly 2007; 

Barlow 1998; Bradley 1990; Down 1984, 1986 and 2001; Shashoua and Ling 1998; Tennent 

and Townsend 1987). UV-induced reactions will not be discussed in this paper. 

These oxidation reactions can affect epoxy resins themselves as well as all other components 

they contain. Unfortunately understanding these reactions is complicated by: 

1. lack of knowledge of the detailed composition  of these adhesives coupled with the fact

that formulations can be modified by manufacturers without corresponding change in

the adhesive’s name.

2. appearance of several - sometimes complex- oxidation products; these are difficult to

identify as the UV-visible spectra are not really discriminative. Moreover, some of the

chemical species produced are characterised by extremely high absorption coefficients

which means that colour can appear due to presence of minute amounts of oxidation

products.

These two limitations apply indeed in the case of epoxy resins. 
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Many oxidation agents are active on epoxy resin joins and fills but it is however possible to 

group them in two well defined categories: 

a) Oxygenated free radicals (RO•) and hydroperoxydes (ROOH). These chemical species

are generated by chain reactions initiated by free radicals but can also be generated by

direct attack of excited oxygen on an organic molecule R-H.

b) Nitrogen oxides NO and NO2 (described under the generic term of NOx). The reactions

of these gases with organic molecules are rarely taken into account in previous research,

particularly in conservation-restoration literature. These reactions are well known in the

textile sector and have even resulted in some experimental procedures to assess their

effect which is known as gas fading (AATCC RA33 norm).

The work presented in this paper focuses on the effects of exposure to NOx fumes and to 

thermal aging of four epoxy resin adhesives currently used by conservators. 

Choice  and Composition of Adhesives 

After a survey on the adhesives currently used by Belgian glass conservators, four two- 

component epoxy adhesives were selected. The chemical composition of these adhesives is 

given hereunder using the manufacturer’s own words (in italics): 

1. Araldite 2020. According to the most recent datasheets (dated 28/06/2010) and

information communicated by its manufacturer, Huntsman, part A of this adhesive is

based on

a. butanedioldiglycidyl ether (CAS No 2425-79-8) at a level between 40 and 52 %

b. reaction product: bisphenol A-(epichlorhydrin); epoxy resin (number average

molecular weight < 700) (CAS No 25068-38-6) at a level between 50 and 62 %)

Its hardener (part B) is made of 

c. Isophoronediamine (CAS No: 2855-13-2) at a level between 30 and 60 %

d. Trimethylhexamethylenediamine (CAS No: 25620-58-0) at a level between 13

and 30 %

e. A third undisclosed component used as a viscosity adjuster and terminated by a

secondary amine. We suspect that this component could be an amine terminated

butadiene-acrylonitrile copolymer (ATBN) (Petrie 2006, p. 147-149) terminated

for instance by N-aminoethylpiperazine (CAS No: 140-31-8)

According to its producer, Araldite 2020 does not contain phenolic antioxidant. 

2. Epo-Tek 301-2. According to the most recent datasheet from its manufacturer, Epoxy

Technology, Inc., (dated 12/05/2008), part A of this adhesive is based on diglycidyl

ether of bisphenol A (CAS No 1675-54-3) at a level of 75-100%.

Its hardener (part B) is made of polyoxypropylenediamine (CAS No 9046-10-0) at a

level of 75-100 %.

3. Fynebond. According to the most recent datasheet from its manufacturer, Fyne

Conservation Services (FCS), part A of this adhesive is made of liquid epoxy resin of the
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bisphenol A, epichlorohydrin type (Mn <= 700), specifically bis (4-(2,3-epoxpropoxy) 

phenyl ) propane. 

Its hardener (part B) is a difunctional primary amine; a polyoxypropylenediamine whose 

amine groups are located on secondary carbon atoms at the ends of the aliphatic 

polyether chain. 

4. HXTAL NYL-1

According to the most recent datasheet from its manufacturer, HXTAL Adhesive, LLC,

(dated 11/10/2010), part A of this adhesive is made of 100 % of epoxy resin (CAS No

30583-72-3) (i.e. a reaction product of perhydrogenated bisphenol A with

epichlorohydrin) with traces of diglycidyl ether ( CAS  No 2238-07-5) and 1-chloreo-

2,3-epoxypropane (CAS No 106-89-8).

Its hardener (part B) is made of

a. poly(oxy)(methyl-1,2-ethanediyl), alpha-hydro-omega-(2-aminomethylathoxy)-

ether 2-ethyl-2-(hydroxymethyl)-1,3-propanediol (3 :1) – (CAS No : 39423-51-3)

(for a graphical representation of this polyetheramine containing repeating

oxypropylene units see for instance Technical bulletin from Huntsman 2007) at a

level of < 92 %.

b. 1,3-diaza-2,4-cyclopentadiene, glyoxaline (CAS No 288-32-4) (i.e. imidazole a

heterocyclic molecule in which the nitrogen atom in position 3 is a secondary

amine) at a level of < 10 %.

According to its producer, HXTAL NYL-1 does not contain phenolic antioxidant. 

The composition of these adhesives is summarised in Table 1: 

Table 1: Composition of the four adhesives tested 

Adhesive Epoxy Resin (part A) Hardener (part B) 

Araldite 2020 Partly aromatic - partly aliphatic Aliphatic (low molecular weight) diamines 

Epo-Tek 301-2 Predominantly aromatic Polyether diamine 

Fynebond Aromatic Polyether diamine 

HXTAL-NYL-1 Aliphatic Polyether triamine + heterocyclic amine 

It should be noted that: 

a. composition of every epoxy resin adhesive is complex; moreover industrial organic

compounds, particularly polymeric ones, are practically never pure single substances;

b. complete adhesive compositions are not known at least for the two first adhesives listed

above. It may be suspected that the missing component(s) could also contribute to the

adhesive’s discolouration.

The curing mechanism of these four epoxy resin adhesives should be similar and is described in 

any textbook on epoxy adhesives (Petrie 2006, p. 37-38). It implies when starting from either a 

primary amine or a secondary amine a first reaction with an epoxy group giving chain 

extension. This is followed in the case of primary amines by a second reaction with another 

epoxy group leading to cross-linking (Figure 1): 
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Figure 1: Chain extension and cross-linking mechanisms for epoxy resin adhesives 

Experimental 

Sample  preparation 
Test specimens (20 x 50 x 3 mm) were prepared by casting in a mould a mixture of part A and 
part B of each adhesive using mixing ratios recommended by the manufacturers. 

Samples of the four epoxy resin adhesives were also prepared with a phenolic antioxidant, 

Lowinox 1790. This additive was added to the hardener in an amount that would make it 1% 

after mixing with the epoxy resin. Lowinox 1790 is known to be very effective against free 

radicals and also to be used as a NOx scavenger in some polymers (Lowinox 1790 Technical 

Data Sheet 2008). 

Exposure to NOx  fumes 
Exposure to NOx fumes was carried out by placing the tests specimens and/or open pots 
containing either part A or part B of the adhesives selected on a desiccator plate. A beaker 
containing 2 g of finely powdered copper was placed at the centre of this desiccator plate. 

NOx production was initiated by pouring 5 ml of nitric acid at 65 % on the powder (see Figure 

2). This operation must be carried out carefully as the reaction is very violent. The desiccator 

was then rapidly shut down and kept closed during two hours allowing NOx to react with the 

samples to be tested. After this time the desiccator was open and the remaining NOx fumes 

evacuated. 

The amount of NOx produced is about the same for each exposure experiment and seems to 

have been nearly totally consumed after two hours. Consequently, the degree of discolouration 

is proportional to the number of tests samples put in the desiccator. This number will be 

indicated in the results section. 
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Figure 2: Production of NOx by reaction of copper powder with nitric acid. 

Left: pouring of nitric acid in the beaker; right: NOx fumes in the desiccator 

Oven aging 
A set of test specimens made with the four selected epoxy resin adhesives was aged in a dry 
oven at 80°C for 72 hours. This temperature and time were selected to achieve a complete 

polymerisation of the adhesives. 

Colour  measurements 
Colour of the samples treated could be easily assessed by visual inspection. However to try and 

be more quantitative, and also to try and avoid the problems caused by lighting when taking 

photos, the following procedure was developed: 

Each of the test specimens to be measured was placed always in the same position on a white 

background under three 500 Watt spot lights. Photos were taken with the camera settings fixed 

manually on the same values. The photos were examined using Paint.NET “Colors Window - 

More Mode” option. This tool allows measuring the RGB (Red, Green, Blue) values on any 

selected point. Twelve points were measured on the photo of each test specimen and the 

average was calculated. This gives a measure of R, G or B on a scale having a maximum value 

of 255 for each colour. The three components of a RGB triplet are encoded as integer numbers 

in the range 0 to 255, this gives 256 distinct values. In this scale, pure white is characterised by 

R = G = B = 255. Any colour development will be measured by a decrease of the value of either 

R, G or B. 

These measurements were carried out on test specimens untreated and treated by exposure to 

NOx fumes or oven aging. The differences ∆R, ∆G and ∆B were measured. The Global Colour 

Change was defined as (∆R + ∆G + ∆B). 
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Results 

a) Exposure to NOx  Fumes  of Part A (Epoxy  Resins) of the four

Adhesives
Exposure to NOx of part A (containing the epoxy resin components) of each of the four

adhesives gave the following results (Figure 3):

Figure 3: Part A epoxy resin before (upper row) and after (lower row) exposure to NOx. 

From left to right: Araldite 2020, Epo-Tek 301-2, Fynebond and HXTAL NYL-1. 

The discolouration assessed visually (see Figure 3) increased in the following sequence: 

HXTAL NYL-1 < Araldite 2020 < Epo-Tek 301-2 < Fynebond 

The reactions involved here are probably nitration of the aromatic moieties by NO2 (Albright 

2000). It is therefore normal that an aliphatic (i.e. not containing aromatic moieties) epoxy resin 
like the one used in HXTAL NYL-1 and a partly aliphatic resin like the one used in Araldite 

2020 will show less discolouration than predominantly aromatic resins like those used in Epo- 

Tek 301-2 and Fynebond. 
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b) Exposure to NOx  Fumes  of Part B (Hardeners) of the four

Adhesives
Exposure to NOx of part B (hardener) of each of the four adhesives gave the following results:

Figure 4: Part B (hardeners) before (upper row) and after (lower row) exposure to NOx. 

From left to right: Araldite 2020, Epo-Tek 301-2, Fynebond and HXTAL NYL-1. 

Discolouration assessed visually (see Figure 4) was clearly observed in all hardeners and was 

particularly strong in the case of Araldite 2020. 

A possible explanation for this phenomenon could be the following: part B contains amine 

compounds. Secondary amines are known to react with NO to give highly coloured 

nitrosamines according to the following reaction (Challis and Butler 1968): 

R1R2-NH + •NO  R1R2N-N=O + H• 

Therefore, if secondary amines were present in part B, colour will develop. Those secondary 

amines can be present as such in the hardener or as impurities arising from the amine 

production route (Turcotte and Hayes 2001). 

This discolouration however is not really relevant to the aging of epoxy adhesives as the amines 

contained in the hardener will react with the epoxy resin (part A) during the curing reaction. 

Nevertheless it does show very clearly why it is so important to use the right proportions when 

blending these two-component epoxies. Excess hardener can significantly contribute to a NOx- 

induced discolouration process. 
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c) Exposure to NOx  Fumes of the Cured Test Specimens made with
the four Adhesives
This experiment is probably the most relevant to assess the effect of NOx pollutants on epoxy

adhesives. In this experiment ten test specimens were put in the desiccator: one for each resin
tested and six other test specimens for another experiment not reported in this paper.

The results observed are presented in Figure 5: 

Figure 5: Epoxy adhesives test specimens before (upper row) and after (lower row) exposure to NOx. 

From left to right: Araldite 2020, Epo-Tek 301-2, Fynebond and HXTAL NYL-1. 

In Figure 5, it is clearly seen visually that some adhesives show stronger discolouration than 

others. The global colour change, which is the sum of all the changes in red (∆R), green (∆G) 

and blue (∆B) components, for all four adhesives is shown in Table 2 and Figure 6. 

Table 2: Colour change resulting from exposure to NOx measured by RGB measurements 

Adhesive ∆R ∆G ∆B ∆Global 

Araldite 2020 -11 -10 -63 -84

Epo-Tek 301-2 -7 -18 -91 -116

Fynebond -14 -37 -111 -162

HXTAL-NYL-1 -8 -8 -24 -40
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It is clearly seen that some adhesives show stronger discolouration than others. Quantitatively 

this could be plotted in a graph as follows (Figure 6): 
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Figure 6: Global colour change 

i.e. sum of the decreases in R, G and B values measured on test specimens shown in Figure 5.

The colours appearing after a short exposure to NOx fumes are indeed quite strong. The 

adhesive showing the least colour change in this test is HXTAL-NYL-1; it is followed by 

Araldite 2020. 

The following hypothesis can be made to explain these colour changes which may be due to the 

addition of two processes: 

a) nitration reaction of aromatic moieties with NO2 as already discussed for part A

exposure experiment
b) formation of nitrosamines by reaction of NO with secondary amines. Indeed, if after

curing, secondary amines are still present in the adhesive, they are likely to react with

NO giving strongly coloured nitrosamines. These secondary amines can be generated

from insufficient cross-linking reaction or from excess hardener.

As NOx is a common atmospheric pollutant, this could be one of the main causes of epoxy resin 

adhesives discolouration under natural aging conditions. Of course it should be noted that the 

amounts of NOx coming from atmospheric pollution (typically under 1 ppm) are very small 

compared to the massive exposure achieved in this experiment. 
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d) Effect  of Oven Aging
Oven aging was carried out at 80°C for 72 hours and as described in the literature (Barlow
1998; Bradley 1990; Down 1984, 1986 and 2001; Shashoua and Ling 1998), this mild aging

produced noticeable discolouration to our samples (Figure 7):

Figure 7: Test specimens before (upper row) and after (lower row) oven aging 

From left to right: Araldite 2020, Epo-Tek 301-2, Fynebond and HXTAL NYL-1. 

All adhesives were affected with slightly less discolouration for HXTAL NYL-1 and Fynebond. 

The colour changes in this experiment, assessed by visual examination and measured by global 

colour change (∆R + ∆G + ∆B), are moderate compared to the changes achieved in the NOx 

exposure experiment. This is shown in Table 3 and in Figure 8: 

Table 3: Comparison measured by RGB measurements of colour change resulting from oven aging (80°C, 72 

hours) with colour change caused by exposure to NOx 

Oven Aging NOx exposure 

Adhesive ∆R ∆G ∆B ∆Global ∆R ∆G ∆B ∆Global 

Araldite 2020 -6 -7 -10 -23 -11 -10 -63 -84

Epo-Tek 301-2 -5 -6 -13 -24 -7 -18 -91 -116

Fynebond -4 -4 -12 -20 -14 -37 -111 -162

HXTAL-NYL-1 -1 -3 -13 -17 -8 -8 -24 -40
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Comparison of effect of oven ageing and NOx exposure
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Figure 8: Comparison of colour changes of test specimens as measured by (∆R + ∆G + ∆B) 

Hatched colour = effect of oven aging. Plain colour = effect of NOx exposure. 

This difference shows indeed that exposure to NOx can in some cases have a stronger effect 

than pure thermal aging. Of course, the relativity of this statement should be kept in mind. The 

conditions used are far away from storage conditions in museums and the tests were only 

carried out with a massive exposure to NOx for two hours and an oven aging at a single 

temperature (80°C) and time (72 hours). Ideally to understand the relative effect of atmospheric 

NOx exposure and thermal aging different concentrations of NOx should be tested as well as 

several temperatures and/or times for oven aging. 

e) Reaction with NOx  of the Test Specimens made with the four

Adhesives Stabilised with 1% of Antioxidant Lowinox 1790
To try and prevent discolouration induced by NOx we have added to the adhesives large

quantities (1%) of an antioxidant, Lowinox 1790, known to react strongly with NOx but without

giving coloured reaction products.

Addition of Lowinox1790 to the hardeners resulted in a very strong slowing down of the curing 

process. This may be an indication of inhibition of a polymerisation reaction involving free 

radicals. 

This slowing down was so high that it prevented the production of completely cured test 

specimens made with Epo-Tek 301-2 and Fynebond. On the other hand the addition of such a 

large amount of phenolic antioxidant gave already - by itself and before submitting the samples 

to NOx - a discolouration of either the hardeners alone (part B) or of the cured test specimens. 

This discolouration was quite accentuated by exposure to NOx fumes. 

These results show that the addition of an antioxidant specifically aimed at scavenging NOx has 

a strong effect on the curing rate and an adverse effect on the colour development. 

Consequently this approach does not seem promising to improve the resistance to 

discolouration of epoxy adhesives. 
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Conclusions 

Exposure to NOx fumes is definitely a factor contributing to two-part epoxy adhesives 

discolouration. NOx being a universal air pollutant this discolouration is likely to affect 

unsightly transparent substrates like glass that are adhered with these types of adhesives. This 

can be a real problem as these adhesives are commonly used in glass restoration either to bond 

together parts or to make filings. 

Our understanding of the chemical reactions implied is complicated by the complex 

composition of these adhesives and by the fact that some components are not disclosed by 

manufacturers. 

At this stage, we can make the hypothesis that two mechanisms are probably responsible for 

this discolouration: 

1. nitration by NO2 of the aromatic moieties of epoxy resin contained in part A,

2. reaction of NO with secondary amines still present in the polymer after curing.

Knowing the main requirements for an ideal epoxy adhesive for conservation, it could be 

worthwhile to try and formulate it taking into account the purity of the various components used 

and their susceptibility to NOx. 
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Materials and Suppliers 

Epoxy resin adhesives 
• Araldite 2020 is manufactured by Huntsman International, LLC. For addresses of distributors see:

http://www.huntsman.com/advanced_materials/eng/Customer_Service/Global_customer_service/index.c
fm?PageID=5785, accessed May 23, 2011.

• Epo-Tek 301-2 is manufactured by Epoxy Technology, Inc. For addresses of distributors see:

http://www.epotek.com/find-rep.asp, accessed May 23, 2011.
• Fynebond is manufactured by Fyne Conservation Services - Airds Cottage, St. Catherine', Loch Fyne,

Argyll, Scotland PA25 8BA U.K. Contact: http://www.fyne- 
conservation.com/component/option,com_contact/Itemid,3/, accessed May 23, 2011.

• HXTAL-NYL-1 is manufactured by HXTAL Adhesive, LLC for addresses of distributors see
http://www.hxtal.com/distributors/distributors.html, accessed May 23, 2011.

Phenolic antioxidant 
Lowinox 1790 is 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6 dimethylbenzyl)-1,3,5-triazine-2,4,6-(1H,3H,5H)-trione 
(CAS N°40601-76-1). It is manufactured by Chemtura. Contact: “Antioxidant and UV Stabilizer Solutions” tel: 
+41 52 723 4417 e-mail: Sergio.Palumbo@chemtura.com, (accessed May 23, 2011).

Paint.NET software 
This free image and photo editing software can be downloaded from http://www.getpaint.net/, (accessed May 23, 
2011). According to its website “It started development as an undergraduate college senior design project 
mentored by Microsoft, and is currently being maintained by some of the alumni that originally worked on it. 
Originally intended as a free replacement for the Microsoft Paint software that comes with Windows, it has grown 
into a powerful yet simple image and photo editor tool. ” 
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Altération de la couleur des 
adhésifs époxydes utilisés en restauration 
du verre par exposition 
à des fumées de NOx

Claude Totelin, Sophie Calonne et Viviane Bechoux 
(Les biographies et les coordonnées des auteurs se trouvent à la fin du présent article.) 

Résumé 

Les adhésifs époxydes à deux composants (résine époxyde et durcisseur) constituent des 
mélanges complexes de produits organiques, ce qui rend très difficile l’identification des 
composés chimiques responsables des problèmes d’altération de la couleur. 

Les quatre produits étudiés sont des adhésifs commerciaux qui sont couramment utilisés par les 
restaurateurs (Araldite®2020, Epo-Tek® 301-2, Fynebond® et HXTAL®-NYL-1). Un résumé 
des principaux résultats et des hypothèses confirmées dans le cadre des travaux est présenté 
ci-après :

1. L’exposition à des fumées de NOx a, dans certains cas, d’importants effets d’altération
de la couleur sur la résine époxyde (composant A de l’adhésif), ce qui pourrait indiquer
une possible réaction de nitration impliquant le dioxyde d’azote (NO2) et les
groupements aromatiques;

2. L’exposition à des fumées de NOx a aussi des effets d’altération de la couleur sur le
durcisseur (composant B de l’adhésif), l’altération pouvant, dans certains cas, être très
marquée. Celle-ci pourrait être associée à la formation de nitrosamines par le biais
d’une réaction de l’oxyde nitrique (NO) et d’amines secondaires;

3. L’exposition à des fumées de NOx cause une coloration importante des adhésifs
époxydes durcis. Ce facteur constitue probablement un des deux principaux éléments
qui contribuent à l’altération globale de la couleur des adhésifs époxydes, le second
étant le vieillissement thermal;

4. Les types d’adhésifs époxydes utilisés par les restaurateurs sont sensibles au
traitement à la chaleur, dans des conditions moyennes (80 °C, pendant 72 heures),

mais l’altération de la couleur qu’entraîne ce genre de traitement est moins importante
que celle causée par l’exposition à des fumées de NOx;

5. L’ajout d’un antioxydant phénolique ralentit grandement la réaction de durcissement

et, de manière générale, entraîne une certaine altération de la couleur. Cette approche
ne semble pas très prometteuse comme méthode permettant d’améliorer la résistance
des adhésifs époxydes aux effets de l’exposition à des fumées de NOx.

Title and Abstract 

Colour Changes of Epoxy Resin Adhesives Used in Glass 

Restoration by Exposure to NOx Fumes 

Two-part epoxy adhesive systems (epoxy resin + hardener) are complex mixtures of organic 
products, which makes identification of the chemical species responsible for discolouration 
problems very difficult. 
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Four commercial adhesives currently used by conservators (Araldite®2020, Epo-Tek® 301-2, 
Fynebond®, and HXTAL®-NYL-1) were investigated. The main confirmations and findings of this 
work are summarized below. 

1. Exposure to NOx fumes has, in some cases, a significant discolouring effect on the

epoxy resin component (part A), pointing to a possible nitration reaction between
nitrogen dioxide (NO2) and the aromatic moieties.

2. Exposure to NOx fumes also has a discolouring effect on the hardener (part B) and in
some cases this effect is very strong. This discolouration might be linked to the
formation of nitrosamines by reaction of nitric oxide (NO) with secondary amines.

3. Exposure to NOx fumes causes substantial colouration of cured epoxy adhesives. This
factor is probably one of the two main contributors to overall discolouration of epoxy
adhesives, together with thermal aging.

4. The epoxy adhesive systems used by conservators are sensitive to moderate heat
treatment (80°C for 72 hours), but the discolouration resulting from this treatment is
smaller than the one caused by exposure to NOx.

5. Addition of phenolic antioxidant significantly slows down the curing reaction and
generally results in some discolouration. This approach does not seem promising to
improve the resistance of epoxy adhesives to exposure to NOx fumes.

Introduction 

Plusieurs polymères donnent des colorations parasites en vieillissant. Le terme jaunissement est 

fréquemment utilisé pour décrire ce phénomène. Cependant certains polymères donnent des 

couleurs brunâtres et parfois même d’autres teintes. Le terme coloration ou changement de 

couleur sera donc utilisé ici plutôt que celui de jaunissement. 

Ce changement de couleur est fréquent avec les adhésifs époxy utilisés couramment pour la 

restauration du verre ou de céramiques non-poreuses. 

Dans le cas du verre, ce phénomène est particulièrement inesthétique et comprendre ses origines 

pourrait contribuer à prendre les mesures préventives qui permettraient d’éviter qu’il ne se 

produise. 

Le changement de couleur des adhésifs époxy peut être causé par différentes réactions 

d’oxydation. Ces réactions sont initiées par la chaleur et/ou la lumière et provoquent une 

oxydation thermique ou photochimique. 

Il convient de noter que les adhésifs époxy peuvent développer une forte coloration même 

lorsqu’ils sont totalement protégés de l’exposition aux UV. Ce point a été traité par différents 

auteurs (Bailly 2007; Barlow 1998; Bradley 1990; Down 1984, 1986 and 2001; Shashoua and 

Ling 1998; Tennent and Townsend 1987). Les réactions initiées par les UV ne seront pas 

discutées dans cet article. 

Ces réactions d’oxydation peuvent affecter les résines époxy proprement dites ainsi que les 

autres composants qu’elles contiennent. Malheureusement comprendre ces réactions est 

compliqué par : 

1. le manque de connaissances sur la composition précise de ces adhésifs combiné au fait

que ces formulations peuvent être modifiées par les fabricants sans changement du nom

de l’adhésif;
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2. l’apparition de plusieurs produits d’oxydation, parfois complexes; ceux-ci sont difficiles

à identifier car le spectre UV-visible n’est pas réellement discriminatif. De plus certaines

des espèces chimiques produites sont caractérisées par des coefficients d’absorption

extrêmement élevés ce qui signifie que des quantités très faibles de produits d’oxydation

peuvent provoquer l’apparition d’une couleur parasite.

En fait, ces deux limitations s’appliquent au cas des adhésifs époxy. 

Plusieurs agents d’oxydation peuvent agir sur des joints ou des comblements de lacune en 

résine époxy ; il est cependant possible de les regrouper en deux catégories bien définies : 

a) les radicaux libres oxygénés (RO•) et les hydroperoxydes (ROOH). Ces espèces

chimiques sont engendrées par des réactions en chaîne initiées par des radicaux libres

mais peuvent également apparaître suite à l’attaque directe d’oxygène à l’état excité sur

une molécule organique R-H.

b) Les oxydes d’azote NO et NO2 (décrits par le terme générique de NOx). Les réactions de

ces gaz avec des molécules organiques ont rarement été abordées dans les recherches

précédentes en particulier dans la littérature consacrée à la conservation-restauration.

Ces réactions sont bien connues dans le domaine textile et ont même permis de

développer des procédures expérimentales pour évaluer leur effet connu sous le nom

d’affadissement au gaz (en anglais : « gas fading ») (voir la norme ATCCRA33).

Le travail présenté dans cet article porte sur les effets de l’exposition à des vapeurs de NOx et au 

vieillissement thermique de quatre adhésifs époxy couramment utilisés par les restaurateurs. 

Sélection et Composition des Adhésifs 

A la suite d’une enquête sur les adhésifs couramment utilisés par les restaurateurs de verre 

belges, quatre adhésifs époxy bi-composant ont été sélectionnés. La composition chimique de 

ces adhésifs est donnée ci-dessous en utilisant une traduction littérale (en italique) des termes 

utilisés par les fabricants : 

1. L’Araldite 2020. Suivant les fiches de sécurité les plus récentes (datées du 28/06/2010)

et les informations qui nous ont été communiquées par le fabricant, Huntsman, la partie

A de cet adhésif est basée sur

a. l’éther diglycidique de butanediol (CAS N° 25068-38-6) à un niveau compris

entre 40 et 52 % ;

b. une résine époxy obtenue par réaction du bisphénol A-(épichlorhydrine) (poids

moléculaire moyen en nombre < 700) (CAS N° 25068-38-6) à un niveau compris

entre 50 et 62 %.

Son durcisseur (partie B) est constitué de 

a. isophorone diamine (CAS N°2855-13-2) à un niveau compris entre 30 et 60 %

b. triméthyl hexaméthylènediamine (CAS N°25620-58-0) à un niveau compris entre

13 et 30 %

c. un troisième composant utilisé pour ajuster la viscosité et terminé par une amine

secondaire. Nous soupçonnons que ce composant puisse être un copolymère de
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butadiène-acrylonitrile terminé par une amine (ATBN) (Petrie 2006, pp. 147- 

149); la terminaison pouvant être par exemple de la N-amino-éthyl-pipérazine 

(CAS N°140-31-8). 

D’après son fabricant, l’Araldite 2020 ne contient pas d’antioxydant phénolique. 

2. L’Epo-Tek 301-2. Suivant les fiches de sécurité les plus récentes données par son

fabricant, Epoxy Technology, Inc., (datées du 12/05/2008), la partie A de cet adhésif est

basée sur l’éther diglycidique de bisphénol A (CAS N°1675-54-3) à un niveau compris

entre 75 et 100 %

Son durcisseur (partie B est constitué de polyoxypropylène diamine (CAS N°9046-10-0)

à un niveau compris entre 75 et 100 %.

3. La Fynebond. Suivant les fiches de sécurité les plus récentes données par son fabricant,

Fyne Conservation Services (FCS), la partie A de cet adhésif est constituée d’une résine

époxy liquide de type bisphénol A, épichlorhydrine (Mn < = 700), spécifiquement de bis

(4-(2,3-époxypropoxy) phényl) propane.

Son durcisseur (partie B) est une amine primaire di-fonctionnelle, une polyoxypropylène

diamine dont les groupes amines sont localisés sur des atomes de carbone aux

extrémités de la chaîne polymérique aliphatique.

4. La HXTAL NYL-1. Suivant les fiches de sécurité les plus récentes données par son

fabricant, HXTAL Adhesive, LLC, (datées du 11/10/2010), la partie A de cet adhésif est

constituée de 100 % de résine époxy (CAS N°30583-72-3) (c'est-à-dire un produit de

réaction du bisphénol A perhydrogéné avec de l’épichlorhydrine) avec des traces d’éther

de diglycidyle (CAS N°2238-07-5) et de 1-chloro-2,3-époxypropane (CAS N° 106-89-8).

Son durcisseur (partie B) est constitué de

a. poly(oxy)(méthyl-1,2-éthanediyl), alpha-hydro-omega-(2-aminométhylathoxy)-

éther 2-éthyl-2-(hydroxyméthyl)-1,3-propanediol (3 :1) – (CAS N° 39423-51-3) à

un niveau < 92 %. (pour une représentation graphique de ce polyéther amine

contenant des unités répétées oxy-propylène, voir par exemple « Technical

bulletin » de Huntsman 2007)

b. du 1,3-diaza-2,4-cyclopentadiène, glyoxaline (CAS N° 288-32-4) (c'est-à-dire de

l’imidazole une molécule hétérocyclique dans laquelle l’atome d’azote en

position 3 est une amine secondaire) à un niveau < 10 %.

D’après son fabricant, la HXTAL NYL-1 ne contient pas d’antioxydant phénolique. 

La composition de ces adhésifs est résumée dans le Tableau 1 : 

Tableau 1 : Composition des quatre adhésifs testés 

Adhésif Résine Epoxy (partie A) Durcisseur (partie B) 

Araldite 2020 Partiellement aromatique - partiellement 

aliphatique 

Diamines aliphatiques (de bas poids moléculaires) 

Epo-Tek 301-2 Majoritairement aromatique Majoritairement polyéther diamine 

Fynebond Aromatique Polyéther diamine 

HXTAL-NYL-1 Aliphatique Polyéther triamine + amine hétérocyclique 
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Il convient de noter que : 

a) La composition de chaque adhésif époxy est complexe ; de plus les produits chimiques

organiques industriels ne sont pratiquement jamais des substances pures ;

b) La composition complète des adhésifs n’est pas connue du moins pour les deux premiers

produits cités ci-dessus. On peut soupçonner que les composant(s) manquant peuvent

aussi contribuer à la coloration des adhésifs.

Le mécanisme de durcissement de ces quatre adhésifs époxy devrait être semblable et est décrit 

dans tous les manuels sur les adhésifs époxy (Petrie 2006, pp ; 37-38). Il implique en partant 

soit d’une amine primaire soit d’une amine secondaire une première réaction avec un groupe 

époxy donnant un allongement de chaîne. Cette réaction est suivie dans le cas des amines 

primaires par une seconde réaction avec un autre groupe époxy donnant de la réticulation : 

Figure 1 : Mécanismes d’allongement de chaînes et de réticulation pour des adhésifs époxy 

Méthodologie, Tests et Analyse 

Préparation des échantillons 
Les éprouvettes (20 x 50 x 3 mm) ont été préparées en coulant dans un moule un mélange de 

partie A et de partie B de chaque adhésif en utilisant les rapports de mélange recommandés par 

les fabricants 

Des éprouvettes des quatre adhésifs époxy ont également été préparées avec un antioxydant 

phénolique : le Lowinox 1790. Cet additif a été ajouté au durcisseur dans une proportion telle 

qu’un taux final de 1 % soit atteint après mélange avec la résine époxy. Le Lowinox 1790 est 

connu comme une substance piégeant de manière très efficace les radicaux libres; il est 

également utilisé comme réactif spécifique contre les NOx dans certains polymères ( Chemtura 

2008 « TDS Lowinox 1790 » ) 

Exposition aux vapeurs de NOx

L’exposition aux vapeurs de NOx a été réalisée en plaçant les éprouvettes et/ou des récipients 
contenant soit la partie A soit la partie B des adhésifs sélectionnés sur la plaque d’un 

dessiccateur. Un becher contenant 2 g de cuivre réduit en poudre fine a également été placé au 

centre de la plaque du dessiccateur. 
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Le NOx a été produit en versant sur la poudre de cuivre 5 ml d’acide nitrique à 65 % (voir 

Figure 2). Cette opération doit être faite de manière prudente car la réaction est très violente. Le 

dessiccateur a ensuite été rapidement refermé et maintenu fermé pendant deux heures. Ceci 

permet au NOx de réagir avec les échantillons à tester. Après ces ceux heures le dessiccateur a 

été ouvert et le reste des vapeurs de NOx a été évacué. 

La quantité de NOx produite est approximativement la même pour chaque expérience 

d’exposition et ce produit semble avoir été totalement consommé après deux heures. En 

conséquence, le degré de coloration des échantillons est proportionnel à leur nombre dans le 

dessiccateur. Ce nombre sera indiqué dans la partie résultats. 

Figure 2 : Production de NOx par réaction de poudre de cuivre avec de l’acide nitrique. 

A gauche : versage de l’acide nitrique dans le becher ; à droite vapeurs de NOx  dans le dessiccateur 

Vieillissement thermique 
Une série d’éprouvettes faites avec les quatre adhésifs époxy sélectionnés a été recuite pendant 
72 heures dans un four sec à 80°C. Cette durée et cette température ont été sélectionnées pour 

atteindre une polymérisation complète des adhésifs. 

Mesures de la couleur 
La couleur des échantillons traités peut être facilement évaluée par examen visuel. Cependant 

pour essayer d’être plus quantitatif et également pour essayer d’éviter les problèmes créés par la 

source lumineuse lors de la prise de photos, la procédure suivante a été mise au point : Chacune 

des éprouvettes à mesurer a été placée toujours dans la même position sur un fond blanc 

illuminé par 3 spots de 500 Watt. Les photos ont été prises avec un appareil photo en réglage 

manuel en utilisant toujours les mêmes valeurs d’ouverture et d’exposition. Les photos ont été 

analysées en utilisant l’option Paint.NET « Colors Window – More Mode ». Cet outil permet de 

mesurer les valeurs RVB (Rouge, Vert, Bleu) pour chaque point sélectionné. Douze points ont 

été mesurés sur la photo de chaque éprouvette et leur moyenne a été calculée. Ceci donne une 

mesure de R, V et B sur une échelle ayant une valeur maximale de 255 pour chaque couleur. 

Les trois composantes du triplet RVB sont donc identifiées par des nombres entiers qui vont de 
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0 à 255 pour chaque couleur c'est-à-dire qui donnent 256 valeurs distinctes. Sur cette échelle, le 

blanc pur est caractérisé par R = V = B = 255. Tout développement de couleur sera détecté par 

une diminution des valeurs de R, V ou B. 

Ces mesures ont été prises sur des éprouvettes témoins non traitées et sur des éprouvettes 

traitées soit par exposition aux vapeurs de NOx, soit vieillies thermiquement. Les différences 

R, V et B ont été mesurées. Le Changement de Couleur Global est défini par (R + V +

B).

Résultats 

a) Exposition aux vapeurs de NOx de la partie A (résines époxy) des quatre
adhésifs
L’exposition aux vapeurs de NOx de la partie A (contenant les composants de résine époxy) de

chacun des quatre adhésifs a donné les résultats présentés dans la Figure 3 :

Figure 3 : Partie A résine époxy avant (rangée supérieure) et après (rangée inférieure) exposition aux NOx. 

De gauche à droite : Araldite 2020, Epo-Tek 301-2, Fynebond et HXTAL NYL-1. 

Le changement de couleur, évalué de manière visuelle (voir Figure 3), suit la séquence 

croissante suivante : 

HXTAL NYL-1 < Araldite 2020 < Epo-Tek 301-2 < Fynebond 

Les réactions impliquées ici sont probablement des réactions de nitration par le NO2 des parties 

aromatiques (Albright 2000). Il est donc normal qu’une résine époxy aliphatique (c'est-à-dire ne 

contenant pas de partie aromatique) comme celle utilisée dans la HXTAL NYL-1 et une résine 

partiellement aliphatique comme celle utilisée dans l’Araldite 2020 donneront moins de 

changement de couleur que des résines majoritairement aromatiques comme celles utilisées 

dans l’Epo-Tek 301-2 et la Fynebond. 
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b) Exposition aux vapeurs de NOx de la partie B (durcisseurs) des quatre
adhésifs
L’exposition aux NOx de la partie B (durcisseur) de chacun des quatre adhésifs a donné les

résultats suivants :

Figure 4 : Partie B (durcisseurs) avant (rangée supérieure) et après (rangée inférieure) exposition aux NOx. 

De gauche à droite : Araldite 2020, Epo-Tek 301-2, Fynebond et HXTAL NYL-1. 

Des changements de couleur, évalués de manière visuelle (voir Figure 4), ont clairement été 

observés pour tous les durcisseurs et ce changement était particulièrement prononcé dans le cas 

de l’Araldite 2020. 

Une hypothèse envisageable pour expliquer ce phénomène pourrait être la suivante : la partie B 

contient des amines. Or, les amines secondaires sont connues pour réagir avec le NO en donnant 

des nitrosamines fortement colorées suivant la réaction (Challis and Butler 1968) : 

R1R2-NH + •NO  R1R2N-N=O + H• 

De ce fait, si des amines secondaires sont présentes dans la partie B, une coloration se 

développera. Ces amines secondaires peuvent être présentes en tant que telles dans le durcisseur 

ou en tant qu’impuretés résultant du mode de production des amines (Turcotte and Hayes 2001). 

Cette coloration cependant n’est pas réellement représentative du vieillissement des adhésifs 

époxy car les amines contenues dans le durcisseur vont réagir avec la résine époxy (partie A) 

pendant la réaction de durcissement. Néanmoins ceci montre très clairement pourquoi il est 

tellement important d’utiliser les proportions correctes lorsque l’on mélange les deux 

composants des adhésifs époxy. Un excès de durcisseur pourrait contribuer de manière 

significative au processus de changement de couleur induit par les NOx. 
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c) Exposition aux vapeurs de NOx des éprouvettes durcies faites avec les
quatre adhésifs
Cette expérience est réellement celle qui a le plus de sens pour évaluer l’effet des polluants de

type NOx sur les adhésifs époxy. Dans cette expérience, 10 éprouvettes ont été placées dans le

dessiccateur : une pour chaque résine testée et six autres échantillons pour une autre expérience

qui n’est pas décrite dans cet article.

Les résultats observés sont présentés dans la Figure 5 : 

Figure 5 : Eprouvettes en adhésif époxy avant (rangée supérieure) et après (rangée inférieure) exposition aux NOx. 

De gauche à droite : Araldite 2020, Epo-Tek 301-2, Fynebond et HXTAL NYL-1. 

Dans cette Figure 5, on voit clairement de manière visuelle que certains adhésifs donnent une 

coloration plus forte que d’autres. Le Changement Global de Couleur, qui est la somme de tous 

les changements des composantes rouge (R), vert (V) et bleu (B), pour chacun des quatre 

adhésifs est détaillé dans le Tableau 2 et illustré dans la Figure 6. 

Tableau 2 : Changement de couleur obtenu par exposition aux NOx évalués par des mesures RVB 

Adhésif R V B Global

Araldite 2020 -11 -10 -63 -84

Epo-Tek 301-2 -7 -18 -91 -116

Fynebond -14 -37 -111 -162

HXTAL-NYL-1 -8 -8 -24 -40
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On voit clairement que certains adhésifs donnent un changement de couleur plus important que 

les autres. Quantitativement ceci peut être mis en graphique comme dans la Figure 6 qui suit : 
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Figure 6 : Changement de Couleur Global - C'est-à-dire somme des diminutions des valeurs de 

R, V et B mesurées sur les éprouvettes montrées dans la Figure 5. 

Les couleurs qui apparaissent après une courte exposition aux vapeurs de NOx sont en fait très 

fortes. L’adhésif montrant le moins de changement de couleur dans ce test est la HXTAL-NYL- 

1; elle est suivie par l’Araldite 2020. 

Les hypothèses suivantes peuvent être faites pour expliquer ces changements de couleur qui 

peuvent être dus à la combinaison de deux processus : 

a) Une réaction de nitration des parties aromatiques par le NO2 comme nous en avons émis

l’hypothèse pour l’expérience d’exposition de la partie A.

b) La formation de nitrosamines par réaction du NO avec des amines secondaires.
Effectivement si après durcissement, des amines secondaires sont encore présentes dans

l’adhésif, elles sont susceptibles de réagir avec du NO pour donner des nitrosamines très

colorées. Ces amines secondaires peuvent provenir d’une réaction incomplète de

réticulation ou d’un excès de durcisseur.

Comme les NOx sont des polluants atmosphériques courants, ceci pourrait être l’une des causes 

principales du vieillissement chromatique des adhésifs époxy dans des conditions naturelles de 
vieillissement. Evidemment il faut bien se rappeler que les quantités de NOx provenant de la 

pollution atmosphérique (typiquement en dessous de 1 ppm) sont très faibles comparées à 
l’exposition massive obtenue dans cette expérience. 
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d) Effet du vieillissement thermique
Le vieillissement thermique a été fait pour une durée de 72 heures à 80°C. En accord avec ce

qui a été décrit dans la littérature (Barlow 1998; Bradley 1990; Down 1984, 1986 et 2001;

Shashoua et Ling 1998), ce vieillissement modéré a produit une coloration visible des

éprouvettes (Figure 7) :

Figure 7 : Eprouvettes avant (rangée supérieure) et après (rangée inférieure) vieillissement thermique 

De gauche à droite : Araldite 2020, Epo-Tek 301-2, Fynebond et HXTAL NYL-1. 

Tous les adhésifs sont affectés avec légèrement moins de coloration pour la HXTAL-NYL-1 et 

la Fynebond. 

Les changements de couleur dans cette expérience, évalués visuellement et mesurés par le 

Changement Global de Couleur (R + G + B), sont modérés comparés aux changements 
obtenus dans l’expérience d’exposition aux vapeurs de NOx. Ceci est détaillé dans le Tableau 3 

et illustré dans la Figure 8: 
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Tableau 3: Comparaison, mesurée par variation des valeurs RVB, des changements de couleur obtenus par 

vieillissement thermique (80°C, 72 heures) avec ceux dus à l’exposition aux NOx 

Vieillissement thermique Exposition aux NOx

Adhésif R V B Global R V B Global

Araldite 2020 -6 -7 -10 -23 -11 -10 -63 -84

Epo-Tek 301-2 -5 -6 -13 -24 -7 -18 -91 -116

Fynebond -4 -4 -12 -20 -14 -37 -111 -162

HXTAL-NYL-1 -1 -3 -13 -17 -8 -8 -24 -40
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Figure 8 : Comparaison des changements de couleur d’éprouvettes mesurés par (R + V + B) 

En hachuré = effet du vieillissement thermique. En couleur pleine = effet de l’exposition  aux NOx. 

Cette différence montre en fait que l’exposition aux vapeurs de NOx peut dans certains cas avoir 

un effet plus fort que celui du vieillissement thermique pur. Bien entendu il faut garder en 

mémoire le caractère relatif de cette déclaration. Les conditions utilisées sont très éloignés des 

conditions d’entreposage dans un environnement muséal et les seuls tests qui ont été faits 

impliquent une exposition massive aux vapeurs de NOx pendant deux heures ainsi qu’un 

vieillissement thermique pendant une seule durée (72 heures) et à une seule température (80°C). 

Idéalement, pour comprendre l’effet relatif de l’exposition aux NOx atmosphériques par rapport 

à ceux du vieillissement thermique, il faudrait faire des tests à différentes concentrations de NOx

ainsi qu’à différentes températures et/ou durées de vieillissement au four. 
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e) Réaction avec les vapeurs de NOx d’éprouvettes faites avec les quatre
adhésifs stabilisés avec 1% d’antioxydant Lowinox 1790
Pour essayer d’empêcher les changements de couleur induits par les vapeurs de NOx des

quantités importantes (1%) d’un antioxydant, le Lowinox 1790, ont été ajoutées aux adhésifs.

Le Lowinox 1790 est connu pour réagir fortement avec les NOx mais sans donner de produits de

réaction colorés.

L’addition du Lowinox 1790 via les durcisseurs a entrainé un ralentissement très marqué du 

processus de durcissement. Ceci pourrait être une indication d’une réaction d’inhibition de la 

polymérisation impliquant des radicaux libres. 

Ce ralentissement était tellement important qu’il a empêché la production d’éprouvettes 

complètement durcies avec l’Epo-Tek 301-2 et la Fynebond. D’autre part, l’addition d’une 

quantité aussi importante d’antioxydant phénolique a déjà - à elle seule et avant exposition aux 

vapeurs de NOx- provoqué des changements de couleur soit des durcisseurs seuls (partie B) soit 

des éprouvettes durcies. Ces changements de couleur ont été fortement accentués par exposition 

aux vapeurs de NOx. 

Ces résultats montrent que l’addition d’un antioxydant spécifiquement adapté pour piéger les 

NOx a un effet très marqué sur la vitesse de durcissement et un effet négatif sur le 

développement de couleurs parasites. Cette approche ne semble donc pas prometteuse pour 

améliorer la résistance au changement de couleur des adhésifs époxy. 

Conclusions 

L’exposition aux vapeurs de NOx est définitivement un facteur contribuant aux changements de 

couleur des adhésifs époxy à deux composants. Les NOx étant des polluants atmosphériques 

universels, ces changements de couleurs sont susceptibles d’affecter de manière inesthétique 

des substrats transparents comme le verre que l’on colle avec ces adhésifs. Ceci peut représenter 

un problème réel car ces adhésifs sont couramment utilisés pour la restauration du verre soit 

pour recoller les morceaux soit pour combler des lacunes. 

Notre connaissance des réactions chimiques impliquées est compliquée par la composition 

complexe de ces adhésifs et par le fait que les fabricants ne donnent pas d’information sur la 

présence de certains composants. 

A ce stade, nous pouvons faire l’hypothèse que deux mécanismes sont responsables des 

changements de couleur : 

1. la nitration par le NO2 des noyaux aromatiques des résines époxy contenues dans la

partie A,

2. la réaction du NO avec les amines secondaires encore présentes dans le polymère après

durcissement.

Connaissant les caractéristiques principales requises pour un adhésif époxy idéal pour la 

conservation-restauration, il pourrait être intéressant d’essayer de formuler un tel système en 
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tenant compte de la pureté des différents ingrédients et de leur susceptibilité aux vapeurs de 

NOx. 

Remerciements 

Les auteurs souhaiteraient exprimer leurs remerciements : 

 à l’ESA St Luc Liège (Belgique) pour son soutien financier.

 au Dr. Philippe Lecomte, Chercheur associé au FNRS - Université of Liège (Belgique)
pour son soutien expérimental.

 Huntsman Advanced Materials pour des informations sur la composition de leur produit.

 Dr I. Foster de Chemtura pour un échantillon de Lowinox1790.

634



Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Références 

AATCC RA33 norm, Colorfastness to Burnt Gas Fumes. (Voir description générale à l’adresse : 
http://www.aatcc.org/technical/Test_Methods/scopes/tm23.cfm), consulté le 16 mars 2011. 

Albright, L.F. 2000. “Nitration”, Kirk-Othmer Encyclopedia of Chemical Technology, John Wiley & sons, Hoboken, 
vol. 16, p.1-13. 

Bailly, M. “La Conservation-Restauration du Verre : Bilan et Perspective”, Conservation, Restauration du Verre, 
Actualité et Problématiques Muséales, Actes du Colloque : Atelier-musée du verre, Trélon, 28 september 2007, 
Ecomusée de l'Avesnois. 

Barlow, M. “An interim Report concerning the long-term natural Aging of false Glazes and Fillers”, Conservation 
news, 1998, n°66, p.24-26. 

Bradley, S.M. “Evaluation of HXTAL NYL-1 and Loctite 350 Adhesives for Glass Conservation”, Glass, ceramics and 
related materials, 9th triennal ICOM meeting, working group 20, 26-31 August 1990, vol.2, 1990, p. 669-674. 

Challis, B.C., and Butler, A.R. “The Chemistry of the Amino Group”, Patai S. ed., Interscience, London, 1968, p. 
277–347. 

Chemtura, (09/10/2008), TDS Lowinox1790, consulté le 16 mars 2011, 

http://www.chemtura.com/deployedfiles/staticfiles/businessunits/polymer_additives-en- 
us/TechnicalDataSheets/files/Lowinox%201790%20TDS.pdf/Lowinox%201790%20TDS.pdf 

Down, J.L. “The Yellowing of Epoxy Resin Adhesives: Report on Natural Dark Aging”, Studies in conservation, May 
1984, vol.29 n°2, p. 63-76. 

Down, J.L. “The Yellowing of Epoxy Resin Adhesives: Report on High-intensity Light Aging”, Studies in 
conservation, 1986, vol.31 n°4, p. 159-170. 

Down, J.L. “Review of CCI Research on Epoxy Resin Adhesives for Glass Conservation”, Reviews in conservation, 
2001, n°2, p. 39-46. 

Epoxy Technology, (12/05/2008), MSDS Epotek 301-2, consulté le 16 mars 2011, 
http://www.epotek.com/sscdocs/msds/301-2_msds.PDF 

Fyne Conservation Services, MSDS Fynebond, consulté le 16 mars 2011, 
http://www.fynebond.co.uk/msds/resinmsds.htm et http://www.fynebond.co.uk/msds/hardenermsds.htm 

Huntsman Belgium, Fiche de données de sécurité MSDS Araldite 2020, 28/06/2010. 

Huntsman Belgium, (2007), Technical bulletin, Jeffamine T-403 polyetheramine, consulté le 16 mars 2011, 
http://www.huntsman.com/performance_products/Media/JEFFAMINE_T-403_US_%282-08%29.pdf 

Petrie, E.M. Epoxy Adhesive Formulations, Mc Graw Hill, New York, 2006, p. 37-38. 

Shashoua, Y., and D. Ling. “A Comparison of Fynebond, Hxtal-NYL-1 and Araldite 2020 Epoxy Adhesives for Use 
in the Conservation of Glass”, Conservation News, July 1998 n°66, p. 33-36. 

Talas, (11/10/2010), MSDS HXTAL NYL-1, consulté le 16 mars 2011, 
http://talasonline.com/photos/msds/Hxtal.pdf 

Tennent, N.H., and J.H. Townsend. “The Relevance of Preferential Surface Yellowing in the Light-aging of 
Polymers for Conservation.” pp 829-832 in ICOM Committee for Conservation: 8th Triennial Meeting, Sydney, 
Australia, 6-11 September, 1987. Preprints. Marina del Rey: Getty Conservation Institute, 1987. 

Turcotte, M.G., and K.S. Hayes. 2001. “Amines, Lower Aliphatic Amines”, Kirk-Othmer Encyclopedia of Chemical 
Technology, John Wiley & sons, Hoboken, vol. 2, p. 544-545. 

635

http://www.aatcc.org/technical/Test_Methods/scopes/tm23.cfm)
http://www.chemtura.com/deployedfiles/staticfiles/businessunits/polymer_additives-en-
http://www.epotek.com/sscdocs/msds/301-2_msds.PDF
http://www.fynebond.co.uk/msds/resinmsds.htm
http://www.fynebond.co.uk/msds/hardenermsds.htm
http://www.huntsman.com/performance_products/Media/JEFFAMINE_T-403_US_%282-08%29.pdf
http://talasonline.com/photos/msds/Hxtal.pdf


Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Matériels et fournisseurs 

Adhésifs époxy 
 L’Araldite 2020 est fabriquée par Huntsman International, LLC. Pour les adresses des distributeurs, voir :

http://www.huntsman.com/advanced_materials/eng/Customer_Service/Global_customer_service/index.c
fm?PageID=5785, consulté le 23 mai 2011.

 Epo-Tek 301-2 est fabriqué par Epoxy Technology, Inc. Pour les adresses des distributeurs, voir
http://www.epotek.com/find-rep.asp, consulté le 23 mai 2011. Fynebond est fabriqué par Fyne
Conservation Services - Airds Cottage, St. Catherine', Loch Fyne, Argyll, Scotland PA25 8BA U.K.
Contact: http://www.fyne-conservation.com/component/option,com_contact/Itemid,3/, consulté le 23
mai 2011.

 HXTAL-NYL-1 est fabriqué par HXTAL Adhesive, LLC pour les adresses des distributeurs, voir
http://www.hxtal.com/distributors/distributors.html, consulté le 23 mai 2011.

Antioxydant phénolique 
Le Lowinox 1790 est de la 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6 diméthylbenzyl)-1,3,5-triazine-2,4,6-(1H,3H,5H)- 
trione (CAS N°40601-76-1). Il est fabriqué par Chemtura. Contact: “Antioxidant and UV Stabilizer Solutions” tél: 
+41 52 723 4417 courriel : Sergio.Palumbo@chemtura.com, (consulté le 23 mai 2011).

Logiciel Paint.NET 
Ce logiciel libre d’édition d’images et de photos peut être téléchargé à l’adresse http://www.getpaint.net/, 
(consulté le 23 mai 2011). D’après ce site “It started development as an undergraduate college senior design 
project mentored by Microsoft, and is currently being maintained by some of the alumni that originally worked on 
it. Originally intended as a free replacement for the Microsoft Paint software that comes with Windows, it has 
grown into a powerful yet simple image and photo editor tool. ” 

636

http://www.huntsman.com/advanced_materials/eng/Customer_Service/Global_customer_service/index.c
http://www.epotek.com/find-rep.asp
http://www.fyne-conservation.com/component/option%2Ccom_contact/Itemid%2C3/
http://www.hxtal.com/distributors/distributors.html
mailto:Sergio.Palumbo@chemtura.com
http://www.getpaint.net/


Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Biographies et coordonnées 
des auteurs 

Author Biographies and 

Contact Information 

Claude Totelin Docteur en chimie de l’Université de 

Liège (Belgique) – a travaillé de 1977 à 2007 dans 
l’industrie chimique en tant que spécialiste de la mise 
en œuvre et de la formulation des matières plastiques. 
Depuis 1996, professeur enseignant les matériaux et 
la chimie dans les sections Design Industriel et 
Conservation-restauration d’oeuvres d’art à l’École 
Supérieure des Arts Saint-Luc de Liège (Belgique). 

Coordonnées : 
44 avenue de Broqueville 

1200 Bruxelles, Belgique 
Courriel : claude.totelin@gmail.com 

Claude Totelin has a PhD in Chemistry from the 

University of Liège (Belgium), and has worked in the 
chemical industry as a specialist in processing and 
formulation of plastics for many years (1977–2007). 
He has been a professor at Ecole Supérieure des Arts 
Saint-Luc (Liège, Belgium) since 1996, teaching 
materials science and chemistry in programs for 
Industrial Design and Conservation Restoration of Art 
Works. 

Contact Information: 
44 Avenue de Broqueville 

1200 Brussels, Belgium 
E-mail: claude.totelin@gmail.com

Sophie Calonne est une étudiante de deuxième cycle 
en conservation et restauration des œuvres d’art à 
l’École supérieure des arts Saint-Luc (Liège, Belgique). 
Le 31 mai 2011, elle a présenté un deuxième mémoire 

de maîtrise intitulé Étude du vieillissement 
chromatique des résines époxydes utilisées en 
restauration du verre. 

Coordonnées : 
59 rue des Genêts 

6600 Bastogne, Belgique 
Courriel : calonne-so@hotmail.com 

Sophie Calonne is a Graduate Student in 
“Conservation-Restoration of Art Works” at Ecole 
Supérieure des Arts Saint-Luc (Liège, Belgium). On 
May 31, 2011, she presented a 2nd Master’s thesis 

titled Etude du vieillissement chromatique des résines 
époxydes utilisées en restauration du verre. 

Contact Information: 
59 rue des Genêts 

6600 Bastogne, Belgium 
E-mail: calonne-so@hotmail.com

Viviane Bechoux, conservatrice-restauratrice de 

céramiques anciennes et contemporaines, a fondé en 
1992 et dirige depuis la partie céramiques-verres de 
la section conservation-restauration d’œuvres d’Art de 
l’École Supérieure des Arts Saint-Luc de Liège 
(Belgique). Collaboratrice scientifique de la faculté de 
Philosophie et Lettres (archéologie – archéométrie) de 
l’Université de Liège (Belgique). 

Coordonnées : 
74 rue de l’Église 

6730 Rossignol, Belgique 
Courriel : v.bechoux@gmail.com 

Viviane Bechoux is a conservator of historic and 

contemporary ceramics. In 1992, she founded and has 
since headed the Ceramics–Glass stream of the Art 
Conservation section of the École Supérieure des Arts 
Saint-Luc de Liège (Belgium). She is also a Scientific 
Collaborator in the Faculty of Philosophy and Arts 
(archaeology-archaeometry) of the Université de Liège 
(Belgium). 

Contact Information: 
74 rue de l’Eglise 

6730 Rossignol, Belgium 
E-mail: v.bechoux@gmail.com

637

mailto:claude.totelin@gmail.com
mailto:claude.totelin@gmail.com
mailto:calonne-so@hotmail.com
mailto:calonne-so@hotmail.com
mailto:v.bechoux@gmail.com
mailto:v.bechoux@gmail.com


Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

______________________________________________________ 

Adhesives for Stained  Glass 

Windows — Development of a 

New System for Wide Cracks 
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(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

To improve the adhesives used for restoring stained glass windows, various adhesives were 
tested and modified. Stained glass windows often show gaps that are too wide to be glued with 
conventional adhesives, and complementing the gap with spare glass is very time-consuming. 
To solve this problem, a filler with improved adhesive strength was developed to bridge wider 
gaps and cracks. The new filler combines glass adhesives with specially treated glass powder. 
Three different glass adhesives were selected and mixed with the specially treated glass powder. 
The adhesive – glass powder mixture developed was then subjected to accelerated aging and 
analysed with Fourier transform infrared analysis, scanning electron microscopy, colourimetry, 
and bending and tensile tests. The results were excellent and the mixture was subsequently 
used to restore glass windows from four 19th-century churches and chapels. The restoration 
process was described in conjunction with the advantages of using this approach. This new 
adhesive – glass powder mixture provides an adhesive process that can be adapted to the 
special needs of any object being restored and thus provides a ready answer to the specific 
damage of each object. 

Titre et Résumé 

Adhésifs pour vitraux — Nouveau système mis au point 

pour combler les larges  fissures 

Divers adhésifs ont été modifiés et mis à l’essai afin d’améliorer les adhésifs utilisés pour 
restaurer les vitraux. Les vitraux présentent souvent des fissures ou des lacunes qui sont trop 
larges pour pouvoir les combler adéquatement avec des adhésifs courants. Le remplacement à 
l’aide d’autres morceaux de verre exige, quant à lui, beaucoup de temps. Pour résoudre ce 
problème, un matériau ayant une force d’adhérence supérieure a été mis au point afin de 
combler les lacunes et les fissures plus larges présentes dans les vitraux. Ce nouveau matériau 
est composé d’un adhésif pour vitraux et de poudre de verre ayant subi un traitement spécial. 
Trois adhésifs pour vitraux ont été sélectionnés et mélangés avec la poudre de verre traitée. Le 
mélange mis au point a ensuite été soumis à un vieillissement accéléré et a été analysé par 
spectroscopie infrarouge à transformée de Fourier et microscopie électronique à balayage et 
soumis à des essais de colorimétrie et de résistance à la flexion et à la traction. Les résultats 
obtenus sont excellents et le mélange a par la suite été utilisé pour restaurer des vitraux situés 

dans quatre églises et chapelles du XIXe siècle. L’article comporte la description du procédé de 
restauration et les avantages de l’approche adoptée. Ce nouveau mélange d’adhésif et de 
poudre de verre constitue un matériau polyvalent qui peut répondre aux besoins particuliers de 
différents objets devant être restaurés, ainsi qu’une solution facile aux problèmes de dommages 
particuliers subis par des vitraux. 
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Introduction 
The size of the panes of glass produced over the years has become larger due to increased 

technological capabilities. That is why we find considerably larger panes in 19
th 

century
churches compared to mediaeval churches, as Wolff (2000) describes. As a result the web of 
lead (called came) which frames the glass got larger. When damage such as cracks and gaps in 
the panes occur they span wider areas and thus, in particular, endanger the stability. Repair 

leads were used for temporary bonding (as shown in Figure 1) and if they were removed further 

instabilities occur. In cooperation with a Restoration Studio, the Federal Institute for Materials 

Research and Testing carried out a research project for the restoration of stained glass windows 

from 19
th 

and 20
th 

century churches. The aim of the project was to develop an adhesive which

guarantees the bridging of wider cracks as well as being adapted for coloured bonding. 

Adhesives for restoring historic glass objects have been the subject of various studies, (Koob 

2006; Davision 2003; Marschner 1996). Well known problems in bonding glass are the poor 

ageing behaviour with yellowing and embrittlement and unachievable reversibility as Sander- 

Cornwell and Schmitt-Ott (1993) described. Glass 

adhesives developed for restoration with an improved 

ageing behaviour are often complicated to apply and not 

suitable for economical use (Davison 2003, p. 212). 

Figure 1: Knights Hospitaller Window, 

German, 19
th 

century, pane with repair 

leads and thus reduced legibility. 

Adhesives normally used for restoration are only 

suitable for gaps of 2 mm wide maximum due to 

limited adhesion; the maximum gap width is specified 

by the manufacturers of the adhesives. Clear and 

transparent adhesives are usually used for these 

purposes which are afterwards coloured with an adapted 

and reversible inpainting. Where yellowing of the 

adhesive occurs, the inpainting can be removed and the 

colouring process can be corrected by a newly applied 

inpainting. Another possibility is colouring the adhesive 

with pigments or dyes. The applications are described 

by Jordan (1999) and Burck (2001). However the 

bonding of wide gaps does not usually achieve the 

brilliance of coloured glass and even after colour 

matching the gaps are clearly visible. 

Therefore the basic idea of the project was to colour the 

adhesive and to use this material at the same time as a 

filler material for bridging wider gaps. The use of filler 

materials is well known from wood conservation (Mintrop 1997). Glass powder seems to be 

well suited because of its similar physical and chemical properties to the glass objects that have 

to be restored (coefficient of thermal expansion, refractive index, gloss level etc.). 

The project described in this paper examines three glass adhesives (epoxy resin, silicone, and 

UV-cure) with a glass powder filler for colour changes, chemical changes [Fourier transform 

Infrared microscopy (FTIR)], and physical changes (bending and tensile changes) before and 
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after various ageing techniques, and also examines samples by scanning electron microscopy 

(SEM). The test methods were selected due to their ability to describe relevant changes like 

ageing behaviour, yellowing and embrittlement and the tests were performed to determine the 

best possible adhesive to use with the glass powder filler. 

During the course of a pilot study, cracks and gaps with widths up to 5 mm were restored in 

coloured stained glass windows from several churches and chapels of the 19
th 

century in the

Berlin area. 

Experimental 

Material and processing 

Glass powder 

The colours of the glass powder were selected to match the glasses selected for the pilot study. 
Commercially available glass powder from Kremer Pigments, Germany was used as well as 

Artista Glass powder from Schott, Germany. Additional glass powder was made in the lab of 

the Federal Institute of Materials Research and Testing. The idea being to use a glass powder 

with a similar composition to the original glass, e.g. having the same refractive index as the 

original glass. Therefore the original glass was analyzed and the colouring agents were 

determined by using EDX-analyses. Glass samples according to the original composition were 

melted in the lab, ground and then fractionated in different particle size ranges from <56 up to 

200 µm. The particle size distribution from all of the applied glass powder was determined with 

the analyzer “Mastersizer S” and allowed conclusions to be drawn concerning the homogeneity 

of the fractions. The homogeneity of the glass powder is important to achieve a uniform 

distribution in the adhesive during the mixing process. 

Adhesives 

The selection of the adhesives was based on a survey of more than 50 glass restoration studios. 
Following preliminary setting time, ageing resistance and yellowing tests (the tests were 

conducted in a previous study), three adhesives were selected: Araldite 2020 two-component 

epoxy resin, CAF3 silicone adhesive, and UV- and daylight-reactive Conloc 684. The adhesives 

harden chemically and belong to various adhesive classes: the epoxy resin Araldite is a 

polyaddition adhesive with a reaction between the resin and hardener components, CAF3 

silicone adhesive ranks among the polycondensation adhesives and cross-links due to humidity, 

and finally, Conloc UV 684 - a light-hardening adhesive, belongs to the polymerization 

adhesives where cross-linking is triggered by light. 
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Mixing the components 

The first step is processing the glass powder. This included a slurrying procedure followed by a 
24-hour drying process at 60°C in the climate chamber. The glass powder was then mixed with

the selected dispersing agent using ethanol as a carrier in the ultrasonic homogenizer for 2

minutes. After a one-hour rest period the ethanol was decanted and the remaining residual

Figure 2: Cross section of the adhesive-glass-powder mixture without (left) 

and with dispersion process (right), SEM image. 

moisture was evaporated at 60°C. The adhesive and glass powder were mixed with a magnetic 

stirrer combined with a vacuum pump at an absolute pressure of 1 mbar. In Figure 2 the effect 

of the dispersing agent is shown. 

Sample preparation 

Samples with clear adhesive and with the “adhesive-glass-powder mixture” 1:2 (adhesive:glass 
powder) were prepared. Since it is easier to observe the mixing process, coloured (green) glass 

powder with a grain size of 56-80 µm was used. For evaluation purposes the “adhesive-glass- 

powder mixture” was compared to the standard application of clear and black pigmented 

adhesive. Black pigmented adhesives are often used in restoration, because no change in colour 

will be visible, even if ageing occurs. A very small amount (less than 1 mg) of the black 

pigment was used to colour the adhesives. To enable a statistically firm mean value of strength 

to be calculated, an appropriate amount of samples for the bending and tensile tests was 

prepared with thirty (30) samples for each application. All samples were tested before and after 

artificial ageing, so it comes up to 540 samples (three adhesives, each with glass-powder, black 

pigment and clear, before and after ageing). 

Adhesive application 

The bonding was carried out on float-glass samples (modern window glass) with 3-mm 
thickness. The samples were cut in two similar parts and were glued together in a butt join with 

a defined gap of 2 mm width. To control the width of the gap as well as the spread of adhesive 

the two glass parts were fixed with adhesive tape. The adhesive was applied on the horizontal 

lying glass. For colorimetry the sample material was spread on microscope slides with a 

thickness of approximately 1 mm. For the FTIR measurements thin dried films of pure Araldite 

and Araldite-glass-powder mixture were placed on part of a calcium fluoride disk and the other, 

empty part, served as the background. 
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Methods of analysis 

Environmental scanning electron microscopy (ESEM/SEM) analysis 

Scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX) were 
used to characterize the glass powder and observe grain structure and grain size. The analyses 

were carried out in a high vacuum using a FEI (Philips)-XL-30 ESEM. The effect and stability 

of the dispersion were assessed using SEM images. 

Artificial ageing 

Ageing of the sample specimens was performed in two weathering periods. The first period 
covered 4 weeks (summer and winter cycle were repeated four times) and simulated the Central 

European summer and winter climate and integrated Sulphur Dioxide pollutant levels. The 

pollutant was only added during the summer cycle. 

Summer cycle: 

4 ½ days, Day cycle - 12 hours at 40°C, 50% relative humidity (RH). Night cycle - 12 hours at 

10°C, 80% RH. 

Sulphur dioxide pollutant supply: concentration 1 ppm = 2860µg/m
3
, the 2009 mean value in

Brandenburg was 2.8 μg/m
3 

(Landesamt für Umwelt, Air Quality Report 2009).

Winter cycle: 

2 ½ days, day and night: -10°C, without adjusted humidity. 

The second weathering period covered a 4-week UV irradiation in the weathering equipment 

“Global UV test type 200 BAM”. The irradiance in the UV range was 27 W/m². The spectral 

distributions corresponded to ISO standard 4892-3(ISO 4892-3 2011). The weathering was 

performed at a constant temperature of 40 ± 2 °C and unregulated humidity. In the second 

weathering period some of the samples selected for colorimetry were placed behind a protective 

glazing, which is used for the protection of stained glass windows in churches. The intention 

was to prove the benefit of protective glazing not only for the stained glass but for the adhesives 

too. 

The samples were characterized before and after weathering both macroscopically and 

microscopically, using colorimetry, IR spectroscopy and bending and tensile tests. 

Colorimetry 

Colorimetry was used for assessing colour changes in, or yellowing of, the samples before and 
after artificial ageing. Transmission to CIELAB colour space enabled the pigments to be 

described by their colour values L*, a* and b*, where L* indicates luminosity, a* gives the red- 

green colour values and b* the yellow-blue colour values (DIN 6174). The quantity of colour 

difference is given by ΔE*ab and indicates how strong the change is. 

Colorimetry was performed using a spectrometer with a MM 20 prism-type two- 

monochromator (Zeiss DMC 25). The measurement conditions are specified in DIN 5033, on 

which the colorimetric analysis was also based (5033-3 1992). 
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FTIR spectroscopy 

The FTIR uses infrared light and is a helpful instrument to detect ageing changes as Lopez- 

Ballester et al. (1999) showed in their comparative study of glass adhesives. Thus the method 

was used for recording and analysing the structural changes before and after artificial ageing. 

The tests were performed using an IR-Scope II microscope. The measurement condition at the 

microscope was a 15x objective, with a 100 µm test spot, in transmission mode. This was 

coupled with the Bruker AXS Company’s Equinox 55 FTIR spectrometer, with a nitrogen- 

cooled MCT detector and a resolution of 2 cm
-1

, recording 100 scans. The detected

measurement ranges between 4000 and 600 cm
-1

.

Bending and tensile tests 

A 4-point bending test was used to determine the flexural strength of the adhesive bond. The 
bending tests were performed on Araldite and Conloc adhesive samples using an Instron 8562 

servo-mechanical testing machine. The test speed was 2 mm/min without initial load. A tensile 

test was used for the silicone glue since the 4-point bending test is not suitable for elastic joints. 

The tensile tests of the CAF3 adhesive samples were carried out by a Zwick 010 universal 

testing machine, the test speed here was also 2 mm/min without initial load. To obtain an 

appropriate contact area for the testing machines, the samples size was defined with a 

dimension of 6 x 2 cm. The tests were carried out before and after the artificial ageing. 

Results 

ESEM/SEM 
The first bonding tests indicated clumping of the glass powder independent of its grain size. 

SEM images showed that glass particles < 20µm, produced by the grinding process, adhered to 

the glass grains. The fine fraction (glass dust) was removed by slurrying the glass powder in 

distilled water and decanting, and thus clumping was substantially eliminated (see Figure 3). 

Figure 3: Pure dried red glass powder before (left) and after slurrying/decanting (right), SEM image. 

Viewing the samples with various dispersing agents (e.g. terpineol or triolein) and glass 

powders of various grain sizes in the SEM enabled the dispersing effect and homogeneous 
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distribution to be assessed. Smaller grain sizes showed a better dispersal effect and 

homogeneous distribution. A further test series determined the optimum mixing ratio of glass 

powder and adhesive, and the prevention of separation of the two components. SEM images 

indicated a substantially lower separation in the mixture at higher glass powder fractions, 

probably due to the increased viscosity of the mixture. 

Colorimetry 
Colorimetry was performed before and after each weathering period, the results of colorimetry 

are listed in Table 1. Colour changes up to ΔE*ab values of 0.5 are hardly seen by eye, while a 

ΔE*ab value >1.0 is significant. After both weathering cycles the colour values of the CAF3 

silicone adhesive remained constant (ΔE*ab: 0.3 clear/ 0.2 with glass-powder), Conloc 684 

samples with and without glass powder exhibited a small colour change (ΔE*ab: 0.4 clear/ 0.7 

with glass-powder), while colour values of pure epoxy resin Araldite 2020 changed the most 

(ΔE*ab: 6, see Figure 4 top). The Araldite-glass-powder mixture however, hardly changed 

(ΔE*ab: 0.6, see Figure 4 bottom). This agrees with the results of the FTIR test (see below). In 

agreement with the visual observation, colorimetry assessment of the pure adhesive Araldite 

2020 showed a considerable change which occurred mainly after the second weathering period 

with UV irradiation without protective glazing. The benefits of protective glazing are widely 

examined e.g. by Godoi et al. (2006). After the first weathering period (with pollutant but 

without UV irradiation), however, hardly any colour change occurred. Samples which were 

illuminated with UV light under protective glazing, exhibited no change in the colour values: 

the UV protection afforded by a cover glass was fully effective. 

644



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

s
p

e
c
tr

a
l 

 t
ra

n
s
m

is
s
io

n
  

fa
c
to

r 
τ 

s
p

e
c
tr

a
l 

 t
ra

n
s
m

is
s
io

n
  

fa
c
to

r 
τ 

Araldite 2020 - clear

1 

0,9 

0,8 

0,7 

0,6 

0,5 

colour difference  ∆ E*ab after weathering:  6,0

A2020 Clear 

A2020 weathered 

0,4 

0,3 

0,2 

0,1 

0 

350  400  450  500  550  600  650  700  750 

wavelength  in nm

Araldite 2020 with glass powder

1 

0,9 

0,8 

0,7 

0,6 

0,5 

colour difference  ∆ E*ab after weathering:  0,6

A2020 G6 Glasspowder 

A2020 G6 weathered 

0,4 

0,3 

0,2 

0,1 

0 

350  400  450  500  550  600  650  700  750 

wavelength  in nm

Figure 4: Colour assessment before and after the two weathering periods. The colorimetry of the pure Araldite 

2020 adhesive shows considerable differences before and after UV irradiation (top) while the Araldite-glass- 
powder mixture shows no discoloration (bottom). 
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Table 1: Results of colorimetry after the first and second weathering period without protective glazing, the ΔE*ab- 

values show the colour changing after each weathering period. 

The colorimetry was calculated according to the CIELAB colour space 1976, for 2° angle standard observer, reference illuminant D65 in 

transmission, the spectral data range from 380 to 720 nm, interval 10 nm. 

CODE X Y Z x y L* a* b* ΔE*ab 

CAF3 clear 86.46 91.01 98.67 0.3131 0.3296 96.41 -0.06 0.28 

1 weathering 86.52 91.07 98.83 0.313 0.3295 0.03 -0.01 -0.05 0.06

2 weathering 86.33 90.88 98.15 0.3135 0.33 -0.05 -0.02 0.25 0.26

CAF3 pigmented 0.18 0.19 0.2 0.3174 0.3272 1,70 0.15 0.01 

1 weathering 0.16 0.17 0.18 0.3168 0.3263 -0.17 -0.01 -0.02 0.17

2 weathering 0.14 0.15 0.16 0.3214 0.3285 -0.37 0.02 0.04 0.37

CAF3 glass-powder 68.12 73.26 71.11 0.3206 0.3448 88.57 -3.29 6,78 

1 weathering 68.25 73.41 71.28 0.3205 0.3448 0.07 -0.03 -0.02 0.08

2 weathering 68.07 73.22 70.81 0.3209 0.3452 -0.02 -0.02 0.21 0.21

Conloc clear 87.29 91.89 99.72 0.313 0.3295 96.78 -0.08 0.22 

1 weathering 87.34 91.96 99.83 0.3129 0.3295 0.03 -0.04 -0.02 0.05

2 weathering 87.07 91.69 98.94 0.3135 0.3302 -0.08 -0.06 0.37 0.39

Conloc pigmented 14.14 14.76 15,70 0.3171 0.3309 45.3 0.72 0.82 

1 weathering 14,05 14.66 15,60 0.317 0.3309 -0.14 -0.01 -0.01 0.14

2 weathering 13.99 14.63 15.64 0.3161 0.3305 -0.18 -0.17 -0.19 0.31

Conloc glass-powder 74.26 79.05 81.06 0.3169 0.3373 91.26 -1.8 3,67 

1 weathering 74.22 79.02 81.02 0.3168 0.3373 -0.01 -0.03 0,00 0.03

2 weathering 73.35 78.1 79.42 0.3177 0.3383 -0.43 -0.03 0.49 0.65

A2020 clear 87.05 91.63 99.55 0.3129 0.3293 96.67 -0.06 0.15 

1 weathering 87.09 91.66 99.59 0.3129 0.3293 0.01 0,00 0,00 0.01

2 weathering 84.21 89.13 88.75 0.3213 0.3401 -1.03 -0.89 5,51 5,67

A2020 pigmented 28,01 29.39 31.73 0.3142 0.3298 61.13 0.27 0.39 

1 weathering 28,10 29,50 31.87 0.3141 0.3297 0.1 -0.03 -0.04 0.11

2 weathering 26,50 28,06 25.81 0.3297 0.3491 -1.19 -0.97 6,77 6,94

A2020 glass-powder 62.4 68.41 60.31 0.3265 0.358 86.21 -6,00 11,98 

1 weathering 62.06 68.06 59.98 0.3264 0.358 -0.17 -0.04 0,00 0.18

2 weathering 62.02 68.06 59.37 0.3274 0.3592 -0.18 -0.11 0.55 0.59
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FTIR 
The adhesive Araldite 2020 was tested solely, due to the well known yellowing behaviour of 

epoxies, as Down (1986) has reported. Two IR measurement series were carried out on thin 

films of pure adhesive and “adhesive-glass-powder mixture” and analyzed by comparing the 

spectra. The IR-spectroscopy tests showed new bands around wave numbers 1725 cm
-1 

and

1660 cm
-1 

after UV-radiation which were pronounced in both pure and glass containing spectra.
These bands indicate the presence of C=O double bonds, i.e. carbonyl bonds. At 1725 cm

-1 
a

carbonyl stretching vibration was observed which can be interpreted as the beginning of photo 

oxidation and indicated the degradation of long-chain molecules (Hilbert 2002). As shown in 

Figure 5 bottom the spectra of the “adhesive-glass-powder mixture” exhibits a smaller band 

change than those of the pure Araldite adhesive. This shows that glass powder offers protection 

from UV beams and prevents degradation reactions of the polymer network due to photo- 

oxidative processes. This might be due to fewer parts of adhesive in the “adhesive-glass-powder 

in colorimetry. The bottom line is that the addition of glass powder to Araldite 2020 provides an 

improved resistance to yellowing, as stated previously in colorimetry. 
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Figure 5: Comparative spectra of pure Araldite 2020 adhesive (top) and the Araldite-glass powder mixture 

(bottom): before UVirradiation (black), and after UV irradiation (red). 
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Bending and tensile tests 
Samples with an “adhesive-glass-powder mixture” ratio of 1:2 (adhesive:glass powder) were 

tested and compared to clear and black pigmented adhesive. All of the three adhesives with 

glass powder had higher strength values than samples without glass powder added as shown in 

Figure 6. Samples of Araldite 2020 and Conloc 684 containing glass powder exhibited a higher 
strength even after ageing than did samples without glass powder addition. Here the strength 
after ageing is still sufficient, without being too strong to provoke new breakage of the glass 

substrate in case of stress. 

Figure 6: Results of the bending and tensile tests, carried out on 

samples with a mixing ratio of 1:2 of adhesive : glass powder. 

Adhesion and strength of the glued joints could be adjusted by changing the content of glass 

powder in the mixture. This is important for fragile glass windows. A decrease in the amount of 

glass powder in the mixture decreased the joint strength. Further tests were carried out with 

adhesive to glass powder mixing ratios of 3:5 and 1:1. In all tests, when the joins broke, they 

broke in the cured “adhesive-glass-powder mixture” and not in the substrate (e.g. the original 

glass). It is important for the restoration of objects that in case of stress the joint will break but 

no further breakage in the original glass will occur. 

Treatments 

The stained glasses to be restored in the example treatments given below were in very different 

states of preservation. Individual windows were selected for restoration in agreement with the 

State Monument Protection Offices, as the responsible institution. An important aspect of these 

example treatments was to demonstrate the versatility of the “adhesive-glass-powder mixture” 

developed in our pilot study. Araldite 2020 was chosen for these example treatments because in 

Germany it is the most frequently used adhesive for stained glass windows and did fairly well in 
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the above tests. The following examples give the reader an idea of how the “adhesive-glass- 

powder mixture” can be used. 

Colour  adjustment 
The ability to add glass powder enables an optimum colour match to the original glasses to be 

made. Colour-intensive glasses required more glass powder than lightly coloured glasses, to 
achieve the desired colour. A design pallet of various original glass colours was established 
using the “adhesive-glass-powder mixture” and thus the preliminary determination of the most 

suitable colour was ensured by using the relevant mixing ratio as shown in Figure 7. 

Figure 7: Samples to match the colour of medieval glass fragments, cooperation with 

the workshop of the Cologne Cathedral. 

Adjusting the colour to the red flashed glass of a choir window of the St. Matthew and Marc 

Church in Rohrsheim/ Saxony-Anhalt built in 1888, required two work phases (see Figure 8). 

Flashed glass usually consists of a colourless base glass on which a thin coloured coat is melted. 

The flashed glass had shell-shaped chips at the point of fracture and showed multiple fissures 

(Figure 8 left). The repair was achieved by applying a transparent adhesive (Figure 8 middle) 

and a thin layer of “adhesive-glass-powder mixture” containing a high portion of red glass 

powder and a red wax (Figure 8 right), i.e. a wax colourant to intensify the red colour. 

Figure 8: Broken red flashed glass (left), first work phase with transparent adhesive (middle), second work 

phase with adhesive-glass-powder mixture with red glass powder and red wax (right). 

Transparency 
To achieve a glass-like transparency, a multi-layer arrangement was recommended even if 
wider joints had to be glued. First, a layer of coloured “adhesive-glass-powder mixture” was 

applied and a layer of clear Araldite 2020 was placed on top. The layer thickness of mixture and 
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clear adhesive required was determined by trials. Particularly lightly coloured glasses achieved 

a good glass-like appearance as a result of multi-layered gluing. 

An example of transparency achieved can be seen in the nave window of the village church in 

Gültz near Schwerin/ Mecklenburg-Western Pomerania built in 1880. The window consists of 

square-shaped colourless glasses with a uniform muslin coat on which a floral grisaille painting 

has been applied. Muslin glass is a colourless glass discoloured by sand blowing or etching, on 

which the grisaille painting is applied in various shades of grey. The glass exhibited a spider’s 

web-like fissure pattern. Flakes and defects were visible in the central fissure area. Colourless 

or white dyed “adhesive-glass-powder mixture” was used to perform the repair (see Figure 9). 

Figure 9: Detail of one grisaille fissure area before (left) and after restoration (right). 

Viscosity 
Viscosity can be adjusted to the work conditions. Despite adding glass powder, the adhesive 

mixture has a low viscosity, therefore, a time-delayed application to allow the adhesive to start 

curing and thickening is advantageous particularly for wider fissure patterns. However, the 

addition of colourless glass powder can be used to increase viscosity if needed to bridge wider 

gaps. 
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Figure 10: Detail of the chapel of Klein Glienicke in Potsdam from 1877 during restoration with bars to 

position the fragments (left), the pane after restoration (right). 

In the chapel of Klein Glienicke in Potsdam-Babelsberg/ Brandenburg built in 1877, a window 

with figured glass paintings had large cracks and defects. A cracked section of a multicoloured 

architectural drawing had been repaired using multiple lead cames, spoiling the impression of 

the picture as a whole (compare Figure 1 and Figure 10). Their removal left gaps of 2 to 4 mm 

width. Gluing and filling the gaps was carried out by a combination of techniques. First, the 

“adhesive-glass-powder mixture” was applied at high viscosity to form bars between the 

fragments which enabled individual fragments to be positioned (see Figure 10 left). The 

resulting joints were filled with the “adhesive-glass-powder mixture” either in one work step or 

layer by layer depending upon the required colour intensity. The final result (see Figure 10 

right), without the disfiguring cames, greatly improves the aesthetic appreciation of the glass 

window. 

Combinations 
Gaps may exhibit various crack patterns. Therefore combinations of various joining techniques 
are necessary for optimum gluing. Thus very narrow cracks can be joined with clear Araldite 

2020, while wider cracks or defects as well as superficial flaking can be filled with an 

“adhesive-glass-powder mixture”. This method was used for gluing a round window of the 

Bethmann Hollweg grave chapel in Hohen Finow/Brandenburg built in 1893 (see Figure 11). 

The blue glass in a crescent-shaped pane had small geometrical shapes with multiple fissures 

652



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

and larger shell-shaped chips in some places. Narrow cracks were glued with clear Araldite, 

while the chips were filled with the “adhesive-glass-powder mixture”. 

Figure 11: Round window from the Bethmann Hollweg grave chapel in Hohen Finow/ Brandenburg from 1893, 

before (left) and after restoration (right), cracks were filled with clear Araldite while the parts flaked off were 

filled with the “adhesive-glass-powder mixture”. 

Conclusions 

The objective of the research project was to investigate new ways of filling gaps for the 

restoration of stained glass windows.  The methods should meet conservation standards for 

historic buildings and offer applications in line with standard practice in restoration. 

The change in properties of modified “adhesive-glass-powder mixtures” was investigated on 

model samples using fissure and gap gluing techniques. The new mixture was characterized by 

comparing it with a clear and a pigmented adhesive. 

The samples with added glass powder provided the best results in each case, independent of the 

gluing medium selected. Adding glass powder reduced yellowing, particularly in epoxy resins. 

On the one hand the less adhesive in the mixture reduced the yellowing potential; while on the 

other hand the glass powder in the mixture provided protection against yellowing, since a glass 

as a whole provides protection against UV-radiation. Weathering tests using a climate chamber 

with UV irradiation proved the UV-protection of glass: samples with pure epoxy resin behind a 

protective cover glass did not exhibit any yellowing phenomena. The precise effect of glass 

powder providing protection against UV-induced degradation of the polymer network should 

come under scrutiny and should be clarified by further tests. 

Four-point bending and tensile tests on the samples with glass powder indicated an increased 

strength compared to samples without added glass powder. Moreover, hardness, glue adhesion 

and viscosity can be modified and thus adapted to the restoration requirements. Variable 

application enables high colour brilliance and a glass-like appearance. 
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The findings were applied to four selected restoration objects of the 19th Century and the epoxy 

Araldite 2020 was selected due to its good long term experience in stained glass conservation in 

Germany and its comfortable mixing and application. Exemplary repairs were performed on 

several glass segments using the method developed. A detailed record keeping of the restoration 

work will enable the long-term behaviour of the modified “adhesive-glass-powder mixture” to 

be checked. 
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Materials and Suppliers 

CAF 3: 
Bluestar Silicones Germany GmbH, Headquarter for Germany-Austria-Switzerland: 
Hans-Sachs-Strasse. 4, D-23566 Lübeck Tel.: +49 451 60981 23 Fax: +49 451 60981 11 
webmaster.silicones@bluestarsilicones.com 

Conloc UV-684: 
EGO GmbH & Co. KG, Lilienthalstraße 7, 82205 Gilching, Germany 
Tel: +49 (0) 81 05/217-0, Fax +49 (0) 81 05/217-33, www.ego.de 

Araldite 2020: 
Bodo Möller Chemie GmbH, Senefelderstraße 176, D-63069 Offenbach/Main 
Tel.: +49 (0)69 838326-0, Fax: +49 (0)69 838326-199, http://www.bm-chemie.de/content/de/ 

Glass powder in different grain sizes (56µm-200µm) and colours: 
Kremer Pigmente GmbH & Co. KG, Hauptstr. 41 – 47, DE 88317 Aichstetten 
Tel. 0049 75 65 911 20, Fax 0049 75 65 16 06, http://kremer-pigmente.de 
SCHOTT AG, Hattenbergstrasse 10, 55122 Mainz, Germany, 
Tel. +49 (0)6131/66-0, Fax +49 (0)6131/66-2000, www.schott.com 
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(biographies and contact information for authors can be found at the end of this paper) 

Abstract 

A new technique has been successfully developed for casting Paraloid B-72 (B-72) in thin sheets 
or films, without air bubbles. These sheets are then shaped, cut, and used as fills for losses in 
glass. Solutions of B-72, clear or tinted with colours, are cast into open moulds, which are then 
kept partially sealed in a chamber. This eliminates the formation of air bubbles, and after 
several days the films can be removed for use. 

Titre et Résumé 

Un produit de longue date, une nouvelle technique : le 

coulage du Paraloid B-72 pour le comblement de lacunes 
dans les objets  en verre 

Une nouvelle technique a été mise au point pour réaliser le coulage du Paraloid B-72 (le B-72) 
sous forme de feuillets ou de pellicules minces qui ne contiennent aucune bulle d’air. Les feuillets 
sont ensuite mis en forme et découpés et utilisés comme matériau de comblement de lacunes 
dans les objets en verre. Les solutions de B-72, limpides ou colorées, sont coulées dans des 
moules ouverts, lesquels sont partiellement étanchéisés et conservés dans une enceinte 
particulière. Cette mesure permet de prévenir toute formation de bulles d’air et, après quelques 
jours, les pellicules d’adhésif peuvent être retirées des moules pour utilisation ultérieure. 

Introduction 

Materials used for filling losses in glass objects should be selected with care. This is particularly 

true for fragile archaeological glasses where the glass is very thin (0.5-1.0 mm) and the glass 

structure is often weakened. Some of the commonly used synthetic resins or casting techniques 

can result in more damage to a glass (Down 1996; Tennent and Koob 2010). 

Direct  casting resins 
Epoxy or polyester resins have been traditionally used for filling losses in glass. Their use and 

characteristics are well referenced in the literature (Jackson 1983; Bradley and Wilthew 1984; 
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Bradley 1990; Down 1996; Nudes de Silva 1998; Shashoua and Ling 1998; Down 2001). They 

offer a refractive index close to glass, high Tg, perfect transparency, and a large variety of 

reconstruction technique possibilities (simple backings, open or two-sided moulds, direct or 

indirect castings). Despite having many excellent properties, epoxy resins have limited 

reversibility and tend to yellow over time. Even the most stable resins (Hxtal NYL-1 and 

Epotek 301-2), under good exposure conditions will show degradation (Down 1984; Down 

1986). Polyesters also have a history of yellowing. Another disadvantage to direct filling with 

epoxy or polyester is that the entire object usually has to be dismantled to replace any fills. The 

work has to be started from the beginning, cleaning all the breaks, assembling, and gap filling. 

This can be very time consuming and poses more risk of damage and strain to the glass. The 

potential damage to glass from commonly used fill methods and the limited stability and 

reversibility of epoxy and polyester make other materials and techniques desirable. 

Reversible, detachable fills 
Numerous less-invasive techniques have been developed, designed to be reversible. One of 
these is the use of Japanese paper (Henau 1980-81; Fontaine 1988-89; Perbu, Heulin, Leclerc et 

Leconte 1990; Fontaine 1993; Fontaine 1999). The fills are very light and the technical process 

reduces the number of manipulations of the fragile glass object. However, this technique is not 

always visually acceptable, if the glass is clear and transparent, and it only provides minimal 

structural support. 

Detachable fills have also been developed to be both reversible and minimize the strain and 

potential damage caused by direct casting and finishing on the glass. Several methods have 

been recommended using plaster, wax or modeling clay fills which are moulded, cast in epoxy, 

and then adhered in place (Davison 1998; Koob 2000; Koob 2006). 

Another technique that has been recommended is to produce an epoxy film or sheet of resin 

away from the object (Lechat 2007; Lacroix 2009; Fontaine and Benrubi 2010). The profile of 

the fill is made by positioning the flexible film (before it is completely set or by reheating 

slightly with a hot airgun) on a form reproducing the shape and curvature of the missing area; 

then the film is cut to fit exactly the area to be filled. Plexiglas or Perspex sheet can be used in a 

similar manner (Hogan 1993), but is difficult to work with and often requires coloured coatings 

to match the glass. 

In all these cases, the fills are fixed in position using an adhesive made of Paraloid B-72 (B-72) 

(Koob 1986). This results in less strain on the glass, and offers long-term reversibility. 

Although the techniques described above do address some of the problems with using epoxy 

resins for filling losses in glass, they do not prevent the fills from yellowing. This means that 

eventually the objects will have to be retreated which always creates a potential for new 

damage, especially with fragile glasses. 
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Filling with Cast B-72 

A new technique has been developed at The Corning Museum of Glass for loss compensation in 

glass. B-72, one of conservators’ best-known acrylic resins, is now being cast in film and sheet 

form to use for filling losses in glass objects. 

B-72 is an acrylic resin which needs to be dissolved in one or more solvents, and is not practical

for direct casting on objects to fill losses because so much shrinkage occurs during the setting

process. However with careful preparation, the technique is simple, minimally invasive, and can

produce fills that can be transparent, translucent or opaque. B-72 fills can be made thick enough

to provide structural support for glass fragments, or it can be an aesthetic non-invasive fill

similar to a tinted Japanese paper fill, with the added advantage of being transparent. In

addition, the B-72 fills will never yellow like epoxy or polyester resins.

Casting procedure 
The B-72 is first dissolved in acetone, and 
the mixture is then modified with the 

addition of ethanol or a small amount of 

xylene (see the case studies for the 

amounts used) to slow evaporation. 

Ethanol is relatively non-toxic, and is 

preferred. The mixture is stirred well, and 

pigments or dyes are added as necessary, 

along with an opacifier such as fumed 

silica or titanium dioxide, to achieve the 

desired color and transparency to match 

the glass being restored. The mixture is 

then poured onto polyethylene sheeting or 

silicone release paper, or in an open-faced 

silicone rubber mould (Figure 1), to the 

Figure 1: removing flexible film from mould 

Figure 2: open-faced silicone moulds in polyethylene bags 

desired thickness (keeping in mind that solvent loss 

will cause significant thinning or shrinkage of the 

film). Once the B-72 is poured out, it must be 

immediately covered or placed in a vapour 

chamber to slow down the solvent evaporation. The 

poured out B-72 can be placed under a watch glass, 

Petri dish, or inside a plastic bag and left covered 

for 1-4 days, depending on the size and thickness 

of the film and the exact solvent mixture. This 

restricts, but does not stop, the solvent from 

evaporating out of the film. This very slow 

evaporation of the solvent allows the film/sheet to 

form uniformly, and without air bubbles. 
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After several days, the B-72 film can be removed, and because it is still flexible (Figure 2), it 

can be easily cut with scissors or a scalpel, and be shaped to specific curvatures. Large fills and 

ones with deep curvatures are more difficult to achieve; the film needs to be slumped over a 

base of the right shape until it is rigid enough not to collapse in on itself. Hardening of the B-72 

can be aided by placing the film or sheet in an incubator oven at 40-50° C. Thin applications of 

B-72 will harden faster, while thicker applications (2-3 mm) take longer. The amount of

opacifiers and pigments or dyes added also affects hardening time.

The B-72 fills are then easily attached to the glass with a very small amount of B-72 adhesive or 

very careful wetting of the edges with acetone. 

Manipulating the appearance of the film 
The B-72 films can be coloured with dyes or pigments. Dyes should be dissolved in a solvent 

(ethanol) before being added to the B-72. The resulting film will have clarity and a transparency 

almost equal to results obtained with an epoxy. 

Similar results can be achieved with pigments which are more stable and thus preferable (Figure 

3a). A very small amount of pigment is mixed first with ethanol then the B-72 is added and 

allowed to rest for 10 min. This way the heavier pigments can drop to the bottom leaving a 

uniform clear color at the top. The B-72 is then slowly poured into the mould making sure to 

stop just before the accumulation of pigments at the bottom. If the mixture is not allowed to rest 

the larger, heavier pigments will be visible in the film (Figure 3b). Pigments can also be re- 

ground and sieved to help eliminate the larger pigments. 

Figure 3: a: B-72 film with pigments not visible; b: B-72 fill with pigments visible 

The transparency of the film can be adjusted with the addition of pigments or fumed silica to 

the resin mixture. It is best to dissolve the fumed silica is a small amount of solvent before 

adding to the resin mixture. Adding it directly to the resin mixture can cause the fumed silica to 
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clump resulting in a “lumpy” film. The addition of fumed silica will increase the viscosity of 

the mixture and will result in a thicker film. It can also shorten the time the film needs to be 

covered and make the film more rigid (Degussa 1989; Degussa 1995). 

Most of the B-72 solution consists of solvents that have to evaporate off in order for the film to 

harden. This means that the resulting film will be significantly thinner than the initial pouring. 

Thicker films can be achieved by adding additional B-72 to a mould with a film that has 

hardened or partially hardened. 

The texture of the film can be changed by disrupting the surface while the film is still slightly 

sticky. This can be done with a finger (Figure 4) or textured tool or fabric that will not stick to 

the resin. If the film is no longer sticky, the surface can be made sticky with a tiny amount of 

solvent. 

Case Study 1 

One of the largest successful fills made from cast 

B-72 was made for a Roman ewer (Corning

Museum of Glass 2007.1.26). Before treatment it

was in nearly 100 pieces and had many areas of

loss, including most of the rounded bottom. The

fragments around the missing bottom were very

thin (0.2 mm in some areas), small, and numerous,

making the task of filling the loss difficult.

Common fill techniques such as casting epoxy in

place or from a detachable plaster fill were not

possible because of the fragility of the vessel. 

Instead a fill was made of a cast sheet of B-72. Figure 4: Small textured fill from case study 1 

Figure 5: before (left) and after (right) treatment, Corning Museum of Glass 2007.1.26 
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The fill was made in the following manner: 

A 30% solution of B-72 in acetone was made up. Fumed silica and very small amounts of dry 

pigment were added to match the solution to the color and transparency of the glass. A small 

amount of xylene (a few drops for a 100 ml solution) was added and then the solution was set 

aside for at least an hour to re- 

homogenize. A rectangle of 

silicone release paper was 

folded to make a shallow open 

box. The B-72 solution was 

poured into the box which was 

then sealed in a zip-lock 

polyethylene bag. The bag with 

the box of B-72 was put in an 

out of the way place and left 

undisturbed. After about 4 days 

the B-72 film was removed 

from the bag and pulled free of 

the paper. At this point the 

film, which was free of bubbles 

and still quite flexible (but not 

sticky), was slumped over a 

glass flask with a curvature 

Figure 6: Shaping B-72 film on flask in oven 

similar to that of the bottom of the vessel. The B-72 film was left on the flask for most of a day 

until it was rigid enough to not collapse in on itself. It was then roughly cut to the desired size 

(approximately 8 cm x 3 cm) and shape and placed on the bottom of the vessel over a weekend. 

After the weekend the fill had fallen in on itself somewhat. This was corrected by placing the 

fill back on the flask and heating it to 40-50°C for a day to drive off more of the solvent (Figure 
6). The fill was then cut to better fit the 

area of loss and continued to be heated on 

and off for two more days. Finally the fill 

was joined to the vessel with small 

amounts of acetone brushed onto the edges 

of the fill. 

A few additional small fills were made to 

support the fragments with very small 

break edges. Two of these fills were lightly 

textured by disrupting the surface of the 

film with fingers slightly wetted with 

acetone. 

Figure 7: Detail of large finished fill 
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Case Study 2 

The object of the second case study is an Islamic glass of a translucent turquoise green colour 

with dark brown surface decorations (Corning Museum of Glass 68.1.3). The vessel consisted 

of more than 200 fragments, most of them between 0.5 and 2 cm in size. The walls of the glass 

averaged 1 mm in thickness while the base was slightly thicker. Detachable epoxy fills were 

made for the larger fills at the bottom where the glass was thicker and less fragile. However, the 

upper fragments were so small and so thin that gap filling and joining had to be done 

simultaneously. Detachable epoxy fills were not practical in this case. Cast sheets of B-72 were 

used to make the fills. 

The resin mixture used was 20 ml of a 30% solution of B-72 in acetone to which 4 ml of 

ethanol was added. This object required numerous fills which needed to have the same 

transparency, thickness, and color. For the initial castings, the B-72 was spread out on a 

polyethylene sheet or in a silicone release paper shaped in a box. However, it was difficult to 

get castings with the same thickness and therefore color with this technique. Instead open 

silicone moulds were made from square and rectangular pieces of Plexiglas. The filled moulds 

were then sealed in a polyethylene bag. By using the same resin mixture, moulds, and drying 

conditions, uniform films were made. 

Figure 8: before (left) and after (right) treatment, Corning Museum of Glass 68.1.3 

After 48 hours, the B-72 films were hard enough to be removed from their moulds. They were 

still flexible enough to be placed on the object over the gap. The film was cut to the appropriate 

shape with scissors or a scalpel and the cut out shape was placed in the missing area and joined 

to the breaks of the glass by simply applying a drop of acetone with a soft brush in between the 

break and the film. 

Most of the fills were structural and helped with the assembly of the glass fragments. It helped 

to make the process far less laborious and saved a considerable amount of time. The small glass 

fragments with little join surface were held with scotch tape just for the time needed to cut out a 
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fragment of B-72 film and put it in place. This only required a few seconds and the B-72 fill 

acted as a bridge to hold the two glass fragments together. 

For the larger fills, two films were joined by applying a bit of acetone between them. The join 

line between the two fills is very discreet as the object in itself has many break lines. 

Some final retouching was done on the fills, primarily as an experimental trial. Acrylic paints 

were mixed with Primal WS-24 diluted to a 10% concentration, and some decoration lines were 

completed successfully on the B-72 fills. 

Limitations, Further Experimentation, and Future 
Applications 

Thick films 
Fills made from cast films of B-72 are very useful for some applications, but like any other fill 
technique, won’t work for every situation. So far no fills for glass more than 1-2 mm thick have 

been made. Although this is probably possible by adding fumed silica and “topping up” 

partially hardened castings, further experimentation would be needed to find the best method to 

do this. Thick transparent fills would be especially difficult to produce because adding fumed 

silica would make the film less transparent. 

Flexibility and rigidity 
Another difficulty with this fill technique is the timing of when to remove the fill from the 
vapour chamber. If it is removed too soon the film will be too flexible and will stretch or 

collapse in on itself. In some cases the fills may distort after placement because not enough 

solvent was driven off. A good method to prevent this is to heat the fill (to 40-50° C) on a 

mould with the right curvature. If it is removed too late it may be too rigid to conform to the 

curvatures needed for the fill. For small fills the rigidity is usually not a big problem, but for 

larger fills or fills with extreme curvatures a rigid film will be unusable. Since the addition of 

fumed silica and pigments alters the hardening time, each resin mixture will be different and 

some experimentation will usually be necessary to find the ideal amount of time the resin 

should remain covered. 

Fills can be re-shaped using heat (e.g., from a hair dryer) to take advantage of B-72’s 

thermoplasticity.  In addition, silicone moulds can be reused again and again, and since B-72 is 

inexpensive, new castings can be easily made. 

Archaeological/field applications 
One possible future use of B-72 films is in field conservation. Films of different colors and 
thicknesses could be made in advance and brought to locations where supplies and time are 

limited. The pre-made films could be re-activated or softened with heat or in solvent chambers 

and then cut and shaped to fill losses. 
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B-72 is not appropriate for fills (or even as an adhesive) if the glass is to be stored in very hot

conditions, exceeding B-72’s 40 ˚C Glass Transition Temperature (Tg). The addition of fumed

silica may increase the Tg slightly, and should be studied further. Other resins such as Paraloid

B-67 or B-48N, both of which have higher Tg’s, may have possible applications.

Fumed  pigments 
Industrial developments in the production of fumed metallic oxides have already produced 
materials useful for modifying colours and rheological (flow) characteristics for adhesives and 

coatings.  Fumed titanium dioxide has a much smaller particle size than standard titanium 

dioxide pigment, and imparts a translucency to a B-72 cast film, that is otherwise not 

obtainable. This has been used for certain applications, where a white, hazy, translucent film is 

desired.  The production of other fumed metallic oxides may provide additional colours. 

Conclusion 

B-72 fills are inexpensive, stable, yet easily reversible and can be made to fill losses on ancient,

historic or modern glasses. They are especially useful for very fragile glasses that would not

tolerate the more invasive gap filling methods traditionally used for glass. This technique is

particularly suitable for archaeological glass. The latter often undergoes significant alterations

that make it vulnerable to manipulation and restoration products. Gap filling with B-72 allows

minimum intervention on the glass while limiting excessive handling.  B-72 has all the

characteristics required for a filling material such as reversibility, stability, health safety, ease of

application, as well as the possibility of colouring and retouching. It also has the advantage of

being accessible to all conservators.
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Materials and Suppliers 

Fumed silica; Fumed titanium dioxide 
Degussa Corporation 
65 Challenger Road 
Ridgefield Park, NJ 07550 

Resins: 
Paraloid B-48N Methyl methacrylate and butyl acrylate copolymer 

Paraloid B-67 Isobutyl methacrylate polymer 
Paraloid B-72 Ethyl methacrylate (70%) and methyl acrylate (30%) copolymer 
Primal WS-24 Acrylic colloidal dispersion 
Conservation Resources 
www.conservationresources.com 

Solvents: 
Acetone CH3COCH3 

Ethanol  C2H5OH 
Xylene   C6H4(CH3)2 

Fisher Scientific 

www.fishersci.com 

Acrylic paints; Dyes; Pigments; Plexiglas; Silicone moulding materials 
Hardware stores or art/conservation suppliers 
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Collage du PMMA : Étude des 
propriétés adhésives et mécaniques de 

six adhésifs structuraux 

Alain Roche 
(Le biographie et les coordonnées d’auteur se trouvent à la fin du présent article.) 

Résumé 

Le poly(méthacrylate de méthyle) [PMMA] est employé dans le domaine de la création artistique 
et dans le design contemporain. Sans être particulièrement fragiles, les œuvres et les objets en 
PMMA ne sont pas à l’abri d’accidents. Les objectifs de cette étude sont de comparer l’efficacité 
de 6 adhésifs structuraux – Altufix P12 (Altuglas), Araldite 2021 (Vantico), Araldite 2020 
(Vantico), Araldite Cristal (Bostik), Bostik 206 (Bostik) et Si 1500 (Polytec) – utilisés pour le 
collage du PMMA, en prenant en compte les sollicitations les plus fréquentes, soit la traction et 
la flexion. 

Les résultats obtenus font apparaître que les forces de rupture en flexion et les contraintes de 
rupture en traction dépendent de deux paramètres, la masse de colle du joint et le type de 
rupture (adhésive ou cohésive). Malgré la nature aléatoire apparente du type de rupture, c’est 
la rupture adhésive qui prédomine et qui répond le mieux au principe de réversibilité. L’analyse 
et l’interprétation des résultats en prenant en compte tous les paramètres permettent de mettre 
en évidence l’intérêt que présentent certains adhésifs et d’en écarter d’autres. 

Title and Abstract 

Adhering PMMA: A Study of Mechanical and Adhesive Properties 
of Six Structural Adhesives 

Poly(methyl methacrylate) (PMMA) is used in contemporary design and to create works of art. 
Although not particularly fragile, works of art and objects made of PMMA are susceptible to 
damage. The objective of this study was to compare the effectiveness of six structural 
adhesives — Altufix P12 (Altuglas), Araldite 2021 (Vantico), Araldite 2020 (Vantico), Araldite 
Cristal (Bostik), Bostik 206 (Bostik), and Si 1500 (Polytec) — in joining PMMA samples. 
Effectiveness was assessed by subjecting samples to bending and tensile tests to determine 
their performance in response to these two common physical stresses. 

The results obtained showed that the breaking loads in bending and the breaking tensile 
stresses depend on two parameters: mass of the adhesive used to form the join, and the type 
of fracture — adhesive or cohesive. Although the type of fracture initially appeared to be 
random, further study revealed that the adhesive fractures predominated (which is fortunate 
because adhesive fractures are the best type to ensure reversibility). Analysis and interpretation 
of the results, taking into account all of the parameters, make it possible to highlight the 
advantages of certain adhesives and the drawbacks of others. 
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Introduction 

Les progrès sociaux ont poussé les artistes à modifier et à renouveler leurs idées, leurs habitudes 

et leurs modes de travail. Ils se sont détournés des matériaux traditionnels pour s’orienter vers 

de nouvelles matières : les plastiques. Parmi les plastiques, les acryliques et plus 

particulièrement le poly (méthacrylate de méthyle) ou PMMA ont été employés dans la 

réalisation d’œuvres d’art. C'est dans la création artistique que les poly (méthacrylates de 

méthyle) et d’autres résines synthétiques ont trouvé leurs lettres de noblesse. Le PMMA fut 

utilisé il y a environ  une cinquantaine d’année, après la seconde guerre mondiale par des 

artistes tels que : Domela, Naum Gabo, Noholy Nagy, Vasarely, Jacquet pour ne citer que les 

plus importants. C’est également un matériau qui a séduit les designers contemporains. 

Les poly (méthacrylates de méthyle) font partie des verres organiques. Ces polymères possèdent 

une transparence comparable au verre minéral, mais ils sont également recherchés pour leur 

excellente tenue au vieillissement et leur bonne résistance aux agents chimiques, (Williams 

1991). Les œuvres en PMMA, sans être particulièrement fragiles ne sont pas à l’abri d’un 

accident qui pourrait entraîner une fissuration ou une cassure du matériau, (Willcococks 2002). 

En conservation-restauration la problématique du collage du PMMA se situe à la fois au niveau 

esthétique et mécanique, (Sale 1991). Dans cette étude, seul l’aspect mécanique des collages 

structuraux a été abordé, en partant du principe que les principales sollicitations qui peuvent 

s’exercer sur l’objet sont : la flexion, la traction ou les deux combinées. 

Approche expérimentale. 

L’étude expérimentale est le fruit d’une réflexion qui débuta lors d’un problème de restauration 

sur une sculpture polychrome en PMMA d’Alain Jacquet « Bulldozer ». Elle avait pour objectif 

de trouver un adhésif structural capable de coller dans le plan des cassures qui se trouvaient en 

désaffleure. 

Caractérisation des PMMA. 
Il existe deux types de plaques de PMMA. 

Les plaques coulées, obtenues à partir d’un sirop de méthacrylate de méthyle coulé dans un 

moule et polymérisé par chauffage en présence de peroxyde de benzoyle. Le PMMA coulé se 

présente comme un polymère de haute masse molaire, 1 à 4 10
6 

g.mol
-1

.

Les plaques extrudées s’obtiennent par l’extrusion à chaud du PMMA fondu au travers d’une 

filière spéciale et refroidi brutalement. Ce PMMA de masse molaire plus faible 2 à 10.10
5 

g.mol
-1

est caractérisé par une forte orientation de ses macromolécules et une importante concentration 

de contraintes, (Quis 1987). 

Ces deux produits se distinguent par des propriétés mécaniques différentes et une sensibilité a la 

microfissuration (crazing) moins prononcée pour le PMMA coulé. Les artistes ont utilisé 
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indifféremment ces deux types de PMMA qui se nomment Altuglas, Perspex, Plexiglas, 

Oroglas, Lucite. 

Caractérisation des Adhésifs. 
Le choix de l’adhésif dépend de la nature du substrat. Il est également lié au principe de 

réversibilité qui s’impose dans le domaine de la conservation-restauration, (Roche 2003). La 
sélection des adhésifs a été faite à partir de plusieurs sources d’informations : 

• une enquête auprès des restaurateurs.

• des contacts avec des professionnels du façonnage du PMMA.

• le dépouillement de la bibliographie existante, (Down 2001).

Les six adhésifs suivants ont été retenus. 

Altufix P12 : C’est une colle acrylique visqueuse à base de méthacrylate de méthyle (MMA), 

conçue pour le collage du PMMA coulé. C’est une colle à 3 composants: 

• - Une solution de 36% PMMA dans un mélange de MMA et de chlorure de méthylène,

• - Un catalyseur ou initiateur de réaction, additif B,

• - Un agent d’accrochage à base d’acide méthacrylique, additif D,

La polymérisation de l’Altufix P12 s’accompagne d’un retrait volumique d’environ 15%. 

Araldite 2021 : Elle contient du MMA qui se polymérise en présence du durcisseur 2021/B à 

part égale. Sa  consistance est pâteuse. La polymérisation de l’Araldite 2021 s’accompagne d’un 
retrait volumique d’environ 13%. Cette colle a une Tg de 65°C, elle se trouve dans un état 

vitreux à température ambiante. Sa température d’utilisation peut s’élever jusqu’à 110°C. 

Araldite 2020 : C’est une colle époxy fluide à 2 composants. Elle durcit avec l’addition d’un 

tiers de durcisseur. Cette colle a une Tg de 40°C, elle se trouve dans un état vitreux à 

température ambiante. Sa température d’utilisation peut monter jusqu’à 80°C. 

Araldite Cristal : C’est une colle époxy, pâteuse et transparente à 2 composants. Elle durcit avec 

un mélange à part égale de durcisseur. L’épaisseur du joint doit être comprise entre 0,05 et 0,10 

mm pour que l’adhésif ait une résistance optimale au cisaillement. 

Bostik 206 : Cette colle est à base de cyanoacrylate fluide et transparente. Le temps de séchage 

est rapide et permet une manipulation immédiate. Son retrait est faible. 

Polytec Si 1500 : C’est une colle à base de cyanoacrylate d’éthyle. Elle est visqueuse et 

transparente. Son durcissement est complet en 8 heures. Elle ne présente pas de retrait important 

au séchage. 

Ces polymères sont des adhésifs structuraux ou des adhésifs à mise en oeuvre chimique (Skeist 

1976). Leur durcissement, dû à une réticulation, est obtenu par polymérisation. Les polymères 

qui réticulent par polycondensation sont des adhésifs à prise lente comme les Araldites 2020 et 

Cristal. Par contre les adhésifs à prise rapide sont réticulés par une polymérisation radicalaire, 
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c’est le cas de l’Altufix P12 et de l’Araldite 2021. Les cyanoacrylates comme la Bostik 206 et le 

Polytec Si 1500 réticulent presque instantanément par une polymérisation radicalaire ionique. 

Essais mécaniques. 
L’essai de flexion défini par la norme internationale (NF EN ISO 178  2011) est utilisé pour 

évaluer la résistance en flexion d’un matériau plastique. Il peut être exploité, dans le cadre de 
cette étude, pour mettre en évidence la rupture en flexion d’un collage de PMMA. Dans un joint 

de bout soumis à une flexion, une partie est soumise à une compression alors que l’autre est 

sollicitée en traction. La force maximale s’exerce à la base du joint de colle. C’est généralement 

à ce niveau que la rupture adhésive ou cohésive se manifeste. Cette force s’exprime en N.cm
-1

,

c’est une force linéaire qui se développe sur la longueur du joint. 

L’essai de traction déterminé par la norme internationale (NF EN ISO 527 1996) sert 

généralement à caractériser la résistance à la rupture d’un matériau plastique. Il peut être 

employé, dans le cas d’un collage à joint de bout, pour mesurer sa résistance à la rupture 

(Trotignon et al. 1996). L’éprouvette de PMMA collé est tirée par les mâchoires de l’appareil 

jusqu’à la rupture. Le déplacement de la traverse  exerce une force uniforme sur l’échantillon, 

dans l’axe longitudinal de l’éprouvette. La rupture s’exprime en N.mm
-2 

ou en MPa.

Ces deux essais sont en mesure de caractériser la résistance d’un collage de PMMA à joint de 

bout à partir d’un lot d’éprouvettes pour chaque adhésif. 

Fabrication des éprouvettes. 
Une plaque PMMA coulé de Plexiglas GS de 5 mm d’épaisseur est découpée en une plaquette 

de 20 mm x 70 mm. Elle est ensuite recoupée à la scie en deux parties égales qui seront 

recollées par un adhésif. L’éprouvette est donc constituée de deux parties ; a (20mm x 35mm x 

5 mm) et b (20mm x 35mm x 5mm). Les parties a et b de l’éprouvette sont assemblées par un 

joint de colle en suivant une procédure stricte qui nous conduit à une bonne reproductibilité du 

collage, c’est à dire des joints réguliers et des éprouvettes soigneusement dimensionnées. La 

quantité d’adhésif est déterminée en pesant les parties a et b avant et après collage (Figure 1). 
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70 mm 

Partie a  Partie b 20 mm 

35mm 

5 mm 

Joint de bout 

Figure 1 : Dimensionnage des éprouvettes 

Résultats 

Forces et contraintes moyennes de ruptures 
Les valeurs moyennes expérimentales des forces de rupture en flexion et des contraintes de 

rupture en traction et leurs écarts types sont regroupés (Tableau 1). 

Tableau 1 : Forces moyennes de flexion et écart type, contraintes moyennes de traction et écart type 

Flexion Traction 

Adhésifs Force moy rupture. 
(N/cm) 

Ecart type Contrainte moy. rupture MPa Ecart type 

Araldite 2021 60,47 19,67 5,28 1,00 

Altufix P12 30,59 10,20 4,20 1,25 

Araldite 2020 34,51 10,18 2,18 1,06 

Araldite Cristal 16,09 7,65 1,64 0,52 

Bostik 206 51,46 15,54 3,73 1,20 

Polytec Si 1500 57,39 10,11 7,06 2,59 
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Le calcul des écarts type de chaque lot d’éprouvettes  permet d’obtenir une représentation de la 

dispersion des points expérimentaux. Elle est très importante pour des adhésifs tels que Araldite 

2021 et Bostik 206 et relativement faible pour Araldite Cristal. Ces observations nous ont 

conduit à vérifier l’influence de la masse de colle et du type de rupture du joint des différents 

collages. On est également amené à se demander, si les valeurs moyennes de rupture en flexion 

et en traction sont suffisamment représentatives pour les prendre comme référence dans une 

application de collage. 

Masse de colle dans le joint 
La différence de masse de colle est inhérente aux modalités de fabrication artisanale des joints 
dans le domaine de la conservation-restauration. Dans le cadre de cette étude même si le mode 

de fabrication des éprouvettes a respecté une procédure rigoureuse, des écarts de masse sont 

apparus. Du point de vue expérimental, les valeurs de rupture en flexion ou en traction en 

fonction de la masse de colle donnent, pour chaque adhésif un nuage de points, où aucune 

tendance particulière ne se dégage. 

Toutefois pour faire apparaître le rôle de la masse d’adhésif sur le comportement en flexion et 

en traction des collages, on peut étudier les relations qui existent entre les variations de force de 

rupture en flexion (∆F), de contrainte à la rupture en traction (∆σ) par rapport aux variations de 

masse (∆M) pour chaque adhésif. Pour illustrer ces paramètres, l’Araldite 2021 est présenté 

comme exemple (Figure 2). 

Rupture en flexion en fonction 

70 de la masse de colle Araldite 2021 

60 

∆F 

40 

∆M 

∆F/∆Μ = 0,94 N cm
-1
/mg 
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0,000 0,025 0,050 0,075 0,100 
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Figure 2 : Force de rupture en flexion en fonction de la masse de colle 
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Les valeurs de ∆F/∆M et ∆σ/∆M calculées pour chaque adhésif sont regroupées (Tableau 2). 

Tableau 2 : Valeurs des rapports de variations de forces et de contraintes par la variation de masse. 

Adhésifs Flexion Traction 

DF N.cm-

1 
DM 
mg 

∆ F 

∆ M 
(N.cm-1.mg-1) 

Ds MPa DM 
mg 

∆ σ 

∆ M 
(MPa. mg-1) 

Araldite 2021 61,75 66 0,94 3,26 56 0,058 

Altufix  P 12 35,48 33 1,075 3,665 30 0,122 

Araldite  2020 36,27 28 1,295 3,749 26 0,144 

Araldite Cristal 23,72 36 0,66 1,524 36 0,042 

Bostik 206 37,07 9 4,20 2,730 18 0,152 

Polytec Si 1500 36,04 35 1,03 6,03 40 0.151 

Si la valeur de ce rapport est élevée, les forces et les contraintes de rupture sont dépendantes des 

variations de masse. Autrement dit, la résistance de la colle est sensible à l’épaisseur de son 

joint. Par exemple pour de petites variations de quantité de Bostik 206, les forces et les 

contraintes de rupture varient beaucoup et il est difficile de prédire le comportement à la rupture 

de cette colle. Inversement si le rapport est faible comme c’est le cas pour Araldite 2021 le 

comportement à la rupture est plus cohérent et prévisible. Pour certains adhésifs les 

comportements en flexion et en traction se différencient. 

Types de ruptures des joints de bout 
Un joint peut se rompre en faisant apparaître sur son faciès deux types de rupture : 

• rupture adhésive (A),

• rupture cohésive (C).

La rupture est adhésive lorsqu’elle s’effectue entre le PMMA et l’adhésif. Elle est cohésive 

quand elle se produit  à l’intérieur de la couche d’adhésif. 

La dispersion des points expérimentaux observée en flexion et en traction est très probablement 

une des conséquences de l’aspect aléatoire des ruptures adhésives et cohésives. L’étude des 

ruptures peut donc nous apporter des informations utiles sur les caractéristiques du collage. 

Pour mettre en évidence le faciès de rupture de chaque éprouvette, on presse les deux faces 

rompues sur une surface dure, enduite d’encre noire à la manière d’un tampon. L’encre se 

dépose sur les parties proéminentes du relief. Ensuite les deux faciès de rupture mis cote à cote 

sont photographiés avec un appareil photographique numérique. A l’aide d’un logiciel 

d’imagerie scientifique (Cyberview.v2) l’image de l’un des faciès est rendue semi transparente 

et elle est ensuite retournée de manière à se superposer à l’autre faciès. Les gris obtenus sont 

traités pour obtenir des surfaces uniformes blanches, noires et grises (Figure 3). 

679



Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Mise en évidence des faciès de rupture d’une éprouvette 

Fac iè s de r up tu re 

M ise en é vi d en ce de s r el ie f s 

Pei n tu re no ir e 

a 
b  b a 

a b 

Anal ys e des images numérisées de chaque éprouvette 

a R up tur e  co hé siv e  

R up tur e  ad hé siv e  

b 

Figure 3 : Evaluation en pourcentage des ruptures adhésives et cohésives 

Les surfaces noires et blanches correspondent aux ruptures adhésives (A) et les surfaces grises 

aux ruptures cohésives (C). Il convient ensuite d’évaluer la surface de chaque type de rupture en 

pourcentage. Le noir et le blanc sont confondus et l’image binarisée apparaît en noir et en gris. 

Le logiciel calcule le nombre de pixels des surfaces noires et grises et fait le ratio en 

pourcentage par rapport à la surface totale (T). Nous avons alors : 

• (A/T)x100 : correspond au % de ruptures adhésives (perte d’adhérence)

• (C/T)x100 : correspond au % de ruptures cohésives (perte de cohésion).

• (A
%

/C
%

) : correspond  au rapport de ruptures adhésives et de ruptures cohésives.

Les valeurs des rapports (A
%

/C
%

) nous informent sur l’aspect quantitatif des ruptures adhésives

et cohésives et Mm sur la quantité de chaque adhésif ou l’épaisseur du joint. Ces valeurs sont 

regroupées (Tableau 3). 
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Tableau 3 : Rapport des pourcentages de ruptures adhésives et cohésives, masse moyenne. 

Flexion Traction 

Adhésifs (A%/C%) Mm en g (A%/C%) Mm en g 

Araldite 2021 53/47 = 1,11 0,0430 

Altufix P12 76/24 = 3,17 0,0412 63/37 = 1,73 0,0390 

Araldite 2020 52/48= 1,07 0,0339 56/44 = 1,25 0,0369 

Araldite cristal 60/40 = 1,52 0,0425 72/28 = 2,60 0,0418 

Bostik 206 50/50 = 1,00 0,0310 37/63 = 0,59 0,0321 

Polytec Si 1500 51/49 = 1,04 0,0418 46/54 = 0,86 0,0325 

L’examen des faciès de rupture des différents collages en flexion et en traction nous a conduit à 

vérifier s’il existe une relation entre les quantités de colle déposées et l’apparition préférentielle 

d’un type de rupture en considérant deux types de joints : 

1. Joint épais : Masse moyenne de colle Mm ≈ 0,042 g

2. Joint fin : Masse moyenne de colle Mm ≈ 0,034 g.

En flexion, les ruptures adhésives prédominent dans les joints de colle les plus épais et 

particulièrement pour l’Altufix P12. Pour les joints fins, les pourcentages de ruptures adhésives 

et cohésives sont du même ordre de grandeur comme en témoigne la répartition des ruptures 

dans les collages avec Bostik 206, Araldite 2020. 

En traction, l’épaisseur des joints est assez uniforme pour les 6 adhésifs. Malgré cela le type de 

rupture pour chaque adhésif est différent. L’Altufix P12 présente de nouveau un important 

pourcentage de ruptures adhésives alors que Bostik 206 se distingue par une quantité de 

ruptures cohésives plus élevée que les ruptures adhésives. 

La comparaison  des valeurs moyennes des pourcentages de rupture fait apparaître que le 

pourcentage de rupture adhésive varie de 37% à 76% et le pourcentage de rupture cohésive de 

24 à 63% (Figure 4). 
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Figure 4 : Valeurs moyennes des pourcentages de rupture. 

Globalement c’est la rupture adhésive qui prédomine, sauf dans le cas des deux adhésifs à base 

de cyanoacrylate lorsqu’ils sont sollicités en traction. La répartition des ruptures adhésives et 

cohésives est relativement homogène sauf pour Altufix P 12 et Araldite Cristal. En principe, 

c’est la rupture adhésive qui répond le mieux au principe de réversibilité dans le domaine de la 

conservation-restauration, dans le sens où les résidus d’adhésif s’éliminent plus facilement des 

surfaces de PMMA. 

Interprétation des résultats. 

L’interprétation des résultats a pour objet de mettre en valeur, parmi les six adhésifs structuraux 

choisis, les propriétés mécaniques les plus adaptées au collage du PMMA en prenant en compte 

les différents paramètres étudiés. Notre attention a été retenue par certaines propriétés de 

collage qui ont permis de classer ces adhésifs par ordre d’intérêts. 

Polytec. Si 1500  (cyanoacrylate). Il présente une excellente résistance en flexion et en traction. 

Ses propriétés de collage vis-à-vis du PMMA sont remarquables du point de vue mécanique. La 

faible dispersion des points expérimentaux et la valeur du rapport ∆F/∆M attestent d’un 

comportement à la rupture de cet adhésif cohérent et fiable. Du point de vue de la réversibilité, 

les traces d’adhésif sur le PMMA liées aux ruptures cohésives présente un léger inconvénient. 
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Araldite 2021 (à base de méthacrylate de méthyle). C’est également un produit qui présente 

une très bonne résistance en flexion et en traction. Ses propriétés de collage du PMMA sont 

intéressantes. En flexion elle présente la meilleure résistance à la rupture par rapport aux cinq 

autres adhésifs. Toutefois l’importance de la valeur de l’écart type diminue sa fiabilité du point 

de vue du comportement à la rupture. 

En traction, la fiabilité de son comportement à la rupture est confirmée par les valeurs des écarts 

type et du rapport ∆σ/∆M. 

Altufix P12 (à base de méthacrylate de méthyle). En flexion ses propriétés ne sont pas 

suffisamment élevées pour le considérer comme un produit de haute fiabilité du point de vue 

mécanique. En traction cet adhésif possède une résistance suffisamment  bonne pour assurer un 

collage correct. Les faibles valeurs de l’écart type et de ∆σ/∆M attestent que son comportement 

à la rupture est fiable. Du point de vue réversibilité cet adhésif est intéressant car son taux de 

rupture adhésive est important. 

Bostik 206 (cyanoacrylate). Sa bonne résistance de collage en flexion le place au niveau d’un 

produit relativement intéressant. Néanmoins, les valeurs élevées de l’écart type et ∆F/∆M 

discréditent la fiabilité du comportement à la rupture en flexion de cet adhésif. 

En traction cet adhésif a une résistance plus faible qui dépend  étroitement de la masse de colle 

et du type de ruptures, comme l’attestent les valeurs de l’écart type de ∆σ/∆M. 

Araldite 2020 (époxy). Les résistances en traction et en flexion de cet adhésif sont faibles et ne 

présentent pas d’intérêt particulier du point mécanique. 

Araldite Cristal (époxy). Des adhésifs étudiés c’est celui qui a les propriétés mécaniques les 

moins bonnes. A priori cet adhésif ne convient pas pour le collage des PMMA. 

Conclusion 

Cette recherche se limite à l’étude des critères mécaniques du collage du PMMA avec six 

adhésifs structuraux de natures chimiques différentes. En mettant en évidence l’influence de la 

masse de colle associée aux deux types de ruptures, on souligne l’importance de leurs 

contributions dans les mécanismes de décollement. Elle se traduit dans les essais par une 

dispersion des valeurs de mesures pour un même lot d’éprouvettes. L’utilisation de l’écart type 

et des rapports ∆F/∆M et ∆σ/∆M nous ont servi dans l’analyse des résultats à différencier les 

propriétés des adhésifs en introduisant un critère de fiabilité. 

En conservation-restauration les bonnes conditions de collage ne sont pas toujours faciles à 

obtenir car c’est l’objet à restaurer qui impose son protocole de mise en oeuvre. C’est donc un 

des facteurs majeurs responsables des défauts de collage. Dans le cas de la sculpture en PMMA 

thermoformé de Jacquet, il a fallut beaucoup d’imagination et de talent pour trouver une 

solution qui permette tout en remettant les éléments rompus dans le plan, introduire la quantité 

juste nécessaire de colle et les maintenir jusqu’au durcissement de l’adhésif. 

683



Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Références 

Down, J. L. «Review of CCI research on epoxy resin adhesive for glass conservation» Reviews in Conservation, 
IIC, n°2, 2001, p. 39-45. 

Down, J.L. «A literature review of cyanoacrylate adhesives » Reviews in conservation, n°2, 2001, IIC, p. 35-38. 

Don Sale, «An Evaluation of eleven adhesives for repairing poly (methyl methacrylate) objets and sculptures» 
Sauvegarder le XX siècle: La conservation des matériaux modernes, Institut canadien de la conservation, 1991, p. 
325-338. 

NF EN ISO 178. « Plastiques – détermination des propriétés en flexion. » Indice de classement - T51-001, 2011. 

NF EN ISO 527-1. « Plastiques : détermination des propriétés de traction. ». Indice de classement - T51-034-1, 
1996. 

NF EN ISO 527-2. « Plastiques : Conditions d’essais des plastiques pour moulage et extrusion ». Indice de 
classement- T51-034-2, 1996. 

Petronio, M. « Properties, Testing, Specification and design of adhesives » Handbook of Adhesives, edited by 
Irving Skeist, second edition, 1976, p. 92-114 

Quis, P « Chimie des liants réactifs de méthacrylate dans les matériaux de construction. » Rohm Specktrum 35, 
1987, p. 54-56. 

Roche, A « Approche du principe de réversibilité des doublages des peintures sur toile ». Studies in Conservation 
48, 2003, p. 83-94. 

Skeist I. (sous la direction de). Handbook of adhesives. Van Nostrand Reinhold Compagny Inc. 1976. 

Trotignon, J.P, Verdu, J, Dobraczynski, A, Piperaud, M, « Précis de Matière Plastiques, structures-propriétés, mise 
en œuvre, normalisation ». AFNOR- NATHAN, 1996. 

Willcococks, S. “Transparent Tubes by William Turnbull: The degradation of a polymethyl methacrylate sculpture” 
ICOM committee for Conservation, Vol. II, 2002, p. 
935-939. 

Williams, R.Scott « Composition implications of plastics artifacts: A survey of additives and theirs effects on the 
longevity of plastics. Sauvegarder le XX siècle: La conservation des matériaux modernes, Institut canadien de la 
conservation, 1991, p. 135-153. 

684



Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Matériels et fournisseurs 

Altufix P12 : Altumax SA «Le Mercury» 1 rue Croix des Maheux F-95031 Cergy Pontoise Cedex, France. 
http://www.altumax.com. 

Araldite 2021, Araldite 2020 : Vantico SAS 13 rue Paul Dautier. F-78140 Vélizy Villacoublay Cedex, France. 

www.vantico.com/adhesives. 

Araldite Cristal, Bostik 206 : Bostik France. 16-32, rue Henri Régnault. 92902. Paris La Défense. France. 
http://www.bostik.fr. 

Polytec Si 1500 : Polytec PI. 30 rue Delizy 93694 Pantin Cedex, France. http://www.polytec.fr 

Plexiglas GS : Evonik Rohmax France, Port du Rhin 67630 Lauterbourg BP 79. http://www.rohmax.com 

685

http://www.altumax.com/
http://www.vantico.com/adhesives
http://www.bostik.fr/
http://www.polytec.fr/
http://www.rohmax.com/


Comptes rendus du Symposium 2011 – Adhésifs et consolidants pour la conservation 

Biographies et coordonnées des 
auteurs 

Author Biographies and Contact 
Information 

Alain Roche est diplômé de l’Institut français de 
restauration des œuvres d’art (IFROA) et ingénieur au 
Conservatoire national des arts et métiers (CNAM). Il a 
fait une résidence à la villa Médicis, à Rome, de 1982 
à 1984. Il travaille depuis plus de 22 ans comme 
conservateur-restaurateur pour le Centre de Recherche 
et de Restauration des Musées de France, pour les 
Monuments historiques, et d’autres institutions 
françaises. Il enseigne depuis 17 ans la physique et la 
physicochimie appliquée à la conservation-restauration 
aux étudiants inscrits au programme de maîtrise en 
conservation et restauration des biens culturels, à 
l’Université Paris 1 et à l’Institut national du patrimoine 
(INP). Il est le fondateur d’un laboratoire d’analyse et 
de recherche pour la conservation et la restauration des 
œuvres d’art (LARCROA), où il réalise une partie de ses 
recherches. Il est l’auteur d’une vingtaine d’articles sur 
la recherche en conservation-restauration et a publié 
deux livres dont l’un porte sur le « comportement 
mécanique des peintures sur toile : dégradation et 
prévention », publié aux éditions du CNRS. En 2007, la 
ministre de la Culture du gouvernement français le 
nomme Chevalier des arts et des lettres. 

Coordonnées : 
LARCROA 
9 rue d’Alésia 

75014 Paris, France 
Tél. : 00 33 + (0)1.45.65.36.91 
Courriel : a.roche@larcroa.fr 

Alain Roche is a graduate of the Institut français de 
restauration des oeuvres d’art (IFROA) and an engineer 
at the Conservatoire National des Arts et Métiers 
(CNAM). He was a boarder at the Villa Médici in Rome 
from 1982 to 1984, and has worked as a conservator 
for more than 22 years for various French institutions 
such as the Centre de recherche de restauration des 
musées de France and Monument historique. For the 
past 17 years, he has taught physics and physical 
chemistry as it applies to conservation for the Master’s 
program in Conservation Treatment of Cultural 
Property at the Université Paris 1 and the Institut 
national du patrimoine (INP) in Paris. He is the founder 
of a research and analysis laboratory for the 
conservation of works of art (LARCROA), where he 
developed some of his research. He has authored 20 
articles on conservation research and two books, 
including one published by the Centre national de la 
recherche scientifique (CNRS) that looks at degradation 
and prevention of the mechanical behaviours of canvas 
paintings. He was named the Chevalier des arts et des 
lettres in 2007 by France’s Minister of Culture. 

Contact Information: 
LARCROA 
9 rue d’Alésia 

75014 Paris, France 
Tel.: 00 33 + (0)1.45.65.36.91 
E-mail: a.roche@larcroa.fr

686

mailto:a.roche@larcroa.fr
mailto:a.roche@larcroa.fr


Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Yellowing and Appearance of 

Conservation Adhesives for 
Poly(methyl methacrylate): 
A Reappraisal of 20-Year-Old 

Samples and Test Methods 

Donald  Sale 
(biography and contact information for author can be found at the end of this paper) 

Abstract 

This study establishes a framework for investigations of conservation adhesives for poly 
(methyl methacrylate) (PMMA). 

Six adhesives that had been assessed nearly 20 years ago for suitability as conservation repair 
materials for PMMA furniture, objects, and sculpture were reassessed: 

• HXTAL NYL-1

• Neocryl BT20
• Norland OA65

• 1:1 Paraloid B-67:Paraloid F-10

• Plextol D514

• Tensol 70

These samples had been aged naturally and artificially in five environments of intense light, 

heat, or a combination of both, and stored in the dark for 19 years. The current investigation 

focused on measuring the yellowing of the adhesives with a portable spectrophotometer. 
Fourier transform infrared spectroscopy (FTIR) and Pyrolysis gas chromatography mass 

spectrometry (Py GCMS) were used to characterize the polymers in the adhesives. The 

detection of molecular differences resulting from the aging environments was explored with 

FTIR. The adhesives were also assessed for visual acceptability for repairs and aging 
characteristics. 

The results showed that: 
• 1:1 Paraloid B-67:Paraloid F-10 did not become yellow in natural or artificial aging

environments
• the HXTAL NYL-1 samples have maintained a good appearance with minimal yellowing

after accelerated aging
• thermal aging caused the most yellowing (which means that the experimental protocol

for the aging environments should be modified in future studies)

This investigation demonstrates that sample design and yellowness measurement provide 
useful information to evaluate adhesives for treatment, and presents test methods to improve 

future studies. 
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Titre et Résumé 

Jaunissement et aspect  général d’adhésifs utilisés pour la 

restauration du poly(méthacrylate de méthyle) : 

réévaluation d’échantillons vieillis pendant 20 ans et 

méthodes d’essai connexes 

Les travaux de recherche faisant l’objet du présent article ont permis d’établir un cadre de 
travail pour les études sur les adhésifs utilisés pour la restauration du poly(méthacrylate de 

méthyle) [PMMA]. 

Six adhésifs, qui avaient déjà été évalués il y a près de 20 ans afin de déterminer s’ils 

constituaient des matériaux de restauration adéquats pour le mobilier, les objets et les 
sculptures en PMMA, ont été réévalués; voici la liste des adhésifs : 

• HXTAL NYL-1;
• Neocryl BT20;

• Norland OA65;

• Mélange 1/1 de Paraloid B-67 et de Paraloid F-10;

• Plextol D514;

• Tensol 70.

Les échantillons avaient été vieillis naturellement et artificiellement, dans cinq milieux distincts 

présentant des conditions intenses d’éclairage ou de chaleur, ou une combinaison des deux; ils 

ont ensuite été entreposés dans le noir pendant 19 ans. L’étude actuelle visait à mesurer le 
jaunissement des adhésifs au moyen d’un spectrophotomètre portatif. La caractérisation des 

polymères présents dans les adhésifs a été réalisée par spectroscopie infrarouge à transformée 

de Fourier (IRTF) et par chromatographie gazeuse à pyrolyse couplée à la spectrométrie de 
masse (PyCG-SM). La détection des différences de nature moléculaire, attribuables aux 

conditions des milieux de vieillissement, a été étudiée par IRTF. L’aspect général des adhésifs a 

aussi été évalué afin de déterminer leurs propriétés esthétiques, en fonction des réparations 
antérieures et des effets du vieillissement. 

Voici une liste des constations découlant des résultats des analyses : 
• Le mélange 1/1 de Paraloid B-67 et de Paraloid F-10 ne jaunit pas, que ce soit dans

des conditions de vieillissement naturel ou artificiel;
• Les échantillons de HXTAL NYL-1 ayant subi un vieillissement accéléré conservent un

aspect adéquat et ne présentent qu’un jaunissement minime;
• Le vieillissement thermal provoque le jaunissement le plus important (ce qui implique

que le protocole expérimental relatif aux milieux de vieillissement doit être modifié

pour toute future étude).

Les résultats de la présente étude démontrent que la conception des modèles d’échantillons et 

les mesures du jaunissement fournissent des renseignements utiles qui facilitent l’évaluation 
d’adhésifs utilisés en restauration, et fournissent des méthodes d’essai pouvant améliorer la 

pertinence de futures études. 
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Introduction 

Known by manufacturers’ names such as Perspex or Plexiglas, poly(methyl methacrylate) or 

PMMA is found in collections ranging from fine art and design to social history. Since the first 

significant use of PMMA as aircraft glazing during the Second World War, its desirable 

qualities have been exploited in exquisite architecture, sculpture, furniture, jewellery and other 

items of artistic, historic and cultural significance. 

Conservators face complex challenges when selecting adhesives appropriate for the safe repair 

of damaged PMMA due to its susceptibility to stress-crazing when exposed to degreasing 

solvents or adhesives. The selection of adhesives is complicated further because of the 

transparency, water-white appearance and high level of internal reflection at interfaces, which 

makes it difficult to produce seamless joints and amplifies the perception of yellowing. 

The aim of this study is to re-assess the adhesive samples and testing methodology of two 

previous investigations in order to inform a programme for studying additional adhesives (Sale 

1993; 1995). In the 1993 study, a series of tests were performed on eleven adhesives of five 

types to identify those that would not induce stress-crazing or cracking in PMMA following 

American Society for Testing and Materials (ASTM) test methods (ASTM F484-83; F791-82); 

the tensile strengths of the adhesives also were measured (ASTM D3262-73). In the second 

investigation, the tensile strengths and yellowing of six adhesives of five types were measured 

and compared after exposure to seven different conditions of accelerated and natural aging (Sale 

1995). 

This investigation focuses on measuring yellowing and assessing the visual acceptability for 

treatment of the adhesive samples prepared and aged in 1992. Further aims of this study are to 

identify refinements of the sample designs, simplify the test methods and develop procedures 

that will improve investigations of adhesives for conservation repairs of PMMA. 

Experimental 

Materials 
The properties and polymers in the adhesives are summarised in Table 1. 

Table 1 PMMA and Adhesives: Refractive Index (n), Glass Transition Temperature (Tg) and Composition. 

Name n Tg Adhesive type Polymer composition 

Perspex 1.49 105°C test material PMMA 

HXTAL NYL-1 1.52 Not 

known 

two- part epoxy 

resin 

4,4- isopropylidenedicyclo-hexanol epichlorohydrin 

Neocryl BT20 Not 

known 
35°C polymer 

dispersion 

pEA/MMA - poly (ethyl acrylate co methyl methacrylate) 

(Horton-James et al 1991) 
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Norland NOA65 1.52 Not 

known 

UV curing Trade Secret - unidentified mercapto ester 

(www.Norland.com) & acrylate monomer (Pinto- 

Iguanero et al 2002) 

Paraloid 

B-67

1.49 50°C polymer in 

solvent 

piBMA (in petroleum spirit) 

poly (iso-butyl methacrylate) 

Paraloid 

F-10

1.48 20°C polymer in 

solvent 

pnBMA (as supplied 9:1 aliphatic: aromatic) 

poly (n-butyl methacrylate) 

1:1 Paraloid 

B-67 & F-10

1.48 Estimate 

30°C - 

40°C 

Polymers in 

solvent mixture 

1:1 pnBMA & piBMA 

Plextol D514 Not 

known 
30°C polymer 

dispersion 

pnBMA/MA poly (n-butyl methacrylate co methyl 

acrylate) (Horton-James et al 1991; www. MFA Boston) 

or pnBA/MMA (n-butyl acrylate co methyl methacrylate) 

(Hodgkins et al 2011) or pnBMA/pnBA/MMA (Ormsby 

2011) 

Tensol 70 

(ICI 1992) 

Not 

known 

Not 

known 

two-part 

polymer in 

monomer & 

solvent & 

catalyst 

PMMA 

In the previous studies, six adhesives were evaluated and five were found to be safe to apply to 

stressed PMMA without causing crazing or cracking (Sale 1993; 1995). Tensol 70 cracked 

stressed PMMA and is not appropriate for conservation repairs (Sale 1993). 

HXTAL NYL-1 has been evaluated further (Johnson 2008; Laganá 2011) and used for 

conservation repairs of PMMA (Johnson 2008). 1:1 Paraloid B-67: Paraloid F-10 has been used 

for conservation repairs since presentation in 1991 when assessed and presented as a potential 

conservation adhesive (Sale 1993; Lorne 1999; Johnson 2009). This resin mixture has been 

assessed further and found safe to apply to stressed PMMA (Comiotto 2009) and to produce 

stress-free repairs (Laganá 2011). 

Sample  preparation 
Twenty-one samples of two types were prepared for each adhesive. All adhesives were applied 

to 3 mm clear cell-cast ICI Perspex supports to monitor long-term aging. 

Open samples comprise a rectangular island of adhesive on a sheet of PMMA. 

Laminate samples contain a layer of adhesive between two layers of PMMA. Two samples had 

been made for each adhesive and aging method to compare degreaser impact. 'AnalaR' 

petroleum spirit and Synperonic 'N' non-ionic detergent were compared for impact on joint 

integrity of laminate samples of PMMA. 
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Table 2: Aging Conditions 1992-93. Further details in Sale (1995). 

Dark aged ambient conditions (DA) 

Samples were aged naturally in dark ambient museum conditions. 

Room aged ambient conditions (RA) 

Samples were aged with low levels of ultraviolet (UV) filtered light for 16 weeks. 

Indoor daylight aging (WA) 

Samples were aged in a museum window with filtered sunlight for 14 weeks until British Standards Institute blue wool 

standards BWS 1-6 fading was equivalent to that in the light-aging unit. 

Light-aging with fluorescent lamps (LA) 

Samples were exposed for 16 weeks at approximately 14,000 lux with no UV below 380nm and at temperatures near 30° 

C (Sale 1995); following the reciprocity principle, in a museum with 3,000 hours of light per year, this is equivalent to 85 

years at 150 lux which is the level of illumination recommended for the display of colourless PMMA (Waentig 2008). 

To ensure that light-aged samples would be exposed to equivalent levels of illumination BWS 1-6 were exposed with the 

rotating samples during aging and monitored for fading with a Minolta CR221 chromameter over a select white tile that 

was used throughout the study in 1992-95. 

The unit and test procedures were designed to create intense continuous museum lighting at low temperatures; ventilation 

fans were used to lower the temperature and the accumulation of volatile organic compounds (VOCs) (Sale 1995). The 

prototype light-aging unit has been rebuilt to be more robust and continues to be used at Tate. 

Thermal-aging (TA) 

Samples were aged for eight weeks at 70°C and 55% relative humidity. 

Thermal-aging followed by light-aging (TL) 

Samples were thermal-aged for four weeks followed by light-aging for four weeks. 

Light-aging followed by thermal-aging (LT) 

Samples were light-aged for four weeks followed by thermal-aging for four weeks. 

Sample storage 1992 – 2003 

Samples were divided into groups by adhesive and stored in covered trays with activated charcoal in dark cabinets in an 

air-conditioned museum in a rural environment. 

Sample storage 2003-2010 

Samples were packed into loose polyethylene bags and stored together in a dark card box that had been sealed from dust 

in temperatures ranging from 10°C - 35°C. The samples were exposed to VOCs from the other samples until the end of 

2010. 

Sample  characterisation 
Fourier transform infrared spectroscopy (FTIR) was used to characterise the polymers and to 

investigate its use in detecting molecular differences resulting from the aging environments. 

Transmission spectra were collected (64 scans at 4 cm
-1 

resolution) on a 2000 series FTIR with

a Thermo scientific Nicolet iN10 MX microscope using a diamond cell (Hodgkins et al 2011). 

FTIR spectra of DA, LA and TA open samples of the adhesives were compared as well as new 

casts of the original 1:1 Paraloid B-67: Paraloid F-10 in solution (Hodgkins et al 2011). 

Pyrolysis gas chromatography mass spectrometry (Py GCMS) was used to identify the polymers 

in three adhesives, Neocryl BT20, Norland OA65 and Plextol D514, using a GSG Pyromat Curie 

point pyrolyzer interfaced to a Varian Saturn 2000 GC-MS. Pyrolysis conditions: 625° C for 10 
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seconds. GC conditions: held at 40°C for 2 minutes then ramped to 320°C at 10°C/min then held 

for further 2 minutes at 320°C. Column: Phenomenex Zebron ZB-5 column (30m length; 0.25mm 

i.d.; 0.25µm film thickness). MS conditions: EI mode (70eV); scanned 40 - 399 amu every 0.49 

seconds (Ormsby 2011). 

Video Spectral Comparator (VSC) 

Laminate samples were examined and images recorded with a Foster & Freeman Video Spectral 

Comparator model VSC
®
6000 / LF (www.foster&freeman.com).

Digital micrometer 

A selection of samples was measured with a hand held digital micrometer (Axminster), to 

determine the depth of the adhesives, investigate the impact of sample thickness on the colour 

measurement data and assess the sample preparation techniques. 

Colour measurement 

A Konica Minolta 2600d spectrophotometer was used to measure yellowness of the samples 

with the CIELAB 1976 system using illuminant C in reflectance with the specular component 

and UV included, and a measuring aperture of 3 mm. 

L*a*b* coordinates of CIELAB 1976 were recorded and b* values (yellow-blue scale) are 

presented because this coordinate is appropriate for measuring yellowing and was used in the 

previous study. 

In this study the transparent samples were measured over the white calibration tile supplied for a 

chromameter. A measurement on the original PMMA sample material over the tile, the mean of 

5 readings, was subtracted from the mean of 5 sample readings over the tile to ensure that the b* 

referred to the adhesive and not the PMMA or the tile.  Samples were not compared to the 

original b* background tile which was different, since the one used in 1992 had been broken. 

Results 

The yellowness measurements of the adhesives, 19 years after aging in the dark following 

artificial and natural aging, are found in Figure 1. Visual assessments of the adhesives are 

located in Tables 3 and 4. 
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Figure 1 Yellowness in CIELAB 1976 coordinate b* of adhesives. 

Measurements were taken after 19 years of aging in the dark following artificial and natural 

aging. The aging conditions in the graphs are listed in Table 2. 
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Table 3 Open Samples: Visual Assessment 
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Open samples 

Overall assessment Good Poor Poor Good Poor Dissolved 

PMMA 

Damage to PMMA None None None None None Dissolved – 

but no crazing 

Transparency Excellent Cloudy Good Excellent Cloudy Excellent 

Surface texture & appearance smooth; 

glossy 

small 

bubbles & 

inclusions 

due to long 

curing time 

granular 

textured 

inclusions & 

bubbles 

smooth when 

heat-aged due 

to melting 

matt 

inclusions 

bumpy edge 

smooth glossy 

slight ridges 

fibres in heat- 

aged samples due 

to melting 

fine scratches 

from dusting 

granular 

ridged 

inclusions & 

bubbles 

smooth when 

heat-aged due 

to melting 

smooth 

glossy 

watery 

surface no 

inclusions 

more bubbles 

than epoxy 

Visible aging impact & 

colour change on heat aging 

Slight 

yellowing 

Cloudy 

yellow 

Cloudy 

yellow & 

developed 

inclusions 

None Yellow None 

Physical properties currently Very hard 

but 

scratched 

Slightly 

rubbery & 

tacky 

Tacky to 

touch; 

acrylic smell 

Hard but 

scratched 

Slightly 

rubbery & 

tacky 

Hard 

Working properties Excellent 

long to set / 

cure but 

hard 

Easy to use; 

slightly 

granular & 

viscous after 

evaporation 

Easy to use; 

easy to set 

using a UV 

light 

Excellent – could 

apply in thinner 

layers. 

Easy to use; 

slightly 

granular & 

viscous after 

evaporation 

Difficult to 

control; 

rapid setting 

& hard 

Further investigations, 

comments & tests 

Investigate 

free radical 

scavengers 

to reduce 

yellowing - 

anticipate 

impact on 

curing (de 

le Rie 

2011) 

No – but 

possibly 

investigate 

main polymer 

alone? 

Dispersions 

are easy to 

use 

No – but 

investigate 

other UV 

curing 

adhesives 

after 

identification 

Long-term 

solubility; bulking 

agents; different 

% mix & aliphatic 

hydrocarbons; 

other MW piBMA 

& pnBMA & dyes 

Investigate 

polarity impact on 

adhesion 

No – but 

possibly 

investigate 

main polymer 

alone? 

Dispersions 

are easy to 

use 

No – but 

possibly 

investigate 

PMMA trade 

adhesives 

further 

Conclusion: Test further Yes No No Yes No No 

694



Proceedings of Symposium 2011 – Adhesives and Consolidants for Conservation 

Table 4 Laminate Samples: Visual Assessment 
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Laminate samples 

Overall assessment Good Poor OK 

Good 

appearance but 

voids later 

Good qualities 

but poor gap 

filling due to 

voids 

Poor Not a 

conservation 

material 

Damage to PMMA None None None None None Dissolved but 

no crazing 

Transparency Excellent Partly 

cloudy 

Excellent Excellent Partly 

cloudy 

Excellent 

PMMA joint interface Excellent Good 

where 

joined 

Excellent where 

joined 

Excellent where 

joined 

Good where 

joined - 

white area? 

Excellent 

Slight 

blanching at 

PET spacer 

Gap filling and appearance Excellent Poor, voids, 

bubbles, 

discoloured 

components 

separated 

white ring 

from edge 

Started  good; 

later developed 

linear voids 

from edges & 

spacers 

Poor 

large voids Can be 

improved 

Poor, voids, 

bubbles, 

discoloured 

components 

separated 

white from 

spacer 

Excellent 

Voids, gaps, bubbles, size Few bubbles 

& some 

larger from 

edge 

Small 

star shaped 

& striated 

medium 

sized 

Tiny bubbles & 

wavy line voids 

Large striated 

voids 

where solvent 

evaporated 

Large voids 

at edge 

small - 

medium 

sized 

bubbles 

central area 

Few small 

bubbles 

% area with voids 2 % 30-60% 10-15 % 50-60% 30% 3 % 

Visible aging impact & 

colour change 

Yellowed 

slightly when 

heat-aged 

When heat- 

aged 

melted; 

larger voids 

no longer 

star-shaped 

Voids iridescent None Yellow 

edges when 

heat-aged 

None 

Physical properties currently Low 

viscosity; 

slow cure 

risks later 

voids from 

edge 

Voids from 

solvent 

evaporation 

Acrylic smell; 

voids in lines 

from edge; pin- 

sized voids 

appeared much 

later (did it 

shrink, is 

solvent present? 

Voids from 

solvent 

evaporation 

Voids from 

solvent 

evaporation 

Hard & 

dissolved 

PMMA 

(tbc) 
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Working properties Excellent 

long to set / 

cure 

Easy to use Good; easy to 

manage UV 

light 

Good; could apply 

in layers,  cast 

sheets or use 

bulking agents 

Easy to use Sets hard fast 

Further investigations & tests Investigate 

radical 

scavengers 

such as 

HALS to 

reduce 

yellowing 

(anticipate 

impact on 

curing) 

No – but 

possibly 

investigate 

main 

polymer 

alone? 

No – but 

interested in 

other types of 

UV curing after 

identification 

Resolve voids; 

test other joints; 

separately;  differ 

% mix; range 

aliphatic 

hydrocarbons; 

bulking agents; 

other MW piBMA 

& pnBMA. 

Investigate 

polarity impact on 

adhesion 

No – but 

possibly 

investigate 

main 

polymer 

alone? 

No 

Conclusion: Test further Yes No No Yes No No 

Discussion 

Adhesives 
Yellowing represented by b* in Figure 1 is discussed in relation to the following: individual 

adhesives, trends related to the aging environments and differences related to the sample type. 

Experimental design evaluation and recommendations for improvements are discussed also. 

CIELAB 1976 b* values for 1:1 Paraloid B-67: Paraloid F-10 showed no significant yellowing 

after artificial or natural aging, and the laminate and open samples behaved in a similar manner. 

Tensol 70 followed the same trend as the Paraloid mixture with no significant differences in 

sample yellowing after exposure to the various aging environments even though the b* values 

indicate some yellowing. However, the undesirable physical properties noted previously and 

summarised in Tables 3 and 4 have indicated already that Tensol 70 is unsuitable as a 

conservation adhesive for PMMA. 

Of the four remaining adhesives, a pattern of yellowing emerged that is related to the aging 

regimes; refer to Figure 1. The most pronounced yellowing was caused by thermal-aging. Light- 

aging followed by thermal-aging (LT) caused less yellowing while aging in the reverse order 

(TL), caused even less. However, an important consideration with the thermal-aging in this 

study is that the adhesive samples were aged at the same time in the unvented oven and VOCs 

released from the adhesives may have increased the yellowing of the samples. 

The yellowing behaviour differed also between the open and laminate samples irrespective of 

the thickness of the adhesive layer; refer to Figure 1 and Tables 3 and 4. It was anticipated that 

open samples would have yellowed the most when aged artificially because a greater surface 

area of adhesive (albeit thinner) would have been exposed to the intense environments, as well 

as to VOCs, hydrolysis and oxidation, while the adhesive in the laminate samples would have 
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been protected by two layers of PMMA; however, not all of the results were consistent with this 

assumption. 

HXTAL NYL-1 open samples have yellowed to a similar minimal level with the thermal-aged 

samples having slightly higher b* values. Yet the b* values of the open samples are significantly 

lower than those of the laminate samples, particularly those that had been aged thermally or 

with light. The laminate samples have an excellent appearance and visibly the colour change is 

nearly undetectable, but the yellowed internal layer can be seen when viewed from the sample 

side, along the visual plane where the depth of the adhesive layer is greatest. The 

proportionately greater yellowness measured with the laminate samples may relate to the 

adhesive thickness, which is greater than with the open samples. The yellowing of the laminate 

samples requires investigation because most joints comprise layers of adhesive between layers 

of PMMA, even though the adhesive thickness was intentionally greater than in a typical repair. 

Two issues to investigate with HXTAL NYL-1 are reactions that produce yellow chromaphores 

related to conjugated double bond formation when the adhesive is sealed between two layers of 

PMMA. Chemical reactions may also explain the reduced yellowness of the aged open samples, 

where a greater surface area of adhesive is exposed to reactions such as hydrolysis and 

oxidation, that could break the conjugated double bond systems that produce the yellow 

chromaphores, thereby eliminating them, while the adhesive in the laminate samples is 

protected from these reactions by two layers of PMMA. 

A further difference noted with HXTAL NYL-1 is that the two light-aged laminate samples 

were the only light-aged samples where yellowing was slightly greater than samples that were 

not aged artificially. The higher b* value was measured in both laminate samples, but was not 

found in the open sample; see Figure 1. Yellowing had not been detected immediately after 

light-aging in 1992 or in 1995 but is evident after 19 years of storage in the dark. This 

apparently unique pattern of yellowing may result from the intense light or the slightly elevated 

temperatures in the light-aging unit, since thermal-aging caused yellowing of the laminate 

samples of this adhesive, but this requires confirmation and further investigation. 

Plextol D514 laminate samples illustrate the importance of visual analysis when comparing the 

yellowness measurements of the samples; refer to Figure 1 and Table 4. The Plextol D514 

laminate samples appear visibly to have yellowed considerably more than any of the adhesives 

evaluated, but this is not reflected in the b* values measured. The lower than anticipated b* 

values reflect measurements taken from the centre of the samples while the yellowing is 

concentrated on the outer edges. Measurements taken from the sample centre will not identify 

yellowing at the edge of the laminate samples. 

The yellowing of Plextol D514 may result from VOCs or the harsh environments entering the 

adhesive layer at the edge where it is not protected between two layers of PMMA. The 

yellowing at the exposed sample edge may be an indication that the exposed upper-most surface 

of open samples yellow most and not throughout the adhesive; this issue has been raised in the 

conservation literature (Tennent and Townsend 1987). 
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Whether open or laminate, the Plextol D514 samples have nearly identical yellowing patterns 

according to the b* values in Figure 1. There are many differences in the aging behaviour of the 

sample types including yellowed edges and voids of the laminate samples, but the b* values are 

very similar to the open samples even though the adhesive layer is thinner and they do not 

appear yellow unless thermal-aged. 

One sample of Plextol D514 showed a clear impact of VOCs on yellowing with b* exceeding a 

value of five; this sample was stored accidently with samples of a different adhesive and VOC’s 

from the other adhesive may explain the yellowness. 

As anticipated, the open samples of Neocryl BT20 and Norland NOA65 that were thermal-aged 

showed more yellowing than the corresponding laminate samples, although they are thinner. 

VOCs from the other adhesives within the thermal-aging oven may have contributed to the 

increased yellowing of these open samples. 

Finally, the open samples of Norland NOA65 also have higher b* values and visibly are more 

yellow and cloudy, and the surface is also tacky, marked and soiled when compared to the 

laminate samples of this adhesive. The adhesive layer of the open samples yellowed more and 

became cloudy after aging even though it is not as thick as the laminate samples. Many factors 

could have contributed to the cloudiness and tacky surface of the open samples as a result of 

aging including oxidation, VOCs, lowering of the glass transition temperature (Tg) and 

migration of low molecular weight components to the surface of the adhesive. These factors 

affect the aging of the adhesive samples and works of art already conserved with them. 

Comparison to results from 1995 study 
The yellowing trend of the Tensol 70 samples in this investigation differs from the trend of the 

same samples in 1995 when ∆b* values, comparing the measurements taken before and after 

thermal-aging, had been higher than those of samples aged by other methods. The reversion of 

yellowing after thermal-aging has been noted previously and warrants investigation (Sale 1995; 

Down 1995; 1996). 

The 1995 study demonstrated also that light-aging had bleached samples that had yellowed as a 

result of thermal-aging; the relationship between yellowing and aging conditions is similar in 

this study. 

Degreasers 
The study data and visual examination indicates that the degreasers appeared to have had no 

impact on adhesive aging or with the joint interface between the adhesives and PMMA. 

Detergents are useful degreasers when coatings are sensitive to aliphatic hydrocarbons. 

FTIR 
No significant differences were noted between the differently aged open samples of adhesives 

even though some samples were visibly yellow, cloudy or tacky to touch. These changes may 

relate to the aging of additives or small amounts of alteration products that are not detectable by 

FTIR (Hodgkins et al 2011). 
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Py GCMS 
This technique was useful for characterising adhesives when the FTIR results differed from the 

published composition or when there were no reference spectra for comparison (Ormsby 2011). 

Micrometer 
The hand-held digital micrometer (Axminster) produced some meaningful data. Nevertheless, its 

use was discontinued due to the damage caused by the sharp hard-edged polished steel 

measuring surfaces when in contact with the relatively soft adhesives and PMMA. Also, it is not 

straightforward to use with these samples because of difficulty in ensuring consistent pressure 

and the variance in the thickness of the adhesive layers and PMMA supports. 

VSC 
This equipment was extremely useful for visual examination due to the sophisticated user- 

friendly software for multi-spectral examination and imaging with standard lighting settings. 

The images are excellent for examination, reports and presentations and the instrument proved 

most useful for the laminate samples. 

Conclusion 

This investigation found that 1:1 Paraloid B-67: Paraloid F-10 and HXTAL NYL-1 may be 

suitable as conservation adhesives for PMMA. 

1:1 Paraloid B-67: Paraloid F-10 has not yellowed and has maintained a silvery water-white 

colour after 19 years following exposure to the accelerated and natural aging environments. It 

does not appear to be sensitive to relative humidity, temperature or VOCs from other samples 

and it has adequate tensile strength, or load at break, for repairs (Sale 1995). It can be applied 

using a variety of techniques that offer flexibility in making repairs; and it is the only adhesive 

tested that has the potential to maintain solubility with safe aliphatic hydrocarbons. It merits 

further investigation that includes additional joint types, fillers and dyes. 

HXTAL NYL-1 also warrants further investigation because it is an established structural 

adhesive in conservation and it maintained a good appearance of both sample types with only 

slight yellowing in laminate samples that were thermal-aged, light-aged or in combination. The 

delayed yellowing following intense light-exposure that was found in a few samples requires 

close investigation. This adhesive may prove useful for repairs; even though it is not reversible 

in solvents, it is assumed that it will be possible to re-treat PMMA should joints fail. 
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Evaluation of Study of 1992-95 and Future Research 

Samples 
The samples are useful for measuring yellowness and accessing appearance since the flat 

surfaces are large enough to measure changes in colour, and the transparent edges and joints 

replicate repair needs. Nevertheless, it would be easier to measure changes in colour with larger 

samples. 

The study highlighted the importance of ensuring that some laminate and open samples are of 

equal thickness for comparison after aging. It also highlighted the need for duplicate samples for 

natural and accelerated-aging. Purpose designed holders for aging, storage and transit would 

improve sample condition during aging. 

Aging  environments 
The relationship between adhesive yellowing and the aging environments provided useful data 

but future investigations should consider the following: long-term aging at 30°C would be more 

similar to natural aging and below the Tg of the adhesives. Long-term natural-aging and light- 

aging nearer to room temperature will replicate display and storage conditions. Different light 

sources may provide useful comparisons due to conditions where modern materials are 

displayed, including out of doors. Artificial and natural aging environments that are anoxic, or 

without VOC’s, and the impact of specific VOC’s on the adhesives, warrant investigation. 

Yellowness Measurements 
In future studies the methodology for measuring the yellowing of transparent materials will be 

investigated further. CIELAB colour difference equations adopted since CIELAB 1976 (Luo et 

al 2001) and different spectrophotometer illuminants such as D65, will be investigated, as well 

as calculations of chroma and hue (CIE 1978) and the ASTM Yellowness Index. ∆E* will be 

investigated due to adhesives becoming cloudy white (L*) and brown (a*) (green-red 

coordinate). 

An important consideration when designing future investigations is that measurements taken 

from the sample centre will not identify yellowing at the edge of the laminate samples. The 

small aperture size of a microfading spectrophotometer may be useful in measuring colour 

changes at the outer edge of these adhesive samples. 

Methodology 
Guidelines to improve methodology of long-term aging studies when measuring yellowness 

include the following: the development of a long-term monitoring programme to ensure 

instrument maintenance including the light source, servicing, calibration, reference data and 

preparation for differences in replacement spectrophotometers. 
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Materials and Suppliers 

HXTAL NYL-1- www.hxtal.com 

Neocryl BT20 (web general) 

Norland NOA65 - www.norlandprod.com 

Paraloid B-67 and Paraloid F-10 – www.Dow.com 

Perspex – www.perspex.co.uk and www.lucitesolutions .com 

Petroleum spirit, AnalaR’ (web) 

Tensol 70 – (web and Bostik) 

Video Spectral Comparator model VSC®6000 / LF, (www.foster&freeman.com) 
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Objects and Sculpture Conservation from the 
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Program in Art Conservation (1988). He completed an 
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1999 
Season 
Tests 

1) Reconstructed Modern Ceramic Vessels: Temperature rather than type of
adhesive application affected the stability of vessels mended with Paraloid
B-72®. Overall, Paraloid B-48N® provided greater stability.

2) Strength Test: The four adhesives were equally capable of bearing a load over
time.

3) Flexibility, Solubility, and Appearance Tests: These samples were monitored
only for three years. Paraloid B-48N® lost the greatest degree of flexibility in the
shortest amount of time; Butvar B-98® and cellulose nitrate retained the
greatest degree of flexibility. Cellulose nitrate solubilised the quickest while
Butvar B-98® solubilised the slowest. Only cellulose nitrate discoloured.

2000 
Season 
Tests 

1) Relative Humidity Test: High relative humidity had no appreciable effect on the
six adhesives.

2) Accelerated Ageing Test: After being subjected to extreme conditions, Paraloid
B-72® remained the most capable of the six adhesives while cellulose nitrate was
the least capable. Alternating freeze-thaw cycles were the most stressful
environmental conditions for the adhesives.

2009 
Season 
Tests 

1) Strength Test: All adhesives were
weaker than the ceramic samples. 
Although temperature generally had 
no effect on adhesive strength, 
Paraloid B-48N® was most successful 
in retaining strength at elevated 
temperatures (Fig.4). 

Fig. 4 (right): 1999 strength test tiles 
after the 2009 strength test. They had 
been subjected to elevated ©Japanese Institute of Anatolian Archaeology 

temperatures in the 1999 test. 

2) Solubility Test: Cellulose nitrate solubilised to the greatest degree while Butvar
B-98® solubilised the least. A graphical representation of the results for the
customised ceramic tiles appears in Fig. 5.
o To maintain consistency, all samples were subjected to acetone vapours. To

be noted, ethanol is an exceptionally suitable solvent with which to
solubilise Butvar® (Horie 1987).

1999 
Season 

• Commenced long-term testing.
• Tests conducted and launched:

Reconstruction of modern ceramic
vessels (Fig. 1), strength (Fig.2),
flexibility, solubility, and appearance.
o Modern ceramic vessels

were mended exclusively with
Paraloids B-72® and  B-48N®.

• Adhesives tested: Paraloid B-72®, ©Japanese Institute of Anatolian Archaeology 

Paraloid B-48N®, Butvar B-98®,
and cellulose nitrate.

• Samples: Modern ceramic vessels,
customised and purchased ceramic
tiles, and adhesive films.

Fig. 1 (top): Reconstructed modern 
ceramic vessels with supported and 
unsupported shards. 
Fig. 2 (bottom): Tiles suspended in 
the 1999 strength test bearing 250 g 
sand-filled weights. 

©Japanese Institute of Anatolian Archaeology 

2000 
Season 

• Continued monitoring of tests initiated in 1999.
• Additional tests conducted and launched: High relative humidity and

accelerated ageing.
o After being divided into three sample groups,  Group 1 was subjected to on- 

site outdoor conditions, Group 2 to freezing (-15 °C) conditions, and Group 3
to freeze (-15 °C)-thaw cycles.

• Additional adhesives tested: Paraloid B-72®, Paraloid B-72® with fumed silica,
Paraloid B-72®/Paraloid B-48N®, Paraloid B-48N®, Butvar B-98®, and cellulose
nitrate.

• Additional samples: Customised ceramic tiles.

2009 
Season 

• Completion of long-term testing;
final assessment of samples created
in 1999 and 2000.

• Tests conducted: Strength (Fig.3) and
solubility.

• Samples: Modern ceramic vessels
and ceramic tiles from 1999 and 2000.

Fig. 3 (right): 2009 strength test. Using
a structure with indicated
measurements, a 1000 g weight was
aligned prior to its release and impact
upon ceramic tile samples, positioned
300 mm below. ©Japanese Institute of Anatolian Archaeology 
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ADHESIVE TESTING AT KAMAN-KALEHÖYÜK 
IDA POHORILJAKOVA • University of Pennsylvania Museum of Archaeology and Anthropology • Philadelphia, PA, U.S.A. • ida.pohoriljakova@gmail.com 

SARA A. MOY • The Art Institute of Chicago • Chicago, IL, U.S.A. • smoy@artic.edu 
Canadian Conservation Institute Symposium • Adhesives and Consolidants for Conservation: Research and Applications • Ottawa, ON, Canada • October 2011 

Background 
The Kaman-Kalehöyük archaeological site is located in central Turkey near the city of Kaman in the 
province of Kirşehir. Representatives from the Japanese Institute of Anatolian Archaeology have 
been excavating this site since 1985. Efforts to provide the greatest care possible to excavated 
materials have led to the establishment of a long-standing tradition of research and testing as 
part of the on-site conservation program. The adhesive testing project was initiated in 1999 by 
Sara A. Moy after numerous ceramic vessels mended previously with Paraloid B-72® were 
observed to have slumped. The project was finalized in 2009 by Ida Pohoriljakova. 

Project Goals 
1) Assess the failure of Paraloid B-72® in slumped ceramic vessels and determine its

suitability for use at Kaman-Kalehöyük.
2) Evaluate the suitability of Paraloid B-48N® as an alternate adhesive to Paraloid B-72®

for use on archaeological ceramics.
3) Determine the outcome of Paraloid B-72® and Paraloid B-48N® application

techniques on long-term artefact stability.
4) Study the long-term effects of age, physical stress, and varying environmental

conditions on six adhesive mixtures:
o Paraloid B-72® (methyl acrylate/ethyl methacrylate co-polymer) with and without

fumed silica
o Paraloid B-48N® (butyl acrylate/methyl methacrylate co-polymer)
o Paraloid B-72®/Paraloid B-48N® combination
o Butvar B-98® (polyvinyl butyral)
o Cellulose nitrate (cellulose polynitrate ester) HMG Heat and Waterproof Adhesive

Test Results 

Project Overview 

Fig. 5 (right): 
Average time in 
which the 1999 
strength test tiles 
failed during the 
2009 solubility test. 
(Elevated and lower 
temperatures had a 
difference of nearly 
5 °C in the 1999 
test ). 
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Final Remarks on the Test Results 
1) Paraloid B-72® was best suited for mending archaeological ceramics. It was able to bear

a load over time, was weaker than the ceramic samples, retained its flexibility, showed
minimal discolouration, and remained reversible over time. The results were
inconclusive regarding the effect of fumed silica in Paraloid B-72®. Further testing on its
effects in Paraloid B-72® and its impact on slumping is recommended.

2) Adhesive application methods had no appreciable impact on adhesive stability.
3) The glass transition temperature (Tg) of Paraloid B-72® (40 °C) could pose a challenge

on archaeological excavations as on-site storage facilities may have inadequate climate
control. The use of an adhesive with a higher Tg, such as Paraloid B-48N® (50 °C) or
Butvar B-98® (72-78 °C), should be considered.
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Abstract and 
Biographies 
In 1999, an instance of slumping was noted 
among ceramic vessels excavated, conserved, 
and stored at the Kaman-Kalehöyük site in 
Central Turkey. This led to a series of tests being 
conducted to assess the failure of Paraloid® B-72 
(the adhesive used to mend the vessels) and 
determine the suitability of its continued use at 
the site. From 1999 to 2009, the physical 
properties of four adhesives — Paraloid® B-72, 
Paraloid® B-48N, cellulose nitrate, and Butvar® B-
98 — were examined and tested. The 
experiments were designed to test the strength, 
solubility, flexibility, and discolouration of the 
adhesives, and evaluate their longer-term 
reaction to varying environmental conditions 
including temperature and relative humidity. 

Of the four adhesives tested, Paraloid® B-72 
proved to be the best suited for mending 
archaeological ceramics: it was capable of 
bearing a load over time, was weaker than the 
ceramic materials tested, retained its flexibility, 
refrained from discolouration, and remained 
reversible over time. The outcome of the study 
suggested that adhesive application methods 
have no appreciable impact on the stability of 
any adhesive examined. Nevertheless, the glass 
transition temperature of 40°C for Paraloid® B-72 
may pose a challenge on archaeological 
excavations, where storage facilities may not 
have adequate climate control. 

Ida Pohoriljakova is a recent graduate of the 
Master of Art Conservation program at Queen's 
University in Kingston, Ontario, and also holds a 
BA in Classical Archaeology from Wilfrid Laurier 
University in Waterloo, Ontario. Her enduring 
fascination with archaeological and ethnographic 
materials has led her to focus on conserving 
objects from these contexts. She has completed 
summer internships at the Athenian Agora 

Résumé et 
biographies 
En 1999, un cas d'affaissement a été observé 
parmi les récipients en céramique prélevés, 
traités et entreposés sur le chantier de fouilles de 
Kaman-Kalehöyük, dans le centre de la Turquie. 
Ceci a entraîné l'exécution d'une série d'essais 
visant à évaluer les défaillances de l'adhésif 
Paraloid® B-72 (qui avait servi à traiter les 
récipients) et à déterminer s'il constitue toujours 
un produit adéquat pouvant être utilisé pour 
réaliser des travaux sur le site des fouilles. De 
1999 à 2009, les propriétés physiques de quatre 
adhésifs, soit le Paraloid® B-72, le Paraloid® B 48N, 
le nitrate de cellulose et le Butvar® B 98, ont été 
étudiées et ceux-ci ont été mis à l'essai. Les essais 
avaient pour but de déterminer la résistance, la 
solubilité et la souplesse des adhésifs et 
l'altération de leur couleur, et d'établir leur 
comportement à long terme, dans diverses 
conditions ambiantes, dont la température et 
l'humidité relative. 

D'après les résultats obtenus, le Paraloid® B 72 
est le meilleur des quatre adhésifs mis à l'essai, 
au chapitre du traitement de céramiques 
archéologiques : il a en effet la capacité de 
supporter une charge pendant une période 
donnée, tout en étant moins résistant que les 
matériaux céramiques d'essai; en outre, sa 
souplesse et sa réversibilité ne varient pas au fil 
du temps et il ne présente aucune altération de la 
couleur. Les résultats de l'étude semblent 
indiquer que les différentes méthodes 
d'application des adhésifs n'ont aucun effet 
notable sur leur stabilité. Il faut néanmoins 
signaler que la température de transition vitreuse 
du Paraloid® B-72, qui est de 40 °C, pourrait 
constituer un problème sur les chantiers de 
fouilles archéologiques où les installations 
d'entreposage ne comprennent pas des 
dispositifs adéquats permettant la régulation des 
conditions ambiantes. 
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Excavations in Greece, the Kaman-Kalehöyük 
Excavation in Turkey, and the University of 
Pennsylvania Museum of Archaeology and 
Anthropology in Philadelphia. Ida is presently a 
post-graduate intern at the Arizona State 
Museum (Tucson, Arizona), where she assists in 
the conservation of its Southwest Indian silver 
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commencing a post-graduate fellowship at the 
University of Pennsylvania Museum of 
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Contact Information: 
University of Pennsylvania Museum of 
Archaeology and Anthropology  
3260 South Street 
Philadelphia PA 19104 USA  
Tel.: 215-898-2787 
E-mail:  ida.pohoriljakova@gmail.com

Sara A. Moy earned a BA in Sculpture and 
Architecture from Bennington College, Vermont 
and an MSc in Conservation for Archaeology and 
Museums from the Institute of Archaeology, 
University College London, United Kingdom. Her 
professional interests focus on material 
behaviour, particularly among complex and 
unusual composite objects, and its utility for 
conservation treatments. Sara has held 
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Department of Parks & Recreation Arts and 
Antiques Division, the Peabody Museum of Art 
and Ethnology at Harvard University (Cambridge, 
Massachusetts), the Straus Center for 
Conservation and Technical Studies-Harvard 
University Art Museums (Cambridge, 
Massachusetts), the Harpers Ferry Division of 
Conservation at the U.S. National Park Service 
(Harpers Ferry, West Virginia), and the Brooklyn 
Museum of Art (Brooklyn, New York). She 
currently works at The Art Institute of Chicago 
(Chicago, Illinois). 

Contact Information: 
The Art Institute of Chicago 
111 South Michigan Avenue 
Chicago IL 60603-6404 USA 

Ida Pohoriljakova est une nouvelle diplômée de 
la maîtrise ès arts en conservation restauration 
de l'Université Queen's à Kingston (Ontario) et 
détient un baccalauréat ès arts en archéologie 
classique de l'Université Wilfrid Laurier à 
Waterloo (Ontario). Sa passion de longue date 
pour les biens archéologiques et 
ethnographiques l'incite à consacrer ses efforts à 
la restauration de ces objets. Elle fait des stages 
d'été aux sites des fouilles de l'Agora 
d'Athènes (Grèce) et de 
Kaman Kalehöyük (Turquie) ainsi qu'au Museum 
of Archaeology and Anthropology de l'Université 
de Pennsylvanie (Philadelphie). Ida est 
actuellement stagiaire postuniversitaire à 
l'Arizona State Museum de Tucson (Arizona), où 
elle participe à la restauration de la collection de 
bijoux en argent des Amérindiens du Sud Ouest. 
À l'automne 2011, elle amorcera des recherches 
postuniversitaires au Museum of Archaeology 
and Anthropology de l'Université de 
Pennsylvanie. 

Coordonnées : 
University of Pennsylvania Museum of 
Archaeology and Anthropology  
3260 South Street 
Philadelphia, Pennsylvania 19104, États-
Unis  
Tél. : 215-898-2787 
Courriel : ida.pohoriljakova@gmail.com 

Sara A. Moy détient un baccalauréat ès arts en 
sculpture et en architecture du 
Bennington College (Vermont) et une maîtrise ès 
sciences en conservation restauration sur les sites 
archéologiques et dans les musées décerné par le 
University College de Londres (Royaume Uni). 
Professionnellement, elle s'intéresse au 
comportement des matériaux, surtout des objets 
complexes et composites inhabituels, et sur leur 
utilité en ce qui a trait aux traitements de 
restauration. Sara fait des stages et occupe des 
postes au City Department of Parks & Recreation 
Arts and Antiques Division de New York, au 
Peabody Museum of Art and Ethnology de 
l'Université Harvard à Cambridge 
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Tel.: 313-857-7649 
E-mail: smoy@artic.edu

(Massachusetts), au Straus Center for 
Conservation and Technical Studies des musées 
d'art de l'Université Harvard, à la Harpers Ferry 
Division of Conservation du U.S. National Park 
Service à Harpers Ferry (Virginie Occidentale) et 
au Brooklyn Museum of Art (New York). Elle 
travaille en ce moment à l'Art Institute of Chicago 
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Coordonnées : 
The Art Institute of Chicago  
111 South Michigan Avenue  
Chicago, Illinois 60603-6404, États-Unis 
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The conservation of the Eat Art Multiple 

Candy – Akkumulation aus Marzipanbeinen 

by Arman: A Case Study 
Cologne Institute of Conservation Sciences (CICS), Germany 

Eva Bader, Dr. Gunnar Heydenreich 

Introduction 
Candy - Akkumulation aus Marzipanbeinen is an edition projected for 100 Eat Art 

multiples by Arman from 1970 (Fig. 1, 2). Daniel Spoerri, the founder of Eat Art, 

inspired Arman to design this artwork and to use edible sweets as an artistic material. 

Two of these multiples, which are currently as loans at the Museum Kunstpalast in 

Düsseldorf, were damaged and treated at CICS in 2010. 

Work description 
Each multiple is comprised of about 50 sweets, which were originally manufactured 

for consumption by a Swiss company. The sweets consist of edible marzipan molded 

to form a pair of dancer’s legs, with a wooden stick providing underlying support for 

each leg. The feet were dipped in brown or pink sugar icing to create ballet shoes. 

Each pair of legs is held together with a mini skirt of tulle. 

Arman adhered the sweets to a black painted panel and covered it with an acrylic 

glass hood. Some of the legs show a polyvinyl acetate (PVAc) coating, which was 

added either by the artist or in a later restoration treatment. 

Fig. 1 and 2: 2 Eat Art multiples Candy - Akkumulation aus Marzipanbeinen 

Marzipan legs in transition 
The objects were in a precarious condition: Mechanical stress had led to fractures 

in some of the marzipan legs (Fig. 5). Furthermore there was extensive cleavage 

between the very brittle ballet shoes and the marzipan feet (Fig. 3). Flakes of sugar 

icing were lifting and in danger of falling off. Due to deterioration, the marzipan 

showed browning and there were craquelures in the PVAc coating. 

Questions at the initial point 
• Is the process of the natural deterioration considered integral to the artwork?

• From an ethical point of view, should the damages be treated with the

traditional idea of preserving the material?

• In the case of a treatment, which adhesive is suitable for edible materials?

Conservation strategy 
Research on artistic intention and materiality was undertaken. Carlo Schröter, a 

contemporary of Arman and Daniel Spoerri, who had also been involved in the work 

process was interviewed. The results showed that the original expressiveness of the 

artwork was derived mainly from the sensual perception of the marzipan. Thus there 

was a discrepancy between the work‘s overall damaged, severely deteriorated state 

and its previous tactile appearance as an edible and pretty artwork. 

The conservation strategy that was developed placed more emphasis on historicity 

and authenticity than on the improvement of the current aesthetic appearance. 

Changes due to deterioration were accepted as integral to the artwork. The aim was 

the material’s preservation to decrease the discrepancy between its original and 

current state. 

Minimal treatment was proposed: The focus was to secure the damaged fragile areas, 

which included the consolidation of the sugar icing and the treatment of the fractures 

in the marzipan. No treatment was suggested for filling or inpainting losses. 

Conservation treatment 
The main criterion for the choice of an adhesive was its solubility in a high percentage 

of aliphatic hydrocarbons to ensure reversibility in the future. These were the only 

solvents that did not swell or dissolve the materials: marzipan, sugar icing and 

PVAc coating. The adhesive should neither cause darkening and discoloration nor 

increase the gloss of the original. Because of the presence of the PVAc coating on 

the marzipan legs, the edible nature of the adhesive was not a factor. 

In order to find an appropriate adhesive, tests with different binding medias (see 

table) on mock-ups were carried out. Each tested material showed an appropriate 

adhesion. The best optical results were achieved with Ethylcellulose ET 200®. 

binding medium Ethylcellulose 

ET 200® 

Klucel E® Plexigum 

PQ611® 

Regalrez 1094® 

solvents white spirit 

(SBP 60-95 °C) 

+ Ethanol

V/V 9:1

white spirit 

(SBP 60-95 °C) 

+ Ethanol

V/V 1:1

white spirit 

(SBP 60-95 °C) 

white spirit 

(SBP 60-95 °C) 

adhesion + + + + 
optical 

properties 

+ + - - 

Results and discussion 
The consolidation of the sugar icing was successfully completed with a 2.5 % solution 

of Ethylcellulose ET 200®. The lifting flakes were gently pushed down using a 

silicone tipped color shaper (Fig. 4). For the fractures in the marzipan, a 5 % solution 

was used. The fragments were brought together with clamps (Fig. 6). 

Because of the overall condition, the original presentation in an upright position is no 

longer possible. Subsequently a horizontal position for display is recommended. As 

a result, the Eat Art multiple Candy may be appreciated as an artwork as well as a 

document of the diverse and provocative art forms of the 20th century. 

Contact: eva.bader@gmx.net 

Fig. 3: lifting sugar icing, before treatment Fig. 4: sugar icing after consolidation Fig. 5: fracture in marzipan leg, before treatment Fig. 6: treated fracture 
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Abstract and 
Biographies 
This poster describes the conservation of two Eat 
Art multiples titled Candy – Akkumulation aus 
Marzipanbeinen by Arman (1970), which are in 
the possession of the Museum Kunstpalast in 
Düsseldorf (Germany). The main components of 
each object are dancers' legs made of edible 
marzipan with shoes of sugar icing. Some of the 
legs are covered with a poly(vinyl acetate) (PVAc) 
coating. Fractures in the marzipan legs and 
extensive cleavage between the very brittle sugar 
icing and the marzipan put the objects in a 
precarious condition. 

The conservation strategy that was developed 
placed more emphasis on historicity and 
authenticity than on the improvement of the 
current aesthetic appearance. Thus minimal 
treatment was proposed, with the focus being to 
secure the damaged fragile areas. Tests on mock-
ups were carried out to find an appropriate 
adhesive. The best results were achieved with 
Ethylcellulose ET 200®, which has been used 
successfully for the treatment. As a 
result, Candy may be presented again and 
appreciated as an artwork as well as a document 
of one of the many forms of Eat Art in the 20th 
century. 

Eva Bader is a student at the Cologne Institute of 
Conservation Sciences, Cologne University of 
Applied Sciences (Germany), in the Department 
for Painting, Polychrome Sculpture and Modern 
Art Conservation, where she specializes in 
Modern and Contemporary Arts Conservation 
and Documentation. Her work experience 
includes internships in conservation studios such 
as the Neue Nationalgalerie, Berlin and The 
Museum of Modern Art, New York, as well as at 
Amann + Estabrook Conservation Associates, 
New York. 

Résumé et 
biographies 
La présente affiche comporte la description des 
travaux de conservation et de restauration de 
deux assemblages d'art comestible d'Arman, 
datant de 1970, intitulés Candy – Akkumulation 
aus Marzipanbeinen [Du bonbon : jambes en 
pâte d'amandes], des œuvres qui appartiennent 
au Museum Kunstpalastde Düsseldorf, en 
Allemagne. Les principaux constituants de chaque 
objet sont des représentations de jambes de 
danseuses fabriquées en pâte d'amandes 
comestible portant des chaussons en sucre à 
glacer. Une partie des jambes est recouverte d'un 
revêtement de poly(acétate de vinyle) [PVAc]. Les 
objets sont en état précaire, car les jambes en 
pâte d'amandes présentent des fractures et il y a 
un clivage important entre la pâte d'amandes et 
le sucre à glacer, qui est très cassant. 

La stratégie de conservation et de restauration 
des objets élaborée visait à mettre l'accent sur le 
maintien de l'authenticité et du caractère 
historique de l'œuvre, plutôt que sur 
l'amélioration de son aspect esthétique actuel. 
C'est pourquoi un traitement minimal a été 
proposé, les efforts déployés se portant surtout 
sur la consolidation des zones fragiles 
endommagées. Des essais ont été réalisés sur des 
modèles afin de trouver un adhésif adéquat. Les 
meilleurs résultats ont été obtenus avec 
l'éthylcellulose ET 200®, laquelle a été employée 
avec succès pour exécuter le traitement des 
objets. Candy peut maintenant être exposée de 
nouveau et le public peut apprécier cette œuvre 
qui illustre une des nombreuses formes d'art 
comestible du XXe siècle. 

Eva Bader est étudiante à l'Institut des sciences 
de la restauration de l'Université des sciences 
appliquées de Cologne (Allemagne), dans le 
département de restauration des tableaux, des 
sculptures polychromes et des œuvres d'art 
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Gunnar Heydenreich (PhD) is a professor of 
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Cologne University of Applied Sciences 
(Germany). From 1995 to 2009, he was head of 
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was a founding member of the International 
Network for the Conservation of Contemporary 
Art (INCCA) and co-organizer of the European 
projects “Inside Installations” and “PRACTICs.” In 
2009, he became project director of the Cranach 
Digital Archive funded by the Andrew W. Mellon 
Foundation. 

Contact Information: 
Cologne Institute of Conservation 
Sciences 
University of Applied Sciences 
Ubierring 40 
Cologne 50678, Germany 

moderne, où elle se spécialise dans la 
restauration et la documentation d'œuvres d'art 
moderne et contemporain. Elle acquiert de 
l'expérience professionnelle par le biais de stages 
dans des studios de restauration comme la Neue 
Nationalgalerie de Berlin et le Museum of 
Modern Art de New York ainsi que chez Amann + 
Estabrook Conservation Associates, à New York. 
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l'Université des sciences appliquées de 
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Tél. : 0049 177 4937373 
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Gunnar Heydenreich, Ph.D., est professeur en 
restauration d'œuvres d'art moderne et 
contemporain à l'Institut des sciences de la 
restauration de l'Université des sciences 
appliquées de l'Université de Cologne 
(Allemagne). De 1995 à 2009, il est responsable 
de la restauration de tableaux et d'œuvres d'art 
contemporain au Restaurierungszentrum, à 
Düsseldorf. Membre fondateur de l'International 
Network for the Conservation of Contemporary 
Art (INCCA), il est le coorganisateur des projets 
européens « Inside Installations » et 
« PRACTICs ». En 2009, il devient directeur du 
projet Cranach Digital Archive financé par la 
fondation Andrew W. Mellon. 
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Cologne Institute of Conservation 
Sciences 
University of Applied Sciences 
Ubierring 40 
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The UvA hosts since 2006 a BA/MA 
program in the Conservation and 
Restoration of Cultural Heritage. Eight 
specialisations are offered: Book and 
Paper, Modern and Contemporary Art, 
Glass and Ceramics, Textiles, Easel 
Paintings, Wood and Furniture, Metals 
and    Historic    Interiors.    The    Dutch 

Adhesives 101: Teaching adhesive principles to conservation students 
Kate Seymour 

Knowledge 

Physical Properties  
Which adhesive to select for a particular task remains a 

accredited course is unique as it offers a 
seven year programme, consisting of a 
three year Bachelor, a two year Masters 
and a two year postgraduate phase. 
Introduction modules to conservation 
history and ethics, materials, preventive 
conservation and conservation science are 
taught within a general Bachelor 
programme    in    either    science    or 

OBJECT 
Damage 

Aging Properties 

science 

ADHESIVE 

challenging  question  for  the  experienced  practitioner, 
whilst it may seem overwhelming to a novice. What is the 
essential knowledge that should be taught and how is that 
information best given to enable a novice to become a 
‘competent practitioner’. 

humanities. Selected students elect one of 
the eight disciplines offered at the 
beginning of the Master programme and 
will only graduate as conservators if all 
four subsequent years are completed. 

Informed Decisions 

Educational studies indicate that theoretical knowledge is 
enhanced through experiential learning. Fundamental 
concepts may prove difficult to visualize unless 
demonstrated in a practical environment. Designing simple 
experiments simulating adhesive performance, is a critical 
teaching tool when providing such authentic learning 
experiences and encourages creative thinking. 

Which Glue to Use? 

Freshmen students are taught adhesive principles within a 
first  year  Science  module.  A  designed  educational 
paradigm  aims  to equip  students  from  eight  disciplines 
with the necessary metacognitive skills required to 
comprehend the rationale underpinning the steps to 
choosing an adhesive for a desired function. 

The ‘road to knowledge’: theory, underpinned by practical experiments critically assessed by students, leads to reflection, evaluation and informed choices. 

Experiment: Adhesive Strength 
Using  equipment  readily  found  within  a 
conservation  studio,  students  evaluate  the  bond 
strengths of different adhesives. Pre-glued joints are 
subjected  to  a  determined  load  until  failure.  The 
force of the applied load is calculated  and data is 
statistically  compared. Choosing the right adhesive 
in  terms  of  adhesive  strength  is  crucial.  This 
experiment allows an awareness of the elastic and 
plastic properties of polymers to develop. 

Understanding  which  adhesive  to  use  for  a 
specific job is a crucial learning experience that 
is subsequently implemented in daily practice 
throughout  a  conservator’s  working  career. 
Certain  concepts  can  be  taught  through 
lectures, tutorials and by revision, however a 
more authentic experience may best be taught 
by experiential  learning.  Through  a series of 
experiments  within a workshop environment 
the  student  is  able  to  visually  assess  the 
concepts broached within the classroom. 

Experiment: Bond Formation 
Many  adhesives  form  films  through  phase  change 
from liquid to solid. Beyond material characteristics 
of  the  object  and  adhesive,  bond  strength  is 
determined  by the degree of penetration and film 
forming conditions. Adhesives with different curing 
properties  are used  to  glue  two  paper  substrates. 
Once the bond is formed, students use a peel action 
to compare results. Does the paper tear or does the 
adhesive  fail?  Has  the  bond  failed  within  the 
adhesive or at the interface? 

Beeswax  Starch 

Experiments are devised so that they can be 
repeated  without  any  expensive  or  intricate 
specialised equipment, hopefully encouraging 
the  student  to  continue  with  these  testing 
scenarios  well  beyond  their  educational 
experience.  Concepts  learnt  can  easily  be 
transferred  to  other  adhesives  with  little 
additional effort. 

sine scientia ars nihil est 
without knowledge, skill is nothing 

Acknowledgements: Thanks to Bill Wei (RCE), Piet Iedema (UvA), Norman Tennent (UvA), Gwendoline R. Fife (SRAL), and UvA Master 1 Students: 2009-2010 & 2010-2011 

SRAL was founded in 1986 to preserve the cultural heritage within the Province of Limburg 
(The Netherlands). The Provincial Government of Limburg subsidizes the conservation of 
art objects held in state or public collections and churches throughout the province. Over 
the last 20 years SRAL has grown to become a National and International Institute with 
departments for the Conservation of Paintings (Panel and Canvas), Sculpture, Paper and 
Historic Interiors. The Institute also initiated in 1989 a Post-graduate (5 year) training in 
three disciplines: Conservation of Easel paintings and Polychrome Surfaces, Historic 
Interiors and Modern Art which is now under the supervision of the UvA. 

Kate Seymour 
Head of Education 

SRAL, Postbus 1679 
6221 BR Maastricht 

The Netherlands 
Tel: 0031 43 321 8444 

k.seymour@sral.nl

www.sral.nl
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Abstract and 
Biography 
This poster highlights a pedagogical approach to 
teaching adhesive principles to freshmen 
conservation students from diverse backgrounds 
in a multidisciplinary context. 

Adhesives are one of the key components in the 
practitioner's toolbox with which a conservator 
will work to repair, reconstitute, or restore 
damaged or degraded art works. Because these 
materials are frequently introduced into original 
structures, it is essential that the conservation 
student has a thorough knowledge and 
understanding of the potential adhesives 
available as well as their properties. 

The educational paradigm underpins theoretical 
knowledge with practical examples and real life 
scenarios, giving the student the required 
competencies to make informed choices and 
providing an authentic learning experience. As it 
is often experiential learning that students 
recollect more readily, it is essential that these 
practical sessions be designed for full impact. A 
series of standard experiments are used that 
allow students to compare empirically adhesive 
properties of both natural and synthetic 
polymers. This specific block of study aims to 
equip the student with the necessary 
metacognitive skills required to comprehend the 
rationale underpinning the steps to choosing an 
adhesive for a desired function. 

Ultimately, the intention is to broaden the 
students' outlook and prepare them to search 
more consciously for creative solutions, to 
facilitate adhesive choice, and to trouble shoot in 
the future. Key didactic methods used include: 
“thinking outside of the box” and “thinking it 
through,” evaluation, critical thinking, and 
reflection, as well as stimulating all three learning 
domains. 

Résumé et 
biographie 
La présente affiche traite de l'approche 
pédagogique adoptée, dans un contexte 
multidisciplinaire, pour enseigner des principes 
de base en matière d'adhésifs aux nouveaux 
étudiants en restauration qui possèdent une 
formation dans divers domaines. 

Les adhésifs constituent des éléments clés de la 
boîte à outils pratiques dont se servent les 
restaurateurs pour réparer, reconstituer ou 
restaurer des œuvres d'art endommagées ou 
dégradées. Comme ces matériaux sont souvent 
intégrés aux structures d'origine des objets, il est 
essentiel que l'étudiant en restauration possède 
de vastes connaissances sur les adhésifs 
disponibles pouvant être utilisés dans le domaine 
et sur leurs diverses propriétés, ainsi qu'une 
compréhension approfondie des principes 
connexes. 

Le paradigme pédagogique établit le bien-fondé 
des connaissances théoriques au moyen 
d'exemples pratiques et de cas réels, ce qui 
permet aux étudiants d'acquérir les compétences 
requises pour faire des choix éclairés tout en 
profitant d'une véritable expérience 
d'apprentissage. Dans la plupart des situations, 
c'est l'apprentissage par expérience qui permet 
aux étudiants de se rappeler facilement des 
concepts traités et il est donc essentiel que ces 
séances pratiques soient conçues pour avoir des 
répercussions optimales. Une série d'expériences 
normalisées permet aux étudiants de faire des 
comparaisons empiriques des propriétés 
d'adhésifs naturels et synthétiques. Ce module de 
cours particulier vise à fournir aux étudiants les 
capacités métacognitives nécessaires pour bien 
comprendre les fondements des différentes 
étapes, lors du choix d'un adhésif qui sera utilisé 
à des fins précises. 
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Kate Seymour has an MA from the University of 
Northumbria at Newcastle, United Kingdom in 
the Conservation of Easel Paintings (1999). On 
graduation, she moved to the Netherlands to 
work as a Paintings Conservator at the Stichting 
Restauratie Atelier Limburg (SRAL) in Maastricht, 
where she is now the Head of Education. Her 
position entails teaching and lecturing on a 
variety of subjects, both academic and practical, 
throughout the 2-year Master of Arts in 
Conservation Studies at the University of 
Amsterdam. She supervises and guides project 
and research work by the postgraduate students 
within three conservation disciplines: Easel 
Paintings, Historic Interiors, and Modern and 
Contemporary Art. She is a member of the 
International Institute for Conservation of 
Historic and Artistic Works (IIC), the British 
Association of Picture Conservators and Restorers 
(BAPCR), The Institute of Conservation (Icon), and 
the International Council of Museums – 
Committee for Conservation (ICOM-CC), in which 
organization she holds the position of 
Coordinator (2008–2011) for the Working Group 
on Sculpture, Polychromy, and Architectural 
Decoration. 

Contact Information: 
Stichting Restauratie Atelier Limburg 
(SRAL) 
Maastricht, Netherlands 

Tout compte fait, l'objectif est d'élargir les 
perspectives des étudiants afin de les inciter à 
chercher délibérément des solutions ingénieuses, 
de faciliter le processus de sélection des adhésifs 
et de résoudre efficacement de futurs problèmes 
de diverses natures. Les méthodes didactiques 
clés employées comprennent les approches de 
« réflexion hors des sentiers battus » et de 
« réflexion en tenant compte de tous les 
détails », l'évaluation, le développement de 
l'esprit critique et la réflexion, ainsi que les 
éléments de stimulation propres aux trois 
champs d'apprentissage. 

Kate Seymour obtient en 1999 une maîtrise ès 
arts en conservation restauration de peintures de 
chevalet de l'Université de Northumbria à 
Newcastle (Royaume-Uni). Après l'obtention de 
son diplôme, elle déménage aux Pays Bas pour 
travailler comme restauratrice de tableaux au 
Stichting Restauratie Atelier Limburg (SRAL) à 
Maastricht, où elle est maintenant responsable 
de l'enseignement. Dans le contexte de ce poste, 
elle enseigne diverses matières, tant théoriques 
que pratiques, et donne des conférences tout au 
long du programme de deux ans de la maîtrise ès 
arts en conservation restauration à 
l'Université d'Amsterdam. Elle supervise des 
projets et des travaux de recherche d'étudiants 
du deuxième ou du troisième cycle dans 
trois disciplines de restauration : les peintures de 
chevalet, la restauration d'intérieurs historiques 
et les arts modernes et contemporains. Elle est 
membre de l'Institut international pour la 
conservation des œuvres historiques et 
artistiques, de la British Association of Picture 
Conservators and Restorers (BAPCR) et de 
l'Institute of Conservation (ICON). Elle fait 
également partie du Comité pour la conservation 
du Conseil international des musées (ICOM CC). 
Au sein de cet organisme, elle est coordonnatrice 
(de 2008 à 2011) du groupe de travail sculpture, 
polychromie et décoration architecturale. 
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Sample #/ 
Numéro 
d’échantillon 

Description of joint/ 
Description du joint 

Number of 
impacts/ 
Nombre de 
chocs 

Status at the end of 
test/ État, après 
l’essai 

Observations/ Observations 

1. Four parallel 
Lamellos, long way 
oriented front to 
back, same as chair/ 
Quatre lamellos 
parallèles, axe 
longitudinal orienté 
de l’avant vers 
l’arrière, identique 
au fauteuil 

55 Severed/ Disjoint Complete failure: leg broke off/ 
Défaillance complète : rupture du pied 

2. Same as chair/ 
Identique au fauteuil 

1 Severed/ Disjoint Complete failure: leg broke off/ 
Défaillance complète : rupture du pied 

3. Same as chair/ 
Identique au fauteuil 

24 Severed/ Disjoint Complete failure: leg broke off/ 
Défaillance complète : rupture du pied 

4. Same as chair/ 
Identique au fauteuil 

63 Severed/ Disjoint After 62 impacts a small crack was visible at the joint; then 
leg broke off / Après 62 chocs, une petite fissure est 
visible dans la zone du joint; par après, rupture du pied 

5. 2.5 cm ‐maple 
dowel/ Cheville en 
érable de 2,5 cm 

300 No observable 
damage/ Aucun 
dommage visible 

Upon impact, a small separation was visible at the joint / 
Lors du choc, une séparation mineure est visible dans la 
zone du joint 

6. 2.5 cm‐ maple 
dowel/ Cheville en 
érable de 2,5 cm 

300 No observable 
damage/ Aucun 
dommage visible 

From the 55th impact, a small separation was visible at 
the joint upon impact/ À partir du 55e choc, une 
séparation mineure est visible dans la zone du joint, lors 
du choc 

7. 2.5 cm‐ oak dowel 
/ Cheville en chêne 
de 2,5 cm 

300 No observable 
damage/ Aucun 
dommage visible 

Upon impact, a small separation was visible at the joint/ 
Lors du choc, une séparation mineure est visible dans la 
zone du joint 

8. 2.5 cm ‐oak dowel 
/ Cheville en chêne 
de 2,5 cm 

300 No observable 
damage/ Aucun 
dommage visible 

From the 15th impact onward, a small separation was 
visible at the joint/ À partir du 15e choc et pour les chocs 
suivants, une séparation mineure est visible dans la zone 
du joint 

9. 3.2 cm ‐oak dowel 
/ Cheville en chêne 
de 3,2 cm 

300 No observable 
damage/ Aucun 
dommage visible 

From the 38th impact onward, a small separation was 
visible at the joint/ À partir du 38e choc et pour les chocs 
suivants, une séparation mineure est visible dans la zone 
du joint 

10. 3.2 cm‐ maple 
dowel/ Cheville en 
érable de 3,2 cm 

300 No observable 
damage/ Aucun 
dommage visible 

From the 4th impact onward a small separation was 
visible at the joint/ À partir du 4e choc et pour les chocs 
suivants, une séparation mineure est visible dans la zone 
du joint 

11. 2.5cm‐ steel bar/ 
Barre d’acier de 
2,5 cm 

300 No observable 
damage/ Aucun 
dommage visible 

No visible separation upon impact/ Aucune 
séparation n’est visible lors du choc 

12. 2.5cm‐ steel bar/ 
Barre d’acier de 
2,5 cm 

300 No observable 
damage Aucun 
dommage visible 

No visible separation upon impact/ Aucune 
séparation n’est visible lors du choc 

A Legitimate Use of Epoxy 

in Furniture Conservation

James Hay, Conservator/Restaurateur 

Alastair Fox, Conservator/Restaurateur 

Epoxy resin adhesives can become a legitimate 

adhesive in conservation when no other material 

can resolve a problem of adhesion. 

A recent renovation of nine architect-designed 

wooden chairs used by the Judges of the 

Supreme Court of Canada required that the legs 

be put back into place (they had been sawn off 

in a previous undocumented procedure). Static

testing of full-scale models of the legs indicated 

that  a  repair  with  “lamellos”  (wood  biscuits) 

would  be  adequately  strong,  resisting  about 

542 N·m of torque at the caster. However, 

months after this “fix,” one of the chairs toppled 

beneath a judge when the repair failed. Clearly, 

reinforcement was required. But could it be done 

invisibly, so as to preserve the design of the 

chairs? Epoxy made it possible. 

In   furniture   conservation,   it   is   essential   to 

consider the intended use of the artifact. 

Treatments that are suitable for museum pieces 

(where artifacts need only look like pieces of 

furniture) may not meet the demands of furniture 

that is intended to remain in full service in 

religious or government institutions. 

When attempting to reinforce the Supreme Court 

chairs, a number of different repairs were 

imagined and samples again made and tested. 

This time, dynamic testing was carried out by a 

specialist firm, Micom Laboratories (Montreal). A 

dynamic test involves striking the sample to 

produce an impact load on the joint. For furniture 

that is meant to be used, this provides a more 

realistic trial than a static load test. The results 

indicated that a fully functional repair was 

achievable by inserting a 3.2-cm-diameter wood 

dowel   through   the   leg   into   the   chair   and 

adhering all the parts with a bulked epoxy. 

Accordingly, a metal jig was made to guide a 

3.5-cm-diameter drill bit through the length of the 

leg and 10 cm into the chair frame. The caster at 

the end of the leg was removed, and the bit was 

driven through the tip of the leg and down its 

centre. Next, a 2.5-cm-diameter dowel was used 

to coat the hole with a mixture of West System 

#105 epoxy resin, #205 hardener, and #403 

microfibre filler, which was added to thicken the 

mixture   to   the   consistency   of   mayonnaise. 

Finally, a 3.2-cm-diameter maple dowel was 

covered with the same mixture and inserted fully 

to  the  bottom  of  the  hole.  After  cleanup  and 

curing of the epoxy, the dowel was sawn to 

length, and the caster reinstalled. The entire 

repair is invisible, and no failure has occurred in 

5 years of constant use. 

Une utilisation pertinente 

de résines époxydes en 

restauration de mobilier

Les résines époxydes peuvent constituer des adhésifs adéquats 

en  restauration   lorsqu’aucun   autre  matériau   ne  permet   de 

résoudre efficacement un problème d’adhérence. 

Un récent projet de rénovation de neuf fauteuils en bois 

architecturaux  utilisés  par  les  juges  de  la  Cour  suprême  du 

Canada avait pour objectif de remettre en place et fixer les pieds 

des fauteuils, lesquels avaient été coupés à la scie lors de 

modifications  antérieures  non documentées.  Les résultats 

d’essais statiques réalisés sur des modèles grandeur nature des 

pieds    indiquent    qu’une    restauration    réalisée    avec    des 

« lamellos » (des petites lamelles de bois) assurerait une solidité 

suffisante à l’ensemble pour résister à une force de couple 

d’environ     542  N·m  appliquée   aux  points   de  fixation   des 

roulettes. Toutefois, quelques mois après ces « réparations », la 

défaillance d’un élément réparé a provoqué le basculement du 

fauteuil d’un des juges. Il était alors évident qu’un quelconque 

système de renforcement était nécessaire. Mais était-il possible 

d’effectuer des réparations imperceptibles qui n’altèreraient pas 

l’aspect esthétique des fauteuils? L’utilisation de résine époxyde 

constituait, de fait, une solution concrète au problème. 

Dans tout projet de restauration  de mobilier, il est essentiel de 

tenir compte de l’utilisation prévue de l’objet. Les traitements qui 

sont  adéquats  dans  le  cas  de  pièces  de  collection  (soit  des 

objets   qui   doivent   uniquement   ressembler   à   du   mobilier) 

peuvent ne pas répondre aux exigences propres aux pièces de 

mobilier   qui  doivent   encore   servir,   en  pratique,   dans   des 

institutions religieuses ou gouvernementales. 

 
Dans le cadre des travaux visant à renforcer  les fauteuils  des 

juges  de la Cour suprême,  différentes  solutions  de réparation 

ont été envisagées et d’autres pieds  modèles ont été fabriqués 

et mis à l’épreuve. Dans ce cas, des essais dynamiques ont été 

réalisés dans les installations d’une entreprise spécialisée de 

Montréal, les Laboratoires Micom Inc. Ce type d’essais 

dynamiques consiste à frapper l’échantillon de manière à ce que 

le  joint  soit  soumis  à  une  charge  de  choc.  Dans  le  cas  de 

mobilier   devant   être   employé   couramment,   ces   conditions 

d’essai sont plus réalistes que celles d’un essai de résistance à 

une charge statique. Les résultats des essais dynamiques 

indiquent que l’insertion d’une cheville en bois de 3,2 cm de 

diamètre,  qui  traverse  le  pied  et  pénètre  dans  le  cadre  du 

fauteuil, et la fixation de l’ensemble au moyen d’une résine 

époxyde, permettent de restaurer adéquatement  les fauteuils et 

de les utiliser sans danger. 

Un gabarit en métal a donc été construit afin de guider le trajet 

d’un foret de 3,5 cm de diamètre sur toute la longueur du pied et 

sur  une  profondeur  de  10  cm  dans  le  cadre  du  fauteuil.  La 

roulette  de chacun  des pieds  a été  enlevée  et un trou  a été 

percé à l’aide du foret, à l’extrémité du pied et en son centre, sur 

toute  sa  longueur.   Par  après,  une  cheville  de  2,5  cm  de 

diamètre a été mise en place pour boucher le trou, en utilisant 

un mélange  de produits  West  System,  soit la résine  époxyde 

n° 105 et le durcisseur n° 205, ainsi que le bouche-pores à base 

de  microfibres  n°  403,  qui  a  été  ajouté  au  mélange  afin  de 

l’épaissir et lui donner la consistance de la mayonnaise. 

Finalement, une cheville en érable de 3,2 cm de diamètre a été 

enduite  du  même  mélange  et insérée  complètement  jusqu’au 

fond du trou. Une fois l’assemblage nettoyé et la résine époxyde 

durcie, la portion excédentaire  de la cheville a été coupée à la 

scie et la roulette, remise en place. Les résultats de la réparation 

sont imperceptibles et, au cours des cinq années d’utilisation 

soutenue,   aucune   défaillance   et   aucun   incident   n’ont   été 

signalés. 

717



Abstract and 
Biographies 
Epoxy is rarely used to repair artifacts because it 
is not reversible (conservators generally employ 
only conservation treatments that are reversible). 
However, when reversibility is not a requirement, 
epoxy can have a place in the conservation of 
furniture. This was the case when nine Judge's 
chairs from the Supreme Court of Canada had to 
be returned to their original configuration. The 
legs of these chairs had been sawn off in an 
earlier modification, and were to be reattached. 
This historic furniture had to remain fully 
functional in service, not merely to appear intact 
in a static museum display. With the aid of epoxy, 
an invisible repair was envisioned, tested, and 
carried out. 

After a first effort at replacing the legs, and a 
failure of a Judge's chair in service, the first static 
test was questioned. The resulting rethink led to 
the creation of some more sample legs that were 
tested by a professional lab using their standard 
dynamic method. The results of these latter tests 
led to the decision to use epoxy. 

This poster discusses the options that were 
considered in the rehabilitation of the chairs, the 
methodology behind the testing, and the 
successful final result. 

James Hay received a BA in American and 
European History from the University of 
California in Los Angeles, subsequently became a 
journeyman cabinetmaker after a 4-year 
apprenticeship under European masters in 
Alberta, and completed formal studies with a 
Master of Art Conservation from Queen's 
University (Kingston, Ontario) in 1987. He has a 
wide range of experience in the conservation of 
wooden cultural objects, having conserved 
everything from musical instruments to water 
craft, from small ethnographic sculptures to 
monumental totem poles, as well as all manner 

Résumé et 
biographies 
Les résines époxydes sont rarement employées 
pour restaurer des objets de musée, car leur 
application n'est pas réversible (de manière 
générale, les restaurateurs utilisent uniquement 
des méthodes de traitement qui sont 
réversibles). Toutefois, si la réversibilité ne 
constitue pas une exigence essentielle, les résines 
époxydes peuvent jouer un certain rôle en 
restauration du mobilier. C'était notamment le 
cas lorsqu'il a fallu remettre en leur état d'origine 
neuf fauteuils de juges de la Cour suprême du 
Canada. Le projet consistait à fixer de nouveau 
les pieds de ces fauteuils, qui avaient été coupés 
à la scie lors de modifications antérieures. Ce 
mobilier historique devait demeurer fonctionnel, 
car une fois restauré, il ne ferait pas simplement 
partie d'un élément d'exposition fixe de musée, 
mais serait utilisé régulièrement à la Cour 
suprême. L'approche adoptée consistait à 
envisager l'utilisation d'une résine époxyde pour 
effectuer des réparations imperceptibles, et à 
réaliser sa mise à l'essai et, le cas échéant, son 
application. 

Les premiers efforts déployés pour remettre en 
place les pieds des fauteuils n'ont pas eu de 
succès, car le fauteuil d'un des juges a subi une 
défaillance lors de son utilisation, ce qui entraîné 
une remise en question de la pertinence des 
résultats des premiers essais statiques. Le 
réexamen subséquent de la démarche s'est 
traduit par la fabrication de nouveaux pieds 
modèles qui ont été mis à l'épreuve dans un 
laboratoire professionnel, en utilisant leur 
méthode d'essai dynamique normalisée. La 
décision d'utiliser une résine époxyde est fondée 
sur les résultats de ces essais dynamiques. 

La présente affiche comporte une discussion sur 
les solutions envisagées pour réaliser la 
restauration des fauteuils, la méthode d'essai 
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of wooden furniture pieces. He interned at the 
Smithsonian Institution (Washington, DC), at the 
Montreal Museum of Fine Arts (Montreal, 
Quebec), and spent 12 years at the Canadian 
Museum of Civilization (Gatineau, Quebec), 
where he worked on all the totem poles as well 
as about 200 other exhibits. He has been the 
Senior Conservator of Furniture and Decorative 
Arts at the Canadian Conservation Institute since 
late 2000. 

Contact Information: 
Canadian Conservation Institute 
1080 Innes Road 
Ottawa ON K1A 0M5 Canada 
Tel.: 613-998-3721 ext. 246 
E-mail: james.hay@pch.gc.ca

Alastair Fox has been a furniture conservator for 
more than 35 years. Largely self-taught, he has 
worked on a wide variety of projects that include 
carpentry, cabinet and furniture making, boat 
building, as well as restoring an 18th-century 
house. As a resident of New Brunswick, he 
worked privately for the Provincial Government 
doing extensive restoration in the Legislative 
Assembly and Old Government House (both in 
Fredericton), and many historic houses 
throughout the province. He also assisted the 
New Brunswick Museum in their relocation to 
Market Square (Saint John), including developing 
concepts, supervising and building exhibits, 
making mounts, and treating artifacts. Alastair's 
first involvement with the Canadian Conservation 
Institute (CCI) was as an intern in 1986. In 1991–
1992, he conducted a furniture survey in all the 
New Brunswick museums (of which there are 
more than 60) for CCI. He became a CCI staff 
conservator in 2003, and retired from the 
Institute in June 2011. 

Contact Information: 
11 Augusta Street 
St. Andrews NB E3B 2E6 Canada 
Tel.: 506-529-3056 
E-mail: alastair.fox@sympatico.ca

employée et les résultats finaux qui ont couronné 
de succès les travaux du projet. 

James Hay est titulaire d'un baccalauréat en 
histoire américaine et européenne de l'Université 
de Californie à Los Angeles. Il devient ensuite 
compagnon ébéniste après avoir suivi une 
formation d'apprenti de quatre ans sous la 
direction de maîtres européens en Alberta et il 
termine ses études universitaires à 
l'Université Queen's à Kingston (Ontario), où il 
obtient une maîtrise en conservation restauration 
d'œuvres d'art en 1987. Il a une grande 
expérience de la restauration d'objets culturels 
en bois puisqu'il touche à tout : des instruments 
de musique, des navires, des petites sculptures 
ethnographiques, d'énormes mâts totémiques et 
toutes sortes de meubles en bois. Il suit des 
stages à la Smithsonian Institution 
(Washington D.C.) et au Musée des beaux arts de 
Montréal (Québec), et il passe 12 ans au Musée 
canadien des civilisations à Gatineau (Québec), 
où il traite tous les mâts totémiques et environ 
200 autres objets. Il est restaurateur principal de 
mobilier et d'œuvres d'art décoratif à l'Institut 
canadien de conservation depuis la fin de 
l'an 2000. 

Coordonnées : 
Institut canadien de conservation 
1030, chemin Innes 
Ottawa (Ontario) K1A 0M5 Canada 
Tél. : 613-998-3721, poste 246 
Courriel : james.hay@pch.gc.ca 

Alastair Fox est restaurateur de mobilier depuis 
plus de 35 ans. En grande partie autodidacte, il 
travaille sur une grande variété de projets, 
y compris des travaux de charpenterie, la 
fabrication d'armoires et de meubles, la 
construction de navires et la restauration d'une 
maison du XVIIIe siècle. Ce résidant du 
Nouveau Brunswick a l'occasion de travailler à 
titre privé au service du gouvernement 
provincial : il effectue d'importants travaux de 
restauration à l'édifice de l'Assemblée législative, 
à l'Ancienne résidence du Gouverneur (tous deux 
situés à Fredericton) et dans de nombreuses 
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maisons historiques de la province. Il aide 
également le musée du Nouveau Brunswick lors 
de son déménagement à la place Market 
(Saint Jean). Entre autres, il élabore des concepts, 
supervise et prépare des expositions, fabrique 
des supports et traite des artéfacts. Alastair 
travaille à l'Institut canadien de 
conservation (ICC) pour la première fois en 1986 
en tant que stagiaire. En 1991 1992, il mène une 
enquête sur les meubles de tous les musées du 
Nouveau Brunswick (il y en a plus de 60) au nom 
de l'ICC. Il devient membre de l'équipe de 
restaurateurs de l'ICC en 2003 et prend sa 
retraite en juin 2011. 

Coordonnées : 
11 rue Augusta 
St. Andrews (Nouveau-Brunswick) E3B 
2E6 Canada 
Tél. : 506-529-3056 
Courriel : alastair.fox@sympatico.ca 
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Making BEVA® 371 Hot-Melt Glue Sticks 
Tristram Bainbridge 

tristram.bainbridge@gmail.com 

London, UK 

1. Making Glue Sticks
Commercial glue sticks often contain some of the same types of polymers 

as can be found in the dry mixture of BEVA ® 371. Therefore by melting and 

moulding the following ingredients, a glue stick may be formed: 

BEVA ingredients (dry) % Function

Ethylene Vinyl Acetate
(EVA):

Elvax
® 

150 

(32% vinyl acetate) 

A-C
® 

copolymer

(14% vinyl acetate) 

Laropal
® 

K80 

(ketone resin) 
®

Flexibility and strength. 

45 Greater adhesion to polar materials due to 

higher vinyl acetate content. Flexibility. 

15 Adhesion to non-polar materials due to 

higher ethylene content. Mechanical strength. 

27 Lowers the melting point, improves wetting. 

2. Using Glue Sticks
Cellolyn 21 3.6 Tackifier, improves wetting.  

• Very versatile: fast tack, therefore no clamping required.
(phthalate ester) 

Paraffin wax 9 Lowers the melt viscosity. • Good adhesion of materials of different surface energies: including wood, metal and plaster.

Hot syringe containing molten 

BEVA® 371 

Silicone mould for 4 glue sticks 

3. Advantages
• BEVA ® 371 was used as a starting point for a conservation approved hot-melt

glue stick, for use  in  ‘low temperature’ glue guns.

• Unlike proprietary sticks, BEVA® 371 has known and tested characteristics.

• There is no solvent content, therefore excellent gap-filling properties with no

shrinkage issues.

• Joints  are  removable with heat  (melting point ~65˚C),  or aromatic solvents.

• Future developments should identify and test the best polymer combinations

for a stick with the optimum ageing and adhesion properties.

Adhering a brass eye with BEVA glue stick in a low temperature glue-gun, where a previous animal 

glue joint had failed. Twentieth century Japanese shishi mask. (British Museum, London, UK) 

Adhering  ‘composition’ elements where  BEVA glue stick gap-filling properties were required on 

a mid nineteenth century picture frame. The needle nozzle glue-gun allows for precise 

application of adhesive.  (West Dean College, Chichester, UK) 

Developed at West Dean College UK. Thanks to: the British Museum and the Victoria and 

Albert Museum, London, UK; Mike Podmaniczky, Wilmington DE, USA. 
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Abstract and 
Biography 
An innovative application of BEVA 371 adhesive is 
presented. In this process, the dry components 
are formed into a standard-sized glue stick and 
used in a low melt glue gun. Professional glue 
guns can be finely tuned and fitted with needle 
nozzles and spreaders, which allow for very 
precise application of adhesive. By using a glue 
stick made from a conservation-approved 
material, the fear of using proprietary sticks with 
unknown and untested formulations can be 
reduced. The process exploits some of the well-
known working properties of ethylene vinyl 
acetate based adhesives: high tack, low set times, 
gap filling, and the ability to adhere to a variety 
of materials of different surface energies. By 
casting the sticks from the dry mixture, the issues 
surrounding solvent retention and loss are 
removed. The practical use of the glue gun is 
demonstrated through case studies on objects 
from the Victoria & Albert Museum and the 
British Museum (both in London, United 
Kingdom). Tensile testing reveals suitable bond 
strengths for a gap filling adhesive. 

Tristram Bainbridge came to conservation with a 
background in scenographic model-making and 
fireworks display design. He holds a degree in Art 
History from the Courtauld Institute of Art 
(London, United Kingdom) and completed a 
Master in Conservation at West Dean College 
(Chichester, United Kingdom) in 2011. He 
specializes in furniture and related objects with 
research focusing on decorative surfaces. 
Internships at the Victoria & Albert Museum and 
the British Museum (both in London) were 
followed by conservation work at The Freud 
Museum (London). He was a speaker at the May 
2011 meeting of the American Institute for 
Conservation of Historic and Artistic Works and 
won the Society of Architectural Historians 
dissertation medal. 

Résumé et 
biographie 
La présente affiche traite d'une application de 
pointe de l'adhésif BEVA 371. Le procédé en 
question consiste à mettre en forme des 
composants secs pour obtenir des bâtons de colle 
de dimensions courantes et à utiliser ces derniers 
dans un pistolet à colle à bas point de fusion. Les 
pistolets à colle professionnels, dont les 
conditions de fonctionnement peuvent être 
réglées avec exactitude, peuvent être équipés de 
buses à aiguilles et d'étaleurs qui permettent une 
application de précision de l'adhésif. L'emploi de 
bâtons de colle composés de matériaux adéquats 
en matière de conservation et de restauration 
réduit les craintes associées à l'utilisation de 
produits de marque déposée dont la formulation 
et le comportement sont parfois inconnus. Le 
procédé tire avantage de certaines propriétés 
bien établies des adhésifs à base de copolymère 
d'acétate de vinyle et d'éthylène, soit leur très 
forte nature d'agent poisseux, de courtes 
périodes de durcissement, leur capacité de 
remplissage de lacunes et leur force d'adhérence 
à divers matériaux possédant différentes 
énergies de surface. Le coulage des bâtons à 
partir du mélange sec élimine les problèmes qui 
sont habituellement liés à la rétention de solvant 
et aux pertes. Des exemples pratiques de 
l'utilisation du pistolet à colle seront illustrés, 
notamment au moyen d'études de cas d'objets 
du Victoria & Albert Museum et du British 
Museum (tous deux situés à Londres, au 
Royaume-Uni). Les résultats des essais de 
traction indiquent que l'adhésif présente une 
force d'adhérence adéquate comme produit 
employé pour le remplissage de lacunes. 

Tristram Bainbridge se lance dans la restauration 
après avoir suivi une formation en création de 
modèles scénographiques et en conception de 
spectacles de feux d'artifice. Titulaire d'un 
diplôme en histoire de l'art du Courtauld Institute 
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Contact Information: 
West Dean College 
West Dean, Chichester PO18 0QZ, United 
Kingdom 
Tel.: +44 7986 422 660 
E-mail: tristram_b@hotmail.com

of Art (Londres, Royaume Uni), il obtient une 
maîtrise en restauration au West Dean College 
(Chichester, Royaume Uni) en 2011. Il est 
spécialiste des meubles et des objets connexes et 
il axe ses recherches sur les surfaces décoratives. 
Il fait des stages au Victoria & Albert Museum et 
au British Museum (tous les deux à Londres) 
avant d'effectuer des travaux de restauration au 
Freud Museum (dans la même ville). Il fait partie 
des intervenants à la réunion de mai 2011 de 
l'American Institute for Conservation of Historic 
and Artistic Works et remporte la médaille de 
thèse de la Society of Architectural Historians. 

Coordonnées : 
West Dean College 
West Dean, Chichester PO18 0QZ, 
Royaume-Uni 
Tél. : +44 7986 422 660 
Courriel : tristram_b@hotmail.com 
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This poster provides a visual aid for conservators 

wishing to see what adhesives  were in use during 

a particular time period. It may therefore be of 

assistance in the identification of unknown 

adhesives.  Adhesives have been listed according 

to broad binder types. Where known, first patents 

and experimental periods have been noted 

1929  Vinyl and  other 

unsaturated esters  produced 

1929  Patent  for reaction products 

of aldehydes and polyvinyl acetate 

1930  Polyvinyl alcohol (PVOH) 

commercially  available 

1929  Commercial polymerisation 

of polyvinyl acetate (PVA) in the US 

1930

1930s Patents for polyvinyl 

ether adhesives 

c.1930 First preparation of nitrile 

rubber 

c.1930 Commercial production of 

urea formaldehyde (UF) for adhesive 

c.1930  First experiments with 

polyvinyl chloride acetate 

separately to the beginning of actual commercial 

use, as in some cases  a considerable  period of 
1928–9 First patents for butadiene 

rubber and chloroprene adhesives 

c.1928  Acrylics first used  as

adhesives 

1930 Pressure-sensitive tapes & labels

time elapsed  between  the two. Some important 

technological developments  and world events 

have been added for context. 

An enormous range of natural and synthetic 

materials have been used as adhesive binders. 

Adhesives from naturally-occurring plant and 

animal sources have been used for centuries—

materials such as glue, gelatin, starch,  dextrin, 

plant gums, albumen  and casein.  Natural rubber 

1927  First patents employing 

cellulose ether adhesives 

c.1927  First use  of polyvinyl 

alcohols  (PVOH) as adhesive

1924  Early experiments with 

furan derivatives 

1922  Soybean  protein used  for 

adhesives 

1927 Renewed  interest in saturated 

polyester resin adhesives, post-war 

1927  First experiments with 

epoxy resins 

1926  Experimental  work on 

polysulfide (“vinyl styrene”) adhesives 

1923  Chlorinated  rubber 

cement  prepared 

1932  Polysulfide adhesives first 

patented 

1933  First experiments with 

carboxylic elastomers 

1936  First patents relating to 

epoxy resin adhesives 

1936–8 Polyisobutylene  (PIB) 

rubbers  developed 

1937  Polyvinyl acetals  used 

more widely 

1931  First commercial 

production of polychloroprene 

1933  First use  of polyvinyl- 

chloride acetate as adhesive 

1934  First patent  for linoleum 

adhesive, employing shellac and copal 

1936–7 Nitrile rubber became 

commercially  available in Germany 

c.1937 First experiments with 

isocyanates and polyurethanes (PU) 

was discovered to have commercial applications 
in the early nineteenth  century, with the earliest 

patent for rubber cement dating from 1843. 

Modified cellulose products,  phenolic resins and 

synthetic polymers were also in development 

during the late nineteenth  century; however, they 

1922 Beginnings of polymer science 

1920s Polyvinyl acetals  become 

commercially  available 

1920s First experiments with 

polychloroprene/neoprene 

c.1920  First experiments with

cellulose ethers 

1937–38 Polyamides first 

prepared 

1937  Widespread production of 

polyimide (PI) adhesives 

1939–1945  World War II

did not necessarily find immediate application as 

adhesive materials. 

Synthetic polymers began to eclipse the use of 

natural polymers after the development of polymer 

theory in the 1920s and the consequent increase 

1917  Casein  glues used  for 

aircraft construction 

1914  Demand for water-resistant 

blood glues grew rapidly due to WWI 

1920 First patents for melamine & 

urea formaldehyde (MF) (UF) adhesives 

1915  First use  of polyvinyl 

acetals  as adhesives in Germany 

1939  Polychloroprene and buta- 

diene rubbers  increasingly popular 

1939  Resorcinol adhesives became important for wartime 

needs 

1939 -Melamine formaldehyde (MF) 

resins produced on industrial scale 

c.1939 Developments in unsaturated 

polyester resin adhesives during WWII 

1939 First commercial  production 

of nitrile rubber in the US 

c.1940  First use of polyurethane

(PU) adhesive 

in industrial applications.  Major developments  in 

adhesive technology in the first half of the twentieth 

1914–1918 World War I 

1940s Organofunctional silane 1940s Polyvinyl acetate (PVA) 

century corresponded  to periods of activity 
1913  First patents for polymeri- 
sation of polyvinyl acetate (PVA) 

1913  First use  of polyester 
adhesives 

coupling agents  introduced dispersions introduced 

surrounding the first and second World Wars, due 

to shortages of regular materials and the better 

adhesives  for the construction of airplanes and 

other wartime material. Additionally, the commercial 

introduction of many new developments  was 

1911  Potential  for polystyrene 

(PS) as adhesive noted 

1909  Commercial  release  of 

phenol  formaldehydes 

1912  Vinyl acetate prepared for 

the first time 

1910 Cellulose acetate lacquers & film 

available commercially in Switzerland 

1942 First nuclear reactor attains criticality

1941  First use  of silicon 

sealants/adhesives 
1942  First experiments with 

cyanoacrylates 

1943  Furan derivatives used  as 

adhesives 

delayed until cost-effective sources of raw 

materials became  available. 

Data and dates have been drawn from relevant 

patents  and technical literature. The information 

presented  here is simplified; it should be 

1908  Polyimides (PI) first 

synthesized 

1907  Discovered blood glues 

could be dried in soluble form 

1909 Vegetable adhesives from cassava 

flour produced for adhering  wood 

1907–12 Early work on organo- 

silicon compounds 

1944  Silicon adhesives 

commercially  introduced 

1946  Epoxy resin adhesives 

commercially  available 

1950s Epoxy-phenolic  hybrids 

in use 

1945  Styrene-butadiene rubber 

used  as an adhesive 

1948  Vinyl ether monomers and 

polymers available  in the US 

remembered  that manufacturers  frequently 

experimented with new binders, combining them 

1903 First human flight 

c.1950–3  First experiments with

1950s Polyvinylchloride acetates 

become  commercially  available 

with older, more established  binders, creating co- 

polymers and testing various polymerisation catalysts. 

In addition, a wide variety of plasticisers, colourants, 

solvents and other additives were added in order 

1901  - First experiments 
resulting in polyester resins 

1896–8 Early work with melamine 

and urea formaldehyde (MF) (UF) 

1901  Experiments  with acrylic 
acid esters 

1899  First patent  for phenol 

formaldehyde resin 

anaerobic formulations 

1952  First use  of carboxylic 

elastomers as adhesives 

1954  Polyurethane (PU)

1950s Rapid growth of styrene 

butadiene (SBR) adhesives 

1954  Commercial  introduction 

of anaerobic adhesives 

to modify the properties of the resulting adhesive. 1888 First working automobile  

adhesives commercially  available 

1955  First patents making  use 

The information presented  in this poster is 

applicable internationally, though obviously dates 

1878  Cellulose nitrate used  as 

adhesive for Celluloid 

1888  Early experiments to 

produce  ethers 

of cyanoacrylates 

c. 1955–1975  Vietnam War

of use will vary from country to country. It should 

be noted that only English language sources were 

1873 First industrially successful electric motor 

1958  Cyanoacrylates 

commercially  available 

1960s Commercial  introduction 

of polyimide (PI) adhesives 

been used in the compilation of this resource. 

Alice Cannon 

Conservator, Paper & Photographs 

State Library of Victoria 

328 Swanston  Street, Melbourne,  Victoria 3000 

AUSTRALIA 

T:+ 61  (3) 8664 7331 

acannon@slv.vic.gov.au 

1874  First patent  for fish glue in 

the US 

1872  Experiments  with phenol 

and  aldehydes 

1867  First commercial-scale 

production of dextrin in US 

1876  First US patent  for casein 

glue 

1873  Low molecular  weight oily 
substances known (precursors to 
polyisobutylene) 

1960s Carboxylic elastomers 

commercially  available 

c.1960 New mercaptan-terminated 

polysulfide adhesives developed 

c.1963 Polyquinoxalines (PQ) and 

1960s Epoxy-nylon hybrids in 

use 

1961  Polybenzimidazole (PBI) 

first patented 

1963  Polyethylenimine (PEI) 

High temperature Cellulose derivatives Isocyanates

1861–1865  American Civil War

1859 First operational oil well

polyphenylquinoxalines (PQQ) developed produced commercially 

Formaldehyde

Vinyl polymers

Acrylic

Silicon & inorganic

Other

Technology
1846 Nitration of cotton

1965 Block copolymer thermoplastic 

elastomers marketed commercially 

1966 Vinyl acetate-ethylene (VAE) 

copolymers produced commercially 

Epoxy

Natural origin

Rubbers

Anaerobic

World events
1840 Postage stamps introduced

1843  First patent  making  use  of 

natural  rubber 

1968 Beginnings of personal computing

1969 First manned moon landing

1839  Polystyrene  (PS) first 

prepared 

1814  Patent  for glue from 

animal  bones 

1843  Acrylic acid first 

synthesized 

1823  Natural  rubber  used  to 

waterproof fabric 

1791  Experiments  with 

chlorinated rubber 

1983  - First commercial  polyben- 

zimidazole  (PBI) production 

1989 Fall of the Berlin Wall

1990–1991  First Gulf War

1992 Public release of world-wide web

1754  First patent  for fish glue in 

England 

1750

c.2000 Biomimetic adhesives 

simulating “gecko glue” developed 

2000

2000s Bioadhesives based  on 

adhesives occurring in nature 

investigated  for medical purposes 
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Abstract and 
Biography 
This poster provides a visual aid for conservators 
wishing to see what adhesives were in use during 
a particular time period; it may therefore assist in 
identifying unknown adhesives. 

An enormous range of natural and synthetic 
materials have been used as adhesive binders. 
Adhesives from naturally occurring plant and 
animal sources (such as animal glues, starches, 
and plant gums) have been in use for centuries 
and remain relatively common even today. 
Rubber was discovered to have applications as an 
adhesive in the mid 19th century. Modified 
cellulose products, phenolic resins, and some 
synthetic polymers also had their beginnings in 
the late 19th century; however, they did not 
necessarily find immediate application as 
adhesive materials. The 20th century saw the rise 
of synthetic resins such as polyvinyl acetate, 
cyanoacrylates, and epoxies. The development of 
new adhesives was closely linked to wartime 
needs and restrictions, the development of new 
technologies (such as automobiles and airplanes), 
and access to cost-effective sources of necessary 
raw materials. The development of polymer 
science in the 1920s also enabled scientists and 
engineers to better understand these new 
materials. 

This poster presents a timeline of major 
developments in adhesive manufacture. 
Information presented includes: 

 Initial development of new adhesive
materials, including first commercial
applications, when known

 Important technological and theoretical
developments

 Some important world events, for
context

Résumé et 
biographie 
La présente affiche constitue une illustration de 
référence utile pour les restaurateurs qui 
désirent établir quels adhésifs étaient employés 
lors d'une époque particulière. Elle pourrait 
conséquemment servir à identifier des adhésifs 
de nature inconnue. 

Les adhésifs utilisés au cours de l'histoire 
comprennent une immense gamme de matériaux 
naturels et synthétiques. Les adhésifs de sources 
végétales et animales naturelles (par exemple les 
colles animales, les amidons et les gommes 
végétales) sont utilisés depuis des siècles et ils 
sont encore couramment employés de nos jours. 
Les applications du caoutchouc comme adhésif 
ont été découvertes au milieu du XIXe siècle. Des 
produits de cellulose modifiée, des résines 
phénoliques et certains polymères synthétiques 
ont aussi été découverts ou synthétisés à la fin du 
XIXe siècle, mais ils n'ont pas nécessairement eu 
d'applications immédiates comme adhésifs. Tout 
au cours du XXe siècle, les utilisations de résines 
synthétiques comme le poly(acétate de vinyle), 
les cyanoacrylates et les résines époxydes ont été 
de plus en plus nombreuses. L'élaboration de 
nouveaux adhésifs était étroitement liée aux 
besoins particuliers et aux pénuries connexes de 
certains produits, en temps de guerre, à la mise 
au point de nouvelles technologies (notamment 
dans l'industrie automobile et l'aérospatiale), 
ainsi qu'à la facilité d'accès à des sources 
économiques de matières premières essentielles. 
Les progrès réalisés en science des polymères au 
cours des années 1920 ont permis aux 
scientifiques et aux ingénieurs de mieux 
comprendre les propriétés et le comportement 
de ces nouveaux matériaux. 

La présente affiche offre une échelle 
chronologique des progrès importants du 
domaine de la fabrication d'adhésifs. 
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the University of Canberra (Australia). She has 
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Proprietary Products. She currently works as a 
paper and photographic conservator at the State 
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Contact Information: 
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L'information fournie comprend les 
renseignements suivants : 

 La mise au point initiale des nouveaux
matériaux adhésifs, dont leurs premières
applications commerciales, si elles sont
connues;

 Les progrès technologiques et théoriques
importants;

 Certains évènements historiques
mondiaux majeurs, en guise de
référence.

Alice Cannon acquiert une formation en 
restauration du papier à l'Université de 
Canberra (Australie). Par la suite, elle obtient un 
certificat d'études supérieures en restauration 
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recherche à l'Université de 
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s'intitule Adhesives for Paper, 1870 1920: 
Recipes and Proprietary Products. Elle travaille 
actuellement comme restauratrice du papier et 
des photographies à la State Library of Victoria, à 
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Wax composition tested Wbefore, g Wafter, g ΔW, % 

Be Square 8.1616 4.5666 44 

Be Square+3% Extract 1 8.1123 7.7611 4 

Polywax 8.1120 7.1200 12 

Polywax+3% Extract 1 8.1966 8.0112 2 

Coating composition Number of slides 

Wax composition: 90% Be square + 10% Polywax 2000, 

3%, dissolved in toluene 

9 

Wax composition + 3% BTA in ethanol, 

mixed in equal volumes 

9 

5% B-72 in acetone covered with Wax composition 9 

5% B-72 in acetone + 3% BTA in ethanol, 

mixed in equal volumes and covered with Wax composition 

9 

Inhibition of wax coating fungal degradation at the conditions of 

increased humidity and temperature
Alan Castle and Nina Zaitseva

The aim of the study

1. To indicate the active biodegradation of the wax coatings at the conditions of 

increased temperatures, humidity, and initial biocontamination of the coating. 

2. To isolate and identify fungal species which are able to degrade conservation wax. 

3. To test the inhibiting effect of Sphagnum moss extract (Sphagnan) in the form of 

additive to conservation wax towards these fungal species. 

Introduction

Petroleum waxes are organic polymers which are widely used as adhesives and coatings to protect metals, 

furniture, easel and mural paintings, stone, leather, and ivory (Organ 1970; Pearson 1988, Mills and White 1994). 

Traditionally, they considered to be among the most biostable conservation polymers due to their chemical 
structure. Petroleum waxes consist mainly of long-chained n-alkanes which are resistant against breakdown by 

microbial enzymes (Atlas 1981; Leahy and Colwell 1990). At the same time, it is known that the minor wax 

ingredients, e.g. residuals of crude oil, light alkanes and aromatics, are readily biodegradable (Atlas 1981; Leahy 

and Colwell 1990; Morgan and Watkinson 1993; Bennet, Wunch, and Faison 2002). Therefore, at certain 

conditions (biocontamination, increased temperatures and humidity) petroleum wax compositions are expected to 
be biodegradable. Recently, naturally occurred polysaccharide Sphagnan derived from Sphagnum moss was 

shown to inhibit growth of some bacteria and fungi (Zaitseva 2009). Sphagnan contains reactive carbonyl groups 
which are able to bond enzymes excreted by fungi for digesting. As a result, fungi die due to disturbance of their 

nutrition. Incorporation of Sphagnan into the wax coating is expected to increase bioresistance of the coating. 

The observation of the degradation of wax film

The biodegradation of wax coatings in combination with corrosion of the underlying metal surface was 

demonstrated on the collection of bronze objects from the Kaman- Kalehöyük (Central Anatolia, Turkey) 

archaeological site storage facility. The basic coating for all bronze objects was a wax mixture: 90% of 

microcrystalline wax (Be Square 195®) and 10% polyethylene wax (Polywax 2000®). As a result of a flood in the 

spring of 2003-2004, the interior of the building including the artifacts collections were subjected to extreme 

conditions of high humidity, high temperature and the development of microorganisms (Fig.1). Plastic bags (Ziploc 

bags) for holding bronze objects showed maximal degree of biocontamination. 

After the disaster, the bronze objects were examined with optical light microscopy at a magnification of 10X- 

100X. It was observed that the wax coating on most of them was degraded and the active corrosion “bronze 

disease” on the surface of the objects occurred (Fig. 2). A correlation between the degree of degradation of the 
wax film and the appearance of active corrosion on the surface of the objects was indicated. 

Fig.1. Mould- infested wooden boxes holding 

artifacts in the Kaman- Kalehöyük storage facility – 

on left. Ziploc polyethylene bags used to store small 
bronze artifacts –on right. The interior surfaces of 

bags were moistened and covered by colonies of 
fungi and bacteria, which partly destroyed the 

polyethylene walls. 

Fig.3. The gap on the surface of the partly degraded acrylic layer on 

the 14th  day of the incubation – on left. The dark border along the gap 

is the colonies of bacteria. Germinated fungal spores are located in the 

gap. Magnification 40X. 

Fig.4. Combined wax-acrylic coating contaminated in the storage area 

on the 14th  day of incubation – on right. A great number of fungal 

spores and filaments pierced the wax coating film. Magnification 100X. 

Fig.5. W ax surface of the control slide on the 20th  day of the 

incubation – on left. Despite the presence of a few growing spores, 

the wax surface is intact. A cluster of germinated spores with growing 

filament is on the left. Magnification of 40X. 

Fig.6. Biodegraded wax-acrylic coating on the glass slide after twenty 

days of the incubation – on right. The brown spots are the growing 

fungal colonies. In the spots free of colonies the wax layer is 

completely degraded. 

b). Isolation and identification fungal species degrading the wax coating

Fungi were collected from the interior of storage facility (floor, ceiling and walls), the steel storage shelves, wooden and 

plastic storage containers, and from the plastic bags for holding bronze artifacts. Also fungi were collected from stored 

artifacts made from different materials including metal, ceramic, wood, glass, and bone. Fungal spores were swabbed with a 

sterile cotton wool tampon, wetted with sterilized distilled water, and plated with Difco SAB Maltose agar media. Plates were 

incubated at room temperature until the growth of fungal colonies occurred. After the standard procedure of separation and 

purification and according to the preliminary taxonomic examination twelve fungal species were recognized as individual 

organisms. Dominant fungal specie was found almost in all samples taken for the experiment. This specie also showed the 

best viability, the highest rate of consumption of the wax films, and the best sensitiv ity to the Sphagnan in the preliminary 
tests. This specie was selected for further testing and identified by PCR and DNA sequence analysis (White et al 1990). It 

was identified as Pennicillium commune. 

c). The effect of Sphagnan on the bioresistance of conservative waxes

Sphagnan was tested as an inhibiting additive to conservation waxes Be Square 195® and Polywax 2000®. The inhibiting 

effect of Sphagnan was estimated by measuring the weight loss of disks made from the tested waxes which were exposed 

to a mature fungal lawn. To introduce Sphagnan into the test waxes, 8g of wax were slowly melted and a 0.3 ml aliquot of 

3% Sphagnan (w/v ) in the ethanol-toluene mixture (1:1, v/v) was carefully introduced into the melted wax. After cooling the 

mixture, 10 mm disks with thickness approximately 2 mm were cut out. The disks were weighed and exposed to the surface 

of a mature fungal lawn on Petri dishes. Petri dishes with the disks were incubated for three weeks at the room temperature 

and the daylight. The ambient temperatures varied between 15 and 25oC. The humidity level inside the Petry dishes was 

typically >95% RH. After 3 weeks of exposure, the disks were gently removed, washed with 1 % Tween 20 detergent in 

distilled water, dried and weighed repeatedly until the weight was invariable. The relative loss of the disk weight: 

ΔW = (Wbefore-Wafter)/Wbefore×100% , 

where : Wbefore and Wafter are the weights of the wax disk before and after incubation. 
The results are represented in Table 2. 

The experiment

Fig.2. A severely corroded bronze artefact with 

degraded wax coating. Wax appeared as loose 

grey scales on the surface of the object. 

Magnification of 10X –on left. Degraded wax 

coating on the surface of the bronze object-on right. 

Wax was mixed with wet corrosion products 

(bronze disease). These products appeared as a 

sticky slime of green, light green and greyish color. 

Magnification of 10X. 

Table 2. The weight loss of wax disks exposed to fungal lawn. The weights 

listed in the table are an average of 24 wax disks of a given composition. 

After exposure, the microcrystalline wax control disks appeared much thinner than before the experiment. They also 

a) Biodegradation of the model wax coatings

To demonstrate the capability of microorganisms to degrade a wax film, model experiments simulating the 

conditions of increased temperature and humidity in combination with high biocontamination of the wax surface were 

performed. The model coatings with a thickness of approximately 20 µm were applied to transparent glass slides in 
different combinations, according to the laboratory protocols established at the Kaman- Kalehöyük archaeological site 

for the treatment of copper alloys (Table 1). 

Table 1. Wax and acrylic coatings applied to glass 

slides in model experiments. 

To accelerate the bio contamination of the coating, slides were exposed for three days to an environment with high 
concentrations of fungal spores and bacteria. The first three slides from each set of nine were exposed for three 

days into biocontaminated plastic bags for holding bronze objects. The next three slides from each set were 

exposed for three days on the biocontaminated open shelves in the Kaman- Kalehöyük site storage facility at the 

humidity in the facility close to 80% RH. The last three slides from each set were used as controls, i.e. they were 

exposed to clean environment of the conservation laboratory where they were kept open at 50% RH. After 

exposure, all these slides were placed in sealed glass containers with the increased and controlled humidity level. 

The glass  containers were kept at normal laboratory temperatures for twenty days. According to the record from 

a dataloggers placed in the containers, the relative humidity was ~75%, and temperature varied between 19oC 

and 29oC during the whole period of incubation. All slides were examined on the 5th, 14th, and 20th days of the 

incubation. 

On the fifth day of incubation, the surfaces of all contaminated slides appeared to be covered by germinating 

spores with growing  hyphae. Hyphae had started to penetrate through the wax layer. On the fourteenth day, 
slides showed a dramatic loss of both wax and acrylic films. The surfaces of slides that had been contaminated in 
the storage facility were covered with a great number of spores and growing hyphae. Wax and acrylic coatings 

were partly degraded, sometimes with gaps down to the glass surface (Fig.3). The combined wax-acrylic films 
were also covered with spores and liv ing organisms, which had penetrated through the outer wax films. However, 

the underlying acrylic films were still intact (Fig.4). Slides contaminated in plastic bags showed much greater loss 
of both wax and acrylic layers. On the twentieth day, the wax layer was completely consumed by consortium 
of microorganisms on all slides (Fig. 6). The acrylic films were dramatically degraded, sometimes down to the 

glass surface. On controls, the surface of the wax film was intact on the twentieth day of the incubation (Fig.5). A 

wide spectrum of bacteria, fungi, and yeasts represent the consortium of microorganisms colonized the wax film. 

However, filamentous fungi are the leading group in the process of degradation of the coating material. 

were severely deformed, cracked, and rough. The bottom surfaces of wax disks contacted with the fungal lawn were 

completely covered with filaments. On the upper surfaces, the filaments were located along the edges of the disk as well. 

Approximately 40% of original weight was lost in three weeks. Polyethylene wax showed a considerably lower rate of 

fungal degradation, in comparison to microcrystalline wax, i.e. only 12% in three weeks. Introduction of polysaccharide 

into wax considerably decreases the weight loss of wax disks: 4% for Be Square and 2% for Polywax in three weeks. 

Conclusion

1. Wax coating cannot provide an effective anticorrosive protection for bronze artifacts under

conditions of increased temperatures and humidity. 

2. A factor which strongly influences the rate of biodegradation is the initial biocontamination of 

the coating material. The higher is microbial contamination of the coating surface the higher is 

the rate of the biodegradation of the coating material. Under the conditions of the experiment, 

i.e., temperatures of 19-29
o 

C and 75% RH, the wax film with thickness of 20 µm was almost 

completely degraded by the fourteenth day of the exposure and the acrylic film 

with the same thickness was degraded by the twentieth day. Combined wax-acrylic coatings 

were slightly more resistant. However, they were also drastically degraded in three weeks. 

3. A wide spectrum of degrading microorganisms including bacteria, fungi, and yeasts

colonized the wax film. In all these groups, conidial fungi are the leading group in the process 

of degradation of the coating material. 

4. Sphagnan showed a clear inhibiting effect towards the selected fungal species which 

dominantly contaminate the bronze objects at the Kaman- Kalehöyük site storage facility. 

Introduction of Sphagnan into waxes slowed down their rate of biodegradation from 6 to 10 

times. Using Sphagnan as an antifungal additive to the wax coatings showed promising results 

and warrants a further study. 
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Abstract and 
Biographies 
The microscopic observations of severely 
corroded bronze objects excavated from Kaman- 
Kalehöyük in Central Turkey indicated microbial 
degradation of the protective wax film. To 
demonstrate the capability of microorganisms to 
degrade a wax coating, model experiments 
simulating the conditions of increased 
temperature and humidity in combination with 
high bio contamination of the wax surface were 
performed. Microscopic observations showed 
intensive degradation of wax coating by a wide 
spectrum of degrading microorganisms, with 
fungi appearing to be the principal wax-degrading 
organisms. Under the conditions of the 
experiment i.e. temperatures of 19–29oC and 
75% relative humidity (RH), the wax film 
(microcrystalline wax Be Square 195®) with 
thickness of 20 µm was almost completely 
consumed in 3 weeks. To improve the 
bioresistance of coatings film, 3% (w/v) of a 
preservative agent Sphagnan was added to wax 
samples. Samples were exposed to the surface of 
a mature fungal lawn (Aspergillus spp.) at a 
temperature of 15–25oC and almost 100% RH. 
After 3 weeks, 44% of the wax was consumed. 
For wax with Sphagnan added, the weight loss 
was only 4% in the same time interval. 

Alan Castle is a Professor and former Chair of the 
Department of Biological Sciences at Brock 
University in St. Catharines, Ontario. He has more 
than 30 years of experience in the transmission 
and molecular genetics of various fungi, including 
almost 20 years with the button mushroom, as 
well as bacteria and bacteriophages. Much of his 
work has been devoted to comprehending and 
solving disease problems of commercial crops 
such as mushrooms, apples, and pears. He 
continues to apply molecular and biochemical 
analyses to further understanding of mushroom 

Résumé et 
biographies 
L'examen au microscope d'objets en bronze 
gravement corrodés, prélevés sur le chantier de 
fouilles de Kaman-Kalehöyük, dans le centre de la 
Turquie, révèle que leur couche de protection de 
cire a subi une dégradation microbienne. Afin de 
démontrer la capacité des microorganismes de 
dégrader un revêtement de cire, des expériences 
modèles ont été réalisées en simulant des 
conditions de température et d'humidité élevées 
et une biocontamination importante de la surface 
de cire. Les résultats de l'examen au microscope 
des échantillons indiquent que le revêtement de 
cire subit une grave dégradation, laquelle est 
causée par un vaste éventail de microorganismes, 
et que les champignons semblent constituer les 
principaux organismes qui provoquent la 
dégradation de la cire. Dans les conditions 
expérimentales particulières, c'est-à-dire une 
plage de températures de 19 à 29 °C et une 
humidité relative (HR) de 75 %, la couche de cire 
(de la cire microcristalline Be Square 195®), d'une 
épaisseur de 20 µm, a été presque entièrement 
disparue en 3 semaines. Afin d'accroître la 
résistance biologique des couches de 
revêtements, une solution à 3 % (p/v) d'un agent 
de conservation, le Sphagnan, a été ajoutée aux 
échantillons de cire. Les différents échantillons 
ont été exposés à la surface d'une pelouse 
fongique à maturité (Aspergillus spp.), à des 
températures de 15 à 25 °C et à une valeur de HR 
de près de 100 %. Après 3 semaines d'exposition, 
44 % de la cire avait disparu, tandis que dans le 
cas des échantillons de cire traités avec la 
solution de Sphagnan, la perte de poids, au cours 
de la même période, n'était que de 4 %. 

Alan Castle est professeur et ancien directeur du 
département de sciences biologiques de 
l'Université Brock à St. Catharines (Ontario). Il 
étudie la transmission et la génétique 
moléculaire de divers champignons depuis plus 
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diseases in addition to his AGARITEC 
commitments. 
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worked on international conservation projects in 
Germany (Mainz), the Russian Arctic, and the 
Canadian Arctic (Pond Inlet). Her research 
focuses on biodegradation of archaeological 
objects, with resent research on the prevention 
of fungal degradation of conservation materials 
using natural antibiotics 

Contact Information: 
Queen's University 
99 University Avenue 
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de 30 ans, dont le champignon de Paris depuis 
près de 20 ans, ainsi que les bactéries et les 
bactériophages. Une bonne partie de ce travail 
est consacrée à la compréhension et à la guérison 
des maladies qui affectent des cultures 
commerciales comme les champignons, les 
pommes et les poires. En plus de ses activités au 
sein d'AGARITEC, il continue d'utiliser les analyses 
moléculaires et biochimiques pour mieux 
comprendre les maladies des champignons. 
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(Russie) et une maîtrise en 
conservation restauration des arts de 
l'Université Queen's à Kingston (Ontario). Elle est 
restauratrice sur le terrain durant un certain 
nombre d'expéditions archéologiques et elle 
participe à des projets internationaux de 
restauration à Mainz (Allemagne), dans l'Arctique 
russe et dans l'Arctique canadien (inlet Pond). Ses 
recherches sont axées sur la biodégradation des 
objets archéologiques et ses récents travaux 
portent sur la prévention de la dégradation 
fongique de matériaux de conservation à l'aide 
d'antibiotiques naturels. 
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VINAVIL 59 

Products studied 

Analytical Techniques 

FTIR/ATR PY-GC-MS 

-Conrayt®

-Mowilith® DMC2
-Vinavil® 59

-BEVA® 371 O.F.Solution
[1] 

(formula containing Laropal K80) 

-PVAc based resin

-PVAc based resin
-PVAc based resin
-EVA based resin +
parafin wax

-PVAc based resin + DBP

-PVAc-butyl maleate based resin
-PVAc based resin + PVOH
-EVA based resin + parafin wax +
ketone resin

8

4 

2 

1 
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INTRODUCTION 

Vinyl resins are widely used in current paint formulations and have equally been 
used as adhesives or consolidants for specific conservation treatments in the last 
decades. 

Mowilith® DMC2, Conrayt®, Vinavil® 59 and Beva® 371 OF are some of the 
brands available nowadays worldwide. Many of them contain additives such as 
surfactants, coalescing agents, defoamers, freezethaw agents, thickeners or other
products to modify the polymer's stability and handling properties. 

UV-light artificial aging protocol 

A bank of three QUVA-351 nm fluorescent tubes that simulate high energetic 
visible wavelenghts (peak at 351 nm) and UV radiation entering through a widow 
glass were used to perform the aging trials. The samples were placed  inside a 
wooden box at 20 cm from the light source. The light measured in the surface of the 
samples was 804 lux for the visible range, and 612 W/m2 for UV range. 
Temperature was average 34ºC, and %RH aproximately 15-20%. The test samples 
were aged for 400, 800 and 1200 hours. Vinavil® 59 was further aged for 2500 
hours. 

This poster shows how these adhesives may perform in time by studying their 
chemical and mechanical performance with artificial light aging. For this 
purpose, a multi-technique analysis including pyrolysis-gas chromatography- 
mass spectrometry, FTIR spectroscopy, light microscopy, colorimetric 
measurements as well as tensile tests is being used. 

The first results obtained in this on-going project evidence that all test specimens 
show changes in the ultimate tensile strength, flexibility, elastic modulus and 
color. However, and despite the common polymer present in their composition, 
the aging of these adhesives was not always comparable.This is associated to 
specific industrial formulations and, therefore, to the presence of additives that 
strongly influence the overall product's behavior. 

VINAVIL 

U N A G E D  4 0 0 h  1 2 0 0 h  2 5 0 0 h 

BEVA 371 O. F. 

In order to separate the possible effects caused by the temperature inside the 
chamber from the effects of light, a set of test specimens was introduced in the UV- 
light aging box and covered from exposure to light. In this way, the specimens 
received a mild thermal aging in the dark for a total of 1200 hours at average 
temperature of 34ºC and 15-20%RH. 

RESULTS 

The films tested in this work consisted of Conrayt® (PVAc + DBP), Mowilith® 
DMC2 (PVAc-Butylmaleate), Vinavil® 59 (PVAc) and BEVA® 371 OF (EVA), 
which showed the following aging trends: 

EXPERIMENTAL 
UNAGED  T h e r m a l 

c o n t r o l  

4 0 0 h  1 2 0 0 h 
a) Conrayt®  (PVAc + DBP): The samples were fairly yellow at 1200 hours

aging but there was no evidence of the formation of new chemical species by FTIR- 
 

 

Instrumentation 

FTIR-ATR

Fig. 1. Chromati c changes of Beva 371 OF and Vinavi l a fter U V art i ficia l ageing.  
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ATR analysis. Some limited elimination of DBP plasticizer in surface was detected, 
and it was expected that the films became stiffer with this phenomenum. However, 
the mechanical properties of these films show that they lose strength and become 
somewhat brittler with time. This can be related to predominant chain-scission 
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The infrared (IR) spectra in ATR mode were obtained using a Vertex® 70 Fourier .0
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thermal control 
reactions. DBP is prone to degrade on surface or, in a less likely scenario, to migrate 
back to the bulk film. 

transform infrared spectrometer with an fast-recovery deuterated triglycine 
sulphate, temperature-stabilised coated detector and a MKII Golden Gate ATR 
accessory. A total of 32 scans were collected at a resolution of 4 cm-1, and the 
spectra were processed using the OPUS/IR software. The sample preparation 
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b)Mowilith® DMC2 (PVAc-Butylmaleate): The results obtained for these
samples contrast to those of Conrayt®: while the FTIR-ATR analysis does not 
show relevant degradation features, the mechanical properties of the aged samples 
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clearly show an increase in Young's Modulus (stiffness), and an increase in ultimate 

cell and the samples were ready for the analysis. 
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Fig. 2. FTIR - ATR  spectra of of Mowil ith® DMC2 at 
different aging t imes.  
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Fig.  3 .  Mechanica l  properties  of  Mowilith® 
DMC2 sample s a fter U V - l i gh t aging.
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strength. After the aging trials, all samples kept their plasticity streching up to 
600% their original length. Thus, it is possible that the Butylmaleate units present 
in Mowilith® DMC2 promote cross-linking reactions whereas pure PVAc 
polymers, such as Conrayt®, mainly suffer scissions. It may also be interesting to 
consider that the degradation of PVAc may influence (possibly promote or 
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accelerate) the rate of Butylmaleate cross-linking reactions. Further study on the 

integrated system composed of a CDS Pyroprobe 1000 heated filament pyrolyser 
(Analytical Inc., New York, USA), and an Agilent Technologies (Palo Alto, Ca.,
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aging of these co-polymers by means of other analytical techniques appears of 
interest. 

USA) 6890N gas chromatograph coupled with an Agilent Technologies 5973N 
mass spectrometer and equipped with a pyrolysis injection system. An HP-5MS 
capillary column (5% phenyl methylpolysiloxane; 30 m, 0.25 mm i.d., 0.25 ìm) 
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c)Vinavil® 59 (PVAc): this product was fairly resistant to the aging trial up to

1200 hours. At 2500 hours aging the resin yellowed and was very britlle. The FTIR- 

was used. 

On-line HMDS derivatization was performed with a temperature of pyrolysis of 

Wavenumber cm-1 

Fig. 4 . FTIR - ATR   spectra of of Beva 371 OF®
DMC2  at different aging t imes.  

Fig.  5.  Mechanical  properties  of  Beva  371  OF  
sample s unaged and after U V l igh t aging.  
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ATR analysis evidences a complex degradation process throughout the several 
aging steps. The main features consist of the formation of oxidized species with 
appearence of new IR bands. This was specially true at 1200 hours. With longer 

700  °C,  for  10  sec  using  a  precalibrated  Pt  coil-type  pyrolyser  (CDS 
Pyprobe).The pyrolyser interface and the inlet were set at 250 °C. Samples were 
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c ontr ol sampl e light exposure, these species tend to dissapear to form new ones. The mechanical 
data backs these observations 

injected in split mode (split ratio 1:40).The GC temperature was initially 50 °C for 
2 min, and then programmed at 5° min-1 to 100 °C, then at 15° min-1 to 295 °C, 
held for 10 min. The inlet pressure of carrier gas was 67.5 kPa. The electronic 
pressure control was set to the constant flow mode with vacuum compensation. 
Helium gas flow was set at 1.2 mL min-1Ions were generated by electron-impact 
(EI) ionisation (electron energy 70 eV) in the ionisation chamber of the mass 
spectrometer. 

Fig. 6 . Stress - s t rain curves of Vinavi l 59® unaged and after 
being subjected to UV light exposure (the fi lms tested were not 
taken to fai lure) .  
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d)Beva® 371 OF  (Solution containing Toluene, Naphtha, Ethylene Vinyl
Acetate Copolymer, Cyclohexanone resin and Phthalate Ester of Hydroabietyl 
Alcohol): BEVA® 371 OF films yellowed with light exposure. Colour changes 
were readily visible in the first 400 hours of UV-light aging. The FTIR-ATR 
analysis shows a complex degradation pattern with the formation of many oxidized 
species and it is in good correlation with previous studies [1]. The determination of 

The mass spectrometer was scanned from m/z 20 to m/z 800, with a cycle time of 
one second. Agilent Chemstation software G1701CA MSD was used for GCMS 
control, peak integration, and mass spectra evaluation. The temperatures of the 
interface and the source were 280 and 150 °C, respectively. Compounds were 
identified by use of the NIST and Wiley Library of Mass Spectra and a library 
created by the authors for vinyl compounds. 

Fig. 7 . Aging behaviour of Conrayt® to UV light exposure (the 
f ilms tes ted were not taken to fai lure). The results indicate an 
importan t loss in tensi le st rength, such as the samples tested 
for the simulated daylight aging tests . These results sugges t 
that  predominant  chain-sciss ion  react ions  are  occurring  
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the mechanical properties of the aged films indicate that the resin tends to fastly 
become stiffer and brittler with light aging. 

CONCLUSIONS 

The study of different vinyl type formulations proves that a general unique aging 

Tensile testing 

during  aging.  
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For example, BEVA® 371 OF, commonly used in consolidation and lining 
treatments, does not present an acceptabl estability to UV-light exposure and turns 
yellow and brittle in a short period of time. This could be an issue when used as 
facing adhesive and consolidant. Other products such as Vinavil® 59 and 
Conrayt® appear to lose strength and become more fragile with light aging, 
whereas Mowilith® DMC2 grows stiffer. 

One last note emphasizes, inevitably, the need of combining chemical and physic- 
mechanical analysis to understand the behavior of conservation materials in time. 
This was crucial in this study: in the case of Conrayt® and Mowilith® DMC2 
FTIR-ATR did not evidence their chemical degradation whereas mechanical 
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testing clearly accused significant changes in their mechanical properties. 
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Abstract and 
Biographies 
In the last few decades, waterborne acrylic and 
poly(vinyl acetate) (PVAc) resins have been used 
as adhesives for specific conservation treatments. 
These resins comprise surfactants, coalescing 
agents, defoamers, freeze–thaw agents, and 
thickeners to modify the overall behaviour of the 
polymers and improve storage and durability. 
Pure resins, on the other hand, are dissolved in 
solvents in different concentrations, and specific 
application methodologies make them suitable 
for specific consolidation purposes. 

Ten adhesives were included in this study: 

 Conrayt

 Mowilith DMC2

 Vinavil 59

 Akeogard 40

 Acryloid B67 (toluene)

 Plextol B500 (xylene)

 Klucel G (water)

 Aquazol 500

 Aquazol 200

 Plexisol P550 (toluene)

The main aim of the project was to predict how 
well these adhesives would perform over time, in 
terms of their mechanical properties and colour 
measurement. To accomplish this, the adhesives 
were subjected to multi-technical analyses 
(including pyrolysis – gas chromatography – mass 
spectrometry, Fourier transform infrared 
spectroscopy, UV-Vis spectrophotometry, and 
light microscopy as well as tensile tests and 
colour and pH measurements) before and after 
aging treatments. Equally interesting, especially 
since such adhesives are used to treat a wide 
range of different materials found in artworks, 
are questions regarding what one can expect in 
terms of stability of such polymers and their 

Résumé et 
biographies 
Au cours des dernières décennies, les résines à 
base d'eau de types acrylique et poly(acétate de 
vinyle) [PVAc] ont été employées comme 
adhésifs pour exécuter des traitements de 
conservation et de restauration particuliers. Les 
résines de ce type contiennent des surfactifs, des 
agents de coalescence, des agents antimousse, 
des agents de résistance aux cycles de 
congélation-décongélation et des épaississants, 
qui modifient le comportement global des 
polymères et améliorent la capacité 
d'entreposage et la durabilité des produits. 
D'autre part, les résines pures sont dissoutes 
dans des solvants pour obtenir des solutions de 
différentes concentrations et des méthodes 
d'application particulières permettent de les 
utiliser pour répondre à des besoins propres aux 
traitements de consolidation. 

Voici la liste des dix adhésifs étudiés : 

o Conrayt
o Mowilith DMC2
o Vinavil 59
o Akeogard 40
o Acryloid B67 (toluène)
o Plextol B500 (xylène)
o Klucel G (eau)
o Aquazol 500
o Aquazol 200

o Plexisol P550 (toluène)

Le projet avait pour principal objectif de 
déterminer l'efficacité relative de ces adhésifs 
avec le temps, notamment au chapitre des 
propriétés mécaniques et de la mesure des 
couleurs. Pour ce faire, les adhésifs ont été mis à 
l'épreuve avant et après les traitements de 
vieillissement, au moyen de nombreuses 
méthodes d'analyse (y compris l'analyse par 
pyrolyse couplée à la chromatographie en phase 
gazeuse et à la spectrométrie de masse, la 

732



interaction with the original work of art. These 
questions will be addressed in the future. 

The preliminary results presented in this poster 
show that specific changes in the ultimate tensile 
strength, flexibility, elastic modulus, pH, and 
colour of the samples studied are associated with 
specific industrial formulations and that, despite 
the common polymer present in their 
composition, the aging of these adhesives is not 
always comparable. The presence and aging of 
additives such as surfactants, plasticizers, or 
thickeners in emulsion formulations influence 
considerably the behaviour and aging of the 
resulting adhesive, whereas resins formulated in 
solution present a distinct aging trend governed 
by the modifications experienced by the polymer 
chains and the loss of solvent with time. 

María Teresa Doménech-Carbó has a BSc and a 
PhD in Chemistry (1989, University of Valencia, 
Spain). She has been a professor of the Science of 
Conservation at the Universidad Politécnica de 
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150 papers on chemical and physical methods of 
analysis of artworks, made more than 120 
presentations of her research work at 
international seminars and conferences, and 
successfully supervised nine research students 
for PhD degrees. She is also director of the Arché 
Journal of the IRP, and has directed nine regional, 
national, and European research projects. The 
last one, “Ancient Theatres Enhancement for 
New Actualities (ATHENA)” ENPI/2008/162, was 
included in the EUROMED HERITAGE IV (Europe 
Aid/126-146/C/ACT/RMD). 

Contact Information: 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Camino de Vera S/N 
Valencia, Valencia 46022, Spain 

spectroscopie infrarouge à transformée de 
Fourier, la spectrophotométrie UV-visible et la 
microscopie optique, ainsi que des essais de 
traction et des mesures des couleurs et du 
pH). D'autres sujets sont aussi d'un grand intérêt 
pour les restaurateurs, car de tels adhésifs sont 
employés pour traiter une vaste gamme de 
différents matériaux présents dans des œuvres 
d'art. Des questions comme celles relatives à la 
stabilité prévue de ces polymères et leurs 
réactions possibles avec l'objet d'origine feront 
l'objet de futurs travaux. 

Les résultats préliminaires illustrés dans la 
présente affiche indiquent que les variations 
particulières de la résistance à la traction, de la 
flexibilité, du module d'élasticité, du pH et de la 
couleur des échantillons étudiés, sont associées à 
des formulations industrielles précises, et, de 
plus, que malgré la présence d'un polymère 
commun dans leur composition, le vieillissement 
de ces adhésifs n'est pas toujours comparable. La 
présence d'additifs comme des surfactifs, des 
plastifiants ou des épaississants dans des 
formulations en émulsion, et leur vieillissement 
subséquent, influent grandement sur le 
comportement et le vieillissement de ces 
adhésifs, tandis que les résines préparées en 
solution présentent une tendance au 
vieillissement distincte qui est régie par les 
modifications subies par les chaînes polymères et 
le processus d'évaporation du solvant au fil du 
temps. 

María Teresa Doménech-Carbó détient un 
baccalauréat ès sciences ainsi qu'un doctorat en 
chimie obtenu en 1989 à l'Université de Valence, 
en Espagne. Elle est professeure en science de la 
conservation restauration à l'Universidad 
Politécnica de Valencia (UPV) depuis 1999 et 
directrice de l'Instituto de Restauración del 
Patrimonio (IRP) de l'UPV depuis 2005. Au cours 
de ses 18 ans de carrière à titre de chercheuse, 
elle publie plus de 150 articles sur les méthodes 
d'analyse chimique et physique des œuvres d'art, 
présente plus de 120 exposés sur ses travaux de 
recherche dans le cadre de conférences et de 

733



Tel.: +0034 963877000 
E-mail: tdomenec@crbc.upv.es

Miguel F. Silva is a PhD candidate in the 
Department of Conservation and Restoration of 
Cultural Heritage at the Universidad Politécnica 
de Valencia, Spain. He graduated previously 
(2004) in Conservation and Restoration of 
Cultural Heritage from the Universidad Nova de 
Lisboa, Faculdade de Ciencias e Tecnologia, 
Portugal. His current research focuses on the 
chemical and mechanical properties of materials 
used in artworks, especially synthetic polymers. 
He is also studying the application of alternative 
cleaning systems, such as gels and emulsion 
systems, in modern paints. 

Contact Information: 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Camino de Vera S/N 
Valencia, Valencia 46022, Spain 
Tel.: +0034 963877000 
E-mail: correio_do_mike@hotmail.com

Laura Fuster-López is an Associate Professor in 
the Department of Conservation and Restoration 
of Cultural Heritage at the Universidad 
Politécnica de Valencia (UPV), Spain. She 
graduated from UPV in Fine Arts (Conservation 
and Restoration of Cultural Heritage) in 1999 and 
received a PhD in Conservation and Restoration 
of Cultural Heritage in 2006. Her current research 
focuses on the mechanical and dimensional 
properties of cultural materials as well as 
environmental effects on their stability and 
preservation. 

Contact Information: 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Camino de Vera S/N 
Valencia, Valencia 46022, Spain 
Tel.: +0034 617739141 
E-mail: laufuslo@crbc.upv.es

séminaires internationaux et encadre avec succès 
neuf étudiants au doctorat. Elle est également 
directrice de l'Arché Journal de l'IRP et elle a 
dirigé neuf projets de recherche régionaux, 
nationaux et européens. Le plus récent, 
intitulé Amélioration et adaptation des théâtres 
antiques aux réalités nouvelles (Athena), 
ENPI/2008/162, faisait partie du projet 
EUROMED HÉRITAGE IV (Europe 
Aid/126 146/C/ACT/RMD). 

Coordonnées : 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Camino de Vera S/N 
Valencia, Valencia 46022, Espagne 
Tél. : +0034 963877000 
Courriel :tdomenec@crbc.upv.es 

Miguel F. Silva est candidat au doctorat au 
département de conservation et de restauration 
du patrimoine culturel à l'Universidad Politécnica 
de Valencia (Espagne). En 2004, il obtient un 
diplôme en conservation et en restauration du 
patrimoine culturel à la faculté de sciences et de 
technologies de l'Universidade Nova 
de Lisboa (Portugal). Ses recherches actuelles 
sont axées sur les propriétés chimiques et 
mécaniques des matériaux utilisés pour faire les 
œuvres d'art, notamment les polymères 
synthétiques. Il étudie également l'utilisation 
d'autres systèmes de nettoyage des peintures 
modernes comme les gels et les systèmes 
d'émulsion. 

Coordonnées : 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Camino de Vera S/N 
Valencia, Valencia 46022, Espagne 
Tél. : +0034 963877000 
Courriel :correio_do_mike@hotmail.com 

Laura Fuster-López est professeure agrégée au 
département de conservation et de restauration 
du patrimoine culturel de l'Universidad 

734

mailto:tdomenec@crbc.upv.es
mailto:correio_do_mike@hotmail.com
mailto:laufuslo@crbc.upv.es
mailto:tdomenec@crbc.upv.es
mailto:correio_do_mike@hotmail.com


Marion F. Mecklenburg was a paintings 
conservator for 20 years and holds BS, MS, and 
PhD degrees in Civil Engineering (structures). He 
has been a research scientist at the Smithsonian 
Institution for the last 23 years, and is currently 
an Emeritus Senior Research Scientist at the 
Museum Conservation Institute (Suitland, 
Maryland). His research has focused on the 
mechanical properties of cultural materials and 
the preservation of cultural collections and 
historic buildings. 

Contact Information: 
Museum Conservation Institute, 
Smithsonian Institution 
Museum Support Center, Room F 2013 
4210 Silver Hill Road 
Suitland MD 20746-2863 USA 
Tel.: 301-238-1241 
E-mail: mecklenburgm@si.edu

Antonio Doménech holds a PhD in Chemistry 
(University of Valencia, 1989) and is currently a 
Professor in the Department of Analytical 
Chemistry at the Universidad de Valéncia, Spain. 
His research focuses on supramolecular 
electrochemistry, electrochemistry of porous 
nanostructured materials, and electroanalytical 
methods applied to the conservation and 
restoration of cultural heritage, as well as 
educational problems in science teaching. He has 
published more than 150 articles in scientific 
journals and monographs, and received the 
“Demetrio Ribes” award (Valencian Regional 
Government) in 2006. 

Contact Information: 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Camino de Vera S/N 
Valencia, Valencia 46022, Spain 

Dolores Julia Yusá-Marco has a PhD in Chemistry 
from the Universidad de Valencia, Spain. She is 
currently a Professor in the Department of 
Conservation and Restoration of Cultural 
Heritage at the Universidad Politécnica de 

Politécnica de Valencia (UPV), en Espagne. Elle 
obtient un diplôme en beaux-arts (conservation 
et restauration du patrimoine culturel) de l'UPV 
en 1999 et un doctorat en conservation et en 
restauration du patrimoine culturel en 2006. Ses 
recherches actuelles portent sur les propriétés 
mécaniques et dimensionnelles des biens 
culturels ainsi que sur les effets de 
l'environnement sur leur stabilité et leur 
préservation. 

Coordonnées : 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio)  
Camino de Vera S/N 
Valencia, Valencia 46022, Espagne 
Tél. : +0034 617739141 
Courriel :laufuslo@crbc.upv.es 

Marion F. Mecklenburg a 20 ans d'expérience 
dans la restauration de tableaux et détient un 
baccalauréat, une maîtrise et un doctorat en 
génie civil (structures). Chercheur à la 
Smithsonian Institution depuis 23 ans, il occupe 
actuellement le poste de chercheur principal 
émérite au Museum Conservation Institute 
(Suitland, Maryland). Ses recherches concernent 
les propriétés mécaniques des biens culturels et 
la préservation des collections culturelles et des 
immeubles historiques. 

Coordonnées : 
Museum Conservation Institute, 
Smithsonian Institution 
Museum Support Center, Room F 2013 
4210 Silver Hill Road 
Suitland, Maryland20746-2863, États-
Unis  
Tél. : 301-238-1241 
Courriel : mecklenburgm@si.edu 

Antonio Doménech est titulaire d'un doctorat en 
chimie obtenu en 1989 à l'Universidad de 
Valencia, en Espagne, et est actuellement 
professeur au département de chimie analytique 
de cette université. Il étudie principalement 
l'électrochimie supramoléculaire, l'électrochimie 

735

mailto:mecklenburgm@si.edu
mailto:laufuslo@crbc.upv.es
mailto:mecklenburgm@si.edu


Valencia, and is conducting a research program 
for the characterization and identification of 
materials found in artworks. This includes 
studying the effects of dyes and mordants on the 
behaviour and aging of textiles and the 
correlation of changes in their mechanical 
properties. She is also interested in the 
characterization and chemical analysis of 
materials used in specific conservation 
treatments. 

Contact Information: 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Campino de Vera S/N 
Valencia, Valencia 46022, Spain 
Tel.: +0034 963877000 
E-mail: doyumar@crbc.upv.es

des matériaux nanostructurés poreux, les 
méthodes électroanalytiques appliquées à la 
conservation et à la restauration du patrimoine 
culturel et les problèmes relatifs à 
l'enseignement de la science. Il a publié plus de 
150 articles dans des revues et des monographies 
scientifiques et a reçu le prix Demetrio Ribes du 
gouvernement régional de Valence, en 2006. 

Coordonnées : 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Camino de Vera S/N 
Valencia, Valencia 46022, Espagne 

Dolores Julia Yusá-Marco possède un doctorat 
en chimie de l'Universidad de Valencia, en 
Espagne. Actuellement, elle est professeure au 
département de conservation et de restauration 
du patrimoine culturel à l'Universidad Politécnica 
de Valencia et dirige un programme de recherche 
sur la caractérisation et l'identification des 
matériaux qui se trouvent dans les œuvres d'art. 
Elle étudie notamment les effets des colorants et 
des mordants sur le comportement et le 
vieillissement des textiles et la corrélation entre 
les changements de leurs propriétés mécaniques. 
Elle s'intéresse également à la caractérisation et à 
l'analyse chimique des matériaux utilisés dans le 
cadre de traitements de restauration précis. 

Coordonnées : 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Campino de Vera S/N 
Valencia, Valencia 46022, Espagne 
Tél. :+0034 963877000 
Courriel : doyumar@crbc.upv.es 
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Pulling Adhesives Apart Using

Cutting-edge Computational Chemistry
Melina C Glasson,1,2,3 Robyn J Sloggett,1,3 and Carl H Schiesser,1,2

 
1ARC Centre of Excellence for Free Radical Chemistry and Biotechnology, Australia 

2School of Chemistry, Bio21 Molecular Science and Biotechnology Institute, 

The University of Melbourne, Victoria, Australia 
3The Centre for Cultural Materials Conservation, The University of Melbourne, Victoria, Australia

Polyvinyl acetate is a key component of many modern adhesives and paints. With the aim of furthering our understanding of the performance 

of 20th Century artists’ materials, we now report the use of ab initio and density functional molecular 

orbital techniques to explore free radical degradation mechanisms of polyvinyl acetate. 

The physical signs of degradation in adhesives and consolidants such as peeling, cracking and changing solubility, are primarily caused by 

chemical changes occurring within the medium. The principal components of these adhesives are polymers. Polymers are long strands of 

molecules made up of carbon backbones with side groups attached. These side groups are important for providing reactive sites that affect 

the configuration of the polymer and ultimately the physical and chemical properties of the adhesive. When, due to poorly prepared formulas 

or environmental conditions, adverse reactions occur at the molecular level of the polymer, such as side chain cleavage, bond breaking or 

bond forming, the resulting adhesive is compromised and this leads to undesirable physical symptoms of degradation such as embrittlement, 

flaking and peeling. Therefore, it is vital to understand what the chemical reactions, or mechanisms, are that play important roles in the 

degradation of adhesives. 

Computational Chemistry is a powerful tool that can be used to explore physical and structural properties of individual molecules. Moreover, 

by building up a collection of molecules, information about reaction mechanisms can be determined. Using these latter capabilities, 

investigations into the possible degradation mechanisms of polyvinyl acetate have been undertaken. The degradation of polyvinyl acetate is 

thought to occur via free radical mediated processes. Radical reactions are controlled by kinetics (how fast a reaction can proceed), rather 

than thermodynamics (the change in energy of the system due to the chemical reaction occurring). As a result of this kinetics dependence, 
the activation energy required for the reaction to proceed, ΔE‡, is one of the most important indicators in predicting likely reaction pathways. 

The lower the activation energy required, the faster the reaction can proceed and therefore the more likely it will occur. By modeling the 

starting materials, the final products and the transition state of a reaction, it is possible to calculate the activation energy of the system. 

Using 1,3- 
diacetoxybutane as 

an analogue of 

polyvinyl acetate the 

sites of hydrogen 

abstraction by 
hydroxyl radicals were 

modelled using 

density functional 

theory at the 
BHandHLYP/ 
6-311G** level. These

calculations predict

that the hydrogen
atoms on the acetate

bearing carbon atoms

are the most

susceptible to

abstraction. However,

further radical
fragmentations are

unlikely to occur,

especially under mild

conditions.

This study has shown that hydroxyl radicals prefer to abstract hydrogen atoms from the backbone of polyvinyl acetate at sites bearing the acetoxy 

residues.  Further degradation appears not to be free radical in nature.  Further studies on non-radical degradation pathways will be reported in due 

course. 

Generous support from the Australian Research Council through the Linkage Project “Twentieth Century in Paint” is gratefully acknowledged. 
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Abstract and 
Biographies 
The 20th century saw the introduction of a 
multitude of new media for use by artists. 
Many of these materials were created for 
purposes other than art and, as a consequence, 
the performance chemistry of these media in 
works of art is often poorly understood. One 
such material is poly(vinyl acetate) (PVAc). 
Artist-quality PVAc paints have been used in 
works of art since their commercial availability 
circa 1950, and PVAc-based adhesives 
combined with pigments (both synthetic and 
natural) have also been widely used. 

Despite there having been several experimental 
studies on the degradation of commercially 
available PVAc polymer systems, none of these 
studies have used computational techniques to 
elucidate fundamental chemical information 
relating to degradation mechanisms. 

To more fully understand the performance 
chemistry of PVAc, ab initio and density 
functional quantum mechanical calculations 
have been employed to model the fundamental 
reaction pathways associated with the 
degradation of this material. We now report 
the results of this study and reveal that free 
radical chemistry is likely to play an important 
role in the long-term performance of PVAc. 

Melina Glasson completed a BSc Honours in 
Synthetic Chemistry in 2009 at the University of 
Melbourne, Australia. She is a PhD candidate 
attached to the Australian Research Council 
(ARC) funded project “Twentieth Century in 
Paint” and is a part the ARC Centre of 
Excellence for Free Radical Chemistry and 
Biotechnology and the Centre for Cultural 
Materials Conservation in Melbourne, 
Australia. 

Résumé et 
biographies 
Le XXe siècle a été caractérisé par l'émergence 
d'une multitude de nouveaux médiums que les 
artistes ont parfois adoptés avec enthousiasme. 
Bon nombre de ces matériaux avaient toutefois été 
mis au point à d'autres fins que celles de nature 
artistique, et il n'est donc pas surprenant que la 
réactivité chimique de ces médiums dans les 
œuvres d'art n'a pas encore été clairement établie. 
Le poly(acétate de vinyle) [PVAc] fait partie de ces 
matériaux, car des peintures à base de PVAc pour 
les artistes ont été utilisées pour créer des œuvres 
depuis qu'elles sont disponibles sur le marché, vers 
1950. De plus, les adhésifs à base de PVAc, 
combinés à des pigments synthétiques et naturels, 
ont aussi été largement employés par les 
intervenants du domaine. 

Bien que plusieurs études expérimentales ont été 
réalisées sur la dégradation des produits polymères 
commerciaux à base de PVAc, aucune de celles-ci 
ne comportait l'utilisation de techniques 
computationnelles pour élucider les notions de 
base chimiques des mécanismes de dégradation. 

Afin de mieux comprendre la réactivité chimique du 
PVAc, des calculs de mécanique quantique de 
types ab initio et fonction de densité ont servi à 
modéliser les voies réactionnelles de base associées 
à la dégradation du matériau. La présente affiche 
comporte les résultats de l'étude, lesquels 
indiquent que des réactions radicalaires jouent 
probablement un rôle important en matière de 
comportement à long terme du PVAc. 

Melina Glasson décroche un baccalauréat 
spécialisé ès sciences en chimie synthétique à 
l'Université de Melbourne (Australie) en 2009. 
Candidate au doctorat dans le cadre du projet 
« Twentieth Century in Paint », qui est financé par 
l'Australian Research Council (ARC), elle est aussi 
membre du Centre of Excellence for Free Radical 
Chemistry and Biotechnology de l'ARC ainsi que du 
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Contact Information: 
ARC Centre of Excellence for Free 
Radical Chemistry and Biotechnology 
Bio21 Molecular Sciences and 
Biotechnology Institute 
30 Flemington Road 
The University of Melbourne 
Victoria 3010, Australia 
Tel.: +61 03 8344 2427 
E-
mail: m.glasson@pgrad.unimelb.edu.au 

Carl H. Schiesser is a Professor of Chemistry, 
University of Melbourne (Australia) and 
Director, Australian Research Council Centre of 
Excellence for Free Radical Chemistry and 
Biotechnology (Melbourne). His research 
focuses on the development and application of 
novel free radical chemistry with specific 
emphasis on the chemistry of selenium and the 
development of new reagents. He has 
developed world-leading expertise in 
haemolytic substitution chemistry and applies 
this to the preparation of novel molecules of 
therapeutic value, specifically in the areas of 
hypertension, inflammation, and heart disease. 
Carl is a Fellow of the Royal Australian Chemical 
Institute and the Royal Society of Chemistry. 

Contact Information: 
ARC Centre of Excellence for Free 
Radical Chemistry and Biotechnology 
School of Chemistry and Bio21 
Molecular Science and Biotechnology 
Institute 
30 Flemington Road 
The University of Melbourne 
Victoria 3010, Australia 
E-mail: carlhs@unimelb.edu.au

Robyn J. Sloggett is Director of the Centre for 
Cultural Materials Conservation (CCMC) in 
Melbourne, Australia. She has qualifications in 
Art History, Philosophy, and Applied Science in 
Cultural Materials Conservation. As Director of 
the CCMC, she manages the diverse 
conservation, teaching, and research programs 
of the Centre. These programs include the 

Centre for Cultural Materials Conservation à 
Melbourne (Australie). 

Coordonnées : 
ARC Centre of Excellence for Free Radical 
Chemistry and Biotechnology 
Bio21 Molecular Sciences and 
Biotechnology Institute 
30 Flemington Road 
The University of Melbourne 
Victoria 3010, Australie 
Tél. : +61 03 8344 2427 
Courriel : m.glasson@pgrad.unimelb.edu.au 

Carl H. Schiesser est professeur de chimie à 
l'Université de Melbourne (Australie) et directeur 
de l'Australian Research Council Centre of 
Excellence for Free Radical Chemistry and 
Biotechnology (Melbourne). Ses recherches sont 
axées sur l'élaboration et l'utilisation d'une 
nouvelle chimie des radicaux libres, principalement 
sur la chimie du sélénium et la formation de 
nouveaux réactifs. Il acquiert une expertise 
reconnue mondialement dans le domaine de la 
chimie de substitution hémolytique et il applique 
ses connaissances à la préparation de nouvelles 
molécules ayant des vertus thérapeutiques, plus 
précisément pour l'hypertension, les inflammations 
et les maladies du cœur. Carl est membre du Royal 
Australian Chemical Institute et de la Royal Society 
of Chemistry. 

Coordonnées : 
ARC Centre of Excellence for Free Radical 
Chemistry and Biotechnology 
School of Chemistry and Bio21 Molecular 
Science and Biotechnology Institute 
30 Flemington Road 
The University of Melbourne 
Victoria 3010, Australie  
Courriel : carlhs@unimelb.edu.au 

Robyn J. Sloggett est la directrice du Centre for 
Cultural Materials Conservation (CCMC) de 
Melbourne (Australie). Elle possède des 
compétences en histoire de l'art, en philosophie et 
en sciences appliquées dans le domaine de la 
conservation restauration des biens culturels. En 

739

mailto:m.glasson@pgrad.unimelb.edu.au
mailto:carlhs@unimelb.edu.au
mailto:m.glasson@pgrad.unimelb.edu.au
mailto:carlhs@unimelb.edu.au


responsibility for the conservation of the 
cultural collections of the University of 
Melbourne (with more than 32 separate 
collections owned or managed by the 
University) and the provision of commercial 
programs for external clients delivered by 
specialists in painting, frame, paper, objects, 
and textiles conservation. The CCMC also 
delivers the only comprehensive postgraduate 
conservation professional program in the 
Australasia-Pacific region, as well as courses in 
Art Authentication and Photographic 
Preservation. 

Contact Information: 
The Centre for Cultural Materials 
Conservation 
The University of Melbourne 
Victoria 3010, Australia 
E-mail: rjslog@unimelb.edu.au

tant que directrice du CCMC, elle gère les divers 
programmes de conservation restauration, 
d'enseignement et de recherche du Centre. Ces 
programmes comprennent la responsabilité de la 
conservation restauration des collections 
culturelles de l'Université de Melbourne (qui 
possède ou gère plus de 32 collections distinctes) et 
des programmes commerciaux pour des clients 
externes exécutés par des spécialistes en 
restauration de tableaux, de cadres, de papier, 
d'objets et de textiles. En outre, le CCMC offre le 
seul programme d'études supérieures 
professionnelles complet en 
conservation restauration dans la région de 
l'Australasie et du Pacifique, ainsi que des cours en 
authentification des œuvres d'art et en 
préservation des photographies. 

Coordonnées : 
The Centre for Cultural Materials 
Conservation 
The University of Melbourne 
Victoria 3010, Australie 
Courriel : rjslog@unimelb.edu.au 
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Technique Ventilation Concentration 
moyenne 
(mg/m3)

Intervalle
(min.–
max.)

Pulvérisatio
n au pistolet 

Hotte en 
marche 

0.75 0.06–1.6 

CDD fondu, 
posé au pinceau 

Hotte en 
marche 

0.85 0.53–1.0 

CDD fondu, 
posé au pinceau 

Hotte 
éteinte 

15.5 0.55–40.6 

Pulvérisatio
n au pistolet 
sur paroi verticale 

Extérieur 19.5 12.7–24.4 

CDD fondu, 
posé au pinceau 

Extérieur 23.3 10.2–40.4 

Pulvérisatio
n au pistolet 

Extérieur 24.2 12.7–24.4 

Pulvérisatio
n au pistolet 
dans une tranchée 

Extérieur 53.9 30.9–74.4 

Cyclododécane 
: 

Mesures d’exposition professionnelle au poste de 
travail 

Quelles concentrations près de nos voies 

respiratoires ? 

David Vernez, Institut universitaire romand de Santé au Travail, Lausanne ; Catherine Tomicic, Office Fédéral de la Santé 

Publique, Berne ; 

Stefanie Bruhin, Service archéologique des Grisons, 

Coire ; 

Frédérique-Sophie Tissier, Service archéologique du canton de Berne, Berne, SUISSE, 

frederique.tissier@erz.be.ch 

Introduction Objectif

• Cyclododécane (CDD) – de plus en plus
utilisé en conservation-restauration ;

• Caractéristiques – se sublime à température
ambiante, hydrophobe ;

• Peu de données toxicologiques – difficile d’évaluer
sa toxicité ;

• A l’heure actuelle – aucune recommandation sur sa
valeur limite d’exposition ;

• Spécialistes du domaine – témoignent de
symptômes (irritation respiratoire, maux de tête)
ressentis lors d’expositions professionnelles au
CDD.

Mesurer les 
concentrations de CDD 
près des voies 
respiratoires, selon sept 
scenarii d’exposition: 

• avec et sans aspiration ;

• CDD posé au pinceau ou au
pistolet pulvérisateur ;

• sur une paroi ou dans
une tranchée.

Méthode Résultats

• Echantillonnage d’air –
adsorption sur du
charbon actif, dans la
zone respira- toire des
opérateurs ;

• Détermination par
analyse en
chromatographie en
phase gazeuse couplée
à un détecteur à
ionisation de flamme.

Tube de 
charbon actif 

Conclusion

• Expositions semblent localisées – dès que possible ventilation locale (hotte, aspiration locale, extracteur d’air);

• Concentrations en CDD augmentent fortement en fonction du confinement de la place de travail – suggère que les
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vapeurs sont prédominantes (en comparaison aux aérosols) ; 

• Masques de protection respiratoire jetables (type FFP2) – utiles pour limiter l’exposition à la fraction aérosol du CDD mais pas
efficaces pour limiter l’exposition à la vapeur de CDD ;

• En cas d’utilisation du CDD en espace confiné par exemple – fortement conseillé d’installer des extracteurs d’air locaux pour
éliminer le CDD à la source ;

• Enfin, les objets recouverts de CDD devraient être stockés dans des zones ventilées.

Schweizerische 

Eidgenossenschaft 

Confédération suisse 

Confederazione Svizzera 

Confederaziun svizra 

Département fédéral de l'intérieur DFI 
Office fédéral de la santé publique OFSP 

Archäologischer Dienst Graubünden 
Servetsch archeologic chantunal 
Servizio archeologico cantonale 

Ein Ressort des Amtes für Kultur 

Erziehungsdirektiondes Kantons Bern 

Direction  de l’instruction publique de la canton de Berne 

Amt für Kultur / Office de la culture 

Archäologischer Dienst des Kantons Bern 

Service archéologique du canton de Berne 
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Résumé et 
biographies 
Le cyclododécane (CDD) est de plus en plus utilisé 
en conservation-restauration. Cependant, sa 
toxicité a été très peu étudiée. Des mesures du 
CDD présent dans l'air des lieux de travail du 
Service Archéologique du canton de Berne (Suisse) 
ont été réalisées par l'Institut de Santé au Travail 
de Lausanne, afin de donner une première 
évaluation de l'exposition professionnelle au CDD. 

Les mesures ont été effectuées selon deux modes 
d'application du produit (enduit et vaporisé), à 
l'intérieur comme à l'extérieur, avec et sans 
ventilation. Les concentrations de CDD ont été 
mesurées par adsorption sur du charbon actif et 
déterminées par chromatographie en phase 
gazeuse couplée à un détecteur à ionisation de 
flamme. 

Les concentrations moyennes de CDD à l'intérieur 
ont varié de 0,75 à 15,5 mg/m3, tandis que celles à 
l'extérieur ont varié de 19,5 à 53,9 mg/m3. 
L'exposition aux vapeurs augmente en fonction du 
confinement de la place de travail. 

Certains scénarios d'exposition engendrent des 
concentrations de CDD non négligeables, 
notamment en atmosphères confinées. Ainsi, en 
espace confiné, il est fortement conseillé 
d'installer des extracteurs d'air locaux ou d'utiliser 
des masques à air pulsé. Enfin, les objets 
recouverts de CDD devraient être stockés en 
zones ventilées. 

Dr. David Vernez est ingénieur chimiste de 
formation. Il travaille actuellement à l'Institut 
universitaire romand de santé au travail où il 
dirige un groupe de recherche qui se consacre à 
l'hygiène du travail. Son groupe est actif dans 
l'évaluation de l'exposition aux nuisances 
physiques et chimiques. 

Abstract and 
Biographies 
Cyclododecane (CDD) is increasingly being used 
in conservation. However, little research has 
been conducted on its toxicity. The Institute for 
Work and Health in Lausanne (Switzerland) 
measured CDD in the air on the premises of the 
archaeology department of the Canton of Berne 
(Switzerland) to provide an initial evaluation of 
occupational exposure to CDD. 

CDD, applied in two ways (coating and spray), 
was measured both inside and outside the 
laboratory, and with and without ventilation. 
CDD concentrations were measured by 
adsorption onto activated charcoal and 
determined by means of gas chromatography 
coupled with a flame ionization detector. 

Average CDD concentrations inside the 
laboratory ranged from 0.75 to 15.5 mg/m3, 
while concentrations outside the laboratory 
ranged from 19.5 to 53.9 mg/m3. Exposure to 
vapours increased in more confined spaces. 

Certain exposure scenarios led to significant CDD 
concentrations, particularly in confined spaces. 
Therefore, in confined spaces, the installation of 
local exhaust fans or the use of positive air 
pressure respirators is strongly recommended. 
CDD-coated objects should also be stored in
ventilated areas.

Dr. David Vernez is a chemical engineer by 
training. He currently works at the Institute for 
Work and Health (Lausanne, Switzerland), where 
he is leading an occupational health research 
group involved in evaluating exposure to 
physical and chemical hazards. 

Contact Information: 
Institut Universitaire romand de Santé 
au Travail 
Rue du Bugnon 21, 
1011 Lausanne, Switzerland 
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Coordonnées : 
Institut Universitaire romand de Santé au 
Travail 
Rue du Bugnon 21, 
1011 Lausanne, Suisse 
Tél. : +41(0)21 314 74 51 
Courriel : david.vernez@hospvd.ch 

Catherine Tomicic est ingénieur chimiste. 
Actuellement, elle est en train de finaliser sa thèse 
sur les différences toxicocinétiques dues à l'âge et 
au sexe lorsqu'il y a exposition à des solvants 
organiques et fait partie, depuis début 2010, de la 
division des produits chimiques de l'Office Fédéral 
de la Santé Publique à Berne (Suisse). Elle y 
travaille en tant que collaboratrice scientifique au 
sein de la section des biocides. 

Coordonnées : 
Office Fédéral de la Santé Publique 
3003 Berne, Suisse 
Tél. : +41(0)31 323 29 68 
Courriel : catherine.tomicic@bag.admin.ch 

Stefanie Bruhin est conservatrice-restauratrice 
HES spécialisée en objets archéologiques et 
ethnographiques, diplômée en 2008 de la HECR 
Arc, La-Chaux-de-Fonds (Suisse). De 2008 à 2010, 
elle est employée comme conservatrice-
restauratrice au Service archéologique du canton 
de Berne, puis au Musée national Suisse. Elle 
exerce actuellement au Service archéologique du 
canton des Grisons. 

Coordonnées : 
Office de la culture 
Service archéologique des Grisons 
Loëstrasse 26 
7001 Chur, Suisse 
Tél. : +41(0)81 254 16 70 
Courriel : stefanie.bruhin@adg.gr.ch 

Frédérique-Sophie Tissier, diplômée de 
l'Université de Paris1 – La Sorbonne (Master 
conservation-restauration des biens culturels, 
spécialité objets archéologiques), licenciée en 
histoire de l'art et archéologie (Paris 1), est 
employée au Service archéologique du canton de 
Berne depuis janvier 2008. Son travail de diplôme 

Tel.: +41 (0) 21 314 74 51 
E-mail: david.vernez@hospvd.ch

Catherine Tomicic is a chemical engineer. She 
has recently completed her thesis on age- and 
sex-related toxicokinetic differences with regard 
to exposure to organic solvents. She currently 
works as a scientific collaborator in the Biocide 
Section of the Chemical Products Division of the 
Federal Office of Public Health (Berne, 
Switzerland).  

Contact Information: 
Office Fédéral de la Santé Publique 
3003 Berne, Switzerland 
Tel.: +41 (0) 31 323 29 68 
E-mail: catherine.tomicic@bag.admin.ch

Stefanie Bruhin is a conservator specializing in 
archaeological and ethnographic objects. She 
graduated in 2008 from HECR Arc, La-Chaux-de-
Fonds, Switzerland, an educational institution 
specializing in conservation and restoration. 
From 2008 to 2010, she worked as a conservator 
with the Service Archéologique du Canton de 
Berne, and then with the Swiss National 
Museum. She is currently employed by the 
Service Archéologique du Canton des Grisons 
(Chur, Switzerland). 

Contact Information: 
Office de la culture 
Service archéologique des Grisons 
Loëstrasse 26 
7001 Chur, Switzerland 
Tel.: +41 (0) 81 254 16 70 
E-mail: stefanie.bruhin@adg.gr.ch

Frédérique-Sophie Tissier is a graduate of the 
Université de Paris 1 – La Sorbonne (Master in 
Conservation of Cultural Artifacts, specializing in 
archaeological objects, as well as a degree in Art 
History and Archaeology) and has worked for the 
Service Archéologique du Canton de Berne 
(Berne, Switzerland) since January 2008. Her 
degree work focused on the study of 
cyclododecane in archaeology and its application 
methods. 
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a porté sur l'étude du cyclododécane en 
archéologie et sur ses méthodes d'application. 

Coordonnées : 
Service archéologique du canton de 
Berne  
Brünnenstrasse 66, Postfach 5233 
3001 Berne, Suisse 
Tel: +41 (0)31 633 98 52 
Courriel : frederique.tissier@erz.be.ch 

Contact Information: 
Service archéologique du canton de 
Berne 
Brünnenstrasse 66, Postfach 5233 
3001 Berne, Switzerland 
Tel: +41 (0) 31 633 98 52 
E-mail: frederique.tissier@erz.be.ch
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ADHESIVES AND CONSOLIDANTS 
FOR CONSERVATION:
RESEARCH AND APPLICATIONS 
OCTOBER 17–21, 2011 

Tendency 
in  aging 
behaviour 
of gilded 
surfaces 
formed 
with 
synthetic 
polymers 

TEST RESULTS:
Frame 1 

TEST RESULTS:
Frame 2 

Frame 1 was exposed to extreme cyclic humidity fluctuations in a Plexiglass chamber created by 

conditioned dry/ wet silica gel ArtSorb® (Fuji-Davidson Chemicals Ltd). Initial empirical tests showed 

that 12 hours were required in the chamber to change conditions from a constant 95% RH to a 

constant 25% RH, this was achieved by changing a cuvette with water immersed silica to a cuvette 

with silica desiccated to 11.4% RH. Based on this assessment, the cuvettes were changed every 

second or third day during the entire period of the experiment, thereby allowing the tested frame at 

least 24 hours to fully adjust to the dry or wet conditions in the chamber. 

FRAME  NO 1

Conditions within the chamber were monitored constantly using ACR SmartReader® Data Logger 

model 2, marked Data Logger 2, (range: 1 to 100%, accuracy: +/- 4%, RH from 10 to 90%). During 

12 months of testing RH achieved fluctuations in a 84.9% range (the lowest: 14.2%, the highest: 

100.0%), and slight temperature changes in an 8.5°C range (the lowest: 17.4°C, the highest: 25.9°C). 

F1, confocal, x 100, B-72 after

After 200 days and 85 cycles, 

cracks developed at the mitred 

corners and hairline craquelure 

developed on the surfaces 

gilded over Paraloid®B-72.

Frame 2 was exposed to direct sunlight, testing the behaviour of gilded surfaces under the stress 

of natural changes in RH and temperature due to day-night cycles. The test started in 2004 and 

initially was planned to be conducted for 2 years, but due to a cracking phenomenon developed 

on the surface gilded over B-72, the frame is continuing to be exposed to these extreme 

conditions to this day. 

FRAME  NO 2

B-72
revisited 

Dr Malgorzata Sawicki
Art Gallery of New South Wales 
margarets@ag.nsw.gov.au 

Dr Richard Thomas 
University of Western Sydney 
rg.thomas@uws.edu.au During first 2 years RH fluctuations remained within a 67.63% range (the lowest: 6.98%, the highest 

74.61%, with common drop of more than 40% in one day), and temperature changes within a 22.4°C 

range (the lowest: 17.1°C, the highest: 39.4°C, with common jump of almost 20°C a day). 

Methodical assessment of selected synthetic conservation 

materials was conducted to determine their suitability for 

replication of traditional matte water-gilding, thus complying 

with professional standards and conservation principles. 

Experiments indicated that of the numerous synthetic 

materials, acrylic dispersion Plextol®B500, acrylic resin 

Paraloid®B-72, and polyvinyl acetate resin AYAF are 

potentially the most useful. The final experiments involved 

testing the aging characteristics of gilded surfaces created 

using three selected synthetics, in comparison to those 

of traditional gilding. 

Preparation of two frame samples

The gilded surface 

after removal

of the glue layer

After 24 months

The gilded surface 

after removal

of the glue layer

After 7 years

Two frames made of Pine Radiata (Pinus radiata) wood 

were coated with gesso and one side of each frame was 

gilded using traditional matte water-gilding. The three other 

sides were sealed with two layers of 10% (w/v) B-72 in 

xylene, followed by two coats of watercolours imitating red 

bole. These three sides of each frame were then gilded 

laying gold leaf on a foundation of 15% (w/v) B-72 in 

1-methoxypropan-2-ol (left member), 15% (w/v) AYAF

The surface gilded with B-72 copolymer started to show a craquelure pattern after approximately 8 months of exposure.

The cracks were similar in form to those of oil degradation occurring in traditional oil-size and were associated with blooming.

Changes in humidity, temperature and UV absorption caused re-crystallization of the protective coating and were responsible for 

the increased opacification or greyness of this layer. In sections gilded using Plextol®B500 and AYAF the damage caused by this 

re-crystallisation was confined to the uppermost layer, whereas for gilding on B-72 the hazy greyish surface extended far more 

deeply beneath the cracks and the grey effect was apparent even after removal of the protective glue layer.

resin in ethanol/diacetone alcohol (2:1) (lower member),

and Plextol®B500 diluted 2:1 with water/ethanol (4:1)

(right member). The entire gilded surface of both frames

were coated with two layers of traditional protective

coating (5% w/v animal glue with the addition of up to

10% of diluted seedlac).¹

References

¹For more details see: Sawicki, M. (2010) Non-traditional Gilding Techniques in Gilded Objects 
Conservation: Research into loss compensation in water-gilded surfaces using synthetic 
polymers, VDM Verlag Dr. Muller, Saarbrucken. 

²Searle, N.D, (1994), ‘Effect of light source emission on durability testing’, in:Accelerated and 
Outdoor Durability Testing of Organic Materials. ASTM STP1202, Ketola, WD. 

Materials

ArtSorb® Silica gel; amorphous silica, SiO2, Lithium Chloride, LiCl; manufactured by Fuji Silysia 
Chemical Ltd, 2-1846 Kozoji-cho, Kasugai-shi, Aichi-ken, JAPAN 487-0013. 

Paraloid® B72 A copolymer of ethyl methacrylate and methyl acrylate (70:30); manufactured 
by Rohm and Hass Company, Philadelphia, PA 19105, USA. 

Plextol® B500 A copolymer of ethylacrylate, methyl methacrylate, and ethylmethacrylate, 
at 50% solid content concentration; manufactured by Rohm GmbH Chemische Fabrik, Postfach 
4242, 6100 Darmstadt 1, Germany. 

PVAC AYAF Polyvinyl acetate resin AYAF (MW = 169,000); manufactured by Union Carbide 
Corporation, Old Ridgebury Road, Danbury, CT 06817, USA. 

The results of the experiments show that 

dramatic temperature/ humidity fluctuations 

can cause significant stress in B-72 material. 

They demonstrate that B-72 develops greater 

brittleness with age than either polyvinyl 

acetate resin or acrylic dispersion films, which 

presumably preserve more flexibility thereby 

allowing them to resist stresses induced by 

fluctuations in environmental conditions. 

The deterioration of materials exposed to 

direct sunlight is primarily determined by 

the ultraviolet radiation portion of sunlight, 

which is the driving force for photo-chemically 

induced bond cleavage and free radical 

formation. Although heat, loss of moisture, 

and oxygen availability are all factors 

that promote deterioration, their influence 

is viewed as of secondary importance 

(Searle1994)². Gold leaf, however, 

represents a significant barrier to the 

deleterious effects of significant UV exposure. 

Heat generated by direct sunlight exposure 

is therefore more likely to be responsible for 

significant degradation of the polymer matrix 

than photo-chemically induced scission. 

As noticed previously, when polymer materials 

used in conservation are exposed to direct 

sunlight, cracking and crazing are likely 

to occur (Searle, 1994). Micro-cracking will 

subsequently affect the rate of moisture 

absorption/ desorption during repeated 

hydro-thermal cycles and this accelerating 

deteriorative process is likely to be 

responsible for the bloom affecting cracks 

on the B-72 gilding in Frame No 2. 

There are universal conservation materials 

that have been used broadly across varied 

conservation fields for a number of years, 

and their reputation is well established to 

the degree that their stability is no longer 

questioned. This leads to a danger of 

misusing them or using them in 

circumstances not entirely suitable for their 

characteristics. The conducted experiments 

demonstrated that B-72 should not be the 

material of choice for the treatment of areas 

exposed to environmental stresses. While 

the authors are far from undermining the 

usefulness of the B-72 as a conservation 

material, they believe that it is important 

to report on the results of these conducted 

tests in order to make conservators aware 

of the behaviour of this acrylic copolymer 

when exposed to fluctuations in 

environmental conditions. 
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Abstract and 
Biographies 
Methodical assessment of selected conservation 
synthetic materials was conducted to determine 
their suitability for replication of traditional 
matte water-gilding. Experiments indicated that 
acrylic dispersion Plextol®B500, acrylic resin 
Paraloid®B-72, and poly(vinyl acetate) resin AYAF, 
are potentially the most effective. They were 
tested further regarding concentration in 
solutions, methods of activation, and 
practicability. 

The final experiments concentrated on testing 
the aging behaviour of gilded surfaces formed 
using three selected synthetics, in comparison to 
the aging characteristics of traditional gilding. 
Two specially prepared frames were exposed to 
extreme variations in humidity or 
humidity/temperature. Visual examination 
revealed a distinctive craquelure formation in the 
surface gilded with B-72, whereas gildings 
created with either Plextol®B500 and AYAF 
showed little change. 

In the case of Frame No.1 (exposed to extreme 
cyclic humidity fluctuations created in a Plexiglass 
chamber by conditioned dry/wet silica gel), 
hairline craquelure developed on B-72 gilding 
after 12 months of testing. In the case of Frame 
No. 2 (exposed to direct sunlight and natural 
changes in relative humdity/temperature due to 
day–night cycles), the surface gilded with B-72 
started to show a craquelure pattern after 
approximately 8 months. The cracks were 
associated with blooming and were similar to oil-
size degradation occurring with traditional oil-
gilding. 

Malgorzata Sawicki is Head of Frames 
Conservation at the Art Gallery of New South 
Wales, Sydney, Australia. Her education includes 
training in gilded/ polychrome objects 
conservation at the Decorative Art Conservation 

Résumé et 
biographies 
Une évaluation méthodique de certains 
matériaux de restauration synthétiques a été 
réalisée afin de déterminer s'ils peuvent 
adéquatement reproduire l'effet de la technique 
classique de dorure à la feuille d'aspect mat. Les 
résultats des expériences indiquent que la 
dispersion acrylique Plextol®B500, la résine 
acrylique Paraloid®B-72 et la résine de 
poly(acétate de vinyle) AYAF pourraient 
constituer les produits les plus efficaces à ce 
chapitre. Ils ont donc été soumis à des essais plus 
poussés afin d'établir quelles sont les 
concentrations satisfaisantes en solution, les 
meilleures méthodes d'activation et les 
conditions pratiques d'utilisation des matériaux. 

La série d'expériences finales visait à déterminer 
les tendances en matière de vieillissement des 
surfaces dorées obtenues au moyen des trois 
résines synthétiques susmentionnées, par 
rapport aux caractéristiques de vieillissement de 
dorures classiques. Deux cadres ayant été 
préparés dans des conditions spéciales ont été 
exposés à des variations extrêmes de l'humidité 
ou de la température et de l'humidité. Leur 
examen visuel révèle une formation particulière 
de craquelures dans le cas de la surface dorée 
avec le Paraloid B-72, tandis que les surfaces 
dorées avec le Plextol®B500 ou l'AYAF ne 
présentent que de très légères altérations. 

Dans le cas du cadre n° 1 (exposé à des variations 
cycliques extrêmes d'humidité, produites dans 
une enceinte en plexiglas, au moyen de gel de 
silice sec ou humide conditionné) des craquelures 
capillaires se sont formées dans la dorure de B-72 
après 12 mois de vieillissement. Dans celui du 
cadre n° 2 (directement exposé à la lumière du 
soleil et à des variations naturelles de la 
température et de l'humidité relative selon des 
cycles diurnes et nocturnes), la surface dorée 
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Department of the State Institute for Heritage 
Preservation, Warsaw, Poland (1975–1981) as 
well as studies in Preservation of Architectural 
Heritage at the University of Nicholas Copernicus, 
Torun, Poland (1978–1981). She also received a 
Master of Applied Science (Materials 
Conservation) from the University of Western 
Sydney in 2000, and a PhD from the same 
university in 2009, for research on non traditional 
gilding techniques. Malgorzata was honoured by 
the Australian Institute for the Conservation of 
Cultural Material with the Conservator of the 
Year award in 1999, and the Certificate of 
Appreciation for Outstanding Research in the 
Field of Materials Conservation in 2009. She has 
been the Coordinator of the International Council 
of Museums – Committee for Conservation 
(ICOM-CC) Working Group on Wood, Furniture, 
and Lacquer since 2008, and published a book 
(Non-traditional Gilding Techniques in Gilded 
Objects Conservation: Research Into Loss 
Compensation in Water-gilded Surfaces Using 
Synthetic Polymers) in 2010. 

Contact Information: 
Art Gallery of New South Wales 
Art Gallery Road 
Sydney NSW 2000, Australia 
Tel.: +61 2 92251766 
E-mail: margarets@ag.nsw.gov.au

Richard Thomas is a graduate of the University of 
Wales, Cardiff, United Kingdom, with degrees in 
both Engineering and Materials Conservation and 
a PhD in Inorganic Chemistry. He joined the 
University of Western Sydney (Australia) in 1993 
and is currently senior lecturer in forensic 
sciences. Since arriving in Australia, he has been 
involved in numerous aspects of both teaching 
and research within the fields of science-based 
archaeology, conservation, and forensic science. 

Contact Information: 
School of Natural Sciences 
University of Western Australia 
Penrith, Australia 

avec le B-72 présentait un motif de craquelures 
après environ 8 mois. Les craquelures observées 
sont associées au bleuissement et leur aspect est 
semblable à la dégradation subie par un apprêt à 
l'huile utilisé avec la technique de dorure 
classique. 

Malgorzata Sawicki est responsable de la 
restauration des cadres à la galerie d'art de 
New South Wales à Sydney (Australie). Elle suit 
une formation en restauration d'objets dorés ou 
polychromes au département de restauration 
d'œuvres d'art décoratif de l'Institut d'État pour 
la préservation du patrimoine de 
Varsovie (Pologne) de 1975 à 1981 et elle fait des 
études en préservation du patrimoine culturel à 
l'Université Nicolas Copernic à Torun (Pologne) 
de 1978 à 1981. Elle décroche aussi une maîtrise 
en sciences appliquées (restauration des 
matériaux) de l'Université de Western Sydney 
en 2000 et un doctorat du même établissement 
en 2009 pour ses recherches sur les techniques 
de dorure non conventionnelles. L'Australian 
Institute for the Conservation of Cultural Material 
récompense Malgorzata en lui remettant le prix 
de la restauratrice de l'année en 1999 et un 
certificat de mérite pour ses excellentes 
recherches dans le domaine de la restauration 
des matériaux en 2009. Elle est coordonnatrice 
du groupe de travail bois, mobilier et laque du 
Comité pour la conservation du Conseil 
international des musées depuis 2008. Par 
ailleurs, elle publie un livre 
intitulé Non traditional Gilding Techniques in 
Gilded Objects Conservation: Research Into Loss 
Compensation in Water-gilded Surfaces Using 
Synthetic Polymers en 2010. 

Coordonnées : 
Art Gallery of New South Wales 
Art Gallery Road 
Sydney NSW 2000, Australie 
Tél. : +61 2 92251766 
Courriel : margarets@ag.nsw.gov.au 

Richard Thomas détient des diplômes en génie et 
en restauration des matériaux ainsi qu'un 
doctorat en chimie minérale décernés par 
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l'Université du Pays de Galles à Cardiff 
(Royaume Uni). Il se joint à l'Université de 
Western Sydney (Australie) en 1993 et occupe en 
ce moment le poste de chargé d'enseignement 
senior en criminalistique. Depuis son arrivée en 
Australie, il joue un rôle dans de nombreux volets 
de l'enseignement et de la recherche dans les 
domaines de l'archéologie scientifique, de la 
conservation restauration et de la criminalistique. 

Coordonnées : 
School of Natural Sciences 
University of Western Australia 
Penrith, Australie 
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Résumé et 
biographies 
La recherche porte sur l'utilisation d'adhésifs de 
la gamme Norland Optical Adhesive pour la 
restauration par collage d'objets d'art en verre 
transparent et transparent coloré à surface 
d'encollage réduite. 

Quatre adhésifs ont été choisis en fonction de 
leur indice de réfraction, viscosité, rapidité de 
polymérisation et capacité initiale à coller le verre 
transparent : NOA61, NOA89, NOA76 et NBA 107. 

La polymérisation de ces adhésifs se réalise par 
exposition au rayonnement UV. Le calcul du 
temps d'exposition de 15 secondes conseillé par 
le fabricant est à moduler suivant la coloration du 
verre. La problématique rencontrée était 
l'absorption partielle des UV liée probablement 
aux oxydes colorants du verre. La distance et 
l'angle d'exposition aux UV sont également 
évalués. 

Après la mise à l'essai de différents échantillons 
de verre, l'adhésif choisi est le NOA 61, en raison 
des propriétés suivantes : transparence, 
polymérisation en présence d'oxygène, efficacité 
lors du comblement de petites lacunes de 
surface, résistance à la lumière, réversibilité, 
viscosité adéquate (300 cps) pour le collage par 
infiltration et fiabilité mécanique pour surface 
d'encollage réduite. 

De plus, l'adhésif NOA 61 a prouvé sa capacité à 
coller le verre transparent coloré dans les 
échantillons mis à l'essai. 

L'inconvénient majeur est la dangerosité des UV 
et la durée de conservation limitée de l'adhésif. 

Viviane Bechoux, conservatrice restauratrice de 
céramiques anciennes et contemporaines, a 
fondé en 1992 et dirige depuis la partie 
céramiques-verres de la section 
conservation restauration d'œuvres d'Art de 

Abstract and 
Biographies 
The research investigates the use of Norland 
Optical Adhesives for repairing works of art 
involving transparent and coloured transparent 
glass with a small gluing surface. 

Four adhesives were chosen according to their 
refractive index, viscosity, curing speed, and 
initial capacity to glue transparent glass: NOA61, 
NOA89, NOA76, and NBA 107. 

These adhesives are cured by ultraviolet (UV) 
irradiation. The manufacturer's recommended 
irradiation time of 15 seconds needed to be 
adjusted depending on the colour of the glass. 
The problem encountered was the partial 
absorption of UV, likely due to the oxides in the 
glass colours. The UV irradiation distance and 
angle were also evaluated. 

Following tests on different glass samples, NOA 
61 was chosen for its transparency, ability to cure 
in the presence of oxygen, effectiveness in filling 
small surface gaps, resistance to light, 
reversibility, adequate viscosity (300 cps) for 
injection gluing, and mechanical reliability for 
small gluing surfaces. 

NOA 61 was also shown to be successful in gluing 
transparent coloured glass in the samples tested. 

The major disadvantage is the danger posed by 
UV rays and the adhesive's limited shelf life. 

Viviane Bechoux is a conservator of historic and 
contemporary ceramics. In 1992, she founded 
and has since headed the Ceramics–Glass stream 
of the Art Conservation section of the École 
Supérieure des Arts Saint-Luc de Liège (Belgium). 
She is also a Scientific Collaborator in the Faculty 
of Philosophy and Arts (archaeology-
archaeometry) of the Université de Liège 
(Belgium). 
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l'École Supérieure des Arts Saint Luc de Liège 
(Belgique). Collaboratrice scientifique de la 
faculté de Philosophie et Lettres (archéologie – 
archéométrie) de l'Université de Liège (Belgique). 

Coordonnées : 
74 rue de l'Église 
6730 Rossignol, Belgique 
Courriel : v.bechoux@gmail.com 

Catherine Cools, Licenciée en 
conservation restauration d'œuvres d'art, option 
céramique et verre à l'ESA Saint-Luc de Liège 
(Belgique) en 2007, travaille en tant 
qu'indépendante à l'Atelier SiO2 depuis 2009 et 
restaure des matériaux tels que la céramique 
(faïence, terre cuite, grès-cérame, porcelaine), le 
verre, le cristal, le béton, les peintures sous verre 
(églomisés notamment) ou la sculpture en terre 
cuite polychrome. Depuis 2007, assistante et 
conférencière à l'ESA Saint-Luc de Liège dans la 
section Conservation-restauration d'œuvres 
d'art, option céramique et verre. 

Coordonnées : 
École Supérieure des Arts Saint-Luc 
Liège, Belgique 

Contact Information: 
74 rue de l'Eglise 
6730 Rossignol, Belgium 
E-mail: v.bechoux@gmail.com

Catherine Cools earned a degree in Conservation 
(Ceramics–Glass stream) from the École 
Supérieure des Arts Saint-Luc de Liège (Belgium) 
in 2007, and has been an assistant and lecturer in 
the Art Conservation section there since that 
time. She has also worked as a freelancer at 
Atelier SiO2 since 2009, restoring materials such 
as ceramic (faience, terracotta, stoneware, 
porcelain), glass, crystal, concrete, paintings 
under glass (mainly gilt glass), and polychrome 
terracotta sculptures. 

Contact Information: 
École Supérieure des Arts Saint-Luc 
Liège, Belgium 
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Adhesives in the Formulation of Filling Materials for Easel Paintings: 

Requirements, Suitability, and Stability 

Introduction

G. Mirderikvand, M. Doutre, A. Murray*, L. Fuster-López, D.J. Yusà-Marco, M.F. Mecklenburg
*contact author - alison.murray@queensu.ca

Conservation science studies the properties and stability of cultural materials, as well as the materials used for treatments and their interaction with works of art. In this last case, however, little attention has been traditionally given to those materials 
used in the last stages of a conservation treatment. This is especially true for filling materials. Adhesives are one of the main components of filling materials, in addition to bulking agents, and historically they have been chosen based on their ease of 
use and convenient handling properties. In the past, some of the common adhesives and bulking agents have been limited to geographical regions, availability of materials, and technical resources. Now that materials are more easily accessible, it is 
important to determine the most appropriate fill for different situations. Recent studies have outlined the chemical and mechanical requirements that make fills compatible with the structural behaviour of paintings, thus guaranteeing long term stability. 
The following research studied synthetic fillers and commercially prepared fillers, and compared them to traditional ones which acted as standards. This work determined the mechanical properties of all fillers tested and their response to different 
environmental conditions and ageing. Also, the properties of the fillers were assessed as a function of type of adhesive and the pigment-to-volume concentrations (PVCs) of the bulking agents. 

Experimental

Composition- The chemical composition of the materials was determined by a combination of Fourier transform infrared spectroscopy (FT-IR), inductively coupled optical emission spectroscopy (ICP-OES), matrix assisted laser desorption 
spectroscopy (MALDI-MS), and pyrolysis gas chromatography mass spectrometry (Py-GC-MS), differential scanning calorimetry (DSC), and literature review. 
Handling-  The handling and texturing of all the fills were qualitatively assessed. 
Flexibility- The flexibility of the materials was determined by casting on canvas and bending over mandrels to determine the largest diameter at which visible fracturing or crazing occurred. 
Colour Stability- The colour and colour stability of the materials was established in CIELAB space. Three points along each casting were analysed before and after aging. 
Shrinkage-  The materials were cast in moulds of known dimensions. After drying the materials were measured to determine the amount of shrinkage they experience. 
Aging- The samples were exposed to elevated UV-light intensities in a UV chamber set at a constant 1.10kwm-2 intensity and 50°C for 336 hours. 
Chemical Stability- All the materials were examined before and after aging by FT-IR for any chemical changes. The Aquazol fills were also examined by gel permeation chromatography (GPC) to detect any changes in polymer length with aging. 
Tensile Properties- Tensile strength at a constant temperature of 21°C at 23%, 50%, and 75% RH of samples using a uniaxial tensiometer. A uniaxial load at a constant rate of 17%/min was applied to elongate each sample until failure occurred. 

Results

Rabbit Skin Glue Aquazol  200 Aquazol  500 Becker`s Latex Spackle Golden Acrylic Gesso Liquitex Gesso 

Composition 67% and 75% CaCO3 bound by a 
10% w/w solution of Lefranc & 

Bourgeois rabbit skin glue in water 
Lower PVC`s were found to be 

inadequately white while greater 
were too fragile. 

67% and 75% CaCO3 bound by a 
25% w/w solution of Talas Aquazol 

200 in water. 
Lower PVC`s were found to be 

inadequately white while greater 
were too fragile. 

60% and 67% CaCO3 bound by a 
20% w/w solution of Talas Aquazol 

500 in water. 
Lower PVC`s were found to be 

inadequately white while greater 
were too fragile. 

Some unidentified  acrylic with talc 
(1%,) MgO2 (7%) and CaCO3 (7%) 

Methyl-methacrylate butyl acrylate 
co-polymer with polyvinyl alcohol 
binding TiO2 (30%), CaCO3 (7%), 
and Al2(OH)5 (8%) 

Methyl-methacrylate butyl acrylate 
co-polymer  binding TiO2 (24%), 
CaCO3 (15%), and Al2(OH)5 (8%) 

Handling Hard to spread and get an even 
smooth texture due to the small 
lumps of gelatin present.  Working 
time is limited due to rabbit skin 
glue solidifying quickly. 

Smooth buttery consistency and 
very easy to spread with a micro- 
spatula.  Holds peaks very well. 
Very easy to attain a smooth even 
surface. 

Smooth and even consistency. 
Runny.  Does not hold peaks as 
well as Aquazol 200.  Easy to 
obtain a smooth even surface. 

Peanut butter consistency. Very 
easy to spread with a micro 
spatula.  Holds peaks very 
well.Easily textured. 
Some drying cracks formed. 

Smooth, very thick fluid. Holds 
peaks very poorly. Spreads and 
levels easily. Difficult to texture. 

Smooth thick fluid. Does not hold 
peaks. Spreads and levels 
moderately well. Difficult to texture. 

Flexibility Failed at a folding radius of 
5.6±1.0cm for 67%PVC, 
5.0±1.5cm fo 75% 

Failed at a folding radius of 
3.9±0.8cm for 67%PVC. 

Failed at a folding radius of 
1.5±0.0cm for 60%PVC, 
3.9±0.85cm fo 75% 

Failed at a folding radius of 
1.75cm. 

.Did not fail at any folding radius. Did not fail at any folding radius. 

Colour Stability 67% PVC ?E*= 0.04±0.21 

75% PVC ?E*= 0.43±0.21 

67% PVC ?E*= 0.76±0.26 

75% PVC ?E*= 0.76±0.26 

60% PVC ?E*= 4.79±0.21 

67% PVC ?E*= 1.13±0.95 

?E*=0.32±0.09 ?E*=0.03±0.12 ?E*=0.01±0.01 

Shrinkage 67% PVC Diameter -13.8%±0.0% 
Thickness -20.0%±11.5% 

75% PVC Diameter -13.5%±1.0% 
Thickness -15.6%±3.6% 

60% PVC Diameter -2.5%±1.0% 
Thickness -21.9%±3.6% 

67% PVC Diameter -9.9%±0.9% 
Thickness -10.0%±0.0% 

67% PVC Diameter -11.2%±1.7% 
Thickness -22.5%±9.6% 

75% PVC Diameter -7.0%±1.2% 
Thickness -17.2%±6.0% 

-20.6%±0.4% in thickness, no
change in diameter.

-68.0%±0.3% in thickness, no
change in diameter.

-63.0%±0.3% in thickness, no
change in diameter.

Example 

Figure 1: The elastic moduli of all the examined materials at various relative humidities. 

Mechanical Results 

PVC: In comparing the different PVC's of the same adhesive samples, it was found 
that the Aquazol samples had a greater average modulus of elasticity (were stiffer) 
at higher PVC levels; whereas, the RSG samples had a slightly greater average 
modulus of elasticity at lower PVC levels. 
RH: Results evidence the extreme sensitivity of Aquazol samples to RH and a 
general trend was observed where the samples softened with increased RH. The 
RSG samples maintained a relatively constant level of stiffness at different RH 
levels. The Golden and Liquitex gessoes behaved differently from the other 
materials, stiffening with increased RH. (Please see Figure 1.) 

Acknowledgements 

Figure 2: The full  stress strain curves of a selection of the examined materials, 
67% PVC at 50%RH illustrating the far greater strength of the commercial fills. 

Aging  Effects 

Colour: All samples showed good colour stability properties upon light ageing. 
The Aquazol 500 was the only type of filler which showed a significant 

(?E*>1) colour change upon light ageing. 
Chemical: The chemical analysis of the light aged samples using FT-IR 
and Py-GC-MS did not reveal any chemical structural changes, however, 
the use of GPC on the Aquazol samples revealed that the weight 
average molecular weight of the polymer chains had decreased in size 
following light ageing. 
Physical: The tensile properties of the fills were investigated post UV light 
aging. Ageing was found to soften of all the materials, typically decreasing the 
elastic modulus by 5-10%. Ultimate yield and strain at failure of all the materials 
were also lowered. 

Figure 3: The elastic moduli at very low strains for a selection of the examined 
materials, compared with the tensile curves of white oil paints. 

Conclusion 
RSG: This traditional material is the closest match to aged oil paint 
(Figure 3). RSG is stable with age and RH, but is very fragile and prone to 
drying cracks. 
Aquazol: Similar to RGS fills, especially at high molecular weights, it is 
more flexible and dries more reliably, but its mechanical properties are 
more strongly affected by RH. 
Becker`s: Very easily textured, it is well suited to matching high impastos. 
It was the mechanically least stable with age and RH. 
Liquitex: Very elastic and strong (Figure 2). Very easily applied, compared 
with the Aquazol and RGS. Its mechanical properties are very different from 
oil paints (true for all commercial fillers, Figure 3), being very similar to 
acrylic paint. 
Golden: Very similar to the Liquitex, but with slightly better handling 
properties. Its self-levelling property and low tendency for cracks or bubbles 
make it well suited for smooth fills. 
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Abstract and 
Biographies 
Research that has been conducted over the last 
25 years on the structural behaviour of paintings 
helps explain their degradation mechanisms and 
should be considered when compensating for 
losses. For this purpose, traditional hide glue 
fillers (using a 10% stock solution of Lefranc & 
Bourgeois) and synthetic fillers (using Aquazol 
200 25% solution in water and Aquazol 500 20% 
solution in water) were investigated, all with 
calcium carbonate added so that the pigment 
volume concentrations (PVC) ranged from 60% to 
75%. Three commercially manufactured fillers 
(Becker's, Golden, and Liquitex) were tested as 
well. Filler formulations were studied before and 
after exposure to ultraviolet radiation. Tensile 
testing, chemical analysis, and colour 
measurements were performed. Handling, 
flexibility, and reversibility properties were also 
reported. The Aquazol fillers were tacky and 
extremely moisture-sensitive, shown by a large 
drop in elastic modulus with higher relative 
humidity; this could indicate a lack of 
dimensional stability over time and a 
susceptibility to cracking. Results from hide glue 
fillers were consistent with the literature and had 
an appropriate strength and stiffness for the 
structural requirements of filling materials, while 
the results from the commercially manufactured 
fillers did not. 

This research is in progress and these 
observations are preliminary. 

Golya Mirderikvand is a student in the Master of 
Art Conservation program at Queen's University 
in Kingston, Ontario, Canada, specializing in 
paintings conservation. When she graduates in 
the fall of 2011, she will add this Master's degree 
to an undergraduate degree in Life and Earth 
Sciences from the University of British Columbia 
in Vancouver, and as well as various fine arts 

Résumé et 
biographies 
Les résultats de travaux de recherche réalisés au 
cours des 25 dernières années, qui portaient sur 
le comportement structural des peintures, 
permettent d'expliquer leurs mécanismes de 
dégradation et indiquent qu'il faudrait tenir 
compte de certains paramètres particuliers lors 
du remplacement de lacunes. C'est pourquoi un 
projet a été mis en œuvre afin d'étudier des 
mastics classiques à base de colle de peau 
(préparés avec une solution mère à 10 % de 
Lefranc et Bourgeois) et des mastics synthétiques 
(préparés avec une solution à 25 % d'Aquazol 200 
dans l'eau et une solution à 20 % d'Aquazol 500 
dans l'eau); du carbonate de calcium a été ajouté 
à tous les produits afin que la concentration 
volumique pigmentaire (CVP) se situe entre 60 et 
75 %. Trois mastics commerciaux (de marques 
Becker's, Golden et Liquitex) ont aussi été mis à 
l'essai. Les différentes formulations de mastics 
ont été examinées avant et après leur exposition 
au rayonnement ultraviolet. L'analyse chimique 
des échantillons et la mesure des couleurs ont 
été réalisées, et ceux-ci ont été soumis à des 
essais de traction. De plus, les propriétés de 
maniabilité, de souplesse et de réversibilité des 
produits ont aussi été déterminées. Les mastics à 
base d'Aquazol sont poisseux et extrêmement 
sensibles à l'humidité; les résultats illustrent en 
effet une chute importante du module 
d'élasticité pour les valeurs élevées d'humidité 
relative, ce qui indique une perte possible de la 
stabilité dimensionnelle, au fil du temps, et une 
propension à la fissuration. Certains échantillons 
à base d'Aquazol 500 présentent une altération 
de la couleur pouvant être mesurée, car ils 
deviennent plus pâles et bleuâtres, ce qui 
pourrait rendre difficile toute retouche 
ultérieure. Les résultats obtenus pour les mastics 
à base de colle de peau concordent bien avec 
ceux de publications; la résistance et la rigidité de 
ces produits répondent adéquatement aux 
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courses from Emily Carr University, also located 
in Vancouver. Her research interests focus on 
contemporary and modern paintings, and the 
challenges faced with their conservation. 

Contact Information: 
Art Conservation Program 
Queen's University 
15 Bader Lane 
Kingston ON K7L 3N6 Canada 
E-mail: golya_mir@yahoo.com

Michael Doutre is a student at Queen's 
University in Kingston, Ontario, Canada, where he 
is working toward a BSc Honours in Chemistry. 
His research interests include instrumental 
analytical analysis and method development. 

Contact Information: 
Department of Chemistry 
Queen's University 
90 Bader Lane 
Kingston ON K7L 3N6 Canada 
E-mail: 7mpd@queensu.ca

Alison Murray is an Associate Professor in the 
Master of Art Conservation program at Queen's 
University, Kingston, Ontario. She has a BSc 
Honours in Chemistry from McGill University in 
Montreal, Quebec, as well as an MSc and a PhD 
in Materials Science and Engineering from the 
Johns Hopkins University in Baltimore, Maryland, 
where she specialized in Conservation Science 
through a joint program between Hopkins and 
the Smithsonian Institution. She is conducting a 
research program for characterizing and 
conserving modern materials, including acrylic 
paints and grounds. This research integrates 
mechanical testing, chemical analysis, and 
surface analysis. She is also interested in the 
identification and conservation of other artistic 
and historic works, including archaeological 
objects. 

Contact Information: 
Art Conservation Program 
Queen's University 
15 Bader Lane 
Kingston ON K7L 3N6 Canada 

exigences de nature structurale propres aux 
matériaux de masticage. 

Les travaux de recherche se poursuivent et les 
données susmentionnées sont préliminaires; la 
présente affiche comportera aussi des résultats 
relatifs aux mastics commerciaux. 

Golya Mirderikvand est une étudiante à la 
maîtrise en restauration d'œuvres d'art à 
l'Université Queen's à Kingston (Ontario, 
Canada), où elle se spécialise en restauration des 
tableaux. Le diplôme de maîtrise qu'elle 
obtiendra à l'automne 2011 s'ajoutera à un grade 
de premier cycle en sciences de la vie et de la 
terre de l'Université de la Colombie Britannique 
(Vancouver) et à divers cours sur les beaux arts 
suivis à l'Université Emily Carr, également établie 
à Vancouver. Ses intérêts de recherche portent 
sur les tableaux contemporains et modernes et 
sur les défis que présente leur restauration. 

Coordonnées : 
Art Conservation Program 
Queen's University 
15 Bader Lane 
Kingston (Ontario) K7L 3N6 Canada 
Courriel : golya_mir@yahoo.com 

Michael Doutre est un élève de 
l'Université Queen's à Kingston (Ontario, 
Canada), où il tente d'obtenir un baccalauréat ès 
sciences spécialisé en chimie. Ses intérêts de 
recherche comprennent la chimie analytique 
instrumentale et l'élaboration de méthodes. 

Coordonnées : 
Department of Chemistry 
Queen's University 
90 Bader Lane 
Kingston (Ontario) K7L 3N6 Canada 
Courriel : 7mpd@queensu.ca 

Alison Murray est professeure agrégée dans le 
cadre du programme de maîtrise en restauration 
d'œuvres d'art de l'Université Queen's à Kingston 
(Ontario). Elle détient un baccalauréat ès sciences 
spécialisé en chimie obtenu à l'Université McGill 
à Montréal (Québec) ainsi qu'une maîtrise ès 
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Tel.: 613-539-3263 
E-mail: alison.murray@queensu.ca

Laura Fuster-López is an Associate Professor in 
the Department of Conservation and Restoration 
of Cultural Heritage at the Universidad 
Politécnica de Valencia (UPV), Spain. She 
graduated from UPV in Fine Arts (Conservation 
and Restoration of Cultural Heritage) in 1999 and 
received a PhD in Conservation and Restoration 
of Cultural Heritage in 2006. Her current research 
focuses on the mechanical and dimensional 
properties of cultural materials as well as 
environmental effects on their stability and 
preservation. 

Contact Information: 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Camino de Vera S/N 
Valencia, Valencia 46022, Spain 
Tel.: +0034 617739141 
E-mail: laufuslo@crbc.upv.es

Dolores Julia Yusá-Marco has a PhD in Chemistry 
from the Universidad de Valencia, Spain. She is 
currently a Professor in the Department of 
Conservation and Restoration of Cultural 
Heritage at the Universidad Politécnica de 
Valencia, and is conducting a research program 
for the characterization and identification of 
materials found in artworks. This includes 
studying the effects of dyes and mordants on the 
behaviour and aging of textiles and the 
correlation of changes in their mechanical 
properties. She is also interested in the 
characterization and chemical analysis of 
materials used in specific conservation 
treatments. 

Contact Information: 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Campino de Vera S/N 
Valencia, Valencia 46022, Spain 

sciences et un doctorat en science et en génie 
des matériaux décernés par l'Université 
Johns Hopkins à Baltimore (Maryland), où elle 
s'est spécialisée en science de la restauration en 
suivant un programme conjoint entre 
l'Université Hopkins et la Smithsonian Institution. 
Elle dirige un programme de recherche visant à 
caractériser et à restaurer des articles modernes 
comme des tableaux et des apprêts acryliques. 
Cette recherche fait appel aux essais mécaniques, 
aux analyses chimiques et aux analyses de 
surface. Alison s'intéresse également à 
l'identification et à la restauration d'autres 
œuvres artistiques et historiques, y compris 
d'objets archéologiques. 

Coordonnées : 
Art Conservation Program 
Queen's University 
15 Bader Lane 
Kingston (Ontario) K7L 3N6 Canada 
Tél. : 613-539-3263 
Courriel : alison.murray@queensu.ca 

Laura Fuster-López est professeure agrégée au 
département de conservation et de restauration 
du patrimoine culturel de l'Universidad 
Politécnica de Valencia (UPV), en Espagne. Elle 
obtient un diplôme en beaux arts (conservation 
et restauration du patrimoine culturel) de l'UPV 
en 1999 et un doctorat en conservation et en 
restauration du patrimoine culturel en 2006. Ses 
recherches actuelles portent sur les propriétés 
mécaniques et dimensionnelles des biens 
culturels ainsi que sur les effets de 
l'environnement sur leur stabilité et leur 
préservation. 

Coordonnées : 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Camino de Vera S/N 
Valencia, Valencia 46022, Espagne 
Tél. : +0034 617739141 
Courriel :laufuslo@crbc.upv.es 
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Tel.: +0034 963877000 
E-mail: doyumar@crbc.upv.es

Marion F. Mecklenburg was a paintings 
conservator for 20 years and holds BS, MS, and 
PhD degrees in Civil Engineering (structures). He 
has been a research scientist at the Smithsonian 
Institution for the last 23 years, and is currently 
an Emeritus Senior Research Scientist at the 
Museum Conservation Institute (Suitland, 
Maryland). His research has focused on the 
mechanical properties of cultural materials and 
the preservation of cultural collections and 
historic buildings. 

Contact Information: 
Museum Conservation Institute, 
Smithsonian Institution 
Museum Support Center, Room F 2013 
4210 Silver Hill Road 
Suitland MD 20746-2863 USA 
Tel.: 301-238-1241 
E-mail: mecklenburgm@si.edu

Dolores Julia Yusá-Marco possède un doctorat 
en chimie de l'Universidad de Valencia, en 
Espagne. Actuellement, elle est professeure au 
département de conservation et de restauration 
du patrimoine culturel à l'Universidad Politécnica 
de Valencia et dirige un programme de recherche 
sur la caractérisation et l'identification des 
matériaux qui se trouvent dans les œuvres d'art. 
Elle étudie notamment les effets des colorants et 
des mordants sur le comportement et le 
vieillissement des textiles et la corrélation entre 
les changements de leurs propriétés mécaniques. 
Elle s'intéresse également à la caractérisation et à 
l'analyse chimique des matériaux utilisés dans le 
cadre de traitements de restauration précis. 

Coordonnées : 
Universidad Politécnica de Valencia 
(Instituto Universitario de Restauracion 
del Patrimonio) 
Campino de Vera S/N 
Valencia, Valencia 46022, Espagne 
Tél. :+0034 963877000 
Courriel :doyumar@crbc.upv.es 

Marion F. Mecklenburg a 20 ans d'expérience 
dans la restauration de tableaux et détient un 
baccalauréat, une maîtrise et un doctorat en 
génie civil (structures). Chercheur à la 
Smithsonian Institution depuis 23 ans, il occupe 
actuellement le poste de chercheur principal 
émérite au Museum Conservation Institute 
(Suitland, Maryland). Ses recherches concernent 
les propriétés mécaniques des biens culturels et 
la préservation des collections culturelles et des 
immeubles historiques. 

Coordonnées : 
Museum Conservation Institute, 
Smithsonian Institution 
Museum Support Center, Room F 2013 
4210 Silver Hill Road 
Suitland, Maryland20746-2863, États-
Unis  
Tél. : 301-238-1241 
Courriel : mecklenburgm@si.edu 
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Ongoing Research into the Strength and Reversibility of Dynamic® 208 

Clear Wallcovering Adhesive 
Meaghan Monaghan 
Conservation Fellow (Paintings), Yale University Art Gallery 

October 2011 

Can a commercial wallpaper product be an ideal adhesive for use in the conservation of marouflaged murals? 
A marouflaged mural is a painted canvas adhered to a solid architectural substrate. Reversible and stable adhesive systems, which are similar to traditional marouflage 
techniques, are needed to readhere conserved canvas murals to their original substrates. Commercial wallpaper adhesives have the characteristics of an effective 
marouflage adhesive but the exact ingredients are unknown and their use in conservation raises questions about their chemical stability and mechanical reversibility. The 
intention of this research is to provide a preliminary investigation into one commercial product, Dynamic® 208 Clear Wallcovering Adhesive, used alone as well as with 
different concentrations of methyl cellulose. Chemical analysis of Dynamic® 208 provided basic conclusions about the main ingredients and its stability. Testing of bonded 
adhesive samples found Dynamic® 208 remained reversible before and after artificial aging, while the addition of an interleaving layer provided higher bond strength, 
maintenance of safer mechanical reversibility, as well as protection of the canvas from adhesive discolouration and changes in pH. 

Experimental 

Ideal adhesive characteristics 
• Viscous paste
• Easy to apply evenly
• Slow - medium setting time
• High tack and bond strength
• Easily released mechanically

Materials 

Adhesive films for chemical analysis 
Dynamic® 208 Clear Wallcovering Adhesive 

Methods 

Mechanical strength testing of bonded samples Qualitative reversibility testing of bonded samples 

Glass slide 

Adhesive 

5% Methyl cellulose solution in Dynamic® 208 
10% Methyl cellulose solution in Dynamic® 208 
40% Methyl cellulose solution in Dynamic® 208 
3% Methyl cellulose solution 

• Clip Peel Test

Force applied by 
weights of 

Five conservation 
students mechanically 
separated the adhesive 
bonds and rated them 

Bonded adhesive samples for strength and reversibility testing 
Each adhesive with Reemay/Beva Film interleaving and without, eight 
sample groups total. 

Dynamic® 208 Clear Wallcovering Adhesive 
5% Methyl cellulose solution in Dynamic® 208 
10% Methyl cellulose solution in Dynamic® 208 
3% Methyl cellulose solution 

(representing the mural) 

(representing the architectural substrate) 

Two Sets of samples prepared 
Set. 1 Unaged 

particular 
masses. Peel 
strength 
categorized by 
mass that causes 
failure of bond 
(Karsten, 2005). 

Eight weights 
constructed: 
15g, 25g, 50g, 
75g, 100g (X3), 
150g. 

• Tensile Peel Test

Instron Universal TTDL Vertical 
Tensile Tester (1000 lbs, cross 
head speed of 1”/min). 

based on ease of 
separation (Down, 
2009). 

The average reversibility rating (%) results were 
tabulated and colour coded as follows: 

Poor 
<25% 

Caution 
26-49%

Fair 
50-75%

Good 
>76%

Chemical analysis of adhesive films 
• Nicolet Avatar 320 FTIR spectrometer with "Golden

Gate" attenuated total reflectance (ATR) accessory
• Samples separated by micro extraction analyzed with

Set. 2 Thermal artificial aging in Despatch LEA series Chamber 1-69, 80℃
and 65% RH for 20 days (Feller, 1990). 

pH Testing of adhesive films and bonded samples 
Aqueous spot tests with TRITEST pH-indicator strips. 

Thermo Fisher Scientific Avatar 370 FTIR
spectrometer with Continuum Microscope accessory

Results  Conclusions 

Dynamic® 208 is a cellulose based adhesive containing 
traces of the preservative sodium nitrate 

Dynamic® 208 maintained mechanical reversibility to a fair degree and the 
practice of interleaving proved to be beneficial 

Un-aged (Set. 1)  Aged (Set. 2) 

400.000 

350.000 

300.000 

Qualitative reversibility and mechanical strength testing 
found Dynamic® 208 remained strong and reversible 
before and after artificial aging. The FTIR spectra and pH 
of the adhesive remained unchanged after aging, 
indicating that the adhesive is stable. However, 
discolouration of Dynamic® 208  was visual evidence 
that some change occurred. 

• Dynamic® 208 FTIR spectra resembles wheat starch
• Broad absorption at 1340 cm-1 and sharp peaks at 835

and 1790 cm-1 show the presence of sodium nitrate

Dynamic® 208 became discoloured after artificial aging 

BA AA 

250.000 

 
 

200.000 

 
 

150.000 

 

100.000 

50.000 

0.000 

Qualitative 
Reversibility 
Rating 

1  2  3  4  5  6  7  8 

 
 

Interleafed Mural  Mural Alone 

Commercially applied acrylic ground 

Linen 

Adhesive discolouration has the potential to alter the 
appearance of a marouflaged mural’s paint layer but the 
discolouration remained localized in most samples. There 
is evidence that interleaving will protect the canvas 
mural from the adhesive’s potential to discolour and its 
slight acidity. Results also indicate that the practice of 
interleaving is beneficial in providing higher bond 
strength and maintenance of safer mechanical 
reversibility after aging. 

Tensile peel strength and clip peel testing gave useful 
and comparable mechanical strength results. The 
procedure of qualitative reversibility testing also gave 
useful results but further investigation of appropriate 
sample preparation and development of testing 

BA  AA 
5% Methyl cellulose 
solution in Dynamic 

208 

BA  AA 
10% Methyl 

cellulose solution in 
Dynamic 208 Cross 

sectional 

Beva Film 

Reemay 

methods and standards is needed. 

BA  AA BA  AA 

structure of 
8 bonded 
adhesive 
sample 

Dynamic 208 
Clear 

Wallcovering 
Adhesive 

5% Methyl 
cellulose 

solution in 
Dynamic 208 

10% Methyl 
cellulose 

solution in 
Dynamic 208 

3% Methyl 
cellulose 

Dynamic 208 
Clear 

Wallcovering 
Adhesive 

5% Methyl 
cellulose 

solution in 
Dynamic 208 

10% Methyl 
cellulose 

solution in 
Dynamic 208 

3% Methyl 
cellulose 

Further study comparing multiple commercial products, 
homemade recipes and various solution concentrations 

Dynamic 208 Clear 
Wallcovering 

Adhesive 

Richard® R-070019 
Clear Wallcovering 

Adhesive 
groups 1  2  3  4  5  6  7  8 is recommended. Investigation of the aging properties 

of sodium nitrate is warranted. Such research could 
(BA - before aging and AA - after aging) 

The discolouration was visually disturbing but no notable 
changes were seen in the FTIR spectra and the pH of all 
samples stayed between pH 5-7. This implied that the 
adhesive remained stable after aging. The samples with 
Reemay/Beva Film interleaving experienced less 
discolouration to the linen representing the mural. 

Sealed ¼” Drywall 

All reversibility testers reported that interleaving facilitated safer bond 
separation and interleaved samples maintained stronger bonds after aging. 
Diluting Dynamic® 208 with a solution of methyl cellulose by 5% maintained 
adequate bond strength but 10% appeared to weaken the bond too much. 

assist in finding appropriate conservation grade 
adhesives for use with marouflaged murals. 

This research project was primarily carried out as part of 

the requirements for the Master of Art Conservation at 

Queen’s University 

www.queensu.ca/art/artconservation 
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Abstract and 
Biography 
There is a need to find adhesive systems to 
readhere conserved canvas murals to their 
original substrates that are both similar to 
traditional marouflage techniques and will 
remain stable and reversible. Commercial 
wallpaper adhesives have the characteristics of 
an effective marouflage adhesive: viscous pastes 
that apply evenly, are slow setting, and have a 
high level of tack. They are accessible, 
economical, and non-toxic, making them very 
appealing. Conversely, because they are 
commercial products, their exact ingredients are 
unknown and their use in conservation raises 
questions about chemical stability and 
mechanical reversibility. The intention of this 
research is to provide a preliminary investigation 
into one commercial product, Dynamic® 208 Clear 
Wallcovering Adhesive. 

Qualitative reversibility and peel strength testing 
found Dynamic® 208 remained mechanically 
reversible before and after aging. Fourier 
transform infrared analysis of the adhesive 
provided basic conclusions about the main 
ingredients and no notable difference was seen in 
the spectra after aging, indicating that the 
composition remained unchanged. However, 
discolouration of the adhesive was visual 
evidence that some change occurred. Further 
analysis of adhesive samples to identify minor 
ingredients, and to assess changes in pH and 
interactions between canvas, adhesive, and 
substrate, will assist in understanding the cause 
of the discolouration. 

Meaghan Monaghan graduated from Queen's 
University (Kingston, Ontario) with a Master of 
Art Conservation in Painting Conservation in 
2010. During internships at the Owens Art Gallery 
(Sackville, New Brunswick), the Australian 
Museum (Sydney, New South Wales, Australia), 

Résumé et 
biographie 
La réalisation de travaux visant à recoller des 
murales sur toile sur leur substrat d'origine exige 
l'utilisation de composés adhésifs qui sont 
réversibles et stables et dont l'application est 
semblable à la technique classique du 
marouflage. Les adhésifs de papier peint 
commerciaux présentent les caractéristiques d'un 
adhésif de marouflage efficace : ils constituent 
des colles visqueuses qui s'étendent 
uniformément et durcissent lentement et sont 
très poisseux. Ils possèdent aussi de nombreux 
autres avantages intéressants, car ils sont 
non toxiques, peu coûteux et facilement 
disponibles sur le marché. En revanche, leur 
nature même de produits commerciaux implique 
que les ingrédients qui les composent ne sont pas 
exactement connus; de plus, leur utilisation en 
restauration soulève des questions de stabilité 
chimique et de réversibilité mécanique. Les 
travaux de recherche faisant l'objet de la 
présente affiche ont pour objectif de réaliser une 
étude préliminaire d'un produit commercial 
particulier, soit l'adhésif de papier peint mural 
Dynamic® 208. 

Les résultats d'essais qualitatifs de réversibilité et 
de résistance au pelage indiquent que l'adhésif 
Dynamic® 208 présente la même réversibilité 
mécanique, avant et après le traitement de 
vieillissement. Son analyse par spectroscopie 
infrarouge à transformée de Fourier permet de 
tirer des conclusions de base sur ses principaux 
ingrédients; les spectres de l'adhésif vieilli ne 
présentent aucune différence remarquable par 
rapport à ceux du produit non traité, ce qui 
indique que sa composition n'a pas été modifiée. 
L'altération de la couleur de l'adhésif constitue 
toutefois un indice visuel d'un quelconque 
changement. Des analyses additionnelles des 
échantillons d'adhésif permettront d'éclaircir les 
causes de cette altération de couleur, 
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A.E. Henry private studio (Montreal, Quebec), 
and the Canadian Conservation Institute (Ottawa, 
Ontario), she has had the opportunity to work on 
a variety of painted supports. Her research 
interests are focused on the conservation of 
large-scale, site-specific paintings. Meaghan is 
currently a Painting Conservation Fellow at the 
Yale University Art Gallery, working with a team 
to conserve a series of 19th-century American 
decorative murals. 

Contact Information: 
Yale University Art Gallery 
New Haven CT USA 
E-mail: meaghan.monaghan@yale.edu

notamment en identifiant les ingrédients 
secondaires du produit, en évaluant les variations 
de pH et en déterminant la nature des 
interactions entre la toile, l'adhésif et le substrat. 

Meaghan Monaghan obtient une maîtrise en 
restauration d'œuvres d'art spécialisée en 
restauration de tableaux à l'Université Queen's à 
Kingston (Ontario) en 2010. Au cours de ses 
stages à la Galerie d'art Owens à Sackville 
(Nouveau Brunswick), à l'Australian Museum à 
Sydney (New South Wales, Australie), au studio 
privé A. E. Henry à Montréal (Québec) et à 
l'Institut canadien de conservation à Ottawa 
(Ontario), elle a l'occasion de travailler sur divers 
supports de peinture. La restauration de tableaux 
grand format venant d'un endroit précis est son 
principal intérêt de recherche. Meaghan est 
actuellement boursière en restauration de 
tableaux à la galerie d'art de l'Université Yale. Elle 
fait partie d'une équipe chargée de restaurer une 
série de murales décoratives américaines du 
XIXe siècle. 

Coordonnées : 
Yale University Art Gallery 
New Haven, Connecticut, États-Unis 
Courriel : meaghan.monaghan@yale.edu 
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ns. 

Adhesi ve Concentrations % 

Acril 33 0,5 1,5 2,5 5 

Gel vatol 0,5 1,5 2,5 3 

Funori 0,2 2 4 6 

AC RIL 33 

TEST NAM E ? E*(SCE/100) ? E*(SCI/100) ?G 

1 1Acr il 0,5%  atom izer 2,39 2,36 0,03 

2 2Acr il 1,5%  atom izer 1,24 1,23 0,00 

3 3Acr il 2,5%  atom izer 1,02 1,00 0,02 

4 4Acr il 5%  atomi zer 1,94 1,94 0,00 

5 5Acr il 0,5%  atom izer + LPM T 2,51 2,50 0,01 

6 6Acr il 1,5%  atom izer + LPM T 3,01 3,02 0,01 

7 7Acr il 2,5% atom izer + LPMT 3,65 3,64 0,01 

8 8Acr il 5% atomi zer + LPMT 0,67 0,67 0,00 

9 9Acr il 0,5% paintbrush + LPMT 1,89 1,89 0,00 

10 10Acril 1,5% paintbr ush + LPM T 2,12 2,12 0,00 

11 11Acril 2,5% paintbr ush + LPM T 2,38 2,38 0,00 

12 12Acril 5% paintbrush + LPMT 4,44 4,45 0,02 

F UNORI 

TEST NAM E ? E*(SCE/100) ? E*(SCI/100) ?G 

13 1F unor i 0,2% atom izer 1,90 1,88 0,03 

14 2F unor i 2% atomizer 1,52 1,53 0,00 

15 3F unor i 4% atomizer 1,28 1,29 0,00 

16 4F unor i 6% atomizer 0,51 0,51 0,00 

17 5F unor i 0,2% atom izer + LPM T 1,20 1,20 0,01 

18 6F unor i 2% atomizer + LPMT 1,21 1,20 0,01 

19 7F unor i 4% atomizer + LPMT 1,65 1,65 0,00 

20 8F unor i 6% atomizer + LPMT 1,74 1,73 0,01 

21 9F unor i 0,2% paintbr ush + LPMT 0,81 0,81 0,00 

22 10Funori 2% paintbrush + LPMT 0,54 0,56 0,01 

23 11Funori 4% paintbrush + LPMT 0,55 0,54 0,01 

24 12Funori 6% paintbrush + LPMT 0,70 0,70 0,00 

GELVATOL 

TEST NAM E ?E*(SCE/100) ?E*(SCI/100) ?G 

25 1Gel vatol 0,5% atom izer 3,42 3,44 0,02 

26 2Gel vatol 1,5% atom izer 5,07 5,09 0,02 

27 3Gel vatol 2,5% atom izer 5,69 5,72 0,03 

28 4Gel vatol 3% atomizer 2,30 2,30 0,01 

29 5Gel vatol 0,5% atom izer + LPMT 2,15 2,16 0,01 

30 6Gel vatol 1,5% atom izer + LPMT 4,86 4,88 0,02 

31 7Gel vatol 2,5% atom izer + LPMT 5,98 6,01 0,03 

32 8Gel vatol 3% atomizer + LPMT 2,69 2,70 0,00 

33 9Gel vatol 0,5% pai ntbr ush + LPMT 0,97 0,98 0,01 

34 
10Gelvatol 1,5% paintbrush + 
LPMT 2,53 2,54 

0,01 

35 

11Gelvatol 2,5% paintbrush + 

LPMT 3,07 3,08 

0,01 

36 12Gelvatol 3% pai ntbrus h + LPMT 2,35 2,37 0,02 

Percentage Atom izer Atomi zer  &  Low 

pr essure m icr o-table 

Paintbrush, 

Japanese  paper  & 

Low  pressure  m icro- 

tabl e 

Acr il 33® 0,5% 25 30 4 

Acr il 33® 1,5% 15 15 3 

Acr il 33® 2,5% 14 12 3 

Acr il 33® 5% 12 12 2 

Funor i 0,2% 30 (not consolidated) 30 (not consol idated) 9 

Funor i 2% 25 25 6 

Funor i 4% 20 20 5-6 

Funor i 6% 14 14 3 

Gelvatol® 0,5% 30 30 5 

Gelvatol® 1,5% 15 10 3 

Gelvatol® 2,5% 15 10 2 

Gelvatol® 3% 22 13 1 

FUNORI 

THE COMBINED USE OF THE ULTRASONIC 

ATOMIZER WITH LOW-PRESSURE MICRO 

TABLE IN THE CONSOLIDATION OF 

CONTEMPORARY PAINTINGS 

Author(s):  Rosario Llamas  Pacheco  & Abraham Reina de la Torre / Instituto de Restauración del Patrimonio 

Universidad Politécnica de Valencia / España 

INTRODUCTION RESULTS AND DISCUSSION 

Consolidation of contemporary paintings is a practice as complicated as delicate mainly due to 
the possibility of modifying works finishing.  Conservators sometimes find limits facing these 
troubles because of the difficulty of applying adhesives with a paintbrush. The authors, in their 
attempt to give a practical and useful solution to this problem, they have experimented in this 
work with different adhesives which are adequate for consolidation of contemporary paintings. 
They also have evaluated different application methods, and all of these tests were developed 
on poor-bounded paintings. The study on combined methods of application was undertaken in 
order to compare the use of ultrasonic atomizer with low-pressure micro table and ultrasonic 
atomizer without low-pressure micro table. In this occasion, the study just wanted to analyze the 
deviation of colorimetric and gloss parameters for detecting if surfaces suffer aesthetic 
variations which may interfere with works concept 

EXPERIMENTAL 

Adhesives Application and consolidation

Syntheticsadhesives need a lower number of layers to consolidate completely the painting, and on the contrary, 

how the seaweed is not able to consolidate an unconsolidated painting if it is made in a low concentration (0,2%). 

It seems that synthetic adhesives need fewer layers to consolidate by using a low pressure micro-table, 

although this way reduces the consolidated area because the suction attracts the vapor (more or less, 3 cm 

diameter). Although Acril 33 does not show a bad behavior, the consolidative product that has shown better 

optical results has been Funori, since it does not change the painting appearance. So, it is possible to fix an 

unconsolidated pictorial layer by applying 14-20 layers of Funori at 6-4% respectively with and atomizer. All of 

the adhesives keep mattness. The final specimen appearance is shown in the figures 5 to 8. 

Table 1. Concentrations of consolidant solutions (by weight)

Figure 1. Application of adhesives with an ultrasonic atomizer 
and low-pressure micro table. 

For this study, commercial canvases were chosen 
as a base, just as usually contemporary artist do for 
creating their paintings. Blue paint also was 
prepared in order to be applied over these canvases 
(liquitex). 

Adhesives preparation 
The three adhesives chosen for this study were 
aqueous. So, they were solved in deionized water in 
different concentrations (by weight) (table 1). Acrylic 
and Vinyl adhesives were prepared in lower 
concentrations because they can easily produce 
glossy surfaces and generate viscous solutions 
hard to atomize. Funori however, can slightly raise 
the concentration and still be atomized, keeping 
mattness. 

Adhesives Application and consolidation tests. 
In order to find a good method to apply adhesives to 
fix the unbound pigments, three ways to proceed 
were  performed:  atomizer  (model  Becker 
Preservotec AGS 2000), atomizer with low pressure 
micro-table and finally, paintbrush and Japanese 
paper with low pressure micro-table. 

In the cases where the low pressure micro-table 
were used (model CTS NSD 11), its micro- 
perforated plate was placed under the canvas and 
the suction was set at 4999,57 Pa (37,5 mmHg ). 

In the case of applications with paintbrush, 
Japanese paper and low pressure micro-table, 
adhesives were used after switching on the suction. 

In order to know how these consolidants can 
change the paintings appearance, mainly by 
increasing shade and gloss, a chromatic 
measurement of the surface was performed before 
and after with a Spectrophotometer Minolta 2500d 
(measurement area of 3 mm, illuminant D65, 10º 
measurement geometry). Three colour and gloss 
measurements were carried out for each sample 
(Tables 2, 3 and 4). 

Figures 4 to 6. Specimen appearance after experimental: acril 33, funori and gelvatol specime 

Colorimetric tests

After checking the results obtained in the 

analysis undertaken on the specimens it is 

possible to observe how all the adhesives tested 

in the study produce chromatic changes on the 

paint films. 

While Funori produce a minimum influence in 

the original chromatic features, Gelvatol® in the 

same conditions cause a change almost five 

times higher (E* increase up to 5,98). In the 

same way it is possible to observe in the 

numbers how adhesives used in high 

concentrations (Acril 33® at 5%, Funori at 6% 

and Gelvatol® at 3%) are vaporized with a lower 

flow and thus changes in color is lower, breaking 

the logical rising tendency. 

If we observe the influence of the application 

methods in relation with chromatic changes, it 

seems like using or not using a low pressure 

micro-table does not generate considerable 

changes except with Acril 33®, where it is 

possible to perceive them. In relation with the 

operations with a paintbrush and in spite of the 

important marks they leave, both Funori and 

Gelvatol® give lower chromatic changes if we 

compare with processes where atomizer with or 

without low pressure micro-table was used. This 

tendency does not occur with Acril 33®. 
Tables 2, 3 and 4. Total colour difference (E increase in SCE/SCI) and 
gloss difference after consolidation.

Table  2.  Number of  layers applied over the  painting for  every 
adhesive and proportion

Finally, a microscopic surface analysis was 
accomplished. This analysis was aimed to verify 
how the adhesives particles behave and are 
deposited on the original paintings and therefore, 
understand better how consolidants may change 
the paintings appearance. To observe surfaces, a 
StereoZoom Microscope Leica S8APO was used at 
80x. 

Figures 7 and 8. Surface appearance under microscope after using Acril 33 and 
Gelvatol. Note that pearl adhesives in surface after consolidate are bigger and 
more numerous than in unconsolidated ones. Adhesives also show punctual 
accumulation of particles. 

Figures 9 and 10. Image of the surface under microscope before and after 
consolidate using Funori. Morphological structure is almost the same before and 
after applying the adhesive. Adhesive accumulation is not observed in the whole 
surface. 

Figures 2 and 3. 

Specimen made for 

the experimental 

(macroscopical and 

microscopical 

appearance) 

Conclusions 
Conclusions finally show that it is possible to consolidate heavily poor-bounded paintings by using 
an aqueous adhesive in a low concentration and an ultrasonic atomizer. The combination with a 
low-pressure micro table will depend on the necessity of a punctual or general action of the 
adhesive. Compared with other adhesives, funori produces a minimum influence in the original 
chromatic features (in the same conditions Gelvatol® for instance causes a change almost five 
times higher, with E* increase up to 5,98), and this is important because changes in the works 
appearance affect the comprehension of the artistic intention. Matter condition is closely tied to its 
significance. 

Our grateful  thanks to the Spanish Ministry of Science and Innovation for funding  this research 
via the Research authorities of the Spanish R&D+i programme. 
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Abstract and 
Biographies 
Consolidation of contemporary paintings is a 
delicate task that is complicated by the need to 
avoid modifying the surface finish. Applying 
adhesives with a paintbrush increases the 
likelihood of altering the surface finish, and 
further limits conservators when consolidation is 
necessary. In an attempt to find a practical and 
useful solution to this problem, the authors have 
experimented with funori (an adhesive that is 
suitable for consolidation of contemporary 
paintings) and evaluated different application 
methods for poorly bound paintings. The study 
was undertaken to compare the use of an 
ultrasonic mister with and without a low-
pressure micro-table. The study analysed the 
change in colourimetric and gloss parameters on 
the surface to detect aesthetic variations that 
may interfere with the concept of the work. It 
was shown that it is possible to consolidate 
poorly bound paintings using an aqueous 
adhesive in a low concentration with an 
ultrasonic mister. Its combination with a low-
pressure table is necessary when the adhesive 
must be applied locally. Compared with other 
adhesives, funori produced a minimal colour 
change (e.g. under the same conditions, 
Gelvatol® caused a change almost five times 
higher, with E* of 5.98), which is important 
because changes in the appearance of a work 
affect the comprehension of the artistic 
intention. 

Rosario Llamas Pacheco (PhD) is a professor at 
the Universidad Politécnica de Valencia (Spain), a 
member of the Instituto Universitario de 
Restauración del Patrimonio (Universidad 
Politécnica de Valencia, Spain), and the Academic 
Director of the Master in Conservation of Cultural 
Heritage program at that university. She has 
overseen various investigations in the field of 
contemporary art conservation, and has 

Résumé et 
biographies 
La consolidation de peintures contemporaines 
constitue une tâche délicate qui est rendue 
encore plus complexe par le fait qu'il faut éviter 
toute modification du fini de surface. 
L'application au pinceau des adhésifs accroît la 
probabilité d'altérer le fini de surface, ce qui 
restreint encore plus les mesures que peuvent 
adopter les restaurateurs lorsqu'ils doivent 
exécuter la consolidation d'une œuvre. Les 
auteurs ont tenté de trouver une solution 
pratique au problème en réalisant des 
expériences avec le funori (un adhésif adéquat 
pour consolider des peintures contemporaines) 
et en évaluant diverses méthodes d'application 
dans le cas de peintures dont les constituants 
présentent une piètre force d'adhérence. L'étude 
faisant l'objet de la présente affiche a été 
entreprise afin de comparer les résultats de 
l'utilisation d'un appareil de nébulisation à 
ultrasons avec et sans l'emploi simultané d'une 
microtable à aspiration à basse pression. Elle 
comportait l'analyse des variations de 
paramètres colorimétriques et du brillant de la 
surface pour détecter des altérations de nature 
esthétique pouvant modifier l'intégrité 
conceptuelle de l'œuvre. Les résultats 
démontrent qu'il est possible de consolider des 
peintures dont les constituants ont une piètre 
force d'adhérence en utilisant un adhésif aqueux 
de faible concentration et un appareil de 
nébulisation à ultrasons. L'application localisée 
de l'adhésif nécessite toutefois l'emploi 
simultané de l'appareil et d'une table à aspiration 
à basse pression. Comparativement aux autres 
adhésifs, le funori n'entraîne qu'une minime 
altération de la couleur (le Gelvatol®, par 
exemple, a provoqué, dans les mêmes conditions, 
une altération de la couleur près de cinq fois plus 
importante, avec une valeur de E* de 5,98), ce 
qui constitue un élément crucial, car toute 
modification de l'aspect d'une œuvre d'art influe 
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supervised several PhD and numerous Master's 
students. Her publications on conservation of 
contemporary art include various books, chapters 
in books, and numerous articles in journals. She is 
part of the management team of the Department 
of Conservation at the Universidad Politécnica de 
Valencia. 

Contact Information: 
Departamento de Conservación y 
Restauración de Bienes Culturales 
Universidad Politécnica de Valencia 
Camino de Vera 14 
Valencia 42022, Spain 
Tel.: + 00 34 963877311 
E-mail: rllamas@crbc.upv.es

Abraham Reina de la Torre has a degree in Fine 
Arts and a Master in Conservation from the 
Universidad Politécnica de Valencia (Spain). He is 
a freelance paintings conservator and also 
collaborates with the Instituto Universitario de 
Restauración del Patrimonio (Universidad 
Politécnica de Valencia) and other institutions. He 
has worked on various conservation research 
projects and has contributed to multiple 
congresses. He has also published chapters in 
books and is currently working on journal articles. 

Contact Information: 
Universidad Politécnica de Valencia 
Calle La Costera nº39 
46668 Llocnou d'en Fenollet 
Valencia, Spain 
Tel.: + 00 34 699293365 
E-mail: abreide@gmail.com

sur la justesse d'interprétation du propos de 
l'artiste. 

Rosario Llamas Pacheco, Ph.D., est enseignante à 
l'Universidad Politécnica de Valencia (Espagne), 
membre de l'Instituto Universitario de 
Restauración del Patrimonio (de la même 
université) et directrice académique du 
programme de maîtrise en restauration du 
patrimoine culturel de cette université. Au cours 
de sa carrière, elle supervise diverses recherches 
dans le domaine de la restauration des arts 
contemporains et encadre plusieurs étudiants au 
doctorat et de nombreux autres à la maîtrise. De 
plus, elle publie divers livres et chapitres de 
livres, ainsi que de nombreux articles dans des 
revues scientifiques sur la restauration d'œuvres 
d'art contemporain. Elle fait partie de l'équipe de 
direction du département de restauration de 
l'Universidad Politécnica de Valencia. 

Coordonnées : 
Departamento de Conservación y 
Restauración de Bienes Culturales 
Universidad Politécnica de Valencia 
Camino de Vera 14 
Valencia 42022, Espagne 
Tél. : + 00 34 963877311 
Courriel : rllamas@crbc.upv.es 

Abraham Reina de la Torre est titulaire d'un 
diplôme en beaux arts et d'une maîtrise en 
restauration de l'Universidad Politécnica de 
Valencia (Espagne). Il est restaurateur de 
tableaux à la pige et il collabore avec l'Instituto 
Universitario de Restauración del Patrimonio 
(Universidad Politécnica de Valencia) et avec 
d'autres institutions. Il participe à plusieurs 
projets de recherche sur la restauration et à de 
multiples congrès. En outre, il publie des 
chapitres de livres et prépare actuellement des 
textes à publier dans des revues scientifiques. 

Coordonnées : 
Universidad Politécnica de Valencia 
Calle La Costera nº39 
46668 Llocnou d'en Fenollet 
Valencia, Espagne 
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Testing the Tensile Strength of Paraloid B-72 to Determine its

Potential Applications as a Palaeontological Adhesive
Rhian Russell and Brandon Strilisky

Royal Tyrrell Museum of Palaeontology, Drumheller, Alberta
rhian.russell@gov.ab.ca and brandon.strilisky@gov.ab.ca

Research Question
Although Paraloid (Acryloid) B-72 is known to be an effective consolidant, its potential as a 

structural  adhesive  is  disputed  in  the  field  of  palaeontological  conservation. 

Palaeontological conservation technicians (preparators) generally dismiss Paraloid B-72 as 

a potential structural adhesive because technicians: 

•  think it is too weak

•  dislike the long cure time

•  prefer the workability of other adhesives 

Positive results for the strength of Paraloid B-72 from previous studies:

•  Koob (1986) found Paraloid B-72 to have higher tensile strength than PVA or cellulose

nitrate. 

•  Podany et al. (2001) found Paraloid B-72 to be approximately one third as strong as

epoxy in shear but similar in tension. 

•  Down et al. (1996) found Paraloid B-72 to be a medium strength (between 2 – 15MPa) 

acrylic adhesive, and one of the better choices of acrylic adhesive overall. 

Materials and Methods
The tensile strength of a 1:1 solution of Paraloid B-72 was tested in comparison with

Paleobond  PB100  (cyanoacrylate)  and  Devcon  2-Ton  epoxy  using  a  Materials  Testing 

Systems  universal  testing  machine  at  the  University  of  Alberta.  Thirty  limestone  test

samples  were prepared  for each adhesive.  Limestone  was chosen  as a proxy for fossil 

bone for the purpose of standardization.  The samples were pulled at a load rate of 0.085 

MPa per second. An ANOVA with a Tukey post-hoc test was run using SYSTAT v.12 to

determine  whether  there  was  a  statistically   significant  difference  between  the  three 

adhesives; alpha = 0.05. 

Figure 1: Preparation of  limestone test samples 

Results
Table 1: Mean tensile strengths of three paleontological adhesives (ANOVA, n = 55, 

F-ratio = 32.024, R² = 0.552, p < 0.000)

Figure 3: Box plot showing the distributions of the tensile strengths of three 

palaeontological adhesives (whiskers indicate minimum and maximum values) 

Tukey post-hoc comparisons indicate all three box plots are statistically different 

from each other; all p < 0.01. 

Conclusions
2-Ton  epoxy  is  an  undesirable  adhesive  choice  in  this  scenario  because  its  bond  is 

stronger  than the limestone.  Paleobond  PB100 proved to be significantly  stronger  than 

B-72 in the statistical analysis (Tukey post-hoc provided a p-value of 0.010 at a 95%

confidence interval), however, while Paraloid B-72 had the lowest tensile strength of the

three  adhesives  it  would  be  the  most  suitable  adhesive  for  any  situation  where  the

expected tensile force exerted on a join is less than 2.215MPa.  It should be noted that 

tensile  strength  is  only  one  factor  to  be  considered  when  choosing  an  appropriate 

adhesive - vital criteria such as reversibility, long term stability, and surface damage must 

also be taken into consideration (see Table 2 below). 

Table 2: Conservation criteria for selecting an appropriate adhesive

Reversibility  Long term stability  Surface Damage 

Paraloid 

B-72

Paleobond 

PB100 

Devcon 

2-Ton Epoxy

Limestone 
Paraloid 

B-72

Medium 

(Elder et al. 1997) 

Good flexibility 

Resistant to yellowing 
Low 

(results from this study) 

Mean tensile strength 

+ SE (MPa)

2.215 + 0.202     3.402 + 0.274    5.425 + 0.254    5.098 + 0.404 

Paleobond Poor 

Does not release volatiles 
(Down et al. 1996) 

Degrades under alkaline High 
Figure 2: Limestone blocks after testing

Paraloid B-72 showed the least surface damage, while Paleobond PB100 and Devcon 2- 

Ton epoxy showed considerable damage. 

Paraloid B-72 

PB100 

Devcon 

2-Ton epoxy

(Elder et al. 1997) 

Non-reversible 
(Elder et al. 1997) 

conditions 
(Down and Kaminska, 2006). 

Yellows considerably in light 

conditions 
(Down, 1984) 

(results from this study) 

High 
(results from this study) 

Devcon 2-Ton Epoxy 

Paleobond PB100 

Future Directions

•  Test the tensile strength of fossil bone (from various formations with varying types of 

permineralization) 

→ To see if fossil bone has a lower tensile strength than the limestone in this study

•  Perform shear and three point bending tests of Paraloid compared with Paleobond

PB100 and Devcon 2-Ton epoxy 

→ These tests are also important for determining the strength of these adhesives

•  Study the amount of surface damage and infer information loss

→ To discover how much surface damage is being caused by various adhesives

•  Test different concentrations of Paraloid

→ To find out if higher concentrations of Paraloid can improve its adhesive strength

without taking away from its positive features 
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Abstract and 
Biographies 
Although Paraloid (Acryloid) B-72 is known to be 
an effective consolidant, its potential as a 
structural adhesive is disputed in the field of 
palaeontological conservation. The tensile 
strength of a 1:1 solution of Paraloid B-72 was 
tested in comparison with Paleobond PB100 
(cyanoacrylate) and Devcon 2-Ton epoxy using a 
universal testing machine at the University of 
Alberta. Thirty limestone test samples were 
prepared for each adhesive. Limestone was 
chosen as a proxy for fossil bone for the purpose 
of standardization. The samples were pulled at a 
load rate of 0.085 MPa per second. 

The average tensile strengths in MPa were 2.215, 
3.402, and 5.425, respectively, and 5.098 MPa for 
the limestone. These results indicate that the 
epoxy is an undesirable adhesive choice in this 
scenario because its bond is stronger than the 
limestone. Furthermore, while the Paleobond 
PB100 had favourable results, it should only be 
considered a potential option for tensile strength 
when vital criteria such as reversibility and long-
term stability are taken into consideration. Thus, 
although Paraloid B-72 had the lowest tensile 
strength of the three adhesives, these results 
illustrate that there are applications where it 
would be an acceptable choice as an adhesive in 
palaeontological conservation. 

Rhian Russell earned a BSc Honours in 
Palaeontology from the University of Alberta, 
Edmonton in 2008, and since that time has been 
employed as a conservation technician at the 
Royal Tyrrell Museum of Palaeontology in 
Drumheller, Alberta. To improve her knowledge 
of museum studies and conservation practices, 
she is currently enrolled in the University of 
Victoria's postgraduate Diploma in Cultural 
Resource Management program. Rhian aims to 
conduct and share research on the interactions 

Résumé et 
biographies 
Bien qu'il soit clairement établi que le Paraloid 
(Acryloid) B 72 constitue un agent de 
consolidation efficace, son utilisation comme 
adhésif structural est contestée dans le domaine 
de la conservation et de la restauration d'objets 
de collections paléontologiques. La résistance à la 
traction d'une pellicule coulée à partir d'une 
solution 1/1 de Paraloid B 72 a été déterminée au 
moyen d'un appareil d'essai universel, dans les 
installations de l'Université de l'Alberta, et elle a 
été comparée à celle du Paleobond PB100 (un 
adhésif à base de cyanoacrylate) et du 
Devcon 2 Ton (un adhésif époxyde). Trente 
échantillons d'essai de pierre calcaire ont été 
préparés pour chacun des adhésifs. La pierre 
calcaire a été choisie comme matériau modèle 
des os fossilisés, à des fins de normalisation. La 
traction subie par les échantillons était 
équivalente à une vitesse d'application de la 
charge de 0,085 MPa/s. 

Les valeurs moyennes de résistance à la traction 
des trois produits susmentionnés sont 
respectivement de 2,215, 3,402 et 5,425 MPa, et 
celle de la pierre calcaire est de 5,098 MPa. Ces 
résultats indiquent que l'adhésif époxyde n'est 
pas un bon choix, dans ces conditions, car sa 
force d'adhérence est supérieure à celle de la 
pierre calcaire. En outre, même si les résultats 
obtenus avec le Paleobond PB100 sont 
satisfaisants, son utilisation comme adhésif ayant 
une résistance à la traction adéquate ne devrait 
être envisagée que s'il faut aussi tenir compte de 
critères cruciaux comme la réversibilité et la 
stabilité à long terme du produit. Par conséquent, 
quoique le Paraloid B 72 possède la plus basse 
résistance à la traction des trois adhésifs, ces 
résultats illustrent bien qu'il existe des 
applications où son choix serait acceptable 
comme adhésif pouvant être utilisé en 
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between fossils and the materials that are used 
to preserve them, to facilitate palaeontology 
technicians in making the most informed choices 
possible when conserving fossil specimens. 

Contact Information: 
Royal Tyrrell Museum 
Box 7500 
Drumheller AB T0J 0Y0 Canada 
Tel.: 403-823-7707 ext. 3306 
E-mail: rhian.russell@gov.ab.ca

Brandon Strilisky has a BA Honours from Wilfrid 
Laurier University in Waterloo, Ontario, and an 
MA in Museum Studies from Newcastle 
University, United Kingdom. He has been with the 
Royal Tyrrell Museum in Drumheller, Alberta for 
almost 5 years, most recently as Head of the 
Collections Management Program. Brandon's 
focus is on improving the ability of museums to 
preserve their collections through strategic 
planning and innovative practices. He serves as a 
representative on the Alliance of Natural History 
Museums of Canada's National Collections 
Development Strategy and was a speaker at the 
2009 Alberta Museums Association conference 
with a talk entitled Geographical Information 
Systems: Reach Audiences and Generate 
Dialogue. 

Contact Information: 
Royal Tyrell Museum 
Box 7500 
Drumheller AB T0J 0Y0 
Tel.: 403-820-6211 
E-mail: brandon.strilisky@gov.ab.ca

conservation et restauration d'objets de 
collections paléontologiques. 

Rhian Russell obtient un baccalauréat ès sciences 
spécialisé en paléontologie à l'Université de 
l'Alberta (Edmonton) en 2008. Depuis, elle est 
technicienne en restauration au Royal Tyrrell 
Museum of Palaeontology à 
Drumheller (Alberta). Pour améliorer ses 
connaissances des études muséales et des 
pratiques de conservation restauration, elle suit 
actuellement le programme d'études 
universitaires supérieures en gestion des 
ressources culturelles de l'Université de Victoria. 
Rhian souhaite effectuer et diffuser des 
recherches sur les interactions entre les fossiles 
et les matériaux utilisés pour les préserver afin 
d'aider les techniciens en paléontologie à faire les 
meilleurs choix possible lorsqu'ils restaurent des 
fossiles. 

Coordonnées : 
Royal Tyrrell Museum 
Box 7500 
Drumheller (Alberta) T0J 0Y0 Canada 
Tél. : 403-823-7707, poste 3306 
Courriel : rhian.russell@gov.ab.ca 

Brandon Strilisky est titulaire d'un baccalauréat 
spécialisé de l'Université Wilfrid Laurier à 
Waterloo (Ontario) et d'une maîtrise en études 
muséales de l'Université Newcastle (Royaume-
Uni). Il travaille au Royal Tyrrell Museum à 
Drumheller (Alberta) depuis près de cinq ans, 
dernièrement comme responsable du 
programme de gestion des collections. Brandon 
vise à améliorer la capacité des musées à 
préserver leurs collections grâce à la planification 
stratégique et à des pratiques novatrices. Il est 
représentant de la Stratégie nationale de 
développement des collections de l'Alliance des 
musées d'histoire naturelle du Canada. Lors de la 
conférence de 2009 de l'Alberta Museums 
Association, il prononce une allocution 
intitulée Geographical Information Systems: 
Reach Audiences and Generate Dialogue. 
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Coordonnées : 
Royal Tyrell Museum 
C.P. 7500
Drumheller (Alberta) T0J 0Y0 Canada
Tél. : 403-820-6211
Courriel : brandon.strilisky@gov.ab.ca
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Product name Grade Form Origin Type Bloom pH 1 pH 2 

Gelliita (Restora�on 2) Photographiic 
Coarse 

par�clles 
Piig skiin A 280 5..6(6..67%,,60 °C) 5..6 

Gelliita (Restora�on 1) Photographiic 
Coarse 

par�clles 
Bones B 250 4..9--5..2((6..67%,, 60 °C)) 5..3 

Dr Oetker Sellect Fiine Leaf 

Gella�ne Plla�num grade 
Food Leaf Piig A 230 5..2 5..7 

Gelliita (1-2269) Food Powder Beef skiin B 225 5..7 (6..67%,, 60 °C) 6..0 

Siigma G9391 Cellll Cullture Powder 
Boviine 

skiin 
B 225 5..0--7..5((1..5%,, 25 °C)) 5..4 

TIIMSTAR gella�ne powder LR 

(GE 2812) 
Techniicall Powder 

Ca�lle 

hiide/ 

bone 

B 160 5 -6 6..1 

Dr Oetker Gella�ne Food Powder 
Hiide of 

beef 
n/a 150 n/a 5..9 

G Costa & Co Ltd,, Fine leaf 

gella�ne 
Food Leaf Piig skiin A 125 - 155 

4..70-5..70(6..67%,, 

60 °C) 
5..4 

Kremer G9391 Techniicall Leaf Piig skiin A 125 - 155 4..5 – 6..0 4..8 

Gelliita NOVOTEC GP Techniicall 
Coarse 

par�clles 

Liimed 

bone 
B -80 n/a 6.3 

Which Gela�ne to use? - The choices for conservators. 
Antoine�e Cur�s and Yuki 

Proper�es of gela�ne 

There are many varie�es of gela�ne available which are defined by grade/quality and 
(Table 1). 

Bloom  value  = strength of a gel 

50 – 300 Bloom are commercially available. 

Strength: The greater the Bloom value, the stronger the gel. 

In theory, a 1 % solu�on of 200 Bloom  gela�ne would therefore produce 
a mixture of equivalent strength to that of a 2% 100 Bloom gela�ne 
the higher the Bloom, the lower the gela�ne concentra�on  required to 
produce a mixture of given strength. 

Viscosity: The viscosity increases with increasing Bloom and decreasing 

temperature. 

Type = manufacturing method 

Type A is produced under acidic hydrolysis, whereas Type B is produced under alkaline 

pH: The general belief that a gela�ne solu�on of Type A is acidic and that of Type B is alkaline is incorrect  (Table 1). 

Figure above: Map of the estate of William Windham in Earsham with view of Hall, 

Viscosity: 

Strength: 

Type B is more viscous than Type A at a given Bloom value, concentra�on and temperature. 

Type A is stronger than Type B at a given Bloom value and concentra�on of gela�ne. 

139 x 106 cm, Norfolk Record Office, MEA 3/632. 

Viscosity Strength 

Temperature 

of solu�on 

Type 
% 

Bloom 
pH Summary of the key proper�es of gela�ne 

Dissolu�on 
temperature Chart 1 illustrates how individual aspects correlate with the key 

proper�es of gela�ne, summarising the complex nature of it. 

Manipula�ng one aspect of gela�ne can alter the behaviour of 

the en�re system. 

Table 1: Product informa�on of 10 gela�nes 
pH 1: Followed by the suppliers’ informa�on 

B -80 n/a 6.3 

Colour/Clarity 

Chart 1: gela�ne parameter 
pH 2: pH of all solu�ons were determined by a pH meter (The pHep® HANNA® instruments 
HI98107, measurement range pH 0.0 – 14.0, accuracy ± pH 0.1) at 4.0 %, 25 ± 1°C (pH 7.6). 

Applica�on for archive repair 

1. Aerated  gela�ne mousse

Gela�ne solu�ons are le� at room temperature in order to obtain a gel. The gela�ne gel is passed 
through a fine sieve to obtain a smooth mousse-like texture (Fig.1 and 2). The gela�ne mousse  is applied 
with a stencil sponge. 

Advantages: 

Control over the mobility of the adhesive. 

Minimises the amount of adhesive applied as the volume of the gel increases by sieving. 
Poten�al for quicker  drying  than solu�on as more  air is contained in the mousse than solu�on. 
Ease of applica�on as smooth texture, similar to that of wheat starch paste, is obtained by sieving. 

Possible disadvantage: 

May weaken the strength of the gela�ne as three-dimensional molecular networks within the gela�ne 
could be par�ally reduced  to two-dimensional structures by the sieving ac�on. 

Figure 1: Sieving gela�ne gel Figure 2: Treatment of an eighteenth-century parchment 
map made of four membranes. The joints formed by 

2. Example of applica�on

This form works par�cularly well as an adhesive for parchment repair (Fig.2) 

3. Summary of use

It is advisable to differen�ate between gela�ne types  for specific applica�ons: 

1 % Type A gela�ne, with rela�vely low Bloom (i.e. 100 Bloom)  as a warm  solu�on for consolida�on. 

3–5 % Type A gela�ne with rela�vely high Bloom (i.e. 200 Bloom) in mousse state for treatment where 
strength is required, such as tear repair and infilling. 

overlapping edges of membranes were par�ally detached. 
Using a pale�e knife, gela�ne mousse  (5% Type A with 
Bloom 230) was inserted into areas of detached joints. 

Conclusion 

It is necessary to look at all the proper�es of a gela�ne before considering its use: due to its complex nature, it is not appropriate to choose  a gela�ne based only  on one 
property. A comprehensive knowledge of gela�ne enables  a more informed and considered approach to treatment such as tear repair and infilling. 

Acknowledgements: Norfolk Record Office, The Clothworkers’ Founda�on and The Archives & Records Associa�on UK & Ireland 

769



Abstract and 
Biographies 
Gelatine is commonly used in conservation as an 
adhesive and consolidant for paper and 
parchment. Past research has shown that 
gelatine is relatively stable on aging. There are 
many varieties of gelatine, defined by 
grade/quality (e.g. food, scientific, 
photographic), specification, and type (e.g. type 
A and type B). 

Research has started to examine the differences 
between the varieties of gelatine. However, the 
reasons for the use of specific varieties of 
gelatine are not often clear. Therefore, the aim 
of our research was to consider the information 
available on the properties of gelatine so that it 
could be used in a more informed and 
considered way. We assessed ten different 
gelatines, focusing on Bloom, pH, colour, 
availability, and working properties. We applied 
our chosen gelatine as a cold aerated mousse, 
having found that this form works particularly 
well as an adhesive for parchment repair. 

Our research showed that it is necessary to look 
at all the properties of a gelatine before 
considering its use: it is not appropriate to 
choose a gelatine based only on one property 
because of its complex nature. 

Antoinette Curtis qualified as a conservator in 
the Society of Archivists' Conservation Training 
Scheme (United Kingdom) in 1976, and has had 
a varied career in conservation with the Norfolk 
Record Office's Designated Collection (Norfolk, 
United Kingdom). Her knowledge and 
experience were particularly challenged when 
working on items damaged in the fire at the 
Central Library, Norwich in 1994 — work that 
was particularly demanding in the field of 
parchment conservation. In 2006, she qualified 
as an Instructor for the Society of Archivists' 
Conservation Training Scheme (Parchment 

Résumé et 
biographies 
Dans le domaine de la conservation et de la 
restauration, la gélatine est couramment utilisée 
comme adhésif et agent de consolidation pour les 
œuvres sur papier et les parchemins. Les résultats 
de travaux de recherche antérieurs indiquent que 
malgré son vieillissement, la gélatine est 
relativement stable. Il existe de nombreuses sortes 
de gélatines, qui sont classées en fonction de leur 
qualité (ou du domaine d'utilisation, par exemple 
celles de qualité alimentaire, scientifique ou 
photographique), de leurs spécifications et de leur 
type (par exemple, de type A et de type B). Des 
projets de recherche, qui sont en cours, visent à 
étudier les différences qui caractérisent les 
diverses gélatines. Toutefois, les raisons qui 
justifient l'emploi de gélatines particulières ne 
sont pas encore clairement établies. C'est 
pourquoi nos travaux de recherche ont pour but 
d'examiner les renseignements disponibles sur les 
propriétés des gélatines afin que les restaurateurs 
puissent les utiliser judicieusement et de manière 
plus éclairée. Dix gélatines distinctes ont été 
évaluées en fonction de paramètres particuliers, 
soit le pouvoir gélifiant, le pH, la couleur, les 
propriétés rhéologiques et la disponibilité. La 
gélatine choisie dans le cadre de notre projet a été 
appliquée sous forme de mousse froide aérée, car 
nos données indiquaient que ce type de produit 
constitue un adhésif adéquat pour réparer les 
parchemins. Les résultats de nos travaux de 
recherche indiquent que la nature complexe de 
toute gélatine ne permet pas de la choisir à des 
fins particulières en se basant exclusivement sur 
une de ses propriétés et qu'il est donc essentiel 
d'évaluer toutes les propriétés d'une gélatine 
avant de décider de l'employer. 

Antoinette Curtis devient restauratrice après avoir 
suivi le plan de formation en restauration de la 
Society of Archivists (Royaume Uni) en 1976. Elle 
mène une carrière diversifiée dans le domaine de 
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Module), which has allowed her to share her 
knowledge and enthusiasm while retaining an 
eagerness to learn more. 

Contact Information: 
Conservation Section 
Norfolk Record Office 
The Archive Centre 
Martineau Lane 
Norwich 
Norfolk NR1 2DQ, United Kingdom 
Tel.: +44 (0) 1603 222 670 
E-mail: antoinette.curtis@norfolk.gov.uk

Yuki Uchida undertook an MA in Conservation 
at Tokyo University of the Arts (Japan). During 
and after her initial training, she worked as an 
assistant restorer of Japanese scroll paintings for 
a private workshop and later the National 
Research Institute for Cultural Properties, Tokyo. 
In 2008, she completed an MA in the 
Conservation of Works on Paper at the 
University of Northumbria, Newcastle (United 
Kingdom), during which she undertook 
internships in various London museums. Since 
2008, she has worked as an archive conservator 
for the Norfolk Record Office (United Kingdom). 
In 2010, she studied techniques in parchment 
conservation under the Society of Archivists' 
Conservation Training Scheme. 

Contact Information: 
Conservation Section 
Norfolk Record Office 
The Archive Centre 
Martineau Lane 
Norwich 
Norfolk NR1 2DQ, United Kingdom 
Tel.: +44 (0) 1603 222 670 
E-mail: yuki.uchida@norfolk.gov.uk

la restauration des collections prestigieuses du 
Norfolk Record Office (Norfolk, Royaume Uni). Son 
savoir et son expérience sont surtout mis à 
contribution lorsqu'elle restaure des biens 
endommagés par l'incendie de la Central Library, à 
Norwich, en 1994. Ce travail est particulièrement 
exigeant dans le domaine de la restauration des 
parchemins. En 2006, elle devient chargée de 
cours dans le cadre du plan de formation en 
restauration de la Society of Archivists (module 
parchemins), ce qui lui permet de transmettre ses 
connaissances et son enthousiasme tout en 
conservant sa soif d'en apprendre davantage. 

Coordonnées : 
Conservation Section 
Norfolk Record Office 
The Archive Centre 
Martineau Lane 
Norwich 
Norfolk NR1 2DQ, Royaume-Uni 
Tél. : +44 (0) 1603 222 670 
Courriel : antoinette.curtis@norfolk.gov.uk 

Yuki Uchida fait une maîtrise en 
conservation restauration à l'Université des arts de 
Tokyo (Japon). Pendant et après sa première 
formation, elle est restauratrice adjointe de 
peintures sur rouleau japonaises, d'abord au sein 
d'un atelier privé, puis de l'institut national de 
recherche sur les propriétés culturelles, à Tokyo. 
En 2008, elle termine une maîtrise en restauration 
des œuvres sur papier à l'Université de 
Northumbria, à Newcastle (Royaume Uni). 
Pendant ses études, elle effectue des stages dans 
divers musées de Londres. Depuis 2008, elle 
restaure des archives au Norfolk Record Office 
(Royaume Uni). En 2010, elle étudie les techniques 
de restauration de parchemins dans le cadre du 
plan de formation en restauration de la Society of 
Archivists. 

Coordonnées : 
Conservation Section 
Norfolk Record Office 
The Archive Centre 
Martineau Lane 
Norwich 
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Norfolk NR1 2DQ, Royaume-Uni 
Tél. : +44 (0) 1603 222 670 
Courriel : yuki.uchida@norfolk.gov.uk 
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塗佈之清洗移除率 

紙 
種類 

對照組 對照組 
cc 
對照組 

對照組 對照組 

對照組

對照組 

洗1次 

洗2次 

洗3次 

Adhesive on paper After washing 3 times 

M.C.

(M)

Funori 

(F)

Paste 

(S)

Silk Aging 0 DAY Aging 24 DAY 

Control 
group 

（C）

Paste 

（S）

Funori 

（F）

MC 

（M）

Paper Aging 0 DAY Aging 24 DAY 

Control 
group 

（C）

Paste 

（S）

Funori 

（F）

MC 

（M）

Paste Funori M.C

Aging 24 DAY 

M 

C 

Experimental Evaluation of Adhesives for Temporary Facing in Eastern Painting Conservation 
Ting-Fu Fan 

Introduction 
Eastern paintings can be damaged by many factors. To protect these paintings and extend their life, it is nec- 

essary to replace old patches and remount the paintings. During lining removal, facing is selectively applied to 

fix the pigment layer and to temporarily secure fragments of the original. 

In China and Japan, the adhesives wheat starch paste and funori are sometimes used as temporary facings. 

However, the facing system must be removed after treatment, and removing adhesives is one of the most 

challenging conservation processes. Therefore, the possibility of using adhesives that can remain on the sur- 

face of the painting should be considered. In this study, three kinds of adhesives were tested on silk and pa- 

per: wheat starch paste, funori, and methyl cellulose. 

San-Jian Art Conservation Co., Ltd., Taipei, Taiwan 

Effects of Color Changes by Adhesives

We prepared three adhesives in typical ways for tem- 

porary facing: wheat starch paste(S), funori(F), and 

methyl cellulose(M), and these solutions show differ- 

ent colors (Fig.1). 

M 
M 

500 

400 M 
M 

300 

200 

Folding Endurance Difference

After folding endurance test, we observed 

that adhesives could increase paper folding 

strength during the earlier stage, and then 

get weaker after aging. 

Adhesives were applied on paper and silk to see if 100 

F S F S S S S The best result was obtained with methyl 

their colors would have different appearance. Accord- 
C C 

F 
C 

F 
C F C 

0 

 

cellulose, funori had a serious impact on 

ing to △E* value (Fig.2&3), paste has noticeable 

color change, while funori is obvious, and methyl cel- 

lulose only has slight difference. Fig.1 Adhesive solutions: paste, funori, 

and methyl cellulose. 

0 Day 1 Day 3 Day 7 Day 14 Day 

F 18 13 8 6 3 

S 28 26 25 24 21 

M 491 522 506 375 345 

C 6 6 6 6 6 

 

paper strength which only remain 50%. 

Fig.8 Folding endurance of three tested adhesives. 
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△L* △a* △b* △E*

S -0.06 -1.04 2.08 2.35 

F -0.84 -0.93 2.83 3.12 

M -0.33 -0.25 0.37 0.91 

△L* △a* △b* △E*

S -0.58 -1.21 2.18 2.58 

F -0.96 -1.11 2.52 2.95 

M -0.86 -1.15 2.00 2.5 

0.00 
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Fig.2 Color difference on paper.  Fig.3 Color difference on silk. Fig.9 Paper strength retention before-and-after aging.  Fig.10 Multiple of folding endurance. 

Accelerated Aging Test

The preliminary findings show that funori was the least color stable of the three adhe- 

sives tested, the rising rate of brightness value (P.C. No.) also proved this point (Fig.4). 

On the other hand, methyl cellulose exhibited similar result to the control group and 

show the  best stability to accelerated aging under humidity and heat (Fig.5). 

. 

Washing Treatments

In order to protect the painting, adhesive 

removal usually carry out by carefully 

washing from the surface. However, by 

measuring the lost weights of adhesives to 

know the effect of washing, paste re- 
P.C. No. 
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mained almost 80%, although methyl cel- 

lulose can be removed more than the 

other two, still has 50% remained on the 

paper (Fig.11). 

SEM photographs show that we always 

only wash away surface adhesives but not 

those retain between the fibers (Fig.12). 

20 

10         S 
M 
C 

1  2  3  6  12  24 

S  3.89  6.65  8.92  14.37  17.10  36.73 

F  4.02  6.17  8.37  12.54  19.87  41.01 

M  2.56  3.53  4.25  7.50  6.35  25.09 

DAY More washing treatments will decrease the 
effects by adhesives (Fig.13). 

0 
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Fig.12 SEM photographs of before-and-after washing. 

Fig.4 Brightness (P.C. number) of paper after aging.  Fig.5 Color difference after accelerated aging. 80.0 
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Fig.13 Brightness of washed and non-washed samples 

after aging 24 days. 

Fig.11 Measuring the lost weights of adhesives on paper. 

Fig.6 Before-and-after accelerated aging test on paper.  Fig.7 Before-and-after accelerated aging test on silk. 

Conclusion

Based on the results of this examination, funori will 

change painting’s color, and impact on paper strength, 

so it should be removed as much as possible to re- 

duce its future influence on a painting. 

Also, for purposes of facing, it would be best to con- 

sider using methyl cellulose rather than funori or 

wheat starch paste. 

Fig.14 Adhesive colors after aging 24 days. 

三間  San-Jian Art Conservation Company Ltd., Taipei, Taiwan   ‧  11F., No.100, Ligong St., Taipei 11261, Taiwan  ‧  www.sj-artconservation.com   ‧  sjconservation.co@gmail.com 
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Abstract and 
Biography 
Eastern paintings can be damaged by many 
factors. To protect these paintings and extend 
their life, it is necessary to replace old patches 
and remount the paintings. 

During lining removal, facing is selectively applied 
to fix the pigment layer and to temporarily secure 
fragments of the original. In China and Japan, the 
adhesives wheat starch paste and funori are 
sometimes used as temporary facings. However, 
the facing system must be removed after 
treatment, and removing adhesives is one of the 
most challenging conservation processes. 
Therefore, the possibility of using adhesives that 
can remain on the surface of the painting should 
be considered. 

In this study, three kinds of adhesives were 
tested on silk and paper: wheat starch paste, 
funori, and methyl cellulose. They were 
compared for their impact on brightness and any 
discolouration before — and after — accelerated 
aging under humidity and heat. Fold endurance 
was also tested to estimate their effect on paper. 

The preliminary findings show that funori was the 
least colour stable of the three adhesives tested, 
and methyl cellulose exhibited the best stability 
to accelerated aging under humidity and heat. 
For fold endurance, the best result was obtained 
with methyl cellulose; funori had a serious impact 
on paper strength. Based on the results of this 
examination, funori should be removed as much 
as possible to reduce its future influence on a 
painting. Also, for purposes of facing, it would be 
best to consider using methyl cellulose rather 
than funori or wheat starch paste. 

Ting-Fu Fan received Master of Art from the 
Graduate Institute of Conservation of Cultural 
Relics, Taiwan National University of the Arts in 
2004, where he majored in Asian Paintings 

Résumé et 
biographie 
Il existe de nombreuses causes aux dommages 
subis par les peintures orientales. Pour assurer 
une protection efficace de ces peintures et 
prolonger leur durée de vie, il est essentiel de 
pouvoir remplacer les vieux matériaux de 
rapiéçage de l'objet et monter celui-ci sur un 
nouveau support. 

Lors des travaux d'enlèvement de la toile, un 
cartonnage est appliqué sélectivement afin de 
fixer la couche picturale et d'assujettir de 
manière temporaire les fragments de la peinture 
d'origine. Les adhésifs à base de colle d'amidon 
de blé et ceux de type funori sont parfois utilisés 
comme matériaux de cartonnage temporaire, en 
Chine et au Japon. Tout cartonnage doit 
cependant être enlevé une fois le traitement 
effectué, et l'enlèvement adéquat d'adhésifs 
constitue un des plus grands défis du domaine de 
la restauration. Il faut par conséquent envisager 
la possibilité d'employer des adhésifs qui peuvent 
demeurer sans problème à la surface de la 
peinture. 

Dans le cadre de la présente étude, trois types 
d'adhésifs, soit la colle d'amidon de blé, le funori 
et la méthylcellulose, ont été mis à l'essai en les 
appliquant sur de la soie et du papier. Les effets 
sur la brillance et toute altération de la couleur 
ont été comparés pour les divers échantillons, 
avant et après leur traitement de vieillissement 
accéléré exécuté dans différentes conditions de 
température et d'humidité. La résistance au 
pliage a aussi été déterminée afin d'évaluer leurs 
effets sur le papier. 

Les résultats préliminaires indiquent que le funori 
est le moins efficace des trois adhésifs mis à 
l'essai, au chapitre de la stabilité des couleurs, et 
que la méthylcellulose présente la meilleure 
stabilité, après le vieillissement accéléré dans 
différentes conditions de température et 
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Conservation. Ting-Fu's professional interests 
focus on research and treatment development as 
well as preventive conservation for Eastern 
paintings on silk and paper. He began working at 
the National Palace Museum in Taipei as a 
Chinese paintings conservator in 2006, and later 
spent half a year at the Hirayama studio at the 
British Museum in London, United Kingdom. In 
2008, he established a conservation studio in 
Taipei, which provides conservation services to 
public museums and individuals. Ting-Fu is 
presently the owner and chief conservator of 
San-Jian Art Conservation Co., Ltd. in Taipei, 
Taiwan. 

Contact Information: 
San-Jian Conservation Company Ltd. 
11F No. 100, Ligong Street, Beitou District 
Taipei 112, Taiwan 
Tel.: +886-2-28978829/ +886-937-155953 
E-mail: sjconservation.co@gmail.com

d'humidité. En ce qui a trait à la résistance au 
pliage, les meilleurs résultats sont obtenus avec 
la méthylcellulose, tandis que le funori appliqué 
sur du papier influe grandement sur la résistance 
de celui-ci. D'après les résultats de notre étude, 
le funori devrait, dans la mesure du possible, être 
enlevé des peintures restaurées, afin de réduire 
au minimum ses effets sur l'état de l'œuvre. En 
outre, tout projet de cartonnage devrait tenir 
compte du fait que la méthylcellulose constitue 
un matériau de premier choix et qu'elle devrait 
être utilisée à ces fins plutôt que le funori ou la 
colle d'amidon de blé. 

Ting-Fu Fan décroche en 2004 une maîtrise ès 
arts en restauration de tableaux asiatiques à 
l'Institut universitaire de restauration des 
reliques culturelles, qui fait partie de l'Université 
nationale des arts de Taiwan  stêrétni seL .
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Since conservators typically use 

extremely dilute solutions of adhesive for 

consolidation, a closer look at the results 

for the 1% solution (w:v) showed some 

interesting trends. (Chart 2) As the gelatin 

content of the solution decreased, the 

force necessary to split the fibers 

decreased. The 5% Klucel®G sample set 

does not support the general trend, but 

when retested on another sample 

strip, the values remained the same. The 

solutions had been kept in a lab oven set 

to 55C while preparing for casting the 

films and dipping the strips, but it is 

possible that the 5% Klucel®G solution had 

not sufficiently returned to temperature 

after dilution when the paper testing 

samples were dipped in it. 

Chart 2: Adhesive Strength (N/cm) for 

Whatman #1 dipped in a 1% (w:v) adhesive 

0.56 

Aquazol in 50/50 

0.51 

Klucel in 50/50 

0.46 

Control 
0.41 

0.36 

0  20  40 

% of non-Gelatin adhesive in solution 

CONCLUSION 

Gelatin makes synthetic resins stronger, 

but synthetic resins do not adequately 

soften gelatin for the purposes of 

consolidation of parchment. All of the 

adhesives in very dilute solutions impart 

added adhesive strength to a paper 

substrate. At a ratio of 5% of either 

Aquazol®-50 or 5% Klucel®G to gelatin 

mixture, both adhesives do plasticize the 

gelatin and make it a tougher, stronger 

material. However, it takes a much larger 

concentration of either synthetic in the 

gelatin to change the modulus of elasticity 

enough to make the gelatin less brittle. 

This indicates that none of these mixtures 

would be both tough enough and flexible 

enough to hold together the layers of mold 

damaged parchment without potentially 

damaging them further by being too 

brittle. 
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Strips of Whatman #1 filter paper were 

dipped in the warm 1% and 5% solutions to 

measure the penetration of the adhesives 

in dilute solutions. 

All the paper strips and the neat 

adhesive films were allowed to dry in 

ambient   lab   conditions   at   MCI   for   a 

week, then the neat adhesive films were 

milled into strips. No continuous film 

formed   in   the   40%   Aquazol®-50,   60% 

gelatin  sample,  so  no  testing  could  be 

done on that mixture. The 20% Aquazol®- 

50, 80% gelatin sample did not form an 

even film, but there was enough available 

to cut a set of strips for testing. The paper 

strips were coated on either side with 

strong pressure sensitive tape, then the 

sandwich was trimmed so that there was 

no overlapping tape-to-tape contact. Thus 

the tensiometer could measure the force 

required to perform paper-splitting on the 

samples, without the confounding variable 

of tape-to-tape adhesive interaction. 

Once     clamped     into     the 

tensiometer, the neat adhesive samples 

were   tested   to   failure   during   three 

separate trial runs of 30 second tests at 

0.01” increments of increased load. After 

an initial reading, the clamps were moved 

0.10”  apart and the next strain reading 

was noted after 30 seconds. Then the 

clamps were moved another 0.01” and the 

process repeated until the adhesive strip 

failed. 

The prepared paper strips were split 

through  their  thickness  using  the  two 

pieces   of   pressure   sensitive   tape   as 

carriers  for  the  paper  fibers.  The  two 

facing pieces of tape were clamped into 

the tensiometer. Testing used the same 

procedure  of  recording  stress 

measurements 30 seconds after increasing 

the  load  on  the  sample  by  0.01”.  The 

paper  strips  were  tested  for  three  test 

runs of 50 measurements each. 

Table 1: Adhesive Mixtures 

Label % Synthetic % Gelatin 

A 0 100% Gelatin 

B 5% Aquazol®-50 95% Gelatin 

C 10% Aquazol®-50 90% Gelatin 

D 20% Aquazol®-50 80% Gelatin 

E 40% Aquazol®-50 60% Gelatin 

F 5% Klucel® GF 95% Gelatin 

G 10% Klucel® GF 90% Gelatin 

H 20% Klucel® GF 80% Gelatin 

I 40% Klucel® GF 60% Gelatin 

Modulus of 
Elasticity (MPa) 

Toughness 
(area under 

curve) 

Break Strength 
(Mpa) 

(Sample) 
Adhesive 

avg linear slope avg area 
avg stress at 

break 

(A) Gelatin 4.8 x 103 0.78 72.67 

(B) 5%
Aquazol®-50 

4.4 x 103 4.1 100.4 

(C) 10%
Aquazol®-50 

2.0 x 103 0.42 36.06 

(D) 20%
Aquazol®-50 

2.3 x 103 0.53 44.81 

(E) 40%
Aquazol®-50 

No film formed  -  No test performed

(A) Gelatin 4.8 x 103 0.78 72.67 

(F) 5% Klucel® G 5.9 x 103 1.4 110.6 

(G) 10% Klucel®
G 

3.1 x 103 0.63 56.94 

(H) 20% Klucel®
G 

2.3 x 103 0.42 39.46 

(I) 40% Klucel®
G 

8.9 x 102 0.16 15.21 

RESULTS 

Nearly all the neat adhesive samples 

ruptured during the initial, nearly linear 

part of the stress/strain curve which 

defines the modulus of elasticity. Only the 
® ® 

exhibited any plastic deformation, which 

can be seen in chart 1 where the data 

points extend past 0.05 strain. Although 

the chart is very busy, it is clear that as 

the percent of  gelatin decreases, the 

slope of the modulus of elasticity becomes 

increasingly shallow, indicating that the 

material becomes more flexible with more 

synthetic content. 

Chart 1: Neat Samples stress/strain graph 
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Strain 

The computed values for each adhesive’s 

modulus of elasticity, toughness and break 

strength are in Table 2. The toughest 

materials are the 5% Aquazol and 5% 
® 

® 

40% Klucel®G  samples. The samples with 

the highest break strength were 100% 

gelatin, 5% Aquazol and 5% Klucel®G. 

Table 2: Neat Samples Cohesive Properties 

To test the adhesive properties of the 

mixtures, the tensiometer measured the 

force necessary to split the dipped and 

undipped control paper through the 

thickness of the paper. All solutions 

imparted extra strength to the papers 

compared to the undipped controls. For 

each adhesive, the 5% solution imparted 

more strength to the paper than the 1% 

solution did. 

Plasticizing Gelatin with Aquazol® -50 or 

Anna R. Friedman 
Conservator 

friedmana@si.edu 
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INTRODUCTION 

This experiment was devised to develop 

a plasticized-gelatin adhesive for 

consolidating mold-damaged parchment. A 

modern, synthetic water-soluble polymer 

was combined with gelatin to create a 

flexible and strong adhesive to adhere 

flaking layers of skin together without the 

use of surface mends like those made with 

paper and wheat starch paste or 

goldbeaters’ skin with gelatin. We sought 

to emulate the process of resizing paper 

with gelatin or modified celluloses for use 

in mold damaged parchment. The ideal 

adhesive would be strong enough to hold 

yet plastic enough to flex with the 

movement of the parchment and not tear 

it apart by being stronger than the 

parchment. 

The synthetic adhesives were chosen 

for their solubility in both water and 

alcohols as well as their availability in 

conservation labs, and their potential for 

being miscible with Gelatin. Aquazol®-50 

was chosen over longer-chain length 

brand-name Aquazols® because the 50,000 

polymer chain length is comparable to the 

chain length of the collagen in gelatin. 

Klucel® G was chosen for its use in 

consolidating the collagen fiber bundles in 

red-rot compromised leathers. 

MATERIALS & METHODS 

 

 
 
 

5% Aquazol 

 

 

 
 
 

-50 and 5% Klucel 

 

 

 
 
 

G  mixtures 

To test the effect of the synthetics on Klucel G  samples, while the most elastic 

gelatin, nine different mixtures of the 

adhesives were tested. (see Table 1) For 

each adhesive mixture, 10g of solids were 

measured out, and brought into solution 

with  deionized  water  in  a  warm  water 

bath. Once the solids were dissolved in the 

warm deionized water, ethanol was added 

so that the solvent was a 50/50 mix of 

water and ethanol. These solutions were 

10% w:v solutions of adhesive to solvent. 

The adhesive mixtures were brought 

back up to 55C in a lab oven, because 

conservators  usually  use  gelatin 

consolidant as a warm solution. The 

adhesives were cast out on Mylar to dry as 

neat films for testing the cohesive 

properties of the mixture. To test the 

adhesive penetration of the solutions, they 

were each diluted to solutions  of 5% w:v 

and 1% w:v in 1:1 water:ethanol. 

are the 10% Aquazol, 20% Klucel G  and 
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Abstract and 
Biography 
Mould-damaged parchment is often stabilized 
with surface mends. However, in cases such as 
the Archimedes Palimpsest, surface mends would 
interfere with imaging. Although it is a 
sympathetic material, pure gelatine is too brittle 
to consolidate damaged parchment without 
harming it. In this experiment, two modern 
adhesives (Aquazol 50 and Klucel GF) were added 
to gelatine to improve its strength and flexibility. 
Nine mixtures (w/w) of photographic-grade 
gelatine and Aquazol 50 or Klucel GF in a 50/50 
deionized H2O/ethanol mixture were cast as pure 
films. In addition, strips of Whatman #1 filter 
paper were dipped into each mixture at 5% and 
1% solution strengths. A tensiometer was used to 
measure the properties of the films and to test 
the consolidation of the paper by the adhesives. 
The tests of the dry adhesive films were achieved 
by pulling the adhesive strips until they failed. 
The dipped paper samples were tested by 
adhering pressure-sensitive tape to both sides of 
the paper, then pulling the tapes apart while 
measuring the force it took to split the paper 
fibres. 

The dried adhesive films that included 5% of 
either modern adhesive had more tensile 
strength, and required a much greater elongation 
to break, than all other films. All of the paper 
samples dipped in the adhesive solutions 
exhibited more adhesive strength than the 
Whatman controls, with direct correlation 
between strength and percentage gelatine 
content. 

Anna R. Friedman attended Wellesley College 
(Wellesley, Massachusetts) as an undergraduate 
and completed pre-program training at Harvard's 
Widener Library (Cambridge, Massachusetts) 
before graduating from the Kilgarlin Center for 
the Preservation of the Cultural Records at the 

Résumé et 
biographie 
La stabilisation de parchemins endommagés par 
les moisissures est souvent assurée en appliquant 
un matériau de réparation en surface. Dans le cas 
d'objets comme le palimpseste d'Archimède, un 
matériau de réparation appliqué à la surface 
pourrait voiler l'image. Bien que la gélatine pure 
constitue un matériau propice, elle est trop 
fragile pour assurer la consolidation adéquate 
des parchemins endommagés sans les dégrader 
encore plus. Les expériences faisant l'objet de la 
présente affiche consistaient à ajouter deux 
adhésifs contemporains (l'Aquazol 50 et le 
Klucel GF) à une gélatine afin d'accroître sa 
résistance et sa flexibilité. Neuf mélanges 
(poids/poids) de gélatine de qualité 
photographique et d'Aquazol 50 ou de Klucel GF 
ont été préparés dans une solution 50/50 d'eau 
désionisée et d'éthanol, puis ont été utilisés pour 
effectuer el coulage de pellicules pures. De plus, 
des bandes de papier filtre Whatman n° 1 ont été 
plongées dans des solutions à 1 % et à 5 % de 
chacun des mélanges. Un tensiomètre a servi à 
mesurer certaines propriétés des pellicules et à 
mettre à l'épreuve la solidité de la consolidation 
du papier au moyen des adhésifs. La mise à l'essai 
des pellicules adhésives sèches consistait à 
exercer une traction sur les bandes d'adhésif 
jusqu'à ce que le point de rupture soit atteint. 
Quant aux bandes de papier trempées dans les 
solutions, l'essai consistait à coller du ruban 
autoadhésif des deux côtés de l'échantillon, puis 
à exercer une traction afin de décoller les bandes, 
en mesurant la force nécessaire pour séparer les 
fibres de papier. 

Les pellicules adhésives sèches qui comportent 
5 % d'un des deux adhésifs susmentionnés 
présentent une résistance à la traction 
supérieure à celle de toutes les autres pellicules, 
ainsi qu'un allongement de rupture beaucoup 
plus élevé. Tous les échantillons de papier 
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University of Texas (Austin, Texas) in 2008 with a 
Master of Information Studies and a Certificate of 
Advanced Study in Library and Archives 
Conservation. She completed her studies by 
working as a 3rd-year intern at the U.S. National 
Archives and Records Administration 
(Washington, DC). After graduation, she worked 
as a contract conservator at the Folger 
Shakespeare Library (Washington, DC) before 
moving to a Postgraduate Fellowship in Book and 
Paper Conservation at the Winterthur Museum 
and Library (Wilmington, Delaware). She was 
awarded a Smithsonian Institution Postgraduate 
Fellowship in Conservation 2010–2011. 

Contact Information: 
Smithsonian Institution Archives 
MRC 507 PO Box 37012 
Washington DC 20013-7012 USA 
Tel.: 781-799-4115 

trempés dans les solutions d'adhésif possèdent 
une force d'adhérence plus importante que celle 
des échantillons témoins de papier filtre 
Whatman, et les résultats indiquent qu'il existe 
une corrélation directe entre la résistance des 
échantillons et la teneur en gélatine (exprimée en 
pourcentage). 

Anna R. Friedman suit des cours de premier cycle 
au Wellesley College (Wellesley, Massachusetts) 
et termine une formation préalable au 
programme à la bibliothèque Widener de 
Harvard (Cambridge, Massachusetts). Elle obtient 
ensuite une maîtrise en sciences de l'information 
et un certificat d'études supérieures en 
conservation des documents de bibliothèques et 
d'archives au Kilgarlin Center for the Preservation 
of the Cultural Records de l'Université du Texas 
(Austin, Texas) en 2008. Elle termine ses études 
en effectuant une troisième année de stage à la 
National Archives and Records Administration 
des États Unis (Washington D.C.). Après avoir 
obtenu son diplôme, elle travaille comme 
restauratrice contractuelle à la Folger 
Shakespeare Library (Washington D.C.) avant 
d'obtenir une bourse de recherche postdoctorale 
en restauration de livres et d'œuvres sur papier 
au Winterthur Museum and Library (Wilmington, 
Delaware). Elle reçoit également une bourse de 
recherche postdoctorale en 
conservation restauration de la 
Smithsonian Institution en 2010 2011. 

Coordonnées : 
Smithsonian Institution Archives 
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Richard Hawkes, Ar tworks Conser vation Ltd, UK 

The Use of Lascaux® Acrylic 
Dispersions in Paper Conservation 

Introduction 

There are three categories of adhesion for non- 

aqueous adhesives, with some exhibiting more 

than one method of application. 

solvent-activated (SA) 

heat-set (HS) 

contact (C) 

Paper conservators have commonly used Texicryl®

(HS), Klucel G® (SA, C) and BEVA 371®  (HS, SA, C). 

Alternatives for consideration are Lascaux 360 

HV® and 498 HV®, which the technical data1 

describes as water soluble, thermoplastic, acrylic 

polymers on Plextol®  360 and 498 bases of methyl 

methacrylate and butyl acrylate, both thickened 

with acrylic butylester. 

Part I - Properties 

Part II - 
Applications 

Type 360 used to coat both sides of strips of 

Japanese paper, dried on Melinex®, and used in the 

manner of a double-sided,  pressure sensitive tape 

to join separate sheets of a single print together 

for exhibition2. 

Painted silk has been repaired with patches of 

silk crepeline coated with a 50:50 (v/v) Lascaux®

360/498HV prepared (at 15% v/v) with an 

acetone/water mixture3.The adhesive was 

reactivated with acetone vapour via a Gore-Tex® 

poultice. 

Conservators at the V&A4 used Type 360 as a 

heat-set adhesive for temporary Japanese paper 

strip hinges on posters. 

Methyl cellulose,  added as a powder or in 

solution, reduces the moisture of the adhesive and 

can break up the acrylic film, aiding reversibility.  It 

has been used to replace yellowed adhesive on a 

pressure-sensitive tape carrier used on a collage5. 

Klucel G® can be added to assure solubility in 

Temporary strip 
lining for flattening 
paper on a drying 
board 
 

Where the surface of the paper is unsuited to 
pressing, e.g. textured surface or friable media, a 
drying board can be employed to avoid over- 
flattening or off-setting of media. The drying board 
is also a useful tool for easing out creases and 
distortions. For this method, strips of Japanese 
paper or lining edges are attached to the paper 
with wheat starch paste. 

Pre-pasted 
repair papers 
 

Japanese papers can be pre-pasted with an 
appropriate adhesive for future use in heat-set or 
solvent-activated application.The adhesive could 
be applied by spray, brush, floating or immersion. 
Ideally, only one side of the tissue should be 
coated, to avoid repaired papers sticking to 
adjacent papers, i.e. blocking. Lascaux 498HV®, 
diluted with water (10%-50%v/v), can be applied by 
brush to a slightly sloping, toughened glass sheet 
and the support paper lowered onto the surface. It 
dries to a non-tacky but flexible film. 

Thin papers, e.g. gampi paper or tengujo, can be 
floated on the surface of a bath of dilute adhesive. 
Gampi papers work well as the adhesive does not 

penetrate through the 
paper as it might with 
more open-fibred 
repair tissues. A sheet 
of glass works well as 
a rigid support to lift 
out thin papers. This 
keeps the tissue flat 
and drains excess 
adhesive. A small strip 
of Melinex can be 
placed under one 
edge to allow ease of 

Fig. 1 Lascaux Acrylic 
Dispersions 

various solvents in the future (i.e. alcohols)6. 

Type 360 and 498 used as a heat-set adhesive to 

line a large drawing7.  If using as a contact adhesive 

for paper-based material with water- soluble 

media, toluene or xylene (1-15%) can be mixed 

into the adhesive to reduce the moisture 

content.Type 498 used wet in the manner of paste 

on slick surfaces where wheat starch paste might 

not adhere8. 

Solvent activation of the adhesives can be 

achieved  using a Gore-tex ‘sandwich’ method with 

acetone and can be used after low heat activation 

to increase adhesion. 

Fig. 2 Pre-pasting the 
Japanese kozo paper with 
Lascaux 360HV©

Fig 5. A tear to be mended 
in a pianola music roll 

Fig 6.Tear repaired with 
gampi paper pre-pasted 
with Lascaux 498HV© 

removal from the 
glass when  dry. Apply 
with heat at 50ºC. 
Texicryl®, requires a 
higher activation 
temperature of 80- 
90ºC. 

Gampi papers are 
particularly useful for 
repairing transparent 
papers when applied 
as a heat-set tissue. 

Type 360 and Type 498 have a pH of 8-9. 

Both can be used as solvent-activated, heat set 

or contact adhesives. 

Type 360 has great elasticity and dries slightly 

tacky at room temperature. 

Type 498 also has elasticity but dries harder. 

Commonly used for lining and strip lining canvas. 

Relatively low sealing temperatures around 50ºC. 

Type 360 and 498 can be diluted with water but 

insoluble in water once dry. 

Adhesive strength maintained when diluted 

with water (10%). 

Permanently soluble in acetone, toluene and 

xylene but insoluble in white spirit. 

Type 360 and Type 498 can be mixed  (e.g. 1:2 

for repair tissues) to combine properties.Type 

498-20X is pre-diluted with 20% xylene.

Hazards: Considered non-hazardous, although 
ammonia solution is a component (1-5%). Use in a 
well-ventilated work area. 

Ageing:  Manufacturer claims good ageing 
properties; the polymer is non-cross linking and 
non-yellowing. A biocide is added to reduce risk 
of bio-deterioration by micro-organisms. 

Fig. 3 Strip linings attached to 
humidified hand-coloured map 

Fig. 4 Removing the 
temporary strip lining 

There are times when it would be preferable to 
remove the Japanese paper strips and adhesive 
residue after flattening as they are no longer 
required and may cause distortion in the future. 

Temporary strip-lining involves pasting the edge of 
strips of Japanese paper with Lascaux 360®, 
applied neat or slightly diluted with water if the 
paper to be flattened has a soft surface. A second 
application may be necessary if more tack is 
required.The adhesive dries to a tacky film. Next 
they are firmly attached around the verso of the 
humidified artwork, using just the tack in the 
adhesive, and then used to secure with paste or 
gummed tape on a kari-bari board or wooden 
board respectively. After the paper has dried 
under tension on the board the artwork can be 
released and the Japanese paper strips can be 
peeled away, like giant Post-it®  notes, leaving no 
discernible adhesive residue on the back of the 
paper. 

The other advantage is that of speed of 
preparation, since strips do not need to be given 
time to dry or pressed when first attached. 

Materials suppliers: 
Lascaux 360 HV®, 498 HV®, Lascaux Farbenfabrik, Switzerland, 
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Abstract and 
Biography 
Lascaux acrylic adhesives 360HV and 498HV are 
increasingly adopted by paper conservators as 
heat-set adhesives. Advantageous features 
include initial water solubility, ease of 
application, low toxicity, good aging properties, 
low heat application, and good solvent 
reversibility. By mixing the two adhesives or 
combining them with methyl cellulose or Klucel 
G, their properties and reversibility can be 
modified. This poster describes these properties, 
the advantages and disadvantages of these 
adhesives over alternatives, as well as a 
technique developed for temporary strip lining. 
In the past, removing creases and distortion in 
some papers required a full or strip lining of 
Japanese paper using starch paste. 
Unfortunately, this method could leave some 
adhesive and Japanese paper around the edges 
— which is undesirable and could cause 
distortion. As an alternative, Lascaux 360HV 
(which remains tacky when applied) can be used 
with strips of Japanese paper as a temporary 
extension to the edges of a sheet of paper, and 
can allow drying under tension. With most 
western papers, this leaves no adhesive residue 
when the strips are peeled away. The Lascaux 
360HV can also be diluted to reduce tack and 
applied using a sponge stick or air-brush to lessen 
the amount required. Other uses of Lascaux 
acrylic adhesives in paper conservation (such as 
for permanent strip lining of water-sensitive 
pastels before mounting on Tycore panels, for 
temporary exhibition hinges for large posters, 
and as a non-aqueous adhesive for repairing 
tracing papers and architectural drawings) are 
also considered. 

Richard Hawkes earned a BA Honours in the 
History of Art from the University of Warwick in 
Coventry, United Kingdom (1990), and a Master 
of Art Conservation of Fine Art from the 

Résumé et 
biographie 
Les restaurateurs d'œuvres sur papier utilisent de 
plus en plus les adhésifs acryliques 
Lascaux 360HV et Lascaux 498HV comme 
adhésifs fixés à chaud. Leurs avantages 
comprennent leur solubilité initiale dans l'eau, 
leur facilité d'application à basses températures, 
leur faible toxicité, leurs bonnes propriétés de 
vieillissement et leur réversibilité adéquate au 
moyen de solvants. Il est possible de modifier les 
propriétés et la réversibilité des deux adhésifs en 
les mélangeant ou en les combinant avec de la 
méthylcellulose ou du Klucel G. La présente 
affiche offre une description des propriétés de 
ces adhésifs et de leurs avantages et 
désavantages par rapport à des produits de 
remplacement, ainsi que celle de la technique 
mise au point pour réaliser le renfort temporaire 
à l'aide de bandes. L'élimination des pliures et 
des zones de distorsion présentes dans certaines 
œuvres sur papier exigeait jadis l'application d'un 
renfort complet ou sous forme de bandes de 
papier japon fixés avec de la colle d'amidon. 
Malheureusement, cette méthode pouvait laisser 
des traces d'adhésif ou de papier japon sur les 
bords de l'objet, ce qui entraîne des conditions 
indésirables et peut causer des distorsions. Une 
des solutions au problème consiste à utiliser 
l'adhésif Lascaux 360HV (qui demeure poisseux, 
même une fois appliqué) et des bandes de papier 
japon comme allonges temporaires des bords de 
la feuille de papier; il est alors possible de faire 
sécher l'ensemble sous traction. Dans le cas de la 
plupart des papiers occidentaux, l'enlèvement 
des bandes ne laisse aucune trace de résidu 
d'adhésif. L'adhésif Lascaux 360HV peut être 
dilué afin de le rendre moins poisseux et appliqué 
à l'aide d'une pince porte éponge ou d'un 
aérographe afin de réduire la quantité utilisée. 
Parmi les autres sujets abordés, mentionnons les 
différentes utilisations des adhésifs acryliques 
Lascaux en restauration d'œuvres sur papier, 
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University of Northumbria in Newcastle, United 
Kingdom (1993). Following graduation, he 
undertook an internship, funded by the Museums 
& Galleries Commission, at the Ashmolean 
Museum in Oxford (1994), was employed by 
Museum Conservation Services Ltd. in Cambridge 
(1995–2004), and was an Associate Lecturer at 
Camberwell College of Arts in London (2001–
2005). He has also lectured widely on the on the 
history of artists' materials. In 2004, he opened 
his own conservation studio in Harrogate, North 
Yorkshire, United Kingdom. 

Contact Information: 
Artworks Conservation Ltd. 
Burnside, Wormald Green, Harrogate 
North Yorkshire HG3 3PS, United 
Kingdom 
Tel.: +44 (0)1765 676600 
E-mail:
richard@artworksconservation.co.uk

notamment leur emploi comme renfort 
permanent, sous forme de bandes, de pastels 
sensibles à l'eau avant leur montage sur des 
panneaux Tycore, leur utilisation comme 
charnières pour affiches de grand format lors 
d'expositions temporaires, ainsi que leur emploi 
comme adhésif non aqueux pour réparer des 
œuvres sur papier calque et des dessins 
d'architecture. 

Richard Hawkes est titulaire d'un baccalauréat 
spécialisé en histoire de l'art obtenu à l'Université 
de Warwick à Coventry (Royaume Uni, 1990) et 
d'une maîtrise ès arts en 
conservation restauration des beaux arts 
décernée par l'Université de Northumbria à 
Newcastle (Royaume Uni, 1993). Après avoir 
obtenu son diplôme, il entreprend un stage 
rémunéré par la Museums & Galleries 
Commission au Ashmolean Museum d'Oxford, 
en 1994. Il travaille ensuite au service de 
Museum Conservation Services Ltd., à 
Cambridge, de 1995 à 2004, en plus d'être chargé 
de cours adjoint au Camberwell College of Arts de 
Londres (de 2001 à 2005). En outre, il donne de 
nombreux cours sur l'histoire du matériel des 
artistes. En 2004, il ouvre son propre studio de 
restauration à Harrogate, dans le North Yorkshire 
(Royaume Uni). 

Coordonnées : 
Artworks Conservation Ltd. 
Burnside, Wormald Green, Harrogate 
North Yorkshire HG3 3PS, Royaume-Uni 
Tél. : +44 (0)1765 676600 
Courriel :  
richard@artworksconservation.co.uk 
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QUELQUES EXEMPLES DES PRINCIPAUX USAGES DE LA KLUCEL G EN RESTAURATION DE PHOTOGRAPHIES

Consolidation
• Consolidation provisoire par la face de déchirures transversales sur un tirage sur 

papier albuminé : application de bandelettes de papier japonais Gampi encollées à la 

Klucel G. 

• Consolidation par le verso de plis ou de déchirures : application de renforts en papier 

japonais encollés à la Klucel G. 

(Photographie traitée  : collection didactique ARCP) 

Doublage
• Doublage en plein réalisé à main levée au verso d’un 

tirage gélatino argentique. 

• Application progressive de la colle à la spatule à 

travers le papier japonais ; séchage à l’aide d’un 

éventail au fur et à mesure du doublage. 

(Photographie traitée  : anonyme, Héraklès archer, musée  Bourdelle) 

Montage
• Maintien d’un tirage sur papier 

albuminé dans un montage dit 

« évidé ». 

• Encollage à la Klucel G des 

charnières en papier japonais. 

(Photographie traitée  : Eugène Atget,  Auberge du 

lapin agile,  musée  Carnavalet) 

Retouche
• Mise au ton à l’aquarelle et restitution de l’aspect de 

surface,  après la restauration d’une déchirure sur un 

aristotype à la gélatine. 

• Pose de la retouche sur une sous-couche isolante 

réalisée avec la Klucel G, puis surfaçage de la 

retouche également avec de la Klucel G. 

(Photographie traitée  : Aristotype anonyme, Bibliothèque Marguerite Durand) 

Une étude de cas sur l'utilisation de l'hydroxypropyl cellulose ou Klucel G :

30 années de pratique à l'Atelier de Conservation et de Restauration des Photographies  
de la Ville de Paris (ARCP)

Marsha Sirven (Responsable de la section Restauration, ARCP) –  marsha.sirven@paris.fr 

Cécile Bosquier-Britten (Responsable de la documentation, ARCP) – cecile.bosquier@paris.fr 

Sandra Saïd (Restauratrice de photographies, ARCP) – sandra.said@paris.fr 

Jessica Regimbald (stagiaire à l’ARCP, étudiante MAC à la Queen’s University) – jessica.regimbald@gmail.com 

ARCP / 5 rue de Fourcy / 75004 PARIS / arcp.paris.fr 

L’ARCP
L’ARCP est un établissement spécialisé dans le domaine de la conservation-restauration des photographies. Dirigé 

par Anne Cartier-Bresson, il a été créé en 1983 pour mettre en œuvre la politique de préservation du patrimoine 

photographique de la Ville de Paris, soit près de 8 millions d’images représentatives de l’ensemble des procédés et 

des usages du médium, conservées dans 26 institutions (musées, bibliothèques, archives municipales). 

L’ARCP emploie 14 personnes réparties dans 5 sections : 

Régie des œuvres et Expositions, Conservation préventive, 

Restauration, Reproduction et Documentation. 

Dès  sa création, l’ARCP a documenté l’ensemble des 

traitements réalisés. Après 30 années de pratique, ces archives 

nous permettent de porter un regard rétrospectif sur l’utilisation 

de  la Klucel G en observant le vieillissement naturel des 

traitements sur cette période. 

Étude comparative de l’utilisation des adhésifs aqueux et de la Klucel G 

par type de tirages, sur trois décennies* 
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LA  KLUCEL G
La Klucel G est un éther de cellulose, l’hydroxypropyl cellulose (HPC). L’HPC est obtenu en exposant des 

molécules alcalines de cellulose à de l’oxyde de propylène, à température et pression élevées. 

Produite par l’entreprise Aqualon depuis 1979, la Klucel G, qui présente une grande solubilité,   peut être 

dissoute dans les solvants polaires ou dans l’eau. Elle peut ainsi être utilisée comme adhésif ou comme 

consolidant de différentes manières dans le domaine de la restauration, notamment pour  des traitements ne 

permettant pas le recours à des adhésifs aqueux. 

Structure moléculaire de l’hydroxypropyl cellulose 

Klucel™ hydroxypropylcellulose, Klucel ™ Trademark, 

Ashland or its subsidiaries, registered in various 
countries. © 2001 Ashland Inc. 

 

 

Observation du vieillissement naturel d’un film adhésif de Klucel G 

En 2011, l’ARCP a traité 183 photographies sélectionnées pour une exposition consacrée à Eugène Atget. Parmi 
ces 183 tirages, nous avons repéré 45 photographies dont le montage avait été réalisé avec de la Klucel G entre 

1989 et 2006. 

Utilisation comparative,  90 Nombre    
45
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43  32
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jaunissement

45  45

Réversibilité     Absence 

de résidus 

Critères 

analysés

Eugène Atget,  Un pique-nique en famille, 

porte d'Arcueil, Paris, musée Carnavalet 

(vues  du recto et du verso  de l’image). 

Montage avec  charnière flottante en papier 

japon  et coins  en polyester, réalisé  à l’ARCP 

en 1991  avec  de la Klucel  G, ne présentant 

lors de l’étude aucune altération 

sur papier    gélatino-    sur papier     gélatino-    sur papier    gélatino- Images  étudiées : 45 photographies d’E. Atget du musée  Carnavalet  (40 tirages  sur 

papier  a lbumi né, 4  tirages  sur papier  a lbuminé mat et 1 aristotype à la gé latine). 
de l’adhésif ni modification de l’image. 

Adhésifs aqueux 

Klucel G 

albuminé bromure 

d'argent 

albuminé bromure 

d'argent 

albuminé bromure 

d'argent 
Période de vieillissement observée : entre 5 et 22 ans de vieillisseme nt ( les mo ntages 

ayant été réa lisés entre 1989 et 2006). 

1980'  1990'  2000' 
(1983 -1889) (1990 -1899) (2000-2009) 

On remarque que les adhésifs aqueux sont utilisés de manière quasi exclusive dans les années 1980, quel que 

soit le type de tirage. Dans les années 1990, la Klucel G est majoritairement utilisée pour les tirages sur papier 

albuminé, alors que les tirages gélatino-argentiques sont traités à part égale avec l’un ou l’autre des adhésifs. 

Enfin, dans les années 2000, l’usage de la Klucel G est presque exclusif sur les tirages sur papier albuminé, 

alors que les adhésifs aqueux sont utilisés majoritairement sur les tirages gélatino-argentiques, en particulier 

pour les consolidations, réalisées à 98% avec ce type d’adhésif. 

* Etude  réalisée sur les traitements réalisés à l’ARCP à l’aide  d’adhésifs sur les papiers albuminés et les tirages  aux gélatino-bromure d’argent du musée  Carnavalet, de

1983 à 2009.

• 2 montages présentaient des charnières partiellement décollées. L’adhérence de la Klucel G peut  donc être 

considérée comme bonne. De plus, ces rares décollements peuvent également être dus à la manière d’appliquer 

l’adhésif sur le papier japonais. 

• 13 des photographies présentaient un léger jaunissement sur un ou plusieurs des bords de l’image. Toutefois, 

ce jaunissement n’étant pas systématique, il est probable qu’il soit dû au vieillissement des anciens adhésifs 

(contemporains du photographe ou montages historiques) ou au support utilisé pour réaliser les charnières. 

• Dans le cadre de l’exposition, l’ensemble du lot étudié a dû être remonté afin d’harmoniser l’ensemble des 

montages. Le démontage, réalisé à l’aide d’éthanol, n’a présenté aucune difficulté et n’a causé aucune modification 
sur les oeuvres. La réversibilité de la Klucel G est donc avérée. 

• Aucune trace de résidu n’a été observée au cours du démontage sur l’ensemble du lot étudié. 

BILAN ET OBSERVATIONS
Encore très peu employée dans les années 1980, l’utilisation de la Klucel G à l’ARCP n’a cessé de s’intensifier. Cet accroissement est dû aux qualités intrinsèques de l’hydroxypropyl cellulose, en particulier sa faible pénétration dans le 
matériau encollé et l’obtention d’un maintien souple qui ne contraint pas l’œuvre. 

L’analyse de l’évolution de la colle sur des montages réalisés entre 5 et 22 ans auparavant n’a montré aucune altération significative sur la période observée. Le vieillissement de la Klucel G n’a donc pas d’incidence sur ses qualités 

d’origine. 

De plus, solubilisée dans un solvant non aqueux comme l'éthanol, la Klucel G limite les déformations et l’ouverture de craquelures dans le cas de la couche d’albumine. Enfin, utilisée dans le cadre de la retouche, la Klucel G assure la 

réversibilité de cette intervention lorsqu’elle est posée en sous-couche, et permet également d’obtenir une finition satinée ou brillante lorsqu’on l’applique en surface. 

Le fonctionnement transversal de l’ARCP, au service des collections municipales depuis 1983, a rendu possible l’étude du vieillissement naturel de la Klucel G sur une période de 22 années. Il serait intéressant de pratiquer des tests en 

vieillissement accéléré sur des échantillons expérimentaux, afin de comparer les résultats et de réaliser des extrapolations sur une période plus longue. 
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Résumé et 
biographies 
En France, depuis les années 1980, on observe 
que l'utilisation de colle non aqueuse est 
privilégiée en restauration de photographies. 
Ainsi l'hydroxypropylcellulose de faible poids 
moléculaire ou Klucel G, est utilisée de plus en 
plus fréquemment, pour le montage, la 
consolidation ponctuelle, le doublage, ou encore 
le surfaçage des retouches de photographies. Ses 
qualités sont multiples : faible pénétration, 
bonne réversibilité, séchage rapide, contrôle de 
l'apport d'humidité. Ses points faibles, tels son 
léger pouvoir collant ou sa brillance peuvent se 
révéler des atouts (surfaçage, maintien 
souple).Les rapports de traitement conservés à 
l'Atelier de Restauration et de Conservation des 
Photographies de la Ville de Paris depuis sa 
création en 1983 par Anne Cartier Bresson, nous 
donnent ici l'occasion de dresser un panorama de 
l'usage de cet adhésif au cours des trente 
dernières années.Dans le cadre de cette affiche, 
nous nous proposons de présenter le mélange 
Klucel G et éthanol en émulsion, utilisé dans les 
traitements de conservation-restauration de 
deux procédés photographiques, le tirage sur 
papier albuminé et le tirage gélatino-argentique 
sur papier baryté, et ceci pour quatre types 
d'utilisation, la fixation de l'œuvre dans un passe-
partout, sa consolidation, son doublage en plein 
sur papier japonais et le surfaçage des retouches. 

Restauratrice du patrimoine, Marsha Sirven est 
diplômée de l'Institut National du Patrimoine, 
spécialisée en photographie. Elle rejoint l'équipe 
de l'Atelier de Restauration et de Conservation 
des Photographies de la Ville de Paris en 2001 en 
tant que responsable de la section Restauration. 
Elle y encadre les travaux de 
conservation restauration et apporte également 
une aide technique aux expositions. Elle participe 
régulièrement à des formations dispensées 
auprès d'un public de professionnels ou à 

Abstract and 
Biographies 
Non-aqueous adhesives have been preferred in 
photograph conservation in France since the 
1980s. Low molecular weight hydroxypropyl 
cellulose or Klucel G is increasingly being used in 
the mounting, local consolidation, lining, and 
inpainting of photographs. It has many 
advantageous qualities: low penetration, good 
reversibility, quick drying, and moisture content 
control. Even the disadvantages, such as its low 
adhesiveness or its brilliance, may turn out to be 
advantages (finishing, flexible support). 

The treatment reports kept at the Atelier de 
Restauration et de Conservation des 
Photographies de la ville de Paris since its 
creation in 1983 by Anne Cartier-Bresson provide 
an opportunity to conduct a 30-year panorama of 
the use of Klucel G. 

In this poster, we present the Klucel G and 
ethanol emulsion used for the conservation 
treatments on prints by two photographic 
processes (albumen prints and gelatine silver 
prints on baryta paper), for four types of uses 
(attaching photographs to a mat, consolidation, 
full lining on Japanese paper, and retouch 
finishing). 

Heritage conservator Marsha Sirven is a graduate 
of the Institut National du Patrimoine (INP) in 
Paris, France, specializing in photography. She 
joined the team at the Atelier de Restauration et 
de Conservation des Photographies de la ville de 
Paris (ARCP) in 2001 as the Head of Conservation, 
where she supervises the work carried out in that 
section. She also provides technical assistance at 
exhibits. She routinely participates in the regular 
training sessions for conservation professionals 
and teaches conservation to interns and 
students. She has published a number of articles 
on the conservation of photographs. 
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l'enseignement de la restauration à des stagiaires 
ou des étudiants et a publié plusieurs articles sur 
la conservation restauration des photographies. 

Coordonnées : 
Atelier de Restauration et de 
Conservation des Photographies de la 
ville de Paris 
5-7 rue de Fourcy
Paris 75004, France
Tél. : 01 44 61 81 20
Courriel :marsha.sirven@paris.fr

Cécile Bosquier-Britten, historienne de la 
photographie, est titulaire d'un diplôme de 
muséologie de l'École du Louvre et d'un DEA 
d'histoire de l'art de l'Université de Paris I. Après 
avoir fait partie du département Photographie du 
musée Carnavalet – Histoire de Paris, elle est, 
depuis 2002, responsable du centre de 
documentation de l'Atelier de Restauration et de 
Conservation des Photographies de la Ville de 
Paris (ARCP) et dans ce cadre, a publié plusieurs 
articles sur la documentation en 
conservation restauration des photographies. 

Coordonnées : 
Atelier de Restauration et de 
Conservation des Photographies de la 
ville de Paris 
5-7 rue de Fourcy
Paris 75004, France
Tél. : 01 44 54 91 07
Courriel : cecile.bosquier@paris.fr

Jessica Régimbald possède un baccalauréat en 
histoire de l'art de l'Université de Montréal. Elle 
poursuit aujourd'hui ses études de maîtrise en 
conservation-restauration, spécialisation papier à 
l'Université Queen's. À l'été 2011, elle a suivi un 
stage à l'Atelier de Restauration et de 
Conservation des Photographies de la Ville de 
Paris. 

Coordonnées : 
Queen's University 
Kingston (Ontario) Canada 

Contact Information: 
Atelier de Restauration et de 
Conservation des Photographies de la 
ville de Paris 
5-7 rue de Fourcy
Paris 75004, France
Tel.: 01 44 61 81 20
E-mail: marsha.sirven@paris.fr

Cécile Bosquier-Britten is a photography 
historian. She has a degree in Museology from 
the École du Louvre (Paris, France) and a 
postgraduate degree in Art History from the 
University of Paris I. She worked in the 
Photography Department at the Carnavalet 
Museum in Paris and, in 2002, was appointed 
Head of the Documentation Centre at the Atelier 
de Restauration et de Conservation des 
Photographies de la ville de Paris (ARCP). She has 
published several articles on documentation in 
the conservation of photographs. 

Contact Information: 
Atelier de Restauration et de 
Conservation des Photographies de la 
ville de Paris 
5-7 rue de Fourcy
Paris 75004, France
Tel.: 01 44 54 91 07
E-mail: cecile.bosquier@paris.fr

Jessica Régimbald has a BA in Art History from 
the Université de Montréal (Montreal, Quebec), 
and is pursuing graduate studies in the Master of 
Art Conservation program (specialization in 
Paper) at Queen's University (Kingston, Ontario). 
In the summer of 2011, she completed an 
internship at the Atelier de Restauration et de 
Conservation des Photographies de la Ville de 
Paris. 

Contact Information: 
Queen's University 
Kingston, Ontario, Canada 

Sandra Saïd graduated with a Master's degree in 
Photographic Sciences and Technologies from the 
University of Paris 8. She has been working as a 
conservator since 1997 in the conservation and 
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Titulaire d'une Maîtrise de Sciences et 
Techniques en Photographie à l'Université de 
Paris 8, Sandra Saïd restaure les collections 
photographiques municipales au sein de l'Atelier 
de Restauration et de Conservation des 
Photographies de la Ville de Paris (ARCP), depuis 
1997. A ce titre, elle a particulièrement travaillé 
sur le fonds Eugène Atget du musée Carnavalet, 
la collection d'autochromes de Jules Gervais-
Courtellemont de la cinémathèque scolaire 
Robert-Lynen, et les albums de photographies de 
mode du musée Galliera. 

Coordonnées : 
Atelier de Restauration et de 
Conservation des Photographies de la 
ville de Paris 
5-7 rue de Fourcy
Paris 75004, France
Tél. : (33) 1 44 61 81 20
Courriel : sandra.said@paris.fr

restoration laboratories of the city of Paris' 
municipal photographic collections (Atelier de 
Restauration et de Conservation des 
Photographies de la Ville de Paris or ARCP). As 
such, she has worked on important collections 
including the Eugène Atget collection from the 
Carnavalet Museum, the collection of Jules 
Gervais-Courtellemont autochromes from the 
Robert-Lynen school cinémathèque, and fashion 
photo albums from the Galliera Museum. 

Contact Information: 
Atelier de Restauration et de 
Conservation des Photographies de la 
ville de Paris 
5-7 rue de Fourcy
Paris 75004, France
Tel.: (33) 1 44 61 81 20
E-mail: sandra.said@paris.fr
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Adhesive Un-aged Artificially-aged

Wheat starch paste 1 1 

Warm gelatine 5 2 

Cold gelatine 4 0 
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Using Peel Tests to Compare Gelatine and Wheat Starch Paste as 

Adhesives for Use in Paper Conservation 

Sarah VanSnick and Lara Speroni, The National Archives UK
 

Background 
Gelatine was introduced at The National Archives UK as an adhesive for repairs to paper documents 

containing iron gall ink as research suggests it has the ability to fix free iron(II)-ions and stop them 

catalysing cellulose degradation. 

Questions  about gelatine’s adhesion were raised by conservators working with the adhesive.  It just did not 

‘feel’ as strong as the more traditional adhesive, wheat starch paste.

Conservator repairing a document containing iron gall ink 

using cold-sieved gelatine. 

Artificially aging samples in the environmental chamber.
 

Experiment 
 

A comparison of the adhesion strength of gelatine applied 

cold, gelatine applied warm and wheat starch paste was 

devised using a ‘T’ peel test  according to British Standard 

EN 1895:2001. 

Samples were composed of a 15 gsm Tengujo 
 

Japanese repair paper, the test adhesive, and a substrate 

of historical laid paper. 16 samples using each adhesive 

applied by brush to the repair paper were made, half of 

which were artificially aged in an environmental chamber 

set at 70ºC and 55% RH for 19 days. 

Diagram of test samples 

150 mm 

200 mm 

15gsm Tengujo 

Adhesive 

Laid paper 

25mm 

Testing was carried out using an Instron 4411 tensile tester with pneumatic jaws and a rate of grip 

separation of 50 mm/min. 

Performing a ‘T’ peel test with the Instron tensile tester. 

Results 
 

• The repair paper often failed before the adhesive.

• Un-aged gelatine (warm or cold) provides a variable

adhesive strength compared to what starch paste.

• None of the artificially-aged cold gelatine samples

completed a full peel 

Number of samples (out of 8) that completed a full peel
 

0.035 

0.03 

0.025 

0.02 

0.015 

Comparison of samples that completed a full peel

un-aged 

artificially aged 

0.01 

0.005 

0 

-0.005

wheat starch paste  warm gelatine  cold gelatine 

Adhesives

Repair along the fold line of an iron gall ink document 

with cold-sieved gelatine. 

Conclusions 
 

•Wheat starch paste provides a stronger, less variable adhesive bond.
 

• However artificially-aged cold sieved gelatine proved comparable.
 

• Due to it’s other potential benefits, cold-sieved gelatine should continue to be used with paper documents

containing iron gall ink.

The authors wish to thank  Mark Sandy, Camberwell  College, University of the Arts London for use of the tensile tester 

Contact: sarah.vansnick@nationalarchives.gsi.gov.uk or lara.speroni@nationalarchives.gsi.gov.uk 
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Abstract and 
Biographies 
The National Archives' Collection Care 
Department recently introduced cold gelatine as 
an adhesive for repairs of paper records 
containing iron gall ink. This decision was based 
on research suggesting the use of gelatine in 
conservation treatments has the ability to fix free 
iron(II)-ions and stop them from providing a 
catalyst for cellulose degradation. Conservators 
questioned the adhesion of cold gelatine, so an 
experiment was developed to investigate its 
suitability for paper repairs by comparing its 
strength of adhesion to that of wheat starch 
paste (an adhesive widely used in paper 
conservation) and warm gelatine (the more 
traditional application method for gelatine). 
Samples composed of a substrate of laid paper 
and Japanese repair paper were adhered using 
either gelatine applied warm, cold sieved 
gelatine, or wheat starch paste. Half of the 
samples using each adhesive were aged in an 
environmental chamber at 70ºC and 55% relative 
humidity for 19 days. Using a tensile tester, 
samples were separated using a 180° “T” peel 
test. Results show that warm and cold gelatine 
initially provide a variable and weaker bond than 
that of wheat starch paste. However, in artificially 
aged samples, the cold gelatine bond is both 
more consistent and stronger than the warm 
gelatine bond, and is comparable to wheat starch 
paste. 

Sarah VanSnick studied architecture at Carleton 
University (Ottawa, Ontario) followed by 
Collections Conservation and Management at 
Fleming College (Peterborough, Ontario), 
graduating in 2007. She is currently the 
Conservation Research Assistant at The National 
Archives, United Kingdom. 

Contact Information: 
The National Archives 

Résumé et 
biographies 
Les responsables du département de 
conservation des collections des National 
Archives ont récemment commencé à utiliser de 
la gélatine froide comme adhésif dans la 
restauration de documents sur papier 
comportant de l'encre ferrogallique. Leur 
décision repose sur les résultats de travaux de 
recherche qui semblent indiquer que l'emploi de 
gélatine, lors de traitement de restauration, 
permet de fixer les ions libres de Fe(II) et inhibe 
ainsi leur capacité de catalyser la dégradation de 
la cellulose. Les restaurateurs avaient toutefois 
des doutes au sujet de la force d'adhérence de la 
gélatine froide et une expérience a donc été 
élaborée afin d'établir si elle constitue un 
matériau de réparation adéquat pour le papier. 
L'expérience comprend la comparaison de la 
force d'adhérence de la gélatine, de la colle 
d'amidon de blé (un adhésif grandement utilisé 
en restauration des œuvres sur papier) et de la 
gélatine appliquée à chaud (la méthode 
d'application plus classique de ce produit). Les 
échantillons composés d'un substrat de papier 
vergé et de papier japon (un papier utilisé pour 
les réparations) ont été collés au moyen de 
gélatine appliquée à chaud, de gélatine tamisée 
froide ou de colle d'amidon de blé. La moitié de 
tous les échantillons de chaque type ont subi un 
traitement de vieillissement, pendant 19 jours, 
dans une enceinte où les conditions ambiantes 
sont régulées (70 ºC et humidité relative de 
55 %). Les essais ont été réalisés au moyen d'un 
appareil de détermination de la résistance à la 
traction, le décollement des échantillons étant 
exécuté conformément aux conditions d'un essai 
de pelage à 180°, de type « T ». Les résultats 
indiquent que la gélatine froide et celle appliquée 
à chaud offrent initialement une force 
d'adhérence qui varie et est inférieure à celle de 
la colle d'amidon de blé. Toutefois, dans le cas 
des échantillons ayant subi un vieillissement 
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Ruskin Avenue 
Kew TW9 4DU, United Kingdom 
Tel.: +44 20 8392 5330 ext. 2302 
E-mail:
sarah.vansnick@nationalarchives.gov.uk

Lara Speroni has been a book and archives 
conservator since 2000 after gaining an MA in 
Book and Paper Conservation at Camberwell 
College of Arts, London. She is currently working 
in the Collection Care Department at The 
National Archives, United Kingdom. 

Contact Information: 
The National Archives 
Ruskin Avenue 
Kew TW9 4DU, United Kingdom 
Tel.: +44 20 8392 5330 ext. 2434 
E-mail:
lara.speroni@nationalarchives.gov.uk

artificiel, la force d'adhérence de la gélatine 
froide est à la fois plus uniforme et supérieure à 
celle de la gélatine appliquée à chaud, et elle est 
comparable à celle de la colle d'amidon de blé. 

Sarah VanSnick étudie l'architecture à 
l'Université Carleton à Ottawa (Ontario), puis la 
restauration et la gestion des collections au 
Fleming College de Peterborough (Ontario), où 
elle obtient un diplôme en 2007. Elle est 
actuellement adjointe de recherche en 
conservation restauration aux archives nationales 
du Royaume Uni. 

Coordonnées : 
The National Archives 
Ruskin Avenue 
Kew TW9 4DU, Royaume-Uni 
Tél. : +44 20 8392 5330, poste 2302 
Courriel :  
sarah.vansnick@nationalarchives.gov.uk 

Lara Speroni devient restauratrice de livres et 
d'archives en 2000, après avoir obtenu une 
maîtrise en restauration de livres et d'œuvres sur 
papier au Camberwell College of Arts, à Londres. 
Elle travaille maintenant au service d'entretien 
des collections des archives nationales du 
Royaume Uni. 

Coordonnées : 
The National Archives  
Ruskin Avenue  
Kew TW9 4DU, Royaume-Uni 
Tél. : +44 20 8392 5330, poste 2434 
Courriel :  
lara.speroni@nationalarchives.gov.uk 
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Romana Jagić, Hrvatski restauratorski zavod (Croatian Conservation Institute), Zagreb, Croatia 
Srebenka Bogovic Zeskoski, In Restauro Conservart Inc. Toronto, Canada 

Siniša Cvetković, Hrvatski restauratorski zavod (Croatian Conservation Institute), Zagreb, Croatia 

RESEARCH QUEST 

Of interest was the following: 
1/ depth of penetration of each consolidant 
2/ significance of drying-time between each 
application 
3/ establish the optimal stage of interface be- 
tween dried out and subsequent applications 
4/ importance of concentration (mL) 
5/ general compatibility, with the emphasis 
upon  the altar’s polychromy 

METHODOLOGY 

Penetration of Paraloid B-72 in Aceton 2%: three consecutive applications (24h interval) 

Penetration of Paraloid B-72 in Ethanol 2%: three consecutive applications (24h interval) 

Penetration of Paraloid B-72 in Toluene 2%: three consecutive applications (24h interval) 

Consolidants introduced from verso & penetration values 

Paraloid B-72 
Acetone 2% 

Paraloid B-72 
Ethanol 2% 

Paraloid B-72 
Toluene 2% 

Plexisol/ 
Acquaragia 8% 

Klucel EF 
Ethanol 5% 

7.58 mm 10.84 mm 10.67 mm 11.37 mm 12.95 mm 

24.51 mm 22.85 mm 11.67 mm 24.77 mm 23.68 mm 

24.75 mm 23.47 mm 12.60 mm 

CONCLUSION 

Project’s research logo 

A fully deteriorated plank, removed from the 
back of a 16th  cent. Altarpiece, was used as a 
source of samples for the experiment. The plank 
was fairly porous due to the wood boring insect 
activity resulting in extensive voids (channels). 
The plank was irradiated to eliminate new insect 
activity.  The  plank  of  a  standard  measure: 
350cm x 10-12cm x 4.5cm was cut into seg- 
ments measuring approximately h.4.5-4.7cm x 
l.10-11cm x w. 8-9cm.

Various consolidants, 5 mL each, were applied
with a soft  brush to simulate the consolidation
process  appropriate  to  polychrome  works  of
art.  In  other  words,  total  immersion  was  ex- 
cluded as this method
could not be used in
consolidation of our
polychrome altarpiece
(1557), nor others of
similar structure. Con- 
solidants were applied in three and four stages
respectively  with  variable  time  intervals  be- 
tween each application. Every sample was cut- 
in after each application to create visual and
measurable   demarcation.   Subsequently   the
samples were cross-cut and the penetration
measured after each application with a caliper.
VARIABILITY

The experiment was conducted at average tem- 
perature of 25ºC and 55 % humidity.
Some deviation from the original results may
occur due to RH at the time of application.

PAKLJENA, the island of Šipan, Croatia, altar of the Assumption of the Blessed  Virgin Mary. Dimensions: 

728 x 424 x 110 cm, wood, polychromy, gilding, erected: 1557. (archival documentation). 

Signed at the bottom of the central panel: CRISTOPHORUS RAGUSINUS PIXIT 

Polichromy:detail of damages

In general, the best results of penetration were achieved when the subsequent consolidant was administered within the 24 hours i.e. while the previous application has 
fully penetrated, but did not altogether dry out. (The full drying time between each application was approximately 3 days +.) 
For this type of damage (porous wood), type of  wood (poplar),  and presence of polychromy, the best consolidation was achieved by the two consolidants: Paraloid B-72/ 
Ethanol and Klucel EF/Ethanol. 

Moreover, equally important was the compatibility between consolidants and animal glue used for fixing/attaching  detached/lifting polychromy flakes. (see Diagram Inter- 
face/Penetration ). Of all the consolidants, a mixture of animal glue and chalk, by filling most of the voids created by the insects’ activity has actually formed a new arma- 
ture providing not only additional strength, but also a viable surface for a more successful treatment of flaking polychromy (see Sample “A”). In addition, the experiment 
has shown that several applications of weaker concentration (2%) has  improved  and enabled a more homogenous penetration. 

Sample “A” prepared with four applications of animal glue (1:7) and three injec- 
tions of gesso (animal glue and Bologna chalk [calcium sulphate] to saturation). 

Diagram of interface/penetration 

Two applications of Plexisol in acquaragia  8% 
animal glue 7%  4 layers 

interface 

B-72 Ethanol 2%  4 layers

36,52 mm 

14.97mm 

23,47 mm 

Two applications of Klucel EF in ethanol 5% 

Penetration of animal glue and interface with: B-72/Toluene, B-72/Tceton, B-72/Ethanol. Preparatory consolidants  from recto (all samples) 

Animal glue 1:7 Animal glue 1:7 

5.63 mm 5.63 mm 

12.33 mm 12.33 mm 

18.77 mm 18.77 mm 

36.52 mm After drying: 17.27 

Canadian Conservation Institute  Symposium 2011   Adhesives and consolidants for Conservation: Research and Applications  Ottawa,  October 17 - 21 
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Abstract and 
Biographies 
This poster examines the compatibility of 
traditional and modern consolidants for treating 
a 16th-century polychrome polyptich. 

A concerned and truth-seeking conservator faced 
with reservations should be able to develop a 
superior methodology on the basis of reason and 
relevant empirical evidence. The focus of this 
investigation was on re-examining some well-
known data regarding traditional and more 
recently introduced consolidants, tested on an 
actual artifact rather than in an ideal laboratory 
setting. 

The tests were conducted on a 16th-century 
wooden plank, extremely deteriorated and 
therefore ideal for the experiment. Most of the 
chosen consolidants were amply studied and 
described in the literature; however, this analysis 
puts stress on solvents rather than on resins. The 
parameters investigated were: 

 The degree of penetration

 The points at which the introduced
consolidant comes into contact with the
original pictorial layer(s)

 The compatibility with traditional infilling
materials used to fill lacunae

 The effect on tenting and lifting of the
original gesso ground

The wood samples were treated with traditional 
and recent/contemporary consolidants. 

Traditional: 

 Animal glues of various origin and
strength (hide, bone, and sturgeon)

Recent/contemporary: 

 Ethyl methacrylate co-polymer in
toluene, acetone, and ethanol

 Acrylic resin in white spirit

Résumé et 
biographies 
La présente affiche traite de la compatibilité des 
agents de consolidation classiques et modernes, 
dans le cadre du traitement d'un polyptyque 
polychrome datant du XVIe siècle. 

Un restaurateur soucieux d'établir la vérité, mais 
qui a des doutes, doit posséder les outils 
nécessaires pour élaborer une méthode de 
qualité supérieure basée sur la raison et des 
données empiriques pertinentes. Les travaux de 
la présente étude consistent principalement à 
effectuer un nouvel examen de données bien 
connues sur des agents de consolidation 
classiques et plus récents, qui ont été mis à l'essai 
au moyen d'un objet réel plutôt que dans des 
conditions de laboratoire idéales. 

Les essais ont été exécutés sur un panneau en 
bois datant du XVIe siècle qui a subi une 
détérioration très importante, ce qui en fait un 
substrat parfait pour ces expériences. La plupart 
des agents de consolidation choisis ont fait l'objet 
d'études exhaustives dont les résultats ont déjà 
été publiés, mais la présente analyse met 
toutefois l'accent sur les solvants utilisés plutôt 
que sur la nature des résines. Voici une liste des 
paramètres étudiés : 

 Le degré de pénétration;

 Les points de contact de l'agent de
consolidation appliqué et de la ou des
couches picturales d'origine;

 La compatibilité du produit avec les
matériaux de masticage classiques
employés pour combler les lacunes;

 Les effets sur le soulèvement général et
le soulèvement en tente de la
préparation de gesso d'origine.
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 Isobutyl methacrylate in synthetic
isoparaffinic hydrocarbon solvent

 Hydroxypropyl cellulose in ethanol

Animal glues of hide origin with prolonged time 
of gelation (gel-depressant added) injected from 
the pictorial side proved to be the most suitable 
for consolidating rather thick paint layers on a 
porous gesso ground and deteriorated wooden 
substrate. Moreover, this methodology 
successfully adhered highly tented and rigid 
polychrome flakes without breaking them and/or 
causing them to overlap. 

Srebrenka Bogovi -Zeskoski has two Master's 
degrees: one in Art History from the University of 
Toronto (Toronto, Ontario) and one in Art 
Conservation from Queen's University (Kingston, 
Ontario). She is currently head conservator for In 
Restauro Conservart Inc. (a conservation studio 
for paintings and polychrome sculpture) as well 
as a part-time course director in the Art History 
department at York University, Toronto. She has 
been associated with the Croatian Conservation 
Institute for more than 20 years and has regularly 
participated at their conferences, seminars, and 
in situ restorations. 

Contact Information: 
In Restauro Conservart Inc. 
345 Melrose Avenue 
Toronto ON M5M 1Z5 Canada 
Tel.: 416-781-7450 
E-mail: fineartinfo@rogers.com

Romana Jagi graduated from the School of 
Applied Arts and Academy of Fine Arts 
(sculpture), Zagreb, Croatia. In 1985, she joined 
the Croatian Conservation Institute and is 
currently a senior conservator of polychrome 
sculpture and altarpieces. She took an active part 
in the evacuation and conservation of works of 
art damaged during the armed conflict in Croatia. 
Keenly interested in furthering conservation 
science, she has also organized a number of 
national and international seminars addressing 
problems of in situ conservation. 

Les échantillons de bois ont été traités avec des 
agents de consolidation classiques et d'autres 
agents modernes de conception plus récente. 

Agents de consolidation classiques : 

 Colles animales d'origines diverses,
possédant différentes forces d'adhérence
(colle de peaux, colle d'os, colle
d'esturgeon).

Agents de consolidation modernes, de 
conception récente : 

 Copolymère de méthacrylate d'éthyle,
dans le toluène, l'acétone et l'éthanol;

 Résine acrylique, dans du white-spirit;

 Méthacrylate d'isobutyle, dans un solvant
synthétique de type hydrocarbure
isoparaffinique;

 Hydroxypropylcellulose dans l'éthanol.

Ce sont les colles animales issues de peaux 
caractérisées par une longue période de 
gélification (avec ajout d'un agent réducteur de 
formation de gel), injectées du côté de la couche 
picturale, qui sont les plus adéquates pour 
assurer la consolidation de couches de peintures 
assez épaisses, présentes sur une préparation de 
gesso poreux et un substrat en bois détérioré. En 
outre, la méthode élaborée permet de fixer en 
place avec succès des lamelles d'écaillage 
polychromes rigides dont le soulèvement en 
tente est important, et ce, sans les casser et sans 
qu'elles ne se chevauchent. 

Srebrenka Bogovi-Zeskoski détient 
deux diplômes de maîtrise : un en histoire de l'art 
de l'Université de Toronto (Ontario) et un autre 
en restauration d'œuvres d'art de 
l'Université Queen's à Kingston (Ontario). Elle est 
actuellement restauratrice en chef d'In Restauro 
Conservart Inc. (un studio de restauration de 
tableaux et de sculptures polychromes) et 
directrice de cours à temps partiel au 
département d'histoire de l'art de 
l'Université York, à Toronto. Elle est associée à 
l'Institut de conservation croate depuis plus 
de 20 ans et participe régulièrement à leurs 
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Contact Information: 
Croatian Conservation Institute (HRZ) 
Department of Wooden Polychrome 
Sculpture Section IV 
Kneza Mislava 18 
Zagreb 10 000, Croatia 
Tel: 385-1-455-6510 ext. 101 
E-mail: rjagic@h-r-z.hr

conférences, séminaires et restaurations sur 
place. 

Coordonnées : 
In Restauro Conservart Inc. 
345, ave. Melrose 
Toronto (Ontario) M5M 1Z5 Canada 
Tél. : 416-781-7450 
Courriel : fineartinfo@rogers.com 

Romana Jagi est titulaire de diplômes de l'école 
des arts appliqués et de l'académie des 
beaux arts (sculpture) à Zagreb (Croatie). Elle se 
joint à l'Institut croate de conservation en 1985 
et est actuellement restauratrice principale de 
sculptures et de retables polychromes. Elle a 
participé activement à l'évacuation et à la 
restauration des œuvres d'art endommagées au 
cours du conflit armé en Croatie. Souhaitant 
vivement approfondir la science de la 
restauration, elle organise un certain nombre de 
séminaires nationaux et internationaux pour 
aborder les problèmes liés à la restauration sur 
place. 

Coordonnées : 
Croatian Conservation Institute (HRZ) 
Department of Wooden Polychrome 
Sculpture Section IV 
Kneza Mislava 18  
Zagreb 10 000, Croatia 
Tel: 385-1-455-6510, poste 101 
Courriel : rjagic@h-r-z.hr 
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STATISTICS 

 

VOLUMETRIC CONTRACTION (%) 

 

Sample A 
 

Sample B 
 

Sample C 
 

Sample D

Number of observations 2 8 20 30 

Minimum 7,18 8,32 9,54 7,24 

Maximum 7,39 14,23 15,68 20,66 

Width 0,20 5,91 6,14 13,42 

1st Quartile (p25) 7,23 10,45 11,62 11,57 

2on Quartile/Median (p50) 7,28 11,84 12,98 13,43 

3rd Quartil (p75) 7,34 13,29 14,12 15,45 

Average 7,28 11,73 12,82 13,41 

Standard deviation (n-1) 0,14 2,11 1,81 2,85 

Percentage variation 0,014 0,17 0,14 0,21 
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Physico-mechanical tests to evaluate  Paraloid  B72® and 

Regalrez 1126® for the consolidation of wood in 

polychromed sculptures 

V. Roonthiva,  J. Paret i Pey
Centre  de Restauració de Béns  Mobles  de Catalunya (Barcelona, Spain) 

voravit@conservadors-restauradors.com / jparet@gencat.cat 

  

 

Background 

In the last years, the Centre de Restauració de Béns Mobles de Catalunya (CRBMC), 

institution  depending  on the Culture  Department  of the Catalonian  Government  in 

Spain, has granted several specialized research projects whose results are intended to 

help  conservators  in  the  complex  treatments  they  face  in  their  day-to-day  practice. 

One  of  the  most  challenging examples is  the  Majesty of  Beget  (a 
Romanesque masterpiece of the 12th century), which led conservators   
of    the    panel painting  and  wooden  sculpture  Section  to  develop  a  study  on  the 
changes of  the physico-mechanical properties of wood after being subjected to 
consolidation treatments. 

Objectives 

The   objective    of   this   research    was   to   study    the   changes    induced    in  

the physico-mechanical  properties  of  wood  when  subjected  to  consolidation 

treatments with the selected resins, with the aim to set a proper protocol for the 

selection of the most   appropriate   methodology   for   the   consolidation   of   wood  

that   has   been severely damaged by insects and microorganisms growth. 

Experimental 

The  first  stage  consisted   of  cutting  62  samples  -with  similar  measures-   from 

a piece of wood with no historical value and ranging four different states of 

conservation. 

Two different tests were carried out: 

a. Tests   in   the   conservation   studio:   the   samples   -tangential   direction-

were saturated by impregnation with the different solutions. Impregnation was carried out

horizontally  in  order  to  improve  penetration.  The  observation  of  both  the  radial

and  tangential  directions  evidenced  the  penetration   of  the  resin,  its  distribution

inside the samples as well as any visual change that could eventually had taken place.

Equally interesting  and for comparative  purposes,  the specific weight of each sample

before impregnation was taken as objective parameter to determine their degree of

degradation.

b. Physico-chemical    tests   in   the   laboratory:    the   aim   of   the

experimental was   to   determine   the   behavior   of   the   samples   as   a   function

of   both   the resin   and   the   characteristics   of  wood   and   according   the

following   parameters:

• 12% Density (kg/m3)
• Hygroscopicity (kg/m3)

• Volumetric contraction at 0%, 12% and 100%

• Hardness (mm-1)

• Axial compressive strength (kg/cm2)

Materials: 

• 62  wooden  samples  -old  pine-  measuring  20x30x40  cm  and  damaged  by

insects. All of them were obtained from the same piece of wood and ranged four

different  states  of  conservation:  good  (A),  fair  (B),  poor  (C)  and  ruined  (D).

• Paraloid B72® both in xylene and in acetone (5%, 10% and 20% in both

cases)

• Regalrez 1126® in white spirit D40® (5%, 10% and

20%)

Equipment: 

• CCK 300 Climatic chamber
• J.P. Selecta Digitronic

Oven

• MUTC-200 Testing Equipment

• USB PCE-MM 200 Digital

Microscope 

Results 

Two types of results were obtained: 

a. Results from tests carried out in the conservation

studio

They were irregular and heterogeneous as a function of the resin, the solvent, the 

concentration,  the  number  of  applications  and  the  different  combinations.  Acrylic 

resins   in  acetone   showed   no  effectiveness   -whatever   the  concentration   was-   in 

what refers to penetration -the saturation on the surface was too fast due to the fast 

evaporation  of the solvent- and  to the final appearance since a whitish  glaze

( 

On the contrary, tests for Paraloid B72® in xylene and Regalrez 1126® evidenced 

some satisfactory  results:  an  even  and  uniform  penetration,  with  a  slower 

saturation  in those samples treated with a higher proportion of solvent. 

Finally,  and  considering  the  specific  weight  of  each  sample,  it  was  observed  that  it 

increased  considerably  after the tratment  -up to two times the initial weight of each 

sample- and as a function of the number of applications  as well as the concentration 

used  in each  case.  For  example,  the  initial  weight  of sample  D15  was  12 gr, 

which increased up to 25 gr after treatment. 

b. Partial results from the physico-mechanical tests in the

laboratory

Density:  it  seemed  to  decrease  as  more  dramatic  the  damage  caused  by  insects 

was. The internal holes also corresponded to a decrease of density and weight. this 

corroborates the accuracy in the classification into four grades of conservation of the 

samples. 

Humidity: the distribution was irregular and anomalous. For samples B, C and D the 

average was far from the median and for samples D there was such a difference that the 

median -that should have been  a central value-, was out of the main box of the Box-Plot. 

Volumetric contraction: given the results, it was not possible to state that volumetric 

contraction  increased  as  damage  by  insects  increased  as  well.  Nevertheless  it 

was possible to state that the variability of the volumetric contraction of wood did 

increase as the intensity of damage by insects increased too. 

Higroscopicity:  it   could  be   seen  that   higroscopicity,  usually  depending   

on density and on the coefficient of volumetric contraction,  decreased as more 

dramatic the attack of insects was. Apparently, wood’s hidrofilic behaviour decreased as 

more dramatic  the  attack  of insects  was,  which  could  be  a logical  result  since  the 

bigger the holes are, the less moisture  sensitive  wood is. Equally interesting,  the 

resins stu- died also contributed to plasticize the samples to some extent preventing them 

from reacting against humidity. 

Hardness:  the coefficients of variability were high,   85%   for samples B and 62% 

for samples    C.    Nevertheless,    an    indication    of    the    positive    results    obtained   

is that   some   of   the   B   samples   showed   to   be   harder   than   those   that   did   not 

evidence any defect. On the other hand, samples D, much more degraded, were not able to 

withstand the applied pressure. In such cases the tests to evaluate the hardness caused 

the compression -and destruction- of the samples and no valid results were obtained. 

Axial  compression  strength:  the  strength  of the  samples  strongly  decreased  due 

to the dramatic  insect attack  but increased  because  of the physical  change 

experienced by the samples after the consolidation treatment. In such cases, strength 

decreased as damage increased. For example, the strength of samples D was about 5 

kg/cm2  compared to the 350 kg/cm2 of samples A. 

Conclusions 

The   different   tests   evidenced   that   tretaments   carried   out   with   Paraloid  

B72® in  acetone  were  not  effective  in  what  refers  to  their  low  penetration,   the 

final appearance   of   the   treated   samples   as   well   as   the   whitish   film  left  on  

wood’s surface.  The  combined  aplication  of  resin  both  in  xylene  and  white  spirit 

D40®, seemed  to  provide  a  higher  penetration,   but darkened  the  samples 

significantly. 

The first tests carried out in the laboratory evidenced significant  

differences between    treated    and    untreated    samples.    The     partial    results    

obtained from the density measurements of the extremely damaged   

samples after having  been treated  with several  applications of   

consolidants  evidenced higher    values    to   those   of   the   untreated    samples.   

To   finish,   the   compres- sion   tests   evidenced   however,   that   the   physico-

mechanical properties not only did not experienced any significant   

improvement    after    treatment    with    the selected   resins   but   turned   the   treated  

samples   into   a   much   weaker   material. 
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Abstract and 
Biographies 
A challenging intervention on a Romanic wooden 
sculpture (12th century) led to a study on the 
effectiveness of selected adhesives for 
consolidation of extremely damaged wood. 

Physico-mechanical properties including density, 
hygroscopicity, volumetric contraction (at water 
content rates of 0%, 12% and 100%), hardness, 
and axial compressive strength are being 
evaluated on 62 wooden samples representing 
four degrees of degradation (good, fair, poor, 
ruined), before and after impregnation with 
Paraloid B-72 and Regalrez 1126 in three 
different solvents each (xylene, acetone, and 
White Spirit D40) and three different 
concentrations (5, 10, and 20%). 

This research is still in progress, but preliminary 
results regarding penetration, density 
measurements, and axial compression tests are 
interesting. Paraloid B-72 in acetone did not 
penetrate significantly and created a milk-like 
film on the surface, while xylene and White Spirit 
D40 did increase penetration, but significantly 
changed the colour of the treated samples. In the 
case of extremely weak wooden samples, density 
measurements showed some improvement, 
which indicates that the resins are filling the 
voids. Finally, and surprisingly, axial compression 
tests run on samples treated with several 
applications (of both resins) showed a dramatic 
increase in brittleness. 

Voravit Roonthiva is a graduate of the School of 
Conservation and Preservation of Cultural 
Heritage of Catalonia (Spain), with a major in 
sculpture. He has been collaborating in 
conservation projects at the Department of 
Conservation of Panel Paintings and Wooden 
Sculpture of the Centre for the Conservation and 
Preservation of Cultural Heritage of the 
Government of Catalonia (CRBMC) since 2002. He 

Résumé et 
biographies 
Les travaux visant une sculpture sur bois romane 
datant du XIIe siècle ont posé de nombreux défis 
et ont entraîné la réalisation d'une étude sur 
l'efficacité d'adhésifs particuliers comme agents 
de consolidation du bois grandement 
endommagé. 

Des propriétés physicomécaniques, y compris la 
masse volumique, l'hygroscopicité, la contraction 
volumétrique (à des teneurs en eau de 0, 12 et 
100 %), la dureté et la résistance à la 
compression axiale, ont été déterminées pour 
62 échantillons de bois représentant 4 degrés de 
dégradation (objet en bon état, en état 
acceptable, en piètre état et complètement 
dégradé), avant et après leur imprégnation avec 
du Paraloid B-72 et du Regalrez 1126, dissous à 
trois concentrations différentes (5, 10 et 20 %) 
dans trois solvants distincts (du xylène, de 
l'acétone et du white spirit D40). 

Le projet de recherche est toujours en cours, 
mais les résultats préliminaires sur le degré de 
pénétration, les mesures de la masse volumique 
et les essais de résistance à la compression axiale 
sont d'un grand intérêt. La solution de Paraloid B-
72 dans l'acétone n'a pas un degré de 
pénétration significatif et elle forme une pellicule 
laiteuse à la surface de l'objet, tandis que les 
solutions du même adhésif dans le xylène et dans 
le white-spirit D40 possèdent un degré de 
pénétration accru, mais elles provoquent une 
altération importante de la couleur des 
échantillons traités. Dans le cas des échantillons 
de bois très fragiles, les mesures de la masse 
volumique indiquent que le traitement entraîne 
une amélioration de leur état, ce qui implique 
que les résines comblent les cavités. Finalement, 
des résultats surprenants des essais de résistance 
à la compression axiale montrent que les 
échantillons de bois traités au moyen de 
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obtained a grant for 2 years to specialize in the 
treatment of wooden supports. His current 
research focuses on the structural behaviour and 
configuration of Catalan panel paintings. He has 
also worked for the Museum of City History and 
the Museum of Music (both in Barcelona). He is 
currently President of the Association of 
Conservators of Catalonia (ARCC). 

Contact Information: 
Centre de restauració de béns mobles de 
Catalunya 
(Departament de cultura i mitjans de 
comunicació, Government of Catalonia) 
c. Arnau Cadell 30
Valldoreix, Barcelona 08197, Spain
Tel.: +0034 676865719
E-mail:
voravit@conservadors-restauradors.com

Josep Paret-Pey has a degree in History of Art 
and Conservation from the University of 
Barcelona (Spain). In addition to work in 
carpentry, he has been responsible for the 
Department of Conservation of Panel Paintings 
and Wooden Sculpture at the Centre for the 
Conservation and Preservation of Cultural 
Heritage of the Government of Catalonia since 
1999. He has also worked for the Government of 
France, and is a member of the Spanish 
Association of Non Destructive Testing. His 
research focuses on steel structures for the 
reinforcement of altarpieces, especially from the 
Gothic period. 

Contact Information: 
Centre de restauració de béns mobles de 
Catalunya 
(Departament de cultura i mitjans de 
comunicació, Government of Catalonia) 
c. Arnau Cadell 30
Valldoreix, Barcelona 08197, Spain
Tel.: +0034 679411045
E-mail: jparet@gencat.cat

plusieurs applications des deux résines 
présentent une augmentation exceptionnelle de 
leur fragilité. 

Voravit Roonthiva détient une majeure en 
sculpture de l'école de restauration et de 
préservation du patrimoine culturel de Catalogne 
(Espagne). Il participe à des projets de 
restauration au département de restauration de 
peintures sur bois et de sculptures en bois du 
centre de restauration et de préservation du 
patrimoine culturel du gouvernement de 
Catalogne depuis 2002. Il bénéficie d'une 
subvention pendant deux ans pour se spécialiser 
dans le traitement des supports en bois. Ses 
recherches actuelles portent sur le 
comportement et la configuration structurels des 
peintures sur bois catalanes. Il a aussi travaillé au 
musée d'histoire de la ville et au musée de la 
musique (tous les deux situés à Barcelone) et il 
est en ce moment président de l'Association des 
restaurateurs de Catalogne. 

Coordonnées : 
Centre de restauració de béns mobles de 
Catalunya 
(Departament de cultura i mitjans de 
comunicació, Government of Catalonia) 
c. Arnau Cadell 30
Valldoreix, Barcelona 08197, Espagne
Tél. : +0034 676865719
Courriel :
voravit@conservadors-restauradors.com

Josep Paret-Pey est titulaire d'un diplôme en 
histoire de l'art et en restauration de l'Université 
de Barcelone (Espagne). En plus de faire de la 
charpenterie, il dirige le département de 
restauration de peintures sur bois et de 
sculptures en bois du centre de restauration et 
de préservation du patrimoine culturel du 
gouvernement de Catalogne depuis 1999. Il a 
aussi travaillé pour le gouvernement de France et 
est membre de l'association espagnole pour des 
essais non destructifs. Ses recherches portent sur 
les structures d'acier destinées à renforcer les 
retables, surtout celles de la période gothique. 
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Coordonnées : 
Centre de restauració de béns mobles de 
Catalunya 
(Departament de cultura i mitjans de 
comunicació, Government of Catalonia) 
c. Arnau Cadell 30
Valldoreix, Barcelona 08197, Espagne
Tél. : +0034 679411045
Courriel : jparet@gencat.cat
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APPORT DE LA MICROSCOPIE  INFRAROUGE 
A L'ETUDE DES PROTECTIONS POLYMERES APPLIQUEES AU BATI 

Didier BRISSAUD et Jean Didier MERTZ, Laboratoire 

de Recherche des Monuments Historiques 

29 rue de Paris 77420 Champs/Marne France 

didier.brissaud@culture.gouv.fr; jean-didier.mertz@culture.gouv.fr OBJECTIF 

La diffusion  des polyumeres  hydrofuges  a Ia surface 

PROBLEMATTQUE 
Applique a Ia conservation  du patrimoine architectural  bati, le traitement des 

pierres de monuments  par des polymeres organiques permet de faire ecran aux 

agents d'alteration atmospherique (humidite, temperature, vent) et de preserver 

leur integrite materielle sous reserve de ne pas modifier d'autres facteurs 

(permeance,  teinte ). Avec leur  vieillissement nature!, ces  produits  peuvent 

subir des transformations ou une perte d'efficacite  qui limite  leur   emploi. 

des materiaux poreux a ete etudie par Microscopie 

Electronique   a  Balayage  sous  un  aspect  purement 

visue!. La capacite de Ia microscopie  infrarouge a ete 

testee afin d'etudier, sous un aspect cartographique  et 

plus adapte aux composes organiques, !'apport de cette 

technique  aux  connaissances  anterieures. 

Le consolicant (RC 70 de Rhodia) puis l'hydrofuge 

(IMLAR CPC 1175 de Dupont de Nemours)appliques 

dans les annees 1988-1989  sur !'Arc  de Triomphe de 

!'Etoile a Paris* L'objectif  principal est de visualiser 

specifiquement Ia diffusion  d e polymere  afin 

d'analyser ses interactions physico chimiques 

eventuelles avec Ia pierre  et de justifier  son 

comportement   actuel,  22  ans  apres  le  traitement. 

* Le produit IMLAR CPC 1175 correspond a une emulsion acrylique adjuvantee de Tn\flon

MATERIAUX 

ET 

METHODE 

La pierre constitutive  de !'Arc de Triomphe correspond  au calcaire de Chateau 

Landau,   pierre  dure  et  peu  poreuse  exploitee   en  Seine  et  Marne  (France). 

Apres  prelevement  et inclusion  dans  une resine  polyester,  les echantillons  de 

pierre sont etudies en microscopie infrarouge a !'aide du systeme AIR  Imaging du 

microscope  SPOTLIGHT  400 (PerkinElmer) couple au bane SPECTRUM  100. 

Ce systeme autorise !'analyse  infrarouge  simultanee  d'une surface pouvant aller 

jusqu'a  500  x  500  11m   avec  une  resolution   spatiale  de  2,5  11m   par  pixel. 

La  technique  est  utilisee  pour  detecter  Ia  repartition   specifique   du  produit 

hydrofuge   IMLAR    CPC    1175   a   Ia   surface   de   Ia   pierre    calcaire. 

RESULTATS 

Chaque profil d'absorbance 
repr6sente un spectre moyen d'une 

somme de spectres individuels 
s61ectionn6s dans une surface 
donnee. La  reponse est 

caracteristique   de   chacun    des 

composes  de  l'echantillon  etudie.      Les   specificites    spectrales   (bandes   caracteristiques)  permettent   une 
selection   optimale   des   differents   composes   constituant   l'echantillon 

car chaque pixel de !'image  infrarouge  represente un spectre enregistre  de 
S< l    <1i 011<lcs)and(•1 70 « I I :!O cm-1 

Stkclio<k> ,....,oc, 1400 c t 8';0 em- I 

s·cclio•,dc•  ,....;.,,t 1 020.  Ll 60 ct  ll (".lom- l 

700  a 4000  em-! avec  une  resolution  de  8  em-!. Elles  permettent  de 

visualiser  !'interface   pierre  -  hydrofuge  et  montrent  que  ce  dernier  est 

principalement localise  en surface. 

CONCLUSION 

Image  infrarouge  en fausses  couleurs  de 

!'interface  pierre  -   polymere 

sous microscope 

(IOOf!m  x  IOOf!m) 

Les premteres utilisations au laboratoire de l'imagerie 

infrarouge pour !'etude des polymeres liquides appliques aux 

materiaux  poreux du    bati nous ont permi d'evaluer 

precisement    les possibilites offertes par cette technique 

nouvelle. II est ainsi possible d'isolerchaque compose au sein 

d'une image infrarouge et de visualiser leur eventuelle 

modification chimique. Dans cette etude,  !'analyse 

cartographique  montre que l'hydrofuge applique  en surface 

en 1989 n'avait pas ou peu diffuse dans Ia pierre. Cette non 

penetration  du produit justifie Ia tendance au grisement  des 

pierres ainsi traitees et sa desquamation  prematuree liee a Ia 

faible adhesion du produit reticule a Ia surface de Ia calcite. 

La  superposttwn   des  images  visible   et 
infrarouge  perrnet d'apprecierla qualite des 
'interfaces resine d'inclusion - IMLAR  et 
IMLAR- calcite et reve!e Ia non penetration 

du   produit  IMLAR    dans   Ia   pierre 
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Résumé et 
biographie 
L'utilisation de produits de traitement polymère 
s'est généralisée dès la fin des années 1960 dans 
le domaine de la conservation des matériaux du 
patrimoine architectural bâti. En France, l'Arc de 
Triomphe de l'Etoile à Paris construit de 1806 à 
1835, n'a pas échappé à ce souci de préservation 
qui s'est traduit par l'application d'un consolidant 
(RC 70) puis d'un hydrofuge (IMLAR 1175T) en 
1989 pour lutter contre la pollution urbaine. 

L'arrivée récente au Laboratoire de Recherche 
des Monuments Historiques de la microscopie 
infrarouge nous a conduit à reconsidérer la 
distribution et l'évolution de l'hydrofuge de 
surface après 22 ans de vieillissement naturel 
sous l'aspect moléculaire et en imagerie 2D. 

Les images infrarouges obtenues sous 
microscope, dont la taille maximale est de 500 × 
500 µm, sont composées de pixels de 2,5 µm de 
côté. Chacun d'eux est le résultat d'un spectre 
infrarouge réalisé entre 700 et 4000 cm-1. La 
sélection d'une ou plusieurs bandes spécifiques 
aux composés de l'échantillon permet d'accéder 
à la répartition bidimensionnelle du produit. La 
technique met en évidence une limite nette entre 
le produit et la pierre, témoin d'une très faible 
diffusion de l'hydrofuge dans les réseaux poreux 
de la pierre calcaire. 

Didier Brissaud, Ingénieur d'Etude au Laboratoire 
de Recherche des Monuments Historiques, Pole 
analytique (depuis 2007). Spécialiste en 
spectroscopies vibrationnelles (IRTF et Raman). 
Etude et analyse des composés organiques 
rencontrés en restauration/conservation du 
patrimoine bâti et plus particulièrement des 
polymères (consolidants, hydrofuges, 
antigraffitis) appliqués sur la pierre. Ingenieur 
Principal en Police Technique et Scientifique 
(1988–2006). Etude et analyse sur matériaux 

Abstract and 
Biography 
Since the late 1960s, the use of polymer 
treatment products has become widespread for 
the conservation of materials of architectural 
built heritage. In 1989, a consolidant (RC 70) 
followed by a water repellent (IMLAR 1175T) was 
applied to the Arc de Triomphe (built from 1806 
to 1835) in Paris, France to counter the city's 
pollution. 

The recent arrival of infrared microscopy at the 
Research Laboratory for Historical Monuments 
has allowed us to view the molecular aspect and 
two-dimensional image of these products, and 
led us to reconsider the distribution and 
development of surface water repellents after 22 
years of natural aging. 

The infrared images obtained under the 
microscope, with a maximum size of 500 × 500 
µm, are composed of pixels that are 2.5 µm in 
thickness. Each one of them is the result of an 
infrared spectrum produced between 700 and 
4000 cm-1. The selection of one or several bands 
specific to the components of the sample 
provides an image of the two-dimensional 
distribution of the product. The technique 
highlights a distinct boundary between the 
product and the stone, evidence of poor water 
repellent circulation in the porous network of 
limestone. 

Didier Brissaud has been a Research Engineer at 
the Laboratoire de Recherche des Monuments 
Historiques in Paris, France since 2007. As a 
specialist in vibrational spectroscopy (Fourier 
transform infrared and Raman), he studies and 
analyses organic components used in 
conservation/preservation of heritage buildings, 
specifically polymers (consolidants, water 
repellents, anti-graffiti) applied to stone. From 
1988 to 2006, Didier was a Senior Engineer for 
the Police Technique et Scientifique, during 
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divers (Peinture, Polymères, minéraux, joaillerie, 
stupéfiants, explosifs) par spectroscopie Raman. 

Coordonnées : 
Laboratoire de Recherche des 
Monuments Historiques 
29 rue de Paris 
77420 Champs-sur-Marne, France 
Tél. : 01.60.37.77.80 
Courriel : didier.brissaud@culture.gouv.fr 

which time he studied and analysed various 
materials (paint, polymers, minerals, jewellery, 
narcotics, explosives) by Raman spectroscopy. 

Contact Information: 
Laboratoire de Recherche des 
Monuments Historiques 
29, rue de Paris 
77420 Champs-sur-Marne, France 
Tel.: 01.60.37.77.80 
E-mail: didier.brissaud@culture.gouv.fr
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Effects of Consolidants on the 
Deposition of Sulfur Dioxide on 
Limestone Building Materials 

No Poster Available 

Effets des agents de consolidation 
sur le dépôt d'anhydride sulfureux 
sur les immeubles en pierre 
calcaire 

Affiche pas disponible 
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Abstract and 
Biographies 
The Materials Conservation program of the 
National Center for Preservation Technology and 
Training (NCPTT) has been studying the effects of 
air pollution on cultural materials for 15 years. 
This work has concentrated on a specific 
pollutant, sulfur dioxide, which is produced 
through the burning of fossil fuels. 

The current study examines the differences in 
deposition velocity of sulfur dioxide as well as the 
differences in the rate at which any unbound 
sulfur is released from the surfaces of treated 
limestone. Salem limestone was treated with four 
different stone consolidants: Acryloid B-72®, 
Conservare® Hydroxylating Conversion 
Treatment (HCT), Conservare® OH100, and 
EponexTM Resin 1510. B-72, OH100, and Eponex 
are organic coating treatments, whereas HCT is 
an inorganic treatment developed to bind 
chemically with the carbonate minerals in the 
limestone. The consolidants were applied to the 
surface of cut and cleaned Salem limestone using 
a soft brush. Some of the samples were subjected 
to artificial weathering under controlled 
humidity, temperature, and ultraviolet light using 
a Q-Panel QUV accelerated weathering tester. 
Deposition of sulfur dioxide was accomplished by 
exposing the samples to 50 ppb (parts per billion) 
sulfur dioxide in NCPTT's recirculating 
environmental exposure chamber, which also 
provided a controlled and constant temperature, 
humidity, and wind speed. The conditions in the 
environmental exposure chamber, including the 
sulfur dioxide concentration, were set to simulate 
a spring day in Philadelphia, Pennsylvania. The 
rate at which unbound sulfur was released from 
the surface of the stone was measured using a 
PerkinElmer Fourier transform infrared 
spectrometer. Measurements were also made to 
document any changes in sample colour and 
surface texture. 

Résumé et 
biographies 
Dans le cadre du programme de conservation des 
matériaux du National Center for Preservation 
Technology and Training (NCPTT), les effets de la 
pollution atmosphérique sur les matériaux 
culturels ont été étudiés pendant une période de 
15 ans. Les travaux ont principalement porté sur 
un polluant particulier, soit l'anhydride sulfureux, 
qui est un produit de la combustion des 
combustibles fossiles. 

L'étude en cours a pour but d'examiner la 
variation de la vitesse de dépôt d'anhydride 
sulfureux (ou dioxyde de soufre) dans différentes 
conditions ainsi que celle de la vitesse de 
libération de tout composé du soufre non lié des 
surfaces en pierre calcaire traitées. Des 
échantillons de calcaire de Salem ont été traités à 
l'aide de quatre agents de consolidation de pierre 
distincts, à savoir l'Acryloid B-72®, le produit de 
traitement par hydroxylation Conservare® (appelé 
HCT, pour Hydroxylating Conversion Treatment), 
le Conservare® OH100 et la résine EponexMC 1510. 
Les produits B-72, OH100 et Eponex font partie 
des revêtements de traitement organiques, 
tandis que le HCT constitue un revêtement 
inorganique qui a été conçu pour se lier 
chimiquement aux minéraux carbonatés de la 
pierre calcaire. Les agents de consolidation ont 
été appliqués, au moyen d'une brosse souple, à la 
surface d'échantillons de calcaire de Salem 
découpés et nettoyés. Certains d'entre eux ont 
été soumis à un vieillissement atmosphérique 
artificiel, dans des conditions régulées 
d'humidité, de température et de rayonnement 
ultraviolet, à l'aide d'un appareil d'essai de 
vieillissement atmosphérique accéléré Q-
Panel QUV. Le dépôt de dioxyde de soufre était 
réalisé par exposition des échantillons à 50 ppb 
(parties par milliard) de dioxyde de soufre, dans 
l'enceinte d'exposition ambiante à recirculation 
du NCPTT, laquelle assure aussi des conditions 
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Carol S. Chin is a Joint Faculty Researcher with 
the National Park Service's National Center for 
Preservation Technology and Training (NCPTT) 
and Northwestern State University (Natchitoches, 
Louisiana). She has 25 years of experience in 
marine geochemistry, has been involved in 
preservation and conservation activities for 13 
years, and has been with NCPTT as a 
conservation scientist for 3 years. She holds a 
PhD in Marine Geology from Oregon State 
University (Corvallis, Oregon) and has studied 
deep-sea hydrothermal processes in the North 
and Central Atlantic, Northeast Pacific, and 
Antarctic. 

Contact Information: 
National Park Service 
National Center for Preservation 
Technology and Training 
645 University Parkway 
Natchitoches LA 71457 USA 
Tel: 318-356-7444 
E-mail: Carol_Chin@partner.nps.gov

Justin M. Copeland is a graduate student 
pursuing a PhD in Chemistry at the University of 
South Carolina (Columbia, South Carolina). He 
served as an intern with the National Center for 
Preservation Technology and Training during the 
2010–2011 academic year and continued this 
research as a summer intern. He completed a BS 
in Chemistry (Professional emphasis) at 
Northwestern State University (Natchitoches, 
Louisiana) in May 2011. 

Contact Information: 
National Center for Preservation 
Technology and Training 
Northwestern State University 
Natchitoches, Louisiana, United States 

Mary F. Striegel has served as a senior researcher 
and Chief of Materials Conservation with the 
National Park Service's National Center for 
Preservation Technology and Training since 1995. 
Her research focuses on evaluation of 
preservation treatments for preventing damage 
to cultural heritage, with special emphasis on 

régulées et constantes de température, 
d'humidité et de vitesse du vent. Toutes les 
conditions ambiantes de l'enceinte d'essai, y 
compris la concentration de dioxyde de soufre, 
reproduisent celles d'une journée printanière à 
Philadelphie, en Pennsylvanie. La vitesse de 
libération de composés du soufre non liés de la 
surface de pierre a été mesurée au moyen d'un 
spectromètre infrarouge à transformée de 
Fourier de marque PerkinElmer. Des mesures 
connexes ont aussi été effectuées afin 
d'enregistrer toute altération de la couleur et de 
la texture superficielle des échantillons. 

Carol S. Chin fait partie d'un groupe de recherche 
interuniversitaire du National Center for 
Preservation Technology and Training (NCPTT) du 
National Park Service et de l'Université 
Northwestern State à Natchitoches (Louisiane). 
Elle a 25 ans d'expérience en marine 
géochimique, participe à des activités de 
préservation et de restauration depuis 13 ans et 
est scientifique en restauration au NCPTT depuis 
3 ans. Elle possède un doctorat en géologie 
marine de l'Université Oregon State à Corvallis 
(Oregon) et a étudié l'hydrotermalisme en eaux 
profondes dans le nord et le centre de 
l'Atlantique, dans le nord est du Pacifique et en 
Antarctique. 

Coordonnées : 
National Park Service 
National Center for Preservation 
Technology and Training 
645 University Parkway 
Natchitoches, Louisiana 71457, États-
Unis  
Tél. : 318-356-7444 
Courriel : Carol_Chin@partner.nps.gov 

Justin M. Copeland est étudiant au doctorat en 
chimie à l'Université de Caroline du Sud à 
Columbia (Caroline du Sud). Il est stagiaire au 
National Center for Preservation Technology and 
Training durant l'année universitaire 2010 2011 
et poursuit ses recherches à titre de stagiaire 
pendant l'été. En mai 2011, il a obtenu un 
baccalauréat ès sciences en chimie (orientation 
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stone and metal, while her training efforts focus 
on transferring technical skills and knowledge to 
preservation professionals. Mary has a PhD in 
Inorganic Chemistry from Washington University 
(St. Louis, Missouri), and was a Conservation 
Scientist at the Getty Conservation Institute (Los 
Angeles, California) prior to joining the National 
Park Service. 

Contact Information: 
National Center for Preservation 
Technology and Training 
Natchitoches, Louisiana, United States 

professionnelle) à l'Université 
Northwestern State à Natchitoches (Louisiane). 

Coordonnées : 
National Center for Preservation 
Technology and Training 
Université Northwestern State 
Natchitoches, Louisiana, États-Unis 

Mary F. Striegel est chercheuse en chef et 
responsable de la restauration des matériaux au 
National Center for Preservation Technology and 
Training du National Park Service depuis 1995. 
Ses recherches portent sur l'évaluation des 
traitements de préservation visant à empêcher la 
détérioration du patrimoine culturel et mettent 
particulièrement l'accent sur la pierre et le métal. 
Son travail d'enseignement consiste 
principalement à transmettre des compétences 
et un savoir techniques à des professionnels de la 
préservation. Mary détient un doctorat en chimie 
minérale de l'Université Washington à Saint Louis 
(Missouri). Avant de se joindre au National Park 
Service, elle est scientifique en 
conservation restauration au Getty Conservation 
Institute de Los Angeles (Californie). 

Coordonnées : 
National Center for Preservation 
Technology and Training 
Natchitoches, Louisiana, États-Unis 
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NNaannootteecchhnnoollooggyy && MMaatteerriiaallss TTeessttiinngg 
UUssiinngg NNaannooppaarrttiicclleess ttoo TTaagg CCoonnssoolliiddaannttss ttoo DDeetteerrmmiinnee DDeepptthh ooff PPeenneettrraattiioonn 

JJooyyccee ZZuucckkeerr,, PPaaiinnttiinnggss CCoonnsseerrvvaattoorr.. 
MMaarryy BBeettlleejjeesskkii,, PPaaiinnttiinnggss CCoonnsseerrvvaattoorr.. EErriinn MMoorroonneeyy,, AArrcchhiitteeccttuurraall CCoonnsseerrvvaattoorr 

TThheeoorryy && GGooaallss 
Depth of penetration is a critical factor in determining the po- 
tential success of a consolidation treatment.  Traditional meth- 
ods for determining the depth of penetration through a matrix 
often produce imprecise results.  The goal of this project is to re- 
search the possibility  of using nanoparticles to determine depth 
of penetration of the consolidant. 

The unique characteristics of nanoparticles, i.e., small size, sta- 
bility and intense visible fluorescence under ultraviolet (UV) 
light, make them potentially suitable for tagging and tracking 
the consolidants’ penetration.   Our research has focused on dis- 
covering the most effective pairing of nanoparticle, consolidant 
and matrix. 

TTeecchhnniiqquuee 
Once the nanoparticle/solvent compatibility was determined, the 
tagged consolidant was applied by pipette to a variety of test sam- 
ples.  The samples were then cut to reveal the cross-section and 
photographed under visible and UV light.  Some of the materials 
tested included a weak lime/sand matrix, adobe, plaster and gesso. 

Image 3. Image 4.  Image 5. Image 6. 

NNaannooppaarrttiicclleess aarree difficult to define because of the

limitless variety of base materials, shapes and properties.  Their 
defining characteristic is their small size; they must have at least 
one dimension that is less than 100 nanometers.  A nanometer is 
equal to one billionth of a meter. 

Image 3. Tagged consolidant applied 
by pipette to a test sample. Imaged 
under UV light  (350nm) 

Image 4. Gesso sample. 
Nanoparticle tagged 

isinglas under 
UV light (325nm) 

Image 5. Plaster sample. 
Nanoparticle tagged 

Acryloid B72 under UV 
light (350nm) 

Image 6. Adobe sample. 
Nanoparticle tagged 

Acryloid B72 under UV 
light (350nm) 

For this project the choice of nanoparticle was based on the fol- 
lowing properties: 

  VViissiibbllee FFlluuoorreesscceennccee under standard handheld UV

lights—325 to 350 nm.  Fluorescent nanoparticles tested in- 
clude Quantum Dots (QD’s),  Phosphor Dots and nanosized 
fluorescent agents. Only microliters (.001 milliliter) of 
nanoparticles are necessary  per milliliter of consolidant. The 
nanoparticles, once introduced to the consolidant, are only 
visible under UV light. 

TThhee ddeepptthh ooff ppeenneettrraattiioonn ooff aa ccoonnssoolliiddaanntt in a weak lime/sand matrix, is

made visible by the fluorescing nanoparticles.  The sample below was treated using the above 
technique with a 20% solution of Acryloid B72 in xylene tagged with QD’s.  Under UV light 
(Image 8) the fluorescing QD’s clearly indicate the depth of penetration of the consolidant. 
The unconsolidated material was removed by acid digestion to confirm the 
result as illustrated in images 9 & 10. 

Image 7.  Image 8.  Image 9.  Image 10. 

Image 1. Quantum Dots are 
nanosized fluorescent semi- 
conductors (CdSe) .The size 
of the nanocrystal particle 
determines the emission 

Image 7. Treated sample 
under visible light 

Image 8. Treated sample under 
UV (350nm) light. 

Image 9. Sample under 
visible light after acid diges- 

tion of unconsolidated 
material. 

Image 10. Sample under UV 
(350nm) light after acid 

digestion of unconsolidated 
material. 

  CCChhheeemmmiiicccaaalll CCCooommmpppaaatttiiibbbiiillliiitttyyy
between the nanoparticle and
solvent. 

Image 1. 

spectrum/florescence color. 
Particles above range from 
1.9nm with 490nm  emission 
(blue) to  5.2nm particle with 
emission of 610nm (red). 

Nanoparticles may be used to evaluate consolidant 
concentration levels.  Samples seen in images 11 & 
12 were both treated with a 20% solution of Acry- 
loid B72 in xylene tagged with QD’s.  The sample 
in image 11 was prepared outside a vapor chamber 
and shows a higher concentration  of Acryloid B72 
and QD’s on the surface. The sample in image 12 
was prepared in a vapor chamber saturated with 
xylene and shows the more even distribution of the 
Acryloid B72 and QD’s. 

Image 11. QD Tagged 
Consolidant  applied 

outside vapor chamber 

Image 12. QD Tagged 
Consolidant applied in a 

vapor chamber 

Image 2. Xylene compatible 
nanoparticles used to tag a 12% 

solution of Acryloid B-72 in xylene. 

Photographed under 350nm UV light. 

RReesseeaarrcchh ttoo ddaattee has indicated that under the right conditions nanoparticles may be used

to determine depth of penetration of a consolidant. Currently limitations include incompatibil- 
ity with some materials due to electrostatic issues and alcohol based materials. 

Research supported by a grant from the National Park’s Service National Center for Preservation Technology & Training (NCPTT) 
&  New York State Office of Parks, Recreation & Historic Preservation 
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Abstract and 
Biographies 
The potential success of a consolidation 
treatment is dependent on many factors, but 
depth of penetration is especially critical for 
architectural and mural conservation. 
Traditional methods for determining depth of 
penetration produce imprecise measurements. 
Many of the available dyes used for this purpose 
may impede penetration. In addition, the 
chemical composition of many consolidants, 
especially the ethyl silicates used in architectural 
conservation, are immiscible with organic 
fluorescent dyes. Advancements in 
nanotechnology, specifically fluorescent 
nanoparticles, may offer a solution. 

By exploiting the unique characteristics of 
nanoparticles, i.e. small size, stability, and 
fluorescence, we hope to discover the most 
effective pairing of nanoparticles with a 
consolidant to determine depth of penetration. 
The nanoparticles are being used to tag the 
consolidant to make the depth of penetration 
visible under ultraviolet light. Our initial 
research with B-72 and various types of 
nanoparticles has focused on the interactions 
between the nanoparticles, the consolidant, and 
the substrate. Critical factors being investigated 
are compatibility, fluorescence, and 
concentration. This research has been funded by 
a grant from the National Park Service's National 
Center for Preservation Technology and Training 
(Natchitoches, Louisiana, United States). 

We hope that a more thorough understanding 
of depth of penetration will further enhance a 
conservator's ability to select an appropriate 
consolidant, and lead to more successful 
treatments. 

Joyce Zucker, Paintings Conservator, has been 
an active researcher in examining problematical 
surface phenomena in the work of the Hudson 

Résumé et 
biographies 
Le succès d'un traitement de consolidation dépend 
de nombreux facteurs, mais la profondeur de 
pénétration des agents de consolidation constitue 
un élément particulièrement crucial lors de 
travaux de restauration de murales et d'œuvres du 
patrimoine architectural. Les valeurs mesurées au 
moyen des méthodes classiques de détermination 
de la profondeur de pénétration sont imprécises. 
De nombreux colorants disponibles utilisés à ces 
fins peuvent empêcher la pénétration des agents 
de consolidation. De plus, la composition chimique 
d'un bon nombre de ces derniers, notamment les 
silicates d'éthyle employés en restauration des 
œuvres architecturales, les rend immiscibles aux 
colorants fluorescents organiques. Les progrès 
récents réalisés dans le domaine de la 
nanotechnologie, particulièrement ceux associés 
aux nanoparticules fluorescentes, pourraient 
constituer une solution au problème. 

En tirant avantage des propriétés exceptionnelles 
des nanoparticules, soit leur très petite taille, leur 
stabilité et leur fluorescence, il serait possible 
d'établir quel couplage de nanoparticules et 
d'agent de consolidation est le plus efficace pour 
déterminer la profondeur de pénétration. Les 
nanoparticules étudiées servent à exécuter le 
marquage de l'agent de consolidation, rendant 
ainsi la profondeur de pénétration visible, sous 
éclairage par rayonnement ultraviolet. Nos travaux 
de recherche initiaux, réalisés avec le produit B-72 
et divers types de nanoparticules ont surtout porté 
sur les interactions entre les nanoparticules, 
l'agent de consolidation et le substrat. La 
compatibilité des constituants, la fluorescence et 
la concentration sont les principales propriétés 
étudiées. Le financement du présent projet de 
recherche est assuré par le biais d'une subvention 
du National Center for Preservation Technology 
and Training du National Park Services des 
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River School of Painters and has lectured 
extensively on the materials and techniques of 
Frederic Church. She earned an MA from the 
Cooperstown Graduate Program in 1973, and 
between 1974 and 2010 has been responsible 
for the preservation and conservation of 
paintings and murals at 35 New York State 
historic sites. Joyce was a member of the first 
Certification Committee at the American 
Institute for Conservation and was elected to 
the Board. 

Contact Information: 
Private Paintings Conservator 
Delmar NY USA 
E-mail: joysof@verizon.net

Mary Betlejeski, Paintings Conservator at the 
New York State Office of Parks, Recreation & 
Historic Preservation, is responsible for the 
preservation and conservation of paintings and 
murals for 35 New York State historic sites. In 
addition, she has conserved paintings for the 
New York State Court of Appeals, the New York 
State Education Department, and the New York 
State University. She holds an MA in the 
Conservation of Easel Paintings from the 
Gateshead program, Newcastle Polytechnic, 
England. 

Contact Information: 
New York State Office of Parks, 
Recreation & Historic Preservation 
Waterford NY USA 
E-mail:
mary.betlejeski@oprhp.state.ny.us

Erin Moroney, Architectural Conservator at the 
New York State Office of Parks, Recreation & 
Historic Preservation, is responsible for 
providing architectural conservation services 
and guidance in cultural resource protection for 
11 New York State Parks regions. Prior to 
working for New York State Parks, Erin was an 
architectural conservator at Jablonski Berkowitz 
Conservation, Inc. in New York City. She earned 
an MS in Historic Preservation from Columbia 
University, New York City, in 1999. 

États Unis, dont les installations sont situées à 
Natchitoches, en Louisiane. 

Nous espérons qu'une compréhension plus 
approfondie de la notion de profondeur de 
pénétration permettra aux restaurateurs 
d'accroître leurs compétences en matière de 
sélection d'un agent de consolidation adéquat et, 
conséquemment, l'efficacité des traitements. 

Joyce Zucker, restauratrice de tableaux, est une 
chercheuse active qui examine les phénomènes 
des surfaces problématiques dans le contexte des 
œuvres des peintres de l'école Hudson River. Elle a 
donné de nombreux cours sur les matériaux et les 
techniques utilisés par Frederic Church. Elle reçoit 
un diplôme de maîtrise du Cooperstown Graduate 
Program en 1973 et, de 1974 à 2010, elle est 
responsable de la préservation et de la 
restauration de tableaux et de murales de 35 lieux 
historiques de l'État de New York. Joyce a été 
membre du premier comité d'attestation à 
l'American Institute for Conservation et a été élue 
au sein du conseil d'administration. 

Coordonnées : 
Private Paintings Conservator 
Delmar, New York, États-Unis 
Courriel : joysof@verizon.net 

Mary Betlejeski, restauratrice de tableaux à 
l'Office of Parks, Recreation & Historic 
Preservation de l'État de New York, est 
responsable de la préservation et de la 
conservation restauration de tableaux et de 
murales de 35 lieux historiques de l'État de 
New York. En outre, elle restaure des tableaux de 
la Cour d'appel, du ministère de l'Éducation et de 
l'Université de l'État de New York et détient une 
maîtrise en restauration de peintures de chevalet 
du Gateshead program, décerné par la Newcastle 
Polytechnic (Angleterre). 

Coordonnées : 
Office of Parks, Recreation & Historic 
Preservation de l'État de New York  
Waterford, New York, États-Unis  
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Contact Information: 
New York State Office of Parks, 
Recreation & Historic Preservation 
Waterford NY USA 
E-mail: erin.moroney@oprhp.state.ny.us

Courriel :  
mary.betlejeski@oprhp.state.ny.us 

Erin Moroney, restauratrice en architecture à 
l'Office of Parks, Recreation & Historic 
Preservation de l'État de New York, est chargée 
d'offrir des services de restauration en 
architecture et des conseils sur la protection des 
ressources culturelles dans onze parcs de l'État de 
New York. Avant de travailler dans ces parcs, Erin 
est restauratrice en architecture à Jablonski 
Berkowitz Conservation Inc., à New York. Elle est 
titulaire d'une maîtrise ès sciences en préservation 
du patrimoine historique obtenue à 
l'Université Columbia (New York) en 1999. 

Coordonnées : 
Office of Parks, Recreation & Historic 
Preservation de l'État de New York 
Waterford, New York, États-Unis 
Courriel : erin.moroney@oprhp.state.ny.us 
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The use of EVACON-R as a Thermoplastic Adhesive in relation with the 

conservation of the silk curtains and hangings of the Kops Room at the 

Rijksmuseum Amsterdam 
Richly decorated and important period room  reinstalled in the New Rijksmuseum 2013 

The Silk is 

serious 

deteriorated 

at the upper part 

Fabric is 

splitting in 

two directions 

Why to use a THERMOPLASTIC  ADHESIVE 

•Weakest part of the curtain need to be hung

•A sewing method will harm the deteriorated silk

•Flexible

•Strong

•Equable support

•Less time demanding

•Reversible

Why to use EVACON-R 

The Kopsroom 1793 

•Local  treatment at the upper part of the curtains,

•Sandwich method,

•Nylon net on top, silk crêpeline at the back

•After treatment both support fabrics are following the original

fabric

•Seems are fixed by sewing

Fabric is in a 

sharply brittle 

condition 

•Neutral pH

•Thermoplastic properties

•Melting point 70° C

•Low glass transition temperature

•Provide sufficient strength between 30-60° C

•Strong

•Flexible

•Not static

•Reversible

•Clear translucent

EVACON-R Conservation Adhesive 

•Synthetic vinyl acetate / ethylene copolymer

•Used as a reversible  paper-conservation laminating  Adhesive

•Used in several studios in The Netherlands, UK

•Adhesive development by Conservation by design

•Less susceptible to ascidic hydrolysis then PVA C

•Used on Leather, Parchment, Linnen, Cotton, Cardboard

•Used for vulnerable and moving parts of objects

•Now used as a thermoplastic Adhesive

Literature 

•Karin Scheper:” A study of EVACON-R:

application and behaviour of a white glue” CR volume number 6,

issue number 1, page number 32-34

•www.conservation-by-design.co.uk/

Samples of ageing Samples of treated 

support 

How to use EVACON–R 

1. Make a dilution of EVACON-R with demineralised water (1:3) variations are possible

2. Spread the dilution equally on  the support layer (nylon net, silk crêpeline) with aid of

silicone paper and  a paint roller

3. Let the support layer dry

4. Place the treated support layer on top of the object

5. Arrange  the layer softly with your hands

6. Heat set the adhesive with a controlled hot spatula 60-80° C.

7. Do not stretch or pull the support layer during the process  of heat setting

8. Always start from the middle.

In this box samples are 

shown which were aged 

in a Vötch VC 0020 

climate chamber for 470 

hours: temperature 

changed between 23 and 

75°C in 24 hour intervals 

and the relative humidity 

changed between 

30 and 80% in 8 hour 

intervals 

I n this box samples are 

shown  of : 

• treated nylon net and silk

crêpeline  in different

variations.

•Treated nylon net and silk

crêpeline  in different

variations  heat set  on a silk

pongé

tools 

Mieke Albers 

Senior Textile conservator 

Rijksmuseum Amsterdam 

The Netherlands 

bad  good For participants it is 

possible to  look at  the 

samples  at the 

symposium 

•For participants there will

be sets of samples to take

away

809

http://www.conservation-by-design.co.uk/


Abstract and 
Biography 
Evacon-R (ethylene vinyl acetate) has been used 
in the Netherlands as an adhesive for book 
conservation and for paper laminating purposes. 
However, it is not known to have been promoted 
as a thermoplastic adhesive for textile 
conservation purposes. 

The characteristics and properties of Evacon-R 
(such as flexibility, strength, neutral pH, low glass 
transition temperature, and water solubility) 
make Evacon-R an attractive alternative to the 
currently used adhesives Mowilith DMC2 /DM5 
and Lascaux. 

Some practical research gave extremely good 
results. Based on these results, Evacon-R was 
used as a thermoplastic adhesive for the 
conservation of an ensemble of silk curtains, part 
of a richly decorated and important period room 
(1793) at the Rijksmuseum, Amsterdam. With 
samples of relevant tests, relevant literature, and 
photographs, this poster will show both the 
results of the research and the results of the 
conservation treatment of the silk curtains. 

Mieke Albers has completed two bachelor 
courses [Teaching Textile Techniques (1973–
1977) and Conservation of Natural Polymers 
(1977–1982)] as well as an internship at the 
Victoria & Albert Museum in London and the 
Textile Conservation Centre in England. Following 
the internship, she conserved textiles in a small 
museum while managing a private textile studio. 
Since 1995, she has been working as a senior 
textile conservator in the Rijksmuseum in 
Amsterdam with a team of three people. Their 
current project is conserving the textiles that will 
be on display in the new Rijksmuseum due to 
open in 2013. 

Résumé et 
biographie 
Aux Pays Bas, l'Evacon R (un copolymère 
d'acétate de vinyle et d'éthylène) est utilisé 
comme adhésif pour restaurer les livres et pour 
contrecoller le papier. Il ne semble toutefois pas 
que son emploi comme adhésif thermoplastique 
pour restaurer les textiles ait été grandement 
préconisé. 

Les caractéristiques et les propriétés de 
l'Evacon R (par exemple sa souplesse, sa 
résistance, son pH neutre, sa basse température 
de transition vitreuse et sa solubilité dans l'eau) 
en font un matériau intéressant qui pourrait 
remplacer les adhésifs actuellement utilisés, soit 
le Mowilith DMC2, le Mowilith DM5 et les 
adhésifs Lascaux. 

Certains travaux de recherche en ce domaine ont 
donné de très bons résultats. En se fondant sur 
ceux-ci, l'Evacon R a été utilisé comme adhésif 
thermoplastique pour restaurer un ensemble de 
rideaux de soie qui se trouvent dans une 
importante salle d'époque richement décorée, 
datant de 1793, du Rijksmuseum d'Amsterdam. 
La présente affiche illustrera les résultats des 
travaux de recherche et ceux des traitements de 
restauration des rideaux de soie à l'aide 
d'échantillons d'essais et d'extraits de 
publications pertinents et de photographies. 

Mieke Albers obtient deux baccalauréats (en 
enseignement des techniques liées aux textiles 
[1973–1977] et en restauration des polymères 
naturels [1977–1982]) et effectue un stage au 
Victoria & Albert Museum de Londres et au 
Textile Conservation Centre en Angleterre. Après 
son stage, elle restaure des textiles dans un petit 
musée tout en dirigeant un studio privé actif dans 
le même domaine. Depuis 1995, elle est 
restauratrice principale des textiles au 
Rijksmuseum d'Amsterdam, où elle travaille avec 
une équipe de trois personnes. Leur projet 
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Contact Information: 
Rijksmuseum Amsterdam 
PO Box 74888 
Amsterdam 1070 DN, Netherlands 
Tel.: 00 31 20 67 47 236 
E-mail: m.albers@rijksmuseum.nl

consiste à restaurer les textiles qui seront 
exposés au nouveau Rijksmuseum, dont 
l'ouverture est prévue en 2013. 

Coordonnées : 
Rijksmuseum d'Amsterdam 
C.P. 74888
Amsterdam 1070 DN, Pays-Bas
Tél. : 00 31 20 67 47 236
Courriel : m.albers@rijksmuseum.nl
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Challenges with 

removing adhesive tape 

on  a

painted silk banner

abstract
he treatment of a double sided painted silk

banner put the conservators to a real test

regarding removing the adhesive tape, aligning 

and supporting the silk fabric and making a pro- 

per mount. 

When the owner of the banner, Hellebæk-Aals- 

gaards History Society, bought the banner in 

2008, it unfortunately had been “repaired” using 

different kinds of adhesive tape on the facing 

side of the banner. Prior to that, tears between 

the painted area and the silk fabric had been stit- 

ched together using coarse cotton thread. 

The work of removing the tape was done using a 

suction table with moderate heat to soften the adhesive. When necessary, ethanol was used to dissol- 

ve the adhesive and most of it could be removed without leaving any marks. However, some of the 

old adhesive tape had migrated into the textile fibre leaving dark stains and the barrier film had gone 

or came off easily. 

After the removal of the adhesive tape the banner was humidified and the textile was aligned. The 

banner got a full support using silk crepelin coated with the adhesives, Lascaux 360 HV and Lascaux 

498 HV, and mounted onto a polycarbonate board using Beva 371 film. To give the impression that 

the banner was floating, it was framed using Velcro®. The result was very successful, leaving almost 

no marks from the adhesive tape. 

introduction
aelleskonserveringen in Helsingør, Denmark, carries out conservation in the fields of paper, pain- 

ting, sculpture and photography. In 2009 a request came in regarding the conservation of a pain- 

ted silk banner. Its owner – The Hellebaek-Aalsgaards History Society – bought the banner in 2008. 

The banner was already in extreme disrepair, with tears between the painted areas and the silk mate- 

rial having been sewn together with coarse cotton thread. In addition, other tears in the material had 

been joined together with adhesive tape. Since the Faelleskonserveringen does not usually deal with 

textile objects, they contacted the textile conservator at Kulturmagasinet, Helsingborg’s Museums. 

A joint Danish/Swedish project was thus started and carried out by conservators specialising in pain- 

tings and textiles. 

The banner was made of thin green silk, painted with oil paint on both sides. The silk was very fra- 

gile and some of the material was gone. To fill in the gaps, another green silk fabric had been placed 

under the banner, and this backing material had been taped to the banner. The banner was mounted in 

a frame and the material was fixed to a wooden board without any protection for the reverse side of 

the painted section. The painted section was in surprisingly good condition, however, and did not re- 

quire reinforcement. 

removal of old repairs
he banner was removed from its frame and off the wooden board. The previous repairs, stitched

through the painted sections with cotton thread, were undone. To decide how the tape should be

removed, tests were carried out on the barrier film and adhesive. The barrier film was polyester and 

the adhesive was acrylic-based and could thus be removed using ethanol. To soften the adhesive more 

easily, the banner was placed on a suction table at a temperature of about 40°C. Gentle suction was 

used to prevent the adhesive and solvent from migrating into the fabric. A carbon steel spatula, which 

was also heated to 40°C in order to soften the adhesive, was used to lift the barrier film. Most of the 

pieces of tape were removed using only heat and a spatula. A bamboo clarinet mouthpiece was used 

occasionally, having first been wetted in 

ethanol. This was inserted between the tape and 

the textile. This meant that the tape could be lif- 

ted from the fabric quite easily, without leaving 

any adhesive on the object. 

There was, unfortunately, an area just above the 

head of one of the painted figures where the ad- 

hesive had loosened from the barrier film and 

migrated into the fabric. The barrier film could 

be removed easily by hand. Ethanol dissolved 

the adhesive and the sticky surface was remo- 

ved, but the adhesive had miscoloured the silk 

and made the fibres very brittle. 

adhesive treatment
o reinforce the silk and join all the

pieces, the banner had to be lami- 

nated onto a backing fabric. An ivory 

polyester overlay, Tetex TR, was cho- 

sen. A mixture of one part Lascaux 360 

HV and two parts Lascaux 498 HV (bu- 

tyl acrylate/methyl acrylate) was mixed 

with distilled water to make a 10% 

(W/W) solution. This was brushed onto 

the polyester overlay when it was stret- 

ched over a Teflon cloth. When the ad- 

hesive had dried, there was a thin film 

of adhesive on the back of the cloth. 

There was a discussion prior to lamina- 

tion regarding which side to expose for mounting. As the banner had been mounted in a frame for a 

considerable time and only one side had been exposed, it was decided to apply the backing fabric to 

the front of the banner and then expose the back, which had previously been mounted on the woo- 

den board. 

As the banner was very fragile and in several pieces, it was decided to activate adhesive with a smal 

heat spatula. The activation temperature was 60°C. It was not considered appropriate to activate the 

adhesive on the suction table as it would have been difficult to have complete control of all the se- 

parate pieces during the activation process. 

mounting
panel of polycarbonate was cut, a little larger than the size of the banner. This was clad with ta- 

ble felt, which was fixed to the panel with Jade 403 (polyvinyl acetate). To make the gaps in the

fabric less obvious, a silk material was dyed to a matching green shade. An acid and metal complex 

dye was used. The silk was fixed to the back of the panel using Beva 371 film at 60°C. The owner 

wanted a new frame for the banner and, to mount it in the frame, self-adhesive Velcro® was fixed to 

the back of the polycarbonate panel and to the underlying green cardboard. By using this method, it 

looks as though the banner is floating in the frame. As the banner is to hang in premises with inci- 

dental light, a reflex-free UV-glass was chosen in order to reduce the risk of light damage. 

summary
emoving all the tape from

the banner was extremely

time-consuming. There was a 

constant risk that the tape would 

tear the fragile silk material. Due 

to the conservation being carried 

out on a suction table using mo- 

derate heat, the adhesive could 

be softened and removed from 

the fabric. The suction prevented 

the adhesive from migrating into 

the fabric. 

Three different adhesives were 

used for the adhesive tretment 

and mounting. The adhesives 

were chosen according to each 

one’s particular properties. Las- 

caux 360 HV + 498 HV was cho- 

sen because it is an adhesive that 

forms a suitably strong nap-bond 

between backing fabric and textile, and it has a relatively low activation temperature. Jade 403 was 

chosen for its good adhesive properties and Beva 371 film as it is easy to apply and forms a strong 

bond between the silk fabric and the polycarbonate panel. 

The Hellebaek – Aalsgaards History Society now has the banner hanging, with limited illumination, 

in an exhibition at the Hammarmøllen museum. 

The climate is unfortunately not the best but there have been no visual changes to the banner since 

the conservation was carried out. 

Pia Christensson, Kulturmagasinet, Helsingborg 

pia.christensson@helsingborg.se 

Åsa Tempelman, Faelleskonserveringen, Helsingör 

aat@faelleskonserveringen.dk 
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Abstract and 
Biographies 
Treatment of a double-sided painted silk banner 
required removal of the adhesive tape, 
alignment and support of the silk fabric, and 
construction of a proper mount. 

When the owner of the banner, Hellebæk-
Aalsgaards History Society, bought it in 2008, it 
had unfortunately been “repaired” with different 
kinds of adhesive tape on the front side. Prior to 
that, tears between the painted area and the silk 
fabric had been stitched together using a coarse 
cotton thread. 

The first step was to remove the adhesive tape. 
This was accomplished using a suction table with 
moderate heat to soften the adhesive and, when 
necessary, applying ethanol to dissolve it. Most 
of the tape was removed without leaving any 
marks. However, some of the old adhesive had 
migrated into the textile fibre leaving dark stains, 
and the barrier film was lost or came off easily. 

After the adhesive tape was removed, the 
banner was humidified and the textile was 
aligned. The banner was then supported with silk 
crepeline coated with a mixture of the adhesives 
Lascaux 360HV and Lascaux 498HV and mounted 
on a polycarbonate board using BEVA 371 film. 
To create the impression that it was floating, the 
banner was mounted to an acid-free board using 
Velcro and framed. 

The treatment was very successful, leaving 
almost no marks from the adhesive tape. 

Pia Christensson has a BSc in Conservation and 
has been working as a textile conservator at 
Kulturmagasinet/Helsingborgs Museums 
(Helsingborg, Sweden) since 1996. In 2006, she 
worked as an assistant conservator at The 
Costume Institute/Metropolitan Museum of Art. 
She also teaches adhesive treatment of textiles 
at the University of Gothenburg and, since 2003, 

Résumé et 
biographies 
Le traitement d'une bannière de soie peinte des 
deux côtés comprenait l'enlèvement du ruban 
adhésif, l'alignement et le renfort du tissu de soie 
et la fabrication d'un support adéquat. 

Lorsque la société historique Hellebæk-Aalsgaards 
a acquis la bannière, en 2008, celle-ci avait 
malheureusement déjà été « réparée » à l'aide de 
différents types de rubans adhésifs fixés sur la 
face avant. D'autres travaux antérieurs avaient 
consisté à recoudre avec du gros fil de coton les 
déchirures entre les zones picturales et le tissu de 
soie. 

La première étape du projet visait à enlever le 
ruban adhésif. La méthode employée consiste à 
utiliser une table à aspiration, tout en appliquant 
une chaleur moyenne afin de ramollir l'adhésif et, 
au besoin, de l'éthanol pour le dissoudre. La plus 
grande partie du ruban a été enlevée sans laisser 
de trace. Toutefois, une partie de l'ancien adhésif 
avait migré dans les fibres textiles en laissant des 
taches foncées et la pellicule barrière se détachait 
facilement ou, en certains endroits, était absente. 

Une fois l'enlèvement du ruban adhésif terminé, 
la bannière a été humidifiée et le tissu a été 
aligné. Elle a ensuite été renforcée à l'aide de 
crêpeline de soie enduite d'un mélange d'adhésifs 
(Lascaux 360HV et Lascaux 498HV) et montée sur 
un support, un panneau de polycarbonate, en 
utilisant une pellicule de BEVA 371. Afin de créer 
l'illusion que la bannière flotte au vent, elle a été 
montée en conséquence sur un panneau sans 
acide, au moyen de bandes de fixation velcro, puis 
encadrée. 

Le traitement de la bannière a été couronné de 
succès, car l'enlèvement du ruban adhésif n'a 
laissé presque aucune trace sur l'objet. 

Pia Christensson est titulaire d'un baccalauréat ès 
sciences (conservation restauration) et travaille 
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has been one of three co-editors of the ICOM-
CC Textiles Working Group Newsletter. She is 
also the editor of a book about textile 
conservation to be published in 2011. 

Contact Information: 
Kulturmagasinet/Helsingborgs museer 
Gisela Trapps väg 1 
Helsingborg 25189, Sweden 
Tel.: +46 42 104519 
E-mail: pia.christensson@helsingborg.se

Åsa Tempelman earned a BSc in Conservation 
from the University of Gothenburg (Sweden) in 
1988, and since that time has worked at the Art 
Conservation Center in Elsinore, Denmark. She 
has conserved a wide range of easel paintings, 
ranging from 15th-century works to 
contemporary pieces, from the majority of 
Danish Museums. 

Contact Information: 
Faellsekonserveringen Kronborg 
10B 3000 Helsingör, Denmark 
Tel.: +45 49 214155 
E-mail: aat@faelleskonserveringen.dk

comme restauratrice des textiles aux musées 
Kulturmagasinet et Helsingborgs (Helsingborg, 
Suède) depuis 1996. En 2006, elle est 
restauratrice adjointe au Costume Institute du 
Metropolitan Museum of Art. Elle enseigne 
également les traitements aux adhésifs pour les 
textiles à l'Université de Gothenburg et, 
depuis 2003, est l'une des trois membres de 
l'équipe de rédaction du bulletin du groupe de 
travail sur les textiles du Comité pour la 
conservation du Conseil international des 
musées (ICOM CC). De plus, elle dirige la rédaction 
d'un livre sur la conservation des textiles à 
paraître en 2011. 

Coordonnées : 
Kulturmagasinet/Helsingborgs museer 
Gisela Trapps väg 1 
Helsingborg 25189, Suède 
Tél. : +46 42 104519 
Courriel : pia.christensson@helsingborg.se 

Åsa Tempelman reçoit un baccalauréat ès 
sciences (restauration) de l'Université de 
Gothenburg (Suède) en 1988. Depuis, elle travaille 
au centre de restauration des arts 
d'Elsinore (Danemark). Elle restaure un grand 
nombre de peintures de chevalet datant du 
XVe siècle à notre époque et provenant de la 
majorité des musées danois. 

Coordonnées : 
Faellsekonserveringen Kronborg  
10B 3000 Helsingör, Denmark  
Tél. : +45 49 214155 
Courriel : aat@faelleskonserveringen.dk 
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Negotiating the Changed Layers of a Painted Linen-19th-Century Guild Banner: 
The Consolidation and Adhesive Treatment of the Typographical Association 

Preston Branch Banner
Vivian Lochhead,          People’s History Museum,  
Senior Conservator,    Manchester, United Kingdom

Introduction
Painted embellishments added to a banner during its useful lifetime caused severe degradation of 
the linen structure and posed a health risk to the conservator. Consolidation of friable paint and
adhesive support of the linen structure are described. 
The Typographical Association Preston Branch banner, held by the People’s History Museum is a 
fully painted single layer linen banner, with polychrome oil-based images occupying identical 
areas on each side (Fig 1). The banner was probably made specifically for the Preston Guild, a 
celebration of Preston trade and commerce held every twenty years (Fig 2).

Alterations Applied during the Working Life of the Banner
Linen beyond the decorative oil painted elements, originally left unpainted, had been painted with 
Prussian Blue pigment, identified by Fourier transform infrared (FTIR) spectroscopic analysis and 
in common use since 1704-07. Gas chromatography with mass spectrometry (GC-MS) analysis of 
the binding medium showed the presence of alkyd resin, introduced in 1930s, but not widely used 
in the UK until the 1950s (Fig 3). Golden embellishments were confirmed by FTIR analysis as 
Bronze Powder paint. GC-MS analysis indicated this paint binder to contain small amounts of heat-
bodied drying oil and a significant amount of polychlorinated biphenyl resin (PCBs) (Fig 4), used 
from 1929 and banned from paints as toxic in 1973. As the Bronze Powder paint is applied over the 
Prussian Blue paint, the alterations can be dated sometime between 1950s and 1973, most 
probably for the 1952 Guild events.

Varying Patterns of Deterioration and Continuing Deterioration
The dark blue paint has impregnated the linen fibres and woven structure and has made 
permanent distortions caused by hanging. Subsequent hardening of the paint has severely 
impaired flexibility of the linen and resulted in widespread fracturing and loss (Figs 1 & 5). This 
deterioration process was active for several weeks when the banner was unrolled prior to 
treatment. The Bronze Powder paint had become extremely friable, shedding and re-depositing as 
fine dust over the banner and depleting the intensity of the ‘gilded’ stars, heading tape and pole 
loops (Fig 6).

Considerations and Expectations of Adhesive Treatment
Alterations during the banner’s useful lifetime had become part of its history and were to be 
preserved. Most solvents, including water, adversely affected the additional paints and dry surface 
cleaning methods would not remove all the greasy industrial pollution. Consolidation of the friable 
Bronze Powder paint and adhesive selected to apply the main support needed to bond securely to 
the potentially greasy linen. Adhesion of the support fabric had to close the multiple fractures 
throughout the stiff, brittle linen ground and bear the weight of the portrait format of the banner, 
whilst keeping visible the painted design on each side. The banner is expected to be displayed, 
free-hung for periods of up to 12 months.   

Consolidation of the Golden Paint
Shedding Bronze Powder paint particles posed a health risk to the conservator during treatment 
and potentially to museum visitors once the banner was on open display (Fig 6). Studio testing and 
examination in conjunction with the analysis results, led to the selection of the consolidant. Water 
caused swelling of the linen and de-lamination of the paint. Most solvents depleted the binding 
medium or the consolidant failed to secure the paint, limiting the available options for application, 
effective consolidation and possible future reversal. Stoddard Solvent was found to be safe with 
pigments, binder and linen. Beva 371 was effective in securing the paint to the linen. Liquid Beva 
371 consolidant in Stoddard solvent was applied to the Bronze Powder painted areas with a fine 
brush, ensuring it penetrated beneath the paint (Fig 7). Loose paint flakes were weighted lightly 
beneath silicone release paper until dry or the Beva 371 re-heated via a spatula iron to aid 
penetration and secured with light finger pressure until cold.

Adhesive Support of the Linen Ground
Stabiltex was selected as support fabric to provide sufficient strength and flexibility but not obscure 
the painted design or linen weave structure. Beva 371 adhesive was found to be the most 
satisfactory adhesive for bond strength, flexibility and minimum visual distraction, posing a dilemma 
as it had been used as consolidant for the Bronze Powder painted stars on the painted linen. The 
imperative to provide a strong overall support outweighed the possible detrimental effect to the 
sparsely applied stars, should removal of the support prove necessary in the future. Black Stabiltex 
was prepared with Beva 371 and applied to the reverse of the linen, reactivating the adhesive with 
a heated spatula (Fig 8). This method of application was easily controlled, provided a secure bond 
to the linen and effectively closed the fractures. Additional local patches of dyed silk Crepéline will 
be applied to the face of the banner to enclose and protect the edges of pronounced fractures in 
the linen. Linen coloured with pigment will be bonded to the exposed adhesive coated Stabiltex to 
infill the missing areas of linen,  to visually complete the ground linen and to physically balance the 
weight and drape of the banner. 

Fig 1. Face of banner before conservation
Fig 2. Preston Guild procession of 1952

Fig 8. Application of Stabiltex support to 
additionally painted linen

Fig 7. Application of Beva 371 to 
additional golden paint

Fig 5. Detail of fractured linen
Fig 6. Bronze Powder paint particles on linen, 
surrounding area cleaned

Fig 4. GC-MS chromatogram obtained for golden 
paint with peaks at 35-37 minutes associated with 
polychlorinated biphenyl (PCB) compounds, known 
by the 1940s to present health risks and banned 
from addition to paints in 1973

Fig 3. GC-MS chromatogram of additional blue paint  
with large peak at 19.53 minutes for dimethyl phthalate 
and other peaks for fatty acids in the 15-32 minute 
region together indicative of ortho-phthalte drying alkyd 
resin

Conclusion
Beva 371 solution successfully consolidated and secured the additionally painted Bronze Powder 
paint. Polyester Stabiltex, pre-coated with Beva 371 and heat reactivated created a strong flexible 
support, which retains the textile characteristics of the banner and keeps images on both sides of 
the single layer linen visible.
References: Lochhead, V. 1990. Textile Conservation Studio Prelim-1.138. (Unpublished conservation report, 
People’s History Museum, Manchester.)
Chaplin, T. 2010. Technical Report 128.07, Analysis of selected paints from the Honour Bright and Typographical 
Association banners. (Unpublished report, People’s History Museum.)
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Abstract and 
Biography 
This poster discusses the consolidation of paints 
and provision of adhesive support in preparation 
for free-hang display of a large double-sided 
painted banner made of single-layer linen (which 
is atypical of the collection held at the People's 
History Museum, Manchester, United Kingdom). 
The Typographical Association Preston Branch 
banner was carried at the Preston Guild 
procession in 1882 and at subsequent 
celebrations held every 20 years. Analysis 
identified golden and blue-black paint 
embellishments, probably executed in 1952, 
which dramatically changed the banner's original 
appearance and are now causing severe 
deterioration. Causal factors for this 
deterioration remain elusive. The presence of 
friable bronze powder paint containing 
polychlorinated biphenyl resin led to the choice 
of liquid BEVA 371 as an effective consolidant. 
The method of support was guided by the weight 
and size of the portrait-format banner, the need 
to target the progressively disintegrating linen 
while leaving stronger areas exposed, and the 
prerequisite to keep the painted design on both 
sides of the banner visible. Polyester Stabiltex 
substrate pre-coated with BEVA 371 and applied 
by heat reactivation was selected for application 
to the reverse of the banner with the aim of 
providing sufficient strength to allow free-hang 
display, while retaining the characteristic drape 
and flexibility of the painted textile banner. 

Vivian Lochhead earned the Museums 
Association Conservation Certificate in Textiles in 
1979, from the North West Museum Service, 
United Kingdom. She served as an examiner for 
the Museums Association Certificate in Textiles 
from 1986 to 1991, and has been Senior 
Conservator at the National Museum of Labour 
History (now the People's History Museum, 
United Kingdom) since 1989. She was made a 

Résumé et 
biographie 
La présente affiche traite de la consolidation des 
peintures et de l'application d'un support adhésif 
qui ont été réalisées afin d'assurer des conditions 
adéquates pour l'exposition par accrochage à la 
verticale d'une grande bannière en toile de lin 
monocouche, peinte des deux côtés (un objet 
inhabituel, pour la collection du People's History 
Museum de Manchester, au Royaume Uni). La 
bannière du bureau de Preston de 
la Typographical Association a d'abord été 
portée lors du défilé de la guilde de Preston, en 
1882, puis lors de célébrations ultérieures qui se 
sont tenues à intervalles de 20 ans. Les résultats 
d'analyses ont permis d'identifier des ornements 
exécutés à la peinture, de couleur dorée et bleu-
noir, qui ont probablement été réalisés en 1952; 
ceux-ci ont sérieusement modifié l'aspect 
d'origine de la bannière et entraînent maintenant 
une grave détérioration de l'objet. Les causes 
exactes de la détérioration ne sont pas encore 
clairement établies. La présence de bronzine, une 
peinture en poudre friable qui contient une 
résine à base de biphényle polychloré, a entraîné 
la sélection du BEVA 371 liquide comme agent de 
consolidation adéquat. La méthode permettant 
d'assurer un support efficace a été élaborée en 
tenant compte du poids et des dimensions de la 
bannière, qui est de format vertical, du besoin de 
réaliser le traitement en ciblant la toile de lin qui 
a subi une désagrégation progressive tout en ne 
cachant pas les zones plus résistantes, ainsi que 
de l'exigence essentielle, soit que le motif peint 
des deux côtés de la bannière soit toujours 
visible. Un substrat de polyester de type 
Stabiltex, préalablement enduit de BEVA 371, 
puis appliqué par réactivation à la chaleur, a été 
choisi comme matériau d'application au dos de la 
bannière, et ce, afin d'assurer à l'objet une 
résistance suffisante pour qu'elle puisse être 
exposée par accrochage à la verticale, tout en 
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Fellow of the International Institute for 
Conservation of Historic and Artistic Works (IIC) 
in 1984 and gained accreditation by The Institute 
of Conservation (Icon) in 1999. She has acted as 
an expert advisor to the Heritage Lottery Fund, 
United Kingdom, and is currently on the Church 
of England Archbishops' Council Cathedral and 
Church Buildings Division, Furnishing and Textiles 
Conservation Committee. 

Contact Information: 
Textile Conservation Studio 
People's History Museum 
Left Bank 
Spinningfields 
Manchester M3 3ER, United Kingdom 
Tel.: 0161 838 9190 
E-mail: vivian.lochhead@phm.org.uk

conservant le tombant et la flexibilité qui 
caractérisent une bannière en tissu peint. 

Vivian Lochhead reçoit un certificat en 
restauration des textiles de la Museums 
Association remis par le North West Museum 
Service (Royaume-Uni) en 1979. Elle occupe le 
poste de correctrice d'examens dans le cadre du 
certificat en restauration des textiles de la 
Museums Association de 1986 à 1991 et elle est 
restauratrice principale au National Museum of 
Labour History (qui est devenu le People's History 
Museum) du Royaume Uni depuis 1989. Elle est 
fait membre de l'Institut international pour la 
conservation des objets d'art et d'histoire (IIC) 
en 1984 et obtient la reconnaissance 
professionnelle de l'Institute of 
Conservation (ICON) en 1999. Elle a aussi été 
experte conseil de l'Heritage Lottery 
Fund (Royaume Uni) et elle est actuellement 
membre du comité de restauration du mobilier et 
des textiles de la division des cathédrales et des 
églises, qui relève du conseil des archevêques 
anglicans. 

Coordonnées : 
Textile Conservation Studio 
People's History Museum 
Left Bank 
Spinningfields 
Manchester M3 3ER, Royaume-Un 
Tél. : 0161 838 9190 
Courriel : vivian.lochhead@phm.org.uk 
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STITCH, PATCH AND ADHERE:
combinations and sequence of treatment of a

17th century leather glove.
Sarah Owens  sarahjgowens@hotmail.com 

Introduction 

This early 17th century leather glove, belonging to Platt 
Hall, Manchester, United Kingdom, was treated in 2009 as 
part of the MA in Textile Conservation, at The Textile 
Conservation Centre. The conservation project was short 
listed for the Institute of Conservation (Icon) Student 
Conservator of the Year Award 2010. The glove is a mixed 
media object, comprising of a leather section and of an 
embroidered gauntlet consisting of eight tabs with round 
top edges. The tabs are constructed using layers of 
different materials, embroidered with silk threads, metal 
thread, metal strip and metal spangles. 

Conservation treatment 

Fig. 2. Stage 2, adhesive treatment 

to the tears and slits in the leather. 

Fig. 1. Stage 1, adhesive trials. 

Treatment required a variety of solutions for the different materials, and ethical considerations 
were central to the decisionmaking process. Conservation treatment involved: surface 
cleaning, contact humidification to the leather section to reduce the creasing and distortions 
caused by previous flat storage, stitched support to the open seams in the leather and a 
combination of adhesive treatments to the leather and embroidered section. The adhesive 
treatments were undertaken in various stages. 

Since accessibility was a major issue, tests using a practice glove were undertaken to establish the most effective method of 
reactivating the adhesive with such restricted access (Fig. 1). Materials and treatment methods were then selected on the basis of 
the flat and threedimensional adhesive tests. The tears and slits in the leather section were treated using patches of Reemay® 
toned with acrylic paint and precast Beva 371 adhesive film, in combination with strips of the precast adhesive film. The adhesive 
was reactivated using a heated spatula (Fig. 2). The inside of the glove had a combined adhesive and stitched patch support (Fig. 
3 & Fig. 4). Reemay® and precast Beva 371 adhesive film were additionally used to support the leather gap inside the gauntlet. 

Adhesive treatment was also chosen to support the 
exposed layers on the embroidered gauntlet (Fig. 7 & Fig. 

8). Stitched support was deemed to be inappropriate as 
access for stitching was extremely limited; the surface 
fabric is degrading, and the underlaying paper is 
extremely brittle. After testing, a colour matched semi 
transparent fabric coated with a solution of 12% Lascaux 
498HV and 360HV (50:50) was selected for its adhesion 

and handling qualities. 

Fig. 3. Stage 3, inside of gauntlet,  Fig. 4. Inside of gauntlet, after 

before conservation.  stitched and adhesive treatment. 

Fig. 5. Stage 4, detail of the glove  Fig. 6. Detail of the glove after 

before treatment.   treatment. 

Fig. 9. Leather glove, before conservation treatment. 

Fig.7.  Stage 5, exposed layers,   Fig. 8. Exposed layers, after 

before adhesive treatment.  adhesive treatment. 

Conclusion The leather section has been successfully supported 

with a combination of stitched repair to the open seams and 
adhesive treatment to the tears. Stitch and adhesive support to 
the embroidered gauntlet fulfilled the treatment objectives by 
providing stability and making the join between the leather section 
and gauntlet neat and visually pleasing. The overall appearance of 
the glove has been greatly improved, and the treatment has 
successfully given support to the glove (Fig. 10). 

Fig. 10. Leather glove, after conservation treatment. 

This article first appeared in Incompatible Partners? Icon Textile Group 

Forum Postprints, published by the Institute of Conservation, 

in May 2011. Images © Platt Hall, Manchester, United Kingdom. 
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Abstract and 
Biography 
This poster will present the conservation 
treatment of an early 17th-century leather glove. 
The glove comprised a leather section and an 
embroidered gauntlet, which consisted of eight 
tabs constructed with layers of different 
materials embroidered with silk threads, metal 
thread, strip, and spangles. The objective of the 
treatment was to give stability to the main areas 
of deterioration, make the join between the 
leather section and gauntlet more aesthetically 
pleasing, and improve the overall appearance of 
the glove. 

The conservation process was guided by ethical 
considerations, and required a variety of 
solutions and treatments for the different 
materials. The creases were reduced but 
evidence of use was retained. Stitch support was 
given to the open seams in the leather, and a 
combination of adhesive treatments was used on 
the tears. Adhesive support was additionally 
applied to the outer layer of the embroidered 
gauntlet, providing stability and making the glove 
more visually pleasing. 

The poster will explain the decision-making 
process and will illustrate the challenging range 
of treatments for the various materials of the 
glove. The main focus is the combination of 
treatments, the sequence in which these were 
applied, and the rationale behind the decisions 
made. 

Sarah Owens has a BA Honours in Textile/Fashion 
(1998) and spent 4 years working as Design 
Manager for an Irish weaving mill, where she 
developed a lifelong interest and passion for 
textiles. After a period of travelling the world, she 
decided to retrain and, in 2009, completed a 
Master of Arts in Textile Conservation at the 
Textile Conservation Centre, University of 
Southampton (which included an internship with 

Résumé et 
biographie 
La présente affiche porte sur le traitement de 
restauration d'un gant en cuir datant du début du 
XVIIe siècle. Le gant comporte une section en cuir 
et une manchette brodée, laquelle se compose 
de huit pattes fabriquées de couches de 
différents matériaux brodés avec des fils de soie, 
des fils métalliques, des bandes de tissu et des 
paillettes. Le traitement avait pour but de 
stabiliser les principales sections détériorées, de 
rehausser l'aspect esthétique du joint entre la 
section en cuir et la manchette et d'améliorer 
l'état et l'aspect général du gant. 

Le procédé de restauration, qui tenait compte de 
facteurs de nature éthique, a exigé l'adoption de 
diverses solutions et mesures de traitement 
propres aux différents matériaux. Les faux plis 
ont été en partie éliminés ou atténués, mais les 
signes témoignant de l'utilisation de l'objet ont 
été conservés. Des points de couture ont été 
exécutés afin de renforcer les jointures mal 
assujetties du cuir et une combinaison de 
traitements aux adhésifs a permis de réparer les 
déchirures. En outre, la couche extérieure de la 
manchette brodée a été renforcée par 
application d'adhésif, ce qui assure une certaine 
stabilité et rehausse l'aspect esthétique du gant. 

La présente affiche comporte des explications 
relatives au processus de prise de décisions et 
des exemples de la gamme complexe de 
traitements propres aux divers matériaux du 
gant. Elle porte principalement sur la 
combinaison de traitements, la séquence 
d'application de ceux ci et le raisonnement sur 
lequel reposent les décisions pertinentes. 

Sarah Owens est titulaire d'un baccalauréat avec 
spécialisation en mode et textiles (1998) et a 
travaillé quatre ans comme gestionnaire de la 
confection dans une usine de tissage irlandaise, 
où elle a appris à connaître et à aimer les textiles. 
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the Textile Conservation Department at The 
Metropolitan Museum of Art in New York). 
Following graduation, Sarah undertook a 1-year 
Institute of Conservation/Heritage Lottery Fund 
Internship in Textile Conservation, spending the 
first 6 months in the Textiles/Paper Conservation 
Department of the National Museums Scotland 
and the last 6 months at The Scottish 
Conservation Studio, near Edinburgh. After 
successfully completing this internship, she 
returned to the National Museums Scotland as 
Temporary Assistant Textile Conservator, 
followed by a contract at Historic Royal Palaces. 
Sarah is presently an Andrew W. Mellon Fellow at 
the National Museum of the American Indian 
(Smithsonian Institution). 

Contact Information: 
Andrew W. Mellon Fellow 
Smithsonian Institution 
National Museum of the American Indian 
Cultural Resources Center, MRC 538 
Office of Conservation 
4220 Silver Hill Road 
Suitland MD 20746-2863 USA  
Tel: 301-238-1435 
E-mail: sarahjgowens@hotmail.com

Après avoir voyagé un peu partout dans le 
monde, elle a décidé de suivre une nouvelle 
formation et en 2009, elle terminait une maîtrise 
ès arts en restauration des textiles au Textile 
Conservation Centre, à l'Université de 
Southampton (au cours duquel elle a fait un stage 
au service de restauration des textiles du 
Metropolitan Museum of Art de New York). 
Après avoir obtenu son diplôme, Mme Owens a 
fait un stage d'un an grâce au programme Lottery 
Fund Internship in Textile Conservation de 
l'Institute of Conservation/Heritage, dont les 
six premiers mois se sont déroulés au service de 
restauration des textiles et du papier des musées 
nationaux d'Écosse et les six autres mois, au 
Scottish Conservation Studio, près d'Édimbourg. 
Après avoir brillamment terminé ce stage, elle a 
occupé un poste temporaire de restauratrice 
adjointe des textiles aux musées nationaux 
d'Écosse, pour ensuite remplir un contrat aux 
Historic Royal Palaces. Mme Owens est 
actuellement boursière de la fondation 
Andrew W. Mellon au National Museum of the 
American Indian (Smithsonian Institution). 

Coordonnées : 
Andrew W. Mellon Fellow 
National Museum of the American Indian 
Suitland, Maryland, États Unis 
Courriel : sarahjgowens@hotmail.com 
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Adhesive 

Type v/v % Ratio 
Application 

Method 
Re-activation 

method Effectiveness of Adhesion 

Lascaux 
360HV/ 

498HV 

10 

1:1 

Brushed, x1 coat in warp 

direction and x1 coat in 

weft direction 

d 

Heat at 68 degrees 

celcius for 60 

seconds and 2 

minutes acetone 

and IMS solvent re- 

activation 

Reasonable results but peeling at 

corners. After solvent re-activation with 

acetone, improved slightly but still not 

good bond. 

12 

Good adhesion on the ribbons 

maintaining flexibility after solvent re- 

activation. IMS proved a better solvent 

to use. 

15 

Good adhesion on the aged silk and on 

the brim, in particular around the brim 

edge. IMS proved a better solvent to 

use. 

10 

1:2 

Heat at 68 degrees 

celcius for 60 

seconds and 2mins 

IMS solvent re- 

activation 

Peeling at edges, even after IMS re- 

activation. 

12 
Better adhesion but potential to fail. 

15 
Better adhesion but potential to fail. 

Vinamul 

3252 

10 Mixed 
with 

de-ionise 
water 

Heat at 68 degrees 

celcius for 60 

seconds and 2mins 

IMS solvent re- 

activation 

Good adhesion but not as tacky as 

Lascaux. More difficult to handle on a 
3-D form.

12 

Good adhesion but not as tacky as 

Lascaux. More difficult to handle on a 
3- D form.

15 

Good adhesion but not as tacky as 

Lascaux. More difficult to handle on a 
3-D form.

10 
Mixed 
with 

50:50 
de-ionised 
water and 
acetone 

Heat at 68 degrees 

celcius for 60 

seconds and 2mins 

IMS solvent re- 

activation 

Good adhesion but not as tacky as 

Lascaux. More difficult to handle on a 
3-D form.

12 

Good adhesion but not as tacky as 

Lascaux. More difficult to handle on a 

3-D form. Has shiny finish.

15 

Good adhesion but not as tacky as 

Lascaux. More difficult to handle on a 
3-D form. Has shiny finish.

 

Preserving an English Coal Scuttle: Defining the Suitability of 
Lascaux in Treating an Early-19th-Century Silk Bonnet c. 1845 

Leanne C. Tonkin

Fig 1a Bonnet before
conservation 

Introduction
This poster presents an adhesive treatment (the application of Lascaux 360HV/498HV 
to treat a crushed silk bonnet known as the “coal scuttle”) that was undertaken to 
stabilize areas of weakness in the silk (Figs 1a, b). The custodians, Bristol City Museums 
and Art Gallery, Bristol, United Kingdom, requested the object be made safe for long- 
term storage and occasional research. Extensive testing using Lascaux 360HV/498HV 
(thermoplastic acrylic polymer based adhesives) and Vinamul 3252 (ethylene vinyl acetate 
based adhesive) were conducted. These two adhesives were selected for testing due to 
their suitability and success in supporting fragile silk textiles at the Textile Conservation 
Centre, (TCC), United Kingdom.

 

 
Fig 5a Bonnet after
conservation 

Fig 1b Bonnet flattened due to
museum storage 

Aim of Adhesive Treatment and the Decision not to Consolidate The aim and objective of
the adhesive treatment was to stabilize areas of loss and weakness on the silk once the bonnet had regained its 
three-dimensional shape after a combination of open and closed humidification treatments. Maintaining the 
textural quality of the silk was an important consideration during the testing. Considerations regarding areas 
where drape was important and less important on the object also contributed to the decision-making process. The 
badly damaged starched cotton buckram and paper lining inside the crown were not treated using any adhesive or
consolidation treatments. The construction of the lining and the desire to preserve the texture of the starch finish was 
an important factor in treatment, as this finish was an integral manufacturing process of coal scuttle bonnets of this 
period. 

Examining the Suitability of ‘Lascaux 360HV/498HV’ and

‘Vinamul 3252’
Lascaux 360HV/498HV and Vinamul 3252 were brushed onto dry silk crépeline 
substrate in various ratios. The main areas of concern was the silk covering the brim 
which had split and weakened around the outer edge due to varying tension and 
abrasion between the stiff card and fine silk (Fig 2). The top of the crown and inner 
bavolet (curtain) had significant areas of loss and the ribbons were torn and partially 
detached from the brim due to wear and mishandling. The deterioration of the silk 
resembled the industrial practice of silk weighting. Acetone and Industrial Methylated 
Spirit (IMS) were tested for solvent re-activation and a small heated spatula iron for 
heat re-activation. A mock-up of the silk covered brim was made mimicking the 
deterioration patterns of the bonnet to authenticate assessment for handling during 
treatment and adhesive testing (Fig 3). Aged satin silk and deteriorated silk ribbons 
were used to replicate the bonnet’s ribbons and bavolet. Table 1 presents the results of 
the testing including the effects of adhesion. 

 
Fig 5b Bonnet after
conservation 

Evaluation of Results from Testing
Observations were taken on the effectiveness of adhesion and any changes to the 
overall aesthetic look of the silk satin weave. Both adhesives were successful, however, 
the transparency and tackiness of Lascaux 360HV/498HV 1:1 proved more effective 
preserving the fine 4/1 satin weave texture and drape of the silk. 12% v/v was used on 
the ribbons and 15% v/v was used on the crown and brim for greater adhesion. One 
minute heat and two minute IMS solvent re-activation using a poultice system proved 
most successful on the crown and ribbons and two minute IMS solvent re-activation 
on the brim. Solvent re-activation using IMS, a less volatile solvent in comparison to 
acetone, was shown to afford stronger bonding than acetone vapor causing no 
damage to the thick card used for the brim.

 

Application of Adhesive Treatment
The brim was fully supported by cutting appropriate shapes from the coated silk 
crépeline. The crépeline was finger tacked into place allowing for excess so edges 
could be tucked away within the construction of the bonnet. Using a poultice system 
the adhesive was re-activated for two minutes working in a grid system (Fig 4). Vulner- 
able areas on the crown and inner bavolet had overlay adhesive treatment using the 
coated silk crépeline and silk habotai underlay patches. Areas were left untreated due 
to difficult access and the brittle nature of the silk. Tears and holes in the ribbons were 
treated with small patches of coated silk crépeline on both sides (Figs 5a, b).

 

Fig 2 Split silk round brim 
edge 

Fig 3 Mock up brim used for 

Fig 4 Reactivating Lascaux coated silk crepeline
using IMS on the brim of the bonnet using a
poultice system 

Conclusions:
testing 

Table 1 Results of adhesive testing comparing Lascaux 360HV/498HV and Vinamul 3252 

Image sources: All photographs: © Textile Conservation Centre, United Kingdom, 2009
 

Acknowledgements: Frances Lennard, Reader/Senior Lecturer, Textile Conservation Centre, 
University of Glasgow, United Kingdom for her supervision and Bristol City Museums and Art Gallery, 
Bristol, United Kingdom, for permission to publish. 
Contact Details: Leanne C Tonkin, Textile Conservator, 
People’s History Museum, Left Bank, Spinningfields, Manchester M3 3ER, United Kingdom. 
Tel/Fax: +44 (0) 161 838 9190 E-mail: leanne.tonkin@phm.org.uk

 

Lascaux 360HV/498HV and solvent reactivation with IMS were selected for final treatment of the 
bonnet. Although extensive, the adhesive treatment has stabilized a fragile three-dimensional object enabling 
safe storage and the potential for display 
and research. ‘Coal Scuttle’bonnets are common items which are found in many social history collections around
the world. Despite their commonality, they are rarely docu- mented and conserved. The results derived from this 
case study will help define future adhesive treatments of such common objects whilst maintaining textural 
manufacturing techniques such as the paper and starched cotton lining of the crown. 

Notes:
1 Warp-float face of a 4/1 satin weave with predominant warp.
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Abstract and 
Biography 
This poster presents an adhesive treatment (the 
application of Lascaux 360HV/498HV to a crushed 
silk bonnet known as the “coal scuttle”) that was 
undertaken to stabilize areas of weakness in the 
silk. The damaged starched cotton buckram and 
paper lining inside the crown were not treated 
with adhesive or consolidation. Preserving the 
texture of the starch finish was an important 
factor in treatment, as this finish was an integral 
manufacturing process of coal scuttle bonnets of 
this period. 

Extensive tests using Lascaux 360HV/498HV 
(thermoplastic acrylic polymer based adhesive) 
and Vinamul 3252 (ethylene vinyl acetate based 
adhesive) were conducted. The adhesives were 
brushed onto a dry silk crepeline substrate in 
various ratios. Acetone and Industrial Methylated 
Spirit (IMS) were used for solvent reactivation 
tests and a heated spatula iron for heat 
reactivation tests. A mock-up of the silk-covered 
brim was made to mimic the deterioration 
patterns of the bonnet to authenticate 
assessment for handling during treatment and 
adhesive testing. Both adhesives were successful; 
however, the transparency and tackiness of 
Lascaux proved to be more effective at 
preserving the texture and drape of the silk. 
Solvent reactivation using IMS provided a strong 
bond causing no damage to the thick card used 
for the brim. Therefore, Lascaux 360HV/498HV 
and solvent reactivation with IMS were selected 
for treatment. 

Leanne C. Tonkin earned a BA in Fashion from 
the University of Leeds (United Kingdom) in 1996, 
following which she worked for 10 years as a 
commercial fashion designer in the United 
Kingdom. In 2007, she graduated with distinction 
with a Master of Art in the History of Textiles, 
followed in 2009 with a Master of Art in Textile 

Résumé et 
biographie 
La présente affiche porte sur le traitement aux 
adhésifs d'un bonnet de soie froissée (appelé 
« coal scuttle » [sceau à charbon]), par 
application de l'adhésif Lascaux 360HV/498HV, 
afin de stabiliser les zones fragiles de la soie. Le 
bougran de coton amidonné endommagé et le 
renfort de papier à l'intérieur du fond de la 
calotte n'ont pas été traités au moyen d'un 
adhésif ni d'un agent de consolidation. Il était 
important, dans le cadre du traitement, de 
préserver la texture amidonnée, car à cette 
époque, ce fini faisait partie intégrante du 
procédé de fabrication de bonnets de ce type. 

Des essais approfondis ont été réalisés afin de 
mettre à l'épreuve l'adhésif 
Lascaux 360HV/498HV (un adhésif 
thermoplastique à base de polymère acrylique) et 
le Vinamul 3252 (un adhésif à base de 
copolymère d'acétate de vinyle et d'éthylène). 
Les adhésifs ont été appliqués au pinceau, à 
diverses concentrations, sur un substrat de 
crêpeline de soie sec. Les essais de réactivation 
au solvant ont été effectués avec de l'acétone et 
un alcool dénaturé industriel, tandis que ceux de 
réactivation à la chaleur l'ont été au moyen d'une 
spatule chauffée. Un modèle du bord recouvert 
de soie a été fabriqué afin de reproduire les 
motifs de détérioration du bonnet et de valider 
l'évaluation des effets subis au cours du 
traitement et de la mise à l'essai des adhésifs. Les 
deux adhésifs ont donné des résultats 
satisfaisants, mais la nature transparente et 
poisseuse de l'adhésif Lascaux permet de mieux 
conserver la texture et le drapé d'origine de la 
soie. La réactivation au solvant au moyen de 
l'alcool dénaturé industriel permet d'obtenir une 
bonne force d'adhérence, sans endommager le 
carton épais servant de bord. Par conséquent, 
l'adhésif Lascaux 360HV/498HV a été choisi pour 
effectuer le traitement de l'objet, avec 
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Conservation from the Textile Conservation 
Centre (formerly of the University of 
Southampton). She continued her training with a 
12-month internship (funded by the Heritage 
Lottery Fund and organized by the Institute for 
Conservation) at the People's History Museum in 
Manchester, where she is currently a textile 
conservator. 

Contact Information: 
People's History Museum 
Left Bank 
Spinningfields 
Manchester M3 3ER, United Kingdom 
Tel.: +44 (0)161 838 9190 
E-mail: leanne.tonkin@phm.org.uk

réactivation au solvant au moyen de l'alcool 
dénaturé industriel. 

Leanne Tonkin décroche un baccalauréat en 
mode de l'Université de Leeds (Royaume Uni) 
en 1996 avant de travailler pendant dix ans 
comme créatrice de mode commerciale au 
Royaume Uni. En 2007, elle obtient une maîtrise 
ès arts avec mention en histoire des textiles, puis, 
en 2009, une maîtrise ès arts en restauration des 
textiles du Textile Conservation Centre (qui faisait 
autrefois partie de l'Université de Southampton). 
Elle poursuit sa formation en effectuant un stage 
de douze mois (rémunéré par le Heritage Lottery 
Fund et organisé par l'Institut de conservation) au 
People's History Museum de Manchester, où elle 
travaille maintenant comme restauratrice des 
textiles. 

Coordonnées : 
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Spinningfields 
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Tél. : +44 (0)161 838 9190 
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