4¥»
7

DEPARTMENT OF INDUSTRY
OTTAWA CANADA

A STUDY OF THE PARTICLEBOARD INDUSTRY




FOREWORD

Thls report is 1ntended to prov1de a better
V understandlng of the partlcleboard 1ndustry with respect
to its past, present, and future and to prov1de background'

information to.persons_contemplatlng enterlng this field.

Constructlon Products D1v1s1on,
* Wood Products Branch f




DEFINITION

Partlcleboard is a formed panel con81st1ng of
',partlcles of wood bonded together with a synthetic re31n .
'_or other;added.blnder- -It-ls»manufactured from logs or.
other‘WOoddmaterial, whlch is reduced by cuttlng, hammer~
milling, grinding, etc., 1nto flakes, shav1ngs, sllvers,
eto;,'tnat~ére o1a881f1ed by 31ze, drled»tora unlform_;lf
m01sture content >m1xed w1th a blnder, ‘mat= formed oompressed
‘to uniform den31ty and then cured under controlled heat and

*pressure.:
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JILSTORY AND DEVELOPMENT -

Durlnp the late 1930's, s01enL1estlo éermany begén \
worklna on the 1dea of formlng from d1s1ntegrabod wood ﬁasfe 5
board~11ke‘product'that w0u1d reta1n some>of the prbpertles‘of
wood without the drawbaoks and dleadvantapos of Lhe ord:nary .
board The 1ndustry wae born 1n Germany, where the furnlture '
manufaoturers could ut1117e Lhelr own waste products in bhe for
of sheet material of various th1cknesses.~‘The’f1rst eommerc;al’
plant began opefatlng in Germeny in 1941 and-ofhebs sooﬁ followed'
as‘integrated captive(operatioﬁs close:toithe mejor forest produotee
plants where~trénsportation and‘handlingfeould.bewkeptbtoia ﬁiﬁiﬁ_

um and close supervision of all operations could be maintained.

When first‘developed, it:was'seen as.a'confenient
substitute‘for sawﬁ 1uﬁ5er at a time of:ehoftage,,buffiﬁ eoon ~
became‘a-matefial ofegreot value in‘its;owh right, ehd oﬁe ine-
which'the-profit_" pOSSibilitiéé.Wefe eoﬁeideraﬁie siheelthere~wee‘-
vefy 1itf1e timbef wastage. Modern captlve.plants follow much*e.
the same pattern, with plant capa01ty des1 ned Lo sult the klnd
~and volume of avallable raw materlal, and type and'volume of
partlcleboard requlred by the parent plant for the fabfieetion of‘
its major products One of the maJor problems of a captiﬁe plant~
is a: scar01ty of waste, which may make the partlcleboard operatlon
uneconomlcal‘ eqpec1a11y if the use of partlcleboard in . manufacturlog
the primary products proﬁress1vely cuts down the amount of mlll

re81due avallable.
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‘Graduall&,.parﬁiclébOard plants were set dp by séwmills,
pl#ning mills and other plants which'hadAa waétejproblem,but did
not uée'ﬁﬁe‘board_in'mahufacturing théif'major products. Problems -
' arising from depehdence.ﬁponvwood.fesidﬁés ﬁave tendéd tojmové;the
paﬁticlebdafd'piaht out of the intégrated operétion; an& tﬁey havé'
bécome indepéndent_oréaniiations using roundwood,'or ééméﬁimés;a

combination of roundwood and mill residues.

The first plant in the‘United States was buiit in 1948;
Canadéfs First plant Qémmenced prodﬁgtion in New Brunswick iﬁvl949}_"
_Quality“dgménds by the;consumer, particularly the fﬁrniture ihdﬁstfy;_A
.have broughﬁ about a'large.incfease"ih the;usé of:roﬁndwéod'aé a raﬁf

material, where the flakes must -and can be accurabely machined.



MANUFACTURING PROCESS

Wood Preparation

Unless thevrau materlal 1s 1n “the form of waste.from a
prev1ous.woodwork1np operatlon, a certaln amount of preparator&
work is generally requlred Barked wood can be made into. partlc]e—-
board “but there are reasons why accepted roundwoods should be-
debarked. ‘Small bark partlcles ut1117e more resin- than flakes,
shorten the 11fe of chlpper blades, and detract from the appear—"
ance of the flnlshed product In most cases 1t is adv1sable to o
pass the tlmber throuph a metal detector to prevent damage to the

expenslve chlpplng mach:nes.

One of the most important factors to be consldered is
the moisture’ content oi ‘the wood as th1s has considerable influ—
ence on the quallty of the chlps ' Molsture contents above-the.
' flbre saturatlon polnt are requ1red for best results, w1th a m1n1m~_
um of dust or spllnter wastage.~ On the other hand if the m01sture"

content is too high, drying,costs'become excessive,

'_The mostﬂeommon»types.of debarker are:
h(l)‘ a drum'machine‘where the debarking‘is‘e%feeted‘by.
convertlny externally applled mechanical forces
,.1nt° frlctlon between the 1ogs,_and
'(2) by applylng rotary force d1rect1y to the 1og

" surface



Chig;Preparation ~

Initlally the manufacture of particleboard was a way
of utllizinp waste shavinps more profltably than as a low class
fuel. But as soon as early production had shown the potent1alit1es"
of the product, attempts were made to produce d1mens1onally
: controlled chips. At this stage of development the properties
.whlch attracted most interest were bendlng strength and the related
vmodules.of elasticity.“ In general (and within limlts) board strength |
increases w1th r1sinp board density, decreaslng chip thlckness, in~'7
~creasing chlp length decreasing raw material den51ty and 1ncreasing
. resin contentu‘ It was-soon discovered that prepared chlpS'rather

'than planer shav1ngs, or other waste, would give the same bending

strength at a 1ower density, and w1th a 1ower res1n content.‘

With'thehadvent.ofhprepared'chips Camehthe manufacture of
multilayeruboards;'Where thefchips ofieach'layer could be accuratelyv
'controlled. This produces boards w1th smooth hard surfaces of
hlgher dens1ty than the core, and results in good surface properties

_and adequate mechanical performance at a 1ower cost.

| The chippinglmachlnes can be divided into four broad classesoi.
.l}é?Chlpping maohlnes for production of surface or core layer
"_chlps, for operation w1th the best type of ‘raw. material
(chip thlckness and length can be obtalned)
2. Coarse chlppers for use w1th'low classtwaste for'conversionn
into core chips-(chip»thickness.only can_beiset on these o

machines).
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3. Disintegrators for the prdduction of chips from low

class'waste of different types and shapes. ; V |

4. Mills for grinding of planer mill shavings (width reduction)

of prepared chips from class 1.

1

Drying | : ‘ ' - o . : 4 ¥

An efficient dryer is requiredAto ensure that anfadequate‘t

~amount of heat is provided and that the chlps remain in the dryer

long enou@h for evaporatlon of the requlred quantlty of. water to

- take place. If a solid remains in contact with air at a certain

temperature and humidity, it will reach a moisture content known .

~as the equilibrium moisture content under these conditions. The

equilibrium moisture coﬁtent of a fibrous materiai such as wood,
varies over a wide range. as the properties of.the sufroundingbair>.
change. .The minimum moisture content of chips 1eaving~the dryer‘
is determined by the humidity and teﬁperature of air afithe dfyér
exit, and because.the rate of drying decreéses as the‘equilibrium
is approached, commercial dryers usually aim at a final moisture |
content above the equilibrium. There is a wide‘raﬁge of dryers
available today~-the most commoﬁ Being:
(i) rétary drum dryérs7'
(ii) Suspenéion'dryers (vertical air flow
" through screens) |

(111) contact fﬁbular dryers.
Dryers can be heated indirectly by steam or hot water, or dlrectly
by gas or oil. The 1nd1rect method reduces the fire risk, but
also the thermal efficiency. .Some dryers are_designed'to perform

a double function, i.e. reducing the moisture content, and size

separation of chips. The main factors to be considered in the



scloctlon of a-drycr are faw maﬁerlal‘dlmensloas,.foqulred un1form~.
ity of moisture content,Apower consumptlon, Lhermal effic1ency,-,-
fsafety cons1derat10ns,'damage to the material, oUltablllty to plant

~ layout, and existing power and heat. sources.

ResiaAMiking

With'the cost ef resin frequehtly:aMOanting to eVer 30%
of the: manufacburlnn cost the need for. good mlwlng equlpment 18;1
very 1mbortant and since the m1x1ng precess 1s v1ta11y dependent i
on the feed of‘chips and;resln 1n.the:correct proportlens,.ltsls |
useful-to_summariée the methods b&zwhichféhis.balance canjﬁejﬁain_

tained;'

. One methed is to feed chips oser a.belflﬁeigheﬁ;.theA
siynals'from which vary the speedeof'the resin'puﬁp. A second
‘method is hav1ng the resin flow set at the requlred rate w1th a -
belt weigher actlng on a storage bln to malntaln the chlp flow._s
A thlrd method employs a batch welghlng machine whlch releases a
fixedAamount qf ‘resin for a flxediamopnt,ef‘chlps.'.A Chlp res1n,'
mixer consists essentia11& ef‘a-lenpitudihal tank—like\pieee cf |
equlpment w1th a shaft runnlng down 1ts centre,Ato Whlch are.
_attached nixing arms for tumbllng the chlps, Whlle the . 11qu1d
resin (atomlsed by‘compressed air or centrlfugal force) 1s‘spra&ed:f
on the chips. The" resin coated chlps usually pass from the resin
mixingvmachine,to a COnveyqr forvfurther processlng.\ It - 1s'1mport-:
_ant‘fhat apart from being.good mixers, £hes§'@a¢hiﬁés should be. |

constructed for easy cleaning.



. Chip ‘Convevors

‘,The,two main methods’for~chip transport within the - .
mill are by mechanical:andlpneunatic conveyors."Mechanicai
conveyors may»behthe fiatAbelt_chain carr&ing sdranef:blades
or screw conﬁeyor of varions designs}" Pneumatic conveyingv
system:(fans and c&clones)'may be of high or low pressure

design although the low pressnre_system~is‘the most cOmmon.

Storage Bing

__erlals from one. operatlon to another and they may do thls 1n

Storage»hins are. used to control the flow of mat-

- contlnuous or batch process ,The storage bin should give

“uniform flow rates when the bulk denslty of the mater1a1 remains

!”constant and should be easlly adJusted when changes of bulk

denslty take place- When practlcal these storage bins are_

‘elevated to reduce space requlrements and to take advantage of

grav1ty flow in dlspenslng-the materlals to the-machlne it supplies.

‘A thorough knoWledge'of the materiai is essential'in bin selection

as the behaviour of the d1scharge mechanlsm is greatly affected
by ch1p propertles " The bln is usually equlpped to d1scharge the
materlal in metered quantltles compatlble with the capa01ty of the

unltnwhlch receives it.

'Another imnortantnpurnose of’storage binsfin~a particie—
board‘system is to act as a buffer between two phases of production-
a breakdowndin any‘machine.will not interfere with production
through the balance of.the systeh unless; of"course, the;breahdown

persists nntil the huffer supply of‘material is exhausted}
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Another benefit is labour cost reduction. = If the:storage bins.
possess ﬁwo or three times the capﬁcit& of the'réﬁaining portion
of‘thé system, éufficient_particles'may be préparéd in Qné‘shift
to‘suppl& the prodess.for two or three_shifts.. :

Some companies have several storagé'bins,"éaéh_containing
a different class of éhips, 5nd théyzéan manufacturé énvafiety\of
boards or Change the cqmposition:by switéhing the-flow’frdm.oﬁé

Bin to anotherﬂ

.Nat Fdrmation

The preparation of a consisténtlygﬁhiform cérpet‘éf
resinated chips réady for préssiﬁg ié préﬁabiy‘one 6f £hé most
vital parts of a barﬁidlebdard manufactﬁring‘pPOCesé. A‘laCk 6f
uniformity in chip‘distribution~Will not oni&Ilead difectiy‘fo_
'dénsityicﬁanges and variations in physiéal probefties, but‘theéé
variations may be‘furthef‘extended by compfessidn énd.curing
differences. It is this Qvgrridihgliﬁpbrtance of;uniform dié-
fribution:which has set a ﬁfécﬁiéal'limit to.chip dim§ﬁsidhs
becausé larger chips whidh}afe potentially cépabiequ*gi?ing-better
mechanical properties cannot be distribgted eveﬁly enough.‘4Mostlc
mat-forming machines-operateAcohtiﬁﬁousiy and depoéiﬁ a éanpet of
chips eifher on a bélﬁ or on -a series of adjacent c§ul ﬁiéfés.

A machine‘moving overfétationary belts 6r caul plates caﬁ,produce
similar results. AIh_émaller plants multi-layer boar&s Qa§_be1pr§d_
uced on one orAtWO>matrforming sﬁaﬁions by haviﬁg'£hé céﬁl ﬁiétesﬁ
pass under ﬁhe'laying'machiﬁes first ihla fofwéfd;-énd tﬁén iﬁ.

‘reverse direction, before proceeding forward to the press. .-
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For multiflayeriboards,hthere:arefusnallyvseyeralrsepar;
'ate-chip flow lines, each to a separate‘mat layinﬂ station.‘ Layers
of chips are depos1ted success1vely surface ~core- core~surface on the
belt. or caul plate. The materlal is deposlted on onelor more belts |
within thevmachine,;and the dlscharge is Volumetrlcally'controlled
by levellinp'rolls" In some machlnes the chips are fed . over rotatlnﬁ
discharge rolls whlch throw the heavier partlcles forward in the
direction of rotatlon, thds glVlng a grading~effect w;thlnyeach'layer.
Other machlnes are designed to receiye one flow"line‘of'chlps and
to grade the ChlpS according to slze and welght before dep081t1ng

them on the caul.

One methodyis‘to pass the chlps.over a,system‘of.yibratlng -
. screens,Where the fineychips are moved to either end?and'are laid:
first and.last'on.the mat A second method feeds the chlps on elther
side of a central air dlstrlbutlon mechanlsm whlch 1s speclally
fdes1gned to'vuarantee unlform alr flow. The horlzontal~a1r throws;;
the flnest partlcles furthest along the uelt whllst the heav1est
partlcles drop almost vertlcally. The resultlng bulldup of the mat
will have the flnest partlcles on the surface and the largest partlcles
in the centre-of the mat : Th1s is a graduated 1ayer.- In- v1ew of the
_1mportance of accurate mat laylng, most conveyor systems haVe welghlng
- machlnes 1mmed1ately behlnd the mat-formlng statlon Mats. whlch dov |
not conform to the welght spe01f1catlon .are regected and the materlal

is returned tovthe chip flow_to be,used~over again.

Presses
 For thelﬁurposes of this section, we willfbe concerned
with flat presses only-~cont1nuous and extru81on systems will be .

d1scussed elsewhere in thls report
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- There are many methods of gettlng the mat from the

formlng station to the f1n1shed board ‘but we shall briefly

touch on those most widely used Most.systems utilize a pre-.
press which'is usually a single~opening,'hydraulic; cold press,

the platens of which areAapproximatelyﬂof'ﬁhe'Same.dimensions as

the matlconveyor'which.is usually'a'caulfplate.or'a continuous

steel.or rubber band,, The*pre~press operation.diminishes the
thickness of the maﬁ, thus reduclng the maximum opening reqqired
for each main‘pressldaylight,'and the consolidation of the mat
facilitateslshbsequent_transpOrtp-

ln systems where‘a conbinuous mat is laid down on a -

steel or . rubber band the pre—press operatlon may take place by

having the mat pass between compresslon rollers° Where a con-

1t1nuous mat is used, cut—off ‘saws travelllng at the same speed as

the mat,. cut the mats into’ the des1red lengths, and these are

'usually picked up by accelerated conveyors which pass them on to

the main press loader. Some presses have side blocks which give

the mat. firm edges and'produce:very little waste when the mat passes

‘the vertical edge trimmers. Thé mats leave the pre-press and approach ;

. ; _ |
‘the main press. - The main press mayvbe‘single»opening or multi- o '

opening. The mats may be on a caul plate which passes through the

main press, or the caul may be removed 1mmediately prlor to ‘the mat

" entering the~press.‘ The mat may reach.the main press on a conveyor h

belt which passes through a single opening main press; or it may

discharge7the.mat immediately prior to'its'entering;the”press° If

it is a multi-opening press, then the mats~are deposited-in_a loader
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(with or. Without cau]s) contaJning the same number of shelves as
there are openings in the main press. When the loader is filled,
it is pushed hydraulically into the main press, releases its mats,

and is w1thdrawn. After the mats are pressed the procedure is

reversed as the unloader receives the mats from the main press.

Presses. may be simultaneously closed or each opening closed in -

succession. The press cycle is co- ordinated S0 that fresh mats

»are ready to fill the hot press when the press has completed its

cycle, The platens are usually heated by steam, hot water, or Oil

Board Finishing

After‘leaVing the press, boards are generally stacked

for varying periods before the finishing operation is- begun ‘,During

this period-referred to_as after—cure, aging-or conditioning*—

“éhemical‘and physical»changes,take place in the‘board;svThe board"
'seeks,moisture‘equilibﬁium with the,surroundingfair.. If equal to'
‘or below the surrounding air, 1t will lose mOisture on cooling,

-and will have to regain the mOisture required to bring it to equiln

Ibrium w1th the surrounding air.” Alternatively, 1f the'board

leaves the press at a. slightly higher mOisture content = that no‘

_mOisture has to be regained after cooling, conditioning Wlll have

been speeded up cons1derably. Most plants have a board weighing,

machine which reJects bcards not conforming to specifications, and

. a metal detector which stopS'the‘conveyor_if a board contains a

piece of metal.

The two main mechanical Operations in‘finishing lines are

.cutting to size and surface finishing. If cross cutting of a moVing .

board is required this is done by either clamping a cross cut
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carriage with a travelling saw to the'boafd, or by'letﬁing-the o

saw run at an angle to the board, with such a relation between

: angle and board speed that a stf‘aight”cut'results°

Planers, drum ﬂanders, and belt sanders are the three

'types of" machinery available for surfacing boards, The selection

‘of equipment must take into account the thickness variations efx

the raw board and the surfaee finish required. A plaﬁer~gives a

lower quality flnlsh but is better. fltted to deal w1th substantlal

.thlckness varlatlons. Drum sanders are frequently employed where
. the raw boards have a fa;rly’unlform thickness, and flnlshlng
requirements are not"exceptionally high. A high,classffiﬁish:iS»

“obtained by wide belt sanders, and where there are variations in

thickness, a combined drum and belt sander is frequently,used.

, As labour became expeﬁsive; complete finishing_lines withia high

~degree of mechanlzation were developed in which saws and'Sanders

were comblned with turnlng deV1ces and automatic board feeders and

stackers.
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Check List_ for Particleboard Plant Trcuble'ShocterS'

- Problems and Solutions inrMulti—PlateneOperations

Cause S o Correction .

Problem: Blows or Blister -

Press time too short B (1) Increase cycle. -
Moisture content of B - (2) Do not use high hot-press
particles too high : . ,tcmporaturc to attain short pressure

“unless moisture content of mat is
carefully controlled. ‘
Drier control off.
Resin treatment_wrong;
- Remove sufficient water from resin’
mix to adjust to _proper m01sture
‘content. . :

: L _ (6) Use higher SOlldS resln.
Non—unlform m01sture o L - (7)) Balls of resin ‘wax and chips have
content (wet spots) o . carried through from blender to .

. - ' ‘mat causing high moisture . areas.
- - Clean blender more frequently.
Remove excessive dust to prevent
- -~ build-up in blender.’ o
Press temperature too’ S ‘ (8) Reduce temperature——2900—3000F 1s‘
high o ' : " adequate for most operations.

A~~~
RS2 I~ N IOR
g

Presence of defects in I (9) Non-uniform mat moisture caused

the mat - P R _ " by wax . and resin balls, . water .on
: ) C ‘ caul or mat, surface belng water
sprayed uncvenly

Water 1ogged platen , 1: N (10) ‘Check steam pressure and steam

ttraps.

‘Prcblem{. Precure (Loose‘Surface)

Adhesive mix too reactive , - = - (11) Chanpe catalyst to a. less reactlve
‘ I BT ' formula. : : 2
4 . : ; S (12) Use a less reactlve resin.
'~ Assembly time too long SR (13) Keep less blended materlal ahead of
, S : . : press.

(14) Do not allow mats to remain close
to press longer than usual press '
~ . _ - - ecycle. - a
Slow closing of press S (15) Increase pump capaclty and flow
: : ' ' ' ‘ - 'rate of oil to ram. .
(16) Install 51multaneous closlnd

o . equipment. .
Hot particles - . o (17) Hold flakes in silo longer. ‘
' S ’ B (18) Air cool partlcles prior-to blendlng.
Hot cauls \ ' A (19) water spray cauls to reduce -

Atemperature of metal faster '



Cause

Press temperature too

 high

Inadequate blending

R

bProblem:
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(zo)

Correction

A press temperature of 325°F w111
cause more pre-cure than a temper—'

o ature of 2900-300°F

.(21)

(22)

Poor resin coverage will cause.
surface flakes or particles to
appear loose due to 1ack of
adheslve : :

Improve blendlng by better spray
system having automatic cleanout

“needles and installation of a

large.blender enabllng greater

surface area exposuré. to spray.

Maintain constant res1n temperature

- and resln v1scos1ty ..

Non-uniform density

Particles sifting3down
‘in mat

" Press temperature dif-
'ferent between‘platens:~

Over~cur1ng in the hot -
press

Improper'conditicning

Problem:

' Warpage

.Weak'Board N

ImprOper,resin treatment

)

(34)

Improve mat forming equipment.

Use ‘a longer assembly time between
blending and forming, thereby =

" reducing stickiness.

| Keep particles from compactlnw in
surge bin at forming machiney
Produce a mat haV1ng 1ess varlatlon,
in particle size.

Dust and flnes that: absorb resin

‘settle out resultlng 1n an unbalanced

board. -
- Unequal. temperature caused by
faulty. steam trap, water 1ogged

- platen - or obstructlon in line.

Remove panels as soon as press opens.

- Excessive heat causes: drying out.
" of panel surface when 1eft in press

- longer +than necessary. ‘ .
After cure is 1mportant to enable‘
‘moisture equalization. '
Uniform exposure of panel surface

+to humidification untll E.M.C. of

use is obtained.

Determine resin treatment by

checking wood welght used in
frelatlon to resin sollds treatment

Low resin treatment (below 6/) will
be cause. for weak board.
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Cause

Correction

(35) A Kjeldahl nitrogen test will

Wax treatment too high

Insufficient cure (3
(3
(3
Low density (4
(4
Inadequate blending ' - (4
| (4
(4
Resin slow in feactiﬁg': .(4
lligh moisture , _ ‘
Low moisture R (

(48)

Problem:

(36)

~ relation to wax.

co~g

“Mat forming machine needs
cadjustment.

. O o)

Ul w N

[}

N
~3
p—

indicate actual resin treatment
but requires time and a laboratory
to conduct.

Determine wax treatment by
checking wood weight used in

A treatment of
higher than 1% should be avoided.

"Resin reactivity too slow.

pll of wood or wax affecLs rate
of cure.

Temperature low due to steam
pressure or steam traps.

Check accuracy.of mat scale.
Press mat closing to stops.
Examine coverape of particles hy

staining.
Increase "dwell" time in blender.

Check nozzle for spray patter and
delivery. ‘

Resin Formula buffered ex09831ve1y
Adjust with catalyst

See 2~6 above

Low moisture retards press closure
to stops. This results in lower
heat transfer to center of board
and creates "sprlna back" due to
lack of cure.

Maintain proper moisture by

_careful dryer, resin and/or wax

treatment control.

Weak Edpes

. Poor forming .

Problem:

(49) The mat must be formed unlformly

to the edge of the panel with
sufficient trim allowance.

Resin Spots

Blender needs'cleaﬁing

Dust % high

(52)

(51)

(50) Build-up in a blender is caused by

dust and resin collecting in "dead"
areas.

Dust is dlfflcult to screen out

as it is electrostatically held

to larger particles.

Air separation is efficient in
removing dust.
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Problein:
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Correction

Insuflficient cure

_Problem:

Soft Centres

See 2-06, 33~ 35, 46, 47. :
(53) Maintain correct moisture, resin
treatment, heat on press and cure
eycle. a ' ' o

Dense_Board

Forming machine needs

Mat scale inaccurate '

(54) Decreaso mat welpht by PGduClnF

. thoknegg. :

(§5) ‘Check scale accuracy by loadlnp
scale w1Lh a known welphb

Thlbk and Thln

Pfoblem?

Uneven mat formation

Platcns warp under
pressure

Chips squeezeaout onto stops

Problem:

(5() AdjusL'léveliiné screws .
(57) Check for bin "bridging."
(58) Maintain sufficient material in .

forming machine to.permit uniform

~  feed to levellers and.cauls.

(59) Thin platens will warp under

(6 S’pressure when mats vary in density.
(60

minimize this difficulty.
(61) -Space .between mat and stops needs
: to be suf£1c1enblv wxde to prevent:

éxcessive "flow out" over the stops.

(62) Mechanical edge compactlon of mat
: will minimize "flow out.

VWédve‘Shaped.Bbards 5

Lack of stops

Uneven maté*

‘Problem:

(63) Some - presses operate without sLops

: - on each platen. "Uneven mat :
 Formation and temperature: w1ll
affect panel thckness.

(64) Formxnp machlnc out of adJu%LmenL

'jUneven Den91ty

Uneven mat formation

TProblem:

(GS) Formlnw machlne needs watching and
ad]usbment ' ~

-.Excessive'FOrmaldehyde Odor

Inadequatevﬁentilabion
flumid weather

Resin and/or catalyst
unsuitable

- (66) Inotall stronper‘motor in hood
and . e\tend hoods.to collect fumes
-, that escape in- planb :
(67) Correct by drying wood. ‘to lower
moisture or a resin hav;ng less
- “water.,
(68) Obtain resin: with Lower Eree—
' formaldehyde. . '
(69) Use a catalyst system that reacts
. with free- formaldehyde.

Platens 3" thick are recommended to-
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Higher than usual moisture
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Correction

(70) Dry wood to a lower moisture
content. Use higher solid resin.

Problem:

Defective equipment

Problem:

Indentations

(71) Keep cauls clean, smooth and waxed.

(72) Platen surface should be treated

‘ to prevent sticking and air blown
clean of chips between loads.

Layeriﬁg

Surface of board densified

Heat softens wood permitting

consolidation and crushing of

surface particles. Board
center being slower to heat
will not compact as readily,’
resulting in more voided and
lower density area.

(73) Allow heat to penetrate into centre
before reaching stops or maximum -
pressure. _ '

(74) Use R. F. heat in conjunction with
steam heat. .
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Density
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IMPORTANT PROPERTIES OF PARTICLEBOARD ; . . ‘ : ,
The density of particleboard is important for con-

“siderations of weight. TFor example, doors should not be too

heavy due to the danger of Screws'and'hinges giving'way.

Thickness Variation

‘Variation in thickness must be kept low for satis-

factory veneering.

Machinability

Poor machinability may result in excessive wear on

tools as well as tearing:or breaking of the cut edges.

Screw llolding (edge of board)
Most boards have a dense face and a-relatively'porous
_interior and the screw-holding ability df the board is concentrated

in the surface.

Tensile Strength Perpendicular to the Surface

This is the measure of the tendency of the board to

delaminate, and is very important where screws or dowels are used.

Mbvement Due éo Humidity Changes .

Movement can cause warping and cracking of joints.

Tendency to Telegraph
Important where thin veneers or laminates are bonded

to the board.
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Swelling as a Resu]t of'Wettinp.

Important in the manufacture of furnlture, and kltchen'

‘vor bathroom wall svstcms——the addltlon of wax in- manufacture reduccs

the water absorptlon of a board

Bending-Strength

An important property where the board is used in con -

struction;"

Advantames over‘Wood

1.

. The varlatlon of . strength 1n dlfferent d1rectlons is small

-, and the absence of many natural defects that natural wood

6.

conta1ns (shake, spllts, knots, pltch pockets)

The surface 1s smooth and- hardness can be controlled

It is beetle—proof rat~proof and resistant to decay
The?change in dimension due to changes in temperature or='

moisture is small.

Variation in sound' absorbability is small.
‘Resistance to fire, sound transmission, heat loss and .

- electricity is better'than-that'of'woOdf_
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PARTICLEBOARD_SYSTEMS

A well knomn European consultant estimates'thatithere
are about 450 particleboard plants 1n all countries and that they
‘use 40 different manufacturing systems. Although some of these
*systems are basically the same, minor differences in machine manu~"
facture or performance enable the plannlng engineering company to.
‘attach their own label to the finished product. The variations
.within the system are . dependent on" many things, such as type of
raw material,‘type of finished product,.amount of cap1tal 1nvested
type of binder used etc.- Each plant mustibe considered indiVidually
to suit a particular customer's needs. |

Originally, the engineers and &55& technologists who
designedhthe first particleboard plants approached_foundries to
have the machines customemade to their particular specifications.
As soon as the larger machinery companies; particularly the press
manufacturers, became experienced in. manufacturing and 1nstalling
..particleboard machinery, they took over the design and installation
of’ complete plants and this gave rise to many new systems.h These.
machinery manufacturers were most successful 1n highly developed ‘
countries where plenty of skilled technical help ex1sted as well
- as, manufacturers of ancillary equipment such as blomers, motors,
conveyors, etc. Independent consulting flrms haveAbeen quite
.successful.in the underdeveloped,countries of Asia and Africa,
where the purchaser wants the complete package 1n runninv order.

A prospective producer may have some difficulty in

deciding_on_which system.ofvproductionshe@should use. Each has
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certain‘desirable'features, and the first thing to.deternine is.
what raw materlal is avallable and what type- of finished product
is requlred . Thlrty—flve per cent of the world's partlcleboard
is manufactured under three systems in 168 installatlons.‘ One
of these systems produces ten per cent of the world's production
ninvon]y 18 plants. | |

The varlous.manufacturlng processes might be class1f1ed
_in several ways but since the press is the heart of the plant, the
.industry can. be d1v1ded into three main press types'..v

| :(l) the platen hot press, |
(2) the extrus1on press, and

(3) the contlnuous press.

The platen hot press is the most common."'it nay he*a
simple; slngle—openlng press or a multl—openlng, slmultaneous
closing press, with up to'24vopenings. ﬁith autonatic 1oaders andA
unloaders. |

The extrusion press is usually a. vertical press where

chips are forced by a ram through a narrow space heated by platens.
- The chips end up in the'board perpendlcular to the surface of the
board..

The contlnuous press is fed by an endless steel band

which carries the mat through the press. The mat pass1ng through
the press is conflned between two moving bands hav1ng been first

‘preheated by a hlgh frequency 001l |

There are relatlvely few 1nstallat10ns of thls type in

-the world, and bhe consensus of oplnlon is that further reflnements
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are needed although the:theory_of_a continuous flow‘through'the

main press intrigues many design engineers.

Some’ prcss manufacturers equlp thelr presses w1th :
slmultaneous opening and CIOSLng deV1ccs, whlle others do not
It 1s generally agreed that it is very difflcult o produce boards :‘
of uniform quallty on a multl openlny press (over lO openlngs)_
,:w1thout 51multaneous openlng and clOS1ng If the press is not,
S1multaneous c1031ng, then the Llrst board 1nto Lhe press gets
'heat and prcssure flrst and is subgccted to 1t for a longer
perlod than the top boards.‘ The tlme necessary to close one.
‘openlng in a standard preSS‘lscequlvalent roughly to the'tlme:_
requlred to close a multl openlng press s1multaneously. ‘AA |
81multaneous clos1ng press can be closed gradually to prevent
blow1ng, yetahave a_fast overall'closlng tlme compared to the

time:requiredcto completely close a standard multiéoﬁeningfpress}~

" Some particleboard manufacturersﬁhave“indicated that'
'3 when u31ng a regular mult1 openlng press,,lt becomes 1ncreas1nply
difficult to malntaln constant tolerances, due to the allowances

-

Wthh must be made for the weldht of the ‘press’ 1tself

Relatlvely new in the partlcleboard.lndustry 1s the'l
1nstallat10n of a hlgh frequency c01l in front of a l to 4 openlnp
maln.press 1 The output off such a plant 1s malntalned by hav1ng
a larger area .press w1th a: much faster press cycle. Lowerttemperm
atures 1n‘the main press nean lower operatlng costs,‘and'ﬁfgh"
freQuency heatingilncreases the.tenslle strengtﬁiof"the Board:due"
to more consistent"density (mentioned under‘bensification‘Pattern).
The bond‘takes place‘at'thc centre of'the~boapdlfipst_anddworks-.

to the outside. Thisftypc'of heating'is eXtremely»important where



a company is produ01ng a hlph percentage of thlck boards. Aithough
the hlgh Lrequeney 0011 LS expens1ve, the cost of the mdln press
is conslderably reduced | - This system warrants conslderatlon partlc
ularly where there is an ahundance of - 1nexpens1ve energy

o Fhere,are seyeral varlatlons‘ln the method of‘laying “'
down the,chipsAon‘the’mat;fthe mostfcommon:being (i)done;ehip drop
for a homogeneousfboard;A(ii) seyeral forming'stations.eaeh’layingv
down a single‘layer for mnlti—layer'BOards,:andl(iii)done forming .
station with an alr or scroenlng system for Chlp sortlnﬂ in a
ﬂraduated layer board The formlng statlon may be statlonary, w1th
the mat laylng equlpment passlng beneath 1t or:the formlng statlon’
may move forward and backwards on a-traok laying_dOWndonips inzone
- or two directions.. | | V |

| Some systems use cauls (metal plates‘on whlch the mat
1s formed) whlch may or may not pass throudh the main press. Whlle_
most oaul systems use only a bottom oaul one of,the largest plants:
in the world uses both_a‘top~and bottom.cadlr Mats may'be'inserted
into the'main:press4by,traysdorane1ts in cadliessesystems. Some
systems usesa_eontinuousjmetal belt;:which"pasSes through a‘sing}e‘
openinm main press; or passes through'a:moyabievprepress and J
_dlsoharges the hardened mat at the entranoe to. the main press.
Nhlle.some of)the most modern 1nsta11at10ns 1n the 3

world today use oauls; therevls a deflnlte>trend towards a caulless

system, and many englneerlng flrms whlch utlllzed a system w1th
. = )

caulsdnow offer a caulless system as well; or have gone over entirely

to the iatter;},Some of the advantages:of-the caulless system are:
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(i) ‘better,thickness tolerance
(ii) 1less sanding loss’
(4ii) better heat balance"

(iv) shorter press cycle and consequently hlgher
~output r

(v) economizing of'construction parts and-space
d(vi) “ellmlnatlon of caul coollng and malntenance

. (vii): botter utlllzatlon of heat energy

Some manufacturlng processes are des1gned to operate
at maximum efficiency on. an output of lOO tons per day or more,
~so that anyone contemplatlng a 50~ton per day mill could safely
_ d1sregard these systems. Conversely, some systems are designed
for underdeveloped countrles where the board quallty requirements
are low, and the output may only be 10 tons per day. It Wlll be
seen then that the size of a proposed plant Wlll ellmlnate certain
systems automatlcally : If a company has a low class waste problem,
and is contemplatlng entering the partlcleboard fleld, 1t may not
be practical to install expenslve quallty control equlpment to try
and compete for the quallty market agalnst companles which- have
first class raw materlal (roundwood) avallable. Rather, it would
be advlsable to look for the system wh1ch would produce the best -
marketable produot ‘with the raw materlal aVallable All systems
have advantages and dlsadvantages so that, in essence,vit amounts
~to a meldlng of.a company's requlrements W1th the most advantageous

features of the various systems w1th1n certaln output llmlts
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COMPETITIVE PRODUCTS

There are two products in Europe Whlch compete dlrectly

: w1th partlcleboard and because of the raw materlals, method of

manufacture, and s1m11arlty of end product they should be examlned
Mlxollte | R | o

. Thls process was developed in Austria and utlllzed flbrous‘
waste material to produce a bulldlng board w1thout the addltlon of

resin.,: Boards can be produced from stralght sawdust w1thout the

raddition of a chemical b1nder.‘ Although these boards do not have_d.:

the strength propertles oi partlcleboards, they stand up better
than particleboard’ for exterlor\use; Thelr main’ uses 1n Europe
are‘exterior sidingséicore stock, as a base for varlous plasters
and stuccos, ceiling tiles,'andipartltlon walls.~ The process can
be varled to produce boards of dlfferent properties for a w1de A
range of appllcatlons. As a generalwrule, boardsiare:produced in
the middle . denslty range, 30-39 1bs. /cu.ft. |

In the manufacture‘of m1xollte~boards} sawdust enters '
the plant.by,a conweyor and passes ower a-s&sten of‘screensdwhich. - '
separates'fine and.coarse material The coarse materlal is div-
erted through a grlndlng machlne wh1ch reduces the»partlcles to
the requlred s1ze, and these partlcles are added to the regular
flow. Water is added to thlS screened‘materlal' and the watery
mass passes through the mlxollter machlnes, whlch reflne the mat-
er1al tousllme.mIThls materlal thenvpasses over flne screens Whlch
drain off the excess water before g01nﬁ to box cauls,:where it 1s

spread into mats. These matsware dewatered in a cold prlmary press
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and bhen stacked (up to 32 in a stack) and pressod in a 1arpe

one~oponinp cold press. The;mresscd stacks are- clamped and
conVeyed to the dry kllns where Lhe 1nternal bonding is aohleved
The mats are still on thelr cauls which have metal collars
attached Dependlnp on thckness and density the mats remain
in the kllns up to 14 hours,'and are - then Laken from the kllns,

where the cauls are removed and the boards conveyed to the trim

saws and sandlng machlnes

‘Flaxboard
For many years flaxAhas been gromn in Western.Europe-
for the textile industries. The fibres alone were used Ffor

making cloth and the outer husks or shives were burned. ' In 1948

the Belgians develope& a method for making boards from the shives.
The shives, when delivered, contain various impurities whiehAmust
be eliminated to ensure the homogeneity of the mass. Dust, whioh_
absorbs a great deal of resin and causes excessive mear on. equ1p~

ment, is removed by air. Flax roots must be ellminated, since they

' w0u1d cause unequal distribution of the material, as well as uneven

surfaces on the finlshed board " Seeds are also removed, as they
would attract rodents. The cleaned~shives are_thenfooated with

resin, and the mannfacturing process from here on is identical with

that of particleboard.

The den51ty range. 1s from 18 1lbs. /cu. £t. to 44 1bs./cu.ft.
althouph the bulk of the European productlon is in the 3537 1bs. /cu
ft. range. Flaxboard makes an 1deal core- stoek for furnlture,‘51nce

it is stable, has a smooth surface and.is generally more economical
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to use than particleboard- It is also used w1de]y 1n Europe for
shelvmng, bu11t~1n furnlture, decoratlve wall and celllng panels,

wall partltlons, subfloors, roof decking, roof and wall sheathlng,
heating and ventllatlng ducts, acoustic tlles and in prefabrlcated
bulldlngs. Most of the flax grown 1n North America places heavy_..
empha51s on seeds, and thls type of flax préduces con51derably less
flbres and shives . than Lhe fibre flax grown in Europe Accordlng.f
to the Belglans, 1tvls not economlcal to grow flax for~thé'5fod;  %

.uctlon of flax—board alone——it should be comblned w1£h a textlle,ﬂ

pulp, or vegetable 011 plant
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The Eurnlture industry. readlly accepts particleboard
as a replacement for core material, wherc 1t means a sav1ng in
.costs, “and where phys1cal properties are adequate to meet its
fabrication requirements.' Partlcleboard really ﬁot its start
in the furnlture industry, and this is stlll.the main market.
Houever,‘neu uses.are urow1np rapidly,'especially'ln areas such
as Europe, where timber is scarce. The maln:potential for the
future lies in. the buildlng 1ndustry, Europe belng much more

‘advanoed in thls area than.ls_NOrth-Amerlca."

Particleboard is used widely for flooring in Europe, -
where it is lald on. 301sts and covered with llnoleum or tlle
It has been estlmated that floorlng demands in Brltaln could
"utllize thelr total'partlcleboard.productlon, The'Unlted

‘3_States‘industry;has:developed a flooring-grade,'but itlis used

d\mainly as an'underlay for tile. Floorlng prades are usually ot
a higher-density, and manufactured to a dens1f1cation pattern,
which'emphasizes resillence. The shortage of houses is general ‘
throuﬁhouttﬁurope,band’this snortagexhas been partially met by -

- the development of 1ndustr1a11zed houslng .Particleboard ls an
1deal materlal for th1s purpose, ‘and is used as wallpsneathing,
';roof sheathlnp, partltlons, cupboards, shelving, bullt 1ns, and
decoratlve wall and celllng panelllng. ;Partlcleboard in Europe -
'is_w1dely'recogn;zed'byvarchltects, and.;t 1s:found 1n_hotels,:
 hospitals, restaurants, bars,vschools, officefbuildings,
apartments, lipraries, bowling alleys, auditoriums and theatres,

| as flooring,_wall,_and ceiling~coverings{’Aplastic'faced particle--




"~ board is éas& ﬁo ciean,dhas a p1éasaht appearance, ahd-mééts tﬁe
.hiéhest standards of'hygione;A Prefabricatéd~waéﬂroom ougioles

fOr'schools.ahd commérciaidéstablisﬁﬁenﬁs”are ﬁadedof barticlé;
board' with hardboard“or mélamine faoes; Owing'to HardQWearing

'qualltles and ease of worklng, it 1s partlcularly sultable for

built—-in fltments, slldlng doors, and furnlshlngs of mob11e homes;;

‘as well as partitions, doors, ceilings and bulkheads 1n the sh1p~

bulld;ng industry. It is 1deally sulted when faced w1th 1am1nates;.

- as counter tops, decorative walls and dlsplays in retall estab;
lishments. Faced wiﬁh.asﬁeétos; it“dsﬁusodwin_hoat.dqusiiui
giving oonsiderablyfless>heatvloss than.metalr Itais'uSed:to iine
air duots for tunnels in‘various parts of Europe.'”in Several
countrieg-of Europé,-where_ﬁile is used for roofs, oartioloooard
roof'deckiug ﬁas been covered with,£Wou1ayers of bituminous felt.
The materials are all:factory—made_to a_single module; réduoing 
roof 1oading_oosts;of‘materiai and labour, aud givin#oimprouod
insulation cutting downtthe-weight.of the roof by more than flfty
ﬁer Qentn’ | -

| VPartlcleboard has also beon lald under tlles w1th a
..felt underlay. -Some work is being_done in Europe on the develoo—t
ment of a phenol—bonded board for extorior'Sidings,;'This market
is expéoted-to_grow; The_insulating_qualitios of:particleboard
over»briok, metalAand hineral~ba$éd material; is a big sollinglﬁ

point to Europeans.

" American manufacturers on the West Coast are produ01ng ,

a hlgh densxty partlcleboard as both strlp and block floorlng

This materlal is prefinished, and is reputed to be flfty.per cent"\
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harder than oak flooring. An ektebior‘Phenbl—andéd'Siding is
also on the market in the United States.. In all of these“cases,.
particleboard meets certain laid down standards, cnabllng

archttects to specify this maberlal w1th confldencc.;'

Mould@d Partlclcboard

Partlcleboard ‘can be produced in moulded fofms;:‘Af
German company w1th'llcensees in var;ous»parts of the~world;
makes a wide range of consdmer;products;_Such~as;pneﬁpiece
drawérs,(trays, stools,‘table_tops;‘cOntainers,_Cabinets;:window
sills, luggage,.typewritéf‘caSéS énddwail tiies;Aasdwelldas.é
variety of'mouided.COmpbnéﬁﬁs forfthé~automobilé anddéppliance"
trades. Décbrative melamine lamindﬁés or'wdod,veneérs are. . |
bonded to;the particiebdard as an ihtegfél part of'thevmoulding

operation.

RESINS
Resiné used‘as a hinder in thé’mahdfacture of ﬁdfﬁicle-
board‘should satlsfy ﬁost of the follow1ng requlfements |
(i) Any re51n uscd ‘should have a 1ow v1sc051ty S0 - that it
can be sprayed on the flbrous‘materlal‘w1thout:the usé
of excessivé.aif pressure
(ii) It should hQVe Solld content of at least 50 per cent
'Ato avoiddadding}an excessive quantity of water
(iii)f”It should have ‘a pot life at room temperature of
éeveral‘hours;.to allow batches of binder to he

prepared in reasonable quantities.
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(iv) It should set in a reasonable tiue, at a reasonable

temperature, to allow economic use. of the hot press.

Thc most commonly used. blnder 1n the partlcleboard

- industry is urea formaldehyde, a]though the use-of»phenol
formaldehyde 1s.grow1ng due to’ 1ts hlyher reslstaoce to

moisture and weathering,i The use of a phenol formaldehydo,’:
ihstead of a urea formaldehyde res1n,‘oan;only be'gustlfled.if"
_it,orodﬁceS‘a7better board with arwider‘fieldvof application,-

or 1f it reduces the cost of the board elther by 1Ls lower prlce
or through other advantades durlng manufacture . As far as_reslni
costs are concerned, phenol 1s»more‘expens;ve-than urea, bﬁtrthe
spread'hasbbeen‘narrowing in the‘pastxferjyears:‘ The,oemandsfor3 .
phenolic-bonded bhoards will probablyainoreaseif It is tsefﬁl then ‘
“to ooﬁsidervthe:problems arising'in'their usé'; Phehol hasiav
lower reactivity tﬁan urea, necess1tat1ng hlgher pres31ng temp—
eratures and 1onger press1ng cycles, thus slow1ng down productlon
and reducing output, AUnllkeiurea‘reslns, 11ttle can be,dooe to' ..
influeﬁce the Setting‘soeed‘of phenolic.resins by theoadditioﬁ‘

of hardeners.A Moreover; the’degree of settiog reguirea by
phenoiic resins appears‘to be'greaterfthan.that of'urea, neoess—
A1tat1ng a careful reductlon of pressure,;allow1ng excess steam

to escape, thus av01d1ng blow1ng of the boards On the other
hand, phenollc manufactured boards may be stacked blﬁhtly imme-—.
diately after press1ng,eas_phenollc‘reslns are not subJect“to"
h&drolysis; Melamioe resins’arEEmore'resistant‘torseveré seryige B
than urea rGSins, but are more_expensiveTthaﬁtpheools;' Their

principal use is to fortify or improve the permanence of urea
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resins, and for uSe with decorative*laminates Resor0ln01 PGSInS:.

~can be cured .at lower tcmperaburo than phonols, standlnﬁ up equally .

‘well, but are more expens1ve Contlnulnv research 1s strlv1ng bo
reduoe ‘the cost of phenols, melamlncs and resor01nol by the addltlon
of cresols, YledS, bannlns and llpnin derlvatlves, but apparenbly

results so far have not been too succesoful o o o .

Since partlcleboard 1s made Erom materlal oonlalnlng
’~ceilulose,‘wh1ch is hvgroscoplc, bhe board swells‘when it: picks

up water. . It is, therefore, desirable to 1mpart water Pepellanc&
- to the board in order to decrease water absorptlon and consequent_
swelling Wax emulslons arelcommonly used as s121ng agents for.
ths purpose These wax emuls1ons may be pre sprayed on the chlps‘
(before the resln), or they may be mlxed with the binder, and the
mixture sprayed on the ChlpS The amount of wax. emulsion added is
usually less than 1 per cent buL depends on. Lhe wood and 1tsb
poroslty, pH factor, amount and' type of blnder, press temperabnres
and pressnres; humidity of the chlps,.and densit& of.the_finisbed

board.-



_STANDARDS

"Conmeroial standards:are.dereloped b? ﬁherprodueer,
.distributor‘and consumer. They are used most effoctlvoly 1n
Oon]unctlon w1th purcha s ordor ‘and saJos‘conLracbs.' The
purpose is to promoLe FaJr competltlon, Lo proV1de\a ba51s of .

understandlng beLweon huyer and soljer, to def1ne quallty 1evels

for products in acoordwnce w1th tho prjnolpal demands of Lhe trade,”

and ‘to prov1de Cor closo adherence to tho quallbles 1hus deflned
Thev speclfy performance characterlstlcs for m01sture conlent

dens;ty, modulus of\rupture, modulus of elast1¢1ty,51nternal bond,

dimensional stability, and screw holding._'They‘a1SO»in61ude defin— e

itions of trade,terminology,‘and a uniform method of certifying -

or labelling particleboard.

Germany was the Clrst counbry to set up standards for. o

partlcleboard (DTN 68071) " However, most European countries now
have thelr own standards. Brlbaln uses "Brltlsh btandard 2604— N
1963, Re31n bonded wood chlpboard" and’ Brltlsh Standard 1811~
1961, "Wethods of Test for Wood Chlpboards and other Partlcle—

_ boards™. The trade in the'Unlbed States uses "Commerc1a1 Standard

CS 236~ 61 Mat Formed Wood Partlcleboard (Interlor Usc)" although

thls standard is be1nﬂ rev1sed to 1nclude such thnps as accelerated

aglnv,*exterlor uses, etc.' Work . 1s beJng carrled out in Canada on
proposed standards, but the only: publlshed spe01f10atlon is that of
the Canadlan Government Spec1chat10ns Board for "Board, Partlolc

Bulldlng Construction 11—G =1, dated November 28 1958.
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TECIINICAL NOTES ON _QUALITY CONTROL

Hvdrolvsis.

When the pressed boards are removed from the hot press,
a considerable amount of heat is retained within éhe boards.
Storage in piles underAsuch conditions may result in a degradation
of the board qualities, esSentially due to hydrolysis of the
bonding resin. Delamination resistance is probably the proﬁérﬁy
.most affected. However, surface appearanée may also be affected, -
along with a reduction in bending stréngth and stiffness.  Boards
in the centre of a pile would be affected most. Thus, it is clear
that any method Which redﬁ¢es thelstack temperatufé will result in

less degradation.

Such redudtiqn'may,be achieved‘by introducing a slight
delay»befofe stacking, or by‘cuttihg down the number of boards in
a stack. Some plants pass theAboérds‘slowly through an air-cooled
chambgf. Moisture content of the boards‘plays a predominant role
in hydrolysis. .A€>loﬁ mdisture content, say 4 per cent, there is
very little hydfolysis,_while at a moisture content.of, say, 12
per cent the hydrolysis effect is severe. This points ﬁo the
desifability of prbducing boards with as low a mqistufe content
as is éracticable. Hydrolysis is not a factor when phenol resiﬁé

are used.

\

Board Conditioning
On rémoval from a. hot press, particleboard is in a
highly_plastic condition, the wood being at a high temperature,

with moisture content generally between 6 per cent and: 10 per cent.
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Under such.conditions.the ‘board is very sensltlre-to'anyfdeforming
.tendeneies There is a thh m01sture content 1n the centre of the
board, and a low moisture content in the outer faces - In reaching
moisture equlllbrlum, the tendency is for the centra] core “to shrink
and the outer face to expand. The restralnt of those shrlnkages
and expansions may result intlnternal stresses, the magnitude of
which depends Qery much on'board'COndltioning;' InVestigations_have
shown that when boards\are cooled.qulckly}vthe Stresses beeone-
locked in; so that boards are ‘in a permanently stressed condltlon
When boards are allowed to cool slowly, the p1ast1c1ty of the wood
,absorbs the stresses, ‘and after conditlonlng, results-ln stressfreep
boards. In normal current productlon methods, the.unequal m01sture
distribution is 1nev1table,ethough with hlgh_frequency heatlng a
more even distribution could'be:expected Lower. press temperatures
and lower m01sture content both reduce the moisture content ﬁradient
through the thlckness of" the board and therefore, reduce the effect.

But slower board coollng,ls 1ikew;se beneficial.

Den51flcat10n Patterns

When a piece of - partlcleboard of.a glren den51ty is d1v1ded
linto several layers parallel with the plane of the board, and the.
wden31ty of each layer is determlned it is usually‘found‘that the
density of separate layers is not equal »Thebchange is, aS'a‘rule
gradual, . and follows a pattern known as the den51flcatlon pattern.
.The 51gnlflcance of the most common ‘and. most useful denslflcatlon :
pattern lies in the fact that the board, 1nstead of belng of homo—
'geneous structure, becomes essentlally-a»sandw1ch,panel, where two

. strong and heavy sheets of ﬁaterial”arefkeptfattached.to each other
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by a 1aYer of comparatively wesk and light-material}\ This type
of beard possesses adVanpages'as well as'disadvanﬁages. “Among
the sdvéntages are high faee density, high.stiffness; hiéhA
bending.strength,-high.grade of surface"texture, high resistance
of faces to water abserption.and SWelling.: The drawbacks are.
connected with low core denslty Wthh causes 1ow edge SCPeWhOldLnF
power, low delamlnatlon res1stance, hlgh water absorptlon and low
shear value. In splte of‘the drawbacks, a manufacturer of boards
of this type'ean produee from the same.amount of raW’Material a
board which is both stron@er and stlffer than a ‘board of thc same
weight but of dlfferent dens1flcat10n paftern. In addltlon, such
a board has geod Firm surfaces. keallzlng the effect of densifie;
ation nattern'on prenerﬁies,of the board, and kaning spproximate;
1y the degree of this effect, tne manuféeturer can advantageonsly.
arrange for the densificdtion pattern.to be of'theAtype giving.hin
a board with the properties'he>most requires., The significanee of
the densification paﬁtern=is very great,lsince.exactly ﬁhe same
quantity‘and-qualityiqf raﬁ-maserial‘can bejconverted into a high'
qualiny or low quality‘Beard. ‘It rests'with thevmanufacturer to.
choose'frem‘patterns-available te'him,4the-ene thst;best~suits'theA

purpose in hand.

iIt is sppropriate to examine Ene‘conditions &hieh
result in a densification pattern ofjone,tyne or~another, Without
some;core.resistance;gthe féces eannet'Be\eompressed.i'The.eore
is most resistant.to compression wnen‘it is cold and cenparatively
dry. As soon as the press pldLen heat reaches it through the.
.faces, and espe01ally with m01sture present the core w1ll become‘

plastic, w111 gradually lose its res1stance and start becomlng

compressed. It follows that, to achieve the most efficient face
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densification.Witho@t,ﬁnduly dehsifyingjﬁﬁé.édré, the létter '

, shoﬁld be kept cold”and dry. In addition, thcvcore is moreA‘
resistanf to.cqmprqssion wﬁen it cdpsisté.of thick chips which
are nbt.so'easily mouidable; evén'whéﬁlin aihot gnd wet state.
The main.conditiohé favbur#ble:for achieving a,high degree of
face densification are (i) fihe*que chips,;(ii) high face
chips‘moisturé content, (iii) éoarse cofé chips, (iv) dfy corel
chips, (v) high temperatufe of the ﬁresé, (vi)‘high-pressiﬁg

pressure, and (vii) quick closing of thé press.>

" For bbtaining a“boérd'with comﬁarativeiy iow face .
denéity_and high core'aensity, conditions‘should.be reversed
thusly: | | |
(1) coarse fébé chibs, (ii) dry fagé chips, (iii)‘thin core
dhips; (iv) core chips of high'moisture‘céhtent; (vf'low press
temperéture, (vi) low pressiﬁg pressure, and (vii) slow preés o

closing.

A manufaéturér‘ﬁéry often produces a boérd;with a poor
densificétion paftéfn when a good mattress withuwet‘fine:facg
layers, aﬁd dfy coarse core 1ayer,vis built up on a hot caul
plate (which~quickly dries'the'outé§ poftion ofithe boﬁtom
1ayér); éfter which'it isslefﬁ for a time in.thevloéder.(whepe
the'ﬁppef:outer layer begins to dry out), or is overexposed.tqf
the_radiétion and. contact heat of fheutop blateﬁ of‘the hot
"préss_béféfe‘the préss is closed,.andlhigh pressuré applied.“
In otﬁér words, a perféctiy‘satisfactory material willire$u1t
in An.ihferibf boarduonly beééusefthe‘céndiﬁipns of‘treatment‘:

are faulty. Of.coufSe, all these conditions are applicable
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only within certain limits. For cxample,fan unbeaédnable in-
crease in the moloturc content oF chlps WL]l rcsult in. bllsber

ing. SJmllarly,.lowerlng of the press Lemperature Wlll evont— “

ua]ly reoult in fallure to produce a board

Tt is readily abpareht that a m5nufaéturérlproduéing"
a board‘for constructlon purposes (wherc bcndlng strenpth is
important), for Eloorlnp (where re31llence is 1mportant), and
for cablnet work (where edge screw holdlng‘ablllty is impOrtanﬁ)
would nocessar11y attempt to attdln entlrely dlfferent den31f1c~'
at;on patterns. The declslon taken w1th regard to the déns1f1c-

ation péttérn would llkely be in the nature of a cqmpromlse,
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PRODUCTION (Thousands of metric tons)

1957 . 1959 1962 1963

World Production 800 1,400 2,786.0 3,394.0
" Europe . 465 - 845 1,888.0 . 2,316.0
Germany 234 | 365 672.6 731.2
‘Russia . N/A 52 | 223.1 279.8
United StatésAV 212 ' 346 ' 473.4 | 574.2
‘Canada - 14 23 - 70.0 75.0 (est.)

Per Capita Consumption (Kilograms)

1962 1963
Kg, Co Kg-
Norway - .- o 13,7 ‘ | 17.5
‘ﬁélgium ‘ , ©10.0 : ’ 15.8
Switzerland - » 3.5 , 15.6
- West Germany o | . 13.1 , » 14.0
' _Fiﬁland 9.8 11.1
"Austria - 9.9 10.3
- . Denmark 7.5 8.8
Sweden 7.1 8.1
Netherlénds 7.5 6.6
France 4.5 . 5.8 ‘
Caﬁa@a ' 3.8v 3.9 (ésb.)
Ttaly 1.1 3.
Undited Kiquom ’ | :: : 2.5 2.6
United States | 2.5 2.4
Portugal ~ 1.1 1.3
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There is a wide variation‘ln the-size of pabticleboafd"

plants, ranging'from an butput of 10 tOns:per day; to'350/400 tonS£Hn~

per day. The flfteen Luropean countries belonﬁlng to the European
Federation of Partlcleboard Manufacturers, have a comblned total

of 240 plants with the follow1nﬁ capacity dlstrlbutlon

Capa01tv (Cu. MPtres) o A Plants (1963)

s up to 5, 000 M3 o - S l, 43:

5 - 10,000 M3 6o

10 - 20,000 M3 - | 38

zo‘-\zd;ooo'm3 o S 60

30 - 40,000 M3 T

40 - 50,000 M3 l o 15
\ Hovsr 50;000'M3 o . 12
| 240

The United Statés has 50 plants, ranging from small

baptlve plants produc1ng 10 tons per day, to large dual line

"\plants producing over’ 200 tons per day. It 1s estimated that
.Russia”hastabout lS‘plants, but they ars'all qulte large,‘some

of them with a capacity of_bveb 300 tons per day.
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EXTERNAL TRADE

Exports

In August, 1963 the tariff schedule of the United States

contained for the first time a specific enumeration of. wood

- particleboard item'245.50 at a rate of duty of 12 percent. Prior

to this‘time the treatment of particleboard had been confusing.

 Not having been specifically enumerated, its classifioation

depended on size and end use W1th the result that the rates of

‘duty varied over a w1de range and practically no partlcleboard was

exported prior to August, 1963.

Effective December ﬁ,.1965 the rate of duty on Canadian

particleboafd is 20 percent;uhder United States tariff item 245.50.

In 1965 Canada oxported partlcleboard only to the Unlted

- States although in 1964 small quantltles were shlpped to Brltaln,

: Trlnldad and Puerto Rico.

Wbod Bulldlng Boards NES (Class 33599) - DB865 004
1964 = ' ) o - $138 437
January, 1965 - June,'l965~: - ; ~,$195,689

Prior to 1964 the Dominion Bureau of Statistics listed
partlcleboard under a general headlng, Bullding Boards NES (Class
35779) and under this heading in 1963 the exports amounted to
$98,380.
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- IMPORTS | | |
‘Particlebdard enﬁers Canada under tariff item 50660—1.

The British préferentialfduty is 174 percent less a diséouht of

10 percent (i;e. 1.75 percent). The>mostifavoured naﬁion dﬁty is

-20'percent.

In 1963 The Dominion Bureau of Statistics set up Class
4150 —'Recpnstituted Wood Board, and as of January, 1964 this has
been changed to Class 33595 - Particleboard (reconstituted wood

board).

The bulk of Canada's impotts of particleboard comes from
the United States, although starting in late 1964 board from Russia
began coming into the country as well as small isolated shipments

from South Africa, Surinam and Norway.

‘Rgconsﬁituted Wood Board (Class 4150) - DBS 65-007
1963 - $145,285

gParticleboard - reconstitued wood board (ClassA33595).—_

DBS 65-007 | o |
1964 - $205,362 |

'Jan; 1965-June 1965‘- $195,689
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FUTURE‘OF THE INDUSTRY

Particleboard is the fastest”groWing segment.of the wood
products field and indications are that this trend‘will"conﬁinue.
The development of the pavticleboard Jndustry has moant a radica]
chanpe 1n the raw material base or the Furniture 1ndustrv, which

Cis still the main market,» Commer01a1 manufacture of furniture 1s

no 1onper a handicraft industry, buL one w1th 1arge operating units,

w1th high output, turnover, and efficiency.» This_development has -

reduced the proportion of sawn wood in‘furuituregAand the future of

particleboard in this industry is assured:

The'growth-of fdctory constructioh, unit»construction,

components, etc. in the building industry, are developmentS‘Which

will Favour the use of particleboard.i'Dryﬂwali construction methods -

will favour:panel materials at the expense of_piasterfandetiles.

The pafticleboard industry is highlyvresponsive to
chaﬁging reduirements and new_markets,'andinew market.areas:will be
found for modified board‘products and pfocesses : Particleboard'is

sold Lo 1ndustr1a1 users in a manner which enables production faCll-

1ties to respond more rapidly to changinp customer requirements.

Parbicleboard plants may suffer. competibively from the
pulp and paper 1ndustry for bobh roundwood and. wood residues, but
because it can operate effic1ent1y on a sﬁeller scale tﬁan pulp 1nd
paper, it can tap unused sources_of residues, or smaller»amounts.of

roundwood’, such as.plentatioh‘thinnings,'
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The size of individual partlc]eboard plants is grow1ng,
as 1is the productlvity pcr worker. Thls ~growth in size will

obv1ously lead to lower ovcrhead costs. - In addition, lower pricesl

for resins will-probably result'from the expanding market for them.

Particleboard should be able to take advantage of the
rapid'technicai progress made in the past few years, and should

- remain cheap in relation to sawn wood and other competing materials.

There is a trend, partlcularly in the Unlted States, to
£it products more exactly to spec1f1c end uses,~notably by the

applicatlon of flnishes durlng manufacture;

According~to the "European Timber Trends and. Prospects",;-
publlshed by the Food and-Agrlculture Organlzatlon of the Un1ted '
‘Natlons, the gross natlonal product of Europe w1ll probably double-ﬁ
. between 1960 and 1975 Thus, the total requlrements of-wood—based
panel"productsvis expected to treble infthe same-period : The'
greatest percentage 1ncrease is expected from part1cleboard There
.1s every reason to belleve that the particleboard 1ndustry has yet .
to obtain the maximum beneflts from the rapldly grow1ng pool of |
.technoloplcal developments and that con51derab1e economles rema1n

to-bhe achleved.

‘There are very few countrles in the world where the raw_5
'material necessary for entry 1nto partlcleboard manufacture is

;not.readlly'avallable.' Heavy capltal 1nvestment 1s not a requlslte,*'
' and 1t 13 common experience that a locally made board may be counted

'”on to flnd a market




s -

CONCLUSIONS

1. The particleboard industry will’not be in anyipositibn to
realize iﬁs poténtial in_Cénada uhtil-stéhdards are{establisﬁed{
for arbhitects may not 3p¢Cify parﬁiqleboard, andAbuildefé are

wary of uéing it. The consuming~§ublic\knows véry little aboqt it;
2. Advertising on an industry—widé basis must'firsﬁ expiain to .
people that partigleboard is a specific product, with éﬁecifid
qualities, tﬁat make it suéerior to other méteriais for éeftain;
uses! |

3. Although the industry_in anada is not'pfesently:pperéting at
_capadity;_there is a demand for lovaressure léminatés on‘pafticié—l
board, edge bénding of;particleboard with lumber, moﬁldea'pafticié—
board and prefinished specialty items sgch as flopring aﬁd'siding.
4. There is a treﬁd3in other .countries for,particléboard'ﬁanu—' ‘
facturers to céntfol.pfefabricatedvHousiﬁg cﬁmpaﬁies, and mobi1e
home cbmpéhiég, aé outletsffor their production; Tﬁe Céﬂadiaﬁt
'brefabficéted”housihg-indﬁstry has:just~formed a.naﬁiohal assbciaﬁ—
‘ion in éd,attempt to captugéigw;a?ger sharé_of the ﬁOusingnﬁafkeﬁ.
It would appear to be ;n opportﬁne time for;the particleﬁoard‘
“industry ﬁo‘explore fhe possibilitiés of_pérﬁidléboard iﬁ.pre—
fabriéated building,‘sincé'panels a;e so we11 suiteq to ﬁhis type
of construction: N

5. The last few.years héve seen a.multitude'of'héw ﬁype bqafds
_developéd in Europee*éawdﬁst, excelsiqr Ana:cement; shavihgs'éﬁd.
cement , sulphite wasté; étc. Theée boards are sbld in‘Edropé; but
whatAmay.be econorniically feéSible‘in ti@beb defibit areaQEmay not -

be practical in Canada, where we have an abundance of wood resources.
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Some of these products found markets in heavily populated European

’COHHtVlCS 1n the post-war perlod, whereas in Canada -our bulldlng

v

codes w0uid not allow their use A Canadlan company faces few

problems in order to commence the manufacture of these products

but eome\prlor market research is. essentlal For 1nstance, a

small’Canadlan‘company may[become atllcensee for a productnwhich

is too specialized for the 1imited~Canadian market'beCausepthe

break-even point is higher than the.actual sizevof thetmarket.

6. The’Canadian particlehoard'industry is 1ess sophisticated than
thatrof’Europe;‘ Our existin market is . 1ess demandlng, but as the;
.1ndustry expands,'more quallty control w111 be demanded in “line’
with Speclf;c standards and the add;tlon.ofvspec1allzed-products.3
hPeriodic technical trade“missions to "such countriesias Britain

‘and Germany'Would benefit the industry'by keeping_abreast of “new

developments in thls fast . changlnF fleld.
7. Any Canadlan company conbemplatlng enterlng the partlcleboard
field Would do well to examlne trends in the medlum dens1ty hard—

board fmeld which w111 soon be competlng W1th partlcleboard for

certain markets.
8. The 1ndustry 1n Durope has formed the European Federatlon of
‘Partlcleboard Manufacturers' Ass001at10n Th1s group's prlmary

aims are to seek solutlons to problems both economic and technlcal,

to. promote 1ncreased consumptlon of partlcleboard and tonpresent

. and support hefore 1nternatlona1'organlzatlons,’the'resoiutions
Aadopted by the countrles represented ’Periodicaily,(the’various
- working comm1ttees issue reports and bulletlns to thelr members
jAmongst the‘most actlve, is the Technical Commlttee,.whlch seeks

to improve‘the‘technology of the 1ndustry. The Canadiainarticle%u



-7 -

fboard Association 1s eligible to become an associate member of thls

\:group, and mlght well cons:der Quch a. stepn
9. In Canada there is a need for end use studies in this field.;:
-n10 The rapld expan81on of the plywood industry in North Amerlca

' duylng the past few years has, by 1ts volume penetratlon, 1im1ted

'_‘the use of partlcleboard 1n general constructlon, but ‘as research."

 fcontinues,_it becomes apparent that the maln potentlal for the

’future ‘of partlcleboard lles w;tth the framework of the bulldinp.

vvlndustry.}f




T @@:hum!ogmal Data

\strength and Phy3|cal Propertles of Flat Platen Pressed Partlcle Board

! USES AND APPLICATIONS: ’ FURNITURE - 2 "
. : : INSULATION DECORATION
Property Value I Valua - ng.hk Density e Medium Denslty _Houvy Deqsl(y
R Motrlc | "English Motric English Motric English Metric English
Density “glem® ! . ib/owft. | 0,3-05 19-31 0,5-0,75 3-47 . .| 07510 47-62 °
Tolgrance In Thicknuss Tmm inch + 03 0,01 + 03 0,04 + 03 " 0,01
Tolerance in Length mm inch + 5,0 Vs + 5,0 Wi + 5,0 Ty
and Width .. ) . : ) .
- Modulus of Rupture kg/em? p.side 60150 0502150 120250 1700-3500 § 200-350 |  2850-5000
“Tensile Strength kg/cmt sl - 1,0-3,0 14-42 3,0-8,0 T 42-115 0,0-12,0 115170
(Vertical to Sur'nco) : : ) . :
Screw Holding . kg I - 30-80 66176 00-110° 176--242 110-160 176--352
(Gorman Test Mc\lwd) ‘ o o : , : .
Nail Holding lkg b 815 17-33 15-25 33-55 25-30 55-66
(German Tost Mulhod) . . ’ i c
Swelling In Thickness R o TQ-5 2-5 5-10." - §~10 10-15 . [ .10-15
Swelling In Lengih S %t 0.3 0,3 0,3 0,3 03 ¢ . 0,3
and Width . . . . o |
(24-hr, lmmurslon) »
\@@nwersmn Factors.
Square-and Cubic Measures " -Partlcle Board
X - (3/4_ thick / density 0,626 gr/cm?) .
144 8q. In. ) = 1 sqft "1 cti. metre == 686  sq.fh
9 sq. ft. / == 1 aq. yd. . ' =] 0,826 ton (met.) -
' 30 /4 84, yds. = 1 sq. rod 1 ton-(met.) = 1,6  cu. metres
160 s¢, rods = 1 acre ) == 906  sq.ft
640 acre ) == 1 sq. mlle 1000 sq. ft, ==1,767 cu, metres
4,840 sq.yds.’ == 1 acre ’ == 1,161 ton (met.)
1,728 cu, in. = 1 cu, ft. ) '
27 cu. ft, == 1 cu, yd. ) L ‘
128 cu. ft. _ 1 cord 1gr/icm? - m== 62,4283 Ib/cu.ft.
1,000 board ft, _ 2, 86 m“ :
Standard Units
English/Metric Metric/English
Length 1 Inch == 254  miilimetres 1milllmetre = 0,039 Inch
) . ] 2,64  centimetres . . o= 0,003 foot -
) ‘== 0,026 metres 1 centimetro == 0,394 inch
1foot * == 304,8 millimetres s = 0,033 foot
== 30,48 centimetres 1 metre ‘= 99,379 Inches
A == 0,305 nietros ' ==. 3,281 teet .-
iyard «3feet-36inches == 0,914 metres == 1,094 yards
1 mile « 1,760 yds. = 1.8 km 1km == 0,621 mile
Area 18¢q. In. B 6,462 sq.cm, 18q.cm, == 0,156 s In,

: 1isq. ft. « 144 sq. In, = 0,093 sq. m, 1sq. m == 10,764 sq. ft. -
1s6q.yd.» 9 8q. ft.. - = 0,836 sq.m. : ‘=2 1,196 aq, yds.
1acre == 0,405 hectare 1 hectare- = 2,47t acres
1 8q. miia = 640 acres = 2,59  sq. km. 18q, km, - = 0,386 8q. iniie

Volume 1 cu. In. == 18,387 cu.cm. 1cu. cm ‘== 0,061 cu.in..
: ) 1 cu. ft. « 1,728 cu. In. = 0,028 cu. metre . 1cu, metre *© == 36,314 cu.ft..’
1eu yd. = 27 cu. ft. =2 0,765 cu. metro - 1 cu, metre == 1,308 cu. yd.
1 Imp. galion o = 4,646 liters . 1 cu. metre ==1000 " liters
1US gallon . = 3,786 liters" 1 Hter = 1,766 pints
1 barml(Oll) 42US gallon -m== 158,76 liters : ’ ‘ : h
Weight b, == 0,454 kg. 1 kg. == 2,206,
\ - 1ton (sht) (U.5.) == 907,18 kg. 1kg, == 0,001 ton (sht)
1 ton (sht) (U.S.) = 0,007 ton (matric) 1ton (metric) &= 1,102 tons (sht)
1 US-hundredwelght =2 45,359 kg. ' ’
1 ton (ig) (engl,) == 1,016 ton (metric) = 0,084 lO“ ('9)
1ton (Ig) (engl) - . == 1018 g, ’
1 engl hundredwelght (cw() == 50,800 kg. :
1oz == 28,350 gram 1gram == 0,036 oz.
1Pud (russ.) = 16,380 kg. o E )
Density - 11b./cu. ft. = 16,02 kg/m? 1 kg/m3 == 0,082 Ib./cu. ft. '
‘Pressure 1 Ib. per sq. ft, B= 4,882 kg por cm? 1kg perem? == 0,206 lb. per sq. ft.
. ' 11b. per sq.in. == 0,07 kg percm? . = 14,22 Ib.per sq.In.
L = 70,31 . gr percm? igrperem? =< - 0,014 ib. per sq.in.

* Temperatures

%
.270 __EE"- 100

-do

80
s0-f
w00
-1
i -
10 =
o
-0
101,
"‘EW—A -=30
~50-}.
“40-i{—=40

" oC = 0.555 X (°F—32)

SF'= 1.8 X °C + 32

;
Formulae:

'5/8 (n ~ 32) °C

©

- neC =32 + 3/5n°F =]

e

n°F
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