








PREVIOUS WORK
Theoritical

The external surface layer of chrysotile is composed of hydroxyl

lons adjacent to magnesium ions and therefore, according to Pundsack i1).

would be expected to have basic properties and strong surface activity,

A schematic structure of chrysotile {s shown in Figure 1 (2).

FIGURE 1. Schematic Representation of the Structure
of Chrysotile Asbestos.




The chemical composition of some typical chrysotile asbestos

samples is shown in Table 1.

TABLE 1

CoMPOSITIONS AND CeLL-CONTENTS FOR SOME TYPICAL CHRYSOTILES
(Analyst: D. G. Hiscock, Cape Asbestos Fibres Ltd)

Thetford, British Swaziland,
King Beaver | Columbia, Russia, Rhodesia, | Havelock

Mine Cassiar Asbest Shabani Mine
SiOy .. ..| 3875 40-75 39.00 39-70 39-93
FeO .. .. 2-03 0-28 153 < 0-70 0-45
Fe,O, .. 1-59 044 |. 054 027 0-10
ALO, .. 3-09 3-37 4.66 317 3.92
CaO .. .. 08 | 035 2-03 1-08 1-02
MgO.. .. 3978 41-28 3822 40-30 40-25
MnO.. . .. 0-08 0-03 011 0-26 005
Na,O .. 0-10 007 , 007 0-04 0-09
KO .. .. 0-18 0-04 0-07 0-05 0-09
H,0*.. .. 1222 12-86 11.37 1217 12-36
H,O0-.. .. 0-60 0-78 0-77 064 0-92 |
cO;y .. .. 0-48 0-44 1-83 2-13 1-04 ;
ToTAL ..| 9963 100-37 10020 100-51 100-24
Mg .. .| 5719 570 560 568 570 5
Fei*, Mn .. 0-12 0-01 012 0-07 0-04
Na, K . 0-04 0-02 0-02 0-02 0-02 |
Al - .. .. 0-05. 0-23 0-26 0-23 0-28 :
ToTAL . 6-00 596 6-00 6-00 600 5
Si .. .. 3-80 3-85 3-86 3.88 3-84
Al .. .. 030 015 0-28 013 0-31 *
ToraL .. 41 400 414 401 " 415 :
o .. .| 1007 9.91 10-49 8-65 10-53
(OH), .. 592 7-07 5.93 6-49 666
(OH), .. 2-01 102 1-58 143 0-80

A comparison of important properties of selected inorganic

fibres are éhown in Table 2.




TABLE 2

A Comparison of Properties of Selected Fibres

Asbestos
Type & Glasse - Alumina-Siilea
Chrysotile Croclidolite
MATURE-OF FIBER
Lgngth, L Filament, staple Crude %4-2 in. %-3 V4-10 in. staple
Width, u. ... 5-16 0.02 0.02 ) 2-20 (mean)
Cross Section............................. Circular Tulular Cylindrical —
PHYSICAL AND MECHANICAL PROPERTIES
SpecificGravity............................ 2.54 24-26 3.2-33 -2.13
Breaking Tenacity, gm/den
TOF,659RH............................ : 6.0-73 25-31 — 14-6.5
Wet o 39-47 — — -
Ten Str (O F,65% RH), 1000 psi............. 200-220 300-570 100-300 50-230
Breaking Elongation, % '
WOF65%RH. ... ...l 2.0-3.75 — None 14-27
Wet...................... P — — None —
Stiffness (avg), gm/den®. .. ................. 322 - - nd
Strain Recovery (at 2%), %°................. 100 3 %) - 100 —
Toughness (avg), gm-cm/den-cm.......... 0. 0.07 - — -
Moisture Regain (7O F,65% RH), % .......... 0 —_ 0 - -
RESISTANCE TO ENVIRONMENTS
Acids
SlWomg. ... Attacked only by hy- Poor Good except for hy- | Seemsto have chemi-
drofluoric and  hot drofluoric cal resistance similar
phosphoric to borosilicate glass
fibers
Weak. .. ... Stable Good-poor Excellent
Alkalis
Stong. ... Resists most Excellent Excellent
Weak. .. ... Resists most Excellent Excellent
Other Chemicals.....................veen. Excellent Good Excellent
Heat. ... ... ... . 600 f 1000-1490 F 1400 F 2300 F max use temp;
3300 F meiting point
Sunlight (prolonged exposure)............... Inert Inert Inert Inert
Microorganisms. ........ooooviviiiiinnn... Unaffected Unaffected Unaffected Unaffected
Flamed . ... ......... e Nonflammable Nonflammable Incombustible Nonflammable

sProperiies may vary widely depending on glass componition; values here indicative of those of borosilicate. bRatlo of hreaking stress to bresking strain
(l.s., gm/den to rupture divided by strain {n em/gage ¢m at breaking stress). *Recovery after 29, strain, except where specific percentage straln ts
given In parentheses. Basic flammabllity of untreated fiber.

MATERIALS SELECTOR, MID-OCTOBER, 1945 @ 407

Badollet (3) summarized the reaction of chrysotile and other
asbestiform minerals with a number of compounds, particularly acids
and bases. The reaction with hydrochloric acld is sald to proceed in

three steps, according to Pundsack (1):













FIGURE 6. Dispersed Chrysotile Asbestos Fibres from
Coalinga, California. Total Magnification



The surface area of the fibre is considered by industry as one of
the more significant properties for industrial application. Ideaily the fibre
should be separated without shortening it. Thé degree of fiberization is
presently measured In industry by air permeability methods.

Nitrogen adsorption methods have given results of 6 to 20 mz/gA in
vein flbre and 30 to 140 m”/g for milled chrysotile fibre (7). Naumann
et al (8) calculatevd the theoretical surface area of chrysotile fibre
(including capillary) as 104 n?/g. Actual determinations on samples
from various localities have given results of approximately 15 to 80 mz/g. |
In certaln cases.intensive dispersion 1n<?reased the surface area greatly.
Further work by Naumann andBreSher hés led to the conclusion that the
inner tubular portion of chrysotile is generally unavalilable for adsorption.

Results by ammonia adsorption an chrysotile asbestos are greater
thap comparable nitrogen ;dsorption at normal temperatures. Outgassing
at 400°C showed an appareni: surface area relatively the same by either
ammonia or nitrogen and it wouid seem that removal of the adsorbed water
alters the surface characteristics of the fibre (7).

The rate of water removal is sald to be a function of the surface
area of the heated sample and related to the degree of cementation of the
chrysotile fibre bundles. Microporosity also has a pronounced influence
on chrysotile dehydroxylation at high temperatures and is governed by

the care with which molecular water can be removed from the reaction

sites (9).
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Applied.

The surface behaviour of chrysotile asbestos enables it to Ee used
in many important practical ai)pllcations. Drainage rates, reactions in
asbestos-cement systems, its behaviour as a paper ad&ltive, etc., are
all highly influenced by the surface properties and the electrical charge
on the surface of the filbre. Pundsack (10) removed the constitutional
water f;'om chrysotile by ;:hermal dehydroxylation to increase the drainage
rate by giving it the properties of a harsh fibre.

Sedimentation behaviour of particles depends on the surface charge
(7) and where surface charges are high, sedimentation volume is small
and dense, The converse i:éhaviour exists with low-charged particles.

A number of chemical groups have béen attached to the surface

of asbestos fibres (4) e. g., polyacrimides for flocculation and linear
polymers,

The state of the- fﬂler surface,such as asbestos in resin, l1s influenced
greatly by pretreatment and consequently may have an effect on the strength
of a laminate {(12). The type of asbestos and Its processing were found to
have a marked effect on the reaction and sorption of organosilicon compounds.

Chrysotile asbestos fibres have been chemically and mechanically
treated to form microcrystals, which may be used as fillers In paints and
as reinforcements in resins, etc.,(13). During treatment the surface prop_ei-ty
of the crystals {s altered. Natural chrysotile has a positive charge and a
pPH of approximately 9; the treated crystals have a negative charge at a pH

Of 7.54
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Zeta-potential measurements have been effective in evaluating
bentonites for use with taconite, speclfically for predicting dry strengths
(14). A patent has recently been issued for the use of asbestos fibres
as a pelletizing additlve (15) and possibly zeta-potential measurements
can evaluate this additive for pelletizing use.

Martinez (16) reversed the charge polarity of chrysotile with
sodium silicate, which occurred at a pH of 10,9, which is below the
iero-point of charge of 11,8 found by Martinez and Zucker (17).

They increased the rate of flltratlon.by the deposition of sodlum silicate
on chrysotile, Sodium phosphate and sodium carbonate solutions were
also used to decrease the positive charge on chrysotile but they did not_
reverse the.polarity,

Measurement of Zeta Potentfal.

Various methods have been used for measuring the surface charge
or zeta potential of chrysotlle, Its zero-polnt of charge was determined
by Pundsack (10) by titrating until a floc formed at a pH of about 10,1,
Martinez and Zucker (17), using a streaming-potential method, found
that its zero-polint of charge occurred at pH 11. 8. The maximum
positive zeta potentlial occurred at a pH of 3.0. Robinson (18) using a
streaming~-potential method, obtalned for MgO a zero-point of charge at

pH12.5 % 0.5. A potentrometric-titration method by Nemeth et al (19)

indicated a zero~-point of charge at pH of 10.7.
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OUTLINE OF ZETA POTENTIAL THEORY

The interaction between a charged solid surface and an aqueous
solution leads to the development of an electrical double layer. A simpl‘é
illustration of this phenomenon occurs, for example, with silica in water,
where negative charges are fixed on the mineral surface and the solution
phase has an increased positive-charge density in the immediate vicinity
of that surface. This excess charge will degrade with distance from the
'surface, and at the same time it will give rise to diffusion currents in
the solution that will attempt to minimize this ionic concentration near
the solid surface.

When a surface acquires its charge by obtaining ions from the
solution, the process is mainly controlled by the activity, in the solution,
of the species in question. Consequently, there must be a concentration
at which all forces are in‘equilibrium and the total net transfer of ions
becomes zero. When this situation occurs, there will be no excess
charge on the surface and consequently no cause for the existence of an
electrical double layer.

The zero~point of charge will occur when this electrical double

layer is absent and the surface of the solid shows no excess positive or
negative charge due to the presence of excess anions or catlons. It is
thus determined by the critical concentration or the activity of the potential-
determining ions in the solution.

The zeta potential 1s the potential at the surface separating the
immoblile part of the double layer from the diffuse part. It is a simultaneous

measure of the charge of the diffuse double layer, and of its distance from
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FIGURE 8. The Zeta-Meter Power Unit.

FIGURE 9. Details of Cell.







_ 16-

The electrical current in the electrophoretic cell (measu_reci in
micro-amperes) also changes markedly beyond these limits. For
example, at pH 2, the current may be increased by nearly 15 percent
within a few minutes.

Heat generated by the illuminator produces convection currents
causing the particle to move in an erratic path. This causes difficulty
in measuring the time and distance the particle has travelled.

All fibre samples were carefully examined under the microscope
to insure that no adulterants, such.as magnetite or brucite, adhered to
the fibres. These adulterants would modify the velocity of the asbestos

fibre, leading to erroneous results.

RESULTS AND DISCUSSION
The data obtained by electrophoretic measurements are
presented in Table 3. Also included are the specific surface areas

of the processed samples, previously determined by nitrogen gas

adsorption.
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TABLE 3

Electrophoretic and Surface Area Measurements

of Asbestos Samples

Zero Point
Fibre Specific of Charge
Origl
Sample Tigtn Surface (zPC)
m’ /g _pH
1. Velin fibre, chrysotile; Eastern Townships, P.Q. — 11.2
2. Processed chrysotile; Eastern Townships, P.Q. 19.9 Estimated>»11.5
3. Processed chrysotile; Eastern Townships, P.Q. 23.2 "
4. Vein fibre, chrysotile; Coalinga, Calif. — 11.5
5. Processed chrysotile; Coalinga, Calif. 53.7 Estimated>11.5
6. Fibrous brucite; Eastern Townships, P.Q. — 7.2
7. Velin fibre, chrysotile; Eastern Townships, P.Q. — Results unreliabl
8. Highly-processed fibre, Eastern Townships, P.Q. 25.1 8.0 T
chrysotile; —_
9. Vein fibre, chrysotile; Western Canada —_ 11.4
10. Specially treated vein fibre, Western Canada 59.4 6 4 —
chrysotile; '
11. Vein fibre, chrysotile; Eastern Townships, P.Q. —
by Zeta Meter 10.6
by Potentiometric titration 10.7

Curves showing the varlation of electrophoretic mobilities and/or zeta

potentials at different pH values are included in Figures 10 to 16.

Figure 10 shows the varlation of mobilities and zeta potentials with pH,

of chrysotile samples 1, 2 and 3 both In its raw and processed form.

point-of-charge of the raw fibre occurs at pH 11.2;

charge of the mineral changes from positive to negative.

The zero-

at this point the surface

This reversal in




surface charge does not occur for the two processed samples, within
the range of values studied. The surface characteristics of the two
processed samples appear to be .similar. This could be because of
the similarity of treatment or because the treatment removed
constituents leaving the fibi‘e surfaces electrically similar.

A marked difference exists between the raw and processed

samples as shown in Figure 10; the surface is less positively charged

Z7eta Patarmélal

on the raw sample. The treatment on the two processed samples has
had a marked influence on the character of the fibres, but no definite
explanation can be given since the type of treatment is not known. It
is possible that certain constituents associated with the fibre were
removed during processing, which would be detectable by means of the
Zeta Meter. Also, severe grinding may alter the electrical charges

on a particle due to increased hydration (20).

Figure 11 shows the variation of mobilities and zeta potentials with

microns/sec per volt/cm

pH of the Coalinga fibre in raw and processed form. There is also a
marked difference between the raw and processed samples from Coalinga.
In general the raw sample again appears less positively charged than the
processed fibres. The zero-point- of charge for the raw sample occurs
at pH 11.5, whereas there is no charge reversal for the processed

material within the range of pH values studied.

Electrophoretic Mobility -

Raw samples shown in both Figures 10 and 11 have characteristic i
curves, indicating that electrophoresis is a useful technique for characterizing

certain surface properties of asbestos. A raw sample of fibrous brucite

P.0. was also examined and a graph of its
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CONCLUSIONS

The results of this inve stigation indicé.te that brucite and other
associated minerals can affect the fibre characteristics of chrysotile.
Processing or milling of the fibre appears to alter its zeta potential, possil;ly iaecause
of removal of some of the associated minerals., The fibre from Coalinga.and the
Eastern Townships appears to have become more similar after processing,
as evidenced by their zeta potential or electrophoretic mobility.

It is possible that zeta potential measurements can be used to
predict fibre behaviour at any processing stage or in the final product.

It may also be possible to determine by means of zeta potential
measurements:

(a) location or origin of the fibre sample.

(b) predict changes in the property of the fibre thus aiding in F
selective mining. =

(c) alteration of surface properties of the fibres by various chemical
treatments.,

e

All the conclusions above were based on the results obtained with
the Zeta Meter, This instrument appears to be suitable for measurement of
electrophoretic mobilities of asbestiform minerals.

It appea;rs that potentiometric titration may also be a simple,accurate
method for determining the zeta potential of asbestiform minerals. Automating
this method will simplify and obviate to a large degree the time factor involved.

The authors have been working towards this end.
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