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ABSTRACT

This study 

investigates the problems of degrading or otherwise altering through

treatment with simple chemical reagents the fibres of chrysotile, the
*

most common asbestos variety.

The experiments conducted were aimed, on the one hand, at destroying 

the fibrous morphology by chemical breakdown and, on the other, at nucleating 

and growing crystals (specifically anhydrite, CaSO ) on fibres thus changing 

their dimensions. Degeneration runs contained mixtures of asbestos with 

different solution strengths of HCl, Na CO and CO -saturated water.
4fc J Z

Of these, only the HCl runs showed appreciable fibre breakdown. The second 

sequence proved more successful in that anhydrite crystals were readily 

grown upon asbestos fibres. The applicability of experimental results to 

environmental control is considered.
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INTRODUCTION

The fibrous, naturally occurring minerals referred to as 'asbestos 1 

have been the subjects of much research and debate over the past half- 

century. This is the case chiefly because of the unique properties 

exhibited by the individual asbestos fibre which makes it both industrially 

desirable and environmentally hazardous. Moreover, it is well established 

that asbestos is both stable and common in the natural environment and thus 

readily dispersed in air or water. A major concern, then, is to control 

the introduction of free asbestos into the environment.

Five amphibole minerals and one serpentine have a fibrous or asbesti 

form morphology. The serpentine mineral chrysotile EMg-Si.O (OH) ^.3, which is
325 4

used in this study, is the most common form of asbestos fibre and accounts 

for over 9(H of all asbestos consumed (Gibbs, 1979), thus is most implicated 

as a health risk.

Several types of diseases are associated with exposure to asbestos, 

including carcinoma (primary lung cancer), mesothelioma, which involves the 

development of tumors in the abdominal or lung cavities and fibrosis or 

asbestosis, characterized by fibrous growths causing changes in lung functions, 

Deaths due to malignant tumors typical of these diseases have been recognized 

among occupationally exposed workers from the turn of the century through 

to the present (Gibbs, 1979). The high incidence of such occupation-related 

deaths suggests that effects of asbestos result from long-term high dosage 

exposure. However, the more recent discovery of asbestos fibres in the lungs 

of humans who died with malignant tumors and were not occupationally exposed 

indicated that a potential exists for risk to the general population 

(Coffin and Stokinger, 1977).

Sources of asbestos which can lead to increases of fibres into the

This report is published with the permission of E.G. Pye, Director, 
Ontario Geological Survey.



t . oninent can be natural, involving the weathering of asbestos-bearing 

cks (thereby liberating fibres), or man induced. Man-influenced emissions 

stem from the mining and milling of asbestos or asbestos-containing rocks, 

the manufacture and wear of asbestos-containing products as wel^l as the 

disposal of the wastes from these activities. Disposal of wastes includes 

surfacing roadways with asbestos mill tailings, open air tailings dumps or 

demolition of buildings or ships in which asbestos had been used as insulation 

or fire-proofing. Commercial asbestos products may or may not constitute a 

source of asbestos in the environment depending upon how well the fibres are 

trapped in the medium of the product. Nicholson and Pundsack (1972) cite 

asbestos cement products as good examples of 'locked in* asbestos, the wear 

of which would probably not contribute much fibre to the environment. Spray- 

on fireproofing compounds and to a lesser extent brake linings are examples 

of products which do release fibres.

The purpose of our study was to determine if certain chemical reagents 

might affect asbestos fibres .under laboratory conditions such that the results 

could be applicable to some fibre control situations.

EXPERIMENTS AND RESULTS

Structurally, chrysotile has a layered configuration of hollow fibrous 

habit. Each layer is composed of two sheets; one consists of magnesium 

octahedra (Mg(OH) - the formula for brucite) and the other of silica (SiO ) 

tetrahedra (Wicks, 1979).

An initial problem in the preparation of chrysotile was determination 

of the desired fibre length. Conflicting values for length and diameter for 

the environmentally critical dimensions of asbestos fibres are observed in 

the literature. For example. Wright and Kuschner (1977) found that long

WBB9W
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(greater than 10 Utn) fibres of asbestos (and glass) were fibragenic while 

fibres less than 10 jjm in length did not produce fibrosis in experimental 

animals. Stanton (1978) outlines evidence that indicates fibres less than

2 Urn are the most significant in carcinogenic activity.
*

Length values for fibres in air around an asbestos mill as measured 

by Gibbs and Hwang (1975) ranged from^.22 to 14.88 y m. Since this paper is 

investigating the possibility of treatment of asbestos waste within tailings 

of such operations, similar fibre length distributions were deemed desirable. 

Preliminary work, however, was done on long fibres (approx. l mm) chiefly 

because they are more readily resolved optically (MacRae et al., 1980). To 

obtain fibres of this length, hand picked samples with clean 5 to 10 mm 

veins of chrysotile were selected; the chrysotile chopped into l mm long 

bundles and the cut blocks then ground under alcohol to disperse the fibres. 

The l mm fraction was further mechanically ground for subsequent experiments 

in a Bleuler 5092 mill for a period of twenty minutes, after which the in 

dividual fibres were broken and scattered, most being in the range of O-22- 

to 14.88 t*ra. The fact that many fibres remained longer than 14 p :n even after 

more grinding attests to the physical durability of the fibres.

Two types of experiments were conducted; the first, using various 

strengths of HCl, Na2COi and CO -saturated water, to degenerate the chrysotile 

fibres and the second, using a concentrated salt solution, to coat the fibres.

Untreated fibres were examined by scanning electron microscope (SEM) 

to establish initial morphology. Also, fibres from each experimental run 

were scanned to determine any surface and habit alterations. SEM sample 

preparation was the same for fibres subjected to both types of experiments. 

At the end of a run, solution was spun out by centrifuge. The fibre residue



was rinsed thoroughly, then recentrifuged and rinsed several more times to 

remove any occluded solution. Finally, a small amount of the chrysotile was 

transferred from the 40 ml centrifuge tubes to an SEM stud upon which the 

sample dried before being coated with gold-palladium in preparation for 

observation under the microscope. Electron micrographs of pertinent features 

were taken at magnifications ranging from 700X to 7000X (Hyatt, 1981).

Degeneration Runs

Weighed amounts of chrysotile fibre were placed in known volumes 

of HCl, Na.CO and CO -saturated water, then sealed in glass or plastic vials
** *J ^

depending upon the reagent. Duplicate runs were loaded and sealed for each 

series. Runs involved placing the vials in a continually rocking furnace 

which was set for either room temperature (approx. 210C) or 500C. The 

motion of the furnace ensured continual agitation of the fibres over the 

duration of the experiment. Experimental run times in the rocking furnace 

ranged from two hours to three weeks (see Table 1). In addition, the mixtures 

of Na.CO. and HCl solutions plus asbestos were heated in open beakers over a 

bunsen burner and boiled (approx. 1000C) for 20 minutes. Solution to fibres 

ratios for these and all other experiments were in excess of 20:1 by volume.

a) HCl

It has long been recognized that chrysotile is attacked by acids, 

HCl in particular. Fundsack and Reimschussel (1956) relate that if the acid 

is strong, the fibres in chrysotile will react completely to form a hydrated 

silica residue. It has also been shown that degree and rate of dissolution 

of chrysotile is dependent on the temperature and concentration of the acid, 

and also to some extent on the source of the chrysotile (Monkman, 1971). 

Furthermore Barbeau (1979) points out that workers like Bleiman and Mercier



(1975) and Atkinson and. Richards (1971) have demonstrated that decomposition 

of chrysotile takes place more rapidly when the concentrations and temperatures 

are high.

In an effort to characterize the chrysotile used in this investi 

gation and to observe a possible standard for morphological habit alterations, 

three experiments with HC1 were conducted: a two week room temperature run 

at concentrations of 2N and IN HC1, a two hour 2N run (both series in the 

rocking furnace), and thirdly, 2N HC1 boiled with the fibres for twenty 

minutes.

SEM examination of the untreated fibres (Fig. la) and those from 

room temperature IN and 2N HC1 solutions at the end of the two week runs 

showed no apparent change. However, breakage is evident along the long 

dimensions of fibres from the two hour run at 500C and even more so from 

the honeycombed cut end of fibre bundles. The cut end shown in Figure l -j, 

clearly shows the extreme acid attack that took place at 1000C.

b) Sodium Bicarbonate

The next two sets of experiments (Na CO and CO plus chrysotile) 

were aimed at degrading chrysotile with the possibility of forming a by 

product solid of non-fibrous habit (MacRae et al., 1980). An analagous 

situation is that of tremolite (an amphibole that can have fibrous habit) 

which can be coaxed to grow talc plates from the (110) cleavage of the 

fibres, as is shown in Figure 2 (MacRae et al., 1976).

Sodium bicarbonate solutions of 0.5, l and 2 molar concentrations 

were loaded with chrysotile fibres and rocked at room temperature for two 

weeks. Each concentration proved negative for either fibre alteration or 

development of new mineral growth. Treatment of the fibres at 50 0C and



j000C similarly proved unsuccessful.

c) CO -saturated Water

CO -saturated water was obtained by introducing dry ice into a 

plastic container with distilled water. Chrysotile fibres were then loaded 

and the container sealed. New dry ice was added every second or third day 

to replenish any CO lost through leaks in the seal. This method of 

exposure of CO -saturated solution necessitated carrying on the experiment 

at room temperature alone. Checks for any progressive reactions were made 

after one, two and three weeks. Again, no visible changes occurred.

Fibre-Coating Runs

As noted above, experiments aimed at coating asbestos fibres with 

anhydrite (CaSO ) were carried out in an attempt to alter the fibrous dimen 

sions of the product.

As a preliminary test, chrysotile fibres were boiled in sea water 

for twenty minutes. SEM inspection-of the product revealed that a few fibres 

had anhydrite crystals growing around and along their length (Fig. 3). 

Anhydrite, the high temperature dehydrated chemical equivalent of gypsum

(CaSO..2H O), crystallizes with temperature elevation of sea water as a 
4 2

result of the mineral's decreasing solubility with increasing temperature. 

In order to induce nucleation of anhydrite on the fibres more

systematically, it was speculated that the concentration of CaSO. in solution
4

with chrysotile should be increased to the point of saturation. To obtain a 

solution containing dissolved CaSO , highly soluble Ma SO and CaCl- were 

dissolved in distilled water then titrated together.

The first coating experiment consisted of titrating 3M CaCl- 

(333g /l) into O.2M TJa SO (28.4 g /l) plus chrysotile fibres at room ter.pera-
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ture (see Table 1). The system was continually agitated during the slow 

titration by magnetic stirrer, and titration was ceased at the first 

visible precipitation. As seen in Figure 4, abundant monoclinic, plate-like

gypsum crystals formed. However, no apparent relationship was developed
t

between the fibres and gypsum laths. Rather, gypsum seemed to have 

randomly crystallized from the solution.

In the second experiment of the series, the molar strength of Na.SO.
2 4

-2
was reduced to 0.02M or 2.8 g /l. Since this value constitutes a SO

concentration below the solubility level of CaSO at room temperature, 

200 ml of this solution was added directly to 100 ml of 3M CaCl . Asbestos 

fibres were added and the mixture heated slowly to 560C and held there for 

12 hours. At the end of the run no crystals could be seen with the naked 

eye, however examination by SEM revealed hundreds of tiny anhydrite crystals 

grown in and upon the chrysotile fibres (Fig. 5) .



DISCUSSION

A problem of this investigation has been to choose reagents and 

methods of treatment which would not in themselves prove more environmentally 

harmful than the chrysotile. Additionally, previous experimental Work related 

to chrysotile has indicated that resistance to attack by reagents other than 

strong acids is in general excellent at temperatures below 1000C (ChatfieId, 

1979). Strong bases, for example, were not tried in this study because they 

are routinely used to dissolve the tissue surrounding fibres in lung or other 

organ samples, leaving the fibres virtually unaffected (Gibbs, 1979). Never 

theless, in view of the fact that much of the research on the reactivity of 

chrysotile deals with dissolution of magnesium from the chemical structure 

of the serpentine mineral, it was considered valid to determine if carbonaceous 

solutions (Na CO , CO -saturated water) would react with soluble Mg in
AW A

chrysotile to form a magnesium carbonate. The results proved negative as 

far as any visible changes were concerned. Dissolution of cations may still 

have occurred although the desired by-product reactions did not. In this 

regard, Choi and Smith (1971) speculate that magnesium ions can be continuously 

leached by water from the layer structure of chrysotile over time without
4

disrupting its original morphological character.

HC1, on the other hand, reacts immediately with surface hydroxyl 

groups of chrysotile fibres according to Pundsack and Reimschussel (1956). 

Acid decomposition of chrysotile is not, however, an environmentally 

appropriate metho- of dealing with waste fibres. As indicated previously, 

chrysotile reactivity in HC1 was observed primarily to provide a working 

case example of fibre degeneration. Still, current scientific opinion, parti 

cularly in relation to adverse health effects, is that fibre dimensions
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are more important than other physicochemical properties (Gibbs, 1979). Thus, 

due to lack of comparable fibre breakdown in Na CO or CO -saturated water 

runs (which are environmentally harmless reagents) , it can be concluded from 

the results of this and other studies that low temperature chemical degrad 

ation of chrysotile fibres as a mode of environmental control is roost likely 

impractical.

Many fibres in the human lung are eventually coated by irregular 

protein layers of the ferratin type (Chatfield, 1979) . This response apparently 

differs from that to most other particulate species (Chatfield, 1979) , and may 

therefore represent a specific biological defense reaction prompted by the 

presence of alien asbestos bodies. The aim of coating chrysotile fibres 

with chemically grown crystals is directed more toward preventing the initial 

spread and corresponding ingestion of waste fibres. Nucleation of anhydrite 

crystals, to use the example of this study, on the fibrils would alter at 

least partially their spread by changing the external dimensions of the 

particles.

Slow growth of anhydrite crystals is considered to be the most 

effective way of inducing nucleation on the fibres, rather than forcing
4

quick precipitation as was done by titratrion in the first set of experiments. 

The molar concentration of Na SO was limited in the second set so that 5.6 g 

were dissolved in 300 ml of the mixed solution. This puts the available con 

centration of SO at 1.87gAOO ml, which is also the solubility value 

for anhydrite at 560C as given by Innorta and Rabbi (1980). Thus, assuming 

100\ combination of calcium cations with sulphate anions, the percentage of 

CaSO formed was limited by the SO content to a point just sufficient 

to allow CaSO saturation at 560C. As a result crystallization was slow.
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As the SEM micrographs show, the anhydrite crystals maintained their 

habit despite repeated rinsing in the sample preparation process. This is 

important since resistance to solution would be a necessary characteristic 

for application of this coating principle to real conditions.

In general, the results of this study tend to develop some of the 

possibilities and difficulties of crystal coating rather than prove the 

validity of actual application to waste fibre control. Wastes would have 

to be treated in a manner such that nucleation about a high percentage of 

fibres would occur. In the long run isolation of fibres by chemical coating 

may prove to be desirable primarily because of the dimension-altering effects 

imposed on the product.
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Table 1. Record of Experiments

Reagent
EXPERIMENTS . fc fc . Concentration

Degener- HC1 2N 
a t ion IN 

2N 
Runs 2N

Na7CO 0.5M 
. 1M 

2M 
2M 
2M

C02- dry
ice saturated , , , loaded

3M CaCl2 

0.2M Na2SO,

3M CaCl2 

0.02M Na~SO.

Run Run Chrysotile 

Duration Temperature(0C) Weight (g)

2 weeks 
2 weeks 
2 hrs. 

20 min.

2 weeks 
2 weeks 
2 weeks 
2 hrs. 

20 min.

3 weeks

approx. 

5 min.

12 hrs.

21 
21 
50 

100

21 
21 
21 
50 

100

21

21

56

0.143 
0.145 
0.136 

not meas.

0.070 
0.072 
0.071 
0.09 
0.12

0.142

0.058

0.056

Solution 

Volume (ml)

20 
20 
20 

not meas*

20 
20 
20 
20 

100

80

3.05 
titrated into 
50

100 into ' 

200
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Figure la Untreated chrysotile fibre bundle

Figure Ib Chrysotile treated with 2N HC1 at 1000C for 20 minutes

Figure 2 Plates of talc growing from (110) cleavage of tremolite

Figure 4 Platey crystals of gypsum interspersed with chrysotile fibres

Figure 5 Abundant anhydrite crystals grown on and about chrysotile 

fibres
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Figure la: Untreated chrysotile fibre bundle.

Figure Ib: Chrysotile treated with 2N HCl at 1000 C-for 20 
minutes.
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Figure 2: Plates of talc growing from (110) cleavage of 
tremolite.

Figure 3: Crystals of anhydrite grown on chrysotile fibrils 
from sea water solution.
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Figure 4: Platey crystals of gypsum interspersed with 
chrysotile fibres.

Figure 5: Abundant anhydrite crystals grown on and about 
chrysotile fibres.
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ABSTRACT

Asbestos is a naturally occurring group of minerals that are 

stable in the natural environment and easily transported in air or 

water. Moreover, they are recognized carcinogens. Current environ 

mental controls consist of limiting the number of fibres by various 

trap mechanisms in work areas. This study investigates the possibility 

of physically altering a common variety of asbestos - chrysotile- 

through experimental runs with simple chemical reagents.

Experiments were conducted that were aimed , on the one hand, 

at degenerating the morphological structure of chrysotile fibres and 

on the other, to grow crystals (specifically anhydrate) on or about 

fibres thereby changing their external dimensions. Degeneration runs 

contained mixtures of asbestos with different solution strengths of 

sodium bicarbonate and HC1, and with CO -saturated water. The 

applicability of experimental results to environmental control is 

considered.
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CHAPTER l 

INTRODUCTION
*

1.1 Purpose

The fibrous, naturally occurring minerals referred to as 

'asbestos 1 have become the centre of much research and debate over the 

past half-century. This is the case chqifly because of the unique 

properties exhibited by the individual asbestos fibre which makes it 

both industrially desireable and environmentally hazardous. Moreover, 

it is veil established that asbestos is both stable and common in the 

natural environment and thus readily dispersed in air or water. A major 

concern, then, is to control the introduction of free asbestos into the 

environment. The purpose of this study is to determine if certain chem 

ical reagents might effect asbestos fibres under laboratory conditions 

such that the results might be applicable to some fibre control situations

1.2 Asbestos - Production and Consumption

Five amphiboles and one serpentine have a fibrous or asbesti 

form morphology. The serpentine mineral chrysotile, which is used in 

this study, is the most common form of asbestos fibre and accounts for 

over 907, of all asbestos used by man today (Gibbs,, 1979).

The combined properties of heat and chemical resistance, high 

tensile strength and flexability of these minerals account for the sub 

stantial production and consumption of asbestos -4.8 million tonnes of 

asbestos fibre were produced in the world in 1978 (Annual Review of Can-
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adian Mineral Industry .1978) . The asbestos industry has grown to this

point essentially in parallel with the advancement of modern technology.
* 

World consumption of the minerals has increased a thousand-fold since

1900 and stown a steep increase since 19AO (Coffin and Stokinger, 1977) .

It is estimated that there are approximately 3000 industrial 

applications of asbestos ranging from inclusion in special textiles, 

roofing and tile products to spray paints sealants and filters. Its 

special uses in construction, friction materials and as a fire retardent 

explain the continuing demand for more asbestos, particularily in developing 

countries. Asbestos is of major importance in these countries primarily 

because of its application in reinforced concrete, which is used to provide 

and improve housing, water and sanitation facilities.

The.asbestos industry is definitely an important part of the 

Canadian economy. Canada produces 292 (1.5 million tons, 1978) of the 

worlds asbestos in the form chrysotile (the only asbestos mineral mined 

in Canada). Most of the Canadian chrysotile is exported and was valued in 

1978 by G.O. Vagt at 602 million dollars. Capital expenditure directed 

toward modernization programs with considerable emphasis on environmental 

control are expected to exceed $175 million in the next five to ten years. 

(Vagt, 1978) Distribution among Canadian product categories is shown in 

Table 1.

1.3 Asbestos - Health Hazard

Several types of pulmonary lesions are associated with exposure 

to asbestos. Carcinoma (primary lung cancer), mesothelioma, which involves
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TABLE l
RELATIVE lMPORTANCE OF VARIOUS MANUFACTURING 

INDUSTRIES (By Product Category)

Value
Asbestos Percentage 
Content of 

(percentage Total 
Category______ by weight) Production
Asbestos cement 10-16 31
Floor covering 8-40 25 
Friction products, brake linings,

gaskets 10-70 21
Asbestos paper and felts 80-90 9
Asbestos textiles 85-90 8
Other 6

SOURCE: J. R. Assad and G. S. Rajahns, "The Technical Aspect* 
of Asbestos". 1976. p. 11 and 12,

(taken from Charlebois, 1978)

the development of tumours in the abdominal or lung cavities and fibrosis 

or asbestosis, characterized by fibrous growths causing changes in lung 

functions, are the diseases most often sited in reference to asbestos 

induced illnesses. Deaths due to the malignant tumours typical of these 

diseases have been recognized among occupationally exposed workers from 

the turn of the century through to the present (Gibbs, 1979). The 

high incidence of such occupation-related deaths suggest that effects of 

asbestos result from long term high-dosage exposure. However, the more 

recent discovery of asbestos fibres in the lungs of humans who died with 

malignant tumours and were not occupationally exposed indicated that a 

potential exists for risk to the general population (Coffin and Stokinger, 

19J7). The U.K. Health and Safety Commission has concluded that while 

"there may be a threshold level" below which asbestosis is not detectable, 

there is "no evidence" for the existance of a threshold below which lung 

cancer or mesothelioma will not occur (Hoy, Nature Vol., 1979). Coffin and 

Stokinger (1977) go further in pointing out that evidence has been accuziu-



A-4

lating to suggest that brief or even casual exposure to asbestos may 

result in the development of diffuse mesothelioma after a period of latency 

of thirty to fourty years.

The considerable literature related to asbestos as a health 

hazard seems to agree that all forms of asbestos can cause lung cancer. 

However, evidently the majority of deaths due to mesothelioma are directly 

the result of exposure to chrysotile - the asbestoform mineral used in this 

study.

At any rate, it can safely be stated that asbestos is an oc 

cupational and general enviromental pollutant. It is therefore pertinent 

to this study to consider the abundance and source of asbestos in the 

enviroment.

1.4 Asbestos in the Enviroment

The durability, small fibre size and low specific gravity of 

asbestos enables it to be readily and easily transported by air or water. 

Thus, providing there are sufficent sites of introduction of asbestos into 

the enviroment, wide dispersal of the fibres and hence pollution will occur.

Sources of asbestos which can lead to increases of asbestos into 

the enviroment can be natural, involving the weathering of asbestos bearing 

rocks (thereby liberating fibres), or man induced. Man-influenced emissions 

stem from the mining and milling of asbestos or asbestos-containing rocks, 

the manufacture and wear of asbestos-containing products as well as the 

disposal of the wastes from these activities. Disposal of wastes includes 

surfacing roadways with asbestos mill tailings, open air tailing dumps or
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demolition o^f buildings or ships in which asbestos had been used as insul 

ation or fireproofing. Commercial asbestos products may or may not con 

stitute a source of asbestos in the enviroment depending upon how well the 

fibres are trapped in the medium of the product. Nicholson and Pundsack 

(1972) site asbestos cement products as good examples of "locked in" 

asbestos products which would probably not contribute much fibre to the 

environment. Spray on fireproofing compounds and to a lesser extent, 

brake linings are examples of products which do release fibres.

The detection and quantification of asbestos in the environment 

has evidently been a subject of some difficulty. No standard sampling 

measures have been established although virtually every available 

analytical technique has been applied to this task (Harwood and Yamate, 

1975). However, the most accurate counts both in the occupational and 

ambient enviroraent are evidently conducted by use of filter and electron 

microscope.

Charlebois outlines in his Overview of the Canadian Asbestos 

Problem (1975) "dust surveys in Canadian mines and mills have been 

performed by the government since 1949. Gibbs and Lachance reported in

1972 that mean dust levels in chrysotile mills declined from 300 to 600

~ 3 
fibres per era-5 in 1948 to less than approximately 60 fibres/cm in 1966.

3 Current fibre levels (1978) range from 2 to 50 fibres/cm . Similar

concentration of asbestos fibre have been detected in cement product 

industries, friction material firms etc. Higher levels have been reported 

in the insulation industries."

Analysis of air and water samples collected by Nicholson and
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Pundsack in.1972 have shown that chrysotile asbestos is present at 

concentrations of nanograms per cubic meter in the air around many major 

metropolitan centres in the United States. The Canada Centre for Inland 

Waters monitored levels of asbestos fibre in Lake Superior in 1973 and 

recorded fibre counts varying from .01 to 3.6 million fibres per litre of 

water (Charlebois, 1978). Cunningham and Pontefract (1971) reported the 

average asbestos content in rivers and lakes tested across Canada to be 

approximately 10 million fibres per litre. They attributed much of the 

asbestos in these waters to come from erosion of the huge slag piles 

surrounding asbestos operations. Thus, assuming that average person 

might drink two litres of water daily, drinking of municipal tap water 

may result in the ingestion of more than 2 million fibres daily. While 

it is not known if swallowed fibres have direct carcinogenic effects, it 

has been shown that fibres can possibly penetrate the intestine and enter 

the blood stream (Charlebois, 1979).

Whether or not these concentrations can be considered sufficient 

to present a health threat to rural or urban populations is, as previously 

indicated, a subject of some controversy and uncertainty in the literature. 

It is clear, though, that the general public is exposed often unconsciously 

to variable levels of asbestos by direct environmental exposure involving 

ingestion of fibres contained in the air, water or beverages like wine and 

beer (Cunningham and Pontefract, 1971).

In view of the fact that dose response relationships are not 

available for development of asbestos-related malignancies it is apparent 

that further research along these lines is necessary, and that control
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of needless emission of asbestos fibres into the ambient environment should
t

be continued or implemented where ever possible.

1.5 Environmental Control: Thesis Objective

Occupational air quality standards for asbestos fibre volumes 

are established in'most countries that mine asbestos or manufacture its

products. The threshold limit value is in most incidences two fibres per

3 cm of air - a fibre being defined as having a length to width ratio of

greater than 3:1 and having a length of greater than 5 um. These are 

totally arbitrary values which originated in the United Kingdom (Charlebois, 

1979).

Ontario has established a "guideline" for chyrostile fibres 

in ambient air of .04 fibres/cm , also taking the fibres to greater than 

5 um (Chatfield, 1979). However, Chatfield asserts that in view of the 

fact that dose-response relationships are not known for development of 

asbestos-related malignancies and that fibre fractions below 5 um can be 

significant, any environmental standards proposed or already established 

must be considered provisional.

Thus, while target standards for the general environment are 

perhaps not realistic considering the present state of knowledge, the 

need for reduction of aimless discharge of asbestos to the environment 

still exists. Current environmental controls consist of limiting the 

number of fibres by various trap mechanisms in work areas. At mining 

and milling sites, the controls are predominantly wet scrubbers for air 

born fibres and water sprays for asbestos bearing rock or waste. As in
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this case, control strategies are most often directed at efficient con 

tainment procedures. Alternatively, further asbestos use could be avoided 

by implementation of substitutes. Also -waste asbestos might be destroyed 

or altered by some means. However, the use of asbestos substitutes has 

been shown to be industrially undesirable and it is also of importance 

to carefully screen substitutes to ensure that they don't possess the 

same health-affecting properties as asbestos.

The aim of this study is related to the control of waste as~bestos 

Chrysotile asbestos obtained from Munro township in Northern Ontario was 

treated with simple reagents, in an effort to determine the solubility and 

reactivity of the fibres. If the conditions of possible fibre degeneration 

and possible by-products of the reactions can be readily disposed of, then 

the results can perhaps be applied to treatment of asbestos wastes at 

tailing piles around asbestos or asbestos containing deposits that are 

being mined.

Another chemical means by which asbestos might effectively be

removed from the environment would be to grow new material around the
t 

fibres. Experiments were conducted in this project in an attempt to grow

anhydrate crystals on chrysotile fibres in order to alter the fibrous 

dimensions of the individual fibres, thereby dampening the chance of dis 

persal, and perhaps the carcinogenic character of the fibres.
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CHAPTER 2

EXPERIMENTS AND RESULTS 

2.1 Sample: Composition and Preparation

Chrysotile asbestos from Munroe township in Northern Ontario 

was used for all experiments in this study. The mineral is a hydrated 

magnesium orthosilicate which is commonly chemically expressed as 

Mg-Si20-(OH).. Compositional variation in chrysotile specimans can occur 

from one deposit to another as a result of associated accessory minerals. 

However there is typically little cationic substitution in the crystal 

lattice of chrysotile (Monkman, 1975).

Inspection of the chrysotile used in this study by light 

microscope revealed a typical association; minor magnetite interspersed 

within the test chrysotile. Allan and Smith (1975) report that magnetite 

particles remained locked to the chrysotile fibres used in their experiments 

even after grinding to -325M. They concluded that because the two min 

erals were so intimately associated, separation was unnecessary. Since 

the magnetite content appeared to be very small within the test chrysotile 

sample, no attempt at separation was made in this case either.

Structurally, chrysotile has a layered configuration of hollow 

fibrous habit. Each layer is composed of two sheets; one composed of 

magnesium octahedra (Mg(OH). - the formula for brucite) and the other of 

silicon (S,O.) tetrahedra (Wicks, 1979).

An initial problem in the preparation of the chrysotile was 

determination of the desired fibre length. Conflicting values for length



A-10

and diameter for the environmentally critical dimensions of asbestos fibres

are observed in the literature. For example, Wright and Kuschner (1977)

* 
found that long (greater than 10 um) fibres of asbestos (and glass) were

fibragenic while fibres less than 10 um in length did not produce fibrosis 

in experimental animals. Stanton (1978) outlines evidence that indicates 

fibres less than 2 um are the most significant in carcinogenic activity.

Length valu es for fibres in air around an asbestos mill as 

measured by Gibbs and Hwang (1975) ranged from .22 to 14.88 um. Since this 

paper is investigating the possibility of treatment of asbestos waste 

within tailings of such operations, similar fibre length distributions were 

deemed desirable to obtain.

Preliminary work, however, was done on long fibres (approximately 

l mm) chiefly because they are more readily resolved optically (MacRae et. 

al.y 1980). (See Fig. l and 2) To obtain fibres of this length, hand 

samples with clean, 5 to 10 mm veins of chrysotile were selected; the 

chrysotile chopped into l mm long bundles and the cut blocks then ground 

by hand under alcohol to disperse the fibres (MacRae et. al., 1980). The 

l nan fraction was further mechanically ground for subsequent experiments

in a Willy Bleuler - number 5092 mill -for a period of twenty minutes, after

l
which the individual f

range of .22 to 14.88 

longer than 14 um even

durability of the fibres.

ibres were well broken and scattered, b 

jm. The fact that many of the fibres r

after more grinding attests to the phy

iing in the

iraained

;ical
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Figure 1: Ground untreated chrysotile fibres. Fibres are 
approximately l mm long. Magnification lOOOx. 
(See page 15 for clearer photograph.)

Figure 2: Cut end of a fresh, untreated fibre bundle. 
Magnification lOOOx.
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2.2 Procedure and Results

Two types of experiment were conducted; the first, using various 

strengths of HC1, Na CO. and CQ^ saturated water, to degenerate the 

chrysotile fibres and the second, using a concentrated salt solution, to 

coat the fibres.

Untreated fibres were examined by scanning electron microscope 

(SEM) to establish initial morphology. Also, fibres from each experi 

mental run were scanned to determine any surface and habit alterations. 

SEM sample preparation was the same for fibres subjected to both types of 

experiments. At the end of a run, solution was spun out by centrifuge. 

The fibre residue vas rinsed thoroughly, then recentrifuged and rinsed 

several times in order to remove any occluded solution. Finally a small 

amount of the chrysotile was transferred from the 40 ml centrifuge tubes 

to an SEM stud where the sample dried before being coated with a thin gold- 

pulladium covering in preparation for observation under the microscope. 

Electron micrographs of pertinent features were taken at magnifications 

ranging from 700 x to 7000 x .

2.21 Degeneration Runs

Weighed amounts of chrysotile fibre were placed in known volumes 

of HC1, Na^CO- and CO,, - saturated water, sealed in glass or plastic vials 

depending upon the reagent. Duplicate fibre/solution mixtures were loaded 

and sealed for each run. Runs involved placing the vials in a continually 

rocking furnace which was set for either room temperature (approximately 

21 C) or 50 C. The motion of the furnace ensured continual agitation of
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the fibres over the duration of the experiment. Experimental run times 

in the rocking furnace ranged from two hours to three weeks (see Table 2). 

Boiling temperature, (approximately 100 C) were induced^in Na.CO.and HC1 

solutions plus asbestos for twenty minute runs. The mixtures were heated 

in an open beaker over a bunsen burner. Solution to fibre ratios for these 

and all other experiments were in excess of 20:1 by volume.

a) HC1

It has been recognized for a long time that chyrsotile is attacked 

by acids, HC1 in particular. Pundsack and Reimschussel (1956) relate that 

if the acid is strong, the fibre in chrysotile will react completely to 

form a hydrated silica residue. It has also been shown that degree and 

rate of dissolution of chrysotile is dependent on the temperature and 

concentration of the acid, and also to some extent on the source of the 

chrysotile (Monkman, 1971). 'Furthermore Barbeau (1979) points out that 

workers like Bleiman and Mercier (1975) and Atkinson and Richards (1971) 

have demonstrated that decomposition of chrysotile takes place more 

rapidly when the concentration and temperatures are high.

These results are certainly not surprising, but in an effort 

to characterize the chrysotile used in this investigation, and to observe 

a possible standard for morphological habit alterations, three experiments 

with HC1 were conducted,: a two week room temperature run at concentrations 

of 2N and IN HC1, a two hour run of 2N HC1 plus fibres at 50OC in the 

rocking furnace, and thirdly, fibres plus 2N HC1 boiled (at approximately 

100 C) for twenty minutes.
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Examination of the fibres from IN and 2N HC1 solutions at the end 

of the two week run period showed negligable change. Externally the fibres 

still appeared the same as the untreated bundles shown in* Figures l and 2, 

although the cut ends of fibre bundles taken from 2N HC1 seemed to have a 

slightly gelled character (see Fig. 3).

Obvious degradation of fibres occurred after the two hour, 50 C 

run and after boiling in 2N HC1. In fact, nearly fifty per cent of the 

chrysotile was dissolved during the twenty minutes at 100 C. Fibre 

breakage is evident along fibres viewed in the long dimension both for the 

two hour run at 50 C (Fig. A) and even more so for the boiled chrysotile 

observed from the same angle in Figure 6. The development of significant 

dissolution is seen on the cut end of a bundle from the 50 C run in Figure 

5 where a honeycomb pattern has formed. The cut end illustrated in Figure 

7 clearly shows the results of extreme acid attack that took place at 100 C 

An amorphous residue presumably silica, is seen in this micrograph.

b) Sodium Bicarbonate

The next two sets of experiments (Na-CO. and CO^ plus chrysotile 

runs) were aimed at degrading chrysotile with the possibility of forming 

a by-product solid of non-fibrous habit (MacRae, et. al.,1980). An 

analagous situation is that of tremolite (an amphibole that can have fibrous 

habit) which can be coaxed to grow talc plates from the (110) cleavage of 

the fibres as is shown in Figure 8 (MacRae et. al., 1980).

Sodium Bicarbonate of .5, l and 2 molar concentrations were loaded 

with chrysotile fibres and rocked at room temperature for two weeks. Each
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Figure 3: Cut end of a fibre bundle after two weeks in 2N HC1 
at 21P C. Slight gel character at end of fibrils 
is evident. Magnification lOOOx.

Figure 4: Side view of chrysotile fibres subjected to two hours 
at 5O0 C in 2N HC1. Fibre disintegration evident 
along lengths of some fibres. Magnification lOOOx.
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Figure 5: Two hour run at 5 O0 C in 2N HC1. Honeycomb pattern at 
cut end of the fibre bundle indicates the development 
of significant dissolution. Magnification lOOOx.

Figure 6: Fibres boiled in 2N HCl for twenty minutes. Dissolution 
effects all along the fibres are readily evident. 
Magnification lOOOx.
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Figure 7: Fibres boiled in 2N HC1 for twenty minutes.
Residue coating the fibres is probably amorphous 
silica. Magnification lOOOx.

Figure 8: Talc plates growing on fibrous tremolite.
Magnification 2000x. (See page 16 for clearer 
photograph).
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Figure 9: Fibres rocked for two weeks at 21O C in .5M Ha^C
No significant effects visible. Magnification lOOOx

Figure 10: Fibres rocked for two weeks at 21 C in 2M 
No significant reactions are evident. 
Magnification 700x.
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Figure 11: Fibres boiled for twenty minutes in 2M NaCO-. 
evident reaction. Magnification 100Ox.

No

Figure 12: Fibres after three weeks at 210 C in CO- saturated 
water. No evident reaction. Magnification 700x.
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concentration proved negative for either fibre altercation or development 

of new mineral growth. Figures 9 (.5M Na.CO.) and 10 (2M Na2CO.J demon 

strate that the chrysotile fibres appear essentially identical to the 

untreated fibres seen in Figure 1. Treatment of the fibres at 50 C and 

100 C also proved (Fig 11) unsuccessful as far as any visible changes 

were concerned.

c) COj-saturated Water

COj-saturated water was obtained by introducing dry ice into a 

plastic container with distilled water. Chrysotile fibres were then loaded 

and the container sealed. New dry ice was added every second or third day 

to replenish any CO^ lost through leaks in the system. This method of 

exposure of CO^-saturated solution necessitated carrying on the experiment 

at room temperature alone. Checks for any progression on the fibres were 

made after one, two and three weeks. As can be seen in Figure 12, re 

presenting fibres rocked for three weeks with CC" , effectually nothing 

significant happened to the fibres.

2.22 Fibre-coating Runs

As noted above, experiments aimed at coating asbestos fibres with 

anhydrite (CaSO.) were carried out in an attempt to alter the fibrous
l l

dimensions of individual fibres. *

Originally, chrysotile fibres were boiled in sea water for 

twenty minutes. SEM inspection of the treated fibres revealed that 

very few had anhydrite crystals growing around and along their length 

(Figs. 13, 14). Anhydrite, which is the high temperature, hydrated chemical
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Figure .13: Anhydrate crystals growing around a string of chrysotile 
fibrils after the fibres were boiled for one hour in 
sea water. Magnification lOOOx.

Figure 14: The same anhydrate/chrysotile viewed at higher 
magnification. Magnification 2000x.
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equivalent of gypsum crystalizes with temperature elevation of sea 

water as a result of the mineral's decreasing solubility with increasing 

temperature.

In order to induce nucleation of anhydrite on the fibres more 

systematically, it was specualated that the concentration of CaSO, in 

solution with chrysotile fibres should be increased to the point of 

saturation. To obtain a solution containing disolved CaSO., highly 

soluable Na.SO, and CaCl^ species were disolved In distilled water and 

titrated together.

Sodium bisulphate has a solubility of 74.5 gms and calcium 

clorlde 4.7 gms in 100 mis of distilled water. Thus below these con 

centrations, both will dissociate completely to their ionic constituents. 

The solubility of anhydrite/gypsum at their equilibrium temperature of 

approximately 50 C (see Fig 15, gypsum/anhydrate equilibrium curves, 

Innorta, et. al., 1980) is .195 grms/100 mis of water well below that of

f
072

OJO

  IT

•*
M ft

F*. 15Solubt1in of cypuun (fi and an'Udrite (a) in water as a fund km of the temperature The 
c,.. ..... M . v i inck M* the equilibrium curvet calculated *ccordmf cqn* (l) and (21 The ditccntmuou*

lino are the relative st.nd.ird doiaimm. (taken from Innorta.et. al.,1980)
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either Na.SO, or CaCl^. As a result, titration of calcium chloride into

2- 24- 
sodiuin bisulphate or vise versa can introduce sufficient SO, and Ca

(depending upon molar strengths) into solution to induce balcium sulphate 

precipitation.

Using this principle, the first fibre-coating experiment consisted 

of titrating three molar CaCl2 (333 gms/1) into .2 molar Na-SO, (28.A gms/1) 

plus chrysotile fibres at room temperature. The system was continually 

agitated during the slow titration by magnetic stirer. Titration was 

ceased at the first visible sign of precipitation and a fibre sample taken. 

As can be seen in Figure 16, abundant monocline, plate-like gypsum crystals 

formed. However no apparent relationship was developed between the fibres 

and gypsum laths. Rather, the gypsum seemed to have randomly crystalized 

from the solution - no fibres were found, with crystals growing- on or about 

them.

In the second experiment of this type, the molar strength of

Na SO, was reduced by 10% to .02 molar or 2'.8 gms/1. Since this value

2- 
constitutes a SO, concentration below the solubility level of CaSO, at

room temperature, two hundred mis of this solution was added directly to 

one hundred mis of 3 molar CaCl-. Asbestos fibres were added and the 

solution heated slowly on a hot plate to 56 C for a time duration of 

twelve hours. At the end of this run no crystals could be seen with 

the naked ,eye. However, examination under SEM revealed that hundreds of 

tiny anhydrate crystals had actually grown in and about the chrysotile 

fibres. Figure 17 illustrates the proliferation of anhydrate crystals, 

many of which appear to have nucleated about fibres. Figure 18 portrays
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Figure 16: Chrysotile fibres are interspersed among random 
gypsum laths. No apparent relationship between the 
two minerals seems to be developed. 
Magnification 300Ox.

Figure 17: Abundant anhydrate crystals appear to be growing on 
and about the chrysotile fibres. Magnification SOOOx
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a more isolated group of fibres which clearly demonstrates that the 

anhydrate is growing about fibres. At greater magnification fibres 

were observed that were nearly engulfed by anhydrate. Such a relationship 

is shown in Figure 19 where the smaller central crystals are encircling 

tiny chrysotile fibres.



A-27

Figure 18: An isolated group of chrysotile fibres are coated 
by anhydrate crystals. Magnification 3000x.

Figure 19: Tiny anhydrate crystals are close to engulfing the 
smallest chrysotile fibrils. Magnification SOOOx.
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CHAPTER 3

DISCUSSION AND CONCLUSIONS 

3.1 Solubility of Chrysotile

A problem of this investigation has been to choose reagents 

and methods of treatment which will not in themselves prove more environ 

mentally harmful than the chrysotile. Additionally, previous experimental 

work related to chrysotile has indicated that resistance to attack by 

reagents other than strong acids is in general excellent at temperatures 

below 100 C (Chatfield, 1979). Strong bases, for example, were not used 

in this study because they are routinely used to dissolve the tissue sur 

rounding fibres in lung or other organ samples, leaving the fibres virtually 

unaffected (Gibbs, 1979). Nevertheless, in view of the fact that much of 

the research on the reactivity of chrysotile deals with dissolution of 

magnesium from the chemical structure of the serpentine mineral, it was 

considered valid to determine if carbonaceous solutions (Na.CO., C02~ 

saturated water) would react with soluable Mg in chrysotile to form a 

magnesium carbonate. Dissolution of magnesium from chrysotile has 

been monitored in acid, water, buffered solutions and living tissue to 

name a few mediums, but no prior experiments conducted with Na CO or 

CO^-saturated water to the knowledge of this author.

Despite being able to justify experimentation that was carried 

out, the results, as recorded above, proved negative as far as any visible 

changes were concerned. Dissolution of cations may still have occurred
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although the desired by-product reactions did not, however. Choi and Smith 

(1971) speculate that magnesium ions can be continuously leached by water 

from the layer structure of chrysotile over time without disrupting its 

original morphological character.

HC1, on the other hand, reacts immediately with surface hydroxyl 

groups of chrysotile fibres according to Pundsack and Reimschussel (1956). 

They further point out that "since the hydroxyl groups in the chrysotile 

structure comprise two thirds of the total basicity of the composition, 

this result implies that about 72 of the total hydroxyl groups in the 

structure exist on the surface of fundamental fibril. The remainder 

of the acid-base reaction is most likely associated with the hydration 

of the silica from the original chrysotile structure to form the relatively 

high surface area hydrate^silica residue which is observed as the final 

reaction product."

Acid decomposition of chrysotile is not, however, an environ 

mentally appropriate method of dealing with waste chrysotile. As 

indicated previously, chrysotile reactivity in HC1 was observed primarily 

in order to provide a working case example of fibre degeneration. Still, 

current scientific opinion, particularily in relation to adverse health 

effects, is that fibre dimensions are more important than other physico- 

chemical properties (Gibbs, 1979). Thus, due to lack of comparable fibre 

breakdown in Na^CO- or CO^-saturated water runs (which are environmentally 

harmless reagents) , it can be concluded from the results of this and other 

papers that low temperature chemical degradation of chrysotile fibres as
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a mode of environmental control is most likely irapracticle.

3.2 Fibre coating by chemical means

Many inhaled asbestos fibres in the hucan lung are coated by 

irregular protein layers of the ferratin type (Chatfield, 1979). This 

response apparently differs from that to most other particulate species 

(Chatfield, 1979), and may therefore represent a specific biological 

defensive reaction prompted by the presence of alien asbestos bodies. 

The aim of coating chrysotile fibres with chemically grown crystals is 

directed more towards preventing the initial spread and corresponding 

ingestion of waste fibres. The physical parameters of individual fibres 

make them eminently transportable by air (Gibbs and Hwang, 1975) and water. 

Nucleation of anhydrate crystals, to use .the example of this study, on the 

fibrils would alter this condition by changing the external dimensions of 

the fibres.

Slow growth of anhydrate crystals is considered to be the

most effective way of inducing nucleation on the chrysotile fibres, rather 

than forcing quick precipitation as was done by titration in the first 

experiment of the fibre-coating runs. The molar concentration of Na-SO, 

was limited in the second run so that 5.6 gms were disolved in 300 mis of

the mixed solution of Na n SO. and CaCl 0 . This put the available concen-
24 2

2- 
tration of SO. at 1.87/100 mis which is also the solubility value for

anhydrate at 56 C as given by Innorta and Rabbi (1980). Thus, assuming 

1002 combination of calcium cations with the sulphate anions, the percentage
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.
of Ca SO, formed was limited by the SO. at 1.87/100 mis4 J 4

which is also the solubility value for anhydrate at 56 C C
* 

as given by Innorta and Rabbi (1980). Thus, assuming 1002

combination of calcium cations with the sulphate anions,
2- 

the percentage of CaSO, formed was limited by the SO, content

to a point just sufficient enough to allow calcium sulphate 

saturation at 56 0 C. As a result crystalizat ion was slow and 

not megascopically excessive.

As the micrographs from Chapter 3 show, the anhydrate 

crystals maintained their crystallographic habit despite 

repeated rinsing in the sample preparation process. This is 

important since resistance to dissolving would be a necessary 

characteristic for application of this coating principle to 

real environmental conditions.

In general, the results observed in this study tend to develop 

some of the possibilities and difficulties of crystal coating rather 

than prove the validity of actual application to waste fibre control 

on a large scale. Wastes would have to be treated in a manner such that 

nucleation about a high percentage of fibres would occur, to name one 

consideration pertaining to actual environmental application. In the 

long run isoloation of fibres by chemical coating may prove to be disire- 

able primarily because of the dimension-altering effects imposed on the 

fibres.
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3.3 Conclusion

Gibbs (1979) speculates that even the most advanced environ 

mental control measures may not satisfactorily reduce the individuals' 

exposure to asbestos fibres. Nevertheless local concentrations might 

be reduced by efficient control of waste fibre. It is the conclusion 

of this paper that crystal coating of fibres , particularily by anhy- 

drate (CaSO ) or a similar mineral, is a viable possibility for chemical 

control. Fibre degradation by chemical treatment, on the other hand, 

is not practical as a controling method in view of the somewhat limited 

results of this investigation.
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ABSTRACT

The group of fibrous minerals collectively called "asbes 
tos" is readily dispersed in the environment by air or 
water transport. Because these minerals are recognized 
carcinogens, fibre numbers in a mining or manufacturing 
work area are limited, usually by various mechanical 
traps. This study investigates the possibility of altering the 
habit of a common variety of asbestos, chrysotile, 
through experimental runs with simple chemical reag 
ents. In the first series of experiments attempts were 
made to degenerate the chrysotile with different solution 
strengths of HCI, Na2CO3 and CO2-saturated water. In the 
second set, crystals of anhydrite were nucleated and 
grown about fibres. The applicability of experimental re 
sults to environmental controls is discussed.

INTRODUCTION

The fibrous varieties of amphibole and serpentine miner 
als collectively known as "asbestos" have been the sub 
ject of much research and debate in recent years. The 
serpentine mineral chrysotile {Mg3Si2O5(OH)4], which is 
used in this study, is the most common form of asbestos, 
accounting for over 90 percent of all the fibre consumed 
(Gibbs 1979). The unique properties exhibited by asbes 
tos which make it industrially desirable, also make it com 
pletely stable in the natural environment and readily dis 
persed by either water or air.

Several types of pulmonary lesions, primary lung and 
abdominal cancer and asbestosis or fibrosis are dis 
eases cited in reference to asbestos-induced illnesses. A 
high death rate due to malignant tumors among occupa- 
tionally exposed workers has been known for decades, 
however recent discoveries of malignant tumors among 
those not occupationally exposed indicates a high risk 
potential to the general population (Coffin and Stockinger 
1977).

Sources of asbestos which can lead to increases of 
fibres in the environment may be as simple as the weath 
ering of asbestos-bearing rocks or they may be man-in 
duced. In the latter category, disposal of fibre-bearing 
wastes from mining or milling operations and the wear of 
such commercial asbestos products as brake linings and 
certain heat shields are noteworthy.

T.he purpose of our study was to determine if certain

simple chemical reagents might affect chrysotile fibres 
under laboratory conditions such that the results could be 
applicable to some fibre control situations.

J? -/A
Figure 1 Chrysotile fibres treated with 1000C 2N HCI for 

20 minutes. Dissolution and fibre breakage 
are readily evident. Scanning electron micro 
scope, magnification WOOX.
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Table 1—Experimental conditions for investigation of chrysotile fibres.

EXPERIMENTS

Degeneration HCI
Runs

Na2C03

CO2-
saturated
H2O

Fibre
Coating

Reagent
Concentration

2N
1N
2N
2N
.5M
1M
2M
2M
2M
dry
ice
loaded

3M CaCI2
0.2M Na2SO4

3M CaCI2
0.2M Na2SO4

Run
Duration

2 weeks
2 weeks
2hrs
20min
2 weeks
2 weeks
2 weeks
2hrs
20min
3 weeks

approx.
5 min.

5min.

.

Run
Temperature(0C)

21
21
50

100
21
21
21
50

100
21

21

56

Chrysotile
Weight(gm)

.143

.145

.136
not m*as.
.070
.072
.071
.09
.12
.142

0.58

0.56

Solution
Volume(ml)

20
20
20
not meas.
20
20
20
20
100
80

3.05
titr. into
50
100
into
200

Figure 2—Anhydrite crystals grown from 1000C seawater 
along the length of a chrysotile fibre. Scanning 
electron microscope, magnification 1000X.

EXPERIMENT AND RESULTS
Chrysotile asbestos from Munro Township in northern On 
tario was used for all experiments in this study.

Conflicting values for length and diameter for the en 
vironmentally critical dimensions of asbestos are found in 
the literature. For example, Kaschner and Wright (1977) 
found that fibres of asbestos and glass greater than 10 
firn were hazardous while Stanton (1978) outlined evi 
dence to indicate fibres less than 2 firn were most haz 
ardous. Lengths of fibres in air around an asbestos mill as 
measured by Gibbs and Hwang (1975) ranged from 0.22 
to 14.88 \urr\. Since this study investigates the possibility 
of treatment of asbestos waste within tailings of such op 
erations, similar fibre length distributions were deemed 
desirable.

Preliminary work was done on long fibres (approxi 
mately 1 mm) chiefly because they are more readily re 
solved optically. To obtain fibres of this length, hand- 
picked samples with clean 50 to 10 mm wide veins of 
chrysotile were selected, the chrysotile chopped into 1 
mm long bundles and the cut blocks then ground under 
alcohol to disperse the fibres. The 1 mm fraction was fur 
ther ground mechanically for subsequent experiments, 
most fibres finally falling within the 0.22-14.88 JJUTI range.

Two types of experiments were conducted: the first 
to chemically react the fibres and the second simply to 
coat the fibres.

Untreated fibres were examined by scanning elec 
tron microscope (SEM) to establish initial morphology. 
Also, fibres from each experimental run were similarly ex 
amined. SEM sample preparation was the same for both 
types of experiment; at the end of each run solution was 
spun out by centrifuge, the fibre residue rinsed then re- 
centrifuged repeatedly to remove any occluded solution. 
Electron micrographs of the gold/palladium-coated dried 
samples were taken at magnifications ranging from 700X 
to 7000X (Hyatt 1981).
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Figures—Gypsum plates randomly interspersed with 
chrysotile fibres. Scanning electron micro 
scope, magnification 3000X.

DEGENERATION RUNS

Weighed amounts of chrysotile fibre were placed in 
known volumes of HCI. Na2CO3 and CO2-saturated water, 
then sealed In either glass or plastic vials. Duplicate 
charges were loaded and sealed for each series. Most 
runs involved placing the vials in a continually rocking fur 
nace which was set for either room temperature (approxi 
mately 21 "C) or 500C. The motion of the furnace ensured 
continual agitation of the fibre solution over the duration 
of the runs. Experimental run times ranged up to three 
weeks (Table 1). In addition to the sealed runs, Na2CO3 
and HCI solutions plus asbestos were boiled (approxi 
mately 1000C) for 20 minute runs in open beakers over a 
bunsen burner.

It has long been recognized that chrysotile is at 
tacked by acids, particular HCI. Since the degree and 
rate of dissolution depend upon many factors, including 
the exact fibre composition, three experiments with the

test chrysotile and HCI were conducted in an effort to 
characterize the fibre used (see Table 1). SEM examina 
tion of the untreated fibres and residue from the two week 
room temperature runs of 2N and 1N HCI solutions 
showed no apparent change. The runs at 500C showed 
significant dissolution and fibre breakage, and the 20 
minute runs at 1000C showed extreme acid attack (Figure 
1) and a loss of 50 weight percentof fibre.

The next two sets of experiments (Na2CO3 and 
CO2-saturated water plus chrysotile) were aimed at de 
grading chrysotile by forming a solid by-product of non- 
fibrous habit. An analogous situation is that of tremolite 
(an amphibole that can have a fibrous habit) which can 
be coaxed to grow talc plates from the (110) cleavage of 
the fibres (MacRae et at. 1976). No visible evidence of 
fibre reaction was determined for any of the runs listed in 
Table 1 for either set of runs.

Figure 4—Abundant anhydrite crystals grown on and 
about chrysotile fibres from 12 hour experi 
mental run. Scanning electron microscope, 
magnification 3000X.
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FIBRE-COATING RUNS

Experiments aimed at coating asbestos fibres with a 
common salt, anhydrite (CaSO4) in this case, were car 
ried out in an attempt to alter the fibrous dimensions of 
the material. As a prelimary step, chrysotile fibres were 
boiled (approximately 1000C) in seawater for 20 minutes. 
SEM inspection of the product revealed that a few anhy 
drite crystals had nucleated and grown along the length 
of several fibres (Figure 2). Anhydrite, the high tempera 
ture dehydrated equivalent of gypsum (CaS04 .2H2O), 
crystallizes from seawater as the temperature is raised 
because the solubility of the salt decreases rapidly with 
increasing temperature in any solution.

The first controlled experiment consisted of titrating 
3M CaCI2 into 0.2M Na2SO4 plus chrysotile at room tem 
perature (see Table 1). The system was continually stir 
red during the slow titration, and titration was stopped at 
the first visible precipitation. As seen in Figure 3, abun 
dant monoclinic, plate-like gypsum crystals were formed, 
but they did not nucleate on the asbestos and, in fact, 
showed no relationship to the fibres.

In the second experiment of this series, the molar 
strength of Na2SO4 was reduced to 0.02M to bring it well 
below the concentration which would yield CaSO4 from 
the solution at room temperature. The mixture was heated 
slowly to 560C (see solubility data from Innorta et al. 1980) 
and held there for 12 hours. SEM examination of the run 
product revealed hundreds of tiny anhydrite crystals, a 
large proportion of which had nucleated on the asbestos 
fibres (Figure 4).

DISCUSSION
A problem of this investigation has been to choose reag 
ents and methods of treatment which are not themselves 
more environmentally harmful than the chrysotile. Addi 
tionally, previous experimental work related to chrysotile 
has indicated that resistance to attack by reagents other 
than strong acids is in general excellent at temperatures 
betow 1000C (Chatfield 1979). Strong bases, for example, 
were not tried in this study because they are routinely 
used to dissolve the tissue surrounding fibres in lung or 
other organ samples, leaving the fibres virtually unaffect 
ed. Nevertheless, in view of the fact that much of the re 
search on the reactivity of chrysotile deals with dissolu 
tion of magnesium from the chemical structure of the 
serpentine mineral, it was considered valid to determine if 
magnesium carbonates could be formed from Na2CO3 or 
C02-saturated water. The results, as recorded above, 
proved negative.

As indicated previously, chrysotile reactivity in HCI 
was observed primarily to provide a working case exam 
ple of fibre degeneration; acid decomposition of chryso 
tile is not, however, an environmentally appropriate 
method of dealing with fibre-bearing wastes. Due to lack 
of comparable fibre breakdown in Na2CO3 or 
C02-saturated water runs (which are environmentally 
harmless reagents), it can be concluded from the results 
of this and other studies that low temperature chemical

degradation of chrysotile fibres as a mode of environ 
mental control is most likely impractical.

Current opinion, particularly in relation to health 
problems, is that fibre dimensions may be more important 
than other physical or chemical properties (Gibbs 1979). 
Thus, the aim of coating chrysotile fibres with chemically 
grown chrystals is directed more toward preventing the 
initial spread and corresponding ingestion of waste 
fibrils. Slow growth of anhydrite is indicated to be the best 
way of inducing nucleation on the fibres, rather than forc 
ing quick precipitation, as in our first experiment. As the 
SEM micrographs show, the anhydrite crystals 
maintained their habit despite repeatedly rinsing in the 
sample preparation method. This is important since re 
sistance to solution would be a necessary characteristic 
for application of this or a similar coating principle to real 
conditions.

In general, the results of this study tend to develop 
some of the possibilities and difficulties of crystal coating 
rather than prove the validity of actual application to 
waste control. Wastes would have to be treated in a man 
ner such that nucleation about a high percentage of 
fibres would occur. In the long run, isolation of fibres by 
chemical coating may prove to be desirable primarily be 
cause of the dimension-altering effects imposed on the 
product.
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