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4 PLANTIFF'S Expripyy

. THe Leaching of Ground Chrysotile
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by A. M. Harris and R. W, Grimshaw,

Introduction

Various types of asbestos minerals are known to be
somewhat unstable, in that cations contained within the
lattice can be removed by mild chemical treatment., Although
under normal conditions the effect is small and frequently
encountered in other silicate minerals, a freshly ground
chrysotile can be persuaded to part with a substantial
proportion of its cations other than silicon, This
chemical leaching can take place at bH conditions close to
neutrality and is very different irom the effects in high
acid solution when the mineral may be completely decomposed (1),

The authors have examined this phenomenon with especial
reference to the bearing which the leaching might have on the
ocecurrence of asbestosis in lung tissue, In previous
literature, other workers have published recsults of leaching
experiments but these are often confusing and conflicting (2,
3, 4, 5, 6)s In several cases the influence of grinding and
sample preparation has been disregarded; 1in others the
leaching conditions have not been standardised., These
factors are of vital importance and must be given due regard

in studies of this nature,

Nature of the Release Phenomena.

The crystal structures of asbestos minerals are based on

a complex chain or layer lattice-type silica arrangement with
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counter-balancing ions principally of magnesium, aluminium,
ferrous and ferric iron., The crystal habit of all asbestos
minerals is fibrous.

The cations other than those of silicon occupy mainly
octabgdral lattice sites and are linked by ionic/covalent
bonds to the silica conformations (1). Usually in one
crystallographic direction the structure is not continuous
by ionic bonding so presenting lines of weakness and easy
fracture,

The ultimate layers within the lattice are capable of
easy distortion and in this way cations may be released
from the structure by leaching.

‘Yhen the asbestos mineral, chrysotile, is subjected to
size reduction by grinding,the strain and distortion is
greatly aggravated and considerably more release of cations

might be anticipated. In addition the total surface area

for attack is increased.

The Magnitude of the Leaching Lffect

By and large the amount of cations which can be
extracted from the lattice of an asbestos mineral such as
chrysotile depends on the pH of the solution. At high acid
values, chrysotile even in well-developed fibre form can be
decomposed completely althouzh this phenomenon takes place

rapidly only at pH values less than 2.

r

-

W)



P

In the course of our investigations several anomalous
findings wer; observed in the leaching with solutions near
to neutrality. In particulcor the preseice of an organic
buffer such as glycine changed the extraction markedly.

In a series of experiments using chrysotile which had
been subjected to various processing operations both the
amount of macgnesium taken into solution and the changes in
pH were measured when the asbestos mineral was stirred in
an acid aqueous medium of known initial plle In all
experiments, hydrochloric acid was the sole reactant and
the liquid/solid ratio was a constant value, namely 50 : 1
in eath experiment, All leaching experiments were carried
out at 37°C. and the reaction was allowed to proceed for
1 hour, The total amount of magnesium passing into

solution was estimated by the D.C.T.A. method of Pribil and

3Vesily (7). Some of the results are shown in Table 1.
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Table 1: Phenomena Associated with the ;

Leaching of Chrysotile®*

g ———

Initial pH Final pH Magnesium

cfime i sl

Magnesium ;

Hand picked fibre 2.1 4,2 3.3% ‘
5¢5 7.3 0.4

Fibre, ball-milled 24 hours 2.1 9.9 3.6 :
4,0 10.6 1.0

5.5 10,2 0.9 Q;E

+ glycine buffer 4.1 3.9 16,0 '

Fibre, ball-milled 72 hours ° 2.1 10.1 3.1 :
4,0 10.6 0.6
55 10.5 0.7
+ glycine buffer 4,1 9.0 21.1

¢IGGhLULS

* The sample used was a chrysotile from Thetford, Canada,

containing 21.2% magnesium,

Ball milling conditions were standardised by introducing

5 gm, samples into a 1.251.Pascall porcelain unit with

the recommended charge of pebbles,



-

The release of magnesium cations into solution produced

e ﬁarked change in pH conditions but less so when glycine
was present. Much more magnesium was extracted when the
buffer was used,

The results of treating chrysotile after grinding for
24 hours and 72 hours showed little significant difference,
except-when glycine was present; if anything, less
magnesium was removed from the sample subjected to the long
grinding exercise under normal leaching conditions but the
pH change was more pronounced.

An analysis of these results révealed that chemical
factors other than simple leaching of free surface cations
were involved and that these were causing apparently
anomalous observations, Published chemical data shows that
magnesium in solution becomes unstable at alkaline pH
conditions when insoluble magnesium hydroxide precipitates.
This occurs in the pH range 9.5 - 10.5. In the experiment
under investigation the release of magnesium from the
chrysotile produced an ever-increasing alkaline condition
until pH conditions favoured the precipitation of magnesium
hydroxide, Further release then either d4id not occur or
the magnesium was instantaneously precipitated as an
insoluble form. The presence of glycine as a buffering
agent prevented excess alkaline development, so that

considerably more magnesium could be released.
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This conclusion was confirmed and an accurate indication
of the true magnesium release from chrysotile was éstablished
by radically altering the conditions of experiment.

The problem of the change to allkaline pH was solved by
observing the release of magnesium in a neutral solution and
maintaining the neutrality at pH 7 by adding hydrochloric
acid solution until no further change in pH took place on
standing. This has proved to Le a reliable and reproducible
technique which gives an accurate assessment of the cations
which would pass into solution from a chrysotile under the
mildest but prolonged agqueous conditions,

Under these test conditions, the amount of magnesium
released was appreciably bigher and was proportional to the
intensity of crushing and grinding to which the sample had’

been subjected, as shown in Table II.
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Table II: Release of Magnesium from Chrysotile

under liaintained Neutral pH Conditions

% Total Magnesium
B . extracted at observed

equilibrium
Hand picked Fibre 2.4
Fibre, Ball-Milled 24 hours 58.7
Fibre, Ball-Milled 72 hours 79.4
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In control tests with glycine buffer addition, the
amount of magnesium liberation was .unchanged and the
results were of the same order as those presegted in
Table II.

The time required to reach completion was prolonged,
About 90% of the leachable magnesium was removed in about
1 hour, but at least 24 hours were required to obtain a
sensibly constant value., In these experiments the solid/
liquid ratio varied throughout the experiments, but this

had no significant effect. The amount of magnesium passing

into solution was virtuelly independent of the concentration

of acid used to restore neutrality, and hence of the final

volume of liquid to amount of solid,

Zffect of Particle Size on the Leachins of Chrysotile

The grinding of chrysotile produced a material of
obvious wide particle size range. In order to assess the
leachability as a function of size, the product was firstly
leached and then separated into fractions by dispersing a
known weight of sample in redistilled ethanol and washing
it through 64 p and 15.6 p sieves. (The method is adapted
from Zwicker (8) and Kupel et al (9)). The samples so
obtained were thien analysed for residual magnesium,

The results are shown in Table III,
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Table III: Residual Magnesium in Leached

Practions of Chrysotile

Sieve size % in % Mg+
(Microns) fraction in residue
Hand Picked Fibre + 64 95.0 22.3
=64 + 15.6 1.3 *
=15,6 4.7 *
Fibre, Ball-Milled + 64 46.6 14,2
for 24 hours -64 + 15,6 35.9 14,7
-15,.6 17,2 12.1
Fibre, Ball-Milled + 64 1.0 Te5
for 72 hours -64 + 15.6 39.9 3.3
-15.6 59.1 3.6

# Samples small in amount; the material was largely
non-fibrous and it probably was mainly non-asbestos
impurities mostly rich in iron.

+ Total magnesium content of original chrysotile 22,.5%,
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Several ipteresting features are revealed in these
results,

Prolonged ball milling caused a greater release of
magnesium from particles of comparable size, The surface
layers of the chrysotile crystallites were presumably
strained and distorted by this treatment and the lattice
magne;ium converted to a highly reactive state.

Although there was a tendency for a greater release of
magnesium from small particled materials, the effect was
not related to the increased surface area which might be
anticipated. The magnesium release was dependent on the
intensity of the comminution process, thus suggesting that
distortion of surface layers or the production of strained
octahedral sites at depth in the lattice was the main factor
involved. In intense grinding the lattice distortion

extended virtually throughout the entire crystallites.,

Release of Ions Other Than Magnesium

The leaching effect which occurred in ground chrysotile
did not represent complete lattice destruction. In many
cases the original fibrous form was retained after
chemical treatment, Although the characteristic X-ray and
d.t.a, curves were affected by the grinding process, the
major features were restored, at least in part, by the
chemical leaching. Of even jreater significance was the
fact that the amount of free silica which could be leached

was extremely small. At alkaline pH values, less than 3%
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of the available silica could be removed thus confirming
the fact that a stable lattice grouping still existed.
Other ions present in the lattice mostly followed
the behaviour pattern of magnesium. Iron, however, could
only be taken into solution at pH conditions more acid
than 5.5, presumably because insoluble hydroxides would
tend to form at more alltaline values, Further work has
been carried out on iron~bearing asbestos minerals such
as amosite; it has been shown that iron leaching becomes
significant only under more acidic conditions than pH 5.5.
The influence of pH.is of the sreatest importance in
measuring the release of trace eclements associated with
asbestos minerals.. Preliminary observations on this topic
indicate that a critical condition is the precipitation of
the appropriate hydroxide although the total solubility

product must also be taken into account.

Conclusions

When the asbestos minerals were ground some of the
magnesium and other octahedral cations in the layer lattice
become more reactive and could be leached by mild acidiec
reagents although the amount taken into solution was also
dependent on the final pH conditions in that insoluble
hydroxides may precipitate. Chrysotile vhich had been
ball-milled for 72 hours released nearly 80% of its total
magnesium into solution provided that the reacting solution

was maintained at neutral pH values by acid additions,
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An analysis of sized fractions of ground leached
chrysotile showed that the removal of magnesium was
probably from distorted lattice layers, rather than from
very fine crystal debris and in this fact chrysotile may
pe compared with silica, Dempster and Zitchie (10)
showed that in ground quartz a similar distorted layer
of high chemical activity was produced. They further
suggested that the active layer was an important factor
in ipnducing silicotic tendencies in lung tissue. This
same phenomenon in an asbestos mineral may also have an

important bearing on the incidence of asbestosis,

OLGSHMLOLS



)

2.

3.

T,

9.

10.

* References

Hodgson, A. A: Fibrous Silicates. Lecture Series
No. 4. Royal Institute of Chemistry. London (1965).

Clark, S. G, and P, F. Holt: Studies on the Chemical
Properties of Chrysotile in Relation to Asbestosis,
Ann, Occup. Hyge 3: 22 (1961).

Briscoe, H. V. A., J. W, llatthew, P. F. Holt and

P. M. Sanderson: Some New Characteristic Properties
of Certain Industrial Dusts., Trans. Instit. Min, and
Metall, 44: 291 (1937).

King, E. J. and M, McGeorge: The Biochemistry of
Silicic Acid - V., The Solution of Silica and
Silicate Dusts in Body Fluids. Biochem. J. 32:
417 (1938).

Harington, J. St Chemical Studies of Asbestos,
Annals, N.Y. Acad. Sci., 132: 31 (1965).

Cralley, L. J.y, Rs Go Keenan, R. E. Kupel, R. E, Kinser

and J. R. Lynch: Charactorization and Solubility of
Metals Associated with Asbestos Fibres, Amer, Ind.
Hyg. Assoc. J. 293 569 (1968).

Pribil, R. and V., Vesily: Contributions to the Basic
Problems of Complexometry - XX, Determination of
Calcium and Magnesium. Talanta 13: 233 (1965),

Zwicker, J. Dt Sieve Analysis to below Two lLlicrons
using Micromesh Sieves, Ceramic Bull., 45: 716
(1966).

Kupel, R. E.y, R. E. Kinser and P. A. liauer:
Separation and Analysis of the Less than 10 Micron

Practions of Industrial Dusts, Aner. Ind, Hyg. Assoc. J.

291 364 (1968),

Dempster, P. B, and P. D, Ritchie: Surface of Finely
Ground Silica. Nature 169: 539 (1952).

| LGGHLOLS



