l1-1: The Structure and Chemistry of Asbestos lirnersals.

by

L.J.¥. V/hittaker.
Department of Geology and Mineralogy,
University of Oxford,

Parks Road, Oxford.
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Our knowledge of the structure of both chrysotile and
of the amphibole fibres dates from the classic work of Warren
and Bragg around 1930. Since that time knowledge has of
course advanced steadily. In the case of the amphiboles,
if kncwlesdge is measured by the number of crystal structures
that have been determined, then its increase seems to be
going through a phase of exponential growth. But if our
understanding is measured by the extent to which we can
answer the questions that occur to us, then advances in
understanding of the structure and chemistry of these
minerals have been far from steady. Cach advance in
lmowledge has tended to produce an immediate increase in
the level of our understanding, but this has then tended to
fall away again as new and unexpected facts have come to
light, and new questions have presented themselves. Such
fluctuations in the level of our understanding have been
particularly apparent in investigations of the structure of
chrysotile, as these have progressed from the chain structure
of Varren and Bragg, through the ribbon structure of ‘Yarren
and of Aruja, to later ideas on tubular structure and the
difficulties of reconciling this with density measurements. ¢n
The development of this work is reviewed as a backgroundto —
sone of the new information to be presented in other papers —
at the conference. g

The vicissitudes in amphibole research have perhaps U1
been less obvious than those in chrysotile research, but on ~J
closer examination they are found to be no less real. —
Earlier explanaticns of cleavage, fibrous character, and the®
relation of crystal symmetry to composition all now appear
unduly facile. Recently determined structures, and the
deternination of cation ordering by spectroscopic methods
pose new questions as well as providing new information a2bout
the factore responsible for the preferences of different ions
for different sites in the amphibole structure. The relevance
of current studies of the structure of holmquistite by the
author, and of the synthesis of a 'hyper-sodic' amphibole
NagllgyS1g020(0H)4 by Schreyer and Seifert will be discussed.

A persistent problem in the understanding of the
anphibole minerals has been the sheer complexity of their
classification, as a result of the wide range of ionic
substitutions that occur in them. A recent proposal by the
author to simplify their classification is described. This
involves the avoidance of the concept of end-member
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compositions whenever charge balancing, heterovalent,
substitutions are involved. Classification is made on

the basis of three¢.variables, plotted along thrce orthogonal
axes and representing charge above the minimum value in

My sites, I3 + My + M3 sites and 51 sites. Idealiscd
compositions of named species then correspond to points with
integral coordinates, and clasgsification of real compositions
is readily obtained by finding the nearest such integral
point. Most calc-alkali amphiboles can be unequivocally
classified in this way, though our knowledge of structural
principles in the other series is at present inadequate to
distinguish between some isomeric possibi..ties.

An attempt is made to relate structure to the
differences between amphibole species in their behaviour in
DTA and TGA procedures, and it 1is emphasized that confusion
can only be avoided if primacy is given to structure in all
questions of classification.

On the otker hand a comparison of the various amphibole
fibres with one another and with chrysotile suggests that
structure, at the level of atomic arrangement, is not a
primary factor in the control of fibre strength and that this

is a problem for geology and geochemistry rather than
erystallography.
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1-2: Dis<rivution of Y-ray Diffraction Intensi<ias
from raulted Cylindrical Za%ilces,
by

** K. Toman* and A.J. Frueh.
Crystallographic Laboratory, licGill University,
Montreal, Canada.

Programs in Fortran IV language have been written
for the calculation of the distribution of {-ray diffraction
intensities of:

1) 1ideal cylindrical structures;
2) 1ideal cylindrical structure segments;

3) wvarious models of mosaic structures derived
from these ideal structures.

Calculations have been performed for some models
of monoclinic chrysotile fibre of different mosaic structure,

The intensity distribution of the diffracted X-rays
was measured on several chrysotile samples with widely varying
physical properties, using a proportional counter with a
balanced filter technique. Differences in scattering curves
can be explained in terms of axial shifts and radial width
of mosaic blocks,

* Nicolet Industries Fellow.,
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R.G.J. Strens
Department of Earth Sciences,
The University, Leeds 2,
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The hydroxyl group in the amphil.le structure lies

at the apex of a squat pseudotrigonal pyramid, the base - -of which
is formed by three bivalent cations, two in crystallographically

non-equivalent M1 positions, the third in the M43 position. 1In

those amphibole solid solutions in which (M1,M3) are occupicd b
Pe(II) znd Mg, a mexinum of four narrow bands are cbserved (1,2

between 3700 and 3600cm-1, corresponding to the stretching
frequency of Ol linked to (Mg)3 = A, (ligpFe) = B, (MgFep) = C

The rel?tivi intensities of bands A to D have been
used to determine (1-5) accurately (£ 3% of the amount present)
the Fe(II) contents of the (l1,M3) positions in asbestiform-
tremolite, amosite, crocidolite and riebeckite, in 12 natural

members of the anthophyllite - cummingtonite - grunerite series,

in 5 members of the tremolite - actinolite series, and in
isolated samples of holmquistite, glaucophane, etc. Combined
with Mossbauer data for the iron content of the (M4) site in
the anthophyllite - cummingtonite - grunerite series, this has
given the distribution of Fe(II) over 12,114 and (l1,M3) in this
series (fig. 1). The IR data alone give the distribution of
Fe(II) in the trcmolite - actinolite series (M4 filled by Ca)

{

if the total Fe content is known from an analysis. The distrib-

ution of Fe over (M1,!i3) is nearly random in these series, but
Pe(II) prefers ll1 in some alkali amphibole- .

Dehydration and (O, F) exchange reactions in
amphiboles can in principle be studied for the Fe(II) and Mg
components separatcly by following intensity changes of the
(11g)3 anc (Fe)s peaks. Clustering of (Mg)s or (Fe)s can 2lsc

01S

be studied by comparing calculated (random mixture) and observed—d

intensities of bands A to D.

Polymorphism (glaucophane I - II, anthophyllite -
cummingtonite) of amphiboles will be discussed in the light
of the observed cation distributions. Chemical and structural
shifts of the OH stretching frequency, and extension of the
IR work to other mineral insulators (talc, pyrophyllite,
di- and tri-octahedral micas) will be reported briefly. (5)

Finally, spectroscopic work in the ultraviolet and
visible regions has led to an understanding of the colour and
pleochroism of certain strongly coloured amphibol?s cicas and
pyroxenes in terms of the band theory of solids. 5)
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Burns & Strens, Scicnce, 1966, p.890.

Strens, Chem. Commun., 1966, p.519.

Bancroft, Burns and Maddock, Amer. Min., in press,
Bancroft, Burns, Maddock & Strena, Nature, submitted.
Strens, unpublished work.
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1-4 Mossbauer Study of Axnchiboles.

by

H.J. Wnitfield! and A.G. Freeman®
1. Department of Inorganic Chemistry,
University of Newcastle-upon-Tyne, Lngland.

2. Departnent of Chemistry,

Victoria University of wellington,
New Zeealand. -

"
The Mossbauer spectra of natural amosite and
crocidolite and their thermal reaction products in oxidising and
neutral atmospheres have becn obtained. On the basis of the
isoner shift and quadrupole splitting values, the assignment
to sitcs of the iron atoms has becen made. An attempt has
also been made to elucidate the structurcs of the oxyamphiboles
and of crocidolite anhydride.

1]
The Hgssbauer spectrun of Koegas crocidolite,
NagFe23+Fe2.6 *11gp.4S1ig0 g(OH)g. shows two broad bands at room
_temperature. These cou be resolved intg three synmetrigal
doublets, two of which were assigned to Fe<* and one to Fe’™*
on the basis of their isomer shifts. The relative intensities
of thé component peaks agree with the stoichiometry of the
crocidolite sample.

The spectrum of oxycrocidolite, prepared by heating
crocidolite in 2ir at 450°C, shows a broad doublet with a
quadrupole splitting of 0.95 nm/sec. This is assigned to Fe3+
ions residing preferentially on M)} and M3 sites (Yhittaker's
notation) with distorted octahedral environments.
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Crocidolite anhydrjde was formed by heating crocidolitey
t0_550°C in vacuo, ~§he Mossbauer spegtrum showa two distinct
Fe<* sites and one Fe’+ site. The Fe”’* ions ari assigned to
the Iy sites with My and I3 sites_occupied by Fe *. The
guadrurole splitting value for Fe’* is the same as that for
Fe3+ in oxycrocidolite and on this account it is suggested
that there is distorted octahedral enviraonment about li] and Il
ions in the anhydride. This is consistent with an inhomogendus
mechanisn for the dehydroxylation of crocidolite.

1t

The llossbauer spcctrum of amosite (fibrous grunerite,
Fe5,5Mg1_5318022(9H)2) shows four peaks. An inner doublet
is asiigned to Fe<* ions in M4 sites and an outer doublet
to Fe<* on M1, K2 and Mz sites. On oxidation the ratio
of intcnsities of the iAner doublet to the outcr doublet
increases and a new pair of peaks appears which 1s assigned
to Fel+. The quadrupole split%ing for the Fe’+ peaks is
similar to that observed for Fe’+ in oxycrocidolite and
crocidolite anhydride. The change in the ratio of intensities
of the inner and outer Fel+ pcaks suggests that the Feé+ ions
in M4 sites do not take part in the oxidation and that eleczron
transfer is along the cation chains rather than between cation
chains.
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by

F. Aumento.
Geological Survey of Cannda, 601 Bootle Street,
Ottawa 4, Ontario, Canadn.

A new and structurally unstable scrpentine polymorph
from the Tilly Foster line, New York State, is described.

The mincral (density 2.45 ga/cc) has an unusual
norphology: it has a strong platy habit, with a perfect cleavag:
rarallcl to (001) and two good ones parallel to (100) and (0190).
Single crystal flakes, up to 5 um across, can be bent with casc.
“olysynthetic twinning occurs parallel to (001). Thao
refractive indiccs arc variable: na = 1.520-1.526, np = 1.522-
1.528, ny = 1.528~1.5325. Plates parallel to (O01l) extinguish
at 79-100 to the edges, and give a centred interfercnce figurc
with a negative 2V between 3839 and 90°. -

The composition of the mineral is as follows:

510,  41.70 Cr,04 0.002 cao 0.16 H20+ 13,19
Ti0, 0.07 B,04 0.010 . Ba0 0.010 H,07 1.45
41,04 0.31 NgOo 40.83 K50 0.04 Total: 100.27%
Fey05  2.43 Mno 0.035 P,05  0.03

There is a small replacemcnt of Si by Al, and lig by Fe. Howcver,
more replacement, cspecizally of Si by Al, would have becen
expccted considcring the large platy habit, Corrugation of the
shects, as described below, reduces the necessity of Si
replacenment to alleviate mismatching of the laycrs. The high
Si:lig ratio is also in keceping with corrugeted shects.

" DTA and TGA data suggest similoritics with
chrysotile. Samples hcated to 760-9000C produce forsterite
(Fog7.6). Above 11500C protocnstatitc is produced &s the
nmzjor phase, with minor forsterite. Above 14800C forsterite
becones the major phase. Trecatment with HC1 produces on
amorphous sample both beforc and after .catin..

CBLGHLOLS

X-Ray diffractograms arc similar to those of clino-
chrysotile, with- additional weali lines at 4.41 and 4.092. The
pattern, exccpt for the wcax lincs mentioned, can be_indexed
on a monoclinic cell with: 2=5.320, b=9.222, ¢=7.277%, and
p=93.3°, However, o multiple ‘'a' or 'c' paramcter is
rcquired for the indexing of the additional weak lines.
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Single crystal photographs indicate that:

The mineral has A space group Cm, C2, or C2/u,
There is a superlattice effect similar to that found in
entigorite, where the structure is modulated periodigally in
- the ‘'a' dirsction, with a wavelength of 5.32x8=41.5A. No
change in thi3 value has been observed betwéen different
crystals,
There is 2lso a superlattice effect parallel to 'c!', suoh
that ¢=7,277x6=43,66A, similar to that of the six-layer
serpentines,
Whilst certain spots are sharp. others a,: elongatcd, in
varying degrees, parallel to c*. On the basis of the exten
of the elongation, the reflections can be subdivided into
three types: (1) sharp reflections, (ii) reflections elcngzted
by ¢*/2 along c*, and (iii) continuous streaks pesrallel to
c* of uniform intensity, except for the falling off of the
atomic scattering factor with increasing Sin 6/.

The serpentine layers meking up the crystals ag;}
?

therefore displaced reclative to each other by * &/3 and =
with & probebllity of stacking mistake, ¢, of 0.4 for the 'a!

direction and «= 1 in the 'b' direction.

o Similar streaking could also be caused by random
-~ €07 rotation of each successive layer reclative to its neighbcurs,
dowever, serpentine layers individually corrugated parallel to 'a!,
on rotaticn would cause corrugations to show up in other directions,
inhibiting stacking along 'c¢!' with the repeat distance of 7.28
Corrugations would therefore have to be superimposed onto the
layers after rotation, i.e., in the same direction with respect

{5 the crystal as a whole,

Electron microscopy shows that the mineral exhibits
two distinct morphologies, with a complete rnnge of intermediate
transitional morphologies. The originel fl: .cs, lying parallel
to (001), are still apperent., These are often transversed by
regularly spaced parallel lines. The plates arc composed of a
series of layers, each layer consisting of parallel-lying elongat:d
latns., From the orientation of the component laths, it is seen
that each layer 1s rctated =ith respect to its neighbours zheove ani
below., The layers brealt up at the edges into their consituent laths:
the latter are scattered thrcughout the field of view., In turn laths
show a tendency to curl up about an axis parallel to their lengtkh.
Scrne of them exhibit this tendency in its initial stages, giving
rise to crinkled edges, Other laths have gone a stage further,
producing a close approximation to chrysotile tubes. End on
views of the tubes aﬁe visible, with external dismeters varying
between 150 and 250 A,

The plates give well orientated a*b* clectron
diffraction patterns, confirming the superlattice parameter
parallel to a*, The laths show.thet curvature has taken place,
whils+ the tubes give patterns similer to the ‘rotation!
photogrepha of chrysotile tubes.n The laths have therefore
curved about the 'x' axis,

W8 LGHLOLS



: It is concludcd that the mineral is an unstable
;poljmo*ph of thec serpentire group of mincrals. It is a
gix~layer scrpentjne with stacking errors and iayer mcdulations
resulting in a crystal with supcrlattice-controlled 'a' and
» 'e! parametcers. This configuration is stable only in its
. original macrocrystallinc state, tending to breax dowm into
spallor, simpler units if assisted mechanically. Hence
crystals brcak up in stages, at first forming thin corrugated
plates. The latter part along weak corrugation joints,
producing rods. Deprived of the satisfaotory strain rclicf
aechanism attributed to corrugation, the rods will necessarily
be under strain due to the fundamental misxutching of the
constituent silica tetrzhedral and brucite octahedral laycrs.
Unezble to take up the strain in other ways, the rods resort
to curling perallel to their elongation, finally producing more

stable chrysotile-like tubas.
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1-6 X-rav llicrobeom Investicrasi o
cI "c-serpentine”, "Y-Serpcntirne" ond TSorpcpnite

by
F.J. Wicks and J. Zussman
Department of Geology and lMineralogy,
University of Oxford,
Parks Road, Oxford.

The classification of the serpentine minerals has
been based primarily on X-ray diffraction’studies of single
crystals and fibre bundles. The serpentine minerals
responsible for the characteristic textur.s of serpentinized
ultramafic rocks are too fine-grained to be studied by single-
crystal methods and have thus in the past been studied by
X-ray powder-diffraction tecchniques., This rcquires that the
sacples be crushed to a fine powder, making it inpossible to
deternine the relationships of various serpentine minerzls within
the textures developed. The prescent application of a nicro-
beanm (50 um diameter) X-ray camera to the study of these
textures has allowed the minerals to be studies in situ in
thin section, so that the classification based on the single-
crystal studics can be applied to the fine-grained minerals,

HMesh textures have generally been described as having
rirs of " @ serpentine" (Length-fast apparent fibres) with
pesh centres of "Y-serpentince" (length-slow apparent fibres),
or a§ having rims of "Y- serpentine" with mesh centres of
"d- scrpentine". These mesh-centres nay or nay not have an
hour glass texture. In sone other cascs nesh centres have
contained an isotropic material called sarpophite. The
nicrobean X-ray photographs have shown that the "u-serpentine"
forning the rims of some mesh texturcs is composcd of lizardite
platelets with their ¢ axes (normal to platulets) perpendicular
to thc walls of the rius. "Y- serpentine", forming the rins of
other mesh te¢xtures has been identified o9 chrysotile fibres
with their a axes (fibre axes) pernendicu.ar to the walls of the
rics. The mesh centres, whether they have been calledq serpentine
Y- serpentine, or serpophite, have been found to be very fine-
grained, randonly or very poorly orientatcd, masscs of one of
two ninecrals: lizardite in meshes that have lizardite rins,
or chrysotile in mcshes that nave chrysotile rims. Brceprions
to this general stateucnt have becen (a) the presence, within
the mosh centres in two specimens of a phase giving a 14 2
reflection, in addition to the normal lizardite pattern, and
(b) in one other spccinen, the presence of fine veinlets of
chrysotile fibre lying inside and parallel to lizardite rizs,
between the lizardite rims and randomly orientated lizardite

nesh centres.

9gLGhLOLS

Brucite has been found, in one specimen, as en intimate
intergrowth with lizardite platelets in "a-serpentine" rins,



M§-Bastite, L.e, serponzine lsouicmarzns a2+ar
BMopyroxene, have been found to be nuct cor—enly composed
BM¥chrysotilc, but altcrnate regions of chrysotile and

jardite can also occur on a coarse or fine scale within
- individual bastite grain. The presence of both
ehrysotile and lizardite confirms earlier powder-method in-
vestigations.

o The investigation is being continued with a more
fversatile microbean camera and by electron nicroscopy to
{ provide more detailed data. An electron nicroprobe will be
cuged to look for chcmnical differences between nesh rims and
®'mesh centres and possibly to verify the presence of brucite.

S It is hoped that the orientations of the various
% components of the mesh texturcs can be related to the
P processes of serpentine formation.
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1-7: HERUIAL STUTTTS 4F I 00 CROCIDGE
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by

D.J. O'Connor and J.H. Patterwmon.
The Colonial Sugar Refining Co. Ltd.,
Research Laboratories,

Sydney, N.S.W. Australia,

Studies of the dchydroxylation of crocidolite from
. Wittenoom Gorge, “Yestern Australia have been nade using
thermogravimetric, X-ray and infra-red techniques (Patterson,
1965, O'Connor and Patterson 1965). Dynamic thernogravimetric
analysis under vacuum (0.03 u) rcveals a weight loss of 0.6% to
525°C and a further weight loss of 1.9/, up to 7000°C. The infra-
red spectra rcvecal that the latter weight loss is due to
dchydroxylation while the former appears to be the loss of

associated water.

Isothermal weight loss curves at 502, 522, 539 and
552°C are linear with tiume after a short period (% hour) of
rapid loss of associatecd water not rcmoved by outgassing at
200°c¢. This simple zero order law 1s obeyed for about 50% of
the reaction after which the observed rate of dehydration

decreases (Pig. 1.).

At a higher temperature of 566, 577 and 5910C, the
weight loss curves are parabolic in shape indicating a diffusion
asontrolled reaction. This change in kinetics is also illustrated
in Pig. 2, where the results are plotted as fraction rcacted (a)
versus relative time (t/t 509) and compared with several posslible
equations. The respective activation encergies for the lincar
and parabolic recaction rates are 61 and 63 Kcal/mole suggesting
thag there is no marked change in the mechar .sm between 550 and
570°C. The change in kinetics therefore nmight logically
recpresent a change in the rate controlling process with

temperature.

During dehydroxylation in vacuun the four OH-stretching
vibrations are not dicreased uniforuly end, in particular, pcaks
at 3633 ind 3618 cm~+ are reduccd relative to those at 3661 and
2649 cm~* (Fig. 3). Based on the assignment of Burns and
Strens (1966), this would indicate the preferential removal of
hydroxyls with iron as ncarcst neighbours. This is therefore
a further complication to the interprectation of the kinetic
deta and could contribute to a decrease of the rate as reaction

proceeds.
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A The observed zero order kinetics can be taken to
ndicate that the dehydroxylation rcaction proceeds as :-

%f(a) a surface Yeaction at constant rate. This is
: envisaged as inveolving two processcs, viz,:

(1) Diffusion of protons and electrons to the
gsurface of the crocidolite fibres, and

(11) Elimination of H,0 from the surface of the
fibres.

[ or (b) an interfacial rcaction with the in' >rfzce nmoving .
’ inwards at constant velocity on an effectively
constant area.

; For modcl (b) the equation for a cylinder reacting
- fron the surface%inwards uay be norc appropriate. This
equation 1-(1-)% = u/rt (where 4 is the fraction reacted,
u the interfacial velocity, r the radius of the cylinder and
t the tinc) does give a reasonable fit to the data up to 60

to 70% of reaction.

The obscrved ratec of dehydroxylation falls below the
theoretical cquations after about 60% of reaction (Fig. 2), but
this can be accountcd for as a falling off in the supply of
reactants for the surface reaction (model (a)), incrcased
ionpcndance of the dehydrated layer to the escape ofwater
(zodel (b)), and variability in the resistance of specific
hydroxyl groups to dehydration.

The change in kinetics observed at higher teuperatures
can also be cxplaincd, at least in qualitativc terms, for both
of the nodcls discussed above. For the surface reaction nodel
the rate of diffusion of rvactants to the surface becomes rote
controlling. For the interfacial nodeli the diffusion of water
through the product layer can becone rate cc..trolling.

The surface rcaction model envisages the nigration of
protons and clcctrons to the surface and the formation and loss
of water at the surface. To maintain charge balance inside the
fibres the dclocalisatrion of protors is balancced by the oxida<isn
of Fe** to Fe*'". There is thercfore little rearrangencnt of
the internal structure and oxygen is lost from the surfoce.

On the other hand, the interfacial rcaction implies the formation
of water inside the. fibrcs and the diffusion of water through
the dehydroxylated layer,

X-ray and infra-red studies rcvcal that the structure
is retained after dchydroxylation with only slight disordering
of the bulk of the structure (a thin dccomposed surface layer
would probably not be detected)., A1l the structural water is
lost from the crocidolite before the amphibole structure is
destroyed. WVhen this process is viewed in the wider context
of the dehydroxylation of crocidolite and other amphiboles in
air and in vacuum (Hodgson, 1965 and Patterson and O'Connor,
1966) it is felt that the surface reaction model may be the
correct one.
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fssible reactions are:

Within the lattice

OH:+ (lattiéég ——— 0':++(lattice; + HY gmobile)
Fe (lattice) ==== TFe (lattice + e nobile)
At the surfacc

OH-. (surface)' + HY o HAO

Fe*T P A ——. F&++

Overall reaction

20H —==- H2O + 0

- These reactions are esscntially similar to those
« generally "accepted for the oxidation and dehydroxylation of

¥ crocidolite in air (addison ¢t al, 1962), except that oxygen
W is renovced from the crystal surface rather than from the
atzosphere.,

ICIELDNCTS.,

Addison, C.C., Addison, ¥.L., Neal, G.ll., and Sharp, J.H.,
_ J. Chen. Soc. (1962) 1468.
Burns, R.G. and Strens, R.G.J., Science (1966) 153, 890,
Hodgson, A.A. 'Fibrous Silicates' Royal Inst. Chew. Lecture
Series (1965), No. 4.
0'Connor, D.J. and Patterson, J.l{., Presentcd to the Ninth
Conference on the Silicate Industry, Budapest (1965).

Patterson, J}H. Mini Mag. (1965) 35, 31.
Patterson, J.l. and O'Connor, D.J., %;stialian J. Chen. (1966)
19, 115:.

€6LSHLOLS



'y

ol
-

s

t
[0 5

Q

ctween

by

R.L. Thonpson, ,
The Colonial Sugar Refining Co. Ltd.
Research Laboratories, Sydney,
N.S.Y. Australia.
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f/ittenoon crocidolite fibres range °‘n dianeter fron

0.5 to 0.15 microns with few falling outside this range. The
procedure uscd to c¢nsure that the fibres arc separcted enplceys
severe agitation of a 0.2-0.5% slurry of crude fibre in woter.
High spced (50,000 r.p.m.) laboratory homogeniscrs and lar.cr

uachirnes have been uscd for periods trom 15-60 nminutes degending
upon tne size and specd of the impeller. The slurry generally
riscs in teuperature to about 700C during this treatnent.

Pibres with length to diameter ratios of over 1000:1 cre readily

obtained.

Since the crocidolite so prepared {s highly uniforn, it
is possible to calculate the physical cffect of a given
chenical reaction. The fact that 4% of the silica and 6% of
the sodium ~rc extructed by water in a Soxhlet apparatus
indicates en attack to a depth of 1 and 1.5 unit cells
respectively.

The attack by 0.2¥ sodiuu E.D.T.A. at pH 5.5 and 100°¢C
is shown in Tigure 1 to be diffusion controlled with soue
tendency for the layer of silica remaining from the reaction to
dispcrse with tine. As the cations are extracted, approximately
one third of the rclenscd silica becomes disperscd in tne
golution while the remainder, having souwe of the originsl chain
structurce intact, remains closc to the f. re. After three ‘
hours of rcaction the attack has pcnetrated an average of 46
or 3-4 unit cells. ‘ Z:

Less than 50% of the silica on the reacted fibres could <
be complexed bty cutechol irndicating that it still retained -
soce structure. All the silica on the surface recadily i;
dissolved in strong alkali. It wvas found to contain 4% w/w of 4
water trat was released over the tewperature range 200-600°C., g5
The silica csterified readily with butanol renderin; the =
surface hydrophobic.

Raising the pIl of the E.D.T.A. solution lowers the rate
of reaction sonewhat but the addition of calciun ions inhibits
the reaction severely. It appears thereforce that the Z.D.T.A.
group itself is dircctly involved in the attack on the fibres
in contrast to the mechanism proposed by lMase (1959)



RATE OF CHEMICAL ATTACK ON WITTENOOM CROCIDOLITE
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A8 wculd bec ecxpectea frem tne obscrv.d suscopTiTiiic:
crocidolite to co‘pluun° agent auvm X, tihe svxxctur‘ nas ro
intrinsic resistancs to acids., Cven at $H3 and 1C0°C =tn
zetal atoms are rcucved fron the outer half unit cells in two
hours and the reactier is then only slowed down by the 1
silica chains that renain.

Figure 2 showu the rapid attack by SN 4C1 at 100-110°C
which, during the first threc minutes, disrupts’ 0w of the
structure, corresponding to a penetration of 57 or about 4
unit cells, The rate of reaction drops rapidly thercafter
and there is less than twice the above penetration after 6 hours.
This drop in rate nay be ascribed to the formation on the surface
of a toubh coating of polymerized silica of low pgrneabllity.
Only 15% of theruleased gilica becomes dispersed in the
solution in contrast to the bechaviour during attgck by E,. D.L.A.

The polymerized silica has a watur content of only 2%
(200~600°C) and a surface arca of 50 nl/g. Its form is quite
visible under the clectron nicroscope. It is readily
¢csterified by n-butanol, n-pentanol and benzyl alcohol, and is
dissolved by beiling 2N NaOH.

Despite the rapid drop in rcaction rate with tine,
prolonged attack by SN IICl in a Soxhlet apparatus over sorne
wecks is capable of reumoving all the cations from the crocidolite
to leave a seni-fibrous mass of anorphous silica. The
rcaction is greatly acccleratcd at higher teupcraturcs, e.g.

I -
Jo HpS504 at 300°C completes the rcaction in‘a few hours.,

In merked contrast to the effect of weids, alkalis =t
tenperatures below 1109C have no more effect than water which
i can dissolve the silica from the outer unit cells. The surface
of the fibres then becones effectively conposed of a continuous
layer of mectal atous linked to thcir original octahcdrally
&) situated oxygen atoms. _

The stability of this structure is understandable in
teras of Radoslovich's work (1962) on the structurzlly
deternining ceffecect of the netal atous in laycr structures. The
tetrahedral layers are ‘constrained to conply with the spacing
reguirenents of the octahedral metal layer. The exposcd ncotal
aton structure on the att-cked crocidolite is thus the stable
part of the structurc and prevents the dissolution of silica
fron between and below the octahedral layers. At temperatures
above 1000C the structure weakens.

The sodium in the surface unit cells is easily extracted
but is not replaeceable by radioactive sodiun. Only 10w of
the surface unit cells take up sodiun from 0.2N NaCl after an
hour at 1000°C. Some 30% of the surface sodium nmay be replzaced
with potassiurm, caesiuuw or thalliun. Cobalt is taken up to an
anount equlvalent to half the iron in the outer half unit cell,
and calciun equivalent to half. the magnesiun.
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The behavicur of 2nosite cannot be ratisnalisced in .3
of its structury as easily a8 tnut 2f -ittcnoon crocidolite.
It nay be sald ncvertheless that its acid resistance is due
principally to its larger diameter (0.5 to 2.0 nmicron) fibres

1)

()

since an attack to a depth of 1000 akes place under conditions

that cause a penetration of only 100 A into crocidolite fibres.
Despite its maller surface area of 5 ni/g, anogitc is severely
attacked by boiling alkali as reported by Badollet (1951).

This nitrogen adsorption surfacec arca is four times the external
surface area of the fibres so some faulting in the structure
could be expected.

The resistance of amphiboles to cheouical disintegration
mnay depend nainly on the ability of the silica and nctal atows
to retain their structure during attack and on the degree . of
faulting in the structure. The types of mctal atoms and their
positions in the structure detcrmine the resistance to chenical.
attack only insofar as they affcct this structural stability.

References.
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1-9: Hydrotherzal Reac<ticns of Srocidglise,

by

+. R.L. Thompson.
The Colonial Sugar Refining Co. Ltd.
Research Laboratories,
Sydney, N.S.W. Australia.

The work described was part of a ge.ueral investigation
into the properties of ":ittenoom crocidolite undertaken with the
gin of gaining a better understanding of the material for
possible new applications. \fork at temperatures up to 100°¢
showed that apart frow disintegration by acids, chemical
reactions on crocidolite wvere confined essentially to the surface
which behaved as a fault free silicat¢ surface.

Because of the exceptional stability of the basic
crocidolite structure to alkali attack, it has been possible
to carry out a wide rangc of countinlled rpant&nno iln Al%kaline
solutions at temperutures between 100 and 550~°C under pressure.
In order to retain the tensile strength of the fibre most work
was confined to temperatures below 350°C.

Many of the reactions lead to a breakdovm of the
structure at the fibre surface with a concurrent synthes%s of
new minerals on the surface ags coatings or particles. .
sodium and potassium hydroxides at tcmpceratures from 100 to
4009C progressively disintegrate the structure. Potassium
hydroxide leads ultimately to the production of a mass of fine
crystals. This is in contrast to sodium hydroxide at 400°C
which results in the synthesis of a fibrous mineral having the
same colour and fibre diameter &s crocidolite but differing in
crystal structure.

i As the crocidolite structure 1is broken dowvn by the
alkall, the silica will react with many reagentw if they are held
in solution or dispersion. For example, reaction with alkaline
sodiur piumbate at 3009C leads to deposition of 300 lead

containing crystals or coatings onto the fibre surfaces over

a wide range of reagent concentrations. Sodiun vanadate

reacts similarly as do most elements capable of forming

insoluble silicatesd These products together with those

forrmed using dispersions of nickel and cobalt hydroxides may

have applications as catalysts. Bhe surface area of the

nickel containing coating was 100 m</g.

In view of its commercial importance, the reaction
of crocidolite with lime at 300°C was investigated, The
production of insoluble material was found to be effectively
completed in a few minutes and the main product consisted of
1 nicron spheres of amorphous material firmly attached at -
# intervals to the fibres.
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The physical form of the fibdres is affected by some
agents such as alkaline sodium phosphate which causes nany
ibres to become markedly. curved. The 50 crystals

deposited from sodium zincate and some other rcagents are
capable of decorating cleavage plancs parallel to the fibre
ais. Actual cleavage of 1000 & fibres into five or six
gnaller fibres occurs quite frequently at 300°C and is promoted
by sodium borate and zirconate. No other means for reducing

erocidolite to 150 R fibres is known. .

1 The most interesting group of products were those

formed by reaction with alkaline aluminates. A range of
selective ion-exchangers were produced by varying the alkall - -
used in the rcaction and optiwmising the temperature and

reagent concentrations. Barium aluminate gave exchangers with-
8 high selectivity for divalcent cations and a capacity of

with greatly enhanccd capacities of up to 2 n eq./g for

monovalents over divalents (0.2-0.5 u eq./g) with some
preference for cacsiun. Under suitable conditions potassiunm

gsluninate produccd a highly selective caesium exchangecr sinmilar
to clinoptilolite with a capacity of 1 m eq./g.

~ The ion-exchange naterials were in the forn of
100-200 & coatings on thc fibres. Their rate of exchange
7as typical for zeolites but the coating contained only 5%
water in contrast to the 30% commonly found in zeolites. No
internal surface area could be detected in the coatings using

nitrogen adsorption.

The severity of the attack by alkali aluminates is
exceptional and was exceeded, during the investigations
described, only by acids. An incrcase in the temperature of
reaction to 350°C typically led to complete disintegration of
the fibres and to the formation of fina crystals of varying

shapes and colours.

0.3 o eq./g of fibre. Sodium aluminate yiclded paterials Mi+4i/:?\

"
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2-1: Physgicel Properties of isbestss lirerals
and ftneir Techrical Anpliiczticn

e [

by
11.5. Badollet.
Health Research Institute,
Fairleigh Dickinson University,
tadison, New Jersey, U.S.A.

In fundamental studies on asvestos uinerals the selection
of samples and the history of the deposit can furnish valuable
clues on the physical properties of the fiber and its use in
industry. This is then followed by the proper preparation of
the samples for the many physical and chemical tests involving
the identification and quantities of wmineral impurities in the
crudes and drill cores.

Actual willing plants for asbestos separate and grade the
fibvers to neet standard tests but they do not eliminate all of
the objectional associated ninerals that nay affect the
physical properties of the fiber when used in some products
such as textiles, floor tiles, plastics and many others.
Attention to trace elenents in samples of asbestos nay be of
particular importance in biological studies for the effects
of asbestos on tissue, particularly in tests for carcirnogenicity.
Also if trace elements are present during the filtration of
wines, beers, blood plasmas, and pharmaceuticals they may be
objecticnable.

The foreman of any plant producing asbestos products
should know the true quantities of pure asbestos present so that
he can vary his foruula to give a satisfactory end product with
the proper physical properties to meet the specifications.

Rate of filtration or the elimination of water in an
asbestos slurry is an inmportant property which will govern pro-
duction of a large quantity of asbestos products such as papers
and asbestos cement products.

A mill survey covering sanples taken at different stations
over a period of time can point out the objectionable equipment
that is damaging the fibers physical properties. Then it is a.
process of elinination or regulating the equipmcent to iuprove
the fivers properties,

The slimy effect of soft chrysotile fibers can be
eliminated by lieat treatment, acid treatment, or by the addition
of sodium silicate. \letting agents can be helpful in improving
the water eliminction by filtration. Dispersing agents can
prevent settling of the stock in the vats during the production
cycle. The use of any of these agents must be carefully
controlled.

* This work was supported in part by the U.S. Public Health
Service Grant OH-00252 from thsa Division of Ocoupational Health,
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by a soap treatuent and by the elizination of magnesite and
other minerecl inmpurities.

By taking advantage of the electropositive charge on
chrysotile it is possible to reduce fiber losses in wet procecsses
by adding a negative charged mineral. In the production of
some types of cellulosic papers the addition of c¢lectropositive
chrysotile will help in retaining the clays or titanium dioxide
and at the sare time furnish a high surface arca. Papers that
are to have rubber latex deposited on the furnish are grecatly
inproved by the addition of the positivccharged chrysotile tuat
nelps to hold thc latex during the sheet frrmation.

. air polution problems arc important today and it requires
the collection of large quantities of air containing the air
fioated particles. If asbestos is involved it will require
nicro test methods to identify the fibers in the prescnce of
contanination such as fly ash, metallic particles fron
netallurgical and smelting plants, It can also involve a bag
house installation using asbestos, glass or cotton or wool with
a precoat of fine particle sizcd asbestos to 2id the bags in
rctaining the solids. )

In nany miscellaneous applications of asbestos their
rhysical propertics are inportant such as the cffects of grit,
vhisiers, unopencd fiber bundles, micaccous materials, bdrucite,
other closcly associated ninerals, bulk, density, surface arce,
texturc; flexibility and tensile strength. Such products cre
caulking compounds, sprayed undercoatings, thermal insulating
cements, wall joint fillers, paints, plastics and wmolding pcwders.

The ghysical properties of csbestos minerals are nany fold
and it is the decision of the plant manager to select the proper
type of asbestos to ucet nis requirenents.

lany of the inportant physical prop~rties of asbestos
fivers are discusscd and exanples of their applications are
shown in the production of many products.
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2-2: Chemical and Frnysical Character:istics of Sofs
ana Harsh Chrysotile,

by

Arthur U Langer® and Paul F. Kerr?

1. Department of Cormunity Medicine,
Mount Sinai School of lledicine,
New York.

2. Department of Geology, )
Columbia University, New Yrrk.

Representative samples of soft and harsh chrysotile
have been collected fron a large cowruercial asbestos rcine
in Eastern Canada where veins of the nineral types are
intimately associated in time and space. Geologic occurence
of the fiber types sugsests that they have originated
because of minor cnenical and/or physical variation in their
environnent during foruation. '

These materials are conpared chemically and physically
with their wall-rock host as well as with each other. Cheni=-

cal analysis of the chrysotile types include trace elerments
as well as bulk oxide conponents. Analyses of bulk and size
and nagnetic sample splits are given, Electron photographs,
x-ray diffraction, differential thermal and infrared spectral
data are also given and soue basic differences in the fiber
types are proposed. Fiber photographs suggest possible
structural differences between fiber types.

Eyny

. . . b ot
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and Z1l¢ctrzn Diflructicn,

" A.L. Rickards
Chemical Rescarch Departnent,
Turner Brothers asbestos Co. Ltd.,
Rochdale, Lancashire.

Many workcrs have published ele~tron micrographs of
cross fibre fibrils illustrating an elcctron lizht region along
tne long axis of the crystal and have interprcted this effcecct
s evidence for a hollow tube structurc. It has also been
suggested by several workers, from clectron microscopy evidence
and surfacc area ncasurcments that if a tubular structure does
exist it_is filled with somc awmorphous matericl..

Unittcker (1) has shown by x-ray diffreoction studies
that the structurc of chrysotile conforms to tac modcl of a
single crystal hollow cylinder with an outside dizmeter of
approximntely 300A and an insida Afamcter of approximztely 902.
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Unopened cross fibre specimens from Rhodesia (Thzabani
line), British Columbia (Cassiar liine), Quebec (Thetford linc),
swaziland (KXing lNines) have been examincd. A Union Carbide
product with 2 high surfacc erca was also examined, this sawmple
being considered to huve originated from Central Californic.

The appearance of the tubular ¢ fect in chrysotile
was investigated and rclated to variations in the position of
focus. a fibril was defianzd as becing in focus when no
interference fringe was visible about its projected dizumeter,
znid in this condition no tubes werc visible in the cross fibre
specinens cxanined. At 2 setting with thc specinen out of
focus, zbove th2 focal plane, tnc 'tubcs' becauwe visible. In
contrast, a large proportion of fibrils from tnce Union Carbide
product showed the clectron light region when in focus.

D

At the Bagnifications (greater than 55,000X) necessnry
to prcperly define focus, the conde¢nser system of tne nicroscoxe
was focussed to give the smallest possible bcanm dizmeter in order
to rroduce sufficicnt brightness at the vicwing screen. Under
these conditions electron beaw danage rapidly transformed the
single crystal fibrils into an umorphous state, 1l.e. when no
snarp diffraction spots or rings were visible using 100 Ilv.
During this transformation the¢ fibrils beceme distorted but
still retained their original dimensions. fitn the normul
cross fibre chrysotile, an electron densc region dcveloped along
the long axis of the fibrc, whereas those fibrils from the rnign
surfrnce erea product, which originally exhibited "the electron

£08GSHLOLS



light regicn when prorerly focussed,

retained tre elactron
light regicn when cumorzlicus, even aite by

.
r trolonged irrediation.

after reducing the single fidrils to the anmorpnous
state, the specimen was then heated in thc nicroscope and
several exposures taken as the temperature rose, recording
alternately the :iffraction pattern and the nagnified image.
At a temperature estiwmated to be about 600°C, diffraction
rings began to appear indiczting a recrystallisation of the
anorpnous fibrils. The lattice spacings of this first
crystalline phase correspond to those of nagnesiurm oxide. On
further heating a sccond phagse appearcd which is being
interyrreted as possibly forsterite ana wor.. will contirue to
nike a zore positive identification of this pnase. Both
types of specinen, i.¢. cross fibre chrysotile wiich exhibited
the elcetron dark zone and the compmerc¢ial product which
retzined the electron light region in the amorphous state, were
subjected to this heat treatment. Both types gave the
ceegniesiunm oxide pattern and a similar final pattern.

DISCUSSION.

It is suggested that the tubes are filled with a
non-crystulline naterial, i.e. not detectable with 100 Iv
clectrons; as no evidence can be provided by x-ray and
electron diffraction for the presencce of any structure other
than t.ict of single crystal chrysotile in undamaged fibres.
Considering taat gbout 10 of the volume of a fibril can be
attributed to the tube, then if this. tube {is packed with any
non-chrysotile riaterial it would be expcected to be detectable
ty diffraction eithcr in a single crystal or polycrystalline
form; in facet no other phase is detected. If the naterial
were chrysotile in a polycrystalline form it should also be
detectable in the fibre diffraction patterns as a superinmposed
ring pattern. N\ mosaic single crystal plug would be
undetectable by diffraction of the undarzged fibril but would
obscure the elfcct of the tube in the sing_.: crystal fibre.
also if this plug werce a single crystal of chrysotile it would
be expected to behave in an identical nmanner to the chrysotile
fibvril during beam damage and thus would not manifest itself
as anelectron dark zone at the amorphous stage. Aany filling
present is taerefore presumed to be amorphous. :

CONCLUSIONS.,

1. The contrust in electron nicrographs of chrysotile is
sensitive to-changes in focus,

2. Chrysotile is extrcmely suscaptible to clectron bean
danage.

3. Chrysotile fibrils conform to the x-ray nodel of

tubular cylinders, and in general, are fillzsd with an
amorphous material.

FURTNCU.

I. Thittaker, Z.J.V'. 1356 'The Structurc of Chrysotile (ii)
Clino Chrysotile' Acta. -Cryst. 2, 855-
856. 1957 'The Structure of

Chrysotile (v) Diffuse Reflections and

Pibre Texture' acta. Cryst. 10,148-155.
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by

1. della Faille
Dr. en Sctences, Charge de Recherches,
S.A. Eternit, Kapelle-op-den-Bos,
Malines, Belgium.

Many workers, such as Pundsack, Young & Healey, Narman
& Dresher, Fripiat, and della Fraille have given results
concerning the porosity of asbestos fibre:

The methods used in the present work are based on two
techniques: M, adsorption isotherms, and the nercury
porosimeter. The first gives iBformation on pores having
diameters in the range 20 - 400 A, while the mercury porosinmeter
allows one to detect pores having diameters of 150 A - 100 u.

Various fibers, including Cassiar, Jeffrey, Coalinga,
and Corsican and Russian chrysotiles, have been studied in this
way. All these fibers were water washed materials of various
lengths, treated at different temperatures.

The pore size distribution (150 2 to 100 u diazeter)
nay ke divided into two donains, characterized by pore diameters
150 £ - 15 u and 15 u - 100 u respectively. The pores in the
first range are mainly due to the bundle porosity, while those
in the second are nore dependent on the fibre length. The
correceponding void volunme is usually between 0.2 and 0.8 cnd
g-1, There 1s no relation between the surface areas (B.E.T.)
and the volume of the voids between the fibre bundles, However,
it seews that the apparent density of the bundles becones
higher ~'when the external fiber diameter is smaller. This
relation can be explained by assuning that the cohesion is
better betwveen fine fibers than betwecen c_arser fibers.

Other relations betwecen microporosity (water and
nitrogen) and macroporosity (murcury) are given, which are in
good agrcement with some mechanical properties of the fibers,

ot
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i<%ernccn Crocidaliice.

2-5: The Pnysical Nature cf

J.h. ¥ATUETSCL &ni L... -LOIISCL
The Colonial Sugar Refining Co. Ltd.,
Research Laboratories, Sydney,

N.S.V. Australia.

7ittenoom Crocidolite fibres fall in the diameter range
0.05-0.15 micron. The surface area of fuily fibverised
crocidolite measured by nitrogen adsorption is 14.8 m2/g which
corresponds to an average fibre diameter of 0.082 nicron, in
good agreement with electron mioroscopic examinations. Cape
Blue asbestos has a far wider range of fibre diameters and a
surface area of only 10.7 mé/g using the saue preparation znd
measuring techniques.

Sawn _blocks of Vittenoomn crocidolite have surfrce arecs
~round 5 n2/g which increase to between 7 and 8 upon teasing
out the fibres. Fiberisction in the dry state us employed for
asbestos cenent manufacture does not increase the surface aresa.
A sauple of Cape Blue commercizl fibre tested at 4.85 m¢/g.
t'hilst this surface area is available to nitrogen adsorption,
the rate of diffusion to and from the surface for chenical
reaction—is halved, The high acid resistance shown by some
fibres would be partly due to this inhibited diffusion.

Grinding crocidolite in an agate nortar results in the
foruation of agglomerates thit appear us transparent crystals
undcr the optical nicroscope. Slectron microscopy reveals
that the agglomerates are composed of broken fibreg of roughly
the origincl diamcter. The surfncc area was 25 m¢/g indicating
that the fibres hive becen broken botn nornri and par=zllel to
treir length. Coanpression of fully fiber.sed crocidolite at
150,000 .p.s.i. averayc pressurc causcd a rise in surface area
to 20 m2/g and the formation of fine particles that rcadily
peptized in watcr. The suspension was cocgulated repidly by
the addition of 2 sp21l auount of line. Meither grigding nor
coLprossion assists the 'subfiberisction' to tne 150 & fibres
observed for lhydrothcrnclly rencted crocidolite. Oxidation and
reduction at similar temperatures, i.e. up to 350°C, do not
affect the ninipuu fibre diameter or the surface area.

Density neasureuents have shown that the porosity of
crocidolite blocxs is spproximately 10%. The volunc of the
blocks w2s deturnined by geometric measurements, by uercury
displaceuent and by the use of a pycnometer. Densities ranging
fron 3.0 to 3.4 g/cc. have buen obtained depending; upon the
technique and tne extent of degassing. Fully fiberised
crocidolite in equilibrium with air of 60% R.H. had a density
of 3.29 g/ce. This density is well below the X-ray density
of 3.45 5/cc indicating that the surface is covered with scveral
uonolayers of water. Two of these layers, equivalent to
0.8% w/w of watcr, are lost at 100°C.
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iTrogen adsorpticn-descrption isctherms rac
blocks, tecscd fibre bundles, commerciclly fiveris
fiberised crocidolite are showvm in Fig. 1. The :dscrpticn
isotherus are of type II on Bruncuer's classification as has
been comuonly reportild for vurious types of asbestos.
Equilibrium is attained rapidly for the fiberiscd materials but
only very slowly on the blocks. Jith blocks, low surfacec area
results are obtained if insufficient time is allowed for
adsorption.

Hysteresis 1s very marked during desorption of partially
fiberised sauples but is not observed with fully fiberised
naterizl, ‘'hen hysterzsis is observed there is a pronounced
Stcp in the desorption isotherm between rclative pressurcs of
0.4 ond 0.6 (sce Fig. 1). This indicates a very narrow
distribution of pore size about an effecctive radius of 208
and accounts for about 70% of the total porosity. The step
in the desorption isothern decreazses as the degrec of fiberisa-
tion is -increased, indicating that the porus are between fibres
or fibre bundles rather than in the individual fibres tnenselves.
In contrast the sanple of Cape Blue asbestos exhibited little
or no hystercsis,

The obscrved hystercesis loops appear to be of type-B
according to the classification of de Boar (1953) conbined with
an isothcrm of type II which becomes incrcasingly douinant with
increesed degrce of fiberisation. Hystercsis loops of type-B
can be expected from opcn slit-shaped capillaries with parallel
walls or from cylindrical capillaries with very wide podies and
short narrow necks ('inlk bottles'). Tho abscrved 20§
effective radius can thercfore be taken as the distance between
parallel faces of individual fibres (or fibrec bundles) or the
radius of voids betveen fibres leading into nuch larger
cylindrical pores. The parallel plate nodel does not appear
to be consistent with the observed porosity of 10-12¢% and hence
the pores are probably of the 'ink bottle' type.

Since the surface arca of fibre blocks is one third,
and that of teascd fibres one half of the total surface ares,
the fibres probubly occur as bundles of four or more¢ in close
contact. The therual conductivity norncl to tne fibres ranges
froxz 20 to 40¢% of that in the axial direcction so the fibre
bhundles ore not isoclated but appear to ba attachced at intervals
eleng their length. This configuration is consistent witn the
'ink bottle!' model of the pores.

These observations help to clorify the problem of
fiberisation. Teasing out the fibres to make available 50¢
of their ultinute surface area is achicved with little effort.
Purtncr dry beating separates and shortens the bundles.
Separation of thc fibres in the bundles requires a 3reat deal
of work and can be achieved only =t thu c¢cxpense of fibre length.

The authors thank Mr. F.B. Dwycr for his work in
neasuring the thermal conductivities and sone of the densities

of fibre blocks.

REFTRENCES. de Boer, J.H., 'Thc Structure and Properties of
Torous llaterials'. Proc. 10th Syup.
Colston Res. Soc., (1958) 68.
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- o by

J.J. Fripiat, E. llendelovice and C. De Kinpe
Laboratoire de Chinmie llinerale,
The University of Louvain,
92, Avenue Cardinal llercier,
Heverlee-Louvain, Belgiun.

VThen sanples of chrysotile are attacked by acid

solutions, the magnesium cations are removed, and the surface _

areas are increased by more than twenty times, but the

tubular norphology still persists. The tubular residucs

are 'X-ray' and 'electron diffraction' amorphous, The pore=-
size distribution functions are shifted towards larger pore
diazeters. Under these conditions, the textural behavior

is ccnsidered as resulting from the presence of disordered
silica particles randomly distributed in an apparently intact
cylinder. It vill be shown that it is possible to replace
the nagnesiun - containing octahedral laycrs by ordcred layers
containing methylsilicon radicals, In this case, the tubular
norpnology is destroyed by unrolling of the sheets. The
resulting naterial is X-ray anorphous, but the ordering of the
silica is clcarly shown by electron diffraction patterns.
Surface arcas are as high as after the acid treatment, but

the surface properties cre conpletely different. The
hydrophobic character is normally well nmarked.
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2-T: Adsorntion of Crzonics by

. by

T.J. Wceks, Jr. and J.P. Leincweber
Johns-Manville Rescarch & Engincering Center.
Hanville, llew Jerscy, U.S.A.

- —— - Gy W D " S WD " . - ——

Fundamental data on the intiraction of organic
compounas with chrysotile esbestos and rcl-.ted compounds
will be prescnted. These data are primarily in the form
of adsorption and dcsorption isotherms from both the vagor

end liquid phascs.

The adsorption from the liquid phasce has becen
studied from binary systcms using a orice-rhoenix differentiazl
refractometer to measure changes in the solute concentration.
This instruzent is capabl% of neasuring changes in refractive
index as small as 3 x 1077, Compounds which are representative
of the diffcrent classes of organic molccules have becn studied,
including normal and branched chain hydroc:rbons, alcohols and
aromatic compounds. Aldchydes and ketoncg were not included
in this prelizinary study because of the complicating factor of
base catalysed condcnsations which can tzake place in these

systems.

In addition to the e¢ffect of solvent type, i.e.,
polar vcrsus non-polar, on the adsorption isotherms, the effcct
of the deogree of 'openncss' of the fibers and their tuacrual
ristory will bce discusscd. Comparisons will be wodc betwcen
fibers in equilibrium with atmospheric moisturc, fibcrs heated
to remove adsorbed watcr, 2nd fibers which have been subjected
to various degrces of dehydroxylation.

Adsorption on chrysotile asbestos will also be
conpared with adsorption on various related matcrials, such as,
scrpentine rock, magnesium hydroxide, magnesium oxide, and
silica.

Adsorption from the vapor has been determined for
many of the same compounds studicd from the liquid phase. In
this case¢ the adsorption-desorption isotherms were determined
for the pure compounds by standard volumetric techniques.
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D. Burman
Cape ABbestos Fibres Limited.
Harts Lane, Barking, Essex.

The paper consists of a summary of the tensile
strengths obtained for samples of all the najor types of
asbestos fibres, including values for siniilar types fronm
differcent locations. The paper also includcs details of
tensile strength deterninations on asbeste:r fibres which have
been heated to various tcmperatures. This new work on
tensile strengths is based on an examination of ?sbestos fiore
strengths carricd out by R. Zukowski & R. Gaze The
apparatus used for this present work is, however, considerably
nore accuratc and the results obtained arc correspondingly

subject to- less experimental crror.

The fibres were tested on the Tech ’ "LCro Tensile
Testing ncchine originally designed by karsh for exazining
netal whiskers, but ideally suited for thg tbstlng of scall
asbestos fibrces. All tests were nade on fivres of g:n lcngth
generally hoving e cross-sectional arca of 1-3 x 10~
corresponding to an cquivalent diameter of 10-20 Hicrons.
Almeost all the fibres tested were sclected from orce samples,
thin slivers being pulled off and further .mbdivided by
twcezers. — The cross-scectionzal area of cach fibre was

deternined from ueasurcrments of its weight, length, and density.

.ach fibre was weighed to 0.1 microgran on an QOertling
Decinicro balance. The length of the fibre was measured using
the travelling microscope incorporatcd into the tensile testing
nachine., The density of the amphibole fibres had in most
cases been previously neasured., The valuce for chrysotile and
the remaining amphibole fibres was taken from text book data.

Fron Table I the following points euerze:-

1. The values of Young's Hodulus are siniler for all the
fibres tested rugardless of their tensile strength.

2. The tensile strengths of crocidolite and chrysotile
sanples tested are on average similar.,

3. The tensile strengths of the amosite fibres tested ar
lower than those found for the crocidolites and
chrysotiles.

4, The tensilec strength of the anthophyllite sample tested
is very much higher than figurcs generally quoted

Fron Table II the following points cmerge:-

1. The valucs of Young's llodulus do not appear to vary
with the temperaturce to which the fibre has been
heated.

2. Ncither thc eumosite nor thc crocidolite losc any

strength up to about 200°c.
3, 3Both the anosite and thc crocidolite have lost S0%

of thelr strength at about 3500C,
4. At 600°9C the amosite rctains only about 5% of its
strength but the crocidolite still retains about

12% of its strength at 8000°C.
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work is at present in hand to produce similar

 tensile strength/tenperature data for chrysotile.
Prelininary tests indicate that chrgsotile retains all its
F tensile streongth up to &t least 400
dinminishing by ebout 80¢% at 600°C. It is hoped to complete
this work in tinmc for it to be presented at the confercncc.

C, but the strength

REFZRENCES.
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2-9t Fundamental Investiratiorsof Astestos
Reinforced Cement

by

L. de Mahieu
8.A., Eternit, Kaupelle-op-den Bos (Malines),

Belgium.

Sxperimental work has proved that, coatrary to present ideas,
the strength O of asbestos-cement equals the product c.Q of ¢,
the tensile strength of cement by‘ff?? the : :tual fracture area,
taking into consideration the fact that the rupture path goes arcurnd
the fibres.

If <he asbestes fibres in the matarial are 2ll parallel tc a
direction ¢,§ , which is the same as the breaking force, then {2 can

he deducted from the Poisson formula. This formula determines :

« the number 'n e'klz%ﬂ " of cells nct crosged by fibres in the
unit area of the fracture section perpendig¢ular to the ¢,§ di-
rection and

- the number ‘n klz,, e~*1%00  of cells crossed by one fibre.

It is understood that Kpg is the number of fibres per unit of
weight of asbestos, 1%9 the average length of these fibres, and

[

T L e e e e — p— 1

the number of cells per unit of breaking section, 258 the %)
weight of fibres in one cm3 of asbestos-cement, and klzqa - ; -'
X ’ -
Sco
n 190 %6 - =
oo
The remaining cells crossed by several fibres have a negligible —
strength. ad
Knowing that the cells of cement have a tensile strength % and
1
c it

that the cells crossed by one fibre have a strength 2ner~2-

comlss o

-

Cs= C (e'klz%a ¥ n?rln klz9,9 e'klch,e )

¥Whan the fibres are at an angle LP " with the direction of the
stressing force & , the number of fibres crossing the fracture area
is lower and the modified formula becomes :

g' = c[l-(l-e'klz‘a’.e - xprlnklz,g e~K12gg ) cosgb} ;

a, o



2-9(2) ﬁ
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jﬁwm which we derive, afiér integrating for all the fibres, the
; general equation '

bt 3 [t % - 4 §
2—%—[l-cosecos(?-e)(1-e'klz7'°-tgl‘lnklz?,,e-klz7'° )] cos@de dé

b - 39 3

This equation shows characteristic curves already experimentally
established.

The value of parametres in equation Ox , must be determined. It
should te notéd that the blaine B a —-2-3%3 pernits to find the ra-
dius 'r of the "bundles"®, if density 'O of asbestos is known and if

W = ?:; is the ratio of the bundles radii respectively in the air
a .
and in the asbestos-cement.

{0

J— B [
On the other hand the distribution 1:1____” _______ o ;
of the number of fibres according to |
their length is log-normal, sothat the
distribution function of the reduced

normal law reads : ° -

-

* 2
, loglf-/u.-v
Pa Nl Al -.4)( 5 )
fo) .

Then the average length of the fibres can be computed :

+00

N1, 41 2
£ff v
5 . o
%n- - 00 - 8 .

N dls

91859L01S
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Fivres which are too short, and dusts are unsuitable for making
asbestos~-cement. However there is a certain amount of these in every
asbestos. On the other hand, some fibres are too long and this excess

Af Tanmsh Amae nAt+ framasca trha atransth Af trka rraduct. Trherafare




- .

:ﬁﬁ length 1 should be expressed : 33
lac 2
N1, dls i;
1l w laf g
AC
N dlg
lic

+ where 1ac i3 the length below which a fibre should be regarded .as dust
and lAC the length above the useful length.

To summarize, calculation shows that, for a given number . of fibree
the strength of a fibres reinforced cement product will be propor<tional
to the length of the fibres and inversely proportional to their radius.
The strength of the material can be increased if a thicker matrix of
cement adhering to the fibres can be obtained. ;

It is also possible to.compute the length of the fibres to be used
in manufacturing fibre~cement product. This length must remain between |
the limits lac and'lAC . With the cumulative curve‘P obtained from the
Mac Nett test, the Henry straight lines can be established, giving for
C} a shipment of asbestos the proportion of fibr.s having a suitable length.

These lines show furthermore the amount of length reduction of tha
fibres bundles resulting from the different processes of milling.

The Blaine measurement gives the radius of the bundles. It also
permits to determine the action of the milling operation on tha radius.

The two tests normally performed by asbestos-cement manufacturers
give the characteristics of asbestos. By working these charactsristics
into the general equa%ion of asbestos~cement, it is possible to preds-
termine, by calculation, the strength (g of the product.

-y



2-10: lleasurement oFf <“ne Surfazas ‘raza ~F
4SCeSTIoS 2anrzd,
by

A.A.-Hodgsonl and A. white2,
l. Cape Asbestos Fibres Linited,
Harts Lane, Barking, Essex,

2. Departnent of Checmistry,
The University of Nottinghan,
University Park, Nottinghan.

The surface areas of 21 selected samples of =ashestos
fibre, as used in practice, have been compared by necans
of Rigden air permcability measureuents and BET (Nitrogen
zbsorption) measurenents. For amosite and crocidolite
there is a reasonably constant ratio between the BILT surface
areas and the air pecrneability surface arecas, nmeapured at

roon temperatures, these¢ being:-

BET S..\. (Crocidolite) = 2.6 nean

Alr Perm. S.A.

BET S.A.

L1lr pern S.A, 2.1 mean.

(Azosite)

~Such a relationship does not exist for the chrysotile
sanmples, Seven sariples showing sucessively higher surface
arcas by air peroeability show little variation in surface
area as necasured by BET. This suggests that nitrogen
penetrates fibre bundles to such an extent as to indicate an
ultinate surface area regardless of the decgree of fiberisation
of the bundles, It is therefore not possible to find any
satisfactory relationship between 'true' and 'apparent'
surface areas for chrysotiles.

B1868MLOLS
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Series SURILCT LIZAS '_;é/g'_a S.ae 2ATIC3
aAlr Pern|337 BCT 32T | Cel 2/ Col 3'col 4
roon outgag outgas;outges{ Col 1y Col 1{Col 1
temp 'roou o o
b teup 100~°C | 220°C ‘
(1) (2) 3 4) 6)11 (6) (1)

B 0.63 16.83 117.91 118,40 | 26.7 ‘28.4 29.2

A 0.96 9,03 ]113.65 }14.21 9.4 {14.2 |14.8

B 1.16 15.77 116.07 116.39 {13.6 {13.9 {1l4.1

3 1.40 13.75 | 14.52 {14.06 | 9.8 110.4 410.0

B 1.64. 14,22 (15,27 (1l6.42 8.7 9.3 110.0

t‘& 1086 8053 12090 12090 4’.6 7-0 '.’.O

B 2.02 14.92 | 15.20 [l6.17 7.4 7.5 3.0

|

B Q.64 1.90 2.33 2.55 3.0 3.6 +.0

3 0.78 1.70 1.79 1.79 2.2 2.3 2.3

B 1.04 3.15 3.28 3.50 3.0 3.2 3.4

a 1.13 3.61 3.91 4,00 3,2 2.5 3.5

B 1040 3.21 - 3047 203 - 2.5

A)L lt7o 4-17 4078 5008 205 2.8 300

B 2.49 7.61 8.46 9.34 2.2 2.4 2.7

¥can Ratios - - - - 2.6%0..{4030.5 3.1x0.5

‘-ogites -

Fo. 15 B 0.57 1.14 1.08 1.32 2.0 1.9 2.3

16 B 0.81 1.39 1.96 1.67 1.7 1.9 2.1

17 A 0.92 2.95 2.89 3.30 3.2 3.1 3.6

18 B 1.22 2.59 2.54 3.06 2.1 2.1 2.5

19 B 1.35 2.14 2.43 3.07 1.6 1.8 2.3

20 A 1l.54 3.32 3.83 4.08 2.2 2.5 2.7

21 B 2.50 4.42 4.91 ! ©.44 1.8 2.0 2.2
j,-Mea.n Ratios - - - - P K04 2.2 £0.412.520.3

]
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New Anianthus Mines (Pty) Linited,
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3 Chrysotile asbestos deposits are found in the najority
of the ..rchean ultranafic bodics in Rhodesia ind South Africa, as
well 23 in the Proterozoic dolomites in South Africa and Botswana.

Whilst chrysotile asbestos is a very cormon, widespread
zineral, ccononic deposits are confined to certain ultracafic
bodics 2nd to spceific areas witnin those bodics., Six gecologicelly
different asbestos deposits will be discussed in terms of the
gcchanisn for fibre growth and the major controlling factos in
fibre fcrmation.

Three distinct growth mechanisms are apparent and the
chrysotile fibre formcd can be placed in the following categories:-

1. Strcss Contrelled Dilation Scams. The fibres in this category i
hzve forued in existing fractures in which the sean walls can be t
patched and inclusions in the fibre scan can be fitted to the
sean wall. Pibre growth was only possiblc if the stress j
conditions 2t the tine of formation werc such that the load on
the sean wall had been reduced so that the growing force of the ,
fibres was sufficicnt to push the walls apnart. The fibres are La
oricntated at a large angle to the scan wall rogardless of the
attitude of the scan; this indicates that the walls did not

O riove apart under tuvnsion. The naterial for fibre growth was

either derived from the fracture wall dur.ag serpentinization e.g.
Shabanie Iline; or frou the host serpentinite going into solution
c.g. King and Anianthus llines.

2. Rcerystallisation of Serpentine to Fibre., Slip fibre and
ccrtzin cross ribre scawns fall into this catugory. The longer
slip fibres are localisced in planes along which zild shearing
ras taken place and the stress across the plane was of the
requircd magnitude. The serpentinc has recrystallised to
chrysotile fibre, with the fibre orientated in the direction of
novezent.

The cross fibre scams are characteriscd by

02884L01S

El) fibres grading into the host rock,

2) thc colour of the fibrec sinmilar to the host
serpentine,

é}) incipient lenticular fidbre seans,

4) a parallel orientation of the fibres regardless N
.of the altitude of the scan wall and ;

(5) fibre development related to zinor structures in :
the sean or it's inmediute vicinity.
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areas subjcczed o a stecdily moinsain

of cross fibre dcposits ol this type
Anianthus Mine and the dolonite depos
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¥ 3. Replacenent Fibre. This forn of fibre growta is qufCZC;f
conmon 238 a result of serpentinisation of olivine. Tre

fibre replaces the olivine by outward growth froa crystal
boundaries and fractures. The fibrces rarely exceed 2z.a.

-in length, with the dircction of growth and length bearing '
a rclationship to the spacing and arrangenent of the |

initiating surfaces. This mechanism does not give rise
to the c¢ccnonic fibre seams

B. CONTROLLING FACTORS.

The nain controlling factors in the formation of
econonic deposits of chrysotile asbestos are:-

1. Host Rock Control. In gencral fibre scans are confined
to tnocs. rocks that (2) have the sanc comnositicn as
the chrysotile fibres, viz. the grecn scrpentinites and
scrrpentine bards in the dolomites, (b) are couposcd
predcminantly of olivine i.e. dunites and peridotites.
Thesc arce rocks which will readily provide nagnesiun and
silica as material for fibre growth or will recrystallise
to fibre in situ.

2. Scerpentinous Solutions., The term scrpentinous sclution
1S uscd to dcnote a solution containing magnesiun and
silica from which serpentine minernls caen form. The
serpentinisation of olivinc by hydrothermal solutions
rcsults in excess nagnesiuu and silica going into solution
to foru the serpentinous solution.

Slig,510,  + 4H,0 = 2H,MgsS1,04 + %Mgo + Sioi

Olivine Introducecd Serpentine Rcnoved in 3olution
Water

(700gn:219c.c) (72gu) (552p1:220 c.c.) (160gu) (60gn)

Thercefore in the partially serpcentinised dunite, as
at Shabani, the prescnce of hydrothcrmal solutions was
essential. In the serpentinite, e.g. 'King and .xmianthus
}iines, the scrpentine appears to have gone into solution in
arcas of pressure, with hycdrothermal solutions assisting with
the process.

LOLS

12880

3. Structural Control. The main featurcs in structural ccntrol
arec:-

(a) The formation of fractures in which stre¢ss controlled
dilation sc¢ams can fori and frou which serpcntinisation
can take pleacce. The fractures night prcecdate the
major structures in the arcz e.g. Shabani, or be
contenporaneous e¢.g. King and .mianthus.




(a)

cHTS

[aall

Tne Zovelopnent of thrusst foul<s, wroneh faules
and sncar zones. These would act os coonnoluays
for rnydrothcermal solutions or have arcas of
pressure where serpentine could g9 into ssluticn.

associated with the faulting would be areas witn
a suitably.erientated ninor principal stress
dircetion for the formation of stress controlled
dilation scans. It is significant that fibre
is best develored in those areas that have the
ginplest structural pattern.

In arcas wherc wrench faulting was _dominant slip
fibre is localised in the fault zZone or sypathetic
structures.

The prcsence of certain structures which crcate
the correct stress environuent, allowing scrpentine
nincrals to recrystallise to forn fibre seans.

Cilliers J.J. le R. and Genis, J.d. (1G64).Crocidolite isbestos
in the Cape Province.
Southern africa, gcol. Soc. S. 4fr.

The Geology of Sone Ore Deposite in
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a.a. Bodgson
Cape Asbestos Tidbres Ltd.,
Harts Lane, Barking, Zssex.

The South African amphibole asboestos mincrals;
crocidolite, I'agFep***Fe **518022(0H)2, and anosite, Fedlsligy
Sig0pp(CH)o, occur in nmetanorphosed sedinentary rocks contairifg
up to 40‘ iron oxides by analysis. These Cerru;rinous rocks
‘rnown as 3Banded Ironstones forxz part of the Transvaal systen, cn
extensive outcrop of strata, which stretents in a2 brozd arc of
goce 800 miles from Northern Cape Frovince through the south
castern corner of Bechuanaland and as far as Zastorn Transvaal.,

The only known occurrencces of amosite asbestos 1lic ir
a2 40 mile arc spanning the O0lifants Qiver in L. Transvaal. Pt
richest deposits occur on the farns at Jenge, " eltevreden,
Kromzellenborg, at the Southern end of this arc; and at its
resterly end at halipsdrift there is a remarxable developuent of
doublet veins of anosite and crocidolite.

m,

In the Transvaal thce inmense Buyshveld Igneous complex
has intruded the rocks of the Transvaczl 3ysten. It is thought
that this intrusion nay have promoted tae formation of ariosite,
buts thcere is no evidcnce that igneous activity has been cssential
for tihe formation of fibrous ampniboles in gencral throughout
thes2 sedii.entary rocls.

vVith regard t? E“L origin of the anyhibole asbestos
of South ~frica, du Toit considers that arniosite and crocidollite
werce developed from original ferruginous clays which absorboec

scda where necessary from their marinc environiaient. These clays
compacted during the deposition of overlying sc¢dinients of latur
systcns, and a raundon orientation of fine fibres developed in
nucn of the rocx (nass fibre). Subsecquen* folding of all thecse
strata controlled the development of cross fibre asbestos searms,
tihie fibre growth being orientatced at rigiht angles to the direction
of pressures which causcd the folding.

fiore recently Cilliers and Genis(2’3) have considerad
the events leading up to scdinentation of naterials in the
Transvaal sca, with particular respect to crocidolite. The
solution, trausport and precipitation ¢f iron ana silicz frco the
surrounding land into the sea was controlled by both chewiczal
nd biochcrnical rnieans., Biochewnical cction coupled with a
pricitive algal life preserved a ferrous/ferric iron balznce
through the maintenance of the correct oxidation-reduction
potcntials., Iron compounds and colloidal silica transported
to marine basins were then precipated under wore alkaline
conditions generated by the underlying dolonite. Layercd
precipation was further governed by changes in conposition and
temperature, fnong the primary rnincrals crystallising out of
these scdinents, magnetite is considercd to be of great inportance;
rendonly distributed magnetite crystals sceded nass-fibre vhile
cross fibre secams were scedcd from layers of nagnetite.

’
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containcd copious zoounts of organic zuds. rvidence of crimitive

forzs of lifc has been found in the Dolonite underlying <hc

Banded Ironstones, in~the fornm of massive cencrctions associzted
with algae. Du Toit rcported similar structures of the Collcnia

type and tracc? ?f othcer fossils in the Banucd Ironstone of the
Kurunan arca. (1), The bulk of their products of decay would
ncve becen dissipated in the carliest states cof consolidation of
tue sedincnts leaving only a tiny residuc of primitive cils in
their treil. The prescnt day yicld of primitive o0il from Cape

Province crocidolitc varies from trace anounts to 200 ngu,/100ga.

fibre, and that from the TransYa?l arosite varics from trace
al.ounts to 20 ugn/100gn fibre.(4

anogsite ficlds of the Transvaal tho process of dccay appears to
have been interrupted by a more violent form of decomposition.
Unlil:c the asbestos horizons of Cape Provinece, the host rocks
of awosite contain considerable amounts of carbon and suluihur.,
Typical analyses of rociks from Punge, Transvacl, give up to 6%
carbon as graphitc and up to 2.5¢% of coubiped sulphur, Tie
grapinite occurs both as thin layers in the banded strata and
disscoinated as a fine dust through selected bands which nay be

dominated by gruncilte crystals, anosite fibrc or iron nagnesiun

czrbonates.

It is supposecd that the carbon and sulphur arc the
result of thcrnal degradation of organic natter due to heating

up of the—sedipmentary strata by the Bushveld igneous intrusives.

Under these conditions all the iron in the sedincnts was
rocduced to and held in the ferrous statu. Tne process sccn

to have courmencced prior to tihe stzge of incipicnt crystallisation

of thce anosite, and therce is cvidence that fibre fornation was
conplete bufore the turmination of the igncous activity. In
tnc final netasowatic stages associated with the intrusion
hydrothernal solutions carrying u; COp, pre¢sumably frou
deconmposition within the underlying dononmi*~, have altered nany
patches of amcsite fibre in their seans to an iron nagnesiun
c:rbonate (ankerite).

Had the Bushveld intrusion ncver talken place awcosite
cay not have becn !lmown, and crocidolite mzy have been found in
its stcad. The key to this suggestion lies in the [ialips
River area, sone ciles north of the amosite fields. In this
area crocidelite is intineately cssociated with cmosite both in
that scaors of amosite and crocidolite occur in the same reef,
end in that crocidoXite scams thensclves often have a thin

selvedge of amosite, usually at onc edge of the scarm only. Here

tiie degrce of thcrmal uctanorphism imposed by the Bushvcld
intrusion mpay have been insufficient to bring cbout conplete
rcduction of all the iron in the scdiments to the ferrous state.

This may have bcen assisted by the thin disscnination and laycr-

ing of carbonaceous natter in this particular locality so that
there was insufficient pruesent for the reduction of all the
ferric iron, Certainly graphite is absent fron these rocks.

It is rclevant thnt so uch
norc cil has been found in crocidolite than in arosite. In the
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This papcr will be illustrated by slides of typical
thin sections of amosite and associutced rocks from Penge ond
Kromellcnborg, and of -anosite/crocidolite doubluts fron
lialipsdrift.

RCFERDNCES., -
1. DuToit, A., 1945. Trans Gcol. Scc. S.A., 48, p.l6l.
2. Cilliers, J.J., Genis J.M., 1964, The Geology of
sone ore deposits of Soutn africa, Vol. II, Geol
- Soc. S.a.
3. cilliers, J.J. 1961., D. Sc. Thcsis, Pretoria
University.
4. Harington, J.S., 1962, Xaturc, 193, r.43.
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3-3: The Crccidolise Rearins Ds2cln g
Province, Souta .frica.
by
, H.W. Poulter
North Nottinghamshire College of Further Lducation,
Nottinghan

. .

Seans of Blue .sbestos (Crocidoli.:) occur interbedded
in the Banded Ironstone zone of the Lower Griquatown staje of
tre Transvaal systemn. The outcrop of this system iz virtually
continuous along a 300 nile front extending in a -8 direction
froo the Orange River in Cape Province to the Bechuanaland
borier. The Transvaal rocks occur in a serics of interconnecsed
anallow basins. Crocidolite is sporadically developed
( throughout thesc¢ horizons but the fornations are believed to be
} discontinuous and payable deposits are conparatively sparse.

The crocidolite-bearing roclz is described as the
norizons are traced northwards. This trace is represcnted by
three locations. Koegas~\esterverg (near Prieskag in the south,
VVarrendale in the Danielskuil - Postmasberg area sonc 50 niles
south of Kuruzan and Ponfret in the north near the Bechuznaland
border.

Based on extensive petrological exanination and thin
section work the mineralogy and texturcs exhibited by these
rocks are conpared and contrasted., The diagnostic features
of the South African c¢rocidolites in thin sections are described
enphasizing the criteria that distinguisn then from crocidolites
that have grown within differcnt environncnts.

J Lttention is primarily focused or the crocidolite and
its relation to associusted ricbeckite both in forms and structures.
Cilliers and Genis tended to categorize the crocidolite and
riebeclite into two genetic divisions (nass-fibre riebeckite
and perfectly orientated cross-fibre crocidolite) but the
evidence guggests that they are a genetic whole. Ivery
gradation has been found between the ruandonly-orientated
ricebeckite fibrous needles to perfectly orientated cross-fibre
crocidolite to confirm this suppcsition. The inter-relations
of thc crocidolitg - ricbecitite will be seen to vary as the
loczations are traced northwards due to the interesting factors
of change of chemical environnent and degree of netanorphisn.

These two influences are also reflected in the
associated rnineral assenblages. The inter-relation of the
nognetite-quartz-caleite-ninnesotaite-stilpnounelane-chlorite
conplex found towards the south are described and are found
to give way to a nmore distinctly arcnaceous assenblage to the
north with narked changes in structure and foru. Most notable
ig the disapcarance of nminnesotaite and the predoninance of
silica. Further, prinmary henatite nakes its appcaranuve. Tha
inplications for environuent of deposition are discusscd notably
that a predominently non-ergillaceous localised environment aas
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rot hindered +the developnent oI rietecuise z2nd ¢ i301iz.

This does not support the view ¢of Cillicers and Genis that
riebeckite was formed in situ by simple dehydration and slight
ionic reorgenisation of cluy ninerals. Their optical work

was based solely on thHe asbestos bearing roclts of the .bramsdan
Syncline in the 'esterberg-Koegas arca where ihe present work
has confirmed that the environnent of the rock in inmediate
association with the riebcckitc and crocidolite is preuoninantly
argillaceous.

The evidence for the affects of regional netanorphisn
and its extcent are discussed. In a gcneral way it is posgible
to relate the direction of fibre growth w..h pressurcs at right
engles to the growth, associated with folding. It is self -
cvident that these pressures were not cqually distributed and
that a heterogenity of structurcs of ricbeckite and crocidolite
have resulted.

Other riebcckite and crocidolite structures whicn
cannot be reconciled with the stresses duce to folding of thesc
racks can be related to hydrostatic pressure and pressurce due
to the overburden.

These pressures can also be seen to have had their
effect on the extra mineral asseublage (foliction structurcs)
for example)and the effeect is particularly pronounced in the
recrystallised and frequently orientatced quartz.

I+ is believed that the origin of crocidolite is fairly
well uncderstood although there exists some controversy on
control cf growth, There is not cnougn evidcnce to support
or weaken the view that the crocidolite crystalliscd in situ froo
the lithification of waterial prccipitatcd chemically and
biochenically in large shallow basins.

llowuver, 1t is suggested that, cortrary to Cillicrs cnd
Gernis, although the precirpitated naterial provided the
source for the genesis of crocidolite, thcre is cvidence to
indicatc that crocidolite is a stress nincral and its fibrous
naturce is rclated to dynanic metaporpilisn., The cffcects of
recgional netancrphisn as well as other pressures (Hydrostatic
ara TLLT <ue to the overburden) cz2n bc scen in 2ll the locations
exarc.ncd of the asboestos bearing rocks of the Lower Grigquctown
stige. It is further suggested frowm the cvidence that low
grode rcegional nmetanorphisn has been an esscntial factor in the
genesis of the crocidolite frou ricbeckite parentage. The
cvidence confirns that an initieting surface of nagnetite
(Cilliers and Genis) is not paramount to the growth of
crocidolite but rathcr nay be a sccondary factor that
facilitatcs growth of perfectly-orientated cross-fibre
crocidolite.

It is z2ccepted that ricbecite and the assoclatced
nincral assenblage nay be derived fron cheniical precipitates as
primary ninerals but their prescnt form is 'secondary' duec to
rcerystallisation duc to the influences of various pressurcs,
notably regional metamorphism.
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To enablc a conmpliete picture of <those c£s to be
- preseqted they will be bricfly contrasted with the crocidolite
* of the E. Transvaal which occurs in very close association with
the Anosite. It will be noticed how the cffects of thermal
. metarorphism due to the ‘intrusion of the Bushveld Igneous
" conmplex has accentuated certain forns and strmncturcs.

~

ct O

The text of the lecture will be based on a continuous
series of coloured photo-nicrographs of thin sections taken
on nicroscopy equipment of the Cape Asbestcs Co. Ltd., in their
Laboratory at Barking, Essex.

- —— - ——— - —

Crocidolite Asbestos in Cape Provincoe. Cilliers and Genis,
(The Geology of some ore deposits of South Africa, Vol. II
1964. Published by Geol. Soc. S.h.)
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3-4: Mineralogy of the Coalinga Asbestcs Devosit

by
F.A:'Mumpton and C.S5. Thompson
Union Carbiie Corporation, liining and ldetals Division,
P.0. Box 579, Niagara Falls, New York 14302, U.S.A.

‘ Since 1960 the asbestos iroduc® on of the United
States has more than doubled, a phenomenon in large part cue.
to the develcpment of the Coalinga .sbestos deposit in westarn
California. Despite the fact that this deposit is of encroous
size and contains over 50% recoverable fiber, it reunined
urrecognized for over 100 years, since its piysical agcpearance
is totally unlike that of alnost every other asbestos deposit
in tre world. The Coalinga deposit occupies’ the southeastern
third of the FMew Idria serpentinite, an elongated donme-siaped
body avout 4 niles wide and 12 miles long, wanich has been
intruded into greywackes and shales of Jurassic and Cretaceous
age. 'hereas nost asbestos ores consist of cross-fiber veinlets
0of chrysotile within massive serpentinite, no such veinlets have
been found in the Coalinga deposit. This body nas been
extensively sheared and pulverized into a gigantic pile of
powdery asbestos. The great bulk of the deposit consists of
soft, powdery, pellet-like agglonerates of matter, friable
chrysotile, surrounding blocks and fragments of hard, dense,
coapetent serpentinite. The very nature of this ore has led
directly to its exploitation, since oining can be acconplished
with ease, Ly low-cost, open pit methods, and the fiber content
can be easily separated from the coarse, hard rock. At the
present tine threce companies are processing Coalinga ore with an
annual production of about 50,000 tons.

Four nain types of serpentine naterials are
distinguishable in the ore: (1) fragnents and blocks of liard,
dense scrpentinite, ranging in size from fructions of an inch
to boxcar diwensions; (2) 1large, tough, leathery sheets of
ratted chrysotile, up to several square feet in size; (3)
orittle, bladed fragments of green serpentine, up to several
square inches in size; and (4) soft, friable, grecenish-white
agzlomerates of flaly asbestos, 1/4" to 1" in diaueter, which
also contain appreciable anounts cf both the grecn, bladed
naterial and the hard, gritty serpentinite. The bulk ore
consists predouninantly of meubers of the serpentine group, with
chrysotile nmzking up about 75i5 of the total. Chrysotile 1is
alnost the sole constitucnt of both the green bladed material
and the leathery shects. Serpentinite fragments consist
primarily of lizardite and antigorite, with smaller anounts of
short-fiber chrysotile, brucite, and magnetite. Minor
quantitics of calcite and traces of chromite and uvarovite are
also present. Talc has not been observed,
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Coallnga chrysotile has an unusually large surface
area, about 70-80[2/g, nost likely due to the absence of
inter-fiber material, cdompared with wost other chrysotiles.

althougn long-fiber, per se, is not present, fiber lengths up to
several microns have been noted in the leathery sheets. llost

of the chrysotile in the ore, however, is nuch shorter and is
arranged in a swirling nesh of disoriented, tangled fibers,
ruch like cellulogse in paper. Serpentinite gangue is scattered
throughout the soft ore, and contains the bulk of the platy
serpentines present. Petrographically it is not unlike nmost
other serpentinites; however, brucite is a ~onmnon constituent
and is often found intimately intergrown with serpentine. The
results of chemical, electron probe, and X-ray anulyses confirm
that the brucite of this ore is iron-rich, having an approxinmate
fornula of (lgjigFe2) (0H)24. The high iron content of the brucite
is 2 critical factor in the susceptibility of the ore to
weathering,- and brucite-rich ore invariabliy discolours r2pidly
when exposvd - to surface oxidation conditions, Vithin the 20-
30' thick surface weathering zone, blocks and fragnents of
brucite-ricn serpentinite transforn into dark browm, soft,
cruiioly nasses, The weathcered serpcentinite ‘boulders' are
cnriched in .yroaurite, the new nmineral, coalingite, and amorphous
iron oxides, while brucite is alnost absent. Laboratory
experinments have confirmed that in the surface weathering zonc,
iron-rich brucite either dissolves, leaving bechind a residue of
brown, zoorphous iron oxides, or transforoms in situ into
pyroaurite or coalingite by oxidation and carbonation. The
dissolved magnesiun later precipitates as hydromagnesite which
is abundant iumediately above the water table throughout the

dcposit.

S e

et e L

The presence of about 8% brucite in the New Idria
serpentinite suggests that the parent igneous rock was a dunite,
which was injected into the surrcunding sediments during the
serpentinization process., Its location, = few niles cast of
the fanous San Andreas fault zone, probably accounts for its
extremcly sheared and fractured nature. The material present
in the mass today nay be the result of intensive crushing and
palverization during or after serpentinization, nuch as a thick
paste is ground and sneared in a wet ball mill or mlx-muller.
Tne nbundancc of chrysotile, especially in the friable "
portions of thc ore, nay bc the result of lizardite and antigorite
of the original serpentinite transforming into the 'stable!
phase, chrysotile, during this extensive reworking process. l
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by
v 3 —l 3
J. Hruskova™ and J. Kourius xyz

1. Geological Survey, Hradebni 9, Prague.
2.”National Huseun, Prague.

It is the purpose of this paper to give a survey of
the occurrences of the different types of scrpentine asbestos
in the tcrritory of Czechoslovakia and of the present position
regoerding the investigation of thesc uninerals. Special
attention has been pald to our nmost iupucrtant localities:

Dobsinna (Slovakia), Krecmze (S. Bohemia), Prisecnice (N. Bohemia),

Marianske Laszne (W. Bohenia) and Letovice (lloravia),

Pirst of 2ll a mincralogical identification of the
sanples investigated was carricd out. .8 the main nicthod orf
identificztion X-ray diffruction was uscd. The cheunical
compositions were deteruined end a structural forrulac
calculated, There is a concise opticul charncteristic of
the c¢xamined matcrials. The refractive indices of these
sanples w.re neasurcd by ncans of the double variation ncthod.
The sziples were also exanined with the electron nicroscogpe.
Special attuntion has becen paid to the thernal study of
s.rpentine asbestos. The specimens were subjectcd to differ-
ential theormal and thermogravimetric analysis, and their
derivative thermogravinctric curves were obtained.

In the conclusion of the papcer the data on the
serpcritine z2sbestos apecimens, obtained by ncans of X-ray
nethods, thermal study, chemical analysis, and optical study,
are sumparized and nutually conpared.
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by '
R.F. Grigorjeva, 0.G. Chigarjova, and A.D. Fedoseev.
Institute of Silicate Cheaistry,
USSR Acadeny of Sciences, Leningrad.

The problem of production and practical use of
inorganic polymers, to which synthetic fibrous silicates of an
asbestos type can be assigned, deserves increasing attention
from both scientists and engincers. {_stewatic investigations
of the conditions of syntnesis, mechanism and kinetics of
formation of fibrous silicates, and also the investigation
of isomorphism and interrelation between the composition,
structure and properties of these artificial minerals have
been recently carried outa the Institute of Silicate Chnenistry
of the. USSR Acadenmy of Sciences in Leningrad. One of the
trends of the mentioned investigations is the pyrogenetic
synthesis of fibrous fluoro-amphiboles and investigavion of
the products.

The synthesis has been carried out by heatirg
the initial mixtures of chenically pure reagents at 90C-
11009C in tightly closed platinum or ceranic vessels. The
initial mixture consists of the oxides and fluorides, in
proportions corresponding to the stoichiometric fornula of
the synthesized fluoro-amphibole but with some fluorine
excess. In addition, fluxes in the form of allkali and
alkali-earth metal carbonates and chlorides are introduced
into the mixtures.

2£884L01S

The phase compositions of the products and the .
nmorphological peculiarities of the amphibole crystals depend
upon the chemical composition of the initial mixture, its
fluorine content, anu the temperature | synthesis. The
product is an entangled-fibrous nass, containing up to
80 - 90% of fluoro-amphibole fibres (length 0.5-1.0 mn,
diameter 0.1 - 2.0 u.? A brush of crystals of the seme fluoro-
anphibole with lengths up to 15 - 20 nn and diameters of 1 - 20u
Zoow= on the surface of this zass.

T“xtensive investigations of the isomorphous
substitutions of the cations in the structures of the syniinetic
fluoro-anphiboles have been carried out. /e have prepared
and investigated various series of fibrous fluoro-amphiboles,
in which_the cation group 'x' is occupied by Li*, Na*, K*,
Mg+, Cal+, Sr2+, or Balt and the cagion group 'y' containg
Mgg+ along with Fel+, Fel+, Cr+, Cuc+, Co¢*, Ni¢+, ln+ or
Cde+

The characterisation of the synthetic fluoro-amphiboles
has been perforuied on the basis of chenical analyses, thernal,
optical petrograjphic, and x-ray investigations, together with
electron nicroscopy and infra-red spectroscopy. ‘e arc
investigating physicochemical and nechanical properties of U
the synthetic fibrous fluoro-amphiboles in couparison with }
some natural asbestos specinens. Table I gives main results !
of the investigations. {
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A8 can been scen from th2 srosznse a, %a2 1

syntnetic fiorous fluoro-ampniboles arc superisr in their

main prorerties to the best varietics c¢f natural asbesteses \

and in sone respects (e.g., thnermal reosistance and mechanical

strength) they are considerably supcrior. This fact favours

future scientific and expecrimental progress in this field.

(O ) *C 1.
3O 523

TABLE I. COIIPOSITION AND PROPLRTICS OF
THE SYRTHETIC PIBROUS rLUQRO-alIPUIBOLT:

(1) Compositions and Names., -

. Raf. ; Composition : Nane )
. Chenical i |
formula. T
; : 3+ ; '*1
; A | Na3 Mg4 Fe (Si4011)2 Fy ‘Mg-fluorarfvedsonite ‘
i B Li Hg6.5 (814011)2 Fs ;Ti-fluoramphibole |
P C Na, Mg (814011)2 Fy {Mg~-fluororichtcrite !
§ D Na, NiZ*ngg (S1,01,), F, |¥i-fluororichterite |
' E Na, Co2+ lgg (Si4011)2 F, %Co-fluororichterite !
E R _ Na, Mn2+ Mgs (Si4011) Fy lin-fluororichterite ;

; 2+ 45, ; L rya ; ;
f G - Na, C:O.S MbS.S (814011§ P, ;Cu fluoror%chterlte i
g H NaZCdofS lgg 5 (514011)2 Fy !Cd-fluororlcéterlte .
P Nay g Mgg Crdtg (S51,01,), Fp (Cz-fluoranphibole :
b J Ba Mgz (S1,0,,), Fp * ‘Ba-fluoramphibole i

L b

* An approximate formula is given.
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(ii) Cell Parameters and QOptical Properties.

————————————————————— e ot L - - —— -

- .

Ref Cell Paranmeters % * Optical Properties
. .
' 8 . b c ' 2 Ty ng n. cn,
A 9.82 17.89 © 5.33.105°25'11.430 1.623 = 1.618 200%%
B ' 18.16° 17.68  5.37' 90%00'|1.598 1.589  1.578 0° |
c 9.66 17.92 © 5.261102°59' 1.596 1.589 & 1.577'12°
D 9.65 | 17.91 . .5.26:102%43" 1.618 1.605 ' 1.597 16°
E 9.67! 17.96  5.26°102%48'i1.616 1.607 = 1.598 17°
i P 9.71 17.94  5.26 102951'i1.610 1.603 ; 1.589 16°
iog 9.66 17.92  5.26 102°48'-1.608 1.596 ° 1.590 25°
H 9.72 17.96  5.26.103%12',1,612 1.606 ~ 1.593 20°
I not ascertained ,1,618'1.608 , 1.594 20°
J not ascertained ; .21,657‘1.651; 1.643 4°
_ | - |
*¥perancter determination errors a,b,c,* 0.01 X « = 5’

***2he value of Cn;,

—— . ———— — - — D T - e - — " . . e D GD w— Y D S . Y - e - - —— . —

is given
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Ref Chcnical Thermal llecchanical
' stability: stability: Properties:
weight loss (%) tenperature highest . dianmeter
after 4 hours | range of tensile | of fibre
. of boiling in ~:strcngth[ investigated
. naCL . KCH decounpo- welting ; nicrons i
© sp.greld9  25% sition ©C oC kg/rn®
A 8.4 | 1.5  940-1000 1000-1060 366 i 0.5 1
| B 33,5 ' 3.5 | 860- 900, 1090-1100 220 | 1.9 /
c 3.0 | 0.8 | 950-1000 ' 1170-119Q 210 % 3.4 |
. D 9.1 | 0.7 ; 960-1000 1 1070-1110 250 | 1.0 |
. E 8.8 1.1 . 940-1000 1050-1100 364 1.6
, F 15.5 v 1.9 990-1050 : 1140-116Q not ascertained
G not ascert 910- 970 ' 1090-1125 0
" H not ascert  920-1030  1070-1210 ‘e
I 11.3 4.0 -1010-1070 1160-1190 400 -i" 1.6
J not ascertained ’ ;
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Dydrotnorrol Coraitinns

T.A. bakarova, ©.ll. Korytkova, 2nd ..D. Fcdoseev.
Institdfe of Silicate Chcuistry,
USSR icadcuy of Sciences, Leningrad.

The hydrotherual synthesis of fibrous anphiboles,
the investigation of their structure, conposition and
propertics is onec of the trends of the investigations carried
out at the Institute of Silicatc Checmistr, of the USSR .cadenmy
of Scicnces, The worit is not only of purcly scicntific
inportance., The production of varying tyrcs of artificial
asbestos of constant compositions and propcrtices is of great
practical interest beccause of their usc as active sorbents

znd Fillicrs.

Synthcesis of fibrous anphiboles is carricd out in
autoclaves, using platinun and silver vessels, at 3500 -
6000C and pressures of 300 - 2000 atuiosphercs. The initial
coniponents are nixtures of chenically pure reagents in the
forn of appropriate oxides, hydroxides, soluble salts, quartz,
gilica gel and also some natural nagnesian silicates, The
ratios of the initial conponents correspond to the stoichicoetry
of the synthetized amphiboles with a small allkali exccss.

The foruation of the fibrous amphiboles is greatly
affected by the tenperature, pressure, degrec of dispersion
of the initial conmponcnts, the L:S ratio, the duration of
the synthesis, and the pd of the nediun. The duration of
the synthcsis can last from 6 hours to 3 days. A8 a rule,
shorter times are used if the tempcrature is rzaised but in
this case the thickness of the anphibole fibres increases.

The result of the symthesis is a =adding-like elastic
entanglcd-fibrous nass containing up to 95-98% of the
thinnest amphibole fibres, The naxinun, length _of the fibres
is 3 - 4 mn, and their diameters are 10™% - 10-5 nn.

Talking into account the peculiarities of the crystcel
structures of the anphiboles and their capacity for wide
isonorphous substitution, we have synthesizcd several forns
of fibrous aunphiboles in which the 'X' si gs qr§ occuplbd by
Na+*t or Ca*t, and theg 'Y' sites by Mg2+, Pe or i+,

GEBSHLOLS

The characteristics of some synthetic fibrous
anphiboles forued under hydrothermal conditions arc shown in
Table I. The results of the investigation thus show that
under hydrothermal conditions it is possible to prepare
fibrous amphiboles of va.ious coupositions and properties,
and to & certain degree to nodel the processes which take
place in the formation of asbestos minerals in nature.
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3.8: Invcestigation of *tuc uantizasive Deterninatisn
ol .ilrercls in Derpenvilie oSb.5tos anples
by Infrcred ~rectroscoly =2nd L“NCrmCans.ySis.

- . by
T'dward Martinez, Robecrt B. Haagensenl, and
Harold L. Lovell?,

1. Central Research Laboratories, Anerican Smelting
& Refining Co., South Plainfield, N.J.

2. College of Mineral Industries, The Pennsylvania,
State University, University Park, Pa.
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although the minerals prescnt in serpentine asbestos
ore bodies ray vary soriecwhnat frown deposit to deposit, the
following are generally found in nost:

Chrysotile 3“g0.23102.2H2O Brucite Hg(OH)2
Lizardite 3Mg0.25102.2H20 Magnetite FeO.Fezo3
Clivine 2(M\3,Fe)O.SiO2 Talc 3!1g0.4510, . H,0

Since riany of thesc mincrals contain nmagnesium, iron
and silica, a chemical analysis of an oro or fiber sanmple has
orly limited valuc in indicating the conatituents prescnt.
The subjcct of this paper is the investigation into the use
of infrarcd spectrophotonctry (IR) and thernmoanalysis
for the quantitative dcterniiination of sone of the ninerals
in chrysotilc asbestos sanples.

The sanplc preparation tcchniques for IR spectroscopy
arec discussed. Infrarvd spectra of chrysotile, lizardite,
tale, olivine, brucite, and magnetite in *he 2 to 15 zmicron
and 11 to 25 nicron rangcs are presented. These spectra
indicate that the most promising absorption bands for the
variocus ninerals that can be used for mineralogical deternin-
ations.,

The use of an IR differentizcl technique with pure
chrysotile in the refercnce bcan is shown to increasc the
scnsitivity of the ncthod. Exanples with synthctic nmixturcs
of chrysotile and talc arc given.

LEBSHMLOLS

It was found that the IR spcctra of many of the
ninerals arce ouch less conplex after heating to certain
tenperaturces. The possible application of hcating the sanples
and refercnce prior to using the differcntial IR approach for
the detection and quantitative measurcnent of tale is
discussed, as well as the difficulties encountered in applying
this procedure to olivine.

The scni-quantitative estimation of brucite and total
serpentine (chrysotile and lizardite) Ly thermal gravicetric
and differential thermel analysis is discusseca.
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L.J. llonkman
Turner & Newall Ltd. Asbestos Fibre Laboratory,
c¢/o Turners .sbustos Cement Co. Ltd.,
Ashburton Road, Trafford Park,
Manchester, 17.
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The studies were undertaken using a Stanton TR-02 Thernmo--
balance of onc-fifth milligram scensitivity, with specinens
weighing onc graa. (This weight c¢nsures that represcntative
risults are obtained). A very slow heating rate, about 0.7%¢
per ninute, was adopted as being the optimun for pyrolysis
studics on serpcntin.: asbestos. Tetcrminutions were nade both
with the asbestos dcecouposing in air in an opcn platinum crucible,
and in a 'closed-chanber' crucible (constructed from Inconel 600)
in which decomposition occurs in an atmospherc ceonsisting =z2inly
of the gascs evolved. Investigation of the effcct of variations
in hé¢ating rate, spucific surface arca of the sacple, and crucibdle
gecozetry showed that the combination of slow heating rate (which
rininises temperature differcences within the specinen) and a
'closed-chanber' crucible reduccs the effect of mrticle size and
standardiscs the effects of crucible geonetry. The design of
the 'closed-chanber' crucible is based on that of P, D. Garn
(inaly. Chez. 32, (1960) p.1563).

In order to provide scrmi-quantitative data on the
accessory nineral content of asbestos sauples, thermnograns were
obtaincd on specirens of clcancd chrysotile fibre, scrpcntine
rock dust, and acccssory ninerals fronm mince in JLfrica and
North .america. The temperature rang<s of uweconposition so
detercined are shown in the table which follows.

Major Decomposition Range* (°¢)

Hineral Cruciblc A** Crucible B***
Chrysotile 475-725 - 525-725
Brucitu 325-425 350-4%0
nagnesite - 400-600 475-625
Calcite 625-825 800-975
Talc 700-1000 775-=950
* Deconposition Range = range in which rate of loss per 25°¢
cxceeds 1% of the total loss for that
peaik.
*% (Crucible A = platinun crucible, Jolnson-latthcy

Type UA 10 ol capacity

##% Crucible B Inconel 600 'closed-chamber' crucible

8E8GHLOLS
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Thc pyrolysis curve of chrysotila usjinz the ‘~iased-

crhasber' technigue shows threc rcgions of weight loss. The
first occurs between 75°C and 325
looscly bound water; the sccond, betwoen 525°C and 7259C,
rcpresents  loss of hydroxyl water and coincides with major
brezkdown of the chrysotile lattice. The third, occurring
between 7759C and 925°C, is not fully cxplained but is thought

C and consists of loss of

to recpresent loss of a residual proportion of hydroxyl water
Tron the lattic during reerystallisation into forsterite, which
fronm DTa data is knowm to occur at about 8100C.. The weight
losscs of the sccond and third pecaks anount to about 90-91%

and 5.0% rcspecctively of the total loss occ: “ring above 3259¢;
this rclationship holds constant irrcspcctive of the avsolute

value of the ignition loss, which varics for asbestos fron

differcnt ninvs, e.g. Thetford llincs 12.96%, Swaziland 12.65%.

The accessory nincral content of astestos sanples is
estinated by ncasuring the ignition loss over the appropriate
deconposition range for cach mincral, with sunall corrections
for the prescnce of the other mincrals, fhen the 'closcd-
chaober' technique is uscd the decomposition ranges are
ncrrowed, and peak tenperaturcs delayed so that peaks which
would otnerwisc overlap are resdved. Overlap is not completely
crliminat:d but ia nnly tioublassnne where sauples contain
noderate to large amounts cf carbonots minernls, in wnich event.
the carbonatc content is chcecked by means of the ¥Fnorr
Alxclincter.

If thoe amounts of the various accessory nincrals
(plus nagnetite) arc addcd tcgether, the remaining weight
pcrccntage is usually too large to be accounted for by the
rcosiducl weight loss if this is assigncd to fully hydratced
chrysotile. The proccdure which has becn adopted is thercefore
to cssunc that the doeficicvncy is causcd by the prescnce of
'+alcosc nincrals' with a coubined water content of 4.75 per
cent, as against 13.00 per cent for chrysotilc. The
quantitative assignment of chrysotilc and 'talc' content is
achicved by using a fanily of curves rclating the residual

wei-lit loss to 'tile! and cnrysotile content. It is intercsting o
to considur to waat cxitent the 'talcosc nincrals' arv associated =
itk to material lccated in the centrzl copillaerice of fibrils o
and perhaps also in the interfibrillar spaces. ::
on .
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