molite and anthophyllite from several

are available in literature. But no work

ve been carried out on these minerals
AN

ndian sources The plesent papeL reports the

d methods

sample of South African origin and
adian sample were also made.
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tos minerals from Indian sources.

at 2:71 A helps to dlstinguish anthophyllites from tremohtes Differential
mal analysis curve for Cuddapah chrysotile does not show the exothermic
at 800°C. as shown by Canadian chrysotile. Thermograms of tremolite and

X-ray diffraction patterns were taken with samples
in both powder and fibre form. For powder diagrams,
samples, freed from extraneous matter, were powder-
ed and the portions passing 200 mesh were packed in
quartz tubes. TFor patterns of asbestos in fibre form,
thin pencils of fibres were separated from the bulk
and attached to the centré of the camera with the
fibre axis perpendicular to the X-ray beam. The
patterns obtained are referred to as fibre diagrams
though these are zero layer lines of rotation diagrams.

Copper radiation with a nickel filter was used in
these experiments. Photographs were taken with
a 114-6 mm. diam. Hilger’s general purpose camera.
Exposure time was 8 hr in each case with the X-ray
unit running at 50 kV. and 400 microamperes.

Differential thermal analysis — This was carried
out on untreated asbestos samples. The temperature

Colour Lustre
Light brown High pearly
Brow1|1ish white Dull
White with | Silky

greenish tinge

. Brownish white Dull, earthy

Yellowish white High, silky

TABLE 1— DESCRIPTION OF SAMPLES

Feel Identification
Ao

Bulk Fibre

Stiff needles or Tremolite
short thread-like
soft needles,
brittle

Thread-like, slight Anthophyllite
stiff, brittle

Slight, waxy

Slight, waxy

Soft Soft, thread-like, do
very brittle
Hard, rough Stiff, needle-like, do
brittle
- Soft Silky  threads, Chrysotile

strong, flexible

B

ion of Indian Asbestos: Part I—Analytical Data k\_

M VA

Shemical, X-ray and differential thermal analysis data are presented for some
The minerals can be identified from X-
diffraction patterns by the three most intense lines: (i) chrysotiles (Cuddapah,
ﬂra) 7:31, 3-67 and 1-563 A.; and (ii) tremolites (Mysore) 3-18, 8:57 and 2'71 A.
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of the furnace was raised uniformly at the rate of
10°C./min. using a Leeds and Northrup programme
controller triggered by a chromel-alumel thermo-
couple, placed outside the specimen block. The
ceramic specimen block was of Grinshaw and Roberts’

pattern, The d1ffe1ent1a1 thermocouple made of

chromel-alumel was connected to a sensitive galvano-
meter, and readings were taken manually. The
reference temperature was recorded by means of a
thermocouple placed in the inert sample, a-Al 203.

Mysore 11, Bihar and Rajasthan samples were con-
firmed as anthophyllites by petrological examination
by the Geological Laboratory of the Oil and Natural
Gas Commission, Dehra Dun. Petrological examina-
tion of other samples was not carried out as these did
not present any difficulty in identification.

Results and discussion

Chemsical analysis — The results of chemical ana-
lysis of the minerals are given in Table 2:

X-ray data

X-ray diffraction data of Cuddapah, South African,
Mysore I, Mysore II, Bihar and Rajasthan samples,
calculated from fibre patterns, are given in Tables 3-5.

(i) General nature of the patierns — Lines in powder
patterns from chrysotile were strong but broad;
those from amphiboles were relatively sharper but
weak.

_ fibre patterns could be unambiguously attributed

TABLE 2 — CHEMICAT. ANALYSIS OF INDIAN
ASBESTOS SAMPLES

Source Si0, R,0; CaO MgO Losson
%% % % % ignition
%
Mysore I 56-70 12:04 1-88°  27-80 nil
Mysore 11 5777 8-93 11-98 18-72 3-84
Bihar 55-87 9-65 1433 18:33" nil
Rajasthan 57:32 768 . 705 29:73 . nil
Cuddapah 39:54 6:92 — 38-84 14-25

TABLE 3 — X-RAY DATA FOR CHRYSOTILES

Sl Cuddapah sample South African sample
No. —N \ — = N
Int. d Int. d
1 C— — VVW 9:56,
2 VS 731, NE 7:31,
3 W 4404 MS 4-46,
4 VVW 4024 VVW 400,
5 VS 3-675 VS 3-64,
6 — — VVW 3:34,
7 W 2435 MS 2:43,
8 VVW 1:82, MS 1-80g
9 S 1:53,4 S 1-524
10 VVW 1:454 W 1-45g
11 VVW 121, VW 1:215
12 — — VVW 1:04,

VS, very strong; MS, moderately strong; S, strong; W,
weak; VW, very weak; VVW, very very weak; Int., intensity.

Background scattering in patterns of :fibres :
much less than in that from powders. This bmugh
out weaker lines which are difficult to recognize 1-
powder patterns. Because of this and as the lines jy

asbestos, measurements were made with fibre patter
only.
The pattern from chrysotile (Cuddapah) COI]Slsts
of (rather broad) spots with little or no arcing
Patterns from amplnboles show large arcs. These
indicate that the fibres in this chrysotile variety ar
more ot less parallel to the axis of the pencil Whereas
in amphiboles the fibres are randomly oriented ab(m\!
the axis.
In the sample from South Africa, a small fract
of the fibres is randomly oriented.
Chrysotiles — The & values and intensities in th
patterns obtained from Cuddapah and the Souff
African sample are given in Table 3. These compa e
well with data provided by Warren and Bragg™. Thé
d values and intensity relations as well as the generd
character of the pattems agree fairly well. The_'j :
are two extra spots in the pattern for Cuddapah
sample at 441 and 4:02 A. and three in the patteg;
from South African sample at 9:56, 4-46 and 4-00 A
the lines with d values 4-5 and 4-0 A. have been ob-
served by Beatty? in the pattern of chrysotile fron
Richmond, Canada. :
The line d = 9-56 A. was not given in the data pr':
vided by Beatty or by Warren and Bragg?.

™

TABLE 4 X-RAY DATA FOR MYSORE I SAMPLE
OF TREMOLITE i

Sl Int. d Sl Int. g
No. No. :
1 W 9:33, 28 Vs 6y
2 S “ 857, 29 S 5%
3 S 7:92, 30 VW -5l
4 W 492, 31 VVS 49
5 w 4564 32 S 4y
6 MS 442, 33 VVW 1:355
7 W 419, 34 S 1:31;
8 MS 404, 35 W 125
9 VYW 3:52, 36 W 1260
10 VVW 332, 37 MS 123
11 VW 322, 38 W 124
12 VS 3-17, 39 W 140
13 MS 3-07 40 MS 1:45
14 VS 2:99, 41 VVW 1:14
15 S 2:714 42 VVW 114
16 W 2-49, 43 W 1:1
17 VVW 245, 44 VW 1168
18 VVW 2:39, 45 S 140
19 MS 231, 46 VW 1-3?
20 MS 222, 47 VVW 1:01
21 W 2:04, 48 VVW 1.0
22 MS 2:00, 49 S 1:0k
23 W 1:96, 50 W 1:0%
24 W 1:93, 51 W 1:00
25 s 1:82, 52 MS 095
26 MS 176, 53 MS 09k
27 VVW 1:65, 54 VW 09K
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Rajasthan sample

A M i i A AT e nY
a Int. d
13-14, e
— . W 9 164
9°043 S 8- 923
837, VS 8:21,
5:07, w 5-00,
473 VVW 4644
4:50, Vs 448,
420, ~ MS 410,
3:61, W 3:55,
344, w 3:35,
327, Vs 3-20,
S w 311,
312, VVS 3-034
2-80, VS 273,
— VVwW 2:544
— W 2:50;
— VVW 2:46,
— VVW 2404
2:38, W 2:33;
gt VVW 230,
— w 2:23,
— VVw 2:045
1994 W 201,
1:96, w 1:96,
= A\ 1:94,
1-88, e i
— VVW 1:86;
1-81, S 1:79;
— VVW 1:79,
— MS 1:76,
1:68, = e
1:66, o
1:63 VVW 165,
1:61, VS 1:604
1-584 S 1-544
1-56, — e
1'531 vw 1‘521
1:50,4 VVS 1:49,
1-45, S 1-44,
1-434 = =
1:35¢4 VVvw 1:35;
1-325 S 1-314
1:29, VW 1:29,
— VVW 1:28,
1:27, VW 127,
1:244 w 1-25;
et W 1'224
1 190 Vvw 1190
VW 1:17,
— w 1:155
112, VVW  1-11,
— ALY 1-104
— AL 1-10,
— Vvw 1-:09
— VVW 1:09,
— VVW 1-07,
— VVwW 1-074
1-04, — >
— S 1-024
— w 1-02,
1-02, = —
0'980 W 1005
097, w 0-954
0955 VVW 095,
0:93; W 0925
— VAAYY 092,
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Tremolite — The d values and intensities of the
lines for Mysore tremolite are given in Table 4. (These
data are comparable with those of Labrador tremo-
lite®, and a natural grammatite®.) There is a large
variation in the interplanar spacings and intensities
of lines in these patterns. The structure 6f Mysore
tremolite seems to be more complex.

Three strong lines characteristic of grammatite?,
3:13, 2:71 and 8-41 A., can be recognized as (3:18 and
308 A.), 271 A., and (8-57 and 7-92 A.) in the pattern
for Mysore tremolite. The lines 3-13 and 814 A.
seem to have been resolved.

Anthophyllites — The X-ray data for Mysore II,

Bihar and Rajasthan anthophyllites are given in

Table 5. Patterns from Indian anthophyllites are
richer in lines than in those of other varieties. There
are considerable variations in both intensities and 4
values of the lines from one sample to another.
Mysore IT and Bihar samples show two lines with
large interplanar spacings; these do not seem to have
been reported earlier.

Three strong lines with d values of 8:21, 3:21 and
3:04 A. help to identify anthophyllites and the
absence of a strong line with d = 2-71 A. often helps
to distinguish anthophyllites from tremolites.

Differential thermal analysis

Chrysotiles — DTA curve for chlysotlle (serpen-

tine) is known! to show endothermic peak at 105°C.
(very small), 635°C. (large), -800°C. (small), and an
exothermic peak at 850°C. (medium).
- These peaks can be identified in curve 1 (Fig. 1)
for the Canadian chrysotile. The large endothermic
peak at ¢. 675°C. is due to the removal of OH groups
from the structure of chrysotile.

Tremolites — DTA curves for tremolites poor in
sesquioxide (about 0-1 per cent) are known?® to show
an exothermic peak at 825°C. and an endothermic
peak at about 1000°C. The presence of FeQ, CaOQ,
MnO and Na,O is known not to prevent or hinder the
changes, shown by the peaks, from taking places. The
absence of peaks in curves 3 and 4 (Fig. 1) for raw and
processed* Mysore I tremolite is probably due to the
large amount of sesquioxide present in the sample,

Anthophyllites — Anthophyllites with relatively low
sesquioxide content show in their DTA curve peaks
at 825° and 1000°C. similar to. those observed in the
curves for tremolites mentioned above5,

Curve 7 (Fig. 1), for Rajasthan asbestos, shows two
peaks at 800° and 950°C. The sample has lowest
R,0; content. Increase in R,0; content in Mysore IT
and Bihar samples may be the reason for the sup-
pression of the peak at 800°C. in curves 5 and 6.

*Processing is done by immersing raw asbestos in 10 per
cent NaCl solution for 24-48 hr. The sticks are then crushed
under rollers, repeatedly washed and dried. !
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GALVANOMETER DEFLECTION

400 600 800 1000
TEMP,C

Fig. 1 — Thermograms for some asbestos samples [1, Canadian

chrysotile; 2, Cuddapah chrysotile; 3, Mysore I tremolite

(raw); 4, Mysore I tremolite (processed); 5, Mysore II antho-

phyllite; 6, Bihar anthophyllite; and 7, Rajasthan antho-
phyllite]

Sesquioxides seem to have a pronounced effect on
the phase transitions. Further investigation is
needed for understanding the various discrepancies
observed.

Conclusions
- Xray diffraction patterns of Indian ashest
minerals vary considerably from the patterns of thg
from foreign sources and possess characteristic fg
tures which help in their identification. 4

Chrysotile (Cuddapah, Andhra) and tremoli
(Mysore) can be identified by the presence of the th
most intense lines: (i) with 4 values 7-31, 3:67 .!|
1:53 A.; (ii) 318, 8:57 and 2-71 A. respectively.
the casc of anthophyllites, there is considerable va
tion in the 4 values of the most intense lines amg
the samples examined; the lines at about 8-21, §:
and 3:04 A. help to identify them and absence of s
strong line with d = 2-71 A. often helps to distinguig
anthophyllites from tremolites. 3
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