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Chemical, dehydration, differential thermal and X-ray analysis data on four sampies of
mineral deposits from the Salal region (J & K) have been determined to assess their mineral
compositions. All the samples appear to be kaolinitic in character, though in association
with other mineral impurities, such as boehmite, diaspore and dickite, in varying propor-
tions.

We earlier reported [1] the general physical properties of Salal bauxites. In the
present paper, chemical, dehydration, differential thermal and X-ray analysis data have
been determined to assess the mineral compositions.

Experimental methods and procedures

i) Chemical analysis

Chemical analysis of the samples was carried out with the ultimate method.

i} Dehydration

One gram of material (— 120 ASTM) was heated in a platinum crucible at 100°
until weight constancy. The percentage loss in weight was calculated and the process
was repeated in steps of 100° up to 1400°. All weights were recorded while the
samples were hot. The heating rate was 10 deg/min.

iii) Differential thermal analysis

An automatic Mettler TA-| set-up with a platinum sample holder and a platinum—
rhodium thermocouple was used for curve recording. Mineral powder (— 120 ASTM)

was used and the experiment was carried out in static air at a heating rate of
10 deg/min.
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iv) X-ray analysis

X-ray diffractograms of the mineral samples {(— 300 ASTM) were taken with a
Phillips PW-1410 diffractometer sung Cu-K,, radiation.

Observations and discussion

Chemical analysis

The chemical composition data {Table 1) indicate that in B—I and B—II the alumina
content is as high as 66%, with only 13—15% of silica. In B—1tl and B—IV the per-
centage of alumina is lower, while that of silica is higher. The oxides of iron and
titanium total about 5% in B—! and B—I1, 4% in B—I1l and merely 3% in B—IV. Alkali
and alkaline earth metal oxides are present only in minor amounts. The ignition loss
in all cases lies around 14%.

Table 1 Chemical analysis of samples (weight %)

Constituents B—I B—11 B—I11l B—-1V
L.O. 1. 14.73 1450 14.38 13.80
Si0, 15.14 13.01 31.26 4357
Fe,03 3.32 2.20 2.20 1.81
Aiy03 64.03 66.38 4953 38.35
CaO 0.24 0.37 042 0.31
MgO 0.15 0.20 0.20 0.15
Na,0 0.33 0.23 0.16 0.16
K,0 0.06 0.07 0.17 0.56
TiO, 1.76 2.78 1.64 1.1

Although it is difficult to predict mineral compositions from chemical analysis
data, it appears that B—I and B—I!| are highly aluminous in character as compared to
B—I1l and B—IV. When coupled with the ignition losses of the samples and their non-
swelling behaviour, this observation indicates their kaolinitic character. B—IV appears
to be predominantly kaolinite, particularly in view of its silica—alumina ratio.

Dehydration analysis

The dehydration curves (Fig. 1) are all nearly flat up to 300/400°, indicating that
the loss of water in these samples is very small at such low temperatures. This feature
is usually shown by kaolinites. Indeed, most of the dehydration takes place between
400 and 600/700°, the region in which the curves show a very steep rise. However,
the exact temperature for the loss of lattice water from OH varies only slightly,
suggesting that the particle size and degree of crystailinity of the samples are of the
same order. Beyond 600/700°, the curves once again show a very gradual rise up to
around 800°. It appears that the samples still retain about 2 to 3% of lattice water,
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which is released only gradually beyond 600/700°, and that the dehydration is in all
cases practically complete by around 900/1000°, beyond which the curves become
almost flat up to 1400°, the maximum temperature of the experiment. The very low
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Fig. 1 Dehydration characteristics

losses of weight at the initial temperatures, and the S-shaped dehydration features,
are indicative [2, 3] of the kaolinitic nature of the samples.

Differential thermal analysis

The differential thermal curves (Fig. 2) show a small initial endothermic reaction
at about 110°, indicating that a@ small amount of water, which may be present between
the layers of the mineral, possibly due to some irregularities in the arrangement of the
mineral units, is removed at around this temperature. An intense and fairly sharp
endothermic reaction begins at around 450° in all cases, with peaks appearing in the
neighbourhood of 600°. It is in this temperature region that most of the lattice OH
is removed. This observation is compatibie with the dehydration behaviour of the
samples. |t is believed [4] that the intensity of this reaction, and hence the size of the
peak and the peak temperature, depends upon the particle size of the individual
sample and its degree of crystallinity. Both of size of the peak and the temperature at
which it appears are lowered with the decrease in particle size or in order of crystal-
linity.

Following dehydroxylation at around 600°, the endothermic reactions of varying
intensities indicate that the samples still retain some water, as well as some degree of
order, which is lost during the higher-temperature endothermic reactions. It is gener-
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Fig. 2 Differential thermal analysis curve

ally believed that, when heated just above the temperature of complete dehydration,
kaolinite is converted into the meta-kaolin phase, which still retains some degree .of
order. in meta-kaolin, the Si—0O network for kaolinite remains largely intact, while the
Al—0 network is reorganized in the form of edge-shaped octahedral Al-O chains.

The fairly intense exothermic reactions observed between 960 and 980° cover a
slightly wider temperature range, as an indication of their poor order of crystallinity
or contamination with impurities. It is believed that the appearance of this peak for
kaolinites is associated with the formation of either y-alumina or mullite or both.

The appearance of a small endothermic reaction at around 650 to 670°, between
the peak for the loss of OH and the exothermic reaction at about 950°, when coupled
with a very small endothermic reaction just preceding the exothermic peak, points to
the existence of some degree of crystallinity, particularly in the material of B-1V, even
at such elevated temperature.

X-ray analysis

The X-ray diffraction data with the relative intensities of the peaks (Table 2) ade-
quately demonstrate that all the samples are mixtures of kaolinite, dickite, boehmite
and diaspore.

The prominent basal reflections at around 7.16, 3.56 and 2.32 A provide sufficient
evidence of the presence of kaolinite or dickite or both. While reflections with spacings
of around 4.27 and 3.27 A suggest the presence of dickite, those appearing at 4.18,
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Table 2 X-ray analysis data

B—1 B—Ii B-111 B—1V

d, A / d, A / d, A / d, A /
7.13 10 7.13 8 7.08 10 7.19 10
6.15 10 6.10 4 6.07 10 6.10 3
4.72 4 4.69 9 4.69 3 4.69 2
443 7 4.44 4 4.44 7 4.46 9
435 8 4.35 4 4.33 8 4.37 10
423 6 4.27 4 4.29 7 - -
4.17 8 4.13 4 4,15 7 4.19 9
3.98 6 398 10 3.96 5 395 5
383 5 - - 383 5 3.85 6
3.75 4 - - 3.73 4 3.73 5
356 10 356 7 355 10 356 10
3.38 4 - - 3.37 4 3.37 4
3.35 4 3.35 4 3.33 4 3.35 5
3.24 3 3.23 4 3.24 3 3.24 3
3.15 7 3.17 4 3.15 10 3.20 3
254 6 256 10 255 5 2.56 6
252 4 - - 252 4 252 5
249 6 250 4 2.49 8 2.49 7
2.37 5 2.38 4 2.37 5 2.38 5
2.34 10 2.35 8 - - 2.338 9

- — 2.32 10 2.33 10 2.332 9
2.29 8 - - 2.29 5 2.29 6
2.19 3 2.19 3 2.18 3 2.18 3
2.12 3 2.13 10 2.12 3 2.12 2
2.07 4 207 10 2.07 3 2.06 2
1.98 4 1.98 3 1.97 4 1.8 4
1.88 3 1.89 3 1.89 3 1.89 3

- - 1.86 3 - - 186 2
1.85 5 - - 1.85 6 - -
1.84 5 1.84 3 184 6 1.83 3
1.81 3 1.81 3 1.81 2 1.81 2
1.78 3 - - 1.78 3 1.78 3
1.68 3 1.68 3 1.68 3 1.68 3
1.66 5 1.66 3 1.66 5 1.66 5
1.63 4 1.63 10 1.63 3 - -
1.62 4 1.61 10 1.62 3 1.62 4
157 3 1.57 3 1.58 2 1.57 2
153 3 1,53 2 153 3 1.63 3
1.52 3 1.52 3 1,62 3 - -
1.48 5 1.48 7 1.48 5 1.48 6
1.44 4 1.45 3 1.45 4 1.45 3

3.83 and 3.37 A support the existence of kaolinite in the samples. In kaolinite, the
observed tendency in the displacement of the positions of lines, and a single line
appearing at around 4.18 A instead of a well resolved doublet at 4.18 and 4.13 ,&, and
the group of lines between the (020 and 002) reflections at 4.45 A and 3.56 ,&, re-
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spectively, point to the variation in the particle size or the transition from a well
crystalline to a poorly crystalline structure.

Although it is difficult to identify boehmite when this is present with mixtures
of other hydrates of alumina, the first low-order reflection line (020) appearing at
around 6.11 ,& and another strong reflection (021) at 3.15--3.20 & unmistakably
indicate the presence of this mineral in the samples. In boehmite, the slight displace-
ment in the positions of the lines may be due to the changes in the layer spacings
owing to different amounts of water or foreign ions which may be entrained with the
miscelles.

The presence of yet another dimorphic form of alumina hydrate, such as diaspore,
is indicated by a very strong (110) reflection line at around 3.98 A. This is well
separated from the reflections for boehmite or other hydrates of alumina. Reflections
such as those appearing at 4.69—4.72, 2.12-2.13, 2.06—2.07 and 1.63 A further
suggest the presence of this mineral.

Strong reflections with spaecings of around 3.35 A are indicative of the presence of
free silica.

Conclusions

When supplemented with X-ray diffraction data, the results of chemical, dehydra-
tion and differential thermal studies suggest that the samples under consideration are
basically kaolinitic in character, though in association with varying amounts of other
mineral impurities, such as boehmite, diaspore and dickite, besides some free silica.

* % *
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Zusammenfassung — Vier Proben von Minerallagerstitten der Salal-Region (J & K) wurden che-
misch sowie mittels DTA und rontgenographischer Analyse untersucht, um ihre Mineralzusammen-
setzung zu ermittein. Alle Proben sind dem Charakter nach kaolinitisch, alferdings in unterschied-
lichen Verhiltnissen mit anderem mineralischem Material wie Boehmit, Diaspor und Dickit ver-
unreinigt.
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Peslome — [InA onpeneneHnA MUHepaneHOro cocTasd 4YeTbipex 06pa3uos mMuHepanos, B3AThIX U3
mecTopoxaenuA Canan, 6bin UCNONL30BaH XMMUyecKMid, AuddepeHunanpHbIh TEPMUYECKUN 1
peHTreHoa2oBbii aHanua. MonyyeHHblie AaHHbIe NOKasanu, 4TO Bee 06pasubl ABNRIOTCA MUHe-
pafnaMu rpynfisl KaoONuMHa € NPUMECHI0 HaxOARLMXCAR B HWXx 6O3MMTa, AKMacnopa U aukuTa B
pPasnNUyHbIX COOTHOUWIEHUAX.
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