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Abstract : Bentonite is hydrated alumina-silicate clay composed of the smectite class mineral Montmorillonite. The de-
posits are widely distributed in Rajmahal Hills of Jharkhand. A large number of samples collected from different places
available in different colours revealed the fact that they are good ion exchangers. Some of them gave positive stain test
with benzidine. Percentage of alumina and silica known for different samples accounted for different adsorption behaviour.
These clay minerals have a layered structure based on sheets with 6-membered rings of silica tetrahedral formed by
the condensation of sheets of silica tetrahedral with sheets of Al or Mg octahedra. Investigations on thermal behaviour
carried out using TGA, DSC experiments present almost a loss of mass about 18.9% showing the loss of molecular
water and dehydroxylation. X-Ray diffraction patterns of the samples consist peaks of Montmorillonite minerals. The
mineral has been considered to constitute an interstratified mineral with a structure composed of Kaolin and
Montmorillonite layers. The proportion of Montmorillonite layers is abundant in the inner part, but at the margin the
layers of Kaolin are present.
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Introduction

With a view to assess the properties, bentonite samples
from different places from Rajmahal Hills have been col-
lected. Rajmahal Hills rise abruptly from places forming
a wall of 1000 to 2000 height which just cut into the
Gangetic valley. The samples of some places of Rajmahal
Hills have not been thoroughly studied till now. So the
samples have been collected from important places e.g.
Madro fossil park, foot of the Hill near Jawahar Navodaya
Vidyalya, Sahibganj, Kendua Bishanpur situated 7 km from
Barharwa Junction. Bentonites available in the range of
Rajmahal Hills are nontoxic and low cost adsorbent2. Ben-
tonite is an absorbent aluminium Phyllosilicate consisting
mostly of Montmorillonite3,4. Other minerals present in
the Hills are Kaolinite, Illite and Vermiculite. Most of the
samples responding to positive stain test to benzidine so-
lution are Montmorillonite. The Montmorillonite samples
are good adsorbent5,6. This is the reason that the bento-
nites of this area have great industrial utility though not
utilized properly. Physico-chemical studies have shown
pH and swelling power. A single layer of Montmorillo-
nite consists of two tetrahedral silica sheets and one octa-

hedral sheet. The adsorption capacity of the mineral is
dependent on the layer charge7–9. TGA and DSC studies
showing loss of mass of 18.9% between 296 and 1173 K
help understand the structure of bentonite10–13.

The PXRD analysis important for the clay minerals
make understand the diffraction characteristic of bento-
nites11–13.

These studies open the vast scope of industrial utility
of bentonite minerals. Due to higher proportion of ex-
changeable cations of sodium and magnesium, bentonites
are exploited for softening of hard water14,15. Bentonites
are ecofriendly, cheap and low cost adsorbent for the re-
moval of fluoride from water. Wide range of bentonites
of different colour and grade can be exploited for indus-
trial utility e.g. wine treatment decolorisation and adsorp-
tion of radioactive wastes.

Experimental

The clay mineral used in the present work has been
collected from different places of Jharkhand and tested
for Montmorillonite by benzidine solution. The finely
powdered bentonite to 300 m is dried over 1 h. The



J. Indian Chem. Soc., Vol. 93, April 2016

438

thermal behaviour of the bentonite has been carried out
using TGA and DSC experiments showing weight loss at
different temperature. DSC developed by Perkin-Elmer
USA has been used.

The PXRD studies of the dried samples have been
done at 02 Theta position using Cu as anode material. The
diffractometer type used was D8. Specimen length was
fixed at 10 nm and receiving slit size was 0.1000 mm.
RHB1 and RHB3 stands for bentonite sample of Madro
fossil park and Kendua Bishanpur respectively.

Results and discussion

The bentonites presented a total loss of mass of about
18.9% between 373 K and 1073 K (Fig. 3). The first
weight loss is explained due to sample hygroscopicity i.e.
the loss of molecular water from the exchange layer10.
The second loss of weight occurs due to the removal of
water composition from the bentonite. The third weight
loss is due to the dehydroxylation of the silicate lattice.
Some samples display a total weight loss of 5.539% which
is different from bentonite clear from Fig. 4. These samples
may be Kaolinite or Illite. Fig. 1 and Fig. 2 show the
DSC curves of RHB1 and RHB3 at Fig. 1 and Fig. 2
show the DSC curves of RHB1 and RHB3 at different
temperatures. The endothermic reaction indicates the pres-
ence of Montmorillonite layer. When an endothermic tran-

sition occurs; the energy absorbed by the sample is com-
pensated by an increased energy input to the sample in
order to maintain a zero temperature difference. The ab-
scissa indicates the transition temperature and the peak
area measures the total energy transfer to the sample.
Decomposition of the sample showing DSC endotherm
indicates the presence of impurities along with Montmo-
rillonite.

The PXRD analysis of some samples of bentonites
have been carried out shown in Figs. 5 and 6, which is
liable to be confused with a basal reflexion from chlorite
or vermiculite. Imperfections of the crystal affect the dif-
fraction characteristic and important for the clay mineral.
This may be due to highly symmetrical arrangement of
the atoms in the various layers and weak binding force
between them. The layers may be displaced with respect
to one another.

Another imperfection is due to the fact that clay min-
eral layers are very similar having silica tetrahedral sheets
and closely packed layers of hydrogen and hydroxyls.

The d values of X-ray powder data of some bentonite
minerals of Rajmahal Hills have been reported which is in
agreement with previous reported values in the literature.
It can also be concluded that Montmorillonite clay min-
eral are present in all the samples along with Kaolinite in
small proportion.

Fig. 1. Only DSC curves of RHB1.
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Fig. 2. Only DSC curves of RHB3.

Fig. 3. Thermo gravimetric analysis (TGA) curves of RHB1.

Fig. 4. Only thermo gravimetric analysis (TGA) curves of RHB3.
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Fig. 5. Powdered X-ray diffraction (PXRD) of RHB1.

Fig. 6. Powdered X-ray diffraction (PXRD) of RHB3.



Jha : Bentonite minerals and its TGA, DSC and PXRD studies

441

 Table 1 describes the literature values of d (Å) for
bentonites of different places and Table 2 shows the cal-
culated powdered X-ray data. Table 3 and Table 4 show d
spacings and height (cts) for bentonite samples RHB1 and
RHB3 respectively.
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