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Physico-chemical properties and TGA studies of Montmorillonite 

[Ashok Kumar Jha] 
Abstract- Montmorillonite is a specific 

mineral name of the smectite group 

widely distributed in several states of 

India. Jharkhand montmorillonites 

collected from different places have been 

studied for physico-chemical properties 

and TGA. Montmorillonite deposits of 

economic importance occur only in 

tertiary formations. Jharkhand 

montmorillonites have got more 

industrial application due to its good 

swelling power, adsorption capacity and 

ion exchange capacity. The exchangeable 

cations are Ca
2+ 

,
 
Mg

2+  
,Na

+ 
 and K

+
. 

cation exchange capacities are calculated 

in (meq/100g) for different cations. Clay 

minerals have a layered structure based 

on sheets with 6-membered rings of silica 

tetrahedra. The composition of minerals 

are SiO2,Al2O3,Na2O,K2O,Fe2O3 and 

traces of MnO showing colours 

grey,black and brown. Montmorillonite 

unit gives blue stain test with benzidine 

solution. The ratio of SiO2 and Al2O3 

varies from one sample to another. The 

TGA experiments show a loss of mass 

about 18.9% indicating the loss of 

molecular water and dehydroxylation. 
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I. Introduction 
 There are two kinds of clay deposits 

containing montmorillonite as a main 

constituent mineral: one is called bentonite 

and the other acid clay 
[1,2.]

. Bentonite 

deposits have been formed due to 

alteration from rhyolitic ash in a marine 

Environment and hydrothermal alteration 

from rhyolite tuff. The constituent 

minerals of bentonites are SiO2, Al2O3, 

Fe2O3,MgO,CaO, Na2O, K2O and traces of 

TiO2 and MnO. Though the detailed 

investigation of properties of bentonite 

minerals from different places in India has 

been done, the bentonites of different 

grades and colours of Rajmahal Hills have 

attracted the attention of researchers to 

study the physico-chemical properties of 

the Rajmahal bentonites. The stain 

test,swelling power, loss on ignition and 

TGA studies have been done .Bentonites 

of Jharkhand, Rajula,Akli and Hati singh 

ki Dhani samples are typical 

montmorillonite whereas jaipur and 

Kerauli samples are predominantly 

illitic.
[3,4,5]

.The importance of Jharkhand 

Rajmahal bentonites is growing due to its 

various industrial uses e.g decolorization 

of oil, manufacture of catalyst, preparation 

of oil drilling muds, in agriculture 
[6,7] .  

 

Utility in water treatment due to cation 

exchange capacity and adsorption capacity 

have also been exploited. Rajmahal Hill 

bentonites can also be used for 

defluoridation, removal of arsenic from 

aqueous medium. Generally the percentage 

of Al2O3 content in Rajmahal bentonites 

varies from 19.02 to 34.01% and 

percentage of SiO2 is almost around 51%. 

The SiO2 and Al2O3 ratio varies from 1.5 

to 3.00 in Rajmahal bentonites. Alkali and 

alkaline earth metal oxides have been 

recognized as important constituents of 

these bentonites. 

  The development of cation 

exchange capacity attracted industries to 

start ion exchange methods for water 

softening, treatment of waste water, sea 

water treatment soap industry and 

pharmaceutical industries. Rajmahal Hill 

bentonites can be exploited for removal of 

toxic metals from aqueous medium. 

[8,9,10]. 
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II. Results and discussion 
 
The stain tests were performed with the 

bentonite samples using benzidine in 

ethanol. Eleven out of twelve samples 

gave blue colour with benzidine solution 

suggesting the presence of 

montmorillonite. The swelling power is an 

important property of clay mineral. The 

calculated swelling power of the minerals 

have been shown in Table I. It has been 

found that Rajmahal bentonites have poor 

swelling power than Rajsthan bentonites. 

The bentonite samples of Rajmahal Hills 

have gel volume never more than seven 

and less than three. Loss on ignition has 

been found to vary from 4.20 to 12.64. 

These data are comparable with data 

reported in TableII from literature. 

    From Table 

III it is clear that CEC of bentonites varies 

from 35.86 to 101.45 meq per 100g 

measured by K2CO3 method. Rajmahal 

bentonites have exchangeable cations like 

Na,K.Mg, and Ca, confirmed by testing for 

these cations in the solution extract. 

 

Substitution within the lattice structure of 

trivalent Al for quadrivalent Si in the 

tetrahedral sheet and Mg for trivalent Al in 

the octahedral sheet result in unbalanced 

charges. 

      

 During TGA studies, Fig.I,Fig.II 

and Fig.III show that bentonites presented 

a total loss of mass of  18.809%,18.929% 

and 19.21% respectively between 373K 

and 1073K. Fig.IV show a total loss of 

mass of 14.49%. The first loss due to 

hygroscopicity and the second loss due to 

the removal of water composition from the 

bentonites   

Experimental 

Physico-chemical properties of bentonite 

minerals were done following the 

methods(Mishra 2008). Stain test is done 

by saturated solution of benzidine in 

ethanol. Cation exchange capacity has 

been determined by K2CO3 standard 

solution. 

 

 
TABLE I 

Properties 

of 

Rajmahal 

Hill 

Bentonite. 

Sam

ple 

Code 

Stai

n 

Test 

Swellin

g Power 

Gel 

volum

e 

% loss 

on 

ignitio

n 

 RHB1 + 2.20 5 6.79 

 RHB2 + 2.00 5 6.48 

 RHB3 + 1.80 3 8.38 

 RHB4 + 2.30 7 10.49 

 RHB5 - 1.60 3 12.59 

 RHB6 + 2.50 4 10.05 

 RHB7 + 2.00 5 -------- 

 RHB8 + 3.00 5 7.85 

 RHB9 + 2.11 7 4.60 

 RHB1

0 

+ 2.53 5 4.20 

 RHB1

1 

+ 5.02 5 5.33 

 RHB1

2 
+ 6.88 6 11.25 

  

RHB stands for Rajmahal Hill bentonites. 

 

TABLE II 

Comparative 

literature 

values of 

properties of 

Rajmahal 

bentonites 

Name of 

place 

Swelling 

power 

Gel 

volume 

% loss 

on 

ignition 

 Harwecha 3.0 4.0 - 

 Hathi 

singh ki 
Dhani 

7.0 13.0 10.61 

 Akli-Giral 2.0 2.5 8.02 

 Bisala 6.0 15.0 - 

 Mahwar 3.0 5.0 - 

 Rajula - - 7.62 

 

TABLE III 

Cation exchange 

capacity of 

Rajmahal Hill 

bentonites 

Sample Code Cation exchange 

capacity(milli 

equivalent /100gm) 

K2CO3 method 

 RHB1 81.85 

 RHB2 101.45 

 RHB3 85.83 

 RHB4 57.99 

 RHB5 53.02 

 RHB6 96.65 

 RHB7 35.86 

 RHB8 67.00 

 RHB9 93.12 

 

 

 

 

 

 

 

 

 

17



 

Proc. of The Fifth Intl. Conf. On Advances in Applied Science and Environmental Engineering - ASEE 2016 

Copyright © Institute of Research Engineers and Doctors, USA .All rights reserved. 

ISBN: 978-1-63248-086-6 doi: 10.15224/ 978-1-63248-086-6-04 

Figure I.   TGA curves of RHB3  

 

 

 

 

 

 

 

 
Figure II.  TGA curves of RHB2 

 

 

 
 

 

 

 

 

 
Figure III. TGA curves of RHB7 

 

 

 

 

 

 

 

 

 

 

 

 
Figure IV. TGA curves of RHB8 
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