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DEHYDRATION KINETICS OF AN INDIAN CLAY 
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Decomposition of clay from Garo Hills of Meghalaya (India) was studied by dynamic 
thermogravimetry. A fourteen kinetic equation procedure was applied for analysis of non- 
isothermal weight change upto a temperature of 1223 K. Two stage, of decomposition were 
clearly distinguised i.e. the initial dehydration period at temperature 373 K to 673 K and the 
dehydroxylation period in the temperature range 723 K to 1073 IC First order decomposition 
mechanism was found to be applicable to both dehydration and dehydroxylation steps. Ac- 
tivation energies of 67 k J/tool and 278 kJ/mol are estimated for the first and second steps 
with frequency factors of 16.3 s -I and 5.16 xl06s -I respectively. The weight loss relating to the 
steps in TG curves allows determination of the contents of the basic mineral in the clay. Per- 
centages of A1203,SIO2 and total volatiles as calculated from weight loss data are in accord- 
ance with the results of classical chemical analysis. 

This  p a p e r  r e p o r t s  non - i so the rma l  the rmograv ime t r i c  analysis of  the clay 
in the  G a r o  Hil l  of  Megha laya  ( India)  leading to the approx ima te  es t imate  

of  the chemica l  cons t i tuents  and  impor t an t  kinet ic  pa rame te r s .  

A n u m b e r  of  mode l s  have  b e e n  deve loped  for  solid decompos i t ion  

m e c h a n i s m  and  m e t hods  have b e e n  worked  out for  solving the d i f ferent ia l  
equa t ion  which could  r e p r e s e n t  the decompos i t ion  of solids d e t e r m i n e d  
unde r  i so the rma l  a n d  non - i s o t he rm a l  condi t ions .  The  re t r ieval  of  the kinet ic  
p a r a m e t e r s  f r o m  the weight  loss versus t e m p e r a t u r e  da ta  can  be  done  by  
using one  of  severa l  t echn iques  such as those  deve loped  by F r e e m a n  and 

Ca r ro l  [1], H o r o w i t z  and  M e t zge r  [2], G o r b a c h e v  [3], MacCa l lum and  Tan- 
ne r  [4], Coats  and  R e d f e r n  [5], and  Reich  and  Stivala [6]. O the r  t echniques  
a re  avai lab le  for  speci f ic  decompos i t i on  mechan i sms  such as those  
d e v e l o p e d  by  Sa tava  and  g k v a r a  [7] and  Blazejowski  [8]. Modi f i ed  vers ion of  
Coa t s  and  R e d f e r n  Technique  [9] has  b e e n  deve loped  and  found  to be  the 
eas ies t  of  all me thods .  This  has  fu r the r  b e e n  modi f ied  to cover  wide range  of  
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mechanistic model [10]. Terez [11] has proposed a procedure for a modified 
Freeman and Carroll method. 

Theoretical 

The process of clay dehydroxylation may be described by a fundamental 
equation of non-isothermal kinetics. The ultimate aim of analysing dynamic 
TG curve is a to linearize the data in the form of the decomposition fraction 
as a function of temperature, (T). Certain well established kinetic solid-state 
equations are employed to describe the TG curve and are associated with 
one or more rate determining mechanism. In the present paper we adopt 
three methods using nine of the basic kinetic equations 
(D1, Dz, D3, D4, F1, A2, A3, R2, R3). For all procedure of analysis, a least square 
fit for a straight line has been employed and the corresponding correlation 
co-efficient, r and standard error or deviation S~ were estimated. 

The following methods are used in this paper 

1) The method of Coats and Redfern (CR): In the original method [5], the 
authors assumed a first order reaction mechanism as well as fractional order 
down to zero. 

In recent year, the method has been modified and extended to cover all 
of the nine currently accepted solid-state reaction mechanism [10]. The 
general equation is of the form: 

log T ~ 2  =log[~E~ ] Ea (1) 

o r  

log = log 1 - 2.3RT 
(2) 

where, T is the absolute temperature at the specified fraction, R is the gas 
constant, E, is activation energy, .4 is the Arrhenius frequency factor and ~o 
is heating rate. If the correct g(a) is used, a plot of the left hand side of the 
equation vs. 1/T should give a straight line from which the values of Ea and.4 
could be estimated. 

d. Thermal .Anal., 36 1990 
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2) The method of Blazejowski (Blz): This method was applicable to certain 
solid-state reaction kinetics [8]. The basic equation involved is 

log g ( a )  = log-~ Eo 
T 2.3RT (3) 

which is found to be suitable in the linearized procedure. Values of Ea and.4 
then can be evaluated easily. 

3) The method of Satava and ~kvara (SS): According to this method, log 
g(a) is plotted against lIT for each of the nine solid-state decomposition 
mechanism. From the slope of the best straight fine, extending over the 
whole range of decomposition, Ea can be calculated from the approximate 
formulae: 

E~ = - tanf l  + q i - ~ - - 8  t--~-~. T- (4) 

where tan fl is the slope of the straight line and T is the temperature cor- 
responding to 50% decomposition. 

Experimental 

Representative clay sample was ground to -325 mesh, washed in distilled 
water, decanted and dried before subjecting to DTA. TG, DTA and DTG 
were recorded with MOM (OD 103) derivatograph, taking 200 mg of clay 
sample. Reference samples was a-A1203 and heating rate was 4.66 K per 
second in static N2 atmosphere. 

Results and discussion 

Thcrmogravimetric curves are shown in Fig. 1. The TG curve shows 
clearly two distinct zones of dehydration. The first zone is indication of loss 
of water which is physically adsorbed on clay surfaces while the second zone 
is due to loss of structural water i.e. loss due to dehydroxylation. One may 
easily infer that the clay is basically of the kaolinitic (AI2S2Os (OH)4) struc- 
ture from which removal of hydroxyl takes place above 723 K, the peak 
temperature being obtained between 773 K to 873 K. The peak temperature 

Z Therma/AnaL, 36, 1990 
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Fig. I TG, DTG, DTA curves of the clay 

832 K obtained here with finely ground washed clay sample is thought to be 
representative of the clay, though in general peak temperature varies with 
impurities present, heating rate, water vapour pressure and other ex- 
perimental conditions [12]. The fh'st dehydration step is involved with a loss 
of about 4% water while the dehydroxylation step involved a loss of about 
13% water which is almost equal to the percentage of structural water 
present in kaolin. From the initial mass of sample taken and the process of 
dehydration of single mineral and following a standard procedure [13], the 
kaolin content was found to be 92% which implies that A1203 and SiO2 con- 
tents in the clay are 36.34% and 42.81% respectively. Chemical analysis of 
the clay shows an A1203 content of 36.9% and SiO2 content of 44.56%. Thus 

J. Thermal Anal., 36, 1990 
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the thermoanalytical results show reasonable accuracy in supporting kaolin 
as the predominant nature of the day. 

The two dehydration steps are transfered into kinetic curves and shown 
as fractional decomposition (dehydration and or dehydroxylation) vs. 

1.0 

o., 

g o6 
U 

h~ 

O~ 

0.2 

5OO 6OO 7O0 800  

Dehydroxylotio/ 

i I I I 
2 0 0  300 400  500 

Temperature 1~ 

900 

Fig. 2 Fraction decomlx)sod as function of temperature 

temperature.  Table 1 shows the kinetic parameters namely Ea and A for the 
nine mechanistic model using all fourteen functions and the three methods 
mentioned earlier. The results pertain to the entire range of decomposition 
and statistical test for the goodness of fit was performed following a stand- 
ard procedure  [14] in a computer (HC1 India, System IV). Both dehydration 
and dehydroxylation of the clay follow first order kinetic mechanism though 
there is some proximity to second order mechanism. Earlier workers have 
established first order kinetic mechanism for pure kaolin [15]. But some 
workers report  a diffusion controlled reaction in vacuo. It may be belived 
that most observation of first order kinetics can be reinterpreted in accord- 
anee with a diffusion controlled mechanism. Pseudo phase boundary con- 
trolled mechanism was also proposed by some workers [16] with Ea and A 
values of 172.62 kJ/mole and 14.85x101~ "1 respectively. 

J. Thermal AnaL, 36, 1990 
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The values of activation energy found out by SS method were consider- 
ably higher than those obtained by the other two methods for all the four- 
teen equations. This is reasonable since the sensitivity of SS method is 
relatively lower though it offers useful kinetic information in general [17]. 
The CR method gives smallest values of Ea for both the steps involved while 
Blz method gives values lying inbetween. However, Blz method reveals that 
the straight line fit is better for all fourteen mechanism in both the dehydra- 
tion and dehydroxylation steps. Recent finding is that CR method extended 
to any g(a) is the most reliable method for non-isothermal analysis [18]. In 
the present ease also, CR method shows better correlation (r = .98 and So 
= 17x10 -z) for the first order mechanism resulting in Ea values of 67 k J/mole 
and 278 kJ/mole for dehydration and dehydroxylation steps with cor- 
responding A values of 16.3 s -1 and 5.16x106s -~ respectively while Blz 
method shows Ea values of 77 and 294 kJ/mole for the two steps with A 
values of 3s -1 and 4x105s -1 respectively (r = .994, S, = 18x10 -3 for dehydra- 
tion and r = 0.974, S~ = 3.49x10 -1 for dehydroxylation). 

Since kinetic law for kaolin dehydroxylation is reported to change at a 
conversion degree of greater than 60% [19], regression analysis was 
separately performed using data on conversion below 60%. Better correla- 
tion was obtained for the proposed mechanism using CR technique, the 
values of Ea and A being 262.1 kJ/mole and 4.01xl0~s -1 respectively 
(r = .992 and S, = 7x10-3). The value of Ea calculated for the clay is higher 
than those for natural, synthetic as well as activated kaolin reported recently 
[20]. However, wide variation in Ea value (i.e. 200 to 840 kJ/mole) is possible 
depending on the sources of kaolin [21]. The value of A for the dehydroxyla- 
tion step obtained in this work is significantly lower in comparison to figures 
in the range of 7.6 to 14.8x101~ -1 reported in literature [16]. The observed 
variation may be attributed to differences in structural properties, particle 
size, particle packing in aggregate and the size and density of the aggregate 
of clay. However, the observed results would be quite reasonable for in- 
dustrial design of calcination process. 

Conclusion 

1) Analysis of non isothermal thermogravimetric curves of an indian clay 
upto temperature of 1223 K revealed two stages of dehydration i.e. an initial 
dehydration period at temperature 373 K to 673 K and a dehydroxylation 
period in the temperature range 723 K to 1073 K. 

I. Thermal Anal., 36 1990 
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2) First order decomposition mechanism was found to be predominant to 
both dehydration and dchydroxylation steps which are associated with ac- 
tivation energies of 67 kJ/mol and 278 kJ/mol respectively. The correspond- 
ing values of the frequency factor are 16.3s "1 and 5.16x106s "1 respectively. 

3) Analysis of the weight loss relating to steps in TG curves further 
reveals that the clay is basically kaolinitic in nature and that the A1203 and 
SiO2 contents of the clay are 36.34% and 42.81% respectively which are 
comparable to the values of 36.9% and 44.56% as obtained by classical 
chemical analysis. 
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Zusammenfassung -- Mittels DTG wurde die thermische Zersetung von Ton aus der 
Garo-Hil ls-Gegend bei Meghalaya (Indien) untersucht. Zur  Analyse der nicht-isothermen 
Gewichtsveranderungen his zu einer Temperatur  yon 1223 K wurde ein Verfahren mit vier- 
zehn kinetischen Gleichungen angewendet. Zwei Teilschritte der Zersetzung k6nnen ein- 
deutig unterschieden werden, n~imlich die anf~ingliche Dehydratationsperiode bei 
Temperaturen yon 373 bis 673 K und die Dehydroxylierungsperiode bei Temperaturen zwi- 
schen 723 K un 1073 K. Ffir beide Vorgange konnte als Reaktionsmechanismus eine Zerset-  
zung erster  Ordnung angewendet werden. Fiir den ersten un zweiten Teilschritt konnten 
Aktivierungsenergien yon 67 kJ/mol bzw. 278 kJ/mol un Frequenzfaktoren yon 16.3s d bzw. 
5.16x106s d ermittel t  werden. Der  aus den TG-Kurven hervorgehende Gewichtsverlust l~iBt 
auf den Gehalt  des Tones an Basismineral schlieBen. Der  prozentuelle Gehalt an A1203, 
SiO2 und der  gesamten fliichtigen Bestandteile, berechnet aus den Gewichtsverlusdaten, 
stimmt mit den Ergebnissen aus herk6mmliehen chemischen Analysen iiberein. 
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