Thermochimica Acta, 232 (1994) 225--232 225
Elsevier Science B.V., Amsterdam
SSDI 0040-6031(93)01389-K

Kinetic analysis of non-isothermal calcination TG curves
of natural Turkish dolomites

Aysegiil Ersoy-Meri¢boyu * and Sadriye Kiigiikbayrak
Istanbul Technical University, Chemical and Metallurgical Engineering Faculty, 80626
Maslak, Istanbul (Turkey)

(Received 3 May 1993; accepted 2 June 1993)

Abstract

Calcination kinetics of six dolomite samples originating from different parts of Turkey
were investigated by using the non-isothermal thermogravimetry technique. Calcination
TG curves of samples were obtained under two different atmospheres of (1) pure nitrogen
and (2) a mixture consisting of 15 vol.% CO, and 85 vol.% dry air, by using a constant
heating rate of 10 K min™". Kinetic analysis of the curves was achieved by applying four
different methods of calculation; also, 14 different model equations of possible solid-state
rate controlling mechanisms were considered. Arrhenius parameters £ and A and the
model function f(a) that best describes the reaction mechanism were evaluated for the
decomposition reactions of both MgCO, and CaCO, components of samples. A computer
program in Basic which enables regression analysis to be carried out was used to obtain
kinetic results from experimental non-isothermal TG data. It was observed that besides
differences in the chemical composition of samples, gaseous atmosphere and the method of
calculation influenced the results obtained.

INTRODUCTION

According to the heating curves recorded between 293 and 1273 K the
thermal decomposition of dolomite occurs in two main steps; the first mass
loss corresponds to the decomposition of MgCO; (eqn. (1)) and the second
step is attributed to the decomposition of CaCO, (eqn. (2)) [1]

MgCQO; - CaCOs(s) + heat =MgO - CaCOs(s) + CO,(g) (1)
MgO - CaCO;(s) + heat=MgQ - CaQ{s) + CO,(g) (2)

In recent years thermoanalytical methods have been widely used to study
the kinetics of various solid state decomposition reactions. Kinetic studies
can be carried out with a simple and rapid experimental procedure by using
the non-isothermal thermogravimetry technique [2]. Several computation
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methods have been presented in the literature which utilize non-isothermal
TG data to obtain kinetic information [3-10].

Generally the rate of mass loss for a decomposition reaction is described
by the equation

da/df = kf(a) (3)

where a is the degree of conversion, ¢ is the time, k is the reaction rate
constant and f(« ) is the conversion function which depends on the reaction
mechanism. The temperature 7 dependence of the reaction rate constant
can be given by the Arrhenius equation

k=Aexp(—E/RT) 4)
T=T,+ bt ®)

where A and E are the pre-exponential factor and apparent activation
energy, respectively, R is the gas constant and b is the linear heating rate.
By combining the above expressions the general non-isothermal Kinetic
equation

[((da/dT)/f(a)] = (A/b) exp(—E/RT) (6)

is obtained. Most of the existing methods used to evaluate non-isothermal
kinetic parameters are based on this general equation (eqn. (6)).

In the present work, kinetic analysis of the calcination TG curves of six
natural Turkish dolomites was achieved by using computational techniques.
The non-isothermal thermogravimetry technique was employed to obtain
the calcination TG curves of the samples.

EXPERIMENTAL

Thermogravimetric experiments of samples were performed by using a
Shimadzu TG 41 thermal analyser. The initial mass and particle size of
samples used in the measurements were about 100mg and <250 um,
respectively. The experiments were carried out from room temperature to
1223 K with a programmed heating rate of 10 Kmin~'. Pure N, and a
mixture consisting of 15 vol.% CO, and 85 vol.% dry air were used as
gaseous atmospheres. The flow rate of gases was maintained at a constant
rate of 40 cm® min~' throughout the measurements. Calcination TG curves
were traced by using a chart speed of 2.5 mm min™".

In order to determine the chemical composition of dolomite samples
ASTM standards [11] were followed and the results are presented in Table
1.
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TABLE 1

Chemical analysis in % of the dolomite samples

Sample Ca0 MgO Fe,O, Si0, Al O,
code

D01 36.02 14.66 0.60 2.67 1.40
D02 32.50 16.87 0.17 4,97 0.97
D03 31.85 19.21 0.36 1.16 0.36
D4 31.52 19.87 0.12 0.64 0.26
D05 20.30 22.60 0.25 13.30 1.90
D06 30.04 19.22 0.32 —_ 1.23

RESULTS AND DISCUSSION

Four different computational methods which are given below were used
to evaluate the kinetic results from the calcination TG curves: (1) Method I,
Coats-Redfern [5]; (2) Method 11, Horowitz—Metzger [4]; (3) Method 111,
Dharwadkar-Karkhanavala [9] and (4) Method IV, Doyle [3] modified by
Zsako [10].

According to the general non-isothermal kinetic equation (eqn. (6)) a
plot of In[(da/dT)/f(a)] versus 1/T should give a straight line if the
appropriate f(a) function is selected. Arrhenius parameters (E and A) can
be obtained from the slope and intercept, respectively after the selection of
f(a) function is satisfied. In this study, 14 different kinetic models were
tested to determine the most appropriate mechanism describing the
calcination reactions. Table 2 lists these models with their corresponding
f(a) and [g(a) = f da/f(a)] expressions.

The determination of the non-isothermal kinetic parameters for the
decomposition reactions (eqns. (1) and (2)) were carried out by using a
Basic computer program. The experimental data such as constant heating
rate, initial and final sample masses, initial and final reaction temperatures
and a-T data derived from TG curves were used as input parameters for
the computer programme.

The f(a) functions which provide a resonably good fitting to the
experimental data were chosen as those which give the highest correlation
coefficient for methods I, IT and III and give the lowest standard deviation
for method IV.

Tables 3 and 4 summarize the calculated kinetic parameters for the first
step decomposition (eqn. (1)) reactions carried out in N, and dry air + CO,
atmospheres, respectively.

Similarly, the kinetic parameters determined for the second step
decomposition (eqn. (2)) in N, and dry air + CO, atmospheres are shown in
Tables 5 and 6, respectively.
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The kinetic results obtained for the first step thermal decomposition of
samples (Tables 3 and 4) indicate that there are marked variations in the
value of Arrhenius parameters (E and A) depending on sample properties,
gaseous atmosphere and the method of calculation. However the selected
kinetic models [f(a)] are only strongly affected by calcination gaseous
atmosphere. Although the f(a)=(1—-a)’=1 and f(a) = (1 — a)*> model
equations were selected most often for the first step decomposition
reactions of samples in N, and dry air + CO, atmospheres, respectively;
other equations which are (1 — )’ [~In(l — )] ' for N;and (1 —a)’=1
for dry air + CO, atmospheres were indicated as well. These slight
variations can be attributed to the sample properties and the method of
calculation.

It is clear from the results presented in Tables 5 and 6 that gaseous
atmosphere, method of calculation and sample properties influenced the
kinetic parameter values obtained for the second step decomposition
reactions of samples. For the reactions which were carried out in N,
atmosphere the variation of the best fitting expressions [f(a)] depending
on sample properties was found to be the same when methods I and IV
used; the f(a) functions determined with methods II and III also showed
the same variation for all samples except D 06 (Table 5). The model
equations of f(a)=(1-a)* (n=05,0); f(a)=[-In(1-a)]' and
fla)=(3/2)[(1 = a)~"®—1] ' were determined as best fitting expressions,

The results given in Table 6 indicate that the mechanisms of the reactions
carried out in dry air + CO, atmosphere can be described by three different
kinetic equations of (1 — @)’ =1, [-In(1 — «)] ' and (1 — a)* depending on
sample properties.

If we compare the calculated Arrhenius parameter values of both first
and second step decomposition reactions of samples in two different
atmospheres (Tables 3-6) it can be concluded that parameters are affected
by the partial pressure of the gaseous product of reactions. Generally there
is an increase in E values with increasing partial pressure of CQ, in furnace
atmosphere. This increase is due to the reversible nature of the reactions.
An increment in the value of E is balanced by a corresponding increase in
A. This linear relationship between E and A (the kinetic compensation
effect) has been pointed out in the literature by several researchers [15-18].
The results reported in this work are in agreement with this effect.
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