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ABSTRACT

The mechanisms of the first two stages of the thermal decomposition of calcium
oxalate monohydrate

(CaC,0, - H,0 _— 29 cac,0, _ TC°  caco,)

have been established from non-isothermal thermogravimetric studies. For both
stages, the rate-controlling processes are phase boundary reactions; the dehydration
step assumes spherical symmetry whereas the decomposition step follows cylindrical
symmetry. The kinetic parameters calculated from mechanistic equations show the
same trend as those from mechanism-non-invoking equations. Thus, for the decompo-
sition of CaC,0, the kinetic parameters are not appreciably affected by heating rate
or sample mass. For the dehydration step they show a systematic decrease with

increase in either heating rate or sample mass. The best fit correlations can be expressed
as follows

E(or, log A) = (Constant/Heating rate) 4+ Constant, (at fixed sample mass)
E(or, log A) = (Constant) x (Mass)? — (Constant) x (Mass) + Constant, (at
fixed heating rate)

SYMBOLS USED

A = pre-exponential factor;
a« = fraction decomposed;
¢ = heating rate;

E = energy of activation;
m = sample mass;
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n = order parameter;

R = gas constant;

r = correlation coefficient;
T = temperature in K.
INTRODUCTION

In an earlier publication! we had evaluated E, 4 and » for the dehydration of
CaC,0, - H,O and the decomposition of CaC,0,4 to CaCOj; and CO, using three
well-known integral equations®~ 4. Mathematical correlations of high reliability
between heating rate or sample mass on the one hand, and the kinetic parameters on
the other, were also evolved for the dehydration step.

Non-isothermal TG experiments have recently been used to study the mecha-
nism of thermal decomposition of solid state reactions® 2. In the present study it is
attempted to establish the mechanisms of the first two stages of the thermal de-
composition of CaC,0, - H,O0, using non-isothermal TG experiments. A search
through the available literature did not reveal any earlier attempt made to correlate
kinetic parameters obtained from mechanism-based equations with heating rate and
sample mass. Such mathematical correlations are also presented in this paper.

EXPERIMENTAL DATA

Seven heating rates (1, 2, 5, 10, 20, 50 and 100°C min~!) at constant sample
mass (5-+0.1 mg) and seven sample masses (1.1, 2.5, 5.1, 7.4, 10.0, 15.0 and 20.2 mg)
at constant heating rate (10°C min~!) were employed in our earlier study' and the
twenty-eight sets of values of « and 7" obtained in that study have been used for the
present calculations.

The TG experiments were carried out in a nitrogen atmosphere using a Dupont
990 Thermal Analyser with 951 Thermogravimetric Analyser. Computational work
was done with IBM-360 Computer. Further details are given in our earlier paper’.

MATHEMATICAL TREATMENT OF DATA

Kinetic parameters are evaluated from non-isothermal TG curves by the
application of the Arrhenius equation

e _ A -mmTgr

£() ¢
The usual mechanism-non-invoking kinetic equations are merely extensions of those
used in homogenous kinetics, wherein it is assumed that f(«) = (1 — «)". In contrast,
mechanism-invoking kinetic studies are based on the assumption that the form of
f(or) depends on the reaction mechanism. A series of f(o) forms are proposed and the
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TABLE 1

MECHANISTIC EQUATIONS

Egn, Formofg(a) Rate-controlling process

No.

1 o2 One-dimensional diffusion

2 g+ (1 —o)in(l — o) Two-dimensional diffusion

3 n—Jd — 0t Three-dimensional diffusion, spherical symmetry —
Jander equation

4 A —3%0) — (1 — )b Three-dimensional diffusion, spherical symmetry —
Ginstling-Brounshtein equation

5 —In{l — &) Random nucleation — one nucleus on each particle

6 [—In(1 — o)} Random nucleation — Avrami equation I

7 [—In(d — 0]} Random nucleation — Avrami equation II

8 11— — )t Phase boundary reaction — cylindrical symmetry

9 1 —d — o)t Phase boundary reaction — spherical symmetry

mechanism is obtained from the one that gives the best representation of the experi-
mental data.

In this study, kinetic parameters are calculated using the integral method. The
integral forms of

| datf @ = @

for nine probable reaction mechanisms, listed by Satava?, are given in Table 1. The
Coats—Redfern method? was used for solving the exponential integral, as it is one of
the best approaches recommended by several authors!°~1!2,

Using the computer, linear plots of the nine forms of g(«)/T? vs. 1/T were
drawn by the method of least squares, and the corresponding correlation coefficients
were also evaluated. E and 4 were calculated in each case from the slope and the
intercept, respectively.

RESULTS AND DISCUSSION

For the two stages of decomposition, a total of 28 X 9 = 252 sets of values of
E, A and r were calculated and are presented in Tables 2-5.

Tables 2 and 3 give the kinetic parameters for dehydration of CaC,0, - H,O
to CaC,Q,, for different heating rates and sample masses, respectively. Tables 4 and 5
give the corresponding values for the decomposition of CaC,0, to CaCO; (in a
nitrogen atmosphere). From these tables it can be readily seen that in almost all cases
the correlation coefficients are very close to unity, indicating near-perfect fits. A
similar observation was made by earlier workers® for the decomposition of Mg(OH),.
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A choice of the probable mechanism from the best-fit curve, thus, becomes difficult.
In such instances the above authors® have chosen the function g(x) which yielded
kinetic parameters in agreement with those obtained by the numerical method
proposed by them. In the present case a comparison with the values obtained by the
Coats—Reciern method will be more appropriate as the same method was used
here for solving the exponential integral. The kinetic parameters calculated for the
same experimental data with the Coats—Redfern equation are taken from our earlier
work!, and the comparison with the mechanistic equation which gives the nearest
values of E and A4, is given in Tables 6 and 7.

From these tables the following observations emerge.

(i) Both stages of decomposition follow the mechanism of phase boundary
reaction. The dehydration of CaC,0, - H,O to CaC,0, assumes spherical symmetry
(eqn. 9, Table 1), while the decomposition of CaC,0, to CaCOj; follows cylindrical
symmetry (eqn. 8, Table 1). The kinetic parameters calculated from the mechanistic
equation for the decomposition of CaC,0, to CaCOj; are not appreciably affected by
either heating rate or sample mass. For the conversion of CaC,0, - H,O to CaC,0,,
the Kinetic parameters show a systematic trend — they decrease with increase in
either heating rate or sample mass. These findings are quite similar to the trends
reported by us earlier!, concerning the kinetic parameters obtained from mechanism-
non-invoking equations.

As in our earlier \vnrl(l a statistical analvsis was carried out to establish
out to ¢

U [+ 20 3393 SLEUSLILGL QaKiy oS H L& Sl saSin

correlations of kinetic parameters with heating rate and sample

that the curves of £ vs. heating rate and log 4 vs. h

rectangular hyperbolae following the equations

E — 82.866 - 149.62/¢
log,;0d = 6.9504 1 21.062/¢

3
m
w
b
o+
£
8
w
S
=
=
=7

The reliability of the fits was evaluated by the F-test and the Fisher constants
worked out to be 353.9 and 335.5, respectively, corresponding to a confidence level of
above 999 in both cases.

The best-fit curves for kinetic parameters and sample mass are parabolae,
following the equations

E = 130.01 — 3.3388 m + 0.0614 m
log o4 = 13.719 — 0.5441 in + 0.0113 w2

The Fisher constants are 13.96 and 20.34, respectively, corresponding to a
confidence level of above 95 and 999, respectively.
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