Thermochimica Acta, 42 (1980) 109—113 109
Elsevier Scientific Publishing Company, Amsterdam — Printed in Belgium

Note

A NEW METHOD FOR THE DETERMINATION OF THE ORDER OF
REACTION FOR A SOLID STATE REACTION FROM THE DYNAMIC
DTA CURVE

A B. PHADNIS and V.V. DESHPANDE
Chemistry Division, Bhabha Atomic Research Centre, Trombay, Bombay 400 085 (India)
(Received 19 May 1980)

The concept of an order of reaction in the solid state has a limited signif-
icance compared with reactions in other phases. However, it is essential to
calculate the so-called “order of reaction’ for the purpose of calculating
other kinetic parameters such as activation energy, frequency factor, specific
reaction rate, etc.

Kissinger’s shape index method [1] is usually used to determine the order
of reaction from the DTA curve, but it has been recently pointed out that
this method is not applicable for higher order reactions [2]. Further, the
simplest method suggested by Piloyan et al. [3] for evaluating the activa-
tion energy does not include any consideration for the evaluation of the
order of reaction. A new simple method, therefore, is suggested for the eval-
uation of the activation energy as well as the order of reaction from the same
plot of log AT vs. 1/T used for the Piloyan et al.’s [3] evaluation.

The rate of reaction is given by the usual relationships

de

a k& (1)
or
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where C is the concentration, generally expressed in terms of the fraction
remaining unreacted (1 — «), da/dt or da/dT is the reaction rate, K is the
specific reaction rate constant, § is the heating rate, and 7 is the order of
reaction.

Substituting K = Ze ®/RT (Arrhenius equation) in egn. (1a) and taking
logarithms, this relation becomes

da Z E
—&E;= log—————f + 71 log(l —a) {2)
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where Z is the frequency factor, E the activation energy, and T the temper-
ature (K).
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Differentiating eqn. (1a) with respect to T
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At the point of inflexion, d?«/dT? = 0 and hence

NRTZ x (da)
(1 = @) (@)max )

Substituting eqn. (4) into eqn. (2) gives

da _ _Z__ Tz%ax (da/dT)max — — ]
loggr=log} ’7[(1 — @) 2.303T log(1 —a) (®)

Experimentally, it is observed that T2 ., (do/dT)max/[(1 — @) max 2.8303T1 >>
log(1 — «) (Table 1) and hence omitting log(1 — «) in the equation
d Z _ nTEax(de/dT)max

&
ar 8 T (1 —a)... 2.303T (6)

log Z/3 is a constant for all practical purposes.

The plot of log(da/dT) vs. T%.x(d¢/AT)max/[(1 — @)max 2.303T] gives a
straight line, the slope of which gives the order of reaction, 7, and the inter-
cept gives log Z/B. The plot of log(de/dT) vs. 1/T also gives a straight line.
This slope, if divided by I?nax(da/dT)@ax/ [(1 — a)max 1, gives 77, the order
of reaction.
The plot of log T vs. 1/T is suggested by Piloyan et al, [3] for the evalua-
tion of the activation energy from a DTA curve. The same plot, if used with

E =

log

TABLE 1

Comparison of Tl?nax(da/dt)max

(1 — &)max 2.303T
and log(1l — &) for CdCO3; decomposition

T2 (40 ATy ax

(1— ) 2.303T log(1 —a)
54.39 0.0019
53.50 0.0075
52.57 0.0180
51.58 0.0356
50.51 0.0631
49.80 0.1073
48.99 0.1801
48.20 0.3032
47.39 0.5219
46.59 1.0342

46.34 1.9322
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Fig. 1. Plot of log AT vs. T2, AT, . /[B(A —a),.,2.303T].
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Fig. 2. Piloyan et al.’s method [3] plct for tha decomposition of CAdCO;.
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Fig. 3. Coats and Redfern’s method plot {4] for the decomposition of CdCO3;.

proper multiplying factors, gives the activation energy and order of reaction
simultaneously.

The rate of reaction da/dt or dae/dt obtained from DTA curves where a
is the area under the DTA peak (total area A) is equivalent to AT and the
relation AT = da/dt or A(d«/dt) holds good.

Substituting this relation in eqn. (6) and replacing « = a/A, where a is the
area under the DTA peak at a particular point, A gives the relation

l0og QA1 = 10g LA —-B— (X: a)u;;:z.SOST (7)
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Fig. 4. Log AT vs. log(A — a) plot for the isothermal decomposition of CdCO; at 703
1 K.
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TABLE 2
Order of reaction values calculated from different methods for CdCO3; = CdO + CO,

Kissinger’s method 0.48
Isothermal method 0.47
This method 0.48

A plot of log AT vs. T2, AT, /(A — a@)_,.,2.303T (Fig. 1) gives a
straight line, the slope of which will be 71, the order of reaction. The plot of
log AT vs. 1/T also gives a straight line, the slope of which if divided by
T2 AT, .. /[B(A — a),..2.308T] (whose AT is expressed in temperature
scale) will give the order of reaction (Fig. 2).

This relation was tested for the decomposition CdCO; - CdO + CO, and
the order of reaction was found to be 0.48. The value determined from Kis-
singer’s slope index method [1] was 0.48. Using this reaction order value,
the activation energy value calculated by Coats and Redfern’s method [4]
for 0.5 order was found to be 38.69 kcal mole™! (Fig. 3), which is compar-
able with the value calculated by the method of Piloyan et al. [3] (Fig. 2)
and also by the conventional isothermal method (Fig. 4; Table 2).

It is evident from this that the method is very simple, convenient and
easily applicable to solid state reactions.
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