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DETERMINATION OF THE KINETICS AND MECHANISM OF A
SOLID STATE REACTION. A SIMPLE APPROACH

A.B. PHADNIS and V.V. DESHPANDE
Reactor Chemistry Section, Chemical Group, Bhabha Atomic Research Centre, Trombay,
Bombay 400 085 (India)

(Received 3 September 1982)

Many mathematical methods have been postulated in the literature [1] for
the determination of the kinetics and mechanism of a solid state reaction
from thermoanalytical curves obtained either isothermally or non-isotherm-
ally.

These methods are based on the use of the basic rate equation

%ﬁt =Kf(a)=Ze E*Tf(a) (Isothermal) (1)
or, changing the variables from time to temperature

da KX Z e E/RT .

aT= B fla)= — 5 f(a)  (Non-isothermal) (2)

By using any of these equations, either in the differential form, as given,
or in the integral form

gla)=Kt=2Ze /Ry (3)

or
( )ZZRT2[1_2RT
8l ="gE E

for isothermal and non-isothermal procedures, respectively, and plotting the
logarithmic version of either of these equations, the kinetic parameters are
generally evaluated.

The values of E, Z and K, thus obtained, become the kinetic parameters
and the functional form of a, i.e. f(a) or its integral form g(«), become the
mechanism determining function for a reaction under investigation. Often
the logarithmic version of the differential or integral form of the equation for
any functional form f(a) or g(a«), when plotted against the reciprocal of
temperature, 1/7, becomes more or less linear and it becomes very difficult
to decide the validity of a particular mechanism for a reaction under
investigation and also the real kinetic parameters.

In view of this, quite a few procedures have been suggested in the

| e ”

0040-6031 /83 /0000-0000,/$03.00 © 1983 Elsevier Scientific Publishing Company



362

Progz=,(-1D—1]u
mN\_AG - —vl —_H:
[¢/ /(@ —D)=1]u]

(1o [=4)‘Dupupd
[e +(0 — 1)y (0 — D]ug
[c (@ —1)—2f =[]y

- (®+Dug

(e f—D—1luz

LAU |~v|~
/@~ =12
Hm\_AG I—Vul :m

o uj
o (0 —[up (v —1)
e e(®—D—-2Lt—1]¢

NS - m\_aa + :_m

deq@—1D~1lF

—(®=Di
N\_?I:
m\NAG - —v

LEVA
(0 —ur—]
=g/ (@=1)]

e +D)—1]) (0 +1)

i-le1-(@=D=1lg, (2 =1)

IOPIO UONOBIY "9
I9puIAd> unoenuo)
aroyds Funoenuo)
Krepunoq aseyq ‘g
[enusuodxgy
UoISNJIp [BUOISUIWIP-7 ‘ISUS[EA
UOISNJJIp [BUOISUIWIP-§
‘BuIpIsuD—urYsuNosg
*UoISNyJIp I93UN0d
[eUOISUSWIP-¢ ‘JOPUEB[-NUY
uoIsnyJIp [euoisusawip-¢ ‘ropuer
Pa[joNIU0D UOISNJJI(T °E

[(0 —1)/0]uy uj [(0~1)/0]u (0 —1)o 1d0NU Buryouelq surydwoJ —noig
(30 ¢ % k=) (0 —up—Juy 4 Ao —1up—] sl —Du =] —1)4/1 [IMOI8 19[ONU A32JOIH ~TWEIAY
[(0 — Dug = Jug (® — Pug— (-1 (e[ reosjowrun pdurepy)
UONEI[ONU WopueLy
YIMoI3 1I9[ONU pue UOREIONN T
(Ti1o Tyttt P =)o up4 o /] Me[ Mo |
(0),3 (0)3 (o) WISIUBYDSUI UOTIBSY

SWISTUBYOOW UOTJOBAI J1B]S PI[OS 1UAIJJIP 10} (0),8 pue (0)3 ‘(0)) Jo san[ep

[ 4TdVL



363

literature. Amongst these are (a) generation of theoretical thermoanalytical
curves for different functional forms of a and their comparison with experi-
mental curves [2-4], (b) comparison of isothermally and non-isothermally
determined functional curves [5,6], and (c) comparison of differential and
integral methods, selecting the matching parameters [7,8], and determining
the functional form of q, i.e. f(a).

The determination of theoretical thermoanalytical curves for all possible
functional forms of a, f(a), and their comparison with experimental curves is
a very elaborate exercise. On several occasions, the determination of the
isothermal curve is not possible because of the limitations of the experimen-
tal set-up and also the time involved. Similarly, determining kinetic parame-
ters by differential as well as integral methods does not mean different
results, since these originate from the same basic equations [eqn. (1) or (2)].

It is, however, possible to remodel eqn. (4) by substituting eqn. (2) and
rearranging it to give

er{ 2RT] de

f(a) g(a) = ' F lar (5)

On neglecting the comparatively small term 2R?T?/E?2, eqn. (5) reduces
to

f(a) g(a) = KT~ 9% (©)

A linearity of plot of f(a), g(a) vs. T? da/dT or any other combination

TABLE 2

Values of fraction conversion, a, with respect to reciprocal temperature, 1/T for CdCO,
decomposition

a 1/T x 103
0 1.538
0.0046 1.508
0.0172 1.484
0.0406 1.458
0.0788 1.431
0.1352 1.401
0.2200 1.381
0.3405 1.359
0.5025 1.337
0.6993 1.314
0.9015 1.292
0.9883 1.285

1.0000 1.274
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can decide the mechanism determining the functional form of a.
Alternatively, on integration of eqn. (6), we have

gla)= - == (7)

where g'(a) = (f(a) g(a) da.
The plot of g'(a) vs. 1/T is linear with the proper functional form of a.
The slope of this plot, if multiplied by R, gives the value of E. Application

of this new method clearly gives a means of obtaining the valid reaction
mechanism.
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Fig. 1. Coats and Redfern [10] plot for CdCO, decomposition. O, g(a)=[1—(1—a)'/’]; 4,
gla)=[1-(1-a)'?]; @ g(a) = [1 = In(1 - a)].
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Different g'(«) values, along with f(«) and g'(a) values, applicable for
various reaction mechanisms of a solid state reaction, are given in Table 1
for convenience.

The applicability of this new method is illustrated by studying the thermal
decomposition of CdCO,. The different values of fractional conversion, a,
with respect to reciprocal of temperature, 1/7, required for this reaction to
show the linearity limits of different plots in ensuing figures, are given in
Table 2.

The decomposition of CdCO, to CdO and CO, has an order of 0.5 [9] and
has a phase boundary controlled contracting cylinder mechanism reaction.
When the logarithmic version of the Coats and Redfern method [10], i.e.
In[g(a)/T?], is plotted with respect to 1/T for a 0.5 order or phase
boundary controlled cylindrical mechanism, a 0.67 order or phase boundary
controlled spherical mechanism, a first order or nucleation and growth
random nucleation mechanism (Mampel unimolecular law), all plots become
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Fig. 2. Plot according to eqn. (6) for CdCO, decomposition. O, f(a) = (1 — a)*?, g(a) = 3[1
—(1-a)?L; A, (@)= (1= )2, g(a) =21~ (1= &)'/?]; @, f(a) =(1-a), gla)=[—In(]

— a)].



366

9.2

6.9

4.6

9' (o)

2.3

0.0

23 I | L

10°
T

Fig. 3. Plot according to eqn. (7) for CdCO; decomposition. O, g'(a)= —In[1—(1— a)!/3};
A, g(a)= —In[l1—(1—a)/?]; @, g'(a)= —In[~In(l - a)].

linear (a = 0.05-0.75). It becomes very difficult to distinguish which particu-
lar mechanism is valid (Fig. 1) but when our new method is followed, one
can pinpoint the difference between different reaction mechanisms [Fig. 2,
eqn. (6) and Fig. 3, eqn. (7)]. Here the plot is linear for 0.5 order or phase
boundary controlled cylindrical mechanism only.

It is pointed out that it is a very simple approach to use either eqn. (6) or
(7) for the determination of the proper reaction mechanism for all possible
functional forms of a, i.e. f(a) g(a) in the case of eqn. (6) and g'(a) in the
case of eqn. (7) and check the linearity of the plots for non-isothermally
determined solid state reaction.
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