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For a series of experiments on a given compound, the activation energy 
value could be determined conveniently from the maximum rate of reaction 
points alone. This method, however, provides a quicker and more useful way 
to analyse the kinetic data from those techniques where the data output is in 
the form of derivatives, i.e., da/dT. 

The rate of a solid-state decomposition reaction is conventionally given by 

da/dt = Kf( a) (1) 

Where K is the specific rate constant and f(a) is some function of (Y 
describing the mechanism of reaction. 

Considering a linear heating rate (i.e., /? = dT/dt) and assuming an 
Arrhenius relationship for K, eqn. (1) can be expressed as 

da/dT=$ exp(-E/RT)f(a) 

which after rearrangements and 
equation takes the form of 

g(a)=$/Trexp(-E/RT)dT 

(2) 

taking integrals from both sides the above 

(3) 

Where E and A are the activation energy and pre-exponential factor, 
respectively, and g(a) is a mechanism-dependent term. 
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At the maximum point, the second derivative of eqn. (2) is equal to zero, 

thus 

d da A dT dT r,, = p 01 [ 

,-E,RT, Efbm) + dfb) 

I 1 e-E/RK = 0 RT,2 dT T, 

A -E/RT,, c-e E/RT,Zf(a) +F 
dfb) o = 

P I I T, 

Substituting eqn. (5) into eqn. (4) gives 

d da 

dT dT i )I 

A -E/RT,, 

Tm=Be 
E,RT;f(a,) +$$ 

or 

Ae-E/“‘-f(a,) 
%l P 

d da 

-( )I dT dT 
Ae-E/RTmf rx,,,) E/RTi 4-x 

T,=p ( [ 

df(a) A -E/RT,, =o 

% 
pe 

I 

(4) 

(5) 

I = 0 

(6) 

For this equation to be zero, there are two possibilities: that A/P emEIRT, 
f( a,,,) is equal to zero; or that [E/RTz + df( a)/dalamA/p ewEiRK,] is zero 
at the maximum reaction rate. The first possibility can immediately be 
rejected since that would mean, da/dTI, = 0, a contradiction in terms. On 

considering the second possibility we have 

df(a) E/RTz + da 

or 

E -df(a) Ae-~,RTm 

s= da ,,P 

which, after some rearrangements could be written as 

-df(a) P _ AR e-E/RTn, 

RT,Z E anl 

or 

(7) 
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and the plot of ln(p/Ti) vs. l/T, will give a value for E from the slope. 
It is interesting to note that the above relationship has some resemblance 

with the one put forward by Ozawa [1,2] which was obtained through 
entirely different considerations. Equation (8) implies that for an isokinetic 
process, i.e., a given f(a), if the T, for a set of p occurs at a constant (Y~ 
value (within the experimental error), the - df( a)/dcu at T, will similarly be 
sensibly constant. Also, it is clear that -df( ar)/dcu must be positive for the 
same value of (Y if a maximum rate is to be observed. Table 1 gives an 
account of those commonly used kinetic expressions which can yield a 
maximum for the rate of reaction. 

From the intercept of a plot of ln(/?/Ti) vs. l/T,, however, it is possible 
to calculate the value of the A factor once the functional form of (Y (i.e., f(a) 

or g( cr)) is identified. It is readily seen from Table 1 that some of the 
expressions cannot yield a maximum and hence should be rejected as 
possible choices. Others however, e.g., Avrami-Erofeev type expression with 
the exponent n being 2 or 3, could only yield a maximum when the 
occurrence of maximum rate of reaction happens at (Y,, values higher than 
0.3 and 0.4, respectively. It should be emphasised that the main interest of 
this study was directed to the evaluation of the most possible activation 
energy value from the maximum rate of reaction points and not to the 
elucidation of the reaction mechanism. The accurate determination of f(a) 
and/or g(a) requires certain assumptions pertaining to the integration of the 
right-hand side of eqn. (3). In a forthcoming paper, such methods are 
introduced to deal with identification of the reaction mechanism and hence 
the A factor. 
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