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Numerous procedures are available for the estimation of the activation 
energy (E) for the thermal decomposition of a solid’, However, most methods 
make assumptions about the kinetic laws which are debatabie- A method in- 
dependent of any such assumption wouid be ideal for kinetic estimations for 
those solids which decompose through a complex process or for those where 
the kinetic order is not known. Recently. we have used a method (equally ap- 
plicable both for isotbennal and dynamic operationsj for kinetic estimations 
which does not make any assumption about the kinetic laws*. A few other 
methods free from kinetic assumptions are also available in the literature. 
Amongst them the most widely used method, which can also he used with 
rapidity, is the one developed by Jacobs and Kureishy3_ The purpose of the 
present note is to critically examine this method and present a simpler and 
more rapid method for kinetic estimations. 

Jacobs and Kureishy have used the rate equation of the following general 
form 

F(a) = kt (1) 

where, k is the rate constant and a is the fraction decomposed at any time 1. 
They arrive at the following equations at dirTerent temperatures by fixing two 
arbiuary a vahes_ At T, “C, 

F&+,1--Fcr, = k&+,--t3 (2) 

and at T2 “C 

From eqns (2) and (3) it can be shown that the pIot of log(l,,, -rJ versus 1/T 
will yield E_ The order of reaction has not heen considered in eqn (I)_ There 
are many exampks of reactions where the kinetic behaviour itself changes 
with temrrPmtlrrP anA th~rofnsm a-v attomnt tn mabn t&wst~~ aeeLw~+L~-r m-n 
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before using this equation that the order of reaction does not change in the 
temperature region of interest. Generally, reduced-time plots4 are used to 
examine the. kinetic behaviour at different temperatures where the CL versus 
time curves are superimposed on each other to get the poirtb on a master 
curve. A mathematical justification of such reduced-time plots, however, is 
not available in the literature. 

Let us start with the following general sepatzble kinetic law which re- 
presents the extent of therma! decomposition as a function of time 

where the terms have their usual meaning, n is the order of reaction. It may 
be noted that aqn (4) can attain the form of eqn (1) in case either n is constant 
or has a value equal to one. On integration, eqn (1) becomes 

(1 -a)‘-“-1 = kt 

n-1 
(s) 

On applying the condition that I = ftlz when CL = OS, eqn (5) becomes 

G - = ktl,= 
n-l 

(6) 

where 
C, = ~(0.5)‘-*- i] (7) 

I,,* will be a function of temperature of the experiment_ On dividing eqn (5) 
by eqn (6) we get 

(1 -a)‘-“-1 t 

Gb 
= - = tr (reduced time) 

t112 

or 

(1-a) = [l+C*rJf/~--’ 

Eqn (9) can be written at diffeznt temperatures, At TS “C, 

(l-aP,) = [l+C,,&jf’l-“’ 

and at 7i”C, 
(10) 

A typical plot of QP versus t and a,, versus fr at different temperatures .of 
RDX are shown in Figs. 1 and 2, The curves at different temperatures super- 
impose on each other showing thereby, that for any value of r, (at tempera- 
tures T, and T3 the values of a are the same (i.e., qp, = CI,,& Under such a 

_ 
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TABLE I 

AciivrrTlOW ENERGY DATA OF SOME SOLIDS 
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Fe. 2. Plot of the ftion decomposed C@ versus reduced time <rJ <RDX decomposition). 

similar at diffkrent temperatures li_e_, nr = nJ_ In other words, when the 
curves at d%ferent temperatures superimpose under a versus tr plot, the order 
of reaction at different temperahltes remains unchanged. 

For any decomposition pmce& when it established that n remains co& 
stant at diflkrent temperatures, it ~iy be usefti tu estimate E with a,very sim- 
ple method using eqn.46). This equation can be written as follows: 



4#w-’ xxii 
FytXPbt oftogr,, versus I/T for RDX ckcompositiott. 

On substituting & = A eVEfRr eqn (12) becomes 
E logr,,~=logb---- 

A 23RT 
03) 

The sfope of tile plot of log I,, versus 1/T will. yietd the value of E. Such a 
typical plot of RDX is shown in Fig. 3, Table 1 gives the values ofiE for RDX 
and other solids using the above method. Table 1 aiso shows the comparisan 
of E values using Jaa&s and ICmeishy’s method’ and other methods. It was 
observed that a versus fs plots for other solids mentioned in Table 1 yield a 
master CwNe shotig thereby .that the kinetic behaviour foi these solids does 
not change with temperature- 

It may be seen that values of E obtained by this met&d compare welt 
with Jacob and Kureishy’s method3 becat& in ali these -b&ses the‘ kinetic 
behaviour at different temperatuns was found to remain same, This shows 
that if the condition of similar kinetic behaviour at difWetit temperatur&s is 
sat&f&d, both the above methods will give identical res@s How&&, Jacobs 
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whereas the present method wili require onIy one time at a particular value 
of a and, therefore, the present method is simple as well as much more rapid. 
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