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Note 

A NEW METHOD FOR THE EVALUATION OF NON-ISOTHERMAL 
KINETIC PARAMETERS USING INTEGRATION OVER SMALL 
TEMPERATURE INTERVALS AND SEVERAL HEATING RATES 

E. URBANOVICI and E. SEGAL 

Chair of Physical Chemistry and Electrochemical Technology, Faculty of Chemical Engineering, 
Polytechnical Institute of Bucharest, Bulevardul Republicii 13, Bucharest (Romania) 

(Received 20 March 1985) 

In the fundamental differential equation of non-isothermal kinetics [l-3] 

da A’Trf(a) e-E/RT 

dT- p 0) 

where for the sake of generality [4] 

f(a) = (1 - CX)~CP[ - ln(l- (Y)]’ (2) 

we shall use the following heating rates: pi, &, . . . p,, . . . &. Taking into 
account that j3, (I= 1, 2,. . . u) could not be strictly constant over the 
temperature interval where the reaction occurs, one has to consider the 
heating rates &,, pzij, . . . pIi,, . . . &, where &, (I = 1, 2,. . . u) corresponds 
to the interval (Y E [a,, a,], its value being slightly different from the 
programmed one. In the following, the isoconversion temperature for (Y = (Y,, 
T,,, T,,,...T,,,... T,, corresponding to different heating rates will be used. 

EVALUATION OF THE ACTIVATION ENERGY 

Let us consider the heating rates Pllk (I = 1, 2,. . . u) for the temperatures 
T,, and Tlk corresponding to the values (Y, and (Ye of the conversion degree, 
respectively. 

From eqn. (1) through variable separation and integration, one obtains 

J 
‘3 dcu A 

-E-.-L 
J 

=I, 

a, f(a) &k T,, 
T’ e-E/RTdT (3) 

for I= 1, 2,...v. 
If f(a) keeps the same form for various heating rates, it follows from eqn. 

(3) that 

for I= 1, 2,. . . u - 1. 
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From relationship (4) one can evaluate the activation energies &,(I = l), 
E&=2),... E,_,,,(l= u - 1). If El,+* keeps a constant value for all the I 
values, then the conversion function, f(a), does not change its form. 

ON THE FORM OF THE CONVERSION FUNCTION, f(a) 

Let us consider a third value of the conversion degree, CX, E ((Y,, q), 
preferably in the middle of the interval, i.e. 

% + &k 
(y =--- 

J 2 (5) 

For a certain heating rate, 1, one can write the following two relationships 

J 
a~ da A T;, -=.-.L 

J a, f(a) Pl*j T,, 
T’ e-E/R=dT (6) 

J 

OLh da A -=r 
J 

T,k 

a, f(a) ‘%k ‘I;, 

T’ e-E/R=dT 

From relationships (6) and (7), one obtains 

++ dcu 
J- J 

r,A 

a, f(a) &J 

T’ eE/RTdT 
T, 

J 

nh da _=p,, 
J 

V r 
T eCEIRTdT 

a, f(a) 
T 
I, 

(7) 

(8) 

This result allows the most suitable form of the conversion function, f( (Y), to 
be chosen which fulfills relationship (8). 

EVALUATION OF THE FACTOR A, 

From relationship (3) it turns out that 

ah da 
J- 

A, = &k 

a, f(a) 

T’ e- E’RTdT 

(9) 

for l=l, 2,...v. 

PARTICULAR VARIATION OF THE METHOD FOR r = 0; A = cf; f(a) = (1 - a)” 
WITH TWO HEATING RATES (& AND &) 

From mathematical analysis [5,6] 

s 
‘f(x) dx = (b - a) f(5) 

a 
(10) 



where 5 E (a, b). When f(x) = mx + n (linear function), then 5 = (a + b)/2. 
For qk - T,, 6 1520 K, eeEIRT can be approximated as linear, taking into 
account the theorem [lo], one obtains 

J 
qhe-&‘RrdT z ( qk _ T,,) ,-E/R=/,, 

r,, 
(11) 

where 

T,, + Tlk 
TIlk = 2 (12) 

By help of the same theorem (lo), the conversion integral can be approxi- 
mated in the following way 

where 

% + ak 
(y. =- 

rk 2 

The particular form of relationship (4) for the case considered is 

_ 
kk T,, e J T’h -E/RTdT= ’ PZlk LrheeEIRTdT 

Using relationship (11) it turns out that 

Tlk - Tli 

P 
e-E/RT,,, = T2;; T21 e-E/RT2,k 

Irk 2tk 

This result allows the activation energy to be obtained. 

(16) 

E=R 
&i&k - T,,) 

Tz’;,k In Plrk (T,, - T,,) 
(17) 

To determine the n value using relationship (8) and the approximations (11) 
and (13) one can write 

(akeaJ)/(l -aJk)n blr, (qk- qj) e-E’RqJk =- 
(a, - a,)/(1 - CY,~)~ Pljk (T,, - T,,) e-E’RT,lJ 

(18) 

From the logarithmic form of relationship (18), taking into account 
relationship (5), one obtains 

Similarly, for p2 another value n2 will be obtained. Thus 

n1 +n2 n=------ 
2 (20) 
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Finally, the pre-exponential factor, A, can be evaluated from relationships 
(91, 01) and (13) 

A, = P,rk (Q - %)[l/O - %)7 

( ck - T,,) e-E’RT,lk 

for I= 1, 2, where 

log A = 
log A, + log A, 

2 

(21) 

(22) 

APPLICATIONS 

The method was applied to a known test reaction, the dehydration of 
calcium oxalate, for two heating rates: & = 1 and & = 5 K min-l. The 
non-isothermal kinetic parameters have been calculated for several groups of 
values, ai, (Ye. The results are presented in Table 1. A summary analysis of 
these results shows that only for 0.42 < cr G 0.67 do the values of the kinetic 
parameters of calcium oxalate dehydration correspond to those reported in 
the literature [7-91. Thus, our method using small temperature intervals 
shows changes in the values of the kinetic parameters from the initial period 
characterized by higher values of the activation energy to the normal one for 
which the kinetic parameter values are reported in the literature and maybe 
to the final decay period [lo]. This sensitivity to the periods of heterogeneous 
solid-gas decomposition is perhaps a major advantage of our method. 

TABLE 1 
Non-isothermal kinetic parameters for different (Ye, a,, ak 

I &,k (K min-‘) r,, W TI, (IQ % W 

(Y, = 0.0417; LY, = 0.1042; q = 0.1667; E = 33.9 kcaI mol-‘; n = 1.57; A = 2.7 X lOI s-l 
1 1.021 406 412.4 416.5 
2 5.132 416 426 431.5 

(Y, = 0.1667; a, = 0.2917; (Ye = 0.4167; E = 25.9 kcal mol-‘; n = 1.34; A =1.8X 10” s-l 
1 1.024 416.5 422.5 427 
2 4.950 431.5 439.5 446.5 

a, = 0.4167; a, = 0.5417; (Ye = 0.6667; E = 22.6 kcal mol-‘; n =l.Ol; A = 4.34X lo* s-l 
1 0.86 427 430 433 
2 4.75 446.5 451 456 

(Y, = 0.6667; ‘y/ = 0.7917; 0~~ = 0.9167; E =18.8 kcal mol-‘; n = 0.74; A = 6.27 X lo6 s-’ 
1 1.1 433 436 439.7 
2 5.26 456 460.2 466 
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CONCLUSIONS 

(1) A method for the evaluation of non-isothermal kinetic parameters has 
been developed. 

(2) The method exhibits sensitivity to the main periods of the heteroge- 
neous solid-gas decompositions. 
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