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Starting from the fundamental rate equation of non-isothermal kinetics 

WI 

(1) 

for constant values of A and E, through variable separation and integration, 
one obtains 

(2) 

Considering several constant values of the conversion degree, a, (i = 
1, 2,..., m), and introducing the notation 

z,, = J at-_ dell 

0 f(a) 
(3) 

where Z,, depends on the particular form of f( cx), from eqn. (2) for (Y, = ct, 
one obtains 

z,,p = AjT’its)e-“RTdT 
0 

where T,,( /?) means that the temperature corresponding to a, = ct depends 
on the heating rate, j3. From eqn. (4), taking the derivative with respect to /3, 
it turns out that 

or 

dT,,(P> Za, 
log d/3 =loga+&&-$) 

(9 

(6) 

Thus, from a plot of log[dT,,(fi)/dj3] va ues 1 against l/T,,( j?) values one 
can evaluate E, and (Z,,/A) both corresponding to (Y~. 
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In order to determine the form of f(a), one has to calculate an average 
value of the activation energy, I% 

EC 
E,-tE,+ . . . +E, 

m (7) 

This is associated with the value, A, of the pre-exponential factor. Using the 
E value one can calculate 

(i=l,2,3 ,..., m) 

where k is the number of points for which T,,(p) and dT,,( p)/d/S are 
known. The function f( cr) can be found from the relationship 

&, + za, + . . . z, R,, -I- Ra2 -I- . . . + R, 

Z a,+, + Za,,, + --a Z,“, = Ra,+, + RUJ+2 + ** * Ran, 
(9) 

Once f(a) is known, the pre-exponential factor can be evaluated from the 
relationship 

A ( R. \ = z,, e4/RT,,(Bd l 
/dT_(Bl\ 

(/kl 7\ 

log A; = 
log A,(&) + - .- +log A,,(&) 

k 

(10) 

(11) 

From relationship (5) for two heating rates, j3i and Pz (& > pi), one obtains 

T,,(P,EJP*) (dT,,(P)/dd/3, 
E=RT#d-T,,(B,)ln (12) 

In order to obtain dT,,(/?)/dj? one can use numerical derivation or, if one 
knows several pairs of values [T,,(p), /3], an interpolation polynomial can be 
written 

T,,(p) = a, + a,/3 + a# + . . . 03) 

The method was applied for the dehydration of CaC,O, - H,O. The experi- 
mental data and the results are given in Tables 1 and 2. 
As seen from Table 1, three values of the heating rate were used. Under such 
conditions 

T,,(P) = ao + 4 + a#* 04 
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TABLE 1 

Experimental data for the dehydration of CaC,O,-H,O(s) 

No. a, T,,(B,) (K) 
(& =l K min-‘) 

Ta,(&) (K) 
(& = 5 K min-‘) 

T,,(&)(K) 
(&=lOKmin-‘) 

1 0.1667 416.8 431.5 437.9 
2 0.3333 424.2 442.0 449.6 
3 0.5000 429.2 449.2 458.0 
4 0.6667 433.2 456.0 465.0 
5 0.8333 437.3 462.2 472.0 

The coefficients a,, a, and a2 can be determined from the system 

r,,(P,> = a, + aI& + a,Pkz (k = 1,2,3) 05) 

Once a,, a, and a z are known, one can easily obtain 7”, ( j3) and d 7”, ( /3)/dP 
for every value of /3 in the interval p E [&, a,]. The following values were 
considered 

p = Pr + 8% 
a -=3Kmin-’ 

2 

p 
b 

= P, + I% -=7.5 Kmin-’ 
2 

06) 

(17) 

The values of E were determined by using formula (12). To get the function 
f(a) = (1 - a)m by help of relationship (9), the E value was calculated 
according to the formula 

E= E, + E3 + E4 + E, 
4 (W 

the value E, ( aI = 0.1667) being excluded as it does not belong to the linear 
portion of the TG decomposition curve. The obtained value is 

E = 28.2 kcal mol-’ 

The value of the reaction order was obtained from the solution of the 
equation 

2 - 0 6667”_“’ - 0 5000” -ii) 

2 - 0 3333’1-“’ - 0 1667” --ii) 
= 0.3402 (19) 

which led to a value of Z = 1.22. Using this value one can calculate A, 
through relationships (10) and (11). 

The results are given in Table 2. For comparison, E was also calculated 
using Ozawa’s method [3]. 

From Table 2 one obtains: A= 2.55 X 1Or1 s-’ (for i = 2, 3, 4, 5); and 
E Ozawa = 29.4 kcal mol-’ (for i = 2, 3, 4, 5). The two methods give values in 
rather good agreement with each other. 
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CONCLUSIONS 

(1) A method to evaluate non-isothermal kinetic parameters using several 
heating rates was developed. 

(2) The values of the activation energy for the dehydration of calcium 
oxalate are in quite good agreement which those obtained using Ozawa’s 
method. 
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