Thermochimica Acta, 95 (1985) 273-277 273
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands

Note

THE HEATING RATE AS A VARIABLE IN NON-ISOTHERMAL
KINETICS. A NEW METHOD TO EVALUATE THE NON-
ISOTHERMAL KINETIC PARAMETERS

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 7 May 1985)

Starting from the fundamental rate equation of non-isothermal kinetics
(1,2] '

da _4 —E/RT
for constant values of A and E, through variable separation and integration,
one obtains
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Considering several constant values of the conversion degree, «, (i=
1, 2,..., m), and introducing the notation
% da
Z,=| oD 3
= e ()

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

T((,(B)
Za,B=Af e
) 0

where T, () means that the temperature corresponding to a, = ¢t depends
on the heating rate, 8. From eqn. (4), taking the derivative with respect to 3,
it turns out that

~E/RIGT (4)
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Thus, from a plot of log[dT, (B)/dB] values against 1/T, (B) values one
can evaluate E, and (Z, /4) both corresponding to a;.
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In order to determine the form of f(a), one has to calculate an average
value of the activation energy, E.

E,+E,+...+E
1 2 m (7)

This is associated with the value, A, of the pre-exponential factor. Using the

E value one can calculate
e E/RT(B) dT"‘I(B) .+ e E/RT.(B) dTa.(B)
dB B d‘B B

z,
T Re= k (®)

E=

m

(i=1,2,3,...,m)

where k is the number of points for which T, (B8) and dT,(B)/dB are

known. The function f(«) can be found from the relationship
Z,+v2,,+...2, R, +R,+...+R,

z, +2, .+..Z, R, +R,_+..R

a,,

(9)
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Once f(a) is known, the pre-exponential factor can be evaluated from the
relationship

1

A(B) =2, eE’/RT"'(ﬁ*)*ﬁ;(—m——(k =1,2) (10)
S
log Ai=108A.,,(Bl)+-I-C-HOgAa,(Bk) a1)

From relationship (5) for two heating rates, 8; and 8, (8, > B,), one obtains

T, (B))T, (B,) n(dTa,(B)/dB),;,

=R
Ta,(ﬁ2)_—Tu,(Bl) dTa,(B)

dﬁ B

In order to obtain d7, (8)/dB one can use numerical derivation or, if one

knows several pairs of values [T, (8), 8], an interpolation polynomial can be
written

T.(B)=ao+a;B+a,B*+ ... (13)

The method was applied for the dehydration of CaC,0, - H,0. 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'm,(.B):ao"'‘11.3"‘0232 (14)

E

(12)
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TABLE 1

Experimental data for the dehydration of CaC,0,-H,0(s)

No. a, T (B) (K) T, (By) (K) T, (B5) (K)
(B;=1K min~") (B,=5K min™") (B;=10K min~ ")

1 0.1667 416.8 431.5 437.9

2 0.3333 4242 442.0 449.6

3 0.5000 429.2 4492 458.0

4 0.6667 4332 456.0 465.0

5 0.8333 43173 462.2 472.0

The coefficients a,, a; and a, can be determined from the system
n,(.Bk):ao'*'ath"'azBlf (k=1,2,3) (15)

Once a,, a, and a, are known, one can easily obtain 7, (8) and d7, (B)/dB
for every value of B in the interval 8 € [8,, B;]. The following values were
considered

B+ 8B
&=474

_B+B
2

=3 K min~! (16)

B, =7.5K min~! (17)
The values of E were determined by using formula (12). To get the function
f(a)=(1 —a)™ by help of relationship (9), the E value was calculated
according to the formula

- E.+E,+E
E=E2+ 34 4 5 (18)

the value E; (a; = 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 ™
2 -0.33330-"—0.1667" "™

which led to a value of n=1.22. Using this value one can calculate 4,
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: 4 =2.55x 10" s™! (for i=2, 3, 4, 5); and
Eyawa = 29-4 kcal mol ™! (for i =2, 3, 4, 5). The two methods give values in
rather good agreement with each other.

= 0.3402 (19)
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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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