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In non-isothermal kinetics, for the most usual case of a linear heating pro-
gramme corresponding to a constant heating rate (), the dependence of the de-
gree of conversion (o) on temperature (T) is described by the well-known inte-
gral rate equation [1, 2]

T
§(01) = (A/B) [expl~E/RTIAT 1
0

where A is the preexponential factor, E is the activation energy while g(a) is a
function depending on the mechanism of reaction.

The integral from the right-hand side of Eq. (1) is frequently met in non-iso-
thermal kinetics and is called the temperature integral. It has no exact analytical
solution, but it can be approximated as follows [3, 4]:

= (ERY 1/ )exp(~+10() 2)

where x=F/RT and Q(x) is a function which changes slowly with x and is close to
unity.

In the literature one can find several particular forms of Q(x} [4, 5], but in the
following treatment we are going to pay attention to the second, third and fourth
degree rational approximations proposed by Senum and Yang [6]. For these par-
ticular cases Q(x) can be expressed as

0x(x) = (x* + 4x) / (x° + 6x + 6) (3)
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Os(x) = (¥ + 1057 + 18%) / (x + 12x% + 361 + 24) (4)
and

Oa(x) = (x" + 18x7 + 88x% + 96x) / (x* + 20x” + 120x” + 240x + 120) (5)

where the indices of Q(x) refer to the order of approximation.

Although Senum and Yang presented in their paper no data about the accuracy
of the fourth degree rational approximation, it has been assumed as having abetter
accuracy than the lower degree rational approximations, and was thus widely used
in the last two decades [7—-16]. This is due probably to the following assumption
made by Senum and Yang: ‘For higher accuracy, but with increasing algebraic dif-
ficulty, the higher order rational approximations are recommended’ [6].

As far as we are concerned, it was in 1990 that for the first time some results
concerning the accuracy of the Senum and Yang’s fourth degree rational approxi-
mation were presented [4]. It was shown that for usual values of x this approxi-
mation leads to even less accurate evaluation of the temperature integral than
Senum and Yang’s second and third degree rational approximations, i.e. for
5<x<100 the relative error of this approximation is lying between 0.905% and
1.683-107%. On the other hand, in a relatively recent paper Malek e al. [14]
have pointed out that according to their experiences it is sufficiently precise to
use Senum and Yang’s fourth degree rational approximation which gives errors
lower than 107°% for x>20. A similar statement was made by Criado eral in[12].

In order to clarify these conflicting results we have evaluated numerically the
temperature integral for a number of usual values of x lying between 5 and 200,
The numerical calculations were performed with a precision higher than +107''%
by using the ‘Nlntegrate’ function of the Mathematica software system [17, 18].
The values obtained in this way have been compared with those evaluated by
Table 1 Relative errors of Senum and Yang’s 2nd, 3rd and 4th degree rational approximations in

per cent

x 0,(x) Q4(x) 0,(x)

5 -2,354-107" -2.393-1072 9.051-10™
10 —-32.4741072 -1.583107 5324107
20 -3.756107 —6.409-107° 2351107
30 —9.154107* -8.17910°° 1.308 10"
40 -3.239-107* -1,781-10°® 8.304-107
50 -1.422.107* -5.296:107" 57341072
75 -3.092.107° -5.54010°" 2.832.107°

100 -1.028107 -1.080-1078 1683107
150 -2.136107¢ -1.040-10°° 7.909-107
200 -6.933.1077 ~1.935.1071° 4.578107°
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Senum and Yang’s second, third and fourth degree rational approximations by
determining the corresponding relative errors. Table | shows the obtained re-
sults.

The data presented in Table 1 confirm our previous results, namely that the
accuracy of both the second and third degree rational approximations is better
than that of the fourth degree rational approximation. We consider, therefore,
that in the following the use of Senum and Yang’s fourth degree rational approxi-
mation of the temperature integral is not justified.
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