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T
A new approximation has been proposed for calculation of the general temperature integral '[T "¢ **T4T, which frequently occurs in

0

the nonisothermal kinetic analysis with the dependence of the frequency factor on the temperature (4=4,7™"). It is in the following form:

RT™ . rr 099954 E+(0.044967m+0.58058)RT

}T"‘e’E/deT: e
o E

E+(0.94057m+2.5400)RT

The accuracy of the newly proposed approximation is tested by numerical analyses. Compared with other existed approxima-
tions for the general temperature integral, the new approximation is significantly more accurate than other approximations.
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Introduction

It has been generally assumed that the reaction rate of
thermally stimulated solid-state reactions can be
kinetically described by the following expression [1]:

© et () (1)
t

where a is the extent of the reaction, ¢ is the time, A4 is
the frequency factor, E is the activation energy, R is
the ideal gas constant, 7 is the absolute temperature,
fla) is the differential conversion function depending
on the reaction mechanism.

The most common heating profile for studying
solid-state reaction is the linear heating program [2]. For
linear heating rate conditions, Eq. (1) can be written

da A o E/RT
ar E Sf(a) (2)

where [3 is the heating rate.

It is noteworthy to point out that all the integral
method for the kinetic analysis generally used have
been developed by assuming that the frequency factor
can be considered as a constant all over the tempera-
ture range investigated. However, to some solid-state
reactions, the frequency factor is connected with the
temperature through the following relationship [3—-6]:

A=A, T" 3)
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where A4, is a constant and values of the exponent m
range from —1.5 to 2.5 for some solid-state reactions [7].
If Eq. (3) is fulfilled, Eq. (2) becomes:
da A m _ ~E/RT
—=0T"e o 4
ar B S (@) 4

Rearranging and integrating Eq. (4) results:

T
Tm —E/RTdT (5)

f ( ) B
T

The integral IT me ¥R'dT on the right-hand side
0

of Eq. (5) does not have an exact analytical solution.
T

Here we call j T™e "'*dT the general temperature in-
0

tegral (when m=0, the integral is usually called the
temperature integral [8]). Singh er al. developed a
technique for the calculation of the integral [9]. How-
ever, the technique is complex and takes much com-
puting time. Wanjun et al. proposed two approxima-
tions for the integral, but the errors in the approxima-
tions are large by comparing the resulting values with
those calculated by numerical integration [10]. The
aim of this work is to present a new approximation for
the general temperature integral. It will be shown that
the new approximation is very accurate.
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Theory

If E/RT is replaced by ‘x’ and the integral limits are
transformed, the general temperature integral becomes:

T E m+1 g e,x E m+ 1
m_ ~E/RT 377 _
jT e dT—(R] j m”dx:(R) P (X) (6)

0 X

X

An alternative way to express the integral [10] is
T m+2
J'Tme—E/RTdT:Le—E/RThm (x) (7)
) E
If Egs (6) and (7) are taken into account, the fol-
lowing expression is obtained

hy (1) =276 p,, (1) =2 | & @®)
Xx

The hy(x) function does not have an exact ana-
lytical solution, but can be numerically integrated. In
this study, a program developed in Mathematica lan-
guage has been written for the numerical calculation
of the hy(x) function. Figure 1 illustrates numerical
values of /,(x) as a function of m and x.
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Fig. 1 Numerical values of 4,,(x) as a function of m and x

Integrating by part, the /,,(x) function can be ex-
pressed as the following series [7]

o ()12, (2 (m13)_
X

(m2)(m+3)(m4) ©)

X

From the above formula, we can obtain that the
hm(x) function can be approximated by some rational
fractions of x and m. In this work, the following
first-degree rational fraction of m and x is used to ap-
proximate /,(x).

ax+bm+c

hlm (x):7 (10)
x+dm+e
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where /11,,(x) is the approximation of Ay(x), a, b, ¢, d
and e are indeterminant parameters.

Based on the numerical results of /4,,(x), using a
multivariate non-linear regression method performed
with the DataFit software, the values of a, b, ¢, d and e
are established: a=0.99954, b=-0.044967,
¢=0.58058, d=0.94057, ¢=2.5400. Thus the new ap-
proximations for /,(x) and py,(x) and the general tem-
perature integral are obtained and given below:

_099954x+0.044967m+058058

h, (x 11
m (%) x+094057m+2.5400 (D
¢ ™ 099954x+0.044967m+058058
plm (x): m+2 (12)
x x+094057m+2.5400
:i:Tme—E/RTdT=RTm+2e—E/RT.
0
099954E+(0044967m+058058)RT (13)

E+(094057m+25400)RT

Results and discussion

The aim of this section is to evaluate the accuracy of
the newly proposed approximation for the general
temperature integral. Since p,(x) is the variable-trans-
formed expression of the general temperature inte-
gral, the accuracy evaluation of the approximation for
the general temperature integral is identical to that of
the corresponding p,,(x) approximation.

Wanjun et al. proposed two approximations for
the p(x) function [10]:

Wanjun approximation I

e—x

S S 14
m+2 m+2 ( )

x"(1+—5)

X

Wanjun approximation II

-X

(&

15
093695599 ﬂ

x™m? {1+(m+2)£ 0.00099441+
X

Here we have introduced the above two py,(x) ap-
proximations for comparison. The relative error per-
centages of the newly proposed p,(x) approximation,
Wanjun approximation I and Wanjun approximation
II for the estimation of the py,(x) function are listed in
Tables 1-3, respectively. The relative error has been
defined by the expression:

g P (=P (X) 4 000 (16)
P (%)
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being pm(x) the value obtained by the p,,(x) approxi-
mation and py,(x) the value obtained by numerical in-
tegration which is performed by means of the
Mathematica software system.

From Tables 1-3, it is obviously seen that the ac-
curacy of the newly proposed approximation is the high-
est, and that of Wanjun approximation I is the lowest.

Conclusions

In the present paper we have developed a new approx-
T

imation for the integral '[T me ¥RdT, which fre-
0

quently occurs in the nonisothermal kinetic analysis
with the dependence of the frequency factor on the
temperature (4=A4,7™"). The accuracy of the new ap-
proximation is tested by numerical analyses. Com-
pared with Wanjun approximations for the integral,
the newly proposed approximation is significantly
more accurate.
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