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Abstract

An analysis is presented of the consequences of the use of a one term equation containing apparent
activation parameters, instead of the true rate equation to describe two successive decomposition re-
actions undergone by a solid compound. It is demonstrated that the apparent activation energy, ob-
tained by means of isoconversional differential and integral methods, varies with the conversion de-
gree for a relatively narrow temperature range and with temperature at a given value of the
conversion degree. The activation energy values obtained with the isoconversional differential
method are higher than the corresponding values obtained with the isoconversional integral method.
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Introduction

In the first part of these series [1], a critical analysis was presented of the isoconver-
sional, differential and integral methods for the evaluation of the activation energy
from isothermal data. It was established that, if the activation parameters depend on
the conversion degree, the values of the activation energy obtained by means of dif-
ferential and integral isoconversional methods are different. This statement will now
be checked for simulated data corresponding to two successive decomposition reac-
tions of a solid compound.
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The kinetic model

Let us consider that solid compound A undergoes two successive decompositions:
A()E B(s)Hv1Gi(g) @
B(s)(I%B  C(s5)+V,Ga(2) (Ir)

where B and C are solid compounds and G, and G, are gaseous products.
The rate constants &, and k,, can be expressed by the Arrhenius equation:

_ Ei
ki—AiexpEl—RT E (1)

where i=1 for reaction I and /=2 for reaction II.

Each of the successive reactions is characterized by a reaction order which
equals one. The following values of the activation parameters will be considered:
E=58.5kImol"; 4,=9-10°s™'; E,=125.4 kI mol '; and 4,=5-10° s ".

The system of differential kinetic equations is as follows [2]:

do‘tl:kl(mo
(2)
da
- :k2(a l_a 2)
dr

where o, and a, are the values of the degree of conversion for reactions I and II, re-
spectively (0 is the ratio between the mass of gaseous product at a given moment and
the maximum mass of this product which can be evolved in the reaction).

We will consider the particular case v, M,=V,M,, where M, is the molecular mass
of the gaseous product G,. In this case the overall degree of conversion, 0, is given by
o=(0,+0,)/2. Under such conditions, the integration of system (2) leads to:

kz D 7k|t+ kl e—kzt

2k 20kk) ®

a =1—§+

The isotherms a=0a(7) for temperatures in the range 200—350°C in steps of 10°C
were plotted. Besides, the values of do/dz for each temperature and the o values in the
range 0.05-0.95 in steps of 0.05, were calculated.

The obtained isotherms, a=0(z), apparently correspond to a single change
whose rate is given by Eq. (1) [1]. In the following, the consequences of using this
equation with overall activation parameters instead of the true kinetic Eq. (2) will be
considered.
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Evaluation of the activation energy

For each value of a, the isoconversional lines In(da/d¢) vs. 1/T and Inz vs. 1/T are seen
to bend. This means that the apparent activation energy depends on temperature. The

dependences E; vs. T'and E

vs. T were evaluated through numerical differentiation

of the isoconversional curves In(da/d¢) vs. 1/T and Inz vs. 1/T. Figures 1 and 2 present
such dependences for 0=0.3 and 0=0.5. Analysis of the £ vs. T curves for various val-
ues of O reveals that the apparent activation energy depends on both o and tempera-
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Fig. 1 The dependences E vs. T for a=0.30. * — Egs; » — Ejy

110~ E/kJ mol™

1054

100+

954

90

85+

80

759

180 200 220 240 260 280 300 320 340 36

TAC

Fig. 2 The dependences E vs. T for a=0.50. ¢ — Egi; = — Ein
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ture. It turns out that the relative contributions of the two elementary reactions to the
overall rate vary with temperature and degree of conversion. Figures 1 and 2 show
that, for a given (0, 7) pair, Eg; 2E5".

In relatively narrow temperature ranges (40-50°C) practically linear isocon-
versional plots In(da/df) vs. 1/T and In¢ vs. 1/T (#>0.9997) were obtained. From the
slopes of the corresponding straight lines, £, and E, values for the corresponding
temperature range were calculated. Figure 3 depicts the plots of £, vs. a and £, vs.

for the temperature range 280-320°C. The values of £ and E,  increase with o; fur-
ther for a given value of o, £,>E, . The dependence of the relative deviation of £, ,
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Fig. 3 The dependences E vs. Q, calculated for the interval 280<7<320°C. * — Egi; » — Ejp
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Fig. 4 The dependence €% =[(Ein—FEir)/Eqir] 100 vs. a. Eg¢ and Ejy, evaluated for the in-
terval 280<7<320°C
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with respect to £ is shown in Fig. 4. It may be observed that €% has the maximum
absolute value (=20%) at a=0.75.

Conclusions

1. The isotherms a=a(r), were simulated for a solid compound that undergoes two
successive decomposition reactions with the generation of a gaseous and a solid
compound in each of them.

2. It was shown that the apparent activation energy values obtained for a single term
rate equation depend on temperature for a given conversion degree, and on the
conversion degree in a relatively narrow temperature range.

3. It has been shown that there is a difference between the activation energy values
obtained by means of the isoconversional differential and integral methods. The
absolute value of the relative deviation of £, with respect to £ is =20%.

References

1 P. Budrugeac, D. Homentcovschi and E. Segal, J. Therm. Anal. Cal., 63 (2001) 459.
2 V. Marcu and E. Segal, Thermochim. Acta, 35 (1980) 43.

J. Therm. Anal. Cal., 63, 2001



