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One of the problems met last time in the field of non-isothermal kinetics consists in

the apparently unusual dependence of the activation parameters on the degree of con-

version α. Such a dependence has been put in evidence in many cases [1–9], the acti-

vation parameters (the pre-exponential factor (A) and the activation energy (E)) being

correlated through the compensation effect relation:

lnA=a+bE (1)

where a and b are constant coefficients.

Under such conditions, one has to be very careful when choosing an appropriate

procedure to estimate the values of the kinetic parameters. Such thoughts described in

the paper of a group of Spanish researchers have inspired paper [10]. Some comments

concerning the mentioned paper are going to be presented in the following.

1. The authors applied the Flynn–Wall–Ozawa method [11, 12] for the values of

the conversion degree located in the range 0.05<α<0.20. As shown in Table 1 of the

commented paper [10], the E values increase from 140.4 to 167.6 kJ mol–1. The au-

thors mention neither the standard deviations of E values nor the correlation coeffi-

cient values of the linear regressions logq vs. (1/T) (q is the heating rate and T is the

temperature). For α=0.20, the E value is by 19.4% higher than for α=0.05. In a recent

paper [13], Flynn noticed that some dependencies of E on α could be assigned to the

use of Doyle’s approximation [14] for E/RT>20 which leads to the relation:
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where g(α) is the integral conversion function.

Flynn [13] considers that the factor 0.457 depends on (E/RT) value. Neverthe-

less, a difference of 19.4% between E value for α=0.20 and E value for α=0.05 can-
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not be removed through the change of this factor. As a matter of fact, as seen in Fig. 7

[10], for the isothermal degradation too, E depends on α.

In a recent previous paper [15] we showed if E depends on α, the integration of

the equation:
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cannot be performed by the separation of a temperature integral and a conversion in-

tegral. Under such conditions the use of Friedman’s method [16], which does not re-

quire the integration of Eq. (3), is recommended.

A dependence of E on α shows either a complex thermal degradation process

(parallel or/and consecutive reactions) or the existence of a process with a compensa-

tion effect characterized by the relationship (1). From the data listed in Table 1 [10] it

is difficult to conclude which out of the mentioned factors is actually responsible for

the dependence of E on α.

2. The authors [10] used other integral methods (Coats and Redfern [17]

Horowitz and Metzger [18] and van Krevelen et al. [19]). Their proper use supposes

that the thermal degradation of the investigated material is described kinetically only

by one conversion function, (Table 2 [10] shows the expression considered for

g( )α
α
α

α
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). The authors [10] do not explain why only experimental data in the

range of conversion 0.05<α<0.20 were considered. Generally, the integral methods

are applied for much larger range of α values. Besides, the authors give neither the

values of the pre-exponential factor nor the correlation factor for the linear regres-

sions. The use of the integral methods requires the integration of the rate equation.

Such an operation cannot be performed for E=E(α).

As seen from Table 3 [10], E values are strongly dependent on the heating rate.

The reason for such a dependence consists probably in the complex character of the

thermal degradation process. Through the analysis of some curves simulated for a

system in which two parallel reactions occur [20], we showed that the apparent acti-

vation parameters, evaluated in the hypothesis that the process could be described by

a single overall reaction, depend on q and, consequently, on temperature.

3. The analysis of the thermal degradation data has been performed [10] consid-

ering the integral form of the equation:
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Considering that E and A do not depend on α, it was obtained [10]:
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As one can see in Fig. 7 [10], the straight lines lnt vs. (1/T) for α=const., are not

parallel. Thus even for the isothermal degradation E=E(α), although the authors [10]

consider only the average value of E. In this case the integration of the rate equation is

not correctly performed. Under such conditions (dependence of the activation param-

eters on α), in order to evaluate the kinetic parameters, the differential method, which

result directly from the relationship (4) in its logarithmic form, should be recom-

mended.

4. Finally, in order to estimate the half-life using the relation:

g k T t( ) ( )α
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(k/(T) is the rate constant) considering that the investigated system obeys a first order

degradation mechanism, the authors [10] do not mention the used values of the acti-

vation parameters.

In order to conclude our criticism we list some suggestions which could be of

some help for the authors:

1. For activation parameters which depend on the degree of conversion, in order

to determine their values, the differential methods (like Friedman’s method [16])

should be used.

2. It would be interesting to compare the curves E=E(α) obtained under isother-

mal as well as non-isothermal conditions.

3. It is necessary to evaluate the pre-exponential factor for various forms of f(α)

and for each kinetic model to verify the existence of the compensation effect.

4. Finally, it would be interesting to compare the values of the compensation ef-

fect parameters obtained under isothermal as well as non-isothermal conditions.

References

1 E. Urbanovici and E. Segal, Thermochim. Acta, 94 (1985) 399.

2 E. Urbanovici and E. Segal, Thermochim. Acta, 98 (1986) 385.

3 E. Urbanovici and E. Segal, Thermochim. Acta, 107 (1986) 339.

4 P. Budrugeac and E. Segal, Thermochim. Acta, 221 (1993) 221.

5 P. Budrugeac and E. Segal, J. Thermal Anal., 39 (1993) 1199.

6 S. Vyazovkin and W. Linert, Intern. Rev. Phys. Chem., 14 (1995) 355.

7 S. Vyazovkin and W. Linert, Chem. Phys., 193 (1995) 109.

8 P. Budrugeac and E. Segal, ICTAC News, 6 (1995) 33.

9 P. Budrugeac and E. Segal, Thermochim. Acta, 260 (1995) 75.

10 L. Barral, J. Cano, J. Lopez, I. Lopez-Bueno, P. Nogueira, C. Ramirez and M. J. Abad,

J. Therm. Anal. Cal., 51 (1998) 489.

11 J. H. Flynn and L. A. Wall, J. Res. Natl. Bur. Standards – A. Physics and Chemistry, 70A

(1966) 487.

12 T. Ozawa, Bull. Chem. Soc. Japan, 38 (1965) 1881.

13 J. H. Flynn, Thermochim. Acta, 300 (1997) 1.

J. Therm. Anal. Cal., 65, 2001

COMMENTS 315



14 C. D. Doyle, J. Appl. Polym. Sci., 6 (1962) 639.

15 P. Budrugeac, A. L. Petre and E. Segal, J. Thermal Anal., 47 (1996) 123.

16 H. L. Friedman, J. Polym. Sci., 50 (1965) 183.

17 A. W. Coats and J. P. Redfern, Nature, 201 (1964) 68.

18 H. H. Horowitz and G. Metzger, Anal. Chem., 35 (1963) 1464.

19 D. W. van Krevelen, C. van Heerden and F. J. Huntjens, Fuel, 30 (1951) 253.

20 P. Budrugeac and E. Segal, Intern. J. Chem. Kinetics, 30 (1998) 673.

J. Therm. Anal. Cal., 65, 2001

316 COMMENTS


