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CHECKlNG OF MATHEMATICAL CALCULATION METHODS FOR THE 
DETERMINATION OF KINETIC PARAMETERS FROM NON-ISOTHERMAL 
MEASURE.MENTS BY TES-I’ FUNCTIONS 

ABsiRAcr 

The applied computing programs arc checked by means of test valucz from 
theoretical models. First-order kinetics, the Avrami equation and the 2dimensional 
diffusion equation have been calculated as theoretical values. The computer calcula- 
tion was carried out both for the total reaction and for individual reaction 
intervals- 

For the calculation of kinetic parameters and the distinction bctwccn the 

various nmdels, in principle, the integral method should be used. The calculation 
does not give any answer to the question whether there exists another equation not 
involved in *be models selected, which dcvcribcs the processes better_ If there is no 
indication of the reaction, it should first be checked by the differential method. The 
correlation cocfficicut does not allow the individual model equationsto bedistinguished 
v&h statistical significance_ 

In recent years, several methods have bcrr. reported which enable the kinetic 
parameters to be calculated from the results of non-isothermal analyses. For the user 
of these methods, at present, it is not yet possible to select an appropriate evaluation 
method on the basis of decision criteria_ The object of this investigation was to obtain 

test va1uer.s from theoretical models, which allow the performance of the applied 
computing programme to be checked. This computing test was inten&d to be the 

first step in mathematical data evaluation. The mathematics! calculatio& presuppose 
the validity of some kinetic model equations that ckscrk the processcrs of difiusion, 
nucleation and phase-boundary reaction with adcquatc accuracy_ In an earlier 
paper’ it has already been suggested that no information about the ‘most probable” 
reaction mechanism can be obtained by comparing the experimental values with the 
model equations by means of the correlation coefficient& Furthermore, it has bEcome 
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evident that sewA rextion equations very well describe the reaction range by the 
criteria so fx used. 

For the integwl method, it could be shown’ that on the basis of the residual dis- 
persion a st3tisticAlysignifimnt distinction bctwccnscvenl kinetic modelscan be made. 

1. CALaJLATlOK OF THKmErKAL TG-CURVES 

In this investiption the theoretical rrr-values have be4zn cxLx&iCed for the 
following reaction models (cf. Tables l-3): 

1, kinetics of tit order 
dz 
- = K(1 - cc) 
di 

2 Avrami equation with 

(1) 

(2) 
dz 

- = V(- In (1 - z))* (1 - a) 
dr 
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TABLE 2 

-IHEoRE~cAL a-vAImIs MR Two-LlI sn3moNAL 01FFGmos 

_-. --_-__ - ----- ---.-mm_.__ ---- 
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3. two-dimensional diffusion equation 
dz 

37 = k# ‘(- In (1 - z))-l (3) 

The calculation was carried out with the following kinetics or reaction para- 
meters given: E = 30 kcal mol- ‘; Z :- 5.5 x lo* see- ‘; range of tcmE;eratures from 
500 K to loo0 K; heating ra:c: 1 K min’*. 

For the integral and differential method the theoretical or-values were put into 
a computing programme by use of 11 model equations and the results were compared 
with each other. 

The calculation was carried out both for the total reaction range and for 
individual reaction intervals- An example is siven in Tables 4-7. With the diKerentiz1 
method also the order of reaction is calculated, whereas with the integral method tize 
comparison is performed with several reaction orders given. 

As is shown in Table 4, despite of very low differences between the kinetic 
parameters, the real reaction mechanism can be exactly determined on the basis of the 
residual dispersion by the integral mezhod. 
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TABLE 3 
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From the extensive test computations, the foifowing genczaLzations as to the 
use of the intepl and differential methods can be made: 

(I) The integral method using theoretical CC-values results in the given kinetic 
parameters both for the total reaction range and for individual intervals. With the 
differential method, for kinetics of first or&r (eqn (i)), we a&o obtain the theoretical 
values for the total mction range and individual intervals. When initial and final 
values of z (IL c 0.8; CY > 98) are used in the calculation according to cqns (2) and (3)). 
the kinetic parameters are distorted (cf_ Table 8). 

(2) By using the integral method with given theoretical a-values, the kinetic models 
can exactly be distinguished on the basis of the residual dispersion for the total range 
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and for small intervals (in this case with the exception of the di!Tusion equation). 
The correlation coeficient used in the differential method, even for the total reaction 
range, does not allow the individual mode! equations to be distinguished with 

statistical significance. 
(3) in order to obtain a statisticaily significant distinction between the various 

models in any case, the reaction intervals must not be defined at random. The critical 
length of an interval which is su!iicient for distinguishing the individual models 
depends on the position of the interval within the total reaction range. 

(3) The calculation of the forma! reaction order by the differential method serves 
to obtain an indication as to the validity of one or more of the kinetic model equations 
given. 

The test results presented have shown that the applied computing programmes 
allow the determination of the kinetic parameters. At the same time the caIcu!ations 
indicate that the use of only one reaction equation, as has been done in many papers, is 
problenwtical. A statement zss to the ccrrectness of the selected model equation can 
be made only, if a comparison with other models has been carried out_ With the test 
calculations carried out it could be demonstrated that by use of the integral method a 
stati~tica!ly significanr distinction between models becomes possible. The calculation, 
however, does not give any answer to the question whether there exists an equation 
not involved in the I1 models selected, which describes the process studied better_ 

By calculating the formal reaction order by use of the differential method, with 
the low and hi?& z-values not taken into consideration, we can obtain an indication 
that none of tie models applied describes the rtzxtion. When we decide to use one 
cTa!uation method or the other, we also have to consider the expenses of program- 
mins and computin_p. For rhe diflerential method a computer of medium performance 
(memory capacity 32 K) was used. This memory capacity is relatively small for the 
calculation problem and, anscqcently, programming expenses were refatively high 
due to the use of extcrnai memories. Taking into account the formation of in-Is’, 
a computing time of about 30 min is required for a complete calculation with about 

50 measuring points. 
The ca!cu!ations by the integral method arc pcrformcd by use of a small 

computer (memory capacity I6 K). The prozamming expenses for one process of 
compuhtion are considerably lower_ Depending on the programming language 

@rob!ern-oricnted, interpretative) t&he computing time is about 2 to 3 times BS long as 
that for the differential method with equal computation volume. For economic 
reasons, the calculation ofk, by the differentid method is expedient only for selected 
E and n. Within the programme for the integra! method, a!! kinetic parameters can bc 
calculated simultaneously. 

In principle, the integral method causes a smoothing of the measured valua, 

whereas the differential method cannot be used for ar-va!ues varying around a mean 
Aue, i-e, the latter is very susceptible to variations in reaction rate_ It has to be 

checked whether the variarion observed is due to an analytical error or to a real 
change in the reaction rate. 
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Comparison of both evAration methods allows the following conclusions to 
be drawn: 

For the calculation of kinetic pammeters and the distinction between the 
various models, in principl c, the integral method should be used. 

If there are no indications as to the reaction course, it should first bc checked 
by the differential method whether one of the model equations used by the integral 
method is valid. 

In principle, the differential method is particularly susceptible to dispersion 
of the measured values because of the difference quotients applied. Its use is expedient 
only, if the limitations mentioned above are observed (especially when the initial and 
final values of cc are not taken into account)_ 

In conclusion it has to be pointed out that the physico-chemical aspects are not 
considered in this mathematical distinction of models In any case, the mathematical 
results obtained have experimentally to be checked with respect to their physico- 
chemical meaning 

1 K. Hdde. W. HShnd. H. Ciilka, K. Scqfarlh. B. Miilkr and R. Saucr, 7%etmochim. Acta. 13 
(1975) 365 

2 K. Biihrrx and S. Boy, 7krmochim. Acta, 20 (1977) 195. 
3 W. IWand and K. H&k, 77zcrrnodzim. Acru, 23 (1978) 183. 


