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The applicability of Satava's integral method for the kinetic description of non- 
isothermal heterogeneous processes is first discussed. The method is found insensitive 
as regards distinction between different types of nucleation-growth models. This dis- 
advantage is countered by using additional criteria, such as the interval of straight- 
line-fitting, the standard deviation and the value of the preexponential factor. The 
algorithm for the necessary mathematical operations is explained. A graphical print- 
out in the form of a numerical plot available for any computer is described. The 
program is tested on different processes. It proves suitable for the preliminary classi- 
fication of processes and for detection of changes in the reaction mechanism by sepa- 
rate analysis of three consecutive parts of the process. 

Da ta  comparatively easily obtained f rom dynamic thermal measurements have 
led to a considerable rise in the number  o f  papers dealing with the kinetics of  ther- 
mally activated processes [1]. The characteristic accumulat ion of  recorded chart  
strips of  otherwise stored data is challenged by the use o f  computers  [1, 2]. The 
purpose o f  the present communica t ion  is to present and discuss a possible algo- 
r i thm for kinetic data evaluation, based on our  previous experience with computer  
p rogramming directed to the elucidation of  the kinetics and mechanisms of  hetero- 
geneous processes [ 3 -  6]. 

Formulation 

The mathematical  procedure is based on the integral method of  kinetic data  
evaluation [1 ], employing a most  simple kinetic equat ion to  describe the t ime-tem- 
perature behaviour of  heterogeneous processes [7]. This assumes direct propor-  
tionality [1, 7] between two functions, g (c~) and P(T) ,  depending respectively on 
the instantaneous state of  the system (represented here by a single parameter,  the 
fractional conversion c~) and on the temperature T(control led f rom the surrounding 
system as a linear function o f  time, and uniform th roughout  the system investi- 
gated). The main  advantage is a simple set o f  c~ vs. T input data, with no need for  
measured or  computed  derivatives. 

The establishment o f  the function P(T)  is mathematical ly complicated, but  is 
based on the integration of  known exponential form of  the Arrhenius rate con- 
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stant [8]. In contrast, the function g(a) is usually not known; its analytical form 
must be predicted via a hypothesis [1 ] about the physico-geometrical nature of the 
process in question. 

Approximations to the function P(T) have been developed by making different 
kinds of expansions, yielding P(T) proportional to (ln T) [9], (T) [10, 11 ] and (l/T) 
[12, 13]. It follows that straight lines should be obtained when log g(a), for appro- 
priate g(a), is plotted against In T, T and/or l/T; the slope, tan fi, gives the activa- 
tion energy of the process, E, via the respective relations: (4.657 tan fiT m - 1.986 
Tm), (4.567 tan fiT2 ) and (4.567 tan fl - 1.986 T), where T m is the temperature of 
the maximum reaction rate and T is the mean temperature of the process. Since the 
determination of activation energies utilizes the slope of the straight line fit, mini- 
mum departure from linearity will ensure accurate extraction of the desired data. 
It has recently been reported [14] that the highest degree of linearity is given by the 
last of the above-mentioned plots, which is about twice as good for the second 
approximation as for the first. The best approximation, however, is when log g(a) is 
divided by squared temperature [1, 14]. 

The choice of the functions g(c 0 depends on the purpose of our kinetic study. In 
heterogeneous processes three basic elementary events can always be distinguished: 
(1) transport of reacting species to or from the reaction zone (diffusion), (2) 
formation of energetically-favorable domains of the product (nucleation); (3) 
incorporation of reacting species into the newly-formed phase-boundary of the 
product (interface reaction). Nucleation is usually followed by crystal growth, 
controlled by diffusion and/or interface reaction [15]. The overall kinetics can then 
be described by the function g(~) = [ - ln(1  - a)] ~, where the exponent p is equal 
to 1/4, 1/2, 1/3, 3/4, 2/3 and 1 (symbols Al ,  A2, A3, A4, A5 and F1, respectively), 
depending on the nucleation rate, nucleus shape etc. [1, 15]. For the interface 
reaction the relation g(e) = [ 1 - (1 - e)l/3]n holds, where n = 1/2 and 1/3 for two 
and three-dimensional symmetry (symbols R2 and R3), respectively. Diffusion 
is expressed by the simplest forms of the functions, which do not account for e.g. 
the differences in the volume of the reactant and the product, i.e. 

#(~) = (1 - ~) "ln(1 - c 0 + ~ (D1), 
(1 - (1 - ~)1/3)~ (D2) ,  ((1 + (x) 1/2 - 1) 2 (D3) ,  
2/3 (1 - c 0 - (1 - c0 2/3 (D4) and (1/(1 - a)llZ _ 1)2 (D5). 

It is clear that the plot of log g(~) vs. 1/T cannot distinguish the value of the expo- 
nent p, as it forms part of the straight line slope; nor is it possible to separate the 
diffusion D2 from the interface reaction R3. The calculated activation energy is 
thus the product of the true activation energy and the corresponding exponent. 
Their refinement can be made through the most reliable value of the preexponen- 
tial factor calculated in parallel, [16], or better, by consideration of complementary 
evidence. Valuable assistance can be provided by the differential method of kinetic 
data  calculation [17-18], because the differential forms of the functions g(a) 
become analytically distinguishable. It must be emphasized that, owing to the small 
differences and frequent overlaping between the values of the individual case- 
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models, no analysis can be completely unambiguous, and hence the final decision 
always rests upon the investigator's logic-computer evaluation that assists in reduc- 
ing time-consuming evaluation and may even lead to a preliminary classification 
of the results. 

Description of the program 

The program flowchart is given in Table 1. From the input data, either DTA or 
TG, the non-dimensional conversional transformation e(0 _< c~ < 1) is calculated 
(in DTA being equivalent to the simple ratio of partial to total peak area [5, 19], 
together with corresponding values of the reciprocal temperature and the - l o g  
g(e) functions for nineteen preselected rate-controlling processes. After the calcu- 
lation of the intermediate values the entire evaluation is carried out on the basis of 
two criteria: 
(1) the extent of the linearity region in which the dependence - l o g  g(e)vs. 1/T 
lies within the preselected c~ limit; and 
(2) the extent of the standard deviation calculated for the linearity region. 

The establishment of the greatest linearity region of the straight line fitting 
(subroutine VYP) is accomplished after trial-and-error for the preselected, input 
region in :~. In our experience three regions are to be considered; the main (inter- 
mediate), for (e 0.3-0.8); the initial (0.03-0.35); and the final (0.7-0.97). Roughly 
evaluated straight lines within these regions serve to check all points within and 
near the interval. The points which deviate more than permitted by a preselected 
limit are neglected, and the points which still fit well are included. For final calcu- 
lation of the straight line slope, tan fl, only the part lying within the given linearity 
region is considered. The standard deviation z is also calculated only within this 
region. The mechanism where the calculated region of linearity is less than that 
initially required is neglected. For the remainder the activation energy, E, is calcu- 
lated 0"unction ENERG) employing a method of successive approximations. Input 
data are taken as X = 2.03 tan fl (T)(where T is taken as the temperature at e = 0.5) 
and E is calculated by an iterative procedure [8, 12], assuming that E = 1.986 
e*p(x)tan ft. The function p(x) is calculated by means of three formulae [21] for 
three different areas of x(= E/RT), with an error less than 10 -7. The iteration 
procedure is completed when two consecutive values agree within 90 cal, is halted 
after twenty loops. The preexponential factor Z is calculated by back-substitution 
into the original kinetic equation [6, 8, 12]. The value of Z serves as a second crite- 
rion [16] to exclude less probable mechanisms, particularly those where Z falls 
outside the interval [22] 1024 > Z > 104. Final ordering of so far acceptable mecha- 
nisms is made separately for the individual input regions of c~ according to the 
extent of linearity. The print-out includes the mechanism specification (M) the 
activation energy (E),the preexponential factor (Z)the standard deviation (e) and 
the extent of linearity (%) (see Table 2). A complementary graphical printing of six 
basic g(e) functions (D1, D4, D5, R2, R3 and F1) is also included. One can also 
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T a b l e  1 

F l o w c h a r t  o f  the  p r o g r a m  

Number' of points 
Length of step ~ 

Acenr. limit in % 
Heating rate 

L Init. & end T 

TG + DTA 

~ e i g h t  in eqd. points / / AT in eqd. p o i n t s ~  

Spec. for the / 
reaction interval 
to be analysed ] 

DTA TG 

Evaluation of a ] 

I 
1/T for individ, points 
& eval. of--log (g(a)) 

for 19 mechanisms 
I 

Print-ou~ of basic 
input data & the 
table of a, T, 1/T 

--log (g(a)), if desir. 
I 

1] Digital (~atava's) 
plot for 6 basic 

mechanisms (PLOT) 

I 

I 
Eval, of a using 
Simpson's rule & 

Borchardt, Daniels 
formula (SIMPS) 
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Next 
mechanism 

NO 

I 
Central region 

0.3<a<0.8 
is considered 

r I 

I Invest. of--log g-(a) 
vs. 1/T linearity for 
given accuracy linfit 

I lterative procedure for 
act. energy (ENERG) 

I 

Eval. of p(x) using 
rat. approx. (PX) 

J 

Eval. of the i)reex. 
factor (ZET) 

v 

, 9 1  

YES 

I 
Mechanism is 

ignored 

�9 

YES 
I 

Mechanism i l 
ignored 

t 
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Initial part 
0.03 < a < 0.35 
is considered 

Fina~ part 
0.7<a<0.97 
is considered 

I 

Selection of the 
mechanism with 

greatest lineari~y 
interval (AX) 

L 
I Print-out of mech. I 

according to the 
order of linearity 

area extent 
P14nt out Ea, Z, st. 

deviation, linearity 
interval 

NO 

NO 

YES 
( End of program ~ 

NO Q 
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choose an alternative print of  the -logl0g(e) " vs. 1/T table for possible manual 
refinement, 

The program is designed to evaluate series of thermoanalytical runs, the time 
for one curve-fitting amounting t o a b o u t  5 sec with an IBM 370/145 computer. 
The program (in Fortran 4H level language) requires about 7 �9 10 ~ bits and at 
present is part of the standard library for IBM 370/145 computers in the authors 
Institutes. 

Discussion 

The accuracy (i.e. the degree of precision with which the kinetic parameters E 
and Z are determined) and the correctness, g(e), (whether these kinetic parameters 
are attributed to the true rate-controlling process) of the resulting data depend 
above all upon the reliability of the input data. The smaller the accuracy in experi- 
mental scan, the greater the number of  mechanisms evaluated, with greater dis- 
persity in E and Z. Decrease in the number of scanned points may also result in 
the greater scatter of the resulting data (usually when below 20). 

in order to test this program we have employed well-defined, theoretically-cal- 
culated curves (see Fig. 1) on which a normal scanning procedure was applied. 
The first two curves are simple cases of diffusion and nucleation, while the third 

1.0 

0.9 

0.8 

0 . 6 -  ~ 

0.4 

0.3 

0.2 

0.1 

100 120 140 160 180 200 
(1)(2) Temperature, ~ 

230 270 310 350 390 1,30 470 510 
(3) (4) Ternpemture, c'C 

Fig. 1. Theore t ica l  curves  for  mos t  c o m m o n  he t e rogeneous  processes  with solids. S imple  
processes  o f  nuc lea t ion  (1), where  g(c0N = [ - - l n ( 1 -  c~)] j~2 ( A 2 ) a n d  dif fus ion (3), where  
g(e)D = [1 - -  (1 - -  c01?al 2 (D2). (2) Process  cont ro l led  by nuc l ea t i on  (N) up to c~ = 0.4, 
where  d i f fus ion  (D2) becomes  t he  ra te -cont ro l l ing  process .  (3) Process  de t e rmined  by diffu- 

s ion (D2),  bu t  at  e = 0.6 there  is a change  o f  kinetic p a r a m e t e r s  (E D, Z D--* E~,  Z~)  
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Tab le  2 

Resu l t ing  d a t a  l is ted by c o m p u t e r  

Theoretical curve 

0 <  ~ <  1 

D 2  
(Jander )  
E-----18 
Z =  10 9 

0 < ~ < 1  
A2  
(Avrami ,  p = 1/2) 

E = 1 8  
Z = lO s 

A t  a = 0.4 
change  

A2  
0 <  ct < 0.4 
E =  18 
Z = 10 s 

D2  
0 . 4 <  ~ <  1 
E =  28 
Z = 2.2 �9 10 l~ 

A t  c~ = 0.6 change  
D 2  
0 <  c t <  0.6 
E =  25 
Z =  6 �9 105 

D2  
0 . 6 <  ~ <  1 
E =  38 
Z = 5.7 �9 101~ 

accuracy l imit  

77oo 

12% 

7% 

1 2 ~  

7% 

12% 

7% 

12% 

M 

D4 

A2 
A5 
A4 
F1 
R3 

F1 
D5 
D3 

F1 
D3 
D5 
D4 

D5 

D5 

central region 0.3 < < 0,8 

E Z 

18.1 8 " 109 
19,3 7 " 109 
17.5 2 " 109 

19.2 7 " 109 
14.7 3 " 108 
18.6 2 �9 10 l~ 
21.2 2 " 1011 

19.0 3 " 108 
25.9 10 TM 

29.3 7 ' 101~ 
39.6 2 "  1019 
37.1 3 " 1017 

18.4 108 
25.0 5 �9 10 t l  

28.3 3 " 10 la 
38.4 6 �9 10 TM 

36.7 2 �9 1017 

17.0 2 "  107 
41.8 2 " 1019 

18.7 5 " 106 

17.4 5 " 107 
18.9 106 
45.2 1021 
28.3 2 �9 10 TM 

30.3 105 

32.5 5 " 10 n 

0.024 
0.025 
0.038 

0.032 
0.053 
0.057 
0.066 

0.062 
0.062 
0.062 
0.062 
0.13 

0.12 
0.12 
0.12 
0.12 
0.097 

0.07 
0.04 
0.03 

65 
65 
64 
62 

53 0.04 

58 0.04 

0.16 
0.043 
0.11 
0.051 
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f o r  t h e  e v a l u a t i o n  o f  c u r v e s  i n  F i g .  1 

initial part  0.03 < a < 0.35 final par t  0.7 < a < 0.97 

M E Z ] ~ a M E Z ] ~ a 

D 2  

D 4  
D 1  
D 3  

D 2  

D 4  
D 1  
D 3  

R 3  
R 2  
A 2  

A 5  
A 4  

R 3  
R 2  
A 2  
A 5  
A 4  

R 3  
R 2  
A 2  

A 4  
A 5  

R 3  
R 2  
A 2  
A 5  
A 4  

D 5  
D 2  

D 5  
D 2  

18.8  
18.1 
18 .0  
16 .6  

19 .0  
18 .7  
18 .6  
17.3  

36 .7  
36 .8  
18.8  
2 5 . 6  
29 .0  

36 .7  
36 .4  
18.6  
25 .4  
28 .8  

34 .5  
34 ,2  
16.8  
26 .0  
22 .9  

34 .0  
33 .6  

17 .0  
22 .9  
26 .0  

27 .2  
2 4 . 0  

27 .0  
24 .0  

4 " 10 a 
7 " l 0  s 

3 " 10 a 
6 " 107 

5 " 10 a 
2 " 109 

7 ' 109 
2 " lO s 

2 '  1017 
3 �9 1017 

2 �9 l 0  s 
7 �9 1011 

7 �9 10 la 

2 �9 1017 
2 �9 1017 

2 l 0  s 
6 10 H 

5 10 ~a 

6 1015 
6 1015 

2 107 
2 �9 10 r-' 

10 lo 

4 �9 10 t5 
4 '  1015 

2 �9 107 
2 - 101~ 

1012 

1 0 6  

106 

106 
106 

9 4  

36 
36 
36 
36 
36 

41 
41 
36  

36 
36 

4 9  
48  

51 
48  

0 . 0 3 3  
0 . 0 1 6  
0 . 0 2 2  
0 . 0 2 3  

0 . 0 7 4  
0 . 0 4 4  
0 . 0 5 8  
0 . 0 4 1  

0 .11  
0 .11  
0 .13  
0 .13  
0 .13  

0.1 
0 .13  

0 . 0 5 1  
0 . 0 5 1  
0 . 0 5 1  

0 . 0 2 1  
0 . 0 2 1  

0 .03  
0 .03  
0 .03  

0 . 0 2 6  

0 . 0 3 7  
0 . 0 3 1  
0 . 0 3 1  
0 .031  

0 .01  
0 . 0 2  

0 .01  
0 . 0 2  

D 2  
F 1  11 .6  

18 .4  
13 .9  
11 .4  
34 .7  

18 .4  
25 .0  
28 .3  
38 .4  
18.9  

18 .6  
25 .4  
28 .8  

28.1  
22 .3  
18 .2  

17 .9  

D 2  29 .2  
D 4  2 3 . 6  
D 1  18.7  
F 1  17.9  

D 2  36 .6  

D 2  36 

18 .0  109 5 4  
107 29  

2 " 109 9 6  
106 51 

6 " 105 4 7  

10 ~~ 33 

108 96  
5 " 1011 9 6  
3 ' 1013 9 6  
6 " 1018 9 6  

6 " 10 r 27  

108 97  
6 �9 10 It  97  

5 " 10 la 97  

6 " 101~ 60  
6 "  108 50  
2 " 107 30  

107 71 

3 " 10 ~~ 65 
7 " lO s 60  
4 " 107 4 0  

107 71 

6 " 109 53 

6 " 109 56  

0 . 0 4 2  

0 . 0 1 9  

0 . 0 3 6  
0 . 0 5 1  
0 . 0 4 7  
0 . 0 3 4  

0 . 1 2  

0 . 1 2  
0 . 1 2  
0 . 1 2  
0 . 0 1 2  

0 . 1 4  
0 . 1 4  
0 . 1 4  

0 . 0 1 9  
0 . 0 1 7  
0 . 0 3 3  
2 .14  

0 . 0 3 5  

0 . 0 3 7  
0 . 1 2  
2 . 1 4  

0 . 0 4  

0 . 0 4  
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curve is the most common case of  a combined process: nucleation followed by 
diffusion�9 The fourth curve is the synthesis of two consecutive diffusion processes 
as found in practice (oxidation of CaO [17]). The number of  read-out points was 
25 for the simple curves and 35 for the complex curves. The accuracy limit of the 
straight line fitting was chosen above (12%) and below (7 %) the usually reported 
error of the kinetic parameters ( +  10%). 

The computed data are listed in Table 2, from which it follows that: 
1) Diffusion mechanisms are rated only after consideration of all criteria applied 

with the values of E in the region of 18 _ 2 kcal. Despite the slight differences 
between the analytical forms of the individual diffusion mechanisms, the model 
relation D2 is generally, in first place. The deviation of  E from the theroetically 
inserted value lies within the normal region. 

2) The case of nucleation and consequent crystal growth yields more complex 
data where it is not possible to distinguish directly between A2, A4 and A5, al- 
though model A2 gives kinetic parameters corresponding to the theoretically 
inserted ones. The steeper course of the curve (less accurate scanning) is reflected 

I/TFMPERATURE 
~.0021826 

n.0021960 

0.002?0~3 

0.0022226 

0.0022360 

0.2022493 

0.0022626 

0.0022759 
0.0022~26 

0.0022~S9 

,).0023093 

0.0023226 

0.0023359 

0.000355~ 

0.0223693 

0.0~23826 

0.0003Q59 

0.0024092 

0.0~2~226 

~.0024359 

0.0024559 

O.O0~6g~ 

0.0024826 

0.002~95q 

. I .  ERROR OF PLOTTING 

r3 

)3 

-3, ~843 - 2 . 8 7 4 8  " 2 ,~ 65A  

? $ 

; 5 a~ 

5 

0 14 

5 la 3 

5 ta 

3 5514 a 

S S 

15 a 

5 a 

5 6 

S 

# 

1 

$ 

$ 

$ 

,= 

5 

5 

O 

-~.0559 -1.6~6& -1.2~69 -0 .8275 -0,41~0 

oi TWO DI~CENSIONAL DIFFUSIO~ CYLINDRICAL SYRETRY 
, D4 THREEDINENSIONAL DIFFUSIO~ GIRSTLI~;G-BROU~STEIN EQUATION 

D5 THREEDI*4ERSIO~AL DIFFUSION ZHURAVLEV,~ESOKMIN, TEMFOL=AN EQUATIO~ 
R2 pHASE EOU;~DARY REACTION CYLINDRICAL SYMETRY 
R3 pHASE BOUNOARY REACTION SPHERICAL SYMETRY 
~ANDOr • ~UCLEATIOr~ 

6 

6 

6 

-0 .0085 

ALP~ 
o 9 . 9 7 7 5  

~ 0 . 9 6 0 0  

0 . 9 3 5 9  

0 . 9 0 5 0  

0 . 0 ? 2 5  

e , 2 3 5 0  

0.~o~o 

0.7650 
0 . 7 2 5 n  

0,6800 

0.6400 

0.6000 

n . 5 5 5 n  

o.01oo 

0 . 4 6 5 n  

0.3650 

0.3050 

0.05O0 

0.1950 

0 . 1 5 2 5  

0,1175 

0.2900 

0.0675 

O,qO09 0,8104 

LOGIO(G(AL~HA)] 

Fig. 2. Numerical print-out of gatava's plot by IBM 370/145 computer evaluating curve (2), 
see Fig. 1 
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in the greater dispersion of the resulting data, particularly in the initial part, where 
the interface models R2 and R3 are preferred. 

3) Interesting results are obtained for the case where the rate-controlling pro- 
tess changes during the course of  the process as illustrated by sharp breaks in the 
plots -logl0g(c0 vs. lIT (see Fig. 2). Such a break may serve as the first indication 
of a combined case, where attention should predominantly be focussed on the 
initial and final parts of  the process. In the central region the least sensitive func- 
tion (double logarithm) is fitted within only 60 % (E being close to the theoretical), 
whereas the final part  of the curve is unambiguously described as diffusion-con- 
trolled. The initial part  yields the interface reactions R2 and R3 as most probable, 
but on comparing the kinetic parameters of  the final part  (0.31 < ~ < 0.96, 
D2, E = 28.1 and Z = 6 �9 l01~ with those of the initial part  (0.01 < ~ < 0.42; 
R3, E = 34.5 and Z = 6 �9 1015) we can see that both E and Z decrease from the 
advancing to the terminating part  of the process. This is in contradiction with the 
theoretically-introduced change in the mechanism, which brings the increase of  
E and Z in order to match the values of  the two models. It  can also be understood 
from mathematical analysis [1, 25]. Hence the nucleation-determined process, A, 
should be preferred, namely A2 with E and Z lying below those for D2 (and D4). 

4) The last case demonstrates the condition where the diffusion mechanism is 
altered during the process, as is unambiguously classified in the output data. 

It  can be seen that the program cannot distinguish between the individual cases 
of  nucleation-growth limited processes, for which a derivative method is more 
sensitive and should thus be additionally applied [20, 23, 24]. The differences 
between the A and R types of  rate-controlling processes are not easy to establish 
precisely. 

Attention should be paid to the processes in the vicinity of equilibrium, because 
close to the equilibrium temperature linear proportionality between - l o g  g(a) 
and 1/T does not hold [16]. In such a case the final part  of the process should be 
considered preferably. 

The degree of the preselected accuracy limit within which the straight line fit of  
log g(~) vs. lIT is calculated should not be put too low (usually not below 5 %). 

For the straight line slope calculation the least-squares method was employed 
in the form of a simple linear equation. This, however, is correct only in the 
case of  the Gaussian distribution of both variables, but in the case of the plot - log 
9(e) vs. lIT this is not completely fulfilled. However, for the small interval of  
scanning the experimental error usually becomes greater than that introduced by 
equidistant temperature scanning, so that more adequate iteration loops aimed at 
minimum deviation are not needed. 

Conclusion 

It  is not possible to expect that a computer evaluation yields results not requiring 
further treatment. The above algorithm provides maximmn information concern- 
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ing the more probable  mechanisms,  and  excludes the less probable  ones, using the 
following criteria: 

1) the interval of  l ineari ty for the - l o g  g(~z) vs. 1 i T  plot ;  
2) the value of the s tandard  deviat ion wi thin  this region;  
3) the value of the preexponent ial  factor. 

The program cannot  dist inguish between the individual  cases of nucleat ion-  
determined mechanisms.  In  the classification of combined  processes, the initial  
and  the final regions are considered most  impor tant ,  where the increase of  E and  Z 
with the change of rate-control l ing process appears more probable.  
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RP~StIM#. -- On discute la possibilit6 d'appliquer la m6thode d'int6gration de ~atava h la 
description cin6tique des processus h6t6rog6nes 6tudi6s en conditions anisothermes. On 
trouve que cette m6thode manque de sensibilit6 pour distinguer les diff6rents modules de 
germination et croissance. Cet inconv6nient est soulign6 par des crit~res suppl6mentaires 
comme l'intervalle de l'ajustement lin6aire, l'6cart-type et ta valeur du facteur pr6-exponentiel. 
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O n  expl ique  l ' a l go r i t hme  p o u r  les op6ra t ions  m a t h 6 m a t i q u e s  n~,cessaires. On  d iscute  le sys t6me  
d ' impre s s ion  g r a p h i q u e  sous  fo rme  d 'ur ie  fonc t ion  n u m 6 r i q u e  va lab le  p o u r  t o u s l e s  o rd ina -  
teurs .  Le p r o g r a m m e  est utilis6 dans  le cas  de p lus ieurs  processus .  I1 pe rme t  u n e  classif icat ion 
pr61iminaire des  p rocessus  en i n d i q u a n t  si ceux-ci  sprit poss ib les  ou  non .  I1 pe rme t  auss i  de  
d~,celer les c h a n g e m e n t s  de  m6can i smes  r6ac t ionnels  pa r  l ' ana lyse  s6par6e de  trois  6 tapes  
cons6cut ives  d u  processus .  

ZUSAMMENFASSUNG --. Einle i tend  wird die Ar iwendbarke i t  yon  Sa tava ' s  I n t e g r a l m e t h o d e  zur  
k ine t i schen  Besch re ibung  n i ch t i so t he rm  geprt if ter  he t e rogene r  Prozesse  erOrtert. Die  M e t h o d e  
wird for  n ich t  gen t igend  empfindl ich  geha l ten  u m  zwischen  ve r sch iedenen  Typen  von  K e r n -  
w a c h s t u m s m o d e l l e n  zu  un te rsche iden .  Dieser  Nach te i l  wird du rch  A n w e n d u n g  zusfitzlicher 
Kri ter ien ,  wie l ineare  A n p a s s u n g ,  S t r euungswer t e  u n d  Wer t  des p rgexponen t i e l l en  F a k t o r s  
n o c h  m e h r  be tont .  Der  A l g o r i t h m u s  f/Jr die n o t w e n d i g e n  m a t h e m a t i s c h e n  Ope ra t i onen  wird 
erklfirt. Ein g raph i sche r  A u s d r u c k  in der  F o r m  einer  ffir j eden  K o m p u t e r  zugf ingl ichen 
F u n k t i o n  wird erOrtert. Die  A n w e n d b a r k e i t  dieses P r o g r a m s  wird an  H a n d  ve r sch iedener  
Prozesse  gepr/3ft. D a s  P r o g r a m  erwies s ich als geeignet  fiir v o r h e r g e h e n d e  Klass i f iz ie rungs-  
prozesse ,  sowie zur  E r f a s sung  von  , ~ n d e r u n g e n  im R e a k t i o n s m e c h a n i s m u s  d u r c h  e inze lne  
A n a l y s e n  dreier  au fe inande r fo lgende r  Teile des Prozesses .  

Pe3~oMe - -  BrIepBble 06cymjleHa HpI,IMeHHMOCTb FIHTeFpfl.rlI~HOFO MeTO~a lIIaTaBbt ~IJI~ onHcaHria 
KHHeTItKI4 HeH3OTepMHqeCKHX FeTepOFeHHblX IIpoLIeCCOB. Hafi~leHo, qTO 9TOT MeTO/I HeqyBCTBI,I- 
TeJ'lbHbI~[, qTO6bI OTJ'/FI~I!4Tb pa3YlHqRbIe THnbI Mo/Ie~efi o6pa3OBaHHe-DOCT IIeHTpOB KpHcTaJI.rI!,I- 
3atlI4H. ~TOT I-Ie~IoCTaTOK ycTpaH~teTC~ I/ICIIO.rlb3OBaH!4eM TaK!4X ]IOI1OJIHHTeJIbHhlX KpHTeptleB 
KaK I4HTepBaYl np~Ma~-BepT~tKaJ~b-c6opKa, CTaH/IapTHOe OTK.rlOHeHI4e 14 3HaqeH~le IIpejI3KCriO- 
~entlI~anbHoro qbaKTOpa. O6~ac~ert a~ropHTM Heo6xo~HMblX MaTeMaT~IqeCKrlX onepauH~. 
Oc060e y~Iapemm c)lenaHo Ha TO, ~iI'O rpaqb~necI~oe neqaTaH~e npezmTaBnneTca B '~HCnOBO~ qbopMe, 
tlTO ~I.OCTyflHO ,/IJDt Ka~IO-~ BbtqHCYlHreJIbHOf~ MatuI4nbI. IJpHMeHHMOCTb 3TOll nporpaMMbI npo-  
BepeHa Ha pa3.rlHqHblX nporteccax. FIoKa3aHo, qTO nporpaMMa r~OJlXO~IHT ~IJI~ npe~BapHTem, Ho~ 
KnaccHqbHKaII~ri npotteccoB raK 60aee,  TaK H Menee npI4eMJ]eMbIX, a xaK~e ~Inn 05Hapy~enHn 
~43MeHeHH_~ B MexaHH3Me peaKtln~, pa3~leYIbnbIM aHaYIH314poBanI4eM Tpex nocne~ioBaTenr~Hr~x 
,~acxe~ Taroro  npo~lecca. 
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