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The methods of Freeman and Carroll (I), Coats and Redfern (1I), Sharp and Went- 
worth ( l id and the present author (IV) are applied to five theoretical thermoanalytical 
data calculated for assumed kinetic parameters at various heating rates. These are a 
first-order reaction, a second-order reaction, two cases of random scission in main 
chains of polymers, and a system of two parallel competitive first-order reactions. 
Although methods I, II and III cannot be applied to the latter three cases, when one 
does apply them to these cases, nearly straight relations are observed and false unreal 
kinetic parameters are obtained. For the two cases of random scission in the main 
chains of polymers, the author's method gives correct kinetic parameters. For the last 
case, the increase of the apparent activation energy with increasing conversion implies 
that even method IV cannot be applied. The reason for these results and methods for 
avoiding false unreal results are discussed. 

Since Freeman and Carroll [1 ] set forth a method of kinetic analysis of thermo- 
analytical  data in 1958, various methods have been proposed [2]. However,  most  
of them are based on the kinetic equat ion of an n-th-order  reaction. As the present 
author  has pointed out  [3, 4], the methods involve the dangerous  tendency to 
study (unjustifiably) processes of great variety wi thin  the l imited framework of 
the part icular  specialized formulae,  which leads to false unreal  results. 

In  this paper, some typical methods are applied to a few theoretical thermo- 
analytical curves calculated for assumed kinetic parameters,  and  it is clearly demon-  
strated that some methods lead to false unreal results. These results are discussed; 
the effect of the heating rate on the results is elucidated, and  in order to avoid false 
results, the impor tance  of measurement  at different heating rates is postulated.  

Method of obtaining theoretically calculated curves 

Five cases of thermoanalyt ical  curves are calculated: 

1. A first-order reaction in which 

A = 1014sec-I 

and 
A E  = 60 kcal/mole 
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where A and AE are the pre-exponential factor and the activation energy, respec- 
tively. 

2. A second-order reaction in which 

A = 1016 sec -1 
and 

AE = 40 kcal/moie 

3. Thermogravimetric curves (TG) or curves of  evolved gas analysis (EGA) for 
random scission in main chains of polymers in which 

A = 1012 sec -1 

and 
AE = 40 kcal/mole 

L = 4  

where L is the lowest degree of polymerization of the oligomer remaining unvola- 
tilized. When we study the random scission in the main chains of  polymers by 
differential scanning calorimetry (DSC) or other methods for observing the scis- 
sion directly, the curve obtained is of  the first-order [5], because the scission fol- 
lows a first-order reaction, but the scission occurs at random points in the main 
chains. 

4. T G  or EGA curves of  random scission in the main chains of polymers, 
in which 

A = 1018 sec -1 

and 
AE = 60 kcal/mole 

L = 2  

5. A parallel competitive reaction system in which the reacting species react 
by two alternative mechanisms, the parameters of  which are 

A1 = 2 x  1011 sec -1 

AE1 = 40 kcal/mole 

A2 = 1019 sec -1 

AE2 = 60 kcal/mole 

and both reaction orders are unity. 
The method of  theoretically calculating thermoanalytical curves of  n-th-order 

reactions and random scission in the main chains of  polymers is described elsewhere 
[3]. The thermoanalytical curve of parallel competitive reactions is calculated on 
the basis of  the following equation: 

dt - A l e x p  - gl(C) + A2exp - RT ) g~(C) (1) 
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where C, t, R, T and g(C) are the conversion, the time, the gas constant, the tem- 
perature and a function of the conversion depending on the mechanism, respec- 
tively, and the subscript denotes one of two competitive reactions. 

For 9x(C) = g2(C) = (1 - C), i.e. a first-order reaction: 

dC ( AE1] - C) { A E 2 ]  
dt - Alexp  - ~ - J ( 1  + A,~exp - -R-T-J (1 - C) (2) 

By integration: 

C t t 

f (1-~-C) - A l f e x p ( - ~ - T ~ ] d t + A 2  RT]dt  (3) 
0 0 0 

Introducing the reduced time, 0 [3, 4]: 

- I n  (1 - C) = AIO 1 + A202 (4) 

When the temperature is raised at a constant rate, a: 

- l n ( 1  - C )  - A 1 A E 1  I AE1- ) A,.AE2 [AEz} 
a ~  p ( RT ] + a~R - p  1RT-] (5) 

where p is the p-function defined by Doyle [6]. 
For these five cases, the conversions and the rates of conversion are calculated 

at every 2~ for heating rates of 0.25, 0.5, 1.0, 2.5, 5.0 and 10.0~ andthose 
for the parallel competitive reactions are reproduced in Fig. 1. Although the two 
parallel competitive unit reactions have different activation energies, the thermo- 
analytical curves in Fig. 1 are similar to the curves of simple reactions drawn 
elsewhere [3 ]. The other curves are also similar to the curves drawn elsewhere [3]. 

12 
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0 -~ 
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Temperature, ~ 

Pig. 1. Calculated thermoanalytical curves for parallel competitive reactions (case (5)) obtain- 
ed at heating rates of 0.25, 0.5, 1.0, 2.5, 5.0 and lO~ (from left to right) 
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Results and discussion 

Among the various methods for kinetic analysis of thermoanalytical curves, 
four typical methods are applied to the theoretical curves; they are the methods 
of Freeman and Carroll [1], Coats and Redfern [7], Sharp and Wentworth [8] 
and the present author [9]. 

In the method of  Freeman and Carroll, the following linear relation is utilized: 

A log dC/dt AE Al l )~  
A l o g ( 1 -  C) - n  ~ A log ( I - C )  (6) 

where n is the order of reaction and A represents the difference between two points 
of a thermoanalytical curve. The left side is plotted against A(1/T)/A log (1 - (3). 

The method of Coats and Redfern utilizes the following equations; for n = 1 : 

log - = l o g -  (7) aAE 2.303RT 

where a is the heating rate; and for n ~e 1: 

log [ T2(1 - n) ] log (8) aAE 2.303RT 

IO00 /T  

1.15 t 2 0  t25  1,30 t35  1,40 1.45 
- 5 0  - - -  

I ~ I f I I 

-5.5 

-6.0 

-6.5 

i i r 

-~ -7.0 

A - 1014 $ec "1 
AE - 60 kc~/mote 

n =  1 

5 ~ 1 o 0.25oC/rnin 

Fig. 2. Plots  o f  f i rs t -order  reac t ion  (case (1)) by the  m e t h o d  of  Coa t s  a n d  Redfe rn .  F i r s t -o rde r  
r eac t ion  is a s s u m e d  
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In Eqs (7) and (8), the terms of higher order are neglected. The left side is plotted 
against the reciprocal absolute temperature, assuming the order of reaction, and 
the activation energy is estimated from the slope of the linear plot obtained for  
the correct value of n. 

In the method of Sharp and Wentworth, the reaction rate constant is estimated 
at some points of  a thermoanalytical curve. For  instance, assuming the order o f  
reaction, the reaction rate constant is estimated by dividing dC/dt by (1 - C)". 
I f  the order of  reaction assumed is correct, the linear Arrhenius plot is obtained, 
and the activation energy and pre-exponential factor are estimated from the slope 
and intercept of  the linear plot. 

2 

0 

- 2 

- 4  

- 6 

- 8  

B ~ 

-12 

A (lIT) .104 
Atg(1-C) 

2 4 6 
- - ' ~  I ' I ' I 

--  ' ~  Random scission 
~ A = 1018 sec -1 

AE = 60 kcal/mole 
L= 2 

Fig. 3. Plots of random scission in the main chains of polymers (case (3)) by the method of 
Freeman and Carroll. Heating rates: o : 0.25~ e:  1.0~ O: 10.0~ 

The present author 's  method utilizes the following approximate relation; for 
a given conversion: 

log a + 0.4567 AE/RT = constant (9) 

Plotting log a against the reciprocal absolute temperature for a given conversion, 
one can estimate the activation energy. By using the activation energy estimated 
and the thermoanalytical curves obtained at different heating rates, an experi- 
mental master curve is drawn, and compared with the theoretical curves. The 
mechanism and pre-exponential factor are elucidated from this comparison. This 
method has general applicability and can be applied to all thermoanalytical curves 
consisting of a single unit process. 

First, the methods are applied to the curve of a first-order reaction. Examples 
of  the results obtained by the method of Coats and Redfern for three heating rates 
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are reproduced in Fig, 2. Naturally, very smooth linear plots are obtained. The 
kinetic parameters obtained by the methods are tabulated in Table 1. It is inter- 
esting to note that the pre-exponential factors obtained by the method o f  Coats 
and Redfern, neglecting the terms of  higher order, are very close to the true value. 
This fact suggests that the method o f  Coats and Redfern can be utilized to estimate 
the pre-exponential factor. The activation energy estimated by the method pro- 
posed by the present author is less accurate than those obtained by the other 
methods,  presumably because the temperature at which the conversion reaches 

-5 

- 6  

t.-J._l 
k-7 

1000IT 
1.6 17 18 1.9 
I ~ I ~  ( ~  I. " 1 ~-- 

\ \ \ \ .oo om.o,..,oo 
% " o . ~  , %  A. 10 lz sec I 

64.4. 638 63.6 63.3 kcollmoIe 
100 2,5 1.0 025 ~ 

Fig. 4. Plots of random scission in the main chains of polymers (case (3)) by the method of 
Coats and Redfern, assuming first-order reaction 
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Fig, 5. Plots of random scission in the main chains of polymers (case (3)) by the method of 
Sharp and Wentworth, assuming first-order reaction 
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a given value of every 5% is obtained approximately by linear interpolation 
between two adjacent conversions calculated at every 2 ~ , and the activation energy 
listed in Table 1 is the average of  those estimated at every 5 ~o conversion, while 
the calculated accurate conversion and/or the calculated accurate rate of conversion 

._c I0.0~ 
E Random scission 
~'~ A = 1012 sec "1 
o" AE = 40 
o~ 5.0 L = 4 kca[/mo{e 

2.5 

0.5 

0.25 
16 17 1.8 1.9 

IO001T 

Fig. 6. Plots  o f  r a n d o m  scission in the main chains  o f  polymers  (case (3)) by the method  o f  
the present author 
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Fig. 7. Plots o f  r a n d o m  scission in the  main  chains o f  polymers  (case(4)) by the method  o f  
Freeman and Carroll. Heating rates: o :  0.25~ O: 1.0~ ~ :  10.0~ 
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itself is used in the other methods. Furthermore, the activation energy obtained 
tends to become larger with the increase of the conversion, presumably because 
of the accuracy of  linear approximation of  the logarithm of  the p-function [6], 
but the difference between the conversion of 5 % and that of 95 % is less than 0.5 %. 
The kinetic parameters estimated by all methods are very accurate, taking into 
account experimental errors existing in the actual measurement. The results 
obtained by applying the methods to the curves of a second-order reaction are 
similar to the results of the first-order reaction, and are tabulated in Table 2. 

On the other hand, the results obtained by applying the methods to the other 
types of reaction are quite different. The plots obtained for the third case, random 
scission in the main chains of polymers, are shown in Figs 3, 4, 5 and 6. For the 
methods of Coats and Redfern (Fig. 4) and Sharp and Wentworth (Fig. 5), 

14 
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Fig. 8. Plots of random scission in the main chains of polymers (case (4)) by the method of 
Coats and Redfern, assuming first-order reaction 
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Fig. 9. Plots of random scission in the main chains of polymers (case (4)) by the method of 
Sharp and Wentworth, assuming first-order reaction 

1. Thermal Anal. 7, 1975 



T
ab

le
 2

 

K
in

et
ic

 p
ar

am
et

er
s 

es
ti

m
at

ed
 f

or
 c

as
e 

(2
) 

H
e

a
ti

n
g

 
ra

te
 

�9
 ~

 

0.
25

 

0.
5 

1.
0 

2.
5 

5.
0 

10
.0

 

A
ve

ra
ge

 

F
re

e
m

a
n

 -
-C

a
rr

o
ll

 

A
E

 

4
0

.0
 

40
.0

 

40
.0

 

40
.0

 

40
.0

 

40
.0

 

40
.0

 

2.
00

 

2.
00

 

2.
00

 

2.
00

 

2.
00

 

2.
00

 

2.
00

 

C
o

at
s 

--
 R

ed
fe

rn
 

3
E

 
lo

g
 A

 

40
.0

 
15

.9
7 

40
.0

 
15

.9
7 

40
.0

 
15

.9
6 

40
.0

 
15

.9
6 

40
.0

 
15

.9
6 

40
.0

 
15

.9
7 

4O
.0

 
15

.9
65

 
+_

_0
.0

05
 

S
h

ar
p

 -
- 

W
e

n
tw

o
rt

h
 

A
E

 
lo

g
 A

 

40
.0

 
16

.0
0 

40
.0

 
16

.0
1 

40
.0

 
16

.0
1 

40
.0

 
16

.0
0 

40
.0

 
16

.0
1 

40
.1

 
16

.0
2 

40
.0

 
16

.0
1 

+_
_0

.0
5 

+
_0

.0
05

 

C
o

n
v

er
- 

si
o

n
 

%
 

5 10
 

15
 

20
 

25
 

30
 

35
 

40
 

45
 

50
 

55
 

60
 

65
 

70
 

75
 

80
 

85
 

90
 

95
 

zl
E

 

39
.6

6 
39

.6
8 

39
.7

1 
39

.7
3 

39
.7

3 
39

.7
5 

39
.7

6 
39

.7
7 

39
.7

8 
39

.7
9 

39
.7

9 
39

.8
0 

39
.8

1 
39

.8
3 

39
.8

3 
39

.8
6 

39
.8

6 
39

.8
9 

39
.9

2 

39
.7

9 
+

0.
02

 

O
z

a
w

a
 

lo
g

 A
 

15
.8

9 
I 

15
.8

9 
15

.8
9 

15
.8

9 
15

.8
9 

15
.8

9 
15

.8
9 

15
.8

9 
15

.8
9 

15
.8

9 

15
.8

9 
I 

15
.8

9 
15

.8
9 

15
.9

0 
15

.9
0 

15
.9

0 
15

.8
9 

15
.8

9 
15

.9
0 

15
.8

9 
+

0.
0o

4 

* 
T

he
 d

im
en

si
on

s 
of

 t
he

 a
ct

iv
at

io
n 

en
er

gy
 a

nd
 t

he
 p

re
-e

xp
on

en
ti

al
 f

ac
to

r 
ar

e 
kc

al
/m

ol
e 

an
d 

se
c -

1,
 r

es
pe

ct
iv

el
y,

 a
nd

 t
he

 r
an

ge
 w

ith
 t

he
 

av
er

ag
e 

is
 t

he
 s

ta
nd

ar
d 

de
vi

at
io

n.
 



O Z A W A :  K I N E T I C  A N A L Y S I S  OF T H E R M O A N A L Y T I C A L  D A T A  611  

a first-order reaction is assumed. For the other heating rates, similar, almost 
linear plots are also obtained. As is clear from Figs 3, 4 and 5, the plots are 
slightly curved. Despite this, plots actually obtained in analysis of experimental 
data of the random scission in the main chains of polymers tend to be recognized 
as straight lines, taking into account the experimental errors. The kinetic param- 
eters obtained by the least squares approximation of  these slightly curved plots 
are tabulated in Table 3, and when one applies the methods of Coats and Redfern 
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Fig. 10. Plots of parallel competitive reactions (case (5)) by the method of Freeman and 
Carroll. Heating rates: �9 0.25~ O: 1.0~ O: 10.0~ 

and of Sharp and Wentworth, a first-ordcr reaction is deduced. The estimated 
parameters are quite different from the true values. False and unreal values are 
also derived by applying the method of Freeman and Carroll. It is interesting to 
note that there are also differences between the parameters obtained at different 
heating rates and also between those obtained with the different methods. In con- 
trast, the kinetic parameters estimated by the present author's method are very 
accurate. 

The situations are quite similar in the fourth case; the plots are shown in Figs 
7, 8 and 9, and the parameters obtained are listed in Table 4. In this case, the 
first-order reaction is also assumed when the methods of Coats and Redfern and 
of Sharp and Wentworth are applied. 

The plots for the fifth case, the parallel competitive reactions, are shown in 
Figs 10, 11, 12 and 13. For  the methods of Coats and Redfern and of Sharp and 
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Wentworth, a first-order reaction is again assumed. The results obtained, except 
for those of the present author's method, are quite similar to the results obtained 
for random scission in the main chains of polymers; all plots are similarly slightly 
curved and the estimated kinetic parameters in Table 5 are naturally unreal and 
false ones. As to the plots by the present author's method, straight lines can also 
be drawn. However, the activation energy estimated increases from 46.7 kcal/mole 
at a conversion of 5 % to 53.5 kcal/mole at a conversion of 95 %. This implies that 
the process is not a simple one governed by a single activation energy, and that it 
consists of multiple unit processes. Thus, the method cannot be applied to the 
process. 

1000IT 
1.9 1.5 1.6 lY 1.8 

-5 % .  I } 

\ 

I i i 

--~ -7  I - -  AE  541 51.8 50.1 475 
a 10.0 2.5 1.0 Q25 

P a r a l l e l  r e a c t i o n  

A 1 = 2,1011/sec A 2 = 1019/sec 
AE l = 40 kco l /mote  AE 2 = 60 k c a t / m o l e  

n 1 = 1 n 2 =  1 

Fig. 11. Plots of parallel competitive reactions (case (5)) by the method of Coats and Redfern, 
assuming first-order reaction 
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Fig. 12. Plots of parallel competitive reactions (case (5)) by the method of Sharp and Went- 
worth, assuming first-order reaction 
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Table 5 

Kinetic parameters estimated for case (5) 

615 

Heating rate  
~ 

0.25 

0.5 

1.0 

2.5 

5.0 

10.0 

Average 

_ Freeman--CarrollAE n 

46.0 0.86 

47.3 0.86 

48.6 0.86 

50.5 0.88 

52.0 0.90 

53.1 0.91 

49.6 0.88 
+_2.7 -I-0.02 

Coats --Redfern 

AE log A 

47.6 18.06 

48.9 18.58 

50.1 19.02 

51.8 19.67 

53.1 20.15 

54.1 20.54 

50.9 19.34 
-t-2.7 +0.91 

Sharp -- Wentworth 

AE log A 

49.5 1 i.97 

50.8 13.10 

52.0 14.13 

53.6 15.51 

54.7 16.54 

55.6 17.45 

52.7 14.78 
__2.4 •  

Con- Ozaw~ 
yer- 
slon 

% zlE 

5 46.7 
10 48.0 
15 48.8 
20 49.3 
25 49.8 
30 50.1 
35 50.5 
40 50.8 
45 51.0 
50 51.3 
55 51.5 
60 51.7 
65 52.0 
70 52.2 
75 52.4 
80 52.6 
85 52.9 
90 53.1 
95 53.5 

51.0 
I + l . 1  
I - -  

* The dimensions of the activation energy and the pre-exponential factors are kcal/mole 
and sec -1, respectively, and the range with the average is the standard deviation. 

As  clearly demons t r a t ed  above,  the me thods  based  on pa r t i cu la r  specialized 
fo rmulae  t end  to l ead  to false unreal  results.  These me thods  are based  on l inear  
re la t ionships  such as Eqs (6), (7) and  (8), and  der ivat ion  o f  the l inear  re la t ionships  
is made  logically.  However ,  it is no t  p roved  that  the converse is a lways true, i.e. 
i f  l inear  re la t ions are observed,  it  does not  fol low tha t  the process  is necessari ly 
the one based  on the fundamenta l  equa t ion  of  the n- th-order  react ion.  On the 
cont rary ,  for  some cases other  than  the n- th -order  react ion,  it  is c lear ly demons t r a t -  
ed tha t  the l inear  re la t ions  ho ld  approx imate ly .  

We mus t  now discuss some methods  o f  avoid ing  false unreal  kinet ic  pa rame te r s  
such as those  in Tables  3, 4 and 5. In  these Tables,  the  apparen t  false pa rame te r s  
depend  on the heat ing rate.  This fact suggests tha t  one of  the me thods  o f  avoid ing  
false pa ramete r s  is to observe a process  at  different heat ing rates.  I f  the kinetic  
pa rame te r s  es t imated  by  analysing the curves at  different heat ing rates  coincide  
with each other,  the kinetic pa ramete r s  are not  false. There is also a difference 
between the false pa rame te i s  ob ta ined  by  the different me thods ;  ano the r  way,  

5* J. Thermal Anal. 7, 1975 



616 OZAWA: KINETIC ANALYSIS OF THERMOANALYTICAL DATA 

therefore, is to utilize more than two methods, and if the kinetic parameters esti- 
mated by the different methods coincide with each other, the kinetic parameters 
are not false. However, the third and most desirable way is to utilize a method 
based on a more general fundamental kinetic equation, such as the present author 's  

.- 10.0 

P c 

25--  
AE 

1.0-- 

0 . 5 -  

Q25 
1,5 

I I 
16 19 

iO00/T 

O• Parallel reaction 
% 

17 18 

Fig. 13. Plots of parallel competitive reactions (case (5)) by the present author ' s  method 

method. The experimental master curve should be drawn by using the data from 
different heating rates. This experimental master curve should be either one which 
can be compared with the fundamental kinetic equation directly, or one corre- 
sponding to an isothermal curve. In the present author 's  method, the experimental 
master curve corresponds to the isothermal curve, since the reduced time is pro- 
portional to the actual time in the isothermal measurement. Furthermore, it is 
also desirable to observe the process by different types of thermal analysis. 
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RI~SUMI~ -- On a appliqu6 les m6thodes de Freeman  et Carroll  (I), Coats  et Redfern (II), 
Sharp et Wen twor th  (III)  ainsi que celle de l ' auteur  de cette publ icat ion (IV) ~t cinq donn6es 
thermoanaly t iques  th6oriques calcul6es pou r  des param6tres  cin6tiques suppos6s,  b, diverses 
vitesses de chauffage. I1 s 'agit  d 'une  r6action du premier  ordre,  une r6action du second ordre,  
deux cas de scission au hasard  dans les chalnes principales de polym6res et une r6action com- 
p6titive parall61e consis tant  en deux r6actions du premier  ordre. 

Bien que les m6thodcs (I), (II) et ( III)  ne s 'appl iquent  pas dans ces trois derniers cas, on  les 
a n6anmoins  utilisdes. On a alors observ6 des corr61ations quasi  lin6aires et ob tenu  des para-  
m6tres cin6tiques irr6els. Pour  les deux cas de scission au  hasard  des chaines principales des 
polym6res, la m6thode d6velopp6e par  l ' auteur  donne  des param6tres  cindtiques corrects. 
Quant  au dernier cas, l ' augmenta t ion  de l '6nergie d 'act ivation apparen te  avec l 'accroissement  
du taux de conversion signifie que la m6thode (IV) ne peut  pas 6tre appliqu6e. On discute les 
raisons de ces r6sultats et les m6thodes pou r  6viter les erreurs.  

ZUSAMMENFASSUNG - -  Die F r e e m a n n - - C a r r o l l ' s c h e  (I), C o a t s - - R e d f e r n ' s c h e  (II), S ha r p - -  
Wentwor th ' sche  (III)  Methode,  sowie die des Verfassers (IV) wurde  au f  f0nf  theoretische 
thermoanalyt ische Daten angewandt  und f/Jr a n g e n o m m e n e  kinetische Parameter  bei ver- 
schiedenen Aufheizgeschwindigkeiten berechnet.  Es handelte sich hierbei um eine Reakt ion 
erster Ordnung,  eine yon zweiter Ordnung,  um zwei F/ille von Hauptkettenaufri l3 von Poly- 
meren und  um ein System aus zwei wetteifernden Reakt ionen erster Ordnung.  Die Methoden  
I, II,  I I I  k6nnen  ffir die letzten drei F/ille nicht angewandt  werden, zieht man  sie dennoch  
heran,  so erh/ilt man  unreale, falsche kinetische Parameter .  Ffir den Kettenaufril3 gibt des 
Verfassers Verfahren exakte kinetische Parameter .  Ffir den letzten Fall spricht die Z u n a h m e  
der scheinbaren Aktivierungsenergie mit steigender Konvers ion  daftir, dab auch die IV. 
Methode nicht gebraucht  werden kann. Die Begrt indung der Beobachtungen  und die Ver- 
meidung unrealer  Parameter  werden besprochen.  

Pe3roMe - -  MeTo~bt qgpnMeHa ri Kgpponna (1), Koylc~l 1~ Pe~lqbepHa (II), I IIapna H BeHTCBOpCa 
(III),  a Taia~e MeTO~, npe,/IYIO)KeHHbll~ aBTOpOM, (IV), 6bran l,lCnOJlb3OBaHbl ~7Lq BbIqnC.rleHHf[ 
nflTrI TeopexI4qecKnx TepMoaHa3XVlTtlqecKHx )IaHHblX ~JDI npe2IHoJIaraeMbiX KHHeTHqecKHx napa- 
MeTpOB IIpM pa3fn4qHo~ cKopocTH HaFpeBaHH~L ~)TO 6bVIFI pearuHn nepBoFo nopn~Ka, BTOpOFO 
nopn~Ka, ~Ba c~yqa~ HpOH3BO2IbHOFO pecLttermeHn~ F.rIaBHO~ IlenrI HO~rtMepOB I4 napannenbHO 
npoTeiaromaa KOHiypeuTHan pearttrIn, COCTOnman B cnoro o~epe~b n3 ~ByX peaKuH~ nepBoro 
nop~)1Ka. MeTO~lbl 1, 1I rI I I I  He np~MeHHMbJ K noc~e~HnM TpeM chyqanM. O~naKo, B cnyqae 
MX MCUO-rlb3OBaHH~I Ha6Jiro~aHncb HOqTFI np~Mbte 3aBHCHMOCTH, HO Ilpn 3TOM ~blJIH noJIyqeHb! 
omn6oqHble, HepeaJIbHbIe KHHeTHqecKrle uapaMeTpbL lqpe)IJIO~KeHHbI~ ~Ke aB/OpOM MeTO~ B ~IByX 
c ~ y q a n x  IIpOH3BO3IbHOFO p a c t L t e n ~ e H n a  FflaBHO/~ ttenH nO~nMepoB ~aeT KoppeKTHISIe KHHeTH o 
qecKrle IlapaMeTpbI. ~ I g  noc:Ie~IHero c~iyqa~ yBe31HqeHHe ra>gytKe-~cg 3HeprHH aKTnaal2nrl c yBe- 
~inqeH~ieM KOHBepCHH o3natleT, qTO MeTObt IV He Mo~KeT 6blXb npI~ 9TOM RCHO~lb3OBaH. O6cyx-  
j/eHbI IIpHq/aHbI TaKHX pe3y~lbTaTOB H MeTO~bI ycTpaHeHVffl 3THX Hepea~lbHblX pe3yJ~bTaTOB. 

3. Thermal Anal. 7, 1975 


