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F U R T H E R  A S P E C T S  O F  T H E  K I N E T I C  C O M P E N S A T I O N  
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Mathematical considerations are used to show that the existence of  an isokinetic point 
does not always indicate the kinetic compensation effect as a result of physicochemical 
reasons. The correlation of the Arrhenius parameters is given for both the inappropriate 
kinetic model function and the working temperature interval. 

The kinetic compensation effect (KCE) for solid-state reactions has been 
discussed as a linear interdependence between the apparent activation ener- 
gy, E, and the logarithm of the pre-exponential factor, A, and is expressed 
by the following equation [1-3]: 

E 
lnA = RTis----~ + Ink (Tiso) (1) 

where R is the gas constant, Tiso is the isokinetic temperature and k is the 
rate constant. The simple relationship of Eq. (1) can be understood as a 
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mathematical consequence of the exponential form of the rate constant in 
the Arrhenius equation [1, 4, 5] and seems to arise from a projection of the 
interrelationship between lnA, E and temperature, T, terms to the lnA vs. E 
coordinate [6], although the physical meaning of Tiso has not fully been 
solved as yet. It is interesting to shed light mathematically on the relation- 
ship between the KCE and the T terms. From this point of view, the KCE 
can be divided into two categories according to whether the KCE is accom- 
panied by changes in the T terms or not [7]. 

The KCE arising from a single nonisothe~'mal thermoanalytieal (TA) 
curve by the use of various inappropriate kinetic model functions is one of 
the examples where the T terms remain constant. This KCE has been dis- 
cussed from empirical [8-11] and mathematical [6, 12] aspects. Somasek- 
haran and Kalpagam reported [13] that in this type of KCE the Tiso closely 
corresponds to the peak temperature, Tp, of the TA curve. 

For a single TA curve at a given heating rate, ~ ,  the mathematical condi- 
tion for the peak can be written as [14] 

~E  
- - o  (2) 

with 

F(ap) = -  [ dr(a) 
da ]a =ap (3) 

where f(a) is the kinetic model function and ap is the fractional conversion 
at Tp. Rearrangement of Eq. (2) gives [6] 

lnA = ~ p p  + I n  "-~p'F(-ap) (4) 

If a false kinetic model function, h(a),  was used instead of the ap- 
propriate one, f(a) ,  Eq. (4) ean be rewritten as 

lnAapp = Eapp + In [~p.~. cI~. 1 ]  
RTp - -- T:, H ( ,~p) 

(5) 

with 
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H ( ap ) = - [ - ~ ] a  = ap (6) 

where Aapp and Eapp are the apparent  pre-exponential  factor and activation 
energy distorted by the use of H(ap). From a combination of Eq. (4) with 
Eq. (5): 

"F(ap) EEpp] (7) A lnA = R---~-p + in. H(ap)"  .~ 

where A lnA = lnAapp - lnA and A E  = Eapp - E. According to the pre- 
vious study [15], the distortion of the E value, Eapp/E, can be expressed by 

Eapp = f ( ap ) H ( ap ) (8) 
E h (,~p) F(,~p) 

Replacing the term Eapp/E in Eq. (7) by Eq. (8), we get [6] 

AE ln f ( ap ) A i n A  = + (9) 

When the logarithmic terms in Eqs (7) and (9) are close to zero, the plot of 
l nA vs. E has a slope of 1/RTp. Since the values of the logarithmic terms 
change with h(ap), the slope differs from 1/RTp, depending on the h(ap) 
used. In the case of establishing the KCE with the use of various h(ap), the 
slope of the plot of KCE is a certain mean value determined from the 
relationship between thef(ap) and h(ap) examined. This explains the empiri- 
cal fact that the KCE of this type does not indicate a single intersecting 
point on the Arrhenius coordinate,  i.e. an isokinetie point [16]. Accordingly, 
it is sometimes called a 'false' and/or 'superficial' KCE. 

On the other hand, in the case of a KCE established between the Ar- 
rheuius parameters  obtained from more than one TA curve under various 
sample and measuring conditions, the changes in the values of E and lnA 
are always accompanied by a change in the reaction temperature region. 
This also holds for isothermal analysis, because the working temperature  in- 
terval is sometimes restricted by the practical requirements relating to the 
sample and measuring conditions. A fundamental  analysis of the angle 0 on 
the Arrhenlus coordinate,  i.e. E/R, clearly suggests that the value of E 
depends not only on the reaction temperature,  but also on the working 
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temperature interval, AT [1, 4, 5]. In addition, the linear interdependence of 
E and/or In A and 1~AT is suggested from an empirical point of view [7, 17]. 

For the values of E and A obtained from the respective methods of 
kinetic analysis, the following relationships can be derived by using the 
lowest temperature, TL, the highest temperature, TH, and AT= TH-TL. 

(i) Isothermal methods: 

E RTHTL &H 
= -  In-7-- ( 1 0 )  

AT aL 

1 THTL &H 
. . . . .  I n _ _  + Ink (Tiso) (11) lnA Tiso AT aL 

where & is d a / d t  and the subscripts H and L denote the values at TH and 
TL, respectively. 

(ii) Non-isothermal single run methods [18]: 

RTHTL. In [( da/dT)H f ( a L  )] (12) 
E =  A---'-T- [ ( d a / d T ) L ' f ( a H ) j  

1 THTL. ln[ (da /dT)H f ( a L ) ]  
lnA = Tiso A"--~ L( dct/dT)L " f (aH)J  + Ink (Tiso) (13) 

(iii) Non-isothermal multi-heating rate methods [19, 20]: 

a) Isoeonversion methods [19, 20] 

E =  RTHTL " In [(dct /dT)H" .. r] 
aT  L ( da/dT)l. 

04) 

1 r H T L . l n [ ( d a / d T ) H  ~H)] 
lnA = riso" A---~ [( dcddT)L " dPL )J + Ink (Tiso) (15) 

RTHTL " "IF ( aL ) " all ) T/~/"-~] (16) 

b) Peak methods [21]: 

E =  
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r 
1 THTL'InI"g-(~H)L~- r~" ~LL;J + l n k ( T i s o )  (17) lnA = Tiso AT 

Since the  changes  in the  logar i thmic  te rms  in Eqs  (10), (12), (14) and 
(16) a c c o m p a n y i n g  the  change  in r eac t ion  t e m p e r a t u r e  region are small  
c o m p a r e d  with the change  in the value of  THTL/AT, the values of  E and  l n A  

mus t  be  funct ions of  THTL/AT. This implies  that  a constant  value of  

THTL/AT is a necessa ry  condi t ion for  a constant  E value [22]. In  this case, 

however ,  a cons tant  value of l n A  is not  necessar i ly  obta ined.  From this em-  
p i r ica l  fact  [7], cons tan t  Ar rhen ius  p a r a m e t e r s  are ob ta ined  for  a cons tant  
value of  AT. This  is expla ined  by the p resen t  ma themat i ca l  consequence  

that ,  for  a smal le r  AT, even the change in TttTL can  be  ignored  in com- 

pa r i son  with the change in 1/AT. For  the  same  reason ,  the values of  E and 

In A must  be  funct ions  of  1~AT, when the KCE is es tabl ished be tween  these 

A r r h e n i u s  p a r a m e t e r s .  I f  the change in FAT were  systematic ,  the existence 

of  the  isokinet ic  poin t  would be  observed,  p rov ided  the kinet ic  mode l  func- 
t ion r ema ins  unchanged  [23-25]. In this respect ,  the existence of  the 
i sokinet ic  po in t  does  not  always indicate  the KCE that  ar ises for  some 
phys i cochemica l  reason ,  because  the exper imenta l  e r ro r  in thermoanaly t ica l  
m e a s u r e m e n t s  is somet imes  sys temat ic  [26]. 
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