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SOME MATHEMATICAL ASPECTS OF NONISOTHERMAL KINETICS 
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The results of an attempt to derive correct nonisothermal kinetic equations from isothermal 
ones through the classical nonisothermal change (CNC) of the postulated primary kinetic equa- 
tions are presented. An alternative possibility through use of the model of infinitesimal isothermal 
portions (MIIP) is discussed. 

In nonisothermal kinetics, the temperature T changes in time t according 
to a relationship of  the form: 

T =  O(t) (1) 

or, in particular for a linear heating program: 

T = To +fit (2) 

Relationships of  the forms (1) or (2) show that in nonisothermal kinetics t 
and T are dependent variables, while in isothermal kinetics they can be 
regarded as independent  [ 1 ]. 

This paper deals with systems characterized by a uniform space tempera- 
ture (which equals the programmed one), whose change in time is not 
limited by mass transfer phenomena (i. e. kinetically limited). 

A fundamental problem of  nonisothermal kinetics. 
Suggested solution 

The problem consists in deriving kinetic equations which adequately 
describe the evolution of  the investigated systems under nonisothermal 
conditions. Due to the lack of  an advanced theory, such a derivation has to 
be performed by using isothermal kinetic equations. Obviously, under such 
conditions one has to assume: 
a) the validity of  the Maxwell-Boltzmann distribution law, 
b) the equality between the values of the nonisothermal kinetic parameters 

and the corresponding values of  the isothermal kinetic parameters. 
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The derivation of a nonisothermal kinetic equation consists in operating 
a classical nonisothermal change (CNC), i.e. in the substitution of T--= 
const, in the corresponding isothermal kinetic equation with T = 0 (t). 
The isothermal kinetic equation (differential or integral) for which the CNC 
is valid will be called primary. Thus, we have: 

- a primary isothermal differential kinetic equation (PIDKE): 
- a  primary isothermal integral kinetic equation (PIIKE). As shown 

elsewhere [2], in the case of a complex system it is not possible to decide 
whether an isothermal kinetic equation is primary or not so, we have to 
postulate the primary character, i.e. we can distinguish between postulated 
PIDKE (P-PIDKE) and a postulated PIIKE (P-PIIKE). 

To illustrate the above considerations, we may start from the known 
isothermal kinetic equation: 

E 
da __Af(~) e leT ( T =  const) (3) 
dt 

(A = const, f ( a )  does not change its form in time and (E ---- const). 
From Eq. (3), through integration we obtain: 

E 
fo da _ A e -  - ~ . d t  (T  = const) (4) 

f(~) 

Let us accept Eq. (3) as a P-PIDKE and Eq. (4) as a P-PIIKE. Our main 

purpose is to show that: 
- it cannot be accepted that Eqs (3) and (4) are concomitantly primary; 
- it is correct to consider Eq. (3) as a P-PIDKE, but not Eq. (4) as a 

P-PIIKE. 
Operating the CNC in Eq. (3) and taking Eq. (2) into account, we obtain; 

E 

da _ A f (a) e -  n (To +~'t) (5) (N) dt 

where (N) means nonisothermal, the other notations having the usual 

meanings, or through integration: 

~ d~_ t E 

(N) Jo f ( a )  A o f e R(To+~t)dt (6) 

which we consider as correct. 
The CNC of Eq. (4) leads to: 

t 

o f ( ~ )  
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E 

R (T o + fit) t 
(7) 
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Taking the derivative of  E q  (7) with respect to t, it turns out that: 
E 

E 
(N) da - - A  f (cOe-  R(To+~t) (1 + R(To+~t) 2 ) 

dt 
(8) 

the result obviously being different from that given by Eq. (5). Thus, Eqs 
(7) and (8) do not  lead to an adequate description of  nonisothermal kinetics, 
whereas the correct Eqs (5) and (6) do. This is easy to understand, con- 
sidering as primary an equation on which a minimal number of  mathematical 
operations for isothermal conditions was carried out. This requirement is 
fulfilled by Eq. (3), but not by Eq. (4), obtained from Eq. (3) through an 
integration for isothermal conditions, which is incompatible with the noniso- 
thermal character of  the system [2]. From these considerations, it can be 
concluded that the isothermal differential kinetic equations should be 
preferred for postulation as primary.This conclusion in supported by 
applying the model of  infinitesimal isothermal portions (MIIP), which will be 
briefly presented below. 

Model of infinitesimal isothermal portions (MIIP) 

The model consists in the division of  the nonisothermal curve a(t) into 
infinitesimally small portions, in which we will consider (axiomatically) that 
the system is described by the integral kinetic Eq. (4) derived directly from 
(3). The temperature is considered as corresponding to the middle of  the 
chosen interval [3 ]. We shall analyse the MIIP corresponding to the division 
t axis into infinitesimally small portions At. 

For the n-th interval we have: 

T = O ( n - l A t + n A t  ) = 0 ( . 2 n - l A t )  (9) 
2 2 

E 
~ n  

(N) f da - -Ae  Ro ( 2 n -  1A t) A t  (10) 

J f(oe) 2 

an-1 

By summing the n relationship of the form (10) and taking the limits for 
F/ --> ,~;  
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(N) lim n A t = t 
n --9- ~ 

a t  -+ O 

(N) lim an = a 

and t being current points: 

n 

T = E A e  

E 

(11) 

t 

lim T = f A e 
iv / -.-). ,,~ O 

A t ~ O  

(12) 

RO(2i-1. A t )  A t  (13) 
2 

E 

RO(t) dt (14) 

Taking into account relationship (2), we obtain Eq. (6), which correctly 
describes the evolution of  nonisothermal systems. Thus, the use of  MIIP if 
equivalent to a CNC of  Eq. (3) accepted as a P-PIDKE. 

On the existence of  the total differential da  ----- ( b a )  aa  Ot T d t +  ( - ~ - ) t  dT in 
isothermal kinetics. 

The discussion concerning this problem was initiated by MacCallum and 
Tanner [4]. In our opinion such a discussion is meaningless. The mistake of  
the above-mentioned authors consists in the assumption that in noniso- 
thermal kinetics a relationship of  the form: 

a = uN ( T , t )  (15) 

with T and t independent  variables, is valid. From Eq. (15), through dif- 
ferentiation, we obtain: 

d a =  ( )t d T +  t ~ - ~ - - - - ) T  dt (16) 

OUN a relationship containing the partial derivative t~.--0--Z--j t at t = const, which is 
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meaningless. To solve the problem, one has to consider O(t) instead of  T in  
Eq. (15), i.e. 

0r = UN (0 ( t ) , t )  (17)  

whose differential 

d ~ - -  bUN d t +  bUN ~(dO.t____:_, dt (18) 
b t  bO dt 

does not  contain any term at t -~- const [3 ]. 

Conclusions 

1 The authors define the classical nonisothermal change of  primary iso- 
thermal kinetic equations. 

2 The classical nonisothermal change is shown to be equivalent to the use 
of  the model  of  infinitesimal isothermal portions. 
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Zusammenfassung - Die Autoren steUen die Ergebnisse eines Versuchs vor, korrekte Gleichungen fiir die 
nicht-isotherme Kinetik durch den klassischen nichtisothermen t2bergang aus den als primiir postulierten 
isothermen kinetischen Gleichungen abzuleiten. Als alternative M6glichkeit wird das Modell der in- 
finitesimalen isothermen Absctmitte diskutiert. 

P E 3 I O M E  - -  l'Ipe]IcTa.BJIenb! peayIII~TaTbl HeKoTopbLx FIOIIbITOK BbIBeCTI4 KoppeKTvmte HeHaoTepMHqe- 
cK~le i<m~emqecKHe ypaBHem~ ~a ~t3oTepMl4qeCKltX nocpe]ICTBOM mnaccx4qecKoro Het430TepM14qecl<oro 
IdaMeHeH~q np~IHFITbtX 6e3 ]IoKa3aTeJIbCTB nepah~nblX KI4HeTw4ecK'HX ypaaueHnfi. O6cyyI</~eHa a.~rep- 
HaTHBHa~ BO3MOY~IOCT]b HCnOJIb3OBaHH~ Mo~IeYII4 6ecKoseqno Manbtx H3oTepMHqeCKI4X Be.rtHql4H. 
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