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ABSTRACT

Following our work concerning the mathematical theory of non-isothermal kinetics, an
attempt to apply the classical non-isothermal change (CNC) to the second-order differential
equation derived from the rate equation da/dz = f(a)k(T) is discussed. The authors show
that such a CNC is not valid for the “reaction order” conversion function, f(a)=(1— a)"
and seems not to be valid for other forms of f(a).

In some previous papers [1-4] concerning the mathematical aspects of
non-isothermal kinetics, the possibility of deriving non-isothermal kinetic
differential and integral kinetic equations through the classical non-isother-
mal change (CNC) has been considered. It has been shown that the correct
way to derive non-isothermal differential kinetic equations is to perform the
CNC on the first-order isothermal kinetic equation (rate equation) consid-
ered as the postulated primary isothermal differential kinetic equation
(P-PIDKE).

This paper deals with the possibility of applying the CNC to the second-
order isothermal quasi-kinetic equation which is the first derivative with
respect to time of the isothermal rate equation, da/dt. Considering the
general isothermal rate equation

da/dt=f(a)k(T) (T = const.) (1)
with the classical conditions
fl@)=(1-a)"a"[~In(1-a)]” (2)
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with m = const., n = const. and p = const.

k(T)=Ae E/RT (A = const., E = const.) (3)
and introducing, treated as P-PIDKE, the general heating program
T=0(:) (4)
one obtains

da/dr = f(a)k(6(1)) (5)

The first derivative with respect to ¢ of da/d¢ from eqn. (5) in isothermal
conditions is

d’a/dt* =f'(a)(da/dt)k(T) (T = const.) (6)

or taking into account eqn. (1), eqn. (6) becomes

Lo (@S kHT) (= const) ™

The problem is whether a CNC could be applied to eqn. (7) with the
heating program (4), namely into the equation

d’a/dr* =f"(a) f(a)k?(6(1)) (8)

If the CNC is valid for eqn. (8), it is valid for any form of f(«a). The degree
of conversion for any chemical change fulfils the condition

a€<(0,1] for t € [0, + o0] (9)
If
f(a)f(a) <O vie [0, + o] (10)

then relationship (8) is not valid. In order to demonstrate this statement, let
us consider the function v(¢) given by

f'(a)f(a) =v(z) (11)
where
v(t) <0 Vi€ [0, + 0] (12)
Under these conditions, egn. (8) becomes
d®a/dt* =v(2)k*(8(z)) (13)
which, with two successive integrations, gives
da/dt=ftv(t1)k2(0(t1)) dy, (14)
0
and
! 4
a= [{ [otnr?o)] dn} ar, (15)
o Vo

Using the following theorem from mathematical analysis [5], if for the
integral [2f(x) dx the function f(x) does not change its sign in the range
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[a, b], then the value of the integral will be of the same sign as f(x).
Applying this theorem to the integral (15), it is easy to see that a should be
negative for any 7€ [0, +o0] as v(#) <O0. Thus if condition (10) is valid,
then

a<0 vie [0, + oo (16)

This result does not correspond to any change, thus eqn. (8) is incorrect.
A common form of the conversion function, f(«) is

fla)=(1-a)" for n >0 (17)
Thus the product f'(a)f(a) is given by

f(a)f(a)=-n(1—a)""' <0 Vae [0, 1] (18)
In this case, the particular form of eqn. (8) is

dPa/di? = —A%n(1 — a) "V e 2E/RIO (19)

which leads to a <0, and thus, to an incorrect result.
For the general form of f(a) given by («)

7@ (@) =)~ 125 + 5+ T ama =) (20)
which gives the following particular form of eqn. (8)
%?2‘ =A*(1-a)"a?"[-In(1 - &)]**

n m V4 —2E/R8(1)
x{—l—a+a+(1—a)[—ln(l—a)]e } @)
Obviously, one could imagine combinations of n, m and p for which
numerical solutions of eqn. (21) correspond to a [0, 1] but this does not
necessarily mean that the values are correct. Computer modelling of the
particular form of eqn. (21) would be an interesting experiment.
Another general condition fulfilled by non-isothermal kinetics is the
existence of a maximum rate, thus

(d*a/dt?) ., =0 (22)
Equation (8) with condition (22) leads to
[ (0mee) =0 (23)

The solution of eqn. (23) should be «,,, €(0,1). For the conversion
function (17), the condition (23) takes the form

~n(1—a,)" =0 (24)
Thus
a . =1 (25)

which is an incorrect result.
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The conditions (10) and (23) allow the selection of other conversion
functions f(«a), for which eqn. (8) is not valid.

CONCLUSIONS

The derivation of non-isothermal kinetic equations of the form of eqn. (8)
from the isothermal differential kinetic equation, eqn. (7), through the CNC
leads to incorrect results even for a “reaction order” conversion function
flay=(1~a)".

Thus, at present, the only correct procedure for deriving non-isothermal
kinetic equavions consists in the postulation of eqn. (1) as P-PIDKE and
submitting it to a CNC. Such a procedure leads to eqn. (5) which is correct
[6-8].
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