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ABSTRACT

The authors present a discussion concerning variable noniso-
thermal kinetiec parameters. The dependence of the nonisothermal
kinetie parameters on the degree of conversion for some hetero-
geneous decompositions in solid-gas systems is considered,

INTRCDUCTION
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In order to describe kinetically heterogensous decompoesition

reactions of the general form: A(s) —» B{(s) + C(g) (I), which
osour in nonisothermal conditions, the following kinetic differential
equation /1-4/ is used:

da A
aT 8
where all the notations have their usual meanings with
A = const (2)
B » eonst (3)

and for the most general case /3/
£() = (1~&)?®[ 1n (1 =4]? (4)

with
n = oonst, m = const, P = const. (3

Equation (1) is obtained by means of the.classical noniso-
thermal change (CNC) /5,6/ of the isothermal kinetic equation:
B
““RT

= A £(L) c- (6)

at
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accepted as Postulated-Primary Isothermal Differential Kinetic
Equation (P~PIDKR) /5/.

A new formal théory desoribing better the complex phenomena
which characterisges reaction (I) sould eventually be developed
conasidering variable kinetic parameters witho, T ,...,ete.

In this work the only considered variable is the degree of
oconversion,d . In our opinion this is the most important factor
due te the faot that its change determines the most drastical
shange of the reaction matrix (as compared with the change
determined by, e.g. the temperature variation).

As shown previously by us /5,6/, in the case of the direct
problen of nonisothermel kinetics when the dependences of the
kinetic parameters on <t are known, then CNC can be applied te the
isothermal kinetic equation, In such a way, the following equa-
tion 1is obtained:

4. AQ)
=" -F. £(dy n(x )y (A ), p(A )e 1
THE INVERSE PROBLEM OF NONCLASSICAL NONISOTHERMAL KINETICS

The problem is to make evident the dependence of
the nonisothermal kinetic parameters on«using the integration
over small intervals of «{ and several heating rates, In order te
accomplish this task, a method which uses two constant heating
rates was previously worked out /1=11/« For a short description
of the method we remember +wo fundamental assumptions used for
ite elaborations namely,

« the reaction does not shange its mechanism with the change
of the heating rate /12/

= the values of the nenisothermal kinetisc parameters are neot
dependent on'p,

From esquation (7), through integration in the closed interval

d € (e k] for a heating rgﬁ ﬁq, ene obtains:

E(h (T))
ad 1 %
ﬁ- = A(h (T)) o ar  (8)
o Te) ﬁqu 4,

’l.
where

P () = 2(A, n(R), w4 )y P(A ), (9)
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Ty and T o the temperatures corresponding tooli anda(k,
and /9 qik is the local heating rate /7-11/ defined by;

v Yok = Tad (1o)

/)qik L. -t
gk “qi

Relationship (8) contains hq (T) which means the change of o«

with T taken from the experimental curve

oL = h(T) (11)

For Tq&- T i & 15-20K) , using the average theorem from mathe-
matical ana%ysis /7-11/ thea integral from the right member of ig)
takes the form;

T . E(h _(T))
A(hq(T) ° ar =

Tsi,
) E(h (T ;)
gik
» (qu-mqi) A(hq(Tqik)) ° (12)
Where
Taix * Tox *__Tqi)/"’ (13)
Using the approximate relationship:
(h(T_.) + h(T_.) of - dp
- q_i k = »

(T oqy) ” 3= - — oLiyp  (14)
and taking into account relationship (10),(12) anad (14) it
turns out that: Vi B(~ ik)

-,----“ ( )AL ) . Wik (159
= (t _«wt ] 15
4 £) gk "qi ik

Considering in (15) twe heating rates ﬂ, and j; and performing
the calculstions one obtains /7=-11/;

B (o) = B L Taax o Cutay) (16)
T2ax~Trix (t2mtp4)

The use of pairs ( 0‘1, °‘k) which cover almost all the values of
allows to obtain the dependence of the activation energy ond.
To find £ ( A), for 0[‘j £(d TE k) two relationships of the
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form (15) should be written with B (ol ) instead of B(« iJ.) and
B (o(jk) and A( A ,) instead of A( o(ij) and A( o(J.k). This rough
approximation should be carefully considered. Thue from two
relationships of the form (15) with -(j, it turns out that/7/:

I Koy
A g By *Ra
e = - (17)
( £ (%)
)
where ) - E( "/ik)
o vyl
(gitas) 2 o ( ) (18)
R = 1,2 18
e RTqik

To find £ (o ) using the same compromise instead of n( <« 1379
n(e 405 m( Ji-), m( 24 )s Pl *ij)’ p( °<;.J'k); we shall determine
n( elik)' m(’.L ik). P(‘xik)-

The preexponential factor can be obtained using equation
(15), It appears thaty

4_9;__ E(»Lik)
Lo £ (R) !qik
A (L) = S . q=(1,2) (19)
Qe 1 (t, -t )
qk qi

and correspondingly

log A4( o ik)-rlog Az(o( 1.5').
2

Such & procedure was applied for the dehydration of CaC,0,.H,0
atﬂ]_: 1 K mint and/;2 = 5 K min~L, The results are given in
Table I from reference /7/. _

Another possibility to finfl f'(o() consist in averaging it
for all the values of 4, i.e,, to obtain a £ (& )/9,l0/. In
this case B (o/ik) is evaluated by help of relationship {(16)
but fer f'(o{ ) an average value of the activation energy

E = o bar M .‘.'E&—(m= nr. of pairs i, "(k) (21)
m

should be used /9,10/. Obviously in such conditions an average
value of A& should be considered too.

This procedure was applied to investigate the kinetis parame-
tera for the decompositions of some coordination compounds of the

log AL ik) = (20)
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II II

II II
form Me LpXé(Mo = Co

q .
L = <§§j>—c-<g§)u p~ 2 or 4, X= NCS or C1) /9/

CaC,0, +H,0 and KMnO, /8510/« A linear dependence of the activa-
tion energy on thc degree of conversion,

or Ni

E =B + B (B, = ct, Ej=ct) (22)
has been made evident.
As far as the preexponential factor is concerned the
following relationships:
ln A = a + bE (a = const, b = const) (23)

and A‘“(
A=A (Ag=const, A;=const) (24)

have been obtained.
Teking into account relationships (22) and (24), equatiom

(7) turns into: Eo E14
da by m—, Mt T TET T ER
ar 3

which can be considered as a first equation of the nonclassi-
cal nonisothermal kineticss

CONCLUSIONS

1l Some relationships showing the dependence of the noniso-~
thermal kinetic parameters on the degree of conversion have
been derived.

2 A new equation for nonclaseical nenisothermal kineties has
been derived .
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