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For every actual thermokinetic curve described by the equation

dx 4 —E
—_— = _— ni —
ar = =" e"p( RT)
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the constancy of the ratio (\) is observed, independently of the accuracy of the
n

Etrue EX
—— = —, where gy
ntrue nX
and Ey,. are the true values, while n, and E, are experimentally-determined values.

determination of the effective order of reaction n, i.e.

~ E
Accurate knowledge of the value g = (—J allows estimation of the value E, for
n

~

another approximate value n, by means of the formula E, = n,E.

In the practice of kinetic studies of reactions of the type A; —» B, + C, under
non-isothermal conditions, the activation energy E and the effective order of the
reaction n are determined [1, 2] from DTA, TG, scanning calorimetry data and gas
release curves measured in gas-chromatograph systems [3]. No accurate methods
for determining the effective order of reaction have been described in the literature.
The methods used [4, 5] all yield approximate values for n. It has been demon-
strated [6, 7] that in the general case, the effective activation energy of the reaction
and the effective order of reaction are interrelated, i.e. the higher the value of n,
the higher (under otherwise equal conditions) the value of E, and vice versa.
This relationship raises the necessity of analyzing to what extent an inaccuracy in
the determination of the order of reaction from a given thermokinetic curve is
reflected in the value of the activation energy determined.

Let us consider some thermogravimetric curve (TG and DTG) measured, for
cxample, with a Paulik — Paulik — Erdey derivatograph. From the kinetic equation

do E
—— == — n ——— 1
= (= do -] m
the order of reaction » is estimated from the known relationship [4]
nx (1 — o) 2
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where o is the conversion at the point where the reaction has reached maximum
development, at the corresponding temperature 7,. The rate constant of the reac-
tion can be described [4, 6] by the relationship

(1 —a)'-" Egq
n RT?

E —E
RTJ P [”ﬁ) ®

where ¢ is the linear heating rate. At the point 7, Eq. (3) assumes the simpler
form

k=

exXp

_ (@ ~a)" Eg

k . .
n RT?

@

Let us assume that the true value of the order of reaction, #., and the experi-
mentally-determined value, #,, are known. The values (1 — ;) and T, obviously
remain unchanged in both cases. Hence

(I —a)t—"me  Epyp' g | N (A e |
(1 — q)tme =

1 — a)™
Agrye RT 52 iy RT 52 ( S)

or, after performing the required simplifications

g Bre _E ©)

Birue iy

For another approximate value n,,
E, = n/E.

The relationship (5) can also be obtained by starting from other premises. At the
temperature 7, where the reaction reaches highest development

E RT? do | E,
== || =] ©)
n 1 — o dt | ny
For two rates of reactions [3]
da)  (du
dt ), \dt},
the following relationship can be written:
l e “1
E ~ RTlI'Zln 1 — Uy _ (5 (7)
n - Tz - Tl N nX )

The value of

can be determined fairly accurately (as compared to the esti-
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mation of the order of reaction #) by using our solution of Eq. (1):

1 — (1 -t (T — THE
- - - =(T/T.)? s . 8
1 T\ g iarT) ©P | RE, T ®
By substituting the value n, into this equation, we obtain
i 1 — (1 — a)t—™ ENT-T, 1 E
i P _(_ﬁ)z T B ) 1 )
ny (1l —n)T n| RTT n, TXE+2RT)

For the case n — 1, after resolving the indefiniteness 0/0, we obtain

—In(l —a) T-T, E
1 ( =E 1 .
n[ 7 ] RET " TYE + 2RT)
1 = (1 — )™ T-T, .
If the plot *; ln{ (1(_”)()“;2} versus “'RT':T'S' yields a straight line, whose

slope allows determination of the value of

Thus, given any approximate value n,, the ratio can be determined with

satisfactory accuracy for the given actual kinetic curve. Obviously, it will be expe-
dient for a comparative kinetic analysis of a number of chemical reactions of the
same type to utilize a characteristic activation energy value £, equal to the ratio

).

Let us analyze the case when n > 0. Then, Eq. (8) will assume the form

« E(T—-T) E
l = - 0 s p - 0 o 10
2= rrr TN TYE, G+ 2RT) (102)
or
o E
In 2= R—;: + const. (10b)
which, by differentiation, yields the equation
dina K| 2 E,—2RT (a1

dT ~— RT* T  RT®

According to Gorbachev et al. [6], Nikolaev et al. [7] and Stepin et al. [8], the
value of the activation energy E, is close to the corresponding enthalpy change AH
of the endothermic reaction.
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ZUSAMMENFASSUNG — Fiir jede kinetische Kurve, welche mit der Gleichung

do A E
— = (1 - n R —
ar == exp( RTJ

zu beschreiben ist, wurde die Konstanz des Verhaltnlsses? beobachtet. Dies bestiétigte sich

unabhiingig von der Genauigkeit der Bestimmung der tatsdchlichen Reaktionsordnung n,
d h. ¥ — X WO My Und Eyy sind die realen Werte, wihrend n, und Ej experi-
Hwanr Ry

mentell bestimmte Werte sind. Die genaue Kenntnis des Wertes E = — gestattet die Schit-
n

~

zung des Wertes E, fiir einen weiteren anndhernden Wert von n, mittels der Formel n, = n,E.

Risumi — Pour les courbes thermocinétiques auxquelles on peut effectivement appliquer

I’équation
do A E
— = —a)'—exp|— —=
ar = U=l exp ( RTJ
on a observé une valeur constante pour le rapport E/n et cela, indépendamment de I’exactitude
de la détermination de Tordre de réaction  effectif; ceci veut dire que —= =% | ol Ay
- nVl'ﬂi nX

et E,,.; sont les valeurs vraies tandis que #, et E, sont les valeurs déterminées par voie d’expé-
rience. La connaissance exacte de la valeur E = E/n permet d’estimer la valeur E, pour une
autre valeur approximative de n, par la formule n, = n,E.

PesroMe — JIns Kaxaoif KOHKPETHOM TEPMOKHWHETHYECKONW KPHBOM, ONMCHIBACMON YPAaBHCHHEM

do A E

—={1—a)' —exp |~ —=
ar = L= e ( RT)
cOBMIOOaeTCA MOCTOAHCTBO OTHOWeHUA (E/n) HE3aBUCHMO OT TOYHOCTH ompepaenenus dbdex-

Eycr Ey
THBHOrO IIOpsioxa #, T. €. — — = ——, THAE Huct ¥ Encr UCTHHHEIC 3HAYeHUsA, a ny ¥ Ey 3KCIe-
Rucr Hy

PMMEHTANTBHO IONYyYeHHBIe Bermymuel, Tounoe 3Hanue Benuuunbl E = (Efn) JaeT BO3MOX-
HOCTb OLECHWTH BeJiuuHy E, [u1s Opyroro NpuGIHKeHHOTO 3HAYeHus n, o dopmyne Ey, = n E.
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