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The major causes leading to the apparent compensation effect (Ig 4 = aE + b) at
the thermal decomposition of one and the same substance in a series of experimental
conditions (varying of the mass of the sample, of the heating rate, of disperseness,
and at different distances from the equilibrium) were discussed. It was found that the
appearance of a compensation effect at the study of the thermal decomposition of one
and the same substance demonstrates the incorrect setup of the experiment, resulting
in erroneous values calculated for the kinetic parameters.

It has already been stated ecarlier that the compensation effect (Ig 4 = aE + b)
observed at the thermal decomposition of one and the same substance when
experimental conditions are changed is only apparent [1].

This apparent compensation effect is encountered more frequently than usually
assumed:

(i) Owing to the time and temperature limits in experimental practice, not the
complete area of the relationship Ig 4 vs. E, can be studied, but only a relatively
narrow, somewhat diverging band. This gives the illusion of a general compensa-
tion effect.

(ii) For a set of processes in which the rate constant is one and the same and
the rate increases exponentially with temperature, a linear relationship will exist
between 1g 4 and E,. Hence any error in the determination of E, will be com-
pensated by a proportional change in Ig 4.

(iii) The ignorance of the true mechanism (disregarding of several parallel reac-
tion paths, with a varying share from experiment to experiment) will lead to an
apparent compensation effect [2, 3].

(iv) An analogous effect will also be observed if successive stages exist (disregard-
ing of an intermediate complex) [3].

For thermal decomposition most frequently case (ii) will be met. It can readily
be shown what the reason for the appearance of a compensation relationship is
when the mass of the sample or the heating rate is changed (described in [4]
and [5]).

A study of the kinetics of thermal decomposition demonstrates the appearance
of a temperature gradient in the sample owing to self-cooling (in endothermic
reactions) and self-heating (in exothermic reactions), and hence to an error in the
determination of the values of F and A4. The type of growth of this error has been
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analyzed in the literature. It has been shown that for exothermic reactions
E bserved > Eyues for endothermic reactions Egpeervea < Eirues and an analytical
relationship was found between the value of the error AE/E and the Frank-Kama-
netsky criterium (Fig. 1 [6]). A similar type of growth in the error of the calculated
pre-exponential factor was found, whereas the determined value of the rate con-
stant only slightly changes [6].

Let us consider the Frank-Kamenetsky criterium:

5= qgoAEr?e” EIRT
a ART?

where g is heat evolution per unit mass, o the density of the substance, 4 the pre-
exponential factor, E the activation energy of the process, r the radius of the
sample, T temperature (K), R the universal gas constant, and A the thermal con-
ductivity of the sample.

It is obvious that if only the mass of the sample is varied, all other experimental
conditions remaining unchanged, the Frank-Kamenetsky criterium 6 will change
owing to the change of the sample radius r. Since the errors in E and A depend
analogously from the criterium 6, an apparent compensation effect lg 4 = aF + b

]
|
1
L
t
{
H
i
1
1
)
'
!
]
)
I
1
1
i
1
i
|
1
I
i
i
1
'

Fig. 1. Dependence of the error in the determination of activation energy on the value of the

Frank-Kamenetsky criterium {6]. A — sample in the shape of an infinite plane; B — sample

in the shape of a cylinder; C — sample in the shape of a sphere; a°, b’, ¢’ — the temperature

is determined in the centre of the sample; a, b, ¢ — the temperature is determined in the layer
adjoining the wall

will be observed in the experiments (b is constant, due to the only slight dependence
of the rate constant of the reaction on 8). In the literature the effect of the value
of the heating rate in non-isothermal experiments on the temperature gradient in
the sample has been discussed [7]. The error in the determination of the kinetic
parameters becomes significant when the dimensionless heating rate parameter
Q > 0.1. Errors in the determination of E and A will here also lead to an apparent
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compensation effect for one and the same substance in a series of experiments
where the heating rate is varied.

The empirical formulae cited in the literature for the analytical relationship
between the calculated E and 4 values and sample mass or heating rate (e.g.
E = Cju+ Cy; E = Cym* — Cym + Cs [8]) are obviously mathematical ap-
proaches to describe the relationship between E and A4, on the one hand, and ¢
and Q, on the other hand.

An analogous analysis of the effect of other experimental conditions allows to
prepare a list of the major causes leading to the observation of an apparent
compensation effect in the thermal decomposition of one and the same substance.

1. Differences in the intenseness of self-heating or self-cooling (E and A are true
only at values of the Biot criterium Bi < 1 [7]).

2. Non-optimum range of heating rate change (E and A are true only at values of
the dimensionless heating rate parameter 2 < 0.1 [7]).

3. Different distances from the equilibrium (and consequently a different extent
of the reverse reaction taking place).

4. Change in disperseness (within the limits d,,/d;, = 6). Delmon already
observed that if the scattering of the size of particles in the sample does not
exceed d,,./dmin = 6, then, for the homotetic shrinkage of the particles, the
kinetic equation da/df = k(1 — «)*® will practically not be distorted up to con-
versions of & = 50%. In the case of wider limits for particle size, the formal order
of reaction will increase from n = 2/3 to n =1 and n = 2 [9]. However, the
increased formal order of reaction will always result in a parallel growth of E and A,
corresponding to the equation of the compensation relationship [10].

5. Changes in the share of intergranular diffusion (owing to the presence of a very
fine fraction). In the thermal decomposition of very fine fractions, intergranular
diffusion exchange becomes significant [11], and the limit of disperseness where
this takes place varies from substance to substance. In Fig. 2, dehydratation data
for various narrow fractions of the EDTA chelate MgMnL - 9 H,O are presented.
The kinetic curves were constructed from gas evolution measured in a continuous
reactor [10] (m = 10.0 mg, wy, = 60 cm®min, ¥ = 3°/min). To analyze the kinetic
mechanism, we utilized the integral program TA I B [12, 13].

For the fraction 400 um to 50 um, the kinetics of the process, in the conversion
interval 0.5% < a < 509, were best approached by the equation of the shrink-
ing spheres [da/df = k(1 — «)®>?]; for the fraction <50 um the dehydratation
kinetics are described by the diffusion equation. As may be seen from the figure,
the reproducibility of the value E is +2.5% for the fraction 400 ym to 80 um,
and +5.89%; for the fraction 400 um to 70 um. Further reduction of particle size
sharply increases retardation of the process by diffusion, while calculation with
the unchanged equation of shrinking spheres results in lower and lower values
of E and A. For the fraction 4 to 50 um, the dehydratation process is described
best of all by the equation of three-dimensional diffusion (E = 187 kJ/mol,
lg A = 23.9). The calculation using the equation of shrinking spheres supplies
another point to the straight line of the compensation effect.
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6. Change in the share of diffusion across the layer of the substance (large test
specimen in a standard crucible). Our data indicate that in thermolysis of sample
masses >100 mg in the standard crucible of the Derivatograph, the kinetics are
controlled by the diffusion of the gas to the surface across the layer of the sub-
stance. In the intermediate diffusion kinetic mode of operation, the compensation
relationship will also be observed at changes of the mass of sample.
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Fig. 2. Dehydratation of the EDTA chelate MgMnL - 9 H,0 — MgMnL + 9 H,O. Apparent

compensation effect observed at the change of the disperseness of the substance (kinetic

parameters calculated by means of the equation of shrinking spheres): Group of points

80— 400 um. Separately studied fractions 315—400 um, 200—315 pm, 160—200 um,
125—160 pm, 100 — 125 gm, 90— 100 um, 80—90 um

The true kinetic parameters of the thermal decomposition process can only be
obtained under very strict experimental conditions. Any change in these conditions
beyond certain limits will result in the erroneous calculation of E, and A values,
owing to the share of diffusion, reverse reaction, or the presence of temperature
gradients or conversion gradients in the sample.
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REsUME — On a étudié les causes principales de l'effet de compensation apparent (Ig A = aFE +
+ b) lors de la décomposition thermique de la méme substance dans differentes conditions
expérimentales, en faisant varier notamment Ia masse du prélévement, la vitesse du chauffage,
la dispersion et I’écart 4 ’équilibre. On a trouvé que I’apparition d’un effet de compensation
lors de I’étude de la décomposition thermique de la méme substance résultait de I’exécution
incorrecte de expérience qui méne & des valeurs fausses lors du calcul des paramétres ciné-
tigues.

ZUSAMMENFASSUNG — Die Hauptursachen, welche zum scheinbaren Kompensationseffekt
(Ig A = aE + b) der thermischen Zersetzung ein und derselben Substanz fiihren, wurden unter
verschiedenen Versuchsbedingungen untersucht: unter Anderung der Probenmasse, der Auf-
heizgeschwindigkeit, der Dispersitit und der Entfernung vom Gleichgewicht. Es wurde fest-
gestellt, daB das Auftreten eines Kompensationseffekts bei der Untersuchung der thermischen
Zersetzung ein und derselben Substanz auf die unrichtige Durchfiihrung des Experiments hin-
weist, die zur Berechnung falscher Werte der kinetischen Parameter fiihrt.

Pesrome — IIpoananms3upoBanbl BaXXHEWITHE OPAMAHLL, IPHBOAAINNE K TOABJICHIIO KaXKyIHErOoCs
KomIeHcarmoHHoro 3¢gexra (/g A = aFE + b) npm TepMOIH3€ OOHOTO M TOTO K€ BEHIECTBA B
CepHy DKCHEPHMEHTOB: NP HM3MEHCHHH MAcCChl BEIECTBa, CKOPOCTH IOXbEMA TEMIIEPATYDHI,
AWCIEPCHOCTH, IPA PA3HOM CTENEHN yHaJicHus OT paBHOBecHd. OTMEUYCHO, YTO MOABICHHE KOM-~
TICHCATTMOHHBIX 3aBHCHMOCTEH IIpH U3YYEHHH TEPMOJH3a ONHOTO BEINECTBA CBHACTEILCTBYET O
HEKOPPEKTHOM IIOCTAHOBKE 3KCOCPMMEHTA, MPHBOLSINEH K pACYeTy OINMOOYHBLIX 3HAYCHU!IA
KHHETHYECKIX IAapaMeTpOB.
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