Jowrnal of Thermal Analysis, Vol. 29 {1984} 11311737
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It has been shown many times, how difficult it is to discriminate among aifferent kinetic
models for the non-isothermal decompositions of solids. In this work non-isothermal decom-
position data for the complex decomposition of anilinium sctamolybdate at different
heating rates have been analyzed taking into account temperature values at the same solid
conversion in order to divide the temperature influence from the conversion influence in
the kinetic model,

Results for the apparent activation energy factor and kinetic conversion function are

given. Nevertheless it has been not possible to assign a simple kinetic model to the decom-
position.

Many experimental works have been publisned on the decomposition of polymeta-
lates of organic bases. These researches show the difficulties of analyzing the kinetic
results coming from these decompasitions.

Thermogravimetric data obtained under non-isothermal conditions with constant
heating rate are usually very difficult to describe by a kinetic equation in this kind
of decompaositions.

In this fieid it has been interesting to study the thermat decomposition of anilinium
octamolybdate to receive some general information about the thermal decomposition
of polymetalates, such as:

S4 linitial solid} = Sy (intermediate solid} + G (gases}

in order to discriminate between kinetic models. However, non-stoichiometric rela-
tians had been found before for this kind of decomposition [1, 2] and we have been
able to show in an earlier work that the thermal decomposition of anifinium octa-
molybdate dihydrate takes place with the formation of many intermediate products
[3, 4], so that the reaction schema could be written like:
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S (initial solid) = §; (solid products) + G; (gas products)

where /= 2,...,nandj=1,...,m.

A complex reactions scheme is very difficult to analyze in gas solid non-catalytic
reactions as has been shown many times [5]. So we have tried to apply a new kinetic
analysis of thermogravimetvic data {6]; at constant conversion rate to obtain kinetic
data coming from runs carried out at different heating rates.

This method tries to explain the difference experienced in the kinetic interpreta-
ticns of isothermal and non-isothermal data by using different kinetic models as it has
been shown in an earlier work [7].

One of the most important preblems of the non-isothermal kinetic analysis coula
be, that the temperature and conversion change together and it increases the difficulty
to carry out the discrimination between kinetic medels.

Experimental

Synthesis procedure and experimental methods have been explained in an eariier
work [3]. in this work different experimental runs have been carried out at heating
rates of 2.5, 6.0, 40.0, 80.0, and 160.0 deg min—1.

Results and discussion

A. Analysis at constant conversion rates

A differentiation among kinetic models and evaluation of kinetic parameters wil}
be done by using temperature values for the same conversion at different heating rates.
Taking into account kinetic expressions like:
de
— = K(T}fla) (1)
dt (
and supposing the Arrhenius law for the infiuence of the temperature in the kinstic
model:

[+ ¢
do 3
e = 94
where
; E E
{ —_— allf” 4 = y
({A exp — 2w dt (E Aexp — o= {3}
and rearranging
B . A _£
72 £ exp RT (@
Eg(a)
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expression, which can be linearized:

B A _ET
Ln - Ln F 2T {5}
Eg(a)

This means, that a plot of Ln /72 vs. 1/7 for kinetic data at the same conversion
must be a linear plot.

B. Resulis

in Figure 1 experimental data for the non-isothermal decomposition are shown as
o — T values for different heating rates.

Ln /72 vs. 1/7 were displayed and the slopes, correlation coefficients and origin
ordinates are shown in Table 1 for different conversion values.

This data are plotted in Fig. 2 like £/R vs. «. From this figure it can be deduced,
that the activation energy depends on the conversion values but for conversion values

B Cmint=z 25 50
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550

Temperature , K

Fig. ¥ o« — 7 experimental values at different heating rates

Yabig 7 Least sguares fitting of kinetic data
at constant conversion

a E/R LnA/E/R gla} r?
0.10 14200 14.64 0.996
0.20 14225 14.55 0.998
0.30 14178 14.28 0.897
0.40 14.074 13.92 0.997
0.50 13759 13.24 0.997
0.80 13587 12.83 0.996
0.70 13300 12.22 0.994
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between 0.1 to 0.4 an apparent activation energy.of £/8 = 14100 can be given and
the dependence of the activation energy with the conversion for highest « values can
be explained with a change in the {imiting rate step.

It could mean, that from 0.1 to 0.4 conversion values a kinetic reaction mechanism
can be the limiting step and from 0.4 to 1.0 conversion values another kinetic
mechanism or diffusion can be the controlling step. This change leads to another
value for the apparent activation energy factor.

]

X102 E/R

1361

13.2 L = . L

Fig. 2 E/R vs. conversion

C. Conversion function in the decomposition reaction

The kinetic analysis of the decomposition data has given a parameter

A

LnE

Ey(a)

From this value the g{a) function can be obtained.
The gla) models of different reaction mechanisms used are shown in Table 2.
By plotting

. A
N s, O
Eg(a)

it is possible to know the g{a} function, in Fig. 3 this function is shown and it is very
interesting to see the dependence of g{a) with «, and as can be seen in the representa-
tion of the different simple modeis, it is not possible to explain this dependence by
using a simple kinetic model.
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Fig. 2 LnE/R/A + Lngla) vs. a and Lngla) vs. a for different kinetic models

Conclusions

The complex thermal decomposition of anilinium octamolybdate has been studied
in order to know the possibility to differentiate among commonly used simple kinetic
models.

{n order to carry out the discrimination a separation of temperature influence and
conversion influence has been done.

The dependence of the kinetic parameters on the temperature shows an apparent
activation energy factor E/R = 14100, from 0.1 to 0.4 of conversion at higher con-
version values this activation energy factor decreases.

The kinetic mode! gla) function has been plotted against a but it has not been
possible to fit the gla) function to a simple kinetic model. Two different explanations
can be made: a) the complex reactions scheme, which is taking place, b) the reaction
can be taking place in an interval between chemical reaction control and diffusion
control, both explanations lead to complex kinetic models.

These complex kinetic models would be the explanation of the different results
obtained under isothermal and non-isothermal conditions [6].

However, in this work we have been able 1o peint out the possibility to use the
conversion constant analysis for runs at different heating raies in order to know the
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real mechanisms of complex thermal decompaositions. This method can heip very much
1o understand the kinetic behavior of complex thermal decompaositions.
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Zusammenfassung — Es ist oft gezeigt worden, dafd es schwierig ist, fiir nicht-isotherme Zersetzun-
gen von Festkérpern unter verschiedenen kinetischen Modellen das entsprechende auszuwihion.
in der vorliegenden Arbeit wurden die fiir die komplexe nicht-isotherme, bei unterschiedlichen
Aufheizgeschwindigkeiten ausgefilhrte Zersetzung von Anilinium-octamolybdat erhaltenen Daten
analysiert, wobei die Temperaturwerte bei gleicher Konversion beriicksichtigt wurden, um im
kinetischen Modeli den EinfiuR der Temperatur auf die Konversion auszuschalten. Die scheinbare
Alktivierungsenergie und die kinetische Konversionsfunktion sind angefiihrt, jedoch war es nicht
méglich, ein einfaches kinetisches Modell fiir die untersuchte Zersetzungsreaktion anzugeben.

Posome — Heo4HOKPATHO YKa3biBanoch Ha TRYAHOCTb PECHIO3HaBaHNA PaSNMUNbIX KRHATHYECKAX
MOfeneil HEM2CTEPMYUMECKOTD PasfOKEeHWA Teepabix Ten. B npegctasneHHol paboTe npoasanu-
SMPOBEHLE A3HHBIE HEW3OTEPMUUECKOro PasNOKeHVA aHWAKHUA OKTAaMONNBAaTE MoK PasnuUHBIX
CKODOCTRAX HETPEBa, YUMTLIBAR 3HAYEHWA TEMNepPaTypbl NPY TOM Ke CAMOM NpPespauieHuy Teep-
AOFC TeRa © LEeNbI0 PR3AENNTh TeMNEPaTYPHEW 3hheKT KOHBEPCHOHHOIO BIMFAHWA B KKHETH-
wecKOW mogeny. lpuseneHs! pe3ynbTaThl ONPEAENeHnA KaKYWerocA KOapauvuueHTa 3HEDrUK
aKTHBALMM ¥ KKHETHUCKAR (BYHKUMA NpespauleHuA. BMmecTe ¢ TeM He NpPeaCTanynioch BO3MOR-
HbiM OTIDRASNNTE NPOCTYIO KMHETHYECKYIO MOSENb PAZNOMEMUA.
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