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It has been shown many times, how difficult it is to discriminate among GiffereRt kinetic 
models for the nonqsotherma} decompositions of solids. In this work non-isothermal decom- 
position data for the complex decomposition of anilinium oetamolybdate at different 
heating rates have beer 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. 

ResuJts 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 published on the decomposit ion of  polymeta o 

tates of organic bases. These researches show the dif f icult ies of analyzing the kinetic 

results coming from ,these decompositions. 
Thermogravimetr ic data obtained under nonqsothermal condit ions wi th  constant 

heating rate are usually very d i f f icu l t  to describe by a kinetic equation in this kind 

of  decompositions. 
in this f ield it has been interesting to study the therma} decomposit ion of  ani l in ium 

octamolybdate to receive some general information about the thermal decomposit ion 

of polymetalates, such as: 

$I (init ial solid) -* S 2 (intermediate solid) + G (gases) 

in order to discriminate between kinetic models. However, non-stoichiometric rela- 
t ions had been found before for this kind of  decomposit ion [1, 2] and we have been 

able to show in an earlier work that the thermal decomposit ion of  ani l in ium octa- 
molybdate dihydrate takes place wi th the format ion of  many intermediate products 

[3, 4], so that the reaction schema could be wri t ten like: 
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$1 (initial solid) -* Si (solid products) + G/(gas products) 

where / = 2 . . . . .  n and j = 1 . . . . .  rn. 
A complex reactions scheme is very diff icult to analyze in gas solid non-cstaJytic 

reactions as has been shown many times [5]. So we have tried to apply a new kinetic 
anatysis of thermogravimetric 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- 
ticks 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 problems of the non-isothermal kinetic analysis couic 
be, that the temperature and conversion change together and it increases the diff iculty 
to carr.r out the discrimination betweer~ kinetic modems, 

Ex{}~ri~Re+~tst 

Svnthesis procedure a~'~d experimental methods have been exp)ained i~ a~ earlier 
work [3]. Iv, this work different experimenta( runs have been carried out at heating 
rates of 2o5~ 5~ 40.0, 80.0, and 160.0 deg min -1 . 

Results ~ d  ~iscussion 

A. Ana/ysis at  conss conversion rates 

A differentiation among kinetic mode~s and evaluation of kinetic parameters will 
be done by using temperature values for the same conversion at differe~,t heatin~ rates. 

Taking into account kinetic expressions like: 

dc~ 
- - =  K(73f (e)  (1) 
dt 

and supposirtg the Arrhenius taw for the influence of the temperature in the kinetic 
model: 

e t 
= E f jr4 e• d+ 

o f(o~) o 

w here 
t 

E fAexp - - ~  d~- 
0 

a ~  rearranging 

~ _  A E 
T2 E exp ~-glc+) RT  

(2) 

E 
exp R T  (3) 

(4} 
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expressior., which can be l inearized: 

Ln ~ -~ Ln A E 1 (5) 
T 2 E R T 

This means, that  a p lo t  o f  Ln ~/T 2 vs. I / T  for  k inet ic data at the same conversion 

must be a linear plot.  

B, Resutts 

in Figure 1 exper imental  data for the non-isothermal decomposi t ion aide shown as 

- T values for  d i f ferent  heating rates~ 

Ln fJ/T2 vs. 1 / T w e r e  displayed and the sJopes, correiat ion coeff icients and or igin 

ordinates are shown in Table 1 for d i f ferent  conversion values. 

This data are p lot ted in Fig. 2 l ike E/R vs. e. From this figure it can be deduced, 

that  the act ivat ion energy depends on the conversion values but  for conversion values 

~5 

~, ~C rain -~ = ;.5 
-- y 

/,r 
5.0 4~.0 ~00 150.0 

/ 

5 5 - - 6 ~ - -  6OO 65o 
Temperature ~ K 

F~. I e -  T extoarimentaJ values at different heating rates 

L~,~ast ~uares fitting of kinetic data 
at constant conversion 

E/R Ln A/E/R g(e) r 2 

0.10 14200 14.64 0.996 
0.20 14225 14.55 0.998 
0.30 14178 14.25 0.997 
0.40 14.074 13.92 0.997 
0.50 13759 13.24 0.997 
0.60 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 E/R = 14100 can be given and 
the dependence of the activation energy with the conversion for highest e values can 
be explained with a change in the limiting 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. 

~" 14.( 
uJ ,,? 
o 

13.6 

13.2 

o o 

0.~ 0.3 0.5 0.? 

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 
L n ~  

E 

From this value the g(e)'function can be obtained. 
The g(~) models of different reaction mechanisms used are shown in Table 2. 
By plotting 

A 
Ln ~ - ~  vs. 

it is possible to know the g(~) function, in Fig. 3 this function is shown and it is very 
interesting to see the dependence of g(e) with cx, and as can be seen in the representa- 
tion of the different simple models, it is not possible to explain this dependence by 
using a simple kinetic model. 

J. Thermal Anal, 29, 1984 



T
ab

le
 2

 
S

im
pl

e 
ki

ne
ti

c 
m

od
el

s 

K
in

e
ti

c 
m

od
el

 
f(

e
) 

g(
~

) 

1,
 

N
uc

le
at

io
n 

an
d 

n
u

cl
e

u
sg

ro
w

in
g

 

K
o

lm
o

g
o

ro
v,

 E
ro

fe
ev

, 
K

az
ee

v,
 A

vr
a

m
i 

an
d 

M
am

pe
l 

(K
E

K
A

M
) 

eq
ua

ti
on

 

2.
 

P
ha

se
 b

o
u

n
d

a
ry

 r
ea

ct
io

n 

3.
 

D
if

fu
si

on
 

4,
 

P
ot

en
ti

al
 l

aw
 

5,
 

R
ea

ct
io

n 
or

de
r 

1(
1 

-~
)(

-L
nl

l-
e}

)l
--

n 
t7

 (1
 -

- 
e)

 1
-1

11
Fp

) 

3,
1 

e-
-~

 
3.

2 
(-

- 
Ln

 (
1 

--
e

))
-]

 

3,
3 

((
1 

--
e

)1
/3

 
--

 1
)-

! 

1_
_ (

~ 
1 

~n
 

/7
 

1_
_ (

~ 
_-

 ,~
) 1

 -n
 

n 

1.
 

(-
- 

Ln
 (

1 
- 

e
))

n
 

2.
1 

1 
--

(1
 

-e
) 

2.
2 

1 
--

(1
 

-e
) 

l/
2 

2.
3 

1 
- 

(1
 _

~
)1

/3
 

3.
1 

e
2

 
3.

2 
(1

-~
) 

L
n

(1
 

-~
} 

+
e

 

3
(1

 
2 

_ 
cx

)):
Z/

3 
3.

3 
~-

 
%

~
- 

--
 (

1 

4,
 

a 
n 

(O
<

n
 

<
2

} 

5.
1 

1 
--

{1
 

-o
r)

 2
 

5.
2 

1 
- 

(I
 

_
,~

)3
 

1 
1.

1 
n

=-
- 

4 I 
1.

2 
n

=
--

 3 1 
1.

3 
n

-~
--

 2 2 
1.

4 
n

=
--

 3 

1.
5 

n-
--

--
1 

pl
an

e 
S

ym
m

et
ry

 
cy

lin
dr

ic
al

 
sy

m
m

e
tr

y 
sp

he
ri

ca
l 

sy
m

m
e

tr
v 

pl
an

e 
sy

m
m

e
tr

y 
cy

lin
dr

ic
al

 
sy

m
m

e
tr

y 

sp
he

ri
ca

l 
sy

m
m

e
tr

y 

1 
4.

1 
n

~
- 

--
 

4 1 
4.

2 
n

=
--

 3 
4.

3 
n

=
 

1-
- 

2 

o
rd

e
r 

2 
o

rd
e

r 
3 

o7
 

w
 m
 

Z m
 

s 0 -G
 

0 -4
 

Z 0 -1
3 

Z F-
 

E E 0 r -4
 

0
 r
-
 

m
 ol
 



1136 IRABIEN etal.: DECOMPOSITION OF ANILINbU~ OCTAMOLYBDAT~_ 

0.5 

.-0.5 

-1.5 

0.2 0.4 O.6 0.8 

5.2 5.1 / 

-12 

-13 

o~ -14 
d: 

e.2 04 0.6 08 

F&3. 3 Ln E/R/A + Lrtg(=) vs. = and Lng({~) vs. = for different kinetic models 

Conc|us~ons 

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

In 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 model g((~) function has been plotted against (~ but it has not been 
possible to f i t  the g(~} 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 abte to point out the possibility to use the 
conversion constant analysis for runs ~.t different heating rates in order to know the 
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~ea! mechan isms o f  c o m p l e •  t he rma l  decompos i t i ons .  Th is  m e t h o d  can hetp ve ry  m~ch 

to  unders tand  t he  k ine t i c  behav io r  o f  c o m p l e x  t he rma l  decomposit ions. 
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~usarnmenfassu~g -- Es [st of t  gezeigt worden, dat3 es schwierig ist, fSr nicht-isotherme Zerse~:z~n~ 
gen yon Festk6rpern unter verschiedenen kinetischen Modellen das entsprechende auszuw~hten. 
;n der vor!iegenden Arbeit  wurden die flJr die komple• nicht-isotherme, bei unterschiedtichen 
Aufheizgeschwindigkeiten ausgeffihrte Zersetzung von Ani l in ium-octamolybdat erhP~itenen Daten 
ana~ysiert, w~bei die Temperaturwerte bei gleicher Konversion ber{Jcksichtigt wurr um im 
kinetischen Modell den Einflul~ der Ternperatur auf die Konversion auszuschalteno Die scheinba~e 
Aktivieruncj~nergie und die kinetische Konversionsfunktion sind angefLihrt, jedoch ~ r  es nicht 
rn~glich, ein ein~aches kinetisches Modell f~ir die untersuchte Zersetzungsreaktion anzugebe~,. 

Pe3~Me -- HeOAHOKpaTHO yKaabIBanOCb Ha TpV/~HOCTb pBcno3HaBaHHR pa3nHqHbm• K~,~TH~eCK~• 
~o,~ene~ HeH3oTepM~NeCKOFO pa3,qo>KeHHR TBep~bl• Ten. B npe~CTaBneHHO~ pa60~e npor 
31~pOP~Hbl ,~eHHble HeH3oTepMw.lecKoFo pa3no)KeHHR aHHRI,4HH,H OKTeMOnH6,~aTa npH p~3~HHHblX 
cKopocTF~X HeFpeBa, .VqHTblBaR 3Ha'4eHHR TeMnepaTypbl npH TOM )Ke caMOM npe~p~u~eH~H TBep- 
AOFO Tena C ~e,ffb~o pa3AenHTb TeMnepaTypHblR ~dpeKT KOHBepCHOHHOFO BTIHF;HAR ~3 K~HeTH- 
'~ecKo~ MOLOCH. RpH~e~eHbt peaynbTaTbl onpeAeneHHR Ka>KyuJ, erocR KO;~HU~P~eHT6 3He~FHH 
~KI'~B~L~HH H K/RHeTHHCKaR (~yHKLLHFI npeepauteHHR. BMeCTe c TeM He npe~cTa~H~ocb BO3MO:~" 
HbtM onpe~e~HT~ r~pOCTy~O K~H~THqeCKVtO Mo~e~b pe3,'lO~eHHR. 
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