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The influence of the experimental conditions as well as the difference 
between the use of dynamical or isothermal regimes in solid state kinetic stu- 
dies employing tbermogravimetric techniques has a considerable interesti4_ If 
we take into account that the data related with the d~m~sition of not pre- 
viously investigated compounds are moat interesting in order to identify a sub- 
stance and to determine the amount of it present in a sampie, any effort to 
achieve the experimental conditions for universal reproductibihty is an inter- 
esting scope within this complicated problem- 

In this paper a new step is given in this way by a comparative study 
between the kinetic parameters obtained by means of both dynamical and 
isothermal regimes- The compounds used in this study were some molybdates 
of organic bases (BI-&Mo.Orl (B = pyridine-BP, 2 methyl pyridine-B2, 3 me- 
thyl pyridine-B3 and 4 methyl pyridine-B4I which were the subject of previous 
studics’-6 in our laboratory. Tbesc compounds present a more complicated 
behaviour than those referred to in other pubhcations which deal with the_ 
same type of probiems-- 

EXPERIMENTAL 

The experimental technique, calibration as well as the sample preparation 
were described in previous commu~nications’-5~7~ SpeciaI attention was paid to 
the experimental conditions in this case. For the dynamical regime new runs 
were made in which the sample-was heated to 10 “C below the reaction tem- 
perature and it was then allowed to stay for l/2 h at this temperature with 
a dry nitrogen flow of 50 ml min-‘. When the homogenization conditions were 
accomplished the run was started at a heating rate of 5 oc min-’ and a dry 
nitrogen ffux of 25 ml min-*_ 

In the isothermal case the sample was also’ pm-heated near the reaction 
temperature in order to -avoid the artificial induction and accelerkory periods.‘ 



Ihe nature of the sampIes was f’ii powder with a mass between 10 and 
15 mg for comparison with previous resultssI . c 

.__ _ 

&RESULTS AND DISCUSION 

The compounds studied present a two-step decomposition pattern’ with 
the formation of addition compounds in the intermediate step and MOO3 as 
final decomposition product. The mass loss for each of the severaI samples 
was determined as a time function in the isothermal m&me. The vahtes of 
a were plotted for comparison folIowing the nine equations given in ref_ 5_ Ap- 
propriate equations were determined by visual inspection of their linearity and 
feast squares fit In this case the three random nucleation equations (FI, At 
and A3 in refk 5 and 8) present very near correlation factors which involve 
an unIike bebaviour from the experimental results obtained from the dynam- 
ical regime- The choice of equation A3 was then based on the clearer pIot from 
the dynamical regime- Typical rate plots are shown in Fi_ 1 for the frrst de- 
composition step for the I34 compound. Similar plcittings were observed for all 
other compounds studied, 

TIME /min - 

Fs I_ PIou of I--ln(l-dn -versus timcfortkfrntstcpofth&Becompuuadinagrement 
withthbdyIlamkalckcomposilio(1p8ttclninref.3. 

The activation energies and &e-exponential terms were obtained by 
means of a least squares fit from Arrhenius plots of the rate constants- for the 
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frrst dekomposition step for each compound. These values are listed in 
‘&We 1, Fig- 2 shows the fmily of Arrhenius plots- 

TABJE 1 

ACTIVATION ENERGIES AND ARRHENfUS PARAMETER FOR THE 
FIRST DECOMFOSlTION STEP FOR THE COMPOUNDS SNDIED 

CORpOUtXt 

BP 
B2 
B3 
04 

Dynamicd regime lxtrfrpnnof regFme 

SimpltQTed Graphical &new of Arrhenius 
treatment method aclirofion parameler 
E(kt moP’.. EW moi- ‘1 EM mol- $1 Imin- ‘1 

25.6 83-6 126.8 4.2 x 10” 
t5_7 50-2 134-6 7-1x 10” 
193 523 132-6 27 x IO** 
20.3 53.1 130.4 8.6 x 10;’ 

Fig_ 2. Arrknius plots fix the compounds studied in dxy nitrogen atmosphere_ 
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In a previous communications about the decomposition of these colfl- 
pounds in a dynamical regime the estimation of the activation energy was 
made with a simplified treatment by means of Satava’s analysis’ and the 
values found (GbIe I) were considerably lower than those found by means of 
an isothermaI method, This is not surprising if we take into account the var- 
iations in the apparent activation enthalpy presented in refs- 4 and 9 as a func- 
tion of the expcrimenti conditions for the thermaI decomposition of caIcium 
carbonate- These! variations are considerably higher than those found by the 
authors1 for caIcium oxaWe_ On the other hand, it seems ctear that the kinetic 
parameters depend on effiits such as mass and ChermaI transfer as well as on 
the thermal conductivity, In this way the isothermdl regime presents clear dif- 
ferences with the dynamical regime- Another factor, the induction period 
observed, can also inffuence the disagreement between both dynamical and is- 
othermal regimes, 

in order to avoid the above-mentioned approximations a new determi- 
nation of the activation enet@es was made by using the new values of a found 
in this work by meart~ of a graphical method-for comparison of both g(a) and 
p&x) functions*- The new energy activation values are also listed in Table l_ 
These v&es are higher than those obtained with an approximate method but 
they are still lower than those obtained with the isothermal method- 

Another interesting observation must be made regarding the behaviour 
of the activation energy as a function of the substituted pyridines, From dy- 
namicaI regime results, it seems clear that the factors of symmetry and steric 
effects expktin the order of the experimental values while the isothermat re- 
suits seem to show that this experimental order is related with the pK, values 
of the ligands, The Iast resuit is in agreement with another study on com- 
pkexes of the substituted pyridines lo A more complete study about this point, _ 

including a higher number of organic bases is under way now_ 
The analysis of the isothermal data for the second d~m~sition step 

is complicated by the existence of an overlap between both decomposition 

TABLE 2 

cixmg#Tlau& 

BP 

iFi 
R4 

f,&aanxicaf rgimr fsarhemtaf rrgirne 

siin~fili Graphicd Gew of Arrfieniru 
&?almenl 
Em d43 iiizktd-~3 

acharion paratnercr 
EW mokJI {Mitr’l 

11-Z 34.28 282.9 4.6 x I@4 
9-f 9.3 IO7.2 - 1.2x id 
92 18-o t05.6 6.2 x 10’ 
8-a 31-4 1013 20x 106 
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steps, specially for the BP and B2 compounds_ Table 2 shows the activation 
energy and pre-exponentid factor values derived from isothermal runs by 
means of a processing of experimental data similar to those shown in ref. 4, 
The difference can be seen between the va.Iues for those compounds with 
overfapping steps and those with two separate o~=es. In the same tabk the va- 
lues derived from dynamical runs and obtained by means of both, approximate 
and graphical methods are shown. We can say that the isothermal values in 
Table 2 are not as significative for comparison as those found for the first step_ 

CONCLKJSIONS 

The isothermal regime decomposition data are in agreement with the 
decomposition pattern proposed in ref_ 5 for the two decomposition steps for 
each compound studied_ 

The dynamical method seems more adequate for a first scanning con- 
cerning the stability of the compound and presents a more critical behaviour 
for elucidating the most probable mechanism_ 

The kinetic parameter values from an isothermal regime are higher than 
those from a dynamical one, but the experimental conditions for the first 
method seem to be nearer to the theoretical suppositions about the mass 
transfer and thermal conductivity_ In any case the uncontrolled nature of the 
sample must be taken into account in our experimental results. 
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