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ABSTRACT 

A method has been developed to allow kinetic analysis of the Prout and 
Tompkins mechanism of solid decomposition reactions usin a sir&e TG diagam 
obtained in a linear heating pro,mm. On the other hand, provided that the nickel 
formate decomposition follows such a mechanism, this reaction has been used for 
checking the kinetic equation obtained. 

Thermogravimetric analysis at progammed temperature has been widely used 
in the calcuiation of kinetic parameters of soIid thermal decomposition reactions’-3. 

The TG methods described in the literature’ usuaIly consider that the de- 
composition rate of a soIid holds the genera1 equation: 

+1-d (1) 

where a is the decomposed fraction of soiid after a time t, k the rate constant, 
expressed by the Arrhenius equation, and n the reaction order. 

Sharp et aLQ have pointed out the weakness of this “order of reaction equation” 
because the thermal decomposition of a solid is a heterogeneous reaction and cannot 
be kinetically analysed in the same way as a homogeneous reaction like eqn (1) 
assumes. Bearing in mind what the Iiterature estabIishes about heterogeneous 
reactions, these authors show that eqn (I) can onIy have theoretical meaning when 
the values of n are 0, I/2, 2/3 or 1. 

On the other hand, it is w-e11 known5 that solid state reactions occur through 
many other mechanisms and, therefore, it seems necessary to develop new equations 
which take into account these different solid thermal decompositions in order to 
spread thz use of non-isothermal methods to the kinetic analysis of such reactions. 
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Equations for obtaining kinetic parameters from non-isotherma TG data of 
reaction following the Avrami-Erofeev mechanism6 have ‘been deduced by us in a 

ptions paper? 
In the present work, a procedure of kinetic analysis of reactious’which take 

place through the Prout and Tompkins mechanisms is developed and it is applied to 

determine the kinetic parameters of the thermal decomposition of nickel for-mate: 

Ni(HCOO)r + Ni i- I-I, i- 2C0, (2) 

This zactiou was studied by us in a previous paper9 by cIassical isothermal 

methods, and the kinetic data only hold the Prout and Tompkins mechanism, in good 

agreement with Bircumshaw and Edwards’rcsults’“_ 

Owing to the possibIe infiuence of the preparation method on the decom- 
Position me&anism of salts5, the same Ni(HCO0). sample as in a previous reference9 
has been employed in the present work, in order to compare these kinetic data with 

those obtained by isothermal TG’. In this way, we are sure that the same reaction 

mechanism is followed in both cases. 
In summary, the aim of this paper is, first of all, to develop equations for 

performing the kinetic analysis of the Prout and Tompkins mechanism from non- 

&thermal TG data, and secondly, provided that nickel formate decomposition 

proceeds through such a mechanism, using this reaction for checking the equations 

deduced- 

The same sample of (IICOO)zNi-2H,O D’Hemio a-r., dehydrated at 130°C 

used in au early work9 has heen employed. 

Thermogracimetric ana&+s 

A Cahn electrobalance, model RG, was used. Decomposition was always 

carried out in N2 atmosphere to avoid nickel oxidation. Previous papcrsg-rl have 
shown hat the kinetic data of nickel formate decomposition arc not affected by the 

pressure of the inert gas. However, all the experiments were performed at 150 torr 

in order to miuimiz the electrobalaucc noise. 

Heating rates between 4 and 25°C mine* were selected. 

RESULTS A?.iD DISCUSSION 

The Prout and Tompkins equation can be written in differential form: 

dsr 
= kdr 

cr(1 -z) 
(3) 
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or, taking into account the Arrhenius equation: 

da = A. e-E/Rrdf 
a(1 -2) 

where E and A are the activation energy and the Arrhenius preexponential factor, 
respectisely. 

The right-hand side of eqn (4) can be inte_mted” making the substitution 

u = E/RT in the expression: 

s CD 

--Y e u 
Q) (-1)“b” -“du N u’-f’e-u C 

nil e n=O u 

when the temperature and the time are related by: 

B 
dT 

=- 
dt 

the heating rate being fl_ 
Bearing this in mind, eqn (4) can be integrated and transformed into: 

The inte_mation lower limit of temperature, To, can be arbitrarily seIected on the TG 
diaLeram. The value of decomposed fraction of solid, zo, at this temperature will be 

the other inte_gration lower limit. If the vaIue of TO at which z. = l/2 is selected, the 

more simplified equation is obtained: 

where C is: 

The pIot of the left-hand side of eqn (8) versus i03/TwouId give a straight Iine 

from which the raction kinetic parameters can be calculated. However, as it is not 

possible to know “a priori” the value of C, it will be necessary to assign it arbitrarily 

and follow an iterative method until kinetic parameters are obtained which, sub- 
stituted in eqn (9), give the value of C assumed_ 

The procedure described might have the difficulty in that it is possible to adjust 
both eqns (8) and (9) with several values of C. 

An empiric31 procedure to give limits to eqn (7) could mnsisst of partially 

decomposing the solid until reaching any particular value of the reacted fraction, 

cco, before performing the programmed temperature experiment. In this way, if a 
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lower Iimit of temperature, r,, is taken at which the reaction has not begun (i.e., 

exp (--E,‘RT,) = 0), the lower limit of cx will be the value a0 previously set. Thus, 

eqn (7) becomes: 

In In z, _ =In-_- 1 ART’ E 

2-20 E/l RT 
(10) 

and the kinetic analysis is notably simplified. This method has been used in the 

present work_ 
Figure I shops the TG dia_erams of Ni(HCOO)z recorded at different heating 

rates and after previous decomposed fractions of 0.12;0.45 and 0.75, respectively. 

Fig$ I- TG diagrams for nickei formate. A: z,, = 0.122 and fl= 5-C min- I; B: ;b = 0.45 and ) = 
23’Cmir.-‘;C:~=00.75and~=23”Cmin-*_ 

In the above diagrams, values of a were taken and the corresponding vaIues of 

In fin a/(1 -St) - In a,/( I - ao)] - 2 In T-t In j? were calculated and represented in 

Fig. 2 against 103//T, according tc eqn (IO). 
The kinetic parameters calculated from Fig. 2 are included in Table 1 together 

with those obtained9 by isothermal TG. 

The a--men; between the kinetic parameters obtained by both procedures, 
whatever the previous decomposed fraction or heating rate may be, supports the 

validity of the method deveioped for performing the kinetic analysis of the Prout and 

Tompkins mechanism. 
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Fig. 2. Calculation of the kinetic parameters of the thermal decomposition of nickel fox-mate by 
means of eqn (9). 

TABLE I 

KINETIC PARAMETERS OF THE THERMAL DECOMPOSITION OF Ni (HCOO)z 

The kinetic analysis has been performed in a range of reacted fraction from z,, to Q g 0.95. 

a0 Preriousiy B E .4 
reacted f (“C min- ‘) (kca: mol- ‘) (seg- ’ 1 

0.12 5 24 8.10’ 
0.45 23 23 8.106 
0.75 23 25 6. IO7 
0.W Isothermal 23 7.106 

* Ref. (9). 
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