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ABSTRACT 

Attention is called to the frequently cncountcrcd linear sector in the isothermal course of the 

topochemical processes which is used in the kin&c trcatmcnt of the diffcrcntial cul~es of thermal 

CoOOH decomposition. The effect of sample weight and heating rate on the values of the activation 

energy of this process under polythcrmal conditions has been investigated. Most of the values obtained 

are in good agreement among themselves as well as with those found isothermally. Existing diffcrenccs 

have been explained satisfactorily. 

INTRODUCTION 

The study of the effect of various factors on the values of the kinetic parameters 
of chemical rsactions is of major importance in non-isothermal kinetics_ It helps to 

broaden our knowledge about the nature of these reactions as well as about the 

kinetic methods used. Sample weight and heating rate rank foremost among these 

factors. In some cases sample weight does not affect the value of the kinetic 

parameters [i,2], while in others it definitely does so [3]. Of particular interest is the 

case when sample weight in the same experiment affects a process at one stage but 

not at another [4-61. Much the same can be said about heating rate: in some cases it 

does not affect the values of the kinetic parameters [ 1,7], while in others it modifies 

them [3,8- 1OJ. 

Perplexed by these apparent irregularities, we set out to investigate the effect of 
sample weight and heating rate on the activation energy values of the reaction 

12 CoOOH = 4 Co30, + 6 H,O + 0, (1) 

which proceeds kinetically in two stages with two activation energy values [l 11. 

Besides its quantitative advantage, this is an additional feature for comparison. The 
differential kinetic curves (DTG and DTA) most sensitive to change in experimental 

conditions were kinetically analysed. 
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EXPERIMENTAL 

The starting material, CoOOH(H,O),, 0.025 Co(OH),, was investigated by 
means of a MOM OD 102 derivatograph in a flow of dry N,. Sample weight 
experiments were made with SO0 mg at 6OC min-’ (Fig. 1) and 3°C n-k-’ [ 121, as 
well as with 160 mg at 6°C min-’ 1131. Reaction (1) in Fig. 1 begins at point A [12] 
(the small DTG peak is due to the independent decomposition of Co(OH), impur- 
ity). 

RESULTS AND DISCUSSION 

In o_-der to determine the activation energy, we proceeded from the general 

equation for a topochemical reaction rate under polythermal conditions [14-171 

da/dT= f(a)k(T) (2) 

where at is the degree of completion of the process in time T, f(a) is the function 
expressing the concentration dependence of the rate, and k(T) is the rate constant 

expressing the temperature dependence of the rate. if the latter is subject to the 

Fig. 1. Dcrivatogram for the starting material. 
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Arrhenius dependence, for which there are sufficient examples among topochemical 
processes, eqn. (2) assumes the form 

da/d7 = f( a)A exp( -E/RT) (3) 

where A is the frequency factor and E is the activation energy. 
Relatively few methods apply directly to eqn. (3) without an exact knowledge of 

f(a). In those cases several differential curves at different heating rates [ 181 or only 
one curve admitting some approximations [19,20] are usually used. We shall try 
another way of solving this case, paying attention to an almost universal feature in 
the kinetics of topochemical processes: the presence of a linear sector on their 
experimental isothermal a* curves, i.e. a sector at a constant process rate, indepen- 
dent of a. Expressing this in eqn. (3), we obtain 

da/dT = A’ exp( -E/RT) (4) 

with constant A’ = Af(a). We thereby avoid quite correctly the necessity of a 
knowledge of f(a), even though only for part of the process. This restriction is the 
main shortcoming of the above argument which, we believe, has also certain 
advantages: (1) it requires no mathematical approximations; (2) it introduces a 
certain generalizing principle in the kinetics of the topochemical processes; and (3) it 
draws attention to the linear sector of the kinetic curves, which expresses a 
steady-state course of the process, relatively least encumbered by side phenomena 

(initial heating, diffusion, etc.) and is therefore closer to physicochemical processes 
in a solid state. 

We made use of eqn. (4) in order to determine the activation energy of reaction 
(l), which is known to proceed isothermally at a constant rate up to about a = 0.4 in 
the temperature range 260-310°C [ 111. Application of eqn. (4) to the differential 
kinetic curves is a simple matter, insofar as Ah and At in mm (Fig. 1) for the initial 
period are proportional to da/dT [19,20]. As base of the DTA peak we used a 
perpendicular to the At straight lines, and not the inclined line connecting the 
beginning and the end of that peak, as is generally accepted. Since the level at the 
end of the DTA peak is determined in principle by the heat characteristics of the 
solid product, and frequently also by accidental causes during the very recording, 
there is no justification for connecting them with the kinetics of the process. 

The results of the application of eqn. (4) to the DTG and DTA curves are shown 
in Figs. 2 and 3, respectively. The corresponding values of the activation energy, 
statistically processed, are given in Table 1. The values for E, in Table 1 differ by a 
maximum of only ca. 20 kJ mole-’ with different sample weights for both differen- 
tial curves. This difference is not great compared with the five-fold change in sample 
weight. It can easily be explained, most probably by the self-cooling of the sample 
because of the considerable endothermic effect of the process. The temperature in 
the sample itself during its decomposition always remains lower than that recorded 
by the instrument and used in Figs. 2 and 3. To a lower temperature in the sample 
there is corresponding lower rate of the process or correspondingly smaller values of 
Ah and AZ proportional to it. Consequently, the corresponding ordinates will lie 
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lower and will trace a straight line with a smaller slope. This effect is obviously 
stronger with greater sample weight. It is no accident that it manifests itself chiefly 
at the first kinetic stage of reaction (I), when its rate increases most rapidly. From 
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Fig. 3. plots of the application of eqn. (4) to DTA. 0: 800 mg. 3°C min-‘; 0: 800 mg. 6°C mine’; 9: 
160 mg. 6T inin- I. 
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TABLE I 

Activation energy values of reaction (I) 

Sample 
wt. 

(mg) 

Heating 
rate 
(“C min-‘) 

DTG DTA 

E, E2 El 452 

(kJ mole-‘) (kJ mole - ’ ) (kJ mole-‘) (W mole-‘) 

160 6 150.35 71.59 151.44 78.21 
(25.53) ( -c 10.84) ( 2 7.75) (25.32) 

800 6 130.92 70.59 132.93 68.12 
( * 7.62) ( 2 7.70) (26.36) ( 2 6.66) 

800 3 137.87 70.25 132.51 72.52 
(~5.90) ( * 9.80) ( = 6.28) ( -c 4.48) 

this viewpoint the values of activation energy found with smaller sample weights are 
closer to the real ones. With equal sample weights the change in heating rate is 
weakly reflected on the values of E, and E,. 

It would be of interest to compare the data in Table 1 with those found 
isothermally. But such a comparison would call for other conditions to be as close as 
possible or else would have to be made in the case of the isothermal linear region 

(G = 126.88 * 3.60 kJ mole-‘, Et =71.29-C 5.31 kJ mole-‘, sample weight 1000 
mg). The agreement is good when the sample weight values are close. In the latter 
case the differences in the E, and E, values are below the now admissible 10% limit 

I2 1,221. 
The interpretation of the numerical results suggests that the changes introduced in 

the experimental conditions of reaction (1) affect not so much the real values of its 
activation energy as the conditions for their determination. This deduction, as well 
as the invariable manifestation of both kinetic stages of the process in all cases 
would seem to suggest that sample weight and heating rate in the not too widely 
applied limits do not modify the mechanism of the investigated process. On the 
other hand, the obtained results again showed an agreement between the isothermal 
and polythermal kinetic methods used in the study of reaction (1). 

REFERENCES 

1 MM. Baxbooti and F. Jasim. Thermochim. Acta, 23 (1978) 103. 
2 V.M. Gropyanov and V.A. Soboleva, Izv. Vyssh. Uchebn. &wed. Khim. Khim. Tekhnol., 21 (1978) 

222. 
3 R.A. Abou-Sixxaban Rafiq and A.P. Simonelli, Thxmochim. Acta, 26 (1978) 67. 
4 K. Heide and H.J. Eichhom, J. Therm. Anal., 7 (1975) 397. 
5 C.G.R. Nair and K.N. Ninan, Thermochim. Acta, 23 (1978) 161. 

6 K.N. Ninan and C.G.R. Nair, Thermochim. Acta, 30 (1979) -25. 



34:2 

7 V.V. Aleksmdrov. V-V. Boldyrev. V.V. Mat-win. V.G. Morosov. V.S. Sotovjev and T.M. Rozhentseva. 

3. Therm. Anal.. 13 (1978) 205. 

8 S.R. Dharwadhar and A.B. Phadnis. Indian J. Chem.. 7 (1969) 1032. 
9 W. Rosuowski and 2. Kubas. Pr. Mineral. PAN-Krakowie. 28 ( 1972) 35. 

I@ LA. Schneider. Rev. Roum. Chim.. 17 ( 1972) 29 1. 
11 L.K. Avramov. Thermochim. Acta. 10 (1974) 409. 
12 L.K. Avramov. Thermochim. Acta. 19 (1977) 147. 

13 L.K. Av-ramov. Thcrmochim. Acta. 15 (1976) 2X1. 
14 J. Sestak and J. Kratochvil. J. Therm. Anal., 5 (1973) 193. 

15 J. Rouquerol. J. Therm. Anal.. 5 (1973) 203. 
16 V. Satava. 1. Therm. bal.. 5 (1973) 217. 
17 J. Zsako. J. Therm. AoaI.. 5 (1973) 239. 

18 HE Kissinger. J. Res. Natl. Bur. Stand., 57 (1956) 217. 
I9 G.O. Piloyan, I.D. Ryabchikov and O.S. Novikova. Nature (London), 2 I2 ( 1966) 1229. 
20 A.A. Fotiev and V.V. Mrxhalov. Zh. Neorg. Khim.. 13 ( 1968) 3 174. 

21 J. Sestak. Talanta, 13 (1966) 567. 
22 W. Wendlandt. Termicheskie Metodi Analiza (Thermal Methods of Analysis). Mir. Moscow. 1973. 

p.62. 


