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It is widely recognized that the mechanism of solid decompositions can be easily 
determined from the linearity in plots of J’(a) vs. t under an isothermal condition, 
where F(a), a, and t refer to the.mechanistic function, the fraction decomposed, and 
the time, respectively [l-3]. We have reported that the correct F(a) can not be 
selected uniquely in terms of F(a) vs. E plots for the isothermal dehydration of 
CaC,O, - H,O, when the exponents n in the mechanistic functious for phase- 
boundary reactions R, and I)? in those for random nucleation and subsequent 
growth mechanisms A, were allowed to take any appropriate value in the ranges of 
lGnS3and l<mG4[4]. 

The assumption of continuous variation in these exponents can be reasonable, 
since the actual decomposition process seems to be far from the limiting case derived 
on the basis of the theoretical models and the combination of the limiting cases may 
occur. Several workers analysed isothermal traces in such a way [5,6]. In addition, 
any F(a), which is considered to be appropriate in view of the linearity in F(a) vs. t 
plots, gives rise to nearly identical kinetic parameters in terms of the Arrhenius plot 
[4,7]. This is another difficulty in determining the correct F(a). 

The present study was undertaken to show the difficulty in selecting the correct 
F(a) in terms of a conventional F(a) vs. t plot under an isothermal condition. 

RESULTS AND DISCUSSION 

In a previous study, the dehydration of powdered CaC20,. HZ0 proved to follow 
either the A,_904 or R,,,, mechanism 141. In other words, it was not able to select the 
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TABLE I 

Variou:; mwhanistic functions F(u) in terms of thcorctical models 

R(a) 

cl’ 

a+( I -a) Irl( 1 --a) 

[I--(,-.a)‘,‘“]- 

J - $_(, ._)Z ;J 

In[ a,‘( 1 -a)] 
I -_( 1 -*)’ “I 

[ - In(l --tr)]’ ?’ 

Raw-con~roiling pwccss 

One-dimensional diffusion 

Two-dimcnsionnl diffusion 

Three-dimensional diffusion (Jandcr function) 

Three-dimcnsionrrt diffusion ((iinstling-Rrrrushtcin function) 

Autocatalytic reaction (Pmut-Tompkins function) 

Phase-boundary rcnction: II = I. 2. and 3 
(One-. LIVO-. nnd three dimcnsion~l. rcspcctivcly) 

Random nuclcotion: HI= I 
Random nuolmtion and suhscqucnt growth: nr = 2. 3. and 4 

(i\vmmi-Erofcyv functions) 

correct F(a) uniquely from the F(a) summarized in Table 1. by means of the 
conventional isothermal analyses alone. 

This can be visualized extensively, using the a-r relation calcuiated assuming a 
given F(a) with given values of activation energy E and frequency factor A, with the 
computer and plotter. Figure 1 shows plots of various F( (u) vs. t, when A, is assumed 
to be the correct F(n) with the E and A values of 100 kJ mole-’ and 10” s-‘, 
respectively at a temperature of 400 K. It is likely in view of Fig. 1 that it is difficult 
to differentiate A,, from R,, and A,. 

The difficulty can be illustrated by the following. When one of the functions E’(a) 
such as A,,. R,. and A,, is given as the appropriate one with the respective values of 
E and A of 100 kJ mole-’ and 10” S-I at a temperature of 400 K, the simulta- 
neously appropriate F(cY) was found, as is shown in Table 2. 
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Fig. I. Plcts of various F(a) vs. I assuming an A, mechanism u;ith E= 100 kJ mole -I and A = 10” s -’ at 

;L temperature of 400 K in the a range 0.05-0.95. 
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TABLE 2 

The simultaneously appropriate F(a) corresponding to a given F(a) with the rcspectivc values of IL’ and A 

of IO0 kJ moI-’ and IO” s-’ at a temperature of 400 K in the a range 0.2-0.8 

/i giwxl F(a) Other appropriate F(a) r 

A, R1.a7, 0.9998 

R, A I.5R7 0.9999 

A” R 1.031 0.9990 

A 3.333 0.9999 

It is worth showing that almost equal kinetic parameters are obtained in terms of 

the Arrhenius plot for both the appropriate F(a). Using the calculated LY-I relation,, 
when R, is given as a correct F(a), with the respective values of E and A of 100 kJ 
mole-’ and 10” s-‘, the most appropriate value m for A,,, was searched at a 
temperature range 400-435 K in an a range 0.2-0.8. The nr value was found to be 
1.587 independently of the temperature examined. The values of E and A were in 
turn derived as 99.92 kJ mole.- 1 and 1O’o.32 s-r, respectively. Figure 2 shows the 
Arrhenius plot. 

In a similar manner as above, RI.471 was found independently of the temperature 
eamined, when A, is assumed as a correct F( CY) under the same condition as above. 
The values of E and A were thus derived as 99.94 kJ mole- 1 and 1O’.“3 s - ‘. 
respectively, from the Arrhenius plot as shown in Fig. 3. 

It follows that the discernment among the mechanistic functions F(a) such as A,,,, 
R,,, and A, is not always possible in view of the F(a) vs. t plot conventionally used 

in isothermal kinetic analyses, especially if the exponents in A,, and R,, are scanned. 
This difficulty could not be eliminated, even if plots of (Y vs. t/t,, were used, where 

t,,5 is the time for 50% decomposition ES]. In addition, an accurate knowledge of the 
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Fig. 2. Arrhenius plot for the A,,5P7 mechanism calculated assuming an R 2. mechanism with E= 100 kJ 

mole - ’ and A = 10” s - ’ in the a range 0.2-0.8. 

Fig. 3. Arrhenius plot for the R,,,, mechanism calculated assuming an A, mechanism with E= IO0 kJ 

mole - ’ and A=lO” s-’ in the a range 0.2-0.8. 
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inception time of the decomposition, which is usually difficult to obtain, is necessary 
in such a plot. 

The corresponding dynamic trace [9], recorded at a very low heating rate with a 
smrlll sample size, may be employed in solving this problem since an agreement of 
kinetic parameters between the dynamic and isothermal anaiyses usually results [IO]. 
Alternatively, a structural investigation by means of microscope and/or X-ray 
diffraction during the decomposition of solids is needed [ 1 I]. 
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