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The conversion, the reduced rate of conversion dC/dO and O at the peak of de- 
rivative thermoanalytical  curve of diffusion are estimated theoretically, solving the 
theoretical equation with an electronic digital computer.  These values for chemical 
reactions including random degradation of polymers are also estimated and  compared 
with those of diffusion. The conversion at the peak is utilized to elucidate preliminarily 
the mechanism of the process. 

In a previous paper [1 ], the author dealt with non-isothermal kinetics of dif- 
fusion and its application to the kinetic analysis of thermoanalytical curves. 
It was elucidated that the conversion, C, is a single-valued function of the reduced 
time, ~, such that in the case of a chemical reaction [2] : 

C = ~(~) (1) 

where v a equals ; h(T)dt, and t, T and h(T) are the time, the temperature and the 
0 

function of the temperature-dependence of the diffusion constant, D, respec- 
tively; i.e. D equals Do h(T), and Do is a constant. When the temperature-depen- 
dence of D is of the Arrhenius type: 

D = Do exp ( -AE/RT)  (2) 

v a equals AEP (AE/RT)/eR, where AE, R, c~ and P(x) are the activation energy, 
the gas constant, the heating rate and the p-function [3], respectively. 

As elucidated previously [1 ], we have the following equation for the peak of  
the derivative thermoanalytical curve obtained at constant heating rate: 

ida) m + / dt~2 ]m ~m = 0 (3) 

where the subscript m denotes the peak, and p(x) is approximated to be 
exp ( - x ) / x  2 [3], since the second derivative of the conversion d2C/dt 2 equals 
zero at the peak. 

In the previous paper [1 ], O is defined as follows 
t 

0 = ~ -  . D dt (4) 

0 
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where a is the radius for a sample of spherical or cylindrical shape, or the thick- 
hess for an infinite plate. When the temperature-dependence of D is of the Arrhe- 
nius type, O is equal to Do AEP (AE/RT)/~a2R in the case of constant heating 
rate. Thus, we obtain 

{dC) [d2C] 
T g  m + [a-b )m om = o (5) 

Now Eq. (5) can be solved, because dC/dO and dZC/dO ~ are both functions 
of O: for the spherical sample 

dC 
- 6  ~ e x p ( - n  2n20) (6) 

dO ~=1 

dZC 
- 6n 2 ~ n" exp ( - n  2 rc z 19) (7) 

dO 2 
n=']. 

for the cylindrical sample 

dC _ 4 ~ exp (-f l ]  O) (8) 
dO n = l  

d2C 
dO 2 - 4 fi~ exp (-fi~ O) (9) 

n = l  

where the fl,'s are the roots of the Bessel function of the zero-th order, and for the 
plate-like sample 

d C_C = 8 ~, exp {-(2n + 1)2n 2 O)} (10) 
dO .=o 

d~C 
- 8n 2 ~ (2n + 1) 2exp {-(2n + l)~n 20} (ll) 

dO 2 ~=0 

Applying Newton's method, we can solve these equations with an electronic 
digital Computer, and we can further estimate the conversion and dC/dO at the 
peak by using the relations of these value with O [1 ]. The values obtained are 
listed in Table 1, together with those for the chemical reactions, for purposes 
of comparison. 

The conversions at the peak for diffusion are different from those for the chem- 
ical reactions. This fact may be utilized to elucidate preliminarily the mechanism 
of the process. It is interesting to note that the conversions at the peak for diffusion 
are almost the same for the different shapes of the sample, though the O's are 
different, and that all the conversions at the peak for diffusion are between that 
for the first order reaction and that for the 0.5th order reaction. It is apparent 
from the values of Om that the derivative thermoanalytical curve for diffusion 
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Table 1 

The conversion, d C / d ( 9  and O at the peak of derivative thermoanalytical curve 
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Mechanisrxl Conversion dC/dO* O* 

Diffusion 
(splaerical sample) 

Diffusion 
(cylindrical sample) 

Diffusion 
(plate-like sample) 

0th order reaction 
0.5th order reaction 
tst order reaction 
1.5th order reaction 
2nd order reaction 
3rd order reaction 
Random degradation 

L = 2  
Random degradation 

L = 3  
Random degradation 

L = 4  
Random degradation 

L = 5  
Random degradation 

L = 6  

0.716 

0.725 

0.701 
1 
0.750 
0.632 
0.556 
0.5 
0.423 
0.584 

0.590 

0.592 

0.593 

0.593 

2.99 

1.62 

2.95 
1 
0.5 
0.368 
0.296 
0.25 
0.192 
0.764 

0.560 

0.440 

0.361 

0.306 

0.796 

0.160 

0.101 
1 
1 

1 
1 
1 
0.859 

1.482 

1.723 

1.855 

1.938 

t 
* For the chemical reactions, O is equal to A f exp ( - - A E / R T ) d t ,  namely AO, 

0 
where A is the pre-exponential factor. 

of  the spherical sample reaches the peak at the lowest temperature,  while that  of  
the cylindrical sample does so at the highest temperature,  i f  a and  the other ex- 
per imental  condi t ions  are the same for these three shapes of the sample. 
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