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Methods for the Kinetic Analysis of Thermouanalytical Data

Iwao Matsuura

Simulation of differential scanning calorimetry and thermogravimetry for first order
reaction, three dimensional nucleation growth reaction, three dimensional diffusion reaction,
two dimensional phase boundary reaction and Oth order reaction were carried out under
the heating rate of 0~20 K min~! L,
curves were drawn as contour lines and perspective projections in order to clarify character-
Methods to determine reaction

and activation energy of 5~40 kcal mol™'. Simulation
istic properties and common properties for each reaction.
mechanism and activation energy were described with the aid of the simulation curves and
theoretical equations.
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Fig. 1 Contour lines and perspective projections of first order reaction. (a), (b).
(e) and (f) show simulation of DSC curves and (¢}, (d), (g) and (h) show
simulation of TG curves. E = 20 kcal mol™! and @ = 0~20 K min™! for
(a), {(b), (¢) and (d) and @ =5 K min~! and £ = 5~40 kcal mol~" for
(e}, (£), (g) and (h).

a, heating rate; E, activation energy: 7, reaction rate; and ¢, residual
fraction.
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Fig. 2 Contour lines and perspective projections. (a) and (b), three dimensional
nucleation growth reaction; (c¢) and (d), three dimensional diffusion
controlled reaction; (e) and (f), two dimensional phase boundary reaction;
and (g) and (h), Oth order reaction.

Netsu Sokutei 13(1) 1986 — 55—



Hiff/ — b # oW F
0.1 0.6 7/min”! 0.9 01 ¢
40 n a0 i
TT: 301 (a) 'T; 30+ ‘ ®)
E & i |
S op g 20}
= \ <) /
10F 10+
) , / J
3173 423 473 373 423 473
T/K T/K
0.01 005 01 7/min”!
0r ; i L aor 0.9 0.5 0.1 ¢
TN i
/ ‘ \
s 3 (©) 5 30 @
£ g
<20k £ 9 /
= [ i
] /
L ] / J
373 423 473 373 423 473
T/K T/K
Fig. 3 Contour lines. (a) and (b}, three dimensional nucleation growth reaction
and (c) and (d), three dimensional diffusion controlled reaction.
Table I  Residual fraction at the temperature of maximum reaction rate.
) . Activation energy E/kcal mol™'
Reaction mechanism .
10 20 30 40 80  Ozawa®?
First order 0427 0396 0387 0382 0374 0.368
Three dimensional nucleation growth 0386 0377 0374 0370 0370 0.368
Three dimensional diffusion 0314 0264 0250 0244 0233 0.284
Two dimensional phase boundary 0292 0269 0263 0259 0254 0.250
Oth order 0.0 0.0 0.0 0.0 0.0 0.0
Two dimensional nucleation growth 0.396 038t 0377 0374 0371 0.368
Two dimensional diffusion 0242 0199 0188 0182 0174 0.275
Second order 0574 0538 0526 0520 0510 0.500

Ty=323K, ¢g=5K min!,
lcaly,=4184]
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Fig. 4 Plot of equation (11) for @ three dimensional
nucleation growth reaction and for @ three
dimensional diffusion controlled reaction.
the lefr-hand side of equation (11) for (a) three
dimensional nucleation growth reaction and (b)
three dimensional diffusion controlled reaction.
X is the right-hand side of equation (11).
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Fig. 5 Diagram for the estimation of activation

energy. T and T, are the temperatures
at which the residual fraction of a react-
ing materal becomes a given value ¢,
at the heating rate of a; and 4ay,
respectively.
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