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Differentiation of Kinetic Model Functions by Thermal Analysis

Katsunori Kosuge*, Yoshihisa Hamada* and Ryohei Otsuka**

Four representative methods for the kinetic analysis of solid state reactions were

examined using various theoretical data.

As a result, it was recognized that nine commonly used kinetic equations for solid state
reactions are classified into a few groups, in which each equation is nearly indistinguishable
from one another. In order to differentiate the equations belonging to the same group from
each other, it was effective to observe the shift of the peak temperatures in the series of
DIG curves under different heating rates. This procedure was examined for the dehydration
of calcium oxalate monohydrate, yielding good results.
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Table 1 Commonly used kinetic functions for solid state reactions®)
Function f(a) g(a) Rate-controlling process
Dy a™? a? One-dimensional diffusion
D, (—n(1—agn™* (1—a)i(l—a)+« Two-dimensional diffusion, cylindrical symmetry
D; (l—« W (Q—a) 1T (1= (1—a ey Three-dimensional diffusion, spherical symmetry;
Jander equation
Dy ((l—a )_1/3 -7t (1-2a/3>—01 —a)”*  Three-dimensional diffusion, spherical symmetry;
Ginstling-Brounshtein equation
R, (1—-«a )1/2 1-(1—« )2 Phase boundary reaction, cylindrical symmetry
Ry (11—« Dk 1—(1—a)" Phase boundary reaction, spherical symmetry
Fy (1—a) —1n{l—a) Random nucleation, one nucleus on each particle
A, (1—a)(—in(1—a)) vz [—In(1l—«a Dk Random nucleation; Avrami equation
Az (I—-a)(=ln(l—a Nk (—h(l—« NEA Random nucleation; Avrami equation
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Table 2 Initial conditions for theoretical data
Kinetic Activation Preexponential Heating Initial Final Fraction
function energy factor rate temperature temperature reacted at Tg
Fla) E/kJ -mol ™" Z/min? v /K »min " T,/ K T;/K a,
D, 167.360 1.0x 10" 10 433.15 693.15 107°
D, 326.352 34x 107 2 533.15 821.15 107¢
D, 397.480 20x10% 2 651.15 937.15 107°
D, 351.456 39x10% 20 623.15 975.15 107°
R, 175.728 80x10° 2 637.15 927.15 0
Ry 192.464 9.0x10° 2 685.15 953.15 0
F, 122591 6.0x 10" 9.33 275.15 491.15 0
A, 57.321 1.28x 10° 9.33 293.15 513.15 107°
A, 35.815 2.94x10° 9.33 293.15 549.15 107°
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Table 3 Values of kinetic parameters obtained in analysis from theoretical data R
(p=2K-+min™1)
Initial
values of Non-differentiated kinetic functions in analysis from theoretical data R3
E(kJ-mol™")
Z (min™ ) R, D, R,
E 192464 192422 195518 191.167 219869 | 398.024 391.037 396769 168448 185853 181.084
7 900x10° | 893x10° 527x10° 267x10° 268% 10%% 791x10% 161x10% | 286x10° 193x10° 896x10°
Method I I m v 1 i if I I it}
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@ : experimental data after Tanaka (1981).
R, : See the text.
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