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Abstract — Characteristics of self-propagating reaction for the preparation of ZnO powder from precursors composed
of nitrate and citrate compounds were examined. The ratio of C/N was maintained in range of 0.7~0.8 to initiate the self-
propagating reaction between the reducing citrate and oxidizing nitrate groups. The samples were decomposed ther-
mally by using TGA. The sudden decomposition occurred in the range of X > 0.5 in a very short time with a very sharp
decrease of mass, indicating that the self-propagating reaction would occur. Friedman, Ozawa-Flynn-Wall and Vya-
zovkin methods were employed to predict the activation energy, reaction order and frequency factor of the reaction rate
in the rate determining step of X < 0.5 range. The activation energy increased with increasing fractional conversion in the
range of 46~130 (kJ/min). The reaction order decreased in the range of 2.9~0.9, while the frequency factor increased in
the range of 85~278 (min™'), respectively, with increasing the rate of temperature increase.
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Fig. 1. Typical TGA curves at various C/N ratio (=10 K/min).
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Fig. 2. Typical TGA curves at various heating rate (C/N=0.7).
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Fig. 3. XRD analysis of ZnO powder prepared by TGA (f=30 K/min,
C/N=0.7).
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Fig. 4. SEM images of ZnO powder (C,,=0.2 mol/L, C/N=0.7).
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Fig. 5. Rate of conversion at various heating rate.
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Fig. 6. Kinetic analysis at different conversion level by Friedman’s
method.
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Wall’s method.
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X
E R, E E R, E
0.1 432443 0.964424 4933216 0.976887 45.98025 0.970891 46.18557
02 45.43944 0.948807 48.23962 0971497 44.41691 0.963206 46.03199
03 35.89266 0.824362 45.99521 0.94194 41.59704 0.923894 41.16164
0.4 79.74181 0.961383 60.59105 0.943447 56.14376 0.928702 65.49221
05 155.6682 0955801 118.1462 0.862788 115.9421 0.847365 129.9188
Average  71.99728 64.46085 60.81601 65.75805
SD 49.74032 30.53718 31.30142 37.19297
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Table 2. Reaction order and frequency factor of reaction rate with the variation of heating rate obtained by means of Friedman’s and Ozawa-

Flynn-Wall’s methods, respectively
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Average 1.76284
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Fig. 9. Kinetic analysis for obtaining reaction order by Friedman’s
method (X=0.1~0.5).
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W\ =Zk=2
A : Frequency factor of reaction rate constant [min™']
E : Activation energy [kJ/min]
f(X)  : Function of conversion rate, (1-X)"

k(T)  : Arrehenius equation, Aexp(—E/RT)
: Reaction order

: Gas constant [8.314 J/mol-K]

: Correlation coefficient

A~ & B

: Reaction time

: Reaction temperature [K]

< =3 7

: Conversion rate

J=[olA 2Kt
B : Heating rate [K/min]
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