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On the Reaction Kinetics of GaN Particles Formation from GaOOH
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Abstract Gallium oxyhydroxide (GaOOH) powders were heat-treated in a flowing ammonia gas to form GaN,
and the reaction kinetics of the oxide to nitride was quantitatively determined by X-ray diffraction analysis.
GaOOH turned into intermediate mixed phases of a- and pGay0s, and then single phase of GaN. The reaction
time for full conversion (t,) decreased as the temperature increased. There were two-types of rapid reaction
processes with the reaction temperature in the initial stage of nitridation at below t., and a relatively slow
processes followed over t, does not depends on temperatures. The nitridation process was found to be limited
by the rate of an interfacial reaction with the reaction order n value of 1 at 800°C and by the diffusion-limited
reaction with the n of 2 at above 1000°C, respectively, at below t.. The activation energy for the reaction was
calculated to be 1.84 €V in the temperature of below 830°C, and decreased to 0.38 eV above 830°C. From the
comparative analysis of data, it strongly suggest the rate-controlling step changed from chemical reaction to

mass transport above 830°C.
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Fig. 1. X-ray diffraction patterns of the as-formed samples
with different reaction time at 800°C in flowing ammonia: (@)
GaN, (V) a-Ga203, (.) ,B-Ga203.
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Fig. 2. X-ray diffraction patterns of the powders formed at

different temperatures for 4 h in flowing ammonia: (@) GaN,
(V) &Ga0;, (M) £Ga,05, (@) GaOOH.
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Fig. 3. Effect of reaction temperature on x-ray diffraction
intensities of GaN (101) peak as a function of time for several
temperature. The solid lines were calculated using Avrami
equation'® with fitting parameters as shown in Table 1.
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Table 1. Fitting parameters for Avrami equation'® for the
experimental data in Figure 3.

parameters
& k n
temperature
800°C 2900 0.15 1.00
1000°C 4550 0.80 0.60
1050°C 5350 1.12 0.42
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Fig. 4. Log-log plots between intensity and time as shown in
Fig. 3. The solid lines were plotted using parabolic rate
equation, A linear relationship exists for all temperatures.
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Fig. 5. Arrehenius plots of particle size and X-ray diffraction
intensities versus reciprocal temperature,
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