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Fig.1 Particle size distribution of zirconium powders
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Fig.2 SEM image of zirconium powders.
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Fig.3 EDS analysis results of zirconium powders
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Table 1 Elements detected by the spectrometer and their
mass content %
element mass content

Zr 83.87

(@] 9.77

Cu 2.33

Zn 1.87

Hf 2.16

AR A 2019 & %27 % %124 (1050-1055)



1052

KPS, BRMR R 8 3 5tk &, F AR AT XS

AR B8 X S AT S 0 A DL P 4l BT 4 ]
R, R il XS AT S i e, 5 T 0 L 1 LA R
Zr fbR e PDF i 6, 75 2 /Y DL C SR 3 i, LT 56 &
HA, AT RUAEWTRE b ) R AR SR Zr.

——30umzZr
|
Hl
Nl
20 40 60 80
= PDF#89-4892
: TT T 7 Taltnw s
20 40 60 80
20/(°)

4 BERYREGD X 5L AT S

Fig.4 X-ray diffraction spectrum of zirconium powders
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0.3 776.27 798.05 816.66 171.41
0.4 804.88 826.53 847.06 177.00
0.5 827.93 850.91 870.76 183.90
0.6 849.55 872.56 892.85 191.51
0.7 869.73 894.03 915.2 191.30
0.8 892.85 918.37 941.386 189.42
0.9 921.48 950.08 975.80 181.03
average 181.83
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Thermal Oxidation Process of Micron Zirconium Powder

LIU Qing', CHEN Lin-quan', ZHOU Yu-nan’, YUAN lJi-fei’, WANG Jian-ru', LIU Jian-zhong’
(1. Xi"an Aerospace Solid Propulsion Technology Institute, Xi'an 710025, China; 2. College of Energy Engineering , Zhejiang University s Hangzhou 310027,
China)

Abstract: In order to investigate the process and kinetics for the thermal oxidation of micron zirconium powders, the particle
size distribution, micromorphology, elemental content and phase characteristics of the zirconium powders were studied by
laser particle size analysis, scanning electron microscopy (SEM) and X-ray diffraction (XRD ). The oxidation process at differ-
ent heating rates was studied by thermogravimetry and differential scanning calorimetry (TG-DSC ). The kinetic parameters
and reaction model were obtained. The particle size of zirconium powders was in the range of 15-46 wm, with irregular
particles. The main phase of zirconium powder particles was metallic Zr. The oxidation process of zirconium powder can be
divided into the four stages including initial oxidation, accelerated oxidation, vigorous oxidation and reaction equilibrium.
The non-isothermal oxidation process followed the random nucleation and subsequent growth model function with the inte-

5
gral expression G(a) = [—In(1 - a)]z. Further, the activation energy E, and pre—exponential factor A for the thermal oxidation
reaction was 175.83 kJ-mol™ and 1.91x108 s™', respectively. The reaction rate constant k=1.91X10° exp (=2.1x10%/T).
Key words: micron zirconium powders; thermal oxidation process; thermogravimetric analysis ; reaction kinetics ; activation
energy
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