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Table 1  Chemical composition of TC4 raw bar (mass
fraction, %)
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Fig.1 Schematic diagram of gas atomizing
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Table 2 Interstitial component of raw material and

gas-atomized powders

Mass fraction/%

Material
C o
Raw ingot 0.006 0.150
Powders produced without coating 0.043 0.165
Powders produced with coating 0.012 0.153
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Fig. 2 Nozzle structure and schematic diagram of TC4

samples
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Fig. 3 Cross-sectional microstructures of TiC4 pillar retained
in cooled nozzle after atomizing in Fig. 2: (a) Sample A; (b)

Sample B; (c) Sample C
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Table 3 Energy spectrum analysis of different positions in

Fig. 3 (a)

Position Mass fraction/%
No. C Al Ti v
1 10.0 0.4 89.3 0
2 1.8 6.0 88.7 3.5
3 0 5.6 89.9 4.5
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Table 4 Energy spectrum analysis of different positions in

Fig. 3 (b)

Position Mass fraction/%
No. C Al Ti v
1 13.5 0.5 85.2 0.8
2 2.5 5.7 87.6 4.2
3 0 2.6 93.6 3.8
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Table 5 Energy spectrum analysis of different positions in

Fig. 3 (¢)

Position Mass fraction/%
No. C Al Ti \%
1 17.4 0.4 82.2 0
2 3.0 5.5 87.6 3.9
3 0 2.5 93.3 42
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Table 6 Interstitial elements components of gas-atomized

powders with different particle sizes

Interstitial element component, w/%

Particle size/um

o C
>250 0.142 0.012
74-250 0.155 0.013
47-74 0.174 0.015
<47 0.185 0.016
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Fig. 4 Surface morphologies of gas-atomized TC4 powders with different particle sizes: (a) =250 pum; (b) Enlarged square area in

Fig. (a); (c) 74—150 pm; (d) Enlarged square area in Fig. 4(c); (¢) <47 um; (f) Enlarged square area in Fig. 4(e)
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Fig. 5 Cross-sectional microstructures of gas-atomized TC4 powders with different particle sizes: (a) =250 pm; (b) Enlarged

square area in Fig. (a); (¢) 74—150 pm; (d) Enlarged square area in Fig. (c); (¢) <47 um; (f) Enlarged square area in Fig. (¢)
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Characterization of spherical TC4 powders by
gas atomization and its interstitial elemental control

ZHAO Shao-yang, CHEN Gang, TAN Pin, WANG lJian, LIU Xiao-qing

(State Key Laboratory of Porous Metal Materials,
Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The spherical TC4 alloy powders were produced by gas atomization using water-cooled copper crucible and
argon gas with high purity. The Y,03 layer was coated onto the inner wall of the graphite nozzle. The interstitial level of
the gas-atomized powders with various particle sizes was analyzed to investigate the effect of coating. The sources of
interstitial content for gas-atomized powders were also discussed and related suggestions for its control were provided.
Besides, the microstructures of gas-atomized powders with various particle sizes were also characterized in terms of
surface morphology and cross-sectional structures. The results show that the Y,0; coating can effectively prevent the
gas-atomized powders from carbonization by graphite nozzle as comparing with or without coating. The interstitial
component of the gas-atomized TC4 powders increases with the particle size decreasing. The surface of coarse powders
exhibits the cellular structure with equiaxed grains. However, the fine powders achieve smooth surfaces and can not be
observed any crystallization. Because of rapid solidification, both « cells and acicular martensite o’ phases are observed
in the internal area of coarse powders, while only honeycomb cellular structure is demonstrated with refined grains in fine
powders.

Key words: TC4 alloy; gas atomization; coating; spherical powder
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