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Table 1 Preparation process parameters of core-shell powders
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Fig.1 Particle size distribution of powders prepared with different nitrogen flow rates
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Table 2 Particle size of powders prepared with different nitrogen

flow rates (um)

Nitrogen flow

rate/L-min' Do Do Do
0 58.417 89.025 134.669
3 56.347 87.668 134.568
5 50.794 80.401 127.693
8 53.122 81.450 124.885
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Fig.2 Surface morphologies of powders prepared with different nitrogen flow rates: (a, b) 0 L/min, (c, d) 3 L/min, (e, f) 5 L/min,
(g, h) 8 L/min
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Fig.3 XRD patterns of powders prepared with different nitrogen flow

rates
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Table 3 Grain size and microstrain of powders prepared with

different nitrogen flow rates

Nitrogen flow rate/ Grain size/ Microstrain/
L-min™ nm %
0 92 0.05
3 42 0.13
5 56 0.16
8 35 0.12
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Table 4 Nitrogen contents of powders prepared with different

nitrogen flow rates

Nitrogen flow rate/ Nitrogen content/

L-min™ wt%
0 0.005
3 1.440
5 1.494
8 1.963
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Fig.4 Cross-sectional morphologies of the power prepared with different nitrogen flow rates: (a) 3 L/min, (b) 5 L/min, and (c) 8 L/min
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Table 5 EDS results of element N of the power prepared with different nitrogen flow rates

Point 1 2 3 4 5

6 7 8 9 10 11 12

Mass fraction/wt% 8.25 2.31 2.44 2.24 10.87
Atom fraction/at% 23.52 7.48 7.89 7.25 29.42

2.19 2.03 2.06 11.63 2.18 1.92 1.98
7.12 6.62 6.71 31.05 7.07 6.27 6.46
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Fig.5 Morphologies (a, ¢, ) and element N distribution (b, d, f) of powders prepared with different nitrogen flow rates: (a, b) 3 L/min,

(c, d) 5 L/min, and (e, f) 8 L/min
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Study on the Plasma Rotating Electrode Atomization Technique for Core-Shell Powder
Synthesis

Ba Yunwei, Yang Xingbo, Sun Nianguang, Xiang Changshu, Wang Hui, Yang Xinwen
(Xi’an Sailong AM Technologies Co., Ltd, Xi’an 710016, China)

Abstract: By modifying the existing plasma rotating electrode atomization (PREP) powder production equipment, the core-shell structure
powders with low nitrogen content in the core and high nitrogen content on the surface were successfully prepared by adjusting the nitrogen flow
rate during the powder-making process with pure titanium rods. The particle size distribution, microscopic morphology, and microstructure of the
powders were systematically characterized using a standard vibrating sieve, laser particle size analyzer, X-ray diffractometer (XRD), scanning
electron microscope (SEM), and X-ray photoelectron spectroscope (XPS). The results show that the particle size of the powders with nitrogen gas
were smaller than that without nitrogen gas. As the nitrogen flow rate increases from 3 L/min to 8 L/min, the particle size exhibits a trend of first
decreasing and then increasing. Introducing nitrogen gas can significantly suppress the formation of satellite powders in pure titanium metal
powders and make the surface of the powders smooth, but it can also result in elongated and insufficiently spheroidized shaped powder particles in
the powder. Under different nitrogen gas flow rates, nitrogen is uniformly distributed on the powder surface, forming a Ti-N_microstructures shell
layer, and the nitrogen content on the powder surface layer is significantly higher than that in the core.

Key words: plasma rotating electrode atomization; core-shell structure; powder; pure titanium; titanium nitride
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