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Abstract : Direct-current arc plasma has the characteristics of high core temperature and clean environment, and the pre-
pared powders have high sphericity and spheroidization rate, making it an important technology for the large-scale production
of high-quality powders for additive manufacturing. In this paper, spherical tungsten powder was prepared by direct-current
arc plasma spheroidization technology using irregular tungsten powder as raw material. The effects of different feeding rates
and powder delivery gas flow rate on the properties of spheroidized powder particles were studied. Three transformation mech-
anisms in the process of spheroidizing irregular tungsten powder were proved. Under a large powder delivery gas flow rate,
spherical tungsten powder with nanoparticles was synthesized in-situ by direct-current plasma spheroidization technology.
The morphology, phase, particle size distribution, flowability and apparent density of spheroidized tungsten powder parti-
cles were analyzed and characterized by scanning electron microscope, X-ray diffraction, laser particle size analyzer and
powder flowability tester. The results show that the phase of tungsten powder particles does not change after direct-current

plasma spheroidization, presenting a single tungsten phase. The tungsten powder particles prepared at a feeding rate of
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Table 1 Chemical composition of raw tungsten powder ( w /%)

Element w Fe Mo

Al Ca Na Mg

Content 99.95 0.02 0.01

0.002 0. 002 0.001 0.001
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Table 2 Plasma spheroidization parameters

Parameter Power/kW Voltage/V Current/ A

Powder delivery gas flow rate/(L -h™")

Feeding rate/ (r * min"")

Value 48 400 120

200~ 800 4~20
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Fig. 1 ~ Structure and schematic diagram of plasma spheroidization
equipment
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Fig.2 SEM images of raw tungsten powder and tungsten powder after plasma spheroidization at different feeding rates: (a) raw material

powder, (b) 20 r+min™", (¢) 16 r *min™", (d) 121 -min”™", (&) 8 r*min™", (f) 4 r +min”’
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Fig. 4 SEM images of powder particles after plasma spheroidization at different powder delivery gas flow rates; (a) 200 L -h™", (b)
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Fig. 5 Particle size distribution of tungsten powder after plasma spheroidization at different powder delivery gas flow rates: (a) 400 L -h™",

(b) 600 L +h™"
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Fig. 6 XRD patterns of tungsten powder: (a) raw material powder, (b) plasma spheroidized powder
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Table 3 Physical properties of tungsten powder before and after

plasma spheroidization

Apparent density/ Flowability/

Sumele (g -em™) (s-50g™")
Raw powder 5.37 18.53
400 L -h™! 11.67 5.35
600 L -h™! 10. 96 5.72
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