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Fig.1 Schematic diagram of W-Ni-Fe ternary powder
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Table 1 Main parameters of RF thermal plasma densification

and spheroidization process

Operation parameter Value
Frequency of RF power/MHz 3+0.5
Voltage/kV 7.5
Flow rate of central gas/m>-h’' 2
Flow rate of sheath gas/m’-h™' 8
Powder feeding rate/g-min™' 35
Pressure/kPa 45
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Fig.2 SEM morphologies of raw W powder (a) and granulated 96W-2.5Ni-1.5Fe powder (b-d)
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Fig.3 SEM morphologies of the surface (a, b) and internal (c, d) of 96W-2.5Ni-1.5Fe granulated powder
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Fig.4 Flow field distribution of the plasma after the injection of
96W-2.5Ni-1.5Fe granulated powder: (a) temperature and
(b) flow rate
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Fig.5 Motion trajectory and particle size change of 96W-
2.5Ni-1.5Fe granulated powder in plasma
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Fig.6 SEM morphologies and EDS spectrum of 96W-2.5Ni-1.5Fe powder densified and spheroidized by RF thermal plasma:

(a, b) densified spherical powder; (c) surface morphology of the powder with defects; (d) EDS spectrum
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Fig.7 Metallographs of internal section of densified and spherical 96W-2.5Ni-1.5Fe powder by RF thermal plasmas
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Fig.8 Metallograph of internal section of 96W-2.5Ni-1.5Fe
ternary alloy powder with hole defects after plasma

treatment
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Research on the Spray Granulation Pre-alloyed W-Ni-Fe Ternary Alloy Powder and
Densification and Spheroidization by RF Thermal Plasmas

Chen Lunjiang', Chen Wenbo?, Dan Min', He Yanbin', Nie Junwei', Zhu Hailong’, Tong Honghui', Jin Fanya'
(1. Southwestern Institute of Physics, Chengdu 610041, China)
(2. University of South China, Hengyang 421001, China)
(3. Shanxi University, Taiyuan 030006, China)

Abstract: The spheroidization and densification of tungsten-based alloy powder is of great significance to the component properties
improvement, such as the strength of powder-fabricated components by additive manufacturing. The effect of radio frequency (RF)
thermal plasma treatment on the morphology and porosity of spray granulated pre-alloyed W-Ni-Fe alloy powder were studied. The results
show that the 96W-2.5Ni-1.5Fe ternary alloy powder formed by spray granulation has a loose microstructure, part of the powders have
internal voids and a rough surface. The comprehensive properties of the spray granulated powder can be significantly improved after RF
thermal plasma treatment. The holes and looseness on the surface of spherical powder are alleviated, but a few particles also have some
micropores on the surface and in the internal. The Ni and Fe phases between the W grains of the densified and spheroidized particles
contain a relatively high content of W element.

Key words: spray granulation; radio frequency thermal plasma; W-Ni-Fe alloy; pre-alloying; densified spherical powder
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