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Abstract : Performance metal powder serves as a crucial material in 3D printing additive manufacturing, as
the properties of the powder directly influence the microstructure and overall performance of 3D-printed
components. The plasma rotating electrode process (PREP) employs high-temperature plasma to melt the
end face of a rapidly rotating electrode rod. Subsequently, the molten liquid film is fragmented into
droplets, which then solidify into powder under the action of centrifugal force. This paper provides a
comprehensive review of the development history, equipment types, powder preparation principles, and
performance characteristics of the PREP process. It also delves into the impact of process parameters on the
powder's properties and discusses the application of numerical simulation methods in understanding the
powder formation mechanism and controlling powder particle size. Furthermore, the paper reviews the
progress made in applying PREP-prepared powder materials in the 3D printing manufacturing of
aerospace, medical equipment, nuclear power, rail transit, and other equipment sectors. Finally, it is
highlighted that the PREP milling process is poised to evolve towards higher purity, finer particle size,

narrower particle size distribution, fewer inclusions, higher sphericity, greater efficiency, and lower costs.
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The first transfer arc
equipment in China was
successfully developed

The first transfer arc
equipment was
successfully developed

Industrialization of Xi'an
Sialong transfer arc plasma
rotating electrode

1974 1985

\ The Northwest \

Research Institute 'of
Nonferrous Metals has
developed the first

PREP equipment in

In the US, plasma
technology was furthe
introduced on the basis
rotating electrode
atomization, and PREP

technology was developed anda bardiameterof

30 mm.

Since its industrializatiol
Xi'an Sialon patented
plasma rotating electrode
atomization (HED-PREP)
milling equipment has
China, with a maximum sold nearly 80 units, and
speed of 8000 r/min has been exported to
overseas to achieve
installed applications.

The overall technology of
DXD-80 developed by ZRIME has
reached the international
advanced level

2022

AVIMetal has made breakthroughs in
key technologies, and the yield of fine
powder has been greatly improved
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milling process of alloy
70%
bars of different materials. \ °
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By the end of 2015, Russia XD-50 p_Iasma. r'otary p!\ysical / ’ The latest generation /
had produced more than /‘and chemical milling equipment of Roselectro- §
6,000 tons of superalloy ) has passed the production The maximum speed Mechanics industrial-
powder using the PREP and assessment and has been put of the device is 40,000 grade PREP machines
HIIP processes, and more into operation, and the qualiﬁ)’ rpm and the elech:ode ’ can reach speeds of up
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80s of the 20th century 2020 About 2023

2009
ZRIME has developed the first non-
transfer arc plasma rotating electrode
equipment in China

The first non-transfer arc
equipment was developed
in the Soviet Union

Japan's TOHOKU company has
developed a new generation of

Russia has developed the latest
generation of non-transfer arc
equipment

1 PREP AR % i s+
Fig.1 Development history of PREP technology
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(a)190 pm; (b)90 pm; (c) 40 pm;(d)20 pm
Fig.3 Internal solidification microstructure morphology of TiNi powder with different particle sizes
(2)190 pm; (b)90 pm; (¢)40 pm;(d)20 pm
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Fig.5 Parts prepared by PREP powders

(a)light thrust chamber assembly for the rocket ; (b)nuclear power generation components; (¢)titanium acetabular cups and knee joints; (d)turbo impeller
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