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Fig.1 SEM images of the sublimate adhesive to particle surface
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Table 1 Elements analysis results on the particle surfaces
in Fig.1b (w/%)
Element Adhesion sublimate Normal particle
Cr 24.01 8.0
Mg 18.82 0.048

Ni 29.98 50.93
0] 15.39 0.532
C 1.066 0.299
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Fig.2 SEM images (a, b) and EDS spectrum (c) of ceramic

adhesive to particle
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Fig.3 EPMA element distributions on particle surface
in Fig.2b: (a) Ni, (b) O, (c) Si, and (d) Al
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Fig.4 SEM images (a, c, e, g) and EDS spectra (b, d, f, h) of slag adhesive to particle: (a, b) particle wrapped in slag;

(c, d) particle adhered to mixed inclusion of ceramic and slag; (e, g) particle adhered to slag; (g, h) particle

surface adhered to fine oxide inclusions
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Fig.5 SEM image (a) and EDS spectrum (b) of organic

adhesive to particle
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Table 2 Number of abnormal particle in 1 kg powder
samples at different process stages
Abnormal Original After After
particle powder screening separation
Adhesion
. 8 4 1
ceramic
Adhesi
dhesion 20 10 4
slag
Adhesion
. 8 5 2
organic

3 1kg B ARERDPRENRE TR BES T

Table 3 Numerical analysis of inclusions and abnormal
particles in 1 kg finish powder sample (%)

Inclusion

Abnormal particle
Adhesion  Adhesion Adhesion
slag ceramic organic
14 3 32 36 4 11

Slag Ceramic Organic
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Fig.6 Schematic diagram of electrostatic separation process (a)
and force analysis (b)
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Abnormal Particles in Ni-Base Superalloy Powder by PREP Process

Zhang Ying, Huang Hubao, Liu Mingdong, Zhang Yiwen
(High Temperature Material Institute, Central Iron &Steel Research Institute, Beijing 100081, China)

Abstract: Nickel-based superalloy powder was prepared by Plasma Rotating Electrode Process (PREP). Then a kind of abnormal particles
in the superalloy powder was observed, classified, and analyzed statistically. The results show that there are abnormal particles which
consist of powder and adhering sublimation, slag, ceramic and organic impurities in the superalloy powders. The formation of the
abnormal particles is closely related to the purity of master alloys, properties of inclusions as well as powder atomization
parameters. The ability of removing abnormal particles by screening and electrostatic separation is associated with the size, shape and
chemical composition and physical properties (density, permittivity) of adhering inclusions. Compared with the screening
process, the number of abnormal particles in 1 kg powder sample is reduced by 63% after electrostatic separation process. In 50~150 pum
finished powders, the abnormal particles adhering slag account for 36% in residual inclusions, the particles adhering ceramic 4%, and
the particles adhering organic 11%.

Key words: PREP process; nickel-base superalloy powder; electrostatic separation; abnormal particle
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