‘_‘i.‘ »
H{%tﬁi RESEARCH

IR BETF, KT, MiEE, § G456 4 W ES 4 FALESTEPTAINPIL R 303 -0 K AF 89 v HAEFF R [T]. Ao
#EH R, 2026, 69(6): 25020433.
HAN Zhiyu, ZHANG Pingxiang, LAI Yunjin, et al. Influences of SS-PREP and AA processes on powder properties of EP741NP
Ni-based superalloy[J]. Aeronautical Manufacturing Technology, 2026, 69(6): 25020433.

HeEEEERRES[ENEX EPTAINPRESIE
SEMARFFERZ ARG R

BEFEERE e, BMER,E B8 8, #
(1. BRI L KRFHREAR KB R EELZR T, H% 710072;
2. 2 B AR O A A PR 8], 75 % 710018)

[FE] RAX SRS B T4 Bk (Supreme-speed plasma rotating electrode process, SS- PREP) Fo B AFAL
= (Argon atomization, AA)H] & T 275 EP74INP A4-24 K, AT A 7% T AP 50 7 ik 34 K3 e &vk . 452 &9,
KA SS-PREP % 4] 449 EPT4INP 424 AT S LA, =Sy Fo b 888 AL, £ R F 1T ﬁz}w,mf] b5
I AT & A A AR AT KRR K AA BRI EH AT AN BAEK S, RBERRAK S 24, ¥
SRR A A% . SS-PREP k4 &%) EPTAINP &2 KB A d A S A ML 2848, B 234K A K AA &4
B0 AR A LR, B3R T IR A, B R P B AR S RSB ABA R AL F TR, EOH
RBRFLRAL T A, LR A3 IE R R @, EAA R AR RN, 252 i T ARG £ F BOR Bk A R
Th, FACARMAIN, 2 BRI AT, MR FACAAR A e, S o S Hr . £ER.650 CH 750 CimliX
%M T, SS-PREP #v AA W4+ R Fl 7 i #) &89 EPT4INP &~ 424 b a3y £ Ik A0 R 49 ML, SS-PREP k4 R a9 42

A 5% JF Fo IR BR AL T AA B A

KR A 54k F B T e dE B Mk (Supreme-speed plasma rotating electrode process, SS-PREP); &4, %-4L % (Argon
atomization, AA) ; EP7T41NP A4 4 K 4F M ; tHVLLA LR

FESES: V25 X ERFREAD: A DOI: 10.16080/j.issn1671-833x.25020433

Influences of SS-PREP and AA Processes on Powder Properties of EP741NP Ni-Based Superalloy
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[ABSTRACT] Spherical EP741NP alloy powders were prepared by the supreme-speed plasma rotating electrode process
(SS-PREP) and argon atomization (AA) process. A comparative study was conducted to investigate the effects of the two
powder preparation processes on the powder characteristics. The results show that the EP741NP alloy powders prepared by
the SS-PREP process have a more regular morphology, lower contents of hollow powders and irregularly shaped powders,
and obvious advantages in physical properties such as oxygen pickup, sphericity and fluidity, but with a larger powder
particle size. The powders prepared by the AA process contain more irregular particles, with many satellite particles on the
surface of the powder particles, and adhesion between some powders. The surface of the EP741NP alloy powder particles

prepared by the SS-PREP process exhibits a typical dendritic structure that grows in a radial pattern. The surface structure
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of the powders prepared by the AA process is unclear, a small amount of dendrites can be observed locally, and there are

more hollow powder particles and individual powders with abnormal microstructures in the powders. The internal pores

of the hollow powders are completely enclosed, and the inner surface of the pores is not smooth, showing a flocculent and

irregular morphology. This phenomenon is mainly attributed to the incomplete breakup of the liquid film caused by the

impact of the atomizing gas; The atomizing gas gets entrapped, and the internal atomizing gas does not escape before the

pouch-shaped liquid film collapses, thereby forming hollow powders. At the test temperatures of room temperature, 650 °C

and 750 C, the tensile properties of the EP741NP alloys fabricated from the two types of powders exhibit consistent trends

in tensile properties, with the tensile strength and yield strength of the powders prepared by the SS-PREP method higher

than those prepared by the AA process.

Keywords: Supreme-speed plasma rotating electrode process (SS-PREP); Argon atomization (AA); EP741NP alloy;

Powder characteristics; Microstructure
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Fig.1 Schematic diagrams for powder preparation via two types of

equipment
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Table 1 Chemical composition of EP741NP alloy bar and powders
(mass fraction) %

JGE | EP74INPE:M | AAKYAR | SS-PREPHIA | ALiFR2ME

Cr 9.42 9.46 9.47 0.05
Co 15.57 15.58 15.60 0.03
Ti 1.74 1.78 1.77 0.03
Al 5.02 5.03 5.00 0.03
Mo 3.8 3.84 3.88 0.08
w 5.54 5.56 5.56 0.02
Zr <0.01 <0.01 <0.01 0
© 0.038 0.043 0.042 0.05
B 0.012 0.014 0.014 0.002
Nb 2.45 2.50 2.52 0.07
H 0.0001 <0.001 <0.001 0.0009
0.0002 0.019 0.003 0.0188
Ni 0.001 0.004 0.003 0.003
HeAtn At Akt AR
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A A T ) AP R, FE T REA PPB AT BRAUS o

K O A5 B T SS-PREP 55 AA 7
il F R AR R BE AT, A5 SR K 2 R, MR T2 RS
WA IR RN EE TR 15~106 um, Hirf' SS-PREP 3
A B ARAR AT TR ZE | 15~53 pm 75 BN 9 o L
XA T T2 R S . SS-PREP n] #1595 KA ia 40
W3, DR R R ARG 4 S PREP 48085 19 g FH A 5% L
B X, Ait, SS-PREP ¥y oK Y E- KPR By 40~50
pm, AR T AA AR ORI 30~40 pm ), iX—
22T AA BIR™ 15 um ZEA45 AR o5 LERE &

2% 2 NIRRT 45 )5 i EPTAINP &4 K R )3
ek, ATLLE M, SS-PREP 14519 EP7T41NP 44 ¥
KRGS AN R S0 B AR BRIE Ok L1, 1
REARIE T AA e, BROW & A T TR A 2 E 2R
R 2, Hoh AR BRI 0k L1 A 8 5 AR B TRy AR i sh
PR PABES B PR S B s . PEREXT L 25 SRR,
SS-PREP ¥l £ 1) EP74INP &4 K HA B
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Fig.2 Particle size distribution curves of EP741NP alloy powders
prepared by two processes

R 2 AA 5 SS-PREP iEHI#H EPT4INP & & MR EFIERTLL
Table 2 Comparison of characteristics of EP741NP alloy powders
prepared by AA and SS-PREP processes

IARNERE SS-PREPH AAKHR
sl (s/50 g) 13.2 16.8
SR/ (g/em’) 4.85 422
PRIZHE / (g/em’) 5.05 4.79
JEBRIE UKL L 51/ % 0.43 1.93

4}y SS-PREP #: 71 AA #1451 EPTAINP 54>
WK F T A 4, AT LA & B, SS-PREP 3 ffil £ 1)
EP741NP & &40 A0k R 1 MR ks 20 2, Joiks =
TR G T s AA TR 45 1Y EP74INP & 40 A ok %
TSR, H R AF e — Lt B, S AU S A
KL, e DL B, A A s A7 A — 2 S Tk, B
50 AA B AR T 5 BUR Y SEM B, HFh R 3
FA R TN RSN KRR 4 Fh AR (&
5 (a)) RTEMNMERIE M AIMIE T — 215048 ;
T (E 5 (b)) REER AR A A 22 18 B B T 24
INRGH IR AR IR s KRy (S (¢) SR RGHER I Z
AR AR B S5 —R ;s BERERY (5 (d)) 2R AR
W S B R k. BT I, AA B R4
J& BRIE By A ORI S04 A AR KU BRI 19 5 5 0 52385 ik
T

AA B AR P S ORI R T R R AR
TRV E IR, B 58 458 [ (R R AR 22 1) & A AR
T o E R AR R S A= R R A BN, A

3 SS-PREP 5 AA &#|#& ) EP7T4INP & & M5KA SEM 37
Fig.3 SEM morphologies of EP741NP alloy powders prepared by
SS-PREP and AA processes

(b) AA

El 4 SS-PREP 5 AA %#I#%&H) EP7T4INP S & MAMNRESBHALR
Fig.4 Surface microstructure of EP741NP alloy powders prepared
by SS-PREP and AA processes

(a) SS-PREP
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Fig.5 SEM morphologies of abnormal particles in EP741NP alloy
powder prepared by AA process
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Fig.6 Microstructures of EP741NP alloy powder prepared by AA
process
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Fig.7 SEM morphologies of internal pores in EP741NP alloy
powder prepared by AA process
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Fig.8 Mechanism of bag-type film breakup and formation of
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Fig.9 Microstructures of SS-PREP powder
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Fig.10 Tensile properties of EP741NP alloy powders prepared by
SS-PREP and AA at different temperatures
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