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Research Progress on the Preparation Technology of Spherical Metal Powder

LI Shaogiang, SUN Jianhao, LAI Yunjin, ZUO Zhenbo, DONG Liyang, WANG Yongzhe,
TANG Hongkui, ZHANG Yiya, QU Zonghong

(Xi'an Sino-Euro Materials Technologies Co., Ltd., Xi'an 710018, China)

Abstract. Compared with traditional manufacturing technology, powder metallurgy and additive manufacturing have the
advantages of a short production cycle, high efficiency, high overall material utilization and short iterative optimization
cycle and are increasingly widely used in the aerospace field. As their raw material, the performance and quality of the
powders directly affect the performance of the products. This article provides a comprehensive overview of the current
major metal powder manufacturers worldwide, along with the historical evolution, fundamental principles of production
technologies, current status, existing challenges, and future development trends in commercialized spherical metal powder
preparation technologies.
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Tab.1 Major producers of metal spherical powders in the world in 2021*

Company Country Alloy Powder preparation technology ~Capacity (t/year)
Sandvik Sweden Superalloy, tool steel, stainless steel GA 3000
Carpenter Technology United States Tool steel, stainless steel GA 3000
GKN Transnational Iron-based alloys, titanium alloy Water atomization (WA) .GA 2000
AP&C Canada Titanium alloy PA 100
Nickel-based, cobalt-based,
LPW Technology United Kingdom GA 1000
copper-based alloys, etc
BIAM China Superalloy, tool steel, stainless steel, etc GA .PA About 450
) ) Titanium alloy, superalloy, tool steel,
SMT(Sino-Euro) China ) PREP(SS-PREP) 400
stainless steel, refractory alloys, etc
VAM China Titanium alloy, superalloy GA About 300
FALCONTECH China Titanium alloy GA About 60
AVIMETALAM China Titanium alloy, superalloy, CoCrW alloy GA .PA .PREP 800
) Titanium alloy, superalloy, tool steel,
SRIM China ) GA
Stainless steel
) Titanium alloy, aluminium alloy, superalloy,
GRIPM China GA ‘WA 500

copper-based alloys
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Fig.1 PREP atomization principles: (a) transfer arcs; (b) nontransfer arc
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Fig.2 Three typical centrifugal atomization mechanisms: (a) direct drop formation; (b) ligament disintegration; (c) film disintegration
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Tab.2 Typical properties of the PREP powders
Powder Flow ability Tap density Laser particle size distribution/pm Sieve o
Alloy . ) ) Sphericity
size/pm /(s/50 g) /(g-cm?) D10 D50 D90 particle size
-53: 98%
15~53 <38 2.4~2.6 26~30 35~46 58~65 =0.95
+53: 2%
Ti6Al4V -53:2%
(TC4) 53-106:
53~150 <35 2.5~2.7 55~58 82~90 105~115 =0.95
96%
+106: 2%
-53:98%
15~53 <13 4.6~4.8 18~25 30~40 <55 =0.99
+53: 2%
Inconel 718 -53:2%
(GH4169) 53-106:
53~106 <12.6 4.7~4.9 55~58 86~92 105~130 =0.99
96%
+106: 2%
-53:98%
15~53 <13 4.5~4.7 26~30 35~46 50~65 =0.99
+53:2%
. -53:2%
18Ni300
53-106:
53~106 <12.6 4.6~4.8 55~58 86~92 105~130 =0.99
96%
+106: 2%
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Fig.3 Domestic ultrahigh-speed plasma rotating electrode
(SS-PREP®) equipment for the SMT
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Fig.4 Microstructure and properties of Ti6Al4V powder prepared by different processes: (al, b1, c1) microstructures of Ti6Al4V
powders prepared by GA, PREP, and PA; (a2, b2, c2) cross-sectional microstructures of Ti6Al4V powders prepared by GA, PREP, and
PA; (a3, b3, c3) particle size distributions of Ti6Al4V powders prepared by GA, PREP, and PA; (d, e) porosities and argon contents of

atomized powders with particle sizes below 150 pwm!
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B 5 ANE T Ll & Ti6AI4V 8y K =48 CT =AML K2 5L % . (al, a2) GA il & ¥ KL 5 ; (b1, b2) PREP il % ¥ &
B35 (cl, c2) PA il 58 R IE A 5 (a3~c3) MoK fL B A8 5 AL g 50 R )

Fig.5 Three-dimensional CT reconstruction and cross-sectional morphology, particle size and porosity of Ti6Al4V powders prepared
via different processes: (al, a2) morphology of powders prepared via GA, (b1, b2) morphology of powders prepared via PREP,
(c1, ¢2) morphology of powders prepared via PA, (a3~c3) relationship between powder porosity and particle size on the basis of the
data from the reconstructed CT scanning images*”’

& 6 Wk R SS-PREP® 3 KIE S : (a, b) Ti6AI4V #7K ;(c) Inconel 718 #37K ;(d) 316H iR
Fig.6 Morphology of SS-PREP® powder from Xi'an Sino-Euro Materials Technologies Co., Ltd.: (a, b) Ti6Al4V powder; (c) Inconel
718 powder; (d) 316H powder

hEIM  hitps://www.cnki.net



SRl ESpRI ]

(BB ARN07/2025

FHE % SERENRHEHATRER <633

P 7 — K25 Al G s W A )

Fig.7 Model of a primary metal droplet!
(Y BRE  fR BE TS AR B (Y P A e R 55
) 473 B A AR I e 5 75 X AN ) mT L Sy I S R
<. %% 1k (vacuum induction melting gas atomization,
VIGA) 1 HE R 81V <. %5 b (electrode induction melting
gas atomization, EIGA), JR B 4N [&] 9 /=B VIGA %
AR DR SR 7 RS A7 7 5 S R 1 Rk
FHOR A T5 e XURS: PR A o 4 i S LA AR 23 55 W 6
30 BE Ko W A A A SO, AE BT AR AR R T e
S U RO AR G R e 20 ) TN I R R T T T
AU R R A ORI A Oy B S 1 I o A R T
S, 32 ) B Tl R AR A v g R, TR
i EIGA il 453 Nz A=, i SR SR 5 i A2 1 i Je%

55

JO7 25 Bl BEAT AL I 55 A AR R, Bk S 1 HT SR RS2
(LA 7 BAS AR RN HE I

KB AR ERE X R E 2k TRE L
I IS5 R B E BRI R DI,
M W 235 40 PR D00 A i 22 IR 452 1, T2 2850 D 1 i (T
10): FI Hy 7 P g g A0 R ot g i 061 L 0932 i f
FHAY R B b P e 2w s BTt |l i g 5, A
Gy ¥ E P i R A X R R R AR S A RCR AT,
SRTHFEI, W3 R B USCA A AR R g e el 7 55
5B Z LT B N A S m AR
AT B R T ARRCR E T e HilE
MERERE R, 55 A R 42 1l R ME | 25 5 A I3 s 34 2 21
E I NITE e A

[l P AIMIIE S 2 3 B #% A7 T R X I 25 7
A AT BB BE S, Wang 25915 T 4% G 5] A 2 it
(X 2L Tt Pl 2 G 5 25 4 . > iS4 ke L (I
RO FNA WS- sk BRI ), L =] 7E AR
w0 BT TIT B 53 W R A 7 I 35 AR A T 19 5%
7R AR T RIS B R sl PERE . Li ™ &
BAEMRSEAC e, B i A L 9 g TR
PRIBEIE AR D80/ NG S A A A 7™ AR AR, AT 422 75
AR, Zerwas SFOV A BUIRE B AR WS 7R AR
L (GMR) I 52 B 3 R 35 , i GMIR I B fik

8 WK Ml U R

Fig.8 Typical crushing mode of secondary atomization'
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Tab.3 Properties of GA powders

Flow ability Tap density

Laser particle size distribution/pwm

Alloy Powder size/pm Sphericity
/(s/50 g) /(g-cm?) D10 D50 D90
Ti6Al4V 15~53 <35 =24 =18 30~40 <60 =09
Inconel 718 15~45 <18 =44 =15 30~40 <58 =09
18Ni300 15~45 <20 =4 =15 30~40 <56 =09
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Fig.9 Principle of gas atomization technology®™

B 10 KNS5 : (a) A &R (b) B & 2055 fh s
Fig.10 Gas atomization nozzle structures: (a) free fall nozzles ; (b) close-coupled nozzles'™!
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Fig.11 Schematic diagram of hollow powder formation!™
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Tab.4 Properties of PA powders

Flow ability Tap density Laser particle size distribution/pum
Alloy Powder size/pum Sphericity
/(s/50 g) /(g+cm?) D10 D50 D90
Ti6Al4V 15~53 <42 >2.4 19 34 54 =0.9
Inconel 718 15~45 <18 =44 25 40 53 =0.9
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B 12 KB R KA e R KB A . (a) R F AL RS % 4% (b) Ti6AI4V ;(c) TC11;(d) Inconel 718 ;(e) TA1545%-2
Fig.12 Schematic of the gas atomization equipment and the morphologies of the powders: (a) gas atomization equipment; (b) Ti6Al4V;
(¢) TC11; (d) Inconel 718; (e) TA151851
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Fig.13 Schematic diagram of the plasma atomization equipment and the morphologies of the powders
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Fig.14 Schematic of the plasma spheroidization equipment and the morphologies of the powders: (a) plasma spheroidization
equipment; (b) granulated W powder (before spheroidization); (c) granulated W-ZrC powder (before spheroidization); (d) granulated
W powder (after spheroidization); (e) granulated W-ZrC powder (after spheroidization)*!
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Tab.5 Comparison of the characteristics, advantages and disadvantages of different powder preparation technologies
Preparation Main powder Oxygen Yield Sphericity )
Alloy . . Advantages Disadvantages
technology size/um  increment/x10%% 1% 1%
Titanium alloy 53~250 50~100 75~95 >95 High purity, high
production efficiency,
low hollow powder . .
High raw material
rate, no satellite
PREP Superalloy/ 15~53 . costs, limited by
) 10~50 >80 >99 powder, narrow particle )
iron-based alloys /15~45 ) o equipment speed
size distribution,
adjustable particle size
distribution
Titanium alloy <400 40 >90 Low raw material cost, Poor powder morphology,
15~53 high fine powder yield, multi-satellite powder, high
GA Superalloy/ . )
) /15~45 <400 70 >90 recoverable working  hollow powder rate, wide
iron-based alloys . . o
gas particle size distribution
. Low production
High fine powder
o 15~45 efficiency and
PA Titanium alloy <300 60 90 yield, low hollow
/15~53 high raw material
powder rate )
production costs
Capable of producing ) )
Low production efficiency,
15~53 refractory alloy o
PS Refractory alloys 500~2 000 50 85 : raw materials in powdered
/15~45 powder with good

surface quality

form, volatile elements

R 6 AEFMBRARERFEETLL

Tab.6 Comparison of key information on different powder preparation technologies

Preparation technology Energy consumption in powder preparation Yield of fine powder Raw materials and the costs
PREP Medium-high Low Specific process bars, high cost
VIGA Low-medium Little high Ingredient or master alloy, low cost
EIGA Low-medium Medium Standard bars, low cost
PA Medium-high Medium Filament, high cost
PS Medium-high Medium Special-shaped powder
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