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KA B AL TSR EAR . AW 7K H EIGA T
il & iR A S ARG SR, SRS R BRI E 1
FizR . HiEE B A% @50~70 mm, £ 500~600 mm , 45
Ty % 25~35 kW, FALJE /) 2.5~4.0 MPa, " A4 £ 25 Al
100 “C , <44 Jii & ¥ % 20~50 kg/min, FGHO6 il & 4 1
& 57 B I R 1~3 kg/min, TC4 4K & & 14 1K i & i R
0.2~0.5 kg/min(# 2.

EIGA ffill £ ¥y K 2 WU 73 8 3 A KL - &8
(<250 um) « FGH96 ¥ K i I & 4 i 50 4% FH R0 B B
(<63 pum) 1 TC4 £k & 42 1% DX WO 1 4 FHRL B2 B (15~
53 pum) o K A WG KL FE 23 T AX (laser particle size
analyzer, LPSA) , 3 i Hi T & fil 5% (scanning electron
microscope, SEM) , 21 #& B 14 73 #T1 {¢ (dynamic image
analyzer, DIA) , BL J& X i £k Wr = 3 # £ R (Xeray
computed tomography , X-CT) &5 5 it £ R X AN [F] 55 (4. 2
T 4% 1 =R A S MK G S R TRIE. M HEE

PR B 5 AL B (R R e SR 2 ok, #4300 58 R BR AR
IBURLE SCNERIE A, HEBR O B 855 T 1

K H LPSA J3 by AR S A o BUE &5 a8
A DB AW R I 73 8O BUAE TS 5. SR a R ik
AT, A D 5 8 e B A AR (R AR 2% A N kAT .
T AR I & R /KR 3220 0.3 mL K3 R , B PR AR
FRRTF IR AR A 2 /0 2 500 mL. 34 W A i ) Ol
R, O R B 5% i AR o
BT TE 5~15 IR [H]

f# Fil FEI Nova Nano SEM450 1 i B 7 &2 i 5%
(SEMD XKy RTE AT RAE . HiEEH RKE T FHIR
EL AR BOS5 . BENLE SR 2 NI AT LSS, 3t
MR T ZITVE AT TSRS 6] 44 1 =il
EEMEKE S R ESRME 72 € E5UE.

| F 4 [E Microtrac 28 7] 2E 77 ) Camsizer X2 8175 K
B HT A (DIAD XKy RERTE BEREAT & B #r . BUE &6
RIEN TR, R FH 46 75 S Bo K, JF R 2 & 420
TG B i AR AZ ML AR B UL, B 3K 3~5 min,
DA R A 00 21 0 80RL £ & 8 T 1000 5 o
Camsizer X2 73 B 8 AL BRI , 1F 545 2k RS
HIRAESEL, FIH Origin B AF X Camsizer X2 B4 SR HLY)
BT . BRIEE (SPH) s& Kos FURL 2L BRE O 2

T AEEENFRS

Table 1 Main chemical composition of alloys (wt%)

Alloy C Co W Mo Nb Al A% Ti Ni
FGH96 0.049 12.84 3.98 4.02 15.92 0.68 2.14 - 3.65 Bal.
TC4 6.50 4.13 Bal.
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Fig.1 Schematic diagram of EIGA equipment
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Table 2 Parameters of alloys during the EIGA atomization process

Atomization parameter Value
Electrode rod diameter/mm 50-70
Melting power/kW 25-35
Atomization pressure/MPa 2.5,3.0,3.5,4.0
Gas temperature/°C 25,100
Gas flow rate/kg-min”' 20-50
Flow rate of FGH96 superalloy melt/kg-min "' 1-3
Flow rate of TC4 titanium alloy melt/kg-min ' 0.2-0.5
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Fig.2 Effects of gas regulation on the particle size of different alloys: (a) median particle size vs. atomization pressure and (b) median particle

size vs. gas temperature
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Fig.3 Morphologies of superalloy powder under different atomization pressures: (a) 2.5 MPa, (b) 3.0 MPa, (c) 3.5 MPa, and (d) 4.0 MPa
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100 C I, i A 48 R BR Y FEBE K, B 0.9786 [% 2
0.9771, BAKIEE A E . 5&a &R, bEE SRR
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W AR 4 ] 45 O R, K R 28 g T - [ 2 iR ok oK R
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THEMHE L AR, BT8R e A5 R U , 2
3 V]300 - [ 2 2 o oA DR G e B 5ot T B 2 il PR R i A PR
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TOMERN T AR, SRIEEN LR & E
SR, SR ER A ST O S RN
me 4 6~ 8 BT o B A& S5 A0 R S 7w, M AR AR R LR
AT g B A, AR BEBOK , 78 3.5 MPa i ik B K
18, I K1H N 0.014%. [ &SRS B 25 CH &
100 °C, 250k & 2 A Frs i, k0 RARFAFL R 2 B 0.006%
/NIEHE420.010%.
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Fig.5 Effects of gas regulation on the powder sphericity of different alloys: (a) powder sphericity vs. atomization pressure and (b) powder

sphericity vs. gas temperature
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Fig.6 Effects of gas regulation on the hollow powders content of superalloy: (a) hollow powder volume fraction vs. atomization pressure and

(b) hollow powder volume fraction vs. gas temperature
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Fig.7 Effects of atomization pressures on hollow powder content of superalloy: (a) 2.5 MPa, (b) 3.0 MPa, (c) 3.5 MPa, and (d) 4.0 MPa
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Fig.8 Effects of gas temperature on the hollow powder content of superalloy: (a, ¢) 4.0 MPa/25 °C; (b, d) 4.0 MPa/100 °C
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Fig.9 Thermophysical properties of FGH96 superalloy and TC4 titanium alloy: (a) density, (b) specific heat, (c) liquid viscosity, and (d) surface

tension
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Fig.10 Influences of atomization pressure on the transition between open wake and closed wake: (a) 2.5 MPa, (b) 3.0 MPa, (c) 3.5 MPa, and
(d) 4.0 MPa
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Effects of Gas Regulation on the Characteristics of Nickel-Based and Titanium Alloy
Powders Prepared by EIGA

Zhang Lichong', Chen Hao’, Liu Yufeng', Zheng Liang', Xu Wenyong', Li Zhou', Zhang Guoging'
(1. Science and Technology on Advanced High Temperature Structural Materials Laboratory,
AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(2. No.6 Military Representative Office of Equipment Department of Air Force in Beijing, Beijing 101300, China)

Abstract: Electrode induction-melting gas atomization (EIGA) is a crucial technique for producing ultra-high-purity metal powders, as it is a
crucible-free powder production method. This study focused on the nickel-based superalloy FGH96 and the titanium alloy TC4, and the effects of
atomization pressure and gas temperature on the particle size, morphology, and hollow powder content of the alloys were investigated. The study
combined atomization experiments with powder characterization. The results show that at a gas temperature of 25 °C, increasing the atomization
pressure from 2.5 MPa to 4.0 MPa reduces the median particle size (D)) from 96.3 pm to 75.5 um. The sphericity reaches 0.9805 at an
atomization pressure of 3.5 MPa. The powder volume porosity also exhibits a trend of first increasing and then decreasing. At an atomization
pressure of 4.0 MPa, when the gas temperature increases to 100 °C, the powders are further refined, with the D, values for FGH96 and TC4
powders decreasing to 63.8 and 86.0 pum, respectively. The gas heating effect is more pronounced for the superalloy powders. As the gas
temperature rises, the powder sphericity of the superalloy remains unchanged, while the powder sphericity of the titanium alloy increases slightly.
The powder volume porosity of the superalloy slightly increases. Due to differences in viscosity, surface tension, and density between the two
alloy melts, powder characteristics such as particle size and morphology exhibit distinct variation trends. This study provides a theoretical basis
for the customization of powder preparation processes for different types of alloys.

Key words: electrode induction-melting gas atomization (EIGA); FGH96 superalloy powder; TC4 titanium alloy powder; gas regulation; powder

characteristics
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