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Synergistic Regulation Mechanism of Atomization Gas Temperature on the Particle Size,
Morphology and Surface Oxidation of EIGA Titanium Alloy Powders

ZHANG Lichong, ZHENG Liang, LIU Na, XU Wenyong, LI Zhou, ZHANG Guoqing
(Science and Technology on Advanced High Temperature Structural Materials Laboratory, AECC Beijing Institute of
Aeronautical Materials, Beijing 100095, China)

[ABSTRACT] To reveal the synergistic control mechanism of atomization gas temperature on the particle size,
morphology and surface oxidation of TC4 titanium alloy powder, numerical simulations and atomization experiments
were combined to investigate the effects of atomization gas temperature and pressure on the particle size, morphology,
and surface oxidation characteristics of TC4 titanium alloy powders prepared by electrode induction melting gas
atomization (EIGA). The numerical simulation results indicate that increasing the atomization pressure from 3.5 MPa to
4.0 MPa leads to an 11 m/s increase in maximum gas velocity, with the flow field transitioning from an open wake to a closed
wake. At an atomization pressure of 4.0 MPa, increasing the gas temperature from 25 °C to 100 °C raises the temperature in the

recirculation zone and around the shock waves, thereby enhancing melt fragmentation and reducing the powder particle size.
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EIGA atomization experiments were conducted using the optimized atomization pressure while regulating gas temperature,

and the properties of the produced TC4 titanium alloy powders were quantitatively characterized. The experimental results

show that at an atomization pressure of 4.0 MPa, as the gas temperature increases to 100 °C , the powder Dy, decreases from

89.3 um to 86.0 um, while the sphericity rises from 0.9549 to 0.9680. The powders thus exhibit finer particle size and improved

sphericity, consistent with the trends predicted by numerical simulation. The average thickness of the surface oxide film

increased from 4.7 nm to 5.3 nm, accompanied by a slight rise in oxygen mass fraction from 0.1478% to 0.1542%. This study

reveals the influence of gas temperature on the particle size, morphology, and surface oxidation characteristics of the powders,

providing theoretical guidance and technical support for the precise synergistic control of TC4 titanium alloy powder properties.

Keywords: Electrode induction melting gas atomization (EIGA); TC4; Atomization gas temperature; Particle size and

morphology; Powder surface oxidation
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Table 1 Chemical composition requirements and analyzed
composition of TC4 titanium alloy

TG Al A 0) N Ti
WArESR | 5.50~6.75 3.5~4.5 — — Bal.
SRy 6.39 42 0.12 0.006 Bal.
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Fig.1 Geometry model and boundary condition settings
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Fig.2 TEM sample preparation process using FIB
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Fig.3 Velocity contour of the gas flow field under different atomization pressures
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Fig.4 Shapes of the recirculation zone at different atomization pressures
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Fig.5 Velocity contour of the single-phase gas flow field at an atomization gas temperature of 100 “C under different atomization pressures

140 i HEEEA - 20264 69 5581



eI
RESEARCH m%rex

T, R
e e el L 1 e AV
LROR UL — RIS
A — O UNHNDS

(a) 2.5MPa

T T R
A QO—=—= =W
ROV —RIS
PR N [ NVE P

(¢) 3.0 MPa

| S
Nel e
~ D L oo
LGNSR

(e) 3.5MPa

(g) 4.0 MPa
E6 AEEHNSEBEMENLENTHEESETIZNEES

Fig.6 Temperature fields of the single-phase gas flow at different atomization gas temperatures and atomization pressures

Wit B KR AR AN B . 4R ST 3.5 MPa
b, AR T i S B i XA IR S T v, (A
KSR RESE N FE 430 3 A0, B SRR T,
DA SRR R T ) AR TR B T R e AR A A
T2 5 Je A B, il 2 R R rh A & i T e o
AREZEALE 3 BRI 100 CHT [ X T2
RANE 7 iR, W& SRR TS, A0 10 BN
2.5 MPa #1 3.0 MPa B, I X TR AR AL, %
B R AW/, Y5540 T 3.5 MPa B, S48
Jr Eolbc%/ﬁcki HH WA, SRR E‘Jbﬁﬁéﬁxﬁl%i‘é

(b) 2.5 MPa+100 C

(d) 3.0 MPa+100 C

(f) 3.5 MPa+100 C

(h) 4.0 MPa+100 C

. ALK SR 3.5 MPa i, lﬁl‘ifﬁliiwjtﬁ“wﬁﬁuiﬁ
VP INIE B 78 AR IR B et/ N . HA S5 AL R T, T
AR T T 8 DX TR R AR 3 2 A v B ) S L/
2.2 AIRISIE
221 WREEAES>H
AR BEXT TCA BR G 4By A KL EE B 704 1) 5% 1)

WK 8 i, 7 4.0 MPa FUZEALIE T, B SRR
T, Ry AL BE 43 AT ] 4k J7 1al m A%, 20k 2 i3 .
W XTE 8 (¢) kiR Dy, 4347, K BLTE 4.0 MPa 51k

FEJT0, BEAE SR T, MK Dy S BLIS N a3,

2026455698 581 - HiarllEDA 141



,—‘i. N »
m%lﬁx RESEARCH

|

(a) 2.5MPa

(c) 3.5MPa

(b)

.0 MPa
m/s

(d) 4.0 MPa

7 AREZELEATEERER 100 CHAER X FIX

Fig.7 Shapes of the recirculation zone at the gas temperature of 100 °C under different atomization pressures
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Fig.8 Effects of atomization gas temperature on the particle size and distribution of TC4 titanium alloy powder
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Table 3 Oxide film thickness on the surface of TC4 alloy
powders prepared at different gas temperatures

WS | AUAIRE /C | BRI um | AABBREIEEE /nm

1 25 40.36
2 25 40.00 4.7+0.8
3 25 40.87
4 100 40.20
5 100 43.00 53+04
6 100 41.67
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Fig.10 TEM image of oxide film of TC4 powder and the EDS mapping of powder surface region
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Fig.11 Synergistic effect mechanism of atomization gas temperature on particle size and morphology
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Fig.12 Effect mechanism of gas temperature on powder surface oxidation state
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