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Preparation of spherical titanium-tantalum alloy powder for additive
manufacturing by radio frequency plasma

Ying Zhenhong"?, Tan Chong’, Shi Qi’, Li Guifa', Zheng Haizhong', Liu Xin™

(1. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, Jiangxi, China;
2. Institute of Materials and Processing, Guangdong Academy of Sciences, Guangzhou 510650, Guangdong, China)

Abstract: The titanium-tantalum alloy powder prepared by hydrogen decrepitation process with irregu-
lar morphology was spheroidized by radio frequency (RF) plasma. The effects of feeding rate, carrier
gas flow rate and sheath gas (He) flow rate on the spheroidization efficiency, powder characteristics and
microstructure were studied. The selective laser melting (SLM) process of the spherical titanium-tan-
talum alloy powder was also explored. The results show that the cross-sectional microstructure of the
powder is lamellar o"-Ti and cellular B-Ti after spheroidization, with the spheroidization efficiency over
98%. The particle size distribution becomes wider and the average particle size increases from 21.41 um
to 32.30 um. The spheroidization efficiency is influenced by the feeding rate, carrier gas flow rate,
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sheath gas (He) flow rate. The best spheroidization efficiency can be obtained at 35 g/min of feeding
rate, 5.5 L/min of carrier gas flow rate and 40 L/min of sheath gas (He) flow rate, respectively. Com-

pared with the raw powder, the hall velocity of the spherical titanium-tantalum alloy powder reaches
6.27 s/50 g, with the apparent density and tap density increased from 1.38 g/cm’ to 3.11 g/em’, 2.54
g/em’ to 3.48 g/em’, respectively. The spherical titanium-tantalum alloy powder is compatible with the

selective laser melting process. The relative density of the formed parts is over 99%, with the micro-
structure of acicular a”-Ti and cellular B-Ti. No unmelted tantalum particles can be found in the samples
and the vickers hardness of the samples reaches 725 HV.

Key words: titanium-tantalum alloy powder, RF plasma spheroidization, powder characteristics, selec-

ted laser melting, microstructure
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Table1 Chemical composition of raw titanium-tantalum

alloy powder %
Ti Ta H (0] C
Bal. 28.24 2.84 0.85 0.024
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Table 2 Experimental parameters for RF plasma spheroidization

IR /KW SR 1(AD/(L-min )

S E2(He)/(L-min )

HAFE(A/(L-min ") /(g min ")

20~ 40 30 ~50

20~ 40

3~7 28 ~42
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Table 3 SLM process parameters used for this study

% HOCT)AW i/ (mm-s ) JZ2JE /um 8 E B/ um WOLRELE /() -mm )
1 80 400 30 60 11111
2 120 400 30 60 166.66
3 160 400 30 60 222.22
4 80 500 30 60 88.88
5 120 500 30 60 133.33
6 160 500 30 60 177.78
7 80 600 30 60 74.00
8 120 600 30 60 11111
9 160 600 30 60 148.15

1.4 PEREMA

K AL 2243 BT ON-3000 75 48 280100 52 4S04G0 3k
A R K AT ENRE A 22 7 o R A Archimedes
HEZK I 5 3 X RO Ak P SRR R 1Y 2 B
HA R A ST P IS % AR AL 2 i o)
Iy HrEE A . FIH BT-100/300 %15 A 35 B -
1, BT-200 BYEE /R T, B5/K 3C Mastersizer3000
N RO BE 43 BT AN 530 ) oy AR R A 2 %3
P S 9% B L U Bk fig MUK 3 A . ffFH JEOL
JXA-8100 RU4TH HE F WA, B R R THIE S
SLM WE IR ETE S . K H Rigaku D/MAX-RC
B X TR FHA A PR AR N T ER AR A A . R
H Zwick-Roell Zhu A B2 3 A5 0 38 12K A 19 4 [
Bz

2 HREWR

2.1 BREE G ARBRACRT R B
SPPIRAE B TR BRI AL BRI SR A B R AIE
U 1a. b Frw, BRACHTE A ARUIIES, ki

JE AR FEA R MERIE | R DGH . 0 LR
BRAEFIL 98% LI b mERMLEHAREEIES (A 1c)
A LAE HERAL G I8 A N R0, Jeas DBl .
Bl 1d 7T LAE H, 720800 A T H 3 T AL, i
SR MRS B PR IR A ER L Rt b, & T A
JR, S D IBORE P 8RR, B R AR e T T2
] 2 RAREH A 4RI EDS REREIE, BRALS L0 4
SRR BIT RS, TR, & 4
RERALSG BB A SRy R AR A, BRALS # A
WG K, XS B TR A 5. (2 996 C) Lk
(1 668 °C) 51, Zoid 55 B+ ey il X et b . Bk
IR A& RIEAR T 0.56%, IESE T 16485t 455
TR IR X AR & A S N o EAh, BRI
AR A SA SRR T 0.05%, VA LEE 1E R b
THMR AR TSR AR — e A .
SRR SE T AR A5 S T AR T A B X B A 1k
SR B o BFSE R PR, AR B AR ER L T 7
—ETERE ERRA T C. O H, N 25Uk it
Hoa, HER5ARE—3.



IO B, A5 SPARAGE BFMAR #  BA R BRI B S SR - 67 -

(a) BRALHT; (b) BRALIR; () BRALIA B A (d) BRILSEBARTT R
1 SKIBEEMARIKULALERTERSR

Fig.1 SEM images of titanium-tantalum alloy powder
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Fig.2 EDS of powders
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Table 4 Chemical composition of titanium-tantalum alloy

powder after spheroidization %
Ti Ta H (6] C
Bal. 29.62 2.28 0.8 0.024
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Fig. 3 XRD patterns of titanium-tantalum alloy powder
before and after spheroidization
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Fig. 4 Particle size distribution of titanium-tantalum al-
loy powder before and after spheroidization
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Table 5 Particle characteristics of titanium-tantalum alloy powder before and after spheroidization

BER WBE(50 git)/s FABEE/(g-em™) PR /(g-cm™) R %
SR AR 2.542 0.85
BRILII AR 6.27 3.113 3.478 0.8
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Fig. 5 SEM images of titanium-tantalum alloy powder prepared at different powder feeding rates
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Fig. 6 SEM images of titanium-tantalum alloy powder prepared at different carrier gas flow rates

2.4 BRI XTEREE G S MR ER IR IR
P 8 AR U =R R SRR A, 2K

R G G ATES . i 8 nl Al ARIA LY,
BRALBCREE , BRALRAE 40% Zety, B Sr h40



- 70 - W gk Pl K

2021 4F5f 42

UKL, 2SRl 20 L/min B, BRAGEA P @
TE 60% 7247, A THIE N 40 L/min, ERACECR W
WHGE, BRACR I &, FEATE 98% L L, RN
HEHAD T 2S00 —Em, S8 AU A
IR RAE B TR TR, [, A U=

AR TS N, 25 B TR I ) KOG AR A 4, 45
B U L A DX A I A OOR,, R 145 B
TG R IBIFARE A1k, AN HLR A TE A5 1 A
HRIR A R BRIETESY, ORI S, PSR
LS ERERTER S YE

(a) 3.0 L/min; (b) 7.0 L/min; (c) 4 (a) BB (d) o (b) (IRHEDCACR
7 FERSRE RIS HROHEAR

Fig. 7 Cross-section microstructure of titanium-tantalum alloy powder prepared at different carrier gas flow rates
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Fig.8 SEM images of titanium-tantalum alloy powder prepared at different sheath gas (He) flow rates
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Fig. 9 Relative density of SLM-processed Ti-Ta alloys
fabricated by different laser energy densities
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Fig. 12 SEM morphology of SLM-processed Ti-Ta alloys
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Fig. 13 EDS of SLM-processed Ti-Ta alloys
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fabricated by different laser energy densities
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