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Table 1 Chemical composition of raw Ta powder (w/%)
C Ti Cr Fe Mo (6] Ta
0.002 <0.001 <0.008 <0.003 <0.001 0.076 =99.9
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Table 2 Experimental parameters of RF induction plasma

spheroidization

Parameter Value

Plasma power/kW 40

Center gas flow rate (Ar)/L-min’’ 15
Sheath gas flow rate (Ar/He)/L-min'1 50/20

Carrier gas flow rate (Ar)/L-min”" 1~7
Powder feed rate/g-min’’ 30~60

Pressure of reactor/kPa 82.7~117.2

Particle size of tantalum powder/pm 10~60

um | 10.0kV 15.8mm L-x500 LM(UL)

K1 A R A ST RT S TR 3R

Fig.1 SEM images of Ta powder: (a) before spheroidization, (b) after spheroidization, and (c) cross-section of spherical Ta powder
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Fig.2 Particle size distribution of Ta powder before and
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Fig.3 XRD patterns of Ta powder before and

after spheroidization
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Table 3 Particle characteristics of Ta powder before
and after spheroidization

Apparent  Tap density/ Flowability/ Oxygen
Ta powder . 3 3 -1
density/g-cm g-cm s-(50g) content/%
Raw Ta 3.503 5.344 - 0.0760
Spherical Ta 9.463 10.433 5.98 0.0481
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Fig.4 SEM images of spherical Ta powder at different powder feeding rates: (a) 30 g/min, (b) 40 g/min, (¢) 50 g/min, and (d) 60 g/min
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Fig.5 SEM images of spherical Ta powder at different carrier gas flow rates: (a) 1.0 L/min, (b) 3.5 L/min, (c¢) 5.0 L/min, and (d) 7.0 L/min
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Fig.6 SEM images of spherical Ta powder at different pressures of reactor: (a) 82.7 kPa, (b) 103.4 kPa, and (c) 113.8 kPa
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Fig.7 Density and flowability of spherical Ta powder at different

spheroidization efficiency
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Fig.8 SEM images of SLM sample: (a) top surface and

(b) longitudinal section
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Table 4 Tensile properties of pure Ta processed by different
processing techniques

Processing technique o,/MPa o9./MPa 0/% Reference

LM
L S. 693 616 28.5 This work
(Spheroidization Ta powder)
SLM
739 450 2 [3]
(HDH Ta powder)
Casting 205 165 40 [14]
P/M 310 200 30 [14]

Note: gp-ultimate tensile strength; 02-0.2% yield strength; J-elonga-

tion to failure; P/M-powder metallurgy; HDH-hydride/dehydride
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RF Plasma Spheroidization of Tantalum Powder for Selective Laser Melting

Mao Xinhua, Liu Xin, Lei Chao, Ding Chao, Li Kefeng
(National Engineering Research Center of Powder Metallurgy of Titanium & Rare Metals, Guangdong Institute of Materials

and Processing, Guangdong Academy of Sciences, Guangzhou 510650, China)

Abstract: Tantalum powder was prepared by RF plasma process from irregular sodium reduced tantalum powder, and spherical, pore-free
powder with lower oxygen content was obtained. The effects of feeding rate, carrier gas flowing rate and pressure of reactor chamber on
spheroidization efficiency and powder properties were studied. The selective laser melting process of spherical tantalum powder was also
explored. The results show that tantalum powders after plasma processing possess smooth surface, high internal density, high purity and
low oxygen content, and the spheroidization ratio is almost 100%. The particle size distribution becomes narrow after spheroidizing.
Spheroidization efficiency decreases with the increasing of feeding rate, while increases firstly and then decreases with the increasing of
carrier gas flowing rate. Meanwhile, weaker negative pressure in reactor chamber is more favorable to powder with high spheroidization
efficiency. With the increasing of spheroidization efficiency, the powder flow ability, apparent density and tap density are significantly
improved. When the processing parameters including the feeding rate, carrier gas flowing rate and reactor pressure were optimized as 30
g/min, 5.0 L/min, and 82.7 kPa, respectively, the Hall velocity of spherical tantalum powder reaches 5.98 s/50g, the apparent density
increases from 3.503 g/cm’® of the raw material to 9.436 g/cm’ and the tap density also improves from 5.344 g/cm’® to 10.433 g/cm’. It is
interesting to find that the oxygen content decreases from 0.076% to 0.0481% after the plasma process. Finally, spherical tantalum powder
was proved to be compatible with selective laser melting process. The SLM parts with high relative dense (=99.5%) are obtained and the
tensile, the yield strength and the elongation are 693, 616 MPa, and 28.5%, respectively.

Key words: RF plasma spheroidization; tantalum powder; powder properties; selective laser melting
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