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Fig.1 SEM morphologies of tungsten powder before spheroidization
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Table 1 Experimental parameters of radio frequency

induction plasma spheroidization

Parameter Value

Sheath gas flow rate (Ar/H,)/L min 50/7

Center gas flow rate (Ar)/L min™ 19.5
Carrier gas flow rate (Ar)/L min™ 3
Powder feed rate/g min™ 35
Pressure of reactor/kPa 15
Plasma power/kW 40
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Fig.2 Pure tungsten samples prepared by SLM (a) and 3D

diagram (b)
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Table 2 Experimental parameters of selective laser melting
Sample No.  Laser power/W Laser speed/mm s Hatch space/mm Layer thickness/mm Energy density/J mm™
S1 150 400 0.08 0.03 156
S2 180 400 0.08 0.03 188
S3 200 400 0.08 0.03 208
S4 250 400 0.08 0.03 260
S5 300 400 0.08 0.03 313
S6 350 400 0.08 0.03 365
S7 200 300 0.08 0.03 278
S8(S3) 200 400 0.08 0.03 208
S9 200 500 0.08 0.03 167
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Fig.3 XRD patterns of tungsten powder before and after

spheroidization
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Fig.4 Particle size distribution of tungsten powder before and

after spheroidization
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Table 3 Physical-chemical properties of tungsten powders before and after spheroidization

Tungsten powder  Oxygen content/pg g~

Hydrogen content/pg g Apparent density/g cm™

Tap density/g <m™  Flowability/s {50 g)*

Raw powder 650 18
Spherical powder 60 <5

6.05 8.27
10.65 11.56 5.77
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Fig.5 SEM morphologies of tungsten powder after spheroidization
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Fig.7 Microstructures of pure tungsten samples prepared by selective laser melting under different laser powers: (a) 150 W, (b) 180 W,

(c) 200 W, (d) 250 W, (e) 300 W, and (f) 350 W
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Study on Selective Laser Melting Forming of Tungsten Powder Prepared by Radio
Frequency Plasma Spheroidization

Du Wenhao'?** Shi Qi*** Wu Anru*, Liu Xin***, Zhou Fan*
(1. Hunan Institute of Engineering, Xiangtan 411100, China)
(2. Institute of Materials and Processing, Guangdong Academy of Sciences, Guangzhou 510650, China)
(3. National Engineering Research Center of Powder Metallurgy of Titanium & Rare Metals, Guangzhou 510650, China)
(4. Guangdong Provincial Key Laboratory of Metal Toughening Technology and Application, Guangzhou 510650, China)

Abstract: Using irregular tungsten powder as the raw material, spherical tungsten powder was prepared by radio frequency (RF) plasma
spheroidization technique. The pure tungsten parts fabricated by selective laser melting was studied. The effects of process parameters
(including laser power and scanning speed) on the densification, microstructure, microhardness and compressive properties of the pure
tungsten samples were studied. The results show that after spheroidization, the tungsten powder has regular shape and its spheroidization
rate reaches more than 98%. Besides, the tap density and loose density of the tungsten powder increase and its flowability is also improved.
Meanwhile, the spheroidized tungsten powder is well-adapted to selective laser melting, and the density of printed samples is between
84.15% to 95.65%. The study also finds that with the increase of laser power, the density, microhardness and compressive strength of
printed samples increase first and then decrease, while the cracks and holes decrease. Furthermore, with the increase of the scanning speed,
the density and hardness of the printed samples reduce while the amount of cracks increase. Therefore, it is of great significance for the
selective laser melting of tungsten powder to explore the appropriate printing parameters.

Key words: tungsten powder; RF plasma spheroidization; selective laser melting; microhardness
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