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Abstract In order to manufacture tungsten—copper complicate parts with high precision and densification, two
different characterizations of tungsten powder balled with copper powder are manufactured by selective laser
melting (SLM). The dimensional accuracy, surface morphology and microstructure of specimens are studied. The
composite powder containing irregular tungsten powder with D;=5 pm causes non—uniform rolling powder and
serious sparks occur in sintering process. With the increasing of mass content of W from 60% to 75%, the height
shrinkage increases from 70 pm to 220 pm, the length and width increase from 50 pm to 150 pm, from 70 pm to
150 pwm, respectively. The surface morphology evolves from adhered debris to balling phenomenon, pores and W
particle agglomerate exist in the microstructures. The composite powder containing regular tungsten powder with
D5=20 pm shows uniform rolling powder process and no sparks occur in sintering. With the increasing of mass
content of W from 60% to 75%, the height shrinkage increases from 70 pm to 220 pwm, the length and width increase
from 20 pm to 50 pm, the surface morphology evolves from sound to slightly melt fracture and the particle
rearrangement is obvious. The regular tungsten powder with D;=20 pm is more applicable to manufacturing W-

Cu components by selective laser melting than the irregular tungsten powder with D;=5 pm.
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Fig.1 Scanning electron microscopic (SEM) images showing the morphology of W and Cu powder. (a) W powder with Ds=5 wm;
(b) Cu powder with D5=20 pm; (¢) W powder with D5=20 pm; (d) Cu powder with D5=20 pwm
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Fig.2 Laser scanning strategy used in SLM experiments
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Table 1 Number of mixed powder in experiments

WeoCuuo W20Cuso WosCuos
Powder in scheme 1 I 11 111
Powder in scheme 2 v v VI
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Fig.3 Morphology of two kinds of ball-milled powder characterized by SEM. (a) I; (b) IV
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Fig.4 Photographs of the real-time laser sintering process for different powder mixtures. (a) Rolling powder I;

(b) laser beam of sintering powder I; (c) rolling powder IV; (d) laser beam of smterlng powder IV
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Fig.5 Specimens manufactured by SLM with different powder mixtures. (a) I; (b) IV
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Fig.6 Size of 6 mmX6 mmX8 mm specimens manufactured with mixed powder of different mass ratios. (a) Height; (b) width; (¢) length
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Fig.7 Micrographs of top surface of W—Cu specimens in two mixture powder schemes with different mass ratios
characterized by SEM. (a) I; (b) IV; (¢) 1I; (d) V; (e) I11; (f) VI
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Fig.8 Microstructure of W—Cu specimens in two mixture powder schemes with different

mass ratios characterized by SEM. (a) I; (b) IV; (¢) II; (d) V3 (e) I1I; (f) VI
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Table 2 Physical properties of four materials
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W 183.8 3655 17600 2361 -0.31 ~8 174
Fe 55.84 1808 7030 1862 -0.39 6.92 60
Ti 47.9 1998 4130 1588 -0.18 ~5 14.63
Cu 63.54 1356 8000 1330 -0.23 ~4 401

(M: relative atomic mass; T..: melting point temperature; p,.: liquid density at melting point temperature; o: surface tension force; do/dT"
surface tension temperature coefficient; w: viscosity; k: thermal conductivity)
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