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agglomeration of W-powder particles

The experiments of laser direct forming W-Cu composites are conducted. The effects of W-Cu powder-
mixing homogeneity and W-powder morphology on the forming quality in the laser direct forming of W-Cu
amples is measured. The study results show that the pores of forming samples are mainly caused by the
leads to the decrease of the relative density of forming samples

Key words

OCIS codes

1

composites are studied. The microstructures of forming samples are analyzed and the relative density of forming
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and the number of pores increases with the increase of laser power which
54-100 pm and as a result of good fluidity, the forming sample has a relative density of larger than 99% . By using
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the W-powder with diameter of 25-54 um and as a result of powder-flowing-apart during the powder-delivering
process, the nonuniform distributions of W and Cu and uneven surface in the forming sample occur
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Fig. 1 Working principle diagram of LDF technology
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Table 1 Parameters of Cu- and W-powders

Powder type Diameter /pm Purity /%
Spherical Cu-powder 50-100 >99.5
Irregular W-powder 50-100 >99.5
Spherical W-powder 54-100 >99.5
Spherical W-powder 25-54 >99.5
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Fig. 2 Macro-morphology of forming sample in LDF of W-Cu composite. (a) Forming samples with mixing powder by

three-dimensional mixer; (b) forming samples with recycled powder
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Fig. 3 (a) Cu content and (b) relative density of forming sample in LDF of W-Cu composite
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Fig. 4 Microstructures of forming samples with mixing powder by three-dimensional mixer under

different laser powers
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Fig. 5 Microstructures of forming samples with recycled powder under different laser powers

0602001-4



H | i ot

HTWRIER AR O N R H SESR 5 B SFLZ B X R AR P ON A H & &k 47
. YRR A HLIR A MR 09 4 T R A B R 25 Bl 0.27 <10, IR IH M B LB AR B0k 1.32 X107 s i Ab
MATE HN FESEMET 110 °, AP HN SEE ATREESAERNEFHNE, T
T O X BB AL A5 M % BB R v i S0 & i i A7 D0 4, (&1 6 T 7R R [ROE T % BUR R 1 &
i, FHEATE R AR P R B W TSR IR T RS . B TR R AE SRR AT 48 T A T D HE B
3 R R TH W B K 43 BTl R O ZEASRIMOETIR N , OB iR i & B0 B 8 A8 4k, 3R I O i R v 4R
AT A 228 TR A HEBR O Xt BB AL IR

= 0.30r
S 0.28} —= recycled W-Cu powder

il

= 026} ¢ mixing W-Cu powder by mixer
$ 024} 0219 0.222 0.224

i 0.191_.0.204
0.20 0203
oTs 0.162

‘il 0165 0.161
0.131 0.135

Mass fraction of o
coooooo
O O bt it e
S0 O W= O 0

- 30IO 3;30 S(IiO 3530 4é0 4I50 4l80 5i0 5;10
Laser power /W
6 A [l 0 D) 5T TR 1R 4 i
Fig. 6 Oxygen content of forming samples under different laser powers
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Fig. 7 Optical microscopy photos of powders. (a) Mixing powder by three-dimensional mixer; (b) recycled powder
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Fig. 8 Macro-morphologies of forming samples in LDF of W-Cu composites with different forms of W-powder.

(a) Spherical W-powder (54-100 pm); (b) spherical W-powder (25-54 pm); (c) irregular W-powder (50-100 pm)
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Fig. 9 Microstructures of forming sample in LDF of W-Cu composites with different forms of W-powder.

(a) Spherical W-powder (54-100 pum); (b) spherical W-powder (25-54 pm); (c) irregular W-powder (50-100 pm)
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Fig. 10 Relative densities of forming samples in LDF of W-Cu composites with different

Relative density of samples /%

forms of W-powder

0602001-6



%k 1w

TE Cu FM L fT T W-Cu &5 M B LDF 52586, 1528 DL N 4518 .

D) fEMFHERA 50~100 pm B W B HT Cu B3 E , B AL W, Cu 43 195 5

2) B WK Cu i IRE IR ER B R PR FLET R W B R PRSI A RBIE N Cu Tt

BB AL FTGIE R BEE BOE T ARG, W ISR 16 AT R0 ] % SALHE 22, i 1R 208 L R AT 5

3) A EAE 54~100 pm BYERIE W AT B3 R W S P4 OB R RO BU8 E R T 9900 . (AT ELAR

25~54 pm WERIE W RS OB R WL Cu 20 A A2 50, iR 2 T M1 AN

[1]

(2]

[3]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

2 % X #

Fan Jinglian, Peng Shigao, Liu Tao, et al. Application and latest development of W-Cu composite materials[J]. Rare
Metals and Cemented Carbides, 2006, 34(3): 30-35.

WoRE, Zam, X W, H. BEEEMEN SRR WA SE SRS 4, 2006, 34(3): 30-35.

Fan Jinglian, Yan Dejian, Huang Boyun, et al. Current status of of W-Cu composite materials in China and abroad[J] .
Powder Metallurgy Industry, 2003, 13(2): 9-14.

JWEGE, UES, mxE, 5. ENSMEEE SRR BRI BARE A Tk, 2003, 13(2): 9-14.

Zhou Wuping, Lii Daming. Development of application and production in W-Cu materials [J]. Materials Science &
Engineering of Powder Metallargy, 2005, 10(1): 21-25

JARGE, BORE . BB R A A B R JEBUR LT B AR E & AR R 5 TR, 2005, 10(1): 21-25.

Ibrahim A, Abdallah M, Mostafa S F, et al. An experimental investigation on the W-Cu composites[J]. Materials &
Design, 2009, 30(4): 1398-1403.

Hamidi A G, Arabi H, Rastegari S. Tungsten-copper composite production by activated sintering and infiltration[]J].
International Journal of Refractory Metals & Hard Materials, 2011, 29(4): 538-541.

Chen P, Luo G, Shen Q, ez al. Thermal and electrical properties of W-Cu composite produced by activated sintering
[J]. Materials & Design, 2013, 46(4): 101-105.

Liu Tao, Fan Jinglian, Tian Jiamin, et al. Synthesis and sintering of ultra-fine/nanometer W-10% Cu composite powder
[J]. Journal of Central South University (Science and Technology), 2009, 40(5): 1235-1239.

X)W, JEEGE, R, F. BA/Kk W10 Cu B ARG & 55E T 2], i K¥E% M CHRRE D,
2009, 40(5): 1235-1239.

Hollander D A, von Walter M, Wirtz T, et al. Structural, mechanical and in vitro characterization of individually
structured Ti-6Al-4V produced by direct laser forming[J]. Biomaterials, 2006, 27(7): 955-963.

Zietala M, Durejko T, Polanski M, et al. The microstructure, mechanical properties and corrosion resistance of 316L
stainless steel fabricated using laser engineered net shaping[J]. Materials Science and Engineering: A, 2016, 677: 1-
10.

Pintsuk G, Briinings S E, Doring ] E, et al. Development of W/Cu—functionally graded materials [J]. Fusion
Engineering &. Design, 2003, 66-68: 237-240.

Li L, FuhJ Y H, Wong Y S. Metal-based system via laser melting[M]// Laser-Induced Materials and Processes for
Rapid Prototyping. New York: Springer , 2001: 143-186.

Li R, Shi Y, LiuJ, et al. Selective laser melting W-10 wt. % Cu composite powders[J]. The International Journal of
Advanced Manufacturing Technology, 2010, 48(5): 597-605.

Dai Donghua, Gu Dongdong, Li Yali, et a/. Numerical simulation of metallurgical behavior of melt pool during
selective laser melting of W-Cu composite powder system[]J]. Chinese J Lasers, 2013, 40(11): 1103001.

WAe, WAL, BHRER, . X BOLE L W-Co & W RIE WIS KIS 31T h M BCE BRI T EEOE, 2013,
40(11): 1103001.

Doan Tatkhoa, Li Dichen, Lu Bingheng, et al. Effect of scanning methods on the cracking of the DZ125L superalloy in
laser direct metal forming[J]. Chinese J Lasers, 2012, 39(10): 1003002.

Doan Tatkhoa, 2%y, pF3EME, 5. FHH 7 XA WOL &8 B BIE DZ125L @ iR & &R AR 22 m (7] . E
Y6, 2012, 39¢10): 1003002.

Wang L, Pratt P, Felicelli S D, et al. Pore formation in laser-assisted powder deposition process[]J]. Journal of

Manufacturing Science and Engineering, 2009, 131(5): 051008.

0602001-7



H = # ot

[16]

[17]

[18]

Zhang Fengying, Chen Jing, Tan Hua, et al. Research on forming mechanism of defects in laser rapid formed
titaniumalloy[J]. Rare Metal Materials & Engineering, 2007, 36(2): 211-215.

RRIE, B #, W 4 F RS SBOLREAUE S R B G LB R )] MA &R M E S TR, 2007,
36(2): 211-215.

Savitha U, Gokhale H, Reddy G J, et al. Effect of process parameters on porosity in laser deposited IN625 alloy[J].
Transactions of the Indian Institute of Metals, 2012, 65(6): 765-770.

Huang Yu, Tang Huiping, Zhang Hanliang, et al/. Effect of irregular Ti-6 Al-4V powder particle size on rapid laser
forming[J]. Rare Metal Materials & Engineering, 2007, 36(9): 394-398.

WM, MR, KESE, . ARERIE Ti6 A4V B AKX SOL R MUY B9 R (1] R A B E A RS TR, 2007,
36(9): 394-398.

0602001-8



