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Fig.1 SEM image of W powder
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Table 1 Composition of electroplating solution and the
parameters of electroplating process

Composition and process parameter Value
CuSO,45H,0/g L™ 125
H,SO4/g'L" 200
NaCl//mg-L"' 60
Polyethylene glycol (PEG)/g-L™ 0.2
Sodium dodecyl sulfate (SDS)/g-L" 0.1
W (or carbonized W) powders/g-L"' 10

Current density/A-dm™ 2

Frequency/Hz 1000
Positive pulse duty cycle/% 20
Negative pulse duty cycle/% 10
Temperature/C 30

Plating time/h 2
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Fig.2 SEM image (a) and XRD pattern (b) of carbonized product
of W powder
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Fig.3 TEM images of carbonized product of W powder
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Fig.5 TEM image of W-Cu composite (a), SAED patterns of area b (b) and area c (¢) in Fig.5a
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Fig.6 SEM surface morphology (a) and cross-section mor-

phology (b) of WC@W-Cu composite
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Fig.7 TEM image (a) and HRTEM image of area b in Fig.7a (b) of WC@W-Cu composite; SAED patterns of area c (c), area d (d), and
area e (e) in Fig.7b

. 300 80
120 £ W- Cu composite . 1120 [ W-Cu composite
B W/ C @W-Cu composite <250 F B WC@W-Cu composite

100} 95200 1100 ¢ & 0"
S S = 2050 537 546 1 Ci
3 80f 180 5 ;200- 2
- O
= N 2
2 60 160 4 Z 150 ¢ 1270 140 £
S 436 Z . S
&) i = 7] =

401 140 = 2 100 - 2
= & s 120 S

20+ 120 £ 50+

8.3 -
0 - - 0 0 - - —0
W Content Relative Density Vickers Hardness  Electrical Conductivity
Kl 8 W-CuMl WC@W-Cu HEHE W &HYS Kl 9 W-Cu Ml WC@W-Cu 5 &8 BH 4 IRl 5
T B2 B LR AR R LU
Fig.8 Comparison of W content and relative density between Fig.9 Comparison of Vickers hardness and electrical conductivity
W-Cu and WC@W-Cu composite between W-Cu and WC@W-Cu composite
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Microstructures and Properties of WC@W-Cu Composite Prepared
by Composite Electroplating

Zhao Yuchao, Tang Jiancheng, Ye Nan, Zhuo Haiou, Wei Chaolong, Zhou Weiwei
(School of Materials Science and Engineering, Nanchang University, Nanchang 330031, China)

Abstract: W-Cu composites are widely used as materials for electronic packaging, electrodes, electrical contacts, and shells of artillery
shells because of their low expansion coefficient, high strength, high electrical and thermal conductivity. The traditional preparation
methods of W-Cu composite are difficult to take into account the densification and the uniformity of the microstructure, resulting in
insufficient electrical and thermal conductivity of the material, and it is difficult to meet the requirements of the modern electronics
industry. Using W powder and WC@W powder obtained by carbonization of the surface of W powder as raw materials, W-Cu and
WC@W-Cu composites were prepared by composite electroplating technology. The results show that the surface of W-Cu composite is
rough and there are holes in the microstructure, while the WC@W-Cu composite has refined grains, and the microstructure is uniform and
dense. The W content of WC@W-Cu composite is 43.6wt%, the HV hardness is 2050 MPa, the relative density is 99.3%, and the electrical
conductivity can reach 54.6 MS/m. The WC@W-Cu composite not only increases the W content and significantly improves the hardness,
but also is better than the W-Cu composite in relative density and conductivity.

Key words: W-Cu composite; WC@W-Cu composite; composite electroplating; microstructure; electrical conductivity
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