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Preparation of Cu—diamond composite coating by
composite electroplating

MA Ru-long, PENG Chao-qun, WANG Ri-chu, WANG Xiao-feng, ZHANG Chun, TAN Shi-yu

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The Cu—diamond composite coating was prepared by composite electroplating when diamond particles with
diameter of 20 um were put into acidic sulfate copper plating solution. The optimized technological conditions of
Cu—diamond composite electroplating were obtained by orthogonal test. The effects of CuSO45H,O concentration,
cathode current density, diamond concentration and temperature on the quality of Cu—diamond composite coatings were
investigated by SEM, EDS and microhardness tester. The phase structure, surface morphology and tribological properties
were investigated by XRD, SEM and friction-abrasion testing machine. The results show that the optimized technological
conditions are CuSO,-5H,0 190 g/L, H,SO, 60 g/L; cathode current density, 10A/dm?; diamond concentration, 20 g/L;
temperature, 20 C. The Cu—diamond composite coating containing 21.50% diamond particles has homogeneous grains,
better microhardness and tribological performance.
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Table 1 Factors and levels of orthogonal test

Cathodi
CuSO;5SH0 % Diamond
Level . current . Temperature,

factor concentration, density concentration, DIC

J! s 7!

ALY piaamy  CELD
1 120 4 10 20
2 155 6 20 30
3 190 8 30 40
4 225 10 40 50
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Table 2 Orthogonal design of process parameters

Sample Al B/ C/ D/ Diamond content/ ~ Microhardness/  Electrodeposition rate/
No. (gL™ (A-dm™) (gL™ C % MPa (umh™")
1 120 4 10 20 16.40 125.1 107.24
2 120 6 20 30 3.25 118.6 129.76
3 120 8 30 40 5.83 78.5 130.56
4 120 10 40 50 15.45 126.4 203.92
5 155 4 20 40 15.50 110.0 52.08
6 155 6 10 50 7.00 95.5 187.48
7 155 8 40 20 16.90 95.7 235.00
8 155 10 30 30 8.90 102.0 207.68
9 190 4 30 50 26.40 121.0 149.20
10 190 6 40 40 35.00 139.0 139.96
11 190 8 10 30 15.40 135.0 152.68
12 190 10 20 20 21.50 140.0 344.56
13 225 4 40 30 21.80 114.4 189.08
14 225 6 30 20 12.48 116.6 116.44
15 225 8 20 50 17.68 122.8 299.52
16 225 10 10 40 24.21 135.5 239.94
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Table 3  Orthogonal tests results of diamond powder content

x4 DR ER DL

Table 4 Orthogonal tests results of microhardness

Level A/ B/ C/ D/

factor (gL™") (Adm?) (gL C Bestlevel
1 10.23 20.03 15.75 16.82
2 12.08 14.43 14.48 12.34
3 24.58 13.95 13.40  20.14 A3B1C4D3
4 19.04 17.52 2229 16.63

Range 14.35 6.08 8.89 7.80

Level Al B/ C/ D/
factor (gL (Adm?) (gL o oestlevel
1 112.2 117.6 122.8 119.4
2 100.8 117.4 122.9 117.5
3 133.8 108.0 104.5 115.8  A3B4C2D1
4 122.3 126.0 118.9 116.4
Range 33.0 18.0 18.4 3.6
x5 HLIIBERERD TR
Table 5 Orthogonal tests results of electrodeposition rate
Level A/7 B/ . C{ D/ Best level
factor (gL (A-dm?) (gL™) C
1 142.87 12440 171.84 200.81
2 170.56  143.41 206.48 169.80
3 196.60 204.44 150.97 140.64 A4BAC2D4
4 211.25 249.03 191.99 210.03
Range 68.38  124.63  55.51 69.39
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Fig. 1 XRD pattern of Sample 12
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Fig. 2 SEM images of different samples: (a) Sample 3; (b) Sample 5; (c) Sample 10; (d) Sample 12
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Fig. 3 Relationship between friction coefficient of different
samples and time: (a) Sample 3; (b) Sample 5; (c) Sample 10;
(d) Sample 12
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Fig. 4 Worn surfaces SEM images of different samples: (a) Sample 3; (b) Sample 5; (c) Sample 10; (d) Sample 12
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Fig. 5 Wear coatings SEM image(a) and EDS analysis(b) of Sample 12
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