5548 % 1M /I S Vol.48  No. 1
20202 1 H 58 144—149 7T Journal of Materials Engineering Jan. 2020  pp. 144 —149

FE N 2 0 Il & 8 B 40 R UK 5 44
B EH K £ RE

Fabrication of hierarchical micro/nano structure

surface on copper by EDM and its hydrophobicity
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Abstract: The hierarchical micro-nano structure surface on copper was fabricated by electrical
discharge machining(EDM). The hydrophobic property was increased due to the hierarchical micro/
nano structure(HMNS), which consisted of the micro/nano scale holes, molten balls, recast regions
and the micro thermal cracks. The effects of the pulse width on the hydrophobicity of HMNS were
investigated. The results indicate that with the increase of the pulse width, the quantity of the micro-
nano scale holes increases. The distribution of other hierarchical micro structures is more
homogeneous. The effective area of “air cushion” increases, which can trap more air in the HMNS,
And the hydrophobicity of HMNS also increases. The proportion of the solid-liquid interface area
(f4) reduces. The contact area between the water droplet and “air cushion” in the HMNS increases.
Therefore, the effect of the physical adsorption for the HMNS on the water droplet is weakened. The
contact angles of the HMNSs can be increased up to (144, 742.1)°, and the range of contact angle
hysteresis is (8. 46+3,3)°-(14, 10%1.2)°.
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Fig. 1 Structure diagram of the electrical discharge machine
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Table 1 Process parameters of the experiments

Sample Pulse Current/  Duty Gap Contact

No width/ps A ratio/ % voltage/V angle/ (%)
A 60 10 60 50 133.2+3.4
B 80 10 60 50 132.8+2.8
C 100 10 60 50 131.9+5.4
D 120 10 60 50 135.4+3.7
E 140 10 60 50 136.1+4.9
F 160 10 60 50 136.8+2.6
G 180 10 60 50 140.8+5. 1
H 200 10 60 50 144.7+2.1
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Fig. 2 SEM micrographs of the HMNSs with different pulse widths
(a)60 ps; (b)80 ps; (¢)100 ps; (d)120 ps; (e)140 ps; (H160 ps; (g)180 ps; (h)200 ps
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Table 2 Surface chemical compositions of HMNSs with different pulse widths

Sample C (0] Cu Cl

Mass Atom Mass Atom Mass Atom Mass Atom
No fraction/ % fraction/ % fraction/ % fraction/ % fraction/ % fraction/ % fraction/ % fraction/ %
A 7.92 28.52 4. 36 11.77 87.72 59.71 — —
B 6.91 26.90 2.11 6.17 90. 98 66.93 — —
C 8. 65 30. 38 4.23 11.15 85.92 57.04 1. 20 1.43
D 5.23 20. 16 5.02 14. 51 89. 75 65. 34 — -
E 8.23 27.76 7.23 18. 32 84. 54 53.92 — —
F 9.16 33. 15 2.30 6. 25 88. 54 60. 60 — —
G 6.06 24.06 2.45 7.29 91.49 68. 65 — -
H 5. 60 22.11 3.39 10. 03 91.01 67. 86 — —
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Fig. 3 Trend curve of contact angles of the HMNSs with

different pulse widths
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Table 3 Contact angle hysteresis,radius of contact area
for water droplet,and proportions of solid-liquid

interface area on the HMNSs

Radius of contact Proportion of

Sample  Contact angle
area for water solid-liquid
No hysteresis/(°) .
droplet/pm interface area/ %
A 9.92+2.3 723 23.90
B 12.73+2.2 814 24.25
C 14.10+1.2 881 25.10
D 9.27%+1.7 655 21. 86
E 8.92+1.1 631 21.22
F 8.67+3.2 525 20. 66
G 8.60+1.6 514 17.17
H 8.46+3.3 481 14.05
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