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Hydrophobic Aluminum Alloy Surface Fabricated by High Speed
Micro—milling Technology
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Abstract: To simulate the hydrophobic microstructure of cicada wing surface, a high speed precise micro—
milling machine was used to fabricate columnar microstructure arrays on aluminum alloy substrate. Micro-
structure, hydrophobicity and surface roughness of bionic specimen were investigated, and the hydrophobic
mechanism of bionic specimen was analyzed. The results show that the columnar microstructure arrays can ef-
fectively improve the hydrophobic properties of aluminum alloy, and the contact angle value is improved from
51°up to 115°. Using the high speed precise micro—milling machine to fabricate microstructure arrays on metal
surface, the change of surface wettability from hydrophilic to hydrophobic is realized.
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Fig. 1 Microstructure of cicada wings
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Fig. 2 Diagram of columnar micro—array structure
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(a)Columnar micro—array structure(b) Three—dimension picture of columnar micro—array structure(c)Single colum-

nar micro—array structure(d) Fractional enlargement of columnar micro—array structure
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Fig. 3 Morphologies of columnar micro-array structure
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Table 1 Geometric parameters and contact angles (CA) of columnar micro-array structure

Sample Width Height Spacing  Relative height Relative spacing CA/° Wenzel's Cassie’s
a /pm h /pm b /um h/Ca+hb) b/(a+b) CA /° CA /°
1 26 17 272 0.057 0.913 88 50.07 170. 96
2 26 9 262 0.031 0.910 90 50. 47 170. 65
3 16 30 219 0.128 0.932 95 49. 37 172.95
4 34 39 262 0.132 0. 885 96 48.13 168. 10
) 52 45 249 0. 150 0. 827 100 46.03 162. 06
6 43 40 240 0. 141 0. 848 100 46. 89 164. 24
7 34 21 256 0.072 0. 883 102 49,41 167. 85
8 28 30 260 0.104 0.903 103 49.10 169. 93
9 42 60 193 0. 255 0. 821 104 41.91 161.43
10 48 35 177 0. 155 0.787 106 44,53 157. 80
11 48 80 177 0. 356 0. 787 107 34. 89 157. 80
12 50 50 240 0.172 0. 828 109 45. 24 162. 09
13 48 107 177 0.476 0. 787 110 27.79 157. 80
14 34 44 266 0. 147 0. 887 111 47. 84 168. 26
15 42 105 183 0. 467 0. 813 115 31.94 160. 60

(a) Drop on flat surface (§=51°)

(b) Drop on rough surface (§=115°)
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Fig. 4 Morphologies of drops on aluminum alloy surface
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