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Effect of non-smooth scale on surface wettability of butterfly wings

Fang Yan'?, Sun Gang"®, Wang Tong-qing' , Cong Qian', Ren Lu-quan’
(1. Key Laboratory for Terrain-Machine Bionics Engineering, Ministry of Education, Jilin University, Changchun
130022, China; 2. School of Life Sciences Changchun Teachers Colleges Changchun 130032, China; 3. Key Laboratory
for Vegetation Ecology, Ministry of Education, Northeast Normal University, Changchun 130024, China)

Abstract: The surface wettability of the butterfly wings of forty-eight species (thirty-four genera,
eight families) was qualitatively and quantitatively studied. Scanning electronic microscopy
observation shows that the length of the wings’ scales is in the range from 55 pm to 150 pm and the
width is in the range from 35 pm to 105 pm. The gibbosities on some scales with height of 200 nm to
900 nm were also observed. The static contact angle of water droplet on the surfaces of the wings was
measured using an optical contact angle measuring system. Results show that the contact angle is in
the range from 134. 0° to 159. 2°, which indicates the surfaces of the wings are super-hydrophobic.
The rolling angle along the scale arrangement is smaller than 3° and against the arrangement is larger
than 65°, indicating that the scale structure of the wings is evidently anisotropic. The wettability of
the surface of the wings is attributed to the co-effects of the micro- and nano-structures of the scales.
Key words: engineering bionics; non-smooth surface; wettability; butterfly;scale; superhydrophobicity;
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Table 1 Scale data and contact angle

L SUES R RS /pm KB/ T A B/ pm OEE/MIEE ORI /am KB CA/CO) H g CA/C)

23 %) e gt 70X 35 .0 54 0. 65 340 123.0 156. 6
21 2% Wk il 90X 50 1.8 76 0. 66 200 129.0 150.3
1 6 K e e 135X 75 1.8 112 0.67 400 112.6 149.0
AL 85X 55 1.5 77 0.71 400 104. 2 146.0
i 23R 5 e 90 X 45 2.0 60 0.75 250 121.5 146. 0
R T 5 e 70X 60 1.2 77 0.78 280 126. 4 140.7
T JE % e it 70 X 45 1.6 58 0.78 410 116.7 150. 6
2 IR e e 105X 50 2.1 70 0.71 590 119.4 147.0
P AT A e e 105X 70 1.5 86 0.81 530 115.6 146. 5
S [ i e 120X 50 2.4 69 0.72 460 127.0 156.9
B /N5 e e 65X 60 1.1 79 0.76 450 123.6 147.7
75 B i e 125X 65 1.9 78 0. 83 420 114.5 149.9
TR 3k e e 80X 35 2.3 48 0.73 560 108. 7 144. 8
P 2% TR e 100X 60 1.7 76 0.79 480 110.2 149. 5
i e e 75X 55 1.4 74 0. 74 340 133.3 154.1
T % e gt 95X 55 1.7 80 0. 69 390 117. 2 153.3
oy e e 115X 65 1.8 84 0. 77 540 109.1 152. 4
N e g 95X 65 1.5 91 0.71 310 116.5 140. 3
BATR i 70X 35 2.0 56 0. 62 400 120.1 147. 2
W) B A e e 70X 40 1.8 56 0.71 350 123.9 140. 2
K NETS 90X 50 1.8 71 0.70 300 116.8 142.3
1 4 e B 105X 70 1.5 90 0.78 600 102. 4 140.3
B IR R 0 80X 35 2.3 51 0. 69 500 105. 8 148.7
i [ e 150X 50 3.0 66 0.76 700 129.3 143. 8
W B R 70X 65 1.1 85 0.76 550 112.4 148.0
R 115X 45 2.6 68 0. 66 760 105.5 136.5
L IR g 70X 40 1.8 62 0. 65 700 122.9 135.9
LARE S 75X 55 1.4 67 0. 82 800 114. 2 143. 8
S 95X 40 2.4 64 0.62 450 118.7 146. 5
B fok 75 X 40 1.9 63 0. 63 450 122.6 142.6
Py L 80X 60 1.3 74 0.81 500 112.1 139.3
I Ik i Ay e 95X 40 2.4 67 0. 60 650 119.0 136.3
BE 2 5 Ry 75X 40 1.9 52 0.77 750 122. 2 143. 8
T Ay e 80X 45 1.8 60 0.75 600 118.5 140. 8
75 3 ik 70 X 50 1.5 58 0. 86 700 106. 7 150. 4
It 75 15 K 9 75X 45 1.7 50 0. 90 300 129.3 146. 5
W IR e 55X 50 1.1 65 0.77 350 127.9 147.7
FAR7 Y3 65X 50 1.3 68 0.74 300 119.8 159. 2
L 90X 65 1.4 82 0.79 500 111.1 134.0
R 130 X 70 1.9 92 0.76 600 117.7 138.5
A IR e 95X 50 1.9 68 0. 74 750 109.1 138.3
B R e 135X 80 1.7 104 0.77 550 115. 4 142. 8
Sl FR RV 95X 60 1.6 65 0.92 950 118.3 158.0
VK 45 60X 65 0.9 70 0.93 700 112.0 143.2
T Bk 2 ik 70X 105 0.7 170 0. 62 500 115.1 136. 2
25 AL 90X 45 2.0 60 0.75 400 112.4 146. 8
57 i 95X 35 2.7 48 0.73 600 122.4 150. 4
N 80X 45 1.8 66 0.68 450 109. 2 143.0
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Fig.2 SEM photos of scales from transverse section
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Table 2 The results of statistical analysis

AR EAR% PWE dRlERE THE P

% HF 0.0008 4852.6000um? 0.0039 0.1962 0.8455
K 0.0899  89.3800 pm 0.3556 0.2528 0.8017
%R S —0.4183  53.3300 pm 0.4252—0. 9838 0.3310
AR 0. 1341 19.3300pm  0.3806 0.3523 0.7264

K /T —6.9722 10.1970—0. 6850 0. 4972

i JE /] B

1. 7500

1. 6597 3.0200 2.3566 0.7043 0.4852
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