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Fabrication and Anti-Corrosion Property of In situ Self-Assembled
Super-Hydrophobic Films on Aluminum Alloys

LI Song-Mei” ZHOU Si-Zhuo LIU Jian-Hua
(Key Laboratory of Aerospace Materials and Performance of the Ministry of Education, School of Materials Science and Engineering,
Beihang University, Beijing 100191, P. R. China)

Abstract:  In situ rough structures on an aluminum alloy were formed by anodic oxidation method. After siloxane
self-assembly on the rough structures, super-hydrophobic and self-cleaning films were fabricated. The static contact
angle of the super-hydrophobic surface with a water drop was 157.5°+2.0° at its maximum and the contact angle
hysteresis was less than 3°. The influence of anodic oxidation current density, the water content of the siloxane solution,
and self-assembly time on film formation were studied by Fourier transform infrared (FT-IR) spectroscopy, field emission
scanning electron microscopy (FE-SEM), energy dispersive spectroscopy (EDS), atomic force microscopy (AFM) and
contact angle measurements. Optimum parameters to fabricate the super-hydrophobic surface were obtained. FE-
SEM and AFM results indicated that microstructures were obtained by anodic oxidation and nanostructures were
obtained by the disorder of self-assembly film. Stable super-hydrophobic surfaces were produced by the cooperation of
micro/nano-structures and the low surface free energy of the siloxane films. The electrochemical measurement
(potentiodynamic polarization) indicated that the anti-corrosion property of the aluminum alloy was greatly improved by
the in situ super-hydrophobic film.
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Table 1 Nominal chemical components of aluminum alloy LY12CZ (w, mass fraction)

Element Cu Mg Fe Mn

Si

Zn Ti Cr others Al

w(%) 3.8-49 12-18 0.50  0.30-0.90

0.50

0.25 0.15 0.10 0.15 balance
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Fig.1 Dependence of static contact angle (6s) and
contact angle hysteresis (CAH) of the water droplets
on the surfaces on the current density (I) of anodic
oxidation
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Table 2 Static contact angles and standard
deviations (SD) of hydrophobic surfaces fabricated
with different current densities

I/(A-dm™) 05/(°) SD (°)
1.00 138.3 4.3
1.25 131.4 49
1.50 146.0 1.1
1.75 144.9 1.4
2.00 153.9 6.1
2.25 157.5 2.0
2.50 151.9 0.7
2.75 154.1 2.1
3.00 153.7 3.0
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Fig.2 Photographs and profiles of the water droplets on the surfaces
(a) digital photo of the water drops on super-hydrophobic surface; (b) profile of water droplet on super-hydrophobic surface; (c) profile of water
droplet on the surface of anodized aluminum alloy without G502 self-assembly; (d) behavior of water droplet on the super-hydrophobic surface

(the directions of the arrowheads were the movements of the surfaces)
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Fig.3 FE-SEM images of the surface of anodized aluminum alloy
(a, b) FE-SEM images with different amplified parameters of anodized film (current density: 2.25 A+dm™) without G502 (dodecafluoroheptyl-propyl-
trimethoxylsilane) self-assembly; (c—h) FE-SEM images with different amplified parameters of anodized films at different anodic current densities of
1.00 A-dm= (c, d), 2.25 A-dm™ (e, ), and 8.00 A-dm™ (g, h) after G502 self-assembly
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4 AEPRELBREZEETZEAEE G502 FHRESFTEAMEN AFM BH
Fig.4 AFM images of the surfaces at different anodic current densities after G502 self-assembly
I/(A-dm™): (a) 1.00, (b) 2.25, (c) 8.00; scanning area: 5 wmx5 pm
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Fig.5 FT-IR spectra of anodic oxide films of
aluminum alloy before and after G502 self-assembly
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Fig.7 FE-SEM images of the surface of anodized
aluminum alloy before (a) and after (b) G502
self-assembly
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Fig.11 Potentiodynamic polarization curves of pre-
treated aluminum alloy (a), anodized aluminum alloy
(b) and super-hydrophobic film on aluminum alloy (c)
in 3.5%(w) NaCl aqueous solutions

#3 ZUAEENEESE . JIRELENEEEMBEES
REBHKEEE 3.5%(w) NaCl 7k A 7 & i) B & i B L
RIGHEREE
Table 3 Corrosion potential (E..) and corrosion
current density (i) of pre-treated aluminum alloy,
anodized aluminum alloy and super-hydrophobic film
on aluminum alloy in 3.5% (w) NaCl aqueous solutions

Sample E../mV (vs SCE) icon/(A-cm™)
pre-treated aluminum alloy -0.75 2.1x10°
anodized aluminum alloy —-0.64 1.0x107°
super-hydrophobic film —0.53 5.6x107
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GBI, in FFET 2 2-3 DR Epe A iy IS
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VAAER A 4 2 T B 7 2F K 04 BE AR A AL O AN Ry s
AR K PERE SR AL TOHLRE S5 4, T HAE— e FE R b4
TR A A TR Pl X R B T NaCl K i
PHAR A2 AR AR 2 T — @ B2 VE R, {H CI
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B K B2 A 3BT 1 TR CIERB A, iR b4
TR k. 546, R 10 o =R
Al 22 1 B AR AR AL DX TR AR e v 3 %% B AT AR H
L2 i b PR RN 28 BE AR S A0 B BR A 4iRE JLF — 2
T 0578 7K 5% 2 B A AR A IX i 9 28 A /0N, Ul B A
BB A DX R B K B2 AR OR3P T 4R G 4 k1A

3 & it

(1) HE T B A= Ak L 3 2 B 0 ) 2 e v i
KR B i S 2EL 2% e ) o 3 1T g K P A B i, A
2 7 R K R R AR T A S8 RIEA A AL
RS N 2.25 A-dm, & 100 mL H 4350 &
JK A 3-5 mol, [ Z2ERTE]N 4 h.

(2) 3 3 PH AR A A R B 4 2 1 i 7 A 3 oK
RO B RS 254, PR 187 ) 2H 2B (IR 3% T e Y SR A
ALEIRZ H 28 T HEASEA A 0,=157.5°£2.0°, HEfim
Fa I /ANT 3BT K Y TS A

(3) FE-SEM Jz AFM 25 R R, h B 413



No.12 ZENAGEE DB A R AL B 23S s 7K B2 i 25 R poh 1 g 2589
%%Ej::/jjfi’ﬁj%ﬁ E{Jjﬁf?l[ﬁ%ﬁkﬁggﬂ}i{gﬂf*@l@ [3[5]1:}} /%:Vﬂﬁ Rutledge, G. C.; McKinley, G. H.; Cohen, R. E. Science, 2007,

Fa 3 (R OR R Rl 17 R JRUJE A MRS 4
SERA A RS E R B K VR RE A B2 A
(4) SR AL T ZR A A5 SRR, i sz A 2

HA, XA

B 5 B T K TR AR R 3R 5 1 AR 4 AT o
PERE. 8R G E R M A7 A K 1 BRI AR (R 3k
f g K1 i REPRHE TS ak MR 25 A, T HL AR T
SRR .
References
1 Ma, M. L.; Hill, R. M. Curr. Opin. Colloid Interface Sci., 2006,
11: 193

2 Sun, T.L.; Feng, L.; Gao, X. F; Jiang, L. Accounts Chem. Res.,
2005, 38: 644
3 Li, X. M.; Reinhoudt, D.; Crego-Calama, M. Chem. Soc. Rev.,
2007, 36: 1350
4  Wang, S. T.; Jiang, L. Adv. Mater., 2007, 19: 3423
5 Barthlott, W.; Neinhuis, C.; Cutler, D.; Ditsch, F.; Meusel, 1.;
Theisen, 1.; Wilhelmi, H. Bot. J. Linn. Soc., 1998, 126: 237
6 Fang, Y.; Sun, G.; Cong, Q.; Chen, G. H.; Ren, L. Q. J. Bion. Eng.,
2008, 5: 127
7 Gao, X. F.; Jiang, L. Nature, 2004, 432: 36
Neinhuis, C.; Barthlott, W. Ann. Bot., 1997, 79: 667
Feng, L.; Li, S.; Li, Y.; Li, H.; Zhang, L.; Zhai, J.; Song, Y.; Liu,
B.; Jiang, L.; Zhu, D. Adv. Mater., 2002, 14: 1857
10 Zhang, J. L.; Li, J. A.; Han, Y. C. Macromol. Rapid. Commun.,
2004, 25: 1105
11 Manoudis, P. N.; Karapanagiotis, L.; Tsakalof, A.; Zuburtikudis,
L.; Panayiotou, C. Langmuir, 2008, 24: 11225
12 Hedge, N. D.; Rao, A. V. Appl. Surf. Sci., 2006, 253: 1566
13 Cao, L.; Price, T. P.; Weiss, M.; Gao, D. Langmuir, 2008, 24:
1640
14 Teshima, K.; Sugimura, H.; Inoue, Y.; Takai, O.; Takano, A. Appl.
Surf. Sci., 2005, 244: 619
15 Jung, Y. C.; Bhushan, B. Langmuir, 2008, 24: 6262
16 Tadanaga, K.; Katata, N.; Minami, T. J. Am. Ceram. Soc., 1997,
80: 3213
17 Tuteja, A.; Choi, W.; Ma, M. L.; Mabry, J. M.; Mazzella, S. A.;

18

19

20

21

22
23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

318: 1618

Shibuichi, S.; Yamamoto, T.; Onda, T.; Tsujii, K. J. Colloid
Interface Sci., 1998, 208: 287

Lee, Y.; Park, S. H.; Kim, K. B.; Lee, J. K. Adv. Mater., 2007, 19:
2330

Qu, M. N.; Zhao, G. Y.; Cao, X. P.; Zhang, J. Y. Langmuir, 2008,
24: 4185

Zhang, X.; Shi, F.; Niu, J.; Jiang, Y. G.; Wang, Z. Q. J. Mater.
Chem., 2008, 18: 621

Hintze, P. E.; Calle, L. M. Electrochim. Acta, 2006, 51: 1761
Song, X. Y.; Zhai, J.; Wang, Y. L.; Jiang, L. J. Phys. Chem. B,
2005, 109: 4048

Xu, W. G.; Liu, H. Q.; Lu, S. X.; Xi, J. M.; Wang, Y. B. Langmuir,
2008, 24: 10895

Hansal, W. E. G.; Hansal, S.; Polzler, M.; Kornherr, A.; Zifferer,
G.; Nauer, G. E. Surf. Coat. Tech., 2006, 200: 3056

Wenzel, R. N. Ind. Eng. Chem., 1936, 28: 988.

Wenzel, R. N. J. Phys. Colloid. Chem., 1949, 53: 1466

He, B.; Lee, J. H.; Patankar, N. A. Colloids Surface A, 2004, 248:
101

Bhushan, B.; Nosonovsky, M.; Jung, Y. C. J. R. Soc. Interface,
2007, 4: 643

Patankar, N. A. Langmuir, 2004, 20: 7097

Cassie, A. B. D.; Baxter, S. Trans. Faraday Soc., 1944, 40: 546
Xu, Y.; Tang, S. Y.; Chen, L. J. Chin. J. Anal. Chem., 2002, 30:
464 B U, FESTUH, BROLEE. AAHTIRAE, 2002, 30: 464]

Li, S. H.; Zhang, S. B.; Wang, X. H. Langmuir, 2008, 24: 5585
Fadeev, A.Y.; McCarthy, T. J. Langmuir, 2000, 16: 72638

Zhu, L. B.; Xiu, Y. H.; Xu, J.; Tamirisa, P. A.; Hess, D. W.; Wong,
C. P. Langmuir, 2005, 21: 11208

Gao, L.; McCarthy, T. J. Langmuir, 2006, 22: 2966

Ulman, A. Chem. Rev., 1996, 96: 1533

Carraro, C.; Yauw, O. W.; Sung, M. M.; Maboudian, R. J. Phys.
Chem. B, 1998, 102: 4441

Schwartz, D. K.; Steinberg, S.; Israelachvili, J.; Zasadzinski, J. A.
N. Phys. Rev. Lett., 1992, 69: 3354

He, T.; Wang, Y. C.; Zhang, Y. J.; Lv, Q.; Xu, T. G.; Liu, T.
Corrosion Sci., 2009, 51: 1757



