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Study on Super-Hydrophobic and Oleophobic Surfaces Prepared

by the Chemical Adsorption Technique

Issei TSUJI*, Yuji OHKUBO* and Kazufumi OGAWA*

*Graduate School of Engineering, Kagawa University (2217-20, Hayashi-cho, Takamatsu-shi, Kagawa 761-0396)

A study was conducted of preparation techniques for superhydrophobic and oleophobic surfaces by forming a

roughened surface and preparing a hydrophobic monolayer, which never fills up the roughened surface when the

roughned surface is coated by the monolayer.
consisted of the following two steps.

In this study, the techniques employed in preparation of the surfaces

(1) Forming of a fractal-like structure on the surface of an aluminum substrate by sand-blasting and the electrolytic
etching, wherein roughness was obtained at the microlevel by sand-blasting and further roughness was obtained at the
nanolevel by the electrolytic etching after the sandblasting.

(2) Modification of the roughened surface of the substrate with a HDFS (Heptadecafluoro-1,1,2,2-tetrahy-
drodecyl trimethoxysilane) monolayer, wherein the HDFS monolayer was prepared by means of a chemical adsorption

technique, which provides a surface with the lowest surface energy surface on earth.

The largest contact angles obtained with water and oil in this study were 6, =152° and 6, =135°, respectively. The
optimum conditions of these roughnesses were ca. 150 xm with sand-blasting and tens of nm with electrolytic etching.
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Fig.1 The schematic diagram of our setup for the Marangoni
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Fig.2 The process for preparing the chemically adsorbed monolayer on the substrate.

I > Remove dusts, oil, and etc.

II : Dealcoholization reaction

III : Condensation polymerization
IV : Direct dealcoholization reaction
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Table 2 Contact angles of the sandblasted surfaces after being
modified with the HDFS monolayer.

.. Type of Water contact | Oil contact angle
Table 1 Type of the grain size. S le No.
yp £ AmpIe N0 e Al O, grain angle (deg) (deg)
Type of the Al,O; grain | Diameter range (zm) A-1 #30 144 102
#30 707~59 A-2 #60 143 99
#60 297~250 A-3 #80 144 100
#80 210~177 A4 #100 140 91
#100 149~125 A5 #220 140 91
#220 74~53 Qil : n-hexadecane
150
[ 3 [ 3 [ X
140 - =&
E
3 130
2
] 120 ® water contact angles
g 110 ® oil contact angles
2 10 . & i
: 1
9 i 5
80 1 1 1
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Fig.3 Contact angle changes as a function of average of height/peak to peak width of the

roughness on the sandblasted surfaces.
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Table 3 Oil contact angles with n-hexadecane on the surfaces
of the electrolytically etched substrate and covered
with the HDFS monolayer.

Sample No. Current density Etching time Qil contact angle
(A/cm?) (sec) (deg)
B-1 10 X
B-2 0.8 30 X
B-3 60 121
B-4 10 X
B-5 1.12 30 119
B-6 60 121
B-7 10 X
B-8 1.44 30 121
B-9 60 120
B-10 10 115
B-11 1.76 30 121
B-12 60 120

X the substrate surface didn’t show the superhydrophobic properties.
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463

cm?, JUERRI 30 A ERT Yy I 7B 2R
Lize %58, ZOFHTORTMO SEMEE %R 5 IZRT,
X 5m5, BFTY T 72X VEEES ZMME,
F—F—ThHV, EXH300nm, BFEH100nmFEE Th
2 EDHERTE 2, S0, BEOFT Y F 27 TS
Fc Ty 5y rnEoetL, By 5> 7 TIEERE
EMADZETRFMT Yy F > 7intEA, ZOFE, $HRo
BRick-zbDeEzoN 5,

4, 3 TSRMNMI+ERIVFT

4.1, 4.2 X9, 75 A MNNT.ORESEMAEG#30) L BFEL Y
Fr 7 DOREEM (BIRERE 1.44 A/cm?, JLEREER 30 #)
R, IEICAUE L 78, (LY BoE S FREZ AL L e 2k
WoEmMA 2R IR, £/, EEO SEMEHZX 612
R,

Z D4 (Sample C) Tk, ZKia#EflA 150° L0 1 & e
flf 130° LA ERIR LTz, &7z, @625, 77 A MITIC
IO~ r7axr—F—oMihys, By T2k
A= —TOMMNBZNZENERENT WD I EBbrd,
20D fEEHAEDLE S 2 LT, BHIMMEE LICE 51
WHEZ MR S L, BT T 7 I kG E oz b D &

Fig.5 SEM images of the electrolytical etched substrate sur-
faces 1 a) x50000, b) X250000

Table 4 Contact angles on the substrate surface sandblasted,
electrolytically etched, and modified with HDFS
monolayer.

Sample No. | Water contact angle (deg) | Oil contact angle (deg)

152 135

Fig.4 SEM images of the substrate surfaces sandblasted with # 30 Al,O, : a) X500, b) <5000
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Fig.6 SEM images of the sandblasted and electrolytical et-
ched substrate surfaces:a) X500, b) X5000, c) X
30000, d) X 250000
Oil : n-hexadecane

Ezohb, 51, ZOHKET, ¥YVa—rF A4 viEH
W E OFSER, 117°Th o7z, IR, BHIDOTFH
ERELHEZ DRI,

&

TIAMML LBy T2 7 wflhGbRE LI EICED,
B 7 2 7 7 WSSOI R 2 F T & 72, S 512,
COMih 7z 5 Z & A3 W EEAREERI I H> T 2 SO T
KA FICHIES 2 LT, @Rk - BRhRmER =57,

b RORERIE, KE§EMA T 152°, n~¥HTh %
F v 7o i #Efilfs T 135°, > ) 3 — o A vk o fe il
AT1T7°72>57z, 72, SEMBE®»®S, 77 A MITIC X
DA rut—F—0%RN, BRTyF7I2ED, F/
F = —DREEPEREINT NS L 2R LTz, INT,
FHEMICBWT, 7 v T RERS AR R S &
FEZTWw5,

(Received November 12, 2007 : Accepted April 3, 2008)

=A
=]

5.

EVN
Al

X REKAM

X ®

1) HEE i e, p. 495, 601 GLaBfkastt, 2004).

2) W.Guo and R. Narayanan ; Journal of Colloid and Inter-
Jace Science, 314, 727 (2007).

3) E.F.Hare, E.G.Shafrin and W.A.Zisman ;J. Phys.
Chem., 58, 236 (1954).

4) T. Nishino, M. Meguro, K. Nakamae, M. Matsushita and
Y. Ueda ; Langmuir, 15, 4321 (1999).

5) K. Ogawa ; Hyomen Gijutsu, 47, 823 (1996) (in Japanese).

6) L.Zhu, Y. Feng, X. Ye and Z. Zhou ; Sensors and Actuators
A, 130-131, 595 (2006).

7) L.Feng, S.H.Li, Y.S.Li, H. J. Li, L. J. Zhang, J. Zhai, Y.
L. Song, B. Q. Liu, L. Jiang, D. and B. Zhu ; Adv. Mater., 14,
1857 (2002).

8) X.Feng and L. Jiang ; Adv. Mater, 18, 3063 (2006).

9) A.Nakajima, M. Hoshino, J. H. Song, Y. Kameshima and
K. Okada ; Chem. Lett., 34, 908 (2005).

10) S. Shibuichi, T. Yamamoto, T. Onda and K. Tsujii ; /. Col-
loid Interface Sci., 208, 287 (1998).

11) H.Li, X. Wang, Y.Song, Y.Liu, Q.Li, L.Jiang and D.
Zhu ; Angew. Chem., Int. Ed., 40, 1743 (2001).

12) R.N. Wenzel ; Ind. Eng, Chem., 28, 988 (1936).

13) A. B.D. Cassie and S. Baxter ; Tvans. Faraday Soc., 40, 546
(1944).

14) T.Onda, S. Shibuichi, N. Satoh and K. Tsujii ; Langmuir
(Letter), 12, 2125 (1996).

15) A. Nakajima, A. Fujishima, K. Hashimoto and T.
Watanabe ; Adv. Mater, 11, 1365 (1999).

16) J. P. Youngblood and T. J. Mc-Carthy ; Macromolecules, 32,
6800 (1999).

17) T.Tadanaga, J. Morinaga, A. Matsuda and T. Minami ;
Chem. Mater, 12, 590 (2000).

18) B. He, N. A.Patankar and J.Lee ; Langmuir, 19, 4999,
(2003).

19) B. Qian and Z. Shen ; Langmuir, 21, 9007 (2005).

20) X.Zhang, M. Jin, Z. Liu, S. Nishimoto, H. Saito, T. Mura-
kami and A. Fujishima ; Langmuir (Letter), 22, (23), 9477,
(2006) .

21) &JF % WA p.o266 (LEtkaEtt, 2003).

22) HIREE ; #o-T R - MREIELC E T, p. 155 (@01k
2EFELA, 2004).

23) F. Schreiber ; Progress in Surface Science, 65, 151 (2000).



