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Hydrophobicity of Metal Surface
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ABSTRACT: Surface hydrophobicity is the hotspot of scientific research in recent years. In daily life, spherical water droplets
can be observed on the surface of the lotus leaf, they can roll on the lotus leaf and take away dust as well. It was found that the
surface of lotus leaf exhibited excellent hydrophobicity and self-cleaning characteristics, mainly due to its surface microscopic
rough structure and low surface energy substances. Causes of the hydrophobicity on lotus leaf were summarized, and it was
pointed out that there were a number of micrometer mastoids on lotus leaf under some nanoscale structures. This nanostructure
was the root cause of super-hydrophobicity. The important theories of hydrophobic surface were concluded. The Young equation
associated tension with contact angle of droplets on flat and smooth surface. Wenzel model introduced roughness factor based on
the Young equation. The droplets in the Wenzel model formed a non-compound wetting state in which the droplets were in com-
plete contact with solid surface. The Cassie equation was an extension of the Wenzel model, contact between the droplets and

solid surface was complex type which was mixed with a certain amount of air. On this basis, the preparation methods of surface
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hydrophobicity in recent years were reviewed, including chemical method, special processing method and micro-cutting method.

Finally, existing problems in hydrophobic surfaces were expected.

KEY WORDS: metal; hydrophobicity; contact angle; microstructure
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Fig.1 Micro-nano structure of lotus leaf surface
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Fig.2 Schematic diagram of water droplets on a smooth surface
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TR AE A R RST B A0 A9 42 1) 45 g AN ()RR i
T A2 A ), SR B K BB T T 40T o
Tk, iz R R s Bh BRI TR, 2 g
B ISR ZE A HES 25T, HLE R B 0, sk e &
ARG T FRZH 20 ~ 100 um? (& 7b), Hir, ik
RS G HES , BB —E BRI, (B K
PR T S5 B I T2 1w A W 4 A 0 EL R A g

a FiEBEH

R PCRE G (18] 7a), AN TR0 XS AEFHAI [
BOLSE . Y A RSB S , EaEas AR
INBIZRAETR R B — R I, AR M 0 T v
S R i £ DR R I M A T N R A 5 Y
B R B —E N, IR0 AR R B TR R
A2 i Ff J LT TE 2251

b R B H

Bl 7 BE R P B BEEI T SEM [A]

Fig.7 SEM image of normal milling (a) and ultrasonic-assisted milling (b)

4 EREIKMERERNA

Wit 5 X A R TR K AR PRI TE RO TR A, AT TR
AKPERT AT TR GA T —E AR BLnS, mik
P THTLE AN [ AU P 1 IO o A 92

He g R RE Iz FTRIT] o A w4 KBl E
SEAEIE FLIS I R, AT AR A ) 4 9 B A2 0 s AR 4

PEXBEI R Z5 BORGR o EFE M Is i, femsrelih
T (1) 7K P R VT LA DB 2 K 1 e %> Sl S i
TP AR R B A LY, TR o e sk AR AT Bl
R P R TR K T B BT, 4 e A A i e

TEJHVEHARE I, R B A i 6 4 1 2 R BTAZORL
TE BRI B o P AL 90 3R BEA T R, nT UK
SR 2 T R TET AR B I 3 P R Bl A i A



- 158 - £ om

&

2017 4F 12 A

TEAR TS T8 PN B bR P /K PR T, 38 1k 38 K P i
T P Bl R RS HLSE G, A5 H KR B K P S N A I
Bl FH 7 85 K AT AR 25%

TEA Y B2, MR R T HH S A TUE Y .
I B AKE SR 0 ) AW T RRE, v LU R 6 AR P A
K, WA AR YL . FEIGIRIR YT I, BB K k2
T B0 MR AR SR P A b o SR A ST R, AT T
M3 TR 2 ik R 2 T % e i/ N A R 2 R R
LA R K M B %) 2 T X I /N B LT A AT ] R
EH .

FEH A, &R R, SIS 2w 4G
L, AR TSR T, AR E R RE
SO0V 5 S BRAE 25 R R A 2 v (o F B K A R
ARG G 25 FR Y [, IR BRAIR T 25 A M, JE K
TS PR R KPR RA 1T LU T A LR
Fi b, AMUBEA BB IEFUE | 457 . 450KEB
%, WREMRIEEZ (G T iRt

5 &5iE

BB AT BIEKPELE FYE I . B gt | Wi sl
BEL % A it A T 451 i % 40T dml 45 2 3L A R A 1 T A
a2, Bar, sk EIEH R Z , (HIFARE
TR, Ho o THOBUR B g, Bl
ARER, ANRERMBLE ™ . TEI T KPR E R, &
SRR VBRI EOR ] 5 i SRR BT 2, AR
RERCTHT AR AR 7™ o LUK, 1l 46 B K PR T A 2 A
HELUA I ) AR, X TAR AR A7 R A o 25 1)
B KPR W2 B AR, ARMERRIEE, AnTIER
PESC Bl K PERE . D350, R AIBOTEI N T2 i 4544 /Y
JUATIE A - ROSE R T 10 e P A G IR 2R A 1
WEoE, ARFE— S RARI.

S -

(1] F&E, &8z, w2, 55 RSB X R A

R R K M R S R[], b E R 1 T AR, 2009(6):
30-35.
ZHOU Rui, JIN Hai-yun, GAO Nai-kui, et al. Influ-
ence of Surface Roughness on Superhydrophobicity of
Silicone Rubber Surface[J]. China Surface Engineer-
ing, 2009(6): 30-35.

2] Ak, ReEm, HaEIR. DA e K R AR KA

Fp;HI]. BB R, 2015(5): 42-45.
YU Bin, WU Xue-zhong, XIAO Ding-bang. The Bio-
nic Superhydrophobic Surface Technology and Its Mil-
itary Application[J]. National Defense Science and
Technology, 2015(5): 42-45.

(3]  BH], SKEHZR, TROCHE, S, BRAVRAE BT K SR Y
Rk R [I]. AL TR AR AL, 2013(3): 155-157.

(3]

(6]

[10]

[11]

[12]

[13]

ZHAO Li, ZHANG Li-dong, XU Wen-hua, et al. Re-
search Progress in Preparing of Superhydrophobic
Surface by Carbon Nanotubes[J]. New Materials for
Chemical Engineering, 2013(3): 155-157.

A, RGN, SR, AR BRELR b AR e R
BiKE W 4510, JERTEE T oR2A243R, 2012, 32(3):
327-330.

LU Shi-xiang, SHI Xiao-feng, SU Dan, et al. Prepara-
tion of Tin-containing Superhydrophobic Surfaces on
Zinc Substrate[J]. Transaction of Beijing Institute of
Technology, 2012, 32(3): 327-330.

SRR, BRETE, DRI, AF. SO A R
MK HEE[]. )N T, 2015(11): 72-73.
ZHANG Wan-qiang, CHEN Xin-hua, SHEN Da-cheng,
et al. Preparation of Super-hydrophobic Films by Dis-
placement Reaction on the Surface of Zinc [J]. Guang-
zhou Chemical Industry, 2015(11): 72-73.

FENG L, LI S, L1'Y, et al. Super-hydrophobic Surfac-
es: From Natural to Artificial[J]. Advanced Materials,
2002, 14(24): 1857-1860.

CALLIES M, QUERE D. On Water Repellency[J]. Soft
Matter, 2005, 1(1): 55.

RORYE, 1R, $IER, 5. RIIK I X BK S
FE I BH A SE M [T]. WA, 2014(5): 290-298.
SONG Bao-wei, REN Feng, HU Hai-bao, et al. Drag
Reduction on Micro-structured Hydrophobic Surface
due to Surface Tension Effect[J]. Acta Physical Sinica,
2014(5): 290-298.

G, BOSE, e, . NTH@E RERES
250 B B MR ST (0], W FE AR, 2009(1): 421-
426.

GAO Peng, GENG Xing-guo, OU Xiu-long, et al. Drag-
reduction Property of Composite Structure Surface with
Planar Quasicrystal[J]. Acta Physical Sinica, 2009(1):
421-426.

MISHCHENKO L, HATTON B, BAHADUR V, et al.
Design of Ice-free Nanostructured Surfaces Based on
Repulsion of Impacting Water Droplets[J]. ACS Nano,
2010, 4(12): 7699-7707.

JAZES, AR, KAk, A WD -BH AR EAL- 9 AL
Ab PRAE SRR A 4 R LK R TAT[T]. i 2 Al 2727 4,
2010, 31(3): 456-462.

ZHOU Quan-hui, YU Xin-quan, ZHANG You-fa, et al.
Fabrication of Superhydrophobic Surface on Alumi-
num Alloy by Sandblasting-Anodizing-Fluorination[J].
Chemical Journal of Chinese Universities, 2010, 31(3):
456-462.

W&, 22U, N, T 90Kk Tio, W #;
BT 2S B PE RE R 9T [J]. 2 &3R8 T/, 2017(4):
72-76.

LIU Ying-chun, LI Hong-wei, XIE Zhen-bo. Properties
of New Aecrospace Coating Based on TiO, Nanopar-
ticles Added[J]. Equipment Environmental Engineer-
ing, 2017(4): 72-76.

W, I, AT, AR BUKPE RS R AR



Haot 121

TR &R muK TR - 159 -

[16]

[19]

SEUKFHEDF ELWPIE )] RIHA, 2016(9): 145-153.
HU Chao, BAI Qing-shun, BAI Jin-xuan, et al. Simu-
lation Research of the Anti-icing Micro-structured
Surface[J]. Surface Technology, 2016(9): 145-153.
TUTEJA A, CHOI W, MABRY J M, et al. Robust Om-
niphobic Surfaces[J]. Proc Natl Acad Sci U S A, 2008,
105(47): 18200-18205.

SALE, BERR, £¥, 5 ﬁﬁﬁ%ﬁﬁ%%%é
T PE RE bR B O BE R (7). B A PR TR,
2016(6): 120-129.

SHE Zu-xin, MOU Xian-liang, WANG Ling, et al. Re-
search Progress of the Superhydrophobic Surfaces for
Improving the Corrosion Resistance of Magnesium
Alloy[J]. Equipment Environmental Engineering, 2016
(6): 120-129.

WRUH, SKIEER, kEE, SF. ARG IRIZ T 508340
B 4 I I K DhovE B BT 9T (D], R A BR B TR,
2016(4): 28-34.

CAO lJing-yi, ZHANG Han-lu, ZHANG Feng, et al.
Seawater Corrosion Performances of 5083 Aluminum
Alloy under Antifouling Coating Systems[J]. . Equip-
ment Environmental Engineering, 2016(4): 28-34.
shal, EJRSE, ERUR, & P ERIARDTEIES
5B OC R I E AROR (TR,
2008(1): 110-115.

HAN Zhi-wu, QIU Zhao-mei, WANG Shu-jie, et al.
Relationship between Non-smooth Appear and Wetta-
bility of Plant Leaf Surface[J]. Journal of Jilin Univer-
sity (Engineering and Technology Edition), 2008(1):

110-115.
W AE % D7 AR K A KR e R e TR T R E 5

[D]. KJF: KJFF T K, 2014,
YU Hua-bing. The Study on Biomimetic Superhydro-
phobic Nano-materials/Polyurethane Coating[D]. Tai-
yuan: Taiyuan University of Technology, 2014.
HEE, B, B, . SIS AR g
SRTERELI]. RIRATIMM BT 5 0T %2, 2014(1): 92-95.
JIANG Guan-cheng, LI Ying-ying, XUAN Yang, et al.
Gas Adsorbing Capacity for the Surface of Gas-we-
tted[J]. Petroleum Geology and Oilfield Development
in Daqing 2014(1): 92-95.
JIANG L, WANG R, YANG B, et al. Binary Coopera-
tive Complementary Nanoscale Interfacial Materials
[J]. Pure & Applied Chemistry, 2000, 72(1-2): 73- 81.
KA . BT 2K 2 I TR AS R R LB K RE AR5 R K
BFI[D]. AP WK%, 2013,
ZHANG Hong-jun. Influence of Microstructures for
Superhydrophobic Surface on Superhydrophobicity
and Its Application[D]. Xiangtan: Xiangtan University,
2013

T8, k. PiAEE
%Tﬂmﬁﬁjml
JIANG Lei, FENG Lin. Bionic Intelligent Nano-inter-
face Materials[M].
2007.

EQUR AL ARL M. dEst: fb

Beijing: Chemical Industry Press,

[23]

[24]

[30]

[31]

[32]

[33]

[34]

[35]

VUK, FH, BRIET, S BBUK A RORIT I
JE[T]. AHLEEM AL, 2015(3): 256-259

HE Cheng-xiang, LI Jian, CHEN Xiu-ning, et al. Re-
search Progress on Super-hydrophobic Self-cleaning
Painting[J]. Silicion Materials, 2015(3): 256-259.
FIE. G R 0 SRR D], BRI
R Tl K5, 2014,

WANG Xian. Preparation and Wettability of Superhy-
drophobic Copper Surface[D]. Zhuzhou: Hunan Uni-
versity of Technology, 2014.

EWe . B A 2 RO B K By e 2R T 1 ) w5 Sk
AE[D]. & HEAAMARY: (4K ) | 2012
WANG Xiao-long. Preparation and Properties of Mul-
ti-scale Hydrophobic Functional Surface of Steel Bio-
nic[D]. Qingdao: China University of Petroleum (East
China), 2012.

YOUNG T. An Essay on the Cohesion of Fluids[J].
Royal Society of London Philosophical Transactions,
1805(95): 65-87.

WSERY . BPRLERTE S R H(M]. B
Hi A, 2008

HU Ding-zeng. Material Surface and Interface[M].
Shanghai: East China University of Science and Tech-

HERI TR

nology Press, 2008.
WENZEL R N. Resistance of Solid Surfaces to Wetting
by Water[J]. Ind Eng Chem, 1936, 28(8): 988-994.
W, BT, WA, S BEUK AT HIRZ A K
HARMPFR IR T EFRETRE, 2016, 29(4):
10-22.
YANG Qin, LUO Zhuang-zhu, TAN Sheng, et al. Re-
search Progress in Anti-icing Technology of Super-
hydrophobic Self-cleaning Coating[J]. China Surface
Engineering, 2016, 29(4): 10-22.
Favh, TESKGE, BRARAL Cassie IR F] Wenzel RS
B I]. f T 224, 2011, 62(5): 1352-1357
SUI Tao, WANG Jia-dao, CHEN Da-rong. Energy
Analysis for Transition from Cassie State to Wenzel
State[J]. Acta Chimica Sinica, 2011, 62(5): 1352-1357.
CASSIE A B D. Contact angles[J]. Discussions of the
Faraday Society, 1948, 3(5): 11-16.
WENZEL R N. Surface Roughness and Contact An-
gle[J]. Journal of Physical & Colloid Chemistry, 1949,
53(9): 1466-1467.
WREE. 05 4 i il 2K 3% T ) 2 Kk REWF 5T [D]. s
BT AR, 2012.
CHEN Yu. Study on the Preparation and Properties of
Bionic Superhydrophobic Surface[D]. Wuhan: Wuhan
University of Engineering, 2012.
TROCHE, RETE, FhAL, A5, 4 Jm R M /K 3 I
& R R RS R (7). AR T AR, 2011(5): 93-98.
XU Wen-ji, SONG Jin-long, SUN Jing, et al. Progress
in Fabrication and Application of Superhydrophobic
Surface on Metal Substrates[J]. Materials Engineering,
2011(5)' 93-98.

- - A R i R ) ) O A R R K R E



+ 160 - #F om #H K 2017 4E 12 A
D] KUb: Wm TR, 2014, TIAN Fei-fei. Superhydrophobic Nickel Films Fabri-
CAO Ling. Study on the Preparation of Micro-Nano cated by Electro/Electroless Deposition[J]. Journal of
Structured Metal Surfaces and Their Bionic Superhy- Fudan University (Natural Science), 2012, 51(2): 163-
drophobic Properties[D]. Changsha: Hunan Normal 167.
University, 2014. [46] ZEtfg. 5 AE s K 4 Jm 2% 1w FHAF T #E R (0], s
[36] BARSCHE. ARG B B 7K 3R 160 1 J2 00 i 25 B LMk g w R T A2, 2017(10): 98-104.
5E[D). LM b AgiE KAE, 2013. JI Mei. Researching Advances in Application of Bio-
CHEN Wen-ting. Study on Fabrication and Preparation inspired  Superhydrophobic = Metallic  Surface[J].
of Low-adhesive Superhydrophobic Surface Coatings Equipment Environmental Engineering, 2017(10):
[D]. Shanghai: Shanghai Jiao Tong University, 2013. 98-104.
(371 AU, BRI b AT R IR 1 A B X)) RE I Y [47] RE. BKRIM MBS MBEEIIN T AR5
Hil 45 [D]. =M PYILIBIE R, 2012. [D]. PFea: LHZRR%E, 2015.
DAI Xue-yu. Fabrication of Bifunctional Thin Films SONG Hao. Investigations on Design and Micro-milli-
with Unusual Wettability on Copper Substrate[D]. ng of Micro-textured Hydrophobic Surface[D]. Jinan:
Lanzhou: Northwest Normal University, 2012. Shandong University, 2015.
[38] & R, B/ BB K G 4 2 18 ) A% B I U BE [48] THIEME M, STRELLER F, SIMON F. Superhydro-
WET[D]. Ki%E: RIEBT K2, 2015. phobic Aluminium-based Surfaces: Wetting and Wear
GAO Yu-ze. Preparation of Superhydrophobic/ Supe- Properties of Different CVD-generated Coating Types
ramphiphobic Titanium Alloy Surface and Research on [J]. Applied Surface Science, 2013, 283(20): 1041-
Drag Reduction[D]. Dalian: Dalian University of 1050.
Technology, 2015. [49] 2R, MBI/K 4 & FR 1w 0 & B AR X HLEL A
[39] EBHFIT. EHL KM R BB BUR B D). Bk [D]. K&F: KEMT Y, 2014,
5T 5 R, 2010(3): 161-163. LOU Jun. Fabrication Technology of Superhydro-
GUO Chun-fang. Research Progress and Application of phobic Metallic Surface and Analysis of Wetting Me-
Super-hydrophobic Materials[J]. Materials Research chanism[D]. Changchun: Changchun University of
and Application, 2010(3): 161-163. Science and Technology, 2014.
[40] DUPARRE A, FLEMMING M, STEINERT J, et al. [50] ZE&. JLAMAS [ IS 188 B K 2 1 A9 il 7% 5 R AE
Optical Coatings with Enhanced Roughness for Ultra- [D]. 22 PEALIRTE K27, 2014,
hydrophobic, Low-scatter Applications[J]. Appl Opt, CHE Yuan. Preparation and Characterization of Su-
2002, 41(16): 3294-3298. per-hydrophobic Surfaces on Several Different Sub-
[41] @M, 07, RERE. e SRR DBH KRR T strates[D]. Lanzhou: Northwest Normal University,
il # LOLPERE[D]. MR RL S 5 TR 224, 2010(3): 2014.
448-452. [51] dle, #/NA, BESH, % SREREBRTH
ZHAO Kun, YANG Bao-ping, ZHANG Jun-yan. Prep- SR R R i A R R = s = =
aration and Performance of Super-hydrophobic Surface 2013(3): 173-181.
on an Aluminum Alloy[J]. Journal of Materials Science MENG lJian-bing, DONG Xiao-juan, HUANG Xue-
and Engineering, 2010(3): 448-452. mei, et al. Research Development of Anti-adhesion
[42] g, TER, TIRK, & A48 EK FlBHK Surface of Metal Matrix Rubber and Plastic Mold[J].
RMPHIET]. mR b TR, 2008, 22(1): 6. Journal of Hebei University of Science and Technolo-
LI Yan-feng, YU Zhi-jia, YU Yue-fei, et al. Fabrication gy, 2013(3): 173-181.
of Superhydrophobic Surfaces on Aluminum Alloy[J]. [52] KONG L B, CHEUNG C F, TO S, et al. Modeling and
Journal of Chemical Engineering of China Universi- Characterization of Generation of 3D Micro-structured
ties, 2008, 22(1): 6. Surfaces with Self-cleaning and Optical Functions[J].
[43] QING Y, YANG C, SHANG Y, et al. Facile Approach Optik-International Journal for Light and Electron Op-
in Fabricating Hybrid Superhydrophobic Fluorinated tics, 2013, 124(17): 2848-2853.
Polymethylhydrosiloxane/TiO, Nanocomposite Coat- [53] ASHIQUR R M, JACOBI A M. Wetting Behavior and
ings[J]. Colloid & Polymer Science, 2015, 293(6): Drainage of Water Droplets on Microgrooved Brass
1809-1816. Surfaces[J]. Langmuir the Acs Journal of Surfaces &
[44] BELAANTI L, OGIHARA H, MAHANTY S, et al. Colloids, 2012, 28(37): 13441-13451.
Electrochemical Behaviour of Superhydrophobic Coat- [54] &HaFy, A EE, SKEAMT. m A RUBE A dE e K R
ing Fabricated by Spraying a Carbon Nanotube Sus- B4 FRMI). PEEm TR, 2013, 26(5): 37-42.
pension[J]. Bulletin of Materials Science, 2015, 38(2): WAN Yan-ling, ZHANG Xue-rui, ZHANG Liu-xin.
579-582. Hydrophobic Aluminum Alloy Surface Fabricated by
[45] HAEFE. B DIBE G B e KR HED]. E8 High Speed Micro-milling Technology[J]. China Sur-

FI AR /R, 2012, 51(2): 163-167.

face Engineering, 2013, 26(5): 37-42.



Haot 121

TR &R muK TR - 161 -

[55]

[57]

[58]

[59]

WY, R, TR, o mEEsENEmE ek
THHLAS 2 1) 22 F8 AR IE SIS WE ST (7], T LA T2,
2013(24): 3278-3282.

WAN Yan-ling, ZHANG Xue-rui, YU Hua-dong, et al.
An Multi-index Orthogonal Test Study of Aluminum
Alloy Surface Roughness Using High Speed Micro-
milling Process[J].
2013(24): 3278-3282.
THOMRIRE . 7 iR Sl Al B A ) i T T A JEE 4 1 g
WF5E[D]. Trma: AR K, 2012

XING Dong-liang. Study on Tribological Properties of
Ultrasonic Vibration Assisted Milling Surface[D]. Ji-
nan: Shandong University, 2012.

B [ P I 0 Al B A ) e AR 5 T ST AL B
RMPERENTFE[D]. Hrra: AR K, 2016.

TAO Guo-can. Study on the Forming Mechanism and

China Mechanical Engineering,

Surface Properties of Ultrasonic Vibration Assisted
Milling for Squamous Surface[D]. Jinan: Shandong
University, 2016.

NOSONOVSKY M, BHUSHAN B. Superhydrophobic
Surfaces and Emerging Applications: Non-adhesion,
Energy, Green Engineering[J]. Current Opinion in
Colloid & Interface Science, 2009, 14(4): 270-280.

F PR, BB 7K A ) K T DR A AL ) B Ay AR

D]. K&: KEMT R, 2013.

[60]

[61]

[62]

WANG Qing-cheng. The Mechanism of the Super-
supporting Force of Super-hydrophobic Biological and
Its Bionic Research[D]. Changchun University of
Science and Technology, 2013.
PRGBS 90K A RTS8 3 T R8T (0]
TFHA, 2003, 40(12): 47.

CHEN Zhi-ming. National Nano-materials Research

.

Implied in Innovation[J]. Microelectronics Technology,
2003 40(12): 47.

WA, B K )2 B A S CHAE R R 5 v Y Bl
W@ﬁhﬁﬁ[ - KU REREE, 2014,
FAN You-hua. Study on Preparation of Superhydro-
phobic Coatings and Its Anticorrosive Property in the
Simulated Environment[D]. Changsha: Central South
University, 2014.
R, KA, R, EJE ORI K K 1 R H
Lo H[CIE & <$E%m>@ﬂ40ﬁ$§2mz
A R ] AT M B AR B AR IR SR BRI [
J#E A TE], 2012.
WU lJie, ZHANG You-fa, YU Xin-quan. Preparation
and Application of Metal Bionic Superhydrophobic
Surface[C]//Commemorate the 40th Anniversary of the
Founding of Metal Products and 2012 Technical In-
formation Exchange of Metal Products Industry. Ji-

yuan: [s. n.], 2012.



