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ABSTRACT: The work aims to study the effects of microstructure surface with different morphologies on the wettability of
metal surface. Firstly, the first-level and second-level microstructure models were established on the surface of metal materials,

and then the formulas for evaluating parameters of different structure models were worked out. Finally, the relevant formulas of
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different morphologies were simulated by Matlab to draw 3D curves of surface wetting characteristics of different
morphologies. In first-level microstructure, the apparent contact angle # on spherical structure was constant, 6,=74.443° in
complete wetting state and 6,=131.720° in incomplete wetting state. For remaining microstructure models, smooth
three-dimensional curves could be obtained by Matlab simulation. The three-dimensional square-column array microstructure
could be designed and fabricated on the copper-based surface to obtain super-hydrophobic characteristics. In secondary
microstructure, compared with relatively complete wetting state, incomplete wetting roughness factor f was far less than Y
completely. The roughness factor f'was almost close to zero in the incomplete wetting state. Compared with the apparent contact
angle results simulated by the complete wetting state, the three-dimensional array microstructure was most suitable for studying
the effect of the metal surface microstructure on the apparent contact angle. Changing the microscopic morphology of the metal
surface causes a change in the wetting property under the same simulation conditions. The wetting property of the metal surface
has a mapping relationship with the surface microstructure and microstructure parameters, but the dimension of the surface
microstructure is not as high as possible, and the first-level microstructure can also obtain the desired hydrophobic properties.
When the external factors are the same, if the influence of the change of the microstructure parameters on the surface of the
metal on the apparent contact angle is required to be studied, the effect of the three-dimensional array microstructure is the most
suitable.
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Fig.1 First-level microstructure model: a) two-dimensional parallel grating structure; b) three-dimensional circular groove
microstructure; c¢) three-dimensional square column array microstructure; d) spherical microstructure
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Tab.1 Primary microstructure surface

Microstructure Formula Serial
number
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column array a
structure f= @by (8)

Y=129
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structure 2n(1-| cos @, |) +16 —msin’ 6, (9)
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Tab.2 Secondary microstructure surface

Serial

number
o 4n Y

Three-dimensional square Y=|1+ - (10)

column array structure and (a+b)

three-dimensional square 4 2
= —— (1)
(a+bd)

Microstructure Formula

column array structure

4h
Three-dimensional square ¥ = (1+ @ +b)2}< 129 (12)
column array structure and
spherical microstructure f= G fb)z % 0.2769 (13)
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Fig.3 Wetting surface roughness factor on the first-level microstructure: a) two-dimensional parallel grating microstructure;
b) three-dimensional circular groove microstructure; c¢) three-dimensional square column array microstructure
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Fig.4 Apparent contact angle on wetting surface in the first- level microstructure: a) two-dimensional parallel grating
microstructure; b) three-dimensional circular groove microstructure; c) three-dimensional square column array microstructure
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a) three-dimensional square column array and three-dimensional square column array microstructure;
b) three-dimensional square column array structure and spherical microstructure

g5 LITRAMER B, 5 =4 A RS S B A
PREEIR L, FEAMESLSII R A A6 T, 4 3% 1w ]
o = HEITAERE S S = 4R DT RERES A, FEATH R
VERE T4 o WF5E A BT A < Jm e 1 o 2 — Bl
F R E AN 2K R R, e B = 4R D7 AL R3]
5 =475 B S A B T SRR fe o T Y

2.3 AEKMEMEN

F— YA R R, BRERIE A RS, 7
AR AT T, =275 [ 9 (ol R A 28 3 T 3 WL
LV LSRN e S ey ) SN ] L DAL
R P A R R R i Rl A, HOAN S8 TR S
&, FEH R R A = A AR A, SRR

H IR PR S R B K P o AL T — S0 i, B 2%
IRV AT OO A M AR, A e T A ) KR
FE I3 AW ol — S s h A B i g o AR 5 BV R A 2%
WL ik £y 59072 PR B2 AN X A B, LS B2 PH IS 4
KA BB & o 2 A i R, A
FATRIRE BE RS AD S H, — AR AR 2R T 1) B K S8R
BEBCR T T 4

3 #Hit
1) B PERR B s e O

AL HE TR L . B2 HRRET, 76
B B S K SR TEIN A/ ah Al b, SR K P



6 - % W o# A

2019 4 8 H

MAEATE T RRRAS T, 5 2 10 232 K 1 i T4/ 40
LR, EHROR PR AE  B K o

2) BUUZMEHRIRIE LT, 5 B b & s
B THI TRl 44 4 2 0B A0 0 38 O fik A )R D, [ A
A AR RAFHCR K VERE , SR = 4R RS 4 1
WFFERCR B A 738

3) AR AR T R 1 R 5 2 T A AL LA AL
LS BUAFAE M C AR, (B 3R I A TRt 4 2 2 I
Ry, — S T LA B B K PERE
RII-th P A% B AH L A UL ok A

SE k-

(11 EF, S SO, 55 T BeK R et
JE[I]. WrBE2E4, 2013, 62(14): 370-384.

WANG Ben, NIAN Jing-yan, TIE Lu, et al. Theoretical
progress in designs of stable superhydrophobic surfaces
[J]. Acta physica sinica, 2013, 62(14): 370-384.

2] A1 SRR AEBUNEF BT KA B FAERERT

SE[D]. TN eI T RAE, 2015.
FU Ting. Study on design & manufacture and heat and
mass transfer performance of micro/nanostructure for
metal surface[D]. Gangzhou: South China University of
Technology, 2015.

[31 JR R E J, DETTRE R H. Contact angle hysteresis. III.
study of an idealized heterogeneous surface[J]. Journal of
physical chemistry, 1964, 68(7): 291-296.

[4] GENNES P G D. Wetting: Statics and dynamics[J].
Review of modern physics, 1985, 57(3): 827-863.

[S] HERMINGHAUS S. Roughness-induced non-wetting[J].
EPL, 2007, 52(2): 165-170.

[6] OTTEN A, HERMINGHAUS S. How plants keep dry: A
physicist's point of view[J]. Langmuir, 2004, 20(6): 2405-
2408.

[71 PATANKAR N A. Mimicking the lotus effect: Influence
of double roughness structures and slender pillars[J].
Langmuir the ACS journal of surfaces & colloids, 2004,
20(19): 8209-8213.

(8]  AMRIK. A A WAt R B w8 b H R fE
WFE[D]. YL TLIRKE, 2007,

LI Bao-jia. Design and fabrication of bionic periodic mic-

[12]

[13]

[14]

[15]

rostructured surfaces and study on their wettability[D].
Jiangshu: Jiangsu University, 2007.

W, TERK, P, & OBEUKRE RS
FUHERE[T]. MORHTE, 2012, 26(5): 74-78.

GUO Shu-hu, YU Zhi-jia, LUO Ming-bao, et al. Research
progress in wetting theory of superhydrophobic surface[J].
Materials review, 2012, 26(5): 74-78.

BRI, AR, XN, % B BK R U R
[7]. WAL T, 2016, 45(12): 2347-2350.

LI Hao-yuan, GU Xiao-yu, LIU Li-yan, et al. Research
progress of super-hydrophobic surfaces[J]. Applied chemical
industry, 2016, 45(12): 2347-2350.

fpiEaz. HF MATLAB B T — ZE RO 50 15 Ak
SAHTI]. SRR, 2007(S1): 104-105.

ZHONG lJin-an. Surface 3D micro-topography analysis
using image processing technology based on MATLAB[J].
Optical technique, 2007(S1): 104-105.

SKIBAE . R IBT 7K R T TS A8 X B K P R P M K )
HI[D]. i WK, 2013

ZHANG Hong-yun. Influence of microstructure for sup-
erhydrophobic surfaces on superhydrophobicity and its
application[D]. Xiangtan: Xiangtan University, 2013
WENZEL R N. Resistance of solid surface to wetting by
water[J]. Ind eng chem, 1936, 28(8): 988-994.

CASSIE A B D, BAXTER S. Wettability of porous
surfaces[J]. Trans faraday soc, 1944, 40(1): 546-551.
SEWLL, MR, HES S — M2 R A B EK R
il 25 [J]. ToHLAb2E2AR, 2006(5): 785-788.

SU Chang-hong, XIAO Yi, CUI Zhe, et al. A simple way
to fabricate multi-dimension bionic super-hydrophobic
surface[J]. Chinese journal of inorganic chemistry, 2006(5):
785-788.

LIU Qiao-peng, TANG Yong, LUO Wen-jie, et al. Fabri-
cation of superhydrophilic surface on copper substrate by
electrochemical deposition and sintering process[J]. Chinese
journal of chemical engineering, 2015, 23(7): 1200-1205.
JE R oK 2oL 2 T ol A ol i B L A S P
PHT[D]. T AR TR, 2015.

TANG Tao. The manufacture of nanoporous copper surface
structure and its pool boiling enhancement performance
[D]. Gangzhou: South China University of Technology,
2015.



