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Abstract: Surface roughness and surface free energy are two of the most important influence factors of superhydrophobicity. To
fabricate the superhydrophobic metal surface with micro/nanoscale hierarchical structures and low surface free energy, two-step
electrodeposition method was employed to construct microscale and nanoscale structure with low surface free energy. The surface
morphologies and composition of coatings with different deposition time ( They were named Zn, Zn/Zn myristate—0. 5, Zn/Zn myristate
-1 and Zn/Zn myristate-2 on the basis of the deposition time, respectively) were characterized by SEM, EDS and FTIR. The
superhydrophobicity, corrosion resistance, self-cleaning effect and chemical stability of metal coatings were evaluated by contact angle
measuring instrument and electrochemical workstation. The results show that Zn/Zn myristate surface has micro/nanoscale hierarchical
structure,, which is composed of microscale polyhedral Zn and nanoscale flake-like Zn myristate. As the deposition time increases,
flake-like Zn myristate gradually grows and forms reticulate structures. The Zn/Zn myristate-2 coating shows excellent

superhydrophobicity (CA=156.7+1.5°, SA=2.5+0.3°), corrosion resistance and self-clean due to its unique micro/nanoscale
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structures and low surface free energy. Stability test result shows Zn/Zn myristate-2 coating exhibits excellent chemical stability in air

(12 weeks) and 3.5 wt. % NaCl solusion (6 d).

Keywords : electrodeposition; micro/nanoscale hierarchical structure; superhydrophobic; self-clean; stability
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Table 1 Electrodeposition parameters of the coatings

. Electrolyte 1 Electrolyte 2
Specimens ; - T - : - o -
Current density j/( A+-dm ) Deposition time ¢/min Current density j/(A-dm™") Deposition time ¢/min
Pure Zn 0.5 60 / /
7Zn/Zn myristate=0. 5 0.5 60 2 0.5
Zn/Zn myristate—1 0.5 60 2 1
Zn/Zn myristate-2 0.5 60 2 2
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Table 2 Elemental composition and content of the coating

Specimens Zn/wt. % C/wt. % 0/wt. %
Pure Zn 99.03 0.55 0.42
Zn/7Zn myristate=0. 5 93. 14 5.71 1. 15
Zn/Zn myristate—1 78. 68 17.83 3.49
Zn/Zn myristate-2 61.85 31.97 6.18
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Table 3 Electrochemical corrosion data of the coatings

Specimens E../(Vvs Ag/AgCl) . /(A/cm?)
Pure Zn -1.21 6.94x107°
Zn/Zn myristate—0. 5 -1.17 4.58x107°
Zn/Zn myristate—1 -1.06 6.17x107°
7Zn/Zn myristate-2 -0.97 4.03%10°°
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14 Zn/Zn myristate-2 P 2 HCE TR #5 25 19 = IR
b AR 2 R (14 d) I — WA A AR S M, th
Kl 7a A] LA, 12 B )G, Zn/Zn myristate-2 8% JZ K
SRF I S B B /KR (H2 ik A > 150° TR S A
<10°) , 3% 1 B 32088 B K 9 2 e 25 b B B i
e tt, ¥ Zn/Zn myristate-2 #% )2 IR W EER T
3.5 wt. % NaCl ¥, 4300 2 d I — UK HE il Ay MR
A (K Tb) . REIR, TERT 6 d,Zn/Zn myristate-2
FEELIGAE 7 B2 1) ik £ TR Bl AR AR AN I MRAR R
B 0 5 0 R KR 3K B8] 7/ Zn myristate-2 B
JEAE 3.5 wt. %11 NaCl ¥ 0H BAT DG 57 1Y Mg K AR

60
160 |-
140+ 150
é) 120+ lao o
g 100p %;D
3 130
£ 80 &
S =
5 00r 120
= 4
= 40t
- —{10
20
0 0
0 14 28 42 56 70 84 98 112
Time/d
(a) Stability in air
160 - 90
140 - 80
Ciof o
= 60 &
2100 2
2 50 2
g 80 8
g 40 F
15 N =
5 60 0%
S 40t
= 20
20 - 10
0 0

Time/d
(b) Stability in 3.5 wt.% NaCl

Bl 7 Zn/Zn myristate-2 FEBT K R A9 EE M
Fig. 7 Stability of Zn/Zn myristate-2 coating



186 2 B X W L B 2021 4%

SEPESY 6 d A R TR | 2 A T 45 A
ST A AR A i A R R AR, S R
B,

3 B

(1) 38 528 7 20 H AR e o 4 1 381 o fOK RUBE
Z AR EE BRI RUEE Rtk A+ DURR BEA LAY Zn/
Zn myristate #%)Z

(2) 155 T HIREFFIR BTN o a5 FR R
TRELL 57, Zn/Zn myristate-2 P )2 32 80 H 1 5 i
HiK (156. T+1. 5°) FRAFHTE (2. 5£0.3°)

(3) Zn/Zn myristate-2 # 5 K95 2 R I L 7
FOTIR B ot | Y T A 2 R e 1

£ £ X M

[1] CAO W T, FENG W, JIANG Y Y, et al. Two-dimensional
MXene-reinforced robust surface superhydrophobicity with self-
cleaning and photothermal — actuating binary effects [ J ].
Materials Horizons, 2019, 6. 1057-1065.

[ 2] DsKANOVSKY L, ELASHNIKOV R, KUBIKOVA M, et al.
Dual-action flexible antimicrobial material: Switchable self-
cleaning, antifouling, and smart drug release [ J]. Advanced
Functional Materials, 2019, 29: 1901880.

[3] YANGY, LI X J, ZHENG X, et al. 3D-printed hiomimetic
super-hydrophobic structure for microdroplet manipulation and
oil/water separation [ J ]. Advanced Materials, 2018, 30.
1704912.

(4] A, RN, RN, 5. FEBT/K/ 8 MR R 2w i) —

Hil s SOHAK B R[], h R E TR, 2019, 32
(1): 31-37.
ZHANG D G, LI L H, WU Y L, et al. Preparation of
superhydrophobic and superoleophilic surface on Cu mesh by one-
step method and its application in oil-water separation[ J]. China
Surface Engineering, 2019, 32(1): 31-37. (in Chinese)

[5] ZANG D M, ZHU R W, ZHANG W, et al. Corrosion-resistant
superhydrophobic coatings on Mg alloy surfaces inspired by lotus
seedpod [ J ]. Advanced Functional Materials, 2017, 27.
1605446.

(6] ZxEiE, w30, Lk, % BEHKERZRH & &I

Mg-Li 5@ WP EPERE[ T ]. ISR TR, 2020, 33(5):
1-9.
LI'Y F, GAO W B, SHI L Z, et al. Preparation of
superhydrophobic coating and its corrosion resistance to Mg-Li
alloy[ J]. China Surface Engineering, 2020, 33(5): 1-9. (in
Chinese)

[7] YINXX, MUP, WANG Q T, et al. Superhydrophobic ZIF-8-
based dual-layer coating for enhanced corrosion protection of Mg
alloy[ J]. ACS Applied Materials & Interfaces, 2020, 12:
35453-35463.

[8]

[11]

[13]

[15]

[16]

[17]

[19]

[20]

[21]

WANG L, GONG Q , ZHAN S H, et al. Robust anti-icing
performance of a flexible superhydrophobic surface [ J ].
Advanced Materials, 2016, 28. 7729-7735.

LI Q, GUO Z G. Fundamentals of icing and common strategies
for designing biomimetic anti-icing surfaces [ J ]. Journal of
Materials Chemistry A, 2018, 6: 13549-13581.

TAN Y L, HU B R, CHU Z Y, et al. Bioinspired
superhydrophobic papillae with tunable adhesive force and
ultralarge liquid capacity for microdroplet manipulation [ J .
Advanced Functional Materials, 2019, 29. 1900266.

JIANG S J, HU Y L, WU H, et al. Three-dimensional
multifunctional magnetically ~responsive liquid manipulator
fabricated by femtosecond laser writing and soft transfer [ J].
Nano Letters, 2020, 20. 7519-7529.

ZHANG W L, WANG D H, SUN Z N, et al. Robust
superhydrophobicity : mechanisms and strategies[ J]. Chemical
Society Reviews, 2021, 50. 4031-4061.

CHEN Z, ZHU C, CAI M L, et al. Growth and morphology
tuning of ordered nickel nanocones routed by one-step pulse
electrodeposition [ J ].  Applied Surface Science, 2020, 508:
145291.

ZHANG D G, LI L H, WU Y L, et al. One-step method for
fabrication of bioinspired hierarchical superhydrophobic surface
with robust stability[ J]. Applied Surface Science, 2019, 473,
493-499.

WAL, WG, S, . TR Rl B K IR 2 T
HERELT). S BiP, 2020, 41(10): 1-6

ZENG X G, HUANG Q, PENG J, et al. Research progress of
super-hydrophobic coating prepared by electro-deposition [ J].
Corrosion & Protection, 2020, 41(10): 1-6. (in Chinese)
JIANG S Z, GUO Z N, DENG Y, et al. Effect of pulse
frequency on the one-step preparation of superhydrophobic surface
by pulse electrodeposition[ J]. Applied Surface Science, 2018,
458 603-611.

WANG S'Y, HOU C, WU M X, et al, Effect of choline chloride
on electrodeposited superhydrophobic nickel film and the
corrosion protection application [ J]. Colloids and Surfaces A
Physicochemical and Engineering Aspects, 2021, 614 126185.
LV X Z, LIN H X. Facile fabrication of robust
superhydrophobic/superoleophlic Cu coated stainless steel mesh
for highly efficient oil/water separation [ J]. Separation and
Purification Technology, 2021, 256 117512.

LIUE Y, WANG LY, YIN X L, et al. Fabrication of a robust
superhydrophobic  Ni  coating with micro-nano  dual-scale
structures on 316L stainless steel [ J]. Advanced Engineering
Materials, 2021, 23: 2000913.

HU C B, XIE X Y, ZHENG H, et al. Facile fabrication of
superhydrophobic zinc coatings with corrosion resistance via an
electrodeposition process[ J]. New Journal of Chemistry, 2020,
44, 8890-8901.

ZHANG J L, GU C D, TONG Y Y, et al. Electrodeposition of
superhydrophobic Cu film on active substrate from deep eutectic

solvent[ J]. Journal of the Electrochemical Society, 2015, 162



55

ToRER A TN o A AR B K 452 e R T A HL DAL ST R T 187

[22]

[23]

[24]

[25]

[26]

[27]

[28]

(8): D313-D319.

HOU Y Y, PENG Z J, LIANG ], et al. Facile preparation of
petaliform-like superhydrophobic meshes via moisture etching for
oil-water separation [ J ]. Surface and Coatings Technology,
2020, 399 126124.

HOU Y Y, LI R Q, LIANG J. Superhydrophilic nickel-coated
meshes with controllable pore size prepared by electrodeposition
from deep eutectic solvent for efficient oil/water separation[ ] ].
Separation and Purification Technology, 2018, 192, 21-29.

LI R Q, GAO Q H, DONG Q J, et al. Template-free
electrodeposition of ultra-high adhesive superhydrophobic Zn/Zn
stearate coating with ordered hierarchical structure from deep
eutectic solvent [ J]. Surface and Coatings Technology, 2020,
403 126267.

ZHANG B B, LI J R, ZHAO X, et al. Biomimetic one step
fabrication of manganese stearate superhydrophobic surface as an
efficient barrier against marine corrosion and chlorella vulgaris-
induced biofouling [ J ]. Chemical Engineering Journal, 2016,
306. 441-451.

LIU Y, XUE J Z, LUO D, et al. One-step fabrication of
biomimetic superhydrophobic surface by electrodeposition on
magnesium alloy and its corrosion inhibition [ J ]. Journal of
Colloid and Interface Science, 2017, 491 313-320.

ZHANG B B, ZHU Q J, LI Y T, et al. Facile fluorine-free one
step fabrication of superhydrophobic aluminum surface towards
self-cleaning and marine anticorrosion[ J]. Chemical Engineering

Journal, 2018, 352. 625-633.
WANG H, DONG S L, WANG Z L. One-step fabrication of

[29]

[30]

[31]

superhydrophobic surface on beryllium copper alloys and corrosion
Colloids and Surfaces A:
2018, 556

protection  application [ J ].
Physicochemical and

291-298.
FANY, HE Y, LUO P Y, et al. A facile electrodeposition

Engineering  Aspects,

process to fabricate corrosion-resistant superhydrophobic surface
on carbon steel [ J]. Applied Surface Science, 2016, 368
435-442.

REZAYI T durable

and ZnO

ENTEZARI M H.

s Toward a

superhydrophobic  aluminum surface by etching

nanoparticle deposition [ J]. Journal of Colloid and Interface
Science, 2016, 463 37-45.

FENG L, ZHU Y, WANG J, et al. One-step hydrothermal
process to fabricate superhydrophobic surface on magnesium alloy
with enhanced corrosion resistance and self-cleaning performance
[J]. Applied Surface Science, 2017, 422. 566-573.

LICC, MA RN, DU A, et al. One-step fabrication of bionic
superhydrophobic coating on galvanised steel with excellent

corrosion resistance[ J]. Journal of Alloy and Compounds, 2019,

786 272-283.

EZER N T2k, 1980 4, 4 Wi, FRERFST 5 1) Sy 35 1 S i
B S GUREYA R,

E-mail : yuhz20188006@ 163. com

FRTLCREEE) 1988 22,50, PRI, P 8L BRT A S0, &
SRS 1) Ay R S BT S A AR S B
E-mail ; liruiqian2008@ 163. com



