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Abstract

multilevel grooved microtexture. First, a micro-mold with multilevel groove characteristics was prepared by laser

In this study, laser shock imprinting technology was used to prepare a hydrophobic copper foil surface with

marking. Then, the microtexture of the multilevel groove on the micro-mold was copied to the surface of a workpiece
using laser shock imprinting technology. The effects of the number of laser shocks and the thickness of the soft film on the
surface morphology and static contact angle of the multilevel grooved microtextured hydrophobic surface of the workpiece
were studied. The results show that when the number of laser shocks increases from 1 to 7 and the soft film thickness
decreases from 300 pm to 100 um, the degree of microtexture replication on the workpiece surface gradually increases.
Simultaneously, the static contact angle and hydrophobicity of the surface increase. By measuring the microtextured
surface elements and components of the workpiece, it is found that the multilevel grooved microtexture of the hydrophobic
surface remains unchanged after being placed in air, water, and mass fraction 3. 5% NaCl solution for 21 days. It shows

that the hydrophobic surface prepared by this process has excellent aging properties.
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Fig. 1 Schematic diagram of LST process. (a) Whole process diagram; (b) three-dimensional topography of micro-mold after first laser

marking; (c) three-dimensional topography of micro-mold after second laser marking; (d) three-dimensional topography of

workpiece surface after LSI
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Fig. 2 SEM images of micro-mold surface after the first marking
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Fig. 3 SEM images of groove microtexture on the surface of micro-mold after the second marking
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Fig. 4 SEM images of workpiece forming surface under different shock times
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Table 1 EDS of the top, bottom, and raw material area of the groove microtexture on the Ist and 21st days in 3.5% NaCl solution

Fraction / %

Area
C O Na Cl Cu

Top (1stday) 1. 34 0.19 0.23 0.24 93. 11
Bottom (1st day) 1.18 0.13 0.13 0.15 94.05
Raw material (1st day) 1.03 0.11 0.09 0.02 95.05
Top (21st day) 10.99 6.14 1.99 1.49 78.68
Bottom (21st day) 10. 64 5.86 1.90 1.18 80.12
Raw material (21st day) 10. 18 5.49 1.24 0.97 81.28
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Fig. 13 SEM images of groove microtexture on the workpiece surface on the 21st day in air and water
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Table 2 EDS of workpiece groove microtexture on the 1st and

21st days in air and water

Mass fraction / %

Environment

C (0] H Cu
Air (1stday) 3.61 0.68 — 96. 05
Air (21st day) 10. 22 3.04 — 85.67
Water (1st day) 5.43 1.34 0.21 92.58

Water (21st day) 16. 45 4.21 1.34 79. 14

4 4 i

=H

AR SR IO i e B 20k il 4 B 2 900 1

TSR B B K R T 2 T, B9 1 el OB AR R JRE X
i /K 2 T Y 2 R B 2 Al A A R o SRR X e
BN LU NS 7 Y, i 08 bl 22 2 A I T Y o
i Wk 2 A A B T AR b R T, AR e e A
JE ZU R A2 T 5 24 BB JRE B2 A 300 pm 3 20 28 100 pum 1
BB B B s AR T2 UH R Y vh i e AR N X SR 2
A 3 T A2 AR 2R ) R R K, TR O IR
AR B ROR ARG o R I AR 2 O o RS
TE R TR SR 77 2 R A0 S U A A 3% T
5 2 S o T AR S TR R L A7) 18 D, R T Al £ 7 K
TR 2R 2 1T D SR PR e A iRk v o R 2 B0
ey e B R B TR 20 ) A =S R K A B 3 R

1714006-8



$£59% F 17H/2022 £ 9 A/ EBFFHE

3. 500 NaClIF W 21 Kok AT I 2 v i 5 o 45 R &
B A 3R {4 A U G BB h TR 2 O
il R ER, SORCAS 20 40 4k, BUARYE RE £ 71 , HUE Dl B R
AE 4R, B DL K R T B R R ROCR A IR R Jm &
TETATS A i K M A 3 32 T2 R £ 1 K 3 TR B AT
G S B4 IR 2P

(1]

(3]

(4]

(6]

(7]

(8]

(9]

2 % X #

Lee KJ, Lyu SN, Lee S M, et al. Characteristics and
self-cleaning effect of the transparent super-hydrophobic
film having nanofibers array structures[J]. Applied Surface
Science, 2010, 256(22): 6729-6735.

ZhulJ Y, Wan H R, Hu X F. A rapid one-step process
for the
superhydrophobic  surfaces[J].
Coatings, 2016, 100: 56-62.
Qi Y L, Chen S J, Zhang J. Fluorine modification on

titanium  dioxide

construction of corrosion-resistant  bionic

Progress in Organic

particles: improving the anti-icing

performance through a very hydrophobic surface[J].
Applied Surface Science, 2019, 476: 161-173.

W o, SKRELAL, PO . = G B K 2 T Y R R
5 A A R B BR vk PR RE ST (0], T O, 2021, 48
(2): 0202009.

Pan R, Zhang H J, Zhong M L. Ultrafast laser hybrid
fabrication and ice-resistance performance of a triple-scale
micro/nano superhydrophobic surface[J]. Chinese Journal
of Lasers, 2021, 48(2): 0202009.

Zhang F, Gao S J, Zhu Y Z, et al. Alkaline-induced
superhydrophilic/underwater superoleophobic polyacrylonitrile
membranes with ultralow oil-adhesion for high-efficient
oil/water separation[J]. Journal of Membrane Science,
2016, 513: 67-73.

Shen Z B, Zhang L, Li P, et al. Altering the surface
wettability of copper sheet using overlapping laser shock
imprinting[J]. Applied Surface Science, 2021, 543: 148736.
Milionis A, Loth E, Bayer I S. Recent advances in the
mechanical durability of superhydrophobic materials[J].
Advances in Colloid and Interface Science, 2016, 229:
57-79.

Zhu J Y. A novel fabrication of superhydrophobic
substrate[J].
Science, 2018, 447: 363-367.
Zhang X W, Zhou T, Liu J,
hierarchical superhydrophobic surface synthesized via

surfaces on aluminum Applied Surface

et al. Volcano-like
facile one-step secondary anodic oxidation[J]. Applied
Surface Science, 2021, 540: 148337.

Zhang M J, Guo C F, Hu J. One-step fabrication of
flexible superhydrophobic surfaces to enhance water
repellency[J]. Surface and Coatings Technology, 2020,
400: 126155.

JARE R, MR, BEE, GF . TR OL ] A 00 B K
e T K W ik v AR D, o RO 2020, 47(4):
0402012.

Zhou P'Y, Peng Y Z, Huang Z M, et al. Fabrication and
droplet impact performance of superhydrophobic surfaces

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

(20]

(21]

1714006-9

developed using nanosecond lasers[J]. Chinese Journal of
Lasers, 2020, 47(4): 0402012.

TR, AEHE, e, L T RO Y KR AT
TG AR A & T]. H EBOE, 2019, 46(3): 0302013,
Zhang Z B, Hua Y Q, Ye Y X, et al. Fabrication of
superhydrophobic nickel-aluminum bronze alloy surfaces

based on picosecond laser pulses[J]. Chinese Journal of
Lasers, 2019, 46(3): 0302013.

&, kIR, KW, . RO S HOE AR R
JE FL 5% 4UA 2 T R vk A 52 e [T] b B SR TR
2021, 34(3): 110-119.

Wang D, Zhang Z Y, Zhang Z Y, et al. Effects of
picosecond laser parameters on surface wettability of
cross-scale bionic mastoid-like texture[J]. China Surface
Engineering, 2021, 34(3): 110-119.

R, BYE4E, Razvan Stoian. CFMEOEIE S 4 B 8%
T JE PR B RES R R D SELT ] Dt a2, 2016, 36(5):
0532001.

Li C, Cheng G H, Razvan S.
femtosecond laser-induced periodic surface structure on
tungsten[J]. Acta Optica Sinica, 2016, 36(5): 0532001.
Huang J H, Xu Z T, Li X N, et al. An experimental
study on a rapid micro imprinting process[J]. Journal of
Materials Processing Technology, 2020, 283: 116716.
Koo S J, Kim H S. The homogeneity of multi-textured

Investigation of

micro-pattern arrays in a laser shock surface patterning
process and its effect on the surface properties of
aluminum alloy[J]. Surface and Coatings Technology,
2020, 382: 125149.

SRAKTE, INE L, P, S T OE i s B 1 3
JOL B AR S e S 1 (7). MOt S5Ot TRt R
2015, 52(8): 081402.

Guo Y S, Sun X C, Yang X, et al. Fabrication and
controlling of metal sheets based on dynamic and
mechanical effect of laser[J]. Laser & Optoelectronics
Progress, 2015, 52(8): 081402.

B R MO b OB 1 B 5 SR S (D]
bR K, 2008: 73-86.

Wang F. Theoretical and experimental research on laser
shock forming[D]. Shanghai: Shanghai Jiao Tong
University, 2008: 73-86.

RCER, XN, WRE, 5. 2R R E AL
i 22 VR BOROE 52 56 B 52 (0], o I OE 2017, 44(7):
0702001.

Zhang W H, Liu H X, Shen Z B, et al. Experimental
research on laser-shock flexible micro-forming of multilayer-
metal composite sheets[J]. Chinese Journal of Lasers,
2017, 44(7): 0702001.

T, XIMEa, ke %, & B PGMOE T & 4 )8 K T
TR — s e i Re e ] b [ #ot, 2021, 48
(15): 1502002.

Luo X, Liu W J, Zhang H J, et al. Ultrafast laser
fabricating of controllable micro-nano dual-scale metallic
surface structures and their functionalization[J]. Chinese
Journal of Lasers, 2021, 48(15): 1502002.

Shen Z B, Zhang J D, Liu H X, et al. Reducing the
rebound effect in micro-scale laser dynamic flexible



[22]

(23]

[24]

[2

o)

forming through using plasticine as pressure-carrying
medium[J]. International Journal of Machine Tools and
Manufacture, 2019, 141: 1-18.

Jin SY, Wang Y X, Motlag M, et al. Large-area direct
laser-shock imprinting of a 3D biomimic hierarchical
metal surface for triboelectric  nanogenerators[J].
Advanced Materials, 2018, 30(11): 1705840.

Man J X, Zhao J Y, Yang H F, et al. Study on laser
shock imprinting nanoscale line textures on metallic foil
and its application in nanotribology[J]. Materials &.
Design, 2020, 193: 108822.

Yang H F, Jia L, Liu K, et al. High precision complete
forming process of metal microstructure induced by laser
shock imprinting[J]. The International Journal of Advanced
Manufacturing Technology, 2020, 108(1/2): 143-155.
Man J X, Yang H F, Wang Y F, et al. Study on
controllable surface morphology of the micro-pattern

(28]

[29]

1714006-10

$£59%5 F17H/2022 F 9 A/ ESBFFHE

fabricated on metallic foil by laser shock imprinting[J].
Optics &. Laser Technology, 2019, 119: 105669.

Kim D G, Kim J G, Chu C N. Aging effect on the
wettability of stainless steel[J]. Materials Letters, 2016,
170: 18-20.

HanJ P, CaiM Y, Lin Y, et al. 3D re-entrant nanograss
on microcones for durable superamphiphobic surfaces via
laser-chemical hybrid method[J]. Applied Surface Science,
2018, 456: 726-736.

Shen Z B, Wang X, Liu H X, et al. Rubber-induced
uniform laser shock wave pressure for thin metal sheets
microforming[J]. Applied Surface Science, 2015, 327:
307-312.

Chen H, Yuan Z Q, Zhang J D, et al. Preparation,
characterization and wettability of porous superhydrophobic
poly (vinyl chloride) surface[J]. Journal of Porous Materials,
2009, 16(4): 447-451.



	1　引言
	2　试验原理与准备
	2.1　试验材料与制备方法
	2.2　性能表征
	2.3　模具形貌

	3　分析与讨论
	3.1　冲击次数的影响
	3.2　软膜厚度的影响
	3.3　时效性

	4　结论

