EORVECI B Moot 5 ot B o R Vol. 57, No. 11

2020 4F 6 A Laser & Optoelectronics Progress June, 2020

SRRSO AT A e B i i e L v
7‘]—}%1,2’%,%/%1,2 %WIZ 213**’/&%13,7@ﬁ 1,2 %%@1,2*

PO 223830 KAWL R G TR R R EH AL =, BePE PE% 710049;
’-’ﬁz%%d:%@%ﬁfﬁ BT AR, VA E BT HARE ALK E, BEPG V% 710049;
VU 223830 KA UM T RE 248 . BEPY P52 710049

WE 74N R L T ReP0 & MOl AL 2= 3 A Y R R B AR PR M E R N R R R
OGO T8 AR B A b 585 PR i TR BE ) 45 P iR A5 R a5, A T B R R 4 R R R 1 M 3R T Oy T LA AR R 5
WA . DA AR T 0 AR R R T SRR T A IO B T 7 R A R s R 6 K 2% T K B B T 2R T A A
RBFFEHE I, 43 B 7 HAE 52 B i o A R BRI 2 5 E 3R 0 8 98 2 10 ) o) JBE 0 B TR O A i SR A L2
H ik RGN EGE T CAN IO A (0 45 S S R T, S R 22 AR A A B A AR T R 2R T (4 — 2 L Y
s s 5 BEE RS T RBP4 9 2 180 BIF 98 RN, P o 7 7 A Tl 8 R R SR

EEE BOOLE CEROE: U5 Bigt: METR 2L RE; BiERE

FESES 0439 XEEFRRAD A doi: 10.3788/L0OP57.111413

Bioinspired Slippery Surface Fabricated by Femtosecond
Laser and its Applications

13*><

Fang Yao"?, Yong Jiale"*, Huo Jinglan'*, Yang Qing
Cheng Yang'?, Liang Jie'?, Chen Feng'*"

! State Key Laboratory for Manufacturing System Engineering, Xi'an Jiaotong University,
Xi'an, Shaanxi 710049, China;
* Shaanxi Key Laboratory of Photonics Technology for Information, School of Electronics & Information Engineering,
Xi'an Jiaotong University, Xi'an, Shaanxi 710049, China;

3 School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an, Shaanxi 710049, China

Abstract Bioinspired slippery surface has important applications because of its ability to resist the adhesion of
various liquid, even plants and animals. Femtosecond laser micromachining technology has the characteristics of
material universality, high machining resolution, and high controllability and so on. Thus, it shows great
advantages in the fabrication and control of surface wettability. Firstly, from the perspective of bionics, this review
introduces the preparation of superhydrophobic surfaces and underwater superoleophobic surfaces fabricated by
femtosecond laser, and analyzes their inherent defects in applications. Then, the preparation principle of slippery
surface and the general processing technology of slippery surface fabricated by femtosecond laser are summarized.
Then, different kinds of slippery surfaces and the slippery property of different liquids and bubble on these slippery
surfaces which are prepared by femtosecond laser are systematically summarized. After that, typical applications of
slippery surface are introduced. Finally, the problems and prospects of the preparation and applications of slippery
surface fabricated by femtosecond laser are summarized and discussed.
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Fig. 2 Superhydrophobicity of lotus leaf. (a) Lotus leaf; (b) water droplet on lotus leaf; (c¢) (d) scanning electron

microscope (SEM) images of lotus leaf™ (superhydrophobic silicon fabricated by femtosecond laser) ; water droplet

on (e) flat Si and (f) rough Si; (g) SEM images of femtosecond laser irradiated Si surface; (h) relationship between

contact angle and laser fluence
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Fig. 4 Underwater superoleophobic fish scale: (a) Fish and its wettability; (b) SEM images of fish scale;

(¢) superhydrophilicity of fish scale in air; (d) superoleophobicity of fish scale in water
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Fig. 5 Different underwater superoleophobic materials fabricated by femtosecond laser.
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Fig. 6 Peristome surface of Nepenthes alata and its slippery property. (a) Optical and SEM images of peristome

surface!™ ; (b) preparation process of slippery surface!™ ; (¢) slippery property of slippery surface
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(b) laser ablation; (c¢) low surface energy modification; (d) lubricant infusion; (e) droplet slipping on slippery surface
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Fig. 10 Universality of preparation of slippery polymer materials by femtosecond laser. (a) SEM images of different

polymer materials fabricated by femtosecond laser; (b) water and hexadecane droplets slipping on slippery PETH*
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Fig. 11 Underwater bubble slippery surface fabricated by femtosecond laser. (a) Schematic diagram of fabrication process;

(b) slipping process of underwater bubble; (¢) bubble transportation; (d) collection of bubbles™*

111413-9



Wt 5 ot 7o o R

TR S T KL T4 45 4 i 7 Y 46 R 3 T s O
— R EEREHK R T TR AR R e
T PR UE AT T R Y 2 507 R L e U 1 O X
UR BT . 52 a1 1R MY 25 49 3 T A i K 1 L 2R
5 10 2 T RE 08 A E I AFAE TOK R EREE. WA
L1(h) Frs s K R A AEBURE 6° B0 B i 2 T RE 6 TR
T Sl AN R L X TR O SR S
B 3 11 [ B 2% T T ¥ U2 R A 0 66 B ) R A5 £
I A BRI AERE AR T . A 11 (o) B, i
e OBt — 22 Bt T KR R
T AL RERS T BT A B 2k 1 B ORI LR AR R
S o BIR I3 — AU TR RE T A BESE B R B IR
S ISR B A R . el TR R RO T
SEUF IR T R M 7 DRI R A T A S Gl AR I
TE LA 1, —Fh KR A WS 3 s I S B
LE 11D o —A> =R 95 B 4540 3 10 24 5 523 al
7 T T VL i M TR IR B 8 i 3% T A
e IFAETE S BOVERTR ) L3 3l s AR T A
(@)

T’TO pm

50 pm

(d)

BB RE ., ZOK TRl RECEREA
RN TR ALRR AR L H Al 2 AR ol R R5
WL Ak B

AH BG4 T s AR OGO T
e AR R i AT AR P A A R A A ) Sk A
R, Ly S E ik A T KRR
S S L. WE 12 P, I 65 mm g
DBEERBENR R 400 mW B KM G (104 s,
1 kHz,800 nm) , il i % X Z 47 H i (v =2 mm/s,
d =150 pm) 7€ PDMS 3K Ifi il & T J& #1470 14 2%
F . WREEBEL R 70 pm, [BIBEZ) R 150 pm, R4S
TH) R 45 /) 2 T B AL 1 23 A o R s KR 7 IR T
PDMS 3R I 488 K 1) 3 o0 HEL RS B2 A i K M. Bl S
W e 7 XA PDMS R Wi T — B Rk, &
FEEE R R 1500 r/s, Y S (150~6 pom) AT LL3HE
1 W R [F) RS B TE] (O ~ 20 min) 3 5.
B 12Cd) TR s BT 5 1) P 18 1 45 4 1) A7 7 SO T
JK T W PDMS SR TH b 28 B0 i A Fn 3h 24 45 1) 7

A
2 ‘.‘.7 |

slip along groove

T=7s

B 12 REPBOLE A 1 S N R . () A SRR B (o) A 1] S P U S ALEE s (o) I R4 A AL BT 1R
(D IK T A AE A 10 S5 P T 2 T 14 30 25 R A A AR 5 () AT A L7 8 45 1) S5 ek 9 3 T 1) 5 1o iy i ™

Fig. 12 Anisotropic slippery surface fabricated by femtosecond laser. (a) Schematic diagram of fabrication process;

(b) mechanism of anisotropic sliding property of bubble in water; (¢) SEM images of micro-grooves; (d) dynamic

and static wettability of underwater bubble on anisotropic slippery surface; (e) bubble directional transportation on

anisotropic slippery surface
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