$£59%5 F 19H/2022 F 10 A/t EXBFFHE

iyt Bl B FFIHRE

IO &5 kg AL it K & i 19 w2 H 55 0 52 BIIR
A, ERA, M‘ HER, %

o R ZS AT B s TR Be, Pl r“rx 618307

FE ANH BRI A, 2T =0 R i B A Wl P B R s T A Rk 3R RS 5 1 A ik e RN T A R K 3R
TR EE 2L . 7L AE b 2508 T B EEHOEE A (DLW) | B BOE T W KR 40 (DLIP) DL A6 75 5 J8 10 M 2 1 45 4
(LIPSS) F k45 A Mk i o Forp : DLW J5 32 R FH 155 B8 800 RN 4 ) 35 gk A7 58 ity , L 28 2 1 19 /R 2, B AF 45 T b1 L
FETH MG FRAT B = A5 B N TS B4 25 Mk LA ST 22 2 R S5 4 s DLIP J7 35 A I 22 A 306 1 i+ 35 R 8 56
AR 2 T AT AT 30 B 0 25 5 L RE R RS AT G BT = A B K A G S5 5 LIPS T ik T A B R 3 1 AR A5 K i as a) JE Y
TECA AR B I BC 50 RN TRt K . de i, DA & S 400 32 TH 45 48 T1 5 LA R 7K 1 18 A5 TG IS [+] 1) 8 8 7K 2% TH
il 3 ik AT T RGN, I HA 5E IR B & R T 1 AT T A A AR

KR BOCHAR; BEUK; B, EIEEOLE A HEEOCTWREAL; BT R E R mas
FESEE V261.8 XEKFRERD A DOI: 10.3788/LOP202259.1900008

Application and Research Status of Laser Structured Superhydrophobic Surfaces
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Abstract  Starting from the superhydrophobic theory, the importance of material surface roughness and solid-liquid
contact area for the preparation of superhydrophobic surface based on three typical basic wettability models is revealed in
this paper. On this basis, the advantages and disadvantages of direct laser writing (DLW), direct laser interference
patterning (DLIP) and laser induced periodic surface structure (LIPSS) methods are reviewed. Among them, high-energy-
density laser pulses are used to ablate the surface of materials in DLW method and it can construct any three-dimensional
structure on the surface of various materials because of its high degree of freedom, but its surface processing accuracy is
poor, and it is difficult to build multi-level structure. DLIP method removes the surface material selectively with the
interference patterns formed by multiple coherent lasers such that a finer periodic, three-dimensional, and micro-nano
hierarchical structures can be directly defined on substrates. LIPSS method can obtain a large number of ripple structures
with spatial period of hundreds of nanometers on the surface of materials, but the corresponding processing time will be
longer. Finally, different fabrication methods of superhydrophobic surface are summarized from the aspects of preparation
parameters, surface structures and morphologies, and hydrophobic properties. In addition, the research status and
development direction of these methods are analyzed and discussed.
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Fig. 1 Wettability model. (a) CA; (b) SA; (c) Wenzel model; (d) Cassie-Baxter model; (e) Wenzel-Cassie model
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Table 1 Processing parameters of laser structured surface

Sample A /nm P /W 7 /ps H/(J-cm ™ ?) f/kHz v/(mm-s ') Do /pm Ref
Aluminum 355 5X10°" 3% 10" 2.8 100 40 25 [25]
Steel 1064 20 10° 20 20 20 NA [26]
Copper 1030 NA 1 6.36 50 50 NA [27]
Enamel 532 2.5%X10°" 8 NA 50 200 20 [28]
Ti6A14V 355 2.8%107" 10 0.8 20 10 5.4 [29]
Stainless steel 1030 NA 8 NA 100 100 NA [30]
Al12024 1064 10 10 1.06 30 250 7 [31]
Stainless steel 1060 NA 10 1.45 1 68 5.2 [32]
Copper 1064 NA 10 1.2 203.6 NA NA [33]
Copper 800 NA 3.5X10°*° 0.8 1 1 NA [34]
Ti6AI4V 1064 5 10 3 100 NA 5.4 [35]
Glass 1030 4 8§X 10" NA 200 NA 30 [36]
Ti6A14V 1064 NA 12 0.6 10 NA 2.6 [37]
Ti6A14V 1064 NA 10 NA 103 100 10 [38]
Stainless steel 1064 10 5X10° NA 20 500 NA [39]
PTFE 1064 4 NA NA 200 1500 NA [40]
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Fig. 2 Surface microstructure constructed by DLW method. (a) Microns-pillar on aluminum foil*”; (b) micro-nano grooves on carbon

steel surface™; (¢) microstructures of aluminum, copper and galvanized steel surfaces™”; (d) broccoli-like and cone shaped pillar

structures on enamel surface™
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Fig. 3 Surface microstructure constructed by DLIP method. (a) Micro-wall cell structure on Ti6A14V surface™; (b)—(c) cone and hole

structures on stainless steel surface™; (d)-(e) micro-nano pillar structures and laser confocal image of aluminium surface™";

]

(D)-(g) line-like and pillar-like micro structures of stainless steel surface'™
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Fig. 4 Surface microstructure constructed by LIPSS method. (a)—(b) Ripple structures of copper surface and it’s 3D atomic force

micrograph and cross sectional profile™; (c)—(d) ripple structure of the Ti6A14V surface and local HSFL and LSFL"”
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Fig. 5 Application of superhydrophobic surfaces in the field of self-cleaning. (a)-(b) Hydrophobic state of water droplets on glass

surface™; (¢) comparison of self-cleaning effect”™
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Fig. 6 Application of superhydrophobic surfaces in the field of aircraft anti-icing. (a) Ice process of reference airfoil and airfoil surface

area after DLIP treatment within 300 s; (b) relationship between ice accretion amount and time"”
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