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Fabrication and Properties of Micro-nano Super hydrophobic
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ABSTRACT: Superhydrophobic surfaces have attracted great attention from researchers in China and abroad due to their
low adhesion, self-cleaning, anti-corrosion, drag reduction, and good anti-icing properties. The work aims to adopt a novel
femtosecond laser composite dealloying method to prepare superhydrophobic self-cleaning Ti6Al4V alloy surfaces.
Firstly, 800" sandpaper was used for grinding, and after ultrasonic cleaning and drying, the micron-scale structure was
pre-prepared on the surface of Ti6Al4V alloy via femtosecond laser in a 90° vertical cross-scanning manner. The laser
processing parameters were as follows: laser fluence 0.30 J/cm?, repetition frequency 200 kHz, scanning speed 200 mm/s,

scanning spacing 20 um, and 6 times of repetition. Then, the pre-prepared surface samples were placed in 1.0 mol/L
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sodium hydroxide solution, the appropriate voltage was selected, and electrochemical dealloying was carried out in the
state of ultrasonic water bath at temperature of 40 C for 5 h to prepare the micro-nano composite structure. Next, the
surface of the de-alloyed sample was modified with fluoroalkyl silanes and stored at 100 ‘C for 30 min in a vacuum
incubator to obtain a micro-nano superhydrophobic titanium alloy surface.

Scanning electron microscope (SEM), energy dispersive X-ray (EDS) and optical contact angle measuring instrument
were used to characterize the microscopic morphology, elemental composition and wettability of the sample surface. The
results showed that the composite-prepared micro-nano superhydrophobic surface structure was composed of micron-scale
trapezoidal convex pillar arrays, three-dimensional nano porous skeletons formed by electrochemical dealloying, and
deposited micron or submicron metal oxides. After modification by low surface energy substances, the surface of the
micro-nano composite structure exhibited excellent superhydrophobic property, the contact angle could reach 162.5°, and
the rolling angle was 3.4°. The property test revealed that the surface of the micro-nano superhydrophobic titanium alloy
exhibited excellent low adhesion and self-cleaning properties. In the process of rolling off the micro-nano super-
hydrophobic surface, the droplets could easily take away the dust adhering to the surface, and the cleaning efficiency of a
drop of water on the surface was up to 99.8%. It was found that laser processing parameters such as laser fluence,
scanning spacing, and repetition times had a great effect on the surface structure and morphology. The laser fluence and
the repetition times mainly affected the surface roughness and the depth of the micro structure, and the scanning spacing
could change the distance between the surface micro structure and increase the fineness of the micro structure. In addition,
it was also found that the laser processing parameters also had a certain effect on the size of the water contact angle. The
size of the contact angle was negatively correlated with the scanning spacing, and positively correlated with the laser
fluence and the repetition times.

In conclusion, the titanium alloy surface with micro-nano structure prepared by femtosecond laser combined with
electrochemical dealloying method in this experiment can effectively increase the static water contact angle of the surface by
changing the laser processing parameters, and has excellent superhydrophobic self-cleaning property, which provides certain
reference for future studies. It also has great application potential in the fields of aerospace, marine ships and daily life.

KEY WORDS: laser technology; femtosecond laser; superhydrophobic surface; micro-nano composite structure; low adhesion;
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Tab.1 Laser processing parameters
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Fig.1 Surface morphologies and wettability of Ti6Al4V alloy surfaces at different stages:
a) reference surface; b) laser structured surface; ¢) micro-nano superhydrophobic surface
20F Ti sl Ti 12f Ti
S5t Sl S of
& £ P
=10} § 41 3 o
2 5 g
o 5r Al A\ 8 2F 0 Al v o 3+ 0O v
o c J c)Ng
ol | J9u I Al
0 2 4 6 8 0 2 _4 6 8 0 2 4 6 8
Energy/keV Energy/keV Energy/keV
a ZHRM b BoLEHLRE c AR GIKRE
K2 RFEBEE TiGAI4V KT EDS fEilk
Fig.2 EDS spectra of Ti6Al4V alloy surfaces at different stages: a) reference surface;
b) laser structured surface; ¢) micro-nano superhydrophobic surface
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Tab.2 EDS of Ti6Al4V alloy surfaces at different stages
wt.%
Element C (0] Na Al A% Ti
Reference surface 2.61 3.84 0.00 5.92 4.18 83.45
Laser structured surface 3.81 23.05 0.00 4.70 3.40 65.04
Micro-nano superhydrophobic surface 5.37 42.09 3.20 1.09 2.07 46.18

P E 42.09%, KRR PR Rd, BRI Al TR B0h £ 5 ST
R AT AT S WAMNE R, TEE&BIC  6.42%I0 % 2.21%, 1 Ti. V JILRMEHEIFTLRIE



- 364 - * wm #H R

2023 43 H

b XM H— AV Ti6Al4V &4 T Al
KA T R

2.2 WMBHIKSKEEREHMERER

2.2.1 RFMIME

25 R WOLASHL T | A s KRR
WO EERT I AR AN 3 BT/, 15256 A X e R 1 A 2 242
AR A S AL B SR T ORI S4B 5 L
(LB TR TEIR, KA R 10 mm 4bZ2tE
ik, i CCD MBLIC 0 5 22 A H i 7
- LATREIRG 15 2 T 114 2 o DR 285 R A 45 3 i A 2ot 47 T
3 PAYLL Ok 2R M RPIRS T Rmiz sl i1 .
Kl 3a AMER I, FEEHRIEL S HR IR T, )
HIRZARIFERIE , YRR AR N, h T2 AR
WK BUROKNE, IR ™ A2 T W51, 8 T
FEIHEI ik, A5 — 22, B AR PR A 286 Ff
TR, JFERRIES . X TROCE R, W
JEAE HIURE2 fih 2 T MR TH AR HFERE . 3SR RS,
T TR R 5 AR A A TR, AT L PR
s TET—mEZ], i TG -5 R A R MR TR R
R B ARG T, SRR R, JFREME TR
1o 5525 F RN R I, OGRS 1 2 i i 26 R
TR BN BOR A el 2970 1500, 4nf&l 3b Bir
7o WO AE S A K e ot R R, Joig
RIEBILE LR, BOHIRAREFEIE , I e bt
R, WREEEHRR S, KRR LR, RANILST
AR A BT

WORTE L L 3 bR BT B B R R B 22
S, AT LU I A 1o S A SR AR R A DA RS . 4
TS EOCA LR I i, TEOCES AR YR
TR I AT MRS IR EE S 20 pm 2247, S5 HG TP A A7 1Y

2RI LSRN, R S B R B A
TSR v, A5 YR 5 T 1 S s i e R P
K, WS E AR R 3R, BT Wenzel
ARASCY ) XA BN o B AR K o M S
A G 11T E 71 WO o e 7 2 ¢ ol N {1 B 3 o R £
FHOK B SOK B i R S5 48, G b 3 i AR S 4 K
SRR S HEGUOR LI S R E R R AR TR 2 s
R, BWUEAR a2, HIbEREE— 2B A
RO B B ARG, w7 —40EiE, Bt
ARSI ORGSR B A, TR R . 1IE SRR AT
TEROR WK 4K 2 )2 IR S50, A FER T IE R T
BV Cassie—Baxter AP, FI B R IKES
B AR K
222 BiEEHE

SR A R K S TR F Y T M RR R T T
IRANAT o B 2 1 3 1 AR 88 16 7K 3 AR 0 )
TR R 5o & L, IF e H R w5 mr 2 i
AT J5 A UD BRAVE S SEI i Ak 2, FORLAR
100~300 pum, fH FHMEB AR 8 pL XEFK (h
TR, LB FKE SR ) BT
PR AR e w4 05 T B FEES S mm kb, FETR0HE A
% Wi MEE SR H CCD MbLidsk, WA
4 Fiw, 2000 B LR kAR R TR TR TE 1) . IR 4a
ATLVE Y, X2 AR, BOHETE S 2 VR il
[ EE R IT R, IR A ER S, WiFmERL, T
RS T TEDIRE . YT T VR T R g K R T
W, ORI R AR, RREREE, JREE E
FH R VR TR T 1) VR B0 o DAY TR 2 fk S 40 e g 7K
FTH FNRHE R RN & B U T ANE] 200 ms
MRS . FEVR S R rh, SRV Ok 5 Wi el JF

c HMAEBUKRE
3 I AE AN [ 2 T 14 28 B o e

Fig.3 Adhesion process of water droplets on different surfaces: a) reference surface;
b) laser structured surface; c) micro-nano superhydrophobic surface
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Fig.4 Self-cleaning process: a) reference surface; b) micro-nano superhydrophobic surface
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Fig.5 Binarized image analysis: a) before rolling; b) after rolling
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Fig.6 Morphologies and wettability of Ti6Al4V alloy surfaces at different laser fluence: a) 0.10 J/cm?;
b) 0.20 J/em?; ¢) 0.30 J/em?; d) 0.40 J/cm?; e) relationship between contact angle and laser fluence
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Fig.7 Morphologies and wettability of Ti6Al4V alloy surfaces at different scan spacing: a) 20 um;
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