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Wettability and anti-icing performance of micro-nano structure superhydrophobic surface

WU Zhuangzhuang , MA Guojia' , CUI Xiangzhong , LIU Xing
(Science and Technology on Power Beam Processes Laboratory, China Aeronautical

Manufacturing Technology, Beijing 100024, China)

Abstract: Ti alloy was used as the matrix material, the ultra-fast laser was used to process the microstructure and
compounded nano SiO,/fluorinated polyurethane coating to obtain the micro-nano structure coating surface, and
this surface was compared and analyzed with the nano structure surface by spraying coating and the untreated sur-
face. Scanning electron microscopy, ultra depth of field microscopy, contact angle and ice bonding force measuring
instrument were used to study the surface morphology, hydrophobicity and anti-icing performance of the un-
treated Ti alloy surface, the nano structure surface and the micro-nano structure surface. The results
show that the surface-prepared coating with micro-nano structure has the best superhydrophobicity, showing a
contact angle of approximate 158.9° . Compared with the untreated Ti alloy surface and the nano structure surface,

the ice adhesion strength of the micro-nano structure is significantly reduced, and the surface ice adhesion strength

is about 410 kPa.
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Fig.1 Wetting relationships of untreated surface, nano structure surface

and micro-nano structure surface
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Fig. 2 Diagram of squarematrix column microstructure
AR BRI ARl A1 O 114°, M Cassie-

Baxter 75 % Al 15 2 45 M 1 I L 8] HE P RO C &R .
LA T 0P 1 51 00 0 4 ) — 4 J] 300 5 T [ 4

2
FE TR T fi = —— (R AR (1) 7T
(L+P)
2
cosfg = (1+cosll4)—-1 (2)

L+ P)>?

AT K MR M f 150°<0:<180°, 1R A (2)
Al LA PSSR N 0<L/P<0.925, #5E 1K}
FEWL 2 fl Ff1 A 160°, WU L/ P=0.476. fRL&5 A8 R F ]
W NN K =100 pm, [A]1FE P=210 um, & & H=
50 pm,

1.3 SiO/FURBREEAREMMNEMREH &

U EON 13wt% 90K Si0, 701 F] 25 mL
IECEER b, A 58 30 mine SR % 79 £
WAk R g A S 0 BA 4y ¥ A : BT &
lb=10: LIRS 5], REHKELMARIECRIEG
WO, BETHETE 3omin IRA YA, fedn, Kl
FHIWIR AR WIS Ti A 4R E, 80°C FH
b 2 h 15240 K Si0,/F Ak R A ER 9 KR S5 )2

MRAE B R LS IE . RF, RAEHE



O A5 o 4 A I K 3R T R M T B Pk P g

<2771 -

PREOE I TI7ETE Ti 45 G R M FUMEE , &5
R AN S0,/ T A TR 2 e U BB A 143 1) e 4 45 44
i
1.4 MEEIK 5 RAE

R FIOE 2 42 A f11 A (SDC-350 B, 7R 5E B
it R A AT R w1 ) I = A T A Ak A
2 fih £ 0 OB AR AR 4 pL, AR E 5 4
SO EIE

K37 & S o 8% (SUPRASS Y, 8 [ /R
BEHE N E]) . RS T M (VHX-6000 1Y, LR

A B A ) W TR 2 2% T OUIE 34 .

KUK A 1AL (SSMC BI 47 JE 1 15 8
TR A 725 7)) TRV 2 326 T e 2 UK 45 5 ik
ke ' A RE . IR AR 25, AT
Mg B MM RS, HTkE &
J1, WAEHRE G MR BRI AR L ok
FENLAT o SERSIRSE IR A 25°C, AR EE A 50%,
VA 0T e R LR W UK 45 VKR B (-10°C), BIAEE
RN 12mm, FKE RN 5mm, K5 A Ee =
F/S(o NIKEEAMRIE, FREEE T, S hfl v L
S=nr*, roRvKAEEAR), Bk Sk B A E R N K
FEAR R PR 55 T 28 7 8 A1 BE [ I 3 B A8 1R 0
3 ok 2D H AL 4 ) 4 R LB T B 0 Bl R R
FEEES, i G, HEFT AT o 0 422 fih 141 42 fik
(58] A 25 7 I o 30 T 9 04 T, B O DK A
R, AT AT UEEE B O 0.5 mm/s; g sk
T3 B e KA 1A S kR 5 R 2 v |) A 25 5

D R L ik T BR A B K5 0 18] 3 D vk
A R S P R s TR, 3 S =
Toft 2 THT ) UK 45 45 5 B3

2 #RE5TR
2.1 SiOy/BmUREEKENREF IR

Kl 4 Ti &4 3K 17 R A Sio,/#AL R
FAFRURJE ) B A 25 # R TH . SiO,/ Uk R 2 I
A o5 1 290 K 45 ) 2 THT R A Ak B Y T 4 2 T A K
WIS I 4(a). Kl 4(b) FliE 4(c) FTLLER], #
1A 7 I8 &5 ) i1 K S ~100 pm, (8] #E Ky ~210 pm),
B A ~50 um, H.44°K Si0, 7 55 7F AT ekt %
T, B ROSURBE TN 454, Tl s RS S R AF
4 Cassie-Baxter 72, s BRI BR AT L “HHisR”
2R, HFRWE S5 W Z B RER . MR E S
T A, P ik ol R 7 2 T A R R A AT
Wy MR TR . MR 2 By vk CR o B 4(d)
K 4(e) AT LAE B, A0KS5H KT H 91K Si0, 14
B, SRR R S AR RN b R T . el L 4(f)
ATLAEE], KRB Ti A 4R TCATTE5 .
2.2 SiOy/BMUREERREREAEE

Kl 5 R Ti & @ 3K L R E & Si0,/ LR
PR URE A A A 25 # RTi . SiO,/ Ak 3R & ik
T B AN K S5 R T . AR AL FRAY Ti A 4 3R T Y 422
fisk R o RTHL, G 4 R S T fk AR R 158.9°, 44
oK S5 A6 T4 fih L O 148.4°, SR AR B Ti A 4 K TH
Hefili /71 4y 69.03°,

P RE 2R T AT 1 OC R AL 4 Wenzel &5 . Cassie-

(a) Ice adhesion test device

(b) Test

3 ke G I i R i B A

Fig.3 Photographs of ice adhesion test device and test
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Fig.4 Surface morphologies micro-nano structure surface, nano structure surface and untreated surface on Ti alloy substrate: (a) Micro-nano structure

formed by square matrix column; (b) Nano structure (SiO,); (c) Three-dimensional topography of micro-nano structure surface; (d) Surface morphology

of nano structured coating; (e) Nano structure (SiO,); (f) Untreated Ti alloy surface
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Fig.5 Surface contact angles of micro-nano structure surface, nano

structure surface and untreated surface on Ti alloy substrate
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Ti alloy substrate at -10°C
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