AT B 11
2019 4 11 A

& T #H A
NEW CHEMICAL MATERIALS o1

7 Vol.47 No.11

BE KM BBk R it E
Bafk & K ALAB HFER

(b B RALE F = FF 5% T, s HR 610041)

W OE OALKEHT.RECMAGONKF.TFTED AARMRE LA, BAFTEEERBER ZK
FAR RS FRFRA AR LR — IR, AR T BRR et 2”82 S KA AR KSR E Rk
Fb L EERMR T ORARA B G R AR, SETRRRMA G R, R R @K B K A fe
RITB R R F ., RIEARMARE LS R T T R 2R 8 R 25 A e KR B AR AR M ST R B L LR

e AU,
KEE KALBEAK, K, KM E A

Research progress in anti-ice performance of superhydrophobic material
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Abstract 1In order to ensure the civil aviation safety, the contaminations on the surface of aircraft including ice,

frost and snow shall be removed under the freezing conditions. There are some disadvantages such as high energy

consumption, ineffectiveness, environmental pollution in traditional deicing/anti-icng method. Based on the °lotus

effect’ ,superhydrophobic materials with micro-nano structure and low surface energy have wide applications. The latest

international and domestic research progresses in anti-ice performance of superhydrophobic materials were

summarized,including hydrophobic,low ice adhesion and high holdover time.Not only construction of the special micro-

nano structure and low surface energy. but also satisfaction of airworthiness for aircraft coatings if the

superhydrophobic materials will be used in civil aviation in the future.

Key words aircraft, superhydrophobicity,anti-icing,ice adhesion force

UKVE SRR X RHILIE AT 2 A e i B AR L i
TRHLAN R AZATHURS 35 R ] 45 0 T AY 35 Bl
M, S BGERTR 22, ™ E I b 51 TR i, A
A CATPERE T B . e ) 24 CHLE R, il AT
ASME LA ] R D i A L A R BR /BT KB AR X
TR A 45 oK i A AT L R R R AT R B T
RS B KB R IE X A B AT G 5 By kP BE 1Y
BB — ER [ PR E T R B

Jed 78 i IS8 B R K AR LA K 2
F AR T REARFPE . /KT AR X AP T L B AT BUR Y
i fioh £fy S 50 /IN B TR Bl o A A IR A SR TR 4R B
RARBEAC A T i . DR 8 B 7K A R A AR
S0 B URPERE AT T TR T RPN L R S
e LUK S LR T M K 3% T

B vKCBIF 5 2 8, 42 455 2 T g K e/ DK B T AR T
Bi7 A Ik ] 25

1 FTEEK

K T4 R T 1507 I s /T 10°,
pI T R ST A X @ NS 7 ) I R G B e
T PITRIRTE L A b7 1k G T A5 vk AR T OB
oo BRI B 2 T Ak o L D /INTR h F O T R
TIRZ W58 TAEN Y,
1.1 EEFELEY

H F, KHB 3 0 58 B R T & AL & 9 R B A
JERE o PR Sy 3% 1T R AR, A R T AL S0 K 2R 1
Prasad %% % R BERE M40 K SiO, 76 3% 58 2% 1 41
BB KR Z o 7K 1 R T e VA J2 2R T A A

ESWE WK A AFEIESZ G 2P I R Z R R AT S U5 A4 (U1833202)

EEB N HAEI 1978 5 Wb BEFE 0L, RN STr 1 AL fh2r .



<2 . o T BB ow AT &

667,24 SiO, & 14391 2% (wt, BT 4380, T [RD
F 4 Yot 35 fil /A 430 R 123°F0 1597,

Jiang S 7E B MR 2 1 1R A — R0 A e
FOBEKIR)Z Y = W S RE b B B 3 Y0, B ik
Ik F] 166. 2°, FR S M N 6. 6°, BN = FF AR 3 A e
(0 A 4 Ml F R T I TR B ARG . AE I o R
LY TR N 20°C FHE 170°C L B flf M 166. 2°
FEZE 82.8°. X J& B O iR B T, 3 &R B B
B Bl i AT DU GKORL e ] O A8 K kL
T DA e I 25 18T 1) 020 DK 235 4 I 8 AVRORELRE 2 8
KT RE T %

Zhou "l T H R KRR B AK L
I R CH B D9 R T 3k 22 T PR UG 3R A 20 ik U b
(PiBUPOSSMA) 1 = iix Bt 3t R ¥ 8 i K 1k )2,
PiBuPOSSMA % #1384 il v] $2 /55 U )23 3% 1 19 R R
JIE 0 S0 M f B 157, 3%, H B A B IE B
£ (3°) R B H R A B K M
1.2 TERRER

1 A 1R 3% 1H R AR, M A% IR B o i P SR T 5
B KM RE . 2 BN AR A A A R A I K VTR —
A2 IR BT FRAT TR B K AR A A A, B ik A AT
ik 156. 2% BB/ T 50, MASREER T IF£
BIS LR R B L5 R L R B Z AR B
WRZE T8 BT ¥ 51 AE etk 2 AL 254 L i F B AL
NGRS &R DO <7 N el D e = A S
AL

Wang %500 5% FH BB i 2 o4 1, 7 3 36 3% 1 o 4%
T & TiO, WRBEKIRE , KA il /A 157778 3h £
27, M 10cm Kb ¥E Spl JKIE KR 23R AR
Z A SRR ZE LY MR AR Z Lk 2 k5
fEEAERm,

Jain 45138 oo H U AR 1k O 26 W IR R ok 1 S L A
BB K B A HE A A 1627 TRBI MR 3, K
PR RAF AR e K PE . TR R B AAE T TR
JZ 3% TR B BRCR Y R Bl TN 0 BRCR T R
i o B[R] G0 B ORI A4 S B L 3k o 22 RO Bk
R 1) A R Al A 1 3, SO 8 i B
FE ) Cassie JRZ,

1.3 BRMAKE

B 40 K B BRI B 2 1 BURT 48 L, 1T 4
R 2% AT A REL RS L T o B K R R S (R A i
W o Zhang ZE0B MY A 45K H I EX (BADGE)
ARG 5 ZBERR 9K B (MWCNTs) 254, il 5 48

FiKMEN KL G BIZE. 2 MWCNTs & &3 2
30 Yo B, U 2 S B MR ORELRE R 22 R I AN 25 A L B v 4
i 154°, 2% MWCNTs i — 25 384 i sf, 82 fioh 3
Bt o X2 DR A U 22 2 T HEL i 2 G 07 Ok kR 17y
FLREHH 4 2 TE 2 1 25 /R, 3 6 25 SAE Sy 0 B85 e D
T K5 R fil

Rajiv 220 F Ff MWCNTs 1 % VU ) & &
(PTFE) 75 3% £F 1 i 91 b} 3% 10 ) 25 8 i K M4 k. Bl
#H MWCNTs & & [ 3% n, 5 fil ff 2 87 88 K, 24
MWCNTs %tk 30 Y% i), 20 8tk e &, H PTFE 44
K HURL B B 4 b A B AE MWCNTs 270, 59 0 1 %
TET RS 32 5 AT o0 0 J2 LA IR A P REL RS 45 ) 7K 422 ik
Ak 162, 7°,

2 BU/NKMEE D

SR KR B 8 K IR )2 T IR 2 3R R IR
B 02N 235 40 o 7K 7E I 3R T &2 Cassie RS, BPf
Shvk 5 2 2 (] Y B T 5 3 R Y S
JIAH H A R REAR ™ R F AR /N I ERTTE
W UK MR B 7K 2% T 9 o

Brassard 25" % FRFL 808 40 % 19 HCI 4k
FREBAR L AR 5 5 0 1 e 2 B M o A R B K
A Kb AR M 2R T VK & 728 0. 600 0. 030MPa,
7 28 Kb B35 1) 68 0 7K 2 1T 19 VK BfE & Ak 0. 051 £
0.014MPa. Bt % J1 0 FEAR 2 22 iy T 88w K & 1w
BT 235 g W BEE T s RS R T 4 UK X I )
I

Bharathidasan 252 % B0 22 K P 09 B & 5 15 )2
FIRH LTI 2 R v 2 B R M vk & T 4y
Sk 820kPa Hl 1535kPa; # B /K Uk )2 R2180-EH5
M RTVII-EH5 B 0K & J1 78 250 £ 20kPa i Fi
P LSRR R R RE

Zheng FEUAEAR A R T H A T BUKIRE,
FE—10°C BIREE i , o 20 Ah BHAY 0 A 4 3% 18 110 DK BT
% 1K 1. 02440, 283MPa, 1l 1 i 7K 2 T 18 0K B %5
F1°4 0. 0654 0. 022MPa, # #i 7K % 2 2 0 1Y K
b F T, AN By S5 0K, HVK R TR 2 2 B PR 25 S
VN TR fl i AR, 5 SO BLVE R 0 R AR, VKB
W

Brassard 251 % B UUBUEE AR TR T
BEV IR JF R REAR IS HE AT D g Ak, e AR AR T B
KRR . 75— 10°C IR BE b, BN 2% 1m0 1Y) VK B 25
F1°0 0. 617+0. 004 MPa, Ifii #8 B /K 95 £ 89 3 1t oK Bt



%511 ) AT A < KRB DT 5 ik <3

#7120 0.098 + 0. 012MPa, H vk Bt & J1 kb # 99 1%
6. 3 %, A SCH I/ T UKENE T

Yeong &5 il £ T B SN R B K R 2 L VKOS B
SEUS F W] AR R I VK B 249 1000k Pa, i 1%
I K 2% T VK B 1 29 R 20kPa, A B GR
T 2%,

3 iR FHB vk B i

R I 7K 2 T R 1 Bl g 4 A L i SR T LR R
45 VK B 25 VK I () SE SR )RR R B4, Liao &0
KA CuCl, . HCL i+ 75 ot 5k — F 40 i ik o 4 40 2
P L K 7 A A B AS 3% TT9 45 DK [E) R 6, I 7E R
B K 88 2 10 200s B FEAC W AT 45 0K, 7E 382s B 7K i
A LE UK S5 UK [R] KR AE R . B 7K 4 3R T A
S5 KB B AN T T ¥R 2 () ) o T L K2R T KR 5 AR R
T P A o S e 7K i 7 24 K T T 2R A A K ) YRR
MR T8 TR VR 5 DI 5 2 B v RUR .

Shen S8 FE 4R A 42 2 1 43 Wl 1 4 &% 2 2 T
2t Fa) 14 B 7K 3 T CHIND RT3 48 K - 45 #4079 8 6 7K
FI(SN) . £E —10°C FIAH X1 B 65 %0 9 & 144
IR AE A Ak B AR A 4 FR T HN 3% i R SN2 1 (1)
SE 425 KA B a3 ) & 13. 55.769s F1 605s, 7K
T 8 51 7K 2% T 1 B Pk R TR A B R v kR O
Bt 7K 2 T 9 25 SR B PR ARAE B G2 TS vk R A

Shen 21 7E Ti, Al V 8k & 4 b il £ i 7k %
I, 7E—10°C 240 T - 5 98014 i 7K 2% 1T 1) KA TR 1
BFIE] A 7508, LA 38 2 T K iR 4 T BB B K R
R K il A A BRI

BRI A5 R FE S 20 - K s o A LA
K 235 ¥ %) R R 3 AT, R i VK 2 TG B9 Y M 17 min I
URVRES . BB 26min A 4 ¥R 45 . 1M R 58 2 10 19 TR
T TE Amin N 5L 2RSS .

Liu S50 fE BB £F 4 A R H ) 4 T & Si0, 1)
FH KR JZ AE — 35+ 5°C [ FREEF I b7 vk 1 i
FE 30s J B 2R 1T SE A 4 0w vk B L T B K TR
J2 2R 45 VK BE B2 A 24 00 1 X B VKR 6

T CEET L Z AL BH A S A AR 2 T O AR, LA
T R 20 (HDPE) O JE B 38 38 1R, i £ A5 Ik
SR . W SR AT T SR = R
BECFAS) &M J5 . 4k 15 T sk MR m. 5060
HDPE X i .FAS & 1fi it # HDPE i 5 A Lt , i
&I AT FAS B4 AR 3 45 4 HDPE i 7 & 1
W46 25 VR B ] 43 5 3R T 375 1 330,

VU AT R S 2 T A SRR 1) K TR
V2 85 R L R 7K 2 T ) B 5 VI 3 AT R R 1
S 7K R THI 1) B8 45 VBT o0 A AR R RIRAS . JEK
FE 2 PRS2 B HE AT 4min B, T B K A
B FE 2 BAE 9min BF . SEE AT 60min B, 8 6
JKFNSE K R T8 76 & 40 %100 1. 73mm # 0. 95mm,
B 7K R THT A R L SRR RN T 45 %0, R W B
7K THT Lb 2% 7K 2% T8 1) 30 7R 20K B8 4

Wang 4557 F Fl 4k 2 Z0 ik 5 500 M1 25 A 09 05 vk
TR BE KB R, 76— 15CHREHET K TH7E#
B T A 58 42 45 K s 1) Ol 99, T R B K B AR T L
B 3942s AR TE A L5 VK, B KB (8] B 42 . X2
PR A 68 0 K R 2 1T A7 AE ME VR 2 HORL R 2% 1 i) il 1o
AR AR VKA I B N RSE IR /I, e A Tl 25 4
S 1 S B el T N R B A A R N T B
T P A 3

Zhang ZEUTHEBRE M LRI S ZnO BB R
K T, 24 TR R — 20°C i, 2K 7 A Ak B2
3min 5 e EELS . M AE B B K ZnO R 10min K
7522 B0 M B G B 40 ¥4 6 RN B 4 R P E .

Pan %005 R I Y 0 IR P 1 (PMIMAAD il —
S AR TE 4 K TR (SNs) Y IR A 90 18876 75 A9 2 18 . 761
B AR, 7E—20°C FHEAT B vk 256, 45 5 3
W 7K 308 7 AR 0 5 T AR DR TR i vk T 7 I K 2 T
AP R ARE 7K RS 2 I S A 1) BT 45 VK P RE

Liu 85130 33 W 1k 2 O 2% il 4% 40 2 18 i K %
M. SEERAF ST T /NS A AN W) AR A0 G i 2% 1 b /il
gt vk A e L 5 R PR AE 10° (1 ff 440 R 1l /NS
i Ak 5 b, HL KOS 78 2R T L S 7R R TR i — 2
VKIS . AE AR B K 2 TR, /N i k) G AR L A
BLVK Z HiT A 23 N TH W 7% - R B R A7 09 b7 vk Pk fE
/NS M 7 8 5 7K 2 THT Ak st T A K i) 4 00 B
5 7K 3 T S BE 5 B 1k AL S MU A K AR AR T
VKB 5 1 A e .

Kim 250 2 B0 T 88 5 K 48 & 4 35 i g
AA 4 2R T B VK PERE . B K A0 A 4 e 1 AH HL AR
BB 4 3% W 1Y B B0 VK OB R R R SE GR T
22 % ~92 % R I H BT 1 B UK PR RE .

4 FBER KB B kM R TF 7 B 18] R

W8 7 7K B R BIE ST B TR AT TR 2 RE A
JO7 P A9 SR R 8 ey AT HEAT B A S5 R B3 A
FERHRERL A T CHLEA |2 . H ADE KA R



© 4. & T BB OB

#
gl

BIj K 1R BE 3 A7 75— L8 [ B A BF 5T .

(DK SIO, 559y BTk mRE AR # R, 4 T4 )
FARRR RS A Ty R M LA EY 50 43 HI () i 3R T
SROK B, 5 A DL 2 T 25 Gy 25 i S T Bk
B, AP BEFEAIG , 7R S PR R i S 32 31 T i 2
PR 2R B BRI

(2) MR AR A 52 P 07 T B0 58 (R 45 3L %
JE CRK L H RS v R T2 iR A L Al BT K P iE
R AT AR A HA T AT R KA R A5

(3) M G K B B A RAL AL L 0 23036
AL B3 T X T TR BIE T AR D

(4) T KB R £ T2 5 2%, A0 i & 5%, i
fifp PR 3K — R 30 5 R AT

i—t

5

i
1K

o TR S R AU E T AR E B 0K R 55T
Qe AT R AE . O T PR B IE  TE FRAT
LA AR E LRI A KRR RS . H T Y
LA BR VK BB R DK A B B DK S 7 ik A7 TE fiE
ROHCRAR IR EE TS Y S5 R, DR, F 7 2 BR By
KB AR A H 0 S B g K AR IE = (B A5 30 1Y
IR = S WY :0 Wi S S REDR T e S 2 2 RO
Sebris A o 5350 K A R R BT 5T AR
TEZN B L) 2 40U 78 RAT S B B 52 880 . i 3l
JE R CHLEEAE i B MR A L R 55 A S AT 20 3
B T as AT, e A0 2 T AILAA AR B0 3 e 33 0 i
BLRAERH T A 2K

£ % Uk

L1 XURPE, FhER , IMAH BE , 55 B i K SR T | ¥ R R0 & A= 3 Bk 1
B 55 56 R AT L) ) 0 B AL 2% 24 41, 2012, 28(5) : 1206-1212.

[ 2] Jafari R, Menini R, Farzaneh M. Superhydrophobic and ice-
phobic surfaces prepared by RF-sputtered polytetrafluoroeth-
ylene coatings[ J ]. Applied Surface Science, 2010, 257 1540-
1543.

[ 3] Wu Yanpeng.Zhang Chaoying. Analysis of anti-condensation
mechanism on superhydrophobic anodic aluminum oxide sur-
face[J]. Applied Thermal Engineering,2013,58:664-669.

[47] Antonini C, Innocenti M, Horn T, et al. Understanding the
effect of superhydrophobic coatings on energy reduction in an-
ti-icing systems[ J ]. Cold Regions Science and Technology,
2011,67(1):58-67.

[ 5] Zhang Rui,Hao Pengfei, Zhang Xiwen, et al. Supercooled wa-
ter droplet impact on superhydrophobic surfaces with various

roughness and temperature[ J].International Journal of Heat

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

and Mass Transfer,2018,122:395-402.

e YE Ty ARBILT , AR A b, 45 R g K I 7 TR R A B UK iR
TEN L] MR T4 .2017,31(12) . 63-68.

RV, 25 B KA L 55 i e, 2 i K 9 B DK U T I 9
)] A ,2018,47(1) :51-59.

Vaibhav B, Lidiya M, Benjamin H, et al.Predictive model for
ice formation on superhydrophobic surfaces[ ]J]. Langmuir,
2011,27:14143-14150.

Wang Lei, Gong Qihua, Zhan Shihui, et al. Robust anti-icing
performance of a flexible superhydrophobic surface[ ] ]. Ad-
vanced Materials,2016,28(35) :7729-7735.

B A 2 e L 2 T R K Ik S 3 T AL RS 45 A X I B UK
REMY 5[] 4% 8 4% , 2015, 78(6) : 483-488.

Shen Yizhou, Wang Guanyu,Zhu Chunling,et al.Petal shaped
nanostructures planted on array micro-patterns for superhy-
drophobicity and anti-icing applications[ ] ]. Surface &. Coat-
ings Technology,2017,319:286-293.

Hu Jianlin, Xu Ke, Wu Yao,et al. The freezing process of con-
tinuously sprayed water droplets on the superhydrophobic sil-
icone acrylate resin coating surface[ J ]. Applied Surface Sci-
ence,2014,317:534-544.

Nikolay P,Jagannath C,Georgi S, et al. Anti-icing superhydro-
phobic surfaces based on core-shell fossil particles[J]. Ad-
vanced Materials Interfaces,2015,2(11):1500124.

Yuan Zhiqing, Bin Jiping, Wang Xian, et al. Preparation and
anti-icing property of a lotus-leaf-like superhydrophobic low-
density polyethylene coating with low sliding angle[ ]J].Poly-
mer Engineering &. Science,2012,52(11):2310-2315.
Farhadi S, Farzaneh M, Kulinich S A. Anti-icing performance
of superhydrophobic surfaces [ ] ]. Applied Surface Science.
2011,257:6264-6269.

Prasad G,Chakradhar R P S,Parthasarathi B,et al. Transpar-
ent hydrophobic and superhydrophobic coatings fabricated u-
sing polyamide 12-SiO» nanocomposite[ ] ].Surface and Inter-
face Analysis,2016,49(5) :427-433.

Jiang Cheng,Zhang Yaoming, Wang Qihua,et al.Superhydro-
phobic polyurethane and silica nanoparticles coating with high
transparency and fluorescence[ J].Journal of Applied Polymer
Science,2013,129:2959-2965.

Zhou Xin, Kong Junhua, Sun Jiaotong et al. Stable superhy-
drophobic porous coatings from hybrid ABC triblock copoly-
mers and their anticorrosive performance[ J]. ACS Applied
Materials & Interfaces,2017,9(35):30056-30063.

RN, B BRI A B K R A 4 2 T Y B B vk RN B
BT AT AR T2, 2015, 43(9) : 25-29.

Wang Yanfen, Li Benxia, Liu Tongxuan et al. Controllable
fabrication of superhydrophobic TiO; coating with improved
transparency and thermostability[ ] ].Colloids and Surfaces A
Physicochemical and Engineering Aspects, 2014, 441 298-
305.



11 4

AT A < KRB DT 5 ik © 5

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Jain R, Pitchumani R. Facile fabrication of durable copper-
based superhydrophobic surfaces via electrodeposition [ ] .
Langmuir,2018,34(10) :3159-3169.

Zhang Fan,Qian Hongchang, Wang Luntao et al.Superhydro-
phobic carbon nanotubes/epoxy nanocomposite coating by
facile one-step spraying[ ] ].Surface and Coatings Technology,
2018,341:15-23.

Rajiv S, Kumaran S, Sathish M.Fabrication of robust superhy-
drophobic coatings using PTFE-MWCNT nanocomposite: su-
percritical fluid processing[ J].Surface and Interface Analysis,
2018,50:464-470.

Thanh-binh N, Seungchul P, Hyuneui L.Effects of morpholo-
gy parameters on anti-icing performance in superhydrophobic
surfaces[ ] ]. Applied Surface Science,2018,435:585-591.
Srinivas B S, Vitaliy K, Jurgen R, et al. Low ice adhesion on
nano-textured superhydrophobic surfaces under supersatura-
ted conditions[ ] ].ACS Applied Materials & Interfaces,2016.,
8(20):12583-12587.

Alexander D, Yong H, Adam S,et al.Superhydrophobic nano-
composite surface topography and ice adhesion[ ]J]. ACS Ap-
plied Materials &. Interfaces,2014,6(12):9272-9279.

Puls 00 T 8 4T 55 8 K U ORI T B HE B B K 1 g
[J].#MH A ,2012.41(6) :108-110.

Brassard ] D, Laforte ] L, Blackburn C, et al.Silicone based
superhydrophobic coating efficient to reduce ice adhesion and
accumulation on aluminum under offshore arctic conditions
[J].Ocean Engineering,2017,144:135-141.

Bharathidasan T, Kumar S V,Bobji M S, et al. Effect of wetta-
bility and surface roughness on ice-adhesion strength of hy-
drophilic, hydrophobic and superhydrophobic surfaces[ J]. Ap-
plied Surface Science,2014,314:241-250.

Zheng Shunli, Li Cheng, Fu Qitao,et al.Development of stable
superhydrophobic coatings on aluminum surface for corrosion-
resistant, self-cleaning, and anti-icing applications[ J ]. Materi-
als and Design,2016,93:261-270.

Brassard ] D, Sarkar D K, Perron J, et al. Nano-micro struc-
tured superhydrophobic zinc coating on steel for prevention of
corrosion and ice adhesion[ ] ].Journal of Colloid &. Interface
Science,2015,447:240-247.

Yeong H Y.Mool C G.Hot embossed micro-textured thin su-
perhydrophobic teflon FEP sheets for low ice adhesion[ ] ].
Surface & Coatings Technology,2017,313;17-23.

Ehsan R, Ali R, Ali D,et al.Shape evolution of water and sa-
line droplets during icing/melting cycles on superhydrophobic
surface[ J]. Surface &. Coatings Technology, 2018, 333:201-
209.

AR, EARTE S B By, 45N TR 5 TR BE T B i o g K 3R T
e vk e 9256 ()]0 %4 . 2017, 38(3) : 82-88.

KA S AR IR L ST A (R4 5 R g K A 3% T VK
AL DR PEL) ]9 B AL 22 2412, 2014,30(10) : 1970-1978.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

R SCHIEL R A e, PN h AR R AR I K R TET 14 T 4 DK 4 A
FAr L AR T8 . 2010(6) : 11-15.
R, T 7 550 B i K R PSS R AR PE TS L) . A
2 TH2,2012,26(6) :929-933.
Liao Ruijin,Zuo Zhiping,Guo Chao,et al.Fabrication of supe-
rhydrophobic surface on aluminum by continuous chemical
etching and its anti-icing property [ J]. Applied Surface Sci-
ence,2014,317:701-709.
Shen Yizhou, Wang Guanyu, Tao Jie, et al. Anti-icing per-
formance of superhydrophobic texture surfaces depending on
reference environments [ ] ]. Advanced Materials Interfaces,
2017,4(22):1700836.
Shen Yizhou, Tao Jie, Tao Haijun,et al. Anti-icing potential of
superhydrophobic  TigAl; V surfaces: ice nucleation and
growth[J].Langmuir,2015,31(39) :10799-10806.
R oI B8 . 5 T T 00 N oK 5 R R g K 3 T 0 B 4R 2
FEPEL ] v 6 11 TR, 2017,30(6) : 18-25.
Liu Xiaolin,Chen Huawei, Kou Weipeng,et al.Robust anti-ic-
ing coatings via enhanced superhydrophobicity on fiberglass
cloth[J].Cold Regions Science and Technology,2017,138:18-
23.
T & KM 5 A IR R F i K 2 T A M A A
PEREAT S [J]. R M AR .2015.44(1) :106-111.
TE W, BERE A Bl NI B /K S R 3 T Y 0 L BRI R R R
L] TR B 2240 . 2016.37(5) : 1066-1070.
TR ERAL oA, A5 25 T ) i K T B 25 WO 1 A
Bk BRI 74 B H 45 Fiad B2 [ ] R m K% 2= 4 CH AR
200 . 2016,46(4) : 757-762.
Wang Guanyu,Shen Yizhou, Tao Jie, et al.Facilely construc-
ting micro-nanostructure superhydrophobic aluminum surface
with robust ice-phobicity and corrosion resistance[ ] ].Surface
and Coatings Technology,2017,329.224-231.
Zhang Wenwen, Wang Shanlin, Xiao Zhen, et al. Frosting be-
havior of superhydrophobic nanoarrays under ultralow tem-
perature[ J ].Langmuir,2017,33(36) :8891-8898.
Pan Sai, Wang Nan, Xiong Dangsheng, et al.Fabrication of su-
perhydrophobic coating via spraying method and its applica-
tions in anti-icing and anti-corrosion[ ] ]. Applied Surface Sci-
ence,2016,389:547-553.
Liu Yan,Li Xinlin, Yan Yuying,et al. Anti-icing performance
of superhydrophobic aluminum alloy surface and its reboun-
ding mechanism of droplet under super-cold conditions[ ] ].
Surface & Coatings Technology,2017,331:7-14.
Kim J,Jeon J,Kim D R, et al. Quantitative analysis of anti-
freezing characteristics of superhydrophobic surfaces accord-
ing to initial ice nuclei formation time and freezing propaga-
tion velocity [ ] ]. International Journal of Heat and Mass
Transfer,2018.126:109-117.
W B #A:2018-09-05
&R B 2018-11-12



