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Bioinspired Superhydrophobic Materials: Progress and Functional Application

TONG Wei, XIONG Dang-Sheng

(School of Materials Science & Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Inspired by the lotus leaves in nature against contaminants in the muddy environment, superhydrophobic
phenomena has attracted tremendous attentions among the research communities, and triggered the researchers to
fabricate an artificial superhydrophobic surface for real-time applications. In this paper, the development of bioin-
spired materials is combed in accordance with time evolution. Besides, the advantages/disadvantages of numerous
preparations in superhydrophobic coating are discussed through the recent researches. In addition, the recent ad-
vances of superhydrophobic applications are summarized, such as self-cleaning behavior, anti-icing properties,
anti-corrosion performance and oil/water separation. Particularly, this review introduces the mechanism and im-
plementation of anti-icing properties by superhydrophobic coating. As for superhydrophobic coating, current chal-
lenges are pointed out and its future development for applications is prospected. Overall, this review provides a ref-
erence for research and development of superhydrophobic coatings.

Key words: bioinspired materials; superhydrophobic coating; self-cleaning; anti-icing; anti-corrosion; oil/water

separation; review

05 A AR NIRRT A 7, a0 A=) KT 150° Higsh /N T 100 R M e H EA 8
%/I\?:TEEI’JCF?#IJJH&, SEELM R D REAL BT, I BRI, HREIR I M FAS YR B Young's T
] B e R AR 52 AR TR I R R R FEPIR J% 3] Wenzel #5711, 2845 3 Cassie-Baxter 1
KR SR TR E T2 RE. RS A ) , E BT B OE R B K A Y #JE T Cassie-Baxter

Wim B EA: 2018-12-17; WBMERASHEA: 2019-03-25

BEWE: [ A RE IS (51575278); Jailt 5 A k) A 9050 %8 5 42(614290402091702)
National Natural Science Foundation of China (51575278); Advanced Composite Materials Key Laboratory Fund
(614290402091702)

{EHE BT & B(1990-), 5B, 187 E. E-mail: tomson90@126.com
BWAESE: AEstE, %, E-mail: xiongds@163.com



1134 T AL A R R

EIRVE

FER 5t . AL Web of Science PARE R /K 4 3 f 2%
6 SCHE R, K SR SR R B AL A, OF
Hor s 2O s, W 70 ik K
K EA HIERE PIEUK. A K 5 T
T (TR 8 L AR A SO BRI ) % J IG5 %4
A= AR () SR RE FE R SCREAT R, 0 I A
PR AT SRR, 0T 2 Tl 558 /K R J2 TR i 4 7 R AR
B S BAT IR Koa g, RIS X B /K 82 16 S R
FOEATHEIR, ViU BB BB AR AR 1) ), R
A I BB K AT I BIE T2 R R

1 HEBRKFRNELR

KEARRNFSE I AR R BEIER(E 1),
1997 4F: Barthlott A1 Neinhuis™ 3 1 W 82 43 41 fif -
T RO TE SR, 3 iR P 7K 2 Bk AR 3R
2 B A R R, A S P 2R TR REL RS o 485 4 285 5 i 7K
P (0 2% R PR AT 51 RS B, KRR/ JBT ) g 3 T AN
ACEAFE KM, T H G RIURLS B4 B A (R, B 1
JE I F fap Py R PR I RO 25 A i — 2B BT,
KIGK G A ERIPN R RGN LG KR

f

VN

Poplar leaf hair®”

Clam shell?"

/! 1

\ 1 )
* i @ .
\ ¢ 2 um
\ 1 2 'y
b, [

7
4

Penguin feather””

K1 A AR A R R A JRE B L R (R Sl AL ) U 45 4
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Table 1 Multiple functionalities of bioinspired materials

Year Bioinspired materials Multiple functionalities for applications Ref.
1997 Lotus leaf Superhydrophobicity, self-cleaning [8-9]
2000 Gecko foot-hair Superhydrophobicity, high adhesion [10]
Spider silk Water collection [23]
2001 Desert beetle Superhydrophobicity/superhydrophilicity [11]
2002 Rice leaf Superhydrophobicity, anisotropic wetting [2]
Cactus stems Fog collection, gradient wetting [24]
2004 Water strider leg Superhydrophobicity, fluid friction reduction [12]
Cicada wing Superhydrophobicity, antireflection [13]
2006 Nepenthes pitcher plant Slippery, underwater omniphobicity [31-34]
2007 Butterfly wing Anisotropic wetting, structural coloration [14]
Mosquito eye Antireflection, antifogging [15]
2008 Red rose petal Superhydrophobicity, high or low adhesion [16]
2009 Fish scale Superhydrophilicity/underwater superoleophobicity [17]
2010 Salvinia leaf Superhydrophobicity, high adhesion [18-19]
Shark skin Fluid drag reduction [26-27]
2011 Poplar leaf hair Superhydrophobicity, antireflection [20]
Springtail cuticle Superamphiphobicity [28]
2012 Clam shell Superhydrophilicity/underwater superoleophobicity [21]
2016 Penguin feather Icephobicity [22]
Skimmer beak Drag reduction [29]
2018 Sarracenia trichome Water harvesting and transport [25]
Earthworms Self-replenishing lubrication, friction reduction, antifouling [30]
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Table 2 Advantages and disadvantages with regard to superhydrophobic surface by different preparations
Mechanical durability Wetting behaviors
. Advantages and
Preparation . . Anti-wear Ref.
Disadvantages Sandpaper Loading I Before wear/(°) After wear/(°)
situation
Etching methods Time-saving, low 400# 100 g 200 cm 161 156 [42]
cost, but poor 240# 200 g 100 cm 162 154 [44]
mechanical )
durability Oscillating sand test 120 min 170 155 [41]
Sand erosion test 9 kg 161 158 [43]
Electrochemical Fast, easily tuned, 1000# 1.3 kPa 500 cm 160 148 [49]
methods good mechanical 10004 13kPa 500 cm 167 137 [51]
durability, but high
energy-consumption, 400# 2 kPa 1200 cm 155 143 [52]
needed cqmplex 800# 3 kPa 200 cm 162 142 [53]
operations 1000# 3 kPa 200 cm 160 156 [54]
400# 100 g 500 cm 165 >150 [58]
Chemical and Appplicable to 1000# 5 kPa 1010 cm 152 149 [62]
physical different substrates, 800# 53¢ 400 cm 157 152 [63]
deposition excellent mechanical
durability, but 320# 300 g 1460 cm 178 140 [64]
' ti.me-consuming, 1200# 100 g 320 cm 152 150 [65]
limited to small areas 240# 100 g 400 cm 168 156 [66]
200# 200 g 965 cm 166 153 [67]
2000# 9.8 kPa 6000 cm 164 150 [68]
1000# 100 g 400 cm 158 151 [69]
1500# 200 g 500 cm 153 150 [70]
Any other - 1000# 50g 1200 cm 172 150 [74]
methods - 400 g 500 cm 158 150 [76]
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Table 3 Superhydrophobic surface against ice adhesion

Superhydrophobic

surfaces (Ref.) [101] [102] [103] [104] [105] [106] [107]

Ice adhesion strength 35.7 kPa 201 kPa 100 kPa 64.7 kPa 25N 113 kPa 26.3 kPa
Contact angles/(°) 164 154.3 164 157 161 153 155.3
Sliding angles/(°) 1.5 4.1 2 - 6.5 14.3 2
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