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Abstract

This paper systematically discussed the research progress of bio-inspired materials with special
wettability, from unique biology to relevant theories, from basical concept to preparation process
and practical application. However, the surface wettability includes not only hydrophobicity, hy-
drophilicity, oleophobicity and oleophilicity, but also the interaction environment of 3 phase sol-
id-liquid-gas, which involves many surface parameters. As for the preparation of materials with
super-wettability, the factors such as the synthesis of low-cost materials, developing large-scale
preparation procession, achieving the important multifunctional, considering the environment of
practical application, the comprehensive stability of materials, can still impact the result finally.
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Figure 1. Special infiltrative surface in nature. (a) Rose petals [1]; (b) Lotus leaf surface [2] [3]; (c) Gecko paw [4]; (d)
Beetle back [5]; (e) Butterfly wing [6]; (f) Fly eye [7]; (g) Water strider foot [8]; (h) Rice leaf [9]
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Figure 2. Possible extreme states of surface wettability [10]. Surface wettability on a flat solid surface commonly shows four
basic states in air (inside inner circle), including hydrophilic (HL), hydrophobic (HB), oleophilic (OL), and oleophobic (OB).
Their combination will generate four possible extreme states in air, that is, superhydrophilic (SHL), superhydrophobic (SHB),
superoleophilic (SOL), and superoleophobic (SOB). When air is changed to water or oil, there are four possible extreme
states: underwater superoleophobic (WSOB), underwater superoleophilic (WSOL), underoil superhydrophobic (OSHB), and
underoil superhydrophilic (OSHL)
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Figure 3. When the water droplet contacted with solid surface, the tangent line of gas-liquid interface at the intersection
point of solid-liquid-gas phase, the angle between the tangent line with solid-liquid interface is the contact angle. When the
solid surface is tilted at a certain angle, the water droplet would rolling down, and the minimum angle that can push the water
droplet to roll is called the rolling angle

3. KSR REEME, EE - &K - SEEXAAHSRFENYZL, ZYIESERAERAR AR ;
BEGREGM—EBE, EKERNNENBENTRARNA

SRIM, 6T /KIM R SE PR AL 2R 7S, Berg [LL]HBAER H— /NI T, A ABK AN S5 K 2 18] /)
I P fuh £ 2 65° . MWIFRAL AR M R E , R /KSR N 2 5 AR E RS, HiE
5[] A 2 T ) S 5 J P RO AS [ 26 R S R 284K, - Vol ger [12]32 HE 7K 45 1) 2 S 30k ) 2 THI 5 /K B 7K ) 2 3
JRR 2 — . TESUBETF TR 2% AR ZE BE K X, & T I B — AN B KR s 1T S B F 288 I 28% (R0 20 v 255 5 1)
AKX, T IR — A5 K R . Yoon 45 [13]F 21k 77 AR A 4 B ARAE J LG oK RUBE Y Bl il
KRR 27 3 1) o R AR A 455 TR 2% I AE T Nk £ 0 > 65° IR /K 2 TR 2 18], 287K (kG B 3 73 /N T 30 dyn/em,
BOAE 7L Ak R RS A E— @ W51 71, AHRIEFEAR A 0 < 65 BIPIAN /KR IHIA], Al 7K BHG B
7K J3/NT 30 dyn/fem, FIHLHHEF S Chandler [14]125 NS Et—BUEMH, ERE G /KR KK,
SRS SEWUKRMIM TR, HYLRRE T KIFE—NI0ER.

R T RTIRIRE TR, 65° A J Wk ik [ 4 3R TH SR AR R K I — AN 43 e, 7 H. 65° I
FHEL 90 B4 A B, RERILH BE 2 Ak 2RI EE R S, X Bl A= Wi )2 S5 S AR ve T B Tz i
TRITIREN . 248K, Toie S0 W 250 2 B0 MR R 41 122 A5 oAt S A M PR 1F 9

SRS P /K R T AN S /KR, S FHE e R T DR A e A ) B2 R0 22 %, 9 AR Ak R AR AR
AR, AR, S 0 < 907 AR IR TR R I, 3 0> 90° i K il £ I
Bt TR IRIE Y AN AAEVF 2 A I, B R I 22450 ISR A ey A [
I B TE SR 2 45 MR R T i R M SR 22 5

2.2. FBHRKFIBFRKHIE X

MR — € S0, B BHKR AL A 0> 150° . BRI 27 4 B3 HRTAS B2 2 SRASEE i /K P ) 7 A 5%
BRRIER . TP RE R R R HE Al 1 £ 1187, e 28 I i M LR T A A LA (R PR RIUR
1936 4, N T ARAIRE R T AR, Wenzel B1E T ROTFE, BINT — AR IEHREE K%L r,
Fo SOMHRE R T 1 SEBR TR 5 ) LT H R T AR 2 LE o (R O REAFLURE [ R THT LWL £, 1931 Wenzel J5 2
cos@” =rcosé,
B RERT L, BiEERAEFMAE: 20, <2 B, 0/NORIR, REHRE TR £
RTINS 24 0> al2 0, OHERE, RIEHREE G TN, RIE-ETEINEK.

DOI: 10.12677/ms.2020.104027 219 PR R


https://doi.org/10.12677/ms.2020.104027

gy %

1944 4, Cassie fl Baxter 5t & H T A F ARSI SRR G R BRI 12 . 7EG1 4
HA Z LA s Al B R FF 2 R RTRE G5 RO T, SEBRIlAS 1 B fih Ay 5 AR IEF Ak 7 (D996 A2 LA R SR R
cosd = f,cosg, —(1- f,)

Hor 1 A o A S R T AR A 40 oo HoaZe i —fod H T K PERR A UF 3R T, AR R I A4 £
LYNTN DIl E NS

FEURS B2 A0 B A b — N ARSI P E, JEH R BRI RaeEHA L, WO T DURFE AR
AL B M. BT 3I) Cassie J7REEN T AL T IF 0 SR R P RARRE EDRAS, AN AR
BEERE, 1M Wenzel 77 FE RN IRIE B /K IR 2460 52 /)N BE & - Patankar [15] & 3L, Cassie Il Wenzel
J7 R X JR E AR R B N L, ORI B R e TR R AL TR —FOIRAS . Wi 6L > g, MR AL
A TFICIRAS (P i 2L 45 1 e & EE Wenzel IR TE &y FE TS5 RERE LA TN, A4 H 724D IR BRI &P 1
PR, Cassie IR AT LA AN Wenel HRE .

TESE, AT, Wenel F1 Cassie 1318 R X S MR & A R . F7E 1945 4, Pease #t
WHE T b A R PR IR E P A — 4 19 B 16]. McCarthy 25 A M SZ56 ) # BEUE R, Wenel £ Cassie HIF18
ANGE N FH T A RO ISR AN A1 SR T [17]. 55— 7T, SR AK R 2 KRBk /N T 5788
10°fERTH » ATINHESE/KR TN A 0°fiefil A o 115 1 B 3 sl NIZETT (1) 2= BER T 1 A A2 SRR K 1,
MFFAREESEK, RE KR IR O (33 BB R R I . 7E-T3H B3 AR T JEIE IR O° i) 4efil /1
{EAEIE G TiO, FTH 15 R R 1 AT AseE. th4h, Drelich Al Chibowski f548: R4 R (HIRE S £ 1L) 75
4 r> 1 (Wenzel J7 7258 SCHPRRE F) I IE O R, /KA BESE A9 B[18], 1% L F 2 THI Al A& 88 515 /K 3R T
[FIESS 0 AN S /KR 2 RS B 347 A 28, 3k JGE IR SR K R T

2.3. FRIMFRKRES

MR IR R RN SEAR 2 —, ARYE DAL AR 70T DS KSR R T n] DL B R
FRES , AN i) pid 32 2 STV = LA R A FR T 7 0 A — 80 X RAS F AL 73 28 7T LAA3 21 Wenel , Cassie
fap AR AL BE RN P A IS LA . i 4 B, e IE] 4(a) )y Wenel 128, IR AR TR /KRR
RS [ 4(b) /2 Cassie BEAL, SAMPRIRIRISEEHUK IR B 4(c) A RIH B ACIRE, &Rt i
RRB KIS ST, FRARRICK BRI I GG A R A AR 5 ISR, RIS TE Cassie RAS 2 Wntk[2]
[19]s [ 4(d) AT Wenel F1 Cassie 2 [A] It PR, SERRIAEE T UK ARIK 2 U FOIRAS 23 14 4(e)
NEERRBERL, SR T2 MUK E M, RAREF R TERE[20]. FEIXSERME FKiRaT LU EERT,
EEARMER, HURERACE ERKE—FE, X PRI RS R “TE” RS

a b c

L ) [UuLt

(UWUTBROII] LU bCLCRL L
Figure 4. Hydrophobic surfaces in different states [21]. (a) Wenzel state; (b) Cassie state; (c) Classical lotus leaf state; (d)
Transitional state; (e) Gecko state
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Figure 5. Schematic diagram of the “grafting” reaction between PFAS and surface
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Figure 6. AFM images of sample sections, substrate surface formed by different amounts of C:H nanoparticles

6. HRUANETHEMBEEGS, TRKEN C:H AR TFHRNERRE

3.12. HAE®

M EiER—MAHZ ARG, THERARENREMIHE T SR, MIRES S
HEGK R A B35, TEN SR EWIRIRSE . R PR B DL GRPEAR, RERAGAN ] 2R
IO S . A HGE[28] AR PTG ERE, DA RO, 8 B ik, B miE. AEIRA
S5 20 R R AR SR T 1) R R EOIR 22 SR IRIR T 2 1

i AR B I LI IS AT O, IS i TR A% 2, Han JeJLHIBA[29] % % 1 BAT AN 454
AR 58 LI R /KT o ULV 77 28 R A it I ) R BSO8R v 17 AR A 45
ke 7 s, AR FRICGA TR IR R T TR, fi 7 EIE 173 R R e LS 1"]8’]1&%”
FESR ARt /KR o SR FIRERI T35, AR BRI AR I LA st IR B 7 BAOKIgK S5 /1t
BK B R LA

Figure 7. (a) SEM images of porous polypropylene films on glass supports at 30°C; (b) SEM images of low density porous
polyethylene films; and (c) SEM images of ultrahydrophobic polyvinyl chloride films
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Figure 8. Super-hydrophobic surface obtained by template etching
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Figure 9. (a) SEM images of PMAA-SIO, composite films, (b) water contact angle testing images, the value of which is
about 163.3° + 1.8°
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Figure 10. SEM of PHBV with different morphologies prepared by electrospun method
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Figure 11. SEM of silica particles prepared on glass surface by sol-gel method
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Figure 12. SEM images of superhydrophobic nanorod arrays prepared by hydrothermal method. (a) ZnO; (b) TiO,; (c) SEM
images of superhydrophobic nanorod arrays; (d) Contact angle images
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Figure 13. SEM of surface by depositing copper on surface of copper mesh with electrodeposition method
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Figure 14. (a) SEM images of colloidal crystalline films prepared from latex balls; (b) The relationship between temperature
and wettability after the formation of different nBA/St than latex balls
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Figure 15. Biomimetic super-hydrophobic structure. (a) Morphology of S. Molesta leaf, upper side of the leaf surface is
densely covered with eggbeater hairs; (b) A spherical water droplet on top by eggbeater hair structure; (c) SEM image of the
eggbeater hair structure, (d) With water and oil on the flat surface, and nanocoating, different performances of 3D printed
micro pillar surface and 3D printed eggbeater surface; (¢) SEM images of 3D-printed eggbeater arrays

15. (HERBHKE. (a) EMFS, MARAZHEEE; Ob) ITERELGHERKIKE; () FTERELLEN
B9 SEM Elf&; (d) 7kFnimLZid FiarIRm, MR ERE, 3D ITENRIRFEREMN 3D ITENRYIT ERREATNARIRI;
(e) 3D FTENHYFTEARFESIHY SEM [ElfR

Figure 16. SEM images of ACNTSs films prepared by CVD method. (a) ACNTSs film image of cellular texture; (b) Magnified
image; (c) Island-like vertex structure; and (d) Columnar structure
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