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Research progress on fabrication and application of self-healing
superhydrophobic materials

WANG Yutao, LIAN Yuechang, ZHAO Shengyuan, LIU Wendong "
(Dalian Key Laboratory of Intelligent Chemistry, School of Chemistry, Dalian University of Technology, Dalian 116024,
Liaoning, China)

Abstract: Superhydrophobic materials have been widely applied in anti-fouling, oil-water separation, and fluid manipulation due to
their excellent liquid repellency. As a result of the synergistic effect between surface micro/nano structures and low surface energy
substances, the surface wettability of superhydrophobic materials is highly susceptible to physical damage, UV irradiation, chemical
corrosion, etc., which significantly limits their practical applications. Therefore, developing durable superhydrophobic materials is
desirable. In the past decade, researchers have extended the service life of superhydrophobic materials by endowing them with self-
healing properties, which not only enhances their practical performance but also broadens the application fields. In this review, an
overview of the recent development of self-healing superhydrophobic materials focusing on fabrication strategies and possible
applications is provided. Finally, an outlook on the future fabrication direction and application of self-healing superhydrophobic
materials is presented.
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Fig.1 Self-healing principle of superhydrophobic surfaces based on the transportation of low-surface energy substances
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Table 1 Surface energy and migration rate of common low surface energy substances

EnN= i KIHE/(mN-m™") ER A 2% R
FAS-13 10~15 1% [15-16,26]
FAS-12 10~15 1% [17, 26]

e (8~10 ) 45 =1 [27]

B VA A e 28~32 [= [20, 28]
HDTMS 20~25 ik [21, 29]
PDMS 20~22 1% [30]

BN WAV < 23~28 = [31]
PTFE 18~19 AR [32]

FAS-13 [FAS-12 HDTMS "5 i SR P B9 5 AT, BESE o A~ Bl 6 5 Qo o il 8 AE L iR 3k i, HLY)
JH) 538 5 Si—O—Si S AR 45 | iE ALK ; PDMS 2RI N 28 i AAZE il BS 4 53, w] R8T B T 3% 1 5 e



64 R R % M (B % R 55 60 &

0 PR | T/ \ e S ) O o Ay PR R A U= T, SR RS PTRE 20 16 o A 7 H 22 SR e i
g Rl A oy, L P I fE
12 SHEMHBE

B TR AU SR B K PERES N, 2 TR J5E 5 25 G A5 A4 4 P At A8 SRR L 7 P B Y SRS 2 —
WAL 3 B, 43R N 25 A BEREIR I | T 3 SR 075 S 03 2 PN TS 40 ) R T A SR DR R 2, 2 A2
PEEHR K MR B A RGRAE L 31X — FB S SRS T T I (4 Pk ST T A0 A 768 8] RUBE 1 O oK B BIOR 90
FOB A AT 9 22 A, ASER 23 rb FATTRES ] S5 S i 7 2 T 2 SR A R B 1A EA TR A

_— B —

K3 ST ZREM AR B EUK SR A B 2L

Fig.3 Self-healing principle of superhydrophobic surfaces based on the regeneration of hierarchical topography
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—FhE R A A R E KR, TR, 2 PDMS /RN BB, SR A 2 08 i fE BT A% R AT
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FERH TR AZ R0 52 0B 7 K PR TR s 52 %
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BUKIR AR 1110, HEETFUIRES, RIPERYRE T 120 CTHFALLEE 343 s HHE A0 BTk &2
NP BB SE M LR R E K BT E R . I Ah 20 AR R BB AR SO E R 91) 3% T )
SUPEIRIZE 75 1 8 DX Sl P 1 A 1T 28 DX Sl DU A e i 10 B N7 254, SIE 17 % 3 I A T o A IR, K
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Zhang % FIHIOE H S BARXT SMP B #52 i 47 20 ik B i IR 45 440 , 1 i B 4T fh 2 ot , 1 J AR
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53 SMP EP & i Ji5 , A 355 nm A4S 58 SO Re it B 75 3R THDE MU AR 4544, 1 R e s 58 2 KBRS, R H
RLCIERT SMP EJE R AT MR B, i — 2D AIRE L 3R T RE i BN s B B s K M, 2OPE S Y SMP
Eps, HoK 3z AR %) 153°, 24X e midh 47 3 540K i), ED 3 3R 1 1 SO Al 21 % A TR A | /K% 748 4 Wenzel
PR B KR (B 4(a)), Mgt ndab 3 R &5 2 200 06 R ; [ BT, K%K T Cassie—
Baxter 5=, BE/KEMRRIKE .

UEAh, Wang 25 ARG FF & T —Ffml 38 st A 17 2l A8 O 245 A9 HE XU 2R 1T, T AN AT LAHER K, 36 AT
DIHEFRAR SR MoKk oA o FH 58 T — M e/ VR s TR T 1 A 1. SMIP A SRy 440 SRR ), 45 6 6 20 R I g 25
Tz, g T HA TSI R i R A5 R (ET 4(b) ) o Al A g 58 Bk = Sk b o & AT B M, T
fRFRRERHE . I R0 AL S B RS H T FE SR B R (T 4. (¢) ) FELSR (B 4(d) ) PIRIE S ] i
fral it G PIRME AR B 540, K FNE HS LB R BN R RIERAT A . YR O EF E S 1, ZKFE
TSI AR RS B ) Cassie—Baxter JRZ . AR GG , /KPR HF Cassie—Baxter IRZ, R 17° 198
(K 4(e)), HHZ R, IE kel 5 3 Wenzel SR TR 76 R AR Sh (K 4(f) ), XApAT
T R PR 7 R AU R TR AR RS AT 2R TIOR3 M -V 53 B B sl S I A AL AE
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B4 (a) B ATS ED R AR AR AR (G L 5 e — A & i B2 b SMP AR (¥ SEM EI&, (b) JEUIR | (c) ZBTE Al
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Fig.4 (a) Comparison of stamp surface wettability models before and after vertical thermal pressure'*’; SEM images of SMP
pillars in the original (b) , deformed (c), and recovered morphologies (d) !; water (e) and n-hexadecane (f) droplets
on the surface correspond to different pillar morphologies'*

el , Zhang %5 P BT T —Fh B XUZE5H H A B2 P REIL S AR IR 2 IR N TS 4
PRI B B4, B 5 S A S THORE R BTA Z2 1R 9 SMP ZLIR B B 8E A 441, ¥ i SMP-BTA J2;
1M J5 K F AL M1 #  (attapulgite ) 277 R BT 2 SMP-BTA )2 I, JE AL fluoroATP 15)2 , S8 B AT XUZ 4544
AR RUG 72 RS, ERIZRE L R 10 WL 119 3.5 % NaCl & B0RIE 7S e #2431 a8 3] 160°
1 155° TR BN MIAF B E 201 10°, JEBLH 28 H AR XUBR RS o TR, 120040 J2 XoF 45 b 4 B8 495 e 26 B0 1 40
S EBERE S, BRI TAR I A FHERIZEE AL em KRR, 105835405 0 2 mK K AE 65 TR 80 C
I 30 min RPAT il BB LR, AL R W B R 5 2 BB E AR iR TR 2 T B 24 5, H
1E 10 M- B EIEA G , 1R )= B BHPTE AT AT 98 2 E BI04 KF o @A IR B0 5 00 BB P 2R
T SMP #IF 4R AT A2 RE 7 A0l SORE B9 B 5] VE . SMIP §1% 3 365 Ak 85 28 R B8 ol 60 °C ik fHORE Y 448 AR
77~82 T, ZH LA LT IR W B RA B S TR RIELE T 0 742 o) 5 050 ot 2h i B RME & s Iin#ikk
HF, SMP-BTA JZ AR 58 B M 30 pum 4 % 7 wm, JiK)2 KR 918 & 53 A7 3l fluoroATP JZ 1045 44 4358
Sy SRR B R

AR T 3T Fe 1 HIRE 5 5k 2 R 0 P A R RSB K M B i BB ML, S HOBUIS SR T B
TR 2B AN A& AL ) SCEEAE ) FH AR Candi ) 375 S Ak N A 4 2 4 s flsh 2 DR R
TR (SMPs ) | T AE Sl RO 146 58 2 O My B4k H . SR, X T 20 7™ 5 A0 B 003 ( 2 58 T V)
F1) DL Y A B8 ) 45 A 10 35 T AL 28 2R A0, X T L AE & e ) B 1 R 17 [) o R 2% TR 1 30T
SRSk A A 3K, I35 ST A AL PR DL S5 A=A S LI D RIRR A, R4 500 R 4 i 17 X 52 2 49 1) 1
ENERCER T €
1.3 YEEHESRELEHERER

B T R ARSI 2 1T B0 5 1 B8 ol TDRELRE 454 P24 1) B — B SR SR A, 1 9 N 3 38 22 400 3 7
1B R4S Aok, 1 & B W B E I RE A K e m, X Rh P3[R 16 2 5 B 0% ) Bk 107 %o 1k 2 41 %
G FORZE R IR, 811 Sl 2 T T IR 2 MR A B bERE ) niEl 5 R,

Damage Self-healing
—_— _—

Low surface energy substances ‘ Basic physical structure

Pl 5 B TR BE Y R A% FURLRE 4544 1A= IR ) ) 8 i K 2 1 B 2 ML
Fig.5 Self-healing principle of superhydrophobic surfaces based on the coordination of low-surface energy
substances transportation and rough topography regeneration
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Pan 557 LUBARICACTAE 51 0 BRI TAE H R T M 1 B A7 FAS-12 19 pH iR B M e 2 (F-MC) |, IF
K T — AT LB A 18 n] MBS 32458 3% Ak~ (0 RERE R K et . >4 ] 45 (14 8 it /K 3% i 32 2]
F2 I, FE TS BE Fhy T GoRE 25 M 3P 2 78 by R - 3E IR S TR ARG, 3 BOUKI B0 S He fi f DA 153°F% =2
105° (18 6(a) ) #F LA ERESE T 105 C (T SMP BYBCRG AL S AL EE ) N 5 min , B A0 5 220 2 2 5
B B R BB RE (] 6(b) ) o IR 10 Ui - E N5, T REFRAFIE 57 1 i
KPR, KA A AEFAE 1520, W Sh s AN (K 6 (c) .(d)) o BEAh, O, 55 B T BB i K R i)
R Bt R ARG TG A 0y SRR K e fik A 1 B 22 23° o 5 2 R TR A pH =3 /) HCL W, UK
PFRIR (2- 2 AIE L SER BLNIHTR AR ) (PDEAEMA ) R 2056 0t G M K , 5128 1 FAS-12 437 i
Hh5E YL RO R AR R TIAE , (075 2 K S B B K PE B (18] 6 (e) ) 5 KT FEAE A2 ) 2 a9 4 ik
FIE Sl 0 503K 2 1520701 10°, HiZad BT E A2 7 MEFR (K 6(f) ) .
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El6 (a) R4S RMAY SEM EE (7)) UL EOKIRER A X Sl E DGR () 5 (b) REREEIRE X5 1Y SEM El&
(72) AR AR AEZ R e BEOR () 5 () 18 10 IR ZE A9 TR PRI 1k R v 3R T CA F1SA #YZE AL (d) RIHTEE
2510 YA PRS2 3k Bt v iR v L AR AR 1L 5 (o) B RB B /K R B B2 AL = B0 s B IR (f) RIMTEZELE 7 X O, S5 T
PRAL PR -SRI FAE L T CA R SA [ fE

Fig.6 (a) SEM image (left) and optical image (right) of the surface after localized pressing ( collapsed micropillars on the right
half) , water droplets pin on the pressed area; (b) SEM image (left) and optical image (right) of the surface after
recovery, water droplets sit onto the recovered area in spherical shape; (c) variation of CA and SA after ten consecutive
pressing/recovery processes; (d) variation of micropillar height after ten consecutive pressing/recovery processes; (¢)
schematic diagram of smart superhydrophobic surface for repairing chemical damage; (f) variation of CA and SA of the
surface after seven consecutive oxygen plasma treatment/surface chemistry repair processes"*’"

U4, Zhang 254 i 45t —Fh LA eI A RE I B HUKIRZ . 1% 2K 0k il )2 D REJZ M AL, i
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Py RREE R AR A AN, 0 BT T MR PR B A S R O AR R Tl S ARV
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REVY L FEARTER A TR FRATTEE XA IS R A 32 AT 4 I R TR
21 g

3 ol 2 A SRR S R 17 FH T I 1 B BB, DU LR 4 SR A BT ) A7 B 4 T S S5 R A 4=t DRt
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BHBRRE 822 , E K S B P & S B B MR Z 21200, AR BB K MR & Ji R 4 T 7 i it 45
R T B ALE . AR TE BT K F2 1 2 Cassie—Baxter VIR A, BV 32 1 19 180/ 4 KRS 45 K 7 B 5 Wi 1R
TR BC A H, A A55 ek 2 8 sk A S5 -5 2 R A M v B, AT S BB J8 ol R 224 Tk, s /K 3R T 1Y) 1 48
SRR A2 UG F EWKE B , 20 K L 00 7 i, FE I A el 1 it S5 1 B S ok
T HLA E N A5

Yuan 450 CRNEOGR S B BT ARG A ZEAR R LR & T A S B R B & 8 vk
B K FRTH . B 58, R CERDOGBE b R AEARJLIC ARSI 1158, b il B 7= A= i R R SR A2 1 22k
SEFYF ORIty i 2 100 1 22 SN G54 s LIS | o PR SR AL R T 2B A T A8 Ak 1 DA R AR HL R T R, KRS
SEFFIR TR PRI T 1 R AR X I LB S KPR R, B TR R K Fm FAY /K% 5 Cassie—Baxter
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FRMIL R M AEY L ODA .PDMS WIHMRIVER , 122 L O S i vt , e i b i /K B8 finh ffg 15 3] 158° R 50
AR 4°, KIRIEZH] O, FFES TR 2 4b BT A2 15 35 /K B, ODA/PDMS 43 AT 7 50 FE T 3 i J 4, 523
10 min WEEKEE2EE , BAE 20 REW - B ZIEIH G IR RRRE . BT AR, 4 S A
MBS A IRIZI Mg G4 7E 3.5% NaCliE iR, I 7(d) hal IR A IRZ RS Mg & 4 B
T P ok LA R R AL P ol R I 28 B R K U 2 A I R BT e e . A, AR Z 0 Mg B ek
fEHLBH Rp 53k 7 410 kQ-cm ™, H#EE Mg &4 AL BRAE S T = N80 g (B 7(e) ), BUE AR 5
1K 99.96% , L6 )5 G ZA RS prE it ML, 1% 27E 3.5% NaCl iF8 2 30 d J5 A/ 4E 5 = BT
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WG (3) OEEIB R (d) #RERRY Mg ,OPG-Cu™ il POPG-Cu™ IR JZ2 58 T 3.5% NaCl ¥ T4 Tafel 28 ; (e)
#L2 1) Mg .OPG-Cu* il POPG-Cu® 142 1y L B (Rp )

Fig.7 Optical images of the flat aluminum surface (a), the just after-laser-ablated surface (b), and the heat-treated surface after
laser ablation (c) before (1), after (2) immersing into the CuCl, solution and after cleaning the sample (3) **'; (d) Tafel
curves of the bare Mg, OPG-Cu*", and POPG-Cu’* coatings exposed to a 3.5% NaCl solution™; (e) Rp of bare Mg,
OPG-Cu”* and POPG-Cu®" coatings "**
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Fig.8 (a) Separation process of oil droplets and water'®’; (b) gravity-driven separation of water and dichloromethane'®’; (¢)

shape of a static water droplet on the laser and O, plasma etched samples'®’; (d) schematic diagram of the stimuli-

responsive oil-water separation processes'*"
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healing following fracture'™’
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