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ABSTRACT: In recent years, with the continuous development of modern industry, the applications of metal materials are
becoming more and more extensive. At the same time, the corrosion of metal materials is also widely concerned. Superhy-
drophobic compounds are used in the field of metal corrosion protection because of their excellent chemical properties. In this
paper, the principle of superhydrophobic compounds protection on metal substrate are introduced, and the methods of preparing

superhydrophobic surface commonly used in recent years are summarized. For example, the compounds with low surface energy
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are modified by fluorides, stearic acids, long-chain alkyls or silyl group to build superhydrophobic surface with low surface

energy. Superhydrophobic compounds, organic metal framework compounds (MOFs), corrosion inhibitors and microcapsules

can protect the metal matrix through synergistic action: (1) Some hydrophobic compounds are used to modify the organic MOFs

with special surface properties to produce superhydrophobic surfaces; (2) The inhibitors are modified by some long-chain

hydrophobic compounds to improve their hydrophobicity so as to obtain the better anticorrosion effect; (3) Microcapsules with

self-healing function and hydrophobic compounds can exhibit the best anti-corrosion performance through synergistic action.

The applications of superhydrophobic compounds in metal corrosion and protection are prospected.

KEY WORDS: Superhydrophobic compound; low surface energy; modification; metal; corrosion; protection
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Fig.1 Schematic diagram of superhydrophobic surface!'®



<172 - * wm #H R

2021 42 A

2 BEAKELESWERERETER
W FH

1 LRG0 2 2 7B
5, JEEAER B BB KA . A LA
R 2R T 00 A M A2 DBV 3
BEHE | LR RIEC e
LI )7 4 AR ML (T AE AT, M
e R R
21 FERAEFRREENALHREDT

TR

A K R OB o, 9 K S
A BRI A FUL L 72, WA
S 46 T R OB 22T J22527). Zhang 4 e85
BT, MR KSR AR UL (LDHS)

PO AR 2 0 = A AR 4 B RE AR IR R IR TP Y 4
JE 22 b, F 1H,1H,2H,2H- 4 51 28 3L = 2 A FE ik b
(PFTS ) #EArektt, WLl & THKIEREZE . Bif
Jei, T M EAKPERE AR sk PR, Kbk 1560,
B R 50 T 45 5L 0 S AL 7E 4 T J5 IS 8
KPR AL T — R, EDZESSRRARME T, K ROk
BANKA IR (NI(NOs), 6H,0 ) FFEK A il
B (AI(NOs);-9H,0 ) Wil Z M 4 J@ il R 5k IR 5 1
WY B R S5 R . TEAS IR S T S,
W RR AT ELAT B K BE T o WY 5 T R RE AR K 2
SRR FLAE Tk 7K 43 88 LA R CH At 15 B2 B K A4 )
TR R T EEARH . Hil e 2 s,
i (1) &EWIRA R, 305 T ebs
b & B R KT (SSM-OH ); (2) ffkd: K, 1R
R Wb, 38 K Ik 7 T b S 2% D BRI 2
LDHs 9.5 B i9Aetk 45445 (3) i 1H,1H,2H,2H-2 %
RIL= A FRERE (PFTS ) dE 7kt

ey
(e}
% PFTS
Hydrothemal reaction
i
FiC FiC FC  RC  EG . A
XF R, XE  CE OB NH;—C—NH,
EC . EC BC  BEC BG
CF» Hydrolysis CE» Dchydration coupling CFP.  CR (R
cm/ T3H0 ——) FzC/ +3CH;,CHOH cT——————) cm\ FzC\ FzC\ NO-
>CF )CFZ A ] C/CF; ] C/CF; ] C/CF; ‘ 3
FC F.C ? Ko
- \CE, SCF2 SCI-‘z SCFz
, —8i-0—§{—0—si— Nt
OCH.CHs—S{~OCH:CH, HO-$i~OH b 6 b
OCH,CH;§ on I I I
®
———
M2 it R wE P
Fig.2 Schematic diagram of the design process'®”)
Yu EPRIEBRA F RS, RARAEDT  ORFEIRST B A RE AR BORL , 7R 2R P

T, BB AEAS S MR 648 T HA 53 290K Z5
MR BKIRIZ . IZGUKREEIRIZNIZE R WOs Gk
A, ANEN TiO, 9K ki, FH 1H,1H,2H,2H-4 5 %%
BT LRI AT . R WO,@TiO, B
A6 IR 0, IO K H AN (8] 17 1
FBNEM b, FERREAEWIES S WO,@Tio, 44
KA BSR4y FeW dEMASA 4, nTRGE R Ik
S ek A ST () R R v B AR SR BT R ek R
PR AIF 5T 0 4 T B 6 B A3t 1 — i o EL I A 1 4
JE&JE T B B B LA 2R, O HAE TR RS L Se il T
HL TR A R T T ¥ A B g K e T, )R 38 T B AR
PR SR . BT . Brassard 22 P7IS% P v e v e
NI AR AR A A R A T K R, i A

e SRR et A Tk, R4S T UL AL REGK
SR B 3 B G A RE AN KR o R WO I T
AR b, il e AGHE, LR RV, MiE
TS TP R AR R ARORORE T I RSE R R, B
KRR AR AN T3 K, Y i R AR R g KR T
(G SR ST R (119+12) nm BF, 724 T 2 i HLRE B
ik 0.697 um [, H MM Sk (151+4)°, R
TSR BKPERE . R, S0t T —F @ iR AR
S 18 A R B %) 7 o

FLA I 2 18 B 1Y RS AL & W 2 — Fh = R EL P g
TSR JERL, 36 T4 Fh 4 Jm S R m iAot o
(AR AR S i, RO B B e, X4
JE AT, S &R IR HEE A, B



B50% 2

SIS PG NTE AF N T R Tl
2 Sl
2.2 (FEHAKEREENFEREERHITHE

1R AL P 1 A ol R0 R BRI O 2 1) % vl
RE T LIARAHE S B K R 2, (R L A% B 5
HEAREE, HIIAE TR Tolk A= &
XF AR BR, BT RLR P ) Joe S ol 3 ik L ke 1R
B ALY &K R . Qiu 4P i B Ak 2F DTN
M2 S MRS & 0, 78 CuZn & @I
T B T 99K Cu(OH), HFRZEHE , - -+ — ek
Pk e T HEA TRAOPE | B IR W T B 5 K R 255 1 %) B
JEWRIZ . ZJ5 MR 2 FR AT, 5 O B
W2 LFETHE (SLIPS ), BTl s SLIPS At AdEA
W 7K R R 3 340 s A TR B R S v, UL LG Pk
e, S5 EM, FERMMEKEM T, SLIPS EMH
T RUFGEMPERE, R SLIPS ELA B 4 il sk
AT AT Rt Al T A= ik . Zhang PR F—Fple
HH IR A — 25 B AL 22 DU | D M7 A 6 i R 1
il TR KIRZ , 23 m B 2 LSk 5
YRS IR AL E A WAL o [RIEH H + 7S B iR
XPURZIEAT T o0k, GOoK S5 T IR Y dRE i, fi
Ko LBt W T I AE AR R AE . SCIRTERA, BT
TR 2RI LS B B K | 2 Ak 1k (166.1+
3)°, [l i ELAT 1 S5 A K 1 AT A 4 75 U G e
AL LAz T S ph PR o oAb O = R A AT
i | PREEI B, INITZE 4 I8 JL TR 2 B By 3y ok
T —FloA SRR AR A . Zhang PR IR
I T —Fh T E ek K 4 55 —
kR BE A4S G B B KR 2, o 3R R b &
— R B A LR T RE A AR o T A B TR B AR 32 LI PR
i, AT DAFEAT AT S04 2 T B Y . R B B R AR AT
0] B B ) A B R Tl i o e K e T 12 i LA R
BEM . TR, TAbSEBUrva i . etk . iE PR
G, TESEBR TP HA R KRR ST B T 8K W)
Jot He e ol Rk LA AT DU T lchE 2 A0, B AR ER S A
P R R R E e &9, F Tl A oK vk
JZ . Zhang %0V il LR 7 B 7E BIMR S AL BE & 4 b
T WURE i PR A L 55 K I J2 o Liu 2552 k2 2 b vk
A6 ] M R TR P T S i R SR 254, 2
Je NAE S A MR ER 1Y) £ B Wb e T kb, T e 4
JEH T E N, T MK IR 2 o LI 5 7F 3.5%NaCl
IRV WP R B B A T S o, TR) B fk £ 35 3
157.6°,

K B A AR 2R 1 BE A R U AL A P il 45 8 B K
&Y, BBEKALEYIRIIFIE R BT T — 2R
T BRI BT o (HRAERIVE TR 22tk . #4E
IR EBE LR AR, T XL,
AR AGE T Tl KRB ™=, Wi 1k 45 5L

B2 MBI e e TR o 5 747 0k 2 L 173 -
BEPI .

23 EHEASBEREMAKRERERHELE
&1

ALY . MEIRIRISIE A Y . Kok i e I
e RESETE T RlobE , AT DLARAS HAG IR SR 1T RE B9 i K
R, AT, Hfl& TER RS, I
o He ZEP LR FHAL 27 200 ol ik 0 e, 10 RR 2 i A ) 3
M 2 T )RR T E A M0 R RN 7S 3 0 46 A 1 e
IR o A Al 2E 20 PR AT T E A RS 2 T A e
M, I HL A it I 2 T R A R X 4 Al 2E 1 7 AL ek
o BTl & TR 2R B O S B sk M, Rk
iK(170+2)°, WE3MAILT R 00, FErfb2: TR, st
TGN G, LI, 7F 3.0%NaCl /KiE W i K
PEAE i EE AR R B T R A O I T B 2 R o 1
Jrk i . AR R, M4 R R mE
W KBS TR E A T AR ik, I A A
Tl E7 218 1 . Zhang %P4 fa7 B8 0 Ak 27 58 e
DU 5 il 25 5 1, U & i T — o B it 2 R il
KEEHHY Cu/NiEBEKIR)Z . it RAE, ZILIK
Cu/Ni IR 245 T RAF, EHESARGEM, Ni KR
T H T Cu WIRIEIE R I 0, I 210 TR
2 BB R TR BE Uk 2 PR HOER K M sl
JES, AEEAESLIRHREZ M.

Yang LR ANE B, EHRE IRE THEA
B NE, S I ) PR AR J2 R T RE AL A2 T A AR A
(FG) 9K, TERL T BA FEMLG A8 K 25 #4 ) R A
R, JEMIE T — M EA R B K IR 2 .
U 2 R I K 2 | A AL R B9 A B [RAE
KXt 4 @ MR T B, ] £ 1A B /K A SR 2 A
BHE 3.5%NaCl KW, BT 25 B R TRZ /Wi
BB, R T RGBTSR . BUFb s kg
YEfRT B, S Tl Az P48 43 T — ol A &0 A 7= 0k
W% . Sun ZEPOLR O, BT bk sl
RO R T i, DT 8 G oK 25 EURELRS (1 3%
1o RIS oR RV it AT A2 A8, il 4% R B /K AN
B, T8I RMEOGTE AISI304 AN il & T Al 45
] P JE)HH P 85 A B /K R T

JH X AP T, AR T — ] DL T R
¥ . WERRRR AL AW . A B9 e FiE s f e 6 D 1T 3R
15 5 A KSR 1 BE AR B /K R 1A, ke T IR 4 S Al
BT LB NE I ARE SN,

3 MBEHEI/KLEWHE M EIEER

3.1 Bk MOFs Kyl R H L2 thth [E] 18
MAER
S RAHUE SR — iR B AR Z FLRTRE, 7



<174 - * wm #H R

2021 42 A

ULAEARSZ B T Tz R FURG A BUs i, 5IA
T fre 5 B R A 32 i Lt v B I L4 4 1) S
PR ARIE S A BT 5K MOF Uk sl KB,
MOF P BERC AR R PRI AL AL, N, W] L
1o 2R JH B B A 21 1 DR B AR SR A s 5 B 1
A 1 G0 K B 4R

FAT, ZETaE-AHHERM R (MOFs ) 1355
KVERZE H 2352 2IAMTAE AL i T MOFs n] LI{EZ
P B R B RO B SR A e R, —Se
A FFRIE IR A A MOFs HEE T AR R Tk 0 o
Du A Cu(OH), BEUIAE Y, 76 =2l

Cu(OH),@Copper foam

Copper foam

Step I
. Anodization

-

E 145 T HKUST-1 MOFs B, YUK = k43 1
TH,TH,TH,2H -4 550 %8 3k = F RO ik be BRIk 25 1T A/
fe)a , BB FACRER 2 s AR . B 5
KPR MOFs IR AE = ey IR L, I HR & X
FREFNEE 33l /7K B B RE 1, S5 R, X Tk i &
I RE T KT 150%, XF 48RPtk IR A9 5K
TERCREIRT 96%. M ACHE B 1 R AR il £ o R
W 3, A=A, (1) i HB A AL N 6l &
Cu(OH), 44K At 5 2 e L A I il £ HKUST-1MOF;
(3) J FAS-17 sk Ak o /KA 5 BT A5 0 o A A B A
EE KM, # HBCF,

HLCF

HBCF
Step I ‘ Step III
FAS-17
-y

“

K3 HKUST-1 8 B A0 A 4 14 ] 45k A4

Fig.3 Preparation of HKUST-1 based superhydrophobic copper foam!

Zhang ZEVHIE KT —Fh G T AT ARG i 16 JE A7 L
-V R AT, TR R E YRR B K B g ok 2R K
MOF BESIRJZ . 1 4 A T ek g a8 A
ZnO R S5 BRMEEC A S N7, FRAFAIR G s 25 4, B ik
PERZIAF, M ZnO B4R A ZnO F450 Hh kB 4 &
B IR SRR ZIF-7 R X Rl ARG AL 9 MOF
FEINRZE , ARZ5 56 i s i A sk 4548, FE7T LA
TEAFIILIE DA B BUKIRZ, i, & A
A a0 S o Zhu SRR T — b R 4G
HZMiE K MOFs Jrik, JF & T BA A EARK
7K MOF ik Ui0-67-Oct-L2-X%-Pd (11 ) ( Oct
RFEEH C8 HEMELA, L2 L3 2,3 -BUnlkiE-5,6"-—
RIR, X% N L2 M&E), S53FKMER Ui0-67-L2-
36.4%-Pd (11) 2T 5010 MOF fB{bFIAHL, 53]
BB H K M Ui0-67-Oct-L2-35.7%-Pd (11) 7EZ i T
B T K Sonogashira I 2 v, ARELH
RAF AW A B RE J1 . Gu e — @A ET,
K MOF ZIF-8 4K Bk /0 #2) &%A rGO 40K 1)
Ky, Hil 4 T RS 3D MkIE MOF@rGO &4
PR, MR IR UK 2R . TR
TR AN 5 N FL/AL I RIVE R, BTE B MOF@
GO &AM BEEL AN 1 A3 HAT 55 0 I R O i
Bk

MOFs 78 B Jy—Fp EL A RRIR 45 46 10 87 B4 I
L - 4 L 65 A6 N A K B T 26 T RRLTE 4 8 S ok B B0
T 75 5% 75 Bk o 4 MOFs 5 — 236 i RERAK 14 4 S5 13 [+)
Xif 4 JE FL A T R KPR R, A B R A T — b
AT . (ARG AT b & B, MR MR

[41]

1% 599 A Rl 4 MOFs (B, R 26 1 AE AR 1)
VIR R, 23R MOFs (OFLE5HE , 33 1 5% 0
MOFs [P RE XA 5 B9 MOFs 475 /K et ik,
Z I H B "),

3.2 ZIMFIFNGK MR R LE It R 3L A2

ZENFR, ARAEIE kil 7], 2 — L —E X
TR EAFAE T il v, DT 32K 06 <53 Jek i 52 i o
ECERE AR R E B AR, SRR L R
0 1 P A P TR R Y2 I P T 4 DR 1 J g e
UL B G PR A AT A R R . T R A
JIR AT BT R R RS B X — A, — SRS
Fe G b S g KPR s S 3R, & A
GUKPERITRZ , W Ta @R, 5 m7E g il
g AR PEAL S DI P AT, D822 hde R

Jadhav S5EUTR T o 2s A SRR BF 90 K BURLAE
BRI A7 S IR R | 7 A0 5 25 ) A 114 44 K
R b REE AT 2l il AR I Se B R T g
ARIFBKPERE o R 28 1) B A B K PR 2 ALK R
Po) oy BRI SR T, A R R R, ORI E
BRI L, Z xR Z BB PR RE A TR N, A B
HEA RAEFAEMERE . R, 520 3R SR i A i
WRRREFURJZANEL , T A R /K DK 1) 23 o IR A 34
SR IZ BB I PERE LB 7 2 I A T — B
B BRI URRL, IR S R A K YA S YA
PLHLAS & 2] —& , 79l PR A o 4 s iR e 32
JEE T, g Tk AR 7 o R S A Bl 4 B A T — 2 i
by



B50% 2

B 25 . BK A A e S Tl By 3 U 1 L <175 -

Geuli 2"V B SR M7 5 A 2K IF =B ( BTA)
= S Rk e R IR RERR ER ( TMS) BT, JRE
XA B IR E (70 C) FREfL, TEHFEK R MR
BT —2HeKIERZE. ik REET BTA 1EANEM
FIF TMS A AH KBS B FIFEF . Vignesh 451+
KA RS, T M7 AR L R 1 B A T s /K
W2 OB NN-THUILET IR ( DMU ) 5 4 8 b 51,
BAFI L 3-FRA A I N = H E A (GPTMS )
UOPEIRAS ST K TR 2 . 45 R, DMU B2
GPTMS % JZFE 1%NaCl & X Al Febr A i /E
o W DMU J&, WRIZ M5 2 &2 e

3.3 HiAKMEUEWMESRMEREZEMNEIER
ER

TRUE S 2 — Rl 8 b 410 SR S0 D 5, B8 TR
AN AR, DA TS oA A 550 -5 &1 S S o s O
TR U e B bR — Bl Ui 2 11 2 e
BRI IR RS2 BN AR TR, R
AT DA U R, T bt o SRR, BT il H s
BN G Jm AR AT A Z BB H A, S — sk
TR BB SR 2 PRS2 T e 2 RE A Bl 3 — 4%
P, —LERT ORI S BRI S A 3 — R,
il & R A B EUK T A TRZ, JFR T a R R

Wang S5 AR it (25 K, H U 24 ) e
e BRI L, il At T EUKIRZE . o, BUR R
BJE RS, 72 IR N R AL N ATR T i PMMA )
MZHEAYER (EC) MIREY . Z)n, A M
YRR 0 TR, K5 5 A WU 8 1) A I 2 20 A 31 4
b SRS BEATIR G , AR RS 24 3 73 SR 7 B
AR, BEMRAEAR AR AE, SRR AEHEM K
TR T AR EE R 1w K R SR RRES TR J= o U AR TR =
IR BRI DX, (875U 2 3 TR LA R K
el CCA), KRB KE5F (75 1 3l M BEAR DS
FVFKER [ i3l — B R PR S5 i a5, R
A R B XU 2 HEA T REAR B, ol T LAFEAE H B i
IKURIZ o ARG R b, A 64 5 V6 R LR AR i B |
WA, JFE AT IR 2R BT, X O B T
JiE T — 2R B

4 BESRE

H KA G PRI TE B R, R ) 2 i K e i [
HAT B 0 2 11 BE 10 I 2 R I U SR AR, R Bl
b4 T Wt — A2 b o (ELRAE S P A9 S 36 A 7 i o
PYIRAFAE—SE B TN AL, 5 BAES 5 BIE TS 4k
RN, FAF BN HRTT %

1) i 1l 8 B 7 /K 3 T o A 1 ol P — L8 {1 2 1 fiE
L E YR T A, (H2, fERIEEHUKIRZ T
e, B B SALON | ZImBes, ATl

AR T ANME . P, SRR AR R . BRAE
B SR IR AR T REAL S W T R T AR K
WEH, TR — KR,

2) RZBOBBKIZ A BEARE I 89K niik
LR T K R J2 52 BRI 1B I 18— RO 72 AR K
P18 < B ot 5 By AP 4B, e o g — o B AR L T
ANESE . ANE T A BB B K R T T e JE
AT, MR i < Jm b 0 ol P 7, 2 Tl 2R )™ ik
T PP A — KPRk

3) KA S W] LA — SR E ) R AR P
FVEHT, SAPLEREZRLEY (MOFs), gL
L e A A (R X 4 o BEAA AT AR o AER R YT
ARl R K AL S B S — S AT SR P A
FRRESE ZE A ARG 5, MATIT IR 3100 465 S A HEA T B 47 14
FY, J& H I orsead # i i — Rk ik

S -

[1] DONIK C, KOCIJAN A, PAULIN I, et al. Improved
biodegradability of Fe-Mn alloy after modification of
surface chemistry and topography by a laser ablation[J].
Applied surface science, 2018, 453: 383-393.

[2] LIU lJing-lang, FAN Li-zhen, QU Xuan-hui, et al. Low
temperature  hydrothermal synthesis of nano-sized
manganese oxide for supercapacitors[J]. Electrochimica
acta, 2012, 66: 302-305.

[3] FAN Liang, LU Hui-min, LENG Jing, et al. Performance
of fine structured aluminum anodes in neutral and alkaline
electrolytes for Al-air batteries[J]. Electrochimica acta,
2015, 165: 22-28.

[4]  FAN You-hua, CHEN Ze-jun, LING Jin, et al. Preparation
of superhydrophobic films on copper substrate for corro-
sion protection[J]. Surface and coatings technology, 2014,
244: 1-8.

[S] LI Peng, HE Xing-liang, HUANG Tsao-cheng, et al. Hi-
ghly effective anti-corrosion epoxy spray coatings cont-
aining self-assembled clay in smectic order[J]. Journal of
materials chemistry A, 2015, 3(6): 2669-2676.

[6] LI Xiao-gang, ZHANG Da-wei, LIU Zhi-yong, et al. Ma-
terials science: Share corrosion data[J]. Nature, 2015,
527(7579): 441-442.

[7] THOMPSON N G, YUNOVICH M, DUNMIRE D, et al.
Cost of corrosion and corrosion maintenance strategies[J].
Corrosion reviews, 2007, 25(3-4): 247-262.

[8] BERA S, ROUT T K, UDAYABHANU G, et al. Water-
based & eco-friendly epoxy-silane hybrid coating for
enhanced corrosion protection & adhesion on galvanized
steel[J]. Progress in organic coatings, 2016, 101: 24-44.

[91 KENDIG M, MILLS D J. An historical perspective on the
corrosion protection by paints[J]. Progress in organic
coatings, 2017, 102: 53-59.



+ 176 -

EN TR NN

2021 42 A

[10]

(11]

[12]

[14]

[15]

[19]

(21]

(23]

FISCHER H R, GARCIA S J. Active protective coatings:
Sense and heal concepts for organic coatings[J]. Springer
series in materials science, 2016, 233: 139-156.

ZHANG Fan, JU Peng-fei, PAN Meng-qiu, et al. Self-
healing mechanisms in smart protective coatings: A re-
view[J]. Corrosion science, 2018, 144: 74-88.

XIE Wen-yan, SONG Fei, WANG Xiu-li, et al. Deve-
lopment of copper phosphate nanoflowers on soy protein
toward a superhydrophobic and self-cleaning film[J]. ACS
sustainable chemistry & engineering, 2017, 5(1): 869-
875.

XUE Ming-shan, XU Tao, XIE Xiao-lin, et al. Formation,
transformation and superhydrophobicity of compound
surfactant-assisted aligned ZnO nanoplatelets[J]. Applied
surface science, 2015, 355: 1063-1068.

LIU Yang, XUE Jing-ze, LUO Dan, et al. One-step fab-
rication of biomimetic superhydrophobic surface by ele-
ctrodeposition on magnesium alloy and its corrosion inhi-
bition[J]. Journal of colloid and interface science, 2017,
491: 313-320.

FIHRI A, BOVERO E, AI-SHAHRANI A, et al. Recent
progress in superhydrophobic coatings used for steel pro-
tection: A review[J]. Colloids and surfaces A, 2017, 520:
378-390.

XIANG Teng-fei, LV Zhong, WEI Fei-fei, et al. Super-
hydrophobic civil engineering materials: A review from
recent developments[J]. Coating, 2019, 9(11): 1-26.
CHEN Zhi, HAO Li-mei, CHEN An-qi, et al. A rapid
one-step process for fabrication of superhydrophobic sur-
face by electrodeposition method[J]. Electrochim acta,
2012, 59: 168-171.

WANG Zhong-wei, LI Qing, SHE Zu-xin, et al. Low-cost
and large-scale fabrication method for an environmen-
tally-friendly superhydrophobic coating on magnesium
alloy[J]. Journal of materials chemistry, 2012, 22(9):
4097-4105.

WANG Shu-tao, LIU Ke-song, YAO Xi, et al. Bioinspired
surfaces with superwettability: New insight on theory, de-
sign, and applications[J]. Chemical review, 2015, 115(16):
8230-8293.

CAO Zhan-fang, LU Fei, QIU Pei, et al. Formation of a
hydrophobic and corrosion resistant coating on mangan-
ese surface via stearic acid and oleic acid diethanola-
mide[J]. Colloids and surfaces A: Physicochemical and
engineering aspects, 2018, 555: 372-380.

IBRAHIM Y, KEMPERS R, AMIRFAZLI A, et al. 3D
printed electro-thermal anti- or de-icing system for com-
posite panels[J]. Cold regions science and technology,
2019, 166: 10284-10294.

FARALDI F, CORTESE B, CASCHERA D, et al. Smart
conservation methodology for the preservation of cop-
per-based objects against the hazardous corrosion[J]. Thin
solid films, 2017, 622: 130-135.

NEZHAD A H N, AREFINIA R, KASHEFI M, et al.

[24]

[26]

[27]

[30]

[32]

[34]

Compatibility of fabrication of superhydrophobic surfaces
and addition of inhibitors in designing corrosion preven-
tion strategies for electrodeposited nickel in saline solu-
tions[J]. Applied surface science, 2019, 493: 1243 -1254.
YANG Zhen, LIU Xian-ping, TIAN Yan-ling, et al. Fab-
rication of super-hydrophobic nickel film on copper su-
bstrate with improved corrosion inhibition by electrode-
position process[J]. Colloids and surfaces A: Physicoch-
emical and engineering aspects, 2019, 560: 205-212.
ZHANG Lu-hong, GONG Zi-qiang, JIANG Bin, et al. Ni-
Al layered double hydroxides (LDHs) coated superhy-
drophobic mesh with flower-like hierarchical structure for
oil/water separation[J]. Applied surface science, 2019,
490: 145-156.

YU Si-qi, LING Yun-han, WANG Rong-guang, et al.
Constructing superhydrophobic WO;@TiO, nanoflake
surface beyond amorphous alloy against electrochemical
corrosion on iron steel[J]. Applied surface science, 2018,
436: 527-535.

BRASSARD J D, SARKAR D K, PERRON J, et al. Sy-
nthesis of monodisperse fluorinated silica nanoparticles
and their superhydrophobic thin films[J]. ACS applied
materials & interfaces, 2011, 3(9): 3583-3588.

QIU Zhen-hui, QIU Ri, XIAO Ya-mei, et al. Slippery
liquid-infused porous surface fabricated on CuZn: A ba-
rrier to abiotic seawater corrosion and microbiologically
induced corrosion[J]. Applied surface science, 2018, 457:
468-476.

ZHANG Bin-bin, XU Wei-chen, ZHU Qing-jun, et al.
Ultrafast one step construction of non-fluorinated superh-
ydrophobic aluminum surfaces with remarkable improve-
ment of corrosion resistance and anti-contamination[J].
Journal of colloid and interface science, 2018, 532: 201-
209.

ZHANG Xia, GUO Yong-gang, ZHANG Zhi-jun, et al.
Self-cleaning superhydrophobic surface based on titanium
dioxide nanowires combined with polydimethylsiloxane
[J]. Applied surface science, 2013, 284: 319-323.
ZHANG Yu-fen, TANG Shang-wei, LIN Tie-gui, et al.
Corrosion properties of calcium stearate-based hydropho-
bic coatings on anodized magnesium alloy[J]. Acta meta-
Ilurgica sinica (English letters), 2019, 32(9): 1111-1121.
LIU Wei, XU Qun-jie, HAN Jie, et al. A novel combin-
ation approach for the preparation of superhydrophobic
surface on copper and the consequent corrosion resis-
tance[J]. Corrosion science, 2016, 110: 105-113.

HE Ge, HE Shi-xiang, XU Weng-go, et al. Controllable
growth of durable superhydrophobic coatings on a copper
substrate via electrodeposition[J]. Physical chemistry
chemical physisc, 2015, 17(16): 10871-10880.

ZHANG Wen-jing, YU Zhen-yin, CHEN Zhuo, et al.
Preparation of super-hydrophobic Cu/Ni coating with
micro-nano hierarchical structure[J]. Materials letters,
2012, 67(1): 327-330.



B50% 2

B 25 . BK A A e S Tl By 3 U 1 L <177 -

[35]

[39]

[42]

YANG Zhen-qing, WANG Li-da, SUN Wen, et al. Super-
hydrophobic epoxy coating modified by fluorographene
used for anti-corrosion and self-cleaning[J]. Applied
surface science, 2017, 401: 146-155.

SUN Ke, YANG Huan, XUE Wei, et al. Anti-biofouling
superhydrophobic surface fabricated by picosecond laser
texturing of stainless steel[J]. Applied surface science,
2018, 436: 263-267.

WANG Na, ZHANG Yi-nan, CHEN Jun-sheng, et al.
Dopamine modified metal-organic frameworks on anti-
corrosion properties of waterborne epoxy coatings[J].
Progress in organic coatings, 2017, 109: 126-134.

WU Cui-qing, LIU Qi, CHEN Rong-rong, et al. Fab-
rication of ZIF-8@SiO, micro/nano hierarchical superhy-
drophobic surface on AZ31 magnesium alloy with im-
pressive corrosion resistance and abrasion resistance[J].
ACS applied materials & interfaces, 2017, 12(9): 11106-
11115.

LI Wei-jin, REN Bao-hui, CHEN Yan-ning, et al. Exce-
llent efficacy of MOF films for bronze artwork conser-
vation: The key role of HKUST-1 film nanocontainers in
selectively positioning and protecting inhibitors[J]. ACS
applied materials & interfaces, 2018, 43(10): 37529-
37534.

SUN Yu-xiu, SUN Qi, HUANG Hong-liang, et al. Mole-
cular-level superhydrophobic external-surface to improve
the stability of metal-organic frameworks[J]. Journal
materials chemistry A, 2017, 35(5): 18770-18776.

DU Jing-cheng, ZHANG Chang-yuan, PU Hong, et al.
HKUST-1 MOFs decorated 3D copper foam with super-
hydrophobicity/superoleophilicity for durable oil/water
separation[J]. Colloids and surfaces A, 2019, 573: 222-
229.

ZHANG Guo-liang, ZHANG Jia-heng, SU Peng-cheng,
et al. Non-activation MOF arrays as coating layer to fabri-
cate stable superhydrophobic micro/nano flower-like arch-
itecture[J].
8340-9343.
ZHU Neng-xiu, WEI Zhang-wen, CHEN Cheng-xia, et al.
Self-generation of surface roughness by low-surface-

Chemical communications, 2017, 53(59):

energy alkyl chains for highly stable superhydrophobic/
superoleophilic MOFs with multiple functionalities[J].
Angewandte chemical international edition, 2019, 58(47):
17033-17040.

GU Jia-hui, FAN Hong-wei, LI Chun-xi, et al. Robust

[47]

[51]

[52]

superhydrophobic/superoleophilic wrinkled microspheri-
cal MOF@rGO composites for efficient oil-water sepa-
ration[J]. Angewandte chemie international edition, 2019,
58(16):5297-5301.

SIRE, B, =T, % SR-AHERAEY G R
JEBKAENE SR ] TP ERE(fRER), 2019, 49(11):
1333-1342.

GONG Xin-rui, XU Meng-ying, YUAN Ning, et al. Hy-
drophobic modification and application of metal-organic
framework materials after synthesis[J]. Science in China
(chemistry), 2019, 49(11): 1333-1342 .

WANG Xian, LIN Lin-xin, XIE Zhi-hui, et al. Duplex
coating combining layered double hydroxide an 8-quino-
linol layers on Mg alloy for corrosion protection[J]. Ele-
ctrochimica acta, 2018, 283: 1845-1857.

JADHAV A J, HOLKAR C R, PINJARI D V, et al.
Anticorrosive performance of super-hydrophobic imida-
zole encapsulated hollow zinc phosphate nanoparticles on
mild steel[J]. Progress in organic coatings, 2018, 114:
33-39.

GEULI O, MANDLER D. The synergistic effect of ben-
zotriazole and trimethylsiloxysilicate towards corrosion
protection of printed Cu-based electronics[J]. Corrosion
science, 2018, 143: 329-336.

VIGNESH R B, SETHURAMAN M G. Corrosion pro-
tection behaviour of sol-gel derived N,N-dimethylthiourea
doped 3-glycidoxypropyltrimethoxysilane on aluminium
[J]. Progress in organic coatings, 2013, 77(1): 136-141.
ZHU Dong-yu, RONG Min-zhi, ZHANG Ming-qiu, et al.
Self-healing polymeric materials based on microenca-
psulated healing agents: From design to preparation[J].
Progress in polymer science, 2015, 49-50: 175-220.
GARCRA S J, FISCHER H, WHITE P A, et al. Self-
healing anticorrosive organic coating based on an enca-
psulated water reactive silyl ester: Synthesis and proof of
concept[J]. Progress in organic coatings, 2011, 70(2-3):
142-149.

LV Li-ping, ZHAO Yi, VILBRANDT N, et al. Redox
responsive release of hydrophobic self-healing agents
from polyaniline capsules[J]. Journal of the Americal
Chemical Society, 2013, 135(38): 14198-14205.

WANG Qian, LI Jiao-li, ZHANG Cheng-liang, et al. Re-
generative superhydrophobic coating from microcapsules
[J]. Journal of materials chemistry, 2010, 20(16): 3211-
3215.



