=5 ilH 3 1k

Acta Materiae Compositae Sinica

FE OB R T F) 1l 25 B L I E R

B Zwk EAAE TR T RS R

Progress in the preparation and application of superamphiphobic surface
ZHOU Xueqiu, WANG Xikui, QIN Bingli, LUO Hong, WEI Han, MEI Yi

FELRR1EE View online: https://doi.org/10.13801/j.cnki.thelxh.20240508.001

LT RIS HA SO

Articles you may be interested in

TRAAZE R /K S TR IS4 K B vk P e
Wettability and anti—icing performance of micro—nano structure superhydrophobic surface

A MR 2020, 37(11): 2769-2775  https://doi.org/10.13801/j.cnki.fhelxb.20200312.001
R P ] 3 L0 04 7 XB B TR AR 5 B 7K 43 5 7

Preparation of superamphiphobic composite sponge material with super—wetting reversible switching and application in

oil-water separation

A MR, 2021, 38(3): 854-862  https://doi.org/10.13801/j.cnki.fhelxb.20200709.001
— U A LS F K 2 B RTH R

Preparation of superhydrophobic coating with self—similar structure by one—step menthod and application on concrete

surface

A MR 2023, 40(10): 5692-5705  https://doi.org/10.13801/).cnki.thelxb.20221223.004
BT R RHOET075 AVE SRR T Al & ST Z e

Preparation and process optimization of superhydrophobic surface on 7075 Al alloy based on picosecond laser

A MR, 2023, 40(6): 3583-3593  https://doi.org/10.13801/).cnki.fhelxb.20220803.001
R/ T i 4 7 U 1 E R

Comparison of methods for fabricating superhydrophobic surface

B AR, 2021, 38(2): 361-379  https://doi.org/10.13801/j.cnki.thelxb.20200715.001
ZIRECeO LT YE RINALTYE L S FK IR Z 1 255 P RE
Fabrication and properties of multifunctional CeO,/cellulose nanofibers composite superhydrophobic coating

AR, 2023, 40(5): 3002-3017  https://doi.org/10.13801/.cnki.fhelxb.20220622.002



https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20240508.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200312.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200709.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20221223.004
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20220803.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200715.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20220622.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20220622.002

FIREMBEARAS, FREZHINGEE



5 A HRER

BarE I 11 20244
Acta Materiae Compositae Sinica Vol.41  No.ll  Nov 2024

DOI: 10. 13801/ . cnki. fhelxb. 20240508. 001

8 X0 i % T HY 1 2 52 R F i3t B

Rgd, id A SRR T8, 28, 44

(BEMIR2¥ MM TAR2EBe, 5% FH 550025 )

# E. AKRFTEHEUK/EEMIRING] TR AR . RIS RAUOR TR )R 2R SR R
R, TENATHAE ARG h R I T B R AR TR 5t o A SCREE T EAA T RERE 45 1) 1) 8 0L % T Jr ot
B, WEEATGIRPERIE &, A48T 8 NS 2 I OUURLARE 2544 19 22 2L AVRIBE ICR m RE Y SR B, #8195 T %
TOMALRE 25 P Ak 2= i e SR MR Z M B 26 &R, FRIA TR BB R 1 B2k, BJa, Bg TG
FIE A EZR IR, 8T T AU R H RIS B GG, I AR R 0 & Ry 1 AT T R,

R HNUH; BEUK; TRE; R/ NG TIRER)2

HhE 5 25: TQ638; TB332 XERFRARAD: A XEHRS:

1000-3851(2024)11-5876-18

Progress in the preparation and application of superamphiphobic surface

ZHOU Xueqiu , WANG Xikui', QIN Bingli, LUO Hong , WEI Han , MEI Yi'
(School of Mechanical Engineering, Guizhou University, Guiyang 550025, China)

Abstract: Superhydrophobic/superoleophobic phenomenon in nature have attracted extensive attention from re-
searchers in surface interface science, micro-nano manufacturing, nano coating and other fields, and have shown
great application prospects in people's production and life. Based on the basic wettability theory, this paper intro-
duces the main types of micro-nano rough structures on superoleophobic surfaces and the principle of reducing
surface energy. The relationship between the micro-nano rough structure, chemical modification, and wettability
also be explored, and the main methods for preparing superamphiphobic surfaces are summarized. Finally, the
main applications status of the superamphiphobic surface are summarized, and the shortcomings and defects of
the superamphiphobic surface are analyzed. Likewise, the future development direction of the superamphiphobic
surface is prospected.

Keywords: superamphiphobic; superhydrophobic; wettability; surface micro/nano-structure; functional coating
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ysy— Surface tension of solid-gas interfaces; ys; —Surface tension of solid-
liquid interfaces; y;y—Surface tension of liquid-gas interfaces; m—Mass
of the droplet; g—Gravitational constant; 6;—Receding contact angel;
6,—Advancing contact angel; «—Inclination of a bevel
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Fig.1 Wettability theory: (a) Contact angle and slip angle base on Young
model; (b) Air-mediated superhydrophobic surface (SHPS) or
superamphiphobic surface (SAPS); (c) Contact angle hysteresis;

(d) Schematic diagram of Wenzel model, Cassie-Baxter model and Mixed

model; (e) Slippery lubricant-infused porous surface (SLIPS)
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Fig.2 Surface microstructure of porous structure: (a) SEM image of

liquid flame spray surfaces™; (b) SEM images of porous surface™;

(c) SEM image of rearranging process of the compacted microstructures

after stretching'®”
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Fig.3 Sixtypes of re-entrant structure diagram: (a) Micro-pillar
structure; (b) Inverse-trapezoidal structure; (c) T-shape re-entrant
structure; (d) T-shape with folding edge re-entrant structure; (e) T-shape
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h—Height of mushroom shaped re-entrant angular structure; D,—Height of mushroom shaped side re-entrant angular structure; MCNP—Double-scale
periodical microcones with dense nanoparticles; SMC—Single-scale periodical microcone; MBNP—Double-scale random microbumps with dense
nanoparticles; L—Distance between adjacent mushroom structures
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Fig.4 Surface microstructure of the concave structure and the hierarchical structure: (a) SEM image of the coating surface as a micropillars structure!*” ;
(b) SEM image of the coating surface as mushroom shaped double re-entrant angular structure®; (c) SEM images of the coating surface as a overhang
structure'™; (d) Schematic diagram of triply re-entrant structures and SEM images'®”; (e) Periodical microcones with dense nanoparticles prepared by

laser"”}; (f) Micro-nano composite hierarchy”!
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PR, R A BORL 28 ME S 5 P UK B 25
T TE B K 52 1) Cassie 25 I 3 B H B & 1 100,
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UKL (B-Si0,) A S FEAL 5 W) 3R M — 9 & - HL 7 9
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F14 B L R T 0 %) o 2B AR VAR A 1 e T
PR RIS, SR E R K 4w R 4 s A AL
KL 25 TE 4 R . PR R A R IR i R T . DTAR
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[[ERARENR

110 pm - 3
H (b) Rcsm Diatomite |Diatomite| PFOTES SiO, PFOTES \‘,
“_“'_':1
-i
. .. * i“ K T
s prop 4 141
Suspensmn -1 Suspension-II Suspension-IIT

» Layer by-layer spraying

. natin | — i
Curmgﬂ“‘“’“ g . 3 H 1 .ﬂ J 1 E l“'z'— £y e AR
' D Eme——— | . "‘%
< i U, Shrinking S~ 1 Layer-1
NF la | yringe Droplet - RP2 o+
ye e l RP1  Layerl L, y.cony
: R1—> Layer-I > *
= |@ e Layer-II Layer-III
S\\bs\ratt (Rd axed st ate) 542 ‘\__ @ Diatomite = SiO, Fluorinated long-chain i /

PFOTES—1H, 1H, 2H, 2H-perfluorooctyltriethoxysilane; RP2— Superamphiphobic coating; R1—First spraying coating; RP1—First two spraying coating;
PDMS—Poly(dimethylsiloxane); NF—Nanofilament

Vel 5 IRl A B IR 2« (@) TTRLAHORA WUERE T L 4K 22 50 053 2 0/ R A ) 3 T 2R R ™ (b) il BRRH AN 4 1 2 1 7m 2

Fig.5 Superamphiphobic coating prepared by spraying method: (a) Schematic of the fabrication process of the nanofilament-structured and hierarchical

micro/nanostructure on stretchable superamphiphobic surface'®”; (b) Schematic illustration for the preparation of the

coatings by the spraying technique"”"
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(a)
Bulk NaCl* # Small NaCl drop = S
I RS B HD-POS@SiO, | & & % & % .
VAN B VAR MO NAL thaldidabibal b
BB Immersion .' s EP2 .
o
Mg all =3
s Neutral salt spray Mg alloy
Corrosion products
ClI" O,
PF-POS@Si0, =%, » ® *& & at
ek AL A o
EP Immersion EP
Mg alloy : Mg alloy

Neutral salt spray

(b)

Corrosive medium

Y

Mg +2H,0—Mg>'+ 20H +H
s 2-MBI 2 o vpr 4

Corrosion-inhibited effect
EP—Epoxy; HD-POS@SiO,—Hexadecyl polysiloxane modified SiO,
nanoparticles; PF-POS@SiO,—Perfluorodecyl polysiloxane modified
SiO, nanoparticles; 2-MBI—2-mercaptabenzimidazole
6 BB R I B S . (a) RS AR BRI,
(b) AZ31B Mg HEXUNBELR)Z A B I HL 2

Fig. 6 Anti-corrosion strategies based on superamphiphobic surfaces:

Water-repellency effect layer

() Schematic illustration of the process of surface protection"*’;

(b) Anticorrosion mechanisms of the prepared dual-functional

coating for AZ31B Mg substrate!'®!
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T %) BEL AR 1 FER XU 1 (UK R 161°, 31 A 155.5°),



JE 22k 45 - XU 3% 1h R T A B P

- 5885 -

AT RO IR A B R U R Tiao A5 1
i WEUR BRI, AR5 R T BE AL B 4 K R R
WAEIR R, BINH & T —Fh ik & no 40
KZAUBMH TR Z o %R R RS A TR 1=
h, JF HIRUT 50°C A5 s A b 80 d Jm
IR BENS PR AP RS E B RUEE M, A B BRIt
Jsi§ 3 38 X4 AL s HE A B B T TR
2B BT IR ZE T LA T S
M0 AN 2 B A B A B Sk BBy 95 Y e 2
A% SN2 1 K B RE A 2 1 A7 7 A 2 E BLAY ] A
(K 7(2)), FHGEOCRLE U B A TR, AT

(d)

Glass 0 min 15 min 30 min
45 min 60 min 90 min 120 min
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Oil drop wax crystal

Conversion
coating

ater film

L]
Zn coating

Carbon steel

Uncoated Al sheet

PFDTS—1H, 1H, 2H, 2H-perfluorodecyltrichlorosilane; ChNFs—Chitin nanofibers; Pal@SiO,-F—Fluorinated palygorskite@SiO,; PES—Polyethersulfone;
PVDF-HFP—Vinylidene fluoride-co-hexafluoropropylene
7 AR SHEARN: (a) KBIRER AR AHEFEZ ), (b) XLk ZnO MyABHRAT (42) J5 (47) F1 PFDTS Bl ChNFs IR /2 7E 335 8: A L5480
PRI (0) TR MR SC I AR fE X LU s (d) Zn IR MBTRR B RS =B (e) ARV VR PES-PVDF-HFP/Pal@SiO,
(P-P/Pal@SiO,-F) I JZ 1 AL LI i I - 12!

Fig.7 Self-cleaning and anti-fouling applications: (a) Dust accumulation on solar panel™; (b) Comparison of the fingerprints on glass slide before (left)

and after (right) sprinkling ZnO powder and the ChNFs coating modified with PFDTS deposition for time change"*"; (c) Comparison of time change of

coating fingerprint"*”; (d) Schematic diagram of anti-adhesion process of Zn coating'*”; () Photographs of anti-waxing tests on Al sheet uncoated and
coated with PES-PVDF-HFP/Pal@SiO, (P-P/Pal@SiO,-F) coating™®
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