=5 M0t = 1k

Acta Materiae Compositae Sinica

TR = A HK YRR Bl R U R R

FAR T B R B SL IR i

Preparation and anti-wearing and anti-corrosion properties of 3D superhydrophobic coating based
on poly-benzoxazine

CAO Xiangkang, SUN Xiaoguang, XIAO Song, CAl Guangyi, ZHANG Xinxin, DONG Zehua

TELR %15 View online: https://doi.org/10.13801/j.cnki.fhelxb.20210407.002

AT ARG A SCEE

Articles you may be interested in

T e A SR A T R0 AR I TR R R — XL SR T I e I SRR i A2 R ) il 5 P E
Preparation and properties of silaned graphene oxide/urushiol based benzoxazine—bismaleimide copolymer resin
composites

BAMEAIR. 2018, 35(11): 2942-2949  hitps://doi.org/10.13801/j.cnki.fhclxb.20180123.002
S0, ~ A I8/ KL R PV AR i 4 151 £ S s 8 2
Curing reaction kinetics on Si0, contained benzoxazine/bismaleimide composites system

AR, 2021, 38(2): 536-544  https://doi.org/10.13801/j.cnki.fhelxb.20200630.001
ANER (B S RIS S K E 25 1 48 SR &k Rg

Preparation and damage healing behavior of intrinsic self-repairing polymeric bonded explosives

AR, 2021, 38(11): 3850-3860  https://doi.org/10.13801/j.cnki.thelxb.20210107.001
R ST Bk AR K TR 2 SRR

Fluorinated poly(aryl ether ketone) superhydrophobic coatings and their properties
B AMRIEAR. 2021, 38(12): 4004-4013  hitps://doi.org/10.13801/j.cnki.fhelxb.20210210.005

A SR AR A B I TR A LB T pIL
Preparation of graphite nanosheets/epoxy anti—corrosive coating andits anti—corrosion mechanism

B AR, 2018, 35(7): 1738-1744  https://doi.org/10.13801/j.cnki.fhelxb.20180529.002
Mo Oy~ AR AN AT AP B 2T A8 AR S8 I 5 5 PR A SR AR 1
Friction and wear properties of MoO,—oxide carbon nanotubes modified glass fiber/epoxy composites

AR, 2021, 38(1): 102-110  https://doi.org/10.13801/j.cnki.fhelxh.20200610.003



§é$j*4$*ﬁ F39E 2 2H 20224

Acta Materiae Compositae Sinica Vol.39  No.2  Feb 2022

DOI: 10. 13801/ . cnki. fhelxb. 20210407. 002

RAEABRE=-HBHR/KRENH &R
L5 S M RE

(LIRS % S TB B 5 A ROIL A T 9085 7T 430074;
2. S U Y R T, 785 266111)

. DIRHIER (PBA) IR WK, 85 W45 ALOs-Zr0, AN K DR it S L LE, IR TR 7E Rk 4K
FRETERL T —F =40 HKIRZ . 3R A MR . ERREE . BEEERSLE . =4 SR B,
R T AlO5-ZrO,/PBA 1% /2 3% MK M HE Ml A 5 O R THDE S ARG R, H 52 T AN AL O4-ZrO, i 44 K 4
BRI R EE R R B . AR AR R 2R AT B SRR R R GBI B R R e R, B T —N T
DTk Z B K SR A A BCA AR R SRR IRIREE . N [F] UV 6 BB ] B30l BR 5 0B K U 2 BB SRR T
KLY ALO, : Zr0, : PBA =F FRRACIL N 1 : 1 : 21, BIEWER AL A Al 3k 1540, B4 5.66 kPa 2 fif
T EGEK 180 co WYIET, BIEAFEI BB K E (150°), 2853 300°C T 1 h & iR A4 )5 A7 e B H B B Ak 7k .
AR UV LR 30 min JRURJZR @K, B3 MBS MR 2 B ek e, AN, BERTIZEAE
BKRZMHimEe s, iRz sk 2 B B i A BT, X B B AR AT MR P 1R
KR . CHEEBUKIRIE; RIFNEG; EEED, AR, miimitk

FE S TG174.4 XERERER: A XEHES:  1000-3851(2022)02-0617-11

Preparation and anti-wearing and anti-corrosion properties of 3D superhydrophobic

coating based on poly-benzoxazine

CAO Xiangkang' , SUN Xiaoguang®, XIAO Song' , CAI Guangyi' , ZHANG Xinxin' , DONG Zehua™
(1. Hubei Key Laboratory of Material Chemistry and Service Failure, School of Chemistry and Chemical Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China;
2. CRRC Qingdao Sifang CO., LTD., Qingdao 266111, China)

Abstract: Three-dimensional superhydrophobic coating was sprayed on carbon steel by adjusting the content and
mass ratio of Al,03-ZrO, fillers based on poly-benzoxazine (PBA) resin. Contact angle measuring, scanning elec-
tron microscope, friction and wear experiment and three-dimensional super depth of field microscope were used to
study the structure-function relationship between the water contact angle on the surface of Al,03-ZrO,/PBA coat-
ings and their microscopic surface morphologies. The effects of different Al,05-ZrO, filler contents on the friction
coefficient of coatings were compared. A mathematical model was established according to the relationship
between the mass loss of 3D superhydrophobic coating and the friction distance under different loads, to predict
the service life of the coating. The chemical stability of 3D superhydrophobic coating was investigated by employ-
ing different temperatures and different UV illumination time as the stimulation of external environment. The ob-
tained results show that the contact angle of the coating reaches 154° when the mass ratio of Al,O; : ZrO, : PBA is

1: 1 : 2.The 3D superhydrophobic coating still exhibit superhydrophobic property (150°) even after suffering 180 cm
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friction distance under 5.66 kPa. The surface of the coating shows super hydrophobicity even at 300°C after 1 h, in-

dicating that the three-dimensional superhydrophobic coating behaves good chemical stability. The coating loses

its superhydrophobic property after 30 min UV irradiation, and the superhydrophobic property can be quickly re-

covered after friction self-repairing. Besides, the anti-corrosion performance of the 3D superhydrophobic coating

was also investigated, electrochemical tests show that the superhydrophobic coating has high impedance and be-

haves a good protection on carbon steel substrate.

Keywords: three-dimensional superhydrophobic coating; benzoxazine; friction and wear; self-repairing; anti-

corrosion
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Table1 Al,03- ZrO,/poly-benzoxazine (PBA) composite coatings with different filler contents and filler mass ratios and
corresponding abbreviations of coatings

Abbreviation BA/g Al,0;/g 7Z1r0,/g Filler content/% Coating thickness/pm
PBA 1 0 0 280+£10
1AL,0;-1Zr0,/15PBA 1 0.09 0.09 15 28010
1A1,0;-1Zr0,/30PBA 1 0.3 0.3 30 28010
1AL,0;-1Zr0,/50PBA 1 0.5 0.5 50 28010
1Al1,03-1Zr0,/55PBA 1 0.6 0.6 55 280+£10
1Al1,03-2Z1r0,/50PBA 1 0.33 0.67 50 280+£10
2A1,05-17Zr0,/50PBA 1 0.67 0.33 50 280+£10

Note: BA—Bisphenol A benzoxazine.
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Fig.1 Contact angles of Al,03-ZrO,/PBA composite coatings with

different filler contents at mass ratio Al,O3 : ZrO,=1 : 1
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(¢) 2AL0,-2Zr0,/S0PBA

(d) 1AL,05-1Zr0,/50PBA

(e) Partial enlarged view

(f) Mapping distribution Zr

(g) Mapping distribution Al

(h) Mapping distribution O

(1) Mapping distribution N
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Fig.2 Micromorphologies, element distributions and contact angle of Al,05-ZrO,/PBA composite coatings

with different mass ratios of Al,03/ZrO, at 50% filler content
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Fig. 3 Friction coefficients of Al,05-ZrO,/PBA composite coatings with

different filler contents at mass ratio Al,O3 : ZrO,=1 : 1
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Table 2 Height differences of Al,0;5-ZrO,/PBA composite

coatings with different filler contents at mass ratio
ALO; : Zr0,=1 : 1

1A1,03- 1A1,05- 1A1,03-
PBA 1Zr0,/ 1Zr0,/ 1Zr0,/
15PBA 30PBA 50PBA
Height difference
of coating 1.08+0.3 3.71x1.1 31.68+1.2 69.61+0.8

surface/pm

Note: Height difference—Value between the highest and the
lowest points of coating surface.
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(b) Images of water droplet adhesive force test
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Fig.4 Contact angle evolution of 1Al,03-1ZrO,/50PBA coating versus
friction distance and the process of water droplet adhesive force

test after suffering 180 cm friction distance
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Fig.5 Mass loss rate change of 1A1,05-1ZrO,/50PBA coating versus

friction distance and linear fitting results
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Fig.6 3D morphologies of original 1Al,03-1ZrO,/50PBA coating and suffering 180 cm long friction under different loads
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