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Self-healing superhydrophobic shape memory epoxy resin/polydimethylsiloxane@

Zn0@SiO, coating and its anticorrosion performance

ZHAO Yamei', CAO Tingting , DING Siqi, HUO Mengdan , CHEN Li
(School of Environmental and Chemical Engineering, Xi'an Polytechnic University, Xi'an 710060, China)

Abstract: In this paper, based on the two-layer design, a self-healing superhydrophobic coating self-healing shape
memory epoxy resin (SMEP)/polydimethylsiloxane (PDMS)@ZnO@SiO, (SMEP/PZS) that could quickly repair
physical damages and durably corrosion resistance of stainless steel was prepared. Aiming to solve the slow physi-
cal damage repair of epoxy-based superhydrophobic anti-corrosion coatings, and inegrate with the practical appli-
cation requirements of high efficiency anticorrosion and protection of stainless steel in high humidity and high salt
environment for a long time. The double-layer coating was designed by combination of a SMEP and a superhydro-
phobic material PDMS@ZnO@SiO, (PZS). Furthermore, the wettability, corrosion resistance, self-healing and cor-
rosion resistance mechanism of SMEP/PZS coating before and after repairing were discussed in detail. The results
show that SMEP/PZS coating has excellent superhydrophobicity and self-cleaning properties, and its superhydro-
phobicity increases with the increase of perfluorodecyltrimethoxysilane (PFDTMS) content, its optimal water con-

tact angle and rolling angle are 157.6° and 2.6°. Secondly, SMEP/PZS coating has a faster self-healing ability, the
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best mechanical scratches of SMEP/PZS coating are reduced from 45 pm to 1.0 pm in a shorter time of 20 min at

85°C, and the repair rate reaches 97.8%. In addition, the SMEP/PZS coating shows good corrosion resistance, and

after the repaired coating is immersed in 3.5wt% NaCl solution for 14 days, its corrosion resistance is closed to the

original coating. When the SMEP/PZS coating is coated on the stainless steel substrate, the pitting corrosion poten-

tial E;, measured in 3.5wt% NaCl solution has increased by nearly 10 times compared with that of the bare stainless

steel, and the passive current density I, has decreased by 2 orders of magnitude, showing relatively longer corro-

sion resistance and protection for 304 stainless steel substrate. Finally, the self-healing and anti-corrosion mecha-

nism of SMEP/PZS coating is further discussed.

Keywords: superhydrophobicity; self-healing functionalization; coating corrosion resistance; stainless steel an-

ticorrosion; self-cleaning
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Fig.1 Preparation process of shape memory epoxy resin (SMEP)/polydimethylsiloxane (PDMS)@ZnO@SiO, (SMEP/PZS) coating
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Fig.2 FTIR spectra of the SMEP, PZS coating and nanoparticles
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Fig.5 Alternating current impedance spectroscopy of bare stainless steel, PZS, SMEP and SMEP/PZS coatings: (a) Nyquist diagram; (b) Impedance

modulus curves; (c) Phase angle curves; (d) Impedance modulus curves of SMEP/PZS with different content of PFEDTMS
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Fig. 6 Polarization curves of bare stainless steel and stainless steel

substrates coated with PZS, SMEP and SMEP/PZS respectively in 3.5wt%

NaCl solution
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Table 2 Related evaluation parameters obtained from the polarization curves of bare stainless steel and stainless steel
substrates coated with PZS, SMEP and SMEP/PZS

Coating E on/V Ion/A E/V I,/A

304 stainless steel -0.752 9.728x10™° 0.0562 1.020x10™*
PZS -0.406 1.458x10°° -0.04 7.476x107°
SMEP -0.269 6.042x1077 0.0455 6.783x10°°
SMEP/PZS -0.160 5.283x107® 0.312 6.672x107°°

Notes: E,,— Self-corrosion potential; I,,—Self-corrosion current density; E,—Pitting potential; [, —Passive current density.
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Fig.7 SEM images of SMEP coating ((a,), (a,)) and SMEP/PZS coating with 7wt% PFDTMS ((b,), (b,)),21wt% PFDTMS ((c,), (c,)), 42wt% PFDTMS ((d,),

(d,)) before and after healing (Pin 1 is before repair, pin 2 is after repair)
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*3 BEREARREEE PFDTMS
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Table 3 Contact angle (CA) and rolling angle (SA) of SMEP/PZS coating with different contents of PFDTMS
before and after healing

CA/(°) SA/(°)

Twt% 21wt% 42wt% Twt% 21wt% 42wt%
Original 153.6 155.9 157.6 5.3 4.9 2.6
Scratched 147.0 145.4 146.4 16.6 17.8 16.1
Healed 152.4 153.8 155.3 5.9 5.8 4.9
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Fig.8 Impedance modulus curves of SMEP coating (a) and SMEP/PZS coating with 7wt% PFDTMS (b), 21wt% PFDTMS (c) and 42wt% PFDTMS (d)

before and after healing
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Fig.9 Impedance modulus curves after healing and immersion in 3.5wt% NaCl solution for 1 day, 7 days, 14 days of SMEP coating (a) and SMEP/PZS
coating with 7wt% PFDTMS (b), 21wt% PFDTMS (c), 42wt% PEDTMS (d)
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Fig. 10 Optical photos of the healed coating after being immersed in 3.5wt% NaCl solution for 14 days of SMEP coating (a),
SMEP/PZS coating with 7wt% PFDTMS (b), 21wt% PFDTMS (c), 42wt% PFDTMS (d)
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Fig.11 Self-healing and anti-corrosion mechanism of SMEP/PZS coating
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