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Self-cleaning and Self-healing Protective Coating on Magnesium Alloy
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ABSTRACT: The work aims to realize the intelligent protection for magnesium alloy by preparing the coating with the
self-cleaning and self-healing properties on the surface. The inorganic-organic hybrid silicon coating containing pH-sensitive
"core/shell" nanostructure inhibitors was prepared on the AZ61 magnesium alloy surface by dip-coating method. The obtained
coating had self-cleaning and self-healing properties. The surface morphology of the coating was observed by scanning electron

microscopy (SEM). The wettability and adhesion to water were evaluated by contact angle measuring instrument (CA). The
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chalk ashes were used to simulate the self-cleaning property of the coating. The corrosion protection performance of the coating
was analyzed by the electrochemical workstation, and the spectrophotometer was used to evaluate the self-healing property of
the coating by measuring the release concentration of the inhibitors. The as-prepared coating had the rough surface, which con-
tained a large number of pH-sensitive "core/shell" nanostructure corrosion inhibitors. The coating surface had a high static water
contact angle of 156.7° and low roll-off angle of 5°, which indicated that the coating had superhydrophobic and low adhesive
characteristics, so that water droplets could take away the pollutants when rolling down to the surface, thus realizing the
self-cleaning property. Open-circuit potential tests and spectrophotometer measurements showed that the change of solution pH
led to the release of corrosion inhibitors, thus the coating could heal. From the results of polarization curves, the corrosion cur-
rent density of the coating containing "core/shell" nanostructure inhibitors was nearly two orders of magnitude smaller than that
of the substrate, and the corrosion inhibition efficiency could reach 99.36%. From the electrochemical impedance spectroscopy
(EIS), the resistance of the coating containing "core/shell" nanostructure inhibitors was as high as 85 105 Q-cm? which had
long-term self-healing protection ability. The inorganic-organic hybrid silicon coating containing pH-sensitive "core/shell"

nanostructure inhibitors has been successfully prepared and has self-cleaning, self-healing and excellent protective properties.
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Fig.1 Polarization curves of AZ61 Mg in 3.5wt%
NacCl solution without and with sodium silicate at different
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Tab.1 Electrochemical parameters derived from
polarization curves shown in Fig.1

Cs Eeon b, Jeorr .

/(mol-L™") (vs. SCE)/V /(mV-dec™) /(x107°A-cm™) %
Blank -1.506 142.0 2.04
0.001 -1.478 158.5 0.681 66.62
0.003 —1.425 100.9 0.131 93.58
0.005 -1.409 101.2 0.0532 97.39
0.01 ~1.406 105.0 0.0439 97.85
0.05 -1.390 108.8 0.0378 98.15

B 2 “#5e” gkEH s TEM K DL HC Fl HC@PS-SS/PEI k£ 5t % 16 FESEM K]
Fig.2 TEM images of the core-shell nanostructured corrosion inhibitor and FESEM images of HC and HC@PS-SS/PEI samples
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Fig.5 Self-cleaning behavior of HC@PS-SS/PEI coating
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Tab.2 Electrochemical parameters derived from
polarization curves shown in Fig.8

Samples Eeon be Jeorr /%
P (vs. SCE)/V /(mV-dec") /(A-cm®) T7°

Blank -1.506 142 2.04x107°
HC -1.558 134 6.47x107° 68.28

HC@PS-SS/PEI  —-1.569 125 1.30x1077 99.36

K 9a MEEA 4R (Blank ) . HC f1 HC@PS-
SS/PEI FEMHTE 3.5%NaCl J& ih A 5t o 1 H Ak 24 BT
T b A SRS BN 9b s, Hob Ry IR R HL
BH, R, MHLMTEERL B, Cq MACEZHEZ, R AR
JZHLBH, CPE, MACKRMBEZ AR MO fAt,
Mres e 135 3 W il w Ak, BEPTIE A K/INAT LR
WL fife T ) 9 HOME 2 FR B, BHPTIE AR, 2 W FlL i o
FRREDTH, D0 A A e E RE SRR PO AT LA
A THES A FLRRES,, HC FEA I HC@PS-SS/PEI
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Tab.3 Electrochemical parameters derived from EIS Nyquist diagrams shown in Fig.9

Samples RJ(Q-ecm?)  Y/(x10°s"Q "-cm™) n RJ/(Q-em®)  C/(uF-em™?)  R/(Q-em®)  Cy/(nF-cm™2)
Blank 5.70 1514 0.46
HC 9.07 7.92 0.83 7484 4.62 3630 1.55
HC@PS-SS/PEI 6.91 5.02 0.59 85105 3.15 24302 2.02
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Tab.4 Electrochemical parameters derived from EIS Nyquist diagrams shown in Fig.10

Immersion time/h  R/(Q-cm?)  Y./(x10°s"Q -cm™?) n R/(Q-cm?) C/(uF-em™?)  R/(Q-cm?)  Cy/(uF-em™)
1 12.52 0.74 0.76 69 463 0.30 30 692 2.06
2 9.67 4.60 0.70 32982 2.00 18 470 1.08
3 9.56 10.1 0.61 30 361 3.60 9161 2.62
4 8.45 10.3 0.55 34 608 3.57 12 811 2.36
5 8.78 11.2 0.68 45367 4.65 11 674 1.34
6 8.08 12.3 0.54 90 902 5.48 22 052 1.41
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