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Abstract: Zn-Al alloy coatings reinforced by SiOz, TiO2, ZnO, Al>O3 or TiC nanoparticle were prepared by adding hard
nanoparticles to the coating solution to increase the hardness of water-based chrome-free coating, respectively. Microhardness
testing and Tafel plots were used to study the influence of the type and content of nanoparticles on the microhardness and
corrosion resistance of the coating. The electrochemical corrosion behavior of the optimized coating in 3.5%NaCl solution was
studied by electrochemical impedance spectroscopy. The results show that Zn-Al alloy coating with addition of 1% ZnO
nanoparticles exhibites the best comprehensive performance without degradation of the corrosion performance. The
microhardness of the coating increases from 132.8 HVo.025 to 175.0 HVo.025, while the corrosion current density only increases
from 3.124 pA/cm® to 3.157 pA/cm’®. The corrosion process of the coatings reinforced by ZnO nanoparticles in 3.5%NaCl
solution goes through four stages: (D the shielding effect of the coating itself initially; @) the activation corrosion of metal
powders in the coating; (3 the sacrificial anode protection of the coating when the corrosive medium reaches the coating/substrate interface;
@) the physical shielding effect of the corrosion products lately.
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Fig.2 Tafel plots of Zn-Al alloy coatings with different
nanoparticles immersing in 3.5%NaCl solution
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Table | Electrochemical corrosion parameters of Zn-Al alloy
coatings with different nanoparticles in 3.5%NaCl solution

Coatings (u:"c';; %) E“’"(Vi'] B (mVéf;ec D) (mVﬁ-;/ec "
Blank 3.124 -1.057 116.2 60.36
TiO2 30.100 -1.121 132.9 102.50
AlLO3 17.610 —1.094 120.3 99.50
ZnO 3.157 —1.045 117.5 60.00
TiC 10.030 -1.127 110.8 144.00
SiO2 5.585 —1.096 123.8 71.89

* The amount of nanoparticles added is 1%.
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Table 2 Electrochemical corrosion parameters of Zn-Al alloy
coatings with different content of ZnO nanoparticles in 3.5%NaCl

solution
WNano-zn0/ Leort/ Ecorr/(VS. SCE)/ ,Er/ ﬁa/
% (LA-cm™) \Y (V-dec) (V-dec™)
0 3.124 -1.057 0.1162  0.060 36
0.5 3.118 —1.052 0.1398  0.05225
1 3.157 —1.045 0.1175  0.060 0
1.5 4.535 —-1.033 0.1339 0.1024
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