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Effects of Different Catalysts on Corrosion Behavior of SiO,-ZrQO, Layers on Magnesium Alloy

GUO Ya-xin, HUA Shuai, TAO Qing-shuang, FAN Ai-lan, TANG Bin
(School of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024)

Abstract: The sol-gel layers on magnesium alloy can easily evolute a great amount of hydrogen, produce much film defects
and perform poor corrosion resistance. In order to solve the problems, SiO,-ZrO, sol-gel was catalyzed by Ce(NO;); and
spined on the surface of AZ91D magnesium alloy with three layers and compared with the layers catalyzed by HCI. The
surface morphology, functional group were studied by scanning electron microscope (SEM) and Fourier transform infrared
spectroscopy (FT-IR), respectively. Hydrophilicity of layers were analyzed by contact angle (CA). The protective performance
of layers with different catalysts in 3.5% NaCl solution was investigated by polarization curves and electrochemical impedance
spectroscopy. The results show that the layers catalyzed by Ce(NOs); have less micro defects than the layers catalyzed by HCI,
and the contact angel of the layers catalyzed by Ce(NOs); (93.5°) is higher than the layers catalyzed by HCI (84.2°). Compared
with the corrosion current density of magnesium alloy (1.480x10* A/cm?), the layers catalyzed by HCI (2.562x10° A/cm?) and
Ce(NO;); (7.821x107 A/cm?) perform better corrosion resistance. The layers catalyzed by HCI and Ce(NO;); have
electrochemical impedance modulus of 4 401 Q and 53 888 Q, respectively, which is higher than that of magnesium alloy
(224.9 Q). The failure time of the layers catalyzed by Ce(NO3); and HCl is 3 d and 1 d, respectively. Therefore, the layers
catalyzed by Ce(NO3); perform better corrosion behavior and have more durable failure time than the layers catalyzed by HCI.
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Table 1 EDS results of the layer catalysted by Ce(NOj3); at

different positions (W/%)
Position Si (0] Zr Ce Mg Al
1 324 59.8 2.0 0.3 5.2 0.3
2 29.9 58.5 1.4 0 9.7 0.5
3 373 57.6 1.0 0.8 3.1 0.2
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Table 2 Contact angle of the water on magnesium alloy and
layers with different catalysts

Substrate HCl Ce(NO;);
Contact angle / (°) 27.2 84.2 93.5
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Table 3  Fitting results of the polarization curves of the
magnesium alloy and layers with different catalysts

Parameter Susbrate HCI Ce(NO3)3
EonlV ~1.521 ~1.490 ~1.432
Ion/ (Arem™) 1.480x10™ 2.562x10°° 7.821x107
o/ mV 119.8 175.7 223.1
B/ mV 227.0 107.7 100.5
R,/ Q 520 26 062 88592
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Table 4 Fitting parameters for equivalent circuits of the magnesium alloy and the layers with different cytalystes

Sample R/ Q CPEdI-T / pF CPEdI-P R,/ Q R./Q L/mH

Substrate 11.79 20.776 09183 224.9 87.32 142.2

Catalysted by HCI 34.06 4.117 0.840 4 4401 2139 2342
Catalysted by Ce(NO3);3 51.19 3.979 0.816 9 53 888
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