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Corrosion Inhibition Effect of Sodium Silicate on AM60 Magnesium Alloy in
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ABSTRACT: The work aims to study the corrosion inhibition effect and mechanism of sodium silicate on AM60 magnesium
alloy in simulated vehicle coolant medium. The corrosion inhibition effect of sodium silicate on AM60 magnesium alloy in
simulated vehicle coolant medium was studied by means of electrochemical methods including polarization curves and elec-

trochemical impedance spectroscopy (EIS). Effects of sodium silicate concentration, simulated coolant temperature and im-
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mersion time on corrosion inhibition efficiency were inspected. The corrosion inhibition mechanism of sodium silicate was
also discussed. Concentration of Na,SiO; had great influence on corrosion inhibition efficiency, and its optimumconcentra-
tion was 0.8 mmol/L and the corrosion inhibition efficiency of sodium silicate was 95.87%. Inhibition efficiency of the so-
dium silicate was up to 36.08% at high temperature (80 ‘C) in the simulated coolant. Hence the sodium silicate provided in-
hibition protection on AM60 magnesium alloy. At the early stage of immersion, corrosion inhibition efficiency of Na,SiO; on
AMO60 magnesium alloy was 17.47% and then amounted to 72.38% after 10 hours. When concentration of the sodium silicate
is 0.8 mmol/L, the corrosion inhibition efficiency is the highest. It decreases as the medium temperature increases and in-
creases as the immersion time in the simulated coolant medium increases. The sodium silicate acts as an anodic type inhibi-
tor, and the corrosion inhibition mechanism of sodium silicate can be interpreted as the fact that insoluble compound of
MgSiO; can be generated by the reaction of SiO;>~ with Mg®" (produced by corrosion). MgSiO; deposites on the surface of
alloy and forms a layer of protective film, thus inhibiting further metal ionization.

KEY WORDS: AM60 magnesium alloy; simulated vehicle coolant; sodium silicate; inhibition effect; polarization curve; elec-

trochemical impedance spectroscopy
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Tab.1 Chemical composition of AM60 magnesium alloy

Mg Al Zn Mn Si Fe o
AhE 5.60%~6.40% 0.20% 0.26%~0.5% 0.05% 0.50%
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Tab.2 Fitting results of polarization curves

different Na,SiO3 concentrations

Concentration/(mmol-L™")  E(vs.SCE)/V b/V™! btV g J, J/(107° A-cm™) 0%
0 -1.524 5.857 5.886 -5.375 422 —
0.2 -1.518 5.983 4.125 -5.754 1.76 58.23
0.4 -1.512 6.081 3.759 -6.071 0.849 79.86
0.6 -1.451 6.258 4.047 -6.336 0.461 89.07
0.8 -1.255 5513 8.767 -6.757 0.174 95.87
1.0 -1.156 5.649 5.192 -6.701 0.199 95.28
2.0 -1.242 1.785 8.326 -5.773 1.69 59.91
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Fig.3 EIS of AM60 in simulated coolant with different
Na,Si0; concentrations
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Tab.3 Parameters obtained from fitting

C/(mmol-L™) R /(Q-cm?)  C/(x10°F-em™)  R/(Q-cm?)  CPEy-T/(x10°F-cm™) CPEy-P %
0 1388.0 1.970 8884 9.4478 0.864 18 0
0.2 1114.0 1.997 10 476 9.8805 0.866 64 15.20
0.4 1093.0 1.849 18 060 9.0332 0.876 95 50.81
0.6 1032.0 2.055 28 361 8.7340 0.871 03 68.67
0.8 985.2 1.922 57 150 6.8512 0.872 58 84.45
1.0 873.9 2.313 47236 6.5250 0.881 43 81.19
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Tab.4 Fitting results of EIS

Time/h Ru/(Qcm?)  Co/(x107° F-em ™) R/(Q-cm®)  CPEg-T/(x10°F-cm™)  CPEy-P /%
0 856.2 2.6230 10 764 7.4395 0.902 30 17.47
1 680.7 2.4800 13 154 8.2132 0.876 85 18.17
2 833.9 2.7446 15 184 77162 0.891 54 29.11
4 825.5 2.7044 15 872 8.6980 0.87275 32.18
7 816.2 2.7028 28 266 10.702 0.838 00 61.92
10 797.6 2.7921 38974 12.230 0.823 70 72.38
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