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Abstract: Mg and Cu can significantly improve the strength of Al-Si alloys, but at the same time, they also affect their
corrosion resistance. To explore the influence of Mg and Cu on Al-Si alloys, which are based on an Al-7 wt.% Si-0.3 wt.%
Mg alloy, electrochemical testing methods were used to analyse the effects of the addition of Mg and Cu on the corrosion
resistance of Al-Si-Mg-Cu alloys after T6 heat treatment. The results show that with increasing contents of Mg and Cu and
increasing corrosion time, the impedance value of the Al-7 wt.% Si-Mg-Cu alloy decreases, the radius of the Nyquist
capacitance loop decreases, the corrosion current density increases, and the corrosion resistance of the alloy tends to
decrease. When the content of Mg increases from 0.3 wt.% to 0.5 wt.%, the corrosion current density increases by 3.5%,
and when the content of Cu increases from 0 wt.% to 0.65 wt.%, the corrosion current density increases by 10.1%. This
indicates that with a slight increase in the contents of Mg and Cu, the corrosion resistance of the alloy slightly decreases.
Although the nanophases precipitated by Mg and Cu during the aging process accelerate corrosion, the corrosion damage
caused by the addition of a small amount of Mg and Cu to the alloy is relatively light.
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Tab.1 Chemical compositions of the experimental alloys
(mass fraction/%)

No. Si Mg Cu Sr Ti Fe Al
1# 7.180 0.300 0.020 0.021 0.128 0.110 Bal.
2% 7.270  0.480 0.020 0.025 0.130 0.104 Bal.
3# 7.190 0.510 0350 0.023 0.135 0.103 Bal.
4# 7.210 0.510 0.650 0.022 0.133 0.105 Bal.
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Fig.1 Microstructures of the experimental alloys: (a) 1#; (b) 2#; (c) 3#; (d) 4#
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Fig.2 TEM images of the experimental alloys: (a) 1#; (b) 2#; (c) 3#; (d) 4#
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Fig.3 HRTEM images of the alloy after peak aging: (a, b) HRTEM images of the 3" nanophase; (c) Fourier transform of the " phase;
(d, ¢) HRTEM images of the Q' nanophase; (f) Fourier transform of the Q' phase
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Fig.4 Bode images of the experimental alloys: (a) 1#; (b) 2#; (c) 3#; (d) 4#

5 SR 4 Nyquist 8 :(a) 1#; (b) 2#; (c) 3#; (d) 4#
Fig.5 Nyquist images of the experimental alloys: (a) 1#; (b) 2#; (c) 3#; (d) 4#
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Tab.2 Parameters of each component of the analog equivalent circuit

Time/h RJ(Q-cm?)  Q/(x10° S-secn) n R/(Q2-cm?) 0,/(x10* S-secn) n, RA/(Q-cm?)
3 7.729 1.107 0.8812 1.777x10° 5.308 0.248 3 4.601x10°
7 8.005 1.147 0.878 0 3.091x10* 1.82 0.993 5 2.385%x10*
12 9.152 1.149 0.880 1 2.781x10* 4.997 1 1.276x10*
1# 20 8.058 1.178 0.886 1 2.242x10* 3.683 1 1.233x10*
32 8.683 1.206 0.893 0 1.818x10" 6.02 1 1.007x10*

48 8.543 1.261 0.897 3 1.48x10* 6.076 1 8031
3 8.774 1.237 0.878 3 3.39x10* 4.354 1 2.052x10°
7 9.600 1.149 0.891 4 2.683x10* 7.878 1 1.431x10°
12 8.26 1.149 0.903 1 2.463x10* 6.529 1 1.611x10°
# 20 9.433 1.157 0.907 8 1.986x10" 5.717 1 1.268x10*
32 9.154 1.179 09116 1.549%x10* 1.27 1 2.055%x10°
48 9.600 1.149 0.891 4 2.683x10* 7.878 1 1.431x10°
3 9.261 1.473 0.853 2 1.827x10* 3.929 1 1.686x10*
7 8.770 1.480 0.859 7 1.67x10* 4.886 1 1.076x10*
12 9.116 1.509 0.868 1 1.518x10* 4.608 1 1.049%x10*

3# 20 8.823 1.560 0.8714 1.255%x10* 8.052 1 5499

32 8.397 1.649 0.8729 1.056x10" 9.332 1 5297

48 8.714 1.700 0.875 8 854 6 10.24 1 5676
3 6.669 1.113 0.890 3 1.4x10* 3.762 1 1.271x10*
7 8.167 1.173 0.902 3 975 8 5.870 1 1.155%x10*
" 12 9.402 1.255 0.907 9 756 8 0.096 41 1 1.236x10*

20 8.438 1.403 0.908 0 7278 9.026 1 746 8

32 9.194 1.629 0.901 0 508 4 13.44 1 4348

48 7.659 2.048 0.8852 3613 19.2 1 276 3

0, 2.3 FEBARKHEDH
0 7 52 4 MlsrG 4 T6 IR MR 48 h 513
R,

R,
R,
6 bl sk v
Fig.6 Analog equivalent circuit diagram
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Fig.7 Kinetic polarization curves of the experimental alloys
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Tab.3 Corrosion current density and potential data

Current density

Alloy Potential/V
/(A-cm?)
1#-Al1-7%8i-0.3%Mg 1.14x10° -0.732
2#-Al-7%Si-0.5%Mg 1.18x10° -0.779
3#-Al-7%8i-0.5%Mg-0.35%Cu 1.25%10° -0.774
4#-Al-7%S1-0.5%Mg-0.65%Cu 1.30x10° -0.757
Al-9%Si-3%Cul" 4.27x10° -1.140
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Fig.8 Corrosion surface morphology of the experimental alloys: (a) 1#; (b) 2#; (c) 3#; (d) 4#
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K19 2# &4 JEm 48 h JF oo R 1
Fig.9 Elemental distribution of 2# alloy after 48 h of corrosion

10 4# & 4 ) 1 48 h J5 TR 431
Fig.10 Elemental distribution of 4# alloy after 48 h of corrosion
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Fig.11 Longitudinal cross-sectional morphology of experimental alloys after corrosion for 48 h: (a) 1#; (b) 2#; (c) 3#; (d) 4#
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Fig.12 Schematic diagram of the corrosion mechanism
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