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Fig. 2 Surface morphologies of exfoliation corrosion alloys with different Mg-Si ratio: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3;

(d) Alloy 4
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Table 1 Mass loss of exfoliation corrosion alloys

Alloy No. Mass loss/%
1 0.17
2 0.09
3 0.068
4 0.066
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Fig. 3 Cross-sectional corroded depth micrographs of alloys with different Mg-Si ratios: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3;

(d) Alloy 4
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Fig. 4 Surface morphologies of alloys with different Mg-Si ratios: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4
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Table 2 Mass loss and maximum depths of intergranular

corrosion of alloys

Alloy No. Mass loss/% Corrosion depth/um
1 0.845 60
2 1.14 103.8
3 0.937 74.6
4 1.277 128
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Fig. 5 Potentiodynamic polarization curves of alloys
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Table 3 Electrochemical corrosion parameters of alloys

Alloy No.  ¢oor (v8 SCEYV  Joon/(LA-cm™2)  veor/(umea !

1 —0.465 4.44 48.35
2 —-0.582 0.54 5.88
3 —0.532 0.47 5.12
4 —0.606 0.59 6.43
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Fig. 6 XRD patterns of alloys with different Mg-Si ratios:
(a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4
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Fig. 7 SEM images of fracture surfaces of alloys with different Mg-Si ratios: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4;

>

(e) High magnification of alloy; (f) EDS spectrum of fracture surface of alloy 4 recorded in marked point
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Fig. 8 BSE-SEM images and EDS spectra results of constituent particles of alloys with different Mg-Si ratios: (a), (b) BSE-SEM

images and corresponding EDS spectra of alloy 1 containing Si particles; (c) Alloy 2; (d) Alloy 3; (e) BSE-SEM images of alloy 4;

(f) Corresponding EDS spectra of alloy 4 containing coarse particles
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Fig. 9 Bright-field TEM images showing matrix precipitation in grains and at grain boundary with different Mg-Si ratios in viewing
direction of (100),;: (a) Alloy 1, in grains; (b) Alloy 2, in grains; (c¢) Alloy 3, in grains; (d) Alloy 4, in grains; (¢) Alloy 1, at grain
boundary; (f) Alloy 2, at grain boundary; (g) Alloy 3, at grain boundary; (h) Alloy 4, at grain boundary
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Effects of Mg-Si ratio on
microstructures and properties of AI-Mg-Si alloy

WANG Jiao, LUO Bing-hui, ZHENG Ya-ya, BAI Zhen-hai, LI Bin

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The Al-Mg-Si alloys with four different Mg-Si ratios of 2.2, 1.3, 1.0 and 0.8 were prepared, respectively. The
effects of Mg-Si ratio on the microstructures and properties of Al-Mg-Si alloys were investigated by tensile properties,
exfoliation corrosion, intergranular corrosion and electrochemistry test, combined with XRD, SEM, TEM analysis
techniques. The results indicate that the decrease of Mg-Si ratio from 2.2 to 1.3 can promote the strengthening phase
precipitation which leads to higher number density and smaller size of Mg,Si precipitates, and the tensile strengths of
alloys increase significantly. The mechanical properties of alloys trend to be stable when the Mg-Si ratio is 1.0. With the
decrease of Mg-Si ratio, the exfoliation corrosion susceptibility of alloys decreases gradually and the resistance to
intergranular corrosion decreases. But the resistance to intergranular corrosion of alloys can be improved significantly
when the Mg-Si ratio is closer to 1.0. There are few continuous Mg,Si precipitates or PFZ on the grain boundaries of
Al-Mg-Si alloys with Mg-Si ratio of 1.0. The comprehensive performance of Al-Mg-Si alloy reach the optimum
properties, the tensile strength and corrosion rate reach 303 MPa and 5.12 um/a when Mg-Si ratio is approximately 1.0.

Key words: Al-Mg-Si alloy; Mg-Si ratio; precipitate phase; corrosion resistance; tensile property
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