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Coupled influence of constituents and precipitates on
ductile fracture of Al-Mg-Si alloys
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Abstract: Different solution, quenching and aging treatments, inducing a trade-off between the constituents and
precipitates, were employed to Al-Mg-Si alloys in order to study the coupling effect of the trade-off in volume fraction on
the fracture strain. The results show that the dependence of ductility on the trade-off in volume fraction between the
constituents and precipitates is non-monotonic, and that the alloys containing more detrimental constituents but aged at a
somewhat higher temperature exhibit ductility superior to those of the alloys containing less detrimental constituents but
aged at lower temperature. The experimental phenomena above are analyzed according to the change-over in strength and
toughness, furthermore, the coupling effect of the constituents and precipitates on the strain to fracture is well modeled by
using multi-scale model.
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Fig.1 Microstructures of Al-Mg-Si alloys after TS(a), TF(b)
and EF(c) treatments
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Table 1  Parameters tested value of constituents and
dispersoids in Al-Mg-Si alloys by different treatments
Constituent Di id
EF Treatment onstituen ispersoi
TS f/% ro/pm f/% rJ/um
EF 2.35 2.53 0.09 0.02
TF 3.46 2.41 0.11 0.03
TF TS 4.14 2.23 0.12 0.06
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Fig.2 Morphologies of rod/needle-shaped
precipitates (dark field image) of Al-Mg-Si
alloys after TF treatment at 433 K(a),
463 K(b) and 493 K(c)
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Fig.3 Morphologies of rod/needle-shaped precipitates (dark field image) of Al-Mg-Si alloys after EF(a) and TS(b) treatment at 493 K
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Fig.4 Changes of half-length (/,)(a) and volume fraction (f,)(b) with aging time for rod/needle-shaped precipitates of Al-Mg-Si

alloys treated at different aging temperatures (7)
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Fig.5 Changes of half-length (/,)(a) and volume fraction (f;)(b) of rod/needle-shaped precipitates of peak-aged Al-Mg-Si alloys

with aging temperature (7) under different solution and quench treatments
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Fig.6 Changes of yield strength(a) and fracture strain (¢f)(b) of AI-Mg-Si alloy after TF treatment with aging times (7)
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Fig.7 Changes of yield strength (o,)(a) and fracture strain (g)(b) of peak-aged Al-Mg-Si alloy with aging temperature (7) under

different solution and quench treatments
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Fig.8 Changes of ¢ on aging-modulated trade-off in volume
fraction between constituents (f;) and precipitates (f,) for 1)
peak-aged Al-Mg-Si alloy (Dots are experimental results and
curves are calculations)
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