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Effect of Pre-Aging on the Behavior in the Early Stage of Aging at High Temperatures for Al-Mg-Si Alloy
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Abstract: Effect of pre-aging on the behavior in the early stage of aging at high temperatures for
Al-0.64%Mg-0.81%Si alloy has been studied by means of hardness measurement, electric resistiv-
ity measurement, differential scanning calorimetry and transmission electron microscopy. Pre-aging
temperature influenced the subsequent aging behavior at high temperatures. G.P. I zones were
formed during the pre-aging below about 343 K, which were stable and remained in the early stage
of the subsequent aging at 448 K. Therefore, G.P. I zones coexist with the 8~ phase in the alloy
aged at 448 K for 1.8 ks after pre-aged below about 343 K, and the distribution of the 8" phase is
sparse. This leads to decrease in hardness. On the other hand, nuclei of the 8” phase were direct-
ly formed during the pre-aging above 343 K. And the microstructure is fine and dense in the alloy
aged at 448 K for 1.8 ks after pre-aged above 343 K, which leads to the higher hardness. In order
to get higher paint bake hardenability for the Al-Mg-Si alloy, it is important to suppress the forma-
tion of G.P. I zones before the bake hardening treatment.
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Table 1 Chemical composition of the alloy (mass%).
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Fig.1 Changes in the hardness with pre-aging time for the
alloy pre-aged at (a) 298 K, (b) 323 K, (c) 343 K,
(d) 373 K, before and after BH treatment (448 K,
1.8 ks) .
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Fig.2 Changes in the hardness with pre-aging
temperature for the alloy pre-aged for (a) 300 s,
(b) 3.6 ks and (c) 18 ks, before and after BH
treatment (448 K, 1.8 ks).
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Fig.3 Changes in electric resistivity for the alloy (a) pre-
aged at 298 K and 373 K, and (b) then post-aged at
448 K.
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Fig.4 DSC curves for the alloy pre-aged at 298 K, 323 K,
343 K, and 373 K respectively for 3.6 ks, (a) before
and (b) after BH treatment (heat up rate 20 K/min).
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Fig.5 TEM micrograph for the alloy pre-aged at 298 K,
323 K, 343 K and 373 K for 3.6 ks and then aged
at 448 K for 32.4 ks.
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Fig.6 Changes in the hardness with the aging time at
373 K for the alloy directly quenched to 373 K
and water-quenched at 277 K, before and after BH
treatment (448 K, 1.8 ks)
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Fig.7 Changes in the hardness with the aging time at
373 K for the alloy directly quenched to 373 K
and water-quenched at 277 K, before and after BH
treatment (448 K, 1.8 ks)
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Fig.8 DSC curves for the alloy naturally aged at 298 K for
180 s and 600 s, then pre-aged at 373K for 300s
and finally BH treated (448 K, 1.8 ks), (a) before
and (b) after BH treatment.
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Table 2 Effect of pre-aging temperature on the
precipitation behavior and bake hardening
property for Al-0.64%Mg-0.81%Si alloy.
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