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Cluster Morphology and Age-hardenability in 6000 Series Aluminum

Alloys for Automotive Body Panels
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This paper outlines the method of evaluating cluster morphologies in 6000 series aluminum alloys for
automotive body panels and the relationship between the cluster morphology, which changes with heat
treatment conditions, and age hardenability. Three-dimensional atom probe (3DAP) is capable of detecting
solute atoms aggregated in the form of, for example, clusters and precipitates and can quantitatively
evaluate their microstructural factors such as number density and chemical composition. This paper
summarizes the results of detailed research using a 3DAP on the various morphologies of clusters formed
during natural aging and pre-aging, as well as on the changes in cluster morphology and strength during
artificial aging at 170C. Larger clusters with a Mg/Si ratio around 1 have been found to promote the age
hardening at 170C and Si-rich clusters have been found to conversely delay the same.
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Table 1 Heat treatment conditions after solution treatment of Al-0.62Mg-0.93Si (mass%) alloy

Heat treatment condition

NA3 NA for 10.8 ks (3 h)

NA30 NA for 108 ks (30 h)

NA100 NA for 360 ks (100 h)
NA300 NA for 1.08 x 10° ks (300 h)
NA2000 NA for 7.2 x 10° ks (2,000 h)
NA7800 NA for 2.8 x 10* ks (7,800 h)

NA7800-AA03 | NA for 2.8 x 10* ks (7,800 h) and AA for 1.2 ks (0.3 h)
NAT7800-AAL NA for 2.8 x 10* ks (7,800 h) and AA for 3.6 ks (1 h)
PA PA for 18 ks

The terms NA, AA and PA represent natural aging, artificial aging at 170°C and pre-aging
at 90°C, respectively.
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Table 2 Characteristic values of clusters in the Al-Mg-Si alloy specimens, evaluated by 3 DAP analysis

Number of | Number of | Number density Average tadius of | Average Mg/Si
atoms clusters of clusters clusters, 7 (nm) *2 ratio of clusters 2
analyzed ™! | detected "' | (10%*/m?) "2 u o7 ! u
NA3 8.0M 369 1.1£0.09 1.3£0.01 1.240.06
NA30 10M 591 1.5+0.01 1.2£0.02 1.0£0.06
NA100 7. ™ 536 1.7%+0.07 1.3+0.03 1.0£0.07
NA300 12M 594 1.4+0.01 1.2£0.01 1.1£0.01
NA2000 7.4M 662 2.1+0.03 1.4£0.03 1.0%0.01
NA7800 12ZM 994 1.9£0.02 1.3£0.01 1.240.04
NA7800-AA03 12M 804 1.6%+0.03 1.2£0.01 1.1£0.02
NA7800-AA1 8.7M 680 1.940.07 1.3%+0.01 1.1£0.03
PA 11IM 1075 2.4%0.23 1.3£0.02 1.1£0.03
“I Total number of atoms or clusters in two 3DAP runs
"2 Stated errors represent one standard error on the basis of two 3DAP runs per material
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