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Effect of Solid Solution and Precipitation States on Recrystallization
Behavior of Al-Mg-Si Alloys*

Akifumi Hasegawa**, Hidetaka Nakanishi** and Mineo Asano***

The effect of the solid solution and precipitation states on the recrystallization of Al-Mg-Si alloys was
investigated. Hot-rolled sheets were heated at 823 K, and then they were treated with or without the
precipitation treatment at 623 K. Both samples were rolled at room temperature up to 87.5% and annealed
finally at 623 K. The sheets with the precipitation treatment (sample P) showed recrystallized grains
elongated to the rolling direction. The sheets without the precipitation treatment (sample N) consisted of
small equiaxial recrystallized grains. Cube(j001}<100>) texture density of the sample P was higher than
that of the sample N. In the sample P, f-phase precipitates and the precipitate free zone (PFZ) were formed
by the precipitation treatment. The PFZ was likely to be elongated with rolling and become a preferential
recrystallization zone. Therefore, the recrystallized grains grew along the elongated PFZ and the formation
of the long cube orientation grains caused high density of the cube texture. On the other hand, in the
sample N, shear bands were formed by rolling. They were speculated to work as recrystallization sites.
Because of origination of randomly oriented grains from shear bands, it was assumed that the small
equiaxial recrystallized grains were formed and the density of the cube texture was decreased.
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Table 1 Chemical composition of the alloy used in this

study.
(mass%)
Si Fe Mn Mg Zn Al
1.00 0.18 0.08 0.49 0.20 Bal.

Electrical conductivity
1 54.8%IACS
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Fig. 1 Optical micrographs after the precipitation treatment and the solution heat treatment.
(a) sample P, (b) sample N (after the solution heat treatment).
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Fig. 2 TEM images after the precipitation treatment and the solution heat treatment. (a)-1 sample P (inside of a grain),

(a)-2 sample P (a grain boundary), (b) sample N.
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Fig. 3 The distributions of Si after the precipitation
treatment and the solution heat treatment
obtained by EPMA. (a) sample P, (b) sample N
(after the solution heat treatment).
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Fig. 4 DSC curves of samples after the precipitation
treatment and the solution heat treatment.
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Fig. 7 Optical micrographs after the final annealing at 623 K for 600 s. (a) sample P, (b) sample N.
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Fig. 9 Crystal orientation maps after the final annealing at 623 K for 5 s. (a) sample P, (b) sample N.
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Fig. 10 Image quality and inverse pole figure maps after the final annealing at 623 K for 5 s
(a) sample P, (b) sample N.
[ On boundaries of the band-like grains
Around second-phase particles at boundaries of the band-like grains
O Inside of the band-like grains
B Around second-phase particles in the band-like grains
Sample P 67 104 74 74
Sample N 98 124 142
1 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600
Numbers of recrystallized grains, numbers/mm?
Fig. 11 Numbers of recrystallized grains after the final annealing at 623 K for 5 s.
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Fig. 12 Pole figures of the recrystallized grains around the second-phase particles after the final
annealing at 623 K for 5 s. (a) sample P, (b) sample N
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Fig. 13 Formation of the recrystallized grains of the cube
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623 K for 20 s.
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Fig. 14 Schematic diagrams for microstructural changes in the cold-rolling and the recrystallization process. (a) sample P,

(b) sample N.
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