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Effect of solute impurities on the rate of recovery and recrystallization
in a 1050 aluminum hot rolled sheet™

Hideo YOSHIDA**, Yuko TAMADA** Mineo ASANO** and Yoshimasa OOKUBO**

The effect of soaking conditions of ingots on the rate of recovery and recrystallization in a 1050 hot-rolled
sheet during annealing at 350°C was investigated. The rate of recovery and recrystallization in no soaking and
600°C/8h WQ (water quenching) was slower than that of 450°C/8h FC (furnace cooling). Many solute impurities
(Fe, Si), which were contained in no soaking and 600°C/8h WQ cause the delay of recovery and recrystallization.
Particularly, in no soaking, no precipitation was observed within grains of the ingot and the hot-rolled sheet. On the
other hand, in 450°C/8h FC, the recovery and recrystallization is too fast. Fine granular precipitates with less than
0.1 zm in diameter were observed and solute impurities were few in the ingot and the hot-rolled sheet. The pinning
of sub-grain boundaries by these fine precipitates was not observed. The normalized change of Vickers hardness
and electrical resistivity was divided into a recovery reaction and a recrystallization one respectively by a new de-
veloped rate equation. The role of impurities in the recovery and recrystallization was explained and made clear by
the obtained values of parameters in this equation.
(Received February 3,2017 Accepted April 6, 2017)
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Fig. 1 SEM and EDS mapping images of 1200 cold rolled
aluminum sheet annealed at 250°C for 50 min. (a) HAADF-
STEM image. (b) Bright field image, and (c), (d) EDS
mapping images of Si and Fe'"
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Fig. 2 Fabrication processes and their conditions of 1050
hot-rolled aluminum sheet from casting to annealing.
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Fig. 3 Electrical conductivity of ingots and hot-rolled sheets.

Table 1 Chemical composition of 1050 ingot (mass%).
Si Fe Cu Mn Mg Cr Zn Ti B Ni Vv Ga
0.09 0.29 0.00 0.00 0.00 0.00 0.00 i 0.02 0.00 0.00 0.01 0.01
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Fig. 4 Effect of soaking conditions on the change in the
Vickers hardness in 1050 aluminum sheet annealed at
350°C.
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Fig. 5 Effect of soaking conditions on the change in the
electrical conductivity in 1050 aluminum sheet annealed at
350°C.
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Fig. 6 Normalized change of the Vickers hardness shown in
Fig. 4.
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Fig. 7 Normalized change of the electrical conductivity
shown in Fig. 5.
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Fig. 8 Superimposition of the new rate equation with the
values shown in Table 2 on the experimental data (normal-
ized) of the Vickers hardness.
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Fig. 9 Superimposition of the new rate equation with the
values shown in Table 2 on the experimental data (normal-
ized) of the electrical conductivity.
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Table 2 Values of parameters obtained by curve-fitting of the experimental data (normalized) of the Vickers hardness and the elec-

trical conductivity using equation (6).

Soaking A m 7 m 2 B n; 73 na T4

No soaking 0.4 0.5 10 0.5 0.5 0.55 1 25 5 60

Vickers hardness 600°C/8h WQ | 0.44 0.5 12 0.5 0.5 0.56 1 28 3 40
450°C/8h FC 0.66 0.5 1 0.5 0.5 0.32 1 0.2 3 40

No soaking 0.63 0.5 4 0.5 0.5 0.34 1 5 5 S

Electrical conductivity 600°C/9h WQ | 0.68 0.5 5 0.5 0.5 0.32 1 4.8 2 15
450°C/9h FC 0.38 0.5 1 0.5 0.5 0.5 1 0.15 3 40
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Fig. 10 Effect of soaking conditions on the micro- and TEM structures of ingots.
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Fig. 11 Effect of soaking conditions on the TEM structures
of as hot-rolled sheets. The area surrounded by the white
dotted line in ¢) was enlarged in d).

SEM image "
:
4
¥
)
:
:
% 1
nm" ”'“ — Compoand
—— Mutriy
E
i
g
s | Sum Peak.

Fig. 12 SEM/EDS analyses of fine compounds and matrix
in the hot-rolled sheet soaked at 450°C/8h FC. Sum Peak
is a kind of ghost peak and should be ignored.
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Fig. 13 Effect of soaking conditions on the change of the microstructures in the center plane (L-LT plane) of 1050 aluminum sheet

annealed at 350°C.

Fig. 14 Dislocation structures (low and high magnification)
within the grain after annealing at 350°C/300 min in the
hot-rolled sheet produced using no soaking ingot.
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Fig. 15 Effect of annealing on the microstructures of the
hot-rolled sheet produced using no soaking ingot. Fine Al-
Fe-Si compounds precipitate during annealing at 350°C.
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