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misorientations of {332}<113> and {221}<114> from the ideal {111}<112> are approximately 10 °
and 15 °, respectively. The orientation intensity of {112}<241> is also high in Fig.3.

The r-values calculated for each texture component using a software developed by Inoue are
summarized in Fig.4. The predicted r-values for the {332}, {221} and {112} orientations are
considerably high, even though they are not as high as that of the ideal {111} orientation. Therefore,
it is provable that the {332}, {221} and {112} orientations also have considerable effects on the
improvement of the average r-value.

Another important feature for the AWRed sheets is a limited area fraction of the {001} grains. The
{001} <100> orientation is rarely seen, though small amount of {001}<110> exists. Since the {001}
orientations tend to decrease average r-value, it is effective to limit the amount of {001} grains for
improving average r-values. The predicted r-value for the {115} <110> orientation which exists in the
AWRed is rather low, but it is higher than that for the {001}<110> orientation.

As a result of the modified recrystallization texture, the AA6022 alloy T4 sheet prepared by AWR
actually has a high average r-value of 1.2; the r-values for RD0°, 45° and 90° are 1.0, 1.4 and 1.1,
respectively. This average r-value is considerably higher than that of the CRed sheet.
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Fig.2 IPF Maps obtained by SEM-EBSD
for the solution-treated T4 sheets prepared by
AWR and CR.
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Fig.3 Recrystallization texture of the T4 sheets Fig.4  The r-values for various

by AWR and CR. (ODF : ¢2=0°, 45° sections) orientations predicted by using a
software developed by Inoue.
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3.2 Texture change during multi-step annealing

EBSD-IPF maps for the sheets by AWR are shown in Fig.5; these maps indicate the changes in the
grain structure and texture in an identical area on the sheet surface during the multi-step annealing at
573-723 K. ODFs at 2=45° calculated on the basis of the EBSD data are illustrated in Fig.6. The
microstructure of the as-AWRed sheet consists of subgrains or considerably recovered grains, some
of which act as nuclei for the recrystallization during annealing. The texture of this sheet consists of
the {001}<110> orientation and the texture fibers of <110>//RD and near <111>//ND.

A completely recrystallized structure is attained after the final step of annealing at 723 K, and its
texture is similar to that of the T4 sheets after SHT, although the heating conditions are different. This
implies that texture evolution behavior during the multi-step annealing process is basically the same
as the behavior during SHT.

The first step of annealing at 573 K leads to local recrystallization or grain growth, and the
subsequent annealing steps at the higher temperatures result in the grain growth consuming the
adjacent unrecrystallized area. The changes in texture are basically brought about by the preferential
growth and disappearance of grains during annealing. Fig.7 shows the change in the area fraction for
the {001}, {115}, {111}, {112}, {332}, and {221} grains during the multi-step annealing process.
The area fractions for the {115}, {112}, {332} and {221} grains are maintained or increased through
the progress of recrystallization during annealing, whereas that for the {001} grains is reduced.
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Fig.5 Microstructure change of the AWRed AA6022 sheet during multi-step annealing at
573K-723K. IPF maps obtained by SEM-EBSD for an identical observation area.

The decrease in area fraction of the {001} grains in the AWRed sheets during recrystallization is
accompanied with the growth of adjacent grains of some other orientations, e.g. {112} and {221}.
The changes in the area fraction suggest that the {221} grains possibly grow by effectively
consuming the adjacent {001} orientation. The boundaries between the {221} and the {001} grains
may have a high migration rate for the grain growth because {221}<114> and {221}<122> have a
relationship of 60° rotation around the <111> axis with {001}<110> and {001}<100>, respectively.
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The existence of the remained {115}<110> grains seems to be unfavorable for improving the
r-value in a general sense. However, if the {115} grains grow by consuming the adjacent {001}
grains, they have a slight effect on improvement of the r-value.

{001}<110> as AWRed Annealed : 573K, 180s 593K, 180s
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Fig.6  Changes in the texture of the AWRed AA6022 sheet during multi-step annealing at
573K-723K. (ODF from SEM-EBSD data : ¢2=45° section. )
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Fig.7  Changes in area fraction of the grains having the {001}, {115}, {112},
{111}, {332} and {221} orientations during multi-step annealing.

The {111} orientation that is considered to be the texture component having a strong effect on the
improvement of the average r-value is also decreased in area fraction during the annealing process. It
is clear that the {111} orientation is not a preferred orientation for grain growth, at least in the case of
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the AA6022 sheets by AWR. Since the fraction of the ideal {111} orientation is rather small, the high
r-value of the AWRed sheets cannot be explained only by the existence of the {111} orientation.

Consequently, the improved r-values of the sheets by AWR are caused by a combination of
recrystallization texture components ; a large fraction of the orientations including {111}, {112},
{332} and {221} which increase r-values, and a limited fraction of {001} orientations which lower
r-values.

4. Conclusion

The AA6022 alloy sheets have a subgrain structure or a recovered structure consists of grains with
the {001}<110> orientation and the texture fibers of <011>//RD and near <I111>//RD before the
recrystallization treatment. Some of the recovered grains act as nuclei for the recrystallization, and
grow by consuming the adjacent grains. The area fractions of the {001} and {111} grains are
decreased, while those of the {112}, {332} and {221} grains are maintained or increased through
recrystallization during the multi-step annealing process. The {221} grains possibly grow in a
preferential manner consuming {001} grains during recrystallization. Not only the ideal {111}
orientation but also the {112}, {332} and {221} orientations probably have an effect on the
improvement of the r-value of the recrystallized sheets. The limited fraction of the {001} grains is
another reason for the high r-value of the AWRed sheets.
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