The Role of Grain Boundary Sliding in Microstructural Evolution
during Superplastic Deformation of a 7055 Aluminum Alloy
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The microstructure evolution in a 7055 aluminum alloy subjected to thermomechanical processing (TMP) was studied at 450°C and
& = 1.7 x 1073 s~ at which the material exhibits superplastic behavior with a total elongation of 720% and the coefficient m = 0.58. Partially
recrystallized initial structure of the as-processed 7055 Al consisted of bands of recrystallized grains with a mean size of 11 um alternating
with bands of recovered subgrains with a mean size of 2 um. The true stress—true strain curve exhibits a well-defined peak stress, followed
by gradual strain softening. The coefficient of strain rate sensitivity, m, remains unchanged at ¢ < 1 and tends to decrease with strain at
g > 1. The initial microstructure persists near the peak strain. Following strain leads to evolution of initial partially recrystallized structure into
uniform fully recrystallized structure due to occurrence of continuous dynamic reactions, i.e. continuous dynamic recrystallization (CDRX).
The data of microstructural observation and misorientation analysis show that low-angle boundaries (LAB) gradually convert to high-angle
boundaries (HAB) resulting in an extensive flow softening. It was shown that grain boundary sliding (GBS) provides superplastic flow at all
strains. Concurrently, GBS plays an important role in the dynamic evolution of new grains facilitating conversion of LABs to HABs.
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1. Introduction

Aluminum alloys are capable of superplastic deformation
in two distinctly different microstructural conditions. First,
aluminum alloys with a fully recrystallized structure with
a mean grain size less than 10 um exhibit superplastic be-
havior."?) The origin of superplasticity in aluminum alloys
with such the structure is enough clear® At higher tem-
peratures, the grain boundary sliding (GBS) occurs through
the relative displacement of fine grains providing superplas-
tic flow.":? The fine grained structure is produced by two-
step thermomechanical processings (TMP). There are two dif-
ferent TMP routes to achieve grain refinement in wrought
aluminum alloys. One of these routes termed as overag-
ing/recrystallization TMP,":3-9 involves overaging treatment
to produce coarse precipitate particles, which become sites for
particle-stimulated nucleation of static recrystallization after
cold rolling. The other route, which can be termed as recrys-
tallization/recrystallization TMP,” involves two sequential
procedures of warm/cold rolling followed by recrystallization
annealing,

Second, aluminum alloys with initial unrecrystallized
structure consisting of cells or recovered subgrains and con-
taining fine dispersoids as Al;Zr are capable of superplas-
ticity.:>% These aluminum alloys are subjected to extensive
cold or warm rolling followed by heating to temperatures of
superplastic deformation.!->% 1929 Dispersion particles pre-
vent static recrystallization of the warm/cold worked mate-
rial, and plastic deformation induces high-angle boundaries
(HAB) via a continuous reaction called as continuous dy-
namic recrystallization (CDRX)."-1>2” The dispersoids ef-
fectively pin the deformation-induced boundaries preventing
much of the low-angle boundary (LAB) migration resulting in
their mutual elimination?" and also growth of recrystallized
grains as well that provides capability for superplasticity. De-

spite considerable research works, the exact nature of such
the recrystallization process and origin of superplasticity of
aluminum alloys in this microstructure condition are not yet
clear."->” It has been proposed'>!7>% that LABs are evolved
in cellular dislocation structure under static annealing pre-
ceded superplastic deformation. Following deformation re-
sults in the eventual conversion of these LABs into HABs,
which become able to support GBS. In this manner the alu-
minum alloys achieve superplasticity during high temperature
straining.

The present work was initiated with intent of examining the
mechanism of superplasticity in the aluminum alloys in the
second microstructural condition. It was recently shown that a
7055 aluminum alloy with a unique initial structure subjected
to the two-step TMP exhibits superplasticity with a total elon-
gation of 720% and the coefficient m = 0.58 at 7 = 450°C
and ¢ = 1.7 x 1073 1.2 This alloy had a partially recrystal-
lized structure consisted of bands of recrystallized grains with
a mean size of 11 um alternating with bands of recovered sub-
grains with a mean size of 2 pum.?» This material was, there-
fore, capable for superplasticity in microstructure state being
intermediate between two conditions described above. Analy-
sis of microstructural evolution during superplastic deforma-
tion of this 7055 alloy allows elucidating the mechanism of
CDRX and revealing the role of CDRX in the superplasticity.

A main goal of the present study is to characterize the evo-
Iution of microstructure in the 7055 Al during superplastic
deformation. It was recently suggested that GBS along HABs
can result in rotation of subgrains near the HABs, leading
to a rapid transformation of the subgrains into true recrys-
tallized grains.'>!>>3) There are, however, limited research
works provided direct evidence for operation of GBS in un-
recrystallized structure. Thus, the second aim of this study
is to reveal the role of GBS in microstructural evolution dur-
ing superplastic deformation and to relate the microstructure
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Fig. 8 Schematic representation of dynamic evolution of new grains cor-
relating with mechanical response of the 7055 Al at different strain. (a)
& < &p, GBS operating in individual manner in recrystallized areas and
propagation of cooperative GBS into unrecrystallized areas, (b) & ~ &,
initiation of subgrain rotation promoting transformation of LABs into
HABs by cooperative GBS in unrecrystallized areas, (¢) &€ > &p, devel-
opment of cooperative GBS along common boundary surfaces locating at
an angle of ~45° to the tension axis and operation of individual GBS in
recrystallized areas, (d) high strain, dominant sliding of individual grains
along boundaries locating at an angle of ~ 45° to the tension axis.

increases with strain (¢ < 1). The m value tends to decrease
at higher strains where grains become to grow extensively.
Perhaps, it is associated with decreasing contribution of GBS
and increasing contribution of dislocation glide into total de-
formation with strain at ¢ > 1.

Thus, it can be concluded that superplastic behavior of
aluminum alloys in the second microstructural condition is
also attributed to GBS along HABs. At small stains, this
GBS occurring along separate HABs induces rotation of sub-
grains providing facilitated transformation of LABs to HABs.
CDRX resulting in uniform grained structure provides occur-
rence of GBS through the relative displacement of fine grains
at high strains.

Transition of the operation of GBS from cooperative man-
ner in low strain, to dominant sliding of individual grains
in high strain yields unusual strain dependence of cavita-
tion.’?) At low strains, a plasticity-controlled cavity growth,
associated with hindered accommodation of cooperative GBS
in the unrecrystallized areas, results in the formation of
coarse cavities.””) At high strains, the easy accommoda-
tion of GBS occurring in the individual manner suppresses
plasticity-controlled cavity growth. A diffusion-controlled

cavity growth resulting in the formation of fine cavities dom-
inates at high strain. As a result, strain increase leads to de-
creasing cavity size.

5. Conclusion

The microstructural evolution as well as superplastic re-
sponse of the 7055Al alloy with a partially recrystallized
structure was studied at 450°C and é = 1.7 x 1073s~'. The
o — ¢ curve shows a strain hardening and a well-defined peak
stress at a relatively low strain, followed by a gradual strain
softening. At the initial hardening stage, low-angle bound-
aries in the unrecrystallized regions start to convert to high-
angle boundaries and this process extensively occurs at the
stage of strain softening resulting in the formation of fully
recrystallized structure at £ > 1.1. It is concluded that trans-
formation of low-angle boundaries to high-angle boundaries
can be highly promoted by operation of grain boundary slid-
ing. Peak stress can be associated with initiation of GBS in
unrecrystallized regions of recovered subgrains. Strain soft-
ening is associated with increasing number of HABs with
strain. The sliding of fine individual grains occurs mostly
along boundaries locating at an angle of ~45° to the tension
axisate > 1.1.
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