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ABSTRACT

different te mperatures were measured by TE M and X ray techniques respectively . The occurrence frequency of

The grain boundary character distribution and the texture of 2091 Al Li alloy recrystallized at

low-energy boundaries decreases with increasing recrystallization temperature , while the frequency of high
energy boundaries increases . The strongest component of recrystallization texture in the test te mperature range
is {011} <111 . The relative intensity of the texture tends to decrease with increasing recrystallization te mper
ature . The material which contains a high frequency of low-energy boundaries exhibits lower deforming stress

and high elongation .
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1 INTRODUCTION

The superplasticity is related to the high
te mperature deformation behavior of superplastic
materials so that the grain boundary behavior
(e. g. sliding and diffusion) and properties
(e.g. boundary mobility and energy) play im-
portant roles in the evolution of superplastic de-
formation mechanism and the control of super
plasticity . Grain boundary character distribution
(GBCD) proposed by Watanabel!'is a new mi-
crostructural parameter quantitatively describing
the structure types of grain boundaries . It is rea-
sonable to expect that boundary dependent su-
perplasticity of 2091 Al Li alloy should be con-
trolled by GBCD. Texture as a parameter de-
scribing grain orientation of polycrystalline mate-
rials was found to be related to GBCD'?!. There-
fore it is very important to investigate the effect
of GBCD and texture on superplastic deformation
behavior. Until recently, there has been little
similar work reported .

Recrystallization process as an important su-

perplastic pre-treat ment step”] has strong effect
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on the microstructure, especially the grain
boundary structure of the material. In present
work, a 2091 Al Li alloy was recrystallized at
different te mperatures to obtain different GBCDs
and textures , and their effects on the behavior of
superplastic deformation were studied to try to

improve the superplasticity of this alloy .
2 EXPERI MENTAL

The material used in our experiment is a
2091 Al Li alloy produced by ingot metallurgy
method. The chemical composition ( mass
fraction, %) is AFF2.20 Lr2.65 Cul .20 Mg
0.15Zr. The pre-treatment technology for su-
perplasticity was as follows: solution( 500 C,
1 .5h) —over aging(400 C, 32 h) —cold rolling
to sheet with a thickness of 1 .5 mm —recrystal-
lizing at 450 , 490 and 530 C respectively for 30
min, then working into superplastic tensile spec-
imens with the size of gauge length 10 mm,
width 6 mm and thickness 1 .5 mm .

The superplastic tensile tests were per
formed on the SHIMAZU AGI10TA material
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test machine controlled by computer. The super
plastic elongation and the maximum deforming
stress of the specimens recrystallized at different
te mperatures were tested at different deforma-
tion te mperatures with a constant initial strain
rate 8 .33 x 10 s~ ',

Grain  boundary character distribution
( GBCD) and recrystallization texture of the
specimens recrystallized at different te mperatures
were measured by EM400T trans mission elec
tron microscopy and X ray diffraction techniques

respectively!*! . About 150 grain boundaries of
each specimen were selected for measuring
GBCD.

3 EXPERI MENTAL RESULTS

3.1 Effect of recrystallization temperature on
grain size
The grain size was examined by microscopic
test. The results show that the grain size is in
the scale of micrometer, and increases with the
recrystallization
Fig 1.

temperature, as shown in

3.2 Effect of recrystallization temperature on
GBCD

The grain boundaries were sorted to three

types. When the disorientation between two

grains is lower than 15°, the grain boundary is

often defined as a low-angle boundary . A bound-

ary having the value of = between 3 ~ 29 is de-
fined as a low X coincidence boundary. And the
boundaries whose X value is higher than 29 is
called random general boundary . The first type,
low-angle boundary , and the second type , low =
coincidence boundary, are usually called low-
energy boundary, and the third type, random
boundary, is also called high-energy bound-
ary[S]. The effect of recrystallization te mpera-
ture on the frequencies of the occurrence of three
types boundaries is shown in Fig.2. It can be
seen from the figure that GBCD was greatly af-
fected by the recrystallization te mperature . Both
frequencies of the low-angle boundaries and the
low 2 coincidence boundaries decrease with in-
creasing recrystallization te mperature , while the
frequency of the random boundaries increases .
On the other hand, with increasing extent of re-
crystallization, the boundaries
would occur with a high frequency , and the low-
energy boundaries with low frequencies in the

high-energy

structure .

3.3 Effect of recrystallization temperature on
recrystallization texture
The measure ment results show that the
strongest texture components of the specimens

recrystallized at different te mperatures all are
{011} <111 ). The relative intensity of the tex-
ture tends to decrease with increasing recrystal-
lization te mperature , as shown in Fig .3 .

Fig.l

Recrystallization te mperature dependence of grain size

(a) —450 C; (b) —530 C
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Fig .3 Recrystallization te mperature
dependence of texture

3.4 Superplasticity and superplastic defornr
ing behavior of specimens recrystallized
at different temperatures

The effect of recrystallization te mperature
and deformation te mperature on the superplastic
elongation is shown in Fig.4 . The results show
that (1) the superplastic elongation of the speci-
mens recrystallized at different te mperatures de-
creases as the deformation te mperature decreas-
es; (2) the elongation increases in the range of
deformation te mperature tested as the recrystal-
lization te mperature lowers ; and (3) the super
plasticity of the specimens recrystallized at lower
te mperatures is much less sensitive to the defor
mation te mperature . In other words, the speci-
mens recrystallized at low temperatures can

achieve high elongations when deformed within a

wide range of deformation te mperature , but the
specimens recrystallized at high te mperatures can
achieve high superplastic elongations only when
deformed at high te mperatures .

The effect of the deformation te mperature
and recrystallization te mperature on the maxi-
mum deforming stress during superplastic tensile
is shown in Fig .5 . It can be seen that the maxi-
mum stress decreases with increasing deforma-
tion te mperature, and the lower the recrystal-
lization te mperature is, the lower the deforming
stress is, and it is more obvious at lower defor-
mation te mperatures than at high te mperatures .
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Fig 4  Effect of deformation te mperature and
recrystallization te mperature on elongation
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Fig .5 Effect of deformation te mperature on
maximum deforming stress at different
recrystallization te mperatures

4 DISCUSSION

4.1 Effects of recrystallization temperature on
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GBCD, grain size and texture of AFLi al-
loy

As the holding time is invariable , the high-
er the te mperature is, the fuller the recrystalliza-
tion is , and the bigger the grain size is as well
known . But the fact that the frequency of occur
rence of random boundaries increases with re-
crystallization te mperature indicates that the sub-
grain merging mechanism might play an impor
tant role during the recrystallization. When re-
crystallized at high te mperatures the sub-bound-
aries formed at the initial stage transform into
high-angle boundaries through subgrain merg-
ing , and the grain growth occurs .

It see ms to be inevitable that there is a rela-
tion between GBCD and texture which describes
the grain boundary character and the grain orien-
tation of polycrystal respectively. The experi-
mental results as shown in Figs.2 and 3 show
that GBCD is closely related to the texture and
that the specimen with a high intensity of tex-
ture contains a high frequency of low-angle
boundaries and low X coincidence boundaries ,
which coincides with the investigation work on
other materials reported[z].

4.2 Effect of GBCD on mechanism of super-
plastic deformation of Al Li alloy

The general mechanism of superplastic de-
formation is closely related to grain boundary
sliding , dislocation move ment, grain boundary
migration and diffusion. And all of these behav-
iors can be closely related to the microstructural
parameter of grain boundary , GBCD. Therefore
it is reasonable to consider that the difference of
the mechanism of superplastic deformation be-
tween the specimens recrystallized at low and
high temperatures was
GBCDs .

At a low deformation temperature, the

caused by different

high-energy grain boundaries become the barriers
to the move ment of dislocations so that the dislo
cations pile-up against the boundaries to form
stress concentration which resists the e mission

and movement of the subsequent dislocations .
Thus the cavities would easily form at the high
energy boundaries . Therefore the specimens re-
crystallized at high temperatures exhibits high
deforming stress and low superplastic elongation
because of the high frequency of random bound-
aries in them . For the specimens recrystallized at
low te mperatures , the low-energy boundaries are
prominent and the dislocations can easily pass
these boundaries and slip continually[6] , so these
specimens exhibit low deforming stress and high
superplastic elongation .

Under the condition of high deformation
te mperature , for one thing that the activation
energy of the diffusion of defects decreases great-
ly makes the lattice dislocations easily transform
into the grain boundary dislocations through the

process of diffusion! 7’

, the dislocation density in
grains decreases greatly[g], so that the grain
boundary sliding becomes the main mechanism of
deformation, and for another, most of the low
energy boundaries can transform into high
energy boundaries at the initial stage of deforma-
tion through the dynamic recrystallization at
high te mperatures . Therefore the difference of
the elongation and deforming stress between the
specimens recrystallized at low and high te mper-
atures is very little .
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