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ABSTRACT

The behavior of dynamic recrystallization in the superplastic deformation of 8090 and 2091 aluminum-

lithium alloys have been investigated. TEM obscrvations indicated that dynamic recrystallization occurs at the

triple junction of grain boundarics. The measurecment of grain boundary angle showed that recrystallization in

dynamic cquilibrium exists in the process of superplastic deformation of 8090 Al—Li alloy. It is also indicated

thai, besides the rolc of refining grains and the grain boundary sliding, dynamic reerystallization plays

concurrcently a role of stablizing microstructure. Thus dynamic recrystallization can be used to induce metals

superplasticity, which leads to a simplification of pretrecatment (or superplastic deformation.
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I INTRODUCTION

The role ol dynamic recrystallization in
supcrplastic dcformation has alrcady becen rec-
ognized yet the comprcehensive understanding for
dynamic recrystallization 1s sull impcrfch[ =3
The role of accommodation ol grain boundary
sliding by dynamic rccrystallization was also
mcntioncd“‘sl, but no cxpcrimental data ware
given so [ar. In this project, two kinds of 8090
and 2091 Al-Li alloy were chosen to [urther con-
[irm thc accommodation role ol grain boundary
sliding and the role n stablizing microstructure
ol dynamic recrystallization, and attempl to re-
veal the possibility of dynamic recrystallization-
induccd-superplasticity lor simplifying the pre-
trcatment processes ol superplasteity.

2 EXPERIMENTAL

The experimental materials were 8090, 2091
Al-Li alloys. Their chcmical compositions arc
shown in Table 1.
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Table 1 Chemical composition of experimental

Alloy Al Li Cu Mg Zr Fe Si Na
8090

- 191 1,28 046 0.21 0031 0,032 -
(wt—%)
2091

- 2.2 .6 12 0.18 0.1 0.1 <10ppm
(wt—%)

After 450 T hot rolling (from 35 to 10mm),
530 € x 0.5 h solid and 400 C x 8 h ovcraging,
8090 Al-Li alloy was cold rolled to a platc of 2
mm in thickness (rom 10 to 2 mm), with lotal
reduction up to 83%. In order to confirm the
possibility for inducing superplasticity by dynam.
ic reerystallization and simplify the pretrcatment
processes [or superplastic deformation, a normal
platc of 2091 Al-Li alloy with incrcascd rcduc-
tion was adopled. The processes for normal plate
were as [ollows: 530 C x 24 h homogencous Lre-
atment, 500 C hot rolled [rom 35 mm to 10 mm,
and then cold rolled [rom 10 mm to .7 mm. The
gauge sizes of the specimens of 8090, 2091 Al-Li
alloys were 10 mm x 6 mm x 2 mm, 10 mm x 6
mm x 0.7mm. Supecrplastic delormation was
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carricd oul on an clectron tension machine made
in Japan. The testing temperature was 500+ 1 C.
The dynamic recrystallization was obscrved with
a TEM, The grain boundary anglc was mcasured
with the same method as Rel[6].

3 EXPERIMENTAL RESULTS

Fig.1 shows that both 8090 and 2091 Al-Li
alloys cxhibil superplasticity at tcst temperature
(500 C). Fig.2 shows thc supcrplastic flow curves
of 2091 Al-Li alloy. Fig.3 gives the TEM obser-
vations, which indicatc that therc is a high densi-
ty ol dislocation in block grains at triple junction
of grains, and a [cw dislocations in other two
grains. Fig.4 shows that dynamic rccrystalliz-
ation in 8090 and 2091 Al-Li alloys took place at
triple junction of grains. Grain boundary angle
mecasuring results (Fig.5) indicatc that the high
anglc boundary [raction and avcrage boundary
angle ncarly lic in a stable valuc in the
superplastic deformation ol 8090 Al-Li alioy. In
addition, the large grains refined by dynamic
recrystallization werc also scen in aother picturcs.
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Fig. I Results of superplastic deformation
of 8090 and 2091 alloy
1—209%1 alloy, 2—8090 alloy

4 ANALYSES AND DISCUSSIONS

4.1 The Accommodation of Grain Boundary
Sliding

Supcrplastic deformation with large strains
is a process in which {low hardening is cquilibrat-

cd by llow soficning. Namecly, the hardining
causcd by grain boundary sliding is softcned by
accommodation mcchanism. Large strcss con-
centration is crcaled at the triple junction of
grains duc to the grain boundary sliding, which
hinders the actuationof slip systems of disloca-
tion and rclax the stress concentration Lo some
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Fig. 2 Flow curves of superplastic
deformation (2091 alloy)
[—8.33% 107%™, 2—1.67x 107%:7";
3—3.33x 107, 4—5.0x 107%7";
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5—8.33x 107%7"; 6—1.67x 107%7";
7—3.33x 107%™,

Fig. 3 Dislocation created at triple junction of grains
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Fig. 4 Dynamic (recrystallization at
triple junction of grains
(2)—8090 alloy (d = 630% ); (b)—2090 alloy (0 = 320%)

extent; Meanwhile the dislocations in block
grains arc incrcascd. The proccess is carricd out
with the action of cxlernal stress, and dislocation
dcnsity becomes higher and higher in block

grains, as shown in Fig.3. From thc viewpoint of

cnergy, the stored cnergy increased in block
grains, which provided a driving (orce [or dy-
namic recrystallization. In the condition ol mo-
bile grain boundary, recrystallization nucleation
and growth take place, as shown in Fig4 (a),
(b).The grains with high density ol dislocation at
triplc junction ol grains arc rcplaced by no strain
grains, which in no doubt decreascs the encrgy of
the system, rclaxes the stress concentration at Lri-
ple junction ol grains and accommodatcs the
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grain boundary sliding. Fig.5 shows that dynam-
ic reerystallization is in equilibrium in the process
of superplastic dcformation of 8090 Al-Li alloy.
This dynamic cquilibrium is macroscopically
manifcsted as a stable flow stress, as shown in
Fig.2. Intrinsically, it is certain that recrys
tallization is accompanied by grain boundary
migration. In supcrplastic deformation, a certain
amount of grain boundary migration is, in no
doubt, [avorablc [or oblaining smooth grain
boundary to rclax stress concentration and pro-
mote grain boundary sliding, but too rapid grain
boundary migration casily creates uncven boun-
dary, which is disadvantagcous to the grain
boundary sliding!”. So docs the recrystallization
in stable supcrplastic [low. At the condition of
cxlcrnally imposcd large stress, the recrystalli-
zation 1s too rapid, which incrcases the migration
rale of rccrystallization boundary, turns smooth
boundary to uncven boundary and blocks grain
boundary sliding. This is the rcason why high
clongation does’t cxist in the recrystallization
process under large stress.
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Fig. 5 Relationship of high angle boundary
fraction and average boundary angle
with strains (8090 alloy)
1—High angle boundary fraction (1)
2—Average boundary angle (8)

Whcther dynamic recrystallization is active
to accommodate grain boundary sliding or not
lics in thal recrystallization boundary migration
rclaxes siress concentration and affects the Ma- |
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iness of grain boundary. Recrystallization boun-
dary migration in appropritc ralec not only re-
laxcs stress concentration caused by grain boun-

dary sliding, but also provides cven boundary. I

the imposed stress is too high, rcerystallization
boundary migration becomes loo rapid, and
creates many ledges ol grain bounderics, which is
dilTicult to adjust by dislocation slip and dillu-
sional creep, and causes grain boundary to uns-
moothly slide, although recrystallization contri-
buts in rcleasing stress concentration. It shouled
be pointed out that dilferent matenial and delor-
mation tempceraturc correspond Lo diflerent ap-
propriatec boundary migration rate ol rccrys-
tallization. The higher optimum strain ralc in
supcrplastic dclormation ol 2091 Al-Li alloy
probably rclated to higher content of Cu and
Mg.

4.2 Dynamical Recrystallization-Induced-Super-
plasticity

Generally, to obtlain superplasticity must
satisly two conditions: Onc is rclined grains; the
other s stability ol microstructure. If the stability
ol microstructurc can not bc guarantced in the
delormation, the high superplasticity is dillicult
lo be obtained. For grain relining, Al-Li alloy
must bc rchincd by mecans of rccrystallization
whether undergoing superplastic pretreatment or
nol. For microstructurc stability, rcerystalliza-
ton can also play its rolc in the deformation, be-
causc the {low at high tcmperature in these alloys
with dynamic recrystallization must satisty the
following relation!®:

gd=c¢ (1)
Where o—(low stress; ¢— grain size; c—con-
stant

Eq. (1) indicates that a given [low stress cor-
responds 10 a given grain size. In superplastic
deformation, fine grains ull grow duc Lo stress
and difTussion, and grown grains will be relined

by dynamic recrystallization. That is the stabliz-
ing rale ol microstructure of dynamic rcerystalliz-
ation. Of course, the larger the stress, the lincr
the grains of dynamic recrystallization, which,
however docs not imply betler superplasticity,
because superplastic deformation is a flow pro-
cess in low stress. High stress promoles cavity
nuclcation and growth, and Icads to prcmature
[racturc. The lower flow stress corrcsponds to
larger grains, which leads to decrecase in propor-
tion ol grain boundary sliding and superplastic
properly. Therelore, only in the condition of an
appropriate stress cxternally imposed (i.c. an ap-
propriate strain rate), the maximum clongation is
obatincd, as shown in Fig.2. That is thc csscntial
process for dynamic recrystallization 1o induce
supcrplasticity. Tt is, therclore, avaibable [or su-
perplasticily to be induced by dynamic recrys-
lallization [for thosc alloy in which reerystalli-
zalion can lake placc.

5 CONCLUSIONS

(1) The dynamic recrystallization ol Al-Li
alloy accommodatces its grain boundary sliding;

(2) Dynamic rccrystallization can inducc
supcrplasticity in 2091 Al-Li alloy.
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