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Deformation behavior of fine-grained 5083 Al alloy at elevated temperature
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Abstract: The microstructure evolution of the fine-grained 5083 Al alloy was investigated in annealing temperature range of
150-300 . Then the effects of the different annealed microstructures on high-temperature deformation behavior were further
studied. The results indicate that the initial recrystallization temperature is about 200 . By tensile tests at 380—570  and in strain
rate range of 4.17><107*~1.0><10? 5", the optimum superplastic parameters are obtained as follows: the annealed temperature 250

, the tensile temperature 550  and the strain rate 4.17>107* s~'. With the aid of scanning electronic microscopy (SEM), the
fractography of the alloy after the superplastic deformation was analyzed. The results reveal that intergranular cavities with fine size

and homogeneous distribution are beneficial to superplastic deformation.
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1 Introduction

Al-Mg based 5083 Al alloy has gotten broad
applications in commercial superplastic formation for its
special characteristics, such as low price, moderate
strength, good corrosion resistance and high formability
with moderate superplasticity[1—-3]. The microstructure
with stable fine grain in size less than 10 pm is crucial in
superplastic deformation of materials. Many researchers
have produced fine-grained microstructure of the alloy
via severe plastic deformation (SPD). For instance, the
microstructure consisting of (sub)grains of about 0.5 pm
in a commercial 5083 Al alloy was obtained using equal
channel angular pressing for 8 passes with route B.[4].
Most of the grains were significantly refined to 0.3 pm
using the same method by KO et al[5]. INDRANIL et
al[6] utilized gas atomization, cryomilling, consolidation,
and extrusion to get the bulk ultrafine-grained 5083 Al
alloy with average grain size of 305 nm. Recently, 5083
Al alloys modified with grain refiner, 0.25% Zr and
0.46% Mn, were processed by reciprocating extrusion to
yield an equiaxed grain structure with the grain size of
about 4.5 pum[7]. JIANG et al[8] reported that after
ECAP at 350  for 6 passes, fine-grained structure with
(sub)grain size of about 2 pm is obtained. However,
some drawbacks of fine-grained 5083 Al alloy obtained
by using SPD method have been reported in Ref.[9],

such as internal stress. This issue inevitably increases the
trend of stress corrosion. Thus, it attenuates stability of
microstructure and mechanical properties of materials. In
addition, the internal stress has a pernicious influence on
the superplastic formation of materials. In this work, the
effects of annealing temperature on the microstructure
and deformation behavior at elevated temperature for the
fine-grained 5083 Al alloy are investigated.

2 Experimental

The commercial 5083 (H112 condition) Al alloy
plates (Al-4.56%Mg-0.61%Mn) with 6.2 mm in
thickness was firstly annealed at 540  for 2 h to fully
remove defects, and then cold rolled with reduction in
pass of around 22%. Rolling pass was repeated until total
reduction ratio arrived at 77.42%. Finally, the
fine-grained 5083 Al alloy was annealed at 150—300
for 30 min and the microstructure evolution was
observed.

The microstructure evolution of the fine-grained
sheet during annealing was examined using transmission
electron microscopy. Thin foils vertical to rolling plane
of the sheet and along rolling direction were prepared by
a twin-jet polishing technique using a mixture of 30%
nitric acid and 70% methanol at —30

Uniaxial tensile tests were carried out with the
loading direction parallel to the rolling direction on a
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testing machine equipped with a three-zone furnace.
Tensile specimens with 10 mm in length (excluded round
angle) and 4 mm in width were machined from the
fine-grained alloy sheet of 1.4 mm in thickness and were
tested at 380—570 and strain rate range of 4.17>
10%-1.0 < 107 s
specimens were analyzed by SEM.

The fractographies of tensile

3 Results and discussion

3.1 Microstructure evolution
Fig.1 shows the
microstructures of the fine-grained 5083 Al alloy. The

unannealed and annealed

unannealed microstructure mainly consists of severely
elongated grains along the rolling direction. These grains
are mainly made of parallel bands of elongated
substructures with high density dislocation, as shown in
Fig.1(a). When the specimen of the fine-grained 5083 Al
alloy is annealed at 150
due to the polygonization of dislocations, and many of
substructure
into subgrain boundaries (Fig.1(b)). This represents
incomplete including the
formation of partial subgrain and the rearrangement of

, the partial subgrains form

elongated boundaries are recovered

recovery characteristic

some dislocations. No recrystallization is found at this
temperature. When the alloy is annealed at 200 , the

Fig.1 Unannealed and annealed microstructures
of fine-grained 5083Al alloy: (a) Unannealed
microstructure; (b) Incompletely recovered
microstructure annealed at 150 ; (c) Duplex
microstructure  of recovered and freshly
recrystallized microstructure annealed at 200 ;
(d) Fully recrystallized microstructure annealed
at 250

at 300

; (e) Coarsened microstructure annealed
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boundaries within subgrains are further formed due to
the rearrangement of dislocations. Meanwhile, the width
of subgrain increases slightly. This leads to the reduction
of the subgrain aspect ratio. Additionally, a small
quantity of nearly equiaxed fine fresh-grains is observed
at this temperature (see arrow direction in Fig.1(c)). The
microstructure mainly consisted of distinct-boundary
subgrains and small quantity of fresh grains. Namely,
complete recovery and initial recrystallization occur at
200 . Fig.1(d) shows that the fully recrystallized
microstructure consists of equiaxed free-dislocation
grains in the alloy annealed at 250 . Most equiaxed
grains reveal fully recrystallizing and coarsening grains
to some extent. When the temperature is 300 , grains
severely grow up so that a whole grain is not observed in
a field of vision, as shown in Fig.1(e).

3.2 Deformation at elevated temperature

To determine the optimum superplastic temperature,
tensile tests on the specimens annealed at 250  were
conducted under condition of 380—570  and strain rate
of 4.17>107* s, The stress—strain curves of the tensile
tests are shown in Fig.2. The amplitude of flow stress
decreases with tensile temperature increasing. When the
temperature is less than 500 | the flow stress reaches a
maximum value quickly due to the strain hardening, and
then decreases continuously until fracture. A
well-defined peak in flow stress could be observed. No
steady-state flow occurs. At 500 , strain hardening and
strain softening alternate. The flow stress fluctuates in
small variation range. At 550 , the stress—strain curve
displays classical superplastic steady-state flow.
However, the curve fluctuates in wide variation range
and no steady-state flow is found with temperature up to
570 , since it is close to the incipient melting
temperature of 574 of the alloy[10]. Partial
macroscopical melt of the materials causes some grain
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Fig.2 Stress—strain curves of specimen annealed at 250
tested under conditions of 380—570  and strain rate of 4.17><
10%s7!

boundaries that they could not support the applied tensile
force[11]. Hence, the optimum superplastic temperature
is 550 . To obtain the optimum strain rate, the tensile
tests in specimens annealed at 250  were carried out
under conditions of 550  and strain rate range of 4.17
=< 10-1.0<107% s'. The fractured specimens after
tension are shown in Fig.3. It can be found that
elongation-to-failure increases with strain rate decreasing
and no necking occurs on the specimens pulled to failure
in the testing strain rate range. The maximum 570% in
elongation-to-failure is obtained at strain rate of 4.17><
10 s, The result indicates that atom has enough time
to diffuse at low strain rate during superplastic
deforming.

Fig.3 Fractured specimens annealed at 250 tested under
conditions of strain rate range of 4.17><107*-1.0><1072 s and

550

Further tensile experiments were carried out under
optimum superplastic conditions, i.e., 550  and strain
rate of 4.17><10* 57!, to investigate the influence of
annealed temperature on superplastic deformation
behavior of the alloy. The specimens annealed at
150-300 were employed. Fig.4 shows the fractured
specimens. It can be seen that the elongation enhances

Annealed at 150 °

Annealed at 200 C
—

Annealed at 300 C

Fig.4 Fractured specimens annealed at different temperatures
tested under conditions of 550 and strain rate of 4.17><

105!
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with annealing temperature increasing, however, it
reversely decreases as annealing temperature arrives at
300 . This is related to the annealing microstructures
under different temperatures. When the alloy is annealed
at 150 , the incomplete recovery microstructure
including some subgrains and high-density dislocations
is not beneficial to superplastic deformation. This is
because that internal stresses caused by repeated
cold-rolling still remain at inner of the specimens
annealed at 150 Indeed, the existence of fine
equiaxed grains is known to enhance superplastic
elongation. However, a small quantity of equiaxed grains
produced during annealing at 200  is not anticipated to
greatly improve the elongation in the present case[12].
Usually, the elongation is related to the presence of the
considerable amount of fine equiaxed free-dislocation
grains[13—14]. In other words, tensile elongation can be
effectively improved by the increment of the amount of
equiaxed free-dislocation grains. It is obvious that high
uniform elongation in the specimen annealed at 250

attributes to the increasing amount of fine equiaxed
free-dislocation grains and fully removing of the internal
stress. The microstructure consisting of severely
coarsening grains is detrimental to superplastic
deformation when the specimens are annealed at 300

3.3 Fracture analysis
Fig.5 shows the fractographies of the specimens

X A

Fig.5 Fractographies of specimens annealed at different annealing temperatures tested under conditions of 550

4171057 (a) 150 ;(b)200 ;(c)250 ;(d)300

annealed at different temperatures when tensile tests
were carried out under conditions of 550  and 4.17><
10* s7'. Many cavities are observed using SEM in
fracture of the specimens. Generally, the nucleation of
cavities will occur when superplastic deformation
reaches to some extent. Cavities will grow up and link
together with the deformation. This process finally
results in the fracture of materials. However, the cavities
uniformly-distributed with fine and dispersal condition is
beneficial to grain boundary sliding (GBS). This is
because that the stress concentration caused by GBS can
be relaxed through presence of the cavities[15]. In
contrast, a large number of cavities with larger size,
which present in the materials after deformation, can
reduce strength of the materials especially for V-shape
cavities with rather large size[16]. In Fig.5(a), cavities
with non-uniform size are unevenly distributed on the
fracture of specimen annealed at 150 . In this case, the
elongation of the specimen is not high. To contrast
Fig.5(b) and Fig.5(c), the size of cavities in the specimen
annealed at 250  is more fine and uniform than that at
200 . Namely, because the cavities with more small
and uniform size individually distribute at 250 , the
superplastic elongation at 250  is higher. In Fig.3(d),
the numerous V-shape cavities with large-size are
observed. This result further reveals that the presence of
large V-shape cavities is detrimental to superplastic
deformation when specimen is annealed at 300
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4 Conclusions

1) The microstructures of the fine-grained 5083 Al
alloy display incomplete recovery annealed at 150
the coexistence of complete recovery and initial
recrystallization at 200 , the coexistence of completed
recrystallization and coarsening grain at 250 and
severely coarsening grain at 300 . Simultaneously, the
results show that the initial recrystallization temperature
of the fine-grained alloy is about 200

2) The tensile tests on the specimen annealed at 250

were carried out at 380—570  and strain rate range
of 4.17>107*-1.0=<107 s'. The experimental results
indicate that the optimum superplastic parameters are
550 and4.17><107*s™".

3) The results of tensile tests at the optimum
parameters reveal that the superplastic deformation
behavior of the specimen annealed at 250 is better
than others.

4) Fracture analysis of the specimens annealed at
different temperatures implies that intergranular cavities
with fine size and well distribution are beneficial to
superplastic deformation. However, the intergranular
V-shape cavities with large size have a pernicious
influence on the deformation behavior.
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