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ABSTRACT

Superplastic deformation behaviors of a relatively coarse-grained AZ80 magnesium alloy sheet have been investigated at
temperature ranging from 350 to 430 °C and at the strain rates ranging from 1.31 x 10 to 1.31 x 102 s™ by uniaxial tensile
tests. Superplasticity with the maximum elongation to failure of 239% was obtained at 430 °C and the strain rate of 6.56 x 10™
s and its strain rate sensitivity exponent, the value of m is high up to 0.49. Fine interior dynamic recrystallized (DRX) grains
distributed along primary grains were observed during superplastic deformation, but primary grains were not found significantly
grown up. In addition, micro-cavities and their coalescences were also observed in the superplastic deformation of the relatively
coarse-grained AZ80 magnesium alloy sheet. Grain boundary sliding (GBS) was considered to be the main deformation
mechanism during the superplastic deformation. Dislocation creep controlled by atom diffusion through interior DRX and
primary grains is suggested mainly to accommodate the GBS in superplastic deformation. Copyright © 2011 VBRI press.
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Introduction

Magnesium is the lightest constructional metal on earth; the
1.74 glcm® density makes magnesium 35% lighter than
aluminum (2.70 g/cm®), and 78% lighter than steel (7.85
glem®. In addition, magnesium has better damping
characteristics than aluminum. However, magnesium alloys
have poor formability and limited plasicity at room
temperature because of their H.C.P. crystal structure with
limited operative slip systems at room temperature which
restrict their application [1-3].

Superplastic forming has been proved to play an
important role in fabricating complicated parts. It is well
known that superplastic deformation occur when the grain
size is homogeneously distributed, equiaxed and extremely
fine, typically no more than 10um. In order to reduce grain
size of magnesium alloys, some thermal deformation
processings have been used, for example, equal channel
angular extrusion (ECAE) and hot rolling et al [4-5], which
must increase the productive costing of parts. Many other
investigations observed superplasticity of AZ31 magnesium
alloy with fine grains [6-7]. However, few of study on
superplastic behavior of coarse-grained magnesium have
been found [8]. For the lower productive cost of wrought
magnesium alloy parts, the research of superplastic forming
behaviors of coarse-grained magnesium alloy is of great
interests to science and technology workers.

In this study, Superplastic behavior and microstructure
evolutions of a relatively coarse-grained (=35um) AZ80
magnesium alloy sheet have been investigated by uniaxial
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tensile tests, and the superplastice mechanism was
discussed, which can lead to develop a good and low
costing productive processing of plastic thermal
deformation.

Experimental

The material used in the study was an extruded AZ80 (Mg-
8.2 wt. % AI-0.3 wt. % Zn-0.6wt. % Mn) magnesium alloy
sheet. The as-received sheet had a mean grain of ~35um
after homogenization treatment of 380 °C x 2h, which was
supplied by Yingkou galactic magnesium-aluminum alloy
limited corporation in Liaoning province of P.R. China.

Tensile specimens were machined directly from the as-
received sheet with their tensile axes parallel to the
extruded direction. The tensile specimens had a gauge
length of 10 mm, a width of 5 mm, and a thickness of 5
mm. Constant velocity tensile tests were carried out at
temperatures ranging from 350 to 430 °C and at initial
strain rates ranging from 1.31 x 10™ to 1.31 x 102 s™ in air
on a MTS-810 tensile machine equipped with electrical
resistance heating chamber. The specimens required 30 min
to equilibrate at the tested temperature prior to initiation of
straining. The temperature variation during the tensile tests
was no more than =1 °C.

Microstructures of the extruded AZ80 magnesium
alloys before and after the tensile test were observed by a
HAL-100 optical microscopy. Via conventional grinding
and polishing, specimens were etched using a mixed
solution of 5g carbazotic acid, 5 ml acetic acid, 1 ml nitric
acid and 100 ml water for microstructure observation,
which were all chemically pure reagents and supplied by
Shenyang chemical materials limited corporation in
Liaoning province of P.R. China.

Results and discussion

Untested and fractured tensile specimens under various
strain rates are shown in Fig. 1, where a maximum
elongation of 239 % was obtained at 430 °C and 6.56 x 10°
* st The tensile deformation was apparently relatively
uniform and no visible necking was observed around the
fracture when strain rate was lower than 1.31 x 102 s™,
which demonstrated that the superplastic deformation was
homogeneous and the necking was restrained at lower
strain rate.

6.56x107*s""

1.31x107s"

6.56x107s™

1.31x107%s™"

Fig. 2. Untested and fractured tensile specimens of AZ80 magnesium
alloy sheets under various strain rates at 430 °C.
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Fig. 2 (a-d) shows the true stress-strain curves obtained
at various strain rates with the stable temperature of 350,
380, 410 and 430 °C, respectively. It is shown that all of
the curve exhibit obvious strain hardening peak when the
strain value is lower than 0.1. From Fig. 2 we can also find
that the stress peak decreases significantly with increasing
temperature, which is related to the strain softening of the
material due to the activation of non-basal slip systems. At
the meanwhile, steady and slow reduction of flow stress
was found when the strain rate is lower than 6.56 x 10° s™
besides the condition of 6.56 x 10 s* at 350 °C. The
reason for it is probably that dynamic recrystallization
(DRX) occurred during thermal deformation at lower strain
rate.
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Fig. 2. True strain-stress curves of AZ80 alloy sheets under various strain
rates. (a) 350 °C; (b) 380 °C; (c) 410 °C; (d) 430 °C.
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Fig. 3. Variation of flow stress as a function of strain rate.

The variation of flow stress at a fixed strain of 0.15 as a
function of strain rate is plotted in Fig. 3. The strain of 0.15
was selected so that the change of grain size during initial
superplastic deformation stage was negligible [9]. The
strain rate sensitivity, m, defined as the slope of the double
logarithmic plot of flow stress verse strain rate, is
apparently distinct at different temperature. It has
demonstrated that the flow stress increased with increasing
strain rate, and exhibited two areas of A and B. An average
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m value of 0.44 was obtained in A area (strain rates are
lower than 6.56 x 10-3 s-1). This relatively high m value
demonstrated that grain boundary sliding (GBS) could be a
primary deformation mechanism [10]. Meanwhile, the
average m value was decreased to 0.22 in B area, which
might be due to the dislocation creep process [11].
Furthermore, we can also find that the m value was
increased with increasing temperature.

The variation of elongation to failure as a function of
strain rate and temperature is shown in Fig. 4 (a, b,
respectively). It is demonstrated from Fig. 4 that the tensile
elongation depended on strain rate and temperature. The
tensile elongation decreased rapidly with the increase in
strain rate ranging from 6.56 x 10~ to 1.31 x 10 * s and
with the decrease of temperature from 430 to 350 °C. The
elongation remained the lowest elongation to failure
because of the lower m value of 0.10 and 0.20 at 350 and
380 °C, respectively, at strain rate higher more than 6.56 x
107 s'. For the AZ80 magnesium alloy sheet, two
superplastic elongations to failure both above 200% were
obtained at temperatures of 410 to 430 °C and at strain
rates of 1.31 x 10 *s ' t0 6.56 x 10 s', respectively. The
maximum elongation to failure of 239% was obtained at
430 °C and 6.56 x 10 *s ' (Fig. 4 b), corresponding to a
high m value of 0.51.

250 (a)
S
o 200 |
2
Kol
K
o150
c
il
g
£ 100
w ot ‘i
50 |
1 " " " PR R | " " " PR |
10" 10° 10?
. -1
Strain rate (s )
250 | 656x10% s ()
<}° / -4 1
200 | 1.31X107s
3
&8 131x103s?t
0150 F /
[
2
b5 v
00 - 6.56X10°sT
o v -
w ~131x102st
50 | «
1 1 1 1 1
340 360 380 400 420 440

Temperature, °C

Fig. 4. Variation of elongation to failure as a function of strain rate and
temperature (a) as a function of strain rate; (b) as a function of
temperature.

In order to understand the mechanism during the
superplastic  process, the superplastic deformation
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activation energy Q was calculated under constant strain
rate by the following equation:

a(In o-)|
o@IT) "

where, o is the flow stress, n is the stress exponent (n =
1/m), R is the gas constant (R = 8.314 J/K), T is the
absolute temperature and (Inc)/(1/T) was estimated from
the slope of the curve in Fig. 5. It can be seen in Fig. 5 that
the slopes of curves increased with decreasing strain rates,
which stated that the activation energy at a higher strain
rate has changing scales. The activation energy was
determined to be from 96 to 210 kJ-mol™!, which was not
similar to that for activation energy for lattice diffusion
(134 kJ-mol ') and but higher than that of grain boundary
self-diffusion (75 kJ'mol ') of magnesium alloys,
respectively. Our pre-work reported that the activation
energy for creep in magnesium alloy showed the
temperature dependence [12]. The higher activation energy
(higher than 134 kJ-mol ') at higher temperatures is
believed to be that the deformation behavior is not
controlled by lattice diffusion but by cross slip of screw
dislocations from the basal to the prismatic planes. The
activation energy (210 kJ-mol™") obtained at 430 °C and
1.31 x 10 s7' demonstrated that dislocation creep may
play a critical role of maintaining the superplastic
deformation process.

Q=nR
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Fig. 5. Activation energy curves of In (flow stress) vs. 1/T in the
superplastic deformation of the AZ80 magnesium alloy.

Fig. 6. Microstructures near fracture tip for the specimens deformed at the
strain rate of 6.56 x 10 s and at different temperature (a) 380 °C; (b)
410 °C; (c) 430 °C.
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Fig. 6 (a-c) shows the microstructure near fracture tip
for the specimens deformed at the strain rate of 6.56 x 10
st and at different temperature of 380, 410 and 430°C,
respectively. From Fig. 6 (a) we can see that lots of
dynamic recrystallized (DRX) grains distributed along
primary grain boundaries are fine. In addition, some
relatively coarse DRX grains are found, and their size is
increasing with increasing deformation temperature (Fig. 6
b-c). What” more, the cavity appearance near the fracture
tip when the tensile temperature is high up to 410 and
430°C.

Fig. 7. Tensile fracture surfaces obtained at 430 °C and at a strain rate of
6.56 x 10 s™.

The tensile fracture surfaces of AZ80 sheet at 430°C
and at a strain rate of 6.56 x 10 s™ is shown in Fig. 7. It
can be clearly observed from Fig. 7 that the specimen is
basically fractured intergranularly. The fracture manner is
obviously the cleavage between grain boundaries and there
is no trace of tearing fracture. In addition, some of fine
DRX grains can be also found. Thus, it can be deduced that
primary or DRX grain boundary slip (GBS) is the main
deformation mechanism.

Conclusion

Superplastic deformation behaviors of a relatively coarse-
grained (=35pum) AZ80 magnesium alloy sheet have been
investigated by uniaxial tensile tests, some conclusions can
be drawn as followed:

i. Superplasticity with the maximum elongation to failure
of 239% was obtained at 430 °C and the strain rate of
6.56 x 10 s™and its strain rate sensitivity exponent, the
value of m is high up to 0.49.

ii. Fine interior dynamic recrystallized (DRX) grains
distributed along primary grains were observed during
superplastic deformation, but primary grains were not
found significantly grown up. Micro-cavities and their
coalescences were also observed in the superplastic
deformation of the relatively coarse-grained AZ80
magnesium alloy sheet.

iii. Fine DRX and primary grain boundary sliding (GBS)
was considered to be the main deformation mechanism
during the superplastic deformation. Dislocation creep
controlled by atom diffusion through interior DRX and
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primary grains is suggested mainly to accommodate the
GBS in superplastic deformation.
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