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Abstract: The hot deformation behavior and microstructure evolution of 6082 aluminum alloy fabricated through
squeeze casting (SC) under different pressures were studied. The alloy was subjected to hot compression tests and 3D
hot processing maps were established. The microstructure evolution was studied by optical microscope (OM), scanning
electron microscope (SEM), and electron backscattered diffraction (EBSD). It is found that more dynamic
recrystallization (DRX) grains are generated during the deformation of the specimen fabricated under higher SC
pressure. At high temperature the effect of SC pressure on microstructure evolution weakens due to the dissolution of
second phase particles. In addition, uneven second phase particles in specimens fabricated under higher SC pressure
compressed with low temperature and middle strain rate would result in flow localization instability. Finally, the
optimum deformation conditions for the 6082 aluminum alloy fabricated by SC were obtained at the temperatures of
430-500 °C and the strain rates of 0.01-1 s7\.
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local coarse grains and improve production

1 Introduction

As a typical 6000 series aluminum alloy, 6082
aluminum alloy is widely used in structural parts in
the aeronautical and automobile industries due to
the high specific strength, good machinability, and
excellent thermoplastic forming ability [1-3]. The
conventional manufacturing process for many
aluminum alloy parts, such as steering knuckle arm
and flange, is forging followed by heat treatment
and machining. The dynamically recrystallized
grains generated during the forging process in the
peripheral zone of forgings tend to coarsen at the
following heat treatment, leading to the decrease of
mechanical properties [4,5]. Recently, the hybrid
forming process combining casting and forging
attracts much attention since this process can avoid

efficiency when it is used in complex shape
components [4,6—8]. BIROL and AKDI [9] adopted
the cooling slope casting process to produce EN
AW 6082 forging stock for suspension components
and discovered that cast billets for forging stock can
not only avoid coarse grains but also reduce the
production costs by 15%—20%. GUO et al [10] used
a new technology known as near-net shape casting
for forging stock preparation to produce the
automobile suspension and studied DRX behavior
during forging. However, the effects of casting
parameters on the microstructure evolution have
seldom been discussed and the optimum processing
parameters, which are critical for producing parts
with excellent mechanical properties, have not been
investigated.

The aluminum alloy parts usually deform at
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elevated temperatures due to the poor formability at
room temperature, while the microstructure
evolution and flow behavior are complex and
greatly influenced by the initial microstructure and
hot deformation condition [11—13]. The hot
processing maps can be employed as a powerful
tool to determine the
parameters based on the data of true stress—strain
curves [14—16]. WANG et al [17] established the
3D processing map of hot-rolled 7050 aluminum
alloy, and believed that the high power dissipation
areas were induced by the occurrence of DRX,
while micro defects resulted in the instable areas.
SUN et al [18] investigated the hot workability of
6A02 aluminum alloy through the hot processing
map and found that deformation conditions at a
temperature higher than 490 °C and a low strain
rate are not suitable for acquiring uniform fine
recrystallization structure. Thus, hot processing
map is an effective method to study the workability
of SC billet under different SC pressures and
forging conditions, and to determine suitable
deformation parameters for high-performance parts
with excellent microstructure.

From the brief summary above, it can be seen
that the hybrid process which combines squeeze
casting and forging is an efficient and low-
cost metal forming method in manufacturing
high-performance parts with great application
potential, while the thermoplastic formability of SC
aluminum alloy billet is still not clear. Thus, it is of
great importance to study the hot deformation
behavior of SC aluminum alloy and to optimize
processing parameters. In this study, the 6082
aluminum alloy fabricated by SC under different
pressures was subjected to hot compression tests.
The microstructure was observed through OM,
SEM, and EBSD. Then, the flow behavior was
analyzed and the processing maps under different
SC pressures were established. The effects of
SC pressures and compression conditions on
microstructure evolution were discussed in detail
and the optimum deformation condition was
obtained.

optimum processing

2 Experimental

6082 aluminum alloy was used in this study.
The raw material was melted at 750 °C in a furnace.

After degassing, holding, and deslagging, SC
experiments were performed on a vertical SC
machine. The pouring temperature was set to be
730 °C, the SC pressures were 50 and 100 MPa,
and the holding time was 90 s. Then, the SC 6082
aluminum alloy bars were obtained. As shown in
Table 1, the chemical composition was measured by
an optical emission spectrometer (PDA7000).

Table 1 Chemical composition of 6082 aluminum alloy

(wt.%)
Element Standard Measured

Si 0.7-1.3 0.83

Mg 0.6-1.2 0.819
Mn 0.4-1.0 0.539
Cr 0.25 0.126
Zn <0.2 0.113
Cu <0.1 0.097
Fe <0.5 0.023
Al Bal. Bal.

The hot compression specimens with sizes of
8§ mm in diameter and 12 mm in height were
sectioned from the bars fabricated under the SC
pressures of 50 and 100 MPa (hereafter referred to
as S50 and S100, respectively for convenience).
The hot compression tests were performed on a
Gleeble—3500 thermal simulator by the following
experimental procedure illustrated in Fig. 1. The
specimens were heated to 530 °C with a heating
rate of 2 °C/s and held for 3 min to homogenize the
composition in the a(Al) matrix, and the influence
of the preheating treatment on the second phase
particle distribution and the grain size can be
ignored for the short holding time. Then, the
specimens were cooled down to the deformation
temperatures with a cooling rate of 5 °C/s and held
for 3 min. The compression tests were carried out at
a series of different deformation temperatures (350,
400, 450 and 500 °C) and strain rates (0.01, 0.1, 1
and 10s™") with a true strain of 0.69. To retain
the microstructure after hot deformation, water
quenching was conducted immediately after
compression.

The initial SC samples were sectioned from
the bars and mechanically polished followed by
etching with Keller’s reagent for about 30 s. The
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Fig. 1 Procedure of hot compression tests

microstructure of SC samples was observed by an
optical microscope (OLYMPUS BX61) and a field
emission scanning electron microscope (FESEM,
FEI Quanta 650) equipped with an element energy

b T ;@y :
@ &
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(b, d, f) 50 MPa

dispersive spectrometer (EDS) system and an
electron backscattered diffraction (EBSD) system.
The specimens after hot deformation were sliced
along the compression axial and mechanically
polished, followed by electrolytic polishing with
10 vol.% HCIOy in alcohol at a voltage of 20 V for
12 s. Then, EBSD analysis was carried out on the
FESEM and the distribution of the second phase
particles was observed using an electron probe
micro analyzer (EPMA, EPMA—-8050G).

3 Results and discussion

3.1 Microstructure of SC samples

Optical micrographs of 6082 aluminum alloy
fabricated by SC under pressures of 100 and
50 MPa are shown in Figs. 2(a) and (b), respectively,
and the a(Al) phase in both samples is characterized

"B AlFeSi
1 a-AlFeMnSi
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by typical dendritic shape. Compared with those of
S50, the grain size and secondary dendrite arm
spacing (SDAS) of S100 are finer. The SDAS
values of S50 and S100 are 18.6 and 16.4 pm,
respectively. According to GHOMASHCHI and
VIKHROV [19], the effect of SC pressure (p) on
freezing point can roughly be estimated as

—AH,
= p, ex 1
P=Dy p[ RT, j (D

where AH: is the latent heat of fusion, Tt is the
equilibrium freezing temperature, pp and R are
constants. According to Eq. (1), the equilibrium
freezing point 7t will increase with the increasing
pressure p, which results in large undercooling and
high grain nucleation rate, i.e., there will be more
atomic groups involved in crystallization, leading to
the refinement of microstructure. Additionally, the
alloy and mould contact more intimately because
higher pressure could result in the reduction
of the air gap, and the transfer coefficient and
the nucleation rate become higher, thus finer
microstructure is possibly obtained [20].
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As can be seen in Figs. 2(c) and (d), the SEM
results show that second phase particles are formed
between a(Al) dendrites during the cooling stage in
the SC process and S100 contains more second
phase particles than S50. According to the EDS
results, the second phase particles at grain
boundaries are the mixture of f-Mg,Si, f-AlFeSi,
and a-AlFeMnSi, while the second phase particles
precipitated in the matrix are mostly f-MgsSi,
which is consistent with Ref. [21]. The volume
fraction of second phase particles of S100 (5.63%)
is higher than that of S50 (3.06%), but the average
equivalent diameter of the two samples is similar
(37.9 and 37.4 pm, respectively). Figures 2(e) and
(f) show the distribution of dispersoids in the a(Al)
matrix marked by red rectangles in Figs. 2(c) and
(d), respectively, and a large number of dispersoids
are observed in both samples and the dispersoids in
S100 are more and finer.

3.2 Hot deformation behavior
Figure 3 presents the true stress—true strain
curves of S50 and S100 samples deformed at various
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Fig. 3 True stress—true strain curves during hot compression tests of S100 (a, b) and S50 (c, d) at different temperatures

and strain rates: (a, ¢) 0.01 s7'; (b,d) 1 57!
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temperatures and strain rates. As the strain increases,
the flow stress increases sharply at the initial stage
and then reaches an approximately steady-state with
a slight decrease. The flow stress increases with the
increase of the strain rate and decreases with the
increase of the temperature, which is in agreement
with previous research [22—25]. Figure 4 displays
the corresponding flow stress at the strain of 0.69. It
can be seen that higher SC pressure samples present
higher flow stress under the same deformation
condition. One reason for such difference could be
that the microstructure of S100 is finer than that of
S50. The dislocation slip is restricted at small grains
and the flow stress is higher. Furthermore, more
second phase particles in S100 result in stronger
second phase strengthening. According to the
precipitation strengthening mechanism Agy=cf®r"
(Aop is the stress increment due to precipitation
strengthening, f is the volume fraction of
precipitated phase, 7 is the radius of the precipitated
phase, and c is alloy constant) [26], more and finer
dispersoids in S100 result in a higher strengthening
effect.

From Fig. 4, the difference between the flow
stress of the aluminum alloy under different SC
pressures decreases with the increasing temperature.
The possible reasons are demonstrated as follows.
Firstly, the dislocations are easier to climb or slide
at higher temperatures, thus dislocation pile-ups in
S50 and S100 are both reduced. Secondly, grain
rotation and grain boundary sliding become
significant as the temperature increases, thus, S100
presents more stress reduction as finer grain
structure contains higher fraction of the grain
boundary [27]. Thirdly, regardless of the different
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Fig. 4 Flow stress of S100 and S50 at strain of 0.69
under different deformation conditions

contents of the second phase particles in these two
kinds of specimens, the pining effects are both
weakened to a similarly low level since these
particles are dissolved in large quantities at high
temperatures. During the compression tests, the
specimens fabricated under different SC pressures
are in a similar state at high temperatures. As a
result, the gap of the flow stresses between S100
and S50 gradually is reduced with the increasing
temperature.

3.3 Hot processing map
3.3.1 Framework of hot processing map

The hot processing map has been widely used
to analyze the deformation mechanism of materials
and optimize process parameters. This method is
based on a dynamic material model (DMM) which
elaborates on the relationship between heat energy
induced by the plastic deformation and energy
dissipation consumed by microstructure evolution
during deformation. According to DMM, power
dissipation during hot deformation consists of two
parts, which can be expressed as [28]

P=cé=[ odé+[ edo=G+J )

where P is the power dissipation, € is the strain
rate, o is the stress, G refers to the power
dissipation generated from hot deformation, and J
represents the power dissipation aroused from
microstructure evolution. Based on Eq. (2), the
relationship between G and J can be revealed as
follows [29]:

o=Kg" 3)
3 d(ln o
(&) Lo |2nd)) @)
0G ). odé |[d(lng)|
where K is a constant, m stands for the strain rate

sensitivity index of the material, and J can be
expressed as

o . m .
sz'ogda:mae ®)]

From Eq. (5), J reaches the maximum value
(Jmax) when m=1, which can be expressed as

o = (6)

In the hot processing map, the non-
dimensional power dissipation efficiency () is used
to describe the relationship between the power
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dissipated by the microstructure evolution and total
power during the forming process [29,30]. And 7 is
given as

==V 7
7 J m+1 )

max

The instability model is based on the principle
of irreversible thermodynamics of large plastic
flow. The instability criterion can be represented
according to the principle of energy dissipation,
which is given by [30,31]

aln( +1)
. m
£(é)= T +m<0 (8)
With the values of # and &, the hot processing
map can be established with the instability map and
power dissipation map. Generally, the high power
dissipation efficiency can reduce the occurrence of
flow instability, promote DRX and contribute
to the steady-state flow, and material processing
performance will be improved. Compared with the
regular hot processing map, the 3D hot processing
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map integrates strain with strain rate and
temperature, which has higher accuracy in describing
the processing condition [17].
3.3.2 Analysis of hot processing map

As shown in Fig. 5, the 3D power dissipation
maps and the 3D instability maps of S100 and S50
were established. It can be seen from Fig. 5(a) and
Fig. 5(c) that the power dissipation efficiency
increases with the increase in the strain in general.
This is because the deformation time becomes
longer with the strain increasing. Thus, the extent of
the softening mechanisms, such as DRX and
dynamic recovery (DRV), becomes higher. Thereby,
the power dissipation efficiency increases. And the
peak area of power dissipation efficiency (0.3)
appears at the temperature of 500 °C with the strain
rates of 0.01-1s'. The high power dissipation
efficiency zone of S50 is larger than that of S100,
and the difference tends to decrease with the
increasing strain. The high power dissipation
efficiency zone is mainly concentrated in the
high temperature range, indicating that the great
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microstructure changes in the 6082 aluminum alloy.
From Fig. 5(b) and Fig. 5(d), it can be seen that the
high power dissipation efficiency zone is mainly
distributed in the safe zone, except the zone at the
upper-right corner in Fig. 5(b). Considering the
instability zone under different strains during
deformation, these zones should be superimposed in
the hot processing map of the whole deformation
process.

The hot processing maps of S100 and S50 in
the whole deformation process are shown in Fig. 6,
in which the contours represent the power
dissipation efficiency, and the gray zones stand for
the instability zone. The value of power dissipation
efficiency increases with the increase of the
temperature overall. In Fig. 6(a), the main instability
zones of S100 locate at the temperatures of
350—420 °C with strain rates of 0.03—1s' and at
the temperatures of 440-500 °C with the strain
rates of 1-10 s, which should be avoided. High
power dissipation efficiency areas of S100 locate in
two main domains. Domain I is at the temperatures
of 430—500 °C with the strain rates of 0.01-1 s ', in
which DRX probably occurs. Domain II is at the
temperatures of 370—430 °C with low strain rates of
0.01-0.015 s™', in which the range of strain rate is
too narrow to control for processing. In Fig. 6(b),
the main instability zone of S50 locates at the
temperatures of 360—480 °C with the strain rates of
1-10s' and there are three main high power
dissipation efficiency domains for S50. Domain I is
at the temperatures of 430—500 °C with the strain
rates of 0.01—1 s, Domain II is at the temperatures
of 480—500 °C with the strain rates of 1-10 s™!, and
Domain III is at low temperatures of 410—430 °C
with low strain rates of 0.01-0.1 s!, in which the
optimum strain rate increases with the increase of
temperature. In addition, the instability zones of
S100 appear in the area of the low temperature and
low strain, and in the area of high temperature and
high strain rate, while that of S50 distributes in the
area of high strain rate with the temperatures of
360—480 °C, indicating that the SC pressure has a
great influence on the hot workability of 6082
aluminum alloy. Considering the fact that the
pressures of different parts of a complex component
are different during SC, the optimum parameters
should be both suitable for S100 and S50. Thus, the
optimum processing parameters are the temperatures
of 430—500 °C and the strain rates of 0.01-1 s
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Fig. 6 Hot processing maps of different SC specimens:
(a) S100; (b) S50
3.4 Microstructure evolution
compression

3.4.1 Influence of temperature

To elaborate on the relationship among
microstructure  evolution, SC pressure, and
deformation conditions, the microstructures of
specimens with different power dissipation
efficiencies and thermal conditions were analyzed
through EBSD. Figure 7 presents the EBSD results
of S100 deformed at the strain rate of 0.01 s™' and
the temperatures of 350, 400, 450, and 500 °C.
Table 2 shows the corresponding statistical results
of Fig. 7. Black and red lines represent high-angle
grain boundaries (HAGBs, misorientation angle
higher than 15°) and low-angle grain boundaries
(LAGBSs, misorientation angle lower than 15° and
higher than 2°), respectively. The calculation
method of DRX volume fraction is based on grain
orientation spread (GOS) value from EBSD results
and illustrated in detail in Ref. [32]. From Fig. 7(a),
the microstructure is mainly composed of large-

during hot
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Table 2 Statistical results of S100 deformed at strain rate condition. With the temperature increasing, the
of 0.01 s™! and different temperatures with strain of 0.69 LAGBs fraction is reduced to 75.9% at 450 °C

Deformation LAGB DRX volume (Fig. 7(c)) and reaches the lowest value of 57.5% at
temperature/°C fraction/% fraction/% 500 °C (Fig. 7(d)). The DRX volume fraction in
350 84.1 1.0 Fig. 7(d) reaches the highest value of 13.3%, which

400 77.3 2.8 has the highest power dissipation efficiency (0.28)

450 759 57 in Fig. 7. Besides, several DRX grains have grown

up and more grains change from the elongated
shape into isometric shape at relatively high
temperature. Generally, in the hot compression
sized elongated grains at a low temperature  process of 6082 aluminum alloy, the atomic motion
(350 °C). The LAGBs fraction is 84.1% and the  and dislocation motion become more active with
DRX volume fraction is 1.0%, indicating that DRV the temperature increasing, resulting in more
is the dominant softening mechanism. Thus, the dislocations absorbed by LAGBs. Therefore, more
corresponding power dissipation efficiency (0.15) LAGBs evolve into HAGBs, the fraction of LAGBs
is the lowest. As the deformation temperature decreases, and the DRX volume fraction increases.
reaches 400 °C in Fig. 7(b), the grain boundaries Thus, power dissipation efficiency increases
become serrated and the fraction of LAGBs is gradually with the increase of the temperature,
reduced to 77.3%, and small-sized grains with except that the power dissipation efficiency in
hardly any inner substructure appear at grain  Fig. 7(b) (0.225) is slightly higher than that in
boundaries. This indicates that DRX occurs in this Fig. 7(c) (0.19). The microstructure in Fig. 7(b)

500 57.5 133
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has more substructure inside the grains and less
DRX volume fraction than that in Fig. 7(c),
indicating that DRV and DRX coexist but the extent
is different in these two thermal conditions [33],
and thus the transition of the major energy
consumption from DRV to DRX could be the
reason for the fluctuation in power dissipation
efficiency. It can be seen from the EBSD results
that the DRX volume fraction is relatively low.
DRV is prone to occur for the high stacking fault
energy of aluminum alloy, thus DRX is prohibited.
Therefore, a higher proportion of DRX is beneficial
to obtaining fine microstructure in aluminum alloy,
but DRV is still a very important deformation
mechanism.
3.4.2 Influence of deformation degree

Figure 8 shows the EBSD results of S100
deformed at different strains under the strain
rate of 0.01 s™' and the temperature of 400 °C, and
the corresponding statistical results are shown
in Table 3 (The statistical results at strain of 0.69
are also listed in Table 3). From Fig. 8(a), it can be

e :ﬁOﬁrﬁ?

Fig. 8 EBSD results of S100 deformed at 400 °C,
£=0.01 s™! and different strains: (a) £&=0.30; (b) £=0.50

Table 3 Statistical results of S100 deformed at 7=400 °C,
£=0.01 s™! and different strains

Deformation LAGB DRX volume
strain fraction/% fraction/%
0.30 85.3 0.1
0.50 83.8 0.6
0.69 77.3 2.8

observed that grains are compressed in the
deformation direction with the strain of 0.30, and
the LAGB fraction is relatively high and unevenly
distributed among different grains. DRX can hardly
be observed (DRX volume fraction is 0.1%). This
indicates that the strain is concentrated in some
grains in the initial stage of deformation, and
dislocations  generated in deformation are
rearranged into substructures through DRV. From
Fig. 8(b), it can be observed that the fraction of
LAGBs increases obviously with the strain
increasing to 0.50, while the change of LAGB
fraction is small. Discontinuous HAGBs generated
from grain fragmentation can be observed and the
DRX volume fraction (0.6%) remains low, which
means that higher strain energy is stored and DRV
is still the dominant soften mechanism. The LAGB
fraction decreases with the strain increasing to 0.69
and DRX can be observed (DRX volume is 2.8%).
DRX consumes the dislocations and strain energy is
accumulated during deformation and becomes the
dominant soften mechanism. The microstructure
evolution explains the change of the hot processing
map with the strain, while the flow stress only
decreases slightly with the strain increasing.
3.4.3 Microstructure in different zones of hot
process map

Figure 9 shows the EBSD results of S100
deformed under different thermal conditions. And
the corresponding LAGBs fraction and DRX
volume fraction are shown in Table 4. By
comparing Fig. 7(b) with Fig. 9(a), and Fig. 7(c)
with Fig. 9(b), it can be observed that the size of
DRX grains decreases with the increase of the
strain rate at the same temperature. A low strain rate
provides adequate time for DRX, which means that
more LAGBs grow into HAGBs by absorbing
dislocations. As can be seen in Table 2 and Table 4,
the fraction of LAGBs decreases with the
increase of the strain rate. Thereby, the power
dissipation efficiency in Fig. 7(b) (0.225) is higher
than Fig. 9(a) (0.176). Besides, Fig. 9(a) is in the
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Fig. 9 EBSD results of S100 deformed under different
thermal conditions with strain of 0.69: (a) 7=400 °C,

£=0.15s"'; (b) T=450 °C, ¢=1s"

Table 4 Statistical results of S100 deformed under
different thermal conditions with strain of 0.69

Deformation condition LAGB DRX volume
fraction/% fraction/%
T=400 °C, £=0.1s"! 79.8 2.9
T=450°C, &=1s" 75.6 6.9

instability zone. A narrow band-like structure
marked as flow localization can be observed in
Fig. 9(a). The strain rate is higher and the
temperature is lower under this condition, which
means the hot deformation would be completed in a
short time. Thus, the deformation heating effect
becomes significant and a large amount of plastic
work cannot be released into the surrounding
material effectively. Both factors lead to
temperature increasing locally, and the
softening effect becomes higher and results in flow
localization [34]. The flow localization instability

local

characteristics suggest that parameters in this
domain should be avoided in deformation.

Figure 10 shows the EBSD results of S100
deformed in high power dissipation efficiency zone
at different temperatures, and the corresponding
fractions of LAGBs and DRX are shown in Table 5.
The power dissipation efficiency increases from
0.208 to 0.280 with the temperature increasing
from 450 to 500 °C at the strain rate of 0.1 s
can be seen that small DRX grains are distributed at
the edge of grain boundaries in Fig. 10(a). It can be
seen that the LAGBs fraction in Fig. 10(a) (74.1%)
is slightly higher than that in Fig. 10(b) (71.6%)
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Fig. 10 EBSD results of SIOO deformed in hlgh power
dissipation efficiency zone with strain of 0.69:
(a) T=450 °C, £=0.1s""; (b) =500 °C, £=0.1s"

Table 5 Statistical results of S100 deformed in high
dissipation rate zone with strain of 0.69

Deformation condition LAGB DRX volume
ClOTMANON CONAIUON g ction/%  fraction/%

T=450°C, £=0.1s"! 74.1 6.1
7=500 °C, £=0.1s"! 71.6 8.2
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while the DRX volume fraction in Fig. 10(a) (6.1%)
is lower than that in Fig. 10(b) (8.2%). As shown in
Fig. 10(b), the long-strip grains decrease and the
short-strip grains increase at higher temperatures
and the DRX grain size is larger, indicating that the
lower strain rate can provide more time for the
DRX grain growth. The power dissipation
efficiency in Fig. 10(b) is higher.
3.4.4 Influence of SC pressure

Figure 11 shows the EBSD results of S50
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Fig. 11 EBSD results of S50 deformed under different
thermal conditions with strain of 0.69: (a) 7=400 °C,
£=0.01s"; (b) T=450°C, £=0.01 s; (¢) T=450 °C,

£=0.1s""

deformed under different thermal conditions and
Table 6 shows the corresponding fractions of
LAGBs and DRX volume. Large-sized DRX grains
can be observed in Fig. 11(a) (7=400°C, &=
0.01s") and the LAGBs fraction is 80.2%.
Additionally, the DRX grains of S100 deformed
under the same deformation condition (Fig. 7(b))
are much finer, and the DRX volume fraction of
S100 (2.8%) is lower than that of S50 (14.0%). As
mentioned above, the initial microstructure of S100
contains finer grains and more second phase
particles than that of S50. Fine-grain structure is
beneficial to the nucleation of DRX [35,36]. And
due to the weak pinning effect of second phase
particles in S50, newly formed fine DRX grains are
more prone to grow up at a longer deformation
time. Thus, Fig. 11(a) possesses more grown-up
DRX grains and a higher DRX volume fraction
while Fig. 7(b) contains more fine DRX grains.
This result implies that the initial SC pressure has a
great influence on the microstructure evolution
during hot compression. But the grain size of DRX
in Fig. 11(b) and Fig. 11(c) is similar to that in
Fig. 7(c) and Fig. 10(a), respectively, and the
relative statistical data in Table 6 become closer
compared with Fig. 11(a) and Fig. 7(b). The
difference between DRX nucleation of fine and
coarse  microstructures decreases at higher
deformation temperatures. Meanwhile, the second
phase particles are dissolved to a great extent and
the pinning effect is greatly weakened in both S100
and S50. The conclusion can be drawn that high
temperature decreases the influence of the initial
microstructure of S50 and S100.

Table 6 Statistical results of S50 and S100 deformed
under different thermal conditions with strain of 0.69
LAGB DRX volume

Deformation condition

fraction/% fraction/%
T=400 °C, £=0.01s",S50 80.2 14.0
T=400 °C, £=0.01s1,S100 77.3 2.8
T=450°C, £=0.01s7",S50 79.8 10.7
T=450°C, £=0.01s",S100 759 5.7
T=450°C, £=0.1s"1,850 75.0 9.1
T=450°C, £=0.1s"!,S100 74.1 6.1

Figure 12 shows the EBSD results of S50
deformed at the strain rate of 0.1s' and the
temperature of 400 °C. Grown-up DRX grains can
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be observed in Fig. 12, which is consistent with the
results above. The grain size of DRX in Fig. 12 is
smaller than that in Fig. 11(a) because of the higher
strain rate. Compared with Fig. 9(a), no obvious
flow localization is observed in Fig. 12, indicating
that SC pressure is closely related to the generation
of the instability zone. Figure 13 shows the second
phase distribution of S50 and S100 deformed at a
temperature of 400 °C and a strain rate of 0.1 s~ '. It
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Fig. 12 EBSD result of S50 deformed at strain rate of
0.1 s ! and temperature of 400 °C with strain of 0.69
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Fig. 13 EPMA results showing second phase distribution
of specimens deformed at strain rate of 0.1s! and
temperature of 400 °C with strain of 0.69: (a) S100;

(b) S50

can be seen that the particles in the two samples are
dissolved to different degrees, the second phase
particles in Fig. 13(a) are concentrated in several
areas of the matrix, while in Fig. 13(b) the second
phase particles are evenly distributed in the
aluminum matrix. The specimens with non-uniform
second phase distribution have uneven stress
distribution during deformation, which leads to the
local softening and the uneven deformation. Thus,
flow localization is likely to occur.

Considering that SC pressures applied at
different parts of complex components during the
squeeze casting process are different, the optimum
process parameters are temperatures of 430—500 °C
and strain rates of 0.01-1s"'. In this range, the
power dissipation efficiency of deformation is high
and the microstructure is ideal.

4 Conclusions

(1) The 6082 aluminum alloy fabricated under
higher SC pressure exhibits higher flow stress
because of the finer grains, higher density of second
phase particles, and more dispersoids. The gap in
the flow stress of the aluminum alloy under
different SC pressures decreases with the increase
of the deformation temperature.

(2) The hot processing maps can be used to
well predict the processing properties of SC
6082 aluminum alloy. The optimum processing
parameters are proposed at the temperatures of
430-500 °C and the strain rates of 0.01-1s".
Specimens deformed under optimum processing
conditions have good hot workability and
satisfactory microstructure.

(3) DRX is more likely to occur on the
compressed specimens fabricated under higher SC
pressure and the size of DRX grains is smaller.
High temperature can weaken the difference of the
hot deformation behavior between different SC
samples because the pinning effect of the second
phase particle is greatly reduced.

(4) Uneven second phase particles in the S100
result in flow localization instability during
compression at low temperatures and middle strain
rates.
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