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Mg-3Al-Zn alloy with the addition of Al and Si as a eutectic alloy was subjected to conventional
hot rolling. The corresponding mechanical properties, microstructure evolution, and dynamic
recrystallization mechanism were investigated by optical microscope, scanning electron micro-
scope, electron backscattered diffraction (EBSD), and tensile tests. The experimental results
indicated that the Mg—3(Al-Si)-Zn alloy had a microstructure refinement, thus rendering an
enhanced mechanical properties in comparison with the Mg-3Al-Zn alloy. The refined Mg,Si
particles could act as potential nucleation sites for recrystallization in as-rolled Mg—3(Al-Si)-Zn
alloy sheets, which resulted in more completely recrystallized regions through particle stimulated
nucleation and a weakened basal texture compared to Mg—-3Al-Zn alloy. The improvement in the
tensile strength of the as-rolled Mg—3(Al-Si)-Zn alloy can be attributed to grain refinement and

second phase strengthening caused by the refined Mg,Si particles.

. INTRODUCTION

Wrought magnesium alloys formed by plastic defor-
mation, such as rolling, extrusion, and forging, have the
potential for a superior combination of strength and
ductility compared to cast magnesium alloys. However,
the engineering applications of wrought magnesium
alloys are still somewhat limited because of their rela-
tively low strength and ductility.' Alloying is one of the
most effective methods to improve strength in magne-
sium alloys, and it could be used to generate a strength-
ening phase and to promote grain refinement. It has been
reported that adding rare earth elements, such as Y, Gd,?
and Nd,* to magnesium alloys can improve their strength
and prompt texture modification. Although the rare earth
precipitated phase helps to improve strength, in most
cases, the ductility deteriorates, and the production cost
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of the magnesium alloy significantly increases. This
reduces the commercial applications of magnesium
alloys. Therefore, the addition of a low-cost element that
could increase both the strength and ductility of magne-
sium alloys will lead to more applications for the
materials. The AZ series alloys, which mainly contain
Al and Zn alloy elements, are low cost materials with
relatively appropriate ambient temperature mechanical
properties, and they have attracted attention for their
ability to improve strength and ductility and to adapt to
much higher performance structural applications.'®’
Previous studies®® have suggested that the addition of
Si to an AZ series alloy can result in strengthening
effects, especially at elevated temperatures because of the
formation of a Mg,Si phase with a high melting point
(1085 °C) and high elastic modulus (120 GPa). However,
coarse Mg,Si phases with a Chinese script shape are
prone to form at lower solidification rates, and these
phases are detrimental to the mechanical properties of the
alloy,'®'" which could seriously restrict plastic process-
ing and further strength improvements of the magnesium
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alloys. To obtain Mg,Si phases with desirable shapes,
various methods, such as adding modifying elements
(e.g., strontium'?), and using rapid solidification, powder
metallurgy,'® and solution heat treatment,'* have been
used. However, the refinement and distribution of the
Mg,Si phase created by these processing techniques is
still unsatisfactory. The refinement of the Mg,Si phase is
critical for enhancement of the mechanical properties of
AZ series alloys with Si addition. In our previous study, '’
adding Al and Si as a eutectic alloy into an Mg-Li alloy
and combining the hot rolling process dramatically
improved the tensile strength. A tensile strength of
~390 MPa for the Mg—8Li—6(Al-Si) alloy was achieved
compared to ~200 MPa for the Mg—S8Li alloy, and the
significant improvement in the mechanical strength can
be attributed to grain refinement and fine Mg,Si pre-
cipitated particles. Therefore, a proper addition method
for Si, such as an Al-Si eutectic alloy, is expected to be
an effective way to acquire enhanced mechanical prop-
erties for AZ series alloys.

In addition, plastic deformation results in grain re-
finement and is a useful method to enhance the mechan-
ical properties of magnesium alloys. There are several
ways to achieve deformation strengthening, such as
conventional extrusion,>'® forging,'” rolling,"'®' and
severe plastic deformation (SPD). According to the Hall—
Petch®® relationship, grain refinement induced by dy-
namic recrystallization (DRX) during plastic deformation
plays a critical role in improving the mechanical proper-
ties of magnesium alloys. Accordingly, most studies
focus on grain refinement to acquire finer grains, such
as ultra-fine grains and even nano-grains, using SPD at
high temperatures. SPD techniques, which include equal
channel angular pressing (ECAP),* accumulative roll
bonding (ARB)*' and multidirectional forging (MDF),’
can yield considerable grain refinement and improvement
in mechanical properties. However, the ductility and
plastic formability after SPD tend to be restricted, which
limits the practical application value of SPD. Recently,
Wu et al.”? successfully created heterogeneous lamella
microstructures combined with ultra-fine grains and
coarse grains in metal Ti, and this metal exhibited
superior strength and excellent ductility upon asymmetric
rolling and partial recrystallization. This method may also
apply to alloys, and persistently pursuing grain refine-
ment may not be a particularly effective pathway for
magnesium alloys.

Combining alloying and deformation strengthening
could be the most effective approach to achieve high
performance AZ series alloys. Thus, fragmentation of the
coarse and hard to refined phases (e.g., Mg,Si) through
thermo—mechanical forming should be a focus of efforts
to enhance the mechanical properties of AZ series alloys
containing Si. In the present research, a suitable alloying
method and thermo-mechanical processing, which

brought about a duplex grain structure involving ultra-
fine DRX grains and coarse grains and refined the Mg,Si
strengthening phase, were designed to produce AZ31
alloy sheets with better mechanical properties. The
microstructure evolution and deformation mechanism
were also investigated.

Il. MATERIALS AND METHODS

The original materials used for this study were com-
mercially pure Mg (99.99 wt%), Al (99.9 wt%), Zn
(99.9 wt%), and Si (99.9 wt%). Al-Si eutectic alloys with
12.6 wt% Si were prepared in a copper crucible using
a vacuum induction melting furnace. Before smelting the
materials, the furnace was filled with argon gas after
evacuation by a mechanical pump to ~10~* Pa. Four
alloys with different compositions, Mg—3Al, Mg—3(Al-Si),
Mg-3Al-Zn, and Mg-3(Al-Si)-Zn, as shown in Table I,
were also prepared in a graphite crucible using a vacuum
induction melting furnace. After complete melting and
cooling in the furnace, the as-cast alloys were cut into
cylinders 30 mm in diameter and 40 mm in length for the
following hot extrusion. The hot extrusion was carried
out at a pressing speed of 2 mm/s at 400 °C to create
slabs with a section of 10 x 6 mm in width and thickness,
respectively, after the prepared alloys were homogenized
at 415 °C for 24 h followed by a water quench at 70 °C.
The as-extruded alloys were reheated to 400 °C and held
there for 30 min in the resistant furnace to prepare for
a multi-pass hot rolling process. Then, the alloys were
rolled into sheets with a thickness of 1.6 mm using multi-
pass hot rolling with a thickness reduction of ~30% per
rolling pass and a rolling speed of 60 mm/s. Owing to the
relatively poor formability of the specimens at room
temperature, the rolls were heated to 150 °C, and
intermediate inter-pass reheating at 400 °C for 5 min
was also used.

To study the evolution of the microstructure and
texture of the prepared alloys in different states, optical
microscopy (OM), scanning electron microscopy (SEM),
energy dispersive system (EDS), X-ray diffraction
(XRD), and electron backscattered diffraction (EBSD)
were used. The samples for the microstructure and texture
analyses were sectioned from the center area of the
specimens with RD x TD and RD x ND cross sections.

TABLE 1. Chemical compositions of prepared alloys (in wt%).

Chemical composition (Wt%)

Alloy Al Si Zn Mg
Mg-3Al 2.98 . .. Bal.
Mg-3(Al-Si) 2.61 0.38 . Bal.
Mg-3Al-Zn 3.04 . 0.92 Bal.
Mg-3(Al-Si)-Zn 2.60 0.39 0.95 Bal.
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The metallographic samples were prepared using a standard
mechanical ground and polishing technique. The samples
were then etched using an acetic picric solution, which was
composed of 4.6 g of picric acid, 10 mL of acetic acid, 10
mL of distilled water, and 70 mL of ethanol. The
metallographic microstructures were observed by a model
DM450 optical microscope (Leica Microsystem GmbH,
Wetzlar, Germany), and the average grain sizes were
determined by analyzing the optical micrographs using
the line-intercept method.”®> The phase composition was
analyzed by XRD using a Siemens XRD D5000 (Siemens
AG, Munich, Germany) operating at 40 kV and 20 mA
(Cu K, radiation). The EBSD samples were prepared via
mechanical grinding and then placed in a solution of 10%
perchloric acid and 90% ethanol using a voltage of 40 V
for 30-50 s at a temperature of —20 °C. The EBSD
measurements were performed on a Zeiss Supra
55VPFEG-SEM (Carl Zeiss AG, Oberkochen, Germany)
using a voltage of 20 kV with a working distance of
20 mm, a tilt angle of 70° and a scan step of 0.5 um.

To determine the mechanical properties of the alloys,
the tensile specimens, with a gauge length of 25 mm, width
of 3.5 mm, and thickness of 1.5 mm, were machined out of
the rolled sheets along the rolling direction (RD). Tensile
tests were performed on a CMT5205 electronic universal
testing machine (MTS Systems, Shenzhen, China) at
a cross-head speed of 0.5 mm/min at room temperature.
A representative tensile stress—strain curve was selected,
and the tensile test for each sample was conducted three
times to ensure repeatability and consistency of the test
results. The mechanical property values for yield strength,
ultimate tensile strength (UTS), and elongation were
obtained from the average of three test results.

Ill. RESULTS AND DISCUSSION
A. Microstructure evolution

To reveal the effect of adding the Al-Si eutectic alloy on
the microstructure and texture characteristics of the AZ31
magnesium alloy, Mg-3Al-Zn and Mg—3(Al-Si)-Zn with
four different processing statuses (i.e., as-cast, homogenized,
as-extruded, and as-rolled) were specifically analyzed.

Figure 1 shows the XRD patterns of the as-cast and
homogenized alloys. The patterns indicate that the Mg,,Al;,
phases were almost dissolved in the Mg matrix, whereas the
Mg,Si phases did not dissolve during the homogenization
treatment. This was also confirmed by the optical micro-
structures of Mg—-3Al-Zn and Mg—3(Al-Si)-Zn, which
are shown in Fig. 2. The microstructures of both as-cast
alloys consist of initial coarse grains with a grain size of
~150 um and some small Mg;,Al;, precipitates distrib-
uted along the grain boundaries and inner grains. The
main difference is that the eutectic Mg,Si phase in the
Chinese script type form with a size of ~100 pm is
observed in the Mg—3(Al-Si)-Zn alloy, as shown in
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FIG. 1. XRD patterns of prepared Mg—3Al-Zn alloy [(a) as-cast and
(b) homogenized] and Mg-3(Al-Si)-Zn alloy [(c) as-cast and (d)
homogenized].

intensity/a.u.

Figs. 2(a) and 2(b). After homogenization at 415 °C for
24 h, it was observed that the Mg;;Al,, phase almost
completely dissolved in both alloys. However, the Mg,Si
phase cannot be dissolved in the Mg—3(Al-Si)-Zn alloy,
and this is related to its extremely low solid solubility** in
Mg and its high melting point,® as shown in Figs. 3(c) and
3(d). The average grain size for the as-cast Mg-3Al-Zn
and Mg-3(Al-Si)-Zn alloys varies slightly. The grains
measured ~100 pm and ~120 pm, respectively, after the
homogenization treatment.

The optical microstructures of the as-extruded
Mg—3Al-Zn and Mg-3(Al-Si)-Zn alloys are shown in
Fig. 3. The fine equiaxed grains in both Mg-3Al-Zn and
Mg-3(Al-Si)-Zn alloys distribute along the extrusion
direction in the form of an extrusion flow. The average
grain size for the Mg-3Al-Zn and Mg-3(Al-Si)-Zn
alloys decreases to ~30 pm and ~26 pm, respectively.
The as-extruded Mg—-3Al-Zn alloy exhibits a more uni-
form grain size distribution [Fig. 3(a)], whereas the Mg-3
(Al-Si)-Zn alloy with the Al-Si eutectic shows some
inhomogeneous microstructure and uneven grain size
distribution. It was also found that the Mg,Si phase with
a distinct banding distribution along the extrusion di-
rection in the as-extruded Mg-3(Al-Si)-Zn alloy was
broken into small, blocky-shaped particles with an
average size of ~5 pm. The fine grained regions around
the broken, small Mg,Si phases acted as band-like areas
along the extrusion direction, whereas the grains far away
from the broken, small Mg,Si phases were coarse, as
shown in Figs. 3(b) and 3(c). A similar case was reported
by Fintovi et al.?> and Guo et al.>® The formation of fine
grained regions around the fractured, small Mg,Si phases
is mainly related to two aspects. Harder particles (with
diameters =1 pm) in the magnesium alloys can promote
DRX via lattice rotation during deformation.”” Thus, the
broken, small Mg,Si phases could facilitate DRX through
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FIG. 2. Optical micrographs of Mg-3Al-Zn [(a) as-cast and (c) homogenized] and Mg-3(Al-Si)-Zn [(b) as-cast and (d) homogenized].

FIG. 3. Optical micrographs of as-extruded Mg—3Al-Zn (a) and Mg-3(Al-Si)-Zn (b, c) alloys.
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particle-stimulated nucleation (PSN).?® However, the
hard and brittle Mg,Si phases were fragmented during
hot extrusion, which produces the effect of a shear cut on
the matrix grains and contributes to grain refinement
further.

The as-extruded alloys were subjected to hot rolling
process at 400 °C with a total reduction of ~73%. Figure 4
shows the microstructures and grain size distribution of the
as-rolled Mg-3Al-Zn and Mg-3(Al-Si)-Zn alloys. The
microstructures in both as-rolled Mg-3Al-Zn and Mg-3
(Al-Si)-Zn alloys consist of duplex grain structures
including coarse grain regions (=15 pm) and fine grain
regions (<15 pm). It is obvious that more ultra-fine
grains were obtained in the fine grain regions of the Mg—
3(Al-Si)-Zn alloy with the Al-Si eutectic compared to
the Mg—3Al-Zn alloy, as shown in Figs. 4(a) and 4(b).
This bimodal grain size distribution and corresponding
grain size values were given in Figs. 4(c) and 4(d). The
obtained microstructures were analyzed according to the
area-based averaging method**:

dn = (Ar)d2 + A Jd2) " (1)

where d,, represents the overall average grain size, A¢ and
A, represent the area fractions of fine grains and coarse
grains, respectively, and dg, and d., are the average
grain sizes of the fine grain and coarse grain regions,
respectively. More microstructural details of this method
are presented in Ref. 23.

The grain size distributions of both alloys exhibit
distinct bimodal distribution characteristics. The duplex
grain microstructure of the Mg—-3Al-Zn alloy with an
average grain size of ~9.7 um involves a 44% area
fraction of coarse grains with a size of ~34 pm.
However, the microstructure of the Mg-3(Al-Si)-Zn
alloy exhibits a significant refinement with an average
grain size of ~4.5 um, but it contains more than 50%
area fraction of coarse grains with a size of ~23 pum and
approximately 43% area fraction of fine grains with a size
smaller than 5 um. Jiang et al.'” suggested that twinning
and DRX play a predominant role in different stages of
plastic deformation. Twins more easily appear at the
initial stage of the hot rolling deformation. However, as
the rolling process continues, the newly formed fine
grains generally nucleate at the grain boundaries during
DRX, and the growth of the DRX grains is restricted
because of the pinning effect of the second phase
particles. This eventually leads to the formation of
a double scale microstructure. The dual-scale microstruc-
ture that is composed of coarse deformed grains and
newly formed fine grains was also reported by Park
et al.?

B. Dynamic recrystallization behavior

DRX plays an important role in grain refinement and
improvement in mechanical properties for magnesium
alloys during plastic deformation.”® Figure 5 exhibits the
microstructures and second phase distribution of the

0.30

0.25 =
2 gransize |, (pm) | dpmlum) | Ay | doggipm) | A
B8 Mg-3Akia 27 7. .5 s 0.4
S 020 M3k A 056 4
g
=

5

g 0.15
=
Z 00

0.05

i 5 15 20 25 30 35 40 45 S50 ‘5 60
(c} Grain size/pm

Relative Frequency

o 5 10 15 20 5 30 35- 4& “45
(d)

0.45]
0.40

0.35]

gesinsie |l (um) |y (0m) | Ay | de(pm) | A,
Mg-MALSIps 4.5 X 043 16 AT

0.30)

0.25
ozt A%
0.15

010}

Grain size/pm

FIG. 4. EBSD images and grain size distribution of as-rolled Mg-3Al-Zn (a, ¢) and Mg-3(Al-Si)-Zn (b, d) alloys.
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FIG. 5. SEM microstructure of as-rolled Mg—3Al-Zn (a) and Mg-3(Al-Si)-Zn alloy (b, d) and energy spectrum (c) of Mg,Si in partial

magnification image (d).

as-rolled Mg—-3Al-Zn and Mg—-3(Al-Si)-Zn alloys. It can
be seen clearly that both alloys shows a typical bimodal
distribution after rolling deformation including fine-
grained area and coarse-grained area as shown in
Figs. 5(a) and 5(b). Compared with Fig. 5(a), it can be
seen from Fig. 5(b) that the proportion of fine grain area is
improved obviously and Mg,Si second phase segregation
around the fine grain area. It is noteworthy that the fine
grain area around the Mg,Si second phase in Fig. 5(b)
seems to be larger and the grain size is finer than that in
Fig. 5(a). Therefore, the Mg,Si particles could have great
effect on fine grain area around themselves. To analyze the
fine-grained region with more Mg,Si particles in Fig. 5(b),
the rectangular area in Fig. 5(b) is magnified, as shown in
Fig. 5(d). Combined with the energy spectrum analysis of
Fig. 5(c), it can be confirmed that the second phase
particles in Fig. 5(d) are Mg,Si phase, as indicated by
red arrows. The effect of Mg,Si particles on grain re-
finement can be described from two aspects: on one hand,
as reported by Robson et al.,*' large Mg,Si particles
(=1 pm in diameter) could stimulate nucleation for
recrystallization via a PSN mechanism. This could be
related to the sub-boundary migration that appears around
large hard particles in the deformed region during hot
rolling, leading to lattice rotation, a misorientation gradient

J. Mater. Res., Vol. 32, No. 18, Sep 28, 2017

and the formation of a new grain nucleus that can grow
a recrystallized grain®%; on the other hand, fine Mg,Si
particles (<1 pm in diameter) could inhibit the new
recrystallization grain growth though pinning grain bound-
aries, hindering grain boundaries and dislocation
movement.?®

To investigate the effect of texture and PSN on DRX
behavior, the (0002) pole figures, recrystallized micro-
structure and frequency distribution histograms are
shown in Fig. 6. Both alloys showed a typical strong
basal texture along the c-axis, parallel to the ND, in the
vast majority of the grains during the hot rolling process.
It has been reported™ that a strengthening basal texture,
in which the c-axis of most of the grains is parallel to ND,
forces most of the grains to present a hard orientation
with a smaller Schmid factor of basal (a) slip, which
results in an increase in yield stress. Thus, weakening of
the basal texture can lead to a decrease in the yield
strength. Compared to the as-rolled Mg-3Al-Zn alloy,
the alloy with the Al-Si eutectic exhibited a weakened
base texture with an intensity decrease from 19.4 to 11.4,
as shown in Figs. 6(a) and 6(b). Compared to the
recrystallized microstructure and frequency distribution
histograms of the Mg—-3Al-Zn alloy sheet, as shown in
Figs. 6(c) and 6(e), the Mg—3(Al-Si)-Zn alloy after hot
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FIG. 6. The {0002} pole figures and recrystallized microstructure and frequency distribution of as-rolled Mg-3Al-Zn (a, c, ) and Mg-3(Al-Si)-Zn

(b, d, 1).

rolling contains a higher percentage of recrystallized and
substructure regions. The frequency of completely recrys-
tallized regions for Mg—3(Al-Si)-Zn increased from
~10% to ~20% compared to Mg—3Al-Zn. Moreover,
Figs. 6(c) and 6(d) show finer recrystallized grain regions
surrounded by some coarse substructure and deformed
grains.

The deformed and substructure grains have elongated
along the roll direction, as shown in Figs. 4, 5, and 6.
During hot rolling, the grains with a basal slip orientation
will adapt to the plastic strain and elongate because of the
relatively lower critical resolved shear stress (CRSS) of
merely 2-4 MPa for the basal slip.>** Dynamic re-
crystallization dissipates the strain energy and releases
the stress concentration accompanied by activation of the
nonbasal slip, e.g., prismatic slip and pyramidal slip

3570

systems at elevated temperatures.'®**? The lower frac-
tion of recrystallization compared to the deformation and
substructure could be attributed to the relatively limited
storage ability of plastic strain energy.”® The effect of
Mg,Si particles on the Mg—3(Al-Si)-Zn alloy could be
that more nucleation sites were generated for recrystalli-
zation, and the new grains growing with various orienta-
tions departed from the basal texture.>* This could also
explain the decrease in the basal texture upon the addition
of the Al-Si eutectic, as shown in Figs. 6(a) and 6(b). It is
possible that the new grains generated by PSN with DRX
behavior show some growth restrictions that are different
from other recrystallization mechanisms, such as shear
band nucleation®' and deformation twin nucleation.*?
Accordingly, it is necessary to investigate the micro-
texture of the finer recrystallized regions and the effect of
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the recrystallized texture and PSN mechanism
on the mechanical properties and plastic forming ability
of the alloy.

C. Mechanical properties

The representative tensile true stress—strain curves at
room temperature for the as-rolled alloy with four
different components and the values for the yield
strength, UTS, and elongation to fracture for the studied
alloys are shown in Fig. 7. All the specimens showed
a continuous work hardening behavior until fracture. As
shown in Fig. 7(a), with the addition of the Al-Si
eutectic, the UTS, elongation to fracture, and yield
strength of the Mg—3(Al-Si) alloy increased compared
to the Mg—3Al alloy created under the same thermal
mechanical forming technology. This indicates that
a proper addition method for Si, such as the addition of
an Al-Si eutectic alloy, might be beneficial for AZ series
alloys if accompanied by conventional plastic deforma-
tion. A similar trend can also be observed for the as-
rolled Mg—3(Al-Si)-Zn alloy. However, the elongation
to fracture of the Mg—3(Al-Si)-Zn alloy is slightly
decreased compared to the Mg-3Al-Zn alloy under the
same treatment. Specifically, the Mg—3(Al-Si)-Zn alloy
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Mg-JALSI)
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Mg-HALSi)-Zn
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sheet shows an increase in the UTS from 330 to 367 MPa
and a decrease in the elongation from 12.5% to 12%.
However, the change in yield strength was not noticeable.

Figure 8 shows the tensile fracture surfaces of as-rolled
Mg-3Al-Zn and Mg-3(Al-Si)-Zn alloy sheets. The
tensile fracture surfaces of as-rolled Mg-3Al-Zn speci-
men exhibit more ductile fracture characteristics with
a large amount of dimples distribute higher density in
o-Mg matrix, as shown in Fig. 8(a). The fracture features
of as-rolled Mg-3(Al-Si)-Zn specimen assume the
features of a little cleavage fracture, in which more
cleavage facets and tearing ridge could be observed,
compared with that of Mg-3Al-Zn. Furthermore, it
should be noticed that some Mg,Si particles can be
found in the tensile fracture surfaces of Mg—3(Al-Si)-Zn
specimen as shown in Fig. 8(b). It is helpful for un-
derstanding the reason for the slight decrease of elonga-
tion due to the cut apart effect of Mg,Si particles on Mg
matrix.

Liang et al.?° have studied the relationship between
mechanical properties and texture distribution of AZ31
magnesium alloy during conventional rolling process,
and also acquired enhancement mechanical properties
with the yield strength of ~180 MPa and the tensile
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FIG. 7. True stress—strain curves (a) and histograms of tensile properties (b) of as-rolled alloys.
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FIG. 8. Tensile fracture surfaces of as-rolled Mg-3Al-Zn (a) and Mg-3(Al-Si)-Zn (b) alloy sheets.
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strength of ~270 MPa. In this study, although the basal
texture is weakened by the DRX, the tensile strength is
obviously improved. This improvement in the mechani-
cal properties can be attributed to grain refinement in both
fine grain and coarse grain regions, as shown in Figs. 4,
5, and 6. The yield strength of Mg—3(Al-Si)-Zn alloy
with the addition of Al and Si using an Al-Si eutectic
does not exhibit an obvious change, but the UTS in-
creased remarkably compared to the Mg-3Al-Zn alloy,
as shown in Fig. 7(b). This can be attributed to the
effective grain refinement caused by DRX in the as-rolled
Mg-3(Al-Si)-Zn alloy and second phrase strengthening
caused by the broken Mg,Si particles, although the basal
texture is weakened in the Mg—3(Al-Si)-Zn alloy sheet,
as shown in Fig. 6. As a result, the improved tensile
strength of the Mg—3(Al-Si)-Zn alloy upon the addition
of the Al-Si eutectic can be generally explained as the
competition of two opposite effects: one is the softening
effect due to the weakened basal texture, and the other is
the strengthening effect of grain refinement. This results
form the PSN on recrystallization, which plays a domi-
nant role in the present work.

IV. CONCLUSIONS

A suitable alloying method combined with a conven-
tional hot rolling process was used to produce AZ31 alloy
sheets with enhanced mechanical properties. The me-
chanical properties, microstructure evolution, and dy-
namic recrystallization mechanism were investigated.
The primary conclusions are as follows:

(1) The microstructures of both the Mg—3Al-Zn and
Mg-3(Al-Si)-Zn alloy sheets exhibit a duplex grain
structure after hot rolling that includes coarse grains
and fine grains. The Mg—3(Al-Si)-Zn alloy sheet with
the addition of the Al-Si eutectic presents a remarkable
grain refinement in the fine grain and coarse grain regions
compared to the Mg-3Al-Zn sheet.

(2) The fragmented, refined Mg,Si particles play a key
role in providing potential nucleation sites for recrystal-
lization in the as-rolled Mg—3(Al-Si)-Zn alloy sheet with
the Al-Si eutectic through PSN.

(3) The Mg-3(Al-Si)-Zn alloy sheet shows more
completely recrystallized regions and a weakened basal
texture, which are in agreement with superior grain
refinement. The weakened basal texture could be attrib-
uted to recrystallized new grains growing with various
orientations that depart from the basal texture.

(4) Both the yield strength and the UTS of the Mg-3
(Al-Si)~Zn alloy with the Al-Si eutectic were improved
compared to the Mg-3Al-Zn alloy under the same
treatment. This can be attributed to the competition
between the softening effect due to the weakened basal
texture and the strengthening effect of the grain
refinement.
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