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+e mechanical properties of Mg-6Sn-3Al-1Zn alloy were enhanced with bimodal grain size disturbed in the microstructure
uniformly; theMg-6Sn-3Al-1Zn alloys were rolled with 60% thickness reduction at different rolling temperatures.+e results have
shown that the Mg-6Sn-3Al-1Zn alloys are composed of Mg2Sn phase and α-Mg matrix phase. When the rolling temperature was
less than or equal to 400°C, with the rolling temperature increasing, the average size and volume fraction of Mg2Sn phase and the
average grain size of small grains remained unchanged, the average grain size of large grains decreased, the volume fraction of
small grains increased, and the yield strength of the alloy increased. When the rolling temperature reached 450°C, the average size
and volume fraction of Mg2Sn phase and the average grain size of large grains increased, and the volume fraction of small grains
and the yield strength of the alloy decreased. +e elongation increased with the rolling temperature increasing, but the change
trend of hardness was just opposite. When the alloy was rolled at 400°C, the average sizes of small grains, large grains, and Mg2Sn
phases were 3.66 μm, 9.24 μm, and 19.5 μm, respectively. +e volume fractions of small grains, large grains, and Mg2Sn phases
were 18.6%, 77.6%, and 3.8%, respectively. And the tensile properties reached the optimum; for example, the tensile strength, yield
strength, elongation, and Vickers hardness were 361MPa, 289.5MPa, 20.5%, and 76.3 HV, respectively.

1. Introduction

Magnesium alloys are the lightest metallic structural materials
[1–3]. Besides, magnesium alloys have widespread applica-
tions in modern aerospace, automobile industries, and
electrical appliances, due to their strong specific strength,
excellent electrode conductivity, electromagnetic shielding
capability, and being easy to reuse [4–8]. In other words,
magnesium alloys play an important role in modern industry.

Both the strength and ductility of the alloy cannot be
enhanced at the same time. How to improve the strength and
ductility of the alloy is a hot research topic. +e research has
found that bimodal microstructures formed in magnesium
alloys or Al–Mg alloys could simultaneously improve the
strength and ductility [9–13].

In recent years, many researchers have executed a mass
of works on the study of rolling magnesium alloys, and they
have developed many technologies to obtain high me-
chanical properties magnesium alloy sheets [14–16]. How-
ever, the effect of rolling temperature on the microstructure
and mechanical properties of Mg-6Sn-3Al-1Zn alloy was
seldom studied systematically. Due to being without rare
earth elements, Mg-6Sn-3Al-1Zn alloys have low cost. In
this paper, the optimum rolling temperature was found out,
and the evolution of microstructure and mechanical
properties was systematically investigated. Bimodal micro-
structure of Mg-6Sn-3Al-1Zn alloy was obtained when the
rolling temperature was more than or equal to 350°C (the
amount of rolling deformation was fixed at 60%). After the
Mg-6Sn-3Al-1Zn alloy was rolled at 400°C, large grains and
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small grains of bimodal microstructure distributed uni-
formly in the alloy, which leads to simultaneous enhance-
ments of the strength and ductility of Mg-6Sn-3Al-1Zn alloy
compared to the casting alloy. +e present studies have
significant value for the development of high mechanical
properties Mg-6Sn-3Al-1Zn alloy, and the guiding function
for fabricating highmechanical properties magnesium alloys
in the future.

2. Experimental

2.1. Fabrication ofMg-6Sn-3Al-Zn Alloy. Firstly, the Mg, Sn,
Al, and Zn bulks were weighted according to the weight ratio
of Mg-6Sn-3Al-Zn alloy. Subsequently, Mg, Al, Zn bulks,
refining agent, and molds were put into the resistance
furnace for heat preservation at 300°C for 12 h. Due to the
low melting point of Sn, then Sn bulk was dried by a dryer.
+e preheated Mg bulk was put into the smelting furnace
and the mix gas (the volume ratio of Ar and SF6 was 1 : 99)
was introduced. After setting the temperature of the furnace
as 800°C, Mg bulks were heated. When the Mg bulks were
melted, the Sn, Zn, and Al bulks were added in order. When
the melt temperature reached 730°C, 36 g refining agent was
added and then fully agitated and the impurities were re-
moved. +e melt temperature was constantly heated to
750°C and kept for 20min, and then the power supply was
shut down for cooling the melt. When the temperature of the
melt gradually reduced to 730°C, it was cast in a mold which
was preheated to 300°C. After themelt solidification, theMg-
6Sn-3Al-Zn alloy was taken out from the mold.

2.2. Preparation of the As-Rolled Mg-3Al-6Sn-1Zn Alloy
Samples. +e cylindrical magnesium alloy was milled to a
cuboid form using a milling machine. And the sample was
solution-treated at 450°C for 8 h and then was water-
quenched.+e cubic sample was processed by wire cutting to
obtain the magnesium alloy sheets (30mm (width)× 50mm
(length)× 5mm (thickness)). We fixed the amount of rolling
deformation at 60% and selected 300°C, 350°C, 400°C, and
450°C as the rolling temperature. Before rolling, the mill
roller was heated to 200°C, and the sample was held for
15min at rolling temperature. +e rolling reduction of the
first rolling pass was 1mm, and the subsequent rolling re-
duction was 0.3mm, and the sample was kept warm in a
resistance furnace with 2min between the two passes.

2.3. Microstructure Characterization and Mechanical Prop-
erties Test. Firstly, the rolling samples were cut to be sheet
samples (12mm (length)× 6mm (width)) along the rolling
direction. Subsequently, these sheet samples were strictly
disposed by the abrasive papers and mechanical polisher.
+ese polishing slices were immediately etched for 25 s using
the etch liquid (CH3CH2OH including 4% HNO3). Finally,
we observed the microstructure of the samples by using
metallographic microscope (OM, DMI3000, Leica, Weztlar,
Germany).+e phases of magnesium alloy were identified by
x-ray diffraction (XRD, BRUKERXD8ADVANCE-A25,
Bruker, Karlsruhe, Germany) with a scan range of 20°–90°, a

scan step of 0.02°. And the microstructure was observed
using scanning electron microscopy (SEM, Merlin Campact,
Carl Zeiss Microscopy Ltd., Jena, Germany) with an ac-
celeration voltage of 20 kV and an electric current of 10 μA.

+e grain size was characterized by Electron Back-
Scattered Diffraction (EBSD, Oxford Instruments, Oxford,
UK). We cut 5mm (length)× 3mm (width) in the center of
the sample along the rolling direction, annealed it at 350°C
for 5min to remove stress, and polished it with 400#, 800#,
1200#, 2000#, 3000#, 5000#, and 7000# sandpapers, re-
spectively. And then the samples were electrochemically
polished with 7% perchlorate alcohol solution. Before
electrochemical polishing, liquid nitrogen was added to the
electrolyte solution to ensure the temperature of the elec-
trolyte solution of -25°C. Polishing voltage, current, and time
were 20V, 0.2 μA, and 2min, respectively. Argon ion pol-
ishing was carried out after electropolishing, polished
voltage was 3 keV, polished angle was 3°, polished time was
90min, and then the sample was observed by SEM equipped
with EBSD from Oxford instrument, operating voltage and
step were 20 kV and 0.21 μm, respectively, and EBSD pat-
terns were indexed by using CHANNEL 5 software from
HKL Technology, Oxford Instruments.

+e dislocation analysis was characterized by transmis-
sion electron microscope (TEM, JEM-2010 HR, JEOL Ltd.,
Tokyo, Japan). Firstly, we used a wire cutting machine to cut a
sample of 20mm (length) × 20mm (width). Secondly, the
sample was thinned by sandpaper until its thickness decreased
to 40 μm. +irdly, TEM specimens were prepared by pol-
ishing machine (Model 110 Automatic Twin-Jet Electro-
polisher, E.A. Fischione Instruments, USA) used with an
electrolyte solution composed of 4 vol% of HClO4 and 96 vol
% of C2H5OH. Fourthly, the sample was further reduced by a
precision ion polishing system (PIPS, Gatan II 695, Pleas-
anton, USA). Lastly, the sample was observed by TEM at an
operating voltage of 200 kV and a current of 103 μA.

+e sheet samples were measured under 0.2 kgf loading
force and dwelling 10 s using Vickers hardness tester
(WILSON VH1102 type, Buehler, Illinois Tool Works Inc.,
Lake Bluff, USA). After 5-time measurements, we acquired
the average value of Vickers hardness as the final value.
Tensile properties were tested on an electronic universal
testing machine (AGS-X-50 kN, Shimadzu, Tokyo, Japan)
with a cross-head speed of 0.2mm/min and repeated three
times; the average value was as the final value.

3. Results

+e XRD patterns of Mg-6Sn-3Al-Zn alloys without and
with rolling at different temperatures are shown in Figure 1.
As can be seen, the phases include α-Mg matrix and Mg2Sn
second phase, indicating that the phase compositions are
steady at various rolling temperatures.+e (0002) diffraction
peak intensity increased after rolling, while the (10-10) and
(10-11) diffraction peak intensity decreased. +is indicates
that the (0002) basal texture was formed in Mg-6Sn-3Al-Zn
alloy after rolling at different temperatures.

Basal plane (0002), prismatic plane (10-10), and (11-20)
pole figures of Mg-6Sn-3Al-Zn alloys rolled at different
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temperatures are shown in Figure 2. After rolling, (0002)
basal plane textures are formed, which is consistent with the
XRD result. According to the (0002) basal plane pole figure,
the maximum pole density points are distributed in the
center of the pole figures.+erefore, it is shown that the basal
plane of the alloy is parallel to the rolling direction. +e
texture intensity increases firstly and then remains un-
changed with the increasing of the rolling temperature.
When the Mg-6Sn-3Al-Zn alloys are rolled at 300°C, 350°C,
400°C, and 450°C, the texture intensities are 9.45, 12.16,
11.41, and 11.62, respectively.

+e OM pictures of the Mg-6Sn-3Al-Zn alloys rolled at
different temperature are shown in Figure 3. +e black rod-
like phase is Mg2Sn second phase, and the matrix phase is
α-Mg phase. +e statistical calculations on the average size
and volume fraction of Mg2Sn second phase were performed
by Image-Pro Plus 6.0 software, and the variations of them
with the rolling temperature are shown in Figure 4. When
the rolling temperature was less than or equal to 400°C, the
average size and volume fraction of Mg2Sn phase almost did
not change with the rolling temperature increasing. When
the alloys were rolled at 300°C, 350°C, and 400°C, the average
sizes of Mg2Sn phase were 18.6 μm, 17.6 μm, and 18.6 μm,
respectively, and the volume fractions of Mg2Sn phase were
3.6%, 3.8%, and 3.8%, respectively. When the rolling tem-
perature reached 450°C, the average size and volume fraction
of Mg2Sn phase increased sharply; for example, their values
were 39.3 μm and 9.7%, respectively (shown in Table 1).

EBSD images of the rolled Mg-6Sn-3Al-1Zn alloys with
different rolling temperatures are shown in Figure 5. As can be
seen from Figure 5, after the alloys were rolled at different
temperature, bimodal microstructures were formed, and the
grains of the alloy were composed of small grains and large
grains.

Misorientation angle distribution diagrams of the rolled
Mg-6Sn-3Al-1Zn alloys with different rolling temperatures
are shown in Figure 6. As can be seen, a few of {10-12}
extension twinning (the angle with parent crystal is 86.1°)
and {10-11} contraction twinning (the angle with parent
crystal is 56°) exist in deformed alloys.

Twin and high/low-angle boundary distribution dia-
grams of the rolled Mg-6Sn-3Al-1Zn alloys with different
rolling temperatures are shown in Figure 7. As can be seen,
the red and blue lines represent the extension twinning
boundary and contraction twinning boundary, respectively.
+e volume fraction of twins is unchanged with the rolling
temperature increasing; when the rolling temperatures are
300°C, 350°C, 400°C, and 450°C, the volume fractions of
twins are 0.60%, 1.0%, 0.53%, and 0.73%, respectively. +us,
when the rolling temperature is more than or equal to 300°C,
the dynamic recrystallization process is completed.

Kernel Average Misorientation (KAM) maps of the
rolled Mg-6Sn-3Al-1Zn alloys with different rolling tem-
peratures are shown in Figure 8. As can be seen, the KAM
value is almost constant. When the alloys were rolled with
300°C, 350°C, 400°C, and 450°C, the KAM value was 4.98,
4.97, 4.96, and 4.94, indicating that the dynamic recrystal-
lization process is completed as the rolling temperature is
more than or equal to 300°C.

+e statistical calculations on the average sizes and
volume fractions of Mg2Sn second phase, small grains, and
big grains were performed by Image-Pro Plus 6.0 software.
And the variations of them with the increasing of the rolling
temperature are shown in Figure 4. +e average grain size of
small grains of the alloy almost does not change with the
rolling temperature increasing. And when the alloys are
rolled at 300°C, 350°C, 400°C, and 450°C, the average grain
sizes of small grains are 3.68 μm, 3.59 μm, 3.66 μm, and
3.72 μm, respectively. When the rolling temperature is less
than or equal to 400°C, the average grain size of large grains
of alloy decreases with the rolling temperature increasing.
For the alloys rolled at 300°C, 350°C, and 400°C, the average
grain sizes of large grains are 11.29 μm, 10.05 μm, and
9.24 μm, respectively. When the rolling temperature reaches
450°C, the average grain size of large grains increases to
9.68 μm. When the rolling temperature is less than or equal
to 400°C, the volume fraction of small grains of the alloy
increases with the rolling temperature increasing. For the
alloys rolled at 300°C, 350°C, and 400°C, the volume fractions
of small grains are 7.2%, 13.1%, and 18.6%, respectively.
When the rolling temperature reaches 450°C, the volume
fraction of small grains decreases to 16.4%. +e volume
fraction of large grains of the alloy decreases with the in-
creasing of the rolling temperature; after the alloy is rolled at
300°C, 350°C, 400°C, and 450°C, the volume fractions of large
grains are 89.2%, 83.1%, 77.6%, and 73.9%, respectively,
which are shown in Table 1.

+e grain size distributions of the alloys rolled at dif-
ferent temperatures which are determined from EBSD
images are shown in Figure 9. As can be seen, when the
rolling temperature is less than or equal to 400°C, the
number of recrystallized grains increases and the average
grain size decreases with the rolling temperature increasing.

20 30 40 50 60 70 80 90

(112)

In
te

ns
ity

 (a
.u

)

2θ (°)

300 

Solid
solution

(100)

(002)

(101) (102) (103) (004)
(111)

(220)
(311) (511)

(422)(110) (201)
(202)

(440)

350 

400 

450 

α-Mg
Mg2Sn

°C

°C

°C

°C

Figure 1: XRD patterns of Mg-6Sn-3Al-Zn alloys without and with
rolling at different temperatures.
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For the alloy rolled at 300°C, 350°C, and 400°C, the average
grain sizes are 7.50 μm, 5.66 μm, and 5.42 μm, respectively.
When the rolling temperature reaches 450°C, the average
grain size increases to 6.16 μm.

+e grain area distributions of the alloys rolled at dif-
ferent temperatures which are determined from EBSD
images and the results are shown in Figure 10. When the
rolling temperature is more than or equal to 350°C, the

bimodal microstructure is clearly formed. With the rolling
temperature increasing, the area ranges of big grains firstly
decrease and then increase, but the area range of small grains
shows a trend of first decreasing and then unchanging. For
the alloy rolled at 350°C, the area range of small grains is 0-
1250 μm2, and the area range of big grains is 1450-3550 μm2.
For the alloy rolled at 400°C, the area range of small grains
narrows to 0-650 μm2, while the area ranges of big grains
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narrow to 1250-1950 μm2. For the alloy rolled at 450°C, the
area ranges of small grains almost do not change compared
to that of the alloy rolled at 400°C, but the volume fraction of
small grains decreases, and the area ranges of big grains
increase to 1050-3650 μm2.

+e TEM bright field image, selected area electron
diffraction (which comes from the blue circle of TEM bright
field image and the yellow circle of TEM bright field image),
and dark field image (which comes from the white circle of
the selected area electron diffraction) of the alloy rolled at

400°C are shown in Figure 11. Dislocation analysis by the
invisibility criterion (g·b� 0) reveals that the TEM foil
contains <a> dislocations and <c+a> dislocations. <c+ a>
dislocations are visible under both g � (01-10) and
g � (0002), while <a> dislocations are invisible under
g � (0002). Hence, these findings agree with the literature
(Sabat et al., 2018) [17]. By comparing Figure 11(a) with
Figure 11(d), we find that the volume fraction of <a> dis-
location is more than that of <c+ a> dislocation. Accord-
ingly, these TEM works suggest that the pyramidal plane
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Figure 3: OM pictures of Mg-6Sn-3Al-Zn alloys rolled at different temperatures: (a) 300°C, (b) 350°C, (c) 400°C, and (d) 450°C.
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Table 1: +e average sizes and volume fractions of Mg2Sn phases, small grains, and big grains of alloys rolled at different temperatures.

Rolling temperature (°C)
+e average size (μm) +e volume fraction (%)

Small grains Large grains Mg2Sn phases Small grains Large grains Mg2Sn phases
300 3.68 11.29 18.6 7.2 89.2 3.6
350 3.59 10.05 17.6 13.1 83.1 3.8
400 3.66 9.24 19.5 18.6 77.6 3.8
450 3. 72 9.68 39.3 16.4 73.9 9.7

(a) (b)

(c) (d)

Figure 5: EBSD images of the as-rolled Mg-6Sn-3Al-1Zn alloys at different rolling temperatures: (a) 300°C, (b) 350°C, (c) 400°C, and
(d) 450°C.
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Figure 6: Continued.
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<a> slip is easier to start than the pyramidal plane <c+ a>
slip in the process of rolling, and the SF (stacking fault)
energy of pyramidal <a> slip is higher than that of pyramidal
<c+ a> slip, which can be attributed to the more difficult
nucleation of <c+ a> dislocations than that of <a> dislo-
cations. As can be seen from Figure 11(a), the rod-like

Mg2Sn phases, presented in Figure 12, are distributed in the
microstructure; the dislocations pile up near the Mg2Sn
phase, indicating that the Mg2Sn phases could hinder the
dislocation motions and then improve alloy strength.

+e EDS (Energy Dispersive Spectrometer) mappings of
the alloy rolled at 400°C are shown in Figure 12. As can be
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Figure 6: Misorientation angle distribution diagrams of the as-rolled Mg-6Sn-3Al-1Zn alloys at different rolling temperatures: (a) 300°C,
(b) 350°C, (c) 400°C, and (d) 450°C.
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seen from Figure 12(a), a few of rod-like phases are dis-
tributed in the TEM bright field image. We select a rect-
angular region for EDS mapping. As can be seen from
Figure 12(e), the Sn element is rich and shows rod-like
pattern, indicating that the rod-like phases in TEM bright
field image are Mg2Sn phase, and this result is consistent
with XRD result. Moreover, as can be seen, the Mg, Al, and
Zn elements are distributed uniformly in the microstructure.

+e tensile stress-strain curves of the alloys rolled at dif-
ferent temperatures, the changes of tensile mechanical prop-
erties, and Vickers hardness of the alloys with rolling
temperature are shown in Figure 13 and summarized in Table 2.
When the rolling temperature is less than or equal to 400°C,
yield strength of the alloy increases from 267.8MPa for the alloy
rolled at 300°C to 289.5MPa for the alloy rolled at 400°C.When
the rolling temperature reaches 450°C, yield strength of the alloy
decreases to 235.3MPa. When the alloy is rolled at 350°C, the
tensile strength of the alloy almost does not change compared to
the alloy rolled at 300°C. For the alloy rolled at 400°C, its tensile
strength increases to 361.1MPa. When the rolling temperature
reaches 450°C, tensile strength of the alloy decreases to
318.9MPa.+e elongation of the alloy increases with the rolling
temperature increasing. For the alloys rolled at 300°C, 350°C,
400°C, and 450°C, their elongations are 11.2%, 19.3%, 20.5%,
and 21.1%, respectively. +e Vickers hardness of the alloy
decreases with the rolling temperature increasing. For the alloys
rolled at 300°C, 350°C, 400°C, and 450°C, their hardness values
are 80.9 HV, 79.1 HV, 76.3 HV, and 66.3 HV, respectively.

Importantly, for the alloy rolled at 400°C, the tensile strength
and plasticity reach the best combination.

4. Discussion

4.1. Effect of Rolling Temperature on Bimodal Microstructure.
When the rolling temperature is less than or equal to 400°C,
with the rolling temperature increasing, the average grain
size of large grains of alloy decreases, and the volume
fraction of small grains of alloy increases. It is because the
rolling temperature is higher than the recrystallization
temperature. High rolling temperature and large rolling
deformation sufficiently promote the recrystallization pro-
cess of alloys. Hence, the higher the rolling temperature, the
smaller the grains formed after rolling. When the rolling
temperature reaches 450°C, the average grain size of large
grains increases, and the volume fraction of small grains
decreases.+is is because the rolling temperature is too high,
resulting in grain size growth.

4.2. Effect of Rolling Temperature on Mg2Sn Phase. Low
rolling temperature will separate out Mg2Sn phase from
matrix. However, the rolling period is very short. +erefore,
when the rolling temperature is less than or equal to 400°C,
the volume fraction of Mg2Sn phase almost does not change
with the rolling temperature increasing. When the rolling
temperature reaches 450°C, the average size and volume
fraction of Mg2Sn phase increase sharply. +is is owing to
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Figure 8: Kernel Average Misorientation maps of the as-rolled Mg-6Sn-3Al-1Zn alloys at different rolling temperatures: (a) 300°C,
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Figure 9: Grain size distributions of the alloys rolled at different temperatures which were determined from EBSD images: (a) 300°C,
(b) 350°C, (c) 400°C, (d) 450°C.
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Figure 10: Continued.
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the phenomenon that high rolling temperature will lead to
Mg2Sn phase separated out from the solid solution. How-
ever, the average size ofMg2Sn phase almost does not change
with the rolling temperature increasing. It is because the
Mg2Sn phase belongs to the hard brittle phase, and in this
work, the amount of rolling deformation is 60%; the force for
breaking resistance of Mg2Sn phase is the same.

4.3. Effect of Rolling Temperature on Mechanical Properties.
When the rolling temperature is less than or equal to 400°C,
with the rolling temperature increasing, the yield strength of the
alloy increases, which can be attributed to the grain size of large
grains decreasing and the volume fraction increasing; then, the
fine grain strengthening effect is obvious. When the rolling
temperature reaches 450°C, the yield strength of the alloy
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Figure 10: Grain area distributions of the alloys rolled at different temperatures which were determined from EBSD images: (a) 300°C,
(b) 350°C, (c) 400°C, and (d) 450°C.
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Figure 11: +e TEM bright field image (a), selected area electron diffraction (b, c), and the TEM dark field image (d) of the alloy rolled at
400°C. <c+ a> dislocations were identified in a grain based on the invisibility criterion; <a> dislocations were also found in their vicinity.
Two-beam dark-field images were taken along the [2-1-10] zone axis under g � (01-10) and g � (0002), respectively.
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decreases, because the grain size clearly increases. Otherwise,
although the volume fraction of Mg2Sn phase increases, the
average size of Mg2Sn phase is large; thus, the dispersion
strengthening effect is weakened.

When the alloy was rolled at 350°C, a bimodal micro-
structure was clearly formed. +is leads to the elongation

increasing sharply. Otherwise, due to the high rolling
temperature, the pyramidal plane <a> slip and <c+ a> slip
started in the process of rolling. +e higher the rolling
temperature of alloy, the easier to start the dislocation
motion. +is showed that the elongation of the alloy in-
creases with the rolling temperature increasing. When the

100μm

Map Data 1

(a)
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100μm
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100μm
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100μm

(e)

Figure 12: +e EDS mapping of the alloy with a rolling temperature of 400°C. (a) Selected region from TEM bright field image, (b) Mg
element, (c) Al element, (d) Zn element, and (e) Sn element.
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alloy was rolled at 450°C, the area ranges of large grains
increased, which led to the elongation further increasing.

5. Conclusions

+eMg-6Sn-3Al-1Zn alloys are composed of Mg2Sn phase and
α-Mgmatrix phase.When the rolling temperature was less than
or equal to 400°C, with the rolling temperature increasing, the
average size and volume fraction of Mg2Sn second phase and
the average grain size of small grains remain unchanged. Due to

the dynamic recrystallization during the rolling process, the
average grain size of large grains decreased, and the volume
fraction of small grains increased, which led to the yield strength
of the alloy increasing. When the rolling temperature reached
450°C, due to the high rolling temperature, the average grain
size of large grains increased, the volume fraction of small grains
decreased, and the average size and volume fraction of Mg2Sn
phase and the yield strength of the alloy decreased. With the
rolling temperature increasing, the elongation increased, but the
hardness change had an opposite trend. When the rolling
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Figure 13: +e tensile stress-strain curves of the alloys rolled at different temperatures (a), the changes of tensile mechanical properties (b),
and Vickers hardness (c) of the alloys with rolling temperatures.

Table 2: Mechanical properties of alloy rolled at different temperatures.

Rolling temperature
(°C)

Tensile strength (MPa)
(mean± SD)

Yield strength (MPa)
(mean± SD)

Elongation (%)
(mean± SD)

Vickers hardness (HV)
(mean± SD)

300 347.9± 6.2 267.8± 2.3 11.2± 0.3 80.9± 1.3
350 341.8± 6.3 277.3± 4.3 19.3± 0.2 79.1± 1.3
400 361.1± 0.6 289.5± 4.1 20.5± 0.4 76.3± 0.7
450 318.9± 9.0 235.3± 4.5 21.1± 0.2 66.3± 1.0
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temperature reached 400°C, the average size of small grains,
large grains, and Mg2Sn phase was 3.66μm, 9.24μm, and
19.5μm, and the volume fraction of small grains, large grains,
and Mg2Sn phase was 18.6%, 77.6%, and 3.8%, respectively.
Accordingly, the tensile properties reached the optimum; i.e.,
the tensile strength, yield strength, elongation, and Vickers
hardness were 361.1MPa, 289.5MPa, 20.5%, and 76.3 HV,
respectively.
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