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Abstract. In this study, Mg-Sn alloys were produced with the addition of Sn to
Mg powder at di�erent ratios through the Powder Metallurgy (P/M) method. A new
mixing technique was used in the production to avoid the disadvantages of high reactivity
speci�c to Mg powders. The prepared powder mixtures were turned into components
by processing through hot pressing. The produced components were characterized by
density measurements, microstructure examinations, and mechanical tests. The density
measurements were made according to the Archimedes principle. The microstructural
characterization was performed by X-Ray Di�raction (XRD) analysis, Scanning Electron
Microscope (SEM) investigations, and Energy Dispersive Spectrometry (EDS) analyses.
The hardness measurements and tensile tests were used for determining mechanical
properties. Densities close to the theoretical density were obtained in the produced parts.
XRD and SEM investigations showed that the components produced were composed of
�-Mg and Mg2Sn phases of the microstructure consisting of coaxial grains. The rising Sn
content increased the amount of discrete Mg2Sn precipitates at grain boundaries, thereby
ensuring higher hardness and strength values.
© 2020 Sharif University of Technology. All rights reserved.

1. Introduction

Mg is one of the most plentiful elements in nature
and forms 2.7% of the earth's crust [1,2]. Mg is
the lightest structural metal with a density value of
1.74 g/cm3 [3{8] and enjoys superior properties such
as high strength/weight ratio, excellent ability for
vibration damping, good workability, high thermal
conductivity, easy recyclability, and high dimensional
stability [2,9,10]. These properties make Mg one of the
most promising materials for many applications [11{
13] such as automotive parts, computer components,
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mobile phones, space and aeronautics applications,
military equipment, biomedical applications, home and
o�ce hardware, sporting goods, and hand tools [14].
Despite its superior properties, the disadvantages of
Mg such as low corrosion resistance, low malleability,
low mechanical properties, high shrinkage rate during
solidi�cation, and high chemical reactivity limit its
applications [7,15].

Today, the most widely used process in producing
parts from Mg alloys is casting [16]. Although 98% of
the Mg parts are produced by casting techniques [17],
the number of Mg alloys used in casting applications
is very limited. Under such circumstances, in addition
to the fact that there are important optimizations to
be made on the existing Mg alloys, new Mg alloys
with high strength can also be discovered [18]. Much
of the research on Mg alloys has focused on the
development of alloys suitable for casting techniques
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in terms of low production costs [19]. However,
there are some di�culties encountered in producing
Mg alloys by casting techniques. The molten Mg
tends to be oxidized and burnt [17]; therefore, some
particular precautions must be taken regarding the
equipment used to produce Mg alloys by the casting
method [20]. However, the production of Mg alloys
by casting methods also introduces some undesirable
structural characteristics that may adversely a�ect per-
formance in service conditions. Above all, the materials
obtained by melting and casting techniques contain
microstructural inhomogeneities and have a large grain
size, causing low strength [21]. Mg alloys exhibit a
broad range of solidi�cation. Therefore, these alloys
are highly susceptible to a number of casting defects
including segregation, porosity, and hot tearing [22,23].
There are also restrictions on the geometry of the
components in production by casting methods. For
example, AZ series Mg alloys, which are cheaper than
other Mg alloys, are usually turned into parts by high-
pressure casting [16]. However, despite their good
pourability, it is not always possible, or economically
feasible, to cast complex shaped parts [24]. One of
the important features of these alloys is that they
can be produced only in long and thin sections with
high-pressure casting; this geometry limits the use of
these alloys to applications such as dashboard, steering
wheel, and seat frames [16].

The ability of Mg to be shaped at low room
temperature makes it necessary to always produce
parts at high temperatures by plastic deformation
processes from Mg alloys [25]. This situation leads
to higher production costs [25]. The most important
obstacle in the development of the market for Mg alloys
produced by plastic deformation methods is the low
production speed. Extrusion of a typical Mg alloy
has to be done 5{10 times slower than the typical
Al alloy. The basis of this problem is the fact that
the temperature range in which the material can be
shaped without melting and hot tearing is too limited
for conventional extrusion alloys of Mg [26]. On the
other hand, at low temperatures, cold crack formation
occurs due to the low ductility of Mg [25].

While the inadequate material properties are ef-
fective in decreasing the utilization rate of Mg alloys in
engineering applications, especially in the automotive
industry, the biggest obstacle remains the production
costs, being very high [27]. The costs of Mg and its
alloys are reasonable, and the development of their
properties will promote their prevalent use. However,
an increase in knowledge of the production processes
of Mg alloys will lead to an increase in the use of Mg
alloys as automotive components [28]. Conventional
methods have to be further developed to achieve a �ne-
grained size and a homogeneous microstructure [29].
More importantly, the development of production pro-

cesses representing an alternative to existing produc-
tion methods is becoming very important [20].

Powder Metallurgy (P/M) is the most cost-
e�ective one of all other production techniques possible
in the production of any part [30], providing metallic
parts to be produced such that their microstructures
are homogeneous and �nely grained [31]. The failure
of materials produced by melting in service conditions
usually results from low or inhomogeneous proper-
ties and segregation, causing the thermomechanical
properties to decrease [32]. The P/M allows for the
production of high-enduring parts whose properties
exhibit a superior and homogeneous distribution, over-
coming the di�culties that result from defects related
to melting [33]. Most importantly, P/M enhances the
exibility of the alloy system [31,34] by enabling the use
of strategic elements [35]. Thus, P/M makes it possible
to produce parts from alloy systems with chemical
compositions that cannot possibly be combined with
other production methods [36,37]. This feature can
also facilitate the development of the new Mg alloy
systems needed and enable the production of existing
Mg alloys with superior properties. However, although
P/M has the advantages listed above, it involves some
di�culties in the production of Mg alloys. Mg pow-
ders characterized by high reactivity and fast ignition
properties lie behind the basis of these di�culties [38].
The aforementioned properties of Mg powders make it
necessary to completely cut o� the contact between
the powders and oxygen in the production of parts
by P/M technique. For this reason, not only the
sintering process but also the weighing, mixing, mold
�lling, and press shaping of powders must also be
done in a protective gas environment [39]. The mixing
process, which is particularly e�ective in the success
of the P/M process and in the �nal properties of the
part to be produced, must be well controlled due to
the high reactivity of Mg powders. The mechanical
alloying technique is widely used for mixing powders
in P/M. However, the very low ignition temperature
of Mg powder causes the ball mixing process to be
unsafe [37]. The above di�culties have made the P/M
method a di�cult process for producing parts from Mg
alloys [38], which is the reason for its rare usage up
until now. However, in recent times, studies on the
production of magnesium alloys by P/M techniques
were carried out [40{42].

In this study, Mg alloys were produced by the
P/M method through the addition of Sn at di�erent
ratios to Mg powder. A new mixing technique was
used in production to avoid disadvantages such as
high reactivity speci�c to Mg powders. The powder
mixes prepared by the new mixing technique were
turned into components by a hot pressing process. The
produced components were characterized by density
measurements, microstructure studies, and mechanical
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tests. The results obtained from the characterization
process were compared with the properties of similar
Mg alloys, produced by other production methods in
the literature.

2. Material and method

Mg powder used in this study has a particle size
less than 100 �m and purity of 99.5%. In Figure 1,
Scanning Electron Microscope (SEM) images taken
of the powders, used in the study, are given. The
tin powder used is obtained from Sigma Aldrich �rm
and has a purity rate of 99% and a particle size of
10 �m. Three di�erent Mg-Sn alloys were produced in
the study based on the Mg-Sn phase diagram. These
alloys are designed to contain 5 wt.%, 9 wt.%, and 13
wt.% Sn. The mixing of the powders was carried out
with a di�erent technique based on the idea of cutting
o� Mg's contact with air. In this mixing technique,
Mg powder was ensured to be coated with para�n
dissolved in a volatile substance (hexane) that did not
involve oxygen in its formula in order to cut o� the
contact with oxygen. A speci�cally prepared vertical

Figure 1. SEM images of the powders used in the study.

mixer with vanes was used for this process. Then,
200 ml of hexane and para�n wax by as much as 20%
of the whole volume of Mg powder was inserted into
a beaker and placed on a plate heated up to 60�C
(above the melting point of para�n wax) until the
para�n wax melted. Then, the Mg powder with a
certain package weight (100 gr) was poured into the
beaker as soon as its package was opened to prevent
its contact with air. The temperature of the hot
plate was raised above the boiling temperature of the
hexane (100�C) and mixed up until the whole hexane
evaporated. After the evaporation of hexane, the
remainder was the Mg powder covered with para�n
wax. This powder was divided into 3 parts to which
Sn was added until the aforementioned ratios were
obtained; then, it was placed into an Erlenmeyer ask.
Next, 150 cc of hexane was added to the Erlenmeyer,
and the mixture was stirred again on the hot plate
heated to 100�C until all the hexane evaporated. The
mixer was designed such that height adjustment could
be made and that the propeller might be folded so
that it could �t through the narrow mouth of the
Erlenmeyer. The propeller of the mixer was adjusted to
be as close as possible to the bottom of the Erlenmeyer
when mixing. Thus, Mg and Sn powder particles
were continuously kept moving in the hexane-para�n
wax solution during the mixing process, and they
were kept hanging to prevent settling until the whole
hexane evaporated. After the complete evaporation
of hexane, a homogeneous mixture of powder covered
with para�n remained.

The obtained mixtures were subjected to hot
pressing with the application of 30 MPa pressure at
600�C in a vacuum environment using a graphite mold
with a sintering machine (procured from Zheng Zhou
Golden Highway Co., LTD). It took three minutes
to reach the sintering temperature of the device, and
the samples were kept at this temperature for 15
minutes. The densities of the produced samples were
measured according to Archimedes' principle. The
X-Ray Di�raction (XRD) analysis was carried out
on a Rigaku Ultima IV X-ray di�ractometer device
using a Cu X-ray tube (� = 1:5405) at a scan-
ning rate of 0.02/0.4 degree/sec. The SEM and
SEM/EDS studies were performed with a JEOL JSM
6510 SEM and an IXRF 550 brand EDS system
connected to this device. To carry out SEM ex-
aminations, the samples passed through the metal-
lographic preparation stages and, then, were etched
with 95% ethyl alcohol + 5% HNO3 solution. The
hardness measurements were performed with a Wil-
son Hardness device using a load of 100 g. The
tensile tests were carried out at a constant speed of
1 mm/min using a Shimadzu AG-IC 50 kN model
device. The used tensile specimens were prepared
according to the ASTM: E8/E8M-11 Standard. The
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tensile tests were applied to 4 samples for each alloy
group.

3. Results and discussion

Figure 2 shows the patterns obtained from the compo-
nents produced as a result of XRD analysis. Only peaks
belonging to �-Mg and Mg2Sn phases were present in
the obtained patterns. With an increase in Sn ratio, the
intensity of �-Mg peaks decreased, while the intensity
of the Mg2Sn intermetallic peaks increased. A similar
�nding was also obtained in a study conducted by Liu
et al. [43]. Further to that, it was reported that Mg-
Sn alloys, characterized by di�erent Sn contents and
produced by the casting technique, had only peaks of
�-Mg and Mg2Sn phases in the XRD patterns and that
the Mg2Sn peak intensity increased with the increasing
Sn ratio [43]. The XRD analysis results were also
consistent with the Mg-Sn binary phase diagram. The
examination of the phase diagram [44] showed that Sn
had almost zero solubility in Mg at room temperature,
and the microstructure could be formed by Mg and
Mg2Sn phases based on the ratios used in the present
study.

The SEM images taken of the components with
di�erent magni�cations are given in Figure 3. Ac-
cording to the SEM images taken at small magni-
�cations, the applied production parameters allowed
obtaining a highly dense microstructure that did not
contain pores. According to the SEM images taken
at high magni�cations, white precipitates formed at
grain boundaries. Through XRD analysis, only two
phases were found in all samples: �-Mg and Mg2Sn.
Based on this �nding, it can be said that the white
precipitates seen on the grain boundaries are the
precipitates that belong to the Mg2Sn phase. Liu et
al. [43] reported that in the Mg-Sn alloys produced
by casting, Sn atoms whose solubility rapidly reduced
with a decrease in temperature during solidi�cation

Figure 2. Patterns of the produced alloys obtained from
the XRD analysis.

formed Mg2Sn precipitates. In the present study,
the hot pressing process was implemented at 600�C.
According to the Mg-Sn phase diagram [43], all Sn
components can dissolve in Mg at the temperature
of the hot pressing process. For this reason, Mg2Sn
precipitates are considered to be forming during the
cooling stage after the hot pressing process, because,
as Liu et al. [43] noted, while the solubility of Sn
atoms in Mg reduces as the temperature decreases,
the atoms must be separated from Mg by forming
a new phase. The SEM images showed that Mg2Sn
precipitates formed, especially at grain boundaries.
This situation is attributed to the di�usion that easily
occurs at grain boundaries. All SEM images showed
that a �ner grain microstructure was obtained with the
increasing Sn ratio. Cheng et al. [45] reported that a
�ner grain microstructure was obtained with increasing
Mg2Sn volume ratio in Mg-Sn alloys with Sn content at
di�erent proportions, produced by the casting method.
This condition is attributed to Mg2Sn particles that
act as barriers to grain coarsening [45]. Similar �ndings
were also found in the studies of Liu et al. [43]. There
are similar explanations in di�erent alloy systems in
the literature. For example, hard phases forming at
grain boundaries in superalloys have been reported
to be impressively inhibiting the grain growth [33,46{
49]. In the present study, a higher amount of Mg2Sn
precipitate formed with increasing Sn ratio, resulting in
a �ner grain microstructure. The increasing Sn ratio
leads to not only the formation of a higher Mg2Sn
precipitate, but also the formation of larger Mg2Sn
precipitates. A similar �nding was also found in Mg-
Sn alloys produced by the casting method. Liu et
al. [43] found that the increasing Sn ratio resulted in
larger Mg2Sn precipitates as an increase in the amount
of solute led to phase coarsening. Another advantage
of increasing the Sn ratio and reducing the grain size
by allowing the formation of larger Mg2Sn precipitates
in larger amounts in the present study is a reduction
in the gap between the sizes of the �-Mg grains in
the microstructure. In particular, in the SEM image
of the sample with 5% Sn, the di�erence between
its dimensions was very large, whereas this di�erence
signi�cantly reduced in the sample with 13% Sn.

ASTM grain size numbers of the produced sam-
ples were calculated as follows: 5 in the sample
containing 5% Sn, 5.5 in the sample containing 9%
Sn, and 6 in the sample containing 13% Sn. These
ASTM grain size numbers correspond to 56.6, 47.6,
and 40 �m, respectively. In the previous study, it was
reported that the grain size of the material containing
7.12% Sn produced with casting was about 115 �m [50].
After applying the homogenization process to this
material at a temperature of 390�C for 320 minutes,
the grain size was reported to rise to 138 �m. In
another study, Chen et al. [51] reported that in samples
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Figure 3. SEM images of Mg-Sn alloys taken at di�erent magni�cations.

with 3%, 7%, and 14% Sn, to which they applied
a homogenization process at 480�C for 12 hours to
produce by casting and to perform extrusion process,
the grain sizes were 220, 160, and 93 �m, respectively.
The above explanations were given about the e�ect of
increasing Sn ratio on grain size re�nement. In the
present study, it was observed that even the sample
containing 5% Sn produced by the P/M method had
a �ner grain size (about half) than the material with
higher Sn contents produced by the casting method.
It is known that the �ner grain size is the reason for
the material to possess superior mechanical properties
under low-temperature service conditions [46{48,52].
In the particular case of Mg alloys, the e�ect of grain
size on strength is more pronounced than that in Al
alloys [51]. Accordingly, it can be mentioned that the
samples produced by the P/M method are superior
to the similar alloys produced by casting in terms of
grain size and mechanical properties in the present
study. It has been reported that Mg alloys produced by

casting are composed of dendritic grains [43]. Another
advantage of the P/M method is that it provides a
microstructure consisting of coaxial grains.

Figure 4 shows the images of SEM elemental
mapping analysis taken from a sample containing
13% Sn. It is seen that the Sn ratio exhibits a
signi�cant increase, while the Mg ratio decreases in the
precipitates forming at the grain boundaries, compared
to the matrix. Considering the XRD analysis results
and according to the explanations given about the ana-
lyzed SEM, these precipitates were Mg2Sn precipitates.
The role of the phases in the material in relation to
the material properties is determined by the shape
and distribution of these phases [43]. In the previous
study [50], it was determined that the cast Mg-Sn alloy
formed the Mg2Sn phase as a continuous network at
grain boundaries. In another study, Liu et al. [43]
reported that the tendency of the Mg2Sn phase with
the increasing Sn content to form a semi-continuous
network at grain boundaries increased. These large
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Figure 4. Images of SEM elemental mapping analysis
taken from the sample with 13% Sn.

intermetallic phases and the semi-continuous network
morphology reportedly a�ected strength and ductility
adversely by accelerating crack formation and progres-
sion [43]. It has been reported that the precipitates
in materials formed as discrete particles instead of
those formed as a continuous �lm at grain boundaries
would increase strength by preventing grain boundary
sliding [32,48,53,54]. In accordance with this general
rule, Liu et al. showed that discrete Mg2Sn precipitates
formed at grain boundaries of Mg-Sn alloys increased
strength by preventing dislocation movements [43].
According to the images of the SEM elemental mapping
analysis in the present study, it is clearly seen that
the Mg2Sn precipitates are formed as discrete particles
unconnected to each other. This is important in terms
of the mechanical properties of the material. According
to the above explanations, the microstructure obtained
by P/M in the present study is superior to the casting
method in terms of strength, as expected.

Liu et al. [43] also reported the formation of very
small secondary Mg2Sn precipitates inside the grains.
In the present study, it is seen that in the image
showing the distribution of Sn, the amount of Sn shows
a signi�cant increase in precipitates; however, Sn is also
present inside the grains. According to the patterns
obtained from the XRD analysis in the present study
and the formation of the secondary Mg2Sn precipitates
indicated by Liu et al. [43], it can be concluded
that Sn inside the grains formed very small Mg2Sn
precipitates. From the image showing the distribution
of the oxygen element, an increase in the amount of
oxygen at points where the Mg2Sn precipitates exist
draws the attention. It is clear that the Mg2Sn
phase is oxidized in signi�cant amounts. Another
result that can be extracted from the images of SEM
elemental mapping analysis is that the new mixing
technique used in this study is successful. Both Mg

and Sn elements exhibit a homogeneous distribution
throughout the microstructure. In the SEM images
taken at small magni�cation shown in Figure 3, the fact
that Mg2Sn precipitates formed as discrete particles at
all grain boundaries in the microstructure supports this
thought.

Given in Figure 5 are the density values of the
produced materials determined by the Archimedes
principle and the relative density values obtained by
dividing these density values by the theoretical densi-
ties calculated according to the rule of mixture. Along
with the increasing Sn ratio, the densities of the pro-
duced components also increased naturally. Average
density values according to the increasing Sn ratio were
measured as 1.803, 1.861, and 1.898 g.cm�3, which
are very close to the theoretical density values. The
average relative density values obtained by dividing
these values by the theoretical densities were 99.83%,
99.78%, and 98.9%, respectively. The SEM images
shown in Figure 3, which appear to have almost no
pores, also support these values. Turan et al. [55]
reported that a relative density rate of 99.76% was
reached in pure Mg parts, produced in the hot pressing
process. Mg alloys exhibit a broad solidi�cation range.
For this reason, these alloys are highly susceptible
to a range of casting errors, where porosity is also
important [22,23]. The fact that Mg-Sn alloys reached
relative density values very close to the theoretical
density by the hot pressing process both in the study of
Turan et al. [55] and in the present study shows that the
P/M is a promising production method for producing
Mg alloys. Although relative density values close to
the theoretical density were reached in all samples, it
was observed that, against the expectations, there was
a slight decrease in the obtained relative density values
with increasing Sn ratio.

The hardness values of the produced components
are given in Figure 6. It is seen that the increasing
Sn addition increases the obtained hardness values and
the highest hardness is reached in the sample with

Figure 5. Achieved density and relative density values of
the alloys produced.
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Figure 6. Hardness values of the alloys produced.

13% Sn. Moreover, Liu et al. [43] reported that the
hardness increased with the increasing Sn ratio. Turan
et al. reported that pure magnesium with a relative
density of 99.76%, produced by hot pressing, had an
average hardness value of 40.2 HV [55]. In the present
study, the sample hardness with 5% Sn is 58.8 HV(0:1),
which is 46.26% higher than pure Mg. Liu et al. [43]
calculated the hardness of the samples produced by
casting according to the formula HV(0:01)=50.77w0:17

(w is Sn content by weight in formula). According to
this calculation, they found the hardness of the sample
with 10% Sn produced by casting as approximately
75 HV(0:01). According to this formula, the hardness
of the sample with 13% Sn was calculated as 78.5
HV in the present study. However, the hardness
value determined experimentally was 73.3 HV(0:1) on
average. This obtained hardness value is 82.33% higher
than the hardness of pure Mg.

Figure 7 shows the average stress-strain curves
obtained from the tensile testing of the materials pro-
duced. Since the addition of Sn improves hardness, it
increases strength values, too. However, the elongation

Figure 7. Stress-strain curves obtained from the tensile
testing of the alloys produced.

values obtained with the increasing Sn ratio have also
increased. As a result of the tensile testing applied to
the samples produced by the casting method with the
addition of Sn between 1 � 10% by weight at varying
ratios, Liu et al. [43] found that both tensile strength
and ductility increased together until the addition of
Sn reached 5%. Unlike Liu et al., the Sn ratios above
5% also increased ductility in the present study. This
di�erence is attributed to the microstructure properties
that have been provided by the production methods,
used in the two studies. In the explanations about
the SEM elemental mapping analysis, Mg-Sn alloys
produced by the casting method have been reported
to be consisting of a continuous Mg2Sn �lm at grain
boundaries. Liu et al. [43] reported that the tendency
of the Mg2Sn phase to form a semi-continuous net-
work at grain boundaries increased with increasing Sn
content. These large intermetallic phases and semi-
continuous network morphology have been reported to
adversely a�ect strength and ductility by accelerating
crack formation and progression [43]. Since the Mg2Sn
phase in the present study formed as discrete particles
at the grain boundaries, it increased the ductility and
strength. Liu et al. [43] obtained tensile strengths
of about 120 MPa and elongation values close to 8%
at the materials to which they added 5% Sn. In the
present study, the average tensile strength value of
125.18 MP and an average elongation value of 5.63%
were obtained in the sample with 5% Sn. The average
tensile strength obtained with the increase of 13% of Sn
was 157.2 MPa and elongation was 9.68%. According
to the Hall-Petch rule, one e�ective way to increase
strength in materials is to reduce the grain size [56].
Based on the SEM analyses, it was revealed that the
average grain sizes obtained in the present study were
much smaller than the grain size of the cast Mg-Sn
alloys. It was thought that the di�erence between
the strength values found in the study by Liu et al.
[43] and the strength values present in the present
study resulted from the morphology of the precipitates
formed in the microstructure and the grain size. The
hardness, strength, and ductility values of Mg-Sn alloys
produced, as well as their comparison with literature
data, are given in Table 1. Some properties of pure
Mg and cast Mg-Sn alloys are approximate values
as they were taken from the graphs shown in the
references.

Figure 8 shows the SEM images taken of the
fracture surfaces of the samples after the tensile
testing. There is no porosity in the fracture surface
images as in the SEM images, shown in Figure 3.
Compared with the fracture surfaces, it is seen that
a more ductile fracture surface is obtained with the
increasing Sn ratio in accordance with the ductility
values determined by the tensile tests. In particular
cases of 9% and 13% Sn added to the samples, an
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Table 1. Mechanical properties of alloys produced by P/M and similar alloys produced by casting.

Material Hardness
(HV)

Yield
strength
(MPa)

Tensile
strength
(MPa)

Elongation
(%)

P/M Mg-5 wt.% Sn 58.8 53.42 125.18 5.63

P/M Mg-9 wt.% Sn 65.96 60.12 144.65 7.79

P/M Mg-13 wt.% Sn 73.3 75.81 157.2 9.68

Cast Mg (pure) 40 [43] 24 [58] 86 [58] 4.8 [58]

Cast Mg-5 wt.% Sn 66.74 [43] 30 [57] 120 [43] 7.8 [43]

Cast Mg-10 wt.% Sn 75.09 [43] { 95 [43] 3.3 [43]

Figure 8. SEM images taken of the fracture surfaces
after tensile testing.

abundant amount of dimple formation draws much
attention. Nevertheless, the breakage occurred from
inside the grains in all the components.

4. Conclusions

In this study, Mg-Sn alloys with di�erent Sn contents
were produced by the P/M method by a new mixing
technique to avoid the problems caused by high reac-
tivity of Mg. The following results were drawn from the
characterization of the microstructure and mechanical
properties of the alloys produced:

� The XRD analysis showed that the microstructure
was composed of �-Mg and Mg2Sn phases and,
with increasing Sn ratio, the intensity of �-Mg
peaks decreased and the intensity of Mg2Sn phase
peaks increased;

� The SEM examinations showed that microstructures
were composed of coaxial and �ner grains, compared
to the casting methods. The increasing Sn content
increased the volume fraction of the Mg2Sn phase,
thereby ensuring a �ner grain microstructure;

� Higher hardness values were obtained due to
the formation of more Mg2Sn precipitates with
increasing Sn content;

� As the Sn content increased, the volume ratio of
the Mg2Sn precipitates increased, and depending
on the re�ned grain size, the yield and tensile
strengths increased. Contrary to Mg-Sn alloys
produced by the casting method, the increase of
Sn content over 5% increased the ductility. This
condition is attributed to the morphology of the
resulting Mg2Sn phase. While the Mg2Sn phase
that was formed as a continuous and coarse network
at the grain boundaries decreased the strength
and ductility as the Sn ratio increased in the parts
produced by casting, in the present study, strength
and ductility increased together due to the discrete
Mg2Sn precipitates with a blocky morphology
formed at grain boundaries due to P/M;
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� So far, P/M has been considered to be a di�cult
method for the production of Mg and its alloy
parts because of the high reactivity of Mg powders,
although it o�ers many advantages such as the
microstructure consisting of �ne and coaxial grains,
superior mechanical properties, and the ability
to increase the exibility of the alloy system
in comparison to the casting techniques. The
mixing technique applied in the present study
provided di�culties and problems, caused by the
high reactivity of Mg powders to be avoided.
The results obtained from the characterization of
microstructure and mechanical properties showed
that the mixing technique was successful. Given the
superior properties of the produced components,
it can be concluded that P/M is a promising
method for the production of Mg alloys with similar
innovations or modi�cations to the current work.
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