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Abstract: Mg-Zn-Y alloys with long-period stacking ordered structures (LPSO) have attracted
attention due to their excellent mechanical properties. In addition to the LPSO structure, Mg alloys
can also be strengthened by oxide particles. In the present study, oxide dispersion strengthened
Mg97Zn1Y2 (at%) alloys were prepared by equal channel angular pressing (ECAP) of mechanical
alloyed (MA) powder under an oxygen gas atmosphere. The 20-h-MA powder had a particle size of
28 µm and a crystallite size of 36 nm. During the MA process followed by ECAP, an Mg matrix with
dispersed Y2O3 (and MgO) particles was formed. The alloy processed by ECAP exhibited a hardness
of 110 HV and a compressive strength of 185 MPa. Compared to pure Mg, the increased hardness
was due to the dispersion strengthening of Y2O3 and MgO particles and solution strengthening of Zn
and Y.

Keywords: powder metallurgy; mechanical alloying; equal channel angular pressing;
dispersion strengthening

1. Introduction

Research into light-weight materials is essential to improve fuel efficiency and achieve the goal
of energy saving. As one of the most important light-weight structural materials in automotive,
aerospace and biomaterial industries, magnesium alloys have drawn much attention because of its high
specific strength to weight ratio and recyclability [1–4]. However, the conventional AZ (Mg-Al-Zn)
and AM (Mg-Al-Mn) series of Mg alloys will not meet the expanded requirements for load-bearing
components [5]. As a result, it is necessary to develop high-performance Mg alloys that will satisfy the
extended industrial applications. In recent years, studies have shown that WZ (Mg-Zn-Y) series Mg
alloy, which has a long period stacking ordered (LPSO) phase, can improve the mechanical properties
of the Mg alloys. As for the fabrication of WZ series alloys, it can be performed by applying the powder
metallurgy (P/M) route, which combines powder preparation and consolidation of powders. Mg alloy
powders can be produced by rapid solidification such as melt spinning and gas atomization while the
consolidation of the alloy powders can be performed by severe plastic deformation (SPD) including hot
extrusion and high-pressure torsion (HPT) [6]. Mg97Zn1Y2 (at%) alloys were fabricated by a rapidly
solidified powder metallurgy (RS/PM) method [7,8]. The bulk alloy prepared by warm extrusion of
gas-atomized Mg97Zn1Y2 powders exhibited an interesting tensile strength of 610 MPa and modest
elongation of 5% in comparison to those of AZ and ZK series Mg alloys prepared by casting. The high
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strength was attributed to the presence of the LPSO phase as well as the fine Mg matrix with a grain
size of 100–200 nm.

Enhancement of the strength of Mg alloys was also achieved by oxide-dispersion strengthening.
Lee et al. reported the compaction of pure Mg powders using equal channel angular pressing (ECAP) [9].
It was observed that MgO was formed during the consolidation process. The sample after four passes
of ECAP at 300 ◦C showed the highest ultimate compressive strength of 193 MPa. The enhanced
strength was the result of fine and uniformly-distributed MgO particles. Inspired by the formation of
oxide during the compaction process, simultaneous compaction of Mg alloys and oxide dispersion
processes was proposed in the present study although the source of oxygen might be from an oxygen
gas in the reaction chamber rather than from the oxidizer in the starting materials for an internal
oxidation process [10–12]. By introducing oxygen during the compaction process and using an alloying
element with a higher oxygen affinity than that of Mg, oxide particles could be formed. The key to
the successful internal oxidation of Mg-based alloys is the distribution of oxide. If the oxide could be
distributed uniformly in the Mg-matrix rather than agglomerated at the grain boundary region after
the compaction, the mechanical property could be enhanced by dispersion strengthening [13].

In addition to direct extrusion of P/M powders, the bulk alloy can be produced by equal channel
angular pressing (ECAP) of mechanically-alloyed (MA) powders. Mechanical alloying is a solid-state
powder processing technique, in which the welding, fracturing and rewelding of powders are repeated
in a ball mill machine to synthesize an alloy [14]. Through the MA process, powders containing
super-saturated solid solution, non-equilibrium phase, as well as ultrafine or even monocrystalline
grain have been obtained. Zhou et al. synthesized nanocrystalline AZ31-Ti composite by cold pressing
of MA powder [15]. After milling for 110 h, a nanocrystalline Mg matrix with a crystallite size of 66
nm was formed. The as-milled AZ31 Mg alloy containing 27 wt% Ti had a hardness of 147 HV, which
was three times higher than that of the as-cast AZ31 Mg alloy. Fabrication of Mg97Zn1Y2 alloy powder
by mechanical alloying of pure Mg, Zn and Y was reported [16]. It was found that peaks of Y and Zn
disappeared after milling for 1 h and peaks belonged to Mg24Y5 were identified after 5 h of milling.
The crystallite size of the Mg phase was 27 nm. The LPSO phase or oxide phase was not formed after
mechanical alloying. The consolidation of the synthesized powder was not reported.

Equal channel angular pressing, one of the severe plastic deformation (SPD) process, was originally
developed to prepare bulk alloys with ultrafine structures. In the initial design, the bulk ingot was
used as a starring material. In order to obtain nanometer grains, it has been suggested that powders
should be used as starting materials. Thus, ECAP processing for the powder was developed. Bulk
alloy or composites have been prepared by consolidating alloy or ceramic reinforced metal matrix
composite powders using ECAP [17–21]. It has been demonstrated that bulk Cu material having a
grain size of less than 100 nm could be prepared by ECAP [22].

In our previous works, Mg97Zn1Y2 alloys have been fabricated by stir-casting [23] and by ECAP
of mechanically-milled powder (as-cast alloy powder was used as the starting material) under an
argon atmosphere [24]. The results showed that the phases existing in the alloy strongly depended
on the processing method. Mg97Zn1Y2 alloy prepared by casting contained α-Mg and Mg12Zn1Y1

(LPSO phase) while α-Mg and Mg24Y5 were formed in the alloy prepared by combination of ECAP
and mechanical milling. Literature reviews revealed that no prior attempts have been made to study
oxide dispersion in Mg-Zn-Y alloy during the ECAP process. It would be interesting to fabricate bulk
Mg-Zn-Y alloy by ECAP of mechanically alloyed powder under an oxygen atmosphere. Accordingly,
a simultaneous compaction of the Mg alloy and oxide dispersion process was proposed. The aim of
the present study was to fabricate bulk Mg97Zn1Y2 alloy by ECAP of as-alloyed powders under an
oxygen gas atmosphere and to provide early insight into the properties of the compacted bulk alloy. In
the present study, elemental Mg, Zn, and Y powders were used as starting materials for mechanical
alloying. Microstructure and mechanical properties of the bulk alloy prepared by ECAP of as-alloyed
powders were studied to investigate the effect of the ECAP route and pass number on the compaction
of powders.
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2. Materials and Methods

Elemental Mg (99.9%, <45 µm), Zn (99.9%, <150 µm) and Y (99.6%, <380 µm) powders were
used as starting materials for preparing Mg97Zn1Y2 (at%) alloy powder by the mechanical alloying
(MA) process. The stoichiometric ratio of Mg, Zn and Y powder was 97: 1: 2. The powder mixture
was milled for 30 h under argon (99.999%) in a planetary ball mill (RETSCH PM100 RETSCH, Haan,
Germany). A rotation speed of 250 rpm and a ball-to-powder ratio of 20 were used. To minimize
oxidation of the powder, all of the powder handling was performed inside a glove box (homemade)
with an argon atmosphere.

For the equal channel angular pressing (ECAP) process, as-milled powders were filled inside a
copper tube and compacted by mechanical force, and sealed with a copper cup under an argon-oxygen
gas mixture. The sealed tubes were then processed by ECAP at 300 ◦C. The deformation routes that can
be applied in an ECAP process are summarized in Table 1. In the present study, two types of pressing
routes including route Bc and route C were selected to investigate the effects of deformation route
on microstructure and mechanical properties of the compacted samples. Details of the experimental
parameters for the ECAP process can be found elsewhere [24]. The samples were labeled according to
their processing route and number of passes. The samples pressed with one pass, two and four pass
using route Bc or C were labeled as 1pass, Bc2, Bc4, C2 and C4, respectively.

Table 1. Four basic routes that can be applied in a ECAP process.

Route Process

A The sample is not rotated.

BA
Rotating the sample around its longitudinal axis by 90◦ clockwise and

counterclockwise alternatively
Bc Rotating the sample around its longitudinal axis after each pass by 90◦ clockwise
C Rotating the sample around its longitudinal axis after each pass by 180◦ clockwise

After the ECAP process, the surrounding Cu tube was removed and density measurements of the
compacted samples were performed. The actual density of the sample (ρa) was measured using the
Archimedes method, while the theoretical density (ρt) was estimated using the rule of mixture. The
porosity (Φ) of the sample was estimated using the following equation [25]:

Φ = 1 − ρa/ρz. (1)

A compression test was performed at room temperature using a universal material testing machine
MTS810 (MTS, Eden Prairie, MN, USA). Samples with a size of 7.5 mm × 5 mm × 5 mm were tested
under a strain rate of 10−3/s. Nickel anti-seize paste was used as a lubricant between the sample surface
and anvil. Vickers microhardness tests were performed using Akashi MVK-H1(Mitutoyo, Kawasaki,
Japan) microhardness tester. The load and the dwell time were 100 g and 15 s, respectively.

Microstructural characterization was conducted with an optical microscope (OM, OLYMPUS,
Tokyo, Japan) and a field-emission scanning electron microscope (FE-SEM) (JEOL JSM-6500F, JEOL,
Tokyo, Japan) equipped with energy dispersive spectroscopy (EDS, Oxford Instrument, Abingdon,
UK). The particle size distribution of the as-milled powders was measured by a laser particle size
analyzer (Malvern Mastersizer 2000, Malvern Panalytical, Malvern, UK). Phase analysis was performed
by X-ray diffraction (XRD) (D2 PHASER, Bruker, Madison, WI, USA) using Cu Kα radiation. The
scan range was from 20◦ to 90◦ and the data were collected with a step size of 0.02◦ and time of 0.5 s.
The crystallite size of Mg was calculated from the broadening of the respective XRD peaks. Since the
peak broadening is influenced by the crystallite size and microstrain, it is necessary to separate these
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two contributions. The separation of crystallite size and strain was obtained from Cauchy/Gaussian
approximation using the following equation [26]:

δ2(2θ)/tan2 θ = (kλ/L)(δ(2θ)/tan θ·sin θ) + 16e2 (2)

δ(2θ) = B(1 − b2/B2) (3)

where L is the mean crystallite size, k is constant (~1) and e is microstrain. λ is the wavelength and θ is
the position of the analyzed peak maximum. The term δ(2θ) is used to correct instrumental broadening.
B and b are the breadths of the XRD peaks of the sample and the reference, respectively.

3. Results and Discussion

3.1. Microstructural Characterization

3.1.1. Mechanically-Alloyed Mg-Zn-Y Powders

SEM micrographs of Mg97Zn1Y2 powders after mechanical alloying for 1, 10, 20 and 30 h are
shown in Figure 1. As shown in the figure, the particle size of the powder decreased continuously
when the milling time increased from 1 h to 20 h. After 20 h of milling, an increase of particle size
was observed due to the agglomeration between powder particles. The same trend of the evolution of
particle size was also obtained by measurement using a particle size analyzer (Figure 2). The particle
size of the milled powder decreased from 100 µm to 28 µm when the milling time increased from 1 h
to 20 h and then increased to 50 µm when the milling time reached 30 h. XRD-calculated crystallite
sizes of Mg decreased from 59 nm to 36 nm when the milling time increased from 1 h to 20 h and then
remained almost unchanged when the milling time reached 30 h. The evolution of particle size and
crystallite size implied that fracturing and welding of the powders in the milling process had reached
equilibrium after milling for 20 h. Thus, the 20-h-milled powder was selected for further compacting
by the ECAP process.

XRD analysis was performed to investigate phase evolution during the mechanical alloying
process. As shown in Figure 3a, intensities of Mg peaks decreased and became broad with the increase
of milling time, indicating the refinement of the crystallite size of the Mg phase. In addition, Mg peaks
gradually shifted to a higher diffraction angle. This indicated the lattice parameters of Mg decreased
with the increase of milling time, which was confirmed by the calculated lattice parameters of Mg
in the MA specimens (Table 2). The dissolution of Zn in Mg will increase the lattice parameters of
Mg, while the dissolution of Y will do the opposite. The intensity of the Zn peak decreased as milling
time increased, and the Zn peak disappeared after milling for 20 h. In contrast, the Y peak was still
observed after milling for 20 h. The results of the XRD analysis indicated that most of Zn dissolved
in Mg and only a small portion of Y dissolved after milling for 20 h. The dissolution of Zn was the
main factor that resulted in a decrease of the lattice parameters of Mg. The formation of Y2O3 was
observed after milling for 1 h. After milling for 20 h, peaks belonged to α-Mg, Y and Y2O3 phases were
observed. No Mg-Zn-Y, Mg-Y or Mg-Zn intermetallic phases were detected after milling for 20 h. In
contrast to the formation of Mg24Y5 after milling of a mixture of Mg, Zn and Y powder for 5 h in a
SPEX mill, which was reported by Koch et al. [16], no Mg-Y intermetallic phases were synthesized in
the milled powder in the present work. This was due to the reason that the planetary mill used in the
present study had lower mechanical energy than that of the SPEX mill.
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Figure 3. XRD patterns of (a) Mg97Zn1Y2 alloy after milling for 1 h, 10 h, and 20 h; (b) pattern taken
from 36◦ to 37◦ showing shifting of (101) Mg peak.

Table 2. Particle size, XRD-calculated crystallite size, lattice parameters and unit cell volume of Mg,
porosity, and a fraction of oxide in the MA powders after different processing time.

Milling Time
(h)

Particle Size
(µm)

Crystallite
Size (nm)

Lattice
Parameter, a

(nm)

Lattice
Parameter, c

(nm)

Unit Cell
Volume

(10−2·nm3)

1 100 59 0.3217 0.5223 4.6811
10 86 47 0.3211 0.5212 4.6528
20 29 36 0.3208 0.5208 4.6430
30 50 32 0.3208 0.5207 4.6417

3.1.2. Mg-Zn-Y Powders Consolidated by ECAP

XRD patterns of Mg97Zn1Y2 powders after compacting with ECAP route Bc or C for one, two and
four passes at 300 ◦C are shown in Figure 4. The pattern of 20-h-milled powder was also included for
comparison. After one pass, strong Mg peaks were still observed. The Y peak, which was found in the
20-h-milled sample, disappeared and the intensity of the Y2O3 peak increased, indicating the oxidation
of retained Y during the ECAP process. The formation of MgO was also observed after one pass. No
shifting of Mg peaks was observed, implying the retained Y did not dissolve in Mg but oxidized to
form Y2O3 during the ECAP process. A further increase in the number of passes or changing ECAP
route to route C did not alter the phases presented in the compacted Mg97Zn1Y2 samples. No phase
transformation occurred when the samples underwent four passes. All of the samples compacted
by ECAP route Bc or C contained α-Mg, Y2O3 and MgO phase. In the present work, the number of
passes and route had no effect on the formation of phases in the consolidated bulk samples. There
was no formation of binary Mg-Y and Mg-Zn or ternary Mg-Zn-Y phases after ECAP. During the MA
process, part of the Y in the powder oxidized and formed Y2O3. In the following ECAP process, the
retained Y reacted with oxygen and the formation of Y2O3 was completed. The results showed that an
Mg alloy with dispersed Y2O3 particles was successfully synthesized during MA and the followed
ECAP process.



Metals 2020, 10, 679 7 of 13
Metals 2020, 10, x 8 of 13 

 

 245 
Figure 4. XRD patterns of powder after compacting by ECAP route C and Bc for one, two and four 246 
pass. The pattern of the 20-h-milled sample is also included for comparison. 247 
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Crystallite size of Mg increased from 36 nm in the 20-h-milled sample to 77 nm in the sample
after one pass of ECAP route Bc and decreased to 64 nm when the number of passes increased to four.
The observation that crystallite growth after one pass of ECAP at 300 ◦C and refinement after four
passes agreed with the reported results that the ECAP process was able to refine the grain size when
the number of passes increased [27]. The refinement of crystallite size was not observed in the samples
processed with ECAP route C. The refinement seemed to be impeded by the oxide layer in the outer
region of the sample.

Microstructures of the Mg97Zn1Y2 powder samples consolidated by ECAP route Bc are shown in
Figure 5. The one-pass sample consisted of three zones. EDS analysis results indicated that matrix
(zone 1) was an Mg-rich phase (99.75 at% Mg, 0.24 at% Zn and 0.01 at% Y). In comparison to the
matrix, dispersed particle (zone 2) was richer in Y and O (42.07 at% Mg, 31.12 at% Y and 26.81 at% O).
A grey layer presented on the particle surfaces (zone 3) was an Mg-rich and O-rich phase (64.08 at%
Mg and 35.93 at% O). Combining the results from the XRD and EDS analyses, it was concluded that the
one-pass sample consisted of α-Mg (a solid solution containing a small amount of Zn and Y), dispersed
Y2O3 particles and an MgO layer presented on the particle surfaces. After two passes, particles richer
in Mg and O were identified in the Mg-matrix, indicating the oxide layer on the particle surface had
been broken into particles. ECAP effectively broke down the MgO layer into small particles during the
process. Compared to the two-pass sample, the composition of these three zones remained almost
unchanged after four passes. This indicated that no phase transformation occurred after four passes.
Porosities were also observed. The porosity of the one-pass, two-pass and four-pass samples was 9.7%,
7.6%, and 4.3%, respectively. The powder could be compacted more densely by the Bc route with the
increasing number of passes.
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Figure 5. SEM micrograph of powder after compacting by ECAP route Bc for (a) one pass, (b) two
passes and (c) four passes.

Figure 6a,b shows the microstructures of the powder samples pressed by route C for two and four
passes, respectively. Similar to the powder compacted by route Bc, the samples pressed by route C
also contained α-Mg, MgO and Y2O3 phases. However, the distribution of MgO was different in the
inner and outer region in samples processed by route C. For the samples pressed by route C, MgO
presented as dispersed particles in the α-Mg matrix in the inner portion of the sample (Figure 6a,b),
while MgO was shown as a layer between Mg particles in the outer portion of the sample (Figure 6c).
A clear boundary between the inner and outer zone could be observed (Figure 6d). The particles in the
inner zone were compacted more effectively than those in the outer zone since the oxide layer has been
broken into particles. The sample compacted by route C for four passes had a porosity of 8.1% while
the sample compacted by route Bc for four passes had a porosity of 4.3%. The porosity of the sample
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pressed by route C was higher than that of the sample compacted by route Bc. No binary Mg-Zn, Mg-Y
or ternary Mg-Zn-Y phases have been formed after the ECAP process.Metals 2020, 10, x 10 of 13 
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four passes; (c) outer zone of powder compacted by ECAP route C and (d) interface for interior and
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Shearing characteristics in an ECAP process can be discussed with shear patterns in three
orthogonal planes of observation. The plane X was the mutually orthogonal plane of sectioning lying
perpendicular to the longitudinal axis of the sample, while planes Y and Z were planes parallel either
to the side faces or to the top face of the sample at the point of exit from the die, respectively [28].
Samples pressed using route C had deformation in the X and Y planes but no deformation in the Z
plane. Samples compacted by route Bc had continuous deformation in three planes. Moreover, the
strain path got reversed in the successive passes, enabling the easy formation of shear bands [29].
Thus, the samples pressed by route Bc had a higher compacting efficiency and lower porosity. The
nonuniform distribution of shear force in the Z plane resulted in different morphology of MgO in the
inner and outer region in the sample pressed by ECAP route C.

The fraction of oxide in the compacted samples was between 12.1% and 13.2% (Table 3), indicating
the number of passes and type of route had no effect on the fraction of oxide. Most of the oxidation
was completed after one pass of ECAP. No refinement of the crystallite size of Mg was observed in the
present work. The porosity of the sample compacted by route Bc decreased from 9.7% after one pass to
4.3% after four passes (Table 3).

Table 3. XRD-calculated crystallite size of Mg, porosity and fraction of oxide in the ECAPed samples.

Route and Pass Crystallite Size (nm) Porosity (%) Fraction of Oxide (%)

1 Pass 77 9.7 12.4
Bc 2 67 7.6 13.2
Bc 4 64 4.3 12.0
C2 73 9.2 12.1
C4 73 8.1 13.4
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In the present work, the synthesis of Y2O3 reinforced Mg alloys during the MA and the subsequent
ECAP process was achieved. The possible oxidation reactions and calculated Gibbs free energy of the
reactions in a system with Mg, Y and O were as follows [30]:

2Mg + O2→ 2MgO, ∆G = −1347 kJ/mol (4)

4Y + 3O2→ 2Y2O3, ∆G = −4279 kJ/mol (5)

2Y + 3MgO→ 3Mg + Y2O3, ∆G = −99 kJ/mol. (6)

According to Reactions (4) and (5), the formation motivation of Y2O3 was quite higher than that
of MgO. Thus, the oxidation of Y in the Mg matrix was possible during the MA and the subsequent
ECAP process. It was also possible that Y2O3 formed via Reaction (6) during the process.

3.2. Mechanical Properties

Table 4 lists Vickers microhardness of Mg97Zn1Y2 powder compacted by ECAP route Bc or C at
300 ◦C. The Vickers hardness was in the range of 100 to 110 Hv. The type of route and number of
passes did not show a strong effect on the hardness of compacted samples. Pure Mg powder after
compacting at 300 ◦C by ECAP using route Bc for four times exhibited a hardness of 49 Hv [9]. As-cast
Mg97Zn1Y2 had a hardness of ~80 Hv [24]. As shown in Table 4, hardness values of the Mg97Zn1Y2

powders compacted by ECAP at the present work were higher than those of compacted Mg powder
and as-cast Mg97Zn1Y2 ingot. The increase of hardness was due to the solid solution of Zn and Y, and
the dispersion of oxides; the latter was the dominant factor.

Table 4. Vickers hardness, compressive strength and failure strain of ECAPed samples.

Route and Pass Hardness (HV) Compressive Strength (MPa) Failure Strain (%)

1 Pass 101 67 8
Bc 2 101 90 3
Bc 4 110 185 4
C2 103 60 6
C4 100 44 1

The results of compressive tests for Mg97Zn1Y2 compacted by ECAP route Bc and C for one, two,
and four passes at 300 ◦C are summarized in Table 4. After one pass, the ultimate compressive strength
(UCS) of the compacted sample reached 67 MPa and failure strain was 8%. After two passes of route
Bc, UCS increased to 90 MPa, and failure strain decreased to 3%. A further increase in the pass number
to four passes resulted in an increase in UCS (185 MPa). In contrast, UCS and failure strain of the
sample after two passes of route C remained close to those of the one-pass sample. Moreover, those
values even decreased after four passes of route C. UCS of the four-pass sample was lower than that of
the pure Mg sample (190 MPa).

The strength of the compacted samples could be affected by the grain size of the matrix, particle
size and fraction of dispersed phase, and porosity. In the present study, the fraction and size of the
oxide phase remained almost unchanged for the compacted samples produced by ECAP routes C and
Bc for one, two and four passes (Table 3). Therefore, they were not the dominant factors affecting the
mechanical properties of the compacted samples. The XRD-calculated crystallite size and porosity
decreased with the increasing number of passes in samples processed with route Bc. However, they
remained almost the same in samples processed with route C. The sample pressed with route Bc for
four passes possessed both of the finest crystallite size and the lowest porosity. Thus, the UCS of the
sample after four ECAP passes with route Bc was enhanced but the failure strain was sacrificed as
compared to the one-pass sample. Moreover, the distribution of the oxide (MgO) layer at the outer
region of samples processed with route C also resulted in a lower UCS than those of samples compacted
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with route Bc. Unlike the dispersed oxide particles in the inner portion of the sample, these oxide
layers lowered the bonding of the powders.

Compared to the UCS of compacted Mg samples reported by Lee et al. using the same ECAP
parameters [9], the UCS of the samples in the present work was not enhanced even with the dispersion
of Y2O3. This was due to the higher amount of porosity in the present work (4.3% in the present work
in comparison to 1.6% in the pure Mg sample [9]). However, the hardness value was higher than that
of the pure Mg sample. The reason was that Vickers hardness was measured in a small area with a
minimal effect of porosity. On the other hand, the results obtained from the compression test were
affected strongly by the presence of porosity.

Feasibility of simultaneous synthesis of dispersed Y2O3 particles and compaction of Mg alloy
powders during MA and followed ECAP process was confirmed in the present study. However, the
processing parameters needed to be optimized to improve the mechanical properties of the compacted
Mg alloy samples in future work. Mallick et al. studied the deformation behavior of Mg-2vol.%Y2O3

nanocomposite [31]. The composite was fabricated using the powder metallurgy (PM) method,
including powder blending of pure Mg and Y2O3 powder (particle size of 30–50 nm), cold compaction,
sintering and hot extrusion. The extruded sample had a strength of 291 MPa, which was higher than
ours. In addition to decreasing the high porosity, the particle size of Y2O3 should be reduced and the
fraction of Y2O3 needs to be optimized to improve the strength of the compacted samples.

4. Conclusions

In the present study, a bulk Mg97Zn1Y2 alloy reinforced by Y2O3 particles was prepared by
simultaneous synthesizing Y2O3 particles and compacting mechanically-alloyed powders using equal
channel angular pressing. The main conclusions can be summarized as follows:

1. The Mg97Zn1Y2 alloy powder after mechanical alloying for 20 h consisted of α-Mg, Y and Y2O3

phases. The ECAP-compacted bulk alloy contained the α-Mg matrix, uniformly dispersed Y2O3

and MgO phase.
2. The powder compacted with ECAP route Bc for four passes exhibited a hardness of 110 HV and

an ultimate compressive strength of 185 MPa. The hardness was higher than those of as-cast
Mg97Zn1Y2 alloy and compacted Mg; however, the UCS was lower.

3. The improved hardness observed in the ECAP-compacted alloy was mainly attributed to the
dispersion hardening of Y2O3 particles. The decrease in ultimate compressive strength was due
to the higher amount of porosity in the ECAP-compacted alloy.
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