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Abstract: In order to study the effects of Nd addition on microstructure and mechanical properties of Mg—Gd—Zn—Zr alloys, the microstruc-
ture and mechanical properties of the as-cast Mg—12Gd-2Zn—xNd—0.4Zr (x = 0, 0.5wt%, and 1wt%) alloys were investigated by using optical
microscope, scanning electron microscope, X-ray diffractometer, nano indentation tester, microhardness tester, and tensile testing machine. The
results show that the microstructures mainly consist of a-Mg matrix, eutectic phase, and stacking faults. The addition of Nd plays a significant
role in grain refinement and uniform microstructure. The tensile yield strength and microhardness increase but the compression yield strength
decreases with increasing Nd addition, leading to weakening tension —compression yield asymmetry in reverse of the Mg—12Gd—2Zn—
xNd—0.4Zr alloys. The highest ultimate tensile strength (194 MPa) and ultimate compression strength (397 MPa) are obtained with 1wt% Nd

addition of the alloy.
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1. Introduction

Magnesium (Mg) alloys have shown more and more po-
tentials in aerospace, transportation, and other fields because
of their high specific strength, high specific stiffness, and low
density that can help to achieve lightweight [1-2]. However,
in the actual service process, Mg alloys still have some prob-
lems, such as poor plasticity and low absolute yield strength
[3]. Therefore, in recent years, many researchers have de-
voted to optimizing mechanical properties of Mg alloys. At
present, the main methods to improve the mechanical proper-
ties of cast Mg alloys are alloying [4-5], deformation, and
heat treatment [6—S8].

Rare earth (RE) elements are favorable alloying elements
in Mg alloys which are beneficial to mechanical properties.
Y, Gd, and Nd are the common RE elements added in Mg
alloys [9-11]. The added RE elements can play a role in
strengthening and toughening the alloys due to the solid solu-
tion, precipitation, and grain refinement [10-11]. Some
Mg—RE-Zn/Ni/Cu [12-17] alloys have long period stacking
ordered (LPSO) and/or stacking faults (SFs) structures,
which show strong anisotropy, act as strong obstacles against
the motion of basal slip, and can even turn the basal slip into
kind, and hence further improve the mechanical properties of
the Mg alloys [18-19]. Previous studies have proved that
Mg—Gd—Zn series alloys exhibit good mechanical properties
because of the formation of LPSO structures [20-21] or SFs
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[22]. SFs have been found in deformed Mg—Er—Zn [23] al-
loys and Mg-Ho—Zn [24] alloys and they are beneficial to
improving mechanical properties by restricting dislocations
movement [22]. The maximal solid solubility of Gd in Mg is
23.5wt% [25]. GZ51K, GZ61K, and other alloys with low
Gd content have relatively low mechanical properties
[11,26], so high Gd concentration should be added into the
Mg alloys to obtain significant strengthening effect. The
maximal solid solubility of Nd in Mg is 3.6wt% [27], and a
small amount of Nd element could have a remarkable
strengthening effect. LPSO structure could be commonly
formed, but SFs could be rarely found in as-cast Mg—Gd—Zn
series alloys [28-29]. It is well known that SFs play a de-
terminative role in the formation of LPSO structure. LPSO
may nucleate directly through SFs and the lower SF energy is
conducive to the formation of LPSO [30].

Mg alloys have limited slip systems and poor formability
at room temperature because of the hexagonal close-packed
(HCP) crystal structure. The conventional rolled Mg alloys
exhibit poor deformation capacity and strong anisotropy.
Therefore, the tensile yield strength (TYS) of the alloys may
differ greatly from the compression yield strength (CYS)
which is called tension—compression yield asymmetry. Ten-
sion—compression yield asymmetry often occurs in de-
formed Mg alloys [31-32], but sometimes it also generates in
as-cast Mg alloys [33]. When the ratio of CYS/TYS is less
than 1, the Mg alloys show tension—compression yield asym-
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metry. When the ratio is greater than 1, the tension—compres-
sion yield asymmetry in reverse occurs in Mg alloys [34].
The obvious tension—compression yield asymmetry is not
good for the mechanical properties of the alloys. When the
alloy is subjected to the cyclic stress during service, TY'S and
CYS of the alloy are required to be as close as possible to en-
sure the stability and safety of the workpiece. Weakening the
tension—compression yield asymmetry of Mg alloys has an
important effect on the deformation processing of the alloy.
The common methods of reducing the tension—compression
yield asymmetry of Mg alloys are grain refinement, heat
treatment, and alloying [34]. For example, adding elements
such as Ho or Zn [24] to Mg alloys can reduce the tension—
compression yield asymmetry of the alloys by refining grains
and forming SFs.

A few studies have shown that adding a small amount of
Nd into Mg—RE alloy can optimize the mechanical proper-
ties [35-36]. Therefore, Mg—12Gd-2Zn—0.4Zr alloy was se-
lected as the aim alloy in this work, and minor Nd was added
into the alloy to study the effects of Nd on the microstructure
and mechanical properties of the alloys.

2. Experimental

The nominal Mg—-12Gd-2Zn—xNd-0.4Zr alloys (x = 0,
0.5wt%, and 1wt%, denoted as Alloy 1, Alloy 2, and Alloy 3,
respectively) were prepared by traditional gravity casting
with the raw materials of highly pure Mg (99.99%), Zn
(99.99%), and Mg-30wt%Gd, Mg-30wt%Zr, and Mg-
30wt%Nd master alloys in an electric resistance furnace.
Pure Mg was melted in the steel crucible under a mixed pro-
tective atmosphere of CO, and SF4 with the volume ratio of
19:1. Mg-30wt%Gd, Mg—30wt%Nd (only for Alloys 2 and
3), pure Zn, and Mg—-30wt%Zr were successively added into
molten Mg at 760°C. The melt was stirred for 5 min to ho-
mogenize, stabilized for 20 min, and then poured into pre-
heated mold at 720°C. Finally, the ingots were cooled by water.

The microstructures of the as-cast alloys were observed
using an optical microscope (OM, OLYMPLUS GX51), a
scanning electron microscope (SEM, JSM-6360LV)
equipped with an energy dispersive spectrometer (EDS,
GENESIS 2000XM60), and a transmission electron micro-
scope (TEM, FEI Tecnai G2 F20). Thin foil with thickness of
~80 pm was punched to discs with diameter of 3 mm, and
then the discs were polished by twin-jet electropolishing
device (Struers TenuPol-5) with 50 V at —45°C, finally, they
were ion thinned for TEM observation. The volume fraction
of eutectic phase and grain size were measured by Image-
Pro-Plus 6.0 software. The phases of the alloys were ana-
lyzed by using an X-ray diffraction (XRD, Rigaku Ultima-
IV) with Cu target. The operating voltage was 40 kV and the
scanning angle ranged from 20° to 80° with a scanning speed
of 6°/min.

Tensile and compression properties of the alloys were
evaluated with an electronic material testing machine
(Zwick/Roell Z030TH) at room temperature. The gauge

length, width, and thickness of the sheet tensile specimen are
15 mm, 3.5 mm, and 1.8 mm respectively. The size of the
compression sample is $8 mm x 12 mm. To exhibit better re-
producibility, three samples were tested with the tensile and
compression speed of 1 mm/min. The fracture morphologies
were observed by SEM. Nanohardness of the phases were
tested by the nanoindentation tester (Agilent G200) at room
temperature with Berkovich-type diamond indenter. The ap-
plied load, the rate of increasing load, and the dwell time
were 25 mN, 5 mN/s, and 10 s, respectively, and the unload-
ing rate is 100%. At least 10 points were conducted for each
phase in the alloys and then took an average value. Micro-
hardness of the a-Mg matrix was tested by Vickers hardness
tester (FM-700). The loading was 4.9 N and the dwell time
was 15 s. 10 points were measured for each sample to obtain
average data.

3. Results and discussion
3.1. Microstructures and phases

Fig. 1 shows the microstructures of the as-cast Mg—12Gd-—
27Zn—xNd-0.4Zr alloys. They are mainly composed of a-Mg
matrix, eutectic phase, and lamellar structures distributed at
the matrix grains. The eutectic phase has a discontinuous
mesh distribution along the grain boundaries. Some studies
have shown that the addition of Nd in Mg alloys can refine
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Fig. 1. Optical micrographs of the as-cast alloys: (a) Alloy 1;
(b) Alloy 2; (c) Alloy 3.
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and uniform the microstructures [36-37]. The volume frac-
tions of eutectic phases of Alloys 1, 2, and 3 are 5.7%, 11.1%
and 14.3%, respectively. Compared with Fig. 1(a), it is clear
that the as-cast Mg—12Gd-2Zn—0.5Nd-0.4Zr and Mg—12Gd—
27n—1.0Nd—0.4Zr alloys show much finer and more uniform
microstructures with the addition of Nd, as shown in Fig. 1(b)
and (c). In addition, the morphologies of the eutectic phase
do not change significantly, but its volume fraction increases
slightly.

SEM images of the as-cast alloys and SFs are shown in
Fig. 2. Table 1 shows the compositions of the a-Mg matrix
(A1, Bl, and C1), eutectic phase (A2, B2, and C2), and
lamellar structure (A3, B3, and C3) in Fig. 2, which were
analyzed by EDS, and the XRD patterns of the as-cast alloys
are shown in Fig. 3. It can be seen from Fig. 2 that the eutect-
ic phase is composed of a-Mg and 3 phases in alternating dis-
tribution, showing a fishbone shape. The gray lamellar struc-
tures are mostly distributed at the outer edge of the matrix
grains, suggesting the formation of LPSO or SFs structures,
as elliptically marked in Fig. 2(a), (c), and (e). The higher
magnification SEM images shown in Fig. 2(b), (d) and (f)
show clear lamellar structures at the outer edges of matrix
grains near the eutectic phase. From the results of the EDS,
Gd and Zn are mostly distributed in the eutectic phase of the
alloys which is the same as the result in other Mg—RE alloys
[38]. The contents of Gd and Zn in the lamellar area are less
than those in the eutectic phase but higher as compared to
those in the matrix. With the addition of Nd, the content of
Gd in lamellar structures has an upward trend while the con-
tents of Gd and Zn in the 0-Mg matrix and eutectic phase
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have no significant changes. According to the results of XRD
in Fig. 3, the B phase in the alloys is (Mg,Zn);Gd, and lamel-
lar structures have no obvious diffraction peaks. It was repor-
ted that Nd mainly existed as MgZnNd in the Mg—Zn alloys
[39]. However, the Mg alloys in this study do not appear ob-
vious diffraction peaks of MgZnNd or other Nd-containing
phases in the XRD results due to minor addition of Nd.

Fig. 2. SEM images of the as-cast alloys (left) and their lamel-
lar structure (right): (a, b) Alloy 1; (c, d) Alloy 2; (e, ) Alloy 3.

Table 1. Chemical compositions of the marked areas in Fig. 2 wt%/at%

Alloy Area Gd Zr Nd Mg
Al 4.03/0.66 1.07/0.42 1.94/0.55 0 Bal.

Alloy 1 A2 37.20/9.15 8.65/5.12 0.37/0.16 0 Bal.
A3 8.04/1.36 1.47/0.59 0.92/0.27 0 Bal.

Bl 5.88/0.98 1.14/0.46 0.79/0.23 1.00/0.18 Bal.

Alloy 2 B2 38.59/10.27 9.47/6.06 0.81/0.37 3.26/0.95 Bal.
B3 12.28/2.15 1.31/0.55 0.29/0.09 0.47/0.09 Bal.

Cl 5.05/0.84 1.05/0.42 1.97/0.57 0.83/0.15 Bal.

Alloy 3 C2 36.05/9.41 10.29/6.46 0.67/0.30 4.03/1.15 Bal.
C3 16.13/3.02 2.81/1.26 0.14/0.05 2.19/0.45 Bal.

In Table 1, the Nd content in lamellar structure is lower
than that in the a-Mg matrix for Alloy 2, but the Nd content
in lamellar structure is higher than that in the a-Mg matrix for
Alloy 3. As the content of Nd increases, the volume fraction
of eutectic phase increases. The Nd content in the eutectic
phase also increases. Because lamellar structure are at the
edge of the 0-Mg matrix grains, connected with eutectic
phase, the Nd content in the lamellar structure region also in-
creases when the addition of Nd increases.

In order to determine whether the lamellar structure in the
alloy is LPSO or SFs structure, TEM characterization was
conducted on the alloys, and the image and corresponding
selected area electron diffraction (SAED) pattern of the

Mg—12Gd-27Zn—0.5Nd-0.4Zr alloy are shown in Fig. 4 as the
representative. Based on the presence of strong streaks which
were marked in Fig. 4 and the result of the SAED pattern, the
lamellar structures are identified as SFs [23,4041]. The
primary condition for the formation of LPSO structure in Mg
alloys is that the composition system of the alloy generally
satisfies the condition of Mg—RE-TM (RE elements mainly
include Gd, Y, La, Dy, Ho, Er, etc., and TM is a transition
metal element, mainly including Cu, Zn, Ni, etc.) [42]. When
Mg-RE-TM alloys satisfy some precondition in the process
of solidification (such as certain temperature and cooling
rate, disordered solid solution whose atomic ratio of RE and
TM elements is close to a certain value), microstructure of al-
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Fig. 3. XRD patterns of the as-cast alloys.
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Fig. 4. TEM image of lamellar structures in Alloy 2 and the
corresponding SAED pattern in the inset.

loys will undergo an orderly transformation, forming ordered
solid solutions and thus presenting lamellar structures [43].
SFs [44-45] and LPSO [46—47] structures are often ob-
served in extruded Mg—Gd—Zn—Zr alloys. They are lamellar
structures with the same orientation in the same grain and
different orientation in different grains. SFs are transformed
into LPSO structures when the composition and stacking are
ordered and certain thermodynamic and kinetic conditions
are satisfied [48—49]. In this work, the result of TEM shows
that the lamellar structures in the alloys are SFs which is
rarely found in as-cast Mg alloys. It has been reported that the
content of Zn in Mg—Gd—Zn series alloys has a great influ-
ence on the formation of LPSO structure [28]. The lamellar
LPSO structure and SFs were both formed on (0001),.y,
habit plane and grown or extended along [OlTO]a_Mg direc-
tion [30]. Adding Zn into Mg—Gd alloy can reduce the SF en-
ergy and LPSO may nucleate directly through SFs [28,30].
Moreover, it has been reported that the Zn/Gd mass ratio
could affect the formation of LPSO structure. When the
Zn/Gd atomic ratio is 0.4, the volume fraction of LPSO phase
can reach the extreme value [50]. When the ratio deviates
from 0.4, the volume fraction of LPSO decreases. The ratio
of Zn/Gd is 0.16 in this study which is lower compared with
0.4, so the LPSO structure cannot be found. The relatively
low content of Zn in this alloy leads to the low Zn/Gd mass
ratio, and the SF energy is too high for SFs to form LPSO.
The grain size distribution of the Mg—12Gd-2Zn—-xNd-
0.4Zr alloys is shown in Fig. 5. The average grain size of the

alloy with Owt% Nd is 56.6 um, and that reduces to 29.0 pm
and 25.8 pm with 0.5wt% and 1wt% Nd addition, respect-
ively, indicating a good grain refinement caused by Nd.
Moreover, the grain size distribution is more concentrated
which means more uniform grains. For the RE-containing
Mg alloys, the segregated RE elements gather at the solid—li-
quid interface where the crystal grows, thereby inhibiting the
grain growth of the Mg alloys [51-52]. After adding Nd into
the alloys, part of Nd is dissolved in the matrix, and the re-
maining is concentrated in eutectic phase. Nd is located at the
solid-liquid interface during solidification and inhibits the
growth of the grains, and thus further refines the grains and
makes the microstructure uniform, as shown in Fig. 1.
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60 [ Alloy 2 Alloy 1 56.6
[ Alloy 3 Alloy 2 29.0
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Fig. 5. Grain size distribution of the as-cast alloys.

3.2. Mechanical properties

The tensile, compression, and the microhardness of the as-
cast Mg—12Gd-2Zn—xNd-0.4Zr alloys at room temperature
are listed in Table 2. With the increasing addition of Nd, the
TYS of the alloys increases, and TYS of Alloy 3 increases by
16.2% compared with that of Alloy 1. The ultimate tensile
strength (UTS) of Alloy 2 (193 MPa) and Alloy 3 (194 MPa)
are higher than that of Alloy 1 (172 MPa). The elongation
(EL.) of the alloys in tensile test shows slight improvement.
The CYS presents a slight decrease with the addition of Nd,
and the ultimate compression strength (UCS) of alloys is over
370 MPa. The elongation values of the alloys at room tem-
perature in the compression test do not differ apparently
which is in the range of 20.3% to 21.4%. CYS/TYS means
the tension—compression asymmetry, and the CYS/TYS ra-
tios of the three alloys are 1.30, 1.12, and 1.05, respectively,
showing a decrease trend with the increase of Nd. Table 2
also shows the microhardness of the alloys. With the in-
crease of Nd, the microhardness of the alloy increases
slightly, which is similar to the trend of TY'S.

The tensile fracture morphologies of the alloys are shown
in Fig. 6. Some dimples and cleavage planes are observed in
all the three alloys, indicating a mixed fracture with ductile
and brittle characteristics. More dimples are visible by in-
creasing Nd addition which suggests better plasticity. With
the increase of Nd content, the volume fraction of the eutectic
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Table 2. Mechanical properties of the Mg—12Gd—2Zn—xNd—0.4Zr alloys

Tension Compression .
Alloy CYS/TYS  Microhardness, HV
TYS/MPa UTS/MPa EL /% CYS/MPa UCS/MPa El /%
Alloy 1 142+ 5 172 +£2 24+0.1 185+2 377+2 203+0.2 1.30 70.7+£2.6
Alloy 2 158+ 7 193 +4 2.7+£0.2 177+ 4 384+5 21.4+0.5 1.12 783+43
Alloy 3 165+2 194 £3 34+0.1 173+ 4 397+4 21.3+04 1.05 80923

phase increases, which is harmful to the plasticity to some
extent. However, the elongation of Alloy 2 and Alloy 3 is
slightly improved. The improved elongation by increasing
Ndismainly dueto the finerand homogeneous microstructures.

Fig. 6. Tensile fracture morphologies of the as-cast alloys: (a)
Alloy 1; (b) Alloy 2; (c) Alloy 3.

The compression macroscopic fracture surface of the al-
loy is at a 45° angle to the axis of the sample, which has the
characteristics of cutting off. It indicates that the alloy is frac-
tured under shear deformation. Fig. 7 shows the compression
fracture surfaces of the alloys. In general, the fracture mor-
phologies are mainly composed of large cleavage planes. Mi-
crocracks near the eutectic phase are observed in Alloys 2
and 3.

To reveal the influence of the eutectic phase and SFs on
the mechanical properties of the alloys, nanoindentation was
used to measure the nanohardness of different phases. Fig.
8(a) shows the representative depths of indentations of a-Mg
matrix, SFs area (since the width of the SF is only several
nano shown in Fig. 4, the nano indentation test characterizes
the nanohardness of the SFs aggregated area including par-

L | <o g /)

Fig. 7. Compression fracture morphologies of the as-cast al-
loys (a, b) Alloy 1, (c, d) Alloy 2, (e, f) Alloy 3.

tial 0-Mg matrix but not the SFs themselves), and eutectic
phase of the alloys. It can be seen that the depths are from
high to low according to the order of a-Mg matrix, SFs, and
eutectic phase. Moreover, with the increase of Nd addition,
the depth of the 0-Mg matrix is almost unchanged, but the
depth of SFs, and eutectic phase becomes lower, indicating
that the hardness increases. Fig. 8(b) shows the nanohard-
ness of different areas (a-Mg matrix, SFs, and eutectic
phase). The hardness of different phases increase according
to the sequence of a-Mg matrix, SFs, and eutectic phase. The
nanohardness of a-Mg matrix in Alloys 1, 2, and 3 are 0.78,
0.78, and 0.77 GPa, respectively, which suggests that the ad-
dition of Nd has little effect on the nanohardness of the mat-
rix. However, the nanohardness of SFs are 0.93, 1.15, and
1.22 GPa, and that of eutectic phase are 1.27, 1.34, and 1.40
GPa for Alloys 1, 2, and 3, respectively, which means that the
nanohardness of the SFs and eutectic phase increase with the
increasing addition of Nd.

For plastic deformation of Mg alloys, SFs with different
orientations in different grains can play a role in preventing
dislocation movement and effectively improving the elonga-
tion and tensile strength of the alloys [53]. In Fig. 8(b), it can
be found that with the increase of Nd content, the nanohard-
ness of a-Mg matrix hardly changes, while it increases signi-
ficantly at SFs. The addition of Nd may increase the volume
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Fig. 8. Nanohardness load-displacement curves (a) and values (b) of different phases in the alloys.

fraction of SFs, and lead to the improvement of strength.

The nanohardness of the a-Mg matrix is almost un-
changed, which is attributed to no obvious increase of solute
atoms under as-cast condition. The nanohardness of the SFs
is significantly improved. According to the analysis of the
compositions by EDS, it may be caused by increasing Gd and
Nd content in SFs area. And the nanohardness of the eutectic
phase has a slight upward trend due to higher Nd concentra-
tion. The nanohardness value of the eutectic phase in the al-
loys was the highest, followed by that of the SFs and the o-
Mg matrix. SFs and eutectic phase have the higher nanohard-
ness calculated from the unloading curves, which is attrib-
uted to higher RE and Zn contents [42]. The higher hardness
of SFs and eutectic phases are also the factors for the im-
proved TYS and microhardness of the alloys besides grain
refinement and solution strengthening.

As can be seen from Table 2, the elongation and TYS of
the alloys were improved by adding Nd element. Nd distrib-
utes in o-Mg matrix, SFs, and eutectic phase. As solute
atoms, Nd atoms cause lattice distortion which hinder dislo-
cation movement and make slip difficult, thus playing a role
of solid solution strengthening. Grain size is also one of the
important factors affecting the mechanical properties of the
alloy [54-55]. The grain size of the alloy decreases appar-
ently by increasing Nd addition, which leads to the increase
of both tensile strength and elongation of the alloy. Alloy 3
exhibits the highest TYS and elongation mainly due to solu-
tion strengthening and grain refinement strengthening.

The UCS value of the alloys is over 370 MPa, which is al-
most twice than the UTS of the alloys. In addition, the elong-
ation of the alloys reaches over 20% in the compression ex-
periment, which is greatly improved compared with the
elongation of tension. This is mainly due to the different de-
formation mechanisms of Mg alloys in tensile and compres-
sion tests. In the tensile test, the deformation mechanism of
the alloys is mainly basal slip, which is hindered by disloca-
tions and grain boundaries. In compression tests, the alloys
were cut off at an angle of 45°. According to the Mohr-Cou-
lomb criterion [56], the shear stress at the oblique section of
the alloys reaches its limit under the action of pressure load.
During the test, the cracks which were generated in the de-

formation extend to the whole cross section. During com-
pression, the friction force related to the compression stress
will be generated in the alloys to prevent the section from
sliding, so the crack tip is not easy to expand. The friction in
this process is more effective than the hindrance in tensile
testing. Therefore, the UCS and the elongation under com-
pression are much higher than those of the tensile test.

The increased Nd content makes the grain size of Alloys 2
and 3 decrease and the microstructure more uniform, as
shown in Fig. 5. However, CYS showed a slight decrease as
Nd addition increases, which is different from the results of
TYS. In Mg alloys, as two dominant deformation mechan-
isms, slip and twinning are easily activated during tension or
compression test [57]. It was found that the grain size effect
on twinning is much stronger than that on slip in Mg alloys
according to Hall-Petch theory [58—59]. Therefore, with the
decrease of grain size, twinning is more difficult to activate
[31]. In the present study, no twinnings were found in the
compression test. So here it is suggested that slip is the main
mechanism of deformation for the alloys. At room temperat-
ure, basel slip often occurs in the tensile process of Mg al-
loys, while non-basel slip often occurs in compression [60].
The slip systems are different, which means that the fine
grains does not mean the increase of CYS. In addition, the
homogeneous microstructure resulted in reduction in mech-
anical anisotropy of Alloys 2 and 3. Therefore, the CYS of
Alloy 1 may be larger than the normal value due to its aniso-
tropy. Moreover, the CY'S of Alloys 2 and 3 decrease slightly
because of uniform microstructure and decrease in aniso-
tropy. So the CYS of Alloys 2 and 3 show a slight decrease
trend as compared to that of Alloy 1.

In the tension—compression experiments, the CYS of Al-
loy 1 is greater than that of the TYS, and its ratio (CYS/TYS)
is 1.30, which shows an obvious tension—compression yield
asymmetry in reverse [32]. With the increase of Nd content,
the ratio (CYS/TYS) of Alloy 2 is 1.12 and that of Alloy 3 is
1.05. This indicates that the tension—compression yield
asymmetry in reverse of the alloy decreases significantly, and
the mechanical properties of Alloy 3 are more stable than
those of Alloys 1 and 2. It has been reported that finer and
more homogeneous microstructure is beneficial to decrease
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tension—compression asymmetry [31]. So the reduced ten-
sion—compression asymmetry in reverse is mainly affected
by the finer and more homogenous microstructure which is
caused by the increase of Nd content.

4. Conclusions

(1) The as-cast Mg—12Gd-2Zn—xNd—0.4Zr alloys mainly
consist of a-Mg matrix, eutectic phase, and SFs. After adding
Nd into the alloy, the microstructure is refined and homogen-
ized, and the volume fraction of the eutectic phase increases.

(2) The TYS, microhardness, and elongation of the alloys
are increased with increasing Nd addition. Moreover, the
nanohardness of the SFs and eutectic phases are both im-
proved as Nd content increases.

(3) Mg—-12Gd-2Zn—0.4Zr alloy shows an obvious ten-
sion—compression yield asymmetry in reverse with the data
of 1.30. With increasing Nd addition, the asymmetry in re-
verse of the alloys shows a remarkable decrease from 1.30 to
1.12 and 1.05. The alloy with 1wt% Nd addition exhibits the
best compressive mechanical properties.
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