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Abstract: Long period stacking ordered (LPSO) structure phases were prepared by conventional solidification method in
Mgo,Zn;Y,Gds-, (x=3, 2, 1.5, 1, mole fraction) alloys, the microstructures, corrosion and compressive mechanical properties of
which were investigated, separately. The results reveal that the microstructures of the as-cast MgyZn;Y,Gd;—, alloys, with
n(Zn)/n(Y+Gd)=1:1, consist of a(Mg) phase, Mg;Zn;RE, (W) phase, Mg;,ZnRE (14H-LPSO) phase and a few bright cube-shaped
Mg—Y—Gd phases. The formation and the distribution of LPSO-phase in the alloys can be influenced by the content of Gd. The
volume fraction of 14H-LPSO phase increases first and then decreases with the increase of the Gd content. For the electrochemical
impedance spectroscopy (EIS) measurement, a R(Q(R(QR))) model was used to fit the test results in 3.5% (mass fraction) NaCl
solution at room temperature. The corrosion current densities of all samples are about 10> A/cm” When x(Gd)<1%, Mg—Zn—-Y—(Gd)
alloy shows good corrosion resistance, which is better than that of the commercial AZ91D magnesium alloy. The corrosion rate
increases when the Gd content is higher than 1.5%. At room temperature, the compressive properties of Mg—Zn—Y—(Gd) alloys
increase remarkably with the increase of the volume fraction of LPSO phase. In addition, the pinning effect of W-phase and
dispersive cube-shaped Mg—Y—Gd phase is beneficial to improving the mechanical properties of as-cast MgosZn;Y,Gd;-, alloy in
deformation process.
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obtained by adjusting compositions, preparation methods

1 Introduction

Magnesium alloy is
material, which has
electromagnetic  shielding characteristics, thermal
conductivity, electrical  conductivity, castability,
dimensional stability, machinability, reproducibility and
bio-compatibility [1-4]. However, the applications of
as-cast Mg alloys are limited due to their poor
room-temperature and elevated-temperature mechanical
properties, low corrosion resistance and high machining
cost [5]. Recently, a large number of studies show that
different types of reinforced phases in Mg—Zn—RE alloy,
such as the thermodynamically stable quasicrystalline
Mgz0ZngRE |y (/) phase, Mg;Zn;RE, (W) phase and
Mg, ZnRE (X) phase with LPSO structure, can be

the lightest
high  damping

engineering
capacity,

and heat treatment technology [6—8]. I-phase reinforced
magnesium alloy exhibits a higher elastic modulus and a
higher plasticity, but its tensile strength is relatively
low [9]. LPSO reinforced magnesium alloy has already
attracted a wide attention due to its superior mechanical
properties [7].

Rare earth elements of Y and Gd, which have high
solid solubility in Mg (12.4% and 23.5%, respectively,
mass fraction) [10—12], can induce significant aging
strengthening and solid solution strengthening to Mg
alloys. Especially, the LPSO reinforced Mg alloys
containing Gd are considered as a new type of
magnesium alloys which can provide good elevated-
temperature mechanical properties and corrosion
properties [13]. The studies have been carried out on
Mg—-Gd-Zn [13-14], Mg—Gd—Zn—Zr [15] and Mg—
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Gd-Y—Zn—Zr [16] alloys. All of these studies were
focused on the solidification microstructures and the
mechanical properties [17,18]. While, a systematic
research is lacked on the formation of the second phases
and the corrosion behavior of LPSO reinforced Mg alloy.
Hence, the research on the Mg—Zn—Gd and Mg—Zn—Y—
Gd alloys needs to be improved further.

This work aims to make a systematical analysis
about the effect of Gd and Y on the solidification
microstructures, corrosion mechanism and compressive
properties of as-cast LPSO-reinforced Mgy,Zn;Y,Gds-,
alloys.

2 Experimental

High-purity Mg and Zn (99.9%, mass fraction),
Mg—30%Y (mass fraction) and Mg—30%Gd (mass
fraction) master alloys were selected as the raw materials.
The ingots were prepared with the nominal compositions
of Mgy Zn;Y;, MgosZn;Y,Gdy, MgosZn;Y,sGd;s and
MgysZn;YGd, (mole fraction, %) separately, by casting
in 5 kW electric resistance furnace with graphite
crucibles under the mixed salt protection. After the
solution treatment, the melt was poured into a metallic
mould at 830 °C. The actual chemical compositions of
the alloys were determined by OXFORD Xpert 52R0087
type direct reading spectrometer. The nominal and actual
compositions of the alloys designed in this work are
presented in Table 1.

Table 1 Actual chemical compositions of as-cast
Mgo,Zn;Y,Gd;-, alloys (mass fraction, %)
Alloy Zn Y Gd Mg
MgosZn;Y 5 7.75 13.8 - Bal.
Mgy, Zn;Y ,Gd, 7.62 6.43 5.71 Bal.
Mgy, Zn;Y,sGd; s  7.69 5.16 8.17 Bal.
Mgy, Zn;Y Gd, 7.55 3.75 11.65 Bal.

The microstructures of the specimens were
observed by an optical microscope (OM, OLYMPUS LX
50) and a (SEM,
AMREY—-100B). The micro-area chemical compositions

scanning electron microscope

were analyzed by an energy dispersive spectrometer
(EDS, JSM—6700F and EDAX GENESIS 2048), and the
phases were identified by an X-ray diffraction (XRD,
DX-2700) and a transmission electron microscope
(TEM, JEM-2100). The electrochemical properties of
the ingots and the compared alloy AZ91D were tested
with the electrochemical workstation (CHI660a) at room
temperature in 3.5% NaCl aqueous solution. A three-
electrode system was established in a horizontal cell with

1 cm® Pt as an auxiliary electrode, saturated calomel
electrode (SCE) as a reference electrode and specimen as
the working electrode. The corrosion potential scan rate
was 0.5 mV/s. The results of electrochemical impedance
spectroscopy tests were fitted by ZSimpWin software.
The compressive mechanical properties of the alloys
were conducted using an Instron 2382 testing machine at
room temperature with a constant strain rate of
0.5 mm/min. The cylindrical-shaped specimens with a
height of 12 mm and a diameter of 8 mm were cut for
compression test.

3 Results and discussion

3.1 Microstructures

The optical micrographs of the four as-cast alloys
are shown in Fig. 1. According to the figures, the white
block phases, the dark phases and the thin plate-like
phases are found in all four kinds of alloys. However, the
distribution and the volume fraction of each phase are
significantly affected by the mole ratio of Y to Gd. The
number of thin plate-like phase firstly increases and then
decreases with the increase of Gd content. Conversely,
the grain size of the white block phase decreases at the
beginning and then increases. The dendrites are finer in
size in Mgy4Zn;Y | sGd, s alloy, and the coarser dendrites
can be found in Mgo,Zn;Y; alloy.

The SEM backscatter electron images (BEIs) and
EDS results of various phases in MgoZn;Y5,
MgosZn;Y,Gd;, MgoyZn;Y5Gd;s and MgoyZn;YGd,
cast alloys are presented in Fig. 2 and Table 2,
respectively. It shows that the black phase is &(Mg) solid
solution. The mole ratio of n(Mg):n(Zn):n(RE) in the
gray plate-like phases (marked as C, G, J and M in Fig. 2)
is about 12:1:1, and it is identified that this component is
similar to Mg;,ZnRE which is the chemical formula of
LPSO-phase. The mole ratio of Zn to RE is found to be
around 1.5 in the lamellar eutectic phase, thus it can be
identified as Mg;Zn;RE, phase (RE represents Y and Gd).
A few bright cube-shaped phases randomly distributed in
Mg—Zn—Y—(Gd) alloys could be found in Figs. 2(a), (c)
and (d). EDS results present that Mg, Y and Gd
components are contained in these phases with almost no
Zn at all. Therefore, the phases are determined
as Mg—RE phases, the n(Mg)/n(RE) ratio of which is
close to 3. Analysis indicates that moderately increasing
the amount of Gd can enhance the nucleation sites, so as
to promote the nucleation and the growth of LPSO-phase.
The microstructures of all the alloys also show that
increasing the volume fraction of LPSO-phase can
decrease the volume fraction of W-phase and refine
o(Mg) dendrites.
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Fig. 2 SEM backscatter electron images of as-cast Mgg,Zn;Y,Gd;-, alloys: (a) MgosZn;Y3; (b) MgesZn;Y,Gdy; (¢) MgesZn; Y sGd, 55
(d) MgosZn3Y Gd,

The XRD diffraction patterns of the four alloys are peaks, corresponding to a(Mg), Mg;Zn;RE,(W) and
presented in Fig. 3. There are three kinds of diffraction Mg,ZnRE(X) phases. The diffraction pattern of as-cast
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Table 2 EDS results of different phases in as-cast
Mg94ZIl3YXGd3j- allOyS

Mole fraction/%
Alloy Position
Mg Zn Y Gd
A4 9875 068 057 -
B 6426 2181 13.94 -
MesaZnsYs C  87.03 652 645 -
D 6946 081 2972 -
E 9794 095 062 048
MgoZn;Y,Gd, F 6556 2121 9.15 4.08
G 87.09 652 432 207
H 9794 063 156 0.17
MgoZnsY sGdis I 6586 2074 9.58 3.82
J 8777 583 408 231
K 9847 051 035 0.7
L 6221 2337 977 4.64
MgsaZins¥1Ga; M 8773 625 4.68 134
N 7506 061 10.68 13.65

Mgy,Zn;Y; alloy contains Mg, Mgz;Zn;Y, and Mg;,ZnY
phases, as shown in Fig. 3(a). After adding Gd, the lattice
parameters of as-cast Mgo,Zn;Y,Gd;, MgysZn;Y sGd; s
and Mgy,Zn;Y Gd, alloys are slightly changed due to Gd
dissolved in the Mg matrix and compounds. Therefore,
the diffraction peaks in XRD spectra have a slight
deviation. In contrast, the pattern of Mgy,Zn;Y,5Gd, 5
alloy shows the weakest peak for W-phase because of the
smallest volume fraction of this phase, as seen in
Fig. 3(c). Due to the very low volume fraction of
Mg—RE phase, the diffraction peaks of Mg—RE phase
cannot be found in this test.

*— a(Mg)
v — W-Mg;Zn;Y,
¢+ — 14H-LPSO

20/(%)
Fig. 3 XRD patterns of Mg—Zn—Y(—Gd) alloys: (a) MgosZn;Y3;
(b) Mgo4Zn3Y,Gdy; (€) MgoaZn; Y1 5Gdy 55 (d) MgosaZn;Y 1 Gd,

The TEM image of the bright cube-shaped phase in
as-cast Mgy,Zn;Y; alloy is shown in Fig. 4(a). The size
of this phase is less than 1 pm, and the corresponding
SAED pattern, as shown in Fig. 4(b), reveals that the
cube-shaped phase has a face-centered cubic (FCC)
structure. But the lattice parameter is different from that
of Mg;Gd or W type phases. Figure 4(c) presents the
SAED pattern of the matrix phase in Mgy,Zn;Y; alloy
with a hexagonal Mg crystal structure. The BF-TEM
image of the fishbone-shaped phase and the
corresponding SAED pattern with the electron beam (EB)
taken along [001] are presented in Figs. 4(d) and (e),
respectively. It confirms that this phase is W-phase with a
face-centered cubic (FCC) structure. Figure 4(f) shows a
TEM micrograph and SAED pattern of the lamellar
phase in as-cast Mgy,Zn;Y,sGd; s alloy. The SAED
pattern analysis indicates that the lamellar phase has

10014
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Fig. 4 TEM micrographs and corresponding SAED patterns of cube-shaped phase (a, b), (Mg) matrix phase(c), W-phase in as-cast
Mgy,Zn;Y ;5 alloy (d, e) and lamellar 14H-LPSO structure phase (f) in as-cast Mgg,Zn;Y 5Gd, 5 alloy
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14H-LPSO structure with incident EB parallel to the
direction of [1120],.

3.2 Corrosion resistance

In order to determine the corrosion behavior of
LPSO-enhanced magnesium alloys, the samples were
immersed in 3.5% NaCl solution at an open circuit
potential. The potentio-dynamic polarization curves of
different samples were collected, as shown in Fig. 5.
Tafel curves of the samples accord with the law of
activation control in anode region and cathode region at
the initial corrosion stage, with no passivation
phenomenon occurred. Moreover, the calculated
corrosion potential and corrosion current density from
the polarization curves are summarized in Table 3. The
corrosion potential of MgyyZn;Y; alloy is the most
positive in comparison with that of as-cast
MgosZn;Y,Gd;, MgoyZn;Y5Gd;s and MgoyZn;YGd,
alloys. And with the increasing content of Gd, the
corrosion potential decreases from —1.524 Vto —1.537 V.
However, ¢c, of all samples are higher than that of
commercial AZ91D magnesium alloy, meanwhile, the
corrosion current density of samples reaches the same
order of magnitude. The J.,, values of MgyZn;Y; and
MgosZn;Y,Gd; alloys are 3.988x10° A/cm” and 4.627x
10 A/em?, respectively, which are lower than that of
AZ91D alloy. When the content of Gd is up tol.5%

1g[Jeon/(A+em™)]

1
k:
1 — Mgy Zn;Y; %
=61 2 — Mg,,Zn,Y,Gd,

3 — MggyZn;Y, sGd, 5
L 4 — Mgy, Zn;Y ,Gd,

-1.8 -1.7  -1.6 -1.5 -14 -1.3
Peorr (VS SCE)/V
Fig. 5 Polarization behavior of as-cast Mgy,Zn;Y,Gd;-, alloys
tested in 3.5% NaCl solution

Table 3 Corrosion potential and corrosion current density of
samples eroded in 3.5% NaCl solution

Alloy Joon/(Aem™)  @oon(vs SCE)/V
MgosZn;Y; 3.988x10°° -1.524
MgosZn;Y ,Gd, 4.627x10°° -1.534
MgosZn;Y | 5Gd, 6.352x10°° -1.536
MgosZn;Y ,Gd, 6.392x10°° -1.537
Commercial AZ91D 4.701x10°° -1.960

and 2.0%, the J.,is slightly higher than that of AZ91D
alloy.

The EIS spectra of the as-cast Mg—Zn—Y—(Gd)
alloys and AZ91D alloy were tested within the frequency
range of 0.1-10° Hz, and the fitting results are shown in
Fig. 6. The fitting equivalent circuit of EIS spectra for
as-cast Mgo,Zn;Y,Gd;—, alloys is given in Fig. 7.
According to Fig. 6(a), the Nyquist plots of all the
as-cast Mgy,Zn;Y,Gd;-, alloys show a capacitive loop at
high frequency and a capacitive loop at medium
frequency. This indicates that the alloys have the same
electrochemical corrosion mechanism, but different
corrosion resistances. At high-frequency region, the
capacitive loop radius of MgosZn;Y; alloy is the biggest,
indicating the highest impedance value and the lowest
corrosion rate. Meanwhile, with the increasing content of
Gd, the capacitive loop radius of Mg—Zn—Y—Gd alloys
decreases gradually, as shown in the inset in Fig. 6(a). At
medium-frequency region, Mgo,Zn;Y3; alloy also exhibits
good corrosion ability. The impedance value of as-cast
Mgy,sZn;Y,Gd, alloy is slightly smaller than that of the
former. With the increasing amount of Gd, the corrosion
properties of Mg—Zn—Y—Gd alloys decrease significantly.
The results are consistent with those of polarization
behavior. As shown in Fig. 6(b), the Bode plots of the
samples show a time constant at high frequency and
medium frequency in the electrode system, respectively.
The impedance expression of as-cast Mg—Zn—Y—(Gd)
alloys eroded in 3.5% NaCl solution is

-1
-1 -1

Z=R +1(joCy)" + Rf+{(ijd2)”+é} (D

where R, is the solution resistance; R; is the film
resistance; R, is the reaction resistance of Mg alloy; the
value of R#R, stands for the corrosion properties of
Mg—Zn—Y—(Gd) alloys; Cy; is the capacitance of the
oxide film and the corrosion solution; Cy, is the reaction
capacitance of Mg alloy matrix under the oxide film.

The schematic diagram of the as-cast
Mgy, Zn;Y,Gds_, (x=3, 2, 1.5, 1) alloys is shown in Fig. 8
to explain the corrosion process. Considering both the
analysis of OM and SEM, the Mg-based oxide film is
formed firstly on the o{Mg) solid solution and Mg-rich
phase, as shown in Fig. 8(a). The capacitive loop in high
frequency region of EIS is caused by the reaction
of oxide film and corrosion medium. When Mg reacts
with OH to form Mg(OH), precipitate, the barrier effect
of the surface layer to corrosion medium will be fortified,
as shown in Fig. 8(b). However, the Cl* can continue to
penetrate this oxide layer and reach the metal substrate
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Fig. 6 EIS spectra for as-cast MgyyZn;Y,Gd;_, alloys and
AZ91D alloy eroded in 3.5% NaCl solution: (a) Nyquist plots;
(b) Bode plots; (c) Phase angle-lgf plots

C]:dl

Fig. 7 Equivalent circuit of EIS spectra for as-cast
Mg94Zn3Yde3,x aHOyS

Mg-Oxide film

Mg-Oxide film

Fig. 8 Schematic drawings of as-cast Mg—Zn—Y—(Gd) alloys
eroded in 3.5% NaCl solution: (a) Oxide film on Mg alloy;
(b) Formation process of Mg(OH), precipitate and H, gas;
(c) Penetration of Cl™ and formation of Y,03

due to its small volume and strong penetration ability in
the corrosive medium [19]. The capacitive loop in
medium frequency region of EIS is caused by the
corrosion reaction of metal substrate. Generally, the
higher impedance value means the lower corrosion rate.
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The Y atoms in W-phase, LPSO phase and Mg—RE phase
are able to generate stable Y* in the corrosion process
[20], thereafter the corrosion products Y,0; will cover on
the surface of Mg alloy and corrosion pits, as shown in
Fig. 8(c). Y,0; is insensitive to corrosion medium due to
its lower chemical activity, which can enhance the
protection for the Mg alloy [21]. However, with the
soluble MgCl, which inhibits the formation of oxide
layer formed by the reaction of Mg”" and CI, there is a
competition between the formation and destruction of the
corrosion product in corrosion process. In Mg—Zn—
Y—Gd alloys, the galvanic corrosion can be accelerated,
because the amount of alloying elements is increased in
o(Mg) matrix and the second phases, and also because
Gd has a high electrode potential (—2.397 V) [22,23].
The results indicate that Gd can reduce the corrosion of
LPSO-enhanced Mg—Zn—Y—(Gd) alloys.

3.3 Compressive mechanical properties

The compressive stress—strain curves of the four
alloys at room temperature are shown in Fig. 9. The
ultimate compressive stress, compressive yield stress and
compression ratio of Mgy4Zn;Y; cast alloy are 350 MPa,
200 MPa and 12%, respectively. In as-cast
MgysZn3Y, sGd; s alloy, the stress increases obviously
with the increasing strain, which could be up to 414 MPa.
The compressive yield stress and compression ratio of
this alloy are 230 MPa and 18.2%, respectively, which
exhibits an excellent compressive mechanical properties.
In contrast to Mgy,Zn;Y; alloy, the compression rate of
MgosZn;Y,sGd;s alloy is raised by 52%. The
morphologies of shear fracture for both Mgy,Zn;Y,Gd,
and Mgy4Zn;YsGd, s alloys are shown in Fig. 10. The
amount of the plastic deformation of as-cast
MgysZn;Y,Gd, alloy is lower than that of as-cast
MgysZn;Y, sGd; s alloy, due to the pinning effect of
W-phase and the less volume fraction of LPSO-phase.
With the compressive stress loading, the deformation of

400 L 1 — Mgy, Zn;Y; I
2 — MgyyZn;Y,Gd !
s ‘
S 300} 4~ 3
I=
7 .
2 200}
g
£
S 1001 /773 — MgoZn;Y, 5Gd, 5
' 4— Mg,,7n,Y,Gd,
0 4 8 12 16 20

Compressive plastic strain/%
Fig. 9 Compressive stress—strain curves of alloys tested at
room temperature

A Shear direction

Fig. 10 Compression fracture morphologies of as-cast
MgosZn;Y,Gd, alloy (a) and MgeyZn;Y 5Gd; 5 alloy (b)

LPSO-phase is parallel to the shear direction, as shown
in Fig. 10(b).
Figure 11 shows the compressive mechanical
properties related to the Gd content in as-cast
Mgy4Zn;Y,Gd;-, alloys. With the increase of Gd content,
the ultimate compressive stress and compressive plastic
strain of MgysZn;Y,Gd; and MgyZn;Y,sGd; s alloys
increase  significantly, while the properties of
MgysZn;YGd, alloy decrease. In this work, the volume
fractions of LPSO-phase in the as-cast samples
follow the order: MgoZn;YsGd; s>MgosZn;Y,Gd >
MgosZn;YGd>MgosZn;Y;, as shown in Fig. 2. This
result indicates that there is a close relation between the
compressive mechanical properties of the alloys and the
volume fraction of LPSO-phase. Normally, most
magnesium alloys have less independent slip systems
due to the hexagonal crystal structure, which could
induce the poor plastic deformation ability at room
temperature [24]. However, in this work, the
compressive plastic strain and stress of LPSO-enhanced
Mg—Zn—Y—(Gd) alloys are improved, which can be
explained by the following three aspects. Firstly, LPSO
structure itself is a kind of stacking fault (SF) which
undermines the integrity and the normal crystalline
periodicity, so the stacking fault energy of the crystal
increases [7]. Therefore, it requires a higher load to drive
the dislocation slip in plastic deformation process.
Secondly, with the increase of the volume fraction of
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Fig. 11 Relationship between compressive mechanical
properties and Gd content in as-cast Mgg,Zn;Y,Gd;-, alloys

LPSO-phase, the grain size of o(Mg) matrix can be
refined, which produces a large accumulation of grain
boundaries. The Hall-Petch formula analysis shows that
grain refinement can significantly increase the yield
strength of magnesium alloys [25]. During the plastic
deformation, the dislocations can pile up at grain
boundaries and increase the energy of dislocations
bypassing grain boundaries, thus forming the grain
boundary strengthening. In addition, the pinning effect of
the second phases, such as eutectic W-phase and Mg—RE
phase, also hinders the slipping and climbing of
dislocations [7,26,27]. Therefore, good compressive
mechanical properties of LPSO-enhanced magnesium
alloy are attributed to the coupling effect of the second
phase strengthening, the dispersion strengthening, the
fine grain strengthening and the grain boundary
strengthening.

4 Conclusions

1) Microstructures of as-cast MgoZn;Y3,
MgosZn;Y,Gd;, MgoyZn;Y5Gd;s and MgoyZn;YGd,
alloys mainly consist of a(Mg) solid solution, 14H-
LPSO phase, Mg;Zn;RE, phase and few cubic-shaped
Mg—RE phases. The volume fraction of LPSO-phase is
affected significantly by the Gd content. When the Gd
content in the alloy is 1.5%, the volume fraction of
LPSO-phase can reach up to 80%.

2) The same electrochemical corrosion mechanism
in the as-cast MgyyZn;Y,Gd;-, (x=3, 2, 1.5, 1) alloys is
investigated. The corrosion process is controlled by the
electrochemical reaction of the oxide film and the Mg
metal substrate. Galvanic corrosion can be accelerated in
Mg—Zn—Y—Gd alloys by the higher chemical activity of
Gd and the more alloying elements in (Mg) and the
second phases. Thus, the corrosion resistance of the
alloys decreases.

3) In compression tests at room temperature, the
as-cast Mgo,Zn;Y,Gd;_, alloys exhibit good compressive
mechanical properties, mainly due to the lamellar 14H-
LPSO structure phase strengthening. In addition, the
dispersion strengthening, fine grain strengthening and
grain boundary strengthening also contribute to the good
mechanical properties of the alloys. The ultimate
compressive stress, compressive yield stress and
compressive plastic strain of as-cast Mgo,Zn;Y,5Gd, 5
alloy are 414 MPa, 230 MPa and 18.2%, respectively.
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SitAd, IFXG AR AR L T vk R R R4 T M REREAT RGN AT, AR n(Zn)n(Y+Gd)=1:1 1
MgosZns Y, Gds . & 4t 4205 H aMe) A . MesZnsREJ(W) A . 14H-LPSO A 1 /b5 SRR T /00 37,75 45 749 1
Mg-Y-Gd #l. Gd &35 M &4 LPSO MR AR, B Gd Sy, &4 14H-LPSO AT 7
BOCHInE D . 45 E AL EBAPTIE M, LPSO 51 Mg—Zn—Y—(Gd)E: A 47 3.5% NaCl ¥ 0 1 Bk 22 6
SRR R(QR(QR))). 4 FhEr 4Bl I B8 7E 10 °A/em> BUE 2. 24 x(Gd)<1%, Mg-Zn-Y—(Gd)& 4
RO RAF e, JEOET TV AZ9ID 8664, 1124 x(Gd)=1.5%H), & &R EBae ) N . st
N, B 14H-LPSO AHARRB BN, Mg-Zn-Y—~(Gd)& SMESR 124 ERe i 5t m. Jbat, 38 wAHRSRES:
Yok Mg-Y~Gd A AT HAE AR TH =& a0 ) 2= TR Rg .
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