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Abstract: In as-cast Mg—2.1Gd—1.1Y—-0.82Zn—0.11Zr (mole fraction, %) alloy, lamellar microstructures that extend from grain
boundaries to the interior of a-Mg grains are identified as clusters of y’ using a scanning transmission electron microscope equipped
with a high-angle annular dark-field detector. Under a total strain-controlled low-cyclic loading at 573 K, the mechanical response
and failure mechanism of Mg—2.1Gd—1.1Y-0.82Zn—0.11Zr alloy (T6 peak-aging heat treatment) were investigated. Results show
that the alloy exhibits cyclic softening response at diverse total strain amplitudes and 573 K. The experimental observations using
scanning electron microscopy show that the micro-cracks initiate preferentially at the interface between long-period stacking order
structures and a-Mg matrix and extend along the basal plane of a-Mg. The massive long-period stacking order structures distributed

at grain boundaries impede the transgranular propagation of cracks.

Key words: Mg—Gd—Y—Zn—Zr alloy; long-period stacking order structure; low-cycle fatigue at high temperature; crack initiation

and propagation

1 Introduction

Mg-rare earth (RE) alloys have been widely
available and applied as high-performance lightweight
structural materials. These alloys included Mg—Nd,
Mg-Y-Nd, Mg-Th and Mg—Ag—Nd for long-life
service at high temperatures of 448 to 573 K [1-3]. It
was reported that simultaneous additions of gadolinium
and yttrium resulted in high strength at high
temperature and good corrosion resistance [4].
Mg-Gd—Y—Zr alloy is generally fabricated by sand-
casting [5—7], die casting [8,9] and semi-continuous
casting [10], etc. The newly developed Mg—Gd—Y—Zr
alloys showed considerable precipitation hardening [11],
and its strength, elongation and creep resistance are
superior to those of commercial WES54 and WE43
alloys [12,13].

Zn addition into binary Mg—Gd [14,15], Mg-Y
[16,17] and ternary Mg—Gd-Y [18—20] systems resulted
in long-period stacking order (LPSO) structure formation

and improved mechanical properties. The composition,
structure, and properties of Mg—RE(Gd, Y)—Zn alloys
with  LPSO structures have been extensively
studied [21-26]. Industrial application of Mg—RE(Gd,Y)
alloy systems requires knowledge of the mechanical
response and failure behavior of both monotonic tensile
loading and cyclic deformation. WANG et al [27]
investigated the cyclic mechanical response of extruded
Mg—Gd—-Y magnesium alloy at room temperature.
JANIK et al [28] and WU et al [29] reported the
elevated-temperature fatigue behavior of peak-aged
Mg-Gd—Y—Zr alloy. As potential structure materials
used at 573 K, the Mg—Gd—Y—Zn—Zr alloys certainly
experience alternate loading at elevated- temperature
during their service life. Considering the LPSO
distributions in the Mg—Gd—Y—Zn—Zr alloy, the fatigue
behavior could be different from that of the Zn-free
alloys.

This study aimed to: 1) explore the mechanical
response of Mg—2.1Gd—-1.1Y—0.82Zn—0.11Zr alloy
under cyclic loading at high temperature; 2) understand
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the role of LPSO in this investigated alloy under cyclic
loading at 573 K and 3) elucidate the failure mechanisms
of the alloy under the combined action of high
temperature and cyclic stress.

2 Experimental

2.1 Materials

Mg—Gd—Y—Zn—Zr alloy was prepared referring to
YANG et al [30]. Practical chemical composition of the
alloy analyzed by inductively coupled plasma
spectrometer (ICP) is Mg—11.80Gd—3.42Y—-1.91Zn—
0.35Zr (mass fraction, %) or Mg—2.1Gd—1.1Y—-0.82Zn—
0.11Zr (mole fraction, %). Note that mole fraction is
used for the alloy compositions unless otherwise
specified in this study.

2.2 Experimental procedure

After solution treatment for 12 h at 773 K, the
as-cast ingot was then quenched into hot water of
~343 K, and aging treatment was subsequently
conducted at 498 K to peak hardness (T6 tempers).
Hardness tests were performed using Vickers hardness
tester Wolpert 401MVA with 4.9 N load for 15 s. X-ray
diffraction (XRD) analysis on a Rigaku D/Max 2400
X-ray diffractometer operated at 250 mA, 40 kV with
Cu K, radiation was employed to preliminary phase
identification. A common transmission electron
microscope (TEM) Hitachi H800 and a scanning
transmission electron microscope Tecnai G* F20
equipped with a high-angle annular dark-field detector
(HAADF-STEM) were used to clarify the features of
rich-RE precipitates. Foils for TEM investigations were
ground to 75-100 pm thickness following twin-jet
electropolished. A brief low-energy ion beam milling
(GATAN 691 PIPS) was performed to improve surface
quality.

Cylindrical dog-bone shaped samples in T6 tempers
with 25 mm gauge length and 6 mm diameter were used
in this fatigue testing. Before experiment, sample
surfaces were hand-ground progressively parallel to the
specimen axis with emery papers of 1000, 2000 and
5000 grit to remove surface irregularities created by
machining process. Low-cycle fatigue tests were
performed at (573+2) K on a computerized RDL-50
fatigue testing system equipped with a heating-furnace.
Cyclic loading was performed under total axial strain
controlled with a strain ratio of R =¢nin/émax="1. The
frequency of cycling held constant at 0.25 Hz until
specimen failure. Triangular waveform loadings were
applied at total strain amplitudes Ae/2 of 0.3%, 0.45%,
0.6%, 0.75% and 0.9%. A scanning electron microscope
(SEM) FEI QUANTA 200 was used to identify the
crack-initiation sites and propagation behavior in fatigue

failure specimens.
3 Results and discussion

3.1 Microstructures of as-cast specimen

Figure 1(a) shows the typical microstructures of
as-cast specimens. The addition of zirconium and zinc
resulted in grain sizes reducing to 20—30 pm in as-cast
alloy. Herringbone compounds (black arrow) were
mainly distributed at the grain boundaries. According to
Fig. 1(b), dominant herringbone compounds in the
as-cast alloy were identified as Mg;Gd.

Aside from Mg;Gd phase distribution along the
grain boundaries in the as-cast alloy, plenty of lamellar
microstructures (white arrow) existed adjacent to
the grain boundaries (Fig. 1(a)). The lamellar
microstructures extended from the grain boundaries to
the interior of a-Mg grains, but were scarce at the centre
of the grains. They developed along diverse directions in
the as-cast alloy but parallel with one another in
individual grains. It can be inferred that there exists
specific orientation relationship between the lamellar
microstructures and the a-Mg matrix. HAADF-STEM
clarify the features of lamellar
microstructures. The characteristic feature of the material
probed by high-angle annular dark-field imaging was the
atomic number Z. Generally, for a crystal with constant
thickness, bright intensity features correspond directly to
the atomic columns with high mean square atomic
number (Z°).

Plate-like  microstructures could be readily
distinguished from the a-Mg matrix in as-cast alloys by
their contrast in HAADF-STEM images (Fig. 1(c)). The
remarkably long precipitate plates with extraordinarily
large aspect ratios were less than 1 nm in thickness and
parallel to {0001}, In contrast to a-Mg matrix, the
precipitate plates were much brighter, which indicated
enrichment of the large atomic number Gd, Y and Zn
atoms. The precipitate plates appeared in pairs or clusters
in the as-cast Mg—2.1Gd—1.1Y-0.82Zn—0.11Zr alloy.
The lamellar microstructures observed in the SEM
images (Fig. 1(a)) were believed as clusters of RE-rich
precipitate plates.

In Fig. 1(d) (incident electron beam parallel to
[1120] o-Mg), there exist two layers of bright spots, which
correspond to two adjacent close-packed planes of
{0001} ,.pg. The -~ ABABABCACACA -+ stacking
sequence along [0001],.mg, as well as enrichment of Gd,
Y and Zn atoms in the B and C layers, was believed as
the principal characteristics of the plate-like
microstructures. In addition, occupancy of Gd, Y and Zn
atoms showed the exact matching with the B and C
layers of a-Mg in the habit plane. Similar precipitate
plates have been reported by NIE et al [31,32] in

was used to
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Fig. 1 Microstructures of as-cast Mg—2.1Gd—1.1Y—-0.82Zn—0.11Zr alloy: (a) SEM image of second phase morphology and
distribution; (b) X-ray diffraction pattern; (c) HAADF-STEM image of lamellar microstructures; (d) Fourier-filtered HAADF-STEM
image of precipitate plates (Incident electron beam was parallel to [1120] «-Mg in both (c) and (d))

over-aging Mg—1Gd—0.4Zn—0.2Zr (mole fraction, %)
alloy, and named as y’ phase in response to precipitation
sequence. In the present study, y’ phases were also
detected in the as-cast Mg—2.1Gd—1.1Y—0.82Zn—0.11Zr
alloy. Therefore, lamellar microstructures observed in the
SEM images were believed as clusters of the '
precipitate plates, which originated from the grain
boundary second phases and extended into grain interior
along {0001} ,.mg. It can be inferred that the high atomic
number (Z) elements Zn, Gd and Y diffusion along the
basal plane (close-packed plane) of a-Mg resulted in the
lamellar microstructure formation during solidification.

3.2 Microstructures of solution-treated samples

Figure 2 shows the typical microstructures of
solution-treated and  water-quenched  specimens.
Herringbone structures (Fig. 1(a)) observed at the grain
boundaries in the as-cast specimen were replaced by the
blocky shape of the second phase after solution
treatment. The second phase at the grain boundaries in
the solution-treated sample became significantly wider
than that in the as-cast specimen, from which it could be
concluded that the volume fraction of second phase at the
grain boundaries significantly increased after the solution
treatment for 12 h at 773 K (Fig. 2(a)) compared with
that of the as-cast specimen (Fig. 1(a)). In addition, the
lamellar structures (Fig. 1(a)) were not detected in
the solution-treated specimens (Fig. 2(a)), which is

consistent with the experiment results reported by LI
etal [33].

The phase compositions of the solution-treated
sample were characterized by XRD and TEM. In
Fig. 2(b), the second phase was identified as LPSO
structures referring to Ref. [34]. TEM image of the
solution-treated specimens is shown in Fig. 2(c). The
incident electron beam was parallel to [1120] a-Mg. From
the inserting diffraction pattern, there exist periodic small
diffraction spots distributed at the interval of 1/14 of
distance between the direct spot and the (0002)y
reflection. Therefore, these lamellac were identified as
the 14H LPSO structures [19]. During solution heat
treating at 773 K for 12 h, the high atomic number (2)
elements Zn, Gd and Y, which enriched in Mg;(Gd, Y, Zn)
phase, diffused along the basal plane (close-packed plane)
into a-Mg matrix. Because of quite low diffusion
velocity of the rare-earth elements in a-Mg, the
Mg;(Gd,Y,Zn) is hard to dissolve. As a result, the Mg;Gd
phase distributed at grain boundaries was substituted
with stable LPSO structures after solution heat treatment.

3.3 Age-hardening characteristics and precipitation
The microhardness of the water-quenched
specimens was approximately HV 79. The hardness
initially increased slowly and then rapidly after 2 h
aging. The hardness eventually reached peak at HV 107
after aging for 24 h and then gradually decreased. The
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Fig. 2 Electron microscope images of solution-treated (773 K,
12 h) specimen of Mg—2.1Gd—1.1Y—0.82Zn—0.11Zr alloy:
(a) SEM image showing second phase distribution; (b) X-ray
diffraction pattern; (c) TEM image and corresponding electron
diffraction pattern of second phase (incident electron beam B
parallel to [1120] .mg)

hardness at peak-aged state increased by almost 36%
(HV 28) compared with that of the as-quenched samples,
which showed significant age-hardening response at
498 K. Figure 3 presents bright field TEM images and
corresponding electron diffraction patterns of the
peak-aged specimen.

Precipitates £’ (indicated by black arrows) and £
(indicated by white arrows) were the key strengthening
phases (Figs. 3(a) and (b)). Age hardening of the
alloys occurred through sequential precipitations of 5",
[’ and S, phases [18,19]. The £, phase heterogeneously

Fig. 3 TEM bright-field images (a, c) and corresponding
selected area electron diffraction patterns (b, d) after sample
was aged at 498 K for 24 h: (a, b) Incident electron beam B
parallel to [0001],.xg; (¢, d) B//[1120] 4mg

nucleated at the interface of the S’ phase and relaxed
strain fields around the g’ [18]. Plate-like precipitates
were observed in the microstructure (Fig. 3(c), indicated
by white triangle. These precipitates appeared as thin
(0001),, plates with several atom layers of thickness and
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150 to 200 nm length, which were designated as y”
phase [31,32]. The corresponding selected area electron
diffraction pattern is shown in Fig. 3(d). Bright streaks
along [0001],.m; were detected, which were ascribed to
the shape effects of the y” phase (precipitate plates).

3.4 Cyclic stress responses under total strain

controlled tests at 573 K

Variations of the stress amplitudes with the number
of loading cycles at 573 K for Mg—2.1Gd-1.1Y—
0.82Zn—0.11Zr alloy in T6 tempers are shown in Fig. 4
on a semi-log scale. At high strain amplitudes (0.75%
and 0.9%), the alloys showed apparent cyclic softening
in whole cyclic life. As for the strain amplitudes of 0.3%,
0.45% and 0.6%, a slight cyclic softening feature was
observed during the early cycles. The stress amplitudes
remained almost constant during the half of the fatigue
life, which showed pronounced cyclic saturation
behavior at high temperature. In summary, as cyclic total
strain amplitudes range from 0.3% to 0.9%, the alloy
always exhibits cyclic softening at 573 K (Fig. 4).

Total strain amplitudes
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Fig. 4 Cyclic stress amplitude vs number of cycles at different
total strain amplitudes of Mg—2.1Gd-1.1Y-0.82Zn—0.11Zr
alloy in T6 temper

Cyclic hardening is a common phenomenon during
fatigue tests, which arises from the interactions among
the dislocations that impede their motion. As for the
Mg—2.1Gd-1.1Y-0.82Zn—0.11Zr alloy in T6 temper,
twinning, LPSO and precipitates besides dislocation—
dislocation interactions can act as barriers to the
dislocation movement and cause cyclic hardening.
However, cyclic softening was detected during fatigue
tests at 573 K (Fig. 4), which was entirely different from
the cyclic hardening response at room temperature for
Mg—8.0Gd-3.0Y-0.5Zr (mass fraction, %) [27],
AZ31 [35,36] and AZ91 [37]. The first reason is that
both dislocation slip and grain boundary sliding become
propitious to operate as the temperature increased up to
573 K. Secondly, it was reported that dislocation nets,

dislocation cells, sub-boundary structures as well as
dynamic recrystallization grains were observed in the
precipitation-free zone (PFZ) of the Mg—10Gd—2.0Y—
0.46Zr (mass fraction, %) alloy after the cyclic loading
under the 0.3% total strain amplitude at 573 K [29].
Therefore, it could be inferred that the dynamic recovery
and recrystallization also exert an effect on the softening
behavior for the Mg—2.1Gd—1.1Y—0.82Zn—0.11Zr alloy
during cyclic loading at 573 K. In addition, the £’ and S,
precipitates, which were regarded as the key
strengthening phases, also grew up gradually during
fatigue tests at 573 K, thereby resulting in alloy
over-aging. In summary, strength deterioration plays a
key role in long-term cyclic loading. Therefore, the alloy
generally exhibits cyclic softening response at 573 K.
Figure 5 shows the stress—strain hysteresis loops of
the Mg—2.1Gd—1.1Y—0.82Zn—0.11Zr alloy in T6 temper
obtained from fully reversed strain-controlled fatigue
experiment at total strain amplitudes of 0.45%. The
stress—strain hysteresis loops with respect to the loading
cycles are plotted to clearly show the evolution of their
shapes at total strain amplitudes of 0.45%. The tensile
peak stresses clearly decreased during the entire fatigue
life, but the compressive peak stresses after the half-life
loading cycle until fatigue failure were practically
unchanged. Macro-yielding is detectable from the
hysteresis loop. Due to the small strain amplitude and the
concave-down shape, dislocation slip was the major
plastic deformation mechanism of the alloys at 573 K
under cyclic loading at total strain amplitudes of 0.45%.

i Total strain amplitude 0.45%
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The first cycle.
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Fig. 5 Stress—strain hysteresis loops of different cycles at
0.45% total strain amplitudes

3.5 Micro-crack initiation and propagation behavior
Backscattered electron images (Fig. 6) showed the
atomic number contrast near the main cracks of the
failure sample of the Mg—2.1Gd—1.1Y-0.82Zn—0.11Zr
alloy after cyclic test at 0.45% total strain amplitude.
Backscattered electron images provided contrast based
on differences in the average atomic number of different
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Crack pass
through LPSO
along {0001} psoy

Crack blunting
at LPSO

£\ st

Fig. 6 Backscattered electron images of fatigue failure specimen near fracture under 0.45% total strain amplitude at 573 K:

(a, b) Cracks initiation; (c) Cracks propagation behavior; (d) Schematic diagram showing cracks propagation

portions of the sample. The bright blocky phases
represent the LPSO structures containing significant
concentrations of high atomic number elements Gd, Y
and Zn. The LPSO structures were extensively
distributed at the grain boundaries and extended into the
grain interiors along the {0001} ..

Micro-crack initiation generally occurred on the
specimen surface (Figs. 6(a)—(c)) at the following sites:
1) interiors of the LPSO structures; 2) basal slip bands of
{0001} Mg and 3) interfaces between a-Mg and LPSO
structures (marked by white dashed box). Experimental
observations showed that the interfaces between a-Mg
and LPSO structures were preferential sites for crack
initiation. This finding was ascribed to different hardness
between LPSO structures and o-Mg. The hardness of
18R-type LPSO structures is higher than that of
a-Mg [23]. Thus, LPSO structures cannot exactly match
the deformation of the a-Mg during cyclic loading.
Therefore, the micro-cracks were preferentially initiated
at the interfaces between the magnesium matrix and
LPSO structures.

As the cracks grew into the small pieces of LPSO
structures along the direction parallel to the {0001} pso,
the cracks passed through the LPSO and propagated into
the adjacent grains as shown in Fig. 6(c). Crack blunting

was observed when the cracks encountered the blocky
LPSO structures at the grain boundaries, and the crack
propagation direction remarkably deviated from the
{0001} pso (Fig. 6(c)). As the cyclic test continued,
micro-crack initiation occurred in other grains. The crack
propagation resulted from merging of micro-cracks
between adjacent grains. The crack propagation and
change in direction are sketched in Fig. 6(d) when they
encountered the blocky LPSO. The mechanism that
LPSO structures hinder crack propagation is shown in
Fig. 7. When micro-crack propagation encountered
massive LPSO structures distributed at the grain
boundaries, they usually tended to either generate
cavities (Fig. 7(a)) or blunt (Fig. 7(b)) inside the LPSO
structures. Nucleation of cavities at LPSO structures
indicated that impingement of slip bands on LPSO
resulted in stress concentration. Therefore, the shielding
of a crack tip by LPSO at the grain boundaries impeded
transgranular crack extension. Therefore, the blocky
LPSO structures, particularly those distributed at the
grain boundaries, acted as barriers to crack propagation.
Compared with the Mg—2.0Gd—0.60Y alloy, the
addition of 0.82% Zn (mole fraction, %) into the
investigated alloy resulted in the formation of LPSO

structures. Given the LPSO structures in the
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Fig. 7 Interaction between cracks and LPSO structures:
(a) Micro-cracks generating cavities on LPSO structures;
(b) Micro-cracks blunting inside LPSO structures

Mg—2.1Gd-1.1Y-0.82Zn—0.11Zr alloy, the initiation
and propagation behavior of cracks at high temperature
573 K was significantly different from that in Zn-free
alloy. With regard to Mg—2.0Gd—0.60Y alloy, micro-
cracks initiated mostly either at grain boundaries for
lower strain amplitudes or at the persistent slip bands for
higher strain amplitudes, and then intercrystalline cracks
propagated during the fatigue test at 573 K [29]. As for
the Mg—2.1Gd—-1.1Y—-0.82Zn—0.11Zr alloy, the micro-
cracks initiated mostly at the interfaces between the
LPSO and the a-Mg, and then the mergers of
micro-cracks between adjacent grains resulted in
transgranular cracking. Therefore, transgranular cracking
was recognized as the feature of fatigue failure at high
temperature in the Mg—2.1Gd—1.1Y-0.82Zn—0.11Zr
alloy.

Dense deformation twins were observed on the
surface of fatigue failure specimen at 573 K (Fig. 8).
FAN et al [38] also reported that a large number of twins
existed near the fracture in an extruded magnesium alloy
after cyclic deformation. It was believed that the
distribution of the deformation twins depended on the
strain amplitude, cyclic mechanical characteristics, and
the plastic zone size ahead of the crack tip. Considering

the basal slips as the key deformation mechanism below
623 K, the micro-cracks initiated at the {0001} .y, slip
bands. As thin twins were generated (Fig. 8), the
micro-cracks no longer appeared as straight slits. When
the micro-cracks propagated to the twins, deflection of
propagation direction was observed. Twinning resulted in
crack propagation along a winding route, which
prolonged the extension distance.

W= + : !
Grain boundary

Fig. 8 Interaction between twins and micro-cracks

3.6 Fractography of fatigue failure

Fracture surfaces of fatigued specimens at the total
strain amplitude of 0.45% were examined using SEM.
The low-magnification image reflects the overall fracture
morphology. A typical low-magnification SEM image of
the fatigue crack initiation site and propagation zone of
the specimens tested is presented in Fig. 9(a). Basically,
the fatigue cracks initiated from the specimen surface.
The fatigue fracture had a smooth appearance, and the
specimens generally exhibited brittle fracture after the
fatigue test. Radial marks were also observed on the
macrograph, which indicated the direction of fracture at
the final failure stage. Cleavage-like facets were
observed at the initiation sites (Fig. 9(b)). This finding
corresponded to the cracks preferentially nucleated at the
interfaces between the LPSO and a-Mg, as well as the
basal slip bands (Figs. 6(a)-(c)). The area of the
fatigue-crack propagation zone is indicated by the dashed
line on the image. The propagation area contained some
fatigue striation-like features (marked by white
arrowheads in Fig. 9(c)) that were perpendicular to the
crack propagation direction. Some secondary cracks,
marked by black arrowheads, are visible in Figs. 9(c) and
(d). Figure 9(d) shows the features of the fracture
surfaces at the stage of final static failures. Shallow
dimples are observed in Fig. 9(d), which are relatively
different from that of crack initiation (Fig. 9(b)) and
propagation (Fig. 9(c)). According to Figs. 9(b) and (d),
as the fatigue cracks propagated into the sample interiors,
the mechanism of crack initiation is different from that of
the micro-cracks on the specimen surface. In summary,
the fracture characteristics changed from cleavage
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// Striation
features

Fig. 9 Typical SEM images of fracture surfaces at total strain amplitudes of 0.45%

(Fig. 9(b)) to mixed mechanisms with a few shallow
dimples distributed on the facets (Fig. 9(d)).

4 Conclusions

1) In the as-cast Mg—2.1Gd—-1.1Y-0.82Zn—0.11Zr
alloy, lamellar microstructures were identified as clusters
of y’ precipitate plates. After 12 h solution heat treatment
at 773 K, the clusters of y’ were dissolved into the a-Mg
matrix and cannot be detected. When the alloy was aged
to peak hardness at 498 K, the plate-like y" precipitates
were distributed along {0001} ,.me, Which was one of the
precipitation hardening phases.

2) Strain controlled low-cycle fatigue tests were
performed on the Mg—2.1Gd—1.1Y-0.82Zn—0.11Zr alloy
at 573 K. Cyclic softening responses were observed
under diverse total strain amplitudes at 573 K. The
interfaces between the LPSO structures and the a-Mg
matrix are preferential sites for micro-crack initiation.
The massive LPSO structures distributed at the grain
boundaries impeded the transgranular propagation of
micro-cracks. The merger of cracks in adjacent grains

\egs 4
=y

resulted in crack propagation.

3) Secondary crack nucleation preferentially occurred
at the grain boundaries at the fatigue crack propagation
and final static failures stages. Therefore, the fracture
characteristics changed from cleavage to mixed
mechanisms with a few shallow dimples distributed on
the facets.
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Mg-Gd-Y-Zn—Zr & & EH T2 Y
(ALETFN 573 K TRYMKREIE 5 1TA

ZHEN, FEw o &

1. IR RS MRS TR, KD 410082;
2. W RY: WU R & sk ®, Kb 410082;
3.0 PR TR MRR S TR, 764 710032

i E: W E S AR RN RE S B AL T Mg—2.1Gd-1.1Y-0.82Zn—0.11Zr & &M H LR
A, BT B o S ] 8 YRR B E RGN y MR G T AE T R R E RS B Mg—2.1Gd-1.1Y-0.82Zn~0.11Zr
B G AE B SRR N 1 RS 73 KON 8 57 MR AR 19 Jy 22 AL R s H L o 76 ST3 KR, A &R AR RN
Pl IEIA InE h R B TR B RIRFE . IR BT R 25 SRR 0 RO LU e K A AR AL 1A
FIFIAC TN, FEUEETH YR A T A AR R . Bolk KB WE A fI a5 S R .
XA Mg-Gd-Y-Zn—Zr &4 KAWHETH: mBREEY: REOE&5Y R
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