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Abstract: In order to eliminate the inhomogeneous structure of as-cast GWZK94 alloys, the homogenization was conducted
by resistance heating furnace at 505~520 °C for 8~20 h. Optical microscope (OM), differential scanning calorimeter (DSC),
X-ray diffraction (XRD), scanning electron microscope (SEM), energy dispersive spectroscopy (EDS), electron backscatter
diffraction (EBSD), universal mechanical tester, and Vickers hardness tester were used to investigate the microstructure
evolution and mechanical properties. The results show that the as-cast alloy mainly consists of dendritic α-Mg matrix, lamellae
with metastable stacking faults (SFs), eutectic phase Mg24(Gd, Y, Zn)5, block-shaped long-period stacking ordered (LPSO)
phases Mg12(Gd, Y)Zn, and a few RE-rich phases. During the homogenization, the lamellae and Mg24(Gd, Y, Zn)5 eutectic
phases gradually dissolve into the matrix, and the volume fraction of block-shaped LPSO phases decreases while the
lamellar-shaped LPSO phases grow into grains steadily, and some precipitated particles form near the grain boundaries. At 520
°C, triangle-shaped remelted eutectic phases appear, which indicate the over burning of magnesium alloy. Ultimate tensile
strength (UTS), tensile yield strength (YS) and fracture elongation show a tendency corresponding to microstructure evolution,
and more uniform hardness is obtained. The homogenization condition is optimized to 515 °C/16 h.
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Rare earth (RE) elements have incomparable properties
because of their particular electronic arrangement [1, 2]. The
addition of RE elements in magnesium alloys can not only
purify grain boundaries, but also enhance the strength and
improve the corrosion resistance [3-5]. However, RE
magnesium alloys are mainly used in aerospace and
high-tech fields due to the high cost of RE [6]. Adding
non-rare earth elements can not only reduce the price, but
also generate new second phases [7]. Recently, Mg-RE-Zn
alloys, which contain long period stacking order (LPSO)
phases, have attracted much attention due to excellent
mechanical performance [8-10]. Mg97Y2Zn1 Mg alloys were
fabricated by rapid solidified powder metallurgy by
Kawamura et al [11], and their yield strength reaches 610
MPa after extrusion at room temperature, and the
microstructure investigation indicated that the addition of

Zn results in the appearance of LPSO phases which can
hinder the sliding of dislocation and strengthen the matrix.
In fact, as-cast magnesium alloys are rarely used, even
though RE magnesium alloys have superior properties [12].
Component segregation and shrinkage defects are
unavoidable after solidification [13]. So, further
homogenization is needed to eliminate the dendrite
segregation of the as-cast structure and to harmonize the
volume fraction and distribution of second phases before
plastic deformation [14]. Finally, the properties of the alloys
are strengthened. Tan et al [15] investigated the effect of
homogenization on the enhancement of failure strength of
MgY1.06Zn0.76Al0.42 alloy, and found that block 14H-LPSO
phases are broken into fine platelets with the increase of
homogenization time, and the tensile strength and yield
strength are improved to 416 and 376 MPa after
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1

Experiment

1.1 Materials preparation
The GWZK94 alloy (480 mm in diameter and 2040 mm
in
length)
with
a
nominal
composition
of
Mg-9Gd-4Y-2Zn-0.5Zr
(at%)
was
fabricated
by
semi-continuous casting using commercial pure Mg (˚
99.9%) and Zn, Mg-30Gd (at%), Mg-30Y (wt%) and
Mg-25Zr (wt%) master alloys in an electrical resistance
furnace under the atmosphere of CO2 and SF6 with the ratio
of 100:1. The actual chemical composition of the alloy is
shown in Table 1. Cubic specimens with dimensions of 20
mm×20 mm×40 mm were wire cut from the center of
GWZK94 alloy ingot. Then, they were subjected to solid
solution treatment.
1.2 Homogenization treatment
Homogenization temperatures for heating GWZK94 alloy
were determined by differential scanning calorimetry (DSC)
analysis on a universal V4.4 DTA DSC instrument. The DSC
curve is illustrated in Fig.1. It was obtained by increasing the
heating temperature from room temperature to 600 °C at the
rate of 10 °C/min, and the curve is shown between 100 °C
and 600 °C to highlight the phase transformation. It can be
seen that the curve shows a peak at 520 °C, which is the
highest temperature allowed for homogenization, or the alloy
will undergo phase transformation. Fig.1 shows that the
melting point is 588 °C, and four temperatures of 505, 510,
515, and 520 °C are selected according to the homogenization empirical equation T=(0.9~0.95)Tm. Meanwhile, in order
to investigate the microstructure evolution, the heating
Table 1

Chemical composition of as-cast GWZK94 alloy (at%)

Gd

Y

Zn

Zr

Mg

9.40

3.62

1.84

0.52

Bal.

time was chosen as 8~20 h. After the homogenization, ~70 °C
water quenching was performed to prevent the precipitation
of supersaturated solid solution in the process of sudden
temperature change.

1.3 Characterization
Optical microscope (OM, A2m, Zeiss, Oberkochen,
Germany) was employed to observe the microstructure with
the magnification of 50~500x after the specimens were
ground, polished and corroded with picric acid reagent in a
solution of 2 mL deionized water, 2 mL 99% acetic acid,
1 g picric acid and 14 mL ethanol. X-ray diffraction (XRD,
DX-2700, Fangyuan Inc., Dandong, China) equipped with
Cu radiation was applied to identify the phase composition
of magnesium alloy with the diffraction angle from 20° to
80° at the speed of 5°/min. Scanning electron microscope
(SEM, SU5000, Hitachi, Tokyo, Japan) was used to observe
the change of secondary phases during homogenization in
different conditions and the phase atomic ratio was defined
by energy dispersive spectroscopy (EDS, Genesis, EDAX
Inc., Mahwah, NJ, USA) with the voltage of 20 kV and
working distance of 10 mm. At last, electron backscatter
diffraction (EBSD, EDAX Inc., Mahwah, NJ, USA) were
used to determine the grain orientation and intensities of
(0001) pole figures with title angle of 70° and working
distance of 15 mm. The tensile strength test was carried out
on an Instron 3382 universal material testing machine and
the hardness was determined by UHL VMHT Vickers
hardness tester.

2

Results and Discussion

2.1 Microstructure of as-cast alloy
From Fig.1, it can be observed that the eutectic
transformation temperature and melting temperature are
estimated to be 521 and 588 °C, respectively. It can be
known that α-Mg phases nucleate when the casting cooling
temperature decreases to 588 °C, and Zr-rich area may be
the nucleation attachment station. Then, the liquid phases
and α-Mg matrix coexist in the alloy until 521 °C. The
addition of 0.5 wt% Zr can help to refine the primary α-Mg
grains.
1
-1

homogenization. Shi et al [12] conducted experiments on
homogenization of Mg-13Gd-4Y-2Zn-0.6Zr magnesium
alloy. Their results indicated that the homogenization at 500
°C for 24 h can improve the homogeneity of second phases
and the elongation of specimens, and (Mg, Zn)24(Y, Gd)5
eutectic phases dissolve and Mg12(Y, Gd)Zn changes from
block-shaped to lamellar-shaped with the increase of
homogenization temperature. Therefore, it is beneficial to
homogenize magnesium alloys to improve their
microstructure and mechanical properties.
Up to now, few researches have concentrated on the
homogenization of GWZK94 alloys. Therefore, it is
interesting to study the optimal homogenization condition
before plastic deformation. In the present study, the as-cast
GWZK94 specimens were homogenized at 505~520 °C for
8~20 h. The microstructure evolution and hardness
variation were then investigated. Finally, the optimal
homogenization condition was achieved.
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The eutectic reaction happens when the temperature
decreases to about 521 °C. And the reaction equation is
shown as follows: L→α-Mg+β-eutectic.
According to the phase transformation process in the phase
diagram of the alloy, it can be obtained that the formation of
α-Mg primary is ahead of α-Mg matrix, and some α-Mg
forms around the eutectic phases with the coexistence of
α-Mg and eutectic phases.
Fig.2 depicts the microstructure of as-cast GWZK94
alloy. It can be seen that the alloy is mainly composed of
α-Mg, interdendritic block-shaped phases and intragranular
lamellae phases with the average grain size of 84 µm. The
interdendritic block-shaped phases are elongated along the
grain boundaries with two different contrasts, i.e., bright
white and dark grey, which are marked as points E and F,
respectively; bright white phase in square shape is marked
as G as shown in Fig.2d. The intragranular lamellae in the
α-Mg matrix is stretched through the whole grain with
special orientation, while some grains have no existence of
lamellae structure due to no existence of eutectic phases at
the grain boundaries like the grains at the top of Fig.2d.
Ding et al[16] investigated that the lamellae structure in
α-Mg matrix of as-cast Mg96.32Gd2.5Zn1Zr0.8 alloy is
stacking faults (SFs) with a distinctive 14H-type LPSO
structure. Meanwhile, the investigation of Wu et al [17] also
confirmed this. Specifically, the SFs form because the
interaction of Mg, Gd, Y and Zn atoms influences the
normal lattice location. When the thermodynamic and
dynamic conditions are prepared for elemental composition
and stacking order of Y and Zn or Gd and Zn, the lamellae
forms in the Mg matrix. But not all grains have the lamellae

structure because Gd, Y and Zn atoms are mainly composed
of the eutectic phases, around which the grains are easy to
form the lamellae[16, 17].
In order to identify the composition of eutectic phases,
EDS analysis was conducted on the secondary phases. Table
2 shows the chemical composition of phases in GWZK94
alloy shown in Fig.2d. The results indicate that phase E is
composed of Mg-11.87Gd-3.74Y-2.02Zn (at%), while phase
F consists of Mg-4.41Gd-2.84Y-5.37Zn (at%). LPSO and
Mg24(Gd, Y, Zn)5 are detected in the as-cast alloy by XRD
(Fig.3). The ratio of (Gd+Y):Zn in phase F is 1.08, similar to
the ratio of 1.0 for Mg12(Gd, Y)Zn which is a kind of
14H-LPSO structure [18]. The ratio of Mg:(Gd+Y+Zn) for
phase E is 4.6, similar to the ratio of 4.8 for Mg24(Gd, Y, Zn)5.
Meanwhile, the acceptable errors are inevitable. The lamellae
structure shown in Fig.2d is also detected in Mg-6.9Gd-3.2Y1.5Zn-0.5Zr alloy by Zhou et al [19]. It is found that the
lamellae structure is a kind of metastable/imperfect LPSO
structure or SFs, and such LPSO structure might be transformed
into a stable structure during homogenization[16, 17, 20]. The
content of Gd and Zn is very small according to the analysis
of EDS. Thus, the lamellae structure might be a kind of
unstable SFs. Finally, the square shape bright white phase
marked as G in Fig.2d has a high content of RE elements,
which can be defined as RE-rich phase [21]. The similar result
is also obtained by Ding et al [16] , but the chemical
composition of the square-shaped phase is different. Li et
al[22] indicated that the square-shaped phases have the same
fcc crystal structure but the composition is various for the
reason of different alloy types. Meanwhile, Wu et al[23]
reported that square-shaped phases are relatively stable and
b
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Table 2

EDS results of marked points of GWZK94 alloy shown in Fig.2d (at%)

Point

Gd

Y

Zn

Zr

Mg

E
F
G
Lamellae

11.87
4.41
35.38
1.77

3.74
2.84
50.73
0.82

2.02
5.37
1.17
0.21

0.41
0.38
4.17
0.22

81.95
87.00
11.55
96.98

the chemical composition cannot be changed during the heat
treatment. Moreover, it can be seen that the content of Y is
higher than that of Gd, which can be attributed to the nucleation
condition of RE-rich phases, and the same result is achieved for
Mg-7Y-4Gd-1Zn alloys[24]. Several studies[16, 17, 23, 25, 26] have
reported that a small amount of RE-rich phases are formed in
as-cast Mg-RE(-Zn) alloys and abundant after hightemperature treatment. In GWZK94 alloys, the formation of
RE-rich phases can be attributed to the extra Gd and Y
elements after the formation of eutectic and LPSO phases
during the solidification of as-cast alloys segregated and
nucleated near the boundaries. From the TEM observation of
Li et al[22], the shape of the square-shaped phase is regular
and it seems to grow from the matrix.
Fig.4 illustrates the SEM images and distribution of solute
elements in the as-cast GWZK94 alloy. It can be seen that
Mg element is mainly distributed in the matrix and a few
element is distributed in eutectic phases. Gd occupies bright
white phases (Mg24(Gd, Y, Zn)5) in the interdendritic
block-shaped phases, and Zn is the important element to
form the grey phases (interdendritic LPSO phases).
Furthermore, the distribution of elements Y and Zr is
dispersed. To eliminate segregation and to improve the
formability of as-cast alloy, optimal homogenization
parameters must be ensured.

2.2 Microstructure evolution of homogenized alloys
Fig.5 demonstrates the homogenized microstructures of
GWZK94 alloy at 510 °C for different holding time. In
general, it can be seen that the volume fraction of network
eutectic phases at grain boundaries in as-cast alloy decreases
with the increase of holding time. To be specific, coarse
eutectic phases dissolve into the matrix and form the
supersaturated solid solution. When homogenization time is
8 h (Fig.5a), a tiny change can be observed that lamellae
structure in the α-Mg matrix dissolves due to its
metastable/imperfect structures. The bright white phases
Mg24(Gd, Y, Zn)5 in eutectic phases dissolve mostly, while
grey phases (interdendritic block-shaped LPSO phases)
dissolve partly. Meanwhile, fine granular phases precipitated
near the boundaries can be observed, which might be the
precipitation of supersaturated α-Mg matrix or the decomposition
of eutectic phases [27]. With increasing the holding time to 12 h
(Fig.5b), a dramatic change happens that metastable lamellae
phases dissolved into the Mg matrix, making the center grains
smooth, and distinct straight lamellar-shaped phases are generated
at grain boundaries[16, 17, 19, 23, 28, 29]. The volume fraction of

510 oC/16 h
510 oC/12 h
510 oC/8 h

Fig.3

XRD patterns of GWZK94 alloy at 510 °C for different
homogenization time

eutectic phases is further reduced compared to holding for 8
h. Meanwhile, new kinds of fine lamellar-shaped phases are
obtained which grow from block-shaped LPSO phases at the
grain boundaries to intragranular region. This phenomenon
has been reported by Li et al, and the lamellar-shaped phases
are defined as 14H-LPSO phases [22]. SEM image of holding
for 16 h (Fig.5c) indicates the further reduction of eutectic
phases. Meanwhile, some precipitated phases are distributed
in the matrix irregularly and more precipitated phases near
the boundaries are formed. Specifically, with the increase of
holding time, supersaturated solid solution forms, and
block-shaped LPSO phases at grain boundaries dissolve and
transform to lamellar-shaped LPSO phases with the
precipitation of supersaturated phases. Some researchers
suggested that the formation of LPSO phases depends on the
ratio of RE/Zn, and Zn6RE8 (at%) is an ideal ABCA stacking
structure 18R and 14H face-centered cubic (fcc) structure [28].
Thus, the solid solubility of Gd and Y elements increases
gradually in the matrix with the increase of homogenization
time, corresponding to the growth of lamellar-shaped LPSO
phases. However, as the homogenization time increases to 20
h (Fig.5d), no significant effect is observed, which might be
the reduction of the solute concentration gradient during the
treatment. In other words, early stage homogenization
treatment has a more significant effect on the transformation
of secondary phases. Meanwhile, the area fraction of
lamellar-shaped LPSO phases shows a trend of reduction,
which might be the supersaturation of Gd in the matrix.
Some studies investigated that the binding ability between
Gd and Zn in the matrix is weaker than that between Y and
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OM (a~d) and SEM (e~h) images of GWZK94 alloy at 510 °C for different homogenization time: (a, e) 8 h, (b, f) 12 h, (c, g) 16 h,
and (d, h) 20 h

Zn, and excessive Gd inhibits the transformation of LPSO
phases. The stable fine lamellar-shaped 14H-LPSO structure
is beneficial to deformation, which is attributed to its kink
deformation[30].
Fig.6 illustrates the microstructure evolution of
homogenized samples at different temperatures for 16 h. In
general, network coarse eutectic phases in the as-cast alloy
dissolve greatly and form the discontinuous eutectic
compounds. Meanwhile, metastable SFs dissolve and
lamellar-shaped LPSO forms. Some phases with irregular
shape are precipitated near the boundaries. At 505 °C
(Fig.6a), there is also a little bit of Mg24(Gd, Y, Zn)5 phases

mixed in block-shaped LPSO phases, which indicates
incomplete homogenization. Some eutectic phases still
maintain the network shape. With increasing the temperature
up to 510 and 515 °C (Fig.6b and 6c), the bright white
Mg24(Gd, Y, Zn)5 phases dissolve completely, and the volume
fraction of secondary phases decreases to 12% and 10.8%
from as-cast 15%. At the same time, it is worth noting that
square-shaped RE-rich phases are difficult to dissolve at high
temperatures and show an increasing number fraction. Gao et
al [29] found that the square-shaped RE-rich phases are stable
and pin the grain boundaries, making the Mg-Gd-Y-Zr alloys
less sensitive to high temperature and improving the
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metastable SFs dissolve in the matrix and transform into
stable intragranular LPSO phases, and Mg24(Gd, Y, Zn)5 in
eutectic phases at the boundaries begins to dissolve,
corresponding to the strengthening of solid solution. Also,
there is no significant growth in the grain size. It is noticed
that limited fraction of precipitated phases near the
boundaries can be observed. Under the condition of 515
°C/16 h which is the optimum condition of homogenization,
Mg24(Gd, Y, Zn)5 dissolves completely and the volume
fraction of interdendritic LPSO phases decreases from 15%
to 10.8%, corresponding to the increase of intragranular
LPSO phases. The RE-rich phases are almost unchanged,
which indicates the feature of high temperature insolubility.
Furthermore, an increased number of precipitated phases
can be obtained during the homogenization, which is due to
the supersaturation of the matrix or the decomposition of
secondary phases. Eventually, a relatively homogeneous
structure is obtained under the condition of 515 °C/16 h.

mechanical properties. Furthermore, they thought that the
formation of square-shaped phases in heat treatment is
determined by the transformation in the dissolution process
of eutectic phases. When the temperature reaches 520 °C
(Fig.6d), the remelting of phases appears at the grain
boundaries, which indicates the over-burning of alloy.
Remelting of eutectic sphere, widening of grain boundaries
and remelting of triangular grain boundaries are three
characteristics for identifying the over-burning of alloy [13].
Fig.6i shows the high magnification of Fig.6h, and the
remelting of triangular phases can be seen obviously. The
distribution of Gd, Y, Zn and Zr elements after
homogenization treatment at 515 °C for 16 h is shown in
Fig.6j. It can be seen that the uniform distribution of
elements is observed under 515 °C/16 h. To be specific,
enrichment of Gd and Zn elements in interdendritic eutectic
eliminates the segregation after the dissolution of eutectic
compound. Above all, 515 °C/16 h is the optimum
homogenization condition.
Fig.7 shows the schematic diagram of microstructure
evolution during the homogenization. The α-Mg with
metastable SFs is surrounded by network eutectic phases.
Furthermore, square-shaped RE-rich phases are distributed
in the matrix. At the initial stage of homogenization, part of

2.3 Mechanical properties
To analyze the effect of homogenization on the
anisotropy of GWZK94 alloy, the texture of as-cast and
homogenized alloy is examined by electron back-scattered
diffraction (EBSD) and the results are illustrated in Fig.8.
Different colors of different grains shown in Fig.8a and 8b
c

b
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d

RE-rich

RE-rich

Remelting

Precipitated phase

50 µm
e

h
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f

250 µm
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j

Remelting

50 µm

Fig.6

Gd

Y

Zn
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200 µm

OM (a~d) and SEM (e~i) images of microstructure evolution of GWZK94 alloy homogenized at different temperatures for16 h:
(a, e) 505 °C, (b, f) 510 °C, (c, g) 515 °C, and (d, h) 520 °C; high magnification of Fig.6h (i); distribution of solute elements in
homogenized alloy at 515 °C/16 h (j)
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illustrate different grain orientation, and the black region
represents the eutectic phases, corresponding to the EBSD
confidence index (CI) less than 0.1 which cannot be
distinguished by the system. As shown in Fig.8a and 8b, it
can be noted that the volume fraction of interdendritic
eutectic phases dramatically decreases after the
homogenization treatment. Meanwhile, the grain size
increases slightly from 92 µm to 106 µm, which is
attributed to the increase of grain boundary energy and
migration provided by the high temperature and holding
time. Fig.8c and 8d show the texture in (0001) level of
as-cast and homogenized alloy, respectively. It can be seen

that the alloy exhibits random texture with random
orientation. Thus, the anisotropy of as-cast and
homogenized alloy does not exist. Therefore, the
mechanical properties are not related to the direction of
cutting materials.
The mechanical properties of the as-cast and homogenized
samples measured at room temperature are demonstrated in
Fig.9. It can be observed from Fig.9a that the ultimate
tensile strength (UTS) increases from 197.1 MPa to 218.4
MPa after 515 °C/16 h homogenization, while the tensile
yield strength (TYS) decreases from 143.2 MPa to 130.4
MPa. It is obviously known the obstacle of precipitated

Fig.7
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α
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α

Schematic diagram of microstructure evolution of GWZK94 alloy during homogenization: (a) initial structure, (b) microstructure
during homogenization, and (c) homogenized under 515 °C /16 h
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Fig.8 Grain orientation and IPF (a, b); (0001) pole figures (c, d) of GWZK94 alloy: (a, c) as-cast and (b, d) homogenized under 515 °C/16 h
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Vickers hardness change of as-cast and homogenized (515
°C/16 h) samples. Ten points of the as-cast and homogenized
alloys are tested and the selected positions are shown in the
upper left corner of Fig.9b. A significant non-uniform
performance is observed in the black line shown in Fig.9b,
which is due to the existence of composition segregation and
nonequilibrium eutectic phases in the as-cast alloy. After
homogenization at 515 °C for 16 h, the dispersion of
microhardness curve decreases compared with the as-cast
curve, which is shown by the red line. Furthermore, the value
of Vickers hardness after homogenization is lower than that
in as-cast condition, corresponding to the decrease of tensile
strength. The researches of Yuan et al [32] and Singh et al [33]
suggest that the solid solution can increase the strength of
matrix, and the coarsening of grains can reduce the influence
of the solid solution. Meanwhile, the hardness of secondary
phases in Mg-RE-Zn alloy is higher than that of the matrix.
In the present work, under the condition of 515 °C/16 h, the
coarsening of grains plays a leading role in reducing the
microhardness, which can also explain the decrease of tensile
strength. Furthermore, uniform distribution of microhardness
also indicates the homogeneous composition and elimination
of segregation after homogenization under 515 °C/16 h.

phases to the slip of dislocation can strengthen the matrix,
which causes the increase of UTS. Besides, the TYS is
primarily influenced by three common factors which are
grain size, solid solution strengthening and secondary phases
[31]
. To be specific, at the initial stage of homogenization
treatment, the secondary phases dissolve into the matrix,
resulting in lattice distortion and solid solution strengthening.
Also, the grain growth is not obvious, and the precipitation of
secondary phases at the boundaries hinders the motion of
dislocation. Thus, the TYS increases in the early stage.
However, with the increase of temperature and holding time
(16 h or more), the formation of precipitates at the boundaries
consumes part of solutes in the matrix, so solid solution
strengthening becomes weak and the coarsening of grain plays
a leading role. Therefore, TYS decreases after homogenization
under 515 °C/16 h compared to that of as-cast alloy. In
addition, the elongation (El) of samples increases from 4.1%
to 5.3% after homogenization. As described, the dissolution of
secondary phases after homogenization releases the inner
strain and eliminates the segregation, corresponding to the
reduction of crack tendency during deformation.
It is believed that the microhardness is influenced by the
microstructure evolution to a certain extent. Fig.9b shows the
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Mechanical properties of as-cast and homogenized (515 °C/16 h) alloy measured at room temperature: (a) tensile properties and
(b) Vickers hardness
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Conclusions

1) The as-cast alloy mainly consists of dendritic α-Mg
matrix, lamellae composed of metastable SFs attached in
α-Mg, network eutectic compounds (Mg12(Gd,Y)Zn,
Mg24(Gd, Y, Zn)5) distributed along grain boundaries, and
RE-rich phases with square shape. Serious element
segregation exists in the as-cast alloy, corresponding to the
distribution of Gd and Zn along interdendritic phases.
2) The optimal homogenization condition is determined
to be 515 °C/16 h. After homogenization, lamellae with
metastable SFs within α-Mg dissolves, and the area fraction
of interdendritic eutectic compounds decreases to 10.8%,
corresponding to Mg24(Gd, Y, Zn)5 which is transformed

into interdendritic block-shaped Mg12(Gd,Y)Zn. Meanwhile,
lamellar-shaped LPSO phases grow from grain boundary to
grain interior, and some participated phases are gathered
near the boundaries irregularly.
3) After homogenization, the mechanical properties change to
various degrees. One the hand, the ultimate tensile strength
(UTS) increases from 197.1 MPa to 218.4 MPa owing to the
obstacle of precipitated phases to the slip of dislocation, while
the tensile yield strength (TYS) decreases from 143.2 MPa to
130.4 MPa as a result of coarsening of grains. One the other
hand, the elimination of inner strain and segregation determine
the increase of elongation from 4.1% to 5.3%. Also, the
hardness is more uniform and the coarsening of grains decreases
the hardness, which is helpful to plastic deformation.

Zhu Jiaxuan et al. / Rare Metal Materials and Engineering, 2020, 49(5): 1503-1511
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⛁໘⧚ᇍ GWZK94 ড়䞥ᖂ㾖㒘㒛Ϣᄺᗻ㛑ⱘᕅડ
ᴅᆊ㨅 1ˈ䮿䩞号 1ˈᓴ⊏⇥ 1ˈᓴݴϪ 1ˈ┬⥝⬄ 1ˈᓴ

啭2

(1. Ё࣫ᄺˈቅ㽓 ॳ 030051)
(2. ࣫∳ቅ䞡Ꮉ᳝䰤䋷ӏ݀ৌˈ࣫ 㼘䰇 441057)
ᨬ

㽕˖Ўњᬍ䫌ᗕ GWZK94 ড়䞥ᖂ㾖㒘㒛ⱘϡഛࣔᗻˈՓ⫼⬉䰏ࡴ⛁♝⏽ᑺ 505~520 ć㣗ೈ ⏽ֱݙ8~20 h 䖯㸠⛁໘⧚ᅲ偠Ǆ

䞛⫼ܝᄺᰒᖂ䬰˄OM˅ˈᏂ⼎ᠿᦣ䞣⛁Ҿ˄DSC˅ˈX ᇘ㒓㸡ᇘҾ˄XRD˅ˈᠿᦣ⬉ᄤᰒᖂ䬰˄SEM˅ˈ㛑䈅Ҿ˄EDS˅ˈ⬉ᄤ㚠ᬷ
ᇘ㸡ᇘᡔᴃ˄EBSD˅ˈϛ㛑䆩偠ᴎ㓈⇣⹀ᑺ䅵䖯㸠ᖂ㾖㒘㒛ⓨবঞᄺᗻ㛑ߚᵤǄ㒧ᵰ㸼ᯢˈ䫌ᗕড়䞥㒘㒛Џ㽕ࣙᣀᷥᵱ⢊ α-Mg
ԧˈѮ〇ᗕሖ䫭˄SFs˅ⱘ⠛ሖ㒧ᵘˈ݅Ⳍ Mg24(Gd, Y, Zn)5ˈഫ⢊䭓਼ᳳ᳝ᑣේ൯㒧ᵘ˄LPSO, Mg12(Gd, Y)Zn˅ᇥ䞣ⱘᆠ
⿔ⳌǄഛࣔ࣪໘⧚䖛Ёˈ⠛ሖ㒧ᵘ݅Ⳍ Mg24(Gd, Y, Zn)5 䗤⏤⒊ѢԧЁˈৠᯊഫ⢊ LPSO Ⳍԧ⿃ߚ᭄䗤⏤ޣᇣᑊԈ䱣
᳝⠛ሖ⢊ LPSO Ⳍ㉦ݙ䚼⫳䭓ˈ乫㉦⢊Ⳍ⬠䰘䖥ᵤߎǄࡴ⛁⏽ᑺЎ 520 ćᯊߎ⦄❨ϝ㾦⬠ˈ䇈ᯢℸᯊথ⫳њড়䞥ⱘ
䖛⚻⦄䈵Ǆ㒣䖛ഛࣔ࣪໘⧚ৢˈড়䞥ⱘᵕ䰤ᡫᢝᔎᑺ˄UTS˅ᢝԌሜ᳡ᔎᑺ˄TYS˅㸼⦄ߎњϢ㒘㒛ⓨব㾘ᕟⳌৠⱘব࣪䍟ˈ
ৠᯊᕫࠄњ䕗Ўഛࣔⱘ⹀ᑺߚᏗǄ᳔Շⱘഛࣔ࣪ࠊᑺЎ 515 ć/16 hǄ
݇䬂䆡˖GWZK94ড়䞥˗ഛࣔ࣪˗LPSO˗㒘㒛˗ᄺᗻ㛑
㗙ㅔҟ˖ᴅᆊ㨅ˈཇˈ1991 ᑈ⫳ˈमˈЁ࣫ᄺᴎ⬉Ꮉᄺ䰶ˈቅ㽓 ॳ 030051ˈ⬉䆱˖0351-3920566ˈE-mail: nucjxzhu@126.com

