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Abstract: The as-cast Mg—8Li—xZn—yGd (x=1, 2, 3, 4; y=1, 2; wt.%) alloys were prepared in a vacuum induction furnace and their
microstructure and mechanical properties were investigated. The results show that the increase of Zn content results in the volume
fraction of W-phase (Mg;Zn;Gd,) increasing while that of Mg;Gd phase decreasing. The strength of Mg—8Li—xZn—1Gd alloys is
improved with the increase of Zn content, which is ascribed to the second phase strengthening of fine strip-like #W-phase and the solid
solution strengthening of Zn element. For Mg—8Li—4Zn—yGd alloys, the increase of Gd content leads to the appearance of coarse and
discontinuous net-like W-phase, which decreases the strength. The Mg—8Li—4Zn—1Gd alloy exhibits an optimum comprehensive
performance with the yield strength, ultimate tensile strength and elongation of 154.7 MPa, 197.0 MPa and 12.4%, respectively. In
addition, the aging behavior of the typical alloys was also investigated.
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1 Introduction

Due to the outstanding performance, especially high
specific  strength, good damping property and
electromagnetic screen capacity, Mg alloys attract more
and more attention over the years. Moreover, magnesium
alloys have a wide range of application in aerospace,
automobile and electronics industry [1-5]. However,
most of conventional Mg alloys with hexagonal
close-packed (hcp) structure exhibit a poor ductility
because there exist only one slip plane and three slip
systems at room temperature [6,7]. Alloying magnesium
with lithium (Li), by transferring hcp structure to bce
(body-centered cubic) structure, which contributes to

more slip systems, can enhance the deformability of Mg
alloys. Furthermore, the addition of Li with very low
density of 0.53 g/em’ can decrease the density of
magnesium alloys from ~1.8 to 1.25-1.65 g/cm® [5,8].
However, there are some disadvantages in Mg—Li alloys
such as relatively poor strength, low corrosion resistance
and aging softening phenomenon [9], which deeply
restrict the wide application as engineering structure
materials. Alloying is the main effective and simple
method to overcome this drawback [10].

The main strengthening alloying elements are Al
and Zn in Mg-Li alloys. Al element can effectively
improve the strength of Mg—Li alloys but simultaneously
damage the plasticity [11]. Zn element can not only
enhance the strength of Mg—Li alloys but also have little
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bad effect on the plasticity. In traditional Mg—Zn—RE
alloys [3,12], the formation of complex Mg—Zn—RE
ternary phases contributes to excellent mechanical
properties. Similarly, the addition of Zn and RE into
Mg-Li alloys, including Y, Gd, Er, etc, can help to
overcome the deficiency of poor strength. The former
study [13] indicated that the coexistence of W-phase and
Mg;Gd phase plays an important role in the second phase
strengthening in the as-cast Mg—Zn—Gd alloy. It has been
reported [14] that the volume fraction of W-phase
increases with increasing the addition of Zn in
Mg—8Gd—xZn—0.4Zr alloys. Therefore, the literatures
provided a thought of investigating the effect of Zn
content in as-cast Mg—Li—RE alloys and improving the
strength of Mg—Li alloys by forming the strengthening
W-phase. Present work aims to explore the
microstructure evolution associated with different Zn and
Gd contents in the as-cast Mg—Li alloys and analyze the
corresponding  strengthening Aging
softening phenomenon is frequently reported [4,5,15],
which limits the application widely. The aging behavior
of the investigated alloys will be explored, which can
provide a guide for resistance to aging softening.

In this work, Mg—8Li (wt.%) was selected as the
based material, in which there existed duplex structure
with high strength and good plasticity. Zn and Gd were
chosen as alloying elements to improve the strength of
Mg—8Li alloys. Mg—8Li—xZn—1Gd (x=1, 2, 3, 4, wt.%,
named as LZG alloy) alloys were designed in order to
investigate the influence of Zn content on microstructure
and tensile properties. Mg—8Li—4Zn—yGd (=1, 2, wt.%)
alloys were designed for the purpose of further exploring
the effect of Gd addition on microstructure and tensile
properties. The reinforcement mechanism was analyzed
and discussed on the basis of microstructure characteristic.
In addition, the aging curves of Mg—8Li—3Zn—1Gd and
Mg—8Li—4Zn—1Gd alloy were given to demonstrate the
aging behavior of Mg—Li—Zn—Gd alloys.

mechanisms.

2 Experimental

Mg-Li—Zn—Gd alloys were prepared with
commercial pure (CP) magnesium (99.98 wt.%), zinc
(99.96 wt.%), lithium (99.98 wt.%) and Mg—30wt.%Gd
master alloy. Raw materials by calculated masses were
melted in a stainless crucible of the vacuum induction
melting furnace with argon acting as the protected gas.
After the raw materials were melted, the melt was stirred
to make the melt homogeneous with electromagnetic
agitation for 3 min, kept for 10 min and then flowed into
a metal mold preheated to 200 °C to cast ingots. For the
purpose of investigating the aging behavior of Mg—
Li—Zn—Gd alloys, solid solution treated (350 °C, 4 h)
and as-cast [16] Mg—8Li—3Zn—1Gd and Mg—8Li—4Zn—

1Gd alloys were aging treated at 75 and 125 °C.
The chemical compositions of the investigated
alloys are listed in Table 1, which was analyzed by

inductively coupled plasma-atomic emission
spectrometry  (ICP, Perkin Elmer). The actual
composition is relatively close to the nominal

composition. The microstructure samples of the alloys
were made by standard metallographic procedures. After
being polished and etched with 4 vol.% nitric acid
alcohol solution, the metallographic observation was
conducted by optical microscope (OM, ZEISS). In
addition, the clearly detailed morphology was observed
by scanning electron microscope (SEM, PHENOM XL),
which was equipped with the energy dispersive
spectrometer (EDS). The fracture surface was observed
by SEM. The samples for transmission electron
microscope (TEM) observation were made by
mechanically thinning to ~80 um and subsequently
processed by argon ion milling (Gatan 691). TEM
observation was carried out by JEM—2100 at 200 kV
equipped with selected area electron diffraction (SAED).

Table 1 Chemical compositions of Mg—8Li—xZn-yGd (x=1, 2,
3,4;y=1, 2; wt.%) alloys

) Actual
Alloy Nominal Zn/Gd composition/wt.%

composition ratio Li Zn Gd Mg
LZG811 Mg—8Li—1Zn—1Gd 1 85 1.1 1.1 Bal
LZG821 Mg—8Li—2Zn—1Gd 2 87 2.0 1.1 Bal
LZG831 Mg—8Li—3Zn—1Gd 3 72 25 0.7 Bal
LZG841 Mg—8Li—4Zn—1Gd 4 82 4.0 1.0 Bal
LZG842 Mg—8Li—4Zn—2Gd 2 83 3.5 2.3 Bal

The phase compositions of Mg—Li—Zn—Gd alloys
were identified by X-ray diffraction (XRD, Rigaku) with
the radiation resource of Cu K,, at the step size of 0.02°
and scanning rate of 4 (°)/min. The volume fractions of
second phases were measured by quantitative graphic
analysis software. The Vickers hardness (HV) of the
alloys was measured at ambient temperature by loading
of 49 N and holding for 15 s. The density of the alloys
was acquired by the Archimedes method. Specimens for
tensile tests were machined into rectangle with gauge
size of 15 mm X 3 mm x 2 mm by the electric spark
erosion machine. The room-temperature tensile tests
were conducted at the rate of 1.0 mm/s on the
Zwick/Roell Z020 tensile test machine equipped with an
extensometer.

3 Results and discussion

3.1 Microstructure
Optical microstructures of as-cast Mg—8Li—xZn—
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yGd (x=1, 2, 3, 4; y=1, 2; wt.%) alloys are shown in
Fig. 1. As presented in Figs. 1(a—e), as-cast Mg—8Li—
xZn—yGd alloys display typical duplex structure, which
consists of the gray f-Li phase and white a-Mg phase.
The shapes of a-Mg phase are long needle-like and short
rod-like. For Mg—8Li—xZn—-1Gd (x=1, 2, 3, 4, wt.%),
with the content of Zn increasing, the amount of the short
rod-like a-Mg decreases and that of the long needle-like
a-Mg increases, which is indicated in Figs. 1(a—d). As
shown in Figs. 1(d, e), with the addition of Gd, the
appearance of second phases transforms from
particle-like into net-like and the reticular regions
coarsen. With the increase of Zn and Gd content, the
average sizes of a-Mg grain for all of the investigated
alloys are in the same order of magnitude. Table 2
presents the volume fractions of precipitates in the
investigated alloys. The result indicates that the volume
fraction of precipitates in Mg—8Li—xZn—1Gd (x=1, 2, 3,
4, wt.%) slightly increases with the increase of Zn
content, from 1.7 vol.% in LZG811 alloy to 4.5 vol.% in
LZG841 alloy. However, with the addition of Gd in
LZG841, the volume fraction of second phases in the
alloys significantly increases, from 4.5 vol.% in LZG841

alloy to 6.9 vol.% in LZG842 alloy.

In order to identify the detailed phase constitution
of Mg—8Li—xZn—yGd alloys, the XRD patterns of
investigated alloys are shown in Fig. 2. It is
demonstrated that the as-cast Mg—8Li—xZn—yGd alloys
mainly consist of a-Mg, f-Li, W-phase, Mg—Li—Zn and
Mg;Gd phase. With the increase of Zn content, the
intensity of diffraction peaks of W-phase (face-centered
cubic structure) increases. The diffraction peaks of
Mg;Gd phase in LZG811 alloy exhibit the highest
intensity and those in LZG842 alloy present the lowest.
Literature [17] reported that the diffraction peaks of
W-phase presented some degree shift in XRD patterns
because the lattice parameter of W-phase was variable
with the alteration of Zn/Gd ratio. However, in this work,
the diffraction peaks of W-phase for the alloys with
different Zn/Gd ratios are in the same degree. So, the
lattice parameter of W-phase is invariable, which is
inconsistent with that in Mg—Zn—Gd alloys.

Figure 3 displays the SEM micrographs of the
investigated alloys, which aims to illustrate the
morphology of various second phases in Mg—8Li—
xZn—yGd alloys. It is shown that the Mg—8Li—xZn—yGd
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Table 2 Volume fractions of precipitates in Mg—8Li—xZn—yGd

(x=1, 2, 3, 4; y=1, 2; wt.%) alloys
Alloy Volume fraction of precipitates/%
LZGS811 1.7+0.2
LZG821 2.3+0.2
LZG831 3.2+0.5
LZG841 4.5+0.6
A — a-Mg
v — ﬂ_Mg
v o — W-Mg
v — Mg-Li-Zn
¢+ — Mg;Gd
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Fig. 2 XRD patterns of Mg—8Li—xZn—yGd (x=1, 2, 3, 4; y=1, 2;
wt.%) alloys

alloys exhibit a typically dendritic microstructure. The
strip-like phases mainly distributing in the matrix are
W-phase. With the increase of Zn content, the amount of
W-phase gradually increases, as shown in Figs. 3(a—d).
The addition of Gd element leads to coarsening of

W-phase and formation of discontinuous netlike structure,
as presented in Figs. 3(d, e). It could also be seen that the
eutectic phase appears near the network W-phase. The
eutectic phase could be I-phase and the coexistence of
I-phase and W-phase in Mg-Li—Zn—RE alloys is
observed, which is similar with Ref. [2]. Previous
researches [4] indicated that with the increase of Zn and
Gd contents, the grains of as-cast Mg—Li—Zn—Gd alloys
were refined gradually. This suggests that Gd can change
solubility of Zn, which decreases the solidus curve and
shortens the time for nucleation, and then reduces the
grain size [18]. In present work, some Gd elements exist
in the form of W-phase. However, with the increase of
Gd content, the netlike microstructure is remarkably
coarsened by the increase W-phase fraction, which
greatly weakens the grain refining effect of element Gd.
Therefore, with Gd content increasing, the average grain
sizes of the alloys are basically the same.

Figure 4 presents EDS map scanning results of Mg,
Zn and Gd elements in LZG841 alloy. Mg element
dispersively distributes in the matrix and is relatively
poor in the netlike phase, as seen in Fig. 4(b). As
revealed in Fig. 4(c), most of Zn elements concentrate in
the coarse reticular phases, namely W-phase. The other
Zn elements distributes uniformly in the matrix and exist
in the form of solid solution. As illustrated in Fig. 4(d),
the distribution of Gd element is extremely similar to that
of Mg element. The EDS point scanning results of the
four sites marked in Fig. 4 are listed in Table 3. The Zn
content of the sites in the netlike second phase is more

Fig. 3 SEM micrographs of Mg—8Li—xZn—yGd alloys: (a) x=1, y=1; (b) x=2, y=1; (c) x=3, y=1; (d) x=4, y=1; (e) x=4, y=2
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Fig. 4 EDS map scanning results of Mg—8Li—4Zn—1Gd alloy

Table 3 EDS point scanning results of Mg—8Li—4Zn—1Gd
alloy in Fig. 4 (at.%)

Position Mg Zn Gd
1 89.34 7.07 3.59
2 90.89 6.53 2.58
3 91.94 0.84 7.22
4 94.47 0.58 4.95

than that in the matrix. The Gd content of the sites in the
matrix is more than that in the net-like second phase. The
point scanning results are consistent with the mapping
results. The EDS map and point scanning results indicate
that most of Gd atoms have been dissolved into matrix,
accompanied by the formation of some Gd-containing
second phases within matrix.

Figure 5 shows the typical SEM images in large
magnification and Table 4 gives the EDS analysis results
of Mg—8Li—xZn—yGd alloy in Fig. 5, which are
combined to identify the major phase in Mg—8Li—xZn—
yGd alloys. The a-Mg phase and f-Li phase are labeled
in the image. The block-like phases (labeled as A) locate

in a-Mg and f-Li matrix, with the molar ratio of Mg to
Gd close to 3, which are identified as Mg;Gd phase. The
strip-like phases (labeled as B) distribute at a-Mg/f-Li
phase interface and within a-Mg matrix. EDS point
scanning of point B indicates that the molar ratio of Zn to
Gd is close to 1.5, identified as W-phase (Mg;Zn;Gd,).
The Mg—Li—Zn phase cannot be determined because the
energy of Li element is too low to distinguish by EDS
analysis. For LZG821, LZG831 and LZG841 alloys, the
amount of block-like Mg;Gd phase apparently decreases
while that of the strip-like W-phase significantly
increases. The result is consistent with the XRD pattern.
The electronegativities of Mg, Zn and Gd are 1.3, 1.6
and 1.2, respectively. The electronegativity difference
between Zn and Gd is larger than that between Mg and
Gd. So, Gd prefers to combine with Zn to form W-phase.
With the addition of Zn, more Gd elements are used to
form W-phase (Mg;Zn;Gd,), and less Gd elements are
left to form Mg;Gd phase, which contributes to the
increase of WW-phase amount and the decrease of Mg;Gd
phase amount.

The TEM observation and corresponding selected-
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Fig. 5 Typical SEM images of Mg—8Li—xZn—yGd alloys:
(a) LZG821 alloy; (b) LZG841 alloy

SRNY &

Table 4 EDS point results of Mg—8Li—4Zn—1Gd alloy in Fig. 5
(at.%)

Position Mg Zn Gd Phase composition
A 74.5 - 25.5 Mg;Gd
B 70.0 17.8 12.2 Mg;Zn;Gd,
Matrix  94.5 0.8 4.7 o-Mg

area electron diffraction (SAED) patterns for LZG841
alloy are shown in Fig. 6. The matrix a-Mg is labeled in
Fig. 6(a) with the hcp structure and the corresponding
SAED patterns with a zonal axis of [1213]. The black
elliptic phase A in Fig. 6(b) is considered as WW-phase (fcc
structure) with a zonal axis of [011], the lattice parameter
of a=0.79 nm and chemical composition of 56.80 at.%
Mg, 23.34 at.% Zn and 19.86 at.% Gd. As reported by
LIU et al [19], W-phase is partially ordered AIMnCu,-
type fce structure with a lattice parameter of ¢=0.768 nm
and composition of 31.21 at.% Mg, 43.05 at.% Zn and
25.74 at.% Gd. The morphology of gray strip-like B is
shown in Fig. 6(c), which is considered as Li,MgZn with
a zonal axis of [001], because the lattice parameter of

phase B is calculated as a=0.60 nm, which is close to the
standard value of 0.62 nm in PDF card 2004. The
morphology of black polygonous phase C is shown in
Fig. 6(d), which is identified as Mg;Gd with a zonal axis
of [001]. The pattern of I-phase was not found in this
work because the quantity of /-phase was very little.

3.2 Mechanical properties

The density, hardness and tensile properties of the
Mg—8Li—xZn—yGd alloys are listed in Table 5. As shown
in Table 5, the density of Mg—Li alloys increases slightly
with the addition of Zn and Gd elements. All of the
studied alloys are in the very low density, less than
1.6 g/em’. LZG842 alloy has the maximum density of
1.59 g/cm® among the investigated alloys, which is 8.3%
lower than that of pure magnesium alloys. In the
Mg—8Li—xZn—1Gd (x=1, 2, 3, 4, wt.%) alloys, with the
increase of Zn content, the hardness gradually increases,
which is due to the increase of Zn-containing phase
(most of these phases are more effectively hardened than
a-Mg [2]). When adding Gd in LZG841, the hardness
decreases slightly, maybe owing to the increase of the
Gd-containing phase. The tensile properties of the
Mg—8Li—xZn—yGd alloys are demonstrated in Fig. 7.
Typical strain—stress curves of the investigated alloys are
illustrated in Fig. 8. The yield strength (YS) and ultimate
tensile strength (UTS) are improved with the increase of
Zn content in the Mg—8Li—xZn—1Gd alloys. When
adding Gd in LZG841 alloy, the YS and UTS decrease.
In addition, with the Zn content increasing, the
elongation is improved significantly, but further
increasing Zn content results in the reduction of
elongation. The maximal YS and UTS simultaneously
appear in the Zn/Gd ratio of 4 and the optimal elongation
appears in the Zn/Gd ratio of 3. In summary, LZG841
alloy exhibits an optimal combination of tensile
properties with the YS, UTS and elongation of
154.7MPa, 197.0 MPa and 12.4%, respectively. The YS
and UTS of LZG841 alloy are improved by about 56.9%
and 39.2% compared with those of LZG811 alloy (98.6
MPa and 141.5 MPa), respectively.

The strengthening mechanisms in Mg—Li alloys
may come from second phase strengthening, fine-grain
strengthening, solid solution strengthening and work
hardening [6,20—22]. In this study, the average grain
sizes of the alloys are unchangeable on the whole and the
investigated alloys are in as-cast state. Therefore, the
major reinforcing mechanisms include solid solution
strengthening and second phase strengthening.

It has been reported that the broken and fine
W-phases contribute to the dispersion strengthening of
the Mg—Zn—Er alloys, and the strength of alloys rises
with the increase of the volume fraction of the
W-phase [1]. Fine W-phase particles have an effective
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Fig. 6 TEM images of Mg—8Li—4Zn—1Gd alloy and corresponding SAED patterns
Table 5 Mechanical properties of Mg—8Li—xZn—yGd (x=1, 2, 3, 4; y=1, 2; wt.%) alloys
Mechanical properties
Alloy 5
Density/(g-cm ) Hardness (HV) YS/MPa UTS/MPa Elongation/%
Mg—8Li—1Zn—-1Gd 1.54 55.1 98.6 141.5 21.8
Mg—8Li—2Zn—-1Gd 1.55 61.1 112.8 151.3 28.4
Mg—8Li—3Zn—-1Gd 1.57 68.9 1293 176.0 33.0
Mg—8Li—4Zn—-1Gd 1.59 83.0 154.7 197.0 12.4
Mg—8Li—4Zn—2Gd 1.59 72.2 136.3 165.0 19.0
L(a) (b)
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Fig. 7 Tensile properties of Mg—8Li—xZn—yGd (x=1, 2, 3, 4; y=1, 2; wt.%) alloys
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Fig. 8 Tensile strain—stress curves of Mg—8Li—xZn—yGd (x=1,
2,3, 4;y=1, 2; wt.%) alloys

strengthening effect on Mg—Li alloys because fine
W-phase particles have strong pinning effect on grain
boundaries and retard the dislocation movement during
the deformation process. In addition, due to the fcc
structure of W-phase and the incoherency between
W-phase and matrix, W-phase is harmful to the ductility.
Mg;Gd phase with BiF;-type fcc structure formed due
to non-equilibrium solidification during the casting
process [23]. It has been reported [24] that Mg;Gd phase
is a main strengthening phase for Mg—9Li—5Gd—1Zr
alloys. Mg;Gd phase is a fine quadrangular phase, which
is good to strength and harmful to ductility.

The effect of Zn and Gd on tensile properties of the
Mg—8Li—xZn—yGd alloys can be explained as follows.
Firstly, the volume fraction of Mg;Gd phase decreases
with the increase of Zn content, which results in the
decrease of second phase strengthening effect. However,
the volume fraction of W-phase increases as the content
of Zn increases, which contributes to the improved
strength of Mg—Li alloys. The effect of W-phase is
higher than that of Mg;Gd phase [13]. In this work, the
volume fraction of W-phase is obviously more than that
of Mg;Gd phase. Therefore, the increase of strength from
the W-phase increasing is more than the decrease of
strength from Mg;Gd phase decreasing. Secondly, with
the increase of Zn content, the solid solution
strengthening effect of Zn increases. Zn is one of
important solid solution elements used in Mg alloys
because both of Zn and Mg have hcp structure. It is
indicated that the solubility of Zn atoms in the matrix
for LZG841 alloy is in the range of 0.5-0.9 at.%
(1.2-1.6 wt.%). Thus, solid solution strengthening is
more and more important for the improvement of
strength with the addition of Zn and Gd. Thirdly, with the
content of Gd increasing, the strip-like W#-phase starts to
coarsen and turn into network severely. The stress
concentration occurs more easily in the large net-like

W-phase and the strengthening effect of W-phase for
LZG842 alloys is vastly impaired. Therefore, LZG841
alloy has the maximum YS and UTS among the
investigated alloys. Because of the outstanding ductility
of p-Li, the negative impact of W-phase on ductility can
be counteracted by the coordinating deformation of two
phases [4]. All of the studied Mg—Li—Zn—Gd alloys
show excellent ductility in the tensile test. Both Mg;Gd
phase and W-phase are harmful to the ductility of
Mg—8Li—xZn—yGd alloys, demonstrated in the fracture
surface analysis. For Mg—8Li—xZn—1Gd alloys, the
amount of Mg;Gd phase decreases while that of #-phase
increases. When the ductility increase (reduction of
Mg;Gd phase) is equal to ductility decrease (augment of
W-phase), LZG831 alloy displays the
elongation. LZG842 alloy has a higher elongation than
LZG841 alloy possibly due to the existence of /-phase in
LZG842 alloy.

Figure 9 demonstrates the fractomorphologies of
tensile samples of Mg—8Li—xZn—yGd alloys acquired by
SEM. As illustrated in Figs. 9(a—c, e), it is obvious that
typical ductile fracture mode presents on the fracture
surface. The fracture surfaces of LZG831 consist of the
smallest and deepest dimples in Fig. 9(c), which
indicates that the LZG831 has the optimal ductility,
while that of LZG842 consists of big and shallow
dimples in Fig. 9(e). As shown in Fig. 9(d), the as-cast
fracture surface is composed of tear ridges, cleavage
planes and few dimples, which indicates the mixture of
brittle and ductile fracture. Therefore, LZG841 has the
poorest plasticity. The fractograph is in consistent with
the elongation results shown in the mechanical properties
of Mg—8Li—xZn—yGd alloys.

The results of EDS point scanning present that the
particle A in Fig. 9(c) is made up of 78.9% Mg and
21.1% Gd, with the Mg/Gd of 3 in molar ratio.
Combined with XRD patterns, the particle is identified as
Mg;Gd. The EDS point scanning result of particle B in
Fig. 9(b) (84.06% Mg, 9.08% Zn, 6.86% Gd) presents
that the Zn/Gd ratio in molar ratio is about 1.32, which
might be judged for W-phase (Mg;Zn;Gd,). It is deduced
that W-phase and Mg;Gd in the dimples, as hard and
brittle phases, can be the source of crack and cracks
initiate in the interface of the matrix/W-phase
(matrix/Mg;Gd).

maximal

3.3 Aging behavior of LZG831 and LZG841

Aging behavior of as-cast and solution-treated
(350 °C, 4 h) LZG831 and LZG841 alloys with aging
treatment at 75 and 125 °C is illustrated in Fig. 10. The
hardness of aging at 125 °C is less than that of aging at
75 °C. The aging curves of the studied alloys at 125 °C
are similar to those at 75 °C, and they arrive peak aging
at the same time (4 h). The previous study indicated that
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Fig. 9 Fractographs of tensile tested samples of Mg—8Li—xZn—yGd alloys: (a) x=1, y=1; (b) x=2, y=1; (c) x=3, y=1; (d) x=4, y=1;
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Fig. 10 Aging behavior of as-cast or solution-treated (350 °C, 4 h) LZG831 and LZG841alloys at different aging temperatures:

(a) 75 °C; (b) 125 °C

the hardness of Mg-Li—-Al alloys reached the maximum
values at aging time around 5 h and then decreased with
longer aging time [25].

With the addition of Zn element, Mg—-Li alloys can
be strengthened by Li,MgZn phase. However, Li,MgZn,
as a metastable phase, will decompose into LiMgZn
phase at high temperature [26]. Since W-phase is a
thermostable phase [27], the hardening and softening
effects of Mg—Li—Zn-Gd alloys are basically determined
by the evolution of Mg-Li—Zn phase [25]. It can be seen
that with the aging time increasing, the hardness of the
alloys increases in the first stage and then decreases in
the second stage. The metastable phase Li,MgZn forms

in the early aging stage, which is detected in the TEM
observation. Then, in the later aging stage, the metastable
Li,MgZn phase is decomposed into LiMgZn phase. In
addition, with the aging time increasing, second phases
aggregate and weaken both solid solution strengthening
and the precipitate hardening [16]. With the increase of
aging temperature, the transformation and aggregation of
second phases accelerate, which weakens the effect of
precipitate hardening. Therefore, the hardness of the
alloys aged at 125 °C is less than that of the alloys aged
at 75 °C. The microstructures at different aging time
demonstrated in Fig. 11 are in agreement with the above
analysis, and the $-Li phase becomes dark as a result of
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Fig. 11 Optical microstructures of LZG841 alloy after solution-treatment (350 °C, 4 h) and different aging treatments: (a) 75 °C, 1 h;
(b) 125 °C, 1 h; (¢) 75 °C, 4 h; (d) 125 °C, 4 h; (e) 75 °C, 256 h; (f) 125 °C, 256 h

the precipitate aggregating with the aging time increasing.

The hardness of the solution-treated alloys with the aging
treatment is prior to that of the as-cast alloys directly
experiencing the aging treatment. The reason is that
when Mg-Li alloys experience solid solution treatment,
more Zn atoms dissolve into the matrix, and longer time
is needed to transform from Li,MgZn to LiMgZn phase.
Though the hardness of LZG831 alloy is lower than that
of LZG841 alloy in the aging process, decreasing level
of hardness of LZG831 is less than that of LZG841 in
aging process, which indicates that the thermostability of
LZG831 is higher than that of LZG841. It can be
explained that the volume fraction of precipitates in
LZG841 is more than that of precipitates in LZG831, so
second phases in LZG841 are more easily coarsened,

which will weaken the effect of second phase
strengthening.

4 Conclusions

(1) The microstructure of as-cast Mg—8Li—xZn—yGd
(x=1, 2, 3, 4; y=1, 2; wt.%) alloys mainly consists of
a-Mg phase, f-Li phase, W-phase, Mg—Li—Zn phase and
Mg;Gd phase. The morphology of W-phase is strip-like
or net-like and that of Mg;Gd phase presents block-like
shape.

(2) For Mg—8Li—xZn—1Gd (x=1, 2, 3, 4, wt.%)
alloys, the volume fraction of W-phase increases while
that of Mg;Gd phase decreases with the increase of Zn
content. The strength is improved with the increase of Zn
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content, due to the second phase strengthening of fine
strip-like W-phase and the solid solution strengthening of
Zn element.

(3) For Mg—8Li—4Zn—yGd (y=1, 2, wt.%) alloys,
with the increase of Gd content, the W-phases aggregate
and coarsen. The strength decreases with the increase of
Gd content, which is ascribed to the stress concentration
in coarse net-like W-phase.

(4) The as-cast Mg—8Li—4Zn—1Gd alloy exhibits
the maximal ultimate tensile strength and yield strength
of 197.0 MPa and 154.7 MPa, respectively.

(5) The peak aging of the tested alloys takes place at
aging time around 4 h. LZG831 alloy exhibits higher
thermostability than LZG841 alloy.
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