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The tensile properties of experimentally produced Mg-6Li-1Zn, Mg-9.5Li-1Zn and
Mg-12Li-1Zn alloy thin sheets at room temperature are investigated in this study. Uniaxial
tension tests are carried out for various strain rates between 1.4 × 10−5 and 8.3 × 10−2 s−1,
and the microstructural and textural changes during the tests are examined. The
Mg-6Li-1Zn sheet is composed mainly of the α (hcp) phase and inferior to the other sheets
in ductility. The β (bcc) phase is dominant in the Mg-9.5Li-1Zn and Mg-12Li-1Zn sheets, and
they have a considerable sensitivity to strain rate. It is observed that the grains are
elongated with textural change mainly in the β phase at low strain rates, and the
Mg-9.5Li-1Zn and Mg-12Li-1Zn sheets have sufficiently high ductility at low strain rates.
The Mg-9.5Li-1Zn sheet composed of (α + β) two phase is superior to the Mg-12Li-1Zn
sheet of β single phase in the tensile strength. C© 2002 Kluwer Academic Publishers

1. Introduction
Magnesium is one of the lightest and recyclable mate-
rials and has high rigidity. Therefore, the use of magne-
sium in electric appliances and automobiles is drawing
much attention from the environmental viewpoint. The
forming products of magnesium have been limited, be-
cause magnesium is a hexagonal close-packed metal
and has poor formability. However, it is well known
that the addition of lithium to magnesium gives rise
to highly workable, body-centred cubic alloys [1–3].
Lithium is lighter than magnesium. Due to their ultra-
low density magnesium-lithium (Mg-Li) alloys are at-
tractive, and investigations on alloy design and metal-
lographical as well as mechanical properties of Mg-Li
alloys have long been carried out [1–16].

Mg-Li alloys exhibit two phase structures between
5 and 11 mass% Li contents consisting of the α (hcp)
Mg-rich and β (bcc) Li-rich phases at room temper-
ature. The β single phase structure exists for greater
than 11 mass% Li contents. The effect of the addition
of a third metal on the mechanical properties has also
been examined for various third metals by many re-
searchers [2–5, 7, 8, 12–14]. Further, the exhibition of
superplastic behaviour has been found in a Mg-9Li al-
loy by Metenier et al. [11] and in a Mg-8Li-1Zn alloy
by Kojima et al. [12]. However, few studies have ex-
amined the formability of Mg-Li alloy thin sheets from
a practical point of view.

The authors have recently examined the tensile prop-
erties and the press formability of a thin sheet of a

Mg-8.5Li-1Zn alloy and found that the sheet has suffi-
ciently high formability at room temperature [17, 18].
In the present study, further, the formability of a few ex-
perimentally produced Mg-Li-Zn alloy sheets with var-
ious Li contents is examined by uniaxial tension tests
under various strain rates. The difference in the tensile
properties depending on the Li contents is investigated
by means of metallographic observations.

2. Experimental procedure
The materials used in this study are Mg-6mass%Li-
1mass%Zn, Mg-9.5mass%Li-1mass%Zn and Mg-
12mass%Li-1mass%Zn alloys. The alloys were cast in
a high-vacuum induction furnace under an argon atmo-
sphere, annealed at 523 K for 1.8 ks and then warm
rolled at 523 K to a thickness of 0.6 mm. The to-
tal reduction ratio was about 85%. The Mg-6Li-1Zn,
Mg-9.5Li-1Zn and Mg-12Li-1Zn alloy sheets are ex-
pressed as materials A, B and C, respectively, in the later
description.

Uniaxial tension tests were carried out in the rolling
direction. The gauge length and width of the tensile
specimens were 50 and 12.5 mm, respectively. The
specimens were deformed by a constant cross-head
velocity of between 0.05 and 300 mm min−1. The
initial strain rates of the tension tests range between
1.4 × 10−5 and 8.3 ×10−2 s−1. The normal anisotropy
parameter, r , was measured at the elongation of 15%.

The microstructure and the texture of the specimens
before and after the tension tests were examined. The
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specimens for optical microscopy were prepared by
etching with a nitric acid solution. To contrast the α and
the β phases, an acetic acid solution was used. X-ray
diffraction analyses were performed using a Philips
diffractometer and an automatic texture goniometer
with Cu Kα radiation.

3. Results and discussion
Figs 1 and 2 show the X-ray diffraction patterns and the
microstructures of the sheets before the tension tests,
respectively.

Figure 1 X-ray diffraction patterns of the materials A (Mg-6Li-1Zn), B
(Mg-9.5Li-1Zn) and C (Mg-12Li-1Zn) before tension test.

The X-ray diffraction pattern of the material A
(Fig. 1a) shows a strong peak of Mg hcp α (0002)
plane. Some peaks of Li bcc β planes are also observed
though the peak values are relatively low. Therefore,
Fig. 1a shows the existence of the β phase in the ma-
terial A composed mainly of the α phase. Partially re-
crystallized grains shown in Fig. 2a correspond to the
Li-rich β phase. The volume fraction of each phase
in the material A is measured to be about 70% α and
30% β.

In the X-ray diffraction patterns of the material B
(Fig. 1b), a strong peak of Li bcc (110) plane and other
peaks of Li and Mg planes are observed. The material
B is also composed of (α + β) two phases. The bright
and dark zones of the microstructure shown in Fig. 2b
correspond to the α and β phases, respectively. The
volume fraction of each phase is about 30% α and 70%
β for the material B. The grains are elongated in the
rolling direction.

Fig. 1c shows the peaks only of Li bcc planes and that
the material C consists of the β single phase. In contrast
with the microstructure of the material B, equiaxial and
large grains are observed in the microstructure of the
material C (Fig. 2c). The mean grain diameter is about
100 µm.

Fig. 3 shows the true stress-strain (σ − ε) curves of
the materials A, B and C obtained from uniaxial ten-
sion tests under the condition that the initial strain rate
is 8.3 × 10−4 s−1. The tensile properties in this case are
indicated in Table I. The tensile strength of the mate-
rial A is higher than those of the materials B and C,
though the proof stresses of the three materials are al-
most equal. The work-hardening exponent, n (in the
approximation of σ = Fεn), for the material A is larger
than those for the materials B and C. However, the ma-
terials B and C are superior to the material A in the
elongation. It is notable that the material B is superior
to the material C not only in the tensile strength but also
in the elongation. The normal anisotropy parameter, r ,
of the material A is very high, as is usual with hcp met-
als. On the other hand, the r -values of the materials B
and C are somewhat smaller than 1.0 because the hcp
phase is not dominant for these materials.

Fig. 4 shows the true stress-strain relationships for
various initial strain rates. The elongation increases
with decrease in the strain rate for all the materials.
In comparison with the material A, however, the ma-
terials B and C are very sensitive to strain rate. At the
comparatively low strain rates the elongation reaches
about 100% for the materials B and C. As mentioned
above, the tensile specimens are not small, but have the
long gauge length of 50 mm. It is notable that such large
elongations are obtained in the long specimens. It may
be better that the forming of the sheets is operated at
lower strain rates. A remarkable feature of the materi-
als B and C is that not only the elongation, but also the
stress value greatly depends upon the strain rate. The
stress increases notably with the strain rate. It is very in-
teresting that the materials B and C have the strain rate
sensitivity even at room temperature as if at elevated
temperatures. This may be due to the low melting point
of lithium (454 K).
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Figure 2 Microstructures of the materials A, B and C before tension test.
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T ABL E I Tensile properties of the materials A, B and C obtained from
uniaxial tension tests for an initial stain rate of 8.3 × 10−4 s−1

Material A B C

Proof stress (MPa) 112 121 124
Tensile strength (MPa) 155 134 125
Elongation (%) 32.2 71.4 56.0
Work-hardening exponent, n 0.15 0.06 0.00
Normal anisotropy parameter, r 5.98 0.87 0.70

Figure 3 True stress-strain relationships of the materials A, B and C for
an initial strain rate of 8.3 × 10−4 s−1.

Figure 4 True stress-strain relationships of the materials A, B and C for various strain rates.

Figure 5 Relationships between true stress and strain rate in log-log
scale for a strain of 0.1.

Fig. 5 shows the relationships between the stress,
σ , and the strain rate, ε̇, in log - log scale. The linear
relationship exists between the logarithms of σ and ε̇.
Namely, σ = K ε̇m stands. The strain-rate sensitivity ex-
ponent, m, for the material A is small and evaluated to
be a constant value of 0.02. The m-values for the ma-
terials B and C are 0.12 and 0.14 at lower strain rates,
and are 0.05 and 0.06 at higher strain rates, respectively.
There may be a relation between the high m-value and
the high ductility at lower strain rates for the materials
B and C.
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Fig. 6 shows the X-ray diffraction patterns of the
sheets after the tension tests under the condition that
the initial strain rate is low at 1.4 × 10−5 s−1. The
change in the texture during the tension tests can be
seen by comparing Fig. 6 with Fig. 1. For the ma-
terial A composed mainly of the α phase, there is
no obvious change in the texture and the microstruc-
ture during the tension tests. On the other hand, for
the materials B and C the change in the X-ray in-
tensity of the Li bcc β planes is observed. While the
(110) plane is mainly orientated before the tension
tests (Fig. 1b and c), the peaks of the (200) and (211)
planes become higher than the (110) plane during the
tension tests. As is exemplified by the pole figure of
Fig. 7, the texture of the β phase of the materials B
and C turns to be composed mainly of (001)[1̄10] and
(112)[1̄10].

Fig. 8 shows the microstructures of the materials B
(Fig. 8a) and C (Fig. 8b) after the tension tests for
the low strain rate of 1.4 × 10−5 s−1. The grains are
elongated to the tensile direction during the tension
tests.

The results similar to the above ones shown in
Figs 6–8 are observed for the strain rates lower than
8.3 ×10−4 s−1. For the strain rates higher than
8.3 × 10−3 s−1, the textural and the microstructural

Figure 6 X-ray diffraction patterns of the materials A, B and C after tension test for an initial strain rate of 1.4 × 10−5 s−1.

Figure 7 (110) pole figure of β phase of the material C after tension test
for an initial strain rate of 1.4 × 10−5 s−1.

changes are small and not clear because of the small
elongation during the tension tests. The low strain rate
enables the textural change in the β phase and the elon-
gation of the grains in the tensile direction for the ma-
terials B and C.
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Figure 8 Microstructures of the materials B and C after tension test for an initial strain rate of 1.4 × 10−5 s−1.

4. Conclusions
In this study, the formability of a few experimentally
produced Mg-Li-Zn alloy thin sheets was investigated.
Uniaxial tension tests were carried out at room temper-
ature for various strain rates between 1.4 × 10−5 and
8.3 × 10−2 s−1. The metallographic changes during the
tests were observed and the results are summarised as
follows:

1. In the Mg-6Li-1Zn alloy sheet the α (hcp) phase
is dominant, and therefore the ductility of the sheet is
not high.

2. The Mg-9.5Li-1Zn and Mg-12Li-1Zn alloy sheets
have high ductility at comparatively low strain rates.
The maximum elongation reaches 100%.

3. The low strain rate enables the textural change in
the β (bcc) phase and the elongation of the grains in the

tensile direction for the Mg-9.5Li-1Zn and Mg-12Li-
1Zn alloy sheets.

4. Taking the higher rigidity into consideration,
it may be concluded that the Mg-9.5Li-1Zn alloy
sheet composed of (α + β) two phases is superior to
the Mg-12Li-1Zn alloy sheet composed of β single
phase.
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