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Behaviour of calcium in Mg-6Li-3Al alloy
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Abstract

As-cast and extruded alloys of Mg-6Li-3Al-(0-5)Ca were prepared. The microstructure
was characterized and the mechanical properties of these alloys were measured. Results show
that the addition of Ca can inhibit the formation of AlLi and promote the formation of
AlxCa. The Al2Ca phase exists in the lamellar form. The addition of Ca can also refine the
microstructure of the alloys. The influence of Ca on the microstructure leads to the variation
of mechanical properties. The decrease of AlLi phase and the increase of bone-like Al,Ca are
both unfavourable for the mechanical properties of alloys, while the refinement effect of Ca
improves the mechanical properties of alloys. Therefore, the optimal Ca addition is 2 wt.%

for Mg-6Li-3Al alloy.
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1. Introduction

Magnesium alloys are the most promising metal
materials for their light weight [1-5]. In Mg-Li base
alloys, the density of them is decreased further because
of containing of Li element. The density of Mg-Li base
alloys is about 1.35-1.70gcm~2 [6, 7). Accordingly,
Mg-Li base alloys are more attractive for lightweight
materials designer than other magnesium alloys.

Mg-Li alloys can be classified into three major cat-
egories based on the constitutional phases present in
the system. They are: « alloys with lithium less than
5.7 wt.%, B alloys with lithium more than 11.3 wt.%
and (« + B) alloys with lithium ranging from 5.7 to
11.3 wt.% [8]. The plasticity property of Mg-Li al-
loys becomes better because the addition of Li can
decrease the c¢/a value of « crystal lattice, and/or
body-centered cubic structure of 3 phase possesses
more sliding systems. However, the 3 phase is a soft
phase, which makes the strength of alloys decrease.
The alloying elements in Mg-Li alloys can improve the
mechanical properties. Al is the most commonly used
alloying element for Mg-Li alloys [9, 10]. To obtain
a good combination between strength and plasticity,

Mg-6Li-3Al is chosen as the base metal in this paper.
Calcium has the potential to further reduce the
density of Mg-Li base alloys because of its low density.
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Fig. 1. XRD patterns for Mg-6Li-3Al-zCa: a) z = 0, b) =
=1l,c)z=2,d)z=3,¢e) z=05.
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Ca also has obvious refining effect on the microstruc-
ture of Mg base alloys [11]. Additionally, Ca is known
to inhibit the ignition of molten magnesium [12]. Im-
proving oxidation resistance is an important issue to
be addressed for the application of Mg alloys as struc-
tural materials and Ca has been reported to reduce
solid oxidation of Mg-Li alloys [13].

Presently, little information is available in the liter-
ature with regard to influence of Ca on the microstruc-
ture and mechanical properties of Mg-Li-Al alloys [11,
14, 15]. In this paper, the emphasis is placed on the be-

Fig. 2. Morphology of Mg-6Li-3Al-zCa: a) z = 0, b) z =
1,¢c)z=2,d)z=3,¢e) z=5.

haviour of Ca on Mg-6Li-3Al alloy. The microstructure
and mechanical properties of Mg-6Li-3Al-zCa with z
ranging from 0 to 5 wt.% are studied.

2. Experimental procedure

Alloys of nominal composition Mg-6Li-3Al-zCa
(z = 0-5 wt.%) were prepared by melting commer-
cial pure Mg, Li, Al, and Ca in an induction furnace
under an argon atmosphere. The materials of Mg, Al
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and Ca were loaded in a graphite crucible and then
were inductively heated. The melt was then cast into
steel moulds to obtain as-cast ingots. An annealing
heat treatment was conducted at 250°C for 12h for
the ingots. Then the ingots were extruded (from ¢ 50
mm to ¢ 10 mm) at the extruding speed of 50 m min—!.

The microstructure and phase information were
obtained by a combination of optical microscope
(OM), X-ray diffraction (XRD), scanning electron mi-
croscope (SEM). Samples for OM and SEM observa-
tions were etched using a reagent of 3 vol.% nital for
~ 30 s.

The strength and elongation percentage were used
to characterize the mechanical properties of alloys.

Fig. 3. OM observation of Mg-6Li-3Al-zCa: a) z = 0,
b)z=1,¢)z=2,d)z=3,e) z =5.

They were measured by a tensile tester at the tensile
speed of 2mm min~! at room temperature.

3. Results

3.1. Microstructure of alloys
investigated

The results of phases analysis for the alloys invest-
igated are shown in Fig. 1. In Mg-6Li-3Al alloy, there
exist o phase,  phase and AlLi phase. With the addi-
tion of Ca, the AlLi disappears (as shown in Fig. 1b,c).
When the Ca content reaches 3 wt.%, the Al,Ca phase
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Fig. 4. Ultimate strength of Mg-6Li-3Al-zCa.

begins to exist in the alloys (as shown in Fig. 1d,e).

In Fig. 2a, the feathery AlLi phase exists at the
grain boundary of primary « phase. 3 phase also ex-
ists at the grain boundary of primary « phase mainly
and a little amount of 3 phase exists in the grains.
With the addition of Ca, the morphology of alloys is
composed of primary « phase and 3 phase, without
feathery AlLi phase (as shown in Fig. 2b,c). Fur-
ther increasing the Ca content brings about the bone-
-like AlyCa, which exists in the 3 phase (as shown in
Fig. 2d,e).

From the OM observation of Fig. 3, it is known
that the addition of Ca has refining effect on Mg-6Li-
-3Al alloy, and the microstructure is the finest when
the Ca content is 3 wt.%. Additionally, in the alloys of
Mg-6Li-3Al-3Ca and Mg-6Li-3A1-5Ca, the amount of
B phase is larger than that of Mg-6Li-3A1-(0,1,2)Ca.

The microstructure of as-extruded alloys is com-
posed of equiaxed grains. This demonstrates that the
dynamic re-crystallization happens during the process
of extrusion. The grain size of alloys is refined after
extrusion. The average grain size of as-extruded Mg-
-6Li-3Al1-(0-5)Ca is 5-10 pm.

3.2. Mechanical properties

Figures 4 and 5 show the mechanical properties
of alloys investigated in this paper. After the extru-
sion, both strength and elongation are improved obvi-
ously. With the increase of Ca content, the strength of
as-cast alloys decreases first and then increases. When
the Ca content is larger than 2wt.%, the strength
will decrease with the increase of Ca content. How-
ever, in the extruded alloys even the addition of Ca
is larger than 2 wt.%, the strength of alloys can still
be improved further. As for the elongation of al-
loys, with the increase of Ca content, elongation in-
creases first and then decreases, while the variation
trend of elongation of extruded alloys is opposite to
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Fig. 5. Elongation of Mg-6Li-3Al-zCa.
240.00 } :
202.66 MPa
210.00 1
| —
180.00 = T
w
o P
s 150.00 7
w
$ 120,00 J/
@

90.00 /
60.00 l
30.00

0.00

00 10 20 3.0 40 50 60 7.0 80 9.0 10.0 1.0
Displacement (mm)

Fig. 6. Stress-displacement curve of Mg-6Li-3A1-3Ca.

that of as-cast alloys. The stress-displacement curve of
Mg-6Li-3A1-3Ca is shown in Fig. 6. Because the stress-
-displacement curves of other alloys investigated in
this paper have the same variation trend, they are
not displayed in this paper. In these curves, it can
be known that yield ratios of the extruded alloys are
1.53-2.01.

4. Discussion

4.1. Influence of Ca on the
microstructure of alloys

Because the atomic diameters of Al, Mg, Li, and
Ca are close to each other, the Al and Ca are both
solid dissolved in o« and 3 phases in the form of sub-
stitution solid solutions. The atomic diameter of Ca
is larger than that of Li, while the atomic diameter
of Al is less than that of Li [16]. Therefore, the solid
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solution of Ca in 3 phase can bring about the increase
of the solid solubility of Al in 3 phase. Accordingly,
the addition of Ca makes the AlLi phase disappear (as
shown in Fig. 1b,c and Fig. 2b,c). When the Ca con-
tent reaches 3 wt.%, it cannot be dissolved in « and
phases any longer. It will react with other elements to
form compounds. Among the elements of Ca, Al, Mg,
and Li, the electronegative difference between Ca and
Al is larger than that between Ca and other elements
[17]. The Ca that cannot be dissolved in « phase and
B phase reacts with Al to form Al,Ca phase (as shown
in Fig. 1d,e). The Al,Ca exists in the bone-like form
at the place of 3 phase (as shown in Fig. 2d,e). Dur-
ing the solidification of melt, the & phase and 3 phase
form as primary phases in the alloys, then the AlsCa
phase forms in the primary 3 phase in the form of
eutectic.

The equilibrium distribution coefficients of Ca in
Li and Mg are both less than 1 [18]. The addition of
Ca in Mg-Li base alloys brings about the increase of
constitutional supercooling of melt, refining the mi-
crostructure of alloys. When the Ca content is large,
because of the formation of AlyCa, which consumes
some Al and Ca, the constitutional supercooling ef-
fect becomes less obvious. Accordingly, the refining
effect becomes less obvious when Ca content is large
(as shown in Fig. 3).

4.2. Influence of Ca on mechanical
properties of alloys

Because the addition of Ca changes the microstruc-
ture of alloys, it also makes the mechanical properties
of alloys change. There are three factors that affect the
mechanical properties of the alloys investigated in this
paper. Firstly, with the addition of Ca, because of the
disappearance of AlLi phase, which has strengthening
effect on alloy, the strength will decrease and elonga-
tion will increase. Secondly, the refining effect of Ca on
the alloys is favourable for both strength and elong-
ation of alloys. Thirdly, the bone-like Al,Ca phase in
alloys is unfavourable for both strength and elonga-
tion of alloys, while the AloCa phase, which crashes
from bone-like shape after extrusion deformation is
favourable for strength and elongation of alloys.

Under the combining effects that are mentioned
above, the mechanical properties of alloys are shown
in Figs. 4 and 5. When the Ca content is 1 wt.%,
the AlLi phase disappears from the alloys, making
the strengthening effect of it disappear as well. Be-
cause the Ca content is relatively low, the refining ef-
fect of Ca is not obvious. These two aspects lead to
the decrease of strength and the increase of elonga-
tion. When the Ca content is 2 wt.%, the refining ef-
fect of Ca becomes obvious, which causes the increase
of strength and elongation. With the increase of Ca
content further, because of the formation of bone-like

Al;Ca phase, the strength and elongation of the al-
loys decrease. After the extrusion, both strength and
elongation are higher than those of as-cast alloys. Dur-
ing the extrusion, because the bone-like Al;Ca phase
is crashed to dispersive particles, even when the Ca
content is larger than 2 wt.%, the strength and elong-
ation can still further increase.

5. Conclusions

The addition of Ca makes the AlLi phase disap-
pear, and it has refining effect on the microstruc-
ture. The disappearance of AlLi phase is unfavour-
able for strength, and the refining effect is favourable
for strength. Both the disappearance of AlLi and the
refining effect are favourable for elongation improve-
ment. When the Ca content is larger than 2 wt.%,
the bone-like AlyCa forms in 3 phase. The bone-like
Al;Ca is unfavourable for strength and elongation.
After extrusion, the bone-like Al;Ca can be crashed
as fine particles, improving the strength and elonga-
tion of alloys.
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