194 Journal of Measurement Science and Instrumentation

Vol. 9 No. 2, Jun. 2018

Effect of different casting methods on microstructure and
mechanical properties of Mg-10Gd-3Y-0. 6Zr alloy
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Abstract: The effects of two different casting methods on the microstructures and mechanical properties of as-cast and T6-cast

states of Mg-10Gd-3Y-0. 6Zr alloy were studied by using metal mold casting and squeeze casting. The results show that the

microstructure of Mg-10Gd-3Y-0. 6Zr alloy is mainly composed of «~-Mg primary phase and Mgy, (Gd, Y)5 eutectic phase. The

squeeze cast grains are small with a dendrite like morphology, and the tensile strength of the alloy in T6 state can reach

285 MPa. While the metal grains are coarse, the eutectic phases are distributed in the grain boundary, and the tensile strength

of the alloy in T6 state is only 250 MPa.
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0 Introduction

Magnesium alloys are of great potential to be used
in the aerospace, military, biomedical devices and
automotive industries because of their low density,
high specific strength, good damping performance

machinability-' ",

and excellent However, low
hardness, low strength, low modulus, low wear
resistance and high thermal expansion coefficient of
magnesium alloy restrict its wide applications.

Gd, Y and Zr are the important alloying elements
of Mg-Gd-Y-Zr which greatly influence the alloy

microstructures and mechanical propertiest®®. He et
al. ' reportes a four-stage precipitation process of
Mg-10Gd-3Y-0. 4Zr alloy aged at 250 °C, i.e. , Mg
supersaturated solid solution (S. S, S. S.) —
metastable ' (D019) — metastable g (cbco) —
metastable 8 (fce)—stable f(fce). It is reported that
the metastable ' is responsible for the peak hardness
and the most strengthening phase in Mg-Gd-Y-Zr
alloy"*.

At present, most research of Mg-Gd-Y-Zr alloy is
based on the metal casting, while the research on

squeeze casting is relatively less. As a modern
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method of manufacturing technology near net
forming, squeeze casting can promote the grain
refinement and avoid casting porosity, shrinkage,
porosity and other defects effectively, which has been
widely used in automotive, military, marine and
fields" ™, The
mechanical properties of two kinds of casting process
of  Mg-10Gd-3Y-0.6Zr alloy were  studied

systematically to provide technical basis for the

aviation microstructures  and

applications of alloy.

1 Experimental procedure

To obtain Mg-10Gd-3Y-0. 6Zr alloy, Mg-30%Gd,
Mg-30%0Y, Mg-30% Zr master alloys and pure Mg
were melted in a medium frequency induction heating
furnace by using a small mild steel crucible under a
protective argon atmosphere at 780 ‘C. When the
furnace was cooled to 730 “C, the metal mold and the
squeeze casting mold were cast, respectively.
Squeeze casting equipment is YB32-100B four column
universal hydraulic machine.

In this test, the mold as shown in Fig. 1(a) is end

of injection mold with serpentine pouring channel and
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two large risers, which has very good effect on slag
and can also make metal liquid filling smoothly to
effectively ensure the quality of castings. Squeeze
casting mold is simple, as shown in Fig. 1(b), and
the shape of the casting is small box. According to
experience*1%,  the

the previous experimental

extrusion pressure of this experiment is set to

100 MPa, and the holding time is 20 s. Metal and
squeeze casting molds are both preheated to 150 °C.
The heat treatment of alloy samples is as follows: the
solid solution treatment temperature is 500 C for
8 h, followed by an immediate water quenching, then
it is subsequently aged at 220 °C for 16 h in an air

furnace.

Fig.1 Metal mold (a) and squeeze casting mold (b)

The samples for optical microscope (OM) and
scanning electron microscope (SEM) analyses are
prepared by the standard technique of grinding with
SiC abrasive paper and polishing with MgO
suspension solution, followed by etching in 4% (¢)
nital solution. Phase analysis is conducted by using
Rigaku D/MAX2500PC X-ray diffractometer with a
copper target at scanning angles from 20°to 90°and
scanning speed of 15 (°) /min. The average grain size
(d) is measured by analyzing the optical micrographs
with the mean linear intercept technique ( ASTM
E112-96). At least 300 grain boundaries are counted
for each alloy.

Vickers hardness testing is taken by using load of
19.6 N for 15 s, where at least ten points are
measured for each alloy. Tensile tests mentioned
above are performed at a crosshead speed of
1.5 mm/min, according to the relevant standard of
using cylindrical specimen (Fig.2) with marked
length
diameter. All tensile tests are carried out on a
Zwick/Roell 7020
average of three measurements was used. The

dimension of 25 mm gauge and 5 mm
tensile testing machine. An

fracture surfaces were examined by SEM.,
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Fig. 2 Shape and size of tensile specimen

2 Results and discussion

2.1 Microstructures

Fig. 3 shows the optical micrographs of the as-cast
samples obtained by the metal mold casting and the
squeeze casting. The average grain sizes of metal
mold and squeeze casting alloys are 43 ym and
37 pm, respectively. It can be seen that a-Mg grains
are surrounded by a network-shaped eutectic phase in
the Fig. 3(a). The squeeze cast grains are small,
dendrite

secondary dendrite arms are connected to each other

which are like morphology, and the

with a net shape.

Fig. 3 Optical micrographs of as-cast alloy cast of metal mold
(a) and squeeze cast (b)
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Corresponding to the X-ray diffraction ( XRD)
curves given in Fig. 4, it can be identified that the as-

cast alloys obtained by the two methods mainly
consist of a-Mg and Mg,, (Gd, Y)s.
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Fig. 4
squeeze cast

XRD patterns of as-cast alloy in metal mold and

The microstructures of T6-cast alloy (500 ‘C X8 h
solution treated +220 “CX16 h aging treatment)
obtained by the methods of metal mold and squeeze
casting are shown in Fig. 5.

Fig. 5 Optical microstructures of T6-cast alloy by metal mold
(a) and squeeze cast (b)

In Fig. (5), grain growth phenomenon is obvious,
and the eutectic phase of Mgy, (Gd. Y )s; has
disappeared, leaving only the clear boundary and
being continuous together. It can be seen that a lot of
black granular materials mainly distribute in the
grain boundary, and scanning electron microscope
analysis reveales that the black granular materials are
massive phase and some spherical Zr core (shown in
Fig. 5). It can be seen from Figs. 5(a) and (b) that

the phase distribution of the samples in the squeeze
casting T6 state is more and more uniform, and the
bulk phase of the metal casting sample is relatively
small, and the dispersion is high. This is also the
reason why the mechanical properties of extruded T6
samples are better than the metal casting.

Fig. 6 shows the SEM image of cuboid-shaped
phase in the T6-cast alloy and the EDS element point
results of cuboid-shaped phases. It can be seen that
the cuboid-shaped phases mainly distribute at the
grain boundaries, and their sizes are about 1—4 pm.
According to the EDS results, it can be identified
that these cuboid-shaped phases are compound with
high contents of the Gd and Y elements, which are
about 56 % (mass fraction) in total. According to the
results in Ref. [7], the cuboid-shaped phases have
face-centered cubic structure, and lattice constant is
5.6 nm,

Fig. 5 shows that the squeeze casting is more
conducive to the precipitation of the block phase,
which is also the reason why the squeeze casting is

superior to the metal casting.
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Fig. 6 SEM image of T6-cast alloy (a) and EDS results of
cuboid-shaped phases point A (b) and point B (¢)

2.2 Mechanical properties

It can be seen from Fig.7 that there is little
difference in the mechanical properties of as-cast Mg-
10Gd-3Y-0. 6Zr alloy under metal mold and squeeze
casting. The tensile strength of the squeeze casting
samples is 183 MPa, so the tensile strength and
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elongation are slightly higher than those of the metal
After solid solution, the
strength of the squeeze casting samples is decreased,

mold casting samples.

and the elongation is increased obviously, while the
mechanical properties of the metal mold casting
samples have not changed. After T6 treatment, the
and the
tensile strength of squeeze casting alloys reaches
285 MPa, which is higher than that of metal mold
casting alloys about 35 MPa.

tensile strength is increased obviously,
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Fig. 7
squeeze cast specimens (a) as cast, (b) solid solution, (¢) T6
state

Tensile mechanical properties of metal mold and

2.3 Fractography

Fig. 8 shows the fracture morphologies of the
samples obtained by two methods of metal mold
casting and squeeze casting. The fractures of as-cast
alloy are rich in uneven distribution of small dimples
and tear ridges, cleavage facets of small size and
After solid

dimples become less, and cleavage planes become

smooth distribution. solution, the

wide. After T6 treatment, two samples of dimples
become fewer, tearing edges become less, cleavage
planes become more obvious, and the fracture is
brittle fracture obviously.

Fig. 8 'Tensile fracture morphologies of metal (a,c,e) and
squeeze (b,d,f ) cast specimens, (a,b) as cast, (c,d) solid
solution, (e,f) T6 state

3 Conclusions

1) The microstructure of Mg-10Gd-3Y-0. 6Zr alloy
is mainly composed of o~-Mg primary phase and Mgy,
(Gd,Y); eutectic phase. The squeeze cast grains are
small, which are dendrite like morphology, and the
secondary dendrite arm are connected to each other
with a net shape, and the metal grains are coarse.
After T6 treatment, the eutectic phase disappears;
the grain grows up obviously; the grain boundary is
clear and fine, and the block phases precipitate in the
grain,

2) In terms of the mechanical properties, the
squeeze casting is better than the metal casting, and
the tensile strength of the squeeze casting under the
T6 state is 285 MPa,

3) The tensile fracture mode of squeeze casting
samples is  changed from combination of
transgranular plus dimple-like fracture of as-cast to

intergranular fracture of T6-cast.
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