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Abstract: The microstructures and mechanical properties of the rolled AZ61 alloys containing different contents of Y (0, 0.5, 0.9,
1.4%Y respectively) were studied. Phase analysis was performed by X-ray diffraction(XRD). Microstructures of experimental
materials were observed by optical microscope(OM) and scanning electron microscope(SEM) equipped with energy dispersive
spectrometer(EDS). The results show that the alloys with variable Y contents all contain a second-phase Al,Y. The amount of Al,Y
increases with the increasing of Y content while that of Mg;,Al;, decreases. Moreover, Y refines the microstructures of as-cast and
rolled alloys. The finest average grain size is obtained in the alloy containing 0.9%Y with the best mechanical properties. When the Y
content is up to 1.4%, Al,Y phase in the alloy coarsens, which leads to the drop of tensile strength.
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1 Introduction

Magnesium alloys are attractive materials due to
their good specific properties such as low density, good
damping characteristics, good thermal conductivity and
high elastic modulus[1,2]. Recently, there has been
significant increase in the usage of magnesium alloy for
automobile, aerospace components, computer, mobile
phones, etc[3]. However, the applications of magnesium

alloys are still limited due to some undesirable properties.

The strength and ductility of magnesium alloys are
generally poorer than those of common steel and
aluminum alloys. The mechanical properties of wrought
magnesium alloy are much better than those of the
casting counterpart by plastic deformation processing
and heat-treatment.
disadvantages, efforts are being devoted to developing
wrought magnesium alloys with good mechanical
properties[4,5].

Some researches show that rare earth elements are
important for magnesium alloys[6]. LUO et al[7] have
studied the strengthening effects of rare earth on wrought
Mg-Zn-Zr-RE alloys. ZHOU et al[8, 9] have reported
that Nd, La and Ce have effects on both microstructures

In order to overcome these

and mechanical properties of cast AZ61 alloy. WANG et
al [10] have reported the effects of RE on the
microstructure and properties of cast AZ91 alloy. How-
ever, few researches were reported on the deformation
behavior and mechanical properties of wrought Mg-Al-
Zn alloys with Y additions. In this study, hot rolling was
carried out on four kinds of Mg-Al-Y-Zn alloys with
variable Y contents. The effects of Y on both micro-
structural evolution and mechanical properties were
investigated.

2 Experimental

The chemical compositions of the studied alloys are
listed in Table 1. The treatment procedures are described
as follows. The cast ingots were homogenized at 400 C
for 16 h. Then, these plates were heated up to 350 ‘C and
kept for 1 h, followed by rolling with heating rollers
which were maintained at 100 ‘C. 20 mm starting
thickness of these plates was reduced down to lmm,
corresponding to the compressive deformation ratio of
95%. Multiple passes and re-heating between them were
required. The standard tensile specimens were made
from the as-rolled sheets. The rolled sheets were
annealed at 250°C for 1h, and the tensile properties of
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Table 1 Chemical composition of Mg-Al-Y-Zn alloys (mass
fraction, %)

No. Mn Al Y Zn Mg
Alloy 1 0.25 6.02 = 1.01 Bal.
Alloy 2 0.23 5.88 0.5 1.01 Bal.
Alloy 3 0.26 6.00 09 0.97 Bal.
Alloy 4 0.23 5.93 14 0.98 Bal.

annealed sheets were also tested. Phase analysis was
performed by XRD. Microstructures of experimental
materials were observed by optical microscope(OM)
and scanning electron microscope(SEM) equipped with
energy dispersive spectrometer(EDS).

3 Results and discussion

3.1 Effect of Y on microstructures of AZ61 alloys
Fig.1 shows the optical micrographs of as-cast
alloys. The second-phase in AZ61 alloy is Mgj,Alp,
phase according to the result of microanalysis by EDS.
Mg;;Al;, phase shows network shape and distributes
mainly at grain boundaries. Also, a black dot-like phase
dispersed in grains sparsely can be observed, which is
proved to be Al-Mn compound by EDS. It can be seen
from Fig.1 that by adding Y, a-Mg dendrites and
Mgy;Al;, phase can be refined, and the finest average
grain size is obtained in alloy 3. Meanwhile, there are
more precipitate phase particles dispersing in the grains
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of Y-containing alloys. The SEM image and line
scanning result of this second-phase are shown in Fig.2.
It is found that the contents of Al and Y in this phase are
much higher than those of the matrix and the atomic ratio
of Alto Y is about 2:1. The X-ray diffraction patterns of
as-cast alloys are shown in Fig.3, from which the
Y-containing phase is verified as Al,Y.

The SEM images and Y map distributions of as-cast
alloys are shown in Fig.4. It is suggested that with the
increase of Y content, the amount of white and bright
Y-containing phases becomes large and Mg;;Al;, phase
gets refined greatly. It can be observed that in alloy 4,
ALY phase particles become coarsening.

Fig.5 shows the SEM images of the homogenized
alloy 1 and alloy 3. After homogenization treatment,
Mg,;Al;, phase is dissolved in a-Mg matrix, so the
amount of the second-phase decreases sharply. When Y
is added into the alloy, ALY particles with high melting
point and elevated temperature stability are almost not
dissolved in the a-Mg matrix and they remain the same
shape.

The SEM images of hot-rolled alloys are shown in
Fig.6. Comparing these images with Fig.4 the effects of
hot rolling process on the microstructures of the alloys
can be studied. It can be seen that the second-phases are
broken into small particles and disperse in the matrix
after hot rolling process. According to the EDS results,
besides a few Al-Mn phase particles (sign A), these
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Fig.1 Optical micrographs of as-cast alloys: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4
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Fig.2 SEM image and line scanning result of Y-containing 20(°)
phase

Fig.3 XRD patterns of as-cast alloys
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Fig.4 SEM images and Y map distributions of cast Mg-Al-Y-Zn alloys: (a), (a’) Alloy 2; (b), (b") Alloy 3; (¢), (¢') Alloy 4
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Fig.6 SEM images of alloys rolled at 350 C: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4

particles are Al,Y phase. Conglomeration and coarsening
of ALLY phase in alloy 4 are observed clearly.

Fig.7 shows the optical micrographs of rolled
alloys. Because the rolling temperature is much higher
than the recrystallized temperature of AZ61 alloy and
the compressive deformation ratio is high to 95%, the
dynamic recrystallization(DRX) process occurs in all of
the alloys. It is observed that Y refines the rolled
microstructures of alloys. Especially in alloy 3, the size
of DRX grains is even smaller. This may be ascribed to
the fact that the pinning effect of broken second-phase
particles can suppress the growth of DRX grains.

3.2 Mechanical properties of alloys

The results of the tensile tests of the rolled alloys at
room temperature are shown in Table 2. It can be seen
that the tensile strength and elongation of the AZO61
alloys are improved with the addition of Y either 0.5% or
0.9%, and AZ61 alloy has the best properties when the
content of Y is 0.9%. However, by adding 1.4% Y, the
tensile properties are reduced. After the rolled sheets
were annealed at 250 °C for 1 h, the tensile properties of
the annealed alloys were also tested. It can be seen that
after annealing the strengths of alloys decline while the
elongation increases greatly.
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Fig.7 Optical micrographs of alloys rolled at 350 ‘C (longitudinal section): (a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4

Table 2 Tensile properties of alloys at room temperature

As-rolled alloy

Rolled and annealed alloy

No. oy/MPa 60,/MPa 8% oy/MPa 60,/MPa 8%
Alloy 1 320.84 22127 6.29 256.67 176.57 18.10
Alloy 2 332.88 221.59 6.25 263.65 184.49 18.82
Alloy 3 371.90 258.93 733 30133 219.73 20.74
Alloy 4 306.24 21251 426 250.23 172.77 13.33

3.3 Discussion

When Y is added into the AZ61 alloy, great effects
of Y on the microstructures, solution treatment and hot
rolling behavior of AZ61 alloy were observed. Alloys
with variable Y contents all contain a phase of Al,Y with
cubic structure. The lattice parameter of ALY phase is
0.786 nm [11]. Obviously, during the solidification
process this phase is hard to act as nucleating core. The
crystallizing temperature of Al,Y (980 ‘C)[12] is much
higher than the eutectic reaction temperature of L—
a-Mg+Mg;Al;, (451 °C). So, ALY will form first and
concentrate at the front edge of a-Mg phase, thus
constitutional under-cooling appears ahead of the
solid/liquid interface[7], which can promote the
nucleation in the under-cooling zone. Meanwhile, the
concentration of solute atoms at the solid/liquid interface
can restrict the grain growth since the diffusion of atoms
occurs slowly. Therefore, the as-cast microstructure can
be refined by the Y addition. Also, due to the
combination of Al and Y, the volume and size of

Mg;;Al;, phase decrease.

Some researchers have reported that grains can be
refined by dynamic recrystallization(DRX) in
magnesium alloys, and the mechanical properties are
improved by grain refinement according to the
Hall-Petch relationship [13—15]. In this study, for the
alloys with Y addition, the stable ALY phases are the
barrier for the slip of dislocation during rolling, and
make more dislocations concentrate around it. This is
beneficial to the nucleation of DRX. Moreover, the
pinning effect of fine broken second-phase particles can
suppress the growth of DRX grains. So, for the rolled
alloy, the grains can be refined and the mechanical
properties can be improved by certain Y addition. But
when the Y addition is high to 1.4%, Al,Y phase
becomes coarsening. After rolling, the coarsening and
concentration of Al,Y phase in alloy 4 are more easily
observed. This non-homogeneous microstructure is
likely to cause stress concentration. Also, the coarse
brittle intermetallic phase particles have influence on the
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micro-cracks formation and the flaws propagation, so the
mechanical properties of alloy is decreased at room
temperature.

4 Conclusions

1) The AZ61 alloys with variable Y contents all
contain a phase of Al,Y. Y refines the microstructures of
as-cast alloys.

2) During the rolling process, the pinning effect of
fine broken Al,Y phase particles can suppress the growth
of DRX grains, and the microstructures of rolled alloys
are refined.

3) The tensile tests at room temperature indicate that
the best comprehensive properties are obtained when the
addition of Y is 0.9%. When the Y content is up to 1.4%,
ALY phase coarsens, which leads to the drop of tensile
strength.
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