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Abstract: The effects of yttrium addition on microstructure and mechanical properties of as-cast Mg-6Zn-3Cu-0.6Zr-xY (x=0, 0.5,
1.0, 1.5 and 2.0, mass fraction, %) (ZCK630+xY for short in this study) alloys were investigated by means of OM, XRD and SEM.
The results show that the average grain size of Mg-Zn-Cu-Zr magnesium alloy is effectively reduced (from 57 um to 39 um) by Y
addition. The analysis of XRD indicates the existence of I-phase (Mgz;ZngY) and W-phase (MgzZn;Y;) in ZCK630 alloys with Y
addition. The ultimate tensile strength of ZCK630 alloys is significantly deteriorated with increasing Y addition, which is possibly

related to the continuous networks of intergranular phases and the increase of W-phase.
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1 Introduction

Magnesium alloys will have great potential for the
application of structural parts in the near future due to
their low density, high specific strength, and good
etc[1-3]. It was reported[4—9] that
magnesium alloys containing rare earth (RE) element,
such as yttrium, exhibit excellent mechanical properties
at room temperature. Generally, there are two kinds of

castability,

ternary equilibrium phases in Mg-Zn-Y and Mg-Zn-Y-Zr
systems. They are W-phase (Mg;Zn;Y,, cubic structure)
and I-phase (Mg;ZngY, icosahedral quasicrystal structure,
quasi-periodically ordered)[6]. Recently, it was reported
that as-cast Mg-rich Mg-Zn-Y alloys, which consist of a
thermally stable quasicrystalline phase
(I-phase) formed in situ as a second phase in the a-Mg
matrix during solidification, exhibit a significant level of

icosahedral

yield stress at room temperature, depending on the
volume fraction of the I-phase[10]. It was found[11] that
W-phase basically has no strengthening effect on
Mg-Zn-Y-Zr system alloys, and the strength of alloys
degrades
Furthermore, the experimental results of magnesium

greatly with the increase of W-phase.

alloys reveal that the addition of Zn and Y (or Cu and Y)
can form long period ordered structure that leads to the
improvement of its strength and plasticity[12—13].

In this study, we present a novel Mg-6Zn-3Cu-0.6Zr
(ZCK630 for short in this study) alloy with Y addition.
The effects of yttrium on microstructure and mechanical
properties of Mg-Zn-Cu-Zr alloys will be studied.

2 Experimental

Magnesium alloys were designed to have a nominal
component (mass fraction) of 6% Zn, 3% Cu, 0.6% Zr
and x Y (x=0, 0.5%, 1.0%, 1.5% and 2.0%). Commercial
pure Mg, Zn and Y stuffs, Mg-25%Zr inter-alloy and
Mg-80%Cu inter-alloy were melted in a steel crucible at
about 780 °C. The melt was stirred in order to make the
solutes mix thoroughly, and then cooled and kept at 720
°C for about 15 min. Finally, the melt was poured into an
iron mould preheated to about 300 °C. The whole
process was conducted under the cover of protection
atmosphere (0.4% SF¢, 50.4% CO, and 49.2% Ar,
volume fraction).

The chemical compositions of the magnesium alloys
were determined by XRF (X-ray fluorescence) analysis.
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The results are listed in Table 1. The linear-intercept
method was employed to measure the grain size.
Microstructures of the as-cast alloys were examined by
means of optical microscopy (OM) and scanning electron
microscopy (SEM) (JEOL JSM—5600LV). The samples
were etched with an etchant of 4 mL nitric acid and 96
mL alcohol. The structural constituent was also analyzed
by X-ray diffraction (XRD) on a Shimadzu XRD—-6000
diffractometer using Cu K, radiation. Tensile test was
carried out at room temperature and an initial strain rate
of 5x10* s™!, and the tensile specimen had a nominal
size of 6 mm in diameter and 30 mm in length.

Table 1 Chemical compositions of Mg alloys determined by
XRF (mass fraction, %)

Alloy Zn Cu Zr Y

ZCK630 5.64 2.92 0.42 -
ZCK630+0.5Y 5.40 2.88 0.71 0.48
ZCK630+1.0Y 5.32 2.69 0.52 1.00
ZCK630+1.5Y 5.32 2.77 0.58 1.58
ZCK630+2.0Y 5.74 2.99 0.53 2.09

3 Results and discussion

3.1 Microstructure

The XRD patterns of ZCK630+xY alloys are shown
in Fig.1. It can be seen that ZCK630 alloy is composed
of a-Mg and CuMgZn phase. For ZCK630+0.5Y alloy,
there exist I-phase and W-phase in addition to a-Mg and
CuMgZn phase. For ZCK630+0.5Y, ZCK630+1.0Y and
ZCK630+1.5Y alloys, the peak intensities of I-phase and
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Fig.1 XRD patterns of as-cast ZCK630+xY alloys: (a) ZCK630
alloy; (b) ZCK630+0.5Y alloy; (c) ZCK630+1.0Y alloy;
(d) ZCK630+1.5Y alloy; (¢) ZCK630+2.0Y alloy

W-phase gradually increase with Y addition increasing.
It implies that the contents of I-phase and W-phase
gradually increase with Y addition increasing. It is
important to point out that the W-phase increases at a far
quicker pace than the I-phase.

Fig.2 shows the optical microstructures of the
as-cast ZCK630 alloys with different Y additions. It can
be found that the ZCK630 alloy is comprised of
dendrites of magnesium matrix separated by
interdendritic phases. With Y addition increasing, the
content of interdendritic compound phases increases
obviously. According to the XRD analysis (Fig.1), the
increased phases should be the W-phase and I-phase. The
Y additions to the ZCK630 alloy result in the refinement
of a-Mg grains, i.e. most of the dendrites disappear and
more equiaxed grains are obtained. The linearly
intercepted grain sizes of the alloys are 57, 54, 52, 42
and 39 um, respectively, which means that the grain size
of ZCK630 magnesium alloys is effectively reduced by
Y addition.

Rare earth elements generally have grain refinement
effects on magnesium alloys. The refinement of a-Mg
grains can be mainly ascribed to the factors as follows:
1) Element Y can effectively refine grains of magnesium
alloys because element Y can change the solution degree
of element Zn, which decreases the solidus curve,
shortens the time for nucleation, and then reduces the
grain size[14]; 2) Element Y is a surface active element
to Mg and distributes along grain boundaries of a-Mg
during solidification. The element Y combines with Mg
to form compound and concentrates along the grain
boundaries to prevent the grain growth [15].

The SEM images of the ZCK630, ZCK630+0.5Y
and ZCK630+1.5Y alloys are shown in Fig.3. It can be
seen from Fig.3(a) that the intergranular phases
(CuMgZn) is semi-continuous network structure. When
0.5% Y is added, W-phase and I-phase emerge in the
matrix. The intergranular lamellar eutectics are
composed of a-Mg and W-phase, as shown in Fig.3(b).
The rod-like I-phase mainly exists in the boundaries and
the ends of W-phase. As shown in Fig.3(c), the
coarsened W-phase is observed in the alloy with 1.5% Y.
The volume fraction of the W-phase increases and
W-phase tends to form continuous network in the grain
boundary. And the grain size of a-Mg matrix decreases
gradually.

3.2 Mechanical property

The relationship between mechanical properties and
Y content in alloys are shown in Fig.4. As shown in
Fig.4, the ultimate tensile strength (UTS) reduces from
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158 MPa to 126 MPa as the Y content (mass fraction)
increases from 0 to 0.5%. However, with the further
increase of Y content, the strength of the alloys improves
greatly. When the Y content is 1.0%, the UTS of alloy
reaches 146 MPa. The further increase of Y content leads
to drop trend of UTS.

According to the grain size, the UTS of ZCK630+
2.0Y alloys (with the smallest grain size) should be the
highest. However, the results show that the UTS of
ZCK630+1.5Y and ZCK630+2.0Y alloys are lower than
that of ZCK630+1.0Y alloy. Therefore, to explain this
abnormal phenomenon, the influence of W-phase on the
mechanical properties of the alloys must be investigated,
which will be discussed as follows.

When 0.5%Y is added to the ZCK630 alloys, the
refinement of grain size is very small (from 57 pum to 54
um). Thus the influence of grain size on the mechanical

s359

Fig.2 OM microstructures of magnesium
alloys: (a) ZCK630 alloy; (b) ZCK630+0.5Y
alloy; (c) ZCK630+1.0Y alloy; (d) ZCK630+
1.5Y alloy; (¢) ZCK630+2.0Y alloy

properties is very slight. On the other hand, the W-phase
begins to emerge in the ZCK630 alloys. The degradation
of mechanical properties attributes to the W-phase that is
easily cracked during the tensile process[10]. When Y
content is up to 1.0%, the improved strength is regarded
as the strengthening effect of the smaller grain size (52
pm). When Y content reaches 1.5%, the coarsened
W-phase increases obviously. In addition, as shown in
Fig.3(c), the primary a-Mg gains are almost surrounded
completely by the continuous networks of interdendritic
eutectic phase, which significantly deteriorates the
ultimate strength.

Certainly, the increase of I-phase can improve the
mechanical properties of ZCK630 alloys. However, as
shown in Fig.1 and Fig.3, the quantity of rod-like I-phase
is tiny. Therefore, the influence of I-phase on the
mechanical properties can be omitted.
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Fig.3 SEM images of as-cast Mg-Zn-Y alloys with different Y
contents: (a) ZCK630 alloy; (b) ZCK630+0.5Y alloy;
(c) ZCK630+1.5Y alloy
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Fig.4 Relationship between mechanical properties and Y
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4 Conclusions

1) I-phase and W-phase emerge in the
microstructures as a result of the Y addition in the

ZCK630 alloys. The W-phase increases gradually with
increasing Y content.

2) The grain size of Mg-Zn-Cu-Zr magnesium alloy
is effectively reduced when element Y is added into the
ZCK630 alloys.

3) With the Y addition, the increased W-phase and
the continuous networks of intergranular phases
significantly deteriorate the mechanical properties.
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