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Abstract: Under the high-intensity ultrasonic field, AZ80 magnesium alloy was semi-continuously cast. The effects of ultrasonic
intensity on the as-cast microstructures and mechanical properties were investigated. The results show that the microstructures of the
alloy cast under high-intensity ultrasonic field are fine and uniform, and the grains are equiaxed, rose-shaped or globular with an
average size of 257 um. High-intensity field significantly decreases the grain size, changes the morphologies of the f-Mgl7Al12
phases and reduces their area fraction. It is also shown that a proper increase in ultrasonic intensity is helpful to obtain fine, uniform
and equiaxed as-cast microstructures. The optimum ultrasonic parameters are that frequency is 20 kHz and ultrasonic intensity is 1
368 W. The mechanical tests show that the mechanical properties of the as-cast AZ80 magnesium alloy billets cast under ultrasonic
field are greatly improved, and with increasing the ultrasonic intensity, the mechanical properties of the entire alloy billets are much
higher and more uniform than those of the alloy without ultrasonic field.
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1 Introduction

Due to their low density, high damping capacity,
high specific strength and specific stiffness, excellent
machinability, = good  electromagnetic  shielding
characteristics and good castability[1-2], magnesium
alloys are particularly attractive in the aerospace and
automotive industries. Magnesium alloys not only offer a
weight reduction potential when being used as structural
material in transportation vehicles but also improve the
fuel economy and emissions, regardless of the propulsion
system used. Due to the advantageous properties of
magnesium alloys produced by forming technology, an
increasing interest in the possibilities of bulk forming is
noticed.

It is well recognized that the mechanical properties
are closely related to the microstructures with fine grains
of metallic alloy. The microstructure refinement of
magnesium alloys has become an important research
field. In general, two different approaches to gain

refinement by solidification processing are pursued:
chemically stimulated[3—5] and physically induced
routes[6—8]. The chemical route depends primarily on
the selection of a nucleating catalyst, while the physical
one relies mainly on the use of an external field. The
chemical route is easy to apply but it is not always
possible to find or develop a potent nucleation for a
given group of alloys, for example, Mg-Al alloys[9—10].
This makes the physical route a necessary option for
many cast alloys. CHIRITA et al[ll] studied the
treatment of molten metals with high frequency
mechanical vibrations, and uniform and fine-grained
casting was obtained. WANG et al[12] studied the
changes of solidification parameters and the temperature
profiles for the liquid in front of the solid/liquid interface
caused by vibration. Ultrasonic vibration was applied
during the solidification of metal alloys, and modified
macro- and microstructures were obtained[8, 13—14].
VIVES[15—18] studied the effects of electromagnetic
vibrations induced by the interaction of alternating
electric and stationary magnetic fields during the solidi-
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fication of aluminium alloys and obtained good structural
refinement.

As for magnesium alloys, considering the Hall-
Petch coefficient is large for magnesium[10], a smaller
grain size would be very desirable to obtain improved
properties. Therefore, in this study, ultrasonic vibration is
introduced and the aim of the present work is to study the
effects of ultrasonic vibration on the microstructures and
mechanical properties of direct chilling (DC) cast
magnesium alloy AZ80, which is a commercially
available wrought magnesium alloy.

2 Experimental

The composition of AZ80 magnesium alloy is
shown in Table 1. The melting of AZ80 magnesium alloy
was carried out in a resistance furnace with an iron
crucible containing approximately 60 kg of metal and
protected by CO,+0.5% (volume fraction) SFg
atmosphere in order to prevent severe oxidation. The
melt was transferred to a semi-continuous casting
machine at 650 °C, about 50 °C higher than the liquidus,
and cast into billet with a diameter of 160 mm at a
velocity of 150 mm/min. In the first casting, the billet
was cast by the conventional process. After casting to
about 300 mm in length, the ultrasonic field was applied.
During casting, to evaluate the influence of
electromagnetic fields, all conventional parameters were
held constant.

The experimental apparatus for ultrasonic treatment
is shown in Fig.1. The semi-continuous casting system

Table 1 Chemical composition of A280 magnesium alloy (mass
fraction, %)

Al Zn Mn Cu
7.9-9.2 0.7-0.8 0.12-0.15 0.03
Ni Si Fe Mg
0.005 0.01 0.01 Bal.
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Fig.1 Schematic diagram of semi-continuous casting of AZ80

magnesium alloy billet under ultrasonic vibration condition

used in this research consisted of a metallurgic ultrasonic
system, a billet mold, a casting control system, a melting
furnace and a water cooling system. The ultrasonic
vibration is produced in magnesium melt during semi-
continuous casting by the application of an ultrasonic
field. The ultrasonic field is generated by supplying a
metallurgic ultrasonic system. It consisted of a ultrasonic
generator with a frequency of (20+2) kHz, a
magnetostrictive transducer made of high purity nickel
sheets and an acoustic radiator made of mild steel.
Ultrasonic power of the unit could be adjusted from 0 to
2 kW.

In order to evaluate the influence of ultrasonic
vibration on the and mechanical
properties of the as-cast AZ80 magnesium alloy billet,
the molten metal in the mold during semi-continuous
casting is treated by ultrasonic with power of 500, 940
and 1 368 W, respectively. For convenience, vibration
treatment without ultrasonic is defined as 0 W ultrasonic
treatment. The  specimens for macro- and

microstructures

micro-observation were taken from different locations of
cross-section in the billets. They were ground and
polished and then etched. The as-cast macro- and
microstructures of edge, R/2 and center region of billets
were observed by a stereoscopic microscope (Olympus
SZX16) and an optimal microscope (Leica DMR),
respectively. The grain size analyses were carried out
from the pictures taken using software SISCIA S8.0. The
mechanical tests were conducted at room temperature.
The tensile strength was measured using CMT5105
universal test machine at a constant ram velocity of
1 mm/min. All the cylindrical samples are parallel to the
axes of the billets. The average value of three tests
results was used as the final value.

3 Results and discussion

3.1 Effects of ultrasonic field on macro- and micro-

structures of AZ80 alloy billet
3.1.1 Macrostructures of billets with normal DC and

ultrasonic field DC casting

Fig.2 shows the as-cast macrostructures of d160
mm AZ80 billet with normal DC and ultrasonic field DC
casting. It is clear that the grain size of the billet with
ultrasonic field DC casting is much finer compared with
the billet with normal DC casting. Fig.2(a) shows coarse
grain size, which is taken at the edge of the billet with
normal DC casting. As for casting under ultrasonic
vibration field, however, the grain size on the edge of the
billets are fine and uniform as shown in Fig.2(b). As
shown in Figs.2(c) and (d), the macrostructures in the
R/2 region of the billet with normal DC casting are
characterized by coarse grains, while in the billets with
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Fig.2 OM images of AZ80 billets: (a), (c), (¢) Normal DC casting; (b), (d), (f) Ultrasonic field DC casting; (a), (b) Edge; (c), (d) R/2;

(e), (f) Center

ultrasonic field DC casting, the macrostructures in the
R/2 region are very fine. It can be seen from Figs.2(e)
and (f) that the macrostructures at center of billet with
normal DC casting are very coarse grains while the
macrostructures at center of billet with ultrasonic field
DC casting are fine grains. In addition, the distribution of
the grain size of the billet with normal DC casting is
non-uniform throughout the billet. From the edge to the
center, the grain size gradually changes from fine to
coarse in all billets with normal DC casting, and some
grains are even visible without magnification. However,
the macrostructures of the billets with ultrasonic field
DC casting from the edge to the center is all fine grains

and are more uniform than those of the billets with
normal DC casting.
3.1.2 Effect of ultrasonic power on microstructures of

AZ80 billets

Because the macrostructures of the billets with
ultrasonic field DC casting are uniform as shown above,
only the microstructures at the R/2 region of
cross-section in the billets cast by different ultrasonic
power vibrations are reported. The effects of ultrasonic
power on the microstructures can be visualized from
Fig.3. With increasing the ultrasonic power from 0 to
1 368 W, the microstructures change from coarse grains
to fine and uniform grains. Fig.3(a) shows that without
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Fig.3 OM images of R/2 region of cross-section in AZ80 billets cast by different ultrasonic power vibration: (a) 0 W; (b) 500 W;

(c) 940 W; (d) 1 368 W

ultrasonic vibration, grains are coarse with an average
size of 398 pm. With 500 W ultrasonic vibration,
although the morphology of the grains is coarse because
of small energy of ultrasonic introduced into the liquid
metal, there are still fine grains, as shown in Fig.3(b).
However, obvious changes can be found in 940 W
ultrasonic vibrations and the average size of the fine
grains is 273 um, as shown in Fig.3(c). When the applied
ultrasonic power is 1 368 W, the average grain size is
decreased to 257 pm, as shown in Fig.3(d), which is the
best result among the four different ultrasonic vibrations
applied in semi-continuous casting. The effect of
ultrasonic power on average size of the R/2 region of
cross-section in AZ80 alloy billets is shown in Fig.4.
3.1.3 Morphology and distribution of phase in billets
with normal DC and ultrasonic field DC casting
For AZ80 magnesium alloy, the solidification
structures consist of primary a-Mg, f-Mgl7Al12 and
eutectic which form under non-equilibrium cooling
conditions. Fig.5 shows the morphology and distribution
of phase at the center region of cross-section in the AZ80
billet by normal DC and ultrasonic field DC casting. In
Fig.5(a), it is clear that many of the continuous bulk
skeletal phases segregate in the interdendritic regions and
grain boundaries. In Fig.5(b), the size and area fraction
of phases in the billets decreased; the continuous bulk
skeletal phases become fine, uniform and are changed

400

3601

320t

Average grain size/um

0 400 800 1200 1600
Ultrasonic power/W

Fig.4 Effect of ultrasonic power on average grain size of R/2
region of cross-section in billets

into almost discontinuous nets and particles; and their
amounts obviously reduced. It is supposed that ultrasonic
vibration produces evident refining effect in AZ80 alloy.
Because of cavitation and acoustic streaming, the grains
of AZ80 alloy are very fine. Thus, the finer the grains are,
the lower the content and the smaller the size of the
phases is.

3.2 Effects of ultrasonic field on mechanical properties
of AZ80 alloy billet
As shown in Fig.6, the ultimate tensile strength of
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Fig.5 Morphology and distribution of phase in AZ80 billets:
(a) Normal DC casting; (b) Ultrasonic field DC casting
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Fig.6 Ultimate tensile strength in different locations of billet
cast in different processes

different locations in the billet with ultrasonic field DC
casting is almost at the same level, while the ultimate
tensile strength in different locations of the billet with
normal DC casting decreases from edge to center. It is
clear that the ultimate tensile strength in different
locations of the billet with ultrasonic field DC casting is
higher than that of the billet with normal DC casting. In
the normal DC casting, the ultimate tensile strength of
the billet is relatively low. The strength values are 170
MPa at edge, 167 MPa at R/2 and 159 MPa at center,

respectively. While under the ultrasonic field DC casting
with a relatively high ultrasonic power, 1 400 W, the
ultimate tensile strengths of billet at corresponding
location are higher and they are 174, 177 and 182 MPa,
respectively. There is a large increase at the center region
of the billet due to the microstructure refinement. Further,
when the ultrasonic power is increased, the ultimate
tensile strength increases smoothly from the edge to the
center of the billet. It appears that the ultimate tensile
strength of AZ80 billet is depended on the
microstructures, i.e., fine-grained and fine-phased billet
exhibits high ultimate tensile strength. The difference of
ultimate tensile strength between the edge and the center
is reduced with increasing the ultrasonic power.

4 Conclusions

1) With ultrasonic field DC casting, the
microstructures of AZ80 billet from edge to center are all
fine grains and are much finer and more uniform than
those of the billet with normal DC casting.

2) Ultrasonic power plays an important role in the
microstructure of the billet with ultrasonic field DC
casting. With increasing the ultrasonic power, the grains
become finer and more uniform. Compared with the
morphology and distribution of phase in the billet with
normal DC casting, the morphologies in the AZ80 billet
with ultrasonic field DC are finer, more uniform and are
changed into almost discontinuous net shape and
particles, and their amounts obviously reduced.

3) With ultrasonic field DC casting, the tensile
strength of different locations in AZ80 billet from edge
to center is higher than that of the billet with normal DC
casting. When ultrasonic power is increased, the
differences of tensile strength between the edge and
center of the billet become small.
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