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Abstract The Al–0.78Mg–0.69Si–0.11Ce–0.06La aluminum alloy rod was pre-
pared by ultrasonic-assisted continuous casting and rolling process, and the effects of
ultrasonic treatment on the microstructure, electrical conductivity, and tensile prop-
erties of the continuous casting billet and the continuous casting and rolling rod were
investigated. The results showed that ultrasonic treatment could purify, homogenize,
and refine the aluminumalloy liquid, eliminate the coarse dendrite of continuous cast-
ing billet, restrain the element segregation, and significantly improve the strength,
plasticity, and conductivity of the aluminum alloy rod.When the ultrasonic frequency
was 20 kHz and the power was 300W, the tensile strength, elongation, and electrical
conductivity of the aluminum alloy rod were 214.5 MPa, 9.6%, and 55.9% IACS,
respectively. Compared with the continuous casting and rolling aluminum alloy rod
without ultrasonic assistance, the tensile strength, elongation, and conductivity were
increased by 13.6, 41.2, and 2.4%, respectively.

1 Introduction

With the rapid development of the economy and the continuous improvement of the
living standard, the demand for electric power is increasing rapidly, so the trans-
mission line is increasingly developing toward the direction of large capacity, which
requires the increase of transmission capacity of conductors [1]. At present, the trans-
mission wire in China is mainly the traditional steel core aluminum strand, which is
relatively high in strength, but large in electric energy loss, low in heat resistance,
and greatly limited in transmission capacity [2]. In order to reduce the power loss
of transmission lines and improve the efficiency of power utilization, the State Grid
Corporation of China has vigorously promoted the application of high-strength and
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high-conductivity, high-strength, and heat-resistant aluminum alloy conductors in
recent years [3, 4].

Al–Mg–Si series aluminum alloy is a kind of deformed aluminum alloy which
can be strengthened by heat treatment. It has the advantages of high strength and
good plasticity, which is suitable for manufacturing aluminum alloy conductor
with high strength and high conductivity for long-span long-distance transmission
lines. However, due to the high content of Mg and Si in Al–Mg–Si system, the
coarse dendrite is easily formed in the continuous casting billet, which leads
to the formation of element segregation and pore, and furthermore reduces the
plasticity of the continuous casting billet, which would cause the fracture of the
continuous casting billet in the rolling process and result in the reduction of the
production efficiency and the rate of final products [5]. Therefore, in this paper,
the Al–0.78Mg–0.69Si–0.11Ce–0.06La aluminum alloy rod was fabricated by
ultrasonic-assisted continuous casting and rolling process. The effects of ultrasonic
treatment on themicrostructure, conductivity and tensile properties of the continuous
casting billet and continuous casting and rolling rod were studied.

2 Experimental

Al–Mg–Si–Ce–La system aluminumalloywas prepared by industrial pure aluminum
ingot, pure magnesium ingot, crystalline silicon, and lanthanum cerium mixed alu-
minummaster alloyAlRE10,with the chemical composition (wt%) of 3.5 lanthanum,
6.5 cerium, and balanced aluminum.The chemical composition ofAl–Mg–Si–Ce–La
alloy which was determined by ARL460 photoelectric direct reading spectrometer
is shown in Table 1.

The experimental equipment included a 15 ton aluminummelting furnace, a round
tilting heat preservation furnace with permanent magnetic stirring, a wheel belt con-
tinuous caster imported from France and a 15 stand Y type three-roller continuous
rolling mill. The diameter of the crystal wheel in the continuous casting machine was
1600 mm, the cross section area of the continuous casting ingot was 2400 mm2, the
linear speed of the continuous casting ingot was 0.2 m/s, the cooling water flow was
60 m3/h, and the finishing rolling speed of the continuous rolling mill was 6.2 m/s.

The alloy was melted in the aluminum melting furnace. First, the alloy liquid was
stirred by a permanent magnetic stirring which can uniform the composition of the
aluminum alloy liquid, and then treated by injection refining to remove the gas and
slag in the alloy liquid. After static holding, the alloy liquid was poured into the con-
tinuous casting machine. With the assistance of the ultrasonic wave, the aluminum
alloy rodwith the diameter of 9.5mmwas prepared by continuous casting and rolling.

Table 1 The chemical
composition of the
experimental alloy (wt%)

Elements Mg Si Ce La Fe Al

Composition 0.78 0.69 0.11 0.06 0.09 Bal.
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The ultrasonic frequency was 20 kHz, the ultrasonic power was, respectively, 0, 100,
200, and 300W, the casting temperature was 710 °C, the start rolling temperature was
490 °C, and the final rolling temperature was 320 °C. After grinding, polishing and
etching, the microstructures were observed on an OLYMPUS-M10 optical micro-
scope (OM), and the microstructure was observed by a PYM-150 environmental
scanning electron microscope (SEM) equipped with energy dispersive spectrometer
(EDS). The phase composition of the alloy was analyzed by a WDM X-ray diffrac-
tometer (XRD). The electrical conductivitywasmeasured by aWCW-500DCdouble
arm bridge conductance instrument. The tensile strength and elongation were tested
at room temperature on an NYP1000 electronic tensile tester, with the tensile speed
at 2 mm/min.

3 Results and Discussion

3.1 Microstructure

Figure 1 shows the microstructure of Al–0.78Mg–0.69Si–0.11Ce–0.06La alloy con-
tinuous casting billet after ultrasonic treatment at different power. It can be seen from
Fig. 1 that without ultrasonic treatment, the microstructure of the continuous casting
billet was composed of coarse dendrite, with the eutectic phase distributed between
the dendrites, and the segregation of Mg and Si elements on the surface was serious,
as shown in Fig. 1a. After ultrasonic treatment, the microstructure of the continuous
casting billet refined, and with the increasing ultrasonic power, the grain morphol-
ogy gradually changed from coarse dendrites to equiaxed grains, the size of which
decreased gradually [6]. When the ultrasonic power increased to 300 W, the grain
structure of the aluminum alloy continuous casting billet had totally changed into fine
and uniform equiaxed crystal, as shown in Fig. 1d. The experimental results showed
that the grain structure of aluminum alloy continuous casting billet could be signif-
icantly refined by ultrasonic treatment, and the microstructure of aluminum alloy
continuous casting billet could refine from coarse dendrites to fine uniform equiaxed
grains. Figure 2 shows the XRD pattern of Al–0.78Mg–0.69Si–0.11Ce–0.06La alloy
continuous casting billet after ultrasonic treatment. Figure 3 shows the SEM image
of the continuous casting billet. It can be seen from Fig. 2 that the second phases
of the alloy continuous casting billet were mainly Mg2Si phase and AlFeSiLaCe
phase. It can be seen from Fig. 3 that bright contrasted granular compounds and
short rod compounds can be observed in the SEM microstructure of the continuous
casting billet. EDS results revealed that the bright contrasted granular compoundwas
Mg2Si phase, and the short rod compound was AlFeSiLaCe phase. Besides, it can
also be seen from Fig. 3 that the Mg2Si phase and AlFeSiLaCe phase were fine and
uniformly distributed in the α-Al matrix.



68 N. Zhou et al.

Fig. 1 Optical microstructures of the continuous casting billet with ultrasonic treatment at different
power: a 0, b 100 W, c 200 W, and d 300 W

Fig. 2 XRD pattern for the
continuous casting billet of
the aluminum alloy
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Fig. 3 SEM image for the
continuous casting billet of
the aluminum alloy

AlFeSiLaCe

Mg2Si

3.2 Electrical Conductivity

Figure 4 shows the electrical conductivity of Al–0.78Mg–0.69Si–0.11Ce–0.06La
aluminum alloy continuous casting and continuous rolling rod treated with different
ultrasonic power. It can be seen from Fig. 4 that the electrical conductivity of the
continuous casting and rolling aluminumalloy circular rodwas relatively lowwithout
ultrasonic treatment. With the adding of the ultrasonic treatment, the conductivity of
the continuous casting and rolling increased significantly. The ultrasonic treatment
had a deeply purification effect on the aluminum alloy liquid, which can eliminate
the harmful effect as metal and nonmetallic inclusions hydrogen and gas hole on the
conductivity of the aluminum alloy rod, and furtherly improve the conductivity of
the aluminum alloy rod. As can also be seen from Fig. 4, with the gradual increase of
the ultrasonic power, the conductivity of the aluminum alloy rod increased gradually.
When the power was increased to 300W, the conductivity of the aluminum alloy rod
increased to 55.9% IACS. Compared with the aluminum alloy rod without ultrasonic
treatment, the conductivity of the continuous casting and rolling aluminum alloy rod
increased by 2.4%.

3.3 Mechanical Properties

Figure 5 shows the tensile strength and elongation of the continuous casting and
rolling Al–0.78Mg–0.69Si–0.11Ce–0.06La alloy rods with ultrasonic treatment at
different power. As can be seen from Fig. 5, without ultrasonic treatment, the ten-
sile strength and elongation of the aluminum alloy rod were lower because the
microstructure of the aluminum alloy rod was coarse dendrite. In this condition, the
tensile strength was 188.9 MPa and the elongation was 6.8%. With the addition of
ultrasonic treatment, the microstructure of aluminum alloy continuous casting billet
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Fig. 4 Electrical
conductivity of the
aluminum alloy rod with
ultrasonic treatment at
different power
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changed from coarse dendrites to fine uniform equiaxed grains, and ultrasonic treat-
ment has a deep purification effect on aluminum alloy liquid. Therefore, the harmful
effects of inclusions and pores on the tensile mechanical properties of the aluminum
alloy rods can be eliminated efficiently, so that the tensile strength and elongation
of the aluminum alloy rod can be improved simultaneously [7]. In addition, ultra-
sonic treatment can also inhibit the segregation of Mg and Si elements in aluminum
alloy continuous casting billet, improve the homogeneity of composition distribution,
refine theMg2Si phase and AlFeSiLaCe phase, andmake theMg2Si phase and AlFe-
SiLaCe phase distribute uniformly in α-Al matrix, which could furtherly enhance
the strength and ductility of the continuous casting and rolling aluminum alloy rod
[8]. Besides, it can also be seen from Fig. 5 that the tensile strength and ductility
of the aluminum alloy rod increased gradually with the increase of the ultrasonic
power. When the ultrasonic power was 300 W, the tensile strength and elongation of
the continuous casting and rolling aluminum alloy rod were 214.5 MPa and 9.6%,
respectively. Compared with those without ultrasonic treatment, the tensile strength
and elongation of the continuous casting and rolling aluminum alloy rod increased
by 13.6 and 41.2%, respectively.

4 Conclusions

(1) Ultrasonic treatment can purify and refine aluminum alloy liquid, eliminate
the coarse dendrite and gas pore of aluminum alloy continuous casting billet,
restrain element segregation, and improve the strength, ductility, and electrical
conductivity of the continuous casting and rolling aluminum alloy rod.

(2) When the ultrasonic frequency was 20 Hz and the power was 300W, the tensile
strength, elongation, and electrical conductivity of the continuous casting and
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Fig. 5 Tensile mechanical properties for aluminum alloy rod with different ultrasonic power

rolling aluminum alloy rod were 214.5 MPa, 9.6%, and 55.9% IACS, respec-
tively.

(3) Compared with the aluminum alloy rod without ultrasonic treatment, the tensile
strength, elongation, and electrical conductivity of the continuous casting and
rolling aluminum alloy rod increased by 13.6, 41.2, and 2.4%, respectively.
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