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The purpose of our group is to develop environmentally friendly material processes in order to contribute to building a sustainable society. To achieve this
purpose, we are trying to break the barriers of traditional materials processing with the help of physical fields and waves. Physical fields offer an effective
way to selectively supply energy to the materials being processed. Physical fields and waves are especially attractive for high-temperature processes, for
which the choice of techniques available for supplying energy are severely limited. Another field of our research activity is physical modeling and numerical
simulation. In this area, fundamental studies are performed to clarify the fluid dynamics and the heat and mass transport phenomena in single and

multiphase flows in such processes as melt treatment, metal casting, and waste processing.
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Fig.1 A schematic representation of cavitation (left) and
numerically predicted pressure in a cavitation bubble (right)

Fig.2 A typical pattern of cavitation
zone and acoustic streaming

Ultrasonic Processing:
Fundamentals and Applications

The effects of ultrasound waves are associated with the ability of ultrasound
to propagate through elastic mediums such as gas, liquids, and solids and
thus to transfer energy to places where it is needed. Our research investigates
ultrasound-related phenomena to develop more efficient and sustainable
processes for treating liquid metals, wastewater, and exhaust gases. In
particular, we investigate phenomena such as cavitation and acoustic
streaming through experiments and numerical simulation (Figs.1. 2). These
two phenomena arise when ultrasound waves propagate through liquid
phases. When cavitation bubbles collapse, they release huge amounts of
energy, which is used for fragmenting and dispersing solidifying crystals
and solid particles in molten metals as well as for decontaminating waste
water. For example, ultrasound makes it possible to fabricate a new type of
composite material called frozen emulsions. An example of the microstructure
of an Al-Bi-based frozen emulsion material is shown in Fig. 3. In another
project, we are investigating the combined effects of acoustic cavitation and
underwater plasma, aimed at developing a new, more efficient technology
for wastewater treatment. Figure 4 shows the degradation efficiency of
rhodamine B under various experimental conditions.

Fig.3 SEM views of Bi particles in aluminum created
by ultrasonic frozen emulsification
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Fig.4 Degradation efficiency of Rhodamine B through
acoustic cavitation assisted plasma (ACAP) with gas

Fig.5 Relationship between volume fraction of
metal particles and microwave heating rate of
injection two composite bodies.

Application of Electromagnetic Fields to
Environment/Material Processing

In our lab, fundamental studies have been performed on the application of
high-frequency electromagnetic fields to applications for material
processing. One example is the application of microwave heating’s
selective and rapid heating characteristics to detoxify exhaust gas from
motor vehicles. Upon the ignition of a car, the temperature of a ceramic
body for supporting metal particles is not high enough, and the catalytic
performance of the particles is expected to be high. Microwave heating is
expected to immediately heat the particles and realize their function at the
cold-start phase.

For these purposes, as the fundamental study, we measure the effective
permittivity and electric conductivity of composites consisting of nano-
sized metal particles and ceramics. We obtained the microwave heating
rates, as demonstrated in Fig.5, which shows the dependence of volume
fraction on the microwave heating rate at 2.45GHz in a single-mode
microwave apparatus. A detailed investigation is being performed on the
influences of the metal species and grain size.

Environmentally Friendly Metallurgical
Processing

To improve the recyclability of aluminum, there is a need to use more
secondary aluminum, which contains many impurities. We are developing
novel methods for mechanical stirring of molten aluminum, aimed at
better flux dispersion and more efficient removal of impurities. To achieve
these purposes, water model experiments are performed to investigate
fluid flow and mass transfer during aluminum melt stirring and casting.
Additionally, numerical simulation is conducted to investigate transport
phenomena in large-scale melting furnaces using a supercomputer. As
shown in Fig. 6, the relationship between gas—liquid interface deformation
and turbulent vortices during mechanical stirring was investigated by
numerical simulation, and directions for reducing the entrainment of oxide
film were developed.

Metal volume fraction / volSe

Fig.6 Snapshot of simulated free surface shape
and turbulent vortices during mechanical stirring.
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