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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 these
waves to propagate through elastic mediums such as gases, liquids, and
solids. Thus, these waves can be used to transfer energy to places where it
is needed. The purpose of our research is to investigate ultrasound-related
phenomena and to develop more efficient and sustainable processes for the
treatment of liquid metals, wastewater, and exhaust gases. In particular,
we investigate phenomena such as cavitation and acoustic streaming
through experiments and numerical simulations (Figs. 1 and 2). These
phenomena arise when ultrasound waves propagate through liquid phases.
When cavitation bubbles collapse, they release a huge amount of energy,
which can then be used to fragment and disperse the solidifying crystals
and solid particles in molten metals, as well as to decontaminate
wastewater. For example, the ultrasound-assisted refinement of Al-Fe
intermetallic particles in molten aluminum (Fig. 3) provides a background
for the development of easy-to-recycle Al alloys and composite materials.
In another project, we are investigating the combined effect of acoustic
cavitation and underwater plasma, with the goal of developing new, more
efficient technologies for wastewater treatment. Figure 4 shows the
degradation efficiency of rhodamine B under various experimental
conditions.

Fig.3 SEM views of Al-Fe intermetallic particles
formed under various times of ultrasonic irradiation
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Fig.4 Degradation efficiency of Rhodamine B under
various conditions: underwater plasma, ultrasound and
their combination (ASAP)

Fig.5 (a) Thermodynamic calculation of phase
composition at high temperature for consideration
of reaction among ZrO,, B,O; and C. (b) SEM

Application of electromagnetic fields to
environmental and materials processing

Our laboratory also hosts fundamental studies on the microwave
processing of materials. Microwaves are electromagnetic waves with
oscillating electric and magnetic field components at GHz frequencies. We
separately investigate the irradiation effects of electric and magnetic
fields. Notably, microwave magnetic-field irradiation with the imposition
of an external magnetic field is of interest, not only because this raises
magnetic resonance but also because it could be used in the development
of new process for material fabrication. Moreover, microwave processing
has a so-called nonthermal effect.

In Figure 5, part (a) is a composition diagram of the thermodynamic-
equilibrium calculation for the reaction of ZrO2, B203, and C. Part (b) is a
SEM photograph of a ZrB2 particle formed via a microwave-excited
reaction. These results demonstrate that the ZrB2 was formed at an
unexpectedly low temperature, based on the thermodynamic equilibrium.
This feature could contribute to energy savings in industrial production.
In addition, we conduct fundamental studies on the high-frequency (kHz)
induction heating and stirring of nonmetallic molten fluids. This includes
experimental and simulation studies of molten vanadium oxide glass and
molten salts.

Environmentally friendly metallurgical
processing

To improve the recyclability of aluminum, there is a need to use more
secondary aluminum and scrap; however, such materials contain a lot of
impurities. We are thus developing novel methods for the mechanical
stirring of molten aluminum, with the goal of producing better flux
dispersion and thus more efficient removal of impurities. To achieve these
purposes, we performed water-model experiments to investigate fluid
flow and mass transfer during the stirring and casting of molten aluminum.
In addition, we conducted numerical simulations on a supercomputer to
investigate transport phenomena in large-scale melting furnaces. As
shown in Figure 6, we investigated the gas-liquid interface deformation
during mechanical stirring using a water-model experiment and a
numerical simulation; we thus developed a method to reduce the
entrainment of oxide film.

{a) ) (b

Fig.6 Snapshots of (a) experimental and
(b) simulated free surface shapes during
mechanical stirring.

photograph of formed ZrB. by microwave

excited reaction at 1300°C.
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