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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 Fluid flow around stirring impeller taken
by PIV (a) and predicted numerically (b)

Research Abstract

The purpose of our research is to develop environmentally friendly
material processes and thus 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. For
example, ultrasonic processing is applied to molten metals to improve their
mechanical properties and recyclability. Microwaves are irradiated to
recover valuable metals from metal industrial wastes such as slag and
sludge. Electromagnetic force is applied to increase the efficiency of
materials fabrication processes. Fundamental studies are performed to
clarify the fluid dynamics heat and mass transport phenomena in single
and multiphase flows through cold-model experiments and numerical
simulation.

Present Research Tasks

1. Environmentally friendly processing of metals

e Investigation of flow and mass transfer in processing of molten
aluminum

* Removal of phosphorus from molten aluminum

* Development of technology for fabrication of composite coating through
shot impacts

Fig.2 Waste water treatment unit using ultrasonic
cavitation assisted plasma
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Fig.3 Photograph of Mr. Fang (D2) who was awarded
the best presentation award at ICEPP2017

2. Ultrasonic processing: fundamentals and application

* Improvement of aluminum alloys structure due to ultrasonic application

*Design and development pf ultrasonic horns for liquid metal
sonoprocessing

* Development of technology for cavitation-assisted plasma treatment of
wastewater

3. Application of electromagnetic field to environment
/ material processing
* Microwave-excited reaction synthesis of metal borides
* Development of DPF material for microwave rapid heating
* Measurement of dielectric properties of ceramic composites
* Fundamental study of high-frequency induction heating and stirring

Application of Electromagnetic Field to
Environment/Material Processing

In our lab, we conduct fundamental studies on high-frequency (kHz)
induction heating and stirring of nonmetallic molten fluids. Experimental
and simulation studies are being performed for molten glasses and molten
salts. In addition, microwave processing of materials is being conducted
for other projects. Fig.4 shows an apparatus for microwave processing
under imposition of a static magnetic field, where a microwave cavity is
inserted between the pole pieces of an electromagnet (right-hand side).

Environmentally Friendly Metallurgical
Processing

To improve the recyclability of aluminum, there is a need to use more
secondary aluminum, which contains a lot of impurities. We are developing
novel methods for mechanical stirring of molten aluminum, with the aim
of better flux dispersion and more efficient removal of impurities. To
achieve these purposes, water model experiments are being performed to
investigate fluid flow and mass transfer during aluminum melt stirring
and casting. In addition, numerical simulation is being conducted to
investigate transport phenomena in large-scale melting furnaces using a
supercomputer (Fig.1).

Fig.4 Microwave processing apparatus with imposition
of static magnetic field
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