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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 ultrasonic-assisted casting
(a) and numerically predicted temperature (b) and melt velocity
(c) distributions

Ultrasonic Processing:
Fundamentals and Applications

The effects of ultrasound waves are associated with the ability of
ultrasound to propagate through such elastic mediums as gases, liquids,
and solids and, thus, to transfer energy to where it is needed. The purpose
of our research is to investigate the ultrasound-related phenomena and to
develop more efficient and sustainable processes for the treatment of
liquid metals, wastewater, and exhaust gases. Particularly, we have
developed for the first time a method to measure acoustic streaming
velocity in molten aluminum. Based on these measurements, we developed
a new numerical model to simulate the ultrasonic-assisted DC casting of
aluminum alloys (Fig.1). The combination of acoustic cavitation and
acoustic streaming with electromagnetic processing provides an attractive
technique to fabricate a new type of composite material called “frozen
emulsion,” in which fine solidified particles of one metal are uniformly
distributed in the matrix of another metal or no-metal. Such materials are
useful in the automotive industry and waste heat technologies. Using a
model water-gallium system and ultrahigh-speed video camera, we
succeeded in taking video images elucidating the emulsion formation
mechanism. As shown in Fig.2, cavitation bubbles implode near the water-
gallium system, causing formation of extremely fine Ga droplets.
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Fig.2 Screenshots of Ga droplet formation in water
under the action of cavitation bubbles
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Fig.3 (a) XRD profiles of microwave reduced Ni from NiO+C mixture.

(b) SEM image of reduced Ni at 600°C (Switched off after reaching the shown temperature)

Application of Electromagnetic Field to
Environment / Material Processing

In our lab, fundamental studies on the application of high frequency
electromagnetic materials processing have been performed. As an example
of a microwave heating application, carbothermic reduction of Ni oxide is
investigated. It is intended to recycle valuable metals, such as Ni from
industrial sludge, from their aqueous solutions; sludges are converted into
oxide states after roasting. They are reduced using carbon (graphite). We
reported that microwave heating for exciting the reduction reaction has the
following characteristics. 1. Graphite has high microwave absorbability
and is well heated. 2. Once generated, the metal particles have special
interactions with microwaves and are well coagulated. 3. Microwave
electric field is more effective to heat NiO than the magnetic field is.
Currently, we are performing further detailed investigation on the
reduction processes with improving the temperature measurement
techniques in microwave heating. Fig.3 demonstrates the XRD profile
change by the reduction and SEM image of the reduced metal (Ni).

Environment Friendly Metallurgical
Processing

In the aluminum purification process, halides are used to remove
impurities, but it is necessary to reduce the amount of halides and to reduce
the environmental impact. To reduce the amount of halides, physical
effects are used to improve the reaction efficiency. Specifically, we are
clarifying the fragmentation mechanism of halogen gas bubbles during the
melt treatment and developing technology to reduce the entrainment of
oxide film generated in this process. These studies are being carried out
comprehensively using water model experiments, aluminum stirring, and
stirring simulations with a supercomputer. For example, as shown in Fig.4,
the entrainment mechanism during mechanical stirring is clarified by
numerical simulation, and the guideline for reducing the oxide entrainment
is created based on the basic mechanism.

Fig.4 Numerical result of oil layer entrainment on
water during mechanical stirring.
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