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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.

BRefIALEHRZOEY YT

BRIBRAEPRE. BEOLSABERRTORERIGERE
PREBESNDGEANBEROIRILF—Z GBI E2EHICHES
n3, AR TOENIE. BERICEELZEKREREL. BAHSE.
HEK, ERARICH T B LD RN TR AIRE R LIE T O 22 H
IBHIETHD. EFNICIE. EBRENST/BEOESEZERT
HEERER7OEX Fig.1(a) ZFFK Ui, A7OtERX%Z UMCA &
caftF. BEEETLERNE, BD. BEWIHOEAELED
A BETH B, Figures 1(b,c) I& Al ER& Fe 03 RIF & MMME D
BlERd, e, HOMFELT BEREERISEFOYr/O
YA ZDRTFREICHENTH D EZRE U, Fig.2(a) IcRd &
Sl HIFIE Acoustic wake IR EMHPAIC K> TERRDEIICE
FWICBESED, BRELT HMFIRBREEL. Fro/\—DTICE
T2, HLLIE. [IMEHRICBEL, ART—RAVNT5—TL>
THEIN S, Fig.2(b) IEREINZ LS ICANBRICHES NN FY
A1 RELDEKRICHED, ZOREEERD U,

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 solid
and liquid metals, wastewater, and exhaust gases. Particularly, we have
developed an ultrasound-assisted process (Fig.la) for fabrication of a
nanostructured composite layer on metal surfaces. This process, called
UMCA, can be realized at ambient temperature and pressure and can be
extended to a wide range of material combinations. Fig.1(b,c) shows an
example for Al substrate and Fe,O; particles and its microstructure. In
another study, a standing ultrasound wave was found to be very effective
for agglomeration of micron-sized particles in gas phases. As shown in
Fig.2(a), particles are forced to move to standing wave nodes due to
acoustic wake and radiation force effects. As a result, particles form
agglomerates that fall down the chamber or they are carried out of it with
gas and are trapped by a cascade impactor. The results revealed that the
size of trapped particles becomes much coarser after treatment and their
quantity decreases as shown in Fig.2(b).
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Fig.1 UMCA process. (a) Representation of treatment chamber, (b)
Surface composite layer in Al matrix, (¢) Microstructure analyzed
by EBSD before (left) and after (right) treatment
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Fig.2 Particle agglomeration in a standing wave. (a) Mechanism
explanation, (b) Distribution of trapped particles in weight fraction at
different ultrasound intensities
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Fig.3 Temperature dependence of dielectric
loss factor of NiO at 2.45 GHz.

Application of Electromagnetic Field to
Environment/Material Processing

In our laboratory, we have been studying material processing using
electromagnetic waves in the frequency range from kHz to GHz. Here,
research on microwave application to carbothermic reduction of NiO is
presented. Ni is used as a raw material for stainless steel and various types
of plating. Metallic Ni can be regenerated through carbon reduction, after
roasting these wastes to oxides. In the carbon-reduction process of NiO
using microwave heating, the reduction reaction occurs effectively due to
the microwave energy absorption by carbon and the coarsening of metal
particles by special interaction with electromagnetic waves. However, we
have reported that the microwave magnetic field does not act on the
heating of NiO. This is related to the low electrical conductivity of NiO,
which makes it difficult to heat NiO unless it is under high temperature.
This phenomenon is explained by Fig.3, which shows the temperature
dependence of the dielectric loss factor (&) of NiO.

Environmentally 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
developing processing technology to replace the conventional process of
halogen gas injection. 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
volumetric mass transfer coefficient is calculated by water model
experiment, the scaling law is developed based on this experiment, and the
guideline for the process control is created.
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Fig.4 Volumetric mass transfer coefficient in the water
model experiment for the rotary flux injection.
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