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A Message from the Director

In 1938, the Kagami Memorial Research Institute for Materials Science and
Technology was established, with the name of Casting Research Laboratory, as the
first laboratory to be attached to a school of science and engineering of a private
university in Japan. The Casting Research Laboratory was a research center for
cast metal, which was a base material to support the development of heavy industry
such as shipbuilding, an important national policy at that time in Japan. In 1988, on
the 50th anniversary of its founding, the Casting Research Laboratory was renamed
the Kagami Memorial Laboratory for Materials Science and Technology (hereinafter
referred to as Zaiken). Since then, Zaiken has been conducting extensive research on
a wide variety of materials.

In 2017, Zaiken was approved by Waseda University as a unit with various approval
authorities and became a research laboratory directly affiliated with the Faculty of
Science and Engineering. This enabled Zaiken to proactively promote its own projects
with responsibility. The year 2018 was Zaiken’s 80th anniversary, and in April of this
memorable year, Zaiken was approved, by the Ministry of Education, Culture, Sports,
Science and Technology, as a Joint Usage/Research Center, the first approved center
for materials science in a private university. The number of academics doing research
at Zaiken has nearly tripled to 40.

Thanks to warm cooperation from various societies and our own efforts, funds
received from external organizations are doubled from 240 million yen to 478 million
yen in the fiscal year 2018 compared to 2015. Zaiken intends to make its extensive
equipment and facilities available to outside researchers, to fulfill our duty as a
Joint Usage/Research Center, and to help develop academic research and create
innovation, through active cooperation with outside research institutes. We ask for your
continued support and cooperation in the years to come.

Yoshimichi Ohki
24th Director of the Kagami Memorial Research Institute for
Materials Science and Technology, Waseda University
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Castings Research Laboratory established. First director, Dr. Tokiji
Ishikawa.

First report of the Castings Research Laboratory issued (in
Japanese) .

Second prototype manufacturing factory built with a donation by Mr.
Yoshiyuki Kagami, resulting in the expansion of plastic processing
research facilities.

Dr. Tokiji Ishikawa resigns as director. Dr. Koichi Shimada holds the
post concurrently with his presidency of Waseda University.

Dr. Ichiro lidaka appointed as second director. Dr. lidaka,
overcoming numerous difficulties amid the postwar confusion,
collected donations for financial aid/research scholarships and
equipment through the courtesy of public/private organizations and
companies in order to reorganize the research system.

Report of Castings Research Laboratory first published. Distributed
throughout the world, publicizing the results of research.

Dr. Shoichi Shiozawa appointed as third director. Accompanying
the rapid development of related engineering fields, Dr. Shiozawa
intensified and expanded the fields of research. With the aim
of establishing an environment for cooperative research from
a comprehensive viewpoint, he initiated work on processing
engineering and fundamental research in the fields of deformation
processing, surface processing, powder metallurgy, and cast iron
metallurgy.

Report of Castings Research Laboratory reissued (in Japanese).
Distributed domestically, publicizing the results of research.

Dr. Fusao Hayama appointed as fourth director. Dr. Hayama
contributed to developments in educational and industrial circles,
by establishing a system for accepting researchers and trainees
from other institutions with a view to educating researchers and
engineers.

Dr. Shigeo Oya appointed as fifth director. Dr. Oya began raising
funds to expand the research laboratories in celebration of the
35th anniversary of the founding of the Laboratory. Donations were
collected from as many as 132 companies in related fields.

35th anniversary of the founding of the Laboratory.

New research building No. 3 completed.

Objective of 35th anniversary projects achieved.

Dr. Takaji Kusakawa appointed as sixth director. Dr. Kusakawa
carried out long-term, cooperative research with support from the
Fund for the Advancement of Science from the Foundation for
Promotion of Private Schools.

Dr. Shigetomo Ueda appointed as seventh director.

Mr. Shigekichi Aikawa, who contributed to the operation of the
research laboratory, joined the Laboratory as a supporting member.

Research promotion system improved and the number of research
assistants increased.

Commemorative events such as lectures and meetings were held,
and publications issued for the 100th anniversary of the founding of
Waseda University.

Dr. Nobuhisa Tsutsumi appointed as eighth director.

Dr. Eiichi Kato appointed as ninth director.

Objective of 50th anniversary projects achieved.
Renamed Kagami Memorial Laboratory for Materials Science and
Technology.

Dr. Teruhisa Watanabe appointed as tenth director. Dr. Watanabe
worked on a new mid-term plan and augmented the research staff.

Dr. Masayuki Uda appointed as eleventh director.
Dr. lwao Ohdomari appointed as twelfth director.

Dr. Ichiro Ohba appointed as thirteenth director.
Projects commemorating 60th anniversary.

Dr. Michihiko Nagumo appointed as fourteenth director.

Dr. Noboru Ichinose appointed as fifteenth director.

Dr. Hideo Nakae appointed as sixteenth director.

Dr. Yoshiji Horikoshi appointed as seventeenth director.
Dr. Hideo Nakae appointed as eighteenth director.

Dr. Mitsugu Motomura appointed as nineteenth director.
Projects commemorating 70th anniversary.

Dr. Yoshiji Horikoshi appointed as 20th director.

Dr. Kazuyuki Kuroda appointed as 21st director.

Dr. Yasumasa Koyama appointed as 22nd director.

Dr. Yasumasa Koyama appointed as 23rd director.

Designated as a Joint Usage/Research Center by Japan’s Ministry of
Education, Culture, Sports, Science and Technology.

Began operating as the Joint Research Center for Environmentally
Conscious Technologies in Materials Science.

Dr. Yoshimichi Ohki appointed as 24th director.

Projects commemorating 80th anniversary.
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KAGAMI Memorial Research Institute for Materials Science and Technology (ZAIKEN)
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Colloquium (Lecture Meetings)

To help promote interest in the fields of science and engineering,
particularly that of materials engineering, the Institute arranges col-
loquia. The Institute hosts these as annual events, in addition to the
colloquia held at any suitable time and place in response to requests
from organizations or companies.

Several systematically-planned series of colloquia, classified ac-
cording to time, content, style, and frequency are being planned for
the future to increase the convenience of participants and enhance
educational outcomes.
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Educational Program

Educational courses for fostering front-line engineers, collectively
called “Educational Program,” are offered to corporate engineers,
young researchers, and graduate students. The subjects for these
courses are selected each year, and specialists who are actively
engaged in work in the selected fields are invited to give lectures.

ZAIKEN Open Seminar

As part of our contribution to society, an open seminar is held
once a year on selected hot topics in the field of materials science
and engineering. This seminar, conducted by specialists working at
the forefront of the field, is open to participants from both inside and
outside the university.

The seminar is sponsored by the Institute alongside numerous
academic societies.

BETOTI L
Educational Program

MIA—T €3+ —
ZAIKEN Open Seminar
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Contract Training System

The Contract Training System provides guidance in research and
technology to mid-career engineers on the basis of a contract with
governmental organizations or private companies. Participants should
have an educational background beyond high school, plus more than
three years of practical technical experience. The course consists of
laboratory work, research, and seminars. The researcher appointed
by the Institute assigns the subjects for laboratory work and research
pertaining to the field requested by the trainee. The trainee may
participate in seminars conducted by the researcher in charge. The
course begins in April, and applications are accepted up until about
March 10 each year.

Contract Research System

The Contract Research System is designed for engineers and
researchers who are active in their field and have a scientific and
technical background higher than that required for participants in
the contract Training system described above. It offers a place and
opportunity for the participants to enhance their level of scientific
and engineering research, to build on their existing abilities, and
to prepare to acquire a doctoral degree. Qualifications required
for admission include a bachelor’s degree from the science or
engineering department of a university or college or an equivalent
level of education. Research carried out by the participating individual
is conducted in the relevant field under the supervision of a professor
selected by the participant.

The contract research participant may attend seminars conducted
by the professor, as well as lectures at the School of Science and
Engineering and at the Graduate School of Science and Engineering*.
Tuition will be charged to the participant.

* The university’s Graduate School of Science and Engineering offers
a “Special Selection System for Working Individuals,” under which a
participant may be admitted as a graduate student without the need to
leave his/her employment. This system may also apply if a researcher
at the Institute holds a concurrent post at the Graduate school.

Research Encouragement System

The Institute has a research-education fund established with
donations from philanthropists and retired members of its research
staff. It is used to provide financial support, in the form of research
incentives, to young researchers at the Institute.

Publications

The results of research carried out by members of the research
staff are published in various technical society journals. The Institute
also publishes Zaiken Hékoku (in Japanese) and publicizes its
research activities once a year.

ZAIKEN TODAY, which describes the activities and results of the
Institute in newsletter format, is published twice a year.

Research Meetings

To promote scientific and technical exchanges among specialists
from both inside and outside the Institute, research meetings are held
in the Institute at suitable times. They take a variety of forms, and
include lectures and presentations of research results by speakers
from both inside and outside the university, as well as by students.
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KA FHBE  Yoshimichi OHKI

TEL : 03-5286-3375 FAX : 03-3204-1258

URL : http://www.eb.waseda.ac.jp/ohki/

Yoshimichi Ohki received his B. Eng., M. Eng., and Dr. Eng. degrees in 1973,
1975, and 1978, respectively, all from Waseda University, Japan. He joined
the teaching staff of the Department of EE, Waseda University, in 1976 and
is presently working as a Professor. He is also an Honorary Professor of Xi'an
Jiaotong University in China and was a Visiting Scientist at the Massachusetts
Institute of Technology. He is an IEEE Fellow and a recipient of prizes awarded
by the Japanese Minister of Education, the IEEE-DEIS Forster, the Whitehead
and leda Memorial Awards, two Best Paper Awards from IEE Japan, and other
honors. He has published more than 400 papers in refereed journals and has
contributed to over 1000 papers at conferences. His research interests include
organic and inorganic dielectric materials for optical fiber and power cables.
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Dielectric materials are key materials for the following two primary reasons:

1) They are electrical insulators. Effective electrical insulation is essential for any
electronic device or electrical apparatus.

2) Their band gap energy is large, making the material transparent to light with
short wavelengths and creating the potential to serve as effective light-transmitting
and light-emitting devices.

Dr. Ohki’s laboratory examines many aspects of the optical and electrical
properties of solid dielectrics, ranging from fundamental aspects to applications.
Typical examples include the following.

1) A basic understanding of the dielectric properties of polymer/nanofiller
composites and their use in the more compact design of electric and electronic
apparatuses.

Polymer nanocomposites, or polymers to which very fine inorganic fillers smaller
than 1 um are added, have drawn significant interest for their superior mechanical
properties. We have confirmed that nanocomposites also exhibit superior insulating
properties. For example, adding just a few percent of nanofiller to polypropylene
can dramatically improve partial discharge resistance. We are undertaking several
joint research projects, including several international and domestic projects and
university/industry projects supported by the Japanese government. One of the
typical achievements resulting from collaborative research such as this is the
development of a world-first dc high-voltage power cable.

2) Organic polymers can act as excellent electrical insulating materials. However,
degradation inevitably occurs they are exposed to heat, UV rays, or radioactivity. The
Ohki Laboratory is receiving major funding from numerous organizations, including
the Japanese Government, a center of excellence in this area. Figure 1 shows a
typical result, which clearly points out the location where the temperature has risen
by only 5 °C in a 50-m cable.

3) In efforts related to the research and development of dielectric materials, we
have shown that the implantation of ions into silica glass increases its refractive
index (Fig. 2).

We can harness this increase in refractive index to fabricate various functional
optical devices, including optical fiber gratings, optical couplers, and polarizer/
depolarizers.
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Yoshimichi Ohki and Naoshi Hirai, “Detection of Degradatnon Occurring Over the Whole
Cable Length by Frequency Domain Reflectometry”, IEEE Transactions on Dielectrics and
Electrical Insulation (accepted)

Takuya Kozai, Takuya Kaneko, Naoshi Hirai, and Yoshimichi Ohki, “Identification of
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“Coupling between the Mott excitation and d-d transitions in CoV,0,,” Phys.
Rev. B 92, 140401(R) (2015).

"Long—time relaxation of the magnetization in a pure crystal magnet
LasMo,046," Phys. Rev. B 92, 020419(R) (2015).

“Anomalous metallic ground state in BaV,;0;s,” Phys. Rev. B 89, 140401 (R)
(2014).

“Photoinduced dynamics in spinel and pyrochlore vanadates as Mott-Hubbard
insulators with magnetic ordering,” Phys. Rev. B 88, 060410(R) (2013).
“Electronic Phase Transition and an Anomalous Ordered Phase in Ba,Ti30.,
with 3d' lons on a Triangle-Based Lattice,” Phys. Rev. Lett. 110, 196405
(2013).

One of the characteristics of transition-metal oxides is the large response

in their physical properties to external fields. This occurs not only for
the conjugated variable of the external field (e.g., magnetization against
magnetic fields), but also for other properties that might appear unrelated
to the external field. For example, some compounds show a drastic change
in electrical resistivity, dielectric constant, and even crystal structure when
placed in a magnetic field. These intriguing behaviors arise from competition
and cooperation between spin, charge, and orbital degrees of freedom of d
electrons in transition metals. The materials showing these behaviors are
commonly called “strongly correlated materials,” and are promising for future
multifunctional devices.
We are searching for new materials that show a large response in physical
properties (electrical resistivity, dielectric constant, crystal structure, optical
properties, etc.) to external fields (magnetic fields, electric fields, light
illumination, etc.) We are also working on the optical investigation of these
materials to clarify the electronic origin of this large response.

M Representative publications

“Coupling between the Mott excitation and d-d transitions in CoV,0,," Phys.
Rev. B 92, 140401 (R) (2015).

“Long-time relaxation of the magnetization in a pure crystal magnet
LasMo,046,” Phys. Rev. B 92, 020419(R) (2015).

“Anomalous metallic ground state in BaV,;0,s" Phys. Rev. B 89, 140401(R)
(2014).

“Photoinduced dynamics in spinel and pyrochlore vanadates as Mott-Hubbard
insulators with magnetic ordering,” Phys. Rev. B 88, 060410(R) (2013).
“Electronic Phase Transition and an Anomalous Ordered Phase in Ba,Ti;;0,,
with 3d' lons on a Triangle-Based Lattice,” Phys. Rev. Lett. 110, 196405
(2013).
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Main subject in our laboratory is an experimental study on the long- term
durability of polymer matrix composites under hostile environments. Recently,
applications for large structures made of composites materials have rapidly
increased to realize an energy-saving measure. Effect of cyclic and time-
dependent problems on strengths of the composites structures are most
important issues under actual working conditions so as to ensure the reliability
of those structures.

Some research topics which are studied in our laboratory are as follows;

For the fundamental mechanical properties of glass fibers and the glass-fiber
reinforced plastics; 1) Evaluation of the durability in GFRP laminates under
acid-stress environments and the life prediction method, 2) Temperature and
strain-rate dependency of the glass fiber strength and its mechanism of the
strength, 3) Mechanical evaluation of the interface between reinforcement fiber
and matrix using single fiber composites, 4) Development of hierarchical CNT-
hybrid composites using CVD method. For the basic studies of carbon-fiber
reinforced plastics; 1) Experimental study on the internal damage evolution
(transverse cracks) of CFRP laminates under fatigue loading, 2) Dimensional
stability and geometrical control of the CFRP components for space structures,
3) Out-of-plane fatigue properties of interlaminar strength-improved CFRP
laminates, 4) Fracture mechanism of CFRP tubes by simultaneous multi-ply
winding method.

The history of composites is a development history of the reinforcement
fiber. The historical event that Dr. Shindo invented the PAN based carbon
fiber in 1961 was the opening of the high strength fiber production, so almost
half a century would just pass in this year. With an expansion of the usage
technology of the composite materials, not only as substitute materials of the
metallic ones, but also as new materials for some technical breakthrough to
enable impossibility in industry, those advanced composite materials would be
expected to progress more in the future.
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A
(a) Microscopic observation of edge
damage in CFRP laminates

(b) Soft X-ray photography of internal
damage in CFRP laminates

Fig. Schematic illustration of observation
methods for damages in CFRP laminates
subjected to fatigue loading
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Carbon nanoelectronics

Due to their extreme properties, diamond and carbon nanotubes are anticipated
to be applied in ultimate, highly integrated semiconductor devices for high power,
high temperature, and high frequency operation. In diamond, we focused on the
2-dimensional hole gas (2DHG) layer that appears on a hydrogen-terminated
diamond surface and developed surface channel field effect transistors (FETSs).
This type of FET is usable in high-power and high-frequency devices, in-plane-gate
FETs for single hole transistors, and biosensors in electrolyte solution. We are also
investigating carbon nanotubes for multi-layer interconnection for-next generation
ULSIs and ultimate electrodes for SiC power transistors.

Research subjects

Our research is focused on nanoelectronics from RF & power devices,
superconductor devices, biosensors, bioelectronics and ULSI fabrication processes
based on nanocarbon electronics. Our work covers the following areas:
—Power and high temperature operation of diamond MOSFETs using 2DHG.
Blocking voltage > 1500 V. Constant operation at 400 °C . IEEE IEDM 2014.11.02
(2014), Appl. Phys. Lett. 105 013516 (2014). Sci. Rep. 7. 42368 (2017), Sci. Rep.
8. 10660 (2018).
—Microwave devices and their characteristics using diamond MOSFETs. fT 45
GHz, RF power density of 3.8 Wmm-1 are obtained with a power handling capability
exceeding those of Si or GaAs transistors. The power density is the highest in
diamond JJAP 51, 090111 (2012), IEEE EDL, 40, 279, (2019)
—Diamond N-V center for nanoscale NMR
Jpn. J. Appl. Phys., 56, 4S, 04CK08/1-7 (2017). "Appl. Phys. Express, 10, 5,
055508 /1-4, (2017). The Journal of Physical Chemistry C, 123, 3594. (2019).
—Carbon nanotubes grown at low temperature compatible with Si ULSI fabrication.
With densely packed & vertically oriented single or double wall carbon nanotubes for
interconnection and supercapacitors. Carbon 57, 79 (2013), 57, 401 (2013). Appl.
Phys. Lett. 106 213503 (2015), 106 123501 (2015). Small, 15, 1901544 (2019)
—Diamond superconductivity using highly B-doped (1021cm-3) diamond. Tc at "10
K enables cryoelectronic applications. Phys. Rev. B 85, 184516 (2012), Appl. Phys.
Lett. 106 052601 (2015). Dia. Rel. Mat. 93, 105 (2018).
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mesoporous silica with
squared channels

The creation of novel functional materials with highly organized structures
at nano- and meso-scales is the aim of our team. Motivated by the ongoing
crises in environment, energy, and resources, mesoscale materials design
of inorganic-organic systems using molecular assemblies is one of the main
areas of our research interests, which we believe will lead to the creation of a
new field of chemistry.

1. Preparation of mesostructured materials with highly controlled compositions
and structures

(1) Mesoporous materials have attracted keen research interests because of
their wide range of potential applications, including adsorption, catalysis, and
medicine. Mesoporous silica was first prepared from layered silicates by the
reaction with quaternary organoammonium salts and the subsequent removal of
surfactants. By duplicating the framework of silicates, preparation of mesoporous
silica with molecularly ordered frameworks with squared one-dimensional
channels was achieved, which is one of the advantages of this method.

(2) Preparation of mesoporous silica films with uniaxially oriented mesochannels
was also investigated. Such mesoporous silica films can be prepared by using
anisotropic surfaces on substrates or by applying strong magnetic fields.
Guest species, incorporated into aligned mesochannels, macroscopically
showed anisotropic characteristics. The surfaces of mesoporous films are
being investigated using HR SEM.

(3) Organotrialkoxysilanes with long-chain alkyl groups can be converted to
silica-based hybrid nanostructured materials with ordered structures by
self-organization. By designing starting organosilanes, we can tailor hybrid
materials with various nanostructures and morphologies.

(4) Colloidal mesoporous silica nanoparticles and mesoporous metals/metal
oxides with various pore sizes, compositions, structures, and morphologies
can be prepared by using lyotropic liquid crystals.

(5) Various nanostructured materials, whose compositions include Bi, Au-Pt,
and TiO,-C, have been prepared by using mesoporous silica as a template.

2. Mesoscale materials design using layered materials
Layered materials can be regarded as inorganic polymers with sheet
structures. Various molecules and ions are intercalated into the interlayer
spaces to form mesoscale inorganic-organic mesostructures with anisotropic
characteristics. A bottom-up approach to constructing novel silicate
frameworks can be realized by interlayer surface silylation of layered
octosilicate. Nanosheets and nanotubes can be prepared from a range of
inorganic layered materials.

3. Cross-coupling reactions to form SiOSi bonds, preparation of periodic
polysiloxanes, novel syntheses of ring siloxanes, and three-dimensionally
extended cage-type siloxanes have also been developed.
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Many human-made and natural materials utilize electrons and photons,
and the behaviors of photons and electrons are key issues to realize novel
future device structures. The microscopic understanding of those materials to
the extent of gquantum physics, electron physics, and so on, would result in
the contribution to future device concepts. We grow materials by MBE, and
characterize its optical and electronic properties by various conventional and
state-of-the-art techniques.

Natural materials represented by the human body would use a lot of electron
and photon interactions, too. The understanding of those behaviors would help
diagnostics of early cancers. The room temperature photoluminescence (which
is a conventional method to characterize semiconductor materials) of human
body, for example, provides various useful information including early cancers.

The research field covers various materials and their electronic and optical
structures.
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In the Phase Transition laboratory, various kinds of phase
transitions found in solid states have been investigated both
experimentally and theoretically. We have examined the
crystallographic features of structural phase transitions and related
physical properties, mainly by transmission electron microscopy,
and have also analyzed them on the basis of the Landau theory
concerning phase transitions. The main subjects that have been so
far studied in our laboratory include both the crystallographic features
of ferroelastic and ferroelectric phase transitions that exhibit colossal
physical responses and the formation of orbital-ordered states and
related structural fluctuations in highly-correlated electronic systems.
We are increasingly interested in the thermodynamic stability of
two- and three-dimensional quasicrystals as well as their crystalline
approximants and the physical origins of their appearances
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Our research is focused on the synthesis of functional inorganic and
inorganic-organic composite nanomaterials based on precise structural
control of inorganic frameworks. We are particularly interested in the
design of siloxane-based nanomaterials with dynamic functions such as
self-heling and stimuli-responsive properties.

1) Self-healing materials

Development of self-healing materials that can repair damage under
mild conditions is important from the viewpoints of reliability and
safety. Although crack healing of inorganic materials such as glass and
ceramics generally requires high temperature, nanostructural control of
siloxane networks allows the crack healing at the molecular level under
mild conditions. These materials will be practically useful as protective
coatings.

2) Photoresponsive (Photomechanical) materials

Novel photoresponsive organosiloxane-based materials that can change
their shape and structure upon light irradiations have been prepared
based on the molecular design and self-assembly of silicon alkoxides
and siloxane oligomers modified with organic chromophores. Such
photomechanical materials that can convert light energy into motion are
expected to be applied to sensors and photoactuators.

3) Functional nanoporous materials

We have also focused our efforts on the precise synthesis of siloxane-
based nanoporous materials that are applicable to various fields including
environment, energy, and medicine. Highly functional adsorption and
separation materials that reversibly change the structure and properties of
the pore surface by external stimuli and organosiloxane-based transparent
thermal insulation materials with high porosity are currently the main
targets.
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Our research group is concerned with the development of chemical routes to
inorganic-organic hybrid materials and ceramic materials.

Preparation of inorganic-organic hybrid materials using inorganic nanostructures.
We have developed inorganic-organic hybrid materials using inorganic nanostructures,
typically transition metal oxide nanoparticles and nanosheets. Organic groups are
immobilized on the surfaces of inorganic nanostructures via surface modification
with various phosphorous coupling agents, such as organophosphonic acids and
esters of phosphoric acid, and polymer chain growth from the surfaces was achieved
via the atom transfer radical polymerization (ATRP) using phosphorous coupling
agents bearing ATRP initiators. Besides possible applications based on structural
characteristics of surface-modified inorganic nanostructures, such as Janus structures,
their applications as nanofillers for polymer-based hybrids have been explored with
evaluation of their properties such as optical and mechanical properties. Inorganic-
organic hybrid materials have also been prepared via intercalation reactions, insertion
of organic molecules, ions and polymers in the interlayer space of inorganic layered
compounds where nanosheets are stacked.

Preparation of inorganic-organic hybrids using organophosphorous compounds via
chemical routes. We have been preparing inorganic-organic hybrid materials with
functionalities including Li-ion conductivity using reactions of organophosphorous
compounds, typically organodiphosphonic acids, with metal chlorides or metal
alkoxides.

Preparation of ceramic materials from inorganic-polymer-type inorganic-organic
hybrids. We have been preparing ceramic materials from inorganic-polymer-type
inorganic-organic hybrids, and currently we focus on the preparation of high pressure
phases of nitrides by high temperature-high pressure treatments.

Preparation of transition metal oxide nanoparticles using oxidation reactions
of oxygen-free transition metal compounds. We have developed novel preparation
methods of transition metal oxide nanoparticles via oxidation of oxygen-free transition
metal salts.

BXRBERLE & UEE /Representative publications

1. S. Machida, N. Idota and Y. Sugahara, “Interlayer Grafting of Kaolinite Using
Trimethylphosphate," Dalton Trans., 48, 11663-11673 (2019).

2. A. Kamura, N. Idotab and Y. Sugahara, “Nonagueous Synthesis of Magnetite
Nanopartlcles V|a Oxidation of Tetrachloroferrate Anions by Pyridine-N-Oxide,” Solid
State Sci., 92, 81-88 (2019).

3. T Sugaya M. Ozaki, R. Guegan, N. Idota and Y. Sugahara, “Surface Modification of
Layered Perovskite Nanosheets with a Phosphorus Coupling Reagent in a Biphasic
System,” Langmuir, 35, 6594-6601 (2019).

4. S. Machida, M. Sohmiya, Y. Ide, Y. Sugahara, “Solid-State *'P Nuclear Magnetic
Resonance Study of Interlayer Hydroxide Surfaces of Kaolinite Probed with an Interlayer
Triethylphosphine Oxide Monolayer,” Langmuir, 34, 12694-12701 (2018).

5. R. Suzuki, M. Sudo, M. Hirano, N. ldota, M. Kunitake, T. Nishimie, and Y.
Sugahara, “Inorganic Janus Nanosheets Bearing Two Types of Covalently Bound
Organophosphonate Groups via Regioselective Surface Modification of K,Nbs0,,-3H,0”,
Chem. Commun., 54, 5756-5759 (2018).

6. T. Asami, N. Idota, and Y. Sugahara, “Area-selective Surface Modification of Si
Substrates with a Fluorescent Organophosphonic Acid Using the Differences in
Reactivities of Their Surface Terminal Groups,” Chem. Lett., 46,1010-1013 (2017).

7. J. Zapico, M. Shirai, R. Sugiura, N. Idota, H. Fueno, K. Tanaka, and Y. Sugahara,
“Borophosphonate Cages as Element-blocks: Ab Initio Calculation of the Electronic
Structure of a Simple Borophosphonate, [HPO3;BH],, and Synthesis of Two Novel
Borophosphonate Cages with Polymerizable Groups,” Chem. Lett., 46, 181-184 (2017).

8. S. Sato, K. Shintani, N. Idota, T. Nishino, and Y. Sugahara, “Effect of the Graft Density
of Cellulose Diacetate-modified Layered Perovskite Nanosheets on Mechanical
Properties of the Transparent Organic-inorganic Hybrids Bearing Covalent Bonds at the
Interface,” Cellulose, 24, 5463-5473 (2017).

9. S. Takahashi, S. Hotta, A. Watanabe, N. Idota, K. Matsukawa, and Y. Sugahara,
“Modification of TiO, Nanoparticles with Oleyl Phosphate via Phase Transfer in the
Toluene Water System and Application of Modified Nanoparticles to Cyclo-Olefin-
Polymer-Based Organic Inorganic Hybrid Films Exhibiting High Refractive Indices,” ACS
Appl. Mater. Interfaces, 9, 1907-1912 (2017).

10.K. Saito, S. Tominaka, S. Yoshihara, K. Ohara, Y. Sugahara, and Y. Ide, “Room-Temperature
Rutile TiO, Nanoparticle Formation on Protonated Layered Titanate for High-Performance
Heterojunction Creation,” ACS Appl. Mater. Interfaces, 9, 24538-24544 (2017).

11.T. Mochizuki, Y. Yamamoto, N. Idota, F. Kawamura, T. Taniguchi, and Y. Sugahara,
“Crystallization Behavior of Cubic Boron Nitride from an Amorphous BN Precursor via
High-pressure, High-temperature Treatment with Controlled Water Addition,” J. Eur.
Ceram. Soc., 36, 3565-3569 (2016).

12.H. Ohshita, M. Ito, N. Idota, A. Mehdi, B. Boury, and Y.Sugahara, “Intercalation of
n-Alkylamines and Alkylene Diamines into Carboxyl Functionalized Lamellar-type
Silsesquioxane,” J. Ceram. Soc. Jon., 124, 1090-1093 (2016).

13.S. Maeda, M. Fujita, N. Idota, K. Matsukawa and Y. Sugahara, “Preparation of
Transparent Bulk TiO,/PMMA Hybrids with Improved Refractive Indices via an in Situ
Polymerization Process Using TiO, Nanoparticles Bearing PMMA Chains Grown by
Surface-Initiated Atom Transfer Radical Polymerization,” ACS Appl. Mater. Interfaces,
8, 34762-34769 (2016).

14.N. Idota, S. Fukuda, T. Tsukahara, and Y. Sugahara, “Preparation of Thermoresponsive
Nanosheets Exhibiting Phase Transitions in Water via Surface Modification of Layered
Perovskite Nanosheets with Poly(N-isopropylacrylamide) (PNIPAAm),” Chem. Lett., 44,
203-205 (2015).

15.N. Toihara, Y. Yoneyama, A. Shimada, S. Tahara, and Y. Sugahara, “Intercalation of

Triethylphosphine Oxide Bearing a Phosphoryl Group into Dion-Jacobson-type lon-
exchangeable Layered Perovskites,” Dalton Trans., 44, 3002-3008 (2015).

16.Y. Asai, Y. Ariake, H. Saito, N. Idota, K. Matsukawa, T. Nishino, and Y. Sugahara,
“Layered Perovskite Nanosheets Bearing Fluoroalkoxy Groups: Their Preparation and
Application in Epoxy-based Hybrids,” RSC Adv., 4, 26932-26939 (2014).

17.N. Kimura, Y. Kato, R. Suzuki, A. Shimada, S. Tahara, T. Nakato, K. Matsukawa, P.H.
Mutin, and Y. Sugahara, Slngle- and Double-layered Organically Modified Nanosheets
by Selective Interlayer Grafting and Exfoliation of Layered Potassium Hexaniobate,”
Langmuir, 30, 1169-1175 (2014).

18.H. Saito, M. Dobashi, H. Naka, T. Momma, T. Osaka, and Y. Sugahara, “Preparation of
LiClO,-doped Titanium Organodiphosphonates Possessing Oligomeric Ethylene Oxide
Chains and Their lonic Conductivity,” Chem. Lett., 42, 318-320 (2013)

19.N. Watanabe, T. Kaneko, Y. Uchimaru, S. Yanagida, A. Yasumori, and Y. Sugahara,
“Preparation of Water-dispersible TiO, Nanoparticles from Titanium Tetrachloride using
Urea Hydrogen Peroxide as an Oxygen Donor,” CrystEngComm, 15, 10533-10540

‘ : A
ﬁﬁﬁﬁm’ ); Stepwise Surface Modification ,f/ ] ?/\
PSS & RS
e

KNbgOy7+3H,0

Exfoliation

Figure 1 Janus nanosheets.

P
~P=Q ~P=0
R™\ HO
CH \OH

;R i CH3(CHz);CH=CH(CHz)s0-

OH
H OH
Bl
Ho—{ —on
7 5y
HO OH OH

TiO, NPs

Reaction

Figure 2 Surface modification of titanium dioxide nanoparticles
in a liquid-liquid biphasic system.



e swidsE -l \aterials Processing Engineering

A Al

e-mail : suzuki-s@waseda.jp

10035 BRAAFE T FIpEE TEMZ%E, 19985 L (T%) (BfEX
#). 1998~2005 Technische Universitat Berlin, Hahn-Meitner Institut Berlin
%2 8. 1999~2000 Alexander von HumboldtBt Hl EZ %2 8. 2005~
2010 KBRAFEXFFMFFARBIFR (HHER). 2010~2013 BMHAFS
ERPRT EHIS. 2013~ RIAEEIE TS Hig. 2017~ BAZEIL M
FHRTRRZE R MR E R E

Shinsuke SUZUKI

TEL : 03-5286-8126 FAX : 03-5286-8126

URL : http://www.suzukilab.amech.waseda.ac.jp/

B. S. (1993, Waseda Univ.), M. S. (1995, Waseda Univ.), Dr. Eng. (1998,
Waseda Univ.), Researcher (1998-2005, TU Berlin, Hahn-Meitner Institut
Berlin), Research Fellow (1999-2000, Alexander von Humboldt Foundation),
Associate Professor (2005-2010, Osaka Univ.), Associate Professor (2010-
2013, Waseda Univ.), Professor (201 3-present, Waseda Univ.)

LBOEERMIE. WODBRKICEVWTOHENBEERROF —F

J/0—¢ELTDEFREHESTWVWET, AARFIE. I 7 OMERKS
I & MR EE BRIIC. £BOAME. BRE - . B
T #RAVWAEMBETOEIOMEET>TVET,
1) BEOHMMAE WM/NEHOFAE). 2) £BRHID T > 2—IC
B+ 2 BREE X H = X LAREA & REEBTIE, 3) NiEBEL£DY
YA VUM, SRISNTME S2RE. 4) BEZE - FEEEACEL
BR—F ZEBOEERS. BMINTIC & 358 b, HARA04E4E DT,
5) BIIREMIIC & 3 SraEBAEIR - BAEMORE. 6) =KD
SRORTMRE. 7) 2BMEHI S T BISHBMESEDAREE & Bt
MMINDEH

2BEMATOEIOMEIE. RVELEEFSETH. KFEE T
HHRE U — F93MEHRE & HR T, RIFOEE - AT, HER
. BEREERMEL . FHAAFZMBEEEYVEAVWVTIVWET, 2ThdD
MEEEE@EL T, RO —F -2 NHMEBRLTWET,

Manufacturing technologies of metallic materials always play the role of key

technologies to solve the social issues. Our laboratory is researching material
processing using melting, solidification, casting and plastic forming aiming
at improvement of mechanical properties by controlling microstructures. The
followings are our research topics.
1) Evaluation of physical properties of melt (utilization of microgravity),
2) Investigation of melting and solidification behavior and controlling
microstructure during powder bed fusion of 3D printer for metallic materials,
3) Development of recycling method, evaluation of high-temperature properties
and material design of Ni-base superalloy, 4) Development of fabrication
method of porous metals through solidification and semi-solid processes,
strengthening through plastic deformation, and their mechanical properties,
5) Development of high strength ultra-fine steel wires and fine metallic tubes
by drawing, 6) Improvement of formability of high tensile steel sheets, and
7) Investigation of stress relaxation behavior of metallic materials and its
application to plastic forming processes.

Although research on metallic material processing has a long history, our
laboratory pioneers a new academic discipline using advanced experimental
and analysis methods, numerical simulations and theories under collaboration
with other leading research groups. Through these research activities, next
generation leaders are growing up.
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- “Direct Observation of Rigid-Body Rotation of Cholesteric Droplets Subjected
to a Temperature Gradient,” J. Phys. Soc. Jpn 88, 063061 (2019).

- “Formation and dynamics of the aggregates of cholesteric double-twist
cylinders,” Soft Matter 14, 9798-9805 (2018).

- “Director/barycentric rotation in cholesteric droplets under temperature
gradient,” Soft Matter 10, 5869-5877 (2014).

+ “Non-equilibrium dynamics of 2D liquid crystals driven by transmembrane gas
flow,” J. Phys.: Condens matt. 23, 284114 (2011).

- “Gas permeation of LC films observed by smectic bubble expansion,” Euro.
Phys. J. E 30, 257-264 (2009).

- “Coherent collective precession of molecular rotors with chiral propellers,”
Nature Materials 2, 806-809 (2003).

- “Photo-induced travelling waves in condensed Langmuir monolayers,” New J.
Phys. 5, 65.1-65.11 (2003).
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Soft matter, including liquid crystals, colloids and biomaterials, is
characterized by hierarchic structures and slow nonlinear responses to various
external fields. We are especially interested in the non-equilibrium dynamics of
chiral liquid crystals and liguid crystalline ultrathin films. So far we have found
the coherent molecular precession in LC monolayers to be driven by light and
gas transfers, the periodic oscillations and pattern formations in bubbles to be
induced by DC fields, and the unidirectional rotation of cholesteric droplets to
be driven by heat currents. In spite of these clear observations, it has not been
elucidated how the random perturbation given to individual molecules develops
into coherent motion. Investigation of the motion-transfer mechanism will not
only give us ideas for novel LC devices but will also unveil non-equilibrium
processes in biomaterials.
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- “Coherent collective precession of molecular rotors with chiral propellers,”
Nature Materials 2, 806-809 (2003).

- “Photo-induced travelling waves in condensed Langmuir monolayers,” New J.
Phys. 5, 65.1-65.11 (2003).
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A series of amorphous materials having disordered atomic
structures such as glasses is known to exist. A difficulty in analyzing
amorphous structures prevents a deeper understanding of the
underlying physics. In our laboratory, we make an attempt to reveal
amorphous structures and unique physical phenomena in amorphous
materials by complementarily using an angstrom-beam electron
diffraction experiment and computational modeling methods. We also
conduct a computational homology analysis on amorphous structures
that do not have any translational and rotational symmetries unlike
crystals to unravel the hidden structural order. The recent studies are
as follows: 1. Geometric frustration in metallic glasses, 2.
Inhomogeneous structure of Si-based anodes for Li-ion batteries, 3.
Rapid crystallization mechanism in phase change recording
materials. We pursue a comprehensive understanding of disordered
structures by applying this technique also to the random grain
boundaries in crystalline materials.
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amorphous materials, Journal of Non-Crystalline Solids 383, 52-58 (2014).
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glasses, Science 341, 376-379 (2013).
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aberration-corrected STEM, Acta Materialia 60, 5686-5696 (2012).
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12. A. Hirata, T. Fujita, Y. R. Wen, J. H. Schneibel, C. T. Liu, M. W. Chen,
Atomic structure of nanoclusters in oxide dispersion strengthened steels,
Nature Materials 10, 922-926 (2011).
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Nanotechnology 6, 232-236 (2011).
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Physical Review B 79, 020205(R) (2009).
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B 78, 144205 (2008).
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Pursuing long-term reliability of structural materials and functional materials,
conducting mechanical evaluations of the strength characteristics and fracture
phenomena of materials, from nano- to macro-scale, through experiments and
analysis. More specifically, work in the following areas.

1. Development of a fatigue damage healing technique for metal materials

Propose a technique for healing fatigue damage using atomic rearrangement
and recombination by electron wind force. Aim to clarify the fatigue damage
healing mechanism through experiments and analysis, and achieve a remarkable
prolongation of the product life of structural materials.

2. Establishment of techniques for evaluation of very high-cycle fatigue characteristics
and fatigue life

Evaluate the fatigue characteristics in the gigacycle region, and the damage
growth mechanism in carbon fiber-reinforced composite materials, through
experiments and analysis. Aim to improve the life prediction technique for fiber-
reinforced composite materials, and ensure long-term reliability in the evaluation of
structures.

3. Creation of nano-space structures on metal surfaces, and development of a direct
bonding technique for different kinds of materials

Create a 3D nano-space structure on a metal surface, and propose a new bonding
technique for different kinds of materials, using fiber-reinforced composite materials,
the anchor effect, and chemical bonding. Aim to clarify the mechanism involved
in bonding strength development using nanostructures and chemical bonding, and
apply the technique to boltless structures.

4. Creation and application of functional nanomaterials

Nanomaterials have a high ratio of surface area to volume, and have a variety of
potential functionalities based on this feature. Aim to create high-density and highly
ordered nanomaterials by utilizing the stress induction method, anode oxidation, and
etching processes; and to create materials with strikingly superior functionalities.
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Graduated from the Department of Electronics, Faculty of Science and Engineering,
Doshisha University (2001); completed the first semester of the doctoral program in the
Department of Electrical and Electronic Engineering, Faculty of Science and Engineering,
Graduate School of Science and Engineering, Doshisha University (2003); completed
the last semester of the doctoral program in the Department of Electrical and Electronic
Engineering, Faculty of Science and Engineering, Graduate School of Science and
Engineering, Doshisha University (2006); awarded a doctoral degree in engineering. Worked
for the AIST Kansai, National Institute of Advanced Industrial Science and Technology
(AIST) (special researcher); the Electromagnetic Instrumentation Course, the Department of
Communications Engineering, School of Engineering, Tohoku University (special researcher
(PD) of the Japan Society for the Promotion of Science); the Nano-Function Synthesis
Group, Nano Technology Department, the National Institute of Advanced Industrial Science
and Technology (AIST) ( special researcher (PD) of the Japan Society for the Promotion
of Science). In 2008, became an Assistant Professor in the ‘Core Member’ of Common
Education for the Measurement Group (formerly, Physics Course in the Faculty of Liberal
Arts), Nagoya Institute of Technology, Department of Electrical and Mechanical Engineering
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Associate Professor in the Department of Electrical Engineering and Bioscience, Faculty
of Science and Engineering, Waseda University. In 2016, became a researcher at Presto
(Sakigake), Japan Science and Technology Agency (part time). In 2016, won the Waseda
Research Award (High-Impact Publication). (He has received numerous awards.)
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In non-ferrous extractive metallurgy, the common metals of copper,

lead and zinc as well as critical minor metals are produced from
secondary materials such as scrap metals, alloys and residues. The
valuable metals that result from the refining process provide the
raw materials for a wide range of application possibilities in various
fields. We suggest a new and effective recovery process of critical
minor metals in the non-ferrous extractive metallurgy. The followings
are our research topics.
1) Investigation of the recovery process of rare earth elements
from used magnet scrap by using B,O; flux. 2) Development of the
recycling of platinum group metals for used auto catalyst. 3) Copper
enrichment based on two liquid phase separations. 4) Development
of a high temperature calorimetry. 5) Simulations of chemical
reactions occurring in silicon CVD processes

These studies of the pyro-metallurgical process and the metal
recycle processing of these nonferrous metals are in cooperation
with various companies.
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Basic researches on the materials properties, such as
electronic, magnetic and optical properties, have been carried
out at an atomic level in microscopic view point by using the
quantum mechanics. Especially mechanism of newly appeared
functions by dilute doping is studied, on whose knowledge new
functional materials have been developed. Focusing upon the
“interaction between light and matter” in these years, cutting-
edge X-ray and electron spectroscopies using synchrotron
radiations and first-principles electronic structure calculations
have been conducted for various kinds of functional materials,
e.g., rare-earth free red-emitting phosphors, up-conversion type
phosphors, and next generation solar cells with organic-inorganic
hybrid perovskite.
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A Center of Casting Technology in Japan. The YOSHIDA Lab. Many
national projects and Univ./industrial collaboration projects have been carried
out with motor companies, foundries and D.C. casters.
©O FEM thermal stress analysis for predicting the residual stress and distortion

of GCI and Al alloy castings. Development of EVP constitutional equation

of GCI, Al alloys and sand molds from high temperature to R.T.

O FEM filling-solidification-thermal-stress analysis for predicting solidification
cracking (hot tearing) of Cu alloys and Al alloys. Development of EVP
constitutional equation of solid/liquid co-existence alloys. Examination of
mechanical properties of solid/liquid co-existence alloys by using originally
developed tensile testing device.

© Thermal-stress analysis of power device for automobile.

© Development of CNT, CF/metal composites for power device.

©O 3D printing sand mold production technology.

© 3D printing metal parts production technology.

© Development of Al alloy for high pressure die casting and control process
for cold flakes.

© Examination of low cycle fatigue process.

© Next generation low pressure and gravity die casting technology.

© Development of ultrasonic vibration process for grain refining.
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