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Fig. 1 Concept of metallurgy for the Zero Carbon

materials creation and safety nuclear
system.
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Yoshinao KOBAYASHI, Professor
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Fig. 2 Steel sheet creation from
steel scrap by strip casting

— RUMERIREH S SVEFHAATLD
REUHEIINADAEIEHD

Utilization of metallurgy for safety, reliability and
sustainability of nuclear systems
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e ykobayashi@zc.iir.titech.ac.jp
@ 03-5734-3075

Zero Carbon material technology with creation of
materials circulating system

Toward Zero Carbon society, it is essential to establish the
material creation process with carbon neutral loop. We are
targeting the utilization of recycled steel, which is the base
material for construction, transportation and energy supply, to
suppress inevitable CO2 emission in iron oxide reduction
process and realize the Zero Carbon steelmaking process to
lead the materials circulating society.

Improvement of materials reliability toward
innovative nuclear reactors

For the long-time operation of the reactor of next generation,
control and reduction of impurities are necessary and studied
to make fission fuel cladding and reactor pressure vessel
highly resistant to heat, pressure and irradiation. Best mix of
composition and microstructure are pursued by the
development of creation and evaluation process.

Accessibility for removal of fuel debris in BWR
plant after severe accident

To assess the access root to the fuel debris for its removal from
nuclear reactors after severe accident, damage and collapse
behavior of structural metals in the reactor core should be well
understood and studied through materials reaction
experiments. Phase stability of debris and formation behavior
of fission products are thermodynamically studied for safe
removal and storage of the debris and prediction of condition
of RPV during severe accident.
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Fig. 3 Reactor core assembly and reaction experiment between
mock fuel-rod debris and stainless steel in a cold crucible
furnace.
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Fig. 1 A prototype of a two beam RFQ linear
accelerator.

Noriyosu HAYASHIZAKI, Professor
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Fig. 2 RIKEN accelerator driven compact neutron
source Il. (Joint development with RIKEN)
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Creating a prosperous and sustainable society through
particle accelerator and quantum beam technologies

8 nhayashi@zc.iir.titech.ac.jp
@ 03-5734-3055

Practical development of particle accelerator and
quantum beam technologies

Quantum beams (ion, electron, X-ray, neutron, etc.) are used in
the fields of cancer treatment, medical imaging,
pharmaceutical production, sterilization, nondestructive
inspection and semiconductor manufacturing in addition to
the frontiers of elementary particle physics and material
science, and technologies based on quantum beams are
indispensable for daily life. Our group develops compact
particle accelerators that create quantum beams, with
properties depending on the application, through a design
process that incorporates 3D CAD modeling and multiphysics
simulation, followed by precise fabrication. This process
delivers high reliability and operability for collaborating faculty
and students. A multi-beam linear accelerator, a compact
accelerator-driven neutron source for nondestructive bridge
inspection and a medical accelerator are under development
in our laboratory.

Study on a multi-beam type RFQ linear
accelerator

A prototype of a multi-beam type radio frequency quadrupole
(RFQ) linear accelerator has been studied for high intensity
heavy ion acceleration in the low energy region. The two beam
type was able to successfully accelerate carbon ions with an
intense beam of 108 mA (2x54 mA/channel) and the four beam
type is under beam commissioning.

Practical development of a compact
accelerator-driven neutron source

A compact accelerator-driven neutron source is under
development for nondestructive bridge inspection and boron
neutron capture therapy (BNCT).
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Fig. 3 RIKEN accelerator driven compact neutron
source lI. (Joint development with RIKEN)
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Fig. 1 Aschema of the mechanisms of radiation effects and the
aim of our research.
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Radiation: Molecular Biology and

e yoshim@zc.iir.titech.ac.jp

Professor e 03-5734-2273

DNA Damage: Key of Radiation Effects

Radiation induces a variety of biological effects like infertility,
malformation and cancer. These effects are thought to be
caused by various types of DNA damage, among which DNA
double-strand break is considered the most critical. Our cells
protect cells themselves, individuals and species from
radiation effects by repairing DNA damage and by dying
autonomously.

Elucidate by Cutting Edge Molecular Biology

We seek to elucidate the molecular mechanisms how cells
recognize DNA damage and elicit bioprotective responses
including DNA repair. Toward this aim, we employ cutting edge
technologies in molecular biology and biochemistry, including
bioimaging, next-generation sequencing and genome editing.

Toward Next Radioprotection & Radiotherapy

There are considerable differences in susceptibility to radiation
effect (radiosensitivity) among individuals. The outcomes of
our research will enable precise prediction and control of
radiosensitivity and contribute to personalized radioprotection
and radiotherapy in the next generation.
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Instruments for molecular/cellular biological experiments and snapshots of
research. Top left: instruments (clean bench, culture cell incubator, high
performance liquid chromatography and real-time PCR). Top right:
electrophoretic image of purified DNA double-strand break sensor, DNA-PK, and
its 3D structure. Bottom left: analysis of radiation response using original
phosphorylation-specific antibodies for XRCC4. Bottom right: second-scale
dynamics of DNA repair protein APTX, accumulating to DNA damages, revealed by
localized DNA damage induction and real-time live-cell imaging.
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Fig. 1 Aconceptual diagram of a method for obtaining electron

temperature T. and electron density N. based on atomic
processes from OES measurement of non-equilibrium plasma.

RF power supply
(13.56 MHz)

Hiroshi AKATSUKA, Associate Professor
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Plasma Electronics —Atomic/Molecular Processes and
Spectroscopic Measurement

8 hakatsuk@zc.iir.titech.ac.jp
® 03-5734-3379

Optical Emission Spectroscopic Measurement of
Various Processing Plasmas

Optical emission spectroscopic (OES) measurement methods
are being developed to monitor electron temperature,
electron density, electron energy distribution function, gas
temperature and radical density of various low-temperature
non-equilibrium plasmas, based on atomic and molecular
processes in the plasmas. Our research covers a wide range of
engineering subjects, and aims for practical applications of
plasma measurement in various fields as listed below:
[Electronics] Low-pressure reactive plasmas for dry etching of
semiconductors and for Si-thin film deposition of photovoltaic
devices.

[Medical and Dental Applications] Low-temperature atmospheric-
pressure plasma sources for aesthetic, cariology and operative
dentistry, and for hemostasis and dermatology applications,
etc.

[Nuclear Engineering] Underwater arc plasma for decommis-
sioning of nuclear reactors.

[Thermonuclear fusion] Low-temperature plasma at boundary
region like divertor.

[Environmental engineering] Nitrogen/oxygen plasma for
atmospheric environment, carbon dioxide plasma for reuse or
recycle of CO..

[Materials Engineering] Non-equilibrium plasma for anti-
reflective coating of optical elements, or nitrogen-containing
plasmas for surface nitriding of metals.

[Mechanical Engineering] Combustion flame plasma of
automobile engine.

[Astronautic engineering] Plasma thrusters for artificial
satellites.
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Schematic diagram of the ICP plasma device
and an example of two-dimensional electron
temperature obtained by tomographic
measurement (One of the 70th JSAP Spring
Meeting 2023 Highlighted Presentations;
collaborative work at the ULVAC Advanced
Technology Collaborative Research Cluster).
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Fig. 3 Electron temperature and density measurement of
non-equilibrium atmospheric pressure plasma for

medical and dental applications by continuous spectrum
theoretical fitting.
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Tatsuya KATABUCHI, Associate Professor
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Study on neutron nuclear reaction for nuclear energy,
astrophysics and medicine

9 buchi@zc.iir.titech.ac.jp
® 03-5734-3378

Study on neutron nuclear reaction

We measure neutron nuclear data, especially, neutron capture
cross sections, which are important for design of a nuclear
transmutation system and understanding of nucleosynthesis.
Measurements are performed in ZC and the Japan Proton
Accelerator Research Complex (J-PARC).

Development of an imaging system for online
dosimetry in neutron capture therapy

We are developing an imaging system for dosimetry during
treatment in boron neutron capture therapy. This system
allows for evaluating the absorbed dose of each patient online,
thereby improving determination of irradiation parameters
and evaluation of treatment efficacy.
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Fig. 1 Accurate Neutron Nucleus Reaction Measurement Instrument (ANNRI) of J-PARC
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Fig. 2 Conceptual design of online imaging system
for BNCT
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Hiroshige KIKURA, Associate Professor

ROIRILF—

Nuclear Thermal Hydraulics and Decommissioning /
Fukushima Revitalizics Zero Carbon Energy Research

e kikura@zc.iir.titech.ac.jp
@ 03-5734-3058

Research on Nuclear Thermal Hydraulics for
Safety Improvement and Advancement of Nuclear
Reactor

We are researching on the development of new flow
measurement methods for nuclear reactors using ultrasound,
laser, camera, and electrical characteristics, and on the
development of next-generation reactors such as Small
Modular Reactors (SMR).

Establishment of Transchallenge Research
Infrastructure for Realization of Zero Carbon
Society by Revitalizics

We are visiting the areas damaged by the Great East Japan

Earthquake and the nuclear disaster to conduct Revitalizics
activities. In addition, we also promote the development of
industrial promotion technologies, decommissioning research,
and zero-carbon energy research.
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Fig. 1 Concave mirror with low-melting point
liquid metal

Masatoshi KONDO, Associate Professor
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Research into Innovative Liquid-Metal Energy Conversion
Systems for Energy Power Plants

9 kondo.masatoshi@zc.iir.titech.ac.jp

® 03-5734-3065

Development of liquid-alloy coolants

Various high-performance liquid-alloy coolants (Pb, Pb-Bi, Li,
Pb-17Li, Sn, etc.) are currently being researched in our
laboratory for use in various nuclear reactors and solar thermal
power plants worldwide. Experimental investigations of the
synthesis and thermophysical properties of these materials
are underway.

Interdisciplinary researches by innovative liquid
metal technologies

Interdisciplinary researches are being performed by the
collaboration with various scientists in the world. Innovative
concrete materials and concave metal mirrors (Fig. 1) have
been developed based on liquid metal technologies.

Materials compatibility of liquid-metal coolants

Materials compatibility is important for the development of
liquid-metal coolant systems, and the kinetics of
corrosion-erosion under flowing conditions are being
investigated by our team (Fig. 2). Materials compatibility was
improved by chemical control of non-metal impurities in liquid
metals.
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Fig. 2 Corrosion-erosion of steels in various liquid metals under flowing conditions
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Hiroshi SAGARA, Associate Professor

A3l utilization of RepU,MA
S8 2s Valuable Resource

l";_ _4 Enhanced Non-

X 227 Proliferation Features

ZE - X7 TLOVIVMNEERNRERF NS RATL

Pursuing Safe, Secure, and Resilient Nuclear Energy

e sagara@zc.iir.titech.ac.jp
® 03-5734-3074

Intensive Safety and Security Technology for
flexible nuclear energy utilization

The utilization of small and medium nuclear reactor enhances
its flexibility in variabilities of power and location. It, however,
might requires enhanced measures against nuclear
proliferation threats such as terrorism. We are pursuing studies
on resilient nuclear energy system against threats to safety,
security and non-proliferation, especially by designing of
accident tolerant fuel, proliferation resistant fuel and system.

Non-proliferation Science & Technology

Non-destructive assay technology R&D are being performed to
identify the defects of nuclear fuel by simple but accurate
passive gamma/neutron tomography technology, and to
interrogate heavily shielded nuclear material by high energy
photon beam. These technologies contribute to early detect
theillegal transferred nuclear fuels, and flexible nuclear energy
utilization by security enhancement.

1. Flexibility to
install NPP

2. Reduction of
Environmental
Burden of HLW

|_|ght Water Reactor2 nu2o1s) 2such as Nuscale,(2020)
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Fig. 1 Small and medium scale Light Water Reactor with Enhanced Safety Non-proliferation features

Lead collimator

@ Fuel rods

(1Dummy rods

Stainless canister

2 Ny VB ERS LT AW E R O MRS R A DG H
Fig. 2 Passive Gamma Tomography for Non-destructive Assay Technology and its application for nuclear fuel partial defects detection
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Fundamental Coordination and Solution Chemistry of Actinides
and Related Elements for Advanced Nuclear Fuel Cycle
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Securing Resource Options of Nuclear Fuel Materials
and Exploring Diversity of Sophisticated Use of
Uranium Resources

To meet the ever-increasing global energy demand, nuclear fuel
recycling by reprocessing spent nuclear fuel is one of promising
options. Based on selective and efficient precipitation of hexa-
and tetravalent actinides from HNOs(aq) by addition of a cyclic
amide compound such as N-alkyl-2-pyrrolidone (NRP), we have
proposed NUclear fuel MAterial selective Precipitation (NUMAP)
method as the basic technology of a simple and versatile process
for the spent fuel reprocessing. Concentration of uranium present
in seawater is very small (3.3 pug / kg), but the total amount is
about 1000 times greater than that on the ground. Since uranium
is a depleting resource, development of uranium recovery
technology from seawater is promising as a future resource option
of natural uranium. Based on our deep understanding on
coordination chemistry of UO,?*, we are developing a new
adsorbent, from molecular design of ligand to actual adsorbing
resin, in order to recover U from seawater. All U either from natural
resources or recovered from the spent nuclear fuels do not always
become actual nuclear fuels, but most of them are wasted during
the nuclear fuel fabrication due to isotopic composition. We are
investigating various aspects of U coordination chemistry such as
its characteristic redox behavior and specific reactivity to pioneer
sophisticated utilization of such “useless”, but already purified,
excess U resources in the nuclear energy systems, because no
isotopic effects are found in any of chemical aspects of U in
practice.

Proper Treatment and Disposal of Nuclear Wastes &
Development into Resource Chemistry for
Sustainable Society

Nuclear power generation produces high-level radioactive waste
(HLW) consisting of a wide variety of radionuclides. From the
viewpoint of waste immobilization and lifetime (~10° years),
so-called “wastes separation” is highly required. We are
developing rapid and efficient solvent extraction technology for
difficult-to-extract platinum group metals and wet chemical
recovery of HLW from its vitrified form into borosilicate glass
matrix (i.e., nuclear waste glass) for future nuclear transmutation
processes. We expect that these studies lead to resolve problems
related to radioactive wastes in nuclear engineering field and to
further develop into resource chemistry such as recycling
precious metals from urban mining.

Retrieval from Muclear Waste Elass
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Fig. 3 Development of wet
chemical method to
retrieve HLW from nuclear

waste glass for future
transmutation.
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Fig. 1 (a) Trajectories of a particle and its guiding center, and a

trajectory by near a banana tip.
(b) Time evolution of a particle positions in a Poincare map.
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Ripple Resonant Diffusion of a Particles and Finite
Larmor Radius Effect

The resonance of toroidal precession of the banana orbits
shown in Fig. 1(a) of DT-fusion a particles with toroidal field
ripples enhances particle diffusion. The valuation of the
diffusion coefficient by guiding center approximation showed
that it has local maxima in both sides of resonant energies in
the axisymmetric configuration. Investigation of the time
evolution of particle positions in Poincare maps revealed the
following physical mechanism. Particles with slightly different
energies from resonance lie outside of the separatrix and that
particle movements to the other side of an island, pink colored
region in Fig. 1(b) shift the averaged positions and hence
enhance the particle diffusion. On the other hand, particles
with nearly resonant energies lie inside of the separatrix so
that the diffusion coefficients do not increase so much since
the averaged positions are almost fixed, though particles
spread with time. Finite Larmor radius effects are also
investigated.

Study of SMES with Virial-Limit Coils

Superconducting Magnetic Energy Storage (SMES) is very
promising as an electric power storage system for a night and
day load leveling. However, the strong electromagnetic force
caused by high magnetic field and large current is a serious
problem in SMES system. To cope with this problem, we
proposed and verified the concept of the Virial-Limit Coil (VLC),
which is optimized to create a strong magnetic field based on
the virial theorem which is the relation of magnetic energy and
stress. The VLC, which is a helically wounded coil with a
toroidal configuration (Fig. 2), can level the stress distribution.
In order to improve its manufacture, a geodesic winding is
investigated.

Min - c.0402
2 BUFLBRAICILE. EDRHDH
Fig. 2 Distribution of stress in a Virial-Limit coil.
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Research on innovative nuclear energy systems

We explore the multipurpose utilization of nuclear energy,
including the nuclear reactors capable of heat utilization,
SynFuels syntheses such as NH4 and Hz, and load-following
operation, which is the key to achieving carbon neutrality.

Nuclear Fuel Cycle Integration and Rationalization

We explore the ideal nuclear energy system using an
integrated approach by the Nuclear Material Balance (NMB)
code. Future energy utilization scenarios, the importance of
innovative reactors, advanced reprocessing, and the
rationalization of waste material and disposal are studied (Fig.
1). Reprocessing is a common technology in other fields, and
we also work for valuable metals from urban mines and
develop extractors and processes for engineering applications.

Fukushima Reconstruction and Revitalization

A study is conducted on stable solidified bodies of various
wastes generated in the Fukushima-Daiichi Nuclear Power
Station (1F). Long-term stability against the radiation and
underground environment of the proposed wastes, such as
hybrid solidified wastes, are studied (Fig. 2).

Actinide Chemistry Research

Actinides, the key to the nuclear fuel cycle, have numerous
exciting chemical and physical properties. Exploration of
coordination chemistry in reprocessing and solid-state
chemistry of waste are implemented. The thermodynamic
properties of Actinium (Ac) for Targeted Alpha Therapy (TAT)
require an intrinsic understanding of actinides. The application
of machine learning methods is also ongoing for efficient
actinide research.
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Fig. 1 Cycle integration study using nuclear fuel cycle simulator,
NMB 4.0
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Fig. 2 Novel Hybrid-waste-solidification of Mobile Nuclei Generated in 1F Nuclear
Power Station and Establishment of Rational Disposal and its safety assessment
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Fig. 1 Metallic cluster beam generator and typical mass spectrum of clusters.
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Pioneering future society with plasma and quantum beam
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Generation of high-intensity particle beams for
inertial fusion energy

We aim to develop technologies to generate various
high-intensity particle beams from dense, high-temperature
plasmas generated by laser ablation, and to contribute to the
realization of future fusion reactors and next-generation
carbon-ion radiotherapy accelerators. As underlying
technologies for driver accelerators of inertial confinement
fusion reactors, we pursue basic researches on controlling
plasmaion momentum with a magnetic nozzle to create
high-brightness beams and creating nanoclusters with small
mass dispersion by rapidly cooling laser-generated metal
vapor with helium gas (Fig. 1). We are also developing a
long-life laser ion source employing a condensed gas target
that can efficiently supply highly ionized carbon ions to reduce
the size and cost of cancer therapy accelerators.

Development of discharge-type compact fusion
neutron sources

We are developing a compact neutron source using fusion
reactions between high-speed particles electrostatically
confined in a potential well (Fig. 2). The neutron source is
expected to be used for various industrial applications related
to safety and security of society: explosive detection,
non-destructive inspection of infrastructure, underground
resource exploration, high sensitivity detection of nuclear
materials, boron neutron capture therapy, and so on.

2 EUHERACAOEREZRAV NIRRT REEBRNOKME TIX.
Fig. 2 Compact fusion neutron source using inertial electrostatic fusion and
fusion plasma inside the device.
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Fig. 1 SEM micrograph of silicon carbide fiber-reinforced
silicon carbide matrix (SiCi/SiC) composites
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Development of Highly Reliable Advanced
Ceramic-Based Composites

Generally, ceramics show brittle fracture behavior, resulting in
low reliability as structural parts. In order to improve their
reliability, ceramics reinforced with continuous ceramic fibers,
i.e. continuous ceramic fiber-reinforced ceramic matrix
composites (CMC) have been paid attention as next-generation
highly reliable heat-resistant materials. CMC have been
expected to be used as the components for nuclear and fusion
power applications, high temperature gas turbines and
aerospace industries. Novel fabrication process of CMCs, their
properties, and advanced ceramic-based composites with
unique morphology have been also studied (Fig. 1).

Development of Advanced Ceramics Contributing to
Carbon Neutral Society

Ceramics have been recognized as an important materials that
support industries in various fields along with metals and
polymers, and they play a very important role in the green
growth strategy formulated by Japanese government. We aim
to develop ceramics which will contribute to carbon neutral
society, and are developing highly reliable heat-resistant
materials for aerospace industries, next generation nuclear
and fusion reactors etc., thermal management materials
(Fig.2), low-friction and wear-resistant materials, and
plasma-resistant materials for semiconductor production etc.
In addition, we are also exploring green processes for
ceramics.

Development of severe environment resistant ceramics

Changes in properties and microstructure of ceramics exposed
under severe environment such as high temperatures, high
thermal gradient, corrosive and oxidizing atmosphere,
radiation and particles irradiation have been studied, and we
have been developing severe environment resistant ceramics.
As examples of nuclear and fusion applications, novel
ceramics for accident tolerant fuels for light water reactors and
high temperature gas-cooled reactors, and high-performance
neutron absorbing ceramic pellets for fast reactors, based on
microstructure control, have been studied.

2 EOBRMERRILTI%E (SIC) ZAAOHIEE
SEM BEE

Fig.2 SEM micrograph of porous silicon carbide
(SiC) ceramics with in-situ grain growth
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Development of a Renewable Energy Symbiotic SMR with a
Load Follow Function
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Outline 1 GXBWR DEFIFHER
The purpose of this study is development of new GX BWR (Load-following and Long  Fig. 1 Reactor Concept of GX BWR
operating symbiotic BWR for renewable energy), which uses a reactor internal recirculation
pump (RIP) to load follow from 300MWe to 800MWe with fluctuating renewable energy and
enhance facilitates for stable grid control.

By using ship hull structure cooling system seismic isolation rubber for reactor building, it
is possible to fabricate modules containing RPV and PCV components and parts of the
building at a shop at the same time, and reduced construction period dramatically. In
addition to giving a lecture at the IAEA SMR Technical Conference, he founded Tokyo Tech's
venture GX ENERGY, and has started to conclude NDA contracts with multiple European and

2 RIAEARVFr—SEE5R
Fig.2 Tokyo Tech's Venture Award
American companies. Ceremony with President Masu
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Molten salt fast SMR system without control rods due to
inherent safety features
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Core Heat Exchanger
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Reactor vesse

Outline of research B1 HAEREEIE MCSFMR DR DS

The results of two-phase flow CFD analysis have clarified that the studied molten salt fast  Fig. 1 outline of MCSFMR system
reactor system has the characteristics that the temperature and void reactivity coefficients are
large negative, and that the system transitions to the safe condition with inherent safety
against various types of disturbances. Therefore, control rods are unnecessary, which is
essentially different from the conventional method of ensuring safety by restraining the
reactor with a complex safety protection system to prevent it from entering an unsafe state. !

The combustion characteristics of Pu-containing TRUs are also favorable. The reactor can be
started up and controlled by injecting a small amount of helium into the core to remove

fission product gases produced by the nuclear reaction, and it also has the characteristic that @ﬁfﬁzmon E”e’iﬁﬁﬁﬂimmm
daily load-following operation with varying liquid fuel flow rates can be performed easily. 2 IR RES T

Fig.2 Change of void fraction distribution in core
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Outline

Modelling of materials interaction leading to “catastrophic degradation”
(liquefaction of reactor core, its relocation and fuel debris formation) in the
beyond design-basis accident (severe accident) and introducing the model
into the accident analysis code to assess the nuclear reactor safety is the
purpose of this study. Analytical and experimental studies have been
performed to understand reactions between core materials (fuel rod and
absorber rod) and structural materials (stainless steel and Ni alloy) under the
severe accident condition (high temperature, corrosive and oxidizing
atmosphere) to investigate phase stability (thermodynamics), reaction kinetics
(transport phenomena) and activation energy of reaction (quantum
chemistry).
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Multiscale modelling of catastrophic material interaction
during severe accident of nuclear reactor
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Fig.1 Multiscale modelling concept of materials interaction
during severe accident
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Investigation of nuclear fission mechanism and its applications

Nuclear fission of actinides is the most fundamental phenomenon for the nuclear energy system.
However, there are still some open questions on fission mechanisms. Then we have developed
theoretical models to predict fission products as accurately as possible to improve nuclear fission
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data. We also apply our results to the uncertainty study on nuclear decommissioning and nuclear

transmutations, and the astronomical study because nuclear fission occurs in astronomical objects.
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Fig. 1 The figure shows a trajectory of
thermal-neutron- induced
fissions of U235 on the
potential surface obtained by

our four-dimensional Langevin
model.
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Development of Functional Materials Based on Organic/Inorganic Hybrids

Hybridization of inorganic compounds involving radionuclides with organic compounds is a useful T mmem . Mk 00
method for their separation and effective utilization. Since the functionalities often appear at the

interfaces between organic and inorganic components, surface modification of inorganic materials 1 RUR—ERRI T/ > — b O
with organic molecules is important for realization of a low-carbon society. We have developed itk

functional adsorbents, nanocarriers for radiation therapy, polymer solid electrolytes, self-healing ~ Fig- 1 Microscopicimage of polymer-
materials in respond to external environments by surface modification techniques. grafted inorganic nanosheets.
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Novel Ceramic Materials Design, Synthesis and Processing Methods with b ZTRAIGMAX TRORIRE

. . Fig. 1 Microstructure of ZrTi,AlC, MAX
Reduced Environmental Footprint Phase

Novel ceramic materials such as MAX phases and other ternary carbides are investigated. We develop new fast and effective synthesis
and processing methods, based on precise kinetic control of chemical reactions through combined application of theoretical
calculations and induction heating technique. Our methods drastically reduce time, temperature and energy necessary for the
synthesis and sintering of ceramic materials, and as a result contribute to environmentally-friendly and energy-efficient technologies.

R&D on Nanocarbon Structures Design and Their Formation

Formation and characteristics of various carbon nanostructures have been studied; especially, related to nanodiamonds (ND) and
onion-like carbon (OLC) for applying in solid lubrication, electromagnetic radiation shielding, etc.
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Study of molecular mechanisms of genome stability in mammalian cells & 4 @
Genome stability is maintained by many molecular mechanisms such as DNA repair, cell cycle .

checkpoint, centrosome maintenance and apoptosis. Defect of these mechanisms cause radiation Study of mantentance of

high sensitivity, developmental failure and cancer development. We are studying molecular e

mechanisms of radiation high sensitivity inherited diseases. Our goal is to elucidate the relationship
between disease and molecular mechanisms.
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Development of energy storage materials with high-power, tough, fast-chargeable
and safe properties

Development of energy storage materials with high-power, tough, fast-chargeable and safe properties
is highly demanded. Li-ion batteries are used in various situations because they have extremely 1 RFR/\wBUVTEIC S BmaEE

excellent characteristics. However, there are problems such as a long charging time and a limited FROER
cyclability. Our laboratory proposes new materials to solve these problems from the viewpoint of  Fig. 1 Preparation of high-quality
materials science. It is well known that battery performance deteriorates due to side reactions around thin films by RF sputtering

active materials, but it is possible to find overwhelming improvement in characteristics by
fundamentally controlling interface structure.
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