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On June 1, 2021, the Institute of Innovative Research
Laboratory for Advanced Nuclear Energy was reorganized to
form the new Laboratory for Zero-Carbon Energy. The
laboratory’s objective will be to help realize a carbon-neutral
society through innovative research and the development of
non-fossil (zero-carbon) energy sources, as well as systems
for their use. We will help build the foundation of a society
capable of sustainable economic growth in harmony with
the environment.

To that end, we intend to construct carbon-free energy
systems that use renewable energy and nuclear energy and
have a balanced carbon cycle. In cooperation with all of
society’s stakeholders, we will advance our research and
development into energy systems as a whole, encompassing
our existing nuclear energy research as well as the field of
renewable energy.

The enormous amount of carbon dioxide (CO,) released by
humanity’s mass consumption of fossil fuels totaled some
32.8 billion tons in the year 2017, and has already affected
the global climate. There is a pressing need for immediate
restrictions on CO, emissions. Many developed countries,
including Japan, have set goals to reduce CO, emissions to
zero by around the year 2050. These nations are currently
studying carbon-neutral and net-zero emissions energy
systems. In response to this, their economies, industries and
public awareness are reaching a new turning point. The key
to achieving a low-carbon society is to shift to zero-carbon
primary energy sources. In other words, we need to switch
from fossil fuels to renewable energy, nuclear energy, and
other forms of zero-carbon energy.

That said, carbon has been a key material to humankind
throughout history. To continue using carbon will require
recycling and reusing it. Building a sustainable society will
also require recycling and reusing materials. We need to turn
these processes into a system that is economical and
provides a stable supply of energy. The new laboratory’s goal
is to create a society that uses zero-carbon energy and
reuses/recycles carbon and energy carriers. To realize this
goal, we will build individual technologies for the
production, efficient use, storage, material conversion,
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public use and reuse/recycling of zero-carbon energy, as well
as net-zero emissions energy networks that optimize all of
these technologies. We will then provide technical solutions
to the problems faced by energy users — businesses, people,
and communities — through collaborations with them.

The new laboratory will have two divisions: the Future
Energy Division and the Nuclear Engineering Division.

The Future Energy Division will research the net-zero
carbon cycle energy systems based on zero-carbon energy
needed to build the energy networks of the future. The goal
will be to construct economic and stable energy systems
based on energy economics and sociology. The division will
strive to design stable energy provision systems that
compensate for renewable energy sources’ instability in
generating power.

Quantitatively speaking, heat is nearly as essential as
electricity in the supply of energy. This division will
investigate the storage and conversion of electrical and
thermal energy into energy carriers — which will play a vital
role in future energy networks — as well as the material
recycling/reuse systems that will support sustainable energy
societies. Finally, the division will delve deeper into the
public implementation of these systems (energy solutions)
in collaboration with residents and the communities they
live in, as well as with business, academic and government
entities.

The Nuclear Engineering Division, meanwhile, will focus
on two main tasks. The first is to break free of the closed
nature of the Japanese nuclear industry and expand
research into advanced nuclear energy systems such as
small modular reactors — which will offer the safety and
mobility/flexibility ~the zero-carbon energy society
requires — as well as nuclear fusion reactors, which were
expected to become the primary energy source of the new
century. The second task is to research the use of radiation in
life and medical sciences, which will support cancer
treatment and other aspects of the advanced medical care
that Japan’s aging society will require.

Meanwhile, it is our mission as nuclear energy researchers
to actively assist in the recovery of Fukushima, which
suffered greatly due to the Fukushima Daiichi nuclear power
plant. To that end, the laboratory will include two
organizations specializing in nuclear decommissioning
research: the Fukushima Reconstruction and Revitalization
Unit and the TEPCO Collaborative Research Cluster for
Decontamination and Decommissioning (D&D) Frontier
Technology Creation, the latter being a collaboration with
the Tokyo Electric Power Company. Through these
organizations, the laboratory will help in the
decommissioning of the Fukushima Daiichi nuclear power
plant.

We will strive to build a sustainable future energy society
through these activities. We hope to obtain your
understanding and cooperation as well as receive your
advice and encouragement.

Thank you.
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The ZC aims to contribute to the realization of a carbon-neutral (CN) society by

constructing a carbon and material circulation system based on zero carbon

energy (ZCE), and conducts research and development of technologies necessary

for its realization. Figure 1 shows the outlook for Japan's goal of realizing a CN

society in 2050. The energy supply side will be converted from fossil fuel

dependence to renewable energy and nuclear energy to ZCE. Figure 2 shows the

energy society that the ZC is aiming for. ZCE is introduced to primary energy. Since the

output of renewable energy fluctuates greatly depending on the weather, it is important

to stabilize the output. On the other hand, there are also fluctuations on the demand side,

and the function of energy storage is indispensable. Therefore, electricity storage (battery) and

thermal storage functions are installed. The energy demand side also needs to supply carbon

resources in many fields. CO2 emitted there is recovered, converted into carbon resources by ZCE, and

recycled for reuse. At the same time, energy carriers are produced, and energy materials will be collected,
separated, and regenerated, aiming for establishment of a sustainable energy society.
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Fig. 2 Energy society aimed at the ZC

Research organization

As shown in Fig. 3, the research institute has the Future Energy Division, the Nuclear Engineering Division, the Fukushima
Reconstruction and Regeneration Research Unit, and the TEPCO Collaborative Research Cluster. We will establish a collaborative
advisory committee to maintain cooperation with society. In order to realize the energy society that the institute aims for, each
department and each research field will organically cooperate to promote research and development.

Social Cooperation Advisory Board

Fukushima Reconstruction and
Regeneration Research Unit, TEPCO
Collaborative Research Cluster

Nuclear Energy Division

Future Energy Division

Accident reactor decommissioning,
Debris removal, Contaminated water
countermeasures, Solid waste
treatment, Wide area decontamination

1. Energy network field 1. Advanced nuclear system field
Zero emission & recycling energy Innovative reactor, Fusion reactor, Thermal
system, Energy economics, Energy hydraulics, Fuel cycle, Nuclear security
sociology 2. Life & medical radiation

2. Energy storage & conversion field
Thermal storage, Electricity
storage, Biomass, Energy carrier

3. Advanced energy solutions field
AES corporate platform

Fig. 3 Organizational structure of the ZC
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Professor
Institute Professor
Professor

Professor

Cooperating Faculty

Yukitaka Kato

Ryoji Kanno

Kenji Takeshita
Takehiko Tsukahara

Solution Research Center for Advanced Energy Systems

Institute Professor

Takao Kashiwagi

School of Environment and Society

Professor

Junichiro Otomo

School of Materials and Chemical Technology

Associate Professor

Takuya Harada

Solution Research Center for Advanced Energy Systems

Specially Appointed Professor

Nuclear Energy Division

Professor

Professor

Professor

Professor

Professor

Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Assistant Professor
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Assistant Professor
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Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor
Assistant Professor

Assistant Professor

Takuya Oda

Yoshiyuki Oguri
Toru Obara
Yoshinao Kobayashi
Satoshi Chiba
Noriyosu Hayashizaki
Hiroshi Akatsuka
Tatsuya Katabuchi
Hiroshige Kikura
Masatoshi Kondo
Hiroshi Sagara
Koichiro Takao
Hiroaki Tsutsui

Jun Hasegawa
Yoshihisa Matsumoto
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Chikako Ishizuka
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Tetsuo Sawada
Mikio Shimada
Hiroki Takasu
Hideharu Takahashi
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energy storage

Yukitaka KATO, Professor
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Development of Energy Storage and Transformation
Technologies for a Carbon Neutral Society
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Active Carbon Recycling Energy System (ACRES)

Active Carbon Recycling Energy System (ACRES) that recycles
carbon dioxide as a recycled resource is developing.
Ironmaking process is one of candidates for application (Fig.
1). ACRES is expected for the realization of a carbon-neutral
industry by using zero carbon energy. Metal-supported solid
oxide electrolysis cell is being developed as a key device for
ACRES (Fig. 2).

Chemical Heat Pump and Thermochemical
Energy Storage System

Thermochemical energy storage materials for effective storage
of industrial waste heats. The heats were previously difficult to
be recovered even though it was discharged in large
quantities. We are researching and developing a calcium
oxide/ water chemical heat pump system by using developed
composite material (Fig. 3).

High-efficient Hydrogen Permeation Membrane

Hydrogen permeable membrane necessary for high-efficiency
production of hydrogen, which is a next-generation energy
carrier, is being developed. We are developing a new
palladium alloy film that is thinner than the conventional
extension film by an original reverse build-up method (Fig. 4).
It can be used for low cost and highly efficient hydrogen
separation.

K2 £RERZFTERBRICYERIRLIL
Fig. 2 Metal-supported solid oxide electrolysis cell

Ni layer
8.7 ym

PdAg layer
4.0 pm

4 Pd AEERIIKFERE

Fig. 4 Palladium alloy high-efficient hydrogen
permeation membrane
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Creation of superionic conductors and development of
all-solid-state batteries

EBP9 Future Energy Division

e kanno@zc.iir.titech.ac.jp
@ 045-924-5401
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Ryoji KANNO, Institute Professor
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Fig. 1 Schematic diagram of all-solid-state battery: (Left) Conventional
lithium-ion battery, (Right) All-solid-state battery
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Development to all-solid-state batteries

All-solid-state battery, which only be realized with the
comprehensive optimization of combining electrode materials
and electrolyte materials and their interface forming
technology, is considered as an ideal chemical-electrical
conversion device, and is believed to be a great future
technology. For its realization, the development of
all-solid-state batteries is taken place by examining their
optimized mechanism based on LGPS based materials,
making prototype devices to find out their issues, and going
through the underlying technologies to solve the issues.

Lithium battery, all-solid-state battery, and new
electro-chemical energy conversion devices

Due to the exponential spread of mobile terminal devices and
the rising awareness of environmental protection, social needs
for more sophisticated batteries are stronger than ever before.
Lithium batteries and all-solid-state battery are the essential
tools for the people in the future and have become highly
functional. Our research group vigorously promotes to create
functional materials and to develop their physical properties,
which lead us to develop electro-chemical energy conversion
devices with a new functional mechanism.
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Solving Technical Issues to establish Future
Carbon-neutral Society

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

Kenji TAKESHITA, Professor @ 03-5734-3845

Sustainable Nuclear Systems Research

The use of the nuclear energy as the primary energy is
unavoidable in building carbon neutral society by 2050. In this
study, we aim at the sustained use of the nuclear energy for the
future by solving engineering subjects for the social
implementation of backend system, such as the consumption
of surplus plutonium by burning MOX fuel in light water
reactor, the spent MOX fuel reprocessing with minor actinide
separation, the vitrification of HLLW (High-level radioactive
waste) occurring by spent MOX fuel reprocessing, the nuclear
transmutation of separated minor actinides and the
reasonable design of final disposal site.

Fukushima Reconstruction and Revitalization

The reconstruction and revitalization of Fukushima after the
2011 Great East Japan Earthquake and subsequent accident at
Fukushima Daiichi Nuclear Power Station is one of the most
important issues facing the national government. In this study,
we will pursue three research topics: (1) purification of
contaminated soil across Fukushima Prefecture, and high
volume-reduction and solidification / disposal of radioactive
materials, (2) disposal of water treatment secondary wastes for
promoting decommissioning of the Fukushima Daiichi Nuclear
Power Station, and (3) industrial rehabilitation of the
Fukushima coast including development of necessary human
resources.
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Takehiko TSUKAHARA, Professor
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Creation of compact chemical system for material,
environment, and energy circulation

e ptsuka@zc.iir.titech.ac.jp
® 03-5734-3067

Creation of Functional Nano Materials and Its
Applications to Nuclear and Environmental
Chemistry

We have created various functional nanomaterials such as
photonic crystal polymers, micelles, and etc, which can
separate and detect selectively target radionucleids and
rare-metals (Fig. 1). By using the nanomaterials, we have
developed novel extraction/separation methods of metal ions
and energy devices for thermal-solar conversion and
lithium-ion battery.

Lab on a chip: Micro-Nano Chemical Device

We are trying to realize Lab on a chip, which various chemical
operations invoking reaction, extraction, and separation can
be integrated into micro/nano scale spaces on a chip, using
micro/nano fabrication technologies. Rapid and highly
efficient separation/analysis of radionuclides at single ion level
will be constructed by combination with original
nano-detection methods (Fig. 2).

Development of Waste-Free Solvent Extraction
Method

Direct extraction technique of metal ions from aqueous
solutions using stimuli-responsive polymers, which exhibit
hydrophilic/hydrophobic phase transition, has been
investigated. When the polymer and chelating ligands are
mixed and heated in an aqueous solution containing metal
ions, the polymer is smoothly converted to a gel and the metal
chelate complexes can be recovered onto the polymer gel. We
have investigated the novel waste-free separation method and
its application to radiation therapy for drug delivery system
(DDS).

H1 BRFI4b=vIERICLBIERIA 22T
Fig. 1 Sensing of Strontium lon Using Polymer-Based
Photonic Crystal

2 A0 FHERESRTL
Fig.2 Fundamental Techniques of Micro/Nano Chemical System on a Chip
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Takao KASHIWAGI, Institute Professor @ 03-5734-3425
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Outline fua XD
Super Smart Energy Society5.0 means a society where energy supply ' 5 \ #4735 cous
information and consumption information are combined on the ' %
internet, and there is management of both energy supply and
demand. We aim to create smart cities by formulating a grand design
for implementation of comprehensive energy management that
aggregates various systems including electric, thermal, and chemical.

1 IRF—IRTLDISURTHAY
Fig. 1 Grand design for the energy system
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Creating Circular Systems for Caron and Nitrogen Utilization
with Energy Conversion Chemistry
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Junichiro OTOMO, Professor @ 03-5734-3971
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Developing highly efficient fuel cell and electrolytic cell

Highly efficient fuel cell and electrolytic cell are developed by synthesizing
novel electrolyte materials with high proton conductivity and controlling ion,
electron, and hall conductions.

1
BMERTONAZEE
Fig. 1

Highly efficient
proton-conducting
fuel cell

2
BIULRREMNRIC
SBERE

Fig.2

Electrolysis with
electrochemical
promotion effect

Reduction reactions of nitrogen and carbon dioxide with 4 ; ;
electrochemical promotion effect — i

Electrochemical promotion effect is investigated for electrochemical
ammonia synthesis from nitrogen and water by using renewable energy, and
is also applied to carbon dioxide reduction reaction.

Circular use of carbon dioxide with chemical looping

Carbon dioxide activation and its effective utilization are investigated using
the chemical loop method with redox reaction of carrier particles.

3 REERFIBCFIL—EVT

Fig. 3 Chemical looping for
circular use of carbon
dioxide
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Challenges to the next generation carbon neutral cycle
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Takuya HARADA, Associate Professor @ 03-5734-3292

Electricity, Heat, Kinetic Energy

NIXINF—ZE>TERBICEMEAERETZ, FIlcABEIRILF-BEREEDN FosilFricls W B E o s &
CO: g*ﬁ‘é;ﬁ‘:?b\fﬁﬁ% LT L\i?o 'f’ - capture
," Chemical SE N

Advanced CO; capture process i Products Neutral positdes

. . .. . . ! _ Cycle , production
The establishment of high efficiency CO2 capture systemis a crucial challenge \ GO?W"‘:'S n CO, Solar. Nuclear
toward the future sustainable zero-carbon society. We explore the advanced . Solar,Wind, /FOR Waste heat
low-cost CO: capture processes based on the new class of functional materials, S Nuclear o o ¥aes Yo
such as the core-shell type nanoparticle clusters and molten ionic oxides. Resenvdird

. . Next generation Carbon Neutral Cycle
Low energy cost electrochemical CO, conversion *

The utilization of CO2 as a new carbon source plays an important role in the future 1 RERH—RYZa— IS VL OBRR
low-carbon energy systems. We perform the researches on the advanced  Fig.1 Schematic illustration of next generation carbon
low-energy electrochemical CO:2 conversion processes to produce useful chemical neutral cycle

materials by the sustainable and atomic energies.
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Energy system analysis for sector coupling technologies

waze DH | © oda.t.ab@m titech.ac.jp

Takuya ODA, Specially Appointed Professor @ 03-5734-3429
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BAAEI L F—ORRERALT 3100, TEMEESTIZ —
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DEEMABIRILF—SRTLZRSMITEIEZBIELTVED,

Outline
In order to maximize the use of renewable energy, most of
energy-consuming devices, including transportation sector, must be

electrified. This research aims to identify the ideal energy systems of i s A -
the future, which all electrified devices are systematically Gan stk TN
coordinated and optimized. Ol producton :
Ioulmpau -am Ol products stat diff e
g o
— Dl Stat diff )
e -

i o [T ——

1 IxLF—T70—
Fig. 1 Energy Flow diagram



[RF T ERPI Nuclear Energy Division

s N BB

1AV E—LZRWEED RO

PIXE (frEBHIFHHEC X #RILHDT) . PIXRF (B5FHRBHEE X
FREIEOM) RBS (SH 74— FEAEELDIT) FO1FE—
LAEZRVT. MERIZE, RIERFE. EHZEAQICA
LA TR REREDTRIMOREZToTVS (K1),

iRt EE & X ROEFF A

W FHRBhE X BROmVWEEMZzF A LICZIAR IV S
BRIREAMTP. BIFER DD VWREBA VR AR O ERE
HEZzIToTVWS (B2),

Yoshiyuki OGURI, Professor
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MeV lon beams — Technology towards the future

e yoguri@zc.iir.titech.ac.jp
@ 03-5734-3071

Development of ion-beam-based microanalytical
techniques

High-sensitivity microanalytical techniques for materials
science, environmental science, archeology, etc. are studied
based on ion-beam analyses such as PIXE (Particle-Induced
X-ray Emission), PIXRF (Proton-Induced X-ray Fluorescence)
and RBS (Rutherford Backscattering) (Fig. 1).

Medical application of proton-induced quasi-
monochromatic X-rays

High-contrast clinical radiography and deep-seated cancer
therapy with few side effects are being developed through the
use of high monochromaticity of proton-induced
quasi-monochromatic X-rays (Fig. 2).
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X 3 . pound 2
S 2814.5F Inorganic compound ]
B
0 8 Q@ 0 0 A > o o
8§ 2% <2z *g¢g
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1 () RRDHEE PIXE DIFEE; (B) RIEFIERDLZREDNICHE T TARERAM R OMBEE R R OIERD KBIX IRDILF ST~ ORIEFER (“BP”  JRBEE )

Fig. 1 (Left) Wavelength-dispersive PIXE system; (Right) Chemical shift of chlorine KB1X-rays measured for standard samples and burning products for chemical
speciation of chlorine in environmental samples (“BP”: Burning Product).
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Fig.2 (Left) Syringe-needle type proton-induced quasimonochromatic X-ray source for deep-seated cancer therapy and a semiconductor X-ray detector;
(Right) Measured spectrum of the X-rays from a needle with a silver target.
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Fig. 1 Power density profile in Breed-and-Burn fast reactor core
with rotational fuel shuffling

Toru OBARA, Professor
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Nuclear energy systems with safe and less waste

e tobara@zc.iir.titech.ac.jp
@ 03-5734-2380

Study on Breed-and-Burn Fast Reactor

Development of innovative nuclear reactor with safe and less
nuclear waste is necessary to realize carbon neutral society. In
the study, the development of a modular type breed and burn
fast reactor is in progress. The reactor has unique features that
natural uranium or depleted uranium can be utilized as the
fuel, it does not need enrichment facility nor reprocessing
facility, it can utilize natural resource effectively, the amount of
radioactive waste can be less and it has high safety features.

Criticality Safety in the Decommissioning of
Fukushima Daiichi NPS

The decommissioning of Fukushima Daiichi NPS must be
performed safely. In the fuel debris removing process, it is
necessary to avoid criticality accident. The study is performed
to develop the technology to avoid the criticality accident and
the measures if the accident happens.

Improvement of Space Dependent Kinetic
Analysis Method

It is necessary to perform kinetic analysis for various
geometries to establish measures for the criticality accidents in
fuel debris removal in Fukushima Daiichi NPS, nuclear fuel
fabrication facilities, and reprocessing facilities. Development
of kinetic analysis method is in progress for weakly coupled
systems, which are difficult to analyze by conventional
method.

0.5

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8

Time (sec)

K2 KACTITUDET LI ESORMBEEROEL
Fig. 2 Change of effective multiplication factor

during sedimentation of pieces of fuel debris
in water
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process.

Yoshinao KOBAYASHI, Professor
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Fig. 2 Steel sheet creation from
steel scrap by strip casting
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Utilization of metallurgy for safety, reliability and
sustainability of nuclear systems

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.

3 RFFSEEME IR - DILCEBMERT TIE

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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Development of high-precision nuclear data and its
applications
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Satoshi CHIBA, Professor ® 03-5734-3066

BRIGERTIE The whole process of nuclear data evaluation

EF IR T AR LT AR B RS I L T O from the nuclear fission to its applications

BEZIXIF—IIBRIIEMTIN. BEFMRE%R3T7  We study nuclear reactions as a fundamental process
URRNYY LDRBEIIFEE CRIZPAEFRRIGTT,. B4k underlying nuclear energy. Neutron-induced reaction is the
BEFHERRSERT2YIEZ. ZOEMrA3EFZKRE  sourceof energy in nuclear reactors, while it serves as origin of

’a’:ﬁﬁ-@b\ ZRICEDEFHOREMESSH. FLLEAD elements such as Uranium and Thorium in the cosmos.

o = - o8 = Understanding of nuclear reactions is, therefore, basis for safe
I:.: —Lk z % - go PAN ) )
EIEZIRD e SICBREIERT S HOHRER LS usage of nuclear energy as well as comprehending nature
@*ﬁﬁi@?fﬁb\i%

itself. In our laboratory, you can learn the whole process of
nuclear data evaluation from the nuclear fission to its

R ICHE B D fZRE applications.

BRHDODAAZZILIFERHLS 80 FR-ILRETHLRLICKE
BTN TULWEEA. VIVUNDREBTIEIRRT —2RE
LTWEY, ZC TR L COERRMIBEOHERFEN R FEE A Complete understanding of nuclear fission mechanism s a
AUVWTEDBIMAEDEBBICEIE L TVWET, ZRTSYTan big challenge even though more than eighty years have passed
SERER. RS FENZ. B - e since the discovery of nuclear fissions. Experimental fission

B P2 AR A B L\ TR B ooy  data exceptforuranium is still insufficient. We study this
N - : ) ’ mysterious phenomena by using various theories such as
AR EICEDEATVET,

multi-dimensional Langevin equation, antisymmetrized
molecular dynamics, relativistic or nonrelativistic density

SRERT—XDBERrEDIGHE functional theory, and so on.

BT — 2D OTREN TDEENL L ENDREF NI RT LK
MU BEEICH R BREZANB IO DHTAF ERRE
BRAHASOEFHEZEBRLTWEYT, £/, ZNSEEE We carry out research in combination of statistical method and
IHEE BT 3 BEMEETREE N2 O RRED S D B 22 715 514 nuclear reaction theory to quantify uncertainty of nuclear data

PEEGRDBERYDERDT-0 DS EIFICL BT and its effects on nuclear reactor systems. We apply this
HZICEBALTWET, method to estimate uncertainty of induced radioactivity for

decommissioning of nuclear power plants and to establish a
computation scheme of a new transmutation system for
long-lived radioisotope produced in nuclear power reactors.

Mechanism of nuclear fissions

High-precision nuclear data and its applications
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K1 EEGRAIREFRMOREIEDI-DDEHIFLA T ; Scientific 2 MRMNRRIGEEZB V20U RO EOERTE
Reports 7 : 13961 doi: 10.1038/541598-017-14319-7 (2017) & D¥x# Fig. 2 Simulation of 24U fission using a microscopic reaction model

Fig. 1 Core layout of the fast spectrum reactor for LLFP transmutation;
Reprinting of Scientific Reports 7 : 13961 doi: 10.1038/s41598-017-
14319-7 (2017).
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Fig. 1 A prototype of a two beam RFQ linear
accelerator.

Noriyosu HAYASHIZAKI, Professor

2 BHNERMTIROZTL 2 SH GRICFEHE

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).

&5 E \l .: > -
3 EFENEIRMFRIZTL 35K GBLFHR
FrEDHtRIRF)

Fig. 3 RIKEN accelerator driven compact neutron
source lI. (Joint development with RIKEN)



17

FRF T ERPI Nuclear Energy Division

s TR oF

TOERTIZARDFEINT TR

BROEBRIFTFHTISITICDOE, ML - BHRBLREFHF
BIEOERICAID, EFEE - BE - TRILF—9HEH
ARRE « ZVNIVBEDOREADHFHAERFEZITOTV S,
MRIFZIKICHIED, KEARFERETO IR FIFEL
HE BRESBREIRILF—DFIEEE3A. UTICTRTX
SHIBLVWAFDOTSXVEAIT. RAIAZERELTLS,.

[BFIZE] KBAETFROIUIEEER. FSATyFY
JORETOEITSIT

BRIEIZ] KRIRBARDIHDER - BMERT XX, CO2
BANROIODRBEARTSIV

(MBI ITZ] ARRFREBLEI -T2 T DD DIEFE T
2. ERRAZEILDIOHDERSHISIAY
[RFHIF] RFFELEERIIKPT—ITIXT
[(BWIE] BSEI D UBMBRX TSI

(ZREE] KBS FRLERO AN —-ZERERE T
[MZEFH] AIFEBEXHEIZRZ-TIXY

[EAIZ] k- -RERGHAZERELIEAIEEETSIV. %,

Extraction of essential processes

. §
S S Y
Level g = L 2 ]
Coq| Co| Aw T T T | Nas |
Level p ~ Y ¢ c
; c
Co| Cu| Ax ¢
L - Nay
Levelr =& v Equations to be solved
v numerically
Excitation kinetics || CasaoNas + Ca7 20Nor =
in plasmas (Ca025 + Capz7)Nag. etc.
e | i [N ||,
e Nz |
11000 T& and NB
! (M|
- ”.!I|Jll|ll|.

wa ™ 00 ET m
Wvebmgh faz]

1 FFHTIARORADHEEDS. RFEBRICEDSEFERE
Te, BFBE Ne ZRD B 77 EDBERR,
Fig. 1 A conceptual diagram of a method for obtaining electron

temperature T. and electron density Ne based on atomic
processes from OES measurement of non-equilibrium plasma.
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Fig.2 Comparison of electron temperature
obtained by the proposed OES

method with the conventional probe
method.
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Hiroshi AKATSUKA, Associate Professor
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Plasma Electronics —Atomic/Molecular Processes and
Spectroscopic Measurement
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Optical Emission Spectroscopic Measurement of
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 Si-thin film
deposition of photovoltaic devices, and for dry etching of
memory elements.
[Environmental engineering] Nitrogen/oxygen plasma for
research on the atmospheric environment, carbon dioxide
plasma for reuse or recycle of COz.
[Materials Engineering] Non-equilibrium plasma for anti-
reflective coating of optical elements, or nitrogen-containing
plasmas for surface nitriding of metals.
[Nuclear Engineering] Underwater arc plasma for
decommissioning of nuclear reactors.
[Mechanical Engineering] Combustion flame plasma of
automobile engine.
[Thermonuclear fusion] Low-temperature plasma as a
simulation of divertor.
[Astronautic engineering] Plasma thrusters for artificial
satellites.
[Medical Engineering] Atmospheric-pressure low-temperature
plasma aimed at hemostasis and dermatology applications,
etc.
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Fig. 3 A conceptual diagram of a methodology for obtaining the gas
temperature T, by fitting the emission spectroscopic measurement
result of the molecular spectrum as a function of the rotation
temperature T: according to the molecular spectroscopy theory.
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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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Nuclear Thermal Hydraulics and Decommissioning /
Fukushima Revitalizics Zero Carbon Energy Research
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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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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.
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Fig. 2 Image reconstruction of VVER fuel partial defects
by passive gamma-ray tomography
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Fundamental Coordination and Solution Chemistry of Actinides
and Related Elements for Advanced Nuclear Fuel Cycle
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Koichiro TAKAO, Associate Professor
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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 ug / 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 Nuclear Waste Glass

3 FERMZREHBRDT-D DS
MEEEY S XE L IFEIL
IREEATRERE .

Fig. 3 Development of wet
chemical method to
retrieve HLW from nuclear
waste glass for future
transmutation.
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Application of Strong Magnetic Field: Nuclear Fusion & SMES
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® 03-5734-3465

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.

Max: 6.454

Min : 0.0402

2 BUFLBRAICILE. EDRHDH
Fig. 2 Distribution of stress in a Virial-Limit coil.
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Pioneering future society with plasma and quantum beam

9 jhasegawa@zc.iir.titech.ac.jp
@ 03-5734-3070

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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Yoshihisa MATSUMOTO, Associate Professor @ 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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repair protein XRCC4. Bottom right: analysis of radiation response using original
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Fig. 1 SEM micrograph of silicon carbide

fiber-reinforced silicon carbide matrix
(SiCy/SiC) composites
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Development of Advanced Ceramic-Based
Composites with High Reliability

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 (CMCs) have been paid attention as
next-generation highly reliable heat-resistant materials. CMCs
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 studied (Fig. 1).

Development of High-Performance Porous Ceramics

Application of porous ceramics has been considered to be
effective to reduce environmental load and to save resources
and energy. We have uniquely proposed porous ceramics with
in-situ grain growth and grain orientation for the surface
functionalization (Fig. 2). We have been developing
high-performance porous ceramics based on microstructure
control in nano-, micro- and macro-scales. Furthermore,
porous ceramics for purifying radioactively contaminated
water and immobilizing radioactive nuclides have been
studied.

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.
In consideration of nuclear and fusion applications, novel
ceramics for accident tolerant fuels, high-performance neutron
absorbing ceramic pellets for fast reactors, and inert ceramic
matrix for the transmutation of long-lived fission products into
short-lived or stable nuclides in nuclear reactors or

accelerators, based on microstructure control, have been
studied.

d 2 ZOBRMERRILTAR (SIC) ZAEOHIEE
SEMEE

: Fig.2 SEM micrograph of porous silicon carbide
(SiC) ceramics with in-situ grain growth
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Investigation of nuclear fission mechanism and its applications Fig. 1 The figure shows a trajectory of
Nuclear fission of actinides is the most fundamental phenomenon for the nuclear energy system. }lggg:]ilo’}%“zt;‘;”oﬂﬂzced
However, there are still some open questions on fission mechanisms. Then we have developed potential surface obtained by
theoretical models to predict fission products as accurately as possible to improve nuclear fission Omuc:;glur-dimensional Langevin

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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Development of Functional Materials Based on Organic/Inorganic Hybrids

Hybridization of inorganic compounds involving radionuclides with organic compounds is a useful 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 with organic molecules is important for realization of a low-carbon society. We have developed
functional adsorbents, nanocarriers for radiation therapy, polymer solid electrolytes, self-healing materials in respond to external
environments by surface modification techniques.
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Novel Ceramic Materials Design, Synthesis and Processing Methods with Reduced Environmental Footprint

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.



RF T ERFI Nuclear Energy Division

py =H T

Tetsuo SAWADA, Assistant Professor

S tetsuo@zc.iirtitech.ac.jp 'S& 03-5734-3062

BMEHEEICELS3 « L1 EDORERRSG EDIFER .
AHRERDOBEMIE. RFICHRERICEEDZMER (authority) OBERZELLT. BEF D vs. BIREWL  E1 FERAS—0F : ®DELLS!
SHIEERDBI T, MEDEEFHREBIEINGHRNAESMAE LA TO—IE2FERTELIHDB, RIEOFT, RIEOREE!!

wEhFe Fig. 1 Advocacy Example: Kyoto Call
Socio-Scientific Issue (SSI) D41ER (RENMBZFITROER. HENEEORNEHNBER. “Let’s do it! With our hands,

MEABRCHBENZR. HHWEBEEZEORIE) OH LI, WEEICKOTTRARASI— (5585 DIEFIPF] our final disposal problem
WOBEE - 10F) (ICRET R LEBET classt!

Study of problem-solving methods after 3.11 Fukushima Daiichi NPP disaster through participatory dialogue

The purpose of this research is to seek an effective participatory dialogue to overcome the conflicting axis of nuclear power vs.
renewable energy and aim for coexistence and co-prosperity of both, with the aim of building authority related to nuclear power and
radiation.

Based on the four indicators of Socio-Scientific Issue (SSI) (cultivation of citizens having scientific knowledge, introspective
development of social responsibility, constant thinking and logical discussion, demonstrating critical thinking), we are conducting a
dialogue with the aim of increasing power and creating a sprout of collaboration. Through dialogue based on the four indicators of
Socio-Scientific Issue (SSI) (cultivation of citizens waiting for scientific knowledge, introspective development of social responsibility,
constant thinking and logical discussion, demonstrating critical thinking), we aim to reach advocacy which defends and represents the
rights and interests of the vulnerable people.
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Study of molecular mechanisms of genome stability in mammalian cells

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 high sensitivity, developmental failure and cancer development. We are

studying molecular mechanisms of radiation high sensitivity inherited diseases. Our goal is to elucidate the relationship between
disease and molecular mechanisms.
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Research and development of energy conversion and storage technology for building a sustainable society

In order to achieve a sustainable society, it is needed to accelerate integrated use of various energies. Installation of renewable energies
has been growing mainly in advanced countries. However, the rapid installation is starting to cause unbalance of energy demand and
supply, and it makes difficult for further integrated use of energies. We focus on energy conversion and storage technologies to solve the
problem. Especially, research and development of material conversions with carbon dioxide and thermochemical energy storage are
currently core topics in our laboratory.
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Development of Advanced Measurement Techniques for Nuclear Thermal
Hydraulics

We are developing new telemetry techniques of flow and chemical compositions in liquid and shape
and physical property of sediments using ultrasound, laser, robot related with the retrieval of fuel
debris in the decommissioning of Fukushima-Daiichi nuclear power plant.

Advancement of Numerical Simulation on Thermal Hydraulics - Source Term
Behavior

We are working on thermal-hydraulic analysis of glass melter. In addition, to improve the safety of
sodium-cooled fast reactor plants, we are working on an advanced radioactive material transfer
evaluation model that contributes to the development of an integrated simulation method for severe
accidents with significant core damage.
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Fig. 1 Development of Advanced
Measurement Techniques for
Nuclear Thermal Hydraulics
and Advancement of
Numerical Simulation on
Thermal Hydraulics - Source
Term Behavior
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Solve the important problems related to nuclear fuel cycle by chemistry and
engineering
Nuclear power is one of the most important energy source due to the less amount of CO2 emission.
However, some of the problems are still existed. To solve difficult problems such as actinide
separation and waste management, intensive studies are ongoing by chemistry and engineering. My
activity covers the development of extractants and adsorbents, characterization and application

studies. | actively use the external research facilities such as Photon Factory, SPring-8 and other
universities with many collaborators to access the advanced equipment.
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Fig. 1 XPS chamber of BL27A at
Photon Factory, High Energy
Accelerator Research
Organization (KEK)
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Design Study of CANDLE burn-up Reactors with Passive Safety

The CANDLE burn-up reactor is an innovative nuclear reactor with sustainability, safety, economy, and
proliferation resistance. This reactor features that the burning region moves autonomously like a
burning candle, and we are analyzing its characteristics. We are designing and analyzing various
reactors’ types to apply this burn-up strategy, including applications as a power source for space
exploration.
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Fig. 1 Conceptual diagram of the
small nuclear reactor system
for space exploration
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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/\wBUVTEICSBmaEE
excellent characteristics. However, there are problems such as a long charging time and a limited FEDIFR

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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