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The Laboratory for Zero-Carbon Energy (ZC), the Institute
of Innovative Research, Tokyo Institute of Technology (Tokyo
Tech) was established in June 2021.

Climate change caused by global warming is becoming
more apparent in our daily lives, such as rasing atmospheric
temperatures and more severe typhoons, and we believe
that the suppression of anthropogenic emissions of carbon
dioxide (CO2), the cause of global warming, is finally
necessary for the continued survival of humankind. ZC was
established to contribute to the creation of a low-carbon,
prosperous energy society in harmony with the Earth
through the development of carbon neutral (CN) technology
using Zero Carbon Energy (ZCE), which emits no CO.. ZC
consists of two divisions, Future Energy Division and Nuclear
Energy Division, and all the members will work together to
tackle the issues to be contributed to the society.

As we enter the 21st century, we have entered an era of
convenience and material and information abundance, but
in the short time that has passed, we have been at the mercy
of major changes in the environment surrounding people,
such as climate change and the spread of infectious
diseases. In addition, the global energy supply chain,
triggered by the conflict in Ukraine, has been stagnant and
energy prices continue to soar. It is time for humanity to
reaffirm the magnitude of nature and the powerlessness of
human society. We at ZC are rethinking our society’s
excessive dependence on fossil resources of the 20th
century, and are aiming for a shift to a carbon-neutral society
that is friendly to the global environment.

Primary energy is necessary to drive affluent social life. ZC
aims to reduce dependence on fossil energy as much as
possible and to utilize ZCE of renewable energy, nuclear
energy, biomass, and industrial waste heat as primary
energy. Since renewable energies are unstable, large-scale
energy storage technologies are necessary for their
widespread use. We are considering energy storage, thermal
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storage, energy carrier technology, and new energy network
systems as storage technologies. Although nuclear energy is
causing anxiety in society, we consider it as a valuable ZCE
and are developing safe and economical nuclear energy
systems utilizing small safety reactors, fusion reactors,
nuclear fuel cycle technology, etc. In addition, we are
researching medical application technology of radiation.

Humans have been using carbon since ancient times, and
it is hoped that we will continue to do so in the future.
Therefore, we aim to create a carbon-recycling industrial
system using ZCE that does not emit CO: into the
environment while allowing the use of carbon, and for this
purpose, we are working to develop CO2 capture, conversion
to resources, and recycling.

In order to accelerate the social implementation of
research, the Green Transformation Initiative (Tokyo Tech
GXI), a project of the Ministry of Education, Culture, Sports,
Science and Technology (MEXT), is being developed from
fiscal year 2022. The world’s first “Carbon-Circulating Green
Industrial System Demonstration and Research Facility,”
which will be completed in 2023, is the result of the
renovation of Tokyo Tech Ookayama North Laboratory
Building 3A, which began in fiscal year 2022, and the entire
institute is involved in CN research and development.

The CN research themes required are in unexplored areas
and cannot be accomplished by an individual or an
organization. It requires the cooperation and collaboration of
many people who agree with the theme. We would like to be
a focal point and help build a society that has hope for the
future in cooperation with many people in Japan and
abroad. We welcome your participation.

Tokyo Institute of Technology and Tokyo Medical and
Dental University will merge on October 1, 2024, to form
Institute of Science Tokyo (Science Tokyo). Although our
affiliation will change within the new university, we will
continue to pursue the same research policy. We look
forward to your continued support and guidance.
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The Laboratory for Zero-Carbon Energy (ZC) aims to contribute to the

realization of a carbon-neutral (CN) society by constructing carbon and material

recycling systems based on Zero Carbon Energy (ZCE), and researching and

developing technologies necessary for realization. Figure 1 shows the prospect of

zero carbonization of primary energy in Japan for realizing a CN society. It is

necessary to shift the energy supply side from fossil fuel dependence to ZCE such as

renewable energy (RNE) and nuclear energy. Figure 2 shows Japan’s path to achieving

carbon neutrality (2018 standard [1]). Electricity share is only 30% of the final energy

consumption on a calorific basis, and CN in the non-electricity field, which accounts for

70% of the final one, is quantitatively important. Ironmaking, which accounts for 15% of the

domestic carbon dioxide emission, and transportation, which accounts for about 25% of the

emission, are important target fields for CN conversion. ZC Lab aims to contribute to the

establishment of the CN industry and CN society by developing ZCE development including nuclear
power, energy storage and conversion, and carbon and material recycling technologies.

[1] METI, Energy White Paper of Japan in 2021
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Fig. 1 Prospects for zero carbonization of primary energy Fig. 2 Path to carbon neutrality for Japan (2018FY standard [1])

Research organization

ZC consists of Future Energy Division and Nuclear Energy Division as shown in Fig. 3. The headquarters of the Green
Transformation Initiative (Tokyo Tech GXI) is set up and operates GXI. In addition to conducting collaborative activities with the
Fukushima Reconstruction and Regeneration Research Unit and the TEPCO Collaborative Research Cluster, and we are preparing
to establish a collaborative advisory committee to maintain cooperation with society. In order to realize the CN society that the
institute aims for, each department and each research field are organically collaborating to promote research and development.

4' Advisory Board | Green Transformation
| | Initiative at Tokyo Tech
e —rr Tokyo Tech GXI
1. Energy network field 1. Advanced nuclear system field
zero emission/recycling energy innovative reactor, fusion reactor, thermal . .
system, energy economics/ hydraulics, fuel cycle, nuclear security F"'kUSh'!“a Reconst:‘uctlp nand
sociology 2. Life/medical radiation Regerllle;)atlon. Researc Uhn'tl’ TEPCO
2. Energy storage/conversion field utilization field S P S W
thermal storage, electricity accelerator, quantum beam, B Accident reactor decommissioning,
storage, biomass, energy carrier radiology, biological effects debris removal, contaminated water
3. Green transformation field 3. Advanced nuclear materials / countermeasures, solid waste
. . treatment, wide area
GXl researches chemical fields

. . . decontamination
metals, ceramics, functional materials

Fig. 3 Organization structure of ZC
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Green Transformation Initiative at Tokyo Tech (Tokyo Tech GXI)
http://www.gxi.iir.titech.ac.jp/

In order to realize Japan’s 2050 carbon neutrality (CN), green transformation (GX, changes in industrial and social
structures according to CN) is indispensable. The Green Transformation Initiative at Tokyo Tech (Tokyo Tech GXI) project
has started its activities based on the Ministry of Education, Culture, Sports, Science and Technology's mission
realization acceleration fund since 2022. GXI will promote GX research and strengthen startups to lead the realization of
CN society, and promote open innovation in collaboration with industry and society. In addition, we will act as an
international center for GX research and aim to contribute to the construction of a society that coexists with the global

environment.

Goal of Tokyo Tech GXI

Figure 1 shows the energy society vision that GXI
aims to achieve. First, zero carbon energy (ZCE) is
introduced as a primary energy source. Since
renewable energy depends on the weather, the

problem is that the output fluctuates greatly. On &

the other hand, there are fluctuations on the
demand side as well, so it is necessary to develop
electric storage (batteries) and heat storage
technologies for energy storage. Energy demand
sides need carbon compound materials in many
sector fields. The carbon dioxide emitted there is
recovered, converted to carbon compounds by
ZCE, and recycled for reuse, and at the same time,
energy carriers such as hydrogen and ammonia
are supplied to society. A sustainable CN society
will be established by simultaneously resource
material collecting, separation and regeneration.
GXI aims to contribute technologically to the
construction of a CN society.
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Fig. 1 Energy society vision as the goal of Tokyo Tech GXI

Open Innovation in Tokyo Tech GXI

Tokyo Tech GXI is headquartered at ZC and develops
open innovation research in the GX field in collaboration
with industry and society. Figure 2 shows the GXI
collaborative network. An industry-academic
collaboration committee has been set up within GXI to
carry out corporate consortium activities with about 40
energy-related companies. GXI organizes collaboration
with 400 energy research-related faculty members in
Tokyo Tech and the companies to promote
problem-solving open innovation research. In order to
implement GXI research results in society, we will
establish a core of venture company development to
support venture company startups. At the same time, in
order to accelerate GXI empirical research, we will set up
an experimental facility of GXI Ookayama Lab and
promote more laboratory activities in the future. Then,
we will form a GXI joint research center and promote the
social implementation of GX through open innovation.

We appreciate your guidance and support for the
realization of GX.
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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.

X2 £RERZFTERRBRICYERIREIL
Fig. 2 Metal-supported solid oxide electrolysis cell
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Fig. 4 Palladium alloy high-efficient hydrogen
permeation membrane
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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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Development of materials and technologies
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® 03-5734-3836

Solid materials for CO2 absorption and ion
conduction

To achieve carbon-neutrality (CN), new technology to separate
CO> with low energy consumption and low environmental load
is necessary for “hard-to-abate” industries. Maximal use of
renewable energy requires highly conductive, safe, and
light-weight materials for secondary batteries. Through the
developments of these novel materials, contributions to CN of
our world and evolution of industry are to be made.

New materials and systems for effective use of
thermal energy

Most of the primary energy is used as heat, and in other cases
it eventually becomes heat. Effective utilization of the
enormous amount of such heat is pursued through the
development of (i) innovative heat storage materials and (ii)
the development of novel energy system that integrates
forced-convection cooling and thermoelectric power
generation.

Wavelength-shortening materials for improving
the efficiency of light energy utilization

Efficient use of a large amount of solar energy is desired for
CN. However, in the current materials such as semiconductors,
the spectral portion on the longer wavelength side than a
certain wavelength cannot be used in principle. We are
challenging such unaddressed problem by developing
innovative wavelength-shortening materials based on a new
concept.

M1 MEEARNROIA—D
Fig. 1 Image of Research and Development Targeted
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Fig. 1 Location of Al atoms in zeolite

B EREIRZ 6
Elaboration of nanospace materials: enabler for
innovative resources recycling

Toshiyuki YOKOI, Professor
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A new class of zeolites with atomic-ordered
functions

Zeolites have attracted much attention because they
contribute to the solution of the issues of energy, resources
and environment, contributing to the establishment of a
sustainable society. The introduction of heteroatoms such as
Al, Ga, Fe, Sn, Ti, and etc. generates unique function derived
from heteroatoms. We are tackling the development of a
method for controlling the location of heteroatoms in
nanospace of zeolites, dramatically improving their functions.

Development of catalytic process toward carbon
neutrality in chemical industry

We are carrying out the development of a zeolite catalyst that
can selectively convert methanol to lower olefins, ethylene,
propylene. Methanol can be obtained through solar hydrogen
and carbon dioxide. The accomplishment of the whole process
will contribute to the development of “artificial
photosynthesis” to apply to the chemical industry.

Development of catalytic process for utilization of
carbon dioxide

We are focusing on the selective CO2 conversion into
renewable methanol through innovative heterogeneous
catalysts systems optimized for advances hydrogenation
technologies (microwave, plasma and magnetic induction).

o —,

3 EFRKE R ERIC LR
{LREREBERRRKENSDT ) —>

framework

2 (methanol to olefins: MTO &)

Fig.2 Conversion of methanol into lower
olefins over zeolite catalyst

X/ —IVERK

Fig. 3 Conversion of COz into renewable
methanol through innovative
heterogeneous catalysts systems
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Fig. 1 Metal-supported SOC structure

2 COo. BEABREE
Fig.2 CO: Electrolysis test apparatus

Hiroki TAKASU, Associate Professor
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Energy-related research for contributing to carbon

e takasu.h@zc.iir.titech.ac.jp
® 03-5734-2683

Advanced cell development for direct electrolysis
of carbon dioxide

To contribute to carbon neutrality, we are working on the
development of carbon dioxide (CO:) recycling technologies.
The laboratory is developing a next-generation solid oxide cell
(SOC) using metal support with the goal of “realizing efficient
direct electrolysis of CO2” as a key technology. The use of a
metal support is expected to enable the production of
low-cost, large-area cells with excellent mechanical strength
and resistance to thermal stress. On the other hand, the use of
a metal support means that the conventional SOC
manufacturing process cannot be applied, so individual
studies are required from the deposition of each layer to the
metal corrosion resistance process.

Development of metallic hydrogen separation
membrane for ultra-pure Hz production

Power to Gas, the use of surplus energy for material
production, is being considered worldwide. Hydrogen
production is a strong candidate and various production
methods are being considered, but a hydrogen separation
process is required to utilize hydrogen. This laboratory has
been developing a metallic hydrogen separation membrane,
which is expected to realize ultra-pure hydrogen separation in
a single-step separation process. For practical use, we are
developing a metal separation membrane with excellent
separation performance and long durability. In addition, the
use of metal separation membranes as membrane reactors to
promote hydrogen production reactions with hydrocarbons is
also being investigated.

3 HEETEKENBED SEM B
Fig. 3 SEM image of metallic Hz separation membrane
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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.
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Creation of superionic conductors and development of

e kanno@zc.iir.titech.ac.jp
@ 045-924-5401
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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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Fig. 2 Excellent output characteristics of all-solid-state

batteries using solid electrolytes
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To promote further renewable energy integration, some schemes to solve the
issues without reinforcement of T&D facilities. A microgrid is one of promising
solutions to relax the T&D constraints for further interconnection of variable
renewable generation. The increasing penetration of DERs such as distributed PV
and storage battery improves the resiliency of local microgrid with islanded
distribution system. Networked microgrids may bring significant benefit in
reducing the local outage damage. We efficiently make a stable and profitable
schedule of microgrids with PV and storage battery.

LPUIVRAR LEEBERGETIRILF—E

Hiroshi ASANO, Specially Appointed Professor
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Resilient networked microgrid systems
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Fig. 1 Networked Microgrid Configuration
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Energy system analysis for sector coupling technologies
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Takuya ODA, Specially Appointed Professor @ 03-5734-3429
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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 s / P T R

the future, which all electrified devices are systematically e e =

coordinated and optimized. G ¥ e ! e +
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Fig. 1 Energy Flow diagram
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Prediction of Future Energy Society ~ Significance of Upgrading
of Nuclear Fuel Cycle ~
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The nuclear fuel cycle consists of the front-end process including @%ﬁ BRFIF SFEE E&_IE
mining, refining, enrichment, and fuel production, and the back-end
process including spent fuel reprocessing, vitrification, and final ”E%ﬁ # @ C@‘ ’ [EI
disposal, centering on nuclear reactor§. By clarifyir)g the material P/ MATE .
balance between processes and setting appropriate operation Pu/MA

condition of each process, it is possible to quantitatively evaluate J"**J';‘E‘_

the entire nuclear fuel cycle. In this study, we construct a simulation

code for the nuclear fuel cycle and evaluate a number of future 1 B
scenarios, such as the use of MOX fuel, the introduction of LWR Fig. 1 Nuclear Fuel Cycle

multi-cycle, and the introduction of fast reactor cycle. Aiming at the
sustainable use of nuclear energy, we discuss the upgrading of the
nuclear fuel cycle based on back-end processes from the results of
scenario analysis.
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Outline

Regional Planning Guideline systems are developed by analyzing and
generalizing demonstrative practices of advanced cities and regions
and the systems are implemented and verified through regional
collaborative action research process among local governments, key
business sectors and other related stakeholders. Based on the
investigation of local characteristics, regional energy system, local
transportation systems as well as built environment transition
systems are interactively designed and shared in the decision making
process with quantitative evidences.

1 BREMEHA VTR T— I DA A=
Fig. 1 Infrastructure Network Image for Decarbonizing Regions
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Development of abatement system for semiconductor
N production exhaust gas
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Atsushi MORIHARA, Specially Appointed Professor @ 03-5734-4319

Outline

Semiconductor factories use perfluorocarbon and chlorine-based
gases, and most of them are exhausted in an unused state. We are
developing a system that decomposes and removes it using electric
plasma or a scrubber instead of burning fossil fuels.

Since global warming can be suppressed by not using fossil fuels, the
use of electricity for processing is increasing worldwide. In the future,
we will promote the development of even more energy-saving
methods that utilize hydrogen that is not derived from fossil fuels.

1 TIAYHBREEE 2 TIAKRK
Fig. 1 Plasma abatement system Fig.2 Fire of plasma
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Life extension of lithium-ion batteries

We develop lifetime diagnosis and life extension management of lithium ion
batteries that are produced worldwide for electric vehicle applications and can
be utilized as large-scale energy storage systems as social infrastructure.

Development of aqueous battery technology
We focus on safe, low-cost and material-abundant aqueous battery systems
such as zinc-air, and improve their performance by using operando analysis.

KREBNTREICRITT-E R R EDFIHEFEDRFH

Development of batteries for large-scale energy storage and

e arai.h.af@m.titech.ac.jp
@ 045-924-5406

X1 EtEaml
Fig. 1 Battery life diagnosis

K2 mEIRTEREM
Fig.2 Zinc-air battery
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DLC(Diamond-Like Carbon) D& L5
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Materials Processing Science Research Core

e ohtake.n.aa@m.titech.ac.jp
@ 045-924-5078

Wear track

+—+— Wear track

Continuous structured DLC film ~ Segment structured DLC film
after 3.11 m sliding under dry ~ after 9.05 m sliding under dry
condition condition

M1 HMEXREESE (EUXVHMEE) DLC RDRE

Fabrication and Application of Diamond-Like Carbon
DLC has excellent properties such as high hardness, low friction coefficient

17

and chemical stability, which are similar to diamond’s properties. We are
aiming for further promotion of DLC coating technology. (1) To develop
deposition method of abrasion resistant texture DLC film and B-C-N system
adamant film, then evaluate the mechanical or tribological properties. (2) To
design the surface that can protect mechanical parts even under severe
moving conditions where contamination such as dust is mixed in lubricating
oil. (3) To enhance the chemical resistance and biocompatibility of DLC by
adding third element other than C and H atom. By applying this technique,
we tried to develop the DLC coated medical devices which is required high
biocompatibility. (4) To develop a DLC based coating technique that can be
easily peeled off against any resin or adhesive.

c EOEGBEEICH LT ADOIT/OYF —ZHMMREBIERTIE

TIX MEEDRRICEREIN S,

C EOAVMEELOMRIE. RIARHBETTOR-ILA VTRV

RTHRETH B, EOEFABEDRIE 3.11m TREIRIEE - B
HLTLEDTVBDICH L. BT XV MEETIE 9.05m EEETH
EFEN R <HBBEBEIRT DO EEH,

Fig. 1 Fine surface structure (segment structured) DLC film
« The micron-ordered segment structure is clearly observed on

the surface of right figure.

« The effect of the segment structuring is remarkable in the ball on

disc test under dry conditions. The continuous structured DLC
has been completely peeled off and worn out at 3.11 m sliding
distance. On the other hand, wear track cannot be seen on the
surface of segment structured DLC even after 9.05 m sliding.
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Creating Circular Systems for Carbon and Nitrogen Utilization
with Energy Conversion Chemistry
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BRIEMRIE: - BRRILOBIZ Binn e
BUTOMAREREE Y SHRBREMIEEGRL. 14>, BF. K- Q g w logdt—2"
EEMEFIETHC LT BHRAMIBI- BRTILOBREREL TS, bl il
BREFEENRZHALICER - “BRILKFRET -

BAETET AL —2RALE BRI SHEEDRICLZER AN BDTY
E=TERARRISORIT P B A BETAOSAREEED TS, -

& &.
|
EFIL—EJICEZREFBRFIA
PR ORCE R B S — TR ER B AROE  AVETOERNTE BRI SRNAR

HE BRI BDORET Z1ToT LS, Figl Fig.2 .

K . . . Highly efficient ) Electrol_y5|s with electrochemical
Developing highly efficient fuel cell and electrolytic cell proton-conducting fuel cell promotion effect
Highly efficient fuel cell and electrolytic cell are developed by synthesizing novel electrolyte materials oo “Faguearar

with high proton conductivity and controlling ion, electron, and hall conductions.
Reduction reactions of nitrogen and carbon dioxide with electrochemical
promotion effect
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 , “‘%’EF%UWU“JL—:E‘ .
Carbon dioxide activation and its effective utilization are investigated using the chemical loop method 13 PoRiER e

. . . . Fig. 3 Chemical looping for circular
with redox reaction of carrier particles. use of carbon dioxide
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Research on comprehensive productive efficiency analysis
considering environmental factors
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Mika GOTO, Professor @ 03-3454-8743

*EEE Holiatic Asseiimant of Technical, Productive, and EnviFgnmen tal

Efficiency of Decision-making Unfes for Sustainable Sockety
BSTREAHRICATT. EEDRECHEOEAICNZ. SIBEHNHECEENSE
BADAANEBIAoTETVET, BEEHICHEVTE. ESC REICHET 30 / . _
BEROBMTIROSNBESIASTEE LI, TOLSBH, @EPHEOEEY | foow {2 0™ -me '

LHDOFEERICEVWTIE. IRABR. £EYDSRIELEMRACPERR/IMEIC . _mmm’::fm:;:::' P
BT BIERDEENS EENREDOARRI S REER G EFHTARERERD AN, « Cultrsl riiurce|  (utpi 1 Wama dhchorges
HEn - SENAERIIBITLTKBELHDET, AAEXETIE. BEOHIF - < \ - Econametrics, Mathamatial Progeamming
VOB R ZNRIC EEM. EEDREOTEOTICE VT, BREFRCPXLEIR.
IFETFLBRBERABREZERDANTERIZODFE%Z. FERFECHIETTIL H1 SensEsnssroms

DISAICEDIRE TR L eBIC. BT —RERVWVEERIESNNSHMELTUVED Fig. 1 Conlcept of Comprehensive Productive Efficiency
Analysis
Outline

Toward a sustainable society, climate change countermeasures and environmental problem-solving perspectives are becoming
increasingly important along with economic efficiency and growth perspectives. In corporate management, disclosure of non-financial
information related to ESG investment has been encouraged in recent years. Under such circumstances, it is necessary to shift from the
conventional productivity and productive efficiency evaluation system, which relies on output maximization and cost minimization
consisting of input factors and outputs, to a comprehensive and inclusive system that incorporates new factors such as environmental
factors. This laboratory is proposing methods to incorporate natural and cultural resources and various environmental factors in the
evaluation and analysis of productivity and productive efficiency for companies, regions, macro-economies, etc., by applying
econometrics and mathematical models, and is conducting research through empirical analysis using various types of data.
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Understanding and application of the cell system based on
energy and biosynthesis

B Hi = © tanaka.k.bu@m.titech.ac.jp

4 Kan TANAKA, Professor @ 045-924-5274

HENEEE  LICHREE DERIER
LTOEMZMIBN SHOI>THO. M2 2T LOERNFBHFEORBIFEDNFICHBLLBETT, MR XTLOERICIE
HEMPTRICRRINBERTRILF - DEBRABD. TNUCKASNIESRICEOMEIEREL. I5ICMiBIFEN TN THEA
HIEAMEC DET, YMRETIR. ERTIRILF—2ERLLLINSORTOELIDEDLSICHE TN, ESTMIBLXTLEBEL
TLBHORREEHTVET, T5IC. ENORBEOEBTREFEICELLTHD. EI/HMBAS AT LN EDLSBEBICEDLSIC
SHLLTWBMICOVWTOERZED TOET. HEMMENICH T B - BESEODIENER. TTHSORENATIREE
DI CIEEDBIFH BTG TY,

Proliferation
Basic architect of photosynthetic cells hv co, i':'_ﬁf"_‘az
All living things are made up of cells, and elucidation of the basic operating principle of the cell LY - A 1
system is a common goal in life science. At the foundation of the cell system is a bioenergy :‘"""1"6”““ . e
acquisition system represented by photosynthesis and respiration, and cells grow by E S J
biosynthesis supported by it, and cells are further replicated to cause cell proliferation. In our pr E " @
laboratory, we are conducting research on how these bioenergy-based processes are integrated E l.
to build a living cell system. In addition, the actual habitat of living organisms is constantly
changing, and we are considering how living cellular systems cope with such fluctuations. ~ *#" *— » oi
Comprehensive understanding of cell control and environmental response in photosynthetic 1 HARMEEOEAERE
microorganisms and application for algal biomass production are specific research examples. Fig. 1 Basic architect of photosynthetic cells
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Low temperature ammonia synthesis
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Michikazu HARA, Professor @ 045-924-5311

BEB7VEZTER
150 °CIA T T NHs FEEUNER (3 MPa DAINET 80% M _ED NH: [N X 1) #5ERK T DH L L\ ikR A Haber-Bosch 27Ot X &R L.
CO: 7V —IXILF—ICLD NH: BERHERETZIEICE-T CO BHEHESE 2~3% LU EHIRT 3.

NHs 83&%#—3F (2385 Haber-Bosch (HB) EIE. NHs: INFERDME L% 100 EFROBELLTWS, COTOEITHEOLN TSR ED
BEEEIL 400 CUEDERTHB7-H. HEAMET NH: NRZZFHBICIFRIGREMELRITNIZERSRV, EoT. BIFHRAE
HEHATIRD. BE BEOHIFICKEIRIRILF—FIRALILELTH. NHs UKL 30 ~ 40% (BFAV (K1), FIZIE. HB &
THEHRAE%R 450°C. 5MPa THEELBAE. A NH: IXEX 17% THD. 0.86 MPa tHH D NHs LhESNAEL. LHL.
100 °CTEEUINZE (1 MPa T 93%) #ZERI3aENHNIE. 1 MPa OAIET 0.94 MPa @ NHs »185Nn3 (K1), Els. 450°C. 5
MPa TOBRBICIRA LTI RILF—% 7T0~80% HIELTH. EHFEULD NH: #EIETES, T1d 150 °CLLT T NHs FHINER%EE
B CEBAEN HB SEDNREZRIBNICE DR ZEET S, LH L. REFD HBETI 150 °CIA T CEEN T 2 Al SFELE L,
CDESHBEEDHR., YHYIL—T1F 150 °CLLTFT NH: FEUINREER T3 LV EkRE i

& Haber-Bosch ;27O X =R T 3, ]

Low temperature ammonia synthesis

Conventional ammonia production based on the Haber-Bosch (HB) process using
hydrogen derived from natural gas and coal is currently required to reduce the large
global CO2 emissions. Any catalyst that can allow the operating temperature to be
decreased below 100-150 °C would reduce the energy consumed for the HB process by
70 to 80%. While we have also discovered a unique Ru-based heterogeneous catalyst to
synthesize ammonia from Hz and N2, even below 100 °C, we have again focused on iron
used as the reaction sites since the beginning of the HB process. Iron has been regarded 1 ——————r ,

as a classical transition metal that is inferior to other transition metals for ammonia oo E;??;E ;‘2‘;‘ 0

synthesis. However, iron is suitable for low temperature ammonia synthesis. The use of 1 HB2ORSEEY NHs IREOREIE
ubiquitous, abundant, and inexpensive iron is also a significant advantage with respect to Fig. 1 Correlation of ammonia yield with temperature
the environment and economy.

AERMEEN

NH, 23 (%)
=

RuwCaFH[1 MPa)
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Development of Damage Monitoring System and Integrity Assurance
Method for Hydrogen Storage Composite Pressure Vessels

B 7](@ %3_& e mizutani.y.aa@m.titech.ac.jp
Yoshihiro MIZUTANI, Professor @ 03-5734-3195
KERRESENBROBEERSRT L o

MEENEBEOE RERETDOHIC. KRITBESENBEDIEGE
REZTLOMEZLTVET, MEEBBBELKRIT -3 AITO
KEFTEBRROEMBILL. BREEMTOTOETEVVIZILZTREL
TBREM T,

BEEENBROBIEERETILOEE jﬁ:—::"“‘
SEENEROBERR. TE. REGEBEOESOS. REBESH e
SRBOWIBREREZAEIDIETILERFELTVEY, COETILHERET filling
30, BABREICISL TARORREBYICRETESL5ICHD T, i ) -

1 EEERIIATLERVCAKNE B ERKRITEASRORSY

Development of Damage Monitoring System for Hydrogen RS2 T Ly

Storage Composite Pressure Vessels Fig. 1 Integrity Assurance System for Hydrqgeq Storage Containers for
To promote the widespread use of fuel cell vehicles, we are developing a Fuel Cell Vehicles Using Damage Monitoring System

damage monitoring system for hydrogen storage composite pressure vessel. This technology will make it possible to lower the cost of
hydrogen storage vessels for fuel cell vehicles and hydrogen stations and to use the vessels until they are at the end of their useful life.

Failure Probability Modeling for Composite Pressure Vessels

To calculate the probability of vessel rapture based on the stacking sequence, dimensions, carbon fiber strength variation, and filling
pressure history of composite pressure vessels, we are developing a probabilistic model. Once this model is developed, it will be
possible to set the vessel's safety factor appropriately according to the operating environment.

—y (i

Automobile User
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Thermal device, Instrumentation of thermophysical properties,
Thermal analysis & simulation

B :’r';:k“l .;-5'.; @ morikawa.j.aa@m.titech.ac.jp

Junko MORIKAWA, Professor ® 03-5734-2497

BE
BCRET B5HE - BITRATIE. BECH IS —BROBANS. BEVWVSBTEESZEL
TWET, BHTH BT 2EEX L OME - 7O XROARIE IR T EZTIRILNT VX TA—
X=2a i EEBESIXIF—GIFBEEZ I ZERFMELT. S6LIREEZROSNTVE
Fo FATCBEDWHETIL—TTlE. BWPIBIRK DY IR (Thermal Science) DIFEE%. RZFHD
BTNAR -« SHARMZEE LI RE VT4 TA IR EDRMERESHTIMET B LT, Kitt
RHLOBERICAIT . RIEBPHF IR —FREOFEIC. BLVESTHEELTWET,
cHTRILF—SRTLDIVOGENCHE - BiZh - BE - SHEACOBYEIEE LT BE -y
BIEERMEIRET 21TV, BRFDI)—> « 1 /R—2avADIGHEZERELET, AT

o BB LR A BRI 3 IE A Y LTERMER Y L CEERMOERICHEMLTVET, |
Outline #‘

Thermal technology has become increasingly important in a wide range of fields from the
perspective of the environment and new energy development. In particular, the development of
materials and processes with thermal functions is required to make further progress as a
fundamental technology to support the effective use of energy in an accelerating digital
transformation society. Our research group accelerates the exploration of the science of Fie. 1 Heat transf trolled by using th
thermophysical phenomena (Thermal Science), including the fusion of thermal design "~ 52 i 000 0 X entation
informatics with the latest thermal device and measurement technologies, to meet the (Reproduced with permission from
challenges of environmental and new energy development from a broad perspective for the ACS)

construction of a next-generation society.

The aim of this project is to develop new thermophysical properties such as heat transfer, heat dissipation, thermal insulation, heat
storage and radiation in new energy systems, and to apply them to the latest green innovations by using precision measurement
methods and material design.

The new thermal analysis techniques we have developed are contributing to the foundation of industrial technology as international
standards for measurement methods.

1 HFERAEFECAEESIE (ACS &b
SR Z1S TIBHE)
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Design and development of energy materials and devices

e, u_”:' ;ﬁy& e yamaguchi.t.al@m.titech.ac.jp

Takeo YAMAGUCHI, Professor @ 045-924-5254

MR EME SUKERICHTIMBE LV ATLDRET « FR

HIRILRIE. Tx)L¥— - ERSHEAL CHERIEOMBORRICIE. HLOMHNELUT NI ZROBRIBERATRTY, KE
RELVMBIBHRLOIRLE—ME - TAZEBERELTVET, BRABSICBRILEME. S5ICTNS2RIFLEBEEAE
LT BFLSHREFTERIFTER. RREGHHOTHZRELT. KBRS LUTNI2ERE - BELET

Design and development of fuel cell and water
electrolysis materials and systems

The renewable energy can be converted into hydrogen or
hydrogen carriers by water electrolysis, and stored and
transported, and used as electricity by fuel cells or
hydrogen turbines at the required time and place. Water
electrolysis using anion exchange membranes can
efficiently produce hydrogen without using precious
metals, and development of highly durable anion exchange
membranes are key to achieve the technology. For polymer
electrolyte fuel cells, high temperature and low humidity
operation is required, and the electrolyte membrane Yy
development is important. We are developing those new
membranes, electro-catalysts, membrane-electrode
assemblies, and the design strategies. 1 SFLALDSBREESSUBSSME. BEESAHE. 712
T5IC. FREBIREHRADRCIRILE—MEL - 7/ 2l
Fig.1 Energy material and device technologies that connect from

molecular level to electrolyte membranes and electrocatalysts,
membrane electrode assemblies, devices, and a sustainable society
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Compound Thin-Film Solar Cells for a Sustainable Society

e, |J_|E Hﬂ 9 yamada.a.ac@m.titech.ac.jp

Akira YAMADA, Professor ® 03-5734-2698

Cu(In,Ga)(S,Se): (L EWIERR ARG B DR

B e Rt ERIFITZ72H(1C1F. CO: HIHEZMR 20 ) -2 BRIRILEF—FEHIRE

CENTUVET, Cu(ln,Ga)(S,Se). (CIGSSe) IFFcDTUUGEE A BV, 1uym ZEDE

BICBEWTHARBHAZTDICRINLTHERETEZIECHAETY, COHEIRNIKBGE

MTHZBEEHIT, BE - TLFITIVEEZE T 2AGEMOIERDTIEETH D, BHE O/
REBREDZHAEERIPBPFINTVEY, AARETIE. D CIGSSe FEARGEM

ERBFREADH D VEHILRICK DR, ZHRMRALZBIELIEAEEZEHTVET,

Development of Cu(In,Ga)(S,Se): thin-fim solar cells

For pursuing a sustainable society, clean energy sources with low CO2 emissions are
required. Cu(In,Ga)(S,Se): (CIGSSe) has a high absorption coefficient, and it can absorb
sunlight with a thickness of about 1um. The property makes it possible to fabricate
low-cost, lightweight, and flexible solar cells, which opens new applications of solar cells
to vehicle-integrated photovoltaics and photovoltaics for curved surface. In our group, we
are developing CIGSSe solar cells by co-evaporation and sulfurization methods, aiming to
improve the conversion efficiency. 1 Cu(inGa)Se: KBt

Fig. 1 Cu(In,Ga)Se:z solar cells
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Development of new electrocatalytic system for efficient
chemical production

wiz LI —BR © yamanaka.i.aa@m.titech.ac.jp

Ichiro YAMANAKA, Professor O 03-5734-2144

CO: TAHBERRICTE M S BARARFA R
CO: HIiFZBIELT. BiESFRERLILZMA: CO OSABRICEE 2 BEAIEORR L RISHBORAZMELTOET,

KEZETDSDFBEALK R DER S RRARIRE R DR CHIEAER
BEAAROWEICUNBR IR F—OAREIHEBIELT. KEERNSEREOMBHRILKEEERITELEREHROHHELE
RS EFIBIC DOV TIIEL TV E T,

Development of active catalyst for the gas phase electrolysis Odar O
For reduction of CO2 emission, development of active | I . — ! |
electrocatalyst and study of reaction mechanism for J e\
reduction of CO2 in the gas phase using the
solid-polymer-electrolyte electrolysis cell are done. 0, mdi_, 02
c: = HEl e onised
Development of electrocatalytic system and e a0 T
study of reaction mechanism for synthesis of H:0:3q.
. . Ir/KB Anode
pure hydrogen peroxide form water and air. CoTPP/KB(1023K)
For large reduction of energy consumption for hydrogen (I — Ei Rofence Nafion-H | ||l 3 Reference
peroxide production, development of electrocatalytic (haingC osmmsorm| MO
system for direct synthesis of pure hydrogen peroxide . _ “ o s N
solutions from water and air, and study of reaction 1 COn SRR ) 2 *tlﬁb\b@@@{tminfﬁ
Fig. 1 CO: gas electroreduction Fig. 2 Hydrogen peroxide production

mechanism are done.

form water and air
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Atmospheric plasma engineering for surface treatment,
elemental analysis and environmental purification

was HE RIE © okino.a.aa@m titech.ac.jp

Akitoshi OKINO, Associate Professor ® 045-924-5688

HLLASETSAVEEDRHE
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RENE - TRD - BRFMEADIGA m,w =

ﬂ?l//ﬁvﬁﬂlm77z?
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HEBZAVT, #ERERLREOMEERELIE. B—lRACOTRED . BRELRY
DILABMEZITOTVET,

Development of brand new atmospheric plasma sources
In Okino lab., we have developed brand new plasma devices with various discharge methods ™ 202N IE 177
from below zero to several thousand degrees Celsius, from 100 microns to 1 meter and are
evaluating their basic characteristics.

WEAREM ZFETRIT

Applications for surface treatment, elemental analysis and environmental
purification

Using plasma devices with plasma generation methods, plasma-producing gases, plasma BATIXTENLENZHMEATL  RIDT X7 AR
temperatures and plasma shapes suitable for each application, we are conducting applied

research on surface treatment to improve adhesion strength, elemental analysis in single
cells, environmental purification, etc.

1 BRLRABARIETSIAVER
Fig. 1 Various atmospheric plasma sources
developed
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Challenges to the next generation carbon neutral cycle
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NIXNF—ZFE>TERBILEMEAZRT S, FlABIRIILF—ERLEDN
COx ZHBEICDWTHFZEL TV E T,

Advanced CO: capture process

The establishment of high efficiency CO2 capture system is a crucial challenge
toward the future sustainable zero-carbon society. We explore the advanced
low-cost CO: capture processes based on the new class of functional materials,
such as the core-shell type nanoparticle clusters and molten ionic oxides.

Low energy cost electrochemical COz conversion

The utilization of CO2 as a new carbon source plays an important role in the future
low-carbon energy systems. We perform the researches on the advanced
low-energy electrochemical CO2 conversion processes to produce useful chemical
materials by the sustainable and atomic energies.

Electricity, Heal, Kinatic Energy
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Mext generation Carbon Meutral Cycle

1 RO —RYZa— ST IILOBERR

Fig. 1 Schematic illustration of next generation carbon
neutral cycle
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FEARBERB AT B REE (semiconductor-sensitized thermal
cell, STC) 1F. ¥EEXRRNOAMEEFTICLIDERE 14> DEELE
TTREZTVWENZES. FILLWAIRILF-ZHREMN T, RiE
BETLLEFREEICENETIECRENRTLETH. R1yFEHD.
AMDOFHABITIZ LT, BERENABRLADET (LFEHE
Acc. Mater. Surf. Res. 2020, Vol.5 No.3, 60-67.), F 4 & Z @ STC
DEFBREEZEL. TOHN—RUVIXILF—HEORRFICEMLT
WEET,

Semiconductor-sensitized thermal cell

A semiconductor-sensitized thermal cell (STC) is a new thermal
energy conversion technology that uses thermally excited charges
in a semiconductor to generate electricity through a redox reaction
of electrolyte ions. The discharge is terminated when chemical
equilibrium is reached at the installation temperature, but can be

1 STCERAR
Fig. 1 Schematic image of STC

FLVAT L ¥ — T | LU R AT AR

Get the electricity directly from heat: Semiconductor-sensitized

e matsushita.s.ab@m.titech.ac.jp
® 045-924-5163
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Fig.2 Sheet-type STCs

switched off to another equilibrium to discharge again (published review: Acc. Mater. Surf. Res. 2020, Vol. 5 No. 3, 60-67). We will
contribute to the realization of a zero-carbon energy society through the establishment of this STC theory.



RF T EBPI Nuclear Energy Division

zz VR ]

T —FN—YEESERFEZHR

A—R2Za—brIIHRORBICIIRETREEMREDD R
WEHFNLRFIFOREIBERTRNTH S, COHRRTIE
R P BB R BB T RAVIPHETT
ZREL L. BRZEMICHATE BEYOREEH DR
MOBVWRELMEZEIZED27—BOT)—RN—VEFE
FORFREZED TS,

BERFHREFRLEEROBERALZSE

BEE—RFHREFOELBEIILL2IITONZLEND
D BT TVDOEMDH LB T TUDBRR LB 5B VK
SICERZTOILIIREARTH B, CORRETIZRAET T
MMERPERRA BB 2L 2R e —FHMDRELT:
BB DONRRMORFEZIToTLS,

ERKESFERIFFEOTEL

REE—RFAREFATORETTDED H LIRS
BiR. BUEISETORAFTHAHROLRENREZRTTS
e®ICIE FRABER TR ZITOILEDL H S, A
RTIE ERBIRDEHETH oADK HES

TULBIFRRDERKFOBFIERITFAORFEZToTV S,

Day 0 (BOC)

o [
A [ow] A o]

1 EERBRES vy T T — RN—V RIS RIFOIF R 1516
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
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K2 KACTITUDET LI ESORMBEEROEL
Fig. 2 Change of effective multiplication factor

during sedimentation of pieces of fuel debris
in water
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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
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Utilization of metallurgy for safety, reliability and
sustainability of nuclear systems
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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 Small and medium scale Light Water Reactor with Enhanced Safety
Non-proliferation features
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application for nuclear fuel partial
defects detection
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Hiroshi SAGARA, Professor
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Fig. 3 Passive Gamma Tomography and its
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Pursuing Safe, Secure, and Resilient Nuclear Energy

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

Innovative Nuclear Energy System Consisting with
Intensive Safety and Security and Waste
Minimization

The utilization of innovative nuclear reactors and small
modular reactors enable its multiple purpose utilization and
enhance its flexibility responding to variable social demands.
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. Small
modular light water reactors loading silicide fuel, one of the
candidates of accident tolerant fuel, and sodium-cooled fast
reactors with passive safety shutdown device have been
investigated for enhancing safety and security by their design,
as well as minimizing the burden of high-level waste by
utilization of its principal component minor actinides.

Nuclear Non-proliferation Science & Technology

Nuclear non-proliferation science and technologies R&D are
being performed to detect the diversion of nuclear material
and its illegal transfer. Non-destructive assay technologies
have been investigated; simple but accurate passive
gamma/neutron tomography technology for the defects of
nuclear fuel, passive neutron coincident counting methods or
gamma spectroscopy of high-energy low-volatile fission
products for quantifying the nuclear material of advanced fuel
or fuel debris, and nuclear material detection methods by
photo-fission reactions with high energy photon beam
injection to interrogate heavily shielded nuclear material.
These technologies contribute to early detect the illegal
transferred nuclear fuels, and flexible nuclear energy
utilization by security enhancement.
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Fig. 2 Sodium-cooled Fast Reactor with Passive Safety Shutdown Device
for Enhancing Inherent Safety
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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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Guarding DNA from Radiation: Molecular Biology and

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

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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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 SEM micrograph of silicon carbide fiber-reinforced
silicon carbide matrix (SiCi/SiC) composites

Katsumi YOSHIDA, Professor
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Development of high-performance severe environment
resistant ceramics
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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.
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Fig.2 SEM micrograph of porous silicon carbide
(SiC) ceramics with in-situ grain growth
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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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Fig. 1 Aconceptual diagram of a method for obtaining electron
temperature Te and electron density Ne based on atomic
processes from OES measurement of non-equilibrium plasma.
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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).

Normalized emissivity [arb. unit]

()
Druyvesteynian
Fitting
0.1
300 350 400 450

Wavelength [nm)

3 ERERSARITAKERFE IS0, EHART ML
BRI VTV IICEDETRE - BEAL

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
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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.

RF5H
BRENTHF

INEEZ I —IEFIFE

ﬂ?#'mlﬂ{t: BRFNBEHR

R - £ - {£F - EM.
E ORI

- BURTEEN I iMELREE R

- A TORBHMAT A
s S ARX S TEANITOS
- EFLAHR &

o £

FATORE

EFHEEHER

[ TLET e

HAERRID
RRWEAR

IR - ERFEOH—R>
IRILF—TAR

- EREEHR SRS IR R R
- IK [ENF] ORE
- RSZAFvLSHR

AR =FISALM

EObh—m>ELw SaEg

F .‘-'Jﬁﬂ I!F.HD Mo b

e

F=LUMOM

B W HJ.D]FI?JI.-‘-F SO

CIalRs )!*1‘_"_/*_*

K1 BEFARREBEEF - ERZEOH—RYIRILF—HEOHE
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development in EX-Fusion Liquid Metal Collaborative Research Cluster
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Development of high-performance liquid-alloy
coolants

Various high-performance liquid-alloy coolants (Pb, Pb-Bi, Li,
LiPb, 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. 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. Materials compatibility was
improved by chemical control of non-metal impurities in liquid
metals.

Liquid metal breeder blanket systems for energy
conversion in fusion reactors

Laser commercial fusion reactors are being developed in the
EX-Fusion Liquid Metal Collaborative Research Cluster (Fig. 1).
Liquid LiPb breeder blanket systems of laser fusion reactors
are designed to achieve energy conversion and tritium fuel
breeding with high efficiency.

Interdisciplinary researches by innovative liquid
metal technologies

Interdisciplinary researches are being performed by the
collaboration with various scientists in the world. Innovative
concrete materials, concave metal mirrors for astronomy and
liquid metal direct contact type seawater desalination method
(Fig. 2) have been developed based on liquid metal
technologies.
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Fig.2 Seawater desalination with Liquid metal technology
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Fig. 1 One-dimensional uranyl nitrate coordination polymer bearing double-
headed 2-pyrrolidone derivative developed for NUMAP reprocessing.
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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 : 0.0s02
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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.

Jun HASEGAWA, Associate Professor

T353R « EFE—LEFTERRLSZHR<

Pioneering future society with plasma and quantum beam

e 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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Development of Next-Generation Secondary
Batteries

Rechargeable secondary batteries play an important and
indispensable role in our daily lives. Currently, liquid-based
lithium-ion batteries are mainly used. From the standpoint of
safety, performance, and recycling, the development of better
rechargeable batteries is required. We are working to develop
new water-based lithium-ion and non-lithium-ion batteries to
develop safe-use materials. Our proposed high-performance,
environmentally friendly, and low-cost batteries are intended
to replace liquid LIBs.

Development of Electronic Materials

Electronic materials are all around us and enrich our lives.
Energy is one of the key issues in operating electronic devices,
and since this energy is generated from limited resources, it is
very important to make electronic devices more energy
efficient. Our research is focused on making these devices
more energy-efficient and high-performance. From the
viewpoint of materials science, we are seeking novel physical
properties that have never existed before and developing
unexplored materials.
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Fig. 1 Focused materials and processes
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Development of a Renewable Energy Symbiotic SMR with a
Load Follow Function
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Outline Fig. 1 Reactor Concept of GX BWR

The purpose of this study is development of new GX BWR (Load-following and Long
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 (Fig. 1).

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 made a joint presentation with French nuclear power company 2 ﬁﬁ[’%"ﬁg 2023 UY)) TILEY
NUVIA at the World Nuclear Energy Exhibition (WNE2023) to be held in Paris in 2023 (Fig. 2). Flg.2 E;iissentatlon atthe WNE2023 held at
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Multiscale modelling of catastrophic material interaction
during severe accident of nuclear reactor
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Modelling of materials interaction leading to “catastrophic degradation” (liquefaction
of reactor core, its relocation and fuel debris formation) in the beyond design-basis ey
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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Fig.1 Multiscale modelling concept of materials
interaction during severe accident
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My research focuses on the stable solidification of Advanced Liquid Processing System Fig. 1 Nuclear waste solidification method

(ALPS) sediment wastes, crucial for the safe decommissioning of the Fukushima Daiichi

nuclear power plant. We are developing a novel processing technique using phosphate ceramics, known for their high radiation
resistance and durability, combined with cold sintering, a low-temperature process (Fig. 1). This approach promises efficient
immobilization of radioactive elements, minimizing environmental risks while reducing energy consumption and processing
time.

In addition to cold sintering, we are pioneering other innovative ceramic processing techniques that emphasize low
environmental impact and minimal carbon dioxide emissions. Utilizing rapid non-equilibrium processes driven by highly
exothermic chemical reactions and electromagnetic field assistance, we are advancing next-generation methods for the
synthesis and sintering of novel materials. These include nanocarbons, MAX and MAB phases, and high-temperature
semiconductors, among others.
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Development of ion linear accelerator e

We study about particle accelerator. Particle accelerator
accelerates charged particle (ion, electron, etc.) by
electromagnetic field. Typical applications of a particle
accelerator include radiation therapy equipment and
radioisotope production systems for nuclear medicine. Our
research focuses on ion source, radiofrequency quadrupole
(RFQ) linear accelerator, and drift tube linear accelerator, which
are applied to an injector for heavy ion cancer therapy and
boron neutron capture therapy (BNCT) system. We have
currently developed a new linear accelerator that incorporates

the accelerating structures of the RFQ linear accelerator and the 44 LRFO )
DT linear accelerator in a single cavity to accelerate ion beams Z vt RBEAREA| | FTAM OTLINER)
to several MeV (about 10% of the speed of light) with high 1 TE211 RS AIIERIEEEERY =7 vy

efficiency. Fig. 1 TE211-mode single hybrid cavity linear accelerator
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Investigation of nuclear fission mechanism and its applications %%,;:?,* : \, “;Jﬁ;‘;w
gt

Nuclear fission of actinides is the most fundamental phenomenon for the nuclear

energy system. However, there are still some open questions on fission mechanisms. 1 Hi&4 mr_ﬁw):u\“l‘/*%ﬂ?_}ﬁ L}‘C??r%h%: U235
Then we have developed theoretical models to predict fission products as accurately O?J%ﬂfp'&?)\gﬁ&ﬁycmﬁ’ > VB LRSS
as possible to improve nuclear fission data. We also apply our results to the EREOT

. A : Fig. 1 The figure shows a trajectory of thermal-neutron-
uncertainty study on nuclear decommissioning and nuclear transmutations, and the induced fissions of U235 on the potential surface

astronomical study because nuclear fission occurs in astronomical objects. 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 amem . Mmsde 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 AU BRI > — OB
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 Microscopic image of polymer-
materials in respond to external environments by surface modification techniques. grafted inorganic nanosheets.
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Thermogalvanic conversion integrated into forced convection cooling

Cooling is necessary for efficient operation of electronic devices and heat engines and
for preventing thermal damage, but exergy is dissipated significantly in this process. In
this research, a part of exergy loss is recovered as electric power along with cooling.

Photon upconversion (UC) using intermolecular energy transfer

Photons with energies below the band gap are not available in photocatalysts or solar
cells. UC converts these into available high-energy photons.
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Fig. 1 Research Schematic
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Study of molecular mechanisms of genome stability in mammalian cells ;---"',’umems -,"‘/ g “ Neual disease

Genome stability is maintained by many molecular mechanisms such as DNA repair, cell it ‘:@ i g

cycle checkpoint, centrosome maintenance and apoptosis. Defect of these mechanisms n i

cause radiation high sensitivity, developmental failure and cancer development. We are

studying molecular mechanisms of radiation high sensitivity inherited diseases. Our goal is to P—

elucidate the relationship between disease and molecular mechanisms. ’ M of maintentance of genome SaEIRY |
(#Jharrmﬁmm

Cell cycle checkpoint
(ERNMF T Im-r 2 )

DA repair (DNAREHED ‘
Centrosome (FRC%)
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Development of high-power density and high durable composites for
thermochemical energy storage

Thermochemical energy storage is a technology for storing thermal energy using reversible
gas-solid reactions. This study focuses on composite materials using thermally conductive
supports and investigates their thermal charge/discharge power densities and repetitive
durability. We have also developed a numerical model of the composite to efficiently
optimize the support materials by numerical analysis. The composites developed in this
research can contribute to carbon neutrality by being applied in surplus electricity storage
from renewable energies.

1 BACHILSIOVLEREFERME

Fig. 1 Composite with calcium hydroxide for
thermochemical energy storage
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