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The Laboratory for Zero-Carbon Energy (ZC), Institute of
Innovative Research, Tokyo Institute of Technology, was
established in June 2021. | was appointed in April 2022 as a
successor to the first director, Kenji Takeshita. | would like to
offer my greetings on the occasion of the publication of the
2022 Directory.

In order for humanity to live continuously in the global
environment, we believe that it is necessary to prevent
artificial emissions of carbon dioxide (CO2). ZC was
established with the aim of contributing to the construction
of a prosperous society that coexists with the earth through
the development of carbon-neutral technology using
zero-carbon energy (ZCE). ZC consists of two divisions, the
Future Energy Division and the Nuclear Energy Division, and
the staff will work together to address the issues to be
contributed.

As we enter the 21st century, we thought we had reached
an era of affluence and convenience of goods and
information, but for a short time, we are at the mercy of
changes in the environment surrounding people, such as
rapid climate change and the spread of infectious diseases.
In the midst of all this, human beings are beginning to
recognize the greatness of nature and the helplessness of
human beings. | think it is necessary to remind ourselves of
the gratitude that is being kept alive by nature and to revise
our lifestyle. ZC will review the 20th-century society that was
excessively dependent on fossil resources and aim to shift to
a carbon-neutral society that is friendly to the global
environment.

Primary energy is necessary to drive a prosperous social
life. We will reduce our dependence on fossil energy as much
as possible and conduct research to utilize renewable energy
(RNE), nuclear energy, biomass, and industrial waste heat as
ZCE primary energy. Since RNE is unstable, massive energy
storage technology is necessary for its dissemination. We are
developing energy storage, heat storage and energy carrier
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technologies, and new energy network systems including
the technologies. Nuclear energy is causing anxiety in
society, but we regard it as a valuable ZCE and are
developing safe and economical nuclear energy systems
using small modular reactors, and at the same time, we are
also advancing research on radiation utilization technology.

Humans have been using carbon materials since ancient
times, and it is hoped that they will continue to be used in
the future. Therefore, we aim to create a carbon recycling
industrial system driven by ZCE that does not emit CO: into
the environment while allowing carbon use, and to that end,
we will promote the capture, recycling, and reusing of CO..

The Green Transformation Initiative (Tokyo Tech GXI)
project has been started to accelerate the social
implementation of research since 2022. At Tokyo Tech GXI,
we will develop green transformation technologies through
open innovation with collaboration between industry,
academia, government, society, and citizens.

There are many unexplored areas of research that are
required, and they cannot be achieved by individuals or
organizations alone. ZC needs the cooperation of many
people who agree with the theme. We hope that this
institute will serve as one of our bases and contribute to the
construction of a society where people can have hope for the
future in cooperation with many people in Japan and
overseas. We greatly welcome your participation.

I thank you deeply for your guidance and support for ZC.
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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.
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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

GXI Labo.
GXI Ookayama L.

Green Transformation Initiative at Tokyo Tech

GXl Labo. 2 ...

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

GXI Joint Research
GXI JRCs

Venture
incubation core

Industry-academia
collaboration committee

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

J

promote more laboratory activities in the future. Then,

r

local companies, international
companies, domestic / overseas
universities and research institutes

40 energy-related companies

.

"y . o o\
Citizens, local governments, ministries,

we will form a GXI joint research center and promote the
social implementation of GX through open innovation.

J

Fig. 2 Open innovation network of Tokyo Tech GXI

We appreciate your guidance and support for the
realization of GX.
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Fig. 3 Composite material for calcium oxide thermochemical
energy storage

Yukitaka KATO, Professor
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Development of Energy Storage and Transformation
Technologies for a Carbon Neutral Society

@ yukitaka@zc.iir.titech.ac.jp
@ 03-5734-2967

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

Ni layer
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PdAg layer
4.0 pm

4  Pd AEERIKFERE

Fig. 4 Palladium alloy high-efficient hydrogen
permeation membrane
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Takehiko TSUKAHARA, Professor

BRREIRILF—RBIREIONIMEESRTLA
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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Yoichi MURAKAMI, Professor
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Development of materials and technologies

e murakami@zc.iir.titech.ac.jp
® 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.

ﬁm mﬁl I Iﬁ‘: Covalent bond EI}

{Mormalized at ¢ = 0)

UE Emission Iterity / %

M1 MEEARNROIA—D
Fig. 1 Image of Research and Development Targeted
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Fig. 1 Metal-supported SOC structure

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

Hiroki TAKASU, Associate Professor

H—=RoZa—FrSIADEEBZBIELILIRILF—H

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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Selective production of chemical substances

by controlling the position of aluminum
at the atomic level

Example: MFl-type zeolite
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Fig. 1 Location of Al atoms in zeolite
framework

Toshiyuki YOKOI, Associate Professor
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Fig.2 Conversion of methanol into lower
olefins over zeolite catalyst

EHNERRERZARICT ST/ ERME ORISR
Elaboration of nanospace materials: enabler for
innovative resources recycling

e yokoi@zc.iir.titech.ac.jp
@ 045-924-5430

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).

ﬁlm‘:zr p—

3 EHRKER R R TR
bRER CBERIBEKENSDT ) —>
AR/ —)LEFE

Fig. 3 Conversion of COz into renewable

methanol through innovative
heterogeneous catalysts systems
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Takao KASHIWAGI, Institute Professor @ 03-5734-3425
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Outline

Super Smart Energy Society5.0 means a society where energy supply
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 IRNF—IRTLDISURTHAY
Fig. 1 Grand design for the energy system
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Creation of superionic conductors and development of
all-solid-state batteries

wauE B J R © kanno@zc.iirtitech.ac.jp
Ryoji KANNO, Institute Professor @ 045-924-5401
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Fig. 1 Schematic diagram of all-solid-state battery:
Development to all-solid-state batteries (Left)Conventional lithium-ion battery,

. . . . . (Right)All-solid-state battery
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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Fig. 2 Excellent output characteristics of all-solid-state
batteries using solid electrolytes
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Resilient networked microgrid systems

SHEHIR 5%!? ’;ﬁ,:tl,:\ 8 asano.h.aj@m.titech.ac.jp

Hiroshi ASANO, Specially Appointed Professor @ 03-5734-3284
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Outline

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 ; _ ) o
schedule of microgrids with PV and storage battery. T pume  mesr  swER

1 yhT—28T1o07)y RERER
Fig. 1 Networked Microgrid Configuration
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Energy system analysis for sector coupling technologies

waxe H | © oda.t.ab@mtitech.ac.jp

Takuya ODA, Specially Appointed Professor @ 03-5734-3429
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of Nuclear Fuel Cycle ~
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Kenji TAKESHITA, Specially Appointed Professor/Professor Emeritus @ 03-5734-3845
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Outline

The nuclear fuel cycle consists of the front-end process including
mining, refining, enrichment, and fuel production, and the back-end
process including spent fuel reprocessing, vitrification, and final
disposal, centering on nuclear reactors. By clarifying the material
balance between processes and setting appropriate operation
condition of each process, it is possible to quantitatively evaluate
the entire nuclear fuel cycle. In this study, we construct a simulation
code for the nuclear fuel cycle and evaluate a number of future
scenarios, such as the use of MOX fuel, the introduction of LWR
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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Fig. 1 Nuclear Fuel Cycle
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Hajime ARAI, Professor
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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.

&/t EEDFHEFEDRF

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 ®EEATERE
Fig.2 Zinc-air battery
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DLC(Diamond-Like Carbon) D& L5

DLC FRAVEVRICMI-MEZIFEEEE. BERGRH. CENTELR
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Materials Processing Science Research Core

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

Wear track Wear track

IEBIEDTEFZDLCAR—ROO—TA I %2 EHELET,

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

Fabrication and Application of Diamond-Like Carbon

DLC has excellent properties such as high hardness, low friction coefficient 1 WMREEE (LA MEE) DLC HORE

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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Junichiro OTOMO, Professor @ 03-5734-3971
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AL BRI B OB E{To T3, Highly efficient Electrolysis with electrochemical

proton-conducting fuel cell promotion effect

Developing highly efficient fuel cell and electrolytic cell <Cucier> <Regenmrr>
Highly efficient fuel cell and electrolytic cell are developed by synthesizing novel electrolyte materials ; Q '
with high proton conductivity and controlling ion, electron, and hall conductions. ooyl | [Secasid]

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. 3 REEEAREFIL VT

. .. . . . Fig. 3 Chemical looping for
Circular use of carbon dioxide with chemical looping elrular use ofcarbon
loxiae

Carbon dioxide activation and its effective utilization are investigated using the chemical loop method
with redox reaction of carrier particles.
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Understanding and application of the cell system based on
energy and biosynthesis

i EI:FI ﬁ 9 tanaka.k.bu@m.titech.ac.jp

\“ g Kan TANAKA, Professor O 045-924-5274
HEHZER LI-HESOEARER

ETOEWIFMENSEDII>THED, Ml AT LAOEARNEERIBORAIFEMRZICHBLI-EETY, MEIITLOEREICIE.
HEEPHERIRRINZERIRILF—DOEBRDLHD. ZNICEZISNTEERICEIDHIEIFREL. IoICHEIZEE TN THER
BIENECDET, HARETIF. ERIRINF—ZEBLLALINSOBTOLINEDLSICHEE SN £ES/TMIERTLZEEL
TLEHOMBZEHTVET, I5IC. EMORBOEBTREREICELMLTED, ESTMRSITLNZDLSBEIICEDLSIC
ML TVBIMIDVWTOERZESH TVET, AEMMEMICHITZMIEEIE - RIBSEOTDIENIRRE. TIHSORENAATREE
DISALB I ZDEENBHREMN T, Proliferation
Basic architect of photosynthetic cells hv co, J:c o2
All living things are made up of cells, and elucidation of the basic operating principle of the cell 1 A e
system is a common goal in life science. At the foundation of the cell system is a bioenergy N al
acquisition system represented by photosynthesis and respiration, and cells grow by
biosynthesis supported by it, and cells are further replicated to cause cell proliferation. In our
laboratory, we are conducting research on how these bioenergy-based processes are integrated
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. v +— » o
Comprehensive understanding of cell control and environmental response in photosynthetic 1 HERMROEREE
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

BE7VEZTE
150 °CLAF T NHs FEIUNER (B MPa DANET 80% A LD NHs INR K 1) Z3EM T 55 L LR AllE Haber-Bosch ;A 7Ot X ZREHL.
CO: TU—IIF—ICLD NH: BERHERET I LICEOT CO #HEEE% 2~3% WU EHIRTT %o

NHs 8iE%—F(2385 Haber-Bosch (HB) kI, NHs IXEDE L% 100 ERDFEE LTV, COTOEITEONTE/-H%RMED
BENREEIE 400 CUEDERTH B0, HEZMIET NHs INREZOHBICIIRBRZMELRITNIEERSHUV, 0T BIfFik R
EERATAED. 58  BEOHIFICAIRIRILE—ZIZALIELTH. NHs IXEIF 30 ~ 40% ICBFAL (K1), HIRIE. HB &
THEIFHRAE% 450°C. 5MPa THEL/ZHE. &K NH: IXEIL 17% THD. 0.86 MPa D NH: LHESNAEL. LHL.
100 °CTEHUNER (1 MPa T 93%) %iERLT BN HNIE. 1 MPa OIET 0.94 MPa @ NH: hi85N13 (K1), BIL. 450°C. 5
MPa TOEICIRA LTI RILE—% 70~80% HIELTH. BIEEU LD NH: Z28ETE3, THUd 150 °CIATF T NH; FEEUER%E
R CEZHEN HB EDNRERIEBNICE DI EEKT S, LH L. REFRD HBETI 150 *CUL T TIEBN T 2 Al T STZE LA L
COESHEEOH. HIIL—T1F 1 150 CUTT NHs PHINKZERTSHLVEKRM

1% Haber-Bosch 7Ot X =% 4 3, I

Low temperature ammonia synthesis

Conventional ammonia production based on the Haber-Bosch (HB) process using g
hydrogen derived from natural gas and coal is currently required to reduce the large g 50
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 . IRRER AL

_AHREER

. ; ; X 5 MPa
synthesize ammonia from Hz and N2, even below 100 °C, we have again focused on iron R"ma”?“ MPa)
used as the reaction sites since the beginning of the HB process. Iron has been regarded 0+, 'MP2
. ey .o . ere . 0 100 200 300 400
as a classical transition metal that is inferior to other transition metals for ammonia RSB (°C)

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

1 HBEDRITRE & NHs REDEIR
Fig. 1 Correlation of ammonia yield with temperature
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Design and development of energy materials and devices

g |J.||:| 3%9& e yamaguchi.t.al@m.titech.ac.jp

Takeo YAMAGUCHI, Professor ® 045-924-5254

MR E NS SUKERICHTIMBE LV ATLDEET - BR

HIRBHHLAIE. TRIL¥— - ERESHELR CHIRROMBEORRICIE. HLLUMNELVT N\ 2OBENUERTRTY, KB
RESVMB B R LOTRILF—#E - FARERRELTVET, BREBSSOCBRILPME. I5ICTNSERIFEBHESHE
LT DFNSHRFTERITTER. RREHHOAMAERELT

BEAMRBLOF A 2ERE - BRELES e
Design and development of fuel cell and water 3 Ay
electrolysis materials and systems =
The renewable energy can be converted into hydrogen or hydrogen ”A_ **J:\',’
carriers by water electrolysis, and stored and transported, and used as U2

electricity by fuel cells or hydrogen turbines at the required time and
place. Water electrolysis using anion exchange membranes can =] mm T
efficiently produce hydrogen without using precious metals, and .
development of highly durable anion exchange membranes are key to mgy‘
achieve the technology. For polymer electrolyte fuel cells, high =
temperature and low humidity operation is required, and the K1 AFLANLDSBREBSIOCBIEFHMR, BBEEESE. TR,
electrolyte membrane development is important. We are developing E5IC. FRRRARMEADBRCIRILF—HH - 7/ REHf

those new membranes, electro-catalysts, membrane-electrode  Fig-1 Energy material and device technologies that connect from
molecular level to electrolyte membranes and electrocatalysts,

assemb“es: and the de5|gn Strateg|e5- membrane electrode assemblies, devices, and a sustainable society
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Compound Thin-Film Solar Cells for a Sustainable Society

B UJE Hﬂ e yamada.a.ac@m.titech.ac.jp
Akira YAMADA, Professor ® 03-5734-2698

Cu(In,Ga)(S,Se): It EHITERR AR ZE M DRH3

FRARE AR ST RIAT I HIIE. CO: HIHERMR V) -V BRIXIINF—BERARBEL INTL
F9, Cu(In,Ga)(S,Se). (CIGSSe) IFHDWINVBREA T W= 1um REDFRICEVWTHABH
THICRNLTHEETZCHAETY, CORHBIARANABENTHZILEHIZ. BE - TL
FOONEEETIABEMDIERIARETH D, BHCHERBEHCOZAEEBAMNHFEIATL
9, AMRETIE. O CIGSSe ERAMGEMZEFEEE EH D VIIFTULEICKDIER. BHIE
BLEEBELIEHREESHTVET,

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)2 (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 1 Cu(in,Ga)Se: XEEt

co-evaporation and sulfurization methods, aiming to improve the conversion efficiency. Fig. 1 Cu(In,Ga)Se: solar cells
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Development of new electrocatalytic system for efficient
chemical production

iz Illl:P —EB e yamanaka.i.aa@m.titech.ac.jp

Ichiro YAMANAKA, Professor @ 03-5734-2144

CO: TIAEMRRIC BN R ERARIR A 5
CO: HiFZBELT. BFEESFRERLILEZRLE CO DKM
BRRICEE R BEMRORR L RICHIBORAZIMEL TV ET.

KEZETHSDRBERILKEDER S RAERDH ‘

R IEAERA o2

BELKROWEICUBER TR F—OAIBEHEZBIELT. X

CERNSEREDOMBRIL KR E SRR ERENA DR
BRI EREEIC OV THIELTLED,

P/G-stat
W _fCc R

1 CO. [HEER
Fig. 1 CO: gas electroreduction

electrode
(Ag/AgCl)

Development of active catalyst for the gas phase
electrolysis

For reduction of CO2 emission, development of active Oy/Ar e Oz/f{e He
electrocatalyst and study of reaction mechanism for reduction of | T o=
CO2 in the gas phase using the solid-polymer-electrolyte eJ
electrolysis cell are done.

. 0, 2H,083|
Development of electrocatalytic system and study - i
of reaction mechanism for synthesis of pure S ; X0 :: B
hydrogen peroxide form water and air. gl

Ir/KB Anode

For large reduction of energy consumption for hydrogen CoTRPIRE(192319
peroxide production, development of electrocatalytic system for NafionH (I [l ) Reference 2 KEZERDSDBEILKRER
direct synthesis of pure hydrogen peroxide solutions from water Sswnso.m| (9% Fig.2 Hydrogen peroxide production

. ! ) f i
and air, and study of reaction mechanism are done. orm water and air



7a—Fv—Ix)LFE—EBF Future Energy Division

REWNIE - TH=DH - RIEMEDT-HDRFETFXARIF
Atmospheric plasma engineering for surface treatment,
elemental analysis and environmental purification

waz HE RIE

e okino.a.aa@m.titech.ac.jp
@ 045-924-5688

Akitoshi OKINO, Associate Professor

FLOUKRSETSATEBEDRRE
SHEFFAZRETIE. ETFHS5H1,000°C, 100 S/OVH'S 1 A—RILETD. HLABKEARD
TOSAREBEEREL. TNSOEBISMOTHEZT>TLE T,

REWIE - TED - RIEREADIGHA

FNZNORBICBELIETSAYREAR. TIARERAR. TIXTEE. BFROTSIT
EBZHAVT, BEBRERLACOMERELE. BE—RCOTEDH. BEMMERY
DIGAMEEITOTNET,

FRETNFARTIZZI v b
Atmosphesic multi-gas plasm jet

DT FROANBAETFXT
Small plasma jet for endoscope

Development of brand new atmospheric plasma sources

In Okino lab., we have developed brand new plasma devices with various discharge methods
from below zero to several thousand degrees Celsius, from 100 microns to 1 meter and are
evaluating their basic characteristics.

BMAERY=FRIZIT
335mm linear plasma source

E FAORNS TS
Touchable plasma

Applications for surface treatment, elemental analysis and environmental
purification

Using plasma devices with plasma generation methods, plasma-producing gases, plasma
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.

BRFFATEAVEHAHMIATL
Gas decompaosition system

RTOFFXTHLERMTIE
Below freazing plasma

1 BARLERABARIESIXAVER
Fig. 1 Various atmospheric plasma sources
developed
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Challenges to the next generation carbon neutral cycle

waz [RH B

e harada.t.an@m.titech.ac.jp
@ 03-5734-3292

Takuya HARADA, Associate Professor

=mEE CO. HEEEIINE
EIXNTHHED Co: DHEUCEDORIII. HHENEAEON— RO HRORRICUERTR TS, ARRETE. A7V TILEF/
HFOSRE—RRRA T VRE R COF LVMEREMARZ R Vo, M7 CO: DT O RORIHEREITOTLET,

EIRILF—ELFH CO. Kl

CO: EN—RVERELTBRAT S AEROREHEREIRILF -
FLORBICKARTY, AHEETIE. CO: EBETRHIRLF— ZLTRTF
NIFNF—ZE>TERBEFMENERTZ. FrETRLF—BRILFH

Electricity, Heat, Kinetic Energy

Fossil Fuels ol
CO2 BHEICDWTHZTELTWET, '4" ' CU;capture
/ ClI ical Carbon Wy

Advanced CO: capture process / Producs Neutral Carpen e

) . - . . ! . Cycle bt
The establishment of high efficiency CO2 capture system is a crucial challenge ‘\‘ GO, conversign 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, SeHuolaar o, 3'Gas 5

Reservair

such as the core-shell type nanoparticle clusters and molten ionic oxides.

A ) Next generation Carbon Neutral Cycle
Low energy cost electrochemical CO2 conversion '

21

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.

1 RO —RYZa— ST IILOBERR

Fig. 1 Schematic illustration of next generation carbon
neutral cycle
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PIXE (frEBHIFHHEC X #RILHDT) . PIXRF (B5FHRBHEE X
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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).

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),

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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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



[RF T ERPI Nuclear Energy Division

sz VK BEB

MEBRIRATLDORIRICEZEOD—FRUME
5200
YOA—ROHEDRIEDT=DICIZ. #EEME - BEeErE
BIRRMICEVWTH, A—RyZa—tIILIL—TTOEES
OFXZERXTZEHFRARTY, HMIFEE. @X. T
FILE—BIHICBIFEZR—ZAITUTILTHD. EROKILEA
CARDPSOIBILREFEDNFRAESREETOEINS,
DHAILBELIOEON—RYIRILE—DFERICEDEO
H—RUEHZREL. MERREMSBRZALELET,

Rt EFIFOMEHSFEE R EICBE Y B3

RFHNIRTLERBBEICODIEDRRICARL—FFB7DIC
VER. FERIEOEVELBERBMEHIETSMEZIToT
WET, RIREREM - ENRBPARJELCRE - BER L.
577 - MAHRRHN ORIE T TRICER TSNS ERBME DR
eMzE O30, 8 - HBORERIEZBiELIcRIRT
Ot R CREFHRZITOTVET,

KRR K BB R RO T TUERDHL
TOEREICETBHR

BEEEHRORIFIEZ B LI T JURDE LY 1R
Mzl B 7cOICBBER. BT TV RO TERBIEY D
RISICE B IEHBEINREHEZ T o TV E T Ko KAK -
1% - BEMED S RBZRDANFHNEEZIBEL. £
EHICIBFRRTEAE SR T ITVOREBEOHLE
FOREICHBBELEMEFTMZIToTLET,

S : ]
- For—HoMEEHELURTFALATLREE &
i Y iECERT S

[
T RE !:vﬁﬁ -!m HHER
uBAaN FInta g i Bl - Wikt

1 EOh—RUAEKMEIVRERFNIIZTLA
Rz ERIFOBEER
Fig. 1 Concept of metallurgy for the Zero Carbon

materials creation and safety nuclear
system.

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 BEFFSEEMEI—ILRIIL—DIUCERMERT T VE
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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Satoshi CHIBA, Professor
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Development of high-precision nuclear data and its

e chiba.satoshi@zc.iir.titech.ac.jp

® 03-5734-3066

The whole process of nuclear data evaluation
from the nuclear fission to its applications

We study nuclear reactions as a fundamental process
underlying nuclear energy. Neutron-induced reaction is the
source of energy in nuclear reactors, while it serves as origin of
elements such as Uranium and Thorium in the cosmos.
Understanding of nuclear reactions is, therefore, basis for safe
usage of nuclear energy as well as comprehending nature
itself. In our laboratory, you can learn the whole process of
nuclear data evaluation from the nuclear fission to its
applications.

Mechanism of nuclear fissions

A Complete understanding of nuclear fission mechanism s a
big challenge even though more than eighty years have passed
since the discovery of nuclear fissions. Experimental fission
data except for uranium is still insufficient. We study this
mysterious phenomena by using various theories such as
multi-dimensional Langevin equation, antisymmetrized
molecular dynamics, relativistic or nonrelativistic density
functional theory, and so on.

High-precision nuclear data and its applications

We carry out research in combination of statistical method and
nuclear reaction theory to quantify uncertainty of nuclear data
and its effects on nuclear reactor systems. We apply this
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.

2 WHRBIRRIGIER Z BV e 20U ROROERTE

Fig. 2 Simulation of U fission using a microscopic reaction model
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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).

1 2 E—LEEEREERRRINREE DRIE
Fig. 1 A prototype of a two beam RFQ linear
accelerator.
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Fig. 2 RIKEN accelerator driven compact neutron
source Il. (Joint development with RIKEN)
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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 repair enzyme (DNA-PK) and the 3D
structure of subunits. Bottom right: fluorescent microscopic image of GFP-tagged
repair protein XRCC4. Bottom right: analysis of radiation response using original
phosphorylation-specific antibodies for XRCC4.
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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

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

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
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® 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
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Nuclear Thermal Hydraulics and Decommissioning /
Fukushima Revitalizics Zero Carbon Energy Research
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@ 03-5734-3058

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

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

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

We are visiting the areas damaged by the Great East Japan
Earthquake and the nuclear disaster to conduct Revitalizics
activities. In addition, we also promote the development of
industrial promotion technologies, decommissioning research,
and zero-carbon energy research.
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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. 1 Concave mirror with low-melting point
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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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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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® 03-5734-2968

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
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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.

Hiroaki TSUTSUI, Associate Professor
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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.

Max: 6.454

Min : 0.0402

2 BUFLBRAICILE. EDRHDH
Fig. 2 Distribution of stress in a Virial-Limit coil.
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Fig. 1 Metallic cluster beam generator and typical mass spectrum of clusters.
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Pioneering future society with plasma and quantum beam
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Generation of high-intensity particle beams for
inertial fusion energy

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

Development of discharge-type compact fusion
neutron sources

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

2 EUHERACAOEREZRAV NIRRT REEBRNOKME TIX.
Fig. 2 Compact fusion neutron source using inertial electrostatic fusion and
fusion plasma inside the device.
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Fig. 1 SEM micrograph of silicon carbide
fiber-reinforced silicon carbide matrix
(SiCy/SiC) composites
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Development of high-performance severe environment
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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.

) 2 ZOBRMERRILTAR (SIC) ZAEOHIEE
SEMEE

Fig.2 SEM micrograph of porous silicon carbide
(SiC) ceramics with in-situ grain growth
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Development of a Renewable Energy Symbiotic SMR with a
Load Follow Function
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Tadashi NARABAYASHI, Specially Appointed Professor @ 03-5734-2867
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Steam I
WEBITMZ. B<OMBETHTRGATT D, T TERNEABICEBLEL . seiiramg
Chimney =

Outline

The purpose of this study is development of new LLBWR (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.

By using filtered containment venting system, ship hull structure cooling system and 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 Fig-1 [‘fg\fvt,;"“”cef’t of
period dramatically.

1 LLBWR QEREFFHELZ
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Severe Accident-free Molten Salt Fast SMR system
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Outline of research

The molten salt fast reactor system under study consists of a small modular
reactor (SMR) whose basic reactor power can be set by the number of fuel

salt-cooling salt heat exchangers. Fissionable uranium and/or plutonium are used !

as fuel, and depleted uranium, which was discarded in conventional light water \ >
reactors, can also be used as fuel. A neutronics and thermal-hydraulics coupled \ 23m
analysis method has been proposed, i.e., the entire heat transport system is n

Fuel-Coolant

analyzed by the system code and the core part is analyzed by a CFD code that links 24k Core  Heat Exchanger

the discretized equations of the point kinetics model with a user defined function
UDF. As a result of the analysis, the following inherent safety characteristic has ——
been clarified; the reactor power quickly approaches the decay heat power level
by negative reactivity feedback due to the characteristics of the molten fuel salt
without using a control rod when the core temperature rises due to an accident or
an abnormal transient. The load following operations are studied for a daily load
following with changing pump rotation speed and for a following in seconds with
heat storage tanks in the cooling system.

Reflector

Reactor vesse

1 ARMERRFOFOEER
Fig. 1 Reactor Concept of Molten Salt Fast Reactor
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Investigation of nuclear fission mechanism and its applications

Nuclear fission of actinides is the most fundamental phenomenon for the nuclear energy system.
However, there are still some open questions on fission mechanisms. Then we have developed
theoretical models to predict fission products as accurately as possible to improve nuclear fission
data. We also apply our results to the uncertainty study on nuclear decommissioning and nuclear 1 B 4RSS YN VREER

: . S . : . 85 BREFA
transmutations, and the astronomical study because nuclear fission occurs in astronomical objects. LTSNS U235 D

’ y ) SRHETORTY S vILEEL
DD HPBEORRF

Fig. 1 The figure shows a trajectory of
thermal-neutron- induced
fissions of U235 on the
potential surface obtained by
our four-dimensional Langevin
model.
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Development of Functional Materials Based on Organic/Inorganic Hybrids
Hybridization of inorganic compounds involving radionuclides with organic compounds is a useful
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 BT/ > — OB
with organic molecules is important for realization of a low-carbon society. We have developed B

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.

5.00 pm 10 um x 10 um 0.0
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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

Fig. 1 Microstructure of ZrTiAlC, MAX
Phase

synthesis and sintering of ceramic materials, and as a result contribute to environmentally-friendly and energy-efficient technologies.

R&D on Nanocarbon Structures Design and Their Formation

Formation and characteristics of various carbon nanostructures have been studied; especially, related to nanodiamonds (ND) and

onion-like carbon (OLC) for applying in solid lubrication, electromagnetic radiation shielding, etc.
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Study of molecular mechanisms of genome stability in mammalian cells

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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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.

1 BIRIF—IIRIBFATEET 7+
~>T7 08— BL2TA O XPS
FroN—

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.

EREIF A Tl e A

1 FERERNYRFROZTLD

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 RF R/\wBUVTEISBmaEE
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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