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Greetings from the Director

The Center for Advanced Research of Energy and Materials Interdisciplinary (hereinafter referred to
as CAREM) was established on April 1, 2010 as an affiliated research center of the Faculty of Engineering
with the aim of conducting basic research on materials related to the creation of new clean energy and
high-efficiency conversion that contributes to the SDGs based on materials science and energy
engineering.

The steering committee of CAREM is composed of director, professors and associate professors, and
professors from the Faculty of Engineering, and has built a close cooperative relationship in education
and research in related departments.

In addition, in April 2018, we established a Neutron Materials Analysis Laboratory with an electron
linear accelerator with a maximum acceleration energy of 45 MeV, which enables non-destructive
structural analysis of various materials using neutrons, in addition to the Multi-Quantum Beam High
Voltage Microscopy Laboratory, which has an unique multi-beam high voltage electron microscope
equipped with two ion accelerators and a short pulsed laser, two Cs-corrected STEMs and several kinds
microscopes with specimen preparation equipment in the world.

This has resulted in the creation of cutting-edge materials development and microstructure analysis
systems using quantum beams of electrons, ions, and neutrons, and we have made these systems more
convenient for researchers inside and outside the university through a shared equipment use office.

Currently, with global environmental and energy issues becoming apparent, it is expected that we
will move away from the traditional energy society dependent on coal and oil, and will develop research
into the use, storage, and transportation of diverse renewable energy sources such as solar, wind, and
biomass, as well as research into methanation, capture, and storage that effectively utilizes CO,, to build
a highly efficient and safe carbon-neutral system.

The missions of this center are: 1) research into the development of systems and materials that
achieve highly efficient energy conversion, 2) interdisciplinary and integrated research and education
activities related to energy, and 3) the formation of a research network that includes industry-academia
collaboration that integrates fields related to energy.

To achieve this, we have established five laboratories: the field of light and heat energy conversion
materials, the field of quantum energy conversion materials, the field of multi-scale functional
integration, the field of energy conversion system design, and the field of energy media conversion
materials, and are creating functional materials essential for highly efficient energy conversion and
energy storage, as well as analyzing the atomic level structure and function of these materials.

Since the establishment of the Green Transformation Leading Research Center and the
Semiconductor Frontier Education and Research Organization as joint project bases at our university in
2025, the Center has been actively working on the university's research and education base concept,
promoting fusion research with researchers both inside and outside the university through the use of
shared equipment and supporting interdisciplinary research, aiming to contribute as a research and
education base.

In terms of education, as a cooperative course between the School of Engineering and the School of
Chemical Sciences and Engineering, the Center is also involved in the education of undergraduate and
graduate students, contributing to the development of the next generation of energy-related human
resources.

We would appreciate your guidance, encouragement, and warm support as we work to fulfill our
mission.

Professor Tamaki Shibayama
Center Director
May 2025

Center for Advanced Research of Energy and Materials, Sapporo, Japan
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History

Three research institutes were active in the Facility of Engineering, Hokkaido University as affiliated research institutes before June, 1994.
- Metal Chemistry Research Institute (founded on March 4, 1937 and revised on April 1, 1958)

- Coal Research Institute (founded on April 1, 1975)

- Advanced Magnetohydrodynamic Research Institute (founded on April 4, 1988)

Center for Advanced Research of Energy Technology (CARET) was established on June 24, 1994.
- Reaction Engineering in Carbonaceous Resource Conversion

- Characterization and Analytical Chemistry of Carbonaceous Resources

- Division of Energy Conversion and Control

Center for Advanced Research of Energy Conversion Materials (CAREM) was established on April 1, 2004.
- Laboratory of Integrated Function Materials

- Laboratory of Quantum Energy Conversion Materials

- Laboratory of High Temperature Materials

- Laboratory of Energy Media

- Laboratory of Chemical Energy Conversion Processes

Division of Non-stoichiometric Compounds (KINBOSHI Co. Ltd. Endowed) was established in October 2005.
Advanced Coating Laboratory was established in July 2009.

Center for Advanced Research of Energy and Materials was established on April 1, 2010.

- Laboratory of Integrated Function Materials

- Laboratory of Quantum Energy Conversion Materials

- Laboratory of High Temperature Materials

- Laboratory of Energy Media

- Laboratory of Chemical Energy Conversion Systems

- High-Voltage Electron Microscope Laboratory

Advanced Coating Laboratory was discontinued from June 30, 2012.

Laboratory of Photon & Thermal Energy Conversion Materials was established on April 1, 2015
Multi-Quantum Beam High Voltage Electron Microscope Laboratory was established on April 1, 2018
Neutron Materials Analysis Laboratory was established on April 1, 2018

Center for Advanced Research of Energy and Materials, Sapporo, Japan
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Organization

Hokkaido University
]
Faculty of Engineering
]

Center for Advanced Research of Energy and Materials
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Laboratory of Integrated Function
Materials

Professor (concurrent) Tamaki Shibayama
Associate Professor Norihito Sakaguchi
Associate Professor Yuji Kunisada

Our group integrates atomic-scale structural anal-
ysis using advanced electron microscopy and com-
putational simulations to provide a basis for develop-
ing materials that enable more efficient energy
utilization. By combining these approaches, we
conduct multiscale evaluations and analyses of
material properties, from the nano- to the macro-
scale, to elucidate their origins (Fig. 1). We aim to
contribute to realizing energy-efficient processes
and green transformation.

(1) Synthesis and Structural Characterization of
Two-Dimensional Ceramic Materials

MXene has attracted significant attention for
various applications. As shown in Fig. 2, MXene is
synthesized from MAX phases by selectively etching
specific atomic layers. We perform a detailed analy-
sis of intermediate phases during the MAX phase
synthesis and the etching process to identify optimal
synthesis conditions that allow heteroatom doping
into the MXene framework. We also characterize the
atomic structure and chemical composition of the
obtained MXene at the atomic scale using advanced
electron microscopy.

(2) Development of New Catalysts for Green
Transformation

Understanding the behavior of electrons and
atoms under catalytic operation is crucial for eluci-
dating degradation and reaction mechanisms. As
shown in Fig. 3, we use advanced electron micros-
copy to directly observe the diffusion of single-atom
catalysts and evaluate their diffusivity. We also aim
to unveil the coarsening mechanisms of nanoparti-
cle catalysts. First-principles calculations further
support our efforts to clarify aggregation processes
and catalytic reaction pathways at the atomic level.

(3) Control of Hydrogen Permeation in Ceramic
Materials

Controlling hydrogen behavior in materials is
critical for developing hydrogen-related technolo-
gies. Using first-principles calculations, we investi-
gate hydrogen solubility, diffusion properties, and
isotope effects at interfaces and defects.
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(4) Energy-Saving Processing of Metallic Materi-
als

We explore the potential of simplifying conven-
tional processes and using metal 3D printing to
achieve energy-efficient manufacturing. By analyz-
ing the microstructures of metallic materials
processed under various conditions, we aim to iden-
tify processing conditions that enable both energy
savings and the formation of desirable microstruc-
tures.
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Fig. 1 Conceptual image of our research.
Bl AHARZEOHEI T

Fig. 2 Synthesis process of MXene.
E2 MXeneD&RTOtEX.

Fig. 3 Direct observation of single-atom catalysts.
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Laboratory of Quantum Energy
Conversion Materials

Professor Tamaki Shibayama
Assistant Professor Yuki Nakagawa
Research Promotion Technician Minako Kondo

Based on non-equilibrium science using quantum
beams (ions, electrons, and lights) and on nanomaterials
development research, we undertook research in the R&D
of new energy materials that can withstand severe
environments and future-oriented functional materials
(all-solid-state battery materials and hydrogen storage
alloys), and in the elucidation of material properties by
TEM microstructure analysis.

For that purpose, we have started the development of
novel nano-materials by utilizing quantum energy beams of
electron, ion using ion accelerators and the Multi-Quantum
Beam High-Voltage Electron Microscope (MQB-HVEM)
with 1.3 million volt unparalleled in the world.

Our main themes and recent results are as follows.

(1) Operando observation research of material by
utilizing quantum beam

We have installed laser-light irradiation systems on
MB-HVEM with existing ion accelerators. From the
viewpoint of nano-scale observation or creation of new
materials under non-equilibrium environment, it is useful to
apply quantum beams of electron, ion, and laser light onto
material successively or simultaneously. Using this
system, we have succeeded in observing operando photo-
corrosion of ZnO nanocrystals in ionic liquids by simultane-
ous electron and laser irradiation in a TEM. On this basis,
we are investigating a method for operando observation of
the reaction with water. Since SiC/SiC composite material
is expected as heat-resistant material in the core of
gas-cooled fast breeder reactor, we have developed a new
sample holder for dynamically in-situ testing of crack
propagation in TEM, and examined the route of crack

propagation by actually generating crack in sample (Fig. 1).

(2) Development of advanced material for severe
environment

We have established an evaluation method of residual
elastic strain at the interface between He-ion irradiated
and non-irradiated area of SiC by using advanced electron
microscopy. We also found that He ion irradiation of
copper suppressed the growth of oxide crystals in water
indicating that He interstitial atoms and irradiation defects
act as a diffusion barrier layer for oxygen, and that oxida-
tion is suppressed by carbon-based films formed on the
surface during He ion irradiation.

1"

(3) Development of solid electrolytes based on
hydrides

We are focusing on the development of hydride-based
materials as candidates for solid electrolytes. We found
that lithium-ion conductivity of LiBH, can be significantly
improved by dispersing insulators of oxide ceramics such
as ZrO, and Al,O3, and that the ion conductivity is strongly
correlated with the specific surface area and pore volume
of the oxide host. For composite materials containing
LiBH4, which is sensitive to electron beams, we were able
to visualize lithium at the nanoscale using an energy-fil-
tered TEM technique (Fig. 2). Toward the development of
future-oriented battery materials, we have also started to
develop solid electrolytes using resource-rich elements.

(4) Development of hydrogen storage materials and
their surface modifications

For Li-based complex hydrides and TiFe-based hydro-
gen storage alloys, we are developing new materials,
analyzing microstructures by TEM, and performing
surface modification by pulsed laser. In the surface modifi-
cation of pure titanium by nanosecond pulsed laser irradi-
ation in organic solvents, the formation of TiO, and TiO,C,
films shifts the hydrogen absorption temperature to a
higher one, providing basic knowledge of hydrogen barrier
coatings using pulsed laser irradiation. A method of
activating the hydrogen storage alloys using a pulsed
laser is also being investigated.

Fig.1 Electron microscope holder for nano-
mechanical analysis.

1 F/Ah=HRBITAEERILY—EE.

Fig.2 Li mapping by using Energy-filtered TEM.
B2 TRILF—TAILE—TEMIZKBLITVELY.
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Laboratory of Photon & Thermal
Energy Conversion Materials

Professor Seiichi Watanabe
Associate Professor Noriyuki Okinaka
Associate Professor Lihua Zhang

We are developing new materials for photo energy
conversion and thermoelectric energy conversion
with  high conversion efficiency and low
environmental impact by take full advantage of the
wide variety of physical properties of the materials
from the viewpoint of materials science.

Hydrogen is expected to be used as green energy
in the future. Our lab is focused on “solar hydrogen
production (photocatalytic water splitting)”, which
means the direct production of hydrogen from water
by sunlight. We are promoting the research of green
technology ‘photocatalysis environmental cleanup’

and developing the new functional materials systems.

Hydrogen is not only expected as the fuel of the
fuel cell, but also expected in the application of next
generation green chemistry because of the possible
conversion into various useful resources by reaction
with carbon dioxide or nitrogen. It is possible to
produce hydrogen from water by exhaustless
sunlight and inexpensive photocatalyst, in which the
water splitting reaction is caused by the artificial
photosynthesis. However, the absorption
wavelength of the traditional photocatalyst is limited
to ultraviolet light range. In order to improve
conversion efficiency of solar energy from the visible
light region to the infrared light region, it's necessary
to develop new photocatalyst which could absorb
longer wavelength. Therefore, our lab are working on
the researches to find new photocatalytic materials
which could absorb more light in the visible light
region, at the same time the photocatalyst could be
used properly for the generation of oxygen and
hydrogen from water by splitting reaction.

(1) Submerged photosynthesis of crystallites
(SPSC)

We have a new production pathway for a variety
of metal oxide nanocrystallites via submerged
illumination in water: submerged photosynthesis of
crystallites (SPSC). Similar to the growth of green
plants by photosynthesis, nanocrystallites shaped as
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nanoflowers and nanorods are hereby shown to
grow at the protruded surfaces via illumination in
pure, neutral water. The process is photocatalytic,
accompanied with hydroxyl radical generation via
water splitting; hydrogen gas is generated in some
cases, which indicates potential for application in
green technologies. The nanobumped surface, as
well as aqueous ambience and illumination are
essential for the SPSC method. Therefore, SPSC is
a surfactant-free, low-temperature technique for
metal oxide nanocrystallites fabrication.

(2) Solar-driven material fabrication

We are elucidating the light matter coupling process
in nano-space and are working on the development
study which creates new functional materials using
SPSC for application in green technologies.

(3) Development of a visible light responsive
photocatalyst using solution combustion
synthesized SrTiOs

The strontium titanate (SrTiOs) photocatalyst is
attracting considerable attention as a material for
hydrogen production. We research SrTiOs for a
visible light reactive photocatalyst using solution
combustion synthesis.

(4) Development of thermoelectric materials
based on combustion synthesis

Thermoelectrics are able to generate electrical
power from any type of temperature difference. Our
researches have been directed toward development
of materials which have high conversion efficiency
and understanding of the physics lying behind them.

Photo-induced Photo-induced
water splitting crystal growth
HY+0OH™ h—>ht+e

lllumination
control

(Metal oxide

- nanoparticles),
Hydrothermal reaction

Galvanic corrosion & Rust

Fig.1 Characteristics of SPSC.
El1 SPSC DO##.
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Postdoctoral Fellow Mba Joshua Chidiebere

The ultimate goal of our field of research is the creation
of a society of energy homeostasis. To achieve this goal,
we are pursuing materials and processes capable of high-
density energy storage, energy transportation, and high-
efficiency energy conversion. Specifically, we are pursuing
research focused on (1) next-generation heat storage
materials capable of high-density storage and
transportation of solar heat and process waste heat; (2)
energy-saving air separating & oxygen manufacturing
processes that apply exergy recovery principles; (3) new
iron manufacturing processes that use low-grade lime and
ammonia as fuel; (4) fast, energy-saving synthesis of fine
ceramics through combustion synthesis; and (5) eco-
friendly industrial complex design.

(1) Next-generation heat storage materials

Latent heat storage technology using phase change
materials (PCMs) offers the potential for high-density heat
storage due to the latent heat from the PCM's transition
between a solid and a liquid phase. This technology is also
capable of recovering, transporting, and supplying heat
through phase changes occurring at a fixed temperature.
Our group is developing new PCMs suitable for a variety
of temperatures from room temperature to 500 ‘C and
above; we are also executing process design. Specifically,
we are developing 1) high-conductivity PCM composites to
provide heat-control technology for next-generation power
devices; 2) sugar alcohol-based PCMs to utilize unused
heat in low-to-mid temperature ranges (waste heat and
solar heat); and 3) alloy PCMs for exergy recovery
technologies and solar thermal power generation.

In particular, we have recently developed a
microencapsulated PCM (MEPCM) usable in areas where
temperatures exceed 300 ‘C. This technology has the
potential to revolutionize the basis of heat storage and
transportation technologies in high-temperature processes
for which solid sensible heat storage technology has long
remained unchallenged (see Fig. 1).
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Fig. 1 Expected MEPCM applications.
Ref. T. Nomura et al: Sci. Rep., 5(2015), 9117.

(2) Energy-saving oxygen manufacturing processes
that apply exergy recovery principles

We are developing an oxide-based oxygen-storing
material capable of separating oxygen from air using only
a slight pressure swing. The use of this material has been
determined to have the potential to produce oxygen using
less than half the energy of traditional technologies.

(3) New iron manufacturing processes that use low-
grade lime and ammonia as fuel

The exergy-intensive steel industry faces three
challenges: resources, the environment, and energy. Our
group is approaching this triple threat from the
perspectives of materials science and process engineering
to find solutions. Specifically, we are conducting research
from a wide variety of perspectives, from basic
experimentation to process design and system creation,
with 1) technology that uses chemical vapor infiltration
(CVI) to improve the quality of low-grade raw fuels, 2) a
ground-breaking NHs ironmaking technology that uses
NH3 as a reduction material, and 3) technology that makes
effective use of the steelworks' high-temperature waste
heat, implemented as key technologies.

(4) Fast, energy-saving synthesis of fine ceramics
through combustion synthesis (CS)

CS that uses the self-propagation of an exothermic
reaction between powdered materials has the potential to
synthesize materials via a quick, energy-saving process.
Fig. 2 shows a photo of a CS process. Our research
laboratory has spent many years investigating CS
methods and has succeeded in synthesizing a variety of
materials, such as nitrides, oxynitrides, perovskite, and
hydrogen storage alloys. In recent years, we have had a
particular focus on nitrides (such as AIN, SisN4, and BN)
and oxynitrides (SiIAION). For example, AIN, SizsN4, and BN
are appealing as heat dissipation materials for electronic
components due to their high heat conductivity and
capacity for electric insulation. As the basis of our CS
technology, our group is conducting research into new
functional materials created through doping nitrides and
oxynitrides with trace elements and controlling the shape
of the materials (such as nanoparticles and nanofibers).
We are also identifying the mechanisms through which
these materials' functionalities express themselves.

(5) Eco-friendly industrial complex design

Here, our goal is system design that minimizes the total
of losses using exergy and a true energy evaluation scale.
We are also conducting analyses using cutting-edge
network theory to keep systems in homeostasis and make
use of eco-friendly industrial complex design where
different types of businesses coexist.

(0.5= 0 5x)La203 ¥ X$CO3 + Fe + (0.375+ "0
0.125x)NaClO4 — La;,SrFeOs + (0.375 +
0. 125x)NaCI (g)+ xCO"E!]) ;

Fig. 2 A photo of a CS process.
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Postdoctoral Fellow Yuji Shinohara

The present research group aims to solve problems
related to “Resources, Energy and Environment” using
the power of chemistry, and we are primarily promoting
the development of advanced utilization methods of
low-quality and unused chemical resources.

(1) Clean Carbon Technology

The development of technologies to produce
CO,-free H, from solid carbon resources and to gener-
ate electricity using the H, (CO,-free H, power genera-
tion) has been vigorously pursued. The present
research group has therefore been working on the
development of gasification catalysts that can efficient-
ly produce H, from biomass and biomass-mixed coals.
In addition, our laboratory has studied high tempera-
ture removal technology for trace amounts of hetero
compounds (HCI, H,S and NH,) in the gasification gas
(Patent No. 6070462, etc.). Moreover, we are develop-
ing methods for producing high-strength coke from
unused carbon resources, based on organic resource
chemistry and computational chemistry (Patent No.
7470598, etc.).

(2) Environmentally Friendly Ironmaking Process
As is well known, iron is one of the key materials
supporting the modern-day society. Currently, Japan is
100% reliant on imports, mainly (90%) from Australia
and Brazil, to obtain iron ores (the main raw material of
iron). Furthermore, with the rise in impurity levels, the
iron content in ores is expected to decrease (deterio-
rate) in the future. This would lead to increased energy
consumption in the ironmaking process, increased
CO, emissions and reduced productivity. The present
research group is thus working on the development of
a low-grade iron ore upgrading process using alkali
hydrothermal treatment (Patent No. 2024-30025) and
the manufacturing of carbon-containing ore using
chemical vapor filtration (Patent No. 6414903, etc.).
We are also promoting the development of a method
for controlling mercury compound emissions related to
ironmaking processes and a method for the selective
production of yellow phosphorus (white phosphorus)
from secondary resources such as steelmaking slag
(Fig.1).
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Fig.1 (B1) Pictures of white phosphorus produced.
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(3) Carbon Recycle

When water-soluble metal ions are added to
biomass or low-grade lignite, a new fuel with high
gasification reactivity is produced due to the self-re-
placing effect. In our proposed sys-tem, the new fuel is
gasified in a molten carbonate fuel cell, and the gener-
ated H, and CO, are circulated in the cell, while the
excess CO, is absorbed by hydroxides. The absorbed
products can be used again as an additive catalyst or
industrial raw material. Our group is also promoting the
design and development of CO, conversion catalysts
to convert CO, originating from large-scale facilities
such as pulverized coal-fired and ironmaking plants.
Recently, we found that when H, approaches silver
compounds, highly active hydrides (GDR) are formed.
The GDR can act as an active species in CO, methan-
ation and methanol synthesis, enabling lower tempera-
tures (130°C) and higher efficiency of their reactions
(e.g., JP 2023-202513) (Figure 2).

2

[\
GDR generation\
catalyst

3

Fig.2 (B12) Image of a silver compound mixed catalyst.

CO, methanation catalyst

(4) Aquatic Production Sciences

In the production and consumption areas of fresh
seafood wholesale markets, the freshness of the prod-
uct is one of the most important criteria for determining
the value of the product, and the K value has been
proposed as an indicator to evaluate freshness. How-
ever, this value is calculated by sampling an arbitrary
part of the fish/shellfish after death and performing
component analysis after various forms of pre-treat-
ment. Thus, it is not suitable for real-time evaluation in
the site of distribution. With this in mind, our laboratory
has been developing an evaluation system that
predicts the K value based on information such as the
size of the product, length of time elapsed after death
and storage temperature (Patent No. 7659804, etc.).
We are currently developing a MIRASAL software and
a MIRASAL device (Fig. 3) and conducting demonstra-
tion tests with a conveyor-belt sushi restaurant, with
the idea of “visualization (MIRASAL)” of freshness and
eating quality in mind.
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Fig.3 (E13) MIRASAL software under development.
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Multi-Quantum Beam HVEM at Hokkaido
University is eligible for Radiation Effect Study & In-
Situ Experiment with multi-beams by two ion
accelerators and a 1.3-MV HVEM.

Our MQB-HVEM is capable of following studies
on nonequlibrium process:

a) Dynamic observation of irradiation process
and microstructural development.

b) Atomistic direct observation on lattice defect
include cascade damage

c) Simulation of neutron irradiation damage in
nuclear reactors

d) Simultaneous implantation of transmutated
elements such as H, He and Ti, Cr and so on

e) Synthesis and modification for developing
nonequliribrium materials

f) Aerospace materials development
withstanding space debris and radiation

g) Materials science at far-from equilibrium for
functional device

Location of MQB-HVEM
facility Building.

(1) Void formation under (a) electron, (b) laser,
(c,d) laser irradiation followed by electron irr. (e)
simultaneous laser and electron dual-beam

irradiation.
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(2) SEM images of Ag-Au bimetallic

nanospheroids in SiO: glass substrate with
tunable surface plasmon resonance frequency
by ion irradiation

J. App. Phys. 114, (2013) 054308

(3) Bio-Science: HREM observation on tooth
enamel of human

tooth enamel >

(97% hydroxyapatite)
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Fig.1 Intermediate-angle neutron scattering instrument iANS.
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The Neutron is an indispensable particle for
studies of the microstructure of materials and atomic-
scale dynamics, and used for researches on
materials in industry. In our university, a compact
pulsed neutron source using an electron linac is in
operation, and it is a great advantage for the
materials research. Our missions are to applicate
neutrons to the materials research and to develop
the basic technologies, such as the development of
neutron sources and beam lines, and techniques for
small-angle neutron scattering (SANS), imaging, etc.

(1) Intermediate-angle neutron scattering instrument
for quantitative and non-destructive characterization
of nanostructures in alloys

Recent developments in high-strengthened steels
generally require accurate microstructure control
down to the nanoscale region. Dispersion
strengthening is sensitive to the number density and
size of the dispersed particles. Therefore,
characterization methods for those parameters are
important to control the quality of the products and
further the development of high performance steels.
Small-angle scattering (SAS) can easily give
statistically representative values for average size
and number densities of the heterogeneities. The
combination of SANS and SAXS techniques, which
is known as the alloy contrast variation (ACV)
method utilizes the scattering length difference of
each element between X-rays and neutrons, can
determine phase of precipitate. In addition to phase
determination, it can give information about the
composition of the heterogeneities embedded in the
matrix. To characterize such nanostructures
embedded in a metallic matrix, a newly designed
intermediate-angle neutron scattering instrument
(IANS, Fig. 1) has been developed. It shortens the
distance between the sample and detector and is
combined with a time-of-flight (TOF) technique.
Since the momentum transfer (Q) resolution can be
relaxed to provide an optimum Q-range when we
focus on characterizing nanoscale heterogeneity, a
much higher neutron flux can be utilized for the
measurements than those available in a
conventional small-angle neutron scattering (SANS)
instrument. Consequently, iIANS gives sufficiently
high quality profiles for quantitative analysis on an
absolute unit scale even using a compact accelerator
driven neutron source.

(2) Crystalline grain orientation mapping in a
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polycrystalline material by pulsed neutron Bragg-dip
transmission imaging

Because the mapping of crystal grains and their
orientations is a powerful technique to investigate the
correlation between material properties and its
microstructure, those such as SEM-EBSD and XRD
imaging have been developed. On the other hand,
neutrons have a higher penetration depth against the
electrons or X-rays, which is characterized by easy
acquisition of texture information inside the material.
For this reason, we developed a new mapping
method of individual crystal grains and their
orientations in a polycrystalline material by analysis
of spectrum obtained by neutron Bragg-dip
transmission method using pulsed neutron source.
The example of the mapping is shown in Fig. 2. This
is expected as a new texture information evaluation
tool capable of determining the number of crystal
grains and their crystal orientations in the direction
along the incident neutron beam and mapping these
crystallographic characteristics.

(3) Element distribution mapping by synergy imaging
of neutron and X-ray

To obtain high-resolution neutron image, we
developed the resolution enhancement method
consisting of the image alignment and the mapping
based on the neutron and X-ray synergy imaging. It
is an imaging technique which obtains an element
distribution image with higher spatial resolution using
the differences between cross sections of neutron
and X-ray. The concept of the synergy imaging is
developed from the image alignment technique
using the mutual information (Ml). By calculating the
two-dimensional histogram between neutron and X-
ray image and comparing the geometry decision
map, the element distribution is created. Fig. 3
shows the element distribution of the sample by the
method. Since the image created by the synergetic
use of neutron and X-ray almost keeps a spatial
resolution of a higher-resolution image, the spatial
resolution of the element distribution was
approximately equal to that of the X-ray image.

Fig.2 Crystal grain map
with their orientations by
neutron Bragg-dip
transmission method.
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Fig.3 Element

| distribution map by

neutron and X-ray
synergy imaging.
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iz Professor 5
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HEHR Associate Professor 6
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EEIHfKE - KX FY Postdoctoral Fellow 2
ZE A Assistant Technician 6
HMRAXIRHES Research Support Staff 2
EHwER Aides Clerk 1
EHwmE Assistant Clerk 3
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Research Activities

[RERX EE -k EFRSEER REF ZoH
Papers published in Books and Papers presented at Patents Prizes
refered journal Reviews international
conference
FY2020 36 1 3 4 4
FY2021 36 0 2 5 8
FY2022 36 4 7 12 1
FY2023 28 3 2 3 5
FY2024 34 2 5 8 10

NEREEEA (M)

Research Funds from External Sources (JPY)

H& HEMREHDE ZREHXRAMRE &%
Donations Grant from the Ministry of Grant for Collaborative Total
Education, Science, Sports and Research
Culture
(KAKENHI)
FY2020 12,450,000 53,950,000 78,127,500 144,527,500
FY2021 2,530,000 49,205,000 82,627,898 134,362,898
FY2022 19,171,000 42,458,000 93,839,100 155,468,100
FY2023 20,880,000 36,510,500 145,132,000 202,522,500
FY2024 9,890,000 42,893,500 135,871,000 188,654,500
ey
#E (BEH
Education (Number of Students)
ELERY feLigEmR" FERAEED &5t
2020 ~20244E
9 72 77 158
UBTHE-ZEEXER
20254
10 35 20 65
(EEER
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