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Greetings from the Director

The Center for Advanced Research of Energy and Material (CAREM) belongs to Faculty of

Engineering and conducts the basic research on materials science and energy related engineering to
provide development of new clean energy resources and highly efficient energy conversion that
contributes to the SDGs.
Nowadays, human beings are facing global energy-environmental problems. We need to get out from
the conventional energy societies in which we have been depending mainly on fossil fuels such as
coal and petrol, and we must construct other safe and highly efficient energy converting systems out
of various renewable energy sources such as sunlight, wind and biomass.

Our three missions to perform at CAREM:

Studying on development of systems and materials to improve the efficiency of energy conversion.

Conducting interdisciplinary and fusional research on energies.

Formation of research networks along with industry-academia collaboration based on fusion of

energy-related fields.

CAREM consists of five laboratories of:

(DPhoton and Thermal Energy Conversion Materials, @Quantum Energy Conversion
Materials, @Integrated Function Materials, @Chemical Energy Conversion Systems and &
Energy Media. All of them are aiming to contribute to highly efficient energy conversion,
tailoring essential materials for energy storage and analyzing atomic-scale structures and
functions of the materials. In addition, we will continue striving for excellence in advance
research on new energy conversion processes and energy medias using novel materials as a
research institute that makes a significant contribution to green innovations.
CAREM is also contributing to the education of undergraduate and graduate students of School of
Engineering, Graduate School of Engineering and Graduate School of Chemical Sciences and
Engineering to foster the next generation of researchers and engineers in energy fields.
The Multi-Quantum Beam High Voltage Electron Microscope Laboratory also belongs to CAREM
that has a unique high voltage electron microscope equipped with two ion accelerators and a
pulsed-laser oscillator that enables us to observe dynamic processes of materials at atomic level. In
addition, Neutron Materials Analysis Laboratory was settled in April 2018. This laboratory is
equipped with a 45MeV electron linear accelerator that enables us to perform analysis of materials
by both electron and neutron beams, so that we can provide a good research environment to utilize

our facilities complementarily.

We support the projects of Hokkaido University such as “Research and Education Center for
Robust Agriculture, Forestry and Fishery Industry” and fusion / interdisciplinary research with

off-campus researchers.

Professor Seiichi Watanabe
Center Director
November 2023

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

I

Faculty of Engineering

1

Center for Advanced Research of Energy and Materials

Steering Committee

Staff Meeting
'---------------------.l 1 1 1
Integrated Function| | Quantum Energy Photon &Thermal Energy Media Chemical Energy
Materials Conversion Energy Conversion Conversion Systems
Materials Materials

Professor Professor 1 Professor 1 Professor 1 Professor
(Concurrent) 1 (Concurrent) (Concurrent) 1
Associate Assistant /Associate Associate Associate

Professor 2 Professor 1 Professor 2 Professor 1 Professor 1

Specially Appointed Specially Appointed
Assistant Professor | |Assistant Professor
1 1

o M"'“F;Q:a",‘t::m Neutron Materials

Samiiiehavoltage Analysis Laboratory
Electron Microscope

Laboratory

Professor Professor
(Concurrent) 2 (Concurrent) 2
Associate Associate
Professor Professor
(Concurrent) 1 (Concurrent) 1
Assistant
Professor
(Concurrent) 1
Technical Technical
Staff 4 Staff 1

High-Voltage Electron Microscope Laboratory ﬁ

45MeV Electron Linear Accelerator Laboratory

Center for Advanced Research of Energy and Materials, Sapporo, Japan
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Associate Professor
Norihito Sakaguchi

b sakaguchi@eng.hokudai.ac.jp

HEHIR

Ee Ha
Associate Professor
Yuji Kunisada

kunisada@eng.hokudai.ac.jp
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Laboratory of

Materials

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

Integrated Function

A highly efficient energy conversion material has
been studied through atomic structure analysis and
property assessment in extended range between
nanoscopic and macroscopic dimension, employing
high-resolution analytical electron microscopy and
computer simulations. Our study aims at new
functional materials design to contribute efficient use
of various energy resources. Correlation among
atomic structure, electronic structure and property of
the interfaces, surfaces and atomic-scale functional
sites of materials is intensively studied. (Fig. 1)

(1) Nanometer-order resolution measurements of
optical properties by STEM-EELS

Electron energy-loss spectroscopy (EELS)
combined with electromagnetic simulations is one of
the powerful tools for analyzing the optical properties
of very small regions of various energy conversion
materials. The spherical aberration-corrected STEM
with a monochromator gun enables us to reveal the
dielectric properties of nanostructured materials.

(2) Three-dimensional distribution analysis of
dopants in ceramic phosphors

Spatial distribution of rare-earth dopants in ceramic
phosphors dominates their emission behaviors. We
performed the three-dimensional distribution
analysis of Ca and Eu dopants in Ca-a-SiAION:Eu?*
using through-focus HAADF- STEM with multi-slice
simulations and statistical analysis. (Fig. 2)

(3) Development of oxygen sorption materials
STEM-EELS gives the information of atomic
structure including element mapping and atomic-
scale chemical bonding states. We clarify the oxygen
sorption mechanism of ceramic materials. Ab initio
calculations are also performed to obtain the detailed
information of local chemical bonding states.

(4) Computational design of
permeation barrier coatings
Suppression of hydrogen embrittlement in
materials is one of the key technologies for hydrogen
society. We investigated the hydrogen absorption
and diffusion mechanism in the ceramic materials,

hydrogen

and design new hydrogen permeation barrier
coatings using ab initio calculations.

(5) Computational design of Long-life catalyst
Long-life fuel cell electrode catalysts are required
to realize hydrogen society. We revealed the
degradation mechanism of catalysts, and design
Long-life catalysts based on first-principles
calculations. We also fabricate the designed
catalysts using the electron beam irradiation. (Fig. 3)
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Fig. 2 (a) Atomic model, (b) multi-slice simulated
image, (c) experimental HAADF image and (d) the
channeling behaviors of Ca-a-SiAION.
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Assistant Professor

Yuki Nakagawa
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Laboratory of Quantum Energy
Conversion Materials

Professor Tamaki Shibayama
Assistant Professor Yuki Nakagawa

Achieving advanced energy-utilization system using
new efficient energy conversion materials is a key issue to
be solved. The main research objective of our laboratory is
R&D of innovative materials for severe environments, such
as heavily corrosive conditions and very high temperature,
for the development of advanced atomic energy plant or
highly efficient energy conversion system.

For that purpose, research subjects carrying out in our lab
are (1)researches on development of weatherproof
materials exposed to nonequilibrium plasma and neutron
field, and of structural materials for use in irradiation
environment, intended to practical application of next-
generation reactors such as longer-lasting reactors and
supercritical water reactors, and (2)researches on nano-
material creation by utilizing quantum energy beams of
electron, ion using ion accelerators and the Multi-Quantum
Beam High-Voltage Electron Microscope (MQB-HVEM)
with worldwide incomparable 1.3 MV. We have started
development of nano-materials newly using plasma and
photon (laser) beam.

Our main themes and recent results are as follows.

(1) Basic research of material by utilizing quantum
beam

We are trying to install a laser-light irradiation system on
MB-HVEM with existing ion accelerators. From the
viewpoint of nano-scale observation or creation of new
materials under nonequilibrium environment, it is thought
useful to apply quantum beams of electron, ion and laser
light onto material, successively or simultaneously.
Outside an electron microscope, a series of irradiation
experiments are now performing onto carbon powder
sprayed on collodion polymer film, carbon slab and iron-
platinum alloys slab, for obtaining quantitative estimation
of laser-light irradiation effect in an electron microscope.
Results show the creation of ultrafine carbon particles and
nano-pit pattern on both surfaces of carbon and iron-
platinum.
(2) Development of advanced material for severe
environment

Nb-Al sintered alloy is irradiated by electron beam in
HVEM and in-situ observation of behavior of fine-structure
changes was performed. Result showed that in the case of
irradiation at room temperature characteristic diffraction
spots of NbAl, disappeared and diffraction ring of Al newly
appeared, and in the case of irradiation at high

1"

temperature space(350°C). NbAl; phase was formed in
parent phase after regularization made progress. Since no
apparent fine-structure change is observed in heating
experiment from 285°C to 485°C, it is supposed that the
structure change by electron beam irradiation occurs in
different manner corresponding to the temperature state.
(3) Material development for high efficiency quantum
energy conversion and nuclear energy utilization

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).

Moreover, we are undertaking researches of reactor
materials for the development of next-generation nuclear
reactors ensuring both safety and high-efficiency, and for
the supply of new nuclear energy source
(4) Development of energy conversion materials
based on hydrides (solid electrolyte, hydrogen sensor
and hydrogen storage alloy)

Metal hydrides attract considerable attention as hydrogen
storage materials, fast ionic conductors and hydrogen
sensors. Our group works on elucidating the mechanism
of their functionalities by using quantum beam (electron,
ion, laser etc.) technologies. For instance, we have
performed STEM-EELS analysis of surface-modified
titanium for hydrogen storage applications (Fig.2), the
analysis of chromic reaction by hydrogen ion irradiation,
the structure analysis of hydride-based
electrolyte by analytical TEM.

and local

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

B 1 F/Ah=HRBITRAEERILY —KE.

Fig.2 STEM-EELS mapping of Ti nanopatrticles.
B2 Ti>/#FD STEM-EELS ?9EY.
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Associate Professor
Lihua Zhang
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KRR K4 Postdoctoral Fellow
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Laboratory of Photon & Thermal
Energy Conversion Materials

Professor Seiichi Watanabe
Associate Professor Noriyuki Okinaka
Associate Professor Lihua Zhang
Postdoctoral Fellow Yu Zhehan

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 SrTiOz

The strontium titanate (SrTiOs3) photocatalyst is
attracting considerable attention as a material for
hydrogen production. We research SrTiOz 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
water splitting

Photo-induced
crystal growth

HY+O0H™ hWw—h"+e

lllumination
control

(Metal oxide
" nanoparticles),
Hydrothermal reaction

Galvanic corrosion & Rust

Fig.1l Characteristics of SPSC.
E1 SPSC DO¥#.
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PCM (}BZ1t#¥'E : Phase Change Material) % F
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TE5-OSEEICERAEE, A OHEELEE—ET
Bz [N - #k - HIETBETH D BY IIL—TTIE
EEMN D 500°C BOFREEET., ThThDERE
(238 L =% PCM DR, RUTOERHHEE
BLTWS, BAMIZIE. ORER/NNT—FT/INA X
DEEBEEMO-HDERMEEE PCMES MBS,
QHERARFIAZ (B2 - KIGFE) FMAO-OHDHE
T 3A—LERPCMBEFE. QT Y LI F—BERIM.
KIGBAFKEED-ODAELPCMBEKEERREL TS,
H¥IZHiE. 300 C BOERES CHATRELETA Y
AATEIL PCM ZFFKE LTIz, COEIME. REE
AERZRFMOMBISETH--EBRETOERIZH
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Laboratory of Energy Media

Professor (concurrent) Seiichi Watanabe

Associate Professor Takahiro Nomura

Specially Appointed Assistant Professor
Melbert Jeem

Postdoctoral Fellow Dong Kaixin

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).

Process intensification Advanced exergy recuperation

MEPCM as solid flux

o Reactant ?am
( = X
ot é ° B | |- + Coproduction
Advanced MEPCHM Endotherm
ith reactor reaction . 5.|GEC

reaction
+

| { 2+
Heat storage  Heatrelease + A-IGC

Metallic PCM MEPCM with
particles (-um) Core-shell structure

opment of MEPCM

Fig. 1 Expected MEPCM applications.
Ref. T. Nomura et al: Sci. Rep., 5(2015), 9117.
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(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
NHs 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, SisNs, and BN)
and oxynitrides (SIAION). For example, AIN, SisN4, 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 05x)La203 % X$iCO3 + Fe + (03754
0.125x)NaCl04 — Lay,SrFe0s + (0.375 +
0.125x)Nacl (g) + xCO2(g) :

Fig. 2 A photo of a CS process.
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Laboratory of Chemical Energy Conver-
sion Systems

Professor (concurrent) Shin Mukai
Associate Professor Naoto Tsubouchi
Specially Appointed Assistant Professor Yuuki Mochizuki
Postdoctoral Fellow Yuji Shinohara

The present research group aims to solve problems re-
lated to “Resources, Energy and the Environment” using
the power of chemistry, and we are primarily promoting the
development of advanced utilization methods of low-quality
and unused chemical resources. Specifically, we are work-
ing on developing processes that can efficiently convert cur-
rently unused carbon resources (e.g., biomass and low-
rank coal) to clean energy and high-value raw material
chemicals, systems that can upgrade low-quality iron ore
resources (e.g., limonite and gangue-rich ores) into raw
materials for ironmaking processes, and technology for re-
using COz emissions (carbon recycling). In view of the is-
sue of food loss, we are also conducting chemical engi-
neering research on a freshness management system for
marine biological resources, including fish and shellfish.
The results are expected to contribute significantly to the
achievement of the Sustainable Development Goals
(SDGs) such as Goal 7, Goal 9, Goal 13 and Goal 14.

(1) Clean Coal Technology

The Ministry of Economy, Trade and Industry announced
the policy of gradually discontinuing and abolishing old coal-
fired power plants that emit large amounts of CO: by
FY2030, while permitting the establishment of new coal-
fired power plants that exhibit excellent environmental per-
formances (July 3, 2020). Integrated gasification fuel cell
(IGFC) technology, which combines coal gasification and
fuel cells, is a promising next-generation power generation
methodology that can reduce CO2 emissions by more than
30%, compared with current pulverized coal-fired plants,
because it can achieve high power generation efficiency.
Based on this perspective, our laboratory has been working
on developing a highly active catalyst for use in IGFCs. We
are also analyzing the behavior of heterocompounds, in-
cluding HCI, H2S and NHz, present in trace amounts in the
generated fuel gases (main components: Hz and CO) and
establishing a high-temperature removal system for such
compounds (W0O2005-162988, W02015-024400). More-
over, we are developing methods for producing high-
strength coke from low-quality and unused carbon re-
sources, based on organic resource chemistry and compu-
tational chemistry.

(2) Environmentally Friendly Ironmaking Process

As is well known, iron is one of the key materials support-
ing the modern-day society. Currently, Japan is 100% reli-
ant on imports, mainly (90%) from Australia and Brazil, to
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obtain iron ores (the main raw material of iron). Furthermore,
with the rise in impurity levels, the iron content in ores is ex-
pected to decrease (deteriorate) in the future. This would
lead to increased energy consumption during the ironmak-
ing process, increased COzemissions and reduced
productivity. Thus, the present research group is working on
the development of a low-grade iron ore upgrading process
using alkali treatment (NEDO Project) and the manufactur-
ing of carbon-containing ores using chemical vapor filtration
(NEDO Project, WO2017-193742). We are also promoting
the development of a method for controlling mercury com-
pound emissions related to ironmaking processes and a
method for the selective recovery of phosphorus from
steelmaking slag.

(3) Carbon Recycle

In this research, our biggest objective is to simultaneously
solve three problems: resource, energy and the environ-
ment. With this in mind we are aiming to develop a carbon
recycling power generation system that uses low-quality
and unused carbon resources, such as biomass, as raw
materials; has high energy efficiency; and considers
CO:2 as a resource; and separates and collects it for reuse
as a raw material for industrial processes and catalysts. In
this system, water-soluble metal cations are added to bio-
mass and low-rank coal and converted to fuels with high
gasification reactivity by the self-replacement effect. This
fuel is then gasified in the cells of the molten carbonate fuel
cell. Thus, the H2 and CO2 gases are circulated in the cell,
with excess CO2 being concentrated on the electrode side,
absorbed by hydroxide compounds and subsequently im-
mobilized. The biggest feature of the system is the reuse of
this immobilized CO- as an added catalyst or raw material
in industrial processes. We are also promoting the design
and development of CO2 conversion catalysts to convert
CO: originating from large-scale facilities such as pulver-
ized coal-fired and ironmaking plants.

(4) Aquatic Production Sciences

In the production and consumption areas of fresh sea-
food wholesale markets, the freshness of the product is one
of the most important criteria for determining the value of
the product, and the K value has been proposed as an in-
dicator to evaluate freshness. However, this value is calcu-
lated by sampling an arbitrary part of the fish/shellfish after
death and performing component analysis after various
forms of pre-treatment. 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 stor-
age temperature (WO2020-037546 etc.). Moreover, we are
currently developing a system for evaluating freshness of
marine products using devices (MIRASAL) that visualize
the best timing of consumption, jointly with the National In-
stitute of Advanced Industrial Science and Technology
(AIST) and Tokyo Denki University.
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Multi-Quantum Beam High Voltage
Electron Microscope Laboratory
Professor (concurrent) Tamaki Shibayama
Professor (concurrent) Seiichi Watanabe
Assoc. Prof. (concurrent) Norihito Sakaguchi
Asst. Prof. (concurrent) Yuki Nakagawa

Technical Specialist Kenji Ohkubo
Technical Specialist Ryo Ohta
Technical Specialist Takashi Tanioka
Technical Staff Ryoko Yokohira
Research Support Staff Ayako Itou

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.
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(1) Void formation under (a) electron, (b) laser,
(c,d) laser irradiation followed by electron irr. (e)

simultaneous laser and electron dual-beam
irradiation.
(a) e S ‘*\1

o
. 0 min

¢ imin)

(2) SEM images of Ag-Au Dbimetallic
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
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FHEFIIMEDRFLANILTOEECEEREDHE
IZRLIENTELGLVHFTHY . TOHBFOMHBEZFIAL
MERRE (T HERAFECERYEREERIALGLE) CEEF
AMZER-O7yMIMORBRELRFHEIADOEEIG
NBHZE)DEHLN TS, RETIEEF R INERE
—RE—LHEERICAWVSNELRREFREAREL T
BY. TNZEZFRALEH RN TREGENKRELR R &
BoTWB, AARETIIHEFICREMBAEZE BRI,
FHEFERBRPE—LSAVEOEBRMORAKE. PHEF
INBBEL A A= T EVSEFIRAFEEDORR., hiEF©
X RO BEMAEENAOMBEIT~DIEAETHEL TS,

REDELGHRT—IEREOMERREUTOREY T
Hb,

(1) HMB LUV ZDMDERICEITEF/EEDEEN
FERIRAEF OO DR EFhARILEE DR

EREMOREOERIL, —RIZF/AT—ILEEET
ERETHMEEDHHENELT S, THBEIEEEDHEK
BIEE. DELI-HFOHBES LU A RICBETHD,
LIz o T SNEDNSA—2OFHEEE A AL 2 ROR
BESEL. SOICHEEMORARESHT S-OICEET
HD. INABEL(SAS)EMDIE. THBOFH YA XE LV
BEEICODVDTHIMICRRNGEZRRICHLIILNTE

c BEIAVISAMEF (ACV)iZELTHILNTLNS SANS
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k& SAXS ZEDHMAEDLETIE X REPHEFRNDETE
DHELRZEZFIALT. TEYMOBEPLCBETOEMOHERK
BT BIEHABOND, EEBHEICEDRAEN-FT/HEE
EHEATT SO, FERET O D EF R ABELEE (ANS,
1)ZBARL=, TOHFHITHH ~ R BHOER#TEL
FHEFRITEREEMEAEDECETHY. F/RT—L
BEITSEET5LEEHE Q DNEEEZREDHHILTHR
D SANS EELVLE LT EHEHFICEREZEHELHIL
MNTEHEITE, CORR. MEMERFEE P IEFIRE
FALTH N BEATOEESHICHIEERETOT?
AILHEENEESITHEST,

(2) INILRABEFITSVI TAvTBEBRAA—DUTI2ED
SEERMRONIILIHERAOFEBRETYELY

HERAEZTNODEADIVEL T 1L, M FEEZOM
HMEEOMEEERARNDIBENEAETH L= . SEM-EBSD
P XRD A A=V T EDFEMNEEINTIND, CBITH
L. FHEFRIVEVZAFRESEZF>THY . MHRNEETO
HBERERZVOIEETHD, CDT=H. /LR BPEF
BERWSHMEF ISV Ty T BRETHERLZARIMLD
BICEY SR ADOERAE L DERRAZEZRT ZEAATEE
BEHLODIYEL T FRERELL 2), i, hEFD
ASFTE—LIZR>T-ARICETAHERAKB LV ZTIALD
ERACNRETE, INSDOBERZNHEEIVEL ST
BEE T L UOMEBEIRETE Y — L EL TSNS,

(3) HMEFE X BODHERAA—DUTIZLDTRDTTY
EV T EDRF

FUFSOHTII/BENTCE R RETEFAA—TF
BHEOHIZ. PHEFE X REBOMEEHELEIVELTIC
EOHFEAA—DUTERERHK LIz, ThlE PHETFRE X
BROMEBEBOEVNEFALT, KYEWER S i THE
NAEBERDIFETHD HREAA—DUTOBEZIE. 18
HERMNZAW-ERULESHLEEMINASHARINL T
%, HHEFE X REBOMT 2 KTEAN SLEHEL.
FHIRRER YT 2B T HEIZEO>T. TR MERET
%, CORKICLEIHABOTRDREMER 3 IZFRT,
FHFEXBROBEMRICKVERSNIERIL. &0 EEE
ERDZEMSBEEE ZFHRT L0 X REZOER S
BEELRIE LD,

Fig.1 Intermediate-angle neutron scattering instrument iANS.

1 PHEFhAHHELEE 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

S, &
Npeo
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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 technigue 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 (MI). 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.
B2 AEFISvIT
1 v TBEBBEIC & D
SR ALDY Y T,
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Fig.3 Element
distribution map by
neutron and X-ray

Neutron synergy imaging.
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oA —FK Professor 1
iz Professor 2
ERHR Guest Professor 7
HEBUR Associate Professor 7
Bhk Assistant Professor 1
YHEBNEL Specially Appointed Assistant Professor 2
HEiTE & Technical Specialist 3
i fiTh 8 Technical Staff 2
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HMRXIRHEES Research Support Staff 1
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Research Activities

[RE®RX EE -5 EfR SR YEF E2E
Papers published in Books and Papers presented at Patents Prizes
refered journal Reviews international
conference
FY2017 49 3 8 5 9
FY2018 40 8 17 4 18
FY2019 51 6 13 2 6
FY2020 36 1 3 4 4
FY2021 36 0 2 5 8

NEBEEZEA (H)

Research Funds from External Sources (JPY)

g HEMREMGDE ZRAHEAMEE At
Donations Grant from the Ministry of Grant for Collaborative Total
Education, Science, Sports and Research
Culture
(KAKENHI)
FY2017 10,700,000 24,700,000 39,620,000 75,020,000
FY2018 14,000,000 17,030,000 36,709,240 67,739,240
FY2019 6,092,630 26,520,000 42,413,712 75,026,342
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

#E (PR

Education (Number of Students)

LR 0 e D s aft
2016~20205 &

(ET& ZHER) ° o % 100
20214

(FELER) ! 35 14 56

1) #HFPEYR, EFEIPERSLULALEER
2) AR TUTZILIZa—R, BALEI—RELUBHER - VA TL3—R
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