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High-pressure synthesis and complex structural evolution
of Hg; PbMnO; (0 < x < 0.5)
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[1] T. Nakaso, M. Kimura, Improvement of Memristive Characteristic of In-Ga-Zn-O Thin-Film Memristor by [l
Conductive Buffer Layers, IEEE Trans. Electron Devices, Vol. 71, Issue 10, pp. 6456-6459, Oct. 2024

[2] S. Sugisaki, M. Kimura, Memristor Characteristics of a Ga-Al-O/Ga-Sn-O/Ga-Al-O Stack Device fabricated using
Mist Chemical Vapor Deposition, Jpn. J. Appl. Phys., to be published

[3] M. Kimura, T. Kamiya, Poly-IGO TFT with Field-Effect Mobility over 40 cm?/Vs — Mobility Modeling and Self-

Heating Simulation —, Display Week 2025, May 2024
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EfRLREHEA (P12)

Laboratory for Materials and Structures, Collaborative Research Projects No.211

International CRP 2024 — Category A
(Seismic isolation for buildings in earthquake areas)
Project Coordinator Name: Andreea CASUTA MSL Faculties: Shoichi Kishiki

- Aims of Research -

The purpose of the project is to share information on the seismic isolation topic, studied and applied
extensively in Japan, while in Romania it is still in the beginning. Romania’s recorded earthquakes show a
pulse-like accelerogram, and for this reason, specific requirements are necessary to apply seismic
isolation to both new and existing buildings.

- Results -

During the applicant’s visit in Japan she had the chance to visit manufacturing companies for seismic
isolation and damping technologies devices. The interesting things learned during the visits, such as how
to make and test such devices and many details about such devices were then shown to professional

engineers and students.

Last October the applicant organized in UTCB an international conference,
where 10 devices manufacturers were invited and also local design
engineers who applied seismic isolation in Romania. In the beginning of the
event, the president and 3 ASSISi directors (including the applicant)
presented the technologies of seismic isolation but also damping and
vibration control. The event gathered around 40 professionals from the
Romanian engineering market. The main design companies joined.

Please fill information such as URLs, research papers, etc., which you wish to publicize, in this section.

EfR£R#HEB (P15)

Laboratory for Materials and Structures, Collaborative Research Projects No. 01

International CRP 2024 — Category B
Symmetry-Operation Assisted Materials Design and Novel Ferroelectric

Materials Realization with High Pressure Synthesis Techniques

Project Coordinator Name: Wei-Tin Chen (National Taiwan University)
MSL Faculties: Masaki Azuma

- Aims of Research -

It is aimed to design novel functional materials such as ferroelectric or negative thermal expansion
materials based on crystallographic symmetry requirements, and realize target functional oxides by
utilizing high pressure synthesis techniques. With symmetry-operation analysis of their structure and
phase transition, crystal symmetry modification will be adapted for further materials design.

- Results -

BiNiO; is a unique perovskite oxide requires high pressure high temperature (a) ,
(HPHT) techniques to prepare, and exhibits rich charge behaviour upon
various pressure and temperature conditions, including insulating charge
disproportionated phase and metallic charge transferred phase. Such P- and
T-induced charge transitions are accompanied with intriguing negative
thermal expansion (NTE) effect. When the sample is pressurised above 4
GPa and cooled down, further phase transition was observed. The high
pressure neutron diffraction at 4.3 GPa and 100 K revealed a pressure-
induced charge glass state of BiNiO, (as shown in the figure). Considering
the valence skipper nature of bismuth, it was concluded that the pressure-
induced charge amorphisation was realised that the Bi®* and Bi®* cations are
randomly distributed at the A site.

Publication: W.-T, Chen and M. Azuma et al., Pressure-induced charge amorphisation in BiNiO;, Nat. Commun., 16, 2128 (2025)




EfRLEAEB (P17)

Laboratory for Materials and Structures, Collaborative Research Projects No.212

International CRP 2024 —Category B

Research on Seismic Performance and Design Method of Rocking Steel Frame

with Column Uplift

Project Coordinator Name: CUI Yao (Dalian University of Technology)

MSL Faculties: KISHIKI Shoichi

- Aims of Research -

To improve the existing seismic design methods for rocking steel frames, this study initially proposes a preliminary
performance-based design approach for Gravity-controlled Rocking Steel Frames (GRSFs) with column uplift.
Subsequently, the performance-based design method is applied to a reference facility, and its seismic performance
is evaluated. Finally, the column impact effects on the dynamic response of GRSFs is analyzed to optimize the
design method.

- Results -

(1) Performance objectives and a performance-based
design method for GRSFs are proposed. At the SLE
level, the rocking of the GRSF is triggered, and the
yielding of column bases occurs; at the DBE level, the
yielding of coupling beams occurs to dissipate energy; at
the MCE level, the main elements remain elastic.

(2) The GRSF designed using the proposed method can
achieve the expected performance targets. The peak
interstory drifts does not exceed the limits, which are
0.5% and 1% at the DBE and MCE levels, respectively.
(3) The effect of column impact on the column base and
first-story brace should be considered, and a force
amplification factor of 1.1 is recommended to optimize
the proposed method.

Select performance objectives and drift
limits 4,,, (DBE) and 4, (MCE)

Estimate structure period T

SLE: Determine contribution from
rocking column bases M,,

Coupling beam

DBE: Determine contribution
from coupling beams Mgg.y

MCE: Determine contribution
from main elements Mgy

¥
Calculate the drift D, (DBE) and D,
(MCE) per time history analysis

1<4yy and Dy<Ay 1o

Column base yes

with ED device
GRSFs with PBSD method
column uplift for GRSFs

EfRLEAEB (P21)

Laboratory for Materials and Structures, Collaborative Research Projects No.207

International CRP 2024 —Category B

Innovative retrofit solution for existing RC structures
Project Coordinator Name: Marco Di Ludovico

MSL Faculties: Susumu Kono

- Aims of Research -

The project investigates the use of the RFRCC light jacket for improving the flexural and shear capacity of
reinforced concrete (RC) structures, The project adopts analytical models to estimate the effectiveness of
the solution and its limitations. To this aim, models validated on experimental results are built for reinforced
concrete columns. A methodology for the design of such strengthening solution is then proposed.

- Results -

The main result of the project is the proposal of an analytical
formulation for the design of RFRCC light jackets for the flexural
upgrade of existing RC columns. Such model is of paramount
importance for the application of the proposed innovative system in
the current construction practice in ltaly, Japan and worldwide.
For the design of the flexural strengthening, a sectional analysis is
performed according to the stress-block method, as per Eurocode
2. The stress-strain behavior of FRCC in tension and compression
is then computed following the recommendations of the Italian
guideline CNR-DT204/2006 for fibre reinforced concrete. The
assumption of perfect bond between the existing concrete
substrate and the FRCC is made, based on experimental
observations. Through the equilibrium equation between internal
and external actions, the neutral axis depth is computed. The
additional HP-reinforcement is not explicitly considered in the
equilibrium, as it is implicitly included in the tensile contribution of
the FRCC.

FRCC ’ i Ferri
£.=3.5 %0 esistenti
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Laboratory for Materials and Structures, Collaborative Research Projects No.205

International CRP 20?4—Ce_1tegory B ; i
Effect of Seismic Pounding on Self-centering Wall-Frames

Project Coordinator Name: H.A.D. Samith Buddika
MSL Faculties: Susumu Kono

Aims of Research -

Seismic pounding analysis of post-tensioned hybrid (PH) precast wall buildings with an adjacent buildings
will be carried out with a view to investigate the influence of seismic pounding on the structural
performance of PH precast wall buildings. The structural performance of buildings is evaluated
considering various separation distances under risk-targeted maximum considered earthquake (MCEg)

level ground motions.

- Results -

PH precast wall building | MRF building

~o-No pounding

~~d, =20 mm

d =40 mm
L|-o-d, =60 mm
—*-d =80 mm

Floor level

Floor level

Pseudo acceleration (g)

2 3
Period (s)

Pounding of Configuration: PH precast GM Spectrum 1 2 0 2
lmer»smry‘drifl ratio (%)

0 1
wall building with MRF building Inter-story drift ratio (%)
i ~>=No pounding
The variation of inter-story drift (IDR) due to pounding is less for PH 3 f <d,=20mm | E J
d_ =40 mm E L

J‘ o .

precast wall building. Pounding results in a significant change to z
IDR of MRF building in the vicinity of impact. i :j;g o

The pounding showed no significant effects on the residual IDR of | i J |

PH precast wall building. However, pounding caused larger ! . . | | )

residual IDR in both RC shear wall buildings and MRF buildings. - 01 02 03 00 0l 02 03
Residual inter-story drift ratio (%) Residual inter-story drift ratio (%)

EfR£REHEB (P26)

Laboratory for Materials and Structures, Collaborative Research Projects No.47

International CRP 2024 — Category B

Ultrafast coherent phonon dynamics in topological materials
Project Coordinato: Jianbo HU (China Academy of Engineering Physics)

MSL Faculties : Kazutaka G. Nakamura

- Aims of Research -

This project aims to systematically investigate the temperature-dependent coherent phonon dynamics in the topological
kagome magnet GdVSng. Specifically, the research aims to: first, identify characteristic temperature points, where phonon
behavior may deviate from anharmonic models; Second. understand the origins of phonon anomalies (softening/hardening
and lifetime changes) near these temperatures, linking them to electronic structure changes (e.g., van Hove singularities,

DOS near the Fermi level) and magnetic ordering.

- Results -

=
H

In this work, we systematically investigate the
temperature-dependent coherent phonon dynamics of
GdVgSng and two characteristic temperature points
have been identified (i.e., T, at ~ 100 Kand T, at ~ 5

K). Specifically, we have observed the anomalous |
softening and suppressed decaying of the Ag“ phonon . % A | .
mode when approaching T, which may result from the T Time Detay () ' !
change of density of states (DOS) near the Fermi o * Experimentsl data + Fit Oucllation
surface. While around T, the hardening and Axlarivdalc Sl 3 Lisc e
accelerated decaying of the A,* phonon mode
emerges since the buildup of magnetic order alters the ] .
phonon energy renormalization and opens an . 3 i .
additional scattering channel. - : i

FFT Amp =10}

AR (=107}

4 h
Frequency (Tlz)

e 150 0 A0 M0 an 1] 15 e W am

Temperatare (K} Temperature (K)

Please fill information such as URLs, research papers, etc., which you wish to publicize, in this section.
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Earthquake Ground Motion Parameters for the Monument Zones of the World
Heritage Site of the Kathmandu Valley

Project Coordinator Name: Prem Nath Maskey
MSL Faculty: Susumu Kono

The Project aimed at the collection and preparation of the earthquake ground motion parameters for the monument
zones of the World Heritage Site of the Kathmandu Valley by learning the chronological development of Japanese ways
of assigning the earthquake ground motion parameters in the seismic codes and standard laws. The safety of people
and mitigation of large damages during large earthquakes have been the key words of Japanese regulations.

- Results -

The study had facilitated in determination of the seismic hazard curve for all the seven
monument zones of the World heritage Site of the Kathmandu Valley. The influence of the
soil sediments on the ground motion during the earthquakes at all the monument zones
was obtained. The interaction in Japan was supposed to facilitate in developing the
updated form of the seismic standards/code at par with any other international code. This
study and interaction have highlighted on the need and ways to develop Nepalese
Code/Standard and the rational ways to handle with the maintenance of the cultural
heritage rationally.

Please fill information such as URLs, research papers, etc., which you wish to publicize, in this section.
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Development of Alternative Material for Round River Stone Masonry Housing

Project Coordinator Name : Gokarna Bahadur Motra (Tribhuvan University, Nepal)
MSL Faculties: Prof. Susumu Kono

- Aims of Research -

The main objective of this study is to find the effectiveness of precast stone masonry
blocks in context of Nepal. Determine the optimum stone content based on the strength
and economy. Performance evaluation of masonry houses with precast stone blocks.

- Results -

The sample (1:4:8) with 30% stones and 0.45-0.55 water cement ratio has
exhibited excellent performance. It demonstrated higher strength with very less
variation in standard deviation. Factors such as the placement of stones, workmanship,
and the curing method contributed to the higher strength observed in these blocks. The
primary cause of block failures is observed at the interface between the concrete and
stones. Cracks in the stones can also be observed in certain samples. Blocks with
stone content exceeding 30% by volume have not exhibited satisfactory performance.
Blocks with dimensions of 290x190x140 mm, the stone content can be increased.
Based on the test results and cost considerations, block with a 1:4:8 ratio and 30%
stone content is recommended for construction.
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Laboratory for Materials and Structures, Collaborative Research Projects No.208

International CRP 2024 — Category B
Development of numerical constitutive model for confined concrete

Project Coordinator Name: David Mukai (University of Wyoming)
MSL Faculties : Susumu Kono

- Aims of Research -

This project aims to develop a concrete damage plastic model, based on the combination
of damage mechanics and plasticity, to analyze the failure of concrete structures confined
by shear reinforcement and/or steel tube.

- Results -

A plasticity-damage mechanics model was successfully used to model and analyze spun
cast piles made of high-strength concrete encased by steel tubes. This work was carried
out by members of the Kono lab (Kono-sensei, Priyana Rajbhandari, and Clarissa Jasinda).
This constitutive model has helped the group create models to accurately simulate
experimental results. This has resulted in useful outcomes such as developing strain limits
in walls for performance levels defined by Japanese design agencies and developing
design equations for circular hollow precast high-strength concrete-filled steel tube piles
under uniaxial compressive loads. A second constitutive model which is normalized by
concrete crushing energy has been used with great success in fiber-based analyses.

Eff£R#HEB (P3D)

Laboratory for Materials and Structures, Collaborative Research Projects No.203

International CRP 2024 —Category B
Development of ultra-high performance concrete using various waste resources

(Interface transition zone properties of lightweight aggregate high strength mortar with waste resources)

Project Coordinator Name : Jeongsoo Nam (Chungnam National University)
MSL Faculties: Susumu Kono

- Aims of Research -

The objective of this study is to investigate the interface transition zone properties of lightweight aggregate high strength mortar with waste
resources. Different types of LWA (Vermiculite (V), Waste glass beads (WGB)), the development of ITZ between the cement matrix and
aggregate, and the heterogeneity characteristics were examined via time series analysis. Based on the results, the timing of moisture release
in the LWA types was analyzed for curing times of 3, 7, 28, 56, and 90 days. Finally, the improvement in the nanostructures and the
development of strength in an IC environment were systematically analyzed using LWA/sand (L/S) and the moisture state of the mortar.

- Results -

The compressive strength expression of the mortar increased
linearly with curing time as the L/S increased. During the early ™
curing stage, the moisture retained by LWA continuously
supported the hydration reaction in the ITZ, contributing to ™
strength expression. With an increase in the L/S value, a clear *"
tendency for moisture consumption was observed in the ITZ. It
was possible to determine the level of moisture voxels
consumed in the ITZ as the moisture within the LWA moved
along the direction of the cement paste. This was attributed to
the variation in the total amount of moisture among the different
types of LWA of the same quantity. The plastic hardness of the
ITZ increased as the curing progressed from 56 days to 90
days. The moisture released from the LWA facilitated the
hydration reaction as it moved into the cement paste. The Ca/Si
ratio in the mortar with LWA increased with curing time. This
reflects the structural characteristics of C-S-H formed during
hydration within the cement paste, where the low-density C-S-H
gels developed dense and uniform microstructures.

Web page: https://concrete.cnu.ac.kr/
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l-Hydrogen-lnduced TFT Operational Transformation in Tin Monoxide TFT |

Kenji Nomura, University of California, San Diego
MSL Faculties : Keisuke Ide

This project investigates the effect of hydrogen impurity on the electrical characteristics of Tin monoxide
(SnO) thin—film transistors (TFTs). The study focuses on assessing its impact on the TFT operation mode,
proposing a novel approach to control the switching behavior of SnO-TFTs.

— BRAR-IR —

The influence of hydrogen impurities

on p-channel SnO-TFT  was 10% g
investigated through RF hydrogen 10%F ™\ 284un1

I
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SnO channel layer modified the TFT 0¢r L\ ;3 1
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Operatlon . Fig.1 Vaniation of transfer characteristics by hydrogen plasma treatment with different RF powers (a) Pristine, (b) 10 W,
() 30W, and {d) 50W for the p-channel Sn0O-TFTs. The treatment duration was 10 sec
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Laboratory for Materials and Structures, Collaborative Research Projects No.213
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Seismic response analysis of base-isolated structures under long-
period ground motions

i Project Coordinator Name: Zhe Qu MSL Faculties: Shoichi Kishiki

- Aims of Research -

This project aims to identify risks to isolation bearings, particularly excessive shear strain and tensile stress under
intense long-period ground motions. The goal is to enhance base isolation design, mitigate long-period motion risks,
and ensure the reliability of isolation bearings, paving the way for future super-long-period base-isolated buildings.

- Results -

This study found that the 2024 M7.6 Noto Peninsula Earthquake had strong long-period characteristics, significantly
affecting base-isolated structures. Simulations showed that intense long-period shaking could compromise the
isolation layer, with rubber bearings at high risk due to excessive shear strain and tensile stress. Considering soil-
structure interaction (SSI) and nonlinear soil response, soft soils amplified long-period motions, increasing
displacement, rocking, and the risk of tensile-shear failure. These results highlight the need to enhance the tensile
capacity of isolation bearings or implement control measures to improve the safety of base-isolated systems under

long-period shaking. g s
1SK002
| gl

Shear  strain and
vertical stress in rubber
bearings under long-
period ground motions

Vertical stress (MPa)
Vertical stress (MPa)

0 200 300 400
Shear strain (%)

Web page: http://www.qu-zhe.net/
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Development of high-performance carbon neutral seismic force resisting system

Project coordinator name: Tony T.Y. Yang (The University of British Columbia)
MSL Faculty: KONO Susumu

- Aims of Research -

The aim of the research is to develop a high-performance CLT shear wall system which can be used for
high rise applications.

- Results -

Figure 1a shows the novel dual-pinned self-centering coupled CLT shear wall (DSCW) system developed
in this study. DSCW consists of two sets of CLT shear walls that are coupled to one another using the self-
centering friction dampers (SCFD) shown in Figure 1b. In addition, the base of the DSCW is designed to sit
on V-shaped truss assemblies. Figure 2 shows the force-deformation of the DSCW under cyclic load.
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Fig 1: Proposed DSCW system ig 2: Cyclic response DSCW system
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International CRP 2024 — Category B
High-pressure synthesis and complex structural evolution of Hg, ,Pb,MnO,
(0sx<0.5)

Project Coordinator Name: Youwen Long (Institute of physics, CAS)
. MSL Faculties: Masaki Azuma

- Aims of Research -

The aim is to use synchrotron X-ray diffraction to analyze the specific structures of these compounds, and

to understand the internal evolutionary relationships and the physical mechanisms behind them.

- Results -

HgMnO, Hg, sPb, ,MnO, Hg, .Pb,MnO, Pb(Pb, ;Hg,):Mn,0,,
(x=0) (x=0.1) (x=0.15~03) (x=0.5)

High-quality powder polycrystalline Hg,_,Pb,MnO; (0 < x < 0.5) samples were

Intensity (arb. units)

e prepared at high-pressure and high-temperature conditions. As the doping level of

Pb increases, the crystal structure evolves from P2,/c to R-3c, then to polar Ama2,

Pna2,
- ]"‘“'3 and finally to Im-3. Most interestingly, when the doping level reaches x = 0.5, the

s |m3 crystal no longer adopts a simple perovskite structure but forms an A-site ordered

0 3 quadruple perovskite with the chemical formular of Pb(Pb,;5Hg,/3)sMn,04,.
eg

Please fill information such as URLs, research papers, etc., which you wish to publicize, in this section.
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FRIHIC - BEIR ;1) Jan J. Wiesfeld et. al., “Oxidative Esterification of Acetal-Protected SHydroxymethylfurfural to Dimethyl Furan-2,5-dicarboxylate with High

Recovery of Protecting Agent”, ACS Sus. Chem. Eng., 2024, 12, 450-458. 2) Nirupama Sheet et. al., “A Protection Strategy for High-yield Synthesis of Dimethyl
Furan2,5-dicarboxylate from 5-Hydroxymethylfurfural Using Methanol as an Acetalizing Agent”, ChemCatChem, 2024, e202301259.
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F M- BEIR : [1] V. Qiao, K. Kaneko, I. Osawa, S. Kaneko, M. Yoshimoto, A. Matsuda, J. Ceram. Soc. Jpn. 132, 381-386 (2024).
[2] K. Kaneko, Q. Yuchi, S. Kaneko, M. Yoshimoto, A. Matsuda, Appl. Surf. Sci. 689, 162405 (2025).
[3] K. Kaneko, Q. Yuchi, S. Kaneko, A. Matsuda, J. Phys. Chem. C 129, 3264-3271 (2025). fi
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(Seismic isolation for buildings in earthquake areas)

Project Coordinator Name: Andreea CASUTA

Affiliation: Technical University of Civil Engineering Bucharest (UTCB)

1 Introduction

So far, in many critical situations, the applicant was supported by her experience in Japan and also by her
former Japanese supervisors and colleagues. This brought a change in the current Romanian system, at least
at the level of UTCB. Although the change was small, it improved greatly the way people think of research
within the Romanian university. People used to think it is very hard to make research and almost impossible
to make experiments, but with the support of Japanese professors and colleagues from Tokyo Tech,
experiments were possible in UTCB and they were also successful. So, professors and students in UTCB
started to like and be interested in experimental testing. Thus, within this collaboration project steps ahead
can be done in developing the research mindset within professors and students of UTCB, by acknowledging
that Japanese way of doing research is possible also in small technical universities in developing countries,
like UTCB in Romania.

In a similar way, people in Romania are still reluctant to apply seismic isolation although they hear about the
method. Practical design examples and experimental results can influence the future generations of Romanian

engineers to apply this technology, hopefully before another big earthquake occurs.

2 Aims of Research

Romania is a country with moderate to high seismic activity, and even if big earthquakes occur every 40-50
years, they are not as often as in Japan, thus population is not so aware of the seismic danger. Basically, the
earthquake occurs once or twice in a lifetime for one person. The last big earthquake was in 1977, so recently
Romania started to prepare for the next earthquake. Within this objective, a governmental collaboration was
established between Romania and Japan, generated by the research collaboration between UTCB and Tokyo
Institute of Technology. This project will be a continuation of the successful collaboration between the two
countries. The purpose of the project is to share information on the seismic isolation topic, studied and
applied extensively in Japan, while in Romania it is still in the beginning. Romania’s recorded earthquakes
show a pulse-like accelerogram, and for this reason, specific requirements are necessary to apply seismic

isolation to both new and existing buildings.
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By showing research results and behavior of real buildings with seismic isolation in earthquakes to students
and design engineers in Romania, in the future, hopefully before the next big earthquake, they will be more

familiar with seismic isolation and will be able to adopt it correctly.

3 Results

Last October the applicant organized in UTCB an international conference, where 10 seismic isolation and
damping devices manufacturers were invited and also local design engineers who applied seismic isolation in
Romania. In the beginning of the event, the applicant presented the technology of seismic isolation. The
event gathered around 40 professionals from the Romanian engineering market. The main design companies

joined.

After this event, where the applicant presented videos and information from Japanese research on seismic
isolation, she was invited to join a course for design professionals, to teach them about principles and design
of seismic isolation together with colleagues from industry who already designed buildings with such
systems. The course gathered about 30 participants, and practical design examples are presented and solved

during this course.

During the applicant’s visit in Japan she had the chance to visit manufacturing companies for seismic
isolation and damping technologies devices. The interesting things learned during the visits, such as how to
make and test such devices and many details about such devices were then shown to professional engineers
and students. Another example was the difference between high damping rubber and natural rubber, for

isolators.

Within the ISO committee, WG 13, together with a design company, the applicant developed a design

example for a building already constructed in Romania, showing the design procedure specific to Romania.
The ISO TR 21259 draft will be published (hopefully) in March 2026, and will be available worldwide for
engineers to understand the main differences among design methods in seismic countries related to seismic

isolation applications.

4 Conclusion / Summary
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The promotion and knowledge transfer are of tremendous importance in order to adopt new effective
technologies for seismic protection of buildings. Especially as it is in the case of Romania where the
earthquake is strong, but rather rare (every almost 40-50 years). As researchers and engineers, we must do
our duty to inform and promote the best practices among engineers, although the adoption rate is quite small.
As it happened in Japan, only after Kobe earthquake, people realized that seismic isolation is effective and

adopted it at large scale.

In the same sense, Romania benefits of up to date information from the country with the best research on this

topic (Japan) on effective protection systems for buildings, both new and existing.
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Symmetry-Operation Assisted Materials Design and Novel Ferroelectric
Materials Realization with High Pressure Synthesis Techniques

Project Coordinator Name: Wei-Tin Chen

Affiliation: Center for Condensed Matter Sciences, National Taiwan University
1 Introduction

The exploration of fascinating functionalities and phenomena of novel materials is essential in modern
condensed matter sciences which is motivated much by the succession needs of novel technology
applications. High pressure synthesis techniques are one of most important methods in preparation of novel
functional materials, that the high pressure high temperature (HPHT) condition is essential to realize
metastable phases which cannot be prepared under ambient condition. In this project, we are especially
interested in novel functional materials that exhibit intriguing physical properties such as ferroelectrics (FE),

multiferroics (MF), or negative thermal expansion (NTE).
2 Aims of Research

With considering crystallographic symmetry requirements for functionalities such as ferroelectrics and
negative thermal expansion, we aim to realize target functional oxides by utilizing high pressure synthesis
techniques. The first target system is BiNiOj3 related system which shows NTE effect with various A- or/and
B-site doping under different temperature and pressure environment. With exhaustive investigation with
high pressure synchrotron x-ray and neutron diffraction, we aim to derive a comprehensive P-T phase
diagram of parent BiNiO3; compound. The second materials system is double perovskite that may exhibit
magnetoelectric coupling through an intermediary non-polar structural distortion. It is targeted to prepare
A-site ordered double perovskite, with antipolar A-site displacement and also antiferromagnetism. Previous

attempt was made with CeBaMn,Os double perovskite.
3 Results

The first target system is BiNiOs, which exhibits rich charge behavior as a function of pressure and
temperature. These P- and T-induced charge transitions are accompanied by colossal NTE effect. The phase
pure polycrystalline powder BiNiOs; was synthesized with high pressure high temperature solid-state
method. The charge proportionated state Bi**osBi®*0sNi>*O3 at ambient condition will be “melted” a with
a charge transfer when pressurized ~ 3.5 GPa into a metallic Bi**Ni®**O; state. When the sample is
pressurized above 4 GPa and cooled down, a unique phase transition was observed. Considering the
“valence-skipping” nature of bismuth, it was concluded that a pressure-induced charge amorphization is
related a random distribution of  Bi®* and Bi®* cations on the A site (Fig. 1). Such pressure-induced charge

glass state was indicated earlier in Pb related systems such as PbCrO3 and PbFeOs; systems, and is firstly
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reported in the Bi perovskite. With exhaustive synchrotron x-ray and
neutron examination with various pressure and temperature, a pressure-
temperature phase diagram was derived. The results of collaborative
project were successfully published at Nature Communications 16,
2128 (2025). Although we attempted to generate PDFs from previous
synchrotron x-ray and neutron scattering data, the lack of background
measurements at associated pressures, and the limited counting

statistics of the data, prevented the sufficient data analysis. The BiNiO3

project will be continued and we aim to conduct a further high pressure

Fig. 1 BiNiO; charge glass state.

neutron PDF experiment to detailed investigate the local structure and

short-range correlation in pressure-induced charge glass state.

From previous work, we have demonstrated the potential magnetoelectric effect from trilinear coupling
terms defined as Q(X*) P Q(X") and Q(X") M Q(mX"), where X*, X7, and mX~ symmetry modes in a
double perovskite which respectively originated from layered A-site ordering, antipolar A-site displacement,
and A-type antiferromagnetic ordering. CeBaMn,Os was prepared with high pressure conditions. Although
no obvious Ce and Ba layered ordering was observed, higher synthesis pressure tend to make samples with
more apparent anomaly in magnetic susceptibility. It was concluded that the close atomic number of Ce
and Ba cation make it difficult to differentiate them from x-ray diffraction, and the similar scattering length
in neutron scattering also prevents such potential ordering be evident from neutron diffraction. Interestingly,
A-site layered ordering from a (Ca/Hg).MnTeOs double perovskites was observed unexpectedly. Although
Ca and Hg has rather similar atomic size and are both divalent cations, the differences in scattering factor
between Ca and Hg cations provide strong contrast to observe the existence of their arrangement. With

incompatible symmetry of Ca and Hg

parent compounds, phase coexistence was T Romeaswes
always observed at solid solution boundary

(Fig. 2). The incompatibility, in fact, may

Intensity / arb. units

be the reason to form the unexpected A-site

layered ordering. Further symmetry modes

analysis and examination is ongoing, and y
. e . . S5 e w05 mo s @ En % %
symmetry-motivated modification will be W0 theta/deg. two theta / deg

. . Fig. 2 Phase coexistence in (Ca/Hg),MnTeOs double perovskite.
adapted for further materials design. 9 (CaHg): ° P

Conclusion / Summary

With the CRP project, we have demonstrated the successful collaboration utilizing strength of high pressure
synthesis and symmetry-adapted approach. In addition to prestigious journal publication, further functional
materials design and realization are in schedule. Moreover, high pressure neutron PDF experiment is

proposed, and we aim to continue the collaboration for advancing our understanding of novel materials.
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Research on Seismic Performance and Design Method of Rocking Steel Frame
with Column Uplift

Project Coordinator Name: CUI Yao
Affiliation: State Key Laboratory of Coastal and Offshore Engineering, School of Infrastructure Engineering,

Dalian University of Technology, Dalian, China, 116024
1 Introduction

Due to the releasing constraint between the column bottom and the foundation on structures, the rocking
structure can control the distribution of the drift over the height of the building through rigid body rotation, and
mitigate the damage of primary structural elements caused by the soft-story failure. Energy dissipation devices,
which are strategically placed at the column bases or at the interfaces between rocking and non-rocking frame

components, are used to improve the energy dissipation capacity and to further control the drifts.

The key characteristic of the rocking steel frame is the sufficient restoring capacity under the rocking motion.
There are generally two ways to achieve the self-centering behavior of rocking steel frames. The most common
choice is to adopt post-tension (PT) strands to achieve the restoring force [1-3]. However, prestressed forces
required for PT strands are relatively high, and thus causing large structural member sizes. Besides, post-
tensioning wire fracture may occur inside the anchorages, limiting the lateral strength and self-centering

capability of the structure [4].

The other choice is to use the gravity load directly to achieve the self-centering force by changing the
connection between the column bottom and the foundation [5-7], which can also reduce construction costs.
Relaying on gravity to control rocking however implies uplift displacements of the column base, which may
have detrimental consequences such as high column loads as well as additional moments and shears caused by
column impacts [8]. In a design guide for the rocking frame [9], the column impact effects are suggested to be

considered, but no specific design provisions are given to the issue.
2 Aims of Research

To improve the existing seismic design methods for rocking steel frames, this study initially proposes a
preliminary performance-based design approach for Gravity-controlled Rocking Steel Frames (GRSFs) with
column uplift. Subsequently, the performance-based design method is applied to a reference facility, and its
seismic performance is evaluated. Finally, the column impact effects on the dynamic response of GRSFs is

analyzed to optimize the design method.
3 Results

3.1 Performance-Based Design Method for GRSFs
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The study presents the design objectives for GRSFs as shown in Fig. 1. Before the service level earthquake
(SLE, with a probability of exceedance of 63% in 50 years), all the structural elements remain elastic and the
GRSF reaches the immediate occupancy (10) performance objective. From SLE to the maximum considered
earthquake (MCE, with a probability of exceedance of 2% in 50 years), the GRSFs are designed to achieve a
rapid return (RR) performance objective by the replacement of the energy dissipation devices and coupling
beams. After the MCE, both rocking column bases and coupling beams experience inelastic response
continuously, while the main elements remain elastic. The GRSFs are expected to achieve the collapse

prevention (CP) performance objective.
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Fig. 1 The design objectives for GRSFs
Based on the performance objectives, a performance-based design method for the GRSF is proposed, as shown
in Fig. 2. The rocking column bases and coupling beams are designed at the SLE and DBE levels, respectively.
At the MCE level, the main elements (columns, beams, and braces) are designed. Finally, dynamic time-history

analysis is performed to verify whether the structure meets the expected performance objectives.

Coupling beam Select performance objectives and drift
limits 4, (DBE) and 4, (MCE)
3

| Estimate structure period T |<—

SLE: Determine contribution from
rocking column bases My,
¥

DBE: Determine contribution
from coupling beams Mgey
v

MCE: Determine contribution
from main elements Mgeu

1
Calculate the drift D; (DBE) and D,
(MCE) per time history analysis

1<Ab’y and D,<4

Column base
with ED device

(a) GRSF system (b) Performance-based design method
Fig. 2 GRSF construction and design method

3.2 Seismic Performance Evaluation of GRSFs
This section establishes a numerical model for a 4-story GRSF to conduct time history analysis at DBE and
MCE levels. A suite of the 22 far-field ground motion records identified by the FEMA P695 [10] is used. The

dynamic response results of the GRSF are analyzed to assess its performance.
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Fig. 3 illustrates the distribution of peak interstory drift of each floor. The uniform distribution of the peak
interstory drifts over the height of the GRSF is observed. The mean interstory drift and the mean plus one
standard deviation can meet the design targets, which are 0.5% and 1% at DBE and MCE levels, respectively.

The GRSF designed using the performance-based design method can achieve the expected performance

objectives.
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2 1! 2 [ standard deviation
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Interstory drift (%) Interstory drift (%)
(a) DBE level (b) MCE level

Fig. 3 Peak interstory distribution for the GRSFs
3.3 Effect of column impact
The base shear, column base axial force, and first-story component forces of the GRSF at the DBE and MCE

levels are obtained. To determine the effect of column impact, the ratio of the corresponding mean values to
their design values is calculated, as shown in Fig. 4.

At the DBE level, the ratios of base shear, column base axial force, and component forces are less than 1.0,
indicating that the effect of column impact can be neglected, as the uplift displacement is relatively small. At
the MCE level, the ratios of base shear, column, beam, and coupling beam forces are all less than 1.0, while
the ratios of column base axial force and brace axial forces are 1.06 and 1.12, respectively. Therefore, the effect
of column impact on the column base and first-story brace must be considered, and a force amplification factor

of 1.1 is recommended.

15

15
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' BR ' Column base axial force
S 5 2 [ Column axial force
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' ) Coupling beam shear
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(a) DBE level (b) MCE level

Fig. 4 Ratios of mean values to design values
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4 Conclusion / Summary

This study introduces a performance-based design method for GRSFs. A 4-story GRSF is designed using the
proposed method, and its seismic performance is numerically evaluated. Additionally, the effect of column

impact is analyzed to optimize the proposed method. The specific findings are as follows:

(1) Performance objectives and a performance-based design method for GRSFs are proposed. At the SLE level,
the rocking of the GRSF is triggered, and the yielding of column bases occurs; at the DBE level, the yielding

of coupling beams occurs to dissipate energy; at the MCE level, the main elements remain elastic.

(2) The GRSF designed using the proposed method can achieve the expected performance targets. The peak

interstory drifts does not exceed the limits, which are 0.5% and 1% at the DBE and MCE levels, respectively.

(3) The effect of column impact on the column base and first-story brace should be considered, and a force

amplification factor of 1.1 is recommended to optimize the proposed method.
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Innovative retrofit solution for existing RC structures
Project Coordinator Name: Marco Di Ludovico

Affiliation: University of Naples Federico Il, Italy
1 Introduction

Existing RC structures designed with obsolete codes usually suffer several deficiencies, such as the lack of
details for the transverse reinforcement and a strong beam-weak column strength hierarchy. Furthermore,
existing RC structures are often affected by ageing deterioration, and can suffer damage during earthquakes of
moderate intensity. FRCCs are high-performance composite materials with great potential for the upgrading
of existing RC structures, due to their durability properties, fire resistance and capability to withstand extreme
loads.

An innovative solution for the repair, flexural strengthening and seismic retrofit of existing RC columns has
recently been investigated at University of Naples Federico Il. The solution consists in a FRCC light jacketing
coupled with a High-Performance steel reinforcement, that works both as an anchorage system for the jacket
(RFRCC) and as additional transverse reinforcement for the column. The goal of such a technique is to improve
the resistance of existing RC columns against the migration of aggressive agents with a thin jacketing, and thus

to increase the service life of a structure and at the same time to increase the member flexural capacity.
2 Aims of Research

The project investigates the use of the RFRCC light jacket for improving the flexural and shear capacity of
reinforced concrete (RC) structures. The project adopts analytical models to estimate the effectiveness of the
solution and its limitations. To this aim, models validated on experimental results are built for reinforced

concrete columns. A methodology for the design of such strengthening solution is then proposed.
3 Results

The main result of the project is the proposal of an analytical formulation for the design of RFRCC light jackets
for the flexural upgrade of existing RC columns. Such model is of paramount importance for the application
of the proposed innovative system in the current construction practice in Italy, Japan and worldwide.

For the design of the flexural strengthening, a sectional analysis is performed according to the stress-block
method, as per Eurocode 2. The stress-strain behavior of FRCC in tension and compression is then computed
following the recommendations of the Italian guideline CNR-DT204/2006 for fibre reinforced concrete. The
assumption of perfect bond between the existing concrete substrate and the FRCC is made, based on
experimental observations. Through the equilibrium equation between internal and external actions, the neutral
axis depth is computed. The additional HP-reinforcement is not explicitly considered in the equilibrium, as it
is implicitly included in the tensile contribution of the FRCC. Indeed, the effective tensile capacity of the FRCC

13 rrec err, 1S cOmMputed as follows:
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£y e err= min ( £omecu s Tsuhs / t p)

where 7% e « is the maximum tensile capacity of FRCC from direct tensile tests, fsy is the ultimate tensile
capacity of the HP longitudinal reinforcement, A is the section area of the longitudinal reinforcement, t is
the thickness of the FRCC and p is the spacing between HP longitudinal bars.

The proposed analytical approach provides estimates of experimental data with less than 10% error.
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Fig. 1 Sectional analysis

4 Conclusion / Summary

An analytical approach for the design of the RFCC system for the flexural upgrade of existing RC
structures has been developed and proposed. Such tool will support designers for the application of this

innovative strengthening solution.

-22-



Effect of Seismic Pounding on Self-centering Wall-Frames

Project Coordinator Name: H. A. D. Samith Buddika
Affiliation: University of Peradeniya

MSL Faculties: Susumu Kono
1 Introduction

Self-centering (SC) precast wall structures have emerged as earthquake-resilient structural
systems with excellent seismic performances characterized by low damage as well as negligible
post-earthquake residual deformation. The lateral deformation of Self-centering systems is
larger than their equivalent monolithic systems. Therefore, Self-centering systems are
vulnerable to seismic pounding. Various aspects of Self-centering (SC) precast wall structures
have been investigated during the past research through nonlinear static and dynamic analysis
procedures. Inadequate gaps in the adjacent buildings with different dynamic characteristics
sometimes oscillate out of phase during earthquake events. It causes pounding between the
buildings. Various studies on effects of earthquake on buildings have shown that, pounding
causes significant damages to each other. It is worth to note that, effect of seismic pounding

on self-centering structures with adjacent buildings has not been investigated in the literature.

2 Aims of Research

Seismic pounding analysis of post-tensioned hybrid (PH) precast wall buildings with an adjacent
buildings will be carried out with a view to investigate the influence of seismic pounding on the
structural performance of PH precast wall buildings. In particular, seismic pounding analysis of
(i) 4-story PH precast wall building with 4-story moment-resisting frame (MRF) building will be
studied. A modified Kelvin-Voigt impact force model is used to calculate pounding force
between impacting nodes. The structural performance of buildings is evaluated considering
various separation distances under risk-targeted maximum considered earthquake (MCEy) level

ground motions.

3 Results

Nonlinear finite element models of the buildings are developed by considering both material and

geometric nonlinearity using OpenSees. Nominal material properties for concrete and steel are

-23-



used in the analysis. The P —A effects are included using the geometric stiffness of all
vertical elements, i.e., the column and wall elements. In OpenSees this is implemented using
the “P-Delta Transformation” which performs a linear geometric transformation of beam
stiffness and resisting force from the local coordinate system to the global coordinate system,

considering second-order P —A effects.
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Fig. 1. Building plan views.

Seven ground motions used in this study are identical to the fault-normal (FN) components of

the ground motion used.

// //XX \\ \\
[

Fig. 2. Pounding of Configuration: PH precast wall building with MRF building.

Results for Pounding of Configuration A are presented in this report. Fig. 3. Inter-story drift
ratio of buildings in Configuration A when subjected to pounding under MCEg-level ground
motions. Residual inter-story drift ratio of buildings in Configuration A when subjected to

pounding under MCER-level ground motions is shown in Fig. 4.
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Fig. 3. Inter-story drift ratio of buildings in Configuration A when subjected to pounding under

MCEg-level ground motions: (a) PH precast wall building; (b) MRF building.
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Fig. 4. Residual inter-story drift ratio of buildings in Configuration A when subjected to pounding
under MCEg-level ground motions: (a) PH precast wall building; (b) MRF building.

4 Conclusion / Summary

The variation of inter-story drift (IDR) due to pounding is less for PH precast wall building.
Pounding results in a significant change to IDR of MRF building in the vicinity of impact.

The pounding showed no significant effects on the residual IDR of PH precast wall building.

However, pounding caused larger residual IDR in both RC shear wall buildings and MRF buildings.
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Ultrafast coherent phonon dynamics in topological materials

Jianbo HU
Institute of Fluid Physics, China Academy of Engineering Physics

1 Introduction

Topological materials have emerged as a frontier in condensed matter physics due to their unique electronic
structures, such as Dirac and Weyl points, and their potential for novel quantum phenomena. Among them,
kagome lattice materials, like GdVsSng, offer a compelling platform to study interactions between electrons,
phonons, and magnetism. The kagome structure, characterized by a hexagonal lattice with triangular motifs,
hosts non-trivial band crossings and flat bands near the Fermi level, leading to electron correlations and

topological states.

Phonons play a critical role in mediating interactions between these subsystems. Previous studies have
highlighted phonon-driven charge instabilities and electron-phonon coupling in related materials. However,
the ultrafast dynamics of phonons in topological kagome magnets, particularly their coupling to magnetism on

femtosecond timescales, remain poorly understood.
2 Aims of Research

The primary goal of this study is to systematically investigate the temperature-dependent coherent phonon

dynamics in the topological kagome magnet GdVsSns. Specifically, the research aims to:

i. Identify characteristic temperature points, where phonon behavior may deviate from anharmonic
models.
ii. Understand the origins of phonon anomalies (softening/hardening and lifetime changes) near these
temperatures, linking them to electronic structure changes (e.g., van Hove singularities, DOS near the
Fermi level) and magnetic ordering.
iii. Reveal the role of phonons in mediating electron-magnon interactions by analyzing phonon frequency

and decay rate modifications under magnetic order.
3 Results

i Using femtosecond-resolved coherent phonon spectroscopy, four A phonon modes were identified in
GdVeSng, with frequencies at 1.5, 3.7, ~4.1, and ~7.2 THz.

ii. Below T, the frequency of the Ag* mode deviates from the anharmonic model, and its phonon lifetime
suddenly increases near T, also indicating a reduction in electron-phonon scattering. These effects are

attributed to changes in the density of states near the Fermi level, possibly stemming from the
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interaction between the van Hove singularity and the Fermi surface, thus weakening the electron-

phonon coupling.
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Figure 1. The interaction between the van Hove singularity and the Fermi surface affects electron-phonon coupling.

iii. Near 10 K, the frequency shifts again, exhibiting hardening, while the phonon lifetime significantly
decreases. This is attributed to new scattering channels caused by magnon-phonon interaction, leading to

renormalization of the phonon energy.
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Figure 2. Coupling between phonons and magnetic order, where both frequency and lifetime exhibit anomalies near T..

4 Conclusion / Summary

This study reveals ultrafast interactions between electrons, phonons, and magnetism in the topological kagome
magnet GdVeSns. Using femtosecond-resolved spectroscopy, we observe anomalous phonon behavior near
100 K and 10 K, attributed to changes in the electronic density of states and the establishment of magnetic
order, respectively. These results provide crucial insights into the understanding of multi-degree-of-freedom

coupling and lay the foundation for designing phonon-controlled quantum devices.
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Earthquake Ground Motion Parameters for the Monument Zones of the
World Heritage Site of the Kathmandu Valley

Project Coordinator Name: Prem Nath Maskey
Affiliation: Tribhuvan University
MSL Faculty: Susumu Kono

1 Introduction

The Kathmandu Valley, with many monumental and heritage structures lies in a zone of high seismic risk due to
the neo-tectonic activities in the Himalayan region and the unconsolidated soil sediment of the Valley. The
conservation of the monument zones against the possible future earthquakes has been an issue of global concern.
A probabilistic method to simulate the seismic ground motion parameters specific to the sites lying in earthquake
prone region with a limited earthquake records is presented. The seismic hazard curves, risk consistent spectral
shapes and corresponding power spectral density functions are obtained using empirical relationships, and ground
acceleration time histories are simulated using Monte Carlo technique. One dimensional wave propagation
analysis, with consideration of both linear and nonlinear behavior of soils, is carried out to obtain the free field
ground motion and the input response spectra for the structures. The method is illustrated by determination of the
site-specific seismic ground motion of the three cities of the Kathmandu Valley. The significant influence of linear
or nonlinear behavior of soil in the free field ground motion is observed in the monument zones.

2 Aims of Research

The proposed research was aimed at the determination of the earthquake ground motion at the surface of the
World Heritage Site of the Kathmandu Valley. The principal objectives are to:
1. Determine the level of the seismicity at the bedrock of the Kathmandu Valley World Heritage Sute in a

probabilistic format.

2. The Seismic Hazard Curve in a probabilistic format will be prepared.in terms of PGA as a result of
Probabilistic Seismic Hazard Analysis considering the different seismic faults in the vicinity of the
Kathmandu Valley.

3. The spectral acceleration at the bedrock of the Kathmandu Valley World Heritage Site will be
determined.

4. Determination of the free field earthquake ground motion considering the soil sediment at the
prominent sites of the monument zones of the Kathmandu Valley. For the purpose, one dimensional
wave propagation analysis will be carried out considering the linear as well as the non-linear properties
of the soil sediment layers.

5. Preparation of earthquake ground motion in terms of PGA, spectral acceleration and the amplification

factors for the prominent monument zones of the Kathmandu Valley World Heritage Site

3 Results

The study facilitates the determination of ground motion parameters at different Monument Zones of the
Kathmandu Valley required for the seismic assessment of the different Monument Zones and the monumental
and historical structures located in the monument zones. It will facilitate in identifying principles and strong
base for formulating the seismic/structural design approach conducive to the monumental and historical
structures in the Monument Zones of the Kathmandu Valley. The interaction in Japan also had facilitated in
developing the seismic hazard values at the monument zones and how these are included in the relevant codes
and the guidelines/manuals. This study and interaction have highlighted on the strengths and weaknesses of
the present Nepalese Standards and the rational ways to enhance it.
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4 Conclusion / Summary

The study and the interaction with Prof. S. Kono and other personalities participating in the collaborative
research along with the participants from the Laboratory for Materials and Structures have become very much
helpful vide discussions on the methods and possible damages during earthquake, and incorporation of them
in the Vulnerability assessment of the monumental and the historical srructures The seismic provisions
stipulated in the Japanese codes and standard laws appear stringent and conservative, however it has exhibited
the minimum damages of buildings in the big earthquakes in the past. This is a strong lesson to other parts of
the world in terms of earthquake safety, particularly the two levels of earthquake design. However, the recent
development of research and technology is needed to incorporate in the stipulation during the revision.
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Development of Alternative Material for Round River Stone Masonry Housing
Project Coordinator Name: Prof. Gokarna Bahadur Motra

Affiliation: Tribhuvan University, Institute of Engineering, Nepal

MSL Faculty: Prof. Susumu Kono

1 Introduction

Nepal, located in seismic active Himalaya Range, experiences large earthquakes. On Nov. 3, 2023 (2080/07/17)
at 23:47- midnight, an Earthquake of local magnitude (M_) 6.4 occurred around Ramidanda of Jajarkot district
of Karnali Province. Along the Veri River round stones are abundantly available, so these stones as cheap local
material are used in building construction. Random rubble stone masonry (RRSM) walls in mud mortar without

any earthquake force resistive elements suffer heavy damage during the recent earthquake through Wythe

delamination, gable wall out-of-plane collapse, corner separation, in-plane wall damage and others.

2 Aims of Research

The main objective of this study is to find the effectiveness of precast stone masonry blocks in context of
Nepal. An attempt has been made to find the optimum stone content based on the strength and economy.
Different proportion of concrete used in block and variability in terms of percentage volume of stone are
studied and the strength of those is tested.

Work Methodology: In this work, metal forms of size 290x140x140 mm inside dimensions were used with
the provision of opening them in two pieces. Different trials have been carried out to establish proper water
cement ratio (0.45-0.55), slump (8-12mm). In a higher water-cement ratio, the cementitious slurry tend to
escape through the open ends at the bottom of the steel mold. Conversely, if a lower water-cement ratio is
utilized, it lead to honeycombing. One or two large stone pieces of 120-250 mm in size are placed at the bottom
of each mould. Then the spaces between the stone pieces and the mould are filled with lean cement concrete.
Smaller stone pieces (50-100 mm) are then placed in the upper portion of the mould. The maximum volume of
stone pieces should be used to fill the mould, taking care that minimum concrete cover of 15-20 mm is available
around every stone piece to provide an adequate cushion. It should be taken care that there is no direct contact
between two stone pieces and that the gap between two stone pieces shall be filled with concrete for that to

happen adequate compaction is ensured. After 24 to 48 hours, depending upon the weather, the blocks are
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lightly pushed horizontally to break their bond with the surface of the casting and taken for curing. They are
placed in stacks at ground level and cured for two weeks, and then air-cured for another two weeks.

Blocks can be made of nominal length 300mm and height 150 mm and of width 100,150 and 200mm according
to 1S:12440-1988 (Reaffirmed 2020). According to IS: 12440-1988 Specification for Precast Concrete Stone
Masonry Blocks, the cement concrete mix for concrete stone masonry blocks shall not be richer than one part
by volume of cement to 9 parts by volume of combined fine and coarse aggregates, and shall not be leaner than
one part by volume of cement to 13 parts by volume of combined fine and coarse aggregates. Average volume

of stone spalls used should generally be between 25 to 30 percent.
AT T /

| = -~

3 Results

The final test matrix of the blocks is as follows.

Table 1: The Test matrix of proportion of mixes in terms of weight

Mix Stone Cement | Sand Aggregate

Block Type proportion | (Wt%) (W1%) (Wt%) | (Wt%)

Block Type 1 | 1:5:8 32.60 3.62 18.26 29.22
Block Type 2 | 1:5:8 30.80 3.81 19.23 30.76
Block Type 3 | 1:5:8 27.07 4.20 21.23 33.97
Block Type 4 | 1:4:9 27.07 4.20 16.98 38.21
Block Type 5 | 1:4:8 27.07 4.53 18.29 36.58
Block Type 6 | 1:4:7 30.80 444 17.95 31.41
Block Type 7 | 1:4:7 27.07 490 | 19.82 34.68
Block Type 8 | 1:3:6 27.07 589 | 17.84 35.67

Among stone content of different percentages, the stone content of 30% has yielded significant improvements
in the standard deviation of the compressive strength. This indicates a more consistent and predictable
performance across the tested samples. Despite the leaner mix, which typically has a lower cement-to-water
ratio, only two out of the tested samples exhibited compressive strengths below the desired value of 5MPa.
This outcome is encouraging, as it suggests that the adjusted stone content has effectively contributed to
enhancing the overall strength characteristics of the blocks. The reduction in stone content likely allowed for
better distribution and interaction of the cementitious materials within the mixture, resulting in improved

strength outcomes.
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The sample (1:4:8) with 30% stones has exhibited excellent performance. Despite being leaner than the 1:4:7
mix blocks, it demonstrates higher strength with very less variation in standard deviation. Factors such as the
placement of stones, workmanship, and the curing method likely contributed to the higher strength observed
in these blocks.

The primary cause of block failures is predominantly observed at the interface between the concrete and stones.
Cracks in the stones can also be observed in certain samples. It has been noted that as the percentage of stones
increases, the mean compressive strength decreases while the standard deviation increases. Blocks with stone
content exceeding 30% by volume have not exhibited satisfactory performance. Therefore, it is recommended
to limit the stone content to 30% for blocks with a width of 140 mm. However, for blocks with dimensions of
290x190x140 mm, the stone content can be increased. Based on the test results and cost considerations, block
type 7 with a 1:4:8 ratio and 30% stone content is recommended for construction. It is crucial to carefully
control the water content in these blocks. Insufficient water content leads to underutilization of cement and

inadequate adhesion. Conversely, excessive water content causes the cement slurry to escape from the bottom

of the mold. Therefore, the water content must be controlled within

A half-scale one room prototype building model (3.16m x 2.1m x 1.50m) was constructed in the shock table
facility available in the Institute of Engineering, Pulchowk premises. Openings in the wall of the prototype
buildings are as follows: 1 Door (1.1m*0.6m), 2 windows (0.57m*0.57m). In the model, horizontal, vertical

bands are provided.

4 Conclusion / Summary

It is crucial to carefully control the water content in the blocks. Recommended water-cement ratio is 0.45 to
0.55. At the same time, good compaction is also required. Hand compaction can also be adopted but the masons
need to be trained beforehand. Blocks with stone content exceeding 30% by volume exhibited satisfactory
performance. Therefore, it is recommended to limit the stone content to 30% for blocks with a width of 140
mm. Based on the test results and cost considerations, block type 7 with a 1:4:8 ratio and 30% stone content is
recommended for construction. The prototype building has shown good performance during shock table testing.
However, the horizontal bands and vertical reinforcements as per the codal provisions are required to be

provided.
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Development of numerical constitutive model for confined concrete

Project Coordinator Name: David Mukai
Affiliation: University of Wyoming
MSL Faculty: Susumu Kono

1 Introduction

It is not always possible or practical to carry out physical experiments on structural concrete members. Even
when experiments are possible there are instances where we cannot observe what is happening to the concrete
as in the case of steel-encased concrete piles. For this reason, it is desirable to develop models to simulate
concrete experiments and structural responses. These models can be used to carry out many virtual experiments
to conduct parametric studies to see the effects of various factors. These models can also be used to model

experiments to clarify what is happening to the concrete in cases such as steel-encased concrete piles.

A key component of these models is the constitutive model used to model the behavior the concrete as a
material. Concrete behavior is very complex: it behaves differently in tension and compression, it accumulates
damage, it responds to cyclic loading differently than monotonic loading, and it is heavily influenced by
confinement. Thus, it is important to develop an accurate and reliable concrete constitutive model that can

model all of these complexities.
2 Aims of Research

This project aims to develop a concrete damage plastic model, based on the combination of damage mechanics
and plasticity, to analyze the failure of concrete structures confined by shear reinforcement and/or steel tube.
For the compressive damage regime, exponential stress-inelastic strain law is used. For high-strength concrete,
a parameter is proposed to represent brittle damage in the post-peak region, where a sudden drop in capacity

happens. The effect of the parameter on the concrete compressive response will be discussed.
3 Results

A model developed by Grassl et al. (CDPM2: A damage-plasticity approach to modelling the failure of
concrete) was discovered and used to develop the concrete model. This model is based on damage mechanics
and plasticity and handles all the complexities mentioned in the introduction. Key features of the model is that
it tracks accumulated damage via strain and has a plasticity model that includes the effect of confinement and
the differing tension and compressive behavior. Key concrete parameters such as peak stress in compression,

tension, and triaxial compression are used in this model.
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Using this model, Priyana Rajbhandari was able to successfully model concrete walls and determine strain
indicators for performance levels used in Japan. These strain indicators are useful for numerical modeling.

Also, Clarissa Jasinda has been able to develop design equations for steel-encased high-strength concrete piles.

Another constitutive model that has been useful has been a model that is normalized with respect to concrete
crushing energy. While the CDPM2 model is implemented in Finite Element codes, the normalized concrete
constitutive model has been useful in fiber section analyses, which are very efficient computationally. This
constitutive model has been used in models that very accurately simulate the global behavior of concrete

specimens.

4 Conclusion / Summary

We are finding that the CDPM2 is very robust and can handle a wide range of applications in Finite Element
analyses. We also find that the concrete crushing energy normalized concrete constitutive models are very
efficient for fiber-based analyses. These results have been very useful in carrying out simulations of

experiments both in the Kono lab and those found in the literature.



Development of ultra-high-performance concrete using various waste
resources
(Interface transition zone properties of lightweight aggregate high-strength mortar with waste resources)
Project Coordinator Name: Jeongsoo Nam

Affiliation: Chungnam National University, Korea
1 Introduction

Lightweight aggregate (LWA) has been shown to help maintain the moisture content within concrete. LWA
exhibits a high moisture absorption rate. Its effectiveness in maintaining an internally moist state can be
attributed to the following factors: a) the even distribution of fine aggregate in the entire mortar matrix
improves the efficiency of internal curing (IC); b) it improves the overall moisture supply and reduces the risk
of local dryness; c) it enables effective storage and release of moisture through its high specific surface area;
and d) the use of fine aggregate does not require maintenance because moisture release is gradual. The
maintenance and measurement of RH can monitor the environment inside the mortar to maintain its hydration
state. This can be positive for the expression of properties and the improvement of the interface transition zone

(ITZ) by estimating the IC state.
2 Aims of Research

Different types of LWA (Vermiculite (V), Waste glass beads (WGB)), the development of ITZ between the
cement matrix and aggregate, and the heterogeneity characteristics were examined via time series analysis.
Based on the results, the timing of moisture release in the LWA types was analyzed for curing times of 3, 7,
28, 56, and 90 days. Finally, the improvement in the nanostructures and the development of strength in an IC

environment were systematically analyzed using LWA/sand (L/S) and the moisture state of the mortar.
3 Results

Figure 1 illustrates a comparison of the measured compressive strength and L/S at time points ranging from
3 to 90 days. The compressive strength of PL increased linearly until the 28th day. In mortar specimens with
V and W, owing to the low mechanical strength of LWA, the starting point of compressive strength of the
LWA mortar decreased as L/S increased. However, the compressive strength of all samples increased gradually
to a maximum at 90 days. Despite the low mechanical strength of LWA, the strength may increase with the
progress of mortar hardening. According to the previous L/S [40], when a different type of LWA is substituted
at the same level, regardless of the characteristics of the LWA, it is presented with the same L/S based on the
mixing ratio. However, if the L/S is presented with the absorption characteristics of LWA considered, it is
possible to assess the moisture storage properties of LWA based on it. The total amount of saturated moisture
increases with an increase in L/S, allowing for a uniform RH level. Thus, the hydration reaction of the LWA

mortar was consistently sustained. In particular, the saturation characteristics of LWA reduce moisture loss in
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the matrix system during the early stages of curing, thereby enabling efficient cement hydration and
contributing to long-term strength development. The microstructural changes at the ITZ between the LWA and
cement matrix play a significant role in the strength development of the mortar, and these effects may become
more pronounced over time. Consequently, the mortar specimens with LWA may exhibit a lower initial

mechanical strength, but their long-term stability and strength are expected to be high.
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Figure 2. Expression of plastic hardness per specimen

Figure 2 illustrates the plastic hardness and L/S of the ITZ region surrounding the LWA, measured using a
nano-indentation tester. The plastic hardness of the ITZ increased in all samples as the curing progressed from
56 to 90 days. For mortars with V addition, V40 exhibited the highest plastic hardness, regardless of the L/S.
For the mortars with WGB addition, W20 exhibited a high plastic hardness of 18,000 MPa, and the plastic

hardness decreased with an increase in the L/S value.
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Figure 3. EDS analysis of the 1TZ, the bonding zone between the particles of LWA or sand and the cement

paste

The internal structure of cement mixtures in the vicinity of LWA was visually examined via SEM analysis.
As shown in Figure 3, the cement particles around the LWA exhibited a richer crystalline distribution. The
formation and distribution of hydration products from the LWA surface to the cement matrix were observed,
and their dependence on curing time was examined. If the RH is not extremely high, a uniform and abundant
distribution of hydrate formation can be obtained. L/S is expected to further enhance the distribution of
moisture and hydration products. Considering the results detailed in previous sections, the results of SEM
analysis are expected to help model the hydration products and improve the performance of cement mixtures.

These factors are expected to provide a better understanding of the interaction of L/S within the mortar.

4 Summary

The compressive strength expression of the mortar increased linearly with curing time as the L/S increased.
During the early curing stage, the moisture retained by LWA continuously supported the hydration reaction in
the ITZ, contributing to strength expression. With an increase in the L/S value, a clear tendency for moisture
consumption was observed in the ITZ. It was possible to determine the level of moisture voxels consumed in
the ITZ as the moisture within the LWA moved along the direction of the cement paste. This was attributed to
the variation in the total amount of moisture among the different types of LWA of the same quantity. The
plastic hardness of the ITZ increased as the curing progressed from 56 days to 90 days. The moisture released
from the LWA facilitated the hydration reaction as it moved into the cement paste. The Ca/Si ratio in the mortar
with LWA increased with curing time. This reflects the structural characteristics of C-S-H formed during
hydration within the cement paste, where the low-density C-S-H gels developed dense and uniform

microstructures.
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Hydrogen-Induced TFT Operational Transformation
in Tin Monoxide TFT

Kenji Nomura
Department of Electrical and Computer Engineering, University of California, San Diego
1 Introduction

Oxide-semiconductor thin-film transistor (oxide-TFT) technology is widely regarded as a promising for next-
generation electronics, particularly flexible and wearable devices, owing to its excellent manufacturability and
compatibility with low-temperature processing. As a result, oxide-TFTs now dominate mainstream TFT
technology in displays and are actively being explored for broader device applications. However, despite
substantial progress in oxide-TFT development, critical semiconductor technologies—such as carrier doping,
defect passivation, and polarity control—remain underdeveloped due to the lack of a complete understanding
of oxide material properties. In particular, the lack of high-performance p-channel TFTs is widely regarded as
the most critical challenge in oxide-TFT technology. Furthermore, while hydrogen impurities are known to
significantly influence the properties of many oxides, their role in p-type oxides remains poorly understood.
Thus, a thorough investigation of hydrogen's impact in oxide semiconductors is essential for advancing oxide-

TFT technology
2 Aims of Research

In our previous study, hydrogen doping in SnO was found to convert p-type SnO into an ambipolar state. The
present work further investigates the influence of hydrogen impurities on the electrical characteristics of SnO-
based TFTs, with particular emphasis on their impact on TFT operation modes. Moreover, Hall-effect

measurements will be conducted to verify the carrier type(s) in hydrogen-doped SnO.
3 Results

Inverter-staggered type of SnO-TFT was fabricated using thermally-oxidized SiO; / n*-Si substrate. The SnO
channels were deposited by pulsed laser deposition (PLD) with KrF excimer laser at room temperature (RT).
The as-deposited SnO films were amorphous, requiring thermal annealing at 260° C to induce crystallization.
PLD-deposited Indium tin oxide (ITO) with channel width (W) and length (L) of 300 um and 50 um was used
for source and drain chmic contact. Figure 1 (a) shows typical transfer characteristics of the pristine SnO-TFTs.
The drain currents (Ips) are increased by increasing negative gate bias (Vs), indicating the devices are operated
in p-channel mode. Hydrogen-plasma treatment was conducted using conventional dry-etching equipment
(Canon Anelva L-201D-L) where a sample was placed in a positive column of plasma to suppress ion

bombardment. After the chamber was evacuated to below 5 x 1075 Pa, hydrogen partial pressure was
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maintained at 8 Pa. Figure 1 (b-c) illustrates the variation in transfer characteristics of the SnO-TFTs by
hydrogen plasm treatment with different RF power levels (10-50 W) . We observed significant variations in
the TFT characteristics following hydrogen treatment of the SnO-TFTs. The devices treated at low RF power
exhibited ambipolar transport behavior, with both electrons and holes contributing to channel conduction. It is
well-known that SnO channel involves a high density of oxygen vacancy (Vo) defects near the valence band
maximum (VBM), leading to strong Fermi-level pinning. Despite narrow bandgap (0.8-1.0 eV) of SnO channel,
this defect-dominated behavior typically restricts conduction to p-channel mode only. Reducing the oxygen
vacancy (Vo) defect density enhances the gate-field responsiveness of the Fermi level. Therefore, these
findings can be attributed to defect termination, particularly the passivation of Vo through hydrogen
incorporation in the SnO channel. Furthermore, as the RF power increased, n-channel conduction became
dominant, ultimately causing the device to transition from ambipolar behavior to purely n-channel operation.
The origin of this transition remains unclear. While hydrogen primarily passivates oxygen vacancies (\Vo0),
excess hydrogen that does not participate in defect termination may additionally act as an electron donor,

contributing to the n-type behavior.
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Fig.1 Variation of transfer characteristics by hydrogen plasma treatment with different RF powers (a) Pristine, (b) 10 W,
(¢) 30W, and (d) SOW for the p-channel SnO-TFTs. The treatment duration was 10 sec.

Room-temperature Hall-effect measurements revealed that the pristine SnO exhibited p-type conductivity with
a hole concentration of 710" cm™, showing good agreement in the corresponding TFT devices. Following
RF-hydrogen plasma treatment, while the majority carriers remained holes, a weak Hall-effect sing anomaly
emerged. This observation suggests that hydrogen incorporation may induce ambipolar behavior in SnO.

However, no carrier type transition to n-type conduction has been confirmed in Hall-measurement yet.

4 Conclusion / Summary

The influence of hydrogen impurities on p-channel SnO-TFT’s device characteristics was investigated
through RF hydrogen plasma treatment. It demonstrated that hydrogen incorporation into the SnO channel

layer modified the TFT operation mode, transforming the device from p-channel mode to n-channel mode
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through ambipolar operation. This transition is primarily attributed to hydrogen passivation of oxygen vacancy
defects in the SnO layer. Future studies should focus on elucidating the detailed mechanism behind these
transitions through comprehensive experimental investigations, including structural analysis and charge

transport characterization.
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Seismic response analysis of base-isolated structures under long-period
ground motions

Project Coordinator Name: Zhe Qu
Affiliation: Institute of Engineering Mechanics, China Earthquake Administration

1 Introduction

Long-period characteristics of the strong ground motions in the 2024 M7.6 Noto Peninsula Earthquake
were evaluated. The performance of the base-isolated buildings under the recorded intensive long-period
shaking was evaluated by numerical simulations. According to the analysis, the functionality of the
isolation layer would be compromised and the rubber bearings could have been severely damaged due
to excessive shear strain and tensile stress. To further investigate the potential unfavorable state of
isolation bearing, another set of numerical simulations was conducted considering the soil-structure-
interaction (SSI) and effect of nonlinear soil layer response on the amplification of seismic motions. Our
study indicates that while base isolation remains effective in reducing horizontal responses of the
superstructure, the long-period components of seismic motions can be significantly amplified by the soil
layers. This amplification increases the risk of tensile-shear failure in isolation bearings due to excessive
overturning moments from the superstructure.

2 Aims of Research

The aim of this research is to evaluate the long-period characteristics of seismic motions recorded during
the 2024 M7.6 Noto Peninsula Earthquake and to assess their impact on the performance of base-isolated
buildings. Through numerical simulations, the study investigates the potential risks to isolation bearings,
particularly the adverse effects of excessive shear strain and tensile stress under intense long-period
shaking. Additionally, the research explores the role of soil-structure interaction (SSI) and nonlinear soil
response in amplifying seismic motions and examines their influence on isolation system performance.
The ultimate goal is to enhance base isolation design by providing recommendations to mitigate risks
associated with long-period ground motions and ensuring the reliability of isolation bearings under
extreme conditions, laying the groundwork for the development of super-long-period base-isolated
buildings in the future.

3 Results

On January 1, 2024, an earthquake of a moment-magnitude My, 7.5 (Japan Meteorological Agency
magnitude Mjua 7.6) struck the Noto Peninsula of Ishikawa Prefecture, Japan. While it imposed
significant damage on many residential buildings, no damage was observed on the base-isolated
buildings in the vicinity of the epicenter. The strong motion recorded by the K-NET and KiK-net stations
were analyzed. According to the long-period ground motion level classification method proposed by
Japan Meteorological Agency (JMA), the long-period ground motion level at each station was obtained
as shown in Figure 1. Multiple stations in near-fault region recorded Level 4 long-period ground motions.
Base-isolated buildings near the epicenter are marked in Figure 1.
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Figure 1. Distribution of active faults, K-NET and KiK-net stations, nearby seismically base-isolated

buildings (BI), and characteristics of the recorded ground motions.

Numerical simulations were conducted to examine the possible reason for the satisfactory performance

of base-isolated buildings despite the significant long-period characteristics of the ground motions. The

shear strain and tensile stress of two corner bearings are plotted together in Figure 2 to evaluate the most
critical strain-stress state of the bearing during the earthquake. The result showed that the base-isolated
buildings functioned well in this earthquake simply because the seismic demands of their respective

nearby ground motion records were merely moderate. However, the ground motions in some other near-

fault regions, where, very fortunately, there were no base-isolated buildings, had the potential to impose

severe damage on the isolation bearings of base-isolated structures if there were any in the region.
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Figure 2. Shear strain and vertical stress in rubber bearings at corner under (a) 1ISK002, (b) ISK005, (c)
ISK006, (d) ISK007, (e) ISK008, (f) ISKH04 ground motions.
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Additional numerical simulations on a high-rise base-isolated building were conducted considering the
soil-structure-interaction (SSI) and effect of nonlinear soil layer response on the amplification of seismic
motions to further investigate the potential unfavorable state of isolation bearing, as shown in Figure 3.
The result of shear strain and tensile stress of corner bearings under the maximum considered earthquake
are shown in Figure 4. The calculation results indicate that accounting for the amplification effects of
nonlinear soil layer responses is essential. For high-rise base-isolated buildings constructed on soft sail,
such as the example analyzed, there is a risk of tensile-shear failure in rubber bearings. It is therefore
necessary to implement additional measures to reduce the overturning moments of the superstructure and
the displacement response of the isolation layer or to enhance the tensile capacity of the bearings
themselves.
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Fig. 3 Schematic representation of the numerical model. ~ Fig. 4 Shear strain and vertical stress in

rubber bearings at corner

4 Conclusion / Summary

The results of this study revealed that the 2024 M7.6 Noto Peninsula Earthquake exhibited pronounced
long-period characteristics, significantly impacting the seismic response of base-isolated structures.
Numerical simulations demonstrated that under intensive long-period shaking, the functionality of the
isolation layer could be compromised, with rubber bearings at high risk of severe damage due to
excessive shear strain and tensile stress. When soil-structure interaction (SSI) and nonlinear soil response
were considered, soft soil layers were found to significantly amplify the long-period components of
seismic motions, exacerbating the displacement and rocking responses of the isolation layer. This
amplification further increased the risk of tensile-shear failure in isolation bearings due to excessive
overturning moments from the superstructure. These findings underscore the need for enhanced tensile
capacity of isolation bearings or additional control measures to limit displacement and overturning
moments, ensuring the reliability and safety of base-isolated systems under long-period ground motions.



Development of high-performance carbon neutral seismic force resisting
system

Project Coordinator Name: Tony T.Y. Yang
Affiliation: The University of British Columbia

1 Introduction

With increasing demand to use timber as the structural material for high-rise building
construction, a novel self-centering balloon—type cross—laminated timber (CLT) shear wall
system, named the dual-pinned self-centering coupled CLT shear wall (DSCW), is proposed

in study.
2 Aims of Research

The aim of the research is to develop a high-performance CLT shear wall system which can

be used for high rise applications.
3 Results

Figure la shows the novel DSCW system developed in this study. DSCW consists of two sets
of CLT shear walls that are coupled to one another using the self-centering friction
dampers (SCFD) shown in Figure 1b. In addition, the base of the DSCW is designed to sit

on V-shaped truss assemblies.

CLT shear wall -. -. .
4——/ - I'ﬂ'ri
H ¥ - -

-'_,....--"""-—-- = ii ii . -'-_ A- Am

|
/ V-shaped truss - -~

A- _ﬂm .
a) Proposed DSCW b) SCFD

Figure 1
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Figure 2 shows the expected behavior of the proposed DSCW under the cyclic loads.
A

Base shear V
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H / K, ®
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Direction of Direction of
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Figure 2: Intended force-deformation response of the proposed DSCW.

Figure 3 shows the final design of a DSCW system.

- 46 -



384 m

315E 9-ply CLT panel
by Structurlam

Axial connection

1" A36 steel plate with x rows of 10 @12 mm
self-tapping screws inclined @ 45 deg. (both faces, both
sides of the splice, alternate the direction of the screws)
Leveld: x=14;Level T:x =11, Level 10: x =7

Shear connection

1" A36 steel plate with 4 rows of 9 @12 mm self-tapping
screws inclined @ 45 deg. (both faces, both sides of the
splice, alternate the direction of the screws)

/— Stiffened steel plate (2" thickness, A36 steel, TYP.)

1}

|_—— Damper-to-panel connection
1" A36 steel plate (both faces) with 7

rows of 10 @1" ASTM A307 steel bolts

Self-centering conical friction damper

Figure 3: Final design of the proposed DSCW system.

4 Conclusion / Summary

In this study,

Axial connection

1" A36 steel plate with 10 rows of 16 @12 mm
sell-tapping screws inclined @ 45 deg. (both faces,
alternate the direction of the screws)

Shear connection

1" A36 steel plate with 4 rows of 12 @12 mm
self-tapping screws inclined @ 45 deg. (both faces,
alternate the direction of the screws)

Base tie - W760x434

Base diagonal - W310x253

@10" pin assembly and forged steel node

a novel self-centering balloon—-type CLT shear wall system that can be

used in tall building applications is proposed. This system is named the dual-pinned

self-centering coupled CLT shear wall (DSCW). It consists of two sets of CLT panels that

are pinned at their base and coupled to one another using self-centering friction dampers.

Optional V-shaped truss assemblies can also be used at the base of CLT panels. This study

adopted the equivalent energy design procedure (EEDP) to design the DSCW which allows the

DSCW to achieve meets different performance objectives at various earthquake intensities.
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High-pressure synthesis and complex structural evolution of Hg:-xPbxMnO3

(0<x<0.5)

Project Coordinator Name: Youwen Long (Insititute of physics, CAS)

Affiliation: Masaki Azuma
1 Introduction

It is reported that HJMnOs and PbMnOs exhibit polymorphism and are highly sensitive to pressure,
meaning that different crystal structures can be formed under varying synthesis pressures. Therefore, these
two materials can serve as ideal candidates for studying crystal structure evolution and the correlation
between structure and related physical properties. Moreover, introducing chemical doping to induce
chemical pressure can further simulate different pressure environments, allowing for fine-tuning of the
structure and in-depth exploration and revelation of the underlying physical principles. In our previous
studies, a perovskite-like oxide Hgo 75Pbo2sMnOs with a 3d® Mn** state was synthesized by using high
pressure and high temperature methods. This compound exhibits an unusually large octahedral distortion
enhanced by approximately 2 orders of magnitude compared with that observed in other 3d® perovskite
systems like RCr3*O3 (R = rare earth). Essentially different from centrosymmetric HgMnO; and PobMnQs,
the A-site doped Hgo.7sPbo2sMnQO3 presents a polar crystal structure with the space group Ama2 and a
substantial spontaneous electric polarization arising from the off-center displacements of A- and B-site
ions. After that, A series of Pb-doped compounds, Hg:xPbxMnOs (0 < x < 0.5), were synthesized by using
high pressure and high temperature methods. We found that these compounds exhibit complex structural
evolutions. Therefore, clarifying the types of structures and their evolution patterns will be highly
meaningful.

Our research group (group leader: Prof. Youwen Long) is specialized for high-pressure synthesis and
related physical property study in the Institute of Physics, Chinese Academy of Sciences. Prof. Masaki
Azuma, who is the host of this cooperation research at MSL, can provide synchrotron-based spectroscopy
studies. Both groups have a long-time collaboration in high-pressure science and technology fields, as well
as spectroscopy measurements. Actually, we have already completed several CRP projects of charge
transfer and physical property studies of PbCoO; in 2018, high-pressure synthesis of PbFeOs in 2019,
high-pressure synthesis of CaFesTisO1, in 2021 and negative thermal expansion of antiferroelectric
Pb,CoMoOs in 2022. Novel results are found in these compounds, resulting in some high-impact scientific
journals such as Nature Communications, Journal of the American Chemical Society and Small. In
conclusion, based on our close collaboration in recent years, a series of interesting original results are

highly expected to be obtained by the present collaborative research project on Hg;-xPbyMnOs.

2 Aims of Research
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We have successfully prepared a series of Pb-doped samples of Hg:-«PbxMnO; (0 < x < 0.5) by using
high pressure and high temperature methods. However, it is difficult to analyze the structures of
Hg1-xPbxMnQO3 by using lab XRD due to the complexity of structure and the low resolution of lab XRD, the
Synchrotron XRD study is needed. The aim of the project is to use synchrotron X-ray diffraction and
low-temperature electron diffraction to analyze the specific structures of these compounds, and to

understand the internal evolutionary relationships and the physical mechanisms behind them.

3 Results

P2,/c

Intensity (arb. units)
>< i
1 1

x=0.1 - R-3c

Pna2,

+ Im-3

“\ A M X= OSS-J Pnazl

Xx=0.5 [Im-3

20 (deg)

Figure 1. SXRD patterns of Hg1.xPbxMnO3 (0 < x < 0.5) at room temperature.

The samples of Hg:;«xPbyMnOs; (0 < x < 0.5) were synthesized using the high pressure and high
temperature techniques with the conditions of 15 ~ 18 GPa and 1200 °C. In order to analyze the structure,
Synchrotron X-ray diffraction (SXRD) was performed using a large Debye-Scherrer camera installed at
beamlines BL02B2 (A = 0.41987 A) of SPring-8 at room temperature, the SXRD patterns are displayed in
Figure 1. When x = 0.1, the structure changes from P2;/c to R-3c. When 0.15 < x < 0.3, the structure
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belongs to the polar space group of Pna2;. The samples have two coexisting phases of Pna2; and Im-3 at
0.35 < x < 0.4. More interestingly, when x = 0.5, some superstructure diffraction peaks appear, and the
compound has a quadruple perovskite structure with the space group of Im-3. The chemical formula can be

written as Pb(Pb1sHg2/3)sMn4O12. Figure 2 shows the structure evolutions of Hg1-xPbxMnO3 (0 < x < 0.5).

This system has four different crystal structures.

Hg, ,Pb,MnO, Pb(Pb,;Hg,3);Mn,0,,
(x=0.15~0.3) (x=0.5)

Figure 2. Schematic diagram of structure evolution of Hg:xPbxMnO3 (0 < x < 0.5) at room temperature.

4 Conclusion / Summary

High-quality powder polycrystalline HgixPbyMnO3; (0 < x < 0.5) samples were prepared at
high-pressure and high-temperature conditions. As the doping level of Pb increases, the crystal structure
evolves from P2i/c to R-3c, then to polar Ama2, and finally to Im-3. Most interestingly, when the doping
level reaches 0.5, the crystal no longer adopts a simple perovskite structure but forms an A-site ordered

quadruple perovskite with the chemical formular of Pb(Pb13Hg2/3)sMn4O12.
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72o PyH Hi& MePyH $EICBAL T3, BAEFEORE I DEWD L, WHOL(LEH 5 Z LHnd o7z,
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7=« BERT O ZEEOK T (HIP) #5E % Hwv T
BERE L 72=a 7 A H 4 b @Wt%ﬁﬂﬁﬁﬂ (BaZr83
BaHfS;) O¥taHii % 1T - 72, HIP 3&&E Gk 2 1T
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EEN E
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BUSEFHT 2 e pTe e, Bohrkititkon £ F t——. :
[EEEAFM L 72 L C 5. BaZiS, oBMEERIER 3 065 S ]
49 1.1 W/(mK) T Y, BaHFS; Tl 0.7 W/(mK) & s ;'(Ba Layhs, ey
FIfE <, BMEMH L LRI Echtc e g OAf L 49 O
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(2R 7 Ti-O AP B EZTENT 2 720 T8z 0.0 . | =
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Bk STAC14 CHUIRHKEZ{T- 72,
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LBz, FBRAHLER> TIRXEREZED TV FETH D, o, RREEETH 275900
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1 FC»IC

HDIL Y ICHEWT HRFEFSUCHE D R WIKT] &2 Wid [Fscead L b il S e g i ic
WG 2 5 5FEEBEN] 27 v av i v 27 uw X[KT (UPF; unconscious process factor) & &
T 5, MHFEARERE L. T THOE ) ARG ICE W THRERDO =4 Vv 7 T b b IR
BOFBEERIC X > T, BRI AT 2 2 L 2R LT & 72, HEUERARIC I\ TEREEHIENI I T
FETH B, Y HWKROIFRIE 257 4 FT A 3 F 2 FIZEEAIMIK I fE FE A3 < SSHIE 235 5
THEOIH L, ZNLAOEBRET Vv ax v FIZRISEDE < BOBERERIZAS TR,
2 WHEHEHM

AR TIlR, F2 v 7 FF 2 F (TBOT) k/k (W) OKIGIC X 3 HIETF 2 = TERERICE W T,
HRER OB, KGRI O T A4 2 v 758 % 0 UPF #k& L7z, $habb, HiFHe LT 1-74
J—n(Bu), 7+t =F Y (AN) ZHv, [TBOT/ (Bu+AN) | (HFiE# A) B X FTW / (Bu+AN) |
(HFRWB) O2MEAREG L2 EDRELX —EL L, A BEROKEEILE % hZh Bu/AN =7/3,
8/2,9/1. Bu/AN =3/7,8/2,9/1 & L 7= b D % FEREE LTz, 7. TNTNDHIER %14 O 5
TIA VYT LEBRICICET ST, TNbDFEFIE X T A4 ¥V 7o b TR 2SS, BRI
5.2 5558 % G~ T
3 WRFEAR

X 1 D7 MIEESBLE, MEFmIic = 4 2 v 2
il (0,7, 14dEHE) 2Bz fFoNizF 2 =TEKD
SEM % ~3, TBOT {ll® Bu/AN HAMKW» g &
IA YV IREBEWIZ E, BFREBIIEEF I AT S
Mz, ChFBEEPOMEKRIICTLY
TBOT &/ < — 25 fs KOG U CER DA K25 8) %
RELEZ-DDLWRIND, b, AV Vv Ik
S RIBHT O AR L —F — R4 v 2ic X 5 F v
FNVBHRERES T, Wbw 2 HEOFEHER] Th
272 A THEEL 720,
4 ¥ t ®

WA KEBRICE T, Wb Stock Il E TOMEMLCHE LY ) —X0EREITH & 13B LA
7R, FRICEREEHIEIZR D &1 2 A BIRA K CIBHE BRI N OO WIHTFIC 2T h R T 2 4%
BHb, SHiT. MEAKDETEL, BRPTRE COIHKEPL 2L TV FETH %,

BIMAELE : A(THOCH:)./BuzAc ) + B ( H,0+NH,/Bu:Ac )
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-70-



IDBBEREWTHERLETNVIFETF I v 7 AREBRIEAZX
BisOBH K X #R CT #i%R

ME - MRS

s 24
Kpg =

1 IC»IC
S, W O—o L LTIDE (g X7 Y2E Txm —
+

= RMER
EEREMPER SN TS, &8, & R _EESh
BRmr W ne
== mmk

HFHBHTIE, L—P— CHERSETHE
AR KL ™ |1 —Uh Bl S BIDMBER T O LR

i v = e ) 0 S (BEROER=(HE ] BEORARHTEH
SREEEIM 2 EELTE, TEMMmL LTF COBRRE omn & B BYHL RIE-RE

Rl €73y AR LTHL—Y || &) & I8l &
o 1 mEsmomasss TR gEal e a2
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WEH L 3D WMIEEEEET D FETHY, Ao X —REIE) - BEf 2R TR L 2%, L,
JEEEE U CHERL & B 2 — KL F DIERLIK 2 FRIET 273, KB R~V TF R — L OB EEE %
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BERG T2 bR~ R SRRBEORILE L TERAFT 5366 7(6 Hit#l)]. S b, BRI O AR —FIHIZ L D AN
AV E—DRBLARE— L7720, QFRELIZAL U F—RRERRIEE LT (X 2b)[Zhuo, 2014] 3
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A, RITELED 3D ZE{bE ) 7T H A ATER - 27 UL, SRR KRIGORE % @5
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8 H. 7 H 31 H. 10 A 24 Hic, KA 2% =2 FrOWELSLA O EFRIL . Z DL AfHic 2 nw T
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LT85, 2024 4E5 A5 7 Hica <, Aic ER L7z, 2oZ i3 2024 £ 5 A othE -7
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b7 HEHIFIT, AT ER L7z, CoZftix, v/ <o He OMEZEKRL TH b, EHBUKSR
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IRIRFEIE 2 S L2, 2 0BBWROE SV ORE INOREREELZED TS, T HH
L WA BIZIRMEL O K & 7 F o —o03 MR L 0 ABMEEOREHASCKE S Z 20 hr—L
TELHZEThHD, ARWBRORIR L 2 2 HEEBO—DI2, MFELBENH D, HREE(LOKRE 12iEH
BE—HFEBELICHAT 21X, ERICREIRAEWELERT L LR TH L Z EMEHE
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B D HEHEE~OEERERE IR 2 RN Z 7~ 2, ®IRE TRELDNTEERDHEZ S
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YA BET =AU A FOBHEFRFCITV., EORBIERFEAUR T LI LA BN E LERELT

-7,

2 WEER

AW TlE, FLOVABEEME L LT, PbTi0, D Ti HA h & 0 YA MR TERES L2
DR EIT -T2, Ti"% Fe" B LU0 % Lfio a7 7=4r (F, Cl, 1) TE#H#RL, 2L LT
DF ¥ —VNT U RAEHERF LD O DEEAT 72, #iFE72 PbTi0; 1% 760 K 135 T, HMEFEEME O &%
BAH~OBEREERZ L. T > TRBEES BRI S D, RIFFETIE, PbTi0, Z_X—2 & LT
FEMRAITV, BEHER T 2IRELFRICOWVEEE T2 2 L2 AL LTI ZT o7, AHF
FRREAFIA L, Hon-R ORI EIIRELR(bE, BMESoiTEE ClIE L,
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FRCIEF AT AHA MEPMEOND Z L 2HRB LTI, 2L ORBIOBEEEEZ AT, REAE
SOREZCOBEEITo T, TOMEERE Fig. 11TRT, 2B, ZHRARE LT, PbTio, OREI FE
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FHEREE o T3, AEEBEKG BRI, BET7L X 74 TH 5 9 2, HIRI - A6 I X 25l
ARETH Y, oy —AV—WEHT 5, £/, EPDLA CORBERE T b BN ERERIFET 2
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R W EAEMTECENE L EY AN F -2 H T 5 2 LRI Nz, £ 2T, Tb IR
Ale L TBFORBGERT N4 2 RmmMmL ., mE@mL%@JLt07»4X%W
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HoOTL Y FExHVEEL A BXUOEL B IcoWCiliziTorze T72. 72774 7B LT
3CB-DPA % 7213 3CB-Cz % 0~2 wt% D HiH THM L 727 4 A% FRLL 7=,

%1 A, P3HT & PCaBM %#H &L 1:08 TTFL VY FL, ZruxvEvirsoutirs ((FE

e 1:1) 2L 328 18 mg/mL DR EZHFEL, Avyva— b MECX W EEEZERL 2, —
Ji. A B3, PTB7-Th & PCaBM # HEREL 1:15 T/ LY FL, Z2uuxvEy iRt 4+ 3EE
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25 mg/mL OEW % <, FRICiEEE 2 ER L 72,

LV AICE T 5 KRIGEMFHEZ R 1IR3, BWEAIZAML 2734 2 1 L HiEL <, 3CB-DPA

Z 1wt L 72734 A 2 TlE, AEEENEOFIE (PCEave) AKRIEICIKT L7, —/7. 3CB-

Cz% I Wt%FML 72T A 24T, T4 Z21BEDETIRRONALD 72, #Z T, 3CB-CzD

IERE% 0.5~2 wt% (754 X 3~6) TELEEL 5, T4 A 5 THREEEE O REE

(PCEmax) 23T NA R 1% k572, 51T, 754 A 6 TlE PCEave & PCEuax D737 Y4 A 1

DfEi%z ., 3CB-Cz OFMIC X o CTHRED M 132 2 & AR X N7z, PCEuax ® LHHEIL 7% TH
D, ZOUEIIEEEREE (L) DEAPFGLTCwEZEEZLNDS,

# 1. RKGERE (2 A)

FNA R R TEEE (wt%) Je(mAcm™?)  Vee (V) FF (%) PCEave (%) PCEumax (%)
1 e - 5.005 0.545 0.667 1.817 2.019
2 3CB-DPA 1 3.193 0.535 0.689 1.194 1.900
3 3CB-Cz 0.5 4.385 0.540 0.656 1.559 1.900
4 3CB-Cz 1 4.655 0.540 0.637 1.604 1.792
3CB-Cz 1.5 5.031 0.554 0.648 1.793 2.082
6 3CB-Cz 2 5.724 0.555 0.651 2.066 2.158

v B OKRGEMFFELR 2 ICRT, WREAZRMLZDT AL Z1ICD20WT, K1 DRLVA LK
42 e, e BoABEERICE LR R Lz, 754 2 11k LT 3CB-DPA % 1 wt%#Fsin L
72T N4 R 2Tk, &1 LFKICPCE BKIFICIKT L7z, —77, 3CB-Cz % 1wt L 727 ¥4 &
4 CIIPCEREH L. 1wt X v 3CB-Cz OIEAN R 3MERE X 7z, PCEwax Dk AKfHIZ T ¥4
2 5T, PCEave DIAMEIZT N4 2 6 TRIME N2, b DRSS, PCEvax DIEICHED Rl
MEIE 1.5 wt%TH 2 & E2 b b, 3CB-Cz IC X 2 BEMHRITHRAT 14%D PCE M EZ b 725 L,
€A BTV A XY DEO EFEREO Nz, CoMRER LIz, 7407 7 7 % (FF) oA
FELTWwhEEZLND,

* 2. RKGEMWEE (2 B)

FANL R BAERH P (wt%) Je (mA cm2) Vi (V) FF (%) PCEave (%) PCEwmax (%)
1 1 - 14.661 0.814 0.547 6.527 6.616
2 3CB-DPA 1 13.505 0.792 0.548 5.859 6.091
3 3CB-Cz 0.5 9.965 0.795 0.568 4.494 5.632
4 3CB-Cz 1 14.901 0.801 0.568 6.780 6.906
5 3CB-Cz 1.5 12.837 0.805 0.613 6.337 7.515
6 3CB-Cz 2 14.144 0.810 0.599 6.887 7.421
3CB-Cz ® A ICHIRAERA Bl S 7z miic o T, BTE, 0 FihEs X Ot mis» SiE % D
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T\ 3, 3CB-Cz & 3CB-DPA ® LUMO i % ik L 72455, 3CB-Cz D /578 & 0 HE T A ¥ —iff
NEHTBIEBDhoTz, BHEFETIZ, 2OERZF v ) THEECE MG AR HE L, K
MRoFEL LTl LHERL Tw 2,

4 ¥ ¢ ®

KRWFFECRFE L 72 3 KocHBEFR v RCAY ZEN 72 EWIURFE 2R L, AHE R GE i i3
% Z & TPCE %) 14%[A E & 872, 2 oEfEr Eix, A7 RS X 2HERICERNT 2 L& 2
bd, BFoNIAERIL 3KITCHEES Y FCAEYBPEHT L 7 b o =7 5B E T 2 BEREMEM R &
LTHYETHL L ERBRL T3, 610, KIFEDMR ZFaXatic 7 4 —F Ny 75252 & T,
5% 3 RITCEBRILEY ORGEHES DL S 2, SR O DMERIC X b | 3 RITHE DRk
RIED LI MBS S b icfRiEshs L EibND,

-78-
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RRHURT KFPEHEHRENFPOEN RRBCRLEFE BR &—

1 @}Laic
VINBIUOV ) - MISI-OMiG R FEREK L T 2LAMRETH 5. STUICIIMMET 24 5 Y |
F7-Si13 O LUt o IESEIRICHR & M EZTERT 2 2 25, RLHEET & OfSEIC X 5 R
EE XL REEMO =Xt A MBERE L S ICHRESKE (., JEREIC X 2 st G35,
NS DILEYREOREE & Ytk L OBHR ORI, Z b 2 FEMRIZIZ Lo &3 2 BREMELE LCE

MF 2FRICARTH B,

2 WIEEm

ARIFFETId. A SI0, TH 2 #iEPIERE (L U A H 7 2), BXUSI-0 #icr & Si-CAEH Dif; %
BUAK-EEAL 7Y vy Pl SO )V LR ) 7y — roihE L Uitk oBfR 24 D4
EMEEREHCCHLPICT 22 2HNE Lz, SFHIZ, i, KETARF(TAFZTLraxy
). D EOBEMIED A0 LR A FEDTICT ) A7 ARG TE ZEMLAEE -7 ki X - T,
IO ATNVHEIERCTH 2L AE L ) AT NOERICBET 22T o720 Y AT NETDY Y AT T
AEMTOMAIN T 4 BZRTHLT 7T b F v 7V (TEOS)E T F 7 A v 27 v (TMOS),
LOZNLDREY. RFEICXD2LILE Y Y AT NVDOIBREICE 2 2722 OHICHL Y #lA 72,

3 HFFERCR
) AH T ADHHERTCOREBNWAFAETHET I 27 V(TEOS)EF F T X+ F
v 7 v (TMOS) DIREER D b ¥ ) W 777 ARIBEH DO LE > U h 7 N O RILEE ) V-7 V&%
T, TMOS DEIG K E VIR Tl 7 LA Z 2 BB NI ERE O FBDB K E Wiz, F AN
JEREEHE U CHIALR DO E DB KREL )T, v Y AA T AOH{EMAL L CGEL 2% LE 7 v
I W EEFRH L7, CofER, IR - MiBIic X 2% LE Y ) A7 A O 7 4 FHiR
T TEOS 25 LT3 2 3k 7o 72,

4 F ¢ ®
HRBERC X 5, SILE )V ATV ERBA L2V ) AT 7 AEKTIE, Y AT AETDY Y AR T
xAﬁkf®ﬂ£§:E’J74 FFETHLT I FL T V(TEOS)E T P A FF2 v T v (TMOS)D 9
B HIEBEL TS 2L 2IC Lz, ZOMEE LT, FIULICKORE L Vw5 | k&
INTWTr A RFEOWEIPEETH 5 2 LRI LT,
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EEOEME L FRL2FEOWE - BRZ L,

3. WERE
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DART o EHERERTZE, HEEFBBMEOMMBIEICIX, PRV DVEOEEERE - EHEZHET S
eI, KEOEMFOERBERN TRICIELD, BET T X<xtmeE - BRMAEE L BlL 2
S TWBEVITAT VOB RINE—BEAFICL 2BERBEORL O T NV—TDRITREN,
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OENMHOGHRAZHE Lz, €2 T, 0tLOEAME D, BEOWS - BARORKBR L LT, FEML
BHTWRZERHEHALEZOT, THOERHBERE L, AWEZOHRABRERZINEG
L7z (1), 04BARREAR 1 OFRNSEEE T, T TIIB@E D K LA HREE
BE1OFRMLEREETH D, 0 LB~y FB3, H10OEREAHKSICHY, LR X
2V FERB-oTWS, T <EEIIERERO KAERDSTHY ., BlEfx 0B MEHEE
=y b, ATy Tz bRBY, T2y b ERaXx 77 —006 04~y FF—7
NERRLERoTWVWB,

B1 FHRCEMYRA T 0LDOEMH (XY REMEDOZDOHEEMHBDID)

3-2 s L BHHIE PC B8E8 DX

BAEFE - TE R LB D 0S X, £ A MS Windows XP TH Y. iTEED PC HAK 0S ITHART
BRTHY. $i2 20254 10 HFED Winl0 IR — bR THRIZ, EXF =2V T4 —EEND,

7 0S THET B PCHEB~DEVBRIB/NEATHD, £ZT,. BR4bEVHZT. 1 ZHOAEY)
VEIOEDIZ, F—FTNVPCEREL, BE, RNBOFERZETLE (B2),

FIR FEERI2H PC 3, EZBAWERBTRINTERY, ALa—F—HICEHEIERETRAERS
F=F—RbB, PCDO0S HZFEE & b Windowsll TH B, FEBREANCEERBZIND
BT, 1LOHIONR—Va MAROBBTHY . FHRBEICEHAA—Ta v 0BEEE0D b,

ZDRHEEENEE LT,

-80-
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BREN OB LWRETOMBAIENTE S, AL, flXiXZ 7 RAT7 Vi EORREAZEH
MEOZE T, HIRBEORS L EETEBHAEORBEILETH S, MRMICEEL R
5 AR K E VY,

4. W FFRE, BHERBZERE (B - RRIEXS) - 707 4 THBRFER & U RE
JSR SRR & ORI FERR OB ER T e, Fio. BIFTOXRMAIERE. BFTOH
AERBRZELXRAMAIERE. W, IWARPWFRFRS v 7 OXEEZT T, B
ETRHOBRERLET,

5. B

WARE— S, FHEBEEME MAkmEC, ¥ BHD, EHEEEET, BEBEYS
AERRBIRERT, | L—V—EATRARFRR, SN KIS A S ER SRR,
PERBIERSE (B« BERIEKY) - 7ur7 4 THEFEDT, EoFRRmam,
PRI, 7794 R~T U T .

6. HEESEBOAAEBRMERHE AEFAFET —~ICEEOREVWEERESBEL AARTHRELT
IE LW & OERIEN SR 2025 £ 3 HIZAY, BREILZ S EHARBIEORNZEK Lz, 8E
F2OWMEHIT, 0EULICDEYBAT— L —F—RBO & IHHICE T 5 RERROERE
SBOEBRMBZERE L LT, BRIOSEHEE L H#ERXOHKRIZRALTWS, arF v LA
DEE, HHRFHITI T ZBRFER L FERBIVREBOMGIRE T C, YUKEBRSHBOBRMED
FEERUATE B2V DRV RBA L RoTVER, MENFED 2T, OB HZRIT TV
%, REIBABIZTZ TV ADFETHo M, BROBHEICEY ZRBRFRERY ., T &Kl
75 ALY BAOEHBMMRELSLBR TIC, BABRBOTMREDITZ R -7 (BEEE 1),
Z 2 CAHAFRWEREE L. RICEARBREORRBRZ L TWEZ L H Y, KEZBERRELE
DOFEERXHAEHOREZ S UBROSBRBICHIT b LiITEEZ®ITHF TH 5,

7. EER

-1 HIEIESE NMRNU—L—F =V RTAET IV r—a VicB¥ 5 XX EEES VRY

TADBEABRBIZONT, SB. YHTENT T AME (TEEEBE) »oikERbo -, 3

BOEETT T U ABRENPELL Ro7DT, AARATHEZSIEZITIELVWEDZ LT, §l&

ZFBZORLEIEITHHDT, EHRTEELZHEZERSCLREILTIZ L #RAMBLE,
(WBEE=R - REB X 20254 3 A 31 A)
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PR EE L3 EREFICE TS ENFREEHEE ORESE

BHBRFRERIFHER HUEE

1 @Lwic

A AMETFRIE, BOETHREICHRL ZETFAREOME, MY 77X L —vavicH
KL-BTHHEOED EAWAL, 4 OBEENKEAA I & & CHIREWE TUEHEE 2 2B
RS 29O 7ay 747 Chsb, 295 LEACIMEEYICAIT2E ML LC, A
HEZEZFo % CHW 2 [EHESE- R EERICEH T 5, HWERTHIO NS LiV204 2, #is
B{k CuRh2S4, CuRh2Sed 72 &, A v 7 u 71 %K T %5 B 34 MICEMBEBELZ b DAL A0
CEMILBEET 25, bl NN X 0 iigidb 24T % v ) M6l L 72 Fios
FET %, MR bR L <, EN T CEMKFAFER I N e RE2 LN 20, EMABREE
bHOWVTND A AT RYEIC B\ T b BRI A O #f S % R L 22 613E S hc
Wi\, AEFFETIZ. Ch o oWERICHET 3 EH T OV & @I T REHE X SRS IC X 0 B
Lo icT Rz R EHME T,

2 WF3EEM

Hif s a2 O 72 IO X BRRS BERGERRT % 17 5 72 ® AL SHHE% S % F Vs € LiVz04s, CuRh,Ss,
CuRh;Ses 5 X O Culr,Sy D Hiflifbad Rl O B 21T 5, v REEEAE LT 2 V— vz Hv CRfE
AfE2F 5 ic Xy, KRHICKBEE/EREAERT 22 nTE S, Bonzilkhicx LTk
MPMS i X 2 (LHIE & PPMS I X 2 EABITHIE 2TV, F ¥ 772V E—va v&ITH, ZD
%, dvb v vk uy BL5S2 % SPring-8 BL02B2 12 3 1) 3 ¥y K[EIHr 56k, SPring-8 BL02B1 i
BF 2 HASE X REHTRBCHEIE NI s T 2 SO REREEZ L KT BECENT T
o[ FEEE% BL1I0XU TfT 5, 25 GPa L FColfERA PEL CH Y, ZofIcEL 2 EEHD
Fh&Ez Y — b ~ov Mg eI R 2 FIH 3 2 2 L CTHL 2T 5,

3 WRERER

FENRIRFE % D B % o 7L 2 S L X 0 L Culr2S4 o RIUHLEE a2 152 2 LI kBh L 72,
ARAE IS E S T A S AT B O THEf & L <. BL10XU T T CToMKETER %175 72, 25
GPa ¥ COJEN AN OEFE T 2 B ORGEHEE 5 HHN S 2 L ZHH G 20 L 72 REH I3 F KR T
DG ESE A RET 5 2 & CRIER TS 2 2 L BT 225, BIEMIZ2= v F e L OFRBEAE I
S2TEN, V=AW TIRY 77 A FTAANTA=203%FTESL Z L oRFRICH>TL X,
ELWHGEARZ LR TER Y, 2=y A2 bR I N2 BIEHEEORE AR 2 TR/NRD
U — b MEF R, SIEARRERRT O 72 © 0PSB L, MEREHREEZTY) c L °F
JEAH DS 2 RS L 72, BonafEr bt E Nz 32— a v X2 —vid) 7 74 Y &{T
FITEBRKEETCOMEII AL —vZILHHLE, 2O tid, BonfEEsEHE BT 2 b
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DTHDBHT LR LTB,

1% & A7z A S 3 ACHE ) s (O FEAKIEAH) T 2 b o & 13 R 2 BT/ TR 2 — v %
B L Tz, K& ik, (K H (8 KR SR S W 2 BRIKF X2 —v i34 u s T
T2 B 37 Anderson $e iz LTV AR WDICR LT, EE FCOBEMBEF X —vidS4n 2
1 7A& IS BT 5 "Anderson S Zili 7 L CW B R TH L, 2O LI, ENT T —n v KFEDHE
DGR I N7z 2 L AEE N COMEHIEB O E@IChoTWbE L 2RBL TV,

4 ¥ ¢ »

PEDnXoic, Culri2S4 I WTENTTO 2 EoEHEZEE 2R L., SITEMEZMEH»IZ &I
B L 72, 2025 FFEEICTFE LT e TS X RREPTEDEIC X b, BER e IEM R R T AE %
HEU XV EBNARFHEAAEEIC 2 5 L HIFF L T 5,

GHEED Z WA DIFTEER & AL D KRR O R ICOnTh | G2 KD e L TRR % £
LT, TLIC3AROFLEBERMTTH S,

T Hara, N Katayama, S Kitou, K Kojima, S Kawaguchi, H Sawa

Physical Review B 110 (2), L020103

N Katayama, K Kojima

Journal of the Physical Society of Japan 93 (11), 111004
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(EREARBEZEALIYFILAF VY ZRE;
IR F v ILEEO MM
Hilt A ITEER K fE—
1 IL»IC
L7 ARXINTTHRTH S Co DIEREHIRIE, AR ) F UV LA A BHORERICEIT2EE
BEOOEDTHD, COBRBICHL, CoD—EEHHRPICEFICFEET 5 Ni & Mn TE# L 7-
3 FTTRIEBAAL LiNig33sMng33C00330,(NMC) A EERE N TS, &5(2, NMC o a7 ¥ zLiEE
ICHEWNWT, RNFREBALERAICHNITT NI BEZEGNICE L I E-ERERBEDEAIZL Y,
BiEEA M LET 2 EAREINTWS[L]L LaLl, BERRIERNRCEZEOFEAX SO
W HEREENRE L THY, EBRIEEE E BN S ORENLEEOREBICIZE > TLAR
W, ERMEE & BT OMBEORBICIZITEXF T vILERAINBENTH S, £ 2 CTAMETIZE
NMCERHER T EX ¥ v L EEAFR L E AT ZAAT-D THRET 5.

2 WHEHEm

AR TIE, AERNBY TV LAF Y ZREEMEITH D NMC 2 RHRET D, AN/ 25—
EEW/ OLVZL—HYHBE(PLD)EE[2]ZFMA L T, EIRFAEY SEREXREICH T T NiREZHRFIC
Z 7 NMCEFRER T EL F 2 v LEEREZRERICHERL, F—HEMEE OBEBEROLBRIZEK -
THEFREREADREWBRT 5 L2 BNE T 5. RIAEKRIJERERT ELF 2 v LVEEOI/FE % 1B
HL, 774 THHSEEOBBAEZESL L1

3 WHFERCE

AHRMERICIE, /LR L —YHEREEL (PLD) %A L7z, SrTiO; (100)E4R £ SrRuO, TEREME %=
50 nm RRERL. EACEE 520°C. BEEZ S E 500 mTorr, L—H—7ILT > X 057 J/cm? DEET T
NMC ¥9— B ENMC), LU Co DBEDNEARMDORA S UP(NMC k&) - DOWN (NM %) 2 &
O NMCERHARE% 130 nm B L 7= ERHERFE O fE8L1C (3 AR Li; 4Ny sMny5Coy,50,(NMC)
& LipyNiysMny:0,(NM)D 2 BO & —4y M & BETKAICBHET 5 2 & T, EiREH SEREEICH
17T NM(NMC) A 5 NMC(NM) A~ & B H ISR A ZE L T 2 g2 R/ L 72, FR LS IR, X RE
it (XRD) 3L UVZRA A VEENIH (SIMS) I2& Y #Es & CHFHEE TR 728 25, EREfl
A HERAIZ@EA S ICDONT Ni HROBRFIEM (Bd) . Mn B0 —#kH. Co R ORERES (8
) AEERI N, FHEFHEY OERERBEN R I N T LT,

Fig. 1 (33— (NMC) 3 & OMERHERL(UP - DOWN)D NMC T &2 ¥ v LEEICH T 2 MBERE
DY A 7 IVEEHITHERREZRL TV, H—HEED NMC & b L T, BERHERD UP IZMEL — F&i
TICBWTHBRENERFRD T 2EAZE LA, 1C L— MIBLTIRAZOEVWKRERE &
L7z —H. REA NM &72% DOWN (DWW Tld, UP LB L THERENEFUT &> T,
BESARE(E, 10CUEDEL— FEETICBWT UP OMBEREAN NMC 2 LR >7-ETHY. Zh
I$ UP Db 2R EWICRET 2BN- YA 7 LFEE TR T 2R TH 5,



4 ¥ & ®

ANN/ 27 —FBM PLD HEZHAVWTEKRNRY OERHENBEEZE TS NMC TE2F 2 v ILE
RICRHIL. IhoDERZBWABHMEFTFMZTA>7ce 25 B—HMD NMC & RIEEDOFTK
BRELSL— P RBEBEBRGTICE T 2ENIMAENREENHER SN, ZORBEEBOERFE LT,
I o DEFRERBSHEDOEFREDHLFS L TLWIARENEZOND, SEOMRERE L T
SNfEEEEHE T 5 XANES BIE=EEL ., ZEMMLEDA DX LORIAZED D FETH 5,

[&% k] [1] Adv. Energy Mater. 6, 1601417 (2016). [2] Rev. Sci. Instru., 90, 093901 (2019).
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Fig.1 Cycle performance of discharge capacity between NMC (blue), UP (pink), and DOWN (light blue).

Inset shows the magnified views in high-C rates.
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Fig. 1
[1] Dual role of longitudinal optical phonons for generation of coherent oscillations in gallium arsenide

under optical pumping, Phys. Rev. B 110, 024314 (2024), Editors Suggestion.
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Quantum Theoretical Model for Coherent Excitation of the Electron-Phonon
Coupled Systems
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Affiliation: Faculty of Sciences, Osaka Metropolitan University
1 Introduction

In solid state semiconductors and insulators, irradiation of optical pulses upon its surface often results in
the excitation of coherent phonon oscillations. This is generally called the coherent phonons and attracted
much interest on its origin of generations. We are interested in this problem, and carried out experimental
studies on the creation mechanism combined with the theoretical investigations. Since the existence of
coherent oscillations in the lattice system induces the periodic changes of the reflection or absorption
probability of the crystal after the pumping light, the experimental observation has been done as the

so-called pump-probe experiment.
2 Aims of Research

In 2024, we focused our attention on the problem of the existence of the two modes of coherent phonons
in the case of n-GaAs crystals. At low temperatures, the n-GaAs exhibit the two modes of coherent
oscillations in the reflectance of probe pulses after the excitation . By our previous works, it was clear that
the LO phonons are generated by the resonance Raman process in the ground state. Therefore, we
considered that the L mode is generated in the electronically excited state of the crystal. Based on this
idea, we have carried out extensive studies on the origin of the two branches of the coherent modes,
namely the LO mode and the LOPC i.e. L_mode. In 2024, we focused our attention on the problem of the

existence of the two modes of coherent phonons in the case of GaAs crystals.

3 Results
The LO phonons are created in the ground state after the A

stimulated Raman emission, while the LOPC mode is created in

the excited state after optical absorption. This picture is indicated

schematically in the Fig.1.

Energy

4 Summary

We have shown that the optical excitation of the GaAs crystal

leads to two types of excitation of the LO phonon-like modes,
the bare LO mode in the ground state and the L mode in the
excited state. This work has been published in Phys Rev B 110, Fig. 1
024314 (2024) as an Editors Suggestion.
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ss2 OEONH% RS, (b) REMZRPES (b=—0.25,0.25,0.27 A1) ic51F 2 spin-ARPES
227 Py () £=025 BLW 027 A ITHIGT 2 A VIRIRARZ P, ZAE YD
7779 FeELGICIRRERAMICORS, (d) & fE [(a) OB R Shi#i] <
PR L7zAE vy F<y 7,

T VREBICRBEINE Z L6, TNHLRAEVHIROBENICK > THELZDDTH S Liimo T o
b, ACVYHREITMA T, kx=025A" X kx=027A" THEINLARZ FLDIFEA DT
FUF—HHTE DR VIOBOSHER X L7z [K 1(c)]. SARPES DFfF M XICX Y, 2oxe Y
DL TNy 22759 v FORKZBAMEICHRST 5 2 & IZWEEZ2 p WAHETICE T2 Ay
KIFONE T RHATINER OB X AR E V., Ny 2 779 Y PR ANF — IR L 2w
CRGEL., Blll Ayl b4 72y PG EELGIC 2 & T, WIHIREED X v v Koy
R L 72, Z DFERZH 2(c) OFAKICTR T, RO 24 kb RCEHL T ssl & ss2 DAY
VORRE A VAN Y Koy vy 7 LTI 1(d) ISR LTz,

T 2T, AFM JREEICHE T 2 ssl & ss2 DAL VY HADERFICONWTERT 3 L, 7 oSk RiE
NI EDOWNIC X 2D DRDD, ZiLe b BRI NIC XL 5 b DD & v ) FEf2 4L
5, TD 2 DOAREMEZMGES % -0 ic, WlHBIEM] kx=—025 A" TDL —% — spin-ARPES A<
7 PAERIE L K 200) T kx>0 OF —2 LT 2 & k=025A" KBFE2REVYT V7
AV VR VDY = HEBANEDoT WS, L7257, ssl & ss2 DR VIREILERE
(k=0) ICBAL CTRMNMTH S L3nh b, ZOFHHIL, RO NDOFERTH 5 2 & 2R
LT3,

4 FLw

Fx XL —H— Spin-ARPES ZH\T, AFM {REEICISITH NdBI DAV UV BLUEFHEELHFHAEL
Too AMFEOERIZLY, REREBIZEIT D AU DROPERN BRI E LN, SHIZ, ALY
SRRDEBBAKTEIE L TR T 5 2 & Ty Z DA U HENRRKEE BRI TIE2R <, ZERKEE
SFMEDOBAVUTER T2 Z & 2R LT,

-08-



L—HHAE I RILF—HEEIC K S W-HEA BIES S DRR

ERKF EIHRE HBRIFR BHE 8

1 ZL®IC

WC-Co i &4aI%, ED WC k{b#H & Co @RIHNG R D BBEEAEMEITH Y, BT ML
Mt EEEEEERERFE A 5. WC REES® TITEBEHALE LT Co NiRbHVLA TS, IFFE, Hil/p
wJEFE L U TR COMBIIMEE DN BAFE S d A = b r B —5&4 (High-Entropy Alloy: HEA) %
BH LIZWEREA THH[1,2]. " =2 brE—a4aid, MEoLED 5 THULOLTREETH
D, POIRFHFER L TH D BHEEREERGE L ERSND 3]

F o fPnfddE, E23EER (Additive Manufacturing: AM) (B89 2 M BMFTCBHH & JT4E TIEIES
A TH Y, BEEEICBT 2R bIEFICZ V. Zh OGS0 AM IZX 5T HED 1
S L LT, L—WRmMET xRV —{KFElE (Laser Directed Energy Deposition: L-DED) 3% 5. Z ® ik
TR R E —EEME LN 5 L—F 2, 38BN T2 2 & TaBmREERL,
HERf S5 2 L THIEER 21T 5. L-DED 5T, BFERMICHIMIAETHL 2 &%, WK
KPR G T Y B DB OMEI 200 X RPN OERRETH L Z R EDFIENRH Y, F-H
M OWUNEBIC AM 24T 5 7o), ImENREE RS HER & O—RI e EiEEE 7' v 2 X0 135 0 ITH
<, MBI OIRE AR SIEF @ & WV o ToRHEA Z O T HIEC TS 5.

2 WHEEH

L-DED 12 &> T, WC & Co &BMEN57%, WC-Co B4 o Co &miH% HEA 2L
WC-HEA B &2 MR 2. & L TaBiE 2 i S & TERY 216k > WC-HEA #8544
ORI ZA T, MOV —FMLTE&BMAE LT I v 7 A Z RRFICER S TERT 20 =
v hwa ¥—4—/31 K (HighEntropy Carbide: HE Carbide) ! WC-HEA 1 &4 HWFITBIZE DOxf 5 &
+%. Z# b HE Carbide " OBREG 44D BHIE & M ERRIERIMEI 208 U C, AR A = hrbE—t
7 X w7 A (High Entropy Ceramics: HEC) MEIZHRKETHZ LA HIET 5.

WEAEFE & Tid HEA & L TR BAFIES LT D CrMnFeCoNi &4 fli ] L, L-DED TiiF L7= WC-
HEA M1 & & OO AP 2 A L C & 72 59D 5 1%, CrMnFeCoNi 42 L ¥ Hi#'E 72 HEA
Td % CrFeCoNiMo #4x% WC-HEA B A@IZHA 5 Z L 2R A 5. 54 EIXE T CrFeCoNiMo &
47T L-DED M LZATV>, L-DED I TR E A OAHAR-CH A EE (2 KT T 8 i LT,

3 WFERCR

flize DL—PFMIEFTE— FEmAER L, Wrimibdfeliss, XHREITC X 2MEE, vy — A
ERBREAERM L. E— RIZL—%HT180 W 225 200 W TR L, il 120 W 225 180 W TitifE
Liz. ZHD L—HIITEMAIE, MBS~ M FENE L7z CrMnFeCoNi A<D IEEAE R[4 % b & 1Tk
JE L7z, CrFeCoNiMo &4x% L-DED TiE LIZfER, Eild L—PHICed 2IEH&FTire—
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R EEMBI OB L DBERA 0 L7 0, I HEEST 28RN R b, 1 L—H A
160 W Ti&EfZ L7 (a) CrMnFeCoNi &4[4]% T} (b) CrFeCoNiMo &4 B — R Z7~9". 160 W
BT H CrFeCoNiMo &4 DIETEIRFIZ b ~T A S V7 sl O Wr i 51 CrMnFeCoNi 54D £ 41 &
DNV ENfER SN, Flot— FEEOEM & DAL REVWI EBRHERTE L2 L2b,
CrMnFeCoNi A 412 tb# LT CrFeCoNiMo &4 DOEBMOm I 0vr &2, &b 5 i mtn
BE SN Z &M, CrFeCoNiMo A& DO X (XE L LT Mn % Mo IZEH L7 2 L2 X5
MOLEFRIZED LD EEZBND. A1 CrFeCoNiMo &4 % WC-HEA BB A4 LT3 2 B
W21, AHASETIMLEL TS RERH D Z NP LN E N, o XBREFTOMKE, FCCHIZ
MZT o MENRFE S, By I —RAEEILL—F O EFIfEm L, Fem € 768HV &8 L7z,
Z Ol CrMnFeCoNi 4 D35 L% 200HV (ZH#k L CHE IS m < B Th YV, WC-HEA A4 DOk
HEMELTCOBEHPIFRTES.

ANJNEEEEESEEEEEEEEEEEEE" O

—— e 100pm

1. L—H71 160 W Ti&E L7z (a) CrMnFeCoNi &4:[4]% ¢ (b) CrFeCoNiMo &4 b — RKiii.

4 £ & ®

CrMnFeCoNi 412 b8 L T CrFeCoNiMo 442 L-DED M RO EEAEILE D, @ &M ik
SN U8 S 7z, CrFeCoNiMo & DIERMEDOEZ LT L LT Mn & Mo IZE#H L7 Z LI L 5
ROEFIZE DD EBEZ B, 4% CrFeCoNiMo &4 % WC-HEA B 54 H L TN T3 5B
i, BHASHETHIL LT BERDH L Z LB LS. £z XMREPFTOFRER, FCC I
X TCoENRFEEIN, By —RA@EEILL—F o B m EL, &&T 768HV &R L7z,
Z Ol CrMnFeCoNi A4 D 35 X% 200HV (2t L CHEE IC R < BB Toh Y, WC-HEA B A< O fE
B E L TCOEARHEFTE 5.

Z % X W

[17Y.Peng, W. Zhang, T. Li, M. Zhang, L. Wang and S. Hu, Surf. Eng., 37 (2021), 678—687.

[2] Y.B. Peng, W. Zhang, T.C. Li, M.Y. Zhang, L. Wang, Y. Song, S.H. Hu and Y. Hu, Int. J. Refract. Met. Hard
Mater., 84 (2019), 105044.

[3] B. Gludovatz, A. Hohenwarter, D. Catoor, E.H. Chang, E.P. George and R.O. Ritchie, Science, 345 (2014),
1153-1158.

[4] K.A. Ilman, Y. Yamashita and T. Kunimine, J. Adv. Join. Process., 11 (2025), 100288.
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ERBFEEERILY T 7 AN DR
BIEXE RERBIEWRE BH 2

1 Lo
B 7 Z0MEFAFXEERL. BEXFEZHAET 2, AIRER TEVEEBREHE L.
SETEDOIFNFRE RT NV BB H 7 X ICEBREESEZ([IMT 52T, 7427
RATNARELTOICANEIT 2, BETHREZAVTIC, BE. R, BREICS T 2REICEKR
L7 ZREFEEURMI T 7 R 2H L CHAXKT 28 A2 TH S,

2 WgEHm

FERICE TS p-7 0y I/ nHEL D SSEHORAREFHBEEZET S Sn?, Bz, d-7 0y 7
TEND SPEOBRARBEFEELET S In*, Ga¥hE2E0BIMH 7 2 &2FRT 2, LiEA
F L, ZOERFIRIE UV EENBEE O LAY I H V| @E&%%ﬁ‘/@ﬁﬁ']‘i%?%g(%?%)

T ZZRENICHET 2B ZET %, MENICH—LGEFENHNOLAELICH L TEANIOE
b%?ﬁ@@ﬁ%ﬁbfb%oMif\NVP%ﬁuﬁwT\h%m®ﬁ@%@®E@U&ﬁ#
RKEVEBEFLEUHOERRAYH 7 ZADERNPRAENS,

TENTZ 7 ZIGZO (In,Ga,Zn, 0 ok Z21LEY) &, FEREYETIEF YV T —F— >
ARBLI-FDLEWGITHY . ERICBEVTEHE 10 cm?/(V-s)Z "9 n BEERXKTHD 1, —
H. B H 7 XTI, BREERZZEICEHR. BFE2EHEFXF v VT -9 5 V,04-P,0 57 X
20 CdO-Ge0, * A REINTH Y, BFEEAHZXLIE, BIFEF Ry EVIEE 2, #BHEIN
7FE§T@%3OZﬂi?ﬁ\#%E&ﬁr&%yF%m%F—t/775;tT%%E§ﬁ
KR LI eZBEL 4. AR TR I OB IBEFHEFEOREEZHAAT, 7 vRE—F
ISR L7- LERERBEYBE 2 FR L 7o, BRIADEREITERY ., BRIEEMRILYH 7 XTI,

TLT7 7 ABEISERT 2REEMNIFEL, SR SERTHLHIC, EETEL2ERE
[EEESLUOBEHEOBEIIRESIN VWAL, KEEIF, IFEORR ‘2B A T, FRE
AR DEETUE Z (EHD 272017 vHREBEALLZALHIN L T, EREEFEZRAE L7

3 WIFEECR

BAREEICE T, Fe0, 8 7 vER—E Y L-FERE Bi,0,-B,0; (FBAL: xFes0,~)BiF—~
(55-x-)Bi,05-45B,0,, x = 10-20, y = 20-45 mol%) ZER L 7=, BB DOHXEBEXR%E DN AHE
THE L. ABIRBEOKF T ANF —KFEEFTz, £ LT KRINRRT FILIZH LT Tauc
TRy b EeBIhWw, KEANYNX vy TG, F-UVBBE, FrUT—RE, FrUT—
DIBEZERDHHT-HIC, F—LREBE LY -y VREOBERGFEZ., &R O 400°C OFIH
THE L 7=

x =20, y=35 mol%RKIDIRIVZEE X <~ F LD Tauc 7By bH S, KFEANY REv v FIE
3.1eV EHIMTL 7z FIRMEINICE T B AR O SBUNREIE, HARP D Fe*BEDIBIMICFHE > THE
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L7z 400°C I2H T BEEE L, x=20, y=35 mol%iE T 1071 S/cm TH > 7=, JEMLT X
ILF—0.05eV TH o7z, x=20, y=35 molba Bl DEEE X, 100—400°C DEFH CTREMKRFE
BRI SN -T2 eh D, BFEETHD I EREINT-, ER-BEFEIL. EXLDE
EHETIRTHEETHY ., >ay bF—EELN R WF—I v 7 RFEERER L 7=, 400°C (L6
\T5HR—LBEEIL 25 X 10t ecm?/(V-s)TH Y, v U T7—REIF 2.7 x 10V cm®TH > 7=,
T REEE— Ry VRBORFSIEEHICET, ¥y VT —LBFTHDZ LR LT, FF
REVEICBHRIND ZENH D, F—LFREREE Ry VREBOBOFS KGRI NED
>7z, 7272 L. 330°C RimTIHEBEHEDH 2 H—ILRBEIFEONEAL 27z, F—T L7 Fe?t &
Fe' DRy BV RBBICE S TEFIRET DEFLHEDANZILER—RELT, 7vHRER
MICE>THF Y U T —DENLIAHZXLDBENTH D EER D, ULOIERIE. XL 5 ICFE
gantTuwa,

4 ¥ ¢ ¥
IEEE xFe;0,~)BiF—(55-x-)Bi,0-45B,0; (LB W T, SI-EWE YA T X 2157, BFIrE
AHZXLIZDNT, FesOy(Fe?', Fe¥Na®mEEICN—E 732528 THv U T —BFMNERK
L. FELTHYEVITEEICLYBFNERELMINZIETLZRELTVWD, 7 vRAHRD
éht#%%Zﬁa@%&&&B@k%&%w\%—MOC@@ITnﬂ%¥m%ﬁﬁﬁi¢
%, Zhid. Fe304 (Fe?*, Fe A2 ZEBEICR—E>Y /322 Tx¥v UT—BBFHERL. AR
7 VEMMUCEYVERSINIZEFLEDITHRY EVTERE, H 5 W Bi* D 6s BEN—HEF S
L f:fx%ﬂ?/\@?&)ﬁj}iﬂ_é N5 LICAHEXL, BFPVEREMAINZIETLEZREL T, BHEMIC
&, 400°C ICBEWVWTHR—ILBEIEL~05cm?/ (V- s), F¥ U T7—BEHN~3x10"cm 3 £—~
v7%ﬁﬁ—ﬂouWKﬁﬁotomfﬂ%7v?%WML&m#igﬁﬁt%&T%%%ﬁ%
MAMELTWS, AR THREEINZAE., 7y HBRMICL > CEREDEICSVWTHESE
BEMNEHTERRICEMT 2 EE2RIAELIZEZAITH D,

(1) K. Nomura et al, “Room-temperature fabrication of transparent flexible thin-film transistors
using amorphous oxide semiconductors” Nature, 432, 488 (2004).

(2) E. P. Denton et al/, “Vanadate glasses” Nature, 173, 1030 (1954).

(3) S. Narushima, et al, “Electronic transport and optical properties of proton-implanted amorphous
2Cd0-GeO, films” J. Non-Cryst. Solids, 274, 313 (2000).

(4) K. Mitsui, Z. Hu, K. Hanzawa, T. Katase, H. Hiramatsu, and A. Saitoh, “Effect of iron substitution
on electronic conductivity of bismuth sesquioxide glasses” J. Appl. Phys., 134, 0751011 (2023).

(5) K. Mitsui, R. Matsumoto, M. Mori, Z. Hu, T. Katase, H. Hiramatsu, and A. Saitoh, “Enhancement
of n-type electronic conductivity in bismuth iron borate glasses by fluorine addition”, J. Appl.
Phys., 136, 235104 (2024).
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A REBEBE & R IRME OB
—RHEEA RARNSTRME B

1 IC»IC

FF0aY - CRIEL o T BRI —< L -wx VAV FOFEL LT, FiRIC X b R
IS 2 BBERMEIASEEEH T h T\ b, 2T T TRADKRBEING %~ &aBRMEHT. ca
123 DEKRIEHRERZHT 5 POVO; 2 BHIH L L7z=u 72 A4 PRIV <H %5, Pb* OflT
BT X BARREES R L I EFEEZINS VYO d, JUBRRFFIC X W ZEflbEh b, VOsE T I v
FARIECAZ 28 POVO; D EKIEF ST A OREIHTH b | TTHREHUC X Y AREEDROME & d, PulfkFp
DREWZTD 2T LT, VOs ¥ 7 I v F22 b VO /NEAE~DORAAREEDZAL 21 5 . I/ D 537
Fm~OREFEMHIEE A5 &R T LA TH S, ORI, ENREAEHICL 2 ¢ RO
IWAE2S a BHEOBIZIR X D D K& Wiz, FHRIC XD 93% b HEPIGET 2., LaL. T OPEEL
BERMEEATHEZ 00, AED A H =X 20 X b IR T . JESE A& SRR o BFE 23
kobnTns,

2 WEEHm

~u 7274 ALY BiCoOs . B ONZE TN X 2 ZAEEMFR L  ETHED Co™ D dy
WOERRFZ A L, CoOs &7 I v FRIFEAIIC X 2 ERIESSTES (ca=127) %ZRd, @i T CHER
FEOSERAS 2 BRICIZ. Co A VIREER £ 5 CoOs BT 2 v Kb Co KR VIREER & B CoO6 /\
A~ & BARFEDSZAL L, POVO; X 0 b KE 72 13% b ORFEIEZ R T &2 5, JEhERKARE
RMEIORE & LCTHERHI R TWE, LI ThETic, BEOVKREEN R 2D &2 2720, Bi
Y4 b~D La Bz T\, EERICADBBIROFEIUCEIIL T b, LA L, La Bk Cld, (K%
2> & B A~ DAHELRFE 23 5E 2 13HEST L e\ 72 0, B & 72 (AR IGHE SR 1% 2.6% & | BiCoOs; 25FF
DORT VI ADPLEZ DL LIFFITNIETH 272, % 2T, K5 Tl BiCoO; 1T L CTHkA 7l
MOTCHEZEE L, MR B ORISR © 2L, MR OIKIR & v o 72, B BEREHE:
DYEEZHET L EHNE L2,

3 AR

BiCoO; @ Bi 4 F~® La S D 7 v % ) 4 VuHiE#ufkz, w57 v e VEEZ vz mEAK
BT X ORI L 720 1O 723 0RHT R LT, U EHER% SPring-8 THUHE X MREITEIE 247\, T
A DR R E 2> & BUIRFHE % 57l L 720 Nd B A2 R D K & A RINMER 2R L. FESh o & B
FZRAM B TR KR D 6.1%ICEL 72,

4 ¥ & ®

Bi 4 MCEWTEZT V24 FLEOEAE 22 2L T, ABIEREZ KX MNE T3 &1
B L7z, 5. Co ¥4+ O ¥ A F~DILREWRD AA, FREIGHEO X 528 M%E HiE3,
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AT 4 ang FELAL H:SiO, D
BAFY HiGEDORBRICA T - B S EE 0 /Sl

RERFE R I&SE

1 i’kLoic
SiOx X SiD—HEBALICER I NS Z & TKBIEWA A v & L TOKFEZNVIAD I LB TE 5720,
EEEREREIC B W T Mk Z & FIcHiBk~ v P VO REHICE CREOKEF X TE L LEZ
bNTWBIMTH S, AT 4> a4 FLAL F—7 Si0, h o H i3S EH SRS ool ol
T2 LHERMIC TR S CE D HIERNE O B AU E S BUN TR S T v 2 @SB SURE A B IR
DFHTH L LEZOLNT WS, BHIFERZHHT 27-01C1FAT 4> 2.4 Al F—7 Si0, ®
BAIRENE & 2 OfE AR EZ R 2 A H 2 55, PIEIFSeic B e KRB RS A A 2 &
THEECTH 572720, ThFE TERNZEXEEERE M TbN iz kv, 20 X5 7, ifFeE
Flid, ALOs M EIC R T 4 v a4 P LBRIL 72H5E TH % 5-AIO(OH) D HifkidERH b5 2 &
FRELTCEY  FAFAEEZHCTRT 4 > a ", PGSO, 2B TE 22 I hTn3,
% 20, WEAEEE(2022 SEEHFEINIZE BRIRE S 75)13 ALOs Bl Fic 2 v v a— b L 7= SiO, il & 4 ic
BEARERE T 7228, HERHOBEEEOEI 2 LHEAIANTLE ) 2 & 2ERL 72,

2 WEE

AL, A~ DA L 7= E45 235 5 PLD % v, ALO; B 11T Si0, o I b BT i
R L aRl 2 HHE L. 2 o@lBl 2 )1 o JIIHA < v 57 v eV EE T~15 GPa f2 ., ~1500K T
BETNET 2 2L TAT 4 ¥ a4 FRLSIO, O KABEE IO SR EIT) 2 L 2 HNE T 5,

3 ST

PLD % vy, JESVE SiO, HE(~50 nm)% ALO3(0001)FEAM FIicHERE L, 2o icx LTI R~ v
F 7 v e VEEE % VT 15.6 GPa, 1200 °C CHE UL 21T o 7z, UL Z250khic i3 itk e — 7 ichn
THRIC3 20— BEHIE Nz, ZDHH 2 2FAI0EALZRAT 4> 354 FHISIO L RAA
W 2720, ARICHENL7ZEEZTVE, 55HITX 0 FEMARERT & & H12~500 nm FEE D FE D
AWK AR D et 2D 5,

4 F r »

AAEREIZ PLD B L 72 SiO, R~ DMEEFEAEIC X D . ~50 nm DEWEEH AT 4 > a4 PRI
SiIO, DT V& ¥ v VAT L 72, KA ITFEMZERERT & o PP ETEM AT §E 72~500 nm FREE
DEEEZHETEAT 4 a [ FMISIO,DT X FL v LERAKAZHIET,
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BT —2LGoCICKRAT—2 2RV
EYOREETINVOREICET SR

BERFAFR AEXREBETR2URE Bl FHTF

1 Fr®Ic

Y O NFER IR I oW Tk, % OB OB 2 &I X > T, RE» AR L FRIN
00%5#\%@ﬁ.%ﬁ§é\%@ﬁki%%%%#uﬁofk&f\ﬁ%ﬁw1®@ﬁﬁﬁﬁf%
%, ThE T, L%k%ﬁt@@%mﬁﬁm%%ﬁb%%ﬁ%¥WSR%fw’ﬁbf‘ﬁ%@ﬁ&
Wi I 2345 & 4L 5 BB E R DR E 7 v & R ER 2 EE - #9272 ®1c, SR &7 v & AL
mﬁ%Tw@mﬁm%E%Amﬁ%ﬁ@iﬁﬁﬁﬁﬁﬁﬁﬁmMsm%mwfﬁﬁ%ﬁoto
AWFFETIE, SR ET U & HBEFEERET LD RMSEDTR/NE 72 5 7 — ZADKZIEIEEICDOWTD
a7, HEBEERETMICE T 2EE TV EHEERDZ YT IC OV THREEZ T S

2 WSk

MER e 32 LEfEEIL, 58D RCET, KEHEES LU &EIE—& L, Bl ZEEERCH
%, fRHFE T VT, EERSE RO SR 7 & EEEEEZRE T L. BRIZALA 1/150 DI o 24
W% 0.25K, (K, @ FIHIRIE) . 8w AW % R AW Qy & 7 2 Etsiliit 2 3% € L - I 7
e Lz, K 1ICIHERIEE T O FKIRE R T,

&AW
Q|
(ch 0.25 Kl) K3=0.01 K1
Qe=Qy/3|___~ Kz=0.18 K1
K1

6y=1/150 (rad) @ Zafir

BT AR

SR 7 N _LEBHEED NFMMERE X, FRE— FICx LT 1%0EEHKE L, EEETiciEo
B A WEPERGEE Vs 25 400, 200(m/s) DIFD SR N4 % v 72,

S E R £ 7 VD EEBREIE O BRI (I R, v — ) — I, BRI & L
R £ 7 4TI BRREIRIPE L FI R 2B L C v 2, ST ICH W22 BN T, R A o
FAAE. JNFAAE, SLEIE O SRk 3 e L7z,

SR & 7V & HEEE R €T NV ORAICEEE AWM NFRED RMSERHICHZ Y | EFLEDNER
R BB R 0.5%F 7213 1% 2 L ICZ L ¥, RMSE. LHEEROBGE Rk 72, 2D RMSE.D
BN D & EDWEERE KD ZIETEHE L, SR 7L &L HBEFEERE T A OINEEE AW 0
REAIPE %2 L3 5%
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3 WEERECE
2(a),b)ic, BIEET A EIEIEE T VICH T 2 RMS.E. L IREEROBFE %, 3112 RM.SE.Z
N R DWETCE Y TN EIRT,

1.5
— STHE LA - &TMF Raligh - ETHE RELH 08 T r MEm - W ol . #F RELN - W RENE
— &RNF -- #R/\F Rayleigh - f&RNAF
M R B AR — AR WSS - A\ Rayleigh - I\ RIS - /\F BMRE
1.2 0 | BEMELH  E R - BERREN - S8 EMAE
i 0.9 ’\.
a
=
<06
0.3
0.0
0
Damping Factor (%) Damping Factor (%)
(@) ET L Vs=400(m/s) (b) JERRFLET L Vs=400(m/s)
1.5 — — = — 0.8
— &TMF MERH - - &T®F Rayleigh - #REHF RELHA — #E REEM - - W Rayleigh - 5 REHH - 5 BUMNG
— EFAF MERD] - SF\F Rayleigh -~ TS RELH e R Rl e o nm
— EREAMRMELD -- SRAM Rayligh - SRER RELHN I\ MHEEH - - J\F Rayleigh - /\F RELH - /\F BN
1.2 N 0.6 — EL# MM - - EL# Rayleigh - EL#& TEREH - - 33k BHME
g 0.9 i
g 4
g: E' 0.4
0.6 &
0.2
0.3
0.0 0.0
0 5 10 15 0 5 10 15
Damping Factor (%) Damping Factor (%)

(C)EFET I Vs=200(m/s) (IEHFET L Vs=200(m/s)
B2 RMS.E.&BEEHDBER

%1 RMSEB/NEOREEL(%)
(a) Vs=400m/s (b)Vs=200m/s

Vs=400(mss) | M1k 80 | Rayleigh |westres | o B Vs=200s) | Mtk 80 | Rayleigh | et eet | o B
&R His 4.0 4.0 4.5 — &5 #® | 10.0 (11.0 | 12.0 —
bl AE

JE#E| 1.5 2.0 2.0 5.5 et 4.0 4.5 4.5 | 11.0
& i 5.0 5.0 5.0 - &= #® [ 11.0 (11.0 | 12.0 -
AR MF

JE#E| 1.0 2.0 2.5 3.5 et 4.0 4.5 5.5 |12.0
a5 #nx 4.5 5.0 5.5 - sx #% | 11.0 [11.0 | 12.0 -
A\ A

k% 1.5 1.5 2.0 4.5 ¥ 3.5 4.0 4.0 | 11.0

INHORE Y, Vs=400(m/s) DFEE T LT, RMSE. D R/ E 70 2 BT T, 4.0~5.5%.
Vs=200(m/s) T 10.0~12.0% & 7z > T\x %, Vs=400(m/s) DIERREE 7 4Cld. BRI RIPE ELBIEY & B
72T AT 1.0~2.0%, Vs=200(m/s) T 3.5~5.5%¢72>THh, BEICLZ AL —RIND =0,
B AWTHRE DE NI X ZIEERDEIZ/NE {hoT B, % LT, BRiEHIEEFI R D Vs =400 (m/s)
TE 3.5~5.5%, Vs=200(m/s) Tl 11.0%2> 5 12.0% & 72> TH O . B AWHEGEE OB IS4 2 i3
ERDIE 25 fSRRE L o T 5,
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AR CH W7 EEEEIZ S5JERCIETH D, 1 RE—FOHEL BN KRERET L LR D720,
BREIE LI 2 BRI EE T VD EIZ/NS (, BRE—FOEENKE L REET MR,
FOENPKEL LD, LT, WTFNOWEETAICOWT b, WY ZMETHEZREL e, 13
IFAEDISEEE R T & & DT, ZDREMDE IOV T, WMIPEFIRLEE Tk, BT — NIyl
L CIREEEDPAREL b 720, BREUHFIAEE L — Y == 1 XEe— FCRIBEEHRE PP
FARETIVEDLD B,

X 3(a-1)~(d-4)ic. ERMER ., ER/AFKICOWT, 5BRCED 3@H X5 EBoIHEEw A
W R0 EEENICHY T 2 30 B2 5 35 BoOLIELY 77,

12 SREFI ign® —wEwpm] |, [—SRETA ighZl — BELHIE L = i |,

_ - . _

08 0.8 . 08 . 0.8
Sos L Sox AT So A LA Soa "l
g N 4 e e M T A 2] S o A TSl U7 S 0 bt a2
§ 00 Y § 00 AW TG IV W Y 5o DOWTYWWW U V] S o OOV RYERN/AY
E '0:8 ’ U w W ; ’0:8 ! ﬁ -0.8 V § -0.8 V
-1.2 1.2 -1.2 1.2

30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35

Time (5) Time (5) Time (s)

Time (s)
(a-1) 5 BI9JY &mmm Vs=400(m/s) (a-2) 5 B SR E Vs=200(m/s) (a-3) 5 BIFIRY S itE Vs=400(m/s) (a-4) 5 EFEGIE Srtfm Vs=200(m/s)

—SRETN i — HEHHR —SRETFI —Rayleigh® —BEHHIE —SREFA i ] —SREFL I3

1.2 1.2 1.2 12
.08 o 0.8 .08 .08
3o A Tu AN Fos anrwAvaw NIA
S A Al Al S P o P A Ay S A aNLA A S o AL A\ Val
D 0.0 Paeacy 4 < 00 4 e L o 0.0 S o/
Sou iy \IU \YAY §04 VIV V[ Y S04 VYV YV \ '/ P 7 \Vj \v/
‘.08 “-08 I R

1.2 1.2 -1.2 1.2

30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35
Time (s) Time (s) Time (s) Time (s)

(b-1) 3 B#RE &fE Vs=400(m/s) (b-2) 3 Bi#E &R Vs=200(m/s) (b-3) 3/BIEMI SReFE Vs=400(m/s) (b-4) 3 BIIL &R Vs=200(m/s)

12 —SREFN —RBIMLAFIE —Rayleigh®! —HEHHR 12 —SREF N —BIHELEHIE —Rayleigh®! —HEHR 12 ——SREFL v ] 12 —SREFN
§3‘Z } A ﬂ | ""\ il ,1 §0.8 ; Y P N %,oAs — §0,s h m ﬂ\ IJ\\
S o IO < o VAN AN S o8 TA A AT S Y A S oo 1A At P A
5o WW 1AV 2o WA RVAINY] o0 AW § o0 WA
e e L B e e L it P37

30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35
Time (s) Time (s) Time (s)

Time (s) )
(c-1) 5 B ER/AF Vs=400(m/s) (c-2) 5 Bl S N\F Vs=200(m/s) (c-3) 5 BIIR SRR Vs=400(m/s) (c-4) 5 BIEIIZ &T/\F Vs=200(m/s)

12 —SREF IV —BIELAIE —Rayleigh® 7&%&.{”@ 12 —SREFIN i 7&%}!:01]&’\ 12 —SREFN 12 —SREFA — R
A A

Sos A Bos APRARWAV VAW Sos AL INAAA Fos A
S A A S oo LA S 0o LAA C oo LAA N AL A
POl A A A VAR VIVAVAV VR A IR VWYY Sos [ Y VN TV Pl A A V'A A a8/
0 YUY S S0 %o

1.2 1.2 ‘ 1.2 -1.2

30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35 30 31 32 33 34 35

Time (s) Time (s) Time (s)

Time (s)
(d-1) 3 By &3\ F Vs=400(m/s) (d-2) 3Bz &/\F Vs=200(m/s) (d-3) 3 BIEM ER/\F Vs=400(m/s) (d-4) 3 EIEIRE ER/AF Vs=200(m/s)

INLDORE Y., SR TRIREX 4 7IC X 2 RHIBEKIEO IO 2 &3z L A Lk, SR/
CRETOMARAATERT E 245, »IFROAIERIC ST b, SETEE AN R R I
SRETNLE—HLTNDEILDBHERETE S,

4 ¥ Lt »
AFETCIX, RC & 5 BEYICOWT, SR ET I EREIFEDR AW IIGE 5SS N 25 FEEEREE % Dk
RET N EWEER E ~F PP IREARMS.E)IC X D i L 72,

S 3CHk

DIERIE i - HullE & OBIRIHAAE AR % 5 58 L 7= B EE R @Y DI 7 v L IR ER(Z D 9),
HARRELE LR LAITHEE R, 2024,
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TAFREE T EBIEEYERAWEESFEFT /N4 ADRF

KERAFAFRERIFHARE 8 =

1 ZC»IC

B, B LI X o TEEMEDOZF - I3 AT Re 7 8k X, Bt s TR R i kT
Ho, —MICiE, ) I ICRRI N MEEEERDBH GO N T 288, i - BEN - 794 vk
BRI EN ARSI T 3R D TERAICITONTE Y, WTFROBAICE N TH, Thbd
DI EHT., EBAKRE LTOAAL 7 TOMBERBICE ST WS, 2RISR L, 4% QEEM S L T
WBF )T 7Y =D BRRELESTEE0IE, S TRAECHESTLRILTDT AL R
WEEEBHEATH Y. BT N4 R X 2 EEEOFRI - HlfHIcBI 3 2 %85 X A R 5
NTws, =7, IE TIcfRE IE, EOARERFEDORFE 2 U T, ikl » HIGRILEY T
HDHTAREBRY T VHOMENRARCEN L Twd, 72, INH0LAEWT I NS BHO
ST (FERZEAT) TP TEHWLELZE L TE 0, BRALHEEIC X - Thlwi e LR T E ) %
AT ZEDBRMLTWw2, ZORMBICE S, o BEESEIR L OLFIIEZEML TH D, 55T
W& 2 R I L 72 85 7 o MR ERE T2 RLICHEE L, BERSD - 2He) / ¥ v 7EM
EFRW72T7 4 20E8ls X UOBEIEZ1T) 2 LT, 2o Ofk4 gth T coEBMICR T 25
TEEFHEL T3,

2 WHEE

BOTNORDEFTNAA AL, ZONSRYAXEBWNEEENDNOF ) T /vy —%2%25
WKHROTNA AL LTHIFINTBY, IRNETICHHESTRTFE L TOFALERL TRx e n
HEEEEEMRER SN TE T, LLARRS, 2L O HEAEILEMIT, ZERA~DOBRESCER O
TAUICEE > TRBICHTELTLE S 12, T3 ATBIT BTHAMESCHERMZ AT 2 L CREsH
LTWd, LER- T, ZRTHEBEREICEBWTHEBRISEINET 27 31 AOBEICIL. BREMHOEN
 EERCEMOBESR - FIARKETH D, ZOLHIREEO L L, RERFE TIL, REZENITE
BR%E L7 B OFME R FIEEZ AV T BB ICHERIE S o fic e dm T EV RS T AR 7 2RI
L. ZNEZRAWTER LT A ZCBT 2R EREEORB L eom L2 B ET5, ZRET
OBRFHC LY, 71 BB Z 2 2B DT 4 DFT 5 o #ELEWERWZT A ZAREST R
FUVRZE LTHREET 22 AR LTEY ., BIERERE 7 0 — Ry 7 Lzt &
LHEHERIEO G E TN ERNTZT NA AOIER S LOEEMLRIE 28 U T, Bl ORI
WY v H— e T U —DEE L DT A AL OBMREZAONCT S & L bic, BILZEST
AHEEEROBEREZ BIEL T 5,
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3 WHEECR

IHETOERBFEIZEL > T, HBlIrT L9 7% Si2x2 2 /B L+
b KEACAMBEST |70 V25 OFMSTRT L Lo L s e
BT EERHELTWSD, AWFIETIE, AIEEE TOMEKREL Maf‘i_'i"‘ls_il" a /I"""'.:l iPr, Pt

iPr iPr l--:a e Si_ Me
LI, CORFORAICHESRY L h— R EALEHEER N on Dints
. [’ "
B L, ZNEERAWEESTF A ZOERS L OZ OEEMIZHS s RJ
Si2x2

WCOREZIT -T2, TOFER, EHIERMHRT, o, T a—KLk

DF A—NVEMNLE ORICFBMEZ T D= F LU HEEA LS F 1 VT A AZB N T, &
272 SS (subthreshold swing) & H T 2 IV FrtEA BT 5 Z LTI LTz, £, n &S TFHIE L
LT Si2x2 DoV IZ Sid O 2801 2 ZFHICER L, ZhERWET A ZAOERE LU
EEMEEICBN L —EDORREEET DL LN T,

HS __~ 7™
=Y -|| HS__~ “7”7 N o4
l-‘:—_;:_,-)' A JPI rPr 1. /l- P
=y | |
IJ 2 fBu | \! . |
"~ \..—. \,—. ‘:::;/)'Ml/ = iPr iPr JPF JPr

f tBu

me S “\// iPr iPr 4’\_(5' ' i

i Me "
IPI' rPr p /*\I\ /5 .‘? / Me/’_‘\ *—\SI Q{x.ﬂ

4 s.’—\/ P P iPr 'iPr l‘:-_;,/"'-./"'SH
ipr ipr ‘“~_ , '* -~"SH
1 - 2
4 ¥ ¢ ®

SEEOEFEMZEICE Y BEK LD Si2x2 OWANS, BRIARRD | DIATL Y HFEMEEL D
) /77**45141*@%?5 DFADEZFTNAA ZAOFHE T L L THENERET D2 L2 LT LT,
Flo. INETHW TN Si2x2 LITRLRDMHEED Sid Z /B LT 20 FbHESTFT 1 ADHH
FFLLTHATE 2 Z A LIz, AEER LT A 20% TEBBO F AN D LR E L
ZbDTHY, BHUOBRETH LT/ F v v TEBH ZLFREE T & - TRIE LT A ZO/ERE)
ROSLRLBAEVPHIFFIND, 5%IT. SISWSBEKL R D o B0 F L FA—VEAL L DR O
U N—DRS « E - MIENM/ MR ELRETT 5L T, V=037 ZAOWREICE 25
WEELRAND L L BT, RIEEEONRNLEEORBICET R 2TV, DT HEIEE 73 A
REDHHBIZBRET 5 Z L T, AAMEO®mVWERBHELS FET T A AORELZBETTETH D,
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ANY Y LRGIFICES K 2/ 2iRiRiREDIRE

RRARPRIGRFPEMME L > 2 — AFER

1 IC»IC
~V v L (He) 7 DA A AT, ALANICAEETH WL ERIGICES Lo, Z oFRNAL
(CHe/*He tb) 13 PR A » OB ERAR CEB Lic < <, B R 2 B MHEH,» b DFH5RD
EZ S %, He (ZHIBRIZ R 2> D AAE S B UAIRIIK 3 313 & A 8% D T 2 —77, *He Tldhh
JREYB T A T, U % Th OREHEZ I X > THEK S iz iy (EHEEIRIER ) % HFEEL T
W5, ZOIRIFRIK D & G CIRK O F 53R OE % K L T, KA. ~ v b, #iik o 3He/*He
HiEKRE QR 5, KAD HeHe LLOAENME (Ra=1.4x10°) Z#HAEL F 2L, v P L OfHIT 8RA
FEETH O MR ICE A TV 2 77T, MG DEIZ 0.02RA AT TH 0 | TSR IH AL
SAHEBEL TS, 2O Eh b, *HelHe lb % ~ 7/~ ZIERAEOF 5HROHEF L LT L, ~
I iGEE ST CE 2 LI D (B2 IXAEF, EES2015)

2 WFEHW

ALKk, ZBOKELFEK GRS LT 2 ARk, ARILLTED BZMHET 2014 4F 3
A5 9 Hi2 2 CTREFEMEEAS, 2018 4F 1 HICARBEMRILI TR KA R4 L 72, 2018 4F 4 HLAREIC
FHEME TR ERIL L CTH 0. HNEEICHFES 2~ 7~ OiEB 28GRI L T 5 AlHE
b 5, AW TIE, FHARLO ST CHRET 2 2 BRIV E ST 5 2 & T, *Hel'He lb B~ 7
~EFRAEOTGRE ML LT, ILFEOEIERLOERE X VOS5 HROIEH) O Fal L 2§l 32
ExHME Lz,

3 AR

B ISR LR D 9 B 538k LT 1L o B o R - AL ST o 3 D o ERAL & L &
AR E SR MR . ARG MR IR . T THRIE M IC B W, B a vy 72 o h 7 ABIRBRICEKA D
2\ I SIEHE AT A A BRI L . A REESITEIZ VT SHefHe e, ~) v A A A VRO
(*He/*Ne k) ZMIE L 7z, #F1C *He/*He L OWRE 23 B % 7 HE SRR ©  GURHREUE 84 72 23,
W SR EBE 7T A DS E T H o 72 72 0 E TR L 72,

HEHCEENE~Y T A, REMIICH 22 EF LB & 2 0 I3sURHRIE Ic K2 HIRA L
e~V g L, HITFKICKAD DB TIAALTZE~NY T LAREEINTHE, TNHLDRFEFR~Y 7 LD
AR, HePNe ez d LICHMD b5, A CT/RY SHe/'He Hlz 37~ T, R~V 7 LD
ZF 5 % BR\ 72 *He/*He [t (Air-corrected *He/*He) T»H %, X 2 ICAFHZE &, LK DOWIE T O N2 EA
(e s, A, TEETR) | K3 Ic R D 2 (R M) © SHe/*He HE ORREEZAL 2 7R T,
LM ST IE 2018 FFLAK 2022 4 9 H £ T, @il T d &\ *HeHe te (7.9 RaHil#R) 23#kiE L T
BRI X . AHIIC He IKE D, v 7 < RIEO KIUA A B AIE R B L TWwa 2 L 2R LT
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W3 ERIRE N TE 225, 2023 FFITIE 7.0~T7.6 Ry &\ 5 R WEAEH & h, ~ 7~ lFK S D%
ERRRTRoTWE I EARBREINT W, L LAHEY® 2024 4F 7 H LRI, /T & 12135
LW TORAFIZDOMEDSBLIAI S N2 2 & 20 R W IEHE T E IRESHER S hTcwr e FE2 6N 5,
AR & EENEMIRIR TlE. 2017 FFE TENZ I 6.9~7.7Ra & 6.5~6.9 Ry D—3E L 7= *He/*He It
ﬁﬁﬂéﬂfwkﬁ\mwﬁlﬂ@KEﬁM®EK#6%h%ﬂ3@W%k37H%C\—E6W«
6.5RATEE Z T L2 ic ERICHZ U, & CICRAME CTRISFEREICE S $ ©, MEMERICHE 2 muy
@05~Hm0ﬁ%ﬁbfﬁﬂénfméﬂm3E#%2m4$C#if%\kﬁﬁi@ioﬁﬁkﬂk
DK TIEH O N d o7z, BHEGMCTIIRSURB ARSI K & <. ZORIIEICHE S R 0 7-
% He/*He LR X A RO b Twp s, v, #a—7ED 6.9~7.2 Ry & W I EABII T
Tw3,

P LI o 7 TR IE AT © b [FABRIC 2018 4F 3 H LARRIC *He*He ted EA 23R &0, 2018 4 6 H~
8 HIC 7 RAMEEDIEMEICE L 72, fthoBIARICHR TR ETEIIXHML VW DD, 6.6~7.2 Ry14
JEDLCHEETHRE L T3

4 Fi®

2014 4F 10 HDORAERE L € % 72, BEE AR IL O WSS 4 O i REE#E A A @ 3He/*He FLBLHI %2 45 4F
FEb kL L 720 A KD AL ER B DS (ALIMES) 132 T d &\ PHe/*He & oRm L. AHN
i 3He ICE T, = 7 <iRIHO KIUH R AHEBK L TW»W5E, 01350 Tl 3He/He 231K
CUHHRTYIC *He ICE DHTHEIFRO K7 L W LK EETNT WS T L &R L TV 5,2023 4 5 H AR,
JLMIME S C *HeHe HL3 R RIR T L 72720 v < RIFEKT O F 5532 T 5 > Tz AlREE»E 2 o
N2 25, 2024 4F 7 HUARRIZOERT & 12T L 79 RAFITEOEABHI I N T2 2 &b, RIE ) FiEE
FRILAfR e LC. GBI E VIR R S LTwi e EzLN 5,

/ \
?OISEIﬁADI

o

1. SR AR -rESHE Ul ZEFR. AETR) SRR EEHSM) OB, AR T
Eﬁﬁmm%iﬁ%tbfm@vo@%Amammi&ﬂ@$9ﬁMkD@h%%TLfméo%%
& LT Google Earth {8 L 7=,
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| |—A— Manza Hoshimata

Air-corrected *He/*He (R,)

M2 dvreSthsn 3Ess (AW, R C. E:E) .

BERRESR., DEFRESD 2014 £

10 A~2024 £ 10 B @ 3HelHe bt (REA~Y T LADBAIIFHIEFA) , 8211 16 T, AITBREE KRS
AN LBADIEICHE D BREAESL MMOBHRIE 2018 F 1 B 23 HOABARILOAEZE N &R,

""" LI I L "L I L IR I B I
I I

8| : -
L I |
3 :

) I
L I
% - I “%

7_ I S = n
- ! +\'\ o ]
-U o -~ ,||II \,

o e il \|/ /I < 1
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-7~ Kusatsu Yubatake

5 ..... | B | IR | EFEFEECEE | P | PP | I | PP Lo a s | A | I 1
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N N N N N N a7 & Y & & Y

§ & & F & & §F & F &P

Date

3. BESESIMER D 2014 4 10 B ~2024 4 7 B @ 3HelHe tb (KRG~ 7 LR ANTFIEFH)
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77X XIERBER/SyZ)TI2& 3
FTAREZ (LY 4 B E AR FZ ph B 1T D A F

RERARZPESRAHARHA  BR #—

1 IC»IC
KEET 4 AT LA RHBEL 74 A7 LA 2L & Lz, KR T4 2o @R LIt - T,
EREEEETAHEE L T v X & (thin-film transistor, TFT) Z{EECEH+ 23 2 & TRk I N T
Wb, TNHDERE 723 TFT O F ¥ A VfE ko & L <, @mB8E2Ha LRBLCEEICD
WD 5 7L T 7 AW 8K (Amorphous Oxide Semiconductor: AOS) BEFLEH I T3,
Z 2T, AW TIEHH AOS Z v 72 TFT (Fl 2 RBHIC, =74 b v VIREICEE L 2H 8 A 7
A2 ERMICHIEIT A2 itk Y, o8y ZRTOMHGR & KOGE DM HIEIZ e 77 X~ K
BB A Sy 2 ) v 7Ric X 28l | 79 X7 == A AW KEZRTRECE Y, AOS #HiEo
KIRER B L2z 0#EEZ F v A fEE LCHW 2 TFT o mEERg LI i) 72 JE 7' v+ X FHF

ZHWE T 5,

2 WEED
WME, T4 AT LADHEFTIE, 4K 8K IET 4 AT L A7 LI TAT 4 ATV A 7% EDKH
- mfEH O T 4 A7V ABFEICET T, BERTTH 2N 7 v 2 R X (TFT) D EtERg L 23 5k X
NTWw3, 220, ERAVOLNTEEZTEALZ 7RV ) avicfb b, TEALT 7 AELYEEE
(A0S) T b DER A= THERMELE LTEHI ATV S, RIFFETIXAS OFTHHT7 4 F
NYFFry T2 OTELT 7 ZAFELH Y 7 L (a-Ga0) ICEH L7z, UWFRETII T T, =7
A b a VIRECEREFEEAI T IR EHE LT TR KER Ny 2 ) v SRR v, 3l
i7" AT ANDIRFEAT AGNINC X B FOCHERIE 21T 5 2 & T a—Ga0 WO BEFIH 2 EBL T
%, AWFFETIE, aGa0 HEOEE D X b 2m EZHIEL, =7 v FMCHINT 2 @EAKEL % <L

z2fbF Bz eicky, BEdo xSty 2R TG E S5 X~ 0.53 Pa, Ar 20 sccm,H,0.1sccm
WO R ZHME L, B L 72 a-Ga0 HIE ORI %2 17 - s |CP 500 W + RF 100 W
7:: I
. €58t ]
3 WHTEELR 3 °
T IR BARN Yy 2 ) v R A L 72 a- _..?5'6* o0 7
[72]
GaO HEEZE D 2 — 75" v b EEO Duty UK % Fig.1 i § 54 .
T, Duty LA, EEE NS 2 2 L 23R & Eg,l ® ?
Nz, Thidx—%v b ON BilicHERE & n-filkmic.,
5 1 1 1 1
OFF KfICHERE A 77 X< CHERI N Arr A F v 3T 5 0 20 40 60 80 100
L . . Duty ratio (%)
X~ BNURED T AL X —(~20eV) TR I N Z 00, Fig.l a-GaO JEER T o
OFF Wfflomc L v 4 A vIBEHC X 2R~ 4 7L —v = Duty HAKFEPE
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YOGES N, BEEESRNT 2720 THEEHZ LN, 0.53 Pa, Ar 20 sccm,H,0.1sccm
% 72, Y TRD Duty K7 % Fig.2 /83 Duty LD ICPS00 W + RF100 W _

AP IRFIR IR T 2 2 e AR I N, ST, Duty _ 106 Detectlon I|m|t o
HASIE N E &, ON IIEIHIC 2 — 7 9 | b D 25w ZRIT §1w5
G E
BeHIC, OFF B0 7 7 X~ I AR B Y . 792~ = ¢
SIS 5 4 o > T8I & 0 BT 5 < x s 2 10°) °
B LICHLG Lz e ps—He LTELbRS, §1m§ °
CDXSIC, ATy F@»wxm ;5iﬁ7nh SN
'2:“‘1“‘1“‘1“‘1“‘
k?<ﬁké&5:kﬁﬂ @%5:aﬁ%%énto Duty ratio(%)
Fig.2  a-GaO #EKFIED
F7-. FiRo7iEcHEL 72 a-GaO #HifE% F v # L8 Duty Hf 7t

FAWTERL 72 TFT @ I-V Rk 2 HE L 724538, Duty

20% CIEBL L 7= TEFT I BWTH 10450 B D ON-OFF b & 24 v F v 7R 2 iR L 72,
INLDRERPE, T ITARLWANNy 2 ) v 7B ICE L =7y FEEEZ SV 2Ll T#

fid 2z b c, BEEZEEICHIEL, TFT 0F v A g e L COEHMRE a-GaO Wi 2 B T & 5
b, KR T A4 ARG 7= @RS IC A 7R A TH B T L ARBR I T,

4 F t ®

~ 7% bu VIEICEBEFEEA S I X~ EE LT 7 XALIR RNy 2 ) v IEIEE %
W, BT 1 2 AN DIKFE A ZRINC X B ROGHERIE 217 5 & & T a-GaO I e HilfHl % 3 2
72572, ON-OFF #lffl(S—2 FHIR) T2 2 LI X W EEELBINT 5 2 L BRI N, £ 52—
7y P EED- VAT X 2 BT 1 € 2 O REEGIEI T, a-GaO KD BFTE & ik & ik £ T
RELELI D LHARETH B Z L BRKBI LTz,
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1gGl D& ¥ PHRERFRDIEH & Fcy RI 2B ADEE(ERZR

FUNKRE  REBES

1 FC»IC

v 7Y v GIgG) S Tide P oENICE LT ICARIEREICEb 2 EE AN ThH Y., Al
TXLY) T4 — & LTHERFEIED SN TW2E, [gG o I3PiR %7259 % Fab fHIK. Fc A LH
R% EMEIEHT 2 2 & TRIER ZIEMIL S 5 Fe S, 2o o ORI % O 7 < b v Vil
LRI N5, 1gG it e v PR O IR OB ST R ch b . Ttk LT
DUEFIBER XA 3%\, 20— T, b v VHERIIFURRME =7 = 7 2 — Ko RKB 2 50
DY ZEEAKE ZH->TWEEEZLNT WS,

2 WEHEW

AW TClde v OEBOEEI AL 22T 572002, 1gGl o v Vo FEICER L CAR 2 E
AL, IgGl & @B CHEERT 2 2 256N T3 Fo ZBED FcyR1 & oHEEH %5
fifid 2.

3 WIEECR

b v CHEE T EED Pro230, Ala231, Pro232, Glu233, Leu234 o F N FNx R&E X -EHADOFEL %2
IFLMIEFIRRIC X VT o 72, % DFER, Pro230 XA X 2 7-ZRK(AP230)ic s T DA [gG OHE
DY AL T 4 FEEAAHZLL, BN AL T 4 FiEGEZEBENICEKR T2 L5 ch 2 8% E
TEZERPLICTR 0Tz, BT, TOFEGTLIT X > T Fey RIZAMKR E OMBEREN ED X 5
CZEL LT w R 2K 7 7 X VHB(SPRIEIC X » THE L 7z, = OFER, #4ER [gG & iRd
2 EBAMEIRETLCwizd oo, AP230 ZRE{KIT 24 nM DOfEREEEST Foy RIZAMAK L HAER T
32 LS 2T 572, FeyRlla 3 X O Fey Rllla ZAEMICH$ 2 AT b R Ic{fTo728 C
5. AR 1gG Tld s L % 50-100 nM OFEBEER Z R DIk L T AP230 ZEIKIZ Z b ORZFEEK
~OFEETEEIZIZ LA LRI T EMBHL 2 IR 072,

4 ¥ r ®

AKifgecid, 1gG o v PEREKOERICHEII Lz & bichTd AP230 ZEKICEH L T4 D
MESERRNT % KL 720 7227208207 IV BRORKIC X 5T IgG OEAIRELBINICZE{L T
LRSI LM, Foy ZEG~OMHAEMFHAAED KE ST 2 2 LBHL IR 572, RIS
KXo TEONZAAZEHT L ICk o T, 2D Foy ZBE~DE RN HAFERICHE D X
T7 x 7 X =GR HIE R A BT - R AR XY 7 4 — ORI HfE S B,

-115-



PbWO, 710 BiVO, Di&:EtBERTE

FEARFARFER ITxILF-—RPHRE SHXE

1 IC»IC
JKEL RIS % "5 PbWO, 1Z Pb &% La CTET 2 L T4 4 v 2K L, &<

BB A F AREN R R, IKEATGE 2R TR A F VRERI, TEVWLOPDR TR
WEIHRTETEY, 209 b5 LaNbO, % BiVO, I3k Cld =i cliflf %R L, LaNbO, I3 504°C
T, BiVO, % 255°CC it o )X A BIGE I RS 3 5. (PbWO,) 1 (LaNbOy), kbR TlE, T
x<0.7 D CIREH L 2R T 720, 504°COMHFE A POWO, DEII & & b 1S HE 1 (KB~
YT MTELDEEZT. X I TAMETRERKED DSC T2 ofingE R L, KSRy A 4
VIRERORHAOMHBIR 2L T 2 Z LiC L7z, WEEE o L FFIFATE ik (PbWOL) 1. (LaNbO,), %
ICOWTHEEBZBMA L, LaNbO, Hifk T A &4 DSC Hi#ito ¥ v v 72 E@llC % 72, % 2 CAKEREIZ
COFRDOEY ZMWEL, X5 I (PbWOL:.

(BiVO) 1200 T b kD FB & il 5 7. o 1 | -
D(PbWOY) (BIVOY), Bl x = 0.9 TFTlcsm o | orheste
CTHREAEEZ R L, MR CTRWHEIPH o A H
MEZRTZEHhs, T2 TIEREIFEDPOWO,),.
(LaNbOy), FOMKIC D W THRET 5.

2 W I
kT PbO, H,WO,, LayOs3 X OF Nb,Os % | 1
FYE L L GREE OEMEMIGETER L. 1§56 105 . 100

N7 RHAR X BRI I X v A ch B T & b 1 DSC char "Of oW (LN
AR L. A bicow TRGARAE DSC measured in the heating direction. . .
(Q100) % > THHIRFS IR DM % 3l 4 7=

3 WHFERCE

Heat flow / a.u.

Endo.

Fig. 1 12(PbWO,),,(LaNbOy), %D x = 0.7 “r ' ' ' ! '
DSC #+ — b 27K, WIBARARR RS0 o Ve
B0 T3, R—=ZADMHE DELITA LN, £ il £ ]
AR 2 LC, Fig. 2 OMRICRT. = : sl N
WX AT, EASED, BARERATEL B w| ) ]
PR BT B 8, CoMBREREOMK  © of7 7 7 7 9 9 0 0/s s s
KR ZY b DL EZLNTZ, LizdoT -ler /0 1
LaNbO, ic PbWO, 23 % &, 1EJ7fh-HRt - 0z o1 o5 05 o
i ORI T L, L7 S ROE I 17 1 Fig. 2 Phase diagrams o (PbWO4)i.«(LaNbOg)«
Tr3hoLEZIOLNT. system. [ and A : tetragonal and monoclinic

phases, O: phase transition temperature.

-116 -



REZHIEL=a> 7Y — MEESBMICHT S
g - #EhROREA

)

WIEXRT &R Ht

1 FLoic

IT4E, SDGs (Sustainable Development Goals) °Miifk R LtES D FEH 23, AW RHY MHA L 72 > T
5, BEROSEFICHZIEL 2 &, a2 v 7 ) — MIMEEY 2 ERT 2RICHBEARRIR & 72505, % D8R
WX RED CO, M PEi NG, £/, av 27 ) — FIIREMAICK Y, WE EE Py, K4
BEHERIC X Y BT okl cdH 2, 2ok, HILLEEwICH L CTid, WimEEM %2 AT
fifE, H2VIIMEZE LTS L CHiiims 24y, B EYoREmLZM2 Z & 25, SDGs I X3
FiftilBER £ O<K Y, 2V IENMKFE MG ROEBRO D ICEHE L k5, LALLM, HLL W
SRR DPERES, WIS - fRANIR % € BEHl L 720 5EfldtiRd Th v o 238k TH 5,

2 WHEHEHW

ERL72ER»S, av 7)) = MEEDO RN AZ2AHICEHE ST 51, DAfLizary sy —
M RS Ot EEE OIEHE, 2)% (b U 2 FEil s i 3 2 fiiEsh R B X ORI o & Bkl 3)%h%E
7 fliE - HR Tiks X OFGHEZ BT 2 0885 5, % 2 ORI TR, WEEE, #iizv 2z ) —
F (RC) oREMOG XK EES (HMEEBR) 2FEML -, AL Tk, ZOoEBKEREENRICHE—
TRYETFALEEET S,

3 WEZEK
(1) FhatE

B L7 Y, BEBREARIZEBICHEFATH 2 2 L2, HRICERT 2, B-1 IcfEEROME %,
F-1ICHERBA T A= 20—~ EE2RT . lBET 4 3B X2 13 A7 =1 Th 5 BRI,
MR OWTEARCH v, RERBER L 2R LSS A CHISAEET 2 X 5 i hT\wa, fF
HXELSMNE, av 2 ) — MTRiic~A 2707 v 2 ACHH2 B> TNERREL 72,

8

| e e e e e e
@4 4 e s ':. T D) =) s 5
SENIIER 5= (1]
= = LL o )
4120 7| 1420 180, 140 |80
| 6350 | i 300 |
Ef : 2-D13, HIT L : 2-D6@75 (p,, = 0.6% ) i i i
Wl
(a) BHERADERK (b) mHhiEE

B-1 FERBROME

-117 -



At ClREEENRE L, fligicay 7 ) — ralkxdiiicE 2 Lo, WEEREHVEFIE
CREAICHEERWRER V252, AL A LA ECEEa v 2 ) — F2ELE e, HEERD
N X =203, HCRE 2R THNEEM R (DM) |, #iEoAE, B X UONERS TH 5, HilsAk
®HTliE, PLeAThrRDVav s —1rziEobEel, Flv—kX Y FELXL (PCM) THIHEHE
BL, 50 0RE L 7R ke, FHEME CHE L 2RBRED 2 7 —2 b L7z, SBREA I, M
SFEHPERRE (100%, 80%, 60%) , E&ERE (10d £7/213 7d 5 d B |, #wilcoHHE (R #iE
HY, N:fifsmLl) KI5,

=1 FBERBRAENSA—2D—F&
1D fo (N/mm?) E.(kN/mm? £ (N/mm?) E,(kN/mm?>) DM (%) flifg* I, (mm)
100-10d-N 253 26.1 64.2 17.2 100 i 10d
100-10d-R ” ” ” ” ” H(A) ”
80-10d-N ” ” ” ” 80 Eiiis ”
80-10d-R ” ” ” ” ” H(A) ”
60-10d-N 7 7 ” ” 60 i ”
60-10d-R ” ” ” ” ” H(A) ”
100-7d-N 28.6 24.9 49.1 11.0 100 i 7d
100-7d-R ” ” ” ” ” H(B) ”

L AR, foE: a7 U—1 DJEMETREE & ¥ v 71REL, fon By PCM DEHTRE & ¥ v 775, NEST SITE. o +
i D FM E CHiifE

(2) =71k

B-2icY) v 7 TrvyaviRod A=Y KeRnd, fERYUE, 2 v 27 ) — b L BAOREE L 72 138
BRI 2, iic X 2 XEESUICHBTE 3, CoREEYIR T HICERT 2 720, $5 O Wi
T o2 &Y v MRCEERICH 2MEM 3 5 . WIAIEIE I I B & 472 8k < I,
vavic X B 5RIGHBFHIC D ERT %,

oV v IrTY

Z T, INEHERET 5720, FM D& AR %%A %Jjﬂé ﬁ%}—\i}\
IS G (£ — L DISAIF X D, K AMTIES T T X z;&gg
FFRIBEL & & AWTIRE A L Wb EROE L T N \‘454\
B) CEEHEE A R L, DUF o b VerFevay
Toma B H LD () KRR () MRS

Temax = 0.7Tsmax + 7.8 ()
T CRAEHBIED te 1X, 227U —F

D I AWTERER 2> 5 3.24 N/mm?, fifE5LmE ¢
FEER VA5, UToXcRHT 5,

= 504G, — 1.6, 2 _ .
fomax TP @ B-2 ULTTUL A HMROMA—D
Grp = 0.02\/f; ©) - ;
S N —" 13| "’
TZiT, Gy REERTOWBEI AL F—TH | &/ Y
g v e WAl IS
3. B-3 kU, REMERERICLY, HhR 10 B REL B S
§ 1 BRI BT 2 T B, L3 el 7
$ooT, -8 HiREEF AT 20, - V| | e SR
FEBEHCY 009 | LA OV 009
4@ 1ICRT, IV Y —FOMET Y EH % s d0 a5 o s g0 s
T e e ( N/ mm?) T cal (N mm=)
E=N _ 3) z ciEZ - - -
uafﬁj_é CEB FIP Model %%0 5 5'130 ﬁx [/7 (a) ﬁi?ﬁ{%éi\f%ﬁﬁ( (b) %ﬁ{%éi\‘,ﬁﬁﬁi

H-3 REXLEBRMEDLLE

-118-



MEBEXZEM L, FBREICEAST 5 X 51

NTR— R BT 12, : /53
S=0mm 2> 5 S, ¥ TOXH)F CEB-FIPModel £ . N iEy=0
ERRRICR A ZEH 3 %, oS&mz
S ( S )” ) ) CEB-FIP Model (b) yDEHFE
S1 H-4 HEITXYEBHOETILE
T, RIPEFRE y 1IE-40b) IRTEY S 15-] 15
=0mm A5 S ETOr-SHhFR e x flCH &élo— Nglof
NATRE (=L %—UR) &ML, B 25 Z s
TEERICX Y y=05 & L7z, REEFER LY, 0 S 0 s I
AT G B DARS, 201 fif B 287 AR 23 F S (mm) S (mm)
T4 52 &5 CEBFIP Model THE&hT 1sf(a) 100-74N 15,@&'71&
BRI (5,2 S = S) e e T | T
¥ 5 =5:3 5, chicfke s b D3 O%K 2| g ]
i O il fE 7 mm 2> b L IXE 5 O 2 mm 0 | | 0 |
WML Smm & T3, 0 Sé-jm) > 0 Séjm) >
3) EFLOHEEME (¢) 60-10d-N (d) 60-10d-R
15 1 HERE & K F 0 7S (i E-5 1T~ YBRORBEL TFLOLE
AT B-6 ez A F—RINE OB LN (.4 Eep ON/mim) g E,,; (N/mm) .
To 5@ E OB ThERRES Y2 E 0 E| S
J)—h& PCM LB BHE TV EHTH 2 5 5 s 1:51
D, BAMA 10Nmm %A T35, —F, 0Ll gl N v s
0 25 5 0 25 5 0 25 50

FX (c) & (d) 1Z DM 2% 60 %% T T L7238 S (mm) S (mm) E, ., (N/mm)
BRI T B 5 4%, BRI 70 b A 10 B-6 WEREORRIELHAIE

N/mm? % F[E Y, EERoMm z HHcE Tw

%, £72E-6 XV, S=0mm 25 Smm FTOLALF—RIVEICOWTERIER L =7 V52 KT
2L, PEREFEN 092, ZEEIRED 0.18 72 ) RIFICBIF T & 72,

4 £ ¢ ®
AT Tl WERENRE L EMHOMERBRHERICESCT, ETXVETVEMEL 2, Z
DFER, Vv 7T vy a VEIIERD RS L 7oA ERER e 1T & o C, HIEDOHBICEID b TABIREL
0.09 & EWIEE CERBHERZ MM T /2, R\ T, CEBFIPEFAZIGHLT, fIE—4T_YVEFLE
L AR, 20 S5mm £ TOTALF —RINED, ZBIRE0.18 OEE CHEERFMERICEA L 72,

EE B

1) ZHEER, RJIHER, mliatt, Bt sRERL 2B L 22 v 2 ) — bicxl 3 2 TS EM O & 3~ 0 %F
B9 2 BEEETSE, 2 v 2 ) — b offiE, #i B, T v 7L — FEROUHREE Vol.21, pp.544-549, 2021.10

2) Tepfers R. : Lapped tensile Reinforcement Splices, ASCE, Journal of Structural Division, Vol.108, No.ST1, pp.283-301,

1982.1
3) CEB FIP Model Code 1990 First, Comite Euro-International du Beton, 1990.

-119-



4

BtEME ZiERL-FRE FY F - EFREGEEFORRE

EHERF TTALRE

1 IC»IC

ZOI0FIFEDREIC, E FY FAFVEER(BERE) OYERFEIIRECERL, EXRFNAK
ZOFERICB T 2H-AERBE L TEESNTWS, — AT, RRICBESIFET NA X% EBET
BICHIz>TE, BREEOIINICBEBMERIORES MRV, ERAEKESIZ. EFY F-BFES
BEMART RO TR FEEBKFEAY BaTiO, H, DA H /7 T HLERICEII L. ZDAEEE
B A®E L7/ (J. Mater. Chem. A, 9, 20371-20374 (2021)) , R7E. ZDOTTERRMEZMIEL
TYEBERRICL2BBARCERL TWS, ARFRAFBHAERTIE. o FU FMEEYOEFY
M (B EEME - #iE) OFFEe, 700t 7L XRERAWBEERET COMPEERE YD ETF N
—av e L THRBEEZE I W >7, T Dk, MRAREFE O REE U, RAGERBEE KD b1
2t FY FMROMBELREEE 7 o7z7z0, BWEZUTICEE L, SEAKIC X 2 9 HEE % £l
L7,

2 WEHP
F0 Y F U LA F R 2R SHRIE 7 v (LD Ak

3 ST

VF 9 L%k GURAY LY R 7 v EE L. 6 GPa DEES FIcE W THERE B Z ko7,
A EMAXRD ICX > CRHliL 72 & 25, b - 2SS o e, B0 7 v{ths XU
LR T %2 XRD ¥ 2 — v 0MS b iz, BIIEC AR 2 &ic, (LA s o sl ic
oA TN S

4 Fio
BHFEEZDOZDICABEBARON T2z, AEFEFHICL > TEEAREEZH 5 2 &8

TE, REFEHRTH o7, 72, MIEZICiE I N 4 FEEIC L 5T, RICIROWIICEREE % 40 5 #
KLy, RWicfiiz237-X5Tchbs, »—F V7 +oMims» o LFEFICEEHT S,

- 120 -



R REROEIRAFR & HEERRE

BEEXRT  THERFE

1 Lo
PEERMT O EEIC & b v, B OBZIRGIEHIOER A& L > T b, ZOHMICIGZA I 2bDE L
<. [ 3 Liit] ABZRMEIR R E LB LZED TH Y, T E TICHKRA iRl iR 4 X
NTE, WOrDMEHE, BUZRICKZ 2RI, Shbb. & 2HG5mETT M ORI,
DT MO RI B L 75, T D XD BEGTHERERES LT 2RI, flxIEETFPUED
Y| 7n & RS T 25608 % v, KA BT EARRMEI O Z KL, 2h
ICHE D K MPRHRRERAZE 2 17 5 2 & T Filo mikE BB IRM B OFfF Ic 272 1T 5,

2 WEHEmN

A CTlE. 2 E T O ARRMEI RS L FHlicEEDH 5 7 v v 7 4 THRWIFSERT - I
BRO 7N —TLHE L, 2D XD mETTHEARIRMEI ORI ZIS 22 L, 2 DRI W,
NS DRI D A B IRKEREZ & © 5,

3 IR
L BEEAZ R TE DT ICIE, kL R L5, T Iy 2R OMEHIRIERIC X b,
b Whz=yv b - e VOBEMFREZEZ T, NV I7ROABMEIRPERINIDDORH S, ZD

15
e
e RER R oA NF P VEEY VB CuisZng, V. PO ICDWT, U VEE xick b7, fhmkE
CEBIIRDSE D XD ICHEL T 2R BEE x #RIETIC X 2 BHEMT % & L IckREt L 72 (1],
1%, CuisZng Vo ,POr BERERIC O W TREEIRIT 2> & AR D o 72, 2= v b - e L ORREEEIR A v/v
(Btn) o=y} - e VOBRFTHAEROEAEVERTRETERM R OREKREEAR/R (Fth)
M9, TITC, RiZ, EOBZRA RS b, BOBEZRAY RS atihe oIt a(7)/b(T) TE
HINd, BEROGHEEENT > SHR SN EEMEEZ R L, ke B -CuV,0; BI(C2/ o), fktadta
-CuzP,O: BU(C2/ o), Kt B-CuoPO- BI(C2/m) % 3K F. & 2T EHTE Wtk 7T — 2285 28
7 VIR CuisZng,V,07 IS0 W TIE, BERSTRDMBZIR A L/L %6 BEED o 72N v 7 DIRRERZIR A
V/V=3AL/L (frt) b3,

Hr 72 D 13, N F Y VB CuisZng,V.07 1B W T, SRR s BEEIR & . S 2 BEkS R o & 2
RSB T, BEFHF LY 3HEEEARTWILTHE, 2 LT, SA7OEMEIRIT. BT
MOBMEELLIGL TW5, ZhdmEH#EsRoRNTH » . MEHEROE S VIZAR/R 2
LiMiicZ 2, 20X o IcFEx b L, TREETE 2HEMEEROBIZIRIHGZ2TE Twinyy x OFARKIC
BT, MEHEEIRICOWT, ROXIICHEZ DL LB TE S, AR/R FFEMEEICKE RTE
L. VViRERE T > T, B-CuV,0; B (Bk ) — a -CuP,O; B (i th) — B -Cu,P,O, BI (K 1) & 72 % 1T

b
Bl

-121 -



S x=0 F x=02 Fv=075 | fx=1

= 0 {1 0f { of {0 -

Z &2 [—bulk 1 2 1 2 1 -2 |

v T3 |—e—vy ]l 3 p—e—dvy 1 _3lL—eivv 1 3p—e—dvyv i

E g —— IRR i L —— |R'R . L —— IR'R - L —— |R/'R

"‘3 200 400 600 800 200 400 600 800 200 400 600 800 200 400 600 800
T'[K] T'[K] T[K] T[K]

=t ] e | : - | i 1 ’

= - x=1.25 1 Fx=1.5 Fx=1.8 Fx=2

o 0F E 0F 1 0 l‘q: 1 0F

S s ] 5[ 2 F 1 af

[Sa e | j B | [

v T _3 [—e—=duv 1 3 |—edvv ] 3 =iy e -3 f—e—dvv

E 4 L—— |IR'R 4 == A R/R 4 - —t— |R/R 4 - —+— |R'R

;>"“ 200 400 600 800 200 400 600 800 200 400 600 800 200 400 600 800
TK] T[K] T[K] T[K]

Cu18Zno,VoxPxO; DIERZFR L= b - ILDIRIERIR Av/v, BEEADORBEERNSR
B ONDEER AV/V=B8AL/L, 2=y b - BILDERFHREROEESWNERT EAME
R DIREKRTENM AR/R.

v, NEL 2o T, 2D Z id, Y ViIRERLICE b7 5 Z OREREEZRCICHE > THEHERE
IRIC X 2 HBERDITE > T T L ZRBT 5, MEHHBZIROBIR CHEEECRTAZ L, B
-CuP,0O;7 BIOKtE) & 72 % CupgZng P07 ICEWT, 2=y b « ® LOEFIRA v/v IZIETH 225, A
R/R DEFHRGFIEIZAICR>TWE I TH D, ZOMEIT. T O CHERAR ARSI I X
DABIREFIL TH X W ERRBL TS, EREF A O TN MR Cld, Befkido &2y
R LT3 [2], SRFEM ZaBERS R O BV IR EVAT DA IR 23 72 L 5. MRHHABAI R ICEE ra = v
bV DRITH LT 2 1D T 5 D0 FEEREED L O D 0% S A s ST 2 O
O DICT 2000 B 5,

4 F & ®

i 2=y b« 2V ORITHEETZIC X 2 RIS X, /s T EESIEOBIZIRTH .
NIRE LTCIFADEBREZ R T L0355 & \0wH HT, FFETREDDTH S, 20 10 F AT
IRM O EFERNICHER L 72 & 13w 2, BRREZ . fRt&T. ThbbiiRyrta=y b -
NV AROEABRICIREL TEX 2L, KR LTHOCREINTEY ., LY /i

Fio. &5 \WIEHT - bR - MR co . ABNEIRMEIOBEBRNERICRIN TS, 2=y b -
VDS ERITBET 2 SYERE] 1. BRIRMEHC L o CORYERIEREE X 2,

[1] M. Kawakita et al., Appl. Phys. Lett. 126 (2025) 091902.
12] K. Takenaka et al., Appl. Phys. Express 15 (2022) 025504.

-122 -



MEOVT A - [HIREEICE DL
ZLRMLR POV —FEIMORMITESHODETIVE

RERFE B B

G

1 ILt»ic

TLAFLRbLavz )= (PC) MEL, o ETTHE-CHBREGHITENE D O HEE 5 o ki it i &
N <h 5, PCHEMolhiFzEe) (e —x v b L MEGRERAOBR) &, thidovEh, dhi
BEER, MR 7 & ORER 2 A 3 2 i CEMSINRR 23l 3- 2 2 L 3R TH 2 28, BlfTO%
SIEEF ORI TIE, T SR O WERR R BRI I BEIR 2 5 A% <, T - BT O TSR b —6
ICBWTHo TRV, 22T, KT, MEOOF A - JSIHREBICHES BN A E®R A H T 2
Btk O RESTEIC O W TRET 21T 9 6

2 WHEHEHM

FhEEH R o3 2 PC M o i FEITT RO BHghiRIc oW, BRAMEOERFITHIGL 7
Pk i o E, FHlikoREx Bis L 2Mat 2175, BARWICE, ~vF27) v 7 (MS) £7 4
77 AN—FTF TR I ORI E T AZER L, ST A PV v 2 RXT 4 &fT», av )
— FEER, WS EE, PCHMMEROICREICEOE, SRR S 25+ 2 Hikicow
THETZIT . FONAMAICE D&, B oI sl o KRG 0 fRE % BIE 3. sHll 25007
— ZBHFET B3 - RO ERT — X CRFVREED B0 7 MEEZ TV, BIgHRR7Z 1 D EER T —
2L OREMEDMERT 5, 2024 S, T A MY v 7 ZAET 4 ITAT TRITE T DSERE % # o
%2 kxR HNIC, BEFED PCREM 0 EEHEAE (7T v Ry F, Rv F& 1) offifdirEs v% 7
FPAN—EFTVMICEOERL, ERERE KT 22 L CRTETADOF X ) TL—v a v iiTor,

3 WERR
3.1 MEET SRR A

AT IR & D PCaPC RitBifk 2 {8 (No.2: 7 v KV K, Nod: KV F) VafRe L, §
Wit 12 300mm X 400mm, PN ZER X 13 2000mm T, WFRER TS % 52 0 2 Bk <H 5, PC i X
DRk (277.1mm?* /7 — 7v) ZWTHIPURRICNMECE & 41, WIIER A 315kN, 7 — 74 (LR b L
AL 0.2) BEASNTWE, a7 ) — MEMEEBEIZT v & v Pk (No.2) :54.2MPa, K
v FakB&fk (No.4) :552MPa<Td 3,
3.2 fEtrEe T VB

AWEITlE, OpenSees? D 7 7 A N—F T % Fl\0 7 BUEMNTIC X D, Jel D RGN KRB A D 5
BrfE R 0B 2 AR e, T E T AR 1 ISR, PCa BEM, PCHiM % 7 7 4 N —HHETcET L
L, ®v FRBfkicowTid PC it e av 7 ) — b OMETRY 28T 2 A7) v 7 ERZHE

-123 -



L, Iho zflEcHfid 2 2 & TET NV EMEEL 72, Sl oM ge L, MR ERG R % 2 EE
&L, AR &2 7o R A RIZEEED AHHE L 72, PCH#IMICOWCl, Malbifk e b/l = »
7 e B RUTTEARMEE, HIR & 7EE N E (ZMIE T PCa B IcE i L 72, 72, PCa B,
M2@icpnd@h) h—avs)—traravsz)—r%2XjlL, hN—a2v 27 ) —1+id55H,
a7av s ) — x40 5E L Lz, PCHIM S 7 7 4 N —ZHRTETMLEITY, K20)ICRT L5
CEETIANC 4 3, PIRETEC 8 & L7,

fEdTiciviza v 7 ) — s X0 PC @b, s mizfiolsi— 03 48%, X0 PC #it &
PCa REFZMOME—TXVEFREZH 3 Iz Znd, 2 v 27 Y — oIt EFEICIZ Kent-Scott-
Park €7 v Y%\, Brmiflt: 5 X OFEHEATRIE 113 Karsan-Jirsa €7 v Y% Wiz, av 27 ) — oD
FIRICH B L7z, 2723 27 Y — F OJEAEEE X NewRC €7 v 9 O X 0 o A Wiiss i i
X 2MFRAEER L 72, #fhs X O PC #itt o)t 1— 03 A% 13 Menegotto-Pinto €7 v "% H
v, BERRERRINE (X PHRIPED 0.01 f5 & L7z, PCHil#f & PCa REHEM DA — 3~ BfRICIZRTZS
DETNIEH T, 0K L DOJEMEIT Pinchingd (Loweretal D &7 4 9) ZF 7z, FFFHME LR
KOEDET N OhHRD, T VOMEVERIZZENZ MR REH 2, 72, BiTics T
2 HUATEIE 1L FEBRIRE & RIdk & L 72, DOREHRNIC L Newton i 7% FH W 72,

HETAYBR :
o RTULIER
°
’ P (10D)
T7AN—ER

oSS R (0.5D) : PCHi#E - -
AN T7AN—EF . I7AN—EFR A
T7AN—EFR . . wEEx Yy - f?l]f
ffffff &L T7AN—ER R R i | / 27AN—ER / ‘
I I W - - Y A B
- o
§P =3 : -

I I -: :
R . e . 0 S
[ ]! St s
320 400 1200 400 320
320 200 1600 200 320
(a) 7 vRyv VB (b) Fv Fiafk
M1 f#tresr (EA7 : mm)
30 240 30 %T 4 GE)
- /" g ersry o ey 00IEE
189 —= 37 v
e o |- / RF /S (25%.09/,)
Yg// Jle
s, o 0 Stran”>
SN "
e
B 01 A
@ HEMBE T
) @ ~ N o — strain
18w O An—avsy—+
1mo . D
8% O ayavsy—+ (a) vV —t (b) #f5n, PC #itt
(a) PCa #5844

Tmax L

|
0.657max| =7 (dmax S(dna) )
(*,0.55, 2o
058w ) - — 4 — <(0.50hmgy,0.55(me) )
[t ! y
T O St S | 5050 disp
[
|
!’ |

(b) PC fitt (c) fIES D BIfR
2 MR FR D E 3 FHEHE R

-124 -



3.3 fEbTRE R

AW —ZTEABIR D TR R & EEAIR 2 X 4 1R, W OFEEED, RAIM# O )
BKTOEAENDEDT, EHREROTUMMERBE X CGBIFL T3, 7 v R v FElBREIC B » T
ROTT e N — T2 fili 72013, RERREFOER L COREPE LN D, —Ti, Fv PR
BRIRICOWTIZHE D B LRFOMEIR b LTI EE R CBEFC ¥ 72, RIS, T o557 PC SIS
RN —ZABAREZ R 5 1R T, 7 v Ry FERiACld, BIRDOLB)I/NE L, PCHEIMIZRRICE
53, BIRNFIBLEALKT LAar oz, £/, KV FlBRATE, R FIHIC PCHiM o8Bkt
A U CERNDSHEIT S & 75 o 72 B R o i 2 0B © & 7,

H N
E=N E=4N
3P 3
P P
200 RERIER
’ — R
et oY #ea00)
(a) 7 v KV FaREuk (b) + v FilBrik
4 & AW —EM A B
. R -
400
E 200 -{E
& 100 & R WS = T e
. SR\
5 4 2 2 4 5 4 ‘k?‘_:;q;—?/
e (=~ —o2wt 7ty HEE47TKN] T [ = -o02%ft 7t v FFEE4TTKN
26 20
BB (%) EH (%)
(a) 7 vy Nk (b) v FiRER{F
5 PC #ip RSy — &t BER
4 ¥t

B D PC R o REARERE (7 VRV F, RV P& 1K) ofEfEtrersrz 774 -5
M X OERR L, EERICEB ) 2 RBREEH %2 RIFABECBIFcCE 32 L 2R L, 2hicky, 5%
DRNTRAMN) Y 7 ARXT 4 AL T O ET A RERST L LN TE -,

23 3R

1) MTHEZIgh - LR IR LEIR 25210 2 PC BcBY 3 2 EERIIITE, AR A RS AiimsEi e k) |, fhd
IV, pp.919-920, 2012.9, 2) Open System for Earthquake Engineering Simulation - Home Page, https://opensees.berkeley.edu/,
2024, 3) B. D. Scott, R. Park, and M. ]. N. Priestley: Stress—Strain Behavior of Concrete Confined by Overlapping Hoops at Low
and High Strain Rates. ACI Journal, Vol.79, Issue 1, pp.13-27, 1982, 4) 1.D. Karsan, J.O. Jirsa: Behavior of Concrete Under
Compressive Loadings. Journal of the Structural Division, ASCE, Vol.95 Issue 12, pp.2535-2563. 1969, 5) HARBEFE 2 @ #kif)
av 7Y — FEREM ORI E AR - R, 1999, 6) HEMIZ2 @ #H RC H: o i P HEHE MR I RIS 3 W O3
HEAFC DA, HE T FHCE, vol.43B, pp.191-198, 1997, 7) F. C. Filippou, E. P. Popov and V. V. Bertero: Effects of Bond
Deterioration on Hysteretic Behavior of Reinforced Concrete Joints, Report EERC 83-19, Earthquake Engineering Research
Center, University of California, Barkeley, 1983, 8) B 7 A2 :PCHIX W ifke 77 v Mo ERETT L (2D 1, 2),
HAIREEE RS AR, #5EIV, pp.1009-1012, 2000, 9) Laura. N. Lowes, et al.: A Beam-Column joint Model for
Simulating the Earthquake Response of Reinforced Concrete Frames, PEER Report 2003-10, Pacific Earthquake Engineering
Research Center, University of California, Barkeley, CA., 10) @iK{@if, 055  PCH#IX W #kE 77T 7 b o 5 Fr M,
HAGE A R E TR SR, &IV, pp.1083-1084, 1999.9

-125-



FRRBEEEMICE T MR REFERORFRE

LEHERFRFHREZMAEL B0 BE

1 ZC»IC

W BB ICETET 257 7 — 7 BOLROBALY) (v % X ZAFALY) (CEH L. #i 7 A BERETEM R
DBHFEICHLY Ml T, FRICARFRE CRIFFEEDO 2 hE TORBICH I W TR EARBILY. Frics
V7 —FITAIt— b RBICMICER L, BNZFE - BRI 20 E R DR % FEhi 3
%o AWFFEDRRIC X o T, BENTHRENE & & W BRECEURITE 2 21 fif 2 72 STy = R AL 3R B AR AR
DRI EAE NG,

2 WHEHT

F & v A RULAYI(ABMOs) (3, SORFEBEARIRR ORI e L CIfF S o WERTH 5. ABHETIZ,
REW 2 F 2 v HEULEYITH 5 CaTiSiOs Z il & L 7= MFRHI 2 MRHE K & BE& /M el ic X - T #
N7 IEREHA BRI 2 AT 20 L WKBFERZAN T 2 L e b i, AMERICE T 2 EFEND
FEBIREREIART ALY AL T

3 WFZERCE

ST 2 v ARULAEYNIC B T 2 FTRSOEFEROMMBIRERZ EM T 2 & &b ic, RYERIC
B 2 HEREME O RKGHEEHESR Ic ) T FRICE T AR ERE O I E S AICHY MHA . FIELR
WA EAO MBI E TlE. Sr(TiSn)GeOs. Sr(TiixZr)GeOs. [Caix(LagsNags)x]TiSiOs. [Ca-
2x(BiosNags)2] TiSiOs, (Cai«Phy)TiGeOs. (Car«Bix)Ti(Si1xAl)Os DK % D RAMHI 72 A K & PrERFAT % 1T
o7, —J7. BITWFEBEEMOMICEIL TR, F3 27 IR F—iEIC X > T CaTiSiOs D A& e
Hig Rl 2 B L. R\ — XTI AT e & |E AR 2 DOHITENL MY Y L 72 3 fEE
DABZERL 7z, o, ZNEFNOREHTH LT 4.2K 2> 5 550K O i FEHiPH CFHER OB EKT
PARBE L 72o £ DR, —RITBIC AT R T I B W CRRFFE MR I ik 3 2 BHE A B R
WAEL, ~RICHICEE R R TRFBEEVIECE LRV EEZHL 2T Lz, TR, F£
v ARULEY) IR R AR O R PE NI T IR 3 2 EABHRT-E — A v b A—RIC#ICih o 72 77
FICHR VRV 2 L Tw3a 2 &, 20X > TE U ZBERNO A SGRINHE 2632 2 &
ZRLTEY, TUDICX o COBFEUEPEL 2 LEZ LMD,

4 F ¢ ®

AWFFEIC X > THONERIT. BERMEIRIZCET 2572 A2 0 iE< b oTH B &
EbIT, FT L WRIRFEROKE - PR OfRHAIH 28 L CHAREZ ALY - 7T —x21L 7
Fa =7 ZEMOFEHICKE L EHKT 2D TH 5,

- 126 -



Ay V—FoREGRED
BEREMB ORBRESEICRIFTZE

*Eﬁj(?— I?—%K @’fﬁ@?iﬁ# fé_}?ﬂ E&i

1 HROBREEN

av 7Y —PCHELEA 27025y ZIZHETORAPEHELL, BT INTWET—ZA0H 5,
ZZT, TABEREEMICER Lz, AMENE, v 2 ) —trdokigtrre v ne KIGL, C-
S-H KT 22 LT, 27— REOMILEEZBEAI ¢, HLHETDRAZINH T 2%
BHIRFCE 2, AT, ~4 27027y 03 RELZay s ) -~ 7 ABERERMDRE
Wis L, ZDBRDOMEKDIRA L HHEEEEICITTHESWTHL2AICTE 2 2HNET S,

2 WFEmRE
21 HBEoBE

(1) #FRAEOFR

av 7Y — MEEURIZ 10X10X10cm & L, 2259 EX 30mm OfiEIC D13 #Hi%x 1 AL 72, =
v ) — MTBAKZBH B L, 23°CHREE FC 56 HEEHREA L 72,

av ) —FoEA% 6 HEEE 23°C, 60%RH. BREI T izl ¢ 72, R, SEEIcX->T
FEfiNhzay 2 ) =+ OdEfED 2/3 TTWAL, av 27—t~ Arnr Iy 7 kREIET,
B b ICHERIIC X, B 4 BERERM % 200g/m? % 721k 400g/m? ¥4 L 7=,
(2) 1 miEKRERE

HEE AR O FABRTH I 2 IR EE 3.0% 0 k) + Y v L3R % 2.0mm OFES TR 72fiic 3 HREENE X ¢,
Z otk, B E LIC L CEZED, WK - 52RO R L% T 5 72,
() BRALEHME=2 Y > 7L 2BRRTOAE

BAOBRBE L LC, 280 a3y 7 ) — + 0BEIIRYL, #5731 2 J5E L 72, WIE %217 9 BE,
R A A I ARISRIE (L SR EE AR (Ag/AgCl) %, XHRICIZF % v % FHw 7z,
2.2 BAKRE - HERHBRER

R O B EH 2 b, Bk LRI X 2EROZMEK 1 IcERLANE=2) v 7R %K
2L 3WRT, ¥4 200 Ty RFEEIE W/C=65%D a2 ) — T, HOERMEEMDOY
G, w4 v 2Ty s DB L o THKOBEIPMEE S iz, Z D7z, HLWIA A+ v 23 8kiifhin
TELZZ L CHMONPEEIEZBIEL, SHOBEIHG LBRERFEEAAMIC LA LD D
EEZ NG, 7272 L, BRMEAEM LS 0REEERFEEOMITIZITEETHY, 77 v 77k L
DEEGDOaY 7 ) —FDOEUTEE>TWE, ZHiE, SEMicksary 2y — FEEomElic
£ o THUK DR A & - 4G 58, S EBIfErsfmohnzd oLz,

- 127 -



(=5

S (kQ)

=R

35 : 35
O fRe-mEH j
3330 O f2£-200g/m @30
g 25 || & vumh-mah o8 2° |A
A K El|71-200g,/m?
g 200, 83%\1%—4005&?2 =208
® 15 15
= 100 1 10 A
m 5 8 i 5 8
0 0
-5 ! ! ! -5 ! !
28 21 -14 -7 0O 7 14 21 28 28 21 -14 -7 0 7 14 21 28
SRERHAR (days) [WR/KEAERBRIARY & H¥E) SRERHARE (days) [WRIKERERBAIARE 2 H %)
(a) W/C=45% (b) W/C=65%
Bl o o )—rEEAOEEZLORERRL 2 L—2 3 U FRKER
—RE-J|BH - 2L-200g/1
- VD UEIN R - O UEIN-200g/m2 ---- U UEI-400g/m
SRR -
L | [ /
| [ 4
| [
®1o
N
N
m <:Si%
BBE
O
0 7 14 21 280 7 14 21 28 0o 7 14 2 280 7 14 21 28
SAERHARS (days) A EREAR (days) A EREAR (days) A EREARE (days)
(a) W/C=45% (b) W/C=65% (a) W/C=45% (b) W/C=65%
2 AARYaH)—rDERIER K3 BHOBREEREE
3 % ¢ ®

(D EBEMOBRBEES &, BRI HEERCTIE L 72458, W/C=45%T ¥ 3mm 1L, 65% Tk
2~3mm I E TERBEL T3 LHEA X 7z,

Q)=A2u2 5y 7DREICLVPKBIZHML 7225, W/C OEwICX b FERMOEAIC XY
Khav sy = LEREE CIOKEMIH X 7,

QB OIFREIRFEIELIZ, Fric W/C=65%D a7 ) — =4 2u2 5y 2 &FAxe-8kT
BRES ERL, SRS AIREICH 2 LI Tz, 22720, SiRMABI$ 2 2 & THRUKED
M h, EEEREEREELa vy 2 ) —F LREEEE ol s hz,

4 B R
(1) Ayuka Morita, Masayuki Tsukagoshi, Nami Urakawa, Kazuhide Nakayama, Influence of Pore Structure
on the Penetration Efficiency of Surface Impregnating Agents in Concrete, 10th International
Conference on Advanced Materials Development & Performance 2024. 9
X% HE Best Oral Award, 10th International Conference on Advanced Materials Development and
Performance
(2) FHESE FHHESE LIFHE FIL—F 4970059 90FELE-aVI)—b~DTAEEIER
ERMEBANRKEICRITTEE, 2024 F£E F 640 BABEEZSAMZE HEHKERS, pp. 105-108,
2025. 3

-128 -



STEHEIC & 3 SEERLYR2EGEbORRE

S

4o
o
it

EIPNE;

1 IC»IC

WRDBRY F T LAF (RS LIB)ERIIEREBRICETE2RADOYXINBRETHY, HF
BREEDOBVWERERESE z AW -2EFRERNEEIN TV S, KICBRICHZREEFRERIE
ZOBVMBEEICL > TIR LT —BEOKRBRALENRAD 5726, RERBEHLOEEBFEHD—D
IZZIFond, NLOBIEBEWTIE, ER-SEBORIFRREIMADI-HICIE, SR THEERT 500
BN HB. LL, SmBERICH D EMR-SE REOMELBMEOERICL Y, REOEFRBEIEIIEE

L <IEKT 5.

RS I, SE XFREBBMARN—ELT, BANINETICEYE > T2 ATINRERERE
FEe L CEBRRLYS /RFEAVD LT, BRRAICH I I2EMEEHARES YL L%H
e L7, Lal, REFLAE—EORICBWLWTIE, &R LB OLH>h, FEARABICL2BEELER
BEEENR IR EINE L -7z, 75, F4ZINET, THREFRE 24 GHz 2 U REEEICER
L, REfzEHTWE, BPEBHMEE LT Iy 7 AAROEEERICES BEERICLY, ROER
FBESIC N, WEME, BEEEORENED (1, 2], EE, 5 L7IYEFEOEANMES
FIRT22ET, H—Fv FFRSE D LigsLasZr sTa,:0,(LLZT)ICHWT, BRFEREICE~, 100°C
BRERGEREDETZHEZTE TV, 510, BEIKOBRINREBOE NI K > TRRAYICH RSN
MINDI20, BHEED OB IND NV BEILEFREBICE N T, HEEEMEZ @SS
5T EbABEE B3]

2 WEHEN

AIEFEBRREREO XA Uy FAFRT 22T, SENRERZNG L-eBEANILIAEE
MEEET 2 LA BNET 5. 2EFEREE I —FEGESEBE L, E®IE LICoO, (LCO) ,
REFE L LT LLZT, BIC Li AUV, BEET XL Do YWELBITRLE —~DE ?ﬁ‘é’x\b%
ERYTEE—TA7ATEZONS, Ry TRE—TA7HRICETD, Mz A FEE mH
LD 2/ mBIEAF VEICKET Z2RFTHS. £9,BBE SEICEFNIZEHF A VITHLT,
WERECAIE 21TV, RARSHEOENEBEZER L. S5, EMERE SEH 0702 — LGS
& 24GHz I U RBEEICK WFRL, B AIE L /-

3 HEARR

E@mMEHIIE LCO (HA&bLZIZE, /Ly — K C-8hV) 2V, TREBICIT LLZT HKRER -,
FEERTLLIIAZ LD ICHFELEAEREZF/Z. LLZT40mg & LEEESER I0mg A bR 2EXH
200um DZERL vy FERFE LA, BEWTI U RBHEREETo7-. ZBXL vy % Au>— b Tt

- 129 -



H, EIDIIENETIVIFIRTEALESE Le, I U IRMNEASAE 900°C~950°C 1h {REf, FIR&E
FE£ 100°C/min OREEERE L L7z, O /-0BEOELRIFERZHITo7-. BRIFHERL TIZ 900°Cics
WT RIS La,Zr,0, hFER & 7z, =ﬁﬁ9m%ﬁ%n$mfu,%%E%Ebme#@%L,U#
TR LR La,Zr0, BAER L7z DL HR L2, £/, 950°CHERICEWLWTIEERE LLZT & LC
DILBAETH 5 La,LigsCoys0, MM ERK L7z, —7F, I VIEEEETIE, 900°C, 950°CHI(Z LC & LLZT @
HOZIEEFERE T LERBERISEIIER I NG o7z, 512, BRIFICER I UFEERKICEW
TIHERE, BEAVITNLERE/ALTEY, I URICLY BEHREI N

Boltzmann-Matano j&IC& Y, LCO-LLZT REDILEREAE 21T -7, #&R, LCO-LLZT RmE
B ARIGHEERICEWNTIE, La¥DImEAEEREL THY, I VRBEEICEY La DILEH G T
ETCWBIENHLAL LR -T(Fig. 1 58R). T74bhb, FREMAE La,li;;Co.s0, DERINGIIE, La D
WA SNz Z &ICk 2 LfEmT I 7e. BERTRLX —2WEHLMT AL F —ICE]RT 250
RIFRYTHE—T 4 7R TEZOND. ZRFOHF AV EBIKERF(Z/ mIZOWT, Lad Z/m
PMEDATFF VBN TARIBIS/NES W A, ILEHIE L - EEEREER 1,

T UK 950°CHEfE ARl L BRUF 950°ChEf sl # AL T 2Bt L A FRIL, BHFHmA T 72, X
L, RU~—BRE*AVCEDLARE T/, ZRRERBKRIEZL — b : 0.01C(10.2 uA/cm?,
1C=160mA/g), B : 80°C, TMI&E : 2.0~4.2V TiT>7-. I UkEAK L OYREKERE I 109
mAh/g TH Y, BRFHBLILOYRIKERE 47 mAh/g ICHERTHMUABEL, 2oz &id, 2
VRBEHE IC L 2 RERICHEOER ERAaZEMOMEICL 260 w7

4 £ &
FEREEECTERFREBE IV REBZERLAZ. I YRERBICSVLTE, RESERE
La,LigsCoys0, DERMAIIFIL, HOREOBEARE L /2. RESIEFAEOERIDGNIL, BRA A
DO b, La¥ OILBERED, T VRBHETICBVLWTKBICHEI SN EHNBERTHEZ EHDD -
fo. Ffo, —HREREBICEVT, BRIACFFMMEIT -7z, BEERFICHRT, IV REEERICS
WTIE, REETBEIRI(R)AZIROIERL, ER, Bn/l-Ehkeez Rl NV UBRIEYR
LEGRERICHT S I VIERBENAOBMEL RS NI

[1] A. Kishimoto, Y. Kamakura, T. Teranishi, H. Hayashi, Mater. Chem. Phys. 139, 825-829 (2013).
[2] A. Kishimoto, H. Hasunuma, T. Teranishi, H. Hayashi, J. Alloy. Compd. 648, 740-744 (2015).
[3] T. Teranishi, N. Akiyama, K. Ayano, H. Hayashi, A. Kishimoto, Appl. Phys. Lett. 100, 242903 (2012).

-130-



Voltage (V vs. LilLi*)

1 JEBUAR#@950°C L %#@900°C 106

Q
N

D [cm?/s]
5
=
5
.4
0O
=]
[ ]
] —>ﬁ‘,ﬁ g L ]
(e 52
D [cm?/s]

T T CEEET LI T | Py 107
0 005 01 015 02024 025 026

Z?lm
M1 I VUREESLVOCET[NPEGRO KB ITE DILERE

10-13

BRUFEERE 950°C = UiRkERS 950°C

86mAh/g

.............................................. =
____________________________________________________________ =
___________________________________________________________ g
=
@
............................................................ E
_____________________________________________________________ S
B <+«—— @O 109mAl/g
¥ " " i i i i n n i L i " i 1 5 L L L L 1 i L L L L i i i i
0 (’ 50 100 150 0 50 100 150
Capacity (mAR/g) — Rs R TT R. R, Capacity (mAh/g) )
CPE, CPE, CPEG—'I-

.
- i 1500
ECOAMIZT . %%
4 # '..I '.I ..\. . ; ]D{]O |
A L s &a A" 1 oL
) D 5 10000 g MEUF ooy |
g =L
B
w@ 0
E

15,000

5,000 10,000
Real.(2)/C*cm*

B2 2 UREERS, BRUFKERIC & U IR L A2 BB OSBRI LR

-131-



14 EBRETE DN BETHLEHS / HFO
BT ML

REBXZE FAE Fa

1 ELwic

FTIOT I R —ORBIZED, RNLAT v T FEIZEY T AT VDT NS, AEIEERERT D
AR L TR Y s R ERI A LE RS ) TS AOHBINAfEE o TE T2, 2D XD
T NA ARNRFEBL T E AU, BT PN TE 72 WATAH OO Zx 7 & THUELTE e I MR T A - — L
WHE OB WHERENATEEIC /2 D, Fox 13faln, BB RER R D725 CupsS 8T/
KL DA FA L BRI T, BN HER TE 7R IR lifE & & D CoS F / RIS ERLT 5 2
xR L7 (Science 2021,373,332) , 7/ F v v TEMBICEE L7z CupsS 8K T /KL F DA A
VRMEATO T LT R0 P - FEEAEE R T R ORI R kL T U R H A
RIANHET L. b OEFYMEEZMRIT 2 2 LITEFREN,

2 MWHZERM

Pl ZEEHEEE & IST S &% ( THRRL S H8RE) BIRRSE) BRINEFL D 20 FF 4 0 IZIED |
HRHEE T RV b T DA ET B IR HEE LT D (3. Phys. Chem. C 2019, 123, 25877
a0 W) o AR TIE, T/ Fx v TEMEICEE L7z CupS 8K T 2 ki 01 A
RHAAEATH Z k0, Pl - PR R T kT ORIBIEIS R ROV R T YR X B R
FANTHRETT 2 Z LI L, 28RS OB FMHEEZHONCT L2 2B ET S,

3 WFERCR

AREEITET, T/ Xy v TEMAOHAOEG S HZE L, LAY A AR KRE A 4 2
B2 CupnS F R+ a2 AR Uiz, BAREICIX, ALV A NVT 2 +4 7 F LT —F LT CuCle2H,0 %
WfR SH, 80°C THEZEMIA M4 180°C £ CTHIR L., _hitfb > -tert-7F /L (SIH) A ¥RNIL 200°C T
JSEAT ST, G b2 T KA O E B EHE 2 X 1 a 12”7, Kift 27414 nm, JE X 5.1+0.5 nm
DIEFNHSEIRT 4 A7 UR CureS /KD ERR L TWAD Z Enahoiz,

WICEB I N—T12TC, BRI VT T 701280 F 7 RTOY A RZX v v TR, BMIE % HlH
LA —H—AA RPt}/ Xv v 7EREER L. T/ F v v 7 CursS 7/ ki &2 bW Lz,
H—CugS /i b T PAXEERIL (K1b) , B~ CuigS T /HiFhTF P RAZDRLA v
Bt — LA VEEREZ 1 clnd, S5HIT, CuS /R 1-/E X HFINTIE S FANIZ LTz CureS T
JRLF BT VAL fe COTATF A B L, FEVHT CoS NWIE S MICHEE L7z CoS F kit~ T
VUARED NT UV ABEHEORE BT o7, B CueS 7/ K b T U A X B X OIEFA CoS T
JRLFDEE LT b7 o DAL IERITHRL LTy o v X0 B RRRERG B LT, B CuieS T

-132-



JRiFIE, T Xy TRICEWT A D F AR LT IRE L TERY, R A UEMmIC

/ﬁ%@l*w¥~@&@5:yﬁéh1wéo:Vﬁﬁ?yxwiELﬁD%iﬁ\QmST/ﬁ¥
TIE-0.75V £ 080V THo=Z &b, Ny FX Y v VT3 F—[L155eV &80, "L T7 LhR
RNSVMETH o 72, —J7, FEE L= CoS F /K- Tik, 070V £ 0.70 V Th o 7=, FEEHS
STOELERa y TR ERET D & FEF CoS T /ROy R¥ v v 7%, 140 eV L RFED
AT, IEEEANIREARM & B 2 DN BRSPS ER o7t a v X7 X A — 27 H31.05V (CupeS
FKif) & 095V G CoS F /kit) IZALITZ, ZALHDOREFEIY | (R8O AR 1T &1

—— Forward
------ Backward

So urce

Vs (V)

Bl1. (@) 7« AZ IR CurgS 7/ KL 7D E T BAMEE S, (b, ¢) H— CuweS T /R TD T PR
2@ (b) SEM 4 & (c) it —EIERE (9K)

fELTBOVROENE TOTRAF—ZENREINI EEPFLN L,

4 £ & ®
KifE 27+1.4 nm, J& S 5.1+0.5 nm B HU7e T 4 A 74K CuieS 7/ R % v, BL— CupeS 7/ KLt

NI UURE L BRO AT A RIS K D REEIEEMT CoS T/ kL b T Y A 2 OFERUTE D)
L., ZNENOBFHEELZH OGN LT, CunE /R F03—HF ) Xy v FTEMBMICEESND &
BERREZHERE L F A AR EATH Z Ik 0, Fix O - P -8 R ) b1 D=

I R RV R T VRS EE B REICRETT A 2 N T &0 b I B R kL

DEFHEEZ M THD TR T2 Z LN T&E /o, ALFRFIETHBMES 2L oL T oy
AL DOFIREENEH CTEIUL, LB h oV b T U VA BRMROE LT A AEFO—D & L
THEOHPICFR#R S, ERARICHAT T2 R 2 NAMZ B W TG T 2 X o i &2 5 2 &1/ |
FOERITMD TRKE,

(F&FFm0)
G. Ohkatsu, T. Nishinobo, M. Saruyama, T. Teranishi, and Y. Majima
“Resonant tunneling in a colloidal CdS semiconductor quantum-dot single-electron transistor based on

heteroepitaxial-spherical Au/Pt nanogap electrodes”
Nanoscale Adv. 2024, 6, 4346-4351.

-133-



B AmBEZHVW S RAETEMBIORRE L
A2—bFENLT 4V IT~DIGH

1 FC»IC

HiBRHUE C D BRI RE 2 iR 5 7201 id, AR A ¥ — O REDS BEAR R TH Y |
ZRERD TV EA— 2L Y S KT 55 2 0 EE L A5, ChbOREL LT IS T AL
Foffiszrn¥—] L2 3EY (A~—F AT 4 v 2) =ZeroEnergy Building (ZEB)23i1: H & 1
TH Y KBEFARA L L 2 TR B2, 3 v 7 bERO 0 13T 2 REALE TS 5.
ARFE TR, ZEB OEBIAFT IR L LT, S TR T oHIINICAIH X h< 2 -
R A A F—CEHL -,

@® 7n
2 WrsEHm Wﬂ} , 2 Sn
M1 OKEGEME S 2 — 1 % EYEER LA ICEA L 72 ZEB G &gﬂf9” [ © as
FADFERLFER D & L E Y 2 — AV HIF 50~80°C D fHiih & 7 ® Q)@
37w, BEREIC L 3 BRI X > CHITEAHIFFHR S, o | ¢ o e
ATk, ZEB #RELTEAY—bEATF 4 V7 IcBT 2 %% R
BRI & FIBE L LT, 100°C BLF CRihER % R BB AR 7 & O @
Hi e LT3, *ktiiij>)l
ARWEFE T S FHL N-IV-V, [RIET A v 334 7 4 MUAEY) .-————a—'""

BEY v s 7ry &% c i 2 oOfARERZEETH 5
(EﬁoﬁﬁﬁﬁﬁﬁcpﬂzmM&@mﬂi%?ﬁﬁ%d%
2% 1.00 1S 728 BT SR O NFE D ST AICHER S E UL ot -y 2R (=mueilih
KT) #RTZEEEALPICLTVS oﬁ%kLT\ﬁjﬁﬁﬁﬁtﬁﬁﬁmmiéﬁﬁ%ﬁﬁmio
T, Zn/Sn tb23 0.81 I BT ZTA 13 375 K Ty WA+ 2890w WImMK? Z 3K L 72, S I
ARBEEY 2 —VFEF D70, p Bl ZTA L3 5 n BIEVEM KB O %17 - 72,

X2 EHSEALT AL T4 P EE

-134 -



3 WHFERCR
AWFFETIREVETY 2 — A fLICi 72 Cd RIS X % (ZnixCdy)SnAs; (ZCTA) D BRI HifH & ZAEEFF
PIZOWTHAE L 7z, K31 Zn/Cd k% & L X 472 ZCTA O}k XRD HIE ofER % /~d, Cd &HE
DEANCHE N QU2 Y — 27 2MEMAEMICS 7 F LTWw3 2 BRI, EAl~D > 7 + DK
. EFHEER Zn IR K E W CAd PEIRI N Z L I X > TR TRIERKRELS 2720 ThHh 5 E
Zbhb, Cd ﬁ’tﬂ)ﬂixzo.1~0.3 ;}'o*lnf&i ZnSnASM‘Hr‘: CdSnAsM‘H@*HﬁJ\ﬁE%) HERR X L7z,

L
CdSnAs, 00-052-0959
N g N
=]
b o™ a9 Sx o N
—~ N — S o™ NN
— N |I Ly < m-l v.N
= CdsnAs
2
= | . i
e 1 ‘L Cdy¢Zny;SNAs,
m l Aa —
)L CdpsZny,SNAS,
? ™ .
8 Cdy3Zn,;SnAs,
et
c l Cd,,Zny gSnAs,
— L A A
J Cd,1Zn; ¢SnAs,
J A N A
« ZnSnAs, 01-75-5170
~ < ©
- s g g ¢
o it ot
20 30 40 50 60 70 80

Diffraction angle (deg.)
3 Zn/Cd % 2L & & 7= ZTA ¥R XRD ft R

0 100

(a) T T T T T (b) T T T T T 1600 7‘(6) wwwwwwwwwwwwwwwwwwwwwwwwwww ]
— < 1400 ¢
X = N4
S -50[ 5 £ 1200
> o BTN
e \8_, &—s 9o o o o 3 F
5100 2 = 800 F 1
g g | | 8 600t ]
~ ° =
§150 g /ﬂ//ﬂ,.—u——ﬁ ago 400 & /D/E/D
3 o 200 ¢
U) dSmAs,
-200 01 I I I I I [0 R N, I, NI M, Sy T
300 350 400 450 500 550 600 300 350 400 450 500 550 600 300 350 400 450 500 550 600
Temperature (K) Temperature (K) Temperature (K)

M4 ZCTA D(a) ¥ —~v 7 {R¥k, (b) BRIEEERK, () X7 —7 77 2 — DLl

4 THITERE 323-573K ICH 1T % Zn/Cd L% 2 L & €72 ZCTA D ()X —~ v 7 (%% | (h)ELAEE
L COHAREF T =777 X2 — (0SHDIRMEELE TR T, ZCTA(X=0.3-1)D ¥ —~ v 7 {ZF I n &
R L7z, ZCTA (x = 1)DX —X v Z (& 573 K T-160 pV/K Z/R L7z, F—AZhRHAE L . ZCTA
(x=1)TiE 5100cmVs L W I EWF v )V THRBENAS LN, COFWEEER, WEICETI2ETD
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[1] Y. Nakashima et al., J. Phy. Soc. Jpn., 56 3248 (1987).
[2] L. Liu et al., Mater. Sci. Eng. Rep., 37(3), 61-127 (2002).
[3] S. Nakatsuka et al., J. Phys. Chem. C, 121 1040 (2017).
[4] Z. Chen et al., Nat. Sci. Rev., 5(6) 888-894 (2018).
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1) W. Lee, et al. Energy Environ. Sci. 2014, 7, 621-626.

2) R. Yaokawa, H. Nakano, M. Ohashi, Acta Materialia 2014, 81, 41-49.

3) H. Nakano, M. Ishii, H. Nakamura, Chem. Commun. 2005, 2945-2947.

4) M. Ohashi, R. Yaokawa, Y. Takatani, H. Nakano, ChemNanoMat 2017, 3, 534 — 537.
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DENL v XE O THE ORFRIE - BH L <& - ASAEF /KT iRk, Flahezde-Aasd
EF/RTFaa A FKBERICNLT, FThyF4—1%RE 6.5x10°mol/dm® THElL 7z n—~F ¥ v
B A M A THEL QBT 2 L CHIFIBEEC X 28 - A&E68 T/ RroRuEiiz KAk, 2o
B, &—-H&A8F /T aa 4 FARERIC 1.0moldm® s % HERMA % C & TIHRIKD pH % il

L7z, &Pk 2 B8RO a0 4 FIEREIET 2 2 Lo - HESAEE T/ KT oRmEMD 72
3 D FOBE IO W TRET 24T 5 7.

B 7 KT KIBHD pH 72 & I EREIC X 2 F 7 ka4 FokiH2 5 n—~FF Vi~
DB 220> 2 I (37 b b RIEHEHIC 222> 2 Ki[H]) & DPIR AR 1 1C, MHEBEIROER DI %
M 1iczhZins. KERICHEREZBNL 2wEe, HESE®OBERTiZd &b L \RAEHTH -
e n—~FHFUHHOOHRRO~LELLTE I b, A&F /7 kTanf FOERHEHE n—~*
F YV~ DBE AR I N2, KHOBORETHE I L h o) ) KPR —EHKEICEELTWS Z
ERTRBEINS (K1 @), ek L, KERICHEEZMZ T pH Z2FEMEL L2GAETHE, n—~F 3
VOGO~ T 22 LAz, KEHOOAEOFBERE Koz b, &-HEAETF /N
FREFHYFA—NICE VBT, n—~FFVH~EBELAZC ExRaINE (M1 (b)—F).
7z, MHEEENC 22 2RI N TH 3 22 285bh 0 (F 1 (b)—(F), pHHIEIC X b KB %h
RIPITITONT VB T ERRENTZ, — /7T, n—~FF VH~BE L 2R 1137 7 AR MOEER (KA
E AR O — W HRH) TEEL TV 08 HERINDE (K 1(b)—(F). T IFKER~DIEED
BINC X > T pH BT AH VD HEEME~ & KIBICEBIT 2 Z & ChTOWmERENZN L, M
R —ERF O E L 72720 CThH B L E AT, 22T, F/RFHEan 4 FAKERD pH 02 B %)
42 ex2HMIC, £EA A v ORIEMKARD pH ZHIH L 728 —F —WEhc X v + 2 R 7-&R L,

Table 1. pH of each solution and time for

surface modification of nanoparticles (NPs)
using phase transfer protocol.

No. | HIF&mkEspH | HCIFRNNEE (u) | FEIEERATPH | ABRIZEIEFR (min)
@ | 979 0 9.59 >30
(b) 9.79 60 5.30 30
(© 9.79 120 3.75 20
(d) 9.79 180 3.14 20
(e) 9.79 240 2.79 10 . .
® 9.79 300 258 10 Figure 1. Appearance of the solution after the
© 6.42 - 6.42 10 phase transfer protocol under each condition.
25 07
— (a) (9)
] — (h) 0.65
8151 . g
g ()
8 11 g
E 8 (a)
05 A 0.55 I
0 4 T v
200 400 600 800 0.5
wavelength (nm)
Figure 2. UV-visible absorption spectra Figure 3. Absorbance at a wavelength of
of hexane colloidal solutions after phase 500 nm in the UV-visible absorption
transfer protocol for each condition. spectrum (Fig. 2).
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BB 21T 5 72~ F ¥ VIR O LI — AN A = 7 PAZRRAEL 2L 25 (K 2) L—¥ -4t
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DEEA~DTMHSI R ROE N LRI N, TNODT b, L—F—FETEIC X 27
J BT DA RIS HIEARIRI O pH 2HlHl$ 2 C & T, Zo%oMEBEIEIC X 2 F 7 K1 oK EH
DINEDPLETE S Z LRI NI

4 ¥ ¢ ®

HEFEE L THWSF /R FoZEEx m L35 2 82N, YA FEO L —F —FitE
TCEIC X DERLL 2 BN EICEN 2 & - AEAE T /T ENRE L, FThvFA—r1zHv i
BEhEic X 2 REMi 2 ilAa 7z, L — ¥ —3FEEITEIC X 2 @EAK D 72 D @A Z Il 2 74— H
&AL F /R Tau g FKEBKE, FTHYFA—An~FF ViR OHBBEIEIC X 3 KiEEH

Tl —HRAEH 2RI N2 b DD, L DF R BRERM D £ EKFUITIRFEL 72, 2T LT,
L — ¥ —GFREITEIC X 2 F 7 KT O AR ICHIERAKER D pH 2Hilffl$2 2 & ickoC, fFlan
% 7 7 K+ OB IC X 2 KRB/ KIE ICeGE S n .

23 3k

1. Y.Y.Choi, Y. Majima et al., Appl. Phys. Express, 12 (2019) 125003.
2. %L T. Nakamura et al., J. Nanopart. Res., 14 (2012) 785.

3. 2 IX A. Kumar etal., J. Coll. Inter. Sci., 264 (2003) 396.
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Fig. 1. Changes in X-ray diffraction patterns of ceramic samples prepared from BaTiOs and

SrTiOs powders by SPS reaction sintering at various temperatures (holding time = 0 min).
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Fig. 2. Density of ceramics samples shown in Fig. 1.

Fig. 2. SEM images of ceramics samples shown in Fig. 1.
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BREURHC IS U 72, FE2E L 72 LB BT v 7O L, A v v X3 — 7 TRl L 72, £ 720
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SCN & FAPDI3 (FALxPD1 l3.15(SCN)os) i IC 35 1F 2 F&SE- L BIRFIRFIIE o i 2> & . Pb D K [z
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(1] T.Ohmi, M. Azuma, T. Yamamoto, et al., J. Am. Chem. Soc. 145, 19759, 2023.

[2] T.Ohmi, W. Taniguchi, M. Azuma, T. Yamamoto, et al., ACS Mater. Lett. 6, 1913, 2024.
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3-3. EBRFEREE
Fig.2 178 /5B RT 90(0.75L1,S-0.25V,Ss)-10Lil @ TEM Bg4E 2Rk LT\ 5. B REIFTKIFIC I8
DT NAY T enm—R"E—UPEEREI, ZOMET 17 7 A LHFIZIE LiSLil & LIVSIZIRE S
N5 E—7 nERl Stz (Fig2@) . Fig2(b)id, Li:SLil & LIVS DT 31 U > 7% BNTHME LTk
na— R TH D, MET DT 7 A VHONA T A NTRLULEEIIE—2 BSEEBRICEH LT
NA Y N T 5. RO D VR T L 91T, BBHRIRIZIE - T LiSLil & LiVS, DT /i
BMFE L TV D, e o — U REEEHG s BRI \%ﬁ%ﬁﬁpﬁbf:;ﬁf% LiSLil & LiVS, OFEERIRIT
ZNENHK 847 nm & 104 nm TH D Z LNy o 7=, Fig.2(o)l, FEhk AT 90(0.75Li2S-0.25V,Ss)-10Lil
NRFE TEM (& ThH 5. 7TENT 7 ARHHFIC LIVS, & LiSLil OF / fEdEN T v 2 225 LT
WDERFBIEE ST, LR TEM BIERER O, FTHCERTOMAIFERKIEL LIVS, & LiSLil OF /i
B & T E/NT 7 AL o THESH T B D 2 & myinoiz.

(b)

Li,S-Lil

* LiS-Lil 1
v o TLVS: (c=6.1))

‘_ Ll_l;_illla{)uh‘- 10 1/nm

Intensity [arb. unit]

0 20

Scattering vector (1/nm)

(c) Li,S-Lil

(d) Livs,

500 nm

Fig.2 TEM observation results of the pristine 90(0.75Li,S-0.25V,S3)-10Lil sample. (a) Electron diffraction (ED)
pattern and (b) intensity profile. Hollow-cone dark-field images, (c) Li-S-Lil and (d) LiVS,. (d) High resolution
(HR) TEM image.

Fig.31%, MIHIFEESL A O TEMBIZEF R2 R L TW5A. BES CIXEFRIIKFICE LR R 6Nz,
LiS-Lil @EHTE— 71 3HEKLL, Lil IZRE S 7a— Rt —7 L LS IRE IS B —7 B3
Hlxi7z (Fig3(@) .LiWSDOE— 7 ZFHRMERM TR O D LIVSDOE— 2 &I L TaAflicy 7 b
LTWeZ &M, LIVS b LITABEE L, c B3 fi/ L Tnvd (c: 6.155.8A) Z &n3mhole. £z,
EYRRE TEM B ICiE LiWVS, 7/ fEfaA 7 BV 7 7 AR RIS B L CW A8 s n -

(Fig.3(b)) .

Fig.d i, ¥IHESLREO TEM B RE2 R LTS, BHRIFKEOME 7 1 7 7 A LIS
FCERT & FIARIC LiS-Lil & LIVS IZ)iR S s B —27 3Ll S vl (Figd(@) . M fiRhe TEM i
ETENT 7 ARMFIUZ LIVS, & LipSLil OF /#2308 L T D28 /64 (Figdb)) , FEHE
AIOWRERFAEL TNWD I B gh otz £z, 5], BIOI5 RIFMERICBN TS [FERIC AW 7
RS E A RTZENHB N E o7,
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Scattering vector (1/nm)

Fig.3 Ex-situ TEM observation results of 90(0.75Li,S-0.25V,S3)-10Lil after 1st charge. (@) ED pattern and
intensity profile (b) HR TEM image.

o LiSLil |
¥ LiVS, (c=6.1)
v

Yv

Intensity [arb. unit]

0 20 40 60
Scattering vector (1/nm)

Fig.4 Ex-situ TEM observation results of 90(0.75Li,S-0.25V,S3)-10Lil after 1st discharge. (a) ED pattern and
intensity profile (b) HR TEM image
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AWFFETIE LizSVSe-Lil IEMREYE O FHEMMA IO T 5720, Fe B R OOl &
ZAb%E TEM THl~7-. A CTHOLNIFERELL TR T.
(1) LizSLil IZFBRICTENAT 7 AL, EEE TIEFLERTO LiSLil #Fdh G AR E)
INFETD.
(2) FEMEBFRIZB N T LIVS DJERIT LIt BIE A THONS.

L EDFERFE R I, LioSLil & LiVS, O i) e & 2 b S EIZ A 5L TWNDIEDB B
Lotz

2% 3k

1) T. Shigedomi et al., Chem. Mater., 34 (2022) 9745-9752.
2) HEDL, H60EIEMG N, 2E14 (2022).
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(a) Steel sheet pile (b) web plate model

Fig.1 Analytical model

(a) Steel sheet pile(ALL) (b) web plate model with eccentricity (c) web plate model without eccentricity
Fig.2 Elastic buckling mode(L;=125. L4,=0. t,;,=1.5)

(a) web plate model with eccentricity (b) web plate model without eccentricity

Fig.3 Elastic buckling mode(L;=500. L;,=250. t,;;»,=3.5)

Fig.2,3 IcREMAERET M T S 1 RE— FERT, 72, WEBEEAGE P, & Sk 1) TR L 2§47
Y720 O v« TREERAE Ve OBRESEIKE T V. v = THIlE 7 VICk L < Fig.4,Fig5 iIc 2
FHWRT, b, Valc oW TIEARI XA —ZBHZTn3 28553 DoBEHRAD 2b % 4b ICE % #:

>
ACTHHLTWw S,
PerpiPy Perw/Ny
3.00 3.00
AW M with eccentricity
]
250 ®wr 2,50 without eccentricity =
s
L]
HALL “
2.00 2.00
% '
i r‘ ]
-
1.50 1.50 ¥
.
L]
*‘ﬁ -
a e
1.00 Ay iﬁ =in 1.00 .-:_.;
catadsne il
L "
iatsendliof = o
0.50 Tog ’.i-.!;--' i 0.50  mL Vg
a® L] L] w Egl PV §
0.00 vd 0.00 vd
0.00 0.20 01.40) 060 {150 1.00 1.20 0.00 0.20 0.40 0.60 (.80 1.00 1.20

Fig.3 P../P,-V relationship(steel sheet pile) ~ Fig.4 P./P,-V, relationship(web plate model)

5Ly = THIRET VISR LT IO SEREBPEALT L EZ R0 LDOET MICNT 2 FH
D OBEPHEATL L E 2 BROH Y OMMEREEATEY Fig.5 IKRT, Fighb 2 bLOMEIT/NI e
x5, E7z, AT T OBERRIE G B33 B SRR E T A SRS 1 % Fig.6 1 Lo g,
Vd 23/h& L 72 3 ictEv . RETRIIRESRP T2 ALL €T, V= 72 TT7 7 v 9 S WERD

-198-



PerwPerw: TCIPGCrwW)
2.00 2.50

4
tmin=3.5 * 4.0
1.50 230  EEEWF
@ tmin=1.5 - 2.0 g g
160 210 | WALL L
Aumin=1.5 Ly
140 1.90 Otmin-2.0 "_ n_ 8
. ="
.20 1,70 Qumin=3.5-4.0 = "t
3 b, m, 0.
100 o salatgl e g &l oot 1.50 i LA =. N
T T
L g n:,:.
s 130 "y
- Ayl
0.60 1.10 el I.'&'
0.40 0.90 j
0.20 0.70
0.00 vd 0.50 vd
0.00 0.20 0.40 0.60 0.50 1.00 1.20 0.00 0.20 0.40 0.60 0.80 1.00 120
Fig.5 effect for eccentricity Fig.6 Restriction effect for flange

32 WF 7V, V7 ORRESBPT 2 WETADIETHEARE S RoTHEY ., v x 7HEHICH
T257 7V YOMROFEIRESRNTELEEZLND,

4 ¥ ¢ ®

JERIC X 2 EEWEETROMNCIRD T2 2 & CIHli L 7z~ » b U R o 3 AR i fif B 1 D T
BUBRRNTIC X 2ET 24T 0 720 HIRWRDO Y = 7TEd 2K EH L7z = 7THIlE T Mg LT, WEZ
2> 53 S 7R L' TV & R lld O RIS 284 & 2 7200 & 0 7 v O i 88 fif 8 % L
35T ARLOERDP W L 2R L7z, £, v = 7THIIE T VIC T 2K E T LD
YR E A i 5 2 L O, G D CIRIEE LCTRALZ Vil vy = 7HBEICNT 2 77 v YD
HRRESBEETEST, WETA, WEEFT A, ALL EF ATV DIEA/NE L 7% RO E LK
EBRAEBZLERLTZ,

A
ARWHIE D BB ESEIC 35T BRI (BIRRFERFABEE) 1R TG, & ZICREL Tl e &
j—o

EE PN

1) KRE&IL, B, KEFRE  BeEa2A T 28RO, SfsEmscE, 529 %, %116
B, pp.67-76, 2022.12

-199-



BHLTEIRE S TCREM DN FIEEDOREA

EMRRAEEANREMER  h A8

1 IC»IC
OB ICE VT, NEM, FriciREsks (LGS) T
Lo )R- FECREL S N 2R [1Y) 0 B (DL
T ILGSEE] 29, ) OWENHERIhTWE Y, HIiC
i, BEEIRICKE REELR O N EVnIcd 20b b3,
LGS BEDIE{G, W& X 0 i@ E ik o Mkfifd F ic s
BH7HIS B o7, DX S REE KRR CTitiE%
FHEDHEL A BT~ JIEHRER IRIAS 5 2 & A2
ROMFETH 2, :
LGS BEQHIN F 72 (X5 D S FZEH Ic oW T HEEE X1 LGSE:tDHhE Wi@—w
IC X BREAITHON TV BIEA, FEHLICL Y LGS BEiC
AT B AL - NS O RIREE IR 2 EARR 720 J) 22 PERE S SR 28 L CTRET L T & 72 29, —75
T, LGS BEICBHT 2 BEE 0 KERIRETIZ. LGS B & % DR CdH 2 Sk Ic G S h 5 &4F
TOMMRETH o 7225, FEEYCHEATIEICII LGS BE T OIS &S FEET 2 2 e, %
DB XY JIp8 b B 5T 2 LRI NG,
2 WEHEWN
FREEREE 2, BEEY OB MM IC B W CEEAER CH 5 LGS BT A ETERED
A AR A HIE L. BHEAEIRZ &0 LGS BE N1 icowWTiBET 2 2 L 2 HE 5, K
TR, BN EREDEIkO LGS BEIC 1) 3 )58 % LERIWICHET 3 2,
3 WRSERCE
INETLGS BEDAICOWTHEML TE FEREMZER L, WOz E T 25460 LGS B
N O ERIERAT I B 2 FEE U 720 & 7o Y O BRREAMERFIERESTAM 4 SEAf 3 2 72 0 O MiET o —BR <. fifH
F1EE % s 72 5E 0 BABAEES) P2 1% 2 3R EhE L 72,
Elﬁﬁ%%&@ﬁ%kvk7v7®ﬁ%%\HZ’EWEWW%ﬁ®ﬁﬁEW% 3 (1), (2)ic
i A TERAR D — % R 9, 3 IR T HIEAEEG X, FOEEZE X 2 wEE BT 2 BEFETE
290 5 B, LGS BEAK 3 (1),(2) & [FFROMMIRY ICX 2D DEHID2DITR LT %, HNERZA
R 2PN O R W& D 7 EIREL - Te Y, BINEOEEIC X ) IEH B2
BixoTwdeabhd, HOHZET 2 Ao E4EHEL L, QOB 2Heb)F— A
HOBENAHER S 1, Z D% OB EERICE 2/t ERPE U 72, EE AT 251213
MERDIFE LAY BRI N, FIEY LB W CTIEMERARKEL RBIcoNT(e)A Xy KD
neh, OF—FEOFIHPICET 2 2RI BER S Nz, £z, WK Y OfAEEIC(g)LGS

- 200 -



ARy FORFEEBHER I NIz, 2hbDH H(b), (o), (), () IRHOEA2H X 2 WA OHMNER
THhHONLEETH 2. HOFEEHT 25T 2 NEEHTH 5 (a), (0, (DAEL, FFic(a)
KOV TIRTRCOBEEROF T Rd BIHICAE L Tz,

72, M2 1B 3 A EE O @HI R VORI 3T, ilBRik D BE D BHEHRER 2 17\, JEAT M1
W3 2 B O RIS . BHBEIG O i 45 o ELES SR & INVE L 7=,

@. (=] HEE 5 4 2% 3 — R[%] 25
: e = My | 20 ]
) — i , T [obamss (c—z8) - L |
I fe—oI ‘ iy + | O parRE: (BRiFeg) N |,1 |" "l I
Y = o . 1 1 |
| > | ™ LT . 05
~0.1 0.25 v
A AR
0 =St v
L -0.1
-0.25
1 + -0.5
' 2 T R A R=2n
= = — = - “
e
1 BAEfl % LGS BERER A 2 TR

+ O[N] TOKN]
] 3 I a). (b} ..:.\I

\ “.!'I';,_I.',... ; _100:,

(1) mmRY FAEH Y (2) WMEkEY SDHY (3) mim®RY BAAAL?
B3 FEZER

4 ¥ & ¥
B % & L2k O LGS BEIC 2 W CHIVEI EER 2 7\, NERZTEAIERT © 1522558, BE O B
PARTA ICBE 3 2 MR 2 R U 72, S8 BEAERSE & OF <L BIOES - BEO A% B & 2 72 J1 £ 2581 B
T35 50M%1T) & C,LGS BEICB T 2 IMEMRE DRI AR R ICE S 5 2 L asIf s n 5,
23 3k
1) E-EABEEARATIONT, EEEIERT © DA 6 fFREE - BRI E A SRS GER) |
TEMRBORARATZEHTER No1296  JEEMZEATER No212, 2024.10
https://www.kenken.go.jp/japanese/contents/publications/data/212/5_6.pdf (2025.3.15 &)
2) EHWHE—, BRHFEH, G, REE, AFE  BEEE T iz XRY) Y BE o R RHE SIS I
B3 2098 % D 25~% @ 27, HARESPEERAMHEMEEE, pp.957-962, 2021.9
3) SIS, A, BN, G RO 7 2 LGS BED I - IAMESZEENICEET 5
FER, WRSEFERGRSGRE S, 5 32 &, pp.877-887, 2024.11

-201-



NG 3 =

AaR70v R zAVWEERILFLRAE Y ORF
BERZHRHBE RS A0 BER

1 FC®»IC

EROSIICE T 22 v OFENTIEFICRE », Friciii@hoWE 23 2 v v 3881, B
£ (A) BB EITOIVe, DIEZEDOTIIRE RZ A "M dA~—hxBHT 30 0k%E, Zilkichbr
%, REFFEECIZ, BEMEBIZH W20 3 — 22 v HFIC DO WTHIEEZ T - 72,

2 WIERER

WEMEZH W va—2 ey H e L e

T, Cu OBLA AN L 71245 X Fory o ? Y

W3, BHO[1IZI A A YR T L —k %m ; d%me
I & o CAIBEMED & % M I-1c Cu,0 il ° 17 = e
BWARL, Chz@iie L CRiEn R .
F DS a— 2 DRI LT3 R

(Fig.1) . AIEFFF%ECIE, Cu BRI Borp D e £

Fra— 2y b LCOMEDR 0k fo | L [ A]| B

B, CuFBLIIE & 77— 2 DS ° \ﬁwﬁw

=g N P N 0 100 200 300 400 500 ’ D 0.1 0.2 l]l3 04
}A_.Ij; 1D T s J: D Eflé;f\‘lﬂ 7:’;‘\ {EIJ/:E fZ 1T | N 7‘ L a Time (s) Glucose concentration (mM)
) . Fig. 1 (a) CV curves (0.1 M NaOH without and with 5 mmol/L
— AtV DYERED X% Z - -
FeLCotEEORLERS C L glucose, 50 mV/s) (b) Non-enzymatic electro-oxidation of glucose on
HME T3, Cu20 film, (c) Current response. (d) Dependency of the current on the
glucose concentration. Cited from ref. [1]

3 HRAS
W IIFE=E & v fefitE 7z, CupO i I - _WE:
ERC CRAICFNEE T 72, B e

DIIE % Fig. 2 12/8 3, 0.1 mol/L NaOH

TEMELLTHA 7Y v 7RV E Y X b CE: Pt \RE!AnggCHSal. KCI

Y — %1757, SHEMIT A KCl R — 1 0.1 M NaOH aq.
ERERm A Fv 7. B8 X 10mV/s & Fig. 2 Electrochemical cell system. Cited from ref. [1]

L, HRBMAL+1.0V NG5 Lk, T

DIRLTC-0.8V ETRREIL, HUOIVEL CHAENE CEET 2V 4 7% 5 A4 7 VEML 72,
Fig.3 [T/ R 2R T,

W CRT /N a—RBEER 0 DEADOFRLVEAES T LTI, -0.15VELC-05V DAY ICENE
N Cu O OZICL 2D EeEZOLNE/NI W= BRELNZ[2], ROERTRT I Va—
AP A 200 mg/dL DEEICIE, -0.15 VAV ICH o728 — 27 2URITHE L 7,

—7%, BAEMD»L+1.0V ~DLAR~DFRT ORI, 0.0V 2 5+0.7V A1 T CuO DEIT

-202-



WFES v a— 2D LICER T 2 L E2 LN DMBLERLEML 72, 7nd, 0.8V L EICEIT ZER
I3, KkoftickzadbnrEzon3, £7, 1L.0VH5-0.8V ~DEILHA~DIFT DREICIZ, 0.2V
fhECBLER O v — 27 R bz,

6-0
0.1 mol/L NaOH aq.
10 mV s, 5th cycle 50 T
----- Background
o 40 +
§ | —Glucose 200mg/dL T
E 30 +
S I
a 2 0 4
% T
c T
o T
= 10 t
o T
S T

" 0 e 050" ¢ 1.00

20 i

Potential / Ag/AgCI (sat. KCI)
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2) PERERA, BUEE, B, LB ®OTAHIEIE FICE 1T 5 SNAOB Silst O 1 7 W J7 R, 2 D 2, 2023 AR H ARHRE
TR AL 1, EIHE S 2035, pp.349-352, 20243207 -



3.3 AIREFRMNTHRER

B IREREMENT I E NN & FRERETFAZ W3, Abaqus2024 ZfFEH L. YV U~ FEEZE(C3DSR) # W\ T
ET ML LIz, WNBTET VI bbEd L Ay va® B Lz, -, BEEDBEEEE 4=
0.86,0.9,1.0,1.25, 1.5 ™D 5 By L L7,

B 3 IZHEVER 1.5 OBE . W TE N RimiTE— A MM LA 0 OBRAE T LTS, 3
DOET IV CHRNTFRERMEE A E—B L TWDB, I FIEOROCBEM RO EEEEMRICS 2 5 B2
TIEEAERWEE XD,

X 72T R TOEEREIZONT, B b 16mm OMEICKIT 5 L7 T o8 FEo 30 Y1 7 /LVHDOO
T IR RNE eamp D 7 T 2 VMRITIRID 5341 2 vt A IRERMEHT CIET X TOEMESR L AEFE T 2B THIL
LSRR eamp MK E 72D X HITHA LT D, /IMEIE T CRIBHGT D eamp MK E 7225 Z &1, BEED
EBRRNTRIT A BREEANE L BN LTV, CR2 BTV TIE, MR 0.86 D& X1, HNEENTD gamp 1
H RIS FENT D gamp D T IRALIZ LTV, FAVESRN K E < 725 L IHNAENT D gamp IZH FRER AT D gamp D
FIRMEIZIESVWTUV S, UCR EF/LTIE, ¥PER 0.86~1.25 O & X%, TARMTD eamp 1A [REFEMRAT D
camp D FIRE D F1 ] TR0 LIMEICITVMEZ & > TWAA, MR 15 D& X%, EAEITD samp (ZA TR
BRIENTD gamp D _EIRE EIFZIE—FK L TV D, SIET/ATiE, ¥ 0.86, 1.25, 1.5 O L i3, HNENTDO
amp |34 BRBLEMRHT D amp D L TFIRMEDOHFRIDOEZ & > TWAH A, IR 0.9 & 1.0 Tk, TRMITO eamp 13
H FRELEFRAT O Eamp O _EIRE & FIE—FH LT3

X 8 |2 gamp 8 5[] D -4 % Bl > 72 SR OV AR IR & ¥MESR O BfR % 7~k 97, CR2 €7 /L & UCR €7 /L Cli,
PAMERN R X < 2B 2T, FIRERMAT L 0 mANET 01 9 B OTAIEROMENR K E < 2o TV 5D,
WFRAT & B I, O IR TR 5 L C— I BT AR R SN 5, SIETF /A Tid, MR 1.0
D L X\ ZHE NN OIFE 5 AR R EVSEOT BRI 278 LT 5 23, o 83 G i o fpT & s
ITDNTWD, FIRERMAT TR OT HIREN BRI L URIE @I EH LT D28, N T
IEEPESR 0.9, 1.0 TEHOTHIEE A A LF L TRY , BT FECE 2B RALND,

In-plane 0.01
,,,,,,,, CR2 —— | FEA-CR2 A - IPA-CR2
0.009 |
1000 T M(kNm) 1000 M(KNm) 0.008 k —6—FEA-S) A~ IPA-S) 2
750 ’ —e—FEA-UCR A~ IPA-UCR
0.007 |
500 0.006 |
250 0.005 F
/] 6(rad) ) ‘ O(rad)
av 0.004 |
0.012-0.012 ) 00120012/ 0.012 0003
0 0 0.002 |
0001 |
50 50 \ | | | | | | u
-1000 -1000 08 09 1 11 12 13 14 15 16
3 [ NRAT S O FEM fi# AT 1 & % M- 4% B7 emp-p BAFR (30 %A 27 /LH)
0002:;2 —&mn }1:0-86 0.004 0.006 0.008 _&mp /u:1.25 0.01
0 6025 0.006 0.008
C . -~
6002 0.004 k = 0.006
' 0.004 [ o~ =
0.0015
0.004
0.001 L 0.002
0.001 ¢ 0.002
0:0005 7 y(mm) y(mm) y(mm) v
0 L L L L ] 0 L L L L ] 0 I I I | 0 L L L Y(mm) . . . ¥(mm)
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

FEA-CR2

4 £ &t ®

——FEA-UCR

——FEA-S)

————— IPA-CR2

Xl 6 Eamp-Y Bz B0%127/LE)

IPA-UCR

AWFIETIE, 3 T OMEMERRI OIS T O el O TG B DWW TRPRRRER & ot L7z b, AR

K OE BREEFFRNT 24TV MBS H L ORI FIE DT R G 2 A B E ST LT-, TORREUTOZ
EWR Do Tz, MEMERR] OFIE T O EL BRI S 2 2 BT /N X0y, OFT HERICS
DRI E VN, NMEIEMGK U 2 521 2 8RBR O OT HEREO RN, ST O8K Lk{b2
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[1] N. A. Spaldin and R. Ramesh, Nat. Mater. 18, 203 (2019). [2] Y. Inaguma et al, Chem. Mater. 17,
1386 (2005). [3] O. Clemens et al, Inorg. Chem. 53, 12572 (2014).
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DAL = AT LTI ANV I VT T v ARV IEA TV (Methyl formylfuran carboxylate, MFFC) @
72—k (PD-MFFC) 2 FEEARYI L 72 523, RICERCTHEBHCTHLAR ) —VEDT X =)V
RIGIC L WV IETH 5203 MFFC DY A F 1Tk X — (MeO-MFFC) d 4T 5. s 20l
ICHPRFEIC X > T MFFC ~ & 28T % 2, 20 wt% & 0 ) @iRERIGICB T ARG T A =2 —%
ﬁ@mbta:%,~%¢ﬁ¢@éﬁﬂﬁi%ﬁ%:ﬂ L7z, AR LR Y 25 L v 2FIH L -8
KA X0 — KRS R L€ 99.1% DI T MFFC (ZRfliik) 232 2B TETEHY, %
D& EDOHREA (1,3-7 v v Pt —) oBILEIT 91.8%IC# L 72z, MFFC o= 2 74t d 20
wt% &\ ) ERERE R AT 2 2 LA TE, MFDC KL 96.6% TH 572, 2 D DML = 27 v
bR Ty 7L BRER T v 7ic kb, JEEHCRF 2 MFDC X2 90.4%, (REMEIIEES 91.8%, 7
B 2R 2 R IE DI 7.5 mol%TH o 7

HO 0 o 0
\\é//\/) PD-HMF /) PD/MeO-MFFC MFFC 0
o) (20 wt%) W (2 5 wt%) W (20 wt%) WO —
\_/ Au/(:eo2 \/ 7.5 mg Amb 15 \_/ Au/CeO \_/

PD-HMF PD/MeO-MFFC MFFC MEDC

Na,CO3 6 MPa air
(7.5 mol%) Yield: 94.5% ¥ Yield: 99.1% 100 °C. 2h Yield: 96.6%
6 MPa air Overall yield: 90.4%
100 °C. 2h HO” ™""OH
PDO

Overall recovery: 91.8%

Scheme 2. Au/CeQ, Ic X 2 HMF6 B 7 & X — L OF XM L= 2 7 1Al

Kz, HMF O XA FA T X —fk (REFBLORRE : 227 —0) ZFERE LB X7
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M % FENE L 72 (Scheme 3) . AKIGTIREELH & L CHMBEEZFIFL T3, ARIGRICE T, X
R 7 —VATIEHE - KIGH] - HMF @ v I Vo RGER & L Co&#lz R L Twb. H—KiETiE,
Au/CeOoflic X ) HMF Y XA FAT 2 X —ADb FuF o X FAMAE AR VEERAF L~ L BT
AR IS CTEST 2 2 L8 TE, $20wt% D X & ) — AR T b EIEE (90%L 1) ¢ MFFC
DY RAFNT X —ARRLNZ, REFZHA Ve 8E1CE, BLEY ©H % MFDC, 5-t F
OFSAFAT T V-2-ANEKVEXFAL(MHMFC)® 7 2 v Y ORIEEY % & TRAY B EL .
BB TIE MFEC Y X F AT 2 2 —VORURERISTH 5. Amberlyst-151C X 27 & b YHTO b
T VAT Z =ML X 5T, MFFC-¥ X F AT+ 2 — A DHAEBYIH 5 90%LA_E D IR T MFFC %
FING 2 Z e TE L, “EIEHOBN = X 7 LT, FiEE FERIC 10 wt% D X X 7 — VR
TH#93%DINE T MFDC # AT & 7=.

Au/CeO,, —
u/Ce
Na,CO; (1 mol% 2 o} o)
o L vatrenol Qo QMo Amberystts Q Methanol 0
HO/\@/kOMe — MeOWOMe — weo” N\ J H——® MeO" \\ /[ “owme
100°C, 2 h Acetone 100°C, 3 h FDC
HMF-acetal 0, (0.9 MPa) MFFC-acetal 60°C,1.5h MFFC 0, (0.9 MPa) .
Conv.>99 % Yield. 96 % Yield. 91 % Yield. 85 %

Scheme 3. Au/CeO, 12 & 2 HMF & 2 F 1T & & — L DER W R = 2 7 Ak

4. L

AWFFETlE, HMF ¥ X F AL T & X — VORI = A 7 A LRIGE G L, SEEERE R L %«
MFDC & 7 v & A% W L 72, 2 D DRI = 2 7 LRSS B\ CEBE VB R (10 we%) % {#
L, MFDC D&EHICKRA 85% % CEIET 3 2 L3 TE 2. ROIOMILT 27 LG TIE, {Fi#HE
DL F L L s ZH] 3 2 72912 NaxCO3% HMF 7% 2 — A2kt LT 1 mol%Zshid 3 £ 52 H
27275, % DMIEF FDCA &K (Scheme 1) 3 X WX HMF6 BB T % —A % F|f L 72 MFDC &k
(Scheme2) X b bHIFITE /2. 7 2 — L OfRHEERE T, BE7 L v 27 v FEEfiE (Amberlyst-
15) ZRH L 28l b 7Y 27 2 &2 —ALRIGIC X »C MFFC 23R X CEICE 7=, = 2 CAK
L7z MFFC 3R nT & P Y2 AR IE 22T TR ICHBET 2 2 3 T& 7z, H_BROME(L
)z 27 b T, HWEEZEHL 20wtz 2 7 LRIGIC X Y MFEC 2 5 3EH I &I © MFDC
G52 TER, RUGH, RER, e LTRIALZA % 7 = VIIKIGHD & v 70 7 R R
KXo THAMAT 2 LAREL 25720, ARRIIRKEAKZEN L7 02 ARGHIBE W TH HEE
THIRTH 5.
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Bk U 7 — b & Bi,SIO; BB B SR BMOMIERT £
BT IR

RIRZF/AEERTE XA &

1 Lo
Bi,0; & SiO, DEHIKRER TIZEIRS VU 7 — FE! Bi,SiO; [EFER L WA, EROIHZ([FE5T 2 2
IC& Y BiSIOsTEXF o v LERNMERTE, BFBEADHOOND e hh > TE e, TEE
EOBEINoBERTHBEMME Pt BB LIC Bi,SIO; ZiERELFRE L, BEBFHEZTMLI-& 2 A,
600°COEINIE (CE W THENEBD H HhNT,

2 WIEHEHW

KRR TIE, BABEICH T 2ERESE. BaMs XREITICEK Y BEICTHEL, S oIcE—RE
AEICLYBEMBEFRL, ERICEONT-EBFEUHOBR BRI T2 LICL Y. BESBE
WoRRE TENGFBMEZBOoNICT LI EZEHNE L,

3 WHIERUR
EETﬁ%%ﬁLKF&D%KiUB@M%%@%L 600°COBREICTRIRTMNET 2 &Ik )
BEIMBRDOHOND T EEBFEERTAX—ICL YR LT, 7 ART ML 5E600°CULED

ﬂﬂﬂﬁﬁ@&ﬁﬁﬁo:@b%%??ﬁ—7ﬁﬁ%éﬂtoXﬁ@%?i6%CuL®t§&ﬁQ
2T T < Bi203 M EDERDIERMEELEML TWBZ b o7, > T, BEHOERKIC LY EBEE
BUENBENED > ENTRBENT, Bi,SIO (DWW T X fRFINZA R FLAEBAIE L, IRIE. Z0OF
—JNRZ=VIZDWTEITZE IR ->TWAEIATH D, INET, XPSIZLBZAEIFITHOhNTET:

DT, BEICLBDY BT ED D, —H., BE—RBHEICOVWT, BEFEETLEZILITTWLEA,
FRFABEDOBELEMICOVWTRE DR H Y, 5| EHE. BEREMICOVWTE-IHNLFEZLT
W, Z0#%, BEIMEEICOWTHANDEBEICH D,

AREEIEPLD 7213 T7% < CSDIRICL ZREL AT WS, PLD IRICHNTEEDOIMANZ <. Bi D
MR ZEBRICTI2HRENDH DI ENADA>TEL,

4 ¥ r ¥

KA IT Bi,SiOs D BREDSBOIRBEEZBESMICT B7201C. X FBRINA R b s NCE—REET
BICLDBEREEICOVWTOMRICETF LTz, BERTIE, BIFTET-> TWAETH 5725, Ak
BIERIZEONTULARWLA, 5| EHE, BEBELEELANCBELNICT 2ETEIE B> TWL 5,
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= sa K Ah % (£ L 7= RC 8Bt1 DR 7

SREHAEKRARE TEH FL

1 IC»IC

a2y 7Y — MEEY O EREIC Y, BRI 2 B ALERGAESEIMERICS 2, 085, 2 B
HoSMiz@ L e e3, A Nvohicikd 285 (AT, 2y bA78) &35 LT, BHifE
ERRHICTEIENTES, Lo L, HWlEEDHA T3 7 . BRIEE 1275MPa K O R E & A
WihsR T 2 M L 2B . B0 2Huchy F A 7#Mo&it 2 cE 2 2L <R
BARRL T3, 22T, @i AWM 2 R L 727 v b4 785 TEoRFE 2 BHiic, 7r v
T 4 T DA % v CERBRIVIFIE 217 - 72,

2 WEEN

< A1y b AT RICET B IR A WIHHIRA % S L 72 BR o ¢ AW ) X 0 2 4 PEREE

TR & A WTREE R R R 2 2 2 L 1 fRGHE L, EHW*WMW%$:£LWTM$H%ﬁ%
D AW, & A WTIEERERER R I B IR TR D NS BEE © 5 5 2 & 2 iR

- e R AT R 2 A U 7= BR O RS R D & A WT 2 - FOE FH SR D 45K

TSR & AW R A & B L 72 B o BIEHIE R o Al 2 o8 v o ERIZEIR 2.0 TH 525, #iF
W%i;(,@meu¢h3m ~%hﬁﬁﬁﬁ:C&Amxfwdtzm;ﬁ%%:ﬁwvﬁ O UVE L% I
ET 5T, BGHEERGT X0 WA Z IR TE 2 0% T

3 WRgERR
3.1 BRAREE

i T R ERR CH30M &5 X 008 A Wi EABR Ik CH25S DEkEHIT I 25K 1. #cxk &k 2 1O
j_o

* 1 BRIASGEH

. Rp=0 DiG& Rp=0.02 D&
Eﬁ%ﬁ Qmu caIRu e N
1’215/?_. Vsu Vbu Vsu/Qmu Vbu/Qmu Vsu Vbu Vsu/Qmu Vbu/Qmu ﬁ&’izv‘&—- ]‘
kKN | kN | kN ) ) kN | kN ) ¢) %
CH30M 164 | 410 | 355 2.65 2.30 248 | 249 1.51 1.52 3.85 FS
CH25S 264 | 310 | 304 1.17 1.15 198 | 205 0.75 0.78 1.03 FB

K Qmu : BTEIENTIC X 2 MR IR AWM T, Veu : TSR EHCEE D 7 R IR AT T
Voo SR EHICEE D W 7 AEBEE 2 B8 L 7218 R AW,
calRu © WTTHI AT & BUPEFEEHIC X 5 2 AT ) 1ic B D 72 IRAZSTE A

FS & iR AW, FB - il P RER R (T Al
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x2  ABRAET

StER W2 T o AW
i
b D L M/QD Gl G 9 la G
4 b o B noooon i v P
mm mm mm ) N/mm? N/mm?  N/mm? mm N/mm? %
CH30M | 350 400 2400 3.00 24.8 5-3D16 391 391 840 | 2-U7.1@90 1324  0.30
CH25S | 350 350 1750 2.50 23.9 |6-D19,4-D13 383 395 700 [2-U7.1@115 1324 0.20

Koy + LB HEMFERIRIL, oy 1 2 BEH EMRERIREE, lo: 2y PATRE

3.2 FEERAER

B 1 AW —8 M AR, X 2 1SRk 2R3, CH30M 122w, Al Cide A Wi
T DO EEREAGHEHEE EIR Y | BEE 7 (A BEE L O I B IR 1T L 72, o T miiEE 2 AT
s EAL 220y v A 7K CREHRIT AR, TaaEtRErmEo s e, BEA Y P A TR
TERMERL T, EBIEA Uk 2 & MR S 7z, CH25S ICD W, FAEE O (& A
AL7dboD, EEEIHEHEZME TE T, B 2MEPSETH 2,

28 Qmu=164kN I Qmax=149kN | 308 COMUERBARN ! il bl
ey | 200 [ Qmax=171kN
= 100 Ist layer rebar yield ?
é_ 2nd layer rebar yield i 100
< =
§ 0 § 0 e
& & PR
5 e /
= ] -
& S -100 F- / ® Qmax
% -100 ﬁ ; ‘ /’ @ 0.8Qmax
200 |~ i & crack
i Ist layer rebar yield
. et e (NI ) B, Sebp i E R0, 50 Tl i
¥ o ; | 300
6.0 40 -2.0 00 20 4.0 6.0 30 -20 -1.0 00 1.0 2.0 3.0
Drift angle R|% | Drift angle R[%]
(a) CH30M (b) CH25S
1 & AW — b BA AR
- -1 .S ! > o i -- -

(a) CH30M (b) CH25S

4 It
HE B R AR AR (IR HE 2 R L 72 D D, & AWIEEREER R I B v Tk PALE ot ) % 5
T2 LB CERP oD, B IMAPLETDH 5, miahiik e b, BEFIEKOE AW R
HodE FEIPHE R IS 72 7 — 2 B ICET 5 L 7,
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BEBLIR I OBEHEICLZREYRTL—ETREINE SV -RE v YOFHEEL
BREXZ —H* B

1 IC»IC
BERBELIZAIZAVIREVYRT L —RTEAINZER(IFA(Cu,0)k EDBREIE, I X MMEP
IR OEERAEE S D LT, BEEDHOBEHEI BEIND, (ERLY LSBT RERK
ERVIIERREL VD IR P ABILTE D, £ MABEICEET 25 v U T—HROTEHE
av ha—AT R, RTFRCH TREEREE BT ICHETE 2L H D
2 WA
BERBLIRMEETLIEZ T XA—RE LT, BERARELAROEEL I X MRICKIF
THELERNICHESMICTZLEDIC, IXMEOHERTH S Lang XOBM AR ERETT S
TEEBENET B,
3 WFARE
BhIEIBERE LT, BROEBLB CHEINAZHERBOFEY 7z / > ONERE B,
FU7x/vEFEEORY 7z / — LS EEEET MR T, KICARRISERT 5, BEA2,5,7,
0Wt%DHFY 7 =/ VAERERAR L, 21 bHORRORERN % RAEENBELE (CBVP-A3,BMR
ERPER)ZRVTAE L, #ER2ER1IRT, R 80
T VREOHAL L L ICREENMET L. KB Eep |
ORY Tz /)~ LS HEREEEEET 52 & Hbh - Eﬁ:
7= w30 |
B R MEEHET ZEBRAE LT Lang DHAAE] Eﬁi
SNTHY., Yasuda HABRIEDFEEERE L7121 0

0 2 4 6 8 10 12
TOEE Lang A ZREL T 5, RYT /o E [wiv]
s g 1KY 7/ R L REES O
d,,=0.34[8no/pf]13(p/p,) 018 : CRREREEAOER

d: 2 X FEIm], o:F&kEEAIN/m], o BEkg/m?], fEIKE[HzZ], 1 AEE[Pas], 1, KOKE[Pa s]

FHRANTA—ZIFEAFE. RARAEHETHY . IR MEENSLTDICIE, BEERK. BEHE.
BFREMEANLEE L L,

BEEEREIH 1.6 MHz TRIEREDRY 7z / VIKBRZBIT HBRICERT 2 I X FORFREE
MWEDMZRAE LTz MEAMAEICIINFEMRAEREL AN v 7B W ., AEAEIFL —
Y —EmE. BEARIEF— - X2 — FEHGEA BOREICDE 50 BONEFTAEZITL., BRF
BICHIT2EE, VYV —REOFYEEER) RV, BELARY 7/ VEBEIL0~5wt%, =
BRICBETLEBICF vy U T —HARELTHBLIZEZRZMREIL LOL/min TH-7-, EREBOEHRN %
®2iRT,
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2 IRPEDAERE

AE L7ICRED T OERZR 3 ISR, RU 7
T/ VEBEOEREEDHICE- FRENDHEBNE
b L. 2FNRER TIHREREME & ITRIEN
STz, 2Wi%E AwWtHDIFE TlE, HHERE
DNZIWIZIAESLERLT B4 ICIZX D
Yo2—FEEHRERY 7/ VEEDEME LD
2”9, B 5 ICIHEE Lang X TFBRILIZRY 7
T/ VEEICRT IR MEERTEIE Lang X
IR MROBLERAOEAE T, BAEL L<—
Bl TNE VY BE Lang KICL D IR MED
HERBEN SV ENRENT,

Hry Z—F[um]
O FRLP NWDULIONO

o 1 2 3 4 5
R/ VRE[wt%]

K4 RYUT7x/YHKBRPOERLT
IR DYy R —FHEREE

BEREKHE%E 3.0 MHz & L TKkZFELLI-HE
THb, TA—Tyv 7EHOBEKELI= Y b IMU-30A01 Z AFL7DT,

FMEERAVTEREED B FETH S,

EBILEBDONER
30
25
20
s
95, 15
)
10
%
5
L AL
Ia e8RS E382887
e B m ™M - v O ™~ (-] : : £ 2 ~
I F 6 (Lm)

3ELAEBEDRY 7/ VvIKBRIZLD
IR M ROKESH

) &—F[um]

o 1 2 3 4 5 6
RITz/VRE[wt%]

5 {BIE Lang AhoB8HIN/ZRY 7«
J VKB RDLD IR MR

IZMEIE Lang XA S FRIEND I X MRIZ 45um
SHBIFLEYAINIX
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4 ¥ L

1.6 MHz TOBERBNICEY . BEO~10W%DORY 7=/ VKABREI A MULLEEBEDI X b
ROFEIEELIEE Lang RELE L1, ARYMEEBREGISHE LI XA MREEIEBIRL —
Bl BELang RICL D I X MNEHEERBELNTWZ D -7,
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BRROTANAMAFBEDOHAR

BRARER SRMEH CRNELH REER

1 ZC®IC

SRS RAMEHE, WMFEMEDT TREEME, EEEA LD TN, AT kU — T
JFax—ZREICFIHENTWS, BIEEHIN TOWAEFEERII e 721 MEEZ O
DH% <, BaTi0sR°Pb (Zr, Ti) 0, 3HIHATWS, LAl BaTiOgldF = UV —{EER 1 2 0°C LK
<. Pb (Zr,Ti) O, ITAEILE TH D& B LMBRN BT b, o F = U —RE O &R
BENRKDOENTWD, BR_0T 2D A MIBIEO 0 T A A Mg & B OJEH & B IR A
Higo e iEE2RD, B 7 20 4 MURGHEERIINe T A0 A MEAWITHA_F 2 U —IRE
DEVMEMIZ S D, ARBFSE T, EﬁND72ﬁ4bm%%@*@T%éND7Xﬁ4b277%
EAFFO LaTa0, 1245 H L7z, LaTaO, 1%, S—JRHEEFHRIC L 0 RERREFEAR TH 5 BaTi, (ZPLEL
#éa%%@%%o_kﬂﬁ%éhfwé#\ﬁ%%ﬁf%éﬁﬁ%ﬁ@ﬁﬁﬁ@%étbﬁ%@
PEDHEFN D T2\, & 2 C L ER DL E DO E B 2 IR AT 72 @I & B LB 5 LaTa0,
TEH Ly VORI A R A T

2 WEEM
AWFZETIIEIRN e 7 A A b LaTa0, (245 B L. Y7 AN & MRS 2 8832 L, LaTa0, —
VA XLy AERBROERL AR B,

3 WFIEAR

INETRETANA AT THEEEZRLRXA T AN NEOREEEO Z L7825 La,Ti,0, IZ8BW
T, SrTi0s(110) ZEM FICHERE S5 Z L T X F U v VIEABE LN D Z ERREEN TN D, £
ZC. LaTa0, % SrTi0,(110) bl FICHERS S W7z, 24 LaTa0, % % —75 > M LER X 72 5 THERE &
oo, WEIRERO Y —7 2R T 5 Z LN TERNpoTz, 406 X BREEI & 0 RO/ T
EAToTfER, La 3 Ta ICZHERRRB L TWA Z ERHLMNER ST, £Z2 T, La #@EIOX —4 > b
FERIL, =X X2 v LR L2 B 55 LaTa0, JEIEIC ) L7, X AR LD BRI RN TH 5
ZEBHALNE RS TND, EEBISEEBEZ AW TE LN EROEFEEBIR N A A BB LT,
N O B 38 S E T IR - CIEBIGE 2 MR T 5 2 E N TE T, £z, (AR L VRHEE R A A
COMEEH NI LT,

4 £ &

WLZEMTH D LaTad, Z X F ¥ LR SE L2 L TRE S, JEBICEBMBENE LV
RS R N A A 2 OREIE IOV TR L 72,
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BRE(CYATERFZEOEFEMEFME

HREUAFAFREFZHAER  ERE

1 i
A EAROREE N R IL, BEENOIEACKE I ZNMELICL > TAA v F VAR L2 b,
KERDHETANA ZA~DICHBHFF I N T2, <u T 2h 4 FREELY ABO; N, X, "G
BRTRE RNV V¥ v v T B O 72 25, MaFEMEZ R T trans BT = VA IX B 2RI HE
RECTHBDHE L v [D. Okaetal.,, ACSNano 11,3860 (2017).], Z D78, E\SJEMICHRZE 7% cis
T =A VES DOEEAYC BT 5 mAEBEEOERBLEEN T D, KA, cs BT =4 v EdH| DS
ferclmFEEEZEIT 2720077k e LT, BX NHARORIEEH 23R 5 ~n 7274 FULAEY)
(FAERTF<1) o NS CRIRAFER A4 70 v PSS [A. Benedek et al., J. Sol. Stat.
Chem. 195, 11 (2012).JiciEH L 72, &i, fFARFORL 2 ~v 7274  REEY) LaTiON
(LTON) & GdTiO:N (GTON) %> 5 72 5 N TS TR O GRS K L 72 2 & 26 Z OiEEE IO
fiffi % Bl A 72

2 WHEHT
ARG E FTRE R A R OB Z HiE L. ~v 727 4 P BEEY A TS - EE O MFENE 2T
RICEBMBTHE IC X VEHiis 2 2 L 2HIE L7z,

3 HFFERCR

BRI TR E AN AL —F = HEREE % T NdGaO; (001)
B AR E @8 TR =5 we o AT @K 7
(LTON)5/(GTON)s % & L 72 HARS 72845 1 S 4T % 7R 33 I
Pt & A HERE L. JTEEICEBEMSE (MFP-3D) M\ CHES X
DTN OEEISE G L 72, MR Tlit, FFL A TF
WRRATy 77 7 ZAMEDHETE 2 0D, EEICEITTHEIC
RLUCElEnWAad o7 (K1), Wi TEM I X 2 MRS
fili% A7 -7 & & 25, NdGaOs ¥t 2> 5 0 BXNEEDO RS LT 1 1 wpae by AT kaks -3
ZRICHES AV A FHFA Y OBMEARES M nm BELAME o (1) AFM & & (F) Lateral
BLCHELT 200 ICHEAEESHE L LRk E ik, PFMA&

4 FL®
AL 2 RECO N TS R I EE 2R I R 2 Ao Ic ko7, 58I, ke D%
TABEEGOUE R LI XY NHEREEOEIRIBAEZ X 2 & CHFAREORB2HA2 TETH 2,
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MFEZ7Iv I AMHLETD
BEEI 7 A2 —FERDBRICL ZRIFANE R ORA

RERFALGEEFRMAMFAER BEH S

1 I
e 2R, Bl CO BILRIGICH L CiioBeE ik 3 2tz R~ L. ZOEER e
F KT L GETESBERA e ORMThH L LEXLNTVWE, —FHT, @l THEITZ A XFE
M 7 il RE 2 L, it 3 2 & CfilitRE g B ici B3 5, 2 D72 KNI & it L 72
7 7 AR =% R L 72 B c R b 2 ST L, e — AR I 2 iE S L L 728 e BRI
FILREAL SOG % = 20 =81 BB T RE 7= il i D BHFE S HARE C & 2,
2 WHEH/M
AR Tl PFEARE OMRE LT OB FIRES 7 7 A 2 — OIGEHAHIEIEA & . e FEF
HEOROHE 1 7 I v 7 AMB A G b il 2 5T 5 2 & T, HiHmRRISFHEDEC %2 o
PR Z His 3, miEtEz2E 2 LT, v 7 31y 7 AR L CENFIRED 7 7 A X — 55 ORI TR
EETOVEYRD D, £ TETIE, REABIVEEFORE 1T 2 & T, HEEZRR L ool
FERBREL 87 7 A2 —HEEE O &R % A7,
3 WFFEAR
BRI HE vy 2-(Boc-aminoethane)thiolate (BaET) TR# X 1172 Auxn(BaET) s # &K L. ~u 7 =X
A A &R RO CaTiOs ICWGE X &, fli 4 ORECHEZET, 12 IR T 5 Z & Tl % &L 72,
55 N7 D IEBUI I A = 7 b % JE L. 2 nm A ED Au K 1-25R 3 RTERT 7 7 X € v 4t
I (LSPR) HiZROWIGHEEE % FEli 32 & CTHREEAZHERE L=, Z DR, 300°CLA L THER L 72
BRI iZ LSPR Bk O WRINGREE 25K & < B8 L Tz (Fig. la) o AflEZ TRy I AT A a =10
FALSOCZAT 9 & . BERk & [RIRRCRERCATIZIEME DS R o e ds o 7 23, 250°CLA L DR ChER T % 2 &
T L 72, 2 2T, BESEMZEZET, 275°C, 12 H—irf"i CHEE LT, 3 K CaTiOs,
SrTiOs, StMnOs % i3 2 & SITiO; #{H{k & L7z & & ickEiEE2RSE o7z (Fig. 1b) . 5% 1A
M f oA EA % XN e < kL
T DOV A4 X% IWAANIE L 72 &1 B Aug:(BaEt)/Support

W S = IS (Au 0.33 mol%) 0] 0 o

BB cHHii T 5 Z & ChERSME % @/‘OH NaOH (300 mol%) ©)LH + i 0’\©
sodfl L Brarit ss obith €7 Veatar mt) (j () P
2l 3 <l

Q; (1 atm), 30 °C.
OConversmn {%) b L1 oy,

WG T D RISF ORI % Hig 3, (@) Au<(BAET);5/CaTiO; (b)

4 F ¢ ® 0% i gwo ] 275°C, 12 h, vacuum
FA T — MR Aus 7 7R —% sciznee | 2 80 ]

AR & LCi o 21T o7, B —mTael 3 6

Hx b2 REMR L oOREFIRE 3 2 w0l

TEREMETu T 2H 4 K = gm.

ZILBT 5 b SITIO A RS ..~

N LTe. Stk ARSI o fod 40 600 80 1000 CaTiO; SITIO; STMnO;

Wavelength (nm)

fbeFrI 2720 —3 3 viiTu,
A CHEZED 2 TETH %,

Fig. 1. (a) Diffuse reflectance UV-vis spectra of the calcined
Auzs(BaET)1s/CaTiOs and (b) comparison of catalytic activity over

supported Auzs cluster catalysts in benzyl alcohol oxidation.
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FEALAIAS SRR, SRS A W T 2 1 F 4 v DAL FEREE R L IiciER 3 2 N v PR % U 7
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The Fourteenth International Conference on the Science

and Technology for Advanced Ceramics (STAC14)
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The 8" Joint Workshop on Building/Civil Engineering
between Tongji and Tokyo Tech
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The 25" Japan-Korea-Taiwan Joint Seminar on
Earthquake Engineering for Building Structures
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@ University of Wyoming David Mukai

"Strain-based performance evaluation of planar flexural reinforced concrete walls"  Rajbhandari, P. Yeow, TZ.
Mukai, D. Kono, S. ; Engineering Structures

"Interface Shear Capacity and Flexural Performance of Hybrid Beams" Singh R., Sato Y., Sasaki H., Mukai D., Kono
S. ; Engineering Structures

¢ AMKFE FH BEX

"Quadruple-well ferroelectricity and moderate switching barrier in defective wurtzite 0-Al12S3: a first-principles study"
Y. Shimomura, S. Ohno, K. Hayashi, H. Akamatsu ; npj Computational Materials

"Structural frustration effects by mixed alkali ions in ferroelectric Dion—Jacobson layered perovskites
(Cs,Rb)NdNb207," Z. Lu, S. Asaki, S. Yoshida, C. Moriyoshi, G. Hasegawa, K. Fujita, V. Gopalan, K. Hayashi. H.
Akamatsu ; Journal of Materials Chemistry C

"Suppression of Ferroelectric Transitions by Symmetry Trapping in Dion-Jacobson-Layered Perovskites
Cs(La,Nd)Nb207" Z. Lu, K. Nishioka, Y. Zhang, K. Fujita, K. Hayashi, H. Akamatsu ; Inorganic Chemistry

"First-principles Prediction of Ferroelectricity in Defective Wurtzite a-Ga2S3" Y. Shimomura, K. Hayashi, and H.
Akamatsu ; Japanese Journal of Applied Physics
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@Zfﬁlg%ﬁﬁﬁrﬁj & L7 ESR)  Jihwan Seo, AHZEME, HHEE—, IWHY ; AAREREZSRSFIN
TR

¢ BEESKE —H BF

"Preparation of Ce3+ doped ZnO nanoparticles via a wet chemical method and analysis of their local structure"
Hiroki Amano, Ryota Abe, Shotaro Watanabe, Yuu Kusumotoa and Yuko Ichiyanagi ; Physical Chemistry Chemical
Physics
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¢ ZPKRFE KIE &Hih

T i K AH 2 A7 4 2 Sl AR O SR R S o BELU S 69 D BUEARSTROBRES ) JF BNE, REEEIL ; AAREFR
RIS

¢ ETHPRMMARMAREKE RG B2

"Platinum Nanoparticle Electrocatalysts on lon-Beam-Irradiated Carbon Support: Oxygen Reduction Reaction
Performance and Mechanistic Studies" Tetsuya Yamaki (QST), Tetsuya Kimata (QST) ; The Fourteenth
International Conference on the Science and Technology for Advanced Ceramics (STAC14)

"Nanoparticle Catalysts for Fuel Cell Applications Prepared from Pt-lon-Implanted Glassy Carbon Substrates"
Tetsuya Kimata (QST), Sho Kato (UTokyo), Tomohiro Kobayashi (RIKEN), Shunya Yamamoto (QST), Tetsuya
Yamaki (QST), Takayuki Terai (UTokyo) ; 2024 MRS Fall Meeting & Exhibit
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& RRHIKRE R E—

"Cosolvent-free sol—gel synthesis of macroporous silica gels from tetramethoxysilane—tetracthoxysilane mixtures" H.
Koreeda, M. Ishijima, K. Kajihara ; Journal of Sol-Gel Science and Technology

¢ ZHEXRFE AL HE

" Observation of local atomic displacements intrinsic to the double zigzag chain structure of 1T-MTe2 (M =V, Nb,
Ta)" N.Katayama,Y. Matsuda, K. Kojima, S. Ishiwata, T. Hara, S. Kitou, N. Mitsuishi, H. Takahashi, K. Ishizaka,
and H. Sawa ; Physical Review B

"Zigzag chain order of LiVSe2 developing away from the vanadium trimer phase transition boundary" K. Kojima, N.
Katayama, K. Sugimoto, N. Hirao, Y. Ohta, and H. Sawa ; Physical Review B

"Metastable ordered states induced by low-temperature annealing of 3-Ag2/3V205" T. Kubo, K. Kojima, N.
Katayama, T. Runcevski, R. E. Dinnebier, A. S. Gibbs, M. Isobe, and H. Sawa ; Physical Review B

"Molecular Formation and Precursory Local Distortion in Layered LiVX2 (X =0, S, Se)" Naoyuki Katayama and
Keita Kojima ; Journal of the Physical Society of Japan

¢ EILKRE FTH G

"ynthesis of carbon nanowalls using plasma-irradiated solid carbon and absorption of Cs in water" Y. Fukada, Y.
Aoyagi, M. Yokoyama, Y. Horibe, J. Kano, M. Kaneda, T. Fujii, A. Yoshigoe, M. Kobata, T. Fukuda, K. Yoshii, N.
Ikeda ; Journal of Electronic Materials

"Influence of Pt-loading on the energy band gap and gas sensing of titanium perovskite" Z. P. Tshabalala, J. Kano, H.
C. Swart, D. E. Motaung ; Physica B: Condensed Matter
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¢ RILXF #k f#—

"Site-Selective Substitution Strategy in Lithium-Ion Battery Cathode Epitaxial Thin Film Platform via Introduction of
Compositionally-Graded Structure " Kenichi Kaminaga, Kanta Suzuki, Daigo Nanasawa, Shintaro Yasui, Shingo
Maruyama, Yuji Matsumoto ; 17th International Symposium on Functionally Graded Materials (ISFGM 2024)

¢ KRAIKE HER X

"Dual role of longitudinal optical phonons for generation of coherent oscillations in gallium arsenide under optical
pumping" Itsuki Takagi, Yuma Konno, Yosuke Kayanuma , and Kazutaka G Nakamura ; Physical Review B 110,
024314 (2024)

¢ FlXFE BFR E

"Oxygen Defect Engineering of Hexagonal Perovskite Oxides to Boost Catalytic Performance for Aerobic Oxidation of
Sulfides to Sulfones" K. Wachi, M. Makizawa, T. Aihara, S. Kiyohara, Y. Kumagai, K. Kamata ; Advanced
Functional Materials

"Copper phosphate nanostructures as catalysts for the direct methane oxidation" A. Matsuda, T. Aihara, S. Kiyohara,
Y. Kumagai, M. Hara, and K. Kamata ; ACS Applied Nano Materials

¢ LEXF FEH #X

"Spin splitting in the surface electronic structure of antiferromagnet NdBi" Rikako Yamamoto, Takeru Motoyama,
Takuma Iwata, Towa Kosa, Yukimi Nishioka, Kazumasa Ideura, Masashi Arita, Koji Miyamoto, Taichi Okuda, Akio
Kimura, Takemi Yamada, Yuki Yanagi, Takahiro Onimaru, and Kenta Kuroda ; Physical Review Research

* BRER? Tk =

"Enhancement of n-type electronic conductivity in
bismuth iron borate glasses by fluorine addition" Kazuki Mitsui, Riko Matsumoto, Masami Mori, Zhongxu Hu,
Takayoshi Katase, Hidenori Hiramatsu, and Akira Saitoh ; Journal of Applied Physics
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¢ KRKXZE #HE =

"Negative Differential Resistance in Single-Molecule Junctions Based on Heteroepitaxial Spherical Au/Pt Nanogap
Electrodes" Dongbao Yin, Miku Furushima, Eiji Tsuchihata, Seiichiro Izawa, Tomoya Ono, Ryo Shintani, Yutaka
Majima ; Advanced Electronic Materials

® RRKRE AF E
"Spatial and temporal variations in noble gas isotopic compositions of fumaroles and hot/cold spring gases at Kusatsu-

Shirane volcano" Hirochika Sumino ; Ohba T and Terada A. (Eds.), Kusatsu-Shirane volcano (Active Volcanoes of
the World (IAVCEI)), Springer
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¢ IHKFE BHF KRB

"Low-temperature heat-capacities of corundum-type structured (Fe203)1-x(AI1203)x solid solutions with x=0.25, 0.50
and 0.75" D. Luo, T. Yabutsuka, T. Yao, S. Kitani, H. Kawaji, S. Takai ; Journal of Thermal Analysis and
Calorimetry

¢ ZHEXRFE M KA

"Composition evolution of crystal structure and negative thermal expansion in pyro-vanadate-phosphate
Cul.8Zn0.2V2—xPx0O7" M. Kawakita, F. Ikawa, K. Yagi, M. Kano, T. Kubo, Y. Yokoyama, N. Katayama, Y.
Okamoto, D. Hirai, and K. Takenaka ; Applied Physics Letters

"Giant Negative Thermal Expansion Materials: Progress of Research and Future Prospects" K. Takenaka ; Materials
Transactions

"Fabrication of metal matrix composites with negative thermal expansion zinc pyrophosphate filler" R. Kasugai, K.
Takano, D. Hirai, and K. Takenaka ; Applied Physics Letters

¢ ZHEKRFE A0 #HE

"Antiferroelectricity of titanite-type oxide SrTiGeOS5 and its potential for power electronics applications" T. Uohashi,
T. Kuwano, M. Hagiwara, K. Natori, K. Deguchi, and H. Taniguchi ; Applied Physics Letters

"Unconventional Polarization Response in Titanite-Type Oxides due to Hashed Antiferroelectric Domains" H.
Taniguchi, T. Watanabe, T. Kuwano, A. Nakano, Y. Sato, M. Hagiwara, H. Yokota, and K. Deguchi ; ACS Nano
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