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Message from Director

We create new materials with innovative physical properties and functionalities by the hybridization of a wide range of
materials, on the basis of inorganic materials consisting of various elements. We do not only find new scientific principles
for the materials, but also contribute to human and society by the materials and knowledges. This is a mission for our
Laboratory for Materials and Structures (MSL); we have been esteeming dialog with human and society as well as dialog
with god.

We also have another important mission. As a joint usage/research center for advanced inorganic materials, a hub of
materials science and architecture, we have been supporting global researchers in the fields, creating new values from
nm-scale devices to km-scale architectures. The joint usage/research center provides the newest results based on our
unique apparatuses to them and gathers their and our knowledges, resulting in new values to contribute to human and so-
ciety.

The predecessor of MSL was Materials and Structures Laboratory (1996-2015) that was the successor of Research Lab-
oratory of Engineering Materials (RLEM), which was established in 1958 by merging two laboratories; Research Labora-
tory of Building Materials (1923) and Research Laboratory of Ceramic Industry. While we have made our efforts to bring
breakthroughs in materials science and technology through such changes, it has inherited our split to esteem dialog with

god, human and society.
We are making our best efforts to achieve innovation in this field. We appreciate your continued support for our re-

search activities.

May, 2023

Director Michikazu Hara
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March, 1934 The Laboratory for Building Materials was established as an affiliated
laboratory of the Tokyo Institute of Technology.

rnl8s1r FEMEMBALLT "ESLHER, HERE

January, 1943 The Laboratory of Ceramics was established as an affiliated
laboratory of the Tokyo Institute of Technology.

mu3353n BEMNHRARCELAER%
March, 1958 E{&HE LT "TEMEATER HRE
The Research Laboratory of Building Materials and the

Research Laboratory of Ceramic Industry were integrated into
the Research Laboratory of Engineering Materials (RLEM).

82D IZHPHAEFIFLELRANRRD
May, 1996 TSE€S5 3y 2 AL, A8

The RLEM was reorganized to the Materials and Structures
Laboratory(MSL), a national collaborative research laboratory.

18 5br THERF2TIFUTLEYS—, BE (FEE10%E)

April. 2006 The Center for Materials Design, affiliated with the MSL, was reorganized
into the Secure Materials Center (SMC) (10- year limit)

v 22#4n HEAE - HAFRLREHERTRFRLRICRE
April, 2010 The MSL was certified as a joint usage research center for
Advanced Inorganic Materials.

v 285bs BEESIvIRMEFRS TR EHARTERE
April, 2016 Z7AY T+ 7 AR (CSHE

The MSL was reorganized as the Institute of Innovative Research,
Laboratory for Materials and Structures.




Organization
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Division of Structural Engineering
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Safety-Management Support Staffs
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Office for Collaborative Research Projects
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Synthesis Process

Laboratory for Materials and Structures (MSL) aims to
create innovative materials with conspicuous properties and
functions via interdisciplinary materials science and inorganic
materials, metals, and organic materials.

The ultimate goals of MSL include the following: a)
development of innovative materials based on novel concepts,
b) design of innovative materials in pursuit of original
guiding principles based on underlying theories in materials
science and different scientific fields, and ¢) contributions
to the solution of social problems, including safety and
environmental problems, through the application of innovative

structures and materials.

iﬁﬁﬁﬁ%

Exploration of frontier research
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Material design
/Computational material

BRI L

Resource production/Catalyst

RABMALSEFHBONE

Creatlono innovative materials through interdisciplinary collaboration

Specific environmental tolerance

IRLF—

Energy

R
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TFTIRAZA-IL2FO=SR

Device/Electronics

AFFZERT TUd. [REMERMEE . [H R %
SRR, (LA REID P AR, [ 8 # BE R 5T s
DAWFZEREIRC & A A C L VR EEL TV
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MSL is developing interdisciplinary researches based on
four divisions: Division of Unexplored Materials Exploitation,
Division of Materials Design, Division of Materials

Integration, and Division of Structural Engineering.

RS R R RS

Division of Unexplored
Materials Exploitation

Division of Materials 7RI Division of Materials
Design Integration

Laboratory for Materials
and Structures

SR RE R BT R

Division of Structural
Engineering
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2022 EFIREBANR (BE5H1034. BEWERFARRLIGEEZET)
The number of CRP 2022

MSL has been designated as the Joint Usage / Research
Center for Advanced Inorganic Materials by the Japanese
Ministry of Education, Culture, Sports, Science and
Technology (MEXT) since 2010. The Collaborative Research
Projects (hereafter, “CRP”) of MSL include the five different
types of research and workshop.

- International CRP: Research projects conducted by

a team consisting of MSL faculties and researchers of
foreign organizations using facilities, equipment, data,
etc., available at MSL.

- General CRP : Research projects conducted by a team of

MSL faculties and researchers of other organizaitons.

- Topic-Specified CRP: Research projects on specified

topics coordinated by MSL faculties.

- International Workshop

- Workshop

30 31

24
o 21 23
17 18

13 13

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

ERHERFAME RIREK
The number of International CRP

1
BIUTREAZANAEHEE Corporation
Institute/Laboratory 18N EzmpsR/BERr
14N (= National Institute
e of Technology
International — 5A
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B
International
35A
BEF395A KEHE
(WSA#Z&7) |Faculty member
3 21T
Students
103N

2022 FEHRMAMRREHAR (B5395A) WSAHEEXT)
The number of CRP 2022 Researchers
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Division of Unexplored Materials Exploitation
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The Division of Unexplored Materials Exploitation aims
to create a series of materials with unexplored functions/
phenomena and their novel guiding principles based on
underlying theories in materials science and different
scientific fields.

Truly novel materials are created, such as electrical
conductors, ion conductors, ferroelectric materials, magnetic
materials, fluorescent materials, and catalysts for elucidation
of mechanisms.

Elucidation of mechanisms for novel physical phenomena
is based on nano-structured magnetic materials and the
exploitation of novel functions via their atomic-scale
junctions.

The realization of new functionalities occurs not by using
noble elements but by using ubiquitous elements—i.e.,
“ubiquitous element strategy.”

The exploitation of materials with novel photonic,
electrical, magnetic, and chemical functions is caused by

unique crystal structures.

single-anion IR laser
Nd:YAG _MgO (001) sub.
laser .~ Ts =900 C
(A=532n
“SmFeAsO film

PV_,..SmFeASO

topochemical polycrystal

a8 28990
"R R E T

hinme ¢« «# « # « #
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Division of Materials Design

MRS RERRTER Tk, THEEHED v 2 2FED 2 L The Division of Materials Design aims to predict, design,
FRERED T T a—F T { . EEE L PR - 2HE - and develop materials with novel functions through non-
e o traditional approaches and elucidate mechanisms using high-
EREA 2 BT 3 2 L THEO BRI L it P e
level calculations, analyses, and syntheses.
HEx LT ZEN6DXAF I 7 AEPE»ICL, Fii: - Materials design based on a combination of materials theory,
RHEE R OB BAECERE - THI - BT AL calculations, and informatics, which is known as “Materials
E HBCIR 2T TUE T Informatics. 4 |
- Design and development of novel functional materials
based on advanced structure analyses including ultra high-
PG - BHREEBNY - HEWEY -7V T XL v 7 speed time-resolved measurements, high-precision thermal
=T 4 7 A= 2HOCT, MEMERE 2 %3 - FHI measurements, and spectroscopic measurements.
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Division of Materials Integration
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The Division of Materials Integration aims to develop
novel materials with superior functions via interdisciplinary
materials science methods based on versatile inorganic,
metal, and organic materials.

Devices are developed based on novel materials and
processes, including oxide electronics, nanoelectronics, and
liquid crystal devices.

Superior structural materials that are resistant to harsh
environments are developed. These include shape memory,
superelastic, thermal resistant, corrosion resistant, and
abrasion resistant materials. Their basis includes inorganic,
metal, organic, and polymer materials, and/or their
combinations.

Novel energy materials that are developed are based on
solar cells, rechargeable batteries, low-power semiconductors,
and electrodes with low overpotential.

Novel spintronic devices have their basis in solid-
state physics; applications include electronic, optical, and
medicinal system technologies.

Ultimate design systems are established and crucial
material functions are investigated for advanced mechanical
motion systems.

Innovative resource production is based on highly

functional catalyst materials.
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Division of Structural Engineering
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Evaluation of reinforced concrete walls under simulated seismic
loading . The data will be used for numerical modeling.

This division is specialized in earthquake, wind, and
fire resistant engineering for structures of buildings and
other constructions. The researchers perform extensive
experimental and analytical studies addressing a wide range
of subjects including material properties, members’ behavior,
and structural performance. We deal with various materials
(concrete, steel, timber, etc) and systems (isolation, damping,
etc) to study the basic material properties, develop new
structural materials, apply theory to practical design. One of
our interesting scheme and strength is the ability to verify
theories with experimental procedures. The research results
will be applied to seismic evaluation and retrofit of existing
buildings, develop new seismic strength methods and resilient

structural systems and materials for new buildings.

The topics of main interest are as follows:

- Mechanical characteristics of steel, concrete, and all other
materials used in structures and protective systems to resist
earthquakes, winds, and fire.

- Behavior of structural members such as beams, columns,
walls, and braces, as well as protective devices including
dampers and isolators.

- Performance of structures against strong and/or long duration
vibrations caused by earthquakes and winds, as well as

strength loss caused by fire.

BYOWERZE LAY ZEHORERT (IE. EFN)
Numerical response analysis of uplift behavior of buildings (Ele-
vation, deformed shape)
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(a) Thermal image of a full-scale damper during long-duration loading test.
(b) Temperature distribution obtained from 3D finite element analysis.
(c) Damper properties obtained from 3D-FE analysis vs. test.

ERMBES VN —RBRESIaL—>ay (A BR EE)
Full-scale viscoelastic damper experiment and simulation (stiff-
ness, damping, temperature)
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° R - IUAHRE Azuma & Yamamoto Laboratory

B R IEH

Prof. Masaki AZUMA
EE{bE. EFE,
mRRE

Solid State Chemistry,
Solid State Physics,
Materials Science

R O ILFEX
Assoc. Prof. Takafumi YAMAMOTO

Ef(bF. E&EmE,
e A

Solid State Chemis-
try,Solid State Phys-
ics,Inorganic Chemistry

O | o
° RSB BRI E http://www.msl.titech.ac.jp/~azumalab/ '

B EWE
Assist. Prof. Kei SHIGEMATSU

ElF{b2, EEEER

Solid State Chemistry,
Thin Film Growth
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Division of Unexplored Materials Exploitation

Environmentally compatible functional oxide materials

https://www.msl.titech.ac.jp/~azumalab/

Magnetization reversal by electric field in multiferroic materials
Negative thermal expansion materials

Designing novel functional mixed-anion materials

Transition metal oxides exhibit various useful functions such as magnetism, ferroelectricity and superconductivity. We
realize new functional ceramics as shown in the figures below by means of state-of-art synthesis techniques like
high-pressure synthesis used for diamond synthesis, thin-film fabrication by laser ablating and topochemical reactions.

We detect the tiny structural change accompanied with the occurrence of functions by using synchrotron X-ray and neu-

tron beams. Such obtained information is applied to the design and the synthesis of further new materials.

Negative Thermal Expansion Materials

eThey enable to suppress thermal expansion phenomena which is a problem
on precise positioning in nanotechnology.

eWe develop new materials exhibiting negative thermal expansion accompa-

nied with charge-transfer or ferroelectric transition.

-.-

Th AT A AT
padie g b gy §.¢

Supra Ceramics

eWe explore novel oxide-based mixed-anion compounds and organic-inor-
ganic hybrid compounds in order to realize superior functionalities to con-
ventional ceramics.

eWe create new functional materials by utilizing “hard” reaction such as
high-pressure synthesis and/or “soft” reaction such as topochemical reac-

tion.

Ferroelectric
domain

Magnetic
domain

"

polarization =
switching

Ferroelectric Ferromagnetism

oThey exhibits combined nature of magnet and capacitor.

*We achieved magnetization reversal by only electric field, not by electric
current where power lose is inevitable. We aim to develop a magnetic

memory of ultra-low power consumption.

Mechanism of Inorganic Reactions

o We carry out state-of-the-art synchrotron X-ray techniques, including high-
speed time-resolved XRD and high-pressure and high-temperature XRD
measurements. The results will provide opportunities for gaining a better

understanding and optimizing reactions in solid-state compounds.
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Division of Unexplored Materials Exploitation

Creation of novel functional materials from ubiquitous
elements and inorganic materials

https://www.msl.titech.ac.jp/~hiramatsu/index.html

Creation of new materials based on original design concepts
Origin and enhancement of T in Fe-based superconductors
Materials design and exploration of functional semiconductors

Detection and determination of role of hydrogen in solids

Our research target is to create new materials

. . . . o \i b S S =
that drastically improve our society and/or trig- Antbonding r Pl {—m
, i o i) 5mm
. . . .| - =0 —
ger a hot trend in worldwide research. 3 | cameh - i
& - i
;w EE) 1% s
Phaton srergy {oV]
Materials design of new light-emitting semiconductors
eChemical design based on original concepts
o Validation from first-principles calculation & experiments
IR laser Hydrogen dODiﬂg Step 2
MgO (001)sub. |Step 1 Anneanrg(sm"c 24 h)

Teub. = 900°C PRRES

SmFeAsO film Silica glass ‘(".5

tube
#1 '

SERNED) SmFeAsO film 5*

NaCl (90wt%)
N + ZrO, (10wt%)

et MgO (00T)sub.  Vacuum sealed l Graphite
O:FcuszCuraa =1000 Caz - oo +ZZI1.M’1 L i ...@'[
Te=48K o e
Novel n|tr|de semiconductors for photovoltaic applications
eExploration using materials informatics
eHigh-pressure synthesis (Collaboration with Oba Lab.)
L.
(K)
H-doped Fe-based high-T7; superconductor epitaxial films Toashoc chunber. Spulleig imatora  Gate valves
asp

eUnique H-doping method
eDetermination of H sites by STEM

Tc=35K

_ 4xTc of bulk FeSe
Pt wire Gale  |onic liquid (Te=8K)

oLt . ; _ y
0 10 20 30 4050 60 Sample stage
T(K)

STOIOOT] FeSe channel

Highly hydrogen sensitive TDS
Field-induced high-T¢ superconductivity using EDLT structure eDevelopment of analysis instrument with the highest H-detectable sensitiv-
eExtremely high-density carrier-doping with ionic liquid ity (Patent submitted)

o/ times higher T'; than that of the bulk e[xamination of role of H in solids
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Division of Unexplored Materials Exploitation

Development of electronic and energy materials

http://shintaroyasui.com/

Development of novel ferroelectric/multiferroic materials
Development of novel energy materials
Modeling of interfacial science by thin film technology

The characteristics of functional materials such as electronic materials and energy materials are generally depended
on the crystal and electronic structure. We are developing novel materials that are widely used in our life, aiming for a
more abundant, comfortable and environmentally friendly life.

BaTiO;dots

o

Bare Planar BTO Dot BTO

Modeled structures of LiCoO, cathode system in Li-ion battery

- | Bare
Three cathodes were fabricated: a standard bare one (left), one coated with a layer of Ba-
TiO; (middle), and one coated with several BaTiO, nanodots (right). The one with the nano- At low C-rate Li* At ultra high C-rateq_
= - ol
dots exhibited greatly enhanced performance. . . . AT

Li pa

Nowadays, modern advances in electrical devices and

]
]
]
1
]
1
)
)
1
1
:
1
vehicles have created the need for even better batteries i
I
]

in terms of stability, rechargeability, and charging speeds.

While Liion batteries (LIBs) have proven to be very use- Dot BTO
At low C-rate

At ultra high C-rate

i
U

ful, it is not possible to charge them quickly enough with
high currents without running into problems such as sud- © L 2P
den decreases in cyclability and output capacity owing to
their intrinsic high resistance and unwanted side reac-

1
1
]
1
1
1
1
1
1
1
1
1
1]
tions. The formation of a solid electrolyte interface is )
1
1

concentration

greatly suppressed near the triple interface(LiCoQ,-Ba-

TiO;-electrolyte), which would otherwise result in poor Effect of BaTiO; nanodots
chargeabi]ity and Cyclablhty This result realizes to very The BaTiO; nanodots concentrate electric current in a ring around them

and create paths through which Li ions can pass, even at really high
quick rechargeable and also very tough cycle battery. charge/ discharge rates.
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Computational materials science,
Materials informatics

https://www.cms-mi.msl.titech.ac.jp/
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Division of Materials Design

Computational Materials Design

Design and exploration of electronic materials

https://www.cms-mi.msl.titech.ac.jp/

Computational materials science and materials informatics

It is now feasible to predict a variety of structures
and functionalities of materials using computer sim-
ulations at the practical level of accuracy required
for detailed understanding and elaborate design of
materials, thanks to the recent development of rele-
vant theory and methodologies along with computer
performance. Our aim is to design and explore nov-
el inorganic materials, particularly semiconductors
and dielectrics, using approaches based on compu-

tational and data science.

Target properties |

Materials exploration by high-throughput

computational screening

ePrediction of material properties and stability using first-principles calcu-
lations and machine-learned prediction models

eldentification of promising materials in terms of target properties and sta-
bility by high-throughput computational screening

Development of computational methods for materials
exploration
eHigh-throughput first-principles calculations

eMachine learning of calculation data

Successful example of computational materials explo-
ration: Discovery of a novel nitride semiconductor
ePrediction of CaZn,N, with a band structure suited for red light emission

eExperimental verification of the predicted crystal structure and optical
properties (Hosono-Hiramatsu group)

Hinuma et al., Nat. Commun. 7, 11962 (2016).
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Division of Materials Design

Elucidation of Phase Transition and Function of Materials

https://www.msl.titech.ac.jp/~kawaji/

Elucidation of giant particle size effect and its control and utilization

Phase transition properties of molecules absorbed in Metal-Organic Frameworks

Development of thermal conductivity switching materials

We aim to create novel functional materials by understanding the properties of various functional materials and by

clarifying the details of the atomic/molecular motion of substances and the correlation between structure and physical

properties by utilizing thermal measurement techniques. Our research method are focused on calorimetric measurements

such as heat capacity measurements with the world’s highest precision adiabatic calorimeter and other thermal property

measurements such as thermal expansion measurements, besides dielectric constant, magnetic susceptibility, and X-ray/

neutron scattering experiments, etc.

The strong point of our lab is that various
thermal measurements can be carried out
according to the purpose. For example, the
heat capacity can be measured by the world's
highest precision adiabatic calorimeter, a
Quantum Design PPMS relaxation calorime-
ter for the low-mass sample (~10 mg), and a
home-made calorimeter under a ultralow
temperature and strong magnetic field envi-

ronment using a dilution refrigerator. We also

conduct and develop other thermal measure-
ment system, such as the ultrahigh precision Adiabatic calorimeter
thermal expansion measurement device,

thermal conductivity measurement system.

Phase transition properties of molecules absorbed in

Metal-Organic Frameworks (MOF)

*The molecules absorbed in the MOF exhibit a phase transition behavior
which is significantly different from the bulk.

eEvolve the elucidation of the absorption mechanism of various gases in

the storage at low temperature.
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Mechanism elucidation of giant particle size effect and

its control and utilization

*We have discovered the giant particle size effect that appears with millime-
ter scale.

eProvide the new way for controlling the ferroelectricity by using the size ef-

fect.
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Development of thermal conductivity switching materi-

als utilizing metal-to-insulator transition (MIT)

oWe have found the material with the highest thermal conductivity change
among MIT materials.

e Aim for the application as the thermal conductivity switching material that

dynamically functions against temperature change

Insulator

low x
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Division of Materials Design

Seeking for Electronic Super-functions in Solids
— from Topological Insulators to Exotic Superconductors —

https://www.msl.titech.ac.jp/~sasagawa/

Computational Materials Explorations

Growth of High-quality Crystals

Physical Property Measurements under Extreme Conditions
Direct Observation of Electronic States

VS, 1 o Tt e i '
g Science of 2.5 Dimensional Materials

Paradigm Shift of Materials Science Toward Future Social Innovation

25D Matetials

"van der Waals junctions"
Precise arrangement toward functionality
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Division of Materials Design

Quantum Coherence in Solid Materials

Coherent control of electron-phonon coupled state
THz quantum memory using optical phonons
Ulirafast dynamics in solid materials

Quantum-classical boundary and decoherence

Our objective is to measure and control of quantum co-
herence in bulk solid materials using ultrashort laser puls-
es. The coherence ia a key issue for future quantum devic-
es and quantum technologies and is easily lost in bulk
materials. We are studying how long the quantum coher-
ence is kept in solids using phase-locked femtosecond op-

tical pulses via an interference technique.
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THz quantum memory using optical phonons in dia-
mond

eMeasuring coherent optical phonons with 40 THz

eWrite and read of phonon quantum state

*Coherent control of phonon amplitudes by optical pulses

http://www.knlab.msl.titech.ac.jp

Femtosecond time-domain interference mea-
suremet system
*Generation of phase-locked femtosecond pulses

eFemtosecond time-domain spectroscopy

pump-pump delay t,, (f)

pump-probe delay t,; (ps)

Interferometric time resolved transient reflectivity
measurement of semiconductors

eCoherent control of electron-phonon coupled states in GaAs single crystal
eEstablishing quantum theory for coherent control of coherent optical pho-

nons
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A TH#EZZE Matsushita Laboratory

BEEBIR T #—8p

x Sp. Appointed Assoc. Prof.
Yu-ichiro MATSUSHITA

EF7LI) LR, YEER
Development of quantum algo-

rithms, Theoretical condensed mat-
ter physics

EFEEELGUY) R FTERIEE https://www.msl.titech.ac.jp/~matsushita/
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Division of Materials Design

Materials Science at the Cutting Edge

with Quantum Computers

https://www.msl.titech.ac.jp/~matsushita/

* Quantum-algorithm developments and their applications to materials science

* Materials design using advanced computers, quantum-classical hybrid computers

* Development of materials-simulation methodologies incorporating electron correlations

Recently, news of quantum supremacy from Google
spread throughout the world. In our group, we explore novel
materials science using quantum computers. We develop
quantum algorithms and methodologies for materials design
by making full use of new computers that combines a quan-
tum computer and a supercomputer. By understanding the
computers from the principles, we realize quantum algo-
rithms to fully derive the great potential of quantum com-
puters. We aim at key technologies of great impact on the

whole society.

~60g 2 4 6 8§ 10
Imaginary Time

Algorithm development for NISQ (Noisy- Intermedi-
ate-Scale Quantum) devices and its applications

e Achieve an algorithm development for machine learning on NISQ devices
e Achieve a substantial reduction in gate depth compared with conventional

methods

DRIKEN

Advanced computational platform for novel materials
science
*By using quantum and classical hybrid computers, we aim at materials de-

sign combining huge data and highly accurate materials simulations.

! NG
qh = 0) —[H] {H} o APt
ol = 0) {HE— . < +—HH-= for N, =5000
. -~ 3r
Fo : oo NFCIstat
=, for N, =40000)
— =
i 1
~4 o s
L hd
0 10 20 30 40 50
I}  (eV)

Applications to correlated electron systems based on a

quantum-computer simulation

eAchieve quantum circuits for the Green's function and linear-response
functions calculations

ePractical applications to correlated electron systems and successful calcu-

lations of optical absorption
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fEEMRZE Inamura Laboratory

BiI® TRE Bt
Prof. Tomonari INAMURA
EREYE. BIE - BEeaR

Physical Metallurgy, Structural and
Functional Materials

B wEBSE
Assist. Prof. Yuri SHINOHARA
SREYE. BEEMRL. KETR

Physical Metallurgy, Functional Ma-
terials, Steels

MEBRORMTHRREZFIET S

http://www.mrst.first.iir.titech.
ac.jp/inamura_tit/
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Division of Materials Integration

Research on the basic principles of microstructure and
discovering new approach for material design

Research interest

http://www.mrst.first.iir.titech.ac.jp/inamura_tit/

The main focus areas of our research group are (1) microstructure of diffusionless transformation, (2) kink deforma-

tion in layered material, (3) shape memory alloys, and (4) steels.

Research Topics

Long-life shape memory alloys(SMAs)

Martensite microstructure analysis based on crystallographic theory

Parent |§ Kinematic Compatibility (KC)

” (3 —
- -
T
@
g. Additional
2 ) rotation Q
a @coolin
= y o Additional rotation Q
(<D generator of additional strain energy or lattice defects at the JP
[}
® 2 Martensite KC condition
®
= seif-accommodation structure QG-F=a®n Rotation angle o
2 ¥ Deformation gradient = indicator of incompatibility
2, . Shape change diecions of the domains
=) HPVj &' Nomal directon of the JP |
S|
2
=
2
@) stress-loading

Variant reorientation

In-situ observation of
HPV cluster formation process
(ex: | cluster)

Observed type of formation process
and fraction formed

’ | |
L= 7 4
| Formation and growth ~ Formation of 21 plate from

from JP corner o side of 1% plate
branching, 75%)

—

(paired nucleation, 4

@ Increasing in length of HPV
2) Increasing in thickness of HPV

n of wo plates

A considerable majority of | clusters form by paired nucleation or branching

Analysis of variant-pairing tendencies (steel)
Microstructure analysis of martensite with characteristic morpholo-
gles

The variant pairing tendency

depends on their characteristic
morphologies.

Lenticular martensite in steel

Theory Experiment
Variant pair morphologies i
obtained from the KC condition

Variant pairs with small &

6=001° V17 0=055°  yg
P P o )
v1
(011) v1 (3,14,14) Formation frequency
0=4.95° JP & vINVI7
(100) S,
1 VINIE
V16 215%  VING
% 31.1%

Variant pairs with small ¢ are observed frequently in the actual microstructure

Effect of lattice invariant deformation Double shear theory
on degree of incompatibility & L= Hgi(dt®pi)
10 Thin-plate, lenticular Uy, =RBL,L;
T 970
84 Ljithshear Uy, : deformation gradient of Vi variant
~ o % VINVZ | I :identity matrix d; © shearing direction
- e P b, ¢ shearing plane g; : shearing magnitude
4 N Lath ¥ 4 R :rigidrotation B Bain deformation
N 97009 s
o e
=~ P
Viviz el e Introduction of second shear
0 0.05 0.10 015/ @for V1/V2 pair (lath) |

Second shear g, ofor VLIV pair (thin-plate and lenticular) T

Kinematical theory of kink microstructure (Mg-Zn-Y alloys)

Kink microstructure | conpression
<= Contribute to the excellent
mechanical properties. Negative

— Disclinations are formed
in the kink band connections.

Wedge disclinations

Positive

Kink band Ortho kink Ridge kink Disclination strength
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HHEMRE Kamata Laboratory

BiR HEET

Prof. Keigo KAMATA

LR, ERASBLE. YELE
Catalytic chemistry,

inoganic synthetic chemistry,
physical chemistry

Bh# HEER

Assist. Prof. Takeshi AIHARA
AR L Z

Catalytic chemistry

aRitEZER L L-FLVLEGMERIZORA https://www.msl.titech.ac.jp/~kamata/
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Division of Materials Integration

Development of new solid catalyst science based on
synthetic chemistry

https://www.msl.titech.ac.jp/~kamata/en/index.html

* Development of new nanostructure control methods
+ Creation of new oxidation catalysts using molecular oxygen
- High functionalization of multicomponent solid catalysts

Based on our original inorganic synthesis methods, Kamata group are challenging the science of new solid catalysts
based on crystalline metal oxides. In particular, we aim to develop catalyst technology to produce useful chemicals
(monomers, fuels, etc.) from various natural carbon resources such as natural gas and biomass with low energy and CO2

emissions, in sharp contrast to the current chemical processes which are mainly dependent on fossil resources such as

petroleum. Our ongoing projects are as follows.

Amino acid-aided method Crystallization of precursor

Nanostructure control methods
ABO;, mesoporous MnO,

Nanopartlcle ] Nanood Nanosheet |

PP~ Diverse catalytic application

Aerobic oxidation One-pot svnthOeS|s o Biomass conversion
— (0] Ss7
C-H C-OH ArTSH - 22 A S SNH, Ho o 2~ Diacid
) = N NH, —c= J NHyH,
2, C=0 Ar” "OH Ar C=N O acono Diamine

c=c — 75

_S. S T Acetal

R" R R/S\R ‘o ® ?

CH,_conversion ® P Electrocatalysis
~__-C,H, ° g aﬁ»o”%"‘ ‘ 2H*+2e" — H,

CH, O ABO,  B-MnO, Mpo4 7 2H,0 - O, + 4H+4e
HCHO
Creation of new oxidation catalysts Multicomponent solid catalysts
CHs
z LN c=0
0T H T
< P-Mn0. (o] N .
e i O(H) € o*
e 03 M"O O\ée/0~p’\
v-MnO; " o(/)/ \0\0 d o O—Mg—O—Mn—O
Oxygenvacancyformation | ceP04 | | MgGMnOS |

Lewis acid + weak base strong base + redox
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B1R - Chang ffi%€Z Sone-Chang Laboratory

| g BIREA

Prof. Masato SONE
RAIAFITFNAZR,
EEETT N ZRL, HRINT - 08
Micro / Nanodevice, Bio-Medical
Engineering Device Materials, Ma-
terial Processing / Treatment

HHI CHANG, Tso-Fu Mark

Assoc. Prof. CHANG, Tso-Fu Mark

BERE7OEZX, Ho&70€R, F/ 708X,
E& - B, EEaE

Thin film process, Plating process, Nano pro-

A | cess, Crystal / Microstructure control, Electro-
catalysis

ERT /N AMB0FEE & OB e ST http://www.ames.pi.titech.ac.jp/index.html
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Division of Materials Integration

¥ RE ST : BERR BEX HEMH KRBl (GRHE)
Assis Prof. Tomoyuki KU- Sp.Appointed Prof. Sp. Appointed Assist. Prof.
RIOKA Satoshi OKAMOTO CHEN, Chun-Yi
BRLF. 8aFLF EaFRE, BRmI. fhIRIES. ARSR(EE
I Wy T4 ALh - Ay

Electrochemistry, Poly- MR, t¥I% Catalytic Chemistry, Syn-
mer Chemistry A Polymer Science ,Mold Fab- thetic Organic Chemistry

’ rication,Material Engineer-

ing,Chemical Engineering

Design & Evaluation of Materials for Medical Device

http://www.ames.pi.titech.ac.jp/index.html

Noble Metallic Materials for Non-Invasive High-Sensitive Medical Device
Hybridized Fiber with Noble Metal & Ceramics for Wearable Sensor
Single Noble Metallic Atom Deposition for High-Sensitive Sensor

We have developed metallic materials with enhanced properties 1.6

. . . . . . . 110%x10x20pm? AuC
including biocompatible, anti-corrosion, mechanical strength and ] ! e

toughness toward next medical devices and the evaluation methodolo-

gy. We now focus the development and characterization of (1) Au alloy

Engineering stress (G Pa)
R

Pure Au
electroplated for non-invasive high-sensitive inert sensor, (2) hybrid 0.4
materials of ceramics/metal/polymer for wearable devices and (3) sin-
gle Au atom deposited conducting polymer for high sensitive sensor. do 0!1 0'_ 0'_3
Engineering strai

Micro-testing of Electroplated Au alloy for medical devices
eStrengthening of Au alloy by controlling nano structure

eMechanical testing of micro-specimens

=N\

Gear Box Stepping Motar
Power
Amplificr

Actual !
Pasition 8
s
PC
Inierface

Res

¥ Measures d Force I
Resalution: 0.1y
The testing machine specially designed for micro specimens Pt/Silk hybrid fibers for wearable sensors
eMechanical strength measurement of micro-size specimens eHybridization of biocompatible metal & polymer
eTesting of tensile, compression & bending deformations and the fatigue. eHigh adhesion between metal & polymer and the functions
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[RfRZE=E Hara Laboratory

#wig RFM g HERNE ARER B2
Prof. Michikazu HARA P
MRBE, BIREFE. RELE

Materials science, Catalysis, Sur-
face science

Sp. Appointed Assist. Prof.
Masashi HATTORI

ERTRER, BRLEE

Synthesize inorganic materials,
Catalytic chemis

SoinEEAEM R ORISR -
RIBICR®E L L‘1|5-7—7 Ot X DElH http://www.msl.titech.ac.jp/~hara/index.html

« A F 2 ZARFEOH A
I ANF—T VBT AR

JRAHF TS R L M RR R O RE T T,
b BEBRBECAR 25 A3, LR L A v X — 2 EARTHEIME LR 2AIET 2 v —7TF, e v—
T, BT vy s TR TT,

Caron-SO;H
Phosphate/TiO, /\(_7/\
. —> v

HMF
Biomass resources

MnO,
Ru/Nb,O
Large-Scale Production CEP04 NH3+HZ; 5\
Simple system

NAF2RAEROEHFHA ~

Grctonic solid (Sugar catalyst) "

i 0 0

Fesz el = vt 0 o J
Nature 429, $19 (2004); Nature 438, 178 (2005); J. Am. Chem. Soc. 130, 12787 (2008) HO/\WO e ( /\@/\ \ /

““ater-Tolerant Lewis Acid Solid Catalysts" Acetal AMF FDCA
5 M\G’\ Chem. Sci. (2017) J. Am. Chem. Soc. (2017) ChemSusChem (2017)
. " g BREERTHN, Chem. Sci. (2018) J. Am. Chem. Soc. (2019)
" (g P & ié f’fmﬁﬁ , ACS. Sustain. Chem. Eng. (2019)
& o ¥ ¥
LowEatid (B .

ey i ® )

e BIRANLF—T/EZTEK ~
“Electride catalyst”

mq‘ Electrop donation
4 &
4 e
it

Nature Chem. 4, 934 (2012) am.[c-,.n.mn.*'lc "

Nature Communications,

11, 2001 (2020). )

36




Division of Materials Integration

Creation of Advanced Inorganic Catalyst Materials
Construction of Envrionmnetal-Friendly Chemical Processes

http://www.msl.titech.ac.jp/~hara/index-e.html

« Efficient Utilization of Biomass Resources
* Low-energy Ammonia Synthesis

Hara Lab is investigating catalysis and material science.
Our aims are creation of innovative catalyst materials to produce chemical resources and energy without environmental

burden. Our ongoing projects are as follows.

- Utilization of Biomass Resources ~N
"Protonic solid (Sugar catalyst) " Caron-SO.H
l Phos[.)hatr—.f/Tlo2 /\@/\\

HMF
Biomass resources

MnO,
Ru/Nb,0,
Large-Scale Production 7 CePO, NH3+|-122 Nz
Simple system MeOH
o

o~

Cellulose

0.

Mature 429, $19 (2004); Naturo 438, 178 (2005); J. Am. cr.wn; Soc ‘1:1; };;a‘r.-msj Ho/\@/(o/ HZN/\U/\NHZ
“Water-Tolerant Lewis Acid Solid Catalysts” Acetal AMF
m,.\é,\: Chem. Sci. (2017) J. Am. Chem. Soc. (2017) ChemSusChem (2017)
. R R R, Chem. Sci. (2018) J. Am. Chem. Soc. (2019)
- 1 HME ﬂ:%i X8, ACS. Sustain. Chem. Eng. (2019)
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Nature Chem. 4, 934 (2012) E“wp [c;,laW'h'}.J

Nature Communications,
11, 2001 (2020).
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fHiE - HIRfFRZE Hosoda & Tahara Laboratory

#ig WH S

Prof. Hideki HOSODA

SRYE. BIE - BEERl,
EREGHIE - £EMRZE

Physical Metallurgy, Structural and Func-

1
~ tional Materials, Medical Organism Engi-
neering and Material Science of Organism
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MR, AZETE, Lk

AR HEEH
Assoc. Prof. Masaki TAHARA

ERYE. BEME, NX1F2TUTL

Physical Metallurgy, Functional Materi-
als, Biomaterials

i

http://www.mater.pi.titech.ac.jp
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Division of Materials Integration

Bh¥  ER S

Assist. Prof. Wan-ting CHIU

EEYE. ERILE.

LEE LS

Physical Metallurgy, Electro-
chemistry, Material science

HEBY BT ES

Sp. Appointed. Assist. Prof. Naoki NOHIRA
SEMRE. BEMH - BEEMRL
EEEE

Metallic material properties, Struc-
tural and Functional Materials, Bio-
materials

Alloy design, development and high functionality of new

functional shape variable materials

http://www.mater.pi.titech.ac.jp

Development of biomedical shape memory / superelastic alloys
Development of high temperature shape memory alloys
Ferromagnetic shape memory alloys and their composites
Intermetallic compounds and phase diagram

Phase stability, phase transformation and microstructural control

Three major adult ailments

Cerebral Cardiac Cancer
stroke  disease

maedication ”
jﬂ 7@ %Q? [

Conventional material : Stelness steel (SUS316 : Fe-18Cr-12Ni-2Ma)

for the of biomedical
1. To be too hard than + Tough & Supple
the human body * Nifree

2. Ni-hypersensitivity - Gold (Au) - Platinum (Pt)

3. Poor X-ray graphy

low invasiveness medical devices for vessel treatment

and their material design

o We have been developing new functional and biocompatible shape mem-
ory / superelastic alloys such as Ti-Nb-Al and Ti-Cr-Sn alloys for Endo-

vascular devices to replace NiTi alloys.
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% 200+
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Strain

Superelastic Behavior and Internal Structure of

TiMoSnZr Alloy

o Large superelastic strain around 5% appeared in TiMoSnZr-based alloy
by controlling chemical composition and morphology of alpha (hcp

phase) precipitates through thermo-mechanical treatment.

Ferromagnetic Shape Memory Alloys / Polymer compos-

ites

eGiant magnetostrain of 4% was achieved in NiMnGa ferromagnetic shape
memory alloy particles distributed silicone matrix composite by applying

magnetic field.

Ti-50Ni samples " 900

800

@ 700

A B C L 600

' =500
AuCuAlsamples ©

- o = ;400

@ 300

D E F & 200

100

Thin4EEN GG Thick 0

X-ray Radiography and Mechanical Properties of AuCuAl

Biomedical Shape Memory Alloys

*Good X-ray imaging character was confirmed in AuCuAl, and Fe microalloy-
ing dramatically improved room temperature tensile ductility to suppresses

intergranular brittleness.
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Sub10nm Scale Fabrication Process, Quantum Dot Tran-
= sistor, Spintronics, Gas Sensor, Nanoscale Induced L10
Ordered Ferro-magnetic Materials, Next Generation DNA
Sequencer
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DEIRK https://majima-tokyotech.material.jp/
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Assoc. Prof. Seiichiro IZAWA
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Materials chemistry,
Device physics
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Division of Materials Integration

Bh¥ #HHE =N

Assist. Prof. Ryosuke NITTA
F 7 TFINA R BB,
BAR7OEX

Nanodevice, Inorganic
chemistry,Solution
Process

Single-Nanoscale Material Fabrication and Their Optoelectronic
Nanodevices

https://majima-tokyotech.material.jp/

Single-Nanoscale Device Fabrication by Electron-Beam Lithography (EBL) and Electroless Au-Plating
(ELGP)

Single-Molecule Bridged Resonant Tunnel Transistor

ELGP Nanopore DNA Sequencer, Nano-Scale Gas Sensor

Organic Optoelectronic Device such as OLED, OPV

Majima & Izawa lab. develops single-nanoscale optoelectronic devices with mottos of originality, execution and realiza-

tion.

-
(4]

x1 x100 x100,000

Nanogap Chip £10
oo :;‘" 3
2
=5
-
0 : :
-1 0
v, (V)
Ultrafine Pt nanogap electrodes by EBL Single-molecule bridged resonant tunnel
eRobust Pt nanogap electrodes up to 773 K transistor
(.7 nm gap separation by ELGP eResonant tunneling through molecular orbital
e Ultra-high-performance nanogap gas sensor eLong resonant tunnel distance of 4.3 nm

eSingle-molecule bridged resonant tunnel transistor

bhb

/ -rfgpi —

ELGP Nanopore DNA Sequensot Organic light emitting diode (OLED) op-
LGP nanopore DNA sequencer with 2 nm pore erated by albVv battery

¢ Au nanopore by EBL and ELGP eNovel emission mechanism using upconversion
eLong reads without cutting DNA eThe mechanism is related to organic photovoltaic
eBase calling by ELGP nanopore sequensor (OPV) and photon upconversion
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Material mechanics, Fracture mechan-
ics, Adhesive joints, Biomimetics

BEMESLA > » o RIESIESHEMN https://www.adhesion. first.iir.titech.ac.jp/
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Division of Materials Integration

Adhesive bonding technology, for next generation

https://www.adhesion. first.iir.titech.ac.jp/

Strength evaluation of adhesively bonded joints
Dismantlable adhesive for recycles

Surface treatment for hard-to-bond-materials
Biomimetic reversible adhesion

Joining technology is necessary for manufacturing processes. Development of fundamental technology of adhesive

bonding and establishment of evaluation methods have been investigated.

Visualization of stress distribution at adhesively bonded joints using stress ~ Development of dismantlable adhesives using thermally expandable particles

light-emitting materials

Development of surface treatment methods for low surface-energy surfaces ~ Development of reversible adhesive devices mimicking gecko

to improve adhesive strength
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Building Structures and Materials, Earthquake
Engineering
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Division of Structural Engineering

Sustainable and resilient buildings /
urban areas against multi-hazard

https://www.tishihar.net/

* Seismic capacity and design load for nonstructural components

* Damage reduction effect due to uplift motions during earthquakes

+ Rain-on-snow load, flood load, etc. for buildings

Mainly for building structures and seismic engineering,
we conduct researches on seismic resistance and design
forces for nonstructural components of buildings, re-
searches on uplift motions during earthquakes as one of
seismic isolation structures (mechanism of higher-mode
vibration, damage reduction effect, etc.). In addition, we
also study rain-on-snow load, tsunami and flood load, and

so on. We work on research aiming at resilient and sus-

tainable buildings / cities against multi-hazard.

Uplift behavior

(b) Without Uplift
Residual deformation after tests

Damage reduction effect due to uplift motions of buildings
during earthquakes
* Numerical analysis of uplift behavior of a building (Left)

+ Shaking table tests with elasto-plastic frame models (Right)

Structural ||\ 1000 THA 1t T
s oA NSCS ——-ond  ----3rd [ ] RE(Node5)
MDOF 5 800 4th Sth
N=5 5
£600
Upper / ‘ " \S/
o { 3 = U;:4OO
Middle
fadee /1 200
2
Lower 0
N 1
| RF (Roof), I =5
Comparison of FRS by THA with FRS by
Ground 2 a proposed method
motion ,,AJU\MA‘W/\F

Seismic force (acceleration) for design of nonstuctural components

Classified by the level of resonance

Layer T/3<T,or 0.1(5)< T, < T,<0.1(s)
T, is unknown T./3

Upper 2249 11g 059

Middle 139 0.66 g 05¢g

Lower 05¢g 059 05¢g

Design load for nonstructural components
* An method to evaluate floor response spectrum (Top)

* Design load for ceilings based on the method (Bottom)

Roof surface

Saturated layer
Roof cross section

Saturated layer

Rain-on-snow surcharge load
* Model of the load on a roof with multiple slopes (Top)

+ Saturated layer in an experiment (Bottom)
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Geo-electromagnetism, Volocanology, Seismology

° WRREDA A= TEEZIIVT

https://sites.google.com/view/yasuoogawatitech
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Division of Structural Engineering

Imaging and monitoring of crustal fluids

+ Imaging active volcano and seismogenic zones

https://sites.google.com/view/yasuoogawatitech

* Precisely-Controlled electromagnetic exploration method

Imaging fluids and melts deep in the crust is essential for
understanding the dynamics of active volcanoes and seis-
mogenic zones. Resistivity is a physical quantity sensitive
to the distribution and connection of small amounts of fluids
and melts. It can be remotely probed from the surface using
electromagnetic waves.

We have used natural electromagnetic fields to probe vol-
canic and seismogenic sites in Japan and abroad.

We are also developing a new system using precise-
ly-controlled artificial current transmission signals for 4D

monitoring of volcanos in Japan and New Zealand.

Fluid distribution under volcanos

Fluid distribution around inland seismogenic zones are being clarified in
three dimensions by dense broadband observations (1mHz-100Hz). The fig-
ure shows resistivity distribution in an east-west section through Naruko
volcano (N) in the central Tohoku region (Ogawa et al., 2014). Deep crustal
fluids sealed by silica minerals exist at the brittle-ductile boundary. Fluids
are trapped under the seal. Fluids flush through the silica seal, leading to

the generation of inland earthquakes.

Precisely controlled electromagnetic exploration system
High precision and long-term stability of the transmitted waveform by GPS

control enables deep exploration and monitoring despite the small power of
the transmitter. Applicable even in areas with high ambient electromagnetic

noise.

geodetically imaged
Tocked patches ——

e

S

Nuid/sediment-poor
well-drained?
locked patches

Fluid distribution and mechanical coupling at plate
boundaries

The degree to which a subducting plate adheres or slides with its upper sur-
face can be observed in detail by GPS. We show from natural electromagnet-
ic field observations that this is governed by the fluid distribution between
the plates in three dimensions. The observations were made in the Hikuran-

gi subduction zone on the North Island of New Zealand (Heise et al., 2017)
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Engineering, Reinforced Concrete Structures
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Experiment on piles to study the ultimate shear capacity Inspecting the reinforcement arrangement before concrete casting

RCEDHBRBRRI &, ERZMUET 37 HDEMRERR
Experiment on reinforced concrete wall specimen and displacement gages to measure deformation
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Division of Structural Engineering

o Resiliency and safety of building structures

http://www.udprec.first.iir.titech.ac.jp/kono/

Performance design of reinforced concrete structures
Development of advanced seismic concrete structures

The ultimate goal of our research group is to contribute to the society
by making structures resilient against various disturbances such as
earthquakes, tsunamis, and wind. Research topics cover seismic as-
sessment, seismic retrofit, performance based design, damage con-
trolling system using reinforced, precast and prestressed concrete
structures. Our current research topics include the following; (1) dam-
age evaluation/control of RC structures to improve the performance
based design, (2) develop damage controlling system using precast/pre-
stressed concrete technology, and (3) study on shear transfer mecha-
nism of reinforced concrete members. We look forward to working with

people interested in concrete structures.

Resilience of five story buildings tested at Building Re-
search Institute (Tsukuba)
eResiliency of reinforced concrete residential buildings were studied

L g ’
f. R~

Seismic performance of RC beams with high strength Seismic performance of pile and pile caps under large

reinforcement scale earthquake
eSeismic performance of reinforced concrete beams with 1300MPa class e Large scale pile-pile cap-foundation beam-column assemblages were load-
shear reinforcement was studied. ed to see their ultimate condition under severe earthquakes.

eBond performance of longitudinal reinforcement was compared to code

prediction.
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Division of Structural Engineering

Quick Inspection Method for the damaged steel structures
based on the visible damage

®
http://www.udprec.first.iir.titech.ac.jp/~kishikilab/

Quick Inspection Method bhased on the visible damage
Damage reduction for LGS partition walls in earthquake
Seismic dampers and retrofit, seismic repair

Seismic design index based on human behavior

In order to judge the continuous use Social implementation of research results:

: ) . "Post-earthquake Damage Evaluations (2016, MLIT)
of gymnasium which is expected to be

Residual out-of-

used for emergency filter in time of a } plane deformation
natural disaster, we research on estab- _ j 8 01T Calculation
lishment of Quick Inspection Method . & FResidual 1 \ xs
for steel structures based on the visi- eformtlon 1 » A e pts ©
ble damage. 0057 L m
[m] .
. . + © Experienced
| .
It is an example for damage index of 1 deformation in EQ
tension-only braces, which enables to . . . .
0.01 0.02

judge the experienced deformation
< Safety range of continuous

during earthquake. .
use against many aftershock

rack width P
Damage reconnaissance of Damage observation
the 2016 Kumamoto EQ in structural tests

Vibration A newseismicdesignindex
of body based on human behavior

*To understand the human behavior under

:

the earthquake excitation
oTo translate the recent design target (ac-
VR . A
celeration, velocity, displacement) to the
human behavior

. . . . oTo realize the continuous use from a view
Seismic design for damper connections W

point of the human behavior

e Deformation restriction caused by wall damper
eDeformation restriction by gusset plate of brace damper

¢ Analysis model and design considering above effects
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Volcanology ¢ Geochemistry, Disaster science
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Division of Structural Engineering

Investigation of active volcano by geochemical method

http://www.ksvo.titech.ac.jp/jpn/index.html

* Research on the degassing of volatiles from magma
* Monitoring of insular and submarine volcanoes

Magma is a silicate melt containing volatile components such as
H20, CO2, S, Cl, F, etc. When the pressure decreases as the magma
rises, the volatile components that have reached saturation degas
from the magma and are released into the atmosphere as fumes and
fumaroles. Degassed volatile components are not only the driving
force behind eruptive phenomena, but also change the density and
viscosity of the magma, resulting in a variety of eruptive styles. Vol-
canic activity is a continuous release of material and energy, and in-
formation on volcanic activity is reflected in the temperature, chem-
ical composition and emitted amount of volcanic gases, so capturing
these changes during the eruption preparation and eruption process

plays an important role in understanding the eruption mechanism.

Volcanic gas observations at active volcanoes abroad.

eObservation of volcanic gases are performed at the summit of Mount Teide (3718 m) on
Tenerife in the Canary Islands, Spain, a hotspot volcanic island, in cooperation with
colleagues.

eThe Canary Islands are one of the world's leading tourist destinations, visited by 15
million tourists every year, so observation research and disaster prevention based on

this research is an extremely important mission.

€S04 molar ratio

g L -
1 P . . - - -

: RERRERY SRS OO :'ii-:b:‘ Pir
Activity on Sakurajima estimated from
analysis of volcanic ash leachates
In the volcanic plume, HCl and SOz in the volcanic gases
form water-soluble salts on the surface of volcanic ash parti-
cles. The water-soluble C1/SO4 molar ratio is equal to the
HCI/SOz molar ratio released during eruptions, and analysis
of the water-soluble components can be used to monitor vol-
canic activity. An increase in the Cl/SO4 molar ratio suggests

an ascent of magma.

Marine volcanic observation

eThe phenomenon in which the sea surface turns milky
white to yellowish brown in association with submarine
volcanic activity is called discoloured seawater. In ocean
areas far from land, it is difficult to observe earthquakes
and ground deformation, and it is difficult to detect signs
of submarine volcanic eruptions, but observation of disco-
loured seawater is a powerful method for deciphering sub-

marine volcanic activity.
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Division of Structural Engineering

Understanding the structure and state inside the volcano

http://www.ksvo.titech.ac.jp/~kanda/

* Revealing underground structures using the magnetotellurics

+ Understanding thermal states from geomagnetic observations

* Hydrothermal fluid flow simulations

The main research subject is the volcanic hydrothermal
system, which is the place where phreatic eruptions occur. As
a research method, we mainly use the magnetotelluric method
that can estimate the subsurface distribution of the resistivity.
In addition, we evaluate the thermal states inside the volcanic
edifice from the geomagnetic field observations and speculate
the physical process by conducting hydrothermal fluid flow

simulations based on the estimated subsurface structure.
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Imaging the hydrothermal system of Owakudani, Hakone
Volcano
eThe subsurface resistivity structure of Owakudani, where a small phreatic erup-

tion occurred in 2015, was clarified by magnetotellurics
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Magmatic hydrothermal system image of Kusat-
su-Shirane Volcano
eImaging of the magmatic-hydrothermal system using magnetotellu-

rics reveals the location of the magma reservoir for the first time.
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Observation of the total geomagnetic field at

Kusatsu-Shirane Volcano

eGeomagnetic field changes associated with the increased volcanic
activity in 2014 and 2018 were observed.

]
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° {EERKBIFARE Sato Laboratory l
HEHIR B K Bh# SHEGAY Alex Vadimovich
Assoc. Prof. Daiki SATO Assist. Prof. SHEGAY Alex Vadimovich
BEEE. MEI¥. MAIZE gEa v o) —ME. WEIZE
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Engineering, Wind Engineering Earthquake Engineering
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Division of Structural Engineering

Construction of safe and secure buildings against
earthquake and wind
O

https://sites.google.com/site/daikisatotokyotech/

Seismic Resistant Design for Passive-control / base-isolation buildings

Safety Verification for High-rise buildings under Long-period Ground Motion
Wind Resistant Design for Passive-control / base-isolation high-rise buildings
Clarification of the actual behavior of buildings using observation record

As an earthquake-prone country, Japan also experienc-
es many typhoons every year. These natural disasters
cause huge economic losses in Japan. Although increasing
the height of a building reduces the damage from seismic
load, the wind load becomes very large. Therefore, both
the wind and seismic loads should be considered in de-
signing a high-rise building.

The objective of this laboratory is to develop a design
method that considers both seismic load and wind load for
buildings by applied advanced vibration technology such
as passive control and base isolation. Building perfor-

mance is considered through experiments. earthquake

observation, and simulations. Moreover, a method for esti-
Response analysis for high-rise base isolation building

mating performance of dampers, which used in passive  ynder wind load

control and base-isolation, is also being considered. eSystem identification using response from earthquake records

eResponses: simulation results vs. response observation records under wind

% e = ERES Fiic—0] Dynamicactuator Y
1 e

1] k?

Mid-section

Experimental and analytical investigations of full-scale multi-layered viscoelastic damper under long-duration
excitations
eStudy on the behavior of viscoelastic dampers when subjected to wind loading and long-period ground motions

eModeling of the temperature- and frequency-sensitivity of viscoelastic material

57




IS RE X AT PRI

° FHWMRZE Terada Laboratory

HEHR FHBEE
Assoc. Prof. Akihiko TERADA

VIR
Volcanology

¢ ®
NIRRDOEBZHFAEICEDC

° KILBG K DEEIL http://www.ksvo.titech.ac.jp/~terada/index.htm
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Division of Structural Engineering

Advancement of volcano disaster prevention based on

studies of thermal activity on volcanoes
O

http://www.ksvo.titech.ac.jp/~terada/index.htm

* Modeling of shallow hydrothermal system based on multi-parametric observations at Kusatsu-Shirane volcano
* Risk assessment of lateral eruptions using soil gas

 Development of aerial multi-parametric observation methods using drones

We design and operate a dense volcano observation network of the Kusatsu-Shirane Volcano Observatory to model
shallow subsurface structures that cause phreatic eruptions. In addition, we develop methods for monitoring the hydro-

thermal system (see the schematic diagram below). We discuss how people who benefit from volcanoes but face threats

from volcanoes can deal with volcanoes, in other words, how to increase their resilience.

Maotoshirane South crater Main crater
. o, Alnomine S5 Shirane
b, — Fumaroles
Injected into shallow 5 ’
un'gergrwmnd wiater :;) Molcank: wremor {
Clay cap Casn
T b
. i — ]
Borehole-type tiltmeter and et s <=0 .- Tgte - Kusatsu-Shirane volcano
. . \ inomie Hydrothermal
seismometer station Al e Bl el
| \ \ (hydrostatic pressure)
. \“' tion ? ==
Self-sealed BD transition zone sl | Wy, Brittie zone
Persistent 4 Ductile zone
Breach at
i ~10:0005T) release of fluid Heat conduction zone

(Lithostatic pressure)

Schematic diagram of the hydrothermal system associated
» with the 2018 eruption at Kusatsu-Shirane volcano
Temporary seismic and (Terada et al., 2021). https://doi.org/10.1186/s40623-021-01475-4

geodetic station
New Initiatives

Fumaroles

+ Developing
observation techniques

+ Devising analytical
methods

Application to actual

volcanoes including
Kusatsu-Shirane
volcano

An experiment of multi-parametric Soil gas sampling at a new vent formed
measurements using drones. during the 2018 eruption
Perform gas analysis, sample collection, and remote temperature measurement. Sample small amounts of volcanic gas to assess magmatic

Continue safe and reliable volcano observations even during eruptions. activity at depth and model a hydrothermal system of volcanoes.
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° BERHFRE  Nishimura Laboratory

HEHE BN RE Bh#  Sujan P radhan

/( Assoc. Prof. Koshiro NISHIMURA Assist. Prof. Sujan Pradhan
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Seismic design and behavior of reinforced Concrete Structures

/ concrete building structures, earthquake
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Division of Structural Engineering

Improvement in Performance and Safety of Concrete Structures

http://www.udprec.first.iir.titech.ac.jp/~nishimura/

Seismic performance of concrete composite structures
Stress transfer mechanism in building structures
Monitoring method for measuring deformation of building structures

Reliable structures can provide people with comfort-
able urban life. It is required not only safe of occupants
in the buildings but also use of the buildings after earth-
quake disaster in some cases. And a monitoring system
of a building structure is also needed to evaluate the
structural soundness. Our group conducts experimental
and numerical studies of mainly concrete structures

aiming for these goals. Accumulating these works, we

R R

propose new structural systems, evaluation methods of
structural performance, and monitoring method for mea-

suring deformation of structures.

FEM analysis on soft-first-story building

Finite element analysis on damage, stress, and strain behaviors in a reinforced

concrete (RC) structure with soft-first-story.

Loading test of RC beam with openings Measurement of RC frame structure with MEMS sensor
Static loading test of reinforced concrete (RC) beam with openings for MEMS sensors are installed on columns and beams of reinforced concrete frame
plumbing. Influence of position of the openings and effects of reinforce- to measure deformation of the frame subjected to static lateral load.

ment are investigated.
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Achievement

i@ X  Research Papers

I o3 2014 2015 2016 2017 2018 2019 2020 2021 2022
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—— % B Research Budget
2022FEDHREDBEE  Research funds
| ¥ 8.6f2M Total 860 million yen |
I .
BEARE  29.8% REARE 39.9% EELDHBME 24.1% REHFNE 6.2%
Scientific research fund Contracted research fund Joint research fund Scholarship Donations
ERRFMA EARER/FESL Organizations/Commissioned projects
() BPRITIREEE Japan Science and Technology Agency (JST)
@ HIRMRIEMRHESZEF — LBAE (CREST) @ Strategic Basic Research Programs (CREST)
@ MARREBREEEZHA TSy ET7+— LA @ Program on Open Innovation Platform with
HEMRRHEEZT DS 5 L (OPERA) Enterprises, Researh Institute and Academia (OPERA)
@ HIRMRLEMRHEESZE @ Strategic Basic Research Programs (ALCA)
FimHER R EMEAF (ALCA) @ Strategic Basic Research Programs (PRESTO)
@ HISHBIERRHESEB/ARHAR (&) @ Intellectual Property Utilization Support Program

— 24 Student Numbers

RERZEES KUOHARAFMRRE  Graduate Students, etc.
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I Office for Collaborative Research Projects

7ar7 4 7R, 2 E S EF 2 &
LT. BRSO KRY:, W5 & 6 O RIS D fF 58
L ORI 2D T 2, HEFAHEESER S
D IR AT O BRI 2 38§ 5. SFEFFEIEK
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15 [FrEdtffsel. AR ORE L ENEKRC
P& % Ay it oe & DA 22 O figak. &, 77— %
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RS 2T E 2 &0 THEET 5 [HERIFEME ]

AIFEFIC B THET 2MRERDDD [7—2
Yay 7] [Efv—22av 7] #bH5,
- A — v ! suishin@msl.titech.ac.jp

MSL is promoting collaborative researches with researchers
in universities and governmental and/or industrial research
organizations in Japan and overseas. Accordingly, researchers
utilize MSLs facilities and/or research data.

Collaborative researches are categorized as follows: General

Research, International Research, Workshops, International

Workshops, and Topic-specified Research.

I Technical Staff

MRXE L RERF

BNETRHEIRA—T 272V F 44—t 2—

A At BUERRFT L 1A U CIPStia sl 2 Beflimi» 6 34k L.

F U THEREE, SABREEROKG L B ey L

T b, o HkEIR SRS T O URHIE > BRI A,

BSOS - HHEGHE 24T v . RSS2 IRIL S
BLTVE,

Members of the technical staff support MSLs research
activities in collaboration with Open Facility Center, Tokyo
Institute of Technology. Staff members mainly assist with
development and manufacturing of experimental and test
equipment. Additionally, they support collecting samples
measured with equipment for collaborative researches as well

as maintenance management of the equipment.
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Exhibition Space

WHE S I v 7 205/ (78 > 7 4 7HEFERTS) #2004 42 B3 L 72 a-IGZO TFT (NatureisdB#) %5 2 L2k bR
fbs vz KEVERELTV, (657 fRf5)E 4K)
THZEAT DI RIHFRER. £ - —FOEBOMG 2 HRRL TV 7.

a-1GZ0 TFT, developed by MSL, TokyoTech in 2004 (published in Nature), enabled to develop the world -first large-size OLED TV. This
65" OLED TV has 4K resolution with 3D function.

Latest information of MSL is provided on this large OLED display.
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