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Director’s address

Our Materials and Structures Laboratory (MSL) is a
unique nationwide collaborative research laboratory
established at the Tokyo Institute of Technology
(Tokyo Tech) in 1996. It is open to researchers from
outside the campus who wish to engage in multilateral
collaboration and pursue fundamental and applied
research on ceramic materials.

All the continuing MSL activities are developing
from the research concept and ethos of the former
Research Laboratory of Engineering Materials
(RLEM). This institution includes two major
laboratories. The Research Laboratory of Building
Materials was established just after the 1923 Great
Kanto Earthquake, and focused on the development
of building materials for human safety. The Research
Laboratory of Ceramic Industry pioneers the
development of novel materials by careful and detailed
study of complex inorganic materials.

MSL-affiliated researchers are engaged in world-class
studies of advanced  ceramics, including
super-functional oxides for electronic, photonic and
magnetic  applications, new  high-temperature
superconductive iron-based on carbon. MSL is also
aiming to create systematic methodologies, applicable
to a wide range of materials from fine ceramics,
through structural ceramics for giant architectural
structures, to composite materials. We are pursuing
these goals by studying the relationships between the

microstructures of materials at the atomic and
electronic scale and the resulting macroscopic material
properties. Furthermore, MSL proposes a new
concept for future ceramics, namely self-organized
materials for human beings. To realize this concept,
we are studying “Materials Dynamics” to enable us
to control materials and attempt to understand how to
change their crystal structures.

The Secure Materials Center (SMC) was established
on April 1, 2006, as an affiliated research center with
a lifespan of ten years. SMC promotes materials
research from the point of view of its sociological
effects, to promote the safety and security of human
society as well as setting academic criteria. The
Structural Engineering Research Center (SERC),
which is an affiliated of Tokyo Tech, is supervised
mainly by the members of the architectural research
group within the MSL laboratory. Its purpose is to
develop materials that are designed primarily to
benefit the “Human Element” or the end-user.

All the members of the MSL have been able to
maintain their cutting edge activities in materials
research. It is therefore vital that our laboratory
continues to receive strong support from all concerned
parties to ensure its ongoing development.

April. 2014
Mitsuru ITOH
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Mitsuru ITOH

045-924-5301

osera.dir@jim.titech.ac.jp

Division of Novel Functional Ceramics

Mitsuru ITOH
Toshio KAMIYA
Michikazu HARA
Hideo HOSONO
Yutaka MAJIMA
Keigo KAMATA
Takao SASAGAWA
Tomoyasu TANIYAMA
Hidenori HIRAMATU
Yasuo AZUMA

Soshi IIMURA
Kiyotaka NAKAJIMA
Shintaro YASUI

045-924-5354
045-924-5357
045-924-5311
045-924-5359
045-924-5309
045-924-5338
045-924-5366
045-924-5632
045-924-5855
045-924-5376
0459245134
045-924-5381
045-924-5626

Division of Basic Researches

Masaki AZUMA

Hitoshi KAWAJI

Satoshi SASAKI
Kazutaka NAKAMURA
Nobuhiro MATSUSHITA
Ken-ichi KATSUMATA
Maki OKUBE

Hajime HOJO

Atsuko UCHIDA

Division of Structural Engineering

Kazuhiko KASAI
Susumu KONO

Daiki SATO

Yasuji SHINOHARA
Kazuhiro MATSUDA
Hidekazu WATANABE

045-924-5315
045-924-5313
045-924-5308
045-924-5397
045-924-5310
045-924-5310
045-924-5383
045-924-5380
045-924-5370

045-924-5512
045-924-5384
045-924-5306
045-924-5326
045-924-5512
045-924-5329

Mitsuru_Itoh@msl.titech.ac.jp
tkamiya@msl.titech.ac.jp
mhara@msl.titech.ac.jp
hosono@msl.titech.ac.jp
majima@msl.titech.ac.jp
kamata.k.ac@m.titech.ac.jp
sasagawa@misl.titech.ac.jp
taniyama@msl.titech.ac.jp
h-hirama@lucid.msl.titech.ac.jp
azuma@msl.titech.ac.jp
s-imura@lucld.msl.titech.ac.jp
k-nakajima@msl.titech.ac.jp
yasui.s.aa@m.titech.ac.jp

mazuma@msl.titech.ac.jp
kawaji@msl.titech.ac.jp
Satoshi_Sasaki@msl.titech.ac.jp
nakamura.k.ai@m.titech.ac.jp
matsushita@msl.titech.ac.jp
katsumata.k.ab@m.titech.ac.jp
makisan@lipro.msl.titech.ac.jp
hhojo@msl.titech.ac.jp
uchida@msl.titech.ac.jp

kasai@serc.titech.ac.jp
kono@serc.titech.ac.jp
daiki-s@serc.titech.ac.jp
yshinoha@serc.titech.ac.jp
matsuda@serc.titech.ac.jp

watanabe@serc.titech.ac.jp
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Secure Materials Center

Fumihiro WAKAI
Satoshi YAMADA
Takashi AKATSU
Toshiyuki ATOU
Tomofumi SUSAKI
Yutaka SHINODA

045-924-5361  wakai@msl.titech.ac.jp
045-924-5330  naniwa@serc.titech.ac.jp
045-924-5336  Takashi_Akatsu@msl.titech.ac.jp
045-924-5393  atou@msl.titech.ac.jp
045-924-5360  susaki@msl.titech.ac.jp
045-924-5335  shinoda@msl.titech.ac.jp
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Etsuo SAKAI
Masahiro MIYAUCHI
Kikuo KISHIMOTO
Kazuaki INABA
Masaaki KITANO
Tomofumi TADA
Satoru MATSUISHI

Visiting Faculty (Division of Novel Functional Ceramics)

Yuji MATSUMOTO

Visiting Faculty (Secure Materials Center)

Katsuro HAYASHI

Visiting Faculty Members

Hisayoshi KOBAYASHI
Hiroyuki TAMAI

Shoji YAMANAKA
Wataru UEDA
Masahide KATAYAMA
Hideo KATSUMATA
Naohiro NAKAMURA
Takuji HAMAMOTO
Masaichiro MIZUMAKI

Research Fellows
Runze YU

yu.r.aa@m.titech.ac.jp
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Spintronics in magnetic nanostructures

F/A=RMILHPSETAOX— NIIREEDH
INEEBICEBE RAECDERSOERNIEMIC
HOE, AEVEA,. RE#BH, RERME
EVWSERAEY FOZ T RICH T BERIEFRR
MO EFHRAELTNA ZOEREEBIEL
THREZHEL TV, 5. BEMHE/ F£E8E
ATOBEICHITIRENIECRHE. ARE
BAXEOXRENFEEAVEAEVEA. RE
CHREOMERHME RBFERANTORE 2
FAL-EERSHURBEFIHOMRICEFAL
TW3, ChsMAE> MOZ Y RARIE. T+
/MBI RENICEELREIZRAL. &
RELTILI M AOZ Y RICH T RILELEHE
TNAZDTH A ZREEICTDELTEHVIC
HEFEIhTW3,

ERE Ry POBRREBEE XEFEAYA 7OT /NS R
Magnetic domain structures and a typical spin injection micro
device.

Our current interest orients towards a full
understanding of the basic physics underlying spin
injection, detection, and manipulation, with a view to
developing a major new direction in electronics — so
called spintronics. In order to inject and detect electron
spins, we employ a combined optical approach such
as optical spin orientation and circular polarization
analysis of electroluminescence in ferromagnet /
semiconductor heterostructures. Electric manipulation
of magnetic domain structures using a ferromagnet /
ferroelectrics heterointerface also meets our target.
We envisage that spintronics leads to the prospect of a
vastly range of design possibilities for electronic
devices where magnetic nanostructures has now
entered in a very fundamental manner.

& 40 ——
. = ¥
i — Gt = -: ia
— 8§ ol oo
.‘E M E 0 A;Aj;
Z M ;gﬁné e I0K
S/ OAT ok 5495 s
g _A] ok Magnetic Field (T)
—~ A
ST
A 80K =
M 100K N
120K e
148 152 AuTgg) n-AlGaAs
Energy (eV) Fe304

7 1 VB D S EBEADIE A EAMRERS
Circularly polarized electroluminescence in a spin injection condition
using a ferrimagnetic material/semiconductor heterostructure.



EaliES

2654

Bh#
LHHAER

Assist. Prof. Shintaro Yasui

HERIR
BLER

Prof. Mitsuru ltoh | Assoc Prof. Tomoyasu Taniyama

i

BRIEMOHIEREZERET S

Oxide materials tailoring

AMRETIE. WERZEDIAGZLSEVEH
DB T 2 ERNE [BETHE - HK - 7
Ot Z2—@E (Le%) 94 (FEH. 14
MnEM, BFEEM. #BiE)] 27TV,
FhCchzEB8ETHIEAME. 2FWHEDT
Ot X [$5EDOHEE (Ekshs9H) ~1ta
Y (BE) ~BRTHR-ER-7O0tX] 278>
T. YA OEFRAZEME. mFEMH. E
BEMH. EEME. 2BETENEREY. 514
ANATEMEEMOERET EGRICR ATV,
CORR. Bt FI LA+ BEEEF. &
BRETEFER. HRATZER. IEBRREER.
ZAECHS R BFEE. B RTREMEHE.
1002 BABTMEDERICHKIIL., £/, %<
DFHEEDBINEIT> TV D,

EFOSEERMTEINAOT A1 MBI DEFEIRSN T
— FDELY 7 MEDHF (SrTi'80s)
FMESK EE LTRSS TR T 5 2 & ITRTH (2006)

Temperature dependence of ferroelectric soft mode frequency in
ideal displacive type ferroelectric SrTi'80g.

Our major field is Inorganic Solid State Chemistry. The
properties of the materials, dielectricity, magnetism,
electronic and ionic conduction, optical property and
others, depend on their electronic and crystal
structures. That is, the design of the new materials
with the desired property is a kind of methodologies,
how to select the elements from the periodic table and
to optimize the structures. So we are accumulating the
knowledge of the material design through the
deduction and induction for the known and new
materials. As a result, we have succeeded in finding
new materials more than 100 including superionic
conductors, high temperature quantum paraelectrics,
ferroelectrics, piezoelectric oxides, spin glasses, and
electronic conductors for the past 10 years.

ET VRS TERIL ZZFE ) T 7 —REOXKIE
RELAE/NE — >

Maze pattern of relaxor ferroelectric surface observed
by piezo-force microscope(PFM).
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Creation of novel catalysts and materials for the eco-friendly
production of energy and chemicals
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L3 KGEM
Novel solar cell system based on a n-type carbon
semiconductor

R - EH#HR=E

It is essential for our survival to produce chemicals and
energy with small environmental load. We have been
trying to create materials and catalysts for the eco-
friendly production of chemicals and energy. Our
“sugar catalyst” -which is composed of nanographen
sheets- exhibits remarkable catalytic performance for
the production of biofuels and various industrially
important chemicals. We have also found that
pyrolysis of abundant and inexpensive organic
compounds results in a novel n-type semiconductor
and have been constructing a new solar cell based on
the material.

ng material:
r(D-glucose)

y

“sugar catalyst”

SO;H
BEEDRIE CBENMEE L1 ~20mD T 5T
= ID5BBZTENT 7 ZAH =K OSMRERE
An amorphous carbon consisting of nanosized graphene
sheets (1-2 nm) with large amounts of SOsH groups
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Assist Prof. Kiyotaka Nakajima
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Design and creation of catalyst materials for difficult chemical

reactions
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ARBERVWICHEORMPFZRINATEHY., #h
FERTOREIHEICEMNEIN TS,
AMRECTIE. BEYPZHIT. SHOFVH
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Development of catalysts for CO2 chemical fixation at atmospheric

pressure

Chemical industries leave much room for improvement
from the standpoints of environmental conservation
and efficiency of resource utilization. Developments of
superior catalytic technologies are socially desirable.
Our main goals are the development of innovative
inorganic catalyst materials and their application to
environmentally-conscious chemical processes. For
example, we have designed catalysts which can
activate inert small molecules such as CO2 and H20o,
leading to highly efficient catalytic systems. We are
also developing inorganic solid catalysts with well-
defined active sites by using the know-how about the
control of solution-states of metal precursors not only
in aqueous but also in organic media.

BB REEY 1 & S DEEEFMEDRIH
Creation of inorganic solid catalysts with well-defined active sites

E-ﬁmm%ﬁ‘
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Creation of novel functional materials from ubiquitous elements

and inorganic materials
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Concept of amorphous

" -

Transparent transistor
oxide semiconductor (1995) (2004 Nature)

Utilize natural nanostructure »
in C12A7 (1999)

Revolution of materials has created new ages. Our aim
is to create new materials that drastically improve our
society and/or trigger a hot trend in worldwide
research. The invention of electro-conductive cement
has led to a national initiative “Element Strategy”, the
realization of high-performance TFTs using amorphous
oxide semiconductors facilitates to industrialize next
generation flat-panel displays, and the discovery of
iron pnictide superconductors rekindled the 2nd fever
in superconducting material research.

Glass produces
high-performance transistor

12°AMOLED driven by glass
transistor (2008, Samsung)

Cement becomes
Transparent conductor
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mf
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Iron compounds become Te )

superconductor(2006)
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‘True Nanotechnology’ converts traditional oxide materials to novel electronic materials
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Development of practical electronic devices using novel inorganic

materials

o EHBEIMTEREISGEVHRIE 7 EIL
T 7 ABIEHEEFETHY ., PENLT 7RI
O DI0EDMHEEICE P LPDHSTILESTIL
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Prototype displays using amorphous oxide TFTs

One prominent example is amorphous oxide
semiconductor, which is superior to amorphous silicon
and expected for next-generation FPDs and flexible
electronic devices.

Search for wide bandgap p-type materials has
developed room-temperature operation of blue
excitonic LED and oxide p-channel TFTs.

Air-stable inorganic electride C12A7:e" is a new exotic
material that has a very low work function and high
electron activity, which can be used for plasma
fluorescent, electron emitter, ReRAM etc.

5 15 20 25
Vs (V)

WBET LU b7 FC12A7.e DiE&EIEE. EFHEE L T7/N1 XICADS
Crystal / electronic structures and device applications of C12A7:e
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Molecular devices and nanoparticle devices by utilizing bottom-up

processes
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Chemically assembled single-electron transistor and Coulomb

diamond characteristic.

Bottom-up electronics enables us to fabricate
chemically assembled single-electron devices and
molecular devices with high sub-nm precision by
dipping a sample into solutions. We have established
the electroless plating process for nanogap electrodes
with 5 nm or less gap separation at sub-nm scale
precision. We have demonstrated the Coulomb
blockade phenomena on a gold nanoparticle at room
temperature by scanning tunneling microscopy (STM)
and scanning tunneling spectroscopy (STS). By using
these nanogap electrodes and the nanoparticle, we
have demonstrated the exclusive or (XOR) operation
on the double side-gate single-electron transistors. Our
goal is to demonstrate the solid-state single-electron
devices and molecular devices operations at room
temperature by utilizing the chemical assembling of
nanoparticles, functional molecules, and eletroless
plated nanogap electrodes.

P
N = O =

HEEASTXEY
Room temperature single-molecular memory
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Explorations into Super-functions in Ceramic Materials
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ERETIC, SIEERVWEF /D3 aL—2ar
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IRIVX—DRREBEEICEHE,

Growth of high-quality large single crystals of ceramic materials
by a FZ technique, followed by direct observations of their
electronic structures using ARPES.

Our goal is to understand, to utilize, and to create
“super functions” in ceramic materials (e.g., high-T¢
superconductivity in layered copper oxides). For these
ends, we are extending our expertise to full aspects of
approaches in materials science; (1) syntheses:
preparations of samples with precisely controlled
compositions/non-stoichiometry, and growth of large
high-quality single-crystals, (2) measurements: state-
of-the-art techniques of quantum observations such as
electronic states by angle-resolved photoemission
spectroscopy and phonon states by inelastic x-ray
scattering, and (3) theoretical analyses/predictions:
nano-simulations based on first principles calculations.

(2 B CuRly oMz, 1Os) Pl aaxis

p il e-axis

0 500 1000 0 1 2 3 'Il 5 6

T(K) ha(eV)
BRHEE (MBEH) MFHER THDCuRhO2 ICDWVWT ., BFIEEY
HBEH. KFWNANRY MNVEE—RESHETSH /Y23 -2 3
2L RER,
Nano-simulations of electronic properties (band dispersion, Fermi-
surface, thermoelectric power, optical spectra, etc.) of ceramic materials
by means of first principles calculations.

ENIME=E
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Prof. Yuji Matsumoto

ERFEOEZETLF & EHME 701 XDEIK

Vacuum Science & Technology of Solid-Liquid Interfaces for Innovative

Material Processing

BEEREN—XETIRBLAOEFERERE, X
EREFMEREMEEREL. BEOXRET - REF
ITHEL, BRERELPSEIERAEE DM
RHRELVLBRABEEZIZE EVWOIHL
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EDHF L Win situf I ORRICHERIEAT
W3,

LL chamber RHEED
5 \J

&

PLD chamber

EC chamber Lahililh

PLD-EXRLFEE S X T L
In situ PLD-EC system for precise surface/interface
characterizations of oxide semiconductors

We have proposed a new concept of “vacuum science
& technology of solid-liquid interfaces”, based on ultra-
high vacuum techniques for thin film deposition and
surface/interface characterization, and thereby aiming
at innovative material processing. The representative
results are as follows: Flux-mediated epitaxy of perfect
single crystal oxide thin films, Development of IR-laser
deposition of ionic liquids and ionic liquid-assisted
vacuum deposition of alkali-halide and organic thin
films. A recent ongoing project is to develop vacuum
electrochemistry for in situ interface characterization of
oxide and organic thin films.

-9 9 __ Gas phase

L Flux or liquid

Oxide film

Films & Crystals

] § #90ym|

Alkali-halide microcrystal  Organic crystal

BEEN LA-BERRETOER

Schematic of Liquid-assisted vacuum deposition for
high-quality oxide, alkali-halide and organic crystal and
thin films
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Discovery of new functional oxides and clarification of the origin of

the function

ERSERYIIRM. BAFEM. BEEM
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BRLET,

Scanning transmission electron microscope image and
displacement-electric field (d-£) curves of BiFe1xCoxOs thin films.
The piezoelectric constant das estimated from the slope of the
d-E curve increases as the content of Co increases.

Transition metal oxides exhibit various useful functions
such as magnetism, ferroelectricity and
superconductivity. We realize new functional oxides
such as ferromagnetic ferroelectrics, lead-free
piezoelectrics and negative thermal expansion
materials by means of state-of-art synthesis
techniques like high-pressure synthesis used for
diamond synthesis, thin-film fabrication on single
crystalline substrates and hydrothermal synthesis. We
are also interested in low dimensional
antiferromagnets where spins form special lattices
such as ladder and honeycomb. Above mentioned
functions are closely related to their crystal structures.
We detect the tiny structural change accompanied with
the occurrence of functions by using synchrotron X-ray
and neutron beams. Such obtained information is
applied to the design and the synthesis of further new
materials.
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SNI*ADERILICEL., 2BtE. BEMHO 3EHDENHERE
~LUET,

Bio.g5La0.0sNiO3 which shows a charge transfer between Bi and Ni on
heating.

Metallization and negative thermal expansion three times as large as
the existing material takes place reflecting the oxidation from Ni2* to
Ni3+

RAR=E
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Elucidation of phase transitions and function of materials

MHEOBEMRBCEHEEGEBREPECHES
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DS 7% —ICHBTBBMBES/ KA1 L OERIC & 2BRHAE
BrHEE
Excess heat capacity and dielectric constant anomaly due to the
formation of polar nano region in relaxors

NEMA=E

The elucidation of the mechanism of phase transitions
in various kinds of materials is required as the phase
transition affects the functionality of the material. We
are especially trying to understand the effect of crystal
imperfection to the phase transition behavior. The
effects of impurities to the magnetic phase transition
and the magnetism in frustrated spin systems, the
limited particle size effects to ferroelectric substance
and molecular crystals, and the pinning effects in
incommensurate phase transitions are studied. The
possibility to control the phase transition behavior by
nano-structure controlling is examined.

HESATEE
High precision adiabatic calorimeter
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Behavior of Electrons and Synchrotron X-Rays
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Integrated-circuit module of oxide thermoelectric devices by
imprinting on the ceramic substrate.

Our study is central to understanding the behavior of
electrons in the crystalline solid and examining the
relationship between the crystal structure and physical
property in materials. In addition to our laboratory’s
facilities, we have been instrumental in developing
BL-6C beamline at the Photon Factory. Our approach
is to study the electronic and magnetic states in oxide
materials, magnetic structures through the magnetic
resonant scattering, theoretical electronic structures
through the first-principles calculations, crystal
structures with charge ordering and fluctuation, new
methodologies for utilizing synchrotron X-rays and
neutrons, new materials for cutting-edge
thermoelectric devices, and the earth and space
materials under extreme conditions .
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Theoretical electron-density distribution of FesOs and X-ray magnetic
circular dichroism of NiFe2Oa.
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Ultrafast Dynamics and Coherent Control in Condensed Matter
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YBaCuzO7.¢D A —L > k7% / LI
Optical control of coherent phonons in YBa2CuzO7-g
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Dynamics of electrons, phonons, and elementary
excitations, which dominate physical properties of
materials, occur within a short time scale faster than
nanoseconds. We have been investigating ultrafast
dynamics of carriers, spins, phonons, and other quasi-
particles in picosecond and femtosecond time scales
using ultrafast time-resolved spectroscopy and X-ray
diffraction. Macroscopic quantum states of phonons
such as coherent and squeezed states have been
extensively studied on semiconductors,
superconductors, and ferroelectric materials. We also
perform a coherent control of quantum states in
condensed matter to optically control physical
properties using precisely controlled femtosecond
laser pulses and study the quantum decoherence.

7 1 L MNOEES RS REE

Femtosecond time-resolved optical measurement system
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Advanced Solution Processes for Functional Ceramics
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Fig.1 Functional ceramics fabricated by solution process: (a)
CaWO;4 Inkjet pattern, (b)ZnO dot pattern, (c)Transparent
conductive ZnO film, (d)Ferrite film.
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There are functional ceramics which can exhibit very
attractive properties such as magnetic, dielectric,
luminescent, and (photo)catalytic ones. Most of these
functional ceramics are prepared by high temperature
process causing a large environmental load and that
restrict their chances for the applications. Our group is
investigating a development of a novel low
temperature process named “Soft Solution Process,”
to fabricate various functional ceramic films, powders
and patterning, and to realize their practical
applications.

The representative research topics are listed below;

1) Development of novel solution processes, such as
ink-jet, spin-spray, and high-frequency induction
heating. (Fig.1 (a)(b))

2) Solution-processed transparent conductive ZnO film
and highly resistive ferrite film for high frequency
application. (Fig.1 (c)(d))

3) Fabrication of bioactive ceramic layer on bulk
metallic glass surface by Electrical- Hydrothermal
method and application for implant materials.

4) Functional nano particles having magnetic and
fluorescent properties and their biomedical
applications.(Fig.2)

H2 NA AL - XRAOBMES /RF R T/ HF
Fig.2 Nano-particles having magnetic and fluorescent properties applicable
for bio beads.
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Study on Passively-controlled Building and Base-isolated Building
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Full-scale Test of 5-story Building with Dampers Using
World” s Largest Shake-table at E-Defense

EHMAE

The use of various dampers that absorb seismic
energy and reduce building sway/damage is
addressed. The figure below shows the full-scale
specimen of a 5-story building with dampers which we
tested using the world’s largest shake-table at
E-Defense. The new technology is also applied to
houses. There are 24 million houses in Japan, and half
of them are recognized to be seismically deficient. The
bottom right figure shows a portion of a 2-story
wooden house, and house damper units which we
have developed, patented, and commercialized. Other
topics are: building base-isolation, steel structure, and
pounding of adjacent buildings during an earthquake.

FEUEEHIRIEEDREE E X8 (GREM & £R)
Development and Test for Wooden House with
Passive Control System
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Development of advanced seismic concrete structures
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KERENE % B\ S ERERCE Y DT EERERERR
Shaking table test on real scale high performance RC buildings

Prof. Kono tries to contribute to the society by making
structures safe against various disturbances such as
earthquakes, tsunamis and typhoons with emphasis on
seismic performance of concrete buildings. His group
studies the fundamental material properties, proposes
advanced structural elements and components, and
develops new structural systems. His research
interests cover seismic assessment, seismic retrofit,
performance based design, damage control system,
precast and prestressed concrete, and high
performance concrete. Anyone who are interested in
both theory and lab works is welcome to join.
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Structural test and numerical modeling of walls
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Seismic and Wind-resistant Design of High-rise Building
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High-rise Isolated Building in Suzukakedai Campus

EEMAE

It had been pointed out that the inter-plate earthquakes
cause long-period ground motions in large cities of
Japan. They may have the large seismic energy which
is exceeding the level of design assumptions into the
high-rise buildings. In addition, we must consider not
only the earthquake but also the wind-external force
when the high-rise building is designed in Japan
because the wind- external force increases by rising of
the building height.

The design methods for the passively-controlled
building and the isolated building against the huge-
earthquake and the strong-wind are proposed through
the experiment, observation and analytical research in
this laboratory. The development of the damper for
the vibration control and the performance evaluation
are studied.
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Crack behavior in concrete structures
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Deterioration of reinforced concrete buildings in bay area

As earthquake-resistant design of reinforced concrete
(RC) buildings is making the transition to performance-
evaluation design from technical-specification design,
it is necessary not only to gather information on
maximum shear carrying capacity relevant to safe
performance, but also to evaluate subsequent
operating performance and durable performance for
continuous use, based on the damage to a building
after an earthquake. In RC buildings, crack width is
treated as a measure of damage evaluation in many
cases, and plays an important role in the verification of
damage limits. In our laboratory, the mechanical
properties of cracks in RC building have been
examined in detail, and the effects of crack behaviors
on the structural performance have been investigated
experimentally and analytically from the viewpoint of
serviceability, durability and safety.
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Crack behaviors caused by corrosion expansion
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Effect of active confinement on shear crack behaviors
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Towards an Architectural Design of Secure Materials
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Most ceramics are hard, chemically inert, and
refractory, then, they are used for a multitude of
applications, e.g., energy, transportation, production,
and construction systems. On the other hand, they are
brittle in nature, and their strength is limited by
microscopic defects. We aim to develop technology for
increased reliability of ceramics, which will be key
components for realizing safe and secure systems.
The ductile ceramics is still a dream, but, the finding of
ceramics superplasticity brought about a unique net-
shape manufacturing method for future ceramic
industry. The main challenges are to provide basis for
developing highly efficient superplastic forming of
toughened ceramics. Furthermore, we are developing
modeling and simulation technology to make more
reliable ceramic components by controlling
microstructural heterogeneity during sintering.

Zbr 1 FEAMBOBBEDORER (Nature 1990)

Finding of ceramics superplastiicity in a silicon-nitride based
composite (Nature 1990)
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Sintering simulation in three dimensions (3D) (2006)



iz
o

Prof. Fumihiro Wakai Assoc. Prof. Takashi Akatsu Assist Prof. Yutaka Shinoda

"
EE =

HEHIE
e E

1 RE|DS [RDIN—EFIVIAOBREEHFT B

Secure material innovation-Science on the fracture of ceramics-
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Pulling-out of carbon nanofibers observed at the fracture
surface of a ceramic composite.

In the research and development of structural
ceramics, we should take the fracture behavior and its
control into consideration. In our laboratory,
discontinuous fiber-reinforced ceramic composites are
studied to develop secure ceramics whose fracture
behavior is safely controlled under various stress
conditions. On the other hand, ceramic coatings with
the plasma electrolytic oxidation are also studied to
develop secure ceramic coatings, by which the coated
materials are safely used by taking advantage of
ceramic characteristics (high hardness, high wear
resistance, high corrosion resistance, high heat
resistance and so on). We also study nanoindentation
to develop new mechanical testing by which highly
reliable mechanical properties are easily evaluated.
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Nanoindentation behavior of an alumina film fabricated
with plasma electrolytic oxidation (PEO film)
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Estination of Ultimate Earthquake Resistance of Steel Buildings
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Full Scale Shaking Table Test of Beam-to-Column Connection
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It is very important to evaluate the ultimate earthquake
resistance of building structures to prevent the fatal
damage on building and civil structures under
earthquake. In our laboratory, to clarify the ultimate
earthquake of resistance building structure, following
theme is studied.

1) Inelastic response analysis of multi-story steel
moment flames base on the realistic behavior of
members.

2) Dynamic loading test on the full scale structural
elements made by the material of the various
performance.

3) Estimation of earthquake resistance of the moment
resistant steel frames under the past fatal
earthquake.

RERHBHEICS | 3MEEREOHE
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Brittle Fracture in steel members under Kobe Earthquake
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Functional fragmentation controlled by phase transitions
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Two-stage light gas gun can generate a velocity up
to 4 km/s.

Intrinsically, every material has limitation in strength
even though materials researchers have devoted
considerable effort to develop strong structural
materials. By changing the way of thinking, we are
proposing new concept, so called “functional
fragmentation”, in which materials themselves
fragment to save our lives. Development of new
structural materials with designed fragmentation is our
future goal. To realize such functionalities, phase
transitions and/or chemical reactions induced by
temperature or pressure should play an important role,
because such phase changes can be regarded as
intelligent active functionality against external
conditions. As basic investigations, shock-induced
phase transitions and chemical reactions are explored
from microscopic level, and then application to new
safe structural materials will be examined.

BREML7ZLTM T3y 7 X((a) 49 GPa(b) 65GPa)BERE 1+
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Shock compressed mullet ceramics indicate peculiar nano structure
(a)and microscopic decomposition to alumina and silica (b).
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Assoc. Prof. Tomofumi Susaki
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Functionalities at precisely controlled interface and surface of abundant element oxides
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Schematic (100) (left) and (111) (right) plane in MgO. The (111)
plane is either "all cation” or "all anion”.

AGHMAE

We are focusing on pulsed laser deposition of
abundant element oxides controlled at a nanometer
scale in order to (i) develop new functionalities for
electronics device or catalysis application and (ii) to
create novel artificial electronic states. Our recent
achievements include the fabrication of atomically flat
MgO(111) polar surface and tuning of the surface work
function by depositing MgO(100) thin films, where the
nanometer scale control in abundant element oxides
plays a key role. Our dream is to induce the most
striking functionality out of the materials whose bulk
characteristics are the most boring.

KFIF vl —H#— 1 BEBBERF v o N2REHIEHEH
B X7 L

Pulsed laser deposition system (one KrF excimer laser and two
ultrahigh vacuum chambers)
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Mechanics of Materials for Safety and Security, and toward Comfort

Life
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Realization and development of strong, sustainable
and reliable materials and structures are everlasting
subject for human beings. They are directly related to
recent national issue: anzen and anshin (security and
peace of mind). In order to achieve anzen, anshin and
hence comfortable human life, we are working on
analysis, simulation, measurement and evaluation in
the fields around Mechanics of Materials. Recent
research topics are widely spread as follows:
mechanical modeling and evaluation of adhesion and
debonding of material interfaces, simulation of polymer
deformation with molecular chain model, wavelet
analysis of elastic stress waves, development of
ultrasonic non-destructive evaluation technique,
advancement of stress/strain measurement techniques
by inverse analysis, evaluation and improvement of
mechanical reliabilities of electronic materials and
products, and others.
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Deformation Behavior Simulation of Polymers with Molecular
Chain Network Model

TV =) LEEMOIERELEE DR
Observation of Deformation Behavior of Aluminum Foam under
Compression
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Construction Chemistry
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Prof. Etsuo Sakai| Assoc. Prof. Masahiro Miyauchi

We work on the following themes to solve a lot of
problems related to the construction technology from a
chemical side. We cover studies of basic research for
developments of cement based new materials, new
application methods of cement based materials, long-
term durability of cement based materials, composite
of polymer and inorganic materials, hydrothermal
synthesis of building materials, rheology of
concentrated suspensions, dispersion mechanisms of
polymer dispersants. We also cover studies of
fundamental research for the use of industrial waste
products in cement raw materials and cement concrete
mineral admixtures.

x> M EEB TEILE £ 52Ca0 - Al,OsH 7 X-CaS0+5% D
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(2 {{CazAl(OH)g}(SO4)1/2(H20)3} )

Reaction products in 2Ca0 « Al203 Glass-CaS04 systems
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([Cas(SisOgH)2]Ca * 4H20)

Low temperature hydrothermal synthesis of Tobermorite by using of
g-Ca2Sio4
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Creation of novel electronic materials utilizing abundant elements
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It is one of the most important subjects for human-
beings in the 21th century to make an effective use of
the limited resources of the Earth and build a
sustainable society. Materials research center for
element strategy (MCES) aims at establishing new
design concept for materials science in a wide range of
fields. For example, we are trying to create novel
electronic materials (semiconductor, transparent
electrode, conductor, dielectric materials, catalyst, and
so on) through collaboration between fundamental
physics, computational science, and leading-edge
analysis technique and propose alternative and new
technologies in which rare elements and non-
ecofriendly elements are not used.
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Refractory ceramics handling active chemical species
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a) Cage structure of C12A7 measured by synchrotron radiation
measurement. (b) Electron emission from C12A7-Ti composite
cathode. (c) H™ ion-doped C12A7 thin films before and after UV-
irradiation. (d) Concept of an invisible electronic circuit patterning.

Thermal and chemical disabilities, which are essential
properties of ceramics, will be utilized to develop new
materials functions and devices. For example, hydride
(H) ion doping in 12Ca0-7Al>03 (C12A7) crystal with
a nanoporous structure is possible by high
temperature hydrogen annealing. UV light illumination
converts it to a transparent electronic conductor. We
also found that incandescently-heated zirconia
ceramics exclusively emits reactive atomic oxygen into
vacuum. This serves as an efficient oxygen radical
source. New-type metal-air batteries with high energy
density is developing using fast Na* ion conducting
ceramics as a separator component.
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(a) Issue in driving range of electronic vehicles. (b) A cell test. (c) Concept
of Na-air cell.



WRtEZ Iy 7 ZMEmMmIE. £EXREFAH
ZHMELT. BRADKE. IRFAESVTICE
BMEOHREBLDODHAFAMEZED TS,
HEFAHEE I COERFARROEHLE
“XET 5, ERMREKXKEZ 5 EEOAHFTT
J—ilatoh, RRAOBEFREELRY
S OMRBEHIC, FHEDHRBZEEICOVWT
AMRADREER. ZiF. T—2E&2HETHA
T3 [SEHRFR]. AMRMOBE & ERE
BICFIE Y 2R EBNP AIFRADIESE. 5%
fig. T—2EEHETHRY 3 [—KERWE]L
BHAOHREBICFAET 2MREEEZEH TER
5 [ERERMR]. AMRAICEVTRHET
DMRESDAOD[ T~V a3y TITEHET—
90avT] PHBH, FHBFEIE. 103N
RAEIFFIREh, #9816 ICH RAHEEH R
L. EREHERARISITHhhTWVWB, &5,
HEFAHFRRORFIRIEED 1 B TEICHKHD
gI5hs,

EF X —JU . suishin@msl.titech.ac.jp

Section of Technical Staffs
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Office for Collaborative Research Projects
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MSL is promoting collaborative researches with the
researchers in the universities, governmental and/or
industrial research organizations in Japan as well as
overseas utilizing facilities and/or research data in
MSL.

The collaborative researches are categorized in the
following five types;[General Research], [ International
Research],[ Workshop,[ International WorkshopJ, and
[ Topic-specified Research]. In 2013, 103 projects
were promoted and 816 researchers participated in.
The deadline of application for the collaborative
researches is at the end of January, every year.

The section of technical staffs supports research
activities conducted in MSL, technically in collaboration
with Precision and Manufacturing Center of TIT. The
section staffs mainly assist developing and
manufacturing experimental and test equipment. Also
they support collecting sample measured with
equipment for collaborative researches as well as
maintenance management of the equipment.

37



e
To Shibuy?
g%

ToShibuy?

-l

1L\ )
g f w ) aa-\ Sta.

Suzukaked

o A — 3 NEE==A
To cjfuou"’\"““a“ 2 RO o :
e e G
E tsug\ uzukake Gate E;iEFq
ToN Nagatsuta Gate <

Creative Research Lab

|Secure Materials Center Lab

———
Functional Ceramics Research u ﬂ E /
ol ==
P

2.5

100m 200m

Five minutes walk from Suzukakedai Station of Tokyu Denentoshi-Line.

Tokyo Metro

Toei MitaLine Nanboku Line

New Tokyo
International Airport
(Narita)

A

Tokyo Metro
Hanzomon Line

Tokyu
Denen toshi Sugamo
Line

Nagatsuta

Suzukakedai

JR Yﬁmgnote
iy Tokyu Oimachi
Line ae
Tokyu Toyoko

Line

JR Yokohama Denenchofu
Line

JR NaritaLine/
Sobu Line

Tamagawa

Mugashi-kosugi

Shin-yokohama JR Tokaido

Shinkansen Line

Sakuragicho JR Keihin-Tohoku
Kamata Line
Oimachi
Keihin-Kyuko

Line

Higashi

Kawasaki

Yokohama

TWR
Rinkai Line

Tokyo Monorail

Keikyu
Kamata

' Tennozu Isle

Tokyo International Airport
(Haneda)

R ——



| BB B EEEE R B

WRIEAY )
RAESS v o WA

T226-8503 #EmmXKRERII4259 R3-27
TEL.045(924)5968 FAX.045(924)597/8

Materials and Structures Laboratory
Tokyo Institute of Technology
Nagatsuda 4259 R3-28, Midori, Yokohama 226-8503, Japan

Phone +81-45-924-5968, Fax +81-45-924-5978
http://www.msl.titech.ac.jp
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