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Our Materials and Structures Laboratory (MSL) is a unique nationwide collaboratlve research laboratory.
established at the Tokyo Institute of Technology (Tokyo Tech) in 1996. It is open to researchers from outside the .
campus who wish 1o engage in multilateral collaboration and pursue fundamental and apphed research on ceramic %
materials. .

MSL-affiliated researchers are engaged in world-class studies of advanced ceramics, including superfunctional
oxides for electronic, photonic and magnetic applications, new high-temperature quperconducuve 1r0n-based“’
materials and sustainable environmental catalysts based on carbon. MSL is ‘also aiming to create systematic
methodologies, applicable (o a wide range of materials from fine ceramics, through structural ceran 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 electronie scale and the resulﬁng macroscopic material propertles
Furthermore, MSL proposes a new concept for future ceramics, namely self-or: aterials ft)ﬁh;,gnan bemgs
To realize this concept, we are studying “Materials Dynamics” to enable us to co% 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 ggséarch center with a
lifespan of ten years. SMC promotes materials research fr df'n-‘the point of view di’a%s socmlogi‘cal effects, to promote{_ il
the safety and security of human society as well as setting a ic criteria. The Structﬁral Engmeenng Research ' ‘m‘i
Center (SERC), which is an affiliate of Tokyo Tech, is supe: d mainly by the members of the architectural ~ ‘E;%
research group within the MSL laboratory. Its purpose is to develop mater,tals that are designed primarily to benefit
the “Human Element” or the end-user. ’ i 4

All the continuing MSL activities are developing from the researc]u concept and ethos of the former Research "
Laboratory of Engineering Materials (RLEM). This institution includes two major laboratories: T search’ -3' "‘{w' .
Laboratory of Building Materials was established just after the 1923 Great Kanto ﬁarthquake and focu :
development of bu:ldmg matL rials for human safety The Research Laborator'y of Ceramic Inﬁlstry pion

of the first six years of the Mld -Term ()bjemves and Plan set up dfter the change from a national umversnty to a
national university corporation. This brought about great changes in the circ umstanc%s of the research laboratories
attached to the various national universities. However, all the members of the MSL have heen able to maintain their . \y

cutting edge activities in materials research. It is therefore vital lhat our laborator'y cq,ntmﬁ’& to re ': ;
support from all concerned parties to ensure its ongoing developmem <. b é;,, §-
. ~ mmm Ap‘f‘ﬂ@OOQ a5 A 3
’ Ty Director Kiyoshi Okada
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Adjunct Faculty Members (Dually Appointed)

# & MHA &  Kiyoshi OKADA 0459245301 okada@msltitechac.jp t X JHE;WJMH 1R B i BEE Etsuo SAKAI

=i B Faculty Members H 8% =] = Akira NAKAJIMA

' B RIR N F 5 IR AP B FEARERIH Kikuo KISHIMOTO

: Division of Novel Functional Ceramics T HE @m Hirotsugu INOUE
¥ E HF FHE Hideo HOSONO 045-924-5359 hosono@msl.titech.ac.jp e Adjunct Faculty Member
B (P #®  Mitsuru ITOH 045-924-5354 Mitsuru_Itoh@msl.titech.ac.jp n—— ( ) ;
% 8 B =# Michikazu HARA 045-924-5311 mhara@msltitech.ac.jp 5 B B Masaki KITANO
A BB W8T FIX Toshio KAMIYA 045-924-5357 tkamiya@msl.titech.ac.jp B H X f— Kenichi KATUMATA
HEEE B FEE Takao SASAGAWA  045-924-5366 sasagawa@msl.titech.ac.jp = Bl Visiting Faculty Members
A S EHE Tomoyasu TANIYAMA 045-924-5632 tanivama@msl.titech.ac.jp o _
MW A 3 Yuji MATSUMOTO  045-924-5314 matsumoto@oxide.msltitech.ac.jp &= 8 H Shigeo Ted OYAMA
B %A {8 Hiroshi YANAGI 045-924-5628 yanagi@lucid.msLtitech.ac.jp 2EAK  AH ¥ Hiroshi KAWADA
B % B0 88 Hiroki TANIGUCHI  045:924-5626 mmb@msltitechac.jp HB WX  EGEEB  Toshimi KABEYAZAWA
By # hE B Kiyotaka NAKAJIMA 045-924-5381 k-nakajima@msltitech.ac.jp FEAHIR KA B Kei INUMARU
e EEHE AL ?Eﬁ Masahide KATAYAMA

e =RV Er 8 sl Division of Basic Researches =28 HIZ FSLH i Makoto MARUTA
B8 fE4K B Satoshi SASAKI 045-924-5308 Satoshi_Sasaki@msLtitech.ac.jp H#EHA®R  FAX £8  Takuji HAMAMOTO
B8 Pt —F Kazutaka NAKAMURA 0459245397 nakamurakai@m.titech.ac.p EEHE Al & Osamu TUJITA
HEARE g 8  Hitoshi KAWA]JI 045-924-5313 kawaji@msl.titech.ac.jp gf A 1% LA ‘I'Jc'i_liﬁ Hisao .YAMAUCHI
# B 8 M A Nobuhiro MATSUSHITA 045-924-5310 matsushita@msl.titech.ac.ip FEMEHIR AfE #EE  Teruki MOTOHASHI
By % B E# Maki OKUBE 045-924-5383 makisan@lipro.msl.titech.ac.jp e T cchnical Staffs
Division of Structural Engineering ﬁﬁnf?ﬁ?ﬁl_ﬁ JIIHE 8= Kenzo KAWAKITA 0459245323  kawakita @msl.titech.ac.jp
£ 52 *DEE ___% Aklr_fl WADA 045-924-5352  wada@serc.titech.acjp ET N\ (|)inistrative Office Staffs {C disuzuosera@jim.titech.ac.jp
¥ ¥ HE ZEZ Kyoji TANAKA 045-924-5329 tanaka@serc.titech.ac.jp omc ps - . o ) o ) o )
= SH *Dg Kazuhilke KASAT 045-924-5512 kasai@serc.titech.ac.jp ﬁﬁnF_ﬁ?Jﬂb—jﬁ =Lt BF  Michiko YUGAMI 045-924-5966  micyugami@jim.titech.ac.jp
¥ ® EH Kiyoshi OKADA 045-924-5323 okada@msl.titech.ac.jp xR IL—" miéb‘? Ruriko MORI 045-924-5966  rurmori@jim.titech.ac.jp
S R J.T:U'E Takeo ABE 045-924-5305 abe@serc.titech.ac.jp ﬁﬁnFﬁﬁ)b 7 &KX #Bk— Kenichi YOSHINAGA 045-924-5967  kenyoshinaga@jim.titech.ac.jp
M HIE BEE R Yasuji SHINOHARA 0459245326 yshinoha@serc.titech.acjp - Rcscarch Fellows
A I8 IRE 3hE  Hiroyasu SAKATA 045-924-5395 hsakata@serc.titech.ac.jp o o
A WA ¥ Satoshi YAMADA 0459245330 naniwa@serc.titechacjp W* %ﬁ Hiroshi ITOU
Bh  #H KK FF Yoji OOKI 045-924-5512  ooki@serc.titech.ac.jp £l ETI[Z Liu Lingzhi
B) # &E# #— Shoichi KISHIKI 045-924-5352 kishiki@serc.titech.ac.jp & B Pu  Wuchuan
: Lou Zhengsong
: Sccure materials Center Sonia Sharmin
& ™M ##lfE Shizuo HAYASHI 045-924-5338 hayashi@serc.titech.ac.jp et t e Rescarch-Promotion Supporting Staffs
B B BHH PE Fumihiro WAKAI 045-924-5361 wakai@msl.titech.ac.jp L e
A IS 2 B Takashi AKATSU 045-924-5336 Takashi_Akatsu@msltitech.ac.jp A8 & Minoru OOHATA
A IS FE BT Toshiyuki ATOU  045924:5393 atou@msliitechac.jp AHA T Keiko MARUI
A28 Al KRX Tomofumi SUSAKI 0459245360 susaki@msltitech.ac.jp #s BT Yoriko MORISHIMA
HEHIE M FeEB  Katsuro HAYASHI 045-924-5337 k-hayashi@lucid.msl.titech.ac.jp
V) #H &EH 2 Yutaka SHINODA 045-924-5335 shinoda@msl.titech.ac.jp
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Moslt of oxides are optically transparent
and therefore favorable for optical
applications. However, it had been
believed that active functions are not
possible in such transparent oxides
because their bandgaps are too large to
control generation and dynamics of
carriers. We have demonstrated that it
was a misconception and developed new
electro-active functions in transparent
materials by considering the electronic
structures of crystals and local defects
formed in these materials. The first
demonstration of UV light-emitting diode
fabricated using PN junction is a mile-
stone success of our strategy. We have
then developed several new p-type
transparent semiconductors, high-
performance  transparent  TITs,
amorphous oxide PN junctions and so on.

Professor: Hideo Hosono
Assoc. Prol.: Toshio Kamiya
Res. Assoc.: Hiroshi Yanagi
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We discovered in 2002 that a constituent of
alumina cement, 12Ca0 - 7ALO(C12A7),
contained high-density O anions, which
suggests that natural nanostructures in
oxide crystals may have much potential to
realize new functions using only abundant
& environment-friendly elements. C12A7
crystal is composed of sub-nanometer-
sized cages densely aligned in three
dimensional. As the cage framework
is  positively charged, anions are
incorporated in some of the cages to
maintain the charge neutrality. This
structure stabilizes active anions such
as O, H and e that are not stable in
orthodox crystals and free space. Due to
these active anions, the CI12A7-derived
materials exhibit a variety of functions
such as “super oxidation power”, “UV-
induced persistent insulator-conductor
transition”, and “efficient electron field
emission”. We believe this is just a first
example and have tried to create or find
new functions in other nanostructured
oxides.

Professor: Hideo Hosono

Assoc. Prof.: Toshio Kamiya
Res. Assoc.: Hiroshi Yanagi
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Our current researches orient towards a
full understanding of the physics of spin
injection, spin detection, and spin
manipulation in a micron- to nano-meter
length scale, with a view to developing
novel spin electronic devices.
Recent nanofabrication technology has
enabled to get insights into magnetic
domain structures and its control, spin
injection into nonmagnetic materials, and
spin transport in magnetic material/
semiconductor hybrid structures under
optical spin orientation. Also, studies
of spin dynamics and its artificial
manipulation in magnetic materials meet
our research target.

Professor: Mitsuru [toh

Assist. Prof.: Tomoyasu Tanivama
Res. Assoc.: Hiroki Taniguchi
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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.

Professor: Mitsuru Itoh

Assist. Prof.: Tomoyasu Taniyama
Res. Assoc.: Hiroki Taniguchi
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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 wvarious 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.

Professor: Michikazu Hara

Res. Assoc.: Kivotaka Nakajima
Res. Assoe.: Masaaki Kitano

Division of Novel Functional Ceramics
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Studies on super functional oxide nano
materials and devices as well as new
malerial processing in vacuum utilizing
ceramics solid-liquid interface are going
on in this laboratory. Laser molecular
beam epitaxy (MBE) for high-quality
oxide thin films and surface analyses
with STM/AFM, LEED/AES and XPS for
their characterizations are the key
technologies in our laboratory, Currently,
our effort is focused on such topics as
follows.

1) Laser MBE growth of oxide films:
[Flux-mediated epitaxy for real oxide
single crystal films

2) Field effect chemical devices: oxide
electronics and photocatalysis in TiO--
based wide-gap oxides.

3) Surface chemistry of transition metal
oxides: exploration of new low
dimensional nano structures and
properties of ceramics.

Assoc. Prof.: Yuji Matsumoto
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Division of Novel Functional Ceramics

£S5 = v o ADEBREREIC B

[EIRIAEE YO RBGEEFICRARS
NaEIHESZT v I ADFDMBEERE
w, BRITHIE. BHTE. FULTE
BeH5ZEEHELTHAZITOTUL
b BAREOEDIHBODHE—(F. EFEH
HERHEE Lt e mE AR B ERD
BRENTED. ART—DRE. it
FHEMOEEOMEAEETE, |BILEW
ETEANEDHERREHERTSH
2, RBOFE_E. WEE= OISR
gHILo OV TS ITSY
DEFIRAEE,. AEDBRABFOIED
FEEME X ERALEL AL & DR E FaEHAl =
FIBULCEBESRRT DM CohHd. TU
T, CNSEREROERY., FHE -
e - BRETHC, STERERVE
F/VEal—vay (E—FIEETE)
HEHULTWLWDDOHOWE=ZDRETH D,
{Eb. Alb. EX - FRITHEVOIYE
EIZRROEMEO2TIC, INSOR
ESEERE LT L TV D,

HERUR RS

20— 20 J—VETHIBERESH L. Pusi
FAERALCARSHRABTIARRICKID. B
FOEE A EEH T ) LF—ORREERICERE

12

%
%"
L )

B

°
%

| resancoraam |

| KPR -REIW

a(10'em’)
s

‘n,.u.l
N = Y A
0 500 1000 e 1 2 3 4 5 &

T(K) hw eV )

FERREE (MBER) HEHRMTSHHCURNO: ([CD
VT, BFHEEPHREES. KFRNIANYT bLE
F—RESETH /aS—Y a3 UIER

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.

Assoc. Prof.: Takao Sasagawa
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X-ray and neutron diffraction/scattering
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;/w E techniques are used to clarify the

electronic and magnetic states in crystals.
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The current research topics include the
followings: charge fluctuation in valance-

mixed compounds, physical properties
related to the mesoscopic region of
crystals, the electron states in ferrites and

XMCD spectra Au/ u

oxide superconductors, the first-

syun Qe /)17 endads SANVY

principles MD and liner-response
calculations on electronic structures, and
XMCD and resonant magnetic scattering
studies on magnetic oxides,

Professor: Satoshi Sasaki

r\-‘p:”ubg/r +TORSIRY Res. Assoc.: Maki Okube




HERBDT A FIIAZRD

MERFEFCRELEDHFRESFICIL
UTZOEECIRRENZE(ET D T4
T3 LICBERRROBIBEEZ R
F - AFULANILTHEET 2 EZEHE
LTHRZET>TLD, &8ET Lk
ML—HY—XAERNT. BETCTET
DEIBEBE/ UL AXREREL, N
ZRWSC ETE M ORI EREZ R
DX AEZREE LTV, &z,
JNVAL—Y—BHICLDHAREZE
AHHEEREERET HTLENTE,
mEIREGEEEC ST D BEMEEE(EE
AET D EDHFRD. SaEkEE/ b
AV—Y—AZRHVWTRET S, XL
SNo|BFHRE (BFRPION/E—-L
BE) ZRWLCHE OB SRR
DFREFEBIT2TNS.

MR - P —E

HSD_- EIH X HE
1800

1500 ¢

750 1

BIERSH (Ea#)

500 ¢

250 t
ol K
3582 3600 3618 36.36
B4 5
& DR RS AR RREHTRIE

14

EEET I LMYV AT L

Materials change structures and phases
according to surrounding conditions
such as pressure and temperature.
We investigate to elucidate dynamical
process of phase transitions at atomic
level. Ultrashort pulsed X-rays, which is
brighter than synchrotron radiation, are
generated using an intense femtosecond
laser beam and enable picosecond time-
resolved X-ray diffraction measurements,
High pressure more than 1GPa is also
generated by using pulsed laser. We have
measured directly structural changes
under high pressure phase transition.
Furthermore, novel techniques for
ultrafast analysis of materials properties
using quantum emissions are developing.

Assoc. Prof.: Kazutaka Nakamura
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The elucidation of the mechanism of
phase transitions in various kinds of
materials is required as the phase
transition affects the functionality of the
malterial. 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.

Associate Prol.: Hitoshi Kawaji

Division of Basic Researches
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Magnetic ceramics are widely utilized in
various electronic devices such as logic
elements (spintronics), ultra-high density
storages, film inductor in MHz range
and noise suppressors in GHz range.
Magnetic medical beads are useful for the
speeding-up, multi-functionalization and
promotion of the most-advanced medical
applications such as DNA sequencing,
hyperthermia, drug deriver system(DDS).
To make further progress of these
devices and to find their undescried
functionality, it is of great use to figure
out the relation among processes,
structures, and solid-state properties.
“Ferrite” is one of representative
magnetic ceramics, which Japan proud
to the world. Here, the dry and wel
processes for making their films and
powders are developed and the structure
analyses and properties are investigated.,

Associate Prof.: Nobuhiro Matsushita
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Lessons learned from the Northridge
carthquake in USA 1994 and Hyogoken-
Nanbu earthquake in Japan 1995 told us
the great importance of damage
controlled seismic design for the civil and
building structures. The objectives of
our research are that, 1) to develop the
methodology of damage controlled
seismic design for building structures; 2)
to develop various effective devices of
passive energy dissipation systems, such
as hysteretic dampers, viscoelastic
dampers, etc.; 3)to develop intelligent
dynamic analysis systems for damage
controlled seismic structures. QOur
researchers are based on the theory
derivation, computer analysis, and
experiments.

Professor: Akira Wada
Res. Assoc,: Shouichi Kishiki
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The properties and long-term performance

ol materials and components for building
structures and envelopes are mainly
investigated here. As they are closely
related to weather, we focus, in particular,
on deterioration of performance of them
by weather and how to evaluate their
deterioration.

Durability of concrete, which occupies a
significant part of substance of buildings,
directly affects their life. We also study
the properties of concrete relating to
durability such as pore structure of
cement paste, permeability ol concrete,
and carbonation of it.

Professor: Kyoji Tanaka
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The use of various dampers that absorb
seismic energy and reduce building sway
/ damage is addressed. The figure shows
our real-speed full-scale tests for the
bottom 3 - story portion (white) of a 10-
story frame  having dampers (blue and
orange). This study involves experiment,
analysis, and design phases. Other topics
are :Elesto-Plastic and friction dampers;
bolted rigid (see bottom figure) and semi
rigid connections; bolted connections for
concrete-filled column and steel beam;
seismic collisions between adjacent
buildings or bridge deck segment.

Professor: Kazuhiko Kasai
Res. Assoc. @ Yoji Ooki
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A wide variety of porous ceramic
materials can be prepared and their
different pore structures provide the
special internal spaces required for
reaction with various adsorbates. Our
group has developed a new process for
producing porous ceramics containing
micropores (< 2 nm in size), mesopores
(2-50 nm) or macropores (=50 nm), for
various applications in which their
characteristic properties are exploited.
Microporous ceramics act as highly
functional vapor adsorbents showing
micropore filling phenomena that may
make them useful as chemical heat pump
materials, Mesoporous ceramics have the
potential to control humidity by exploiting
their capillary condensation-evaporation
hysteresis properties. Macroporous
ceramics have potential applications
as passive cooling materials for
counteracting heat island effect because
of their high capillary lift ability (>1 m).
In addition, ceramics with hydrophilic
and hydrophobic properties can also be
produced, in which various oxide
nanosheets are used as surface coating
materials. Thus, our main interests are in
a variety of functional ceramics for water-
hased energy-saving technology.

Professor: Kiyoshi Okada
Res. Assoc.: Kenichi Katumata
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In a fire, it has the possibility that
damage due to the deterioration of the
material and the thermal stress, occurs in
he framework of the structure.
o predict the behavior of the structure
a i md it’s damage during a fire, it is
important to make clear the mechanical
properties of steel and concrete materials
at high temperatures. In this Laboratory,
it has being studied about the mechanical
properties, especially the stress-strain
lationship and creep-strain in the
emperatures ranges from 20 to 800C . In

addition, in order to the verification of

validity of these data, test results of
structural members, such as column,
beam, a high strength bolt friction joints,

¢ compared with the numerical analysis
‘esult.
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Assoc. Prof.: Takeo Abe
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The mechanical properties of structural
materials have been investigated to
accumulate necessary information that
applies to nonlinear finite element
analysis, A biaxial loading device, with
which the vertical and horizontal load
as well as displacement can be
independently controlled by closed-loop
hydraulic systems, has been developed in
order to study the shear behaviors in
concretes containing narrow cracks. The
cyclic shear tests have been carried
out under the boundary conditions
controlling the normal displacement
and load across the crack surface.
Experiments and 3-D FEM analyses were
also performed on reinforced concrete
columns laterally prestressed by the
shear reinforcements to study the
influence of the active confinement upon
shear strength and crack behaviors.

Assoc. Prof.: Yasuji Shinohara
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Main research project is the solution
of mechanical behavior and the
establishment of safety of concrete
composite structures and timber
structures. Study on damage controlled
Precast-Prestressed concrete structures
with P/C mild-press-joint is carried out in
order to clarify the mechanical behavior
and to establish of design method.
The research subject also includes
experimental study on mechanical
behavior of composite member composed
of cedar-glulam-timber and steel plate
applied friction connector, experimental
study and establishment of design
method of wood frames with velocity-
dependent dampers or deformation-
dependent dampers, and experimental
study on moment resisting timber
structures. Estimation method of moment
and rotation angle relationships of
moment resisting joint is proposed.

\ssoc. Prol.: Hiroyasu Sakta
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[t is very important to evaluate the
ultimate earthquake resistance of
uilding structures to prevent the fatale
damage on building and civil structures
under earthquake. In our laboratory, to
clarify the ultimate earthquake resistance
ol building structure, following theme is
studied. 1) Inelastic response analysis of
multi-story steel moment {lames based
on the realistic behavior of members. 2)
Dynamic loading test on the full scale
structural element made by the material
of the various performance. 3) Estimation
ol carthquake resistance of the moment
resistant steel frames under the past fatal
earthquake.

Associate Prof.: Satoshi Yamada
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This group is concerned with the basic
behavior of reinforced concrete members
to make the reinforced concrete building
proof against the strong earthquake and
durable. It has been definitely shown by
Hanshin-Awaji Earthquake Disaster in
1995 that knowing the function of
building remained after shock. We have
to explain the behavior of the building
during earthquake and the process of
failure.

Strong earthquakes bring out the
tremendous explosions at gasholders or
powder plants. In order to protect human
against those explosions, it is necessary
to study the damage of a structure from
them.

Professor: Shizuo Hayashi
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Most ceramics are hard, chemically
inert, and refractory, then, they are used
for a multitude of applications, e.g.,
cnergy, 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
linding 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
elficient superplastic forming of
toughened ceramics. Furthermore, we
¢ developing modeling and simulation
technology to make more reliable
‘ramic components by controlling
icrostructural heterogeneity during

sintering.
Professor: Fumihiro Wakai

Assoc. Prof.: Takashi Akatsu
Res, Assoc.: Yutaka Shinoda

We carry out research and development
of safe and secure materials and
fundamental technologies, responding to
the demands of the times. We create part
of modern culture by developing
materials that link people and

phenomena, which is academically and
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The fracture and plastic deformation of
ceramics substantially progress from a
local phenomenon that should be
observed in the same scale as the
microstructure of the material. The aim
of our research project is to know how we
can develop ceramics with high strength
and toughness through the study of local
fracture and deformation behavior at a
crack tip or under an indentation with
nano or submicron scale. We have
developed a technique to evaluate the
local mechanical properties of materials,
which is widely applicable for advanced
materials such as MEMS parts or thin
films.

Professor: Fumihiro Wakai

Assoc. Prol.: Takashi Akatsu
Res. Assoc.: Yutaka Shinoda
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Certain metal oxide ceramics have been
viewed as mediums that generate, store
and transport ions and free radicals in
peculiar states. We aim at understanding
their physical and chemical properties
and developing these properties to new
functional materials or devices. For
example, we found hydride (H) ion can
be stabilized in cage of 12Ca0 - 7ALO:
(C12A7) with a nanoporous structure. A
light illumination converts it to a
transparent electronic conductor, which
is a first discovery of an electronic
conductivity in light-metal oxides. We
also found that incandescently-heated
zirconia ceramics intensely emit atomic
oxygen having a strong reactivity into
vacuum. This serves as an efficient
oxygen radical source.

Assoc. Prof.: Katsuro Hayashi
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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 a function, phase
lransitions and/or chemical reactions
induced by temperature or pressure
should play an important role, because
such a phase changes can be regarded as
intelligent active function 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.

Assoc. Prof.: Toshivuki Atou
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Phenomena characteristic of
semiconductor interfaces have given rise
not only to electronic devices but also to
new research areas including quantum
Hall effect. We study oxide interfaces in
order to develop new functionalities and
to find novel electronic structures by
high-precision thin film growth, transport
and junction characteristics
measurements and photoemission
spectroscopy, utilizing a large difference
between bulk and interface electronic
states in oxides. Our goal is to develop
artificial electronic states which are useful
for device application as well as for
scientific research.

\ssoc. Prof.-Tomofumi Susaki
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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.

Professor: Etsuo Sakai
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Solid surfaces are the substrate of
chemical reactions and the contact point
ol solids and other substances, such as
clectrons, atoms, molecules, photons, and
phonons. Our research interest is the
development of new surface functional
materials and their application to various
industrial fields. Recent research topics
arc: Development of new photocatalysts
[or environmental purification by
controlling the spatial arrangement and
chemical composition of reaction fields
and adsorption fields on a nano-scale,
Preparation of functional wetting surfaces
through analysis of dynamic motion of
ltuid droplets on various solid surfaces,
Development of manufacturing process of
surlace functional materials with low
environmental burdens using plasma and

light, and others.

\ssoc Prof.: Akira Nakajima
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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.

Professor: Kikuo Kishimoto
Associate Prof.: Hirotsugu Inoue
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MSL is promoting collaborative research
with the researchers in the Universities,
Governmental and/or industrial research
organizations in Japan as well as overseas
utilizing facilities and/or data in MSL..
The collaborative researches are
categorized as “General research” |

“Specified research” and “Workshops to
be held in MSL". In 2008, we promoted
89 project including more than 780
researchers. The dead line for application
will be in the middle of February in every
vear.

E-mail:suishin@msl.titech.ac.jp

Section of Technical Staffs
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The section of technical staffs supports
research activities of the laboratory
technically. It has a machine shop and the
staffs assist sub technical consulting to
develop experimental equipments and
manufacturing them. Moreover, the
sample measurement with equipments for
collaborate research. It has the staffs
assist maintenance of experimental
equipments and management assistance
to research activities are supported
widely.
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Materials and Structures Laboratory

Tokyo Institute of Technology
Nagatsuta 4259 R3-28, Midori, Yokohama 226-8503, Japan

Phone +81-45-924-5967 (Director Office), Fax +81-45-924-5978
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