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Director’s address

Materials and Structures Laboratory (MSL), a research
laboratory affiliated to Tokyo Institute of Technology
(Tokyo Tech), has been established in 1996 with the
aim of pursuing fundamental and applied research on
ceramic materials. It is a joint usage/research center
for advanced inorganic materials, and it provides a
framework to promote multilateral collaborations and
contributes to the development in this research field.
All the continuing MSL activities are developing from
the research concept and ethos of the former Research
Laboratory of Engineering Materials (RLEM), which
have been established in 1958 by merging two
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 pioneered the
development of novel materials by careful and detailed
study of complex inorganic materials.

Members in MSL are achieving cutting-edge
researches on advanced ceramics, including functional
oxides for electronic, photonic and magnetic
applications, iron-based superconductors, and novel

catalysts. MSL is also aiming to create a systematic

methodology, applicable over a wide range from fine
ceramics to building structures. We are pursuing this
goal by elucidating the relationships between
structures at atomic/electronic scales and macroscopic
properties. MSL has established Secure Materials
Center (SMC) in 2006 to achieve the materials
research for the benefit of a safe and secure society.
The Structural Engineering Research Center (SERC)
represents the architectural research group in the
MSL. Its purpose is to study mechanical response of
materials, components, and building structures for
safety as well as functionality against earthquakes,
typhoons, and other hazards.

MSL is a research laboratory open to researchers in
advanced inorganic materials and building structures,
and many collaborative researches are carried out with
other institutions/enterprises in Japan and the world.
We are making our best efforts to achieve innovation
in this field. We appreciate your continued support

for our research activities.

April. 2015
Funihiro Wakai
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History

Bi9%E3A REZEOKMIBIAZRATE UT [REMEHRZRF] DREE
March, 1934 "Laboratory for Building Materials' was established as an affiliated laboratory of Tokyo
Institute of Technology.

RM18FE 1A REMBIAFRAIE UT [ERMAZA] DFEE

January, 1943 "Laboratory of Ceramics’ was established as an affiliated laboratory of Tokyo Institute of
Technology.
BM33FE3/ BEMBIMAF N O EEMRTTE ZEiERE U T [TEMBIARR] hER
March, 1958 "Research Laboratory of Building Materials" and "Research Laboratory of Ceramic
Industry" were integrated into "Research Laboratory of Engineering Materials"
(RLEM).
ER8ESH TEMERRFDEZEREEFIARD [RBAtS= v I AMRERAMR] Nl
May, 1996 "Research Laboratory of Engineering Materials" was reorganized to “Materials
and Structures Laboratory” (MSL) as a nation-wide collaborative research
laboratory.
k18548 MEEF17YTFU7ILAREYY—] RE (BRE105)
April, 2006 "Center for Materials Design" affiliated to the Materials and Sturucture

Laboratory(MSL) was reorganized into the Secure Materials Center (SMC) (10
year-limit)

ERE205£48 HEFIA - EEAFEILSTREE AR RILRICERE
April, 2008 MSL was certified as a joint usage/research center for Advnced Inorganic
Materials

AFRRBET AR DGR E

Cooperation to Interdisciplinary Graduate School of Science and Engineering

53V RHHE TSIV O RERHT MHEBES AT L X LTIFYT
EBPY i il LTt 52—
WERZAEER MERSAIEER BSIET SR EY MBS ER
MBS ER WEEFLEER AR RT LER

HHMIEMFER
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Fumihiro WAKAI

045-924-5301

wakai@msl.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
Keisuke IDE
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
045-924-5134
045-924-5855
045-924-5626

Division of Basic Researches

Masaki AZUMA
Hitoshi KAWAJI
Satoshi SASAKI
Kazutaka NAKAMURA

Nobuhiro MATSUSHITA

Ken-ichi KATSUMATA
Maki OKUBE
Hajime HOJO

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

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@mesl.titech.ac.jp
taniyama@msl.titech.ac.jp
h-hirama@lucid.msl.titech.ac.jp
azuma@msl.titech.ac.jp
sdimura@lucld.msl.titech.ac.jp
keisuke@lucid.msl.titech.ac.jp
yasui.s.aa@m.titech.ac.jp

mazuma@msl.titech.ac.jp
kawaji@msl.titech.ac.jp
Satoshi_Sasaki@misl.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

Division of Structural Engineering

Kazuhiko KASAI
Susumu KONO
Fumiyasu OBA
Yoshihiro KANNO
Shoichi KISHIKI
Daiki SATO

Yasuji SHINOHARA
Takanori ISHIDA
Kazuhiro MATSUDA
Hidekazu WATANABE

045-924-5512
045-924-5384
045-924-5511
045-924-5364
045-924-5332
045-924-5306
045-924-5326
045-924-5330
045-924-5512
045-924-5329

kasai@serc.titech.ac.jp
kono@serc.titech.ac.jp
oba@msl.titech.ac.jp
kanno@serc.titech.ac.jp
kishiki@serc.titech.ac.jp
daiki-s@serc.titech.ac.jp
yshinoha@serc.titech.ac.jp
ishida.t.ae@m.titech.ac.jp
matsuda@serc.titech.ac.jp
watanabe@serc.titech.ac.jp



EFa7vFVU7 AR EY T — Secure Materials Center

B B HH ®E Fumihiro WAKAI 045-924-5361  wakai@msl.titech.ac.jp
3 ¥ WA B Satoshi YAMADA 045-924-5330  naniwa@serc.titech.ac.jp
HEHE B BT Toshiyuki ATOU 045-924-5393  atou@msl.titech.ac.jp
EHE AF RXY Tomofumi SUSAKI 045924-5360  susaki@msl.titech.ac.jp
B ¥ &H g Yutaka SHINODA 045-924-5335  shinoda@msl.titech.ac.jp
W h #E EE Adjunct Faculty Members (Dually Appointed)
TAY MEEBIRAS 2 2 RH BER Etsuo SAKAI
TXAY MEZRIRESR ERR BEA S Masahiro MIYAUCHI
EEWENZHMEHNT M B FEAERE Kikuo KISHIMOTO
BEWENZH MR ERE  EE R Kazuaki INABA
TR ORRET RS JLEF EER Masaaki KITANO
TREIRIARG MR AXIE SH e Tomofumi TADA
TRUBMRGOMANT HAXR BE B Satoru MATSUISHI
Sy I AKEEEREHRREM Visiting Faculty (Division of Novel Functional Ceramics)
BEEHE X #HE Yuji MATSUMOTO

EFa179vT U7 IVESHREM Visiting Faculty (Secure Materials Center)

B OB OFE OB Takashi AKATSU

B ¥ WM =E Katsuro HAYASHI
EEBEH®E Visiting Faculty Members
BEERUE Jdtll B Kazuhiro KITAYAMA

REHER BH =2 Yutaka SHIKANO

EEHERE =R RE Yuhki KOHSAKA

EEHUT K (C—E Masaichiro MIZUMAKI
EERR W B3I Shouji YAMANAKA

EEHE KRIU WX Masahide KATAYAMA
BEHER BE =H Takuji HAMAMOTO

EEHE WLWEI &ia Kouji YAMANOBE

ZE3E Tl R Yasushi ICHIKAWA
NEAEZEHE Visiting Faculty Members
Guo-Jun Zhang

Jun Chen

Cho Gyoujin

Iswandi Imaran
Olivier Guillon

IERHARE Research Fellows
F EE Runze YU yu.r.aa@m.titech.ac.jp
M I Jeongsoo NAM nam.j.aa@m.titech.ac.jp
8 = Suguru KITANI kitani.s.aa@m.titech.ac.jp



Outline and Achievement

‘\ ¥ % (Research Budget)

FR26FERATOBIE

BEHME 2%

Scholarship Donations

REEEOHERR 7% PFHRE 7%

Joint research fund

AR5 - KRR
TitE - HEESR

Grant-in-Aid for Scientific Research

g
Total 1.3 billion yen
(H27.2B%)

13{2M

HEH - FER

ERRRAVRIEMZTHEESE S (ACCEL)
HRERIRIEM e R (CREST)
HREERIEM L HERE (T &)

Japan Science and Technology

Agency (JST)

Strategic Basic Research Programs (ACCEL)
Strategic Basic Research Programs (CREST)
Strategic Basic Research Programs (PRESTO)

Japan Society for the Promotion Tokodai Institute for Element Strategy
of Science (JSPS)

(E%7— 5 40]

IBEXERE - 2% (N PD ((RRARKRD) A
Fri22EE FRR23EE FHR4EE FRHS5EE FR26EE FR22FEE FR23EE FH4FEE FH5EE FR26FEE
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HRE 2 4 3 1 2 Z0ftt 0 0 0 0 0
& &t 19 23 25 14 18 () RIEAE
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Division of Novel Functional Ceramics

S5 =y I AKEESHF]

WMhEEBITAE 28 S

— XAeEMPOZ=Z7 X

Spintronics in magnetic nanostructures

FI/A=RMILHPSETA7OX— NIVIEEDH
INEEBRICEBE RECDERSOERNIEMIC
HOE, AEVEA,. RE#BH, RAERME
EWVWSERAEY FOZ T RICH T BERIESRR
MO EHMAE LT NS ZDERELXBL
THREZHEL TV, 5. BEMHE/ 1£E8E
ANTOBEICHITIARENIE S RE. ARE
BRAXEOXENFEEAVEAEVEFA, RE
CHREOMAERHME RBFERANTORE 2
FAL-EERSHURBEFIHOMRICEFAL
TW3, ChsMAE> MOZ Y AR, T
JHEMEPRENICEELREIZRAL. &
BEULTILY M AZZRICE T BIRE LR
TNAZADTH AL EAEEICT B ELTHWVIC
HEFEIhTW3,

BRI Ry NOBRXIEEE AEFATA 70781 X
Magnetic domain structures and a typical spin injection micro
device.

RE - aUMA=E

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.

7 1 VB D S EBHEADIE EA & ARARESL
Circularly polarized electroluminescence in a spin injection condition
using a ferrimagnetic material/semiconductor heterostructure.
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it BLER LHHAER

Prof. Mitsuru Itoh | Assoc Prof. Tomoyasu Taniyama Assist. Prof. Shintaro Yasui

BRIEMOHIEREZERET S

Oxide materials tailoring

AMRETIE. WERZEDIAGZLSEVEH
DHMEICXHT 2 ERNARE [BETHE - HK - 7
Ot Z2—EE (Le&%) 94 (FEH. 14
MoEM, BFEEM. #BiE)] 27TV 5,
¥hCchzEB8ETH0AME. 2FWHFEDT
Ot X [$EDOHEE (Ekshs9H) ~1ta
Y (BE) ~BRTHR-ER-7O0tX] 278>
T, Y47 OEFAZEME. mFEMH. E
BEMF. EEME. 2BETENEREY. 5147
ANATEME LM ORET ESRICR Y ATV,
CORR. BIEH) FI LA+ BEEEF. &
BRETEFER. HRATZER. IENRREER.
ZAECHS R, BFEE. B RTREMEHE.
1002 BADTMEDERICHKIIL., £/, %<
DFEEEDBINEIT> TV D,

ETFRSEERMTINOT LA MBI OEFEIRENE
— FOZELY 7 MED#ETF (SrTi'®03)

FMEEREE L CTRBRIICHID THET 3 2 £ICHKIN (2006)
Temperature dependence of ferroelectric soft mode frequency in
ideal displacive type ferroelectric SrTi'®0s.

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.

E T VRS TEEIL ZZFEE ) T 7 Y —RE DRI
RELAE/NE — >

Maze pattern of relaxor ferroelectric surface observed
by piezo-force microscope(PFM).

11
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chbhS5DT7)=79 /00 —%FKA3MEORE
Creation of novel catalysts and materials for the eco-friendly
production of energy and chemicals

AEELRVIREICE 2582/ LT,
IxIX—CLbFEBEFEZERTDZLE. HFik
FAREEHSOERICHLERARTY, LHL,
BEOMEEES> J -7 /09 —ClRE
BENOXKBELERIEELEHSD2B%Y
Ao BRAIZERDMIEZBIEET 2H L LB
SOEFMEANmMEKRFOIT ST —b D
SEBTENTFRAA—KR—%5%E - TR
5EICEK-T. EFHIBNAAF T2 —TIb -
IERAmDERFEEEICRYBATHET, £/,
BBEICAFCTZ2RMEEHRDOHRIEICEL >
T.HLWEASTOnBIEEEDOBEICKRINL T
BV, ZOMEENXN—-RICKERERMICH/ N —
TE2ENFEKRBEMERREL TVET,

FEINRIEEAREN— XL e AEEERMEICHNN-T
L3 KGE
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.

Yield:85%~

(based on carbon content)

Starting material:
Sugar(D-glucose)

“sugar catalyst”
SO;H

BEEDRIE CBENMEE L1 ~20nmD T 5T
= I D5 BBZTENT 7 ZH =K OSMERERE
An amorphous carbon consisting of nanosized graphene
sheets (1-2 nm) with large amounts of SOsH groups
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R =i

Prof. Michikazu Hara

R
HEEE

Assoc. Prof. Keigo Kamata

BHEERGEATE L T 3MEHE Rt & Bl

Design and creation of catalyst materials for difficult chemical

reactions

tZEE£2RE - BEFAMENLEBALS

ARBERVWICHEORMPFZRINATEY., #h
FERTOREIHEICETNEIh TS,
AMRETIE. BEYZHIT. SHEOFVH
EEFEHEVWITOEX2EFHT 2 EHMVER
EMEEREL. BEAEAHSORBEICER
TBHEEAMELTWVWS, FlAIE, ZEBMLR
ZXBEBbAFL EOREE N FERENIC
FEMHETE 2MEMBEHREIL. ChETIKH
DBEMEZZEBRICDEIHEIT>TWV3, B0
IR EER TN, KhPHHEFERTO
BEEREO/ JNY)EELPLERELREEY
1 b OEBEFMEORREICHEHL TV
3,

BECONLFRIEELRIC % AIHE & § 5 MRS

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 H20»,
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 LREEY 1 & S DEAEFMEDRIH
Creation of inorganic solid catalysts with well-defined active sites

ﬁ-ﬁmﬂ%i‘

13



14

HYShI-#Eh S REiREEME Z8 5

Creation of novel functional materials from ubiquitous elements

and inorganic materials

BN EMEHIH L VKRR ZE > TEE L1
b OMRETIE. HBEOIAC T ET
TO—FTCHEE2ETET HMAPHADOHRE
AESCUIWEMEEEAH T EEZBKLT
WY, EXC MIERERLEHRIE [TF
] EOSERBEICESY., EHAMY S
IOV RFERERBRTVORE ICFEDH D,
HRBEEFAORRGHR—FI AR %
EHEL R,
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Concept of amorphous
» oxide semiconductor (1995)

=
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@ } Fe-As
Kg/ layer

Iron compounds become
superconductor(2006)

IRAREVE B LM 5 R SEIRAEREAT RN

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

=

Transparent transistor
(2004, Nature)

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

Cement becomes
Transparent conductor

Utilize natural nanostructure »
in C12A7 (1999)

New high-Tcsuperconductor
after 20 years of dark ages

‘True Nanotechnology’ converts traditional oxide materials to novel electronic materials

HEF -y - THRHARE
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Development of practical electronic devices using novel inorganic

materials

o EHBEIMTERREISEVHRIE 7 EIL
T 7 ABIEHEEFETHY ., PELT 7RI
O DI0EDMHEEICE P LPDHSTILES TIL
BEHRELT 1 A7 L1 DIERHTE B,

Bt EEEDOHE TldpEZEEEEE D
HoEBHLVT—VYTHDY. BEFHEEEE
BULZREHEHICEU S OMBERDIFTH
W, BETEHEGRLT 3R FLED® R xhE
DEVWEHELEEE 2E>T&E

BtoEROF/BEEFAL. EX 2 M
YD1 DTHBHCI2ATH S ER - ARPTHRTE
BEHILYIMNIARNERBLE, 7IVHUE
B AICHERBLEL . EFEELE. EFH.
ReRAME E ., B4 LRARICFEAD CEEZHREL
TW3,

TELT7 BT >V R85 fE 07T 1 T LA HIERDH
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.

o ~
3 120f 2o o /D 4000 'E
£ 100 . 4 g
S Lwv o {3000 3
= 8of o !
£ - A 200 &
g % s §
3 4 Vg / £
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BT LU b7 4 RC12A7. e DiE&EIEE. EFHEEE 7/ XICADS
Crystal / electronic structures and device applications of C12A7:e”
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;T /HF - BFelHLEFTRNLT v TTNAR%EB

Molecular devices and nanoparticle devices by utilizing bottom-up

processes

EENICEEFTNARX - QFTNAALE
DF/ AF—ITINA X &iA& LT 3 EERMT
EFMELTVET, CORMERNLT v TF
EEEEIHh, 2FOBELHCHBEEZZHA
WTHTF/A— M F—F—TIEEEESIC
RIHTEEd, RLENETIC, DFOMERE
EEH M XIVERBEOBSEZHRTO N 2
IWEEEFIALT. 120OF /KFHDWVIIHDF
FEEHRELT. ThoDEFHEELHS »IC
LCEELE, 7. 5 nmUTOX v v 7E%
BEUHPOYTF/ A —NIVBEETX v v TR
FlEshiEr/ vy TEBEERT IEER
AVXEEEIL, COF/ vy TEEBES
JRFERWT, BEFFF> Y X 2D5RER
BEEODELE#1TEVWEL A, BE. 2F - F
JRFEF/ Xy TEEEAVT, ERETH
ETBIEEFISOIVRAE - BFTFNA X%
ZL., OREEOETICAT -HEEZERELT
WET,

RENLT Yy TFEERCIVEA LS -BEEFIS LI X2E7—0O
24T TN

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 electroless
plated nanogap electrodes.

HEEASTXEY
Room temperature single-molecular memory
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Explorations into Super-functions in Ceramic Materials

BRABEHOSEBGEFRICKEREN S &
SBEEITIIVIADEOBRKEEEY. BB TS
EVBBZE. ELTRAIRT S EEBHELT
MREIT>-TVD, HHREDZIRBOE—
3. BEERHEL AP REABEER
DERFEM TH D, HRT—VORE. HHIE
HPREBOYMEAELZ TE. BIEVWETCERS
EOHRMELHERTH D, KEBOEZIL.
YEIJOKKETSIL O R T4/
ORTICOEEREEZ. AESBAETS
FeERIEHMEXIREELE & & DEimE FEH % F
ALTEEBREIHRICTCHS, TLT. Ch
LERBRERDERY. YE - FIYHOBRE -
RETIC, SIEERVWEF /P32 —2ar
(BE—RIBEE) 2FHL TV E=ZOREE
Thd, fEYU. BV, ZZ - FRITZEVIY
BRZAROEEI®OETIC. ChsOREE%
ERfEL THEE L T B,

TO—F4 27« - ETHEEREER L. SLERSXEF
BUIEAEMBLETFHRERICLY . EFOEE AR &EE
IxF—ORREERICER,

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.

BEHEE (MBEH) MFEHER THDCuRhO2 ICDWVWT, BFIEEY
HABE . KFRNINRT MLEE—FRESETSH/>3IalL—Y3

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.

TR =E
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Visiting Faculty (Division of Novel Functional Ceramics)
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Prof. Yuji Matsumoto

ERFAEOEZT & EHME 70+ DRI

Vacuum Science & Technology of Solid-Liquid Interfaces for Innovative

Material Processing

BEEREN—RETIRLAOFERRE, £
EREFMEREMTEEREL. BEOXRE - REs
ITHEL, BRERELPSEIERAEE DM
RMERELVABRABEEZIZE EVOIHFEL
ﬁ%ﬁﬁ%ﬁ%bsiﬁmtﬁﬂ7ﬂt10@
BREZBEELTVWS, ChETIC,. 5B -EZET
TRESE-BIEYRBEEN L B DEE
REEOISYIRIESGXY —, FHiL—H
EFRAVWEAACRIEODERZZREE. LU F
CHEEENUETIVAUNS AN, EHERKR

ETRHEEORRELEEICKHLTWS, £,
BRILFELEEESOLRE @A S AHER
EDHF L Win situf I ORRICHIRIEAT
W3,

PLD-EXILFHEE L X T L

In situ PLD-EC system for precise surface/interface

characterizations of oxide semiconductors

WA R =E

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.

BEEN L A-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. RAFEM. BEEM
GEBo b BREREEZRUET, Kolddq
YELRERICELNZEESREY. BiES
HEBs57 7L —MEUEBEER KBERE
BEODFEZHMEL T, MM EEMBEE,I £
FEI5HE. RECEEEHNEHL EEH.
MEICE > THROEDOBRBEEREMEEED. FiL
WHEBEM B EERIL TV E T, £/, XE
CHBFIRPBEOEIRICEA FERTR @B
FOEERREBICHEKRZFE ->TVLET, 5L
MBI, BRBELRIBEUTOVTVET,
BEXEHOEICE > THEGFEET BN,
h¥rLEREEELE HEEXEPhETFiREE
AUuTHML., HEORBEA DX LEZHHAL
¥F9, CcHOLTHEShEBERIPSESSICHLL
MHE &SRS, BRTAEVWSI YA VI THES
BRELTVWET,

FEMEEMFIBIFe1xCoO5ER N EREBE FHMER
(x=010)EEEH—T, CoONBREH#ER T IRV, ESHH
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.

HNERIC & > TBiENIDRE TERBENHHE Z % Bio.gsLao.osNiOs, Niz*h
SNI*ADERILICEL, 2BLE. 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

MEOBEMRBCEHEEBREPECHES

T EhS. BROVEICE T 2HEGEEE
DEPEZOREDP BETH D, KFRETIL.
BEOMEOHRE BBz ENICIERTS L
ICIMAT. 4. HBRNFR. FROWNTFY A
A EDHERDATEMR T/ BENS HEEE
b LIFTHEICODVWTHE—NICE 8432
EZEHMELTWS, BEMICIE. 75X ML —
MU B EOEKIBEEH 5 WO IZEEANDFR
WMBEADHE. BFEROZRRBEGEBRRDH
20 S FHEROBERGEEAOERNFY
A ZAMRBEECODVTHANTVS, COBRR%E
S EICF/ BERIEIC X 2 HEBOH O AL
HICOWTKREIL TV 3,

1r PMT 1
1 kHz to 1 MHz 1kHz to 1 MHz
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7%=l 2EBES/ KA1 DERIC L ZBFIHR
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

HMEOESHWHEPHANMEE L. BETX48
FOBEICEREEh S, FTEEPBTERLEE
DNATIMRICIE. ZOBBENFBEHRET D
DHAFRBELELDHEL . HRBEPETFREL
DRI BAICHEESN TV, KIFRETIE.
B hEFEFALT. EOI/7OEL
NIVTOBERPETREZARL. v /04
RARTEI > TV 2 YEBLEERPOEEORE %
BAXTWE, RIEOAREICIE. HERELICLS
BRI O MBIRE > B FEBEGER OW
%, AVZAEY VEETOREZMMEDOFE.
7171 MPERBEEFTOEFREOHE.
EFEIOFE—FRESTFENFEPEERICE
&3 32— a3, XEERITINPHEER
SEELIC L 2EEYOBMMREEL» H 5,

I3y U RMEERFT (612x) ZERILABREES 21—
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 .

NiZ 51 bPDFeDERA—GEE EER/EFHH
Theoretical electron-density distribution of FesOs and X-ray magnetic
circular dichroism of NiFe2Oa.

ke XHR=E
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Assoc. Prof. Kazutaka Nakamura
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Ultrafast Dynamics and Coherent Control in Condensed Matter

NEOYHENME LRI IEF. 74/ >
BELURHREDE LTIV RIEF/HUTDOE
WEBZTF—ILOBERTH D, B4TESZED
BB PXREINEE AV . EaM-T
L NEBEXS—ILTCOX+ U7 - RE> - T 7
JoBLVENFOBEERLIAT IV ADOHE
EIT> TV, $IC, FEk - BEEEK - BF
ERICBIIZ 7/ OEBRNETFRE (O—
LY MREX X714 —ZXFNIREE) OMfE%1T-
TWd, &5, BEICEELUAT7 L BN
ZAERAWVS ETERNETFRENDIE—-L b
HlEEIT>EEDIC. EFTAE—L U XPEF
HHERICEAT3MREHIT> TV 5,

YBaCusO7.¢D A —L > k7% / LI
Optical control of coherent phonons in YBa2CuzO7-¢

iR =E

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 MRS RS REE

Femtosecond time-resolved optical measurement system
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Advanced Solution Processes for Functional Ceramics

73y 7 AMBICIIHRIESE. FEIHH.
FN4EMH DO ITMBEEN L EOBEQ RN
EHTDHDOFSELHYETH, ERICIE
1000C L EOEREFELEE. TRILX—HIICHE
DETREAEFNOXEET7OEZANEL. Ch
PREETHEOICABRICI XS s E
CTWEd,
AMRETIIV I MERTOEX EFERLEE
BAEICEY, WAL S Iy 7 AT - SR
NE—ZCTHEBERL. ThoDT NI R
CHEEDTVET,

2014 BE. EEMRT—~ELTRDED
PHVET,

1) 1>y b, AEVZATL—, BARK
FEMBEOFRBIARE T O+ XD
(K1 (a) (b))

2) BREEBARSR Ot XICL D EHESEMH
BtMWE. SERB77414 NEOEEK
(E1 (c) (d))

3) KBMETLZEICLZLEHN T AKENAE
HEMbES > TS MEA

4) Btk mEF S RFOERENA A AT 1
HIViEA (X2)

M1 BAR7OE XL L 7= SIEHEEE AR
(a) CaWOs1 >z bixa—>_ (b) ZnOKR v h/¥
22— (c) BRAEEMZNOE. (d) 7z 71 o ER
Fig.1 Functional ceramics fabricated by solution process: (a)
CaWOy Inkjet pattern, (0)ZnO dot pattern, (c)Transparent
conductive ZnO film, (d)Ferrite film.

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)

2 NA AL — RO /T R T S HF
Fig.2 Nano-particles having magnetic and fluorescent properties applicable
for bio beads.

BTHA=E
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Prof. Kazuhiko Kasai | Assist. Prof. Kazuhiro Matsuda

Study on Passively-controlled Building and Base-isolated Building

WEIEYICEERIRILX—%25Z, TDT-
HEMDIRE) - HEHFEL %, HIEHEEIE. Z
DIZILX—%HIN—ICKVHEIL, BE®HD
BhaliglBsd, ZTRIE. COFEMRO
REDE-DFH 4P HEYELA HARXD
E-Defense EEIA & 2 Y ASKEFIREHDE
BThd,

7. 2EIC2400FFH 5 FETEEDFEH
PHEBICHUEESY EEDhTHY ., B8R
HEOIN—TZhHEFEEBHELTVS,
ATRIE., 2BEREFEOD—FOIEHIE - HiR
DEHEER. $LUKLIPEHE - $FHFLL.
BERT STV ESFHERERI=Y FE2RT,

MOMREE . REEE. HKEEE. HER
DEFEEDDER,

AR K DE-DefenseBEN A % AL 7= M A SRR
ENDOEER (HFMEK%EAN)

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.

FEUEEHIRIEEDRE E X8 (REM & £R)
Development and Test for Wooden House with
Passive Control System
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Development of advanced seismic concrete structures

KECRVUEERBEYEREL, ROUTR:E
EREDHSEREZHRTHCLZMADEDN
ET5, BREBEITHIELERTRIET S
CEEMROMmEmE L. MBHFEOET VL -
FMEORE - FIBES AT LOXRAREE,
ERSHFHIOXAPBFE TR AR EEZRE
MY 5. EFNEEHATIE. HEREREC
L BERENEDRBERICE. BEYT 2R OXXH
AE. ETVEBRGFERAVEBETERR. HET
FIWERWEALEL—2—BRBEETH .
BEMBELTELAIC VY - MEEYOm
EMRECERZEZ RN S, HSEBOBRK
HEem L ICTEEBRICRIK T 5.

KEVRENE % B L\ - S IERERCIE R DR E 14 RERESD
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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Design and exploration of electronic and energy materials based

on computational science

BSOS EREOEREA—/N—TO 21—
ZOBEEAOELEIEEEZ L. EFHEK
EOCE—REHELSBRAMOMBEET - B
FULANILTRCERBTIEITEL, £2<#HL
WHBOEEPZOMHEZSVMEEETTFAT
BCELFREICE>TEZE LA, HRETIE.
CO&H% [EHHEMBRE] (SIBU T2
BRIDEEDHIC. ChETICEVEHEMH
FRHTCEEZEHEBLTOVET, 5L /-4
FIThHEL, RETCEVRERIMEETS
ERE, MHEBEARICHT 2 —X 3T T
LLE->TETVET, COPYPVDDHBE
BICREHOSTEMMFIEZBEL TRYEA
TWET, EFF NI APKEBEEMEEICHED
h3EFHMHEPIRIT —FEERRIC, 8L
{HEZBREALTVWET,

X1 FEEREON KT T4 X2 b, SEELE—RER
BIZEWN FUIBOEREN L CBRIATVWET,
COFETEFEEFEAI. EREPBRESATOEVYE
ICDOWVWTHEEENSWVEBRTFRNAIREEEAE T,
(Phys. Rev. Lett., 2014)

Fig.1 Band alignment of semiconductors at their surfaces.
Experimental band positions are well reproduced by
accurate first-principles calculations, implying that reliable
theoretical predictions can be made for experimentally
as-yet-uncharacterized materials as well as known
materials.

KEMAE

With remarkable developments in computational
science and the performance of supercomputers, first-
principles calculations now allow us to better
understand materials on the atomistic and electronic
levels. Furthermore, accurate predictions can be made
on the formation of as-yet-unknown materials and their
potential functionalities. We utilize cutting edge
computational science to discover novel materials with
outstanding properties, while also prioritizing cost,
environmental friendliness, and elemental abundance.
Our research targets include a wide variety of
electronic and energy materials for applications such
as electronic devices and photovoltaic cells.

2 D LRMBILF I REBRICE T EFEELH D, BROD
HY—RIVIxy e RMG (&) CHE—RERHEICL) FELS
hizt ) LBEARMOBAEE (B)., €YU 7 LNEREOKR
O A EHIBRERBIBEE LD ETHRIRPERED
EXGH A XTIy FHARMEN, €I LDPERAICEY)
AEh3Z ENERBE hE L7, (Phys. Rev. Lett., 2013)

Fig.2 Blue luminous centers in a Ce-doped BN single crystal: A
cathodoluminescence image (left) and the local structure of a Ce
impurity-B vacancy complex predicted using first-principles
calculations (right). Ce impurities have a huge size mismatch with

the host B and N atoms. Nevertheless, they can be incorporated
into the BN crystal via forming the defect complex involving a Ce
impurity and four B vacancies and thereby compensating the
mismatch.
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Mathematical modeling of structural mechanics and design

RELELBEYESEMICEHREIT50(C
3. TOEEBZMNEICIBET S L&, BET
OtXZDNEDEHEBPETEIEEHPLEENS,
ZTOEDHICIE, WERRPHEFHEOFE 24
ABPBETV INRELD, COMRET
3, RELZEICHETIHBFEEZRAVSC
ET. BEYORENEPHENEZ SEL - AR
T35 &Z2BELTVS, Chit&klY, =&
ZIE. T TVT 1 EXIENh BRI BRA
BEP. AORT7Y 2 ORNBHEEEHE
EhE%, BHICEHETHENTE S, TOD
ICEEREMOONX MREHEPEMBEL
EDHRZERALES BRL T3,

SEEFECIVER SN AT T ) T 11EE
An example of tensegrity structure generated by the proposed
optimization method

Structural optimization is widely applied to explore
outperforming designs of structures that have enough
safety against disturbances. A key is proper
mathematical modeling that captures essences both of
mechanical problems and design problems. Using
such a mathematical model optimization might become
a powerful tool for design and analysis of structures.
Research topics pursued in our laboratory include
structural optimization, contact mechanics,
elastoplastic analysis, robust design of structures
under uncertainties, tensegrity structures of structures,
development of design methodology of innovative
structures, etc.

BEREEE AV TEHEI SN ART VN EDBHEEE
A frame structure with negative Poisson’s ratio designed via structural
optimization

EHMAE
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Examining and treating the damaged buildings due to an

earthquake

2011FEDOREEXRKEK TIE. #ikEEZ R
ICEIES ¥ LT, BIXARERYBIEDHOD
RELERIBEETHDI PP ELEY X
U7, BERmEE. #HEL -BEHBM0EES
DREEZHAL. BYOFEAREZHET 20
ErHUET, BE. EHa> 7 U — MNEZM
TIOUVENPEEREEE>TUVETH., B
KUEELTHVWOIhZMBEEMEBRT S
BHICOVWTIE. MENEFEHRELTHESNS
BEEEBOFMESIBEROITISATOEE
Ao COZEN, RAXKEXKICETZEIBD
BREEZBEV-ERELTEBINATOET, 4
MRETIE., SBEEDERRELTHENE
BEHREAVERREBEFMEFEOBEL. B
BT T 2RO EHEFMOBEREEIT-
TWEYd,

B iEiEtE0IBIE C BB ENEEEBRE LT L — X8
DEKREER

Fig.1 Research on structural behavior and establishment of damage
evaluation method for steel braced frames

From lessons learned from the 2011 Tohoku
earthquake, it is clear that the quick procurement of an
emergent public shelter is very important in time of
disaster. Structural engineers are required to estimate
the seismic damage of structural components in
buildings, and to judge whether these are able to be
occupied or not. However, the visible damage can
hardly be related with the damage to steel structural
components, while crack width has been used as a
clear damage index for reinforced concrete structures.
Our research group aim to establish a visible damage
index for quick damage estimation of steel structures
and to develop a seismic repairing method.

X2 BHEMOERI> I Y- FEZOUEINICED CBEFM
IR 2 EAEER

Fig.2 Damage evaluation based on crack pattern and its width on the
concrete foundation of exposed column base
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Assoc. Prof. Daiki Sato
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Seismic and Wind-resistant Design of High-rise Building

T, BENS 7HEICRRINZEERY
RKBEFTE T COBAMEOREN SWEETT
BMEhTWEYT, ChSDWMEBIIhFEFTDE
SILANIEXKIRBICEBSH5DTY, 51, H
AIIHMEXETH 3 LRABKIC. BEHSELDA
BAREL, XKEEHEEEHL-50TVET,
BYMEIEBICEDIEHMBHRIETLETHIE
MIIERTIRANIEXRT /-0, BEEED
& EHET T BRRICIE. TEEERE /2 (7 T& < AR
HETHMTEBELTTITOLEL» HYE T,

AMRETIIEAMEPER K E DM I
LT, fliIRBEPREBE LV - 2hiEHilTZ
AVWEEBEERYOME - MEREFEz. X
BB LUBITNEHRZRAL TIRELT
WET, S5ICHIE - RERAS > /N—DOBRE?P
HEEFMETF ADBRELIT>TVET,

WE - AEAZT-> TV 3 BEEREEY
(TFPUEF v /IR)
High-rise Isolated Building in Suzukakedai Campus

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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Temperature Distribution of Viscoelastic Damper under Long Duration
Loading
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Assoc. Prof. Yasuji Shinohara
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Crack behavior in concrete structures

B> 7 —b (RC) BEBYMOMERET
(&, EHRERET D S MBESRET AN DBITICHEL,
EECAEEHEADERET 2REMEEICHE
HEIARAMADIBEL T TELS., HWEZDE
YOESEVEL. ZOROREFERICHT S
FERAMEES LUMAMEEICEL THEE/ICEE
HBTBEPPBEICE->TETCNSD, RCEEY
Tld. OUBhEFBEEFMEOEZEEL L TED
h32&EP%<. BERAZRIET S LTEE
THd, AARETIE. RCEEVICE T H0V
BhOAFZESEHZEMICKRETIL. FAM. W
AMBLUVREEDE AL S, BEMEEICRIT
TOUVENFEEHOHEICHATIMEEERB L
UBIRICE > TiITo T3,

BEICT7)— MEEBHOEIE
Deterioration of reinforced concrete buildings in bay area

ERMAE

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.

SHOBREIRICS 2 VUEINVERES

Crack behaviors caused by corrosion expansion

HWARTL R ML RIZLBEAROUE WO R
Effect of active confinement on shear crack behaviors
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Prof. Fumihiro Wakai Assist Prof. Yutaka Shinoda

Towards an Architectural Design of Secure Materials

I I vy RIE B, EFERICRE. SR T
FRATZES, EVOEFRFHY, TRILVE—, &
®, 8, BES XATLEOERRMELT. %
BAERRELOERTY, —H. FEHICHELS.
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Ry AT LAORRICE T MLV S D
77O-FELT. €73 v 7BMOEEMEORE
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B9 2R EMIEMaaEEICLELE, €53y
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BIIEPMEETH B &, Thbb, BHERI
P EEHSE SN EMNMMEEDRERTY, fh-5138
B - RS E. hEER AT EHE -
=M O - kIR A BiE L - EBHR
#LTVET, BHOEEN - BRBERLEEWD
SEBICT 2 HENERRMROBR R EH
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ERBI 2 X2 7HEREHEHERT L& H
BLTWET,

Zbr 1 FEAMBOBBEDORER (Nature 1990)

Finding of ceramics superplasticity in a silicon-nitride based
composite (Nature 1990)

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.

RIETOERDIRTI I 2L~ 3> (2008)
Sintering simulation in three dimensions (3D) (2006)

EHMAE
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Prof. Satoshi Yamada Assist Prof. Takanori Ishida
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Estination of Ultimate Earthquake Resistance of Steel Buildings

BEYOREMEEEZEAD LT, BUFEDK
S EMEEEE->TVE L, ZTLUTHREITEAT
WAHELANINIEYORBMEMEEDOSRTE
DEEIMMBLTVWAIOLEWD Z EEIEREIC
IET A L. HBEBETICEVTHEDOD
BIEEHEAGORTEEETE-DICHER
ARTY,

IWHAFRETIE, BREROEEN L ERES
ENCED W EE S B OB/,
MEFHE TER - B EBREROEIRIH
EERER, BEOEE OFM. X4 E2EEL
FHEADDOFEMEWV >/, AAMEE,SIE
Bit# e 2 AT LE L THOREESEYEIE
BB EHRETV, BEBETICSVWTE
HREYIREBELEB2REMEMEEZHEHATA
CGEEBILTVWET,

KRB E & AV RS 2B D XA BRI EER

Full Scale Shaking Table Test of Beam-to-Column Connection

W E R E

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.

EEREHHEICSH I EEEREOHE
(L RBRIHROWRT . T 1 EAEDOIEMERER)

Brittle Fracture in steel members under Kobe Earthquake
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Functional fragmentation controlled by phase transitions

EROEEMHBRFETIE. LWRVHEZER
LTEEDY. EQLSBMPTHNh, F5h 35
SICIIRAPH B, €T REZHEBRLT. #
HESHPRNDZETERETIMAELZE-ED
CENTRETIREVR, ERELTVWS, ZD
HOEYN)OELT, FFFTIE. “BhF” &%
LWMBREE L TIRA . BEXPEAICL - TEIEE
CEhBMEEBRPLERIEEFALT. TH1
SNIBN TG 2 H - HBRBEM 28R T 5 C
E&, BRNBEEMELTVWS, HEBEVWOIR
RiZ. MHEZNESPRBT BT T 1 T4
THY., 12TV > etk RIT B RE
MEMDOTVD, £9, ERNEERELT. &
REBERICE > TRET 2ERREHFIZEIT .
BEREBBPILERICE. 7/ 27— VAT O#H
BOLBERIPSHEL. ChoDERNET -2
EERIT S LICEKN, HLLRELBEMHO
FMRENCRBHSE S,

FEAA & TR ISR T & 2 ZBRBH X8
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.

BREML7ZLTA T3y 7 X((a) 49 GPa(b) 65GPa)BER#E 1+
I LT MDF /KEERL ()WL y-T IV F ESIOH T IANDS
BRISO)PR 5N 3,

Shock compressed mullet ceramics indicate peculiar nano structure
(a)and microscopic decomposition to alumina and silica (b).

PEEmAE
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Assoc. Prof. Tomofumi Susaki

BRALMREOMIE FH el SN DN T/ BEFHMHRE

Functionalities at precisely controlled interface and surface of abundant element oxides

NIV L —Y—#iREE AV TEER{EYHOFR
H-REZES/ A5 THEL, TLo b0z
P ARFELT, HBHVIIHEE U TOHERED
RFEZIT EABFIC, HFLALEFREZMEY
HIZEZBEEBLTVET, #C, L~ T x>
TLBE, V-V B EATEREMEERTS
CET, BRWE. REMICLZREATEL S
R LRI E R BZ T S HHEREZIT-
TWEY, EEREMICHV T, RE - FED
B ERERIEFTHIDPRLZERODD>THY,
ZDED BREEBVICFIATEZET. TN
1 AICRICEEE. $5VIEERAROHMRE L
THEY &5 ATEFREZRRLTVEET,

L
AN f/

HBREBEEFORIL~Y I X 2T 4D (100) & (£) & 111) A
() OBEXE, 1) ERA-TEENEFH,SHHREN S,

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 BEBEERF v o N2RcHIEHEH
B2 X7 L

Pulsed laser deposition system (one KrF excimer laser and two
ultrahigh vacuum chambers)
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Prof. Kikuo Kishimoto Assoc. Prof. Kazuaki Inaba
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Mechanics of Materials for Safety and Security, and toward Comfort

Life

M EBEDEE. MAM. EEMOERE
mEE. AEICESTHKEDEBETHY ., BE
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HEHLTWET, R4DIARETIE, RE -
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FEORRE. 2FHEHRX YN TV ETNICELDE
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D x—7 Ly MNEREBERIEBIE TS AT
NEEL. SRESERICEBIEH - 0T HEA
BEMOSEL. EFHE - HBOEEEOTME
EMERE, BHTHEKICHE>TVET,

DFERY NT—TETIWCL SR TFOENEH I 2L —
3>

Deformation Behavior Simulation of Polymers with Molecular
Chain Network Model

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.

TIVE 2 LEAM OEREEE OEBRR

Observation of Deformation Behavior of Aluminum Foam under
Compression

BRMBENFHAAAEBA
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Construction Chemistry

A MRIKEDREICEY I Z7ARF /Y
1 ZADERMEEREEMR L. e RIET 5,
RIEPERMEHHT T, SHE. 2 -
SEEPERESEEBORELZNETE. &
B DEIEIC K S BN LI ES TR &
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REROFEMHFA. BREBFRZFALLEX
> b OMFERET. SREEE A > b O FERE.
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x> M EEB TEILE € 52Ca0 - Al,OsH 7 X-CaS0+5% D
KFRE A

(2 {{CazAl(OH)g}(SO4)1/2(H20)3} )

Reaction products in 2Ca0 « Al203 Glass-CaS04 systems
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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.

150C DIERR T COKBERICKINLZNEFA b
([Ca4(Si309H)2]Ca + 4H0)

Low temperature hydrothermal synthesis of Tobermorite by using of
g-Ca2Sio4
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Creation of novel electronic materials utilizing abundant elements

;&%ﬁ%‘ yrees]

Wik EICHFAET IR NABEREZEHERAL. It is one of the most important subjects for human-
HiRrEELHSEBEST I LE, 21HEEDOA beings in the 21th century to make an effective use of
FOXEZLEBEO—DOTHD, TREEHEL the limited resources of the Earth and build a
>A—TIld, BIEVWAEFICHLOHEBIZ 2B sustainable society. Materials research center for
LI ELEEMELTHY ., ERYE - 5H element strategy (MCES) aims at establishing new
B2 - LSBT OBEICK Y FHREEFH design concept for materials science in a wide range of
# (FEE, SHEE. 88X, FEK. S fields. For example, we are trying to create novel
ZEHEL, HIXRPREAETOSV TR Z electronic materials (semiconductor, transparent
AuiORKEBEMEXHEEZ ZRT3ETMH electrode, conductor, dielectric materials, catalyst, and
ZHRELET, 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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Prof. Takashi Akatsu
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Secure material innovation-Science on the fracture of ceramics-

BEAES IV 7 AT, BIZHh2EMRE
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RICHBEREZBENETH D, KARETIL.
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7 IV AORM (B, MEFEHE. MEEM.
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FHRBHRZIC. POEEESCFEMTE3H
LOWFEOREEEEEL TV,

I3y VREMHOBBE THSCBESh s H—F>
F/ 77 A N—D5l3k T

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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Refractory ceramics handling active chemical species

A - EENHAMEVI S I v I ADHE
DAENAEEHRE. BEMRRICELEIE S,
BlzIE, 7/ K- ABEZFD12Ca0-7A1,03
(C12A7)DERBFRICEBEETHMIBICE ST
KRIEMIA > (H) 2RELS . KBHICL-
TELERIEYTIINOE LI EFEERICE
I€TEB_EERHELE, £/ EZFRTHE
MEICKVARIEAIINLAZTESIVIR
P BV ZHF D EFREZzMRELOT
ZEICHETET. FENEBRI I HIVIEE
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THIFBESOEE-ZREMORREZIT> TV,

(a) BMHFFBEICL > THESNEZCI2ATDF — D&,

(b) C12A7-TIEEREDP 5 DEFHE (¢) HIF > K=
C12ATERDRIMERHFAFENZEIL (d) BICRAGWERE
BING—Z 2 TOBE

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.

(a) EXEBHEOMGEEMOME (b) Etibk () Na-BZREHD
(a) Issue in driving range of electronic vehicles. (b) A cell test. (c) Concept
of Na-air cell.
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Section of Technical Staffs
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Office for Collaborative Research Projects

HEFIAEER

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 Workshop], and
[ Topic-specified Research]. In 2014, 104 projects
were promoted and 993 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.
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