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Prefatory Note

First, on behalf of the Graduate School of Environmental Studies at
Tohoku University, I would like to express our deepest gratitude for your
continued understanding and support of our research and education. We
are very pleased to deliver to you the 15th edition of our activity report,
written by faculty members and covering our accomplishments in the
previous year.

With the concept of “humanity-science fusion,” the Graduate School of
Environmental Studies was established as the fourth independent
graduate school of Tohoku University in 2003. We are currently operating
in a two-department system, with the Department of Environmental
Studies for Advanced Society and the Department of Frontier Sciences
for Advanced Environment. The goal of our research and education can
be expressed by two pillars. The first pillar involves nurturing human
resources with a bird’s eye, global perspective on environmental issues
and the ability to implement countermeasures with leading-edge
environmental technologies (global “T-Type” human resources). The
second pillar involves nurturing human resources capable of creating
solutions based on humanity-science interdisciplinary environmental
thought and freely assuming directorial roles in a variety of positions and
contexts (global “Convex-Type” human resources).

The year 2016 saw the much-awaited completion of the new main
building. To this new base completed on the Aobayama New Campus, we
are accumulating our laboratories over time. We feel it is already
becoming more convenient for students and faculty members alike and is
facilitating more exchange. [ am confident that our efforts in reaching the
goal of our two-department system—nurturing “a generalist who leads
organizations and society with a wealth of knowledge and an exceptional
administrative ability” and “a specialist who leads the world in the
research of frontier environmental science”—will be further boosted.

Internationally, it is our common duty to strive for Sustainable
Development Goals, which comprise 17 goals and 169 targets. As these
goals and targets pledge to “leave no one behind,” we see them as
universal tasks for all countries. In our research and education, it is
integral to produce leaders who can address such challenges. It is our
hope that when you read this activity report, it not only introduces
research accomplishments but also embodies the aforementioned
perspective. We greatly appreciate your further and continued help for
and encouragement of our research and education.
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Measurement, observation and equipment development for
understanding of various geosphere information

Big FE X

Assistant Professor
Nobuo Hirano

KARETIE,. HEORLBBEROBREICERZLETTED., ZOLHICDERFEPREOHREEZLIB>TWVWD, TRY—T VI K-
ESOHEEER. HIKRBOKRARGT TCOEAREOEE, BRKDSDRT—ILiTH. ARELV/ TR RADBABICAIHRFN (NTL.
ATL). B/ ZIAVBREEBTINIZUVLERWCKROBEERMETH S,

FICHBERORFLERAZENELLEDTHD. INSOMRBRRZRENICIFHRICETLULVWEEZITVNS

The objectives of this laboratory are to focus on measurement and observation for understanding various geospheric information, and we are developing
apparatus for that purpose. Our main targets are water-rock interaction, destruction of rocks under hydrothermal conditions in the Earth’s interior, scale
precipitation from hot spring water, natural and artificial thermoluminescence (NTL, ATL) of quartz and/or feldspar, and hydrogen production from the

reaction of strong acid/alkaline solutions with metallic aluminum.

Our main focus is the development and utilization of geothermal resources, and we will use these research results for social purposes.

TFHEELICHS ERLY OBRIRER

INETOMR T, &AFEZ 400°CH5S 500°CRDBERFIRAEXK
FICEREL. RIREZE IS ERNERTRIADFHRE ST RICH SR
EETICE T, SAICESZSRERELELCSEIIEHARTHDILE
ZHRELTETVD, CORRBHBEMICKEIFT2EAETRAEERRA
DAY, HERFE D) DF I BIEITENDICANRFTES,
INETIE. BRABKRENSRBEIZEARRZEICEILS
TEeh E5ITEL 200°CHS 300°COEKRIET THRKDE
BRZERIBofco TOHER. ZDXSBEVERETEHEANERICHIHE
BEHRDNELDEDER SN, CORERIEBREOHEHIEHIIR
BOREREEFERIUZRE TS S,

BERSRE DI NEER

K DERFRAIEH 374°C. 22MPa TH % (Fig.1) H'. HIRKER
ICFEEIDKICIIRLABEADZBTHEL TSI, ZOREZRITT
BALINBET D, chid. RN TOKIBEELZERILYID
B MEEEZZ L CHBICEELRRBETH D, >T HRABT
REBBULKDERRERETDIILFFREICERELHD, ZDiR

Fracturing of rocks by fluid phase change

In previous studies, it was found that when rocks are placed in supercritical
water above 400 °C to 500 °C and rapidly decompressed, boiling of the
internal fluid and temperature decrease associated with adiabatic
expansion can cause significant cracks in the rock. This phenomenon can
be used to explain the cause of rock cracking in the deep crust and to apply
it to new excavation methods for geothermal development. Up to now, we
have mainly conducted laboratory experiments to rapidly decompress the
supercritical water environment, but similar experiments were conducted
even in hot water environments of 200 °C to 300 °C. As a result, it was
confirmed that cracks were generated inside the rocks even at such low
temperatures. These temperatures are about the same as the maximum
temperature of actual geothermal well development.

Spectroscopic measurement of
supercritical fluid

The critical point of pure water is about 374 °C and 22 MPa (Fig.1), but
because various elements are dissolved in the water inside the Earth’s
crust, the critical point of water changes. This is a very important issue in
considering dissolution and precipitation of rock minerals inside the
Earth’s crust. Therefore, it is very important to determine the critical point
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Fig.1 Condtion of water near the critical point. Fig.2 Spectroscopic data measuring system Fig.3 Spectral map of transmit light in water at each
developed by LabView software. temperature.

EAEELT, BERAKODEMIEE BV, FHREOELHS
ERAERETIELANE VCRBREBEMREL. DHT—FDIR
EHHBTR>TW3B (Fig.2, Fig.3),

ANZANTRT—=I VT ERRAT—I

BE, IVREGHARELLT. BEORRFHIVEBREHEE
FMAULEREMNEBINODOH 2D, hSDERTIH. REMERE
TOERRERERD KT —ILHEEDHEEI SENSNZWV, BIF
DBRREZFNATIEEICIIESROBRKERALREICHAT S
HEARKBEOLSBERBEZFERUCRBBNART—ILRRIEE A
2BV, ZOcH—EHECLICERFZIESD. BERZT—ILOKR
EERIBOTWED, ZOHDOIARMIEIBER>TLD, FI T,
KDRMCHIBRZBANZANT AT = UV T HERLCEEERH
FoEhiE, BRZAAUVECREDOIEITTIEBRBEDRRTD
JZRNHERICHEBMD AEETH D (Figd)e TOTFRT—YUVTICE
TR, BEMBERT—ILEORFEHIE>TWS (Fig.5).

SRER - W7 LAY FOREKPIRRKEAWCKERE

ERB7IVZZVLE pHI-2 DEERMEFRY pH13-14 07 )L
ARz SOCEETRINSEIBA. KENRETHIENHIBLT
W3 Ihid. REROKBRIGICEBKBERDAELDBIERICE
WERETHOIENLBFHALIRFTES, 22T RS TERATES
BEXNBRIGEEBEZRFTL, RRICBBEER KT EHIZUEHER
ENRRICEWTOKREREREE Lo iER. KRB+ ICHRE
TERZEMbole (Fig.6)e SHRIF. LDARBEREBANERT—
W7y TUTWFETH S,

Fig.4 Field test of mechanical descaling.

Fig.5 X-ray CT image of scale adhering to hot water
piping.

of water containing various elements. As a method for this determination,
we have developed an experimental apparatus with the aim of determining
the critical point from the spectroscopic state change of supercritical water

(Fig.2, Fig.3).

Mechanical descaling and hot spring scale

Power generation utilizing existing hot spring wells or hot spring facilities
is attracting attention as a small-scale form of geothermal power
generation. However, in doing so, it is impossible to avoid the problem of
hydrothermal scale generation, which is a major cause of power generation
efficiency reduction. When using existing hot springs, it is impossible to
perform aggressive scale removal using chemicals because the post-
power-generation hot spring water is used for spas. For that reason, the hot
spring wells are stopped at regular intervals to remove in-pipe scales, but
the cost of this process will become a burden for spas. Therefore, if we can
develop a more inexpensive mechanical descaling method and equipment,
we can contribute not only to electricity generation using hot springs but
also cost reduction in ordinary spas (Fig.4). In order to aid this descaling,
it was analyzed the scale structure attached to the piping, for example the
density or direction of the cracks. (Fig.5).

Hydrogen generation using strong acid/
strong alkaline wastewater and acid hot
spring water

It has been reported that hydrogen is generated when a strongly acidic
solution at pH 1-2 or a strongly alkaline solution at pH 13-14 and metallic
aluminum react at about 50 °C. This is a much lower temperature than the
conventional method of hydrogen production by hydrothermal reaction,
and industrial applications can be expected. Therefore, we designed a
basic reactor that can be used on-site. We then conducted a hydrogen
production experiment at Tamagawa spa in Akita Prefecture, which has
strongly acidic hot spring water. It was found that hydrogen can be
generated sufficiently (Fig.6). In the future, we plan to scale up to larger
equipment.

| \ n
ik ‘B
Fig.6 Hydrogen gas generating reaction of Tamagawa
hot spring water and metal aluminum.
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for Creating a Next Generation Life Style

BisESMEEIREIS 4 EF Nanocomposite Science and Interfacial Materials Design

RERBES A TRAT L ILDEIRZEES
SIRERTTRESMEI DR

Development of High-Functional Light-Element Composites

EHIR (k=R
Associate Professor
Yoshinori Sato

F/YPBERNEVBHSE, BNIFEER>TWS, LU, 7/ PEOREZED UCESHHIORE -G/, SV FLIEBESNIEL
DF/PEDFENTEHEIND o, BOTHLLBD, 22T T/ PEOFEERRRITEN U/ EERERETICED WemRIEREME
BEMBPBRETH D, AMARETIR. MRBZEDFICEITZRETHS T/ WEORFEZ/NLI XTSI EHEITHDBITRESMHIRE
EMBRAR LV ZOEEGREICETEME ZBELTWS, MRZZEITIBICHLD. BRRDIKNVER, KK BRZAVCEHEELRR

EZEFOBETREGMEOREZT> TV,

In the past, a number of composites consisting of nanomaterials that possess excellent features of their own, have been produced in basic studies. However,

it is hard to design and produce composites in which the properties of nanomaterials are reflected because each nanomaterial in the composite assembles

at random, not to enhance the features of the nanomaterials. In this laboratory, the purpose of the research is to study and develop high-functional

composites with high-performance surfaces and interfaces using boron, carbon, and nitrogen, in an effort to expand the properties of nanomaterials to those

of bulky composites.

M7 vRIEICEBDERN—TREMRZENT B
DIRA N R—E>V T EDRFE

Elfma FRMEIEH (PEFCs) Tld. B2BR/H—RYITSv s
(Pt-C) HEKBOEFETTKIG (oxygen reduction reaction:
ORR) OfiEs LTfEbh T\, LAL. HEOEIR K - KA
MH PEFCs OORMERB LV EHEGESIERILTWD, BEXRK—
TREMEHE ORR it & UTEA T2 2 &S NTED, HRLD
ARETIE. R7VRILICELDERR—TREMREERTZHD
FULWBSRBRZANR—EYTEZRELTWD, EFERNICE. 7Y
HILRFEMRET7 VEZT7H AR T 25-1000 °C TRIHIT S &I
FOTERR—TRREMRZEHRLTNS,

1 XDEBEN—IRYF/Fa1—TD3RBEICEHT S
BEShiER T /HNFORE

LK% CNT/ EBEEHEERIBLDIC. THAYENLEE
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Fig.1 Schematic illustration of the defluorination-
assisted nanotube-substitution reaction for the

synthesis of nitrogen-doped single-walled carbon
nanotubes. nanoparticles.

Fig.2 Schematic illustration of the interactions
between the MWCNTSs and PtPd nanoparticles.
Tensile strengths of MWCNTs with and without PtPd

Development of a post-doping method to
synthesize nitrogen-doped carbon materials
by defluorination

In polymer electrolyte fuel cells (PEFCs), platinum nanoparticles
supported on carbon black (Pt-C) have been used as a standard catalyst for
oxygen reduction reactions (ORRs) on the cathode. However, the high
price and poor durability of Pt has led to an increase in the cost of PEFCs
and shorter cell lifetime. Nitrogen-doped carbon materials are known to
act as electrocatalysts for the ORR. In our laboratory, we suggest a new
and facile post-doping method for synthesizing nitrogen-doped carbon
materials by defluorination. In particular, nitrogen-doped carbon materials
have been synthesized by reacting fluorinated carbon materials with
ammonia gas at 25-1000 °C.

Influence of supported metal nanoparticles
on the tensile strength of individual multi-
walled carbon nanotubes

In an effort to fabricate durable carbon nanotube (CNT)/metal composites,
the interfacial strength between the CNTs and the matrix in the designed
composites must be strong enough to endure the load transfer between
these two components. We have investigated the influence of supported
metal nanoparticles on the tensile strength of individual multi-walled
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Fig.3 “Student Travel Award” at the 5th Nano Today
Conference. (Koji Yokoyama)

Fig.S1 New crews. Minori Kokubo (left) and
Shota Taira (right).

Fig.S2 Cherry-blossom viewing.

Fig.S3 Oktoberfest in our laboratory.

D5IRBEICEIBEEENCEBS/ NFOLEZRH NI, PtPd
F/RFEBFEULBE TR, BRFShc MWCNT O 1 KD 35|
RBEIIRIEEFEFD MWCNT DZN LD BEMNMTED Ulco XPS &L
VSNV RHEDMMTT—51d PtPd +/ K1 F & MWCNT D& DR
EERBLZENS, SIRBEDENTRDF. F/HFECNT
OR—FIIEBOHREREEICLDELS/ F1—TEBEDRFNG
EHDFEICLBBDNEFELTNEEEZITNS,
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- #& 1L s 7. “5th Nano Today Conference Student Travel
Award”
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Fig.4 “Poster Award” in the 44th Annual Meeting of
the Carbon Society of Japan. (Akihisa Kuroda)

Fig.5 “Poster Award” at the 10th Young Meeting of
the MMIJ Tohoku Branch. (Issei Mamiya)

CNTs (MWCNTSs) using in situ scanning electron microscopy. In the case
of the deposition of PtPd nanoparticles, the average tensile strength of
individual deposited MWCNTs was slightly lower than that of the as-
grown MWCNTs. Since X-ray photoelectron and Raman scattering
spectroscopic data showed bonds between the PtPd nanoparticles and the
MWCNTs, the slight strength decrease can be attributed to the induction
of local distortions in the nanotube structure caused by the covalent bonds
between the nanoparticles and the CNT basal plane.

Awards

*Koji Yokoyama, “Student Travel Award” at the 5th Nano Today
Conference

* Akihisa Kuroda, “Poster Award” at the 44th Annual Meeting of the
Carbon Society of Japan

* Issei Mamiya, “Poster Award” at the 10th Young Meeting of the MMIJ
Tohoku Branch

*Koji Yokoyama, “Poster Award” at the 55th Annual Carbon Summer
Seminar for Young Researchers and Students of the Carbon Society of
Japan

* Shota Hosomi, “Scholarship (Third year student)” of the Environment
and Energy Engineering, School of Engineering, Tohoku University

* Koji Yokoyama, “Scholarship Award” of the 8th Scholarship Award of
the Shaping the Future Technology for the Environment and Energy

Grants

*JSPS KAKENHI 15H04131 (Scientific Research (B)/PI)
*JSPS KAKENHI 17H01584 (Scientific Research (A)/Co-I)
«JSPS KAKENHI 16H05518 (Scientific Research (B)/Co-I)
< JSPS KAKENHI 26220104 (Scientific Research (S)/Co-I)
* Collaboration grant (Stella Chemifa Corporation/PI)

Collaborations

* Institute for Biomedical Sciences, Interdisciplinary Cluster for Cutting
Edge Research, Shinshu University (Prof. Naoto Saito)
* Stella Chemifa Corporation (Research Division)

Fig.6 “Scholarship (Third year student)” of the
Environment and Energy Engineering, School of
Engineering, Tohoku University. (Shota Hosomi)
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EFHEIS 2 EE  Resources Strategies

RIEBEVCAMICHENI MBI T A %Z2KRDT

BIERMEREHE 9 EF  Design of environment-friendly materials

Bk WNWRFE
Design of materials harmonizing with environment and life Professor
Hideaki Matsubara

RE. BRIBRABMBZABLTEERZEATVS, FRHUERHIZBRIZLHICE. RERZORRDSOMBOTYA Y NRET
HB, ARHFTIE. HHEBR - ERBEROBVEERICOVWTOERZMICZHL, RIEBZOBRINS, EHPRELHML. S5ICFER
WicERPERICBEN T THUWENZERAEIMROT AV ORRET>TND, EFNICIE. BIRLF—DHDOHEL EHhzEE
TRIHDOMEL RIBERMTDHOMBORHE. IVE1—5—rI2aL—YaVDMERET>TWS,

Nowadays, we are using many materials to live our daily life. From the viewpoint of environmental science, materials design is required in order to build

a sustainable society. In this laboratory, based on the fundamental science of the relationship between materials and phenomena of nature and life, the

design of materials that produce harmony with the environment and life is studied from the viewpoint of environmental science. We are developing

materials for energy saving, biomaterials to repair our bodies, and materials to clean the environment and are studying computer simulations.

HAIRDIHDEE - BEH AT LD

IRILF—HEEZDZ, CAREHTKRELBVWES ULABITT 31
HiciE. B - RFIEZ (HPE. KB BK. THHERE ) OF)
ANEELRD, BAOMREEHNEZHAEGDEDZLICELD, &
INBOIRIF—HETER  KABRZEWIATZLHOIRT
LEENTREE 105, HICEDRAEZLIC, LOSREZEICFALE
WIBHICIF., Thos0BZRABICEZ TH<MBVERENZDEEF
FAARAEICERT D, AARETIE. EHEORFAZTSIILE
BEL. SHEOHBMAME 2R L. BE (BMRE) xS
ffiTd&ebic, BEZEZDDO—ERE CHRILFIREIRIE ( #ith & IFERR)
EEHBORRZRHEDEIERRICS >THFNBIYRTLDMEEE
LTV,

MEBERDOYZ2L—Ya Yy

EVTAILDE BRERE. DFBAFZEHREZAVT, 53y
AP EEMHOBEBEBROYI 2L -3V DORERET>TVS,
BIZIE. BHROEME. KiE. [ILEZECHMHOERELE. BREL
BEEOBFRTESZENDTEZYIaL—yavERR L, KB
HBELTHERBWC-Co BESSDNMRZMZIDFHUWFEELT,
5 2 BN FEE VIEHRFE UTGRINT 2R % Fi5%, MC ¥
ZaL—YavEBRIBHOMTTED TS,

Fig.1 Heat insulation vessel (a) with vacuum wall and porous silica powder and
simulation study (b) showing heat transfer from heat storage material in the vessel.

Development of a thermal insulation
/storage system for energy conservation

In order to reduce energy consumption and shift to a life independent from
fossil fuels, it is important to use natural and unutilized heat. By combining
heat sources and storage, it is possible to construct a system to utilize
natural and unutilized heat effectively with minimum energy consumption.
In this laboratory, assuming that heat is used across seasons (summer and
winter), we developed a new high-performance insulation material and
evaluated its insulation performance. The heat utilization efficiency of the
heat utilization system was evaluated by using a circuit combining heat
storage and several heat sources.

Simulation of formation of material
microstructure

We are studying the simulation of the microstructure formation of
ceramics and composites using the Monte Carlo method, the finite element
method, and the molecular dynamics method. For example, we developed
a simulation that can calculate changes in the structure of a material
including several solid phases, liquid phases and pores from the viewpoint
of the relationship between temperature and time. We also studied the
material design of the second particle addition as a new way to inhibit
grain growth in WC-Co cemented carbide, which is a well-known material
of liquid phase sintering and compared it to the Monte Carlo simulation.

simulation

experiment

Fig.2 Simulation and experiment of pinning effect by the second phase
particle on grain growth at liquid phase sintering.

l'l
HHIR LEE iR
Associate Professor
Masanobu Kamitakahara

Group Photo
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RE. MERIYYYOREMRICEEERI—T Y IDEGE
BENTHH, SREFRI-—TrV I THEIMREEI—T 1>
DR EEICES>TLBEEZISND, AMRTR. EFIVvIR
A—Ta VvV DEMEMK. BHEL. BE -0 IaL -3y
Z{ToTW3, EVTAILOEZAWVT HBE (BRE. PER) 7
BEDTE & FEf- R RIC L B MEBEZBRTESVIaL—V3
VEMEREL. BREREEZAVT REICIBEOMRELER
RTEZYIaL—2aryKilfiCIROHBOBRIT R 2R U,

HEEICHETT 5 ORIR

REITHEAMA TN TEREREICEB SN T DB EEMRIRS CITEA
ZIRNICHETEZRABARORREZIToTWS, ThETIC, &£
FEATRNENEDORBICHARATINDIALEDERICKIILTW
%, INSOMBNBERBEEE(LTEANZZXLDERBICHEDIE
ATWS, BEYREICEYREDEAZEDALZ EICKDERD
MAZERELSEZEEHIERNDOFEREERSTIEDTEDRF VY
TUNU—2RTL (DDS) DEFEELT. YYBAAILY ILEKE
FINGANDEAEDSBEHRDIERICHHRINLTNDG, IN5D
MRIORFEIE. BEOEFDE (QOL) ZRAELZEZLEITTRL &R
BEEHEROERICEMTESEEITWS,

FRETOEE

TREOLSIC, ZRETHREEBWITESHZL TN S,
MERFE  BABRAEHEES, RHREEMHIBNRTE. BERELY
MABRREZER. HERESIVIRBRIVIZFIUVIEIIVvIRER
8. BxtI73v/aAeFEl - LEEXIPES. BEVMRSES
&R : Associate Editor of Journal of the Ceramic Society of
Japan, BANAAYTFUTILZRFEE. BEAEIIVIRHRE 30 @M
EIVVRYILFELY Y a v A—HH1¥— (REH)

simarng O Derse sifucun

Fig.3 Simulation for microstructure change in the top coat of
the environmental barrier coating.

Simulation of ceramics coating for jet engines

Thermal barrier coating of ceramics is widely used in high-temperature
and high-pressure parts of jet engines. Environmental barrier coatings are
considered to be a very important ceramic technology for new jet engines.
This study aimed to develop a simulation technique for microstructure
formation and change and for delamination/fracture in ceramic coatings.
The Monte Carlo method was used for the simulation of deposition and
sintering, and the finite element method was used for the simulation of
deformation and delamination of ceramic coating.

Preparation of materials harmonizing with life

In this laboratory, we designed bone-repairing materials that can be
incorporated into bone metabolism and activate the biological functions
and drug carriers to release drugs efficiently. We succeeded in the
preparation of artificial bone that can be resorbed in vivo and incorporated
into bone metabolism. We are also studying the mechanism by which these
materials activate bone metabolism. This involved developing biphasic
granules of octacalcium phosphate and hydroxyapatite as carriers of a
drug delivery system (DDS) capable of improving the utility of a drug and
reducing the amount of drug by releasing an appropriate amount of it to an
appropriate site. We believe that the development of these materials not
only improves the quality of life (QOL) of patients but also contributes to
the realization of medicine with low environmental impact.

Activities in academic societies

As noted, we are active in academic societies.

Hideaki Matsubara: Director of the Japan Society of Powder and Powder
Metallurgy, Chairperson of the Technical Division of the Hard Materials
Committee of the Japan Society of Powder and Powder Metallurgy, Chief
Editor of the Journal of the Japan Society of Powder and Powder
Metallurgy, Committee Member of the Engineering Ceramics Division of
the Ceramic Society of Japan, Committee Member of the Tohoku-
Hokkaido Branch of the Ceramic Society of Japan, Secretary of the Society
for Intelligent Materials.

Masanobu Kamitakahara: Associate Editor of the Journal of the Ceramic
Society of Japan, Committee Member of the Japanese Society for
Biomaterials, Session organizer of the 30th Fall Symposium of the Ceramic
Society of Japan Organizer (Representative).

Fig.4 Scanning electron microscopic images of biphasic granule of octacalcium
phosphate and hydroxyapatite. (a) Low magnification and (b) High magnification.

MELHUISHIY
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EFHEIS 2 EE  Resources Strategies
BIS(E1EHRES 48P  Geoenvironmental Remediation

RIER LD BEE M & BR[OS T O B 5

#% HE T
Development of Environmental Friendly Remediation Technologies Professor

and Resource Recovery Technologies Chihiro Inoue

ESECHIMEERLCAYICEISLE - T KOREFROBRIECICHTERNOBEILY IBHEFRENBIEINTETVWSDL Ch
SOMBEZERRATDENEFEPZOERICEEZDOFEEIESINTNS, BAOARERF LEOMBEEZEIRS - BRESHOREBER
P EREIRMIc LDEBRI DI EZBIEL. INSORIMARICET2MREZIT>TNS, 2017 FOERAFREEFUTTH S (1) 1HEY-
MEVZRWCEEEZRBIEYICLZLIE - KIRFEFROEBEICEHIZME. (2) HEOBUEERILSVOEYITRICEIZMRE. (3) AL
BYOBHEERY 2 %M LCERILEMOEIKITORRICE Y 215,

The contamination of soil and groundwater by heavy metals and persistent organic compounds such as chlorinated organic compounds and petroleum
hydrocarbons is a serious environmental issue of concern. In addition, there is growing demand for underground resources. However, no effective methods
of removing pollutants and recovering resources with low environmental burden have been developed, and thus this remains a challenge. Our aim is to
develop remediation technologies and resource recovery technologies with lower cost, less energy demand, and reduced environmental load. Our major
scientific activities in 2017 were as follows: (a) phyto- and bio-remediation of heavy metals from polluted soil/water, (b) microbial degradation of chlorinated
organic compounds and polycyclic aromatic hydrocarbons, and (c) development of technologies to prevent elution of hazardous compounds and/or to
recover valuable compounds.

e - WEMZERWEEEEERLEYICL 5 LR -
KRB RDEERICET SR

ARZVLVERICLZHE - KBEFLROEEICOVWT. BEE
EYEBWCERERNESICEWTORIERBEE#HHELTITL. ET
VXV ERBEEMEYORBERIE (Fig. 1) ICLPEREFEEOME
TOBEREZERE U, ERARELT () EROEEREYOR
IR L OEY ORI - EEOERML - FKEAICB I 2@ fzs5|E
BETW, A/ENVIEZEBICHUTRINEZRUCZ E2ER
feo (b) EEGBEERMEEZRAWCARIVLABEBEVEROD
EEMEERFORBICOVT, xFEY/ONAYSIATAY =T
try— EFRERMARHAEEE. SBEEFICAMRAEHER
ARZITVL. PETISZRAWT/N\I G YN\SIFADARI VLA LERD
RUNEIR IR DR IRD L ZRE T 2T —F ZEE LT (Fig. 2). (c)
ERBRNEOELIIIRVYNAAYZRZEIVO—R D BEEE S U
BAZAWTIY/ —ILOEEICKI UL,

Phyto- and bio-remediation of heavy metals
from polluted soil/water

Regarding applicable phytoremediation of cadmium- or arsenic-
contaminated soil or water, we continuously conducted field trials in
Miyagi prefecture for the sixth year by soil planting or hydroponically
cultivating cadmium or arsenic hyperaccumulators in the fields. For the
third year in a row, we observed increases in arsenic accumulation by
Pteris vittata, an arsenic hyperaccumulator, when it is co-cultured with a
functional bacterium (Fig.1). We kept investigating the behavior(s) and
mechanism(s) of arsenic/cadmium absorption and accumulation by
hyperaccumulators. As a result of this research, (a) we confirmed the
ability of Pteris multifida to absorb lead and cadmium in addition to
arsenic, (b) our results from PETIS suggested that Arabidopsis halleri ssp.
gemmifera absorbs and transports cadmium and zinc in different pathways
(Fig.2), and (c) we successfully converted the biomass of P. vittata after
arsenic accumulation into ethanol by using transgenic yeast that can
decompose cellulose.

Microbial degradation of chlorinated organic
" } - - o compounds and polycyclic aromatic
HOMUEBRIESYOEMARICET MK hydrocarbons

ZIRFBERILKER (PAHS) OEYMARICDT, EYE PAH 2 Regarding polycyclic aromatic hydrocarbons (PAHs), the results of

REIEWE - ZnES

Fig.1 Photo of a plant-bacterium co-culture
experiment in a field trial

Fig.2 Image of PETIS for investigating Cd/Zn
adsorption in Arabidopsis halleri ssp. gemmifera.

Fig.3 Photos of (a) SEM and (b) element mapping of
fly ash particles

BLiARE 'R
MRXEE # 82
KififEs  IUA FRIE
EBMEE IERT

B

R ISUEFR B HEE
Associate Professor
Guido Grause

Assistant Professor

Mei-Fang Chien

Group photo of Inoue lab members at hanami party 2017

FREEDF DOWMEY O HRRIZICED., EVREBEYMOFELE L
U' PAH O REEDE LR U, oy 1,2- Y /OORYE VR
WU T, 4- VAFHYESTHTRERWT, ChS#SBREMED
NREEE RS ERISBEROBEICHMNTDIEEDIC. INSEBRT
DMEPOEH I RYENRICR T REOBEAEITOTWVND, &
foo MIBILRFRICHREZ NI EBIEEROBEEZORFHMEINS
EATWS,

FECLAYOREZEBERY 2EMELVERLEEYOD
EUR =T DR ICE Y S5

ARKPOHEFTETROBEEZDMEI XN =X LAOBEHRZIRE
U. SEM/EDX/MLA ZRWeARIKIFDITRY Y EVITHELTE
BYDOREZIT>TEK (Fig. 3)e ERDEUNKMORAFEICDOWVT,
FOER (L7XF)L) OfHAELSHBZBELAEYFHE-
BEVATLORFEZBIEL. LZAYILDOEVTTVORE - RED
AREREBROERICKRIL. RE - MEBLUREDORIZRDT
W3, ZDEMN BKRKPDERBREPELVREZBENELEHEY
MREIEMDERZRTI LTV S,

B, FRRER. TOMES

BERRARREVSRERR LY F—ICKR - HEEIT o1 (8
Bh# - M2 &), BEFEEEXRFORK(CEL (Fig. 4) &7
Z Pau XZ® Robert Duran #ighKiH L. ThZNARHHEE
JOFVARECOHEEZTofco PEKRREIKRFZDOF/INEHBL
ERFANT (2017 £12 BASHEEM) . FLEHEBZH/NFZFTVD
Lahore College for Women University (LCWU) ICTiB#EF:EE
zf1ofc (Fig. b)e ZDOHMER - ERNFERICHITDIBRHAR - AR
%5 22 17> (Fig. 6)o

Fig.4 Group photo of receiving Dr. Chang from
China Medical University Hospital, Taiwan

Fig.5 Prof. Inoue during an invited lecture in LCWU

hydroponic culture experiments of two plants suggested that inoculation
of PAH-degrading bacteria enhanced the dissipation of PAHs. In addition,
the presence of PAHs or the inoculation of PAH-degrading bacteria
independently induced a shift in the indigenous microbial community in
the plant roots. We successfully constructed consortia from underground
water samples which showed the ability to degrade 1,2-dichlorobenzene or
1,4-dioxane, and the isolation and characterization of the microbes that
compose these consortia is currently in progress. The construction and
characterization of the consortium that shows the ability to degrade carbon
tetrachloride is also in progress.

Development of technologies to prevent
elution of hazardous compounds and/or to
recover valuable compounds

SEM, EDX, and MLA were used to map the elements and to identify the
compounds in fly ash in order to determine the mechanisms of hazardous
compound elution (Fig.3). A molybdenum adsorbing yeast was successfully
constructed by engineering a molybdate binding domain to the cell surface
of yeast in order to develop an efficient biological molybdenum recovery
system. Studies on creating microbial fuel cells with the aim of removing
nitrogen or selenic acid from wastewater are in progress.

International exchange and other activities

Assistant prof. Chien and Mr. Wakasa (M2) visited and had a short-term
training in the biodiversity research center at Academia Sinica, Taiwan.
Dr. Chang from China Medical University Hospital, Taiwan (Fig.4), and
Prof. Duran from the University of Pau, France, visited our lab and gave us
lectures. We received Ms. Ma from Taiyuan University of Technology,
China, as a visiting scholar. Prof. Inoue gave an invited lecture in LCWU,
Pakistan (Fig.5). We also gave a total of 22 invited speeches or oral/poster
presentations at international and domestic conferences (Fig.6).

Fig.6 Group photo in front of the Montreal Botanical
Garden (during the 14th IPC)
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EFHEIS 2 EE  Resources Strategies
HIERMIE - TRILF—%5E  Geomaterial and Energy

S A7 L EBRYBEDIEE & ZDFMFA

iR TR EF
Understanding of geosystems and geomaterials and their effective uses Professor
Noriyoshi Tsuchiya

WEREZERELT BRVPIXLF—Z2BNCHATIHICRLABMRCEDTE e, BYDHKLRRICLIDZORERNZEHL, #
BMEOERII7ICERT 5T IBEREOHENEU DI oo Fie. BRAMBDORMAICHNNT B EADEMREIS TOKERRERIC
BRI, EeBRAERGDOTZY IV IRRICE>TYUNNFHIERTZTOERZHESMI U, PILIZULNSDKREE T, BT
THZE/RRKEBWRMARICEILTWS, e HRICKITZDHBRAEDORBMEICDOVWTHSNCTBIcdHIc. BREDARICH TS
FoT—RNCEDE FULWBIEETILEBEL. ZOREHERTZT o1,

We have been conducting various research studies to understand geosystems and to effectively utilize resources and energy. Based on experiments on the
thermoluminescence of minerals, we derived the kinetic rate equation of the annealing process and applied it to drilling cores from the geothermal field.
This information is useful to the estimation of the potential quantity of geothermal resources. In addition, we have succeeded in hydrofracturing rocks at
very high temperatures (ductile conditions), and also clarified the formation mechanism of silica nanoparticles by the flushing of silica-saturated fluids
under supercritical conditions. Hydrogen production from aluminum has succeeded in field tests using Tamagawa hot spring water, which is strongly
acidic. In order to explore the acceptability of geothermal development in society, a new numerical model was constructed based on a questionnaire
administered to people in an Onsen town, and a statistical inverse analysis of it was conducted.

ELBHART—V Research topics
CBERMEY AT ADOFF 2T T FOSHE (BRAILTS. HiR * Natural analogue study on supercritical geothermal reservoirs
. S * Experimental studies on fracturing of ductile rocks

* Water-rock interaction and metamorphism (Mongolia, Antarctica)

FEERMICH T ERBIRICET SRR

- HROEA-KEEFREERER (E¥JL. BEEILAYY—
RILHE) * Serpentinization and mass transfer within the mantle
CBFNIC K BHBRE R DR

N YN OERELER EMEBEICE I BT KBRER, FE—
NERBE, YO

* Development of geothermal exploration methods based on
thermoluminescence

* Spectroscopic experiments on and molecular dynamics simulation of
crustal fluids

* Experiments on and modeling of reaction-induced fracturing of rocks
* Agent-based modeling of social license of geothermal development

HERRAAIC DWTO O REREDFE AT VI 2L —Y gy * Development of a hydrogen power generation system using waste
 RISCEET 2 E2OEOERROEFY VS aluminum and hot spring water

. P - . . - * Statistical analysis on heavy metals of waste mine drainage using
- HBBEROHSZRMICOVWTOI YV - R=ZAR - EFVY machine learning techniques
5

CETINEZULAERRKERWCKERBEY AT LADRR Participation in international conferences

- BMFEEZ AVWCEILLIEKOEERICDOWTOREH T

* 14th International symposium on Water Dynamics, March 17-18, Sendai
(Organized)

* European Geosciences Union, General Assembly, April 23-28, Vienna,
Austria

MW POTENTIAL MAP (HAKKOHNOA QPP JAPAN)

Fig.1 Sampling from the porphyry copper deposit
cores of Erdenet mine, Mongolia.

Fig.2 Counter map of geothermal potential based on the Fig.3 SEM photo of silica particles produced by
TL analyses of the Kakkonda geothermal field, Japan. flashing experiment from supercritical fluids.

HEHIR BAH  BH FHEE HRE KERE WXRE U

Assistant Professor Researcher Researcher

Associate Professor

Atsushi Okamoto  Masaoki Uno Masahiro Oba

% 15— MEE UE=— BAFIHREIRAER)
Al = Jo

Shinichi yamasaki  Ryoichi Yamada

BAFHHRRLTR
WA REF XT HRE K6 Al

JSPS Research Fellowship JSPS Research Fellowship

Researcher

for Young Scientist for Young Scientist
Researcher Researcher

SMERZ=

* 14 th International symposium on Water Dynamics, March 17-18,
Sendai (Organized).

+ European Geosciences Union, General Assembly April 23-28, Vienna,
Austria

* Goldschmidt Conference, Aug 13-18, Paris, France,

* Fall meeting of American Geophysics Union, Dec 11-15, New Orleans,
USA

* Geothermal Resource Congress & GEA GeoExpo, Oct 1-4

wR7OI I b - ERNBESES

[ R E#EE ]

FRIHEEM R (£E). EBHMR (B) (AX). EFME (B) (FFH).
MAMBEAEME (FE)

[Z0ft] NEDO RIEHERMAEE IOV FA (LE). JST HIRHRE
FRENINEBRFEEMHAT OS54 (SATREPS) (£2)

BE AT+ T7HRELGE

- B A BARIERFT AT VRN T = MIROBAZFE>TH &S ~BER
RUBAREHSRRKEHRKEFT~) 68

AT RPN ARFEE TR0 ERVNTHB 7TH
CREPHARE SHERMSR. WEkELUED, 98

<AAEFRER (2/3 2017, 1/3 2018). #KH@HEK (8/5 2017). =&
BARIX (4/29 2017)

HREBOEZE

BB D324, D23 %&. D144 (EvYJdILA 2%, TILHIL
INRILAT & AYRRITA 2% AYFA14)

BEXERE M24% M1 4B ((VRRYFA3AR)

FEE B4 4% B34E HRE (FRUAATA)

R ER—LR—Y http://geo.kankyo.tohoku.ac.jp/gmel/

Fig.4 Field survey along the Kosakagawa river, Akita.

Fig.5 Environmental practice of undergraduate
students at the Uenotai geothermal plant.

Fumiko Higashino Takayoshi Nagaya

* Goldschmidt Conference, Aug. 13-18, Paris, France

* Fall meeting of the American Geophysics Union, Dec. 11-15, New
Orleans, USA

* Geothermal Resource Congress & GEA GeoExpo, Oct. 1-4, Salt Lake
City, USA

Research projects, Major external acquired
funds

[MEXT/JSPS KAKENHI]

Grant-in-Aid for Specially Promoted Research (Tsuchiya), Grant-in-Aid
for Scientific Research (B) (Okamoto), Grant-in-Aid for Young Scientists
(B) (Uno), Grant-in-Aid for Scientific Research on Innovative area (B)
(Uno),

[Others] NEDO Energy/environment new technology leading program
(Tsuchiya), JST Science and Technology Research Partnership for
Sustainable Development (SATREPS) (Tsuchiya)

Education, Media coverage

*41th Tohoku University Science Cafe, July, “Let’s use the heat of the
earth — from supercritical geothermal power generation to onsen-hydrogen
power generation”

* Open campus, open lecture, July, “Let’s look into the rocks”

* Environmental practice of undergraduate students, Kurihara Plateau,
Hosokura Mine etc., September

* Newspaper, Kahoku Shinpo (Feb, 2" 2017, Jan 3" 2018), Akita Sakigake
Shinpo (Aug. 5, 2017), Higashinippon Broadcasting (April 29, 2017)

Lab members

Doctoral course: D3 2 students, D2 3 students, D1 1 student, (2 Mongolian,
1 Salvadoran, 1 Russian)

Master’s course: M2 4 students, M1 four students (3 Indonesian)
Undergraduate students: B4 4 students, B3 4 students

Research student: 1 student (I American)

Lab homepage: http://geo.kankyo.tohoku.ac.jp/gmel/

Fig.6 14th International symposium on Water
Dynamics (March, Sendai)
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EFHEIS 2 EE  Resources Strategies
BRI RIRIES4>EF  Earth Exploitation Environmental Studies

P

Bk =B
Studies on environment-friendly development systems Professor
Hiroshi Takahashi

RIGRMNBERAES AT LICET 5HFE

KARETE. RERANEFAREMRZATLOBEZBREL. BREEVOBERL. MAEBOMEL. TRXERGICETHHEEBR
RSKMORRREZIToTWS, REF, MEE(LLEL TEOSERRICEALT. (1) ERYZRWHEERCLELOBERE. (2)
FRMELTOBERL. (3) BABNR—NEDER. 4) X—/\—XZy VAR EAWV T ERRICOWTIRENZ{Tof, /W yh - TL—K
BHIEZEOMBELICETRARICELTE. (1) TL—RICKZKRPMBIEEL (2) /N7 v MEHIS OB AZ BV BB ORIEHEE. (3)
KRB ITZDERD ST AU T —ICDVWTREZToTce 51T UAV Z AW HIBIEREVS ICB U TERREDAIVY AT LDBEET o1,

The research activities of this laboratory are as follows: For the advanced study of Fiber-cement-stabilized soil method, several investigations were carried
out to examine its strength characteristics using granular materials, development of banking materials, application of waste gypsum board paper for Fiber-
cement-stabilized soil method, and soil improvement using paper sludge ash. As for the study on intelligent excavation by bucket and blade, several
investigations were carried out for soil excavation in water by the flat blade, estimation of crushed rock size by using the resistive force acting on the bucket

and trafficability of the vehicle in water. Furthermore, wireless measurement system for acquisition of ground information by UAV was conducted.

fHEE(CAEL TEOSERRICET 5%

AARETIE. KFFAEEKILELOBERILER ZEELT
BLICHERBYE LAY NREEMZRET DI EICEDRERM
BMRHCH R 2MEERCAEB T TEZRRE U, RERERIE
DEERERZBRIEL. UTORNZT o7,

(1) BRI ZAWHBEEECALE T DORERE  BMHOSERSIN
DERYESEKLRIISRNT 2. ERMHNKIZRINL. Bh
[FTOEKLENFED TR ENS, ZORITHRMT 2HEFERYOEE
BIiF T3 ENTRETH B END D o1 (Fig.1)o

(2) FEMELTOBER ROV - #iL - BB ERE TS
ElL&D, RRBREAIFOHALZMERL. MiEEE(CLELT
ETRRERH M

(3) BABR—RNIKOER : HROMENEELTVWDIENS, FE
AER—KIE (LUT. R—KiK) OFERAOTEEEICDWTRE U,
ZOER. R—NEBEFTRERBERDORERICIIRDBRVA
R—RIKEH R ERET D EICED, EROEEFMEEH
DETHIF TEZZ EERERUE (Fig.2).

(4) R—I—RS vy VBEHNREZRAWVEERRE : R—/\—R5vI%+
BYRICAWSES, 7vROBHEIEEE A>TV, Bik%EH

ke o

Fig.1 Modified soil with granular materials
soil by board paper (right)

Fig.2 Board paper (left) and failure plane of modified

Advanced studies of Fiber-cement-stabilized
soil method

In 2017, the following studies were carried out to advance Fiber- cement-
stabilized soil method.

(1) Strength characteristics of Fiber-cement-stabilized soil by using
granular materials: The apparent water content of mud decreases with the
addition of granular materials made from disaster debris to high-water-
content mud because the granular materials absorb water. It was found that
the additive amount of paper debris decreases due to the water absorption
characteristics (Fig.1).

(2) Development of banking materials: To utilize mud produced in
dredging work of ponds and rivers as a banking material, various soil
samples with different mixture ratios of sand, silt, and clay were modified
using the fiber-cement-stabilized soil method.

(3) Application of waste gypsum board paper to the fiber-cement-stabilized
soil method: Since the purchase price of waste paper has been increasing
in recent years, this study focused on waste gypsum board paper. It was
found that waste gypsum board paper alone cannot be substituted for paper
debris because waste gypsum board paper has low water absorption
compared to paper debris. However, the additive amount of paper debris
was decreased by half when waste gypsum board paper was mixed with
paper debris (Fig.2).

(4) Soil improvement using paper sludge ash: To utilize paper sludge ash

Fig.3 Excavation experiment of the soil in water
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Group Photo

WaZEledh, ZvROBREZINFHITE S 2R LI,

N7k« TL—RIBHERDOMEELICET %K

TAREZBSCERRARRIBRE TlEd. BEICKIMBIEEINT
AIRTH D, HICKERB CTOEIBEECBEERBAR. FHAL
DOBIRIRET Tl ERORBIZIES DV IEBREERR EREIEE
DHEEMCHRERIREB>TWD, KEEF, /\T vk - TL—RE
HIEZEOMEE L ZBEIEL. UTOREZTo1c,

(1) 7L—RIC &2k #iEE] : 7L —RICKD B =IREITB1EE
ZHBENRFICHDBELKPICHIBEDOMA TTL. EHDZE
EEBRIDEEHIC, BHIBNMAOLRZTofco ZDMER. HEHI
BRARKPICERTHEDNE BB ENERSI NI (Fig.3).
(2) N7y MBI OB N ERWEREBRY OR EHEE | TE.
EBROREK - BEHAAMEEOHRILZzEEL, BRREBYONEZ
FHAIUCRIEREZ S L ROFRICTTER I 2EH A0 TN TWVWS,
REF. N7y MEHIROER AN SIRIEBY O EZHETE T 57
IWIVZXLERREL, ZOBEMEERER UL (Fig.d).

(3) KAMBDONS T AEU T —  BEERRAKE TR, BEEICE
F2MBEDNS T AEY T —2 AT D2NENH D REIFER
DR THEZATEIREZMERL, MTEBRETO>EEDIC, F
5| HDEHAIZTT o1 (Fig.5).

UAV Z R Wit B IR ERES B i

THKERIBTOMBRIREAIC UAV BN EMTH D EIFBRIC
EhHENTWD, KIFRETIE. UAV OELRSZEEZEREZEIEL.
UAV hSiES L EROI—VEETIE THBRREZEETDE
BARZIT>TVD, AFEF. BRI TLOBEEZTS>EED
[CHIEICRER S e -V DRSS H S BEEZHTE T DHDE
EER%Z{T o7 ( Fig.6).

Fig.4 Estimation of crushed rock size by using resistive
force acting on the bucket

Fig.5 Tractive force measurement experiment

for soil improvement, a method that can decrease the elution of fluorine
from the paper sludge ash is required. This study confirmed that using
bone char, the elution of fluorine from paper sludge ash can decrease to 0.8
mg/L or lower, which is a soil environmental standard.

Studies on intelligent excavation by bucket
and blade

The following studies were carried out to establish an intelligent system of
excavation by bucket and blade.

(1) Soil excavation in water by flat blade: Testing of soil excavation by
blade was carried out on land and in water. This study confirmed that the
resistive force in water was lower than that on land because soil shear force
decreased as the degree of soil saturation increased (Fig.3).

(2) Estimation of crushed rock size by using the resistive force acting on
the bucket: In 2017, a method was developed for estimating crushed rock
size through excavation work. It was found that the developed method was
valid (Fig.4).

(3) Trafficability of the vehicle in water: In seabed resources development,
evaluation of the trafficability of a vehicle in water is required. In 2017, an
experimental apparatus for measuring soil shrinkage characteristics
caused by the crawler vehicle was developed, and soil shrinkage test was
carried out. Moreover, the traction force of a small crawler vehicle in water
was measured (Fig.5).

Study on the acquisition of ground information
by UAV

This laboratory is studying the development of a system for measuring
ground strength using an unmanned aerial vehicle (UAV). Two systems
are now under investigation. One estimates the ground strength from the
impact acceleration of a weight when it impacts on the ground surface. The
other one estimates the ground strength from the penetration depth of a
rectangular column. In2017, a wireless measuring system was investigated.
Furthermore, the accuracy of measuring the penetration depth of
rectangular column was examined (Fig.6).

Fig.6 Measurement result of rectangular column depth
penetrated in the ground
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2017 FICHMRETIT oL ELBMARIBUTDBED TH B, BEH. FHlFHAI 2 DDIFARICKS,

1) RGP HERR TOMBREADERE REOHEOFAER (Fig.1)

2) BREETERE OKERFEEEKIER EICHIBKERBDOMRE (Fig.2)

3) BEXILNREZ#MERI AT LZA W 400°CRBOIEREDKERREZNIcH S BEKIEZEL (Fig.3. Fig.4)
4) RS/ BIRFMATEERIETICRITZ2EAERHOBKRKEFEINDZEE (Fig.5)

In 2017, our research activities were as follows:

1) Stress buildup and drop in the inland shallow crust caused by the 2011 Tohoku-oki earthquake events (Fig.1).

2) Effect of hydraulic stimulation on hydraulic fracturing characteristics and gain in permeability of high-temperature ductile granite (Fig.2).
3) Hydraulic fracturing of granite under the condition of 400°C or higher and its permeability change (Fig.3 and Fig.4).

4) Slip behavior induced by pore pressure of rock cracks under subcritical/supercritical geothermal reservoir conditions (Fig.5).

AL TS5 K it R AT # T ORI DR &
REE DA

WRISH IS T CRETDAMEZR LA (EH) T HBAEIC
RESEARDERDZ=ZRTHWBREANERICIEALTE D, HER
EDNIAH—ETRD, BIAETIE 1991 £~ 2016 FICh T TEFE
AL TH 300m tRICEWTHES NIRRT HDOREE
DOEAICEB Ul RALHME 1 FROMBRDID 3 A TH DR
K. P RNEIGAOKRESE, HERIICHERT2E~4FXE
o TWBH, RRITHEA LT, 3 FRLUEFEHERMDOLARILICES
TWaZEhbh oz, TIFERIEFEICE TS 5m L EDHE
IRD DR IC = EEHEEESNK (SLSR : Sanriku-oki Low-
Seismicity Region) ZERbDTH S, SLSR Wb ZiHE
DERFBEEZDBATH . RILHMEICLZIND DN 7RFEIR
(Bm KFEDINRD) FEEHRICIDFHRICHRLTWND, £feo D
FEIHIE SLSR ICEENTWS, EAMIBIIRILHMEDOINDIZHD
FRISMRICABLTVWSD, REBICLZIRNDFERHFOIDOFEROD
TEHTIEF o LERIND, EAFTREVCHEORIBERKEE
EZzRANDE BHiERT (1955 £~ 2010 F) &, W55 F8H
FICNYTZF21—R47~51 OHENEEL TV, —FA. i

i o
{Sabcritical & Beittia)

20 fracturing

Tl

Stress buildup and drop in the inland shallow
crust caused by the 2011 Tohoku-oki
earthquake events

To examine the change in in-situ stress from before to after the 2011
Tohoku-oki earthquake, we performed stress measurements after the
earthquake in the Kamaishi mine. The in situ stress measurement period
was from 1991 to 2016. The results showed that the magnitudes of three-
dimensional principal stress and vertical stress drastically increased
during the mainshock and, at one year after the earthquake, were more
than double those before the earthquake. The principal stress magnitudes
then decreased with time, and they had returned almost to pre-earthquake
levels by about five years after the earthquake. The SLSR (Fig.1) lacks
historical great earthquake ruptures and showed relatively low levels of
moderate-size earthquakes (M = 4.7 ~ 5.1) over the past ~50 years before
the 2011 Tohoku-oki earthquake at an average interval of 5.5 years.
However, earthquakes in the SLSR suddenly became much more frequent
after the Tohoku-oki mainshock, and the magnitudes of these earthquakes
increased. Furthermore, the interval between earthquakes off Kamaishi
gradually increased with time after the Tohoku-oki mainshock and reached
approximately 0.3 years at one year. At the same time, the magnitudes of
these earthquakes returned to the same levels as those before the
mainshock. That is, (a) the stress magnitude in the Kamaishi region
drastically increased during the Tohoku-oki mainshock because the region

A5
{Suparcritical & Ductile]

. ’ -l

Fig.1 The total slip distribution of larger than 5 m of
the 2011 Tohoku-oki earthquake (Yagi & Fukuhata,
2011) and the SLSR (Ye et al., 2012).

Fig.2 Fracture aperture distributions from CT data.

30 fracturing

Fig.3 Large-scale hydraulic fracturing experiment
under supercritical condition.

WEZEO 1 syABEIR 10 HIC 1 BIREDHEETYI/ZF1—R 55~
59 DMEAFKEL TS, Ffe. RILHMED 1 F~2 FROHE
T 4DAICTEIOREHEEICRD, ZOREIFRILHER
EERFRACBRICE>TWS, COMRIGHEZAFHEDOHEEDL S,
MR EREBEROMRICHDO LRI, £HHT SLSR H/NUF
ERDINDDPUER Sl ENFERTH D, CORER. HRISHH L
FUEEHRTHEMEMU . AFRUICHEIC KDHBIS D RS
. Z2RMLUICKITZRIBER 2 FRUBROISOEGRA UtE
DEEHFEAD Ulcor EWSHIEBE—MRICHEROVERIND, K
RARIE, WEHREDNIHT—LRBRDMBREIZET CETHE M)
THOTHOEHAMICERTHEI NG, EAKEERDTZERME
DIRNDIREEFEER T D EICETBERNIB/ENDIEHRL
THEH, MEMROHLBFEDEINDEMNIHFENS,

RREETEEE OKERFBHEEEKEREICHT S
KERIFDZNR

BREMESERANOHETEEOERNMRESNTVS, LHL
BHS, EEFRETOERICT T BKERIBIC KD MBS RE
BHTHD. AARTIE, EE 200 'C~ 450 C. #HHE 40 MPa D5
HTT RCRTR—IL 2B I3RS HEE T U TRERIE
BRZiTolc. TORR. £ TORERBICEVWTERDEMIERS
N, EHESh3ESRHOMERBEEICLSTRBRD I EZASMC UL,
Inid. BRREOIENEEICL>TEIRT 2cHTH S, 200°C
DEEGETIE. MEICERULERNMER SN, ZOEZDRBKE
FHELDDBREN STc. BH. COBRBIERFRRETERULTH > T,
—75. 450°CORMBFICHEVTIE. ZLDBERERDHBEGE2EKICES
TUZVRRICEREN. COROERKERHELREE TH oI,
EREELCEKER2TORERETICEVWTEMUL, D&
Mo M- EEBBREZBISFHTICEVWTH KERIBIC L
THRRBEKREZF > I EITBEDERIIFIRETH D E Lco K
RISTEFSSOHHN (E2ERE) CORRARTH S,

Fig.4 Permeability test after the hydraulic fracturing under over 400°C

probably acted as a barrier to further rupture propagation; (b) the increased
stress made earthquakes occur more actively in offshore Kamaishi both in
terms of frequency and magnitude; and therefore, (c) the frequent
aftershock occurrence cased the stress in Kamaishi mine to decrease and
to return to approximately the same level as before the 2011 Tohoku-oki
earthquake as well as increasing the cumulative postseismic slip in this
region. In addition, the consistency between the change in measured stress
and the change in seismicity in the Kamaishi regions suggests that the
results of stress measurements, even those at a much shallower depth than
the earthquake source fault, can be useful for understanding rupture
propagation behavior.

Effect of the hydraulic stimulation on
hydraulic fracturing characteristics and gain
in permeability of high-temperature ductile
granite
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The creation of geothermal reservoirs in high-temperature ductile rock has
recently been suggested. However, the characteristics of fracturing by

hydraulic stimulation under ductile conditions of rock are not yet clear. In
this study, hydraulic stimulation experiments on granite at temperatures of
200-450°C were conducted by injecting water into cylindrical granite with
a borehole at a confining pressure of 40 MPa. The formation of fractures
was observed at all temperatures, but fractures formed in different
manners depending on the temperature, perhaps due to different water
viscosities. At the lowest temperature, fractures propagated linearly from
the borehole, and the borehole pressure required for the fracturing was
much larger than the confining pressure, similar to hydraulic stimulation
atroom temperature. However, these fracturing characteristics disappeared
with increases in temperature. As the temperature increased, the fracturing
pattern shifted to the formation of a larger number of shorter fractures and
less borehole pressure was required. Porosity and permeability increased
significantly by hydraulic stimulation at all temperatures, and permeability
gain was high even at the highest temperature, which exceeded the brittle-
ductile transition temperature.
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Fig.5 Slip experimental system under subcritical/
supercritical geothermal reservoir condition
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Toward the development of sustainable energy system Professor
Tatsuya Kawata

Energy Resources

UNBFOMRAEHIE. REFANEERORRICEFIHEESNEFOSVFEDERTH D, RERZOFTERIC. BRERILET/\RIC
LBIRINF—BHEMBICRARBRIRIVF—EBEEKM, SLOCTRILF—FEKM, FBRRERESCVDELRERMOERKIMELS
FEBREERFEEELTVD, BiE - IRILF—MBEOERICE. (LARNOBMENAEBETRIRILF—ORE/IEDIOHDHFL L
MOERNPAAREEZ. ZORMELD—D LT, XK, SMAKDOEFRBRCYREE (SOFC) DXRRICHELRMABZID LT,
FRADEEEDHEIL. JRATLAICAVWSNSHRIOERREICEITZMEILEN. HEHNESHICOWT BN2E BRLE. EXLEZE
RETBRITICL>THSNTT B,

Our research target is to develop environmentally friendly energy-conversion systems. Our special focus is on high-temperature electrochemical devices
such as solid oxide cells, which are useful for high-efficiency energy conversion between chemical and electric energy. Research studies on the mechanical
reliability of solid oxide fuel cells (SOFCs), which are tightly linked with physicochemical and thermodynamic properties, have been performed through
collaboration with other research groups inside and outside the university. A simulation code was developed to evaluate the deformation based on transient
distribution of chemical potential inside the materials. The mechanical and physicochemical properties of the constituent materials have been measured
at elevated temperatures in controlled atmospheres to be used for the simulation.

EHAER(CMITZ KA 5t OD i AR Atk 0 A

REEF NEDO FFEER "EFBR YR KIE b QM A R
77 EICR Y 2 BB OREFELRZD.SOFC I¥zRL— 3

Development of Systems and Elemental
Technology on SOFCs

FY2017 is the last fiscal year of the NEDO project “Development of
Systems and Elemental Technology on SOFCs.” In order to achieve a low

VIATLDARIBHNERICHDEREIZANE 0.125%/1000h BUTFD
BEWSLERZERAIRLATIMFEEIZEREL. ZICRBEBEIL
BEEOMAM - EEERALEICT I HERET>TWS, ZRAED
EEESHTEATHAREZED THED, CILEBRME. BEILTOE
R A RERR. RE - BRRTYVIvILICLIYERLEE
BUESOFC Y2 al—yayI—ROREREEEDHTWD, Fi.
ZOBEORMBHOFR T, BEBIVY—IT7LEFRRL. EERKE.
REARE, WNKZE, EERMHRESHER. EHPRAEA. BR
AZ (). BKVSOFC BHRELEEBFEICEHEUTEEZIHEL
TW3, HDBFTOEFRNLBGMABRICOVWTIIUTTHENS,

SOFC # | D {FEDIRIZ T DS B ST

HNBTIE. INETRBERTYIPILAHEORRELETMELS
BPHEBETINEBEL, BER BETERSLVIV-TEREZED

cost for widespread dissemination of SOFCs and a low degradation rate of
less than 0.125%/1000h, we have mainly developed and established an
evaluation method for improving the durability and reliability of the cell
structures. In particular, the targets have been evaluated for the deformation
and mechanical strength of the cells and materials, and we developed a
novel simulation code of SOFCs considering variation in material
properties as a function of temperature and oxygen potential. In this
project, the research consortium is organized by the University of Tokyo,
Kyoto University, Kyushu University, AIST, CRIEPI, Tokyo Gas, and
Tohoku University. The consortium also collaborates with Japanese
companies that have developed SOFCs. Our research activities are
mentioned below.

Mechanical strength of SOFC materials
under operating conditions

Our group has attempted to construct a multiscale model which can
simulate elastic and inelastic deformation and fracture probability

Lai Elaiie chonacicimii i Frasay progerio, b Fractus sirain
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Fig.1 Small punch (SP) test equipment

Fig.2 Evaluated results of mechanical properties of 8YSZ, 10GDC, LSCF6482
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IEHMNBE(ZERBUCEBRNSEEB ORI EZIHAIC
AREULTE. FBREICEIT2MEEOEERNE LU HIEEN
PEDOEWIREIGADRERERD, BELEIGAEEIZ Yo, Ny
70V, HEEREDEMMWIBEDONI -2, EFIVRIGHE
HEMRTHD, BEZREZ#E DT ICBIRICES ., WIETMICIF
Weibull 20 WS N5, FFARTIE SOFC MElE UTE<KAVLS
N3 8YSZ. 10GDC. LSCF6428 IcDWT, RE—ILIN\VFiE%&
FAWTHRAZRE TRIE U MR SRR A O Weibull 275 BT
ZI52&T MBRHC KD ERLS, BEOTRENEWERERZHS
Mcbfeo (Fig. 1. 2)

FiRE SOFC OEMEEDVILF AT —ILEEHT

SOFC DI IFEERE ) —TERE LVOBERILBERGICH
SETEERICL>THEMNELbERITIENAMSNTWS, @A
FHEICOHEREEEHE IS SOFC DFRELILDLS%E, FERH
DIRRTINA ZADEFEBEITICIILFRT—ILFEZEERT 5710
IZ. FIRE I AOEARICAHNGE—I /OS2 REREEAER
T THEFRAEREEKEL. 2OV O[T AEEBZIFHO T
peeblc, EMBRTI/ORBERRTINERREBHERIEE
REEFIEFHRICER U, (Fig. 3, 4)
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2017 FEDEMREDAV/N—(F, HE1H. AHE 1A B
18, MRE1R, RNHEE 1 ROBMWEL &, ERIFE2 4.
BEFET AV PEHPE 10 BOPE 23 ROEN 27 HTHERI N,
SERPEIF 4 BTHD, BEFEDSS 1R 9 AICRUZRFL
feo Fle3BIIBMELREZ 8 BMMET L. BEICHE. FHESD
HFFEERER, BIREICEZ UG

considering the electrochemical, thermal, and mechanical properties of
the constituent materials. Under SOFC operation, internal stress is
generated due to the strain mismatch resulting from differences in the
thermo-mechanical and chemo-mechanical properties of materials. This
triggers mechanical damage such as cracking, buckling, and delamination
on a cell. In particular, ceramics inherently have brittle characteristics,
which lead to immediate fracturing without plastic deformation. Weibull
distribution is widely used to characterize the fracture properties of
ceramics. In this study, Weibull distribution analyses of fracturing were
carried out for SOFC materials, 8YSZ electrolytes, 10GDC barrier layers,
and LSCF6428 cathodes at various temperatures. The small punch test
method was employed to measure the fracture strength as well as elastic
modulus of the materials (Fig.1). The temperature dependences of fracture
stress and strain were discussed (Fig.2).

Multiscale analyses of SOFC deformation

Thermal/chemical expansion and creep deformation is critical for
mechanical deterioration of SOFCs. We proposed a new method of multi-
scale analysis for plate-like devices, such as a planner SOFC. To
characterize the macroscopic nonlinear mechanical behavior of the in-
plane periodic structure, the numerical plate testing method was employed.
We introduced a surrogate model composed of homogeneous layers that
are expected to exhibit the same macroscopic responses. Representative
numerical examples were presented to demonstrate the capability of the
proposed multi-scale analysis method (Fig.3 and Fig.4).

Educational activities

The lab members include 5 staff members (a professor, an associate
professor, an assistant professor, a researcher, a technical staff member)
and 23 students (PhD students: 2, master’s students: 11, undergraduates:
10) including 4 international students. One PhD student completed the
degree in September. Eight master’s students and five undergraduate
students graduated in March.

e s
[ '
] - i _I
% pe iy
i M 1 ke
Intercomnect (LOCr) [l Electrobie (8Y57) g i

Bl Cathosde (LSCF)

Anoda (Ni-T5L)

Fig.3 Calculation model of SOFC cell.

Fig.4 Simulated cell deformation in each mode.
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sustainable possibility of environment

Takeshi Komai

IXILF—ERVRAVFHEZDEFIE. RIFEER - IRILF—OHEEERICET2RARBMARRZD LIC, HIKRIRICETZYERRICR
SURHBYRATLAOERE, ER - IRXILF—RRCHESTE2RERIVOREVRIER. AORREBAREEOBR, HEREICEITZLE
PHITFKEDBLRMEE. SSICFEEENEDYRIFHEICETZHMENLBHE - IREXET 5.

AAREDFEIF, WIRBFZEER - TRXILF—FAROERZMZERLL T MRRESSOHBREOREICEIBZRMP VAT LD
RAXEZEEL, BEESLUCARZEC TEMPHRIICER TSI TH B, ZMESOIEPRAEFEORMAR. TLAKREZREU T,

MERRZLSEMABLCHRICREL TN S,

We have conducted various research studies in environmental sciences in the interest of a sustainable future. We have investigated the hydraulic properties

of vuggy carbonate rocks as well as the hydraulic and mechanical properties of high-temperature fractured granite, particularly for effective development

of petroleum and geothermal resources. Additionally, we have conducted a research on a new hydrogen production method using a reaction between hot

spring water and aluminum. Furthermore, we have initiated new research on the risk assessment of new hazardous chemicals, an in situ heating method

to produce methane hydrate resources, the reality of fluid flows in pore systems of soils, the risk assessment of coal and metal mining in developed

countries, and the origin of groundwater in field scale. We have developed new knowledge and several innovative methods for data-driven environmental

analyses.

RIEEROSERINICK SRERE
(JAMSTEC H[RH% / fiFieaiR )

BEROERIE. ERTHD. ZOBEHROTHI SERGIEREZ M
HIDZFENEELRD, AAR T, BEEFREBYOLIEOR
ERBICEBL. BRERETEIET. BT ZTOCROERA
%#1T>7zo (Nakamura et al, Chemo., Ff}5 , ERHEMFS
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( ERRMRSE - AIST £RE%R/ RIEAHRIHEER )
BENEOLEFORNOMEAN =X LD BB TH BB
B EORITICAS BRRENESN TS, FHAE TR, LT
TR DAL P IRE £ Z 8 U Y 20 FHEE 7L DBIR % 1T -
oo (RS, £AZS , PR, BREMZLEFOLEE)

WK P EELLEEIR D TTREFEE DRI
(JICA R )

BAREAORE (EvJIL, A YRXYT7, RYTFE) £#BUT.

Data-driven surveying of environmental
information

Information from the environment is infinite and complex. Therefore, it is
important to extract beneficial factors. Our research forced paleotsunami
deposits and adsorption coefficient by soil. Based on a data-driven
analysis, we elucidated a complex and wide variety of environmental
processes.

Research on geo-environmental transfers of
topical materials

Recently, soil contamination has become serious. Many methods of elution
testing are known, such as the evaluation of the behavior of heavy metals
and VOCs in contaminated soil. This is very complex in soil water. The
purpose of this study was to assess human health risks using a self-made
3D model to consider the adsorption coefficient and water flow in soil.

Assessment of trace elements of groundwater
and mining

We have clarified a method of recharging groundwater and transferring
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Fig.1 Paleotsunami deposits in Miyagi principal
percolation test
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Fig.2 3D images of flow path by soil up-flow
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Fig.3 Risk assessment model image of new
hazardous chemicals at our living area
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Fig.4 Geo-chemical analysis by data-driven
in ductile granite

Fracking at 450 S B 40 MPa

Fig.5 Supercritical hydraulic fracturing

trace elements based on a survey conducted outside Japan (in Mongolia,
Indonesia, and Botswana) to understand the real lives of local people.

Development of methane hydrate production
by partial-oxidation process

A large amount of methane hydrate exists under the permafrost and the
bottom of the sea all over the world. The purpose of this study was to
evaluate the effect on gas production of using heat generation resulting
from the dissolution of minerals to acid. It is estimated that several times
the production efficiency is possible.

Permeability of subcritical and supercritical
geothermal reservoirs

We have clarified steam-water two-phase relative permeability curves
(V-X type curves) for conventional (subcritical) fractured geothermal
reservoirs (Watanabe et al., Geothermics). Additionally, we have clarified the
characteristics of hydraulic fracturing and stress-dependent permeability for
high-temperature ductile granite, revealing the possibility of supercritical
geothermal reservoirs in the ductile crust (Fig.5 and Fig.6; Watanabe et al.,
GRL; Watanabe et al., Nat. Geosci.). Moreover, we have evaluated the
impact of pressure solution on reservoir permeability (Saito et al.,
Geothermal Resources Council Best Presentation Award), and have
initiated studies on the impacts of silica precipitation and shear slip on
permeability.

Mechanical and hydraulic properties of
volcanic sandstones under CO, geological
storage conditions

We have initiated a research study on changes in mechanical and hydraulic
properties of highly reactive volcanic sandstones, one of the candidates of
COs reservoir rocks, as a result of CO,-brine-rock reactions.
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Fig.6 Potentially exploitable supercritical geothermal
resources in the ductile crust
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IRILF—EREBE
Ixiﬁ:y\:ﬂi% —?—ﬁ‘ﬁ Designing of Nano-Ecomaterials
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Development of functional nano-ecomaterials for energy and Professor

environment in the environmentally benign systems Kazuyuki Tohji

F/MBZERERTRSMHEZHARIZMBELTHFINTVEY, EOBKRTRIERRENSEMBET DI, BNETIHEZR
RIRICHKBETEHHE - ERR - HRICHEHITZDENH S, CORGERDS. AARETIE. FEMRHTOMROREZHERT X #8iE
BTEORBIMNZEC THBICHEL, ZORISEBZESCZNFECEENMEFZIALRATZIET sWXE>BERRED T/
MBI ZEREIBDFEZRAELTND, £, BHEZRRIZLODREFEEDHRZT>TNS, MRIE (A) BRAIRILF—EBRBME (K
RRFEEFEIDANT T4 77 FtiiE, RABERAEE ST/ KF. KEEMWA CIGS +/HF. &), (B) #eelkr/ - TIMR (198
F/RTF. BEEEETREES/ MR, BfSS FREIEBAKESE T/ BEMEL REF/MEL BE). (C)BBAUELIXIIEDHLZ
AIREE T BT DEFFITEEMN, FicHETE5,

The research of Tohji Laboratory focused on how to develop well-defined nanomaterials and utilize them in our lives. In particular, we developed methods
for synthesizing and utilizing useful nanomaterials with specific morphology.

Our research objectives can be classified into (a) natural energy conversion materials, such as photocatalysts with specific morphology (stratified
photocatalysts), thermoelectric alloy nanoparticles, and CIGS alloy nanoparticles for solar cells; (b) functional nano-eco materials, such as uniform and
well-crystallized alloy nano materials, well-defined electric integration nanomaterials, precise control of nano catalysts for fuel cells, and carbon

nanomaterials; and (c) development of novel methods for extracting rare metals with precise control under complex condition

st

EBREESOERETRBVWEBEOF/MEEERALIZILER
HEic, RABERE /A2 H/HT%E. BEESRNIDBVWFETERT
DMEFREZTO>TND, FiC. MRIOKFEDIFELY,. SEEEH
RI2HEOBRNER. REML. ZERTIHICIE. HETHE
EENBVWEE /B /HFTHEIENRETH D, Blc, T¥
KISz SBICR EMBLEN BN ORERBMOERIERRE
TERIDDETH D, COBRBETORGZIRNTHLLRE/
BeF/HFE. E—N—F0BBELEBOAZAWN. EERE~70C
BEOKABRFT, 6RTZEVNS “BROBEM " EEX2F 5%
BELTWS,

Z0BIcE. BREARZKBRRBICEVWT. SBEOREEZSELT
L BEEARTIRBBEICIEETHESIBILHORTY v
LWEE—(tROHELTZIENBDETHD (ARTDIHRICELD.
BIEELUHREEIERHEEHD ). T THRRADARETIIFE
FEZAVWTKERFOZEHAFOEEEZHEL., ZOLTET
HSE2FEZRAAEL .

Fig.1 Presentation of Mr. Iwama (MC2) at Chemistry
Conference 2017, Green and Sustainable Chemistry
(Muscat, Oman)

Fig.2 Presentation of Mr. Ushida (MC2) at Chemistry
Conference 2017, Green and Sustainable Chemistry
(Muscat, Oman)

Research

To achieve industrial applications of transition metal/alloy nanoparticles
instead of precious metal nanoparticles, various procedures for
synthesizing these materials have been developed under low environmental
loading conditions. In particular, a method of synthesizing “uniform” and
“well-crystallized” metal/alloy nanoparticles should be developed to
utilize the uniform properties, selective and high-performance, suitable
phase, and long lifetime. Moreover, materials synthesized for commercial
applications should have specific properties, such as high oxidative
resistivity and low addition of surfactants. We have developed a method of
synthesizing metal/alloy nanoparticles with the properties mentioned
above; by using simple equipment and low energy conditions (RT-70°C) in
the aqueous phase.

To synthesize “uniform” and “well-crystallized” metal/alloy nanoparticles,
the condition of metals in the aqueous phase should be restricted to the
homogeneous phase, and the reduction potential of both metal complexes
should be equal. Sometimes, oxide materials and also sulfide materials are
also synthesized.

Therefore, we introduced our idea for a particle synthesis system based on
the predicted concentration of metal complexes in an aqueous solution as a
function of pH.

Fig.3 Presentation of Mr. Li (DC2) at 5th Nano
Today Conference (Hawaii Island, USA)
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BRI, LEYMREBEEME 4D Cu-In &&F/ K F P Cu-
In-S 7/ %iF. Cu-In-Sn &&F/fiF. Cu-Zn-Sn-S F+/ K[ FZ K
BRPTERL. BRIEZIETREEBERRIEIRMERAEL
feo EFfeo BEMNBELMEBEENETW Cu F/ K7 EHEEEM
HEOBELERGEEET o Culi®. BEMREEETHEZET
2fchdD Fe F/HiF. EOEMERALERATNS, BiC, ITF
ILF—MHELT, BBERHEMBPREERTR, RELGERTS
HBEE R ITDRANT T4 770 RAAEM R, ZRAFKLTWS,

FEHBOERRUVEASERR. TOMDES

HERAREMBOFEEE. 2017FE 4 B—- 12 BOHMEICET 16 4
DELMARFKREZT olco FMRETR. FEEEOMEHFEE
NPEH. 1227 —YaviENc T2 0—-/NILbZERET S
CEICHDERZRVWTHED, ZEFEBEOERSZTORRPELRE
FEOBFEBNNICT>TWS, UZEE T, 6 BICY Y AR—
JL T B fE & v 7z 9th International Conference on Materials
for Advanced Technologies Tl MC2 D {hABE—EEH. 11
BlcAY—y cHfES iz Chemistry Conference 2017, Green
and Sustainable Chemistry Tld MC2 D &5 sF5AE (BEE 1)
BLUCFHABEE (BE2) . 12 Alc/\T1ETHR#EInz 5th
Nano Today Conference Tl DC2 OZEHEZEE (BEE 3) &
MC2 D AEE—BE (EE 4) M. HERZT>TW5, 6 BIcHfE
ENcER - EMZFRRILAIHLEZTARTIEI MC2 D ARE—EE
N£E (BEE5). MC1 DEBRFELIRE (EE6). 9 AICHES
NiER - ZFMEEUERETIEMC2 DERBSTAER LU FHEBE
HWENBEFRRAY—EZZELTWS, Z0EFH. BR - TMER.
B - ZTMZERRILXTAR. ICAYEZER. X EomtHaks.
ERNOZERACHBEBIICSML,. RROERZITO>TWD, Fic. B
RIXIF—ICEITZAMEB PR RNEEICHRIRILKZHEMRE
ICBITDHAMRERE, BRAEHZToTW\S,

Fig.4 Presentation of Mr. Nakamoto (MC2) at 5th Nano
Today Conference (Hawaii Island, USA)

Fig.5 Mr. Nakamoto (MC2) win the Gold prize at the
Tohoku branch spring meeting of MMIJ (Sendai, Japan)

For the solar cell application, we developed methods of synthesizing Cu-In
alloy nanoparticles, Cu-In-S nanoparticles, Cu-In-Sn alloy nanoparticles,
and Cu-Zn-Sn-S nanoparticles, and we applied these synthesized materials
to the formation of printable solar cells. Moreover, we tried to synthesize
Cu nanoparticles with high conductivity and oxidative resistivity, Cu
materials with specific morphology, and Fe nanoparticles with low melting
point to apply bonding materials. Thermoelectric materials, fuel cell
materials, and stratified photo catalysts with specific morphology were
also developed to apply these synthesized materials to environmental
friendly energy materials.

Student activities (conferences, prizes, etc.)

Students from our laboratory attended sixteen international and domestic
conferences from April to December 2017. To develop the various abilities
of members, we recommended joining international conferences and
studying abroad (DC course students).

This year, Mr. Tatsuichiro Nakamoto (MC2) joined the 9th International
Conference on Materials for Advanced Technologies at Singapore (June);
Mr. Morihiro Iwama (MC2, Fig.l) and Mr. Katsuya Ushita (MC2, Fig.2)
joined the Chemistry Conference 2017, Green and Sustainable Chemistry,
which was held in Muscat, Oman (November); and Mr. Li (DC2, Fig.3) and
Mr. Tatsuichiro Nakamoto (MC2, Fig.4) joined the 5th Nano Today
Conference, which held in Hawaii Island (December).

At the Tohoku branch spring meeting of the Mining and Materials
Processing Institute of Japan (MMIJ) (Sendai, Japan, June), Mr.
Tatsuichiro Nakamoto (MC2, Fig.5) won the gold prize and Mr. Kouhei
Sato (MCI1, Fig.6) won the bronze prize. Moreover, at the fall meeting of
MMIJ (Sapporo, Japan, September), Mr. Morihiro Iwama (MC2) and Mr.
Katsuya Ushita (MC2) won the Young scientists poster prize.

We joined the Spring and/or Fall meeting of MMIJ, the Japan Society of
Applied Physics (JSAP) and others.

Moreover, we joined various social activities, such as events on natural
energy, public lectures, and so on.

Fig.6 Mr. Sato (MC1) win the Bronz prize at the
Tohoku branch spring meeting of MMIJ (Sendai, Japan)
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Building a sustainable global society through policy
and sustainable energy and resource use

&
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RIRDIHICHIR EDERER ADERBRNERHZHITLC FRAUELRI/O-NILHSZRRIZ LT BREREZEYICEEIS L
(F 2T HHBIEEVWTAEDORRDEHFD—DTH 33, (LARKNDOEREEZRSL. BRICHEROBAERZEAITIRENKOSNTWVS,
ZOHIEERBRO—DIF. BEATENCEENRAREEEOHIRZBIETHHENGIHIER, S5IGEVVER, BEHERGIHIESA
PoTIOAAVALBBEDEANLDBENRFRO—DERDEEZSND, oo EOTIYYavHEOERRICH ST, HROIRILF—-
VATLEUVTKRDRIETREIBARZEWVWLS S, LREWVWA. SBREBEACENBETVRBRELORMARIEENLSEE, ER - ESMIC.
FBRADL NI TOHEHRBEEDOERBUICIE, ZOBEABEXRBWLESS,

To realize a sustainable global society and protect our planet’s living conditions for future generations, effective resource management is one of the most

important tasks in the 21st century. This will require abandonment of fossil fuel related technologies and the wise use of our limited natural resources.

Important policy tools for this include cap-and-trade schemes to reduce greenhouse gas emissions in an economically efficient manner. In the future, such

a scheme might be replaced by more universal measures such as an ecological currency. As future energy systems, hydrogen technology will play an

important role in a zero-carbon-based society. Nevertheless, any kind of new environmental policy or technology will fail without acceptance on

international, national, and individual levels.

HRAESHRICAF fcA / R—>a Y

IRILF—OBREFEVWAICHEEZRIFTET. BERIIERICEE
Zo UD\U. FREEDOLSBBERIFFEELG WS, EHERFEROD
HEERAZXD, BHOMRTERIND "TBEROIVvIR, Z8A
TEIRENH D, BICKBOIRILF—EHEITIARBEBEEYICE
DHETICHED, BERDI VI RFZ<OHABEEZFD. TONEFIC
BVWTRRBFIMFROPTHEENREHL. KREERZEZTRET
SHEHAERG I HEP RN EETRE T ZRBILX KRS HE DM,
HRTIEHSDZIEEEBEEZEAL WD, Ffoo TRILF—EIRIC
B3R EEDD LT HRBEKEVARTRE. BEERRES
g, POTIvyayOR—2AO0—-RERTHIBEFHELR DX
IZ. 2ENICBRKADIERIEATWND, AT—IRILT—D%E
BUTHEBREDOMIBERLG S Z—AEBMBU. ARAXINDIEK
FEZRSL. BOR-HlIE LOZEERRIIDLDENRDHESNTVNS,

TTORAV b &ld. ERRREZBNELCBEEUTHERETS
W2 TH2 (Fig. Do {LEARBOHLEY G EDERICITIRIER. T
flAEErE . BEERRERIGCTRENEIN D, HAR
BEOERNCOIVATLICHEMFAEFNTWSIZD, BEZEITD
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Fig.1 Resource and Ecopoint flow

Innovation for a sustainable society

Government policies are critical for influencing how energies are used or
chosen. Since there is no perfect, single policy approach, “policy mixes”
and achieving positive interaction across different types of policy
instruments is essential. Using policy mixes to target buildings is an
important task as they consume the majority of energy in large cities.
Tokyo is a global leader in this area. It targets buildings via a cap-and-
trade, a carbon reporting scheme and various financial incentives. Japan is
also a fascinating nation to conduct energy policy research. Japan has lost
its zero-carbon baseload since the Fukushima nuclear accident and has
decided to maintain coal electricity until 2030 as an important baseload.
Using stakeholder analysis to understand the various needs of different
societal organizations is critical for determining the factors pushing the
continued use of coal and potential policy options to reduce coal
dependency in the future. Japan is also promoting a transition to a hydrogen
economy and is a world leader in this area. Part of our research involves
examining the important role that hydrogen can play in stimulating local
economies and supporting the development of renewable energy in
regional areas.
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Fig.2 Polyethylene price including Ecopoints
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DICHZDEFRISHDOERNEEMICOTNT B EZBIETES, &
DIARAY ML >TEFEFNDNARBERGFICEXABELUTHR
AORR#EEZNZ, RUIFLY (PE) OREZEFICEDE, DY
Z2FLDFEDBEAIRD, TV ThARRENRBUTEELE
Tkg ® PE (E13.2 LRIV M ZRELETZDICH L. BMEHTH R
FEEFESBRIF 2.2 K TED. ULHhULAYRTHREHCY RO+
EZE>TRUED PE Z1EocBE. 7.4 TORA Y MIRE(ITHR S,
COBWMEARBOEEEERMLTVS, 1YRTREHELD
BEEEFARKAKETZ2EHNS, TARIVNBEENEMNSh
%, RICTOMRA Y hOffitg%E US$0.06 ICRETNIE. 7FVILT
EESINEY RN UFERFED PE IF. {bAGREIEE>TI Y RED PE
&0 US$ 0.31 =<, tBEREITr Y RED PE £ US$ 0.66 &<
72% (Fig. 2),
HRPOFHRAEREFKEE DD LTI EENEET DEE
(&, EATNRELD. HRIWHORFNEETHDZIENZWN, fIX
&, ERREEERULT, —BNIERBIRILE—YATAIETS
MAEDRL REIRXLF—DBEKZEELTVWDEVWZD, D
RIREFTW T 3ICIE. BEEI B OESVWEFKELRAKIC,. HKER
TEHEEELFAUKEET DERERTDICE. FERLANILEE
BPIRTLEBBIDDENH D, COLIICHEMICERZLANIL
ICHDERDIAFTIVAZEBRTDITIE. BLXAPERGERAR
2T =)L TARDITEBERZNEVTHRZITOIDEL H D, FRAlE.
INSOEMBBEREBMRIZEHIC. T—ITVMR—ZADEFTY
V7 (ABM) BREDBERFMZREL TV, INSOFER. 18
BRER (BA) LRILTECEMBIL—ILICEDIVNT, YRATLLREK
DEE (FHEARRRMOERGRE) £FBITIHICERTES,
EROESIC, FHEAREAHSOERICY > TROSNDHSEMN
NZEICOWTERZRDDLSERIFIRELELD 3 DOSEFICED
HATWS, FIUWKMARIE., HHEEAI O—NILESOEE
EWETZICHERARL, UL, ARICEELRODE, HFULWEIN
DEALKICHETZHRNEHRLTRE., £ EME LK
RICHITIHRNZAMETH 2.

Fig.3 Complex flocking from simple individual
preferences.

The Ecopoint concept (Fig. 1) is meant to act as an ecological currency.
Resources, such as fossil fuels and minerals, are charged with a fee after
extraction and for land use during the time of use in accordance with
scarcity and environmental impact. Since different types of resources are
included into this system, simply shifting consumption from one resource
to another is prevented. The revenues are provided for the world’s
population as an unconditional basic income. The benefit becomes obvious
using the production of polyethylene (PE) as an example. The production
of 1 kg of PE from fossil fuel in Brazil requires 13.2 Ecopoints, while the
production from sugarcane only requires 2.2. Yet if PE is produced from
sugarcane in India, 7.5 Ecopoints are required. These differences reflect
the variations in the use of fossil fuels. Dependence on coal power for
electricity and heat in India increases Ecopoint demand. At an assumed
Ecopoint price of US $0.06, sugarcane based Brazilian PE is $0.32 and
$0.66 cheaper than Indian and fossil fuel based PE (Fig 2.).

Many of the challenges that we face in producing a worldwide sustainable
standard of living are more social and economic than technical in nature.
For example, there is generally very low public knowledge about alternative
energy systems compared to fossil fuels. This leads to a lack of public will
for development of these alternatives. In pursuing these alternatives, it is
important to consider issues of fairness and equity so that developed
nations may continue to have a high standard of living, and developing
nations may have the opportunity to achieve those same standards. In
order to understand the dynamics between these forces in tension, it is
necessary to study human individual and collective behavior at many
scales. We are working to develop advanced techniques, such as agent-
based modeling (ABM), to understand the complex phenomena at play in
these areas (Fig. 3). These techniques may be used to simulate system-
wide behaviors (such as diffusion of sustainable technologies) based on
simple rules implemented on the level of the constituent (individual) scale.
As we have summarized above with our work in three key area, we are
researching how change towards a sustainable society can be achieved.
New technologies are essential for advancing progress towards a
sustainable society. But they are only as important as the basic social
conditions they are exposed to, the policies that support them, and the
public acceptance for both these policies and the technologies concerned.
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Research on lifestyle innovation using backcast method

Environmental Policies
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ANHFF 8 FHZMX., 2015 F 4 BICRERMA/R—2 3y B4/ R—Y a VBEZABLEMATESI N, REFHNTTI/
R—aVERETDIEDICIFAZIRENMNCDOVWT, HERFEEREUHRFIFEZAVT BAMRZITV. BEFNVTICEFZ1/X—
vay - JOLAMR. HRAERTATAIIIVAR. VY1—YavVEIHFERR. ROIhSOEIEMRZToTWD, REF. JST—
RISTEX D TRRDESUVAZBUROENE, 7OV hOET /LR (REREMM. EFE L. HXkREE. ZERFBEEHKIR)
EHMCTA 7RI EEDRIRRRVIFRAIELBESVAICEERERZZR "TABT7—Vav REZED,

Our department was started in April 2010 and pasted 8 years. Using innovative processes, we study environmental issues such as environmental constraints,
methodologies for lifestyle design, the structure of sustainable lifestyles, methodologies for solving environmental problems, and research applications
based on statistics and case studies in innovation. The lifestyle design project “Creating a Fountain of Future Lifestyle Ideas,” supported by JST-RISTEX,
was started in Toyooka city, Kitakami city, Okinoerabu-jima, and Mie prefecture. In this project, a lifestyle design method and “90-year-old hearing”
method were used by the local government and companies. In addition, a “Mokuiku workshop” was implemented for elementary students in 7 local cities
to learn important sustainable values to develop a lifestyle evaluation method.

RIERBITEICRT SR

BEFRENRE UL ERERBEHALLNYF 15 LD RIER
BITBICSZ2HEPARMICY Y TV BESUHETS VSF (RS
YHU—yyTUT 7 ) IKHTBHRETOTNS.

Environmental behavior

We researched the influence of a curriculum that combines classroom
lectures and practical training on pro-environmental behavior and a VSF
lifestyle change process among people who voluntarily live simple

lifestyles.
SAITRAIAINEEEIHE Lifestyle innovation in the local area
—RERDESUHEBOROENE - —*“Creating a Fountain of Future Lifestyle Ideas”

We researched lifestyle innovation in the local area. On October 2015, the

FATRIAMNEEDRIAMRZEIT>TWS, 2015F 10 A, Tk
KDESUVAZBOURDENE, 7OV MY JST - RISTEX DO
VI VhEULTHRES NI, 2070V TV ME. FROBERKN%E
BEZ N\ X v ZARNBERT OO RET UV I FEEAWT, HA
EORFESEEL, HIBMBOLENRTATRYIII ZEIHTIE
BEBEIDIEZBIEITHOTH D, EMM. b L. HKRIBS.
FREEMIBINET VIR, 2017 FETILHR TIE. THTOBM
TESESL) P EULHZBERITDESL) BRE HITOADHE W
FATRAIMNZRRT BIcHDE—SHELTORBRREET o,

lifestyle design project “Creating a Fountain of Future Lifestyle Ideas,”
supported by JST-RISTEX, started in Toyooka city, Kitakami city,
Okinoerabu-jima, and Mie prefecture. In this project, a lifestyle design
method and “90-year-old hearing” method were used by the local
government and companies to design future lifestyles. This year, we
planned an event for the local people about “Gathering with local food
lifestyle” and a“Creating enjoyment by myself in nature lifestyle.” These
events were planned by local leaders and supported by Tohoku University
and the local government in 2017.

Fig.1 90 year-old hearing in Toyama Fig.3 Kuchinai secret base project in Kitakami

Fig.2 Toyooka LSD project
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REEET2EUVUHZERET S, 5B 3 EHDOARE T Rz,
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A SEDAKRBICEWT, FHlBFVT—hE2RBEL. T—U¥ 3y
THICETAREZTV., MERDOECPITEHCEDOKERZED
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PUERHEEELY I —EBEEL. AFFIFTAT7ZEMEIRERE
WREVEZATRIANT AV TOV IR EEDHTWD, Ny D
FrAMPIORETF UV I EERML, BAESLEEF AN ELUTH
EfcWMifE& 3AMZZERL TS, 2018 & 3 Blcld. EWeS A
TRIAMNERRT BDDE—HERBZRREEDZATRATAI
HEEBRARVIDBHESNDFETH D, HMHBOBBEICEITESA
TRIANTHATAI I M ELTRIERD,

Bk - BR

AXAARY—ILRERZERE R Y b T—2 ASPUnivNet Z#EZH U,
Ffe. Ny IFvARZHWTESD OXEZ{T>TW3,

Fig.4 Mokuiku workshop

Fig.5 Shokuiku project in Shima

Mokuiku Workshop -Wood education-

We conducted practical research studies on methods of evaluating lifestyle
change based on the ontology engineering using a Mokuiku workshop. A
Mokuiku workshop is a social platform filled with various activities with
the purpose of introducing important values for sustainable lifestyles, such
as gaining affluence from producing, repairing, and remaking goods for
children and parents. At the first workshop, elementary school students
produced cutting boards to learn about environmental issues and the role
of the forest. At the second workshop, they learned how to repair board and
the concept of nature technology. At the third workshop, they learned how
to remake and the importance of using materials for a long time. Through
these workshops, we collected data using a questionnaire and video camera
and analyzes what kinds of actions produced affluence and how often the
participants smiled during the activities. After analyzing the data, we will
find an effective action-way structured lifestyle, to create a better and
more enjoyable lifestyle and could develop a new method for evaluating
lifestyle change. The model areas are Kitakami, Sendai, Toyooka, Ikeda,
Toyonaka, Shima, Kagoshima, and Okinoerabu island.

Suginami Lifestyle Project

Suginamin-ku and our lab have conducted a “Suginami Lifestyle Project.”
They learned a backcasting method and 90-year-old hearing method to
create an affluent future lifestyle in Suginami-ku, Tokyo. They discussed
what Suginami lifestyle is and what values they should keep for the next
20-30 years. In March 2018, they plan to hold an event to experience these
values for themselves. This will be the first step to the lifestyle they have
created. This is the first case in an urban area in Japan.

Enlightenment

Ryuzo Furukawa has been in charge of ASPUnivNet, supporting the
UNESCO school and performing several ESD activities such as delivering
lectures about backcasting and lifestyle design.

Fig.6 Speech about UNESCO and ESD at Tohoku
University Library
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Development and the Environment — Toward a Sustainable Future Professor

Shigeaki Fujisaki

MRRERER) NYAREORFEDEATVNSET—YTHD, HMIRRE

Wpzezh. ZOEENIBRETH S,

ZXZEIEDOIIEOREZBA T, FinAERRKZDRGE

“Development and the Environment” are our laboratory’s primary areas of focus. We are exploring the path to a sustainable future through the resolution

of north-south conflicts over the global environment.

TRRADRT) & UTOERER

MEROEONDEET. R—IL - V=IO RO /O
BFF INOOREZ) OEBEZFES>TR, IY7OKRFEF) O
% 2 1R (2009 ) TlF. "REOREFHRR) OEIC THRAREDK
RIGEFHEAIREN?) CEBUHR, M UEHNFITMISnT.
REMENV/ORBEZOHRECHERINDICLARK, BIIES
N BEZER. RREROFLUHLIDEBREBEHIERET TREA
DRF ICLDELZEFERETWS, LERGITTVWSEIENEDEE
2o DED. THEADRR [F. RABRTRGIREDOAICH .
AIEDEIDAYE—I %, ZEEAEHBULCWEEZITWS,

PEIFHA—DFREN?

REBENET THERADORA SULTERINZOE. SIEEE
DESBMIKIRBEEBETH S, H1ERLDD. JIL—I TV EIIF

IRIEZEREIFASHICRBERREEAELTVS) RN TWS,
ZULUT COMBICHEIZEEREORELENBEEZRODDb.
FEZEOHMEBZEEIBRRT DICON. LDZLDIXILF—ZHEL.
SDELOBILRFEHETDLSIC Ao BT, K1 AR
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Fig.l Climate Change and Growth

(Unit: Carbon dioxide emissions (million metric ton))

(Source: Krugman/Wells (2015). Macroeconomics (Fourth edition).
Worth Publishers. P.271)

The environment as “the limits to growth”

For several classes, I have been using the textbooks of Microeconomics
and Macroeconomics by the 2008 Nobel Laureate in Economic Sciences,
Paul Krugman (the first edition was published in 2006).

In the second edition of Macroeconomics (2009), Prof. Krugman inserted
a new subsection titled “Is World Growth Sustainable?” in the chapter on
long-run economic growth (pp. 247 -252). The fact that environmental
issues are discussed in a macroeconomics textbook is, in and of itself,
quite surprising. More importantly, however, one of his conclusions in the
subsection is that economists are typically more concerned about “the
limits to growth” that environmental degradation imposes compared with
those that resource scarcity imposes. In other words, “the limits to growth”
are on the side of the environment. First and foremost, I would like to share
this message with my students by using the textbooks.

Is China the worst offender?

When it comes to “the limits to growth” that environmental degradation
poses, he definitely has global environmental issues, such as climate
change, in mind.

Highlighting Figure 1 below (p. 271, in Macroeconomics [the fourth
edition], 2015), he says, “The problem of climate change is clearly linked
to economic growth.” Although he asserts that the world’s wealthy nations
are historically responsible for the problem, he points out that as China and
other emerging economies have grown, they have begun to consume much
more energy and to emit much more carbon dioxide (p. 270, in the fourth
edition). As Figure 1 indicates, China is already the world’s No. 1 emitter
of carbon dioxide. Thus, is China the worst offender?
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Fig.2 Real GDP per capita

(Unit: 2010 US$)

(W BRI R F—RFREN FHESTLIZY ME (2017)
TIRILF—  BEMRHAEE) AIRLF—EYI— 260 X—Y)
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BEBRRZHMTITZ2DICAWSDIE, EE GDP Tldka< 1 A%k
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FRUCEREIISBEZHEEICHY TIEFEDREES, K2, 3N5,
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Fig.3 CO: Emissions per capita

(Unit: tons)

(WA BAIRILF—REWER FEDHMTLI=Y ME (2017)
TR F— - @EMRFER AIRILF—EYI— 262—Y)

What per-capita figures tell us

To track economic growth, we focus not on real gross domestic product
(GDP) but real GDP per capita—the average GDP per person—simply
because we would like to eliminate the effect of differences in population
size. The same logic should be applied for the problem of climate change.
Figures 2 and 3 reveal the following: 1) Even though China has become the
second-largest economy, surpassing Japan as of 2010, its standard of living
for the average person is still significantly low compared with wealthy
nations (Figure 2); 2) unlike the total carbon dioxide emission (displayed
in Figure 1), China’s carbon dioxide emission per capita in 2014 was still
lower than those of the United States and Japan were, already surpassing
the Europe OECD (Organisation for Economic Co-operation and
Development) figure (Figure 3). This comparison of the carbon dioxide
emissions per capita of various nations implies that the worst offender is
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not China but rather wealthy nations, such as the United States.

Greenhouse gases and level of economic
development

Based on a similar comparison and admitting that Australia, Canada and
the United States are, at first glance, the worst offenders, Prof. Krugman,
however, suggests that criticizing a country’s level of greenhouse gases is
equivalent to faulting its stage of economic development (p.441 in
Microeconomics [the second edition], 2009). This is true if carbon dioxide
emission per capita proportionately increases as per-capita GDP grows.
According to the data of Figures 2 and 3, however, it is obvious that the
carbon dioxide emission per capita of the United States is disproportionately
larger than those of the Europe OECD and Japan are. This implies that the
carbon intensity of the GDP (CO,/GDP) of the United States is much
greater than those of the Europe OECD and Japan are (recall the Kaya
identity: CO,/P = CO,/Ex E/GDPxGDP/P). In fact, as Figure 4 indicates,
CO,/GDP (=CO./Ex E/GDP) of the United States is much greater than
those of the Europe OECD and Japan are.
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Fig.4 CO: Emissions per $ 1 million of GDP

(Unit: tons /2010 US$ 1 million)
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Resource logistic approach to visualize supply chain risks Professor

behind resource use Kazuyo Matsubae

FEEDOAOBARGS FICEERRICHESEYERFTE. SERIICHITZSV—VIA/ - 2XRI2cHDEFRIMEXZ /D ERTE
BENZNBREBICH 2, HREBOLFXYIVEEETHZEIVEE, HE - £EEHEXZDZ<O—RERDOFEZBMUKELTNS,
RGO LERICHE T2 RABHBEN IRV ERFEBDICTL LR VIR RERFEEZD ST IEFMSNTVWEZHDOD, Y F/S51F—rv%E
BULERORNOERZN., BEITZVRVOARLIEE. VRAIBEROMBAENRELTHZ L, YTUPILT7AO-BHEITELTWSIL
EL. REDVZVONRIRTH 2, FMRABF TR, INSOREZHERL. ERFBICEDLEZY 774 F—Y YRV EREEHIN - BIRKIC
EEITLERBEZAEY

With the increased global concern regarding resource and environmental constraints during recent years, the role of mining, as a constituent of social
responsibility associated with resource extraction and usage, is becoming increasingly important in science, technology, and innovation policy. Under
increasing public and shareholder concern about social and environmental sustainability, the fabrication industries require careful attention owing to their
own risks related to the resources and materials used in their products and services. The material flow analysis tool and input-output technique provide
useful perspectives and valuable evidence for avoiding or minimizing the social and environmental risks related to the demand of resources.

We analyzed the risk-weighted flow by combining the resource logistics database and global link input-output model. The estimated results shed light on
how resource logistics prepares policy makers and research and development engineers to confront the risks behind resource usage, and how the information
should be shared among the stakeholders.

BERESHRERAEICKITS
VDT 7ILT7 O—EiR

DY RBERPHIILEL SEYDRARBETROVEDTH I,
BRENHTIRITEORERDZHSLHERELTREIRASTNT
W3, UNU—RYYEROMIGIFERNICIILNSERES DY Y
HAICERSNTED., e VHRILFHRIICHAEMMRELTW
Blcth. BRERCDIRINHBERTH D, ARIZREIVD—
REBEHAICEERELCRED, RERGZERIZRICHEEARNT
DERFAOE LAKRHSNTWVND, BRARHFICEGSNCTVE—
REENFICEVT HWEBEHFGPEL. ADDEWREDHAR
HIBZEZEZERICANDZED LW, ZI T BEFFZRELHET

Phosphorus flow analysis in Shiga Prefecture

Agricultural nutrients, including phosphorus, potassium, and nitrogen, are
essential elements for food production. The global population is predicted
to exceed nine billion by 2050, and furthermore, bioethanol production has
increased by about three times over the past 10 years. As a result, the
resources used for agricultural production, including water, land, and
fertilizer, will be of increasing importance in the next few decades. We
evaluated phosphorus flows, focusing on Shiga Prefecture, which has the
largest lake in Japan for advancing phosphorus resource efficiency (Fig.1).

_ I Froduction loss
BE—REXRICEVWTLIDHIRDFHZE R U ZITSHIC, Refinesy loss
Fiecavery less, Cihers

MBEBFEENREVEAMETSIEEL, BFERICEBLILY YR T
UZI70—3F%ZiT>7c (B 1)
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Fig.2 Transitions in the composition of stock of steel, Ni and
Cr originally used for automobile engine

Fig.1 Estimated Phosphorus flows in Shiga Prefecture
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Fig.3 TMR of global automobile production

I0-based dynamic material flow analysis on
steel alloy elements

The MaTrace model is an input-output analysis-based model for dynamic
material flow analysis (MFA) that can trace the fate of materials contained
in end-of-life products over successive rounds of open-loop recycling,
considering the scrap quality and losses incurred during conversion
processes (Nakamura et al.2014). The timespan of evolution was calculated
at 100 years, and the exported engines were assumed to be completely
reused. The data used in the model were retrieved from the waste input—
output MFA database, which was developed based on the Japanese Input-
Output Table for 2005 (Ohno et al.2014).

The individual curves in Fig. 2 provide the share (percentage %) of the
locations of steel, Cr, and Ni, and their distribution among various
components, as well as their losses over a period of 100 years. If about 40%
of the IC engines were reused, after 20 years, the portion of these three
elements in cars was found to drop to about 43%. The final distribution
indicates that 41.8% of steel, 83.4% of Cr, and 41.2% of Ni were dissipated
in total. The reason for this is that Cr is normally lost in the refinery
process, whereas Ni is normally lost in the recovery process.

Analysis of total materials requirement for
technological change in automobiles

The total materials requirements (TMRs) of various cars and the total
TMR amount by regional automobile production are calculated through
scenario analysis. TMR represents the quantity of substances taken out of
domestic and foreign environments during economic activities. TMR
includes not only the flow of substances directly consumed but also
indirectly consumed substances. In considering the TMR of an automobile,
attention must be paid to elements such as copper, nickel, lithium, and
other critical metals. These elements are not used much in gasoline-
powered vehicles, but they are used often in next-generation cars. These
elements are present in only very small amounts in an ore, so it is expected
that very large values will be obtained when converted into a TMR (Fig.3).

Fig.4 Labo Imoni party
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Act locally, think globally together with the community Professor
Ryo Kohsaka

EEEYZHMEZNTOENZKE. ELEREHSHMME. FlRES. REDD +HIcDWTOEBEAE AT LTWD, FIEYWSHEERD
SRRV —ERICEAITZBARE 72y 74 —LA (IPBES) OF7 Y PHURIRE L E T, £RRDEAYMEICOVWTHEZLTWS, BittDr—X
2974 TREBILZESDHEMERDFRICOVWT, #gtaEs O—/VULBREEICDLWTAHELTWS,

Having first-hand experience at the United Nations Environmental Programme Secretariat to the Convention on Biological Diversity, Prof. Kohsaka
analyzed the international process of biodiversity, genetic resources, and forest resources, including REDD+. He is a coordinating lead author (CLA) of the

IPBES Asia Pacific report. He has extensive experience with forest and agricultural resources, including Japanese Satoyama.

WwE7AI I+

AARETRMOHEATWSERERE L TIE. BRI HIREEES
E. GHNAHRCHEBENRRMRERE. £EYSRIERE. EUEHR
Bifi. FI—h—RoUEEstA LD 5 BENH D, TNENRAE
PREMASOMREZ T T/OY TV b EZITLTWS,

BB IC LD HIRTE, EMBIOHIZERE. BXNIREICETS
AEAMTTIR, MEREELTHRRREE,. EMFIE U THIER
RRFICEBLTHRILOBE. KiF. LEOREEZOEBEOHE
ICDOWCHABEZEMUR, FIC. BEELBRICOVWTIE. BKEDE
RIMERATEEE LT, FIEERICERT 21TH. %, NPO E0FH
READBERIE, HERYNT—VRROFEEREICHTLTL
%, WIBLANILDRBETH DI A/IN—7ICDOWTIE. HREESA (B
M1) OWENER 29 F£E RE)ITA/N— 7 2N HEREREE IR
Renic, GHREZEDOEREREUVTOMES HDMIRERZHHE
UVeHEERRICOWTIE, NIYHMEIOBRICLZHRROERE O
VM ERA LU, BEEROQAEAZFAICEITZ IOV VT
&, BERFAICRIEHONH L. ECFERZECANMECE
Bz@Elc &RFAICL-THESNITlEZ. EREE. £YEK
HREDRENEBRSEIARZERIDIARERZ. REHIK
REFARAMEEELTEBRLTNS,

EYMEHBMIRECBELTE. BRBPEMENS RIS -1y
J7S0OEBRREFREEETZIOYVI VN E, HibiEO<DHE

Research project

The main themes of the laboratory are as follows; (a) an international
regional designation system, (b) geographical indication (GI) and
traditional knowledge, (c) biodiversity index and ecosystem services, (d)
biomimetics, and (e) blue carbon and livelihood enhancement. They are
supported by MEXT KAKENHI and private foundations.

In a project on regional designations, product certifications such as GI, and
tourism development, we focused on the Globally Important Agricultural
Heritage Systems (GIAHS) by FAO and GI and implemented a survey of
local strategies for utilizing those designations and certifications in the
Tohoku and Hokuriku regions. In particular, social network analysis was
applied to identify the characteristics of the relationships between
stakeholders including governments, private companies, and NPOs. Yushi
Tanaka (an MSc student) was supported by research grants from Itoigawa
City Geopark to conduct this research. Regarding the educational activities
of local genetic resources including traditional vegetables, a project based
on a collaboration between Japan, China, and Korea was started with
support from the Toyota Foundation. A research project on fair and
equitable benefit sharing of biological and genetic resources and their
utilization was implemented in collaboration with the Research Institute
for Humanity and Nature.

In the project on the biodiversity index and ecosystem services, research
was implemented on green infrastructure composed of primary and
secondary natural areas, including agricultural lands, as a project
supported by Tohoku Regional Development Association. Regarding the
project on blue carbon and livelihood enhancement, we participated in the
SATREPS project supported by JST and JICA.
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:UE QS ITR TP mrg BRE

Assistant Professor Researcher
Yuta Uchiyama Ai Tashiro

OEMEAR IOV TV MEUVTERIELTWS, oo TIL—H—HRre
HEtm ElcDWTiE. SATREPS IC2EILTW3,

HARRRDFEE

BADSZIRME LTOEYRBRMOHSRREICETZRE.
—HRENKREVRAERERE. 70 UEYTOERBRYYRY I
ICTHERUR, Ffeo ¥/, BEZFOIEAMMEDDRELHIH
HAICBE T 2EAEIE. International Union of Forest Research
Organizations (IUFRO) RUOEFRMNBERD/\T % 2 HFMEH
HICATZFITORERY R T—VICEWTRELL. £YEKE
BEICOVWTIRERZS., SBFRETHEEEZTo>/lc. T, ¥4
l& Ecological Modelling IcB9 2% %, MUERETREZHER
LTW3, ZMRXICOVWTIEERAOZAMETORRICMAT, &
IRHARERE £ S Journal of Ethnic Foods ICTHADIGH
B, ERETVICEESERTIU.

BHEE, BF BRIV —T 1 —ADXE

FiR &, Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) D7 Y7 K¥F
FHIBOMESORBERARAEE (CLA) LT TLEBERE
FO—BEULTRAIYTOSEIPBES 58Uz, £fco £MIE
WD ISO DRFBICEIVE—F—ELTSELTWD, AL
IPBES BEEDHMEHHEELT, F£few UNEP OEFEEMIT Db
KIREWL (GEO-6) OEMEELLTSEUc, &Y - BRERD
FIRBC D ICBE T DR TIEY D Biodiversity-Based Economy
Development Office & D E#. HY 7 # /)L =7 KD Madhavi
Sunder D BEE T o, WIHRE. ERBIEDOHAE T,
BRIFVIIELIRZOREZZELTHRZZXTL. BATE., i
ENRTREFEEESERTZERTEREZHD. HRBROHL
SRTZERALTVS,

Presentation and publication of the outputs

The research results on citizens and private companies’ awareness of
biomimetics were presented at a symposium in the Philippines. The results
of our research on knowledge transmission of None Timer Forest Products
,including mushrooms and honey, were presented and shared at the
International Union of Forest Research Organizations and the international
research network of forest traditional knowledge in Asia. In this network,
Prof. Kohsaka is the chairman from Japan. The results of our analysis of
the biodiversity index were shared at the Institute of Landscape
Architecture and Ecological Society conference. The students participated
in a conference on Ecological Modelling and Intellectual Property. A
special issue about Japanese traditional foods was published in the Journal
of Ethnic Foods. Prof. Kohsaka is one of the main editors of the journal and
the issue.

International collaboration, science-policy
interface

Prof. Kohsaka participated in the plenary of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
as a coordinating lead author (CLA) from the Asia Pacific Region and also
a Japanese delegate. Furthermore, He participated in the ISO TC266
(Biomimetics) as a convener. Assis. Prof. Uchiyama contributed to
elaborating the IPBES report (as a contributing author) and Global
Environment Outlook 6 for Youth (as a lead author). For the project of
benefit sharing of biological and genetic resources, we are collaborating
with the Biodiversity-Based Economy Development Office in Thailand,
and we have invited Prof. Madhavi Sunder from the University of
California, Davis for research exchange. For the research project on
regional designation and product certification, Prof. Kohsaka conducted
research as a visiting professor of the Seoul National University. In Japan,
he is the chairperson of the Committee on the Utilization of Geographical
Indication, and he shared the research results to improve the managements
of the GI system.

Fig.1 At the IPBES plenary (Government Delegate)

University

Fig.2 Research exchange at the Soul National

Fig.3 Student presenting at the international
conference Ecological Modeling

Fig.4 Group photo

Fig.5 Stakeholders workshop in Noto region

Fig.6 Mangrove survey in Indonesia (Mangrove and
Livelihood [Blue Carbon])
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HiizERE (DOWA ;R—JLF 1 >4 X) Endowed Division (Dowa Holdings Co., Ltd.)

HERIERS 92 Geosphere Environment
EIEMRIBERESE9EF  Study of Functional Materials
RIEYERESSEF  Control of Environmental Materials

RIERMNBEHEMEFRE S e
HRERBRVYATLZHIELT P e Shirator

Towards Establishing Environmentally Benign Material Synthesis
and Devices and New Material Circulation Systems.

DOWA FIBEIFRERZHRR & DOWA R—IL7 v I AR AR MO BENHRARZHO D & 2004 FIcRHR LU, Bald. Tk
ERERBEHSOMADHERICEWTELZIRD EREHEZBRT 5,
- EREHREERI I NCBEFEIRBREZEYENSOERV TV RMELOHE VAT LBEREICEI MR
- RBAFEREBE I TRILF—HIRICRE UM RIS LU Zn 5 2 AW BBE0RIRICETS
EMRT—VICUTHEREB ZHET 5.

The DOWA Holdings Co., Ltd. Sponsored laboratory was inaugurated in FY 2004 and comes under the endowed division of the Graduate School of
Environmental Studies. The main study aim of our laboratory is to solve problems of environmental conservation while taking into consideration the
viewpoints of both manufacturers and the high-consumption society. Research in this division is categorized mainly into (a) establishing processes of
valuable material resources released in society and controlling, recycling, and disposing of them efficiently and safely, and (b) inventing the preparation of
functional materials that can nurture environmentally friendly engineering applications, such as electronic devices with less impact on the environment.
The research activities of the geosphere environmentalogy division were separation, decomposition, and migration control of pollutants such as heavy
metals. Technologies related to the development of materials for concentrating and retaining rare metals are also being researched. On the other hand, the
study of the functional materials division focuses on mass production of inorganic materials for electronic, photonic, and energy storage devices. These
materials are prepared using solution synthesis or a dry process such as arc discharge evaporation. Research on the control of environmental materials
focuses on the development of technologies for applying carbon nanotubes for light-emitting devices and modifying a negatively charged material for the
purpose of future Li-ion rechargeable batteries.

[ HERIRBERFDE ]
BEREAIBEICEDSHR

RRFTIRE. HWEBREICEITZERMEO D - 2iF - EE. &
RUHSEBEIDZLTORT - BEREBREVENSOERYTA
VIVEM - HRVRATLBREDMEZHEELTVDS, BRELEVR
TLADBERMSIE. AEENS, MAREEHATEREBEREMT
SYVATLEE - KPEHEREEZRK U, Inid. BROEZEYH
ROERZLDBERSEZHIC, HRERMOMAIE SHEMRS
ZTW. RICREIZHDTH S, fRICHEAVTOBERINE®,

[ Geosphere Environment ]

Research for the Circular Economy

We are mainly focusing on the control of contaminants in the geospheric
environment and the development of recycling technologies and social
systems of secondary resources. From the viewpoint of the Circular
Economy, we are contracting a research project from Miyagi prefecture.
The aim of this project is to make a strategic plan for producing secondary
raw materials from wastes (e.g., small domestic appliances) that are being
disposed of in landfills. Because this project relates both technical aspects
and social aspects, we can put our experience of WEEE (Waste Electrical
and Electronic Equipment) regulations in the EU to use. In the geopolitical

Fig.1 Site tour with student in Indonesia. Fig.2 Meeting with Kasetsart University in Sendai.

74 = B
IR LA

Professor Associate Professor

Hix BPE—
Assistant Professor

Ryuichi Toba Norihiro Shimoi Takahiro Ohashi

¥ AERERER

BFE BEEF
Assistant
Yoshiko Shiraiwa

S ETOEU @ WEEE #E % (Waste Electrical and Electronic
Equipment Directive) OMERBERZENULEBLTWD, Kic.
HEREICEITERYMEICEL. EEELSHKHO. F1EETHE
TRERZERETDIENOREZHRELT. Y1 EBDHEY—
hKZ (Kasetsart University) SICiBALTWS, KEEEIh
ICNZ. KIEEWFERDOIIEICHIFDKIREUNBREDHDAIC
DWTh, 7Iyavzithllz, (Fig.1&2 &)

[ RIEHRIBERFDEF ]
RIFAFERICHE T cRRARFOME

UMRETIF, ENBERTOZHELT/ A ROAREREITO>TL
%, LED && U PD(Phto-Diode) &HIC. NBANDRIFHRA—IY
JAVEINEBRNBRETH 2D, EHATS AlxGal-xN EBZED Al
X DNE<BBEFEEZOHRIPEHEICHED, BIClE LED DA,
PEANDA—IVIAVIIRNERDNIDEH#ICED, REEF. Al
A x D 0.5 EETOA—IY I AV E I MR OREZ{T o7,
BE. AR TREZR BRI, 265 ~285nm (AL, EiCK
HRARDRRIZTH 5.

9\ n-AlosGaosN NDONBA—Zy AV 5 hTld. OIEE
FORF—EEDBEEL. QFNIEICLZRREANDERZEA(NF—
E13%) DEA, QAYIVEERIOBRBILRRET O RADFE L,
@AZIART I DEIR, ©A—Iv I F7OCEHEDHEIEICED, &
ERIETER - BRREZE I 2RFBA—I v VR ZHEILZLT.
Fig.3 FERAVNSNTVWS TIi RESEDIHETDOV RD |-V ik
ZRIHDTH B,

RIS, p-AlossGaoasN ICDWTTH S A, fER. p BUEMEILD
HIEBRDOKRZRETZHEELT. BERFESHTOHLIEH
TONTRE (P77 Mg B, KREFEULTREREE R
Bfc®)e AMMA TR KEDKREFBHICIRET 2HEELT, fES
BEMSHNEZRET U, Table.l 3RO p BURHELALIEE LS.
AR TCOBRIBRZRTEDTH D (BEEF v/ 30 um. Hl
MEE LSV KFOERETRLTWS),

BEl n-pBEICHITZA—Iy /YT MNERICEAULTKRIEA
WEHRI NI

environment, we are continuing our cooperation with Thai universities
(e.g., Kasetsart University) for conducting groundwater monitoring and
remediation technologies. In addition, we started to discuss Hg recovery
and storage issues under the Minamata convention.

[ Study of Functional Materials ]

Functional Materials Research on optical
devices for the Reduction of Environmental
Load

In our laboratory, we have developed deep UV light emitters and photo
detectors.

Both devices require good ohmic contact, but this becomes difficult to
realize as the Al composition increases.

Regarding n-AlGaN, we improved various pretreatments conducted before
the deposition of the metals and selected the metals and ohmic alloy
conditions. We found that a V-based system is superior to the conventional
Ti-based system. Next, p-type activation was examined for p-AlGaN. It
was found that the catalyst annealing was excellent compared with the
conventional heat treatment.

0.10

0.08 F 1

0.06 F V#
- 004 F
L=
< 002 } :
. 000 } LES
E 002 }
3 004 }

0.06 F

008 |

_0.10 i i i i i i

-4 -3 -2 -1 0 1 2 3 4
Applied Voltage (V)

Fig.3 I-V profiles for V-based and traditional Ti-based ohmic contacts.

p-AlossGagasN activation method Current at 5V (uA)

Conventional heat treatment 1.2

Catalytic heat treatment 3.5

Table.1 Comparison of p-type activation between conventional heat
treatment and catalytic heat treatment.
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[ RIEMEBRFDE ]
BRFHLSWBEICEEEME - RFICEDIMR

BEAN—INVF/Fa1—7 (SWCNT) Z#E&HL
FHEEFHRHROBEI R

A—RyF/Fa—T2BEFMHRHCBAVCEFRFOERALIER
RERSNTVWEW, FICEFRBEFRE (FE) BEBFT/\CRcHL
TH—RYF/Fa—TDBEFHREFGOESNRALICNTZEE
ZRICB>TWe, BEEENDEABNREZERT B, BiER
{fEU7c SWCNT ZH—Ilc D EILc 2R Z B FRHEFELTAHAWFE
EFREREICE VT 800 KEBZEMI DI EICHIU, i
gt CNT DX — DB REEEFID CNT REICIEHE 9. #
BEMNFEICEV. BAR., REFEANMEMTEZIREDHERE
ZRSICCNT ZDBULEUISEIRZ R L. T DRICEREE = —
JLALBT CNT DRt ZWET 2FEZRH U, CNT ZAW
BEF T/ A RABRICEVWTABRIFZECERDOHIRRETHD. 5
#EERILCNT OBEFT/\A ANDOLARENERT 26D EHARF
EED

ISAREO—RELT AYV—R-F =7 /—REBTHEBEN
B2EFT/IAMADTANY A T2 RBEL (Fig.d Z8). TW RHEDH
BEENTEAITERAREDBEMNRZERT DI LML

ITO-SWCNT

Fig.4 Overview and enlarged view of prototype trial pattern of cathode gate
electrode structure. Flat-panel light emission driven by line-sequential scanning
(shading process performed by ND filter).

[ Control of Environmental Materials ]

Research on Functional Materials and
Electronical Devices for the establishment of
a Low Carbon Society

Cold cathodes with highly crystalline single-walled carbon nanotubes
(SWCNTs) have gained increasing interest as a low-power consumption
tool to obtain a great large-field emission current. However, no attempt to
control the crystallinity of SWCNTs has been reported elsewhere.
Motivated to establish a method for designing a cathode with field-
emission characteristics to use a field-emission current efficiently, we
tried to optimize a planar field-emission cathode employing SWCNTs
with high crystallization by an annealing process. As expected, the
electrical properties, field emission characteristics, and assembly of the
planar lighting device with SWCNTs as field emitters were markedly
improved. This is believed to originate from a planar lighting device
employing highly crystalline SWCNTs with low power consumption. In
view of the keen interest in advanced devices, our results should be of

interest to a wide general readership.

ITO film with
SWCNTs

ITO film with
SWCNTS
nick

40um

BAE BERWREWRLYF VLAY ZRELEHE

EMEDRIR

KARIFE. VFILAAYZREMOEBMELT Si ZFIAL. O
YRIYMEICE>TERNICESHIhTWS, RERFRETOE
BAREZMAR THAMEICT 2HDESIFEZRF > ZREHZE
WIBZEZEMELTWS,

Btz KARELL. D OZHEIORDRULAREERHEICT D726
ICIF SiZEMBEVTERITZZERBBERARTH D, HRIE Si.
BEALSR (1 )CuO. BEUF UL L0 ZXA/TIANTOELZATH
BUEMEZ SR L. 3500mAh/g BOEAEZT 800 H17JLEL
T REVEERAREETSEROBEICHI LIz, YUEWEIES
/~BT2o0VEF Si-LiI&Si &% -Si B/ AV RYy NMEER
FERLTED, Zhot/ HFOEEHRINEREFEDORINGKREICE
5LTW%, I5IC, LIAAYDSICHRESNcEEICETHMICT
HWEOARMHEZRY Li-Si §2IERIN. ZhhiEDIRUFKRE
HHEDHIEDERENS Li-Si 1bEHY (Li2xSiOs) O—&H LiGE
(LiaSi) &ULTO&EZIBVL, RO Li-Si &£ OERICKDAE
Mo B ol LiA AV ZzfHIBT 2R RzREE1LOH (Figb &
B). BRERMHICEVNT, Si-CuO HREEYMEL LR U TEERK
BICEUHROERBEREICRML. ERLICHGISFETEM
ZHEL TV,

.

Composite with Si, LI20. Cu0 powders

Components with
nano-Si

Si0

Li,Si0,
Cu,Si
LiySi

alloy of SIO&LI
Li,Si05 (Li.,Si03)
Cu,Si
Li,Si

Fig.5 Model of a charge—discharge mechanism employing the composite with Si,
Li>0, and CuO to satisfy the high capacity and long cycling stability of the active
anode material. The charge—discharge model flows as ‘A—-B—C—D—E—B—..."
in the above chart.

Components with

To minimize the large change in Si volume observed during charge—
discharge operation and compensate for the irreversible formation of a
Si-Li component, which are obstacles to achieving high-performance
electrochemical properties, an active anode material was synthesized
using a simple mechanochemical grinding process. The composite
comprising Si, lithium oxide, and copper oxide contains Si nanoparticles,
amorphous silicon monoxide, and Si—Li or Si—Cu alloy compounds, and it
exhibits improved electrochemical properties. In particular, this composite
achieved better capacity retention, higher coulombic efficiency (over
100%), and longer cycling performance than Si alone, indicating
considerable optimization of the electrical and ionic conductivity in the
composite. As a result, the developed method allowed control of the Li
content to compensate for the lack of Li ions in the composite, with the
cycling performance optimized using the Cu alloy, oxide, and Li

compounds within the composite.
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HhiEE - EIEHIESSEEE  Urban Environment and Environmental Geography

AB-RERERZ ZENICERT 5

Elucidate the relationship between humans and the environment

from a multifaceted perspective

EIEHIBESSE (BHIA / ABEIEIES)  Physical and Human Environmental Geography

- v/
Bhg% R9IR R

Assistant Professor

Ryohei Sekine

RAAXARREDSOKERFOEETOLA, FEARHERRKICEIT2EREHILEEMEDER

The recovery process of the marine products industry and the regional economy from the Great East Japan Earthquake disaster

The aging the population and regional transformation of farming and cattle breeding activities in Inner Mongolia, China

RAXXBXD SOKERFOEETOER

REAAKRBEXDSOKERFOEE IO RZEFHMICHERAL, &R
ESICIFEEDHDAICDWTKEZEDERBIEZ S FEZTEIMIC
BESMCTZIEEZBANELT, 2016 FELDBERERERELT (A
) EXtERSOMRBREZ, SREEESRLVERERL
DETNBEBERRICHEE LD, BESIE TONLBD &L
TRMEEOEVWEHMERITEHEYIONEANTH DN, KEIFE
MGOEEEN Y 1 s ARICIFEIRLIcZ &, SEBROYY ODOEUKATEE
EBNHFIEAMEK U BRBBICEIHUCIEEBICZN SN ES
Lizc &, BERICEZBAIRMAYY LAMODABENENIZFEES
AFhofccelic kD, £/ ORBF = — M EXKUFIE R
ICHBELTcc e RELFE S UTce — A, NBEBTRRAUSEHE
THREBEYTS MBEED; NWRRBREILKEITRARIREREDOHEE
UVBWERO—DTH2H. ZNn&hH. BMETREHFREIFERLAL
W EEAYADKBINSBEOELBRWI ENELDZBRTH
D, WXMOEIR-ERTOLRICHSNZBEERMIREERI U,
2017 R ZORBEREE LU CHITI DL LB EEEZHE L,

2ok | | B
2% | |22
) 4o #0155 =
2 At s INFEJE
St - BiRE
sz E=)
ERE B i AR
IREL . .
£ BB ﬁDTI Ea
mT
EE 3 T
vy 82— .
ibsestz | | femEnT | | fesbsane | Y fhibsuER |

BEE/2— RBEBEIZ— KENILI%—  HELIX-—

Fig.1 Regional internal structure of the Marine Products industry

The recovery process of the marine products
industry and the regional economy from the
Great East Japan Earthquake disaster

Sekine elucidated in detail the recovery process of the marine products
industry and the regional economy from the Great East Japan Earthquake
disaster in Shiogama Port, Miyagi Prefecture, and Onahama Port,
Fukushima Prefecture. In Shiogama Port, the function of the market was
restored comparatively soon, and thereby Shiogama port is able to maintain
commercial distribution with the Tokyo metropolitan area. The main
market of Onahama Port is also Tokyo metropolitan area. However, the
commercial distribution route to the Tokyo metropolitan area is
disconnected by rumor. In 2017, this content was published as a report and
written as a book.

#nrucany
TR

R AR EFnROERRE KEMIITHHK

Fig.2 Location of Large-scale fishing ports in the Pacific Side of Tohoku Region, Japan
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Fig.3 Distribution channels of fresh tuna unloading in Shiogama Port

FEIRNRGBERICE TS EREMEERBEROER

FEARTEARICE I ERBHRIELEBRBREDERICET M
BT, RBEMRBOMERREL LU CHIBERZNRELIZT1—
IR = RABEEEHETZFE CHo. BFERERRULRI
EBOEMICIDABEEREELUEICEEDITIHEEN L
. 2017 FRERICEF2 Mt T — Y NELREHBOHEVELZ
fIofce ZD—BELT, ARGBEARICHEEIZEYIILEM,S
WIBIREOZEHICTZ TO—FF52EEl. ZDHDEREEMEL
feo

Fio, FIBMRBFEZRE LU . ARBEBRICHITZEKED
EREHLSTERELT, R LETEADAORA LHBATIRO I
ADBD. ZNICLDRPUEDWEIMIFZEFANRELHELTWNS,
ZZT. AREEARRAOAO 10 FABREO#HmERRIC. REE
EORAILELOTREBICER SN TVWIEBEEY R I10BET
BEOYYYavAZW) OENMEEENICIEEL. ZOtEEER
Hgdeellc, TOMEDZEITORHIC, HAEROREEITS
b, VE—MEY Y YT EGIS Ic &3 T EEBLORRILICE
95 EBE L,

Fig.4 High-rise buildings built in medium and small cities of Inner Mongolia
Autonomous Region (1)

Fig.6 High-rise buildings built in medium and small cities of Inner Mongolia
Autonomous Region (3)

The aging population and regional
transformation of farming and cattle
breeding activities in Inner Mongolia, China

In this study, Sekine was going to carry out fieldwork research for local
inhabitants. However, there was a need to put off the fieldwork research
until the next fiscal year because of a variety of circumstances. Therefore,
he collected social and economic statistical data related to China and
reconsidered the research plan. As part of this, he decided to focus on
changes in the local environment from the Outer Mongolian side adjacent
to Inner Mongolia Autonomous Region.

He also chose new research themes. Inflow of population into the central
city of the region and expansion of urban areas has transformed the
agriculture/livestock industry in the Inner Mongolia Autonomous Region,
and the revision or abolition of agricultural pasture by urbanization has a
great influence on the regional economy. Therefore, he explained the
increase in high-rise buildings that are being constructed in large
quantities, in small and medium cities in the Inner Mongolia Autonomous
Region. In order to carry out the research, he acquired skills on
visualization of urban stratification by remote sensing and GIS.

Fig.5 High-rise buildings built in medium and small cities of Inner Mongolia
Autonomous Region (2)
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KEEHER S AT L - TRIVX—2EERE
EEFR7OERA¥45SER  Process Engineering for Advanced Resources Utilization
=2EERNA REFREDHD

PARR R

Solar and Terrestrial Systems and Energy Sciences

Hix B XRig
Process Engineering Research for Advanced Resource Utilization Professor
and Environmental Conservation Eiki Kasai

TARDEF TR, ER - TRILF—OFVABEPHIKRBORSICENT, A VT MDREVESRRMOREL T 7IL7OEZD
B EREEFCZRERELSHLVKITIREZRRIBMREZIT>oTVS, BICSERBHIBEEIZRHETOER (Fig.) DFEH
BEHELAPRESAVEOHLEIR. EROEVIALE, REIROREVWIOLRZELANRELT. ERNMSEEL NILETOIEELEL
MET—YERELTWS MATHHRE LOLILESBOMERECERIRE CHANESASREE I I v AMRFRBEDHR LT
TW3,

We carried out studies searching for innovative technological principles leading to simultaneous achievements of higher efficiency and lower environmental
load in the processes of manufacturing and recycling base materials, which have a significant impact on our society. This included a wide range of studies
from fundamental to practical levels on the processes that have large ripple effects, such as increases in raw material flexibility and decreases in the
environmental pollutant emissions of the ironmaking process (Fig.1). Further, we also performed research on the morphology control of fibrous and/or

porous metals and self-healing ceramics, which can be used in extreme environments.

RHET7OEADSD CO, HRHEIRD T D
2 RERDEEH R

BRSO EEHRISHEELETENDIALILEGTHD. RO
BILAEARAZI -V ADBRBEERIC LI >THRBIEIT DI LICLDE
5h3, BEREEERN BN THD., BEEIENSD CO2 HEH
ERFAERLEOHN 2% E LD D, CNEERT BH. AT Nk
AEIVAT—)b. BT ANRERDERBILYESE 2 RERHT
REL. ZNSOB(CBZENFIAT 2 OREIMREZRE L TL
%o BIZIEZI AT —ILIZEBHP FeO 258 LTHD. DBt
HEBFERTERN, ULHL, I—IREERDHDERBICYISE
LRISHBEZT 2. TOCRADEERPEREDREICAELE
EB%252%, £2T IhS5OYEORIEEH ZEENICEREL., &
BREAAEZRRLTVNDS, FEER. FEKHTAOBRIEN
NSOBIEEEICEZZHZEICDOVWTRE U,

27w I B N2-O2 R H ZXH, 1200°CTE{L TS & Poz = 0.21
atm OAH Poz = 107 atm LD BEEEIEENAZW (Fig. 2),
fef2Ue WFhdZELBRE (RIFAR) ITEE->TUWERWN, B

gt psat i a0
[ET R -

u-un@ E
Cokes
.y I'I-.ml_ulll | 1 -
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Fig.1 Methods of reducing CO- emission from
ironmaking process

e complete weight chamgpimg matio

Atmosphere : Adr
 Temaperature : 10000

Time {miz)

Fig.2 Weight changing rate of sludge holding at 1200°C

Advanced Technology for Effective
Utilization of Secondary Resources toward
the Reduction of CO, Emissions from the
Ironmaking Process

The main iron source for blast furnace ironmaking is an artificial ore
called “sinter”. It is produced through the process of sintering fine iron
ores and limestone utilizing combustion heat from coke. Domestic annual
production of sinter is about 100 million tons, and the CO. emissions from
the process occupies about 2 % of the total emissions in Japan. To reduce
this emission, hematite ores as major iron sources is tried to partially
replaced by the secondary resources containing lower oxides of iron, such
as magnetite ores, mill-scale, and dusts formed in the steel industry, which
have potential to give off heat during oxidation. For example, mill-scale
contains metallic iron and FeO, and their oxidation heats are not negligible.
Unlike coke, however, they remain even after the reaction, and this affects
the productivity and properties of the sinter product. Therefore, we
searched for a proper way to use secondary resources through a quantitative
analysis of their oxidation behavior. This year, the effect of the oxygen
potential of atmospheric gas on their oxidation behavior was examined.

In the case of the oxidation of sludge sample in N,=O, gas at 1200°C, the
mass increasing rate under Po, = 0.21 atm was larger than that under Po, =

E)

Fig.3 Microstructure of sludge sample heated at 1200°C
under PO, =0.21 atm.
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#]E (Fig. 3) &b, —HMHKOAERA FeO DEEET PRI
DMFZFNERILEDDEEZSND, INSDFEREERL. B
REBEREOHDRBEE - ERERFHTOWTOMFRZ#EEL T
Wd,

BhicEEMERLIEZE T 2 HEBHAS M ORRE

{bBREIERD CO: FIHEHIRDI-0. $kil—BRKFTREDK
RETIBH SHHESINBRF AR ZFAULHR/ A Y X RIEK
B7OEAZREL. BEREIMICOVWTEREZT>TWS,

FREEBIRENFEORATMRCIDEINL., N\AATREHICE
BEZRGFICEAT D LICED. RIEEHBRHDRABFICETIT 2.
ERFELTR. BRRE BRESLUOWMBMEREN S, BEERE
BRTOEBAMNBANPEZFETES Fe-Mn-C RESHELTHZH. Mt
BEERTAEES IRV, AIRMECOERROMEER I
BWTH N, AREBROEITEREDRD ZH5T AREEN D
%, 22T, AlICs HRZFEALLASREAND AIIEBUSE (FILI
FAIVY) WEBOBERZERFLTWS,

Fe-Mn-C &£ & 8l & 98mass%Al.0s-1%NHsCI-2%Al ;B & ¥
REEBIRTILZEFZDEFRICEHL., TEEFHESH. 900°CT3
hDOFZIVZFAI VT NBET T, BN AR OSEMBRLKE%E
1000 CORKREHTHELILET S, Fig. 4 lcRTLSIC. NIBAR
LORARICHB UL TR TRIFRIBERIE S Nic, ARIMEERE (Fig.
5) Tlk. 200 ym BEEIOBER ALOs BNERLTED, &
NHBROILEENFILIcbDEEZS5NS, LKL, REERICE
BRTEBRVWERED Al DEBI RSN PILIFFAI VT
BULAWEANEERTZE, AENOBRAZORIIRDSNDD
(Fig. 6). Al OEBRZRNRICINZZDLENH D, BE. FILIFA
VVINBEGEORBELEED., ERELMERECEORLZIZE
BUIcESROBEZMRELTND,
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Fig.4 TG profiles of as-received and aluminized
samples in air.
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Fig.5 Optical micrograph of aluminized sample after
oxidation at 1000°C for 50 h in air

107 atm (Fig.2). Neither case reached a completely oxidized state, however.
A cross-sectional view of the sample (Fig.3) suggests that partial melt
formation led to a decrease in the activity of FeO and suppression of
oxygen diffusion. Considering the above results, further studies are being
carried out on the blending and granule design of raw materials to develop
a low-carbon sintering technology.

Development of Iron-based Heat Storage
Materials with Excellent Oxidation Resistance
Properties

In order to reduce CO, emissions originating from fossil fuels, an
innovative process of carbonization/reformation of biomass utilizing
waste heat discharged by large-scale factories has been proposed, and its
elemental technologies are being examined.

Waste heat is recovered by heat exchange with metallic heat storage
material (HSM) balls. They are charged into a rotary furnace with biomass,
and then simultaneous carbonization and pulverization of the biomass
proceeds. Fe-Mn-C is an alloy system that is promising as for use as an
HSM because of its strength and heat storage properties, as utilization of
the latent heat of magnetic transformation can be expected. Since its
oxidation resistance is not sufficient, the effect of the addition of Al to the
surface of the alloy was examined. This year, an aluminizing method using
AlCl; gas was attempted.

Fe-Mn-C alloy samples were charged with a powder mixture of
98mass%Al,05-1%NH;C1-2%Al into a sealed alumina crucible, and an
aluminizing treatment was performed in inert atmosphere at 900°C for 3
h. The oxidation resistance of the sample in air at 1000°C had excellent
results compared to that of an untreated one, as shown in Fig.4. A cross-
sectional view of the sample (Fig.5) shows the formation of a dense Al,O3
layer 200 pum thick that suppresses the diffusion of oxygen. However, a
non-negligible concentration of Al was also found in the bulk alloy, and it
led to a certain decrease in the heat storage amount (Fig.6). At present, we
are continuing further optimization of aluminizing condition with the aim
of improving both the heat storage and oxidation resistance properties of
the HSM alloy.
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Fig.6 DSC profile of aluminized sample after oxidation
at 1000°C for 50 h in air.
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HERS AT LEHAIZE4SEF  Earth System Monitoring and Instrumentation
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Variations of ozone and related trace species in the atmosphere

il

EHIR FED
Associate Professor
Isao Murata

EMRETE, TO-NIBRIREZS ¥ —7—RIiC. AVVELSEBECPHIER(LGE, BIRREOREZEHICEDLIRIP DM
ERSOBRANAREZToTWVWS, 2017 FiF. 2<KRFICHIFZT7—UTEBEBHHER (FTIR) [CLB HCI, OCS BAIFER DEHT > NDACC/
IRWG £EBSM. EEICEBULAZAY VY U TICLZBEBEAY Y - —BICEZRFROT — Y BITREEIT o,

Temporal variations of the total columns of Hydrogen chloride (HCl) and Carbonyl sulfide (OCS) were observed with Fourier Transform Infrared
Spectrometer (FTIR) at Tsukuba. We participated in the NDACC/IRWG meeting held at Paris, France, and presented the results of our HCI observation.
We also analyzed spectra taken from a balloon observation of stratospheric ozone and nitrogen dioxide with an optical ozone sensor in 2016.

BRBELRERARFAEOHRAMT LT, 2<KIFICHIFSZ FTIR
IC&ZERZ 1998 FLDIT>TWB, FTIR TIEKREEHD 2-15 u
m OFRABFHDIARY NN SKRHRDEZ L DHERT DEENHE
ZRANZZENTES, FTIRZAWCEKRDOHBZT>TWSER
K725 )L —7 NDACC/IRWG (Network for the Detection
of Atmospheric Composition Change/Infrared Working
Group) Tld. EBRART— a3V DEREHRA L THIIBEDOEE
ERZRATIMREZEDTED. TNETICH HCl. CHs FlICDOW
TORMXEHRTRERRL NS, SEIZHCI DEFOERZBETT
bEEbIC. #Fifclc OCS DREZEZEREIT U,

HCl ZRBEA Y VIREDIEIZEL BDmA T 7OVREICE>T
KIHFANDERDOBEEIHA Ul DIV 2000 FEI SFHAME
MICHofeht 2007-2011 FEICEMEBRANR S Nic, NILF—D
JI—TZFi &Lz NDACC/IRWG @ 8 AFTOEAIER E 3 Rt
{EZEEET I EBWERN S, SEOBFEMIEILEIROTERN
BREBEROZEICLZZENDHD, 2014 FIC Nature ICTHKKL
feZ EIEFLAENICERELTWS, HCI BIEMORRIEBENR XK E
ROZEEROTHNIE, ZDHER HCIFFHDICEL2ET TH S,
Fig.1 8 SEBFTLIc DK X TOREDHERT. FHED 2012 £
BiEETORMMERAN RSN, IRT—FYZRVWTEROZELLE
FARTHBE, Fig2DESIEEofc, THIZEERREROZELZE
Az DT, (a) Y HCI AYFA LT Wz 2006 F£LDEID 4 F£45 D

We have been investigating the temporal and spatial variations of
atmospheric trace species with solar infrared spectroscopy using FTIR at
Tsukuba since 1998 in collaboration with the National Institute for
Environmental Studies. We have contributed to the activity of the Network
for the Detection of Atmospheric Composition Change/Infrared Working
Group (NDACC/IRWG) and collaborated on HCI, CH4, etc. This year,
temporal variations of the total columns of HCl and OCS were analyzed.

HCl is the main chlorine reservoir species in the stratosphere. The amount
of HCI is a good indicator of the potential of ozone depletion. HCI
decreased in the 2000s after the Chlorofluorocarbons (CFCs) regulation
but showed an increase in 2007-2011. A Belgian group investigated this
increase and attributed it to short-term dynamical variability in the
northern hemisphere from FTIR observations and 3D-chemical transport
model simulations (Mahieu et al., 2014). Fig.l1 shows temporal variation in
the HClI vertical column at Tsukuba extended to 2016. HCI decreased again
after 2012. Fig.2 shows differences in mass stream function between (a)
the average of 2002-2005 and average of 2007-2010 and (b) the average of
2007-2010 and average of 2012-2015. The values in the northern lower
stratosphere change from negative (blue) to positive (red), which means
the circulation changes from deceleration to acceleration. This change
corresponds to the HCI change from increase to decrease. Thus it is
confirmed that the CFCs regulation itself works properly.

OCS is the main source for the stratospheric aerosol layer called the “Junge

Layer” and is emitted from the ocean, wetlands, volcanos, etc. Some
reports have indicated that the amount of stratospheric aerosol is increasing

(12813 T4 DS} A= T BFS 4 10074

Tsukuba FTIR
T

HCI

2001-2006 2007-2011 2012-2016
~2.09 %lyr +1.28 %lyr ~0.62 %lyr

HCI Vertical Column [x 10 °cm™]

ol N S
2002 2004 2006 2008 2010 2012 2014 2016 2018
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Fig.1 Temporal variation of the total column of HCI
observed at Tsukuba from 2001 to 2016.

Fig.2 Changes of the mass stream function.
(a)Difference between 2002-2005 and 2007-2010, (b) Difference between 2007-2010 and 2012-2015
(Tomikawa, private communication).

EHEBEMUE 2007-2010 £OFHEDZE. (b) A 2007-2010
FEOFHEBMMNIEE 572 2012 LIED 4 FHDOFHEDETH .
FETEH IR TRREEZLR TS LA (F) MSIE (R I
ZHo>THED, ThIFBERNBEDISIBRICED fcZ&ZRLTH
%, 2007 FZHEICKEBEBOBRMNBERLLZ A HCI OFEMO
ERTHofzh, 2012 ELEIFMRICELC TR D, Thhgilsh
e HCl DBAMEMICHIG T2 ENERTE L, INSHMS. 70
VIEFIBEIEEERKEELTWS I LA ERI N,

OCS FREBBICEENICEEIZ AV IBEEIENhZ T 7OV
Bo#igREADMET. EICEE. B, MUEISHESTNZ,
EEREBOI7ZOVILAEMLTWSEVWSIRENHD, OCSH
BIMLTWSEWSERIRRNH 2, REBT7OVILIEKEGRES Z
RET B8, ZOEMISHIKERBLENHTI2EBENHZEEZS
n. Z5WocEMS OCS ORFZE{LEEFEINTWS, ZD7®
NDACC/IRWG THRBEEDT— 95 EHTRITEEDH TN S,
Fig.3 L2 IETOEBAEREZR T, FHIBHNSEPITHED DRA
HELHZHDD, 2002 FHEICHEART 2010 FLUEFEWEZTRL
THED, PROOETHEMEBANRESN TS,

NDACC/IRWG Tld. BEFHERZEIS 20 L LOFHARITIL—F
DNEF S THAFECPRFOBRICETIERRIMEITSRHE LT
TWAH.SEF/NUTEA29BHM5 6 B2 HICHAES N (Fig.4),
BROHZOKZFIICSMU. HCl ORBITIEROREREIToIEFN. BT
FRORBELREICDVWTERRBE{T o1

HEAV VY YT, AARENFEREUCRMRBEOE LS
BREBAYV Y OBEAGEHATISKEARAOSRARKET AV
VUM ZBREERZELBAUTED LS IC/NES KB ERLT 280-
500 nm DART MLEBIELTWS, ZOERIEFEHRMEHEHRD
ASERERBREULTLEINSToTWRH, DB EAWHOER A%
7o/ 2013 FICH TR LERFODRBREZEICLDERY TN
RIDBREVWCODPBEEEN G >fce 22T BRSHZHAVWCEER
THEEZERT2REOREETV. MEEBUBEANETo k. SF
BB HO@BITETofch. 2013 FLOMRDEDLINT—F
PN ENS FiIgb ICRTLIICTBILERONTLEICDWVT
HRETOURELFTEIORETRDZIIENTETWS,

Fio, MHEERRIE 2015 EHSERERERERY Y — O
FEXZLTHD, SEEHBINETIC 2 @DTHEZEESICHELTE
REREEYI—DMT>TVWIHROTMET o1,

Treetad Anslyun wtn oot Siren Retamatiog
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Fig.3 Temporal variation of the total column of OCS

Fig.4 Group photo of NDACC/IRWG meeting held at
observed at Tsukuba from 2001 to 2016. Paris.

and that OCS is also increasing. The increase of stratospheric aerosol
constrains global warming due to its reflection of solar irradiation.
Therefore, NDACC/IRWG is analyzing the OCS observed at many stations
around the world. Fig.3 shows the temporal variation of the OCS total
column observed at Tsukuba. Although there is a data gap between 2003
and 2010, it can be seen that there is an increase from 2001-2002 to 2010-
2011.

NDACC/IRWG holds an annual meeting where scientists from more than
20 groups discuss observational results, new plans, and measurement
techniques. The 2017 meeting was held on the campus of the Université
Pierre et Marie Curie, Paris, France, from May 29 to June 2, 2017 (Fig.4).
We participated in the meeting and presented the results of our HCI
observation. Discussions on the optimization of the analysis method were

also performed.

We developed a balloon-borne optical ozone sensor in our laboratory to
measure the ozone vertical profile in the upper stratosphere from
ultraviolet absorption. Recently, a new sensor with a small spectrometer
was developed to measure some other species, such as NO, as well as
ozone from the solar spectra between 280 and 500 nm. Balloon observations
have been carried out in collaboration with the scientific balloon group at
the Institute of Space and Astronautical Science/Japan Aerospace
Exploration Agency (ISAS/JAXA). The first observation with the new
sensor was carried out in 2013 at Taiki, Hokkaido, but there were some
problems with the instrument. The second observation with an improved
instrument was carried out on September 5, 2016, at Taiki and good-
quality spectra were taken successfully. The spectra were analyzed this
year, and the stratospheric column of nitrogen dioxide was derived within
a standard error of 10% as shown in Fig.5.

Assoc. Prof. Murata serves as an evaluation committee member for the
Center for the Health and Environment, Miyagi Prefectural Government
and attended two committee meetings.
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Fig.5 Fitting result of the slant column of nitrogen
dioxide between 17.5 km and 44.5 km in altitude.
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Solar and Terrestrial Systems and Energy Sciences

KERE KRR ICE T 5%

Researches on Water resources and environments

EHIR B K
Associate Professor
Daisuke Komori

KOERIF. BARREUVTHRERN - ZRNICKRELTRED. T ABEERICL>TET D, HIER - Hil - ,;.Liéﬁx7—)b®7kiféi;%0)§1bt:t\
KERBEFEDEICLDKEIR/INTYRADORIGEIC LD KRELKEFREKEEERRDEL, BAPRMREKKERTY I vILOEKICD
A%, KERVATLAZAETIE. COKOBEBEZERLT. HROKBEEBRIZCEEZHIELTWS,

EE %N EELL_EZIKIPEH‘DE@J V7 ER/WRIC, KERPKERZMRIZIKBREVATARARE, BHKREP/\AALRILF—%H
RIBDRERETEMR RETER S, OKBEZEE LHAAZCHBARARBICSA PR ETFMFEORE. QFy(EH - FvrAT>

|1)1Li§kmfihb\7§‘%ﬁﬁ7us @X]/TJB BERICHITDERBEMTRKOFMAIMRAFOLRBFRICKRIFTHE., OMREBLEMEORER
BREFMOTREICLDRAKEANZZILOREH, ORMALICHESHKEEERXKBROZEE, @FEGKE CAKRE. tHKE. 8. hE
BR) OHALEICRIZKIEZEIRIDEE. @ (AVYRRITFPIARZFRELVT) HHEAREESEREOLH OYEFEREERICHT
eEMEES UOMELROHLAR. @TKLEBBICHEFIEENRARREEERBELHCIEEEDRENT. OBRIIEHNEICH M ZHKLEEHEY
BEEERROM@IA, BREICERDEATVS,

T, AARB. EFRMARE. BEHARBL BREXMEARREEE UL, La— YV EF1 VT EHEERRE 7O 7LD
representative coordinator % 2014 £ &D . 2015 & 3 BICIEEE 3 BEEH KR SEICT—RABY Y RI VAZRET ZHRE, i
ROBEMEBZ CZBNRNEESN AR AZRALEEMRICHDEATE L, B, A/OTILFINETICHRZEH MR 27 AEHL
5105 ZDFEEEZIFAN. Ea—T YAV EFal 7"4@%350%5)%(‘:A/‘z%*lE\LZ?EZf:Fﬁ%Eﬂ@?&%Mé“?%ﬁbb\lilB”H:A(DZZDﬁ@%fﬁt:\
MYAIELISEMUCE e T i, 2015 F 3 AICHRAE Bllc, ZnACH. WEZEPER - EFEZRTHOBEETWY
B2—=/IN—=7 O—=N)LINART—=)V7AY I M BIFZDHAE - Eﬁnlﬁiﬂ% bﬁ.?ﬁ(ﬁh_ckélll%%*i TEBTEDAMBRZIEE - XELTED,
2016 £ 5 BlcERZFERIEXZHREZRE U,

“Water is the most abundant substance on the earth, the principal constituent of all living things, and a major force constantly shaping the surface of the
earth. It is also a key factor in air-conditioning the earth for human existence and in influencing the progress of civilization. Changes in the distribution,
circulation, or temperature of the earth’s waters can have far-reaching effects; the ice ages, for instance, were a manifestation of such effects. Changes may
be caused by human activities, in particular, since the latter half of 20th century. People cultivate the soil, irrigate crops, fertilize land, clear forests, pump
groundwater, build dams, dump wastes into rivers and lakes, and do many other constructive or destructive things that affect the circulation and quality of
water in nature (Ven Te Chow et al., 1988).” Besides, an expanding population and a rapidly growing economy, especially in Asia and Africa, are hindering
sustainability around the globe.

Our studies have been focused on solving world water issues by understanding water circulation, along with the following subjects: (a) observation of long-
term heat, vapor, and carbon dioxide fluxes for impact assessment of the interaction between land and atmosphere given the changing climate and land use
change; (b) the numerical study of water pollution in the inundation areas of the Mekong River; (c) understanding of the sustainability requirements of
community-based programs; (d) mechanisms of slope failure and wood debris by torrential rains; (5) assessment of the impacts of climate change on
complex disasters (flood inundation, landslides, high tide, and coastal erosion); and (6) value-based co-creation of technology and lifestyle for a society

based on a virtuous materials cycle.
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Fig.1 “Depression” and “plain” (white-line shows the district boundary)

Fig.2 Density of mass and manhole in whole Osaka city and frequent
inland inundation areas
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BREFHE (ba—vrEFa1UTEEERELE 7D
JI1)

KEHICH T BRKEBEERXEDO D6 & DT

BAOHHDLLIE. KANOTREBOEFLMICHELTWDI &
Y, EEERUTCHIIARIRTH DI ENS, KKEZZITPT
WEWSHEHEZBLTWS (FHS5, 1996), R, mkzm) oA/
FNFICHATERWZ IRV TRAMICEADNERTTIRRT
HBRHKEEF. EEHMEBEROICERBREZSS5LTVS,
KEFREAELD, 2006 F£h5 2013 FIcH T2 —REEHEZHEIC
HHBAKEEICLDBEERDOEEN. £ETIE 42.0% THDDIC
FU. HRET63.0%. BEHMET85.0%. KRFT 96.5% &K
HHTRELR>TWS, £, IPCC DFHEHREE (IPCC, 2013)
lC&2E, [IEZEBOLZLDYRTIEHBICERLTRD. BED
WHICHESRTREBOILAP Y ) ZRMOBIICL>TSEROET
EICHBITDRKBEIYRVESSICEBINTZEEZISNS, ZDELSIT,
EEOHARDHH TRETZKEFIRNKEENFOLER>TED.
KR RARKBEREIT S 12 DICIERACEEIER L TWSRIBD I E%E
AT 2 ENDERARTH o

ZITAMATIE. RRFARRTZNRELTREDZKEFIS
RNACEEDORMZRIATZIEZENE Ui, BE 20 FRODRKE
BEEHRUKERBRZ GIS T—9X—Z{tLL. RAKEEIBEE
BHREHRELTWS “ RACEEERXE " 2#HE U (Fig.1). RIC.
“RACEREERXE " OB DR ZBEITU, MBITORBER, HNIC
EXNBER “ EM " TIRIELNICTRKEDOEFENTONTED.
HEINERACTEBERXE I “ Eh"&0E “ Fih " (LT 2B
NHzdZENBESMERo> T (Fig.l, Fig.2), 5T, WKBEER
REORFEE LT, ABRKLDBER. BEMNSWHRICHT D1E
EAHZDE. EEPHEREDOMRARAP TKEZDIHTIE
EYMMEICHHEIZEANRH B E (Fig.3). FHEIT/IN - AL
BLTWBT—ZANZWZENTEENICREI N (Fig.d),

EHOHMA L, MOFRRBICEHALTE. BEDFITAETAL
R—hESBIEEWN,
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Fig.3 Classification of frequent inland inundation areas by the position
of the surrounding

The distribution and characteristics of
frequent inland inundation areas in the
metropolitan areas

Inrecent years, inland inundation has been the main cause of flood damage
in metropolitan areas. Tokyo’s 23 wards, Nagoya city, and Osaka city are
the three largest areas of Japan. Inland inundation is estimated to represent
42% of the total flood damage in Japan, 63.0% of that in Tokyo, 85.0% of
that in Aichi Prefecture, and 96.5% of that Osaka from 2005 to 2013.
Therefore, it is essential to clarify the characteristics of frequent inland
inundation areas for flood control. The purpose of this study was to clarify
the distribution and analyze the characteristics of frequent inland
inundation areas.

In this study, we identified the frequent inland inundation areas in Osaka
city using maps of flood damage from 1993 to 2012. The maps were
manually drawn for each city as paper-based flood records. Due to the
unfixed patterns and methods of drawing the maps, these maps had not
been used for vulnerability analyses of flood damage. We translated these
paper-based maps into digitized maps in a GIS database and extracted the
frequent inland inundation areas. The resulting analysis of the extracted
area is as follows: The frequent inland inundation area tends to be distributed
in plains rather than depressions, and sewer construction is preferentially
carried outin depressions (Fig.1, Fig.2). Plains and depressions are extracted
using a flood inundation model. Furthermore, it is also clarified that
frequent inland inundation tends to be distributed in areas (a) with small
slope or low elevation; (b) around structures that divide the land surface
flow and sewers, such as roads and rails (Fig.3); and (c) around schools

(Fig.4).

Please refer to previous activity reports for other research activities.
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Fig.4 The distribution of distance to school

Fig.5 The situation of around Karita-minami junior high school at 1945-1950 (left),
1961-1964 (center) and 1974-1978 (right) (white-line shows the area of Karita-minami
junior high school)
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BAHEE X T LAFEEE  Environmentally Benign Systems
BEEEE7OEAESE  Recycling Chemistry

R WEEREE RO 9

Aimed on the realization of a resources-material recycling society Toshiaki Yoshioka

LMRER. ER-PERREGSORRZAEL. RERERMOME - MREZToTWS, fIZIE. SO FREZEVZNMMEEDS VML
FERMBICERT B2V TAIILTOER, BEERERCIVEANRNSEERFORENEZRELTCERLISZIOLR, HLlka¥eR
WERBBRERDHEK - A RHOER RO TRYEORES LOHAN SOZBRHWLZAYIVEIN, #BEERYESLOA AV REHRZRW
G Cs BRKBLVTEDEETOEIFICEBELTWS,

Our laboratory is engaged in the research and development of environmental preservation technologies to realize recycling of materials and resources
recycling in society. For example, we are focusing on a chemical recycling process for converting polymer wastes such as plastics into highly value-added
chemical feedstocks, a process for recovering heavy metals from incinerated fly ash using chloride volatilization, a process for removal of inorganic and
organic substances from wastewater and exhaust gas and for selective recovery of rare metals from wastewater using clay minerals, and a process for
radioactive Cs-contaminated water and soil purification using complex-forming substances and ionic association.

IBILERIEIC & BBERKD S DERRFRE

BHARIKPICERECEE I 2EZRIBBENRBDOILOHICHRET
ZRENHZ—HT. ERNMESS<EREROBERNSEIUNT S
CELEETH D, AARTRIRNSOEEBEINFEELTERL
TRICERERERBERZHBNERRBERBEYMEVTERSES
FET BREEPHRDEWVWEZIRT 2 ETEMRGERBDEIN
WG TES, SEERFBLERRRRCBANZFEHREICLDE
ESBOBREHRORIREERDOZEZHRELRL (Fig. 1),

Heavy metal removal from fly ash by
chloride volatilization

It is important to recover heavy metals from fly ash for environmental
preservation and resource securing. Heavy metals can be recovered by
chloride volatilization as metal chloride at relatively low boiling points,
and recovered efficiently due to the difference in volatilization rate and
boiling point. In this study, chloride volatilization behavior of each heavy
metal and influence of contained components of fly ash were investigated
using a chloride volatilization test and thermodynamic equilibrium
calculation (Fig.1).

1AV EaHZRAWKERPD Cs iRHE

BEE—RAESHHERORESE Cs £ TRKDNEICIE. RE
EDNRESINTVED, ATV IDNZVWHEBRNH D, COREEE
LT, 1AV REFZAVCEBEENSD. AARTIEH. ThI7x
ZIRL =k (TPB7) TES CsEAREHRIE. BEBIAYD
RYELNZOLEBEEAAYDIFILRYEV IRV BEBANT,
1AV EEWHEAD Cs BifZz&Ri Uiz, (Fig. 2)

Concentration of Cs using ionic association
in water solution

We studied an adsorption method for treating wastewater containing
radioactive Cs released by the Fukushima Daiichi Nuclear Power Plant
accident. As an alternative method, there is a concentration method using
ionic association. In this study, we at first formed a Cs complex with
tetraphenyl borate (TPB-), and then converted it to the ionic associate
phase using organic cation benzethonium and organic anion ethylbenzene
acid (Fig.2).

ZILFIT ./ —IVDERNT =/ —)LEri

RUD—REX—FEBZYORNBRICEVTERTH1Y TAXZI
/=R TAELT T /—ILOTENBERIFEAER W, K

Selective conversion of alkylphenol into
phenol

Isopropyl phenol (iPr-PhOH) and isopropenyl phenol (IPP) were produced

Cud(s)

= 100
1 f 1 T S0
J PBO(g) O PbCly(g) ¢ (CuCl); (g) € (CuCl); (s) =
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Fig.1 Chloride volatilization behavior of heavy metals in fly ash. Fig.2 TPB amount dependence of Cs extraction rate.
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BEDH HEET

ARTE. InSTZILFILT/—ILZERTZILFILEL. BRNICT
J=IVICEBY B E2BNIC. YT Lu )7V — (Fig. 3) Z8A
U, BEERZBEAEATAINDRY Y-V T EER U,

RERBBIRE KR Z BWCERE A R0

SHBEHITHEWRETZEIEHEA X (HCI, SOx, NOX) IFEARE
SUBERAEIC LD NIEEIN D, UM URKDIEIIILIEIC K BIEITHE
DEMILEIHEBEICESD, COs B Mg-Al LDH ([$EE M4 H R LB E]
BTHD, PoAVRIMEEEZE I 2B ZNIBADOERFIAIC
HFENTED (Fig. 4) RFFE TIE COs B Mg-Al LDH ZFHW
BUEARBRECRIFTEHARICEEN DI _BILRRDOEEZRET
LUTc,

during pyrolysis of polycarbonate waste, which is in low demand for
industrial uses. In this study, we investigated the effect of various zeolites
as catalysts for selectively converting iPr-PhOH and IPP into phenol using
a tandem micro reactor (Fig.3).

Treatment of acid gas by COs-type layered
double hydroxide

The incineration of garbage produces acid gas (HC1,SOx,NOx), which is
treated by Ca(OH), combination and catalyst denitration. Following
treatment, the disposal of produced CaCl, fly ash through landfilling
causes the problem of short lifespan for landfill sites. COs-type Mg-Al
LDH was chosen for the treatment of acid gas (HC1,SOx,NOx) owing to its
anion exchange ability (Fig.4). Meanwhile, the exhaust gas discharged
from the refuse incineration plant contains about 10% CO,. We investigated
the influence of CO, coexistence on acid gas removal using CO; type Mg
- Al LDH.

2

bl

-5 I EAREYERBRZIRIEIMAARRS / REFHKEE / Fl- It (M2)
- International Symposium on Chemical-Environmental-Biomedical Technology / BEST ORAL PRESENTATION AWRD / Viliame Savou (D2)

- Falling Walls Lab Sendai 2017 / 2nd PLACE WINNER / §#& & (B )

- 55 28 MREEVEFREEREFZEMIETRERS / Excellent Research Award for International Session / Xu Jing (D2)

- Toshiaki Yoshioka, “Waste Material Recycling: Aiming the Future”, 4th Asian Conference on Safety and Education in Laboratory,

2017.7.26-28, Singapore

- 5 B, R AR AR RICAT T~ Flc B MERE L ERBROBD A~ ", BRIE SR#EET+—5 L4, 2017.10.4, BR
-EM B, REFRRERCKEITZEXDNEO VTV OBESR ", FO6EIV—VTIANI—FARKRYVRI UL, 2017.8.3, BEF
- Tomohito Kameda, “Application of layered double hydroxide for environmental cleanup”, isCEBT2017 (International Symposium on

Chemical-Environmental-Biomedical Technology), 2017.4.25, Sendai

- Tomohito Kameda, “Removal of Borate and Fluoride in Aqueous Solution using Mg-Al layered double hydroxide: Kinetics and Equilibrium

Studies”, The 3rd International Conference on Water Resource and Environment, 2017.6.27, Qingdao, China

- Shogo Kumagai, “Pyrolysis for chemical feedstock recovery from plastic waste”, New Trends in Process Engineering for a Sustainable

Future, 2017.11.24, Ecuador
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Fig.3 Tandem p reactor-GC/MS system
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Fig.4 Cyclic treatment of acidic gas by CO3-type Mg-Al LDH.
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BAHEE S X T LFEEE  Environmentally Benign Systems
BIEair{t¥ 498  Environmental Analytical Chemistry

RIER-ERRMETANORERAZBIE L
UWEZ DI EF—7 OFRFE A

BE #AKHF

Assistant Professor
Atsuko Masuya-Suzuki

Development of Chemical Motifs for Environmental and
Biochemical Analysis

HMRETEH, RECPERITFICETIREZMAIZLZzREL. 2FRBICEIHUVWARFEORAEEZT>TWS, 2 FRHIL
FICEDEHUWMEREF T 2R L. RRODMFELCIHAL TV LR AT ORBHBERICOAED D EEZI TV, SEEIIF. 1.
HE () VSV EERORAREEDOF v ES ) —BRUKEH B, 2. RUFRENTA N eF I3RS FOKBEREMICT I 2RER
I 2R Z ™,

The aim and goal of this division is to develop analytical methods based on molecular recognition, which provides solutions for environmental problems
and tasks in medicine. We believe that breakthroughs in analytical technology will be facilitated through the development and application of chemical
motifs capable of recognizing materials and through the establishment of methodology for separation/preconcentration and detection/determination
methods for materials of environmental and biological importance. Among such chemical motifs that we studied this year, two examples will be described.
1. Capillary Electrophoretic Separation of cis/trans Isomers of Diradical Platinum(II) Complexes Using B-Cyclodextrins as a Selector

2. Adsorption of Component Units of Nucleic Acids to Porous Coordination Polymer with Coordinatively Unsaturated Sites

Capillary Electrophoretic Separation of cis/
trans Isomers of Diradical Platinum(ll)
Complexes Using -Cyclodextrins as a
Selector

BE () I3 I NIVEEDRMEREED
FrE7)—EBRIXEITRE

34- V7 /RVEVRIIRVE (DBS) & Pt' &5 YIS
(Pt"-DBS) #4£HT %, TNIEYR/NSUADLMAEREEET %,
AFRTIEB-I/OTFTFANIY (B-CD) NI Z VAL iEEREZE
TBHIEICEBL. XFIL-B-CD (MCD) 2L V5—EF3EvE
S1)—EXXE (CE) DBt%ERE Uiz MCD 28T BX XENEEH
ZRAWVWSEP-DBSDYR/NSVAERKEN DB TE, REM
HOBSXBBBEKREENS. Pt'-DBS ® MCD NDOE#EEH%
Kus = 378 £ 2, Kyans = 330 £ 4 M™' (at pH 10.0, 298 K) &3k
HBIEICHINUTco BEREEZFIXIRILF—TRIEZDE
AN G = -RTIN(Kirans/Keis) 1& 0.34 kdmol™ ITBE b o1, CE
FZDEIDBFBEDEVENHICRRTE S, TEBEDES X
ERBELZLBRITDZEIREKIENIVRAELD 21% KELBEIEZS
Zlco TNEDZENSY X -P'-DBS IEh 5> 2RI AR MCD ®
ZAICRIEE L. QYT MNRBE#EFEERLTWSZENREZ
%o ZDESIC CE IFBICEERDABEL T TIEARL BRPTOEHE
EOBEFERERSIMCTEY—ILTH S,

3,4-Diaminobenzenesulfonate (DBS) and Pt" form a diradical complex
(Pt"-DBS) characterized by cis/trans isomerism. In this study, separation
of isomers using capillary electrophoresis (CE) using pB-cyclodextrin (B-
CD) derivatives as a selector was attempted. By employing CE using a
methyl-f-CD (MCD)-containing electrophoresis buffer, the cis and trans
isomers of Pt'"-DBS were separated. Single crystals of trans-Pt"-DBS were
obtained to permit the assignment of the resolved peaks. By analyzing the
dependence of the electrophoretic mobility of the isomers on the
concentration of CDs in the buffer, the thermodynamic inclusion constant
was determined. For example, the inclusion complex of Pt'-DBS into
MCD afforded K., =378 + 2 and Kiyuns = 330 £ 4 M™! (at pH 10.0, 298 K).
The difference in the Gibbs energy of inclusion, AAG = —RTInK ans/Keis),
was only 0.34 kJmol™”, suggesting that CE can discriminate between
marginal differences in energy. The comparison in the electrophoretic
mobilities of the inclusion complexes indicated that the cis isomer affords
a value 21% greater than that observed for the rans isomer, suggesting that
cis-Pt"-DBS is tightly bound to the MCD cavity and forms a more compact
complex than frans-Pt"-DBS. Thus, CE using CDs as the tool not only
resolves the isomers but also demonstrates the manner of inclusion in
solution.

i
trans || <@

trani-[Pt'L,]* © €D cii-[Pt"L,]* - CD

falits RTIn{&, ol [ac pH 1000, 298 K)

Fig.1 Schematic view of resolution of cis/trans isomers by CE using CD.

EMARNY 1 T 3EUEDTFD
ERE AL IC XSS 5 IREHE

ERAAVHERBEMFTCEBEINTERIZDZAMRMNES
F (PCP) &, B/ AVERNUFOEEZERTZIETHAY A
APHRZEDFLARILTHIETEScH, FRZAMEMRELTE
BahTtws, ZOHRTHREAARENY -~ (CUS) 2595 PCP
Tld. CUSHILARBEERDIRET A MEUTHET 5, AART
&, DNADIEENIL A AEEHEHZRL. SSKCEBAIAVERE
DEHICI-TEE—EROHEEERIGEVWI S B EICERBL
feo CUS—IEEREIDEEERADEBIICIEESEDEBVWDFET NIE.
CUS #E 9% PCP |3 DNA 2B ERICAEDBE %, 22T CUS %
BH93M-LI (M = Cu, Zn, Co, Ni, Mg, Fig. 2) X0 Mg-LIFig. 3)
NOKBIEE (T, YNV, FIV) EXTLAIVRN(TT/ Y,
TTIVY, FIVY, YFIYV) ORBREZR U, M-LINDIE
EREEZAEUVHR. SBAAVOBRELSITEEDEEICLD
REENRRDZIEN DD o BRIEBRETHRIZERIERED
IREEIE Cu > Zn > Co > Ni > Mg THoTco CDEEIZREREA
AVETFTZUVDREEEBDAREZSORIE—HL., EBIAVE
BEORMEAIREICTSTZIIEETBT D, RICA—EETO
EHIREEELRTIETTZY > YRhYY > FIVUTHol. Th
FRIEEDEMETFHREZOADDMEBEEICLDEEISND. R
IZ. M-LINDOXY LAY RIREZRET U, XTLAYVRBIRES
hab o, Thid. XTLAYROHFHAIDNKREL HFLRAIC
LB TERWcHTHDEERD, 2T MAEZIRL Mg-LII
IENITBXYV LAY ROREEZAEUHER. XVLAVRRBIRES
hice 51, Mg-LIANDXI LAY RREICEWTE, ZT/VY
REENMOIXVLAVREDKREVWZ ELR DD Tz, Bl E. M-LI &
Mg-LIl (&, CUS EIEEEDBEMERICEDET TV & EIRMITK
BISZEEEASHICL. i DNA DBEXT 7 & L TORBEEZ R
Lfco

adsorption
M-L1 _ em T
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Fig.2 Adsorption of nucleobases to the porous
coordination polymer with open metal site M-LI.

Adsorption of Component Units of Nucleic
Acids to Porous Coordination Polymer with
Coordinatively Unsaturated Sites

Porous coordination polymers (PCP) consisting of metal centers linked by
organic ligands have received much attention as a new class of porous
materials because their pore sizes and topology can be controlled at the
molecular level by selecting suitable metal ions and organic ligands.
Among PCPs, special attention has been paid to ones that have
coordinatively unsaturated sites (CUS), because the CUS can act as Lewis
acid and specific adsorption sites. Herein, we focused our attention on the
fact that nucleobases of DNA show Lewis basicity and a large variety of
binding affinity toward metal depending on the metal ion and nucleobases.
If the interactions between the CUS and the nucleobases differ depending
on the nucleobases, PCP with CUS could be a separation media for DNA.
In this work, we studied the adsorption of nucleobases (adenine, cytosine,
thymine) and nucleosides (adenosine, guanosine, thymidine, cytidine) to
M-LI (M = Cu, Zn, Co, Ni, Mg, Fig.2) and Mg-LII (Fig.3). Adsorption
amounts of nucleobases to M-LI were studied, and it was found that the
adsorbed amounts were different depending on both the metal ions and the
nucleobases. The adsorbed amounts of nucleobases were found to be Cu >
Zn> Co > Ni > Mg, which is consistent with the order of stability constant
of each metal complex to adenine. This result strongly suggests that
coordination of nucleobases to CUS has a significant role in adsorption
behavior. When the adsorbed amounts of nucleobases was compared for
the same metal ion, the tendency was found to be adenine > cytosine >
thymine. This should be related to the number of atoms that can coordinate
to metal and the steric hindrance around the coordination atoms of each
nucleobase. Finally, we measured the amount of adsorption of the
nucleosides to Cu-LI, but no adsorption was found because the nucleosides
were too large to diffuse in the Cu-LI pores. The nucleosides were absorbed
to Mg-LII, which has a larger pore diameter than M-LI. The adsorption
amount of adenosine, having adenine unit, to Mg-LII is the highest in
nucleosides. In this study, we found that PCP with CUS (M-LI, Mg-LII)
can interact with nucleobases and is useful as a novel nucleic acid
separation media with adenine selectivity.

adsorption
Mg-LII )\ ,*';7""'._ ™, i kit
) e o w g ‘
£i * ' W e e -
o e L A . .
-*'i' "?::,‘5' H W
A 1 I
o = i
;i": *& HO—CH, S0
H H
OH R

Fig.3 Adsorption of nucleosides to the porous coordination
polymer with open metal site Mg-LII.
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NA14o70O-F/EBIATLZFIRAUK N
REBEIZENA ALY VITTINA RO g;ia—

Development of Environmental/Biomedical Sensing Devices Professor
with Micro/Nano Electrode Systems Tomokazu Matsue

RE. BNBTIARDNAAIGA - RIBEZI UV T ICRELBENFESNTVND, INSDT/I\ARZRAVWSIET, IhETEHLL S
ERRREHFEI DI P GENDDERRETM - ERARENTRICRO>TWS, oo ERZRBULHMINGRREF YT 2RI 2 L
T, BEERDAYEFRNTOLEYEOE=Y UV I EIREICKED, TOLSBERNDRHIC, BRIENAVO - F/ AT LERHPAAEES
LT INA ZDRFKET o1,

Micro/nano devices have highly demanded in the field of biological sciences, engineering and analytical information . We have developed micro/nano-
electrochemical systems for environmental/biomedical applications and evaluation of battery materials.

Recently, we developed NanoSECCM to characterize electrochemical properties in nanometer domains and applied it to localized evaluation of battery
materials. We also developed electrochemical chip devices for bioanalysis. These devices are useful in environmental monitoring as well as medical and

engineering applications.

HEHAR Collaboration researches

FRL 29 FIFUTOHBEELRMRET o1

FRITRMERL EFRMERL MRBNZSEMREM. 1702
ATLBEMERFEEYT— EFNA/R—2aVfRTOY I b
BRE Integration Center, Center of Innovation etc.
FHIAEHER  RILTERP. EERIARZ. BHRAZRR. &
RRZ, RRBRRZ, WH- HRHFFEMS, Imperial College University, Tokyo University of Science, Institute for Materials Science,
London (%), University of Warwick (). EZZEXF (f Imperial College London (UK), University of Warwick (UK), Xi’an Jiao
E) & Tong University, et al.

EEBAPRMRF. 7«71 UTF—F KEAFHR. F/3>hO—
o NPV Zyo, NIAYEEE, BELCFIE. FEBES. M
METZ, /\ZO77—Y. Piezo Studio. NECVYUai—¥3>1/
N—%, AOdXBE

We promoted collaborative research with the following organizations in
2017.

Tohoku University: Graduate School of Engineering, Graduate School of
Medicine, Advanced Institute for Materials Research, Microsystem

External research institutes: Tohoku Institute of Technology, Hyogo
Prefectural University, Tokyo Metropolitan University, Kanazawa

Company: Central Research Institute of Electric Power Industry, I.T
Research, Dai Nippon Printing, Nano Control, Panasonic, Toyota Motor,
Nissan Chemical Industries, Nippon Steel Sumikin, Wako Pure Chemical
Industries, Hapro Pharma, Piezo Studio, NEC Solution Innovator,
Kagome, et al.

Mo g Conference presentations

TR 29 FICEFER 1 BEFFBIMULZT ol IN5ZE D,
47 U EDFRRRZIT oI,

In 2017, more than 47 presentations were made at conferences, including 1
plenary lecture and 3 invited lectures.

Fig.1 Lab members. Fig.2 NanoSECCM measurement. Fig.3 Preparation of biochemical samples.

HED HE XX Bh# BB BAER 2% BRM
Senior Lecturer (38 AIMR #£344%) (ILHEFH - FIE)
Assistant Professor Professor

Kumi Y. Inoue

Akichika Kumatani Hitoshi Shiku

WRT KAAY—  @EHEA
A= 13 Pk - tE2 K FEIK

WEARA AR
e &D O EF

Hsita HmtER
LB RRF H BT

o : wE
ERR FEHEN amF
(THEMFE - F]IE)

Associate Professor

Kosuke Ino

FRMBEROMRER

O F/AT—IVEBICEIFTZERILE - SYVDHORBEARTVN
FEAEEORR. BENAR (85F) (H29-30 F£E)
OXNWFRT=ILERETZN\ATIUYRESILRZ/NA AN A=Y
VOVRTL, BE  EEMRE (A) (H28-30 £E)

O H/BRILEAR—I U JIC LD ZRTEFR MBI ORI E DT
#Hib. BE BHFMHE (A) (H28-31 FE)

O FRIEMYT X AR FIC LB BHFHAERE. AMED- %&im sl o947
BT - WBRARTOSSA (H28-31 F£E)

O 3OFAWEYYYTERBARIRY I TRIRTZBEEC ERE
DN ELEFAR—YavE EHRBIENE L KRZFE COl#LA,
JST. (H25-33 FE)

O REAAVGEEERBBEZBW Y FILIYT—23 >0 in-situ
BHREBIXIVF—EE LIB OB, JST- im0 ER Rl
(JST-ALCA) (H25-30 £E)

O ZENF. TIAWRYEY T EZRRITZT/ BERIULFEMEDE
K (H26-29 F£E)

O MH
bl

FIERIEsR (D2)  mALD L ZEEME (BAD ML ZERRALZER)
O pERtEsR (D2) @ 2T ENFERME (RFHliREES)
O BIEFETFE M) HEFEFRREEDP FESRIEIIBARRRS)
O &fEHE (M) 1 RRY—E (LZRFHBEFILERILRR)
O =@T# (M2)  BERME (CAVEZREZZMBER)
O Siti Masturah (M1) : Qutstanding oral presentation
award (&% H ) (isCEBT2017)
O &S (M1) :Best oral presentation award (isCEBT2017)

Fig.4 Checking the plasma spattering process.

Fig.5 Cell passaging treatment.

Research projects

o“In-operand nanoscale analysis by simultaneous electrochemical-Raman
spectroscopy,” Challenging Research (Exploratory) (2017-18 FY)
o“Innovative electrochemical imaging device for bioanalysis,” Grant-in-
Aid for Scientific Research (A) (2016-18FY)

o“Visualization of electrocatalytic activities on two-dimensional materials
by nanoscale electrochemical imaging technique,” Grant-in-Aid for Young
Scientists (A) (2016-19FY)

o“Simple device using antigen modified Janus particles,” Medical
Research and Development Programs Focused on Technology Transfers:
Development of Advanced Measurement and Analysis Systems (AMED-
SENTAN) (2016-19FY)

o*“Center of Innovation for creation of health-conscious society to realize
healthy and fulfilling life, and strengthen family ties through unobtrusive
and daily health screening,” Center of Innovation Program (COI-Stream)
(2013-21FY)

o“In-situ study of lithium-ion (De)intercalation by using interface ion
conduction microscope for creation of high-performance LIBs,” Advanced
Low Carbon Technology Research and Development Program (JST-
ALCA) (2013-18FY)

o“Development of Nano ElectroChemical Microscopy for Chemical
Mapping,” Presto (2014-17FY)

Awards

o Hiroya Abe: Tohoku Analytical Chemistry Encouragement Prize

o Hiroya Abe: Encouragement Prize of Multidisciplinary Material Science
o Kouhei Nozaki: Young Excellence Presentation Award on Conference of
Tohoku Society of Polymer Science

o Tomoki Iwama: Poster Award on Joint Meeting of the Tohoku Area
Chemistry Societies

o Siti Masturah: Best outstanding oral presentation award at isCEBT2017
o Tomoki Iwama: Outstanding oral presentation award at isSCEBT2017

Fig.6 Electrochemical measurement.
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EREE7OEZASEMEE  Sustainable Recycle Process

BiESY—y Ot XFESE Environmental Green Process Study

RIEFEMNEBEEZTAE A DR

Green Process Development

BIRAZIR-UFH—FR
Professor

Smith Richard Lee Jr.

BRADFRAEBEETCRDCHICBDEERDITRILF—DLTIF, HIRICEDESCKBIRILF—ICL>THS

NTED, KEZRRILK

ReEoT WIKRRICBL IV -V REETOCRAZRRE TS IEIFTAETH D, ENEREZFIHT S ETKRKEZBICRRITERBEIC

EWEEZRRTES D, TOLROSHRIEPREEGHFOEREERTEIENAEELRD, AcEDOMR

ETI, BERFREBOKEZRE

LERBRERW /A AT RE R, MBER. BEYDOUTAIL. ARtE. S2FNIRODEMTOEREMELTNET,

Solar energy provides all the energy that our society needs for sustainable living. Water and carbon dioxide can be used to develop chemical processes that

are clean and friendly to our environment. In the supercritical state, both water and carbon dioxide can be made to mimic the properties of many organic

liquids that provide both performance and advantages and environmental benefits. With these solvents, our laboratory studies biomass conversion, material

synthesis, waste recycling, synthetic chemistry, polymer processing and separation processes.

KBEIRILF—IcED, £/ 950 BV ORZRB/EEN A LGS,
ZDIXRIF—D550TM10%%FBET LT T ABIIEREH
MU SR AR AREEE R DI ENTES, KEZBILKER. HicE
noSOBEFREENBAT3IET BEENMIV—VRETO
TRZBETES (Fig.1).

KEZBILRSE (CO2) (&, BERFRRBICEVWTHEEAEITIEL
MEZHS, BEECRERANMEONAICENIAER SRS (Fig.2).
EZ7OEZAOFELTNA AT AN R, HRER. BEHI YT
L. BREE. BRFMING 2, AIZIEUHERETIE. 1AVR

The energy from the sun can drive 95 billion tons of carbon a year. Using
only 10% of this solar energy, we can live a sustainable life in harmony
with nature. Both water and carbon dioxide, especially in the supercritical
state, can be used to develop chemical processes that are clean and friendly
to our environment (Fig.1).

Supercritical water and carbon dioxide (CO,) have properties close to
those of organic solvents, which are excellent in both operability and
environmentally friendly (Fig.2). Such chemical processes include
biomass conversion, material synthesis, waste recycling, synthetic
chemistry, and polymer processing. For example, our laboratory studies

Earth Refinery Concept

Supercritical Wates

= Replace palar schants

Suparcritical Carbon Dicaida = R&place nonpolar solvents
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Fig.1 Development of Sustainable Products and Systems.

Supercritical Fluids
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Fig.2 Supercritical fluids with Safe Solvent Mixtures.
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Fig.3 Conversion of Biomass to Chemicals and Fuels.

EHR BEe B B tHE =
Associate Professor
Masaru Watanabe

Assistant Professor

Taku Aida

Group Photo

REREER CO» AW EILO—RRN\AATYR (RILO—Z, A3
tIO—X VYY) ORIG-HEZOER (Fig.3) Z#REFLTVS.
AAVBRICINAATAZRE - RIGSE, BE - ENZREITZ
ETEBERR CO DYMEZIREL. BIRNICRIGERYI DRI - 7B
ET55DTHB. 1A VREBEIENBH TENcHRTANDTR
BOBNANSL, BEFANE 7O LTHEINS,

UIARETIE. EICEREANEOREZXBAWILZIVATLARSLY
EZETOERORAKICEULTHREZEDTND, TOELHBETR
&, FHICHBIER CO2 L BIEFRKOFREZFATZHDTH S, EiF
Micid,. BREEKFTONAANR - TZRAF VY - ®ibLKkE-E
BEHORERIG. KABRICLDEBESH MM TOER. /\
ARL—NEBEFBUSHERAREBYATLNB S, IN5D
Wi, HRAOAFZZELOHERARELTHIT>TWS,

2017 #0FE (BAR)

3B {tZIFR HE82MFR. R

58 THFERE60HEFR. RR

7R {tFIFSFIEXEEE - F 57 7O ARHKMNBEERES
R2ZR. i

8 A (tFIFRBRAMMEERE 16 AIYY—RT—IL. TE

9H (tEIFR H49EBEUEFERR, ZhE

10 B MREFAY¥ Ph.D. Hu Li (REMEE)

1ME H£1EARBRETRILF—BAREY VIR UL, BHE

128 {FIZ2ERKE 2017, &R

BAKRE KZRFHFER. TE

the reaction and separation process of cellulose-based biomass (cellulose,
hemicellulose, and lignin) using supercritical CO, combined with ionic
liquids (Fig.3). The reaction and separation of biomass dissolved in ionic
liquids can be controlled by manipulating physical properties of
supercritical CO, using temperature and pressure. lonic liquids can be
easily separated and recovered after the reaction due to their extremely
low vapor pressure, and therefore they are attractive as alternative
environmentally friendly solvents.

Our laboratory conducts research and development of chemical systems
and chemical processes mainly using environmentally friendly solvents
such as supercritical fluids, especially carbon dioxide and water. Our
research topics are reforming of biomass, plastics, hydrocarbons, and
heavy oil in high-temperature and high-pressure water, synthesis of fine
inorganic oxide particles by hydrothermal synthesis, and development of
hydrogen storage in clathrate hydrates. We now collaborate with
researchers around the world.

Activities in 2017 (Overseas)
April 16th European Meetings on Supercritical Fluids, Portugal

May 2nd International Conference CBRNE - Research & Innovation, France
August 5th international symposium & Exhibition on “Aqua Science and Water
Resources (ISASWR’17),” Fukuoka

November Japan-France Workshop on Supercritical Fluid Technology, Japan

Publications

[1] Aida, T.M., Oshima, M., Smith, R.L., Controlled Conversion of Proteins into
High-Molecular-Weight Peptides without Additives with High-Temperature Water
and Fast Heating Rates, ACS Sustain. Chem. Eng., 2017, 5, 7709-7715.

[2] Aikawa, T., Watanabe, M., Aida, T.M., Smith, R.L., Hydrothermal leaching of
LiCoO, with sulfuric acid, nitric acid, and citric acid, Kagaku Kogaku Ronbunshu,
2017, 43, 313-318.

[3] Hiraga, Y., Koyama, K., Sato, Y., Smith, R.L., High pressure densities for mixed

ionic liquids having different functionalities: 1-butyl-3-methylimidazolium chloride

and 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, J. Chem.
Thermodyn., 2017, 108, 7-17.

[4] Guo, H., Qi, X., Hiraga, Y., Aida, T.M., Smith, R.L., Efficient conversion of
fructose into 5-ethoxymethylfurfural with hydrogen sulfate ionic liquids as co-
solvent and catalyst, 2017, Chem. Eng. J., 2017, 316, 770-777.
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Material Process for Circulatory Society

g a~wO7 - wIsq
Professor
Sergey Komarov

AR IN—TOMEENE. REFNROMRTOCRZRAEL. BRUEBERERRISZIETHS, COBNZEERTBoHic. Y-
ERCROMREFALUTUGRNBMHTOLRZEET I EICHE T, WBHEBLBEINIZYECERNICIRILF—ZH#IET5, ITX
IWF—ZHHIRTBZFENBIKICRSNCHBTOELRICHUTE. COLSBYBEPRIBFFCENTH S, XARIIL—TOROHRISHEE
TIVEBESZ2L—2 30 THB, CORHTIE, BSLBLPEEHE, HKLEBEWSL7OLIAATO, BER, BERICYT2RE. 2
MEWXZRATZERMRZTE>TVS,

The purpose of our group is to develop environmentally friendly material processes in order to contribute to building a sustainable society. To achieve this
purpose, we are trying to break the barriers of traditional materials processing with the help of physical fields and waves. Physical fields offer an effective
way to selectively supply energy to the materials being processed. Physical fields and waves are especially attractive for high-temperature processes, for
which the choice of techniques available for supplying energy are severely limited. Another field of our research activity is physical modeling and numerical
simulation. In this area, fundamental studies are performed to clarify the fluid dynamics and the heat and mass transport phenomena in single and

multiphase flows in such processes as melt treatment, metal casting, and waste processing.

HEBE

RE. WERRETABH RSB LCERRIERLTCVWSEESLLT,
[URZE), EROWME. EEVUER EDRLBRERENEITS
ncw,

ZZTAMBETIIREMRS - BEERZENELTHRZOER
BICEDCEBRNMERVBEY I 1L —yayaET0., Btk
ERUMSOBEICERTIILEBEBLTVS, AIZIEERLRER
IXILF—EHEBIZMR7OERICTH L. EERPIRILTF—FIA
DOMEEDOE P, BEYOBFALESh. BIERORE. T
FZDESBBEENSHFRMB 7O ERAICETIMEREEITo>TL
%, EANICEBERROYMEBNFEZEBEVCBRERMN7O0EX
DORFEELT, UTIRRTT—YOHEZEITo>TWD,

RITHERRE

1. REFANZzZRELEBRE - NI 70X

- PILEZULESRICE T DR RRIFR O R EN- M EBE DR (Fig.1)
BRTIVZZULDRY VB DR

IR—=ILA VI NLBIZ L BHREE I —T I EDR R

(a) (b)

Fig.1 Fluid flow around stirring impeller taken
by PIV (a) and predicted numerically (b)

Research Abstract

The purpose of our research is to develop environmentally friendly
material processes and thus to contribute to building a sustainable society.
To achieve this purpose, we are trying to break the barriers of traditional
materials processing with the help of physical fields and waves. For
example, ultrasonic processing is applied to molten metals to improve their
mechanical properties and recyclability. Microwaves are irradiated to
recover valuable metals from metal industrial wastes such as slag and
sludge. Electromagnetic force is applied to increase the efficiency of
materials fabrication processes. Fundamental studies are performed to
clarify the fluid dynamics heat and mass transport phenomena in single
and multiphase flows through cold-model experiments and numerical
simulation.

Present Research Tasks

1. Environmentally friendly processing of metals

e Investigation of flow and mass transfer in processing of molten
aluminum

* Removal of phosphorus from molten aluminum

* Development of technology for fabrication of composite coating through
shot impacts

Fig.2 Waste water treatment unit using ultrasonic
cavitation assisted plasma

Bh# WWAE =th

Assistant Professor
Takuya Yamamoto

EHR FNR
Associate Professor
Noboru Yoshikawa

2.8FREIOEY VI OEBEEGA
BERBHICLZTILIZULAA S RERBNE

- BRIEBEADOBEIRIN— DFKET - HE

cFPET—YaVXBTIAVBHROIGAIC K DEKDIEEDR R

(Figs. 2 & 3)

CBRSIRIVF-FRERE/ MRT7Oey s
- BRINVIEYDONA Y ORI R BE K
cTa—EIIYIVHEEK PM OREREET 1 ILY— DRIF
cEZIVIBREMBOFERAEICE I BR
- FERERMEOERIKRF M RENICEE T2 ERMRE

BHSzfAVICRE / 70y vy

KFRETIE. HSRAUTAIIICBITEHEDDE—bEEBHEL
T, BAK (kHz) EIICHZFEBRUADFIEMEBEIRICETIE
MR (ERSOBRMA AP AMIEZNREVTERBREROYI 2L —
vaY) EB{THR>TWD, £YI70OHK(GHz) ZAWMEZOEY
IVTBTHEOTVWD, B4 ICiE BHEAR) ICYII7ORFvET1—
ZBAL. BRSNS I70KE 7Oy YV Z{TR5EBEZR Y.

RiEAMZzZRBULCEREE - MT7OER

PIWZZULDUYA)EZmEIE®ZEEZBNELT. UTA7
LVicE->THBESENCZREZF AT 2EEZEH 2O DR
ZiToTW3, EFEMICIE. PILZZULBRGEEBIERIZIET
T ERES TR 7TV I AEERICHBS T D RHM ORI
HOoTHRETIBIENEDESTAAHMEREZER T2 EMEARDIH
I, KERWERE. MEEXEER, ZILIZULRB-HEERR. 2—
N=AYE1—5ZFAULRRETILIZULBRSEREYI 2L —
vavETo>TW3, (K1)

Fig.3 Photograph of Mr. Fang (D2) who was awarded
the best presentation award at ICEPP2017

2. Ultrasonic processing: fundamentals and application

* Improvement of aluminum alloys structure due to ultrasonic application

*Design and development pf ultrasonic horns for liquid metal
sonoprocessing

* Development of technology for cavitation-assisted plasma treatment of
wastewater

3. Application of electromagnetic field to environment
/ material processing
* Microwave-excited reaction synthesis of metal borides
* Development of DPF material for microwave rapid heating
* Measurement of dielectric properties of ceramic composites
* Fundamental study of high-frequency induction heating and stirring

Application of Electromagnetic Field to
Environment/Material Processing

In our lab, we conduct fundamental studies on high-frequency (kHz)
induction heating and stirring of nonmetallic molten fluids. Experimental
and simulation studies are being performed for molten glasses and molten
salts. In addition, microwave processing of materials is being conducted
for other projects. Fig.4 shows an apparatus for microwave processing
under imposition of a static magnetic field, where a microwave cavity is
inserted between the pole pieces of an electromagnet (right-hand side).

Environmentally Friendly Metallurgical
Processing

To improve the recyclability of aluminum, there is a need to use more
secondary aluminum, which contains a lot of impurities. We are developing
novel methods for mechanical stirring of molten aluminum, with the aim
of better flux dispersion and more efficient removal of impurities. To
achieve these purposes, water model experiments are being performed to
investigate fluid flow and mass transfer during aluminum melt stirring
and casting. In addition, numerical simulation is being conducted to
investigate transport phenomena in large-scale melting furnaces using a
supercomputer (Fig.1).

Fig.4 Microwave processing apparatus with imposition
of static magnetic field
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Design of environmentally benign molecular systems
with high functionality

Environmentally-Benign Molecular Design and Synthesis

Ecomaterial Design and Process Engineering

Hiz Sk MiE
Professor

Nobuhiko Iki

HARABFTROB. BV I AX-IVT MERERESWVERERARICREESEZHERD TRES T 2RI S, BAKNIC

FEBAAY, RAF 2G5 OREVHEEGD, REEIK. (1) BN BREEZEIZFFAVYIRTL—

- SVH RS

DEIE. (2) A8 BB - Y ZVANBENSBEET/ ATV AEDRHE. (3) BMEEEAA Y OREROHIIET— ROBESTEDORA. 4)

TN EERRDEERICHDEAT NS,

The ultimate goal of is division is to establish a scientific discipline in designing environmentally benign molecular systems that exhibit high functionality,

such as separation, sensing, imaging, and catalytic conversion of substances. The choice of components such as metal ions, ligands, and “chemical fields”

is of key importance in building simple yet functional systems. We are currently studying the following systems: (a) a multi-nuclear lanthanide complex

with thiacalixarene (TCA) with luminescence and magnetic functions, (b) a theranostic probe consisting of d8-metal ions and radical ligands, (c) kinetic

differentiation (KD) mode separation and detection systems for ultratrace metal ions, and (d) protein-metal ion conjugates.

BRI VIRV R —SHEDRED M

BEF&#S 57-71 (La~Lu) FZY7=K (Ln) &EiEh., chs5%
FOEBEUVTRD Ln #BEIMEZNEENBTWDHICH BT
DIEFBICEHLL, KE. H4LlE Tb-Yb-TCABRARTERTZHE X%
B Ln 7 5RA5—81K (Tbs,Yb,TCA,, x = 0-3) DEEYDD B
AFEFTETY—BRIXBICI>TER UL, HEERREELT
RUTFLYZ)I—)U(PEG) ZRIMUCKENBE AR TOI D&
6 DOE—UhERIENT (Fig. 1) TN5DE—2T1E Ths, Yb,TCA,
(x =0-3) D4ABAICIA. x=1, 20D TIFEAZEHEI=AF
ICERBSNZF0 Ln ORBEEAENEEL. ChHFEELEDE
EZ 1z (Fig. Do

CONEIF Ln B L PEG RS E®RZERL. COSEHRDE
S[AKBBHEOEPSEEHDEWVICL > THEINLEEZS,
Ths YD, TCA; (x = 1, 2) REESYYZRETOIRILF—BE,
f-f communication Z/RUL. ZhZFIAUEEEEOTEEELD
HETED, CORREFMAL. BAKREOSEHELICRBREK
Ln 7SR5 — A OB - HRRICEDED,

Fig.1 Arrangements of lanthanide ions in the homo- and
heteronuclear complexes and the CE separation pattern

Precise Separation of Hetero Lanthanide
Cluster Complexes

A series of atomic number 57~79 (La~Lu) is called lanthanide (Ln).
Separation of Ln complexes is difficult because the chemical properties of
Ln complexes are very similar. Recently, we succeeded in the separation of
amixture of homo- and heteronuclear Ln cluster complexes (Tb, Yb TCA

= 0-3) in a Tb-Yb-TCA ternary system by performing capillary
electrophoresis. The mixture was separated into six peaks by the addition
of polyethylene glycol (PEG) to the electrophoretic buffer (Fig.1). The
complexes consist of four species (Tb, Yb TCA,, x = 0-3). However, x =
1 and 2 species have configurational isomers because the Ln, core aligns
as an isosceles right triangle to give two different sites, resulting in x = 1
and 2 species further separated as two peaks (Fig.l). The successful
separation was likely caused by the association of the complexes and PEG
molecules, which led to the difference in electrophoretic mobility of these
complexes (Fig.2). Ln, Ln'TCA, (x = 1, 2) has potential to enhance
luminescence properties through a transfer of energy between hetero
Ln—Ln' pairs, which is called f-f communication. We attempt to find good
Ln—Ln' pairs to enhance the luminescence properties of heteronuclear Ln

complexes.

Fig.2 Schematic diagram showing interaction manner between PEG
and the complex.

AL &
Bh# EBEHZEZN

Assistant Professor
Ryunosuke Karashimada

W)Y IRT7L—VBEBERT /HF-ERAAVRD
TIZREARDHER

£EBF/HT (NP) DREICHERINDIERESZ7XEY (SPR) &
WERIGEEY YT IFBAESNTWS, ULhLERAZLIE—KT.
iR NP (AgNP) OIBEIEEENSKERELRD, HAEHIY IR
[417L—Y>-p- TRFRILRVEETHEL T AgNP OXKEBR (pH
10.0) i€ 10° M O&E-r4> (Cd", Th", Cu", Ni", Pb", Zn", Co")

ERMTDE. TOBEICL->THE, 1B K BREEZRBEETD
ZEEFER U (Fig. 3), BRMSEShEHEZ TEMBERL, £
BAREACYERKREIC AQNP AEBLTWSEENEEIT S EE
BUWElf, £ZDRESPEN SPR RNFDAIE Y EEEHE
TBHIENS, ZNDEREDFERTHZEERLTWS (Anal. Sci.
2017, 33, 1141.),

BE () Y3 9‘73)»%‘*14:@%@&&14:@
v BT —EXXEND

BREMTEZEDTFOR—IICE Ul

Z D DR

- B 37 EIFTESY—BRIKE VR VLDER
- Hot Article Award, Analytical Sciences % &
- PR 29 FERIFHREPREETEEZERERE

Calixarene-
coated AghP

none Cd" o Cut Mit Fo Zn'

Fig.3 Multicoloration of calixarene-coated Ag nano-particles

Group Photo

Multi-coloration of Calixarene-coated Silver
Nanoparticles for the Visual Discrimination
of Metal Elements

Upon mixing with metal ions such as Cd", Tb"™, Cu", Ni", Pb", Zn", and
Co'" at pH 10.0, solutions of silver nanoparticles (AgNPs) coated with
calix[4]arene-p-tetrasulfonate (CAS-AgNP) exhibited multi-coloration
from yellow to orange, violet, and green, depending on the metal elements
present, which allowed for visual discrimination of the ions. This is
contrary to the AgNP sensors, which exhibited a uniform color change
from yellow to red upon binding of receptor molecules to an analyte at the
surface of AgNPs. The TEM images of the samples obtained from the
resultant solution showed two regions. First, in one region CAS-AgNPs
assembled on the surface of the metal hydroxides. The size of the hydroxide
crystals varied from 50 to 200 nm based on the type of metal element
present, and roughly correlated with the extinction band of the aggregated
AgNPs. Second, there was an amorphous region in which CAS-AgNPs
dispersed randomly. The difference in the amount of the crystal region and
the area seemed to lead to the multi-coloration (4nal. Sci. 2017, 33, 1141.).

Capillary Electrophoretic Separation of cis/trans
Isomers of Diradical Platinum(ll) Complexes Using
B-Cyclodextrins as a Selector

Described in the section for the Division of Environmental Analytical
Chemistry.
Achievements other than research

* Organized the 37" Symposium for Capillary Electrophoresis
* Hot Article Award, Analytical Sciences
* Award for JSPS KAKENHI Reviewer

B assembly on M*-hydroxide crystal
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Atomic-level surface design for eco-friendly, novel nano-materials

Ecomaterial Design and Process Engineering
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Professor

KEHESDOERREAMBIF, EFEZHEFRLAGIDEANREINTVD, ZORRICIE. BEAEIRILF—BEICLDZKREEEITRE. T
AT NETOER. SSICRNBRICLBEFE-BRIRILF—ZBRBREDRIMBEDORBORARTH D, HRMBFAFK L ZOREER LI
B92ZMHN - KfNT7 7O—FHRHEND, cEXF ERVPEEMERED LICETEXRPERRLEDIRILF—BRIFIEET IR
It (AR RS) ZERBNICERIZCEE. BVERERRE. OLWTRKRESERICEITEEERE—AD—DTH 2, MEFEEEZORG
HNETTIMHREOLEY (MAM) OBENEREICE. F/ MRRAZRFLNILVTHELLTDLENHD, FMRSBFTIE. LRES
nic (well-defined) B AEEBERREICMAT, BERBILF/RFEERMEETILEL, BBEZE (UHV) TILE T2 FRIEY+
2 (MBE) i&¥ 77— 75 XM (APD) B ZBEVTET VEEZ B, Z0EEMHEZzEE7O—7 BEHKE (SPM). EBEEEE FIEME
(STEM). X #ZABF K (XPS). E&A AV EELDK (LE-ISS) B EDKARZMFEZRAVWTEANICTO>TWS, I5IC. BRULEETIL
g O BB ZTML. RIHAEBMEMRFERICEE -/ BERFHEHEZHE(L I B EZBELTWS,

A comprehensive understanding of surface reactions on nano-sized metal (alloy) particle surfaces is crucial for developing novel nano-materials with

unique catalytic properties. Our approaches to this subject are (a) to prepare well-defined single crystal surfaces and nano-particles of alloys through dry

-processes (molecular beam epitaxy; MBE and arc-plasma deposition; APD) in ultra-high vacuum (UHV) and (b) to evaluate electro-catalytic properties

for the UHV-prepared nano-structural surface models for practical electro-catalysts. We have routinely used UHV-MBE, UHV-APD, scanning probe

microscopy (SPM), scanning transmission electron microscope (STEM), X-ray photo-electron spectroscopy (XPS), low-energy ion-scattering spectroscopy
(LE-ISS), electrochemical (EC) voltammetry, gas-chromatography (GC), on-line electrochemical mass spectrometry (OLEMS), etc., to clarify the surface

phenomena. We believe our research accomplishments are directly linked to a future eco-friendly society.

RS04 70CRAERULIETILMEREID
BRRETRG

O BEEES FRBEIE (PEMFC) DB FRERTTRIS (ORR) % {23
IHENT. BEENDEEEEFERAEOPIEASMEEZSRT
DRI EE<M/ESINT WS, ORREBDOMRAAICIE, Pt-> )L/
Pt-M a7 F/#iE% TRETY7L—b FAIBLEFILEEL LT,
SEM - MAMKE T/ BEEORERZERFLANILTHSHNCTZBHED
Hb, TORETIE. Pt- 1)L /Pt-M A7 F/HFOEEETILE
LT, &% Pt(111) ER EIC Pt/Co BEATOF /#HEE7—7
TSAVHERE (APD) JEICKDBEUC, B85z Pt-Co E7/LARLE
DBiE HAADF-STEM & & LT % EDS T ¥ AT fE R &,
#10.5nm E® Pt(111) ¥ = JLEHH 4nm ED Pt-Co(111) REE
£BLICZ0 Pt/Co MRt ZHIHUTERAIETH DI &ZRUT,

= = = ==rue
e
LULRT

Fig.1 ORR activity for the Pt-Co model catalysts.

Oxygen reduction reaction on dry-process
synthesized model catalyst surfaces

(O Numerous studies have been performed on Pt-based alloys to synthesize
highly active catalysts with a low noble—metal content oxygen reduction
reaction (ORR) catalysts for cathodes of proton exchange membrane fuel
cells (PEMFC). In order to investigate ORR mechanisms, the nano-
architecture of Pt shell/Pt—M core catalysts can be modeled as surface
templates. In this study, we fabricate Pt/Co hetero-layered nanostructures
on a clean Pt(111) substrate as a model of the Pt shell/Pt—M-core nano-
particles using a cathode catalyst through alternate deposition of Pt and Co
using the arc-plasma deposition (APD) method. Cross-sectional HA ADF-
STEM images and the corresponding energy-dispersive X-ray spectrometry
line profiles of the APD-synthesized Pt-Co model catalysts clearly showed
that the ca. 0.5-nm-thick-Pt(111) shells can be synthesized on ca. 4-nm-
thick-Pt—Co(111) alloy layers with various atomic ratios of Pt and Co. Fig.1
presents the ORR activity for the Pt-Co model catalysts. From the figure,
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Fig.2 Electrochemical structural stabilization for the Pt-Co
NPs by the surface Au modification.

Toshimasa Wadayama

a7 T

B#H HEA
Assistant Professor
Naoto Todoroki

Group Photo

Fig.1 IC&R LTz Pt-Co ETIILEMIEDERETREMEZ E L HT,
M5, Pt-CoE&E&EBED Pt(111) Yz )LEBICHLTH 2% BED
HEAEREIEI< & ORRFBEIRA LRI ZENERIND,

O PEMFC ##FH Pt 7/ HFD%bid. ERREICEITS Pt RE
DOEMAEREIMY A b DBLRIEFZNRIL - BTICKDETIT S, #KoT,
ZD&LS57R Pt 7/ FREDRMAAREMNY A~ %2 AuRFTRIRIT S
ZEFPLF/RFOBRILENBERELICHRLH D EHTFEN
%o £ T AuTRERIKU Pt-Co 7/KlF%Z APD EIc kD&
BU. ZOBXILZNBEREMZRR LI, TOMREZ Fig. 21
KEdHfco BNS Pt-Co 7/ HFREZ Au TRIFT DI EIE. BE
BEREER. B8LUOEK B0 EILEIT2MELCRBRFOBELE
LICBMTHZ D PN B,

“EMbR REFETTRIDERY O
A1 VBRILFEES R

CO, DEEETT (ECR) IcBR R MEM B DR FICAIT T, ECR#
BORENERENTARTH S, £ TAu BiEROEKXEREKE
((111), (110), and (100); Au(hkl)) ICEWT. CO, BITERMIDE]
MEBEEKEFEZAY SV EBERMFEEMTEICIDRELR, Fig.
3ICRIELSIC, Au(hkl) £D ECR £ TH S CO DERFKRE
fizld (110) AHRBELZFEETH %,

WmEFOI LI b, BEF. FEORE

NEDO SE¥ER SRR, BRERREMPSERFAR (A) B
OB BEFAREZERL,. BN LCRRREREFTFREET-
feo EXICHRBXTIEYMBILZABFONY Y v—FILTHS JPC
letters (IF : 9.3) ICRX M BE Iz, XFABFEIE. EERK
VERNSBICEVWTHREERERET 16 41TV, S5 HORRI—E%:
ZEUf. (Fig. 4)

"‘g 0 cv -

< 4 —_—(111)
E 4. —(100)
= .8 —am
P CO(m/z=28)
fos

e * .

i=] 1]3

12 08 04 00
E /V (vs.RHE)

Fig.3 CV and MSCV for CO:; electrochemical reduction on
Au(hkl) surfaces.

we conclude that homogeneous, in-plane surface strain of ca. =2 % of the
Pt(111)-shell vs. the intrinsic Pt(111) lattice gives the maximum ORR
activity enhancement.

O Pt atoms located at coordinatively unsaturated sites determine the
degradation behavior of the Pt NPs through electrochemical oxidation and
reduction under normal PEMFC operating conditions. Site blocking of the
Pt NP surface with Au atoms is expected to be effective for the
electrochemical stabilization of the unsaturated sites. Therefore, Pt-Co
NPs with and without Au modification were prepared by using APD, and
the resulting electrochemical structural stabilities are discussed. The
results (Fig.2) demonstrate that the surface Au modification is effective for
structural stabilization under an accelerated durability test protocol.

Carbon dioxide reduction products analyzed
by on-line electrochemical mass
spectroscopy

A comprehensive understanding of electrochemical CO, reduction (ECR)
mechanisms is required for developing effective electrode-catalyst
materials. Therefore, we investigate applied-voltage-dependent CO,
reduction for Au low-index single crystal surfaces ((111), (110), and
(100); Au(hkl)) by using on-line electrochemical mass spectrometry. Fig.3
clearly shows that the onset potential of (110) surface for CO evolution is
the highest among the Au(hkl).

Research project, patent and student’s
award

We have performed NEDO and JSPS KAKENHI (Scientific research (A)
& Challenging Exploratory Research) projects. The results have been
published in several journals and, furthermore, we have applied for a
patent. One of the papers was published in the JPC letters (IF : 9.3), a top
journal in physical chemistry field. Our students presented a total of 16
papers and received 5 poster awards (Fig.4).

L L

BENEET
ata =
o e

Fig.4 Poster awards for the students.
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MEHESEEE  Collaborative Divisions

BIEESMEEIRZSE (FTHEHESE) Process Engineering for Environmentally Adapted Materials
(Nippon Steel & Sumitomo Metal Corporation)

BRI EIE B iT 28 U T
ER-IXILF—FHEICERT S

Development of new steelmaking technology contributing
to the sustainable society

HMEEE. TERBEVTHEAZERLTRESNT Y, InSo®AmE. FRALLRIC. XITvT7lienT, BEHREBICRESNET,
BELEZFOEAMRTH2#IE. TOMREZEZTAELBERITZIENTEET, Lich>T BHRIBREICPEILB>TVWET, FAKIC,
HKMHETIREE, REOIRILF—EERIBET, REICKEBHEEEZRIEUVET, Z0ksH, BRL REOBA, s, KiK. Ham
EDSEA. VYU, BEICEDZINTORBE T, BREANORZEZB/EIDZENDETY, CDLSBERICEDE, RADBETIE, &
FSELBRBICHEL I 2ME BICEBMROARICETZHRMERKITDHRBERANMTONE T, YHOEmE. REICEISTES MR
ZERAIT2HEDFRAUEBEEPHR VAT LAELYUEDNEIITZCEOTEDHLWHRIER 7Ot RAZHEHKTEIETT,

Steel products are made using iron ore as the main raw material. After these products have been used, they are scrapped and once again returned to iron
material. In this way, iron, which is a basic material for daily life, can be reused time and time again in varying forms; thus, it is kind to the environment.
At the same time, the steelmaking process requires a large amount of energy and resources, and it exerts a large influence on the environment. Therefore,
it is necessary to reduce the impact on the environment at all stages, from the purchase of raw materials and equipment, manufacturing, technological
development, and transportation of products to their use, recycling, and disposal. Based on such backgrounds, in our course teaching and research will be
undertaken to develop new techniques related to the synthesis of various environmentally adaptable materials, especially metallic materials. Our mission
is to develop novel material synthesis processes that will allow us to establish sustainable industries and social systems that utilize environmentally

adaptable materials.

BO—J)LPFCETOAO—ILREX Y ¥ED
BHEEEBBICRIETE

KETRHEONDIEFTORAMERUEZENIC. O—LREAYFE
DEFEFERICRIFTIHEZAE U Zkif'éﬁﬁb\%l:l—)b@#‘a‘%"ci
HEER, JIXNOWMEHS Cu-Cr MBELTWEN, B5hdES
OREHERICEFLHEORMAEIN TV, 2LT Ag X‘y$
ZHI CETRONDIETORAMERIWEIT 2 DR R UK
TETWe, AR TIEELD XY FEICOVWTHFFMUILER. Zn
P Sn EEOBEREDAY FEIFBRERICK>TE XY FEHIAG
TUESEWSHENS., INSOXYFEIEIRATERVWEOHMER
8. I5IC.ERFREICHAITDIRE(TFRT YN FAWSO—
LoREFRICBIZESN., HFEMICITSWELENEELREF
ERBIEENMofce DED. FITHRATz Ag Xy FHEMTH o7z
DiF. SERALEIAY—HRETIERELEVWI EMS, FERER
HICR>TWefehTHDZEN D ofce TE T, BO—JL PFC
ETHAWSO—IMEICEALT, XvFELEHTEOMEDOREL

Fig.1 Relationship between roll surface smoothness (surface roughness data) and
ribbon surface properties (SEM photo)

Effect on the Ribbon-Forming Mechanism of the
Roll Surface Plating Metal in the Single-Roll PFC
Method

To improve the surface properties of ribbons obtained from this method,
the effect of roll surface plating metal on ribbon formation was investigated.
In view of both thermal conductivity and cost, Cu-Cr is an appropriate roll
material for this method. The surface properties of the ribbon obtained
still had room for improvement, and our laboratory improved the ribbon
surface properties after the application of Ag plating. In this study, after
further evaluation of plating metals, the use of such plating metal was not
possible due to the problem of melting of the plating metal depending on a
low melting point alloy such as Zn or Sn. In addition, a defect (air pocket)
that formed on the ribbon surface was strongly affected by the surface
shape of the roll in use, and the grinding process before casting was an
important factor. In other words, the reason for the effectiveness of the Ag
plating described above was the flat surface because grinding can be
easily performed with the emery grinding newly used. We optimized the
roll material used for the single-roll PFC method, including the plating
metals, and were able to present the technical guidelines to obtain a good

Fig.2 Appearance photo of representative amorphous alloy
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TZHEHTE D, Cu-Cr O—LTHMEAEZLRLTLDFRLRE
HETNRIRIFLBEREZE I DEFTNESND EORIMBIEHZRY
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surface if a flat surface was achieved by preparing a good grinding method
even in the Cu-Cr roll. This technical guideline indicates the importance
of establishing online grinding technology, particularly on an industrial
scale. We thus consider this technical guideline to be significant.

Clarification of soft magnetic properties in the
high frequency field of Fe-based amorphous alloy

Since the atomic structure of amorphous alloy is different from the
conventional crystal structure, it shows a unique characteristic that is not
found in conventional metals/alloys. It has mechanical properties of high
strength and high toughness, high corrosion resistance and excellent soft
magnetic properties. This study focused on soft magnetic properties. To
achieve wide applications as a material with high-frequency soft magnetic
properties, we are studying the clarification of soft magnetic properties in
the high-frequency field of amorphous alloys.

Evaluation of sintering MgO material assimilation

To perform high tapping of molten iron in the furnace and a low reducing
agent rate of operation, it is important to improve the quality of sintered
ores, and it is effective to reduce the slag component in sintered ores while
maintaining cold strength. Therefore, this study focuses on dolomite
(CaCO,, MgCO;) as the MgO source not including SiO,, and basic
evaluation of its assimilation has been performed.

Effect on the quality of growth crystal by
meltback in solution method SiC crystal growth

Attention has been paid to the solution method for growing high-quality
SiC single crystals for power devices. The solution method has a process
called “meltback™ that dissolves the surface layer of the seed crystal into
the liquid phase just before the growth of the crystal. This study clarifies
the effect of meltback on SiC crystal at the beginning of growth. In the
past, if solution growth was started without meltback, mixing of different
polymorphic crystals or inclusion of solvent would occur. These effects
did not occur if growth was performed after meltback.

100 ===Reagent Mgl i g i i
——Coarse doloredte [0.5-1mem) _:a} Without melt-back process (b} With melt-back process
— s Fine dolomite {-0.2%mm]
® 95 = Caarse peridatite [0.5-1mmj E B Salvent }nc!usmn — ;
E v i pridatite |-0.25mmi i E rent polytype 3 g
w90 £ 3
g s
E g5 E 200 um
¥ Amouri af
2 melt-back : 22 jam
& &0
75 Fig.4 Cross-sectional images of SiC crystal grown on C-face

0o 03 06 09 12 15 18 21 24
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Fig.3 Effect of the MgO content on strength of the sintered ore.

(a) without and (b) with melt-back process.
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WERIRIEZEEHE9SE (ERIEMZSAT) Global Environment (National Institute for Environmental Studies)

JH—NIVBAK[EIREPRRBROEILZIRZ S

Observation of Global Atmospheric Environment and Carbon Cycle Changes

LBETHHIRREOARRELZHICEDLEIAKMIERD DAHPREBEZTNT 2NN, BRICKEITERRNIOEFYEKIM,. 25
CICHFRRE(LZ ESHTc A—/ULBARRERSEMICEITBMRELHABEZT>TWVS, E{ZFE’JMJ ATHEE. M. fnfa, b EERRIC
£BAREEAPE, T7OYVIL. BEVICZENS DRSOt RDE AR, iﬂ!J:?fJ\bo)%EU) FHARMORR. Z7YTPREE, IRUF
ZEVIBER EHARMICHITIHEAFHLSCICIE LT —YDRETZILTVX 7%@1‘)?’&?‘?5:ttgcko‘ci{ﬂiﬂﬁ*i'fwkm RIEE
BORRRHAICAT HRERBELT NS,

In cooperation with the National Institute for Environmental Studies, we are carrying out research on the global atmospheric environment, such as global
warming and air pollution. For that purpose, we are developing measurement techniques on atmospheric composition changes and terrestrial carbon
budgets. We conduct research and education on measurement principles, data processing algorithm, field experiments, and data analysis on the basis of
specific cases of remote sensing and in situ technologies. We also develop applications for atmospheric compositions/clouds/aerosols and their surface
processes, utilizing such instruments as satellite-borne, air-borne, ship-borne, and ground-based sensors. We conduct field measurements in Asia,
Antarctica, and the Arctic including Siberia, and we study global atmospheric environmental change by analyzing these data.

FBRRMEN EZICE T BIERIESY DOEENEEEA

A4, 2007 F£XU 2011 EOrREBBIIEH (69.0°S, 39.6°E)
LFETOAY UBIEICEEUIEREEYHESERD OZEICEER
U ti%&{Tofco ALBEE Aura/MLS, Envisat/MIPAS. KU
B FTIR 9Yt88Ic &% CIO, CIONO2, HCI, HNOs, &0 Os D#
BEICEB L. BE 18 km &1V 22 km & T2 I SHMERIERK
DOEEIDIKNRERITUTc. BE 7 BAIHICIE. EBSIEDETIC
U, BREM EZETHREERBZE (Polar Stratospheric Clouds:
PSC) AHEL. BERIELEVDOIHYR7HFTEHS CIONO:2 ¥ HCI
M PSC KA LDARY—RIGICL>TRAZHOH D, PN TT7HOT
ICREfIEM EZICKBADNR->TD &L TE R CIO AEM U,
AR BICEDAY VBIENBED, PHATIBAIHICIEREBRS

mOEFREEHICCIOBERBAZHRSD. Ko DI HCI > CIONO:
BEMNMEMZHBHZIN, ZOHRENEE 18 km & 22 km TER
BT EDHIRA LT, 1RO 2Ic, 18 km BT 22 km IZ&H T3
2007 ERBEMEM FEPORERRICEYOEHDOKRFETRT, BE
18 km TlFAYV U DIFE A EBIESI N TWS 28 HCI ADEEHTE
ETHD. —HEE 22 km TlRAVYHN—EIEEI T ICFE>TW

Temporal evolution of chlorine species over
Syowa Station, Antarctica

We analyzed temporal variation of ClO, CIONO,, HCI, HNOs, and O;
measured by satellite sensors Aura/MLS, Envisat/MIPAS, and ground-
based Fourier-Transform infrared spectrometer (FTIR) installed at Syowa
Station, Antarctica (69.0°S, 39.6°E) from March to December 2007 and
September to November 2011. Vertical profiles of O3, HNO;, and HCI and
a vertical column of CIONO, were retrieved from solar spectra taken with
a ground-based FTIR. We analyzed temporal variation of these species at
18 and 22 km over Syowa Station. In early July, polar stratospheric clouds
(PSCs) started to form over Syowa Station. With the return of sunlight to
Syowa Station in early July, CIONO, and HCIl showed depleted values,
while ClO showed enhanced values. Figures 1 and 2 show the temporal
variation in chlorine species over Syowa Station in 2007 at 18 and 22 km,
respectively. When ClO concentrations started to decline at these altitudes
in early September, HCI started to increase rapidly, while the increase in
CIONO; was gradual. The Cly partitioning between HCI, CIONO,, and
Cl10O showed differences at different altitudes. At the altitudes of 18 km,
where ozone was almost depleted, CIO and HNO; amounts were low, so
conversion to HCI was favored rather than CIONO.. In contrast, at 22 km,
sufficient ozone still remained, at a high enough amount that CIONO,
formation from CIO and NOy species continued to occur at this altitude. In
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Fig.1 Temporal variation of chlorine and related
species at 18 km in 2007 over Syowa Staion.

Fig.2 Same as Fig. 1 but for 22 km in 2007.
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fefesh, HCI £DE CIONO2: ADEHEDAMNEL RS SNl D&
SiC. ABEECHITEIEEICELD VT RFENDEIEDENDTIH
THSMHMCES NI, Efc.MZEIT CIONO:2 < Ao HCI HRA
ISR ZERITEREADNETRATH >feh. ZOREIEBER
IZ&1F5 CIONO, DBAEETH B M BHEMICE ST,

BIRNUFLEEICEITZXY VREREXROD
REAZEE)

O 7EDIANY T ICIFERGRHRCRMENED >TH
D, HWIKBEO_BILRREELAYY (CHy) BEEOEHICKE
BREEERIFLTVWS, BAEEIRYFZEICNETZZILI—H
(1993 Fh5) &/MRYEIRY (1997 Eh5) EZRICEWTHZE
BEE>TERET7 kmETORKET Y TIVIFTEHIEICEIS TR
EMRARORABAZER U, CH. BEORIEEHIFEE50D
B4 hTH 2000 EH 5 2006 FEILHK T2 —BHNRESIES
hicbonFMERLI RS i (Fig. 3). §ﬁ’ﬁx§miﬁﬂ®/\‘y’7
770V REAIMS TRSNZ D ERARICEZICEREZ RT D
IRYTZICHBNBRESOBKESH NI TNS, X)LO—M:%
TIFEE 5.5 km & 1.0 km ICE T3 CHs DEEZEH 1995 5
1999 £ D FHETH S 64 ppb H5 2009 F£~ 2013 FITlF 37
ppb NERBISHEA LTWR Z ENE Rl Tl 5Tz, ThicLT/
RYEIRV L ETIIMBEARORRGEES BB SINEN >, X
SEBEXETILERWVCYI 2L —YarvETofel3, YRY
FORLIMNEBETZ2IA—OV/\HhS50D CHs MHENRBRERP L. F
ITPETITHSOREENEMT NIFEAEESHNTH DL
b‘ﬁEwuénTC (Fig. 4)o Ffc. /ARVEINRIEZETIEI—OV/IHD
SOMHDEERB/NED ofco BT, BIRNUTFHSD CHa ﬁSIHj
EOZEIFHEAROZHICERICIEEZELTWRWI EHERT
feo PAINYTEEICETD CHBEMRBESTORBANARERIZY
NYTFVPEIENSD CHs MEEDEE ZIRH T2 L CEEREE
ERIZLTWREEZ S,
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Fig.3 Temporal variation in CH4 concentrations (black dots) observed over Surgut and
their long-term trend lines. Blue crosses denote STE-influenced samples that we did
not use for the trend calculation.

early winter, HCI depletion continued even when the counterpart of the
heterogeneous reaction (CIONO,) disappeared. A possible cause of this
depletion could be the mixing of voltex edge air where NOx is formed by
photochemical reaction, resulting in CIONO, production and a gradual
heterogeneous reaction with HCIL.

Temporal characteristics of CH, vertical
profiles observed over West Siberia

Siberia is one of the most important areas for controlling atmospheric
levels of greenhouse gases through activities in forests and wetlands. We
have carried out monthly flask sampling using aircraft in the altitude range
of 0-7 km over the boreal wetlands in Surgut (61°N, 73°E; since 1993) and
a pine forest near Novosibirsk (55°N, 83°E; since 1997), both of which are
located in the West Siberian Lowland (WSL). The temporal variation of
methane (CHs) concentrations at all altitudes at both sites exhibited an
increasing trend with stagnation during 2000-2006, as observed globally
from ground-based networks (Fig.3). In addition to a winter maximum, as
seen at other remote sites in northern mid to high latitudes, another
seasonal maximum was also observed in summer, particularly in the lower
altitudes over the WSL. Our measurements suggest that the vertical
gradient at Surgut has been decreasing; the mean CH, difference between
5.5 km and 1.0 km changed from 64+5 ppb during 1995-1999 to 37+3 ppb
during 2009-2013. No clear decline in the CH, vertical gradient appeared
at Novosibirsk. Simulations using an atmospheric chemistry-transport
model captured the observed decrease in the vertical CH4 gradient at
Surgut when there was a decrease in CH4 emissions from Europe but an
increase in those from the regions south of Siberia, e.g., East and South
Asia (Fig.4). At Novosibirsk, the influence of the European emissions was
relatively small. Our results also suggest that the regional emissions
around the WSL did not change significantly over the period of our
observations. Long-term monitoring of the CH, vertical profile over West
Siberia is the key to detecting changes in CH4 emissions from the WSL and
its surrounding land regions.

Reference: Sasakawa, M., et al. (2017). J. Geophys. Res., 122, 11,261—
11,273. doi.org/10.1002/2017JD026836
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Fig.4 (a) Mean vertical profile of CHa over Surgut for the periods of 1995-1999,
2002-2006, and 2009-2013. The data were offset by the mean values of 5.5 km. Error
bars indicate standard errors. Closed and open symbols indicate observed and total
simulated data, respectively. Contribution from (b) Europe, the (c) WSL, and (d) Boreal
North America are shown for the periods of 2002-2006 and 2009-2013.
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BiEY 2 75 HIEE S B (FEERMTHAAZEER)  Environmental Risk Assessment

(National Institute of Advanced Industrial Science and Technology)

Ze R BRHATRILF—DOFAZBIELT

Studies for utilization of safe and secure geothermal energy

LBEEEIRRRFKEAEEZRMRAMERN, BEBEUEIRILF—HER (FREA), BAARIRILF—MREVI—, BLCHEE
RRBMAEFT (O<IF) FIBOARENRBL, HE - MRFHDEToTVWS, RBE, FEECRRERNFEROBLRERZE L2 VT—F
FYRIVRELTEAY2EEDIC, BEBETRIRILF—MAMEEAMEREEZOREAZHAULTHRMREZRELTNS,

The members of the Environmental Risk Assessment (AIST Collaborative Laboratory) are carrying out studies to enhance safe and secure utilization of

geothermal resources mainly by investigating technologies for ultra-resolution reservoir monitoring and rock-mechanical simulation of hydraulic

fracturing/stimulation. Major research activities in 2017 include (a) scientific and engineering studies for large-scale power generation from subduction-

origin supercritical geothermal resources; (b) simulation, microseismic monitoring, and rock mechanical studies for monitoring and management of

geothermal reservoirs; (c)development of a system for monitoring the environmental burden associated with geothermal development; and (d) studies for

social acceptance of geothermal development. Research and development to simulate industries in tsunami-stricken areas was also conducted.

BERSHtAFERICET SR

ERAOMEELEHELT. EHAASHFICRRZE T DBEAM
AERICELDEBOTREEEF>TWD, 2050 FICERREES
10GW OEAREDRERE%BIZIc NEDO h5DEF%E T, RIFM,
B, BENERNSOERBEMREEFMERNEZEEBLTND, &
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VIaL—Y0RK. BERNHANMAESEAERRIN - THMOBES
ZEMmLTNS,

WUt R BB IC &L BT BED
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BEEIGEFALME T —ILRICEWT, FEEANDEETKIED
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JUR THUG LU B [CBLEL - RETERITE D& SEim D KT = B
L. BFBEATORGEHOEEZER U,

Fig.1 Typical supercritical geothermal system in
Tohoku (Northeast Japan)

Fig.2 Microseismic imaging of geothermal reservoirs

Research on supercritical geothermal
resources

Members of the laboratory have been investigating the feasibility of power
generation using supercritical geothermal resources that originate in the
subduction of oceanic plates in cooperation with scientists and engineers
worldwide. Funded by NEDO, detailed feasibility studies are being carried
out to establish several tens of GW of total capacity in 2050 from scientific,
engineering, and economical points of view. METI has also funded our
team for (a) development of simulators of dynamic and hydraulic behavior
of supercritical rock bodies and (b) development of fundamental
technologies and materials for supercritical boreholes.

Microseismic and magneto-telluric
monitoring of geothermal reservoirs

Microseismic and magneto-telluric (MT) monitoring of geothermal
reservoirs associated with treatment injection has been carried out at the
Yanaizu-Nishiyama geothermal site in Fukushima since 2015 to reveal the
response of the reservoir to water injection by researchers in the lab.
Modern techniques in seismic signal processing, including reflection and
scattering analyses, have been developed and applied to microseismic data
sets from various geothermal sites worldwide, and the behavior of fluid
inside and around geothermal reservoirs has been successfully imaged.

Fig.3 Field experiment of monitoring system of hot-
springs
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Fig.4 Development of optical fiber distributed sensor
for supercritical geothermal wells

Fig.5 WS with researchers in US-DOE laboratories

Research on proper development of
geothermal resources

A development methodology based on the concept of overall system design
(OSD), which has a flexible nature to fit to social and subsurface conditions
gradually revealed in the development, has been studied. We have also
developed systems for monitoring gas and hot springs, which has enabled
us to collect scientific data for environmentally/socially appropriate
development.

Technological support of local industries

Technological support has been provided to seeds in local industries in the
area damaged by the great 2011 earthquake and tsunami. Geothermal-
related technologies have been developed under this scheme.

Contribution to international/society and
collaboration with other organizations

elnternational contribution

International contribution to partners in Germany, the US, Italy, and
Iceland have been made mainly in the area of ultra-high-temperature
geothermal development.

eSocial contribution

Prof. Asanuma has been a board member of international and domestic
scientific drilling projects. He has also been a member of evaluation and
advisory committees of governmental and local community agencies as
well as a board member of academic societies.

e(Collaboration with other organizations

The laboratory is collaborating with domestic and foreign national
laboratories, universities, and industries. It is actively engaging in mutual
visits, web communication, and joint publications.

eCollaboration with local communities

The lab has a long history of collaboration with local communities, mainly
in northeast Japan (Tohoku) in the area of education of children and
students. Prof. Asanuma has made three “delivery lectures” about
renewable energy.

Fig.6 Experiment at FREA, AIST by graduate student
of GSES
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NAATIANRIAY NEDE (BHPRIAKF)

Biotechnical Eco-management

(Central Research Institute of Electric Power Industry)
NAATFO /A= INA AT LZFIRAL L
HuEROR IR DB - WIS RS S O IR FHAIBAMT

Utilizing biotechnology and bio-system as global warming mitigation /

adaptation measures and environmental measurement.

2017 &£ 1 AICRELIE NS Y TR ABED. 6 Blc /NUIRE,) BRERALL, 2018 F 1 BlcA>ThIYTRIE. /NUBEDHRAHN T A
UHeERTZDHS5EBEROHDZDERAL, 2020 FLEOHIKRBILI R THZ/WRE) IF. EEABZEICAT TERLTWS /B,
INAATIARRIAYIERHF TR, BETEIRLF— - BIRINF—PERIVAILELCOWTUNAAT I/ OAI—PNA AR TLDER
ZR>TWD, NSO - VAT Ald, HIREE(LD M) & NEE ORMHIR—R &2, BERABEIRLTF—D—2THZ/\1AY
ZIRIF—DFEATIE. PRWBREWES - HIFHAFEER>T< %, 2017 FE T, CO: ZERMNICHERYMEALTIRIT ZEMELTHEDD
BERIEBFDEFEEESDT, £, CCUS (Carbon dioxide Capture, Utilization & Storage) BEZRFEMBIFRO—EEULTHEICELS CO:
DEREEYEANOETBREMICOVWTEDEAR, I5IC. BRRLMICESIZIVI7Z0LEMFIICELT. EBOMEVBRICET MR E

?i—jt__o

U.S. President Donald Trump expressed secession from the Paris agreement in January 2017. He also announced that a return would be possible if the

contents of the Paris agreement were to consider the United States, it was January 2018. We are engaged in biotechnical eco-management research for

mitigation of greenhouse gases (GHGs) and environmental analysis/monitoring. These techniques and systems have become the technical basis for the

mitigation of and adaptation to global warming. Effective and efficient techniques for the use of biomass energy, a renewable energy, are vital. In 2017, we

pushed forward the development of an electric method of culturing microbes as a technique for effectively converting CO, into a useful material. We are

also engaged in the technology development for converting CO, to a useful chemical substance using a catalyst as part of CCUS elemental technology

development. Furthermore, we performed a study on metal microbial corrosion to restrain infrastructural deterioration.
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Fig.1 Image of the useful material production from
carbon dioxide(CO)

Useful material production from CO,
by autotrophic bacteria using electricity

The development of a technique to convert CO; into useful substance was
pushed forward (Fig.l). We developed a method of culturing microbes
using a supply of electrons from electricity, and we clarified that it is
possible to increase the promotion and densification of iron oxidation
bacteria Acidithiobacillus ferrooxidans by supplying electrons through
iron from an electrode. Furthermore, we built a generic technology for
converting CO; due to iron oxidation bacteria by giving a useful substance
production ability to 4. ferrooxidans through genetic modification (Fig.2).
We made a recombination strain which introduced a gene for lactic acid
production into A. ferrooxidans and cultured it while applying electricity.
An increase in cell density was observed in the recombination strain with
the electronic supply from an electrode. Lactate accumulation was
accepted in the recombination strain.
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Fig.2 Useful material production from carbon dioxide due to the iron
oxidation bacteria which assumed electricity a reduction power
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Fig.3 Onset of cyclopedic gene analysis to estimate a gene
participating in a corrosion reaction

An evaluation of the metallic corrosion ability
of acetic acid bacteria and a genetic search
for corrosion

Metallic corrosion had been studied until from the perspectives of
chemistry and materials. However, rapid corrosion and local corrosion that
occur in an environment where it is difficult to receive chemical corrosion
have come to be understood to be caused by microbial corrosion. It is
necessary to establish appropriate techniques for measuring such microbial
corrosion. There is limited information about microbial species and the
mechanisms they use to induce metallic corrosion.

In recent years an acetic acid bacterium was isolated as a new microbe that
promotes microbial corrosion. On the other hand, other microbes with
corrosion ability may exist.

Therefore, we evaluate the corrosion ability of the acetic acid bacteria
discovered earlier this year, and we estimatefactor (gene) that participates
in corrosion in the acetic acid bacterium.

Catalytic development of chemical carbon
dioxide recycling as a CCUS option

As countermeasures for reducing CO,, CCS and CCUS are attracting
attention. As part of the technology development of CCUS, we worked on
fundamental studies of the chemical conversion technology of CO, and
developed a new copper catalyst for aldehyde/ketone hydrogenation
(Fig.4). The new copper catalyst has high stability and superior handling
and is applicable for hydrogenation of a variety of aldehydes and ketones.
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Fig.4 Immobilized DBU-Copper catalyst; concept and
summary
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@ A Three-Dimensional Block Structure Consisting Exclusively

of Carbon Nanotubes Serving as Bone Regeneration
Scaffold and as Bone Defect Filler. [ PLoS ONE, (12), (2017),
e0172601 ] Manabu Tanaka, Yoshinori Sato, Hisao Haniu,
Hiroki Nomura, Shinsuke Kobayashi, Seiji Takanashi, Masanori
Okamoto, Takashi Takizawa, Kaoru Aoki, Yuki Usui, Ayumu
Oishi, Hiroyuki Kato, Naoto Saito

@ In Vitro and In Vivo Evaluation of A Three-Dimensional
Porous Multi-Walled Carbon Nanotube Scaffold for Bone
Regeneration. [ Nanomaterials, 7, (2017), 46-46 ] Manabu
Tanaka, Yoshinori Sato, Mei Zhang, Hisao Haniu, Masanori
Okamoto, Kaoru Aoki, Takashi Takizawa, Kazushige Yoshida,
Atsushi Sobajima, Takayuki Kamanaka, Hiroyuki Kato, Naoto
Saito

@ Influence of supported PtPd nanoparticles on the tensile
strength of individual multi-walled carbon nanotubes:
Strength decrease by the interaction of metal and nanotube.
[ RSC Advances, 7, (2017), 49917-49922 ] Hideaki Suzuki,
Tatsuhito Kimura, Go Yamamoto, Toshiyuki Hashida, Kenichi
Motomiya, Kazuyuki Tohji, Yoshinori Sato

@ Is the tensile strength of carbon nanotubes enhanced
by supported materials? : Effect of supported amorphous
alumina nanoparticles on the tensile strength of carbon
nanotubes. [ Carbon, 118, (2017), 339-342 ] Tatsuhito Kimura,
Hideaki Suzuki, Mei Zhang, Go Yamamoto, Toshiyuki Hashida,
Kenichi Motomiya, Kazuyuki Tohji, Yoshinori Sato

@ Low-power-consumption flat-panel light-emitting device
driven by field-emission electron source using high-
crystallinity single-walled carbon nanotubes. [ Japanese
Journal of Applied Physics, 56, (2017), 605101 ] Norihiro
Shimoi, Daisuke Abe, Kazuyuki Matsumoto, Yoshinori Sato,
Kazuyuki Tohji
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@ Effect of Silicate Incorporation in Alpha-Tricalcium
Phosphate on Behaviors of Osteoblast-Like Cells. [ Key
Engineering Materials, 720, (2017), 90-94 ] Masanobu
Kamitakahara, Takashi Shirato, Taishi Yokoi, Hideaki Matsubara,
Yasuaki Shibata, Tohru Ikeda
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@ Adsorption of Cd and Zn to the root of Arabidopsis
halleri ssp. gemmifera. [ Proceedings of 14th International
Phytotechnologies Conference, (2017), 68-68 ] Z.-J. Qian1, Y.
Huang, M.-F. Chien, C. Inoue

@ Analysis of stable 1,2-dichlorobenzene-degrading consortia
and two newly isolated degrading strains, Acidovorax sp.
sk40 and Ralstonia sp. sk4l. [ Applied Microbiology and
Biotechnology, 101, (17), (2017), 6821-6828 ] Ge Cui, Mei-Fang
Chien, Koichi Suto, Chihiro Inoue

@ Arsenic, Lead and Cadmium Removal Potential of Pteris
multifida from Contaminated Water and Soil. [ International
Journal of Phytoremediation, in press(2017) ] Farzana Rahman,
Kazuki Sugawara, Yi Huang, Mei-Fang Chien, Chihiro Inoue

@ Biodegradation of crude oil and phenanthrene by heavy
metal resistant Bacillus subtilis isolated from a multi-polluted
industrial wastewater creek. [ International Biodeterioration
& Biodegradation, 120, (2017), 143-151 ] Ganiyu Oladunjoye
Oyetibo, Mei-Fang Chien, Wakako |keda-Ohtsubo, Hitoshi
Suzuki, Oluwafemi Sunday Obayori, Sunday Adekunle
Adebusoye, Matthew Olusaji llori, Olukayode Oladipo Amund,
Ginro Endo

@ Biotechnological remedies for the estuarine environment
polluted with heavy metals and persistent organic pollutants.
[ International Biodeterioration & Biodegradation, 119, (2017),
614-625 ] Ganiyu Oladunjoye Oyetibo, Keisuke Miyauchi, Yi
Huang, Mei-Fang Chien, Matthew Olusoji llori, Olukayode
Oladipo Amund, Ginro Endo

@® Comparative analysis of arsenate reductase gene
expression in two arsenic hyperaccumulator Pferis ferns.
[ Proceedings of 14th International Phytotechnologies
Conference, (2017), 31-31 ] Shujun Wei, Mei-Fang Chien,
Chihiro Inoue

@ Construction of a cell surface engineered yeast aims to
selectively recover molybdenum, a rare metal. [ Solid State
Phenomena, 262, (2017), 421-424 ] Mei-Fang Chien, Naoya
lkeda, Kengo Kubota and Chihiro Inoue

@ Contribution of roots exudates of Arabidpsis halleri
ssp. gemifera for Cd and Zn elution in contaminated soil.
[ Proceedings of 14th International Phytotechnologies

Conference, (2017) ] K. Sugawara, H. Kudo, S. Suzukil, C.
Inoue

@ Higher accumulation capacity of cadmium than zinc by
Arabidopsis halleri ssp. germmifera in the field using different
sowing strategies. [ Plant and Soil, 418, (1), (2017), 165-176 ]
Zhenyi Zhang, Xia Wen, Yi Huang, Chihiro Inoue, Yuting Liang
@ Influence of Temperature on Arsenic Uptake by Pteris
cretica from Hydroponic Solution. [ Proceedings of 14th
International Phytotechnologies Conference, (2017), 76-76 1 F.
Rahman, K. Sugawara, Y. Huang, M.-F. Chien, C. Inoue

@® Visualization of Zinc translocation dynamic in
hyperaccumulator Arabidopsis halleri ssp. gemmifera and non-
accumulator Arabidopsis thaliana. [ Proceedings of 14th
International Phytotechnologies Conference, (2017), 43-43 1.
Huang, ZJ. Qian, MF. Chien, K. Sugawara, N. Suzui, YG. Yin, N.
Kawachi, H. Watabe, N. Kitajima, C. Inoue

@® WBCI11 as a Potential Gene for Cadmium Accumulation/
Transportation in Arabidopsis halleri ssp. gemmifera. [
Proceedings of 14th International Phytotechnologies
Conference, (2017), 31-31 ] C. D. A. Wiyono, M.-F. Chien, C.
Inoue
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@ Adaptation of Social Licence Measurement and Analysis
Techniques for Geothermal Usage and Development.
[ Geothermal Resources Council Transactions, 41, (2017),
613-622 ] Kyle Bahr, Shuntaro Masuda, Hanae Saishu, Hiromi
Kubota and Noriyoshi Tsuchiya

@® Excess water generation during reaction-inducing
intrusion of granitic melts into ultramafic rocks at crustal P-T
conditions in the Sgr Rondane Mountains of East Antarctica.
[ Lithos, 284-285, (2017), 625-641 ] Masaoki Uno, Atsushi
Okamoto, Noriyoshi Tsuchiya

@ Fluid Pocket Generation in Response to Heterogeneous
Reactivity of a Rock Fracture Under Hydrothermal Conditions.
[ Geophysical Research Letters, 44, (2017), 10306-10315 ] A.
Okamoto, H. Tanaka, N. Watanabe, H. Saishu, and N. Tsuchiya
@® Fundamental Study of Flash Fracturing in High
Temperatures Controlled by Depressure Rate. [ Geothermal
Resources Council Transactions, 41, (2017), 956-961 ] Kenta
Takagi, Nobuo Hirano and Noriyoshi Tsuchiya

@ Hydraulic fracturing and permeability enhancement
in granite from subcritical/brittle to supercritical/ductile
conditions. [ Geophysical Research Letters, 44, (2017), 5468-

5475 ] Noriaki Watanabe, Motoki Egawa, Kiyotoshi Sakaguchi,
Takuya Ishibashi, Noriyoshi Tsuchiya

@ Infiltration of prograde Cl-rich fluid into the granulitic
continental crust from a collision zone in East Antarctica
(Perlebandet, Sar Rondane Mountains). [ Lithos, 274-275,
(2017), 73-92 1 Kawakami, T., Higashino, F., Skrzypek, E.,
Satish-Kumar, M., Grantham, G., Tsuchiya, N., Ishikawa, M.,
Sakata, S., Hirata, T.

@® Linking microearthquakes to fracture permeability
evolution. [ Crustal Permeability, Wiley, (2017), 49-64 ] Takuya
Ishibashi, Noriaki Watanabe, Hiroshi Asanuma and Noriyoshi
Tsuchiya

@ Opal-CT in chert beneath the toe of the Tohoku margin and
its influence on the seismic aseismic transition in subduction
zones. [ Geophysical Research Letters, (2017) ] Kameda, J.,
Okamoto, A., Sato, K., Fujimoto, K., Yamaguchi, A., Kimura, G.
@ Potential Candidates of Supercritical Geothermal Reservoir.
[ Geothermal Resources Council Transactions, 41, (2017),
1587-1598 ] Noriyoshi Tsuchiya

@ Potentially exploitable supercritical geothermal resources
in the ductile crust. [ Nature Geoscience, 10, (2), (2017),
140-144 ] NoriakiWatanabe, Tatsuya Numakura, Kiyotoshi
Sakaguchi, Hanae Saishu, Atsushi Okamoto, Steven E.
Ingebritsen and Noriyoshi Tsuchiya

@ Pressure Solution and Permeability Evolution in Fractured
Granite at Elastic and Plastic Deformation Regimes.
[ Geothermal Resources Council Transactions, 41, (2017),
945-955 ] Kohei Saito, Noriaki Watanabe, Atsushi Okamoto,
Noriyoshi Tsuchiya, Takuya Ishibashi and Noriyoshi Tsuchiya
@ Reaction-induced grain boundary cracking and anisotropic
fluid flow during prograde devolatilization reactions within
subduction zones. [ Contributions to Mineralogy and
Petrology, 182, (2017), 75-75 1 Okamoto, A., Shimizu, H.,
Fukuda, J., Muto, J., Okudaira, T.

@ Silica precipitation potentially controls earthquake
recurrence in seismogenic zones. [ Scientific Reports, 7,
(2017) 1 Sash, H., Okamoto, A., Otsabo, M.

@ Tentative identification of diagenetic products of cyclic
biphytanes in sedimentary rocks from the uppermost
Permian and Lower Triassic. [ Organic Geochemistry, 111,
(2017), 144-153 ] Ryosuke Saito, Kunio Kaiho, Masahiro Oba,
Jinnan Tong, Zhong-Qiang Chen, Li Tian, Satoshi Takahashi,
Megumu Fujibayashi
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@ A Study on Development of Planting Soil by Recycling High-
Water Content Mud. [ Proc. of 11th International Symposium
on Advanced Science and Technology in Experimental
Mechanics, (2017) ] Shimpei OSHIMA, Tomoaki SATOMI,
Hiroshi TAKAHASHI

@ A Study on Development of Planting Soil by Recycling High-
Water Content Mud. [ Proc. of 11th International Symposium
on Advanced Science and Technology in Experimental
Mechanics, 1, (2017), USB ] Shimpei OSHIMA, Tomoaki
SATOMI, and Hiroshi TAKAHASHI

@ Development on Constant Low Pressure Direct Box Shear
Test Apparatus and Measurement of Shear Strength of Soil.

[ Proc. of 11th International Symposium on Advanced Science
and Technology in Experimental Mechanics, 1, (2017), USB 1]
Tomoaki SATOMI and Hiroshi TAKAHASHI
@® Improvement of mechanical properties of recycled
aggregate concrete basing on a new combination method
between recycled aggregate and natural aggregate.

[ Construction and Building Materials, 148, (1), (2017), 376-
385 ] Ngoc Kien Bui,Tomoaki Satomi and Hiroshi Takahashi
@ Properties of Recycled Aggregate Concrete after Treated
with Pozzolanic Material under Uniaxial and Triaxial Stress.

[ Proc. of the 7th Vietham/Japan Joint Seminar on Geohazards
and Environmental Issues, 1, (2017), 10349-10359 ] Bui Ngoc
Kien, Tomoaki SATOMI and Hiroshi TAKAHASHI
@ Study on Development of New Fiber-Geopolymer-Stabilized
Soil Method to Improve the Sludge Generated in the Disaster
Sites. [ Proc. of the 7th Vietnam/Japan Joint Seminar on
Geohazards and Environmental Issues, 1, (2017), 10228-
10237 1 Vu Minh Chien, Tomoaki Satomi, Hiroshi Takahashi
and Le Anh Tuan
@ Study on Effect of Chemical Composition of Geopolymer
to Improve Sludge by Using Fiber Materials. [ Advanced
Experimental Mechanics, 2, (2017), 168-173 ] Vu Minh Chien,
Tomoaki SATOMI, Hiroshi TAKAHASHI
@ Study on Effect of Corn Silk Fiber in Soil Stabilization.

[ Proceedings of the 4th Congrés International de
Géotechnique - Quvrages -Structures, 1, (2017), 571-
579 1 TRAN QUANG KHIEM, TOMOAKI SATOMI, HIROSHI
TAKAHASHI
@ Study on Fluorine Insolubilization of Paper Sludge

Ash by Using Bone Char for Soil Improvement. [ Proc. of
11th International Symposium on Advanced Science and
Technology in Experimental Mechanics, 1, (2017), USB ]
Tatsuru SAKURAI, Tomoaki SATOMI and Hiroshi TAKAHASHI
@ Study on Improvement of High Water Content Sludge by
using Paper Sludge Ash. [ Proc. of the 7th Vietnam/Japan
Joint Seminar on Geohazards and Environmental Issues, T,
(2017), 10259-10264 ] Tatsuru SAKURAI, Tomoaki SATOMI
and Hiroshi TAKAHASHI

@® Study on Recycling Method of Waste Gypsum Board
Paper: Application of Waste Gypsum Board Paper for Soil
Improvement. [ Proc. of 11th International Symposium on
Advanced Science and Technology in Experimental Mechanics,
1, (2017), USB ] Yusuke IMAMURA , Tomoaki SATOMI and
Hiroshi TAKAHASHI

@ Study on Recycling of High Water Content Sludge as
Banking Materials. [ Proc. of the 7th Vietnam/Japan Joint
Seminar on Geohazards and Environmental Issues, 1, (2017),
10288-10296 ] Kazuya OGATA, Tomoaki SATOMI and Hiroshi
TAKAHASHI

@® Study on recycling of waste asphalt blocks containing
roadbed materials using new screenless separation equipment
with a vibration device. [ International Journal of Pavement
Research and Technology, 10, (3), (2017), 228-244 ] Milkos
Borges Cabrera, Tomoaki Satomi, Hiroshi Takahashi

@ Study on Reducing the Soil Content in Grizzly-under-
Materials Discharged from Recycling Plant. [ Proc. of the
1st Joint Seminar on Landslide, Flood Disasters and the
Environmental Issues, 1, (2017), 10259-10270 ] Milkos Borges
CABRERA, Tomoaki SATOMI and Hiroshi TAKAHASHI

@® Study on Reducing the Soil Content in Grizzly-under-
Materials Discharged from Recycling Plant of Waste Asphalt
Blocks. [ Proc. of the 8th International COnference on
Materials for Resources, 1, (2017), 301-306 ] Milkos Borges
CABRERA Tomoaki SATOMI and Hiroshi TAKAHASHI

@® Study on Sludge Recycling with Compaction Type and
Placing Type by Rice Husk-Cement-Stabilized Soil Method.

[ Advanced Experimental Mechanics, 2, (2017), 159-167 ] Phan
Thanh Chien, Tomoaki SATOMI and Hiroshi TAKAHASHI

® STUDY ON STRENGTH AND DURABILITY
CHARACTERISTICS OF SLUDGE REINFORCED BY RICE
STRAW FIBER AND CEMENT. [ Proc. of the 1st Joint Seminar
on Landslide, Flood Disasters and the Environmental Issues,
(2017), 10228-10238 ] Phan Thanh Chien, Tomoaki Satomi and
Hiroshi Takahashi

@ Study on strength behavior of cement stabilized sludge
reinforced with waste cornsilk fiber. [ International Journal
of GEOMATE, 13, (39), (2017), 140-147 ] Khiem Quang Tran,
Tomoaki Satomi, Hiroshi Takahashi

@ Study on Strength Characteristics of Fiber-Cement-
Srabilized Soils Containing Granulated Materials Made of
Rubbles. [ Proc. of the 7th Vietnam/Japan Joint Seminar
on Geohazards and Environmental Issues, 1, (2017), 10319-
10329 ] Kota MATSUSHIMA, Tomoaki SATOMI and Hiroshi
TAKAHASHI

@ Study on strength characteristics of sludge reinforced by
rice straw fiber and cement. [ Proc. of the 8th International
COnference on Materials for Resources, 1, (2017), 290-294 ]
Phan Thanh CHIEN, Tomoaki SATOMI, and Hiroshi TAKAHASHI
@ Study on Strength Characteristics of Sludge Reinforced
by Rice Straw Fiber and Cement in Mekong Delta. [ Proc. of
the 7th Vietnam/Japan Joint Seminar on Geohazards and
Environmental Issues, 1, (2017), 10380-10386 ] Phan Thanh
CHIEN, Tomoaki SATOMI and Hiroshi TAKAHASHI

@ Study on Strength of Modified Sludge Produced By Fiber-
Cement Stabilized Soil Method Using Several Kinds of Fiber
Materials. [ Proceedings of the 4th Congrés International de
Géotechnique - Ouvrages -Structures, 1, (2017), 580-587 ]
DUONG THANH NGA , TOMOAKI SATOMI, HIROSHI TAKAHASHI
@ Study on Weak Soil Improvement by Using Geopolymer and
Paper Fragments. [ Proc. of the 8th International Conference
on Materials for Resources, 1, (2017), 295-300 ] Vu Minh
CHIEN, Tomoaki SATOMI, Hiroshi TAKAHASHI and Le Anh
Tuan

@ The Application of Fly Ash from Thermal Power Plant
on Geopolymer Materials. [ Proc. of the 8th International
COnference on Materials for Resources, 1, (2017), 50-53 ] Anh
Tuan LE, Tan Khoa NGUYEN and Hiroshi TAKAHASHI
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@ Changes in In-situ Rock Stress Before and After the Major
2011 Tohoku-Oki Earthquake. [ Procedia Engineering, 191,
(2017), 768-775 ] Kiyotoshi Sakaguchi, Tatsuya Yokoyama

@ Hydraulic fracturing and permeability enhancement
in granite from subcritical/brittle to supercritical/ductile
conditions. [ Geophysical Research Letters, 44, (2017), 5468-
5475 1 N. Watanabe, M. Egawa, K. Sakaguchi, T. Ishibashi, N.
Tsuchiya

@ Potentially exploitable supercritical geothermal resources in
the ductile crust. [ Nature Geoscience, 10, (2), (2017), 140-144
] Noriaki Watanabe, Tatsuya Numakura, Kiyotoshi Sakaguchi,

Hanae Saishu, Atsushi Okamoto, Steven E. Ingebritsen,
Noriyoshi Tsuchiya

@ Re-Openning and Shut-in Behaviours under a Large Ratio
of Principal Stresses in a Hydraulic Fracturing Test. [ Procedia
Engineering, 191, (2017), 862-868 ] Tatsuya Yokoyama,
Kiyotoshi Sakaguchi, Takatoshi Ito

@ Stress buildup and drop in inland shallow crust caused by
the 2011 Tohoku-oki earthquake events. [ Scientific Reports,
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@ Application of in-situ Raman scattering spectroscopy for
stress condition measurement in solid oxide fuel cells.

[ JOURNAL OF THE CERAMIC SOCIETY OF JAPAN, 125, (4),
(2017), 213-217 ] Fumitada Iguchi, Shoma Onuki, Makoto
Shimizu, Tatsuya Kawada, Hiroo Yugami

@ Bulk- and Powder Surface Exchange Coefficients of (La,Sr)
Co0s.4. [ ECS Transactions, 75, (42), (2017), 69-74 ] Hiroshi
Chiba, Keiji Yashiro, Shin-ichi Hashimoto, Tatsuya Kawada

@ Contribution of Triple-Phase Boundary Reaction in Cathodic
Reaction of Solid Oxide Fuel Cell. [ ECS Transactions, 78, (1),
(2017), 847-853 ] Yoshinobu Fujimaki, Keita Mizuno, Yuta
Kimura, Takashi Nakamura, Katherine Develos- Bagarinao,
Katsuhiko Yamaji, Keiji Yashiro, Tatsuya Kawada, Fumitada
Iguchi, Hiroo Yugami, and Koji Amezawa

@ Effect of a (La,Sr)2Co04 phase on the oxygen exchange
reaction of dense and porous (La,Sr)CoOs electrodes. [ ECS
Transactions, 77, (10), (2017), 9-14 ] T. Kawada, K. Yashiro, S. I.
Hashimoto, K. Amezawa

@ Electronic conduction mechanism and defect chemical
model of LaNiosFeo0sOs.s. [ SOLID STATE IONICS, 310,
(2017), 148-153 ] R. A. Budiman, H. J. Hong, S. Hashimoto, T.
Nakamura, K. Yamaji, K. Yashiro, K. Amezawa, T. Kawada

@ Evaluation of electrical conductivity and oxygen diffusivity
of the typical Ruddlesden-Popper oxide SrsFe207.s.

[ CERAMICS INTERNATIONAL, 43, (18), (2017), 16264-16269
1 Yihan Ling, Tianmin Guo, Xiaozhen Zhang, Riyan Achmad
Budiman, Yoshinobu Fujimaki, Takashi Nakamura, Bin Lin,
Tatsuya Kawada,Koji Amezawa,

@ Materials Properties for the Simulation of Electro-Chemo-
Mechanical Coupling Behavior of SOFC. [ ECS Transactions,
78, (1), (2017), 2309-2316 ] Koji Amezawa, Yusuke Shindo,
Yoshinobu Fujimaki, Yuta Kimura, Takashi Nakamura, Fumitada
Iguchi, Keiji Yashiro, Hiroo Yugami, and Tatsuya Kawada

@ Mechanical Strength Evaluation of YSZ, GDC and LSCF
under SOFC Operating Conditions. [ ECS Transactions, 78,
(1), (2017), 2181-2190 ] Satoshi Watanabe, Kazuhisa Sato,
Fumitada Iguchi, Keiji Yashiro, Toshiyuki Hashida, Tatsuya
Kawada
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@ Mechanism of Chromium Poisoning in SOFC Cathode
Investigated by Using Pattern Thin Film Model Electrode.

[ ECS Transactions, 78, (1), (2017), 965-970 ] Koji Amezawa,
Yusuke Shindo, Yoshinobu Fujimaki, Yuta Kimura, Takashi
Nakamura, Fumitada Iguchi, Keiji Yashiro, Hiroo Yugami, and
Tatsuya Kawada

@ Numerical simulations of non-stationary distributions
of electrochemical potentials in SOFC. [ ENGINEERING
COMPUTATIONS, 34, (6), (2017), 1956-1988 ] Mayu
Muramatsu, Keiji Yashiro, Tatsuya Kawada, Kenjiro Tarada

@ Operando Soft X-ray Absorption Spectroscopic Study on a
Solid Oxide Fuel Cell Cathode during Electrochemical Oxygen
Reduction. [ CHEMSUSCHEM, 10, (9), (2017), 2008-2014 ]
Takashi Nakamura, Ryo Oike, Yuta Kimura, Yusuke Tamenori,
Tatsuya Kawada, Koji Amezawa

@® Oxygen reduction reaction process of LaNiosFeo4Os.
s film - porous Ceo9Gdo101.95 heterostructure electrode. [
SOLID STATE IONICS, 312, (2017), 80-87 1 R. A. Budiman,
S. Hashimoto, T. Nakamura, K. Yashiro, K. D. Bagarinao, H.
Kishimoto, K. Yamaji, T. Horita, K. Amezawa, T. Kawada

@ Recent Achievements of NEDO Durability Project with an
Emphasis on Correlation Between Cathode Overpotential
and Ohmic Loss. [ FUEL CELLS, 17, (4 Sl), (2017), 473-497 ]
H. Yokokawa, Y. Hori, T. Shigehisa, M. Suzuki, S. Inoue, T. Suto,
K. Tomida, M. Shimazu, A. Kawakami, H. Sumi, M. Ohmori, N.
Mori, T. Iha, K. Yamaji, H. Kishimoto, K. Develos-Bagarinao,
K. Sasaki, S. Taniguchi, T. Kawada, M. Muramatsu, K. Terada,
K. Eguchi, T. Matsui, H. Iwai, M. Kishimoto, N. Shikazono, Y.
Mugikura, T. Yamamoto, M. Yoshikawa, K. Yasumoto, K. Asano,
Y. Matsuzaki, S. Amaha, T. Somekawa

@ Self-modification of Ni Metal Surfaces with CeO: to
Suppress Carbon Deposition at Solid Oxide Fuel Cell
Anodes. [ FUEL CELLS, 17, (3), (2017), 402-406 ] J. Kubota,
S. Hashimoto, T. Shindo, K. Yashiro, T. Matsui, K. Yamaji, H.
Kishimoto, T. Kawada

@® Simulation Technology on SOFC Durability With an
Emphasis on Conductivity Degradation of ZrO:-Base
Electrolyte. [ JOURNAL OF ELECTROCHEMICAL ENERGY
CONVERSION AND STORAGE, 14, (1 SI), (2017), 11004- ]
Harumi Yokokawa, Haruo Kishimoto, Taro Shimonosono,
Katsuhiko Yamaji, Mayu Muramatsu, Kenjiro Terada, Keiji
Yashiro, Tatsuya Kawada

@ The influence of crystal orientation on the change in Li
chemical potential of LiCoO2z under mechanical stress.

[ SOLID STATE IONICS, 299, (SI), (2017), 8-12 ] Mahunnop
Fakkao, Yuta Kimura, Keita Funayama, Takashi Nakamura,
Naold Kuwata, Junichi Kawamura, Tatsuya Kawada, Koji
Amezawa

@ The Origin of Instability of Lanthanum Strontium Cobalt
Ferrite (La-Sr-Co-Fe-0O; LSCF) under Oxygen Potential
Gradient. [ ECS Transactions, 75, (28), (2017), 1-9 ] Xingwei
Wang, Takamichi Miyazaki, Keiji Yashiro, Shinichi Hashimoto,
Tatsuya Kawada

@ Triple Phase Boundary Reaction in a Mixed-Conducting

SOFC Cathode. [ ECS Transactions, 77, (10), (2017), 41-47 1 K.
Amezawa, Y. Fujimaki, K. Mizuno, Y. Kimura, T. Nakamura, K.
Nitta, Y. Terada, F. Iguchi, K. Yashiro, H. Yugami, T. Kawada
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@ Development of a predictive model for lead, cadmium and
fluorine soil water partition coefficients using sparse multiple
linear regression analysis. [ Chemosphere, 186, (2017), 501-
509 ] Kengo Nakamura, Tetsuo Yasutaka, Tatsu Kuwatani,
Takeshi Komai

@ Effect of Acid Injection during Partial-oxidation and Heating
Process as an Enhanced Gas Recovery from Methane Hydrate
Reservoir. [ The 23rd Formation Evaluation Symposium of
Japan, (2017) ] Fuyuki Kaneko, Kengo Nakamura, Yasuhide
Sakamoto, Noriaki Watanabe, Takeshi Komai

@ Fluid pocket generation in response to heterogeneous
reactivity of a rock fracture under hydrothermal conditions.
[ Geophysical Research Letters, 44, (2017) 1 A. Okamoto, H.
Tanaka, N. Watanabe, H. Saishu, N. Tsuchiya

@ Fracture network created by 3D printer and its validation
using CT images. [ Water Resources Research, (2017),
WRCR22779 ] A. Suzkuki, N. Watanabe, K. Li, R. Horne

@ Health Risk Assessment Model of 1,4-Dioxane Based on
Physical and Chemical Properties of Soils. [ Oroceedings
of the 14th International Symposium on Persistent Toxic
Substances, 14, (2017), 241-248 ] Takeshi Komai, Haruki Ito,
Kengo Nakamura

@ Hydraulic fracturing and permeability enhancement
in granite from subcritical/brittle to supercritical/ductile
conditions. [ Geophysical Research Letters, 44, (2017), 5468-
5475 1 N. Watanabe, M. Egawa, K. Sakaguchi, T. Ishibashi, N.
Tsuchiya

@ Hydraulic fracturing in granite at subcritical/brittle to
supercritical/ductile conditions. [ GRC Transactions, 41, (2017),
910-919 ] T. Ishibashi, N. Watanabe, K. Sakaguchi, N. Tsuchiya
@ Potentially exploitable supercritical geothermal resources
in the ductile crust. [ Nature Geoscience, 10, (2), (2017), 140-
144 1 N. Watanabe, T. Numakura, K. Sakaguchi, H. Saishu, A.
Okamoto, S. E. Ingebritsen, N. Tsuchiya

@ Pressure solution and permeability evolution in fractured
granite at elastic and plastic deformation regimes. [ GRC
Transactions, 41, (2017), 945-955 ] K. Saito, N. Watanabe, A.
Okamoto, N. Tsuchiya, T. Ishibashi, H. Saishu

@ Stress buildup and drop in inland shallow crust caused by
the 2011 Tohoku-oki earthquake events. [ Scientific Reports,
(2017), 10242- 10242] K. Sakaguchi, T. Yokoyama, W. Lin, N.
Watanabe

@ Total and Leachable Concentration of Trace Elements in
Soil towards Human Health Risk, Related with Coal Mine in
Jorong, South Kalimantan, Indonesia. [ World Academy of
Science, Engineering and Technology International Journal

of Environmental and Ecological Engineering, 4, (10), (2017)
] Arie Pujiwati, Kengo Nakamura, Noriaki Watanabe, Takeshi
Komai

@ Total and Leachable Concentration of Trace Elements in
Soil towards Human Health Risk, Related with Coal Mine in
Jorong, South Kalimantan, Indonesia. [ International Journal
of Environmental, Chemical, Ecological, Geological and
Geophysical Engineering, 11, (10), (2017), 820-828 ] Arie
Pujiwati, Kengo Nakamura, Noriaki Watanabe, Takeshi Komai
@ v -X-type relative permeability curves for steam-water two-
phase flows in fractured geothermal reservoirs.

[ Geothermics, 65, (2017), 269-279 1 N. Watanabe, T. Kickuchi,
T. Ishibashi, N. Tsuchiya
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@® Current-fluctuation mechanism of field emitters using
metallic single-walled carbon nanotubes with high crystallinity.
[ Applied Sciences, 7 (12), (2017), 1322 ] Norihiro Shimoi,
Kazuyuki Tohji

@® Fate of bisphenol A pyrolysates at low pyrolytic
temperatures. [ Journal of Analytical and Applied Pyrolysis,
125, (2017), 193-200 ] Shogo Kumagai, Shunsuke Ono, Shun
Yokoyama, Tomohito, Kameda, Toshiaki Yoshioka

@ Low-power-consumption flat-panel light-emitting device
driven by field-emission electron source using high-
crystallinity single-walled carbon nanotubes. [ Japanese
Journal of Applied Physics, 56 (6), (2017), 065101 ] Norihiro
Shimoi, Daisuke Abe, Kazuyuki Matsumoto, Yoshinori Sato,
and Kazuyuki Tohji

@ Influence of supported PtPd nanoparticles on the tensile
strength of individual multi-walled carbon nanotubes:
Strength decrease by the interaction of metal and nanotube.
[ RSC Advances, 7, (2017), 49917-49922 ] Hideaki Suzuki,
Tatsuhito Kimura, Go Yamamoto, Toshiyuki Hashida, Kenichi
Motomiya, Kazuyuki Tohji, Yoshinori Sato

@ Is the tensile strength of carbon nanotubes enhanced
by supported materials? : Effect of supported amorphous
alumina nanoparticles on the tensile strength of carbon
nanotubes. [ Carbon, 118, (2017), 339-342 ] Tatsuhito Kimura,
Hideaki Suzuki, Mei Zhang, Go Yamamoto, Toshiyuki Hashida,
Kenichi Motomiya, Kazuyuki Tohji, Yoshinori Sato
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@ Achieving instrument interaction in policy mixes: Types
of complementarities in building energy efficiency policies
in New York, Tokyo, Seoul and Sydney. [ Research Policy, in
press ] Trencher, G., Van der Heijden, J.

@ Adaptation of Social License Measurement and Analysis
Techniques for Geothermal Usage and Development. [ GRC
Transactions, 41, (2017), 613-622 ] Bahr, K., Masuda, S.,
Saishu, H., Kubota, H., & Tsuchiya, N.

@ Agent-based Model coupled with Bayesian Estimation for
Evaluation of Social Acceptance of Geothermal Development.
[ GRC Transactions, 41, (2017), 2056-2067 ] Masuda, S., Bahr,
K., Tsuchiya, N.

@® Alkaline hydrolysis of PVC-coated PET fibers for
simultaneous recycling of PET and PVC. [ J. Mater. Cycles
Waste Manage., 20, (2017), 439-449 ] Kumagai, S. and
Hirahashi, S. and Grause, G. and Kameda, T. and Toyoda, H.
and Yoshioka, T.

@® Implementing Sustainability Co-Creation between
Universities and Society: A Typology-Based Understanding.
[ Sustainability, 9, (4), (2017), 594-594 ] Gregory Trencher,
Masafumi Nagao, Chiahsin Chen, Kentaro Ichiki, Tobai
Sadayoshi, Mariko Kinai, Mio Kamitani, Shojiro Nakamura, Aiko
Yamauchi, Masaru Yarime

@ Solubility parameters for determining optimal solvents for
separating PVC from PVC-coated PET fibers. [ Journal of
Material Cycles and Waste Management, 19, (2017), 612-622 ]
Grause, G., Hirahashi, S., Toyoda, H., Kameda, T., Yoshioka, T.
@® Stretching “smart”: advancing health and well-being
through the smart city agenda. [ Local Environment: The
International Journal of Justice and Sustainability, (2017),
1-18 1 A. Karvonen

@® Thermal decomposition of tetrabromobisphenol-A
containing printed circuit boards in the presence of
calcium hydroxide. [ Journal of Material Cycles and Waste
Management, 19, (2017), 282-293 ] Kumagai, S., Grause, G.,
Kameda, T., Yoshioka, T.
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Assessment of Supply Chains using the Life Cycle Inventory
Database. [ Omega, (2017) 1 Jun NAKATANI, Kiyotaka
TAHARA, Kenichi NAKAJIMA, Ichiro DAIGO, Hideaki
KURISHIMA, Yuki KUDO, Kazuyo MATSUBAE, Yasuhiro
FUKUSHIMA, Tomohiko IHARA, Yasunori KIKUCHI, Asako
NISHIJIMA, Yuichi MORIGUCHI

@ Bottlenecks in material cycle of nickel. [ Matériaux &
Techniques, 104, (610), (2017), 604-604 ] Kenichi Nakajima,
Ichiro Daigo, Kenichi Okada, Shimpei Koike, Keisuke Nansai,
Kazuyo Matsubae, Osamu Takeda and Takahiro Miki

@ Dynamic material flow analysis of nickel and chromium
associated with steel materials by using matrace. [ Matériaux
& Techniques, 104, (610), (2017), 610-610 ] Kentaro Takeyama,
Hajime Ohno, Kazuyo Matsubae, Kenichi Nakajima, Yasushi
Kondo and Tetsuya Nagasaka

@ Global distribution of material consumption: Nickel, Copper,
and Iron. [ Resources, Conservation & Recycling, (2017)
] Kenichi Nakajima, Ichiro Daigo, Keisuke Nansai, Kazuyo
Matsubae, Wataru Takayanagi, Makoto Tomita, Yasunari
Matsuno

@ Global land-use change hidden behind nickel consumption.
[ Science of The Total Environment, 586, (15), (2017), 730-
737 ] Kenichi Nakajima, Keisuke Nansai, Kazuyo Matsubae,
Makoto Tomita, Wataru Takayanagi, Tetsuya Nagasaka
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@ Apiculture knowledge transmission in a changing world:
Can family-owned knowledge be opened?. [ Journal of Ethnic
Foods, 4, (4), (2017), 262-267 ] Uchiyama,U., Matsuoka,H.,
Kohsaka,R.

@ Beekeeping and honey production in Japan and South
Korea: past and present.[ Journal of Ethnic Foods, 4, (2),
(2017), 72-79 ] Kohsaka, R., Park, M. S., Uchiyama, Y.

@ Do historical production practices and culinary heritages
really matter? Food with protected geographical indications
in Japan and Austria. [ Journal of Ethnic Foods, 4, (2), (2017),
118-125 ] Gugerell, K., Uchiyama, Y., Kieninger, P. R., Penker, M.,
Kajima, S., Kohsaka, R.

@ Expectations of residents and tourists of agriculture-
related certification systems: analysis of public perceptions.

[ Journal of Ethnic Foods, 4, (2), (2017), 110-117 ] Uchiyama, Y.,
Tanaka, Y., Matsuoka, H., Kohsaka, R.

@® Fostering cooperation between farmers and public
and private actors to expand environmentally friendly rice
cultivation: intermediary functions and farmers' perspectives.
[ International Journal of Agricultural Sustainability, 15, (5),
(2017), 593-612 ] Kishioka, T., Hashimoto, S., Nishi, M., Saito,0.,
Kohsaka, R.

@ Japanese sake and evolution of technology: A comparative
view with wine and its implications for regional branding and
tourism. [ Journal of Ethnic Foods, 4, (2), (2017), 88-93 ] Sato,
J., Kohsaka, R.

@ Motivation, strategy and challenges of conserving urban
biodiversity in local contexts: Cases of 12 municipalities in
Ishikawa, Japan. Urban Transitions Global Summit 2016.

[ Procedia Engineering, 198, (2017), 212-218 ] Kohsaka,R.,
Uchiyama,Y.

@® Public recognition of traditional vegetables at the
municipal level: Implications for transgenerational knowledge
transmission. [ Journal of Ethnic Foods, 4, (2), (2017), 94-102 ]
Uchiyama, Y., Matsuoka, H., Kohsaka, R.

@ Spatio-temporal analysis of biodiversity, land-use mix and
human population in a socio-ecological production landscape:
A case study in the Hokuriku region, Japan. Urban Transitions
Global Summit 2016. [ Procedia Engineering, 198, (2017), 219-
226 ] Uchiyama, Y., Kohsaka,R.

@ The governance of geographical indications: experiences of
practical implementation of selected case studies in Austria,
Italy, Greece and Japan. [ British Food Journal, 119, (12), (2017),
2863-2879 ] Kizos,T., Kohsaka,R., Penker,M., Piatti,C., Vogl,R.,
Uchiyama,Y.

@® The myth of washoku: a twisted discourse on the
“uniqueness” of national food heritages. [ Journal of Ethnic
Foods, 4, (2), (2017), 66-71 ] Kohsaka, R.

@ Tradition and Japanese vegetables: history, locality,
geography, and discursive ambiguity. [ Journal of Ethnic
Foods, 4, (3), (2017), 198-203 ] Uchiyama,Y., Fujihira,Y.,
Matsuoka,H., Kohsaka,R.
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@ A planar field emission electron source using highly-

crystalline single-walled carbon nanotubes in a triode
structure with under-gate electrodes. [ IDW'17 Proceedings, 1,
(2017), 168-170 ] Shoichi Kumon, Norihiro Shimoi

@ Current-fluctuation mechanism of field emitters using
metallic single-walled carbon nanotubes with high crystallinity.
[ Applied Sciences, 7, (12), (2017), 1322-1322 ] Norihiro
Shimoi, Kazuyuki Tohji

@® Low-power-consumption flat-panel light-emitting device
driven by field-emission electron source using high-
crystallinity single-walled carbon nanotubes. [ Japanese
Journal of Applied Physics, 56, (6), (2017), 65101-65101 ]
Norihiro Shimoi, Daisuke Abe, Kazuyuki Matsumoto, Yoshinori
Sato, and Kazuyuki Tohji

@® Structure and electrochemical properties of a
mechanochemically processed silicon and oxide-based
nanoscale composite as an active material for lithium-ion
batteries. [ Journal of Nanotechnology, 2017, (9289273),
(2017) 1 Norihiro Shimoi, Kazuyuki Tohji

@ Synthesis of anode active material particles for lithium-
ion batteries by surface modification via chemical vapor
deposition and their electrochemical characteristics.

[ Advanced Powder Technology, 28, (9), (2017), 2366-2372 ]
Norihiro Shimoi

@® Synthesis of highly-crystalline single-walled carbon
nanotubes dispersed ink for construction of a planar field
electron emitter. [ The abstract of International conference on
Diamond and Carbon materials 2017, 1, (1), (2017), 259-261 ]
Shoichi Kumon, Norihiro Shimoi
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@® NEGATIVE ELECTRODE ACTIVE MATERIAL FOR LITHIUM
ION SECONDARY BATTERY, METHOD FOR PRODUCING THE
SAME, NEGATIVE ELECTRODE, AND BATTERY [ 2017 £ 3 A
15 HiEFE(15/459,088) 2017 4 6 A 29 HAR (US2017/0187037
A1) 1 Norihiro Shimoi, Kazuyuki Tohji, Yasumitsu Tanaka, Qiwu
Zhang, Hiroyuki Kai

@® FIELD ELECTRON EMISSION FILM, FIELD ELECTRON
EMISSION ELEMENT, LIGHT EMITTING ELEMENT, AND
METHOD FOR PRODUCING SAME [ 2016 £ 10 B W1 &
(201380045316.6), 2017 £ 2 A 28 HE#XZL201380045316.6)]
Norihiro Shimoi, Kazuyuki Tohji, Kensaku Fukuda

@ NEGATIVE ELECTRODE ACTIVE MATERIAL FOR LITHIUM
ION SECONDARY BATTERY, METHOD FOR PRODUCING THE
SAME, NEGATIVE ELECTRODE, AND BATTERY [ 20154 7 H 8
HiiFa (14/793,975), 2015 F£ 11 B 12 BB (20150325853),
2017 F£4 B 25 HE#& (US9,634,327 B2) ] Norihiro SHIMOI,
Kazuyuki TOHJI, Yasumitsu TANAKA, Qiwu ZHANG, Hiroyuki
KAl

@® FIELD ELECTRON EMISSION FILM, FIELD ELECTRON
EMISSION ELEMENT, LIGHT EMITTING ELEMENT, AND
METHOD FOR PRODUCING SAME [ 2015 £ 2 B 28 HHFEPCT/
JP2013/071772), 2017 £ 5 A 3 H & #% (CN 104584178) 1
Norihiro Shimoi, Kazuyuki Tohji, Yasumitsu Tanaka, Hiroyuki
Kai
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@ Acceleration of Carburization and Melting of Reduced

Iron in Iron Ore—Carbon Composite Using Different Types of
Carbonaceous Materials. [ ISIJ International, 57, (11), (2017),
1929-1937 ] Taichi Murakami, Masamu Ohno, Kaori Suzuki,
Kanae Owaki, and Eiki Kasai

@ Development of Iron-Based Heat Storage Materials Utilizing
Solid Phase Transformation for Rapid Carbonization Process
of Biomass. [ 1st International Conference on Energy and
Material Efficiency and CO2z Reduction in the Steel Industry
(EMECR2017), (2017), 120-123 ] Daisuke Maruoka, Hiroki
Tsuneda, Taichi Murakami, and Eiki Kasai

@® Development of Manufacturing Principle of Porous Iron
by Carbothermic Reduction of Composite of Hematite and
Biomass Char. [ Materials Transactions, 58, (12), (2017), 1742-
1748 ] Taichi Murakami, Takayuki Takahashi, Shoko Fuiji, and
Eiki Kasai

@ Effect of Sulfur on Carburization and Melting Behavior of
Iron by CO Gas. [ ISU International, 57, (11), (2017), 1922-1928
] Taichi Murakami, and Kazuhiro Nagata
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@ Effective Utilization of Dust and Sludge Formed in
Ironmaking to Iron Ore Sintering Process. [ 1st International
Conference on Energy and Material Efficiency and CO:
Reduction in the Steel Industry (EMECR2017), (2017), 174-
177 ] Tsubasa Shima, Sanghan Son, Daisuke Maruoka, Taichi
Murakami, and Eiki Kasai
@ Reaction Behaviors of Metallic Iron and Lower Oxides of
Iron in the Sintering Bed. [ Proceeding of 2nd ISIJ-VDEh-
Jernkontoret Joint Symposium, 2, (2017), 253-260 ] Kazuya
Fujino, Taichi Murakami and Eiki Kasai
@ Reduction Mechanism of Carbon Cored Iron Ore Pellet with
CO-CO:2 Gas. [ TIst International Conference on Energy and
Material Efficiency and COz Reduction in the Steel Industry
(EMECR2017), (2017), 190-193 ] Tsuyoshi Saito, Daisuke
Maruoka, Taichi Murakami, and Eiki Kasai
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@® Ground-based measurement of column-averaged mixing
ratios of methane and carbon dioxide in the Sichuan
Basin of China by a desktop optical spectrum analyzer. [ J.
Appl. Remote Sens., 12, (1), (2017) ] Xiu-Chun Qin, Tomoki
Nakayama, Yutaka Matsumi, Masahiro Kawasaki, Akiko Ono,
Sachiko Hayashida, Ryoichi Imasu, Li-Ping Lei, Isao Murata ,
Takahiro Kuroki and Masafumi Ohashi

@® The recent increase of atmospheric methane from 10
years of ground-based NDACC FTIR observations since
2005. [ Atmos. Chem. Phys., 17, (2017), 2255-2277 1 W.
Bader, B. Bovy, S. Conway, K. Strong, D. Smale, A. J. Turner, T.
Blumenstock, C. Boone, M. C. Coen, A. Coulon, O. Garcia, D.
W. T. Griffith, F. Hase, P. Hausmann, N. Jones, P. Krummel, I.
Murata, I. Morino, H. Nakajima, S. O'Doherty, C. Paton-Walsh, J.
Robinson, R. Sandrin, M. Schneider, C. Servais, R. Sussmann
and E. Mahieu
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#HE3Ih, B O3 1T Andreas Richter, Alexei Rozanov, John P.
Burrows
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Rozanov, John P. Burrows
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@ Assessing the effect of predicted climate change on slope
stability in Northern Thailand: A case of Doi Pui. [ International
Journal of GEOMATE, 13, (38), (2017), 38-48 ] Thapthai
Chaithong, Suttisak Soralump, Damrong Pungsuean, Daisuke
Komori

@ Dual phase role of composite adsorbents made from
cockleshell and natural zeolite in treating river water.

[ Journal of King Saud University - Science, (2017) ] Siti Nur
Fatihah Moideen, Mohd Fadhil Md Din, Shahabaldin Rezania,
Mohanadoss Ponraj, Azlan Abd Rahman, Low Wen Pei,
Zulhilmi Ismail, Shazwin Mat Taib, Yu-You Li, Daisuke Komori
@ Feasibility study for a virutous material cycle in Indonesia.
[ Shigen Sozai Koenshu, 4, (2017), No.2 ] Ryuzo Furukawa,
Daisuke Komori, Yasuhiro Fukushima, Guido Grause, Toshiaki
Yoshioka, Mochammad Chaerul, Emenda Sembiring, Enri

Damanhuri, Hadi Kardhana, Mohammada Farid, Herto Dwi
Ariesyady, Yuichiro Fujioka

@ Flood impacts on residential property process in frequently
flooded areas: Evidences from Kanda river basin. [ 15th
International conference on Computers in Urban Planning and
Urban Management, (2017), WedA63 ] Ryo Inoue, Daisuke
Komori

@ Hydrological-Geotechnical model to assess the extreme
rainfall-induced shallow landslides. [ T AZERHXE G (RE) ,
73, (B), (2017), 1_223-1_228 ] Thapthai Chaithong, Daisuke
Komori

@ Investigation on the response of anaerobic membrane
bioreactor to temperature decrease from 25°C to 10°C in
sewage treatment. [ Bioresourcde Technology, 243, (2017),
747-754 1 Ryoya Watanabe, Yulun Nie, Shinichiro Wakahara,
Daisuke Komori, Yu-You Li

@ Landslides and precipitation characteristics during
the typhoon Lionrock in Iwater prefecture, Japan. [ 7th
International conference on GEOMATE, (2017) ] Thapthai
Chaithong, Daisuke Komori, Yoshiya Touge, Yuta Mitobe, Yuto
Sukegawa, Satoshi Anzai

@ Optimum Abstraction of Groundwater for Sustaining
Groundwater Level and Reducing Irrigation Cost. [ Water
Resiour Management, 31, (2017), 1947-1959 ] Golam Saleh
Ahmed Salem, So Kazama, Daisuke Komori, Shamsuddin
Shahid, Nepal C. Dey

@® Submerged anaerobic membrane bioreactor (SAnMBR)
performance on sewage treatment: removal efficiencies,
biogas production and membrane fouling. [ Water Science &
Technology, 76, (7), (2017), wast2017240 ] Rong Chen, Yulun
Nie, Jiayuan Ji, Tetsuya Utashiro, Qian Li, Daisuke Komor, Yu-
You Li
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@ Adsorption isotherms and kinetics of arsenic removal

from aqueous solution by Mg-Al layered double hydroxide
intercalated with nitrate ions. [ Reaction Kinetics, Mechanisms
and Catalysis, 120, (2017), 703-714 ] Mir Tamzid Rahman,
Tomohito Kameda, Shogo Kumagai, Toshiaki Yoshioka

@ Alkaline hydrolysis of PVC-coated PET fibers for
simultaneous recycling of PET and PVC. [ Journal of Material
Cycles and Waste Management, 20, (2017), 439-449 ] Shogo
Kumagai, Suguru Hirahashi,Guido Grause, Tomohito Kameda,
Hiroshi Toyoda, Toshiaki Yoshioka

@® Aromatic hydrocarbon selectivity as a function of CaO
basicity and aging during CaO-catalyzed PET pyrolysis using
tandem p-reactor-GC/MS. [ Chemical Engineering Journal,
332, (2017), 169-173 ] Shogo Kumagai, Ryota Yamasaki,
Tomohito Kameda, Yuko Saito, Atsushi Watanabe, Chuichi
Watanabe, Norio Teramae, Toshiaki Yoshioka

@ Diagnosing chlorine industrial metabolism by evaluating
the potential of chlorine recovery from polyvinyl chloride
wastes—A case study in Japan. [ Resources, Conservation
and Recycling, (2017) 1 Shogo Kumagai, Jiaqi Lu, Yasuhiro
Fukushima, Hajime Ohno, Tomohito Kameda, Toshiaki
Yoshioka

@ Effectiveness of Mg-Al-layered double hydroxide for heavy
metal removal from mine wastewater and sludge volume
reduction. [ International Journal of Environmental Science
and Technology, (2017) ] Mir Tamzid Rahman, Tomohito
Kameda, Shogo Kumagai, Toshiaki Yoshioka

@ Effects of hard- and soft-segment composition on
pyrolysis characteristics of MDI, BD, and PTMG-based
polyurethane elastomers. [ Journal of Analytical and Applied
Pyrolysis, 126, (2017), 337-345 ] Shogo Kumagai, Suguru
Motokucho,Ryosuke Yabuki, Airi Anzai, Tomohito Kameda,
Atsushi Watanabe, Hisayuki Nakatani, Toshiaki Yoshioka

@ Equilibrium studies of the adsorption of aromatic
disulfonates by Mg-Al oxide. [ Journal of Physics and
Chemistry of Solids, 114, (2017), 129-132 ] Tomohito
Kameda,Mami Umetsu,Shogo Kumagai,Toshiaki Yoshioka

@® Fate of bisphenol A pyrolysates at low pyrolytic
temperatures. [ Journal of Analytical and Applied Pyrolysis,
125, (2017), 193-200 ] Shogo Kumagai, Shunsuke Ono, Shun
Yokoyama, Tomohito Kameda, Toshiaki Yoshioka

@ Kinetics and Equilibrium Studies of Urea Adsorption
Onto Activated Carbon: Adsorption Mechanism. [ Journal of
Despersion Science and Technology, 38, (7), (2017), 1063-
1066 ] Tomohito Kameda, Saya Ito,Toshiaki Yoshioka
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@® Kinetics and equilibrium studies on the uptake of Nd**
by Zn-Al layered double hydroxide intercalated with
triethylenetetramine-hexaacetic acid. [ Materials Chemistry
and Physics, 191, (2017), 96-98 ] Tomohito Kameda, Tetsu
Shinmyou, Toshiaki Yoshioka

@® New principals on the adsorption of alkyl compound by
Mg-Al oxied:Adsorption kinetics and equilibrium studies. [
Colloids and Surfaces A:Physicochemical and Engineering
Aspects, 513, (5), (2017), 348-354 ] Tomohito Kameda, Mami
Umetsu, Shogo Kumagai, Toshiaki Yoshioka

@ Removal of boron and fluoride in wastewater using Mg-
Al layered double hydroxide and Mg-Al oxide. [ Journal of
Environmental Management, 188, (2017), 58-63 ] Tomohito
Kameda, Jumpei Oba, Toshiaki Yoshioka

@® Removal of toxic HCN and recovery of Hz-rich syngas
via catalytic reforming of product gas from gasification of
polymide over Ni/Mg/Al catalysts. [ Journal of Analytical and
Applied Pyrolysis, 123, (2017), 330-339 ] Shogo Kumagai,
Tomoyuki Hosaka, Tomohito Kameda, Toshiaki Yoshioka

@ Simultaneous removal of CI" and SO4+* from seawater using
Mg-Al oxide: kinetics and equilibrium studies. [ Applies Water
Science, 7, (1), (2017), 129-136 1 Tomohito Kameda, Jumpei
Oba, Toshiaki Yoshioka

@ Solubility parameters for determining optimal solvents for
separating PVC from PVC-coated PET fibers. [ Journal of
Material Cycles and Waste Management, 19, (2), (2017), 612-
622 ] Guido Grause,Suguru Hirahashi,Hiroshi Toyoda,Tomohito
Kameda,Toshiaki Yoshioka

@® Tandem u-reactor-GC/MS for online monitoring of
aromatic hydrocarbon production via CaO-catalysed PET
pyrolysis. [ Reaction Chemistry & Engineering, 2, (5), (2017),
776-784 1 Kumagai, R.Yamasaki, T.Kameda, Y.Saito,A.
Watanabe, N.Teramae, T.Yoshioka

@® Thermal deconposition of tetrabromobisphenol-A
containing printed circuit boards in the presence of
calsium hydroxide. [ Journal of Material Cycles and Waste
Management, 19, (1), (2017), 282-293 ] Shogo Kumagai, Guido
Grause, Tomohito Kameda, Toshiaki Yoshioka
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@ Capillary Electrophoretic Separation of cis/trans Isomers of
Bis(o-diiminobenzoquinonato) platinum(ll) Complexes Using B
-Cyclodextrins as the Selector. [ New J. Chem., 41, (14), (2017),
7605-7612 ] Atsuko Masuya-Suzuki, Takumi Hayashi, Kousaku
Tamura and Nobuhiko ki
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® Amperometric detection of apoptosis using
p-methoxyaniline conjugated substrate for caspase-3.. [
ChemeElectroChem, 4, (2017), 941-946 ] Sun Sixiang, Kumi
Y. Inoue, Shusaku Shiomoto, Shinichiro Takano, Kosuke Ino,
Hitoshi Shiku, and Tomokazu Matsue.

@ Continuous collection and simultaneous detection of
picolitter volume of nucleic acid samples using mille-feuille
probe. [ Anal. Bioanal. Chem., 409, (2017), 961-969 ] Hidenori
Ito, Motoki Tanaka, Yuanshu Zhou, Yuji Nashimoto, Yasufumi
Takahashi, Kosuke Ino, Tomokazu Matsue, Hitoshi Shiku

@ Electrochemical Motion Tracking of Microorganisms Using
a Large-Scale-Integration-Based Amperometric Device. [
Angew. Chem. Int. Ed., 56, (2017), 1-6 ] Kosuke Ino, Yusuke
Kanno, Kumi Y. Inoue, Atsushi Suda, Ryota Kunikata, Masahki
Matsudaira, Hitoshi Shiku, and Tomokazu Matsue.
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@ Adsorption equilibria of rhodium acetylacetonate with
MCM-41, MSU-H, and HMS silica substrates in supercritical
carbon dioxide for preparing catalytic mesoporous materials.
[ Journal of Supercritical Fluids, 120, (2017), 240-248 ] Ushiki,

l., Takahashi, N., Shimizu, T., Sato, Y., Ota, M., Smith, R.L.,
Inomata, H.

@ Aspects of solvent polarity and solvent properties in
developing efficient systems for processing biomass with
ionic liquid mixtures and supercritical COz. [ Journal of
Supercritical Fluids, (2017) ] Hiraga, Y., Duereh, A., Smith, R.L.
@ Black liquor-derived porous carbons from rice straw for
high-performance supercapacitors. [ Chemical Engineering
Journal, 316, (2017), 770-777 1 Zhu, L., Shen, F,, Smith, R.L.,
Yan, L., Li, L., Qi, X.

@ Continuous process for HMF production from cellulose
with ionic liquid ([BmIm]CI)-water mixtures. [ Nihon Enerugi
Gakkaishi/Journal of the Japan Institute of Energy, (2017) ]
Watanabe, M., Matsuda, S., Kitajima, H., Smith, R.L.

@® Controlled Conversion of Proteins into High-Molecular-
Weight Peptides without Additives with High-Temperature
Water and Fast Heating Rates. [ ACS Sustainable Chemistry &
Engineering, , (2017), 7709-7715 ] T.M. Aida, M. Oshima, R.L.
Smith Jr

® Corrigendum to ‘Nutrient recycle from defatted
microalgae (Aurantiochytrium) with hydrothermal treatment
for microalgae cultivation. [ Bioresource and Technology,
(2017), 186-192 1 T.M. Aida, R. Maruta, Y. Tanabe, M. Oshima,
T. Nonaka, H. Kujiraoka, Y. Kumagai, M. Ota, |. Suzuki, M.M.
Watanabe, H. Inomata, R.L. Smith Jr.

@® Does Synergism in Microscopic Polarity Correlate with
Extrema in Macroscopic Properties for Aqueous Mixtures of
Dipolar Aprotic Solvents?. [ Journal of Physical Chemistry B,
121, (24), (2017), 6033-6041 ] Duereh, A., Sato, Y., Smith, R.L.,
Inomata, H., Pichierri, F.

@ Eco-friendly Method for Efficient Conversion of Cellulose
into Levulinic Acid in Pure Water with Cellulase-Mimetic Solid
Acid Catalyst. [ ACS Sustainable Chemistry and Engineering, 5,
(3), (2017), 2421-2427 ] Shen, F, Smith, R.L,, Li, L., Yan, L., Qi, X.
@ Efficient conversion of fructose into 5-ethoxymethylfurfural
with hydrogen sulfate ionic liquids as co-solvent and catalyst.
[ Chemical Engineering Journal, 314, (2017), 508-514 1 Guo, H.,
Qi, X., Hiraga, Y., Aida, T.M., Smith, R.L.

@ Extraction of Qil from Microalgae using Supercritical
Carbon Dioxide and lonic Liquids. [ The 5th International
Symposium & Exhibition of Aqua Science and Water
Resources (ISASWR'17), (2017) 1 Taku Michael Aida, Taiga
Watanabe, Kenta Ozawa, Richard L. Smith, Jr.

@ High pressure densities for mixed ionic liquids having
different functionalities: 1-butyl-3-methylimidazolium chloride
and T1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)
imide. [ Journal of Chemical Thermodynamics, 108, (2017),
7-17 1 Hiraga, Y., Koyama, K., Sato, Y., Smith, R.L.

@ High-Performance Supercapacitor Electrode Materials
from Chitosan via Hydrothermal Carbonization and Potassium
Hydroxide Activation. [ Energy Technology, 5, (3), (2017), 452-
460 ] Zhu, L., Shen, F,, Smith, R.L., Qi, X.

@ Hydrothermal Leaching of LiCoO: with Sulfuric Acid, Nitric
Acid, and Citric Acid. [ Kagaku kougaku ronbunshu, (2017) ] T.
Aikawa, M. Watanabe, T.M. Aida, R.L. Smith Jr.

@ Hydrothermal separation of lignin from bark of Japanese
cedar. [ Journal of Supercritical Fluids, (2017) ] Watanabe, M.,
Kanaguri, Y., Smith, R.L.

@® Measurement and correlation of flavanone, tangeritin,
nobiletin, 6-hydroxyflavanone and 7-hydroxyflavone
solubilities in supercritical CO2. [ Journal of Supercritical
Fluids, 128, (2017), 166-172 ] Ota, M., Sato, M., Sato, Y., Smith,
R.L., Inomata, H.

@ Measurement and modeling of adsorption equilibria of
imidazolium-based ionic liquids on activated carbon from
aqueous solutions. [ Fluid Phase Equilibria, 441, (2017), 17-23 ]
Ushiki, I., Tashiro, M., Smith, R.L.

@ Measurement of high pressure densities and atmospheric
pressure viscosities of alkyl phosphate anion ionic liquids and
correlation with the € *-modified Sanchez-Lacombe equation
of state. [ Journal of Chemical Thermodynamics, 104, (2017),
73-81 ] Hiraga, Y., Goto, M., Sato, Y., Smith, R.L.

@ Methodology for replacing dipolar aprotic solvents used in
API processing with safe hydrogen-bond donor and acceptor
solvent-pair mixtures. [ Organic Process Research and
Development, 21, (1), (2017), 114-124 ] Duereh, A., Sato, Y.,
Smith, R.L., Inomata, H.

@® Nutrient recycle from defatted microalgae
(Aurantiochytrium) with hydrothermal treatment for
microalgae cultivation. [ Bioresource Technology, 228,
(2017), 186-192 ] Aida, T.M., Maruta, R., Tanabe, Y., Oshima,
M., Nonaka, T., Kujiraoka, H., Kumagai, Y., Ota, M., Suzuki, I.,
Watanabe, M.M., Inomata, H., Smith, R.L.

@ Perfect recycle and mechanistic role of hydrogen sulfate
ionic liquids as additive in ethanol for efficient conversion
of carbohydrates into 5-ethoxymethylfurfural. [ Chemical
Engineering Journal, 323, (2017), 287-294 ] Ota, M., Sato, M.,
Sato, Y., Smith, R.L., Inomata, H.

@® Porous carbonaceous materials from hydrothermal
carbonization and KOH activation of corn stover for
highly efficient CO2 capture. [ Chemical Engineering
Communications, (2017) 1 F. Shen, Y. Wang, L. Li, K. Zhang, R.L.
Smith Jr, X. Qi

@ Production of virgin coconut oil microcapsules from oil-
in-water emulsion with supercritical carbon dioxide spray
drying. [ The Journal of Supercritical Fluids, , (2017), 118-124
1 YY. Hee, C.P. Tan, R.A. Rahman, M. Noranizan, R.L. Smith Jr,
G.H. Chong

@ Quantitative chemocatalytic production of lactic acid from
glucose under anaerobic conditions at room temperature. [
Green Chemistry, 19, (1), (2017), 76-81 ] Li, L., Shen, F., Smith,
R.L., Qi, X.

@ Stability of 5-hydroxymethylfurfural in the mixture of
hydrogen sulfate ionic liquid and ethanol. [ ISASWR'17 5th
International Symposium & Exhibition on Aqua Science and
Water Resources, (2017) 1 Haixin Guo, Alif Duereh, Taku M.
Aida, Richard L. Smith, Jr.

@ Synthesis of ferroelectric K1-xNaxNb1-yTayOs nanoparticles
using a supercritical water flow system. [ Journal of
Supercritical Fluids, 123, (2017), 101-108 ] Okada, K., Hayashi,
H., Takesue, M., Watanabe, M., Smith, R.L.

@ Vapor-liquid distribution coefficients of hops extract in high
pressure CO2 and ethanol mixtures and data correlation with
entropy-based solubility parameters. [ Fluid Phase Equilibria,
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434, (2017), 44-48 ] Ota, M., Sugahara, S., Sato, Y., Smith, R.L.,
Inomata, H.
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@ Production of Platform Chemicals from Sustainable
Resources. [ Springer Nature, (2017) ] Fang, Zhen, Smith, Jr.,
Richard L., Qi, Xinhua

@ Production of Biofuels and Chemicals with Bifunctional
Catalysts. [ Springer Nature, (2017) ] Fang, Zhen, Smith, Jr.,
Richard L., HuLi

@BERFRAZAWVSEREINTIIM, R BERFIAEHs (BE
HLED) IR 1 25 &1 H EYEROSESEKLE . [ =
#t CMC Hihi, (2017) ] 1HH=E, EEE XIX UFv—NK

ERME 7Ot RAE2E

(]

@ A numerical study on the dissolution process of InGaSb
under zero gravity. [ International Journal of Microgravity
Science and Applications, 34, (2017), 340206 ] X. Jin, T.
Yamamoto, Y. Takagi, Y. Okano, Y. Inatomi, Y. Hayakawa, S.
Dost

@ Global simulation of the induction heating TSSG process
of SiC for the effects of Marangoni convection, free surface
deformation and seed rotation. [ Journal of Crystal Growth,
470, (2017), 75-88 ] T. Yamamoto, Y. Okano, T. Ujihara, S. Dost
@ Investigation of Phosphorus-Containing Compounds in
Aluminum Alloys with Emphasis on the Formation Mechanism.
[ Materials Science Forum, 877, (2017), 132-138 ] Sergey
Komarov and Kazuki Miyamoto

@ Mechanical plating of AI/CNT composite coatings on
aluminum substrates. [ Journal of Alloys and Compounds,
707, (2017), 238-244 1 R.S. Khasenova, S.V. Komarov, V.Yu.
Zadorozhnyy

@ Model experimental study on Cs removal from clay minerals
by ion exchange under microwave irradiation.

[ Chemical Engineering and Processing: Process
Intensification, 115, (1), (2017), 56-62 1 N. Yoshikawa, S.
Mikoshiba, T. Sumi, S. Taniguchi

@® Molecular dynamics simulation of atomic-scale solutal
Marangoni convection. [ AJChE, 17, (2017), 73-81 1 Y. Imai, T.
Yamamoto, Y. Okano, R. Sato, Y. Shigeta

@® Nanosized zero-valent iron as Fenton-like reagent for
ultrasonic-assisted leaching of zinc from blast furnace
sludge. [ Journal of Hazardous Materials, 321, (2017), 557-
565 ] Ivan Mikhailov, Sergey Komarov, Vera Levina, Alexander
Guseva,Jean-Paul Issia, Denis Kuznetsov

@ Numerical investigation for the movement of cell colonies
in bioreactors: stirring and orbital shaking tanks. [ Journal
of Chemical Engineering of Japan, (2017) ] T. Yamamoto, M.
Yano, Y. Okano, M. Kino-oka

@® Numerical investigation of the transport phenomena
occurring in the growth of SiC by the induction heating TSSG
method. [ Journal of Crystal Growth, 474, (15), (2017), 50-54 ]
T. Yamamoto, N. Adkar, Y. Okano, T. Ujihara, S. Dost

@® Numerical simulation of the transport phenomena
occurring during the growth of SiC crystals by the RF-
heating TSSG method. [ Proceedings of Asian Conference on
Thermal Sciences 2017, (2017), ACTS-00078 ] T. Yamamoto, J.
Sakamoto, Y. Okano, T. Ujihara, S. Dost

@ Numerical study of fluid dynamics and particle behavior in
an iPS cell culture tank. [ AJChE, 17, (2017), 29-36 ] M. Yano, T.
Yamamoto, Y. Okano, T. Kanamori, M. Kino-oka

@® Synthesis of the Ni-Al coatings on different metallic
substrates by mechanical alloying and subsequent laser
treatment. [ Journal of Alloys and Compounds, 707, (2017),
351-357 ] V.Yu. Zadorozhnyy, A. Shahzad, M.D. Pavloy, D.S.
Kozak, A.M. Chirkov, D.S. Zagrebin, R.S. Khasenova, S.V.
Komarov, S.D. Kaloshkin

@ Ultrasonic Assisted Reduction of Hot-Tearing During High-
Speed DC Casting of 6000 Series Aluminum Alloys. [ Light
Metals, (2017), 989-994 ] Sergey Komarov, Yasuo Ishiwata
and Yoshihiro Takeda
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Tsuboi, K., Matsueda, H., Machida, T., Sasakawa, M., Belan, B.,
and Saigusa, N.
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@ Methane fluxes in the high northern latitudes for 2005-
2013 estimated using a Bayesian atmospheric inversion.

[ Atmos. Chem. Phys., 17, (2017), 3553-3572 ] Thompson
R.L., Sasakawa M., Machida T., Aalto T., Worthy D., Lavric JV.,
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Blumenstock, C. Boone, M. C. Coen, A. Coulon, O. Garcia, D.
W. T. Griffith, F. Hase, P. Hausmann, N. Jones, P. Krummel, .
Murata, I. Morino, H. Nakajima, S. O’'Doherty, C. Paton-Walsh, J.
Robinson, R. Sandrin, M. Schneider, C. Servais, R. Sussmann,
and E. Mahieu

[EE]

OREZBDEEH (MEHUES) V-1 AV UIRBEEZOEEZE . [
BEE, (2017), 250-255 | HE%E, WIEE (KK) &

RIEY XV FHBF 2 B
[#@&x]

@ Bacterial Degraders of Coexisting Dichloromethane,
Benzene,and Toluene, Identified by Stable-lsotope Probing.
[ Water Air Soil Pollut, (2017) 1 M. Yoshikawa, M. Zhang, F.
Kurisu, K. Toyota

@ Biodegradation of Volatile Organic Compounds and Their
Effects on Biodegradability under Co-Existing Conditions. [
Microbes Environ, 32, (3), (2017), 188-200 ] M. Yoshikawa, M.
Zhang, K. Toyota

@ Pore pressure migration during hydraulic stimulation due
to permeability enhancement by low-pressure subcritical
fracture slip: Control Factor of Pressure Migration. [ GRL, 44,
(2017) 1 Y. Mukuhira, H. Moriya, T. Ito, H. Asanuma, M. Haring
@ Supercritical Geothermal Systems -A Review of Past
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