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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.
Founded in 2003, the school has published an activity report at the end of
every fiscal year. This is the sixteenth edition and the last activity report
in the Heisei era.

Since April 2015, the school has made a transition from a one-department
system (with only the Department of Environmental Studies) to a two-
department system (with the Department of Environmental Studies for
Advanced Society and the Department of Frontier Sciences for Advanced
Environment). Under the new system, we have started to nurture 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) and
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 transition period, in which new and old curricula coexist, is nearing
its end, and the two-department system has been fully in place since the
beginning of this fiscal year. On the education front, the names of the
school’s courses will soon change. Starting in fiscal year 2019, our courses
will consist of the Department of Environmental Studies for Advanced
Society (one course) and the Department of Frontier Sciences for
Advanced Environment (three courses—Eco-materials and Processing,
Applied Environmental Chemistry, and Cultural Environmental Studies).

Since its foundation, the Graduate School of Environmental Studies has
always emphasized globalization and has conducted various international
programs. Since fiscal year 2014, the school has consistently been selected
as an International Priority Graduate Program with support from the
Ministry of Education, Culture, Sports, and Technology (MEXT) and has
implemented the IELP (International Environmental Leadership
Program). It has been decided that the school will continue to be in the
same priority program during the next five years, starting in fiscal year
2019 (with three students in the master’s program and five in the doctoral
program). This program enables the school to host international students
every year, focusing on those from ASEAN countries. In addition, fiscal
year 2019 will see the foundation of the International Graduate Program
in Resilience and Safety Studies, for which the school will assume a
facilitator role.

As a research organization, the school seeks to strengthen the
Environmental Research Promotion Center’s capabilities by promoting
research on issues related to resources and energy, with regional
collaboration and industry—academia collaboration as a foundation. As
environmental issues become increasingly serious and radical,
international society becomes increasingly vulnerable to them. The
society is eagerly calling for people who can assume leadership roles in
dealing with environmental issues. We are committed to responding to
our students’ aspirations of researching advanced environmental studies,
creating a new society for the future, and changing the society that
produces the environmental issues. We greatly appreciate your further
and continued help and encouragement of our research and education.
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WEIERIEEHE - 915349 EF Geo-environmental Measurement and Analysis
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Measurement, observation and equipment development for
understanding of various geosphere information

Big FE X

Assistant Professor
Nobuo Hirano

AMRETIE. HEOKRARBEROBRICERZLYTTRED, ZORDICHERFEPEBOREZRIL>TWS, ERY—T VNI, #Huk
- EAMEEA. MIRNTBOKRAEZGHT TCOERREDOIEE. ARVCPRADEABIVCATIERY (NTL, ATL) 508l B/ 7ILAVBRKRES
B7IIZULZRWKRORERMETH D, EICHAEROMABEEWERZENELLDBDOTHD., TNSOMARREZRMENICIIHLS
ICBTTLIEWEEZTWS,

The objective of this study is to focus on measurement and observation for understanding various geospheric information, and we are developing an
apparatus for that purpose. Our main targets are water-rock interaction, the destruction of rocks under hydrothermal conditions in the Earth’s interior,
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.

REHEZELICHSERILYDORIRRR

INETOMRT. &A%EZ 400°CH 5 500° CRDBERFIRREK
RICREL. RIBEZE IR EREREDFRE M AFRICHESER
EETICE>T. SAICHEZRERELELSEZIENFARTH DL
ZRELTETVS, CORRBHBRMICKFT2EAETRAELERRA
DFREFY, HERFE DI H DFRIBEITENDISANRFTES,
INSOARZER/ B, AR ZSSITEEDEN 200°CHh
SEBEAETORKRIET CAREIZEARRZLIL>TEL
(Fig.)o Fle. ZNSDHERICODVWTAHREYZ 2L -3V aHI K>
fefER. RERERZzH2EEBRIETH e, (Fig.2)

BERSAREODNBRE

HAKDEERRITH 374°C. 22MPa TH2hHY, HIRAIFICEFET S
KICIFHERLBRAERRLTWDSD, ZOREEZFTHREALE
92, Ihid. HIKRBTOKLGEELEAHLYOABMRE - TH%E
EZ22 LT FBICEELRHBELLR->TLD, 2T KRBITERZA
BUCKDIRARERES DCEFHBICEELRD, COREAHEE
LT, BEEFKICHERFL. ZOBELNEDHIHIT DI EITKD.
DHREOEH SRR ERETDENTRETH DI LRV
(Fig.3),
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Fig.1 Changes of porosity with temperature
decrease of granite samples.

Fig.2 Simulation results of Temperature distribution
(left) and stress distribution (right) when center

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, the boiling of the
internal fluid and the temperature decrease associated with adiabatic
expansion can cause significant cracks in the rock. This phenomenon is
predicted to explain the cause of rock cracking in the deep crust and to
apply it to new excavation methods for geothermal development. In order
to obtain such knowledge, we carried out laboratory experiments in which
the rock samples were rapidly decompressed further in a hot water
environment from a lower temperature of 200°C to a supercritical
temperature over 500°C (Fig.l1). As a result, we proved that the rock’s
porosity increases at over 350°C. In addition, after performing rock
mechanical simulation based on these results, it was possible to reproduce
the experimental results to some extent (Fig.2).

Spectroscopic measurement
of supercritical fluid

The critical point of pure water is about 374°C and 22 MPa, 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 of water
containing various elements. We have found that it is possible to determine

e
an

s

]
3 B
5 ]
— u
e I
= 8 B
= -
o T4
w B
= =
] i
= 500 e E
=]
ane

i

L] §Td 376 YA
Temperature [*C]

380

Fig.3 Scattered light spectroscopic data of water at
370 °C to 380 °C.

borehole of granite is cooled from 600°C to 450°C.

LY DEF N Z AW RIJURRE

EREBET 0. HIcARBLCRATIIILMEREY (Ther-
mo luminescence, TL) &MFIENZBRKRIERIND, ik
MINICEZ SNIcEABRSRERIRETDITRILE D SO INER
N3 ZEICEDEREIN, IRILF—BEENENBELUTERER
SNZHRRTH D, COLRIFT—ERERIEBARABSHROEEBELE
EHICLBIT B0, BEABERAVWCERAEELELTUSASIhTE
foo WS, MBAICIDEBRBULLIRILF—DBBINDEVNSZ &,
—EMASINIAMERH VBRI EVNSTEEZEKRLTWS, Th
ZHAAIT NI HRBEELETEShEARARLN S, HAERE
DRV V-V I DG ZRETRETH D, SEENSEERZMH
BRIETIFIVNRILAKZEDOETTLAEF AU B ERREEE
&£9% SATREPS ERRIZEMIHHT OV L% ERTLTED. 20D
TOVSLTERTHO TL AIEEBORRES LOERARRE
DODhL—ZvT"H o7z (Fig.4),

SHER - M7 ILA Y DRKVPERRKERAWCKRZRE

EBRB7IVZZULE pH1-2 ORERERRY pH13-14 D@7 ILAY
BRZ bOCREETRHNSERIBGE. KEVRETHIENHBELT
W3, Ihid. FEROKBRIGICEDKRERDAELDBIFBICE
WERETHHIENLBIANBETES, IWETARDEEY VT2
IVEREBEHRT, BPIVAVITERKZEBUICKRRERRZE
BOTcHER, THICKRERETDIED AR TH DI ENHALT.
e, INETHRARLAETOE/IIRRICEWTHREEERKEFA
UTe KBREMEREL I Bo>TERH (fig.5). SEERKRERD
ARICBEL TN S DRFEZRITARERNBMERAEZRB U

Fig.4 TL measuring equipment developed by
SATREPS project.

the critical point from the change of the spectral state by irradiating light
to supercritical water and by analyzing the scattered light by spectroscopic
analysis (Fig.3).

Preliminary geothermal exploration using TL

Inminerals constituting rock, especially quartz and feldspar, a phenomenon
called thermoluminescence (TL) is observed. This is a phenomenon in
which energy originating from natural radiation stored in minerals is
released by the heating of minerals and in which energy accumulation is
observed as emission light intensity. Since this energy accumulation
amount is proportional to the annual natural radiation strength and
exposure years, it has been applied as a dating method using the
luminescence amount. Conversely, releasing the accumulated energy by
heating means that once the minerals are heated, they do not emit light.
Thus, minerals that are in the geothermal-affected area have less
luminescence than minerals that are not in the geothermal-affected area.
Since this year, we have been participating in the SATREPS (Science and
Technology Research Partnership for Sustainable Development)
international program at the graduate school of the University of El
Salvador (UES). The aim of the program is for geothermal resource
exploration using TL mainly. We developed TL measuring equipment for
use in this program (Fig.4), and we conducted training such as usage
training.

Hydrogen generation from aluminum
at low temperature

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. This year, we succeeded in
generating hydrogen gas using aluminum and strong alkaline industrial
wastewater. Also, we have conducted hydrogen generation experiments
using strongly acidic hot spring water at Tamagawa Onsen in Semboku
City, Akita Prefecture (Fig.5). This year, we contracted commission from
Semboku City for hydrogen production research, and we started full-scale
research and development.

Fig.5 Hydrogen generation experiment equipment
using acidic hot spring water and aluminum.
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EFHEIS 2 EE  Resources Strategies

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/YPERNESVBHSE, BNIFEER>TWS, LU, 7/ YEOREZED UCESHHIORE -G/, SV FLIEESNIEL
DF/PEDOFENTEHEINDcoH, BOTHLLBD, ZI T T/ PEOFEERRRITEN U/ EERERFTICED WemRIERENE
BHEMBDBRETH D, AMARETIR. MRBZEDFICETZRETHS T/ WEOFEZ/NLI XTSI EHEITHDBITRESMHIRE
EMBRAR LV ZOEGREICETZME ZBELTWS, MRZZEITIBICHLD. BRRDIRVER, KR BRZAVCEHELRR

EZEFHOBETREGMEOREZT> 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.

SiEREEEN—RYF /Fa—TZRAVE
ERRBFABHEFROER

BARHEFRIENRILHRZE>TEF 25 SHITEFRED
12TH?. BEH—RYF/Fa—7 (SWCNTs) [HMEFHLEML.
SEREER, SMEER, EHRTRELHELERS. BB
FBRHEFROEHBMETH B, LML, SWCNT EFERKEE
FROVBENICREZ RSBV DOBHAIE, S/ Fa—TICEARXKE
DEETINSTH D, ZARMIET /A RERICL>TEAZN S,
i, T/AA AEBRRICEECERRHEFRESZY=—IL93Z
ENEXLW, ZITHRAIEHERZMUEEEE SWCNTs (H25WEH
BB SWCNTs) ZAWT, REMRTER SN TERRERK
HEFR 2R, SELETHEOSNLT/\A RZRLEB LRI,
BERBEEEZRTWS (Fig.1),

EWERFETRICZBE VK7 vRIEBRICELS
BIBIC L > TREShIERR—TBEBA—RVF/
Fai—7MRICBITEBERIYEDOER

EUYYRET ST T 1y VRBRRTBREF /MBI R—T &
nae, BIGETRG (ORR) OMIEMAH LTS, MEOES

Fabrication of all-carbon field-emission sources
using highly crystalline single-walled carbon

nanotubes

Field-emission (FE) techniques involve the extraction of electrons using
the tunnel effect. Single—walled carbon nanotubes (SWCNTSs) have some
excellent characteristics, such as chemical stability, high electrical
conductivity, high thermal conductivity, sharpness, and a large aspect
ratio. Therefore, SWCNTSs can be superior FE sources. However, SWCNT-
containing FE sources cannot always show their excellent characteristics
due to the presence of vacancy defects in the nanotubes. Such defects are
introduced into the nanotubes during device processing. Thus, it is
desirable to anneal all FE devices at high temperatures after they are
fabricated. In our laboratory, we fabricated all-carbon FE devices using
highly crystalline metallic SWCNTs (and semiconducting SWCNTs),
annealed these devices at high temperatures, and then investigated their
FE properties (Fig.1).

Creating efficient catalysts for oxygen reduction
reaction by tuning the electrical properties of
nitrogen-doped single-walled carbon nanotubes

prepared with annealing via defluorination

Pyridinic and graphitic nitrogen atoms can be doped into carbon
nanomaterials to improve catalytic activity in the oxygen reduction

In thies shudsy

-~ ™ Tuning these factors for efficient ORR activity
Comeentional Method
Dewice 1 [l
Vacancy defects are ntroduced in Laow
Proparation ,-.".:'r -‘::"F = nanoiubes by device ~
4 f pIocessing Work Function e ¥ I
__.,}_ .5_1 Jff 5 1 —_— O, Dissociative
(haat, sorecation) e e M. f1-Ty e Carrher ® Adsorption Sites

Fig.1 FE fabrication of both conventional and our original methods.

Fig.2 Relationship between the electrical properties
and doping nitrogen atoms.

Fig.S1 New crews. Yuuichi Ito (left) and
Youta Sakamoto (right).

Fig.S2 Cherry-blossom viewing.

Fig.S3 Oktoberfest in our laboratory.

it & ORR FEME DB DBEREREGROERIF. LDEN ORR A
ZRFOMIEZRETDDICEKZIID, BRIGEEREEBHA—RYF/
F1—7 (SWCNTs) ZERALT. B7vHRitic&IBRRGEER
MBEZBHEDE CEHRMEERN—7 SWCNTs &R UTc, 15
BE#H. FrUVSr7 BRGEXOBXYEZRAEL. BRERE
TO ORRIEMZFAN, ThSDHEEZANT. NI TFr U
BLEREK. SERGERERT DI 74T v By FERN—
7 SWCNTs Bz ORR EMEZRU, MEDOHEREEK. vV
Y5147 BRIGER, BREHBRET A NIN—TEROHKEES
IKIRET Db ol R—TEZROHEBREICKET I EN
bbb, R—7TEROZHANBEL ORR FUEZERTIHICHET
HdEz=RASHICLTE (Fig.2)o
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Fig.3 “Poster Award” at the 45th Annual Meeting of
the Carbon Society of Japan. (Koji Yokoyama)

Fig.4 Open campus 2018.

reaction (ORR). An understanding of the relationship between the
electronic properties and the ORR activity of nitrogen-doped carbon
nanomaterials could help in the design of catalysts to improve ORR
performance. We synthesized highly crystalline nitrogen-doped SWCNTs
using a combination of a defluorination-assisted nanotube-substitution
reaction and a high-temperature annealing treatment of highly crystalline
SWCNTs. We measured the electronic properties of the prepared
samples—such as their work function, carrier type, and conductivity;
these properties correlated with the samples’ORR activity in an acid
electrolyte. Graphitic nitrogen-rich SWCNTs with an n-type carrier, low
work function, and high conductivity exhibited efficient ORR activity.
The work function, carrier type, conductivity, and O,-dissociative
adsorption sites were dependent on the species and number of doping
nitrogen atoms. We revealed that tuning the doping nitrogen atoms was

necessary to achieve high ORR activity (Fig.2).

Awards

* Koji Yokoyama received the Young Scientist Award at the 55th
Fullerenes-Nanotubes-Graphene General Symposium.

* Koji Yokoyama received the Poster Award at the 45th Annual Meeting of
the Carbon Society of Japan.

Grants

*JSPS KAKENHI 18H04145 (Scientific Research A/Principal Investigator)
*JSPS KAKENHI 17H01584 (Scientific Research A/Co-Investigator)
«JSPS KAKENHI 16HO05518 (Scientific Research B/Co-Investigator)
*JSPS KAKENHI 26220104 (Scientific Research S/Co-Investigator)

* Collaboration grant (Stella Chemifa Corporation/Principal Investigator)

Collaborations

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

Fig.5 Snapshot after seminar's meeting.
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EFHEIS 2 EE  Resources Strategies
BIERMEREHE 49 EF  Design of Environment-Friendly Materials

RIBPERICEAM T B2MBTH AV ZRDT

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

RE. BRISRABHMHZHBEUTEEFZEATNS, FRABEREESEBETILHICE. RENZOBEINSOMBOTFAVHRET
HB, ARHFTIE. HHEEBR - ERBEKOBEERICOVWTOERRMICIIHIL. fi*ﬁﬂ—?—mﬁ,mb\b\ AEMVRBECHANL. S5ICIER
WIcERPERICEBEN T THUWENZERAHIMROT AV ORRET>TND, EFNICIE. BIRLF—DHDOMEL EHhzEE
TRHDOMEL RIBERCTDHOMBORFK. 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

IXNF—HEZMZ. CERBITERELBVWESUABITI S
Hlcid. BR - RFBR (. KB, DK TSRS ) OF
BANEEERBD, BLAORREBMEZEASDESILICELD, &
NROIRILF—HETER - RAIBRZENFETZLHDIRT
LBENTREE LD, BICEDRHZLIC, LOSRAZEICFALL
WEHICIE. h508ZRBBICEZ TE KRN ZDEEF
FAFIREREICER T %, AMRETIE. ZEHEORIBZTSIELZE
BEL. SHREOMKRETAMBZRAEL. M (BRE) e
figdEeblc, BZ2BEZIDD—ERE CREAEREEERDRIR
ZHAEDEERBICE>TRMAIATLDOMEREZFTFML TS,

MRHEBEROY S 2L —Y 3y

EVFAINOE BRERE. DFBNEEREZAVT 53y
JAPEEMHOBEBEROYI 1L —yayORRET>TNS,
BHOEME. B, SAZECHROERBE(E. BECHKEED
BIRTEBSZEDTESZYIaL—Y 3V ERHE L. WC-Co iB1E
BEY AlLOs-glass BREDRBBEIEICEI > TH SN IMROER%E
VXal—avIicLoTREIITBMAZEDTWND,

Fig.1 Heat insulation vessel with vacuum wall and porous silica powder.
(a) Inner volume is 1 liter, (b) 35 liter.

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,
the molecular dynamics method, etc. We developed a simulation that can
calculate the change in a material’s structure, including several solid
phases, liquid phases and pores from view point of the relationship
between temperature and time. The microstructure design by computer
simulation is studied in WC-Co cemented carbide and Al,Os glass, which
are fabricated by liquid phase sintering.

s
£
o

o
=
-

2%

=

Simulation

WC-Co Al 0,-glass

Fig.2 Simulation and experiment of microstructures by liquid phase
sintering. (a) WC-Co, (b) Al,05-glass.

!
HHIR LEE iR
Associate Professor
Masanobu Kamitakahara

Group Photo

RE. MEBIYYYOERBRICIEHIER I —T 1V U/ DIEE
FAahTsh, SBREFHEI—FTsV/ THIAMBEEI—T1>T
DRRNEBICH->TLDEEZISND, AR TIE. EFIVvIR
=T OEMER. E#El. B85 JEoYIaL—>3Y
ZiToTW3, EVTAILOEZAVWT HE (BRE. PER) &
BEDOT R &R NARICEDEBME(EERTESY3IaL—Y 3
VEMiERFEL. BREREERAVT BEICIIBEOMRE(LES
RTEZVIaL—Y a3V EMPERORBE OBz U,

HEEICHETT 5 ORIR

RENTHAAAEN TEREEEICE SN T B BEBEMRRSTICES
ZHRICHE TESZEFRBEHRORIBZT>TNS, INETIT, &
FEATHRNENEORBICHAAENZIALEDOERICKIILTL
%, IECCOFIMZEFIALT, BYRBLAICHETGEDERZED
AE LI EDEFOMBAERA LI RVDEEHICEROEREERS
FTZEDTEBZRTYIFTUNY—VYRFTL (DDS) DiBEELT, &
ENYYBAAILYTLTREBLKET/INYANDEGENSEZHE
ROERICERIILTWD, ThSOMBORKEIE. BEDRELT
T REESFEROERRICEMTESZEEZTWS,

REVFRFCTODEE
<RE>
() BAEZ2v /R He FRETEERILILBEXMAER TS BFRKRE
(FRFEX, Yy hIVIVAMRREEI—T1 V7 ICAWSNT 3 YbSIO R
DIEBEL & ERES1E )
(2) BEmKRAEHE T 30 FERRARE BFFERRE CHNKRETF
WC-Co BEEa & D ERER & RIBLEEEE)

FLETOEE>
WRRFE  BEMKAEHRES. ARSEEMRIRKRIEE,. BERLT
WRASHREZER. BREIIVIRABERIVIZFIVIEIIVvIRESR
£8. BVMESHRES
&R : Associate Editor of Journal of the Ceramic Society of
Japan, BAN\AAYTUTILZRFEE. BEAEIIvIARREREEM
B ES

Experiment

Simulation

Hefore Mullng After heating

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

Bone-repairing materials that can be incorporated into bone metabolism
and activate the biological functions and drug carriers that can release the
drugs efficiently are designed. We have succeeded in the preparation of
artificial bone, which is resorbed in vivo and incorporated into bone
metabolism. As a carrier of a drug delivery system (DDS) capable of
improving a drug’s utility and reducing its amount by releasing an
appropriate amount of the drug to an appropriate site, biphasic granules of
octacalcium phosphate and hydroxyapatite were developed based on the
knowledge about artificial bones. We believe that the development of these
materials contributes not only to the patients’ treatments but also to the
realization of medicine with a low environmental impact.

Awards and activities in academic societies

< Awards>

(1) Best Presentation Award at the 2018 Meeting of the Tohoku-Hokkaido
Branch of the Ceramic Society of Japan (Sota Terasaka, Title: Structural
change and performance deterioration of YbSiO system used for
environmental barrier coating for jet engine).

(2) Best Presentation Award at the 2018 autumn meeting of the Japan
Society of Powder and Powder Metallurgy (Yukako Nimura, Calculated
phase diagram and liquid phase sintering behavior of WC-Co cemented
carbides).

<Activity in academic societies>

Hideaki Matsubara: Director of Japan Society of Powder and Powder
Metallurgy, Chairperson of Technical Division of Hard Materials
Committee of Japan Society of Powder and Powder Metallurgy, Chief
Editor of the Journal of the Japan Society of Powder and Powder
Metallurgy, Committee Member of Engineering Ceramics Division of the
Ceramic Society of Japan, etc.

Masanobu Kamitakahara: Associate Editor of the Journal of the Ceramic
Society of Japan, Committee Member of the Japanese Society for
Biomaterials, etc.

(b} 817em () 35T0cm !

1TE0 10
o] o]

Fig.4 Scanning electron microscopic images of biphasic granule of octacalcium

phosphate (OCP) and hydroxyapatite (HA) (a). Fourier-transform infrared spectroscopic

Fig.3 Simulation and experiment for microstructure change in
the material (Yb,SiOs) for the environmental barrier coating.

images of the cross-section of the granule (b) at 917 cm™ (Absorption of HPO,” derived
from OCP) and (c) at 3560 cm™ (Absorption of OH™ derived from HA)
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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

ETECHIBUEEREAYICESLE - TKORBBFRORIMEP. HTERNOFEBMICH T BHETRABEOZEEHTETNEHN
INSOMBEZBATZEMNRBRFECPZDERICIEILEZDRENESNTVNDS, BRADAREF LEOHEZEIRS - BREEFOIRE
BERMPERERKMIcLDBRTZIEZBEL. INSOKMBERICEISMEZIToTWS, UT 2018 FOELRMAKEEZHEBNTS !
() 1EY - WEVZRWEEEZREEMICLSIIE  KREFROBEICETZME. (2) BEoRIEERLLGVOEYDRICET %K.
(3) FEMEYOREZER T BEME LV ERILEY ORI M ORFKICE T 2R,

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 2018 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

EEPHRIVAIREZTIE - KBEFROEEICODVWT Fn?
nOEEEEY (R ETIYIVY. ARIUL & TR N\IYY
NFFHA) 2RWHAERDOBES YIRS ICEWTDERIFRZ ik
L. ZOXRAEE®RS U, EREMERELT (1) RIN- ERICEITS
AAZZLICALT, BEEGTFORAERIALE LV RNAGES
DEBBIFEEDT, (2) YFICEBEROBEDREZRETZR
BHEOHEEZOEMICIGALEWRZRE Lz, (3) EHEH
SURMAEEZRWCERENRIVASEREDENOEBEEESF
DOREBPICDOVWT, KBEHY/OMNAYSIATAYN—TEVI— E
FRZXMARFAREE. BHEEFLRAMRAMEERAREZTL.,
PETIS ZEHWT/\IHYI\FHADH K I DL & 7 0 IR ER I R B
NERDIEZRET DT —FZEE L (Fig.1).

HIPRUEFRLEEVOEYHRICHT MR

SIRBEBIRRILKIR (PAHS) DEMDRICOVNT, KHFIFRERIC
D

&0, EYDOFHIC I BRI WYH PAH DEREDFOHEM DS

Phyto- and bio-remediation of heavy metals
in polluted soil and water

Regarding the applicable phytoremediation of soil or water contaminated
with arsenic, cadmium, or zinc, we conducted continuous field trials in
several fields across Japan; in these trials, we tested soil planting and
hydroponically cultivating hyperaccumulators Pteris vittata (arsenic) and
Arabidopsis halleri spp. gemmifera (cadmium and zinc). In this basic
research, we (1) investigated the expression of genes related to arsenic,
cadmium, and zinc absorption and accumulation so as to clarify the
mechanisms of hyperaccumulation; (2) isolated and characterized the
multifunctional rhizobacteria from Pteris vittata and Pteris multifida that
aid in arsenic phytoremediation; and (3) applied the PETIS (Positron-
Emitting Tracer Imaging System) method to investigate the absorption and
transportation of arsenic, cadmium, and zinc in hyperaccumulators (Fig.1)

Microbial degradation of persistent organic
compounds

The results of hydroponic-culture experiments of plants with bacteria that
degrade polycyclic aromatic hydrocarbons suggest that plant-root exudates
(which vary with the plants’ age) affect the microbial degradation of these
hydrocarbons. In addition, we constructed consortia with the ability to

EHRISUEFR B feR
Assistant Professor

Mei-Fang Chien

Associate Professor
Guido Grause

BLARE =EAR

JSPS AR AfFRIFRFRE
{a] #258 (Ying-Ning Ho)

MRXEE #H K2
EiftfEs LA FRE
EHMES TE KT

Group photo of Inoue lab members 2018

SURENIROWRELEATHIEEIBEUc, £, BEOREY
BOEYFRICONT, MIRMRE. EHE 1,4-IAFTVICHE
BERIER/BEEROBEICKIIL. ZNETNOERBEERZER
THEHEYDOEREE N RME DR ICRICT REIDRPAZEH TS,

FELESVOREZERT 2EMELVERIELEYD
[ER BT DFAFEIC BT B AR

BEEYPEOREBERICOVWT, ARKPOWEEETROALEE
OMHE AN =X LDERRAICEAF. SEM/EDX/MLA % EZBWaRK
RIFDOTRYYEV T BLMMEEYORE, HETRDARITE
ToTCER (Fig.2). Fleo BEFONAVOTSRAF VI ENEETD
FiEVY. BKPOBRRREZENE UIHMEDRBEBOER Z1%
FLTW3, EROEINKIMTOBFEICDOWT, BifieE DR I6E
AAAZBEUCEYFRNOIN - BBV AT LAORAEMEZRA L.
L7XZINTHBDEY T TV DRE B ED TIREREROERICAHATIU.
& - RERBLVREDORTZEHTNS,

B, FRRER. TOMES

HEHE GHHAPFELEXRZLCBELIFy—%21Tok
(Fig.3). fBhI%. D2 Sandia B*1 Y RxIF7 DI\ RV ITRKZIC
TEIF—EEETo (Figd), D2 MHEBBORRMERENZ
BREREEYY—. D2BENYI1DOHhEY— b RETHEET o,
FEAKREBEIRFZOENNEBMZEERFHAFEELLT AEY—H
K2 4 F£4 D Panupong Wethangkaboworn Z¥E/, LiEX
F 4 FEOBEME 3 nAEEEELTZF AN, Fo 2018
F11 AN SEABHEOMBESANZRABAFIHAREELT
EEHTH 2 (Fig.5)o D3 John BEENAATH// OV -2,
International Phytotechnology Conference ICTREBEFREKE
Z=REUTc (Fig.6)e ZOMER - ERNZERICHFEMAHKRZ 12
#1701

degrade carbon tetrachloride, heavy oil, and 1,4-dioxane; we also sought
to isolate and characterize the microbes that comprise these consortia.

Development of technologies to prevent the
elution of hazardous compounds and
recover valuable compounds

We used SEM, EDX, and MLA to map the elements and compounds in fly
ash in order to determine the mechanisms involved in the elution of
hazardous compounds (Fig.2). We studied the removal of microplastics
from the environment and the development of microbial fuel cells that are
intended to remove nitrogen and selenic acid from wastewater. Regarding
the technology for recovering resources, we aimed to develop biological
recovery systems for valuable metals. As the first target, we constructed a
molybdenum-adsorbing yeast by engineering a molybdate-binding domain
to the yeast’s cell surface.

International exchange and other activities

Prof. Inoue and Asst. Prof. Chien each conducted invited lectures at
Shanghai University, China (Fig.3). Asst. Prof. Chien and Ms. Primeia
(D2) each gave speeches at Institute Technology Bandung, Indonesia
(Fig.4). Ms. Wei (D2) and Ms. Seki (D2) held short-term internships in the
biodiversity research center at Academia Sinica, Taiwan, and Kasetsart
University, Thailand, respectively. We received Ms. Ma as a visiting
scholar from Taiyuan University of Technology, China, and Mr. Panupong
and Ms. Shao as visiting students from Kasetsart University, Thailand,
and Shanghai University, China, respectively. Dr. Ying-Ning Ho from
Taiwan served as a JSPS Postdoctoral Fellowship starting in November
2018 (Fig.5). Mr. Domingues (D3) received the Best Poster Presentation
Award at the 2018 meeting of the Japan Society of Environmental
Biotechnology and awarded as the 3rd-place Oral Presentation at the 15th
International Phytotechnology Conference (Fig.6). In addition, we have
given 12 total oral or poster presentations at international and domestic

conferences.

Fig.1 Image of PETIS in As mapping of

Pteris cretica, an As hyperaccumulator mapping of fly ash particles

Fig.2 Image of (a) BSE and (b) element

Fig.3 Prof. Inoue and Asst. Prof. Chien after the invited
lecture in Shanghai Univ., China

Fig.4 Group photo after the seminar in ITB, Indonesia.

Fig.5 Photos of (a) visiting student, M-kun and
(b) JSPS fellow, Ho-san.

Fig.6 Photo of John (D3) receiving the 3rd-place
Oral Presentation Award in the 15th IPC, Serbia.
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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

REELDTIILFILNRILEDERERZOY TS~ (SATREPS) 25—k U, M#thOKZEHAUT, BREALREIC LD EIRE, HEFE.
BRIV FHERLCSWIHBEEZZTAN, BRIV —ILEZEM U, BERFAMBEROBEROERZENELT. McBEREBEEZR
EUT XRE - BRAKRIGER, BKOIEMER. HRREODHAZNMREEDHTND, Ffe. BIRHVIEZERINIC LD FBEELICE
HT 2R ERADBIEDANZXALICDWTDRER, BETT VI E2EDHTVND, ZREDBHARAERVEGZNAETIE. SEYARFR ICHE
SHWETRIO7 7L SHBDOBERZHEL. FLREICL>TERICYIVORTHERSINIERFEZASMC UL, £ie. BRITHIEK
LZF—FIcHUTHE R, MMPEEAWEF 7 7O0—F2REI TR L&D, FRHEBRYOHE. KEILELEIOESEDBER
BOBEREICRDEATNS,

This year, we began an international collaboration with El Salvador, the Science and Technology Research Partnership for Sustainable Development. In
cooperation with local universities, we conducted lectures and carried out geothermal explorations using thermoluminescence and geological surveys. We
also organized a geothermal school for students from El Salvador. To better understand the characteristics of supercritical geothermal resources, we
developed new experimental apparatus and conducted laboratory experiments on topics such as the supercritical water - basalt reactions and chloride-ion
diffusion through rocks, as well as a spectroscopic study of crustal fluid around the critical point. In addition, we conducted experiments and created
numerical models for the mechanisms by which crustal rock fractures (due to thermal stress) and changes in volume (due to chemical reactions). Based on
field investigations and petrological studies of metamorphic rocks, we estimated the crustal permeability using the trace-element profile associated with
mineral veins. We also clarified how micropores are formed through fluid inflow. In addition, we developed statistical and machine-learning approaches
for analyzing high-dimensional geochemical data to aid in identifying tsunami sediments and in determining the routes by which heavy metals disperse
around abandoned mines.

FRART—V

O BERFEMEA AT LADFF2ZIL7FOJHE (LEHI%. BRA
LT3 &) EMFHICIDHAFEEORR

O MR ERDICH T DRMERP: & KERRICE Y 2 RRIAR
OMRBRON Y MLOEE—KEEEREER - ZEER (EV L.
miEt/LOYy—xIUth, A ~<—EHl)

O BERFTE - SABEER. ALIKICET 2KBRIGEER
OHMRBRRAEDAAERREDFBANFVIaL—vaY
ORIGICERATZ2ERBFEICEIZERBEROCETIVY
OBZIVEZILERRKZRAWCKRZREIATLDRK
OMMBPBEMRETENT 70— FIC LB ERTHIBRIL T — 5 BT

EMERFS

+ 15th International symposium on Water Dynamics, March 13-15,
Sendai (Organized)

Research topics

* Natural-analogue studies on supercritical geothermal reservoirs and the
development of thermoluminescence-based geothermal exploration methods
/* Experimental studies on the use of hydrofracturing and decompression
fracturing on ductile rocks / * Studies on the water-rock interaction and on the
alteration and metamorphism of the crust and mantle (samples from
Mongolia, Antarctica, and Oman) /* Spectroscopic experiments and the
molecular dynamics simulations on behavior of crustal fluids / * Experiments
and modeling of reaction-induced rock fracturing /* The development of a
hydrogen power-generation system using waste aluminum and hot spring
water /¢ Statistical and machine-learning approaches for high-dimensional
geochemical data analyses

International conference participation

*15th International Symposium on Water Dynamics, March 13-15,
Sendai, Japan (organizer)

Fig.1 Final meeting of the geothermal school of
SATREPS at Sendai (November).

Fig.3 Core description of the Oman Drilling project
on the Drilling ship “Chikyu”. (July)

Fig.2 Field survey and rock sampling of the
geothermal areas in El Salvador (August).

HEHIR EE A

B FI EE
Associate Professor Assistant Professor Research Associate
Atsushi Okamoto Masaoki Uno Hiroyuki Yamagishi

BhF IR #aE

Shinichi yamasaki

RS L E— E$$idi§&$!%ﬁﬂﬂ Elzﬁ@,igag?ﬁgu
Researcher HMRE REFXF MEE kia AR

JSPS Research Fellowship JSPS Research Fellowship
for Young Scientist for Young Scientist

Researcher Researcher

« European Geosciences Union, General Assembly, April 8-13, Vienna,
Austria

« Grand RENEWABLE ENERGY 2018, June 17-22, Yokohama

» ISME XV-Kyoto, November 26-27, Kyoto

« Fall meeting of American Geophysics Union, Dec 10-14, Washington, USA
« Geothermal Resources Council, October 14-17, Reno, USA

wER7AI I+ - ERNBESES

[ B &E#EIE ]

iz (B) (AA). hEmmeE (HEF) (EF)

EFR (B) (FH). MAMBERLEME (FH)

[ Z DAt ]
SATREPSTH#ERRERE M IS E BRI 2 R MBI 700 S0, (£B).
NEDO "B BABRIMARMFE 7RV I (LB HAF)

HE - AT T7HRERE

CRERAMNSKER EETHEALARRRR E/IIRRTRE—
BHE#HE 2018.5.25

c FJIFERDSKRER— LT ERIERKZ R 58 KRR TR
ERGEN— MHESEMF 2018.5.26

- TREBOES U EBU TRIEZEZ2, —TEEFHROYOVEE—
RIBERIPAIMERAE KEBERE 2018.7.28

*NHK ATV X ZERO "hAOD “ 11 "#6 BERFAFKE, 2018.8.5

RBEFPARE ERERMSR MamuEs 98

HAREDEFE

BLERE D3:5%& (E¥IILA2%&. TILYILIARILATE)
D2:4% (AYRRIF7ZAN2%. OVFA1£)
D1:1&(AYRRIFAT1R). tEA:124

ELERE M2:4 B (AYRXIFZATR). M1:7%

FIEHE B4:4%. B3:6& (AVYRRITAT4)
MRER—LR—Y  http://geo.kankyo.tohoku.ac.jp/gmel/

i I
5.00um

Fig.4 Garnet produced in the experiment on
supercritical fluid — basalt interaction.

Fig.5 Critical opalescence of seawater observed
by the high P-T visible autoclave.

Fumiko Higashino Takayoshi Nagaya

* European Geosciences Union General Assembly, April 8-13, Vienna,
Austria

* Grand Renewable Energy 2018, June 17-22, Yokohama, Japan

* ISME XV, November 26-27, Kyoto, Japan

* American Geophysics Union Fall Meeting, December 10-14, Washington,
USA

* Geothermal Resources Council, October 14-17, Reno, USA

Research projects and major external funding

[MEXT/ISPS KAKENHI]

Grant-in-Aid for Scientific Research (B; Okamoto), Grant-in-Aid for
Challenging Research (Okamoto); Grant-in-Aid for Young Scientists (B;
Uno), Grant-in-Aid for Scientific Research in an Innovative Area (B; Uno),

[Others]

JST-JICA Science and Technology Research Partnership for Sustainable
Development (Tsuchiya), NEDO Research and Development of Supercritical
Geothermal Power-Generation Technology (Tsuchiya, Okamoto)

Mediacoverage and educational presentations

* Newspaper article, Asahi Shinbun, May 25, Year / * Newspaper article,

Akita Sakigake, May 26, Year /¢ Salon lecture, “Thinking about the
Environment through Life in Antarctica”, The Graduate School of
Environmental Studies, July 28, Year (Tsuchiya) /*NHK broadcast,
“Science Zero #6: Supercritical Power Generation”, August 5, Year /
* Environmental-practice lectures for undergraduate students (covering
Kurihara Plateau, Hosokura Mine, etc.), September Year

Lab members

Doctoral level: 5 D3 students (including 2 Mongolians and 1 Salvadoran), 4
D2 students (including 2 Indonesians and 1 Russian), 1 D1 student (who is
Indonesian), and 2 SD students

Master’s level: 4 M2 students (including 1 Indonesian) and 7 M1 students
Undergraduate level: 4 B4 students and 6 B3 students (including 1 Indonesian)
Lab homepage: http://geo.kankyo.tohoku.ac.jp/gmel/

Vapor

Liquid

Fig.6 Field excursion of 14th International
symposium on Water Dynamics (March, Nagatoro)
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Studies on environment-friendly development systems Professor
Hiroshi Takahashi

RIGRMNBERAES AT LICET 5HFE

KARETIE, RIEANERAEMRATLOBEZBEL, BREIEVNOBERL. MAEMOMEL, LHXERIGICHETZMEERN
BEMORAREEZT>TWS, AFIF. BHEELAELT TEOBERRAICELT (1) S ZzAVBEER(CLAELORER M. (2)
FRMELTOBER. 3) MHEBERCLBLTOREER. (4) IREBHERICLEL THICOWTRE ZTo/k, T vh - TL—RNE
HIYERDMBELICBEI BMRICBAL T, (1) /W7y Mo kBRIt IER (2) BEIREIDD DBIFRIMSICOVWTREZ{Tof, E5IC
UAV Z LW B IEREVS ICR L Tld, #BERE (I— V188 Z#EI2HDOTILTIVXLZEE U,

The research activities of this laboratory are as follows: As for the advanced study of Fiber-cement-stabilized soil method, (1) evaluation of strength
characteristics of Fiber-cement-stabilized soil by using granular materials, (2) development of banking materials, (3) evaluation of shear strength parameters
of Fiber-cement-stabilized soil and (4) development of placing-type Fiber-cement-stabilized soil method were conducted. As for the study on intelligent
excavation by the bucket/blade, (1) soil excavation in water by the bucket and (2) acquisition of ground information for automatic bucket excavation were
investigated. Furthermore, the empirical equation for estimating ground strength (cone index) by using UAV (Unmanned Aerial Vehicle) was developed.

fHEE(CAEL TEOSERRICET 5%

AARETIE. KFFAEEKILELOBERILER ZEELT
BLICHERBYE LAY NREEMZRET DI EICEDRERM
BMRHCH R 2MEERCAEB T TEZRRE U, RERERIE
OEERBMZEIEL. UTOREZTor .

(1) EnzRWHEER(CLE T OBERSE  RkAGENZA
WC—EEMRBRET o IciE R, SRR OR/IGHINE (256kg/m?)
TEEZBE - BEVTHERET 2ENYRNELZRET DN
AEEIC R oTe (Fig D)o FERIERLICKHTIMAEERER L .
(2) FEMELTOBERL  RAASESKLRELOY Y TUY %
1o7 (Fig.2)e SSICERIZMEEERECALELTTETHRRL. KRB
TEEREMELVTEERLTZHOT7O—Fv—hEER LT,
(3) WHEERCALETORETEL : MHEERECLELTZRAVWT—HYE
AITRBRZITV., BEEHR (MBEHELUCATERA) ZAEL., &
EEHICRIFIHBELSLIVOCECHMORMEDOFEICOWTER U],
(4) FTRVBHEERCAELTE  ZRAEDERULME UTHH
BECAELZFERT S EE2BNE U TITREMEEE(LLEL%
ERR L. ZO—ER KV T V=YV IKRICDWTIKRETT D EEDIT,
IR BMEEECALIE T DBERMEICDOWTIRET U (Fig.3),

Advanced study of Fiber-cement-stabilized
soil method

We conducted the following studies to advance the development of a
method for Fiber-cement-stabilized soil.

(1) Evaluation of strength characteristics of Fiber-cement-stabilized soil
using granular materials: Using the unconfined compression test on
several kinds of soil samples, we were able to determine the additive
amount of granular materials that would satisfy the target values for failure
strength and strain while adding the minimum additive amount of paper
debris (i.e., 25 kg/m?; see Fig.1). Moreover, we confirmed the durability of
Fiber-cement-stabilized soil using granular materials against drying and
wetting.

(2) Development of banking materials: We created a flowchart for the use
of fiber-cement-stabilized soil to recycle unused, high-water-content mud
as a banking material (Fig.2).

(3) Evaluation of shear strength parameters of Fiber-cement-stabilized
soil: We obtained the shear-strength parameters (cohesion and internal
friction angle) of Fiber-cement-stabilized soil using the box-shear test in
the unconsolidated and undrained condition. We thus examined the effect
of shear-strength parameters on the additive amounts of paper debris and
cement.

(4) Development of placing-type Fiber-cement-stabilized soil method: We
created placing-type Fiber-cement-stabilized soil method for use as

4

B ER M|

Assistant Professor
Tomoaki Satomi

Group Photo

N7y« TL—RiBHEROHEELICRT 53

TARERRSPERFARRSLE TR, BERICKDHBRHINT
AR TH D, HICKERBTOERIBEELBEERRE. FHEL
DERRFT TR, EROERRESDVZBRIEEGERHIESE
DHMEBENBERARER>TWD, KERF, /Ty MEEHEEDMN
BELZBIEL. UTo®RFEZ{To1.

(D Ny ble&BKRpEER  EEOTL—NEHIIC3IE/HiE,
INTy MM KD BRI I B EEZ B ATRICH 2B A EKFIC
HBHEDMAI TITW (Fig4). BHIOEHZHERIdELHIC, B
BB AN DLBZTo>fco ZDFRER. BEHEFAAIETAPICLRTHR
DINEL BB I EDNER SN, 2019 FITIF/\T v MNIER Y B HEHI
BRAODSHBBEZETE T DTEICOVTRIITZFETH S,
(2) BEEEIODDHBIFHRIG  HEBOBHIREIZRIFEIT B
Hlcld. MHIICHSHBRROE(LZRHL. MBHRELEER
IEANBHGEZERIDHNENDH B, AFIF. BERRELV
SERZAVWCBEIERRZTVL. N7y MEHITH S R IR D FHE
ZISEEBICEBRBNICLD BRI LERIUBRLBOMEEZTo 1L
(Fig.5)o E5I/\T v MNERI BBEIBRAANDREZ{T o1,

UAV Z R\ /it 8 IR SR AR IS 51l

TWKERSTOMBRIREHAIC UAVEEN TH 2 I EIFEBEIC
ENHESNTVD, KFRETIE. UAVOERSSEZERZEHEL.
UAVH SiEZE TS TR BEZIETE I 2 ERMRZT>TW\S,
AERFFEFERUCEBRIDISITLAZAVWTHERE (I— 1B
DHEETolce TR, BIEATIEEMEE. £E—VEXT
DEEHBLITE—VEDIS 0 ICRZETOREZAVWSZEICELD,
WEBREEZHRETIRBRNEFTI LN TER (Fig.6).

backfilling materials. The flow value, the bleeding rate and strength
characteristics of modified soil were evaluated (Fig.3).

Study on intelligent excavation
by the bucket/blad

We conducted the following studies to achieve intelligent excavation by
bucket.

(1) Excavation of soil in water by the bucket: We carried out tests for
excavating silica sand on land and in water by the bucket. The results
confirm that the resistive forces in water are much lower than those on land
because the shear forces of soil decrease as the saturation increases (Fig.4).
Based on these results, we investigated a method for estimating ground
strength (i.e., the cone index) based on resistive forces.

(2) Acquisition of ground information for automatic bucket excavation: We
used 3D cameras to measure the shape of the ditches created during soil
excavations using a bucket and using an actual hydraulic excavator. We
estimated the excavated soil volume and the excess soil volume from the
bucket method using image analysis. The measured excavated volume was
similar to the estimated volume. Moreover, we measured the resistive
forces acting on the bucket during the soil excavation (Fig.5).

Study on acquiring ground information through
the use of UAV (Unmanned Aerial Vehicle)

Researchers have confirmed that UAV can effectively measure the
geographical features of landslides from the disaster area. Therefore, to
achieve advanced utilization of such vehicles, we conducted a fundamental
study to estimate the cone index based on the measured impact acceleration
of dropping to the ground. In 2018, we estimated the ground strength (i.e.,
the cone index) using a wireless measuring system. Based on the
experimental results of the time-series tests on the impact of dropped
weights, we developed an empirical equation for estimating ground
strength using the maximum impact acceleration, the time before the
acceleration peak, and the time from that peak to zero acceleration (Fig. 6).

L1
Fig.2 Sampling of high water content sludge

Fig.1 Development of ground materials from the
mud using granular materials

Fig.3 Flowability test (left) and bleeding test (right)

Fig.4 Bucket excavation experiment
of the soil in water

Fig.5 Excavation experiment using actual power shovel

Fig.6 Drop weight impact
time series test
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Toward Advanced Environmental Geomechanics and Energy Technology

EHIR RO FBY
Associate Professor

Kiyotoshi Sakaguchi

2018 FICHARETIT oL ERMRIELUTOBED TH %, &, FHill
1) SRRETICEIZEASHOBBKEFLEIND K (Fig.1)

A 2 DDOMRICHK S,

2) HRBOEZMHARI AT LICED 400°CTORMETEEEDKERRKD AE E=5 U7 (Fig. 2 ~ Fig.5)

3) BIRFHBRBETICRITEKERRERERICRIETEADRAED

# & (Fig.0)

4) BRFHBRETICEITKERREHERICRIF T IMYRF S TXREDOTE (Fig.6)

In 2018, our research activities included the following topics:

1) The injection-induced slip characteristics of a rock fracture under high temperatures (Fig.1)

2) Acoustic-emissions measurements during hydraulic fracturing of Inada granite at 400 °C via the novel true triaxial system (Figs.2-5)

3) The influence of rock anisotropy on hydro-fracturing crack formation in a supercritical geothermal environment

4) The influence of grain size and injection rate on hydro-fracturing crack formation in a supercritical geothermal environment

BERETICRIT2ERERD
RIBRKEFLET N D it

350 ~ 400°C U L OREBMRICH T 2 MTRE I REE A it
#HIRLF—HEIMRESNTVS, HRUTEEEAAT 584,
HWRETRDLDOTUSIMBET D OHFKE (FF) OFTHEMED
H%. UHL. JEHEHETRDDOIRDBELTBEOBKMEANDE
BETHTH D, AR TE. FHBEIROORKERME. IR0
EELVBEKENDHEZRASHICT BcHIC, 200 ~500°CD5
#T45° DIERER DR REG T BARHEMFIg.) EANT,
ERAECHBKEIATEINDRBRET > fco ZORR. UTFO
ERESICIOT, 1) TRDBIAEENICHE TR DRICHEI
ENBBTE 2) IRDBEHUBOITROEEHNHEDREMRICH
BINBTL, 3) FNIHECRELLINDOIRDERERBENE
FIBICONTETF U, 350 ~500CORET TR BENESR
FBICONTIRDBBEORBAEET Ulee LIt >T, BE
RERTBICONT, LONSVREBKETLDENTRD, TbS5,
EDBRELLIRDDRINBZIENRES NI, TRORRA%
DRBEEOZEALIE 200, 250, 300°CTHEML. 350CTIEFZESL
#%, 500CTEERM LI,

Injection-induced slip characteristics of a
rock fracture under high temperatures

The suggested method of geothermal energy extraction involves using a
fracture-type reservoir in deep crust more than 350°C. When using a
fracture-type reservoir, there is a possibility of aseismic (rather than
seismic) slip. However, the characteristic of aseismic slip, and its influence
on permeability, are unknown. Therefore, in this study, to clarify aseismic
slip’s occurrence conditions, characteristics, and influence on permeability,
we conducted an injection-induced slip experiment using a cylindrical
specimen with a 45° tilted tensile fracture (Fig.1) at temperatures of 200-
500°C. As a result, we clarified the following: (1) There was a difference
in characteristics between the start of the slip and the subsequent parts of
the slip; (2) the surface shape of the fracture affected the slip velocity at the
beginning of the slip; and (3) the velocity of the subsequent steady slip
tended to decrease as the temperature increased. In addition, at temperatures
under 350 °C, the pore pressure at the beginning of slip decreased as the
temperature increased. Therefore, a slower, more stable slip with a smaller
pore pressure may occur as the temperature increases. The permeability
difference from before to after the slip increased as the temperature
increased from 200 to 300°C, remained steady through 350°C, and then
decreased by half through 500°C.

REODE=FHERY AT ALICEKS 400°CTD
BHEEESDKERERD AEE=7V VY

EERST B RICEIEL., TRHETERE DK ERFER%Z 400COE
ETTiTlaofc, ERUEERIYZATAIK. Watanabe et al. (2017)
OBZICEDVWTRHRHUVEHEBOE=8MRABE Y X T LA (Fig.2 ~
Fig.4) THD. KEBEIRATLTIE., Y—ILBEEELTEREDTZ
Z2F v oilE (RVT—FILT—FI)Lo h> (PEEK)) %#{ERTZIE
IZ& D, —3Z 100 mm DI FHFEHEEE (Fig.5) ICx LT, 500°CH
TORERET CKEBRRERETS>IENTEDS, HEILAG=
#HeAMTRA 150 MPa, FREIFRA 100 MPa £TMA32E
MNTEZ, I5Ic. TOEZEMYRATAICIE. 3 RT PFREEREY
ATLE AEBIE VAT LAERHPADIENTED, e, BHES
SAFYUBEROHUVWEAEBZEHRLTVWEOT, EZ8#HIYR
FLADEWBESAKBICALELTWS, KR TIE. KEBRVRTLA
ZRAWT, EZ#IGRETERSE O —EEERREICIFIFE
Y93 400°CTKREBAEREZT >lco MHIRHAERMEIE. 010 02
03 ZFNFh 40 MPa. 15 MPa., 5 MPa &UTc, EErlE. AE
DHUEDEEE=ZFI VY Uz,

BoNELGERIEIUTOLSTH S,

1) FREOE=SHARIZATLEAWVWT400CIEEITZTERE DK
EWREERICHRIN LTz,

2) TL—9 9o EAGDHEIGHREICHIS . 400°C DBRE
RETOE=Z##LIRETIE. 0203 DEDEZEST, TDELS
BREWI L= VEAR. BEESHITEARE (K) OMEIR
DI21eHTH D, MEDBEVNREIEFEOHNENBICRETST
ENBHZDT, KERRIC L >TIEHEPICERMNEINERY AT —
IHERINTWSHEEENH D,

3) EEEDKEBRBREICAENRETZAREMENH B LI
400°CORERET THEH /HHiRdhThazehbhor.

4) ZTNS5OFHENARIE. BERAMATBEORKST/BEICERT
H%o

AE measurement during the hydraulic
fracturing of Inada granite at 400°C via the
novel true triaxial system

We conducted a hydraulic fracturing experiment involving Inada granite
at 400°C via the novel true triaxial system (Figs.2-4). This novel true
triaxial system is based on the concepts introduced by Watanabe et al.
(2017). Through the use of high-viscosity melted plastic (e.g., polyether
ether ketone) as the sealing medium, we were able to conduct hydraulic
fracturing experiments at temperatures of up to 500°C for a cubic specimen
with a side length of 100 mm (Fig.5). We applied loading stresses up to 150
MPa in all directions and pore pressures up to 100 MPa. In addition, this
true triaxial system includes a three-dimensional P-wave velocity measurement
system and an acoustic-emissions measurement system. When we added a
novel injector for the high-viscosity fluid (Figure 1a), the usability of the
true triaxial system improved significantly. Through the use of this novel
system, we were able to conduct hydraulic fracturing experiments at 400 °C,
which approximately corresponds to the brittle-ductile transition temperature
of granite in its true triaxial stress state. We set the stress states 61, 62, and
o3 to be 40, 15, and 5 MPa, respectively. During the experiment, we also
monitored the changes in the acoustic emissions’ properties.

The main results are summarized as follows:

1) We successfully conducted a hydraulic fracturing experiment on
granitic rocks at 400 °C via the novel true triaxial system.

2) The initial stress state constrains the breakdown pressure, which is in
the range of o, to o3 for the true triaxial stress state at 400°C. This
breakdown pressure is so low because the viscosity of the injecting fluid
(water) decreases with the temperature increase. Because fluids with low
viscosity can infiltrate preexisting microfractures, a densely microfracture
network can be formed in the granite as a result of hydraulic fracturing.
3) The occurrence of acoustic emissions during the fracturing of the
granite could be detected, even at 400 °C.

4) These preliminary findings are essential to the design and monitoring of
supercritical geothermal reservoirs.

Bifrisiil Fuvajiisny

Fig.1 Granite specimen having a tensile fracture (a)
and X-ray CT image of the specimen (b).

Fig.2 The novel true triaxial system Fig.3 Closeup photo of the true triaxial cell

-
Palyirmite ;.
e :‘fp
_It: .
* : E"af

¥

i ' ._
100-mm cubic grﬂnﬂéﬁ?\l

Fig.5 100 mm cubic granite specimen

Fig.4 Internal structure of the true triaxial cell

Fig.6 X-ray CT image of the specimen after the experiment
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IXRILF—ERFHEBE

DEITRILVE—V AT LAFEHER  Distributed Energy System

B2ATFAFITINBIXRILF—IRAT A
IH(CR

% E‘Lmtj-_z #i% )IIA Eh

Toward the development of sustainable energy system Professor
Tatsuya Kawata

Energy Resources

LUNBFOMRAEHIE. REANEERORRICEFIHEESNEFOSVFEDBERTH D, RERZOFTERIC. BRERILET/\MRIC
LBIRINF—BHEFBICRARBR T RILF—EBEEKM, SLOCTRILF—FEKM, FMRRERESCVDELRERTOERKRIMELS
FEBEREERAFELL WS, BE - IXLF—BHBEOBRICE. LERBOBHENAEBETEIRILF—OREMRIBGDHDH LW
MOERNPAAREEZ. ZORMELD—D LT, X, SMAMDOEFRBRCYRRE (SOFC) DXRRICHELRRMABZID LT,
FRADEEEDHEIL. PRATLAICAVWSNSHRIOERREICEITZMEILEN. EHNESHICOWT BN2 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
BLUBEPE LI ORRE

NEDO ZFEE% "EREL YRR E b D R MR 3Tl 77 7%
BY2ERMFE ICEVWT, chETEbNRTZERALHE
R Z—ATH ZEMEMAKE U B OM Al £ 5 T 2538 %
ToTW%, BEFARICREGRGIEIIRNTRECRLRSAREED
HD. HEEEBICHERERAENELZOREEDLH D, DRICINF
TOFRLILERIRDI0). EILROFEFRIREL L% 3 I
REITIDENH D, £fc. SOFC OBERSEEZILKT BIcsIci
MEZERO /L ORREICEEFLTNS,

RAEETRERIVY—ITLETERL. ZRANEOEEZEHT
HETHARZEDTHED, RRKRFE. RERZE. WMNKFE, EER
TS E MR, EARRMEM. BRAR (#). LU SOFC H
REMELBEICEEUTEEZHEL WS, YDBFTOEKNA
ARBEICOVWTIEL T TiRRB,

Development of Systems and Elemental
Technology on SOFCs

Forthe NEDO project “Development of Systems and Elemental Technology
on solid oxide fuel cells (SOFCs),” in order to meet the recent demand of
further improvement of generation efficiency, we conducted research and
development using the developed evaluation method. Under high output
conditions, the operating condition of fuel cells are possibly different at
each place in a cell. The degradation behavior may be different from
general operating conditions as well. Therefore, the local degradation of
the cell should be evaluated. In addition, a high-toughness cell has been
developed to extend the range of SOFC applications.

For this project, a research consortium was 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.

IAhode-s'up_E:" ted cell

LSCFE428 : 20 pm

#12 mm /

Laser displacement
.

\ $20 mm Button cell

X [IETTT

\ {line scan type)
NIO-YSZ : 400 pm

Fig.1 Tested anode support cell.

Fig.2 Appearance of Cell-deformation measurement system.

by

HEHR R ER
Associate Professor
Keiji Yashiro

Lab member

EBIRIERICH T DE IV DEREE) & ISHER

UREH TR, BILOYIABER LR ARE. HDWEIMEIOHER-
MmEEOZE(LICE. BILRETOBERTY I vILODHEIELE
ELT0W3EWSFRIZEREICEILBEMBIOSBRRICEITPERRT
VIvIEEYERREBRAELELDHEL, ZTH5ESN
BIEFEHEZORBEEBERITICAVDIFEZRAREL. BRid%E
ToTW3, FleTheETUTEBENZOBRRNSERE - Bl
AVH—ARTNEVS BRI EETETIINNPERRED
BEPEENERESLICENZURIVERDREVWHELET>TWS,
IR TE, BERIIERLG/NNUI—3 B 50, KFREU
THRDBREI Y TIVRRY VBT /— R Y R—Kt)L (Fig.1) =7l
LT EBROBREBRETCOER - GBI OBER _LICEDE
AT BEFEIICIEETILEILOEREB RSB AIREICDOVWTER
(Fig.2) £¥Zal—y 3> (Fig.3) OMEHAS7 7O—F L., RR&
A RDSEEBROERAEEREZEHERETICE T2 EILER
EHEATEIERFAEBEZHEL. ETLEILICHUTERE
ZTORRECBAERRAEICE>TRA L. RRBLVETH
DEIERREESHICELT, ENEHRIB/NSKYIaL—ya v Rl
BIFRW—H%ERLEN. FRBOERE CORBHAIFRENI L
DM ofce —ABTHEIFT/—ROMMERICLDEREDIGAIE
WAL, —ATHY—RADEMEIGAIEMUE (Fig.d).

HEEH

2018 FEDHUMREDAVN—(F, HiR 14, EHE 14 HAX
B1ARMHES 1 ROBBE 4 2. FRIZE 1R ELZE13 A,
FEFE 8 BDFE 22 ZDEN 26 A THEBSN. SEEFER]
£2THB. 3RICIIELRREZ 6 BHIMET L. BEICHE. FH4E
4 BIFFERELTREIOER. BR2E 1 2REU .

awiry

. Cathode (20pum)

Electralyte (10um})

Amnode (400 pum)

Fig.3 Cell model for FEM analysis: (a) full cell model; (b) cross-section
view of the cell model.

Internal stress state and shape variation
analysis of an anode-supported solid oxide
fuel cell through anode reduction treatment

Our group has attempted to construct a multiscale model that can simulate
elastic and inelastic deformation and fracture probability while considering
electrochemical, thermal, and mechanical properties of constituent
materials of solid oxide fuel cells (SOFCs).

Designing SOFCs having high mechanical reliability requires understanding
of the mechanical stress state of a cell and a stack under various conditions.
In this research, we developed equipment that can measure the deformation
of a button-type anode-supported cell (Fig.1, 2) under various operation
processes. In parallel, the shape profiles and stress states corresponding to
those processes were simulated with FEM (Fig.3). In the cell deformation
profile, the calculated profile showed good agreement with the measurement
result for each process. After heating, the most dangerous part of the cell was
its electrolyte. The deformation amount for the cell was small, but the
internal stresses easily increased because the constituent materials had
high rigidity. After the reduction of the anode, the rigidity and brittleness
of the anode was lost, and stresses were released with elastic and plastic
deformation, which, however, had a negative effect on the cathode as
compressive stress increased (Fig.4).

Educational activities

The lab members consist of 4 staff members (a professor, an associate
professor, a researcher, and a technical staff member) and 22 students (1
Ph.D. student, 13 master students, and 8 undergraduate students), including
1 international student. Six master students and five undergraduate students
graduated in March.
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Fig.4 Cell-shape profiles of the experimental and the simulated results for each
process: (a) Initial state; (b) After heating process; and (c) After anode reduction.
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IRILF—ERFERE Energy Resources
IXRILF—ERY X VFMHFEEF Resources and Energy Security

R -IXIF—DFEHENRREE
RO D AT EENE

#x BH R

Sustainable development of resource and energy as well as Professor

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., BERSLTCMARZEC TEMPHRIICER IS L TH B, ZMESOIEPAEFEORMAR. TLARREZREBU 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.

RIEHEROBERNTIC L SELRRERMRE

(AIST, JAMSTEC & O#FEM%E/ ERBWHE (A))
RETOBRIE. BERTHD. TOBROTH SEHBEREME

THEFENEEERD, AR TR, ERRRHEHED© LIRORE

REICEEL. WREMBT ST BRILTZTOLRORHEE

Iofc (FR5, BREMER ).

Survey of paleotsunami deposits driven
by environmental data

Environmental information is infinite and complex, so it is important to
identify which factors are beneficial. In our study, we examined paleotsunami
deposits and soil adsorption coefficients. Through data-driven analysis, we
elucidated a complex and wide variety of environmental processes.

Research on the geo-environmental transfer

BEYEOMBERIEBEIRR DR . i
of topical materials

(AIST & DERFRE / RIZAFHIHESR )

FEVEORK  TEFORNPAHEANZILDRBHATH S
e HRIFEEREDRITICKERRBEI RSN TWS, KFKTIE,
TEPREOARIEPREEZERBUCERY R FTMHETILOFREFR
Z{1ofkc (FNS , TAZS , FRS , BREMER ).

Recently, air and soil contamination have become serious problems.
Elution tests are the best-known method for the evaluation of the behavior
of heavy metals and volatile organic compounds from contaminated soil.
Such tests are very complex, both in soil and in water. The purpose of this
study is to assess human health risks using a self-made model that
considers the adsorption coefficient.

K P EELL D TTREEN DA

(JICA & DR )
AAEAORE (EV TN, A YRRYF, KYTF) £BUT

i EROESEEDOYR Y FECRA - TEICALSN2HTRD

Assessment of trace elements in groundwater
and mining

We referred to surveys conducted outside of Japan (in Mongolia, Indonesia,
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Fig.1 Paleotsunami deposits in Miyagi principal

Fig.3 Risk assessment model image of new
hazardous chemicals at our living area

Fig.2 Geochemical survey in Mongolia
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Group Photo

BHRIEOAN =X LEBESHICLIABambii et al., BIBHEZ Y VIR,
Bambii et al.,Hydrogeology Journal, ).

REUBRHICELDAXAT VT KL — MNEERMTTORRE
(AIST & DR )

FIFRLF—ELTHRENB A VN RL—NEERTTARTF
FELT, BYERBERVE TRUBRRE ORRET . &
&0, BFEEAVDILT. RITHATELSNEZFERENUE
LT, BIEQEEDENTREERBLHES NS (FH 5 ISOPE,
T .ISOPE, B 5 ., BHEMHR )

BREMHIRIETOEREER
(NETBESME (B), NABKRNHR (#35),
NEDO 3:tfR %)

REICF AR RBER A CBERAEIOEENIFEI NS 400°C
N o TIRE (BEEMAIRIE) TONBBIEROFIREEZIRET
927, HlICHRELVCEE - E=8IS N TKERBRERYZITLA
ZRAWTTEREDKERREREER L. TORR, FBEEL
TOFAN G TEIRBEICH T UIMNERNSBRDBEKEEH
XY RT—=IhEHENS B 2R U (Watanabe et al., Sci
Rep., accepted), XfcBERMEMIRIETIE, KEEMICEDES
ZFHOTAMIRDDEERLCEKENDEEN NSV EERE
U7z (Takeyama et al., Proc. of ARMS10),

—E&{bRR (CO2) MhETFBIRIETICH T D XL
MEDOHZEHE (JAPEX & DHREZRE)

CO, HHEIFE DB ERFETH DI NUEREDOHETEEKIE. CO,
—BK—EARGHEC THERNICTHD TS EIEBRWATBEEN S
32 &ERH U (Hattori et al., Proc. of ARMS10),

Fig.4 Geo-chemical analysis
by data-driven

Fig.5 Novel high-temperature true triaxial
hydrofracturing experimental system

and Botswana) to clarify the mechanisms behind groundwater recharge
and the transfer of trace elements. This increased our understanding
regarding the local peoples’ real lives.

Methane hydrate production using
the partial oxidation process

A large amount of methane hydrate exists under permafrost and at the
bottom of the sea. The purpose of this study is to evaluate the effect that
heat generation (due to minerals’ dissolution in acid) has on gas production.
We estimate that several times the current production efficiency is
possible.

Creation of geothermal reservoirs
in superhot geothermal environments

We conducted hydrofracturing experiments on granite at supercritical water
temperatures using a newly developed true triaxial experimental system for
high temperatures. As a result, we were able to create permeable fracture
networks (e.g., geothermal reservoirs) in superhot geothermal environments
(above approximately 400°C); this is a new geothermal frontier (Watanabe et
al., Sci. Rep., accepted). Additionally, our experimental results reveal that
injection-induced slips in such environments can be slow and do not
significantly change the fracture permeabilities (Takeyama et al., Proc. of
ARMSI0).

Mechanical properties of volcanic
sandstones for CO, under geological storage
conditions

In our experimental, we found that the elastic moduli of volcanic
sandstones—a reservoir rock that is a candidate for the geological storage
of carbon dioxide (CO,)—does not necessarily decrease continuously
during CO; reactions with brine and rock (Hattori et al., Proc. of ARMSI0).

Dpiicsl mikroghotograph of & this section
o granile Ber BpRlracuTing M 430'T

Fig.6 Fracture network in granite via hydrofracturing
at a supercritical temperature
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IRILF—EREBE
Iﬁiﬁ§$%ﬁ3$ﬁ§ Designing of Nano-Ecomaterials

BiEloHE4E-TXRILF—D :
BlBUA S+ / MEs R R R

Development of functional nano-ecomaterials for energy and Professor
environment in the environmentally benign systems Kazuyuki Tohji

Energy Resources

F/MBZEERTRSMHEZHEARIZMBELTHFINTVSEY, EOBKRTRIERRENSEMBETZIDICE. BNETIHEEZR
RIRICHKBETEHHE - ERR - HRICHEHITZ2LEND S, CORGERDS. AARETIE. FEMRHFTOMROREZHERT X #8iE
BTEORBAIMNZEC THBICHBL, ZORISEBZESCZFNFECEENMEFZIALRATZIET SWXE>BERRED T/
MBI ERAETEFEERHALTND, Ko, SHEEZRIRT BHDREFEEDORREZIToOTWS, MR (A) BRIRILF—EHR (&
RRFEEEIDANT T+ 774 NfE, BETBASF/NF. KBEHA CIGS F/HF. &E). (B) et/ - TIMR 9EaS
F/RF. BREEETFREES/ME. BASS FRNEBAREES/ MEMR. REF/MEL L), (C) BBMELIXIILEDRMEZ
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
RIDEOBIRNEK. REMIL. ZERTDHITiFE. HETHE
EENBVWEE /B /HFTHEIENRETH D, Blc, T¥
HEAZSBICHL EMBILEL B D DOREEBEM OFERIFRAE
TERIDDETH D, COBRBETORGZIRNTHLLRE/
BeF/HFE. E-—N—F0BBELEBOAZAWN. EERE~70C
BEOKAERFT. ARITZEVS “RROFELM " EEZ2F %%
BFELTWS,

Z0HIcE. BREAGZKARBICEVWT. SBEOREEZSELT
L BEEARTIRBEBEICIEETHESIBILHORTY v
W EB— (bt RUHELTZIENDRETHD (ARTZHRICKD,
BIEELURIEEIERHEEHD ). T THRRADARETIFFE
FHEZAWTKARTOSBHEOBESEHIHL. ZOLTET
S E2FEZRAREL .

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.

Fig.1 Presentation of Mr. Tatsuichiro Nakamoto
(DC1) at 223" Electrochemical Society Conference
(Seattle, USA)

Fig.2 Presentation of Mr. Hugo Fathur Rahman Fig.3 Presentation of Mr. Kouhei Sato (MC2) at
Erawan (DC2) at 224" Electrochemical Society 224rd Electrochemical Society Conference (Cancun,
Conference (Cancun, Mexico) Mexico)

4

HEHR BifRE
Associate Professor

Hideyuki Takahashi

.

B BATE

Assistant Professor
Senshin Umeki

Bhg tEl &

Assistant Professor
Shun Yokoyama

RE A=EF—

Technical Engineer
Kenichi Motomiya

Bz iE, bEYMKRGERME &S Cu-ln &/ TP Cu-
In-S +/#iF. Cu-In-Sn &&F/fiF. Cu-Zn-Sn-S F+/fiF &K
BRPTERL. BRIEIETREEBERRIEIRMEHEAEL
foo EFfeo BEMENBELMEBENEWV Cu 7/ K7 EHEEEM
HEOBELTRAEET o CuliF. BEMREEETHEET
3fchdD Fe F/HiF. EOEMERALERATNS, BiC, ITX
ILF—HRELT, RBEBRMEPREERMR. BREBEKRTE
HBEERTEITDRANT T4 770 RAEM R, ZRAKLTWS,

FEEBOERRVERSERR. ZOMDIES

HERAREMBOZREIL, 2018 £4 A— 12 BOHMEICE 14 4
DERMREKFARETolco AARETIF. ZEEEDHEFFAKRE
DPEH. IZ2=7—YavEhlcedsd/O—-/NILbERET S
CEICHDEREEVWTHED, ZEHEEBOERSBETCORRVIELR
EFHEOREZHEANICITO>TWS, HEEETIE. 5 BIZY7 ML
TR X iz 223rd Electrochemical society Conference T
I3 DC1 O ARBE—BEED (Fig.1). 9B 30H-10B4HIcAFY
JEREAHY V> THES NIz 224rd Electrochemical society
Conference T (& DC2 ® Hugo Fathur Rahman Erawan #&
(Fig.2) & MC2 0B FE (Fig.3) WEXRZT>TWS, 58
ICHESINEER RMERFILXIBESARICIE Hugo Fathur
Rahman Erawan(DC2). fhZA&E—ERE (DC1) . e BERTE (MC2).
EEAEBEE (MC)., RIKEE (MC1) KL, 9BICHES
hieER - EMFE2MEKRETId Hugo Fathur Rahman Erawan
(DC2). thAgE—HEE (DC) L EERTE (MC2) Ml SHEE (MC2,
Fig.4). EBEEHREE (MC1, Fig.5). XRJIKXKEZE (MC]1, Fig.6) »
FRUT,

ZDREN BR-ZMFER ER- ZMEIREIIBRE. BH
YME¥S BR¥ER. MRS CKERZLY) @#E. BROFERICH
BEMICSML, RROEREZT> WS, e BRAIRILF—IC
B9 2AMEH PR REE ICRIRILRNFBMREICH TS AR
ERE, BRABEFEBZETo>TWS,

Fig.4 Presentation of Mr. Seigo Tsunashima (MC2)
at fall meeting of MMIJ (The Mining and Materials
Processing Institute of Japan) (Fukuoka, Japan)

Fig.5 Presentation of Mr. Takuya Endo (MC1) at fall

Institute of Japan) (Fukuoka, Japan)

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.

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.

Students’ activities
(conferences, awards, and so on)

Students from our laboratory attended fourteen international and domestic
conferences from April through December of 2018. To develop their
various abilities, we recommended that the DC students attend international
conferences and study abroad.

This year, Mr. Tatsuichiro Nakamoto (DCI, Fig.l) attended the 223rd
Electrochemical Society Conference in Seattle, USA, in June; Mr. Hugo
Fathur Rahman Erawan (DC2, Fig.2) and Mr. Kouhei Sato (MC2, Figure 3)
attended the 224rd Electrochemical Society Conference in Cancun,
Mexico, from September 30 through October 4.

Mr. Erawan, Mr. Nakamoto, Mr. Sato, Mr. Takuya Endo (MCl1, Fig.5), and
Mr. Daiki Oikawa (MCI, Fig.6) attended the Tohoku-branch spring
meeting of the Mining and Materials Processing Institute of Japan in
Sendai, Japan, in May. Mr. Erawan, Mr. Nakamoto, Mr. Sato, Mr. Seigo
Tsunashima (MC2, Fig.4), Mr. Endo, and Mr. Oikawa attended the fall
meeting of the same group in Fukuoka, Japan, in November.

In addition to these meetings, students attended meetings of the Japan
Society of Applied Physics and the Electrochemical Society of Japan, as
well as the Materials Research Conference (USA), among others.

Moreover, the students participated in various social activities, such as
events on natural energy and public lectures.

Fig.6 Presentation of Mr. Daiki Oikawa (MC1) at fall
meeting of MMIJ (The Mining and Materials Processing meeting of MMIJ (The Mining and Materials Processing

Institute of Japan) (Fukuoka, Japan)
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IRILF—ERFERE Energy Resources
ERITXRILXF—EFRF4SEF  International Energy Resources

Frim JREB R ORRICH T TERE LT
IxXIF— - BREREZEDKE

Building a sustainable global society through policy
and sustainable energy and resource use

HEHRISUEFR

Associate Professor
Guido Grause

KARE T, ME-LEEHZEC T BANCERADBERLIDITRILF— FFHEAREEICBEALTH S ZREICOVWTEENICRE Z1T-
TW3, Ffeo BRREY—Y—BR 7OV ILTIR. BPTTENLCEBEEROBAOMRELRIRL. REMBEICHIZELSORRRE
O7OLRZFRRTESHERRUFBORRESZITVS, IRXRILF—FFOMRICEALTIE. BERFESHUBROREDIRILF—BERIC
BBL. REDBICEI2ARKAINOKEFEICHEEZRIFITHEEREZRIEL TN, Elclk. BAD kKRR, KBI3EYavIicERL.
BAEFREIRILY— (UT,. BIX) OBREZEELTVWIHAICEITZERRTERORREMBICHc>TOKROARES LUREZ L
W3,

Through our research and teaching we are actively and holistically examining energy and sustainability issues from both a domestic and international
perspective. In our International Environmental Leader Program courses we provide opportunities for students to meet with researchers from other
countries as well as engage in practical activities simulating real-world decision making challenges about environmental management. Regarding research
into energy issues, one key area has focused on understanding the policy and economic factors affecting Japan’s continued reliance on coal-fired electricity
after the Fukushima disaster. Another project has focused on Japan’s vision of a hydrogen society and the relevance of hydrogen for individual prefectures
committed to renewable energy transitions.

ARAXNFEBZWZT

RERAESWzHIC. 2EQRTFHOREMNEEANIEIEU TR,
REARBOFHRABERFRIBEL D, BIFEEERZZM. »D
TERBN—AO—RFERELTARKNDZHFHMLTVNS, ERNS
S[URZENDEFRANEB T2/, REFTFHROBREVRAZID
BEHEZXKBICHS T CEEFBBTHD. HEDARKANDIKEFE
CHEBIIBNELVELERDIRILF—ICNTE—APEZIRE
ZEEZ. RABREEN. BIANGERZRBMAICERLT @Y
BIRINF—IVIREBEITEENRHEND,

Transitioning beyond coal-fired electricity

Following the closure of all nuclear powerplants after the Fukushima
disaster, although solar electricity has increased dramatically, Japan has
attached renewed importance to coal as a cheap and reliable, baseload
electricity. Given the need to reduce carbon emissions in the electricity
sector as part of global climate mitigation efforts, it is important to
understand the economic and political reasons behind Japan’s dependence
on coal fired-electricity and the difficulties in reducing this in the future.

Transitioning to a hydrogen society

Japan has arguably the world’s most ambitious and comprehensive national
vision and roadmap for achieving a “hydrogen society” where hydrogen is

KEEEADERI

EEUTa B -BHOEE. EBEEW-HS5DDHEEZRICT
kFES) ORRICAIT T, BERIEEN, M OBONREY3vE
O—RYv7%#T5HLTWS, COEY 3>y TlE. REMICIE. B
ABANAAITRBREEVWSTEBETRIRILTF—H SKRDOEE.,

used in diverse applications ranging from mobility and electricity/heat
generation to energy storage. In the long-term, this vision seeks to exploit
domestic renewable sources such as wind, solar and biomass for hydrogen
production. Yet in the short to mid-term, Japan is seeking to accelerate the
transition to a hydrogen society by diffusing existing hydrogen
technologies such as fuel cell vehicles and stationary fuel cells. Japan also

ERR ML Fy— o LTY—

R N—)L AT
Associate Professor Lecturer

Gregory Trencher Kyle Bahr

FEARICIE. KERBRERBEE (FCV) CEERNEROEAILK
IC&BKRUESORBICEIFLIMENBIEShTWS, oo FR
HWICE. BAOLAEREEERUCREDKREEEZTEEETIE
BRRY IS Fr—rE2BETZIEICED, BRTKEOIANME
BMEERMNBEEESNTVD, BADSOIRILF—DHEAZERTD
Z5LEIRILF—EBRIE. FIZEEERDLSIC. HBRTETO
IXIF—HEEZHHLSEITDIMAICE>TRIBT LVEEEREZRFD
ERERSBW, KR TIE. KENTSUIHADITRILF—EERIC
FU, WHICES. HEWEFETIHERIEL

74 I—DY NI FEEXDFE

WEERENC T V—DOROEEREETH D, LML, WFEMM
BOTEE EU OBBEINEDRE L IFCOEE TRABHEZRIL
TW%, 2018 FICHRIRKZDAREN EEREEAREERELTD
YR EDF DT ADAHEMICDOWTERT BHIC T I—%5h
L7 (Fig.Do ThUVFERIRILF—EERLIFT TR IXIFER
{EZMELN\A ARBIOEEICHERTES,

A-L7LA12FUA

FEHSRBEFEE T REH T Pencha Dtk BrIEDREREZ EY
b, (Fig.2) BEBREZFBEOO—ITLAZiTolc. FEIRF.
S5 BIIENRLBHEFFREDOTOT7—ILEBHICRELEET
WOEREITZOHDY LADERICHSHEEICH I 2HREZBAL
feo HBUERSNNIEILRT IS TVYEREZSOHEEMTEZRK
SEBHILICBBD, RIEREERROBREHcDIC—FMEES
FERBEOAIREICD DD RERT TS TVVREEY LADXKIFICIEF
KERRIKHEDHREPEETKNOREICLZENZMIEIDENS
MAINBITRARZR R Ucfcd, Konlc R ERFTRMOEEN &
Meehnfco 2OO—ILTL A TEERD > DIFFIERBRER TR
BEIRDRIEEFIROKEIE o7 (Fig.3).

Fig.l Meeting at the Sugar Research Institute Fiji Fig.2 Map of the Pencha-city region

Fig.3 Stakeholder negotiations in the role play scenario

plans to source the majority of hydrogen needs through international
supply chains that enable the import of cheap, mass-produced hydrogen
from overseas fossil fuel resources. This type of energy import strategy
might have less relevance for some prefectures—e.g. Fukushima—which
aim to meet 100% of energy needs from renewables rather than imported
energy. This research thus examined how hydrogen might facilitate or
contradict the goals of such prefectures.

Future of the sugar cane industry in Fiji

Cane sugar is the most important economic factor in Fiji. However,
declining sugar prices and the abolishment of EU sugar quotas have
negatively impacted this industry. In 2018 researchers from Tohoku
University visited Fiji to explore possibilities for using sugar cane as a
renewable resource (Fig.l) such as chemicals, biofuels and energy
production.

Role play scenario

In the course Practicum on Environmental Studies for Advanced Society
students developed a role play scenario. This dealt with the problem of
flood protection in an imaginary city Pencha (Fig.2). Each of the 13
students were given the freedom to decide the content of the scenario by
developing a stakeholder profile. During this game, contesting stakeholder
viewpoints were explored before proposing a solution. To protect the
citizens of the downtown and important regional industries from flooding,
a dam located in a bordering district was proposed, which would flood
large agricultural areas, including an oil palm plantation. What kind of
agreement could be found? How could extensive environmental damage
be prevented without causing farmers to have to bear the burden of losing
farmland without any visible advantages from the dam? The students
found an innovative solution for this problem by allowing the oil palm
plantation to expand into the shallow water of the dammed lake. Therefore,
the lost areas for farming were minimized and only a small part of the
nearby rain forest is required as additional agricultural area. Farmers also
receive also free electricity from hydropower for some time. Of interest
was the role of scientific experts, who initiated the negotiations between
the stakeholders (Fig.3).
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BEISERSEEE Environmental Policies
BiE - TRILE—&BFH9E  Environmental and Energy Economics

Y751 Fr—>EBUIRRAMAL
BT 3 U 25 ORI

2% NE —K
Resource logistic approach to visualize supply chain risks Professor

behind resource use Kazuyo Matsubae

FEEDOAOBARGS FICEERRICHESEYERFTE. SERICKITZI V-V I/ - 2RRIIHDEFRIMEXZ2/VERTE
BENZNBREBICH 2, HREBOLFXYIVEEETHZEIEE, HE - £EEHEXZDZ<O—REROFEZBMKELTNS,
EREIEOLERICHEFRRABHBEN IRV ERFEBDICTL LR VIR RERFEEZD ST IEFMSNTVEZHDOD, Y F/F51F—rv%E
BULERORNOEZ., BEIZVRVOARILIEZ. VRAIBEROMBAENRELTHZ L, YTUZILT7AO-BHEITELTWSIL
EL, REDVZVODRIRTH B, FMRABF TR, INSOREZERL. ERFBICBEDLEIY T4 Fr—r YRV EREEHIN - BIRKIC
EEITLERBEZAEY

With the increased global concerns about resources and environmental constraints in 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 shareholders' concerns of social and environmental sustainability, the fabrication industries require careful attention owing to their own risks related

to the resources and materials that are used in their products and services. The material flow analysis (MFA) 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 a global link input-output (GLIO) model. The estimated results shed

light on how resource logistics prepare policy makers and R&D engineers to confront the risks behind resource usage and how the information should be

shared among stakeholders.

REHBZEUTEUZER - UV OREAS

BREEICIE, FACBOOICAZELDIFZNICEZKDER - YD
BEHEAZNTWS, UL KKFDERZER & UTESeoHITIE,
BEAMICEZEDIRILF—5FE>TFVEZTABRETIHEN
H3, YVIBHO—RERTHD) VILAIFHFRDRS iz TL
MENT —REFOEEEZHMAICE>TWIARICESTIE, #i
UROWNH B, £fe. WBEYPT7VEZT. BERBEYREDERLLE
MFRERPOKEZ, UVIFKEZERTD, HRAOCEENTEIR
EIMERICH DT, TDESIRBRER - Y VICLDIREEGROERN
BRINTWS, ZYRTUVNERIR, TEZB/LILHICERRE
EDTZATHAUNLERZBUTRETICDLSBREGTEZAS
HDTH D, AEEIF. BA. HE. 1VRWERIC. RRUEEICET
28R -UY07yRNTUYNEFHE U (Fig.1-2),
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Fig.1 Annual per capita food nitrogen footprints of Japan,
China, and India (kg N/capita/year).

Environmental load of nitrogen and phosphorus
generated through food consumption

Food production requires much more nitrogen and phosphorus fertilizer
input than what enters our mouths. However, in order to use nitrogen in the
atmosphere as fertilizer, basically it is necessary to synthesize ammonia
using a lot of energy. Phosphorous ore, the primary resource of phosphorus
fertilizer, can only be obtained in limited areas of the world, and there is a
supply risk for Japan, which relies on imports for all of its primary
resources. In addition, nitrogen compounds such as nitric acid, ammonia,
and nitrogen oxides pollute air and water quality, and phosphorus
contaminates water quality. As the world population and the demand for
livestock products increase, there is concern that such environmental
impacts of nitrogen and phosphorus will increase. Footprint indicators
measure such human pressure to meet demand on the environment
throughout the life cycle of products, etc. In this fiscal year, we evaluated
the nitrogen and phosphorus footprint of food consumption for Japan,
China, and India (Figs.1-2).
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Fig.2 Annual per capita food phosphorus footprints of Japan,
China, and India (kg P/capita/year).

B EHEHTE
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¥7U7IL7a-5%tHh (MFA) ZBWk
HEERERICHSEET7 O—#FF

BENEEFHKEMPTILIZOERE. TVIYY, RIVAIvyIay,
YAV Y a VR EOBRABEIZERENTVWS I EH S, A
FHEBERVZOERBRIEFHESEVTHLE - Y1-X3 D,
EMELTUYAIILENTE e RES. BRIND Circular Economy
HIRICRITZ2ERMEDOH LICEATZEMIESH T, VI—-ZADRE
., UNZ2T7IFvIUVI, PYTTL—RREILZIERBERD
ER. Z2LTUHAIILICEBRMEIRDRKRILEWS SRR YER
BELEOEEUHIEFRHINTVS, KEOEMUTCIILTIE, 2
NZENRFHNTYEDOILE - BURH R TH D, IhlcHLT, Y
A—-RCEhBERERZMST G, WEBROEER, BEEYDH
W RAER - TRILF—OFNICES L. M2 T, WREOIMICH
Exniiiez iR UCHIRATE LB S,

AR TIE. BEBEOIVIVICEBL, TVIVICEDN DK
HRCZOEETROMRE - BUERIEEHASHICTDEEHIC, B
BYI-RICLDYPEDOHBEREHIBNDR, S5ICTYIvELT
EWEIT 2R EZR T 2L EBRNELTWS,

MTICERULT, REYERERDT (WIO) ICED BN MFA
ETI)L (MaTrace €7/L) ZRAL. BHEHRUYIIIIL—TICH
W, BEORBICHESERORRICETI2VEDOBBEERETR
L7z (Fig 3),

[ZH]

REP (8% Hi5R1E 2 &) Best Student Oral Presentation
Award, Sino-Japan Symposium for Industrial Ecology,
2018 £ 11 A 30 H (Fig.4)

() BAL Scenario

() RO Scemano

]»21'.‘-

Share in products and losses, %

Material flow analysis (MFA)
on alloying elements in steel

The automobile is made of a wide variety of metals such as steel and
aluminum and many useful parts such as engine and chassis. When an
automobile reaches the end of its service life, these parts are often reused
as spare parts, and the metals that make up an automobile are recovered
and recycled to high levels. Nowadays, as discussions on improving
resource efficiency are one of the staple focuses of the circular economy
strategies in the EU, the importance of creating systems to increase the
diversified circulation of materials across multiple levels of modern
products has been gaining more recognition. Such needs call for promoting
direct reuse; extending products’ service lives through better quality of
repair, remanufacturing, and upgrades; and recycling materials. However,
materials are still inevitably diffused and lost during conventional material
recycling due greatly to the principals of thermodynamic restrictions. In
contrast, it is expected that extending product lifespans through strategies
that are focused more on reuse could help avoid material dissipation and
waste generation and could save natural resources and energy and preserve
the functions originally given to the parts and their components.

In this study, we focus on automobile engines and consider the impact of
their reuse by quantifying the loss of alloying elements in engines being
recycled in Japan and by estimating the impacts of reuse on material loss
reduction and product life extension. To achieve this, we applied the
MaTrace model, which is an input-output analysis-based model for dynamic
MFA, to visualize the transition in the composition of the stock of materials
among products over time during successive rounds of recycling (Fig.3).

[Award]
Zhengyang Zhang (D2), Best Student Oral Presentation Award, Sino-Japan
Symposium for Industrial Ecology, 30 Nov. 2018 (Fig.4)

 Production ioss
Rofinary loss

 Resziroery Lodd
- A Futimation of Stesl Aoy Elemanis

. reg on Ashoimcbile Engies Parts

® Crvll sngiresaeng
Beulidings

B Autormobdesothers )

§ Autrrobilsadangine]

P "8 } : s . = [Years)

Zhang et al. Matériaux & Techniques{2018)

Fig.3 Transition in the composition of the stocks and losses of Ni, Cr in 50 years

Fig.4 Awarded Presentation at Sino-Japan Symposium
for Industrial Ecology, Xiamen, China
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BEISERSEEE Environmental Policies
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ERRRIE - BAB BRI R I A Y NESER  Natural Resource Management and Global Environmental Policy

—BICT7s—ILRICHET g EE X
WX ZEVWTHREWELELS

Act locally, think globally together with the community

#ix BIRB®

Professor

Ryo Kohsaka

EEAEYSHRUERNTOENZKIE. BEERZOHHMIE. FIRAED. REDD +IcDWTOEBEBEZEDHTLTWNS, KcEMSHRIERT
ERJZT—ERICEIIBNET S Y b7+ —LA (IPBES) OF ¥ PHIRIRERE T, ERROERPMBEICOVWTHEZL TN, RttDT—X

25 T4 TRBNZECHMERDFRICOVWT, #FgtsesO—/NL

BEEICODWTIOITZELTWS,

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.

wR7AY I+

AARETIHOHEATWDERBERE LT, ERNARMIREE
HIE, GROMBCHENRTRENE. £YSRIEEE. YR
A, T —h—RyEEstmALED 5 BENH 2. ThENRIH
EPREMEAEOMREZIFTIOY I M EEITLTWS,

BUAEIC &L BMIHRE. EMRDIOMISEEE. SFLREICETZ
RAESN TR, MEREEUCHRBEEE, ERREEUTHE
WRRZFICEBLUTERILOBR,. KiF. tEOREZDEREDE
BBICOWTHEBEZEMU, FFiC. BELBRAICDOWVWTIE. BKED
BEREMEmEEELT, FIEERICEFRT 21T, £%. NPOZ0D
BREFOEERLE, HEXYNT—VRROFEEEICHITLT
W2, EYMEZHRUERLICEATZI ) —>1Y 73 ICD2WTiE, 1BEE
—HSA BB M1 OMRHIEBHFCHEE RERFTEBIR (FR
30 F£F) IKWIRES N, CHRBRZFDEETERELVTOMESH2
MIREREHE VCBEERRICOVWTIE. NIYHFOBIRICLZH
FEQEEOVIVNEZTLTED., BEDGHBROEES.
BAOEREZECHPROBREICLDIEBRT—/YavTE2EM
Ufco BIEERONERARAICETZZOY Y MTid. ERFIAIC
£oTESNITEHE. BREE. EYEHKERSDOREANLERS
E2AREEEIZMRAEREZ. REMIRREFZMRMEEZLT
EiEUlc, oo BMKEBRBEMRZASTELLT BEIE
T2 EHEEDOLERICAFZBIMOBERMRICETZ O/ b2

Research project

The main themes of the laboratory are as follows: (1) the international
regional designation system; (2) geographical indication and traditional
knowledge; (3) biodiversity indices and ecosystem services; (4) biomimetics;
and (5) blue carbon. The Ministry of Education, Culture, Sports, Science and
Technology (MEXT), KAKENHI, and private foundations support the
projects on these themes.

For the project on regional designations, product certifications (such as
geographical indication), and tourism development, we focused on the Food
and Agriculture Organization of the United Nations (FAO)’ Globally Important
Agricultural Heritage Systems, as well as on the geographical indications.
We implemented a survey of local strategies in the Tohoku and Hokuriku
regions so as to utilize those designations and certifications. We applied
social-network analysis to characterize the relationships among stakeholders,
which included governments, private companies, and nonprofit organizations.
Shuichiro Kajima (MSc student) received grants for this research from the
Organization for Landscape and Urban Green Infrastructure. The project on
local genetic resources (e.g., traditional vegetables) was a collaboration
between Japan, China, and Korea; it was conducted with support from the
Toyota Foundation. The project on fair and equitable benefit sharing of
biological and genetic resources was a collaboration with the Research
Institute for Humanity and Nature. The project on organic agriculture
involved research on organic farming policies and on private companies’ and
farmers’ activities in both the European Union and Japan; the Policy Research
Institute, Ministry of Agriculture, Forestry and Fisheries supported this
research. For the project on blue carbon and livelihood enhancement, we

H)J?Sl I*JIJ.I 'fﬁ*jt

Assistant Professor
Yuta Uchiyama

Bh# #ﬁi,n

Assistant Professor
Kaoru Kakinuma

Research Associate

Akiko Matsuda

BhFE #H E&HEF

BIAL. BINICTREZEEMUce JIL—H—RyEEEAEEICDW
TlIE. SATREPS IZEZELTW3,

HFRRRDFERE

EFHABOBAPHIBMOBRIEYRIAY NCHET DHIBRRT
REHEDERARRICETI2AEREREZ. BETOEBRERICEWNT
HBEZIToflc, FAZRRICIFMRELLTSML, EREEICET
2EyvyavEBELR, £, ¥/0. BEZOFEAMMEY DR
SVMBMAICET MR, FRVBAED/NT 2O 2 HMEH
HICETR7 I 7ORRERY N T—JICBEWTHEMEEICTIHES D
REZED TN, EYEREBRICOVWTEIEEDRERERETH
HEEZTofc, Ffc. FHEIE Circular Economy ICBT2% R, &R
BREZFR. MEREFFER AUZERXFTHRERRLTWVNSG, F
i@ IC D WTIRERA DZMESIC TRRZTL. FIRIF Journal
of Ethnic Foods IC TIREBEZHED. INEFTORRDOEEZIT-
W3,

BHAEE, BF BRI VI—T 1 —ADXEK

& Ik [&. Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) ® 4} &8 5 fff
FBEULT, FINEFTRTZIT7 - AT 7HIBOREEOHE

BHRRBEE (CLA) . BFKREIO—BEULTERHL. EWEMK
EMDISO 0£ZEICHAYE—F—LTHSELTWVWD, WL
IPBES BEEDHMEHHEELT, F£few UNEP OEFEEMIT Db
KIREWL (GEO-6) OEMEELLTSEUC, &Y - BRERD
MREDICETDMETIEYID Biodiversity—Based Economy
Development Office & D E#, 7 —A = > K ® Verina
Ingram E+DBEZEZIT>7c, HIBEE. Euni:mﬁrt@ﬁﬁn_@li\
BRIFVIIELIRZOREZZELTHRZZXTL. BATE., i
ENRTREFEEESERTZERTEREZHD. HRBROHL
SRTZERALTVS,

participated in the Science and Technology Research Partnership for
Sustainable Development (SATREPS), which was supported by the Japan
Science and Technology Agency (JST) and Japan International Cooperation
Agency (JICA).

Presentation and publication of the outputs

We presented the results of the research on the utilization of geographical
indications in environmental management and the transmission of
traditional knowledge at a symposium on the circular economy, which was
held in South Korea. The Kohsaka Laboratory organized a session as part
of this event. Prof. Kohsaka is the leading Japanese scholar of the
international research network on traditional forest knowledge in Asia and
is organizing a special issue on this topic in an academic journal. We
presented the results of the analysis on the biodiversity index to the
Entomological Society in Taiwan. The students also participated in the
Environmental Management and Intellectual Property Conference. Prof.
Kohsaka is one of the main editors of the Journal of Ethnic Foods, where
the results of the laboratory research were published.

International collaboration and
the science-policy interface

Prof. Kohsaka participated in the plenary of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
as a Japanese delegate and contributed to the IPBES’s report on the Asia-
Pacific region as a coordinating lead author. He is now also a member of
the IPBES External Review Panel. Furthermore, He convened ISO TC266
(on biomimetics). Asst. Prof. Uchiyama contributed to the IPBES report
(as a contributing author) and to the Global Environment Outlook 6 for
Youth (as a lead author). As part of the project on benefit sharing for local
resources, we are collaborating with Thailand’s Biodiversity-Based
Economy Development Office; we also invited Dr. Verina Ingram from
Wageningen University for a research exchange. Prof. Kohsaka conducted
the research project on regional designation as a visiting professor at Seoul
National University. In Japan, he is the chairperson of the Committee on
the Utilization of Geographical Indication, through which he is contributing
to improved management of the geographical indication 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 of circular economy

Fig.4 Group photo of the New Year party

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.)

HEERIEHESEEF Geosphere Environment
EIEMRIBERESE9EF  Study of Functional Materials
RIEYERESSEF  Control of Environmental Materials

RSN RMRFREL

#Ex BRE—

BB RBERI AT LZBIELT P o Shiaton

Towards Establishing Environmentally Benign Material Synthesis

and Devices and New Material Circulation Systems.

DOWA FJBEIFRER AR E DOWA R—IL7 (v I AR AL MO BENHRARZHIO S & 2004 FIicRR LU, Bald, Tk
EREHBEHSOMADERICEWTELZRD EREHEZBRY 5,
- EREHREERI I KEFEIRBEZYENSOERV VMV RMELOHE I AT LBREREICEI MR
- RBAFEREBIE 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.

[ B ERIEEER D E ]
BERUMSBEICED MR

KRBT, HEREICEITZERMEDNE - 7iF - BB, BR
BHRZEEIELTOETF - E/WBEEZEVEHNSOERY T
JVEA - SV AT LB EDARZHEL TS,

BREMKIATLOE RN S, FEEHS, MRESHFT
ToTVWAERERERMEGSIATLABESEEZHEL WS, Ih
3. BENOREEYHROERZLDBERIEDLHIC. LD
HEE,ISHEMRZT. RICREITZILDTH S, o $EXT
? EU @ WEEE #54 (Waste Electrical and Electronic Equipment

Fig.1 Pickup resources from municipal waste.

[ Geosphere Environment ]

Research for the circular economy

We are mainly focusing on controlling contaminants in the geosphere and on
developing recycling technologies and a social system for secondary
resources. From the viewpoint of the circular economy, since the last fiscal
year, we have promoted Miyagi Prefecture’s recycling-based social system
in conjunction with another laboratory. The aim of this project is to create a
strategic plan for producing secondary raw materials from waste products in
landfills. Because this topic has both technical and social aspects, we can
make use of our experience working with regulations for the waste of
electrical and electronic equipment in the European Union. In the geopolitical
environment, we are continuing to cooperate with Kasetsart University in

i ret, g‘c@s UN@&
pomuiid £ e

sy

Mercury Waste Management

Current Status, Practices from Japan, and Trends

Thursday B. March 2018 (08.45 - 13,00 hrs)
=i Meetisg Roam 701 Craken Aajlssri 65 Bulding
(s i 33), Combubsgpunn Lsversty

Fig.2 Mercury seminar in Thailand.

oA - D
HHIR TALEL B KB RE

Professor Associate Professor

Hix BPE—
Assistant Professor

Ryuichi Toba Norihiro Shimoi Takahiro Ohashi

Directive) DFFFHMFELTc, Fic  MBRIEICHITDFERYEICE L.
REEEDSHEO. Y4 EETHTKERZ ERETIIENORE
ZikH LT, Y1 EEBDOHhEY—FKZFE (Kasetsart University) 5
IKHALTWS, REEF. KRFHFEROTIEICETZKIRE
N/ REDHDAICOVWTH, B TAT—IRILI—2&EHlcE3
F+—%=d—7T1Fx—hkUF,

[ RIRMEIBEREDE ]
RIFAEERICE L 5%

LEARETIH. EAEBTOZREAT/\A AOHAFEZT>TWD,
RERFICALTIR. BABFERRBICOAREZEIDHRFEE
ZRFTLTWS, BEELTIE. Schottky BZEETUTHRELTWL
B, TITRI7AMETE— (REBE) B&ED 310nm [CHO
EzH 2N ZERI,

Fig.3 & RFHEBEZRTLOT. Y774 7ER LIC AIN /Uy
77EB. RWTAIERZIBRETIRIEZEBEISEREIND, &
EEBIF7 Y R=TD Alo2sGaorsN THD. ZDEH 310nm T}
BEEBET D, KBICIE NiH 5723 Schottky AV I N ERKE(IC
EDFERT D RTATYFUTICED. ZDOTDNn+AlosGaosN [E
FTCERIVFVI L. A—IV U BEEERT 5. BAKEGTT7
A 7ERADSBE T IEIETH D, Fig.d ICHKZHBREREDE
INA 7 ZREKFHEZRTH. 310nm ICHRDEEZF T2 ENDH B,
Y774 T7ERNSZAEICES AlGaN BT, ERRAIOENLIZ
Ay hENTVS, e, 340nm KD ERBERAIDIITIFRERELRS
THH. 310NM EFEOENAKICOHBET BT ENDD B, BT
FRAEBMEIERERHREN LR L, -20V TIE 260 m A/W, £
FHETIEIF 100%HEENTVNS, BERFROWRITEFMNE
100%D 1> TH 3, Fig.5 [FEEFIREEARSTVIC 310nm KB D
FAA—RD |-V FETH 2D, EAROY—IERMMZShicf
., ZHBREZA LTERLEERZS,

Ni Schottky
.___I n - Ohmic
i - Alo.2sGan. 75N -_
n+ Alo.sGaosh
n+ Alo.ssGanazN
i - Alo.7Gan3N
AlN

Sapphire

G D-UV Light

Fig.3 Device structure of the 310nm photodetector.

Thaildan regarding groundwater monitoring and remediation technologies.
During this fiscal year, we coordinated seminars in which stakeholders from
the local community in Thailand gathered to determine how to collect and
store mercury after the conclusion of the Minamata Treaty.

[ Study of Functional Materials ]

Research for reducing the environmental load

In our laboratory, we developed deep ultraviolet-light emitters and
photodetectors. These detectors are sensitive to ultraviolet-specific
wavelengths. Below, we show a photodetector that is sensitive to 310 nm
and used in phototherapy.

Figure 3 shows the cross-sectional structure of the device; the ultraviolet
light is irradiated from the side with the sapphire substrate. The AlGaN
layer reduces the short-wavelength light between the sapphire substrate
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and the active layer. In addition, as the long-wavelength side (wavelengths
longer than 340 nm) is insensitive, we obtained a spectral responsivity (as
shown in Fig. 4). Photo responsivity improved as the reverse bias increased,
and we obtained 260 mA/W (QE:~100%) at -20V. This occurred because
the dark current under the reverse bias was sufficiently suppressed, as

shown in Figure 5.

g & 8

&

Photo Hﬂspon:iﬂtv {ma W)
b4

g

=

230 230 270 290 310 330 350 3IT0 380 410 430 4350
Wavelength [nm)

Fig.4 The comparison of spectral responsivities under various reverse bias.
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Fig.5 Dark current and UV(310nm)photo current of this device.
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[ RIRMEBREDE |
BRFUIEEICEDLIHAR

BEFBmE VUTOEBA—RYF/Fa—7
(SWCNT) DIsR#%E

A—MRyF/F2—7 (CNT) Z2BFMRHCBALLEFRFDOE
B{EIERIEER SN TWEWN, HAE CNT ICLZEREFHE (FE)
FEDFTHEL D, CNT ORRIEFIENERN Y ERFEDOREICK
EHEZRIFICEEBER UL, ZZTHRERMECNT, FICEHE
EUEBBH—RYF/Fa—7 (hc-SWCNT) ZHL. SBEER
FEREEE - BREHN DLTIH CERKRRING 2EHEY—ILN - BEZE
FHRRER UV EEZSY 7 - RHEDIRILF—Z/HDOIVF v i
HRZI NIV AV ERHIEE FEETR GAIEREZ Fig.6. BXR
FESKICE TS FE 71 7HRMEFMEERZ Fig.7 ITRY) F. ERAL
AERBEICEWCNT BHEEFT/\A XD EMEREHELELTWNS,
INSEAMEEXZZMEELTT—IMEICESD SWCNT &/
DEBBHRICEZERL. BEFIEFDEABEANZXLDETEEDT
W3,

[ Control of Environmental Materials ]

Research for the Establishment
of a Low-Carbon Society

Currently, the development of electronic systems requires the fabrication
of efficient devices employing carbon nano-materials. Carbon nanotubes
(CNTs) are a promising material due to their unique physicochemical
properties: their nanoscale needle shape, high chemical stability, thermal
conductivity, and mechanical strength. The listed properties confer an
advantage in the fabrication of field emitters. Considering this information,
the synthesis of highly crystalline single-walled carbon nanotubes (hc-
SWCNTs) by arc discharge and their structural characterization were first
briefly reviewed, after which FE’s characteristic properties from the arc-
produced nanotubes were discussed, and finally the application of the
nanotube emitters in a lighting device was described in our previous study.
We successfully manufactured hc-SWCNT-based electron emission
elements that exhibited stability, adequate luminance, and low power
consumption for the electron emitters. Our next purpose is to synthesize
hc-SWCNTs stably into our laboratory for the next generated electrical
devices.

To obtain the high energy out in an active material observed during a
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Fig.6 Schematic view of field emission measurement system under a low vacuum atmosphere inserting O gas.

BEE  BEEIRLEF-RUFILIAY
—REHENE DA KR

KAFEIE. VFILAAYZREMBOEBME LT Fe-Mn-Si D
AVRIYMEICEKDEIRILF—HADOEREZE IS - RE
EEMEDERZBENET S,

ZRFREVEILERERDERTH I, KR TIEXAA/TIAH
IEIL LD AERRMELZRIES. VFILAIAVZIEINT 2E
J|ELTFe-Mn-Si ZAW=TRLEYDERICEF L. BEER—
WENIEEZMRTOEREHZRBELTDIETRATRANA N
D=TRILEY (B{LY) FeMnSiOs DERICHINLIz, LA
MEVFOLAAVEIEIMNTZLAVP—BF/ ARy MEEZ TR
LTHED, UFILA AV ZENERIEINT 2ERBEZEIDDDE
HFEIND. VFILMAYOREBERTIXAVICEDIYFILAAYD
SYNIEMICEZ FeMnSIOsND AV F—HL— 3V %FIAY 3,
RROEEYEE LB LTEIRILF—DOEREICEUIER
DEREEBERMEREIIL, SRIEERLICAITEREBELT
DFEMERETFMEHEL TV FETH S,

0,FE R FERBRIMARZC
FIANEESOOV

B% 2.3E-3Pa

B ——a

o 4 BB
0Ty vy T e v . B . an
W
4 w
- >

w

[
]

[
.

=
&

fn#EAe 0,0.32 Pa

oo ./".
“"/.\'-o—o—!
el

bN 20 O, 0.35 Pa

=
E)

=
=

=
b

=]

Normalized FE current [ a.u.

o 100 200 300 400 500 600
Loading time [ sec

charge—discharge operation, which is an obstacle to achieving high-
performance electrochemical properties, the composite FeMnSiO4 as a
package of Li ions in a lithium ion’s secondary battery active cathode was
synthesized in a simple mechanochemical grinding process. The composite
comprising Fe (or Fe-oxidation), Mn (or Mn-oxidation), and Si oxidation
has a ferromagnesium alloy (FeMn) with silicate crystal as a nanoscale-
layered composite with a Perovskite structure and exhibits improved
electrical impedance. In particular, this composite is expected to allow for
the stable insertion of an Li ion into the gap between layered composition,
and better capacity retention, higher energy power than previous cathode
materials and indicating considerable optimization of the electrical and
ionic conductivity in the composite. We will develop a method to insert the
Li ion to compensate in the composite stably through plasma processing in
our next trial.

ENINEE 500V vs 1600V
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o .
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Fig.7 FE stability results under a low vacuum with O gas of approximately 0.3 Pa compared

with the change of supplied voltage for a cathode employing hc-SWCNTs.
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HhiEE - EIEHIESSEEE  Urban Environment and Environmental Geography

EIEHIBESSE (BHIA / ABEIEIES)  Physical and Human Environmental Geography

T S5 A48 S A S SRR A B SN
~EEERERAT 3 v

Understanding Diverse Human-Environment Relationships Professor
from Geographical Perspectives Tomoki Nakaya

KIARAH TIE RARBEBRAT—ILICBWTELZRIT2HIBMROREZ, HEBERBZOAAEEPHIBE. 71—ILFT—0Z&EL
THSMCL, ZZICERIZAB-RERROSDAP, HENREOREXNZILICDOVWTRFLTWS, L. WREZBARRREICRE
T9. CLAHAMICERESNTESLBERE. #2RRICERL. R LFE. BE. ﬁ%o)ﬂﬂiﬁﬂ’ﬂﬁﬁétié’swé)&ﬁ—fEi*Eéﬁko)iﬂ’,E—?—E"J
MREXEBLTND, MX T, HWEBBERNZCHFIEHFE DT, ZHENBEEETT L. HENREL. T-YREFICHTIEREDTER
HIRZIT>T WS,

In this research group, we study diverse conditions and the changing states of local human societies at various spatial scales; we use spatial-analysis
techniques from geographic information science, social survey methods, and fieldwork to understand the development of human-environment relationships
and the mechanisms that generate local challenges. However, it should be noted that this environment is not limited to the natural environment; rather, we
focus on the built and social environments. We conduct studies on the associations that regional problems (e.g., health, crime, poverty, and food access)
have with the many facets of such environments. In addition, we conduct methodological studies of the analytical techniques that are used in geographic
information sciences, including spatial statistics, spatial mathematical modeling, geographic visualization, and data fusion.

IEBEIRIE & GBRR (18 - hay)

BEMOEBIRBIFECRREOEERIE. BRMEZICEITS
FERT YD1 DTHB, KARDHF TR, BRHMZRZOHR
MEEEELDIC, REOKRBORER - HXT. FEEHE. BRNER
EREDRERY VM ALEBMREEREOREEEZ, HIRIFRLE
PEBREFDFREERELTAMUTNS, ERBREFEE. X
KUBRPH, RETARZINBEREOYENRFHAEICEI<HD
M5, EBMEREOHZER HRBERER) PESCEIHMIRE
BADF7 72X (walkability) RELZKRTHD, TNS5DRERFED
FHAIAELMRREICEENS (Fig.1). 2018 FITEWTIE. KK
BERIREDHETERE (Kashima et al., 2018). RIRBEETHRE

“Neighborhood Environment and Health”
by T. Nakaya

The relationship between environmental characteristics of a resdiential
neighbourhood and the health of its residents is one of the main themes in
recent research on health geography. In this research group, we analyze the
associations between health outcomes (e.g., morbidity and death from
various diseases, physical activity, and subjective health) and neighborhood
environmental indices. We do so using geographic information systems
(GISs) and spatial statistical analysis, with the help of collaborators from
the field of health sciences. Neighborhoods’ environmental characteristics
can be based on physical measurements (e.g., air pollution, heat, and
scattered asbestos concentrations in the air), on residents’ social capital, or
on walking-based accessibility to local resources (i.e., walkability). We
developed methods for measuring these environmental characteristics in

Fig.l Neighbourhood indices for studies of health geographies

B% BAR R¥

Assistant Professor

Ryohei Sekine

B E (Ishikawa et al., 2018). walkability & & &8 (Kikuchi
et al., 2018; Koohsari et al., 2018), {EMIZFFIEEFREN A
(Nakaya et al., 2018) EDT7—~IcBETIARKREZHARL .

PREORFERM ST (B Ha)

RRMIEZ CLFMBEBRZ LG, BREEREAHTHORERKCE
BY3HRA. BoVCICERNGRROKBZERNAERZ DN 28R
(ZEZEZNER) OWHEICEWVWT, Z<OMERLEHBLTVNS,
2018FElCHEWTIF. MEIED (2018) ICEWTEHEREAEIL
REDHEENGEEEZNTL. EOLSBRBETERERELA
FRREDFTEIREBD S50 ZRET Ulc, RRFIC, BFZERENZIE
FREDBEAZHRNICERITIRERA—RIVBEHEZ GIS
RIELTHREEIZ Y TUT—2a v REDEN Fig.2). LBRELED
RISGREZFOHEMEZED

EVIAWEDSYN—FMILOBERIGER &
FEROBHBEETE (8 EiR)

EYIOITIE. BERBLESIEREDDIFVZVI\—NLicAO
NEFLTVD, ZDdH. ARIBBRZINETEIIERDHET
AFITEIHEICESNTVS, HREFERANSEFXT. V7V~
MLTIINSIRZR—/C—& TH/\) EFIENZHBITREAO BRI
HBEXZTEk, £leo BEOEKRICIHZZcHIT, 7FVIN—K)L
TREEEERKROEARBY 3vEV Ty =D BAHERLTWS,
COMREIF. TZVIN=RMLICHEITE. FIGEHETHIRBEOREY
HIGFEROER L, EFRORRFETEHICOVWTHSHICTZHDT
3 (Fig.3)o
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Fig.2 Visualising space-time crime concentration in one-day as ‘clouds’

our research. In 2018, we published studies on topics such as the
geographical estimation of air pollution (Kashima et al., 2018), the
associations between the food environment and subjective health (Ishikawa
et al., 2018), the association between walkability and physical activity
(Kikuchi et al., 2018; Koohsari et al., 2018), and the possible associations
of thyroid cancer prevalence with various regional characteristics (Nakaya
etal., 2018).

“Space-Time Analysis of Crimes”
by T. Nakaya

Health geography and crime geography share many interests; both target
the relationships between environmental indicators and human behaviors,
and both involve analyzing the spatiotemporal trends in collective human
behaviors and events (what is known as the spatial epidemiological
perspective). In 2018, we carried out a space-time analysis of crime
occurrences (Amemiya et al., 2018) by testing space-time interactions
between threats and sex crimes. Our goal was to discuss the possibility of
using threat incidences as a leading indicator to predict future sex crimes
in the near term. In addition, we conducted field investigations of crime
occurrences and developed an application tool to enable the estimation of
space-time kernel density; this tool effectively visualizes trends in crime
occurrence through space and time in a GIS environment.

“Food Supply System and Residents’ Food
Procurement Behavior in Ulan Bator, Mongolia”
by R. Sekine

In Mongolia, both the residents and the economic development are
concentrated in Ulan Bator. Therefore, people in that city obtain food in a
novel way. Starting in the socialist era and continuing into recent years,
many small supermarkets and marketplaces have supplied food to citizens
in Ulan Bator. In the state of economic development, huge shopping
centers similar to those found in developed countries are emerging in Ulan
Bator in order to meet the demands of its wealthy residents. This research
clarifies the nature of Ulan Bator’s food -supply system and its residents’
food-procurement behavior.
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Fig.3 Changes in food environment and behaviors in Ulan Bator, Mongolia
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Process Engineering for Advanced Resources Utilization
/ Resource Processing and Recovery Engineering

EROSENA - REREDOHOTOE AWM

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

RARETR. LBV MDREVERRMORSPITAVILTOLRICERTES. BRI EEREEF (L ERAEHERATREGRE
HHRMREOREREZIT>TWS, HICEEBERIGHESITZEBHETOEX (Fig.l) ICEVWT, ERHDSEELANILICEDREVART -V ZEN
LTW3, BIZIE. BFICHI2ERRERREROEN P, BfETOEINS5D CO, HHHEHIR. HRAOEWHARAZOME. 5. MitRE
SUZIBEEEOMERE. EREEZFAUERMCAESREEIIVI/RAZEDMARKET>TNS,

Our laboratory aims to develop innovative technological principles that will lead to the simultaneous achievements of higher efficiency and lower environmental
load in manufacturing and recycling processes related to base materials. This will give significant impacts on future societies. Our laboratory has conducted
a wide range of studies from fundamental to practical levels of the ironmaking process (Fig.1) including preparation of high-quality blast-furnace burdens,
reduction of CO, emissions, and utilization of waste heat. Furthermore, this laboratory hosts research and development on controlling the morphology of

fibrous and/or porous metals, heat storage process using the solid-phase transformation, and self-healing ceramics.

KRFFARERICE U I SRR SR SLE RIE DRI

BRTIEEE ($8k) £RET DI, AREEZEELTRESIND
A=V 2 ERBETMBLCRREE UTHWTE D, DAMICZEL
k% (CO2) HADEET D, BRUMETINICKRTREISZ L
NTENFERARIIKETERD, 2D CO2 FFHEDHIHA H
BEICR D, KEBIFAREZEBRICEIRNICER SN 26, KA
T—EBULHALAEETH D, RE. BOAETRECHRKILAZ
BELLTERICEALTVS, INETEZOMEESICL>THR
BEEDBITUY TS (BETHE) PHYER. [ABEREICET
DHBENERE SN, SFRERGICEDEIIERILEENTDONT
W3, BIEMICKRZAWCIEE., BRIEETRBIEREALE D6,
KRBEEMCLDEFALBHROEREIERIND, ZDH.
KBRBTTICE U SR IEEBS LS EEORANEE L 45,

RRARTIN—TTld. KFEBEDERDEHE THRALEOM BT
ZHAEL. KRETICEULHPEPIILBER EDRFIEZRESHIC
ULTEfce AER. BARFERESICBENRFICEIT2EER
BUSEODBITEE IC D WTIRET U,

Fig.2 IcEAkRFEEI CRIT UKL ARELHN OMEEERE
EZzRY, AL ERAIIETHINEEINZERTED. BES
(B RE) TETLLEE (D) OERKIIAKEDIZEE(Q) SDHXEW,
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Fig.1 Strategy to reduce CO: emissions from the
ironmaking processes.
pressure and b) 3 atm.

Fig.2 Microstructures of iron ore sinter reduced with
high hydrogen concentration under: a) atmospheric

Principles from the production of iron-ore
agglomerates that are suitable for the
hydrogen ironmaking process

Blast-furnace ironmaking mainly utilizes coke, which is produced through
the carbonization of coal, as a reduction agent and heat source. Hence, this
method inevitably emits a large amount of CO,. Such emissions can be
reduced if coke can be replaced with hydrogen, however. This is because
hydrogen’s exhaust gas is water vapor. Hydrogen is available in an
integrated steelmaking plant, as it is a byproduct of the coke-making
process. The main iron burdens of Japanese blast furnaces are iron-ore
agglomerates. Researchers have conducted a number of studies on these
agglomerates’ reducibility and their mineral-pore structures, and the
resulting accumulated knowledge has been applied to the production
processes of these agglomerates. When hydrogen is used in iron-ore
reduction, the overall reduction reaction becomes endothermic. This leads
to a decrease in temperature in the upper part of blast furnace. Thus, it is
necessary to further examine the mineral-pore structures of the
agglomerates that are suitable for hydrogen ironmaking.

The research group has also studied the reducibility of agglomerates at
various hydrogen concentrations and have thus clarified which mineral-
pore structures are suitable for hydrogen reduction. This year, it also
investigated the reduction behaviors of agglomerates at high hydrogen
levels and high pressure.
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Fig.3 Changes in reduction degree of the iron ore
sinter sample with total pressure under a high hydrogen
condition.
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Taichi Murakami Daisuke Maruoka

Group Photo

Fig.3 Ic&BEE i O EEBZ (RN SEH UCETRICH T HEN
DB ZETY, 3RETRRUCHBOETREFAK[ECLENTKE
W—AT SXEFTEEZLFSETLHELERRSNAL, &
RELT, BARFARBLICEENREFICLTERIRESND
DD, HBBIENTE—VZERYT ZENASHICAE ST,

WMETRRMIC & RIS FLE SR ORREHIE

ZABERBEIERE. StREE. SfREREOFHEELTW
3. MERINHAPEBMRRENGHASNTWS, HKFERMEHE
ERNZMTHD. HKMRBEMH EDEARICENSE VSR
BH2H, ZBEETOERARGHEESNTWEWN, EHRIIL—T
Tl FERGTORTBERICHITZHIEANL Y NEDEEFRR
RICBEBL, BREKDOETZIAIEIET BLRILXZRDOERE
BB DIERICEIILTWS (Fig.d)o ThETICEIEHUVAKO)
PREIZYTIL (NIO) BEDNEILHEHTFIZI LT MERHKE
BOFENKELRRZIEZHASMILTVWS, RMTROXEZ
HSMCTENRXSILEHROTESHICTFST BN, BTMZERWE
ERTRIFMCREDPRHETH olce ZSTERERFETREMER
MUBE#HZREEMBEL, ZhETRPNICETS BREM (VR
FAR) EARCE>TREITI DI LT, MRFKEBOPREICKEFE
ITARMTROEEICOWTHE L .

Fig.5 I NiO RMERHCHITS 3 min Bk D SEM EE%Z R T,
NiO ARMARTIE, MHERZEDORDDIZT ARY MEAH 1 DB
BRIRSFAEBORBICFEELTWD, — A, BILFF > (TiO2) A&
AR TREBKOERNENICROSNIEEL ST, FEBDE
TREICN T HEERDEDEZ Fig.6 [CRIAMMUITTRICE >
T BARELSLODOEERIENELD, BERFBILKDETE
EZzrUTED. AP REBREEZRIFTTIENDD B,

10°C/'min

Fe 0,40

Fig.4 Appearance of the composite fabricated by
carbonaceous material and iron oxide before and after
reduction and SEM image of the iron whisker.

Fig.5 SEM image of wustite samples with NiO
addition after reduction for 3 minutes.

Figure 2 shows a comparison of the microstructures of iron-ore sinter after
reduction with a high hydrogen concentration at (1) atmospheric pressure
and (2) 3 atm. Reduced iron is shown on the right (dashed line). The area
that is reduced under high pressure (3 atm) is larger than that under
atmospheric pressure. Figure 3 shows the changes in reduction at total
pressure and high hydrogen. The degree of reduction in the 3-atm sample
is larger than the one at atmospheric pressure. However, the degree of
reduction is not significantly different at 5 atm. Thus, increasing the
hydrogen concentration and total pressure (reaching a peak at a certain
pressure) promotes the reduction of iron-ore agglomerate.

Controlling the morphology of fibrous and
porous iron through the addition of minor
elements

Porous iron is lightweight, has a large specific surface area, and possesses
vibration-damping properties. Therefore, it has been widely applied (e.g.,
in shock absorbers and electrodes). Porous iron materials are made from
inexpensive raw materials and possess good weld-bonding with steel.
However, no practical fabrication process has been developed. Our
research group has successfully produced high-porosity iron materials via
the reduction of iron oxides by applying the abnormal swelling of iron-ore
pellets during reduction (Fig.4). A small amount of potassium oxide, nickel
oxide, or other substance changes the material’s morphology. This year,
the group studied the effect that additives have on the morphology of
reduced iron via studies of iron-oxide samples comprising wustite (FeO)
and minor elements.

Figure 5 is a SEM image of the sample with added NiO after reduction for
3 minutes. The result is the presence of fine iron particles with an aspect
ratio of approximately 1 instead of fibrous iron. On the other hand, the
sample with added TiO, did have a few iron fibers. Figure 6 is a comparison
of the weight loss shown in the samples with various additives. The weight
loss per unit time differed for each of the samples. The gradient shows the
rate of iron-oxide reduction; the minor elements seemed to have a
significant influence.
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Fig.6 Comparison of changes in weight loss of
samples with different additives.
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KEHDAY Y EMBES D "_
TEHDOHE

Variations of ozone and related trace species in the atmosphere

EHIR FED
Associate Professor
Isao Murata

YHARZETIE, " O-NIBAKEREZE)) Z2¥—7—Rlic. AV YBLHEEPHIGEE AL, #IREEOREZHICEDLIZATHOM
ERDOBRANHAREZITOTND, 2018 FiF. D2KRKICHIFTZT7—VIEBRBNHER (FTIR) (&S HCI, HF BBIORFEZ(LOFEN® 2016
FIREBULEAZEAY VY U THSOREBAY Y - _BEEZRSESGELEREZT o/, £fc. NDACC/IRWG =i, iCACGP-IGAC
2018 D> DEKEEEICSI LT,

Temporal variations of the total columns of Hydrogen chloride (HCl) and Hydrogen fluoride (HF) were observed with Fourier Transform Infrared
Spectrometer (FTIR) at Tsukuba. We also retrieved profiles of stratospheric ozone and nitrogen dioxide from spectra taken from a balloon-borne optical
ozone sensor in 2016. We participated in the NDACC/IRWG meeting held in Cocoyoc, Mexico, and iCACGP-IGAC 2018 held in Takamatsu, Japan, and

presented the results of our HCIl and HF observation.

BRRBEIREMEFAEOHBIAFTELT 2<KIRICH TS FTIR
ICLBERZ 1998 FLDToTWB, FTIR TIEARBEHD 2-15 u
m DOFIEHDANRT MLDSRT[HF DL DMERT DEEDNHE
ZRANRZZENTEDS, FTRZAWCHEKROEBZT>TWSER
K752 )L —7 NDACC/IRWG (Network for the Detection
of Atmospheric Composition Change/Infrared Working
Group) TlF. FHART—Y a3V OBERZHEVTHIRRIEDOLEH)
ERZMBIDMRZEDHTED. INETICH HCILL CHa FHITDL
TORXEHRTRERRLTWNS, SEIZHCI DEFOERZBETT
dEEbiC. #Fifclc HF OREZ(ZBEIT UL,

HCl IZR BB A Y VIRIEDIBIEE DM T Z7OVRHICEST
ASHPANDEROBEEHIEA U DICHL 2000 FEHL SHAME
mIcHofeh 2007-2011 FEITEMERNES Nico NILF—D
JI—TZFi &Lz NDACC/IRWG @ 8 AFTDEAIER E 3 Rt
EZEEET I EBWERN S, SEOFEMIEILFEIROTEN
BAKBROEECLZZENFMD, 2014 &IC Nature ICFKRL
e EFLEIICHRELTWS, HCI BIEMDORRADI EHNGRKIIER
DEEHBZDTHNIEZFDHRE HCIHEHAICEEU 31d9 T KEFIE
2016 FXTOT—Y Z L THEMIC 2012 ELEISHAMERDLR

Tt FTIR. Tt FTIR & o e
s e ——— [ e —— e e
L= HF |
5 200 - 2000 2007-2010 | 2009-2014 | 2015201 ' 200 - 2000 2007-2011  2042-2004 20152017 a |
=i Ry AT | RO T 4150 3| =0ur Riyr HEMSYT SRR N <0005 et |

HEI Viartizal Catumre [x 10"
HF Vertizal Column [x 10w
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Fig.1 Temporal variation in the total column of
HCI observed at Tsukuba from 2001 to 2017.

T

Fig.2 Temporal variation in the total column of
HF observed at Tsukuba from 2001 to 2017.

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 HCIl and HF were analyzed.

HCl is the main chlorine reservoir species in the stratosphere. The amount
of HCI is a good indicator of the potential for ozone depletion. HCI
decreased in the 2000s after the chlorofluorocarbons (CFCs) regulation
but showed an increase from 2007 to 2011. A Belgian group investigated
this increase and attributed it to short-term dynamical variability in the
northern hemisphere from FTIR observations and 3-D chemical transport
model simulations (Mahieu et al., 2014). Fig. 1 shows temporal variation in
the HCl vertical column at Tsukuba extended to 2017. HCI decreased again
after 2012 but increased after 2015. Fig. 2 shows temporal variation in the
HF vertical column at Tsukuba from 2011 to 2017. The main source of HF
is also CFCs, but HF is chemically stable. Therefore, HF is a good tracer of
atmospheric transport. HF also increased from 2007 to 2011 and decreased
again after 2012. The decrease almost stopped after 2015. On the other
hand, mass stream function didn’t show clear circulation changes from
acceleration to deceleration after 2015. We will continue to analyze HCI’s
and HF’s trends.

Fig.3 Retrieved profile of ozone observed with
balloon-borne optical ozone sensor.

5N, TNEBBEBBROMENTIELTWSZEERE UL, &2
M, D% 2017 FOBFZEMLTH S &, Figl IERTLSIC
2015 ELEICIIBOEBMICEUTWS EWSHERE A>T, 22T
HCI A&7 OV B RER TR UEENICIERERICHNFEZED ~
L—H—lc&<LfEb 2 HF LETLTHIcET S, Fig.2 ITRIELD
IZ. 255% 2015 FUBERAMERNTFTE>TWDEWSHEREAS
feo —A. BEBBEROEMEERT Y ZHATEHENIEFE>EDL
B0, HCI ¥ HF ARG ICEMICEL OB &, SIEHSHITE
EDHTWDEZETH D,

REAVIVYTE, AARENFER U CEAMRBREOENS
BREBAYYOBEAHhZzHAITIIHRENRORAUEET AV
VUMM ZBAEERRZLBAUTET LS I/NES KB ERLT 280-
500 nm DARIZ MNLEAELTWS, ZOHAIIFERZWERD
KEHERE UV TUEINSToTVWEH ARBEAWHOHRA%E
To1z 2013 FICH KK ERPOAABREZEICLDERY T
RIZHBEVWOIEERN G fce 2T, RSFEAWVWCEER
TEHBEBRTI2REDHRETV., 2016 FICBUEHZT >/,
REFEIGC OB OEFRBZHRE LD, 2013 FELDEDLINT—
IHRENEEDSZBILERDATLAEIFRHZZENTERLHD
D, BEAHERDBDICIEEL SINDAREBLTW, 22T SF
FET—IEBNTIRNICEDRVNT —FDHRRATHSEAUEL.
S/NEZREULEZ B, Fig.3.4 IcRTLSICEEDEEE 3km TH
NIEAVY NOz LHICETETORETEENTERD DI EIH
FKfco

NDACC/IRWG T, BEHREEHLS 20 L EOHERIIL—F
PNEFS>THAFEPRFORRICEI BRI EITSREEIT-
TWBH, SEEAF>OT6 B 11-15 HRfES iz (Fig.h). FA
HIDRFEICEML. HCl DBITHERDOREREZT>IED BITF
BORBIBRECODVWTEERRBZETofco ey 24 ERDICHAR
THESNEATIEZRDOEEF S ICACGP-IGAC 2018 [cbZ&
U (Fig.6). HCI, HF Ot ROFER%ET o1,

Ffo, NHEEHRIG 2015 FHOERERERELYY—DOFES
BZ2LTHD. SEEHINETIC A ODOFMEESICHELTER
BRELYY—DIMMT>TWBSHAROFHEZT o7,

]
e N

Fig.4 Retrieved profile of NO: observed with
balloon-borne optical ozone sensor.

Fig.5 Group photo of NDACC/IRWG meeting
held in Cocoyoc, Mexico.

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 in Taiki, Hokkaido, but the instrument
presented some problems. The second observation with an improved
instrument was carried out on September 5, 2016, in Taiki, and high-
quality spectra were taken successfully. The stratospheric profiles of
ozone and NO, were retrieved this year, and the profiles with a 3-km
resolution show good agreements with ozonesonde or model results as
shown in Figs. 3 and 4.

NDACC/IRWG holds an annual meeting where scientists from more than
20 groups discuss observational results, new plans, and measurement
techniques. The 2018 meeting was held in Mexico from June 11 to 15, 2018
(Fig.5). We participated in the meeting and presented the results of our
HCI observation. Discussions on the optimization of the analysis method
were also held. We also participated in the iCACGP-IGAC 2018 conference
held in Takamatsu, Japan, from September 25 to 29, 2018 (Fig. 6), and
presented the results of our HCI and HF observation.

Assoc. Prof. Murata serves as an evaluation committee member for the
Center for the Health and Environment, Miyagi Prefectural Government,
and attended four committee meetings.

Fig.6  Group photo of iCACGP-IGAC 2018
conference held in Takamatsu, Japan.
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KERE KRR ICE T 5%

Researches on Water Resources and Environments

Solar and Terrestrial Systems and Energy Sciences

HHIR EF KHE

Associate Professor
Daisuke Sano

KERVATLZRHF T, HRADKEEZHERTZIEZBEL. UTOMEICEDBATWS,

1) [EZEEE LA AN BRREICEZZZETMFEORR

2) HIKEB(LEMEDORRBERMOTTREICLIDRAFKEANZ X LD

3) THALEIBICEITBEEHRH ARE L BB R F LB DRI
4) HHRMEELEICH D BEEIKAIE S A B EETRE DR
5) KAV T I ADIRET A )L ADEEHE S

Our research topics in 2018 were

1) The development of evaluation approaches for the effect of climate change and land utilization change on natural environments

2) Mechanisms of flood wood generation caused by global warming and forest industry declination

3) The optimization of wastewater treatment and greenhouse gas emission

4) Bacterial community structure in wastewater treatment and anaerobic digestion reactors

5) Water infrastructure and enteric virus evolution

BERAIVAIVADELEKRKIV TS

EED E RS AR BI R EIZED 6 FH (Sustainable Development
Goal 6: SDG6) &ULT. 2030 EXTICHRFDALICTZEBREE
KEREBRIMLEZERTZDIENEDLNTWND, 2D SDG6 ZERK
FRHIciE. BA-BEIZXNEL, HBFEENBRBIHRKIVT
ZEFEICAIETZCENDRERTRTH DN, BRIC. FLLKT
VI75EAVWBARDKRBERIEYZIDARLICTFESNTVDIDMIC
DWIHEEICFHMI DI KDHEND, ULHrUREHS, FHLLVK
AV T ZEATIKET2HENREICEATZIERISESNTVNDDT,
KREREESI SR IITRBEENED K SITHL WK Y 7S ITEIS
FEINZETFRTZIEIEBREZTIERWN, FFiC, HBED RNAV1ILA
(HRPTCRERPEIRIZHES50TVWS/OT7CILAYOY T1IL A%
B0) IF. BLWEEREERESHEUEVWEINENEBELTWSZ
EDS, BISERNRETH .

AR, Eb/OVAMILZORBELTOYIR/OTAILR
(murine norovirus: MNV) H, HEEFEULTHRFTELAWS

A =~ st 2 S s

Cyabe ammber

Cyvie wember

Fig.1 Logio reduction of chlorine-treated population (white
bar) and control population (black bar) during the 1st trial (A)
and 2nd trial (B) of cycle experiments. *, statistically different
at a0 < 0.05 (Wilcoxon signed-rank test); **, statistically
different at o < 0.01 (Wilcoxon signed-rank test)

Fig.2 Changes in nucleotides in the 1st, 5th,
and 10th cycles in the chlorine-treated and
control populations in the first (upper) and
second trials (lower).

Water Infrastructure and
Enteric Virus Evolution

The United Nations’ Sustainable Development Goal 6 (SDG6) is to supply
all people on the globe with improved drinking water and sanitation
systems by 2030. The development of sustainable water infrastructures
that are easily installable and maneuverable is essential to achieve the
SDG6, but at the same time, it must be carefully determined whether the
newly installed water infrastructure’s users are really protected from
microbial risks. However, it is not a simple task to determine how to adapt
water pathogens to the human community using a brand-new water
infrastructure because there must be no accumulated datasets about water
pathogens’ genetic responses to the water infrastructure in the early years
of its installation. The precise understanding of water-related pathogens’
adaptation mechanisms is very important to protect the health of the newly
developed water infrastructures’ users. Particularly, some types of RNA
viruses require special attention because they have a relatively higher
adaptation capability among water-related pathogens due to their higher
mutation rate.
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ML Fig.3 Principal-coordinate analysis used to

illustrate similarities and difference in the
substitution rate using single-nucleotide
polymorphism composition as distance matrices
of two populations in the Ist, Sth, and 10th
cycles of chlorine-treated (TP) and control
populations (NP) in the 1st and 2nd trials
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g FTER HEHIR  IHKE
Professor (1#%/1%%8) Associate Professor

Yu-You Li Daisuke Komori

NTWSIERIERNDRRVIREICLDMMMEZEZ ZEZRUIED
DTHB. BHEHIBERNDOBRUVEEICLD., BRHERMIERRAIC
EML. FROFZEMULTREREHBRUTREEERZL 10 £H5
100 EoMmEZER U (Fig.1). EIERADRIRUERIMIZICZ
ElfTofcht. ZEEHICHERIERMIEERNE SN,

MNV [CEBHERM U E S U RRERDH. T1ILAKTF
DN VI EBIETFOENE R — 7 Y ZEAMIC K DEFTL
foco ZTOMHER. 2 DDOFABRBRE LV 1 DORKREBRN ERIER
BEEBRTEONE 2 DOEMICEVWTHELTEESN(Fig.2),
2 DDIRFEBLRDSED 1 DiF 7280 FEEDEGLFEEICELS 7
ZIWFIZUMSEIIANDERTHD, COTFI/BEEDHFEREE
BIIEHERBREEFICEVWTHIDO 1% NS 10 BIEDRERI(IC
Q9% E THEEMUTzo

RIT, MNV & HE O & 15 89 BE B = 57 4fi I % 7= 6 I Principal-
Coordinate Analysis Z1To>7z (Fig.3), ZDfER. EHHIERRE
10 HREFTEFR—IEEYC7/L 1 EE) BIGEHIERBE
DOEFISGAWVIBETY ZRAY—ZFRULEDICH L. HERIEREE S
EIRG 10 Bl#OERIF, EHERBREMERRONBEACEE
BBIMETI ZRY—EFE Uiz TNSDOBERIS, BEHIERREE
M MNV EFICHUTCGRIROMRZEHZE5LTWSEE XD,

Fig2 ICRU7 I/ BEENEHIERTMEZELSLTVWIHLE
NERRITDeHIc, BHERBEERRVUTRETHLS 6 %92
D MNV ZEEL. ZhoDOBEFIEREZEZTMU. EHIER
BEEIHISELNC 6 RETHUZZEZFLTHD., WREFIC
HETDHRIFBELTWEWZ EZER U, BRIERBZHHBROE
R, EEERBEENH SBOSNIKIEHRBEAI SBSNKLD
HERICERERMEN TSV LR Nz (Fig.d),

ARAROHMRICED, EICEDBBRIAMIANRLSZHRRD
WERHERMMEEMDZENTRETH DI LS, KOBHOILIHENS
EZNE, ReBkEAHTZ5A TREREBREOESHRAEEE
HIBZENTREE BB, DI &lF. NINOXY Y REDMEERIE
BYIDFEEBNRICIZ LBIBICP S ULWEESROEILICDORMNS
HDEEZEND,

20

15

Log, reduction ratio

10
-

Control clone vs chlorine-treated clone

Fig.4 Logio reduction ratio of clones from the control
population to those from the chlorine-treated population

In this study, we proved that a population of murine norovirus (MNV), a
surrogate of human noroviruses, can be resistant to free chlorine after
repeated exposure to a disinfectant. Free chlorine is the most widely used
disinfectant around the world. Populations’ susceptibility to free chlorine
gradually decreased compared to the control populations after repeated
exposure (Fig.1). A next-generation sequencing (NGS) technique was used
to investigate the genomic basis for MNV’s lower chlorine susceptibility.
PCR products of capsid genes were obtained from the MNV populations
(chlorine-treated and control populations from the first and second trials)
in the first, fifth, and tenth cycles and analyzed by NGS. Both trials
resulted in two nonsynonymous and one synonymous mutations. One of
the two shared nonsynonymous mutations was located at nt7280, in which
phenylalanine was substituted for serine, and appeared only in the
chlorine-treated populations from both trials. The relative quantity of this
mutation gradually increased from 1%, 90%, and 99% through cycles 1, 5,
and 10, respectively (Fig.2). The principal-coordinate analysis was
employed to examine the differences in the substitution rates among the
populations using single nucleotide polymorphisms as distance matrices
from the original population (before free-chlorine exposure) and the
chlorine-treated and control populations in the first, fifth, and tenth cycles
(Fig.3). After the first exposure, the chlorine-treated (TP) and control
populations (NP) were clustered together close to the original populations.
Meanwhile, the chlorine-treated populations in the fifth (TP5) and tenth
cycles (TP10) were clustered separately from the original (ORI) and
control populations (NP). These results indicate the presence of a selection
pressure on MNV populations after free-chlorine exposure. To determine
whether the mutations found in the capsid region are associated with the
lower susceptibility to free chlorine, a chlorine sensitivity test was carried
out. Six plaque-purified clones were acquired from each population in the
tenth trial. All clones from the chlorine-treated population had the
nonsynonymous mutation at nt7280. The plaque-purified clones’ free-
chlorine sensitivity was evaluated to determine whether the nonsynonymous
mutation (T7280C[VP2:F200S]) would affect MNV’s susceptibility to
free chlorine. As a result, the plaque-purified clones from the chlorine-
treated population had significantly lower susceptibility to free chlorine
than those from control populations (Fig.4).

In conclusion, we proved that the free-chlorine treatment can work as a
selection pressure on MN'V’s evolution, and a single mutation in the capsid
protein may change its susceptibility to free chlorine. Based on this
knowledge, it is possible to expect the highest resistance of viral mutants
to the disinfection processes. In the other words, we can identify the
minimum disinfectant doses to reduce pathogenic viruses significantly,
leading to the establishment of environmentally friendly water disinfection
practices because the excess usage of disinfectants can be prevented and
the formation of toxic disinfection byproducts, such as trihalomethane, is
minimized.

K& &8RS

(=)
(1]
o
o
=
=l
e
(1]
=]
3
]
e
M
.‘
o
=]
=
(1]
2
(72
9,
(1]
=}
(2]
(1]
»
2
o
.
>
Q
<
o
=]
(2]
(1]
Qo
m
=]
s
E
(=]
=]
3
@
=]
2

41



42

BARAELE X T LAFEREE  Environmentally Benign Systems
BEEEE7OEAESE  Recycling Chemistry

vz
ER-YMERRELSD P
REZERFLT #ig = 5

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

LMRER. ER-PERREGSORRZAEL. RERERMOME - MHEZToTWVWS, fIZIE. SO FREZEVZNMNMEDS WML
FERMBICERT B2V TAIILTOER, BEERERCIVENRNSEERFORENEZRELTCERLISZIOLR, HLlka¥eR
WERBBRERDHEK - A RHOER RO TRDEORES SOHAN S DZRHLZAYIVEIY, #BEERYESLOA AV REHRZRV
G Cs BRKBLVTEDHETOEIFICEBELTWS,

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.

BNBRICOBENZEBRALIC TS AF Y I DBERL

AREEE. BT IAFv I ZCZRBICEHRT 2 FERE L TER
SNTED. ERYEBCHADBEBEZRASHMNCITZIENEETH
%, SEER. BUYCIIETHZA—/IN—TYIZFYVIT TSR
Fyov, BE/N—HBADODRBZRIILY VY IZAM—ZEJRIC,
INSORPEEBZRE Ul (Fig.1)o

KBREZRAWCEBREKRIELMDT S IR—>3Y

BREKER{Y (LDH) &, EERICHFELIRANEE. ZDIE
BEHZHEEIZVAVDISBHREINIBRYE TH D, LFARE
Tl BEO7=AVRiaRISZEFABUKLETOE R 2R LT
W3, SEEF. LDHEZHEIZ L TEROREY A S =X
HICFIAE OKLEBREADELE) $52&z2FBL. KEEPTLDH
ZEHBMI MRS/ - NEEEZERFE LUK (Fig.2).
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Fig.1 Monitoring of pyrolysis products from polyethersulfone

Analysis of thermal degradation of plastics
aiming on material recycling

Thermal degradation is the focus of the current approach, which could be
used to transform waste plastics into chemical materials. Thus, it is
important to determine both the composition of these products and the
mechanism of thermal degradation. This year, we examined the
degradation mechanism by targeting super-engineered plastic, which is
difficult to recycle, as well as polyurethane elastomers, which have a
distinct monomer composition (Fig.1).

Delamination of Mg-Al layered double
hydroxide in a water solvent

Layered double hydroxide (LDH) is an ionic lamellar compound comprising
positively charged layers and interlayer ligands that compensate for the
layers’ charge. In our lab, we are studying water-treatment processes using
the LDH’s anion-exchange capability. This year, we considered whether
the absorption sites would increase (thus enhancing the efficiency of the
water treatment) if the inner surface of the LDH was exposed from a
stacked state; to this end, we developed a novel delamination method for
creating LDH nanosheets in a water solvent (Fig.2).
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Fig.2 Image of LDH delamination.
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BEDH HEET

R T DM RS E ISR DA

., IPSHIREZIEU S &I 2L REMRMREZ AV CBEER A
EOERNBFINTED, SRELHRZAEICEETDZIHED
H5, MHEZEIANTREEETSDOHICIE. BB ZERLLE
FEMFOMIETEREME ZREL. BMEBEF AT IRMH
RkH5NnD. SEEF. BHEEFRA7OCAOBEZENEL, &
LB OERNAKOREF ERVWABRO T VEZFDOREE
U7z (Fig.3)o

BEEREFEAVWVCRIEZOC AR

BHARIKFICBRETEENZIEEREIE. BAIROBEIHA D
DILRESNZVENHB—A. INSESRBOERMEREWV. &
LEXRER. EBZHENERRSCEBRILYELTERSESFE
THH, BREEPHARDEVZIAUCEREENZAEET S, 5
FEIF. BEZL (PVC) BEMOEMERZEEL. PVC Zi&
RIEFE L RIRFEZBDOIECEFAEH ZRE LK (Fig.d).

Application of absorption techniques in the
regeneration of a cell-culture medium

In recent years, scholars in regenerative medicine and drug development
have used various kinds of pluripotent stem cells (such as induced pluripotent
stem (iPS) cells). Thus, it is necessary to cultivate large quantities of high-
quality cells. This year, we examined the removal of lactic acid and ammonia
through an easy-to-operate, highly versatile approach (Fig. 3).

Removal of heavy metals from fly ash
through chloride volatilization

High-concentration heavy metals in fly ash must be removed to ensure
efficient use and environmental preservation, but those metals also
usually have high value. Chloride volatilization is an approach that could
volatilize metals at a relatively low boiling point so that they can be
efficiently recovered based on differences in volatilization rates and
boiling points. This year, we thus investigated the chloride-volatilization
behavior of heavy metals, using poly (vinyl chloride) (PVC) as the
chlorinating agent (Fig. 4).
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Fig.3 Absorption of lactic acid and ammonia from cells culture medium
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Fig.4 Chloride volatilization process using polyvinyl chloride

K& &8RS

o
5]
k]
Y
3
=
3
(1]
3
S
o
O
m
=
o
3
=
)
=
(7]
@
)
=
(2]
o
»
=
o
=
>
o
<
)
3
2]
o
o
m
3
=
=
o
E]
3
)
3
=

43



44

BARE Y AT LAFEE
BIESIT{EE¥ 4 EF  Environmental Analytical Chemistry

RIER-ERRMETANORERAZBIE L
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Development of Chemical Motifs for Environmental and
Biochemical Analysis

Environmentally Benign Systems

Bz Sk MiE
Professor

Nobuhiko Iki

HMRETIEH. REPERDITFICETI2REZMERIBLZBEL. 2 FRBICEIHUVWAMFEORAZIT>TWS, N FRH
FICEDEHUWMEREF T2 L. ERODMFECISAL TV EF, DPITRMORBNBRBICOBAZEEITVWS, SEERE,
1. B2 (I)-YSINIVEER, 2. SVIZR-FPAVYIRATL—VEEICEITEIHRES.

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. Photothermal Effect and Cellular Uptake of Near-Infrared Absorbing Diradical-Platinum(Il) Complex and 2. Selective Synthesis of Heteronuclear

Lanthanide Cluster Complex.

IEFRANZRINT BT FIAILAE () #EED
HENRORE EHENDEA

KBEEF. ERA (NIR) HZ2RINLEICERT DREREZAN
T, BAMREZBEFANICIBRELTRIET 2FETHD. NADERE
WRBEEEVTCEEENTWS, YMRETR. JOEEZEIZY
ZYhILaZE () $&1F (PtL2, Fig.1) N ERKERE TEILREFRE
A 10° Mem™ O NIRIRIETRT ZEZBELTWS, FFERT
(&, PtL: MARKREOELAILARSOERICBEL. ZOXEMR
THAMBEZRIETEDUREENBH D EICEBL. Ptl: DX EE
EEEUTOREZRET Ulc, IFUBIC, Pl 20V IB7ILTIY
(BSA) BEHETTPBS IcaA{b Lz, ZDBERIE 740 nm (CIRIGE
KERTZEMND M olc, STHIC. TOBRICNIR KZRETZHEE
BOBENLERTZCEEZRBHUK (Fig.1). £z, BSATHA{LL
fz Ptle Z & MELBREMBIME MCF-7 ICEBA L, /\1M/N—AXINLE
BZzIEL (Fig.2), ZD#ER. MAEAIC Ptl: kD NIR RiXZz
RIFEENH D ED D ofce Pl FAINHRZ DEEEICBEL
TWBEEZSND, ML, Ptle NEMARRBEERRERDS B
EzRUlc, RE. Ptl DXRRICLSMRERERZRAELTW
% (5% 43 iR b ZE =2 (ICCC2018), Applied Sciences
Poster Award),
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Fig.1 Structure of PtL. and temperature increase of
different concentration of PtL, under the irradiation
by NIR light at 725 nm. of PtL..

Fig.2 (a) Color image and (b) hyper spectral image
at 740 nm of MCF-7 cells incubated in the presence

Photothermal Effect and Cellular Uptake of
Near-Infrared Absorbing Diradical-
Platinum(ll) Complex

Photothermal therapy, which utilizes agents to convert near-infrared
(NIR) light energy into heat and kill cancer cells by local heating, has
attracted much attention as a minimally invasive therapy. Our group
previously revealed that a diradical-platinum(Il) complex with bromo
groups (PtL,, Fig.l) shows NIR absorption with a molar absorption
coefficient of ca. 10° M'em™ in hydrophobic media. Considering that PtL,
might be localized at the membrane of the cell surface or organelles in
cancer cells and cause cell death by its photothermal effect, we studied the
property of PtL, as a novel photothermal agent. In the presence of bovine
serum albumin (BSA), PtL, was solubilized in PBS. The solution shows an
absorption maximum at 740 nm. The solution temperature increases with
NIR irradiation (Fig.1). The complex solubilized by BSA was introduced
to the human breast cancer cell line MCF-7. The hyperspectral image of
MCF-7 was obtained (Fig.2). In some regions, PtL; is located to show NIR
absorption. The complex seems to be localized on organelle membranes.
We are now studying the intracellular location of PtL; and its cell-killing
ability through its photothermal effect. (43rd International Conference on
Coordination Chemistry (ICCC2018), Applied Sciences Poster Award)

SR Ms-ToA
{Ln,LnTEA, )

Fig.3 Schematic representation of selective
synthesis of heteronuclear Ln cluster complex.
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BBIVI RIS R D
BIRNGRIEDRFE

EESVYZR (Ln, Ln) ZHFOEZ Ln #EEICEVT, Ln L
FHEENUTVWSHENDERZ Ln SERERRNICER TSI L
FEELW, BREFTZHYYIZXTL—> (TCA) BLn&ZLn o
S5 —8EE (LnsTCA2) HERT BB BRMICHETANETITS
Z& (Ln + TCA — LmTCA1 — LnzTCAz — LnsTCAz) ICEBUL.
FEEDODERICE D ER Ln VSR —fEEDERZEH M (Fig.3),
TCA & Th OHEHBRICREOTILFILF VEZVLIE (Bl BT
RSTFIVZVEZDL) ZHESESZIET TOiTCAI — ThaTCA:
DRIGEEDELSAED, ToiTCAI ZET 2 Z &I LT (Fig.4)o
ZZIEYb & pHBEARZRMIT D& THUHELBRIEITL,
TbsTCAz & Tb2YbiTCA2 D 2 XA M ET. ThiYb2TCA2 DS H
ETEENTWIEREYZR SN, ERBAOBERNGEREEL
THATRIBWA, ERDOAK - B Ln VSR —HEDREY &
EELT ThoYi TCAz DEIEAIER . E5IC ThYbTCA2 ZXIEIC
WST T EICHMUIc, SRIZEMZNREZHMITRTL, B—0
ELn ISR —HEEDERNEHZBE I (F38E FrE7U—
BRKEIVVRY UL (SCE2018))
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- PMESDEE: HEADTEZERE67ER, B LF R 68HRA.
43rd International Conference on Coordination Chemistry
(ICCC2018). MEtkges YoV EED{bZEtEZ+— 2018
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Fig.4 Chromatograms and an electropherogram
for samples (a) before fractionation, (b) after
fractionation, and (c) after addition of Yb.

Fig.5 Invitation to Chemistry

Selective Synthesis of the Heteronuclear
Lanthanide Cluster Complex

Selective synthesis of the heteronuclear lanthanide (Ln) complex is
difficult because the difference of the chemical properties between Ln
series is very small. We tried selective synthesis of the heteronuclear Ln
complex in a thiacalixarene (TCA) system. This reaction system proceeds
in a step-wise manner (Ln + TCA — LnTCA; — Ln,TCA; — LniTCA,).
We thought that selective synthesis of the heteronuclear Ln-TCA complex
may be possible with the reaction of isolated LnTCA; with multiple Ln
ions (Ln’). The reaction rate of Tb;TCA; — Tb,TCA; in the presence of
alkylammonium salt (e.g. tetrabutylammonium bromide) was slower than
that in the absence of the salt; therefore, the isolation of TbTCA, was
accomplished. The complexation reaction was proceeded by the addition
of a Yb* solution and buffer solution in the prepared solution of isolated
TbTCA,. The solution consisted of TbsTCA,, Tb,Yb,TCA,, and a small
amount of Tb;Yb,TCA.. The selectivity of TboYb,TCA; in this method was
not high enough, but the ratio of Tb.Y b, TCA, was higher than that obtained
with spontaneous formation in the mixture of Tb, Yb, and TCAS. Also, the
portion of Tb;Yb,TCA, was very low. Now, we attempt to enhance the
proportion of the single heteronuclear Ln cluster complex under the
condition of complexation. (The 38" Symposium on Capillary Electrophoresis
(SCE2018))

Achievements other than research

* Organization of academic meetings:
i) 67" Annual Meeting of Japan Society for Analytical Chemistry,
ii) 68" Conference of Japan Society of Coordination Chemistry,
iii) 43" International Conference on Coordination Chemistry (ICCC2018),
iv) Seminar on Separation and Sensing Functions 2018.

+ Contribution to events for scientific outreach:
i) The 274" Invitation to Chemistry, Miyagi,
ii) Science Day, Miyagi, Sendai

Fig.6 Prepared crystals in the event.
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470 F/BE AT LEFRALK
BIE-EIZINA AT TINA ZADFEH

Development of Environmental/Biomedical Sensing Devices Professor

with Micro/Nano Electrode Systems

A
g\

#ix Rk E—

Tomokazu Matsue

RE. BNGT)\ARADNAABR - BRETEZI VT ICREBPFNFTESNTWD, INSDTNNARAZBWVNBIET, INITHLM,M
EFRRREHFEI DI P HENDDERRENM - ERARENTREICBO>TWD, oo ERERMULHBINRREF v T 2RI
T, BEEBRDAYEGFANTOLEYEOE=Y UV IDAIREICKED, TOLSBERNDRHIC, BRIEYAV0 - F/ AT LERHFAAEES

LT IA ZDRFKEET 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.

R

TR 30 FIFUT OB HEMEZT o1,

FR:TEMER. ERRMRR. HRBESEMER.
NA7AYATLAREMRRAE LY T —.
BHNA/RN—Y3aVRRTOI I MR E
FAMEHE R TEKRP, EERIKE, BHPRFRR.
BIRRFE. RRERKRZE. YE - R RERE.

Imperial College London(Z2[) . University of Warwick (3£&).
EARRBRE (FE) HE

®R 74TV Y—F. RBFERL F/3r~O-)b, KFYZVD,
NIYBEEE, AELCFIE. MLMETE. SHEBHBE.
FESESR, /\7O77—~. Piezo Studio.

NEC VY Ua—rayA/R=%, AJX, FyI—TI>, BE

FRRERE

T30 FICHANEEL 4. BEEEL G, KEBE4LHFULE
Tolce Thoz&sH. 50 U EDZEERKREZIT o>,

Fig.1 Lab members.

Fig.2 Biochemical experiment.

Collaboration researches

We promoted collaborative research with the following organizations in 2018.

Tohoku University: Graduate School of Engineering, Graduate School of
Medicine, Advanced Institute for Materials Research, Microsystem
Integration Center, Center of Innovation etc.

External research institutes: Tohoku Institute of Technology, Hyogo
Prefectural University, Tokyo Metropolitan University, Kanazawa University,
Tokyo University of Science, Institute for Materials Science, Imperial
College London (UK), University of Warwick (UK), Xi’an Jiao Tong
University, et al.

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

Conference presentations

In 2018, more than 50 presentations were made at conferences, including
4 special lectures, 4 invited lectures and 4 request lectures.

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)

Fig.3 Micro-device fabrication process.
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FHEERIR HE AE  A30R e B 28R 3R C
Associate Professor (AIMR) (TR - 34D
Kumi Y. Inoue Associate Professor Professor
Akichika Kumatani Hitoshi Shiku
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ERR FEHEN HHRETF AT
(T#HRE - 34E)

Associate Professor

Kosuke Ino

FRMBEROMRER

O F/RT—=IERICEITZESTILE - XV HDOEREARTVRN
HFAEEORF. EHIMR (8BF) (H29-30 £E)
ORNWFRT=IbEERTZNATUYRERIELENAM A A=Y
VIOVRTA, BE  EBWE (A) (H28-30 £E)

O H/BEILZAARA=I VL LB ZRTEFRMROfEF DT
#Hib. BE BFFHFE (A) (H28-31 FE)

O MBEEHMY X AR FICLDBEHEHAEE. AMED- Sim sl o4
Bify - #BREKE IO 54 (H28-31 FE)

O 2hifWwWtey IV EABABRNY V TRIRY 2 BEECD &R
DUNECEFR—yarvH EERAIEN S R KZ COl LA,
JST. (H25-33 FE)

O REAAVGEBREEBW Y FILI YT -2 320 in-situ
BREBIXIF—EE LIB OB, JST- SiniERF(CHRIilfREE
(JST-ALCA) (H25-30 £ )

O ZREMAINA 2 F—RIYN—ICEE T BIRAMTEE, AR
(H30 £E)

O +H/BXRLZILEHEICLZEMMHOXRERER. NIYEHE
et (H29-30 £E)

O Nano SECCM DBIFE AT (H30 F£E)

nSh
RE

OFRKE— (i) RIS ENEE (HERDT{EZERRILTER)
OHEXAE (BEERE) BLE (BRLES LE2EVYHARS
OFLEAE (BEERR) EAAYILZE (R—>0077%%
OfEAmES CEBIR) (E17TE,YFTYYz Vb - AREX EME
(A>FIUY Vb - ARERRTIRE )

ORRABIAE CERIR) 12017 £ "S2BICADLZMERBKE,
FE (HHESERLIUE)

O#FHMEKAE (D3) : Best Poster Award (ISMM 2018 )
OFMER (M2) : Outstanding Oral Presentation Award &
Conference Outstanding Oral Presentation Award(isCEBT2018)
O Siti Masturah binti Fakhruddin (M2) Best Oral Presentation
Award (isCEBT2018)

OFIEEFE (M2) - BFRRE (B 27 BIRUY—META—3 L)

Fig.4 Preparation for demonstration of
visualization system.

Fig.5 NanoSECCM measurement.

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 Technical guidance about the binder polymer for rechargeable batteries.
Wako pure medicine Co., Ltd. (2018 FY)

O Surface analysis of the battery materials with the nanoelectrochemistry
cell microscope , Toyota Motor Corporation (2017-18 FY)
(OMeasurement technology of Nano SECCM ,Toyota Industries Corporation,
(2018 FY)

Awards

O Tomokazu Matsue (Professor) - Tohoku Analytical Chemistry Achievement
Award (The Japan Soceity for Analytical Chemistry, Tohoku Branch)
OKumi Y. Inoue (Special appointment associate professor) : Seiyama
Award (Japan Association of Chemical Sensors,The Electrochemical
Society of Japan)

OKumi Y. Inoue (Special appointment associate professor) : Shikata
Medal (The Polarographic Society of Japan)

O Akichika Kumatani (Associate Professor) : The 17th Intelligent Cosmos
Encouragement Prize (Intelligent Cosmos Academic Foundation)

O Alichila Kumatani: 2017 Research grant for precious metals sprout
award (Tanaka Kikinzoku Memorial Foundation)

(OHiroki Ida: Best Poster Award on ISMM 2018

O Tomoki Iwama: Outstanding Oral Presentation Award and Conference
Outstanding Oral Presentation Award on isCEBT2018

OSiti Masturah binti Fakhruddin (M2) Best Oral Presentation Award
(isCEBT2018)

OKouhei Nozaki: Young Excellence Presentation Award on Conference
of Tohoku Society of Polymer Science

Fig.6 Our research featured on the
front cover of ChemElectroChem.
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EREIR 7O AZEEE  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

REfFE-T WHRRBICBULI V-V RMEETOCRAZRARTZIEIAETH S, ENEBREZHET S ETREZRIERKRIFERBEIC

EWEBEZRRTEZH. TOERDSHREPRIEATOEREZER TSI EHARERS, ACEDOMR
MKy TCOz1 TAAVIRE) ZFRROFLICHEZ. N\AATIEH, MREH. BEYDOVTAIIL,

ETIE. BRERNREEETHS
BREE. BAFNMIRCSE 7Ot %

MELTVWEY, Ffoo CEIENLRRLNS, TOLAOEHHRLICHEF ERYEONEPETIVEREICEMDBATNES,

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.

ABIRILF—ICED,. £/ 950 BV DRFB/RNATREE 4D,
ZDIXRIF—D550TM 10%%FIBET LT T ABIZEREHA
MU SR ARE AR EE XD I ENTES, KEZBILRE. HicE
nSDBIEFREEIRATIIET BRENDVY—VRETO
E2AEBETES (Fig.1)o

KEZEELKSR (CO2) (3. BERFREBICEVWTEERBEITEL
HEZHS, BEECERERNEORAICENCAEERS (Fig.2).
27O ROFELTINA AT D, MRER. BEYI T,

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

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.
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Fig.3 Green Chemical Process

g EEE Bhg 2B B
Professor (LF#HAFEL - FAE)
Masaru Watanabe

Assistant Professor
Haixin Guo

BRLE. BATFMINH 2, BIZIELUARETIH. 1AVEEE
BERR CO, ZBAVcE/ILO—ZARN\AATR (£BILO—R, ANIE/L
O—X, YJZY) ORE- 2870 2R (Fig.3) #RiFLTWVWS,
AAVREICINAARAEBHFE - RIbSE, BE - EHZRIEITZ
E TSR CO2 OYHEZRIEL. BIRNICRIGERMORIE - 7 B
ZEIT5HDTH D, 1A YVREFEIEDBD THEWcHRIANDR
BoBn NS BERAMBE IO ELTHESNS,

YHARETR. ECREANBEOBTEEZRVAELZIZITABLY
27O ZADBEREICEAUTIHEEEDTWD, ZDZLHBIRFR
. BICBERR CO: L BEFRKOBREFIATLIEDTHD, EiF
K. BREEKFTONAATR - FIRFvY - R{LkFE-E
EHOBERG. KABSKICIZBERESRIEDMNTOER. /\
ARL—MERZFRAUEHENKZTFBRATLDH S, IN50D
AL, HRPORPEELOERRATELTETO>TWS,

2017 F0FE (BAR)

38 (tREIZ% F83EFR. KR

58 BEHFERE 6] EER. BX

8A HE27EHAIRILF—ZFRRR. BR

12 B ®E#ZBE. Dr. Chen Lin (FAREHM)

12 B University of Bordeaux, Prof. Sakir Amiroudine and

Assistant professor Arnaud Erriguible (HAZE =R )

chemistry, and polymer processing. For example, our laboratory studies
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. Ionic 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 2018 (Overseas)

August 6th International solvothermal and Hydrothermal Association Conference
(ISHA2018),Sendai

September 8th International Symposium on Molecular Thermodynamics and
Molecular Simulation, Narashino

November Nanjing Agricultural University, Prof. Fang Zhen, Nanjing, China

Publications

[1] Li, H., Smith, R.L., Solvent take control, Nature Catalysis, 2018, 1, 176-177.

[2] Guo, H., Duereh, A., Hiraga, Y., Qi, X., Smith, R.L.,

Mechanism of Glucose Conversion into 5-Ethoxymethylfurfural in Ethanol with
Hydrogen Sulfate lonic Liquid Additives and a Lewis Acid Catalyst, Energy and Fuels,
2018, 32, 8411-8419.

[3] Duereh, A., Guo, H., Honma, T., Hiraga, Y., Sato, Y., Smith, R.L., Inomata, H.,
Solvent Polarity of Cyclic Ketone (Cyclopentanone, Cyclohexanone): Alcohol
(Methanol, Ethanol) Renewable Mixed-Solvent Systems for Applications in
Pharmaceutical and Chemical Processing, Ind. Eng. Chem. Res., 2018, 57, 7331-7344.
[4] Duereh, A., Sato, Y., Smith, R.L., Honma, T., Correspondence between Spectral-
Derived and Viscosity-Derived Local Composition in Binary Liquid Mixtures Having
Specific Interactions with Preferential Solvation Theory, J. Phys. Chem. B., 2018, 122,
10894-10906.

[5] Guo, H., Hiraga, Y., Qi, X., Smith, R.L., Hydrogen gas-free processes for single-step
preparation of transition-metal bifunctional catalysts and one-pot y-valerolactone
synthesis in supercritical CO2-ionic liquid systems, J. Supercit. Fludis, in press.

Learn!
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EREE7OEZRASEMEE  Sustainable Recycle Process
EEME 7O XA%45EF  Material Process for Circulatory Society

BREM=ZHEL )\ |
MEEHEZTOEADHE

Environment-friendly Material Processing

g a~wO7 - wIsq
Professor
Sergey Komarov

AR IN—TOMEENE. REFNROMRTOCRZRAEL. BRUEBERERRISZIETHS, COBNZEERTBoHic. Y-
ERCROMRZFALUTGRNBMH IO RZEET I EICHET D, WIBHEBLBEINIZYEICERNICIRILF—ZH#IET5, ITX
IWF—ZRIRTB2FENBKICRSNFBTOELRICHUTE. COLSBYBEPRIBFCENTH S, XARIIL—TOROHRISHEE
TIVEBESZ2L—2 30 THB, CORHTIE, BSLBLPEEHE. FALEBEVWSL7OLIARTO, BER, BERICY T 2RE. 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.

aEREFRALEMRTOEY VY

BERISELRE, BROLSBEMEERTOBERIGBEDY
REEINZBANBEROIXIL Y —2GEITIENICEESh
%, AMRTOENIF. BERICEELVCEREAEL. BRSE.
K. HER A RIS T2 & D MR TR AT B0 IE 7 O A= B
TEHIETHD, Flc. YARETREREKEYI 2L —2aV%EF]
BAUTFvET—Yav»PEEREVWSEHEKERAELTVLS (Fig.1. 2).
BHEPABERERHEUVBICINSORKIFELET S, FrvET—
VavRARBERICE O TERETZIN ZOEEICERBIRILF—
ERHT B, BRSBTS TORE DR PEERAT DO IEY
DE. HEKRTORMYABICFTIASND, FIZIE. FILZ=ZULA
BBTO Al-Fe £ BREEYATEBERICL >THMEEINhIH
(Fig.3). chlFUHAUILATEER Al B2 PEESMRIORAREAN BN
%, AlIOZ7OYVIIRTIE, BEEFvET—avEkhTSAV%E
HHEDLEHEZHEL., FRBVEHIKLEORKIFHFAZBiE
LTW3, Fig.4 [3RABEEREMICE TS Rhodamine B D73 %
MEERLTWD,

Fig.1 A schematic representation of cavitation (left) and
numerically predicted pressure in a cavitation bubble (right)

Fig.2 A typical pattern of cavitation zone
and acoustic streaming

Ultrasonic processing:
Fundamentals and applications

The effects of ultrasound waves are associated with the ability of these
waves to propagate through elastic mediums such as gases, liquids, and
solids. Thus, these waves can be used to transfer energy to places where it
is needed. The purpose of our research is to investigate ultrasound-related
phenomena and to develop more efficient and sustainable processes for the
treatment of liquid metals, wastewater, and exhaust gases. In particular,
we investigate phenomena such as cavitation and acoustic streaming
through experiments and numerical simulations (Figs. 1 and 2). These
phenomena arise when ultrasound waves propagate through liquid phases.
When cavitation bubbles collapse, they release a huge amount of energy,
which can then be used to fragment and disperse the solidifying crystals
and solid particles in molten metals, as well as to decontaminate
wastewater. For example, the ultrasound-assisted refinement of Al-Fe
intermetallic particles in molten aluminum (Fig. 3) provides a background
for the development of easy-to-recycle Al alloys and composite materials.
In another project, we are investigating the combined effect of acoustic
cavitation and underwater plasma, with the goal of developing new, more
efficient technologies for wastewater treatment. Figure 4 shows the
degradation efficiency of rhodamine B under various experimental
conditions.

Fig.3 SEM views of Al-Fe intermetallic particles
formed under various times of ultrasonic irradiation

EHR FNR
Associate Professor
Noboru Yoshikawa

Bh# WWAE =th

Assistant Professor
Takuya Yamamoto

BERBZFAVCRE /MR70Evy2 0T

AMEETIFE. YI70K (GHz) 2RV MOy VS
E{TRoTW3, YAV OKIFEHKETHD., GHz TIREI I 2E 5
EWBEBLTWS, BAIE. MRICNT2EHEHISICL DR
MBEEDBHEUTHARTWS, BICYI7OEBRISENAREBBRISED
BfRiE. BREBZECHEL, FREMBTOELYIVITFED
BRICEWTEKREWN, I5ICV/V7OKICIE. B FERwTIERE
MNELW TIERNMR, HEETDEESDNTWS, Fighcld (a)
Zr02,B203,C DYV EMERIGIC LS ZrB: DERKICET2#7
PWERLLV (b)) RIGICEKDERUZ ZrB. ® SEM BE%R T,
ANZTFEINDIBEIDEWVEETZrB BNMERT D &N TR
INTW3, IhIFMREE7OERICEVWT, BIXILF—(LICF
59%LEZ5N., IS TWS, FeATFRITFAIIICEITDE
20— LEZBNELT. BEK (kHz) EINICEKZ FEEBERIED
FEMEBEICE T 2ERAR (BRSOBRAZAPBEMEZTR
EULTERRUYIaL—Y3Y) Z{THE>2TWS,

RIERMZZBULEBERE - IMT70€ER

FILZZULDVYA VN EZE ELESERIEZBNELT. UYA
TIEE->TBESNZ R ZFAI 25250 5HDME
ZiToTW3, BFEMICIE. PILIZULABRSZEMIRRIBET
T ZERESESRT7 TV I AZEREICHBS TR PHEMBE R I
HOTHEIIRINEFDEZAHBEREZER I DRMARDIH
2. KERWRE. MEEERR, ZILIZVLRR-HERR, X—
N=avE1—9ZMBAUARRETILIZVLRSGR®EYI 2L —
2avEfToTWBFIg6 D&SICKEFILERLHE I 2L— 3
VENATZETHRBERRBER TORBRREELES ZHERBL.
ERALMESARMERDIcHDIFIHZRLT WS,

Plasma |
Ulirasound 1 is)
AR ACAF .

Degradation Efficiency n /%

Canductivity / pS-cm

Fig.4 Degradation efficiency of Rhodamine B under
various conditions: underwater plasma, ultrasound and
their combination (ASAP)

Fig.5 (a) Thermodynamic calculation of phase
composition at high temperature for consideration
of reaction among ZrO,, B,O; and C. (b) SEM

Application of electromagnetic fields to
environmental and materials processing

Our laboratory also hosts fundamental studies on the microwave
processing of materials. Microwaves are electromagnetic waves with
oscillating electric and magnetic field components at GHz frequencies. We
separately investigate the irradiation effects of electric and magnetic
fields. Notably, microwave magnetic-field irradiation with the imposition
of an external magnetic field is of interest, not only because this raises
magnetic resonance but also because it could be used in the development
of new process for material fabrication. Moreover, microwave processing
has a so-called nonthermal effect.

In Figure 5, part (a) is a composition diagram of the thermodynamic-
equilibrium calculation for the reaction of ZrO2, B203, and C. Part (b) is a
SEM photograph of a ZrB2 particle formed via a microwave-excited
reaction. These results demonstrate that the ZrB2 was formed at an
unexpectedly low temperature, based on the thermodynamic equilibrium.
This feature could contribute to energy savings in industrial production.
In addition, we conduct fundamental studies on the high-frequency (kHz)
induction heating and stirring of nonmetallic molten fluids. This includes
experimental and simulation studies of molten vanadium oxide glass and
molten salts.

Environmentally friendly metallurgical
processing

To improve the recyclability of aluminum, there is a need to use more
secondary aluminum and scrap; however, such materials contain a lot of
impurities. We are thus developing novel methods for the mechanical
stirring of molten aluminum, with the goal of producing better flux
dispersion and thus more efficient removal of impurities. To achieve these
purposes, we performed water-model experiments to investigate fluid
flow and mass transfer during the stirring and casting of molten aluminum.
In addition, we conducted numerical simulations on a supercomputer to
investigate transport phenomena in large-scale melting furnaces. As
shown in Figure 6, we investigated the gas-liquid interface deformation
during mechanical stirring using a water-model experiment and a
numerical simulation; we thus developed a method to reduce the
entrainment of oxide film.

{a) ) (b

Fig.6 Snapshots of (a) experimental and
(b) simulated free surface shapes during
mechanical stirring.

photograph of formed ZrB. by microwave

excited reaction at 1300°C.
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Atomic-level design of next-gen, novel nano-materials for eco-friendly scociety

Ecomaterial Design and Process Engineering

Environmental Materials Surface Science

i Vin

#ik MELEE

Professor
Toshimasa Wadayama

BAAREIRILF—ICLBKROBECITE. FIAYA MERTOER. SSIBRHERICEIZEZ-BERIRILF-—EHRGLE, RERDKR
H2ORRICAFMENILELTVS, BETSHRMHRARPERER LRBOADOKNRETH D, ZTO@RICAT2ENEROEENK
HENTWS, MEMBZAIcEnE. EBPEE. BRIEVMPRERAMBREAICHE T2 KB PERER. RILKBRLGENBEETBZRERIDOERN
BRI, SPERMERKE. OVWTRKRLSORRICERT 2, MEFEEZORICHETIZMRREDOLEN (TMAM) OEBEREICI.
MEREZRFLANIVTEEREIDIDENH D, FMRIBFTIE. L<HRESN (well-defined) EBPEESEERREICMAT, #HiEHR
BUH/RFERMBEOETILELBBEZE (UHV) TIKEIFZAFRIEYF> (MBE) EVWF—0 75X (APD) E=BELTARL.
ZOEEHZEE7O—T7BEHE (SPM). EEEBEFEME (STEM). X BABF I (XPS). 1EEFE AV EEL 2 (LE-ISS) HRED
KEBMZNFEZRAVTEZANICIT>TWS, ZOLT ARUCETIVREOEBAEEZTML. RERS@FRIFARKICAET T/ B8R

FHES =BT EEZBELTWS,

A comprehensive understanding of the surface reactions on nano-sized metals (alloys), oxides, and carbon-based materials is essential in the development

of novel nanomaterials with unique catalytic properties. Our approach involves (1) preparations of well-defined single crystal surfaces and nanoparticles

of alloys and metal compounds through dry processes (molecular beam epitaxy and arc-plasma deposition; APD) in an ultrahigh vacuum (UHV) and (2)

electrochemical evaluations of the catalytic properties of UHV-prepared nano-structural surface models that are intended for the development of practical

electro-catalysts. We routinely use UHV and molecular-beam epitaxy, UHV-APD, scanning probe microscopy (SPM), scanning transmission electron

microscopy (STEM), X-ray photo-electron spectroscopy (XPS), low-energy ion-scattering spectroscopy (LE-ISS), electrochemical (EC) voltammetry,

gaschromatography (GC), online electrochemical mass spectrometry (OLEMS), and other techniques to clarify nanomaterials’ surface phenomena. Our

research accomplishements provide a direct link to the next-generation hydrogen society.

S <HESNICETIVMIRRE OBRRETR G

BAED FRMEIEM (PEMFC) hY—RTE#ITIIBRETR
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Fig.l ORR activity enhancements (bottom) & surface
strain for the Pt-Zr model catalysts.

Oxygen-reduction reactions on well-defined
models of catalyst surfaces

Pt-based alloy nanoparticles are effective for a low noble—metal content
oxygen reduction reaction (ORR) cathode catalysts in fuel cells with
proton-exchange membrane fuel cells (PEMFC). Models and investigations
are needed ensure a comprehensive understanding of the ORR mechanisms
involved in the complex nanostructures of practical catalysts with a Pt
shell and a core comprising an alloy of Pt and transition metals. Thus, this
year, using the APD method, we fabricated hetero-layered nanostructures
of Ptand Zr on a clean Pt(111) substrate to create a nanoparticle model with
a Pt shell and a combination Pt—Zr core . Both the cross-sectional HAADF
images from scanning transmission electron microscopy and the
corresponding energy dispersive X-ray (EDS) line profiles of the Pt-Zr
catalysts clearly show that shells of approximately 1-nm-thick Pt(111) can
be synthesized on 4-nm-thick Pt-Zr(111) alloy layers. Figure 1 shows that
tensile surface strain also enhances ORR activity.
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Fig.2 ORR durabilities for the Pt/TaCx model catalysts.
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A Au (h4/) REIC Co ¥ Sn ZBHEHE LI ETILAERE
ZBEL. CO: BTERYDHMBEKREFEEZA Y F1 Y BRILE
BEQIMEICLDAE U, Fig.3IcRUi&LSIC, CoRLV Sn%
Au(hrk/) BEARRE L ICHETE U TIER U Co/Au(hk/),Sn/Au(Ak])
1. Au(Ak/) IZHEBLT—BRER 3R (CO) ERIcx T 2B FIH
THLEL, BETETU, STM ICLZ2RRABEHRRICEDNT
ECR EtZ#EMmUTc,

MEZ7OI I b, K ZEORE

NEDO SEEER SRR, NEMREHBSEBMR (B).
KI5 - BEEUT—EHE RBRZERMREL KM ERLSME
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Fig.3 Relative activity of CO: electrochemical reduction on
the Coo.ive and Sno.ivi/Au(110) surfaces.

Pt-M (M=transition metals) alloy nanoparticles (NPs) have been widely
studied. Because the alloying transition metals M are easily dissolved
under the PEFCs’ operating conditions, explorations of electrochemically
stable transition-metal compounds are needed in order to develop highly
active and durable cathode-electrode catalysts. Therefore, we investigated
the ORR properties (initial activity and durability) of platinum and
tantalum carbide alloy (Pt/TaCx) NPs, which we prepared through the
APD of TaCx followed by the electron-beam deposition of Pt. Figure 2
summarizes the activity trends for the potential applications (in terms of
durability). The results clearly indicate that the Pt-shell/TaCx-core type
NPs are effective, active, and durable ORR catalysts.

Analysis of the products of CO, reduction
using electrochemical mass spectrometry

A comprehensive understanding of the electrochemical reduction (ECR)
of COs; is essential to the development of highly active electrode materials
for ECR. We investigated the ECR of CO, into carbon monoxide for
0.1-monolayer(ML)-thick Co- and Sn-deposited Au(/k/) using online
electrochemical mass spectrometry. Figure 3 shows that the activity of
Au(110) depends upon surface modifying elements; the ECR activity of
the Cooimi/Au(110) (red) is higher than that of the Au(110) (dashed),
whereas the surface 0.1-ML-thick Sn (blue) deactivates the ECR. We
discussed the ECR mechanism based on the scanning tunneling
microscopic (STM) images.

Research projects, patents, and awards

We have conducted projects in conjunction with NEDO, JSPS KAKENHI,
the Toyota Mobility Foundation, and the Yazaki Memorial Foundation for
Science and Technology. The results of these studies have been published in
several papers and have led to a priority patent application. Dr. N. Todoroki
received the Japan Institute of Metals and Materials’ Young Researcher
Award. In addition, our students have presented three papers at international
conferences and 17 papers at domestic conferences, receiving four poster
awards as a result (Fig.4).

(3.1 (L

Fig.4 Certificates of academic awards.
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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. ERBEVTHEAZERLTRESNE Y, InSo®MmE. EFALLRIC. X777y lienT, BEHREBICRESNET,
HELEZOEAMRTH2#IE. TOMREZEZTAELBERITZIENTEET, Lich>T HRIBREICPEILIB>TVWET, FAKIC,
HKMHETIREE, REOIRINF—EERIBET, REBICKEBHEEEZRIEUVET, Z0ksH, BRL REOBA, s, KiK. Ham
ENSEA. VTl BEICEZINTORET. RENOREEZERIZIENDETT, COLSHBERICEDE, RADBETIR. &
FSELBRBICHEL I 2MEL FICEBMROARICETZHRMERKITDHRBERANMTONE T, BHDEmE. REICEISTES MR
ZERAIT2HEDOFRAUBBEEPHR VAT LAELYHENEILIITZCEOTEDHLLWHRER 7Ot RAZHEKTEIETT,

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.

FeE7EINT7 7 AGEDERAKRETD
BB DRERA

FELIZZABREZORFRENMEROERBELIFERSD L
Mo, INETOLRE - AERKBESNBVWIZ—IBREEERT,
XD, ERELSHEEZESOEROBBNEE. SVWHEMHE. Bh
BRI REZBLTWS, RFRT — TIIRFICHRBKISFIEIC
FEU. BRERBEEMR S UTOBASIEAERZEIEIC. 7EIL
7 AR DEAREE TOREIIFIHEZ BT SMRZIT>T VS,
INETIC. BRSHEICHICEEZRIZFITEILI 7RAEEDES
{CBREICOWTHRL., RHFOREKEZR<T S EHERLDET

MELRZ e o1 (Fig1 1),

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

Because the atomic structures of amorphous alloys differ from the
conventional crystal structure, these alloys have that are not found in
conventional alloys. For instance, amorphous alloys have superior
mechanical properties in terms of strength, and high toughness, and
corrosion resistance, as well as excellent soft magnetic properties. In this
study, we focused on soft magnetic properties. To achieve wide applications
for these high-frequency soft magnetic properties, we studied these
properties in high-frequency amorphous alloys. Based on the results of our
experiments on the crystallization process of amorphous alloys, we found
that increasing the annealing time delays the crystallization process (Fig. 1).

Evaluation of sintering MgO material assimilation

BEfE A MgO R D RME 4 EF
EROEESE BT IREIC ST ORER ENEETHD.
AEBEZHERUL D DREJBIBFORT VRN ZERIBZIENEM

To enable the high tapping of molten iron in a furnace, as well as a low rate
of reducing-agent operation, it is important to improve the quality of
sintered ores. An effective for this is to reduce the slag component of
sintered ores while maintaining their cold strength. Therefore, in this

100
£ 90
5
$ 80 |{—m— -0.25mm Dolomite ~—
§ ||~=—05-1mm Dolomaite S~
-ig 2 70 [|=#= -0.25mm Peridotite
5§ = —&—0.5-1mm Peridotite
¢ | Kl 50 ; a ; |
o el .y e e e 0.0 0.5 10 15 20

Mg0% in sample(mass%)

Fig.1 Effect of annealing conditions on crystallization Fig.2 The strength of sample after sintered
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THd. TITHRIAATIE. SiO2 ZEFHE VMO V—R&bLTRO
¥4k (CaCO3,MgCO3) ICEBL. ZDR1LIEICEET2ERMRET
ffizEMELTW\S,

Fig.2 lc. SEAY 7Ly NEREBDBREZRUIc, ¥ Ly D
MgO EBEAH 0.5mass®% U ETIEWThoNETHEROYTI MDA
NERELLRIBRER .

BRE 4H-SIC ZEfERICAW
BeamEERRER

RHR )T —F A MBI TH B SIC 3. BREREDERHIEE
EBSTWB, AFFRTIE. BRECLZERE SICHROBEREK
MRARICIDMBALR, HREREERTIE. ERERITARE 4H-SIC
NIV BEEEZHSTIDE U (1-100) v EiRERWE: (Figl@a)).
& [1-100] KB BEMOEIESH [0001] ERHULTEEE RS
e BBEMDPBREBRB NGB LRV EQEFTES (Figl.(b),
£, MREOBRBOEMTM%SRR KOH Ty F> o TRiELIE
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ICRE X BINRY S 7BRET o ET3, RERRICIEEERRA
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Fig.3 Schematic representation of crystal growth process.

study, we focused on dolomite (CaCOs, MgCO:;) as a MgO source that does
not include SiO,. We also performed a basic evaluation of its assimilation.
Figure 2 shows the strength of the sample after sintering. Dolomite gives
higher strength than peridotite for all sizes, as long as the MgO content is
equal to or greater than 0.5 by mass%.

Ultrahigh-quality 4H-SiC crystal grown
by solution growth method

The reduction of dislocations is an urgent technical issue for SiC, which is
a material used in next-generation power devices. In this study, we worked
on developing a technology for growing high-quality SiC crystals using
the solution method. In these crystal-growth experiments, we used an on-
axis substrate (1-1 00) cut from a solution and grown from a 4H-SiC bulk
single seed crystal (Fig.1a). As the growth direction [1-100] is perpendicular
to the propagation direction [0001] of the threading dislocation, we
expected that the threading dislocation would not propagate to the growing
crystal (Fig.1b). When we carried out the dislocation of the grown crystal
using molten KOH etching, we confirmed that no threading dislocation
occurred. We conducted further examination using X-ray topography
observations, and we did not find basal-plane dislocation or stacking faults
in the grown crystal. In the solution method, we showed that almost
dislocation-free crystals can be obtained only by performing (0001) and
(1100) plane growth once, followed by crystal growth of the highest
quality.

Studies on the following topics have been carried out:

(O The influence that tramp elements have on the practical performance
of structural steels

(O The promotion of magnetite fine ore assimilation to reduce CO,
in the sintering process

O First-principles studies on the total energetics of nonequivalent
hexagonal polytypes for sp-electron metals
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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

LBETEHIRREOARREZHICEDLEIAKMZERD DAHPREBEZTNT2EARM,. BRICKEITERRNIOBUEKIM,. 25
CICHIKER L E 20/ O—/ULBR AR REZHBINICETIMREBEFTET>TWD, EFENICIE. ATHE, M. M, i B8RRI
LBRTIHDVPE. IFZAVI. BETILZNSDMRTO IO AKM, #ENSOEBOERDUKRIMORBE. 7 T7PEEB, IRUF
ZEVIBR EHARMICHITIHENEFHLSCICIB LT —YDREBTIITVI L, T—I@FEITS CEICL>THIKRETOARIREE
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.

FTIR ZRAW/itiEE - B, EiEmnEiRky
2K IFELEZEICEIFBZ 7Oy - RE7OVEDEENRA

TAIE 1990 FRFEMS5ILBEE - BRRIATICHWT, e 2007,
2011, 2016 &0 3 FEMBEMEMICE VT, i1 FfHL S5
ZFROFICENWT, 7T—UTEBRFNDHE (FTIR) ICLBKE
HERRICULRADHERZT>TETWVWD, COBATIEE. K
S[SHORABHEIERTDEEBENFZEHT S EHHES,
BRIEFSE. EVIMIA—ILBEE THEELIRFIS NI CFC ORE
YETH B HCFC-22 £ HFC-23 O EICEB LB 1T o7,
NASA Yz NMEEREREAD G. C. Toon AR ULTWB LS
AVINTGA—=5ZBW, SFIT4 EENZ @Y —ILZ AWz
fTofce FTIR IZBRBICRAZTSZEAHESED, TnEndill
SNT—YDATEERSD,. 1995 EHNSREXZTOREZ(LD
R F %= # N1, Fig.l Ic HCFC-22 @, Fig.2 I HFC-23 @ 1995
ENSREITOMENTLEBEETRT, HEOERID. FHBEMNE
W, ALY I OKRICHIFZEAEZTR T, BUIFTICR, KE,

A e

ERERTERNES

Monitoring of chlorofluorocarbons,
hydrochlorofluorocarbons, and
hydrofluorocarbons over Rikubetsu, Hokkaido;
Syowa Station, Antarctica; and Tsukuba, Ibaraki
using a Fourier-transform infrared spectrometer

We started taking solar infrared spectroscopic measurements using
ground-based Fourier-transform infrared spectrometers (FTIRs) at
Rikubetsu, Hokkaido, in 1995. We also conducted FTIR measurements at
Syowa Station, Antarctica, in 2007, 2011, and 2016. We began taking FTIR
measurements in Tsukuba, Ibaraki in 2018. We have retrieved several
atmospheric trace species from the measured spectra. We analyzed the
chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), and
hydrofluorocarbons (HFCs) from the FTIR spectra using a pseudo-line list
that Dr. G. C. Toon of NASA’s Jet Propulsion Laboratory prepared using
the SFIT4 retrieval tool. We analyzed the monthly averages of the temporal
variations in CFCs, HCFCs, and HFCs. Figure 1 shows the monthly
temporal variations of HCFC-22 (in total column amounts) at Rikubetsu
(green), Syowa Station (blue), and Tsukuba (orange), whereas Figure 2
shows the same variations for HFC-23. These figures also show with
continuous data points for independent measurements of these gases from

Fig.1 Temporal variation of HCFC-22
measured by FTIRs at Rikubetsu, Syowa
Station, and Tsukuba together with ground-
based air monitoring data since 1995.

Fig.2 Same as Fig. 1 but for HFC-23.

;':i'
FEHR PERE ETERR HH &%
Professor Professor
Hideaki Nakajima Toshinobu Machida

REDERMEELTTAYRLTHZDE., HREMD/NYIT 5T
RASEBABRICEWT, ARIVAYKNI ST —EEMEHITE ST
T SNIERA A RDHTRBE TH 5.

WADHREDIC, 1995 Fh SHFIEICHT TEIMERHI? R TEN.,
FTIR IC &2 BAEI M EOBRIEE R<—HLTW3S, iz, HFC-
23 LT3 EEAID RIR SNSRI #E > T FTIR [ L BT A
ETWBIENTRENTNS, S#EMD HCFC ¥ HFC ICB BT R
ZHIRU TV FETH %0

PIPREFBEEILETS CO RED=RTHEE

BAMZEOREHEFBULBRENRAZEN 7OV K
(CONTRAIL 7AYz 7 k) THEEN 10 ERHICHIZREDE
BF—yE2@BATdLiCLo>T TNETRERITFNICUNERI N
TWERH S 7Y 7 REEIRICBITZREHR CO BEDORHD=
RITEEEZOEHEBZRZ oo PYTAFEMIZEED CO2 B
Eoffmicid. INUTFHOFMKICES CO: DIRINP 7Y 7D HE
BB ROFHOFELEDIC, EEDTITEVRA—VILHESKK
HENEERREZRILTVWBIENESHIC BT,

Fig.3 (&) BMEKDOLE - TRAICBSNIMESGERE
10km fHEDKFERITHICESNIcKFERmHSEShI 8 Alc&T
% CO2BED=RTTHETH D, KHIE 8 ADMtFRMNS5D CO2 it
RIRDBEERLT WS, 8 AlcA Y RADDH AR ESHDEEET
FFBWCO: BEE# > ZERBEIE. EVA—VBERICE>TH L
fHEHDS EESHRBICERSh. EVYA—VEKEDROFICRRTS
nTwazehbh s, Fig.3 (A) IKRINBELSICIRICHRBIEE
VA-VEREDFENFTED. ERED CO NERT I TP R
BICRE T 2RKEPARICIEISNTND,

SEER  BREARAIREHRK
http://www.nies.go.jp/whatsnew/20181106/20181106.html
SE3H : Umezawa, T. et al. (2018), Atmos. Chem. Phys. doi: 10.5194/
acp-18-14851-2018.

ground-based background atmospheric monitoring stations in Barrow,
USA; Trinidad Head, USA; Cape Grim, Australia; and the South Pole,
Antarctica. There is good agreement between the FTIR measurements and
the ground-based air monitoring data. Figure 2 also shows the FTIR data
from the time period before the air monitoring data were available. In the
future, we plan to extend our analysis to include other HCFCs and HFCs.

Three-dimensional distribution of
atmospheric CO; over the Asia-Pacific region

We have used ten years of measurements taken from commercial airliners
(as part of the CONTRAIL (Comprehensive Observation Network for
Trace gases by Airliner) Project) to uniquely reveal both the three-
dimensional distribution of atmospheric CO, over the Asia-Pacific region
and the seasonality of that distribution. Asia receives only sparse
monitoring for atmospheric CO», despite the region’s growing importance
to the global carbon cycle.

The CONTRAIL data revealed clear seasonal pattern in CO> distribution
over Asia that varies with latitude, longitude, and altitude. In particular,
we observed a distinct depletion of CO, concentration over South Asia to
Southeast Asia in August to September (Fig. 3). The low-CO, area was
confined to the Asian summer monsoon anticyclone—persistent
anticyclonic circulation in the upper layers of the atmosphere (above 10 km
altitude) associated with the seasonally varying monsoon regime—and to
be imprinted by strong CO- uptake by vegetation in South Asia. The Asian
summer monsoon efficiently conveys signals from South Asian ground
vegetation upward, and it propagates eventually out to the Pacific Ocean
after being trapped within the anticyclone. Seasonal evolutions of CO,
uptake in South Asia and the dynamic development and decay of Asian
summer monsoon anticyclone have a remarkable impact on the distribution
of atmospheric CO, over Asia and to the Pacific.

Reference: Umezawa, T. et al. (2018), Atmos. Chem. Phys. doi: 10.5194/
acp-18-14851-2018.

Fig.3 3D-distrubutions of CO: over Asia Pacific in August (left) and September (right). The upper panels show CO»
distributions and wind vectors at around 10 km altitude. The lower panels indicate CO, emissions (red) and uptakes (blue)
by the terrestrial biosphere. Vertical pillars are vertical distributions of CO: over the airports.
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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

LEEEEIRRRFAEAEEZRIMRAWRR. BEBETUEIRILF—HRR (FREA). BERARIRILF—MREVI— ELCHEE
RRBMEIMFT (DK FBOHRENFBL., HE - MREHZT>TVD, RE. FEETRRENFPERORE - FECBEEUARK
BREBZITIEEDIL, HTRILF— EERMREREEE (NEDO) MoDREEERITHRMRERBLTNS,

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

ERADIAEELEELT, AHAAIFICEIREZE T HEBHFM
RERICIDRBEOARMEZR>TVD, 2050 FICERHREES
10GW OERFEBZRERIRY 5cthlic. NEDO hSDHEFZZIF. B
FH. KT, BENGRSD S ORBAREEFRRET - RIEADF
WMEARNZRBLTVS, Ko, BREENSOEFTFERLUTER
B ERAXRBOEFREH I 2L —JORRE. BERAHARA
HERAEREM - RMORREFZRELTWVS,

WUt R BB IC &L BT BED
=SREEE=IIVY

RERYZELMAT r—ILR T FFBEANDEE KO
BERIUVBABHKEIAZREL. chicLD, FBEADIKOH
REEZIIVIULTWS, Rlc. BERNOHEA T —ILRTERGL
BN ICELEL - RIEBITFEOREROKRMZERL. FBEAT
DREZEEDIBBEPEABHEOLEFMELRREIDEEDICH
HEEDOBEIRERERMOD FS ZREBLTWS,

Praveare [WPA)

Research on supercritical geothermal
resources

In cooperation with scientists and engineers worldwide, members of the
laboratory have investigated the feasibility of power generation using
supercritical geothermal resources that originate in the subduction of the
oceanic plate. With funding from New Energy and Industrial Technology
Development Organization (NEDO), the laboratory has conducted detailed
feasibility studies from the scientific, engineering, and economics points
of view to establish several dozens of GW of total capacity by 2050. The
laboratory’s team has also received Ministry of Economy, Trade and
Industry (METI) funding to develop (a) simulations of supercritical rock
bodies’ dynamic and hydraulic behavior and (b) fundamental technologies
and materials for supercritical boreholes.

Microseismic and magneto-telluric
monitoring of geothermal reservoirs

Since 2015, researchers from the laboratory have carried out microseismic
and magneto-telluric monitoring of geothermal reservoirs associated with
treatment injections at the Yanaizu-Nishiyama geothermal site in
Fukushima in order to reveal the reservoir’s response to such water
injections. The team members have developed and applied modern
techniques in seismic signal processing, including reflection and scattering
analyses, to create microseismic data sets for various geothermal sites
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worldwide. They have also successfully imaged the behavior of fluids
inside and around geothermal reservoirs to evaluate the impacts of
teleseismic earthquakes.

Research on the proper development of
geothermal resources

The laboratory is gradually developing studies to establish a development
methodology that uses the concept of overall system design, which is
flexible enough to fit the social and subsurface conditions. Monitoring of
gases and hot springs has also enabled the laboratory’s researchers to
collect scientific data on the proper development of geothermic resources.

Technological support of local industries

The laboratory has provided technological support regarding seeds to
local industries in the areas by the 2011 Tohoku earthquake and tsunami.
Many geothermal-related technologies have been developed under this
scheme.

Contributions to international society and
collaborations with other organizations

elnternational contribution

The laboratory works with partners in Germany, the US, Italy, France, and
Iceland—mainly in the area of ultrahigh-temperature geothermal
development.

eSocial contribution

Prof. Asanuma is a member of the boards for various international and
domestic scientific drilling projects. He is also a member of evaluation and
advisory committees for governmental agencies and local communities, as
well as a member of the boards of various academic societies.
eCollaboration with other organizations

The laboratory collaborates with domestic and international laboratories,
universities, and industrial organizations. This includes mutual visits, active
web communications, and joint publications.

eCollaboration with local communities

The laboratory has a long history of collaboration with local communities,
mainly in northeast Japan (e.g., Tohoku), to educate children. Prof. Asanuma
has also delivered three lectures on renewable energy to students.
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Fig.6 Outreach activity at FREA Open-day

Fig.3 Array response of microseismic
monitoring network of geothermal systems

Fig.4 Semi-commercial model of monitoring
system of hot spring

Fig.1 Model of typical supercritical geothermal
system in Tohoku (Northeast Japan)

Fig.5 Surface photo of fracture in granite for
permeability evaluation

Fig.2 Estimated pH value of subcritical
/supercritical fluid
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Environmental Research Promotion Center (ERPC)
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Activities of Environmental Research Promotion Center
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The Environmental Research Promotion Center (ERPC) was founded in July 2017. Through its activities, such as promotion of environmental education;
our university’s research activities; and various projects in coordination with the area or with the industrial, academic and governmental organizations, it
aims to actually apply the environmental study’s results to society. The Graduate School of Environmental Studies works on the real-world up-to-date
studies closely related to the environment, namely warming of the world, symbiotic relation with nature, energy and resource recycling. Because these
study fields are closely related to people’s lives and values, it is important for us to coordinate studies between various fields and develop systematization
of study results while proceeding with individual studies.

Also, the ERPC accelerates its environmental study and projects to materialize actual application of the results to society in coordination with area
organizations as well as industrial, academic and governmental organizations. At the same time, the ERPC makes positive efforts to conduct publicity
activities, promote environmental education and spread the study results.
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Cooperation with Miyagi Prefecture

The Graduate School of Environmental Studies concluded a cooperation
agreement with Miyagi Prefecture in 2004. A roundtable discussion was
held with the Environmental and Community Affairs Department, Miyagi
Prefectural Government, in July. The ERPC helped draw up the new plan
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Fig.1 Eco Festa 2018 (September 2018)

to implement global warming countermeasures in Miyagi and the basic
plan for industries-related environments and energy in Miyagi. In addition,
the ERPC continued its study, “Research to construct recycling system of
rare metal and precious metal,” in 2018.

Cooperation with Sendai City

Our graduate school concluded its cooperation agreement with Sendai City
in 2009. In June, an information exchange meeting was conducted with the
Environmental Bureau, City of Sendai. As one of the activities based on the

Fig.2 Hydrogen production through aluminum-hot spring water
reaction in the Tamagawa hot springs
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Fig.3 Symposium in Shima City (July 2018)

cooperation agreement, the ERPC participated in “Eco Festa 2018,” held in
September, and introduced the activities of the Graduate School of
Environmental Studies, Tamaki-san salon, and “Plan to take life of 2030 in
advance” to encourage the building of a sustainable society (Fig. 1).

Cooperation with Senboku City

Our graduate school concluded its cooperation agreement with Senboku
City in 2017, when Senboku City was chosen as an SDGs future city, and
the “Industry creation and innovation by agriculture IoT and utilization of
hydrogen energy” promotion grant of reginal revitalization was adopted.
Senboku City entrusted Tsuchiya laboratory with the research project
“Demonstration experiment of hydrogen production from waste aluminum
and Tamagawa hot spring acid water.” The ERPC cooperated in the
preparation of the application and the experiment (Fig. 2).

The symposium in Shima city

The JST (Japan Science and Technology Agency) adopted the research
project “Creating a Fountain of Future Lifestyle Ideas” as one of the
projects in the research area “Designing a Sustainable Society through
Intergenerational Co-creation” in 2015. Using this lifestyle innovation
concept as the base, the Graduate School of Environmental Studies,
Tohoku University, made an agreement with Shima City to start a “Shima
City Lifestyle Innovation Project” in June 2016. The purpose of this
agreement is to achieve a spiritually affluent lifestyle based on natural
resources and lifestyle history in Shima under future severe environmental
constraints and to help establish a sustainable society by promoting
regional creation in coordination with the Graduate School of
Environmental Studies and Shima City. In July 2018, a symposium,
“Creating a Fountain of Future Lifestyle Ideas in Shima,” was held in
Shima city. (Fig. 3)
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@ Electrochemical capacitors using nitrogen-doped vertically

aligned multi-walled carbon nanotube electrodes prepared by
defluorination. [ Carbon, 132, (2018), 539-547 ] Rei Nonomura,
Takashi Itoh, Yoshinori Sato, Koji Yokoyama, Masashi Yamamoto,
Tetsuo Nishida, Kenichi Motomiya, Kazuyuki Tohji, Yoshinori Sato
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@ Formation Process of Hydroxyapatite Granules in Agarose
Hydrogel by Electrophoresis. [ Cryst. Growth Des., 18, (2018),
1961-1966 ] Kenshiro Kimura, Masanobu Kamitakahara, Taishi
Yokoi, Kaoji loku

@® Lifetime in Steel Cord Wire Drawing Dies of WC-Co
Cemented Carbide Containing TaNbC or CrzC.. [ Materials
Transactions, 59(5), (2018), 754-759] Masayuki Takada,
Hideaki Matsubara and Yoshihiro Kawagishi

@ Preparation of spherical porous hydroxyapatite granules
as support materials for microorganisms. [ J. Ceram. Soc.
Japan, 126, (2018), 732-735 ] Masanobu Kamitakahara, Shohei
Takahashi, Taishi Yokoi, Chihiro Inoue, Koji loku

@ WC-Co BESZDHERICKNT S Ti(C,N) RIF2EDIHIZE
[ MAEBLUHFRAERE, 65(2), (2018), 91-98 | mHER, WMEFE,
Aok, MHEES

(4835 - BERL

OMRBHEDERE [ iR AT APTBET T~ (MEHKREEHR),
(2018), 11-22 1 NEFHE

@ U VEENAINY T LERWERRIBRTRE R AT ORE [ HE& L0
WERAE, 65, (2018), 197-201 | LEFE
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@ Adhesion Behavior of Microorganisms Isolated from Soil on
Hydroxyapatite and Other Materials. [ Applied Biochemistry
and Biotechnology, in press(2018) ] Kamitakahara M, Takahashi
S., Yokoi T., Inoue C., loku K.

@ Cadmium removal from mine drainage using Arabidopsis halleri
ssp. gemmifera through hydroponic culture. [ Proceedings of
15th International Phytotechnologies Conference, (2018) ] Zhaojie
Qian, Mei-Fang Chien, YiHuang-Takeshi Kohda, Nobuyuki
Kitajima, Kentaro Hayashi, Akihiro Kanayama, Chihiro Inoue

@ Efficient arsenic phytoremediation by co-culture of Pterix
multifida with a multifunctional rhizobiacterium. [ Proceedings
of 15th International Phytotechnologies Conference, (2018) ]
Chongyang Yang, Mei-Fang Chien, Chihiro Inoue

@ Enhancement of inhibition: understanding the role of plant
root exudates in bacterial polycyclic aromatic hydrocarbons
degradation using sudangrass. [ Proceedings of 15th
International Phytotechnologies Conference, (2018) ] J.A.
Dominguez, M.F. Chien, C. Inoue

@ Factors Controlling the Fractionation and Seasonal Mobility
Variations of Ga and In in Systems Impacted by Acidic Thermal
Waters: Effects of Thermodynamics and Bacterial Activity.

[ Aquatic Geochemistry, 24(1), (2018), 5-25 ] Yasumasa Ogawa ,
Daizo Ishiyama, Naotatsu Shikazono,Koichi Suto, Chihiro Inoue,
Noriyoshi Tsuchiya
@® Gene expression of a phosphate transporter and an
arsenate reductase in Pteris vittata during arsenic uptake.
[ Proceedings of 15th International Phytotechnologies
Conference, (2018) ] Shujun Wei, Mei-Fang Chien, Yi Huang-
Takeshi Kohda, Chihiro Inoue
@ Immobilization of boron and arsenic in alkaline coal fly
ash through an aging process with water and elucidation of
the immobilization mechanism. [ Water, Air, & Soil Pollution,
229, (2018), 359-370 ] Yasumasa Ogawa, Kento Sakakibara,
Tsugumi Seki, Chihiro Inoue
@ Preparation of spherical porous hydroxyapatite granules
as support materials for microorganisms. [ Journal of
the Ceramic Society of Japan, 126(9), (2018), 732-735 ]
Kamitakahara M., Takahashi S., Yokoi T., Inoue C., loku K.
OLESERIBYICLZERRETNBEMNSOEREFTILAVESR
B ETEDRF . [ TARERFHIE G(IRE) |, 74(1), (2018), 1-7 ]
IR, BN, KPR, PNEERF BUEES, =R, FLETA,
EBRIREA
QREMEMDEIZET 771 M AT I— 3V DISHRDAHEN .

[ Z7VINAA, 2(7), (2018), 682-683 |1 5=k, e
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@ Al-zoning of serpentine aggregates in mesh texture induced
by metasomatic replacement reactions. [ Journal of Petrology,
59(4), (2018), 613-634 ] Ryosuke Oyanagi, Atsushi Okamoto,
Rumiko Harigare, Noriyoshi Tsuchiya

@ Brine infiltration in the middle to lower crust in a collision
zone: Mass transfer and microtexture development through

wet grain-boundary diffusion. [ Journal of Petrology, in press,
(2018) ] Higashino, F,, Kawakami, T., Tsuchiya, N., Satish-Kumar, M.,
Ishikawa, M., Grantham, G.H., Sakata, S., Hirata, T.

@ Distribution and Speciation of Bromine and lodine in Volcanic
Ash Soil Profiles Distribution and Speciation of Bromine and
lodine in Volcanic Ash Soil Profiles [ Soil Science Society of
America Journal (2018). 10.2136/sssaj2018.01.0019 ] Akira
Takeda, Atsushi Nakao, Shin-ichi Yamasaki, and Noriyoshi
Tsuchiya

@ DRONE BRINGS NEW ADVANCE OF GEOLOGICAL MAPPING
IN MONGOLIA: OPPORTUNITIES AND CHALLENGES [ Mongolian
Geoscientist, 47 (2018), 53-57] Otgonbayar Dandar, Atsushi
Okamoto, Masaoki Uno, Undarmaa Batsaikhan, Burenjargal
Ulziiburen, Noriyoshi Tsuchiya

@ Loop energy: A useful indicator of the hardness of minerals
from depth-sensing indentation tests. [ Journal of Structural
Geology, (2018) 1 Masuda, T., Omori, Y., Sakurai, R., Miyake, T.,
Yamanouchi, M., Harigane, Y., Okamoto, A.

@® Mechanisms and kinetic model of hydrogen production in
the hydrothermal treatment of waste aluminum [ Materials for
Renewable and Sustainable Energy, 7 (2018), 10.1007/s4024 ]
Putri Setiani, Noriaki Watanabe, Rina Riana Sondari and Noriyoshi
Tsuchiya

@ Multiple kinetic parameterization in a reactive transport model
using the exchange Monte Carlo method. [ Minerals, 8(12), (2018),
5791 Oyanagi, R., Okamoto, A., Tsuchiya, N

@ Recovering the past history of natural recording media by
Bayesian inversion. [ Physical Review E, 98, (2018), 43311 ] A2
@FKEHE K LI FRIL TR D) | HEE R BS 9 2 SR LITTBE K D R BT i
[Journal of MMIJ, 134 (2018), 46-52 ] ZILEE, TEHFS
OEHERAESZRAVWCEIERRKOFMICHESLIATILELVESR,
ORI I DERERIAZR [ Journal of MMIJ, 134 (2018), 53-59]
MARE KEMRE ILHZ— LTE&HS
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@ A Fundamental Study on Resistive Forces for Underwater
Ground Excavation by Flat Blade. [ Proc. of International
Symposium on Earth Science and Technology 2018, 1, (2018),
259-263 ] Kenta KOBAYASH, Tomoaki SATOMI and Hiroshi
TAKAHASHI

@ Automatic Measurement of Ground Strength by Falling
Weight from UAV at Disaster Areas. [ Proc. of 13th International
Symposium on Advanced Science and Technology in
Experimental Mechanics, 1, (2018), USB ] Naru OZAKI, Tomoaki
SATOMI and Hiroshi TAKAHASHI

@ DEVELOPMENT ON ESTIMATION OF CONE INDEX BY
USING SOIL EXCAVATION BUCKET. [ Proceedings of 10th Asia-
Pacific Conference of ISTVS, 1, (2018), USB ] Tomoaki SATOMI,
Hiroshi TAKAHASHI, Shigeru AOKI, Hiroshi KANAMORI, Sachiko
WAKABAYASHI and Takeshi HOSHINO

@ Effect of Waste Cornsilk Fiber on Tensile Strength of Fiber-

Cement Sludge and Models for Estimation of Tensile Strength. [
Proc. of the 2nd Joint Seminar on Landslide, Flood Disasters and
the Environmental Issues, 2, (2018), 1-10 ] Khiem Quang Tran,
Tomoaki SATOMI and Hiroshi TAKAHASHI

@ Enhancement of Recycled Aggregate Concrete Properties by
a New Treatment Method. [ International Journal of GEOMATE,
14(417), (2018), 68-76 ] Ngoc Kien Bui, Tomoaki Satomi and Hiroshi
Takahashi

@ Fundamental Study on Possibility of Prediction of Ground
Strength in Disaster Sites by use of UAV. [ Proc. of International
Symposium on Earth Science and Technology 2018, 1, (2018),
254-258 ] Kyosuke SUNEYA, Tomoaki SATOMI and Hroshi
TAKAHASHI

@® Improvement of mechanical behavior of cemented soil
reinforced with waste cornsilk fibers. [ Construction and Building
Materials, 178, (2018), 204-210 ] Khiem Quang Tran, Tomoaki
Satomi, Hiroshi Takahashi

@ INFLUENCE OF INITIAL CURING TIME AND WATER CONTENT
ON GEOPOLYMER MODIFED SLUDGE GENERATED IN
LANDSLIDE AREA. [ Proc. of the 2nd Joint Seminar on Landslide,
Flood Disasters and the Environmental Issues, 2, (2018), 1-10] Vu
Minh Chien, Tomoaki SATOMI and Hiroshi TAKAHASHI

@ Mechanical Properties of Concrete Containing 100% Treated
Coarse Recycled Concrete Aggregate. [ Construction and
Building Materials, 163, (2018), 496-507 ] Ngoc Kien Bui, Tomoaki
Satomi, Hiroshi Takahashi

@ Recycling woven plastic sack waste and PET bottle waste as
fiber in recycled aggregate concrete: An experimental studly.

[ Waste Management, 78, (2018), 79-93 ] Ngoc Kien Buia,
Tomoaki Satomi, Hiroshi Takahashi

@ Statistics Analysis on Soil Reduction Activity in Grizzly-under-
Materials Discharged from Recycling Plant of Waste Asphalt
Blocks. [ International Journal of the Society of Materials
Engineering for Resources, 23(2), (2018), 209-214 ] Milkos
Borges CABRERA Tomoaki SATOMI and Hiroshi TAKAHASHI

@® STUDY ON ACQUISITION OF GROUND INFORMATION
FOR EFFECTIVE BUCKET EXCAVATION : MEASUREMENT OF
GROUND SHAPE AFTER THE EXCAVATION. [ Proceedings of
10th Asia-Pacific Conference of ISTVS, 1, (2018), USB ] Hiroshi
TAKAHASHI, Tomoharu MINATO, Tomoaki SATOMI, Shigeru
AOKI, Hiroshi KANAMORI, Sachiko WAKABAYASHI and Takeshi
HOSHINO

@ Study on Acquisition of Ground Information for Effective
Bucket Excavation: Measurement of Ground Shape after the
Excavation. [ Proc. of International Symposium on Earth Science
and Technology 2018, 1, (2018), 264-269 ] Kenta KOBAYASH,
Tomoaki SATOMI and Hiroshi TAKAHASHI

@ Study on Automatic Soil Sampling Device: Falling-Speed
Control and Atacching to UAV. [ Proc. of 13th International
Symposium on Advanced Science and Technology in
Experimental Mechanics, 1, (2018), USB ] Syuntaro INOUE,
Tomoaki SATOMI and Hiroshi TAKAHASHI

@ STUDY ON PERMEABILITY CHARACTERISTICS OF RICE
STRAW FIBER-CEMENT-REINFORCED SLUDGE. [ Proc. of
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the 2nd Joint Seminar on Landslide, Flood Disasters and the
Environmental Issues, 2, (2018), 1-11 ] Phan Thanh Chien,
Tomoaki Satomi and Hiroshi Takahashi

@ Study on Recycing of Unused High Water Content Soil as
Banking Materials. [ Proc. of 13th International Symposium on
Advanced Science and Technology in Experimental Mechanics,
1, (2018), USB ] KazuyaOGATA , Tomoaki SATOMI and Hiroshi
TAKAHASH

@ Study on Recycling Method of Waste Gypsum Board Paper:
Application of Waste Gypsum Board Paper for Soil Improvement.
[ Advanced Experimental Mechanics, 3, (2018), 129-134 ] Yusuke
IMAMURA, Tomoaki SATOMI and Hiroshi TAKAHASHI

@ Study on Strength Characteristics of Fiber-Cement-Stabilized
Soil with Granular Material. [ Proc. of 13th International
Symposium on Advanced Science and Technology in
Experimental Mechanics, 1, (2018), USB ] Kota MATSUSHIMA,
Tomoaki SATOMI and Hiroshi TAKAHASHI

@ Study on Strength Characteristics of Rice Straw Fiber-
Cement-Reinforced Sludge. [ International Journal of the Society
of Materials Engineering for Resources, 23(2), (2018), 147-151 ]
Phan Thanh CHIEN, Tomoaki SATOMI, and Hiroshi TAKAHASHI
@ Study on Weak Soil Improvement by Using Geopolymer
and Paper Fragments. [ International Journal of the Society of
Materials Engineering for Resources, 23(2), (2018), 203-208 ] Vu
Minh CHIEN, Tomoaki SATOMI, Hiroshi TAKAHASHI and Le Anh
Tuan

@ Study on Workability and Strength Properties of Placing Type
Fiber-Cement-Stabilized Soil. [ Proc. of International Symposium
on Earth Science and Technology 2018, 1, (2018), 270-273 ] Isao
KIMURA, Tomoaki SATOMI and Hiroshi TAKAHASHI

@ UAV ZRAW KERIBICH 1T DM A EHEE ORTREEICBE 9 2 551
ffzE . [ 9 EEMKEICEI BRI TLRYE, 1, (2018), 19-24 ]
=55k, RIRE, FHHESES, BANE, BERME

Q1Y) —NEHEBMERDIH DRERKT —FDBRRREHTEET
JVORE . [ TARZERFHXE E2, 74(1), (2018), 21-34 1 ERAME, —HE
e, St&h
ORO—rZAWeEMY Y 7)Y RBOE NEESIEICE I 25 .
[TZXAHhZvIR,38,(2018),69-74 1 EEEXE, ERAME, SiEA
@\ MEHIICE 1T BB N Z AWIRRHEBEY ORI EHEE ICBE T3
AR . [ TIANZYI R, 38, (2018), 19-24 | KiEiRth, BERAME, =
1&5h

@ BEMHIEHIMMFFRICEE I 2 BRI — KPR S RREED/E
Bq— [ TIANZYYR, 38, (2018), 31-36 ] BEEE4H, ERAMA,
S1=EN

OfHHEERE AR+ TIRIC L BRFFR L OEEMADBERILICEY
BME. [ TIANZYIR, 38, (2018), 1-6 1 #&EAME, ERAE,
=fEsh

@& AWV EE LR T DR ERFIEICEET A% . [ TIXA
ZwY 2,38, (2018), 7-12 | MABERK, BERAME, SiE5A

@EFLV IRy NT— V%A URERDOEDERRKEDRIAZ ST
BVRFA . [ EARESHRE C B TS) |, 74(2), (2018), 144-163 ]
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@ Injection-induced Slip Characteristics of a Rock Fracture
Under High Temeratures. [ Proc. of 10th Asian Rock Mechanics
Symposium, (2018) ] Sho Takeyama, Hiroyuki Yamane, Noriaki
Watanabe and Kiyotoshi Sakaguchi

@ Stress Measurements in Seismogenic Zone: Dependence
of Stress Change Patterns Accompanied with Earthquakes on
Locations. [ Proc. of the 15th Annual Meeting of Asia Oceania
Geosciences Society, (2018) ] Wiren Lin, Kiyotoshi Sakaguchi
@S KEADIVA—F—YzyMEHIYIaL—Y3v. [ BMEIR,
50(198), (2018), 65-74 1 IRIEBR, ARIFEA
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@ Anisotropy of Fracture Toughness of Stabilized Zirconia
Investigated by Nano-ldentation Method. [ MATERIALS

TRANSACTIONS, 59(1), (2018), 23-26 ] Ito Hideaki, Sato
Kazuhisa, Unemoto Atsushi, Hashimoto Shin-ichi, Amezawa

Koji, Kawada Tatsuya

@ Electrochemical performance of LaNiosC00403-5-CeosGdoiO1.05
composite electrode and evaluation of its effective reaction
length. [ Journal of Solid State Electrochemistry, 22, (2018),
3955-3963 ] R. A. Budiman, R. A. Budiman, Y. Uzumaki, S.
Hashimoto, T. Nakamura, K. Yashiro, K. Amezawa, T. Kawada
@ Evaluation of electrical conductivity and oxygen diffusivity
of the typical Ruddlesden-Popper oxide SrsFe:07.s (vol 43, pg
16264, 2017). [ CERAMICS INTERNATIONAL, 44(2), (2018),
2632-2632 ] Yihan Ling, Tianmin Guo, Xiaozhen Zhang, Riyan
Achmad Budiman, Yoshinobu Fujimaki, Takashi Nakamura, Bin
Lin, Tatsuya Kawada, Koji Amezawa

@ Investigation of rate-determining step of LaNiosC0040s.5 film
electrode. [ JOURNAL OF SOLID STATE ELECTROCHEMISTRY,
22(7), (2018), 2227-2235 ] Budiman R. A., Uzumaki Y.,
Hashimoto S., Nakamura T., Yashiro K., Bagarinao K. D.,
Kishimoto H., Yamaji K., Horita T., Amezawa K., Kawada T.

@ Shape deformation analysis of anode-supported solid oxide
fuel cell by electro-chemo-mechanical simulation. [ SOLID
STATE IONICS, 319, (2018), 194-202 ] Muramatsu Mayu, Sato
Masami, Terada Kenjiro, Watanabe Satoshi, Yashiro Keiji,
Kawada Tatsuya, Iguchi Fumitada, Yokokawa Harumi

@ Simulation of ferroelastic phase formation using phase-
field model. [ International Journal of Mechanical Sciences,
146-147, (2018), 462-474 1 M. Muramatsu, K. Yashiro, T.
Kawada, K. Terada

@ Thermochemical CO:2 dissociation using Ceo.sZro1sSco0s02- 5.
[ SOLID STATE IONICS, 317, (2018), 103-107 ] Hishinuma Ryo,
Yashiro Keiji, Hashimoto Shin-ichi, Kawada Tatsuya
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@® Electrochemical performance of LaNiosC00403-s
-Ce0.9Gdoi10Or9scomposite electrode and evaluation of
its effective reaction length [ Journal of Solid State
Electrochemistry, (2018) ] R. A. Budiman, R. A. Budiman, Y.
Uzumaki, S. Hashimoto, T. Nakamura, K. Yashiro, K. Amezawa,
T. Kawada

@ Investigation of rate-determining step of LaNiosC00403-s
film electrode [ Journal of Solid State Electrochemistry, 22,
(2018), 2227-2235 ] R. A. Budiman, R. A. Budiman, Y. Uzumaki,
S. Hashimoto, T. Nakamura, K. Yashiro, K. D. Bagarinao, H.
Kishimoto, K. Yamaji, T. Horita, K. Amezawa, T. Kawada

@® Shape deformation analysis of anode-supported solid
oxide fuel cell by electro-chemo-mechanical simulation [ Solid
State lonics, 319, (2018), 194-202 ] Mayu Muramatsu, Masami
Sato, Kenjiro Terada, Satoshi Watanabe, Keiji Yashiro, Tatsuya
Kawada, Fumitada Iguchi, Harumi Yokokawa

@ Simulation of ferroelastic phase formation using phase-
field model [International Journal of Mechanical Sciences,
146-147, (2018), 462-474 1 M. Muramatsu, K. Yashiro, T.
Kawada, K. Terada

@ Thermochemical CO: dissociation using CeosZro1sSco0s02- 5
[ Solid State lonics, 317, (2018), 103-107 ] Ryo Hishinuma, Keiji
Yashiro, Shin ichi Hashimoto, Shin ichi Hashimoto, Tatsuya
Kawada
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@ Application of multivariate analysis to investigate the trace
element contamination in top soil of coal mining district in
Jorong, South Kalimantan, Indonesia. [ Earth and Environmental
Science, 118(12062), (2018), 1-8 ] Arie Pujiwati, Kengo Nakamura,
Noriaki Watanabe, Takeshi Komai

@ Behaviors of 1,4-Dioxane in soil and groundwater and its on-
site detection method. [ The 14th International Conference on
Sustainable Water Environmen, 14, (2018), 102-111 ] Takeshi
KOMAI, Kengo NAKAMURA

@ Decomposition of gasoline hydrocarbons by natural
microorganisms in Japanese soils. [ Geosciences (Switzerland),
8(2), (2018) 1 Junko Nishiwaki, Yoshishige Kawabe, Takeshi Komai,
Ming Zhang

@ Experimental Investigation on Changes in Mechanical
Properties of Volcanic Sandstones Under CO2 Geological
Storage Conditions. [ Proceedings of 10th Asiam Rock
Mechanics Symposium, (2018), ARMS10-P-0133 ] K. Hattori, N.
Watanabe, A. Okamoto, K. Nakamura, T. Komai, T. Tamagawa

@ Experimental Study on Acid Injection for Enhanced Gas
Recovery from Gas Hydrate. [ the 28th International Ocean and
Polar Engineering Conference, (2018) ] Yusuke Nakano, Fuyuki
Kaneko, Kengo Nakamura, Tohoku Yasuhide Sakamoto, Takeshi

Komai

@ Experimental study on acid injection for enhanced gas
recovery from gas hydrate reservoir. [ Proceedings of the
International Offshore and Polar Engineering Conference, 2018-
June, (2018), 199-204 ] Yusuke Nakano, Fuyuki Kaneko, Kengo
Nakamura, Yasuhide Sakamoto, Takeshi Komai

@ Friction-stability-permeability evolution of a fracture in granite.
[ Water Resources Research, 54, (2018), 9901-9918 1 T. Ishibashi,
D. Elsworth, Y. Fang, J. Riviere, B. Madara, H. Asanuma, N.
Watanabe, C. Marone

@ Hydrogeochemical Investigation on Shallow and Deep
Groundwater in the Southern Gobi Desert, Mongolia. [ 2 28 [E]
BEMEFYVRY I, (2018) ] Batdermberel BAYANZUL, Isao
MACHIDA, Kengo NAKAMURA, Noriaki WATANABE, Takeshi
KOMAI

@ Injection-induced Slip Characteristics of a Rock Fracture
Under High Temeratures. [ Proc. of 10th Asian Rock Mechanics
Symposium, (2018) ] Sho Takeyama, Hiroyuki Yamane, Noriaki
Watanabe and Kiyotoshi Sakaguchi

@ Mechanisms and kinetic model of hydrogen production in
the hydrothermal treatment of waste aluminum. [ Materials for
Renewable and Sustainable Energy, (2018), 7:10 ] P. Setiani, N.
Watanabe, R. R. Sondari, N. Tsuchiya

@® Numerical Simulation of Gas Hydrate Bearing Sediments
for Enhanced Recovery Using Partial Oxidation method. [
Proceedings of 25th International Symposium of Offshore
and Polar Engineering, 25, (2018) ] Takeshi Komai, Yasuhide
Sakamoto, Kengo Nakamura, Noriaki Watanabe

@ Numerical Study on the application of In-situ Low Temperature
Oxidation Process for Enhanced Gas Recovery from Methane
Hydrate Reservoir. [ International Society of Offshore and Polar
Engineers, (2018) ] Yasuhide Sakamoto, Fuyuki Kaneko, Yusuke
Nakano, Kengo Nakamura, Takeshi Komai

@ Restoration measures after the 2011 Tohoku-oki tsunami
and their impact on tsunami research. [ Advances in Natural
and Technological Hazards Research, 47, (2018), 229-247 ]
Catherine Chagué-Goff, Kazuhisa Goto, Daisuke Sugawara, Yuichi
Nishimura, Takeshi Komai

@ Simultaneous Hz production with carbon storage by enhanced
olivine weathering in laboratory-scale: An investigation of CO2
effect. [ The Second International Conference on Materials
Chemistry and Environmental Protection, (2018) ] Jiajie Wang,
Kengo Nakamura, Noriaki Watanabe, Atsushi Okamoto, Takeshi
Komai

@ Simultaneous Olivine Alteration and Carbonation in COz-rich
Geological Condition. [ the 28th International Ocean and Polar
Engineering Conference, (2018) ] Jiajie Wang, Kengo Nakamura,
Noriaki Watanabe, Takeshi Komai

@ Simultaneous olivine alteration and carbonation in COz-rich
geological condition. [ Proceedings of the International Offshore
and Polar Engineering Conference, 2018-June, (2018), 244-250 ]
Jiajie Wang, Kengo Nakamura, Noriaki Watanabe, Takeshi Komai
@ Utilization of geothermal hot spring water for hydrogen
production by Al-H20 hydrothermal reaction. [ GRAND
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RENEWABLE ENERGY 2018 Proceedings, (2018), O-Ge-2-3 ] V.
Alviani, T. Kosaka, M. Uno, M. Oba, N. Hirano, N. Watanabe, N.
Tsuchiya, H. Saishu
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@ Application of multivariate analysis to investigate the trace
element contamination in top soil of coal mining district in
Jorong, South Kalimantan, Indonesia. [IOP Conference Series:
Earth and Environmental Science, 118, (2018) ] Arie Pujiwati, Arie
Pujiwati, K. Nakamura, N. Watanabe, T. Komai

@ Behaviors of 1,4-Dioxane in soil and groundwater and its on-
site detection method. [The 14th International Conference on
Sustainable Water Environment, 14, (2018), 102-111 ] Takeshi
KOMAI, Kengo NAKAMURA

@ Experimental Study on Acid Injection for Enhanced Gas Recovery
from Gas Hydrate. [the 28th International Ocean and Polar
Engineering Conference, (2018) ] Yusuke Nakano, Fuyuki Kaneko,
Kengo Nakamura, Tohoku Yasuhide Sakamoto, Takeshi Komai

@ Restoration measures after the 2011 Tohoku-oki tsunami
and their impact on tsunami research. [Advances in Natural
and Technological Hazards Research, 47, (2018), 229-247 ]
Catherine Chagué-Goff, Kazuhisa Goto, Daisuke Sugawara, Yuichi
Nishimura, Takeshi Komai

@ Simultaneous Olivine Alteration and Carbonation in CO2-rich
Geological Condition. [the 28th International Ocean and Polar
Engineering Conference, (2018) ] Jiajie Wang, Kengo Nakamura,
Noriaki Watanabe, Takeshi Komai
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@ Aqueous electrophoretic deposition of citric-acid-stabilized
copper nanoparticles. [ Colloids and Surfaces A, 545, (2018),
93-100 1 Shun Yokoyama, Ippei Suzuki, Kenichi Motomiya,
Hideyuki Takahashi, and Kazuyuki Tohji

@ Aqueous Phase Synthesis of Culn Alloy Nanoparticles and
Their Application for a CIS (CulnSez)-Based Printable Solar
Battery. [ NANOMATERIALS, 8(4), (2018), 221 ] Takahashi
Hideyuki, Fujiki Hironari, Yokoyama Shun, Kai Takayuki, Tohji
Kazuyuki

@ Design of monoalcohol - Copolymer system for high quality
silver nanowires. [ Journal of colloid and interface science,
527, (2018), 315-327 ] Sugiyama S, Yokoyama S, Cuya
Huaman JL, Ida S, Matsumoto T, Kodama D, Sato K, Miyamura
H, Hirokawa Y, Balachandran J

@ Designed synthesis of highly catalytic Ni-Pt nanoparticles
for fuel cell applications. [ SN Applied Sciences, 1, (2018), 124 ]
Kaneyuki Taniguchi, Kozo Shinoda, Jhon L. Cuya Huaman,
Shun Yokoyama, Masahito Uchikoshi, Takatoshi Matsumoto,
Kazumasa Suzuki, Hiroshi Miyamura, Balachandran Jeyadevan
@ Electrochemical capacitors using nitrogen-doped vertically
aligned multi-walled carbon nanotube electrodes prepared
by defluorination. [ Carbon, 132 (2018) , 539-547 ] Rei
Nonomura, Takashi Itoh, Yoshinori Sato, Koji Yokoyama,
Masashi Yamamoto, Tetsuo Nishida, Kenichi Motomiya,
Kazuyuki Tohji, Yoshinori Sato

@® Environmentally friendly synthesis and formation
mechanism of copper nanowires with controlled aspect ratios
from aqueous solution with ascorbic acid. [ Journal of colloid
and interface science, 531, (2018), 109-118 ] Yokoyama S,
Motomiya K, Jeyadevan B, Tohji K

@ In situ spectroscopic studies of the one-pot synthesis
of composition-controlled Cu-Ni nanowires with enhanced
catalytic activity. [ NEW JOURNAL OF CHEMISTRY, 42(15),
(2018), 13044-13053 ] Ishijima Masanao, Huaman Jhon L.
Cuya, Yokoyama Shun, Shinoda Kozo, Uchikoshi Masahito,
Miyamura Hiroshi, Jeyadevan Balachandran

@® Mechanochemically metamorphosed composites of
homogeneous nanoscale silicon and silicate oxides with
lithium and metal compounds. [ Materials Sciences and
Applications, 9(1), (2018), 111-125 ] Norihiro Shimoi, Masae
Komatsu, Yasumitsu Tanaka, Kazuyuki Tohji

@® Oxidation-Reduction Potential Control for One Step
Synthesis of Cu-Pt Core-Shell Nanoparticles. [ ECS
Transactions, 85(13), (2018), 1517-1524 ] T. Nakamoto, Y. Terui,
S. Tsuchida, R. Seki, Y. Ueyama, H. Takahashi,

and K. Tohji

@® Study of high-mobility thin films containing highly
crystalline single-walled carbon nanotubes. [ International
Journal of Engineering Research & Science, 4(6), (2018), 42-
50 ] Norihiro Shimoi, Kazuyuki Tohji

@ The investigation of novel recycling process of hardly-
soluble Sb in urban mine by the effects of ligands, such

as Tartaric acid. [ SAGA-LS fiff ¢ X R 22 # , (2018) ] Hideyuki
Takahashi, Shunya Ueno, Kozo Shinoda
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@ Evaluating core competencies development in sustainability
and environmental master's programs: An empirical analysis.

[ Journal of Cleaner Production, 181, (2018), 829-841 ]
Gregory Trencher, Shirley Vincent, Kyle Bahr, Shogo Kudo,
Kate Markham, Yasuhiro Yamanaka

@ Resource control by introducing an environmental currency.
[ Proceedings SUM2018, Fourth Symposium on Urban Mining,
21-23 May (2018) 1 GRAUSE GUIDO

@® Towards the smart city 2.0: Empirical evidence of
using smartness as a tool for tackling social challenges.
[ Technological Forecasting and Social Change, (2018) ]
Trencher, Gregory

® Transformative capacity and local action for urban
sustainability. [ Ambio, (2018), 1-14 ] Vanesa Castéan Broto,
Gregory Trencher, Ewa lwaszuk, Linda Westman
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@ Alkaline hydrolysis of PVC-coated PET fibers for
simultaneous recycling of PET and PVC. [ Journal of Material
Cycles and Waste Management, 20, (2018), 439-449 ] Shogo
Kumagai, Suguru Hirahashi, Guido Grause, Tomohito Kameda,
Hiroshi Toyoda, Toshiaki Yoshioka

@ Pyrolysis of sugarcane bagasse pretreated with sulfuric
acid. [ Journal of the Energy Institute, (2018) ] Viliame Savou,
Guido Grause, Shogo Kumagai, Yuko Saito, Tomohito Kameda,
Toshiaki Yoshioka

@ Resource control by a sustainability based currency
equivalent. [ Journal of Cleaner Production, 200, (2018), 533-
541 ] Guido Grause
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@® Comprehensive Analysis of External Dependency in

Terms of Material Criticality by Employing Total Material
Requirement: Sulfuric Acid Production in Japan as a Case
Study. [ MINERALS, 8(3), (2018) ] Kosai Shoki, Hashimoto Seiji,
Matsubae Kazuyo, McLellan Benjamin, Yamasue Eiji

@ Food nitrogen footprint reductions related to a balanced
Japanese diet. [ Ambio, 47(3), (2018), 318-326 ] Azusa Oita,
Ichiro Nagano, Hiroyuki Matsuda

@ Global distribution of material consumption: Nickel, copper,
and iron. [ RESOURCES CONSERVATION AND RECYCLING,
133, (2018), 369-374 ] Nakajima Kenichi, Daigo Ichiro, Nansai
Keisuke, Matsubae Kazuyo, Takayanagi Wataru, Tomita
Makoto, Matsuno Yasunari

@ Global distribution of material stocks: iron, copper and
nickel. [ MATERIAUX & TECHNIQUES, 105(43591), (2018) 1
Nakajima Kenichi, Daigo Ichiro, Nansai Keisuke, Matsubae
Kazuyo, Takayanagi Wataru, Tomita Makoto, Matsuno Yasunari
@ Profiling physicochemical and planktonic features from
discretely/continuously sampled surface water. [ Science of
The Total Environment, 636, (2018), 12-19 ] Azusa Oita, Yuuri
Tsuboi, Yasuhiro Date, Takahiro Oshima, Kenji Sakata, Akiko
Yokoyama, Shigeharu Moriya, Jun Kikuchi

@ Reducing nitrogen footprints of consumer-level food loss
and protein overconsumption in Japan, considering gender
and age differences. [ Environmental Research Letters, 13(12),
(2018), 124027-124027 ] Kentaro Hayashi, Azusa Oita, Luis
Lassaletta, Junko Shindo, Hideaki Shibata, Gen Sakurai, Sadao
Eguchi
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@® Chap 1, 1-1, 1-2 [ Phosphorus Recovery and Recycling,
Springer, (2018) ] H. Ohtake et al.

@ Nitrogen Embedded in Global Food Trade. [Encyclopedia
of Food Security and Sustainability, Elsevier, (2018) ] Luis
Lassaletta, Gilles Billen, Josette Garnier, Azusa Oita, Hideaki
Shibata, Junko Shindo, Kentaro Hayashi
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@® Addressing Maladaptive Coping Strategies of Local
Communities to Changes In Ecosystem Service Provisions
Using the DPSIR Framework. [ Ecological Economics,
149, (2018), 226-238 ] Ehara,M., Hyakumura,K., Sato,R.,
Kurosawa,K., Araya,K., Sokh,H., Kohsaka,R.

@ An Analysis of 15 Years of Trends in Children’s Connection
with Nature and Its Relationship with Residential Environment.
[ Ecosystem Health and Sustainability, 4(8), (2018), 177-187 ]
Imai, H.*, Nakashizuka T., Kohsaka R.

@ Geographical Indications and Regional Trade Agreements:
Facilitating International Partnerships for Sustainable
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Development, Encyclopedia of the UN Sustainable
Development Goals. Partnerships for the Goals. [ Springer
Nature, (2018) ] Kohsaka, R., Uchiyama, Y.

@ Internal processes of Geographical Indication and their
effects: an evaluation framework for geographical indication
applicants in Japan. [ Journal of Ethnic Foods, 5(3), (2018),
202-2101 Ai Tashiro, Yuta Uchiyama, Ryo Kohsaka

@® Marine Circular Economy towards Post-Disaster
Reconstruction for Sustainability: Experiences in a Small
Coastal Town of Northeast Japan. [ European Journal of
Sustainable Development, 7(3), (2018), 81-89 ] Tashiro,A.,
Uchiyama,Y., Kohsaka,R.

@ Public perception and expectations of biomimetics
technology: Empirical survey of museum visitors in Japan.

[ The Museum Journal, 60(4), (2018), 427-444 ]| Kohsaka,R.,
Fujihira,Y., Uchiyama,Y., Kajima,S., Nomura,S., Ebinger,F.

@ Traditional and Local Knowledge for Sustainable
Development: Empowering the Indigenous and Local
Communities of the World, Encyclopedia of the UN
Sustainable Development Goals. Partnerships for the Goals.

[ Springer Nature, (2018) ] Kohsaka,R., Rogel,M.

@ Universal Health Coverage: Healthcare system for Universal
Health Coverage under Partnerships, Encyclopedia of the UN
Sustainable Development Goals. Partnerships for the Goals.

[ Springer Nature, (2018) ] Tashiro,A., Kohsaka,R.
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@ Analysis of Geographical Indications in agriculture and
forestry: Focusing on the spatio-temporal multilayer of
local products. [ Proceedings of the 2018 Circular Economy
Conference, (2018) ] Kohsaka,R., Kajima,S., Tashiro,A.,
Uchiyama,Y., Sun Park,M.

@ IPBES (2018): Summary for policymakers of the regional
assessment report on biodiversity and ecosystem services
for Asia and the Pacific of the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services.
[ IPBES secretariat, UN Campus, (2018), 1-41 ] Karki, M.,

Senaratna Sellamuttu, S., Okayasu, S., Suzuki, W., Acosta,
L.A., Alhafedh, Y., Anticamara, J.A., Ausseil, A.G., Davies, K.,
Gasparatos, A., Gundimeda, H., Faridah-Hanum, I., Kohsaka,
R., Kumar, R., Managi, S., Wu, N., Rajvanshi, A., Rawat, G.S.,
Riordan, P., Sharma, S., Virk, A., Wang, C., Yahara, T., Youn,
Y.C.(eds.)

@ Place branding and use of geographical indications for rural
community development in agriculture and forestry: Cases in
Japan. [Proceedings of International Forum on Education for
Rural Transformation (IFERT), (2018) ] Kohsaka,R., Roger, M.
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@ A note of technology for developing new carbon-based

devices to realize a low-carbon society. [ International Journal
of Environmental Research and Development, 8(1), (2018),
1-13 ] SHIMOI Norihiro, TANAKA Yasumitsu

@ A planar field emission electron source in a triode structure
with a carbon nanotube cathode and under-gate electrodes.
[ IVNC2018 Technical Digest, 1(1), (2018), 196-197 ] KUMON
Shoichi, SHIMOI Norihiro

@ Hall mobility studies of tin-doped indium oxide thin films
containing highly crystalline single-walled carbon nanotubes.
[ the 29th International Conference on Diamond and Carbon
Materials 2018 -abstract-, 1(2), (2018), 245-246 ] SHIMOI
Norihiro

@® Mechanochemically metamorphosed composites of
homogeneous nanoscale silicon and silicate oxides with
lithium and metal compounds. [ Materials Sciences and
Applications, 9(1), (2018), 111-125 ] Norihiro Shimoi, Masae
Komatsu, Yasumitsu Tanaka and Kazuyuki Tohji

@ Preparation of a highly crystalline single-walled carbon
nanotube ink for the synthesis of a planar field electron
emitter. [ International Journal of Applied Engineering
Research (inpress), (2018) ] Shoichi Kumon, Daisuke Abe,
Norihiro Shimoi

@ Stability and reliability of an electrical device employing
highly crystalline single-walled carbon nanotubes as a field
emitter. [ IntechOpen Carbon Nanotubes - Recent Progress, 1,
(2018), 29-50 ] SHIMOI Norihiro

@® Study of high-mobility thin films containing highly
crystalline single-walled carbon nanotubes. [ International
Journal of Enginneering Research & Science, 4(6), (2018), 42-
50 ] Norihiro Shimoi, Kazuyuki Tohji

[EE]

@® Carbon Nanotubes - Recent Progress. [Stability and
reliability of an electrical device employing highly crystalline

single-walled carbon nanotubes as a field emitter, InTech -
open science | open minds, (2018) ] Norihiro Shimoi, etc
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@ Activity-friendly built environments in a super-aged society,

Japan: Current challenges and toward a research agenda. [
International Journal of Environmental Research and Public
Health, 15, (2018) ] Mohammad Javad Koohsari, Mohammad
Javad Koohsari, Mohammad Javad Koohsari, Tomoki Nakaya,
Koichiro Oka

@ Comparison of land use regression models for NO2 based
on routine and campaign monitoring data from an urban area
of Japan. [ SCIENCE OF THE TOTAL ENVIRONMENT, 631-632,
(2018), 1029-1037 ] Kashima Saori, Yorifuji Takashi, Sawada
Norie, Nakaya Tomoki, Eboshida Akira

@ Geographically weighted regression models for ordinal
categorical response variables: An application to geo-
referenced life satisfaction data. [ Computers, Environment
and Urban Systems, 70, (2018), 35-42 ] Guanpeng
Dong,Tomoki Nakaya,Chris Brunsdon

@® Heat-not-burn tobacco product use in Japan: its
prevalence, predictors and perceived symptoms from
exposure to secondhand heat-not-burn tobacco aerosol. [
Tobacco control, 27(el), (2018), e25-e33 ] Tabuchi T, Gallus S,
Shinozaki T, Nakaya T, Kunugita N, Colwell B

@ Objectively Measured Neighborhood Walkability and
Change in Physical Activity in Older Japanese Adults: A Five-
Year Cohort Study. [ International journal of environmental
research and public health, 15(9), (2018) ] Kikuchi H, Nakaya T,
Hanibuchi T, Fukushima N, Amagasa S, Oka K, Sallis JF, Inoue S
@ Physical Activity Environment and Japanese Adults' Body
Mass Index. [ International journal of environmental research
and public health, 15(4), (2018) ] Koohsari MJ, Kaczynski AT,
Hanibuchi T, Shibata A, Ishii K, Yasunaga A, Nakaya T, Oka K

@ Spatial analysis of the geographical distribution of thyroid
cancer cases from the first-round thyroid ultrasound
examination in Fukushima Prefecture. [ Scientific reports,
8(1), (2018), 17661 ] Nakaya T, Takahashi K, Takahashi H,
Yasumura S, Ohira T, Ohto H, Ohtsuru A, Midorikawa S, Suzuki
S, Shimura H, Yamashita S, Tanigawa K, Kamiya K

@ Subjective Well-Being Is Associated with Food Behavior
and Demographic Factors in Chronically lll Older Japanese
People Living Alone. [ J Nutr Health Aging, 22(3), (2018), 341-
353 ] Ishikawa M, Yokoyama T, Hayashi F, Takemi Y, Nakaya T,
Fukuda Y, Kusama K, Nozue M, Yoshiike N, Murayama N.

@ Walkable Urban Design Attributes and Japanese Older
Adults' Body Mass Index: Mediation Effects of Physical
Activity and Sedentary Behavior. [ American journal of health
promotion : AJHP, (2018), 1-4 ] Koohsari MJ, Kaczynski AT,
Nakaya T, Shibata A, Ishii K, Yasunaga A, Stowe EW, Hanibuchi
T, Oka K
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&G BY. PaRE
O@EVINEYZYVIN=NLCRITIZRHNEOBERE . [ =TIHE
%, 70(3), (2018), 156 1 E£¥7t, BREF, Z£4AAKE, Janchiv
Erdenebulgan
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OHLFEDEINFEETEZDOMIRE, IR THIEBRAE "R
D, EEFEEOLER [ERAR - NP5k BRe izt | <HE
REERFA> DAV F—xy MR , FHZIVHRR, (2018) | Ak
OANOBBOEANETIL [ BAAOZRME TAOFEH) , ABHIR,
(2018) ] sk tst

QMR ZHOEME, HtBEREEBRNEROBEEK. &Bk-
WHME. TA—HEUT 1. RAEKFHAEELRRE. EREOT SR
FAciER [ IERANERE M BEREROHIRA M , FHZVHR,
(2018) ] & ZRte
OEEREVDLEMICE T IEEYDRAFTKREOERE —EREYHEET
BV —rOMT—. [ RIGMEF SR TRERAKRE K MBS,
(2018), 103-114 1 te4KiE, /\HERE, BIRETF
QERREENSHEMEGSETICHITDKEZRED "EIH & EHE, .
[ RILHIBZ R TREAKRE K & HIES, (2018), 115-127 1 iR
R¥
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@® A New Approach to Processing Rutile from limenite Ore

Utilizing the Instability of Pseudobrookite. [ Metallurgical and
Materials Transactions B, 49(5), (2018), 2278-2284 ] Naoki
Kumagai, Takehito Hiraki, Eiki Kasai and Tetsuya Nagasaka

@ Effect of Hydrogen Concentration in Blast Furnace
Reducing Gas on Reduction Behavior of Iron Ore Sinter.
[ 8th International Congress on Science and Technology of
Ironmaking (ICSTI 2018), (2018), 70-70 ] Taichi Murakami,
Daisuke Maruoka and Eiki Kasai

@ Influence of Crystal Structure and Chemical Composition
of Silico-Ferrite of Calcium and Aluminum on Its Reducibility.
[ 8th International Congress on Science and Technology of
Ironmaking (ICSTI 2018), (2018), 71-71 ] Daisuke Maruoka,
Shojiro Mataoka, Taichi Murakami and Eiki Kasai

@ In-situ Evaluation Method for Crack Generation and
Propagation Behaviors of Iron Ore Burden during Low
Temperature Reduction by Applying Acoustic Emission
Method. [ ISIJ Intrenational, 58(8), (2018), 1413-1419 ]
Moritoshi Mizutani, Tsunehisa Nishimura, Takashi Orimoto,
Kenichi Higuchi, Seiji Nomura, Koji Saito and Eiki Kasai

@ Inter — particle water infiltration dynamics of iron ore fines
during granulation process. [ Powder Technology, 339, (2018),
550-559 ] Takahide Higuchi, Liming Lu, Eiki Kasai, Tetsuya
Yamamoto, Hidetoshi Matsuno

@ Quantitative Evaluation of Reaction Mode and Reduction
Disintegration Behavior of Iron Ore Agglomerates during Low
Temperature Reduction. [ ISIJ International, 58(10), (2018),
1761-1767 ] Moritoshi Mizutani, Tsunehisa Nishimura, Takashi
Orimoto, Kenichi Higuchi, Seiji Nomura, Koji Saito, Eiki Kasai

@ Simultaneous Carbonization and Pulverization Behaviors of
Biomass in the Rapid Carbonization Process Applying Heat
Storage Materials. [ CAMP-ISIJ, 31, (2018), 528-528 ] Daisuke
Maruoka, Takumasa Nakamura, Hiroaki Sumikawa, Taichi
Murakami and Eiki Kasai

@ Structure and Chemical Composition of Silico-Ferrite of
Calcium and Aluminum on Its Reducibility”. [ 8th International
Congress on Science and Technology of Ironmaking (ICSTI
2018), (2018), 71-71 ] Daisuke Maruoka, Shojiro Mataoka,
Taichi Murakami and Eiki Kasai

@ AE EZZFIAULETHED in-situ FHEFEDRE -2-. [ 1Rl
X, 31, (2018), 669-669 ] K&ASFH, FENEXR, 4K, EO
H— BNER BERAR, BrEXE
OFETOERICHBIFTZYANBLVRZ Yy VDOHKREEMELTDE
AR . [ MEleZOtR, 31, (2018), 155-155 ] IB 28, HREKAE,
NEX— BFEXRE
ORMAEIDEEETICHKIBAERNRIFITHE. [MEle7OtR,
31, (2018), 168-168 1 f.LX—, & ¥, BrfaXRE

QKN FOEREILZRALBESBREIIV I ADORE . [ MRleT
X, 31, (2018), 227-227 1 AMKXE, NEX— BFERE
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@ Temporal evolution of chlorine and minor species related to
ozone depletion observed with ground-based FTIR at Syowa
Station, Antarctica and satellites during austral fall to spring
in 2007 and 2011. [ Atmos. Chem. Phys. Discuss., (2018) ]
Hideaki Nakajima, Isao Murata, Yoshihiro Nagahama, Hideharu
Akiyoshi, Kosuke Saeki, Masanori Takeda, Yoshihiro Tomikawa,
and Nicholas B. Jones
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@® A review on recent progress in the detection methods
and prevalence of human enteric viruses in water. [ Water
Research, 135, (2018), 168-186 ] Eiji Haramoto, Masaaki
Kitajima, Akihiko Hata, Jason R. Torrey, Yoshifumi Masago,
Daisuke Sano, Hiroyuki Katayama

@ Disinfection as a selection pressure on RNA virus evolution.
[ Environmental Science and Technology, 52(5), (2018), 2434-
2435 ] Andri Taruna Rachmadi, Masaaki Kitajima, Kozo
Watanabe, Satoshi Okabe, Daisuke Sano

@® Free chlorine disinfection as a selection pressure on
norovirus. [ Applied and Environmental Microbiology, 84(13),
(2018), e00244-18. 1 Andri Taruna Rachmadi, Masaaki
Kitajima, Kozo Watanabe, Sakiko Yaegashi, Joeselle Serrana,
Arata Nakamura, Toyoko Nakagomi, Osamu Nakagomi,
Kazuhiko Katayama, Satoshi Okabe, Daisuke Sano

@® Microfluidic PCR amplification and MiSeq amplicon
sequencing techniques for high-throughput detection and
genotyping of human pathogenic RNA viruses in human
feces, sewage, and oysters. [ Frontiers in Microbiology,
9, (2018), 830 ] Mamoru Oshiki, Takayuki Miura, Shinobu
Kazama, Takahiro Segawa, Satoshi Ishii, Masashi Hatamoto,
Takashi Yamaguchi, Kengo Kubota, Akinori Iguchi, Tadashi
Tagawa, Tsutomu Okubo, Shigeki Uemura, Hideki Harada,
Naohiro Kobayashi, Nobuo Araki, Daisuke Sano

@® Reverse transcription-quantitative PCR assays for
genotype-specific detection of human noroviruses in clinical
and environmental samples. [ International Journal of Hygiene
and Environmental Health, 221(3), (2018), 578-585 ] Mohan
Amarasiri, Masaaki Kitajima, Akiho Miyamura, Ricardo Santos,
Silvia Nunes Monteiro, Takayuki Miura, Shinobu Kazama,
Satoshi Okabe, Daisuke Sano

@ Sapovirus in wastewater treatment plants in Tunisia:
Prevalence, removal, and genetic characterization. [ Applied
and Environmental Microbiology, 84(6), (2018), e02093-17
] Miguel Varela, Imen Ouardani, Tsuyoshi Kato, Syunsuke
Kadoya, Mahjoub Aouni, Daisuke Sano, Jesus L. Romalde

@ Selection of cellular genetic markers for the detection of
infectious poliovirus. [ Journal of Applied Microbiology, 124(4),
(2018), 1001-1007 ] Daisuke Sano, Megumi Tazawa, Manami

Inaba, Syunsuke Kadoya, Ryosuke Watanabe, Takayuki Miura,
Masaaki Kitajima, Satoshi Okabe

@ Virus particle detection by convolutional neural network
in transmission electron microscopy images. [ Food and
Environmental Virology, 10(2), (2018), 201-208 ] Eisuke Ito,
Takaaki Sato, Daisuke Sano, Etsuko Utagawa, Tsuyoshi Kato
(a5 - f#eR]
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@® A novel method to delaminare nitarate-intercalated Mg-Al

layered double hydroxides in water and application in heavy
metals removal from waste water. [ Chemosphere, 203, (2018),
281-290 ] Mir Tamizd Rahman, Tomohito Kamada, 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, (2018), 439-449 ] Shogo
Kumagai, Suguru Hirahashi, Guido Grause, Tomohito Kameda,
Hiroshi Toyoda, Toshiaki Yoshioka

@ Analysis of F — removal from aqueous solutions using
MgO. [ Journal of Water Process Engineering, 25, (2018), 54-
57 ] Tomohito Kameda, Yusuke Yamamoto, Shogo Kumagai,
Toshiaki Yoshioka

@ Application of Mg-Al layered double hydroxide for treating
acidic mine wastewater: a novel approach to sludge reduction.
[ Chemistry and Ecology, 35(2), (2018), 128-142 ] Mir Tamizd
Rahman, Tomohito Kamada, Takao Miura, Shogo Kumagai,
Toshiaki Yoshioka

@ Aromatic Hydrocarbon selectivity as a function of CaO
basicity and aging during CaO-catalyzed PET pyrolysis using
tandem wu -reactor-GC/MS. [ Chemical Engineering Journal, 332,
(2018), 169-173 1 Shogo Kumagai,Ryoya 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 case study in Japan. [ Resources, Consevation
& Recycling, 133, (2018), 354-361 ] Shogo Kumagai, Jiaqi Lu,
Yasuhiro Fukushima, Hajime Ohno, Tomohito Kameda, Toshiaki
Yoshioka

@ Equilibrium studies of the adsorption of aromatic
disulfonates by Mg-Al oxide. [ Journal of Physics and
Chemistry of Solids, 114, (2018), 129-132 ] Tomohito
Kameda,Mami Umetsu,Shogo Kumagai,Toshiaki Yoshioka

@ Identification of number and type of cations in water-

soluble Cs* and Na* calix[4]arene-bis-crown-6 complexes
by using ESI-TOF-MS. [ Chemosphere, 197, (2018), 181-184 ]
Shogo Kumagai, Kotaro Hayashi, Tomohito Kameda, Naoya
Morohashi, Tetsutaro Hattori, Toshiaki Yoshioka

@ Mechanism and kinetics of aqueous boron removal using
MgO. [ Jounal of Water Process Engineering, 26, (2018), 237-
241 ] Tomohito Kamada, Yusuke Yamamoto, Shogo Kumagai,
Toshiaki Yoshioka

@ Pyrolysis gases produced from individual and mixed PE, PP,
PS, PVC, and PET—Part I: Production and physical properties. [
Fuel, 221, (2018), 341-360 ] Stanislav Honus, Shogo Kumagai,
Gabriel Fedorko, Vieroslav Molnar, Toshiaki Yoshioka

@ Pyrolysis gases produced from individual and mixed PE,
PP, PS, PVC, and PET—Part II: Fuel characteristics. [ Fuel, 221,
(2018), 361-373 ] Stanislav Honus, Shogo Kumagai, Gabriel
Fedorko, Vieroslav Molnar, Toshiaki Yoshioka

@ Pyrolysis of sugarcane bagasse pretreated with sulfuric
acid. [ Journal of the Energy Institute, (2018), 1-9 ] Viliame
Savou, Guido Grause, Shogo Kumagai* , Yuko Saito, Tomohito
Kameda, Toshiaki Yoshioka

@ Selective phenol recovery via simultaneous hydrogenation/
dealkylation of isopropyl- and isopropenyl-phenols employing
an H2 generator combined with tandem micro-reactor GC/
MS. [ Scientific REPORTS, 8(13994), (2018) ] Shogo Kumagai,
Masaki Asakawa, Tomohito Kameda, Yuko Saito, Atsushi
Watanabe, Chuichi Watanabe, Norio Teramae,Toshiaki
Yoshioka

@ Simultaneous recovery of H2-rich syngas and removal of
HCN during pyrolytic recycling of polyurethane by Ni/Mg/Al
catalysts. [ Chemical Engineering Journal, 361, (2018), 408-
415 ] Shogo Kumagai, Ryosuke Yabuki, Tomohito Kameda,
Yuko Saito, Toshiaki Yoshioka

@ Simultaneous recovery of high-purity copper and polyvinyl
chloride from thin electric cables by plasticizer extraction and
ball milling. [ RSC Advances, 8, (2018), 6893-6903 ] Jing Xu,
Naoki Tazawa, Shogo Kumagai, Tomohito Kameda, Yuko Saito,
Toshiaki Yoshioka

@ Validation of a deplasticizer-ball milling method for
separating Cu and PVC from thin electric cables:A simulation
and experimental approach. [ Waste Management, 82,
(2018), 220-230 ] Jing Xu, Jiagi Lu, Shogo Kumagai, Tomohito
Kameda, Yuko Saito, Kenshi Takahashi, Hiroshi Hayashi,
Toshiaki Yoshioka

(a5 - B35
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@ Silver Nanoparticles. [ Analytical Sciences, 34(11), (2018),
1223-1224 1 Nobuhiko Iki

71



72

RIRE e 7 B

(&)

@ Chemical imaging using a closed bipolar electrode array.
[ Chem. Lett., 47, (2018), 843-845 ] Tomoki Iwama, Kumi Y.
Inoue, Hiroya Abe, and Tomokazu Matsue.

@ Closed bipolar electrode system for a liquid-junction-free
reference electrode integrated in an amperometric probe
sensor. [ Electrochem. Commun., 93, (2018), 62-65 ] Siti
Masturah binti Fakhruddin, Kumi Y. Inoue, Ryoto Tsuga, and
Tomokazu Matsue

@ Electrochemicolor imaging of endogenous alkaline
phosphatase and respiratory activities of mesenchymal
stem cell aggregates in early-stage osteodifferentiation. [
Electrochim Acta, 268, (2018), 554-561 ] Kosuke Ino, Takehiro
Onodera; Yusuke Kanno, Atsushi Suda, Ryota Kunikata,
Tomokazu Matsue, Hitoshi Shiku

@ Micropatterning of Nafion membranes on an electrode
array using photolithographic and lift-off techniques for
selective electrochemical detection and signal accumulation.
[ Chem. Lett., 47, (2018), 204-206 ] Mayuko Terauchi, Kosuke
Ino, Yusuke Kanno, Shunsuke Imai, Hitoshi Shiku, Tomokazu
Matsue

@ Simultaneous multiplex potentiostatic electroanalysis with
liquid-junction-removed reference electrode system using
a closed bipolar electrode. [ ChemElectroChem, 5, (2018),
2167-2170 1 Kumi Y. Inoue, Miho Ikegawa, Takahiro Ito-Sasaki,
Shinichiro Takano, Hitoshi Shiku, and Tomokazu Matsue

@ Structure and Electrochemical Properties of Nitrogen
Doped Diamond-like Carbon Film Synthesized by Low
Temperature Neutral Beam Enhanced Chemical Vapor
Deposition. [ Int. J. Electrochem. Sci., 13, (2018), 1803-1812 ]
Qiuhe Wang, Xijiang Chang, Yoshiyuki Kikuchi, Kumi. Y. Inoue,
Tomohiro Kubota, Tomokazu Matsue, Toshihisa Nozawa and
Seiji Samukawa
QOEREABRE=YIVIDLOHDOBERT IV TV IICLDIBERE
By, | ERERWXEEE (B - v1roOv>VEMEE) |, 138,
(2018), 231-240 | #5MEF, WKEBHE, HE (KH) A%, RKKE—,
FEF—
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@ Hydrogen gas-free processes for single-step preparation

of transition-metal bifunctional catalysts and one-pot
r-valerolactone synthesis in supercritical COz-ionic liquid
systems. [ The Journal of Supercritical Fluids, (2018), https://doi.
org/10.1016/j.supf ] ZRiEx

@ Measurement and modeling of CO2 solubility in [bmim]

Cl-[lomim][Tf2N] mixed-ionic liquids for design of versatile
reaction solvents. [ Journal of Supercritical Fluids, (2018), 42-
50 ] Hiraga, Y., Koyama, K., Sato, Y., Smith, R.L.

@ Mechanism of Glucose Conversion into 5-Ethoxymethyifurfural
in Ethanol with Hydrogen Sulfate lonic Liquid Additives and
a Lewis Acid Catalyst. [ Energy & Fuels, 32(8), (2018), 8411-
84191 ERE Dy

@ Microencapsulation of red palm oil as an oil-in-water
emulsion with supercritical carbon dioxide solution-enhanced
dispersion. [ Journal of Food Engineering, (2018) ] Lee, W.J,,
Tan, C.P,, Sulaiman, R., Smith, R.L., Chong, G.H.

@® Solvent Polarity of Cyclic Ketone (Cyclopentanone,
Cyclohexanone): Alcohol (Methanol, Ethanol) Renewable
Mixed-Solvent Systems for Applications in Pharmaceutical
and Chemical Processing. [ Industrial & Engineering
Chemistry Research, 57(22), (2018), 7331-7344 ] Alif Duereh,
Haixin Guo, Tetsuo Honma, Yuya Hiraga, Yoshiyuki Sato,
Richard Lee Smith, Hiroshi Inomata

(a5 - f#ax]

@® Hydrogen gas-free processes for single-step
preparation of transition-metal bifunctional catalysts and
one-pot r -valerolactone synthesis in supercritical COz-ionic
liquid systems. [Journal of Supercritical Fluids, (2018) ] Haixin
Guo, Yuya Hiraga, Xinhua Qi, Richard Lee Smith, Richard Lee
Smith
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@ A novel numerical model for prediction of hydrogen bubble
behavior during aluminum casting. [ Proc. of International
conference on aluminum alloys, (2018) ] T. Yamamoto, S.
Komarov

@ Acoustic Cavitation Assisted Plasma for Wastewater
Treatment: Degradation of Rhodamine B in aqueous solution.
[ Ultrasonics Sonochemistry, (2018), (in Press) ] Y. Fang, D.
Hariu, T. Yamamoto, S. Komarov

@ Aspect and mass ratio dependence of microwave heating
in silicon carbide fibers at 2.45 GHz. [ Journal of Applied
Physics, 132, (2018), 215108-1-215108-6 ] K.Kashimura,
T.Namioka, T.Fujii, N.Yoshikawa and H.Fukushima

@® Carbothermic Reduction Kinetics of Phosphorous
Vaporization from Tri-calcium Phosphate (TCP) Under
Microwave Rapid Heating With/Without the Presence of
Fe304. [ Metallurgical and Materials transaction B, 49, (2018),
970-976 ] HlIR

@ Cavitation and acoustic streaming generated by different
sonotrode tips. [ Ultrasonics Sonochemistry, 48, (2018), 79-
871 Yu Fang, Takuya Yamamoto, Sergey V. Komarov

@® Development of Numerical Model of Melt Stirring in
Aluminum Melting Furnace and Its Verification Using Water
Models. [ Proc. of International conference on aluminum
alloys, (2018) ] T. Yamamoto, K. Kato, S. Komarov, Y. Ueno, M.

Hayashi, Y. Ishiwata

@ Discrete element method simulations of mechanical plating
of composite coatings on aluminum substrates. [ Surf. Coat.
Technol, 349(15), (2018), 949-958 ] Renata Khasenova, Sergey
Komarov, Shingo Ishihara, Junya Kano, V. Yu. Zadorozhnyy

@ Effect of Sound Waves on Decarburization Rate of Fe-C
Melt. [ Metallurgical and Materials Transactions B, 49(1),
(2018), 264-273 ] Sergey Komarov and Sano Masamichi

@® Fabrication of Al-Based Frozen Emulsion Composite
Through Ultrasonic Irradiation. [ International Conference on
Aluminum Alloys, ICAA16 2018, Montreal, Canada, (2018) ]
Sergey Komarov, Yasuo Ishiwata

@ Fundamental Studies on Induction Heating and Stirring of
Non-Metallic Molten Fluid. [ IOP Conference Series: Materials
Science and Engineering, 424, (2018), 12080 ] &)I|&, &85,
AtERE JvO7eILTTr

@ Generation of OH Radical by Ultrasonic Irradiation in
Batch and Circulatory Reactor. [ IOP Conf. Series: Earth
and Environmental Science, 120, (2018), 12019 ] V. Fang, S.
Shimizu, T. Yamamoto, S. Komarov

@ Investigation of impeller design and flow structures in
mechanical stirring of molten aluminum. [ J. Mater. Process.
Technol, 261, (2018), 164-172 ] Takuya Yamamoto, Aire Suzuki,
Sergey V. Komarov

@ Investigation of melt stirring in aluminum melting furnace
through water model. [ Journal of Materials Processing
Technology, 259, (2018), 409-415 ] T. Yamamoto, K. Kato, S. V.
Komarov, Y. Ueno, M. Hayashi, Y. Ishiwata

@® Microwave Processing of Metallic materials. [ IOP
Conference Series: Materials Science and Engineering, 424,
(2018), 12041 1 E/IF

@ Numerical investigation of the nano-scale solute Marangoni
convections. [ Journal of the Taiwan Institute of Chemical
Engineers, (2018), (in Press) ] Y. Imai, T. Yamamoto, A.
Sekimoto, Y. Okano, R. Sato, Y. Shigeta

@® OpenFOAM simulations of isothermal phase-change in
the absence and presence of shrinkage. [ Proc. of 13th
OpenFOAM workshop, (2018) ] T. Yamamoto, R. Hellmuth, J.
Zhang, M. Torabi Rad

@ Ultrasonic-assisted Improvement of Solidification Structure
in DC Casting of Aluminum Alloys. [ The Tenth International
Conference on Materials Technologies and Modeling, MMT-
2018, (2018), 43484-43493 ] Sergey Komarov, Takuya
Yamamoto
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O~V RINZADERE [ TEM#EL, 66(1), (2018), 19-23 ] HIIF
QL FETOERAANBEIRROEIEREAT [ J. Soc. Powder Technol.,
Japan, 55, (2018), 132-137 ] E%F3RA!, LA =t
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£E , 68(4), (2018), 219-228 ] KOMAROV Sergey Victorovich
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@ Alloy-composition-dependent oxygen reduction reaction

activity and electrochemical stability of Pt-based bimetallic
systems: a model electrocatalyst study of Pt/PtxNi100-x(111).
[ Physical Chemistry Chemical Physics, 20(17), (2018), 1994~
12004 ] Naoto Todoroki, Ryutaro Kawamura, Masato Asano,
Ren Sasakawa, Shuntaro Takahashi, Toshimasa Wadayama

@® Oxygen Reduction and Oxygen Evolution Reaction
Activity on Co/Pt (111) Surfaces in Alkaline Solution. [
ECS Transactions, 86(13), (2018), 569-574 1 N Todoroki, T
Wadayama

@ Oxygen Reduction Reaction Activity for Cobalt-Deposited
Pt(111) Model Catalyst Surfaces in Alkaline Solution. [
Electrochemistry, 86(5), (2018), 243-245 ] Naoto TODOROKI,
Toshimasa WADAYAMA

@ Oxygen Reduction Reaction Properties for Dry-Process
Synthesized Pt/TaCx Nanoparticles. [ ECS Transactions,
86(13), (2018), 519-524 1 R Myochi, T Nagao, Y Fugane, S
Takahashi, N Todoroki, T Wadayama

@® Oxygen Reduction Reaction Properties of Dry-Process-
Synthesized Pt/Graphene/SiC (0001) Model Catalyst
Surfaces. [ ECS Transactions, 86(13), (2018), 525-530 1 M
Watanabe, J Moon, T Tanabe, N Todoroki, T Wadayama

@ Rotating Disk Electrode-Online Electrochemical Mass
Spectrometry for Oxygen Reduction Reaction on Pt Electrode
Surfaces. [ ECS Transaction, 86(13), (2018), 447-452 1 H
Tsurumaki, T Mochizuki, H Tei, N Todoroki, T Wadayama
OEAFIHUIcBiER Pt YT /LOBRETRIGEE . [ MBS, 18,
(2018), 73-79 1 FHE, Y& , EEMX, HLHT SEERKED,
REA, HEE4S MHLUEE
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@ Alloy-composition-dependent oxygen reduction reaction
activity and electrochemical stability of Pt-based bimetallic
systems: A model electrocatalyst study of Pt/PtxNi100-x(111).
[ Physical Chemistry Chemical Physics, 20, (2018), 11994~
12004 ] Naoto Todoroki, Ryutaro Kawamura, Masato Asano,
Ren Sasakawa, Shuntaro Takahashi, Toshimasa Wadayama
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@ Correlation between Phase Transition Properties and
Lattice-dynamical Instabilities in Metallic Materials [ NIPPON
STEEL & SUMITOMO METAL TECHNICAL REPORT 120, (2018),
2-14 1 K. MORIGUCHI, H. TERASAKI, Y. TOMIO

@ Development of solvent inclusion free 4H-SiC off-axis wafer

grown by the top-seeded solution growth technique.

[ Materials Science Forum, 924, (2018), 31-34 ] K. Kusunoki, K.
Seki, Y. Kishida, H. Kaido, K. Moriguchi, H. Daikoku, M. Kado, T.
Shirai, M. Akita, A. Seki, H. Saito

OSEE - ETEUMICLZHI VY H—DERZLMER L [FTDHEH,
57(1), (2018), 14-16 1 W/IFMF], KIIEKF, BEE=, YIHEHNE
HREFE, J\HER, ILHZF SHEEZ, fMEa—
OFRHRR LM ICENIMERSRE - SEERORREERL [ 3
BFREE, 87(4), (2018), 238-241 1 m)lIF0F), KJIKF, ILARF,
KHERZ, fEB_
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@ A global synthesis inversion analysis of recent variability
in CO:2 fluxes using GOSAT and in situ observations. [ Atmos.
Chem. Phys., 18, (2018), 11097-11124, https://doi.org/10.5194/
acp-18-11097-2018. ] Wang, J. S., Kawa, S. R., Collatz, G. J.,
Sasakawa, M., Gatti, L. V., Machida, T., Liu, Y., and Manyin, M. E.
@ Determining an effective UV radiation exposure time
for vitamin D synthesis in the skin without risk to health:
Simplified estimations from UV observations in 3 locations,
Japan. [Proc. NIWA UV Workshop 2018, Wellington, 4-6 Apr.,
(2018) ] Nakajima, H., M. Miyauchi, and T. Sasaki

@ Development of a balloon-borne instrument for CO2 vertical
profile observations in the troposphere. [ Atmos. Meas. Tech.
Discuss., (2018), https://doi.org/10.5194/amt-2018-376.]
Ouchi, M., Matsumi, Y., Nakayama, T., Shimizu, K., Sawada,
T., Machida, T., Matsueda, H., Sawa, Y., Morino, I., Uchino, O.,
Tanaka, T., and Imasu, R

@ Gravitational separation of the stratospheric air over Syowa,
Antarctica and its connection with meteorological fields.

[ Atmos Sci Lett. (2018), https://doi.org/10.1002/asl.857 ]
Ishidoya S, Sugawara S, Inai Y, S. Morimoto, H. Honda, C.
Ikeda, G. Hashida, T. Machida, Y. Tomikawa, S. Toyoda, D, Goto,
S. Aoki and T. Nakazawa

@ In situ observation of atmospheric oxygen and carbon
dioxide in the North Pacific using a cargo ship. [ Atmos. Chem.
Phys., 18, (2018), 9283-9295, https://doi.org/10.5194/acp-18-
9283-2018 ] Hoshina, Y., Tohjima, Y., Katsumata, K., Machida, T.,
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