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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 seventeenth edition and the first activity
report in the Reiwa 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
previous fiscal year. On the education front, the names of the school’s
courses have changed. Starting this fiscal year, our courses 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). Currently, the program’s second term is in progress (with three
students in the master’s program and five in the doctoral program). It
enables the school to host international students every year, focusing on
those from ASEAN countries. In addition, fiscal year 2019 saw the
foundation of the International Graduate Program in Resilience and
Safety Studies, for which the school will assume a facilitator role and the
students have already started enrolling.

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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Measurement, observation and equipment development for
understanding of various geosphere information

Big FE X

Assistant Professor
Nobuo Hirano

KARETIE, WEDRLABBEROBRICERZE TN, ZORDIBERFEPEREORAEEZLIB>TVND, ERT—T v I, Bk
- EAMEEER. HMERRBOKAFET TOEAREDOEE. ARXPRABERYDOEASLIVCATIEF (NTL, ATL) FHEl. BERMERRPEK
EEBTVIZIZULZERWOKROEERMETH S, ETICHABLVERERORAELAWERZENELLDBDTHD. INSOMERRE
REMICIBIHERICETUCVWEEZITWS,

The objective of the laboratory studies is to focus on measurement and observation for understanding different geosphere information, for which we are
developing apparatuses. Our main targets are water—rock interaction, the destruction of rocks under hydrothermal conditions at Earth’s interior, natural
and artificial thermoluminescence (NTL, ATL) of minerals such as quartz and feldspar, and hydrogen production from the reaction of strong acid hot spring

drainage and aluminum metals.

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

REHEZELICHSERILYDORIRRR

INETORRT. 5AE%Z 400°CH 5 500° CRBDBERFIRAEK
FICREBL. SREZE RS ERIBRICOFHE S BB RICHESR
EETICL>T. BAICEERERZELIELIENTETHD S
EERELTETWVWD, ZORRIGHFBRBONLEFEICETEER
ERRERRNOBAVPIEYREROREREEZ S LTEEE RS, <
NETCOEREBRLIOCMEY I 2L —YaVERIS, SHELED
EHICFEENBICHIEENDERZEETIDIDENHDIENTE
ENtco INEBRIZD. ARZIFEAEEFRVWEANWEZ
FRAUERZEIGoETE, BANWEIRARZELTEISEL
HBRUTEHOREENMETIZEERRA U, Fic. ME - RE
EREDBRUCBEICIIESHROZEEIEMU TV EBHBELR,
(Fig.1. Fig.2)
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Fig.1 Changes of porosity of gabbro by Number of
decompression cycles at 500 and 600 °C.

Fig.2 X-ray CT images of decompressed gabbro
sample at 500°C. Upper image is before decompression.

Fracturing of rocks by fluid phase change

Previous studies 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 rock cracking in the deep crust and to be applied to new excavation
methods for geothermal development. The results of previous laboratory
experiments and numerical simulations suggest that the rocks must include
some quartz for crack initiation. In order to confirm these results, an
experiment was performed using gabbro containing almost no quartz. The
occurrence of cracks in the gabbro was lower than that in granite containing
quartz. Additionally, the amount of cracks increased when heating and
rapidly decompression were repeated (Figs.1, 2).

Preliminary geothermal exploration
using thermoluminescence

A phenomenon called thermoluminescence (TL) is observed minerals
constituting rock, especially quartz and feldspar, in which energy
originating from natural radiation stored in minerals is released when the
minerals are heated and in which energy accumulation is observed as
emission light intensity. This means that the mineral does not emit light
after being heated. Therefore, minerals have less luminescence in
geothermal areas than those in non-geothermal areas crystallized during

Fig.3 Developed TL measuring equipment
for commercial use.

Lower image is after decompression.

BEKTHD, INF—EMASNIEDIIFEALLBLRBRZENST
EZEBRLTWS s, ARRICHERIEUIEYIE. BIREICH >
Fe SR I BIRBIC D S LI LD EBRBRSNDHAEN DL
8%, InZAAINE. KRRGYERBEMOMKREELETE
ShicgAR NS, MBEREGEMDR Y-V TN HHRER
BETHD, INLDT—Y =R HDOERUEREDRAEZRRR
FEE () ceblimLTwned, SEERTRZENEVICEERE
DRFEMNTET Ulc (Fig.3. Fig.4), CORBIRMFFEENSKEERZ
ARBETILFILINRILRZEDE TEZE>TWS SATREPS
BRIZRMIBANTATSLTERIBHEELT. TILYILARILK
FICMAZNZFETH D, Ficw REEESIESHZAMET -5 DL
BAEPRA TL OBEREREICDOVWTORRZHRELTWFET
H%,

EIIRREMHKZBAWKRRE

INETOERENS, EETILZZUL% 50-60CRRED pHI1-2
DEFRRMEBRBRY pH13-14 DBTIVAVBRZERIGSERIBA. X
RERESEZENARTHDIENMHBLTVS, Il /KD
KERISIC L DKRERDTELD BIFICBEWVEE THO TEND
AN TES, SEFERMARLILLTOR/IIBERICEVWTHKE
LTWSEBERIERRIEKE P I =V AR GREBEBREICEWTHRE
NBRE7INZZVLABZAAUCKRERKRREARNICE BT,
ZDFER. B7ILIBE 150g 33U, 60°C - pHI1.2 DIRRKEED
I5LTRIGS &3, 1 KRHRD 7.5 LEEDKRRAENRE
RESEDZEDTRETH o1 (Fig.h) Ffey COREUEEH
AZZDIRFTKERHEMICEALETS, KERBEBZFENS
TBZENARETHD. BHZHEZENTERK (Fig.6). 2L, B
BARCRBENBRRKICEFNITROZEICE > TRRLEYHRS
BALTWSZEBHBALTED. INZHRIBRETZDHEDREY
NERETH 2,
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Fig.4 Control and data logging application
for TL measuring.

aluminum scrap waste.

-_—

o ARG
Fig.5 Hydrogen mixed gas production
experiment using acidic hot spring water and

the same era. This phenomenon makes it possible to screen for promising
geothermal areas from rock samples obtained by surface exploration before
large-scale geophysical exploration. This laboratory and Toei Scientific
Industrial Co., Ltd. has continued to develop dedicated measuring equipment
for obtaining these data, which was completed for commercial use this year
(Figs.3, 4). This equipment will be delivered to the University of El Salvador
for use in the SATREPS International Science and Technology Cooperation
Program. We will continue to study the processing of TL measurement data
and the applicability of feldspar TL.

Hydrogen generation from aluminum with
acid hot spring water at low temperature

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—
60 °C. This is a much lower temperature than the conventional hydrogen
production method by hydrothermal reaction, and industrial applications
can be expected. This year, we conducted a full-scale hydrogen production
experiment using the highly acidic hot spring water at Tamagawa Hot Spring
in Senboku City, Akita Prefecture, and aluminum scrap waste discharged
from the manufacturing process for aluminum products. As a result, when
150 g of aluminum scrap was reacted with hot spring water at 60 °C and pH
1.2, it was possible to produce about 7.5 L of mixed hydrogen gas per hour
(Fig.5). In addition, when this mixed gas was directly injected to a hydrogen
fuel cell, it was possible to operate the hydrogen fuel cell and generate power
(Fig.6). However, the produced gas contains hydride gas due to the effect of
elements in Tamagawa Hot Spring water, making it necessary to study how
to efficiently remove hydride gas.

S

Fig.6 Driving experiment of hydrogen fuel cell
using generated hydrogen mixed gas.
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BisESMEEIREIS 4 EF Nanocomposite Science and Interfacial Materials Design

RERBES A TRAT L ILDEIRZEES
SIREEIFERETR MBI ORA

Development of High-Functional Non-Metallic Light Element
Materials for Creating a Next Generation Life Style

EHIR (k=R
Associate Professor
Yoshinori Sato

F/PEIRFNSWELNSE, BRFEER>TWS, UM L. T/ PEORMEZEN UEEMBORE - 8. SV YLICRESNEL
DF/YEORUEDITEEHSND D, BHTHULL BB, 22T F/MEOREERARITEN UicH/EERAXICED WeEmRIEREN
MR LCRETRNDETH D, FAMRETIE. HTRBEAFICLETIEETHD TH/PEOFEZ/\LI T SMETHORTRES
MRS EMBBER LV ZOEEREICETZME) ZBELTWS, AREZKTIDICHD. BTROKRVR. kK. BR. BR. 7v*HK.
iE, VyzRAWcEEReRARZR DIFEBETRMBORKZITo TV,

In the past, a number of composites consisting of nanomaterials that possess excellent features have been produced in basic studies. However, it is extremely
hard to design and produce materials and composites in which nanomaterials’ properties are reflected, because each nanomaterial in the composite
assembles at random, without a view of the overall nanomaterials. In this laboratory, the purpose of the research is to study and develop high-functional
non-metallic light materials with high-performance surfaces and interfaces using boron, carbon, nitrogen, oxygen, fluorine, sulfur, and phosphorus in an
effort to expand the properties of nanomaterials to those of bulky materials.

ORR BB X h =X LDEREAD = 8H D
I37 74 AADERRK—EY JHliH

FUWIRILF—IRTLELT, BRABAETER TSR @
EMNAEERKBRIRILF—DNEZSNTVND, ZOXKBEIRILF—D
FIATERINZT /A REVTHFHFINTWIERED FRRHE
i (polymer electrolyte fuel cell: PEFC) (&, kA GZRED=
EWERICIEFE->TWEW, ZOFEED 1 DN ERETTRE (oxygen
reduction reaction: ORR) &S U THERINTVWIEEMET
H3. BERFEBEN DL FRNEN, 22T HEZERAULAE
WRER T/ RHENMEFECTHAEOR TEEINTWS, FICE
RRN—TRRF/HRIEEVWREEEZRT, LML, ZOXAAZX
LIFBAINTE ST, &EER ORR MEIC kD SN B FEER
THEZREICERTETOERWN, AKX TIE. ORR AEFEEDX
AZXLOBADHIC. TvRIE—B7vRIEERATSI LK
D BUIVRBRETZT7AMRI—EYT T2 E%iTo>TVWS,

ZBH—MRYF/Fai—THitDEHEELL : 7vE
—B7yvREb7OLRICEDEBENEF/Fa—7T
& D FEE D Dl

wYYVH, wITSTILER, BRARERTEEMEIELTE
HBENTWBA—RYF/Fa—TBsEREL T o, B

o R TR BT

fucrination defuarination nilroge Goging

Fig.1 Tllustration of nitrogen doping to graphene via fluorination-defluorination process.

Gray, cyan, and blue balls indicate carbon, fluorine, and nitrogen atoms, respectively.

Control of nitrogen doping into graphite for
clarifying the mechanism of oxygen reduction
reaction catalytic activity

Hydrogen energy is a candidate for a new alternative energy system
because hydrogen molecules can be generated from various resources,
stored, and transported. Although hydrogen-energy-harnessing polymer
electrolyte fuel cells (PEFCs) have been expected, they have not yet been
widely used. Platinum as the oxygen reduction reaction (ORR) catalyst is
an expensive and non-abundant resource, and it has poor durability for
ORR activity. Therefore, metal-free carbon nanomaterials have been
developed as alternative platinum catalysts. Nitrogen-doped carbon
nanomaterials have been hitherto reported to exhibit especially high ORR
catalytic activity. However, the ORR mechanism has not been clarified. To
achieve highly efficient ORR activity, doping nitrogen species should be
precisely controlled in carbon framework. In this study, we try to dope
pyridinic-type nitrogen atoms to graphite via a fluorination-defluorination
process in an effort to clarify the mechanism of ORR catalytic activity.

Enhanced tensile strength of defluorinated
multi-walled carbon nanotube fibers:
Suppression of interfacial slip between
nanotubes cross-linked via fluorination-
defluorination process

Although carbon nanotube fibers (CNTFs), which have attracted attention
as electrode materials in the fields of sensing, wearable devices, and
electrochemical batteries, are not only lightweight but also possess

p p 4
30
Spinning Condensing Defluarination
MWCHNTs MWCHNTFs (Cross-linking)

Fig.2 Fluorination-defluorination process to cross-link CNTs.

Fig.S1 New crews. Yuto Sano (left) and Ryudai
Tsukidate (right).

Fig.S2 Cherry-blossom viewing.

Fig.S3 Oktoberfest in our laboratory.

EZRFO>TVDID ZNSDOFREBEVCHERF S/ F2—THOD
BFWHEEAICLZREEINRRAT, REBEOEMBELDS
$oTW3B, BR, H—RVF/Fa—TJICHBREEEEATI LI
HUW, AARTIR. 7vRIbE—BM7vHRELTOCRICE>TEES
BREEH—RYF/F1—THiEOEBEE S EIFEICOVWTH
TLTWS,

AEBE BiR. FOTRERT. KFBRGEE. AT EERR)

- fiBE B, 2019 FELFREBRIIA R \LFH (KERERE)
AR ETVEL 42 A7 v RICERAS, HEH (RR5—RR)

- fEBE B 5 42 7 Yy RIEFHRS, HEH (DREER)

+Yoshinori Sato, 3rd International Conference on Applied
Surface Science (ICASS 2019), Pisa, Italy ((RRY—H%K)

- Yoshinori Sato, 2019 Global Research Efforts on Energy
and Nanomaterials (GREEN 2019), Taipei, Taiwan ({B{%:#:%)

HRE

- JSPS BRI EMBIE 18H04145 (EEBIAR (A)/ AR)

- JSPS RIS EHES 19K21911 (KERIFRZ (3 )/ KK)
- HEAMRHE (2757 IT7HRRARH / RR)

HEHF

- AT ST IT7 7R S (FFFER)

Fig.3 Snapshot at the 42th Fluorine Conference
of Japan. (Minori Kokubo)

Fig.4 Open campus 2019.

excellent flexibility, their tensile strength and elastic modulus are inferior
to that of carbon fibers due to the interfacial slip caused by weak interaction
between adjacent nanotubes. In actuality, it is difficult to introduce
covalent bonds between nanotubes. Here, we prepare multi-walled CNTFs
(MWCNTFs) cross-linked by fluorination-defluorination process and
investigate their electronic and mechanical properties.

Academic conference * Lecture

* Yoshinori Sato, Miyagi Kenmin Daigaku, Sendai (Lecture)

* Yoshinori Sato, 2019 Joint Meeting of the Tohoku Area Chemistry
Societies, Yamagata, (Invited talk)

* Minori Kokubo, The 42nd Fluorine Conference of Japan, Kobe (Poster)

* Yoshinori Sato, The 42nd Fluorine Conference of Japan, Kobe (Oral)

* Yoshinori Sato, 3rd International Conference on Applied Surface
Science (ICASS 2019), Pisa, Italy (Poster)

* Yoshinori Sato, 2019 Global Research Efforts on Energy and
Nanomaterials (GREEN 2019), Taipei, Taiwan (Invited speaker)

Grants

*JSPS KAKENHI 18H04145 (Scientific Research (A)/PI)
*JSPS KAKENHI 19K21911 (Challenging Research (Exploratory)/PI)
* Collaboration grant (Stella Chemifa Corporation/PI)

Collaborations

* Stella Chemifa Corporation (Research Division)

Fig.5 Snapshot of our drinking party.
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EFHEIS 2 EE  Resources Strategies

RIEBEVCAMICHENI MBI T A %Z2KRDT

BIERMEREHE 49 EF  Design of Environment-Friendly Materials

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

RE. BRIBRABMBZABLTEERZEATVS, FRHUEGHIZBRIZLHICE. RERZORIDSOMBOTYAVNRET
HB, ARHFTIE. HHEER - ERBEROBVEERICOVWTOERZMICZIHL, RIEBZOBRINS, EHPRELHML. S5ICFER
WICERPERICEBEN T THUWENZERAEIMROT AV ORRET>TND, EFNICIE. BIRLF—DHDOHEL EHhzEE
TRIHDOMEL RIBERMTDHOMBORHK, IVE1—F—rITaL—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

IXIF—HBEZIZ., CERBRHTEKEFELRVWES UABITT S
HiclE. B - RABR (PR, KBR. TK. THHERE) OF)
BANERLLD, BROMREENEZEHAGDED I LICLD, &
INROIRILF—HETER - KMAREEWNFAT2HDIRT
LEBENITREE LD, HICEDERRERIC, L08R ZEICFIALE
WIBHICIF., Thos0BZRABICEZ TH<MBVERENZDEEF
FrEAREICER T2, AMRETIE. ZHEORFBETSICLE
BEL. BMHEOFBRIAMR KL, B (BVRE) HigtsT
fgdLebic, BEEZDDO—ERE CHHE B R IELERO IR
ZHAEDEERIC S >THRAAY AT LAOMEEZTHEL TV,

MRHEBEROY S 2L —Y 3y

EVFAINOE BRERE. DFBNEEREZAVT 53y
JAPEEMHOBEBEROYI 1L —yayORRET>TNS,
BHOEME, ®RHE. [AZECHMROERELE. RECKBEO
BEARTESCEDTESRYIaL—YayZEME LI, WC-Co B
BE® AlLOs-glass B EDRERIEICL>THESNDI MBI OEHZE
VXal—avIicLoTREIITBMAZEDTWND,

W

Fig.1 Simulation of heat transfer in the vessel of heat storage (A)
and heat insulators (B,C,D). (a) model, (b)—(c)—(d) time passing.

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.

Fig.2 Molecular dynamics simulation of grain boundary structures of
alumna with glassy phase. (a) near S11, (b) S3, (c) S7.

t'(
HHIR LEE iR
Associate Professor
Masanobu Kamitakahara

Group photo

Group photo at lecture by Profs. Riedel and Ikuhara.
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RE. MEEIYYYOEERRICIEBERI—T > I DEGH
HEhT&h, SBREFRI—TrV I/ THIAMREEI—T>Y
DRRNEBICH->TLDEEZISND, AR TIE. EFIVvIR
dA—F« V7 DMEBRR. BEEL. 85 - AMoYIaL—ray
Z{ToTW3, EVTFAILOEZAWVWT FE (BRE. PER) &
BEORM LB RRRICLIEBMELEBRTESZYI2L—Y s
VEMERREL. BRERXFEAVT BREICLIEOMRELER
RTEZVIaL—YaVEMPEROHBEOBITHMZRRE U .

HEEICHETT 5 ORIR

RECHMAFTN TEREERICEBED T2 BEEMROBIRZIT-
TW3, INETIC, EERTRINENEDORHFICEHARAEND Y
BAHILYILARRSIAEDERICEILTWS, ZOHRRSAGE
DYBENILY VLB EXY NMCEMADZ EICLD, Mg EEBD
EATRER Y7 OKTL AR Y VNV EDEARRERII/OKILD
MAZBEIZIHRBYVBAILSIVLABEAV N ERIB U, Th5
OMKIOHHEIFE. BEDRELIT TR, BEBEFEROERIC
B TEDEEZITWS,

(1) KREEKR (M2) : BEHKRAEEHE 2019 FEEEZARS BFHERXRE
(2) RELK (M2) - BMEMRAEHR 2019 FEMNFAR BFAEAKRE
(3) ZEM (M2) : BT UTIERE 139 R MHES HEEME

(4) BHEZ (2 A D3). REFE : BEHRAEHE 2019 FERIEHE

<ELETOEEH>

MRFE  MEBRAEHLES, ARSEEMHNIRSER. BESLT
MRABFEZER., BAESIVIARRIVIZFIVIEIIVIITER
8. EMIARSHEE

SR : Associate Editor of Journal of the Ceramic Society of
Japan. BENAAYTFUTIZRFERE. BAEII VI ABRERBEM
BB EE

il
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Fig.3 Study on deformation (bending) of thermal barrier coating
for jet engine. (a) experiment, (b) computer simulation.

Simulation of ceramics coating for jet engine

Thermal barrier coating of ceramics is widely used in high-temperature
and high-pressure parts of jet engines. Environmental barrier coating is a
very important technology for new types of jet engine of ceramics. This
study is aimed at developing a simulation technique for microstructure
formation and change as well as delamination/fracture in ceramic coatings.
The Monte Carlo method is used to simulate deposition and sintering.
Finite element method is used for the simulation of deformation and
delamination of ceramics coating.

Preparation of materials that harmonize
with life

We have designed bone-repairing materials that can be incorporated into
bone metabolism and activate biological functions. We have successfully
prepared spherical porous calcium phosphate granules that are resorbed
in vivo and incorporated into bone metabolism. We designed the calcium
phosphate bone cement to include macropores and micropores. Cells and
bone tissues enter the macropores, and body fluids and proteins enter the
micropores. The development of these materials will contribute not only to
the treatment of patients, but also to the realization of medicine with a low
environmental impact.

Awards and Activities in academic societies

< Awards>

(1) Kodai Akaboshi (M2): Best Presentation Award, Spring meeting of
Japan Society of Powder and Powder Metallurgy 2019 (2) Kodai Akaboshi
(M2): Best Presentation Award, Autumn meeting of Japan Society of
Powder and Powder Metallurgy 2019 (3) Kanau Asahara (M2): Presentation
Award, 139th Annual Meeting of The Society of Inorganic Materials,
Japan (4) Masayuki Takada (Adult D3), Hideaki Matsubara, Distinguished
Paper Award of Japan Society of Powder and Powder Metallurgy 2019

<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 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 Journal of the Ceramic Society
of Japan, Committee Member of Japanese Society for Biomaterials, etc.

Pl /.

Step

Fig.4 Scanning electron microscopic image of calcium
phosphate cement with macropores and micropores.
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EFHEIS 2 EE  Resources Strategies
BIS(E1EHRES 48P  Geoenvironmental Remediation

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

#x HE T

Development of Environmental Friendly Remediation Technologies Professor

and Resource Recovery Technologies Chihiro Inoue

ETECHIBUEEREAYICESLE - HTKORBBFRORIMEP. HTERNOFEBMICH T BHETEABEOZEHTETNSHN
INSOMBEZBATZENBFECPZDERICIEILEZLDRENESN TN, BRADAREF LEOHEZEIRS - BREEFDIRE
BERMPEREKMIcLDBRTZIEZAEL. INSOKMARICEISMIEZIToTVWS, UT 2019 FOELBMEFBDZENTS:
() 1Y WEVMZRWASESRILEMICLZ LR KREFROBERICEHTZMA. (2) BOBREFTRECSYOEYIRICET BIRK.
(3) AEEYOREEFERKM S LUCERLEYEIKITORRICE I MR,

The contamination of soil and groundwater by heavy metals and persistent organic pollutants (POPs) such as chlorinated organic compounds and petroleum
hydrocarbons has been a serious environmental issue of global concern. Moreover, demand for underground mineral resources is growing. However,
effective methods for pollution removal and resource recovery with low environmental burden have not been successfully developed and thus remain as
a challenge. Our target is to develop remediation and resource recovery technologies that reduce costs, energy demand, and environmental load. Here we
introduce our major scientific activities in 2019 as follows: (1) phyto- and bio-remediation of heavy metals from polluted soil and water, (2) biodegradation
of polycyclic aromatic hydrocarbons (PAHs) and other POPs, and (3) development of technologies to prevent elution of hazardous compounds and/or to

recover valuable materials.

e - WEMZERWEEEEERLEYICL 5 LR -
KRB RDEERICET SR

EEPHRIVAIRKZTIE - KBEFROEEICOVWT Fn?
NOBREEEY (bR EIYYIY. ARIUL & FiR: /\THVN
THA) ERWAEFRAOERMERVCEBCRIGICETDRIR
Baiil, SEE (1) YYOeREBRZRIL T D2MEMDRMAR
Brh@E BB BEREGTOEMICENAD, VFICLDERBREDH
RzmFolcZ&zER UK (Fig.1). (2) bR - ARZITLDIRIN - &
KIBRICEWT, B5I2HEEGTFORREEE PCR RO KFY
RVVT N LERZEDT. () AXEYII/ORNAYZIATAY =T
tyy— EFRERINARERES. SREFICAMEREHRE
HRZTV. BEMRFAERMAEZAW PETISAIEICLDERS
EWEENTHIEIY VI IERANICRITZ EREXBEEH TR
ftgdzEeENTER,

HIPRUEFRLEEVOEYHRICHT MR

ZIRFBEIRKRILKER (PAHS) DEYDRICDT. A=Y VI 5%
WK MRIERRREZREIZL. BYIEEHICEDRDPWINRRD,

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

Regarding the phytoremediation of arsenic and cadmium/zinc from
contaminated soil or water, we continued to apply the hyperaccumulators
Pteris vittata (arsenic) and Arabidopsis halleri ssp. gemmifera (cadmium/
zinc) to demonstrate their hyperaccumulation mechanisms as basic research
and to apply them in field trials in Japan and Vietnam using both soil
planting and hydroponic cultures. In 2019, first we confirmed that
inoculation of arsenic-uptake-promoting bacterium m318 strain increased
the ratio of arsenic oxidase genes in the rhizosphere, which facilitated
arsenic removal by P. vittata (Fig.1). Second, we focused on candidate genes
that contribute to arsenic/cadmium uptake and characterized their expression
by quantitative RT-PCR and transcriptome analysis. Third, we applied the
PETIS method using short-living radioisotopes to investigate and visualize
the transportation of arsenic in P. vittata.

Microbial degradation of persistent
organic pollutants

To investigate plant-bacteria-mediated biodegradation of PAHs, a hydroponic
system utilizing sudangrass was established. Results showed that the root
exudate composition along with its rhizosphere bacteria varies with plant

- CFA saamples
1 1
0 | g = o F—— [ e 1

H — —— — CFATRIHAEOpal

{ pll & 0 phl =11

] { { = B, As. Se EERE BV

x g + ¥ - BiER | Clawm. 2

= i i— I Geoup A, B F e dr L BRI A

E S N - o _— =0,

H o il ; ] I A, 5 . As, e FEEE 358
§ hT T -HEe

= Ciroup O (Caoup D

Fig.1 As accumulation of Pteris vittata with (PvI)
and without (PvN) m318 strain inoculation.

Fig.2 Image of (1) interaction between plant
and microbes in PAH degradation (2) plant-age
driven PAH biodegradation.

Fig.3 Image of proposed coal fly ash
grouping method.
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EHRISUEFR B feR
Associate Professor
Guido Grause

Assistant Professor

Mei-Fang Chien

Group photo of Inoue lab 2019

Group photo of Inoue lab year end party 2019

ZOREDIC LD IRBEENZL LT, PAH OHRICEEERIFLTW
22 EEERAL (Fig.2)e Fio. 1,4-IAFHVICHBEEERT E
BEEROBEICKIIL. EEBERDSHROBEED Variovorax
sp.TS13 =8B Uz, 2D, MUIR{biRE. ERZIRYELLTH
BRI DEBIBERDBELBNEED TN,

FECLEYORRAFEREKNE & UHERLSYEIIR
i ORFEICET SR

SEM/EDX/MLA 7 ExZRWTHRYYEY T EICEDBRIRICE
BINIMEEERR BRI ORHMAFZTV. BWFAICH
FEARRROIIV—EVTFEZBFE LR (Fig.3), . TEMS
DIAIATSAF Y IDREICDOWT, 7Y hURISICED £
BEREL, TILMNI—yavemDEERWOR,. I5ICEX
REBILEIDTIRFVIDHEEZEA LR (Fig.d)s LFAFILEIUNE
MOREFEZBIEL. EVITFVREEBFOEEMICLDENRYZT A
DA ZIT>TH S,

B, FRRER. EOMES

FH LT, GBI FRELERERVOBZRERTIERRAICE
EINLIFv—%iTofc. BBIBDAERRARRKRVHREKE
EHAMFZMBL. QRIKITEELEZT>TE K (Fig.h)o FK
HEHRIER Y Free K20 Rillig BB % BEL., #EETH>T.
EBBENEEEIREARFZREEYRNIZ Yy —ICBiF#ERZ
Tolco FADHEY—MKZFE 4 FL£OD Thiti Jittayasotorn &
Tidtita Jongchuaywong Z¥FBFELEELTRIFANT, D2 #£
MNELS6 BTV N7  HABRMARERRICTEFESFSHEREER
E U7 (Fig.6). D2 #%8& D1 Christine h'5 16 MEBEM R TS
BICFEEBIGEE SN, ZOMER - BERZERICETIMEREKE
16 #HiTo7c,

age, which resulted in a change in the PAHs degradation potential of the
system (Fig.2). Microbial consortia for the degradation of 1,4-dioxane,
tetrachloride, and heavy oil were successfully constructed, and a novel
bacterium, Variovorax sp. TS13, for the degradation of 1,4-dioxane was found.

Development of technologies preventing the
elution of hazardous compounds and/or the
recovery of valuable compounds

SEM/EDX/MLA was applied for elemental mapping and the identification
of compounds in coal fly ash, and a grouping method towards an effective
use was proposed (Fig.3). For the assessment of microplastics in soil,
plastic was separated by elutriation and centrifugation, including the
removal of biological material by Fenton reaction, and plastic particles
were identified by staining and visualizing by fluorescence microscopy at
several wavelengths (Fig.4). Molybdenum-adsorbing yeast was constructed
as a resource recovery technology, and in a further step, we are trying to
improve the adsorption ratio by constructing a biological recovery system
through immobilization of yeast.

International exchange and other activities

Prof. Inoue and Assist. Prof. Chien were invited to deliver lectures at
Shanghai University and the Institute of Soil Science, Chinese Academy of
Sciences, China. They also visited Academia Sinica, Taiwan (Fig.5). Assoc.
Prof. Grause invited Prof. Matthias Rillig from the Free University of
Berlin, Germany for a lecture. Assist. Prof. Chien gave an invited speech at
the annual meeting of the ENABLE Center, National Chung-Hsing
University, Taiwan. We welcomed Ms. Thiti Jittayasotorn and Mr. Tidtita
Jongchuaywong as visiting students from Kasetsart University, Thailand.
Mr. Qian (D2) received the best oral presentation award at the 56th
Radioisotope Conference (Fig.6), and Mr. Qian (D2) and Ms. Wiyano (D1)
received phytoscholar awards at the 16th International Phytotechnology
Conference. In addition, we presented 16 oral/poster presentations at
various international or domestic conferences.

R 2
o
=]

Fig.4 Fluorescence microscope images of various
types of microplastic.

Fig.5 Prof. Inoue and Assist. Prof. Chien in
Academia Sinica, Taiwan.

Fig.6 Photo of Mr. Qian (D2) receiving the
award of the Best Oral Presentation in the 56th
Radioisotope Conferense, Tokyo.
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HIERMIE - TRILF—%5E  Geomaterial and Energy

WE 27 L BENEORR: ZzoEHHA M

Understanding of geosystems and geomaterials and their effective uses Professor
Noriyoshi Tsuchiya

ERHERMAERTOY I~ (SATREPS) 28U T, TILHILINRILORINY AT LORFEEHREROEEZHSMNCT BlcsIC, FlRE
REECEAHANOEZEIMZITV. RAZNREUVICH BT ALBITEDORRBZEDc, £ico TILYILNRILOSDIHMEEZZIFAN, #
B, 22—y avBEDERNABTOMMAR T —ILZEELUTc, HRORFE—EARBICDOVWTOMRICEWT, NMKERREICESE
ABEOAN A LZERREBEY I 2L -3 VICEDBESHNMCTDEEDIC. BRI —VEBKEDORBERICOVWTHSNIC Uz, e, BER
PEYIANDTA—ILRERREVICARTIE, YR RIGTEOEBBNERIGEXET VUV JICED, HRPEAAHFICEITDHERLE -
SRR & DRE L R TE BT SRR EB O EGRERES M Uiz, I5IC. BEREFMAEROBERICHAGERFAIRELT, BER
SEHADAGFEORANET — Y DINREED D EEDIC, BEMROBKRICHE ITIFHBROEMIER. KOBEICHES Y UAHF/ KFDOFRK:
EREE. RAORECHESBARTOERRICOVWTRE, BiRF - BRARBICE T80 KBEFROMEZED TS,

Through the SATREPS international collaborative research project, we carried out a geological survey of the volcanic system and geothermal resources in
El Salvador and the chemical analysis of rock samples. We also developed the methodology for thermoluminescence analysis of feldspars. In addition, El
Salvadorian students were provided with a geothermal training program that contained practical contents such as instrument analysis and simulations. In
the studies on the fluid-rock reaction within crusts, reaction-induced fracturing during hydration of rocks was examined by laboratory experiments and
numerical simulations. We also clarified the relationship between fracture pattern and crust permeability. In the field survey of Antarctica and Mongolia,
we analyzed mineral veins and reaction zones using textural analyses and reactive-transport modeling, and we revealed the short-term crustal fluid flow
related to earthquake generation and ore formation in the crust and subduction zone. Furthermore, to develop supercritical geothermal resources, we
conducted various studies on water-rock interaction under sub- to supercritical conditions, including expansion of the thermodynamic data of dissolved
species into the supercritical region, metamorphism in hydrothermal systems of the oceanic seafloor, the formation and transport silica nanoparticles, and
rock-fracturing induced by fluid decompression.

REEDTWBRHET—

OBIRFAMBMI AT LDFF2TIFFOTHE
(CUIE=:chor N Sh7m VIR =+-=211))

O BFENRIC KD HENEE R DR

OEMMRICHFDRE. KERREER

O R &M AR BT DERIEAERERE (£ T, BE, AY—)
OVUATHEMBERETOER
ORMICERT 2 EAWBICETZIRBEET IV
OBRZIZZULAERRKZERBWICKBERES AT LD
OMMPBEMAFZNT 7TO—FICLDEHRTHIIILE T — 5 BRIT

EMERZES

16th International symposium on Water Dynamics, March 12-
14, Sendai (Organized)-European Geosciences Union, General

Research topics

Natural analogue studies on supercritical geothermal systems/Geothermal
exploration method by thermoluminescence/Experimental studies on
hydrofracturing and decompression fracturing of ductile crust/Metamorphism
and fluid flow within crust and subduction zone (Mongolia, Antarctica,
Oman)/Silica precipitation and earthquakes/Experiments and modeling of
reaction-induced fracturing of rocks/Hydrogen power generation system
using waste aluminum and hot spring water/Statistical and machine-learning
approaches on high-dimensional geochemical data analyses.

Participating in international conferences

16th International Symposium on Water Dynamics, March 12-14, Sendai
(Organized) * European Geosciences Union, General Assembly, April 7-12,
Vienna, Austria * International Geoscience and Remote Sensing Symposium,
July 28-August 2,Yokohama* Geothermal Volcanology Workshop 2019,

1L Intensity |myymg)

Temperature (°C)

Fig.3 Grow curves of thermoluminescence of
feldspar after heating at 125 °C.

Fig.1 “Victor de Sola” award to Prof. Tsuchiya
from LaGeo in El Salvador (October).

Fig.2 Training of solution analyses by ICP-OES in
SATREPS geothermal school (Sendai, October).

; o L : s ®E LS E— HES B DRREARE
gfiE AN B FHEE BT LRRE  RA WER— FRA WER— SRR o SRR

JSPS Research Fellowship JSPS Research Fellowship

Associate Professor Assistant Professor Research Associate Researcher

Atsushi Okamoto  Masaoki Uno

Hiroyuki Yamagishi Shinichi yamasaki Ryoichi Yamada

BARFHHRESR

Researcher

for Young Scientist for Young Scientist
Researcher Researcher

Assembly, April 7-12, Vienna, Austria‘International Geoscience
and Remote Sensing Symposium,July 28-August 2, Yokohama
*Geothermal Volcanology Workshop 2019, September 5-9,
Petropavlovsk-Kamchatsky, RussiaInternational Forum on Earth,
Energy and Environment, November 11, Taiwan

wR7AI I~ - ERNBESES

[ B &E#EIE ]

BT (B) (). Sk¥rvHize (85%) (M)

EFEMR (FF). ERERMRERL (A) (EF)
MAMBRAEME (FH)

[Z DAt ]

SATREPS Mk RN ISE BN ARIMH AT OIS0 (LB ).
NEDO MBSt R ER MM AR 70V o~ (LB BAF)

HE - AT T7HRERBE

s TIVFILIKRIVREA AR EBE R ZEE
Diario Co Latino( & ),2019.8.20

CBKDFIRICES, RO—VHEHEC ! —,
H7 L NEWS24,2019.9.20

bl - ENERRHSAKEMRETH 100 Uy NLOEREIEIRILK
EMAERRES—, AILHI;K ,2019.12.4

- XU N ERDFAFIC LB BN EIN BRALHE T RDFRERIC,
RlZ#E , 2019.11.29

MAREOEFE

BLEE 108 ((YRRYTFA4 4, OYFATE, TILHILSKR
IWAT4&. EYDILATA)

BEEFERE 118 (TIYILINRILATE, EVYTILATER)

FEHE 9B (AVYRRITATA)

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

Fumiko Higashino  Takayoshi Nagaya

September 5-9, Petropavlovsk-Kamchatsky, Russia *International Forum on
Earth, Energy and Environment, November 11,Taiwan

Research projects, major externally
acquired funds

[MEXT/JSPS KAKENHI ]

Grant-in-Aid for Scientific Research (B) (Okamoto), Grant-in-Aid for
Challenging Research (Okamoto); Grant-in-Aid for Young Scientists
(Uno), Fund for the Promotion of Joint International Research (Okamoto),
Grant-in-Aid for Scientific Research on Innovative area (B) (Uno)

[Others]

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

Education, media coverage

* Newspaper, Deario Co Latino (El Salvador), “Donation of a complete set
of geothermal research equipment to the University of El Salvador”

* Nittere NEWS24 broadcasting, “Poison water turns into new energy,
drone and car move,” November, 20

* Newspaper, Kahoku Shinpo, “Hydrogen fuel from Semboku and
Tamagawa Hot Springs Senboku City and Tohoku University aiming to
secure 100 liters a day,” December 4.

* Newspaper, /Kagaku Shinbun/, "Microfracture networks activated by
magmatic fluids act as flow channels of ground water", November 29.

Lab members

Doctoral course: 10 students (4 Indonesian, 1 Russian, 1 El Salvadorian, 1
Mongolian)

Master’s course: 11 students (1 El Salvadorian, 1 Mongolian)
Undergraduate students: 9 students (1 Indonesian)

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

Fluid Pressure 10
—- L
&
‘; 0.5 — Model
ol ¢ Data
L 0.0 o 1 2 3 4
Plagioclase Distance from tha fracture (mm)

Fig.4 The numerical simulation on reaction-
induced fracturing of oceanic crust during
hydration. Mountains, East Antarctica.

Fig.5 Cl-profiles in apatite around the reaction
zone within the middle crust from Ser Rondane

Fig.6 Field survey to acid lake (pH = 0) at [jen
craor, east Java, Indonesia.

o
]
k-]
o
3
=
3
o
E]
=
o
O
m
S
S
=
)
E]
3
o
E]
=
=
(7]
2
=
a
o
®
=
)
=
>
o
<
)
E]
o
o
o
(7]
o
@
o
w
<

13



14

EFHEIS 2 EE  Resources Strategies
BRI RIRIES4>EF  Earth Exploitation Environmental Studies

P

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

RIGRMNBERAES AT LICET 5HFE

AARETIE. BERANEBRAER I RTLOELEZBEEL. BREEVOBERL. BMEEMOMEE . tHKERIGICE TS B IERIN
BRIMOBRBREZT>TWD, AEF, MEEE(CLELTEORERMICEALT (1) {TREHEERAETTEORK. (2) MEEE
LB OBEFEH. (3) Al ZAWHEEE(CLELORBERAEZHFDOHEEICDOVWTRNZITo>Tc, BRBEMOBEI - FeeLICBIT 55
FICEALTIE. (1) TL—RIC&kZDKFHEREEL (2) BEBIREIDOHOMBEERIIGS. (3) RBHBO/N\T v MEHI St BREHTE. (4) BEE
U OEEIEIMDIC DOV TR Z1Tofce E5IC UAV ZRAVVCHBBERINES LR Y TUVJICEALTE. I—VETREZTSE
EBILEWT YTV T ERBRREDH DERMERZT o,

The research activities of this laboratory are as follows. As for the advanced study of fiber-cement-stabilized soil method, (1) development of placing-type
fiber-cement-stabilized soil method, (2) evaluation of shear strength parameters of modified soil, and (3) estimation of optimum mixing conditions of fiber-
cement-stabilized soil using artificial intelligence (Al), specifically, a neural network, were conducted. As for the study of intelligent excavation by the
bucket/blade, (1) soil excavation in water by the blade, (2) acquisition of ground information for automatic bucket excavation, (3) estimation of soft ground
strength through soil excavation by bucket, and (4) evaluation of excavating resistive force on soil with gravel by bucket were conducted. Furthermore, as
for acquisition of ground information and soil sampling using an unmanned aerial vehicle (UAV), cone rod falling test was carried out and fundamental
study on the development of soil sampling device was conducted.

fMEE(CAEL TEOSERRICET 56K

FMARETR. KASEKLEBLOBERILERALZEELT
LI ERREYE XY NREEMZRAIDIEICIDRERM
BMRICKRI2MMERCAELT TEZRAE U, AFRFEIE
DEERMZEIEL. UTORNZ{To7.

() ITRAMEEECLEL TEORE  BRBREDERLMELT
MEMZEEIHMEERLAELZFERATEIEZBMNEVTITR
Bt EE(CLE L TRORREETofc. FRDRLIHSTO—(E.

Advanced study of the fiber-cement-stabilized
soil method

The following studies were conducted to achieve advanced development of
the fiber-cement-stabilized soil method.

(1) Development of the placing-type fiber-cement-stabilized soil method:
The placing-type fiber-cement-stabilized soil was created to use the
modified soil as a back-filling material. A flowchart for producing
modified soil that satisfies the target flow value, breathing rate, strength
characteristics, and density was developed (Fig.1).

(2) Evaluation of the shear strength parameters of fiber-cement-stabilized

TU—Y UK BERE BEOBREZRFICEETINELE
AT RANETO—2EH U (Fig.1)e

(2) MHERCAETOBEER: IFFICSIEHE. MEEELL
BrZBAWT—EEAMSRREZTV. BEER (MEHESUCRIME
BA) ZAEL. BEERICRIEIEEE VBT ORMEDF
BEOWTEE U, FAERZENAMKZE TRES NICBIRBIZ RN
ICBIIBERY VIR UL 2019 THRRUICETS, BERNEZS
B Ufc (Fig.2).

Fig.1 Specimens after 20th cycle of drying
and wetting cyclic test (Left: without fiber,
right : with fiber)

Fig.2 Box shear test machine

soil: Continuing from 2018, the shear strength parameters (i.e., cohesion
and internal friction angle of fiber-cement-stabilized soil) were obtained
from box shear test. The effect of the shear strength parameters on the
additive amount of paper debris and cement was discussed. The results
were presented at the International Symposium on Earth Science and
Technology 2019 held at Kyushu University, and the best paper award was
received (Fig.2).

(3) Estimation of optimum mixing conditions of fiber-cement-stabilized
soil using Al: Since the mixing conditions of fiber-cement-stabilized soil

Fig.3 Measuring experiment for ground
shape due to bucket excavation

¥
B 2R M

Assistant Professor Group Photo
Tomoaki Satomi

(3) Al ZAWc i ERCAB L ORBER ARG DOHETE  MiEEE
LB DERERMEE. INETHITHBRTRETDIENEL, ¥
WMETHofco TITHAER Al ZBWTHEEELAAE T ORER
BRBZHETDHOERARERE L, KAIFFEIE 2020 F6
ML TREIBFETH S,

EEREMOBE - MEELICRT %

TARBRRSVCERBRRSGE TR, EHICKIHBIEHINT
AIRTH D, HICKERBTOEIREEVCERERBAR,. FHAL
DOBRIFE T Tl EROEBIRIES D WEBREER EREIESE
OHMBENBERAREE>TWD, RERF, /N7y MEEIEEDH
Btz BEL. UToREZTo7,

() TL—RIC&LBKRFHBIEH : XEGF, TL—ROBEZELS
BT CHBIERIERZTWV. BRAZAIU, S5IHBORIER
BEHRL. BRARODVWTERNICER U,

(2) BEMEHI D OHBIFIMENG  BEFEICSISHE. N\ v MEHI
ICHESHEBE LR L DEHRAIRERZ1T 572 (Fig.3)o

(3) MEFHE D/ Y MERICHBREHTE  KMICLDIKERSBT
DEIREEDHE{LZBIEL. BRI D/\T v MEHIKFDIRGTHIE
HIERRZIT o7 (Fig.4).

(4) BUEU DB D IEHIEH S BE OB B ZEZATWS I,
AEFEERC OB EERL, /\Ty MEHIBOEBRAZEIU .

UAV ZRAWIHIBEENS R LUOLRO YTV VT

AMRETIF. KERBICHTS UAV OEBELZZEEFERZEEL.
UAV B 50—z TS TEAERZEH AL, RREZH
EIBERMEZTO VS, AFEFI—VETRRZTWV. I—r
DE AR E -V EHEDBERICOVWTRERIICER UK (Fig.5).
ESICRIY2—REWY YTV VI EBORKEZBREL. -V
ERV V2D EBREINBEBEEZERL. WYY TIVITOERE
KERZ1To7c (Fig.6)o

Fig.4 Bucket excavation
experiment of the soil in water

predict ground strength

were determined by trial and error, the work efficiency was low. In 2019, the
fundamental study on estimation of optimum mixing conditions of fiber-
cement-stabilized soil using Al (i.e., a neural network) was conducted.

Study on intelligent excavation
by bucket/blade

In construction and resource development sites, ground excavation by
heavy machinery is indispensable. In particular, intelligent excavating
methods such as remote operation or autonomous heavy machinery are
indispensable in an extreme environment (e.g., restoration work at a
disaster site, development of seabed resources, space development). The
following studies were conducted.

(1) Soil excavation in water by the blade: Blade excavation experiments
with various blade angles were conducted, and the soil failure process and
pattern were observed. Moreover, the excavating resistive force was
investigated at a theoretical level.

(2) Acquisition of ground information for automatic bucket excavation:
Continuing from 2018, the shape of the ditch after the bucket excavation
was measured using a 3D camera throughout the laboratory soil excavation
experiments (Fig.3).

(3) Estimation of soft ground strength through soil excavation by bucket:
The excavating resistive force on soft ground was measured through
bucket excavation experiments (Fig.4).

(4) Evaluation of excavating resistive force on soil with gravel by bucket:
The excavating resistive force on soil with gravel was measured through
bucket excavation experiments.

Study on acquisition of ground information
using a UAV

To achieve advanced utilization of UAV, a fundamental study on estimating
ground strength from the penetration depth when a cone rod was dropped
from the UAV has being conducted. The relationship between the penetration
depth and the ground strength (i.e., cone index) was experimentally evaluated
(Fig.5). Furthermore, to develop a screw-type soil-sampling device, a device
consisting of a casing and a screw was devised, and soil sampling experiments
were carried out (Fig.6).

Fig.6 Screw type soil sampling device

Fig.5 Cone falling experiment to
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Toward Advanced Environmental Geomechanics and Energy Technology

2019 FICHMAETIToILERBMERUTOBED TH B, BH. Fifl

1) BREETIEEIIZ2EAZTHOBBKEFZTEINDFE

HERBIRERIES 85  Earth Exploitation Environmental Studies

oAl
EHIR RO FBY
Associate Professor

Kiyotoshi Sakaguchi

FAAIE 2 DDOMREICR D,

2) Super Critical / Superhot BIE FICHIFDKERBEDOAH =X L (Fig.1 ~ Fig.4)

3) BIRFHBRBETICEITEKERRERERICRIETEADRAED

4) RPEBICHITBIMER7IN—)LZF B UIHEREE DR

In 2019, our research activities were as follows:

# % (Figs.5, 6)

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

2) The hydraulic-fracturing mechanism under supercritical//superhot conditions. (Figs.2-5)

3) Effect of rock anisotropy on hydro-fracturing crack formation under supercritical geothermal environment.

4) Development of the rock stress measurement method using the vertical borehole in soft rock mass.

Supercritical / Superhot
RETICE T DKERROXAN=XL

BIRFAMAFREDOHOODAN T BEDERZENIC. 400°C
UEDBREFRHEOE=ZBMIGATICEWTKERBRERZT oI, K
ERBERBETERSNICEROMIRPAMH, EKIE. X R CT HE.
HERREDORE, FRBREZTV. KEBRBOXNDZ X LD
ICEDFEAR, EICUTORRIESNT,

1) BRIRKEICRE. BABORIEEZELRN,

2) M EN2ERIE 3 RTEMICLEI BEREN DEAMNBRRY M T—
JRIEWTHD, ZOFKEEHAEZEEE LTHHR10°m? BE
IZ72h18 %,

3) Supercritical / Superhot BEICH T2 KERRIERIE. BfE
FHCEHEORENBRETEIETEUZZHOERINEAHZX
LTH %,

4) BERIKEFT Y 71 AOWIREEN SHETE S,

5) KEMR S BERFHEFERDOIH DA LT BB DOERICE R
BFETH D,

Fig.1 Optical microphotographs of a thin
section using UV light. (Before fracturing)

Fig.2 Enlarged image of part of Fig.1

The hydraulic-fracturing mechanism under
/supercritical/superhot conditions.

Hydraulic fracturing experiments under true triaxial stress at a temperature
of 400°C or higher were carried out to create an artificial geothermal
reservoir for supercritical geothermal development. To clarify the
hydraulic-fracturing mechanism, the shape and distribution of cracks
formed in the hydraulic fracturing experiment, water permeability, X-ray
CT observation, elastic wave velocity measurement, and thin section
observation were performed. The following results were obtained.

1) Temperature and stress type do not affect the breakdown pressure of the
hydraulic fracturing.

2) Complex, isotropic network-type cracks that distributed three-
dimensionally are formed, and their permeability can equal approximately
10° m?, which is sufficient for a geothermal reservoir.

3) Hydraulic fracturing in the /supercritical/superhot environment is
mainly caused by crack propagation that results from the penetration of
low-viscosity fluid into existing cracks.

4) The breakdown pressure can be estimated using Griffith’s fracture
criterion.

5) Hydraulic fracturing is a useful technique for creating artificial
geothermal reservoirs for supercritical geothermal development.

Fig.3 Optical microphotographs of a thin
section using UV light. (After fracturing)

BERSFMEAIRIE T IC BT SKERBERICRIFT
ERDEFHORE

BERSFHPRIE T TOKERBEHOTRICH T 2EARTIEDR
EZHSNCITBHDOROBYBERAY VY FILELTKREEEE
#I) 2R E L REICEHTBRBRETR oI UTICELRRERELEDH S,

1) U7 MHEICFTRAAISRIUcEaSBHOKERRZEUSE
BeHICBDERRTR—ILAKER. U7 MNEIKNUTEEARICERRL
reERFEBLDBEV,

2) U7 hEIEERZABEISEMUCERFHBHIH U TR S oK
E#ERE. VT MEICFTRARNSEEUCDDICART, &b
[REERICA TS B,

3) KERMEHDERIS. RARZXRLIDAFO—DTHIEES
HOERICEEIND,

4) KEWBRRAORTZR—)LZ) 7 NEICEBERARICHEEIL CRiEZ
EAT B L LD AMMEEHDTDLDE DRI (ERRY ~T—
) ZERTEZEREEDH S,

n=h
RE

1) ROBH : EONFESGRHXE
2) BEEAN (M2) 1 ER - FMFERAEIHEFASREFRARE

HRE

1) JSPS &A% 17H03504 (EEHE (B) - 5748)

2) JSPS & K18K190390 (HEKHITAZE (F%F) - 7748)
3) JSPS ERHEMRERE (K1Y EDERHERHR - 548)
4) NEDO X% (BiRR MR BRINMERS - 948)

Fig.4 Enlarged image of part of Fig.3

Fig.5 X-ray CT images of after fracturing in
case of parallel to the rift plane.

Ryota Goto (M2) received the Outstanding
Presentation Awards.

Effects of rock anisotropy on hydro-
fracturing crack formation under a
supercritical geothermal environment.

Ohshima (fine) granite was chosen as the most suitable rock sample for
observing rock anisotropy’s effect on hydro-fracturing crack formation
under supercritical conditions. The following results were obtained.

1) Borehole pressure required for breakdown to occur in rock sample taken
from rift plane direction, which possess higher anisotropy, is lower than
rock sample drilled out from the perpendicular direction to rift plane.

2) The fracture formation in rock sample taken from the perpendicular
direction to rift plane, which possess lower anisotropy, was far more
distributed and spread out, compared to the sample taken out from the rift
plane direction.

3) Hydraulic fracture initiation is influenced by the orientation of pre-
existing cracks, one of the factors governing anisotropy.

4) By drilling the borehole perpendicular to the rift plane and injecting
fluid, additional fluid channels (crack network) may be created.

Awards

1) Kiyotoshi Sakaguchi received the Best Paper Award from the Japanese
Society for Rock Mechanics.

2) Ryota Goto (M2) received the Outstanding Presentation Awards at the
Spring Meeting of the MMIJ Tohoku branch.

Grants

1) JSPS KAKENHI 17H03504 (Scientific Research B//Co-Investigator)

2) JSPS KAKENHI K18K 190390 (Challenging Research/Co-Investigator)
3) JRPs-LEAD with DFG//Co-investigator

4) NEDO Research and Development of Supercritical Geothermal Power-
Generation Technology//Co-Investigator

Fig.6 X-ray CT images of after fracturing in case
of perpendicular to the rift plane.
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Toward the development of sustainable energy system

g A Et
Professor
Tatsuya Kawata

LRBFOMRAEHIE. REFNEESORBICEAFIHESNERZOSL

FREOERTH D, REFZOHRTHREIC. BRERILET/\1RIC

LBIRINF—BHEMBICRARB T RIVF—EBEEKM, SLOCTRILF—FEKM, FRRERSCLELRERMOERKIMELS
FEBREERFEELTVD, BE - IRILF—MBEOERICE. (LARNOBHENAEBETRIRILF—ORE/IEDIODHFL L
MOEBERNPATAREEZ. ZORMELD—D LT, BHE, SMAMDOEFRBRCYRRE (SOFC) DERRICHELBRMABZID LT,
FRADEEEDHEIL. JRATLAICAVWSNSHRIOERREICEITZMEILEN. EHNESHICOWT BN2 BRLE. EXLEZE

BETBRITICL>THSNITT 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%
BI2EMRIAR) ICBEVWT, RREETHISEEIHIB=—XT
HZ2EMEREPBRIEICAET TEILELTRY Y VT2 E%E
ToTW2, BIEIETREREVWARRFIAXRICERLTEILAEFRATO
BIRRENERD, SEBEHICHASRIHDECDITEENED
e BILADRBERANGR S L&l ICHlIREN T 2R ENH D, Fie.
SOFC WFIATEZ 7 7V r—2a v ziBP I iehIEHlEEILORH
RICHEEFU. 2EXFHEEILOEE - FEHT>TW2,

RAEETRERIVY—ITLETERL. ZRANEOEEZEHT
HETHARZEDTHED, RRKRFE, RERZE. WNKRFE, EER
TSI, BEAPRRMAE. BRAX (K). LUV SOFC BF
BHEDSFEFICEEUTCEEEHELTWS, HDBFTOEKRNLMH
FRHRICDOVWTIELTTHERS,

_ Laser Dusplacement

e Transducer
Simgle cell (disk) — Silica glass
; - ] s 3
\-\.
™ Funmce
x\_‘
I / Alr s
./"
Thermocouple Fuel gas Rilica glass

Fig.1 Schematics of cell shape/deformation
measurement.

Reliability and Durability Tests of Solid Oxide
Fuel Cells and the Development of a High-
Toughness Cell

In the NEDO project “Development of Systems and Elemental Technology
on Solid Oxide Fuel Cells (SOFCs),” research and development have been
conducted to meet the recent demand for further generation efficiency and
the development of high-toughness cells. Under high-output conditions,
high fuel utilization causes different operating conditions at different
place within a cell. The degradation behavior may also differ from the
average operating conditions as well. Therefore, the cell’s local degradation
should be evaluated. Additionally, a metal-support cell has been developed
to achieve high toughness, to extend the application range of SOFCs.

In this project, a research consortium has been organized by the University
of the 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 listed below.
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Fig.2 Cell-shape profiles of the experimental and the
simulated results at 800°C in air.

HEHR R ER
Associate Professor
Keiji Yashiro

Lab member

7/ — NXBRERRCREEREILICEITS
REISHE & OEREE

SOFC F10FZBABZRAMZELVCEET DI ENKRDHENT
Wah, ZOREDOEILOBEREHZFMT2FEE 2SN
TWBERERBW, HETIE. EXEEN. SN RTEZER
LT. SOFC /L Dl - FFEM TR H SO RERE 2 I 2 F 5
ZMIIIBHEZBIELTWS, EFRMICEEILOYZIaL—Yy3ve
ERNFFEOMENSEILOBMNES ZER TSI EZBNELT,
BABRERETTCORILERELCEROFMFEDORE (Fig.1).
BLUOBREREFLLDIBNABRNNSCILEROYI 2L -3y
Z1oTW%, MEDOHERZUR T DI ETERDOEILTOERZEE)
IEDWCEBN AR L 8%, 7/ —REXFREILOESHTORER
EF/—REBETROFHADOHAZRTE, ERICEWTIE, FRRFICE
7/ —ROBMBEIROFZENKEN ENSEILIEAY—RAIDMICERD
ESICERL, 7/—RETBETIE. NiNBETINTT/—RKHE
MEFITZET BRETIREMBSADED, ERELTEILIEH
V—REINMICHEDKLSICER Ulc, BAIFEEYIaL—23 VT
7/ =R R—bEILORRBETORILERTOT7 71ILIEEREREET
BTLL—BUTWEA (Fig.2). 7/—ROETBEIE—H UL, >
fz (Fig.3)e COERIFELITERRBEFAOINHDOEZILALK
EhofclcHeEZ 5N,

HEEE

2019 FEQYUMREDAV/N—(F. BIR 18, HEHE 12, HAR
B1 & KNHEE 1 AOHME 4 2. BRFLE 1A ELFE 54,
FEFE 8 BDFE 24 ZDOEN 28 ZTHEBEIN. SEEFEIER]
ETHB, 3AICIMELREZ S ZHIMET L. BEICFB. FHE
4 BIFEERELTRREICERZ U
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Fig.3 Cell-shape profiles of the experimental and the
simulated results at 800°C in 1%H,.

Internal stress and cell deformation of an
anode-supported solid oxide fuel cell

To ensure the durability and reliability of solid oxide fuel cells (SOFCs), we
aimed to investigate elastic and inelastic deformation as well as fracture
probability, considering the electrochemical, thermal and mechanical
properties of SOFCs’ constituent materials. Although SOFCs are required to
operate for over ten years, an evaluation method for the cell’s structural
integrity has not been established. Two approaches—simulation techniques
and measurement development—were attempted to solve the problem. In
this study, we have developed equipment to measure the cell shape and
deformation under various conditions. Thermal stress analyses with a finite
element method (FEM) were also used to simulate the cell behaviors. The
comparison of both techniques’ results enables to discuss deformation
behaviors at an actual cell. For example, in an actual cell, the cell curves as
the cathode side becomes concave during the heating process. In the anode-
reduction process, the electrolyte releases compressive stress through the
anode’s inelastic behavior. The expansion will make the cell shape so that
the cathode side is convex. The results of the cell-deformation profile from
the simulation and experiment agreed well with each other under a heating
process but differed in the anode reduction process. The simulations implied
that the reason was initial residual stresses of the actual cell.

Educational activities

The lab members consist of 4 staff members (a professor, an associate
professor, a researcher, and a technical staff member) and 24 students
( 1 Ph.D. student, 15 master students, and 8 undergraduate students), including
1 international student. 5 master students and 4 undergraduate students
graduated in March.
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Sustainable development of resource and energy as well as Professor

sustainable possibility of environment Takeshi Komai

IRXILF—ERVRAVFHEZDEFIE. RFEER - IRILF—OHEEERICET2RABMARRZD LIC, HIRKRIRICETZYERRICR
SURHBYRATLAOERE, ER - IRXILF—RARCHESTE2RERIVREVRIER. AORREBAREEOBR, HEREICEIFZLE
PHITKEDSRMEE. SSICFEEENEDYRIFHEICE T ZHMENLBHE - TIREXET 5.

AAREDFEIF, WIRBFZEER - TRXILF—FAROERZMZEREL T WRRESSUOHBREOREICEIBZRMP I ITLDOH
REREZRHEL. BERLIOMRAZBLO CEMOULRICEMIZDCETH D, ZMEROEELHAFEOKMAM. TLARKEEZEL T,
MERRZLSEMABLOCHRICRELTNS,

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.

REBROSERNIC L ZELRREBMRE
(AIST, JAMSTEC & O REf%./ 8% (A))
BRETOERIE. FERTHO. TOBROTH SHHBERE T
TEFENEEERD, AR TE, ELZRERY O LIBORE
RECEEL. WREMETZI LT B TZTOLRORHAE
To7c (ILEE et al, BiEHES VK,

FEVEOMBEIRIEBEIR R DR
(AIST & DHERME /FRIFEFIHES )

EEYPEORK LEFORNVCAEAAZXLDNREBHRATH
SIEHBREHEREOENICKERFEENZINTWVWD, AR
T, TEPREOARCCREEZZRBUCERYXVFEMTE
TILORFEET > (KT et al., REMEZY VKR, B et al,
Deammonification 2019),
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Fig.1 Paleotsunami deposits core by geoslicer

Fig.2 Geochemical survey in Botswana

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
of topical materials

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.

O st [Ba Plang] O wie Lo Hawne]

Fig.3 Risk assessment model image of new
hazardous chemicals at our living area
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K HELL D TTREE D AR
(JICA L DIFEHR)

HAEAOHEE (E¥ T AV RRYT, KYTF) #BLUT
HEEROESEEOUR Y FHALRA - TEICBLSh B TR
BHEDXNZ X LEHS M UL,

BigR/ BREMEHITEE SRS L U
(JSPS RItFEERMNFE (B), RIAEHENIAR (753F),

R & DEFRIEFRAZE, NEDO ZFEHE)

REICF AR RBERFAKCBREIDOEEN RTINS 400°C
B EDMTIRIE (BERFR/ B EMEIRE) TORFBEERDIRE
MZRE T2, BEEDKEBRBREREZEMUIc. ZDRERE.
FEELLTCONANBRETCEIRBEEKEZTRHRY NT—IH
HKah>3z&%zRBEH U (Watanabe et al., Sci. Rep., 2019),
K ZOBBAAZIXLZIGATZZEICLD, CO2 B EDEME
R RAEZAVWNIEERESIRBE T BB ICHNAERRY N
T—UhEREIN5%ZEHRHULE (Pramudyo et al., SPWLA,
2019), AT, EEREEDAHFES (ISRM) OfRIRZEICEVWTIN
SORRICETZIERBEEZT O/, I5IC. RULLERDOEKME
FIEH ORI EEMZ R T 2720, TEREZSHOBKELRIEFTIHEAL
NILBLOHEBRKEDHEEEKERZBL TR U, ZDIERE.
BIFHEDRGETICEVWTOEKEDRELHDWIFIEMT S DA
ShiCiRoTz (Watanabe et al., Appl. Energy, accepted),

=i n ) AR / #EAT BB O - (LRRIRHRIECE
(JAPEX & O FEIFRZR)

150°C~ 200°CRREED K LI A RIF BB H 2\ S SET /B
FUWAHRBEE LT, BRNRIYARIC KD BB ENETS
FREBEBUL. £, BECERTHTHINEIRELETS
BHLEAERAVTREOIYERRICERU ORBBEMERET ST
Lol RESHEFRMBOBRN NS BAFHEORR M
R B HDERERERIA LI,

Fig.4 Supercritical/superhot hydraulic
fracturing experiment on granite

Fig.5 Keynote lecture at the ISRM specialized
conference by Assoc. Prof. Watanabe

Assessment of trace elements in groundwater
and mining

We referred to surveys conducted outside of Japan (in Mongolia, Indonesia,
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.

Creation and control of geothermal
reservoirs in supercritical/superhot
geothermal environments

We have conducted hydrofracturing experiments on granite with water at
supercritical temperatures. As a result, we have found the possibility to
create dense networks of permeable fractures, i.e. geothermal reservoirs, in
supercritical/superhot geothermal environments (above ca. 400 °C), which
is a new geothermal energy frontier (Watanabe et al., Sci. Rep., 2019).
Additionally, based on the mechanisms of this fracturing, we have found
that an excellent fracture pattern, suitable for geothermal energy extraction,
may occur even in conventional geothermal environments if a low-viscosity
fluid such as CO; is used as a fracturing fluid (Pramudyo et al., SPWLA,
2019). We presented these results in a keynote lecture at a specialized
conference of the International Society for Rock Mechanics (ISRM).
Furthermore, we have conducted flow-through experiments on fractures in
granite to investigate how stress level and pore pressure influence the
fracture permeability. As a result, we have found the possibility of
controlling fracture permeability, which may be stabilized or enhanced at
specific conditions (Watanabe et al., Appl. Energy, accepted).

New chemical well stimulation for high-
temperature oil/gas and conventional
geothermal reservoirs

We have proposed a method to enhance permeability through selective
dissolution of rock-forming minerals, as a new well-stimulation method
for oil/gas and geothermal reservoirs at 150-200°C. This year, we have
initiated some laboratory experiments to clarify the possibility of a new
method that uses a biodegradable chemical agent for rapid and selective
dissolution of rock-forming minerals.

)
YSRMEY

REIFION

Fig.6 Wormhole formation by the selective
dissolution of minerals in a volcanic rock
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I%iﬁ,i&%ﬁﬁfy“—ﬁﬁ Designing of Nano-Ecomaterials

REEOHAE-TXILXF—OD

BlRZ18 57/ RERMER

environment in the environmentally benign systems

B S5 XX
Development of functional nano-ecomaterials for energy and Professor

Hideyuki Takahashi

F/MBZERERTRSMHEZHERIZMBELTHFTINTVEY, EOEKRTRIERRENSEMBE T, BNETIHEZR
RIRICRIRTEDHEM - #ERR - HRICHHIZDENHD, CORBEEANS. KARETE. BEMEPTOMBOREZHAERS X #EE
BTEORBAIMNZEC THEBICHEL, ZORISEBZESCZFNFECEENMEFZIAULRATZIET SWXE>BERRED T/
MEERATEFEERHALTND, Ko, BEEZRIRT BHDREFEEDHREEZIToOTWS, MR (A) BRIRILF—EBME (1L
BMAGEMRT/ME, REZWEE /AT, KM, QL) (B) HEET/ - IO MEESF/HF. SRENETRSEF/#MH
(Cu+/%IF, CuF/ T4V RrE), BRaas FREERAKELE S/ BEMRL 8E). (C) HBRULIAIINEDHMEZRREET2cHDE

FHEERA. FICHE|TES,

Hideyuki Takahashi Laboratory’s research has focused on developing and using well-defined nanomaterials in our daily lives. In particular, we have

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 alloy nanoparticles for compound solar cells, thermoelectric

alloy nanoparticles, and photocatalysts with specific morphology; (b) functional nano-eco materials, such as uniform and well-crystallized alloy

nanomaterials, well-defined electric integration nanomaterials (Cu nanoparticle, Cu nanowire, etc.), and precise control of nanocatalysts for fuel cells; and

(c) development of novel methods for extracting rare metals with precise control under complex conditions.

st

BREEBEOEEETRIBRVWEEDF/MHEeERALTIIEER
BBIC. BRBEE/ A%/ Tz, BEAENBVWFETERT
DMEFREZTO>TND, FiC. MRIOKFEDIFELY,. SEEEH
HI2HEOBRNER. REML. BERTDHICIE. HETHE
EENBVWEE /B /HFTHEIENRETH D, Blc, T¥
HEAZSBICHL EMBILEL B D DOREEBEM OFERIFRAE
TERTIDETH D, CORBETOERUEEIRTHILEE/
BeF/HFE. E-—N—F0BBELEBOAZAWN. EERE~70C
BEOKBRPT AHITZEVWS “RAOESMN " LEX2F%%
BELTWS,

Z0HIcE. BREAGZKARBICEVWT. SBEOREEZSELT
L BEEARTIRBEBEICIEETHESIBILHORTY v
IWEE—{CRUHETZIEIRETH D (ERTDHRHCLD.
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 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 sulfide materials are also
synthesized.

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

" ||' 1
IR HEL B RE AE&E—
Associate Professor
Shun Yokoyama

Technical Engineer
Kenichi Motomiya

BlziE. (LEYMKREGE IR E%S Cu-ln &8 F/HIFP Cu-In-S
F/#F. Cu-In-Sn &&F/HIF. Cu-Zn-Sn-S +/ KT & KARH
TERUL BHIDIETRBEMZRR S TR zMAE U, Fik.
BEMNELMRICENSWV Cu F/HIF®° CuF/71Y, EHEE
MR ORERFREIEZIT o/ CukiF. BEMEIE SR TR
I2HD Fe F/HF. FOAKEEALERATND, Blc, IX
ILFE—MRELT, REZTBRTBORBE TR, BELERTEE
BERRIDANS T 7710 RAEEMR, ZRFKLTWS,

FEFEBOERRVERSERR. ZOMDIES

B (B) REMEDZEIE. 2019 F£ 4 B— 12 HOHMICE 17
HOZERMRBFAERETolc. AARETIE. FEEEOHTHRRE
NPEH. AZ2=r—yavEERRT37O0—/VULba{RETST
CICBEREEVWTED, ZEHEEOEBRSBETORRLELRER
HOEEZBANICIT>TWD, HFZAFTIE. 5 BICKEY SR T
B & & f17z 225rd Electrochemical society Conference &0 9
BICHLIR TRfES iz Asian Pacific Confederation of Chemical
Engineering 2019 Tl& DC2 D fp7ABE—ERE D (Fig.1 (ECS)). 10
RICKET hZ> 5 TH#EI Lz 226rd Electrochemical society
Conference Tld DC2 OEBFEH A (Fig.2) h'. MC2 Di=EE R
Z (Fig.3) ROKJIKEE (Fig.d) 12 BICKERZANY THES
N7z 2019 MRS Fall Meeting THZXZ{T>TW5, 9 BICHAESN
ERBMEENERETREFRREEMC2) RIIKXEEMC2).
ARIFEDMEA (MCT, Fig.5). #ENAEE (MCI, Fig.6). EFIFHET
& (MC1) " FRUlco DC2 OfhAEE—BRE I RIITFEEIRERZH
REEZFEE, MC2 DEBEHREEIF 2019 FEER - RMERETF
RRAY—HREZZEL TV,

ZDEFMN BIR - RTMER. BR - TMZIRIEIHRE. DAY
B RE BROZRICHBEMBICSIML. HROKKREIT>T
W2, £foco BRIRILF—ICEITIAMEE P EREEICHRDIEIL
KREBIDTCEICHFDHFNIRERE, RABFEHEITOTWND,

For 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 and/or Cu nanowire with high conductivity and oxidative
resistivity, Cu materials with specific morphology, and Fe nanoparticles
with low melting point to apply as bonding materials. Thermoelectric
materials, fuel cell materials, and stratified photo catalysts with specific
morphology were also developed to apply these synthesized materials to
environmentally friendly energy materials.

Student activity (conference, prizes, etc.)

Students from our laboratory attended seventeen international and domestic
conferences from April to December 2019. To develop members’ various
abilities, we recommended joining international conferences and studying
abroad (DC course students).

This year, Mr. Tatsuichiro Nakamoto (DC2) joined the 225th Electrochemical
Society Conference in Dallas (May, Figure 1) and the Asian Pacific
Confederation of Chemical Engineering 2019. Mrs. Yuki Asano (DC2,
Figure 2) joined the 226th Electrochemical Society Conference, held in
Atlanta (October). Mr. Takuya Endo (Figure 3) and Mr. Hiroki Oikawa
(Figure 4) joined the 2019 MRS Fall Meeting, held in Boston (December).

Mr. Takuya Endo (MC2), Mr. Hiroki Oikawa (MC2), Mrs. Honoka Kimura
(MC1, Figure 5), Mr. Mitsuo Goto (MCI1, Figure 6), and Mr. Jumpei Nozaki
(MC1) joined the fall meeting of the MMIJ (The Mining and Materials
Processing Institute of Japan) (Kyoto, Japan, September). Mr. Tatsuichiro
Nakamoto (DC2) was awarded the Incentive Award from the Graduate
School of Environmental Studies, and Mr. Takuya Endo (MC2) received
MMIJ’s Young Poster presentation award.

We joined MMIJ’s spring and fall meetings and Tohoku branch’s spring
MMIJ meeting, as well as the Japan Society of Applied Physics (JSAP), and
others.

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

Fig.1 Presentation of Mr. Tatsuichiro Nakamoto
(DC2) at 225" Electrochemical Society Conference
(Dallas, USA)

Fig.2 Presentation of Mrs. Yuki Asano (DC2) at 226"
Electrochemical Society Conference (Atlanta, USA).

Fig.3 Presentation of Mr. Takuya Endo (MC2) at
2019 MRS Fall Meeting (Boston, USA).

Fig.4 Presentation of Mr. Hiroki Oikawa (MC2)
at 2019 MRS Fall Meeting (Boston, USA).

Fig.5 Presentation of Mrs. Honoka Kimura (MC1)
at fall meeting of MMIJ (The Mining and Materials
Processing Institute of Japan) (Kyoto, Japan).

Fig.6 Presentation of Mr. Mitsuo Goto (MC1) at fall
meeting of MMIJ (The Mining and Materials Processing
Institute of Japan) (Kyoto, Japan).
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Governing energy strategies and the diffusion
of new low-carbon technologies

ERITXRILXF—EFRF4SEF  International Energy Resources

iz TR EHEF

Professor (&%)
Noriyoshi Tsuchiya

HEMERETR. ELUERBRZOBRRLIDVIRILF—BEBLIVCIRILF— - JRTAFEUTAERIBROA/NF VR (BED) (BT 2MAZT-
THH, RETIE. KF (RBEHEBELHEATRIR/LT—EX UT. BT OKRLE), ARKA BIR A¥V—roTo% BF
ICES>TEEUNBVWVARREICMDEATNG, HMREOZER. HSWIUERNERTFICEITIERN - EENBRTEREREL T ITX
ILF PRI DORBEICE T2 ANF YV REBKICOWTAR L, ARFESHZEC T, REARETATAFEV T - RSV yaoP
A/R—=2 3V, BRZREDRHNSOERNREEEMRETIIEEZATND, ZELENREMDBEATNST—YIE. ARXI-B

TROBER, Ff I REAHE OHEEICAET e AN F Y RABENEIFENS,

Students in the International Energy Resources laboratory are conducting research about the governance and policy dimensions of energy and sustainability

challenges using a mixture of qualitative and quantitative techniques from the social sciences. Students learn to integrate empirical research with theoretical

frameworks from a variety of fields such as sustainability transitions, economics, innovation studies and political science. Current students are currently

working on topics related to the governance of coal power, renewable energy and sustainable consumption. Meanwhile, faculty research mainly focuses on

energy policy and the governance of energy and sustainability transitions. These include energy topics with relevance to Japan such as the governance of

coal-fired power, hydrogen (including fuel-cell vehicles), renewable energy and smart cities.

MR EthESEOERICHAT - B AR DHE

EREXOBHCEMEIETBICYLZ>T. Z<OEIFESEEE
(UTFEV) BLUMHEBBEE (MUT FCV) OBAILKZRE
IEK>TW3 (Figl & 2), AhoEfffiid—R—@ENHD. hOEXR
ICH>TORBORBEICERLTWS, INSOREIFRDED 4
DICHETED, I8b5, ORBRAIORE (BHEOLEEICEDLZ
BMEE). @1>775 (BRROEN - BMHOHEBELTRER
TR KRRAT—ravBLUEERFEOER) . OFEM (BEHE
DEABEDEIE). @FIERE (1/RX—Y 3V I RFLLEOMEL
D) THD. IEE. EVEFEBEA YT TER/REVZRENLEERNZL<
fTohTWazx, FCVOBAILKICET2EITHRISEEITEWN
RiRTH B, FZTHAMETIE. FCVDEAILKICHE T Iz BRKA
BLUOREOHRBEICERL. ThS5OFEE. R, KHShTW
DR REASNICUce COMRRBICMOMBL LT HROFTH
IEBICE LMW FCV - KBRRAT—YavDEABZEZBIF TWSHEA
F. Z<OBERELTEZSZ T,

BHEWRAERELTIE, EV-FCV BT 3% THELNSANRD
ERICE>TOREZHEL. RO 4 BEOBFEICK>TERS
n3oNREZERLE LT TNSOBRBEAOREZRIE - 57
TRIHICBEDEEE MM Ulce T— % IFBFHER JUBEER
ENOHEMDABTZBL TNE - LI, TR, HigAIB L
1Y 7S RDORBADRRIBIERICEASTNTND, —A. FEE
HOEEIE, #HEEREVWTEEERITORENAVEYT1TIC
FoTW3B, Ffe, BIERECOWTIE, Z<DX—H—%EZAA
12 FCV DEELH &V FCV RGN DBEEX—N—DFHRSAHLH
{LLTWS, EWSHERAMNESHICE T I TRMEIE. TN5
DFBICHUTITRHEZRR U,

Japan’s strategy to diffuse fuel-cell vehicles

To accelerate the electrification of road transport, numerous countries are
promoting the diffusion of both Electric Vehicles (EVs) and Fuel-Cell
Vehicles (FCVs) (Fig. 1 & 2). Both technologies hold unique advantages
and disadvantages while also facing common barriers related to diffusion.
These challenges may be classified into four categories: 1) supply-side
(concerning the production of vehicles), 2) infrastructure (concerning the
preparation of low-carbon fuel/electricity and fueling/charging stations, 3)
demand-side (concerning the creation of societal demand for vehicles), and
4) institutional design (concerning the management of the entire innovation
system). Given the increasing investments and societal interest in this
area, literature has mostly focused on EVs. Meanwhile, studies on FCVs
are much fewer. Also, while many studies highlight numerous diffusion
barriers for FCVs, knowledge on actual governance strategies to overcome
these is lacking. Filling this gap, this laboratory examined collaborative
governance measures involving government and industry in Japan to
accelerate the development and diffusion of FCVs. Japan is an excellent
case to consider these challenges as this country has arguably the world’s
most ambitious diffusion targets for FCV vehicles and related
infrastructure.

The study used the above 4-level framework to examine governance
strategies in Japan, challenges and potential ways to overcome these. Data
were sourced from document analysis and expert interviews. Findings
reveal robust measures to tackle supply-side and infrastructure challenges.
Conversely, demand-side measures completely rely on public subsidies
and lack regulatory measures to stimulate vehicle demand. Also,
institutional strategies to increase the pool of FCV makers are lacking
visible outcomes. The study thus lays out several policy suggestions to
overcome these unresolved challenges.

EHRE ML OFr—SLTU—
Associate Professor
Gregory Trencher

BAEROARAXNEERROREEMA

BEREEHZHIC. 2EORFAREMILEMICELELT
. BATEZLORRKNDEERAOH RSB EDSN TS, EF
ICHREETIIBENDORILICREZTWEIT DD, KFOBHEFEEL
REMAREA—N—EHITBATREMOBERZIToTWVWD, Ihb
DEXRBEESEEG. [IRZBRFICHTIZELCERAD SHHE
ZFTHED, ZOFTHREL. EE. NGO, ZHERENSDHE
EHNBMID. —AH. BRMcEWTEIXELZOEANELEINICE
TLTWRHT, ARKNDBEEOEEEZF OHADREE. BRI
KM THIREARKADEERSZBRIFLTVNDS, ZOMHED
M. ERORIEDSTROKEAOEREE TARD/NY1—Fx—
VERICEDLZHRAEEL. BHEEE. RiEA—H—. SREEOE
VRAMBBICHEERIFLTWS, UL, 2h502TOmE7L
1V —DARBEEZEDHRER LR KR OIS Z ERNICHITT
SEITHRIG BN, ZITEAMERTIE, EROBEEZRREL, BE
DORAERLOBEENMEN (ER|ES. TLRAUVU—2RE) &
BUTC U9 —BICARBESESLVRRRFICEREZ 5T U,
INTHRICBIIZFEE "TARZAMAY N BLURRRLICAT
EOEIRICETZRAHOEANHESHC T,

Fig.1 Commercially operating fuel-cell bus in front
of Tokyo Station (by Trencher)

Coal-fired electricity and investment trends

Following the drastic reduction of nuclear power generation after the
Fukushima nuclear disaster in 2011, Japan has upgraded and expanded its
fleet of coal-fired power plants, with several large power plants still under
construction. At the same time, Japanese companies are investing in coal
mining resources overseas while exporting coal-fired power plant
technology to developing countries, especially across Asia. These
investments in coal-related businesses are subject to increasing pressure
and criticism from domestic and international stakeholders such as the
Ministry of Environment, the United Nations, NGOs and scholars.
Meanwhile, the cost of renewable electricity is falling rapidly across Japan
while government policy is promoting its diffusion. This is creating new
business opportunities for Japanese companies to invest in renewable
projects domestically and overseas and reconsider the role of coal in future
business strategies. These opportunities concern the many types of
industries involved across the full value chain of coal including utilities,
general trading companies, plant equipment manufacturers and banks.
However, until now, there has been no systematic academic study that has
looked at how these four industries are investing in coal related businesses
and what sort of decarbonization strategies they are pursuing. Research in
this laboratory over the past year has filled this gap by gathering data from
interviews and documents (annual reports, company documents etc.) and
compiling a sector-by-sector analysis of the investment and decarbonization
trends in Japan’s coal related industries.

Fig.2 Honda Clarity FCV owned by Migagi
Prefecture (by Trencher)
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BEISERSEEE Environmental Policies
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BiE - TRILE—&BFH9E  Environmental and Energy Economics

$754F x—Y%BULERHAL

EETSY R DAHEIL

behind resource use

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

Kazuyo Matsubae

FHEEOAOBRGSCICRERRICHESHNERFTE. LERICHFZVV—YIA/—2RRIBHOEFRMEXZA2HVERRTE
BENZTNBREBICH 2, HREBOLTXIIVEEETHZEIEE, HE - £EEHEXZDZ<O—RERDFEZBMKELTNS,
RGO LERICHEFRRABHBEN IRV ERFEFBDICTL LR VIR RERFEEZD ST IEFMSNTVNEZHDOD, Y51 F—rv%E

BUERORBRNDE

B, BEIZIURIOFTRIF. YRV BEBROMBETEDNREILITHSDIE, YTUTIL7O0-BRIFTELTWS L

EL, REDVZVONRIRTH B, FMRABFTIRE. INSOREZHERL. ERFBICEDLZY T4 Fr—r YRV EREEHIN - BIRKIC

EEILERBEZEEY

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 Input Output 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.

REERE I O RBEERT7 O—21
B L CEKERD T

ZRIFEREVTRHEESOEMICKESER T BT T\
BoEDDHSDZIE/ICEEFNTWD, BERESUYE(BRILEY)
BB DEFBICKERBEEZDLSTEEB. KRPOERZFABL
PIVWEE (REBEER) ICEZADEHICIIRKEOIRILF—ZHE
T2, XHBEPTVEZF. BRECYMOT TREICHEHE NI,
RR/CKEZFRT %, &ﬁﬁ‘lﬁ%%@i)&b\bIﬁiﬂﬁFH&'iT‘@fﬁn
PREEOE(LEESCLIF. #HIGEQIYMNO—IICLDIRBEESR
BLHSICH TR IRILF—HEOHIFY, {RWICRREICHHEN DT
HEOIRBEBRDORT YV vILEEZZSZATEETH D, AEE
BERCEIPEXZEDRHEZRROYTIUTIL7O0-FREL
VEEERSFZT > (Fig.1-2),

[RE] FR%E. BOEGE. MAE—K. RIR#EE.
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Fig.1 Reactive nitrogen flow map in Japan (2011)

Material flow analysis and 10 analysis of
reactive nitrogen

Nitrogen is an essential element for food production, and nitrogen
compounds significantly benefit our everyday lives. However, the process
of fixing nitrogen into reactive nitrogen consumes a significant amount of
energy. Furthermore, emissions such as nitric acid, ammonia, and nitrogen
oxide pollute the atmosphere and hydrosphere. Given these factors,
evaluating the flow of reactive nitrogen from production processes and
identifying the reactive nitrogen demand created by industrial activities are
essential to improving the management of nitrogen related environmental
issues. We conducted a reactive nitrogen flow analysis of the Japanese
economy and an input-output analysis of reactive nitrogen in Japanese
industries. (Figs.1-2).

[Award]

K. Katagiri, M. Mizoguchi, K. Matsubae, T. Nagasaka, The ILCAJ Best Paper
Award, (ILCJA) 10 Mar. 2020
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Fig.2 Top 10 industries with NH; originated Nr derived by
final demand in manufacturing industry
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BRI TV I VAT
BT 7ZIL7O0—91

BBERI VY VI OTILEEOERE. YUV F—AYR-
Ty, U500 T NI BREDERBRENZLEENNT
B, BRERICEWTRKY IR - UFAVIShZERORET
BB, —H. HERKOEMUTFAIILTIE. BABNREKITHELR
MEEEEDIERIEIRE TH D, WUT, VI—APINZ1T7VF v
vy, URT, U77—EvyalREDRiEld. BEmEREERT S
TET. MEPEEORBICENRFERTHZEEISNTVS, K
ARTIE. TYIVICEENZEMICEBL. YH17ILEBR U
YA—R-UNZaT770F v IV T DEAIC&ZERBERZEORK
ZALOBIT. FicldYE - BEOBREBENROEELERME LT,
PERICEDE, REDEEBEICESIWEIO—LERZRD
DD, EfTHHRLEREOFNS NS FROKHELREAEDEEE
FIERI%ERH B EMNTREE IR Tz (Fig.3)s

(ZHE] REG (BLRAFRE 3 F) BERRY—FER.
%1 BRENFNRS. 2019 £ 6 A 28 H (Fig.4)

AV RRXRIFICBIFBARELD
TEEEEN DL VRV MY 2R

THMEE RS ISIILRIEZ T o /o, FILRIORERIEZBHEL
TITONBBDTHD, BEEHZERBEZILARISZLTIRIXIE
BREHELOTETWVNDS, ZITR AYRRIYTICE TS AR
IWZEFE LA IRy NI RFZIToTc, DITORER. LTHIEEI
BEANIDMN BN, ZOREESNZHMNIRINT 2 _FILKRZE
MiGMAEICBRETDE. ZOIRMINULT 2.5 BEOERNH D&
BHSMCRE ST,

[Z£%K] Imam Eko Setiawan and Kazuyo Matsubae,
ISIE 2019, Tsinghua University, 8-11, July, 2019 (Fig.5)
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Fig.3 Transition in the composition of the stocks of steel

Dynamic material flow analysis of the steel
cycle in engines in Japan

Automobile engines are made of a variety of metals such as steel and
aluminum, and they include many useful parts such as cylinder blocks,
crank shafts, and valves. When they reach the end of their service lives,
these parts are often reused, and the metals are recycled as secondary
materials. However, the engine’s original materials and functions are still
inevitably lost during conventional material recycling processes due
largely to the principles of thermodynamic restrictions. In contrast, direct
reuse, remanufacturing, repair, and refurbishment approaches that are
focused more on extending product lifetimes could help reduce these
material and functional losses. In this study, we focused on steel used in
engines to identify major changes in the material flow in Japan over time
by comparing engine recycling with reuse and remanufacturing and
quantifying the impacts of reuse and remanufacturing on material and
functional loss reduction. Our outcomes help to create the best combination
of individual approaches from feasible options consistent with the
materials flow based on the actual industrial structure (Fig.3).

[Award]
Zhengyang Zhang (D3) Best Poster Award, 1st Academic Forum on
environmental studies, 28 Jun. 2019 (Fig.4)

Inventory analysis of land rehabilitation at a
coal mining site in Indonesia

Mining reclamation and rehabilitation activities, as part of mining
operations, commonly progress through an excavation or production stage
that lasts throughout the mine’s lifetime, even after the mine is closed and
decommissioned. Our study examined the process of reclamation and
rehabilitation through a case study on primary coal mining in Indonesia.
We found that the benefits of rehabilitation activities were roughly 2.5
times the mine’s emission costs.

[Poster presentation]
Imam Eko Setiawan and Kazuyo Matsubae, ISIE 2019, Beijing, 8-11 July 2019
(Fig.5)

Ir

Fig.4 Best poster award
(Zhengyang Zhang (D3))

Fig.5 Poster presentation in ISIE2019
at Tsinghua University, China (Imam
Eko Setiawan (M2))
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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 FIBEIFIRERZHRR & DOWA R—IL7 v I AR AL H O BENHRMARZHIO D & 2004 FIcRHR LU, Bald. Tk
EREHBEHSOMADHERICEWTELZIRD EREHEZBRT 5,
- EREHREERI I NKEFEIRBREEZEYENSOERV TV RMELOHE VAT LBREREICEI MR
- RRAFEREBE I TRILF—HIRICRE UM RIS LU Zn 5 2 AW BBE0RIRICETS

EMERT—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

ARFTIE, BREMSZEEIZLTOET - BIBEREEYE
MO DERISAIIVEAM - HEVATLBEDHRDIFD, HERE
IEBITDERDEDDE - Hif - ERICBEIIMREHEELTWD, 1B
REHKVATLOBERLSEF, BEREBEREMAZIATLABESRE
ZMOMREE 3 FEHEEL TS, InE. BROEREYHEKROE
REeLDBERSEZLHIC. SETCEFREYORRTESILEUD
HEVATLREZREZ, HEERTOMAIE SHERAEZITL.
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Fig.1 The potential of WEEE generation in Miyagi on GIS.
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[ Geosphere Environment ]

Research for the Circular Economy

We are mainly focusing on the development of recycling technology and a
waste electrical and electronic equipment (WEEE) social collecting
system, as well as controlling contaminants in geosphere environments.
From the circular economy viewpoint, we have promoted the recycling-
based social system construction project in Miyagi prefecture with other
laboratories since 2017. The aim of this project is to develop a strategic
plan for producing secondary raw materials from waste disposed in
landfills. Because it relates the both technical and social aspects, we can
put the experience of researching EU regulations to use. In 2019, which is
the project’s last year, based on the results to date, we are conducting

Fig.2 Remediation seminar and site visit in Thailand.

#ix BHE—

HHIR TALIEL

Professor Associate Professor

B KB RE
Assistant Professor

Ryuichi Toba Norihiro Shimoi Takahiro Ohashi

TORRICEDWT, GIS GHEBERIVZATL) 2FERALT ZXRFEH
DPEBREUVTWKREREDH DY YA VILAEERM N EEEBEA O
BHRREREICETZMIETO>TCWS . £l BEAREIRILE—
DERICED, KBXREFRTERERITCPVEY2—ILOEEIC
BIUTITHEREL T 2 EN SN TH D, ZDIsH. EYa1—ILHDER
BOHUANZZLE, REROUERINNEY AT LOHAERZHBD .
I5E, YA EETIE. THENSOBEYEDMTRKE=ZFU VI ICHE
REYTIRHUWERISGE IEHREMNGLTWD, SHEIFE TY1EAARD
BHRYA MDA REED OO IS —) ZRELEL, WE
DEVWVARELVARBIOREBRESIRIORRERXBFLTNS,

[ RIEHRIBERFEDE ]
RIBAFERICE D %

UARETIF. ENEETOZEXT /A ROBFEEIT>TWS,
SHRRFICELUTIE, EEEETIE Schottky RS TOEEEIE
btER>TERh. AEEIFPINBESEZ EICRNZIToflc. K
EB7% Insulating BE&E L. p EBE N BETHRAREBETH BH.
PIN #iEE SN, Fig.3 AT/ ABEDOERXARKTEHD., KR
g 771/ 7EREAIDSELTWS, & AlGaN BOA | fERIE. T
T77A 7 ERADSZABE TIERERUCBEEEL., RERRSEL
DHFRRAIDEAKIEHAYRLTVDS,

FTINA R HTD . pBR—/Y N TH D Mg DEHELLEEL
TERFERIF TRUEZITS, RWTBCI3RARZAVWTRSA
IyFYIMIZETV. RFEAMESICnBA—IvIIVIIRNE
EEAMICEEEIES, nBLICIE TI/AIBEEFRL. p BLICE
Ni/Au BiEZ B L TENRZFNICRLTA—I v Y BRE BT,

Fig.4 [&. 517z PIN &7 /N1 ADE/\1 7 REFD DT H B
ERFEERTEDT. IRREEL—IKRAp & 270nm, HEE

p = Ohmic Contact
[ |
p- AlGaN n = Ohmic
i- AlGaN B
n - AlGaN
i - AlGaN

AlN Buffer Layer

Sapphire Substrate

<5 uviight

Fig.3 Device structure of the AlGaN PIN photodetector.

analysis on the effective collection of recyclable materials and hazardous
fraction that have to bleed off from secondary materials using the
Geographic Information System (GIS).

Due to the spread of renewable energy, disposing of end-of-life PV
modules from solar power plants will soon become a problem. We have
begun to research a deterioration mechanism of parts in the modules and
the social collecting systems for them. In addition, in the Kingdom of
Thailand, we continue to respond to a new law focusing on groundwater
monitoring for factory pollutants. In 2019, we held a “Seminar for
Sustainable Remediation of Contaminated Sites in Thailand and Japan,”
and the young researchers of both countries shared their experiences on
the Japanese side and the current situation on the Thai side.

[ Study of Functional Materials ]

Research for Reducing the Environmental Load

In our laboratory, we developed deep ultraviolet-light emitters and
photodetectors. Schottky-type photodetectors have been developed in recent
years. In this year, we developed the capability to add a PIN structure to
photodetector devices. The PIN has a structure in which an insulating layer is
used as an active layer and is sandwiched between a p-layer and an n-layer.
Figure 3 shows a cross-section 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 and the active layer. The
device fabrication procedure is as follows.

First, heat treatment was performed in nitrogen to activate Mg as a p-type
dopant. Next, dry etching (using BCI3) was performed to isolate the devices
and to expose an n-type Ohmic contact layer. Finally, Ti/Al and Ni/Au
electrodes were deposited on n-type and p-type layers, respectively. Fig.4
shows the spectral responsivity of an AIGaN PIN photodetector under zero
bias. The peak wavelength is 270 nm and the photo responsivity is 95 mA/W
(Q.E.: ~45%). Table 1 summarizes the sensitivity comparison of PIN,
Schottky, and Si PD. The PIN type achieves three times higher sensitivity
than the Schottky type and seven times higher sensitivity than Si PD.
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Fig.4 The spectral responsivities of the AIGaN PIN photodetector.
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(& O5MA/W(EFHE:145% ) LEBICREDRWEEZRUI,
Table 1 [c Schottky BB ETROSNIER. WROTFHT1ILY—
BT Si RARTFEDLEETRI A, Schottky BIcLER3fF538,. Si PD
TN 7 FROERECHIERTETWVS,

[ RIEYMEBERFDE ]
BRFEHSBEICEDIMR

SfEREEEN—IRN>F/ Fa1—7 (SWCNT)
lc& % FE it

A=y F/Fa2—7 (CNT) FHEH#EROFREFEALEZNRENE.
BEEM, BlMEAERENARABYEBEENFEER DT/ T
ADRFZMRTH S, D CNT ZBFBMELTERI ZICAGIE
UCERBEFHE (FE) BBICLZBFHRERNE TSN, BEDD
AMFEEARNEDSN TS, LML CNT IC&S FE S IFETKR
HOE5DE, BEFHHEDOTA 7REEE LV CNT ATDEFHE
DR — R ERABICHRBEFHEICEL >TWDIcH. EREIRE
THolco ZITHRABT—IVMETERULBEN—RYF/Fa1—
7 (SWCNT) OE#ERICAERMZEAEL FERIEOHEZEDT
W3, BRRTIEEX 7O XZRAW: SWCNT H—2 8T I U
THEH, HRUTERNE—ICEFRE T2 FEE FE BEFHRERD
ERBELRNLTVS, £7—IVBETERI N SWCNT O
7T~8EIEHBHRBOESIFEEZBLTED. SWCNT DEFYHE
BLEIRILF—/INUREEDNS FERFHEICOWTEEE SWCNT &
DERBBEETLEDEFHEITDIENHSNTWND, ZITF—
IREAR SWCNT S ¥ EHBOEEEZHD SWCNT ZH#H
&EfERILAEZRL. EROBFREBERM AL THEHFR
=5 @M% SWCNT (hc-SWCNT) O H TFHEE FE EFHROBEL
DD FE YBEFHOFTEZT o7,

BRETHE (FE) BHHOERELIBERNLAETREDOETIL
&UT . Fowler—Nordheim(F—N) BEF Y RUVITHEFET S,
FE EFROBEFRESICERMNEFL. BEFHNSRTERSILIR

INERE

Emitter

Fig.5 Schematic diagram of Fowler-Nordheim (F-N) tunneling.

Device Photo Respons. (mA/W)

AlGaN PIN 95

AlGaN Schottky 30

Si PD ( Filter) 13

Table 1 The comparison of spectral responsivities
between AlGaN PIN, AlGaN SB and Si PD.

[ Control of Environmental Materials ]

Research for the Establishment of
a Low-Carbon Society

Carbon nanomaterial is drawing keen interest from researchers and
materials scientists. Carbon nanotubes (CNTs) — and their nanoscale
needle shape —offering chemical stability, thermal conductivity, and
mechanical strength exhibit unique properties as a quasi-one-dimensional
material. Among the expected applications, field emission electron sources
appear the most promising industrially and are approaching practical
utilization. However, efforts to construct a field emission (FE) cathode
with single-walled carbon nanotubes (SWCNTs) have so far only helped
average out a non-homogeneous electron emitter plane with large FE
current fluctuations and a short emission life-time because they failed to
realize a stable emission current owing to crystal defects of the carbon
network in CNTs. The utilization of CNTs to obtain an effective cathode,
one with a stable emission and low FE current fluctuation, relies on the
ability to disperse CNTs uniformly in liquid media. In particular, highly
crystalline SWCNTs (hc-SWCNTs) hold promise to obtain good stability
and reliability. The author successfully manufactured hc-SWCNTs-based
FE lighting elements that exhibit stable electron emission, a long emission
lifetime, and low power consumption for electron emitters. This FE device
employing hc-SWCNTs has the potential to conserve energy through low
power consumption in our habitats.
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Fig.6 Fitting of simulation results to experimental current
density-electrical field characteristics.

IWF—BEENSBEFINABICHESNBZETILZRLTED Fig.5 IT
ETNOBEEZTRT, F-NEEFrRUVITRBEFHIRILF—
FBEEZBIBYT RIERTIRILF—DIBEALAVWETILTEREEATV
3 (=HERBEFLRUVT), LHLBED SWCNT »5 FE I
SOTEFHREEINBIHEE. BFH SWCNT Az ERT 254
EARICHEZINZBETEFIRILF—DBAENELZIEER
HU. BFH SWCNT Rz @B8Y 2R ISFREREFEE, SR
IS B IEHERBEFRENARBRENZ VWS 2 DOERIEEMR
ETNOHEAEDLEZEERE L, ZOHER. SWCNT RZ&EBI S
BFRINVRTr v/ cEBEEZEITHIEZRH U, SWCNT ##
B9 2N—IRY Ry hT—VICBRIEAFEL. FALF SWCNT AR
BB EEFOGCEEEEIZMANUSODIRILF—EENEFEY
ZeEFAL. BFARNEFIN XUV ITETIHSEFHNIX
ILF—EEZRBY DBRICIEHENICEEZ N RIS DETILEH
BUlco ZOETIVER—RICHFBEBFIVRIVITETIVEER
LIc/XT—ZARI NV OERR |Tw) |2 2RI EICKINLc, TR
ROEE/INTA—F % Table2 IR T,

@)1 o€ - BT (224 1) x exp{~ 222 (ha)? + (e)?))
hc-SWCNT 251851 % FE iR, SEEEEF=—/LAE
(=BRELLE) OBETIVEENEEZZEAHBEL, Th
458 R BEH 5 5 SWONT AEBMBF R RU YT E Fowler-
Nordheim >RV 7 BHEHEAEDELEFTEETILHSHD
ToTWBZERBES N (Fig.6). BFA SWCNT ORZEZ BB
T2, CNT OREXMENE5T TRIL¥ —BEICLDETFONR
NHEESN. ThH IV BHEOSLOBRICH>TND, S5C%
kB SWCNT O FE B2 A B AR MRS £ BRES S
DEFDTHRLTHD. FE BRORBIIESFIC LD/ (T—2RY
NLEHTH S 6 SWCNT DR S RBHBFEEHEBILI LTS
ZENBRIICRE LS, CNT OERNEEE LTRIESN TV
RURF ¢y o BEFREEME CNT OB SEICEKELTRELTHD.
S[EliE hc-SWCNT % B e FE S lid SHRIET 3 2 &ML
feo BULEDRRED. hc-SWCNT BEFHEE LTEM BB TH
3T EERBLL,

We applied he-SWCNTs as the field emitters of planar lighting devices.
The homogeneous dispersion of hc-SWCNTs is one of the essential design
requirements in the fabrication of electronic devices. We have succeeded
in the homogeneous dispersion of hc-SWCNTs for the first time in the
world. The hc-SWCNTs are expected to improve the FE properties
significantly compared to those of devices produced with conventional
materials. The thin films fabricated from hc-SWCNTs are expected to
serve as field emitters that can emit ballistic electrons and realize low
power and energy consumption. However, the SWCNTs currently used in
various applications have crystal defects that hinder the emission of
ballistic electrons. Therefore, we examined the conductivity of electrons
passing through SWCNTs by simulating the crystal defects in SWCNTs as
energy barriers in the inelastic electron-tunneling model. First, we
succeeded in obtaining almost identical homogeneous dispersion states
between he-SWCNTs and SWCNTs with crystal defects to examine their
FE properties. We then fabricated field emitters using hc-SWCNTs and
SWCNTs with crystal defects under similar conditions, (i.e., almost
identical density of SWCNT bundles exposed in the scratched grooves,
diameter of dispersed SWCNT bundles, and distance between neighboring
SWCNT bundles exposed in the scratched grooves). A significant
difference was observed in the FE properties depending on the crystallinity
of the SWCNTs. The results indicate that a low-threshold field and driving
voltage are obtained for the field emitters using hc-SWCNTs. It is
considered that the crystal defects in SWCNTs deteriorate the electrical
properties compared with those of hc-SWCNTs. The mechanism behind
this can be explained by the energy loss based on inelastic electron
tunneling. In this study, we considered that the tunneling of electrons in
the vicinity of a crystal defect that acts as a rectangular potential barrier
causes the energy loss. We also succeeded in developing a model of the
flow of electrons (current) in SWCNTs using the fluctuation of tunnel
current. The tunneling matrix based on the rectangular potential barrier is
an important parameter in developing the inelastic electron-tunneling
model and was used to obtain power spectra. The model for SWCNTs with
crystal defects was obtained by combining the F-N tunneling model with
the power spectrum obtained using the tunneling matrix. From the above
results, hc-SWCNTs were found to achieve almost zero energy loss of
electrical conductivity and can be used in energy-saving field emitters. We
have given a brief explanation of the effect of the increased crystallinity of
SWCNTs synthesized by arc discharge on their electrical conductivity and
then described the development of a conduction model for electrons that
pass through the crystal defects of SWCNTs. The hc-SWCNTs are
expected to be used as field emitters with stable FE.

e (EBfir=)

1.60 X 10°°C

A(BFRETAH)

6.48 X 10724 m?

bg (/IO H—HR AL FEREE)

4.3 eV

h(= 55 h: TSUUEH)

6.58 X 107®eVs

B (EFENEE)

2.56 X 103

m(BEHEFONEE)

9.11 X 10731kg

Table 2 Parameters used in the theoretical calculations.
Aand 3 were obtained from our simulation results.
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YEHESEEE  Collaborative Divisions

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

LEERBEIARRBEAEERMRAWAN. BEBLETREIRILF—HER (FREA). BEFRIRLF—MREYI—. KLUHE
ERREEMEAL (O FBOHRENFRBEL. HE - FREDZToTWS, BE. FEETRRENZITRONE - PECEEUMAR
YBEFEBZTO>LEblc, BMFEEE, HIRILF— EERMRESRERE (NEDO). BHRAANR - £BIMERERE (JOGMEC) Fh5

DEFZRITHEMEZRELTWS,

The members of the Environmental Risk Assessment (AIST Collaborative Laboratory) team 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 2019 included (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

engineered geothermal systems (EGS), (c) development of monitoring system of environmental burden associated with geothermal development, and (d)

studies on social acceptance of geothermal development. Research and development to simulate industries in areas stricken by the 2011 earthquake have

been also conducted.

EERSIHBFERICET SR

ERADHRELEELT, MPAHFICERZE I HBIRF I
BRICLZHBOFREZER>TWS, 2040 FLURICERNBEE!
10GW OBERREEEHT2oHIic. NEDO h5DFFZEZIT. BIFE
M. BT, BFNRRHSOREATREE MRS - BNt n%
WREUVICHBADHMBEIRIZRELTWVND, e, BEENS
DEFEREVGERFIBAERAAFOEREH I 2L —FDFH
F. BENHRANRKEAERKIN - RMOREEZXREL TV S,

MR EAEREKIC K 2B TEED
ERETE=YUVY
EERIEEILLERT  —ILR T FREAOEEIKEOHG
EHLUEABRRSEREL, ThickD, BFREADIKOM
REEE=FUVILTNG, oo ERAOBEIT—ILRTRELE
BB ICHE - REBIFSORERORKMNTZEAL. FEENT
DRAEBOIEEEERT 2L L6 ICHBEEOBEIRERER
HOWREREEREL TS,
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Fig.1 Model of typical supercritical
geothermal system

Fig.2 Simulation of creation process of
EGS at FORGE site

Research on supercritical geothermal
resources

Members of the laboratory have been investigating the feasibility of power
generation using supercritical geothermal resources, which have an origin
in subduction of oceanic plate, in cooperation with scientists and engineers
worldwide. With funding from NEDO, detailed feasibility studies have
been conducted to establish several tens of GW of total capacity in/after
2040 from scientific, engineering, and economic perspectives. METI has
also funded our team for (a) development of simulators of dynamic and
hydraulic behavior of supercritical rock body and (b) development of
fundamental technologies and material for supercritical boreholes.

Microseismic and magneto-telluric
monitoring of geothermal reservoirs

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

Fig.3 Field test of binary power plant
for hot springs

Fig.4 Monitoring system of hot springs for coexistence
of geothermal power generation and hot springs
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geothermal wells

Fig.5 A prototype of borehole scanner for

Research on proper development of
geothermal resources

Studies have been conducted to establish a development methodology
under a concept of overall system design (OSD), which has a flexible
nature to fit social and subsurface conditions gradually revealed in the
development. Gas and hot spring system monitoring, which enables us
to collect scientific data for proper development, has also been
conducted in the lab.

Technological support of local industries

Technological support for startups of seeds in local industries in areas
damaged by the 2011 earthquake and tsunami has been carried out.
Geothermal-related technologies have been cultivated under this scheme.

Contribution to international/society
and collaboration with other organizations

e [nternational contribution

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

e Social contribution

Prof. Asanuma has been a board member of international/domestic scientific
drilling projects. He has also been an evaluation/advisory committee member
for governmental agents and local communities.

o Collaboration with other organizations

The laboratory is collaborating with domestic/foreign laboratories,
universities, and industries. Mutual visits, web communication, and joint
publication are actively done.

e Collaboration with local communities

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

Fig.6 Outreach activity at FREA Open-day
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MRS - RITMIRF AR

EIEHIBESSE (BHIA / ABEIEIES)  Physical and Human Environmental Geography

HIB AR D S SRR AR
-IRIGRARZ AR 5
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Understanding Diverse Human-Environment Relationships Professor

from Geographical Perspectives

Tomoki Nakaya

KIARAH TIE RABEBRAT—ILICBWTELZHRIT2HIBMROREZ, HEBERBZOSTEEPHIRE. 71—ILFT—0Z&EL
THSMCL, ZZICERIZAB-RERROSDAP, HENREOREXANZILICDVWTRFLTWS, L. WREZBARRICRE
9. CLAHAMICRSNTESLBERE. #2RBICERL. R LR, BE. REOHBNREEICS T2 AE-RERROMEBZN
MREXRBLTND, MX T, HWEBBERNZCHFIEMFE M. ZHENBEEET )L, HENREL. T-YREZFICHTIEREDTER

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.

REER
(1B : )

RARDHF T, BREZMENDIEINSEBITT D, SHREIER
ENSHBEOHBIIREZARLL. ZORSBRENRIBEED
HBEEIBUCHEMRRIE. The Atlas of Health Inequalities in
Japan (Springer)(Fig.1) EUTHRE . Tkbhic 20 F1 OF
I, BEOMBIKRENMERLTWSZEZBHSMNMT U, oo &
ARA/BFTIE. BREZESOERARELLEEIC. SBEOKRED
BE-BC. FHREHE. BENRREGEORRT VNILERE
BIECOEENE, HBBERLAEBELCEBRAIMNREZRELTH
LTWS (e 2019, & - R, 2019), BEMIBORERME
ElF. RIUBRPEHREOYENBEABICEDICEDON S, BB
FREOHRBER HRBFRER) VESICEDHIRERANDT7Y
£ X (walkability) REZHETH 2. HIRShIcEREMICIE. 7R
NZNEE BRI ZHEERT (Zha et al., 2019). HEHNRHE
ERTIYRIZENTZRITEHEDE K (Kurotani et al., 2019).
walkability & & & 5& 8 (Koohsari et al., 2019) Z D W & 1 &
%, RESFEOHAAEZLMRREICETN. SHREKRZIALE
Hanibuchi et al. (2019) PEREDAR—R V5 vy Z1EEZF]
A U7z McCormack et al. (2019) R EDRRZHR U,

Health Geographies
by T. Nakaya

This research group investigates population health from the geographic
perspective. A series of geo-visualization and socioeconomic inequality
measures about Japanese health inequalities using various cause-specific
mortality data was compiled in The Atlas of Health Inequalities in Japan
(Springer). The atlas indicates that geographic health inequalities have
widened during “the lost decades.” With collaborators in the field of health
sciences, we have also extensively studied the associations of health
outcomes such as morbidity and death of various diseases, physical
activity, and subjective health with neighborhood environmental indices
using geographic information systems and spatial statistical analysis
(Nakaya, 2019, Nakaya and Hanibuchi, 2019). Neighborhood environmental
characteristics vary from those based on physical measurements such as
air pollution (Zha et al., 2019), heat, and scattered asbestos concentrations
in the air to those based on social deprivation (Kurotani et al., 2019) and
walking-based accessibility to local resources such as park or shopping
facilities (Kooshari et al., 2019). Developments of methods to measure
these environmental characteristics are also included in our research area.
In 2019, we published studies on topics such as auditing of street landscape
images (Hanibuchi et al.,, 2019) and space syntax measures of road
networks (McCormack et al., 2019).

The Atlas of

Health Inequalities
in Japan

Fig.1 Book cover of The Atlas of Health Inequalities in Japan

- v/
Bhg% R9IR R

Assistant Professor

Ryohei Sekine

ESE DR
(B : RA)

ERMIES LIRFEHIBE & (3, RIBEEREABTSHOREEADE
B. B5CICEANBRKOBEENZERZ T 2R A (ZHE
FWESR) OMEICEVWTZLOMBEOEHBELTWS, Fiz, &
ARSBFTIREET — Y BITOBRMBARE SO EmNEMERDER
LT&D, BEDYIRI 7O - HR—rHfT>TWVWS, 2019
FILBWTIE, LM OILREHEEICET2HELEZBU LR
LROKEDT (BIF - 5, 2019) DFH. FEEREBICEW
TERRERREDEREZDOMNKICEHT IO EAHDEBICEMUC, A
EWMRELTE. REBNALRREOERZNRNICRENLT
BREEMA—RIVEEHTEZ GISTRIELTARET ST UTr—r 3
vEABUE (Fig.2), Ffc. HEBHNRZEEREETILTHIMERN
MELEFE (GWR) OEEMEICETZEENGYI1L—Ya VR
(Murakami et al., 2019) &REICEBIU .,

EQV—ADBELHTEHDESR !
FEREY JILBABRFSSETHEERIC
(1B : BEIR)

FAESHICERENERL. Fr Y/ RADOEDERFEZETE
TREHEVCTI 7y avBEEDNEIE. RYNATIRENEET B
XHAERALTWS (Fig.3)s LML, HETREEICF v aLAR
FP BtoC @ E AN—ZAMRELTED, ZOBETEEEDSRER
BoZEMFEMZRSERILEHL. Kb TEATEELTL
eTFA0 7N RNBOEFYI-—t—%2ENETEIATIHEH
EBRYISBEL5ICBoT, 2019 FEFZORBEETIOEAEEDIC,
[EHA—F —BRENDBEERDAEZEBEL. ZOERICHDEIV—
ZEADHIED YA F 2 REBASMITUT,

Fig.2 Space-time kernel density tool for ArcGIS pro: visualising
space-time crime concentration in one-day as ‘clouds’

Space-Time Analysis of Crimes
by T. Nakaya

Health geography and crime geography share many interests in both targeting
the relationships between environmental indicators and human behaviors and
analyzing the spatio-temporal trends of collective human behaviors/events
(spatial epidemiological perspective). This research group has also conducted
methodological studies on spatial data analysis and geographic information
processing with software developments and their maintenance. In 2019, we
carried out an analysis of the spatio-temporal tendency of heritage crime at
temples and shrines using newspaper article databases (Tanizaki and Nakaya,
2019), as well as contributed to various crime analysis activities at various
police departments. Regarding the methodological studies, we released an
application tool that enables space-time kernel density estimation, which
effectively visualizes the space-time trend of crime occurrence in a GIS
environment. In addition, a paper on simulation-based reliability testing of
geographically weighted regression models was published with an
international research group (Murakami et al., 2019).

E-Commerce Development and
Transformation of Urban Space: A Case Study

of Hohhot City, Inner Mongolia, China
by R. Sekine

Hohhot City has many universities. The area around a university campus
is where college-oriented bookshops, fashion-related retail stores, and
internet cafes are concentrated. Meanwhile, cashless payments and B-to-C
e-commerce are rapidly penetrating China. In the process, stores that sell
traditional student merchandise have disappeared, and many take-out
grocery stores that used to be stalls as well as cafés have opened. In 2019,
the landscape transformation process and dynamics of responding to
e-commerce were clarified through interviews with storeowners.

Fig.3 Student town with a large number of take-out
grocery stores, Inner Mongolia, China.

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

35



36

KBRS 2T L « TRILF—2ZEFE  Solar and Terrestrial Systems and Energy Sciences

Process Engineering for Advanced Resources Utilization
/ Resource Processing and Recovery Engineering

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

KARETIE. HEHA VT MDREVERRMOBEL VTV TOERICH LT, BHERLLER

B a7z RRER TR R E RO

MRBEOFEREZENELTVWS, FIcEERIGHEESIZEKETOER (Fig.1) CE8WVWT, ERINSEEL NIVICEDRIEVWT—YICDWTHER
EHELTWD, FIZIE BFEKICE U BRI FELEBEDRT O EH T O AN 50 CO: HEHEIE. ER OB MARZEOHFTZITo> T\,
IS, MHRELVZIESEOHESE. EHEREREZFAUCERECECEREIIVIREICEIZIMEREDTO>TWS,

The laboratory aims to develop innovative technological principles leading to simultaneous achievements of higher process efficiency and lower environmental

load in the manufacturing and recycling processes of base materials, which will give significant impacts on our future society. The laboratory investigates a

wide range of research from fundamental to practical levels of the ironmaking process (Fig.1); for example, preparation of high-quality burdens of the blast

furnace, reduction of CO, emissions, and utilization of waste heat. Further, the research and development of the morphology control of fibrous and/or porous

metals, heat storage materials using solid phase transformation, and self-healing ceramics are performed.

BRZ AW RMARILOE TS

BFTIEES (8%) 2RET D, ARZEZELTREIND
A=V 2 EREAMBELIVCEHBEELTHVWTWS, FERROZHR
MR EBEHBIE. SMECE>TRUBEETH D, TDIH.
ERA (BERFRIENMEWV) BROBHFANAFINTNS, F
TH#8x (Brown Coal, BC) [ZBREMNMBEH TEZLLRMTHH. &
EHRENAFTE S, LHLKDZL BT, BRILEZREWN
BRIGETMELCOF BN RASNTI BRI >Tc. BRDWHFET L —
TTIR BREVUIMEEZEIDRRIE/N\AATREKILAZR W
RMAEILZRARL. SEHAOBTICRINLTWS, RFAZEILE
&, Fig.2 LRI &ESICHALRMOEEREBICLDERSRETE
EEIDEAFRNTH D, AFE. BREAVWTRARUICRMAZEL
DETREZBLT, ZOETANZALZRASHCTZZEZBN
&Ufeo

Fig.3 I8k 1. 2 (BC1. BC2) 8LV EREIKD1DTH S IEMEL
#&x (NC) @ 1200°CEIZERFEITEICK 2 Total-C/O (A HR
REMICHKFBERROTEILL) OXEZTI, EXXREFREHEPD
BRIABRESNEEGEERSINTWVWS, BCI1,2 &6 Total-C/O @
BinEHICETENERLTWS, £cRU Total-C/O TiE BC @
AMNC &KDEETENBWV, BIEAELZCO KLUV CO2 HRHE

Reduction Mechanism of Carbon-Iron Ore
Composite Prepared Using Brown Coal

Blast furnace ironmaking mainly utilizes coke, which is made of coal
through its carbonization, as a reduction agent and heat source. Drastic
price fluctuations and depletion of coking coal are serious issues in the
iron and steel industry. Therefore, utilization of a low-grade (fixed carbon
ratio is low) source is expected. Brown coal (BC) in particular shows a
huge amount of reserves and low price, and thus stable supply can be
expected. However, BC contains a large amount of water, and therefore
attempts have not been made to utilize it as a reducing agent without pre-
treatment. Our research group has succeeded in reduction to metallic iron
using carbon-iron ore composite consisting of iron ore and biomass char
having similar characteristics with BC. Carbon-iron ore composite is an
agglomerated material to achieve rapid reduction at low temperature by
proximity arrangement of iron ore and carbonaceous material particles
(see Fig.2). In 2019, the carbon-iron ore composite reduction mechanism
using BC was investigated through a reduction experiment.

Figure 3 shows changes in reduction degree reached at 1200°C with Total-
C/O (Molar ratio of carbon in sample and oxygen in iron oxide) for carbon-
iron ore composites using brown coal 1 (BC1), 2 (BC2), and non-coking
coal (NC). Reduction degree is defined as the ratio of oxygen removed
from iron oxide. Both the BC1 and BC2 samples show that reduction
degree increases with increasing Total-C/O. Both samples show a higher
reduction degree than the NC sample at the same Total-C/O. The amount
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Fig.1 Strategy to reduce CO: emissions
from the ironmaking processes.

Fig.2 Schematic illustration of concept
of carbon-iron ore composites.
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Fig.3 Changes in reduction degree at 1200°C with
Total-C/O for carbon-iron ore composites using brown
coal 1 (BC1), 2 (BC2) and non-coking coal (NC).
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HEBIENC ELBUTEBBENBONGA 1T END, BRERS
AR TIRKRBTANRI - TWBERBEEND, SHIFRIEE
DETEICHT 2 BRAH 0P BEERNICHET 2 FETH 2,

FEEASKILARIEBETRET S
BNIFRYBICH T BMEOZE

PM25 IBEKHZNER 2.5um U TOHNRFRYE (PM)
ELTHIENTWS, &DbiF. FETIE PM 2.5 DHEE AR
BICHE>TED, ZOXEEEHEFRED1 DN R TH D, FTH
S AERA LI EREFBLZESETIRETOEIDSOREER
TERFKOHHERED 26% EHH 2, BAENTHERN 1 E
Ny DEEESEESELTHED, PM2.5 OFREEFHRMMERICETS
BREHIEETH D, ZDHICIFBEJETRICEITDENOEFIRE
EZRUCERNBRENEXRLV, FELREM THDZI—VRICIF—
TEOMENEETNTVLED, PM2.5 DREBRERICHIZMEDE
ZRBEESINTVAEWN, ZITEAREFERIREE 7O CRAZREBUCEEZ
AWTPM250RERAZEEL. ZORERSICHITIMEDE
BILOWTHE L

PM25 DYy FUYTICIEFig.d lcRTHRT—RA VIO 5%
AWee ART—RAVNRTFICBASNIHEA RO N FIFIEMET
TAFICERUTHESND, AEBETIEPM25 % +2.5um H
5 -0.25um DOUEEBEICH 1T THHE LTz, Fig.5 Ic -0.25um DEXRE
THEUVNFOETFEMBEERRBIUOTRANERE RS, T
FERRZZELTHD, Fe ZZ<ETHFE. S\ NaBLUKZED
HNFHRH5ND, FIEIFILEAHKRDATTA N (Fe:0:) ZEHFEL
ERIFTHDEEZSN. BBEFETIVAVEETRE S COMBIEN
ERENTVWEEEZ SN, MBIETHERSINNFOREEALR
-0.25um THOH. PM 2.5 DFTH/NSWHREGRZERZRLTWL
%, SHRIFHKMABRFEIOCRFD PM2.5 AL ICHTZIER

DFEICOVWTRHNITIFETH %o
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Fig.4 Schematic illustrations of cascade impactor and
mechanism of collection of fine particulate matter.

of CO and CO; gas from BC samples measured by another method showed
no significant difference from the NC sample, therefore hydrogen
reduction would occur in the carbon-iron composite including BC. Future
work involves a quantitative examination of the influence of volatile
matter on the reduction degree of iron ore.

Influence of Sulfur on Fine Particulate Matter
Formed During Iron Ore Sintering Packed Bed

PM 2.5 is known as particulate matter (PM) having a mass median
aerodynamic diameter less than 2.5 um and has become a serious issue in
China. Chinese steelworks are known as one of the major fixed exhaust
sources of PM. In particular, the iron ore sintering process (in which iron ore
is agglomerated to fabricate sinter) occupies approximately 2.6% of the total
value of the Chinese industrial sector. Japan also produces approximately
100 million t/year, and therefore it is important to investigate PM 2.5
formation and suppression mechanisms. Fundamental research is expected
to consider the existing state of raw materials in the sintering process.
Although coke is a major agglomeration agent that contains a certain level of
sulfur, the influence of sulfur on the PM 2.5 formation process has not been
investigated. In 2019, the PM 2.5 formation condition was reproduced using
an apparatus to simulate the sintering process, and the influence of sulfur on
its formation behavior was investigated.

A cascade impactor was used for the sampling of PM 2.5 as shown in Fig.4.
Particles in exhaust gas introduced into cascade impactor collide with the
filter by inertial force and are captured. In this experiment, PM 2.5 was
collected by dividing four stages ranging from +2.5 to -0.25 pm. Figure 5
shows electron microscope images and elemental analysis of particles
collected on the stage of -0.25 um. The particles show spherical shape and
contain Fe and S and Na and K, respectively. It is considered that the
former is a hematite (Fe,Os) particle originated from iron ore and the latter
is sulfuric salt consisting of alkali metallic element and sulfur. Most of the
particles containing sulfuric salt are obtained in the stage of -0.25 pm, and
these have a tendency to be fine particulate matter in PM 2.5. Influence of
chorine on PM 2.5 forming behavior in the iron ore sintering process will
be examined in future.

Element| mol% | |Element mol%

0 |[7651 0 [7351

Na | 012 || MNa |831

si 0.11 s5i | D64

5 113 | 5 | B39

K 0.62 K 1.97

Ca 13 || ca [z13

Fe |2021)| Fe | 507
Hematite Sulfate

Particle Particle

Fig.5 Images of electron microscope and elemental
analysis of particles collected on stage of -0.25 pm
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Variations of ozone and related trace species in the atmosphere

il

EHIR FED
Associate Professor
Isao Murata

EMRETIE. TO-NIBRIREZS) ¥ —7—RIiC. AVVELSEBEPHIER(LGE, BIRREOREZEHICELIRIP DM
ERDOBRAUNAREZToTWNS, 2019 Fid. DKRICHIFZT7—UTEBRB KR (FTIR) £EIICES HCHO, NHs DEFZ (L DR
2016 FICEMELUIKZEAY VY THRAER DR IUL B EZIT oz, &Ffco NDACC/IRWG £EICEMUTc,

Temporal variations of the total columns of formaldehyde (HCHO) and ammonia (NH;) were observed with Fourier transform infrared spectrometer

(FTIR) at Tsukuba. The paper on the profiles of stratospheric ozone and nitrogen dioxide observed by a balloon-borne optical ozone sensor in 2016 was
accepted. We participated in the NDACC/IRWG meeting held in Wanaka, New Zealand, and presented the results of our HCI and HF observation.

BRBEIRBEARFAEOERAMAFTELT, 2KFICEHITS FTIR
IC&BEH%E 1998 F£LDIT>TWB, FTIR TIEARBXED 2-15 um
DFRNEBDART ML SRK[FDEZDOWERD DEENHEE
ARZZENTES, FAROBAUZT>TWIERNAHRRSIL—T
NDACC/IRWG (Network for the Detection of Atmospheric
Composition Change/Infrared Working Group) Tl&. &8
AT—2avDEREREVTHIRKRIED L HERN AT AR Z
EHTHED, INFTICH HCL CHs FICDWTDRXZHERTH
RLUTWB, SEFHICHCHO, NH: OfEtTZziTS> & &6 HCL
HF DTSk LTS,

HCHO (3 X% v P ERMEF R A ORBETER I Z2HEY
BT AV YPIRFOERBEDRKERICEDLZIERELLDY
BTHD, BFRAIHEZICIZBEAETONDLSICH>THED,
FTIR DERAER IFZDORIEICEFEDONTWD, Fig.l1 ICDLIETH
BME N HCHO A5 L2 2D 2001 — 2019 FORFEL(LZRT,
EFBA, £SRNOFHENESN DD, BENBIERITRIC
Boniaw, ORI EDLER TIIAREHDETHD., FERIbIZD
RO RO EZZ T TWIEEZISNDS,

NHs (& IC LD ERETEYPIZ7OYVIVER. BEROPNRE
ICBET DA THD. BHINSDREEDL/NAATIREDM,. BE

Trend Analysis with Boot Strap Aesampling
1ple Incdividind Retieyvals
Fiten oo - gispes 5 E30E 4 13 (O ATEN|
Filtnd inteecept af wminc TG TH- 18
] ST of reniduain: 17500 14 162 100%)

Fig.1 Temporal variation in the total column of
HCHO observed at Tsukuba from 2001 to 2019.

In collaboration with the National Institute for Environmental Studies, we
have been investigating the temporal and spatial variations of atmospheric
trace species with solar infrared spectroscopy using FTIR at Tsukuba
since 1998. 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, CHs, etc. This year, temporal
variations in the total columns of HCHO and NH; were newly analyzed
and the investigation of HCl and HF continued.

HCHO is an intermediate product of the oxidation of CH4 and the volatile
organic compounds, and it is one of the indicators of air quality because it
is related to the production of ozone and secondary organic aerosols. There
are some satellite measurements and the FTIR measurements are useful
for the validation of these satellite products. Fig.1 shows temporal variation
in the total column of HCHO observed at Tsukuba from 2001 to 2019. We
can see the summer maximum and winter minimum but no significant
trend. The columns are larger than those in other NDACC/IRWG sites,
indicating emissions from the urban area in Kanto.

Ammonia is related to nitrogen fixation by organisms and affects aerosol
formation and neutralization of acid rain. Anthropogenic sources such as
agricultural emissions are dominant, but emission from three-way
catalysts in cars is also important in the urban area. Fig. 2 shows temporal
variation in the total column of NH; observed at Tsukuba from 2014 to
2019. We can see the summer maximum and winter minimum, and values
larger than 1 x 10'® molec/cm? were sometimes observed in summer. Backward

Tsukuba FTIR

T | NHy '
7
E
s
-
-1 2
e I
= F -
c .
g ] k
=3 0 .k "
o 1 . 1 % K
= . " H
o : : S
5 . ] - 1
= { e ) I Y T
- [ o e e Taoelth gt":
z Shae i s R L

e " R T *,

AR S N A L

511 2018 2018 207 2018 2018 2020
YEAR

Fig.2 Temporal variation in the total column of
NH; observed at Tsukuba from 2014 to 2019.

BO=TtHMENSEHHEINIOHEBHEISORELEBRETER
W, Fig.2 IEDKIETEAIS N/ NHs AS L2 ED 2014 — 2019
FORFERIZETY. EFMKR, £FWNOFHE{DEHN EZE
IKIFUIRVISBED 2 SRR DOAZSHEBHRES NS, INSOEEE
ZHBAUHICDOWTRIMRBIZTo>lc & 23, HEPEMNS
DIZIvyaveRBYEmREMESNTNS,

HCl B EBEAY VIRBEDIRIZEL BdmAa T 7OVRGIICE->T
AIPANDIEROMEEHI R Ul DICHL 2000 FED, SHAME
MIC$H B, —H. HF (& HCI B 7OV BN ELRFKERTH 2HMEER
ICIFRERCOHNZEEDN L —F—ITLLfEDbND, TD2 DDA
PCEBEBIBREZRDRIBERLRSNTED INISHERE
BEROZOEETHZIH,. Ihe7OVRHICEIMROERZS
CHERANRNTWS, SEEE. HCl. HF @ 2018 F0O@EirZBML
T 2015 FLEOBIBMMN#HKELTWS I EZEL O, 2IRTIR
TN SHEUCEERGEBGEDORETHNS ZOBIEMEHEN
ZRICLZDAEEN BV END D ofeh. —A T 3 RITLFEETE
T TIEBEMABRINTESI BASNEEMICIETIVY
VOEENGZARENEHD. BITEEHTND,

Ffo. EREBMEMICH LT 2007, 2011 FITfTo>72 FTIR 8l
MSIEREFRMEDIERIEEY DO DB IC D WTANICH L Z#ERER
BEEBZNE (EMREAER) OFERESEHMEL WD, &
nht&k>¥< Atmospheric Chemistry and Physics 55ICZES
nre.

HEAV VYV TILEDAVY - ZBRIAEEROBENGERICOWN
T BEERBNAEOREBICLDBEDERE Skm TAV Y - 1t
BREDILETEITORETEESIERD B ENERLIEER
HLTWBD, SERFCOBREZRXICKEDFEMEMRTHRAEKE
MRERBSICREINT,

NDACC/IRWG Tld. BFHREZEHIS 20 U LOW KT IL—TF
NEFOTHAFELRMOBERICAITIEBRRIRZTOREBZIT-
TWBP . SFEIFEZ2—Y—FVRT5R20 - 24 HICHES . BL
HEMUT (Fig.3)e A% >, HCI. HF ORBITEROFERZToIF
M BIFFEORE(LGEICOVWTERRIBEET 7,

12 BIZRAYRRITZDIT S04V vV RETHRARBDT oI
XZEIF—ICTEMRBRS EEHICEML, ARBNZTo
(Fig.4)o Ffc. 2015 EHSERERBRELVI—DFMEEZ
LTHED, SEEHINETIC 2 0DOHERZRERICHFEUTRRER
By =T oTWSHARDFEZ{T o

Fig.3 NDACC/IRWG meeting held in Wanaka,
New Zealand.

trajectories on these days show that these airmasses came from urban surface
areas or agricultural fields.

HCI is a good indicator of the potential for ozone depletion, and its
concentration in the atmosphere decreased in the 2000s after
chlorofluorocarbon (CFC) regulations were introduced. CFCs are also an HF
source, and HF is a good tracer of atmospheric transport because it is
chemically stable. These two species have shown increasing and decreasing
trends due to short-term dynamical variability in the northern stratosphere.
We are investigating the relation between the trends and the effect of CFC
regulation. This year we extended the analyses of HCl and HF to 2018 and
confirmed that the upward trend continues after 2015. Mass stream
function showed that this trend is also due to dynamical variability. On the
other hand, there is some possibility of emission change because 3D
chemical transport model simulations could not reproduce the upward
trend. We will continue to analyze HCl and HF.

The paper on the chlorine partitioning near the polar vortex boundary
observed with FTIR at Syowa station, Antarctica, in 2007 and 2011 was
submitted to Atmospheric Chemistry and Physics by Prof. Nakajima in the
Global Environment Division, and it was accepted.

The paper on the profiles of stratospheric ozone and nitrogen dioxide
observed by a balloon-borne optical ozone sensor in 2016 was accepted by
JAXA Research and Development Report.

NDACC/IRWG holds an annual meeting where scientists from more than
20 groups discuss observational results, new plans, and measurement
techniques. The 2019 meeting was held in Wanaka, New Zealand, from
May 20 to 24, 2019 (Fig.3). We participated in the meeting and presented
the results of our CH4, HCI, and HF observation.

Tohoku University Environmental Studies Seminar 2019 was held at
Brawijaya University, Indonesia, on Dec. 18. Assoc. Prof. Murata participated
and presented the introduction of our research (Fig.4).

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

Fig.4 Tohoku University Environmental Studies
Seminar 2019 at Brawijaya University.
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KEHIERS X T L - TRIVEF—FFBEE

KERY AT LH4EF  Urban and Regional Environmental Systems

KERE KRR ICE T 5%

Researches on Water Resources and Environments

Solar and Terrestrial Systems and Energy Sciences

o

HHIR EF KHE

Associate Professor
Daisuke Sano

KERVATLZRHF T, HRADKEEZHERTZIEZBEL. UTOMEICEDBATWS,

1) [EZEEE LA I BRREICEZZZETMFEORR

2) KRB EMEDORRBERMOTTREICLIDRARKEXN =X LD

3) THKABIZICHFZERENRA ARE & HBRFCERED T
4) BWKIIEBEB IO D BHEKLEEMAEY B EBROEA
5) KA VT ZADIRIRT A )L ZADBEEHIE IS FHAT

Our research topics in 2019 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

SDGs B DKDHE

2030 FEXTICE R DALDREBIREIKE N L ZEATIREE T
% Z &% B389 Sustainable Development Goal 6 (SDG6) %3EH
IBRHICE. BA- EERIRMYEL, #FEEINES T BDOER
BEOREREZBEYICTZIENTEDKA VT SZRARKTZHIENKRHS
N2, HFFEERE (World Health Organization: WHO) hM#EsEd
@R 25E (Sanitation Safety Plans: SSP) &, BEEAMMTEE
FE S (HACCP) zE# & LT, BK - BEIEICED 2T EE N
B EFREDERERALL. D OBRIURVER/IMLT DIz DERE
Y=L TH B, THUIBKPDERIFICLDRERIRT % SSPICLDE
BY358. REAOHESET /I Ed LB ESHIRE S EaRERE
ZEHEL. TNoZEEEEREUVLTEZYIV I T20ENH D, L
ULaHS, HERICLZBREDOE LR ISNIBKE ITIREFELTES
9316, KPRFEEDTDERNEICHEREERHZ5Z 5KPR
FIFEEETIE—ENISRET 22N TERWN, ZDT2s, TR

e R

a b c d e

Water disinfection in the SDG era

United Nations Sustainable Development Goal 6 (SDG6) is to supply all
people globally with improved drinking water and sanitation systems by
2030. The development of sustainable water infrastructure that is easily
installable and maneuverable is essential to achieve SDG6; simultaneously,
eliminating users’ health risks is mandatory. The World Health Organization
(WHO) has recommended sanitation safety planning (SSP) for managing
human health risks in wastewater reclamation and reuse. SSP is a scheme
for the safe use of excreta, wastewater, and graywater. SSP has adopted the
hazard analysis and critical control point (HACCP) approach, which was
originally developed in the food industry as a tool to prevent food-borne
diseases. The HACCP approach is useful for identifying potential hazards
in water-treatment processes and determining preventive/corrective
actions to reduce the risk to health due to hazardous contaminants.

When SSP is to be applied to wastewater reclamation and reuse, the
behavior of pathogens in water is quantitatively predicted by mathematical
models, and critical control points (CCPs) are determined. However, the

rasy
|
I 10
———————————————— {——————————-;———u
.10

a b c d é

Fig.1 Coefficient values of A for the inactivation rate coefficient & of norovirus. Alphabet a is an intercept value of a link function of
A (=a+b(pH) + ¢ (temperature) + d (virus concentration unit) + e (water matrix) , and b to e are the coefficient values of explanatory
valuables of pH, temperature, unit of virus concentration, and water matrix (buffer: 0, environmental water: 1), respectively.

g FTER HEHIR  IHKE
Professor (1#%/1%%8)
Yu-You Li

Associate Professor
Daisuke Komori

BKRORFIRICKDRETIRRY RV EEIC SSP ZARRHDINE
FCHERAT2IENTERWRRICH ST,

ZTTHRFETIE, BRLBTRMIEKEICH U OB ITAE R K RS
EVAIIVADIERBEBETIEBEIT D EER A, KEEKRES
EVAIADTELNEICETZT— Y ENEL, EEHEEDREE
EZE U7z EFH model D/XTA—F#EICAW, AIBKEICHUHE
EETINEBEIT ). EIMIADEBGFREOEREZEERD
AXEICRITEERREZZER L. R XU Stan A—RKZBEVVEBAN
1Rk k, m,n DET VI %E{TREST

JATAIVA, B TAIA RUATAIVA, T/ OAIVA, A0y
F—IAIIR, ROTOA—DVACILRICEBIZ2RELLETIVOEEZIT-
e, 2T/ AICIVADET YV THERDIHBENT 2, /AT
ZADRECREEE k (7> 727, Hom RE m ROFERFER » &
HHERIMEHREEVWWAIC Z5Z fco VJOZIVICDWTHRIKRD
R THolz, WEHIERICRKITS Hom R m £RE. K EFH EFIL
DINTGA—Y DESETHIIRZIEEBRA ZETILOADN—RLIRFE
FTILEDBEWMEZRUIZ, FNELEREER kK DERBICEET L.
YIH a ZBRWRRBIGERER KU VO3 Y THBOIEEDERZ
IRUe (B, NELEREER k (RMNETH S pH RREDE
MICFEWNEDTZEEZXD. —A. EEPCR &D 75—k BIEK®
THKMEBAK LD BERNAVSNZHEE. TELEREEH L (F1ENT
B EllIRB,

TECREEH k. Hom R m. FREE n D 2.5%., 25%.
50%. 75%. KU 97.5% ExZAWT, WHHEREE 1 ppm. pH=7.
KB 20°C., 75—k, TKAMBKOEZFHETICHEIFTED/O0U1ILR
DOFATRE R EER U (R 2), 25% fBICERT &, 14 HD
BERHE SR & DEMBREICK D/ OV ILADTELINEIL 0.8 log &7
3—A. VOZIVICEBRNECMEITERHIEREED 400 FEVWVE
(0.002 log) EFHIENTz, TAMIBBZICEFZVAILADTELICIE
WEIEREEDRBINEREEER D, FKUEBKFOT7 Y EZTEEN
BWES, PYEZFEERERORIGICED VO VREHAEMU.
WEEHEREE DR CHEW/ OT ML ADTEL R FHAT Bz,
BEHERDENEEZ T DICE<RETILENH S,
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Fig.2 Predicted inactivation curve of norovirus with free chlorine and chloramine.
Solid line: 50%tile, dashed line: 25%tile and 75%tile, shade: 95%tile.

prediction of virus inactivation efficiency in water has several problems
due to the complex composition of wastewater matrix and the different
sensitivities of enteric viruses to disinfectants. Wastewater quality, such as
dissolved organic carbon (DOC), suspended solids (SS), pH, and
temperature, can vary among wastewater treatment plants (WWTPs) and
even within a WWTP, depending on the day and season, which results in
the varying efficacy of disinfectant decay and inactivation of the efficiency
of enteric viruses even in the same disinfectant dose. Furthermore,
inactivation efficiency can differ among the genotypes/strains of an
enteric virus.

In this study, we focused on disinfection using free chlorine and
chloramine, and tried to construct a predictive virus inactivation model
using water quality information. We firstly conducted a systematic review
to obtain the inactivation efficiency of enteric viruses (norovirus,
rotavirus, hepatitis A virus, adenovirus, coxsackievirus, and echovirus) as
well as water quality information. We applied a hierarchical Bayesian
model using water quality parameters as the model variables to train virus
inactivation efficiency datasets, in which the hidden effects of differences
among disinfection tests and genotypes of a virus species were taken into
account. We then validated our model’s applicability to the newly obtained
datasets in this study.

We constructed inactivation models for norovirus, rotavirus, poliovirus,
adenovirus, coxsackie virus, and echovirus, but here, we only introduce
the model for norovirus because of space limitations. The inactivation rate
constant k, Hom coefficient m, and dilution coefficient n were used to
follow a log normal distribution. Except for the Hom coefficient m for free
chlorine, the hierarchical Bayesian model gave a better fit than the
generalized linear model. All of the coefficient values had the same sign,
except for the intercept a of the inactivation rate constant & (Fig.l).
Increases in pH and temperature lead to a clear reduction of the inactivation
rate constant k. On the other hand, the inactivation rate constant k increases
when plaque assay is used instead of quantitative PCR, and when a buffer
solution is used in the inactivation experiment, rather than environmental
water and treated wastewater.

The inactivation curve of norovirus in treated wastewater was predicted
under the conditions of an initial chlorine concentration of 1 ppm, pH of 7,
and 20 °C (Fig.2). It is assumed that plaque assay was used to measure the
reduction of infectious titer. In this prediction, the 2.5, 25, 50, 75 and 97.5
percentile values of k, m and n were used. When the 25th percentile values
were used, the predicted log reduction value of norovirus is 0.8 log when
the contact time with free chlorine is 1 min, while that with chloramine is
400-fold lower. These results indicate the importance of free chlorine for
inactivating norovirus in treated wastewater. Thus, higher doses of free
chlorine are required when the ammonium concentration in treated
wastewater is high.
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BARAELE X T LAFEREE  Environmentally Benign Systems
BEEEE7OEAESE  Recycling Chemistry

HR-MERRECSOD
REFEZHELT

Aimed on the realization of a resources-material recycling society

-

ik HE 8ER
Professor

Toshiaki Yoshioka

LMREG. ER-PERREGSORRZAEL. RERERMOME - BREZToTWS, fIXIE. SO FREZEVZNMMEEDS ML
FERMRICERT 2T AIILTOER, BEERERCIVEANRNSEERFORENEZRELTCERLISZTOLR, HLta¥eR
WERBBRERDHEK - A RHDOER RO TRDEORES SOHAN S DZBRHWLZAYIVEIY, #BEERYESLOCA AV REHRZRW
BEHE Cs BRKBLVTEDHRETOEIFICEBE LTS,

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

radioactive Cs-contaminated water and soil purification using complex-forming substances and ionic association.

IBILERIEIC & B BERKD S DERREFRE

BHRIKPICHRETEENZIEEREIE. BAROBENFAEDRSH
CBRETBRENHZ—H. ChSEEBOERMERRSV. ELE
FEld. ERZEBNERRRERBEMNEVTERSELFETH
D, BEXRECPHRDEVENALUCEBREINETREET S, SFE
& |IEEZIL (PVC) BREYOEMERZMREL. PVC ZIERIL
BlE UTIRIER D B2 2 1R AQBIFREIRIRICH URIEEBRZ1T L. PVC

DRMPREEERDOZEEZHE LI, (Fig.1)

KEXNRIVARIEHRICAVWSh S
IFLY -BREZIHESHOENERSL

AEXEEBEKRBICEADNEH. IEWVFRICKEH/RILOKRE
DEENRAEND, RENBEZORREELT FRZHER
BORCLYI-ZBBEICTVWHELRRODREEZNH IZENEE
THO, ZDeHITIRELD/NRILDSLZIBEL, ZDOHFMm, EF
fiEE ZBYICFE T 2RENH D, SEERFHIEM (TFLY -BF
BEZILHESH EVA) KBBL. EARBHEBERSSURES
HTICEWT EVA =5 LSt MESEPOREEFRAPNELVS
1t EVA ORDEREITICED EVA O%{bEEERE Uic, (Fig.2)

L O Effocts of FVC
H-m,:} HC

WM Utization of waste PVC

PVC
A &
‘5:."__,_ = 2 Heavy metal
Several kinds of Fly ash + @ Carmend riny maberal

/.-...--Sliﬂl Fe, Ca, Mﬁ‘\ High tH:H'Iﬂg Pﬂiﬂ[
( Ma, K, I, € ) l
“-Pb, Cd, Zn, Cu, Cr, et

Low boiling paint

Fig.1 Chloride volatilization using PVC as a chlorination agent.

Heavy metal removal from fly ash
by chloride volatilization

While highly concentrated heavy metals contained in fly ash have to be
removed for efficient use and environmental preservation, those metals
usually show a high resource value. Chloride volatilization is an approach
that enables volatilization of metals at low boiling point and recovers them
efficiently using differences in volatilization rates and boiling points. This
year, Polyvinyl chloride was used as the chlorination agent for several
kinds of fly ash, which consist of different elemental compositions. The
effects of PVC addition and the elemental composition of the fly ash on the
heavy metal volatilization were investigated (Fig.1).

Ultraviolet deterioration of ethylene-vinyl
acetate used as encapsulant in photovoltaic
modules

The introduction of photovoltaics has significantly increased, and large-
scale disposal of solar panels is expected in the near future. In the pre-final
disposal stage, it is important to use solar panels as long as possible, reuse
them appropriately, and suppress disposal as much as possible. Therefore,
it is necessary to properly evaluate the value of used panels. This year, we
focused on the encapsulant (ethylene-vinyl acetate; EVA). EVA was
degraded under intensity- and temperature-controlled UV irradiation.

Fig.2 UV/Py-GC/MS system

ol

HEHIR BHEMA

Associate Professor
Tomohito Kameda

B REEFEE
Assistant Professor

Shogo Kumagai

Assistant Professor

Yuko Saito

BEDH HEET

KBS FAVEEEHEAD Cs
& & U Sr OREIEHHH

BEE—RHXTIE. BTRKORAICLOKEECs LU Sr 25
OBERKDBPFEELTWBIH. BELEBITEVNTWS, RETHONT
WBIREFRZAWAEBTE, REODZREEYHIRETZENS
FENH D, AARTIE. Cs LV SrzffLickic. BEAF
AVBELOCERT AV ZRAVT IMEBEOAAVEAKIEANCs &
KU Sr zAKFICHE T 2FEICDOVWTIRET U, (Fig.3)

MnO:/Mg-Al REREKER{ILMZR W
Bl A R 038

SHEACHEWRETZBIEPES R (HCI, SO, NO)) (FEAKRS
SUMIEREICKDLEEIND, UM URIKDIEIINIEIC S BIEIHE

F'ﬁ%?)‘l’ﬁmﬁ’(“?ﬁ%o COs & Mg-Al LDH (& HCI. SOx fSL¥EH
A[RETHD. FoAVRKRIBREZE I 2cHBEARNBROBE, B
*Uﬁﬁttﬁ,ﬁfﬁb\?‘ééo AEZE TlE NO LB @E 1 f= MnO2/Mg-Al
LDH O &R EBEA ZDRFLE, BRLEBEZERT U, (Fig.4)

Analyses of gases generated during the accelerated degradation and the
thermal decomposition of the degraded EVA were performed (Fig.2).

Simultaneous extraction of Cs and Sr from
water phase to ion associate phase

At the Fukushima Daiichi Nuclear Power Plant, the purification treatment
continues because the contaminated water containing radioactive Cs and Sr
is generated by the inflow of groundwater. We studied methods to extract Cs
and Sr simultaneously into a small volume of ion associate phase using
organic cations and organic anions after trapping the Cs and Sr (Fig.3).

Treatment of acid gas by MnO,/Mg-Al-
layered double hydroxide

Acid gases (HCI, SO, NO,) produced by waste incineration are treated by
Ca(OH); and catalyst denitration, which shortens the lifespans of landfill
sites. In this study, MnO»/Mg-Al LDH (which is COs-type Mg-Al LDH
combined with MnO,) was synthesized and used for the simultaneous
treatment of NO, HCI, SOx, and their recycling processes (Fig.4).

7AY 7 MR - BE

-NEDO %£EME '75RF v/ DL2RMEBE 7O ARFE (MRARE  SMEEARER) ) BR

cRIERERE / SRBARER
BAIRLF—22EME / BAREHH

- REYEREERTS /Excellent Presentation at International Hybrid Session/ BEzf# (D2)
- Korea Society of Waste Management/Award for Excellent Poster Presentation/ Lt (M2)
- 2019 isCEBT/The Outstanding Oral Presentation Award in Environmental Technology/ ittHHX#E (M2)

- ERBEAKIE MR 5 HE (M, & . K. BH) EFEREBREFEY IV Chemical Sciences and Society Summit IZ&BWT,
E3IFEE "Integration of arteril and venous industries & promotion of chemical recycling". &5Ic BBC 54 7/XXRIL7T«

ANyyavKRZ—ELTTA 7 HiE (2019.11.11)

- BHM AT 2019 Joint Symposium on Advanced Functional Materials, “Uptake of heavy metal ions from an

aqueous solution by layered double hydroxides modified with EDTA and organic acid anions” (2019.10.28)

- BERYF BB - Tst International Symposium on Analytical and Applied Pyrolysis in the Asia, “Pyrolysis for Feedstock

recycling of plastic wastes” (2019.12.12)

TAZL-BEE

-ﬁmﬂf;‘l.-‘
_‘FI"H? b gt

e Sr = R

E < 2]

A =&l

Fig.3 Cesium and strontium extraction flow

HO
S'D
/ Nreuunu: treatment

T1 - M0, Mg-Al LON

O, 10,/ g AT LOH ] Recycling process | - 50. - MO/Ma-Al LOW

Regeneration e, J

~ Anian exchange
I“I

Fig.4 Treatment of acid gas by MnO»/Mg-Al LDH
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BAHEE S X T LFEEE  Environmentally Benign Systems

BIEair{t¥ 498  Environmental Analytical Chemistry

RIER-ERRMETANORERAZBIE L
#UWMEZ DI EF—7 OFRFE

Development of Chemical Motifs for Environmental and

Biomedicinal Analysis

Hiz Sk MiE
Professor

Nobuhiko Iki

HMEETIR. REPERNBICEITZREZMRIBZCEZREL. D FRBICEIHUVWIMNFEORFEZToTVNS, D FRHIL
FICEDEHUWMELEEF—TZRHEL. BEROANFEICISAL TV LR, MTRMORBHBERICOADNDEEITVNS, SEER,
1. ZV S ZREFDORRERL. 2. ERERIVYIZR -FPAVYIRAT7 L —VEBEORRVER. 3. HAMRULICBET MR ZF,

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, three examples will be described.

1. Selective Crystallization of Heavy Lanthanide Complexes, 2. Selective Synthesis of Heteronuclear Lanthanide Cluster Complex, and 3. Environmentally

Benign Preparation of Luminescent Materials.

BEXREZE OERMAFZHAW:
Eo VY= ROERNERIL

SUHZRIERENAE, B, MK ERADIAIREDERN
IBRICEBVWTEELRRBEEZRLZLTWS, BFEDTVIZRDF A
DEMICHEWN. VTAIILOREBEENETE->TWD, FVIZRFEA
BROCEEICEWT 3D AY (Ln(lll)) ELTHEET DI ELE
<, Ln(ll) 1A Y ETDLZHEEIRELLTNS, 20, ER
BLn(ll) 1 AVZBEICDBELITAUILT D EIERETEWN, K
METld. BERREZF OV v 7IBEEATF (HsL) & Ln(ll) 5
BEEEDOERILZRAEL, TO/ERE. Ln(lll) OFEFEICH U TE
B3 EROEENKELLERT I EN DD o1 (Fig.1)e La(ll)-
Nd(lll) TlEsgE D iE@RMNERE I SmI)-Er(ll) TIEZILIER
fIE 2 F (PCP). Tm(ll)-Lu(lll) Tl B KK LnL NER T B8
B D, 5. Nd(ll) AEEFETIEETTEIVIZRTHD
Er(lil. Tm(l). Lu(ll) ofE&EZETSEC Er(ll). Tm(). Lu(ll)
PENZENEERNICHERILTZEERELE (Fig.2), $#%. &
ORI 7OL 2z KELL. BADOHEAEDLED Ln(ll) DEEH
BAEBRT2ZE2BET.

o 0.8

& o0
g
2
tripodal Scht base lgand -4
Ln PR £
H
E‘ 20
* PCP RCP PCR PO PP MP FCRor #Far PPor i
i, i i [+]

Fig.1 Crystallization of Ln(IIT) complexes with a
tripod Schiff base ligand (HsL).

Fig.2 Percentage of Ln(III) in LnL which was
crystallized in the presence of Nd(IIT) and Ln(III)
(Ln=Er or Tm or Lu).

Selective crystallization of heavy lanthanide
using conformationally flexible ligand

Lanthanides play crucial roles in advanced materials, such as luminescent
and magnetic materials, catalysts, and diagnostic agents. A growing
interest in the use of lanthanides makes it more important to recycle them.
Lanthanides often adopt trivalent states (Ln(III)) in both solution and the
solid state. Due to the chemical similarities between the Ln(III) ions,
mutual separation and recycling of these ions are difficult. In this work, we
studied the crystallization of the Ln(III) complexes with a tripodal Schiff
base ligand (HsL). The obtained structure largely depended on the Ln(I1I)
ions (Fig.l). No crystals were obtained for La(III)-Nd(III). The
crystallization for Sm(IIT)—Er(IIl) gave porous coordination polymers
(PCP). Discrete complexes (LnL) were formed for Tm(III)-Lu(III).
Furthermore, we found that the crystallization of heavy lanthanides
(Er(III), Tm(I11), and Lu(I11)) in the presence of Nd(III) selectively gave
the crystals discrete of Er(I11), Tm(I1I), and Lu(III) complexes, respectively
(Fig. 2). Further studies on the optimization of the crystallization process
are now underway to achieve the mutual separation of the various
combinations of the Ln(III) ions.

MNd 08

Fig.3 Electropherogram for sample by old and
new selective synthesis method

Bh# EBEHiEZN
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BRSVIZR-FFHVYIRFL—V#ED
BIRNEREORREZ Y 7AVIN—I g U FHHK

EBESV5Y=RK (Ln, Ln) ZHFOERBICHEODEKI VI ZREEIC
BWT FYYZREOIRILF—BENICIZHIBRIERE (FyT
AVN=Y 3y ForaAVvN\=IaV)BEESNTWS, KA IFHEE,
FPHVYIRAF7L—> (TCA) & Th OEFRICEWTERT ZFHMHE
KD T TCA ZREIL. ZZICYb ZRMITDIETERT S 4 1E
BOEKEARDF T ToYD TCA2 DEIGZIEL T ZENTERLNZ
DEIBIE 62% THofco SE. YOITCA Z2EL. Th 2T S
ZETARBDEZEAEDA, ThiYbTCA: DEIE%Z 99% £TH L
T&Ef (Fig. 3)o Chid Ln OERICKI > THEEDER - BEEORE
NEBBIH, Ln EDEFERDIEFZEZZETEGER LS E
B2TENTEREEZD, £z LnaulnTCAz (x = 0-3) I WT
Tb-Yb $%W& Er-Yb ®%T 972 nm OEFRNREICED. Tz
NOEERIC 7y 7 AVN—V a3V EAZ ALK (Figd), TCA%Z
RAFELTRAWSZETERBRZERNICERTZZEPTYT
AVN=YavaERRTERIEERBH UL EFHED),

RIEAFHOLLBVWI 5 Z FRAMBOSEE

KBEDHKIMEFFHY Y IRT L —V K TosTCA2 £ET VA~
FURAA VR ERE T BT TESH DI A Z B
MRHE T B &IcmThLTc (Fig.5)o FLMREICEN. FaldE 1.2 ms
ERCEBFINEIF 45% EEMETHoco ERECKRIY EEM
ETBIVIREAMBOER (BHEICEENBE, MENEDE
WEBODEZEMEICHKT) ZEETE. ZOBEKRTRESFTDOEL
#ElT$H 2 (Bull. Chem. Soc. Jpn. 2019, Vol.92, No.11, 1847-
1852. RFSEFHRIITETE) .

Th- T TCA iyitem

Er-Th- TCA wyritem

R=Hor

Fig.4 Luminescence spectra by NIR excitation for
Tb-Yb-TCA and Er-Yb-TCA systems

D 00,
_ Y.
US' g0, Shaking
Et(CH3(HO)CHCHZINCHZCH2 08 ° sg; 5%

QAE Sephadex A-25

Group Photo

Improvement of Selective Synthesis and
Upconversion Luminescence of Heteronuclear
Lanthanide-thiacalixarene Complex

Heteronuclear lanthanide complex has a potential for new luminescence property
(upconversion, downconversion) by energy transfer between Ln centers. Last
year, our laboratory succeeded in obtaining the ratio of Tb,Y b;TCA. in four kinds
of heteronuclear Ln-TCA complexes (LnsLnTCA,, x = 0-3) by selective
synthesis, which involves preparation of intermediate, TbTCA,, and
addition of another Ln, Yb. However, the ratio is 62%. In 2019, we were
able to increase the ratio of TbYb,TCA, to 99% by preparation of Yb, TCA,
and addition of Tb (Fig.1). This result was caused by the rate of the
complex formation and dissociation constants in Ln species. On the other
hand, Lns;.Ln’\TCA; (x = 0-3) can exhibit upconversion luminescence by
near-infrared excitation (972 nm) for Tb-Yb and Er-Yb systems (Fig.2).
TCA is a ligand used to achieve the selective formation of heteronuclear
complex and upconversion luminescence.

Environmentally Benign Preparation Method
of Lanthanide Luminescent Materials

Water-soluble luminescent complex of thiacalixarene, Tb;TCA., was
conveniently and irreversibly immobilized onto a dextran-based ion-
exchanger to afford a luminescent material. The material exhibited long-
lived luminescence (1.2 ms). In addition, the luminescent quantum yield
was 45%, suggesting highly efficient overall luminescence processes. The
method circumvent disadvantages (e.g., high temperature required for
processing and low efficiency in the excitation) of conventional materials
such as Ln-doped metal oxides. In this sense, the method is environmentally
benign. (Reported in Bull. Chem. Soc. Jpn. 2019, Vol.92, No.11, 1847-1852
as a Selected Paper.)

Anion-exl:hanger + Anionic Complex = Luminescent Materials

45
m Stirring
/:y

1::

Tn ‘~‘--' = 99% Immobilization  T=1.2ms

-_:'-. Organic Solvent-free @ = 45%

ThaTCA2

Fig.5 Preparation of luminescent materials by
electrostatic immobilization of Tb-TCA onto dextran.
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RE. BNBT A RDNAAGA - RIBEZI UV T ICRELBENFESNTVWDS, INSDT/I\ARZRAVSIET, IhETEHLDL S
ERRKEHEI DI P GENDDERRENM - ERARENTRICROTWS, oo ERZRBULHMNGRREF YT 2ERT22L
T, BEERBAYEFATOLEYEOE=Y UV IDEIREICKED, TOLSBERNDRHIC, BRIENAVO - F/ AT LERHPAAEES

LT I\A ZDRFKET o1,

Micro/nano devices have highly demanded in the field of biological sciences, engineering and analytical information . We have developed micro/nano-

electrochemical systems for environmental/biomedical applications and evaluation of battery materials.
Recently, we developed NanoSECCM to characterize electrochemical properties in nanometer domains and applied it to localized evaluation of battery

materials. We also developed electrochemical chip devices for bioanalysis. These devices are useful in environmental monitoring as well as medical and

engineering applications.
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DMNTERUTORBEEHRAMAZT o,

2R MRRESEMRM. ZERETOYT«FRER. ZTUE
BEMFEA. EIZHER. Y10V ATLAREMREREYY—.
BHNA/R—2avAR7OY I MNRE

FHMRRHEE  RIETEXRFE. EERIKRE. SRKE. REKZ,
BEAKRE, WMNKZ, BHMARFRR, FIRKE, KRKZE. ILEKRE,
University College London. BZEXZ, BT FR. ALTRE
KRE, AERZ, AIERERMAE., EXRMESMEA. e
KE, BRRIEKRY

FRERE

SHTEICHRITER 4 ¢, ERHER 1 ¢ BEFR 10 45 K&
HE 24 E{Tof. TN5ER®.50 U EOFRRRET o1,
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BfgE EEME (B) (H30-R2 £E)

Fig.1 Lab members 2019

biological sample

Fig.2 Electrochemical analysis for a

Collaboration researches

We promoted collaboration researches with the following organizations
in 2019.

Tohoku University: Advanced Institute for Materials Research,
Microsystem Integration Center, Center of Innovation, et al.

External research institutes: Tohoku Institute of Technology, Hyogo
Prefectural University, Kanazawa University, Kyoto University, Kyushu
University, etc.

Conference presentations

In 2019, more than 50 presentations in conferences including 4 special
lectures, 1 plenary talk, 10 invited lectures and 2 request lectures.

Research projects

O”Real-time monitoring of biomedical samples using scanning
electrochemical microscopy” Grant-in-Aid for Scientific Research (B)
(2018-20FY)

O”Development of an electrochemical array device for cell culture
platform”, Grant-in-Aid for Scientific Research (B) (2018-20FY)

(O 2D Material Based Josephson Devices and Their Properties” Grant-
in-Aid for Scientific Research (A) (2018-21FY)

Fig.3 Microdevice fabrication

A/ RN—2 3 VEREHEE

BRULZETLATN\A RDMBEE TS Y N T4 — LD,
BlafE EBHE (B) (H30-R2 £E)
O ZREMETRBESNZEFEBY a7V VR F ORI & YT,
BifE EBHE (A) (H30-R3 F£E)
O FH/EBRILBAAX—I VT IC LB ZRTEFRME OMEEE DR
R, BfE EHFMHE (A) (H28-R1 FE)
O BEFHOHENAICLZ2BERRRADYIBILZBATIREDE
B, BIfE SHZWMEERMAR (ARERRER ) (R1-R4 F£E)
OMBEEIZI2=r—Y a3V BEODDOBENMEEERILZ/N\1A
AA=I VT FEORMFEL. BfE EBHRE (C) (R1-R3 FE)
ORAVOFETA—TIC KB AL /A KDOBZEEMR DL HIfEE
D%, BfE BHFMRE (R1-R2EFE) it
RE
ORFEN (EHIZ) :Excellence in Reviewing for Biosensors
and Bioelectronics & (Elsevier)
OREEN (ERT) - BFRFEEE CEIRIZESR)
ORERHEEL (EHR)  EFHFEE CERIFEE)
OFAXE (D)  FIATLEREE (DL ES
OF ¥ (D1) : Fik 30 FETEMERRE (RibKFE)
OFgaF (D1) : ZTYERZRME (RILKZF)
OF#¥F (D1) : Oral Presentation Award (isCEBT 2019)
O&MBERE (D1) : Poster Award (RSC-TIC 2019)
OFMER (D)  RENZFMARERZE (RiLKF)
OFBEEARER (M2) :Poster Award Gold (5 1 BERERZHHS)
OfFEEEKER (M2) : Best Poster Award (RSC-TIC 2019)
OFBEEARER (M2) : Excellent Poster Award (The 65th Annual
Meeting of PSJ)
OBHAKR (M2) : BFHEKE (CHEMINAS 40th)
OFHZEA (M2) : Oral Presentation Award (isCEBT 2019)
OUFZF - Z)E7Y (M1) : RRY—E (2019 FLERZHEEI
AR)

T

Fig.4 Cell culture in a bio-safety hood

Fig.5 Our research featured on the
cover of ACS Sensors

2y —RHEHRIR)

(O~Visualization of Electrocatalytic Activities on Two-Dimensional
Materials by Nanoscale Electrochemical Imaging” Grant-in-Aid for
Young Scientists (A) (2016-19FY)

(O”Nanoscale Electrochemistry on Energy Functional Materials” MEXT
LEADER program (2017-21FY)

(O~”Development of ultra-high resolution electrochemical bioimaging
method to elucidate intercellular communication”, Grant-in-Aid for
Scientific Research (C) (2019-21FY)

O~Spatiotemporal regulation of organoid differentiation using a
microfluidic probe ”, Grant-in-Aid for Young Scientists (2019-20FY) and
others.

Awards

OKosuke Ino (Associate Professor) :Excellence in Reviewing for
Biosensors and Bioelectronics (Elsevier)

(OKosuke Ino (Associate Professor) :Young Researcher Award (MEXT)
O Akichika Kumatani (Associate Professor) :Young Researcher Award
(MEXT)

OKaoru Hiramoto (D1):Award of Tohoku Analytical Chemistry (The
Japan Society for Analytical Chemistry)

(ONoriko Taira (D1):Award from Dean of Graduate School of Engineering
(Tohoku University)

(ONoriko Taira (D1):Student Award of IMRAM (Tohoku University)
(ONoriko Taira (D1):Oral Presentation Award (isCEBT 2019)

O Tomoki Iwama (D1):RSC Poster Award (RSC-TIC 2019)

O Tomoki Iwama (D1):Award from Dean of Graduate School of Environmental
Studies (Tohoku University)

(OKentaro Ito (M2):Poster Award Gold (1st Academic Forum on Environmental
Studies)

(OKentaro Ito (M2):Best Poster Award (RSC-TIC 2019)

OKentaro Ito (M2):Excellent Poster Award (The 65th Annual Meeting of PSJ)
(OShodai Hino (M2):Best Presentation Award (CHEMINAS 40th)

(O Takato Terai (M2):Oral Presentation Award (isCEBT 2019)

OLiana Binti Mohd Zulkifly (M1):Poster Award (Joint Meeting of the
Tohoku Area Chemistry Societies)

A

—_— -

Fig.6 Our research featured on the
cover of Analytical Chemistry
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Sustainable Recycle Process

Environmental Green Process

RIEFEMNEBEEZTAE A DR

Green Process Development

Study

BIRAZIR-UFH—FR
Professor

Smith Richard Lee Jr.

BRD R AEBEETRDCHICBDEERDZIRILF—DLTIF, HIRICEDESCKBIRILF—ICL>THS
ReEoT. WIRRRICBL IV -V REETOERZRFE TSI EIFTE
EWEEZRRTEZH. TOCADSHREPREATOEREZENR TSI EHARERS, ACEDOMHR
MKy TCOz1 TAAVKE) ZFRROFDICHEZ. N\AATIEH, MREH. BEYDOVYAIIL,

NTEB, KEZBEILER
ETH D, ENEBEZHIETSIETKREZRILKRRIIEERBEIC
ETIE RERNREEETHS
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,
ERLE. ERFMINH D, FIZIEUHRETIEH. 1AVREE
BERF CO, ZAW /L O—XZRN\AIATYX (Z/LO—R, NI
O—X, UJZy) ORE-98#70€X (Fig.3) Z&FLTW3,
AAVBRIEBICNAARRZ B - RIGSE, BE-ENZRETZ
ETRBERR CO DY ZERIEL. BIRNICKRSERIORIG - 75
ZIT5BDTHD. 1AYVBREEEIENED TEWHRTANDR
HoBhNSK BERAME 7O ELTHFEIN S,

UMRETR. ECREANEOBREZAWVALEIRTAS LD
{EZ7OCROEHEICEEULTIHRZED TS, ZDEHBERFRR
k. HICBERR CO: L BERFKOIBRENATZHDTH S, EiF
Hicid. BREEKFTONAATR - TSRAFVY - j®ibk%R &
EHORERE. KAEGKICLZBERESRIEODMATOER. /\
ARL—MERZFIBULHERNKRERYRATANH S, 5D
HRIE. HERPORZELOHERAHAFTELTHITO>TWS,

Earth Refinery Concept

Buapess s el Waksr = Replace polar sohanty

Bupseritesl Carbon Diside T Repisce sospolar soivenis

Reactions Ha hawed Ercdicts
il .._ _I:-nu--
e [ ‘. Systems
Energy Bpaswben U o
and Materials [ Fopnge MO
Biomass ﬁik pacssn * 5 Soparations
Physical feedstocks ﬁ? “ruscion ¥ GO,

Prowwsimest,  Hi0

Transport

Banic Reasarch =™

Fig.1 Development of Sustainable Products and Systems.

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

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

B 3R B
Assistant Professor
Haixin Guo

Lab members

7=

(1) LW CO2 ZV—RIRILF—IR (h—RY=a—brIIBEK) OFREH

(2) \AATZRBEELEYDOBIRNT I /L ETcldKFRIEDTHD
FUWMEEYEDRIFR

(3) HEXRTHEAINTVWIEER
BWHULWESREDRE

(4) I\A A ZDE DR U WHEREM/ 1 A H—IR > i DRI F

(5) A ARKEEDHDFH L WREEAFLARBES LU D BEEDOREIL

(6) BERFTRAFIC LB HLWITRIOFEF

TI=2TIANTOLRA%ZEZS LT ERAVEEFEOLREEY 3R (YT 21—

A VHATIL, VA=) ([CEDWT B, ME RINSEHSBEOBEIRZITL.

BEMREMRZ TR —PRBIICERTZEVSIEHNEETH .

EFRT. FRRER

[1] AR, BMENBHLHFEERARZ, BREEAFICERZTo (K 3-4),
[2] RAZRBRENL—VTEBARATLKRRE, YL—Y7 FhTKRZICHEERE
To7z.

BRICE>TRDZT2MD

[3] 2th International Symposium on Agricultural Environmental
Protection and Sustainable Development, Sep 22-24, Tianjin (China).
[4] FEFRIZT. Dr. Chen Lin "UAREZHB UL,

[5] lligan Institute of Technology of the Mindanao State University
(Z4YE>Y) . Prof. Roberto Malaluan NS E%HR LT,

[6] Nature Communications & Applied Catalysis B: Environmental i
IS v BE SN (K 5-6),

Research

A green chemical process is one that sustainably transforms renewable raw materials
into products for society using safe, fast (efficient), and clean (non-polluting)
operations and methods. A green chemical process uses the fundamental principles
of Green Chemistry and Green Engineering and exists in harmony with the
environment. Students use their own ingenuity to conduct research on

(1) creating new COz-free energy sources (carbon-neutral electricity),

(2) developing new chemistries processes for selective amination or hydrogenation of
biomass-related compounds,

(3) proposing new safe solvent mixtures to replace the hazardous solvents used in
pharmaceutical industries,

(4) developing new functional biocarbon catalysts from biomass with hydrothermal
methods,

(4)creating new green synthesis routes and separation methods to produce biofuels,

(6) developing new materials with supercritical fluids.

Key to many green chemical processes is the conceptual idea for of converting
renewable materials into energy or products through the choice of solvents, catalysts,
conditions, and operations along with safety of safe materials and methods and

attention to the 3Rs (Reduce, Recycle, and Reuse) in each conceptual step.

International exchange and conference

[1] Prof. Smith and Asst. Prof. Guo gave invited lectures at Nankai University (China).
[2] Prof. Smith and Asst. Prof. Guo gave invited lectures at Nanjing Agricultural
University (China).

[3] Prof. Smith gave invited lectures at International Islamic University Malaysia and
University Putra Malaysia (Malaysia).

[4] Second International Symposium on Agricultural Environmental Protection and
Sustainable Development, Sep. 22-24, Tianjin (China).
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Rapid and selective amination of biomass-derived compounds
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Fig.5 Nature Communications, 10 (2019) 699.

Protonated polar additives for selective transformations
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Fig.4 Visit of Nanjing agricultural university

Fig.6 Applied catalysis B environmental 264 (2020) 118509
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EREE7OEZRASEMEE  Sustainable Recycle Process
EEME 7O XA%45EF  Material Process for Circulatory Society

ERRHAERIELL o
RIS 7 02 2 DR

Environment-friendly Material Processing

g a~wO7 - wIsq
Professor
Sergey Komarov

AR —TOMEENE. REFNROMRTOCRZRAEL. BRUEBERERRISZIETHS, COBNEERTBoHic. Y-
ERCROMREFALUTGRNBMH IO RZEET I EICHE T, WBHEBLBEINZYEICERNICIRILF—ZH#IET5, TX
IWF—ZHHIRTB2FENBKICRSNCFBTOELRICHUTE. COLSBYBEPRIBFFCENTH S, AARIIL—TOROHRISHEE
TIVEBESZ2L—2 30 THB, CORHTIE, BSLBLPEEHE. FIKLEBEVWSL7OLIAATO, 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.

EERENRALVEMAE Oty VY

BERIERFEPRE. BREOLSHHEEFPTOBERICERED®
MHBEINZGANBEROIRIL X —Z2 GBI IR ANICEESNn
%, AARTOEMIF. BERICEAELCRKRZHAEL. BREE.
Bk, HFERARICH T2 LD RN TG AR R LB YO 22 FH
T2IETHD, FHIC. YARETREREBEY I 2L —> a3V %F)
ALTFrET—yaryPEEREVSEKREABTLTWS (Fig.1. 2).
BHERANBEREBFUCRKICINSORKAPELET S, FrET—
VavRAIFBERICK > TEETZIN, ZOEEICERBRIRILF—
ZRHET 27, BRE B TOREFOESR P EFN T OIREDL S
B, kP TORYARICHIASN, flzE, BEREK7ZO—
AVIRIILYaY " EFENZFHLUWIA TOEEMHEERTES,
Al-Bi R—ZD7O—XAVIXILY 3> OHMMHEBDO—F% Fig.3 ICR
9 Blo7OYz /it BEREFYET—YavekhIIXV%
HAabEEEZRHEL., FIREVRIKLIBORIMREAEZBEREL
TW3, Fig.4 (354 MREEREMHEICH TS Rhodamine B O2EINER
ZRLTWS,
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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 ultrasound
to propagate through elastic mediums such as gas, liquids, and solids and
thus to transfer energy to places where it is needed. Our research investigates
ultrasound-related phenomena to develop more efficient and sustainable
processes for treating liquid metals, wastewater, and exhaust gases. In
particular, we investigate phenomena such as cavitation and acoustic
streaming through experiments and numerical simulation (Figs.1. 2). These
two phenomena arise when ultrasound waves propagate through liquid
phases. When cavitation bubbles collapse, they release huge amounts of
energy, which is used for fragmenting and dispersing solidifying crystals
and solid particles in molten metals as well as for decontaminating waste
water. For example, ultrasound makes it possible to fabricate a new type of
composite material called frozen emulsions. An example of the microstructure
of an Al-Bi-based frozen emulsion material is shown in Fig. 3. In another
project, we are investigating the combined effects of acoustic cavitation and
underwater plasma, aimed at developing a new, more efficient technology
for wastewater treatment. Figure 4 shows the degradation efficiency of
rhodamine B under various experimental conditions.

Fig.3 SEM views of Bi particles in aluminum created
by ultrasonic frozen emulsification

Bh# WWAE =th

Assistant Professor
Takuya Yamamoto

EHR FNR
Associate Professor
Noboru Yoshikawa

BHSZfAVCRE /MR70ey> 0 d

TARETIH. ¥r70OK (GHz) YE®N (kHz) sEiROEREKZ
FAALEMRTOEY YV JICDWTHREZTE>TWS, —fl&UT
BEBEOHRARRLCICETZVII ORMEEDRHIAZRBN
%, BBEORY—KKICE. MEBEEOREMEC, BEN
BRICEELRW, Yr7ORBHICEINEFE. SREMAFISERI.
BICBRRICMEDEL BTcth. ATy yaveebIChERRE
REYLIEHBFIND, CORBENT. ZOERMETELTH/
YA RXAZEIIEBNTFEEIIVIRADEEFRZMERL. GHz #i%
CBEFZZNSOFBEXEPEEXRDAE. SLUVAYORMBGRE
DREZITHE>TWS, Fig.5ITiF. REDHESER F TIIRVHY
245CGHz Y2 VI E—RFrET—ICBWTHELCEBRF/ £
VY RABEEROIAV DRMBEEICRIE Y EEBRTF O HEEDREK
FHERLTWS, RRRECEEHER. B TOER. MNERE
EDBRICOVWT, FMICHEZT>TWS,

RIERMZZBULCEBERE - MT7O0ER

FILZZULDVYA VN EEZR LESERIEZBNELT. UYA
I E>TBESN Z R ZFAI2EEZEHDHDIMR
ZiToTW3, BHEMICIK. ZILZZULBRSZHEBBERITZIET
T ZRESESR T TV I AZEEICHHS EHRIMPEME I
HOTHEITIRINEFDEZAHMEREZERITDRMARDIH
I, KZERBWRE. MEEERERR. 7L VAR HERR, X—
N=AvE1—9ZFfBAURBR7IIZIVLBEHE®YIaL—
2avE{To>TWS, Figb DLSICHIEYIaL—YavZfRATS
CETHMBERBERTOIRABERES AR BORBRIEZ R
AU, BEYESIAMERDIcHDIEFHZRL TS,
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Fig.4 Degradation efficiency of Rhodamine B through
acoustic cavitation assisted plasma (ACAP) with gas

Fig.5 Relationship between volume fraction of
metal particles and microwave heating rate of
injection two composite bodies.

Application of Electromagnetic Fields to
Environment/Material Processing

In our lab, fundamental studies have been performed on the application of
high-frequency electromagnetic fields to applications for material
processing. One example is the application of microwave heating’s
selective and rapid heating characteristics to detoxify exhaust gas from
motor vehicles. Upon the ignition of a car, the temperature of a ceramic
body for supporting metal particles is not high enough, and the catalytic
performance of the particles is expected to be high. Microwave heating is
expected to immediately heat the particles and realize their function at the
cold-start phase.

For these purposes, as the fundamental study, we measure the effective
permittivity and electric conductivity of composites consisting of nano-
sized metal particles and ceramics. We obtained the microwave heating
rates, as demonstrated in Fig.5, which shows the dependence of volume
fraction on the microwave heating rate at 2.45GHz in a single-mode
microwave apparatus. A detailed investigation is being performed on the
influences of the metal species and grain size.

Environmentally Friendly Metallurgical
Processing

To improve the recyclability of aluminum, there is a need to use more
secondary aluminum, which contains many impurities. We are developing
novel methods for mechanical stirring of molten aluminum, aimed at
better flux dispersion and more efficient removal of impurities. To achieve
these purposes, water model experiments are performed to investigate
fluid flow and mass transfer during aluminum melt stirring and casting.
Additionally, numerical simulation is conducted to investigate transport
phenomena in large-scale melting furnaces using a supercomputer. As
shown in Fig. 6, the relationship between gas—liquid interface deformation
and turbulent vortices during mechanical stirring was investigated by
numerical simulation, and directions for reducing the entrainment of oxide
film were developed.

Metal volume fraction / volSe

Fig.6 Snapshot of simulated free surface shape
and turbulent vortices during mechanical stirring.
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BRIRRI G HEI AR
RIENFFEDE

BARIE [CIE 9 5 Chemical
Engineering Technology D&l%

Innovative chemical engineering technologies for creating sustainable society

Environmentally-Benign Molecular Design and Synthesis

Ecomaterial Design and Process Engineering

EHIR KH 8
Associate Professor

Masaki Ota

MRDEERERMBEDFICEVTE, LECEREEFOFEBENMEAEINE IETARNDRIFAOHBERENBRZEINTE L, InicH
LEAIR. ROMDOEELED - BRYBORISICEIT T ZBILREDOME. TH/—)L. KEQTV—VBREZRAWCEERK. FICBRSE -
BERFAREONAIC LB RIFHANBEERMORAEICE T 2ICAMAZHEL TV, FICRIATIE. Hildebrand BREE/NZX—5Z AR
RUCIYVNOE—BBABRE/NIA—YZEHNERIC. EZZEBICEVWTHIRIRBEPERRREICAT RIS SBERZENE LT
RABRPERICEYOBEMFBEZAREE TS TERMORAEICE T BMRICDOVWTRIIMEIRO DR T —RFIFEZREEE T 5/ DARETF.
ZOREBMEREDHDOBEBRRILZ. BRFREHE - BRFAFEIERITOUSIRRDIODTOCAVATLAFICEWTHIHERREZ
ROTEfce INSDIARZEHET Z/cHDEBEZMISMLZTRICHD BREYEDHENSETIVEXTRR-BEROMWED SHRZED TS,

Green processing and engineering are required for the chemical engineering of pharmaceuticals, foods, beverages, cosmetics, chemicals, and so on. For

this purpose, we aim to use only non-toxic solvents such as carbon dioxide, ethanol, and water for extraction and separation processes, instead of harmful

or potentially toxic solvents. Recently, we developed an entropy-based solubility parameter—an extended Hildebrand solubility parameter—for high-

pressure fluids (sub/supercritical fluids) and have applied it to designing extraction and separation techniques in order to achieve sustainable green

chemistry. We are promoting these experimental and theoretical approaches based on chemical engineering to study and develop new environmental

sciences and technologies.

I hOE—-BBR@EE/INT X —5 DIsA

EERMAMORBRME MBI ZHRETTSHICHID. 1960 F
#IBEIC Hildebrand H¥2IB LT AMRE /(NS A—% (SPE) [FIEHTE
FRiEETH . hid. FFOERBEAIBTERICTVILN DRSS
IKLBITVMOE—Z b ZH/ETEDELREMBRBICED Y
THO, BABEDM. HHFMBORFRECECANSNTVNS,
CONFA—F3BE. EERERHBMOHE - DB IcEWTIREIRE
TTHERASNTERN BEICB>TEHG, BERE - BRARED
SSLEEEERECOLHETELLSICERNFEZHICERT
pzenTER (Figl)o COYIEMERE. SPIEEHIREDSH DENF
ETHDIENSI Y MNAE—ERERE/INTA—% (Fig.2) &&ffTTk
M COBBIHEINCEICLDEBRFHZUANSEREET
DOMENHRBNIEMTEELSICAD. HAITHRICETZREBEND
ZREKIBICHIRTER &S IC>Tce (PR 30OEEBRERER
¥ -EFRREEOTEND) SERZOERR EOXRIMEEZRST
TBHIENTES,

AH,, — RT

Hildebrand Solubdity Pararmater

5: ﬂS o E
5= avT' ar)

Frtrapy-hased Salubility Paramoter (Original)

Fig.1 Hildebrand solubility parameter (SP) and
entropy-based solubility parameter (eSP)

Application of our entropy-based
solubility parameter

The Hildebrand solubility parameter (SP) is useful for chemical engineering
processing, such as for extraction and separation techniques. Selecting
suitable solvents for production of targeted functional natural resources is
usually difficult for high-pressure processing.

Although the SP has been widely used under ambient temperature and
pressure conditions, we recently extended its value for high-pressure
fluids such as sub-/supercritical fluids (Fig.1). This parameter is termed
the entropy-based solubility parameter (eSP), which extends the regular
solution theory (Fig.2). Now that our thermodynamic property has been
made available, we can more easily predict high-pressure extraction and
separation processes and drastically reduce the economic and time costs
for trial-and-error experiments. Thus, people would choose these things
using the eSP as a tool for selecting a suitable solvent or mixtures for
designing high-pressure extraction and separation processes. These
contents are based on “The Commendation for Science and Technology by
the Minister of Education, Culture, Sports, Science and Technology: The
Young Scientists’ Prize (2018).”

2500 - - .
] | 2098.15K & 1013 kPa .
& | Water
— | 2000}
2|
Z(5 |
__:_'E-E £ 1=00f - E-h Melthannl
=15 I thano
B | Benzen ®
E 21000 F Toluene g Isopropancl
v F | m-hexaneg - Ethyl Acetate
o (2 ! -
B so0f
| | W Pong-Robdnson equation of state
ok . . . ;
i 0 M 30 40 %)
Hildebransd sclubility parumsser [MPa"]
SPI(d, )

Fig.2 Correlation between SP and eSP

B EERS AR BT DR

i, BRGEERREHAR TEGRNERSEDHEERE (ARE
ESERERE) OAUIFILERICRILTNS (Fig.3), 2013
FITE, COEBIEBLLESHRBBEEANTRI N TN S,
AVIFIT—F. EREOBEBEERZRNERY I Y—ICEDREIC
HHEITZEBZDODICH B, 2019 FiF. MYTIFRAVPIYRED
RAREREPLIC, BERRFEEICEDCERATEDBRICLD DB
MEICEHIBMREHELTE e, L. COEFHAEHEOTER
HRADEMEERX/\YT—JELTERLTWERWA, FEIEKRT
NIPFRNICEBERIESNDTREMENH DD DEHFL TS,

2019 FOMHRFE

FIBI2tEIZRICEVWTE 84 FRE LTV The 18th Asian
Pacific Confederation of Chemical Engineering Congress
(APCChE 2019). ZULTERmMBIZI¥RE 66 KRR ICSMUT.
RRY—%K%IT>7z APPChE 2019 Tld. HRAMAFZEDITZEHRE
BHEL 2 & EBFAN KD Excellent Poster Award ZZE Uz, %
MMT oV BA DEEEFIBEDBEERERDOIERD 1 6% Fig. 4 TR,

COEFMNDERETRH I EE DB IO CAORBELERT—
W7y 70EDHT 1T BERRAZBRICRETOEFBEDBHEED
HEECOWTINE TORMRANBTZREDH DI ENTE .

BEmX T, BIEFRXOKEER Tz Jasco Report ICHERSR
BED RO OBRBICOVWTHETIZEN TE T,

B9 3tZITESHRIZETIF. F27TEEFOREIF—ICT
BiEF#EEZT o,

Fig.3 Flow-type subcritical fluid separation apparatus

Development of flow-type subcritical
fluid separation

Recently, we developed a flow-type subcritical fluid separation apparatus
for separating colors, flavors, and so on from targeted natural resources
(Fig.3). The JASCO Corporation collaborated to make interlocking back-
pressure regulators and another related setup based on our time-
programming regulation concept. This year, the subcritical fluid separation
apparatus was used to separate hop extract and perilla components.
Although the apparatus has not been widely used in other research, we
would like to conduct PR activities to promote the green separation
processes.

Activities in 2019 (Publications)

[1]H. Komatsu, T. Sasagawa, S. Yamamoto, Y. Hiraga, M. Ota, T. Tsukada,
R.L. Smith, Fluid Phase Equilibria, 489, 41-47 (2019).

[2] S. Sato, M. Ota, Y. Sato, R. L. Smith Jr., H. Inomata, Fluid Phase
Equilibria, 489, 90-98 (2019).

[3] M. Ota, Y. Maeta, K. Sugahara, Y. Hoshino, S. Sato, Y. Obonai, Y.
Ueno, Jasco Report,61, 30-35 (2019). (Japanese)

[4] KEHER, FHIE, DB TROBRERERBELERT—ILT VT,
F2EE6H, X RHRITERIGS (2019).

[S] Y. Obonai, Y. Ueno, Y. Hoshino, M. Ota, Y. Sato, H. Inomata,
Kagakukogaku-Ronbunshu, 45, 238-243 (2019). (Japanese)

Vap or phase

12 MPa 14 MPa

16 MPa 18 MPa 20MPa

Liquid phase

14 MPa 16 MPa

Fig.4 Results of subcritical fluid separation from
Perilla at 353 K and different pressures.
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EISEIREHESESERE  Ecomaterial Design and Process Engineering

BIEMRIREEIS9EF  Environmental Materials Surface Science

BRESEHRICET S
R F / MR OREERETISE

Atomic-level design of next-gen, novel nano-materials for eco-friendly scociety

] ‘
wiE AELEE

Professor
Toshimasa Wadayama

RIMRDKRUERERICAIF T, BEETZHRMRORA L ZOHER LRIRREDORKIMRETHD, ZOLODRBEFNKHSNTWNS,
IEMRIEGICENE. EBYES. BIEYPRRRIMBREIICS TZKRPERRGEOHETIRARINZERNICERITZLDITIE. &I
KRPMERFEDOFENTARTH S, MEFEEZORISHETIZMRRAOREGE (MA) OHBRERICIE. MRREZRFLANILTEE
REIDIDENH D, AMEDHTIE. LRESh (well-defined) EBPATORERREICMNZT, BERBLUILFT/ HFZERMED
EFILEL, BEEZE (UHV) TIREFZDFRIEYF> (MBE) EVPF—U 75X (APD) EZBELTREARLT. Z0BETiiz
EEZ7A—JBEME (SPM), EEBZBEFEME (STEM). X BABF O (XPS). BFEAAVEED Y (LE-ISS) BREDKRERIFNFIE
ZAVWTEANICIT>TWS, ZOLET. ARETIEOREERILIAN) —PAY SV ESILEEE DT (OLEMS). EEERILFER
#% (SECM) ZAWTFHEL., RIERNBEBMBIRRAICAET o/ BEREHEHZHEL TSI EZBELTWS,

Comprehensive understandings of surface reactions on nano-sized metal- (alloy), oxide-, and carbon-related materials are essential for developing novel
nano-materials with superior catalytic properties. Our approach to this subject has included i) preparations of well-defined single-crystal surfaces and
nano-particles of alloys and metal compounds through dry processes (molecular beam epitaxy [MBE] and arc-plasma deposition [APD]) in ultra-high
vacuum (UHV) and ii) electrochemical evaluations of the catalytic properties of UHV-prepared nano-structural catalyst models used to develop practical
electro-catalysts. We have routinely use UHV-MBE, UHV-APD, scanning probe microscopy (SPM), scanning transmission electron microscope (STEM),
X-ray photo-electron spectroscopy (XPS), low-energy ion-scattering spectroscopy (LE-ISS), electrochemical (EC) voltammetry, gas-chromatography
(GQ), on-line electrochemical mass spectrometry (OLEMS), scanning electrochemical microscopy (SECM), etc., to clarify the nano-materials’ surface
reactions. We believe our research accomplishments will be directly linked to realizing the next-generation hydrogen society.

F<RESNICET IVAERAOBRRET RN

BEma FRMEER (PEMFC) hY—RTEITISERRETR
It (ORR) O ERFICAEIT. PtEEEF/RFOEREZDRFME
ICET2AENEANICITONTVWSD, ORR XAZXLDREHRICIE,
BN AR E MRS/ BEEDOBRRZERFLANILTHSHNICT S0
ENH D, BE. WYV—RAITRE Ptz /X (E£{LTR) A7+
/HIFH ORR i E LTHBAMICHREINTWVS, LHL. &KE
EEOI7OBEE MEBEORREICOVWTIIREBROEIGS
Vo FAARETRBEEZ (~10° Pa) PICEVWTET /LA % SHE
AL, ZORHRICEDEATNS,

Oxygen-reduction reaction on a well-defined
model catalyst’s surface

Pt-based alloy nanoparticles are effective for low-noble-metal content
oxygen-reduction reaction (ORR) cathode catalysts of proton-exchange
membrane fuel cells (PEMFCs). To obtain a comprehensive understanding
of ORR mechanisms, complex nano-structures of the practical Pt shell/
Pt—M core catalysts should be modeled and investigated. In this year, we
have fabricated Pt/X hetero-layered nanostructures on a clean Pt(111)
substrate, as a model of Pt-shell/Pt-X-core nano-particle catalysts, through
vacuum depositions in UHV (~10-8 Pa) and investigated the ORR properties
(pristine activity and durability) of the prepared catalysts.

(O We discussed suitable locations for alloying Ir to enhance the ORR
OPtyz)L/PdI7MEOHMAKB EICAIT, BEEZEH

(UHV;~10® Pa) THEE L] Pt/PA(111) RERZERRE L. Ir K0

properties of the Pt/Pd(111) model core-shell nano-structures. Fig. 1
clearly shows that the ORR activities of Pt/Ir/Pd(111) and Ir/Pt/Pd(111) are

= I I = °r "= @ zanm
> 4 My o) == ZiidBam —— 20 Bam
= iy . i = 4 = W= Zri.linm ]
W =~ Fr32
w3 e e T Eﬂ- e & P ]
oy A s o o a
£ . =_-—--i:::gf.': =
G2 N 52 L3 = = SEES SEE
[ .
< | —=—PUINPA(111) = E
E 11~ e IPYPA(111) ~] oo o
Ze [ PrPAITY) =,
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Cycle Number Cycle Number

Fig.2 ORR properties (activity and durability) for the Pt(111)/
Pt-Zr(-N)(111) model catalysts.

Fig.1 Influence of Ir addition to the Pt/Pd(111) bimetallic
system on ORR properties (activity and durability) for the
Pt(111)/Pt-Zr(-N)(111) model catalysts.

a7 T

EHIR JEA
Associate Professor
Naoto Todoroki

Group Photo

BV ZORMMUIED ORR FHICRIFIHEERT U, ZDORR
% Figl lcE &, Ir ZREAICEBLRE Ir/Pt/PA(111). BLUFR
HICEREUT Pt/Ir/PA(111) ®Wdhe, ORR FIEEMEL A LT S
EEBICBNTAVIETROFEET TGS TED, &<IC#k
HDIr BN B THD M bh ol

O PtOERETRELTREBRRP TRERIILITS Zr ZEDH I
ZDER‘EEREEZZE(SETPL111) Y I)LOTEICEE L Pt/
Zr-X/Pt(111) = Pt & Zr DREHEBICEDTEER L. Z£D ORR
FiEERHEU, Wl STEM BEH S5 Pt-Zr(-N) 2B Pt(111)
ERECIEYFVPILERLTED, |&RFREICIE Inm EEED
Pt(111) Yz LBA B ENTWS L ZER Ulco 1ERULEETIL
AR DEM - A Z Fig.2 ICXR &M, Zr PE1L Zr IZ ORR &M%
WAL ZEMILT BTTH - LEWTH DI LN DN B,

ATV L ZAMEEREDBRRFREERID

KERICLDKREERICT/— N TIRERFEERIG OER MY ST
9%, OER BEEERICAE T ATV LARMEBOIRET SN TVBHY
BBRICEITZRERICRREDEEPHERIEKREBEATH S, 22T
FZILAYBRRICETS SUS316 A7V LAERKRED OER HKrIEFF
fifi. £RIIRICHREDEERITZT o> Fig.3 ICRILSIC,
Fe-Ni AR REED OER ICHULTHEMTHZ I Db,

wR7OJz I, RE

NEDO f&#EQE LRI, NEMABMPSEEME (B).
hIY - BEEVTA—EEREDHRLIMAEZEREL. BXBLT
FRRERET oI, #IFHE LI MRAMEEME. TRIVEE 5
SEMERABEMEBREERE U, Fie. FERZERBEBES LT
ERRBLCEVWTZENZTN 2HHLV 15 ORRBEZTV. 517
HoEZER UK (Fig.4).

CCE-10h

hydtaxide-nanahbe

thin hydioache
nanodibens

dense nanofibers

OER activity

Fig.3 Growing schematics of Ni-Fe hydroxides/oxides hetero-
layered nanostructures on the stainless-steel substrate during.

enhanced by ca.x3 and x4, respectively, relative to Pt/Pd(111). Furthermore,
the Ir-added Pt/Pd(111) is durable against potential-cycle loadings,
indicating that adding Ir, particularly for Pt/Ir/Pd(111), is effective for
improving the ORR properties (pristine activity and durability) of Pt-
shell/Pd-core-type catalysts.

(O We fabricated bimetallic Pt/Zr/Pt(111) and Pt/Zr-N/Pt(111) surfaces
through alternate arc-plasma depositions of Zr (in vacuum and 0.1 Pa N,
atmosphere) and Pt (in UHV) on the clean Pt(111) substrate and
investigated the ORR properties. The cross-sectional STEM images for
the prepared Pt-Zr and Pt-Zr-N model catalysts showed that the ca. 1-nm-
thick Pt(111) shells can be fabricated on the Pt-Zr(-N)(111) alloy layers.
As shown in Fig.2, the ORR properties for the Pt/Zr/Pt(111) and Pt/Zr-N/
Pt(111) are clearly enhanced versus those of Pt(111), indicating that Zr and
its nitride are effective as the alloying elements (compounds) for Pt-based
ORR catalysts, with excellent activity and durability.

Oxygen evolution reaction (OER)
on stainless-steel electrode surfaces

Water electrolysis is considered indispensable for the mass production of
hydrogen. Stainless-steel electrodes are investigated to reduce the
overpotential of OER, although the morphological and compositional
changes to the electrode surface during electrolysis have yet to be clarified.
As shown in Fig.3, the SUS316 electrode surface, comprised of hetero-
layered Ni-Fe hydroxide/oxide nanostructures, is effective as the anode of
alkaline water electrolysis.

Research project, patent and award

We have performed for the NEDO, JSPS KAKENHI, and the Toyota
Mobility Foundation projects, and the results have been published in several
papers. N. Todoroki received the NF Foundation and Harada Research
Encouragement awards. Furthermore, our students have presented two
papers in international conferences and 15 papers in domestic conferences
and received seven awards (Fig.4).

1@ 4 Mm

Fig.4 Certificates of academic awards.
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SEHESEEE  Collaborative Divisions

EISESMEEISIS S B (HAS kTS tt) Process Engineering for Environmentally Adapted Materials
(Nippon Steel Corporation)
2

RE - RIDGEEEERFHDOEERMZE L T,
Rl RE R L R ICEE

Development of manufacturing technology for safe and secure
high performance steels contributing to sustainable society

EREKAEREERREVTHRIBANSHIESND, INSOREBIEIFERLULERIC. RITvTIcEhT, BEHKRBICRS NS, HKISME
SBFEAVATRBREICPELDWRTSH 2, ARICHKHASEETRZRRENCEREIRXILF—IALET, HIKREICAZ<HELZOT REA
HEERITDIENDETH D, RETRESSICEXPKEREDKZBICHM TEDBRERMM BN EREINTNS, B> FERAIRERT
SVPEEZEEITZILZEMELT COBETRRRICEINT 2HICEE RUBERELEEMBEZOEETOEA EHRFIEZREL.
HERZEAWVCERARLOSEERRDOAY Y NEED Ve RBERRICEDISAMELBELREBEZIT>TWS,

High-performance steels are made primarily from iron ore. At the end of steel products’ lives, they are scrapped and recycled as raw iron resources. Iron is
therefore a reusable and environmentally friendly material. The steel manufacturing process, however, requires large amounts of resources and energy and
affects the environment worldwide. It is therefore necessary to reduce its environmental impact at all stages of production. High-performance steels, which
can effectively resist disasters, including earthquakes and floods, are in particularly high demand. We aim to establish a sustainable society and industry,
so we are studying safe, secure environmentally adaptable materials and their production processes, as well as related social systems. We undertake
education and research via a fundamental study that applies computational science and application research to large-scale experiments owing to resources
of the company.

HIE0RE - il SRIBERREEERAMKMET R

FicBld. MR THSEFREDLLICERT 2EELLEICEN
AR EERERGEDLSIC, HIRREZRARREL S
SR ZERENSEETZ /O CAOMRRAEETOTND,
ZhIEEETES = SDGs (Sustainable Development Goals, ##
AR RFEREE) ICHEET D, —AT B BREWRAZOH
HERZENE LT, —EERETIE. BEBERSKMMEHCIKRRY
FvTEVTAVILLTHESNZBIFMOEREZHERLTWS, R Ty
Th SREEIFICHRENRERAXBREDRMYHEATZDT, 8%l
BROERAMRICZOISBERNIRIEFTEEZHSMILTHL
CENBEYDREUZIBRIZSIZATRETH D, AXIFEIRD
ZAmE (IREAM) OHEEELLHELSES (Fig.1), S5ICHEER
HEDMEICRIFIRADEZEZERL L. RROBEMEIBMICELD
FEICHNR, ZXDFEF 1/9 BEICHYET 2,

Structural steels for safe and secure society
adapting to the environment

We have been developing high-performance steels, such as highly ductile
steels for shipbuilding with excellent crashworthiness, that prevents marine
pollution, from the blast furnace process. This complies with the United
Nations’ Sustainable Development Goals (SDGs). Some authorities
promote the use of electric furnace steels for building structures, which
utilise recycled iron scrap in order to reduce greenhouse gas emissions.
Since impurity elements (e.g., Sn), which are difficult to be reduced via
refining processes, are introduced to steel products from scrap, their
influence on application performance must be carefully identified in order
to secure the soundness of steel structures. We showed that Sn apparently
deteriorates toughness in the plate thickness direction z (Fig.1). We also
quantify the engineering factors how Sn’s influence on weld heat affected
zone toughness. The magnitude of the influence of the unit increase in Sn
on HAZ is in the order of 1/9, compared to that of carbon.

§ — - 0= L (1/4)t --A=-L (1/2)t f,r’
- 140 | | ocm -o-cam " Ba
8 E 120 L=e=z | e - ] =
o o 400 0 s s Lo .
fo) 8 = o Extrinsic SF type  Perfeét crystal
% = 80 ] La o
< © = M, .5, ) YoM
® ~ 60 = 0 fam ‘G\
= S 40 Extrinsic SF ’

% = Deformation SF type
le: g 20 L: Rolling Direction, C: Plate Width Direction .
o Z: Thickness Direction o o5 48 P
|_ 0 L | L | L
0 0.1 0.2 0.3 Deformation SF \
T
c -1
Sn concentration (mass%) 1 04 o a5 N
30

Fig.1 Influence of Sn on toughness of steel. Fig.2 ANNNI phase diagram for SF.

289

FEHR I AF HXEHR FORAE TEHR WA B
Professor Professor Professor
Kazutoshi Ichikawa  Koji Moriguchi Masaru Matsumura

EERINY 71 T OREBICET 5 ERYIETE

RESFRFHOBREMRE UV TCEEINS Mg ¥ Al E03 EHESR
BrRidE. SMRHCHE T30 - ZDMRIEZSH DEREMMITRE
LTHHMENZTHRRTHD. MgAETIE. BESZE (RUY1)
ENR—RETBIY OB LPSO i, ¥V U/ REBIEBBORR
EVWSTEHFH ULWHRRIZMM BN B ELI SRESh. EEMRIEL
TOEALDHES5T, thOMEITOEERIHADOERRICOHRHI D
ZEBHFINTWS, KUY TIE. BEXRREDTFOI—HES
NEHRALORE—EEZZIENTES, BEBXRMEICEEATS
EHEEEMRIOIFIERRREER L, HEsEMINTREFERT
BDHUWIL—NZERTDedIc, BRIGIEHREEITR DRI
BICEI2ERIMEET> VWD, F—FREFTEE ANNNI (Axial
Next-Nearest Neighbor Ising) E7/LZFfA U ERTH S,
RUYA THERICEFT2REOEETRIG. BEEBEEROBRRNS
BENICHETES LMD o (Fig.2),

RIRY A MEEA ZEER U fcBeE S s

ERERNICEVT, BRICEHKRELTYIRYA MEAICER
L. AREPHI-—IRAEERREICE>T, REHFETES LV
AEREORANREY TN T RRY DR EF. BFEMIC
. YTRIANEAES AlOs iAH S TER ICBHER/NROE
AIRZRRF TENT 2D EERLED MR Z RERERRDBERE R
TEFHHEL. UTOMEZRFc, (1) LEFEENZRAITD L. il
SRR DDA AV RAE SO =MD KA A EMH RSN
INREYTRIANEADBRILREZBHRY 5. (2) FEimihEfd.
SILAEIHE. [FLEMEE. SYHELEORRDEOR#ER
Ufe (Fig.3)o (3) E&E (1) (2) &b, BRRGIMFEIN YT RS A Mk
ARtz REL. ZORIEBERICEIDBER L SLVETEOR
PRI T A MERICIE O W e,

Ordinary ImprovEment
: 1)Large

pore
2)Magnetite

&CF
1)Smiall

3)Skeletal
Hematite

Fig.3 Sinter microstructure.

Theoretical study on the formation mechanisms
of metallic polytypes

Nonferrous metallic elements such as Mg and Al, which are attracting
attention as lightweight materials for reducing environmental load, are
also known as functional chemical elements that enhance the corrosion
resistance of Zn plating on steel. Notable material science knowledge, such
as about synchronized long-period stacking-ordered (LPSO) structures
(i.e., polytypes) and their kink-band strengthening mechanism, has been
discovered and accumulated in Japan. The knowledge of recent Mg-based
alloys is therefore expected to be not only adapted for practical applications
but also used for horizontal development, to create new functions in other
materials. The polytypes can be considered as heterogeneity in materials,
with the analogy of stacking faults (SFs). In order to understand the various
phenomena of high-performance structural materials resulting from
stacking faults and to explore new routes for using functional chemical
elements, we have theoretically investigated the mechanisms of the
functional development of nonferrous metallic elements. Based on first-
principles analyses along with the axial next-nearest neighbor Ising
(ANNNI) model, metallic elements of the parent phase in the polytype
formation can be reasonably classified, from the perspective of interlayer
interactions (Fig. 2).

Sinter structure control using magnetite ore fines

A laboratory-scale study suggested the possibility of improving the
reducibility and strength of sinter through magnetite fine separated from
limestone and coke fine in a sinter-packed bed. Specifically, a separate
granulation method was examined, in which magnetite ore fines and high
Al,O; iron ore were blended with the minimum amount of quicklime
necessary for granulation in the separating granulation route. The
following findings were obtained: (1) the separate granulation system
shown above decreases ferrous (Fe*”) oxide and increases ferric (Fe®")
oxide in sinter. These findings indicate promoting the oxidation of magnetite
ore. (2) The sinter structure has restricting pore integration, low pore
circularity, and fine minerals, which were matched with melt suppression
during sintering (Fig.3). (3) From (1) and (2), melt suppression promoted
the oxidation of magnetite ore. Then, increasing heat generation by
oxidation reaction caused higher sinter strength, and forming oxidized
fine hematite mineral caused higher sinter reducibility.
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MEHESEEE  Collaborative Divisions

WERIRIEZEEHE9SE (ERIEMZSAT) Global Environment (National Institute for Environmental Studies)

JH—NIVBAK[EIREPRRBROEILZIRZ S

Observation of Global Atmospheric Environment and Carbon Cycle Changes

LBETEHIRREOARRELZHICBEDLEIAKMMZERD DAHPREBEZTNT2EARM. BRICEITERRNIOBFAEKIM,. 25
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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.
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Fig.1 Time series of the ratios of HCI (dark or light blue), CIONO: (yellow), and C10
(red) to total chlorine (Cly*) over Syowa Station at 18 km in (a) 2007 and in (b) 2011.

Analysis of chlorine species over Syowa Station,
Antarctica, using FTIR, satellite data, and
chemistry-climate model results

We made solar infrared spectroscopic measurements using ground-based
Fourier-transform infrared spectrometer (FTIR) at Syowa Station,
Antarctica, in 2007 and 2011. Vertical profiles of minor species, such as
0s, HCI, and HNOs, can be retrieved from FTIR spectra. We analyzed
temporal variations of chlorine species related to the Antarctic ozone hole,
in combination with satellite measurements from Aura/MLS and Envisat/
MIPAS (Fig.1). As a result, a negative correlation was found between C10
and CIONO; in the winter polar vortex. This negative correlation was
associated with the relative distance between Syowa Station and the edge
of the polar vortex. We used MIROC3.2 Chemistry-Climate Model (CCM)
results to investigate how whole chlorine and related species behave inside
the polar vortex in more detail (Fig.2). Continuous loss of HCI in the
winter polar vortex core, which has not been reproduced by foreign models
to date, was successfully modelled in MIROC3.2 CCM. This continuous
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Fig.2 Polar southern hemispheric plots for temperature,
03, NO, HNO;, CIO, HCI, and CIONO: by a MIROC3.2
chemistry-climate model at 50 hPa.
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Fig.3 Observed data and the fitting curves of atmospheric CO»
mixing ratio at 3000 m (top) and at the tower (bottom).

loss occurred due to both the transport of CIONO, from the subpolar
region to higher latitudes, providing a flux of CIONO; from more sunlit
latitudes into the polar vortex, and the heterogeneous reaction of HCI with
HOCIL The temporal variation of chlorine species over Syowa Station was
affected by both heterogeneous chemistry related to polar stratospheric
cloud (PSC) occurrence inside the polar vortex as well as the transport of
a NOx-rich air mass from the polar vortex boundary region, which can
produce additional CIONO, by CIlO reacting with NO.. The deactivation
pathways from active chlorine into reservoir species (HCl and/or CIONO>)
were confirmed to be highly dependent on the availability of ambient Os.
This research was accepted in Atmospheric Chemistry and Physics,
published by the European Geosciences Union (EGU).

Variations in atmospheric CO,
over Yakutsk, Siberia

Observation of atmospheric greenhouse gases has been conducted since
2017 using air sampling by an aircraft and a tower over the Spasskaya Pad
forest research site near Yakutsk, Siberia, in a collaboration with Institute
for Biological Problems of Cryolithozone (IBPC), Russian Academy of
Science. Air is sampled once or twice a month at altitudes between 100 m
and 3,000 m by aircraft and at 20 m or 30 m at the tower.

Fig.3 shows the observed data and the fitting curves of the mixing ratio of
atmospheric CO, at 3000 m and at the top of the tower. High-frequency and
high-quality observations have been available after 2018. Fig. 4 shows the
fitting curves and trend curves for CO,. The averaged seasonal amplitudes
derived by fitting curves were 20.3 ppm at 3,000 m, 23.3 ppm at 2,000 m,
31.4 ppm at 1000 m, 32.6 ppm at 100 m, and 38.8 ppm at the tower. These
extremely large amplitudes represent the typical features for a continental
interior with highly active vegetation. Small maximums were found in not
only spring but also late autumn or early winter below 1,000 m. The
planetary boundary layer in this season is thought to be influenced below
this altitude. Since there is no vertical difference in trend curves over
1,000 m, CO; emissions and absorption are balanced around Spasskaya
Pad. We obtained the characteristics of variations in atmospheric species
over the forest area for not only CO,but also CHs, N>O, SFs, CO, and H».
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Fig.4 Fitting curves (top) and trend curves
(bottom) for CO: mixing ratio.
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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 in promoting environmental education and our
university’s research activities, as well as various projects in coordination with the area or with industry, academic, and governmental organizations, its aim is
to apply the results of environmental studies to society. The Graduate School of Environmental Studies works on up-to-date studies that are deeply related to the
environment, namely global warming, symbiotic relationships with nature, energy, and resource recycling. Since these study fields are closely related to people’s
lives and values, it is important for us to coordinate studies among different fields and systematize study results while proceeding with individual studies.
Also, the ERPC is accelerating its environmental studies and projects to materialize actual application of study results to society in coordination with area
organizations as well as industry, academic, and governmental organizations. At the same time, the ERPC makes positive efforts through publicity activities,
promoting environmental education, and spreading study results.

In FY2019, two interdisciplinary research groups were set up at Tohoku University (Interdisciplinary Studies of Novel Values on Energy for Sustainable
Development Society, Dean: Prof. Tsuchiya; TU-TRIPS: Tohoku University Transdisciplinary Research Initiative for Plastic Smart, Dean: Prof. Matsubae). The
ERPC also has a secretariat role. In FY2019, the Tohoku University SDGs Symposium was held to disseminate information on the groups’ societal activities.
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Cooperation with Miyagi Prefecture

The Graduate School of Environmental Studies has had a cooperation
agreement with Miyagi Prefecture since 2004. A roundtable discussion
with the Environmental and Community Affairs Department, Miyagi
Prefectural Government, was held in June. In addition, the ERPC
continued its 2018 research entitled “Research to construct a recycling
system for rare metal and precious metal.”
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Fig.2 Signing ceremony of GSES — Wadomari Town
partnership agreement

Fig.3 Signing ceremony of GSES — China Town
partnership agreement

Fig.1 Signing ceremony of GSES — Higashi-
Matsushima City partnership agreement
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OERICHB AL, FeSE, BRERMREMVERSEINAETA
SCHBETE ZnZNEEREZ S U (Figs.1-3). 10 BICH
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KiEE 1T o1 (Fig.d),.
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Fig.4 SDGs symposium in Higashi-Matsushima City

(October 2019) (November 2019)

Fig.5 Tohoku University SDGs symposium

Cooperation with Sendai City

Our graduate school has had a cooperation agreement with Sendai City
since 2009. In June, an information exchange meeting was held with the
Environmental Bureau of the City of Sendai. As one of the activities based
on the cooperation agreement, ERPC participated in Eco Festa 2019, held
in September, and introduced the activities of the Graduate School of
Environmental Studies at Tamaki-san salon.

Cooperation with Senboku City (Akita Pref.),
Higashi-Matsushima City (Miyagi Pref.), and
Wadomari and China Towns (Kagoshima Pref.)

The Tsuchiya Laboratory was entrusted with the research project
“Demonstration experiment of hydrogen production from waste aluminum
and Tamagawa Hot Spring acid water” by Senboku City, with which our
graduate school has concluded its 2017 cooperation agreement. The ERPC
also cooperated in preparing the application and the experiment for this
research project. This year, our graduate school has concluded cooperation
agreements with Higashi-Matsushima City and Wadomari and China
Towns (Figs 1-3). At the SDGs Symposium in Higashi-Matsushima in
October, Assistant Prof. Oba served as the coordinator of a panel discussion
(Fig. 4), and the ERPC has been promoting the SDGs.

Symposium for Interdisciplinary
Research Base

The Interdisciplinary Studies of Novel Values on Energy for Sustainable
Development Society was recognized as an interdisciplinary research
group in April 2019. The kick-off symposium was held the same month.
In addition, TU-TRIPS:Tohoku University Transdisciplinary Research
Initiative for Plastic Smart was certified as a group in October 2019. The
kick-off symposium and the Tohoku University SDGs symposium were
held jointly with the Japan Science and Technology Agency (JST) in
November 2019 (Figs.5 and 6). Through this symposium, we were able to
disseminate Tohoku University’s overall efforts to society.
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Fig.6 Tohoku University SDGs symposium
(November 2019)
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@ Highly Crystalline Single-Walled Carbon Nanotube Field
Emitters: Energy-Loss-Free High Current Output and Long
Durability with High Power. [ACS Applied Electronic Materials, 1,

2019, 163-171] Norihiro Shimoi, Yoshinori Sato, Kazuyuki Tohji
@ Work function, carrier type, and conductivity of nitrogen-

doped single-walled carbon nanotube catalysts prepared by
annealing via defluorination for efficient oxygen reduction
reaction. [Carbon, 142, 2019, 518-527] Kaji Yokoyama, Yoshinori
Sato, Masashi Yamamoto, Tetsuo Nishida, Kenichi Motomiya,
Kazuyuki Tohji, Yoshinori Sato
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@ Adhesion behavior of microorganisms isolated from soil on
hydroxyapatite and other materials. [Appl. Biochem. Biotechnol.,
187, 2019, 984-993] Masanobu Kamitakahara, Shohei
Takahashi, Taishi Yokoi, Chihiro Inoue, Koji loku

@® Experimental and computational study on sintering of
ceramic coating layers with complex porous structures.
[Journal of the American Ceramic Society, 103, 2020, 2035-
2047] Sota Terasaka, Hideaki Matsubara, Takashi Shirato,
Masanobu Kamitakahara, Taishi Yokoi, Norio Yamaguchi, Byung-
Nam Kim

@ Inhibition Effect of Ti (C,N) Particle Dispersion on Grain
Growth of WC-Co Cemented Carbide. [Materials Transactions,
60(5), 2019, 785-792] Masayuki Takada, Hideaki Matsubara,
Yoshihiro Mori and Tetsushi Matsuda

@ Theoretical analysis of experimental densification kinetics
in final sintering stage of nano-sized zirconia. [Journal of the
European Ceramic Society, 39, 2019, 1359-1365] B.-N. Kim, T.S.
Suzuki, K. Morita, H. Yoshida, J.-G. Ki, H. Matsubara
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@® A multifunctional rhizobacterial strain with wide application
in different ferns facilitates arsenic phytoremediation.
[Science of the Total Environment, 712, 2020, 134504-134514]
Chongyang Yang, Ying-Ning Ho, Ryota Makita, Chihiro Inoue,
Mei-Fang Chien

@ Chlorinated benzenes and benzene degradation in aerobic
pyrite suspension. [Archives of Environmental Protection,
45(1), 2019, 115-125] Hoa Thi Pham, Inoue Chihiro

@ Classification of coal fly ash based on pH, CaO content,
glassy components, and leachability of toxic elements.
[Environmental Monitoring and Assessment, 191, 2019, 358-
368] Tsugumi Seki, Yasumasa Ogawa, Chihiro Inoue

@® Comparative geochemical evaluation of toxic metals
pollution and bacterial communities of industrial effluent
tributary and a receiving estuary in Nigeria. [Chemosphere,
227, 2019, 638-646] Ganiyu O. Oyetibo, Keisuke Miyauchi, Yi
Huang, Wakako lkeda-Ohtsubo, Mei-Fang Chien, Matthew O.
llori, Olukayode O. Amund, Ginro Endo

® Cupriavidus basilensis strain r507, a toxic arsenic
phytoextraction facilitator, potentiates the arsenic
accumulation by Pteris vittata. [Ecotoxicology and
Environmental Safety, 190, 2019] Chongyang Yang, Ying-Ning
Ho, Ryota Makita, Chihiro Inoue, Mei-Fang Chien

@ Efficient nitrate removal from water using selected cathodes
and Ti/PbOz anode: Experimental study and mechanism
verification. [Separation and Purification Technology, 216,
2019, 158-165] Xufeng Rao, Xiaolin Shao, Jie Xua, Jin Yi, Jinli
Qiao, Qingyu Li, Honggiang Wang, Mei-Fang Chien, Chihiro
Inoue, Yuyu Liu, Jiujun Zhang

@ Enhanced degradation of polycyclic aromatic hydrocarbons
(PAHSs) in the rhizosphere of sudangrass (Sorghum x
adrummondii). [Chemosphere, 234, 2019, 789-795] John
Jewish A. Dominguez, Hernando P. Bacosa, Mei-Fang Chien,
and Chihiro Inoue

@ Enrichment and analysis of stable 1,4-dioxane-degrading
microbial consortia consisting of novel dioxane-degraders.
[Microorganisms, 8, 2020, 50-60] Tanmoy Roy Tusher, Takuya
Shimizu, Chihiro Inoue and Mei-Fang Chien

@ Hydroponic approach to assess rhizodegradation by
sudangrass (Sorghum x drummondii) reveals pH- and
plant age-dependent variability in bacterial degradation
of polycyclic aromatic hydrocarbons (PAHSs). [Journal of

Hazardous Materials, 387, 2020, 121695-121705] John Jewish
A. Dominguez, Chihiro Inoue and Mei-Fang Chien

@ Identification of a novel arsenic resistance transposon
nested in a mercury resistance transposon of Bacillus sp.
MB24. [Microorganisms, 7(11), 2019, 566-576] Mei-Fang Chien,
Ying-Ning Ho, Hui-Erh Yang, Masaru Narita, Keisuke Miyauchi,
Ginro Endo, Chieh-Chen Huang

@ MerB3, an organomercurial lyase of Bacillus as an antidote
against organomercurial poisoning. [Journal of Environmental
Biotechnology, 19(1), 2019, 73-80] Mei-Fang Chien, Ying-Ning
Ho, Hui-Tzu Lin, Kuo-Hsing Lin, Ginro Endo, Chieh-Chen Huang
@ Phosphorus- and iron-deficiency stresses affect arsenic
accumulation and root exudates in Pteris vittata. [International
Journal of Environmental Science and Development, 10(12),
2019, 430-434] Chongyang Yang, Mei-Fang Chien, Ying-Ning
Ho, Chihiro Inoue

@ Simultaneous removal of lead(ll) and nitrate from water at
low voltage. [Journal of Water Process Engineering, 32, 2019,
100940-100940] Xufeng Rao, Qingyu Li, Chihiro Inoue, Irshad
Ahmad, Jin Yi, Yuyu Liu, Jiujun Zhang

@ Simultaneous removal of lead(ll) and nitrate from water
at low voltage by using aluminum and iron electrodes.
[Chemosphere, in press] Xufeng Rao, Xiaolin Shao, Jinli Qiao,
Honggiang Wang, Qingyu Lid, Jiawei Sheng, Mei-Fang Chien,
Chihiro Inoue, Jin Yi, Yuyu Liu, Jiujun Zhang
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@ Acceleration of hydrogen production along water-olivine-
CO: reactions via high-temperature Fe(ll) release. [International
Journal of Hydrogen Energy, 44(23), 2019, 11514-11524] Wang,
Jiajie; Watanabe Noriaki; Okamoto, Atsush; Nakamura, Kengo;
Komai, Takeshi;

@ 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, 60(2), 2019, 329-
358] Higashino, F., Kawakami, T., Tsuchiya, N., Satish-Kumar, M.,
Ishikawa, M., Grantham, G.H., Sakata, S., Hirata, T.

@ Cloud-fracture networks as a means of accessing superhot
geothermal energy [Scientific Reports, 9 (Article number: 939),
2019] Noriaki Watanabe, Kiyotoshi Sakaguchi, Ryota Goto,
Takahiro Miura, Kota Yamane, Takuya Ishibashi, Youging Chen,
Takeshi Komai, Noriyoshi Tsuchiya

@ Enhanced hydrogen production with carbon storage by olivine
alteration in CO2z-rich hydrothermal environments. [Journal
of CO2 Utilization, 30, 2019, 205-213] Wang J. , Watanabe N.,
Okamoto, A., Nakamura, K., Komai, T.

@® Enhancement of permeability activated by supercritical fluid
flow through granite. [Geofluids, Article ID 6053815, 2019, 1-16]
Tsuyoshi Nohara, Masaoki Uno, Noriyoshi Tsuchiya

@ Evaluation of caldera hosted geothermal potential during
volcanism and magmatism in subduction system, NE Japan.

[Geofluids, Article ID 3031586, 2019] Fajar F. Amanda, Ryoichi
Yamada, Masaoki Uno, Satoshi Okumura, and Noriyoshi Tsuchiya
@ Evidence for multiple stages of serpentinization from the
mantle through the crust in the Redwood City Serpentinite
mélange along the San Andreas Fault in California. [Lithos, 336-
337(15), 2019, 276-292] Masaoki Uno, Stephen Kirby

@ Fault weakening caused by smectite swelling. [Earth, Planets
and Space, 71, 2019, 131-131] Jun Kameda, Masaoki Uno,
Marianne Conin, Kohtaro Ujiie, Yohei Hamada, Gaku Kimura

@ Formation of secondary olivine after orthopyroxene during
hydration of mantle wedge: evidence from the Khantaishir
Ophiolite, western Mongolia. [Contributions to Mineralogy and
Petrology, 174(86), 2019, 1-22] Otgonbayar Dandar, Atsushi
Okamoto, Masaoki Uno, Ryosuke Oyanagi, Takayoshi Nagaya,
Ulziiburen Burenjargal, Tsuyoshi Miyamoto, Noriyoshi Tsuchiya

@ Fractionation of rare earth elements (REEs) and actinides(U
and Th) originating from acid thermal water during artificial and
natural neutralization processes of surface waters. [Geochimica
Cosmochimica Acta, 249, 2019, 247-262] Yasumasa Ogawaa,
Daizo Ishiyama, Naotatsu Shikazono, Kenta Iwane, Tomonori
Hoshino, Masahiro Kajiwara, Noriyoshi Tsuchiya, Bernhardt Saini-
Eidukat, Scott A. Wood

@ Geological and engineering features of developing ultra-high-
temperature geothermal systems in the world. [Geothermics, 82,
2019, 267-281] Okamoto, K, Asanuma, H., Ishibashia, T., Yamaya,
Y., Saishua, H., Yanagisawa, N., Mogi, T., Tsuchiya, N., Okamoto, A.,
Naganawa, S., Ogawa, Y., Ishitsuka, K., Fujimitsu, Y., Kitamura, K.,
Kajiwara, T., Horimoto, S., Shimadai, K.

@ Mechanisms and possible applications of the Al-H20 reaction
under extreme pH and low hydrothermal temperatures.
[International Journal of Hydrogen Energy, 44(57), 2019, 29903~
29921] Vani Novita Alviani, Putri Setiani, Masaoki Uno, Masahiro
Oba, Nobuo Hirano, Noriaki Watanabe, Noriyoshi Tsuchiya, Hanae
Saishu

@ Pyroxene control of Hz production and carbon storage during
water-peridotite-CO2 hydrothermal reactions. [International
Journal of Hydrogen Energy, 44(49), 2019, 26835-26847] Wang
J., Watanabe N., Okamoto, A., Nakamura, K., Komai, T.

@ Silica nanoparticles produced by explosive flash vaporization
during earthquakes. [Scientific Reports, 9, 2019, 9738-9747]
Takashi Amaga, Atsushi Okamoto, Takamasa Niibe, Nobuo
Hirano,Kenichi Motomiyal & Noriyoshi Tsuchiya

@ Stabilizing and enhancing permeability for sustainable
and profitable energy extraction from superhot geothermal
environments. [Applied Energy, 260(15), 2020 114306] Noriaki
Watanabe, Kohei Saito, Atsushi Okamoto, Kengo Nakamura,
Takuya Ishibashi,Hanae Saishu, Takeshi Komai, and Noriyoshi
Tsuchiya

@® Trace element compositions of amphiboles in gabbro
mylonites from the Godzilla Megamullion, Parece Vela Basin,
Philippine Sea. [Lithos, 344, 2019, 217-231] Harigane Y., Okamoto
A, Morishita T, Snow JE, Tamura A, Yamashita H, Michibayashi K,
Ohara Y, Arai S

@ Utilization of Geothermal Hot Spring for Hydrogen Production
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by Al-H.0O Hydrothermal Reaction. [ BA&#iEF &5 | 41(3), 2019,
101-108] Vani Novita Alviani, Takuya Kosaka, Masahiro Uno,
Masahiro Oba, Nobuo Hirano, Noriaki Watanabe, Noriyoshi
Tsuchiya and Hanae Saishu

O MMERRMIAICH T DHFRT A NEAREEROREDE
FRAFEFEMBRE . [ HRMBAF RIS, 41, 2019, 15-26] FEE—,
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@ Mechanical Behavior Comparison of Cemented Sludge
Reinforced by Waste Material and Several Crop Residues. [Journal
of Advanced Experimental Mechanics, 4, 2019, 186-191] Thanh
Nga DUONG, Tomoaki SATOMI and Hiroshi TAKAHASHI

@ Tensile behaviors of natural fiber and cement reinforced soil
subjected to direct tensile test. [Journal of Building Emgineering,
24, 2019, 1-10] Khiem Quang Tran, Tomoaki Satomi, Hiroshi
Takahashi

OHHEERELNIE L DREERICEIZME. [TIAXANZV IR, 39,
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@ Cloud-fracture networks as a means of accessing superhot
geothermal energy [Scientific Reports, 9 (Article number: 939),
2019] Noriaki Watanabe, Kiyotoshi Sakaguchi, Ryota Goto,
Takahiro Miura, Kota Yamane, Takuya Ishibashi, Youging Chen,
Takeshi Komai, Noriyoshi Tsuchiya

@I SIENHZRI R TICRITZ2E—ZREEIIEBEADHFE
ZE)&RFEE . [Journal of MM, 135(3), 2019, 25-30] EILtE, RO
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@ Achievements of NEDO Durability Projects on SOFC Stacks
in the Light of Physicochemical Mechanisms. [Fuel Cells, 19(4),
2019, 311-339] Yokokawa H, Suzuki M, Yoda M, Suto T, Tomida
K, Hiwatashi K, Shimazu M, Kawakami A, Sumi H, Ohmori
M, Ryu T, Mori N, lha M, Yatsuzuka S, Yamaji K, Kishimoto H,
Develos-Bagarinao K, Shimonosono T, Sasaki K, Taniguchi
S, Kawada T, Muramatsu M, Terada K, Eguchi K, Matsui T,
Iwai H, Kishimoto M, Shikazono N, Mugikura Y, Yamamoto
T, Yoshikawa M, Yasumoto K, Asano K, Matsuzaki Y, Sato K,
Somekawa T.

@ Contraction of Porous Nickel during Low Temperature
Oxidation. [ECS Transactions, 91(1), 2019, 1979-1984] Yutaro
Morishita, Fei Zhao, Satoshi Watanabe, Keiji Yashiro, Tatsuya
Kawada

@ Correlation between Electrode Reaction and Chromium
Deposition in SOFC Cathodes. [ECS Transactions, 91(1), 2019,
1231-1237] Shota Kageyama, Yusuke Shindo, Yoshinobu
Fujimaki, Keita Mizuno, Yuta Kimura, Takashi Nakamura,
Fumitada Iguchi, Keiji Yashiro, Hiroo Yugami, Tatsuya Kawada,
Koji Amezawa

@ Evaluation Method of Current Distribution in SOFC in
Operation. [ECS Transactions, 91(1), 2019, 579-588] Takashi
Tsuchikura, Tadashi Sakamoto, Tenyo Zukawa, Hirofumi Sumi,
Kazuhisa Sato, Keiji Yashiro, Toshiyuki Hashida, Tatsuya Kawada
@ Evaluation of electrochemical properties of LaNiosFe0.403-s
- Ce09Gdo10195 composite as air electrode for SOFC. [Solid
State lonics, 332, 2019, 70-76] Budiman R.A, Hashimoto S,
Fujimaki Y, Nakamura T, Yashiro K, Amezawa K, Kawada T.

@ Evaluation of Titanium Based Alloys as Interconnects for
the Light Weight SOFC System. [ECS Transactions, 91(1),
2019, 2279-2290] Keiko Kobayashi, Ryuichi Miyata, Keiji
Yashiro, Hitoshi Takamura, Kyosuke Yoshimi, Tatsuya Kawada,
Shinichi Hashimoto, Keiichi Okai

@® Material Development Strategy of Lightweight Solid
Oxide Fuel Cells for Airplane System Electrification. [ECS
Transactions, 91(1), 2019, 311-318] Shinichi Hashimoto,
Tomohisa Hirota, Kenji Suzuki, Tomoaki Namioka, Hibiki
Ito, Ryuichi Miyata, Keiko Kobayashi, Keiji Yashiro, Hitoshi
Takamura, Tatsuya Kawada, Kyosuke Yoshimi, Norito Kijima,
Takaaki Manabe, Tetsuo Tsuchiya, Takayuki Kojima, Keiichi Okai
@ Study of CaTiOs Based lonic Conductors for Lightweight
SOFCs. [ECS Transactions, 91(1), 2019, 1217-1222] Kenji
Suzuki, Yuna Kouchi, Tomohisa Hirota, H Kato, Tomoaki
Namioka, Hibiki Ito, Hyun-Jin Hong, Keiji Yashiro, Tatsuya
Kawada, Keiichi Okai, Shinichi Hashimoto

@ Variation of Mechanical Properties of YSZ upon Cubic to
Tetragonal Phase Transformation Promoted by Impurity Ni. [ECS
Transactions, 91(1), 2019, 837-845] Hitomi Umemura, Chikara
Sekizawa, Satoshi Watanabe, Keiji Yashiro, Tatsuya Kawada
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@ A Case Study of Natural Attenuation of Chlorinated
Solvents Under Unstable Groundwater Conditions in
Takahata, Japan. [Bulletin of Environmental Contamination and
Toxicology, 102(2), 2019, 280-286] Yoshishige Kawabe, Takeshi
Komai, Takeshi Komai

@ Acceleration of hydrogen production during water-olivine-
CO:2 reactions via high-temperature-facilitated Fe(ll) release.
[International Journal of Hydrogen Energy, 44(23), 2019,
11514-11524] J. Wang, N. Watanabe, A. Okamoto, K. Nakamura,
T. Komai

@ Cloud-fracture networks as a means of accessing superhot
geothermal energy. [Scientific Reports, 9(939), 2019, 1-11]
Noriaki Watanabe, Kiyotoshi Sakaguchi, Ryota Goto, Takahiro
Miura, Kota Yamane, Takuya Ishibashi, Youging Chen, Takeshi
Komai, Noriyoshi Tsuchiya

@® Construction of a conceptual model for confined
groundwater flow in the Gunii Khooloi Basin, Southern Gobi
Region, Mongolia. [Hydrogeology Journal, 27(2), 2019, 1-16]
Batdemberel Bayanzul, Kengo Nakamura, Isao Machida,
Noriaki Watanabe, Komai Takeshi

@ Enhanced hydrogen production with carbon storage by
olivine alteration in CO2z-rich hydrothermal environments.
[Journal of CO2 Utilization, 30(3), 2019, 205-213] J. Wang, N.
Watanabe, A. Okamoto, K. Nakamura, T. Komai

@® Geochemical Investigation of Metals and Trace Elements
around the Abandoned Cu-Ni Mine Site in Selibe Phikwe,
Botswana. [Journal of Geoscience and Environment Protection,
7(5), 2019, 275-293] Fiona S. Motswaiso, Kengo Nakamura,
Noriaki Watanabe, Takeshi Komai

@ Local non-vuggy modeling and relations among porosity,
permeability and preferential flow for vuggy carbonates.
[Engineering Geology, 258(8), 2019, 197-206] N. Watanabe, H.
Kusanagi, T. Shimazu, M. Yagi

@® Mechanisms and possible applications of the Al-
H20 reaction under extreme pH and low hydrothermal
temperatures. [International Journal of Hydrogen Energy,
accepted] V. N. Alviani, P. Setiani, M. Uno, M. Oba, N. Hirano, N.
Watanabe, N. Tsuchiya, H. Saishu

@ NaHCOs-promoted olivine weathering with Hz generation
and CO2 sequestration in alkaline hydrothermal system. [Earth
and Environmental Science, 257(12017), 2019, 1-7] J Wang, K
Nakamura, N Watanabe, A Okamoto and T Komai

@ Numerical Study on Enhanced Gas Recovery from
Methane Hydrate Reservoir During In-situ Heating Process
by Acid Injection. [International Journal of Offshore and Polar
Engineering, 29(3), 2019, 347-358] Yasuhide Sakamoto, Fuyuki
Kaneko, Yusuke Nakano, Kengo Nakamura, Takeshi Komai

@® Pyroxene control of Hz production and carbon storage
during water-peridotite-CO2 hydrothermal reactions.
[International Journal of Hydrogen Energy, 44(49), 2019,
26835-26847] Jiajie Wang, Noriaki Watanabe, Atsushi
Okamoto, Kengo Nakamura,Takeshi Komai

@ Three-dimensional channeling flow within subsurface rock
fracture networks suggested via fluid flow analysis in the
Yufutsu fractured oil/gas reservoir. [Journal of Petroleum
Science and Engineering, 178, 2019, 838-851] T. Ishibashi, N.
Watanabe, T. Tamagawa, N. Tsuchiya

Ot ENSEREZTIRETICKITPE—ZHEFT IS REEEADS
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ITEIv—FIb, 14(2), 2019, 149-159] LR, 3R#E, Robert C.
Borden, BIHE
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BAARICET DR —ERERICETZERNVIRN—. [HBETE
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@ Aqueous Chemical Synthesis and Consolidation of Size-
Controlled BizTes Nanoparticles for Low-Cost and High-
Performance Thermoelectric Materials. [JOURNAL OF
ELECTRONIC MATERIALS, 48(5), 2019, 2700-2711] Nakamoto
Tatsuichiro, Yokoyama Shun, Takamatsu Tomohisa, Harata
Koichi, Motomiya Kenichi, Takahashi Hideyuki, Miyazaki Yuzuru,
Tohji Kazuyuki

@® Bandgap engineering of NiW0O4/CdS solid Z-scheme
system via an ion-exchange reaction. [APPLIED CATALYSIS
B-ENVIRONMENTAL, 241, 2019, 284-291] Li Mingjie, Yokoyama
Shun, Takahashi Hideyuki, Tohji Kazuyuki

@ Designed synthesis of highly catalytic Ni-Pt nanoparticles
for fuel cell applications. [SN Applied Sciences, 1:124, 2019]
K. Taniguchi, K. Shinoda, Jhon L, Huaman, S. Yokoyama,
M. Uchikoshi, T. Matsumoto, K. Suzuki, H. Miyamura, B.
Jeyadevan

@ Electricity Generation by a Methanogen Cathode Microbial
Fuel Cell. [Journal of Animal Production Environment Science,
19, 2019, in press] Masaki UMETSU, Yasuhiro FUKUDA,
Hideyuki TAKAHASHI, Chika TADA

@ Functional Group Distribution of the Carrier Surface
Influences Adhesion of Methanothermobacter
thermautotrophicus. [Archaea, 2019] Masaki Umetsu, Takaaki
Sunouchi, Yasuhiro Fukuda, Hideyuki Takahashi and Chika
Tada

@ Surface treatment of Cu nanowires using hydroxy acids
to form oxide-free Cu junctions for high-performance
transparent conductive films. [Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 583(20), 2019,
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123939] Shun Yokoyama, Honoka Kimura, Hiroki Oikawa,
Kenichi Motomiya; Balachandran Jeyadevan, Hideyuki
Takahashi,
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@ Contradictory but also complementary: National and local
imaginaries in Japan and Fukushima around transitions to
hydrogen and renewables. [Energy Research & Social Science,
49, 2019, 209-218] Trencher, Gregory; van der Heijden, Jeroen
@ Discursive resistance to phasing out coal-fired electricity:
Narratives in Japan's coal regime. [Energy Policy, 132, 2019,
782-796] Trencher, G., N. Healy, K. Hasegawa & J. Asuka

@ Instrument interactions and relationships in policy mixes:
Achieving complementarity in building energy efficiency
policies in New York, Sydney and Tokyo. [Energy Research &
Social Science, 54, 2019, 34-45] Gregory Trencher, Jeroen van
der Heijden

@ Understanding Nature through Photography: An Empirical
Analysis of the Intents of Nature Photographers and the
Preparatory Process. [Environmental Communication, 13(8),
2019, 1053-1068] Naoyuki Ohara, Yasuhiro Yamanaka, Gregory
Trencher

@ Stretching “smart” advancing health and well-being through
the smart city agenda. [Local Environment, 24, 2019, 610-627]
Trencher, G. & A. Karvonen

@® Transformative capacity and local action for urban
sustainability. [Ambio, 8, 2019, 449-462] Castan Broto, V., G.
Trencher, E. lwaszuk & L. Westman

@® Towards the smart city 2.0: Empirical evidence of
using smartness as a tool for tackling social challenges.
[Technological Forecasting & Social Change, 142, 2019, 117-
128] Trencher, G.
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@ An estimation of the amount of dissipated alloy elements

in special steel from automobile recycling. [MATERIAUX &
TECHNIQUES, 107(1), 2019] Zhang Zhengyang, Takeyama
Kentaro, Ohno Hajime, Matsubae Kazuyo, Nakajima Kenichi,
Nagasaka Tetsuya

@ Estimating Tsunami Economic Losses of Okinawa Island
with Multi-Regional-Input-Output Modeling. [GEOSCIENCES,
9(8), 2019] Pakoksung Kwanchai, Suppasri Anawat, Matsubae
Kazuyo, Imamura Fumihiko

@ Global Distribution of Used and Unused Extracted Materials
Induced by Consumption of Iron, Copper, and Nickel.
[ENVIRONMENTAL SCIENCE & TECHNOLOGY, 53(3), 2019,

1555-1563] Nakajima Kenichi, Noda Shoichiro, Nansai Keisuke,
Matsubae Kazuyo, Takayanagi Wataru, Tomita Makoto

@® Mining, land restoration and sustainable development
in isolated islands: An industrial ecology perspective on
extractive transitions on Nauru. [AMBIO, 48(4), 2019, 397-408]
Clifford Martin J., Ali Saleem H., Matsubae Kazuyo
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@ Conductive Effect of Increased Crystallinity of Single-

Walled Carbon Nanotubes as Field Emitter. [Perspective of
Carbon Nanotubes, 1(1), 2019, 1-18] SHIMOI Norihiro

@ Field-emission durability employing highly crystalline single-
walled carbon nanotubes in a low vacuum with activated gas.
[Journal of Physics D: Applied Physics, 52, 2019, 505303-
505303] Norihiro Shimoi, Kazuyuki Tohji

@ Highly Crystalline Single-Walled Carbon Nanotube Field
Emitters: Energy Loss-Free High Current Output and Long
Durability with High Power. [ACS Applied Electronic Materials,
2019(1), 2019, 163-171] Norihiro Shimoi, Yoshinori Sato,
Kazuyuki Tohji

@ Nonthermal crystal bridging of ZnO nanoparticles by
nonequilibrium excitation reaction of electrons and plasma
without cross-linking agent on plastic substrate. [Journal of
Alloys and Compounds, 797(15), 2019, 676-683] Norihiro
Shimoi, Shun-Ichiro Tanaka

@ Selection of optimum binder for powder silicon anode in
lithium-ion batteries based on the impact of its molecular
structure on charge-discharge behaviour. [Coatings, 9(11),
2019, 732-732] SHIMOI, Norihiro

@ Simple planar field-electron emitter using highly crystalline
single-walled carbon nanotubes in a triode structure with in-
plane under-gate electrode. [Journal of Vacuum Science &
Technology B, 37(2), 2019, 021201-1] Shoichi Kumon, Norihiro
Shimoi
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@ Perspective of Carbon Nanotubes. [InTech-open science,
2019] Norihiro Shimoi, etc
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@ Geological and engineering features of developing
ultra-high-temperature geothermal systems in the world.
[Geothermics,82, 2019, 267-281] Kyosuke Okamoto, Hiroshi
Asanuma, Takuya Ishibashi, Yusuke Yamaya, Hanae Saishu,
Norio Yanagisawa, Toru Mogi, Noriyoshi Tsuchiya, Atsushi
Okamoto, Shigemi Naganawa, Yasuo Ogawa, Kazuya Ishitsuka,
Yasuhiro Fujimitsu, Keigo Kitamura, Tatsuya Kajiwara, Seiki
Horimoto, Kuniaki Shimada

@® Groundwater response to tidal fluctuations in a leaky
confined coastal aquifer with a finite length [Hydrological
Processes, 33, 2019, 2551-2560] Zhixue Zhao, Xiaoguang
Wang, Yonghong Hao, Tongke Wang, Abderrahim Jardani,
Herve Jourde, Tian-Chyi Jim Yeh, Ming Zhang

@ Numerical Study on the Application of In-situ Low
Temperature Oxidation for Enhanced Recovery from Methane
Hydrate Reservoir [INTERNATIONAL JOURNAL OF OFFSHORE
AND POLAR ENGINEERING (In press)] Yasuhide Sakamoto,
Fuyuki Kaneko, Yusuke Nakano, Kengo Nakamura, Takeshi
Komai

@ Numerical Study on Enhanced Gas Recovery from Methane
Hydrate Reservoir during In Situ Heating Process by Acid
Injection [INTERNATIONAL JOURNAL OF OFFSHORE AND
POLAR ENGINEERING, 29(3), 2019, 347-358] Yasuhide
Sakamoto, Fuyuki Kaneko, Yusuke Nakano, Kengo Nakamura,
Takeshi Komai
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@ Associations of neighborhood walkability with intensityand

about-specific physical activity and sedentary behavior of
older adults in Japan. [Geriatrics & gerontology international,
2019, 861-867] Amagasa S, Inoue S, Fukushima N, Kikuchi H,
Nakaya T, Hanibuchi T, Sallis JF, Owen N

@ Cognitive Function of Elderly Persons in Japanese
Neighborhoods: The Role of Street Layout. [American journal
of Alzheimer's disease and other dementias, 34(6), 2019, 381-
389] Koohsari MJ, Nakaya T, McCormack GR, Shibata A, Ishii K,
Yasunaga A, Oka K

@ Diet Quality Affects the Association between Census-
Based Neighborhood Deprivation and All-Cause Mortality in
Japanese Men and Women: The Japan Public Health Center-
Based Prospective Study. [Nutrients 11(9), 2019, pii: E2194.
doi:10.3390/nu11092194] Kurotani K, Honjo K, Nakaya T,
lkeda A, Mizoue T, Sawada N, Tsugane S, Japan, Public Health
Center-based Prospective Study Group

@® Dog-walking in dense compact areas: The role of
neighbourhood built environment. [Health and Place,
2019(Epub ahead of print)] Mohammad Javad Koohsari,
Tomoki Nakaya, Gavin R. McCormack, Ai Shibata, Kaori Ishii,
Akitomo Yasunaga, Yung Liao, Koichiro Oka

@® Equality of Treatment for Hip Fracture Irrespective of
Regional Differences in Socioeconomic Status: Analysis
of Nationwide Hospital Claims Data in Japan. [The Tohoku
journal of experimental medicine, 247(3), 2019, 161-171]
Tomioka S, Fujino Y, Nakaya T, Ohtani M, Kubo T, Matsuda S

@ Evidence for urban design and public health policy and
practice: Space Syntax metrics and neighborhood walking.
[Health and Place, 2019(Epub ahead of print)] Gavin R.
McCormack, Mohammad Javad Koohsari, Liam Turley, Tomoki
Nakaya, Ai Shibata, Kaori Ishii, Akitomo Yasunaga, Koichiro Oka
@ Factors influencing the proportion of non-examinees in
the Fukushima Health Management Survey for childhood and
adolescent thyroid cancer: Results from the baseline survey.
[Journal of epidemiology, 2019, Article ID: JE20180247]
Takahashi K, Takahashi H, Nakaya T, Yasumura S, Ohira T,
Ohto H, Ohtsuru A, Midorikawa S, Suzuki S, Shimura H,
Yamashita S, Tanigawa K, Kamiya K

@ Population-Based Cohort Study on Health Effects of
Asbestos Exposure in Japan. [Cancer science, 110, 2019,
1076-1084] Zha L, Kitamura Y, Kitamura T, Liu R, Shima M,
Kurumatani N, Nakaya T, Goji J, Sobue T

@ Post-disaster health issues and coastal infrastructure
reconstruction after the Great East Japan Earthquake and

Tsunami. [ASM Science Journal Special Issue, 2019 (in press)]
Tashiro, A., Nakaya, T.

@® The importance of scale in spatially varying coefficient
modeling. [Annals of the American Association of
Geographers, 109(1), 2019, 50-70] Murakami, D., Lu, B., Harris,
P., Brunsdon, C., Charlton, M., Nakaya, T., & Griffith, D. A.

@® Urban design and Japanese older adults' depressive
symptoms. [Cities, 87, 2019, 166-173] Koohsari, M. J.,
McCormack, G. R., Nakaya, T., Shibata, A., Ishii, K., Yasunaga, A.,
Hanibuchi, T., Oka, K.

@ Virtual audits of streetscapes by crowdworkers. [Health
and Place, 2019(Epub ahead of print)] Hanibuchi T, Nakaya T,
Inoue S.

@ Walkable Urban Design Attributes and Japanese Older
Adults’ Body Mass Index: Mediation Effects of Physical
Activity and Sedentary Behavior. [American Journal of
Health Promotion, Vol. 33(5), 2019, 764-767] Koohsari, M. J.,
Kaczynski, A. T., Nakaya, T., Shibata, A., Ishii, K., Yasunaga, A.,
Stowe, EW,, Hanibuchi, T., and Oka, K.

@® Walking-friendly built environments and objectively
measured physical function in older adults. [Journal of Sport
and Health Science, 2019(Epub ahead of print)] Koohsari, M. J.,
McCormack, G. R., Nakaya, T., Shibata, A., Ishii, K., Yasunaga, A.,
Liao, Y. & Oka, K.
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@ The Atlas of Health Inequalities in Japan. [Springer, 2019]
Nakaya, T. and Ito, Y. eds.
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@ Effect of Types of Carbonaceous Material and CaO

Addition on Reduction Behavior of Pre-reduced Iron Ore-
Carbon Composite. [ISIJ International, 59, 2019, 1011-1017]
Taichi Murakami, Hiroto Shinomiya, Daisuke Maruoka, Eiki
Kasai

@ Morphology Change and Carburization Characteristic of
Iron Ore-Coal Composite During Reduction under a Simulated
Condition of Blast Furnace. [ISIJ International, 59 (11), 2019,
1982-1990] Tsung-Yen Huang, Daisuke Maruoka, Taichi
Murakami, Eiki Kasai
@IKILADENHBIRICHTBILATIFREBNDKIEENZEE) . [#hE 8,
105(11), 2019, 1033-1041] 8O, Liming LU, BERE

IR R T LEHAIZE S BF

[Fwx]

@ Chlorine partitioning near the polar vortex boundary
observed with ground-based FTIR and satellites at Syowa
Station, Antarctica in 2007 and 2011. [Atmos. Chem. Phys.
Discuss., acp-2019-443] Hideaki Nakajima, Isao Murata,
Yoshihiro Nagahama, Hideharu Akiyoshi, Kosuke Saeki,
Takeshi Kinase, Masanori Takeda, Yoshihiro Tomikawa, and
Nicholas B. Jones

@ Contribution of horizontal and vertical advection to the
formation of small-scale vertical structures of ozone in the
lower and middle stratosphere at Fairbanks, Alaska. [Atmos.
Chem. Phys. Discuss., acp-2019-837] Miho Yamamori,
Yasuhiro Murayama, Kazuo Shibasaki, Isao Murata, and Kaoru
Sato
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@ Assays for specific growth rate and cell-binding ability of
rotavirus. [Journal of Visualized Experiments, 143(e58821),
2019] Syun-suke Kadoya, Daisuke Sano

@ Fecal source tracking in a wastewater treatment and
reclamation system using membrane bioreactor evidenced by
molecular epidemiology of multiple waterborne gastroenteritis
viruses. [Pathogens, 8(4), 2019, 170-170] Zheng Ji, Xiaochang
C. Wang, Limei Xu, Chongmiao Zhang, Cheng Rong, Andri
Taruna Rachmadi, Mohan Amarasiri, Satoshi Okabe, Naoyuki
Funamizu, Daisuke Sano

@ Predictive water virology: Hierarchical Bayesian modeling
for estimating virus inactivation curve. [Water, 11(10), 2019,
2187-2187] Syun-suke Kadoya, Osamu Nishimura, Hiroyuki
Kato, Daisuke Sano

@ Revisiting the effects of powdered activated carbon on
membrane fouling mitigation in an anaerobic membrane
bioreactor by evaluating long-term impacts on the surface
layer. [Water Research, 167, 2019, 115137-115137] Zhen Lei,
Shuming Yang, Xiang Li, Wen Wen, Xingyuan Huang, Yuan
Yang, Xiaochang Wang, Yu-You Li, Daisuke Sano, Rong Chen
@ Sign-constrained linear regression for prediction of
microbe concentration based on water quality datasets.
[Journal of Water and Health, 17(3), 2019, 404-415] Tsuyoshi
Kato, Ayano Kobayashi, Wakana Oishi, Syun-suke Kadoya,

Satoshi Okabe, Naoya Ohta, Mohan Amarasiri, Daisuke Sano
@ Specific interactions between human norovirus and
environmental matrices: Effects on the virus ecology. [Viruses,
11(3), 2019, 224-224] Mohan Amarasiri, Daisuke Sano

@® Specific interactions of rotavirus HAL1166 with
Enterobacter cloacae SENG-6 and their contribution on
rotavirus HAL1166 removal. [Water Science and Technology,
79(2), 2019, 342-348] Mohan Amarasiri, Hiroki Kawai, Masaaki
Kitajima, Satoshi Okabe, Daisuke Sano
OZFEARNEKEHERBEONRICHITZ KR EN 7 70—F
ICLBRERVRIERE | [ TAZRWNE | accepted] FIERH, 45
&, FEEEL, RA)IIEE ZEHe, WEER BERME, EHAH
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@® A QMRA Framework for Sanitation Treatment Decisions.
[http://www.waterpathogens.org/book/a-QMRA-framework-
for-sanitation-treatment-decisions, 2019] Daisuke Sano,
Carles N. Haas, Joan B. Rose
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@® A combined kinetic and thermodynamic approach for

interpreting the complex interactions during chloride
volatilization of heavy metals in municipal solid waste fly ash.
[Waste Management, 87, 2019, 204-217] 2B X, WHEES,
BEANE, SHMA, FHRETF SMEEE

@ Adsorption of Cu®* and Ni** by Oxalic Acid Crosslinked
Chitosan-modified Montmorillonite. [Soft Materials, 2019]
Tomohito Kameda, Mao Takaizumi, Shogo Kumagai, Yuko
Saito, Toshiaki Yoshioka

@ Adsorption of Cu?® and Ni** by tripolyphosphate-
crosslinked chitosan-modified montmorillonite. [Journal of
Solid State Chemistry, 277, 2019, 143-148] Tomohito Kameda,
Reina Honda, Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka
@ Adsorption of urea, creatinine, and uric acid onto spherical
activated carbon. [Separation and Purification Technology,
237, 2019, 116367-116367] Tomohito Kameda, Kazuya
Horikoshi, Shogo Kumagai, Toshiaki Yoshioka

@ Beech Wood Pyrolysis in Polyethylene Melt as a Means of
Enhancing Levoglucosan and Methoxyphenol Production.
[SCIENTIFIC REPORTS, 9(1955), 2019] Shogo Kumagai, Kohei
Fujita, Yusuke takahashi, Yumi Nakai, Tomohito Kameda, Yuko
saito & Toshiaki Yoshioka

@® Deducing targets of emerging technologies based
on ex ante life cycle thinking: Case study on a chlorine
recovery process for polyvinyl chloride wastes. [Resources,
Conservation and Recycling, 151, 2019, 104500-104500] Jiaqgi
Lu, Shogo Kumagai, Hajime Ohno, Tomohito Kameda, Yuko
Saito, Toshiaki Yoshioka, Yasuhiro Fukushima

@ Degradation of PVC waste into a flexible polymer by
chemical modification using DINP moieties. [RSC Advances,
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9(49), 2019, 28870-28875] Lihui Lu, Shogo Kumagai,
Tomohito Kameda, Ligang Luo, Toshiaki Yoshioka

@ Effects of acetic acid pretreatment and pyrolysis
temperatures on product recovery from Fijian sugarcane
bagasse. [Waste and Biomass Valorization, 2019] Viliame
Savou, Shogo Kumagai, Tomohito Kameda, Yuko Saito,
Toshiaki Yoshioka

@ Hydrogen and steam injected tandem p-reactor GC/FID
system: Phenol recovery from bisphenol A and alkylphenols
using Ni/Y zeolite. [Reaction Chemistry & Engineering, 4(12),
2019, 2099-2107] Shogo Kumagai, Masaki Asakawa, Tomohito
Kameda, Yuko Saito, Atsushi Watanabe, Norio Teramae,
Chuichi Watanabe, Toshiaki Yoshioka

@ Impact of Common Plastics on Cellulose Pyrolysis. [Energy
& Fuels, 33(7), 2019, 6837-6841] Shogo Kumagai, Miki
Yamamoto, Yusuke Takahashi, Tomohito Kameda, Yuko Saito,
Toshiaki Yoshioka

@ Impacts of pyrolytic interactions during the co-pyrolysis
of biomass/plastic: Synergies in lignocellulose-polyethylene
system. [Journal of the Japan Institute of Energy, 98, 2019,
202-219] Shogo Kumagai, Kohei Fujita, Yusuke Takahashi,
Tomohito Kameda, Yuko Saito, Toshiaki Yoshioka

@ Mg-Al layered double hydroxide intercalated with COs* and
its recyclability for treatment of SO2. [Applied Clay Science,
2019] Tomohito Kameda, Masahito Tochinai, Shogo Kumagai,
Toshiaki Yoshioka

@ Practical dechlorination of polyvinyl chloride wastes in
NaOH/ethylene glycol using an up-scale ball mill reactor and
validation by discrete element method simulations. [Waste
Management, 99, 2019, 31-41] fEEmE, HMEBSE, EANE,
HAA, ZEEEF SRR

@ Pyrolysis of sugarcane bagasse pretreated with sulfuric
acid. [Journal of the Energy Institute, 92(4), 2019, 1149-
1157] V. Savou, S. Kumagai, G. Grause, T. Kameda, Y. Saito, T.
Yoshioka

@® Removal of Mn and Cd contained in mine wastewater by
Mg-Al-layered double hydroxides. [Journal of Material Cycles
and Waste Management, 21(5), 2019, 1232-1241] Mir Tamzid
Rahman, Tomohito Kameda, Takao Miura, Shogo Kumagai,
Toshiaki Yoshioka

@ Separation mechanism of polyvinyl chloride and copper
components from swollen electric cables by mechanical
agitation. [Waste Management, 93, 2019, 54-62] [ExZ=, R,
BANE, S8HEIA FHRET HEEES

@ Separation of copper and polyvinyl chloraide from
thin waste electric cables:A combined PVC-swelling and
centrifugal approach. [Waste Management, 89, 2019, 27-36]
e BRANE SHAA, FEET SHEERL WES SMEE
@ Simultaneous recovery of Hz-rich syngas and removal of
HCN during pyrolytic recycling of polyurethane by Ni/Mg/Al
catalysts. [Chemical Engineering Jounal, 361, 2019, 408-415]
BEAEYE KREN, 8HEAA, FEET SR

@ Temperature-dependent pyrolysis behavior of polyurethane
elastomers with different hard- and soft-segment

compositions. [Journal of Analytical and Applied Pyrolysis,
145, 2019, 104754-104754] Yuya Nishiyama, Shogo Kumagai,
Suguru Motokucho, Tomohito Kameda, Yuko Saito, Atushi
Watanabe, Hisayuki Nakatani, Toshiaki Yoshioka

@ Treatment of NOx using recyclable COs*-intercalated Mg-
Al layered double hydroxide. [Atmospheric Pollution Research,
10(6), 2019, 1866-1872] Tomohito Kameda, Masahito Tochinai,
Shogo Kumagai, Toshiaki Yoshioka

@® Uptake of heavy metal cations by chitosan-modified
montmorillonite: Kinetics and equilibrium studies. [Materials
Chemistry and Physics, 236, 2019, 121784-121784] Tomohito
Kameda, Reina Honda, Shogo Kumagai, Yuko Saito, Toshiaki
Yoshioka

@ Uptake of Ni** and Cu®*" by Zn-Al layered double hydroxide
intercalated with carboxymethyl-modified cyclodextrin:
Equilibrium and kinetic studies. [Materials Chemistry and
Physics, 233, 2019, 288-295] &8HMA, BRER, BARFE,
BRET SREEA

O@ENREE L FFIREEDBRBIC L BT AIRER T IRAF v I UTAIIL
DATLDEE . [ RIEEHREF, 48(3), 2019, 39-44] ERBEE, &
BRET BAaNE
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48(6), 2019, 49-59] HEEAA
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@ Capillary electrophoretic reactor for estimation of
spontaneous dissociation rate of Trypsin-Aprotinin complex.
[Anal. Biochem., 585, 2019, 113406-113406] Yumiko Sasaki,
Yosuke Sato, Toru Takahashi, Mitsuo Umetsu, and Nobuhiko Iki
@ Facile Preparation of Highly Luminescent Materials by
Electrostatic Immobilization of Anionic Metal Complex onto
Anion-Exchanger as Exemplified with Tri-Terbium(lll) Cluster
Complex of Thiacalix[4]arene-p-tetrasulfonate. [Bulletin of the
Chemical Society of Japan, 92(11), 2019, 1847-1852] Narumi
Shiraishi ,Ryunosuke Karashimada , and Nobuhiko Iki

(83 - A#RR

@ Speciation of Chromium. [Analytical Sciences, 35(1), 2019.
1-2] IKI Nobuhiko

@ Central Science £ LTORT{LE . [ RAEZE, 15, 2019, 185-
185] ElkfeiE

OLZDREEHEIDES. [{bFETE, 72(9), 791-791] SIfHE
OV ADET/ AT 1Y ZZER U Ptl)- V7V hILEEIHEAEDRERET .
[BEFERBEFSEMMARERS, 119(15), 2019, 9-12] ENEEX,
FAKTF, BXHE

R4 EE A D
@ A highly sensitive endotoxin sensor based on redox cycling
in a nanocavity. [Analyst, 144, 2019, 3659-3667, 10.1039/

C9ANO00478E] Kentaro Ito, Kumi Y. Inoue, Kosuke Ino,
Tomokazu Matsue, Hitoshi Shiku

@® Combination of double-mediator system with large-
scale integration-based amperometric devices for detecting
NAD(P)H:quinone oxidoreductase 1 activity of cancer cell
aggregates. [ACS Sensors, 4(6), 2019, 1619-1625, Selected as
a supplementary cover, 10.1021/acssensors.9b00344] Kosuke
Ino, Takehiro Onodera, Mika T. Fukuda, Yuji Nashimoto, Hitoshi
Shiku

@ Differential electrochemicolor imaging using LSI-based
device for simultaneous detection of multiple analytes.
[Sensors and Materials, 31(1), 2019, 13-22. Selected as a
cover, 10.18494/SAM.2019.2035] Kosuke Ino, Takehiro
Onodera, Yuji Nashimoto, Hitoshi Shiku

@ Electric and electrochemical microfluidic devices for cell
analysis. [Frontiers in Chemistry, 7, (2019), 396, 10.3389/
fchem.2019.00396] Kaoru Hiramoto, Kosuke Ino, Yuji
Nashimoto, Kentaro Ito, Hitoshi Shiku

@ Electrochemical biosensing system for single cells,cellular
aggregates and microenvironments. [Analytical Sciences,
35(1), 2019, 29-38, 10.2116/analsci.18SDRO1] Hitoshi Shiku

@ Electrochemical fabrication of fibrin gels via cascade
reaction for cell culture. [Chemical Communications, 55, 2019,
5335-5338. Selected as a back cover, 10.1039/C9CC01576K]
Noriko Taira, Kosuke Ino, Tatsuki Kumagai, Yuji Nashimoto,
Hitoshi Shiku

@® Electrochemical imaging of cell activity in hydrogels
embedded in grid-shaped polycaprolactone scaffolds
using a large-scale integration (LSl)-based amperometric
device. [Analytical Sciences, 35(1), 2019, 39-43, 10.2116/
analsci.18SDPO01] Kosuke Ino, Yuki Yokokawa, Noriko Taira,
Atsushi Suda, Ryota Kunikata, Yuji Nashimoto, Tomokazu
Matsue, Hitoshi Shiku

@ Electrodeposition-based rapid bioprinting of 3D-designed
hydrogels with a pin art device. [Biofabrication, 11, 2019,
035018, 10.1088/1758-5090/ab166e] Noriko Taira, Kosuke
Ino, Hiroki Ida, Yuji Nashimoto, Hitoshi Shiku

@ Genipin crosslinking of electrodeposited chitosan/gelatin
hydrogels for cell culture. [Chemistry Letters, 48, 2019, 1178-
1180, 10.1021/acs.analchem.9b02062] Ayako Tamura, Kaoru
Hiramoto, Kosuke Ino, Noriko Taira, Yuji Nashimoto, Hitoshi
Shiku

@ Scanning electrochemical cell microscopy for visualization
and local electrochemical activites of lithium-ion (de)
intercalation process in lithium-ion batteryies electrodes.
[Surface and Interface Analysis, 51, 2019, 27-30, 10.1002/
sia.6538] Akichika Kumatani, Yasufumi Takahashi, Chiho
Miura, Hiroki Ida, Hirotaka Inomata, Hitoshi Shiku, Hirokazu
Munakata, Kiyoshi Kanamura, Tomokazu Matsue

@ Site-specific cytosol sampling from a single cell in an intact
tumor spheroid using an electrochemical syringe. [Analytical
Chemistry, 91(14), 2019, 8772-8776, Selected as a cover,
10.1021/acs.analchem.9b02062] Yuji Nashimoto, Masakuni
Echigo, Kosuke Ino, Hitoshi Shiku

OEEYAAYAVT VY Y ABHFICLBEBEF /A A—I VY. &
2F,68%, 12 B, 2019] 3AME), FHF, FREEN ERRC
OEREHATNAZEZAWHBOEEY - DY FM.
[Electrochemistry, 87, 323-328, 2019,
10.5796/denkikagaku.19-FE0032] EAE, FEEN, HAWHE,
BRI
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@ Application of the Preferential Solvation Viscosity Model

to Binary Liquid Mixtures: Aqueous, Nonaqueous, lonic
Liquid, and Deep Eutectic Solvent Systems. [Industrial and
Engineering Chemistry Research, 58, 2019, 14991-15002] Alif
Duereh, Yoshiyuki Sato, Richard Lee Smith, Hiroshi Inomata

@ Black liquor-derived calcium-activated biochar for
recovery of phosphate from aqueous solutions. [Bioresource
Technology, 294, 2019] Xiaoning Liu, Feng Shen, Richard L.
Smith, Xinhua Qi

@ Correction to “Correspondence between Spectral-Derived
and Viscosity-Derived Local Composition in Binary Liquid
Mixtures Having Specific Interactions with Preferential
Solvation Theory” [Journal of Physical Chemistry B, 123(1),
2019, 325-325] Alif Duereh, Yoshiyuki Sato, Richard Lee
Smith, Hiroshi Inomata

@ Efficient catalytic transfer hydrogenation of biomass-
based furfural to furfuryl alcohol with recycable Hf-
phenylphosphonate nanohybrids. [Catalysis Today, 319, 2019,
84-92] Hu Li, Yan Li, Zhen Fang, Richard L. Smith

@ 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, 147, 2019, 263-270]
Haixin Guo, Yuya Hiraga, Xinhua Qi, Richard Lee Smith

@® Measurement and correlation of vapor-liquid distribution
coefficients of flavonoids in high pressure carbon dioxide-
ethanol-water systems. [Fluid Phase Equilibria, 489, 2019,
90-98] Soma Sato, Masaki Ota, Yoshiyuki Sato, Richard Lee
Smith, Hiroshi Inomata

@® Measurement and modeling of infinite dilution activity
coefficients of organic compounds in an equimolar ionic
liquid mixture of [Bmim]Cl and [Bmim][Tf2N]. [Fluid Phase
Equilibria, 488, 2019, 72-78] Tomoka Shida, Yuya Hiraga,
Takuya Sugiyama, Yoshiyuki Sato, Masaru Watanabe, Richard
L. Smith

@® Methane clathrate hydrate dissociation analyzed with
Raman spectroscopy and a thermodynamic mass transfer
model considering cage occupancy. [Fluid Phase Equilibria,
489, 2019, 41-47] Hiroyuki Komatsu, Takuya Sasagawa,
Shinichiro Yamamoto, Yuya Hiraga, Masaki Ota, Takao
Tsukada, Richard L. Smith
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@ N-formyl-stabilizing quasi-catalytic species afford rapid
and selective solvent-free amination of biomass-derived
feedstocks. [Nature Communications, 10, 2019] Hu Li, Haixin
Guo, Yaqgiong Su, Yuya Hiraga, Zhen Fang, Emiel J.M. Hensen,
Masaru Watanabe, Richard Lee Smith

@ Supercritical carbon dioxide extraction of a -mangostin
from mangosteen pericarp with virgin coconut oil as co-
extractant and /n-vitro bio-accessibility measurement.
[Process Biochemistry, 2019] Wan Jun Lee, Chea Chi Ng, Jin
Shuen Ng, Richard Lee Smith, Siew Lee Kok, Yen Yi Hee, Sin
Yee Lee, Wei Kiat Tan, Nur Hanani Zainal Abidin, Sarina Abdul
Halim Lim, Gun Hean Chong

BEMEZ7OEAZ2EH
[F@x]

@ Acoustic cavitation assisted plasma for wastewater
treatment: Degradation of Rhodamine B in aqueous solution.
[Ultrasonics Sonochemistry, 52, 2019, 318-325] Yu Fang, Daiki
Hariu, Takuya Yamamoto, Sergey Komarov

@ Complex permittivity and microwave heating behavior of
rod-shaped SiC and oxide (SiOz, Al20s) mixtures. [Materiala
Chemistry and Physics, 234, 2019, 281-287] Noboru
Yoshikawa, Kohsaku Seki, Naoki Inoue, Sergey Komarov, Kei-
ichirou Kashimura,Takashi Fujii,Hideoki Fukushima

@ Development of a Numerical Model for Hydrogen Bubble
Generation, Dynamics and Trapping during Solidification of
Aluminum Alloys through Eulerian-Lagrangian Framework.
[International Journal of Cast Metals Research, accepted] T.
Yamamoto, S. Komarov

@ Evaluation of mass transfer in an aluminum melting
furnace stirred mechanically during flux treatment. [Materials
Transaction, 60(9), 2019, 2008-2015] Kenya Kato, Takuya
Yamamoto, Sergey Komarov, Ryosuke Taniguchi, Yasuo
Ishiwata

@ Fragmentation of cavitation bubble in ultrasound filed
under small pressure amplitude. [Ultrasonics Sonochemistry,
58, 2019, 104684] T. Yamamoto, S. Hatanaka, S. V. Komarov
@ Investigation on the surface vortex formation during
mechanical stirring with an axial-flow impeller used in an
aluminum process. [Metallurgical and Materials Transactions
B, 50(6), 2019, 2547-2556] T. Yamamoto, W. Kato, S. V.
Komarov, Y. Ishiwata

@ Liquid jet directionality and droplet behavior during
emulsification of two liquids due to acoustic cavitation.
[Ultrasonics Sonochemistry, accepted] T. Yamamoto, S.
Komarov

@ Mechanism of small bubble breakup in an unbaffled stirred
vessel. [Chemical Engineering Science, 197, 2019, 26-36]
Takuya Yamamoto, Yu Fang, Sergey V.Komarov

@ Numerical investigation of the effect of heating rate on
InGaSb crystal growth under zero-gravity. [Microgravity
Science and Technology, 31, 2019, 377-380] X. Jin, A. Sekimoto,

Y. Okano, T. Yamamoto, Y. Hayakawa, Y. Inatomi, S. Dost

@ Numerical investigation of the nano-scale solute Marangoni
convections. [Journal of the Taiwan Institute of Chemical
Engineers, 98, 2019, 20-26] Y. Imai, T. Yamamoto, A. Sekimoto,
Y. Okano, R. Sato, Y. Shigeta

@ Role of acoustic streaming in formation of unsteady flow in
billet sump during ultrasonic DC casting of aluminum alloys.
[Materials, 12(21), 2019, 3532] S. Komarov, T. Yamamoto

@ Single bubble fragmentation in a mechanically stirred liquid
bath under trailing vortex conditions. [Chemical Engineering
Science, 207, 2019, 1007-1016] T. Yamamoto, S. V. Komarov

@ Surface vortex formation and free surface deformation in
an unbaffled vessel stirred by on-axis and eccentric impellers.
[Chemical Engineering Journal, 367, 2019, 25-36] Takuya
Yamamoto, Yu Fang, Sergey V. Komarov

@ The effect of crucible rotation and crucible size in top-
seeded solution growth of single crystal silicon carbide.
[Crystal Research and Technology, 54(5), 2019, 1900014] T.
Horiuchi, L. Wang, A. Sekimoto, Y. Okano, T. Yamamoto, T.
Ujihara, S. Dost

[E&E]

@ Development and application of large-sized sonotrode
systems for ultrasonic treatment of molten aluminum alloys.
[Light Metals 2019, The Minerals, Metals and Materials Series,
1597-1604] S. Komarov, T. Yamamoto

@ Investigation on acoustic streaming during ultrasonic
irradiation in aluminum melts. [Light Metals 2019, The
Minerals, Metals and Materials Series, 1527-1531] T.
Yamamoto, S. Komarov
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@® Methane clathrate hydrate dissociation analyzed with
Ramanspectroscopy and a thermodynamic mass transfer
model considering cage occupancy. [Fluid Phase Equilibria,
489, 2019, 41-47] H. Komatsu, T. Sasagawa, S. Yamamoto, Y.
Hiraga, M. Ota, T. Tsukada, R.L. Smith

@® Measurement and correlation of vapor-liquid distribution
coefficients of flavonoids in high pressure carbon dioxide-
ethanol-water systems. [Fluid Phase Equilibria, 489, 2019, 90-
98] Soma Sato, Masaki Ota, Yoshiyuki Sato, Richard L. Smith
Jr., Hiroshi Inomata
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Report, 61(1), 2019, 30-35] XHE, riHEE, BRE EFHKE,
EBRIRE, £ARSE, LEFEaN
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% . [IFO Research Communication (X 29 F£E—AFFZTEIR D
FZRERE) |, 33, 2019, 18-19] XHASH
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@ Effective Surface Termination with Au on PtCo@Pt Core-
Shell Nanoparticle: Microstructural Investigations and Oxygen
Reduction Reaction Properties. [Journal of Electroanalytical
Chemistry, 842(1), 2019, 1-7] Shuntaro Takahashi, Naoto
Todoroki, Rikiya Myochi, Tetsuro Nagao, Noboru Taguchi,
Tsutomu loroi, Felix E. Feiten, Yuki Wakisaka, Kiyotaka
Asakura, Oki Sekizawa, Tomohiro Sakata, Kotaro Higashi,
Tomoya Uruga, Yasuhiro Iwasawa, Toshimasa Wadayama

@ Electrochemical COz2 Reduction on Bimetallic Surface
Alloys: Enhanced Selectivity to CO for Co/Au(110) and to H:
for Sn/Au(110). [ChemElectroChem, 6(12), 2019, 3101-3107]
Naoto Todoroki, Hiroki Tei, Taku Miyakawa , Hiroto Tsurumaki ,
Toshimasa Wadayama

@ Heterolayered Ni-Fe Hydroxide/Oxide Nanostructures
Generated on a Stainless-Steel Substrate for Efficient Alkaline
Water Splitting. [ACS Applied Materials and Interfaces, 11,
2019, 44161-44169] Naoto Todoroki, Toshimasa Wadayama

@ Ligand-Effect-Induced Oxygen Reduction Reaction Activity
Enhancement for Pt/Zr/Pt(111) Surfaces with Tensile Strain
Relieved by Stacking Faults. [ACS Applied Energy Materials,
2(7), 2019, 4597-4601] Daisuke Kudo, Soma Kaneko, Rikiya
Myochi, Yoshihiro Chida, Naoto Todoroki, Tadao Tanabe,
Toshimasa Wadayama

@ Oxygen Reduction Reaction Activity of Nano-Flake Carbon-
Deposited Pt75Ni25(111) Surfaces. [Electrocatalysis, 10(3),
2019, 232-242] Naoto Todoroki, Ren Sasakawa, Keisuke
Kusunoki, Toshimasa Wadayama

® Surface Atomic Arrangement Dependence of
Electrochemical COz2 Reduction on Gold: Online
Electrochemical Mass Spectrometric Study on Low-Index
Au(hkl) Surfaces. [ACS catalysis, 9(2), 2019, 1383-1388]
Naoto Todoroki, Hiroki Tei, Hiroto Tsurumaki, Taku Miyakawa,
Tatsuhiko Inoue, Toshimasa Wadayama
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58(6), 2019, 328-332] FMEA
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@ Influence of Sn on Practical Performances of Structural
Steels [Proceedings of the 5th World Congress on Mechanical,
Chemical, and Material Engineering (MCM'19), Lisbon,
Portugal, 15-17 August, 2019, MMME (117-1)-(117-7)] Kazuki
Inujima, Kazutoshi Ichikawa

@ Microstructural diagram for steel based on crystallography
with machine learning [Computational Materials Science 159,
2019, 403-411] K. Tsutsui, H. Terasaki, T. Maemura, K. Hayashi,
K. Moriguchi, and S. Morito.

@ Risk Analysis of Ship Collision considering Striking Ship
Velocity and Plate Ductility, [Developments in the Collision
and Grounding of Ships and Offshore Structures, Marine
Technology and Ocean Engineering Series, Volume 4, 2019,
364-373] Yasuhira Yamada, Hiroshi Ochi and Kazutoshi
Ichikawa.

@ Verification of Crashworthiness of Highly Ductile Steel
by Large-Scale Model Tests [Developments in the Collision
and Grounding of Ships and Offshore Structures, Marine
Technology and Ocean Engineering Series, Volume 4, 2019,
34-39] Teppei Okawa, Kazutoshi Ichikawa, Hiroshi Shimanuki,
Shingo Nakamura, Naoki Oda and Yasuhira Yamada.
(85 - fR5R]

OERFRIAEMIV/ OEMOEMTFEICEEI DMK [ AP REE 88
(7), 2019, 536-539], FIFFHAC, FHHME, HORA MWEKEE, HF
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@ Analysis of the Diurnal, Weekly, and Seasonal Cycles
and Annual Trends in Atmospheric COz2 and CH4 at Tower
Network in Siberia from 2005 to 2016. [Atmosphere, 10(11),
2019, 689] Belikov, D., M. Arshinov, B. Belan, D. Davydov, A.
Fofonov, M. Sasakawa and T. Machida

@® Assessment of spatio-temporal distribution of CO2 over
greater Asia using the WRF-COz model. [Journal of Earth
System Science, JESS-D-19-00295R1, in press] Ballav, S., M.
Naja, PK. Patra, T. Machida and H. Mukai

@® Chlorine partitioning near the polar vortex boundary
observed with ground-based FTIR and satellites at Syowa
Station, Antarctica in 2007 and 2011. [Atmos. Chem. Phys.
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Discuss., in review] Nakajima, H., I. Murata, Y. Nagahama, H.
Akiyoshi, K. Saeki, T. Kinase, M. Takeda, Y. Tomikawa, and N. B.
Jones

@ Chlorine partitioning near the polar vortex edge observed
with ground-based FTIR and satellites at Syowa Station,
Antarctica in 2007 and 2011. [Atmos. Chem. Phys., in press]
Nakajima, H., I. Murata, Y. Nagahama, H. Akiyoshi, K. Saeki, T.
Kinase, M. Takeda, Y. Tomikawa, E. Dupuy, and N. B. Jones

@ Development of a balloon-borne instrument for CO2 vertical
profile observations in the troposphere. [Atmos. Meas. Tech.,
12, 2019, 5639-5653] Ouchi, M., Matsumi, Y., Nakayama, T.,
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Eafill

BEHE X E— BiF

QOF iFE

“ Synthesis of Morphology-controlled Oxynitrides as Visible-
light-driven Photocatalysts for Environmental Purification
Applications FERERIEIS NcA Y F1 MS1 KOS &R RS
iR e UTORER{LINF)

BEHE B R

HRIEBHE | A BN B

O ETF

TFRMEBTOERICE T ZRIGEEOEE,

EEHE T TR EE

OK EE

TRIREAECHDREAY VHBICE T HEREE LI REORE,
EEHE T TR EE

@ SOPHA SOLIYA

“ Adoption of innovation and its diffusion among grape
farmers - a case study: Takahata City, Yamagata Prefecture,
Japan (RESERENRE U BEA/N—2 3V OIRECETEDIREE) ”
BEHE K K B

@ TAZKIYAH SYAKIRA AL KAFF

“ Assessment of Policy Coherence: A Study of Indonesian

Peatland Protection and Management (BUSR—E& D - 1V K
RIT DRRMRES S OERICEI T 2R)

IBEHE  HEE S| #E

@ VEMPI SATRIYA ADI HENDRAWAN

“UNDERSTANDING FLOOD IMPACT CHARACTERISTICS ON
AGRICULTURAL CROP YIELD GRACEENREEEICRIFIRE
i)

TREHE 1 \R K B

@ RINA FARIANI SARAGIH

“ Blast Fishing Activity and Coping Strategies in Indonesia
(South Nias and Pohuwato Regency) (1 Y RRXI 7 ICH T 2R
HOEREETD (A7 ARVRT 7T MEX)) "

1BEHE A K AHR

AFREERS : /LdY— MLV Fv— HEHR

@ LONGGAK ARIANTO TAMPUBOLON

“Translating Policy into Action: Case Study of Social Forestry
in North Sumatra, Indonesia (1 Y RRIFICHITEMETRIAY
NBSRDENRE : bXY NS TOSEHIAR)

1BEHE A K AHR

AREERE /50 ¥R H#EHR
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EMAFEARIKE, SASERARER, /NFYoZyvok=RXE4t, Jingdezhen Ceramic Institute (FRE),
A— - 7—=)l - TLARARGKK ST, HAE#BGKXSH, Kasetsart University (7)),

Ministry of Energy and Mineral Resources(«f >~ K%< 7), Ho Chi Minh City University of Technology and Education(Xk7L4),

Ministry of Energy and Mineral Resources (1~ K%Y 7), X245~ T2, University of Fiji, HEBBEKARH,
BRASHEBERIRILE—HARF, KRAZGKESE, X B, EBREHBERTAKISE, TRV,
SETIANIVIZFIVIRRASH, TV FaTRARR, Ti—Fr—T7—FTFIMKKEE, HA AVFINU-THAR,
ZEVTFUTILGRSH, EBEREKEGRISE, KXYV ITUREFR—Y 3y, BIY3YYrIYMO—LAEHAKASHL,
Agshztrtatt, kXetFh— HKRSUAIEER, FAYY - Ta - YT UatkReH, JFE XF—ILkRE, ME—Tikeit,
KRS UACI, BHLEERSH, BWUE, HRARMENTT F—% NIK, IXTG IxILF—K)RAett, JFE TV IYZFUVIB%AR,

KR EHPAMERN, CEEENIGASE, BEABEBEHRAS, HRASIVREYER, BRIy o/ ahtkatt, SHEEKIRL,

FRERBIUMASE, RRILIMAVGRASH, BHIV Y7V YIRS, RledT oV —, BBk at, FREBIIEKART,

TDK #%Xatt, HECZIE®RNSH, ZHERBIEKIRE, FIYEBHEH®RASH, JFETIHL, EHIEKKRHE,

K=ttt SUBARU, EUZMRHEFKEABRRFOMARHEREE DAESIENRARE, TRECIBEZGKASE, RRAZXGKARM,
KRR VSN, ZZEHbERRSHE, RFEAVF SCHR—ILT1 VI RANERSHE, HEAIT - UF—RikAett, HXHI/ 7N,
ROR®RARE, HIbR%kRS, BAEEGRST, KRXSE7OLR - N—rF—X, TR, UT 77/0V %A%,
KRS AOA, YT RIKAR, HRAUNBEEER, Electricity du Laos (3AX),

Permerintah Daerah Kabupaten Simalungun (4>~ KX2>7), Ministry of Environment and Forestry (>~ RKx>7)
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T, TOMBEDEIC, 2019F 481 H. ZEBRMARE
RS TIRINF—MEZAERRHEENL SR ERILL .
ZOREIFE. HFUWEBELTO TTRILF—MEZ, 8lE
ICmiF T, BELTIFHARBLESNISDONYIEr NI
SEEEEZREL. TRXILF—MHREHENICHEL, B
RBF. AN - #HRBEERBE VT LRSI ILZEIEH
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FEL, 20195 4 AICEDFY I ATV VYRIILER
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BHODAIDODVT, RBOEMBZRATCERZRBL .
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EEEH
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1st Academic Forum on Environmental Studies
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BRREYRADF—T7—R ~RERZMEMELTEITRE L
BoZe~/ BRF— HR
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FE2E RRY—FK
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£ 1 EREMFEHS Photo
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AMERTIF 2004 F£&0 TIOFVLRE, EAFITSNHAR
ESERBLTVS, Thid, IERARESEHBWNIHARIIL—T
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T2HDTHD, WHEFRIIBNMIRE. ZAAREELFE T WITh
HERGHBIMTONTED, RADRBERAMEDERICEFTSL
TW3, 2019 FicHESNIOFVABRBIETILOBED TH 2,

% 126 [@ Soil aggregates as a stage for microbial ecology &
evolution

H B:2019%2AH7H 13:00-15:00

% . Prof. Matthias Rillig (Free University of Berlin, Germany)
ShE 14 4

% 127 [E] Estimating the environment and health cost of coal
power plant

H K:201947H19H 14:40-16:10

% 3 :Dr. Alin Halimatussadiah (University of Indonesia)
SmE 17 %

%128[a] Rare earth metals and Socio-economic metabolism
scenarios: The Technology-resources-sustainability nexus

H K:20194%8H2H 14:40-16:10

F K :Dr. Tomer Fishman (School of Sustainability, IDC Herzliya,
Israel)

ShE 14 &

% 129 [0 Fluid-induced crustal processes: failure, earthquakes,
water-rock interaction

H B:2019410A3H 14:00-17:00

% 3 Injection-driven failure and fault mechanics in high
fluid flux regimes / Stephen Cox % (A—X 5 Y ZEIKZ)
Earthquake Activities Induced by the 2011 Tohoku-OKki
Earthquake Related to the spatio temporal variations in
Stress and Strength in the Tohoku District / SHZER BIZGERE
IERZXRZREZAERD

Rock Failure, Liquid Flashing and Fluid Movement -What is
happening in the Crust- / T E#% #i% GRIEXKZXRZERRE
B2HARRY)

Carbonation and fracturing of serpentinites within
subduction zone: an example from the Sanbagawa belt /
AR EHE RIEREAZRRERZARR)

2% : 50 &

% 130 [@

1. What is multi-regional input-output model: Strengths and
Limitations

2. Theory and applications of multi-regional input-output
model

H K:2018%F 4H18H 16:30-18:00

% & :Dr. Keiichiro Kanemoto (Research Institute for Humanity

and Nature)
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2019 7H30HE 31 HD 2 HE. RIEKREA—TVF v\
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2019 FOHRBNERIITELDED TH S,
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ARREZERT2HMERD ORANME (NERERE]
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R [EE () fR=E

R - @RI HRORE [MRARE
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T/ MBI LBEREEH - SHRBIRILF—T/\ R (REIE,
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B - IXIF—HBEEEXCRBERRTY [FERMERE
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E+B#t e BREMSOBEZARE UV - BRAEVMOBERIL -
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wgE]

RERNEETT/ A R0RE [EPRARE - TUMARE]
WIRSZATLOEKEBEHNHE~ERE - Rk - TRILF—~ [LEH
RE]

Ko, ARBEELT, BH-ESHICLS TEADHZDZVNWTH B,
HEES NI,

AHBHR

2019 . MARDLHDHBELEWAT 2
B 22T 1E. BEAROLOORBLEWS -
ERTE 1 ED, 55 EEELE, REEBI, F20
IROTARERES EH SBENEHENS
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HEEDEZIT oo
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O AAFTAZ

ilaé=%:4 B 20H13:00-15: 00,
RIERIZMERAE, ShNE 13 4

OEFARAFHE
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RIERIPMARAE, SME124
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FA42[E|EKFEAKRZRR
RIERIZERMARRSSZ

KARRE, RIEEAEMRERY NT -V DEERZHBHICRE
BEREROMEBMRFICIVEBSINS [ELREEAKREZRRE
MEZBERMARARRESRE) KSELTVWS, 2019 FRIHERZED
FEICLZHE A2 ARFICHEL., ARBOEEFICEHIZERZR
e, BREXMLT,

E3 [ 7 5 A RE A e 2bE

H B:2019%7H5H (&)

2 15 5T7LEE 4F B0l

HEE 117 X% 39 & (RHAREL, SIFARER, BHEERISM)
MEE HRERICHES TR AKFEAKRERRENZBHEMER
RESBHRTE OREICOWVWT, REXLZDREICDOVT
AEEE KEROEEXRBRRARVKERAZ - EFED/N\Y I
ZUVRIEDWT, HRBOBREBRICOVWT, ERLICHITLEE
EDZIFANEXRZRETROKIEBAHFIDEMCDONT

[ RESDZO% 5142019 ]

RESD 704>, (Regional Environmental and Sustainable
Development) &ld, BXBREOEFHFEZNRELE, BRE
B2 -IZ -BESFICKEFDV—F-—HWAMEBEROTOIZLTH
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POSTECH CRIEIRIKAF). GIST CEMBIZEME) . £RXEL
FUOARZDE T 2008 F£LOEMLTWS, 2019 FE, 7THA7H~
7 B 27 HOBBICEWT, FEIFEXRZ. AFKRE. £F, & RKFE.
8[E GIST. POSTECH [cT&E 1 BE&: 3 BEOXR IOV S
LOEBESI N,
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BT SEEbIC. MENRRERDDENEHRDIRVHESE

&ofco

[ EFR3TES ]

AARRTIE. BALOBEFREERL. BAOKZEMERLH
BOXRREBNZEIToTVWD, HE AV RRIT REFL F1.
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11 B 18 H. AMERUETILYILINRIVKZTERZEZEREER
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2ERR D Edgar Armando Pefia Figueroa #i%&. TILYIL
INRILEE#ZS1t LaGeo @ Mynor José Gil Arevalo &
NEMEIh, KBT7Y MR—LRBRGFEKCORANRN & Ao, #
X TREBARBORERZRNZITV. AMRARTOERRES
PHRHEDRAZEEEBN Ulco

12 A18. 19 HICIE. 1Y RRITFDTZ 014V v VT REILEWT
RIEAXERERZ I+ — (Tohoku University Environmental
Studies Seminar 2019) RUEEEEESHERNZRE L, 12
B I8 HICIToNcRIERZERERZEIF—Tld. AZRIZEROWL
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B, SERERE. PARBHRIE. NHINERE. EBEREERE.
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e S s siuon

Tohoku University
Enviranmental Studies Seminar 2619
at Brawijaya University
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or human health

using geographic information

Tesmoks Makaya
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MIES Deminar 2019
a University
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