O
o
®
X
(]
a
®
E
o
o
>
28
<
<
P
[}
o
S
N
o
N
o

..&;m\\\ RIEXZXRXRERREHVEZARH
m\\z\%«‘/” 797—4 tT’f [//‘I( |\2020

TOHOKU Graduate School of Environmental Studies, Tohoku University
UNIVERSITY Activity Report 2020

0202 =N +LAVLLL HEMEHEHYEYESYIE

I._g[) En IJ‘F.?}JJ

N
3
o =)
S bt
P
o ~
2
..J‘J .\'\_.
n
"‘b*’c FAL
rn s?

AjisIaAlun NYOYO] ‘SBIPN]S [BJUBWIUOIIAUT JO [00YDS 8lenpels

I I
AW
|

www.kankyo.tohoku.ac.jp



I ERA

Professor

Noriyoshi Tsuchiya

RIERFARZRERERFARBER
Dean, Graduate School of Environmental Studies,
Tohoku University

HWNED

HELD, RIEAZAZRBEAZMRBDOMR - HEFTHICSRVWSEBEENIWSIEEBRD,
DO SHEILEL EFET,

2020 FElF. HFEIOFUVsILRICIFAESIKIRDEISNIEETLIE, BATEKUSTHEIO
FTERENERINON, 2020F 1B 16 H. ENhS5—FEMcE. WEZDHWIDZEENTW
BEERIFVITHFRICHLT 2 EEORBBREENREIhTVWEYT, JOFBOE>IIZHRT,
BI8BDFITAETALIR—bERTIAZI VT ERDE U,

WERHE, E. BOH0iEs KREOEHBEICEDVTRENELZEUTER U, PHEEHBE
DRRERELETIIEEE . ZUC BBEEMROBZZEIBRVWIEILBOLTERETETY,
JOFROERELEZEBETVWERA, CD%EEH. FEHAEENMRCILZRIBEIZ2EBEA.

LA RE. HROBREMBEICH U TREBNN DERNRIEEEZE L. LiHNERERNICK S5
REITZZAM (ABRNT BAM)., e, VEBEMEORREREZERE LY V21— a v DEIY
ETALYYaYORTRETAZAM (EBNOEAM) OBRZTIHTHEDET, 3L R+
JOFOHAZEZZAMEZEE T TVELVWEEZTVET,

REMNZAERNTEBIEN ST O—/NILEZEICEELTED, 2014 FEHNSIF. HRIEE
EEZ¥LEBEERB 7OV SAICIRIRE 1. IELP : International Environmental Leadership
Program ZEZBELTESDELEH. BEFCOFEZHENETLTEDET (B34 EE54),
ZO7OYSLICED ASEAN #EEHLELT, BEIVRAI Y MNIBEEEZIIANTEDET,
I5IC 2019 FEHISIF. AARRMNMEFRELH>TVWRIKERE - R ZERERKERN R
TN, ZEOZBHANEERIELLTEDED,

ARAmE UTRIEMFTHEE LY 5 — Ot aEab z s, HifiEEE, EFBEZERIC TER).
TTRILF—) BEOMREHELTRDET,

BEEDLMND EIREMEIF. BGEELTWET, ABOFTCICHEADLS, Falbkai—v>
X217« (NEDZLRRE) Z@<ER LW RIERDERA, FO-—N\VE—Y30h XFE
BEHHALEEZBVWRLLTWRZORRA, RAMIOFTESZEDLZDH. ESEZTLWHRIER
S5RVDON. ABOEMHAREINTVWRZERUTWEY, FEEHDET, BERBHAERICE. B
ERGENREMRZES. HULWKRHELZAEL., FREMEZEAHIHRBREZTE UL
WEWSEEREEDNWET, BSICHARFL. FBSEFZOBMFICE>EMATNBEELTVWED,

SkEd, TRE. CEEEBDETLS. BEWVWEHLLETET,

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
programs.

The fiscal year 2020 was dominated by COVID-19. It was on January 16,
2020, that the first COVID-19 patient was recorded in Japan. A year later,
at the time of this writing, a second declaration of emergency has been
issued to 11 prefectures. Thus we are publishing this 18th Activity Report
amidst the pandemic.

Our graduate school has implemented measures against the spread of
infection based on guidelines set by the national government, the
prefectural government, and Tohoku University. We have made the health
and safety of our students, faculty, and staff members our priority, while
making every effort to maintain the quality of our research and education.
What will follow after the pandemic is still uncertain. We have no choice
but to accept life with restrictions for foreseeable future.

We aim to nurture human resources with a bird’s eye, global perspective
on existing environmental issues and the ability to implement
countermeasures with cutting-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). In other words, we
aim to nurture human resources who can take a leading role in the post-
COVID-19 world.

Since its foundation, the Graduate School of Environmental Studies has
emphasized globalization and has conducted various international
programs. Since fiscal year 2014, the school has consistently been selected
as an International Priority Graduate Program and, with support from the
Ministry of Education, Culture, Sports, and Technology (MEXT), has
implemented the International Environmental Leadership Program
(IELP). The program’s second term is currently in progress (with three
students in the master’s program and five in the doctoral program).
Participating in the program enables the school to host international
students every year, focusing on those from ASEAN countries. In
addition, fiscal year 2019 saw the founding of the International Graduate
Program in Resilience and Safety Studies, for which the school will
assume a facilitator role, and students have already begun enrolling. As a
research organization, we are strengthening functions of the
Environmental Research Promotion Center to promote research on issues
related to resources and energy, with an emphasis on collaboration with
the community and industry—academia collaboration.

There is a strong correlation between the spread of infectious disease and
environmental problems. We need to be keenly aware of human security,
which can be a matter of life or death for human race. How will the global
environment—which currently sees globalization literally covering the
entire world—change, or how should it change, in post-COVID-19 world?
I feel human wisdom itself is being tested. We do have hope. In the
Graduate School of Environmental Studies, we are blessed with students
who aspire to research advanced environmental studies and create a new
society for the future, changing the society that has produced so many
environmental issues. I believe we can expect a lot from them, and I am
confident they are capable of living up to our expectations. We greatly
appreciate your further and continued help and your encouragement of
our research and education programs.
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Measurement, observation and equipment development for
understanding of various geosphere information

Big FE X

Assistant Professor
Nobuo Hirano
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The objective of the laboratory studies is to focus on measurements and observations to understand 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.

In addition, we will demonstrate the possibilities of and provide ideas for high-temperature/pressure experiments and measurement methods using autoclaves.

REHEZEICHSEGIYDOBRIRRER

INETOMET. BAE%E 400°CH S 500° CRDBERFIRREK
FICKREBL. SREZR RS ERNIBREDFHE BB RICHESER
EETICL>T, ERICHEEZEGEREZELIEZIENTAETHDI L
ERELTETCWD, ZORRIGHFHFEBOANIBEEICEITIZERSE
HELEFEROBBPLIMRERDODRREEZZ 2 L TEELBD, Ih
FTCOERNEREICHMEY I 2L —Ya VRIS, ABEHSDE
IBAICEZEREEDLDICITERNRICHIEEOARZEFTTD
RENHZENFIIERTHDIEERERE U, £ BETIRIN
FTICHERAUCELEREBZFERALT. SERRKRIET TCOBEMR
EEDZFDFAESKICOVWTOMEER I HB>TWS (Fig.1)

MY DEFNE AW EIRIRE

EOEEBRT 28, FICAERLORATIKIEYEFEY (Thermo
luminescence, TL) &EENZREKMERIND, NIFIEYAIC
BEXASNCEARGIRZRRETZIXRILT—D, fihmEshd
TEICEDBEHEN, IXILF—EBEVEALBELLTREIND
HRTH2, Lich>T. —EMASNIIMIERALLBLLBRDENS
ZEERBKRULTWSIS, EBARICERIE U IZREEICH >
fe SIS BIRIBIC R D ST LD B BB I NI EAENDARLA
%, IhEFBTNIE. KEERYERENOMKREERE TESh
feERFERN S, HBAEREGEMDR VY-V I N HZEEARET
BB, INSDT—HEBIHOERATEBORREFEELZ
Bofeh SEERBESCERTRERIRED/NEAIEEBORKEE
KoM (Fig.2)e Fio, INFETIFAR TLEFOICHRZS >
TEfeh, AELIDHZLDMEMIE T TL BIEICHETESRA TL
IEDOWTHT—IDEBLDDH 2,

Fracturing of rocks by fluid phase change

Previous studies have found that when rocks are placed in supercritical
water above 400°C to 500°C and then 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 laboratory experiments and numerical simulations confirmed that
it is almost certain that a minimum amount of quartz must be contained
inside the rock to generate cracks due to external thermal stress.

In addition, we are currently conducting research on in situ measurement
methods of elastic wave (P-wave) velocities in high-temperature/pressure
hydrothermal environments using the experimental equipment (Fig.1).

Preliminary geothermal exploration
using thermoluminescence

A phenomenon called thermoluminescence (TL) has been observed in
minerals constituting rock, especially quartz and feldspar, whereby
energy originating from natural radiation stored in minerals is released
when the minerals are heated and then energy accumulation is observed
as emission light intensity.

This means the minerals do not emit light after being heated.

Therefore, minerals have less luminescence in geothermal areas than do
those in non-geothermal areas crystallized during the same era. This
phenomenon makes it possible to screen for promising geothermal areas
using rock samples obtained by surface exploration before large-scale
geophysical exploration. Last year, our laboratory and Toei Scientific
Industrial Co., Ltd. developed dedicated measuring equipment to obtain
TL data. This year, we developed portable measuring equipment that can
be used in fieldwork (Fig.2). In addition, our laboratory has focused on
quartz TL, but data on feldspar TL, which can be applied to TL
measurement in more geothermal fields, are being accumulated.

EIIRREMHKZBAWKRRE

INETOERREMIS, EBT7INZ=UL% 50-60CRRED pHI1-2
DBREMEBRY pH13-14 OBFILAVBRZERIGESELBE. K
RERESEIENABETHDIIENHBALTWS, Ihid. kD
KBARIGICEBDKRERDAELDBIEEICIEWEE TH O TN
FANRAFTE2, FEEDHHEWILHOE/NIRRICEWTERL
TEREBEBERKERTZIVIZVLBZANRUCKRERERZS
FEHS|EmER I Mofce SEER. MEEFTOERTHESNE
MREZEIC, ERARBEORBERIAUORNEEZHELERZR
ZHofe (Fig.3)e COEKEIF. MEEXRTRERTETWEN S
RIGEFRANDEFRHNABTILIZULEA. RIGERABOBRE
NHIE, BREUVCKROETBEB/NOBELFETIZHIN AT
HB, S5IT. INSOBEICHBEDLRW EZ2ER LD, KB
FlEOBEELICOVWTHELN I fc, Fio. FIFEFTOERR CHRE
EBOTWEBBEARATH 2TV YDOREREICDODVWTH, fEZAWN
P2ETRETEDZENERTE
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Fig.1 Changes of P-wave velocity of water at various pressure.

Fig.2 Developed small type TL measuring equipment.

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 is used in the
conventional hydrogen production method by hydrothermal reaction, and
industrial applications can be expected. Last year’s hydrogen-generation
experiment using strongly acidic hot spring water and waste aluminum
chips that Tamagawa Onsen in Senboku City, Akita Prefecture, carried out
was continued this year. This year, based on the knowledge obtained in the
experiments up to last year, we manufactured a large-scale hydrogen
reactor that will be the prototype of the practical equipment and conducted
the experiment (Fig.3). Although it requires manual operation, this
equipment can feed aluminum chips into the reaction vessel, control the
solution pressure inside the reaction vessel, and transfer the generated
hydrogen to the storage vessel. These basic operations were not possible
with last year’s equipment. Furthermore, since it was confirmed that there
was no problem with these basic manual operations, the prospect of
automating the control was also clear. It was also confirmed that the
generation of toxic arsine gas, which had been a problem in the experiments
up to the last year, could be removed by using a catalyst.

Fig.3 Large type demonstration test equipment for hydrogen generation.
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Development of High-Functional Non-Metal Light Element Materials
for a Next-Generation Sustainable Life Style

EHIR (k=R
Associate Professor
Yoshinori Sato

F/PEOREERRRICTEN ULBREREZROEGHE - BEME - B/ BB/ VY MRZEIR T2 &id. ROBAONBHROD
12THD. AARETIE. RE - REZXHCEOVWT F/YPEOR/FUEZNILVETHEGDELEERE - BEMY - B/ BE /N 1T Uk
MRIDEET - A - FHEETV. TS ORISR EIZ (Sustainable Development Goals: SDGs) ) IC6Bb 2 RIERDI Y —>ITR)LF—
PBICHRERIRGEEN DEMEERIRILEF—MH (RICHLSERTHEMR) DBIRKICHELTW\S, MRZZETIDICHLD. BITROKY
*. k%R, BR. BR. 7vHR. BE VYZRAVCEEELARARAZHOESERTHEMEORAKEZT>TWS (Fig.1.

Our laboratory is in the research area of advanced nanomaterials with clean energy (alternative energy and hydrogen energy). Fabricating, assembling, and
compositing organic/inorganic materials with high-performance functions, which are created from a combination of each material’s properties, is one of
the most fascinating and necessary research areas. In our laboratory, we design, synthesize, and characterize the assembly, composites, and organic/
inorganic materials based on surface/interface design to expand nanomaterials’ properties to those of bulky materials (Fig. 1). In particular, we have
challenged ourselves to create and develop high functional non-metal light element materials (carbon-based materials including boron, nitrogen, oxygen,
fluorine, sulfur, and phosphorus) with high-performance surfaces and interfaces, which are necessary for the field of next-generation clean energy to meet

the Sustainable Development Goals (SDGs).

7vRIE—HB7 v RIEZRABAL LRRMEAND
REBERTRPREOHERN—EYY

sp?BRIBOHBREEZHOREMROR—Y/LE (HE) 31t
FHICRETH R BTR (RUR. BR. BR. 7vER. &
V) PEARBHIN—YIVEICR—T T2, REMBOYELKRE
KETZ, RARETIE. 7YvRE-HET7vRILICLDREMLRY
RICOHRORAREZT>TWS, FIZIE. 7YyRICRRMHZT
VEZFHARTEHIIE (300-600°C) 92 &iCk>T ERMNR—
BV UicREMEZERTES (Fig.2)e BERR—EVVIRBUTOD
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Fig.1 Our research topics.

Control doping of non-metal light elements and
defects for carbon nanomaterials via fluorination-
defluorination process

The basal plane of carbon materials with sp2-hybridized covalent bonds is
chemically stable. However, when vacancy defects and non-metal light
elements, such as boron, nitrogen, fluorine, sulfur, and phosphor, are
introduced in the basal plane, their chemical and physical properties
change drastically. In our study, by reacting fluorinated carbon
nanomaterials with ammonia gas at 300-600 °C, we succeeded in
synthesizing nitrogen-doped carbon nanomaterials (Fig.2). The nitrogen-
doping mechanism is as follows: when fluorinated carbon nanomaterials
are heated, fluorine groups are detached from the carbon structure along
with the carbon atoms to produce carbon fluorides. Moreover, vacancy
defects are formed by this process. Because the edges of the resulting
vacancy defects are energetically active, the active carbon atoms at the
edges react with ammonia and nitrogen atoms are introduced into the
carbon frame. We attempt to control the surficial, chemical, and physical
properties of carbon nanomaterials by controlling the fluorination—
defluorination process.

» hydrogen
& Hlugrise » nliroges
F./N, gas HH.IN, gas
he-SWCNTs F-SWCHNTs N-doped SWCNTs

Fig.2 Illustration of nitrogen doping to single-walled carbon
nanotubes via fluorination-defluorination process.

Fig.S1 Lab members (2020).

Fig.S2 B4 graduation photo (March 2020).
Yuichi Ito (left) and Yota Sakamoto (right).

Fig.S3 New crews. Ryutaro Nakata (left) and
Hiromu Morita (right).
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(polymer electrolyte fuel cell: PEFC) &, A4 RBEDHIL
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reduction reaction: ORR) fi#EEULTERSINTVWSEEMET
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Fig.3 Tuning factors for efficient ORR catalytic

-3 : ¢ Fig.4 Drinking party.
activity of nitrogen-doped carbon materials.

Design and fabrication for platinum-free
oxygen reduction reaction catalysts

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 anticipated, they have not yet been
widely used. Platinum, which is used as an 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 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 the carbon framework. In this study, we try to dope
nitrogen atoms to carbon nanomaterials selectively via a fluorination—
defluorination process to clarify the mechanism of ORR catalytic activity
for nitrogen-doped carbon materials (Fig. 3).

Academic conference

* Minori Kokubo, The 43rd Fluorine Conference of Japan (Poster online)

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 Pizza party.
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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

IXNF—HEZMZ. CERBITERELBVWESUABITI S
Hlcid. BR - RFBR (. KB, DK TSRS ) OF
ANEELRD, BAOHMREBAEZEAGDEDCLICLD, &
NEOIRIF—HETER  RAIBRZEVIAITZLHODIRT
LBENFREERS, BICEDRMELIC, LO5REEICFIALL
WIERICIE., cnSoRZRABICEX TE IR ZDHET
RAWREREICERI 5. AMRETIE. EEHEOHRFBZTS>ILZ
BEL. BEEOFRMTAMBZRAEL. B2 (BRE) EREZT
figdEeblc, BZ2BEZIDD—ERE CREAEREEERDRIR
ZHAEDEERBICE>TRMAIATLDOMEREZFTFML TS,

MEZ7OEA LBBEROYI2L—2aY

EVFAINOE BRERE. DFBNEEREZAVT 53y
JAPEAMHOBBEROYI 2L —YavOmREE{To>TW5,
BHOEE. BiE. [ILZECHMEOERZELE, BEECREEOE
RTEBSCENTED VI aL—YavafHllc, &L, HRBFE
BEEEERS L 7OEADYIaL—ya v ERRELTWS,
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Fig.1 Study on the heat system using porous silica for thermal insulation and erythritol
for thermal storage. (a) vessel, (b) model, where heat storage material (A), thermal

insulation in the vacuum space (B), thermal insulation board (C), foamed styrene (D), (c)

simulation of Oh, (d) 10h, (e) 20h, (f) experiment and simulation for wall temperature
while phase changing.

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 material processing and
microstructure development

We are studying the simulation of material processing and microstructure
development of ceramics and composites using the Monte Carlo method, the
finite element method, the molecular dynamics method, etc. We have
developed a simulation that can calculate the change in a material’s structure,
including several solid phases, liquid phases, and pores, from the perspective
of the relationship between temperature and time. Recently, simulation of
process powder compaction followed by sintering has been studied.

(a) relative derit

Fig.2 FEM simulation of powder compaction (a, b) and
sintering of b (c, d).

!
iR LT

Professor
Masanobu Kamitakahara

€IIVIRIA—FT 1 VI PEREEAMRO
PR - MEREDOVZaL—Y3Yy

KRR TIF ©FIVIRI—T 7 DB, B#EL. BE
HEEDYZal—ravzeE, EVTHAIOEREBREREZAVWTT-
TW%, RIATIE. BEESHMHOBEPREICEALCOYIaL—
aviREEDT\S,

EEICHETT 3R ORIR

RHICHPATNTERBREICEB =D TEBEEMROBIRZT>
TW3, INFETIC, EFEATRRSNEORFICHARATNZY Y
ALY D LRRESILAEDIERICERIILT WS, COIRREIEZY
VBEAIWYILBEXAY MEMPATZ ElCLD, HEPEEBOE
AFRERNY I AR EERYP Y VI BEDOEATREAIIOKILOM
HEEIDHMRBELILEI VBN VLB EAY NORFKEEDT
W3, InNSOMBORER. BEORRLET TR RREEEH
ERORRICEMTEDEEIT NS,

REVFRIETOEY

<zE>

(1) WEFE  BEBIOCHRASRXE (2020 % 6 ) 'HFHNPEICSLS
FIVZF—HIRARICHE B RETRILF — SIBD R

(2) MBEAF (M1) : MR ASHS 2020 FEUFAR EFHERRE

<ERETOFRH>

MERFE  MABREESHSES. AGSEEMHINREE. BRELD
WRASHREZER. BREIIVIRBERIVIZFIVIEIIVvIRESR
£8. ERITUTIERLRIBR. BMFRSEES

LEEE - Associate Editor of Journal of the Ceramic Society of
Japan. BRNAAYTUZIERFTEE. BERES IV IR BSEFREEN

sliess ]

ACIPsk

&5
L3
L¥
i3
1.

Fig.3 Study on FEM simulation of thermal stress in WC-Co cemented
carbide. (a) model, (b) tensile stress, (c) direction of principal stress.

Simulation for property and performance of
ceramics coating and sintered composite

This study aims at developing a simulation technique for microstructure
formation and change, as well as delamination/fracture in ceramic coatings
by using the Monte Carlo and Finite element methods. Recently, we have
studied the simulation for strength and fracture of sintered composite
(cermet) by using the finite element and discrete element methods.

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 are incorporated into bone metabolism. We are preparing the
calcium phosphate bone cement with 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) Hideaki Matsubara: Japan Society of Powder and Powder Metallurgy
Distinguished Paper Award, “Analysis of Interfacial Energy and Diffusion
for Alumina-Glass System by Molecular Dynamics”, June 2020.

(2) Hiromu Kato (MI1): Best Presentation Award, Autumn meeting of
Japan Society of Powder and Powder Metallurgy 2020

<Activities in academic societies>

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

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

Fig.4 Calcium phosphate cement with macropores and micropores. (a) appearance,
(b) model, (c) porous spherical calcium phosphate granules in cement, (d)
microstructure of spherical calcium phosphate granules.
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EFHEIS 2 EE  Resources Strategies
BIS(E1EHRES 48P  Geoenvironmental Remediation

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

and Resource Recovery Technologies

#% HE T
Development of Environmental Friendly Remediation Technologies Professor

Chihiro Inoue

ETECHIBUEEREAYICESLE - HTKORBBFRORIMEP. HTERNOFEBMICH T BHETEABEOZEHTETNSHN
INSOMBEZBRTZ2ENBFECPZOBERAICRILELORENEINTNDG, RADHARERZ LLEOMBZEIRS - BREEFORE
BERMPERENEMICIDBRIZIEZEBEL. INSOKMBARICETZIMEZTO>TNS, MUT 2020 FOERMEERZHEBNTS:
(1) 1B - BEVZRAWEEESRILEMICLZ LR KREFROEEICEITZME. (2) EMHEZFRAUCRERINORAEICET 2.
(3) LERBEFDVAIOTIAF v IDRES SV ZORETOLRICETBME

The contamination of soil and groundwater by heavy metals and persistent organic pollutants, such as petroleum hydrocarbons, has been a serious

environmental issue of global concern. Moreover, demand for underground mineral resources is growing. However, effective pollution removal and

resource recovery methods with low environmental burdens have not been successfully developed and thus remain a challenge. Our target is to develop

remediation and resource recovery technologies that reduce costs, energy demands, and environmental loads. Here, we introduce our major scientific

activities in 2020: (1) phyto- and bioremediation of heavy metals from polluted soil and water, (2) development of biotechnologies by utilizing bio-

functions, and (3) investigation of the distribution and degrading process of microplastic in the soil.

e - WEMZERWEEEEERLEYICL 5 LR -
KRB RDEERICET SR

E#&(As) PHRIVL(C) Ik BHEKBEFLDEEICDONVT,
ZRENOEEREY (As: ETYIVH. Cd: \THYN\FHH)
ZRAWCERMARROERLERBRZRGEL. SEE (1) BHER=D
DESZICTHRIBEARZITV. BEYLHOEY EOHRARIENRZ
®EELTz (Fig.Do (2) ELIYIVFRBICEVWTIYDRZ VR R—
44— PvPhtl;3 KO EEZRIN. LEZETESR PVACR2 LDETL
fcds, # EERICEIRT B &% RNA LANILICTRER UK (Fig.2)
(3) EEGREHERMEZRWE PETIS AIEICKDEIITY T E/N
T VNI ADERICE FEHREBEEBEDENZ, REY
YOMAYSIATAY NV —, EFRIZRINHAIRREE,
BIEEFICAMRAAEDHRMFTELTHRELTLS,

SMREEZFIA U CRIERINORREICET 2%

GHRRRIEKFLEYED BT IEREEROBEICKINL. 55
Achromobacter sp. & Ochrobactrum sp. N E & T 2 EBEE
(&, BERICOWINDIEYNREEEDEICED. RK{LKRLELEY

N

Lallltrampert 4
OO0 g i
Frmn 1

nnon §

:I.‘u-\'mM_ll I
o

L TR
= PPl

P ke s

T

Fig.1 Photo of a field trial for Pteris vittata and
Arabidopsis helleri ssp. gemmifera in Miyagi
prefecture.

Fig.2 Hypothesis of As absorption, reduction
and transportation by P, vittata.

Phyto- and bioremediation of heavy metals
from polluted soil and water

Regarding the phytoremediation of arsenic (As) and cadmium (Cd) from
contaminated soil or water, we continued to apply the hyperaccumulators
Pteris vittata (As) and Arabidopsis halleri ssp. gemmifera (Cd) to demonstrate
their hyperaccumulation mechanisms through basic research and to apply
them in field trials in Japan and Vietnam using soil and hydroponic
cultivations. In 2020, first, we continued the field trails in three fields in
Miyagi prefecture (Fig.1). Second, we confirmed the sensitive AsV absorption
by a P transporter PvPhtl;3, constitutive AsV reduction by PVACR2 and
subsequent AslII transportation in root of P. vittata in RNA level (Fig.2).
Third, we continued applying the PETIS method using short-living
radioisotopes to investigate and visualize the transportation of As in P. vittata
and Cd in 4. halleri ssp. gemmifera.

Development of biotechnologies
by utilizing bio-functions

Petroleum hydrocarbon compound-degrading consortia were established,
in which the biosurfactant produced from the consortium contained mainly
Achromobacter sp. and Ochrobactrum sp. supported efficient degradation.
We also successfully isolated two novel 1,4-dioxane degrading bacteria,

v g "B
¥

1 o

b | HCF n (Ultra-sonication)
L AR -
& @ PCF oPCF

{Anti-fouling surface)

Fig.3 Procedure of fabricating anti-fouling surface.

R ISUEFR B HEE
Associate Professor
Guido Grause

Assistant Professor

Mei-Fang Chien

BEERE HAK
RiTEES LA FRE
EBMER TENT

b

Group Photo

DRENEDENIETIZ2ENbh ofce Fhey 1, 4-YAF
YYUICH R RS EBIEERD SR BRED Dokdonella sp. &
Bradyrhizobium sp. DEBEICEII U, 2D, MEMICLBLT
AZIEREMORFEZEEL. BEULEV 7T YREEZZHAWN
FEMERNGEY 77 Y EIRERITNICER TEz, £, HBEES
PTFLAEEREZFE - BHEER LICERL. MEMICHIT2IEY
EFEERER UL (Fig.3).

TRREPOVAIVOTIAF Y I DREE LV
ZOHRB7OELRICET MR

TENSOYAVOTFAFYIDREEICDVNT, Tz VUK
IRCEDEFEYEZREL, TN I—YaveRERLMZERWE:
DEE. SOICHNARBICIDTIAFVIORHEERIL, BE
LT, o MASERUVEBERTSAFYIEBMICEE
TEMEYERAN. LEPEFEESE DKW Pseudomonas g &
Janthinobacterium BN\ 72X F v UV REDBETETH D, i
NSDERBTIAFVIIHEREERUc I EZHER UK (Fig.4).

EFEXETE. FRAER. €OMEES

TIIEHBBPAVYRRXITFOT S04 v PRED 3 in 1y
TOVILAICEERRELTE D, £, F4LEEKRITV—VE
- N\1ARFS5 (ICGAB 2020) IcTxEFOYAVOTFR
FyIIKDODWTERBEEZTolc, BBIRIE "HMEY - BYICELBZR
BERHCERBORBAEZOINAICETSMR) ZEBELTRE
NAAFTO/ O -2 2BMEERE U, V77 EHEBIFIE The
2nd International Conference on Advances in Civil and
Ecological Engineering Research (ACEER2020) I/ - #*%
%17\, Best Oral Presentation #% & U7z (Fig.5), S _MEIE
AR, MUEBRTERTE M1 ENEZNIEBEFRRAY—BEEZZE
L7z (Fig.6).

%

CS T S —
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[ —
[Ee————Y

Dokdonella sp. and Bradyrhizobium sp., from a consortium. We applied
immobilization technology to molybdenum-adsorbing yeast and confirmed
the efficient molybdenum adsorption by the immobilized yeast. We
fabricated oil-infused honeycomb film (oPCF) by breath figures and
confirmed its antibiofouling properties (Fig.3).

Investigation of the distribution and
degrading process of microplastic in the soil

For the assessment of microplastic in soil, we continued developing
approaches to separate microplastic from the soil. We separated the
microplastic through elutriation and centrifugation, including the removal
of biological material by the Fenton reaction, and we identified plastic
particles by staining and visualization through fluorescence microscopy at
several wavelengths. We investigated the influences of agricultural plastics
to soil bacteria and found that Pseudomonas and Janthinobacterium, which
were minority in soil bacterial communities, became majority on the
surface of plastic (Fig. 4), suggesting the existence of plastics in soil
interferes with soil microflora.

International exchange and other activities

As a visiting professor, Dr. Grause provided several lectures for the “3 in 17
program of Brawijaya University. The lectures focused on the impact of
plastics on the environment. This included a webinar on microplastic and a
workshop. The whole program was conducted online. As a part of the
program, Dr. Grause provided a keynote lecture at the 4th International
Conference on Green Agro-industry and Bioeconomy (ICGAB 2020) about
microplastic in soil. Dr. Chien and her research, entitled “Clarification and
application of the mechanisms of purifying environmental contamination
by plants and microbes,” received the Encouragement prize from Japan
Society for Environmental Biotechnology. Dr.Grause also received the best
oral presentation award at the ACEER2020 (Fig.5), and Mr. Ryonosuke
Shimura (M1) and Miss Kanako Sato (M1) received the poster award in the
2nd Environmental Forum (Fig.6).

b — — — I ' ’
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Fig.4 Distribution of bacteria from s1)sheet-rinsing
water, m1)mulch-rinsing water, p1)peg-rinsing water,
sol)soil at p)phylum and g)genus level.

e :
" ot e i

Fig.5 Best oral presentation by Assos.
Prof. Grause in ACEER 2020.

Fig.6 Photo of Mr. Shimura (M1) and Miss Sato (M1)
receiving the award of the Best Poster Presentation in
the Environmental Forum 2020.
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HIERMIE - TRILF—%5E  Geomaterial and Energy

EE—ERGASBEY sEREy 2>, VR
Geo-environmental systems driven by fluid-rock reactions Professor i
Atsushi Okamoto

BEARMIROTOERIE, FEEICHSKDELILODTHZD, LPEDREHLESY 2 EMRADILZRGPYEBRBISBINICIEL, 5D
ABHBICORZLHEESZ D, HMRETIF, HROIVNLICEFZ TRE 2N UIcEADRIGCIRILF— - YEBBHIEETD, 7/
AT =L SRR TRABIAT—ILORRENREL, BERF MG RPRKIEILROFEBE ERFEICRIT BRI, KPR
ROEE - BR7OCRAEZOENFE, WE - BRTOMBYBR - MHEMBEORREBREICODVWTDOMERZEDTNS, S5, FRITE
FHER CEMSZERBE (Hf) 2R 08RENRELT TIRBR7TO—FP/NY—VEBROBEET VI BT, HEREICET
ZENIATLDOBHRMEZRAT VS,

The processes of solid earth are usually slow, but a subtle amount of geofluids dramatically accelerates chemical reactions and mass transfer in the crust,
which has a great impact on human society. Our laboratory targets the various scale phenomena within the crust and mantle, driven by fluid-mediated
reactions and energy/mass transport. We are conducting research on various water—rock interactions involving supercritical geothermal resources,
hydrothermal ore deposits, global H,O and CO, cycles, and dissolution/precipitation processes within faults and fractures. Furthermore, we are trying to
extract information on dynamic systems in the geo-environment based on data-driven approaches and numerical modeling of pattern formation for rocks
with complex spatial patterns and multidimensional chemical compositions.

BERS AT ROMILZES & UK EIRDAZEL

400°C 2B A2 BEBRAMA G RIIEEGBERNEIRILE—EL
THEIBEFINTVWD, ZOLSBMAEREFRRT DI,
ZT=LPBRHBEDEENH D, HEAREOUEE FHTIHEN
H3. LHL, [IENREBEFERICOVTIE, BEBORAZNT—
IHBFEELVRVWEWSEEN Doz, TOMRTIE. BREBESHY
TORADARBFEERRZITV. KOBEEZBAWTFEERDILE
NEMTHZE, T, BEEFEBTIEIpH A LRIZZEZHS
Ny

SRR RADORE. FMEBELE, SRafIREZEDEHL.
BEDTZY I RAE—H—REDBKMEILREEDHT, BILDFLA
ZEBICEFEE T DERO BRI O O AN F OMMERO
CRZEBRIT L. NTILRETOKIERK - RRXHA=ZXLZHESHICL
2 (APLEMKZEDOERRR ; Fig.D). S5IC. BERASKHETOR
BRTHERICKD, YUDRFIERL, ERUBNSEEL. A
FEHFAEETZBREHASMITUI,

Geochemistry of supercritical geothermal
resources and formation of hydrothermal
ore deposits

Supercritical geothermal resources exceeding 400 °C are expected to be
promising renewable energies. For sustainable utilization of such high
temperature fluids, it is necessary to evaluate the properties of the
geothermal fluids for predicting scaling and corrosion problems. However,
the thermodynamic data of aqueous species are lacking in vapor-like low-
density regions. We conducted the hydrothermal experiments on feldspar
solubility at such P-T conditions, clarifying that the extension of the
equilibrium constant by using water density is possible and that the pH rises
in the low-density regions.

Decompression of high-temperature crustal fluids produces high-
supersaturation of minerals, resulting in the formation of hydrothermal ore
deposits, such as black smokers atthe seafloor. We analyzed the microstructures
of spherical pyrite and bipyramidal quartz grains from the Kuroko deposits
and revealed nucleation on the bubble and growth within the fluids
(collaboration with Utrecht University; Fig.1). Based on the supercritical flow-
through experiments, we showed the mechanism of the formation of silica
particles and transformation to quartz during upwelling fluid flow.

Fig.1 Electron back-scattered diffraction (EBSD)
map of spherical pyrite in the Kuroko deposit.

Fig.2 Field excursion of the Oman ophiolite
(Jan. 2020; Oman).

Fig.3 XAFS Analyses of serpentinites at
KEK (Tsukuba).

B FE IEi 1/ Q| i ol N DA 9| 2
Assistant Professor Assistant Professor
Masaoki Uno Dandar Otgonbayar

Group Photo

BETL—MCBITHRERETOCRA EKERE

BETL—NTEKRINEEL. YUY MNLERBI 2K (fEHEt)
ERIGHIRRIE DK BRI T EGBENDKZEIRILF—ftiaz ik
IBREELRTOCLRATH B, ANV—VEICBHIZDA T AT~ (8%
ZL—hEABHEUDHD ; Fig.2) OEHII7ORTE, MEERE
ZRAWEYZal—ravicdh, RIERB—LFE—EaRELIELS
T4—RN\y VBBICOWTHIRZED e, Ffeo RERNICOEGKAEE
DERICEDEADBIRL. RERMNMEXTZRKEVH THSHICL
feo EHlC. ERBEA—MERBICEZERTMICE ST, HIHAH
HFOYY LYy IIcEWT COz BEEL (REZELIER) METLT
WBZEZESM Ui,

KEBFRETOERIG, EHRECERICHS Fe(l) DER{LICLZEHDT
HD. KARERICLDWIKIMIZE T O LR, MEIERTD Fe(lll)/
Fe(l) vvEY T =2EEL. BRANBRIEREDRAZBESHMILDD
%% (Fig.3).

[XE ] SH—& (B1LRE 2 F) BFIYRIEE MRRRESFE
20204 9 A 18 H (Fig.5)

T—YREBRY 7O-Fic L BEREDNEBEENR

EHE, ZHE, TRREOEEMFEME, KBEREDREE.
KL LBTRBE (EFEBROWE) OBRESEATVS, EME
ERTT —F THB, FARTIR. BHFEDOF TO—FTHBIRE
RERERAZBAVWT, REBOXREFERT -y 2FE LS
Ele LD, BFL>THEIKWER (FBTR) DEAEDEICEK
PREEEEDETIVEED, BEEEBEEVPAAALFTERE DR
EEMEBRHEZBETI ST EERBELL (Fig.d).

[RE ] MEFET (BLHRE1F) BAEYRZES MERREFE
2020% 9 B 18 H (Fig.5)
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Fig.4 Analytical scheme based on machine-learning approaches
for element transport of metamorphic rocks.

Fluid infiltration through the oceanic plate
and hydrogen generation

Infiltration of seawater and hydration of the mantle (serpentinization) play
crucial roles in the global water cycle and the supply of hydrogen energy to
the underground biosphere. Based on the analyses of the drilling core of
the Oman ophiolite (Fig.2) and the distinct element method numerical
simulations, we revealed the feedback processes of fluid flow-reaction-
fracturing within the oceanic crust. In addition, the hydrothermal
experiments of the analogue material showed the fracturing and
permeability enhancement induced by fluid—rock reactions. Similar
reaction-induced fracturing was found in serpentinite body which records
the carbonation of the mantle wedge within the subduction zone.

The hydrogen generation occurs through oxidation of iron during
serpentinization. We conducted the experiments on magnetite formation
and Fe(III)/Fe(II) mapping by the Photon Factory (KEK, Tsukuba),
showing the local fluid infiltration of the oxidizing fluids within the Oman
ophiolite (Fig.3).

[Award] Kazuki Yoshida (M2), Best presentation award for students, Japan
Association of Mineralogical Sciences, September 18", 2020 (Fig.5)

Mass transport analyses of metamorphic
rocks based on the data-driven approaches

Bulk rock chemistry of altered rocks, metamorphic rocks, and soils
represent complex, multidimensional data that contain information on
protoliths, such as volcanic rocks, and fluid-mediated element transport.
By learning huge geochemical data of basaltic samples, we created the
predictive model of the protoliths based on the combination of the immobile
elements and showed that the method is useful for analyzing the protolith
and element transport of altered rocks at the seafloor and metamorphic
rocks within the subduction zones (Fig.4).

[Award] Satoshi Matsuno (M1), Best presentation award for students, Japan
Association of Mineralogical Sciences, September 18", 2020 (Fig.5)

Fig.5 Best presentation award for students at Japan Association of
Mineralogical Sciences (Sep. 2020, Online; Yoshida, Matsuno).
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Studies on environment-friendly development systems Professor
Hiroshi Takahashi

RIGRMNBERAES AT LICET 5HFE

KARETR. RERANEFAREMZATLOBEZBIEL. BREEVOBERL. MAEBOMEL., TRXKERGICETHMEEBR
BERIMORFEREZIT>TVD, AFF. @EEECLEBLTEOSERRICELT (1) =31 EIEYZRWCBEERLLELT DR
Bt 2) HHEERCABETOBEEY. (3) Al ZAWcHHER AR DRERSRGDHEEREICOVWTIRNZ{Tofc, EEREWMOD
EEAL - MBI T2HARICELTE. (1) N7y NERT2BEIERDZBWIRHEBRY ONEHRE. (2) RBUMB D/ v MEH &
BIEEHE. (3) MREUOHBOBHIERNBEICDOVWTREZ1Tolc, E5IC UAV ZRWHBBERINEE LMY TU VB LTI,
ETI—VOBAEHEGEMEEZRAWVIBEBREHEESLSOA—A—RIWY Y TV VT RBREDHDERMERZT o>/,

The research activities of this laboratory are as follows. For the advanced study of the fiber-cement-stabilized soil method, (1) an evaluation of the
unconfined compressive strength of fiber-cement-stabilized soil with perlite by-products, (2) an evaluation of shear strength parameters of modified soil,
and (3) an estimation of optimum mixing conditions of fiber-cement-stabilized soil using artificial intelligence (Al)—specifically, a multilayer neural
network—were conducted. For the study on advancement and intelligence of construction machinery, (1) an estimation of grain size of crushed rocks using
excavating resistive force by excavator bucket, (2) an estimation of soft ground strength by excavator bucket, and (3) an evaluation of excavating resistive
force on soil mixed with gravel by excavator bucket were conducted. Furthermore, for the acquisition of ground information and soil sampling using an
unmanned aerial vehicle (UAV), an estimation of ground strength using fall cone penetration depth and impact acceleration and fundamental studies for
developing an auger-type soil-sampling device were conducted.

HHEE(CAET TEOBERRICEYT 55R

KARETE. KBS KELELOBERLRALZEELT
ICEREEYE XY NREEMZRAIDIEICIDRERIM
BMBICHRY DMMEE(CLEL TEZEAAE U, RERAIE
DEERRZRIEL. UTOREZToT.

(N "= rBEIEYZRWHER(LLE T OBERE /-7
1 hEIEY) (Fig.l) FRIFEDNNSLKSZAETH B/, BEKELEL

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) Evaluation of unconfined compressive strength of fiber-cement-
stabilized soil with perlite by-products: As perlite by-products (Fig.1) have
small particle sizes and porous structures, it is possible to reduce the
apparent water content by mixing them with high water content mud. In
2020, the effectiveness of mixing perlite by-products was confirmed

ICBRBYTRIEICELDREITOERLEZERTEZHUEENHD. &K
FiF. N=F1 RIEYZRE Uit BECLIE T OBEREZ 5
AFdcelcdh, N\=Z1 RIEMEGOBMEZER Uico AW
TR R HIRBI AR ICBE I B EIR S > IRI DA 2020, I THEKL.
BERXEZRE U,

(2) WHEECLBLTOBEER: FEICSIESHE, MEEELL
BrZRAVWT—HEAMBBRZTV. BEEH WMENELCRIME
#A) ZAELL, S5I—HERSRDITV. MEEELLELD
—HEMRREN SHMEEREHRE T BTEICDOVWTRE U,

through measurement of the unconfined compressive strength of modified
soil with perlite by-products. The results were presented at the International
Symposium on Earth Science and Technology 2020 held at Kyushu
University, and the best paper award was received.

(2) Evaluation of the shear strength parameters of fiber-cement-stabilized
soil: Continuing from 2019, the shear strength parameters (i.e., cohesion
and internal friction angle of fiber-cement-stabilized soil) were obtained
from box shear test. In addition, unconfined compression tests were
conducted, and the estimation of shear strength parameters from the
unconfined compressive strength of modified soil was investigated.

41

B ER M|

Assistant Professor Group Photo
Tomoaki Satomi

(3) AlZRAWHEEE(LAE T ORBEE SR OHET  BiEEE
LB LOREEREFIF. IhETHETHEBRTRETDEMEL, 3
ETHofco EITHEEIFZ2—TILRYNT—VZBWTHi#EE
LB+ ORBERERGEZHETDODOERMAREZEM LI, &
FiF, BAT—FEEPTLHOOT—FIREET oIz, 2021 FIdFE
EOBEWEEFEICDOVWTRNIBZFETH 3.

M OBE - HMEELICRET 3%

TARERRSPERFRRBLE TR, ERICLDHBIBHINT
ARTHZ, HICKERBTORIBEEVBEERRAR. FHEL
DOBRIRIF T Tld. EROEREES 2 WVIEEERFEEREEEIESE
DHBEEDBRERAREBZ>TWD, REE, /Ty MEHIEZEDH
BELZBIEL. UTOREZEIToT,

(M) N7y MfERY 2 BEIERNZ BV CIRFHEBEY ORI EHETE :
R AR S — AR ICIR B DR EDH CRffich 5. RIRMEZ
BEIMICFHMECEDVRATLDMHEIZBIEL. RAEFKRIERY D/
Ty MEHlIc B 1T BIERAZERE LR (Fig.3).

(2) RSB DN\Ty MERIE BB EHETE  RMICLBKERES T
DEBRFEEROMENZREL. BRI\MED/\T v MERIK OB G
BRRZTS LD, MBBEEZHRETBFERICOVWTRE U,
(3) MEEUDHBOIRRIERD | BEOME B ZESATVSSD,
RERFECOMBZHERL. Ty MERIKOIERAZEHEITS &
Ebic, HBFEHDHEEZT ok (Fig.d)o

UAV ZRWICHEBEHRIGE LW TV VI

REREHBMEEZRBLLI—VEZERHSHEICE TS E.
A—VOEARMEEEMEEL SHBOI—VIsMERETHE
[EDWTHgRE L (Fig.5)o EBICRYZUa—RIWY Y TV I EE
ORFEZEEL. 2019 FIcERULIEBZHR LK (Fig.6)e 0D
R, 30cm OFEIEFTRIY21—%BASHE, tWEH VTV
TEBEEER UL, SSICRNEMBAEICDVWTRE U,

(3) Estimation of optimum mixing conditions of fiber-cement-stabilized
soil using artificial intelligence (AI): As the mixing conditions of fiber-
cement-stabilized soil were determined by trial and error, the work
efficiency was low. In 2019, the fundamental study on estimation of
optimum mixing conditions of modified soil using a multilayer neural
network was conducted. In 2020, additional datasets were collected
through unconfined compressive tests to increase the amount of teaching
data (Fig.2).

Study on advancement and intelligence
of construction machinery

The following studies were conducted to achieve intelligence of the bucket
excavation work.

(1) Estimation of grain size of crushed rocks using excavating resistive
force by excavator bucket: Blasting performance was evaluated by the
grain size distribution of the crushed rocks. The resistance force of crushed
rocks during bucket excavation was measured to develop an automatic
evaluation system for blasting performance (Fig.3).

(2) Estimation of soft ground strength by excavator bucket: The excavating
resistive force on soft ground was measured through bucket excavation
experiments, and the estimation method of ground strength was
investigated.

(3) Evaluation of excavating resistive force on soil mixed with gravel by
excavator bucket: The excavating resistive force on soil mixed with gravel
was measured through bucket excavation experiments, and the shear
strength parameters were evaluated (Fig.4).

Study on acquisition of ground information
and soil sampling using unmanned aerial
vehicle (UAV)

A cone with an impact accelerometer was dropped from the air to the
ground, and the estimation method for the cone index of soil from the cone
penetration depth and the impact acceleration were investigated (Fig.5).
Furthermore, to develop an auger screw-type soil-sampling device, the
device developed in 2019 was modified (Fig.6). The results confirmed that
the screw could penetrate to a 30-cm depth and sample the soil. In addition,
a method to obtain the reaction force was investigated.

Fig.1 Perlite by-products

Fig.2 Unconfined compression test of modified soil

Fig.3 Bucket excavation experiment of crushed rocks

Fig.4 Box shear test of soil mixed with gravel

Fig.5 Cone with impact accelerometer

Fig.6 Auger screw-type soil sampling device
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Toward Advanced Environmental Geomechanics and Energy Technology

HERBIRIRIES 4 EF  Earth Exploitation Environmental Studies

LY

EHIR RO FBY
Associate Professor

Kiyotoshi Sakaguchi

2020 FICHARETIT oL ERARIGUTORED TH B, . FHill
1) 2ADONYORETEE Y0 ORI O HKERFR (Fig.1, 2, 3)

2) MERICET2ESBEMERNEEDRR
3) EXHMBERONEMEDFIBIRROBH

4) BIRFHBRIBETICE T KERRERERICKRIE T HEHIEHED

5) Super Critical BIE TICHIFDKERBROXAH =X
6) BRRETICEIT2EATHOMBKESZEINDIHFE

In 2020, our research activities are as follows.

SHERIE 3 DDIAEICIK D,

#% (Fig.4, 5, 6)

1) Codependency between the macro fracture toughness and the micro fracture toughness of rock (Figs.1, 2, and 3)

2) Development of high-precision rock stress measurement method in soft rock mass

3) Elucidation of the doubling phenomenon of vertical crustal stress after a huge earthquake

4) Effect of loading control system on hydro-fracturing crack formation in the ductile rock (Figs.4, 5, and 6)

5) The mechanism of the hydraulic fracturing under the supercritical conditions

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

FAOY Y ORI E V1 7 ORRPED
HKTFRER

ARG FHEFRTH2ERDOBIRERKBZEROYIOR
HETOFMOAH 5T, IVOKERICEVWTHEMICTML. &
ADOYYOBEHE LYV OBRTIEDORKFOHR RN SHEHATS
CEZBNET S, REER. REEER2,500E0 CCDAXF%
BRE U7 OREFNESHREE (Fig 1, 2) Z8AUk, £AT2
R IE, BEABREGTOYY (3mm x 5mm x 7mm) OAEE
IC FIB (Focused lon Beam) €&>TIMI L7 10um x 10um x
50um DY 1 XAV FLIN—541 7 TH 23 (Fig.3)o KEEIE. T8
HitMEOBRILEYOEER. AKX, NRA. AURAKDODVWTH
RAZERU IR RZTE ST,

Fig.1 The testing system for the micro fracture
toughness using the micro-sized specimen.

Fig.2 View of the specimen placed at the testing system.

Codependency between the macro fracture
toughness and the micro fracture toughness
of rock

The purpose of this study is to elucidate the fracture propagation
mechanism of rocks from the viewpoint of codependence between the
macro fracture toughness and the micro fracture toughness of rocks. We
introduced a micro fracture toughness test system (Fig.l and Fig.2)
equipped with a CCD camera with a maximum magnification of 2,500
times. The specimen used is a cantilever type with a size of 10 pm>10 um
x50 um processed by FIB (Focused Ion Beam) on the square surface of a
rectangular parallelepiped rock block with a size of 3 mm x 5 mm x 7 mm
(Fig.3). This year, specimens of biotite, quartz, plagioclase, and alkali
feldspar, which are constituent minerals of Inada granite, were prepared,
and fracture toughness tests were conducted.

imen block

Fig.3 SEM images of the micro-sized specimen
of alkali feldspar.

REFICRIT3EREMERNEEDORMFE

WER CBES) ICHISNDMTHEEYDRET - BIORDIC,
HER—U VI TORREMENEDRAEZIT o . BEE TERYE
DEWHEESNDRNEBIEZRN—RICHARKZT . BEEMNITIE.
RPR—ILOALEZHHRICMIU. ZOERKICHY T« T RBD
BONOBERTR—ILEeFH2LEVI HEZRELU . SREZHET
U. DDRIESBRDDFWVAEETSHIEZBMIC. FLERIR (P
DEA. NORRZIR—ILOER, RE) 22(LSE T HEHRR
BERERICLIDHED I 2L —2aVv e T\ RELRILERRZRE U

HBERSTHEBRIE T ICE 1T 2KERBERERICRIFT
BEAREEOZE

INFTTEMEHRETRE U KEBRRERETE>TE /e, ZTDOH
T #HEEANOHBFEEFEGH TITR o E BN BRI
BRKHPESNTc, BRVEKEDBRFMOENZHSHICT BT
Sl IRBORBEEZZMHEHAICKR (Fig4) LTRBRZTES .
KERBEOHAKDIRER, BHSMCERD (Fig.b, 6). EHEHODES
AlFd. —BEREICREZ . LHL. BKIEFHEREIC 2 A—Y—ERELT
8O, EMEHFROKEWROBWNEZ BYRITETHSHNC LT,

n=h
RE

1) ROBH: sOHEEARHMIXE

e

1) JSPS ®#fi& 17H03504 (BEH%K (B) - 218)

2) JSPS ®fiE K18K190390 (BkEkrIFATE (B5ZF) - 4348)
3) JSPS BRI ERE (N1 Y LDERILRFAE - 218)
4) RENRAMERNEEORR (RELOHEME - AK)

Development of high-accuracy rock stress
measurement method in soft rock

We have proposed a high-accuracy rock-stress measurement method by
vertical boreholes in soft rock bodies. This new method was based on the
overcoring method, which is considered a highly accurate and reliable
method. We proposed an overcoring method in which the bottom of the
borehole is processed into a conical shape and a small-diameter borehole
for storing cuttings is provided at the tip. Numerical simulation by the
boundary element method by changing the borehole bottom shape to
maintain high accuracy and high measurement yield was conducted. The
optimum borehole bottom shape was proposed.

Effect of loading control method on hydraulic
fracture formation in the ductile rock
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We conducted hydraulic fracturing experiments on the ductile crust. An
excessive fracture phenomenon was observed, which was thought to be
due to the load control. To clarify whether or not the fracture or

permeability was overestimated, the experimental equipment was
improved to a displacement control type (Fig.4), and the experiment was
conducted. The state of the specimen after the experiment was clearly
different (Fig.5 and Fig.6), and in the case of displacement control, it
seemed to be no-fracture. However, the permeability definitely increased
by two orders of magnitude. Therefore, the effectiveness of hydraulic
fracturing of the ductile crust was clarified.

Awards

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

Grants

1) JSPS KAKENHI 17H03504 (Co-investigator)

2) JSPS KAKENHI K18K 190390 (Co-investigator)

3) JRPs-LEAD with DFG (Co-investigator)

4) Development of the rock stress measurement technique for soft rock

(Collaborative research/Investigator)

Bach prevere wior
Frers lusscucm [ ]
=
Dhiplicrrang Thermarcuph Fislem
- '+ iy pd
l‘I \' ' P iy
L1 d
Fangsr
- : [
e R
| =
Frouure tresuduoe
I —
] =il | e
% T e —y = . . . . . .
"""""" R e —— e Fig.5 X-ray CT image of the specimen Fig.6 X-ray CT image of the specimen after
= ;*m“'::"" after the experiment by load control system. the experiment by displacement control

Fig.4 Experimental system of displacement control type.

system. There appear to be no cracks, but the
permeability has increased by two orders.
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B2ATFAFITINBIXRILF—IRAT A
IH(CR

% E‘Lr_]‘j-_z #i% )IIA Eh

Toward the development of sustainable energy system Professor
Tatsuya Kawata

Energy Resources

UNBFOMRAEHIE. REANEERORRICEFIHEESNEBFOSVFEDERTH D, RERZOFTERIC. BRERILET/\RIC
EBIXINF—BHEMABICRARGBIRILF RN, SLOTRILF—FREM,. FMRRERSICHDEVRERTOERRME L
FEBREERFEELTVWD, BiE - IRILF—MEOERICE. (LARNOBHENBEBETRIRILF—OREM/IEDIODHFL L
MOERNPAAREEZ., ZORMEBRD—D LT, B, SMAEOEGRILYFAEIEM (SOFC) DXRRICHELRRMRBEZID LT,
FRADEEEDHEIL. SRATLAICAVWSNSHRIOERREICEITZMEILEN. EHNESHIcOWT #N2 BRLE. EXLEZE
BET BRI L>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.

EFBRIEMT MR B OR T v I D
=ERH - TR OMERREL LT
SREN{L BT DR FE

NEDO Z55% TERBICMEREERRY v OB E T - #
AT ORRF A 2020 FELDHEKBL. AZ7OY TV MNMCSE
LTW3, REMXRDOEVEGRRILYIZMRIE (SOFC) IcEWT,
65% (LHV) OBEsh={b. WARRE 13 AEFBL EICER T Sl
DRI ZBIEL. AY v Y DOEEF - BITRITOBAZTo>TWS,
FAAEDEHEZED THRATHEEZED THD. BRAF. R4
RE. WMKZE, EERMHRAWRA. EAPRARATELIY
VY7L U. SOFC MERLEOBFICER L TEETHE
LTW3, EMEETREVARRFAIREICER U TEILREFRTOE
EIREEDYEIRD. SIEEECHERERDHENEC DABEMENH DTz,
I ADOBANLRS Lz #MICTFMERES T 2RENH D, UARE
FEILOBMASEMTMICBIT 2 & ZEL. £fz. SOFC A
BATEZT7 TV r—yaveEBeIeolii@ilttileLe 8%
FEEILOER - FHEEHToTW3. YAFTOEKNRIFRREIC
DWTIEFMTTHERS,

SOFC {EEI5MT TD Ni-YSZ ¥AEHE Dk r 45 1%

SOFC DAL EREZRET 2. REBEELTEILD
ZRAREVTHREETD =TIl - 1y NP RERYILAZT7(NI-YSZ)
H—Xy b OBBEVREEIEBICEETH B, Ni-YSZ OHEMEYR 1%
FARIRHEREITTHESNL YSZ, [ILDEIGICE>TERECENLT
%, HARIE. Ni, YSZ, [HELDFEAREZER/NTA—F—EULTE
LZR722AS Ni-YSZ & NiO-YSZ D#IEEE), &LUKIEEE =T
ffiL7zo 800°CTId NiO-YSZ ORIy h D #ESR(E NiO 4 3IC

Development of advanced evaluation and
analysis technologies for the durability of
solid oxide fuel cell stacks and the
development of a high-toughness cell

NEDO’s project involving the development of advanced evaluation and
analysis technologies for the durability of solid oxide fuel cell (SOFC)
stacks was launched in FY2020. It aimed to develop advanced stack-
evaluation techniques to achieve super-high efficiency of 65% LHV and a
lifetime longer than 130,000 hours. In this project, a research consortium
organized by the University of the Tokyo, Kyoto University, Kyushu
University, AIST, CRIEPI, and Tohoku University collaborates with
companies that have developed SOFCs. Under high-output conditions,
high fuel utilization causes different operating conditions at different
places within a cell. The degradation behavior may also differ from the
average operating conditions. Therefore, the cell’s local degradation
should be evaluated. Our lab contributes to the development of the
mechanical reliability evaluation method. Additionally, a metal-support
cell has been developed to achieve high toughness, which extends the
application range of SOFCs. Our research activities are described as
follows.

Mechanical properties of Ni-YSZ composites
under solid oxide fuel cell operating
conditions

To ensure the durability and reliability of solid oxide fuel cells (SOFCs),
understanding the mechanical properties of nickel and yttria-stabilized
zirconia (Ni-YSZ) cermet is very important. Ni-YSZ cermet not only
works as an anode but also as a cell-supporting body. Its mechanical
properties undergo changes not only because of extrinsic conditions but
also due to Ni, YSZ, and pore proportions. In our study, Ni-YSZ and NiO-
YSZ composites’ elastic and fracture behaviors are investigated using
changing Ni and pore volume fractions as a main parameter. At 800°C,

HEHR R ER
Associate Professor
Keiji Yashiro

Lab member photograph

o THRBIEMULDL, BLETH S Ni-YSZ TIiE 30% D Ni &
BORMETRINICHEEREBENE(L U, TN NiFESEN
30%ERBECDT, BFR EIRESHIEIENZEEH STEIERIZEE)IC
Zhofcl LItHIGLTWS, BIEREEEDOWAEHTILEDIEM
ICEWED UfehY, 800CTOETOESWIERICERTNEA -
foo BHERRDAD NI ERLVRILEOFEIF. EREIFTIEN
BAHFEZETHoeh. 800 CTIE NI EOFEDANKILEICLERK
En e ofce MEDZEIE. SOFC MRHCDWTGEERSRMG T
O TEN R ICEETHDIEERLTWS,

HEEE

2020 FEOHAREDAV/N—(F, B8, EHE 14 AR
B4, KiifER ZOBBE4 2. BXRE 128, 2HZE
8 BDFLE 20 ADIEN 24 ZTHEMSN. 3AICIHMELREZ 8 &
METU. BRICFHE. FHME 4 BREFERELTRBISER U,
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Fig.1 Elastic modulus of NiO-YSZ at room temperature and 800°C.

NiO-YSZ composite stiffness monotonically increases with increasing
NiO, whereas for Ni-YSZ, the reduced form shows drastic changes in
elastic modulus and strength around 30 vol% Ni where the deformation
behavior and fracture transition from brittle-like to ductile. Both stiffness
and strength show linear decreases with porosity, of which the degree of
deterioration at 800°C was duller than it was at room temperature. The
influences of Ni content and porosity on elasticity are quantified using
multiple-linear regression analysis. Pore volume fraction shows large
negative effects on elasticity at room temperature in air. However, at
800°C, Ni volume shows larger negative effects than pore volume does
under reduced atmospheres. These results indicate that mechanical
properties of SOFC materials must be evaluated under operating
conditions.

Educational activities

Lab workers consist of four staff members (a professor, an associate
professor, a researcher, and a technical staff member) and 20 students (12
master’s students and eight undergraduates). Eight graduate students and
four undergraduate students graduated in March.

Porosity / After the reduction treatment
028 032 036 040 044

500 T '| T '| T '| T T L T T
ol S0vol®oNiO-50vol*oYSZ
B RT/Air
— 400 - 1 800°C/H,
£ [ |
= 3501
5 3001
=]
% 250 ™
% 200f
[ 1]
5 O %
£ 150 = 0O _
& = | B
= 1001 0
50
0 L | L 1 L 1 L 1 n 1 L

0.36 0.34 0.32 0.30 0.28
YSZ volume fraction

Fig.2 Fracture stress of NiO-YSZ at room temperature and 800°C.
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IRILF—ERFERE Energy Resources
IXRILF—ERY X VFMHFEEF Resources and Energy Security
ISR SSERE  Environmental Policies

EiEtt SehReR 95 (BRIEERSERE)  Socio-Environmental Dynamic Analysis (Environmental Policies)

iR TR+ —OFHRRIFER L RIZOE O FTREME

Sustainable development of resource and energy as well as
sustainable possibility of environment

#x BH R

Professor
Takeshi Komai

IXNF—ERIRITHHENF . RBEER - TRIVF—OBEEFRICEIHRAGMERRZD EIC. MKREICEIT2YERERICR
SURHBY AT LAOERE, ER - IRILF—RRCHESIT2RERIVREVAIER, AORREBARREEOBR, EREICEITZLE
PHITKEDBREE. SSICRBEECEYVEDO IRV FEICETIMAENBHE - MRZXET %,

FRRZEOFERF., HIRHFZEER - TRIF—FEROFPMEZERE LT HIKBRES JOHBRBEORLICET 2 RMT P X7 LD
REXREL., BESLUMEZEL TRMOHRICER I B CETH B, AMESPREFEORIMAR. TLARKEZBU T HRHBRZ
ELEMARBLTHRITHELTWS,

We have conducted various research in energy and environmental sciences and engineering, such as environmental risk assessments, geosciences/
geoengineering in light of energy and resource productions, and geo-informatics, for our sustainable future. We have investigated hydraulic, mechanical, and
chemical properties of high-temperature rocks and ways to control/utilize them, particularly for sustainable and profitable productions of petroleum and
geothermal resources. Recently, we initiated a research on a new method for CO, mineralization, in which an environmentally friendly chelating agent is
applied and recycled to dissolve calcium silicate efficiently and produce high-purity calcium carbonate and silica in an alkaline aqueous solution. Furthermore,
we initiated new research on risk assessment of new hazardous chemicals, flax method of soil-water boundary conditions, reality of fluid flows in pore
systems of soils, and risk assessments of coal and metal mines in developed countries. We have developed new knowledge and several innovative methods
for data-driven environmental analyses.

RIEBROBERNIC L SELRREEMRE

(AIST, JAMSTEC & D3RI / BIREZEMRE (A))
BRETOERIE. FERTHO. TOBROTH SHHBERE T

TRFENEBERD, ML TR, ELTRERY O LEORER

BICEBL. BREMHTSIET ERIETZTOEROMPETS

fo (B9 et al., BEHE RV K),

Survey of paleo-tsunami 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 paleo-
tsunami deposits and soil adsorption coefficients. Through data-driven

analysis, we elucidated a complex and wide variety of environmental

processes.

HFEVEOHBERIEBEIR R OEREA

(AIST & DHEFEAR / RIEAFINESE. RNAEEFHR)
FEYVEOKRR - LEFORNPARANZILDNRBEATHD.

RESRELREORINICKERFEEIERINTVWD, AR TIE. £

ERREE ORI PIREEEZEEBUIERYRVFMETILOMKE%E

o7z GEBE et al, RE77—5A4. LH et al, BREMER),

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.
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Fig.1 Paleo-tsunami deposits core sampling
in Sanriku coast, [wate

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

Fig.2 Geochemical survey in Hokkaido

-

ot
HEHIR B IR B RE

Associate Professor Assistant Professor
Noriaki Watanabe Kengo Nakamura

Group Photo

TP EILDTREEES DERIT (JICA L DHEERE)

HAEAOHAZE ((RY7TF) 2EUT, HEBEROESEEDY
2P - TEICAVWSN BT KOBHIEOXN =X L%
B5hIc LTz (Arie et al.,Chemosphere),

BiRR / BERHITrEEOEME L U
(JSPS RiFEEEMR (B), BIASEENHATE (8535F),
R4 & DEFEERRAR)

REICF AR RBERAKCBREIDOEEN RTINS 400°C
MEDTFRECOFEBER VTR INIEREEKEER
FYRT—U DR ZEEDRISKEBBDOAANZXLICET DEEH
E#HX 2 #"% Rock Mech. Rock Eng. stlci&iBUTic (BEHH),
fo. BERMAFEELNSORMBFFICELZEFEEINE. EHD
ENBRICEDBIBEKEETORELZPESNCTDEEEIC, EK
HEETZNHTZENTETH DI EHBESHICLI (Watanabe
et al., Appl. Energy, 2020), &5I(CiEEFICIE. KOBEZE{LICE
HBSTEINTFRIVA - F/HWFOFRKIC LD ERDEKEETH
U322 EZREHL. BREERTOREZHEASMNMCTDEESHITID
fliEZIRE Lz (Watanabe et al., Sci. Rep. under review),

BT B FE DL HIRIEE (JAPEX & DHFRAR )
ERBOHAFEEOERMAREEBOHLUWFBEELT B’
BRMEFL —MZRAWERIRNILYARIC S DI BE DR E MR
EFFEEMEL (155 2020-189791). ZOMREANZXLEHS
hlc U7z (Watanabe et al., Commun. Earth Env., under review),

“BALRRDOIMYEEE ( LEFMRE & OHFRME)

FL—NEIETAMBIESMERWCH LR _BIEREEEEZE
U ($5F8 2020-217738), EHEAgEEZBESHICL (Wang., et
al., J. Cleaner Prod., under review),

Amorphous silica

. ")i - FiIteF\

Fig.4 Silica nanoparticles produced under
superhot geothermal conditions

Fig.5 Voids created in granite by the
selective mineral dissolution

Assessment of trace elements in groundwater
and mining

We referred to surveys conducted outside of Japan (in 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 submitted two international collaborative papers on the
mechanism of hydraulic fracturing that can produce dense networks of
permeable fractures (i.e., geothermal reservoirs) in supercritical/superhot
geothermal environments (above ca. 400°C) to Rock Mech. Rock Eng.
Additionally, we have clarified reduction rate of fracture permeability due
to the pressure solution that may occur in producing superhot geothermal
energy and the possibility and method of reducing the risk of permeability
reduction (Watanabe et al., Appl. Energy, 2020). Moreover, we have found
another risk of permeability reduction by amorphous silica nanoparticles
that may occur due to the phase changes of water but have proposed
possible ways to reduce the risk (Watanabe et al., Sci. Rep. under review).

Chemical stimulation for geothermal
reservoirs

We have proposed a new chemical stimulation for geothermal and high-
temperature hydrocarbon reservoirs, utilizing selective mineral dissolution
with an environmentally friendly chelating agent (pending patent), and
have clarified the effectiveness and mechanisms (Watanabe et al.,
Commun. Earth Env., under review).

Mineralization of carbon dioxide (CO2)

We have proposed a new method to mineralize CO,, using a chelating
agent and silicate minerals (pending patent), and have demonstrated its
feasibility (Wang et al., J. Cleaner Prod., under review).

Fig.6 CaCOs produced by the new CO:
mineralization method
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IRILF—ERFERE Energy Resources
Iﬁiﬁ§$%ﬁ3$ﬁ§ Designing of Nano-Ecomaterials

REEOHAE-TXILXF—OD
IR %A S J / EEeRM IR g

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

F/MBHZERERTRSMHEZHERIZMBELTHFINTVSY, EOBKRTRIERRENGEMBE TR, BNETIHEZR
RIRICHKBETEHHE - ERR - HRICHEHITZ2LENH D, CORBERDS. AARETIE. FEMRHTOMROREZHERT X #8iE
BTEORBAIMZEC THEBICHBEL, ZORISEBZESCZFNFECEENMEZIALRATZIET sWXE>BEARRKED T/
MBI ZERAETEFEERHALTND, Ko, SHEZRIRT BHDREFEEDORREZIToTWS, MR (A) BRIR/ILF—EHME (b
EMAGEMRS/ME, REZWEE /AT, LM, RE). (B) HEET/ - IO MEESF /T SRENETRSEF/#MH
(Cu+/%IF, CuF/ 74V RRE), BRaas FREERBAKELE -/ BEMRL 8E). (C) HBRELFAIINEOHMEZRAREET 2cHDHE
FHEERA, FICAE|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.

A= Research

BEREBEDEEETCRBVWEBOF/MHZERALTZILER To achieve industrial applications of transition metal/alloy nanoparticles
Hic. BALSR/AeF/KTE, BEARAVEVEECERT instead of precious metal nanoparticles, various procedures for synthesizing
SRIC, 5 (=) N 2 p (=)

BMAMAETOTN S, FiC, MHOFIEOHELL, BRIEES conditions. In particular, a method of synthesizing “uniform” and “well-
RIZHEOERNER. REML. ZFERIBHICIE. HWETHE crystallized” metal/alloy nanoparticles should be developed to utilize the
BUEAESVEE /AL F / NF CHIIENNETH D, Bic. T¥ uniform properties, selective and high-performance, suitable phase, and long
HISEESTHECE EMBILEN S A O EERBMOERZERE lifetime. Moreover, materials synthesized for commercial applications should

N I B =

TERIDUETHZD, COBRBRTORMFEINTHILERRE/ surfactants. We have developed a method of synthesizing metal/alloy
a7/ HFE. E—N—FOHELEBOHZRAW. ER~70C nanoparticles with the properties mentioned above using simple equipment
BEOKBRFT ARTZIEVNS “BROJEM"ELEXD2FEE
LTS,

ZORITIF. FRERBZKBRPICEVT, EEOREZHELT
3L BREARTIRABBICIETIHS R LOORTY v should be equal. Sometimes, oxide materials and sulfide materials are also
LEBE—(tRUHELTZIEHNDETH S (ARTEMRcKD,  synthesized.

BULBLORILESE2BALH). 2CCRADMREClREE Therefore, we introduced our idea for a particle synthesis system based on the
o e A

R —— - e = —— predicted concentration of metal complexes in an aqueous solution as a
FEEAVWTKBARPOEBHEADEEEZHHL. ZOLTET
TS FEZRFAE U,

these materials have been developed under low environmental loading

have specific properties, such as high oxidative resistivity and low addition of

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

function of pH.

FEMLER R TR e B e e e

[~
e =
P - f
= IR i?ig
=g | § M §5§
ol on| $SES
- Time

TR s

ByETh = e et bk,

e RS mEUE. MR o
{ L1 RO THPERTE & L L

mAel [= U CIUEkEEE D 0 InUBH G b 85 4K) & -3 5 A | (B £ 7 B = L

Fig.1 Schematic drawing of researches in H. Takahashi Lab.

HEHIR g

Associate Professor
Shun Yokoyama

Technical Engineer
Kenichi Motomiya

BlzIE, (LEYMKRGEBIE E4S Cu-ln &&F/HIFP Cu-In-S
F+/ % F. Cu-In-Sn &8/ $iF. Cu-Zn-Sn-S F/HFZKEEF
TERU BHITDIETRBEREZHRS I RMzMRE L. Fi.
EEUNBEHEBILENEV Cu F/ KT Cu -/ 71Y, EHES
HHRAORE R IREIEHZ{T oz Cu il F. BEMREER RS
I2cHD Fe F/HF. EOERERALERATND, B, ITX
ILFE—RELT, BRETBRMRLRBE R, BEATERTEE
BEZRRIDANT T« 774 REaEMEL ZRKLTWS (Fig.1),

FEEBOERRVERSERR. ZOMDES

=tE (%) MEEMETIE. PEFEOMERAEHPEH. 122
Z—YavEENIR TR O-/NILEERETZIEICHERER
WTHED, ZAEEEOERERBE CORRVCELEEFEDBFEZREN
KICIToTW3, 2020 FEF. EREH S, COVID-19 DEET
BIELDKIB DB 4 OFRFKRETol. HFHETIE. 54
ICKE 71 Z T 717 THRES Tz ACS Spring 2020 National
Meeting & Expo, COLL 261 (cT DC3 O fhARE—EEIN AV S
1T 10 BICKE/N\T 1 THES N 2020 Electrochemical
Society Conference Tld MC2 DRENXEENEESTDHRERMNA
VIV TiITbnic, £feo MCl OBAREKRE (Fig.2) RO/NEFE
& (Fig.3) ' 10 AlcilATHESNCEZERERZNRIICTH
RziToTW3, MC1 O/NFEE (Figd) RRERZIRREFE
ZEZELTWS, Fleo AEER. REREENHEDLZ 5 HOHRNZE
|EUT,

COVID-19 O EEMER T niE. REELUEF. ECS ¥ MRS,
BER -ZMER BR - ZTMERIKRIELXHRE. DAVEZR. BE,
ERADZRICEHEBBHICSINL. BHROERZITSFETH D, &
foo. BAIXILF—ICEI2AMBEHPEXEEICR DRI ER
TREICHFBHIMEELESBRT 2,

Fig.2 Presentation of Mr. Yuta Umemoto (MC1)
at 2" Meeting of Environmental Studies (Sendai)

Fig.3 Presentation of Mr. Kaoru Ono (MC1) at 2™
Meeting of Environmental Studies (Sendai)

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
werealso developedto apply these synthesized materials to environmentally
friendly energy materials (Fig.1).

Student activity (conference, prizes, etc.)

Students from our laboratory attended 17 international and domestic
conferences in every year. To develop members’ various abilities, we
recommended joining international conferences and studying abroad (DC
course students). However, in this year, because of the COVID-19
pandemic, we only attended four meetings.

This year, Mr. Tatsuichiro Nakamoto (DC3) joined the ACS Spring 2020
National Meeting & Expo, COLL 261 (May, online meeting). Mr. Mitsuo
Goto (MC2) joined the 2020 Electrochemical Society Conference, held in
Honolulu (October, online meeting). Mr. Yuta Umemoto (MCl1, Fig.2) and
Mr. Kaoru Ono (MC1, Fig.3) joined the 2nd Meeting of Environmental
Studies, held in Sendai (October, poster).

Mr. Kaoru Ono (MC1) received the Best Presentation award at the 2nd
Meeting of Environmental Studies (MCl1, Fig.4).

Five papers related to the students’ research were published in this year.
After the COVID-19 pandemic, we will join the Electrochemical Society
Conference (ECS), Materials Society Meetings (MRS), 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 will join various social activities, such as events addressing
natural energy, public lectures, and so forth.

Fig.4 Mr. Kaoru Ono (MC1) was received the Best
presentation award of 2" Meeting of Environmental
Studies (Sendai)
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IRILF—ERFERE Energy Resources
ERITXRILXF—EFRF4SEF  International Energy Resources

IXRILF—HEBRELV

# U WEBRRRMTOERICRIFTALED

Governing energy strategies and the diffusion
of new low-carbon technologies

L

%
ol

B tE&EF

Professor

Noriyoshi Tsuchiya

FAREF TRILF—EERICEDZREME ERMECHOXEMASOHRETH S, BETREIRLF— KRIRILF— BREIR.
£RBER. BRERLGEOEBMBERE. LCIKHEREDEDLDICOVWTEAEN. EBNICETL. FRNEEDDODIEHZELHOMEE

??DTL\%O

Our lab is carrying out challenging research on environmental and global issues related to energy and natural resources using approaches that extend

beyond classical academic fields of natural and social sciences. We conduct studies of renewable energy, hydrogen energy, fuel resources, metal resources,

and resource recycling. Carrying out analyses from multiple perspectives between technology and society, we seek to generate knowledge to contribute to

a society built on sustainability and sufficiency.

R REBHROERICAITcKREEY T o

BEPBZHNFVRAFEEERTZIEICE>T, MAICHRIE S
BEOEERN - EROILKEZRETZENTEDZONICBELTH
RETo>THD, DHBERLEFIEOM, HIER EVXIETIL,
EROIL—IEDREEVWSHEVATLORED DHDHICEBLT
W3, 20 Fl&. BAR, AYT7AILZTM,. RAVEFRELT, T—
Y DINE - MAZEIT>TE e,

20 F 2 AlciE, FEICHIOFREERAN BT BR1ICAHY 74
W=7 MEFHEL. K2 (AVTAIILZFRETAERR). BAF. ¥
FROMEBRELEFE@MEL. AVTALZTMICE VT, BREE
DEBESLIVONROERILEAZR S ETMARDH/INF Y AFEDN
SERAINTED, ZNICL>THARIHMREFENEENTVDD
M EVWSTEERAEBL, ZOFBER. MHUEHBEEBHEOTHIE, X
DHEFSINTWRIFETBRIPEATWERWI ENESIITR DN
ZOEEELT, PYTOBBEXA—H—DEEHEANRERENT
HdE ROKRAT—VavERBDOENIPEELTVWDIENR
HEhrc,

RAVIEEWTHRKBAEETofco ERARERRELET VT —
NAEBEAVHE2—ZBLU T MREROFERE (FCV) $LUV/IR
DERICHEIZHRERELRMMTUIc. B T7AILZTMERERIC
FCV MiBIEZ<OMEICERL T\ Z &N Mol

= s

Fig.1 Electric bus in Shenzhen, China
Senboku City, Akita

Fig.2 Bird's eye view of Tamagawa hot spring site,

Hydrogen mobility for a sustainable society

We conduct international and domestic research into how different
governance approaches (including policies, laws, regulations, business
models, industry rules etc.) can help to accelerate the production and
diffusion of hydrogen technology. This year we focused especially on
transport applications, including passenger vehicles and buses in Japan,
California and Germany.

In February 2020, one member was fortunate enough to be able to visit
California for field research before the COVID-19 pandemic to meet with
stakeholders in academia (University of California, Davis), government
and industry. Interviews were conducted to obtain information on the
governance strategies used in California to accelerate the production and
adoption of fuel cell passenger vehicles, buses and trucks. One interesting
finding was that the market is not growing as quickly as hoped. This
situation is the result of two situations: First, the limited supply of vehicles
(which are currently only made by Asian companies—Toyota, Honda and
Hyundai), and second, the limited availability of refueling stations, which
is hampering the speed at which automakers can produce and supply
vehicles to California.

We also continued this research in Germany. We used a quantitative
survey and interviews to elicit the judgment of experts about the most
important factors driving or blocking the development of fuel cell mobility
in Germany. Like in California, the limited supply of vehicles was again
found to be a large problem. There is an urgent need for German automakers
to produce fuel cell vehicles to increase the supply in Germany and other
countries.

Fig.3 SDGs lecture for primary and middle school
students in Tamagawa Onsen

Associate Professor

78

S IS ERUAH B T (EiE BhE (LR MRE 770v— HRA I¥¥Ua0 HRE N=- /€S
I\‘l/ ?31 = Associate Professor Assistant Professor Research Associate 71ET7= TYVY TATS FIVEFT—=
Jray— Hiromi Kubota Jiajie Wang Hiroyuki Yamagishi ~Researcher Ressarcher Researcher

Amanda Fajar Febiani Mindaleva Diana Alviani Vani Novita

Gregory Trencher

e TRILF—:
iz kFE CCUS, ELTHE

BAOHEATRILF—OREEFHERE IMTHDICEINDS
I HAKBORREITENTED, FHATIIILF—DEEFBE
LT, BHOERRAMAUAZEEAEFBIEATVEN, L
RETIE., HADFENEREFAELT BPIIZVLERRED
REHS. KROEETZTOV I haEHTED, HERWILH
FINERRTOREBEREKINLTND, ZDEFM HIBOIRILF—
TR TR T 2 FRAROICDDH U NWTRILF -V X T LDEEE
ZEEL. RERHEROIHOIRILF—, BREBEREASEDEDLD
ICE Y MEZEDT NS,

—7. WIKEB(CO2EGETICEEHBL. KRHAD COz ZifliE
ICHIRT B ENINTTUEICRBLELR>TWD, ZITHRARE
ETIF. PMERERGT CEANSERAFAYOMEEXKELTO
TRz REL. CO ZHRBLTUMES2HRZEETHIET. £
MW7 CO2 MLV AT LARFKZEDH TS,

2020 FfART—V

WA T RILF—FIAORZTRIERET
CBRKEFEFIVEZUAICEDKERRE
XHREERAEOHEIERICLD CO: BlE{b &KREE
CRPAHTFT TOREBEROER T O EBRFMEAER
- ESERIERYORBADIHD Al BIFE (KERIZME)

HARE
- EFEBANOELERERYBE (KEWR)
- REARH RO EHHO M RRE

- EEELSERMIBTORRIAE
SLO (Social License to Operate) A&

Fig.4 Geological survey for
geothermal resources

Fig.5 H: production (bubbles) using waste Al chips and
Tamagawa hot spring water

Local Energy Initiatives:
Geothermal, Hydrogen, CCUS and Society

Although Japan has the third largest geothermal potential in the world, the
use of this energy for electric power generation is trailing behind other
countries. Meanwhile, direct use of geothermal heat energy is also rare. In
fact, the most familiar application for Japanese people is limited to hot
springs (onsen). In this lab, we are conducting hydrogen production by
using waste aluminum and acidic hot spring water. Fields experiments at
the Tamagawa Hot Spring in Senboku City, Akita, have been successfully
performed. We study future energy systems with utilization of local
resources for a sustainable society, and we also carry out cutting-edge
research on future energy systems.

In another area of research, it is getting more urgent than ever to efficiently
reduce atmospheric CO; since global warming is accelerating. Therefore,
we are also trying to develop new CO, mineralization systems with efficient
CO, utilization and valuable products formation under moderate and
alkaline conditions. The new CO, mineralization systems are expected to
effectively reduce CO, emissions.

Research Topics in 2020

* Analysis of social acceptance of geothermal energy

* Hydrogen production by using waste aluminum and hot spring

* CCUS (Carbon Capture, Utilization and Storage) and hydrogen
production by ultramafic rocks-fluid interaction

* Geothermal energy system in subduction zone and supercritical
geothermal energy

* Al for historical tsunami deposits identification (disaster science)

Field Survey

* Historical tsunami deposits (Noda, Iwate)

* Geothermal exploration (Yuzawa, Akita)

* Social survey for analysis of SLO of geothermal energy
(Tsuchiyu Hot Spa, Fukushima)

Fig.6 Historical Tsunami deposit in Noda, Iwate
Prefecture (Al techniques development for the
discrimination of Tsunami deposit)
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BEISERSEEE Environmental Policies

BiE - TRILE—&BFH9E  Environmental and Energy Economics

$75AF -V EBULERMAL
BT 3 U2 DAL

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

behind resource use Kazuyo Matsubae

FEEDOAOBARGS FICEERRICHESEYERFTE. SERIICHITZSV—VIA/ - 2XRI2cHDEFRIMEXZ /D ERTE
BENZNBREBICH 2, HREBOLFXYIVEEETHZEIVEE, HE - £EEHEXZDZ<O—RERDOFEZBMUKELTNS,
EREIEOLERICHEF2RABHBEN IRV ERFEFBDICTL LR VIR RERFEEZD ST IEFMSNTVEZHDOD, Y F/S51F—r%E
BULERORNOERZN., BEITZVRVOARLIEE. VRAIBEROMBAENRELTHZ L, YTUPILT7AO-BHEITELTWSIL
EL, REDVZVODRIRTH 2, FMRABFTIRE. INSOREZHERL. ERFABICEDLEZY 774 F—Y YRV EREEHIN - BIRKIC
EEITLERBEZAEY

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

We analyzed the risk-weighted flow by combining the resource logistics database and 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.

EEREDEACLIHRHEBICEDS
BER-VYOT7yNTIV AR

ER - UYO7y MUY ME ABEBICLDRERICHEEND
EREUVORETHD, BR - UVARICHISHERELEDEIE
SEEUTHATE S, EREVVRBENEECDERRBR TS 5.
—H. (FMEEDEROAICERSNICER - UV ORESHKE -
TRICABFHSNBERRLROTNS, BROBEREHT o
. BARICESZCOHMRBRATENT TS, ZOLS, &
BRI, HCHRTERENRIEEL VU CIEINTVS, BE
BECE, LEEDT. AONIESNICRERESXFNEENT
RIBTBRETHD. FMARTE. 2011 FICHAFARK TREE
BULEHRICENT, ROBELHBL, EEREOBAICLD

Nitrogen and phosphorus footprint analysis
based on vegetable consumption by
introducing vertical farming

Nitrogen and phosphorus are essential elements in agriculture, whereas
environmental release is the reason for water and soil degeneration, along
with population growth and urbanization. Nitrogen and phosphorus
footprints are quantitative indicators for environmental emissions of
nitrogen and phosphorus based on consumption. In Japan with low food
self-sufficiency, relying on imported products to meet crop demand also
causes global environmental load. Vertical farming is a new idea focused
on sustainable agricultural cultivation. Vertical farming is an indoor
method of growing plants with controlled nutrimental solution and water
resources reused on several layers. This study evaluated the nitrogen and
phosphorus footprint that results from consumption of vegetables that
were frequently imported in 2018 by comparing vertical farming with

2018 FDWAXDBEWERDHEEICEDIKER- VYD TIvhTY
Y hZEFHE U (Fig.1-2) AMADBERMNSEEREFIER - UV
D7y TV N DRIRICEZ TH S Z Eh RSN,

100 [10~3kg-N]
Tamato

Bal paippar
Spinach
Celery

ASDaragus

Fig.1 Nitrogen footprint reduction in 2018 with
introducing vertical farming

conventional farming at Miyagi, which was damaged by the Great East
Japan earthquake in 2011 (Fig.1-2). The results showed vertical farming
could help reduce the nitrogen and phosphorus footprint.

6 B 10 12 14 [1043kg-P]

Tomato

elery |
ASDArEUS

3 o

Fig.2 Phosphorus footprint reduction in 2018 with
introducing vertical farming

Bh¥ R ES

Assistant Professor

Zhengyang Zhang

1Y REXEORRERT7 Y M 7YY s O :
RENBRIEDOHERNS

BXRIF. INTOENICE>TRADRERTH Do ARKUKF
DBEERERBRIG. BERYAYV VEBORERERERE. Xid
IR REEE R ERREEZSITSRITRIND 5. FHRTIE.
AV RBREODSHRARBNREULEERUICBRERDOTY NS
DY hEFHET %, AMTIE. NITUTPVDILERE. STRRIY
D7Dy X—HfE. IERIFVFTYDAAZLBESLVTFIRL
HIECH I RBNGBRYOHRI 1Y REXEORRERT vV
TIVVNMNCEDESBBEEZEZZNICEREZHTTWD, KifFFIE
BR7YNTUY MBS ORBUCBBRIGRNAT YT - 77O~
FERFEL., 1YREXECEFICERL. MRICLDELRRREE
F—HE BEXBMBLOT—IR—ANSRELT, HEBRIE.
REFOERBRNVLBVWREZRETDILICED, BRRERTY
RZUY R ELDKRELHIET IR ERENRS LV BHNGRR
5 T—%ZHAT2DICEIITS (Fig.d)o

1Y RRI7ICE I BARERFAD
FATHAIIWNTEAXY

AVRRYTZ TR ARLEILCEITIZIATYAITEAAY S
(LCA) DERIMKAELTHH#E TH S, LCADARILEICET ZEL
FMEE. IXILF—BLCEROER. HHREBEANDOREICE
REHTREDNEWV, FICAREERE TR, REHL SRILEFHE.
BIFICEZETREICKEZSZZAREDS 2IMETOLIL2M4%E
RECIARENH D, FMRIE. 1V RRI T TRREELDICR
WEECTHERSNZ L, K IRILF— HRABEOEREED
17V EfHEIT R EZBNET D, JERT. EVEE. 2R
R, ERBS EREE. KOHBEERELE, EFBRT—ER
EEMERIERENDORZEICOERZHTTVWS (Fig.5).

Fig.3 Poster presentation in the 2™
Academic Forum on Environmental
Studies, Tohoku University, Japan
(Jiarui LIU(D2))

Fig.4 Poster presentation in the 2™
Academic Forum on Environmental
Studies, Tohoku University, Japan
(Aurup Ratan Dhar (D2))

Food Nitrogen Footprint of the Indian
Subcontinent: Perspectives of Religious Food
Cultures

Nitrogen (N) is an essential nutrient for all living organisms. Excessive N
loss in air and water can cause both environmental problems (e.g., acid rain
and ozone-layer depletion) and human health problems (e.g., respiratory
issues). This study estimated the food N footprint of the Indian subcontinent
considering diversified religious food cultures. This study focused on the
ways religious food restrictions of vegetarian Buddhists, lacto-vegetarian
Hindus, and non-vegetarian Muslims and Christians affect the food N
footprint of the Indian subcontinent. This study developed a religion-
sensitive bottom-up approach to calculate the N footprint and applied it to
a case study of the Indian subcontinent. The food consumption data were
collected from secondary literature and databases. The findings will help
explain the ethical and spiritual food taboos that might lead to greater
control over the food N footprint by promoting diets with lower N loss to
the environment.

Life Cycle Assessment for Coal Resource
Utilization in Indonesia

The application of life cycle assessment (LCA) in the mining industry is
still challenging in Indonesia. Studies of LCA for mining have paid more
attention to energy and resource use and its effects on global warming
potential. Studies have focused on the coal production stage, but may have
overlooked the entire mining process (i.e., from the exploration stage to the
closure and decommissioning stages) that potentially affects the
environment. This study aims to evaluate resource-related inputs such as
land, water, energy, and materials used in the mining process to produce
coal in Indonesia. This study focuses on the effects on the ecosystem’s
services and life support functions, such as climate regulation, biotic
production, erosion regulation, resource competition and depletion, and
water availability and quality.

Primary & ] | " :
Coal Mining Operation I—' COAL
Secondary Forest i ! g pel . .
i ; an wrengy)
Land Land
transformation ocoupation
Degradation Soll Fertility Soil stability  Resource
and conversion - ! Competition
Legends: - :
- 'r'l‘:;;‘: m“""m i i i i
Climate Biomass  Erosion and Productivity

==k land intervention . - eIy
—+ direct impact regulation production  stabilization

weep iMpact calegory

Fig.5 The findings will help explaining the ethical and spiritual food taboos that
might have a greater control over the food N footprint, by promoting diets with
lower N loss in the environment.
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HiizERE (DOWA ;R—JLF 1 >4 X) Endowed Division (Dowa Holdings Co., Ltd.)

BIEYENRES49E  Control of Environmental Materials
HERIERERESEF Geosphere Environment
BEIEMEIEBERESR 92 Study of Functional Materials

RISIRMBERRMORAE L.

Towards Establishing Environmentally Materials and
New Material Circulation Systems.

4

iz B EE

BENGERBRVATLAOBEZHIELT e Takahashi

DOWA FHiFBERIFIRER AR E DOWAR—ILT 1 7 AR O BENHRMARZNDOE & 2004 FICHR U, BAlE THELE
BEREMROMADHRICEVWTERLZRDERIEREZRRT 5L,
-BREEFHERZEE YT TR F—HIRICRHE UM RIS LU ZN S Z AW BBEDRIBICE I 2R
- ERAMSZEBEI I KBFEIMRBREENENSOERI YAV EMELOCHES VAT LABELREICHT MR

- BERORMICHSTHRETIEEINESYENDOTIWEDHR
EMRT—NICUTIRREB 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 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; (b) inventing the preparation of functional

materials that can nurture environmentally friendly engineering applications, such as electronic devices with less impact on the environment; and (c)

methods for dealing with substances to be controlled in circulation.

[ RIEMEBRFDE ]
RIGRMBEME QR L ICARE

AREFF 2020 FE LDl A HI THIEB Z AT —~Uic. R
BREMEMRZRLETIAEHAE. BSTICKETITONTWS KL
BARERNEZBL T REROHE - T/ ZDOHFTY —XDHF
RO, KEMRY —REREZ-XDIYFU I EHESI TR, &%
BHEURRETH D, FIZIE. BRPICHEHLCTIILAPESRRE
AAVBREFBRICIIEINTEY, BEICKDBREICH U TRERFE
ZRIFT, CORBNRICHUT, BREBEICENTZFED—DEL
THSE—XDBERSINTWS, ZOMEHE. RTICRIKRIC, BED
BREESEZXRAICHBEICICHENTORELZE L. BRESOESE
ZEEIDIETHRABYBEERRETDIENARETH Do KA DH
RETIE. COMBIZEICEEE(LTDHIC. KBBRFICTEELH
EORREBZHIFEL., BURISELSEEZFIET SEMBARZEL T,
BREESH CHEMEREBOAZAVWT J7ERZEEEMZ
BRTHRIZCLERATVD, SH. AMBEZAWT LGN
KMEZ O AR MBI 2L, ERICREERYEEDEINGER
EERHD. Floo AEERFIOF VAL ADHETERETOERR
(FHRIED oI, REELRIFESEELTOWFETH %o

< l"'" - - s ¥ . . .
* h [ ] [ ]
i‘v 4 ] . ™
o “I':é"‘; . 2 ""I{;-‘- .
l-’._"_’. '."

Fig.1 Schematic drawing of the mechanism of magnetic bead.

[ Control of Environmental Materials ]

Development of the Environmental-friendly
Materials and its application

Starting this year (2020), our laboratory is mainly focusing on the
development of the environmental friendly materials and their application.
Moreover, we try to research and match the academic seeds and company
needs. For example, virus and/or heavy metal ions, which are widely
splatted to environmental conditions, are seriously affected by our society
because they are difficult to collect. To solve these problems, magnetic
beads were developed recently. As shown in the Fig. 1 schematic drawing,
the specific functional groups, which are attached on the new material’s
surface, interact with the specific substance. In our laboratory, to develop
the highly effective magnetic bead, well-stabilized core materials with the
high performance are synthesized under room temperature conditions by
using simple equipment and by controlling the reaction potential through
the management of the metal complex condition in an aqueous phase. We
are planning to check these abilities for the collection of various pollutant
materials and present these results in international/domestic conferences

beginning next year.

Fig.2 Survey research on the actual situation regarding E-waste.
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Associate Professor
Tetsuo Fujita
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Yoshinori Sato

[ EERIRBERF D EF ]
BEREMIEEICED SR

ARHFTE. BREGCKZBEIZILTOETF - EXKEFEEEY
ENSDERIVTAVILEN - t RV AT LICET2HFTDIEL. H#E
BIRBICETDERMEDO DR - 2% - BEICBT2AREHELT
W3, BFERICE. BFRAICKDILEULRICHEIEICLE - YA
IIENBWTETRIEDFRMEE S E-Scrap ¥ LIB R EDH
B BE - TIRAFVIEVWSLRMICOWT, FENBE - MEFIEA
BFEREMASTIOBEDFREE ORI ICET2MEREE-ELT
W3, £z, BPVIIRILOIRENSYHAIILETDR—=FILRY M
T—JDRFAHITo>TND, COLSHRERBERICEDLZEEIIEAN
IKRSNBWERTH Blcth. BKEFEDRHERDEEPERAEE.
BLUORBBFZYVT7RENOBEEPHRAMREERLTWNS, FIZIE
BEithicBI 9 2HA%%IE. EU @ Battery Directive (3§9) &FFfiLR—
REREL. HEANRITEIMZIBEU,

[ RIEHRIBERFDEF ]
RIEAEERICEb 5%

BEROUTAJIPERONOMEDFICEVNT, BNETSZTTHE
OEFCEINER LOHBSY. HETZTMY DL A DRENR
DEERE - EIECRMORAES. KEEERMRRETH 2,

LMRDHF TR, BERARECHBEERICRIREBROREZR
FUT RIFSE, BICREERCHDIREEERNORAELZD
ERZED DRI, REVRIVERBICRDIMESSOEHEAE - A
BoES. SOICREFANNGERREICEOIMARAZED S
EERFLTWS, BEMNICIE, 7 EiR - 2RO ETHERER
BBEICHIZREENELTOER - ARI VL - KREFICOVWT, &
BN ORENLGEERMOBELZEEL. RifEHSOWENS
R BEZT>TWNWS,
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Fig.3 Platform for the recycling of secondary plastic resources.

[ Geosphere Environment ]
Research for the Circular Economy

We are mainly focusing on the development of recycling technology and
social systems about waste electrical and electronic equipment (WEEE),
as well as controlling contaminants in geosphere environments. Although
it is difficult to construct proper regulations, we can put the experience of
studying the EU regulation framework. In addition, we have conducted
awareness-raising and joint research projects in Southeast Asian countries.
In particular, we are investigating new separation and decomposition
methods and management and evaluation techniques for products, such as
E-Scrap and LiB, and materials, such as metals and plastics, which are
pollutants in the environment. We are also investigating a total network
from collection to recycling of waste PV panels.

[ Study of Functional Materials ]

Study of reducing environmental impact
for raw material production

For resource recycling, an important research subject is the development of
technologies for the separation and immobilization of accompanying
undesirable impurities, as well as the development of smelting technologies
to improve the recovery rate from the viewpoint of environmental issues. In
this research field, with the aim of advocating environmental policies
regarding resource exploitation and metallurgical projects, we are studying
the development and deployment of environmental remediation technologies
related to metallurgical operations, as well as conducting collaborative
research and surveys related to environmental risk management and further
research and development related to environmentally harmonious resource
exploitation. Specifically, we are conducting research and surveys on
arsenic, cadmium, and mercury as by-products in the nonferrous metal
smelting industry (copper, zinc, and lead) from technical and social
perspectives, with the aim of developing advanced technologies for their
economical and stable management.

Dowa Mining Scorodite Process

(DMSP® )
4H,As0, + 4FeS0, + 0,(g) + 6H,0

= 4FeAsO,+2H,0 + 4H,S0,

welth Permouss Sak
| Felll} = FS0, THO
Chadainn neaction
Feil) to Fe(m)
l.'J_gJI
LUnder bt pressung

[ Eolaad separaton |4
b PORSRRCHON Sollion

[ Seorodie | Duguas, slornge

Fig.4 Overview of Dowa’s arsenic-fixation process.
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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

LEEEEARRAEAEERITREMERN - BEBETRIRILF—MRER (FREA) - BEFREIRILF—MRLYF— SLCHEE
RERBEMEEPT (D<) FABOMERENFRBEL. HE - AREDZTo>TND, RE. FBETREEELRSREFERE SO EHRREARY
EROHRE - FECEEUARLEFD T 58 Eblc. BBFEED. FIRILF— EEXRMRSRAEEE (NEDO). BRRANR - B

YEIREE (JOGMEC) Eh5nEFZXTHEMRZERELTWNS,

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 2020 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 an AI-IoT monitoring system of environmental burden associated with geothermal development;

and (d) studies on social acceptance of geothermal development. Furthermore, technology development to simulate industries in areas stricken by the 2011

earthquake have been conducted.

BERSIHEBFERICET SR

ERADHRELEELT, MPAHFICEIRZE I HBIRF M
BRICLDHBOTREZR STV, 2040 FLUEICERNKREELN
10GW U EDOERHKEZERT 27cHlc. NEDO hhS5DHEFZZIT.
BIEH, KRN, BEFNRSD S ORFATEEEF MR - ERE0H
RENREVICRBEADFMEFINRT® Al I L2EREFHERKIM D
FRRZEELTWVS,

MR BABRIKIC & itEITEED
BEEZSIUVY
BERMZAELMRT —LR T FRENOEEI AR O
BrEmEmL. Inickh, BFBEAOIKOHREE=SUVY
LTW3, Ffo. ERSOHET +—)L R TS LIl MR IC#EL -
RETBITEMEOREHBEMEHAL, FEENTORGEBOR
BERRT L L HITIABICEET 3EENERROBHIRE
REKMORREREL TS,

Fig.1 Model of supercritical
geothermal system in US

process of EGS

Fig.2 Simulation of production

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 the subduction of oceanic plates, in cooperation with scientists and
engineers worldwide. With funding from NEDO, detailed feasibility
studies have been conducted to establish‘to establish a total capacity of 10
to 20 GW in/after 2040 from scientific, engineering, and economic
perspectives. The application of Al technologies to evaluate structures
inside the supercritical geothermal systems is also underway.

Microseismic and magneto-telluric
monitoring of geothermal reservoirs

Microseismic/microearthquake (MEQ) 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 water injection. Modern techniques in seismic
signal processing, including reflection and scattering analyses, have been
applied to MEQ data sets from various geothermal sites worldwide, and
fluid behavior inside/around the geothermal reservoirs has been
successfully imaged.

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

Fig.4 Remote monitoring system of hot springs
for coexistence of geothermal power generation
and hot springs
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Research on proper development of
geothermal resources

Monitoring systems for hot springs using Al-IoT technologies, which
enables us to collect scientific data for proper development, has been
conducted in the lab. The development of new technologies for geothermal
resource evaluation has been funded by JOGMEC.

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 International 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.

e 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 one “delivery lectures” about renewable energy.
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Fig.5 Data of hot spring transferred

Fig.6 Scanning head of borehole scanner
for geothermal well
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HhiEE - EIEHIESSEEE  Urban Environment and Environmental Geography

BishIE% 438 Environmental Geography

HIB AR D S SRR AR

-IRIEEREHEET S

R o ki

Understanding Diverse Human-Environment Relationships Professor

from Geographical Perspectives

Tomoki Nakaya

KIARDH TIE RABEBRAT—ILIcBWTELZHRIT2HIBHROREZ, HEBBERBZOATTEPHIRE. 7r—ILFT—07Z&EL
THSMCL, ZZICERTZAB-RERROSDAP, HENREOREXNZIALICDOVWTRFLTWS, L. WREZBARRRICRE

T BUBHEWICHRENTELRERE. HRBBICEBL.
MEZRFELTWVND, MAT, HIBIFHRMZICH T SERFEET 2.
HIARZIT>T VWS,

2R, R, BN, BFEOHBNRBICKEITZAB-REEROMEEH
ZEREMBIEET L. HEBHNREL. T —IREEICEIIEREDAER

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.

pERRMtIES

AARDEHF TR, HWENBRBEOBEEPERNGHERBE
(Fig.1) OHRRH5. BEOHIBZNLGIMTEZEERLTND, HIER
FIZE (Hanibuchi et al., 2020) , walkability & 0RO MIRE R
ANDF7 7R (Koohsari et al.,, 2020). & =# (Nagata et al.,
2020). AFEDBEREE (Tashiro et al., 2020) RESHKREEH
BORERFECEROBEICEIZMARRZEc. Walkability &
BHEEBICOVWTORE (A - R, 2019) BABEZRDFHX
EBEZEU, £fc. AEETIE COVID-19 OFRITIRIRE. BRAELE
EEOEEZEUTFHITBHVRRITSHOEIREZHSNCTZME
ik EIIC =R LT,

i - HRREDITER

AEAERCELTR. (a) HIBBREOHLEAEAE. (b) B
FHICETZHIRBEET - DINERK. ZLT (c) AMBEE
BEOEBIEICEIZERMITEESD, (a) :Google Street View
MoMBULEHEROEBRERZEMFEBICIDT—5L. Zh
ZHEIHEVPTIOFHAEETI/ILZEE L (Fig.2: Nagata et al.,

The Atlas of

Health Inequalities
in Japan

Fig.1 Book cover of “the Atlas of Health Inequalities in Japan”
(Nakaya, T. and Ito, Y. eds., Springer, 2019)

Health Geographies

This research lab has conducted a geographical analysis of health in terms
of its relationship to the geographical environment and the spatial aspect of
social inequality (Fig.1). Published studies consider associations of health
with various environmental aspects of a neighborhood including area-
deprivation (Hanibuchi et al., 2020), access to local resources (Koohsari et
al.,2020), streetscape (Nagata etal., 2020), and coastal natural environment
(Tashiro et al. 2020). A review paper of walkability and physical activity
(Nakaya and Hanibuchi, 2019) was awarded a prize by the Japan
Association for Real Estate Sciences. Throughout this academic year, we
also continued to conduct research to clarify the geographical distributions
of COVID-19 and changes in preventive and health behaviors, including
the impact of the state of the emergency.

Methodology of regional and social surveys

We conducted basic research on (a) new ways of measuring the local
environment, (b) new ways of collecting individual data on residents, and (c)
the reliability of official statistical surveys. (a) We constructed a model for
evaluating walkability based on machine learning data of the components of
landscape images obtained from Google Street View (Fig. 2: Nagata et al.,
2020). (b) With a high-density internet survey in central Tokyo, the
possibility of multilevel analysis by combining neighborhood-level
indicators was proposed (Hanibuchi et al., 2020). (c) We showed that the rate
of missing information in the census was substantially higher among
middle-aged people in central Tokyo (Hanibuchi and Yamauchi 2020).

B buiding Segments %
- o) Vegetation 43.39
*‘Vegetation Road 30.91
Building 962
Fence 6.63
Sky 417

Fig.2 Machine-learning based streetscape walkability scoring
(Source: Nagata et al., 2020, Health and Place 66:102428)
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2020), (b) : EEMOIENRIC, 1V I—RXYMAEICESTE
BEBERAREZE BV, EBELANLOMIBEREES LTI
FLARIILAROAEEEZRR U (ERIED 2020), (c) : ERH
BORFEED, RRHBOBCTRPEBREICEVWTEEICH WVER
%R U7z (Hanibuchi and Yamauchi 2020),

)

NARD B TIREBT — 7 BITORMBARZEL A ERRBNEHR
EZFDRBEOEFFRREERLT NS, BZERNBAINY NDOREIE
M%Zz 3 RTHNICRETIRERA—RIEEH#HEZIGALT 7
ZURGIS LTERETS "HBEIOFKEFEID Yy = IXBEE
HEDHBMAFT TR UKL (Fig.3) Eh. NHK [CEAET BT H
EEMUC, oo A—FILZFIRAULLEBNEEEROHTLVN
HEHEESETILOMHE (Kotsubo and Nakaya, 2021). #mEODA
A2HREEICHSNDEOLERL (#EIED, 2020). $KE LR
B ORI EFRE ()] - &, 2020). ARANDF I ERAD
BB (Yasumoto and Nakaya, 2020) &, EEEHRES
AR EEE U,

EVILVEDISIYN—=KIEEITZT—RIRAT LA

EVALTIH. EDDIFEERTH D7 TVN\—NLICAOMNEHRL
MAEIERLTWS, UL LIMOFEEEERZZDIF. EHIIC
ANERTHD., 7—RIZATAICIIBRERBICE-TADEEED
EIMUTWBHEC IFERZFHELHAESND, TF7V/IN—KNLTIE/N
IRA—IN—& TN\ EFENZTHELITRAORRMEEZR X T
o, oo BEOEKICHZZEHIC. 7FVIN—NILTIRIER
CEABOERBYavEY Ty - EALHBELTWS (Fig.d). &
DRRIF. VIVN=NLILEITZ. FITEHRETHIAREORRMM
HBAERZEEDT—FIATLOFHE, EFROBRTHETEICOWN
THSMCITZHDTH S,

Fig.3 Screenshot of the COVID-19 Space-time 3D Map
(https://nakaya-geolab.com/covid19-stkd/japan/)

Spatial Analysis

This lab also carries out methodological research, including the
development of techniques for spatial data analysis and their empirical
applications. Employing spatiotemporal kernel density estimation, which
visualizes the tendency of spatiotemporal events in a 3D space, we
developed the “COVID-19 Space-time 3D Map,” disseminated on a cloud
GIS in collaboration with JX Press Corp. (Fig. 3), and provided related
technology to NHK. In addition, we have accumulated basic analytical
geographic research as application studies, such as the development of a
new intervening opportunity model of spatial interaction using kernels
(Kotsubo and Nakaya, 2021), a typology of changes in the structure of
population distribution in urban areas (Kanda et al., 2020), an assessment
of the regional impact of the abolition of railway lines (Sagawa and
Nakaya, 2020), and the environmental equity of park access (Yasumoto
and Nakaya, 2020).

Food Supply System and Food Procurement
Behavior in Ulan Bator, Mongolia

In Mongolia, the population is particularly concentrated in Ulan Bator, the
capital, and urbanization is progressing. However, Mongolia has
traditionally had meat as a staple food, and the food system has different
characteristics from other emerging countries where meat consumption is
increasing due to economic development. Many small supermarkets and
marketplaces have supported the food supply to citizens in Ulan Bator.
Because of current economic development, huge shopping centers similar
to developed countries are emerging in Ulan Bator to meet the demands of
wealthy people. This research clarifies the food supply system and the
residents’ food procurement behaviors in Ulan Bator.

e

Th Mangalia Erevisarerenial informasion Cenier Gon Pl B F =3, BSSIVRLE SR H = i

Fig.4 Distributions of supermarkets and marketplaces in Ulan Bator, Mongolia.
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Process Engineering for Advanced Resources Utilization
/ Resource Processing and Recovery Engineering

EROSENA - REREDOHOTOE AWM

and Environmental Conservation

ERNRA7OERZNE /| BRD M - WBT7OE A2 EH
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Process Engineering Research for Advanced Resource Utilization Professor

Eiki Kasai

AARETIE, HBWA VNI MDREVERRZMOREELYHAIIL7AOERICH LT, BWECEEREAFT ZRKHER AR AR E AT
FREOHFEREZBENEL TV, FICEERRBOIESIZEBHETOER (Fig.l) IKEVWT, ERNSEERLANILICEDREVNT —YICDWTHRE
HEELTWD, FIZE. BFEKICBLCRENTFRAEBEORI P, BET7OEIH50 CO2 FHHHEIR. A AYROBEHNFBEOHRET
TW3, E5(c. ZAERMORICETRIGPESRBEIIVI/RAZICEIBMERKHIT>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, the preparation of high-quality burdens of the blast

furnace, reduction of CO, emissions, and utilization of biomass. Further, the research and development of the oxidation/reduction reaction of porous iron

powder and self-healing ceramics are performed.

EKFRFMICE U f 8R8EA VR AL D BHE KT

B TIETE. SKILAHNSBH (BRI - RRER) 2HET IR
ICZEDI—IZAMMERINTWS D, ZBILREFHLEDOKER
HERD ROHDENTWD, ZNEFIREEETZRIMO—DELT, HKiLA
BIEMELTOKRRIBAI RSN TWD, KKRIGAKEZERFICEIR
HICEREIND s, HEFADIRILF—TO—%FARIT I LI
&h. BEXMELTORBENTETH D, —H. KEDOBIEETRIG
FREERZ T, BUBFORRMEREAB RIS NG, Lich T,
BARRELEVWUERTEWEETHEZE I RN KOS NS,
BHE TR ECH UKL ERBIC U RR (B ) ZEFICEAL
TW3, BHESRROERIMBIIATIA ~, ITRIA M. R5TH
FUNTIHEMTH DA ILT 54 (CFs) h57%%, CFs (&
B EZERIC KD EHRRERICKBIS . SSICEETIHEBIC
FOTHNENTRETHZEEZIS5ND, FKRICLDIHEETHED
FBUYETELRDZEFHRIND, ZITERER. BARRETOR
FESLDRITHREN & FERESLR D SLMIE DB FRIC D WTIRE Uz,

Fig.2 ICEE SO MEEBEEZ R, KLADKRBLI 1 /AT
4~ (1H) £#%E T 38R CF (TH-ACF) »XJRF1 b~ (M) &4t
%92 M-FCF i EMNBE R Iz, Fig.3IC 1000°CETETLIZ
BERSSLR D& CF OFBETHE (BBLE) 277, ERILERFEILY
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Development of the Production Technology
of Iron Ore Agglomerates Suitable for High
Hydrogen Conditions

Significant reduction of carbon dioxide emissions has been required of the
iron and steel industry, as a large amount of coke made through the
carbonization of coal has been used to produce hot metal (liquid iron—
carbon alloy) from iron ore in the ironmaking process. Use of hydrogen as
a reducing agent is a promising way to decrease the amount of carbon
dioxide emissions. Hydrogen is available in the integrated steelmaking
plant because it is a by-product of the coke-making process. On the other
hand, it will lead to the decrease in temperature of raw materials because
the reduction of iron ores by hydrogen is an endothermic reaction.
Therefore, a higher reducibility of the iron ore burden at lower temperature
is required in a high hydrogen condition. The main iron burdens of
Japanese BF are iron ore agglomerates (iron ore sinter). It is known that the
main mineral phases of sinter are hematite, magnetite, slag, and calcium
ferrites (CFs) which is an artificial mineral. CFs can be sorted as acicular
and columnar by shape and chemical composition, and CFs can be further
classified by the coexisting structure. Moreover, the reducibility of CFs by
hydrogen is considered different. In this study, the effects of mineral
phases on the reduction behaviors of the sinter for high concentration
hydrogen reduction are being investigated.

Fig.2 shows cross-sectional images of the sinters. In the right figure,
primary hematite (1H), which means original iron ore, and acicular

Metallization degres, (%)

4= 1 | | LT 3
Utliratisn of pxhamst gan Matuie = W | G o
| limgEovrmenl of Redustion of IH-ACF M-FCF
| AESa e —— Fig.2 Cross sectional images of the sinter. Mineral Phase

Fig.1 Strategy to reduce CO: emissions
from the ironmaking processes.

Fig.3 Metallization degree of calcium
ferrite phases reduced up to 1000°C.

Bhgy AR K

Assistant Professor
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Taichi Murakami

HEHEBHRETETINCERICHELET 2, RUHRARICENT
®. TH-ACF [ M-FCF &hEWEB{ItEZRLTED. TH-ACF &
M-FCF&DKRETTICHEUICIYETH B EVWZ D AMEICH VT,
KRMABRKICBEUCIYEZRESHIC U,

ERBENTFOFERRILRIZFIALE
HEBEEIIv I ADRHE

BEAEIIvI/RAEBVWEREE. MEEEZEIIMRTHS
M MRREOEHOBFEICLDBEFEENZELIEL, 2T,
TIIYIREEEMECEWT, DEMOBICIDEREZRA Ca
&) IEZETEBEIIVIANMERINTWS, S SiC P
Ni BRI TWBH, 1000C. 1 hEEOARKHHULENKE
THDo TITHRIARTIE Fe HIFICEB U, Fe ld Ni KD &S
BTHH., EBHNABICELtIND, LDERTCEHDBRNEELE
ThhiE. BEEOTA AL —FAOLASEIHFIhD, £
TAEIL Fe IFEDBS R EII v/ ESHROBERERSIC
DWTRE Lo

Fig.4 &V Fig.5 I 900°C. 1h TAKHH LUV Ar-3% Hz FH
SJICHNEBUCHRORE SEM Bz Rd, BRHIEERBEAICAN
EEYH—RERICHEY TS, AKFRLELEHBOERIGKIHD
PR TEDNTED. ZOEMAMIE X REIFOFERICELDATS
1k (Fezx0s) THDEEZLEND, —A. BLUFTEXTHS Ar
-3%H: P TRAIB UL RHIER YD ERIIRH SN W, Fig.6
&R OMITEEEZRT, FiB# (As-polished) LT, &=
HEBALLLFTEHM (As-cracked) (FHIFEEMNMETLTWS,
Ar-3 %H. FESKTELIE LB OBIFRE L As-cracked &(1F
EANERUETH D, —H. RRFPHLIELUFHEHE As-polished
D78% FTEEHNLMELTWD, EHEREUVTHRIEERD 900°CT
BMELEMNETH D EZHESIIC UL,

Fig.4 SEM images of sample surface of
heat treated at 900°C for 1 h in air

Fig.5 SEM images of sample surface of heat-
treated at 900°C for 1 h in Ar-3%H.

calcium ferrite (IH-ACF) are observed. In the left figure, magnetite (M)
and fine calcium ferrite (M-FCF) are observed. Figure 3 shows the
comparison of reducibility (metallization degree) of CF phase in the sinter
reduced up to 1000 °C. The metallization degree corresponds to the rate at
which each mineral phase is reduced to a metallic iron. 1H-ACF shows
higher metallization degree than M-FCF, and it indicated that 1H-ACF is
the mineral phase more suitable for hydrogen reduction than M-FCF. In
this study, the mineral phase suitable for the hydrogen ironmaking process
was clarified.

Development of Self-healing Ceramics
utilizing High Temperature Oxidation of Fe
Particles

Structural ceramics show significant high-temperature strength and wear
resistance. However, their strength reliability is quite low due to the
presence of surface cracks. Therefore, self-healing ceramics that heal
cracks through the oxidation of the dispersoids have been proposed in
ceramic-based composite materials. SiC and Ni have been proposed as
dispersoids, however heat treatment at 1000 °C for 1 h is required. This
study focused on utilization of Fe particles. Fe is more easily oxidized than
Ni. If self-healing can occur at lower temperatures, it is expected to be
applied to automobile disc brakes. In this year, strength recovery will be
investigated on a ceramic matrix composite dispersed with Fe particles.

Fig.4 and 5 show the SEM images of the sample surface heat-treated at
900°C for 1 h in the air and Ar-3% H, atmosphere. The broken line
corresponds with the Vickers indentation used for crack introduction.
Most of the cracks of the sample heat-treated in the air are covered with
oxides, which is considered hematite (Fe,Os) through X-ray diffraction.
On the other hand, no oxide formation is observed in the case of Ar-3% H,,
which is a reducing atmosphere. Fig.6 shows the bending strength of each
sample. Compared to the smooth sample (As-polished), the pre-cracked
sample (As-cracked) has a lower bending strength. The strength of the
sample heat-treated at an Ar-3% H, atmosphere is comparable to those of
the As-cracked ones. On the other hand, the strength of the sample heat-
treated in the air is recovered up to 78% of the As-polished ones. As a
result, it is clarified that the mechanical strength can be recovered at a
relatively low temperature of 900 °C.

1%

Hendmg urcngsh, (M)

A peedetund As-crackopd LU le o W L h
A el i

Sample comdatioms

Fig.6 Bending strength of each sample
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Variations of ozone and related trace species in the atmosphere

ol
AR FEID

Associate Professor
Isao Murata

EMRETE, TO-NIBRIREZSH) ¥ —7—RIiC. AVVELSEBEPHIER(CGE, BIRREOREZEICELIRIP DM
ERSOBANARET>TV\S, 2020 FiF. 2KRICHITZT7—UTEBRESKER (FTIR) BAICES HCI, HF ORFECOEITP. AV

VEENTDRIRE Z{T o,

Temporal variations of the total columns of hydrogen chloride (HCI) and hydrogen fluoride (HF) were observed with Fourier Transform Infrared

Spectrometer (FTIR) at Tsukuba. We also retrieved profiles of ozone and validated the results using osonesonde observation by the aerological observatory,

Japan Meteorological Agency (JMA).

BRABEIRBEARFAEOHRAMFT LT, 2KFICHITS FTIR
ICLBEAZ 1998 FLDITo>TWSB, FTIR TIEKBEHXD 2-15um
DIRNEHDART ML ERK[FDEDOWERD DEERHEE
ANBZENTES, AKOBERZT>TVWBEBRNBAERIIL—
NDACC/IRWG (Network for the Detection of Atmospheric
Composition Change/Infrared Working Group) Tld. &
AT—yavOERERE U TCHIKRIED T BN ERN = EHT 2R %
EHTED, INFETICH HCL CHs FICOWTOmRXZHRTHREK
LTW%, SEIFHFICO0s DEEAHRIAZTS>EEBICHCL HF
DEEMTHMETIL TS,

HCI IR EBA Y VIRBEDIEIZEE BB mA T 7OVAHICEST
AKHEANDIEROKEEHNTHA UTcDITHL 2000 FEI SFAME
FIC$H D, —A. HF E HCI AR Z7AY A ELREERTH 2HLE
HICIRRERICOHAFFEDONL —F—ICL{EDPND, TD2DD
BRI BERICBREREVRIBELZ(HRESNTEDINIZHE
BREEOZILOZETH DN, Ihe7OVERICEDHROBERE
CIHERRNTWS, SFEER. HEMREZT>TVWBEHEXRETF
BHMIKIRIBMRAAOILEERERICE TS HCl. HF OBAIBRED

Taukuba & Rikubetsu HCI 4-year trend
ex 2010: trand for 2008-2011

e

?‘éne 1998 Hﬂlﬁ 2002 2004 2006 2008 m'm 2012 2014 2016 2018
Center Year

Fig.1 Temporal variation of 4-year trend of HCI
for Tsukuba and Rikubetsu.

In collaboration with the National Institute for Environmental Studies, we
have investigated 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, CH,, and so forth. This year, ozone profile
validations were performed, and the investigation of HCl and HF continued.

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 compared our results with those observed at
Rikubetsu, Hokkaido, by the Institute for Space-Earth Environmental
Research, Nagoya University. Here, we show the results of HCI. Fig.1
shows the 4-year trend of HCI for Tsukuba and Rikubetsu. For example, the
trend for 2010 means the trend for 4 years from 2008 to 2011. Although the
observed periods are different for the two sites, the trends are consistent
between the two sites in 2003-2009 and 2016-2018. Fig.2 shows the
4-year trend of HCI at Tsukuba from observation and 3D chemical

Tsukuba HCl  4-year trend
ax 2010 trend for 2008-2011

] 11I-lL'r-l|-'l|

| mm Enear+sin (FTIR)
mm Eneartsin (COM-Miroes 2-UV)

2005 2010 2015
Cantar Yoear

Fig.2 Temporal variation of 4-year trend of HCI at Tsukuba
from observation and 3D chemical transport model simulations.

& U7z, Fig.1 IZ HCI @< IFERERIICH T D BIMEOREELZE
TY, CCTREDFEEFRDICHIR 2FE, T4 ERDT—FICTry
TV URBIEZZOEDEMELE LTV, DLIFEERITIE
BABHBIOEWSH 20D, MBEBDEKR>TWVWS 2003 — 2009
£, 2016 — 2018 FDERMEAIFIZIF—HLTWB I EN D 0Tz,
RIS, DKREIIEDVWT 3 RTALFEEETILOBERELER LI DD
Fig.2 TH2ah. chzR3EBHAICRES5N2 2015 — 2017 FDig
A EFILTEBERIhTWARWIEN DD D, COETILTIRZO
VIREICRSTE7AYEOIIv Y avERELTWSZENS, DK<
EPERTERAE N 2015 — 2017 EOEMIEFEE L Bo0EE
BRIZvYavOREEEZSN, SIEHREMAZEDTNS, BE.
ZTTREIFRERVD, HF IEDOWTHRKDERNESNTWS,

FTRDNSBHUCEEDHZRIETDICIIIIKPATEHEICLS
FRARREANATIY., EREOSEASGREGAY YIS TRHE
DL, FOHRTEITAVYZAVWCEESHERFEOZYEER
HIBCELEEETH D, e 2KRDBEEEAY VY Y TFEHAl%E
TOoTVWRRRTEBRRANICHICHD, BHElMDEWEFIFE
BUBLLTEWeHEESBORIEICIERETH S, Fig.31c 2019
FI0B2BIKDWTFTIRB|ANSEBHUCBESREAY VY Y
TORREZERUIHZERT, AV YV YT (FRR) EEEDERE
N mEmL<. —AFTIR (BF#R) TIE 10 km BELEWH. BE
PREEZE FTIR ICEDEIHD (i) BT B LICBBD, B
%18-35 km OF/ETIE 10% LR T—HLTW3, 2019 FIcRH
BAIDH -7 158 (58 ARIKIL) IZDWT, 0-9.8 km, 9.8-18.3
km, 18.3-27.7 km D 3 BT THELEEZ S, EFhEhAY Y
VTR TZ/I—vILAZLDEEA 1.02+0.05, 1.11+0.19, 1.03
+0.05 &0, # % H5 10% BET—RI DI LI D SN,

FEE#H & L HCHO @ 5 R (& NDACC/IRWG X vIN—(c &3
Sentinel-5 Precursor # £ & # TROPOMI £ 8| o & & I £ F
S . i XMt & n i (Vigouroux et al., Atmos. Meas. Tech,,
2020) , Ffe, HIKRBEZESZE DT (BZREMFER) BLHEE
OHRHEE. REHIFE HFC-23 DRINZEEDTWe CORER%E
Atmospheric Measurement Techniques s5ICETE 2 ENT
o

2015 EH5ERHERERELY - OFHEZESEZLTED. &
b2 OFMEERICHBEUTERBRELYY—DMToTVWBHAR
DFFfZITofce Tlew SEDOSTLICEBERREZETMRME
BRFELHD, EFEHFFOEITWSIANFKEEEZFNIC 10 E
U EOBERICHELTWS,

transport model simulations. The simulation could not reproduce the
observed increase in 2015-2017. As this simulation used the emission
scenario according to CFCs regulations, the observed increase in 2015—
2017 is supposed to occur due to illegal emissions. We will continue to
analyze HCl and HF.

Balloon and satellite observations are used to validate the retrieved profile
from the FTIR observation. However, there are not many accurate profile
observations, except for ozone. Therefore, it is important to investigate the
validity of profile retrieval with ozone results. Furthermore, the Tsukuba
site has an advantage, in that the ozonezonde site (JMA’s aerological
observatory) is located close to our site. Fig. 3 shows the comparison
example of the observed ozone profiles by FTIR and ozonesonde on
October 2, 2019. After the height resolution matching, the profile from
FTIR agrees within 10% between 18 and 35 km. Comparison for the 15-day
(58 spectra) observations in 2019 shows the FTIR/sonde ratio of 1.02 + 0.05,
1.11 £+ 0.19, and 1.03 + 0.05 for 0-9.8km, 9.8—18.3km, and 18.3-27.7km
partial columns, respectively, indicating good agreement within ~10%.

The HCHO results (reported last year) were used for the validation of the
TROPOMI instrument on board the Sentinel-5 Precursor satellite and
published in Atmospheric Measurement Techniques (Vigouroux et al.,
2020). Analysis of the HFC-23 in cooperation with Mr. Takeda and Prof.
Nakajima in the Global Environment Division were submitted to
Atmospheric Measurement Techniques.

Assoc. Prof. Murata serves as an evaluation committee member for the
Center for Health and Environment, Miyagi Prefectural Government, and he
attended two committee meetings. This year, he also became a member of the
environmental assessment technology examination committee for the Miyagi
Prefectural Government and attended more than 10 committee meetings.

[0 =

Fig.3 Example of the comparison of the observed ozone
profiles by FTIR and ozonesonde on October 2, 2019.
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KERE KRR ICE T 5%

Researches on Water Resources and Environments

Solar and Terrestrial Systems and Energy Sciences

HHIR EF KHE

Associate Professor
Daisuke Sano

KERVATLZRHF T, HRADKEEZHERTZIEZBEL. UTOMEICEDBATWVS,

1) TREZNF 7O0—FICLS COVID-19 REIRAIS AT LDIEE
2) [MEZREE THFBEEABRRRICSZ X ETMFEDOMA

3) WIEEBLEMEDRRBREFMDOTTREICLDRAFKEANZ X LDEH

4) TRLBHICEITDEENRARFKE ERBRRCBEEDERT
5) BRUEHCEICH D DHKLIE HEYREE TR DR

Our research topics in 2020 were as follows.

1) System development of an early warning for COVID-19 centered on wastewater-based epidemiology

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

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

4) The optimization of wastewater treatment and greenhouse gas emission

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

HEIOFIAILADTKESZ

COVID-19 O FRWZRITIFINROKE T SRETLEWN, Z0
T, COVID-19 BEHEDHMEZLBENARICIBETEZAREL
T TFkEZR, IEEIEE>TWS, COVID-19 DRERETH S
FRIOF VAN ADNEREOEBICHEIND L, TRPHE
JAOF VAV ABERZRET 52 & TTRKREKRICH T2 REEEK
DEAEZIBEL. ZOMBOBEHICKHT ZTEOHIRGE DITH
HOMEE UL TRAWLSET25DTH S,

KERY AT LAZREFTIE. $EIODO COVID-19 ICFAY 2 TKE
FREEICKIS, WETERB. WERESLOGEASHEKIY
EDHRAMEICLD., TP/ OV AEEICEDVWTIIATR
DT KLERIFDRBREIERITRAZIEBE TS EZRA TS, £
DFER. TRKULBEOAOTAES N/ OVAIILAREN/OY
T RABEROEBMICHE > TERTZZ ARSI N, RERFTK
RAEEZAALE/ OV ABRRARMY T L (KERY X T L)
ZERALTWS, COKERYZFTATIR. ROUEBTKFO/O
VI ZAEGFEEZRENICAEL. BMIRH S5 ZDE
BEA—IVICTRIEL., BENRTEZHEONT ST & TRENES
BRORITERAICHSZEZBELTWS, REFSERREERD
Yz 7Ya hERERZRL (Fig). BREZFTRD WAL A—ILT
RL2ZZE{FITZ & T (Fig.2). TRHBEICET ZBERNES
N3L3ICHm>TWD, FERMTHOVAILREELRILOSEHL
ERREEEEZBIBY 2 & BFEICHT TERRE & BRETH
WRICET 2 X —ILD RS AL B> TV,

SE. KERYATLENHF TR, /OVCILRICET 2HRINE
Bled&lc, BHBRMYATLEHRBIOFTAILANILES S
CEZENETRZBEOHRAHARICIDEHAATVWS, FEIF. B

Wastewater-based epidemiology
for COVID-19

The global epidemic of COVID-19 has not shown signs of convergence.
Recently, “Wastewater-based epidemiology” (WBE) has attracted
attention as a measure to grasp the trends in COVID-19 patients. As the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which is
the pathogen of COVID-19, is excreted in the feces of infected people, the
number of infected people in the sewage catchment area can be estimated
by measuring the concentration of SARS-CoV-2 in sewage. The
information obtained from sewage can be used for administrative decision-
making, such as requesting behavioral restrictions to the residences.

Prior to this WBE study on COVID-19, the Laboratory of Urban and
Regional Environmental Systems conducted WBE for norovirus through a
jointresearch with Sendai City Construction Bureau, Yamagata University,
and Nihon Suido Consultants Co., Ltd. As a result, it was confirmed that
the norovirus concentration measured at the entrance of a wastewater
treatment plant increased with the increase in the number of norovirus
patients, and now the norovirus early detection system (water monitoring
system) using the sewage survey is in operation. This water monitoring
system continuously measures the norovirus gene concentration in
untreated sewage, and if an increase is observed, we send the information
by e-mail and call for hygienic behaviors to prevent an epidemic of
infectious gastroenteritis. Currently, a website for disseminating
information is in operation (Fig.l), and people who want to receive
information can receive it and the sewage concentration by registering
their e-mail addresses on this website. When the virus concentration level
exceeds a non-epidemic period, the system sends an alert email (Fig.2) to
the registered people with infection prevention measures.

Based on the successful case related to norovirus, the Laboratory of Urban
and Regional Environmental Systems is trying to extend the early
detection system to COVID-19 through a joint research with the Sendai
City Construction Bureau. The question is whether the concentration of

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

Associate Professor
Daisuke Komori

HEEHHIRKFEERELERDE 10090 1 BETHDIARERICE
WTTRFASHEIOFVAILADEEZANETEZ0H.
ECERELT, REBRHMOLEDHITTERATESZDMN. EWSETH
%, 1 2HOFEICOVWTIE. HARKREZFROSREEMERBE L
T 2020 FE 5 BICERII SN COVID-19 9 RV 7 4 —RICSHE U,
BEIBEZFICLDFEOHEZRA. BEENDABVENSOT
KOS THRELKHFRIOFT I IILAERHTBERFEDBEIC
BIUTfco —A. 2 D0BDBBEICOVWTIESEHRERTFTH %0
REFETIH. BEEDSEM % AHEHLTWSDOh. BREDOEDE
RECEERICHEEINBOZON. FHBBIEEOEREROMN &
5(CRERD S HBWRREE (RIEERSR) BUIILRAZHHL
TWB0Dh, BEDERIBOSNTESYT . BEBRHMY AT LOHE
IZICIEE> TWEW, COVID-19 DR TH DY 7 A5 —BID RS
BRI, MRICETEIREESNFEARE—ICT DI ELBBREND
ZEMS, TAREERM@OLRICBEZAIT. 03127 7 BAIYE
YEMTHEL CRBEEREENFKELCIZI 22T PEYZER
DIFTHIGT Z2FEOAN. HFRIOFICILRAICEL TEEDHI D
LW, Z0BE. ¥REBZII 1271 PEVOERDL S,
AEEFRLF TR, TAMSHEIOF VLA RE S NS
BOBEBROBWOFLWHICOWTHRBZBTHEDELHDEEX
S5h, BAARMMEREOABNEELEZ TS,

the SARS-CoV-2 can be measured from sewage in Japan, where the
number of positives is about one-hundredth that of Western countries, and
if it can be measured, can it be used for early detection? Regarding the first
issue, we participated in the COVID-19 Task Force, which was established
in May 2020 as an organization under the direct control of the chairman of
the Japan Society for Water Environment, and tried to improve the method.
We have succeeded in constructing a method that can detect SARS-CoV-2
with high sensitivity. On the other hand, the second issue is still under
consideration. Currently, there are unclear things that do not allow us to
establish an early detection system for COVID-19, including what
percentage of infected people excrete SARS-CoV-2, at what stage of
infection SARS-CoV-2 starts to be excreted in feces, how long is the
excretion period, and do infected people who have no symptoms
(subclinical) excrete the virus. It seems that the cluster-type infection
transmission of SARS-CoV-2 will make the distribution of infected people
uneven in the city, which suggests that we should look upstream of the
sewage pipeline network and in community units and building units. It
may be more effective for SARS-CoV-2 to investigate and find out the
communities and buildings where the subclinical infections have occurred.
In that case, it is necessary to obtain consent from the residents of the
target community and building regarding not only the survey but also how
to handle information when SARS-CoV-2 is detected in the sewage.
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Fig.1 Top page of the water monitoring system.

Fig.2 Registration page of E-mail address for the water monitoring system
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BAHEE X T LAFEEE  Environmentally Benign Systems
BEEEE7OEAESE  Recycling Chemistry

HR-MERRECSOD
REFEZHELT

Aimed on the realization of a resources-material recycling society

o -
#i%  FHE 8yeA

Professor

Toshiaki Yoshioka

LMREG. ER - PERREGSORRZAEL. RERERMOME - MREZTo>TWS, fIXIE. SO FREZEVZNNMEDS VML
FERMBICERT B2V TAIILTOER, BEEERERCIVEANRNSEERFOSENEZRELTCERLIZTOLR, HLlka¥eR
WERBBRIERDHEK - A RRDOER RO ERDEDORES SUHAN S DZRHLZAYIVEIN, #BEEYESLOA AV REHRZERW

G Cs BRKBLVLTEDEETOEIFICEELTWS,

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.

HET—<

< TIAF YO EBERBIREMOILADRICLBZREHE (Fig.1)

cTIRF VI EINAARZDHEDRIC L DIEZRRME

< TIRAF VIS DRMAIRETOEADRES

EREHTATV—/\—RXZADSDRIUIELEZILRD
YA TILEDRFE

- IRUIB L EZ L Z W REHIRIKD S DEEBIRLIER

RUY—ORDRRICETICAWS RN - HROOYKNI T /
RILFIRHERDORFE

- IFLY - BFREZILHEBSEROEMRSLER

- ERESSCRRRIVNBREMBREKRIEYOERE
ZDRERIE (Fig.3)

- BRI F 3BT LD CO: DERNREL LV
IRERM BN S DERLFZRERORIGRDFRFE

- MnO2/Mg-Al REREKBRIELY ORISR & BRIE H RALIEA DS

- BHMERI TIO2 ILLBERT7 /=)L A DIRER L U2#E (Fig.4)
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Fig.1 Chemical recycling of waste plastics using delayed coker

Research topics

* Method for producing chemical raw materials by co-pyrolysis of plastic
and vacuum residue (Fig.1)

Method for producing chemical raw materials by co-pyrolysis of
biomass and plastic

* Investigation of the removal process of polymer additives from plastics

* Development of poly(vinyl chloride) and copper recycling technology
from waste wire harnesses

* Heavy metal removal from incineration fly ash by chloride volatilization
using poly(vinyl chloride)

* Development of pyrolysis-gas chromatograph/multi-detector for
polymer pyrolyzates analysis

* UV degradation analysis of ethylene vinyl acetate copolymers

* Synthesis of linear and cyclic sulfonic acid modified layered double
hydroxides and its adsorption properties (Fig.3)

* Selective adsorption of CO, using layered double hydroxides/oxides
and reaction system development of useful chemical synthesis from
adsorbed material

* Synthesis of MnO./Mg-Al layered double hydroxides and evaluation of
its acid-gas removal performance

* Adsorption and decomposition of Bisphenol A by organic acid-modified
TiO; (Fig.4)

+ Extraction and concentration of lead in contaminated soil by chelate
reaction

* Study of lactic acid adsorption for culture medium treatment
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Fig.2 Halogen circulation
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HHIR BRET

Associate Professor

Yuko Saito

O BE (H11#)

EANE
- BNTEE TIAFv VTV ERRSE MAESE
[y
- ICWMT15 Award of Excellent presentation
- THE 6TH VIRTUAL CONFERENCE OF LOW CARBON
ON ASIA & BEYOND BEST PRESENTATION
B0
- Falling Walls Lab Sendai 2020 1st Place Winner
-2 MRENEHRE MABRE
=EEAF. BENR
- B 12 OEEPERBEREISRIIE - £ 7 DAAKREFS
RItXHERAEHKETE BFRRE
EHRKH, FHRER
-5 2 FE LERFHERIELKRSE BFERIY—E
FAER. NREBE
-% 10 [ CSJ{LET7T XY 2020 BHFRRI—HKRE

O RERODTAY IS (st104)

BE 24
MBS )0 MERICHE T f2/\O 5 > Sl i o 4F R4k
EBWE (S) (Fig.2) %

ZEEE (NEDO - ERCA) 4
X% CO2 =FIARREARELERE - RIGHR
(quad-C system) M%) L—r¥av EHERAREE
(732F v DL ZFRMEBE 7O XEH,
NEDO %&EMfFE F

ZOMERMERE 44

Fig.3 Selective adsorption of the phenolic compound by sulfonic acid
modified layered double hydroxides

O EiR - 1BIFEE (st204%)

= EEEA
- D 2 F£E MRBEREEBEERICE TEERBERIFO
RETREIETTREN £ 2BV YIRITL
- 2020 The 4th International Conference on Integrated
and Innovative Solutions for Circular Economy %
BHMA
CE2EBINTIYTIN - TPV r—ay - T IS —
FERHRES 10 BEAE IV I/ A& MFD e &
EBANE

-FSRI MREMESEHES. £ 1EFSRIEEL =
O BHMAERER (5127 8)

O RO EE - $855% - BB (5t58)

TIRFVITIANIGAVNEED DENMEFEDKE HARF,
EHHBEE, BANE, BEET, PETROTECH ~ BHZERIEHZ ~,
43 (4), 250-257.

- Simultaneous treatment of HCI-SO2-NOx gas with Mg-
Cl layered doble hydroxide intercalated with COs* and its
recycling process, T. Kameda, M. Tochinai, S. Kumagai, T.
Yoshioka, /nt. J. Environ. Sci. Technol, 17, 1179-1184.

- Simultaneous recovery of high-purity Cu and poly(vinyl
chloride) from waste wire harness via swelling followed
by ball milling, H. Kumar, S. Kumagai, T. Kameda, Y. Saito, T.
Yoshioka, Sci. Rep., 10 (1).

Photocatalysis
O

L

A Bisphenol A
| reduction
— -
daa

LUV rays

[ coddation
H0 , €O,

Fig.4 Decomposition of BPA by photocatalytic activity of TiO»
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BARE Y AT LAFEE
BIESIT{EE¥ 4 EF  Environmental Analytical Chemistry

RIER-ERRMETANORERAZBIE L
UWEZ DI EF—7 OFRFE

Development of Chemical Motifs for Environmental and
Biomedicinal Analysis

Environmentally Benign Systems

Bz Sk MiE
Professor

Nobuhiko Iki

LEMRETIE. REPERDTICKITPREEMRIZEZzRIEL. A FRBCEDHULLWANFEORREEIToOTWNS, 2 FRHBILE
ICEDEHRULWEEEF—T7ZHEL. ZERODMFECHALTWZ LR, AEMORBHBRERBICOBNZEEITVWDS, SEERSK
FREROFNSUTD 3 RICDVWTHET S, 1. BE () VI INIEBEICEDHADKRRERFDOREFE. 2. Yb(lll)- v 7EEFEE
DEFRNFEAFFE. 3. PILFILERICER UCEMRBEDOIFVIMEICLZ=ZME Y v 7IEE - 55 Z REBHEDORIIEE,

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) Pt(1I)-diradical Complex toward Photothermal Therapy of Cancer, 2) Near-Infrared Luminescent Property of Yb(III) Complex with Tripodal Schiff
Base, and 3) Low Symmetry of Coordination Environment due to the Alkyl Chain Length Leading to Enhancement of Ln Luminescence in Tripodal Schiff

base-Ln Complex.

BE () Y3 INILEEFIKED<
h h DIEEFCETH OFF

PNADBEEADFERDE 1 fIEE>TALW, HETHT7IVEATES
B RE R BT - SREENROSNTWVND, NADHBEEIEHBAE
B7O-T%#KEL, KRG ->TTO—THSRETEHIcL>T
DAMEZERIE T 2FETH . HRELTNILZAXZRWNIEEE
BEOREL, FNDSRFTEAA—I VI, ODWTIEBEIN AIREE 725,
P - BRO—HMEERIEIC. YMRETIRERZBEDRE VIR
AXZEBMETIRIN - ABATIRIZTO—TZRK L ET, SEE
EREBCRICTA—HAL, HELANILTONADRSEENERETL
fc (Fig.1)e B£88{K PtL2 (L™ = 3,5-dibromo-1,2-diiminobenzo-
semi-quino-nato ligand) ZK&{Ld 3. VIIMBETILIT IV
& (BSA) DEEHRERE L. TDAEAERICL —H—* (730 nm,
0.39 W) % 30D REI T2 &REN 24 5 42°CICEF Ufco Ptle-
BSA B&&KIEAAMAE MCF-7 ICK<EXDIAEZN, ShIVRUTP
INEIRICIRTEUTce ZZICL—T =3 (730nm, 0.3W) ZEBE Lz &
3. BEMEEICTHRBZENED (Fig.2). Ptl. ZXRHEHRTO—T
ETRHRBBEOIEEZRBWELR (RSC Advances, 2020, 10,
6460.)

!
( Br Live cells
H
Erﬁu, Iﬂﬁ , b 8
- i Br
T LA
Albumin Pl

P;Furradialim @
5 l&b € 11* »
Photothermal effect Cell death

Fig.1 Concept of the photothermal therapy
of cancer using PtL,

¢

Fig.2 Fluorescence images of MCF-7 cells (a) with
and (b) without PtL> (20 pM). The circle shows the

Pt(ll)-diradical Complex toward Photothermal
Therapy of Cancer

Photothermal therapy is an affordable one for cancer. To obtain satisfactory
results, a drug to convert the light energy to thermal energy with high
efficiency is required. Taking advantages of non-fluorescence and a high
ability to absorb near-infrared light, we studied a diradical complex PtL,
(L~ = 3,5-dibromo-1,2-diiminobenzosemiquinonato ligand) as the drug
(Fig.1). PtL, is hydrophobic and insoluble in aqueous solutions. Therefore,
a fivefold amount of bovine serum albumin (BSA) was used to solubilize it
in phosphate buffered saline (PBS). Upon irradiation of laser light (730
nm, 0.39 W) for 30 min, the temperature of the solution ([PtL.] =40 uM,
[BSA] =250 uM in PBS) increased from 24 to 42°C. MCF-7 cells were
incubated in a culture medium containing PtL2 solubilized with BSA.
Hyperspectral images of the cells showed that PtL, distributed in
mitochondria and endoplasmic reticulum. Finally, the photothermal effect
of PtL, on cell viability was studied; laser light (730 nm, 0.3 W) was
irradiated to a 1-mm diameter region of cell culture medium containing
MCEF-7 cells with PtL, for 15 min. At the center of the region, cell death
was observed (Fig.2). A control experiment using MCF-7 cells without
containing PtL, showed no cell death upon irradiation of the light. These
suggest that PtL, can be used as an agent for photothermal therapy.

Heardnfrared luminescence
with shart radiative lifetime

Dead cells

Fig.3 Seven-coordinated Yb(IIT) complexes
with a tripod Schiff base.

laser spot. Scale bar: 200 um.

N\ 4 &
Bh# EBEHiEZN

Assistant Professor
Ryunosuke Karashimada

|\

¥ #HKHF

Assistant Professor
Atsuko Masuya-Suzuki

Yb(lll) - v ZIEEBEDOERNF T

EFRNENZERT 3Dy FILE DL (Yo(I) iF. HEfEAX—
VYR O—TPEAMBEANDIGAN RTINS, fFic. HIRIX
RAIFZR2 Yb(l) EBENRIFHEATIE. SHEROMENTEDL
FHENS, UL, ZORXFHICEITZIEENRREDOKRSH
BRELTED, EXBREETDICEBINTOLRL, SE. &AL
(& 7 BEAIOD Yb(lll)- ¥y 7S ERAF A (Fig.3) AFEFICE VLIRS
Fmand &, SHICERMNTFEBEER®EE (LMCT) 2B 3%
IRILF—BEHREDAEELHZDEERBE UK (Figd). <h
SORAEEF. TXRILF—BE), \ESHKE BHRAEFOSBEZE
BURELT 2 EICDBRMND (ChemistryOpen, DOI: 10.1002/
open.202000224),

7L FIIVERICER U EMREOIFRTMEIC L B
ZHB Yy 7188 - SV 5 Z RiBEOFEIER

SYHZR (Ln) ik, Fud Ln QERMBREOMHRENBENZE
HENBEHI R RD, HRAGTYRYMNERTESNZZHE S vT
BE -Ln #EICDOVWT, fEROD tren Z=ZHIB 7 I VICAWRZ1k
RU. PLFILERERCUVLZME I Y (trpn) ZRAW:Tb 8
& (ToL"™", TbL"™") Z&m LTz (Fig.5). ERABREDEWVCDOVT,
FERFRENZWIEEEN KZEL 1S shape factor (S) I K> TEHl
Liz&Z 3, TbL™ (S = 8.82,8.90) (& TbL"™" (S = 7.70, 7.77)
EhHREL FERMMENED oTce S5Ic. ToL™ [EBAEELR Tb
FENERUIc—A, TbL™ & Th HEH EMAFHRDDAXIERR

BoHENEEERUEZ (Fig.6), Ihik. ToL™ Tlk Tb M SE
MFADELRILF—BEICE>T Th EAXDOMEANMBEN &ITH L.
ToL"™" FEAIREDONMENMBEVC LICEREUVTEIRILY —BE
NERTEDFEMHIBBRNEN HEEZ S,

nter-ligand CT LMCT
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Fig.4 Proposed sensitization mechanism for the

Yb(III) complex with a tripod Schiff base. of TbL"™" and TbL'™.

Fig.5 Synthesis, structure, and shape factor

Near-Infrared Luminescent Property of Yb(lll)
Complex with Tripodal Schiff Base

The trivalent ytterbium (Yb(III)) ion has attracted significant interest for
its application in several technologies, including biological imaging and
solar-energy conversion, due to its fascinating near-infrared luminescence
property. So far, Yb(III) complexes with light-harvesting organic ligands
have been studied because the sensitization of the Yb(IIT) luminescence by
such ligands is a promising strategy for overcoming the inefficiency of the
direct excitation of Yb(IIl). However, the report of the quantitative
experimental values and understanding for sensitized Yb(I1I) luminescence
are still insufficient. In this work, we study the photophysical properties of
a Yb(III) complex with a tripodal Schiff base (YbL) to understand its
sensitized luminescence (Fig.3). Our results show that the seven-
coordinated Yb(III) complexes with the Schiff base ligand had two features:
the short radiative lifetime and the non-triplet sensitization path (Fig.4).
These findings may lead us to a better understanding and optimization of
the energy transfer, non-radiative deactivation, and radiative deactivation
processes in the Yb(III) luminescence (ChemistryOpen, DOI: 10.1002/
open.202000224).

Low Symmetry of Coordination Environment
due to the Alkyl Chain Length leading to
Enhancement of Ln Luminescence in Tripodal
Schiff base-Ln Complex

The intensity of Ln luminescence depends on the symmetry of the
coordination environment, and low symmetry enables enhancement of the
Ln luminescence. In the case of the tripodal Schiff base-Ln complex, we
synthesized a new tripodal Schiff base-Tb complex using trpn as a tripodal
amine (TbL"P"), which has a longer alkyl chain unit than that of a
conventional complex (TbL""). The symmetry of the coordination
environment was evaluated by shape factor (S). The TbL"" (S = 8.82, 8.90)
is larger than that of TbL"*" (S = 7.70, 7.77), indicating that the coordination
environment of TbL'"P" is lower symmetry than that of TbL"" (Fig.5). In
addition, TbL" showed clear Tb-centered luminescence; however, TbL™"
showed Tb-centered luminescence and ligand phosphorescence (Fig.6).
Therefore, back energy transfer (Tb to ligand) of TbL"" leads weak Tb-
centered luminescence, but TbL'"™ has negligible back energy transfer due
to the fast radiative transition of Tb by the low symmetry of the
coordination environment.
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Fig.6 Emission spectra of TbL"™" and TbL"™.
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NA470-F/BEENRAYT SRR ETFE/NMA
T TINA AE L UHRFHE S X T LDFREFE

Development of Environmental/Biomedical Sensors and Visualization Systems

for Material Functions with Micro/Nano Electrodes

-

iRk HR
(ITEMRE FRE)
Professor

Hitoshi Shiku

RE. BINGTI\ARADNA ARG - RETEZS VUV ICRERBH/NFTESNTNS, INSDTNARZANBIET, INITHLM,M
EFRRREBET BV BENDODRBVREFM ERARENTREICHSTWD, e ERZRMULBNGHRRTF v T Z2ERTBET,
BEERICACEFRATOLEYEDOEZY VY IDNTRICKED, TOLSBENDHIC, BLEY(V/0  H/ Y ATLEHEHFLAALBRIL

FTI\A ADFEFKET 5T,

Micro/nano devices have continuing demands on biological science, engineering, and accurate analytical information. We have developed micro/nano-

electrochemical systems for environmental/biomedical applications and evaluation of battery materials. We are also investigating the role of the tissue

microenvironment, utilizing a microfluidic device and scanning probe microscopy. These devices are useful in environmental monitoring, medical, and

engineering applications.

INA R— 5 — BB %2 F Vol BaiE A,
BELTHBRINA A A XA —I 2 IR DRFE

BRERICBVWVCEBEMBICESEZN5I2EMMICEVWTE
b BRRIGHFES N, ZOEE M=/ A R—F—E& (BPE)
EMER, BPE FERIEERN K EEAEDED L. —IHTREDEN
DEBEXIEFRGZMIFETECZBRULER LY T FILELTEZS Y
VIITBIENTES,

IhZzFALT. ZRTMNICEESINIRESE (R700K)
DOBHERIEEETMLUIZ. 32480 BPE NEBINI-T/INA 2%
EEL. IADAMER 7O ROBRREEEZHITDZEITK
WU (ACS Sens., 5, 740 (2020)), ABRIE. HEZMFEDH/\—
ICEiEhiz (K 5).

I5IC, BBHIAREEWS BPE DF#MERKBICEN UL, TIN1
R—Z—BRILZEME 2K Uz, EERMEEFAL. ZILE
DRILDAHlcEZTHS I LT FHOBEERH 41 um &
WS BPE 7L Z8k,. chZzRAWCARRO7 )71+
YDAR—=I VT R{ToIzETB. 100 ms DEFEDEFEEET. 7YY
FACIAA Y OB AT R TE foo £, BIRSEEBICHESRT T
O RAROBREERDEAA—VEUVTIRAZILICERILE
(Analyst, 145, 6895 (2020)) .

Fig.1 Lab members 2020

Fig.2 Electrochemiluminescence analysis

Development of bipolar electrode arrays
for cell analysis and bioimaging

When an electric field is applied to conductive materials placed in an
electrolyte solution, oxidation/reduction reactions are induced at both ends
of the materials. The conductive materials are called “bipolar electrodes”
(BPEs). By combining BPEs with electrochemiluminescence, the target
electrochemical reaction at one end of a BPE can be monitored by
quantifying a luminescence at the opposite end.

By using this BPE-electrochemiluminescence system, the oxygen
metabolic activity of three-dimensionally cultured cells (spheroids) was
evaluated. The device with 32 BPEs successfully provided the oxygen
metabolic activity of breast cancer cell spheroids (ACS Sens., 5, 740
(2020)). The figure in the project was featured on the cover of the journal
(Fig. 5).

Because BPE does not need any direct electrical connection, a large
number of BPEs can be easily integrated into a single platform and is
applicable to bioimaging, namely, “bipolar electrochemical microscopy”
(BEM). The average interval between BPEs in our platform was 41 pm. By
using BEM for the imaging of ferricyanide ions in a solution, the diffusion
of ferricyanide ions was visualized with a time resolution of 100 ms. In
addition, the decrease of the oxygen concentration near a tumor spheroid
was visualized, which reflects the respiration activity of the tumor
spheroid (4nalyst, 145, 6895 (2020)).

Fig.3 Oxygen consumption rate analysis using
scanning electrochemical microscopy

L

AEHIR FHEN AR HLE XX R Ea R
(IEHFER #ID) (ILEEKZ 3#RIE) (MHBZEEMRA.
Associate Professor Associate Professor WE - HEREE RME)
Kosuke Ino Kumi Y. Inoue Associate Professor
Akichika Kumatani

BRILETNA RZAWe, ME{RAZ7 OO0 K,
MDA 7 zO4 K OERRFAH R

INEXTICAFRULTELER(CZEHAY —ILD S5, Bio-LSI &
BERESLZEME (SECM) ZAWT, MER%ZHE I 2
A7 O ROEEREEEOIMETo/co Bio-LSI ZAWER
RFOAFERIE. ChETHREDHREZEBELUTE /2 SECM I
KBEREMEAI KU, Bio-LSI ICLZEHBIOZ LY MENBRER
Infc, 25IC, MEBELOBRERTHIPABIDORSKOERAHOEK
TOREICHEENSZIENER TS, Thid. EFMRICKIFS
MEOHEDRESZRULTED, HBEAFMETSY T A—LA
EULTOERMNERES 1B (Electrochimica Acta, 340, 135979
(2020)) —A. PARZzOAC RO TIE. RA7zO040RDPERL
FEBRICHRERICER SN 2I|IE A7 DR OBRAHOE L ZRAEL
Tz (Analyst, 145, 6342 (2020)). RIEIT ORI, EBICHL
T EEHNRREOERROEBEZRI HIREE RS, #5EIT(X 6)
PEBREINZDLSBRATOCMRODRESICHRD L, HiEHD DM
DBFHEBEICHINRESNI, Thid. A7z04 RFOE O
DIFRTERLIZ>TVWB I EZRL. BIEIT DA ZIRERIC
FRIRRETH DI EERUT,

Z Dt DIFEIEE

NAARD 3D 7V H—~DibFAZBiEL. BZzHENELT 7
WEYBAINY ILADIIENBRTIVEBETIRMERRELL U
Biosci. Bioeng., 130 539 (2020)), */=. BRILET/N\1X%EH
Wz /N1 AR O T (Aav. Biosyst., 4, 1900234 (2020)).
BRibFREXERWHREHRIICE T 28X (Micromachines,
11, 530 (2020)) ZHR Uz, E5Ic. ZRBET/I\A AZBWi:
DNA O@HEEMEMXEARR U (PHTEFE. ]RIR),

Fig.4 Enzymatic assay in a bio-safety hood

Fig.5 Our research featured on the
cover of ACS Sensors
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Assistant Professor Assistant Professor
Yuji Nashimoto Hiroki Ida

Oxygen consumption rate analysis of a
vascularized spheroid and a tumor spheroid

We evaluated the oxygen consumption rates (OCRs) of a vascularized
fibroblast spheroid using Bio-LSI and scanning electrochemical
microscopy (SECM). The OCRs determined using Bio-LSI fairly
corresponded to those using SECM, a conventional OCR measurement
tool used for more than 20 years. The result indicates that Bio-LSI can be
another analytical tool for OCR, with advantages in rapid detection.
Furthermore, we found that vascularization enhanced anti-cancer drug
effects in a spheroid culture, suggesting that vascularization should be
considered in the drug-screening platform (Electrochimica Acta, 340,
135979 (2020)). For the analysis of a tumor spheroid, we investigated
whether the formation of a necrotic core (Fig. 6) affected oxygen
metabolism. The OCR per spheroid volume decreased with increased
spheroid radius, indicating the limitation of the oxygen supply to the core
of the tumor spheroid. OCR analysis using SECM noninvasively monitors
the change of oxygen metabolism in tumor spheroids. The approach is
promising to evaluate various three-dimensional culture models (4nalyst,
145, 6342 (2020)).

Others

We developed a new method using sacrificial templates of sugar structures
to fabricate three-dimensionally (3D) designed Ca-alginate hydrogels (J.
Biosci. Bioeng., 130 539 (2020)). In addition, two review papers related to
biofabrication (Adv. Biosyst., 4, 1900234 (2020)) and electroluminescence
(Micromachines, 11, 530 (2020)) using electrochemical devices were also
published. Furthermore, a new concept to detect a DNA duplex was
proposed using a droplet array device in Bunsekikagaku.

= —
Fig.6 Tumor spheroid with a necrotic
core evaluated in our study
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EREIR 7O AZEEE  Sustainable Recycle Process

BiESY—y Ot XFESE Environmental Green Process Study

RIEEMNEBEEZ 7O ADRSE

Green Process Development

- ]

BIRAZIR-UFH—FR
Professor

Smith Richard Lee Jr.

BRDFHRAEBEEZCRDCHICBDEERDZIRILF—DLTIF, HIRICEDESCKBIRILF—ICL>THS
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BEWEEZRIRTESD. TOCADSHRIEPRBEFOERNEZERT DI ENTELELRD, IWEDOMEE

TR VRBERNEAETHE K

FCOzy TAA VRIS ZIRRDFDNCIER. A ATRAEER MREHR. BEYOU AT, GELLZE A FINIRCAEBM 7O ADOHERET>
TV, &Fio, EZEIR2NBR[DS. TALROSHR(LICA T ERYEOHELET IR EICEMDBATNS,

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—ICLD, FE/H IS0 RBM Y DRFBERNATEEE 55,
CDIXRIF—D550TMN10%EFET LT T ABRIERE
ﬁbtﬁ%ﬂﬁ@E%ELéztb?%éo*t:@mmi\%E%
no0OBEFREENRTZ LT BRENDIU—VREETO
TRAEBETES (Fig.1).
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U7Zy) ORIG- DB Ot (Fig.2) ZRFLTWS, 1AVEK
EWICINA AT RZABR - RISSE, BE - EAZRIEITDETRIER
R CO: DYMEZHREL. BRNICRIGERMORE - DEEZTS>H
DTH Do 1A VBRIEEEREDNED TEWcHRTNDRELD

AN, BEFAME 7O EUTHFIN S,

UHARETR. ECREANBEOBEZRAVWAEIZTLELY
EZ7OCROBAEICEALTHREED TS, ZOEHBERM
R, FHICBIRR CO: tBIRAKORHREZANATZHDTH D, EiF
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ARL—MERZARUCHENKREBYATLANS S, ch5D
Wi, HERPOXRFZELOHAHAFELTHIT>TWS,
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Fig.1 Development of Sustainable Products and Systems.

Transport

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. lonic liquids can be
easily separated and recovered after the reaction due to their extremely
low vapor pressure, and therefore they are attractive as alternative
environmentally friendly solvents.

Our laboratory conducts research and development of chemical systems
and chemical processes mainly using environmentally friendly solvents
such as supercritical fluids, especially carbon dioxide and water. Our
research topics are reforming of biomass, plastics, hydrocarbons, and
heavy oil in high-temperature and high-pressure water, synthesis of fine
inorganic oxide particles by hydrothermal synthesis, and development of
hydrogen storage in clathrate hydrates. We now collaborate with
researchers around the world.
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[4] 2020 &£ 2 A -2021 £ 1 B Hebei University of Technology, China.
Dr. Zhang Xiao. E@/RFEDEKE,

[5] 2020 £ 2 A -2021 £ 18 Agro-Environmental Protection
Institute, Chinese Academy of Agricultural Sciences, China.
Dr. Shen Feng, /@M RE DFKF,

[6] BB BK (M2) Renewable Energy,157 (2020) 951-958 lcA > 51>
BE Iz, (Fig.6)
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Objective

o T

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] 2020.2-2021.1, Dr. Zhang Xiao, Hebei University of Technology, China, researcher
[2] 2020.2-2021.1, Dr. Shen Feng, Agro-Environmental Protection Institute, Chinese
Academy of Agricultural Sciences, China, Researcher.
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Design, development and evaluation of multi-functional composite materials

EEMEIEREtE9DEF  Mechanics and Design of Composite Materials

BRIBICEERBULNIVFIZr7>o>aFi

#ix RHE 2E

Professor
Fumio Narita

KARETIE, 10T (E/DAYF—Fvh) HEORRICERBEREE (TRIVF—/N\—RIXT1VT) MO IHBIORE - 5 - T
ICEXDHATWS, Ko, EBEZIVI/NFPRESES VAV ZFMALESHEHTOERL, BE - HER L EENE - MAkom tZzBiEL
TERN - RROMREZEDTND, £feo REBFBREZERVLEDZcHOBBEREAFEEMRORKZEEL. €ILO—XF/T771//\—%&1L
RUN—EEMEZRE - BRLT A% - YERFESHIEEE OBRREFMLTWVS,

Our laboratory is engaged in research to design and develop composite materials for energy-harvesting and sensor applications, which realize an Internet

of Things (10T) society. We focus on composite materials with piezoelectric ceramic particles or magnetostrictive alloy wires and address improving their

strength and function or the reliability and durability. Furthermore, we are studying cellulose nanofiber-reinforced polymer composites and evaluating the

relationship between their mechanical/physical properties and microstructures to prevent environmental pollution.

EEEEHH

EBEIIvIREKRL £, SREEFEOFIVEYIILIVE
$h (PZT) ICIZBEEYE (88) NEFEhTWD e, RRIGIERRE
BMEOBEENELINTVS, ARRETIH. WITU—FEESF/H
FABBIREZERL. RERBHEERLELTSZXF v (CFRP) ZEELT
BREULTAL., JOFREMRICEIHLTWS, EEF/HFHEL
CFRP E&MRIO N RILBIFRRDOEERICLDEE TH o/, L
EFECKDHITIRECERHENSBEE - BEHZONTEIRET
¥4 CFRP #a&MBIOEREAREENREI N (Figl). SEOERMN
HfFEINh 3,

BEESMH

BREREZTI To-Dy-Fe &3, RS PRBRREREHH
BEBSTHED, BERTHZIEVWSIRABELTWS, Fe-GadE
HEKRICBEEREZTRIN MIOHLIHRHRIEOEEELRST
W3, RARETIE. Fe-Co 7V / BilsEaMRIZRAEL. RS-
HEREICHINLTWS (Fig.2), Rfc. Fe-Co 7V ZE7ILZZY
LEZICIESACKMEEIL, FRZERICERIZIBESBES
MEZFEFELTWS (Fig.3) fit. 2 KD Fe-Co VAV ZR>TED
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Fig.1 Output voltage versus amplitude (frequency fixed at 60 Hz)
for piezo-resin/CFRP composite under bending vibration.

Piezoelectric Composites

The design and development of carbon fiber-reinforced polymer (CFRP)
composites with a function such as piezoelectricity are difficult due to the
conductivity of carbon. Here, we prepared a lead-free piezoelectric
nanoparticle-dispersed epoxy resin with laminated CFRP layers in the
upper and lower surfaces. A large electric field was applied by corona
discharge, which polarized the composite successfully. The results suggest
that the CFRP layer can be used as an electrode to develop CFRP composite
materials with energy-harvesting performance (Fig.1). Such novel findings
are promising for the fabrication of piezo-resin/CFRP composite
generators, opening the door for the design and development of lightweight,
robust, and efficient energy-harvesting structures.

Magnetostrictive Composites

Magnetostrictive Tb-Dy-Fe and Fe-Ga alloys have a wide variety of
applications due to their great capability as sensors and energy-harvesting
devices. However, the difficulty in machinability and the fabrication cost
inhibit their applications as magnetostrictive devices. We developed
magnetostrictive Fe-Co wire-embedded epoxy matrix composites to
increase the flexibility of the material (Fig.2). A class of lightweight Fe-
Co wire/Al-Si matrix magnetostrictive composites was also prepared, and
the excellent energy-harvesting performance was exhibited (Fig.3).
Furthermore, we showed that a design with twisted Fe-Co wire
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Fig.2 Output power obtained by magnetostrictive wire integrated
shoes during the usual walk.
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Fig.3 Output power for Fe-Co wire /Al-Si matrix magnetostrictive
composite under compression with differing resistive loads.

significantly enhanced the output performance of the magnetostrictive Fe-
Co/Al-Si composite (Fig.4). Our work proposes a feasible exploration on
fabricating lightweight magnetostrictive composites that are potentially
applied in sensors or energy-harvesters, especially at a relatively high
temperature.

Cellulose Nanofiber-Reinforced Polymer
Composites

Cellulose nanofiber (CNF) is a nanofiber obtained by the extreme crush of
wood fibers. CNF attracts attention as a new generation reinforced fiber
for composite materials, owing to its outstanding mechanical properties,
lightweight, low environmental load, and so forth. However, the
strengthening mechanism of CNF in a polymer matrix has not been
revealed. Therefore, we evaluated the strengthening mechanism of CNF in
epoxy resin.

Other Activities

<International exchange>

*JSPS Core-to-Core Program “Establishing an International Research
Center for Multi-Energy Harvesting Materials and Devices to Realize the
IoT Society”
<Award>

+ 7" IRMAIL Science Grant “Verder Scientific Award” 2020 (H. Kurita)
<Media coverage>

* April 6th, 2020 Daily Automotive News “Plant-Derived CNF: Expanding
Applications Through Combinations with Metals”

* November 19, 2020 The Nikkan Kogyo Shimbun “Lightweight Metallic
Matrix Composites: Development of High Efficiency Vibration Energy
Harvesting Material”

* November 26", 2020 Advanced Science News “Grabbing Viruses Out of
Thin Air”

* December 7™, 2020 Nikkei Business Daily “Peace of Mind During
COVID-19: Virus Sensors without Power Supply”

Fig.4 Photography of the twisted Fe-Co wire/Al-Si matrix composite.
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EREE7OEZASEMEE  Sustainable Recycle Process

EEMEIEREtE9DEF  Mechanics and Design of Composite Materials
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Environment-friendly Material Processing
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KX I —TDOHRETERIE.
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TIVEBESZ2L—2 30 THDB, CORHTIE, BSLBLPEEHE. HKLEBEWSL7OLIAATO, 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.

BERzfALEME 7Oty YY)

BERKEPRE. BEOLSRBEARPTOBEIRGIERD
MEBESNDGANBEROIRILF—Z GBI EIEHICEESN
%, AARTOEMIF. BERICEAELCRKRZHAEL. BREE.
HEK, HERARICH T B LD RN TR AIRE R LB 7O 22 H
T52ETHD. FiIC. YARETIFBRRTILE VLR TYSH TEHE
WEFHAT 2 EICRINUIc, NSO AIZSEICTILEZULESR
DBERDCHEZAETEIREET L 2R LI (Fig.1). ZE+ v
EF—ray, BERLBR 7O zlHEdbE2cET " 70—
AVIRILI 3y " ERENDFHLWI A TOEEMRIZER T 251
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Fig.1 A schematic representation of ultrasonic-assisted casting
(a) and numerically predicted temperature (b) and melt velocity
(c) distributions

Ultrasonic Processing:
Fundamentals and Applications

The effects of ultrasound waves are associated with the ability of
ultrasound to propagate through such elastic mediums as gases, liquids,
and solids and, thus, to transfer energy to where it is needed. The purpose
of our research is to investigate the ultrasound-related phenomena and to
develop more efficient and sustainable processes for the treatment of
liquid metals, wastewater, and exhaust gases. Particularly, we have
developed for the first time a method to measure acoustic streaming
velocity in molten aluminum. Based on these measurements, we developed
a new numerical model to simulate the ultrasonic-assisted DC casting of
aluminum alloys (Fig.1). The combination of acoustic cavitation and
acoustic streaming with electromagnetic processing provides an attractive
technique to fabricate a new type of composite material called “frozen
emulsion,” in which fine solidified particles of one metal are uniformly
distributed in the matrix of another metal or no-metal. Such materials are
useful in the automotive industry and waste heat technologies. Using a
model water-gallium system and ultrahigh-speed video camera, we
succeeded in taking video images elucidating the emulsion formation
mechanism. As shown in Fig.2, cavitation bubbles implode near the water-
gallium system, causing formation of extremely fine Ga droplets.

Cavitation 4 Gallium droplets

« = bubble
Water. ?

Fig.2 Screenshots of Ga droplet formation in water
under the action of cavitation bubbles
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Fig.3 (a) XRD profiles of microwave reduced Ni from NiO+C mixture.

(b) SEM image of reduced Ni at 600°C (Switched off after reaching the shown temperature)

Application of Electromagnetic Field to
Environment / Material Processing

In our lab, fundamental studies on the application of high frequency
electromagnetic materials processing have been performed. As an example
of a microwave heating application, carbothermic reduction of Ni oxide is
investigated. It is intended to recycle valuable metals, such as Ni from
industrial sludge, from their aqueous solutions; sludges are converted into
oxide states after roasting. They are reduced using carbon (graphite). We
reported that microwave heating for exciting the reduction reaction has the
following characteristics. 1. Graphite has high microwave absorbability
and is well heated. 2. Once generated, the metal particles have special
interactions with microwaves and are well coagulated. 3. Microwave
electric field is more effective to heat NiO than the magnetic field is.
Currently, we are performing further detailed investigation on the
reduction processes with improving the temperature measurement
techniques in microwave heating. Fig.3 demonstrates the XRD profile
change by the reduction and SEM image of the reduced metal (Ni).

Environment Friendly Metallurgical
Processing

In the aluminum purification process, halides are used to remove
impurities, but it is necessary to reduce the amount of halides and to reduce
the environmental impact. To reduce the amount of halides, physical
effects are used to improve the reaction efficiency. Specifically, we are
clarifying the fragmentation mechanism of halogen gas bubbles during the
melt treatment and developing technology to reduce the entrainment of
oxide film generated in this process. These studies are being carried out
comprehensively using water model experiments, aluminum stirring, and
stirring simulations with a supercomputer. For example, as shown in Fig.4,
the entrainment mechanism during mechanical stirring is clarified by
numerical simulation, and the guideline for reducing the oxide entrainment
is created based on the basic mechanism.

Fig.4 Numerical result of oil layer entrainment on
water during mechanical stirring.
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BHiEnF{L¥E49EF  Environmentally-Benign Molecular Design and Synthesis

BAREICIERY 5 Chemical

Ecomaterial Design and Process Engineering

Engineering Technology D&% o

Innovative experimental and theoretical technologies on chemical engineering

for creating sustainable society

EHIR KH 8
Associate Professor

Masaki Ota

MRDOEERERMBEDFICEVTE, LECEREBFOBEBENMEAEINDS IETARNDRIFAOHMBERENBRZEINTE L, InicH
LEAIR. ROMDOZELED - BRYBORISICEIF T ZBILREDOME. T5/—)L. KEQTY—VBREZRAWCEERK. FISBRSA -
HERFAREONAIC LB RIFHANBEERMOMAEICE T 2ICAMAZHEL TV, FICRIATIE. Hildebrand BREE/\ZX—5Z AR
RUCIYVNOE—BABRE/NIA—YZEHNERIC. LZZEBICEVWTHIRRBELERBRREICAT I HRARERHSBREREZENE LT
RABRPERICEYOBENFBEZAREE T2 TERMORAEICE T BMRICDOVWTRIIMEIRO AR T —RFIFZREEE T B/ DARETF.
ZOREBFMEREDHDBEBRRILZ. BRFREHE - BRFAFEIERITOUEIRRDIODTOCAIATLAFICEWTHIHERREZ
ROTEfce INSOIFARZEHET Z/cHDEBEZMISMEZETRICHD BREYEDHENSETIVEXTRR-BEROMWEDL SHRZEDH 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.

IYhOE-BBBRE/INTAXA—%5 (eSP) DI

EERMAMORBRME BB AR ZHRETTSBICHID. 1960 F
#I5E(IC Hildebrand MM R2IBUTBBRE /NS A—% (SPE) (31BHTE
FRiEETH . Ihid. FFOERBEABERICTVILN DRSS
IK&B Iy NOE—ZEB/ETED L LI ERBRRICE D
THH, BABEDOM. S FMHORBEICELAVNSNTVNS,
CONFA—FFBE. EERRBMOME - DB ICEWTIREIRE
TTEASNTELD, REICHOTEEF. BRE - BRAREOD
LOBEERERETHHETE L SICERNFRZHIICBRT
BZENTER (Fig.))o TOYMEIL. SPEEHIREDSH ZEHNZFE
ETHBHIENSITY MNAE—RBERE/INTA—% (Fig.2) &aftitfe
N COBFNHEEINCEICLDERFAZULANSEREET
OB BERBIEHETEDLSICHD, RITHRICETZEREND
AN ZKBICHIRTED &S ICHoTc. (PR30 EEXHRIEARER
& -EBEFRZREEOREAND) SERZOERR EOERIEMEERET
IZIENTE,

Hildebrand Solubility Paramater

. as\  |[oP
S 7 N\av/ — [\or
T v

Entropy-based Sclubility Parameter [Criginal}

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).”
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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, 2020FF. MYTIFRAVPIYRED
RAREREPLIC, BERRFEEICEDCERATEDBRICLD DB
MEICEHIBMREHELTE e, L. COEFHAEHEOTER
HRADEMEERX/\YT—JELTERLTWERWA, FEIEKRT
NIPFRNICEBERIESNDTREMENH DD DEHFL TS,

2020 FOMHEREE

FIBIBLZEIERICHEVTE ST ERERS, RILZHE 22 H
FIRARAERRICSMUTc, ZOSERIFETIE. HEREREDITZEMH
REMEL 2 & HH HE KAIBEFFEEZRE U, RAIMTES
REREAEXZRWCBRAI/OYN Z7—OREERFOFH
D 16)% Fig.4 IcRd, BEELT LZRFHBIEFRIEKRETR. BHF
VUIRYVLDBFAEREE UV TEEORRERKIT DI ENTEL

SMEPELLTR. EE THENORE - RIS, CT B8R
"B RFAOMENBEEICOVWTBNT B ENTE S,

BERX TlE. 7YV TAIEIRRATAE 34 BIIHAIEZH<E
IR AE DR ERXN web LiciBEH SN, (ERFELTITY
TAEIRATA THESRES NTc,) FITIE. —REEEN/A A
AT AN —BRBABNAAA VI RN —RRHEDGFET I L
MTE,

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 2020 (Publications)

[1] Y. Sugimoto, M., Y. Sato, R. L. Smith Jr., H. Inomata, The Journal of
Supercritical Fluids, 166, 105013 (1-8) (2020).

[2] A. Duereh, Y. Sugimoto, M. Ota, Y. Sato, H. Inomata, Industrial &
Engineering Chemistry Research,59, 12319-12330 (2020).

[3] Hiraga, Y., Sasagawa, T., Yamamoto, S., Komatsu, H., Ota, M.,
Tsukada, T., Smith, R.L., Jr. S. Sato, M. Ota, Y. Sato, R. L. Smith Jr., H.
Inomata, Chemical Engineering Science, 214, 115361(1)-(5) (2020).

[4] KREEH, \AAVAITUREAVE XY —, 78, 548-549 (2020). (Japanese)
[5] KEHES, mEHORIY - RilTE, FaHAR FRF (2021).

Activities in 2020 (Awards)

[1] KEEH, EIER, 7IY 2T EYRRTA - E34EIRAIMZ IR < bk
MTRE S ABF - B5H) (2020).

2] KEHER, —RMEEAN/NAAA VT AN —HREAR/NA AL VT IR
—5RE (2020).
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Fig.4 Results of prediction of retention time with separated
chemicals on supercritical fluid chromatography.
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EISEIREHESESERE  Ecomaterial Design and Process Engineering
BIEMRIREEIS9EF  Environmental Materials Surface Science

BRESEHRICET S
# U WERIEM Bl O REREHEE

Atomic-level design of novel catalyst materials for eco-friendly society

o ! ‘
#ig T EE

Professor
Toshimasa Wadayama

KRMEDERICET T, BIETZHEMB O L ZOMEER LIZDEDOKRMREETHD. ZOHOFERPNKDHSNTWND, BEM K
zhlicenid. EBYAS. BILYVCRERMBREICEITZARVERRBEOEETZ2RARGZERNICERT DN, SHEAERF
HREAEIT TRAEERLD, MEEEEZORIGNETIZMREREDOLENE (MALE) OEERRAICIE. MHNREAZEFLANILTEERES S
WHENH D, RARSTTIE. L<HEES N (well-defined) @B ESOBEBERREICMAT, BEREL LT/ NFEEMEOETILEL.
BEEZ (UHV) TILE 20 FIRIEY £ (MBE) j&5v7—7 75X i#HE (APD) FZRELCREEMRL. Z0I/0BEZEE/O—T7 B
MsE (SPM). EEEBETFIEME (STEM). X IREEBFHH (XPS), {EEA AV EELS Y (LE-ISS) REDKREBIFMFEERAWTCERI D
EEBIT, MILIARNY =AY ZAVETILFEENT (OLEMS), EEERILFEME (SECM) Tl LRk OEREN S, RIER
BB EIERICEIT T/ BEREHEHZE I 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 for the subjects are (i) preparations of well-defined single-crystal surfaces and nanoparticles
of alloys and metal compounds through dry-processes (molecular beam epitaxy; MBE and arc-plasma deposition; and APD) in ultra-high vacuum (UHV)
and (ii) electrochemical evaluations of catalytic properties for the UHV-prepared nano-structural catalyst models aimed for developments of practical
electro-catalysts. We have routinely used UHV-MBE, UHV-APD, scanning probe microscopy (SPM), scanning transmission electron microscope (STEM),
X-ray photo-electron spectroscopy (XPS), low-energy ion-scattering spectroscopy (LE-ISS), electrochemical (EC) voltammetry, gas-chromatography
(GC), on-line electrochemical mass spectrometry (OLEMS), scanning electrochemical microscope (SECM), and so forth to clarify the nano-material’s
surface reactions. Our research accomplishments directly relate to a true hydrogen-based society.

PEMFC FfBEHIH#HE T ILAIE

ERESD FRREIEM (PEMFC) DAY —RHB LT 7/ —RK Tl
FNENBRETKE (ORR) & & UVKFBELKE (HOR) A HETL
TW3, ZOMERFEICET T BEPtEHRLETIERT/HF

DEREZDREFFHEAENWICTONTWD, MEXN=XLDE
BRI, SEM - A EfE S/ BEEORFRZRFLANILTHSH
ICT2RENH D, LML, RREAFEDOI Y OEIEE AEREDRE
RERDVWTIEFRBADTANZ W, HLIE. EF/ILMEOKEER
(UHV; ~10® Pa /) £ 2 D IEMBAZITo>T WS,

O KA Pt-Si +/ RFDHY — NEFE
— 7 7S XHMEE (APD) I & Si +/ KT % UHV R TR

AEE. PtE2EFE—LERBL. YV TILF/ A=RLTA XD Pt-Si
RFZERLU. ZD ORR it (EER LUMAM) 25U, §5

Well-defined model catalyst studies
for PEMFCs

Pt-based alloy nanoparticles are effective catalysts for cathodes and anodes
for proton exchange membrane fuel cells (PEMFCs). Under the operating
condition of a PEMFC, an oxygen reduction reaction (ORR) and a hydrogen
oxidation reaction (HOR) proceed at the cathode and anode, respectively. For
comprehensive understandings of ORR and HOR mechanisms, complex
nano-structures of the practical catalysts should be modeled and investigated.
This year, we fabricate Pt-based and Ir-based model catalysts in an ultra-high
vacuum (UHV; ~10-8 Pa) and discuss correlation between the topmost
surface atomic structures and catalytic properties.

O Single-nanometer-scale Pt-Si particles (Pt-Si NPs) were synthesized
via the arc-plasma deposition (APD) of Si and the arc-plasma deposition of
Si NPs, followed by e-beam deposition of metal elements (Pt) in UHV. In
addition, the ORR properties were investigated (activity and durability).

(@)

Fig.1 TEM image (a) and EDS line-profile (b) of the UHV-synthesized
Pt-Si nanoparticles.

Fig.2 Scanning electrochemical microprobe (SECM).

EHIR JEA
Associate Professor
Naoto Todoroki

Group Photo

hic Pt-Si 7/ KFDZEBEFIEMIER (a) £ EDS S 7O7 74
)L (b) Z Fig.1 lciRUTc, HBHIBEBGZFRLTED, RO Pt/
C MEIC LB LT ORR HHEIcEN S Z A b o feo

Olr REERREDT/—RFHE

7/ —RiSEFHREICAWEERERILFIE MR (SECM) % Fig.2
IZRUfco SECM 12 & DEFI L7c HOR DIZ#EE E LK (Ko) 1S Ir
ERNMEEHEO HORJEEZ LRI D & X PH(111) ETIr(111) T
B Ir(100) DB E 1/3BELFMEI NI, 51 Ir(117)
(& Pt(111) E B L TCAEBRIERICE>T H.02 ARSI EhT
0. P111) IEXH LT H202 £ERERISH 2 #T{EL. Lo
Ir REVE DT/ — RF5E (HOR TEMEE H202 £RAFIE ) (&, RERT
EIICBERTH D, Pt REARFICEHE LT, 5T H202 £RIFEID R
TERTWS,

EET 1 AT —AY 51 VERILFEERR

FAr IV BRICFEEDH (OLEMS) &, BEAERIGEICE
T2BEFICFEED FOEER (m/2) ZZDHEIMTIZFETH
h, BIEREED FEEBZZOBEUKEFENSHERAIELTH S, HAL
(&, OLEMS 2 LT, BEREANDRIED FOYEIGZ S H A
BEREET « XY B (RDE) LHELEZDHDITEE (RDE-
OLEMS) Z#HREFH L. Pt BBRERMEICH TS ORR P AuF/HIF
RHEICHITZERLZH CO @KL (ECR) BRALZDEMIEZ
& UTco Fig.3 IC 02 88 0.IM BIEREFTRELL Pt B LT
Au BIBD LSV HifR (£ ) XU MSCV #iifR (77 ) 2 ZhEThRd,
R UIc RDE-OLEMS ZFHWT, BBREEFEICHFEIT S O2
DENMBAIKFIEN A AR TH D DD B,

mR7/O0VzI 6 RE

NEDO,JST & &' 1F,JSPS ERFFK (B) BEDMETAI IV
TRBEL. PERBHRRBEZ 11 #1757k, (RN2H#XE ;Fig.d)
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Fig.3 LSV (black) and MS-LSV (red) of Pt (top) and Au (bottom)
electrodes in Oz-saturated 0.1 M HCIO..

The Pt-Si NPs are mainly comprised of solid solution of Pt-Si. Fig.1 shows
the TEM image (a) and EDS line-profile (b) for the UHV-synthesized Pt-Si
nanoparticles. The ORR properties of the Pt-Si NPs are higher than the
commercial Pt NPs-supported carbon (Pt/C) benchmark catalyst.

O Anode properties of Tr(hkl) single crystal surfaces

Fig.2 shows a scanning electrochemical microscope (SECM) used for
evaluations of anode (HOR and hydrogen peroxide (H»O) generation)
properties. All the vacuum-prepared, clean Ir, and Ir-based alloy surfaces
showed HOR activity, accompanied with less-active H>O, generation
properties in comparison to that for clean Pt(111). For example, HOR
activities of Ir(111) and Ir(100) were estimated to be 1/2 and 1/3 of Pt(111),
respectively, and the corresponding H>O, generation current of Ir(111) is
two orders of magnitude lower than clean Pt(111). The results showed the
anode properties of Ir are sensitive to surface atomic arrangements and are
superior to Pt, particularly for the H,O, generation property.

Rotating disk electrode-online electrochemical
mass spectrometry (RDE-OLEMS)

On-line electrochemical mass spectrometry (OLEMS) has been established
and widely used for various electrochemical reactions to investigate the
potential-dependent behaviors of reacting and product molecules. We
developed a new rotating disk electrode-online electrochemical mass
spectrometry (RDE-OLEMS) apparatus to investigate potential-dependent
molecular behaviors in electrode surface vicinity under mass transport-
controlled conditions of reacting molecules (e.g., ORR on the Pt electrode
and CO; electrochemical reduction reaction on the Au electrode). Fig.3
shows LSV and MSLSV curves of Pt and Au electrodes measured in O»-
saturated 0.1 M HCIO,. The curves clearly indicate that dynamic,
potential-dependent behavior of O, present near electrodes can be
evaluated by using the RDE-OLEMS.

Research project, award

We have performed NEDO, JST SAKIGAKE, JSPS KAKENHI. Our
students presented 11 papers in domestic conferences and received two
awards. (Fig.4)

pfny—%
A H R
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HAVASHI Kenta
u-:lfnummn.n-gpm
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Fig.4 Certificates of academic awards.
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HHiEE (7O>5 7 - i) Endowed Division (Frontier Laboratories Ltd.)
RIGEEITEEESFIFSE  Innovative Analytical Pyrolysis

AR DHADFEIEEL LT

DEMOEFAEZEHIEL T

Towards Development of Innovative Analytical Pyrolysis Technologies

AR - HROONYKNI 74— | BENTE (Py-GC/MS %) IL&2BAFDFvII5VE—Y a3y BISFAFYIDUTAVIRINAA
YRAEROBEHAERICE T cED FORBRRIGITME. CNSZTREE I BHUWAMFES LU EREEDTEE. AR/AVN 57,
BESWEREB., ZhOoORIRERE) 217oTW3, Ffeo 7OV TA7 - RN B TIBMLRZEBL THEBRRZHAICHKE. BHAEOHF
RRXBRPEBAARZEEEI DT, FO—/VULAMOBRICH BB ICIXDED,

We are developing innovative pyrolysis technologies, such as pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS), and the related equipment

for polymer characterization and development of pyrolysis processes for feedstock recovery from waste plastics and biomass resources. We are also trying

to develop human resources capable of global perspectives through international collaborative researches and seminars with Frontier Laboratories’ global

branch offices.

i — JEFES WL — GC/MS EZzfH
—EkR c BEERIEERYOHE - BELA VS
1> GC/MS iz RE—

FBETR. RUN—DEERNLICRETSRAF VI P/ A AT R%E
LZERHCERT ZeHDFEELT APEICEBL TV, #
DBEFSTEEARFERTICEWT My I[CL>TELADIEERES
YT 5FETH D, ABETIE, NERADEERE (B : /410
MY —) ZRWORUT—ZRDEL. BDRICE>TELDBRE
B GC/MS ICE D EER T 57 7TAO—FZHRLTWVNS, L
L. RUX—DOBHEICL>TE, BDBRLTHLRE. BHR - BiRE-
BERISECEYMOERIZEIFSNT. GC/MS [cLhInsZERES
MBI IR TH S,

SE FBETIE, JVTL u-U705— PR _BROMIL
BREEI2NEBSBEBZAVT RUY—ORAIMEERYD
EREIEFEMELELTA YT GC/MS AT 2HFEZRH
F U (Fig.)e RFEICED, REDEDE GC TIRHBEH HEH
THole. BHER - BEBE - BROECEYVOEZS UV THETEE
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Fig.l Developed tandem p-reactor-gas phase
derivatization-GC/MS system.

Development of direct gas-phase derivatization
method by employing tandem u-teactor-GC/MS

Pyrolysis is considered a promising method for polymer characterization
(in the field of analytical pyrolysis) and for chemical feedstock recovery
from polymeric wastes (in the field of applied pyrolysis) because it can
decompose any polymeric material into smaller molecules by applying
heat alone in an inert atmosphere. Pyrolysis-gas chromatography (Py-GC)
involves pyrolyzing polymeric materials in a micropyrolyzer and a
subsequent direct GC analysis of pyrolyzates. Py-GC has immense
potential for applications in the fields of analytical and applied pyrolysis,
as it allows for rapid and accurate analysis of pyrolyzates. This is beneficial
for elucidating the microstructure and composition of polymers and for a
rapid screening of pyrolysis conditions for designing feedstock-recycling
processes. However, the Py-GC/MS analysis of polymers with high boiling
and high polar compounds is challenging, which limits the efforts to
elucidate the pyrolysis mechanism and plastic characterization through
online GC analysis.

We developed a novel pyrolysis-gas-phase derivatization-GC/MS (Py-
GPD-GC/MS) technique (Fig.1), allowing the pyrolysis of polymers and
the subsequent direct gas-phase derivatization of pyrolyzates, employing a
modified tandem p-reactor-GC/MS system. This work was published in

Fig.2 Selected Journal Supplementary Cover by Analytical
Chemistry (American Chemical Society)

#ix  EE BEA HHIR BDE

Bh¥ HER EE
Assistant Professor (387%)
Shogo Kumagai

Professor (38%5)
Toshiaki Yoshioka

Associate Professor
Atsushi Watanabe

ERxofeo ARRBRIF. PAUAEFESRD Analytical Chemistry
N2020 F 9B 23 Hf[fIF TBE TN, ZDAN—AAXA=IH
Supplementary Cover &£ UCGEH STz (Fig.2).

PYRO ASIA 2020 Eff=EOEEEE

BoEIR. RERZ. MRRZE £Y2. E£2 OERFE EG
. BRBE WEZAE. FERCREVAFICHAINZFET
HB, PYTHRICKEITZHNMEIAZI 2T« — DREPRDBHAR
SEFORERREICHAITT. PYRO ASIA FORUM AY 2019 F(CERiIS 1.,
T ERIR BERBHIEZ DT A — S L5 LIFICEBEM Uz, SEIE.
PYRO ASIA 2020 EESEN 2020 12 B 11 ~ 13 HIcAY 51
VSN, SRR EABRIAREBEE LU CREEEZT-
Co BRABERIF/NRUANELT, EDAERBIRIZ Invited Talk #BRTE
LT, BERBIEII/NNRILT AR AYYIVDETL—F—EULT, £i:
Elsevier ®Yv—FILIT71 97— 5z BRHFL RN EL I F— =
Ufco ZYTHIRICH T 2D BRI BFORKES LA KREDEY
ICREBEMZR U,

B FERK

[11 S. Kumagai* and T. Yoshioka, “Latest Trends in Pyrolysis
Gas Chromatography for Analytical and Applied Pyrolysis of
Plastics”, Anal. Sci., 37, 145 (2021). Invited paper

[2] Y. Nishiyama, S. Kumagai*, T. Kameda, Y. Saito, A.
Watanabe, C. Watanabe, N. Teramae, T. Yoshioka, “Direct
Gas-Phase Derivatization by Employing Tandem u -Reactor-
Gas Chromatography/Mass Spectrometry: Case Study of
Trifluoroacetylation of 4,4'-Methylenedianiline”, Anal. Chem.,
92, 14924 (2020).

[3] K. Matsui*, T. Ishimura, M. Mattonai, I. Iwai, A. Watanabe, N.
Teramae, H. Ohtani, C. Watanabe, “Identification algorithm for
polymer mixtures based on Py-GC/MS and its application for
microplastic analysis in environmental samples”, J. Anal. Appl.
Pyrol., 149, 104834 (2020).

Analytical Chemistry (American Chemical Society), and the cover image
of this work was selected as a Supplementary Cover of this journal (Fig.2).

Planning and Management of PYRO ASIA 2020
Conference

Pyrolysis is widely applied in broad fields, such as environmental,
biological, medical, forensic, cultural heritage, food, geochemical,
polymer, and materials science. PYRO ASIA FORUM was established to
promote pyrolysis-related research and update pyrolysis technologies in
the Asia region last year. Dr. Watanabe and Dr. Kumagai contributed to the
establishment of this forum.

Prof. Yoshioka and Dr. Kumagai planned and managed the PYRO ASIA
2020 online conference as scientific committee members this year.
Furthermore, Prof. Yoshioka participated in this conference as a panelist;
Dr. Watanabe provided the invited talk; and Dr. Kumagai managed the
panel discussion and held a “Special session with journal editors” by
collaborating with Elsevier, giving young researchers an opportunity to
learn how to write good scientific papers.

e

1. A. Watanabe, “Recent advancement of Pyrolysis Gas
Chromatograph System for Analysis of Microplastics”, PYRO
ASIA 2020, December 11-13, 2020.

2. S. Kumagai, “Pyrolysis-gas chromatography for analytical
and applied pyrolysis of polymeric materials”, BIOMASAZ2020,
October 23, 2020.

3. S. Kumagai, “Pyrolysis gas-chromatography for analytical
pyrolysis of polymers”, 12 FE{tZRZHRERILAS, 2020 £ 9
B26H

4. BEARE. SEMEA,  TIXFvIERDELRRAB IO AR - bF
EEDKE ", 5 126 Oftistwme, 2020 £9 8 18H

5. BANE, " TIRFVIZEDELRRAE LTV TAIIICHEITZDER
FAMOEEM", B9 FAMMRABRRE 401 EfI=, 2020%E 88
21H

Asia Pyrolysis Community Forum

Fig.3 PYRO ASIA 2020
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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. RVTvTIcEnT. BEHKRBICRS NS, HKISME
SBFEAVATRBREREICPELDWRTSH 2, ARFICHKHASEETRZRRENEREIRXILF—IALET, HIKREICAE<HEDLZOT REA
HEERITDIENDETH D, RETRIESICEXPKEREDKBICHM TEDBRERMH BN EREINTNS, B> FERAIRERT
SVPEEZEREITZILZ2EMELT COBETRRRICEINT 2HICEE RUBERELEZBEMEEZOEETOEA EHRFIEZRREL.
SERZEAVCERARLSEERRDOAV 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.

HE20RE - Wb SRIEREEBERKHEAME

hicBlE, BRTLEICENTMERIIRPAEDLSIC, HIKIR
RICREUcEEEREM B OMRRAREZT o TWS, INIZEET
TE & fc SDGs (Sustainable Development Goals., #i Al B2 72 5
HKEE) ICHbEET ., BEYD ZEABOMNREOBREIS, /I
WEECREZFIETES FLROTA HY XBKERICERINS
AL HIIFIIHA TROT A CRELREOEEICLDHESL)
NERETH 2. AARETIRATEDEREU L THHEDETHIERID
Z& (Fig.l) ¥, OFTHICHSEMBEEEMOBE R OBRZHSH
ICgdEEblc, RILEMEITDHEZREL WS, £fco BEY
PEEBEOREOOEREROFTENMEL VDY, BRERT
[3KRIC& DD EEE 8D, KRLEPHRIERESICRIFITEST
ROFEICODVWTHRAZIT>TWS,

Structural steels for a safe and secure society
adapting to the environment

We have conducted research and development of high-performance steels
from the blast furnace process, such as highly ductile steels for shipbuilding
with excellent crashworthiness, or structural steels with high toughness,
which are friendly to the global environment. This complies with the
United Nations’ Sustainable Development Goals (SDGs). Recently, demand
for a large-scale press—column type steel framework, which has sufficient
tensile strength under the small cross-sectional area, is increasing to save
space. However, there is a problem of reduction in toughness at the bended
parts of the structural steel due to strain aging, a phenomenon that is a
function of temperature and time. In this study, the effect of nitrogen, one
of impurity elements in steel, was investigated. It was clarified that
reduction in toughness occurred beyond a critical concentration of

nitrogen, and the nitrogen effect was explained by an increase in strength
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Fig.1 Influence of nitrogen concentration on Charpy absorbed energy at 0°C.
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FEHR RORE FTEHR B

Koji Moriguchi Masaru Matsumura Tomohiko Omura

EBRINY 71 T ORBEBICEY 5 ERYIETRE

Mg&&TIE, BESEF RUSAT)ZaR—-RETBI VIO
LPSO #iE. FY UV RBIEBORRE EWSiUWHRIEIEZHN
MENEAENSHESh. BEMRELTORBILOH ST b
ORI TOHAERIHADEERICDMRN B ENFIND, RYY
1 7ORREET R, MEDEZOMRBZICETERKEDREBR
FRETHH 2, Thid. MUY TORFHROVBEERDN Z DKM
FHBEDEMZICEMDDLET. BUFEBRMTHlTHEZEWVWSE
RICERY 2, Al FFEHEEFEROBMERICIGCTRY Y
TREIXILF—DELCDORDEVWEERERL. RTFEBEEREE
BEDSFTLWRD 7 IR—ZDOMR kR T2/ HDBEBRERTH S
ZEERELUR (Fig.2)o

IR 70 A DEREE R O f ) DBEETFIEERE

EHRMUBHHHRLAB LA AT REERATEIENREER
ERICHEON < BKIiaZRERKILET 33%. £AIK 3% £3tic
KL e (RZE 5-20mm) U, 3A—VABLON\A AT RESH
ICBHEFREBOTE 2/3 ICREY 2HEHN. FE 7O ROSEENE
KB TH D, 5. HRBITY—RLy hNEBICL>TERIEIE
BRI, BEHEEENIEY 2. —H. REREDRRDERAMER
IE&>T BRARFREERSNS. TOFER. #MHkiiaZ 20%
RALTH, BERESBEIVEERONAZHIFUREBDIERER
o 2TT MOA—VAD 33%E /A AV RARANBRLIZD T,
CO: HRHEMER T 2, BEH. XLy MEShicENYIE. FEiGEBE
IEEWTHIEARRDOBRICIRE ERIRERDOBICNILY VLADMEER
ISU. BRETEDORFRAIVY VLT 2541 bR LT (Fig.3).
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Fig.2 Theoretical descriptiveness on polytype energetics as a
function of cutoff radius for interatomic interaction.

level due to strain aging. Additionally, demands for high-strength steels
are now increasing for weight reduction of infrastructures or automobiles.
An increase in strength may cause embrittlement due to hydrogen
absorption. Then, we will investigate the effects of alloying elements in
steel on hydrogen diffusion and embrittlement.

Theoretical study on formation mechanisms of
metallic polytypes

The synchronized long-period stacking-ordered (LPSO) structures (i.e.,
polytypes) and their kink-band strengthening mechanism for Mg alloys
have been discovered in Japan. The knowledge of recent Mg-based alloys
is expected to be not only adapted for practical applications but also used
for horizontal development to create new functions in other materials.
Predicting polytype phase stability for a material has been a long-standing
issue in condensed matter physics and materials science. This situation
stems from the fact that the atomistic interactions on polytype energetics,
surprisingly, might be quite complex and delicate, despite the simplicity of
the geometrical structure. We have studied the polytype structural
energetics depending on the effective distance of their interatomic
interactions. The distance of interatomic interactions is a significant factor
for creating new polytype-based materials (Fig.2).

Designing packed bed for low environmental load
at iron ore sintering process

Using high-grade fine iron ore and biomass is effective to reduce
environmental load. Fine iron ore is coarsely pelletized (particle size :
5-20 mm), with 33% conventional iron ore and 3% quick lime. Then, the
coarse pellets are charged at the lower 2/3 of the sinter packed bed, with
coke fine and biomass char. This design is effective for high sinter
productivity. That is, the sinter packed bed, including coarse pellets, shows
the low ventilation resistance, which results in high sintering rate. On the
other hand, the high temperature holding time is secured by using a
plurality of materials having different combustion rates. As a result, we
obtained experimental results that can maintain the sintering yield and
productivity, even when 20% of fine iron ore is blended. Here, 33% of the
coke breeze was replaced with biomass char, resulting in reduced CO»
emissions. In the pellet, iron oxide in the iron ore and calcium oxide in the
quick lime chemically reacted in the sintering process to form calcium
ferrite with good reducibility (Fig.3).

CF : CalciumFerrite F: FeyO,

Fig.3 Mineral formation in sintered pellet.
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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

LBETEHIRREOARRELZHICBEDLEIAKIMZERD DAHPREBEZNT2EARM,. BRICKEITERRNIOBFYRKIM,. 25
CICHIKEE (L E 20/ O—/ULBR AR REZHBRINICETIMREBEBTETo>TWD, EFENICIE. ATHE. MZEH. ffa, i L8R
LBRTIHDPE. TFZAVI. BETIKZNSDMRTOEIOERAKIM, #ENSOEBOERDUKRIMORBE. 7 T7PEEB, IRUF
EEVIBR EHARMICHEITIHENEFHLSCICIB LT —YDREBTIITVR L, T—IBFEITS CEICL>THIKRETOARIREE

BORERHAICAT HRERELT NS,

In cooperation with the National Institute for Environmental Studies, we are carrying out research on the global atmospheric environment, such as global

warming and air pollution. For that purpose, we are developing measurement techniques on atmospheric composition changes and terrestrial carbon

budgets. We conduct research and education on measurement principles, data processing algorithm, field experiments, and data analysis on the basis of

specific cases of remote sensing and in situ technologies. We also develop applications for atmospheric compositions/clouds/aerosols and their surface

processes, utilizing such instruments as satellite-borne, air-borne, ship-borne, and ground-based sensors. We conduct field measurements in Asia,

Antarctica, and the Arctic including Siberia, and we study global atmospheric environmental change by analyzing these data.

JbiEERER & PRI E ICE TS FTIRBAIC LS
HFC-23 OBt FEDRFE L b L > R

F A, dbEERER (43.5°N, 143.8°E) ICH 175 1997 F~
2020 F£ETO FTIR AT —~ & LT 2007, 2011, 2016 £ 3
FERORRBIMER (69.0°S, 39.6°E) Ic&KF2 FTIRERT—4
M5, HFC-23 (CHF3) DREZEHI2FEZMAEL, FTIRIC
LB SFIT4 EIENZ@IT 7OV S LZAVW TR N, BT
ICEE%ERIFT H.0, HDO, XU CHs DEREZO7 7AILIE. fEIF
ERADRRZAVWTSERIICRESNEZRAW, FTIRIZ&>T
EBHEINHFC-23 DAZLALEDfEIF. AGAGE O#tt > 7Y
VUBAICL-TRONEE LRI NIz, BERICHEWT FTIR &E
lC&>THESNEOAYIIDOARWI0T ~2010 FD 12 A~2 8
DT—IHh 585N HFC-23 DEMML > Kk 0.817 + 0.087
ppt year' LREH S, ZDfEIZ AGAGE Ic L3R (0.820 +
0.011 ppt year) ERW—H%RT, RA#kic 2007 ~ 2020 £0
ML RIF0.894 + 0.099 ppt year ' EREHSN. COERIF
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Fig.1 (a) Time-series of the FTIR-retrieved HFC-23 total columns with
total random errors at Rikubetsu, Japan and Syowa Station, Antarctica.
(b) The fitted RMS errors on individual retrieved total column. The color-
coding show the solar zenith angle (SZA) of observations.

Development of analysis method of HFC-23 and its
trend analysis using FTIR data at Rikubetsu, Japan,
and Syowa Station, Antarctica

We have developed a procedure for retrieving atmospheric abundances of
HFC-23 (CHFs;) with a ground-based Fourier transform infrared
spectrometer (FTIR), and analyzed the spectra observed at Rikubetsu,
Japan (43.5°N, 143.8°E), and at Syowa Station, Antarctica (69.0°S, 39.6°E).
The FTIR retrievals were carried out with the SFIT4 retrieval program.
Vertical profiles of H,O, HDO, and CHj are preliminarily retrieved with
other independent spectral windows because these profiles may induce
large uncertainties in the HFC-23 retrieval. For comparison between
FTIR-retrieved HFC-23 total columns and surface dry-air mole fractions
provided by AGAGE (Advanced Global Atmospheric Gases Experiment),
the FTIR-retrieved HFC-23 dry-air column-averaged mole fractions were
calculated. The trend derived from the FTIR-retrieved HFC-23 data at
Rikubetsu for December to February (DJF) during the 1997-2010 period
is 0.817 + 0.087 ppt (parts per trillion) year', which is in good agreement
with the trend derived from the annual global mean datasets of the AGAGE
12-box model for the same period (0.820 + 0.011 ppt year'). The trend of
the FTIR-retrieved HFC-23 data at Rikubetsu for DJF data over the 2007—
2020 period is 0.894 + 0.099 ppt year', which is smaller than the trend in
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Fig.2 Time-series of the monthly mean FTIR-retrieved HFC-23 mixing ratios
at Rikubetsu and Syowa Station, along with the AGAGE in-situ measurements
at CGO and THD, and the annual global mean mole fractions and the Cape
Grim Air Archive samples, which were reported by Simmonds et al. (2018).

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

0.984 + 0.002 ppt year' D FEF/NS L EERLI, BINE
HICE T2 2007 ~ 2016 £ FTIR RAT—yh 5851 HFC-
23 DEMML Y RIE 0.823 = 0.075 ppt year™ ZRU, ZOfEIF
AGAGE O Cape Grim (40.7°S, 144.7°E) Ic & (T2 ERFHEIDE M ~
LY RT%% 0.874 = 0.002 ppt year' LEAENTH D, HLDRE
ickb, FTRERT—4H5 HFC-23 O LY REEFMNEEEE 4R
2 ENHRICKERIT THOAE R oo, BB, AAFFTER IEFN i
BRI E A H1TD Atmospheric Measurement Technique I
Bimsh, REEZRHTH .

Y4 - N\NVAV EEICHITS
BEMRA AMERDEOFEEE

2017 FLDEREY A - NV AV EFEIER EICBWT, BAM
ZEAEMTDMEE - THEIARIRINEE (ASE) ZHWTER
HRAKENEEELTWD, KERTHIC6 ROV Y TILERE
9-13km D L EE3E B THRIXL. ED D 6 AIF/\> a0 Z%EH (BKK)
ADTEFRICREULTWS (Fig.3). EMREMHEMICELTCO:,
CHa4, N20, SFs, CO, H: DR EBED MMM EESI NS,

=2E 3km IZHFS 10km EDRBREEZEEL U TCHEI NI BHENRE
IERII% CO BEDNENEIZ6 BIcBDEERT, Zhid/\>3
IR ZDE EMIFICHITEEZDORE EERERD CO2 RUNZE R UT:
HDEEZLEND, KRHFD CHs i3 EOKREBRERTFDILER
ISIC K BRPGEDEEICE D —RICIEEDRENRZIFDIET TH
2h, NvdUEZETIE6 A5 11 Blch T TEDARI RSN S,
CNIFE7ZIT7RED CHaEEAI SOEEZ, NV IVEZETIE
EEEEFELECERITTWSIEZRBIIERTH D, KKHD CO
l& CH. ERAfRICHE EICHRERAH D AKHORIG THRT 2KM4T
H3MN BRAINMEIRENZFFITHZIEhSbmEaEFzE

AEDEENBVNEDRENZIFIND, CO & CHs DIREARIF
BoEDEEFHBHTELABELTWS (Fig.d)o ZO—EF/\>TY
BEEICEIZRIMERD DA HZEMBRTDICIEATORIERH
KEERITDIENBHTEETHDIIEZRBLTWND,
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Fig.3 Air sampling points (red circles) on the route between Tokyo and
Bangkok. Green square indicates the location of Bangkok airport.

the AGAGE in-situ measurements at Trinidad Head (41.1°N, 124.2°W) for
the 2007-2019 period (0.984 + 0.002 ppt year"). The trend computed from
the HFC-23 datasets at Syowa Station during the 2007-2016 period is
0.823 + 0.075 ppt year!, which is consistent with that derived from the
AGAGE in-situ measurements at Cape Grim (40.7°S, 144.7°E) for the same
period (0.874 + 0.002 ppt year'). Although there are systematic biases on
the FTIR-retrieved HFC-23 at both sites, these results indicate that ground-
based FTIR observations have the capability to monitor the trend of
atmospheric HFC-23.

Seasonal variations of vertical gradients in
atmospheric greenhouse gases over
Bangkok, Thailand

Since 2017, a commercial airliner operated by Japan Airlines on the route
from Tokyo to Bangkok, Thailand, using Automatic air Sampling Equipment
(ASE), has conducted monthly air sampling. Six samples are collected during
the level flight in upper troposphere between 9 and 13 km, and another six are
sampled during descent of the aircraft to Bangkok airport (BKK) as shown in
Fig. 3. The mixing ratio of CO,, CHa4, N,O, SFs, CO, and H; are analyzed in
the National Institute for Environmental Studies.

The vertical gradient in the CO, mixing ratio in the free troposphere,
calculated by subtracting the mixing ratio at 10 km from that at 3 km,
shows negative values in June because of the summer CO, uptake from the
land vegetation around BKK and the upstream area. In spite of the presence
of surface source and atmospheric loss through chemical reactions, CHy4
mixing ratio show a negative gradient from June to November. It is
suggested that the air in the upper troposphere over BKK is highly
influenced by the air mass from strong-emission areas, such as south Asia.
The vertical gradients in the CO mixing ratio are rather neutral. As
atmospheric CO is also influenced by surface source and chemical sink in
the air, a neutral gradient indicates effective air transport in the upper
troposphere from an emission area. The seasonal change in the CO
gradient is quite similar to that in CH4 (Fig.4). This similarity strongly
suggests that long-range transport is crucial for understanding the vertical
distribution of atmospheric trace gases over the BKK area.

30
~—Delta-CH4 a0
2
0 —Della-CC
10 30
)
g o0 208
- i+
=+
- [®]
{E 10 108
m— =
3 08
-30
40 10
-20

0
JFMAMJI JASOND

Fig.4 Seasonal variations in vertical gradient of CHs and
CO over Bangkok.
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Environmental Research Promotion Center (ERPC)

RIBRHEEE Y ¥ — D EUEA

Activities of Environmental Research Promotion Center

BRERRHEELYY—E 2017 £ 7 BICRISN., AEOREHREMRZBOHE - & - EXFEEHEONEAZZ B CREICET
PMERROMREEZRDCE2AMEUVEBHLTVWS, RERZMAR TR, HIKEE(L -  BARE - TXIF— - BRBEREVW . B
BRICR<EDOIERREHDHARINEDSNTVID, CNSORARIBFIFARDOES UPMEREFZEZBARNHZI LS, BLXDHAERD
HEEHIC, MRDTEBEICEELBASAEHRCEEZEZI TV THIERRDOGRIL) ZR>TWZENEETH 5.
REMERHELYY— . RBICEITIARHE. i ER EFEEREEZBL MERROUSEROERER D EEHIC. ARDF IR —
FiEE - RIERBOHKE - IRBRROLERBEEEEEBHIICT>TWS,

2020 EERLFHEABE LD ZBEAREAMSA [[TRIVF—MEZEIERFTEEL SR AR LEEFHIRR) 1. (TIRFYIRATY—
NERBE DT DRBIRFBRAAFTH A (BAR  MNABE—REIR) 1] O 2 WROFEICH AU, REMEHELY Y- FZ0EBERFNKRSHIES
TW3, %7z ZEB (Net Zero Energy Building) DEREEDZH, THPE ZEB RS X B L. YVRIILZR#ELR (Fig.l),
ISCRABPESEMREORBRINELCHTZTV. HEITIARENDOHNZEITo>TND,

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 FY2020, ERPC cooperated in the activities of two interdisciplinary research groups 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). ERPC also has a secretariat role. To promote the spread of ZEB (net-zero energy building), we established the Miyagi
ZEB Study Group and held a symposium (Fig.1). In addition, we collect and analyze information on grants in aid of scientific research and various research
funds, and we cooperate with researchers.

EHR L DEE

RERIZEMERZ. 2004 FICEHBEEEREZMIEUc. AF
EREREREEFHREOBRRRER%E 10 BICTW. SBOBZEIC
DWTERERDUR, FcTHPE ZEBHRR) OREEVVRY
T LRfEEEELTIT o> (Fig.1),

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 October, 2020. In addition, with
Miyagi Prefecture’s cooperation, the Miyagi ZEB Study Group was
established, and the symposium was held in collaboration (Fig.1).

IR KEKE
Associate Professor

Masahiro Oba

Research Associate
Masae Mitsuhashi

fllam & DEE

fllameld. 2009 FEEHEZ MG LT, 2020 &£ 8 AITIF.
BOFILATREZERBFFEL. SEOBEICOVWTIERER DL
(Fig.2)o £ 11 AIKIMUIETRITRS EOBERBRETWV. 5
BORBEICOWIERER DL,

Z DDA BREE DEHE

2017 FICEEREEHFE LAt EE. SEES. LEMRE
TR EREERRKEETIVE I LAWK REEDETESR,
DOREEZFEL. BERREELYY—F. ZOBRBEDERS &L
U'RERICH AU,

2019 FICHIHEE DEFEFGEZMIE L. PRN\APF—EULTHEO6
RUEREHBOREICEDDEEEITofc, £/ 2020 F£EIF.
EFNSOEERMET RNA - UTEZDEBEEH Dz, £IFA
HESHE LXK RBER THEEZTL., SDGs DEREENETo 12
(Fig.3),

IXRILF—(HiEZ R R HEERL R

2019 £ 4 BICEBEMREANRE LT TTRILF—(EEZBIEH
REEN S WAR  TEHFMRBR) ) BRBES NI, REER.
TTRILF—(0ER ORE - ERERETDIEEZENELT IX
IWF—BEMRICIMDBORMABREIC LDV ES—DIERER
E%17o7 (Fig.4),

TI3RAF Y I AV — NEBD T ) DBISRZIRRTHLR
2019 F 10 BICHRBES NI TS RF v I AY— NEEE DT

DBEFEARMSR WK MAE—REKR) 1] OFEBO—IRT,

2020 ENSWBESTIETNEETZTFRF v THHEIRICHE T

eFv LY VEEY 1 NOFIHEICHD. BEEZEIToT.

(URL: https://pla-reduce.jp/about-plastictrash/)

Fig.1 Symposium of Miyagi ZEB Study Group.

Fig.2 Courtesy call to the mayor of Sendai.

Fig.3 Lecture at Okinoerabu High School.

Cooperation with Sendai City

Our graduate school has had a cooperation agreement with Sendai City
since 2009. In August, 2020, we made a courtesy call to Kori Kazuko, the
mayor of Sendai, and exchanged opinions on future cooperation (Fig.2). In
November, an information exchange meeting was held with deputy mayors
of the City of Sendai.

Cooperation with other local governments

The Tsuchiya Laboratory was entrusted with the research project titled
“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.

Last year, our graduate school concluded cooperation agreements with
Wadomari and China towns. The ERPC was involved in the formulation of
the Sixth Comprehensive Promotion Plan as plan advisor and supervisor. In
2020, we supervised the project as a business promotion advisor for the
plan. In addition, the ERPC gave a lecture at Wadomari Town Hall and
Okinoerabu High School, where it promoted the SDGs.

Interdisciplinary Studies of Novel Values on
Energy for Sustainable Development Society

To promote the development and dissemination of a “philosophy of value
of energy,” we created and distributed webinar videos of the members of
this center who are conducting research related to energy.

TU-TRIPS: Tohoku University
Transdisciplinary Research Initiative for
Plastic Smart

Tohoku University Transdisciplinary Research Initiative for Plastic Smart
(TU-TRIPS) was launched as a collaborative research group in October
2019. TU-TRIPS supervised the promotion website for reducing plastic
waste operated by Sendai City, which started in 2020.
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@ Pt-Pd Nanoalloy for the Unprecedented Activation of

Carbon-Fluorine Bond at Low Temperature. [Bulletin of
the Chemical Society of Japan, 93(10), (2020), 1180-1185]
Raghu Nath Dhital, Keigo Nomura, Yoshinori Sato, Setsiri
Haesuwannakij, Masahiro Ehara, Hidehiro Sakurai
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@ BMEKBRATON—RYF/F1—TOBRETRIGHEEE .
[®3R, 295, (2020), 185-193] LB
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@ Experimental and computational study on sintering of
ceramic coating layers with complex porous structures.
[Journal of the American Ceramic Society, 103(3), (2020),
2035-2047] Sota Terasaka, Hideaki Matsubara, Takashi
Shirato, Masanobu Kamitakahara, Taishi Yokoi, Norio
Yamaguchi, Byung-Nam Kim

@ Ti(C,N) & CrsC. ZE&RIMULTc WC-Co B BIES S DRE .
[EBLUMEKAESE, 67, (1), (2020), 10-17] BHEZ, WEREFE,
RBRE, HFEsh, MHEES
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DRF . [ MEBLIUMEKER, 67, (1), (2020), 24-26] mHEZ, #F
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QETIVIADRE - FfE 7O ADYZaL—yay. [€EFIVIR,
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@ A multifunctional rhizobacterial strain with wide application
in different ferns facilitates arsenic phytoremediation. [Science
of the Total Environment, 712(10), (2020), 134504] Chongyang
Yang; Ying-Ning Ho; Ryota Makita; Chihiro Inoue, Mei-Fang
Chien

@ Changes during the weathering of polyolefins. [Polymer
Degradation and Stability, 181, (2020), 109364] Guido Grause,
Mei Fang Chien, Chihiro Inoue

@® Cupriavidus basilensis strain r507, a toxic arsenic
phytoextraction facilitator, potentiates the arsenic
accumulation by Pteris vittata. [Ecotoxicology and
Environmental Safety, 190(1), (2020), 110075] Chongyang Yang,
Ying-Ning Ho, Ryota Makita, Chihiro Inoue, Mei-Fang Chien

@ Enrichment and Analysis of Stable 1,4-dioxane-Degrading
Microbial Consortia Consisting of Novel Dioxane-Degraders.
[Microorganisms, 8(1), (2020), 50] Tanmoy Roy Tusher, Takuya
Shimizu, Chihiro Inoue, 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] John Jewish A. Dominguez,
Chihiro Inoue, Mei-Fang Chien

@® Long-term effectiveness of microbe-assisted arsenic
phytoremediation by Pferis vittatain field trials. [Science of the
Total Environment, 740(20), (2020), 140137] Chongyang Yang,
Ying-Ning Ho, Chihiro Inoue, Mei-Fang Chien

@® Molybdate recovery using immobilized bioengineered
Saccharomyces cerevisiae. [Hydrometallurgy, 198, (2020),
105491] Audrey Stephanie, Mei-Fang Chien, Naoya lkeda,
Chihiro Inoue

@ Potential of biosurfactants' production on degrading heavy
oil by bacterial consortia obtained from Tsunami-induced
oil-spilled beach areas in Miyagi, Japan. [Journal of Marine
Science and Engineering, 8(8), (2020), 577] Sandia Primeia,
Chihiro Inoue, Mei-Fang Chien
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@® Characteristics of hydrogen production with carbon
storage by CO2-rich hydrothermal alteration of olivine in the
presence of Mg-Al spinel. [International Journal of Hydrogen
Energy, 45(24), (2020), 13163-13175] Jiajie Wang, Noriaki
Watanabe, Atsushi Okamoto, Kengo Nakamura, Takeshi Komai
@ Crystallographic preferred orientation of talc determined
by an improved EBSD procedure for sheet silicates:
Implications for anisotropy at the slab-mantle interface due
to Si-metasomatism. [American Mineralogist, 105(6), (2020),
873-893] Takayoshi Nagaya, Atsushi Okamoto, Ryosuke
Oyanagi, Yusuke Seto, Akira Miyake, Masaoki Uno, Jun Muto,
Simon R. Wallis

@ Fluid Infiltration Through Oceanic Lower Crust in Response
to Reaction-Induced Fracturing: Insights From Serpentinized
Troctolite and Numerical Models. [Journal of Geophysical
Research: Solid Earth, 125, (2020), e(2020)JB020268] Kazuki
Yoshida, Atsushi Okamoto, Hiroyuki Shimizu, Ryosuke Oyanadgi,
Noriyoshi Tsuchiya

@ Impact of fluid pressure on failure mode in shear zones:
Numerical simulation of en-echelon tensile fracturing and
transition to shear. [Tectonophysics, 774, (2020), 228277-
228277] Atsushi Okamoto, Kazumasa Fuse, Hiroyuki Shimizu,
Takatoshi Ito

@ Inferring fracture forming processes by characterizing
fracture network patterns with persistent homology.
[Computers and Geosciences, 143, (2020), 104550] A. Suzuki,
M. Miyazawa, A. Okamoto, H. Shimizu, |. Obayashi, Y. Hiraoka, T.
Tsuji, P. K. Kang, T. Ito

@ Rapid fluid infiltration and permeability enhancement during
middle-lower crustal fracturing: Evidence from amphibolite-
granulite-facies fluid-rock reaction zones, Ser Rondane
Mountains, East Antarctica. [Lithos, 372-373, (2020), 105521-
105521] Diana Mindaleva, Masaoki Uno, Fumiko Higashino,
Takayoshi Nagaya, Atsushi Okamoto, Noriyoshi Tsuchiya

@ Silica controls on hydration kinetics during serpentinization
of olivine: Insights from hydrothermal experiments and a
reactive transport model. [Geochimica et Cosmochimica
Acta, 270, (2020), 21-42] Ryosuke Oyanagi, Atsushi Okamoto,
Noriyoshi Tsuchiya

@ Sparse isocon analysis: A data-driven approach for material
transfer estimation. [Chemical Geology, 532, (2020), 119345]
Tatsu Kuwatani, Kenta Yoshida, Kenta Ueki, Ryosuke Oyanagi,
Masaoki Uno, Shotaro Akaho

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

@® Thermodynamic modeling of hydrous-melt-olivine
equilibrium using exhaustive variable selection. [Physics of the
Earth and Planetary Interiors, 300, (2020), 106430-106430]
Kenta Ueki, Tatsu Kuwatani, Atsushi Okamoto, Shotaro Akaho,
Hikaru lwamori

@® Transport and evolution of supercritical fluids during
the formation of the erdenet CU-MO deposit, Mongolia.
[Geosciences (Switzerland), 10(5), (2020), 201-221] Geri Agroli,
Atsushi Okamoto, Masaoki Uno, Noriyoshi Tsuchiya
@EROVAVIE—RIVR, =)l OvY—xUHh HZREEBR
& 2019-2020 (JARE-61). [ Eet&E R}, 64, (2020), 351-398] .k
B4, BiLER, FEER , REXT, REHZEAX
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@ Determination of relevant factors affecting the surface
oxygen exchange coefficient of solid oxide fuel cell cathode
with ionic conducting oxide coating. [Solid State lonics, 353,
(2020), 115372] R. A. Budiman, H. J. Hong, S. Hashimoto, K.
Yashiro, K. D. Bagarinao, H. Kishimoto, K. Yamaji, T. Kawada

@ Influences of Ni content and porosity on mechanical
properties of Ni-YSZ composites under solid oxide fuel cell
operating conditions. [Journal of Materials Science, 55(20),
(2020), 8679-8693] Satoshi Watanabe, Shinji Sukino, Taihei
Miyasaka, Kazuhisa Sato, Keiji Yashiro, Tatsuya Kawada,
Toshiyuki Hashida

@ Modeling current-voltage relationships of mixed conducting
cathode materials for solid oxide fuel cells. [Current Opinion in
Electrochemistry, 21, (2020), 274-282] Tatsuya Kawada
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@ A geochemical approach for identifying marine incursions:
Implications for tsunami geology on the Pacific coast of
northeast Japan. [Applied Geochemistry, 118, (2020), 104644-
104644] Takahiro Watanabe, Noriyoshi Tsuchiya, Shin-ichi
Yamasaki, Yuki Sawai, Norihiro Hosoda, Fumiko W. Nara, Toshio
Nakamura, Takeshi Komai

@® Characteristics of hydrogen production with carbon
storage by CO:-rich hydrothermal alteration of olivine in the
presence of Mg-Al spinel. [International Journal of Hydrogen
Energy, 45(24), (2020), 13163-13175] Jiajie Wang, Noriaki
Watanabe, Asushi Okamoto, kengo Nakamura, Takeshi Komai
@® Consideration of strength development by three-
dimensional visualization of porosity distribution in coal fly ash
concrete. [Journal of Building Engineering, 35, (2020), 101948-
101948] Kengo Nakamura, Yuusuke Inoue, Takeshi Komai

@® Data-driven analysis for source apportionment and
geochemical backgrounds establishment of toxic elements
and REEs in the Tohoku region, Japan. [Chemosphere, 263,
in press, (2020), 128268-128268] Arie Pujiwati, Jiajie Wang,
Kengo Nakamura, Yoshishige Kawabe, Noriaki Watanabe,
Takeshi Komai

@ Hydromechanical properties of 3D printed fractures with
controlled surface roughness: Insights into shear-permeability
coupling processes. [International Journal of Rock Mechanics
and Mining Sciences, 128, (2020), 104271] T. Ishibashi, Y. Fang,
D. Elsworth, N. Watanabe, H. Asanuma

@ Nitrogen recovery via aquaponics in Nepal: current status,
prospects, and challenges. [SN Applied Sciences, 2(7), (2020),
1192] Rishav Adhikari, Sriyanka Rauniyar, Nishan Pokhrel,
Amrita Wagle, Takeshi Komai, Shukra Raj Paudel

@® Numerical Simulation of a Laboratory-scale Experiment
for the Hydrate Dissociation Process in Porous Media by
Acid Injection. [International Journal of Offshore and Polar
Engineering, 30(4), (2020), 501-512] Yasuhide Sakamoto, Yusuke
Nakano, Fuyuki Kaneko, Kengo Nakamura, Takeshi Komai

@® 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, 30(2), (2020), 228-239] Yasuhide Sakamoto, Fuyuki
Kaneko, Yusuke Nakano, Kengo Nakamura, Takeshi Komai
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@ Regional landfill planning for improvement of waste
management in Maputo, Mozambique. [Advances In Natural
And Applied Sciences, 14(3), (2020), 89-95] Chelsea Langa,
Kengo Nakamura, Noriaki Watanabe, Takeshi Komai

@ Stabilizing and enhancing permeability for sustainable
and profitable energy extraction from superhot geothermal
environments. [APPLIED ENERGY, 260, (2020), 114306] Noriaki
Watanabe, Kohei Saito, Atsushi Okamoto, Kengo Nakamura,
Takuya Ishibashi, Hanae Saishu, Takeshi Komai, Noriyoshi
Tsuchiya
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@ Control of galvanic replacement reaction between Cu
nanowires and Ag species under vacuum filtration for
transparent conductive films with long-term durability. [Colloids
and Surfaces A: Physicochemical and Engineering Aspects,
611(20), (2020), 125809] Shun Yokoyama, Yuta Umemotoa,
Kenichi Motomiyaa, Takashi Itohb, Hideyuki Takahashia

@ Functional Group Distribution of the Carrier Surface
Influences Adhesion of Methanothermobacter
thermautotrophicus. [Archaea, (2020), (2020), 1-8] Masaki
Umetsu, Takaaki Sunouchi, Yasuhiro Fukuda, Hideyuki
Takahashi, Chika Tada

@® Morphological control of carbon-supported Pt-based
nanoparticles via one-step synthesis. [Nano-Structures &
Nano-Objects, 22, (2020), 100443-100443] Tatsuichiro
Nakamoto, Ryohei Seki, Ken-ichi Motomiya, Shun Yokoyama,
Kazuyuki Tohji, Hideyuki Takahashi

@ Precursor-templated synthesis of thermodynamically
unfavored platinum nanoplates for oxygen reduction reaction.
[Dalton Transactions, 49(44), (2020), 15837-15842] Tatsuichiro
Nakamoto, Ken-ichi Motomiya, Shun Yokoyama, Hideyuki
Takahashi

@ Strong adhesion of polyvinylpyrrolidone-coated copper
nanoparticles on various substrates fabricated from well-

dispersed copper nanoparticle inks. [COLLOIDS AND
SURFACES A-PHYSICOCHEMICAL AND ENGINEERING
ASPECTS, 591, (2020), 124567] Shun Yokoyama, Junpei Nozaki,
Kenichi Motomiya, Norihito Tsukahara, Hideyuki Takahashi
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@ A geochemical approach for identifying marine incursions:
Implications for tsunami geology on the Pacific coast of
northeast Japan. [Applied Geochemistry, 118, (2020), 104644]
Takahiro Watanabe, Noriyoshi Tsuchiya, Shin-ichi Yamasaki,
Yuki Sawai, Norihiro Hosoda, Fumiko W. Nara, Toshio
Nakamura, Takeshi Komai

@® Characteristics of hydrogen production with carbon
storage by CO2-rich hydrothermal alteration of olivine in the
presence of Mg-Al spinel. [International Journal of Hydrogen
Energy, 45(24), (2020), 13163-13175] Jiajie Wang, Noriaki
Watanabe, Atsushi Okamoto, Kengo Nakamura, Takeshi Komai
@ Divestment trends in Japan's international coal businesses.
[Renewable and Sustainable Energy Reviews, 124, (2020),
109779] Gregory Trencher, Christian Downie, Koichi
Hasegawa, Jusen Asuka

@ Fluid Infiltration Through Oceanic Lower Crust in Response
to Reaction Induce d Fracturing: Insights From Serpentinized
Troctolite and Numerical Models. [Journal of Geophygical
Research, 125(11), (2020), e(2020)JB020268] Kazuki Yoshida,
Atsushi Okamoto, Hiroyuki Shimizu, Ryosuke Oyanagi,Noriyoshi
Tsuchiya, and Oman Drilling Project Phase Science Party

@® Overcoming barriers to developing and diffusing fuel-cell
vehicles: Governance strategies and experiences in Japan.
[Energy Policy, 142, (2020), 111533] Gregory Trencher, Araz
Taeihagh, Masaru Yarime

@ Rapid fluid infiltration and permeability enhancement during
middle-lower crustal fracturing: Evidence from amphibolite-
granulite-facies fluid-rock reaction zones, Ser Rondane
Mountains, East Antarctica. [Lithos, 372-373, (2020), 105521]
Diana Mindaleva, Masaoki Uno, Fumiko Higashino, Takayoshi
Nagaya, Atsushi Okamoto, Noriyoshi Tsuchiya

@ Revisiting carbon lock-in in energy systems. [Energy Research
& Social Science, 69, (2020), 101770] Gregory Trencher

@ Silica controls on hydration kinetics during serpentinization
of olivine: Insights from hydrothermal experiments and a
reactive transport model. [Geochimica Cosmochimica Acta,
270, (2020), 21-42] Ryosuke Oyanagi, Atsushi Okamoto and
Noriyoshi Tsuchiya

@ Strategies to accelerate the production and diffusion of
fuel cell electric vehicles: Experiences from California. [Energy
Reports, 6, (2020), 2503-2519] Gregory Trencher

@ Transport and Evolution of Supercritical Fluids During
the Formation of the Erdenet Cu-Mo Deposit, Mongolia.
[Geosciences, 10, (2020), 201-221] Geri Agroli, Atsushi
Okamoto, Masaoki Uno, Noriyoshi Tsuchiya

@ Understanding the Multi-Faceted Drivers of Increasing Coal
Consumption in Indonesia. [Energies, 13(14), (2020), 3660]
Robi Kurniawan, Gregory P. Trencher, Achmed S. Edianto,
Imam E. Setiawan, Kazuyo Matsubae
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@ Natural resource use of gasoline, hybrid, electric and fuel

cell vehicles considering land disturbances. [Resources,
Conservation and Recycling, 166, (2020), 105256] Shoki
Kosai, Kenyu Matsui, Kazuyo Matsubae, Eiji Yamasue, Tetsuya
Nagasaka

@ Trends in the food nitrogen and phosphorus footprints
for Asia’s giants: China, India, and Japan. [Resources,
Conservation and Recycling, 157, (2020), 104752] Oita, A.,
Wirasenjaya, F., Liu, J., Webeck, E., Matsubae, K.

@ Understanding the multi-faceted drivers of increasing coal
consumption in Indonesia. [Energies, 13(14), (2020), 3660]
Robi Kurniawan, Gregory P. Trencher, Achmed S. Edianto,
Imam E. Setiawan, Kazuyo Matsubae
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@ Adsorption of urea, creatinine, and uric acid from three

solution types using spherical activated carbon and its
recyclability. [Chinese Journal of Chemical Engineering, 28(12),
(2020), 2993-3001] Tomohito Kameda, Kazuya Horikoshi,
Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka

@ Adsorption of various metals by carboxymethyl- B
-cyclodextrin-modified Zn Al layered double hydroxides.
[Applied Clay Science, 187, (2020), 105479] Tomohito Kameda,
Mao Takaizumi, Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka
@ Catalytic Pyrolysis of Poly(Ethylene Terephthalate) in the
Presence of Metal Oxides for Aromatic Hydrocarbon Recovery
Using Tandem-Reactor-GC/MS. [Energy & Fuels, 34, (2020),
2492-2500] Shogo Kumagai, Ryota Yamasaki, Tomohito
Kameda, Yuko Saito, Atsushi Watanabe, Chuichi Watanabe,
Norio Teramae, Toshiaki Yoshioka

@® Combined Experiment, Simulation, and Ex-ante LCA
Approach for Sustainable Cl Recovery from NaCl/Ethylene
Glycol by Electrodialysis. [Industrial & Engineering Chemistry

Research, 59(45), (2020), 20112-20122] Jiaqgi Lu, Shogo
Kumagai, Yasuhiro Fukushima, Hajime Ohno, Tomohito
Kameda, Yuko Saito, Toshiaki Yoshioka

@ Combining pyrolysis-two-dimensional gas chromatography-
time-of-flight mass spectrometry with hierarchical cluster
analysis for rapid identification of pyrolytic interactions:
Case study of co-pyrolysis of PVC and biomass components.
[Process Safety and Environmental Protection, 143, (2020),
91-100] Shogo Kumagai, Asami Matsukami, Fumie Kabashima,
Masafumi Sakurai, Michiko Kanai, Tomohito Kameda, Yuko
Saito, Toshiaki Yoshioka

@ Direct Gas-Phase Derivatization by Employing Tandem u
-Reactor-Gas Chromatography/Mass Spectrometry: Case
Study of Trifluoroacetylation of 4,4'-Methylenedianiline.
[Analytical Chemistry, 92(22), (2020), 14924-14929] Yuya
Nishiyama, Shogo Kumagai, Tomohito Kameda, Yuko Saito,
Atsushi Watanabe, Chuichi Watanabe, Norio Teramae, Toshiaki
Yoshioka

@® Enhancement of gasification and liquefaction during fast
co-pyrolysis of cedar wood and polyethylene through control
of synergistic interactions. [Bioresource Technology Report,
11, (2020), 100431] Koyo Kasataka, Shogo Kumagai, Tomohito
Kameda, Yuko Saito, Toshiaki Yoshioka

@ Heavy metal removal from municipal solid waste fly ash
through chloride volatilization using poly(vinyl chloride) as
chlorinating agent. [Journal of Material Cycles and Waste
Management, 22, (2020), 1270-1283] Kenta Kurashima, Shogo
Kumagai, Tomohito Kameda, Yuko Saito, Toshiaki Yoshioka

@ Impact of Ni/Mg/Al Catalyst Composition on Simultaneous
Hz-Rich Syngas Recovery and Toxic HCN Removal through
a Two-Step Polyurethane Pyrolysis and Steam Reforming
Process. [Industrial & Engineering Chemistry Research,
59(19), (2020), 9023-9033] Shogo Kumagai, Ryosuke Yabuki,
Tomohito Kameda, Yuko Saito, Toshiaki Yoshioka

@ Influence of COz gas on the rate and kinetics of HCI, SO,
and NO:z gas removal by Mg-Al layered double hydroxide
intercalated with COs*. [Applied Clay Science, 195, (2020),
105725] Tomohito Kameda, Hiroki Uchida, Shogo Kumagai,
Yuko Saito, Keiichi Mizushina, Ichirou Itou, Tianye Han, Toshiaki
Yoshioka

@ Investigation of Sludge Volume from Abandoned Mine
Wastewater Treatment by Layered Double Hydroxides: A Case
Study Targeting As and Fe. [Mine Water and the Environment,
39(4), (2020), 881-887] Xinyi Yang, Mir Tamzid Rahman,
Tomohito Kameda, Yusei Masaki, Yuko Saito, Shogo Kumagai,
Toshiaki Yoshioka

@ Machine learning-based discrete element reaction model for
predicting the dechlorination of poly (vinyl chloride) in NaOH/
ethylene glycol solvent with ball milling. [Chemical Engineering
Journal Advances, 3, (2020), 100025-100025] Jiaqgi Lu,
Sigingaowa Borjigin, Shogo Kumagai, Tomohito Kameda, Yuko
Saito, Toshiaki Yoshioka

@ Practical dehalogenation of automobile shredder residue in
NaOH/ethylene glycol with an up-scale ball mill reactor. [Journal

67



68

of Material Cycles and Waste Management, 22(5), (2020),
1620-1629] Jiaqi Lu, Sigingaowa Borjigin, Shogo Kumagai,
Tomohito Kameda, Yuko Saito, Yasuhiro Fukushima, Toshiaki
Yoshioka

@ Simultaneous recovery of high-purity Cu and poly(vinyl
chloride) from waste wire harness via swelling followed by
ball milling. [Scientific Reports, 10(1), (2020), 10754] Harendra
Kumar, Shogo Kumagai, Tomohito Kameda, Yuko Saito,
Toshiaki Yoshioka

@ Synthesis of layered double hydroxide nanosheets in an
aqueous solvent and their Ni** uptake characteristics. [Applied
Clay Science, 200, (2020), 105911] Tomohito Kameda, Daichi
lkeda, Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka

® Treatment of NO by a combination of MnO2 and a COs*
-intercalated Mg-Al layered double hydroxide. [SN Applied
Sciences, 2(6), (2020), 1075] Tomohito Kameda, Hiroki Uchida,
Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka
ORUALTZ4YDTIANITAVINDORERESREF LY.
[Journal of the Japan Petroleum Institute, 63(6), (2020), 345-
364] BRANE , HAE | BRET, BERE , SREEA
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@® A comparison of methods to estimate groundwater
recharge from bare soil based on data observed by a large-
scale lysimeter. [Hydrological Processes, 34, (2020), 2987-
2999] Zaiyong Zhang, Wenke Wang, Chengcheng Gong, Ming
Zhang

@ Activation and Inactivation of Seismicity: The Terminations
of Two Injection Tests in Okuaizu Geothermal Field, Japan.
[Seismological Research Letters, 91(5), (2020), 2730-2743] K.
Okamoto, L. Yi, H. Asanuma, T. Okabe, Y. Abe, M. Tsuzuki

@ Borehole research in New York State can advance utilization
of low enthalpy geothermal energy, management of potential
risks, and understanding of deep sedimentary and crystalline
geologic systems. [Scientific Drilling, 28, (2020), 75-91] T.
Jordan, P. Fulton, J. Tester, D. Bruhn, H. Asanuma, U. Harms, C.
Wang, D. Schmitt, P. Vardon, H. Hofman, P. Tom, J. Smith, and

the Workshop participants

@ Characterization of Pb-bearing minerals in polluted soils
from closed mine sites. [Water Air Soil Pollut, 231, (2020)
176] Mihoko Hoshino, Ming Zhang, Masaya Suzuki, Katsuhiro
Tsukimura, Masaaki Ohta

@® Characterizing the heterogeneous correlations between
the landscape patterns and seasonal variations of total
nitrogen and total phosphorus in a peri-urban watershed.
[Environmental Science and Pollution Research, 27, (2020),
34067-34077] Chongwei Li, Haiyan Zhang, Yonghong Hao,
Ming Zhang

@® Constraints in anaerobic microbial dechlorination,
fermentation, and sulfate-reduction induced by high
concentrations of tetrachloroethylene. [Water Air Soil Pollut,
231, (2020), 390] Miho Yoshikawa, Ming Zhang

@ Determining the hydraulic properties of coastal aquifer
systems using groundwater response to tidal fluctuations:
applicability and limitations. [Coastal Engineering Journal, 62,
(2020), 647-655] Ling Yang , Ming Zhang , Yonghong Hao ,
Tongke Wang, Zhixue Zhao

@ Estimation of coastal aquifer properties: A review of the
tidal method based on theoretical solutions. [WIREs Water,
(2020), e1498, 1-15] Ming Zhang, Yonghong Hao, Zhixue Zhao,
Tongke Wang, Ling Yang

@ Evaluation of flow path at the stimulation in the EGS
reservoir using microseismic information. [Geothermics, 87,
(2020), 101843] Y. Mukuhira, T. Ito, H. Asanuma, M. Haring

@® Geoenvironmental properties of industrially contaminated
site soil solidified/stabilized with a sustainable by-product-
based binder, Science of the Total Environment. [Science of
The Total Environment, In Press, (2020), 142778] Ya-Song
Feng, Yan-Jun Du, Annan Zhou, Ming Zhang, Jiang-Shan Li,
Shi-Ji Zhou, Wei-Yi Xia

@® Hydromechanical properties of 3D printed fractures with
controlled surface roughness: Insights into shear-permeability
coupling processes. [International Journal of Rock Mechanics
and Mining Sciences, 128, (2020), 104271] T. Ishibashi, Y. Fang,
D. Elsworth, N. Watanabe, H. Asanuma

@® Numerical Simulation of a Laboratory-scale Experiment
for the Hydrate Dissociation Process in Porous Media by
Acid Injection. [International Journal of Offshore and Polar
Engineering, 30(4), (2020), 501-512] Sakamoto, Y., F. Kaneko, Y.
Nakano, K. Nakamura and T. Komai

@® 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, 30(2), (2020), 228-239] Sakamoto, Y., F. Kaneko, Y.
Nakano, K. Nakamura and T. Komai

@ Validation and evaluation of estimation method for deep
thermal structure using activity index in major geothermal
fields in northeastern Japan. [Energies, 13(18), (2020), 4684] Y.
Suzuki, H. Muraoka, H. Asanuma
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@ Adoption of personal protective measures by ordinary

citizens during the COVID-19 outbreak in Japan. [International
Journal of Infectious Diseases, 94, (2020), 139-144] Masaki
Machida, Itaru Nakamura, Reiko Saito, Tomoki Nakaya,
Tomoya Hanibuchi, Tomoko Takamiya, Yuko Odagiri, Noritoshi
Fukushima, Hiroyuki Kikuchi, Takako Kojima, Hidehiro
Watanabe, Shigeru Inoue

@® Associations between the traditional and novel
neighbourhood built environment metrics and weight status
among Canadian men and women. [Canadian Journal of
Public Health, (2020), 10.17269/s41997-020-00365-8] Vikram
Nichani, Mohammad Javad Koohsari, Koichiro Oka, Tomoki
Nakaya, Ai Shibata, Kaori Ishii, Akitomo Yasunaga, Liam Turley,
Gavin R McCormack

@ Associations of neighborhood socioeconomic conditions
with self-rated health, mental distress, and health behaviors:
A nationwide cross-sectional study in Japan. [Preventive
Medicine Reports, 18, (2020), 101075-101075] Tomoya
Hanibuchi, Tomoki Nakaya

@ Built environment correlates of objectively-measured
sedentary behaviours in densely-populated areas. [Health
& Place, 66, (2020), 102447-102447] Mohammad Javad
Koohsari, Ai Shibata, Kaori Ishii, Sayaka Kurosawa, Akitomo
Yasunaga, Tomoya Hanibuchi, Tomoki Nakaya, Suzanne Mavoa,
Gavin R McCormack, Koichiro Oka

@ Central Tokyo's Low Response Rate to the 2015 Population
Census and Its Related Factors. [SAGE Open, 10(3), (2020),
215824402096308] Tomoya Hanibuchi, Masakazu Yamauchi
@® Changes in implementation of personal protective
measures by ordinary Japanese citizens: A longitudinal study
from the early phase to the community transmission phase
of the COVID-19 outbreak. [International Journal of Infectious
Diseases, 96, (2020), 371-375] Masaki Machida, Itaru
Nakamura, Reiko Saito, Tomoki Nakaya, Tomoya Hanibuchi,
Tomoko Takamiya, Yuko Odagiri, Noritoshi Fukushima, Hiroyuki
Kikuchi, Shiho Amagasa, Takako Kojima, Hidehiro Watanabe,
Shigeru Inoue

® Dog-walking in dense compact areas: The role of
neighbourhood built environment. [Health & Place, 61,
(2020), 102242] Mohammad Javad Koohsari, Tomoki Nakaya,
Gavin R McCormack, Ai Shibata, Kaori Ishii, Akitomo Yasunaga,
Yung Liao, Koichiro Oka

@ Dog ownership and adults' objectively-assessed sedentary
behaviour and physical activity. [Scientific Reports, 10(1),
(2020), 174871 Mohammad Javad Koohsari, Ai Shibata, Kaori
Ishii, Sayaka Kurosawa, Akitomo Yasunaga, Tomoya Hanibuchi,

Tomoki Nakaya, Gavin R McCormack, Koichiro Oka

@ Environmental attributes and sedentary behaviours among
Canadian adults. [Environmental Research Communications,
2(5), (2020), 51002] Mohammad Javad Koohsari, Koichiro Oka,
Tomoki Nakaya, Ai Shibata, Kaori Ishii, Akitomo Yasunaga,
Gavin R McCormack

@ 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, 30(7), (2020), 301-308] Kunihiko
Takahashi, Hideto Takahashi, Tomoki Nakaya, Seiji Yasumura,
Tetsuya Ohira, Hitoshi Ohto, Akira Ohtsuru, Sanae Midorikawa,
Shinichi Suzuki, Hiroki Shimura, Shunichi Yamashita, Koichi
Tanigawa, Kenji Kamiya

@ Geographically weighted modeling for spatial epidemiology.
[RIMS Kokytroku (RERRZFHIRERITIAZFT#ATNER) , 2166, (2020),
in press] Tomoki Nakaya

@ Incorrect Use of Face Masks during the Current COVID-19
Pandemic among the General Public in Japan. [International
Journal of Environmental Research and Public Health, 17(18),
(2020), 6484] Masaki Machida, Itaru Nakamura, Reiko Saito,
Tomoki Nakaya, Tomoya Hanibuchi, Tomoko Takamiya,
Yuko Odagiri, Noritoshi Fukushima, Hiroyuki Kikuchi, Shiho
Amagasa, Takako Kojima, Hidehiro Watanabe, Shigeru Inoue

@ Local-Area Walkability and Socioeconomic Disparities
of Cardiovascular Disease Mortality in Japan. [Journal of
the American Heart Association, 9(12), (2020), e016152]
Mohammad Javad Koohsari, Tomoki Nakaya, Tomoya
Hanibuchi, Ai Shibata, Kaori Ishii, Takemi Sugiyama, Neville
Owen, Koichiro Oka

@ Near-repeat victimization of sex crimes and threat incidents
against women and girls in Tokyo, Japan [Crime Science, 9,
(2020), 1-6] Mamoru Amemiya, Tomoki Nakaya, Takahito
Shimada

@® Neighbourhood built environment and cardiovascular
disease: knowledge and future directions. [Nature Reviews
Cardiology, 17(5), (2020), 261-263] Mohammad Javad
Koohsari, Gavin R McCormack, Tomoki Nakaya, Koichiro Oka
@ Objective scoring of streetscape walkability related to
leisure walking: Statistical modeling approach with semantic
segmentation of Google Street View images. [Health & Place,
66, (2020), 102428] Shohei Nagata, Tomoki Nakaya, Tomoya
Hanibuchi, Shiho Amagasa, Hiroyuki Kikuchi, Shigeru Inoue

@ Positive Association of Physical Activity with Both Objective
and Perceived Measures of the Neighborhood Environment
among Older Adults: The Aichi Workers' Cohort Study.
[International journal of environmental research and public
health, 17(21), (2020), 7971] Yuanying Li, Hiroshi Yatsuya,
Tomoya Hanibuchi, Atsuhiko Ota, Hisao Naito, Rei Otsuka,
Chiyoe Murata, Yoshihisa Hirakawa, Chifa Chiang, Mayu
Uemura, Koji Tamakoshi, Atsuko Aoyama

@ Quantitative Environmental Equity Analysis of Perceived
Accessibility to Urban Parks in Osaka Prefecture, Japan.
[Applied Spatial Analysis and Policy, (in press)] Shinya
Yasumoto, Tomoki Nakaya, Andy Jones
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@ Scalable GWR: A linear-time algorithm for large-scale
geographically weighted regression with polynomial kernels.
[Annals of the American Association of Geographers, 110,
(2020), in press] Daisuke Murakami, Narumasa Tsutsumida,
Takahiro Yoshida, Tomoki Nakaya, Binbin Lu

@ The actual implementation status of self-isolation among
Japanese workers during the COVID-19 outbreak. [Tropical
Medicine and Health, 48, (2020), 63] Masaki Machida, Itaru
Nakamura, Reiko Saito, Tomoki Nakaya, Tomoya Hanibuchi,
Tomoko Takamiya, Yuko Odagiri, Noritoshi Fukushima, Hiroyuki
Kikuchi, Shiho Amagasa, Takako Kaojima, Hidehiro Watanabe,
Shigeru Inoue

@ Types of coastlines and the evacuees’ mental health:
A repeated cross-sectional study in Northeast Japan.
[Environmental Research, (2020), 110372] Ai Tashiro, Tomoki
Nakaya, Shohei Nagata, Jun Aida

@ Workplace neighbourhood built environment and workers’
physically-active and sedentary behaviour: A systematic
review of observational studies. [International Journal of
Behavioral Nutrition and Physical Activity 17, (2020), 148]
Chien-Yu Lin, Mohammad Javad Koohsari, Yung Liao, Kaori
Ishii, Ai Shibata, Tomoki Nakaya, Gavin R. McCormack, Nyssa
Hadgraft, Neville Owen, Koichiro Oka

@ Walking-friendly built environments and objectively
measured physical function in older adults. [Journal of Sport
and Health Science. 9(6), (2020), 651-656] Mohammad Javad
Koohsari, Gavin R. McCormack, Tomoki Nakaya, Ai Shibata,
Kaori Ishii, Akitomo Yasunaga, Yung Liao, Koichiro Oka
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@ Finding Lost Landscapes in SouthEast Asia. [ArcUSer, 23(4),
(2020), 66-69] Yukihisa Hoshida, Tomoki Nakaya, Shohei
Nagata, Yuzuru Isoda, Ryohei Sekine
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@ Geographic Disparities in Health. [Health in Japan, (2020),
Oxford University Press] Tomoki Nakaya, Tomoya Hanibuchi
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@® Forming Behavior of Fine Particulate Matters during Iron
Ore Sintering Process. [ISIJ International, 60(8), (2020), 1649-

1654] Zhe Ma, Daisuke Maruoka, Taichi Murakami, Eiki Kasai
@ Simultaneous Carbonization and Pulverization Behaviors of

Woody Biomass by a Rapid Carbonization Process Applying
Heat Storage Materials. [ISIJ International, 60(9), (2020), 2107]
Daisuke Maruoka, Hiroaki Sumikawa, Taichi Murakami, Eiki
Kasai
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@ Chlorine partitioning near the polar vortex edge observed
with ground-based FTIR and satellites at Syowa Station,
Antarctica, in 2007 and 2011. [Atmospheric Chemistry and
Physics, 20(2), (2020), 1043-1074] Hideaki Nakajima, Isao
Murata, Yoshihiro Nagahama, Hideharu Akiyoshi, Kosuke
Saeki, Takeshi Kinase, Masanori Takeda, Yoshihiro Tomikawa,
Eric Dupuy, Nicholas B. Jones

@ Evaluation of a method to retrieve temperature and wind
velocity profiles of the Venusian nightside mesosphere from
mid-infrared CO2 absorption line observed by heterodyne
spectroscopy. [Earth, Planets and Space, 72(1), (2020), 60]
Kosuke Takami, Hiromu Nakagawa, Hideo Sagawa, Pia Krause,
Isao Murata, Yasumasa Kasaba, Takeshi Kuroda, Shohei Aoki,

Toru Kouyama, Theodor Kostiuk, Timothy A. Livengood,
Gabriella Gilli

@® TROPOMI-Sentinel-5 Precursor formaldehyde validation
using an extensive network of ground-based Fourier-
transform infrared stations. [Atmospheric Measurement
Techniques, 13(7), (2020), 3751-3767] Corinne Vigouroux,
Bavo Langerock, Carlos Augusto Bauer Aquino, Thomas
Blumenstock, Zhibin Cheng, Martine De Maziére, Isabelle De
Smedt, Michel Grutter, James W. Hannigan, Nicholas Jones,
Rigel Kivi, Diego Loyola, Erik Lutsch, Emmanuel Mahieu, Maria
Makarova, Jean-Marc Metzger, Isamu Morino, Isao Murata,
Tomoo Nagahama, Justus Notholt, lvan Ortega, Mathias Palm,
Gaia Pinardi, Amelie Réhling, Dan Smale, Wolfgang Stremme,
Kim Strong, Ralf Sussmann, Yao Té, Michel van Roozendael,
Pucai Wang, Holger Winkler
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@® Assessment of microbial risks by characterization of
Escherichia coli presence to analyze the public health risks
from poor water quality in Nepal. [International Journal of
Hygiene and Environmental Health, 226, (2020), 113484] Sital
Uprety, Bipin Dangol, Pramina Nakarmi, Isha Dhakal, Samendra
Sherchan, Joanna Shisler, Antarpreet S. Jutla, Mohan
Amarasiri, Daisuke Sano, Thanh Nguyen

@ Bottleneck size-dependent changes in the genetic diversity
and specific growth rate of a rotavirus A strain. [Journal
of Virology, 94(10), (2020), e02083-19] Syun-suke Kadoya,
Syun-ichi Urayama, Takuro Nunoura, Masaaki Kitajima,
Toyoko Nakagomi, Osamu Nakagomi, Satoshi Okabe, Osamu
Nishimura, Daisuke Sano

@ Effects of chemical interaction of nutrients and EDTA
on metals toxicity to Pseudokirckneriella subcapitata.
[Ecotoxicology and Environmental Safety, 203, (2020), 110966]
Gissela Pascual Pariona, Daisuke Sano, Takashi Sakamaki,
Osamu Nishimura

@ Human norovirus disease burden of consuming Crassostrea
gigas oysters: A case-study from Japan. [Food Control, 121,
(2020), 107556] Yo Ueki, Mohan Amarasiri, Sayaka Kamio, Akie
Sakagami, Hiroshi Ito, Sital Uprety, Arief Nurul Umam, Takayuki
Miura, Thanh H. Nguyen, Daisuke Sano

@ Identification of novel norovirus polymerase genotypes
from pediatric fecal samples collected between the year 1997
and 2000 in Japan. [Infection, Genetics and Evolution, 82,
(2020), 104313] Mohan Amarasiri, Etsuko Utagawa, Daisuke
Sano, Kazuhiko Katayama

@ Improvement of electrochemical conditions for detecting
redox reaction of Ks[Fe(CN)e] toward the application in
norovirus aptasensor. [Electrochemistry, 88(3), (2020), 205-

209] Seiya Hirano, Junki Saito, Tomoki Yukawa, Daisuke Sano,
Akihiro Okamoto, Satoshi Okabe, Masaaki Kitajima

@ Inactivation kinetics modeling of Escherichia coli in
concentrated urine for implementing predictive environmental
microbiology in sanitation safety planning. [Journal of
Environmental Management, 268, (2020), 110672] Wakana
Qishi, lkuo Kato, Nowaki Hijikata, Ken Ushijima, Ryusei Ito,
Naoyuki Funamizu, Osamu Nishimura, Daisuke Sano

@ Required chlorination doses to fulfill the credit value for
disinfection of enteric viruses in water: A critical review.
[Environmental Science and Technology, 54(4), (2020), 2068-
2077] Andri Rachmadi, Masaaki Kitajima, Tsuyoshi Kato,
Hiroyuki Kato, Satoshi Okabe, Daisuke Sano

@ The effect of GD1a ganglioside-expressing bacterial strains
on murine norovirus infectivity. [Molecules, 25(18), (2020),
4084] Yifan Zhu, Hiroki Kawai, Satoshi Hashiba, Mohan
Amarasiri, Masaaki Kitajima, Satoshi Okabe, Daisuke Sano

@® Understanding human health risks caused by antibiotic
resistant bacteria (ARB) and antibiotic resistance genes (ARG)
in water environments: Current knowledge and questions to
be answered. [Critical Reviews in Environmental Science and
Technology, 50(19), (2020), 2016-2059] Mohan Amarasiri,
Daisuke Sano, Satoru Suzuki

@ Virucidal efficacy of olanexidine gluconate as a hand
antiseptic against human norovirus. [Food and Environmental
Virology, 12, (2020), 180-190] Kaoru Imai, Akifumi Hagi,
Yasuhide Inoue, Mohan Amarasiri, Daisuke Sano
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@® A new strategy for CO: utilization with waste plastics:

conversion of hydrogen carbonate into formate using polyvinyl
chloride in water. [Green Chemistry, 22(2), (2020), 352-358]
Lihui Lu, Heng Zhong, Tianfu Wang, Jianeng Wu, Fangming Jin,
Toshiaki Yoshioka

@ Adsorption of urea, creatinine, and uric acid from three
solution types using spherical activated carbon and its
recyclability. [Chinese Journal of Chemical Engineering, 28(12),
(2020), 2993-3001] Tomohito Kameda, Kazuya Horikoshi,
Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka
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@ Adsorption of various metals by carboxymethyl- B8
-cyclodextrin-modified Zn Al layered double hydroxides.
[Applied Clay Science, 187, (2020), 105479] Tomohito Kameda,
Mao Takaizumi, Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka
@ Catalytic Pyrolysis of Poly(ethylene terephthalate) in
the Presence of Metal Oxides for Aromatic Hydrocarbon
Recovery Using Tandem u -Reactor-GC/MS. [Energy & Fuels,
34(2), (2020), 2492-2500] Shogo Kumagai, Ryota Yamasaki,
Tomohito Kameda, Yuko Saito, Atsushi Watanabe, Chuichi
Watanabe, Norio Teramae, Toshiaki Yoshioka

@ Close Packing of Cellulose and Chitosan in Regenerated
Cellulose Fibers Improves Carbon Yield and Structural
Properties of Respective Carbon Fibers. [Biomacromolecules,
21(10), (2020), 4326-4335] Hilda Zahra, Daisuke Sawada,
Chamseddine Guizani, Yibo Ma, Shogo Kumagai, Toshiaki
Yoshioka, Herbert Sixta, Michael Hummel

@® Combined Experiment, Simulation, and Ex-ante LCA
Approach for Sustainable Cl Recovery from NaCl/Ethylene
Glycol by Electrodialysis. [Industrial & Engineering Chemistry
Research, 59(45), (2020), 20121-20122] Jiaqi Lu, Shogo
Kumagai, Yasuhiro Fukushima, Hajime Ohno, Tomohito
Kameda, Yuko Saito, Toshiaki Yoshioka

@ Combining pyrolysis-two-dimensional gas chromatography-
time-of-flight mass spectrometry with hierarchical cluster
analysis for rapid identification of pyrolytic interactions:
Case study of co-pyrolysis of PVC and biomass components.
[Process Safety and Environmental Protection, 143, (2020),
91-100] Shogo Kumagai, Asami Matsukami, Fumie Kabashima,
Masafumi Sakurai, Michiko Kanai, Tomohito Kameda, Yuko
Saito, Toshiaki Yoshioka

@ Direct Gas-Phase Derivatization by Employing Tandem
1 -Reactor-Gas Chromatography/Mass Spectrometry: Case
Study of Trifluoroacetylation of 4,4'-Methylenedianiline.
[Analytical Chemistry, 92(22), (2020), 14924] Yuya Nishiyama,
Shogo Kumagai, Tomohito Kameda, Yuko Saito, Atsushi
Watanabe, Chuichi Watanabe, Norio Teramae, Toshiaki
Yoshioka

@ Effect of the specific surface area of MgO on the treatment
of boron and fluorine. [Applied Water Science, 10(5), (2020),
104] Tomohito Kameda, Yusuke Yamamoto, Shogo Kumagai,
Toshiaki Yoshioka

@ Enhancement of gasification and liquefaction during fast
co-pyrolysis of cedar wood and polyethylene through control
of synergistic interactions. [Bioresource Technology Reports,
11, (2020), 100431] Koyo Kasataka, Shogo Kumagai, Tomohito
Kameda, Yuko Saito, Toshiaki Yoshioka

@ Facile method for treating Zn, Cd, and Pb in mining
wastewater by the formation of Mg-Al layered double
hydroxide. [International Journal of Environmental Science and
Technology, 17(5), (2020), 3023] M. T. Rahman, T. Kameda, T.
Miura, S. Kumagai, T. Yoshioka

@ Heavy metal removal from municipal solid waste fly ash
through chloride volatilization using poly(vinyl chloride) as
chlorinating agent. [Journal of Material Cycles and Waste

Management, 22(4), (2020), 1270-1283] Kenta Kurashima,
Shogo Kumagai, Tomohito Kameda, Yuko Saito, Toshiaki
Yoshioka

@ Highly efficient recovery of high-purity Cu, PVC, and
phthalate plasticizer from waste wire harnesses through PVC
swelling and rod milling. [Reaction Chemistry & Engineering,
5(9), (2020), 1805-1813] Harendra Kumar, Shogo Kumagai,
Tomohito Kameda, Yuko Saito, Toshiaki Yoshioka

@ Impact of Ni/Mg/Al Catalyst Composition on Simultaneous
H2-Rich Syngas Recovery and Toxic HCN Removal through
a Two-Step Polyurethane Pyrolysis and Steam Reforming
Process. [Industrial & Engineering Chemistry Research,
59(19), (2020), 9023-9033] Shogo Kumagai, Ryosuke Yabuki,
Tomohito Kameda, Yuko Saito, Toshiaki Yoshioka

@® Influence of CO2 gas on the rate and kinetics of HCI, SOz,
and NO:z gas removal by Mg-Al layered double hydroxide
intercalated with COs%. [Applied Clay Science, 195, (2020),
105725] Tomohito Kameda, Hiroki Uchida, Shogo Kumagai,
Yuko Saito, Keiichi Mizushina, Ichirou Itou, Tianye Han, Toshiaki
Yoshioka

@ Investigation of Sludge Volume from Abandoned Mine
Wastewater Treatment by Layered Double Hydroxides: A Case
Study Targeting As and Fe. [Mine Water and the Environment,
39(4), (2020), 881-887] Xinyi Yang, Mir Tamzid Rahman,
Tomohito Kameda, Yusei Masaki, Yuko Saito, Shogo Kumagai,
Toshiaki Yoshioka

@ Low-Temperature Catalytic Upgrading of Waste Polyolefinic
Plastics into Liquid Fuels and Waxes. [Applied Catalysis B:
Environmental, 285, (2020), 119805] Yosuke Nakaji, Masazumi
Tamura, Shuhei Miyaoka, Shogo Kumagai, Mifumi Tanji,
Yoshinao Nakagawa, Toshiaki Yoshioka, Keiichi Tomishige

@ Machine learning-based discrete element reaction model
for predicting the dechlorination of poly (vinyl chloride) in
NaOH/ethylene glycol solvent with ball milling. [Chemical
Engineering Journal Advances, 3, (2020), 100025] Jiaqgi Lu,
Sigingaowa Borjigin, Shogo Kumagai, Tomohito Kameda, Yuko
Saito, Toshiaki Yoshioka

@ Practical dehalogenation of automobile shredder residue in
NaOH/ethylene glycol with an up-scale ball mill reactor. [Journal
of Material Cycles and Waste Management, 22(5), (2020),
1620-1629] Jiaqi Lu, Sigingaowa Borjigin, Shogo Kumagai,
Tomohito Kameda, Yuko Saito, Yasuhiro Fukushima, Toshiaki
Yoshioka

@ Simultaneous recovery of high-purity Cu and poly(vinyl
chloride) from waste wire harness via swelling followed by
ball milling. [Scientific Reports, 10(1), (2020), 10754] Harendra
Kumar, Shogo Kumagai, Tomohito Kameda, Yuko Saito,
Toshiaki Yoshioka

@ Simultaneous treatment of HCI-SO2-NOx gas with Mg-
Al layered double hydroxide intercalated with COs* and its
recycling process. [International Journal of Environmental
Science and Technology, 17, (2020), 1179-1184] Tomohito
Kameda, Masahito Tochinai, Shogo Kumagai, Toshiaki Yoshioka
@® Synthesis of layered double hydroxide nanosheets in an
aqueous solvent and their Ni** uptake characteristics. [Applied

Clay Science, 200, (2020), 105911] Tomohito Kameda, Daichi
lkeda, Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka

@ Treatment of NO by a combination of MnO2 and a COs*
-intercalated Mg-Al layered double hydroxide. [SN Applied
Sciences, 2(6), (2020), 1075] Tomohito Kameda, Hiroki Uchida,
Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka
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@® Photostable near-infrared-absorbing diradical-platinum(ii)
complex solubilized by albumin toward a cancer photothermal
therapy agent. [RSC Advances, 10(11), (2020), 6460-6463]
Ryota Sawamura, Masataka Sato, Atsuko Masuya-Suzuki,
Nobuhiko Iki
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@ Biofabrication using electrochemical devices and systems.
[Advanced Biosystems, 4, (2020), 1900234] Kosuke Ino,
Fumisato Ozawa, Ning Dang, Kaoru Hiramoto, Shodai Hino,
Rise Akasaka, Yuji Nashimoto, Hitoshi Shiku

@ Bioimaging using bipolar electrochemical microscopy
improved in spatial resolution. [Analyst, accepted] Tomoki
lwama, Kumi Y. Inoue, Hiroya Abe, Tomokazu Matsue and
Hitoshi Shiku

@ Closed bipolar electrode array for on-chip analysis of
cellular respiration by cell aggregates. [ACS Sensors, 5(3),
(2020), 740-745] Kosuke Ino, Ryosuke Yaegaki, Kaoru
Hiramoto, Yuji Nashimoto, Hitoshi Shiku

@® Electrochemical detection of kallikrein using a
p-methoxyaniline-conjugated tripeptide towards simple
diagnosis of primary aldosteronism. [Chemistry Letters, 49(1),
(2020), 57-59] Kousuke Ohyama, Sun Sixiang, Kumi Y. Inoue,
Tomokazu Matsue and Takayuki Doi.

@ Electrochemical measurement of respiratory activity for
evaluation of fibroblast spheroids containing endothelial cell
networks. [Electrochimica Acta, 340, (2020), 135979] Kaoru
Hiramoto, Hao-jen Pai, Kosuke Ino, Yuji Nashimoto, Hitoshi
Shiku

@ Fabrication of three-dimensional calcium alginate hydrogels
using sacrificial templates of sugar. [Journal of Bioscience and
Bioengineering, accepted] Kosuke Ino, Mika T. Fukuda, Kaoru
Hiramoto, Noriko Taira, Yuji Nashimoto, Hitoshi Shiku

@ High-Resolution Electrochemical Mapping of the Hydrogen
Evolution Reaction on Transition-Metal Dichalcogenide
Nanosheets. [Angewandte Chemie International Edition,
59, (2020), 3601-3608] Yasufumi Takahashi, Yu Kobayashi,
Zigian Wang, Yoshikazu Ito, Masato Ota, Hiroki Ida, Akichika
Kumatani, Keisuke Miyazawa, Takeshi Fujita, Hitoshi Shiku, Yuri
E. Korchev, Yasumitsu Miyata, Takeshi Fukuma, Mingwei Chen,
and Tomokazu Matsue

@ Nanoscale kinetic imaging of lithium ion secondary battery
materials using scanning electrochemical cell microscopy.
[Chemical Communications, 56(65), (2020), 9324-9327]
Yasufumi Takahashi, Tsubasa Yamashita, Daiko Takamatsu,
Akichika Kumatani and Takeshi Fukuma.

@® Oxygen consumption rate of tumour spheroids during
necrotic-like core formation. [Analyst, in press, (2020)] Rei
Mukomoto, Yuji Nashimoto, Takato Terai, Takuto Imaizumi,
Kaoru Hiramoto, Kosuke Ino, Ryuji Yokokawa, Takashi Miura,
Hitoshi Shiku

@® Recent Advances in Electrochemiluminescence-Based
Systems for Mammalian Cell Analysis. [Micromachines, 11(5),
(2020), 530] Kaoru Hiramoto, Elena Villani, Tomoki lwama,
Keika Komatsu, Shinsuke Inagi, Kumi Y. Inoue, Yuji Nashimoto,
Kosuke Ino, Hitoshi Shiku

@ Recent advances in scanning electrochemical microscopic
analysis and visualization on lithium-ion battery electrodes.
[Current Opinion in Electrochemistry, 22, (2020), 228-233]
Akichika Kumatani, Tomokazu Matsue.

@ S/N co-doped hollow carbon particles for oxygen reduction
electrocatalysts prepared by spontaneous polymerization
at oil- water interfaces. [ACS Omega, 5(29), (2020), 18391-
18396] Hiroya Abe, Kohei Nozaki, Shu Sokabe, Akichika
Kumatani, Tomokazu Matsue, Hiroshi Yabu.

@i IEEE YA MOBRILZAA—Y VIV ICET REBERNERILFEEIL
BEMEEORFEISA . [BXEE, 88(3), (2020), 229-234] =iERE ,
FERE—, BRAA% , FHXE , EHMT , KRkE—, BEEIL
OLERET I\ A ZAZAWLRYIRYAV IV TILELBAFLYT
IW—DBESILFETR . [ 2T, BR ] AR, IVIREE , ILE#HEX,
BT, RKE—, BEEN, TR

ONAATFT VT —avIicL2EFKRBEMBE. [LFETE,
73(10), (2020), 742-743] REFEN
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@ A precise deconvolution method to derive methane hydrate

cage occupancy ratios using Raman spectroscopy. [Chemical
Engineering Science, 214(16), (2020), 115361] Yuya Hiraga,
Takuya Sasagawa, Shinichiro Yamamoto, Hiroyuki Komatsu,
Masaki Ota, Takao Tsukada, Richard L. Smith

@ Bifunctional carbon Ni/NiO nanofiber catalyst based on
5-sulfosalicylic acid for conversion of C5/C6 carbohydrates
into ethyl levulinate. [Reaction Chemistry and Engineering,
5(9), (2020), 1759-1767] Haixin Guo, Yuya Abe, Xinhua Qi,
Richard Lee Smith

@ Catalytic hydrogenation of levulinic acid in ionic liquid
mixtures using hydrogen gas in high-pressure COz. [Journal
of Supercritical Fluids, 164, (2020), 104891] Haixin Guo, Shida
Tomoka, Richard Lee Smith

@ Complete dechlorination of lindane over N-doped porous
carbon supported Pd catalyst at room temperature and
atmospheric pressure. [Science of the Total Environment, 719,
(2020), 137534] Jirui Yang, Xinhua Qi, Feng Shen, Mo Qiu,
Richard Lee Smith

@ Controlled conversion of sodium hyaluronate into low-
molecular-weight polymers without additives using high-
temperature water and fast-heating-rates. [Journal of
Supercritical Fluids, 155, (2020), 104638] Taku Michael Aida,
Minori Oshima, Tanjina Sharmin, Kenji Mishima, Richard L.
Smith

@ Cycloamination strategies for renewable N-heterocycles.
[Green Chemistry, 22(3), (2020), 582-611] Hu Li, Haixin Guo,
Zhen Fang, Taku Michael Aida, Richard Lee Smith

@ Distribution coefficients of salicylic acid and methyl
salicylate in high-pressure CO: -water - ethanol systems.
[Journal of Supercritical Fluids, 166, (2020), 105013] Yuta
Sugimoto, Masaki Ota, Yoshiyuki Sato, Richard Lee Smith,
Hiroshi Inomata

@ Local composition models for predicting Kamlet-Taft
dipolarity/polarizability of nonaqueous binary and ternary
mixtures. [Journal of Molecular Liquids, 304, (2020), 112691-
112691] Alif Duereh, Haixin Guo, Yoshiyuki Sato, Hiroshi
Inomata

@ Mechanistic role of protonated polar additives in ethanol
for selective transformation of biomass-related compounds.
[Applied Catalysis B: Environmental, 264, (2020), 118509]
Haixin Guo, Alif Duereh, Yagiong Su, Emiel J.M. Hensen, Xinhua
Qi, Richard Lee Smith

@® Role of impurity components and pollutant removal
processes in catalytic oxidation of o-xylene from simulated
coal-fired flue gas. [Science of the Total Environment, in
press(2020), 142805] Yuting Wang, Xiao Zhang, Boxiong Shen,
Richard Lee Smith, Haixin Guo

@ Supercritical Hydrothermal Synthesis of Polyacrylic Acid-
Capped Copper Nanoparticles and Their Feasibility as

Conductive Nanoinks. [Journal of Electronic Materials, 49(10),
(2020), 5681-5686] Nanami Numaga, Hiromichi Hayashi,
Richard L. Smith

@® Synthesis of ethyl levulinate over amino-sulfonated
functional carbon materials. [Renewable Energy, 157, (2020),
951-958] Haixin Guo, Yuta Hirosaki, Xinhua Qi, Richard Lee
Smith
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@® Special Issue on Hydrothermal and Solvothermal
Approaches toward Bio-products.[ Journal of Supercritical
Fluids, 165, (2020)] Zhen Fang, Richard L. Smith, Hu Li

[EZE]

@ Production of Biofuels and Chemicals with Pyrolysis. [(2020),
Springer-Nature] Fang, Zhen, Smith, Richard L, Xu, Lujiang

BEMRIREIFE (REH)

(&)

@ A Review of Piezoelectric and Magnetostrictive Biosensor
Materials for Detection of Covid-19 and Other Viruses.
[Advanced Materials, in press, (2020)] Fumio Narita, Zhenjin
Wang, Hiroki Kurita, Zhen Li, Yu Shi, Yu Jia, Constantinos
Soutis

@ Assessing the Flexural Properties of Epoxy Composites
with Extremely Low Addition of Cellulose Nanofiber Content.
[Applied Sciences, 10, (2020), 1159] Y. Xie, H. Kurita, R.
Ishigami and F. Narita

@ Electromechanical Response and Residual Thermal Stress
of Metal-Core Piezoelectric Fiber /Al Matrix Composites.
[Sensors, 20(20), (2020), 5799] Yinli Wang, Tetsuro Yanaseko,
Hiroki Kurita, Hiroshi Sato, Hiroshi Asanuma, Fumio Narita

@® Experimental Evaluation of Tensile Properties of Epoxy
Composites with Added Cellulose Nanofiber Slurry. [Strength
of Materials, 52(5), (2020), 798-804] H. Kurita, R. Ishigami, C.
Wu, F. Narita

@® Fabrication and Mechanical Properties of Carbon-
Fiber-Reinforced Polymer Composites with Lead-Free
Piezoelectric Nanoparticles. [Sensors and Materials, 32(7),
(2020), 2453-2462] Hiroki Kurita, Zhenjin Wang, Hiroaki
Nagaoka, Fumio Narita

@® Fabrication, Modeling and Characterization of
Magnetostrictive Short Fiber Composites. [Materials, 13(7),
(2020), 1494] Zhenjin Wang, Kotaro Mori, Kenya Nakajima,
Fumio Narita

@ High temperature electromechanical response of multilayer
piezoelectric laminates under AC electric fields for fuel
injector applications. [International Journal of Mechanics
and Materials in Design, 16(1), (2020), 207-213] Fumio Narita,
Ryohei Hasegawa, Yasuhide Shindo

@® Impact energy harvesting by Fe-Co fiber reinforced Al-Si
matrix composite. [Materialia, 10, (2020), 100644] Manabu
Seino, Lixin Jiang, Zhenjun Yang, Kenichi Katabira, Tadaaki
Satake, Fumio Narita, Go Murasawa

@ Microstructure-Enhanced Inverse Magnetostrictive Effect
in Fe-Co Alloy Wires. [Advanced Engineering Materials, 22(10),
(2020), 2000026] Takahiro Yamazaki, Kenichi Katabira, Fumio
Narita, Yasubumi Furuya, Wataru Nakao

@ Multi-Scale Analysis and Testing of Tensile Behavior in
Polymers with Randomly Oriented and Agglomerated Cellulose
Nanofibers. [Nanomaterials, 10, (2020), 700] F. Narita, Y. Wang,
H. Kurita and M. Suzuki

@ Numerical and Experimental Investigation of the Through-
Thickness Strength Properties of Woven Glass Fiber
Reinforced Polymer Composite Laminates under Combined
Tensile and Shear Loading. [Journal of Composites Science,
4, (2020), 112] T. Kanno, H. Kurita, M. Suzuki, H. Tamura and F.
Narita

@® Potassium sodium niobate lead-free piezoelectric
nanocomposite generators based on carbon-fiber-reinforced
polymer electrodes for energy-harvesting structures.
[Composites Science and Technology, 199, (2020), 108331]
Zhenjin Wang, Hiroki Kurita, Hiroaki Nagaoka, Fumio Narita

@ Twisting and Reverse Magnetic Field Effects on Energy
Conversion of Magnetostrictive Wire Metal Matrix Composites.
[Physica Status Solidi - Rapid Research Letters, 14(10), (2020),
2070039] Zhenjun Yang, Zhenjin Wang, Manabu Seino,
Daisuke Kumaoka, Go Murasawa, Fumio Narita
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@® Combined effect of acoustic cavitation and pulsed
discharge plasma on wastewater treatment efficiency in a
circulating reactor: A case study of Rhodamine B. [Ultrason.
Sonochem., 68, (2020), 105236] Sergey Komarov, Takuya
Yamamoto, Yu Fang, Daiki Hariu

@ Dynamic behavior of acoustic cavitation bubble originated
from heterogeneous nucleation. [J. Appl. Phys., 128, (2020),
044702] Takuya Yamamoto, Sergey Komarov

@ Evaluation of aluminum dross generation rate during
mechanical stirring of aluminum through model experiment
and numerical simulation. [Metall. Mater. Trans. B, 51B,
(2020), 1836-1846] Takuya Yamamoto, Kenya Kato, Sergey V.
Komarov, Ryosuke Taniguchi, Yasuo Ishiwata

@ InGaixSbSe mixed crystals grown from an In flux by the
traveling heater method for THz wave generation. [J. Phys.
Commu., 4, (2020), 065007] Y. Sato, C. Tang, K. Watanabe, J.
Ohsaki, T. Yamamoto, T. Tanabe, Y. Oyama

@ Liquid jet directionality and droplet behavior during
emulsification of two liquids due to acoustic cavitation.

[Ultrason. Sonochem., 62, (2020), 104874] Takuya Yamamoto,
Sergey Komarov

@ Optical and electrical properties of In.Gai«xSe mixed crystal
grown from indium flux by the traveling heater method. [J.
Elect. Mater., (in press)] Y. Sato, C. Tang, K. Watanabe, M.
Nakajima, T. Yamamoto, N. Tezuka, T. Tanabe, Y. Oyama

@ Surface roughness variation and microstructural evolution
of Au thin films in rapid annealing by microwave and electric
furnace heating. [Thin Solid Film, 7, (2020), 138352] N.
Yoshikawa, T. Igarashi, H. Taguchi, A. Nagata, S. Komarov

@ Terahertz wave generation via difference frequency
generation by using 2D InsGaixSe crystal grown from indium
flux. [Opt. Express, 28, (2020), 472-477] Y. Sato, C. Tang, K.
Watanabe, J. Ohsaki, T. Yamamoto, N. Tezuka, T. Tanabe, Y.
Oyama

@ RFBIBEICH ITDRIBE SHEIBORRIEDERR . [ RBAFE
FERMAT AT Y5 — - Ty y—2EHERE L3R ], 19(1), (2020),

2-3] IiAR =t
OEELEENHFICEIZBEHARM. [{LFITFERFE, 84, (2020),
255] LA =t

OEMEZTEENSORNAX EMEIERYIaL—yavickd
IVILY IV ERICRAE T 2R REY oy NAEIRERE . [V /TS X
Y—22Z1—XL%—, 14, (2020), 32-35] |LA =t

QBT RFrET—YavREDNE. BIE. A—AHN=XLOMEH.
[ ERARZEREL Y — Supercomputing News, 22, Special
Issue 1, (2020), 25-29] LA =t
OYENIERAZAAUCBRERMNETILI =V AEETOERDOME.
[&£E, 70, (2020), 318-319] A¥O 7L, ILAsE
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@ A precise deconvolution method to derive methane hydrate

cage occupancy ratios using Raman spectroscopy. [Chemical
Engineering Science, 214, (2020), 115361(1)-115361(5)] Hiraga,
Y., Sasagawa, T., Yamamoto, S., Komatsu, H., Ota, M., Tsukada,
T., Smith, R.L., Jr.
@ Distribution coefficients of salicylic acid and methyl
salicylate in high-pressure COz water - ethanol systems.
[Journal of Supercritical Fluids, 166, (2020), 105013(1)-
105013(8)] Yuta Sugimoto, Masaki Ota, Yoshiyuki Sato, Richard
Lee Smith, Hiroshi Inomata
@ Kamlet-Taft Dipolarity/Polarizability of Binary Mixtures of
Supercritical Carbon Dioxide with Cosolvents: Measurement,
Prediction, and Applications in Separation Processes.
[Industrial & Engineering Chemistry Research, 59(27), (2020),
12319-12330] Alif Duereh, Yuta Sugimoto, Masaki Ota,
Yoshiyuki Sato, and Hiroshi Inomata
OEERMEMZRONZRICEET DI DEBNEEEEFZEHL
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@ Dry synthesis of single-nanometer-scale Pt Si fine particles
for electrocatalysis. [Journal of Electroanalytical Chemistry,
876, (2020), 114492] Naoto Todoroki, Shuntaro Takahashi,
Kotaro Kawaguchi, Yusuke Fugane, Toshimasa Wadayama

@ Model building analysis - a novel method for statistical
evaluation of Pt Ls-edge EXAFS data to unravel the structure
of Pt-alloy nanoparticles for the oxygen reduction reaction
on highly oriented pyrolytic graphite. [Physical Chemistry
Chemical Physics, 22, (2020), 18815-18823] Felix E. Feiten,
Shuntaro Takahashi, Oki Sekizawa, Yuki Wakisaka, Tomohiro
Sakata, Naoto Todoroki, Tomoya Uruga, Toshimasa Wadayama,
Yasuhiro lwasawa, Kiyotaka Asakura

@ Online Electrochemical Mass Spectrometry Combined with
the Rotating Disk Electrode Method for Direct Observations
of Potential-Dependent Molecular Behaviors in the Electrode
Surface Vicinity. [Journal of The Electrochemical Society,
167(10), (2020), 106503] Naoto Todoroki, Hiroto Tsurumaki,
Hiroki Tei, Tomohiro Mochizuki, Toshimasa Wadayama
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@® A methodology of steel microstructure recognition using
SEM images by machine learning based on textural analysis.
[Materials Today Communications, 25, (2020), 101514]
Kazumasa Tsutsui, Hidenori Terasaki, Kyohei Uto, Tatsuya
Maemura, Shogo Hiramatsu, Kotaro Hayashi, Koji Moriguchi,
and Shigekazu Morito

@ Interpretability of deep learning classification for low-
carbon steel microstructures. [MATERIALS TRANSACTIONS,
61 (8), (2020), 1584-1592] Tatsuya Maemura, Hidenori
Terasaki, Kazumasa Tsutsui, Kyohei Uto, Shogo Hiramatsu,
Kotaro Hayashi, Koji Moriguchi, and Shigekazu Morito

@ Influence of Sn on practical performances of structural
steels. [International Journal of Mining, Materials, and
Metallurgical Engineering (IJMMME), 6, (2020), 27-34] Kazuki
Inujima and Kazutoshi Ichikawa
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@® Assessment of spatio-temporal distribution of CO2 over
greater Asia using the WRF-CO2 model. [J. Earth Syst. Sci,,
129, (2020), 80] Ballav, S., M. Naja, PK. Patra, T. Machida and H.
Mukai

@ 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., 20, (2020),
1043-1074] Nakajima, H., I. Murata, Y. Nagahama, H. Akiyoshi,
K. Saeki, T. Kinase, M. Takeda, Y. Tomikawa, E. Dupuy, and N. B.
Jones

@ Detection of fossil-fuel CO2 plummet in China due to
COVID-19 by observation at Hateruma. [Sci Rep, 10, (2020),
18688].Tohjima, Y., Patra, PK., Niwa, Y., Mukai, H., Sasakawa M.,
and Machida, T.

@ Siberian and temperate ecosystems shape Northern
Hemisphere atmospheric COz seasonal amplification. [PNAS
September 1, 117 (35), (2020), 21079-21087] Lin, X., B. M.
Rogers, C. Sweeney, F. Chevallier, M. Arshinov, E. Dlugokencky,
T. Machida, M. Sasakawa , P. Tans, and G. Keppel-Aleksa

@ Spatio-temporal variations of the atmospheric greenhouse
gases and their sources and sinks in the Arctic region. [Polar
Science, In Press, (2020), 100553] Morimoto, S., D. Goto, S.
Murayama, R. Fujita, Y. Tohjima, S. Ishidoya, T. Machida, Y. Inai, P.
K. Patra, S. Maksyutov, A. Ito, S. Aoki

@ Statistical characterization of urban CO2 emission signals
observed by commercial airliner measurements. [Scientific

Reports, 10, (2020), 7963].Umezawa, T., H. Matsueda, T. Oda, K.
Higuchi, Y. Sawa, T. Machida, Y. Niwa, and S. Maksyutov

@® The Global Methane Budget 2000-2017. [Earth Syst. Sci.
Data, 12, (2020), 1561-1623] Saunois, M., Stavert, A. R., Poulter,
B., Bousquet, P.,, Canadell, J. G., Jackson, R. B., Raymond, P. A.,
Dlugokencky, E. J., Houweling, S., Patra, P. K., Ciais, P., Arora,
V. K., Bastviken, D., Bergamaschi, P., Blake, D. R., Brailsford, G.,
Bruhwiler, L., Carlson, K. M., Carrol, M., Castaldi, S., Chandra,
N., Crevoisier, C., Crill, P. M., Covey, K., Curry, C. L., Etiope, G.,
Frankenberg, C., Gedney, N., Hegglin, M. I., Hoglund-Isaksson,
L., Hugelius, G., Ishizawa, M., Ito, A., Janssens-Maenhout, G.,
Jensen, K. M., Joos, F., Kleinen, T., Krummel, P. B., Langenfelds,
R. L., Laruelle, G. G., Liu, L., Machida, T., Maksyutov, S.,
McDonald, K. C., McNorton, J., Miller, P. A., Melton, J. R.,
Morino, 1., Mdller, J., Murgia-Flores, F., Naik, V., Niwa, Y., Noce,
S., O'Doherty, S., Parker, R. J., Peng, C., Peng, S., Peters, G.
P., Prigent, C., Prinn, R., Ramonet, M., Regnier, P., Riley, W. J.,
Rosentreter, J. A., Segers, A., Simpson, I. J., Shi, H., Smith, S. J.,
Steele, L. P, Thornton, B. F,, Tian, H., Tohjima, Y., Tubiello, F. N.,
Tsuruta, A., Viovy, N., Voulgarakis, A., Weber, T. S., van Weele,
M., van der Werf, G. R., Weiss, R. F.,, Worthy, D., Wunch, D., Yin,
Y., Yoshida, Y., Zhang, W., Zhang, Z., Zhao, Y., Zheng, B., Zhu, Q.,
Zhu, Q., and Zhuang, Q.

(a5 - #RaR

@BHICLBEYZIY D DER . [EY
hERE

1

>, 94, (2020), 469-491]

RIGMFEHEERE Y 5 —

[Fwx]

@ Variations in trace elements, isotopes, and organic
geochemistry during the Hangenberg Crisis, Devonian-
Carboniferous transition, northeastern Vietnam. [Island Arc,
29(1), (2020), e12337] Shizuya, A., Oba, M., Ando, T, Ogata, Y.,
Takashima, R., Nishi, H., Komatsu, T. and Nguyen, P.
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@ ZAKA RUHMA

TFabrication and Characterization of Metal-Supported Solid
Oxide Fuel Cells (£BXFFEHABRIC MTARIE D /FR & FT) )
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@ WANG JIAJIE

"TEnhanced hydrogen production with CO: utilization and
storage through hydrothermal alteration of peridotite (F1>5>
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"Exploring the interactions between microbes and plants in
rhizosphere of arsenic hyperaccumulators to improve arsenic
phytoremediation (7 7 hLXT 1 T—YaVREEDHDOERE
EEEEYRBICEITHMEY —EYEEEERDORR) |
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"Performance Evaluation of Anaerobic Membrane Bioreactor
in Treating Dairy Food Industrial Wastewater (&R 2B MEFEE
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"Hydrogen production from aluminium waste materials and
acidic hot spring water as advanced direct use of geothermal
energy (JoEREBEEFIAEUTORZILIZVALRERRZAWN
foIKRENE) |
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@ Vu Minh Chien

TStudy on Mechanical Properties of Modified Sludge by
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'Study on novel fabrication processes of AIN by pulsed DC
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