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Prefatory Note

First, on behalf of the Graduate School of Environmental Studies at Tohoku
University, I would like to express our deepest gratitude for your continued
understanding and support for our research and education programs.

The fiscal years 2020 and 2021 were dominated by COVID-19. On January 16,
2020, the first COVID-19 patient was recorded in Japan. Although it has
already been two years as we have now entered 2022, at the time of this
writing, the sixth wave of infections driven by the omicron variant is spreading
across Japan. Thus, we are publishing this 19th Activity Report still amid 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 the 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 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. 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), it has implemented

the International Environmental Leadership Program (IELP). As the program’s
third term, the International Security Environmental Leadership Program
(ISELP) has been selected (with three students in the master’s program and
five in the doctoral program). This program enables the school to host
international students every year, focusing on those from ASEAN countries.
In addition, fiscal year 2019 saw the founding of the International Graduate
Program in Resilience and Safety Studies, for which the school will assume a
facilitator role. Students have already begun enrolling. We are also actively
involved in other international, collaborative programs at graduate schools
and WISE Programs.

As a research organization, we are strengthening the 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. Starting in April 2022, we
are launching the Resource Strategy Research Center as an organization
within the graduate school to enhance our activities on issues related to
resources.

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 the human race. How will the global
environment—which currently sees globalization literally covering the entire
world—change, or how should it change, in a post-COVID-19 world? I feel
that 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 that 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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understanding of various geosphere information

WEEIEETA - 9T $49'EF Geo-environmental Measurement and Analysis
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Measurement, observation and equipment development for

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.
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Fig.1 Changes in porosity and p-wave velocity of gabbro and granite after experiments.

Fracturing of rocks by fluid phase change

In previous studies, we have reported that the rapid decompression of
granitic rocks in supercritical water at temperatures above 400°C can
induce significant cracks in the rock due to the temperature drop caused by
the boiling of the internal fluid and the adiabatic expansion. In addition,
we showed the involvement of quartz in the granite is significant, together
with the results of numerical simulations. Moreover, we have reported that
the quartz in the granite is largely responsible for this phenomenon. This
phenomenon is important for understanding the causes of rock fractures in
the Earth’s deep crust and/or near volcanoes. In this study, we conducted
experiments using rocks other than granite, especially gabbro, in which
quartz is almost absent. As a result, it was confirmed from the observation
of porosity and P-wave velocity that the degree of fracture initiation was
lower in the gabbro than it was in the granite under the same pressure
reduction conditions. This result suggests that a certain amount of quartz
content in the rock is necessary for fracture initiation by external thermal
stress, as inferred from the previous discussion (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. In other words, once heated, minerals emit less light, so
minerals that have been in a geothermal environment should emit relatively
less light. Therefore, by observing the degree of luminescence, it is possible
to screen promising geothermal resource sites from the minerals in the rock
samples obtained during surface exploration. In 2021, we mainly investigated
the behavior of spontaneous thermoluminescence of feldspar using the
apparatus developed in the previous year. As a result, we found that although
the luminescence intensity of feldspar is much smaller than that of quartz, it
could be observed sufficiently with the developed apparatus. In addition, we
found the luminescence behavior is generally the same as that of quartz and
that the luminescence behavior differs slightly depending on the type of
feldspar (Fig.2). From these results, it can be said that feldspar TL can be
used for geothermal exploration in the same way as quartz TL.
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Fig.2 Results of TL observations of K-feldspar and plagioclase.
TL intensity is larger in K-feldspar than in plagioclase.

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

Hydrogen is generated when a strongly acidic solution at pH 1-2 and
metallic aluminum react at about over 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. In
2021, we conducted a hydrogen production experiment using strongly
acidic hot water and aluminum and a power generation experiment using a
hydrogen fuel cell at the Tamagawa Acidic Water Neutralization Facility
in Senboku City, Akita Prefecture, as well as using the reaction system
developed in the previous year. As a result, we succeeded in generating
electricity continuously by introducing the hydrogen extracted from the
reactor directly into the hydrogen fuel cell (Fig.3 and Fig.4). As a result, it
can be said that the power generation system using Tamagawa acidic hot
spring water and aluminum to operate the hydrogen fuel cell has been
successfully established.

Fig.3 Power generation experiment by hydrogen fuel cell
using produced hydrogen.

Fig.4 Illuminated lamp operated by hydrogen fuel cell.
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BisESMEEIREIS 4 EF Nanocomposite Science and Interfacial Materials Design
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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
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Our laboratory is in the research area of advanced nanomaterials for clean energy (alternative energy and hydrogen energy). To fabricate, assemble, and
composite organic/inorganic materials with high-performance functions created from combinations of each material’s properties is one of the most
fascinating and necessary areas of research. In this laboratory, we design, synthesize, and characterize the assembly, composites, and organic/inorganic
materials based on surface/interface design to apply nanomaterials’ properties to bulky materials (Fig. 1). In particular, we have challenged ourselves to
create and develop highly functional nonmetal light element materials (carbon-based materials including boron, nitrogen, oxygen, fluorine, sulfur, and
phosphorus) with high-performance surfaces and interfaces. Such materials are necessary for the field of next-generation clean energy, which in turn is

needed to meet sustainable development goals (SDGs).
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Fig.1 Our research topics.

Sulfur doping of carbon nitrides

Carbon nitrides (CNy) are synthesized by thermal treatment of nitrogen-
containing organic compounds such as urea and melanin pigment. Their
electrical properties are semiconducting, and they are expected to be used
as photocatalysts for decomposing water to produce hydrogen. However,
CN; require improvement in carrier density and tuning of their optimal
band gap for sunlight. To address this issue, we have doped CN, with
sulfur via heat treatment of a mixture of urea and sulfur-containing
organic compounds (Fig.2). The goal of this study is to control the
electrical properties of sulfur-doped CN; by precisely controlling sulfur
doping.

Development of carbon-based material
catalysts for use in polymer electrolyte
fuel cells

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
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Fig.2 Photograph of sulfur-doped CNx. As the amount of sulfur doping
increased, the color of the sample changed to blackish brown.

Fig.S1 Lab members (2021).

Fig.S2 New crew. Kyosuke Miyamoto (B3).

(polymer electrolyte fuel cell: PEFC) (&, A REBEDHIA
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reduction reaction: ORR) fit#& UCERSINTWSEEMMIE TH
%, BERIFEMEN DL FMHEWN, 22T BREFEALEV
RERF/MEEENMEHREPHAMOR TEEENTWS, HICER
R—TRFRF/HRIEEVWAEEEZRT, ULHL. ZOXAAZILA
FBASINTE ST, EEERD ORR MEICKRHESNDERGEZHT
fHEE RIEICERTZETVRW, AR TR, BRN—TREMEO
ORR fRIEFEXN =X LADEADIHIC. 7vRIL—B7vHRLE
BHITBIEICELD, HRABBRELZZBRNICKRMBANR—EVS
IBIEETO>TWS,

2RTFILEY (MXene) DERE
RELFISEH

PEFC Tid. BificnkRE{LKIG (hydrogen oxidation reaction:
HOR). IEfET®D ORR IC &> THEEI N, BEMEICIFEIEKER
NERAINZ ). MBEOCEBMENERSND, 2 RTHH
MXene (&, BEEE (Ti.V. Nb, Mo) £FEEBEITHR (C.N) H»
SERINZIBRIEEWTH . TisCz IFREMNR MXene THD
(Fig.3). MEEMEICENTWD, AMETIH. EMEEER HOR ARE®
ORR ft#EZ BIEL. TisC. DILEREBMICL>TEFYEDOER
Z{ToTW3,

HRE

- JSPS RIZHIE MBS 18H04145 (REFHE (A) KK)

- JSPS RiHIF B MBS 19K21911 (SEMEIE (#3F )/ RK)
- HFEWRSE (X757 I77HRRM / RK)

HREFHFR
P RAFSTITKRRY (R

Fig.3 SEM photograph of TisC> MXenes.

Fig.4 Pizza party.

electrolyte fuel cells (PEFCs) have been created, they are not yet 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 tried to
selectively dope carbon nanomaterials with nitrogen atoms via a
fluorination—defluorination process to clarify the ORR catalytic activity
mechanism for nitrogen-doped carbon materials.

Synthesis and surface chemical modification
of two-dimensional titanium compounds
(MXenes)

PEFCs are operated by hydrogen oxidation reaction (HOR) at an anode and
ORR at a cathode. Since acidic aqueous solutions are used as an electrolyte,
acid-resistant electrocatalysts are required. Two-dimensional material
MXenes are layered compounds composed of transition metals (Ti, V, Nb,
and Mo) and nonmetallic light elements (C and N). Ti;C; is a typical
MXene (Fig.3) and has excellent acid resistance. In this study, we
modulated the electronic properties of TisC, using chemical surface
modification to achieve high-performance HOR and ORR catalysts.

Grants

*JSPS KAKENHI 18H04145 (Scientific Research (A)/PI)

*JSPS KAKENHI 19K21911 (Challenging Research (Exploratory)/PI)
* Collaboration grant (STELLA CHEMIFA Corporation/PI)

Collaborators
* STELLA CHEMIFA Corporation (Research Division)

Fig.5 Graduation photo (March 2021). From left, Ryudai
Tsukidate (B4), Yuto Sano (B4), and Minori Kokubo (M2).
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ISR MRS EF  Design of Environment-Friendly Materials
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Design of materials harmonizing with environment and life Professor

Masanobu Kamitakahara

RE. BRIBRABMBZABALTEERZEATVS, FRAUEGHIZBRIZLHICE. RERZORIDSOMBOTYA Y NRET
Hd. ARHFTIE. MHREBR ERBEROVEFBICOVWTOERZAMICIML, RERZFOHELNS, EGPRECHML. SSICIFER
WICEGPERACBHENT THLUWANZERAHITHROTH IV OEKRET>TWVWD, BRNICIE, £EREBETZHOMR. BEYZET
BURI\AAVF7 V5 —Dich DIBGHM K REZF LT ZHOME BEICHAMNTZLIIVIAT-TA VI RBREDRAEET>TWS,

Nowadays, we are using many materials in our daily lives. From the viewpoint of environmental science, materials design helps to build a sustainable

society. In this laboratory, based on the fundamental science of the relationship between materials and phenomena in nature and life, we study the design

of materials that produce harmony between the environment and human life from the viewpoint of environmental science. We are studying and developing

biomaterials to repair our bodies, materials for bioreactors, materials to clean the environment and materials that are in harmony with the environment.

BBEEZEEBELIEYVEAILDDLEXY N OER

RFITHAATN D BEEMBORRZT>TWS, BBHEZRY
FEAFBERBREAY MROATBORENRDSNTND, ThETIC,
EFEATRNENEORBICHEAREND Y VBN TLIRRE A
HOERICHENILTWVWD, INSDIRREAGKZY VBRI TLE
EXVKNCHEBALZEICED, P EEBOEATRERYI/OR
LEFRPYVINVEDEATRERII/OK[ILOMAZE I DHAR
ZHEUVVBNOINDILBEX Y NODRFKEED TS, UVEAIL
VULREIAEDBEBEPENLICHESIERIDOIXRICED, BBE
BADBEWEXY NDERHZRIELTWS,

FH=185 U BEEMHEOFR

AIBCEAZBEUTHEEZNELEISEVWSHANEBENT
W3, BEFLERZEMNICHKESESOICE. EAIDREES
ZHHITDVENH B, ZDHICIE. BHOBFAENEETH D
EEZ D, FMARTI. EKADBRTEDEADBHERICEZ D

Optical image of Slice

T

Preparation of calcium phosphate cement
for bone regeneration

We are preparing bone repair materials that are incorporated into
metabolism. Development of injectable artificial bone cements that
promote bone regeneration is desired. We have succeeded in preparing
spherical porous calcium phosphate ceramics that are incorporated into
bone metabolism. By incorporating these spherical porous bodies into
calcium phosphate bone cement, we developed a new porous calcium
phosphate bone cement that has macropores that allow cells and bone
tissue to enter as well as micropores that allow body fluid and protein to
enter. We aim to produce cement with high bone regeneration ability by
selecting the type of calcium phosphate spherical porous ceramics and the
reaction that contributes to hardening.

Preparation of drug-loaded bone repair
materials

Many attempts have been made to load drugs on artificial bones to impart
a function. To induce a drug’s function effectively, it is necessary to
control the drug’s release behavior. For that purpose, we think the drug-
loading method is important. In this study, we are investigating the effect
of the drug-loading method on the release behavior of the drug. It was
revealed that when a spherical porous body of octacalcium phosphate

Mapping at 817 cm' (OCP) 1 Mapping at 3570 cm-' (HA)
2474 i
- I 1'.':I-
6000 18800 1ESEE TE000 18500 1A0E1S
X jurg X [urm]

B |

Fig.2 FT-IR mapping of the cross section of calcium phosphate granules
with drugs which promote bone formation. The surface is rich in octacalcium

phosphate (OCP) and the interior is rich in hydroxyapatite (HA).

Fig.1 Cross section of the porous calcium phosphate
cement containing spherical calcium phosphate granules.
(a) Low magnification and (b) High magnification.

o i .
Fe—y
B B2 5E
Assistant Professor
Masaki Umetsu

Group Photo

BEARNTND, BEERNIOEVWI VEBANILY ILKRRKREZ L iEZ
BEMBRDICEDERTZRIC. BRZHESI BRI THREICE
RlziBiFgdlenTEBIEZBEEMLIe, —A T YVEAAL
VULBRSAGOERBICERZERFI L. BRETEFEITE
IRRBICHHELTLES S EZBASMILTWS,

WEMEFRULENAAV T 75 —DfHD
BisEOER

MEMENBLIN\AAVT I I—C L2 BEINPERES AL
MEEINTWD, NI AVTII—DBREROIHICIF. MEYER
EICEFTEDIMRIRDSND, WEYOBROLDICIE. HMED
DEEULPTVWRAZHOMBORAENEETHZEEZXD, KRR
Tld. BKEOBBWBILF ¥V ERBICERILZIIEDTEZFY
VEBICEB U, BADERETRILIBLITF Y Y2 BEIRZ FH
L. ZOERETOMEDDEEEHICDOVWTHANTNS,

RSt EREADBERAZEEL
t7=W7ZJ—74J7k%?%W%

BEFAMARKEBICEVWTE., EROBBARBICHINLIOER 5
EOXKZHATEZDT, KDKREBRREERENPFTES, LHL.
RELDEEBEEDKEFATZOT. FEAT LM ICKDE
BiENKRDHEND, 22T BEFAKRECHEENSVWEHEFET
EZEIIVIRI—TA VDRI DWTHART, FILIFEL
CINAZ7ERREFRMCA—T a7 Ul 2 EE Uz, Th5D
A—Fa vV ERURZRMIE. -T2 %20 TWRVWRER L

BEBRMIZSNDZEZHASMMILTVS,

FRETOED

LIEREE BANAMAYTUZIZSFBE. BEESIVI I
SEGREEMRISRE, BRI UTILZRTEES

|

Water drop

Fig.3 The surface-treated titanium to improve the hydrophilicity.

having high bone regeneration ability is produced by a dissolution—
precipitation reaction, the drug could be firmly loaded by coexisting the
drug. On the other hand, it was also revealed that when a drug is supported
after the production of octacalcium phosphate spherical porous body, it
can be supported at a high concentration but is released at an early stage.

Preparation of scaffold materials
for bioreactors using microorganisms

Attention is being paid to metal recovery and environmental purification
by bioreactors using microorganisms. To construct a bioreactor, a material
capable of stably supporting microorganisms is required. To support
microorganisms, it is important to develop a material with a surface on
which microorganisms can easily adhere. In this study, we focused on
titanium metal, which can form highly hydrophilic titanium oxide on the
surface. Titanium metal substrates that have been oxidized under various
conditions have been prepared, and the adhesion behavior of
microorganisms on the substrates has been investigated.

Research on ceramic coatings for application
to supercritical geothermal power generation

In supercritical geothermal power generation, higher temperature and
higher pressure water can be used compared to conventional geothermal
power generation, so a larger power generation capacity can be expected.
However, because water with higher temperature and pressure is used,
high corrosion resistance is required depending on the materials used.
Therefore, we investigated the possibility of ceramic coating, which is
expected to have high corrosion resistance in supercritical water
environments. Carbon steels coated with alumina and zirconia were
prepared. It has been shown that these coated carbon steels are less
corrosive than uncoated carbon steels are.

Activities in academic societies

M. Kamitakahara: Committee Member of the Japanese Society for
Biomaterials, Committee Member of Division of Ceramics in Medicine,
Biology and Biomimetics of the Ceramic Society of Japan, Council of the
Society of Inorganic Materials, Japan, etc.

Fig.4 Alumina coating on carbon steel for corrosion resistance.
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RIBFMNBENA AT/ OV —Ic&D
B3 & &R BT D R F

i HLE T
The Development of Environmentally Friendly Biotechnologies Professor

for Pollution Remediation and Resource Recovery Chihiro Inoue

EMRER. FEMELTWRESBPEDBEERILAYICLSLE - T KORREBFRE LS, #HTERNOFEBEMNICLZERTEME
ZRERIDEWRFEELUC EYHREZEFENUVCBEIX - BREEFOREEERMCPERDEMICLDBRIZCEZAEL. NS0
BRiffAAEICE I 2MREToTV\S, UT 2021 FOELMEFHZENTS 1 (1) 1B - WEVZBWAZTESBLEYWICEIZTIE - KRR
BROBEICETZME. 2) EYREZABULCRERTORHKICEIZHAA. (3) ERBEFOVAIVOTIRAFYIDRESE LV ZDDHE
TOtRICEIBME

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 they 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 2021: (1) phyto- and bioremediation of heavy metals from polluted soil and water, (2) development of biotechnologies by using complex

biological systems, and (3) investigation of the distribution and degradation process of microplastic in soil.

fEY - MEMZERWEEERRLEYICL S LIE -
KRB ROEERICET %

ER(As) PHARZIVA(C) ICLBTEKREBFRDEEICDNT,
FNEThOEEREEY (As: ELYIVY. Cd: \IHUNFTHH)
ZRAWVCERMREKROEIERBZREL. SEE (1) BRERN=DD
BB IC TRIERRZTolco (2) NI YN\ITFADRICEFENSY
ZAR—F—BIZFD HMA4 1& Cd & Zn IZISE L. /RT3 IXEERIC
BEET3IEERERL. EYLED Cd/Zn EERRICHIaER%E
BEULREFIgD. Q) AXZYrI/ONOAYZIATAY N—TEVH—,
ETFRERMARHAARESHE FOARRAMEOERMATELT,
EEGRAERMEZBW PETIS BIEICEDESEBEMDERIC
BIZHNREEHXBEOEHZTV., LREXEBEZEEKRELT
HRTUHTHRELUEREZTLAVY—Z U (Fig.2),

BEEYREFRAUVCRERMOREICET 5%

BEEYR - EYBECLIRERNORALICODERRE - &9
BEEERAOBBEE SOEETRIC, XY NT—I@BITESUEmE
BEEUT—9YAIVADFEEZMO AN, COFEZBALRL

Fig.1 Proposed roles of HMA4 and IRT3 during Cd and
Zn absorption by Arabidopsis helleri ssp. gemmifera

HrmM 200, T 6

| ! wmcm ||
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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 have continued the basic research and
demonstration on hyperaccumulators Pteris vittata (As) and Arabidopsis
halleri ssp. gemmifera (Cd). First, in 2021, we continued the field trials in
three fields in Miyagi Prefecture. Second, we confirmed the transporter
gene HMA4 is expressed in response to Cd and Zn, and /RT3 is constitutively
transcribed in the roots of 4. helleri ssp. gemmifera (Fig.l). Third, as a
collaboration with the Cyclotron Radioisotope Center of Tohoku University,
Takasaki Advance Radiation Research Institute, and the National Institutes
for Quantum Science and Technology, we have traced the process of target
metal in P. vittata by PETIS measurement using short-living radioisotopes.
In addition, we have issued a press release on the results of the world’s first
moving image of the As transport process (Fig.2).

Development of biotechnologies by using
complex biological systems
For the practical application of complex biological system to environmental

technologies, we have applied data science approaches, including network
analysis and machine learning, to elucidate and predict the functions and

EL UL dFdeRHEGOESE T

=

|
|
ik

Fig.2 Tllustration of the As hyperaccumulator Pteris vittata.

{ =

R ISUEFR B HEE
Associate Professor
Guido Grause

Assistant Professor

Mei-Fang Chien

BEERE HAK
RiTEES LA FRE
EBMER TENT

Group Photo

ERDOEYZNERE DR T — DB - AL AR 2T R 5
7OV SAICERS . Z0OZXTICLD, RETEEORBEDHI L
ROEYMFIATREES LOMEEBOLZIIEZRICAD S22 LR
HUTz (Fig.3)e 12 BIcYYRI DA TRIBEET—YFAIVR
DEREINNSRZIDDDIZEEL. S5BDEEDE >H T Z/E>
fz (Fig.4). fthDEMFBBRMICOVT, 1,4- VAFHY U EHET
AV ITLDS, HMEEEHEIBEOREEZMHEAL, HDFEY
EHEFELTHEHERT 1,4-dioxane EDBTEZEMIAVY YT LD
BEEICRIN LT,

TEREBEPOVAIOTSIRAF VI DREE LT
ZORFE7OELRICEAT MR

TENSOIYAIVATIAFYIDHFITEICDODVNT, 7V YRIG
ICEDBEIEREL. TILNVI—Y 3> EEmMEERW IR,
ISICEAREBICED T IAF VI REEFMI DA EEREIL LI,
RUIFLYEERADEVERERTSAF Y VEMORPEREE
BT, 7IRAFvIOREBICELCZOBEICHEDESHNES
LTWBZEZBASMIC LT,

BT, FRRER. TOMES

BN IFERE R International Conference on Biotechnology
and Healthcare Industry ICEREEZT ol (AVF1V). HE
BRIFETQSTRIBEY AT VYR T7T X4 2021, CRESBEER T
ERZETERE/\1ATI/O0Y—-28, BEER EYIER.
TiEMTKERESRICEWT, D3 Tusher, Park, D2 %, D1 &, T,
M2 ik, ENICKDESHDORRET oI, BBEN NRERME
NAA T/ 09—08IE%EBIR Ui EYEe & E YRR OER, =
BEELT HAMEYFERBTAEZZE U (Fig.5). 3AIC6 4.
9RIC4 ZDIET - FELEZEXEDHLU (Fig.6). 10 BIC 1 20O#HF4E
2R, REFMBZAER 21 BIcHoT.

Fig.3 Clusters of factors obtained through network
analyzing on data from field trails

Fig.4 Poster of the symposium
“The interface between
environmental research and data
science and what we can see
from it”

interactions among organisms in the system, which is necessary for
practical use. This study was adopted as a joint research program of
RIKEN-Tohoku University Kagi-hub collaboration program, and through
this study, we found that some sugar-like metabolites identified from the
rhizosphere could be used as indicators of arsenic concentration in plants
(Fig.3). We hosted a symposium in December that created an opportunity
for further collaboration (Fig.4). We also elucidated the roles of degrading
and non-degrading bacteria from a 1,4-dioxane-degrading consortium and
found the importance of non-degraders. In addition, we successfully
constructed a synthetic consortium that can efficiently degrade 1,4-dioxane
with coexistent of other pollutants.

Investigation of the distribution and
degradation process of microplastic in soil

For the assessment of microplastic in soil, we separated the microplastic
through elutriation and centrifugation, including the removal of organic
material by the Fenton reaction, and we identified plastic particles by
staining and visualization by fluorescence microscopy at several
wavelengths. We confirmed the involvement of microbial activity in the
surface oxidation of plastics by long-term exposure experiments of
agricultural plastic materials made of mainly polyethylene.

International exchange and other activities

Dr. Chien provided a keynote lecture at the International Conference on
Biotechnology and the Healthcare Industry. Professor Inoue gave an
invited lecture at the QST Takasaki Science Festival 2021. Mr. Tusher
(D3), Miss Park (D3), Mr. Huang (D2), Miss Han (D1), Mr. Kudo (D1), Mr.
Shimura (M2), and Miss Sato (M2) gave presentations at domestic
conferences. Dr. Chien and her research, entitled “Elucidation of
biofunctions and interactions among organisms toward to develop
environmentally friendly biotechnologies,” received the Nomoto award
from the Federation of Microbiological Societies of Japan (Fig.5). We sent
out six graduates in March and four in September (Fig.6) and welcomed
three new students in April and one in October, bringing the number of
affiliated students to twenty-one.

NemimFLE (LT

LALT L FREARFa L
Ry =

b4 o AR g
proyentEriaLh (8
T LT TN
PEALAHRESL LAE
TR TR T
EEL LT
e
u;h;uul!;.-a
mFk kw sl

AR

Fig.5 Certificate of Nomoto
Award won by Assist. Prof.
Chien from FMS Japan

Fig.6 The “INOUE-LAB” cake designed
by Dr. Tusher for the graduation ceremony
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Geo-environmental systems driven by fluid-rock reactions Professor
Atsushi Okamoto

WEREICEVWTRERMEZRINPYE - TRILF—BEBZREL. A RERINEY O—/VLEHERR. RERE. ERTESGE. AH
HBICORELBHFEESZ D, UMRETIE. HRPIYYMUICEITS TR ZENUCEAORGPIRILF— - YEBRHICEB L. @EERFH
RERCHKEIROFRICEIT e R, KORIERKROEE - BR7OEAEZOEDIA, WE - BHTOIMYARE - . HEE
RAEDERBZELCOVWTOMRZEDTWND, S5IC. ZRITICFEREEMBZEBEE BB THHEDTSNIMEYE (GRPRE) £
WRELT, T—IREEBITPHEEET U VI 2170, HERBICET2BNIZATLAOERBEEHA TN,

In the geo-environments, fluids facilitate chemical reactions and mass and energy transfer, and fluid—rock reactions have a significant effect on human
society, including global geochemical cycles, surface environments, and resource formation. In our laboratory, we focus on the reaction of rocks and energy
as well as mass transfer through “fluids” in the crust and mantle and conduct fundamental research on the development of supercritical geothermal
resources and hydrothermal deposits, and H.O and CO, fixation and circulation processes as well as their effective utilization. In addition, we examine the
mineral dissolution and precipitation in faults and fractures and the relations between fluid and earthquakes. Furthermore, we are attempting to extract
information on dynamic systems in geo-environments through data-driven analyses and numerical modeling of geo-environmental materials (rocks and

fluids) that are characterized by multidimensional chemical composition and complex spatial structure (textures).

BERFIHEROM(LES & UK EIERDAZEL

BERARGERZHRNICHARE - AALTWIeoicid, HEGRE
DOHEZENUEZHM T 2DENH D, AFEEIF. BREFERICH
FBBEFEOHANENT - ZHLFFHEY TMIRERL, HEBRE
DFE. BHBREICELZDET VI ZTV. BRIEDIE pH RED
EREBERASHIC U, Feo RREGKRZICEWT. RRAKT
EXAIVART—ILDERIFEET DI EZRE U, ERRRICK
D, BHNEREDNESTIRADHEKEEICLIDERNTER TS
EZASHNICL. BIRFMABEICETDREDOHLVWEFERIZ
T U (Fig.1).

BIHILRDOFLZ—ICEY 2MWERDOARKFORR P RAEEE
VDR ZITL., BEICEWVWT 300°C ML EDEKIERE cm -+
cm ORETEH U EZBSMT LT, E5IC, EKIEHTL Z1EE
UfcRBXTHERRZED, LRI EREDH T, U AR FHIERL.
FBEUBDNSHMRU. ARNFAEE(LTZBEZHSHIC UL,
[RE ] ZEETF (ELHRE 195 JoGU 2EEFRKRE 202156 A6 H

t 50,m

Fig.1 Porosity generation during the replacement of feldspar in metamorphic
rocks in the Kinkasan Island. Right = BSE image, Left = FIB-SEM.

Geochemistry of supercritical geothermal
resources and formation of hydrothermal
ore deposits

For sustainable development and utilization of supercritical fluid resources,
it is necessary to evaluate geochemical properties of geothermal fluids. In
2021, we implemented the thermodynamic data of dissolved species in the
low-density region into the geochemical calculation software, modeled the
fluid chemistry during depressurization and cooling, and clarified the
formation mechanism of corrosive low-pH fluids. We also found a large
amount of microporosities in plagioclase grains around a plutonic body.
Laboratory experiments revealed the porosities are formed by hydrothermal
alteration of feldspar under certain fluid chemistries, suggesting a new
mode of fluid existence in supercritical geothermal reservoirs (Fig.1).

We have analyzed the shape of bipyramidal quartz particles and fluid
inclusions in the chimney of the black ore deposit and have found that
hydrothermal fluids above 300°C were ejected at the seafloor at a rate of
several cm/s to several tens of cm/s. In addition, we conducted hydrothermal
flow-through experiments simulating a hydrothermal vent and clarified the
processes of silica particle formation, growth, and transformation into
quartz particles in the ascending fluids. [Award: J. Sugioka (M1) JpGU
Best Student Presentation Award, June 6, 2021.]

Fig.2 XAFS analyses at KEK (Tsukuba), and Fe*'/Fe*" map
of serpentinite from the Oman ophiolite).

B FE IEi MRE g7 FAbdoNTIL
Assistant Professor Researcher
Masaoki Uno Dandar Otgonbayar

Group Photo

KPZBIERROEENDEELTOER

EANOKOCZBEERZEDOEELIE. JO—/NILEYEREEREYLR
BREBEICKRELVEEZSZZ2EELRTOLATH S, NEEE., TUA
M 65001 DINEIREBEDEBMARETESNIY Y NLEADRI
ERTDS, BADPEAENT TRET S E T RILRZZEEL
ITBRIEEASMC Ul FIMMPAAFTREIRNS EFUZFIIIE
BEOYY NVERDETHNS. SEHFAHFFTOYYNLITYID
“BRFEORBEEE(LIOERZHESHICL, AO—HEICER
LTWBHREEZ R Uz,

[FLRUY—R]2021 %883 H.2021%€12H83H

Fleo TR KPZRILRER) ZRINT BRIGHA. ZEBRD AR
TTEDLS ICRENICETNZESHTIE BN o 7FOVYE
D MgO BefEaZ BWeRAKRIG—EKRRICED, 2A—RER
ISICE>TEEDBEL. RAEDRNIMEET B2 RRETEA
Ulco Zhnic&D. ZRICRRZHTANERNICEES 27cH DKM
NOISAN TSNS,

[FLAVYU—R]12022%1H818H

B0 RERIDICHESVEBBEIRILF—RE

EA—REEEERIE. RELYEBEZHS, AV—VATA
4~ DIYIREE DR BHFEDREITICLD, Y MLICEKDTRNT
JURDBRTZTOCADSRAEBE DI A LRT—ILZH#E U,
e, YYMNLOEBICLZKRIXIVF—EREHEZEEESAE
EERERYOD Fe(lll) DXV EV T EBSHIEICELD, BEYPYYAIC
KBEEERASHICLTWS (Fig.2)o

FEEEREL. XRECFERT - Z2FBIEBRFEEE
TIEBEEEZEEVAAAATERSICERAL. HEDRIGEHA
ICKEDYERBEHRI>TVWBIEEASMITLE (Fig.d)o
[ZE] HPET (BLER1F) HIRXAENFEARIFEEFRRE
2021 £ 6 A 6 H. HAMBEZREHFRKIY—E 2021 £9H 4 H. =H
—& (B2 1 5 BXEYRZES HRERESFE 2021 F£9H18H

LoglO{Mobility)
o

Rb

Fig.3 Field excursion of the Sanbagawa belt,
Shikoku (Aug. 2021).

Fig.4 Analyses of element transport of oceanic
crust and metamorphic rocks revealed by
machine-learning approaches.

Processes of water and carbon dioxide
fixation into rocks

Fixation of water and carbon dioxide in rocks is an important process that
has a significant impact on the global geochemical cycle and surface
environments. In this fiscal year, isotope analyses of mantle rocks obtained
from the submarine survey of the Ogasawara Trench by the Shinkai 6500
revealed carbon dioxide has been fixed by the circulation of seawater over
tens of thousands of years. Analyses of mantle rocks from the Sanbagawa
metamorphic belt revealed the origin and fixation processes of carbon
dioxide in the mantle wedge in the subduction zone, suggesting it may be
related to slow earthquakes [Press release issued 3 August 2021 and 3
December 2021.]

It was not clear how the fluid-consuming reactions of H,O and CO; could
be sustained in the subsurface where porosities are limited. By
hydrothermal flow-through experiments of sintered MgO, we have
successfully demonstrated that fluid-rock reactions can fracture rocks
and promote fluid flow. These results are expected to be applied to the
technologies for efficient fixation of carbon dioxide. [Press release issued
18 January 2022.]

Mass transport and energy generation
associated with fluid-rock reactions

Fluid-rock interactions involve significant mass transfer. By analyzing the
reaction zones around mineral veins in the Oman ophiolite, we estimated
the timescale of fluid transfer from the process of the silica dissolution
triggered by infiltration of hydrothermal fluids. We also investigated the
effects of temperature and silica for hydrogen energy generation during
mantle alteration by mapping and magnetic measurements of Fe(Ill) in
seafloor rocks and experimental products (Fig.2).

A machine-learning model developed last fiscal year, which is trained on
basalt chemical compositional data, was applied to seafloor-altered rocks
and subduction zone metamorphic rocks, and it revealed a large amount of
mass transfer had occurred during certain reaction stages (Fig.4).

[Awards: S. Tanaka (M1): Best Student Presentation Award, JpGU, June 6
2021, Best Poster Award, GSJ, September 4 2021; K. Yoshida (D1): Best
Presentation Award, JAMS, September 18 2021.]

Metamorphic rocks

Uu K sr

Fig.5 Best Poster Award at the 3" Academic Forum

Sugioka (M1)).

on Environmental Studies (Nov. 2021, Matsuno (M2),
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EFHEIS 2 EE  Resources Strategies
BRI RIRIES4>EF  Earth Exploitation Environmental Studies

RIGRMNBERAES AT LICET 5HFE

Bix SiEL
Studies on environment-friendly development systems Professor
Hiroshi Takahashi

AARETR. RERANBEFAREMEL A TLOBEZRIEL. BREAIEVOBERL. MARBOMEL. TRKERGICETHMEE
BNSRMOBEREZIToTWS, HICIWKERBICHEFZHBBERIEICEVTIE. 4 BLD 'SRGRBICHARLA V7 SBEZERT
2@ AlORY N OLA—>2ayvh7AI I MCSML, BEIBRAZAWEREHTE) 27— EUMRERKB U, i ER
fLREL TEOBERRICELTE. (1) N—F1  EIEYZRAWCMEERCLELTOBER . (2) Empty Fruit Bunch (EFB) ZEW e
WAEEECNIBE T OBERFMHICETIARERRE L, S5IC UAV ZRWEBY Y 7UVJICEALTIE. RAZMDBAS 30cm DFRSF
TRYV1—ZBASE, #POIWEY TV I I2EEZFRL. BR - BAXRRZEBLT ZOEMMEERIEL.

The research activities of this laboratory are as follows. To measure ground information at landslide disaster sites, we have participated in the Moonshot
R&D project “Collaborative Al robots for adaptation of diverse environments and innovation of infrastructure construction” since 2021. We have begun
research on estimation of ground strength using excavating resistive force, as well. Next, we are interested in the advanced development of a fiber cement-
stabilized soil method. We have evaluated (1) strength characteristics of the fiber cement-stabilized soil using perlite byproducts, and (2) strength
characteristics of fiber cement-stabilized soil using empty fruit bunches (EFBs). We have also conducted soil sampling using an unmanned aerial vehicle
(UAV). We developed a device to sample soil with a screw penetration depth of 30 cm while applying a reaction force, and we tested its effectiveness
through indoor and outdoor experiments.

EEIER A Z AWt BIREHE ICRI Y 5%

KRRETIF. 2021FELD, "SRBRBICTHEIGL AV 7 FHEE
EEHIDIHBEAIORY N OL—>Y gy IOV MISHIU.
HEHIEM A ZAWCEBEHTE) 27 —VICHRZFAA L. RF
FUATOMRRZIT o1,

(1) Xy NMTER I 2 IBEIR A Z AW B i DR EHE
EW65. 95RLUVENITEZAVWTHEBZERL. \TYNE
FILIC KD B ERHIL, BRAZAETDEEHIC. TIEHIER
HEMEERE (1—VBH) LoBRICOVWTRE UL (Fig.D),

(2) 7L —RICEAY 2 EHIBEMAZ AW EEOEEHTE
(1) EACEWZAWTHERBZIERL. TL—REFILICLDH
BEREHIL, BRAZAETIEEBIC, FOEHIERDEMBRE
(OA—ViEH) EoBFRIc>WTRE UL (Fig.2).

(3) IEEIRICERICIER T 2EIER NV Z RV B O HEE :
(1) EACEWZERVWTHEBZERL,. ZOME FTETEREE

Estimation of ground strength using
excavating resistive force

We participated in the Moonshot R&D project “Collaborative Al robots for
adaptation of diverse environments and innovation of infrastructure
construction” beginning in 2021. We have also begun research on estimation
of ground strength using excavating resistive force. The following studies
were conducted:

(1) Strength estimation of sandy soil using excavator bucket: Sandy ground
(silica sand #6, #9, and decomposed granite soil) was excavated using a
bucket, and the excavating resistive force was measured. We investigated
the relationship between the average excavating resistive force and the cone
index (Fig.1).

(2) Strength estimation of sandy soil using a blade: The same sandy soil as
in (1) above was excavated using a flat blade, and the excavating resistive
force was measured. Once again, we investigated the relationship between
the average excavating resistive force and the cone index (Fig.2).

(3) Strength estimation of sandy soil using rotating torque acting on crawler
during turning: The crawler model was rotated on the same sandy soil as in (1)

EiImE ., ZOBREORNLIZFAIT 2 EbIC, FEMNL I EMREE
(A—vEH) coBFRICOVWTERE U (Fig.3),

Fig.1 Apparatus for bucket excavation

Fig.2 Apparatus for blade excavation

above, and we measured torque during rotation. We determined the
relationship between average rotating torque and the cone index (Fig.3).

Fig.3 Apparatus for rotation torque

4

B ER M|

Assistant Professor
Tomoaki Satomi

HEBH BIBER

Assistant Professor

Xiao Dong Liu

Group Photo

(4) Tz aNVzZRAWET7r—ILREE : B EXIBH=AKETO
T14—=ILRICEVWT. 3Dy anN/Lz AW REIER Z1T>
feo BT, S anNLOYIVFICEAEYYE LA O—
VY EREL, BEICHESEAZESATIEEDIC, YUVY
ICERY 2 hh S BEZHTE T 2 FEICDOVWTIRET U (Fig.d).

HEECAET TEOBERMICEY 5%

RARETIE. KAABSEKEELOFLVWEERLLIETHS
MEEELEL THEZAEL. ATEOEREEMREBIBULHAR
EITo>TW3, AEF. UTO®FEETo7c,

(1) X—=S 4 FEIEDERWBEERCLE L OBERE : FEEE
IN—ZA NRIEYMZRLITEE TR &ICLD. MEER{CLELT
RICREREROBEER CE 5L EER U, REE. N—54
NEIEMEKBHRIY—ERE Ul R MR EE (LM ORFICEE T
SHRETV. ZOEMEERER U,

(2) Empty Fruit Bunch (EFB) ZRW it EE{LLE T D8 E
B A YRR T OB KERIS\OBMEERELLE L TEDHE
AZzB#EL. 1YRXITORKRNBEBEREEY THS EFBZAWN
ik EE LB L DBEEEICDOWTRE U (Fig.5). A%
BRRIE THEERBI BB T REEY Y IRI DA 2021 ICTHRKRL.
EBHANEEZE U,

UAV ZRWcX Yy 7Y VR BORH

2019 F &DRVVa—AEW YV TU VI EBEORFKZRE LU
MARET>TVNED RERRAZEROLBHS 30cm DFERSETRY
Va—%BATEDHREZIEML (Fig.6). AV V1—BARREZIT >/,
TR, KEZHHEHICKRELLER. RAZEOGHSEED 30cm
FTRVYV2—%Z2BAL, tWEY YTV ITEB LR LI
KEEBOBFETRREZTV. BATOEE ISz,

Fig.4 Filed experiment using mini-shovel

Fig.5 Modified soil by EFB

(4) Field experiment using a mini-excavator: We conducted soil excavation
experiments using a 3-ton mini-excavator in a field located in Sanbongi,
Osaki City, Miyagi Prefecture. Pressure and stroke sensors were installed
in the excavator’s cylinder to measure the pressure changes caused by
excavation. We investigated a method for estimating ground strength from
the force acting on the cylinder (Fig. 4).

Advanced study on fiber cement-stabilized
soil method

We conducted the following studies to achieve advanced development of
the fiber cement-stabilized soil method to recycle unused high water
content mud.

(1) Evaluation of strength characteristics of fiber cement-stabilized soil
using perlite byproducts: Last year, we confirmed that mixing perlite
byproducts with mud could reduce the additive amount of paper debris
required for the fiber cement-stabilized soil method. This year, we
developed an inexpensive neutral solidifying material by mixing perlite
byproducts with a water-soluble polymer and confirmed its effectiveness.
(2) Evaluation of strength characteristics of fiber cement-stabilized soil
using empty fruit bunch (EFB): The strength characteristics of the fiber
cement-stabilized soil with EFB (a typical agricultural waste product in
Indonesia) were investigated with the aim of applying the fiber cement-
stabilized soil method to landslide disaster sites in Indonesia (Fig.5). The
results were presented at the International Symposium on Earth Science
and Technology 2021, and we won the best paper award there.

Development of soil sampling device
using UAV

We have conducted research and development of a screw-type soil sampling
device since 2019. This year, we conducted a screw penetration experiment
using a device that can penetrate a screw to a depth of 30 cm while applying
a reaction force (Fig. 6). As a result, the screw can penetrate to the target
depth of 30 cm and sample soil. The experiment was also conducted on an
actual seashore to confirm that the device could operate outdoors.

Fig.6 Screw type soil sampling device
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EFHERE S SEEE  Resources Strategies

(Takahashi & Sakaguchi Lab.)

HERBIRIRIES 4 EF  Earth Exploitation Environmental Studies

AR - T %)L ¥ — B O3 R = (Vs

Toward Advanced Environmental Geomechanics and Energy Technology

EHIR RO FBY
Associate Professor

Kiyotoshi Sakaguchi

2021 FIC YR E T > e EBHRRLTFDEH D TH B,

1) HEBRREROKRAEHICHITEEREMET XD (Fig.1. 2)

2) TEEE O~y ORETEE 1o OERE (Fig.3. 4)
3) REQRUREEICH S INEMEDRZEREZES)

4) HETEREEEAOKERREROERBEICEIBME (Fig.5. 6)

5) REHMERICEDINIRAEEDERBEICRIZIITFEHIEOTE

6) KEMEHDREHEMOILEILEITZERESLROTHAEICET AR

In 2021, our research activities are as follows:

1) Development of high-precision rock stress measurement method for submerged vertical borehole in soft rock mass

2) Macro- and microfracture toughness of granite

3) Spatiotemporal fluctuation of vertical rock stress due to large crustal movement

4) Formation process of hydraulic fracturing of high-temperature ductile rock under confining pressure

5) Effect of nonlinearity on the accuracy of the rock stress measurement method based on linear elastic theory

6) Study on high-sensitivity multipoint strain measurement at the bottom of a submerged vertical borehole at a depth of several hundred meters

HBRREFDKKIMEHICETS
EREEAIEDRS

EBEREFICH LT R SEIFL SN HEH THERNEN T
BRI BREREMENEEORREZT o . AMATIE, FEMK
HEl. EEOZVWISHBREZRAT L. A#ALEDT
HEEREUC, £\ BESNZUEREN S, RUBEREICHE
UTEBINEERXOREZHME Ufc, E5IC. BIERTICED, £
RIDUEREOERUAEBEZRIEL. {EROMHELEOT HE
(CCBOX) &homWERAEREZR I IEZHSM LT,
Ffle, WEICERY S 24 FFOTH VY (Fig.l) ZEEH THH#
LEmICAN T2 EZRAL. EEAZEELL LT K&RUEH
WAEEICEE CEIMBREEAREZRE U, REUVCESES
ETHNAULCOTHEYTDOVOTHAERENDH BT B/

Fig.1 24-elements strain sensor

Fig.2 3D-FEM simulation of laboratory experiment

Development of high-precision rock stress
measurement method for submerged
vertical borehole in soft rock mass

We have developed a high-precision rock stress measurement method that
can measure rock stress in vertical borehole drilled from the ground
surface for sedimentary soft rock masses. We decided to adopt the stress
relief method, which is highly reliable and has a proven record; and
proposed a conical borehole wall strain method. Various issues to be
considered for in-situ measurement were extracted from the assumed
measurement environment. We verified the theoretical measurement
accuracy of the proposed measurement method through numeric analysis,
confirming that our method had greater theoretical measurement accuracy
than the conventional CCBO method. We adopted a method of attaching a
24-element strain sensor (Fig.1) to the wall surface of a conical borehole
with an adhesive. After selecting an adhesive, we proposed a new bonding

sum P .. riificial n H=3 I
aym 2MPa '

E=1GPa
Pa=0.25

b ]

Fig.3 Three scale specimens

IZ. FIEDILERRZERL—Z 300mm OEET Oy 7Ic0d
HErUEEELEEERETok (Fig.2). ZOHR. +2807
HPRERETH D R U,

fEEED Y 7 OBRRWNE & ¥ 1 7 ORRWKE

MR LR F E R ORI ER THIEADRERRE. ZOH
FNLRBRZE) - AT LzBMNELT, BATEESEE
BT 2 (X, AVRA, NRA. BER) Z2WKRICLEY(1Y
OIS (MFT) HEEEMELZ, MFT OTREKEFEEICDOVWTS
B3, hryFLN—BoMREZzAVT, 3BEEOTEDH
HE(MOumx10umx50um, 20 umx 20 um x 50 u m,
20umx 20 um x 100 u m ) THEZIT o7z (Fig.3.4) . &Y
D MFT . ZOEORZEVESHNSAHE, HRA. HURA. B
BOIETH T, TN 51E SCB HEE T LIcaRa D~y OKRBIE
HiELDBNELK, AE (72%). f&A (63%). HUKRA (50%).
BEEH (9.2%) THolco MFT BRICIEBEERTAKRERKII TSN
Bh ol YUABIKEHIEEDER, BYORRICLDIEEYL, &
FETIRERIEHNKREC MFT HBREVARILEDOHIEHEZE X
L TWSABEMRENTRE I NI,

HETRREEEAOKEBRFRERD
SRGREICEY 3R

KEBRERDORPR—ILKE ERBROEORBTHE, ERY
BONERRNICAS U, HETOBBEEEGORE. KE
BREHORER, TL—0F IV ERENIRRERICREVERT
20TELRL KELFBRICEWTUERERL, SHRYNT—V%E
FBL TV Z e RS NI (Fig.5.6).

RHE

1) ROES : BENZHRNRAEE

Fig.4 Specimen immediately after the experiment

breakdown pressure

Fig.5 Fracture formation after

method that can adhere to the wall surface of a submerged conical
borehole. In a laboratory experiment (Fig.2), we confirmed sufficient
strain measurement sensitivity.

Macro and microfracture toughness of granite

We conducted microfracture toughness (MFT) tests on the minerals that
compose Inada granite (quartz, K-feldspar, plagioclase, and biotite) to
evaluate and elucidating the fracture phenomenon of rock, which is an
inhomogeneous body with fine mineral particles. To evaluate the scale
dependence of the MFT, we conducted MFT tests with three cantilevered
specimens (10pm x 10pm x 50pm, 20pm x 20pm * 50pm, 20pum x 20pum x
100pm) (Fig.3,4). The MFT of mineral was in the order of quartz,
plagioclase, K-feldspar, and biotite from the largest value. Those MFT
were lesser than the macroscopic fracture toughness of the rocks evaluated
in the SCB test: quartz (72%), plagioclase (53%), K-feldspar (50%), and
biotite (9.2%). We found no significant scale dependence for the MFT
itself. The difference from the macrofracture toughness was suggested by
the influence of mineral grain boundaries and the possibility that quartz,
which has a large composition ratio and a large MFT in granite, controls
the overall fracture toughness.

Formation process of hydraulic fracturing of
high-temperature ductile rock under
confining pressure

We experimentally clarified at what stage hydraulic fracture occurs and
progresses as the hydraulic pressure of a borehole increases. In high-
temperature ductile rock under confining pressure, we confirmed that
hydraulic fracture does not occur immediately after breakdown, but
gradually progresses during the process of increasing hydraulic pressure
to form a crack network (Fig.5, 6).

Awards

1) Kiyotoshi Sakaguchi received Graduate School of Environmental
Studies Education Award

Fig.6 Fracture formation at about half
the breakdown pressure
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IXRILF—ERFHEBE

DEITRILVE—V AT LAFEHER  Distributed Energy System

B2ATFAFITINBIXRILF—IRAT A
IH(CR

% E‘Lr_]‘j-_z #i% )IIA Eh

Toward the development of sustainable energy system Professor
Tatsuya Kawata

Energy Resources

HRTFOMRFHIF. RERNELZORRICAF AN EFOSVREOERTH S, REBEOHRTERIC. HEBRILFE T/ RI(C
EBIXINF—BHEMAICRARGBIRILF BN, SLOTRILF—FREM. FMRRERSICHDEGRERTOERRME L
FEBEREZERAFELL WS, BE - IRXLF—HBEOBRICE. CERBOBHENAEBETEIRILF—OREMRIGDHDH LW
MOBERHFAREER., ZORMBRELT, SHE, SMAEOEFREYTREIEH] (SOFC) K LUVE KK ER I (SOEC) D
ERICHDERBEMFEZIND LT, FRANOEEEOHBEL. YATFLAICAVWSKZMEOERREICSTIMBLZEN. EBRIEEICOVT,
#Ah%, BRLE. BRICFZERETIBEMICL>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) and solid oxide electrolysis cells (SOECs), 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.

EAERL MR AR B R 5 v ¥ OB EFFE - BT
DOHERFES & URFLRMT DR

NEDO ZFEEZ ERBRICMMBERR Y v I DB ERE - #
EMOMEFHR M 2020 FELDFHKL. B7OY I MNISE
LTW3, EBEWROSVERERCFMEEM (SOFC) lc&BWT,
65% (LHV) OBEz=RL. MR 13 BREU LICEBRT 251
DN ZBIEL. XY v DEEFE - BITRIMORAEZT>TWS,
PRAEDELEZED THRATHRZEDTED., RRRE. R
KF. AMKF, EERWHBEMER. BAOFRMEATEEIY
V=7 LU, SOFC MRS EOBEICEE U TEEZHE
LTW3, BMRETEEVRRFIARICERLTR/ILIAERTOE
BRENRDRD, ZEEBICORERNTNECDHEENH B/,
CILRDBANASIEZFHMICTHERE I DB ENH B, BHARE
FEILOEBMPEBETMICETREZIE>TED, SOFC DR’
Wtz EVUCERNBZIEKRI 5cHDBERBREEORAERED
7oTW3 (Fig.1)o

mimdtERZE A L LRI SE O BRER TR

2050 FEXTIEA—RyZa— IIILZERTBICIE. BHH#EE
Tl B - BRELTERENSEG—RIXILF—DAh—RY
Za—hIWVEDREERED, 22T CCUSETEINL CO:2 Z1E
W, BEARIRILF—ZFALLBRNEETOEZIMEREIhTL
%, CO7OERFRTIIBETEIRILF—HRORREHZE G
BALmERE )L (SOEC) TTRILRREKBIDOHEERIZILET
REMBBEEICHEGERARZBVERICERT AR RES R
TW3, HFRETIE NEDO ZFEFEE "RIEA FT RIDERESEK
ME—BEETOERICEITZMERK, I 2021 FELDZEL.
SOEC HEMA L Ic R ELRERFHOTME - REZT>TWS,

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 (lower
heating value) 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 various 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. A stress test apparatus has
been developed to achieve high toughness, which extends the application
range of SOFCs (Fig.1).

Fundamental technologies for liquid fuel
production using high-temperature
co-electrolysis

To achieve carbon neutrality by 2050, not only electricity generation but
also chemical-industry feed stocks and fuels for transportation must be
decarbonized. Much attention has been given to a new fuel production
process using captured carbon dioxide and renewable energy. A co-
electrolysis of carbon dioxide and steam by solid oxide cells is proposed to
produce a syngas for liquid fuel production. Our laboratory has participated
in the NEDO project since FY2021 to realize this technology. In the
project, we have evaluated the basic properties of co-electrolysis cells. A
specific model electrode cell was designed for the analysis of co-
electrolysis reaction to extract critical issues of cells (Fig.2). The results of

HEHR R ER
Associate Professor
Keiji Yashiro

Fig.2 LRI L SBRHBERRICDENT DI ICERICHKFTULETIL
BB/ ZRAWTHBRIEOR/ILLNILTOREOHEBZITL. Z0
HREZAMOEABEOREICTr— RNy I F2kHlc. ETIL
BRERABED 2 D051 7OBBROBABNLBFTMZITSIET
TRICHEBEREILORFKZTSIEZRELTVS,

HEEE

2021 FEQHMREDAVN—(F, B 14, EHR & AR
B1%. KifHES 1 ZOBBE 4 A, BXFE10H. FHFES
ZDOFLE 18 BRDEN 222 THEMS N, 3 AIRIMELRIEE 4 &N
ETU. 2HE 4 BIFFRBELTREICER U

the model cell analysis were fed back to a design of a practical porous
electrode. This scheme contributes to rapid development of co-electrolysis
cells at high temperature.

Educational activities

Lab workers consist of four staff members (a professor, an associate
professor, a researcher, and a technical staff member) and 18 students (10
master’s students and eight undergraduates). Four graduate students and
four undergraduate students graduated in March.

Fig.1 Apparatus design and simulation of robustness evaluation for SOFCs.

YSZEE E 12 EF L L FzNiTEE

Co, — O,
- 2 “.
HZO m . SOFC SOEC 3
m “. er— — .x"/
Ni Y52 Ni 4
SOFC SOEC NI-YSZERBESE - TEAR i-YSZIRLEED
Biatchd b L E T gL

H,
PREHE BREE EXE

Fig.2 Specific model electrode cell for analysis of co-electrolysis.
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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)

HEEEREOFL E S TAELER TRILE—fIR = w

Professor
Takeshi Komai

The Deepening of Geo-Environmental Science and
Sustainable Resource and Energy Development

IXNF—EFRIRIHHEDFF. RREEER - TRIVF—OBEEFRICEIHRAGMERRZD EIC. MKRBICEIT2YERERICR
SURHBYRATLAOERE, ER - IRILF—RRCHESIT2RERIVREVAIER, AORREBARREEOBR, EREICEITZLE
PHITKEDBREE. SSICRBEECEYVEDO IR FEICEIT2MAENBHE - MRZEET %,

FRREZEOFERF. HIRHFEER - TRIF—HEROFPMEZERE LT HIKRES JOCHBRBEORLICET 2RMT P 2T LD
REXREL., BEBSLUMRZEL TRMOHRICER I D ETH B, AMESPREFEORIMAR. TLARKEZBU T HRHBRZ
ELEMABLTHRITHELTWS,

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.

RIEBIROSERITIC K 2FERERIEBRHIERR
FEORFEPABELLIEILOE)R 7O X DEEA
(AIST. JAMSTEC & DX[RAE)

BREFOERIE. BERTHD., ZOBHROFHSHEHRBRERZHE
TERFENEEERD, RARTIE. EERFREBEYOHEHRIF
EORR (BB et al, RIBHER DV R) LARELLLOLEIRZO
X (Nakamura et al.,, Heliyon) ICEBU.[EHZHETEIET,
BT TOCROBAET >

FEVEOMBIRIEBEIRR ORH

(AIST L OEFFRR / RIFERRIHES. BIAEEFHRE)
FEYEORK LEFORNPAHEAAZZXLDNFRBHRTH

D, REBELGEOENICKERFEIEZSNTVWD, FART

&, TEREARVCTIEALOTI SV I AOBEETILOREZT-

fz (Kondo et al., Environmental Modeling & Assessment.;

LRAFERECRINEN

2 e L L L]
[ ]

NN - FARASELREORE R ENEn

Fig.1 Paleo-tsunami deposits core sampling in

Sanriku coast, Iwate environment

Development of discrimination methods for
paleotsunami deposits and elucidation of the
regression process of closed mines via
environmental data-driven analysis

Environmental information is infinite and complex, so it is important to
identify which factors are beneficial. In our study, we developed methods
to discriminate paleotsunami deposits and described the regression
process of closed mines. Through data-driven analysis, we elucidated a
complex and wide variety of environmental processes.

Research on the geoenvironmental transfer
of topical materials

Recently, air, water, and soil contamination have become serious problems
worldwide. The transportation and distribution mechanisms of hazardous
substances in the air, water, and soil are still unclear. The purpose of this
study was to assess transporter phenomena in the geo-environment using
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Fig.2 Image of volatilization flux model in geotechnical

Fig.3 Risk assessment model image of new
hazardous chemicals at our living area
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Parlin et al., SUSTAINABILITY), &Ffc. NERZERSOMEEHIC
FEUVEEVEORMBEETIVERAEL. FENEFREZRREL
fz (Pongritsakda et al., Applied Science).

BEESR / BRREETEEDER - #iFE
(JSPS RREEEMK (B). K1Y & DEEHRMNZ)
HREICH AR RBER RO BEHAERIOEENIRFI NS 400°C
LEDMTRETOKEBRBOANZIALICETIEREZRI 3
fmzF& U (Goto et al.,, Rock Mech. Rock Eng.; Pariso et al.,
Sci. Rep.; Goto et al., Geothermics), Fiz. MEEFICEL BT
BEDHD. EROTAMIRNDEEEZOEKENOEEZRS
MUfe (BILS, EBF R, 2021), SISICHBARICELS DY)
N F/RFICEBEREETORHEZOMEIAFEZRASHICLE
(Watanabe et al., Sci. Rep.)o

CO:z flA - FHRMBIHIE D2 EIENE
(JSPS ®ltrEHkErvERE (F%h). JOGMEC thZhFE Rl
RRFARERZENR)

SR TIREICIEE U CO2 ZREICAWS CO2 /)L —LAmE S
BOERRICAITT, COz ILLBPEAHADOFHEFREHASHICLE
(Pramudyo et al., Geothermics), Ffc. BREEEHAITZIET
FHRWEREURIEETIEZIEHTEER, FL—MIZERWZE
ADOBKEREF EEFKHAL (Watanabe et al., Sci. Rep.).

CO: #iL il & U CO2 HIlim Bl

BEABATRELRFL - EZERW CO &7 1B ALY VAR
Y/ BEVHSORBEAILY U LABERTZ KB UL (Wang et al.,
Sci. Rep.; Wang et al., J. Environ. Chem. Eng.). Ffc. E#fith
TOTM BRI EURME TIERRKEDRIGZF AL CO2 HI
REICEET 2 MREMB L.

a self-made model. We developed a model for the long-term transport of
toxic materials in the ground at illegal dumping sites, and proposed a
remediation method.

Creation and control of supercritical/superhot
geothermal reservoirs

We have published three international collaborative papers on the
mechanism of hydraulic fracturing in supercritical/superhot geothermal
environments (above approximately 400°C) in Rock Mech. Rock Eng., Sci.
Rep., and Geothermics. Additionally, we have clarified the shear slip
behaviors of fractures that may occur during geothermal energy production
and their impacts on reservoir permeability. We have clarified the
characteristics of permeability reduction due to the formation of silica
nanoparticles during energy production, as well as ways to inhibit such
reduction (Watanabe et al., Sci. Rep.).

CO: utilization and suppressing induced
seismicity in creating geothermal reservoirs

We determined the characteristics and advantages in fracturing of rocks
by CO: injection, which may be applied to create future CO, plume
geothermal systems (Pramudyo et al., Geothermics). Additionally, to avoid
frequent fracturing (i.e., greater risk of induced seismicity), we have
proposed a new method to improve reservoir permeability using a chelating
agent (Watanabe et al., Sci. Rep.).

CO2 mineralization and COz removal
technologies

We proposed a sustainable process for CO, mineralization using a
recyclable chelating agent and calcium silicate-type minerals and wastes
(Wang et al., J. Environ. Chem. Eng.). Additionally, we have initiated new
research on CO2 removal technology based on reactions of calcium
silicate-type soil modifiers with water.

Fig.4 Fractures created in granite
by CO: injection

Fig.5 Voids created in granite by chelating agent flooding

Fig.6 CaCO:s produced by the new CO2
mineralization process
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IRILF—ERFERE Energy Resources
I%iﬁ,i&%ﬁ%#ﬁﬁ 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/MBZERERTRSMHEZHERIZMBELTHFINTVSY, EOBKRTRIERRENGEMBETZODICE. BNETDHEZR
RIRICHKBETEHHE - ERR - RRICHEHITZ2LENH D, CORGERDS. AARETIE. FEMRHPTOMROREZFHERT X #8iE
BTEORBIMNZEBEC THBICHEL, ZORISEBZESCZNFECEENMEZIALRATZE T SWXE>BERRKEDF/
MBI ERAETEFEERHALTND, Klc. SHEEZRIRT BcHDREFEEDORREZIToOTWS, X (A) BRIR/ILF—ZHME (b
BYKGEMAT/HEL REZBREGE /AT K. 20, (B) #eEkr/ - T BEES /KT SRELETRERES /MR
(Cu+/HIF, CuF/T7A4VRE). BAESDFRESHAKEEF/MEME. BE). (C) BAELIXIIEDHMBERREETZIHDHE
FHERAT,. FICHE|TES,

Hideyuki Takahashi Laboratory’s research has focused on developing and using well-defined nanomaterials in our daily lives. In particular, we have
developed methods for synthesizing and utilizing useful nanomaterials with specific morphology.

Our research objectives can be classified into (a) natural energy conversion materials, such as alloy nanoparticles for compound solar cells, thermoelectric
alloy nanoparticles, and photocatalysts with specific morphology; (b) functional nano-eco materials, such as uniform and well-crystallized alloy
nanomaterials, well-defined electric integration nanomaterials (Cu nanoparticle, Cu nanowire, etc.), and precise control of nanocatalysts for fuel cells; and
(c) development of novel methods for extracting rare metals with precise control under complex conditions.

ARE Research

EREBEOERETRRVWEED I/ MHZEALIZILER
HBIC, BRBEB/ AT/ T2 BEARIDBVWFETERT
DMEFEREZTO>TND, FC. MRIORMEDIEY, SRz R
RI2HEDERNER. REML. EERTDHICIE. HETHE
EENBVWEE /B T/ HTFTHIIENBRETH D, Blc, T¥
LA % REEIC B < EMELIENE < O DOREHEEBEM O E A IR E
TERITIDETH Do CORBETCORBEEIRTHILRE/
BT/ NFE, E-N—F0BHELEBOAZAWN., EE~70C
BEOKESRPT AHT3EVWS “RBAROESM " EEX2F%%
HAFELTWS,

Z0AIIF. BREADZKARBICEVWT. £BOREZHELLT
3L AREART AEBBEIIGETMHIERLHORTY v
LWEE—{CRUHETZEDNDETH D (ERTDMRHC LD,

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

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

synthesized.
BRIVt EIE2B68HH5 ) TITHERADMRETIEIEE

TN A R T T ey A e vl o s A T

= = @ =

= e Nem g [ERICTRE
& i I : Bl ; i 2 A
oo e | DK
B o i T e » E‘ i ﬁﬁ%

B el

T ki BYBLRT -~ MY B R &F /K TE
SR k- TR D HEE, A EE‘“‘“ &=

ER(REHT ERM) T BEICHHE

Fig.1 Schematic drawing of researches in H. Takahashi Lab (concept).
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Shun Yokoyama

Technical Engineer
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Kenichi Motomiya

FEZRAVWTKBRAPOEEHEAOEEZZHIEL. ZTOLTER
MHESEEFEERE L.

Bz, EEYRGEBRIEAS Cu-ln &7/ HIF+° Cu-In-S
F+/kiF. Cu-In-Sn &&F/1iF. Cu-Zn-Sn-S ./ HFZKERF

SER U BRI E TAGEBERR S EIRMERMAE L, &,
BEMINELMRILENSW Cu F/HIF»° CuF/J71Y, EHEE
HEMRAOREBRIREIEHZIT o/ Cu fiF. EEMRZER TR
I2HD Fe F/HF. FOAKERALERATND, Blc, IX
ILF—RELT, SEBTMMRCREE MR, BFREGKTEE
BZHRIRIDANT T 771 RAMEMR, ZRFELTVWS (Fig.1).

FEFBOERRVERSERR. ZOMDIES

EiE (R) MIREFMBE TR FEEEOMRHERENCERH. 132
=Y avEEAINTZIO-NILLERETZIEICHESRE
BWTHED, ZEEFEOERSB CORRPELRERXEDER%E
BAMICIT>TWS, 2021 £EIF., EFEHA S, COVID-19 DFE
THELDORIBICARZN O rOEEFERET oI, HEHABTIE. 6
BRECER ZMERRILXBEZTARICTMC2 OBARERS A
MC1 OFRABEIARLIVEREIALNAY 10T 9 BICHES
nic 2021 FEER - RMERZEBEERAMNZRLICTMC2 DI
AERSARVNFESA. MC1 ORAEBEIA. GEBLRIA.
BRBEIALNAYZIV T 11 BIIIATHRESINIZE=EIRER
FHRRACTMC OFRABEEFSA. HBLERIA. BRESALHE
REITO>TWD, Fle. RNEER. ZEHENE DD 3HORNE
WELT,

COVID-19 O EZEMERITNIE. REELMEIF. ECS P MRS,
BR-ZMER. ER-ZMERFILRERE. BAYEZR. BE
ERAOZRCHBEBIICSIL. RBROERETSFETHD. &
foo BAIRILF—ICEATIRMESCEERICHRDIEILRFS
EREICE TDHAIEEREEBRT %,

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

For 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 developed to apply these synthesized materials to environmentally
friendly energy materials (Fig.1).

Student activity (conferences, prizes, etc.)

Students from our laboratory attended up to 20 international and domestic
conferences in usual year. To develop members’ abilities, we recommended
joining international conferences and studying abroad (DC course
students). However, we only attended nine meetings in 2021 because of the
COVID-19 pandemic.

This year, Mr. Yota Umemoto (MC2), Mr. Yuma Araya (MC1), and Ms.
Kaoru Fukuoka (MC1) joined MMIJ’s Tohoku branch meetings (May,
online meeting). Mr. Yota Umemoto (MC2), Mr. Kaoru Ono (MC2), Mr.
Yuma Araya (MC1), Mr. Hiromi Koga (MCI), and Ms. Kaoru Fukuoka
(MC1) joined the 2021 MMIJ meetings (June, online meeting).

Mr. Yuma Araya (MC1), Mr. Hiromi Koga (MC1), and Ms. Kaoru Fukuoka
(MC1) joined the third Meeting of Environmental Studies, held in Sendai
(December, poster).

Three papers related to the students’ research were published in 2021.

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 participate in various social activities, such as events
addressing natural energy, public lectures, and so forth.
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Fig.2 Schematic drawing of researches in H. Takahashi Lab (target).
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Governing energy strategies and the diffusion
of new low-carbon technologies

ERITXRILXF—EFRF4SEF  International Energy Resources

Hix TEHF

Professor

Noriyoshi Tsuchiya

HWIKERILICLDRBEERE TRILF—BEADOHGREINTTULICRBEL S TWD, AMREF MELKEIRILF— FHEE MR,
BERER. —BRICRFZODEHHGE, BANZNEIOCHSRZNFEZMESE T HRAUESHSORRICAT. BN DERINGE

IRILF—ERZOMEEEDT NS,

As tackling the ever-increasing climate change and energy crises becomes a critical and urgent call, our group strives to run various research projects

combining natural and social sciences on geothermal and hydrogen energy, resource recycling, and carbon emission reduction. We expect these meaningful

studies and essential developments to serve a carbon-neutral society for long-term sustainability.

WHRIRILF—EHR

WBIXILF—FEHRNICEERBETREIRILF—FRTY
T, RBOMBMERICMZT, BEREAMEAFERE (SGR:
Supercritical Geothermal Reservoir) AD7 70— F &k Fe il
ELTELDBELIFESNTVWEY, SGROXKAFTFOTELTTE
MEEHEVATLAZREL, YTV - BKIRTLADTRKELZHA
SMCTBIeHICEKABEEZMRLTVET, COMREIF, HEE
MAEEDBERICEDIFHULWAMRESZT<NET,

EERMBEREFOAEATIE., BREFORN R EDHRIERME
BICLD, EARBFAPHIROMEMT RILF—ANDOIDEHHEHL
TWEd, 22T, Agent Based Modeling (ABM) ZRHWT#HS
HxYhT—o0HT, T—IzVh (N) BNEDKSICTENTEN %
EFIEL, BRI RILF—LZORKEOHENZTREZAMTLTW
%9 (SLO, Social License to Operate),

REICE T 2EFPNTOER & XERFHE

MHABE T OHBRES, HREE, MR, HHROIX
LF— HWEOFHICKRERLELZEATVWEY, BARETIE. #
BERE, BKBREABLFEDOANZI L, HRPEBE T IRMAE
TIVvIADHE, HEREFHOEAZHARE., BRKINSOFLE
TROEIZE, BEWEEZNT VI DOWTIHERZT>TVED,
R THNSEXBETOIENBREETILEBRICIE. RIEFEE

Fig.1 Volcanic and Geotehrmal activities in Mt. Zao

Geothermal energy and society

Geothermal energy is a globally accessible and renewable resource. Our
research team studies not only conventional geothermal system, but also
future and potential system. Accessing supercritical geothermal reservoirs
(SGRs) is currently an expanding and critical research field of geothermal
development for power generation. We study granite porphyry systems as
the natural analogues for SGRs and investigate brecciation textures to
reveal fluid evolution of the magmatic-hydrothermal system, which helps
explore additional potential energy. These studies provide novel insights
into the earthquake-fluid relationship.

However, given its abundant geothermal resources, the development of
geothermal power plants and local geothermal energy initiatives in Japan
has nevertheless stagnated due to social issues such as opposition from
relevant stakeholders. To solve these problems, we use agent-based
modelling to simulate real-world social network behaviors and analyze
social acceptance (i.e., SLO, social license to operate).

Fluid-related geological processes
and disaster science

Aqueous fluid flow in the subduction zone plays an essential role in crustal
deformation, ore formation, energy transfer in geothermal systems, and
earthquake triggering. Our group research interests cover a wide range of
interconnected geological topics: hydrothermal fracturing and brecciation
mechanisms, fluid flux estimations from rock samples and discovering
seismic activity evidence, rare-earth mineralization from hot spring water,
etc. Understanding fluid and rock properties is important to provide a

Ry

Fig.2 Social acceptance of geothermal energy
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ADFEEEBEITZIEHNEETY, AMRETIE. FARE, ER
ZUCBUERTZE AT VYV SEMREEDTED, SRERE
DOHEEERICET B HANMRLR T, e  BHREREY T T—
IAIC LD ERIEBYOREREDKERZEMRBITO>TVET,

EOh—RoteDRBRICHE T fckTRERE CCUS

HAF 2050 FETIKREBA—RY 22— I ZERTDEE
EI5HEEEREL. ARHD CO HIRIEETFIRBELO>TL
£, CORBEEERTIHICF. KRIRILF—BREOBERRE
IRILF—HEEY, CO. DEUX - FIF - B8 (CCUS) (BT 2%
MOFEDRARTY, HARETIE. BREBRRVPTILIZUVLESE
YW AUCBETRBKRIR/ILF—EE0OEBEET A%z g
RETRALTWS (B : KERWMIETEIIRR). o XYM
AZURBREDEEREEYEVTAUILARERFL —MIZRAWT, CO:
ZEMPICEY - BrE L. MEDH 2 MERERIEICT 2 EERND D
EEXFIATEER CCUS 7OER=RHA UL,
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- BENLDOESRE

- HEMEORE

K EFRFEOERERERYFAE (KEHEK)

cEESRIGREREEBHERFERMIFTORRFIAL
SLO (Social License to Operate) A&

Fig.3 Hydrogen production by using
wast Aluminium with acidic hot spring

comprehensive fluid flow model from the lower to the shallow crust. Our
lab is one of representative bases of water-rock interaction. We are also
interested in disaster prevention, such as identifying historical tsunami
deposits using big data analysis.

Towards a carbon-neutral society: Hydrogen
energy and COz capture, utilization, and storage

Efficiently reducing atmospheric CO, is becoming more urgent than ever
because global warming is speeding up and Japan has pledged to reach
complete carbon neutrality by 2050. To achieve this goal, the development
of new technologies regarding renewable energy production and CO,
capture, utilization, and storage (CCUS) is essential. Our group has
extended direct geothermal use for green hydrogen production via acidic
hot springs and aluminum wastes at a local scale (e.g., Tamagawa hot
spring, Senboku City, Akita Prefecture). We have also developed an
advanced and industrial-applicable CCUS process with the use of
industrial wastes/resources (e.g., cement, slag, and fly ash) and recyclable
chelating agents, during which CO; can be efficiently captured and stored
as valuable high-purity carbonates.

Research Topics in 2021

* Hydrogen production using waste aluminum and hot spring
* Analysis of social acceptance of geothermal energy
* Al for identification of historical tsunami deposits

* Geothermal energy system in the subduction zone and supercritical
geothermal energy

* Construction of seismic activity model by flux analysis of
rock—fluid reaction zone

* CCUS using industrial wastes and recyclable chelating agents

Field Survey

* Volcanic activity (Zao active volcano)
* Geothermal exploration
* Historical tsunami deposits (coast line of Pacific Ocean)

* Social survey for analysis of SLO of geothermal energy
(Tsuchiyu Onsen and Naruko Onsen)

R0
AlRA%

FE S22 R ERR T

Fig.4 Histrical tsunami sediments along the Pacific Ocean (Noda Villege)
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BEISERSEEE Environmental Policies

BiE - TRILE—&BFH9E  Environmental and Energy Economics

B FSAFr—VEBOEEMNAEE

EETSY R DAHEIL

behind resource use

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

Kazuyo Matsubae

FEEDOATEABSPICERBERRICESYEREE., SEEICRITIZIV—VIO/ I —%2RBIILHDEFRMEXZEF5VEREE
BENZNEXERICH D, BEREROLFAYIVEBETHZ2BNEIG. HE - £EEFHEXIDE<O—REROFELBNKEFELTWS,
BERHIEDOERICH I 2L BRMBER YRV ERFEHICHUTCULIEVIERELRFELELLSTILEFAMSNTVWEZHDOD, Y751 FI—r%
BULERORNOEEL, BEIZVRIOARIIEBIRVEROBMETEDNRELTHEZE, YTUTZILT7O—BERIRTEL VWS E
FER. BEDVZVONRKRTH D, AMELBFTIE. ChSOFBEERRL. BRIABICEDZY 7S F—V YRV IBEREENN - BEEHIC

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 research and development (R&D) engineers to confront the risks behind resource usage and how the information should

be shared among stakeholders.

BRN—ADO7 7O—-FICEDI L HYFRIKER SN
S D REL M - BROBEEEEEZRIC—

EREBEEOERIAR. BRFAFKZEC THOEVWE Y
BRABRBEZEZRIET, BEVEREZAVVT H5EICKIT2E
EDHBOBEICLDFRINOERBEE QL WIBEZFTMI B75E
DMRESND, COBRICEEIIHER. BREOHBOEET—F
CEBESHRAOMEICEIC/N\ATIVYRFIO—FTH 2%, BF
DEBHLEDEFIMRZEL T BEAOBEHERMOEER. =R
EESnc L HBEICROBEINIEPHBOEZLEL DI EZH
S5hicUlc, BIZIE BATESBBEZEET SR ICERBOL
HWIBELICF Y (6%) DEA—ARTUTF (14%). 1V RX27 (11%)
HNE#MEIND. FRINLFZITVILBIERESINTED, D=
WEPHbE & QIYERE ICE W TR B AR R B EERERIRYT 57
2. EOEDEDRRICEET BERBEE SN LBBEDOEEICE
BICEARRETH S (Fig.1-2).
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Fig.1 Multi-regional land disturbances (kg-TMR/kg) induced by vehicles
production in Japan. Derived from Kosai et al. (2020).
https://doi.org/10.1016/j.resconrec.2021.106093

Multiregional land disturbances induced by
mineral use in a product-based approach: A
case study of vehicle production in Japan

Resource use in the country of final demand has severe environmental
impacts in other distant countries and regions through resource
exploitation. Using the total material requirement (TMR), we proposed a
methodology for evaluating telecoupled land disturbances induced by
manufacturing a given product in a given country. This product-focused
method is a hybrid approach based on the integration of inventory data of
a given product and the international trade statistics. Through a case study
of vehicle production in Japan, we found that the transition to next-
generation vehicles in Japan results in changes in the countries and regions
most exposed to the telecoupled land disturbances: i.e., from Chile (27%)
to Australia (14%) and Indonesia (11%) for battery electric vehicles. The
algorithm we developed is relatively simplified so that it can be readily
implemented to determine the telecoupled land disturbances associated
with any product in any country for a sustainable interaction in their
mineral trades with other distant countries and regions (Fig.1-2).

Fig.2 Multi-regional land disturbances induced by gasoline cars production in Japan,
by country per vehicle (in percentage). Adapted from Kosai et al. (2020).
https://doi.org/10.1016/j.resconrec.2021.106093
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#%Y LRRICEBR LIl ERD
Y734 F—2 ) AV @IR

HRICEFZIEYMERDOFEIZ. RRFLSNDGRIZEEZERIC
BZHITTWS, —A, MMEROY 774 Fo—rIcld. ShLEZ
DEHBEPEYSHRMEDRRBZERLBYRINEATWNS, Z0D
FTH, RIBTRTECDRTV MBI DIET LDRIEIC LS M
BYRTEERGEEZRIES. FMATRIPEROY T51F—
VIRV EEENICFHEL, XEHAEDZSWY TS5/ F— DB
BLUOFHARGEREBICEITHBYELERTI 5. DIFIC
BRUT, Y7210 Fz—r2TWI BRI BRE ENICTE - BIE
INBT—IN—RZERUS2T. —EOEEZTHH MBI OR
B RBICEZPHENM K TELSMBHERERETILICERY
3Z&ic&biT> (Fig.3)o

EFRHHEESMBEICEITZERN - EEREICSLD
REIBHEERME_EORTEEERK
— V71— hMEDEHZEUVLRELHS -

ERBARE (GCC) FEIF. ADDBRREZ®BLI DI+
BREHZHRATZENZE>TWS, —H. ARG\ DBEKREL.
GCC #EEIcERENBEERFORILICHSBIETRICH I BEHEHE
zblc5d, BN - EEREERMIE. RELEDREZRELL. £
WHRAZRIMEICIMZA DD, BREDINEEZSHEILICEI>TR
HEREZALSEZAREZELTVS, KHENSH 15km? D
ERREBFF 0.Tkm? RBEDEZEEREHN, /Vx— EICHITS 6
BOBZOBMARTEZVWHNTHSEIMNRE SN, i, tiEE
SUHERNBERICLZRAMHEDRF M2 FE A TRIBEHRER L
DREHENRRSNfcE LD, GCC HEENENR - BEERERINZ
RAUVZBRICEEY 2HA0ORE,. B5WICREDERN - BUERNZE
HICAET BESBHATE NI (Fig.d)o

L ELD i, BFSLFI— EE@E

EEVRS

Fig.3 Diagram of supply chain risks analysis

Supply chain risk analysis for mineral
resources focusing on tailing dam failures

The worldwide demand for mineral resources continues to increase
alongside the transition to a carbon-neutral society. However, various risks
such as land changes and biodiversity losses at mining sites are present in
the mineral supply chain. Among them, supply chain disruptions due to
the collapse of tailing dams that accumulate as byproducts of the mining
process has a significant effect. We evaluated the mineral supply chain
risks and proposed a new benchmark for constructing a high-risk resilient
supply chain along with sustainable resource consumption. To achieve
this, we created a database that classifies supply chain disruption risks
comprehensively, and then connected it to a multiregional input—output
model that can estimate the economic and environmental influence of
production activities across the supply chain (Fig.3).

Potential for food self-sufficiency improvements
through indoor and vertical farming in the Gulf
Cooperation Council: Challenges and
opportunities in the case of Kuwait

The Gulf Cooperation Council (GCC) countries have the ability to import
sufficient food to meet their populations’ demand. However, overreliance
on imported food leaves GCC countries vulnerable to food shortages
during crises that disrupt international production and shipping. Indoor
and vertical farming technologies have the potential to improve food self-
sufficiency by multiplying vegetable crop yields while optimizing the
efficiency of agricultural inputs and minimizing land requirements. Our
study demonstrated how approximately 15 km? of indoor farms or less
than 0.1 km? of vertical farms could reduce the need to import six vegetable
crops in Kuwait (Fig.4). We also contextualized the need for improved
food self-sufficiency in light of vulnerabilities resulting from regional and
global threats, illuminated unique challenges faced by GCC countries that
are considering adopting such technologies, and summarized opportunities
inherent in the current legal and policy framework.

Vertical Farm ||

ndoor Form N
protoctes Fiocs
openrics

10 20 30 a0 50
Total area (k)

(=

Fig.4 Comparison of total land area required to achieve 100% self-sufficiency
using different cultivation scenarios. Adapted from Meshal et al. (2021).
https://www.mdpi.com/2071-1050/13/22/12553
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HHiEE (DOWA i/i—JLF 1 >4 R) Endowed Division (Dowa Holdings Co., Ltd.)
BIEMRIEES 98 Study of Functional Materials
EIEEEBESYE  Study of End of Life Materials Control
RIEY)ERESSEF  Control of Environmental Materials

RISIRMBERRMORAE L.

HENLERBIR AT LOBRERZBELT

Towards developing new, environmentally friendly materials and

constructing sustainable systems for resource recycling

DOWA B IFIRER AR E DOWAR—ILT 1 7 AKASH O BENHRMAZNDOE & 2004 FICHR L. B4l TELE
BEREHROMADHRICEVWTERLZRDEREREZRRT 5L,
-BREEFHERZEE YT TR F—HIRICEHE UMM RIS LU ZN 5 Z AW BBEDRIBICEI 2R
- ERAMSZEBEI I KBFEIMRBREENENSOERI YAV EMELOCHES VAT LABELREICHT MR

- BERORMICH>THRETIEEINESYENDOTIWEDHR
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.

[ RIEMRIBREDE |
RISRAMBME DR & ITARE

BERANEMBZR0ETIARMRE. BS5TICKETITORTW
BIRRIGARERNEZBC T REROHEL - T/ A ROHAFK—X
DRFVP, KEMRY—RAERE—XOTYFUIZHEIES, &
EEBREVIIARETH D, BIZIE. ARPICIEE LT LAY E
EBAAVBEFBHEICIFEURTED, HEICIDREICRUTKRER
HEAERIFT, CORBTRICHLT, BEBEICEINTZFED—
DEUTHKE—ADBEEIN TV, ZOMEHE. Fig.] IERIHRIC,
BEDEHRESERAEICHBEI T LBERNTOREEEL. BEE
FENEHEELEFTIDCETHRABYEEZTNRET DI ENTTRETH S
BROMEETIE. COMBEBICEEEE LT B, KARFIC
TEEHEEOREBZHEL. BIURIGEL & EREZ I BT
ZBEUT ERESHCHEMELAEBOAEZRAVWC I7EH25
MR ZEEETHREIZCEERHATVND, S AMHZANT,

[ Study of Functional Materials ]

Development of Environmentally Friendly
Materials and Their Applications

Our laboratory mainly focuses on the development of environmentally
friendly materials and their applications. Moreover, we research and match
academic and company needs. For example, viruses and/or heavy metal
ions, which are widely scattered among environmental conditions,
seriously affect by our society because they are difficult to collect. To
solve these problems, magnetic beads were recently developed. As shown
in the schematic drawing in Fig. 1, the specific functional groups, which
are attached to the new material’s surface, interact with the specific
substance. In our laboratory, to develop the highly effective magnetic
beads, well-stabilized, high-performance core materials are synthesized
under room temperature conditions 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 the
results in international/domestic conferences beginning next year.
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Fig.1 Schematic drawing of the mechanism Fig.2 Building a platform for secondary Fig.3 Survey analysis of used small home
of magnetic bead raw materials appliances
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Professor Professor Professor Professor

Hideyuki Takahashi Ryuichi Toba

Toshikazu Shiratori Takeshi Komai

Ve
HiE LERBS HRR FRET By GES
Professor Associate Professor Assistant Professor

Masanobu Yuko Saito

Kamitakahara

Mei-Fang Chien

BRARBHRYEZEINATELRMRZREEL. RBRICREESHYEEZD
EINHBREZzH# 2, oo AFEROIOFTIIILADRZETERE
TORERIGHFBH > REEURFFESEF LTV FETH 20

[ RRERBEFDEH ]
BREHSBEICRDIHAR

ARHTIE, BREMSEZBRIZ LTOERITA7ILEME L
CENERBT 2O DH/EIATLAICETZMEEFDICIT>TL

o EERMICIE, BIEICLEBINRITNIEREZFRELTCUE SR
HOHZIESR - EFHMAYTv (E-Scrap) PERBE/(RIL (B
PV). %2\ ERFHJFULEM (B LiB) IcRERShDEEYIE.
SEROXERENFTEINBHSENETIFEERYYI7/LIL—K
MRES>TOWRWRIRICH S, ThE5DNEBZEZDIFEICIE. B
BINEVRTLAENBEMNINEERD, FleZhICIAT, BRE
REOERDOICIE. PHIEONBICLDRETIREHEP ISR
FyIBEWSIREMEIREREVTUEZSZ LS. BEYELTEY
BZRETDIENVETH D, UMRETIE. BELHIEROR:
HOEBRAREEML. RRICENTREEIIHRYEOT7O—RE
PO BHREEICED TSy M7 —LDEEEBIELTWS, B
B (LETPERE) COEEPEORFZEERFANDSEZBL
TRRHEE T 2 & HiC. REREDORIEMDIBEPBRAEEICHENL.
I O—NIEERERICEDZMELTo>TWS,

[ RIEMEBRFDE ]
RIEAEERICEb MR

2021 FE LD RAHI TMERBES ZRM LA EF . ERRE
REPHBERICFRIBEEBCRORRZARE LT RIEHE. HICEER
FEICEDZIRBEEERNTORKEZORRAZESD D I, RIEH
MNRERRAREICERYT 2MRARAAZED D EZRFTLTVS, B
FRICIE. ERSEBRFBEOHFKFICETENIEZEE. HEYICL
BRE - AT BHLVWTOEZAFARICEDEHTWS (Fig.4). 12 A
ICINRBHRFTIC B W CRMAEZ1T o7 (Fig.5),.

SMMEETCHA 6
1]
SRERMESHTRALTEERE-EIUR

Fig.4 Image of metal recovery by microorganisms

[ Study of End-of-Life Materials Control ]

Research toward the Construction of
a Recycling-Oriented Society

We are conducting research on recycling in society that focuses on
resource-recycling technologies and social systems for building a recycling-
oriented society. Specifically, wastes such as electrical and electronic
scrap, photovoltaic panel waste, and used lithium batteries, which have the
potential to pollute the environment if not disposed of properly, are expected
to undergo mass disposal in the future. However, because a clear strategy
has not been established in Japan, to establish these processes, proper social
systems for collection and processing technologies are required. In addition,
to increase the quantity of secondary materials, it is necessary to remove
harmful, toxic, and repellent substances so that materials such as metals
and plastics generated by sorting and other processing can be safely used as
secondary resources. We are conducting basic research to design an
appropriate policy and are working to build an informative platform
through flow surveys and analyses of target substances circulating in
Japan. These studies are progressing through collaboration tests with
municipalities (Sendai City and Miyagi Prefecture) and participation in
national investigation committees. We also focus on understanding and
disseminating information on the latest trends in the other countries and on
conducting research related to global resource recycling.

[ Control of Environmental Materials ]

Reducing the Environmental Impact of
Raw Material Production

Our lab members were renewed from FY2021 while we kept researching
toward proposing environmental policies related to remediation, especially
regarding smelting operations and contributing to environmentally friendly
resource development. Particularly, we are studying the development of new
processes to remove and recover metals contained in the wastewater
produced by the nonferrous metal-smelting industry using microorganisms
(Fig.4). We conducted a field survey of the Kosaka Smelter and Refinery in
December (Fig.5).

T

Fig.5 Group photo in front of the third drainage adit at
Kosaka Smelting & Refining Co., Ltd
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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

LBEFEIHRRAAEEAEERMEEHRN - @EFETEIRILF MR (FREA) - BETRIRILF—HREYY— (BRILH).
BLUCHBEERREMATEMA (DK FIBOMAEIREL. HE - MAFBHET>TND, RE. FBETIEELIRREFIERELVE
MRBAINFEROHE - PEEEHEUMRBEFH TS5 8bic, BFEEE. TR — EERMRASAREE (NEDO). BHRR
AR - RBHYEFEE (JOGMEC) ENSOEFZRITHARREEELTWS,

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

geothermal resources in collaboration with researchers in GSJ, AIST, and GSES at Tohoku University. Major research activities in 2021 included (a) modeling

and potential evaluation of subduction-origin “supercritical geothermal systems” based on geophysical and geological survey; (b) simulation, microseismic

monitoring, and rock mechanical studies for monitoring and managing enhanced geothermal systems (EGS); and (c) developing an Al system for stable steam

production and reservoir management. Furthermore, we developed technology to simulate industries in areas of Japan stricken by the 2011 earthquake.

BRI BFERICET SR

REBERILE, BRAOMEELEHELT, KIAHFICEIR
ZEI5BRFAMABRICLDABOAREREZR-TE o NEE
M5 NEDO "5 DEFZR T, 4 FRDFE TCERNEEMR TOHF
WEMFAE LOCRABHOLREESEZTV. 2020 FREF¥EICH
TEREHEHICLSBERFMAEROFERLEZRIET. ZOR.
2040 FUREICENMBER 10CGW L LOBRBAEEZER L. BK
RHBRORFEPIXILF—tEF1UTrDOALICFEST 2,

MR BABHRIKIC & SitEITEED
BEEZSIUVY

FHEETIE 2015 FLUR, BERUEALBHRT—LR T BE
BAOEETKROBIMEREEHREEL. ThickD, BEEAD
EROHMREE=Y VT L. BBERBOBEKIEY —> OREE
ERRUTE . THICZ. 2021 FEICREBHBORKERE
AWTHT TORMKRBERNT 5T LRI, £, MBS
I ® 132 BRI R BETEIC T 2R bERL T 2,

Research on supercritical geothermal
development

Members of this laboratory have been investigating the feasibility of
establishing several tens of gigawatts of power generation in total using
supercritical geothermal resources, which originate in the subduction
layers of oceanic plates, in cooperation with scientists and engineers
worldwide. We have started a new four-year NEDO-funded project for
detailed modeling and potential evaluation of supercritical geothermal
systems in the most promising area and are making drilling/test plans.
Members of the laboratory aim to contribute directly to a carbon-free
society in 2050 by realizing supercritical geothermal power generation.

Microseismic and magneto-telluric
monitoring of geothermal reservoirs

We have carried out microseismic/microearthquake (MEQ) monitoring of
geothermal reservoirs associated with treatment injection at Yanaizu-
Nishiyama Geothermal Site in Fukushima since 2015 to determine the
reservoir’s response to water injection. The dynamic flow of high-
temperature fluid inside the geothermal reservoirs has been successfully
inferred using polarization states caused by microtremors. Reservoir
characterization using naturally existing electromagnetic waves has also
been carried out in the lab.
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Fig.1 Model of supercritical geothermal system
in Japan

Fig.2 Distribution of pH of surface water

Fig.3 Change in frequency characteristics of tremor
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Professor Professor

Hiroshi Asanuma Ming Zhang

BIERBFFREFEICET SR

KEEHS NEDODSDEFZRIT. BIEEZHOAlIICES
Tl / TR ORR. LCHEBAHRNIORIRIEI I T L - Al L
BRI MRARKERB LU, InSZz@BUTRENNDRELE
WHIRILF—EEICTSI 5,

WA R OIRM IR

BEEFHEZERALT RIGUEENFT I 2HABBERM S —XD
SRALXEZRELTVS,
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Research on proper development of
geothermal resources

Members of this lab started NEDO-funded projects for (a) an Al
monitoring/prediction system for steam production and (b) a visualization
and Al processing system for high-temperature boreholes to establish
stable and sustainable geothermal energy production.

Technological support of local industries

We provided technological support for startups in local industries in areas
damaged by the 2011 earthquake and tsunami. Geothermal-related
technologies have been cultivated under this scheme.

Contributions to international society
and collaboration with other organizations

e International contributions

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

e Social contributions

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

e Collaboration with other organizations

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

e Collaboration with local communities

We have collaborated with local communities, mainly in northeast Japan
(Tohoku), in the area of education of children. Students have a long history
in the lab. Prof. Asanuma made one remote lecture about renewable energy
in 2021 as well.

Fig.4 Field test of small-scale hot spring power
generation system

Fig.5 Concept of Al steam production monitoring

Fig.6 Scanning head of borehole scanner
for geothermal well
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HHIRE - RIEHIRF B
BishIE% 438 Environmental Geography
HWIEZMNBR RS ZERGAF
-IRIBERZEAT S |
Big Pa R

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

Urban Environment and Environmental Geography ' |

KIARAHF Tl RARBEBRAT—ILIcBWTELZiRIT2MIBM R OREZ, HEBERHZOATEEPHIRE., 71—ILFT7—JZ&EL
THSMCL, ZZICERTZAB-RERROSDAP. HENREOREXNZIALICDVWTRELTWS, L. WREZBARRREICRE
T9. CLAHAMICRESNTELBERE. #2RRICERL. R LR BE. REOBBNREEICE T2 AB-RERROMEZN
MREEBELTND, MAT, HWEBBERHNZICHFIEMFE M. ZENBEEET )L, HENREL. T-YREFICHTIEREDHER
IR ZIT>TWS,

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.

fERthIR

ANARDHTIE, HEBNRREEOBEEPEBNBLERIEED
RE,S, BROMBZNBEAMTEEHBLTWS (Fig.1). 2021 4
Tl EBEORES CERES OME (Hanibuchi et al., 2021).
Walakbility & # 2B R &4 (Koohsari et al., 2021), #E D%
AKEE L BKESE (McCormack et al., 2021). KKBLDOHA
HEADEFS (Hori et al.,, 2021) R ELSHBBEMIBRORERES
BREOREICETIMERRES . Fiz. I COVID-19 FfTic
S2EEE. BRRBREERICHEEBUAOMULER. BRIEE
HHILE - HIBMFIZE (Okubo et al., 2021), T&DEH, DADEE
E Rk (Nagata, Nakaya et al., 2021). JRiTIc KB HERS
PEATEIOBMICEY 2 RBFHMUPEE MO EE DR E
(Nagata, Adachi et al., 2021) ZEESh LTz,

Health geographies

This research lab has conducted a geographical analysis of health in terms
of its relationship to the geographical environment and the spatial aspects
of social inequality (Fig.l). Published studies consider associations of
health with various environmental aspects of a neighborhood including
neighborhood noise and insomnia (Hanibuchi et al., 2021), walkability and
social capital (Koohsari et al., 2021), street layout and physical activity
(McCormack et al., 2021), and air pollution and cancer deaths (Hori et al.
2021). We also analyzed the impact of the COVID-19 pandemic, with
particular attention to various environmental factors, and found
associations of suicidal ideation with urbanization and geographical
deprivation (Okubo et al., 2021), the spread of infection and human
movement in “nightlife” areas (Nagata, Nakaya et al., 2021), and changes
in walking and sedentary behavior (Nagata, Adachi et al., 2021).

Methodology of regional and social surveys

His - HLBEEDSER We carried out a methodological study on the collection of individual data

AEAERICEALTE. Web BEICLZBET —YDINERE
& RHBEREOEREICE T 2 ERIMATEEDT, Web REIC
DWTIE, BEMEEEFEMEEVWSHRZRARERL. JOFHAIC

using a web-based survey and a reliability study of an official statistical
survey. We took advantage of the rapidity and contactless nature of the
web-based survey format to investigate changes in the outings, lifestyle,
and health of local residents retrospectively during the coronavirus

N, e | .'. s = - Ve v
P ' ' el R e
A ek S r e = anm
The Atlas of e s
Health Inequalities ™ Ll
in Japan - LT

Fig.2 Changes in step counts around the first wave of
COVID-19 in Japan

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

Ryohei Sekine

EHIR R s
Associate Professor
Tomoya Hanibuchi

BFDHBERDOALPEFTEH. BROZCEBRMICHAEL
(Hanibuchi et al. 2021, Yabe et al. 2021), %/, FFRAETIE
AX—K7AVICEBRBRINTVWISHT — Y EBERE U TIEL.
ZTNEBMNICTR A LS ETHEHZRHNHI DM RMICIBIET 2H
EEERUR (BILIED 2021) (Fig.2). HIAKMEIHAEICDOWT
FERAEO "R BEICHEELUTIRDER. ROEZREILCS
WT TREE A S SICBIMULIZISE OB TICEITZBESRERLE
(WAEH 2021),

i)

AMRDBFTRERT — Y BITORMEARE SO A ERNBHR
EZDBEOEFIAREEHBLTND, BZEEMNGARY NOFEE
Mz 3RTHNICRECTIREEA—RILEEH#HEZIGALT 7
IR GISETERETS HEIOFKFZER 3D v/ (UXEEH
EDHEBEME) (Fig.3) & ESRI User Conference T 2 ZFID &
BEEETE U, . 1VYRXITOHERENRE LA FRD
3RTNYTHEEIRTLTH S Gaihozu Viewer (Fig.4)  ESRI
User Conference ICEWTRES NI, CDIFD. HIEHINERD
1&% (GWR) ZISBUIcY Y M4 —Y 3 v D9 (Ogas et al.,
2021) ¥ GWR Zz&TCHIENME7 7O—F OB ERE. ERA
BN ITRERZEE U .

ALt T DEE & RIIAIBOEEZE)

20218 & FMBOAOFVAIADBERIEKRICED, T4—ILRT—
VERHSMRORITRIBOTHEE Bofco TDfth. 2021FEM
SBERARSNIZUOH 2020 FERMELY Y RZFEALT. BEX
BLURILHADREERIUNMIBOBEZEICOVWTT -0
MERBL. ZORRO—MEFHEERFOSEEICHEL (BR
2021,

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

pandemic (Hanibuchi et al. 2021; Yabe et al. 2021). In the same survey, we
developed an objective retrospective method to measure the number of
steps taken by collecting images of the number of steps automatically
recorded by smartphones and reading them mechanically (Adachi et al.
2021)(Fig.2). In the field of official statistics, we continued to work on the
problem of unknowns in the national census, and showed the problems in
regional analysis that could occur if the number of unknowns increases
further in future censuses (Yamamoto et al., 2021).

Spatial Analysis

This lab also carries out methodological research, including the
development of techniques for spatial data analysis and their empirical
applications. The “COVID-19 Space-time 3D Map” (Fig.3), in collaboration
with JX PRESS Corporation, which applies spatiotemporal kernel density
estimation to visualize the tendency of spatiotemporal events in 3D and
disseminates it through a cloud GIS, was awarded the top prize in two
sections at the ESRI User Conference. Gaihozu Viewer (Fig.4), a 3D map-
viewing system for the former imperial Japanese army maps covering
current Indonesian territory, also received an award at the ESRI User
Conference. In addition, we accumulated spatial analysis studies, such as
the analysis of gentrification, by applying GWR (geographically weighted
regression) models (Ogas et al., 2021).

Structural changes in agriculture and rural
areas in the Tohoku region

Due to the COVID-19 pandemic, carrying out fieldwork became extremely
difficult. We therefore began to analyze data on the structural changes in
agriculture and rural areas in Japan and the Tohoku region using the 2020
Census of Agriculture and Forestry, which began publication in 2021, and
we wrote some of the results in a reference book for junior high school
students (Sekine, 2021).

Fig.4 Screenshot of Gaihozu Viewer : Indonesian-territory version
(https://nakaya-geolab.com/GaihozuV/)
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KEBEMERS XA T L « TRILFXF—5ZEEE  Solar and Terrestrial Systems and Energy Sciences
BERMA7O0CRAZSE / R 6 - WETOEREHEF

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

EROSENA - REREDOHOTOE AWM

#iIx B XiE

Process Engineering Research for Advanced Resource Utilization Professor

and Environmental Conservation Eiki Kasai

KARETIE. LA VT MDREVERRMOBEL VTV TOERICH LT, BHELEBEREAF (L RRERATRERERNR
MEEORFZANELTWS, HicmBRIGAEST2HHETOER (Fig.l) cBWT, ERDSEELNIVICEBBEVWT —VICDOWTHE
ZHELTWS, BIZIE BRI, $BELTZREFRBANOMICKM P, BHETOEAOH—RYZ2—rIILE. BIIFRYE (PM2.5)
BRHBIREICBE I M REITo TS, E51c. ZABERMBORSEPECRELSIVI/RAZIEIBMEREDIToTWS,

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 have significant effects on our future society. The laboratory investigates a
wide range of research from fundamental to practical levels of the ironmaking process (Fig.1), such as efficient utilization of low-grade iron ore resources,
carbon-neutral ironmaking technologies, and reduction of PM2.5 emissions. Further, the research and development relating the fabrication of porous iron

materials and self-healing ceramics are performed.

RFARETICE T 2 EEHADRRCERNT

“BUCRRFHENFINOHESNEREZERIC. HMELCEITS
RERIXILF—EROBUHEFANKRSSNTND, SFEBE
IERVWTIFE. A= RPHBMRBEDRMIG. BRVPETHMELTE
T TRBETTERUVHDRRDODRRRELTHAWNSN
%, BRIFHOBBRETITFAZ VNS L. BFRNTEER
RRTHD, KDRKR TR BERRROEEZERICEDZRDOAD
COHRICLDERRLDBBREENKEVWZIENHSNTWD, T5
IC BREBRMOBEEERICIIZAZVOEENEEEIND, AE>,
BADBRICTH T DHMLABRLIVOHEFEITDZIRTVOHEICDOWTEH
EHUl

Fig2 cERZHMLAZRAVLANOEREREONEEE
ZRY. RANEBNZEENTWDHAZAWEE (High
gangue) Tl. FiHEB>IeEBHANEBE U TCER UK S B
NRHEN., BIRARD DK (Low gangue) &DHFBRIET
LTW3, High gangue HEIMEONXFEMBHRELD. BHkE
RMEDBEEEMMNZRON, Fig.3 ICEAZTHEMETT IR
BORRERBRONBEEEZRT, HONS HIS OHFIFRZVHE
DEIEERL. AZVHREEOZVWRBOAINIREBHREZER
9%, it Figd ICRIFERHIS. BFDRFREEIZZTD SiO2
BEPALO; HOEIBICHFILTWS, Lich>T. RS TDEIGIC

Technology to promote carburization of
metallic iron in cohesive zone in blast
furnace

Because reduction of carbon dioxide emissions has been required against
the current social background, efficient utilization of carbon-based energy
resources is needed in the steel industry. In the blast furnaces ironmaking,
carbon materials such as coke and pulverized coal are used not only as a
heat source and reducing agent, but also as a carbon source for carburizing
the reduced iron. Carburizing is an important phenomenon in the blast
furnace ironmaking, because it decreases the melting point of reduced iron
and separates it from the slag. It was reported that carburization through
direct contact with solid carbon is more preferential than that with CO gas.
Furthermore, the presence of slag is important for the direct contact
between reduced iron and carburizing material. In 2021, the effects of iron
ore type and coexistence of slag on carburization behavior were investigated.

Fig.2 shows the appearance of samples made from different iron ores after
carburization experiments. The metallic iron in the liquid phase solidifies to
form spherical metallic iron particles in high-gangue sample. Carburization
proceeds in the sample using iron ores containing relatively high-gangue
minerals (high gangue) than in the sample that with low-gangue minerals
(low gangue). From the cross-sectional observation of the high-gangue
sample using an optical microscope, a high degree of direct contact between
the metallic iron and the carbon materials was observed. Fig.3 shows the
appearance of the samples with various slag phase contents after the
carburization experiment, where the numbers HO to H15 indicate the slag

R HEX— Bh# hRE KA
Associate Professor Assistant Professor
Taichi Murakami Daisuke Maruoka

HUTERRIETL, FFIC Si02 8LV A0 HOEIAICHEED B2
ZEZEBASMIC LT,

HREFMOFRIC L 2HILERRETOEAD
R REEHEIR

BREARKNTHZEFILZEETDRIETOCRTIE. BEM
THZIMIA—V ADBRBEICHRT 2 _BILRFHDKREICH LI N D,
ZZ T, KRAISYTZRBUHETBIHAVILRRIDOBEILEZRAWT
SAAZRBILTDIFENMRRINTND, IhSDUTIIILER
FERRBEMETENTNDD, EARORELLT, RiERKOBES
HEEDZEFESND, WIA—VAERBRD, HRREEM TIERERILK
IBREEFEL. SSICHRBHRRTIHBRIERILZRESES, M

AT A=V RADRBEIC KD, FEFBEPOBRREE (BRIE) EX

S[PLDEELRBZEDNFEEI N, RREBEHORCER ICHEZ
52%, Z0cHZRBHOBILEHICH T 2FTHIDEEZLIET S
CENEETHD, ZITHREF. EEHOBRIRINICHTIEED
EDOFEICDODWTIEE LT,

Fig.5 IC 1200 CICEVWTEFTHEKI CBILS B2 BHRAB OB
EzRd, RRPFHET (21%02-N2) TR AN OBEE
FBUPIRIVITIBINT B, —F. BERFESR (0.01%02-N2) TIXE
{ERFERVICENLTED. EBHRENDOEROHIGHIERLT
WBZEERET D, N HAZZBILRRICBSBRATCFTHEHR
(0.01% 02-CO2) Tl 0.01%02-N2 KDEALIMEESE D, Th
1& CO: DABRIGICHESEILY / AXAREICE T DHEREIFEDE
mc&dbH0EEZS5Nn%, Fig.6 IC 1200°CTR{EFOHBIRED
ZTOGBREEHEGRZTRT. ARPFESI TRIELEAB TR, &k
HEEICH—BRICYEN R EINS, —/A. BERFEI TR
LR R TlE—EBRIEOETHIEVEELIZEL. MROBE{LE
HERENTVS,

MEDzens, SKREEMOERICHUTERNGNREZR S
ENTE T,

phase content. The sample with a higher slag phase ratio produces metallic
iron particles that are more spherical. Furthermore, the carbon concentration
in the iron is proportional to the SiO, and Al,O; phase contents as shown in
Fig.4. Therefore, it is clear that the carburization progresses faster relative to
the percentage of slag, especially SiO, and Al,Os phases.

Reduction of carbon dioxide emission for iron
ore agglomeration process by using
iron-bearing materials

In the sintering process to produce sintered ore, a large amount of carbon
dioxide is emitted by the combustion of coke. Therefore, a method to
agglomerate iron ore that uses the oxidation heat of iron-bearing materials
such as iron scrap has been proposed. One of the issues in their usage is the
degradation of air permeability during sintering. Unlike coke, the iron-
bearing materials remain after the oxidation reaction and they expand,
which accelerates the degradation of air permeability. In addition, the
oxygen concentration (oxygen partial pressure) in the sintering bed is
expected to be lower than that in the air due to the combustion of coke, which
affects the oxidation behavior of the iron-bearing materials. Therefore, it is
important to understand the effect of atmosphere on the oxidation behavior
of metallic iron. In 2021, the effect of partial oxygen pressure on the
oxidation of metallic iron was investigated.

Fig.5 shows the oxidation rates of metallic iron samples oxidized at 1200°C
in various atmospheres. The oxidation rate of the samples oxidized in the air
atmosphere (21%0--N3) increases parabolically. On the other hand, the
oxidation rate linearly increases in a low-oxygen atmosphere (0.01% O,-N>),
suggesting the supply of oxygen to the metallic iron surface controls the rate.
The oxidation rate of the sample oxidized in the low-oxygen with carbon
dioxide condition (0.01% O,-CO») is more accelerated than it is at 0.01% O,-N..
This result indicates that oxygen supply is increased in the oxide/gas
interface by the CO, decomposition reaction. Figure 6 shows in situ images
of the sample surface during oxidation with different partial oxygen pressure
at 1200°C. The oxide layer is uniformly formed on the sample surface
oxidized in air. On the other hand, oxidation progress is slow in a part of the
sample oxidized in a low-oxygen atmosphere, resulting in the formation of
an uneven oxide layer.

Finally, basic knowledge on the utilization of iron-bearing materials is

obtained.
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the ironmaking processes.
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Variations of ozone and related trace species in the atmosphere
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HMRETR, "TO—/NILBRKIREZE) £¥—7—Ric. AVYVELHBECHIKERRE, BIREREORELZHICEHDLIRIFD
WERD DBEANARZIT>TND, 2021 FiF. DKRICHITZT7—UTEBRESKE (FTIR) BRAICLZ AV Y OREELDER . NO2.

HNOs. N20 OBEMHEHLEZToT,

Temporal variation of the height profile of ozone was observed with a Fourier transform infrared spectrometer (FTIR) at Tsukuba. We also retrieved

profiles of NO>, HNOs, and N,O.

BRBEIRERRAEOHERFAR LT 2KEICRIFZ FTIR I
F2EAZ 1998 FLDTo>TWB, FTIR TR ABEAD 2-15 um
DFRNEIHDART ML ERK[HFDEDOHERD DEESHEE
ANBZENTES, AROBERZToTVWBEBRNRAESIL—
NDACC/IRWG (Network for the Detection of Atmospheric
Composition Change/Infrared Working Group) T &, #& &%l
AT—yavOERERE UV CHIKRIEDE BN ERN = FHT 2% %
EHTED., INFETICH HCI, HCHO FILDOWTDmXZHERT
HERLTWE, SFF 0 DRFEERNMZEITT 2L EBITH2IC NO2,
HNOs. N20 06727,

FYVIZDOWTIE, IEEIC 2019 FOBHAKRICOVWTRRTE
BRREOAV VY Y TFTEHAESHEL, 0-9.8km. 9.8-18.3km,
18.3-27.7km OEEEFERTH % 15 10% BET—HIZZ L%
hhic, 2 TSEIF 2014-2020 FILOWTEER LU EEER
BOREERCZHANI K1 IcEEBORFELEZRT, 27.7km XY
£&£9.8-18.3km TRAMERMN RS, 18.3-27.7km & 0-9.8km
TRIFEAEEDI BV EN DN D, TNESEBEDUCLETER
DEMERD, TNEEESKREDOAYV VLEEBATHRKTH %,
CORMERDRREICDOWTIIEITHRTH D, HREMOAY VL
EORFEZZERANCEIZAREEHERT Y 7R TIERKICH
MEBMH RSN, ARBRSEDOEEREZHNTNDEIETH S,

SHE(F NO2. HNOs. N0 OFfRZEESDTH. T TIEZEILE
% (NO2) IEDWTHBN T %, NO2 BEICHKEBEICH I 25EER
BRBRAEYOOEDT. AV VIRESDORIGICEDL2EERD TH
%, Ffe. MR TIERIEEBAE U THIRMGEDBESEED,
HAREZAEYTOERERD, K2 IC2KEICHIIZ 2 D0EEESE
T®O 2012 — 2020 F£D NO2 DRFEELERT, H ERAD KT
NO: ICEAL TR EICAK BRI (ER) ICRENSB D RE S (T
BT 2 REEIMEVWCOIRBE R AICDWTIRIESDEDNKRENDY
2R EVTIFICRERREZ(IFESNT. FEEICOWTIIRE
BERRBETMENERDCEN DN D, ZOT—FFBEEI—OY
INDOHFRMARE ICIREL TROPOMI BEDIRIEICELN TV,

NHEIFSE1TANS 2022 F£3 AFX THE 63 RE Rt S &I IC
EBBELTEML. A—/N\—TFLy v —5EZzRAWKKENED
BRAZTo>TWE, KR[RENKIE. KRFPOEBEHEZEL, FE
AKDOFFHEBRORE ZEL CREE - PFERBEDORE - WEDHD

In collaboration with the National Institute for Environmental Studies, we
have been investigating the temporal and spatial variations of atmospheric
trace species with solar infrared spectroscopy using FTIR at Tsukuba since
1998. We have contributed to the activity of the Network for the Detection of
Atmospheric Composition Change/Infrared Working Group (NDACC/
IRWG) and collaborated on HCI, HCHO, and so on. In 2021, temporal
variation of ozone profile was analyzed and NO,, HNO3, and N,O profiles
were newly analyzed.

In 2020, we have compared the retrieved ozone profiles by FTIR with
ozonesonde observations by JMA’s aerological observatory for 2019 and
confirmed the good agreements within ~10 % for 0 — 9.8 km, 9.8 — 18.3 km,
and 18.3 — 27.7 km partial columns. The temporal variations of total and
partial columns from 2012 to 2020 were investigated in 2021. Fig. 1 shows
temporal variations of partial columns for ozone at Tsukuba. We can see
decreasing trends for over 27.7 km and 9.8-18.3 km and almost no trends for
18.3-27.7 km and 0-9.8 km. Total ozone shows a decreasing trend and agrees
with the results by the aerological observatory. We also investigated total
ozone data in the world and many stations in East Asia including Japanese
stations show decreasing trends. We are investigating the relation with
atmospheric circulation, etc.

NO,, HNOs3, and N,O profiles were analyzed. The results for NO, are shown
here. NO; is one of the active nitrogen species and it is mainly distributed in
the stratosphere. It is important for the chemical reactions of ozone depletion.
It also shows high concentrations in the urban troposphere as a pollutant and
causes photochemical smog. Fig.2 shows temporal variations of partial
columns for NO, at Tsukuba. The fluctuation is high for the tropospheric
column (lower panel) because the sensitivity to NO, by ground-based
infrared spectroscopy is low for the tropospheric column but there are no
significant trends for both partial columns, and the phases of seasonal
variation are different between the stratosphere and troposphere. These NO,
results are used for the validation of the TROPOMI instrument on board the
Sentinel-5 Precursor satellite.

Associate Professor Murata is participating the 63rd Japanese Antarctic
Research Expedition as a summer member from November to next March
and carrying out the observation of atmospheric gravity waves with a super-
pressure balloon. Atmospheric gravity waves transport momentum in the
atmosphere and play an important role in determining temperature and
material distribution through driving the meridional circulation in the middle
atmosphere. However, the observational constraint on the momentum
transport due to gravity waves is insufficient in the Antarctic. The super-
pressure balloon can stay at a certain altitude (19 km at this time) for more
than 10 days and observe momentum transport due to gravity waves in all
frequency bands, and its horizontal distribution is clarified as well. By

RECEBERREERLT, UHL. EEtES TIFRKENRDOERH
BEHIRTDTH D, A—N—TLyor—KEE—ESE ($EIF
19km) % 10 BUL L2852 2 EATTHE T, 2 RITAEE S EDE A
LD ENRDESERMEZ LB RBFBTEENITUETE, 20D
KERHFHESZDIENTED, INZEBMEMD PANSY L—45—
BARLORHNOKIRBBRITT —YEMArEbEDZEILLD. KK
ENRICLDEEEHED 3 RITWERER D ZENBNTH %,
SElE 3 BOERZEBELTWSA, 12 ARICIFRIEZDMOERT
BER - BUAIZITRSHIEIE 1 BERofce ZTTIEK 3 ICETRED A
i TUSE WSERELE TEEBHAR) DEEZBHLTH, R,
SEINMNITRZZONREILE S VI RITHKA, FalIcRZZDIE
LSEMEKZRWTEATZMBITH %,

MEFKFRELTIE, HIRREEZHZHE (EIREMEA) ELF
BORAE. PEHIZE HFC-23 D iE R % FEE Atmospheric
Measurement Techniques s5ICikfTELTW e, BEEZEINIE
#H i (Takeda et al., 2021),

WHIE 2015 ENSEHRERERE LY Y- OFEZEEZLTHED,
SESH 1 EOFMAZEERICHBEUTERBRE LY Y—MNToTWD
HEOFMEIT oIz Ffeo 2020 FhH SEIRERES LI MEME
BRLEEEARD, EERFEOEITVWIRANKEREZFDOICI10M
U EOEERICHELTWS,
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Fig.1 Temporal variations of partial columns for ozone at Tsukuba.

combining it with the PANSY radar observation at Syowa station and the
state-of-the-art meteorological reanalysis data, a 3D picture of momentum
transport due to gravity waves is acquired, which contributes to the
improvement of the future prediction by the climate model. A maximum of
three balloon observations will be carried out at Syowa Station in the Antarctic.
A photograph from Antarctica is shown in Fig.3. It is the multiple exposure of
the midnight sun taken from the ice-breaker ship SHIRASE near Syowa
station. One can see Mt. Choto-zan and the Langhovde glacier in the center
and left side. One can also see the trajectory of SHIRASE in the lower side.

Analysis of the HFC-23 in cooperation with Mr. Takeda and Professor
Nakajima in the Global Environment Division was published in Atmospheric
Measurement Techniques (Takeda et al., 2021).

Associate Professor Murata serves as an evaluation committee member for
the Center for Health and Environment, Miyagi Prefectural Government, and
he attended one committee meeting. He also serves as a member of the
environmental assessment technology examination committee, Miyagi
Prefectural Government, and he attended more than 10 committee meetings.
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Fig.2 Temporal variations of partial columns for NO: at Tsukuba.

Fig.3 Multiple exposure of the midnight sun taken from the
ice-breaker ‘SHIRASE’ near Syowa station, Antarctica.
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Researches on Water Resources and Environments
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2) THREZNT 7O0—FIc LD COVID-19 RERAI Y AT LDIEEE
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5) RMNAAT I/ OY -2 AWK - REYDIE &MY RS DR

Our research topics in 2021 were as follow:
1) Development of a self-sustainable sewage treatment system

2) Development of an early warning system for COVID-19 centered on wastewater-based epidemiology

3) Development of evaluation approaches for the effect of climate change and land utilization change on natural environments

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

5) Waste and wastewater treatment using anaerobic biotechnologies and microbial community analysis

TROEDRRRIEICEITT

% 26 IR Z EHESRNIFIEESE (COP26) TIREHEMN1.5C
BECAM>TENTZIENERICERSINDRE, HRWRE R
RIEORNZBRIBLIDZRENBONEEISND, HEHTIY
hC. BRIMERZHESEBIETELEELCONNI0OFEFEMTH
BILEBERDE, FELHFHBLTH D, ABEENICHE>THEH
SNBZTRENIETZTKER. R - REGVKREEZXZZLTE
BRIV TS THZ—A T, TIHhSHEHSNIHIKBRILA R
[FEAR2EDK 0.7% ICHYEITZEEDLNTWS, ZO55H70%
MKLEBTOCRICERRTZEHESNTED, KLEBTOEZDH
KRR TKEICEITZEELRED 1 DICHE>TWS,

KERVATLERHF TR, BIXRILF—BIZRILF—BDOTK
WIBTOCRAZRAREITZIET. TRLEORRRLICERDEATN
%, TROLBOELZELTAVWSNTWEERERER. BED
ICBEREZHIETIHICBEBRIZDELHD., COBKICETZIEN
ERENKEV, —ATTKRICIEEINPER. VoEWTHD
DEIXRTIEHICEENTED, FIZEEEIEATIIA, ER -V
VNFINAAYZREEDODIERELTRHWSIENTESH, TK
IKRFBENBIRXLF—DELEENTVDEEZIZIENTES,
THRLEBORRRLICEWTIE, AIXRBEOKLETOERITNZ
T, Ih5Zz53F<FALTIRILF—ZEHABETEN 1 DDELE
BoTWd, Z7O—FD12ELT. RILLEEDF I RiEE
downflow hanging sponge (DHS) (IC&2KNEE, RULLEH
TRETIEFREREUVLVFITOBESIERLICLZITRILT—
EEICEZKLBTOCROIRIF—WRELEREICTIVRT
LORHEEIT>TWD, DHS IFBUKBREDEEE ZRY JICUTe
HDT, AIXETKLEFMELTAYRPIIFRNREICHEAST

Toward Decarbonization of Sewage
Treatment

At the 26th Conference of the Parties to the United Nations Framework
Convention on Climate Change (COP26), the world formally agreed to
work toward a 1.5°C target, an achievement that is believed to have helped
drive the global trend toward decarbonization. Considering it was only
about 10 years ago that Japan declared at the G8 Hokkaido Toyako Summit
that it would aim for a low-carbon society, there is truly no time to wait.
Sewerage systems, which treat sewage discharged by human activities, are
an important social infrastructure in supporting a safe and secure water
environment, but it is said that the global-warming gases emitted from
sewerage systems are equivalent to about 0.7% of Japan’s total. About 70%
of the emissions is reportedly caused by the water treatment process, and
decarbonization of the water treatment process has become one of the
important issues in sewerage.

In Urban and Regional Environmental Systems laboratory, we are working
on decarbonization of sewage treatment by developing energy-saving and
energy-creating sewage treatment processes. The activated sludge process
used as the standard method for sewage treatment requires aeration to
supply oxygen to the microorganisms, and the amount of electricity
required for this aeration is large. On the other hand, sewage contains
organic matter, nitrogen, and phosphorus, along with minerals. For
example, organic matter can be converted into methane, and nitrogen and
phosphorus can be used as fertilizer for biomass production, so sewage can
be considered to contain a great deal of potential energy. In addition to
introducing energy-saving water treatment processes, one key to
decarbonizing sewage treatment is to generate energy by using these
nutrients. Currently, we are developing a system that enables energy
independence of the sewage treatment process. For wastewater treatment,
processes of primary sedimentation, cultivation of duckweed, and down-
flow hanging sponge (DHS) are combined. Anaerobic digestion of raw
sludge and cultivated duckweed is for energy generation. DHS, which uses
sponge as a carrier in a trickling filter process, has been introduced in

i 4

g FTER
Professor (1#%/1%%8) Professor Associate Professor
Yu-You Li Daisuke Sano Daisuke Komori

BiR EF KE HHIR R KE

nTWwd, 20O DHS ZRIILE M EBAEDLEDIEMITEEYRE
ICEVWTRENTVWBREDDERPIVEVWSERERZRET S
EMNTERW, ZITRYNEERMEE DHS ORBICTF I HINA AT
EEETZIOCRZRITce TNICEDERPYYNTF VT DIE
JEICH>TIRESND, VXU H(IHIR ETEERENEWVEYOD 1
DTHN. NAATREELFRICTOND, XBIULERETRE
SINZFRIFASHOFETRIBLRITFNIEARS BV, FEANERE
B ARBORINDDBERTcHRRRIEDRNICEWTIEIFHEL LA
W BSHEBEIETRILF—EEE#STOBNNRNESEICRD
S5ZH, EELLYF I E—RBICBEIMEELLTIZETNIAIX
IWE—BELEWSHIMEZ G ENTED, ZhITkDKILIE
ICETRIRILF—ZHIRL. FIRILF—FEETEIENTAHE
ERD, KUBT7OLRDBRKRRILIEDITZDEEZTWD, BEF
VEFRIYRBEORIFTKILIEYE (LB ) NOZEFM. K9
ERCHLIE TR ERW U U EEOTEE TALESICHREL:
YT L (Fig.l) ZBWTITS &HIC. TF I TRMDRYLR S
BOEIMEHEICEZ PR EDFMERRETIToOTWS (Fig.2).
SRIE. FNSDT—YETICUMEBY AT ALEDOFTMETo>TLL
FETH 2.

India and Egypt as an energy-saving sewage treatment technology. The
technology of combining the DHS with a primary sedimentation tank is
excellent at removing organic matter, but it cannot remove nutrients such
as nitrogen and phosphorus. Therefore, a process to produce duckweed
biomass is installed between the primary sedimentation and the DHS. In
this way, nitrogen and phosphorus are removed as the duckweed grows.
Because duckweed is one of the fastest growing plants on earth, biomass
production is very active. The sludge removed from the primary
sedimentation tank must be treated in some way, but incineration is
undesirable because it requires the addition of fossil fuels. Anaerobic
digestion can be an attractive treatment method because it involves energy
production. Digesting the produced duckweed together with raw sludge
from a primary sedimentation tank will produce additional energy.
Reducing energy required for wastewater treatment and increasing the
energy produced will bring us closer to decarbonization of the sewage
treatment process. Currently, we are evaluating the effect of the cultivation
of duckweed on wastewater treatment efficiency (treatment performance)
and the production of duckweed using sewage treated by a primary
sedimentation tank. To accomplish this, we have installed a system in a
sewage treatment plant (Fig.1) and we are evaluating the effect of the
addition of duckweed on the anaerobic digestion of raw sludge from the
primary sedimentation tank (Fig.2). In addition, the entire system will be
evaluated based on the obtained data.

Fig.1 On-site experiment of the wastewater treatment system.

Fig.2 A laboratory-scale methane fermentation reactor.
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Environmentally Benign Systems

o -
#i%  FHE 8yeA

Professor

Toshiaki Yoshioka

LMRER. ER-PERREESORRZAEL. RERERMOME - BHEZTo>TWVWS, fIZIE. SO FREZEVZMINMEDS VML
FERMRBICERYT B2V TAIILTOER, BEERRCIVEANRNSESRZFORENEZRELTERLISZIOLR, HLlta¥eR
WeRIBEBRERDHEK - ET AR OBEE RO BEENEORES KUHADNSDORBIRWL 7 AF LB, SHERMESLTIAVRERER W

BEHE Cs FBRKB LV EDR L TOEIEICEBLTWS,

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.

HRT—%

< TISAF VI DR AR EIRER O BERBHIEICET T
V2T LEBEICET2HMERNME (Fig.1)

BBV MERICE G fo\O7 Y HlEE O &R (Fig.2)

- BREKBIEY R ZRRIEYIC LS CO2 DERNRER LT
IERMED S DEREZREMDRIEFRDOFFR (Fig.3)

- HENEY S IR IC LD ERRERERMASEL (Fig.4)
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Fig.1 Systematization of halogen control technologies
toward environmental impact reduction

Research topics

* Comprehensive study on the system development of plastics for sustainable
resource circulation and control of leakage into the ocean (Fig.1)

* Systematization of halogen control technologies toward environmental
impact reduction (Fig.2)

* Selective adsorption of CO, using layered double hydroxides/oxides and
reaction system development of useful chemical synthesis from adsorbed
material (Fig.3)

* Highly efficient utilization of carbon resources by the control of pyrolytic
synergistic interactions during co-pyrolysis (Fig.4)

* Chemical feedstock recovery through pyrolysis of plastics, biomass,
rubber, and crude oil

* Debromination of brominated flame retardants in waste printed-
circuit boards

* Development of polymer additive removal processes from plastics

* Development of poly(vinyl chloride) and copper recovery process from
waste wire harnesses

*+ Development of a pyrolysis-gas chromatograph/multi-detector system for
the analysis of polymer pyrolyzates

* Study on the characterization of the UV aging of PV module encapsulant

* Synthesis of linear and cyclic sulfonic-acid-modified layered double
hydroxides and their adsorption properties

*+ Synthesis of MnO,/Mg-Al layered double hydroxides and evaluation of
their acid-gas removal performance

* Adsorption and decomposition of bisphenol A by organic-acid-
modified TiO»

* Study of lactic acid adsorption for culture medium treatment
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Fig.2 Comprehensive study on the system development of plastics for
sustainable resource circulation and control of leakage into the ocean
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Assistant Professor

Shogo Kumagai
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Associate Professor
Tomohito Kameda
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Associate Professor

Yuko Saito

O RBE (5t44)

-E 70 BESE HBHUTAVIVETIAFY VEEYZLZRR
ICERIRT 2 AN BT OLR0OME BRMEES
- JMCWM Outstanding Paper Award 2020
Journal of Material Cycles and Waste Management
ABER
- EIORERYEHS Best Poster Award
RHE
CERITUTIVERE 143 BRES
BB TUTIEREERME

O REFRODTAT IS (5H1384)

BME 3%
MBI >/ MERICEIF fo/\O 7 > S o FRIE,
BRI (S) (Fig)) F

TR (NEDO-ERCA %) 64
T7S2F v 7 ERBEROBRAE /N1 AZMEADIZH DEAMBIF,
ERCA EBEHIMZRRAS (1) (Fig.2)
XS CO: ZFIAMEEAHELERE - RIG% (Quad-C system)
DR NEDO A—r ¥ 3v NEUIRRFERESE (Fig.3)
THEANEY F I —NREEIC LI ERRZERNBEEL,
JST BIRHIFAFR X IBEEE (Figd) &

ZOMHEMRRE 254

L=lrimu-B4
20504 E TI-HERMEEE @ -l TR AR R

EEPCOEHMARETRS EEE - BB Riquad-C system) 0 5 5

BRWA2: R ETRLSER OO0, 05 8- SRR s T R E

o @ @ @ €O, (gaseous)
= I I XEPOCO, NN
e o 9 9 9
@ co,
& gt ¥ €Oy Mg-Al LDH CO,-Mg-Al LDH
e o 9o @ 9
QDD
@ @ @ @ o BN mEMm COyMg-AILDH
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v @ o@ | ]

Fig.3 Establishment of a low-concentration CO: separation/
concentration process using Mg-Al layered double hydroxide

O B - BISREE (e )

G
-{tZEH = vk FScience to Enable Sustainable Plastics) @
BMEETSAFVIRZYDILEEMANDBERIL
20-5RUN—70v 717 21 HIREHBERIT 259 F
- EDEOTIRF v IRKIMOSRHER BR-3RUL—EIF— F
EREE
- Latest Trends and Challenges in Feedstock Recycling
Technologies for Waste Plastics The 14th Biennial
International Conference on EcoBalance &

O BHRMAERER (5H2218)
BLU EE - {50 - BFHR (fH43R)

+ Enhanced production of phenol and debromination by co-pyrolysis
of the non-metallic fraction of printed circuit boards and waste tire,
C. Ma, S. Kumagai, Y. Saito, T. Kameda, T. Yoshioka, Green Chemistry,
23(17), 6392-6404 (2021)

- Sustainable Advance of Cl Recovery from Polyvinyl Chloride
Waste Based on Experiment, Simulation, and Ex Ante Life-Cycle
Assessment, J. Lu, S. Kumagai, Y. Fukushima, H. Ohno, S. Borjigin,
T. Kameda, Y. Saito, T. Yoshioka, ACS Sustainable Chemistry &
Engineering, 9, 14112-14123 (2021)

- Bench-scale PVC swelling and rod milling of waste wire harnesses
for recovery of Cu, PVC, and plasticizers, H. Kumar, S. Kumagai, T.
Kameda, Y. Saito, T. Yoshioka, Journal of Material Cycles and Waste
Management (2021)

cTIRFVIDTINIVITAVILEM SRR (). BANE. BHEET
Y—T LAY—HhR (2021)

FHeASR = —mhm ")

“EEMT S
[ HERASIAR |

mi{E - =
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Fig.4 Highly efficient utilization of carbon resources by the control
of pyrolytic synergistic interactions during co-pyrolysis
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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

EMRETIE. REPERDTFICKITDREEMRIBIEZREL. A FRBICEDHULWANFEORREEToTWNS, 2 FRHBILE
ICEDEHULWMERZEF—T7ZRAFEL. ERODMFERICHALTWZEEF, PHRMORBHNEHKBICDOBNZEEZITWDS, SEESF
EBEROFNSUTD 2 RICDOVWTHRET S, 1. ToYbTCA SEAEDFKIRE. 2. ERLICEDEETHRR Nd/Dy 2B E,

The aim and goal of this division is to develop analytical methods based on molecular recognition, which provides solutions for environmental problems

and tasks in medicine. We believe that breakthroughs in analytical technology will be facilitated through the development and application of chemical

motifs capable of recognizing materials and through the establishment of methodology for separation/preconcentration and detection/determination

methods for materials of environmental and biological importance. Among such chemical motifs that we studied this year, two examples will be described:

1) The luminescence properties of TbiY b, TCA; complex, 2) Highly selective and simple Nd/Dy separation method based on crystallization.

Tb1Yb2TCA $E{AD FAFFiE

BHEOZVY =R (Ln) Z2F 2% Ln #58E Ln BTOIRILF—
BENEFETED, BRAEF7ZHYYIRT7L—> (TCA) ZERAIFE
UTE—0DER Ln K (ThiYbTCA2) DREIRMWEMICHINL. F
AFEE Ln BIRLF—BEZHEL L. BEARTMLIEEVWT,
ThiYb2TCA: $&{KIEH.0 Ln (T, Yb) @ f-f BHICHE T2 2EE
DHEHIEIART N ERUc, RIREDORKEER (LnsTCA2) ELEELT
HENBEHNAECERD, Ln = Th T 0.08 15 (Tb Lh#79 0.24
) 1WA U, Ln=Yb TI&#9 1.39 & (Yb H7=0 %9 2.09 %) IciE5a
ULTWe(Fig.1)s E5IC.ThiYb2TCA: #8{AD Th R D Fdmik 0.85
ms &, ThsTCA: $5AM 1.15ms ELEBEULTRALTED. 2DF
WDEVWHS Th — Yb TRILF—BEHEN 26% LHASHICRTE
(Fig.2)o LEELD. ToYbTCA: SEEDELFEL LT Thb > Yb
IRILF—BEOEEZBESHICU (HFEE. in press).

HERLICED < BETHRL Nd/Dy 2tiE

FAVLBAICE. XRATVL (Nd) EHICHELBRTARATAOYTL
(Dy) h&END, MAKMICHFZRAILBADFAIIEMT 52—
7. Dy OBIgURI D EERZENTED, XRAVLHEARYISvT
M5 Dy ZEIRT B2 EAERENTWS, ALV Y= RRINICET

Fig.1 Emission spectra for TbiYb.TCA.,
Tb}TCAz, and YbsTCA..

Fig.2 Energy diagram for TbiYb.TCA..

The luminescence properties
of Tb;Yb,TCA, complex

Polynuclear lanthanide (Ln) complex can show energy transfer between Ln
centers. Our laboratory succeeded in the synthesis of a single heteronuclear
complex (TbYb,TCA,) using thiacalix[4]arene-p-tetrasulfonate (TCA)
ligand and investigated the luminescence properties of the TbYb.TCA»
complex. The emission spectra of Tb)Yb,TCA, complex exhibited two
types of f—f transition of Ln (Tb and Yb) centers. The Tb luminescence was
diminished about 0.08 times (0.24 times per Tb) and the Yb luminescence
was enhanced about 1.39 times (2.09 times per Yb) as compared to Ln;TCA,
complex at the same concentration (Fig.1). In addition, the lifetime of Tb
luminescence for Tb;Yb,TCA; (0.85 ms) was shorter than that of Tb;TCA»
(1.15 ms), allowing estimation of the Tb—Yb energy-transfer efficiency to
be 26% (Fig.2). According to the above results, we revealed the luminescence
properties and Tb—Yb energy transfer for Tb,Y b,TCA, complex (BUNSEKI
KAGAKU, in press).

Highly selective and simple Nd/Dy separation
method based on crystallization

Neodymium magnets contain highly scarce dysprosium (Dy) as well as
neodymium (Nd). Despite growing use of Nd magnets in modern
technology, serious concerns about the Dy supply chain exist. Therefore,
interest in recovery of Dy from Nd magnet scrap is significant. Generally,
both Nd and Dy elements adopt trivalent oxidation states in the solution.

= i
b
CH N HO.__=-
IN ""'\-.,-N-‘_-'"IttLo:L'\. "
X
N ‘oo oo
.-"[' I

Fig.3 Structure of tripodal Schiff base ligand
and outline drawing of the Dy complex.
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B¥% ESHEZN

Assistant Professor
Ryunosuke Karashimada

¥ #HKHF

Assistant Professor
Atsuko Masuya-Suzuki

Group Photo

% Nd & Dy [FBRFT 3 HOBERIREZED, BEWIEMLILRE
MHEEERTLOHDETZIENELL BETHER R NI®/Dy*
NEEEREZERRITDZIENEENTVWD, SE. BAF=HEY VTR
B (Fig.3, £ ) #RAFELTAHAW, Nd* & Dy** Z2&88BERIH5—
EXBET Dy’ 1k (Fig.3, &) OfER%E 99% DHETEINTESZ
EHERUE (Fig.d)o RERDDEFTHETH>IZEREOHNEETO
EADNRETHD, RUTFOEREBHTHDIENS, TOHER
BETHRR ND®*/Dy* DEEEE LT, RAVLBBRISYTHS
@ Dy ERNDOERAMNEFTES (Chem. Commun., 2022, 58,
2283-2286, outside back cover),

ZDfthDEED

(VYRITLDERE)

- 5 81 @b EwS YV RY UL TSDGs & r{bE.
AvZ4v, 5A22H

UEFEHEFEDOEE)

- B A3 EHBMDIHDILEBREHERE, A>F1>, 8H10-11H

- B 40 VaZTEADOBF ~EUIMEERRE~
Mr2AZ4 82233, (iEmEIZEE. 12A4H

(RE)

AEEREHEFILKRE RXF—E
"Development of near-infrared-absorbing Pt" complexes
toward cancer photothermal therapy agents,
D2 ENEA. 108 2H

- BASEER 8 70 £R2 BEFRRAY—HKKRE, "DAOHETFH
REGEEERALE GA()- FPAVY I AT L —V g BET7ILT =
Y/ RF ORI, M2 /NEXFE, 9B 23 H

- BADT L ZE S EXKEA AR EBHKS. F£8E FHiX E.
ICE AREICE DK R BHE - 7 TEESHROEE - tEEE - ISR
SlkEE. 12810H

The similar chemical properties of these ions impede their separation. In
this context, it is desirable to develop a highly selective and simple Nd**/
Dy?** separation technique. In this work, we showed that a using a tripodal
Schiff base ligand enabled a one-step crystallization of the Dy*" complex
with 99% Dy* purity from the Nd** and Dy*" mixture. This simple
separation procedure without multistep separation processes, in addition to
the simplistic ligand synthesis, could become a highly selective and simple
Nd*/Dy** separation system for the Dy recovery from the Nd magnet scrap.
(Chem. Commun, 2022, 58, 2283-2286, outside back cover)

Other Activities

[Symposium organizer]
*81st Analytical Chemistry Conference Symposium, “Sustainable
Development Goals and Analytical Chemistry,” online, May 22

[Organizer of chemistry education-related projects]
* The 43rd Chemistry Education Course for Teachers, online, August 10-11
*The 4th Invitation to Chemistry for Juveniles, “Let’s Make a Chemical
Light,” Sendai City Science Museum, December 4

[Awards]

* Poster Award, Joint Meeting of the Tohoku Area Chemistry Societies,
“Development of near-infrared-absorbing Pt complexes toward cancer
photothermal therapy agents,” Ryota Sawamura (D2), October 2

* Young Poster Award, 70th Annual Meeting, Japan Society for Analytical
Chemistry, “Creation of Gd(III)-Thiacalixarene Complex-Installed
Albumin Nanoparticles for Cancer Neutron Capture Therapy,” Miku
Komiya (M2), September 23

*The 8th Shigeru Terabe Award, Division of Electrophoresis, Japan
Society for Analytical Chemistry, “Analysis of kinetics, functions, and

structures of metal and molecular complex systems by using CE,” Nobuhiko
1ki, December 10

O~z

filtrate

Fig.4 Representation of the selective
crystallization procedure.

Fig.5 Back cover of ChemComm.
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Fig.6 Certificate of Shigeru Terabe Award.
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. . . . . . (TR FRE) (LM SR4E) (LBKE ) (R PEERIA. (FERETOVT 4 THER.  (FBERZEIOD T« THRA.
Developn:‘ent of E_nwron[nent?I/Blomedlcal Sensors and Visualization Systems Professor Associate Professor Associate Professor MHE - METREE RIE) THHRR #RID) MHEEEEMR F#ME)
for Material Functions with Micro/Nano Electrodes Hitoshi Shiku Kosuke Ino Kumi Y. Inoue Associate Professor Assistant Professor Assistant Professor

RE. BINETFINARONAAGH - BETEZV IV T ICRERPF/FIFESNTND, INSOTF/NAREZANSZET, INETHULI S
SHEKEBRRT LI P BENDORRSRETIM EEARENAEICA>TWD, o, EREBMULBINERT v 72 ERNTEI LT,
BEEBRLAYEGRATOCENEDOE=F I VI N HEEICTESD, TOLSIBREMNDRZHIC, BLIENA70 - F/ AT LEBMAALIEESRIL
2T ADBEHEET o1,

Micro/nano-devices are in continual demand in biological science and engineering, as well as achieving in accurate analytical information. We have
developed micro/nano-electrochemical systems for environmental/biomedical applications and the 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.

SHETIV (MRS, ME) AtV Y Oms

HRRER (R7O4R) B, EFRREZHDNICEIRTER
EEXREUVTHBEINTWS, R7O40 ROMIRESE % EEM ST
ARty e LT, BRIEERALZARULHILBRIATLZR
£ Utz (Biosensors and Bioelectronics, 181, 113123 (2021).
Fig.2)o ARRIE. BEDRIRIE TEREDOMEER DRz EIR
LicbDTHD., SEREBRRENOBHAIEEFIND,

Ffe. MBETIWVAHO LYY I ATLAZEREE Ul ZHMEDX
YILYPINAROTIRAICMENRMEZE Y — NMRICEEL, B
BECOEOERBEZFMIZIETIVICARAINTVNG, COME
DY —h%z, MREEUCRNDMESAIBER YA ORET /A A
ICHEEL, EER AV VSV REME (SICM), EERES
{eZFEMIE (SECM) TREWKRE. BB ZTMAELRIATLZHR
&£ Uz (Adv. Healthcare Mater., 10, 2101186 (2021), Fig.3),
5, NAALSI EFFNZERBBEICHREY—MEEREBET 52
ET BE QEICY—FADOEBIEDHEEZARILITZVRATL%Z
BEU, I5IC. XYRTLD, BAMBEOMENFELBE DT
ANOFBEEEERUZ (ACS Omega, in press, Fig.4).

MBEEFINOEYHELT, A AYEREZBIZE U MEBE R
DEBE®RY (Anal. Chem., 93, 4902 (2021)). MERLT DY
A, BREERETET 2V AT LERE Uc (Micromachines, 12,
1491 (2021),

1
. : . assay Tt assay i Factoe € Riedox Cycling
o Luminescence (3, concentration) ‘-*asculature—on-a-chipl:' Fac:nr}t_!awmd] 2i
i : actor B 7 g
Factor B (3500 edl) O
|
Proclotting  Clotti * 4 PQ
d A enzyme cncr;nlg Red
& 5 S Electrode ': o =
Dark afea: O 24 # LS | LGR-pAP pAP |

Spheroid

Development of biosensors for
tissue-mimetic models (cellular aggregate
and vascular models)

A Multi-cellular aggregate, a spheroid is promising for predicting human
responses to drug candidates because it mimics the cellular activity in the
body. Utilizing electrochemiluminescence (ECL), we developed a novel
imaging system to evaluate respiratory activities of spheroids in a high-
throughput manner (Fig.2; Biosensors and Bioelectronics, 181, 113123,
2021).

Endothelial cell sheets cultured on a porous membrane or hydrogel are
widely used for vascular microphysiological models. We developed several
sensing platforms for the vascular models. For the endothelial cell sheet in
amicrofluidic device, we showed that scanning ion conductance microscopy
(SICM) and scanning electrochemical microscopy (SECM) are effective
means to evaluate the changes in the morphology and the permeability (Fig.
3; Adv. Healthcare Mater., 10, 2101186, 2021). Bio-LSI is another
electrochemical imaging device and it could provide spatial information
about the changes in the permeability in a high-throughput manner, which
is applicable to evaluating the cancer extravasation process (Fig. 4; ACS
Omega, in press).

Inaddition, by monitoring the change of ion currentin the microphysiological
systems, we reported techniques to detect a vascular lumen at micrometer-
scale precision (Anal. Chem., 93,4902, 2021) as a sensing system to evaluate

anastomosis (vascular perfusability; Micromachines, 12, 1491, 2021).

Topographical  Permeability

Akichika Kumatani

SEDFORRE. SREERLAEY Y ORE

REDIZAIEEZRE T2 HF IRy Y ZRE LK (Electro-
chemistry, 89, 409 (2021)), BB LICT I IZVBEAFI T —
€. 7O77—€E%EHML. EhFILT V% 0.1 mg/mLDRET
30 min MAICEHAIERETH DT &% RUIc, 28I ART—RRIR
ELRYIRYAIIICEB Z DDV T FIVBIRIATLAEZE T S1A
JT7vEAVATLEREL. PXC4L/ 07U G% 470 aM D
BETREICERIIUIz (ACS Applied Nano Materials, 4, 12393
(2021)),

e, BRRIDICEDFENZEL S cathodic LS/ T7AT7ZAWS
ZET ERONAR—F—BBIYRATLTIFIRETEGRD > R—/X
Iy ERERB U (ChemElectroChem, 8, 3492 (2021)), &
BRRICED, EEERELU. RBFAELGERILFEAA—I VI VRT
L(I\AR—ZBEKILREMEE, BEM) OISRSEEMN RS iz, fhi,
BEM OEE(t. BLUEHREAA—Y VI ERRT D18, B
EDIGAZET>Tc. BEMIEICED. BEM BEBRTFOEE(LICHR
THIHTRINUTz (Adv. Mater. Technol., in press, Fig.6). EF
ETERSINCEBBRTIE, ZRILTIER>BROT—/\—REIRK
B L, NSBIEBEREHERSNAHAA—YELTARIELTS i
KARXR—=I VY ZOREET Do TRAA—IVTICLD, SHEXDE
MRAZRRT 2EBIREAA—Y VY INDOBRAL TSN,

Z Ot DIFIEED

NMROTIWOFLBRTIY T« T FfiE LT, FA—ILEMIR
UIFLYT UL OBERILZR T EEITZEF U (Chem.
Lett, 50, 256 (2021)), FrcAEAEDFO VY, IMIERMICET
MR EEEBHE AR U (Electroanalysis, in press, Electro-
chem. Sci. Adv., e2100089 (2021), BHI/ T A1>F X~ U—),

{

4 N

Yuji Nashimoto Hiroki Ida

Development of Biosensors

We reported a simple electrochemical sensor that detects proteinuria
(Electrochemistry, 89,409, 2021). By immobilizing glutamate oxidase and
protease on a glassy carbon electrode, we realized an easy-to-use method
for albumin detection with a sensitivity of 0.1 mg/mL within 30 min. In
addition, we developed a highly sensitive electrochemical immunoassay
using a dual-signal amplification strategy of redox cycling within a
nanoscale gap and the limulus amebocyte lysate cascade reaction with a
sensitivity for goat immunoglobulin G of 470 aM (ACS Applied Nano
Materials, 4, 12393, 2021).

We proposed the implementation of a cathodic-luminophore-producing
ECL that enables detection of dopamine in a closed bipolar electrode
(cBPE) system (ChemElectroChem, 8, 3492, 2021). The paper extends the
range of cBPE application because the analyte molecules applicable to the
conventional ¢cBPE/ECL are limited to molecules causing a cathode
reaction on the electrode surface. In addition, we developed a versatile and
scalable thermal drawing process as a novel fabrication method for fiber-
based cBPEs with feature sizes down to micro-/nanoscales (4dv. Mater.
Technol., in press). In addition, the multielectrode fiber was tapered by
using the principle of thermal drawing, for magnified electrochemical
imaging. This work establishes a novel mass-production method for cBPE
arrays, as well as a proof of concept for magnified electrochemical imaging
using a thermally-drawn electrode array fiber.

Other Work

We developed a new bioprinting method for thiolated polymer-based
hydrogels based on an electrochemical technique (Chem. Lett., 50, 256,
2021). In addition, we published review papers for biosensors and
Biofabrication techniques (Electroanalysis, in press, Electrochem. Sci.

Adv., 2100089, 2021, FA)/ 747> AL —).

Endotosin

Manascale gap
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Dual signal amplification of redox cyclin
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Fig.6 Thermally-drawn multi-electrode
fibers for bipolar electrochemistry

Fig.1 Lab members 2021 Fig.2 Electrochemiluminescence analysis

for respiratory activities of spheroids

Fig.3 Application of scanning probe microscopy to
vascular microphysiological system

Fig.4 Bio-LSI assay for cancer extravasation Fig.5 Dual signal amplification for immunoassay
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ERER 7O RFHEEE

Sustainable Recycle Process

BiESY—y Ot XFESE Environmental Green Process Study

RIEFEMNEBEEZTAE A DR

Green Process Development

BIRAZIR-UFH—FR
Professor

Smith Richard Lee Jr.

BAD A RERERERDCOHICHEEBRDIRILF—D2TE, #IRICEDECKRBEIRILF—ICL>THSZENTES, KEZBRILR
REfFE-T WHRRBILBULI -V RMEETOCRAZRARTZIERIAETH S, ENEBREZHET S ETREZRICRRIIERBEIC
EWEBEZRRTESH. TOLADENRIPREEFOEREERTDIENARELRD, EDORRE T RIBERMBETHZ K,
FCOzy TAA VIR ZIRRDFLNCIER. I\ A ATYRAER MREHR. BEYOU T, GEILLE A FINIRCAE 7O ADHERET>
TW3, Ffo, (EZEIZNBERHNS. TOLROEMELICA T ERYEDAELETIMEBREICHEDBEATWS,

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.

KBIRILF—IcLD, £/ 950 BMY DRFB/BENTHEL BB,
COIRINF—DS5E50TH 10%%ZFATZIREITT. ABIIEAREH
MU RAREAREEE X5 ENTES, KEZBLRER. Hic®
nNoSDBEFREETRATSZET BRENDVY—VRRETO
TRAZEEETES (Fig.1).

KEZEEERSR (CO2) F. BERFARBICEVWTHEBAEICEL
MEEEFS., BEFECEERANEONAICEBNICAEE GRS, 2
OtROPELTNRA AT R DR, MHRER. BERIUTAIIL,. &
BiLZE. BAFMING D, FIZIELUARETIE. 1A VRIKEB
R CO: ZBAVWc /L O—RR/N\AAYR (ZILO—RAAZE/ILO—
2, UFZy) ORIG- A87OER (Fig.2) #BREFLTVWS, 14
VBEKICNAAYZRE B - RIbSE, BRE-EHZEEIZET
BERFR CO: OYMEZIRIEL. BIRNICKISERYORE - SEEZELT
SHDTHD. 1AVRIEFEKEIBD THEWZHRINDRED
BnpNE<, BERNE7OERELTHEINS,

UARETIEH. TCRERANEOBREZAVWAEIITAR L
CEZE7OCROFEICEULTHREED TWD, ZDEHBER

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

Earth Refinery Concept

Suparcritical Watar =D

Replace polar sohvents

Supsrcntical Carbon Dioxide  ©=* Replace nonpolar sohents
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Fig.l Development of Sustainable Products and Systems.
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Assistant Professor
Haixin Guo

Rk, FICBER CO: tBRAKOFHRENAITZHDTH S,
BEMICIE. BREEKPTONAATR - TSRF v Y - KibKE-
EEHMORERIE. KBAEGRICLIERETREYHAFTOER.
N RL—ERZRAUEHERNKEEBRVATLANS S, b
OMREIE. HRPOKRPEELDHRAEZELTETO>TWS,
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(1) HFLWCO2 ZU—RIRILF—R (h—RYZa—hrIIBRER) O

(2) N1 AT ZEEEYDORIRNT I /b £ fcldKFRLDTzHD
FUWMEZYEDORH

(3) HEXRTHEAINTVWIEERBRRICE > TR ILREMD
BEWHLWESREDRE

(4) I"A AT A S DFT L WEBEME /A A h—R > R OBAF

(5) \AARBEEDHDH L WRBEER LSRR EE KOS BEEDORETL

(6) BERFERKICLZHLLWMEI ORISR

V=TI HIVTOLREEZ5 LT EANEEFEOREEY 3R (UTFa2—

A VYAV VA—R) ICEDWT B M, RIGSEHSIRIEOBIRETL.

BAEMREMRE TR —PRRBIICERTZEVSIENEETH .

BT, FRER

[113 A 20-22H & A (M2). Hf @XES (M1). KE EtE (M2).
gk ES (M2), KB KB (M) (L2I2% %86 £

219 A 22~24 H ®H &t (M2) tFI¥% %52 BEHERS

[3] K. Fujishima, K. Nakamura, K. Oshima, H. Guo, R. L. Smith Jr., Characterization
of hybrid nanoparticles synthesized in supercritical water with analytical
centrifugation, The 18" European Meeting on Supercritical fluids, 05/2021

[4] H. Guo, Y. Hirosaki, R.L. Smith Jr., Hydrogenation of levulinic acid to
g-valerolactone in supercritical CO2-ionic liquid systems, The 18" European Meeting
on Supercritical fluids, 05/2021.

[5]1J. Lee, G. Chong, A. Kanno, M. Ota, H. Guo, R.L. Smith Jr., Correlation of
Solubilities in Mixed-Solvents with Local-Composition-Regular Solution Theory,
The 9" International Symposium on Molecular Thermodynamics and Molecular
Simulation, (Japan) 09/2021.
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Fig.2 Green Chemical Process

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.

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] K. Oshima, K. Nakamura, N. Sato, H. Guo, R.L. Smith Jr., Application of analytical
centrifugation to chemical systems for measurement of properties and phase equilibria,
The 9" International Symposium on Molecular Thermodynamics and Molecular
Simulation (Invited Lecture) 09/2021

[2] H. Guo, Y. Abe, R. L. Smith Jr., Synthesis of ethyl levulinate from C5/C6
carbohydrates with amino- sulfonated functional carbon materials, The 7" International
Solvothermal and Hydrothermal Association Conference (Invited Lecture) 10/2021.
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Design, development and evaluation of multi-functional composite materials

Mechanics and Design of Composite Materials

ik B £E

Professor
Fumio Narita

FRARETE. 10T (E/ DAY=V ) HEDRRICEIRBEREE (TRILF—/N\—RIXT VD) MOV IMRIORE - B - 1
ICEXDHATWS, Ko, EBEIIVI/NFPRESE VAV ZFRALESHEHOEAL, BE - Rt EENE - MAkom tZzBEL
THEFHN - RBENARZEDTND, Koo BRREBRERVLEDZLHOBERBEEFBEMHOBREZEEL. ©IO—RF/T71N\—=&1L
RUN—EEMRIPEEEEBRZRE - BRLT 1% - YESECMEBE S ORREZTMmLTWS,

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

internet of things (I0T) society. We focus on composite materials with piezoelectric ceramic particles or magnetostrictive alloy wires and address improving

their strength, function, 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.

EEEGTHE

EBEZIvIRIEHEL, £, BEBRFEOF Y VEYILIVER
(PZT) IS BEME (BA) NEFENTWD s, REGIENREEM
HOBENEEINTWD, AMEETIE. W7V —EEF/HF5H
BRUST—ZIERL. KRRt 7>XF v (CFRP) Z&RELT
BiRELTAW, JOFREMBICHIILT WS, £, RYT—RAER
DEBRIFHESERZRENICELSBIIERIEEEBRF 8
RUNY—DERAEERREL, BEEHIEUCHIER. EREE - i
(FIRENFEHEE SABRE R AR & OEEZEMEBELTWS (Fig.1). S
DERMNEFIND,

WEESHH

BHEEREZTY Th-Dy-Fe B&iF. S VPRERREGRENH
BERSTRD, BERTHZIEVWSIRABBELTWS, Fe-GatE
HEKRICBEERFEZRIN. MIOHULSHERIEDOEEEHST
W3, KIIRETIE. Fe-Co 7Y/ BilsEESMRIZRAL. IREY-
BHEARBICRHILTWS, e, Fe-Co 71V ZR>TTILI=ZULA
BEICEDGACKMEHEIL. BBZERICERIZIBEZEESH
BZREELT BHAELHEERRLTWVWS, 5. YEINBEULE
DHEEEMRIOHIREIRE - HABHELICERBL, BEVAILR
LYY ORBICAT IR ZEDHTWS (Fig.2).

)

Typing Pulyimide I:> E"}
R o Electrical energy

"Vk" L BTOPVDE-TeFE)

Vibeat

thration Functionally graded

picaoslectric composite

Fig.l Schematic illustration of functionally graded piezoelectric
composites for energy harvesting.

Piezoelectric Composites

The poling of carbon-fiber-reinforced polymer (CFRP) composites with a
function such as piezoelectricity is difficult due to the conductivity of
carbon. Here, we prepared a lead-free piezoelectric nanoparticle dispersed
epoxy resin with laminated CFRP electrode layers on the upper and lower
surfaces. A large electric field was applied by corona discharge, which
polarized the composite successfully. We fabricated the piezoelectric
particle-dispersed polymers with controlled structures, the correlation
between the compressive impact and bending vibration power generation
functions and the graded composition distribution was clarified (see Fig.1).
Future developments are expected.

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 have developed
Fe-Co wire/resin composites and have succeeded in generating vibration
and impact. We have also established a technology to embed twisted Fe-
Co wires in aluminum alloy and developed a light metal composite
material that converts impact into electricity. Furthermore, we developed
magnetostrictive virus sensors using the change in resonant frequency
and output power of magnetostrictive composites.

m_ Magnelostrictiee dad pate

Bending vibration

Output voltage

Fig.2 Schematic illustration of magnetostrictive virus
sensor mechanism.

% FEHE K
Assistant Professor

Hiroki Kurita

BRIEAAEREGHMH

KARETIE. NEMHEZERITRBLTESNSEILA—RF
J7F7AN—=Y, EREEBRDON\TIL NS EDBRERIY—%
HaEbElERE  BEREBFESHEORAEICIDBATED.
PERBRICETEINZHFETICEBULHAREED TWND, e,
BICEILO-RF/ T7AN\—ZHGEL. SRERROAIRICHEIIL
THED (Fig.3). BBULDOOHBHRDEREEENOEMREAERD
BEmOBNER (Fig.4) BEFEN TN,

ZDfthDEED

<EFRTHR>

- JSPS tARML Rz R E 2 A. SEimil RREL TloT HRZEIRT S
TILFREBEREEME - 7/« X EEHFRILEFRK

<RE>

- ERBEEEMBRR S A Y T4 74 —F . FGMs2021 FGM &
TEEEREREMRIOREERNERFEDOBRERBEN
L&, EES. BHEESE)

<$RE&E>

- 20214 2 A 26 H Asia Research News
“Changing the Silkworm's Diet to Spin Stronger Silk”

-2021 £ 2 B 17 H BREZEFHE
F&EODEEIC CNF, ROBE 2 & £9BRIET S ORBRIEAN

-2020 £ 12 A 7H HREXEFE 1020 ORM BFRAE
DIAINAEYHT—,

-2020 £ 11 B 19 HEAII# "B AESMERIC BEBESMH
ZHF

Fig.3 Cellulose nanofiber reinforced cocoon of a silkworm.

Eco-friendly Composites

We develop high-strength, low-environmental-impact composites by
combining cellulose nanofibers, which are obtained by crushing wood fibers
to the utmost limit, and basalt fibers, which are similar in composition to
rocks, with biodegradable polymers. We also conduct research focusing on
changes in mechanical properties during the degradation process and
research focusing on changes in mechanical properties during the degradation
process.

Other Activities

<International exchange>

*JSPS Core-to-Core Program, “Establishing an International Research
Center for Multi-Energy Harvesting Materials and Devices to Realize an
Internet-of-Things Society”

<Award>

* Functionally Graded Materials Online Forum, FGM Award for
Encouragement of “Design of Piezoelectric Gradient Functional Materials
and Finite Element Analysis of Their Electromechanical Properties”
(Kohei Maruyama, Zhenjin Wang, and Fumio Narita)

<Media coverage>

*Asia Research News, “Changing the Silkworm’s Diet to Spin Stronger
Silk,” February 26, 2021

* Nikkei Business Daily, “CNF for Silkworm’s Diet to Spin Stronger Silk,”
February 17, 2021

* Nikkei Business Daily, “Corona: Providing peace of mind to society with
a virus sensor that requires no power source,” December 7, 2020

*The Daily Industrial News, “Development of Light Metal Composite
Material for High Efficiency Impact Power Generation,” November 19,
2020.

Fig.4 Picture of bachelor students and staffs.
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BREtSZRELVE
MEEHEZTOEADHE

Environment-friendly Material Processing

g a~wO7 - wIsq
Professor
Sergey Komarov

FRARTIN—TOMEENE. REFNROMRTOLRZRAEL. BRAERBERERRISBIETHD, COBNZERTBHic. Y-
ERCROMREFBUTGRNBMHNTOLRZEET 2 EICHE T, WIBHEBLBINIZYEICERNICIRILF—Z#IET5, TX
IWF—ZHIGT2FENBIKICRSN BB OELRICHUTE. COLSBYBEPRIBFICENTH S, XARIIL—TORIOHRISHEE
TIVEBEYZ2L—2 30 THB, CORHTIE. BSLBLPEEHE. FKLEBEWSL7OLIARTO, BER, BERICY T 2MRE. 2.
MEEXZRATIERMEZTLEOTVS,

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.

BRefIALEHRZOEY YT

BRIBRAEPRE. BEOLSABERRTORERIGERE
PREBESNDGEANBEROIRILF—Z GBI E2EHICHES
n3, AR TOENIE. BERICEELZEKREREL. BAHSE.
HEK, ERARICH T B LD RN TR AIRE R LIE T O 22 H
IBHIETHD. EFNICIE. EBRENST/BEOESEZERT
HEERER7OEX Fig.1(a) ZFFK Ui, A7OtERX%Z UMCA &
caftF. BEEETLERNE, BD. BEWIHOEAELED
A BETH B, Figures 1(b,c) I& Al ER& Fe 03 RIF & MMME D
BlERd, e, HOMFELT BEREERISEFOYr/O
YA ZDRTFREICHENTH D EZRE U, Fig.2(a) IcRd &
Sl HIFIE Acoustic wake IR EMHPAIC K> TERRDEIICE
FWICBESED, BRELT HMFIRBREEL. Fro/\—DTICE
T2, HLLIE. [IMEHRICBEL, ART—RAVNT5—TL>
THEIN S, Fig.2(b) IEREINZ LS ICANBRICHES NN FY
A1 RELDEKRICHED, ZOREEERD U,

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 solid
and liquid metals, wastewater, and exhaust gases. Particularly, we have
developed an ultrasound-assisted process (Fig.la) for fabrication of a
nanostructured composite layer on metal surfaces. This process, called
UMCA, can be realized at ambient temperature and pressure and can be
extended to a wide range of material combinations. Fig.1(b,c) shows an
example for Al substrate and Fe,O; particles and its microstructure. In
another study, a standing ultrasound wave was found to be very effective
for agglomeration of micron-sized particles in gas phases. As shown in
Fig.2(a), particles are forced to move to standing wave nodes due to
acoustic wake and radiation force effects. As a result, particles form
agglomerates that fall down the chamber or they are carried out of it with
gas and are trapped by a cascade impactor. The results revealed that the
size of trapped particles becomes much coarser after treatment and their
quantity decreases as shown in Fig.2(b).

Ultrasound smitter

Substrate Standing I—L = Sound intensity
Treatment waye : ]
. Purifiad P -
chamber Accustic ﬂ M o
waka | ""-&_ I | g =
Pawder .~ e GL = g » Fine Coarse
particles :) % = partichs particles
Parmicla-laden : =
axhaus r.,.11 E

TS | e |“ ||I I
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Fig.1 UMCA process. (a) Representation of treatment chamber, (b)
Surface composite layer in Al matrix, (¢) Microstructure analyzed
by EBSD before (left) and after (right) treatment

—
=

Fig.2 Particle agglomeration in a standing wave. (a) Mechanism
explanation, (b) Distribution of trapped particles in weight fraction at
different ultrasound intensities

HEHIR FIF

Associate Professor
Noboru Yoshikawa

Bh# WWAE =th

Assistant Professor
Takuya Yamamoto

EHSZEfALLLRE / #e70ey o vy

KFRETIE. kHz h'5 GHz ICEZE RO ERFZ M B Uit
B7OEY YT ICDOWTHRZTHE>TWS, GHz I (Y170 )
7Oty T0—fFlE LT NIO DRFETTICHITDY7 DK ME

FEICEIIMRICDOVWTIBNT %, Ni lF ATV LATDERL EAL
DXy FICHAIhTWSD, ChoSREEMZEREUBEYICUE.
RRICELDETZRCEBNI OBEETSTENTES, YIIOK
m#EzEWe NIO DRFETLTOELATIH, RRICLZYII7OKT
FILF—RIN, EBRFOERRE DHEHEEERIC L2 BRI
EDOMRICED., BHCETRBEETIEDZIENAEETH D, &
BNV OERLIS I NIO OMEBICIFHERE Y. YIJOKEBHO
HENKEVWCEZHRELTWD, hiE NIO DESGEEIEL,
ERICBSBVEIMANRIDICKWIEERERLTWVWS, B3 ITK
9 NiO ODFEBIEE (&) DREMREFMHICLDFBAITZIENTES,

RIEAMZZEBUEBERE - MT70O0ER

FILEZUADAESNEBEZOLR ICEWTIE/N\OT Ve EFRBL
TR ZERET DD, REGHREROHZOEREZERIES
BENH D, COFBAEZERT /2. YENGHMRZAVWTRG
MREHLEIEZ, BAENICE. N\OFYHZAREAHDBICRET
7O ZABEMEARETO TWD, Inbid. KEFILER. 7ILI
ZOLEE, Z-N—-OvE21—5ZFALERYI L—YaVvE
AVWTHRAENICHEZIToTW5, Bz, KEFILERZFETSD
2ET R4 LRI BEVERHRYBEEL IS TRERGIC
BIFBDRAT—IVJRZRREL. 7OEXDOFIEHEHZRLTWS,
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Fig.3 Temperature dependence of dielectric
loss factor of NiO at 2.45 GHz.

Application of Electromagnetic Field to
Environment/Material Processing

In our laboratory, we have been studying material processing using
electromagnetic waves in the frequency range from kHz to GHz. Here,
research on microwave application to carbothermic reduction of NiO is
presented. Ni is used as a raw material for stainless steel and various types
of plating. Metallic Ni can be regenerated through carbon reduction, after
roasting these wastes to oxides. In the carbon-reduction process of NiO
using microwave heating, the reduction reaction occurs effectively due to
the microwave energy absorption by carbon and the coarsening of metal
particles by special interaction with electromagnetic waves. However, we
have reported that the microwave magnetic field does not act on the
heating of NiO. This is related to the low electrical conductivity of NiO,
which makes it difficult to heat NiO unless it is under high temperature.
This phenomenon is explained by Fig.3, which shows the temperature
dependence of the dielectric loss factor (&) of NiO.

Environmentally 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
developing processing technology to replace the conventional process of
halogen gas injection. 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
volumetric mass transfer coefficient is calculated by water model
experiment, the scaling law is developed based on this experiment, and the
guideline for the process control is created.

100 — ,
P

=80} yd
S  Injection
o 40| —
e
820t Spread

i} L L

300 600 _ 800 1000
n [min™]

Fig.4 Volumetric mass transfer coefficient in the water
model experiment for the rotary flux injection.
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EISEIREHESESERE  Ecomaterial Design and Process Engineering

BHiEnF{L¥E49EF  Environmentally-Benign Molecular Design and Synthesis

BAREICIERY 5 Chemical

Engineering Technology D&% o

Innovative experimental and theoretical technologies on chemical engineering

for creating sustainable society

EHIR KH 8
Associate Professor

Masaki Ota

MRDEERRBEDFICEVTE, LECEREAFOAEBENMEAEING IETARNDREAOHBERENBZEINTE . InicH
LEAIR, RO DOZELED - BRYEORISEICHIF T ZBILREDOME. TH/ )L, KEQTY—VBREZRAWCEERK. FICBRSE -
BERFREOAAIC LB RIBEFANBBERMOMAEICE T 2ICAMAZHEEL TV, FICHRIATIE. Hildebrand BRE/\FX—5Z B ICHE
RUCIVNOE—REBBRE/NIA—YZ2EBR/NERIC. LEZEBCEVWTHIRREECARRRECH T ERURRESBEZENELT,
RABRPEBICEYOBEMFBEAREE TS TERMORAEICE T BMRICDOVWTHIIMEIRO DR T —RFIFZREE T 5/ DARETF.
ZOREBRYMEREDHDOBEBRRILZE. BRFREHE - ERFAFEIERITOUSIRRDIODTOCAVATLAFICEWTHIHERREZ
ROTEfco INSDIFAREHET ZIcHDEBELMIIMELZETRICHD EREYEDHENSETIVEXTRR- BEROWEDL 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.

Iy hAE-BRBREINSX—%5 (eSP) OIGA

EXRREMORERAMIMESBEEZRETDICHED. 1930 F
fRIC Hildebrand BMRIEUICBEE /NS X —% (SP{E) IFBHTE
FRiEETH 2. Ihid. FFOERBEAIEERICTVILNDERES
IC&BEBEZEIL, SEICEBRETNOE-—DNZFNZTNEERTESE
U ERIBRRRICED<KYETH D, BRAREEOM. SHFHEO
REBRERECEAWVWSNTWS, CO/INTXA—F(3BE. EEXRBRE
MO - FEEICEWTREREBT TEASINTE A, RIEIKKE
TEHIF. BESR - FEAREOLSLEESERETLHETES
LOICBRNFREFLICBRETZZENTER (Figl). 2O
fElE. SPEEEBREDHIBNFZETHICENSI Y OE—H
BREINTA—Y (Fig.2) £&[IHh. COBmIBAREINLIL
IC&hERTAZLALSEESE TOMENHERIERTED L
SlcaD, RTHBRICETIRENIRNZRBICHIATESDLSIC
TBotce (R 30 EENHHEAERE - EFRZEHOZTERNRS)
SERZOERK LOEMARZIRT I DI ENTE .

AH,, — RT

O =
H v,

Hildebrand Solubility Parameter
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Entropy-based Solubility Parameter [ Original )

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

Application of our entropy-based
solubility parameter

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

Although the SP has been widely used under ambient temperature and
pressure conditions, we recently extended its value for high-pressure
fluids such as sub-/supercritical fluids (Fig.1). This parameter is termed
the entropy-based solubility parameter (eSP), which extends the regular
solution theory (Fig.2). Now that our thermodynamic property has been
made available, we can more easily predict high-pressure extraction and
separation processes and drastically reduce the economic and time costs
for trial-and-error experiments. Thus, people would choose these things
using the eSP as a tool for selecting a suitable solvent or mixtures for
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Fig.2 Correlation between SP and eSP
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BEIC DD BEMNERICEIIMREMEL TS o £E. TOEEBFE
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2021 FOHEEE

BT 3 EFIFRICEVTRILMERMCZTRRERSE 23 [E
FHARRREBELIMERIZEMARRICSMUI, COS5HE
Tl FAARBHEL 1 F RRSFKX ROEMEEREL, RED
FRIEBVWTHEFFLEEEZREL. ARKICHRABZA KROFEER
BEZREIDRERDH B —F Lol

T REESHTWSIEBRAI/OVKNI 71— DRFEFDOF
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Fig.3 Flow-type subcritical fluid separation apparatus

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).”

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 2021 (Publications)

[1] 2Fk &, LHEN, KESHS, C2TFHNE, 47, 17-22 (2021).

[2] LEF#N, EFAE KHEMS, (LR TFRE, 47, 23-27 (2021).

[3] KEER, BERIBFBERN ~-ERNKRBAERE - KIELIBFHE/ b > 7ILAIE -
BELIcmITICERD A, 5588, EWEE (2021).

[4] KEEM, BRBEERKIN ~-BRIKEBERE - RIELIBEVM/ b TV -
EELICmEIT B A, 55108, BREE (2021).

Activities in 2021 (Awards)

[1] #RHK, L2TRRRIEIMERM A TR BEREERF23M
LmAEHRER, BRME (2021).

[2] RESK, LZ2IFSUEARR, BFFEE (2021).

[3] MMEMER, LFTFRMERR, 2ERRME (2021).

[4] KHEM, RBMEEAOE - BE  RERMEVEANRERS,
BFE (2021).
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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

i Vin

#ik MELEE

Professor
Toshimasa Wadayama

TANA—RYHRORRICAIT T, BETIHAMBORK P ZOEER LIRADKMRETHD, ZDHDEEERFNRDOSNTNS,
EMREGICENE,. EBPES. BEYPRRIMRBRAICEFZKRPERRLEOHEETIRARIGEERNICER TN, BRE
BIERRARIT TRRERS, MEEEEZORICHETIZ2MHREDOTEN (MAM) OBBRERBICIE. MHREZREFLNILTHERE
TR2HEND D, RARDEFTIE. LHRESN (well-defined) EBPAEDOHEBERREICMZ T, BERBLULFH/ MFERMEDETIL
&L, BBREZ (UHV) TIZBITZDFIRIEYFY (MBE) EPF7—0 735X Vi (APD) EZRELTREAML. 20I/0@BEZEET
7O—7 MR (SPM). EEREBEFEME (STEM). X #RAEEF K (XPS). EEAAVEED Y (LE-ISS) AEORARZNFEZHA
WTERTBEEDBI. ML Y XN =AY S VERILZEENT (OLEMS), EERERLFEME (SECM) THHAE LI AREREED
BfRZREL. RIEAMEMBRERICRIT T/ BERHEHZT2ILZzBEL TV,

Comprehensive understandings of surface reactions on nano-sized, metal- (alloy), oxide-, and carbon-related materials are essential for developing novel
nanomaterials with superior catalytic properties. Our approach to the subjects involves (a) 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; APD) in ultra-high vacuum
(UHV) and (b) electrochemical evaluations of catalytic properties for the UH V-prepared nanostructural catalyst models aimed at developments of practical
electrocatalysts. We have routinely used UHV-MBE, UHV-APD, scanning probe microscopy (SPM), scanning transmission electron microscope combined
with energy dispersive X-ray spectroscopy (STEM-EDS), X-ray photoelectron 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 nanomaterial’s surface reactions. Our research accomplishments directly relate to a true zero-carbon society.

RFEERERA EREEET L

ERESD FRREIEM (PEMFC) DAY —RHB LTV T7/—RK Tl
FNEFNBRETKE (ORR) & L UKFEILKE (HOR) A HETL
TW3, ZOMERFEICET T BEPtEHRLETIAR T/ HF

B EZFOR/FETMABANICTONTND, MEXHZXLDER
BRI, SEM - A EfE S/ B EDBFRZRFLARILTHSH
ICT2RENH D, UM L. REREAFEOIVOESEPEAREE it
HRMEORREICOVWTIRREBHOBINZ W, KALlE. EF/LA
HOSHEEE (UHV; ~10® Pa 1) EZ D ERBAET>T W3,

Well-defined model catalyst studies
for fuel cells

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, oxygen reduction reaction (ORR) and
hydrogen oxidation reaction (HOR) proceed at the cathode and anode,
respectively. For comprehensive understandings of ORR and HOR
mechanisms, complex nano-structures of the metal(alloy) nanoparticle
surfaces as well as nanoparticle/support interfaces should be modeled and
investigated. In 2021, we fabricated Pt-based and Ir-based model catalysts
in UHV (~10"* Pa) and discussed the correlation between the topmost
surface atomic structures and catalytic properties.
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Fig.1 ORR Durability Improvement of
Ir-Modified Pt/Pd(111).

Fig.2 ORR Durability Improvement of Pt/EGLs/SiC(0001)
by H>"-beam Pre-processing.

EHIR JEA
Associate Professor
Naoto Todoroki

Group Photo

O Ir #h0 Pt/Pd (111) REHR D ORR 4FlE

B2 PA(111) EiR L Pt Z#R L7 Pt/PA(111) I8 ULT. Ir 2
FEE (Pt/Ir/Pd(111)) &LV &RE (Ir/Pt/Pd(111)) ICEEE LI &
EB#EEERL, 20 ORR MEHEERN U, Figl lcZhZh
DHRBCOVWT, BRYAILEHED ORREUHBERE ST,
STEM-EDS & & U XPS it RE G, HHEE Ir SERBE =
BUTKRA Pt BEEEMLL. LBV VLERHICEVERTS
Ir Bt idMAaEE LS E2zEnbh ol

O Pt/EGLs/SiC(0001) REFR® ORR

SiC(0001) ER EIcTEY > vILR LY 57 V& (EGLs)
k. E5ICEGLs BICH 1AV E—L%ZBE L7z EGLs Eic Pt
#=# & UL R #l (Pt/EGLs/SIC(0001) & & U Pt/H2"-EGLs/
SiC(0001)) ® ORR #fiEZAE Uz, Fig.2 ICHBMERY—ITY
AZRAMICRUc, /5N IcEA RO ORRFEEVYEMY (VI AR
FHEZ®RE LR, Pt/H2"-EGLs/SIC(0001) @ ORR i & 14 (&
Hot 1AV E—LKRBHO EGLs £ Pt BIck&ULTR ETZZEH
bhote,

ATV L AMBRRAEDERREE

KEMRICLDKREISERICT/— R TRERFKLERD (OER) '
79%. OER BEEERICAIFATY LAMEBEBO RSN TWND
M. REBCREDOEIE - Y OER ICH I3 EIEREHTSH
%o KEF, FILAVARRICEFS SUS316 ATV LAHERKE
D OER MAMZ#RE U, Fig.3 ICRF&LSIC. Ni-Fe KB D
ARHY OER AR EICHUTHER TH B I EM DM oTe,

mR7/O0VzI 6 RE

NEDO. JSPS Z#Ff% (B). BEAIWIE. JST &M% F. Ritt
KRARERENAR IOV SLBREOMR IOV VM EEREL, F
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Fig.3 Cross-sectional ABF-STEM image and OER Overpotential
changes of the NiFe-HyOx/SS.

O Interlayer- and surface-Ir-modified Pt/Pd(111) model catalyst surfaces
Pt/Ir/Pd(111) and Ir/Pt/Pd(111) were synthesized as surface structural
models for practical core-shell type Pd@Pt catalysts by vacuum
depositions of Ir and Pt on the Pd(111) substrate surface. Fig. 1 shows ORR
activity trends while applying potential cycle loadings. Considering
STEM-EDS and XPS results, the ORR behavior suggests that Ir located in
the Pt(111) shell layers contributed to ORR activity enhancement via
charge transfer between Ir and Pt surface atoms, while surface Ir-oxides
generated by PC loadings are correlated with ORR durability improvement.

(O Pt nanostructures on epitaxial graphene layers (EGLs) were generated
via the thermal annealing of SiC(0001) substrates (Pt/EGLs/SiC(0001)).
Furthermore, Pt nanostructures were fabricated separately on a hydrogen-
ion-beam (H>*-beam) irradiated EGLs/SiC(0001) (Pt/H,*-EGLs/SiC(0001)).
Fig.2 shows schematic ball models for the sample. The ORR properties of
the vacuum-synthesized Pt/EGLs/SiC(0001) samples were evaluated, and
the Pt/H,"-EGLs/SiC(0001) surface revealed improved electrochemical
structural stability; that is, the enhanced ORR durability relative to the
non-H,'-irradiated Pt/EGLs/SiC(0001) surfaces.

Oxygen evolution reaction on stainless-steel
electrode surface

Water electrolysis is one of the key technologies for achieving a zero-
carbon society. To reduce overpotential of oxygen evolution reaction,
stainless-steel electrodes are investigated, although the electrode surface
morphological and compositional changes during the electrolysis are yet to
be clarified. As shown in Fig.3, the superior oxygen evolution reaction
property is originated from the NiFe-HyOx surface catalyst layer on the
stainless-steel substrate.

Research project, award

We have performed NEDO, JSPS KAKENHI, JST PRESTO, and JST
SPRING. Our students have presented six papers in international conferences
and 10 papers in domestic conferences and received four awards (Fig.4).
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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 - HRAIANKT 5T74— | BEDE (Py-GC/MS %) IL&BBAFDF v I 5VE—Yay. BT SRFYIDUTAVILCNAA
YRAEROBHAERICE T cBD FORBRIGTE. ChSZTREE T BHUWAMFES SUSMEEREEDTEE. A X/OYN 57,
BESWEREB., ZhOoOFIRERE) 217oTW5, Ffe. 7OVYTA7 - RN B IIBMLRZBL THEBRRZHAICKE. BHEOH
RRXMCERAARZEBEIT D LT, T A—/ULAMOBERKICH BRI ICIXD A,

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.

AV 71 VENRES / B -GC/MS ITL B
KEEiH LR OENRLEERYD in-situ 312
ES3)

RBETIE, RIN—DBERMELVCRETIAFVIPNAAY
2L ZRBHCERIRT B eHDFEELT, BOBEICEELTWS,
ANBRETEEAZIFTEITICEWT T8y ICL>TEL DL
BV IT2FETH D, ABETIE. NBEBNREE (BIN: /o
OZ4%—) ZAWTRUY—Z8DHL. APBICL->TELBER
ERYMEARIOYNT 57 | EESEE (GC/MS) ICLDERESD
927 7O—FZHELTND,

SE, KBETIR, T4V ENMRES /Py-GC/MS (UV/Py-
GC/MS) EMIEN B, BN R -GC/MS (Py-GC/MS) T MR IE ST
HKEEHEIEDELYRTLA (Figl) ZHVWT. KEBEithifEs %/
1O —ATINERLLSE. ZOHLERY%ZE GC/MS ICLDZ
DBAMT B LN UTce KGERHIEMOH RS, RLBE
DFHROENRHCEBORRBICERIZ/INTITILBIMTFEE
LT SHBRREEFEND, FAAKRBRIE. Elsevier ® Polymer

Combined UV-irradiation and Py-GC/MS
approach for evaluating the deterioration
behavior of PV encapsulant

Pyrolysis is considered a promising method for polymer characterization
(in the field of analytical pyrolysis) and chemical feedstock recovery from
polymeric wastes (in the area 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
because it allows rapid and accurate analysis of pyrolyzates. This is
beneficial for elucidating the microstructure and composition of polymers
and for rapid screening of pyrolysis conditions for designing feedstock-
recycling processes.

We employed a micro-UV irradiator combined with Py-GC/MS (UV/Py-
GC/MS) (Fig.1). This system facilitates the UV irradiation of the samples
inside the pyrolyzer at the desired temperatures and gas flow rates, and the
subsequent analysis of the deteriorated samples by Py-GC/MS or evolved
gas analysis (EGA)-MS. Furthermore, it facilitates the simultaneous UV
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Fig.1 Schematic illustration of UV/Py-GC/MS system.

Fig.2 Selected journal cover image by
Polymer Degradation and Stability
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% = 8% HHE Bl Bhi# RER BE

Professor (F£%5) Assistant Professor (387%)
Toshiaki Yoshioka Shogo Kumagai

Associate Professor
Atsushi Watanabe

Degradation and Stability FEANBHEH I, RAFXDAA—IH
volume 190 (2021 £ 8 A5) OXRifx o7z (Fig.2). BE. AHF
RARIG. AMEASTEAARERSLVOCBEBERBKRFZSE (DOWA
R—=ILT A>T ZAEWHBE) EOHRBRRTH D,

EpFEt = +— "Polymer Characterization by
Analytical Pyrolysis Technology. DBif&

BORER. RERZ. MEBZE, £YF. EF OERE EHR
BERIS MERLRE FEBICBEVAFIIISAINTWSFETH .
KEF, 2021 4H30B . EBEtEX+ —&UT Research
& Innovations WEBINARS “Polymer Characterization by
Analytical Pyrolysis Technology” 270> T« 7 « SRk SN
FHEL. BERBIHE A "Characterization of Engineering Plastics
using Pyrolysis under Helium, Air and UV, &EUTHEEZIT
fc (Fig.3)o VxEF—OFEEHEIZTOY T 17 - Z7RD YouTube
FroRIICTREARAFBTHD (https://www.youtube.com/
watch?v=7cTIY4qeTCk&t=1628s). mDFHRIDED BN ITICH
[F2EDFE -GC/MS D7 7)o —> 3V PIRAEDORAIREZRT
EDVATRE,

ESMRERX

[1] 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] S. Kumagai* and T. Yoshioka, “Chemical Feedstock Recovery
from Hard-to-Recycle Plastics through Pyrolysis-Based Approaches and
Pyrolysis-Gas Chromatography”, Bull. Chem. Soc. Jpn., 94,2370 (2021).
Invited paper

[3] K. Yamada, S. Kumagai*, T. Shiratori, T. Kameda, Y. Saito,

A. Watanabe, C. Watanabe, N. Teramae, T. Yoshioka, “Combined
UV-irradiation and pyrolysis-GC/MS approach for evaluating the
deterioration behavior of ethylene vinyl acetate”, Polym. Degrad.
Stab.,190, 109623 (2021). Journal Cover Picture

[4] T. Ishimura, I. Iwai, K. Matsui, M. Mattonai, A. Watanabe, W.
Robberson, A.-M. Cook, H. L. Allen, W. Pipkin, N. Teramae, H. Ohtani,
C. Watanabe, “Qualitative and quantitative analysis of mixtures of
microplastics in the presence of calcium carbonate by pyrolysis-GC/MS”,
J. Anal. Appl. Pyrolysis, 157, 105188 (2021).

irradiation of the samples in the pyrolyzer and the in situ analysis of the
gases evolved during UV irradiation using GC/MS. This work was
published in Polymer Degradation and Stability, and the image of this
system was selected as a cover image of this journal (Fig.2).

Hosting an International Webinar: “Polymer
Characterization by Analytical Pyrolysis
Technology”

Pyrolysis is widely applied in broad fields, such as environmental,
biological, medical, forensic, cultural heritage, food, geochemical, polymer,
and materials science.

Frontier Laboratories Ltd. held an international webinar, “Polymer
Characterization by Analytical Pyrolysis Technology,” on 30 April 2021, and
Dr. Shogo Kumagai delivered a lecture, “Characterization of Engineering
Plastics Using Pyrolysis under Helium, Air and UV” (Fig.3). The lecture
video has been uploaded on the F Lab’s YouTube channel (https:/www.
youtube.com/watch?v=7cT1Y4qeTCk&t=1628s). The lecture provided the
latest trends in Py-GC/MS for analytical pyrolysis of engineering plastics.

RiHE

[1] A. Watanabe, “A new searching algorithm for identification

and quantification of environmental microplastics by Py-GC/MS”,
International Symposium on Environmental Microplastics, November 10,
2021.

2] EREE. FRAMEA. “TIRFYIUTAIIL DI DELFIE
BELIEZNIEEY 7O0—F, E0EE S Filime, 2021469H88H
[3] S. Kumagai, “Characterization of Engineering Plastics using
Pyrolysis under Helium, Air and UV”, Polymer Characterization by
Analytical Pyrolysis Technology, April 30, 2021.
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Fig.3 Research & Innovations WEBINARS “Polymer
Characterization by Analytical Pyrolysis Technology”
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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

EHEAEKAERIEERREVTHRIEANSEES NS, INSOHERIFERLLRIC. RVTvTIenT BEKRBICRSNS, HKIFAE
SBFEAVATRBREICPELWRITSH 2, ARFICHHABETRZRRECEREIRXILF—IPLET, HIKREICAZHELZOT REA
HEERITDIENDETH D, RATRSSICEREYPEHEORELDOEREKMITHNERINTVNS, AcEIFRAERESY
EXZBEILIzENELT IOBETRREICERIZHICRE - RUBESHESEEMBEZORETOCR LU EZRREL, &
ERPZERAVCERMENSEEREDOA) Y hZ2ED U KIRERRICEDISAMRESERHEBZIT> T\,

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. Additionally, demand for high-
strength steels are increasing for weight reduction of infrastructure or automobiles. 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.

#HEORE - RiDEESRIEREEBERKFEAME

icBld, KRAZRCER -  BBEASRENZEDLSIT, IR
BRRICEEUcEEEXREM B OMRARZITo WS, INIZEE
TREMHT= SDGs (Sustainable Development Goals. #Fi5 FJfE %
FEEE) CHBETD. VU—VIRILF—THIKFEMELT
ETIRMREMBENE (FCV) ¥ FCV ILKRZHIGT HKRAT—
VaVTIEHEEDKRAZRNANSNZD, INSOBEEKRIAT
LicEbh MM ICEEBRENDEBNMAKRBIFENERS N
%, Flc. BERYCEBEORENCOHRBEMOFEENELTL
h, BEREHTIIKRICLIZMENBEEGZ, RARETIHEHP
DEESEITLHRD Cr & Mo DREEZRFTLTVWS, BANTEE L
CBREANBERUNILT B4 MEICEWT, Cr & Mo [dKRILERE
D ZETEIEB & (Fig.1) ¥ T5ICiE Cr,Mo I2&3 D DIETHK
R ZRET DI EEZRASHIC L. ThESDERIE. KERiELZE
B1E9 2 7c 6 DEREM DOEE LHR MM ORAICERTE S,
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Fig.1 Hydrogen diffusion coefficient D as function of alloy concentration.

Adapting structural steels to the environment
for a safe and secure society

We have conducted research and development of high-performance steels
from the blast furnace process, such as high-strength steels for hydrogen
systems, infrastructure, or automobiles, which are friendly to the global
environment. This complies with the United Nations’ Sustainable Development
Goals. High-pressure gaseous hydrogen, a clean energy carrier, is used in
fuel cell vehicles (FCV) and hydrogen stations that supply hydrogen to
FCVs. Steels used for highly pressurized hydrogen systems should have
both high strength and sufficient resistance to hydrogen embrittlement
(HE). Additionally, demand for high-strength steels is increasing for weight
reduction of infrastructure and automobiles. An increase in strength may
cause embrittlement due to hydrogen absorption. In this study, effects of Cr
and Mo, the main alloying elements in steel, were investigated. Our work
clarified that Cr and Mo decrease the hydrogen diffusion coefficient D in
water-quenched and subsequently tempered martensitic steels. Furthermore,
we confirmed that the decrease in D by adding Cr and Mo promotes HE.
These results lead to selection of appropriate steels or development of new

steels that are resistant to HE.
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Mg &£ Tld BEZFE (RUFA ) ZR—RETHY VIO
LPSO #i&, FYIN\YRBIEBORR EWSTHLLWMRIEIER
MEHNELEHISRESTN. BEMBEULTORALOHEST,
OMRTOMBERIHADEERICOBRMN DN HFIND, KUY
1 7OEREETRI. PEDBEZOMRRIZICE T2 KEDORBFR
METHH D, . KUY TORTFHVBEERD, ZTORMAE
HBEDEMIICEIN DS, BFEEHTHIETHDIEWSE
EICERAT B, HALIE. TOH-LPSO & Mg-Zn-Y EEICHBITZEAE
Mg BFDREY A b 21 ARBELBAIAL L E—REHE THRR.
ERTHAINTWS L2 VSR —FIDHDREER Mg BANET
HdZELPHh o1z (Fig.2),

BUARETOAERICHITEDNA AT RRFA

BB RILEAB L) \AATYREFERT DN REER
ERICHEOME <, TERBIRTHDMI—VRELERLT, /A ATREK
FRBERENBVNCENMSNTWSH, BEREILERICRITIREIK
B9 2REIEDBV, 22T T EHEEZERUCTEBMRES
BRED, S AATRARERICETDRERED,. SEEREN DR
BERDRETRUc, TNZEIZ. BEERHERICREUHES
TLy hOBEKIFRBERICEVWT HEREZSHTHRAEEN
HiFnE BB TLY MRIZZKOFHAEDHEETES I EZ
RUTc (Fig.3). [N, BFICEITEETRIGZSH B3R
HERFEN 3,

Tetrahedral sites

Octahedral sites

Total energy (eV/atom)

Fig.2 Theoretical search for the most stable site of interstitial Mg atom in
10H-LPSO Mg-Zn-Y alloy based on first-principles calculations.

Theoretical study on formation mechanisms
of metallic polytypes

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 not
only expected to be 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 searched for the most stable site for the interstitial Mg
atom in the 10H-LPSO Mg-Zn-Y alloy based on the first-principles
calculation along with Bayesian optimization. The center site in the L1,
cluster is found to be the most stable site for the interstitial Mg atom, which
was actually pointed out by the experiment observation (Fig.2).

Utilization of biomass char in iron ore
sintering process

Using high-grade fine iron ore and biomass is effective to reduce
environmental load. It has been clarified that biomass char has a higher
combustion rate than coke breeze, but there are few studies on its effect on
the sinter mineral matrix. First, it was found that temperature profile using
biomass char showed the characteristics of reaching a higher temperature
and higher cooling rate, from the packed bed combustion test simulating
the sintering layer. Based on the findings from the electric furnace test,
which involves sintering the reagent tablet adjusted to a sinter raw material
chemical composition, many pores were found to remain in the tablet at the
high cooling rate, even if the temperature reached is high (Fig.3). The high
number of pores in sinter is expected to have high reducibility in a blast
furnace.

B Mumiber of pores — Total number of pores
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Fig.3 Influence of heat profile on characteristic of
pore in sinter (electric furnace experiment)
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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

LEETEHIRREOATRIEZHICEDL ZAKIZRT DAHPRBZ(CZEHT 28RN, ERICHEITIRRNZOBE KM, 25
CICHIKER (b E 20/ O—/ULBR KRR REZBRITICETIMREBEFTETo>TWD, EFENICIE. ATHE, M. Mn, b L8R
LBREHEDVPE. TFAVIL. BETIKZNSDBRTOLIOEAKM,. #ENSOEBOERDUKRIMORE. 7 T7PEE. IRUF
TRV EHARMICHITIHEAEHLSVCICIB LT —YDOREBTIITVR L, T—IBFEITSCEICL>THIKBETOARIREE
BORERBICAT HRERBEL TS,

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

Antarctica, and the Arctic including Siberia, and we study global atmospheric environmental change by analyzing these data.
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Fig.1 (a) Correlation between partial column of CO and HCN at 5-18 km
in spring. (b) Same as (a) but for summer. (c) Same as (a) but for fall. (d)
Same as (a) but for winter.

Estimation of emission source of carbon
monoxide from biomass burning observed with
ground-based Fourier transform infrared
spectrometer at Tsukuba since 2010

Carbon monoxide (CO) is mainly produced by fossil fuels, biomass
burning, and oxidization of hydrocarbons. It has a lifetime of several
weeks to 2 months in the atmosphere, and its regional abundance and
source are not uniform. In recent years, it has been found that the emission
of CO from Asia has a great influence on the global concentration, and it
is desired to improve the estimation of its source. We have retrieved
atmospheric abundances of CO and hydrogen cyanide (HCN) with a
ground-based Fourier transform infrared spectrometer (FTIR), and we
have analyzed the spectra observed at Tsukuba, Japan (36.1°N, 140.1°E),
from April 2010 to May 2019. In this analysis, the source of CO was
estimated using CO—HCN correlation. HCN has a lifetime of several years
and it is mainly produced by biomass burning. HCN was used as a proxy
for biomass burning. The FTIR retrievals were carried out with the SFIT4

Fig.2 5-days backward trajectory analysis for FTIR analyzed airmass at
Tsukuba for altitude of 4 km overlapped with forest fire locations observed
MODIS satellites. The color represents the year of observation.
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ZTNSDREDEBEZRT U, TDER. HFD5-18km D CO &
HCN hZLABDOMICESREREERMNER S h . BERTHNSE
5N fc CO/HCN tEh 5. RRH CON—=2vILAZAILEFEH/NA
F ZRRBEEEIR CO DEIGZRDIHER. 3-5 BOFHTH 70% &
WS EZ BT, RIcZDERBORATNIMRERZIToICiER. &
DBEE 5-18 km e EWTHERILHEN 5O 7 D#ERE 50-60°N &
DHIRDOFMN K ZHIRET S CO THHARENTRBREINDHER%E
/R EDTE S

fnZEtE & A DERAID SHE U fRiEF Y 7EIC
H11% 2015 FOHFMRKEDS5D CO2 it

AKKEEETILOHFEREFALT 2015 FOEWI)L=—=311
RICKH>TEIERISINEFRET I TERICE TDRIR - HFMAK NS
DZEbiRSE (CO2) MHERE MY TT UV ETHE U, DM
ICIERMEMZE#ZFE -/ CONTRAIL 7OV z/ hCESNIcEBE
D CO BRIF—HBEVNSNTWS (Fig.3), Flech&ldMizLiz
HATH ZRAMIEEMITI DM ZESTOY TV NTORIEE (FF
IC COEE) #FAULTAKRIR CO: DIRIEEITolc, MZHEEM
FADBAIN SHEE SN 2015 F 9 — 10 BOKKICLDRRMHE
1Z 273 Tg THolkc (Figd)o D 25 ADOMHE FLZMIRICH TS
FRDKKICEDHEED 75%. FREDIEKRRKZREED 45% IC1H
YT D, ZOTERBMAKLIFET Y TEICHITIRETSVIAD
FREBDEZERTHZDEZENKT D, BRETANE{Toflc&
3. MEBEADT—F IIERICAKDBEREEATNDHOD, (R
NAT vy A THEShZ) MIHREOBRICEEBITOERNEAS
n>3z&bbh ol BETOHEBIRRNLAT Y TEOHEELD
BEHOEZRITH. CORERD—IBIEMMERD CO & CO: DEE
HICERLTWS EEZ 5N 5, [FROMIKERIEDEITICE TR
EB7IT7RISEZRIENEDEFEIN. ISBDRKR - FIRAKIK
SADREBREEINET BERENH S, (Niwa et al., ACR 2021)
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Fig.3 CO: mole fractions in the free troposphere around Equatorial Asia observed

by CONTRAIL. Upper panel presents a time—latitude cross section from cruising
mode data within the longitude range of 90-130 E and the lower panel shows a time—
altitude cross section from ascending and descending data over Singapore.

retrieval program. Vertical profiles of CO and HCN were retrieved, and
partial column amounts in two layers, 0—5 km and 5-18 km were obtained.
Using correlation analysis between CO and HCN, significant positive
correlation was found between them at 5-18 km in spring. From the
CO:HCN ratio, the biomass burning-derived CO was estimated to be about
70% from March to May. From the backward trajectory analysis of the air
mass, it was confirmed that the biomass burning-origin air mass mainly
originated from forest fires in northeastern China to Russia in the area of
50-60°N.

Estimation of fire-induced carbon emissions from
Equatorial Asia in 2015 using in situ aircraft and
ship observations

Inverse analysis was used to estimate fire-induced carbon emissions in
Equatorial Asia due to the big El Nifio event in 2015. This inverse analysis is
unique because it extensively used high-precision atmospheric mole fraction
data of carbon dioxide (CO,) from the commercial aircraft observation
project CONTRAIL (Fig.3). Through comparisons with independent
shipboard observations, especially carbon monoxide (CO) data, the validity
of the estimated fire-induced carbon emissions was demonstrated. The best
estimate, which used both aircraft and shipboard CO, observations, indicated
273 TgC for fire emissions from September—October 2015. This 2-month
period accounts for 75% of the annual total fire emissions and 45% of the
annual total net carbon flux within the region, indicating that fire emissions
are a dominant driving force of interannual variations of carbon fluxes in
Equatorial Asia. Several sensitivity experiments demonstrated that aircraft
observations could measure fire signals, though they showed a certain degree
of sensitivity to prior fire-emission data. The inversions coherently estimated
smaller fire emissions than the prior data did, partially because of the small
contribution of peatland fires indicated by enhanced ratios of CO and CO»
observed by the ship. In future warmer climate conditions, Equatorial Asia
may experience more severe droughts, which risks releasing a large amount
of carbon into the atmosphere (Niwa et al., ACP, 2021).

= mordh

I ]

Fig.4 Prior (a) and posterior (b) surface CO; flux distributions
averaged for September 2015. Differences between prior and
posterior fluxes (c) is also shown.
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Environmental Research Promotion Center (ERPC)
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Activities of Environmental Research Promotion Center
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RBDZIERRFERDODMENEDSNTNED, INSOMRIFRIARDES UPMEREZELCERIDDIEHS, BELADHROHES
HiT, MEDPTFEELICEHELGHSAEHRICHEEZSZI TV TMREBROERL) ZR>TWKIENEETH S,

RIGMIRHEE LY T —I3. RIBICEIT2MRHEE. SEE  EFEEEFZEC THARROHESREOREZH I LI, AERDOTY
M) —FE8 - RIEHBOHE - IRAROEREREFLZR/BOICITT>TWS,

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.

EHR & DEE

RERZMARIE. 2004 FICERBEEEREZMEL. &
FEFERERREEEREOBRRMBRZ 10 AlcfTV. SROEZE
IEOWTERZER DU, SEEMICHELL. RBEDIREICK
% "RIBTEGR) = 2 FHICER U,

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. Environmental Administration was a new
class in 2021, and it was offered with the prefecture staff as a lecturer in the
second semester.

e & DESE

iamEid. 2009 FEEHEZME LD, 2021 F 3 AIC,
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Cooperation with Sendai City

Our graduate school has had a cooperation agreement with Sendai City since
2009. In March 2021, a new agreement was signed to renew the purpose of
cooperation and further strengthen the cooperation system (Fig.1). In July, an
information exchange meeting was held with the Environmental Bureau of
the City of Sendai. Environmental Administration was a new class in 2021,
and it was offered with the city staff as a lecturer in the second semester.

Fig.1 Signing ceremony of GSES — Sendai City
partnership agreement.

Fig.2 Hydrogen production through aluminum-hot
spring water reaction in the Tamagawa hot springs.

Fig.3 Signing ceremony of GSES — Shima City
partnership agreement.

Z0ftiDihTT Bk L DEE

2017 FlcEBHEEME LT TR, SEES. tEMRE
IR BEBERRKEETIVIZULERWKEREEDEIFRER,
DIFREEML. REHARIEELY Y—DERICH UK (Fig.2),

2019 FICHAME DEBEIHREZMIBEL. 2021 FELEEHEET
RINAF - UTCEEDEEZB D,

2021 FER=ZEREEM & EEREZ MU (Fig.3). 2019
FICEEREEMEUCRMETED 2 MifZ#lRIic JST OHAID
BREBXETOY 5L (COI-NEXT) MERMBBICEDIKIT Y-y
YVaY—ryNOBRARM S 7OV Y MRS NIES ZH
U7z (Fig.4)o

ITRILF—flifEFEI R FEHEE RS

2019 F 4 AICEBHARERMAE LT TTRILF—MEFBIEM
RHEHN R (WAR  TEEFARBR) ) BBRESIN. 10B7H
ICHEIERZIXILF—IVRIILZERELR (Fig.5). 5 1#TIE
EPHIENSBEZN—RYZ2a—rIIILDOBRRERKADERER,
F2WTREILKRZIEEFZ2HUWIRILF—EMARDORIRE
BAUT,

TI3RAFY I AV — NEIBD T DB RATHR

2019 FICMRBES N TTSRAF v I AY— NI DT DB
FEEMFERLR (WRRMNAE—RHR)) OFBO—RTC3AICVT
EF—%ZBEL. Z0% TIRAFVIRAY—NIEAIIERET A%
HfELTce e, 12 RIMlET DTS SAY OV EEHEL, Y170
TIAFvIDT—U2av7ZRELI (Fig.6).

Fig.4 Meeting of JST’s COI-NEXT program
in Shima City.

Fig.5 Tohoku University Energy Symposium.

Cooperation with other local governments

The Tsuchiya Laboratory conducted the research project “Demonstration
experiment of hydrogen production from waste aluminum and Tamagawa
Hot Spring acid water” in Senboku City, with which our graduate school has
concluded its 2017 cooperation agreement. The ERPC also cooperated in the
experiment for this research project (Fig.2).

In 2021, we supervised the project as a business promotion advisor for the
plan.

In 2021, our graduate school concluded cooperation agreements with Shima
City (Fig.3). JST’s COI-NEXT program adopted our project, “Green job
market fostering co-creation base based on gastronomy geopolitics.” We
began activity based in two regions with Higashi Matsushima City, which
signed a cooperation agreement in 2019, and Shima City (Fig.4).

Interdisciplinary Studies of Novel Values on
Energy for Sustainable Development Society

The Interdisciplinary Studies of Novel Values on Energy for Sustainable
Development Society was recognized as an interdisciplinary research group
in April 2019. The Tohoku University Energy Symposium was held on
October 7 (Fig.5). The first part of symposium introduced the current state
and future prospects of carbon neutrality originating in the country and
region, and the second part introduced the frontline research on new energy
technology at Tohoku University.

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

Tohoku University Transdisciplinary Research Initiative for Plastic Smart
was launched as a collaborative research group in 2019. TU-TRIPS held a
webinar in March and produced an educational video about being “plastic
smart.” In December, we held a microplastic workshop in collaboration with
Tamaki-san Salon in Sendai City (Fig.6).

Fig.6 Microplastic workshop in Tamaki-san Salon.
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@ Local initiative hydrogen production by utilization of

aluminum waste materials and natural acidic hot-spring water.
[Applied Energy, 293(1), (2021), 116909] Vani Novita Alviani,
Nobuo Hirano, Noriaki Watanabe, Masahiro Oba, Masaoki Uno,
Noriyoshi Tsuchiya
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@ Functionalization of primary amine groups to single-walled
carbon nanotubes by reacting fluorinated SWCNTs with
ammonia gas at a low temperature. [Carbon, 172, (2021),
360-371] Koji Yokoyama, Yoshinori Sato, Masashi Yamamoto,
Tetsuo Nishida, Takashi Itoh, Kenichi Motomiya, Yoshinori Sato
@ Slippage-inhibiting effect of interfacial cross-linking of
nanotubes by defluorination on the mechanical properties
of free-standing multi-walled carbon nanotube yarns:
Comparison with individual multi-walled carbon nanotubes.
[Carbon, 179, (2021), 1-12] Hikaru Nishizaka, Tatsuhito Kimura,
Yoshinori Sato, Masashi Yamamoto, Tetsuo Nishida, Kenichi
Motomiya, Yoshinori Sato

@ Corrigendum to “Slippage-inhibiting effect of interfacial
cross-linking of nanotubes by defluorination on the
mechanical properties of free-standing multi-walled carbon
nanotube yarns: Comparison with individual multi-walled
carbon nanotubes” [Carbon 179 (2021) 1-12]. [Carbon,
182, (2021), 865-866] Hikaru Nishizaka, Tatsuhito Kimura,
Yoshinori Sato, Masashi Yamamoto, Tetsuo Nishida, Kenichi
Motomiya, Yoshinori Sato
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[ BAERERHREIER , 546, (2021), 21-24] £EER
@i 7 v RILICLDREREE S BIBBA—IRY H/ Fa—T v — Dt
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@ Electricity Generation by a Methanogen Cathode Microbial

Fuel Cell. [Journal of Animal Production Environment Science,
19/20(1), (2021), 23-33] Masaki UMETSU, Yasuhiro FUKUDA,
Hideyuki TAKAHASHI, Chika TADA

@® Enhancement of aragonite mineralization with a chelating
agent for CO:z storage and utilization at low to moderate
temperatures. [Scientific Reports, 11, (2021), Article number:
13956] Jiajie Wang, Noriaki Watanabe, Kosuke Inomoto,
Masanobu Kamitakahara, Kengo Nakamura, Takeshi Komai,
Noriyoshi Tsuchiya

@ Fabrication and evaluation of ascorbic acid phosphate-
loaded spherical porous hydroxyapatite/octacalcium
phosphate granules. [Journal of the Ceramic Society of
Japan, 129(1), (2021), 60-65] Masanobu KAMITAKAHARA,
Airi ISHII, Hideaki MATSUBARA, Masakazu KAWASHITA,
Maiko FURUYA, Hiroyasu KANETAKA

@ Incorporation of tetracarboxylate ions into octacalcium
phosphate for the development of next-generation biofriendly
materials. [Communications Chemistry, 4, (2021), Article
number: 4] Taishi Yokoi, Tomoyo Goto, Mitsuo Hara, Tohru
Sekino, Takahiro Seki, Masanobu Kamitakahara, Chikara
Ohtsuki, Satoshi Kitaoka, Seiji Takahashi, Masakazu Kawashita
@7 ILIFDEEHEERIARICBEITZEYTHILO - Y22l —yaveE=x
BOWR. [MiESLUmERAER, 68(7), (2021), 271-277] FRFK,
MRFE , BAKE , BIE, ANE—, LEFRER
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@ Biodegradation of binary mixtures of octane with benzene,
toluene, ethylbenzene or xylene (BTEX): insights on the
potential of Burkholderia, Pseudomonas and Cupriavidus
isolates. [World Journal of Microbiology and Biotechnology,
37(7), (2021), 122] Hernando P. Bacosa, Jhonamie A. Mabuhay-
Omar, Rodulf Anthony T. Balisco, Dawin M. Omar, Chihiro Inoue
@ Biomimetic antibiofouling oil infused honeycomb films
fabricated using breath figures. [Polymer Journal, 53, (2021),
713-717] Shimura, R., Abe, H., Yabu, H., Chien, M.-F., Inoue, C.
@ Effects of Growth Stage and Cd Chemical Form on Cd
and Zn Accumulation in Arabidopsis halleri ssp. gemmifera.
[International Journal of Environmental Research and Public
Health, 18(8), (2021), 4214] Hiroshi Kudo, Chihiro Inoue, Kazuki
Sugawara

@ Elucidation and application of environmental pollution
purifying mechanisms by plants and microorganisms—
examples of microbe-assistant phytoextraction against arsenic
pollution and rhizodegradation against polycyclic aromatic
hydrocarbons—. [Journal of Environmental Biotechnology,
21(2), (2021), 1-7] Mei-Fang Chien, Chongyang Yang, Shujun
Wei, John Jewish A. Dominguez, Ying-Ning Ho, Chihiro Inoue

@® Expression of PvPht];3, PVACRZ and PVACR3 during
arsenic processing in root of Pteris vittata. [Environmental
and Experimental Botany, 182, (2021), 104312] Wei, S., Kohda,
Y.H.-T., Inoue, C., Chien, M.-F.

@® HMA4 and IRT3 as indicators accounting for different
responses to Cd and Zn by hyperaccumulator Arabidopsis
halleri ssp. gemmifera. [Plant Stress, 2,(2021),100042]
Christine D.A.P. Wiyono, Chihiro Inoue, Mei-Fang Chien

@ Influence of low temperature on comparative arsenic
accumulation and release by three Pferis hyperaccumulators.
[Journal of Environmental Science and Health, Part A, 56(11),
(2021), 1179-1188] Farzana Rahman, Kazuki Sugawara, Shujun
Wei, Yi Huang-Takeshi Kohda, Mei-Fang Chien, Chihiro Inoue

@ Isolation and characterization of novel bacteria capable of
degrading 1,4-dioxane in the presence of diverse co-occurring
compounds. [Microorganisms, 9(5), (2021), 887] Tusher, T.R.,
Shimizu, T., Inoue, C., Chien, M.-F.

@ Leaching of As and Se from coal fly ash: fundamental
study for coal fly ash recycling. [Environmental Monitoring
and Assessment, 193(4), (2021), 225] Seki, T., Nakamura, K.,
Ogawa, Y., Inoue, C.

@ New evidence of arsenic translocation and accumulation in
Pteris vittata from real-time imaging using positron-emitting
74As tracer. [Scientific Reports, 11, (2021), Article number:
12149] Yi Huang-Takeshi Kohda, Zhaojie Qian, Mei-Fang
Chien, Keisuke Miyauchi, Ginro Endo, Nobuo Suzui, Yong-Gen
Yin, Naoki Kawachi, Hayato lkeda, Hiroshi Watabe, Hidetoshi
Kikunaga, Nobuyuki Kitajima, Chihiro Inoue

@ Separation of microplastic from soil by centrifugation and
its application to agricultural soil. [Chemosphere, 288, (2021),
132654] Guido Grause, Yamato Kuniyasu, Mei-Fang Chien,
Chihiro Inoue.
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@ 1-D inversion analysis of a shallow landslide triggered by
the 2018 Eastern Iburi earthquake in Hokkaido, Japan. [Earth,
Planets and Space, 73, (2021), Article number: 116] Jun
Kameda, Atsushi Okamoto

@ Albite-K-feldspar-quartz equilibria in hydrothermal fluids
at 400, 420°C and 20-35 MPa: Experimental measurements
and thermodynamic calculations. [Geothermics, 94, (2021),
102109] Atsushi Okamoto, Hajime Ishii, Ryosuke Oyanagi,
Noriyoshi Tsuchiya

@ Cataclastic and crystal-plastic deformation in shallow
mantle-wedge serpentinite controlled by cyclic changes in
pore fluid pressures. [Earth and Planetary Science Letters,
576(15), (2021), 117232] Ken ichi Hirauchi, Yurina Nagata,
Kengo Kataoka, Ryosuke Oyanagi, Atsushi Okamoto,
Katsuyoshi Michibayashi

@ Experimental fracture sealing in reservoir sandstones and
its relation to rock texture. [Journal of Structural Geology,

153, (2021), 104447] Benjamin Busch, Atsushi Okamoto,
Krassimir Garbev, Christoph Hilgers

@ Formation of amorphous silica nanoparticles and its impact
on permeability of fractured granite in superhot geothermal
environments. [Scientific Reports, 11, (2021), Article number:
5340] Noriaki Watanabe, Hikaru Abe, Atsushi Okamoto,
Kengo Nakamura, Takeshi Komai

@ Generation of oxidising fluids by comminution of fault
rocks. [Geochemical Perspectives Letters, 19, (2021), 32-35] J.
Kameda, A. Okamoto

@ Hadal aragonite records venting of stagnant paleoseawater
in the hydrated forearc mantle. [Communications Earth
& Environment, 2, (2021), Article number: 243] Ryosuke
Oyanagi, Atsushi Okamoto, Madhusoodhan Satish-Kumar,
Masayo Minami, Yumiko Harigane, Katsuyoshi Michibayashi

@ Local initiative hydrogen production by utilization of
aluminum waste materials and natural acidic hot-spring water.
[Applied Energy, 293, (2021), 116909] Vani Novita Alviani,
Nobuo Hirano, Noriaki Watanabe, Masahiro Oba, Masaoki
Uno, Noriyoshi Tsuchiya

@ Multi-stage infiltration of Na- and K-rich fluids from
pegmatites at mid-crustal depths as revealed by feldspar
replacement textures. [Lithos, 388-389, (2021), 106096] Astin
Nurdiana, Atsushi Okamoto, Kenta Yoshida, Masaoki Uno,
Takayoshi Nagaya, Noriyoshi Tsuchiya

@ Multi-stage serpentinization of ultramafic rocks in the
Manlay Ophiolite, southern Mongolia. [Mongolian Geoscientist,
26(53), (2021), 1-171 Amarbayar Nomuulin, Noriyoshi Tsuchiya,
Otgonbayar Dandar, Atsushi Okamoto, Masaoki Uno,
Undarmaa Batsaikhan, Jiajie Wang

@® Redistribution of magnetite during multi-stage
serpentinization: Evidence from the Taishir Massif, Khantaishir
ophiolite, western Mongolia. [Journal of Mineralogical and
Petrological Sciences, 116(3), (2021), 176-181] Otgonbayar
Dandar, Atsushi Okamoto, Masaoki Uno, Noriyoshi Tsuchiya

@® Rupture of wet mantle wedge by self-promoting
carbonation. [Communications Earth & Environment, 2,
(2021), Article number: 151] Atsushi Okamoto, Ryosuke
Oyanagi, Kazuki Yoshida, Masaoki Uno, Hiroyuki Shimizu,
Madhusoodhan Satish-Kumar
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@ Experimental Investigation on Flow Suppression and
Modification of High Water Content Soil UsingWater
Absorbent Polymer and Fiber Cement Stabilization. [Advanced
Experimental Mechanics, 6, (2021), 99-103] Kohei UENO,
Kazumi RYUO, Tomoaki SATOMI, Hiroshi TAKAHASHI
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@ Study on Mechanical Properties of Cemented Soil
Reinforced by Empty Fruit Bunch (EFB). [Proc. of International
Symposium on Earth Science and Technology 2021, 1, (2021),
65-70] Delima Canny Valentine Simarmata, Tomoaki Satomi,
Hiroshi Takahashi

@ Study on Stability of Slope Covered by Modified Landslide
Sludge. [Advanced Experimental Mechanics, 6, (2021), 104-
109] Delima Canny Valentine, SIMARMATA, Thomas Teguh
WIJAYA, Tomoaki SATOMI, Hiroshi TAKAHASHI
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@ A laboratory study of hydraulic fracturing at the brittle-
ductile transition. [Scientific Reports, 11, (2021), Article
number: 22300] Francesco Parisio, Keita Yoshioka, Kiyotoshi
Sakaguchi, Ryota Goto, Takahiro Miura, Eko Pramudyo, Takuya
Ishibashi, Noriaki Watanabe

@ CO: injection-induced complex cloud-fracture networks in
granite at conventional and superhot geothermal conditions.
[Geothermics, 97, (2021), 102265] Eko Pramudyo, Ryota Goto,
Noriaki Watanabe, Kiyotoshi Sakaguchi, Kengo Nakamura,
Takeshi Komai

@® Creating Cloud-Fracture Network by Flow-induced
Microfracturing in Superhot Geothermal Environments. [Rock
Mechanics and Rock Engineering, 54, (2021), 2959-2974]
Ryota Goto, Noriaki Watanabe, Kiyotoshi Sakaguchi, Takahiro
Miura, Youqging Chen, Takuya Ishibashi, Eko Pramudyo,
Francesco Parisio, Keita Yoshioka, Kengo Nakamura, Takeshi
Komai, Noriyoshi Tsuchiya

@ Flow-Induced Microfracturing of Granite in Conventional
and Superhot Geothermal Environments. [Paper presented at
the SPWLA 26th Formation Evaluation Symposium of Japan,
Virtual, September 2021, SPWLA-JFES-2021-K, (2021)] Goto
Ryota, Pramudyo Eko, Watanabe Noriaki, Sakaguchi Kiyotoshi,
Chen Youging, Takeshi Komai

@ Fracturing of granite rock with supercritical water for
superhot geothermal resources. [Renewable Energy, 184,
(2022), 56-67] Bailong Liu, Anna Suzuki, Noriaki Watanabe,
Takuya Ishibashi, Kiyotoshi Sakaguchi, Takatoshi Ito (Available
online 19 November 2021.)
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@® Comparison of Residual Stress Measurement Methods in

Solid Oxide Fuel Cell. [ECS Transactions, 103(1), (2021), 1251-
1260] Kento Oshima, Takumi Komaya, Keiji Yashiro, Fumitada

Iguchi, Minfang Han, Yige Wang, Tatsuya Kawada

@ Corrigendum to evaluation of electrochemical properties of
LaNiosFeo0.403-s -Ce09Gdo10195 composite as air electrode for
SOFC solid state ionics, 332, 2019, 70-76. [Solid State lonics,
363, (2021), 115608] R.A. Budiman, S. Hashimoto, Y. Fujimaki, T.
Nakamura, K. Yashiro, K. Amezawa, T. Kawada

@ Effect of pinholes in electrolyte on re-oxidation tolerance
of anode-supported solid oxide fuel cells. [Fuel Cells, 21(4),
(2021), 398-407] Keigo Kumada, Kazuhisa Sato, Tatsuya
Kawada, Hirofumi Sumi, Hiroyuki Shimada, Toshiyuki Hashida
@ Evaluation of Reaction Mechanism of PCFC Composite
Cathodes by Utilizing Patterned Thin Film Model Electrodes.
[ECS Transactions, 103(1), (2021), 1745-1751] Zhuo Diao,
Katsuya Nishidate, Takaaki Imaizumi, Yuta Kimura, Takashi
Nakamura, Yuichi Mikami, Tomohiro Kuroha, Keiji Yashiro,
Tatsuya Kawada, Koji Amezawa

@ Experimental Evaluation of Influence of Stress on Li
Chemical Potential and Phase Equilibrium in Two-phase
Battery Electrode Materials. [Electrochemistry, 89(4), (2021),
355-362] Yuta KIMURA, Keita FUNAYAMA, Mahunnop
FAKKAO, Takashi NAKAMURA, Naoaki KUWATA, Tatsuya
KAWADA, Junichi KAWAMURA, Koji AMEZAWA

@ Modulating Reaction Pathways on Perovskite Cobaltite
Nanofibers through Excessive Surface Oxygen Defects for
Efficient Water Oxidation. [Energy & Fuels, 35(17), (2021),
13967-13974] Qiuyu Liu, Chenghao Jia, Mengzhen Zhou,
Zuyun He, Zhiheng Gong, Yihan Ling, Xinxin Wang, Keiji
Yashiro, Yan Chen

@ Performance and stability analysis of SOFC containing
thin and dense gadolinium-doped ceria interlayer sintered at
low temperature. [Journal of Materiomics, In Press, (2021), ]
Yige Wang, Chuan Jia, Zewei Lyu, Minfang Han, Junwei Wu,
Zaihong Sun, Fumitada Iguchi, Keiji Yashiro, Tatsuya Kawada
@ Relationship between microstructure and deformation of
porous Ni-based cermets under redox cycling. [SN Applied
Sciences, 3, (2021), Article number: 810] Kazuhisa Sato,
Satoshi Watanabe, Yihui Huang, Taihei Miyasaka, Toshiaki
Matsui, Keiji Yashiro, Tatsuya Kawada, Koji Amezawa, Keigo
Kumada, Koichi Eguchi
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@ A laboratory study of hydraulic fracturing at the brittle-
ductile transition. [Scientific Reports, 11, (2021), Article
number: 22300] Francesco Parisio, Keita Yoshioka, Kiyotoshi

Sakaguchi, Ryota Goto, Takahiro Miura, Eko Pramudyo, Takuya
Ishibashi, Noriaki Watanabe

@ Applicability of silty material brought by black tsunami to
estimation of inundation area. [Japanese Geotechnical Society
Special Publication, 9(5), (2021), 180-185] Kousuke Nakamura,
Takeshi Komai

@ CO: injection-induced complex cloud-fracture networks in
granite at conventional and superhot geothermal conditions.
[Geothermics, 97, (2021), 102265] Eko Pramudyo, Ryota Goto,
Noriaki Watanabe, Kiyotoshi Sakaguchi, 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, (2021),
101948] Kengo Nakamura, Yuusuke Inoue, Takeshi Komai

@® Creating Cloud-Fracture Network by Flow-induced
Microfracturing in Superhot Geothermal Environments.
[ROCK MECHANICS AND ROCK ENGINEERING, 54(6),
(2021), 2959-2974] Ryota Goto, Noriaki Watanabe, Kiyotoshi
Sakaguchi, Takahiro Miura, Youqing Chen, Takuya Ishibashi,
Eko Pramudyo, Francesco Parisio, Keita Yoshioka, Kengo
Nakamura, Takeshi Komai, Noriyoshi Tsuchiya

@ Data-driven analysis for source apportionment and
geochemical backgrounds establishment of toxic elements
and REEs in the Tohoku region, Japan. [Chemosphere, 263,
(2021), 128268] A.Pujiwati, JWang, K. Nakamura, Y. Kawabe, N.
Watanabe, T. Komai

@ Development of a Model for Predicting the Volatilization
Flux from Unsaturated Soil Contaminated by Volatile Chemical
Substances. [Environmental Modeling & Assessment, 26(6),
(2021), 9796] Monami Kondo, Yasuhide Sakamoto, Yoshishige
Kawabe, Kengo Nakamura, Noriaki Watanabe, Takeshi Komai
@® Dynamic evaluation method for planning sustainable
landfills using GIS and multi-criteria in areas of urban sprawl
with land-use conflicts. [PLOS ONE, 16(8), (2021), e0254441]
Chelsea Langa, Junko Hara, Jiajie Wang, Kengo Nakamura,
Noriaki Watanabe, Takeshi Komai

@ Enhancement of aragonite mineralization with a chelating
agent for CO:2 storage and utilization at low to moderate
temperatures. [Scientific Reports, 11, (2021), Article number:
13956] Jiajie Wang, Noriaki Watanabe, Kosuke Inomoto,
Masanobu Kamitakahara, Kengo Nakamura, Takeshi Komai,
Noriyoshi Tsuchiya

@ Experimental and Numerical Studies on Dissociation of
Methane Hydrate by Simultaneous Injection of Nitrogen
and Hot Water. [International Journal of Offshore and Polar
Engineering, 31(2), (2021), 186-198] Yasuhide Sakamoto,
Yusuke Nakano, Fuyuki Kaneko, Kengo Nakamura, Takeshi
Komai

@ Formation of amorphous silica nanoparticles and its impact
on permeability of fractured granite in superhot geothermal
environments. [Scientific Reports, 11, (2021), Article number:
5340] N. Watanabe, H. Abe, A. Okamoto, K. Nakamura, T.
Komai

@ Fracturing of granite rock with supercritical water for
superhot geothermal resources. [Renewable Energy, 184,
(2021), 56-67] Bailong Liu, Anna Suzuki, Noriaki Watanabe,
Takuya Ishibashi, Kiyotoshi Sakaguchi, Takatoshi Ito

@ Leaching of As and Se from coal fly ash: fundamental study
for coal fly ash recycling. [ENVIRONMENTAL MONITORING
AND ASSESSMENT, 193(4), (2021), 225] Tsugumi Seki, Kengo
Nakamura, Yasumasa Ogawa, Chihiro Inoue

@ Local initiative hydrogen production by utilization of
aluminum waste materials and natural acidic hot-spring water.
[Applied Energy, 293, (2021), 116909] Vani Novita Alviani,
Nobuo Hirano, Noriaki Watanabe, Masahiro Oba, Masaoki Uno,
Noriyoshi Tsuchiya

@ Novel chemical stimulation for geothermal reservoirs
by chelating agent driven selective mineral dissolution in
fractured rocks. [Scientific Reports, 11, (2021), Article number:
19994] Noriaki Watanabe, Kaori Takahashi, Ryota Takahashi,
Kengo Nakamura, Yusuke Kumano, Kohei Akaku, Tetsuya
Tamagawa, Takeshi Komai

@ Potential Modification of Groundwater Arsenic Removal
Filter Commonly Used in Nepal: A Review. [Groundwater for
Sustainable Development, 16, (2021), 100549] Haribansha
Timalsina, Bandita Mainali, Michael J. Angove, Takeshi Komai,
Shukra Raj Paudel

@ Prediction and Remediation of Groundwater Pollution in a
Dynamic and Complex Hydrologic Environment of an lllegal
Waste Dumping Site. [Applied Sciences, 11(19), (2021), 9229]
Thatthep Pongritsakda, Kengo Nakamura, Jiajie Wang, Noriaki
Watanabe, Takeshi Komai

@ Sustainable process for enhanced CO: mineralization of
calcium silicates using a recyclable chelating agent under
alkaline conditions. [Journal of Environmental Chemical
Engineering, 10(1), (2021), 107055] Jiajie Wang, Noriaki
Watanabe, Kosuke Inomoto, Masanobu Kamitakahara, Kengo
Nakamura, Takeshi Komai, Noriyoshi Tsuchiya

@ Using data-driven analysis of geochemical environmental
information to infer the environmental impact of closed mines.
[Heliyon, 7(5), (2021), e06927] Kengo Nakamura, Yoshishige
Kawabe, Takeshi Komai

@® Water-Enhanced Flux Changes under Dynamic
Temperatures in the Vertical Vapor-Phase Diffusive Transport
of Volatile Organic Compounds in Near-Surface Soil
Environments. [Sustainability, 13(12), (2021), 6570] Asma Akter
Parlin, Monami Kondo, Noriaki Watanabe, Kengo Nakamura,
Mizuki Yamada, Jiajie Wang, Takeshi Komai

@ Water-Induced Inverse Correlation between Temperature
and Flux Changes in Vertical Vapor-Phase Diffusive Transport
of Volatile Organic Compounds in Near-Surface Soil
Environments. [Applied Sciences, 11(8), (2021), 3489] Asma
Akter Parlin, Noriaki Watanabe, Kengo Nakamura, Mizuki
Yamada, Jiajie Wang, Takeshi Komai

@ Wellbore stability in high-temperature granite under true
triaxial stress. [Geothermics, 100, (2021), 102334] R. Goto, K.
Sakaguchi, F. Parisio, K. Yoshioka, E. Pramudyo, N. Watanabe
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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), (2021), 125809] Shun
Yokoyama, Yuta Umemoto, Kenichi Motomiya, Takashi Itoh,
Hideyuki Takahashi

@ Flexible and adhesive sintered Cu nanomaterials on
polyimide substrates prepared by combining Cu nanoparticles
and nanowires with polyvinylpyrrolidone. [Colloids and
Surfaces A: Physicochemical and Engineering Aspects,
625, (2021), 126907] Shun Yokoyama, Junpei Nozaki, Yuta
Umemoto, Kenichi Motomiya, Takashi Itoh, Hideyuki Takahashi
@ Functionalization of primary amine groups to single-walled
carbon nanotubes by reacting fluorinated SWCNTs with
ammonia gas at a low temperature. [Carbon, 172, (2021),
360-371] Koji Yokoyama, Yoshinori Sato, Masashi Yamamoto,
Tetsuo Nishida, Takashi Itoh, Kenichi Motomiya, Yoshinori Sato
@ One-step synthesis of CulnS2 nanoparticles using aqueous
chelated metal complexes as a starting material. [Journal
of Materials Science: Materials in Electronics, 32(7), (2021),
9531-9539] Mitsuo Goto, Kouhei Sato, Shun Yokoyama,
Hideyuki Takahashi

@ Precise composition modulation for optimizing NiWO4 /
Pt/CdS Z-scheme system. [Nano Select, 2(10), (2021), 1974-
1985] Mingjie Li, Shun Yokoyama, Hideyuki Takahashi, Keyou
Yan, Kazuyuki Tohji

@ Pt distribution-controlled Ni-Pt nanocrystals via an alcohol
reduction technique for the oxygen reduction reaction.
[New Journal of Chemistry, 45(25), (2021), 11183-11191]
Kaneyuki Taniguchi, Jhon L. Cuya Huaman, Daichi lwata, Shun
Yokoyama, Takatoshi Matsumoto, Kazumasa Suzuki, Hiroshi
Miyamura, Jeyadevan Balachandran
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@ Albite-K-feldspar-quartz equilibria in hydrothermal fluids
at 400, 420 °C and 20-35 MPa: Experimental measurements
and thermodynamic calculations. [Geothermics, 94, (2021),
102109] Atsushi Okamoto, Hajime Ishii, Ryosuke Oyanagi,
Noriyoshi Tsuchiya

@ Characteristics of trace elements compositions of tephras
(B-Tm and To-a) for identification tools. [Geochemical Journal,
55, (2021), 117-133] Fumiko Watanabe Nara, Tatsunori
Yokoyama, Shin-ichi Yamasaki, Masayo Minami, Yoshihiro
Asahara, Takahiro Watanabe, Kazuyoshi Yamada, Noriyoshi
Tsuchiya, Yoshinori Yasuda

@® Creating Cloud-Fracture Network by Flow-induced
Microfracturing in Superhot Geothermal Environments. [Rock
Mechanics and Rock Engineering, 54, (2021), 2959-2974]
Ryota Goto, Noriaki Watanabe, Kiyotoshi Sakaguchi, Takahiro
Miura, Youging Chen, Takuya Ishibashi, Eko Pramudyo,
Francesco Parisio, Keita Yoshioka, Kengo Nakamura, Takeshi
Komai, Noriyoshi Tsuchiya

@® Data-driven analysis for source apportionment and
geochemical backgrounds establishment of toxic elements
and REEs in the Tohoku region, Japan. [Chemosphere, 263,
(2021), 128268] Arie Pujiwati, Jiajie Wang, Kengo Nakamura,
Yoshishige Kawabe, Noriaki Watanabe, Takeshi Komai

@® Dynamic evaluation method for planning sustainable
landfills using GIS and multi-criteria in areas of urban
sprawl with land-use conflicts. [PLOS ONE, 16(8), (2021),
e0254441-e0254441] Chelsea Langa, Junko Hara, Jiajie
Wang, Kengo Nakamura, Noriaki Watanabe, Takeshi Komai

@ Enhancement of aragonite mineralization with a chelating
agent for CO:2 storage and utilization at low to moderate
temperatures. [Scientific Reports, 11, (2021), Article number:
13956] Jiajie Wang, Noriaki Watanabe, Kosuke Inomoto,
Masanobu Kamitakahara, Kengo Nakamura, Takeshi Komai,
Noriyoshi Tsuchiya

@ Geochemical characteristics of paleotsunami deposits
from the Shizuoka plain on the Pacific coast of middle
Japan. [ Geochemical Journal 55, (2021), 325-340] Takahiro
Watanabe, Noriyoshi Tsuchiya, Akihisa Kitamura, Shin-ichi
Yamasaki, Fimiko W Nara

@ High explosivity of the June 21, 2019 eruption of Raikoke
volcano (Central Kuril Islands); mineralogical and petrological
constraints on the pyroclastic materials. [Journal of
Volcanology and Geothermal Research, 418, (2021), 107346]
Sergey Smirnov, lldar Nizametdinov, Tatyana Timina, Alexey
Kotov, Viktoriya Sekisova, Dmitry Kuzmin, Elena Kalacheva,
Vladimir Rashidov, Alexander Rybin, Andrey Lavrenchuk,
Alexander Degterev, lvan Maksimovich, Adam Abersteiner

@® Local initiative hydrogen production by utilization of
aluminum waste materials and natural acidic hot-spring water.
[Applied Energy, 293(1), (2021), 116909] Vani Novita Alviani
, Nobuo Hirano , Noriaki Watanabe , Masahiro Oba , Masaoki
Uno, and Noriyoshi Tsuchiya

@ Method for Determining Water Content in Natural Rhyolitic
Melts by Raman Spectroscopy and Electron Microprobe
Analysis. [Petrology, 29, (2021), 386-403] Alexey Kotov,
Sergey Smirnov, Pavel Plechov, Eduard Persikov, Nadezhda
Chertkova, lvan Maksimovich, Nikolay Karmanov, Pavel
Buhtiyarov

@® Multi-stage infiltration of Na- and K-rich fluids from
pegmatites at mid-crustal depths as revealed by feldspar
replacement textures. [Lithos, 388-389, (2021), 106096] Astin
Nurdiana, Atsushi Okamoto, Kenta Yoshida, Masaoki Uno,
Takayoshi Nagaya, Noriyoshi Tsuchiya

@ Multi-stage serpentinization of ultramafic rocks in the
Manlay Ophiolite, southern Mongolia. [Mongolian Geoscientist,
26(53), (2021), 1-17] Amarbayar Nomuulin, Noriyoshi Tsuchiya,
Otgonbayar Dandar, Atsushi Okamoto, Masaoki Uno,
Undarmaa Batsaikhan, Jiajie Wang

@® MXenes and their derivatives as nitrogen reduction
reaction catalysts: recent progress and perspectives.
[Materials Today Energy, 22, (2021), 100864] Amrillah Tahta;
Hermawan Angga, Alviani Vani Novita, Seh Zhi Wei, Yin Shu

@ Prediction and Remediation of Groundwater Pollution in a
Dynamic and Complex Hydrologic Environment of an lllegal
Waste Dumping Site. [Applied Sciences, 11(19), (2021), 9229]
Thatthep Pongritsakda, Kengo Nakamura, Jiajie Wang, Noriaki
Watanabe, Takeshi Komai

@® Quantitative and semi-quantitative analyses using a
portable energy dispersive X-ray fluorescence spectrometer:
Geochemical applications in fault rocks, lake sediments, and
event deposits. [Journal of Mineralogical and Petrological
Sciences, 116(3), (2021), 140-158] Takahiro WATANABE,
Chikako ISHII, Chika ISHIZAKA, Masakazu NIWA, Koji
SHIMADA, Yuki SAWAI, Noriyoshi TSUCHIYA, Tetsuya
MATSUNAKA, Shinya OCHIAI, Fumiko W. NARA

@® Redistribution of magnetite during multi-stage
serpentinization: Evidence from the Taishir Massif, Khantaishir
ophiolite, western Mongolia. [Journal of Mineralogical and
Petrological Sciences, 116(3), (2021), 176-181] Otgonbayar
Dandar, Atsushi Okamoto, Masaoki Uno, Noriyoshi Tsuchiya

@® Water-Enhanced Flux Changes under Dynamic
Temperatures in the Vertical Vapor-Phase Diffusive Transport
of Volatile Organic Compounds in Near-Surface Soil
Environments. [Sustainability, 13(12), (2021), 6570-6570]
Asma Akter Parlin, Monami Kondo, Noriaki Watanabe, Kengo
Nakamura, Mizuki Yamada, Jiajie Wang, Takeshi Komai

@® Water-Induced Inverse Correlation between Temperature
and Flux Changes in Vertical Vapor-Phase Diffusive Transport
of Volatile Organic Compounds in Near-Surface Soil
Environments. [Applied Sciences, 11(8), (2021), 3489-3489]
Asma Akter Parlin, Noriaki Watanabe, Kengo Nakamura,
Mizuki Yamada, Jiajie Wang, Takeshi Komai
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@® A Review of Challenges and Opportunities for End-of-

Life Vehicle Recycling in Developing Countries and Emerging
Economies: A SWOT Analysis. [Sustainability, 13(9), (2021),
4918-4918] Solange Numfor, Geoffrey omosa, zhengyang
zhang, Kazuyo Matsubae

@ Evaluation of Environmental and Economic Benefits of
Land Reclamation in the Indonesian Coal Mining Industry.
[Resources, 10(6), (2021), 60-60] Imam Eko Setiawan,
Zhengyang Zhang, Glen Corder, Kazuyo Matsubae

@ Evaluation of resource use in the household lighting sector
in Malaysia considering land disturbances through mining
activities. [Resources, Conservation and Recycling, 166, (2021),
105343] Kosai, S., Badin, A.B., Qiu, Y., Matsubae, K., Suh, S.,
Yamasue, E.

@® Impact of remanufacturing on the reduction of metal
losses through the life cycles of vehicle engines. [Resources,
Conservation and Recycling, 170, (2021), 105614] Zhengyang
Zhang, Kazuyo Matsubae, Kenichi Nakajima

@ Natural resource use of gasoline, hybrid, electric and fuel
cell vehicles considering land disturbances. [Resources,
Conservation and Recycling, 166, (2021), 105256] Kosai, S.,
Matsui, K., Matsubae, K., Yamasue, E., Nagasaka, T.

@ Nutrient-extended input-output (NutrlO) method for the
food nitrogen footprint. [Environmental Research Letters, 16,
(2021), 115010] Azusa Oita, Kiwamu Katagiri, Tetsuya Eguchi,
Ryoko Morioka, Junko Shindo, Kentaro Hayashi, Kazuyo
Matsubae

@ Potential for Food Self-Sufficiency Improvements through
Indoor and Vertical Farming in the Gulf Cooperation Council:
Challenges and Opportunities from the Case of Kuwait.
[Sustainability, 13(22), (2021), 12553] Meshal J. Abdullah,
Zhengyang Zhang, Kazuyo Matsubae

@ The Effect of Religious Dietary Cultures on Food Nitrogen
and Phosphorus Footprints: A Case Study of India. [Nutrients,
13(6), (2021), 1926] Aurup Ratan Dhar, Azusa Oita, Kazuyo
Matsubae

@7 Ot RIEYMFENFIEICEDIHI/NNILNFEMIEEDZREE
$DBEZ . [Minerals, 11(10), (2021), 1078] Wentao Hu, Kai Tian,
zhengyang zhang, Jiuchuan Guo, Xinwei Liu, Hongdong Yu,
Huajun Wang
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@ Combined UV-irradiation and pyrolysis-GC/MS approach

for evaluating the deterioration behavior of ethylene vinyl
acetate. [Polymer Degradation and Stability, 190, (2021),
109623] Kanako Yamada, Shogo Kumagai, Toshikazu Shiratori,
Tomohito Kameda, Yuko Saito, Atsushi Watanabe, Chuichi
Watanabe, Norio Teramae, Toshiaki Yoshioka

@ Estimation of recoverable resources used in lithium-
ion batteries from portable electronic devices in Japan.
[Resources, Conservation and Recycling, 175, (2021), 1-9]
Yoshinori Morita, Yuko Saito, Toshiaki Yoshioka, Toshikazu
Shiratori
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@ Bayesian and neural network approaches to estimate
deep temperature distribution forassessing a supercritical
geothermal system: Evaluation using a numerical model.
[Natural Resources Research, 30(5), (2021), 3289-3314]
Ishitsuka, K., Kobayashi, Y., Watanabe, N., Yamaya, Y.,
Bjarkason, E., Suzuki, A., Mogi, T., Asanuma, H., Kajiwara, T.,
Sugimoto, T., Saito, R.

@® Characterization of hydrothermal alteration along
geothermal wells using unsupervised machine-learning
analysis of X-ray powder diffraction data. [Earth Science
Informatics, (2021), https://doi.org/10.1007/s12145-021-
00694-3] Ishitsuka, K., Ojima, H., Mogi, T., Kajiwara, T.,
Sugimoto, T., Asanuma, H.

@ Effects of ferrous iron supplementation on reductive
dechlorination of tetrachloroethene and on methanogenic
microbial community. [FEMS Microbiology Ecology, 97(5),
(2021), fiab069] Miho Yoshikawa, Ming Zhang, Yoshishige
Kawabe, and Taiki Katayama

@ Effects of Silicic Acid on Leaching Behavior of Arsenic
from Spent Calcium-Based Adsorbents with Arsenite.
[Sustainability, 13(23), (2021), 12937] Hajime Sugita, Terumi
Oguma, Junko Hara, Ming Zhang, and Yoshishige Kawabe

@ Estimation of Casing Material Corrosion Rates in
Supercritical Geothermal Development.[Geothermics, 96,

(2021), 102149] Yanagisawa, N., Masuda, Y., Asanuma, H.,
Osato, K., Sakura, K.

@ Fluid activity detection in geothermal areas using a single
seismic station by monitoring horizontal-to-vertical spectral
ratios. [Scientific Reports, 11, (2021), Article number: 8372]
Okamoto, K., Asanuma, H.

@® Geoenvironmental properties of industrially contaminated
site soil solidified/stabilized with a sustainable by-product-
based binder. [Science of The Total Environment, 765(15),
(2021), 142778] Feng, Y., Du, Y., Zhou, A., Zhang, M., Li, J.,
Zhou, S.,Xia, W.

@® Shadow effect of the pH distribution of surface waters
around the Kakkonda geothermal field, Japan. [Geothermics,
95, (2021), 102111] Suzuki, Y., loka, S., Muraoka, H., Asanuma, H.
@ Short-term variation and discharge mechanism of the
Futamata hot spring estimated by continuous monitoring data.
[Water, 13(7), (2021), 977] Suzuki, Y., Asanuma, H.

@® Thermal Monitoring of the Lithosphere by the Interaction
of Deep Low-Frequency and Ordinary High-Frequency Earth-
quakes in Northeastern Japan. [Energies 14(6), (2021), 1546]
Suzuki, Y., Muraoka, H., Asanuma, H.
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@ A longitudinal residential relocation study of changes

in street layout and physical activity. [Scientific Reports,
11, (2021), 7691] Gavin R McCormack, Mohammad Javad
Koohsari, Jennifer E Vena, Koichiro Oka, Tomoki Nakaya,
Jonathan Chapman, Ryan Martinson, Graham Matsalla

@ Acceptance of a COVID-19 vaccine in Japan during the
COVID-19 pandemic. [Vaccines, 9(3), (2021), 1-11] Masaki
Machida, Itaru Nakamura, Takako Kojima, Reiko Saito, Tomoki
Nakaya, Tomoya Hanibuchi, Tomoko Takamiya, Yuko Odagiri,
Noritoshi Fukushima, Hiroyuki Kikuchi, Shiho Amagasa,
Hidehiro Watanabe, Shigeru Inoue

@® Associations between the sense of accessibility,
accessibility to specific destinations, and personal factors:
A cross-sectional study in Sendai, Japan. [Transportation
Research Interdisciplinary Perspectives, 12, (2021), 100491]
Ryo Tanimoto, Tomoya Hanibuchi

@® Associations between the traditional and novel
neighbourhood built environment metrics and weight status
among Canadian men and women. [Canadian Journal of Public
Health = Revue canadienne de sante publique, 112(1), (2021),
166-174] Vikram Nichani, Mohammad Javad Koohsari, Koichiro
Oka, Tomoki Nakaya, Ai Shibata, Kaori Ishii, Akitomo Yasunaga,

Liam Turley, Gavin R McCormack

@ Associations of insomnia with noise annoyance and
neighborhood environments: A nationwide cross-sectional
study in Japan. [Preventive Medicine Reports, 23, (2021),
101416] Tomoya Hanibuchi, Tomoki Nakaya, Tsuyoshi Kitajima,
Hiroshi Yatsuya

@ Burden of cancer attributable to air pollution in Japan
in 2015 [GHM Open, 1(2021), 76-84] Megumi Hori, Kota
Katanoda, Kayo Ueda, Tomoki Nakaya, Eiko Saito, Sarah Krull
Abe, Mayo Hirabayashi, Tomohiro Matsuda, Manami Inoue, the
Cancer PAF Japan Collaborators

@® Changes in Workers' Sedentary and Physical Activity
Behaviors in Response to the COVID-19 Pandemic and
Their Relationships With Fatigue: Longitudinal Online Study.
[JMIR Public Health and Surveillance, 7(3), (2021), e26293]
Mohammad Javad Koohsari, Tomoki Nakaya, Gavin R
McCormack, Ai Shibata, Kaori Ishii, Koichiro Oka

@ Coastal exposure and residents' mental health in the
affected areas by the 2011 Great East Japan Earthquake and
Tsunami. [Scientific Reports, 11(1), (2021), 16751] Ai Tashiro,
Mana Kogure, Shohei Nagata, Fumi Itabashi, Naho Tsuchiya,
Atsushi Hozawa, Tomoki Nakaya

@ Dog ownership, dog walking, and social capital. [Humanities
& Social Sciences Communications, 8, (2021), Article number:
126] Mohammad Javad Koohsari, Akitomo Yasunaga, Ai
Shibata, Kaori Ishii, Rina Miyawaki, Kuniko Araki, Tomoki
Nakaya, Tomoya Hanibuchi, Gavin R. McCormack, Koichiro Oka
@® Domain-specific active and sedentary behaviours in
relation to workers' presenteeism and absenteeism. [Journal
of Occupational and Environmental Medicine, 63(10), (2021),
e685-e688] Mohammad Javad Koohsari, Akitomo Yasunaga,
Gavin R McCormack, Ai Shibata, Kaori Ishii, Tomoki Nakaya,
Koichiro Oka

@ Eradication of the mongoose is crucial for the conservation
of three endemic bird species in Yambaru, Okinawa Island,
Japan. [Biological Invasions, 23(7), (2021), 2249-2260]
Tsutomu Yagihashi, Shin Ichi Seki, Tomoki Nakaya, Katsushi
Nakata, Nobuhiko Kotaka

@ Evidence for urban design and public health policy and
practice: Space syntax metrics and neighborhood walking.
[Health & Place, 67, (2021), 102277] Gavin R McCormack,
Mohammad Javad Koohsari, Liam Turley, Tomoki Nakaya, Ai
Shibata, Kaori Ishii, Akitomo Yasunaga, Koichiro Oka

@ Geographical socioeconomic inequalities in healthy life
expectancy in Japan, 2010-2014: An ecological study:
Geographical socioeconomic inequalities in healthy life
expectancy in Japan. [The Lancet Regional Health - Western
Pacific, 14, (2021), 100204] Aoi Kataoka, Keisuke Fukui,
Tomoharu Sato, Hiroyuki Kikuchi, Shigeru Inoue, Naoki Kondo,
Tomoki Nakaya, Yuri Ito

@ How frequently do ordinary citizens practice hand hygiene
at appropriate moments during the COVID-19 pandemic in
Japan. [Japanese Journal of Infectious Diseases, 74(5), (2021),
405-410] 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

@ Kernel-based formulation of intervening opportunities for
spatial interaction modelling. [Scientific Reports, 11(1), (2021),
950-950] Masaki Kotsubo, Tomoki Nakaya

@ Mobility Change and COVID-19 in Japan: Mobile Data Analysis
of Locations of Infection. [Journal of Epidemiology, 31(6), (2021),
387-391] Shohei Nagata, Tomoki Nakaya, Yu Adachi, Toru
Inamori, Kazuto Nakamura, Dai Arima, Hiroshi Nishiura

@ Quantitative Environmental Equity Analysis of Perceived
Accessibility to Urban Parks in Osaka Prefecture, Japan.
[Applied Spatial Analysis and Policy, 14(2), (2021), 337-354]
Shinya Yasumoto, Tomoki Nakaya, Andrew P. Jones

@ Relationship between Internet use and out-of-home activities
during the first wave of the COVID-19 outbreak in Japan.
[Transportation Research Interdisciplinary Perspectives, 10,
(2021), 10034 3] Naoto Yabe, Tomoya Hanibuchi, Hiroki M.
Adachi, Shohei Nagata, Tomoki Nakaya

@ Relationships among changes in walking and sedentary
behaviors, individual attributes, changes in work situation, and
anxiety during the COVID-19 pandemic in Japan. [Preventive
Medicine Reports, 24, (2021), 101640] Shohei Nagata, Hiroki
M Adachi, Tomoya Hanibuchi, Shiho Amagasa, Shigeru Inoue,
Tomoki Nakaya

@ Strong, weak, or reversed: The spatial heterogeneities in the
effects of squatter settlements on house prices. [Cities, 117,
(2021), 103304] Alberto Federico Ogas-Mendez, Yuzuru Isoda,
Tomoki Nakaya

@ Survey on usage and concerns of a COVID-19 contact
tracing application in Japan. [Public Health in Practice, 2,
(2021), 100125] 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

@® The relationship between walk score ® and perceived
walkability in ultrahigh density areas. [Preventive Medicine
Reports, 23, (2021), 101393] Mohammad Javad Koohsari,
Gavin R McCormack, Ai Shibata, Kaori Ishii, Akitomo Yasunaga,
Tomoki Nakaya, Koichiro Oka

@ Traditional and novel walkable built environment metrics
and social capital. [Landscape and Urban Planning, 214, (2021),
104184] Mohammad Javad Koohsari, Tomoki Nakaya, Gavin
R. McCormack, Ai Shibata, Kaori Ishii, Akitomo Yasunaga,
Tomoya Hanibuchi, Koichiro Oka

@ Trends in COVID-19 vaccination intent from pre- to post-
COVID-19 vaccine distribution and their associations with the
5C psychological antecedents of vaccination by sex and age in
Japan. [Human Vaccines & Immunotherapeutics, 17(11), (2021),
3954-3962] Masaki Machida, Itaru Nakamura, Takako Kojima,
Reiko Saito, Tomoki Nakaya, Tomoya Hanibuchi, Tomoko
Takamiya, Yuko Odagiri, Noritoshi Fukushima, Hiroyuki Kikuchi,
Shiho Amagasa, Hidehiro Watanabe, Shigeru Inoue
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@ Urbanization level and neighborhood deprivation, not
COVID-19 case numbers by residence area, are associated
with severe psychological distress and new-onset suicidal
ideation during the COVID-19 pandemic. [Journal of Affective
Disorders, 287, (2021), 89-95] Ryo Okubo, Takashi Yoshioka,
Tomoki Nakaya, Tomoya Hanibuchi, Hiroki Okano, Satoru
lkezawa, Kanami Tsuno, Hiroshi Murayama, Takahiro Tabuchi
@® Who is staying home and who is not? Demographic,
socioeconomic, and geographic differences in time spent
outside the home during the COVID-19 outbreak in Japan.
[Preventive Medicine Reports, 21, (2021), 101306] Tomoya
Hanibuchi, Naoto Yabe, Tomoki Nakaya

@® Working from home after the COVID-19 pandemic: Do
company employees sit more and move less? [Sustainability
(Switzerland), 13(2), (2021), 1-8] Mohammad Javad Koohsari,
Tomoki Nakaya, Ai Shibata, Kaori Ishii, Koichiro Oka

@ COVID-1I9RITOEMEZ: JOFHOMBE [EWNOEMA,
26(11)(2021), 60-67] HAKRE , KHEF

@ Gaihozu Viewer:Indonesian-territory version (GV-I) DR . [+
BR=—a2—XL¥—, 11, (2021), 43-47] EHEER , PAKE , KHE
T, BEXK, BIRRT

@ iPhone DANIVRT P77V EA V5 —2y NARZRAWSHEEHA
DFLWHEDRF : COVID-19 RITICH T2 R2ERESAEROS
BZCREZSOIC . [EEEZEMFR , Advance Published, (2021), ]
RIDER  ERMS , KHEEF, RESR , H L%, hakE
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VY Ry REOFHBREFE— [AHFR=2—L¥—, 11, (2021), 37-
42] BIRRY¥, ILAfEX
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FFDEFI—[ ASTHEIE |, 73(4)(2021), 445-465] =R 1, P ki
@ "NHRFTIZIT—H4T1 OFFERKT—2015 ELEOEFR—
[ABR=2—XL%—, 11, (2021), 48-53] EIREF

QOEBAEBD "I EMAELSTHAMROEADAHL .
[E-journal GEO, 16(2), (2021), 1-14] IUATRF , SERAEL , FAKRE,
L&
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@ COVID-19 MiTE KEDMIRE (K& BB BEZEL T HERE,
A) L[ ®BIF, 91(5), (2021), 468-473] RAKE

@ COVID-19 7t1T% GIS TiBS . [Precision Medicine = 7L> Y3
YRTLIY, A(T), (2021), 615-618] ;KEFEF, RaKE

@ FRFEDKEHIRS | [ HIE |, 66(9) (2021), 47-63] AR
[=E]

@ Geographic Disparities in Health. [Health in Japan: Social
Epidemiology of Japan since the 1964 Tokyo Olympics, (2021),
265-280, Oxford University Press ] Tomoki Nakaya, Tomoya
Hanibuchi
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@ Effect of Ore Type and Gangue Content on Carburization
and Melting Behavior of Carbon-lron Ore Composite. [ISIJ
International, 61(6), (2021), 1808-1813] Ryota Higashi, Kanae
Owaki, Daisuke Maruoka, Taichi Murakami, Eiki Kasai

@ Effect of Silica in Ash of Coke on Carburization and Melting
of Iron. [ISIJ International, 61(5), (2021), 1479-1487] Taichi
Murakami, Daisuke Maruoka, Eiki Kasai

@R TOEEG IR ZEIE VR RL Yy MDKRET. [,
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@ First ground-based Fourier transform infrared (FTIR)
spectrometer observations of HFC-23 at Rikubetsu, Japan,
and Syowa Station, Antarctica. [Atmospheric Measurement
Techniques, 14(9), (2021), 5955-5976] Masanori Takeda,
Hideaki Nakajima, Isao Murata, Tomoo Nagahama, Isamu
Morino, Geoffrey C. Toon, Ray F. Weiss, Jens Muhle, Paul B.
Krummel, Paul J. Fraser, Hsiang-Jui Wang

@ Intense Zonal Wind in the Martian Mesosphere During the
2018 Planet-Encircling Dust Event Observed by Ground-based
IR Heterodyne Spectroscopy. [Geophys. Res. Lett., 48(11),
(2021), e2021GL092413] Miyamoto, A, H. Nakagawa, T. Kuroda,
K. Takami, . Murata, A. S. Medvedeyv, N. Yoshida, K. Toriumi, S.
Aoki, H. Sagawa, Y. Kasaba, N. Terada
OFEBIRICHITDIAK[ENEDRA—/IN—T Ly v —EREVAIFHE . [F
EMZEAREREEEMRARERS | KKIRARES , 20(9), (2021),
19-33] BIIE5hA , £BE , WESE , NHEL, TREE , SREELESE, F
Bedv— , NEXH , MEEE , BRES, SHEA
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@ A successful start-up of an anaerobic membrane bioreactor

(AnMBR) coupled mainstream partial nitritation-anammox
(PN/A) system: A pilot-scale study on in-situ NOB elimination,
AnAOB growth kinetics, and mainstream treatment
performance. [Water Research, 207, (2021), 117783] Jiang
Wu, Zhe Kong, Zibin Luo, Yu Qin, Chao Rong, Tianjie Wang,
Taira Hanaoka, Shinichi Sakemi, Masami Ito, Shigeki Kobayashi,
Masumi Kobayashi, Kai-Qin Xu, Takuro Kobayashi, Kengo
Kubota, Yu-You Li

@ Achieving superior nitrogen removal performance in low-
strength ammonium wastewater treatment by cultivating
concentrated, highly dispersive, and easily settleable granule
sludge in a one-stage partial nitritation/anammox-HAP reactor.
[Water Research, 200, (2021), 117217] Yan Guo, Chenglei Xie,
Yujie Chen, Kampachiro Urasaki, Yu Qin, Kengo Kubota, Yu-
You Li

@ Efficient phosphorus recovery by enhanced hydroxyapatite
formation in a high loading anammox expanded bed reactor
at 15°C . [Chemical Engineering Journal, 425, (2021), 130636]
Haiyuan Ma, Yuanfan Zhang, Yi Xue, Kengo Kubota, Yu-You Li
@ Evaluation of microbial community succession and trophic
transfer using microscopic, molecular and stable isotope
ratio analysis in a sponge-based sewage treatment system.
[Biochemical Engineering Journal, 171, (2021), 108002]
Takashi Onodera, Yasuyuki Takemura, Kengo Kubota, Rina
Kato, Tsutomu Okubo, Gen Kanaya, Kazuaki Syutsubo, Shigeki
Uemura

@ Important effects of temperature on treating real municipal
wastewater by a submerged anaerobic membrane bioreactor:
Removal efficiency, biogas, and microbial community.
[Bioresource Technology, 336, (2021), 125306] Jiayuan Ji,
Jialing Ni, Akito Ohtsu, Naoko Isozumi, Yisong Hu, Runda Du,
Yujie Chen, Yu Qin, Kengo Kubota, Yu-You Li

@ Niche differentiation of phenol-degrading microorganisms
in UASB granular sludge as revealed by fluorescence in situ
hybridization. [Engineering, In Press, (2021)] Kengo Kubota, Kei
lgarashi, Masayoshi Yamada, Yasuyuki Takemura, Yu-You Li,
Hideki Harada

@ Sequence-Specific Capture of Oligonucleotide Probes
(SCOPE): a Simple and Rapid Microbial rRNA Quantification
Method Using a Molecular Weight Cutoff Membrane. [Applied
and Environmental Microbiology, 87(20), (2021), e01167-21]
Yasuyuki Takemura, Yuji Sekiguchi, Kazuaki Syutsubo, Hideki
Harada, Tatsuo Omura, Yu-You Li, Kengo Kubota

@® The impact of calcium supplementation on methane
fermentation and ammonia inhibition of fish processing
wastewater. [Bioresource Technology, 337, (2021), 125471] Eli
Hendrik Sanjaya, Hui Cheng, Yu Qin, Kengo Kubota, Yu-You Li
@ PMA-PCR ‘EZ W ERBRIIME LS RO MEY BEEBIE DR
. [T RZSHXE G(RE), 77(7), (2021), 11_103-1I_109] IZB
RE , £iESF, KOE—, 5k, ARBARE
OEREEVENREVCAIRILF—EUIRIEXY Y REEM R DY
B TRILF UK OFHE . [ EARFRHIE GBI ), 77(7), (2021),
_367-l_373] AEZ, &IIflE , ARARE , =EXK

@ Microbial community dynamics in anaerobic digesters
treating organic fraction of municipal solid waste.
[Environmental Technology & Innovation, 21, (2021), 101303]
Vinay Kumar Tyagi, Akansha Bhatia, Kengo Kubota, Ankur
Rajpal, Banafsha Ahmed, Abid Ali Khan, A.A. Kazmi, Manish
Kumar
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@® Ammonia adsorption by L-type zeolite and Prussian blue

from aqueous and culture solutions. [Colloids and Surfaces
A: Physicochemical and Engineering Aspects, 622, (2021),
126595] Tomohito Kameda, Hanako Kikuchi, Fumihiko
Kitagawa, Shogo Kumagai, Yuko Saito, Masayuki Kondo, Yoichi
Jimbo, Toshiaki Yoshioka

@® Bench-scale PVC swelling and rod milling of waste wire
harnesses for recovery of Cu, PVC, and plasticizers. [Journal
of Material Cycles and Waste Management, 24, (2021), 12-23]
Harendra Kumar, Shogo Kumagai, Tomohito Kameda, Yuko
Saito, Toshiaki Yoshioka

@® Chemical Feedstock Recovery from Hard-to-Recycle
Plastics through Pyrolysis-Based Approaches and Pyrolysis-
Gas Chromatography. [Bulletin of the Chemical Society of
Japan, 94(10), (2021), 2370-2380] Shogo Kumagai, Toshiaki
Yoshioka

@ Combined UV-irradiation and pyrolysis-GC/MS approach
for evaluating the deterioration behavior of ethylene vinyl
acetate. [Polymer Degradation and Stability, 190, (2021),
109623] Kanako Yamada, Shogo Kumagai, Toshikazu
Shiratori, Tomohito Kameda, Yuko Saito, Atsushi Watanabe,
Chuichi Watanabe, Norio Teramae, Toshiaki Yoshioka

@ Continuous treatment of abandoned mine wastewater
containing As and Fe using Mg-Al layered double hydroxides
with flocculation. [International Journal of Environmental
Science and Technology, 18, (2021), 4037-4042] X. Yang, H.
Osawa, T. Kameda, Y. Masaki, Y. Saito, S. Kumagai, T. Yoshioka
@ Direct dimethyl carbonate synthesis from CO: and
methanol catalyzed by CeO: and assisted by 2-cyanopyridine:
a cradle-to-gate greenhouse gas emission study. [GREEN
CHEMISTRY, 23(1), (2021), 457-469] Hajime Ohno, Mahdi
lkhlayel, Masazumi Tamura, Kenji Nakao, Kimihito Suzuki,
Kentaro Morita, Yuzuru Kato, Keiichi Tomishige, Yasuhiro
Fukushima

@ Enhanced production of phenol and debromination by co-
pyrolysis of the non-metallic fraction of printed circuit boards
and waste tires. [Green Chemistry, 23(17), (2021), 6392-6404]
Chuan Ma, Shogo Kumagai, Yuko Saito, Tomohito Kameda,
Toshiaki Yoshioka
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@ Estimation of recoverable resources used in lithium-ion
batteries from portable electronic devices in Japan. [Resources,
Conservation and Recycling, 175, (2021), 1-9] Yoshinori Morita,
Yuko Saito, Toshiaki Yoshioka, Toshikazu Shiratori

@ Evolution of carbon nanostructure during pyrolysis of
homogeneous chitosan-cellulose composite fibers. [Carbon,
185, (2021), 27-38] Hilda Zahra, Daisuke Sawada, Shogo
Kumagai, Yu Ogawa, Leena-Sisko Johansson, Yanling Ge,
Chamseddine Guizani, Toshiaki Yoshioka, Michael Hummel

@ Investigation of the mechanism of Cu(ll) removal using
Mg-Al layered double hydroxide intercalated with carbonate:
Equilibrium and pH studies and solid-state analyses.
[Inorganic Chemistry Communications, 132, (2021), 108839]
Xinyi Yang, Tomohito Kameda, Yuko Saito, Shogo Kumagai,
Toshiaki Yoshioka

@ Kinetic and equilibrium analyses of lactate adsorption by
Cu-Al and Mg-Al layered double hydroxides (Cu-Al LDH and
Mg-Al LDH) and Cu-Al and Mg-Al layered double oxides (Cu-Al
LDO and Mg-Al LDO). [Nano-Structures & Nano-Objects, 25,
(2021), 100656] Tomohito Kameda, Kazuya Horikoshi, Hanako
Kikuchi, Fumihiko Kitagawa, Shogo Kumagai, Yuko Saito,
Masayuki Kondo, Yoichi Jimbo, Toshiaki Yoshioka

@ Kinetics and adsorption isotherm of ammonia uptake by
cation exchange resins and treatment of mixed aqueous
lactate-ammonia by Mg-Al layered double oxide and the
resins. [Journal of Water Process Engineering, 41, (2021),
102027] Tomohito Kameda, Kazuya Horikoshi, Shogo
Kumagai, Yuko Saito, Toshiaki Yoshioka

@ Lactate adsorption by layered double hydroxides in
aqueous solution and cell culture medium. [Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 612,
(2021), 125975] Tomohito Kameda, Hanako Kikuchi, Fumihiko
Kitagawa, Shogo Kumagai, Yuko Saito, Masayuki Kondo, Yoichi
Jimbo, Toshiaki Yoshioka

@ Latest Trends in Pyrolysis Gas Chromatography for Analytical
and Applied Pyrolysis of Plastics. [Analytical Sciences, 37(1),
(2021), 145-157] Shogo KUMAGAI, Toshiaki YOSHIOKA

@ Low-temperature catalytic upgrading of waste polyolefinic
plastics into liquid fuels and waxes. [Applied Catalysis B:
Environmental, 285, (2021), 119805] Yosuke Nakaji, Masazumi
Tamura, Shuhei Miyaoka, Shogo Kumagai, Mifumi Tanji,
Yoshinao Nakagawa, Toshiaki Yoshioka, Keiichi Tomishige

@ Mitigation of bromine-containing products during pyrolysis
of polycarbonate-based tetrabromobisphenol A in the
presence of copper(l) oxide. [Journal of Hazardous Materials,
409, (2021), 124972] Sylwia Oleszek, Shogo Kumagai, Mariusz
Grabda, Kenji Shiota, Toshiaki Yoshioka, Masaki Takaoka

@ One-pot wet ball-milling for waste wire-harness recycling.
[Journal of Material Cycles and Waste Management, 23(2),
(2021), 461-469] Harendra Kumar, Shogo Kumagai, Tomohito
Kameda, Yuko Saito, Toshiaki Yoshioka

@ Prediction of pyrolyzate yields by response surface
methodology: A case study of cellulose and polyethylene
co-pyrolysis. [Bioresource Technology, 337, (2021), 125435]

Shengyu Xie, Shogo Kumagai, Tomohito Kameda, Yuko Saito,
Toshiaki Yoshioka

@ Preparation of Zn-Al layered double hydroxide intercalated
with carboxymethyl- B8 -cyclodextrin by anion exchange
method and its Ni** adsorption property. [Soft Materials,
19(2), (2021), 139-147] Tomohito Kameda, Mao Takaizumi,
Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka

@ Quantification of Cellulose Pyrolyzates via a Tube Reactor
and a Pyrolyzer-Gas Chromatograph/Flame lonization
Detector-Based System. [ACS Omega, 6(18), (2021), 12022-
12026] Shogo Kumagai, Yusuke Takahashi, Tomohito Kameda,
Yuko Saito, Toshiaki Yoshioka

@® Regeneration of carbonate-intercalated Mg-Al layered
double hydroxides (COs-Mg-Al LDHs) by COz-induced
desorption of anions (X) from X-Mg-Al LDH (X = ClI, SOa,
or NOas): A kinetic study. [Chemical Engineering Research
and Design, 165, (2021), 207-213] Tomohito Kameda, Hiroki
Uchida, Shogo Kumagai, Yuko Saito, Keiichi Mizushina, Ichirou
Itou, Tianye Han, Toshiaki Yoshioka

@ Removal of cesium ions from A-type zeolites using sodium
tetrakis(4-fluorophenyl)borate and sodium tetraphenylborate.
[Journal of Radioanalytical and Nuclear Chemistry, 327(1),
(2021), 337-344] Yuko Saito, Shota Shimizu, Shogo Kumagai,
Tomohito Kameda, Toshiaki Yoshioka

@® Removal of sulfate from wastewater via synthetic Mg-
Al layered double hydroxide: An adsorption, kinetics, and
thermodynamic study. [Journal of the Indian Chemical Society,
98, (2021), 100185] Mir Tamzid Rahman, Tomohito Kameda,
Takao Miura, Shogo Kumagai, Toshiaki Yoshioka

@ Sustainable Advance of Cl Recovery from Polyvinyl
Chloride Waste Based on Experiment, Simulation, and Ex
Ante Life-Cycle Assessment. [ACS Sustainable Chemistry &
Engineering, 9, (2021), 14112-14123] Jiaqgi Lu, Shogo Kumagai,
Yasuhiro Fukushima, Hajime Ohno, Sigingaowa Borjigin,
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, (2021), 105911] Tomohito Kameda, Daichi
lkeda, Shogo Kumagai, Yuko Saito, Toshiaki Yoshioka

@ Synthesis of MnO2/Mg-Al layered double hydroxide and
evaluation of its NO-removal performance. [Journal of Alloys
and Compounds, 867, (2021), 159038] Yuriko Takahashi,
Hiroki Uchida, Tomohito Kameda, Shogo Kumagai, Yuko Saito,
Keiichi Mizushina, Ichiro Itou, Tianye Han, Toshiaki Yoshioka
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@ 10th International Symposium on Feedstock Recycling of
Polymeric Materials (10th ISFR 2019) & . [ 72X Fv o UH417
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@® Enhanced Tblll-centered Luminescence due to Elongated
Methylene Arms of Tripodal Schiff Base Ligand. [Chemistry
Letters, 50(7), (2021), 1382-1384] Ryunosuke Karashimada,
Takafumi Kambe, Chikai Igarashi, Atsuko Masuya-Suzuki,
Nobuhiko Iki

@ Short Radiative Lifetime and Non-Triplet Sensitization in
Near-Infrared-Luminescent Yb(lll) Complex with Tripodal
Schiff Base. [ChemistryOpen, 10(1), (2021), 46-55] Atsuko
Masuya-Suzuki, Satoshi Goto, Takafumi Kambe, Ryunosuke
Karashimada, Yasuhiro Kubota, Nobuhiko Iki
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@ Detection and 2D imaging of dopamine distribution using
a closed bipolar electrode system by applying cathodic
luminophore. [ChemElectroChem, 8(18), (2021), 3492-3498]
Tomoki Iwama, Mayo Komatsu, Kumi Y. Inoue, Hitoshi Shiku

@ Electrochemical imaging of endothelial permeability
using a large-scale integration-based device. [ACS Omega,
6(51), (2021), 35476-35483] Kosuke Ino, Hao-Jen Pai, Kaoru
Hiramoto, Yoshinobu Utagawa, Yuji Nashimoto, Hitoshi Shiku

@ Electrochemical Immunoassay with Dual Signal Ampilification
for Redox Cycling within a Nanoscale Gap. [ACS Applied Nano
Materials, 4(11), (2021), 12393-12400] Kentaro Ito, Kumi Y.
Inoue, Takahiro Ito-Sasaki, Kosuke Ino, Hitoshi Shiku

@ Electrochemical Sensor to Detect Proteinuria Using
Peptidases and Glutamate Oxidase Jointly Immobilized on a
Prussian Blue-modified Electrode. [Electrochemistry, 89(5),
(2021), 409-414] Kentaro Ito, Kumi Y. Inoue, Tsubasa Miura,
Tomokazu Matsue, Hitoshi Shiku

@ Electrochemiluminescence imaging of respiratory activity of
cellular spheroids using sequential potential steps. [Biosensors

and Bioelectronics, 181, (2021), 113123] Kaoru Hiramoto,
Kosuke Ino, Keika Komatsu, Yuji Nashimoto, Hitoshi Shiku
@ Electrodeposition of thiolated polymer-based hydrogels
via disulfide formation using electrogenerated benzoquinone.
[Chemistry Letters, 50, (2021), 256-259] Kosuke Ino, Ayako
Tamura, Kaoru Hiramoto, Mika T. Fukuda, Yuji Nashimoto,
Hitoshi Shiku
@ lon conductance-based perfusability assay of vascular
vessel models in microfluidic devices. [Micromachines, 12(12),
(2021), 1491] Rise Akasaka, Masashi Ozawa, Yuji Nashimoto,
Kosuke Ino, Hitoshi Shiku
@ Micropipette-based navigation in a microvascular model
for imaging endothelial cell topography using scanning ion
conductance microscopy. [Analytical Chemistry, 93, (2021),
4902-4908] Noriko Taira, Yuji Nashimoto, Kosuke Ino, Hiroki
Ida, Takuto Imaizumi, Akichika Kumatani, YasufumiTakahashi,
Hitoshi Shiku
@® Thermally-drawn multi-electrode fibers for bipolar
electrochemistry and magnified electrochemical imaging.
[Advanced Materials Technologies, in press] Tomoki lwama,
Yuanyuan Guo, Shoma Handa, Kumi Y. Inoue, Tatsuo
Yoshinobu, Fabien Sorin, Hitoshi Shiku
@ Topography and Permeability Analyses of Vasculature-
on-a-Chip Using Scanning Probe Microscopies. [Advanced
Healthcare Materials, 10, (2021), 2101186] Yuji Nashimoto,
Minori Abe, Ryota Fujii, Noriko Taira, Hiroki Ida, Yasufumi
Takahashi, Kosuke Ino, Javier Ramon-Azcon, Hitoshi Shiku
@® Nanoscale Visualization of Morphological Alteration of
Live-Cell Membranes by the Interaction with Oligoarginine
Cell-Penetrating Peptides. [Analytical Chemistry, 93(13),
(2021), 5383-5393] Hiroki Ida, Yasufumi Takahashi, Akichika
Kumatani, Hitoshi Shiku, Tomo Murayama, Hisaaki Hirose,
Shiroh Futaki, Tomokazu Matsue
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@ Bipolar-electrode-based electrochromic devices for
analytical applications — A review. [Electroanalysis, accepted]
Siti Masturah, binti Fakhruddin, Kosuke Ino, Kumi Y. Inoue, Yuiji
Nashimoto, Hitoshi Shiku
@ In vitro electrochemical assays for vascular cells and organs.
[Electrochemical Science Advances, (2021), e2100089]
Yoshinobu Utagawa, Kaoru Hiramoto, Yuji Nashimoto, Kosuke
Ino, Hitoshi Shiku
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@ Additive-free hydrothermal leaching method with low

environmental burden for screening of strontium in soil.
[Environmental Science and Pollution Research, 28(39), (2021),
55725-55735] Takuma Kato, Mika Nagaoka, Haixin Guo, Hiroki
Fujita, Taku Michael Aida, Richard Lee Smith

@® Amino-functional biocarbon with COz-responsive property
for removing copper(ll) ions from aqueous solutions. [Colloids
and Surfaces A: Physicochemical and Engineering Aspects,
616, (2021), 126304] Yuto Inoue, Haixin Guo, Tetsuo Honma,
Richard Lee Smith

@ Direct one-pot synthesis of ordered mesoporous carbons
from lignin with metal coordinated self-assembly. [Green
Chemistry, 23(21), (2021), 8632-8642] Xiaoqgi Wang, Xiaoning
Liu, Richard Lee Smith, Yining Liang, Xinhua Qi

@ High-capacity structured MgO-Co adsorbent for removal
of phosphorus from aqueous solutions. [Chemical Engineering
Journal, 426, (2021), 131381] Xiaoning Liu, Yicong Wang,
Richard L. Smith, Junyan Fu, Xinhua Qi

@ Mg-coordinated self-assembly of MgO-doped ordered
mesoporous carbons for selective recovery of phosphorus
from aqueous solutions. [Chemical Engineering Journal, 406,
(2021), 126748] Xiaoning Liu, Junyan Fu, Yiwei Tang, Richard L.
Smith, Xinhua Qi

@® 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, 764(10),
(2021), 142805] Yuting Wang, Xiao Zhang, Boxiong Shen,
Richard Lee Smith, Haixin Guo

@® Role of virgin coconut oil (VCO) as co-extractant for
obtaining xanthones from mangosteen (Garcinia mangostana)
pericarp with supercritical carbon dioxide extraction. [Journal
of Supercritical Fluids, 176, (2021), 105305] Siew Lee Kok,
Wan Jun Lee, Richard Lee Smith, Norhidayah Suleiman,
Kriskamol Na Jom, Kanithaporn Vangnai, Amir Hamzah Bin
Sharaai, Gun Hean Chong

@ Selective conversion of furfuryl alcohol to levulinic acid
by SOsH-containing silica nanoflower in GVL/H20 system.
[Renewable Energy, 171, (2021), 124-132] Ruoging Wang, Feng
Shen, Yiwei Tang, Haixin Guo, Richard Lee Smith, Xinhua Qi

@ Supercritical water pretreatment method for analysis of
strontium and uranium in soil (Andosols). [Applied Radiation
and Isotopes, 168, (2021), 109465] Mika Nagaoka, Hiroki
Fujita, Taku Michael Aida, Haixin Guo, Richard Lee Smith
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@ Critical assessment of reaction pathways for conversion of
agricultural waste biomass into formic acid. [Green Chemistry,
23(4), (2021), 1536-1561] Feng Shen, Richard Lee Smith, Jialu
Li, Haixin Guo, Xiao Zhang, Xinhua Qi
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@® A Review of Piezoelectric and Magnetostrictive
Biosensor Materials for Detection of Covid-19 and Other
Viruses. [Advanced Materials, 33, (2021), 2005448] Fumio
Narita, Zhenjin Wang, Hiroki Kurita, Zhen Li, Yu Shi, Yu Jia,
Constantinos Soutis

@ Design and Finite Element Simulation of Metal-Core
Piezoelectric Fiber/Epoxy Matrix Composites for Virus
Detection. [Sensors and Actuators A, 327(15), (2021), 112742]
Y. Wang, Y. Shi, F. Narita

@ Effect of Silk Fibroin Concentration on the Properties
of Polyethylene Glycol Dimethacrylates for Digital Light
Processing Printing. [Advanced Engineering Materials, 23(9),
(2021), 2100487] Satoshi Egawa, Hiroki Kurita, Teruyoshi
Kanno, Fumio Narita

@ Electric polarization and crystal orientation of lead zirconate
titanate under mechanical stress due to embedding in a metal
matrix. [SN Applied Sciences, 3, (2021), Article number: 807]
Tetsuro Yanaseko, Hiroshi Sato, Fumio Narita, Hiroshi Asanuma
@ Evaluation of Electromechanical Properties and Conversion
Efficiency of Piezoelectric Nanocomposites with Carbon-Fiber-
Reinforced Polymer Electrodes for Stress Sensing and Energy
Harvesting. [Polymers, 13(18), (2021), 3184] Yaonan Yu, Fumio
Narita

@ Fabrication, Tensile Properties, and Photodecomposition of
Basalt Fiber-Reinforced Cellulose Acetate Matrix Composites.
[Polymers, 13, (2021), 3944] Yuxi Shen, Alia Gallet-Pandellé,
Hiroki Kurita, Fumio Narita

@ Mechanical properties of mechanically-defibrated cellulose
nanofiber reinforced epoxy resin matrix composites. [Journal
of Composite Materials, 55(4), (2021), 455-464] Hiroki Kurita,
Ryugo Ishigami, Chen Wu, Fumio Narita

@ Nanocellulose reinforced silkworm silk fibers for application
to biodegradable polymers. [Materials & Design, 202, (2021),
109537] Chen Wu, Satoshi Egawa, Teruyoshi Kanno, Hiroki
Kurita, Zhenjin Wang, Eiji lida, Fumio Narita

@® On the Possibility of Developing Magnetostrictive Fe-Co/
Ni Clad Plate with Both Vibration Energy Harvesting and Mass
Sensing Elements. [Materials, 14(16), (2021), 4486] Kotaro
Mori, Yinli Wang, Kenichi Katabira, Daiki Neyama, Ryuichi
Onodera, Daiki Chiba, Masahito Watanabe, Fumio Narita

@ Structural design and performance evaluation of FeCo/
epoxy magnetostrictive composites. [Composites Science and
Technology, 210, (2021), 108840] Zhenjun Yang, Zhenjin Wang,
Kenya Nakajima, Daiki Neyama, Fumio Narita

@ Tensile Properties of Mechanically-Defibrated Cellulose
Nanofiber-Reinforced Polylactic Acid Matrix Composites
Fabricated by Fused Deposition Modeling. [Transactions of
Nanjing University of Aeronautics and Astronautics, 38(1),
(2021), 68-74] H. Kurita, C. Bernard, A. Lavrovsky, F. Narita
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@® Characterization of acoustic streaming in water and
aluminum melt during ultrasonic irradiation. [Ultrason.
Sonochem., 71, (2021), 105381] Takuya Yamamoto, Kazuki
Kubo, Sergey V. Komarov

@ Enhancement of oscillation amplitude of cavitation bubble
due to acoustic wake effect in multibubble environment.
[Ultrason. Sonochem., 78, (2021), 105734] Takuya Yamamoto,
Sergey V. Komarov

@ Fabrication of Al-Bi frozen emulsion alloys due to high-
intense ultrasound irradiation. [J. Alloys Comp., 859, (2021),
158231] Sergey V. Komarov, Takuya Yamamoto, Jincheng Sun
@ High-speed imaging of ultrasonic emulsification using
a water-gallium system. [Ultrason. Sonochem., 71, (2021),
105387] Takuya Yamamoto, Ryo Matsutaka, Sergey V. Komarov
@ Incorporation of powder particles into impeller-stirred liquid
bath through vortex formation. [Materials, 14, (2021), 2710]
Sergey V. Komarov, Takuya Yamamoto, Hirotada Arai

@® Influence of Thomson effect on amorphization in phase-
change memory: Dimensional analysis based on Buckingham's
1 theorem for Ge2Sb2Teb. [Mater. Res. Exp., 8, (2021), 115902]
Takuya Yamamoto, Shogo Hatayama, Yun-Heub Song, Yuji Sutou
@ Influence of ultrasound irradiation on transient solidification
characteristics in DC casting process: Numerical simulation
and experimental verification. [J. Mater. Process. Technol., 294,
(2021), 117116] Takuya Yamamoto, Sergey V. Komarov

@ Investigation on three-dimensional morphology of
channel-type macrosegregation in DC cast Al-Mg billets
through numerical simulation. [JOM, 73, (2021), 3838-3847]
Takuya Yamamoto, Keisuke Kamiya, Takashi Kubo, Masanori
Tsunekawa, Sergey V. Komarov

@ Numerical prediction of channel-type segregation formation
in DC casting of Al-Mg billet. [Metall. Mater. Trans. B, 52B,
(2021), 4046-4060] Takuya Yamamoto, Keisuke Kamiya, Keita
Fukawa, Shohei Yomogida, Takashi Kubo, Masanori Tsunekawa,
Sergey V. Komarov

@ Optical and electrical properties of InxGal-xSe mixed crystal
grown from indium flux by the traveling heater method. [J. Elect.
Mater., 50, (2021), 2649-2655] Y. Sato, C. Tang, K. Watanabe, M.
Nakajima, T. Yamamoto, N. Tezuka, T. Tanabe, Y. Oyama

@ Physical modeling of rotary flux injection in an aluminum
melting furnace. [Metall. Mater. Trans. B, 52B, (2021), 3363-
3372] Takuya Yamamoto, Hanako Takahashi, Sergey V. Komarov,
Masaya Shigemitsu, Ryosuke Taniguchi, Yasuo Ishiwata
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@® Dimethyl carbonate (DMC) synthesis from methanol

and carbon dioxide in the presence of ZrO: solid solutions
and yield improvement by applying a natural convection
circulation system. [Chemical Engineering Journal, 429(1),
(2022), 132378] Qingxin Zheng, Ryo Nishimura, Yoshiyuki
Sato, Hiroshi Inomata, Masaki Ota, Masaru Watanabe,
Séverine Camy (Available online 11 September 2021.)

@ Experiments and Simulation of Counter-Current Extraction
(Subcritical Fluid Separation) by Supercritical CO2 with Hops-
Extract Ethanol Solution. [KAGAKU KOGAKU RONBUNSHU,
47(2), (2021), 23-27] Yusuke Ueno, Yuki Hoshino, Masaki Ota,
Yoshiyuki Sato, Hiroshi Inomata

@® Measurement and correlation of vapor-liquid distribution
coefficients of compounds contained in hops-extract ethanol
solution with supercritical CO2. [Kagaku Kogaku Ronbunshu,
47(2), (2021), 17-22] Yuki Hoshino, Yusuke Ueno, Masaki Ota,
Yoshiyuki Sato, Hiroshi Inomata

@ Removal of chlorophyll and pheophorbide from Chlorella
pyrenoidosa by supercritical fluid extraction: Potential
of protein resource. [Bioscience, Biotechnology and
Biochemistry, 85(7), (2021), 1759-1762] Taiki Miyazawa, Ohki
Higuchi, Masato Sasaki, Masaki Ota, Tsutomu Aida, Hideo
Takekoshi, Hiroshi Inomata, Teruo Miyazawa
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@ Activity for the ORR on Pt-Pd-Co ternary alloy electrodes
is markedly affected by surface structure and composition.
[Electrochemistry Communications, 125, (2021), 107007]
Mashu Torihata, Masashi Nakamura, Naoto Todoroki,
Toshimasa Wadayama, Nagahiro Hoshi

@ Atomically resolved interface structures of vacuum-
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deposited Pt on Sn02(110), (101), and (111). [Journal of Vacuum
Science & Technology A, 39(6), (2021), 60402] Yoshihiro
Chida, Naoto Todoroki, Toshimasa Wadayama

@ Electrochemical stability of stainless-steel-made anode for
alkaline water electrolysis: Surface catalyst nanostructures
and oxygen evolution overpotentials under applying potential
cycle loading. [Electrochemistry Communications, 122, (2021),
106902] Naoto Todoroki, Toshimasa Wadayama

@ Hydrogen Peroxide Generation and Hydrogen Oxidation
Reaction Properties of Ir(111)-, (100)-, and (110)-Low-Index
Single-Crystal Surfaces. [The Journal of Physical Chemistry C,
125(39), (2021), 21481-21487] Kenta Hayashi, Takeru Tomimori,
Yoshihiro Chida, Naoto Todoroki, Toshimasa Wadayama

@ Oxygen Reduction Reaction of Third Element-Modified Pt/
Pd(111): Effect of Atomically Controlled Ir Locations on the
Activity and Durability. [ACS Catalysis, 11(3), (2021), 1554-
1562] Keisuke Kusunoki, Daisuke Kudo, Kenta Hayashi,
Yoshihiro Chida, Naoto Todoroki, Toshimasa Wadayama
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@ A consideration of total energetics for close-packed
polytypes from viewpoint of atomistic interaction distance.
[MRS Advances, 6, (2021), 170-175] Shinya Ogane and Kaoji
Moriguchi

@ A computational experiment on deducing phase diagrams
from spatial thermodynamic data using machine learning
techniques. [Calphad, 74, (2021), 102303] Kazumasa Tsutsui
and Koji Moriguchi

@ Analysis of hydration effect based on standard redox
potential of metals calculated by density functional theory
combined with the reference interaction site model. [MRS
Advances, 6, (2021), 583-587] Yuta Tanaka and K Moriguchi
@ ANNNI model descriptions on structural energetics for a
wide variety of metallic polytypes composed of close-packed
layers. [MRS Advances, 6, (2021), 163-169] Koji Moriguchi,
Taku Miyakawa, Shinya Ogane, Riku Sato, Kazumasa Tsutsui,
Yuta Tanaka

@ Theoretical Relation between Polytype Energetics and
Effective Atomistic Interaction Based on Interlayer Partial
Energy Model. [ECS Meeting Abstracts, MA2021-02, (2021),
1721] Shinya Ogane, Riku Sato, Taku Miyakawa, Yuta Tanaka,
Kazumasa Tsutsui, Koji Moriguchi
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@ Seasonal variations of SFs, CO2, CH4, and N20 in the UT/LS
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