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Prefatory Note

We sincerely appreciate your understanding and support for the research
and educational activities of the Graduate School of Environmental Studies
at Tohoku University. The year 2022 made us keenly aware of the importance
and fragility of peaceful everyday life due to Russia’s sudden invasion of
Ukraine. In Japan, we are gradually returning to how things were before the
three-year-long COVID-19 pandemic as we enter a new phase of pandemic
management. However, the impact of the weakened yen has resulted in
skyrocketing energy prices that are hitting our lives and the economy hard.
In addition, it seems that the divisions between people and nations are
gradually deepening. In times like these, it is important to think calmly
about the future and to avoid being caught up in short-term setbacks.

The Graduate School of Environmental Studies was established in April
2003 and will soon celebrate its 20th anniversary. During this time, the goal
and responsibility we have strived to accomplish through our research and
education have been to envision the future of “technology” for sustainable
resource and energy use and the “people and society” that sustain it, and to
foster the people who will play a role in advancing these fields. Each faculty
member is active in their respective research fields, and as a graduate
school, we are working to establish a system that supports these efforts and
promotes their implementation into society. The “Environmental Research
Promotion Center” has established a new “Co-creation for Social Innovation
Division” to strengthen collaboration with each municipality that has signed
a cooperative agreement and to promote researches that work closely with
local communities. In April, we will launch another center, the “Institute for
Resource Initiatives” to deepen our understanding of resource-related
environmental impacts, supply chains, and geopolitical risks from a new
perspective, and we are developing a base for these initiatives while
collaborating with faculties both inside and outside the university, including
the Graduate School of International Cultural Studies.

Furthermore, we have worked to promoted international collaboration, such
as updating the inter-faculty agreement with Bandung Institute of
Technology and finalizing a collaborative agreement with the Specialized
Graduate School of Intelligent Ecological Sciences at Seoul National
University. At the Summer Seminar held as a joint event between the
International Environmental Security Leadership Program (IESLP) and the
International Joint Graduate Program in Resilience and Safety Studies (GP-
RSS), attendees participated in active discussions that were held in a hybrid
format of face-to-face and remote meetings. In the future, we will continue
to accept international students and to promote international collaboration,
while considering the post-COVID-19 situation.

The Endowed Division by the DOWA Holdings Co., Ltd., which has
supported us since the establishment of the graduate school, will enter its
8th term in April 2023, refreshing its structure and building further
cooperative relationships. The Hard Materials Environmental Science
Human Resource Development Certification Program was established with
the support of various related companies and starting the academic year
2023, it will offer new research and education as the “Course for
Environmental Harmony Design of Hard Materials.” The Innovative
Analytical Pyrolysis (Frontier Laboratories, Ltd.) Endowed Division will
also start its new academic year and will continue to strive to advance
research, human resource development, and social contribution.

Over the past 20 years, interest in the environment has rapidly increased
among people, and the world has begun to steer significantly towards
decarbonization. We believe that now is the time to share the research we
have cultivated with society and vigorously advance in the new 20 years.

We respectfully request your continued guidance and support.
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WEIERIEEHE - 915349 EF Geo-environmental Measurement and Analysis
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Measurement, observation and equipment development for Assistant Professor
understanding of various geosphere information Nobuo Hirano
AMRETIE. HEOHRKARBHROBBICERZYTTED., ZORDICHERFEPRBOMRKERIH>TWD, EARY—T VNI,

Bk - EEHEEER. HRABOKRAZGET TCOEAREOEE. ERPRAGZEHIYMOBERS LICATIRFN (NTL., ATL) FAL BEMX
BRIKEEBT7ILIZULAERAWKZEORERMNETH 2.

FICHBSLICBRREFORREEWERZENELILDTHD. INSOMERREREINICIFHERICETLULVWEEZITWS, F:,
FA=RIL—TEZANIEBRVAERFEFEICDOVNT, FAREEDORNPFZAT 7 AREDRBOE RS EHARETH .

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.

MEEZEICES SR DIRIERR

INETOMET. EEELE%E 400°CUL EDBEEFRIREEKT In previous studies, we have reported that the rapid decompression of
DB AREEEIHESEPIERT A D R & W B E S e granitic rocks in supercritical water at temperatures above 400°C can
A N NI Z 7rav 3 /M

B s " ; . . ! induce significant cracks in the rock due to the temperature drop caused
EETIREST, BRICAEZGERECECS DI ARTHO, by the boiling of the internal fluid and the adiabatic expansion, and that
BEDI2L—YavOREREBHETRITL. 5AFOAEDE the involvement of quartz in the rock is significant, together with the
EXDEETHDIIEERELTE o TORRISHFFEIP AL results of numerical simulations. This phenomenon is important for
B RN A EREER2 L CEBERD, 5D understanding the causes of rock fractures in the Earth’s deep crust and/
BRICMAT, BREAKRERTORERERRARBELUFE and method for measuring elastic wave velocities in high-temperature
ZEREL. RERCEAEHEREEORFRIZRUE (Fig.l). hot water environments and presented equations relating temperature
CORERIF. HEBICEHRSBIEROEREZMAL T TOIRE

T ZEECHIRMENES ST —~DOENEE =2 L to be applied to seismic tomography, a method of inferring subsurface
” ’ ’ ’ conditions using seismic wave velocities.
EZTW3,

Fracturing of rocks by fluid phase change

or near volcanoes. In addition to these results, we devised an apparatus

and pressure to elastic wave velocities (Fig.l). The results are expected

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

L2 -

G,
50 Hbir,

i " e
Eu ity

0

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 amount of
luminescence, it is possible to screen promising geothermal resource

sites from the minerals in the rock samples obtained during surface
exploration. Although quartz has been the main mineral used in this

o oo method, it has been found that feldspar can be used instead of quartz.

Temperaure('D) P——— Therefore, we conducted a TL value distribution study using feldspar in

. a geothermal field in the Republic of El Salvador, Central America,
Granite Granite

Vpi(T) = 5.7x10°3T + 4.5
Gabbro Gabbro
Vyi(T) = 5.8x1073T + 6.2 Vy(P)=—0.23InFP +3.5

where quartz content is very low in the geothermal area. As a result, it
VplP) = <0.26InP + 5.3 was found that the distribution of feldspar TL values is consistent with
the location of existing geothermal power plants and surrounding
volcanoes (Fig.2). The results indicate that feldspar TL can be used for

Fig.1 P-wave velocity changes in Granite and Gabbro under High T-P hydrothermal conditions.

LY DEFE N Z AW BN RE

EREERITZUY. BICARELUVRATIRILYEFN
(Thermo luminescence, TL) &EEENZHEKHER I 3,
NI ARICEZSNIEABRGRZRZRET DT RILF—hHN
YD MESND I EICEIDBREIN, TRILF—EFEENENR
ELUTHEINDZHRTH D, Ihid. —EMRINiyidH
HEMNNSKBRZZEZERLTWS I8, BIRIBICH > =i IE
ERBICEAEINNSBZIET TH D, cnzeFlAThIE. KR
BRYEBERENOMKRBEEGE TCESnIEARBPOHLYIN S,
WRERFGEMDRY Y —ZV N HZREMRETH D, ZOFE
THEATZIIIUYELTCEICAEREZR>TELI. BROEDD
ICRALERATRETHZ IO >TE, 22T, ARDOEE
ENFEEICZULWRKITILYIL/NRILEMEO BT ICEHWT,
RAZERAULCTLARORABEER I hofco ZOHRRE. RATL
EODNEHBEFEOMEARBAE LOEIOXLEDMBREREES
HTHdEDHALE (Fig.2)e SNSDORERMSRA TLICD
WTHEHETL LAKICHRFEICHATEZZEHAHBAL, 20

FAEOILAEELLED >f2EWVWRD,

FIIRREEHKERWKRRREES SURERR

INETOEREHLS, EB7IZ=2U L% 50-60CEED
pH1-2 DBBHEARRERIGS BILBEICKREREITIENT
BETHBIENHBLTWS, Ihid. REROKBKITICEDKE
EROFELDEFBICEVEETHDTENGAANEFETSE
%, INETIREBHWHEDEWIILIZUAEE)IBHERRKE
FRUVCERZERIGO>TERLN. SEERTZIIZVLBEREOK
IR SN2 7 Z 2O LARAOREMENZTILE Z AEFHZER
UTcRBREH Tz, ERALERORTZILEZVLREED Y
IIWVIRTFLCHBPAGZEDTERWVMERBEDEDTH D, R
BRELT, KRORERBERCTELHDD, KROREEHN SR
[CINESWZ EDHIBALTE (Fig.3)s TOHER. —IDKRERERTIL
SZOLAREVTHATETHEZHDD, KRR THDZEPKE
REEBNMMNNSIVWENHBESRLLTESFS S, RORZTILZIZY
LREUVTERTZICIE. TNSDOREICKT T 2BRENDETH
3 EDHIR LT,

geothermal exploration in the same way as quartz TL, thus expanding
the range of applications of this method.

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 50-60 °C or hotter. 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 the past research, experiments have been conducted using
pure aluminum and Tamagawa acidic hot spring water, but this year's
experiments were conducted using aluminum-containing powder called
aluminum dross, which is discharged during aluminum refining. The
dross used was of low quality and could not be incorporated into the
aluminum refining recycling system. The experimental results showed
that although hydrogen was produced, the amount of hydrogen was very
small (Fig.3). As a result, although the dross can be used as an aluminum
source for hydrogen generation, its powdered form and small amount of
hydrogen generation were identified as problems, and it was found that
solutions to these problems are necessary before the dross can be used as

an aluminum source.
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Fig.3 Results of hydrogen production experiments using aluminum dross.
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BisESMEEIREIS 4 EF Nanocomposite Science and Interfacial Materials Design

RERANDFFHEAIERZA TRATAILDIcHD
HREIEIEEBBEITTRM B DR

Development of High-Functional Non-Metal Light Element Materials
for a Next-Generation Sustainable Life Style

ERIR i =R
Associate Professor
Yoshinori Sato

F/PEOREERRRICEDUcERIBREEZR ODESHE - BEME - B / B/ VY MIBEZRIRT 22 &iF. RDBHIRGH
RD1DTHB. AMRETIF, RE - RERFICEDWT, F/YEOFEZ/NNILIETREGDLELESHE - EEMH - B / B\«
TV MR D - & - FHEETLV. TS asE R FBEIZ (Sustainable Development Goals: SDGs) ; IcbBb 2RO YU —
VIRNF—RBICDERARBEEN DEREERTRILF—ITREICEEBEITRME) ORIERICHKEB L TWS ARZERTIBICHID.
BITRONRIER. K&k, BR. BER. 7vH. BE VV2AWVCEERESRATDZF OESEBRTRMRIOREEIToTW\WS (Fig.1),.

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).

SRS & RFRMRME O T EREEEEICEY S
RitREORENE

iz oA B ECERIEZ AW e R BRI RELE
7 ZZF v ¥ (carbon fiber reinforced thermosetting resin:
CFRTS) MMfEbhnTWd, LHL. BIEELERE TIIELL R
RIS TH B, CFRTSIEUTAVILEICE S, SE. &
FTEE MR AR = FA WV o R SRl e SR AT BB 7 5 X Fw & (carbon
fiber reinforced thermoplastics: CFRTP) OBEMNKHET
$»%. CFRTP ORI DREIF, KRR AT EERIEEDRE
EENDELETH S, RAKRTIE. BPTEEREE KRMEEDR
HEEENICE TDRABERMORAHEICDOVWTHARTWS,

BRETRIGD=OHD
RIGEAREF / R EHIEORF

HUWIRLF—YRATLELT, BRABHETERTEIE
BAD ARG KRIRILF—DNEZISNTVNS, ZOKRIXRI

CNT itk WEF—T RN
(RAREEHN o OB E s ()
Carbon
Nanomaterials

CFRP 412
(mEEEEAR

—maEEEh—r i F
(BETHAAR)

Fig.1 Our research topics.

Surface modification of carbon fiber
surface to improve the interfacial bond
strength between thermoplastic resin and
carbon fiber

Carbon fiber reinforced thermosetting resin is used in airframes, but it
has poor recyclability because curing is an irreversible reaction in
thermosetting resins. In the future, carbon fiber reinforced thermoplastics
(CFRTP) with thermoplastic resin should be developed. The challenges in
the development of CFRTP are to improve the interfacial bonding strength
between carbon fiber and thermoplastic resin. In this study, we investigate
the surface modification of carbon fiber surface to improve the interfacial
bond strength between thermoplastic resin and carbon fiber.

Development of defect-induced carbon
nanomaterial catalysts for oxygen
reduction reaction

Hydrogen energy is a candidate for a new alternative energy system
because hydrogen molecules can be generated from various resources,

»: Fluworine group
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Fig.2 ORR catalytic activity of the defect-induced SWCNTs
in alkaline aqueous solution.

Lab members (2022).

New crews. Tomoki lkeda (left) and

Spicy curry party.

Kosei Morita (right).

F—OFABETHRFINTWIEEXS D FEBREEM (polymer
electrolyte fuel cell: PEFC) (&, BRABRBEDHLEVWER
IKIFE->TWRW, ZOERED 1 DN BEETKIG (oxygen
reduction reaction: ORR) & UTHERASINTWSEEME
THd, ARFEBEN DGR F@NEW, 22T HEZE
RAULBWREF/MRBENMERELTHAKORTEEEIRTW
%o FFICRIBEBARRST/MEIBEVREEEZRIH. ZOXAH
ZXLRBBBEINTVEWN, KR TIE. RBEAKRST/MHO
ORR it #;FHEX N = X LDRADIzHIc, 7vHRIb—B7v %Rk
ERATDIEICED, RABEARMEZBIRNICRER T/ RN
BATBHIEETOTWS,

2 REEBILF I IEEYDERK

PEFCT I3, 8B TDKHKRE LRI (hydrogen oxidation
reaction: HOR). IFFBT® ORR [c&k>THEZh 3, BMREIC
FEMEPTILAVEOKBRNMER SN, WEME. W7ILAH
VHEDOBMAENEREIND, 2RTHE MXenes (&, BREE
(Ti. V. Nb. Mo) &£ EETER (C. N)hS5EBRINBER
ke THn. MREICBNTWS, KFETIE. BHEEHRHOR
RIS ORR i iE Z HiEL. BEBMZR/RDO2RTELFIVOE
BZ{T>TW3,

RE /| FRE

CHE . TR -REEYE (4 F5)

- HE W 8 45 E7vRLERRR. R (RR5—RE)
HHRE

- REWRSE (X757 I77 AR / KK)

Fig.4 Energy and Environment

Fig.3 Illustration of defect-induced
SWCNTs (Front cover in Journal of
Colloid and Interface Science).

Fig.5 Snapshot at the 45th Fluorine
Conference of Japan (Hiromu Morita).

Scholarship Award (Hiromu Morita).

stored, and transported. Although hydrogen-energy-harnessing polymer
electrolyte fuel cells (PEFCs) have been expected, they have not yet been
widely used. Platinum, which is used as an oxygen reduction reaction
(ORR) catalyst, is an expensive and non-abundant resource, and it has
poor durability for ORR activity. Therefore, metal-free carbon
nanomaterials have been developed as alternative platinum catalysts. In
particular, defect-induced carbon nanomaterials have been reported to
exhibit especially high ORR catalytic activity. However, the ORR
mechanism has not been clarified. In this study, we try to introduce
selectively defects into carbon nanomaterials via a fluorination—
defluorination process to clarify the mechanism of ORR catalytic
activity for defect-induced carbon nanomaterials..

Synthesis of Two-Dimensional
Titanium Nitride

PEFCs are operated by the hydrogen oxidation reaction (HOR) at an
anode and the ORR at a cathode. Acid- and alkaline-resistant
electrocatalysts are required because acidic and alkaline aqueous
solutions are used as electrolytes. Two-dimensional materials, MXenes,
which have excellent acid and alkaline resistance, are layered compounds
composed of transition metals (Ti, V, Nb, and Mo) and non-metal light
elements (C and N). In this study, we synthesize two-dimensional
titanium nitride with high conductivity to achieve high-performance
HOR and ORR catalysts.

Awards / Academic conference
* Hiromu Morita, Energy and Environment Scholarship Award

* Hiromu Morita, The 45th Fluorine Conference of Japan, Kyoto (Poster)

Grants
* Collaboration grant (STELLA CHEMIFA Corporation/PI)

Collaborations
* STELLA CHEMIFA Corporation (Research Division)

Fig.6 Graduation photo (March 2021). From left, Yota Sakamoto (M2),
Hiromu Morita (B4), and Ryutaro Nakata (B4).
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KHT

BIERMEREHE 49 EF  Design of Environment-Friendly Materials

RIEvEMICHERMI MR TT 0%

iR LER 25

Design of materials harmonizing with environment and life Professor

Masanobu Kamitakahara

RE. BLABRLAGHH AL TEEZEATVNS, HHAEBEEEZERIZLDICE. RENZOBEADSOMBOTHAVHRE
THB. FAHFTIE. MHPEER - ERRRO\EFRICOVWTOERZMICIEL. REMZOHESNS. EGPRELHML. S50
FEBOICEGVCERACBED T THLUVWANZEAETHROT YAV OEREToTWS, BENICIE, EREEETDHDOHEL M
EMEFRUI /A AV T I —DIcH DEEMEL RIBEZZHEITBOHODME BEDRFEET>TNS,

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

REICHAPAENDBBEBEMRORIRZT>TWS, BEEER
TEATELBEXAY MROAIBOREEN KRS TND, hZE
TIT. EEATRNSNEORBICHEAAEND I VNIV T L
HRIRZILEEROERICHIILTWS, TNSDORREZTLIEEY Y
AN ILBEAY MIHEMAADZEICED., HEYEEBDOEAN
AR ORI EERP Y VI BOEATERIVOKILOM
FEBIIHBHSAEYVBAILYILABEAY NOFRREESD
TW3, REFGZIEBERNZRWIEEICER, YVBHILYY
LERZABEFERZRAWZ LT BROTENRIDPTVWIE
PYIOKADYA XD HEE— L TEZZEERESMTLTNDS,
UYBEAIILYILRRZAEBENOBEEPELICESTIRLOT
Xickb, BEBEHEIDEVWEXYNDOEREBIELTWS,

oo EERNEDBWI VEBAIILY TLAEXY NOTHAVEL
T UVBE TSV B EQERBIRESA FEVVBEAILS U L%E
BEEUCEAY NOERICERDBEATWS, ERRNESD T

SO0 pum SO0 pum

Fig.1 Spherical granules and irregular-shaped granules of calcium
phosphate, and cements prepared from those granules. (a) Spherical
granules (b) Irregular-shaped granules (c) Cement from spherical
granules (d) Cement from irregular-shaped granules

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 granules 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 revealed that the use of spherical porous calcium phosphate
granules facilitates granule packing and makes the size distribution of
macropores uniform compared to the case of using irregular-shaped
porous granules. We aim to produce cement with high bone regeneration
ability by selecting the type of spherical porous calcium phosphate
granules and the reaction that contributes to hardening.

In addition, as a design of highly bioresorbable calcium phosphate
cement, we are also studying the preparation of cement that combines
bioresorbable polymers such as phosphorylated pullulan with calcium
phosphates. We aim to produce a cement with high bioresorbability that
hardens even with a low calcium phosphate content due to the ability of
bioresorbable polymers to retain particles. A student has received a
poster presentation award at the academic conference for the
achievement.

Fig.2 Cement mold and cement composed of calcium phosphate and
biodegradable polymer.

P
B w2 5E
Assistant Professor
Masaki Umetsu

Group Photo

ICKBRIFRFEENICKD, UYBAILYILEFBEN DL TH
BALUTEFRREDEVWEXY NDEEEBIELTWS, DR
RICDWVWT, BENELTRAI—HREEZTELTWS,

FHlzi8f U BEEMEOER

ATBICERZEE U EEZNELESEVWSHANEBEN
TW3, BRFUCEAIZEWINICHES BSDICIE. EFDKRE
EHzHHITIDENH D, ZOHICE. EFROBFAENER
THBEEZD. RMAKRTIE. EHOEFITENEH OMHZEE I
S22 BZHNT\S, BRERNOEVWI VEBNANILD LK
REAEBNZBRE - THRITICEDIERTZRIC, ERlzHdFs
B TREICEAZERTIDIENTESZIEZHSM UL,
—A T UYBANILYDLIRRS AL BRI O E R IC KR =85
I3, BRECEER>TESNRBICREULTURSZEZHSD
lELTW3, RER. NEGEZN5IZIEZBELT RIAV%E
BREULEVVBAALY VLRSI BERNOERICOMDEAT
W3,

WEMERRULIENAAVT 759 —DI-HD
BRI OFER

MEMZFRBLIN\A AV 7T 5 —IC LB EBREIIRE SRR
EWNFEHENTWD, N\AAVFIT—DBEDHICIE. MEY
EREICHEFTEIMRNROSND, MEYDERFDIHITIZ,
BEPIEELVLPTVWRAZHOMBOREIEETHIEEX
%, KR TIE. BAMEOEWERILF IV EZREICTERSES L
DTEZFIVERBICER UL, BADFETRICLEBLLF T
TBERZMHERL. ZOERLTOMEYOEEEHICOVWTH
NTW3,

FRETOERH

- FERES  HEAN\AAYTYTILESTFEE. HEAESIvIR
BEREREEMRRERE. BEITUTILERTFEESE

Fig.3 Octacalcium phosphate granules loaded with silver ions.

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 investigated the
effect of the drug-loading method on the release behavior of the drug.
We revealed that the drug could be firmly loaded on spherical porous
granules of octacalcium phosphate having high bone regeneration ability
when the granules are produced by a dissolution—precipitation reaction
by coexisting with the drug. However, it was also revealed that when the
drug is supported after the production of octacalcium phosphate
spherical porous granules, it can be supported at a high concentration
but is released at an early stage. At present, we are also studying the
preparation of octacalcium phosphate spherical porous granules loaded
with silver ions with the aim of imparting antibacterial properties.

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.

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, The Society
of Inorganic Materials, Japan, etc.

Fig.4 Microorganisms attached on titanium plate.
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BIS(E1EHRES 48P  Geoenvironmental Remediation

RIBFMNBENA AT/ OV —Ic&D
B3 & &R BT D R F

Bk HE T
Development of Environmental Friendly Biotechnologies Professor

for Pollution Remediation and Resource Recovery Chihiro Inoue

HMRER. AL TWRESBLHINBERRESYICLZLE - T KORESR, LGP PIRILF—ERLBHEZ#ER
TEHEEMRBFEELT EYMHEEZEFENUCEIXL - BREAFORBEEERMPEREINKMICLDBRIZZEZREL. NS0
MAFEICEIBMAZT>TNS, UT 2022 FOELRMEEBZE/NTS: (1) EYZRVWAESESBILEMICLZTE  KRRFROD
BEICEIZME. (2) EEEDRZAALICRERTORAEICETSMRE. (3) EVIFNERBERTOCADHEEICET B,

The contamination of soil and groundwater by heavy metals and persistent organic pollutants has been a serious environmental issue of global concern.
Moreover, the depletion of certain mineral and energy resources is approaching. However, effective pollution removal and resource recovery methods
with low environmental burdens have not been successfully developed and thus remain a challenge. Our target is to develop remediation and resource
recovery technologies that reduce costs, energy demands, and environmental loads. Here, we introduce our major scientific activities in 2022:
(1) phytoremediation of heavy metals from polluted soil and water, (2) research on the development of environmental technology using complex
biological systems, and (3) research on the construction of bioengineering-resource recycling processes.

EMzRAVCEEERRILEYICL S
T - KRIFBROBEICEHT HHE

bk (As) PHRIYL (CA) Itk B+ - KIBEBRDIEEIC Regardi'ng the ph'ytoremediation ofarsen'ic (As) and ca.dmium (Cd) from
SNT. ZRZNOEEEEY (As: A AN SASERY S, Cd: contammat.ed soil or water, we have contlflued tl.le basic research .on an.d
demonstration of hyperaccumulators Pteris cretica (As) and Arabidopsis

NIYYNGHA) ZRWERMERVRAABRERIGL, SF halleri ssp. gemmifera (Cd). First, in 2022, we carried out a long-term
& (1) BEEYOAAIN/ A/ BN D ERFHIRICRIAFRIE L.
EEREMBEETLS (Fig.1)o (2) \NTHYN\THA(E Cd =4 dem(?nstrated its effecti'veness in és removal (Fig.1). Second, We
BB O TR SR B DD VER ICEE - BRI 2T Cd DS confirmed that 4. helleri ssp. gemmifera transported and stored Cd in
BECEHRBZRKAREICT DI EZR U,

Phytoremediation of heavy metals
from polluted soil and water

field trial of P. cretica in a subarctic area in Miyagi Prefecture and

low-metabolizing sites such as cell walls and vacuoles, which enabled
high Cd accumulation and avoidance of Cd toxicity.

BEEVRICL ZIRERINORREICET R

BEEEYR EVEEICSIRERNORABLICHRERRE - £
VEREERORBES LUEETZ. XY NV — UV BITEE0T —
IHAIVADFEZROANTIT>TWD, EFRNICIE. ETY For the practical application of complex biological systems to
U OIRE A E R BEMICH L. ALY TATTF AT R environmental technologies, we have applied data science approaches,

) ] 3 including network analysis and machine learning, to elucidate and predict
DFRICL SRR (multi-omics) Z1T0\ REICHRSH the functions and interactions among organisms in the system, which is

Research on the development of
environmental technology using complex
biological systems

necessary for practical use. Particularly, we conducted a comprehensive
analysis of the rhizosphere microbiome and metabolites of P. vittata via

| RMEWOPterosin |
! Pmtenbactena&%liﬁt’% H
B ™ Py msirls
LT Bk P —
. | Protecbacteria
REEEE . N i
RINMICH TS T -
multi-omicsEFt S o 1 .

mmmﬁh&lnfﬁlﬂ j}’ﬁ[f /j ‘zf ?j

Fig.1 Photo of Pteris cretica in the field with a close-up Fig.2 Multi-omics analysis to reveal plant-microbe interactions during phytoextraction

view in the upper right corner

BEERE HAK

RiTHEES LA FRE
ik h&D
A

EBEHTEE IERNRT
Bh¥ fHaE

Assistant Professor

Mei-Fang Chien

2022 year end party

fc pterosin BRERBREICHEES I 2MENZ5IEFEDI Lz RE
L. EXBREOMELICEEREZHZ—DHSHNICLE (Fig.2),

EYPTFNERBER7OCADOBEICET BHR

EYICLZEBEROONEENEL. MEVOEBRERE
EAMULZXZILD Mo & Ni QIREBEROFEEICHEIILTL
%, ER7OEZXOBEICAG HMEYMOEEMEMCOVTHR
HUTWd, BER/N\AMATZANSOIRILF—EEZHAWN. &
EMZ2OEMEMDANCEMTIZTOERZBEL, BE/NAA
NADSDTIVIA—RERED/NA ALY/ —ILEriENERZER LTz
(Fig.3),

ZE - BH

% (BhE)

- BRRRIAFEFSTEMREE ETRME) BY - MEY
IC & BBRIESMME B OMBAE LU EWNFBOME (Fig.4)

CERE/ A A VI RN —HRERME  EYFNRERITD
MEICHE ST EYEEEERORIREISAER (Fig.b)

TS (D3). ik (D2). Agni Lili Ariyanti (D2)

- BAL KR JST RIERMTEENAT IO SL ik

FoRER, TOMES

ERZRTR 10 BIKEYIZR 11 BRE/N\(AF7o/0Y—
FRICEWT, BB, D3 IEE. D2 8. Arriyanti. M2 =#1.,
Jittayasotorn. M1/NBICZEDE 7 D FFKZ1T o7 (Fig.6),
EE®42<TE8AICD3®Sari & D2 ® Arriyanti »* 2nd
International Conference on Environmental Socio-Economic,
and Health Impacts of Degraded and Mining Lands (. 11 A
lc D3 @ Stephanie ' 24th International Biohydrometallurgy
Symposium [ICZNZENOEFKKRZIT oo

m‘iﬁ' 868T8
—_— f\:-.t.l‘l-l:l ?ﬂrumm

t} o Co-culture [Type2#k+ KRTEE)
— e O70 g, IEISTS NS
- 7 I —Z LEEH
B | % . 2. DTS ) —IER
& fenrem wmams  E i
Bocilus KRTER £ Saees
Trpe 288 & g4 " e
L1 g3 -
17 - 3’ 2

Co-mhrnmﬂmdl

| == |

Glocose  Xylan  Cellulose P villata

Fig.3 Bioprocess which efficient transfers waste phytomass to bioethanol

multi-omics approaches and found that pterosins secreted to the
rhizosphere attracted microorganisms that contribute to As removal,
which revealed an important hint to efficient As removal (Fig.2).

Research on the construction of
bioengineering-resource recycling processes

Aiming at the recovery of metal resources through a biological process,
we have succeeded in producing adsorption yeast for rare metals Mo and
Ni by adding metal adsorption traits of microorganisms. We are also
studying technology that can immobilize microorganisms for the
construction of a recovery process. Aiming to produce energy from waste
biomass, we have constructed a bioengineering process that employs
synthetic biological technology and have achieved bioethanol conversion
efficiency equivalent to that of glucose from waste biomass (Fig.3).

Awards and appointments

Dr. Chien

*Murasaki Sendai Hagi Award from Tohoku University for work
entitled “Elucidation and effective utilization of environmental
purification mechanisms by plants and microorganisms” (Fig.4)

* Encouragement Award from the Japan Bioindustry Association for
work entitled “Elucidation and application of the interactions among
organisms that contribute to improving the efficiency of biological
environmental technologies” (Fig.5)

Mr. Kudo (D3), Ms. Han (D2), Ms. Ariyanti (D2)
* Tohoku University Advanced Graduate School Pioneering Research

Support Project for PhD Students

Presentations in conferences

Dr. Chien, Mr. Kudo (D3), Ms. Han (Dr), Ms. Ariyanti (D2), Mr. Mimura
(M2), Mr. Jittayasotorn (M2), and Mr. Kojima (M1) gave presentations
at domestic conferences (Fig.6). Ms. Sari, Ms. Ariyanti, and Ms. Stephanie
gave presentations at international conferences.

Fig.5 Photo of Assist. Prof. Chien in Ceremony
of Encouragement Award from the JBA

Fig.4 Photo of Assist. Prof.
Chien in Ceremony of
Murasaki Sendai Hagi Award
from Tohoku University

Fig.6 Group photo in annual meeting of Japan
Society for Environmental Biotechnology
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EFHEIS 2 EE  Resources Strategies
IR - TRILEXF—EF  Geomaterial and Energy

HIRRTRIA D EREN 9 2 B IRIED EIRHZA -
KR T O A DIERE & ZDEMFIE

iR EE A

Geo-environmental systems driven by fluid-rock reactions Professor

Atsushi Okamoto

WERRICEVWTREBRMEZRINCPYE - TRXILF—BEZREL. 88— RERIGZIO—/NVEYERR. RERE. ERTEGRE.
ABHRICORERHEEEZ D, FFER. EANBRIERRVBRNICEESNBZANZILZERRBNSEBL., 71—/LREENS
ZOERIAZEHTND, RIERIXILF—THIBRABMAERICOVWT, FBERETFMFE2AREIDEEHIC. ERERICLDBEER
KETTOERERZHATNS, £le. ERERCEBEEYBEOIRILF—REVTEERBERKIERICOVWT, HARMBICEIZEM
FE. HEBNUERR. REXARINER. BHFEZRLT TRERE  EYTHEEPIRILF—EREEBORBEZEDTVS,

In 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 this year, we have clarified the mechanisms of

continuous fixation of carbon dioxide in rocks by laboratory experiments and have validated the mechanisms through field investigations. For

supercritical geothermal resources, one of the next-generation energy resources, we have developed a method to evaluate reservoir temperature from

drill samples, and we are trying to understand pore-generation mechanisms under supercritical reservoirs by laboratory experiments. We are also

investigating the mechanisms of elemental transport, mineral precipitation, and energy generation in submarine hydrothermal deposits through cruise

field surveys, thermal electromotive force measurements, hydrothermal flow-through experiments, and machine learning.

Y2 MVERAD CO: EE{LD B CieEHEDEA

BARTE CO: RERFICEAESNRABEBEELTWS,
ZOMEBED CO: BFEUAN=XLEERL, KEFD CO2
BEMIC ORI B, ERNERRUTABECEI<HREE
HTWB, YV MNLEROFFOIMETH S MgO ZRVER
EERRICKD, KPZBEILRFZRINTDRIDDOEBELEICLDER
PEL, BEREEASEZZET. CO, BREAMEENZZE
EESHMUT (Fig.l; 7LRUU—Z 2022 4% 1 B 18 H)» Av—
VATAASAMRET—ILRBEETV, BIEEMS CO. EE
L7 OE2PMRICEHE LYY NUARTHAEBICREI>TVS
zEBRUE (Fig.2).

MAADKRGHRABICEFEEE52 5, LA EREER
BT ZRISEBRET., RV MNUBRICEWT, AERTER
BEEEWNBLES KO BIRENFEESNBIEERL, KB
WIRAEBE DR O—NILARTRER. KU CO, ke HER
EEOEFRERTLTNG (RIFEEEFHE ().

BESFAERE ST —RERDIC & 5 ZERMK

BIRAMBAZTLAORZBECEREZTMIZcHic. &
HOERFHERENzERAMMFEORIKEOITAYT1VY

Fig.1 X-ray CT Image of the experimental products showing
reaction-induced fracturing during volatile-consuming reaction.

Self-accelerated CO, fixation in mantle rocks

In nature, COs is fixed in rocks and circulates in the Earth's interior. To
understand the mechanism of CO, fixation in the geosphere and to
develop technologies to reduce atmospheric CO,, we are conducting
research based on laboratory experiments and field studies. Laboratory
experiments using MgO, an analogue of mantle rocks, have revealed that
CO; fixation is accelerated by the volume increase of reactions that
absorb water and carbon dioxide, causing cracks and increased
permeability (Fig.l; press release January 18, 2022). Field studies,
including the Oman Ophiolite, have shown that fracture-associated CO,
fixation processes occur even on large-scale mantle rocks exposed at the
Earth’s surface (Fig.2).

Subducting carbon also affects the Earth’s interior. Reaction experiments
simulating the deep subduction zone have shown that water and CO, are
fixed at the crust-mantle boundary with large elemental transfers. In
addition, the global elemental cycle linking the surface and the Earth’s
interior and the relationship between CO, fluid and earthquake occurrence
are being investigated (Grant-in-Aid for Scientific Research [S]).

Fig.2 Field work on carbonate veins in serpentinites
within the Oman ophiolite (Jan 2023).

B FE IEiE B o5 AIonvIL
Assistant Professor Assistant Professor
Masaoki Uno Dandar Otgonbayar

Group Photo

AABITEA U, ZDHER. BEEENMROMRETRRT 515
EOEWERNZEETO7 7ML ER”RD I EICEIU (Fig.3).
ZOFEF. WREREFHH T H/cHDBEEDEWFHIBRFEEL
THRFIND, 25Ic. BEFMWAITBEEORAHTORME SR
EADRBGEREZTV. REINYYITORIGET#ED X R CT
RIRICEDERPEROEBITICED, ERTEREXRL T DRIGFEMEE
ZDANZZXLZEREFLTWD, TDESR, HRORERISICH
SFH/ AT =I5 T4—ILRRT =)L DEERR & TRBHICDOWN
T AMLERKRZE (AS0F) PRAU—FYRRE (FAUAH) &
ERNGHERAFREZEDHTNS (Fig.d).

BEHKROEE—FERINEERAZMK

HREEICOHREHFETIBEHNKRIE. L7AYIGEDE

ERERBIKREEDEEDIC, REBERRERZIDIXILF—IR
EULTHEEINTWS, FHiFRICEZNERTOMAMBICKD
FLZ—EBKDRRET 12 (Fig.h)e FAZ—RUELAKD
RITICE D, FAEMOFLA=—IFBRIEI P FZERICL>TER
THEBERFEZASHIC U, ISIC. BIEFOARMFICDOVT,
KEVEERICE D, KOREEICHEST, EREHDH ST U
ZEzRASMT UL,
o, BEEOBKERICOVWT, SKOBILICHESKRIRILF—
RENBEEERICEDRBNICELITZCEEERRNICRHTE
BT, BMPEERWGEESKEEICH > TITHRBRIRNAR -
EEMNERI->TWDIEEESHIC U,

[ZE] ZREET (BLHE2F) HRRERPESARFEES
RERHE 2022 F 5 A25H. =SREEK (BLRE2F) - WFEL
(BLHE 15 RENPMAMESFRRE 2022F 10828 H

A °C)
QO 20 40 &0 800
= T
| IRHOREEAE
1000 | SRR

e TR
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Fig.4 Workshop on water-rock interaction at
Utrecht University, Netherlands (Nov 2022).

Fig.3 Temperature profile estimated by petrological
thermometry along the well of the Kakkonda geothermal field.

Supercritical geothermal resource and
porosity formation induced by fluid-rock
reaction

Petrographic thermometry was applied to core cuttings samples from
drilling in the Kakkonda geothermal field. As a result, we succeeded in
obtaining highly accurate and continuous temperature profiles
suggesting the effects of heat conduction and convection (Fig.3). This
method is expected to be applicable as a highly accurate and simple
method. Furthermore, we are conducting high temperature hydrothermal
experiments, and we have revealed the reaction conditions and
mechanisms to produce porosity in the supercritical geothermal
reservoirs. International collaborations with Utrecht University (the
Netherlands) and the University of Maryland (United States) are
underway to investigate the linkage between nanoscale to field-scale
structures in rocks and element transport associated with fluid reactions
in the crust (Fig.4).

Fluid-rock interaction at seafloor
hydrothermal systems and resource
formation

Submarine hydrothermal systems, of which there are many in the seas
around Japan, are attracting attention as a source of energy that supports
unique ecosystems as well as creating important metal deposits such as
rare metals. Chimney and hydrothermal samples were collected during a
research cruise around the Ogasawara Islands by the Shinsei Maru (Fig.5).
Analysis of chimney and black ore samples revealed that sulfide chimneys
have semiconducting properties that vary with the constituent minerals and
chemical composition. Furthermore, hydrothermal experiments on quartz
grains in black ores revealed that they formed via the formation of
metastable minerals as a result of changes in water density.

In addition, we experimentally found that the generation of hydrogen
energy associated with iron oxidation varies systematically with
temperature and lithology in the hydrothermal circulation of the ocean
floor, and we clarified that element-selective dissolution and fixation
occur with seafloor hydrothermal alteration by using machine learning.
[Awards: J. Sugioka (M2): Best Student Presentation Award, JpGU, June
6 2022, M. Takahashi (M1), S. Matsuno (D1): Presentation Award,
GSES, October28 2022]

Fig.5 Elemental map of the cross section of
Chimney from the Myojin Caldea taken from the
scientific cruise to the Ogasawara (Aug 2022).
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Studies on environment-friendly development systems Professor
Hiroshi Takahashi

AARETIE. BRERANEBARERET A TLAOEBEEZEEL. EREEVOBERL. BEREROME L. TtRKERBICEITDH
BIERINERMOBREREZTOTWD, FICETHKERBICHTIMBBERNBICEVTIE. 202154 ALD "SHRABEBEICERL Y
T OBEEEHITDIHE AlORY b OL—>2ay MOV IMIBIL, 2022 F 3 ELENRE UBHIRBRZ1Tofc. MitEREL
WETTEOBEERICELTE. (1) BEER—NEZAVWHBESELE L OBERE. (2) Empty Fruit Bunch (EFB) 2B\
MEEE LB L OMEREICETIMEEERE LI, S5IC/\Y R NRIRSER L EUVEROBFEICRET 2 ERME. BEREAWH
Pt NI FEHEE ICBI T 2R R E AR U

The research activities of this laboratory are as follows. As for the measurement of ground information at the 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, and we have begun research on estimating ground strength using excavating resistive force. As for the advanced development
of the fiber-cement-stabilized soil method, the present study evaluated (1) the strength characteristics of the fiber-cement-stabilized soil using waste
gypsum board paper and (2) the strength characteristics of the fiber-cement-stabilized soil using empty fruit bunches (EFBs). As for the advanced
study of construction machinery, fundamental studies on development of a hand-guided, sludge-recovery machine and estimating grain size of crushed

rocks using images through bucket excavation were conducted.

EEIER A Z AWt BIREHE ICRI Y 5%

FARETIE, 2021 FELD, "SHRABRBICHEIGLA V7518
ReEHIZHE A DRy~ OL—>ay N TOY I NS
L. MERUETAZ BVWCHBREHETE ) 27—V ICHstZRMB LT,
KEFIUTOMEZTofco

(MY MMC{ERT 2 HEHIETR A Z AW ckh it i O8EH#E:
EWN6SRLVERLICEEELZRE UM BZER L.
NIy REFNICEDMBZREAIL, BRAZHETDEEDIC,
FIREIEN A S #h AR E (O—V 188D EOBRICOWTRET U
(Fig.Do

(2)7L—RICEAT ZEEIER A Z AW DEEHRE
(M) EACEMZEAWTHEBZER L. TL—REFTILICLD
HRZEEIL, BRAZAETZEE6IC. FHIREHIER DS S
HWE (O—rEH) EoBfRIcOVWTERE LTz (Fig.2),

(3) IEEIICEFICEAT 3EE NV ZAVW R BB OEE
HE : 2022 FEFF-BREFERZERL. BERLZAW RS
B FoETEAEZREGRIE. ZOBONMNLIZEHEITZEEIC, F
HILY L3RR (O— 1880 L OBEIRICDOWTIRE LT (Fig.3).

Study on estimation of ground strength
using excavating resistive force

We have participated in the Moonshot R&D Project Goal 3 (collaborative
Al robots for adaptation of diverse environments and innovation of
infrastructure construction) since 2021, and we have begun research on
estimating ground strength using excavating resistive force. The
following studies were conducted:

(1) Strength estimation of clay soil using excavator bucket: The excavating
resistive force acting on a bucket was measured for clayey soil mixed
with silica sand #6 or decomposed granite soil and Kasaoka clay. The
relationship between the average excavating resistive force and the cone
index was evaluated (Fig.1).

(2) Strength estimation of clay soil using a blade: The same clayey soil as
in (1) was excavated using a flat blade, and the excavating resistive force
was measured. The relationship between the average excavating resistive
force and the cone index was evaluated (Fig.2).

(3) Strength estimation of sandy soil using rotating torque acting on
crawler during turning: The torque during the rotation of a newly
produced crawler model was measured for sandy soil. The relationship
between the average rotating torque and the cone index was evaluated
(Fig.3).

o
BB BE

Assistant Professor

Xiao Dong Liu

B ER M|

Assistant Professor
Tomoaki Satomi

(4) =z anRIzAWET7 «—ILREER:
EREXBHZAKRKATOT7r—ILRICBWTER L EEEEL%EE
AU EERL. 3 DI =y aNILERVWT\T Y ME
BIEERZTS>EEbic, FBEABOTL—RZERL. TL—
NIEHIRERZE1Tolco FRIZY aNILEERBEFELTHRIEE%
UV, ER CHBEBEHEEEZTORNZRE UL (Fig.d),

fEE LR TEOBERRAICEYT 2%

TMEETIE. RAASEKEEBLOFLWEBERILIETH
i EE(LAEL TERZRAEL. AT EOEERMAZRIEL
MRZIT>TWVNB, AFR. UTORFZIToT

(1) EAER—FRZRAWHE#tEE(COE T OEERE
BEARBR—RNEZRAVWTHMEEBE(LLE T ZERL. ZDRERE
IEDWTERMICHRET Ulce ZORR. BEAEER— NEIE SRR
MIORERERDBBZENENIHSNT (Fig.5).

(2) Empty Fruit Bunch (EFB) Z AW iiiEEELNIEL D
MER . EFB Z AWl EELOE L2 AW RNEEEICE
LTREROBTZTolco TOMRR. EFB ZAW-MitERE b
WEBLTFBEETORAELDRERNH LT DI ENERI NI,

BEBMOBELICET 5%

M N2 FHA FRELENREDRREICET 2ERMR:
KERBCTRAEOMTELIEET N, RRVERLOEL
FABCE>THBRE N TWS, 22T \NYRACRKDELE
INEBORMREZEEL. EXRARZHB L. 2022 FILRLE
IR DT L —REHELUEKILHEEICEIDERERZITo
(Fig.6)o

(2) EfgZz AWCIREEYNEREICET MR
FERIFHERIEBYORAERDOHZFANT W, BRI
HNEZBDIEIRREETE /e, 22T WILIINA— A=V 7Y
ZBEIELT/\T Y MEHIIC S B IR EEY O R EHE ICBI T 2 EiR
B ZET o7

(4) Field experiment using a mini-excavator: Clayey soil excavation
experiments using a 3-ton mini-excavator were conducted in the field
located in Sanbongi, Osaki City, Miyagi Prefecture. In addition, blade
excavation experiments were carried out using a newly produced blade.
Furthermore, the process of remotely operating the mini-excavator to
excavate the ground and estimate the ground strength was examined
(Fig.4).

Advanced study on
the Fiber-cement-stabilized soil method

The following studies were conducted to achieve advanced development
of the fiber-cement-stabilized soil method as a new recycling method for
unused mud with high water content:

(1) Evaluation of the strength characteristics of fiber-cement-stabilized
soil using waste gypsum board paper: The compressive strength of the
fiber-cement-stabilized soil using waste gypsum board paper was
evaluated. The results showed that waste gypsum board paper can be an
alternative to paper debris conventionally used (Fig.5).

(2) Evaluation of shear strength characteristics of the fiber-cement-
stabilized soil using empty fruit bunches (EFBs): The result of slope-
stability analyses showed that the fiber-cement-stabilized soil with
EFBs improves the safety factor of a slope compared to the original soil.

Advanced study on construction machinery

(1) Elemental research on the development of a hand-guided, sludge-
recovery machine: A large amount of weak mud is generated at disaster
sites, whereas mud deposited on private houses and roads is removed by
hand. In 2022, fundamental experiments were carried out on blade design
in the mud collection section and on the estimation of the water content of
the mud (Fig.6).

(2) Study on estimating grain size of crushed rocks by using images:
Conventional methods only used the surface image of the crushed rocks,
making it difficult to determine the grain size inside the deposits. A
fundamental study on estimating the grain size by bucket excavation was
conducted for full automation of mining.

Fig.1 Apparatus for bucket excavation

Fig.2 Blade excavation experiment

Fig.3 Apparatus for crawler turning

Fig.4 Filed experiment using mini-shovel
board paper

Fig.5 Modified soil by waste gypsum

Fig.6 Experiment to measure water content in the soil
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HRRIREE - TRILF—RIT DR c el

Toward Advanced Environmental Geomechanics and Energy Technology

HERBIRIRIES 4 EF  Earth Exploitation Environmental Studies

EHIR RO FBY
Associate Professor

Kiyotoshi Sakaguchi

2022 FICHARETIT oL ERMRIBUTDELED TH S,
1) REFOKEMEHFICERFRERREEME RO

2) Y DRAERFTOBIRFEDOR A cEDCERERYIaL—Y3Y

3) BERF COz [c L2 MMITBEEAETHOINDEE)
4) feRE DY ORIt 7 ORRTE

5) EADEREFEE LRI MEZER TE S MRISDTHIEICE I 5%

In 2022, our research activities were as follow:

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

2) Simulation of crack propagation based on actual measurement of intragranular and intergranular fracture toughness of minerals

3) Slip behavior of a crack in geothermal reservoir rock by supercritical CO»

4) Macro- and micro-fracture toughness of granite

5) Study on a rock stress evaluation method considering orthotropic and nonlinear elasticity of rock

REFOKZIMEH (CER TR
EEEERAEDRS

MERICHUT, HRHSHIFLESNIAKZELTWSIREH THIE
BIEMN IR AT AEREEMERNE R UCHEALBEO T HiEZ
FHUic, SEEREIC. ERMZEEUVCENERSLIORUE
HRZITW. UTORRZE .

(1) FARUEEHEY M K> TRREDRIRDR 7 R—IL % IEH -
MITEZZ xR LI,

(2) BFE LR 7 R—ILAXS T+ R EREE CHELEOBREN
TEBZLEBR U,

(3) ERBEIHEEEOEAMEERER UL (Fig.3),

(4) ALY L ZETAEREWED T EBE LT IEE
(FfIChR) NMEEBD OMEEZRIcT & &R L (Fig.d).
(5) AHULEEIEY b, £ 5 YUY HARETHREBDOA—
N=aAFVIINTEBIEERR U,

Fig.1 In-situ test for (3)

Fig.2 In-situ test for (4)

Development of a high-precision rock
stress measurement method applicable to
soft rock submerged vertical borehole

The conical borehole wall strain method has been developed as a new
high-precision rock stress measurement method for soft rock mass that
is submerged in vertical borehole drilled from the ground surface. In this
fiscal year, we mainly conducted laboratory experiments and in situ
tests aimed at practical application, and we obtained the following
results. (1) We confirmed that the developed drilling bit can drill and
process a borehole with a predetermined shape. (2) We confirmed that
the developed borehole camera can observe the conical borehole wall
with sufficient resolution. (3) The practicality of the dipping adhesion
method for the strain-cell adhesion was confirmed (Fig.3). (4) We
confirmed that the mechanism (newly developed) that separates the
measurement unit, including the strain cell, from the attachment device
functions as expected (Fig.4). (5) We confirmed that the developed
drilling bit, centering guide, etc. could perform overcoring as expected.
(6) We confirmed the usefulness and effectiveness of the biaxial
sensitivity test using the recovery core to which the strain cell is adhered.

L

; Plagioclase K-feldspar

Grain boundary

Fig.3 Specimen for grain boundary fracture toughness test

(6) ARL Ay EILLEESNTWBEINI T Ic L5 R ERER
OERKE - BMELIER TS,

LY DRIA & RIF DOBIRFEDORACED <
EREERYZaL—Y3aYy

EADHWEAN_XLOFEBRZENELT, SEOEBRILY (B
E HWUERA. NRA. BER) OBLKORERERBRELU2D
DY DRIFR OBHIRIERRER (Fig.3) 21TV B5hicvr o0/
FA—% (BIRBE. #EN. PYIR) ZHVTCESHEBOKIE
V2al—yaveERRU, BIEPERBREAYFLN-BoH
AAEZAVWT 3BEOTEDOHEMAE (10umx10um x50 um,
20umx20umx50um, 20um x20um x 100 um) TfT o7,
BIEVZ 2L —YavIicidERIESRE(DEM) J—K PFC2D ZH L\,
SCBREZNRELIEYI2AL—YavETIVE, BYMELTEY
1 F %z & U7z GBM (Grain Based Model) TfER U7z. SCB
RBROZSHELE, ERICE., NAPEEHFEVSLBVWERERD
HEBESZTWBAREEZHASHICU (Fig.d).

BERST COz2 ICL BB rBEERERDINDEF

BERR CO B RBORRDHIc. BERF CO2ickdEhR
DEBRKEFEINDRBZITV. INDEFHORFBORE. EA
BIRIC L2 E DR ZT o (Fig.5, 6) EREOERVEAL
FEDEWN (k& CO2) ICLD. IRDES) (BAKER>EAIND
SEBIND) [KFEBVWDRESNBV ENRES N, FWEINRD
EEBINDDEE L ZBERFKEBIRA CO2 THRULER. %
BOADNNSWTENBESHCESTco Lich>T, BERSE CO2 Hs
BXBF. FRUBISNFITEZTREEZFTL TV,

() Convergence of notch cracks and
() Crack initiation a1 the tip of the netch intergr cracks

C ! Frectur in hmlmilrm at

Fig.4 An example of numerical simulation results

Simulation of crack propagation based on
actual measurement of intragranular and
intergranular fracture toughness of minerals

Individual fracture toughness tests on the minerals (quartz, K-feldspar,
plagioclase, and biotite) that compose rock and the grain boundary
fracture toughness tests of two minerals (Fig.3) were conducted to
elucidate the fracture mechanism of rocks. A numerical simulation of
crack propagation was realized using the obtained microparameters
(tensile strength, cohesion, and Young’s modulus). The fracture
toughness tests were conducted with specimens of three types of
cantilever shape (10 pm x 10pm x 50pm, 20pm x 20pum x 50um, and
20um x 20pm x 100pm). The discrete element method (DEM) code
PFC2D was used for numerical simulation. A simulation model for the
SCB test was created using a grain-based model that simulates minerals
and mineral grain boundaries. We clarified the possibility that weak
constituents such as grain boundaries and biotite affect crack initiation
and propagation in SCB tests (Fig.4).

Slip behavior of a crack in geothermal
reservoir rock by supercritical CO,

Pore-pressure-induced slip experiments of rock by supercritical CO»
were conducted to investigate the characteristics of slip behavior and to
compare the behavior with injected media for the purpose of realization
of supercritical CO, geothermal power generation (Fig.5, 6). It was
suggested that no difference exists in the slip behavior (shear expansion
— initial slip — steady slip) due to the difference in the properties of the
crack surface and the injection medium (water and CO,). As a result of
comparing the velocity ratio between the initial slip and the steady slip
for supercritical water and supercritical CO,, it was found that the latter
is smaller. Therefore, supercritical CO, geothermal power generation
has the potential to suppress induced earthquakes.

Fig.5 Specimen and image
of pore pressure induced
slip experiment

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

DEITRILVE—V AT LAFEHEF  Distributed Energy System

B2ATFAFITINBIXRILF—IRAT A
IH(CR

% E‘Lr_]‘j-_t % )IA ZEth

Toward the development of sustainable energy system Professor
Tatsuya Kawada

Energy Resources

LRTFOMRAHIE. REFNEESORRICATHESNEFOSVREDHRTH S5, REFZOHTERIC. mEBRLFET/\1(
RCELBITRILF—EHEARICATRBIRILF—FBEERIN,. BLOTRILF—FREKMN. FOMRRRERSCHDEGRERMOES R
MELVFBEBELZERIFEELTND, BiE - IRIF—HEOHRICE. CARROBHEANAEBETREIRILF—DOREMRIGD
HOFUWEMOERNTAREER., ZORMERLLT. BWE. SWAEOEFRERICMTREIE! (SOFC) & LU ERERILMAZER
t)l (SOEC) DERRICHELAKMBEZNMO LIF, ZRADEEEOHEL. YRATAICAWSNZHROERREICEITZYEILFER.
HEMEEcOVWT, #AR. BRERE. BRIEZZERETIRITICL>THSHICT S,

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.

EFBRIEMRRE BT v I D
R - BT EIT DR TR 5

NEDO ZFEEXEICHE VT, AEMXR OB VW EFRBRICYMEE
(SOFC) @ 65% (LHV) DBE3=(L. 13 FEEMU oSt The ongoing NEDO’s project aims to develop advanced stack evaluation
— - N - N . techniques for solid oxide fuel cell (SOFC) to achieve super-high
RtT 2RO ZBIRL, XYy Y OBEEHE - AT AT ORISR efficiency of 65% LHV (lower heating value) and a lifetime of more than
ZT1oTW\W5, HIAEDLZNN EDEEZEHTHRTHRZED 130,000 hours. In this project, a research consortium organized by
TEH, BRND SOFC IR BIEICEE U TEEZHELT universities and institutes in Japan is collaborating with companies that
W3, BSHETESVRRFIBRICERLTEILNRFTOERE ha-v? d.eveloped SOsz. Under Iiligh—outp-n-lt condit‘ions, high .fuel
REEAREAD. BB A= R ta A b B T A AN S B8 utilization leads to different operating conditions at different locations

TS N - within a cell. The degradation behavior may also differ from the average
CILRDBING S Z # M IR T2 EL H D, HIARE operating conditions. Therefore, the local degradation of the cell should
[FE/LDEmNEEEITEMICETFREIE-TE D, EERE{LY be evaluated. Our laboratory contributes to the development of the

FRRE O EEMETE 70~ DL ORRAE BT >TW3 (Fig.1)e mechan'lcal reliability evalTlatlo'n method. We ?lso develop reliability
evaluation protocols for solid oxide fuel cells (Fig.1).

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

Collector

;;;;;

"""""" - Airin

Ji Cathode Current

Anode Current
Collector

q;...-.-...im s
Fual in ’- -| Fusl out
1 ]

Current-\Voltage
Lina

Fig.1 Apparatus for SOFC reliability assessment.

HHR R ERF B VY 7ORRITTAr
Associate Professor Assistant Professor
Keiji Yashiro Riyan Achmad Budiman

Group Photo

BB LR AR Eith D)L ias b Bl D F 5

2022 FENMSHRK LI NEDO £ E % TEHRRIEYFEES
L2 /LB RMORE) CEWT, BICHHERBRME O
SOFC zlRIEVWHARICEFATRELALSIEXFHRZERBELICET
SOFC BILORHICEDEATNG, TIXTVBIIEICIDIERL
eEBRHREILICEVT 700CT 0.7V, 700mAcm? WSt
BNEWEREOEIL 2B enTER (Fig.2), RE. E5ICMH
AP EEEOR LZBE VAR ZT>TW S,

ERHERZ AU ORISR SGE O B RERX TR

2050 FETICA—RYZa—FIILEZERT BICIE. BEHHES
2FTed. B - BREVTERINZ—RIXILF—Dh—RY
Za—rIIEDREE 4D, DAC ¥ CCUS ETEINLZ CO:2 %=
fEW, BEATRIXILF—REORIENZEHRBRILDER LI
(SOEC) Ttk R EKETDOHER T 22 & TRIFMEI RIS I
DEBRERTAEENRICERTIAXNNMERINTND, YR
ETld SOEC HBFA LIV ICHRERERNGEOTE - ®FZ1T-
TW2%, BRERINFICIEEBIIREICLZSEDRESNTNS,
REBREICEGAREAER I OBREOLOHIC. COERE
MOEHICERICERE ULETILER L OBE=RTHREZRE
IBHIETIHMLTLS (Fig.3),

HEEE

2022 FEDHUAEEDAVN—IF, HiF 14, A5E 14, B
14, ARE 14, RITFEES 1 BOBWE 5 &, ELREI A
FEPESH, MAETRDFE18RDEN 23 B THME N,
BBICIHELERZ 42MNMET L. FE 4 BT FERELER
ICEF UL,
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= — FEARERELI
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/" T ERANRE kRO
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0 St e LA
RRSEREE T ARTT
Zas BEE KT AREOT
o'b d 1 1 1 1 | uo

Fig.2 Cell performance of plasma spray metal support SOFC.

Development of cell-toughening
technology for solid oxide fuel cells

In the NEDO project that began in FY2022, we have been developing
tough metal-supported SOFCs, which can be used in a wide range of
applications. A metal-supported cell with relatively high performance of
0.7 V and 700 mAcm-2 at 700°C was fabricated by a plasma spraying
method (Fig.2). Currently, we are working on further development to
improve the durability and reliability of the metal-supported cell.

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

To achieve carbon neutrality by 2050, electricity generation and
chemical-industry feed stocks and fuels for transportation must be
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decarbonized. Much attention has been given to a new fuel production
process using captured carbon dioxide and renewable energy. Co-
electrolysis of carbon dioxide and steam by solid oxide cells is proposed
to produce a syngas for liquid fuel production. Our laboratory has

evaluated the basic properties of co-electrolysis cells, finding
degradation due to electrode shape changes during electrolytic reactions.
To develop a co-electrolysis cell that can operate stably in the long term,
we are evaluating this factor by measuring the three-dimensional
electrode shape of a specially-designed model electrode cell (Fig.3).

Educational activities

Lab workers consist of five staff members (a professor, an associate
professor, an assistant professor, a researcher, and a technical staff
member) and 18 students (9 master’s students, and 8 undergraduates, 1
research student). Four graduate students and four undergraduate
students graduated in March.

Fig.3 Geometry evaluation system for co-electrolysis cell.
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IRILF—ERFERE Energy Resources
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Professor
Takeshi Komai

MWERERZOREEFRTREGIRILF—ERAR

Deepening of Geo-Environmental Science and
Sustainable Energy Resource Development

IXNF—ERIRAVFHEZDBFE. REEIRIVF—EROBEERICEAIIRABIARBRRED LIC. HIRKRBICEITIYERERIC
REUVCHBEIRTLDER, TXILF—ERORAKICEOBITLREESLICREVRAIERE, AORREBARREORR, HWEREKC
BIZLELHTREFOFLREE. SOIKFEECEVNEDO YR VFHEICE T IRENGEE - TIRZRMET 2.

AAREOHEIF, HIRBZEIXILF—ERIZOFMEERELT HMRBESLOHBREOREICEIZIREMP I RTLDIHR
FHEREL. BESICMRZEL TEMPUHRICERIZDIETH D, ZMESVPRHEFEORMAR. 7LARKEZBL T AR
BRZLSEMABLOCHRICHELTWS,

We have conducted various research in energy resource and environmental sciences and engineering, such as environmental risk assessments,
geosciences and geoengineering in light of energy resource production, geo-informatics, and so on, for our sustainable future. We have investigated
hydraulic, mechanical, and chemical properties of rocks at a wide range of temperature and pressure conditions, as well as ways to control and utilize
them, particularly for sustainable and profitable production of petroleum and geothermal resources as well as CO, sequestration and mineralization.
Recently, we initiated research on a new method for CO> mineralization in which an environmentally friendly chelating agent is applied and is recycled
to dissolve calcium silicate efficiently and produce high-purity calcium carbonate in an alkaline aqueous solution. Furthermore, we initiated new
research on atmospheric CO, removal in croplands via enhanced weathering of industrial calcium-rich silicate by-products.

BERSHEAT R B ODE RN  BERSR K ERRIE
REBICHATEZBRAKCEAEZIOEENBFIND
400CU LM TIRET 0)7J<I_E)S‘ZE+ IC& 3BT BEERK > We have published simulation results of supercritical geothermal
Sl 9BLU0ARVI AL —YIC LI MBETFEBERYI AL — reservoir formation using hydraulic fracturing at supercritical
VavOREEEE2MME L TRELR (Watanabe et al., temperatures of water (Watanabe et al., Geothermics). A new three-
Geothermics)o A¥IaL—%Id. ERERBRTHSMICUEER
FRKEBBROREREELCBKEBEMEZEAAALL=RTT -
BERSR th2 i B
T FEBERYI2L—yavaRmUER. KEBRICKD
HEHEA-NLOFBBI R TEZ I P, PEMRIEHED
BB RRICRIF T ZENBESNICTHR ST,

Formation of supercritical geothermal reservoir:
Supercritical hydraulic fracturing

dimensional supercritical geothermal reservoir formation simulator was
developed based on experimental findings on fluid pressure and crustal
stress conditions for initiation of the supercritical hydraulic fracturing
BERYI AL —Y TH D, AVIaL—FZEZFEL and degree of permeability enhancement induced by the hydraulic
fracturing. Reservoir formation simulations using this new simulator
showed that the hydraulic fracturing was able to form reservoirs with a
radius of several hundred meters and that the initial crustal stress field
had a significant effect on reservoir-formation behavior.

RISRAME Y L— MZRWChEITBED
BRI R E M

UARE THRAUCRERAMEF L — MNIZBAWH - 2R A new chemical stimulation method using environmentally friendly
mklc kb (3§ 7115692). SEMIDOMEREEL DML, 8% chelating agents, invented in our laboratory (Patent 7115692), has been

shown to rapidly and significantly improve the permeability of fractured

Improving permeability of geothermal reservoir
using an environmentally friendly chelating agent
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Fig.1 Simulation of supercritical geothermal
reservoir formation

Fig.2 High-temperature true triaxial rock
mechanics experimental system

Fig.3 Wellbore failure of granite in a supercritical
geothermal environment
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ZHIREEE MATEELRDS256D—E) OFEKEER
B DOKBICALTERZZEMNINETICREINTWS, TILTIL
INRILDOHERT =)L SIREUCEREZEIIAXUEICH LT,
FL—PEIKBROMBEREZITV. NUENSRBIMAITEE
THH - EENRIBOED BN TH B EZBESHIC LR (Salala et

al., Geothermics),

BEAEYXL—MIZRAWE CO20
InESEYE7atE R

CO: DIESLEML7OERELTHSND pH A1y 70O+
ACBIZEERE (EROKREHBEERROKRKERE) 2R
I3, BEAEABFL—MIOZILAVEKBERERAVNT =
BETCO: Dbz IMERT 27O REREL, TR
KRIBAREMEEREBRMICEHS N IC LTz (Wang et al., Journal of
Environmental Chemical Engineering). 27Ot X (&, 557
WAVKILEFZTONEFL—NEDOF T Y 7ICL2T 1 BIEN
5DAIY 7L (Ca) DiERE. EB7ILAVETO Ca &REEAA
YIS DRBIEHLYEE., BLVCO: HRADF v IFvIC LD
HBROBENSKED, EREZTZILVAVESHET CERUERZE
USERWEFN IO THS (1§ 2022-102786),

B TOAILIILICECEXIENOD
IER{EZFIA UL XS CO:2 BrE#1l
BHICEFZNILYULICECEEREYOIMEELIF. KH
CO: DABREREICHIATEDRMELTREESNTVEHDD,
AR OB ML RHBIIERWICHASHMCINTLEN, 2T
Bt HiEE UTERY L. BT IBEE U TER L. EXREDE
LTRILRS Y REXY N, BARSTHELCA-ILTSA Ty
AWEEAXRRZTVD., RiTOBFMNEEZOFHZHESHICLE
(Yoshioka et al., Frontiers in Environmental Science).

Mlinserak,

granite (a type of rock that can serve as a geothermal reservoir) without
causing mineral precipitation. Chelating agent flooding experiments on
fractured volcanic rocks, taken from geothermal fields in El Salvador,
were newly conducted, and as a result, it was shown that the new
chemical stimulation method was also effective in geothermal reservoirs
composed of volcanic rocks (Salala et al., Geothermics).

Enhanced CO. mineralization process using
renewable chelating agent

To solve the major problems (i.e., large consumption of chemicals and
generation of large amounts of waste fluid) in the pH swing process,
which is a well-known enhanced CO, mineralization process, we
proposed a new process to enhance CO, mineralization at around room
temperature using an alkaline solution of a renewable chelating agent,
and we experimentally demonstrated the technical feasibility of the
process (Wang et al., Journal of Environmental Chemical Engineering).
The process consists of enhanced extraction of calcium (Ca) from
silicates by proton and chelating agent attacks in a chelating agent
solution under weak alkalinity, production of carbonate minerals from
Ca and carbonate ions in the same solution under elevated alkalinity, and
regeneration of the extraction solution by CO, gas capture with the same
solution. This chelating-agent-based enhanced CO, mineralization
process conducts all reactions under alkaline conditions and produces
no waste fluid.

Atmospheric CO, removal in croplands via
enhanced weathering of calcium-rich silicate
by-products

Enhanced weathering of calcium-rich industrial by-products in croplands
has been proposed as a method that can be used for large-scale removal of
atmospheric CO,, but the effectiveness and characteristics of this method
have not been experimentally clarified. Therefore, we clarified the
effectiveness and characteristics by conducting laboratory experiments
using andosol as agricultural soil, decomposed granite soil as nonagricultural
soil, and Portland cement, steel slag, and coal fly ash as industrial by-
products (Yoshioka et al., Frontiers in Environmental Science).

Regeneated GLOIA uslution [eg., o = §)

Indusirial wastes a0, o [Mamtt), oo, g
(] ‘L
g £ | rep - farw
Ca extraction | Ca-aLia’ Cae (A 5l removal,
1o T SHOM], | e s, | SO, 0, capture )
| w8 e i ) Fig.5 Enhanced CO2
] 1 1 mineralization process using
sample © AEM-Foom L{_;;? Sl Amorpheus 50,50 RaHCD, 5, a renewable chelating agent
temperatures '_f_,-ffu.nm_r ey ——

Fig.4 Void formation in a volcanic rock l
by a cheating agent flooding [
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Fig.6 Atmospheric CO2
removal by andosol with
calcium-rich byproducts
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IRILF—ERFERE Energy Resources
Ixiﬁ‘. ﬂi%ﬁgiﬁﬁ 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/HRHIBERTREEREZRRIBMRELTHFEINTVEY, EOBKRTRIERRIBEMISEMBE T Beohicid,. BRETBHEE
ERAMICHKIRTEIMEM - HRR - HERICHEIZVELNH D, CORBERNS. FMRETIE. EMHRTOMBOREZHERDY
XBERMTEORBAOMEBU THBICHEL, ZORISEBZESLCZNFECEENNEZAALTRRISET SHXEOHE
RIRED /MR ERREITBFEERHAL NS, K. BEREZHR T 2HDREFEEDRAEZT>TNS, MRKIE(A)BARATRILF—
ZME (CEYMARGERR /MR ERREE /AT SME, 4E). (B) T/ - TO#MKH BEEE /KT SHELEET
BEBF/## (Cu F/#F, Cur/74YRE). BEESaFREEMAEEE S/ MEMEL 2E). (C) BARELZ XS EDHEZR
BEL T BTcH DIRAFIEZM. FICHETES,

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

EREREFEDEETRETRBVWEEBD /Ml eRALTS L%
REIC. RABERB/EEF/NFz. REEFENDBVWFET
BRTIMERMAEZITOTND, . MROKEDIFELY. &
FiEZzHRIZHORRNEH. REME. ZEXIT DD
HETHREEIBVWER/AEST/HNFTHIIENBETH S,
Bic, TENDAZBEICEEMBRILENE D DOREREBEM D
ERRRAETERTEUNETH D, CORBETDOREZINRT
mrUkeB /6T /Aif%E. E—A—F0HBELREBEOHZA
W EBRE~70CEEDQKBERF T ERTDENS “ RO

EEZRBFHEZRARELTWS,

ZORITE. FRERZKBRPICEVNT. EBOREZHEL
TEIL AREERTIRABRICIEIETNESEZLHDORT
YV ER—ERUHIEL TSI ENDRTHS (BRT SHH should be equal. Sometimes, oxide materials and sulfide materials are also
C&D, BRIEB LU ZESE2HER8EH D). ZITHRADMEE synthesized.
TREEFEEZAVUKARPOEBHEEADEESZHIEHL, 20
ITETMESERFEERAE U,

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

Kenichi Motomiya

e &= F—

BIZIE, (LEYWARBGE MR &35 Cu-ln &7/ HIFP Cu-In-S
F/ #iF. Cu-In-Sn &&+/ fiF. Cu-Zn-Sn-S +/ HF%=KAR
FTERL. BRIDIETABEBERR S B RMEZMA L.
Fio. BEMNBLMELEIE WL Cu F/HFP CuF/ 711,
FEREEHEMBAOREREREIEZIT > CuklF. BEMH
ZERTHREET 20D Fe 7/ 1T, EORMERAILERST
W3, BT, IRILF—HREUT BEERTEPREIE AL
BEGHR CEBEZRIRTZANST T 771 RXMEMEL %
FFELTWS (Fig.1),

FEHEBOERRVEASERR. TOMDES

=15 () MAERBETIE. FEEEOMERMAEENPEH.
AZ2Z7—YavERAIRNTEIA—NILEERETD I &I

PERZEVWTHED, ZEFBEOERSBTORRVPELRE
FEODBRZZRBANICT>TWVWS, 2022 FEIF. BEBH5,
COVID-19 DEETHEFELDKRIBICDBWVWIT HDOZEERKRE
Tofco BEBETI. 6 AREDOER EMERRIEXZHES
ARRICTMC1 OFHA#EESAD (REFE (£E) RE). 9A
ICRfES Nz 2022 FEER - RMBEREHEERUFRZRICT
MC2 DFRABESA (BFRRY—HKRERE), HBLRIA.
BHEEZA. MC1 DHRERZNSA. BRHEESAD, 10 Bl
ATHESNCEMNRRENZFTR/RICT MC1 DMBRZNSA
(BFEZH). BEAESA (BFERE) »\ 11 BICKETHE
SNERRMZEREIBEFOETMC1 DHBRZNS AL
TFHREESAD, RRETO>TWD, Fleo REERR, ZEEED
B3 1 fomxXEHRE Ll

COVID-19 OEEMERI NIX. REEUEE. ECS ¥ MRS,
BER-ZMER. BR-ZMEZESRLAIHAE. IWAYEBZER BE,
ERADZRICHBEEBHIICSIML. BHROFEKRZITSFETH S,
Fle. BRAIXILF—ICET2RAMES P EREHICHRIRILKE
BENREICK T2 HAIRELREDBRT S,

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 were also developed to apply these
synthesized materials to environmentally friendly energy materials.

Student activity (conferences, prizes, etc.)

Students from our laboratory attend up to 20 international and domestic
conferences in a usual year. To develop members’ abilities, we
recommended joining international conferences and studying abroad
(DC course students). However, we only attended 11 meetings in 2022
because of the COVID-19 pandemic.

This year, Mr. Yusaku Noda (MC1, Best Presentation Award [Gold Award])
joined MMIJ Tohoku branch meetings (June, online meeting). Mr. Yuma
Araya (MC2, Young Scientist Presentation Award), Mr. Hiromi Koga
(MC2), Ms. Kaoru Fukuoka (MC2), Mr. Shunnosuke Ikegaya (MC1), and
Mr. Yusaku Noda (MC1) joined the 2022 MMIJ meetings (September,
Fukuoka). Mr. Shunnosuke Ikegaya (MC1, Best Presentation Award) and
Mr. Yusaku Noda (MC1, Best Presentation Award) joined the 4th Meeting
of Environmental Studies (October, Sendai). Mr. Shunnosuke lkegaya
(MC1) and Mr. Yusaku Noda (MC1) joined the MMIJ Tohoku branch
Young Scientist meetings (December, Akita).

One paper related to the student’s research was published this year.

After the COVID-19 pandemic, we will join the Electrochemical Society
Conference (ECS), Materials Society Meetings (MRS), MMIJ’s spring
and fall meetings, and Tohoku branch’s spring MMI1J 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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IRILF—ERFERE Energy Resources
ERITXRILXF—EFRF4SEF  International Energy Resources

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

L

%
o

R TtE&HS

Professor

Noriyoshi Tsuchiya

EfESMMERZ IR -8, ERFMEZERNICESX, HAPKRIR/ILY—, FHERTRAE. ERER. —BRIECREDODEY]
Wl BRABMZENEIUCHSHNZENFEZHASE T FRENESOODRENI DFERNBIRILF—ERZDFARZED TV S,

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

combine natural and social sciences to study geothermal and hydrogen energy, resource recycling, and carbon emission reduction. We expect these

meaningful research projects and essential developments to serve a carbon-neutral society for long-term sustainability.

WHITRILF—EHR

AT RILF—E, BEAENIDVY—VTHDIEHOSERNIC
FERIXIF—ERTHD, HTTRERBRETERINDE
e SRt # AT BB (SGR : Supercritical Geothermal Reservoir)
ZARATZ LRI RREMEVTHFNIFEOSNTWS, BRRE
T3, SGREZHERIZETFILELTIEES - SV ATAICERL.
HKABEDERNSYI Y - KR TLADTIEECZEBT S
MRZTOTHD. MAEEFRMEEOBERBEBAICET IR
RHEoNDLHFINTVS, EERMAERETIIHEATE.
AN FERINZ A TRRNOTEZHRIIZEREOR
WREEHD, HBFAKZIFCHETIMDEADMETLTWND, Z
Z 7. Agent Based Modeling ZEREU. #&MWXxYrT—2IC
BIZ2T—IzVh (N) OITEZETFIETRZIET, HBAIRIL
F—OHESZRUEOHR 7OLZAZHTLTWS,

REICEAT HEFNTOER & XERFHE

TAEBHILAHFICE TERABMEZNTORRICEWT
BERERTHD. KEFHZFZUHETHMROEEIIRR. K
FEGBIR., MBI RILF—IHE FRUBRELCKESHETS,
ZZT WRABICEITEREOREZERIZEHEETHS
EEZ WEANDTEDEF S, Bk & ZN IS BMFARE.
WRICHITDRET Ty I RERERL. SAFPNERICEDME
EEDER, BRRKICEINZHLETRONBREEORBPLLE

Geothermal energy and society

As arenewable energy source, geothermal energy has enormous potential
to power our world in a sustainable, reliable, and environmentally
friendly way. Supercritical geothermal reservoirs (SGRs), formed deep
underground at high temperatures, are a promising technology for future
power generation. We study granite porphyry systems as the natural
analogs for SGRs and investigate the fluid evolution of the magmatic-
hydrothermal system, which helps explore the potential for more energy
and contributes to clarifying the relationship between fluids and induced
earthquakes. Given Japan has abundant geothermal resources but
development continues to stagnate due to social issues such as opposition
from relevant stakeholders, we use agent-based modelling (ABM) to
simulate real-world social network behaviors and analyze social
acceptance (i.e., social license to operate [SLO]).

Fluid-related geological processes
and disaster science

Fluid movement is essential in various geological processes in subduction
zones, such as crustal deformation, ore formation, and energy transfer in
geothermal systems and earthquakes.

We are researching a wide range of geological topics, including the
contribution of fluids to earthquakes, hydrothermal fracturing and
brecciation mechanisms, fluid flux estimations from rock samples,
discovery of seismic activity evidence, and rare-earth mineralization
from hot spring water. We combine field observations, laboratory
experiments, and numerical analyses to examine the above topics. Our
laboratory also conducts disaster science research, such as tsunami

EHR EHUAH B E(E4E

Bng RE fIR
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Hiroyuki Yamagishi

Assistant Professor
Alviani Vani Novita

BIEWEZNT—VICDWT, BHERE. ERER. BERTS
ETHARET>TND, Ffleo BRAREREY I T—92EER
U R EY OREICED CERRKBEDHE R EDKERZTH
RHBITo>TWSE, EHlc. EBERDEZEREDDIC. EEIA
PEMBONL = E YT ICET2MEZEDTNS,

CCUS &kFERMFIXM DT

H—RYZ2—rIIOBEEEERT B0ICid. BEATRELR
JVF—4E® CO, DEUY - FIFA - B8 (CCUS) ICEY 23T D
HAENRARTH D, YHRETIF. BERRCTILIZUVLRESE
MEBEFRAUCHBAREOKRIRILF—REDIGH (FRHE
MFEmE)IBR) EXTOECRDZA 7HA7IL7E2ZX AV~ (LCA)
ZBHELTWS, £z, FL—MZEALT 100°CERH TEEE!
EYH 5 Ca ZE RN DMENICEEL, MEDH2EMER
BIE# AR T %% CCUS 7OEREHMRL. BEhstt. A&,
BBERXMETORAZEDTWVD, 5. RADFL—NEZH
WCEADBHRZREICEITZIMAEIToOTW\D,

2022FHART—V

GRRKEETILVIZUAICKBKERE

- BT R)LEF—FIEDOHEZRERT

- EEEFMEBYOHERNDIHD Al FIH

RIFABH TORBAEROFR 7O R EBIEFIAER
CEA-RAERBFEDT T ABINICLDMEFHDOET )L OEE
- FL—MEZEBWIE CO: it 7O R
cRARDFL—REIEBWTINESAARICET MR

HARE

- EMEORE (TIYILNRIL. FRARRE)
c KFFHRREOESZRERYHAT (KEME)
CERMBTORRFMAESLORE

- BEEREMFEOMERE (T JILKET)

sediment identification based on big data analysis to estimate tsunami
inundation zones. Furthermore, we are investigating the traceability of
metal ores and raw materials to ensure the security of metal resources.

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

To achieve the goal of carbon neutrality by 2050, the development of new
technologies for renewable energy production and CO, capture,
utilization, and storage (CCUS) is urgent and essential. Our group is
currently engaged in the application of local-scale green hydrogen
production projects using acidic hot springs and aluminum waste (e.g.,
Tamagawa Hot Springs, Semboku City, Akita Prefecture). We have also
developed a new CCUS process that uses recyclable chelating agents to
promote Ca leaching from industrial byproducts at <100 °C and produces
valuable high-purity carbonates. This process is expected to contribute
significantly to CO, reduction, and we are promoting its application in
electric power, gas, and smelting companies. In addition, we are also
investigating the use of natural chelating agents to accelerate the
dissolution of rocks.

Research Topics in 2022

* Hydrogen production using aluminum waste and hot springs
* 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
* Natural chelating agents for the dissolution of rocks

Field Survey

* Volcanic area survey (El Salvador, Unazuki Hot Spring)

* Historical tsunami deposits (coastline of Pacific Ocean)

* Geothermal area survey for utilization and SLO analysis

* Geological survey in high pressure metamorphic terrane
(Lake District, Mongolia)

Fig.1 Field survey in El Salvador (SATREPS)

Fig.2 Hand-made equipment of Thermoluminescence Fig.3 Field survey in Lake District, Western Mongolia

installed at the University of El Salvador

Fig.4 Field survey in Unazuki Hot Spring
industrial by-products

Fig.5 Aragonite production from

Fig.6 The tectonic model for the subduction of the Zavkhan
Terrane and the collision
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BEISERSEEE Environmental Policies

BIE - T RILEF—345EF  Environmental Urban Energy
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Toward rapid urban decarbonization

HERUR /N RER
Associate Professor
Takuro Kobashi

2022 F(&. IPCC 155 6 REHEIHRESE (ARG) NERSNABEROIUEEEH T XTRAELLTWB LA RE N, HATED
ERZ 15 ERBICIMAZHICF—RADHFEHFINBNIRRTH D, FVABGAVCENEVWSTEBERREIRILF—IMEERBLDRL
BDDDH B, COBIREFEIBRRRMDINDFZED, Fo. RECERNESEIBEE (EV) 2. KBARKEE—REICERTS
CETHBICHRNBETORRRBICHD FAREICED, RAARETIH. EREXBARKEL EV 2l AL E THHORKRLETS TV —
F—EV 74— BE OMREIToTWS, 2022 FFHEFOEH (BEOH;H. Rl JvhILY) ICHIFS SolarEV 7 —DFFFRAEK

RERRKUc, . BARZEOHRINOBITHT o7

In 2022, IPCC sixth assessment reports (AR6) were published, showing that climate change has intensified. To halt global warming within 1.5 °C, we

have to achieve net-zero emission by 2050, which means we have no time left today. Because solar and wind power is increasingly cheaper than fossil

fuels, renewable energy is a key to removing fossil fuels as an energy source. In addition, by using Electric Vehicles (EVs) as a battery for variable

renewable energy, it is possible to reduce CO; emission in an economically efficient way. Therefore, we have been working on research using rooftop

photovoltaic (PV) and EV (SolarEV City Concept) for urban decarbonization. In 2022, we published our results of the analyses for decarbonization on

South Korean cities, Shenzhen, and Jakarta. In addition, we analyzed all the local municipalities in Japan.

V—5—EV 71—

BARPEZO7 I 7OMHTIE. AOBEIELLHHRESNT
WBTcHER EXRGEHRE (PV) 2 ERAT B D DK
REICENTH S, LHML. BRLEPVOERICIIRLGRED
HB. —2E. PVHEBEOEEHMETHD, KEE PV ZEH DR
REICEMTTERI B LDICEIRILF—FENBREICES, 2T
T, S REQERNFHRINDEV ZEBHELTCERATST
ET PVICEBIRRIEOBFUENIKRECEES (LDKRERTR
ILF—REBOHNICDRBA D), cEMRIIL—TIF. COERE
PVEEV ZEEBMEUTHAEDETHMLANILTHRRRLEZT
SC&%, "—=F—EVI T —1BE CANT TIREEDT
W3, Ih&ET fLiRm. (e, Bium. Fshm. REm. [
. W, RRHBEEW. JIBEHREQDHETV. A
DODEREABD 70%ZEFALDD. 2ETOEHEZEVEL. 20
Ny FU—D¥57% PV OEEBELTERTS C&lckh. &Em
D 53-95%DEHEHIETE S, Ffce BNHBLEHBEHISOD
CO: HEH D 54-95% ZHIRTED &b ofce Flew ITXRIL
F—OARND 26-41% DHIRICEN ZETREMENH D, HFiC. HF
HHICEWTIE, —AHCHERABEEHESENKRE VWD,
=X 95%3E< D CO2 BEHHIRICEN B,

Solar EV city concept

In many Asian cities with high population density, land is limited such
that utilization of rooftop PV is an important option for urban
decarbonization. However, using rooftop PV generation causes various
problems. One is the variability of PV generation. By using EVs as
storage, the economic efficiency of rooftop PV greatly improves, leading
to greater energy cost savings and CO, emission reduction. Our research
group conducted research on urban decarbonization by combining
rooftop PV and EV as storage to support the "Solar EV City Concept."
We analyzed Sapporo City, Sendai City, Koriyama City, Niigata City,
Kyoto City, Okayama City, Hiroshima City, Tokyo Ward, and Kawasaki
City, while utilizing 70% of the roof area of each entire city. By making
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Fig.1 Analyzed Korean cities.

BEOHHICHTEZY—F—EVITFr—

VOIENLRZEDOHEBREICED, WOHDDEEDHTD S
HHiTolc. BEIDOH;HIZ. BEADEE - EBEBEILEES>TT/N—
MMPYrravBREDBEBEILAZV, DEDH. BEAOKEHED
AN —MRABIcH, —AHODEREBECEHEHI NSV, Z
Dfcs. PV + EV OMEBARDOKREPHISEVD, TNEDBNE
WZEDRAM ol DEDL PVHEV TiE. WRET 2 ICtin
TEBZBANRENZ, LML, YVa1BiE. BEOEYHZL
e BAR DM AE T & ERICPV+EV IC LD IRRRIEDOIMRNF L,
2022 F 9 AITiE. YV UIEII KZAREE BRI ZHRR - HEMHE
EOD Kang #HIRE, RIEAZAZREERZMERZRE, F
BEBEZME U, Fie. MRABRIZ 12 BlcY DILELIKRF
ZFEL. Kang ABEOMAI N —TEBRRBEET ol

FE - FNcKFBY—F—EVoT0—

FELE 3 ORFHBHICERULCRNG. BRECILHESL R
KBHEHBO>TWD, AMREF. NILEYITEXRZRINOHFR
FEEOHRMEICED, ZOFRNTORRZTolc, Fillld, BE
DOFHERKICER L PV & EV ICLZBAHHIGIERSNZH, B
NEBFBENSD CO2 HEHD 42%REFHIR TEZ MDD >
feo N T TIKETORFENREY VY —DEEIEEThTWS,
FEORFNATIVREN FizBRYNICHEWT, SolarEV
VT4 RREINBHITIE. SROEDEFEEELTIMERZR
T TV BEDH D,
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Fig.2 CO: emission reduction by rooftop PV and EV in Korean Cities.
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all cars EVs and using half of their batteries as PV storage, we can supply
53-95% of the electricity demand for each city. It was also found to
reduce CO, emissions by 54-95%. It can also lead to a 26-41% reduction
in energy costs.

Solar EV Cities in Korean cities and
Shenzhen China

In collaboration with Seoul National University, we also analyzed
several Korean cities. Cities in South Korea have many high-rise
buildings such as apartments and condominiums, unlike Japanese
houses and low-rise buildings. In other words, using PV generation
combined with EVs, power that can be supplied to the target city is
limited. However, because Jeju Island has many low-rise buildings, the
effect of PV generation combined with EVs is high, similar to regional
cities in Japan.

Shenzhen is the third largest economic city in China. Our laboratory
analyzed Shenzhen through joint research with researchers from the
Harbin Institute of Technology Shenzhen. Shenzhen, like South Korean
cities, has limited power supply from rooftop PV and EV, but it was
found that about 42% of CO, emissions from electricity and automobiles
could be reduced. Shenzhen has already electrified all public buses and
taxis. To realize the SolarEV City concept in Shenzhen, where major
Chinese high-tech companies are headquartered, it is necessary to
continue research in collaboration with companies.

Associate Professor Kobashi visited Seoul National University in
December and exchanged opinions with Associate Professor Kang’s
research group. It is noted that in September, GSES signed an MOU with
the graduate school.
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Fig.3 CO: emission reduction in Shenzhen, China
by “Base”, “PV only”, and “rooftop PV and EV”.
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BiE - TRILE—&BFH9E  Environmental and Energy Economics
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Research for a true sustainable circulation of resources

from a life cycle perspective

(i

B® WNE K
Professor
Kazuyo Matsubae

FARDHTIE. H2ORELIRBEFPERZKD, VEBERMPERNBICHSREZEONM. REGHERKNERFAE
ROFLERICEFIRMOMRNFHE. BEROFHRNEEIATLADRAREEZZIRICHOIC>TIToTWS, HIRRIEOSIRZE). EROBRHE
B, REIMEITDIREFR. BELSFEORICBEORANBEOBRICKHRAIRBHSZEET SHicd. BETBICHSIEE-
KER-IRILF—DFHEEE. EEY BEYOELEDEE. ROZNSICEEY KM, 2B ENEROLFTEZERITILENH S,
INSZERFA. ElcHRARRERERVATLAOBEREZBIEITMABDZ 1 7T VILERDSHRLBAT—ILTERDBATNS,

In this research field, we conduct a wide range of analyses on nutrients and resources that form the basis of our society, such as material flow analysis,

the assessment of environmental impacts related to resource use, social evaluation of technologies for alleviating environmental burdens and utilizing

untapped natural resources, and the systemic development of sustainable resource management. To build a sustainable society in times of multiple crises,

such as global climate change, overconsumption of natural resources, environmental degradation with rising inequalities, and deepening contradictions

between economics and societies, it is vital to understand fully the supply and demand structure of food, water, resources, and energy associated with

economic activities, the quantity and quality of waste and by-products, and the overall picture of related technologies and socioeconomic events. We

passionately conduct research aimed at building a true sustainable circulation system of resources on different scales from the life cycle perspective.

VYA T ViR D RS & FH

FIVEZOLARFRRDITAIILEINTVWEZRMD—DTIEH 20N
REDORVZVTBBRETIR. AmBET7IIZUVLOEELRELE
INZRMPTRIF. VTAIINEERDCTICBETILI =T
DRICEBSINTREICEFEN B BDH. BETILZIZUA
DOREETHEITESNEN, BETILIZVLAORKRA®EIE, EIC
BEERERAIYY YOy HEmmETHd, HRTESHYIY
ENSERBEEANDOYTIMILZHRIY I VLN, PILEZY
LOEREEDHRENEZIND, COFETIFHRMICEITMD
BOWPILEZILA(TYR - AF)) ORERENFEIND, 2D
CTIVEZULERE E. SERELBORETH I, BHETIL
STULICBETEREMNBNIE. COBKERRTES, COE.
HIEKRZIZARROKRBHARESOVIL—TEEEL. FEYT
REREICEDRETZIIZULZMTZIVIZVLICBETE., KA
FIVZZULREAWIG TERHREE—DORMZRMHA L. ZLT,
FRMOBAICLZHRATOZILIZVLADOBERBEDE(LEFRT
Ufc, MRBRITEERIZFEE Nature [CBE SN,

Development and evaluation of
new recycling technologies

Aluminum (Al) is one of the most recycled and recyclable materials in
use today. The recycling of Al scrap today utilizing remelting techniques
downgrades the quality of the Al because impurities are accumulated in
the recycled Al and their concentration gradually increases every time
the Al scrap is recycled. This downgraded recycled Al is mostly used in
vehicle engine blocks as Al casting alloys. With the global shift from
gasoline vehicles to electric vehicles, the predicted increase in demand
for high-grade Al is expected to be accompanied by a drop in the demand
for low-grade recycled Al. This will lead to an imbalance in Al cycles
and a secondary Al surplus that has become a “dead metal.” This
looming imbalance in the Al cycle is a common challenge for developed
countries, but rational solutions are available for it. Through the
cooperation with Professor Hongmin Zhu’s group from the Graduate
School of Engineering at Tohoku University, we developed the world’s
first and only solid-state electrolysis (SSE) process for upcycling Al
scrap and evaluated the effects of introducing the SSE process to global
Al cycles, with the aim of achieving true sustainability in the Al industry.
The results have been published in Nature (Fig.1).

2020 Scenaria 2040 Scenario
with current practices with SSE technology
Ll o L] i
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Fig.1 Global aluminium cycle in 2020 and 2040 (Lu, X., Zhang, Z., et al.
Nature 606, 511-515, 2022. https://doi.org/10.1038/s41586-022-04748-4)

Fig.2 Group photo at the ASGM event.
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Assistant Professor

Zhengyang Zhang

HYMERDY T4 F—2 U RAIRIMEICAIFT

HEROFRI SHRADREICEDZXRTDT /1 F—VIC
IR RIDMGEEL TS, EROBEHINERDEIVRVE
Rz &2 cMIENAERE L. EYEROFHENZFIBICHLT
BHTEERREETH D, YAFREG. BRZREMIREEE (JST)
REHDEESE Y EROY IS4 F—V U RIRIMEICE
FrVY—ROY AT VBRI AT LAOEE (JPMIMI2115), I
OB EESIC, TSHRIVRIESREICE IT2KIROEE, &
BUEEBRNRIERRIBANY N 2022 £ 10 BICERATHRES
N TTONSVREBRSE) TiTofce ANV RNTIRELIGKIRE
BoERICEF, KEOER - BEHRSCICRENOHLHEIR. =
LTHERFECEEREERZEAUSLUOZRERIEIRY LD
REFRARICEAULTHRALIV . SHRLBEARCERE. &E
EBOBERELOEEZRIEL. HOIDORGTHRYERELS
Y27 DOBRIMbICEIF e B BREXEZTS (Fig.2).

MREBRRDOEEERE

2022 ICBRDMRBENRRBABFTCRE SN, £I. LM
REEZRVWSIMNE—RBITIE. FHFiEoea) v ERERICE T
FATHAVINBEORHFTENEFZ LIFcfcd. BERSA
THAUNERELD THHEE) #FE Uk (Fig.3), £, ELHRE
1 FEDEWER. B4 MRBABITCERUCEIEHEOE
RPESEEEMOERICHESTEICEITZ ZRTIVIZULER
OFIFHFHES N, 'REFRRY—E, & "MRBRE, MAEZ
B U7z (Fig.4). Ric. BLRE 3 £4£ 0 Dheanara Pinka (&. H
AOERBEEDRIEFZEFMCOE, Vr—Y THRINCERE
EIOOY-Z% - H2RFNREHIRELD TREFRIY—E,
=% E U (Fig.5), =5Ic. 9 BIciE:S%El>7 Aurup Ratan
Dhar FZFE#BEEFHEFE L TAARBLIORE SN (Fig.6).
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Fig.3 Distinguished Service

Fig.4 Binze Wang’s award
Award for Prof. Kazuyo Matsubae of merit.
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Fig.5 Dheanara Pinka’s award of merit.

Minimizing supply chain risks of
mineral resources

The supply chain of minerals, from the extraction of resources and the
production of goods through to the distribution of products, is
accompanied by various risks. Strategic resource management in the
context of risk factors that may constrain the supply of minerals is of
vital importance for the sustainable use of minerals. We have begun a
project titled “Systemic Development of Resource Logistics for
Minimizing Supply Chain Risks of Mineral Resource” (JPMIMI2115),
funded by the Japan Science and Technology Agency (JST). In addition,
we have co-organized an event titled “Mercury Legacy in Artisanal and
Small-Scale Gold Mining (ASGM)” at the International Conference on
EcoBalance in Fukuoka City in October 2022. International views have
been exchanged on the issues associated with the use and trade of
mercury, and the development of detection methods for illegal gold
mining to achieve sound management of mercury in the ASGM. We will
continue to strengthen the cooperation with experts in this field and
support decision-making to minimize supply risks for minerals in
industries (Fig.2).

Research outcome communication
and awards

In 2022, we enthusiastically presented our research outcomes and were
awarded in several fields. Prof. Kazuyou Matsubae received the
Distinguished Service Award for her achievements in the field of life
cycle thinking for sustainable phosphorus management from the
Institute of Life Cycle Assessment of Japan (Fig.3). Binze Wang received
both the Best Poster Award and the Dean’s Award for her excellent
research on China’s secondary aluminum flow analysis at the 4th
Academic Forum on Environmental Studies in the GSES (Fig.4).
Moreover, Dheanara Pinka won one of the five selected for the Best
Poster Award for her presentation on the environmental impact
assessment of Japanese pearl farming at the 14th International Society
for Industrial Ecology Socio-Economic Metabolism (ISIE-SEM)
Conference held in Vienna, Austria (Fig.5). Further, Dr. Aurup Ratan
Dhar received his PhD in September, and he was commended for his
academic achievement by the GSES (Fig.6)

Lt P SN OO S e 3
Professional Director for
Sustainable Environment

S5 TARCLISA 18 Tk © 5
mA Tien | CReiid

Best Poster Award

IMrersare Pinka

Fig.6 Dr. Aurup Ratan Dhar’s
award of merit.
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EEIOOY—%9% Industrial Ecology
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Associate Professor
Keiichiro Kanemoto

Identifying environmental hotspots from global supply chains

FNCEDEEF. TOHER - T—EADMESNDIBRETHRABRREETINHEINTWS, HIXIE. BASNEKRERTZYILTHEMZY]
DEMNTESN TR HDHHN, ZIIEATWIEIBEWEBROBEKICHALTW\NS, T 754 F— TOREERIE. AREESN i
REEZBH O TELRMICBZSXT. BEZYNUYNEMENS, ZBIbRREA—RYTYNTUV N KETA—5—Tv R TY
VRREEFIEND, TOESBIRRBRETZ YN UV N ERBFELRIVE1—FICKZETHSMILELSELTWS,

Our consumption generates a range of environmental impacts in the production of products and services. For example, some imported soybeans are
produced by clearing forests in Brazil, putting the plants and animals that live there at risk of extinction. The environmental emissions in the supply chain
are called the environmental footprint, analogous to the footprint of human activity trampling on the global environment. Carbon dioxide is called the
carbon footprint, water the water footprint, and so on. We are trying to identify these different environmental footprints through large-scale computer

calculations.

WRREOY TS5 4 F 1 — LIRESR

EDHBMNEDLSICREBERCWTESNZ DN E. RED
EXERREMENIEFRACREBOESHADSIEDHEE
BWTWw3, 207 —9~N—2X($ Eora ZisiEESRERERKELT
ARALTVNS, BERENDET UV I RENSHBADEEIRES
WBZAT7HATI - PEAAY K (LCA) EMENZHEEH S,
ROSBBEHBIIZIRICED, JUREE., ARER. EWSHRIME.
HMEE. ER. K BRBRLBEKETIMEZINETICIT
TEfco MRBRRBDFOMREEHRTITSZEBH 2, HIX
F RREFEEETNORRECEEDHEN T TS F—>
ZBU ISR ITRIRTERZRSH I Ul

GIS &Y T SA4Fz— 0t

RNV Y A, REBOEBESICHSREEFEZ AT
TBRIENZVD, BLDBHDBRIGANEEERDZIEEELH
%o BIZIE. AV RRITHSHENDAM OBHI EYMSIRIEIC
ESTEBVNEWSZED AN T LTH, BRIV RRITHS
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Fig.1 US biodiversity footprints
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Global supply chains and the environment

We use economic statistics, in particular (multi-regional) input—output
tables, which describe the purchase and sales relationships between
producers and consumers, to understand supply chains. We have
developed a global input—output database called the Eora Multiregional
Input—Output Table. Our research interests cover a wide range of
environmental issues such as climate change, air pollution, biodiversity,
deforestation, resources, water and nitrogen pollution. Research is
sometimes carried out in collaboration with researchers from various
disciplines. For example, we have worked with researchers in atmospheric
chemical transport modelling to determine the number of premature
deaths caused by consumption in each country through the supply chain.

GIS and supply chain analysis

Environmental footprint analysis is often done at a country level, but a
specific location is more important than the country level is. For
example, if we find that timber exports from Indonesia to Japan are bad
for biodiversity, Japan cannot simply stop all timber imports from
Indonesia. Therefore, we have done research to combine geographic
information and supply chains to map where biodiversity hotspots are
threatened in Indonesia.

Fig.2 Deforestation footprint of nations

DAMDEAZ IR TEIET D DIFICIEVDRN, 22T 1VRER
VFDECTHRRESNIcAMDEZBROBEICHELTWSDONE
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Fig.3 City-level carbon footprints in Japan

Geographical information is not limited to endangered species; a wide
range of information is now available. For example, we have extended
this framework to include CO, emissions, air pollutants, and
deforestation.

Environmental footprint analysis of
households and cities

Household consumption accounts for a large proportion of the
environmental footprint of countries, which means changes in lifestyles
and consumption activities have the potential to reduce environmental
impacts significantly. In addition, several global environmental issues
have stalled negotiations between countries to reduce their environmental
emissions drastically, highlighting the importance of voluntary action
by cities and businesses.

We are therefore conducting research to identify which households and
lifestyles produce large environmental footprints by integrating micro-
consumption data at household level and a supply chain database. We are
also trying to answer the question of whether it is the lifestyles and
consumption activities of a small number of households that are the
problem, or those of many households.

Cities are the center of consumption activities and are heavily dependent
on production activities outside cities. We can imagine, for example, that
most electricity and food is produced outside urban areas and consumed
by city residents through complex supply chains. However, we do not
fully understand how much and how to reduce the environmental
footprint of cities. Therefore, we are trying to clarify the environmental
footprint of cities based on the micro-consumption data of each city
resident and the environmental impacts associated with the supply
chain.
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Fig.4 Carbon footprint of 13,000 cities
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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.
R ERBRY AT LDBERZHELT

Towards developing environmental friendly new materials and
constructing sustainable resource recycling systems

DOWA FHBEFRERNZHRE DOWA R—ILT VT ARA RO BIENLRMERZNOS & 2004 FICHR U, BAE.

TECEBERBEHSOMADERICEVWTHRLAZID BLREMBEZHRT IR,
- RBEAFERZEE I IRILF—BIRICRE UM BB SO ZN 5 Z AW EBBSORIRICE T 2R
- ERAMSZEBEI I KBFEIRBREENENSOERI YAV EMELOCHES VAT LABELREICHT MR

- BERORMICHSTHRETIERINESYENDOTIWEDTHR
ZEMRT—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

BRERMEMEZRLETIHARERE. BEVICKETITONT
WS IRR G RBERINEZEL T, RO - T/IN1 DR
V—RADBEFP, KEMBY—AEBEZ—XDI Y FU I RS
3. ZEZBNEVICMRETH %o BIZ I ARBICIE LY 1
LAY EEBA AV AL IFBRICIFEINTED, IHEICKIDTRIEIC
HUTKELHEERIFT, CORBRRICHLT. BEEEICEH
INFZFED—DELTHIE—XDBHFESINTWND, ZDHEHE.
Fig.l ERIIRIC. HEDERESFEZRAICHBES EIHERTOD
HREEEL. BERESOEBEEZEEIIIETHRABYEENRE
THIENTRETH D, RADIARETIE. COMBZEICHIEE
b ddic. KBERFPICTEEBHEADRREZFHL. BTRE
BN EEEZTHIHTIEMBAFZEZEL T, EREAR CHEGER
REODAHAZRHWC IA7ERIERHFEMBEZERTHRE IS L%
HKATWDB, 5%, AMEZRAVT, LT RYEZLONERER
MRZEREL. ERICREAFEYESORNERSEZHH 2,

[ RIRERBRFEDE ]
EREAIBEICEDLIHR

FRHTE. BREMSZBETD LTOERYTIILEIE
FUZNZERRIBHOOHRVZATLICETZHRZHDICTITo
TW3, BEFEMICE. BECLEBEEINABTNIEREZFRLTLE

AlREMEDHBER - BFEHMAY T v (E-Scrap) PEXEL

[ 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 of magnetic bead
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XL (BEPV). 2\ ERFHYFILEM (B LiB) IcAR
SINIEEYIE. SBROXERENTFEINLBLSHEIETIZEH
BRI AIILIL—RDSRES>TVWARWIRIRICH B, TNSDMNESE
E2358ICIE. BYRNEYRTLAENBRTNDELE 7D, &
eZNICZ T, BREREOERDLODICIF. DRIFDOMEICK
DEETIEEBEVCTIRAFYIBEVWLRZMEZRERELT
EZ2L5. AEYECLREYEERETDZIENDETH D, Y
ARECTIH. BEGHERFOLOOERAREERL, ERIC
ERNTRERRIZHKRYEO7O—FAE LML, BRER IcLD T
SyR7A—LDOEEEZRIELTWVWS (Fig.2), BARE (ILATHYE
BER) EOEEPEDORNEERENDSEHZEUHRHEET D&
HiT, RAXFORMEBMOBELERREESCHEAL. F7O0-N
IWBERBERICEBLZMELITOTWVWD, —A T, KRISHATEH
DHEBANDEEPRELBICHIALTVS, #E - EIF—0IF
N ERERONEEERNREVECERLUTAIILICETZERE
BEHEHET> .
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RIEEEERICEL5HE
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W3, BEAENICIE. FESHSBREBEOHKPICEFTFNIZER.
MEMICLBBRE - BINTZHLVWIOEAFARICERDEHATVD
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Fig.2 Building a platform for secondary raw materials

[ 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 (Fig.2).
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. At the same time, we also focus
on publicizing our research activities and environmental education. In
addition to lectures and seminars, we have conducted several environmental
education programs on resources and recycling for elementary school
students in Miyagi Prefecture.

[ Control of Environmental Materials ]

Reducing the Environmental Impact of
Raw Material Production

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.3).

EERMETLME e
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Fig.3 Image of metal recovery by microorganisms
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MEHESEEE  Collaborative Divisions

BiEY 2 VAR S B (BERMTHEESZEFR)  Environmental Risk Assessment

(National Institute of Advanced Industrial Science and Technology (AIST))

Ze R BRHATRILF—DOFAZBIELT

Studies for utilization of safe and secure geothermal energy

LBEEICFEIRRRAEEAEERMRAMRRN - BEBEIEIRILY—HRR (FREA): BAARIRILF—HRtEYI— (BER
BT FIBOMRENFBEL., HE - AREHZToTWS, BE. FEETREEHSREFERS LV ERREARIEROHE -
FHECEEURRLBER ZITS5&bic, BFEEE, FTRILF— EERMRSHEREE (NEDO). IXIL¥— - &BIYMEREE

(JOGMEC) Eh5DEFZRIFARZERMELTWNS,

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

of geothermal resources in collaboration with researchers in GSJ, AIST, and GSES at Tohoku University. Major research activities in 2022 included

(a) modeling and potential evaluation of subduction-origin “supercritical geothermal systems” based on a 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.

BERFMBAREICAHT MR

REBERILUEE. BRAAOMRELEELT, IEHAHFICEIR
ZHIHBIRAMA AT LZNBUCHEEBEOHREEZR-TE
2021FEH 5 NEDO N SDEFZRI. 3 FHDFHETENETE
MR TOFMENTMELCREHOEKREEEZTV. 2020
ERBFICBIZHEHEL - ABRFZEC TEBRFMAERD
FEXLZzBEE I, Z0O%&. 2050 FLUEICERBEEH10GW
NEomBHEZERL. 2050 RRRESOERBEPITRILF—
tFaVTsDALICETEST %,

WNEPEABRIKIC K DHETEED
BEEZY ) VU

KBETIF 2015 F LR, BERINEELMEAT—ILR T,
FREEAOEETKROMINEEZERERL. hickD, I8
BAOEKBREE=FIVI L. FEBRBOSEKEY—>D
BRHEEERBLTE, INSICMZ. 2022 FEICIF BT EE
DIAAANZANETIV I EZERBLTWD, £, HIBMTICE
172 EREHRZ AW BETEICB T 2MEDERELTNS,

@
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Fig.1 Identified model of a supercritical
geothermal system at a Japanese geothermal site

Fig.2 MT survey of supercritical
geothermal systems

Research on supercritical geothermal
power generation

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 are leading a three-year, NEDO-funded project for
detailed modeling and potential evaluation of supercritical geothermal
systems in the most promising area and are formulating drilling and
testing plans. Members of the laboratory aim to contribute directly to a
carbon-free society by 2050 through 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 the
Yanaizu-Nishiyama Geothermal Site in Fukushima since 2015 to
determine the reservoir’s response to water injection. We also began
geomechanical modeling of reservoirs to deepen our understanding of
reservoir behavior. Reservoir characterization using naturally existing
electromagnetic waves has also been carried out in the lab.

Fig.3 Seismic survey of supercritical
geothermal systems

EEHIR XB R
Professor
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Fig.4 Microseismic monitoring of
geothermal reservoir

Fig.5 Laboratory test of a fiber optic
downhole sensing system

Research on the 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 commercialized 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 of 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
(Tohokuy), in the area of education of children.

Fig.6 Future model of monitoring of hot
springs with AI-IoT technologies
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BishIE% 438 Environmental Geography
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Understanding Diverse Human-Environment Relationships Professor
from Geographical Perspectives Tomoki Nakaya

Urban Environment and Environmental Geography

TMRDHF TR RABEBAT—ILICEWTE b ZR T EtSOREZ, HBBERBZOMMTREPHIRE. 71—ILRT—0%
BULTHSMCL, ZZICBRATZAB-REBROSOAC, HBHNRBOREANZIAICDWTRFLTWS, L. WRZERR
BRICREET. DLAURMNICERShTELRERE. HRRBICEAL. R, 1BF. EE. REOMENREICE T2 AB-REH
ROMBEHMAERZRBLTWNS, MAT HEBEBRBPICEITBERGE N, ZENBEEET /L. HEBHEREE, T —IRMEFICEY
BHEBRDTERNARZT>TVS,

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

information sciences, including spatial statistics, spatial mathematical modeling, geographic visualization, and data fusion.

pERRMtIES

ANARD T TlE, HIBRRIRBEE OREEPHRIEEDRRH S,
REOMIBZNBIMTEERLTVS (Fig.1). 2022 £Tid, E
DOHIBRRZFEEHADREE (Kaneko et al., 2022), HNADEFR
(Odani et al., 20222). E#HIER (Teng, 2022) LDOEEZ
HEU Flo, A—TVAR—ZEEE - EN{TEIE OREICET
SEHEEMFEDOL E 21— (Motomura et al.,, 2022). PM2.5 &3
YR Y DEEE (Sawada et al., 2022) R ESHFREEIBORER
HERROBEICETIMARRESTc. BEEDOFRIRMNAICE
THMIBHEBEORT TR, B ZNICERRMENRBERSED
E@ELHSNBVW EZBASMCLZ (Nakaya et al., 2022),

thizk - HHRAT DT IER

RESERICELTIE, Web BEICLDIRELERT -5 it
SRR D BRI VL F LIV T — 5 OB E S E DT,
2020 &R U EHNT 1 7RSIV ORIFICE Y B IR
£FE) (GULP) IoWT, BEAELBROBBEF LD/ BRE
FIfTUTe BRI 2022) (Fig.2). AF—5ZALT. AODE

The Atlas of

Health Inequalities
in Japan

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

Fig.2 Maps of neighbourhood livability rating
in major Japanese cities (Hanibuchi, 2022)

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.l1). Published studies consider
associations of area deprivation at neighborhood levels with cancer
morbidity (Kaneko et al., 2022), cancer survival (Odani et al., 2022), and
mental health of youth (Teng et al., 2022). We also analyzed relationships
between opens space and physical activity as well as sedentary behaviors
(Motomura et al., 2022), in addition to PM 2.5 air pollution and various
death risks (Sawadaet al., 2022). We reported that no statistically
significant geographic concentrations of thyroid cancer had occurred in
Fukushima Prefecture (Nakaya et al., 2022).

Methodology of regional and social surveys

Regarding survey methodology, we proceeded with the construction and
analysis of geographic multilevel data linking individual data collected
through an online survey with regional indicators. We published a book
outlining the survey methods and results of the Geo-Social survey for
Urban Lifestyle Preferences (GULP) conducted in 2020 (Hanibuchi,
2022; Fig.2). Using the GULP and related data, we clarified the way the
internal return migration (Yokoyama et al., 2022), sense of accessibility

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

#& (ELFD 2022), 77V EUTABE (B4 - B 2022).
BEBRE (FKIEN 2022) A%, WHNICHEKDFE R EBIEL T L
DO ZEASHCU, MAT 2ENGENRAELIELWEIhTESE
FEABAEACKHUT DAOFROEZF LTI FUEREICET S Web
BEZEMUL (Teng et al. 2022), Ffz. AOFHDH EEHES
iz 2020 FEBHEBEOREFRRICOVWT, EEEDOEH - BRRH
D EIRELTCHSND I EZRUE (ILAREFED 2022),

i)

AMRDBF TIEEBT — Y BITOKIMAREE EL A LRIV
REEMBLTWD, BZEEMNG COVID-19 OHEEMER%E 3 RITH
ICEBATFHEIOFBEE 3D Yy 7 (IX BEHEOERAME,
Fig.3) Z#kim UiciEh. BEET2RERBEEO LD FMARERL
IEDOWTOREZTT> (P - KH, 2022; R IEH, 2022),
e, A\OBBOREREOMHTLEZMAL. COVID-19 RiT

EEZRTTCERAOBEOZE{LZHSHM LT (Kotsubo and
Nakaya, 2022) (Fig.4). &5Ic. K#EIELR GPS T—oH 5 51T
ENHEHTET ZEEERHFE L (Nagata et al., 2022) (Fig.5)
fit. RELEMN CHORBEROEMEZTRMZARULIH LR
HiE%#IRE UK (Adachi and Nakaya, 2022) (Fig.6).

BAERRERILMIROEEXE

2022 FF HBEIAOF VAMIILADREEIEKRICED, T4—ILRT—
VEHESMRORT MO TRE L BoTco £DTcsd. 2021 FE
MEBRAFTENIZL R 2020 FERMELY Y RZEALT,
ARG LURIMAODREE BIINIBOEEEBICDOVWTT—F
DRFERIALIc, o, HBERNICEITHHFRAREEDEF.
BLEENZARALEY -V XLERZZ2BADNSOBEEICHS
haFHMICOVWTERL (B8R 2022), Ihid COVID-19 DR
FIEARUANICRABEZERUABICEDVTWS,
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Fig.4 Circular plots of estimated net
migration flows among seven area groups
in Japan (Kotsubo and Nakaya, 2022)

Fig.5 Distribution of step counts estimated from
GPS trajectory data in Sendai (A: weekdays, B:
weekends and holidays) (Nagata et al., 2022)

(Tanimoto and Hanibuchi, 2022), and residential satisfaction (Shimizu
et al., 2022) are associated with various regional or neighborhood
characteristics. In addition, we conducted an online survey on daily life
during the COVID-19 pandemic and vaccination intention among
immigrants living in Japan, which has been considered difficult
information to acquire on a nationwide scale (Teng et al., 2022). We also
analyzed the responses to the 2020 Population Census conducted under
the COVID-19 and found that the urban—rural differences in the response
rates were consistent over the past decade (Yamamoto et al., 2022).

Spatial analysis

This lab carries out methodological research to develop new techniques
for spatial data analysis with their empirical applications. While
continuing to update and disseminate the “COVID-19 Space-Time 3D
Map” (Fig.3), in collaboration with JX PRESS Corporation, we published
an article about technical developments of 3D space-time visualization
of infection (Nakaya and Nagata, 2022; Seto et al., 2022). With the help
of iterative proportional fitting, we identified major changes in internal
migration patterns affected by the COVID-19 pandemic (Kotsubo and
Nakaya, 2022; Fig.4). Further, a novel technique was developed to
estimate the distribution of walking volumes from large-scale GPS data
(Nagata et al.,, 2022; Fig.5). Finally, a novel environmental crime
analysis was proposed that involves using landscape imagery and
machine learning (Adachi and Nakaya, 2022; Fig.6).

Structural changes in agriculture and
rural areas in Japan

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. In addition, the
characteristics observed in out-of-area migrants supporting World
Natural Heritage tourism in Higashi-Mura, Okinawa Prefecture, were
discussed (Sekine, 2022). This is based on a survey conducted prior to
the spread of COVID-19.

Fig.6 Streetscape images for demonstrating the relationship
between the amount of vegetation and the risk of theft from
vehicle (TFV) (Adachi and Nakaya, 2022)
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Process Engineering for Advanced Resources Utilization
/ Resource Processing and Recovery Engineering

EROSENR - REREDHOTOLAMRE

ERNRA7OERZNE /| BRD M - WBT7OE A2 EH

% B KIg
Process Engineering Research for Advanced Resource Utilization Professor
and Environmental Conservation Eiki Kasai

RARETIE. HEHA VM REVESZEMOREL UL T7OERICTHUT, BRCEBREERLERRHER T REREHN
RiFEOERZENELTVWS, BICESERISAEEST2EETOEX (Fig.]) ICEWT, ERNSEELANIVICEBBEVWT—ICDWT
AREHELTWD, FIZIE. ERAL. $ELTIHHEERANORGRIM Y, BHTOLROH—RyZa—rIILEELTEOA—RUE
ICBI92MEZT>TND, I5IC. ZHAEHMPOBRIBRITRIGZAWIKREECED AR IV AEICETIARMELTO VD,

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 a significant influence 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 and carbon-neutral and zero-carbon ironmaking technologies. Further, the laboratory performed research and development

related to self-healing ceramics and the fabrication of hydrogen by redox reaction using porous iron materials.

RRKFEILSFICHITEIRNLY FD
BERETHLEENDEZRE

R FHALED CO HIEEB DI 14% Z 55 2. 72;73\‘6‘%7%“
JAlE CO HEHENRHE L. ZDHIBIN S5 X 2 EIFRE L,
feoh. KFRHREETHE U THRAT 2 EHN RN E
nTtWwd, KREEDLRICLIBFRELOBID—DELT,
ERETHLEROMENEZ SN D, ERETHIF. 400 ~
700°COIERBIMICEWTILADETICIDER/NAEL. BFRO
FEOEEICLDIMEITZRRTH D, AEF. XL Y NORERTH
EEBCRIFTHRERDOEEZRAEL. WEEBEEBASNCTS
ZEZzBEMELT,

~NLykDETTIE. Fig.2 ICRIEBERNICEEL. 500°C, 60 min
DEBGETITolce BITHRAMERIE N2-20% CO-20% CO2 (0%H-2)
&V N2-12% CO-8% H2-17.7% CO2-2.3% H20 (8%H2) M 2 &
HELlc, BRARIFEENSLANT 30min BERLE. B2 5
ZElLEh, NESHERD,

Fig.3 ICEBREAR DN ENHERT, MEMHEHIC 8.0 mm Ll
LOHEKE 05 mmUTOMBOEIENFVA, 8%H: MM
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Fig.1 Strategy to reduce CO- emissions
from the ironmaking processes.

Fig.2 Schematic diagram for
reduction experiment apparatus.

Investigation of Low Temperature Reduction
Disintegration Behaviors of Iron Ore Pellet in a
Next-generation High-hydrogen Blast Furnace

The iron and steel industry accounts for about 14% of the total CO,
emissions of Japan. The emissions from blast furnaces are especially
large, and therefore, reducing emissions is an urgent issue. Therefore,
innovative technologies utilizing hydrogen gas as a major reductant are
being developed. One of the concerns regarding blast furnace operations
caused by the increase in hydrogen concentration is that “low-temperature
reduction disintegration” phenomena become remarkable. Low-
temperature reduction disintegration occurs between 400 and 700°C by
crack formation due to reduction of hematite to magnetite, and fine
particles are generated by the impact and load in the blast furnace. In this
year, we have examined the behaviors of iron ore pellet under simulated
blast furnace conditions with high hydrogen gas concentration.

Pellet samples were put in the experimental apparatus shown in Fig.2,
and reduced at 500°C for 60 min. The gas composition is N»-20%CO-
20%CO; (0%H2) or N»-12%CO-8%H»-17.7%C0,-2.3%H.0 (8%H,).
Disintegration test was conducted for the reduced samples by using
tumbling drum for 30 min, and then the samples were sieved to obtain
their particle size distribution.

Fig.3 shows particle size distribution of the samples after the
disintegration test. In both conditions, the weight ratios of coarse grains
larger than 8.0 mm and fine grains smaller than 0.5 mm are high,
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Fig.3 Particle size distribution of the pellet
sample after reduction disintegration test.
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NRYIEAYTF=aVEZRWEZILEFAIY
JIc & S RE(LIEHESEE DR

L BREERED CO2 HEHEBHIR D26, —BRMKAEEDKR
IS SHEIN DKM AR ZFIAEULFR/ A AT X RHK
B7O0ERZREL. ERRIMTOVWTRETZIT>TWS,

PR S BIRE KR & DB RIC KD ER L., /\47rVXé:ﬂiL:
EEREMEGFICEATIZLICED, RIEEHBRHDNRREICHE
%, ERMAKELTE, BRFE. RERLOMEMERED S, ’Eﬁfu
ZRATOEBEAINALIHETES Fe-Mn-C RESNEETH S

M WEBEEETAEEEZI RV, ALRINIEZOEEROMEL
HEEICEWNTH DD, EEHEBOEITERAEORIZHLET

ATHEEN B Do FITFiga ICRI LSRNV IEAYTF— Y
EICED, AIC ARZFERALTESREN Al ZIEEIRE (FILI
FAIVY) SEBFEERFLTWD, KE(E Fe-Mn-C &&D
FIWZFAY VT EZBEMBIEICHITZITINIFAIVTE
HDEEICDWTIRET UL,

Fe-Mn-C & & & £l 7 98mass%Al.03-1%NHsCI-1%Al R &
MAREEHICTIVEFZDIFRICEEHL, EXTEFHESTH. 700-
900°C. 3-12 hDFZIZFAIVTUBE Tz, TDHE. B5N
& BZ 1000°C. KRR EHTELIE LTz, Fig.bIKRI&SIC,
800 XU 900°COFIZFA Y VT ICKDiEH TR IFEMEREL
ENBSNTz, FILIFA IV T NEEORKFIMEERE (Fig.6) I
BWT, 700°C, 12h TIFEEIhGLH, 900°C,6h DEETIE
FeAl: BN 5N %, 900°C,6h DRGETTILIFA Y T NE
L BHc B WT, T000°COBLIBRZICES 200um BEDHE
& ALOs BHERERIN, IhABROILHEDH LbDEEZS
N3, REF. BRMEETERRBIMEORIZBELCESDORRE
ZEHESH TS,
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although the reduction disintegration proceeded further under the
condition of 8%H. than it did under that of 0%H,. Formation of many
fine cracks was observed at the vicinity of the surface to be reduced
under the former condition, and it seems to cause its significant reduction
disintegration.

Development of High-Temperature, Oxidation-
Resistant, Iron-Based Heat Storage Materials by
Aluminizing Using the Pack Cementation Method

To reduce CO; emissions from fossil fuels, an innovative carbonization/
reformation process of utilizing biomass waste heat discharged by large-
scale factories has been proposed and its elemental technologies were
examined.

Waste heat is recovered by heat exchange using metallic balls of heat
storage material (HSM). They are charged into a rotary furnace with
biomass and then simultaneous carbonization and pulverization of
biomass proceeds. Fe-Mn-C is a promising alloy system as HSM,
considering its strength and heat storage properties, because utilization
of the latent heat of magnetic transformation can be expected. However,
its oxidation resistance is not sufficient. Therefore, the treatment of
diffusion penetration (aluminizing) of Al into the alloy surface using
AICl; gas by a pack cementation method as shown in Fig.4 is proposed.
In this year, the effect of aluminizing conditions on the high-temperature
oxidation resistance of Fe-Mn-C alloys has been examined.

Fe-Mn-C alloy samples were charged with powder mixture of
98mass%A1,0;5-1%NH4CI-1%A1 into a sealed alumina crucible, and
aluminizing treatment was performed in a reducing atmosphere ranging
from 700 to 900°C for 3-12 h. Obtained samples were heat-treated at
1000°C in air. Extremely good high-temperature oxidation resistance is
obtained by samples aluminized at 800 and 900°C as shown in Fig.5. In
the cross-sectional observation of the sample after aluminizing treatment,
as shown in Fig. 6, the FeAl, layer is observed at 900°C for 6 h, whereas
it is not observed at 700°C for 12 h. In the sample aluminized at 900°C for
6 h, the formation of a dense Al,Os layer 200-pm thick is observed after
heat treatment at 1000°C and the dense Al,Os; layer suppresses the
diffusion of oxygen. Currently, we continue to develop the alloys that
combine both high heat storage property and high-temperature oxidation
resistance.

Codation Temperatune; 100070
Abmosphere; Air
Adprviriied o 700G, 12 &

Fiﬁ.l;
. ..-~—1--.--; Fe-Mn-C - Mo
niont i B0, 17 [a] Abuminized at b Alurinised 31 | | o I
. ! 00'C, 12k S0, 60 | m;-
I'\- n .

Hnldlrr; Time, (hi

Fig.4 Schematic illustration of aluminizing
applying pack cementation method.

Fig.5 TG profiles of samples after
aluminizing under different conditions.

Fig.6 Cross sectional SEM images of
samples after aluminizing at (a) 700°C
for 12 h and (b) 900°C for 6 h.
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KEBEMERS XA T L « TRILFXF—5ZEEE  Solar and Terrestrial Systems and Energy Sciences
HERS AT LEHAIZE4SEF  Earth System Monitoring and Instrumentation

KEHRDAY Y EMEBRD DEEH DL utd

Variations of ozone and related trace species in the atmosphere

EHIR FED
Associate Professor
Isao Murata

EMERETR, VOB ARKRREZH) ZF—7—RliC. AV YVRIEELPHIKER (LGS, MKREORBEZHICEDLIRIHD
MERDOBANARZToTNWD, 2022 FiF, DRICHIFZT7—UTERES¥ER (FTIR) FAIICKS CIONO2. X% VENFEZEDE
EAmEHETofc, £, BB - BNEMICKTIAKEDROIKE AN ZIT oo

Height profiles of CIONO, and some isotopes of methane were retrieved from the spectra observed with a Fourier transform infrared spectrometer

(FTIR) at Tsukuba. Balloon measurements for atmospheric gravity wave were performed at Syowa station, Antarctica.

BRARBEIREMEAEOHRAMRELT, D2KFIEHITFS
FTIRICLZ8AZ 1998 FELDTT>TWS, FTIRTIRKEZXD
2-15 um OFRAFHDIARIT ML SKRKF DL L DMEK D D
BEMTEEZANDIENTES, AROBHAZT>TVWDERE
K238 )L —>7 NDACC/IRWG (Network for the Detection
of Atmospheric Composition Change/Infrared Working
Group) Tld. FEHART—YavDRREERE U THIERBEOE
BERZBAIIMRZEDTED. <nFTlcH HCIL HCHO
ZILODWTORXZHRATHERLTWD, $FIF OCS DREE
{LICB8 9 %5 X (Hannigan et al., 2022) RS hizo Fie.
CIONO: ¥ X% YR DB ZIT > Tc,

CIONO: (& HCI &£ & B ICIERD U Y —N\—HFEMREN D LB
REBHD TH D, PREDOHEBETIIAEONNZITIERILEY
DOREERD, 7OVARICLIHEBEREDRMERDE=Y
YV JICEETH D, CIONO2 DIRINIRIE 12.8 um HEICEH ZH
FEREICRIND B BTN EL W, DL TIRTNETEITLT
WM oTco SEL NILF—DFARTIL—T DB THEIT/INTA—
YDORBILZETV. AILEBZEH U, MT1IC2021F1H
25 HICBRAI UL ZARIMLD 74y T4 T DFI%Z RS, CIONO:
DRI 780.2cm™ fHEICBHDHRDFFVA, EERICRUEESE
B3 LUBWBERC 74 TAVI TETWRIEN DD D, S,
%t CIONO: OEHFMHHHIICESH TV FETH %,

AIHFDDFDKR, KR, BRFORAMMAELLIE. ZOHRLIR
PREUVEERBICE>TEGS, ZOHRAMKLZEHRT S
CETZDORDDBEICETZEWRIEEND, 2L, EMEL
ZRHBICIEBRBEBFEANMBET, INETRKIFPORNMAZF]

Micro-Windos |

! .ZE;&-L*WH&—M.';‘#W!.‘.}Q
:.:_:.h :_‘- =i _"“'?F-ﬁ-:—-;l:\; ;,I
;; /T A

|

Bt [ |

Fig.1 Fitting result for CIONO: from the spectrum
observed on Jan. 25, 2021.

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 2022, a paper on the temporal variation of OCS
(Hannigan et al., 2022) was published. CIONO, and some isotopes of
methane were newly analyzed.

CIONO: is a reservoir of chlorine containing species together with HCL.
The sum of the two species almost becomes the total abundance of the
chlorine-containing species in the stratosphere of the mid-latitudes and
is important to the monitoring of the decrease of the stratospheric
chlorine according to the Montreal protocol. Absorption lines of CIONO,
exist at 12.8 pm, but they are very weak. The retrieval was performed
using parameters for Jungfraujoch (E. Mahieu, personal communication)
as areference. Fig. 1 shows a fitting result for CIONO; from the spectrum
at 779.30-780.60 cm™ observed on January 25, 2021. The weak absorption
of CIONO; can be seen at 780.2 cm™ and the residuals show that the
spectrum was fitted well. We will continue the retrieval in the future.

Atmospheric species from different sources have different isotope ratios
due to bioactivity, etc. In addition, chemical reactions sometimes cause
isotopes to fractionate. Therefore, we can obtain information for sources
or chemical processes from observed isotope anomalies. Usually, the
isotope anomalies are very small (in the order of permille) and accurate
measurements such as sampling are needed. There are few measurements
with infrared spectroscopy because the uncertainties of the absorption
intensities are usually as large as percent or more. But the variations of
isotope anomalies sometimes show values in the order of percent or
more and the uncertainty of the absorption intensity does not affect

‘ " :W.\}LHM,M“

13 1M [T S PP T

13 s [FEE ] T 4 T

Fig.2 Fitting result for "CH. from the spectra observed in 2021.

AUERRIBEICYY TV I TS OBRBERMIICL>THRE
LTEfeo —H. HFADXTEHIBREDDRVAMETEHIRINGEE
DEBWIRIIRZ FAWNIEEEITISRIRE TH 20Y. IRIIRDBERE T
% BEOREEMENH D EHE L, % BRID MR EZE
BELICKRDZZEEF#EHLW, LML, BAALLOBERNRZES)IE
% A—F—THDI D% WIRBEDREEMEIE/ A T7RXEL
TETDOT—FICAKRICH HEREEITIFHE LRV, ZIT,
HERNRBRZEB THNIEFTAR X TEEATETRRVWHNEER, £
FIEAT VICDWTIREEIRSDIZ. X5 VITiE ?CH. Dt *CHa.
"?CHsD &EWo I RERMMIAHNFET D, K2 I 8 um HOKEE
T PCHs ZBITUCHIc T4y T4 VT DIER%ERT, PCHs DIR
IiE 1234.2 cm™ (HEICH B HBRBVEDTSEL T4y TV
T TETWS, “CHsD IEDWTHBITIFHAHTWEH, 2551354
WIRIENEIZBOD > TWRWD T, BRITICHE Lo RESEE DR
FEDSEHTWFETH S,

NHEIFHEE 11 AHSSE 3 AL TH 63 REiRitisEAIRKICE
BELLTSML. Z—N—TFLy o vr—SHERVN KT ENRD
BRAZET e, RRENRKIF. KRFOESEHEZEWN., FEX
KOFFHBROREZELC THRER - PHBEORE - MEIHD
RECEBLRZINERLT, LML, BIEMIBTIRAKEARDOE
BB FT+DTH B, A—/I\—TLyvIvr—THKIF—EBE (SE
IZ18km) ZREBRIZET 2 ENTHET. 2 RTERESEDER
BlickDENFROEHERZE LAKKEEH TEENICAE TE,
ZDKEDFEEHESZIBIENTED, IhERBMEHD PANSY
L—9—BHRLUORMOSKRBBINT —YEHAEDEDZEIC
&b, XAREAKICLDEHERMED 3 RITWHEKRERZDZEN
BN TH 2. SEFEAFEORINEBMNT. 3 EOKIKEITL
WIhH 18km HETOKELEICHE N UIco 3. 4I1C1EED
BERDBEFEBERAVN—DEE%ERT,

NHEIE 2015 FNSEHERBRELY Y- DFMESEZLT
BD. SELALMOFMEERICHE U TERBRELY DT>
TWAIAROMZTolco Ffe. 2020 Fh S =K IR 5 5 25T
HRMBEERZEEERD, AFRFOBITVWSIANREEREZF
DC 8 BIDBERICHBE LT,

B, ! -:—,-.'-f?'H

Fig.3 The first launch on January 6.
(Photo by Noriyuki Takeyoshi, JARE63)

relative changes. Therefore, we can measure the relative changes of the
isotope anomalies with infrared spectroscopy. We recently began the
retrieval of isotopes of methane. Methane has isotopes such as '*CHs,
3CH4, and CH;D. Fig.2 shows a fitting result for *CH, from the spectra
in the 8-um region. As for “CH;D, we are searching for adequate
wavenumber regions to fit.

Associate Professor Murata participated in the 63rd Japanese Antarctic
Research Expedition as a summer member from November 2021 to
March 2022 and carried 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 (18 km at this time) for a long duration and
observe momentum transport due to gravity waves in all frequency
bands, and its horizontal distribution is clarified as well. By 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 future predictions made by the climate model. Three
balloons were successfully launched from Syowa Station in January and
February, followed by a level flight at an altitude of 18 km. Fig. 3 and 4
show the first launch on January 6 and a group photo of the launch
members, respectively.

Associate Professor Murata serves as an evaluation committee member
for the Center for Health and Environment, Miyagi Prefectural
Government, and he attended four committee meetings. He also serves
as a member of the environmental assessment technology examination
committee, Miyagi Prefectural Government, and he attended eight
committee meetings.

Fig.4 Group photo of the launch members.
(Photo by Kentaro Baba, JARE63)
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KEBEMERS XA T L « TRILFXF—5ZEEE  Solar and Terrestrial Systems and Energy Sciences
KERY AT LH4EF  Urban and Regional Environmental Systems

KEREKRTEICE T 5%

Researches on Water Resources and Environments

EHIR ARERE
Associate Professor

Kengo Kubota

KERVATLZRH T, HRDODKEEZHERTZEZAEBL. UTOMEICEDBATWS,

1) BRRBRETKOES T LDFRFR

2) TKEZNT7 7O0—FIC LB COVID-19 REARMV AT LDEE
3) [UEEH L MFIAECABRREICSZ BRENMEFEDORFE

4) EHEBLEMEORRIBRERMOTREICLDRAFKEXH =X LDREH
5) BB/ AT U/ OV —ZRWHK - EEYLE EHEYRE DR

Our research topics in 2022 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 environmental biotechnologies and microbial community analysis

TKLIEFMFROMEVBEDRRAICTIT

EMFERREKLEIZ, TRKEVATLICETZ2HEZEMD 1D
THDo MEMICE>TRESNDLEBTOLRICEWT, HMEY
HOBRIIRENTH S, EREVORITIEEIIE - BE%Z
FEoTWeh . MEYMDOREIBDIEARBNBIBFENHLL JEHEF
BIZDOWTH 1-15% BEULMEETERLWESEDhTWS, 22
TEEBICKRSBWHEYORITAEE LT FEMENFENE
AZThtc, Tnic&h. #ERKT v IRy I X TH > IEYMFERIL
BE7OEZXDO@BEINEATVND, KIFRETIE. BHRDOTKLE
EEFREOMEYBHERSES L0 ATHEMBERESNCT D)
. BEZEYO 16S rRNA B FZENELTEBTZE 0T,
ZOHER. TKOEZFMESRICIE 400-1,100 ®fE. 600-1,500
DEHNFEL VWS EHERIN, PFILRNILOHEYEERBIETIE
Proteobacteria (Alphaproteobacteria. Gammaproteobacteria.
Deltaproteobacteria 7' ¥ ) & Bacteroidetes "B ELTW3 &
EZEBASMNIC LIz, DI, Acidobacteria. Actinobacteria.
Chloroflexi, Firmicutes. Nitrospirae. Patescibacteria A% 15
LT1% UEFELT W, FIT7HEYBEELTEY Y TILIC
HBULTESNZELANILD OTU 132 THD., HHEEFEEERDH
25% E& T, A7 MEMBHZHRAKMDFEFTRELBRLLE
23, HBEEN—BRESNZ2H0D, Z<IFERDOTKLEFNEF
RBICIBREDTH D ENbh oz,

FIEWIERANICERE T % Patescibacteria ICDWTELDEE
xR % 1T oo Patescibacteria a1 XA/ NI EW
SKH#ZENL. BEFRY YL EAR0.22um THEBLT
SR d 22 & T Patescibacteria ICB 9 5 M A YW O A%
BEEXEZ10EU EICTZCEN TS, FEEBRRICRSNS

Understanding activated sludge
microbiome

Biological wastewater treatment is one of the core technologies in sewer
systems. Treatment processes are driven by microorganisms, but our
understanding of the sewage-treating microbiome is limited. Analysis of
prokaryotes has traditionally involved isolation and cultivation, but the
majority of microorganisms are in fact difficult to cultivate, and it is said
that only 1-15% of microorganisms in activated sludge can be cultured.
Molecular biological techniques have been introduced as a culture-
independent approach for analyzing environmental microorganisms.
Our laboratory investigated the microbial community and core
microorganisms in activated sludge in Japanese sewage treatment plants.
We estimated that there are 400-1,100 genera and 600-1,500 species in
activated sludge. The community structure at the phylum level revealed
that Proteobacteria (Alphaproteobacteria, Gammaproteobacteria, and
Deltaproteobacteria) and Bacteroidetes were dominant. In addition,
Acidobacteria, Actinobacteria, Chloroflexi, Firmicutes, Nitrospirae,
and Patescibacteria were present at an average rate of more than 1%.
There were 32 genus-level operational taxonomic units common to all
samples as core microbiota, accounting for approximately 25% of the
relative abundance. Some members of the core microorganisms in
Japanese activated sludge were identical to those found from activated
sludge in other countries, but most of the core microorganisms were
unique to Japanese activated sludge.

We also conducted detailed investigation of Patescibacteria present in
activated sludge. By taking an advantage of the small cell size of
Patescibacteria, we filtered activated sludge samples through a 0.45-um
pore size filter before analysis. It was found that the relative abundance
of Patescibacteria increased more than 10-fold. The number of
operational taxonomic units (97% sequence identity) of Patescibacteria
found in activated sludge increased about six-fold after size-fractionation
treatment, revealing the greater diversity of Patescibacteria in activated

g FTER
Professor (1#%11%%8) Professor Associate Professor
Yu-You Li Daisuke Sano Daisuke Komori

iR AT KE HEHIR KR KHE

Patescibacteria @ Operational Taxonomic Unit (97% 18R
) OBIFH A AN BELIBZTSZETH 6 FIcixD, ThETR
BSINTWEMERFICE TS Patescibacteria D& E% 1
HEASNCTDIENTER, KXY T/LBTZTSTET,
Patescibacteria ICB 3 2 &EY D bins ZEIINT 5 EMNTE,
Patescibacteria @7/ L7 7O—FIC KD EBERRRAICESL
SHZERMNBMEIESNT,

Fig.1 Activated sludge bioprocess in a sewage treatment plant.

Fig.2 Microorganisms in activated sludge.

sludge, which had been overlooked so far. The metagenomic analysis
also revealed the diversity of Patescibacteria in activated sludge. We
were able to recover bins of Patescibacteria, and obtained basic
knowledge that may contribute to the elucidation of the physiology and
ecology of Patescibacteria in an activated sludge ecosystem.
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BATEE RXFT LSRR Environmentally Benign Systems

EFEEE 7Ot RXE4HE  Recycling Chemistry

BER-VERREEROREZBHELT

Aiming for a Resource Circulation Society

o -
wi%  HE ByEA

Professor

Toshiaki Yoshioka

LUAREIL. BR-YPERREMKOERZEEUVEEY - FK-HETROFLUWMEZU AL 7O APAEBET O ADBEZT T\,
BIZIE. BATSZAF VI, KE/\AATR, 2B, FNMBEVEHICESLSNICEDFREYOV Y IVLIZBOTRETH D, ZI T
BHUTAIINEOED FREEVICRABCENT TO—FZREITEE T RAERZABI2ERICERTZTOLRDRAFEZT>TWL
%, Flc. HAPHAROPICEFEREVTERAREEYNEETNLEITHHEINTVDIHDOLH D, HEKCHEARICEEN BT
EEYZRAVWTGERNICEIRLTWS, MEtEMEBEL BRI RIREOHK - FA RO ETOERZEEL TS,

In our laboratory, with the goal to realize a resource circulation society, we are developing novel chemical recycling processes for solid wastes as well

as treatment methods for discharged water and gas. For example, the recycling of polymer waste has been known to be extremely difficult due to the

complex combinations of different kinds of plastics, woody biomasses, metals, or additives. Therefore, with a variety of chemical approaches, we are

developing the processes to convert polymeric wastes into useful resources that could replace natural resources. In addition, waste water and gas are

discharged containing many valuable compounds. We selectively recover these useful substances by clay materials. In addition, we are developing

eco-recycling processes to regenerate and reuse the clay materials.

HRT—~

cTIAF v DRHHESERERO SEERBFEICET X
TLBEICE I BREME (Fig.1)
BB VIO MERICRF e\ HIERT O AR (Fig.2)
- BIREKERIEY RV Ti,ZrCe BREMIC LB CO2 DRIRKIKE
BLURBERMBD SOERLERERDORIGROMS (Fig.3)
HEDERYF IR L BRRREFHASENL (Fig4)
CBABERICEZTIRAFVI, NAATR, db, BHERERE
REERDIZFREEHL

- ERFAHAN—RADWBREES SCHDO U F7)LICHIT 7
FBER N ORISR

- KISEMEY 21— I)LHEIEM O EINR SR

- BIEREEOERBERICAITICBIERN 7O AN

RETFERICEEFNZRRREMADR G RRLE
E#EMORERZIVNV B TEMS NIcEBIREKBREY DGR E
7z /—IVEORERE

* TixZr(1-x)0. DREEERZFAUCIREHR & LTOHEEEL

- ABRIREH Z AW ot B R

- BItRERBRERCYOEHE T =AY DIRER T

R =000 FEERE LR RN RN R
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W
LFAPAEE HA TR
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[
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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

* Material separation from thin cables in used wire harness by combined
physical and chemical processes

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

* Development of an electrodialysis process for chlorine cycling of
chlorine-containing resins

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

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

* Functionalization of Ti.Zr(O- as an adsorbent using surface base sites

* Study of lactic acid adsorption for culture medium treatment

* Synthesis of layered double oxides with high specific surface area and
anion adsorption properties

IR N W WERSER T | (5-19 2021-2025
IS > ONETRSRERE L X RN BCAL 0 AP LREE T SRR

EmEm  SSEEEEE
e R
EEE @

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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Associate Professor

HEHIR HEET

Associate Professor
Tomohito Kameda Yuko Saito

Assistant Professor

B REERE

Shogo Kumagai

O BHE (3t134)

- D4 FEXHZEAEREEFREEE (BAND)

—RHEEAREVERBREZSEME (BHET)

- 11th International Symposium on Feedstock Recycling
of Polymeric Materials 2022
The Best Oral Presentation Award (%A , #E:E)
The Best Poster Award (BB%iR)

BT TUTIVERE 145 DR MEERES NERME (H018)

- 4 BRE(LFENRE BFE (RHES)

- 5 33 EREEVERBRZRMARE RS (R)IIEHE)

cFBORENTFERYI—VTIANI—ARKIVRI T LA,
F23ETIRFYIIVTA VI RERRR N HaERARRS
REFRRE EO=X). BERRE (FHHE)

-8 13 EREEVERBRYIRILIZE. £ 9 EHAKRERZS
RIXHERARFEERR BHERRE (REEXE, BHH)

- Bl 4 FECERZHRFILAR BFRRY—E (THE)

O EEROTOY T b (5t18#)

BAE 54
MBI /N0 MERICE T fo/\O 7 > S O E R,
EBME (S) (Fig.l) &

ZELaAE (NEDO-ERCA %) 5 ¢
T FS2AF v O ERBRORERE )\ A BEAD o DEAfFF,
ERCA ¥BERIFFFTRAZ (1) (Fig.2)
IX&H CO: =FIATEEAFALERE - RIG% (quad-C system)
DFF) NEDO A—>r ¥ 3v NEURSRFERE S (Fig.3)
THEANEY F I —NREEIC L2 ERRZERNBSEL,
JST BIRHIAFR X IBEEE (Figd) &

ZOMHFERRE 284

L=lriemaw B4
WSEFETICHERARBLECAT-HETECRENTERER

KEDCO,EH AT RCRS EEE - EERiquad-C system) 0 5 &
RO 2 EEEEEL I ERECD, 05 8- RRRROE T 2R

e o o @ @ eem—
2 e FEBDCO, B
e o o o @
® €0,
M g CO;Mg-AlLDH CO,+Mg-Al LDH
l" '... @ ." ™
)
@ @ @ @ @ EE mAM COrMg-AILDH
COy-Mg-AI LDH ?3 :: ns
=@ @ 2

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

O B - BIEFEE (5t 24 4)

+ Ideas and strategies for making plastic a sustainable material (OECD
Workshop on Flexible Food Grade Packing-Economic, Regulatory or
Technical Barriers to Sustainable Design from Chemicals Perspective)

=B

c BRBREBEREXZ2TININITAVINEIAATSIRF v OFEZMEE
(RBAZ21—T7/0V—%R) (EREEH)

* Environmental purification technology applying layered
double hydroxide (FF4FE{LFERAREIILKRR) (BEHAIA)

* Adsorption of lactate and ammonia by layered double hydroxide and
zeolite (6th International Conference on Catalysis and Chemical
Engineering) (BHEIA)

* Characterization of engineered plastics using pyrolysis-GC/MS
(International Online Analytical Science Conference Advances & Recent
Trends in Analytical Science) (BERIFE)

* Potential of pyrolytic synergistic interactions during co-pyrolysis of
plastic, biomass, and petroleum (23rd edition of the International
Conference on Analytical and Applied Pyrolysis) (FE&AFE)

* TIRAF VI ERBREFHRARBHIOERICAITIT REHELRER
T7A—7L) FEEETF)

O BERTERER/IC (5H158K)
LV ES - {50 - B (FH48])

+ Exhaust gas treatment using MnO2/Mg-Al layered double hydroxide:
Assessment of its mixed gas removal performance and regeneration, T.
Kameda, Y. Takahashi, S. Kumagai, Y. Saito, S. Fujita, . Itou, T. Han,
T.Yoshioka, Chemical Engineering Research and Design, 431, 134030
(2022)

+ Improving levoglucosan and hydrocarbon production through gas-phase
synergy during cellulose and polyolefin co-pyrolysis S. Xie, C. Ma,

S. Kumagai, Y. Takahashi, T. Kameda, Y. Saito, T. Yoshioka,
Sustainable Energy & Fuels, 6, 1469 (2022)

* TIRAFY I IBGA VI DOBIREGREL
BT, SMEEA, BRI E. HZEERIT 766. Vol.61. No.6 2022468

SRR T — R BIE" )

FHA
FAS2FY AT

“EEHTIOER
[$EBRSIAR |

UL - m{ThEiE
{E2RBOMBEET

Fig.4 Highly efficient utilization of carbon resources by the control
of pyrolytic synergistic interactions during co-pyrolysis
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BAHEE S X T LFEEE  Environmentally Benign Systems

BIEair{t¥ 498  Environmental Analytical Chemistry

RIER-ERRMETANORERAZBIE L
#UWMEZ DI EF—7 OFRFE

Development of Chemical Motifs for Environmental and

Biomedicinal Analysis

Bz Sk MiE
Professor

Nobuhiko Iki

HMRETR. REPERIFICKITI2REEMRTZILZHEL. 2FRBICEIHLWAIMFEDORRZIToTWS, DFRHIL
RICEDIDEHULWEREEF T ZRFKL. EEODMMFECIGAL TV ZEE, PNEMORBHNLBRRICOBLNZEEZITWS, SEE
BIeEBBROTHST) B4 % Ca-Th-TCAS HEED G KU 2) K AMIANEERBER Pt(I)- SV AILEEDRHAICDOVWTHENS,

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) synthesis of heterotetranuclear Ca-Tb-TCAS complex and (2) active delivery of Pt(II)-diradical complex to cancer cells.

£1% 4 #% Ca-Tb-TCAS fEFDZEIRMN G A & FLhFE

—NFHICERBIEBAAVZEIZEKBROEGKICIE. A
BEERBREDRIERYDEREZIH T B, RALFDEZRH
OB ERAEDIDETH ofco BRIGFTFHIYVIRTL—Y
(TCAS) WK BRFT 3 EEDEK 4 KA (CassTh TCAS2,
x=1-3)ZECHEHBNICERIZcELZ2zRELE, BE
kb (CaTbTCAS) & pH Z #l il 9% & & T CaiTbsTCAS: # 1
(CaTbTCAS = 1:3:2, pH 6.0). CazTbzTCAS: #&{k (CaTbTCAS
= 2:2:2, pH 10). CasTbiTCAS: #& & (CaTbTCAS = 3:1:2, pH
1M BZNZNBIRNICERATRETH o 7c (Fig.). Fico BEHROD
TbsTCAS: Az B RE. —HUED Ca1AVERABITRIET.
CaiThsTCAS: tiAZ BIRMICER TEfce UKD, BRER
(Ca, Th, TCAS) zEEDEIETRE L. pHZ AR ITZEIFT T3
BEOEXK 4 MBERZRBIRNICER T2 EZREL L, S5IC.
INSDER 4 ZEKIE TCAS HS To NDITRILF—BENFN
ZnU (Fig.2). BVWEFNEERFGRNAZFHDOIEZHEHSMIC
Ufco UEELD, BULWHKAKEZRFDEK 4 % Ca-Tb-TCAS ##
ROBIRNEREDTEILITRI Uz,

‘A RIREN DREEIRRZEZ FTREE § %
Pt(ll)- 3 I hILEFDREF

BADFHIZRREE LTEHRRENEESTNTVS, Ihidk

Fig.1 The formation of three types of
heterotetranuclear Ca-Tb-TCAS complexes.

Selective synthesis and luminescence
properties of heterotetranuclear
Ca-Tb-TCAS complexes

The synthesis of heteronuclear complex comprising different metal ions
required a precise design of ligands or a convoluted synthesis method to
circumvent the formation of by-products such as homonuclear
complexes. We have found that thiacalixarene (TCAS) self-assembled
into three types of heterotetranuclear complexes (CasTb,TCAS,, x=
1-3) in aqueous solution. In the optimum conditions of the mixing ratio
(Ca:Tb:TCAS) and pH value, the selective formation of Ca,Tb;TCAS,
complex (Ca:Tb:TCAS = 1:3:2, pH 6.0), Ca,Tb,TCAS, complex
(Ca:Tb:TCAS = 2:2:2, pH 10), and Ca;Tb,TCAS; complex (Ca:Tb:TCAS
= 3:1:2, pH 11) was achieved (Fig.1). In addition, the Ca,Tb;TCAS,
complex was selectively synthesized by mixing the previously reported
TbisTCAS, complex with one equivalent amount of Ca ion. As a result of
these findings, selective synthesis methods for three types of
heterotetranuclear complexes have been developed through the
optimization of the Ca:Tb:TCAS ratio and pH condition. Furthermore,
these heterotetranuclear complexes exhibited energy-transfer
luminescence from TCAS to Tb, with high quantum yield and long
luminescence lifetime (Fig.2). In conclusion, we have succeeded in the
development of a selective synthesis method of heterotetranuclear
Ca-Tb-TCAS complexes possessing high luminescence properties.

Cass ThTCAS;z (x = |-3)

Fig.2 The schematic representation of energy-transfer
luminescence in heterotetranuclear Ca-Tb-TCAS complexes.
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Assistant Professor
Ryunosuke Karashimada

FEBEDB VAR (NIR) B2 TRINT 2R AEREZ D AITE
EU, AEDS NIR RZRBE T2 ETREVHATHAMIEZR
BI2IEICED FRIIDANDERIEETH D, HAMAD
REICBRFKRLTCWBLETY—EI—TvRETRUAVYRER
BEBKICEATENIE. DAMRRICESNICEXTES, B
BEIC#ifEN T NIR IRINEEZ R Y Pt(l)- ISV HILEEFZERWEL
TW%, SEIETILEUTER (FA) & Pt()- 5 I AILEHEANE
BiLlco AIEBEDODAMIBNDEEEZRNIc& 2 IHEMTH (I
EEN10 U ETHD. FAEBHOBREERI ZEH HER, Y
H—BAFEFRMBOY A MEMERIEETH D, HEDESMIBA
DXEICINFARIEETH S (Chem. Lett., 2022, 51, 1157),

ZDfthDEED

(Handbook of Physics and Chemistry of Rare Earth 62 DHAR)
Naoya Morohashi, Nobuhiko Iki, Lanthanide-calixarene
complexes and their applications, HPCRE, Volume 62, 2022,
Pages 1-280, Elsevier.

KNV RT3 HLEOYBEALFOREKT 2MRBEHRZERET 2,
% 62 #7TlE Calixarene- Z LD DWT 531 DA S L.
EAIFERER SBAOREMN. 8BS, K. #ee. MRISHEOSESN
SEEFHU. 445 BHED Calixarene BeirFzED &5 7z,

(EF#E) Nobuhiko Iki, "Capillary electrophoresis as a tool
for kinetics and thermodynamics of biomolecular and metal
complex systems" APCE-CECE-ITP-IUPAC 2022, Cambodia.
(HER#EE - RERA) BREAE—SFER 454,12 A7H),
eEELRIER (114,12 B15H).

(%H)

- R MR RME TERER T Y Z N OEEE L&D RED
EDFF ESMHEZN. BEMMEZERRILZE. 12817 H
IOV TAT - TIRE THAR—I VT EAWGERNRIRS T
HIVEEBEAEOHBEADEHE, D3 ENEKR. AEOAHEIFE

YURY UL, TH23H

g Fidw comphe
L

RARE EARTHS

\ i st

S——— [rms———"

Fig.3 Modification of the Pt(II)-diradical
complex with folic acid and enhancement of
the delivery to the cells.

Fig.4 Handbook on the

Rare Earths, vol. 62.

Physics and Chemistry of

Development of Pt(ll)-diradical-complex-
enabling active targeting of cancer cells

Photothermal therapy, whereby materials capable of a photothermal
effect are delivered to cancer and then highly transmitting near infrared
(NIR) light is irradiated to produce heat to kill the cancer, has attracted
much attention. Selective delivery of the materials to cancer is of key
importance. Active targeting is one promising strategy to modify the
materials with a ligand that binds to a receptor excessively expressing
at the surface of cancer cells. We have already reported Pt(II)-diradical
complexes having high photothermal conversion efficiency. Herein,
we attached folic acid (FA) to the complex as one of the ligand materials
for cancer. As a result, the amount of Pt(II) complex introduced into
cancer cells increased 10 times more than that of unmodified Pt(II)
complex. The strategy can be applicable to other ligands (Chem. Lett.,
2022, 51, 1157).

Other Activities

[Publication of Handbook of Physics and Chemistry of Rare Earth 62]
Naoya Morohashi, Nobuhiko Iki, Lanthanide-calixarene complexes and
their applications, HPCRE, Volume 62, 2022, Pages 1-280, Elsevier.

The handbook deals with a research area related to physics and chemistry
of rare earth. In Volume 62, we cited 531 studies to describe chemistry of
a rare-earth—calixarene complex in terms of ligand design, stability,
structure, photophysical properties, functions, and application to
materials. The number of calixarene ligands described is up to 445.

[Keynote Lecture]

Nobuhiko Iki, “Capillary electrophoresis as a tool for kinetics and
thermodynamics of biomolecular and metal complex systems,” APCE-
CECE-ITP-IUPAC 2022, Cambodia.

[Visiting lectures and acceptance of lab tours]
Sendai Daiichi High School, Miyagi Prefecture (45 students, December 7)
and Kitami Hokuto High School, Hokkaido (11 students, December 15).

[Awards]

*Tohoku Encouragement Award for Analytical Chemistry for
“Functionalization of Heteronuclear Dinuclear Lanthanide Complexes
and Development of their Separation and Analysis Methods,” by
Ryunosuke Karashimada, Tohoku Branch, the Japan Society for
Analytical Chemistry, December 17.

* Poster Award, Michinoku Symposium of Analytical Sciences, for
“Development of near-infrared-absorbing Pt" complexes toward cancer
photothermal therapy agents,” Ryota Sawamura (D2), October 2.

X i

sy RE R

Sl ERL, I B A e
maRETEA AR

Fig.5 Snapshot of the lab-tour.

Fig.6 Certificate of Tohoku
Encouragement Award for
Analytical Chemistry.
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(IEMFRE FRE)
Professor

Hitoshi Shiku

Development of Environmental/Biomedical Sensors and Visualization Systems

for Material Functions with Micro/Nano Electrodes

-

BRE. BINBT A ZRDNA AGR-RBBEEZY UV T ICREBPR/DFTESNTND, INE5DT/NAREAVNSIET. ThETHULNS
CEGRREBET DI EP, BENDDELRETME - ERARENTRICE TV, Ffo. ERERMULBNGIRIETF v T 2E8d
32&T BEERNAVYEFRATOEYEDEZY IV IHAIREILED, TOLSBERNDRHIC. KLRFYI/0 +/ Y RTLZEH
AAEBRILZETINA RDHFKZETo>fce BT ICHAREDAVN—DEEZRTY,

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. Figure 1 shows a photo of members.

£4ETIV (HiaRERE. 0E) At ORE

NEEFLAO VYT LEEBRE U, MAEELITR
NHMSE AR Y0 OFET /A ARICHRL, EERBRILS
AR (SECM) THREMMETV. HHTHEA TR SR
FLELTRRE T (”2),

EFFFOEREL>YORR
HNAT—RRIGICEBY T FIEBY AT LEET B 1L/ Tyt
VAT LERSEL. EFIVMEOBRENERRELE (M3).

MRS HRAID e DEKILERIN Y AT LDFRFE

BRELZERIGTEEIZIERTHIBESILERNK (electro
chemiluminescence: ECL) #FIB U/ ig#EEsH IV X T A
ZRREUE (K4), fIZE BEAEDEWVCLSMEEEER
DZEALDORIRILICHKII U e,

N RATIVOBRILFEE KT ORRE

SRITEEEBEFERT 2o, HMRRSBHMRTHZ/N\IROY
ILBEWSNTWS, ZTT/\A ROTILZHHEDEDEKITA KD
5hTWe, 22T BRILZRZEFBLL/N\( ROTILZEES
TR2RMERFK L (B 5). CORMEEDIE. DEDELSBEM
RIS AR TE S,

Biosensors for tissue-mimetic models

We developed several sensing platforms for the vascular models.
Microfluidic devices consisting of vascular networks and spheroids
were prepared, and we showed that scanning electrochemical microscopy
(SECM) is an effective means to evaluate respiratory activity of cellular
spheroids treated with drugs (Fig.2).

Highly sensitive biosensors

We reported the immunoassay system based on cascade reactions for
signal amplification (Fig.3).

Electrochemiluminescence imaging
for cell analysis

We proposed electrochemiluminescence (ECL) imaging by converting
electrochemical reactions to optical signals. In this year, we developed
the ECL system for visualizing cellular adhesion of vascular cells (Fig.4).

Electrochemical gluing of hydrogels

For fabrication of three-dimensional tissues, hydrogels as scaffolds are
widely utilized. A method for assembling hydrogels is desired. In this
year, we developed an electrochemical system for gluing of hydrogels
(Fig.5). In the future, this technique will be utilized to fabricate complex
tissues and organs.

| Electrechemical analg.rsis] MicrtiHoos

Kembrane
weth a micropoee

Fig.1 Photo of members in 2022.

Vasculanzed 3D cultuned cells

Fig.2 SECM for analysis of a spheroid integrated
with a vascular network. Reprinted with
permission from Biosensors and Bioelectronics
(219, 114808, 2023). Copyright 2022 Elsevier.

Friditrieminn Fhromten
g
FPEpA FH

Sigmal aemplification uning cosgulation cascade r*_’

Perfusion

Wasouler retwork

Fig.3 Immunoassay using thrombin cascade for
signal amplification. Reprinted with permission from
Analytical Chemistry (94, 12427, 2022). Copyright
2022 American Chemical Society.

Associate Professor

A ]

HEHIR FEREN  HERR HLAX  HEHR RO SR

(LB SRAE) (LBKRE )

Associate Professor
Kumi Y. Inoue

(R EEERIA.

Associate Professor
Akichika Kumatani

Kosuke Ino

EERERLF ILEEMEEZ BV oA Rl

EERESLZEILEMEE (scanning electrochemical cell
microscopy: SECCM) ZRHWT, KERERBREDZHD
ZRTEMBOFMEETolce TNOSDIERIE. MHRIRFTDIEEHIC
fATES,

FRER
BEEE - RERE4 42T, IhoxEH. 30 U LD
FREREToI,

=h
RE

OFREFEN CEBIR) - R FE (BESTEFRRICKEERE)
OFREFEN (BRI BRE (kR0 F/YATLER
OFEAE (EHER): BFRIY—E (54 [ COl ZMRRK)

OH EAE (£#IR): BFE (LRRZELZLARSERAMMFREME)
OREABEE(ERR) MRRZHF Ny TNV AR A REGIERSE)
O&=MEHC (D3): RILAFHRRE

OfFEEfZAER (D3) : BHFFPEHFEE (2022 FBILEUFAR)
OFEEGZRER (D3) : AL RRME (BEADF{LER

OFBETE (M1): REFE. DOWA H (£ 4 ORERFHHRE
OEBERIC (M) RRY—E (LERFHIRIEAR)

FiiME TORE. EBHX (E6)

O Analytical Chemistry, 94, 16451, 2022. Selected as a cover.
O Analytical Chemistry, 94, 12427, 2022. Selected as a cover.
O Analytical Sciences, 38, 1297, 2022. Selected as a hot article.
O Micromachines, 13, 420, 2022. Selected as a feature paper.

i ¥

-
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Putative mechanism
CI™ + 20H" — CIO~ + H;0 +2¢~
CI0" + H* = HCIO

ME - MHERZEE RE)

wE

BE B
? WS
5 KE BF
\ D R
" i B

B BAK #E] B HEXE
(FERZE7OYT 4« THREM.  (FBRET7O02T 1 THRMA.
THHRE R MHBEEEMR F#ME)
Assistant Professor Assistant Professor
Yuji Nashimoto Hiroki Ida

Scanning electrochemical cell microscopy
for evaluation of 2D materials

Scanning electrochemical cell microscopy (SECCM) was used to
evaluate hydrogen evolution reaction (HER) and other reactions of 2D
materials. Electrochemical images of SECCM can be utilized to design
2D materials.

Conference presentations

More than 50 presentations were given, including four special lectures,
one plenary talk, and 12 invited lectures.

Awards

-Kosuke Ino (Associate Professor): Award of Analytical Chemistry in
Tohoku (The Japan Society for Analytical Chemistry, Tohoku Branch)
-Kosuke Ino (Associate Professor): Award of Shorei-sho (Society for
Chemistry and Micro-Nano Systems)

-Kumi Inoue (Associate Professor): Poster Award (4th COI Conference)
-Kumi Inoue (Associate Professor): Academic Award (Gender Equality
Office, University of Yamanashi)

-Akichika Kumatani (Associate Professor): Core Research Cluster for
Materials Science President's Award (Tohoku University)

-Tomoki Iwama (D3): President's Award (Tohoku University)

-Kentaro Ito (D3): Excellent Presentation Award (ECSJ Fall meeting,
2022)

-Kentaro Ito (D3): Award of Tohoku Analytical Chemistry (The Japan
Society for Analytical Chemistry)

-Chisato Ito (M1): Excellent Presentation Award, DOWA Award (4th
Academic Forum on Environmental Studies)

-Akihito Sato (M1): Poster Award (Joint Meeting of the Tohoku Area

Chemistry Societies)

Journal Covers, Featured Papers,
and Hot Articles

-Analytical Chemistry, 94, 16451, 2022. Selected as a cover.
-Analytical Chemistry, 94, 12427, 2022. Selected as a cover.
-Analytical Sciences, 38, 1297, 2022. Selected as a hot article.
-Micromachines, 13, 420, 2022. Selected as a feature paper.

Fig.4 ECL imaging of cellular
adhesion of human umbilical

vein endothelial cells (HUVECsS).
Reprinted with permission from
Electrochimica Acta (415, 140240,
2022). Copyright 2022 Elsevier.

Fig.6 Journal covers. Reprinted from
Analytical Chemistry. Copyright 2022
American Chemical Society.

Fig.5 Electrochemical gluing of
hydrogels via an electrochemical
reaction. Copyright 2022 by the
authors. Licensed under CC BY 4.0.
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EREE7OEZASEMEE  Sustainable Recycle Process
BiESY—y Ot XFESE Environmental Green Process Study

R REEDRIRDIcH D AT LEF

#ix BE RiE
Systems Innovation for Sustainability Professor
Yasuhiro Fukushima

VERRAZBCLDFHRTESLESORRICEIT T BRATEIESEZRTOERAKMORENTONTWS, HMEETIE. hs5D
R OWT, RROERK LOHESANDBANICLZERTIEIBRL BWBANBHRCETZERN TED LS. EVayAUYT VTR
BEREEITSTET, MENABRREMOERZRZ  EICIDBEATND, FICHRDKREKA—RYZa— AN ERETZH, /1
A ZAFEREAM,. KREEFA (CCU) &Kiff, ZLUTHERUTCIIIRMEYVERROIREBSBIFNEFBSHBVD, (LARRIZREEL
TIXNLF—ZB/BTVWBREE, BERRTHINAERSNIRILF—ZFE>THREERIL TV BIFNEBSBVREICEWNT, &Kl
VATLIERDSNZHEPHVSINEERERENER>T S, RROZEHE, DEGRINOEPEREDBEHAELEAZHSMLT,
ARt RDORRICET ERIMOBEPHBA/R—2a Y DRREZEIEY,

Many “green-process technologies” are being developed to realize a sustainable society, overcoming various serious issues related to materials
circulation. Our group had developed a platform (toolbox and database) to assist a vision-oriented design and development of systems that employ these
technologies, thereby effectively contributing to the realization of an attractive society equipped with sustainable materials circulation. Today, our
modern society strives for realization of carbon neutrality — a form of complete materials circulation that compels us to go through an unprecedented
change in the production and consumption systems. Biomass utilization, carbon capture and utilization, and post-consumer recycling are core enabling
technologies, the optimal design of which would appear differently depending on whether it is targeting current or future applications. We create future
society visions, explore combinations of required technology and resources, and contribute to swift innovation of enabling technologies that are
interrelated by circulation of various materials and energy.

BEMREICLDHIBAT—H

4B&bh, BESY—YTOEIESFIE. TRHERMLR TS Since April 2022, Professor Yasuhiro Fukushima, formerly affiliated
R LD EH L EERIEOMEEABYTE e Chote, Hie with the Department of Chemical Engineering, Graduate School of
- - Engineering, leads the Environmental Green Process Study at GSES.
C 5 BORH 4 FEETSHN DL, R vT4%, TERS g !
c DFEE IZFHEMSMWZ. RFTVT44, RERY Y
T2AME2A.KRERE10ZZMR 23 2 THEEZ DX o,

A new start with the Fukushima Laboratory

His group re-started with a moderate size of 23 people, consisting of
four staff members, two temporary staff members, two secretaries, and
10 graduate students, in addition to the five new undergraduate students.

EANZFSEM:

RIB(B4) . RAN(MT). MEMM2) . AKRR(DI) . EE(HIER)

— _ Mr. Fukushima (B4), Mr. Hasegawa (M1), Ms. Kato (M2), Mr. Yagihara
A —x " ] - o —_ ~
& HEAFCHES NP IZRER GR16-18H) KA~ (D1), and Prof. Fukushima participated in the annual meeting of the Society
YARSMUIce AV T AR TOSMERBXRLEDBVRITTES of Chemical Engineers, Japan (SCEJ; Kobe University, March 16—18). On-
fehd, BEEBHRERPRADEZE LS, ZL<DZEVDHZEM site participation offered many opportunities to acquire new information
Ehaofee REFICEILTRERMENREL., UBICRZKREIC and gain experiences, despite having much fewer attendees compared to
N N I - meetings before the pandemic. During the conference, a large earthquake
AREBXEHED, FVWVAREICKELEERZHELLBD L
& XX PR [sVAAN FEIC X = ENANY [

Domestic conferences

hit the Tohoku area. Luckily, no serious damage occurred. Prof. Fukushima

Fig.1 Staffs and Graduating Students, March 2022

Fig.2 Kazuki Fukushima presenting his research at Research
Conference on Advanced Chemical Engineering Studies (July, Sendai)

Y

HIEBH RES

$E(FERED (onxTRIP)

Research Lecturer (cross-appointment)

B#H KHF=E
Assistant Professor Research Assistant Professor VAZA P AtV S 04
Hajime Ohno Jialing Ni

Alexander Guzman

BE (BR) FERIZRUFRS (REF). MEFRS (Bl) I
HEAVTARSNML. YYRITLANOSIMPEERE ZTH .

EFfFESSMm:

ESCAPE32, June 12 - 15, Toulouse, France : 7 AY >
(%) ENAAKRE (D2) &, 75VR - bw—)L—XTHREI N
FTOCRAIZFDESRTH S ESCAPE32 [TEWT, RAY—HEK
Lfco MMREHDSIE. COVIDI9 EELUBENDOBATOEBERE
SINTHD., SEIELHWICERLBHSSBOEBENER R Z
ESMRFTROBALEREZR U, Flo. XERRROH DR
IWR—XZZHME. EIF—zREVCREE. BUABOHRERD
EFARELEEEVDARRNBTZBNALESIEDHTE .

EcoBalance 2022, Oct. 30 - Nov.2, Fukuoka, Japan:
IIONSYRAEBRSEIG LCADABFOFTROELH DEREF=
D—2THHN. REDR—ATHAZRMZK >TRESZNTWVS,
AIEEOAFRTAY S VHETE . SEIIERERSE
BILBWIN\AT VYRS hiz, BEMRENSIE 6 FOHRK
(A% 3, RRX¥—3) HfTbh, 20551 HREREFRKAT—
BEREEWSREZRUEIT T,

L=
RE

O BA LCA Z2MiEE, RBEREB (BR), 'S4 7917)LE
HEEAUYFUADTICLZERREFEDFR{L), 38

O % 24 OEixARERS, RIE—H (M1), TEF7=—-U>vJ
YIVICEBEETOCROFEICAT 1T, 78

O F15EITI/NSYRERRE REFRAY—E, WEZEK(MI),
BERG (3R), KHFE (B1%) "ELE=ZILH S DR IER I
IIMEFERZH5T O —ZBENZHIE%ZE R U EiLER
EFILERWA, 118

X
3 A Mg (f81), FEMEA (EL) 9 A:HEE (ED

The Mienmis] Internathonal Cenferrncy on Erel

EcoBalance 2022

Shifting Paradign with Life Cycle T

ctober 30~ Hovember 2, 2022 2
S N N ——r— ‘,}

Fig.3 At the EcoBalance 2022

also attended the SCEJ’s autumn meeting (Shinshu University) and the
Catalysis Society of Japan meeting (Toyama University).

International Conferences

ESCAPE32, June 12-15, Toulouse, France: Dr. Guzman (Assistant
Professor) and Mr. Yagihara (D2) presented their posters at the European
Symposium on Computer-Aided Process Engineering. This was the first
international conference after the outbreak of COVID-19. Many difficult
constraints were imposed, but they made a gracious return to the
international academic forum representing Fukushima Laboratory. They
also visited University of Bordeaux, where their young researchers hosted
a small symposium to offer opportunities seeking potential collaborations.

EcoBalance 2022, Oct. 30—Nov. 2, Fukuoka, Japan: This conference is
one of the most historical international conferences in the field of life cycle
assessment, held biennially. The previous conference had to go online, but
this time, it was held on-site at Fukuoka International Conference Center.
Fukushima laboratory gave six presentations (three oral and three poster
presentations), among which one won the prestigious Best Poster
Presentation Award.

Awards

* Yasuhiro Fukushima, Outstanding Contribution Award, Institute of Life
Cycle Assessment, Japan, March

* Kazuki Fukushima, Excellent Presentation Award, Trials for Chemical
Process Design Utilizing a Quantum Annealing Machine, Research
Conference on Advanced Chemical Engineering Studies, July

* Ryodai Makino, Yasuhiro Fukushima, Hajime Ohno, The EcoBalance
Poster Award (Best Poster) Can introduction of PVC de-chlorination
technology bring circularity benefits? An analysis using a multi-objective,
multi-regional technology choice model

New alumnus

March: Yuki KATO (M.Eng.), Yuto YOSHIDA (M. Eng.)
September: Yaqun Yang (M. Eng.)

Fig.4 With Prof. Dario Bassani@University of Bordeaux
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EREE7OEZASEMEE  Sustainable Recycle Process
HEHEMEIERESSEF  Mechanics and Design of Composite Materials

BRIBICEERBULNIVFIZr7>o>aFi

EEMRIOMRE 5 SR

Design, development and evaluation of multi-functional composite materials

#i® A £E

Professor
Fumio Narita

FRARETIE, 0T (E/ DAY F—%Y ) HRORRICEIRBEREE (TRILF—/N\—RRXT7120) HECEY Y HRIORE - RFE-
FHEICEDHEATWS, Flc. EBESIVvINTFPRESE VA VEZANRALCEAMBHTEEL, BE - HERFECERYE - MAKOR L
=RV CERN-EROMEZEDTVD, e, BEFRZEVLESD ZHOBEREEFEEMROBEEZBEL. ©/ILO—XF/T7
AN=BERU T —EAMRIPHEEERRZRE - BRELT A% - YERFECHBEEEOBRETMLTW\S,

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 (IoT) society. We focus on composite materials with piezoelectric ceramic particles or magnetostrictive alloy wires and address

improving their strength and function or 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

EBEZIvI/ AR £, BEERFEOFSIVEYILOY
B8R (PZT) ICIFBEYE (88) BEFN TV, THRIERTR
EEMHORENELZINTWD, AARETIE. A7V —FEEF
JHFHERIY—ZERL. kREBERILTZXF v (CFRP)
ZEEBULTCEMEL AL, AOFREBMBRICKHILTWS, Fz,
RUN—REBOEBRFABEEERZERBNICE(LIEERNE
BEEBNFIMRY—DOERAEZIREL, BiEzHlE L TalE
%, EfREE - P IRBAEEBEECENERI R EDEEZ®ERAL
TW3 (Fig.). SHOEBMIERFIND,

HERGTH
BHERMERT Tb-Dy-Fe A}, BRI PBBREER N
MELB->THD, BEETHZENSRABELTS, Fe-Ga
ASLRRICBHEFEETIN MIOBLSHRIOBEEL
BoTWB, AMIEETIE Fe-Co 71V / MlEAMRIERREL.
78 - HEXBICHHL TV S, o Fe-Co 71T ER->TTIL
STULBSITEDACKMERIL. HEEBRCERTIES
EHEAHMRERRELT BHALSRRLTVS, a5, PEH
B U BOBMERS MR ORARY - HOBAZLICERL.
BEVNALY Y ORRICAFHEEEH TS (Fig.2).

D
=

Typing Polyisnide " E#j
Cu . :
Electrical energy
BTOMYIF-TeFE)
Vibration

Functionally graded
pleroelectric composite

Fig.1 Schematic illustration of functionally graded
piezoelectric composites for energy harvesting.

Piezoelectric Composites

The design and development of carbon-fiber-reinforced polymer (CFRP)
composites with a function such as piezoelectricity are difficult due to
the conductivity of carbon. Here, we prepared a lead-free piezoelectric
nanoparticle-dispersed epoxy resin with laminated CFRP layers 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 shock 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. Magnelosirctive clad pale

Bending vibiration

Dutput voltage Frequency

Fig.2 Schematic illustration of magnetostrictive
virus sensor mechanism.

Bh# ;E Fotst Jsbs H#amEe T ES

; JSPS Research Fellowship
As_5|star_1t F‘rofgssor for Young Scientists
Hiroki Kurita

Zhenjin Wang

BRIEEAESHH

AARETIE. AEMELTERE TCHEBRLTESNZE/ILO—XR
F/ 77N, ERERRD D/\HIL MM S EDBERY —
zilAEbELEBRE- EBREESRESMR(JU—rIVRI YN
DORFEICEDBATED, HRBEICRITZHEEEZITERL
EREHEDHTND, £l BicIO—RF/ T7A/\—%4FEEL.
BRERRORIEICKINUTED. BREULDDHIAFDETER
EANOEMAEFINTWS (Fig.3).

ZDfthDEED

<ERERR>

- JUSPS MR SRFLREE A, STl SR E ToT %R
TEIVIFREREME - 7/\1 X ERHRIMSFRK

<ZE>

- 8th Asian Conference on Mechanics of Functional Materials
and Structures , &EFFHFKE, Toshiki Ueno, Hiroki Kurita,
Fumio Narita

- Symposium on Functionally Graded Materials 2022,
RIBFHHEKE, Kohei Maruyama, Zhenjin Wang, Fumio Narita

<8 U/ - LYVIVR - 7T—R GREULKE),
TSTOP BEEKXRE)

- BEK K x BRTFTIVKE 2022 B5K - HK x SDGsE
FPHATE—& Va7 7H7I—EM yO0—-/N\ILE

<$RE>

-2022 F 12 A 218 (K) AR "EREREEY R
REFIFALURE. BHRXE

-2022F 3H2H (k) BHIILHE "RENEEEEZD?
BEM TERBEFR

Fig.3 Cellulose nanofiber reinforced
cocoon of a silkworm.

Eco-friendly (Green) Composites

We develop high-strength, low-environmental-impact (i.e., green)
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>

* 8th Asian Conference on Mechanics of Functional Materials and
Structures, Best Paper Award, T. Ueno, H. Kurita, F. Narita

* Symposium on Functionally Graded Materials 2022, Best Presentation
Award, K. Maruyama, Z. Wang, F. Narita

* 8th Japan Resilience Awards 2022, Prize for "Stopping Infectious
Diseases"

*2022 Disaster Prevention and Mitigation x Sustainability Award,
Disaster Prevention and Mitigation x SDGs Award: Academy &
Junior Academy Category

<Media coverage>
* Kahoku Shinpo, “Development of a power supply self-sufficient
sensor that generates electricity and transmits information using
vibration” December 21, 2022
* Nikkan Kogyo Shinbun, “Vibrations will change agriculture?
Magnetostrictive material halves pest density” March 2, 2022.

Fig.4 Group photo of the marathon race
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EISEIREHESESERE  Ecomaterial Design and Process Engineering

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

BAARIZICIERY % Chemical
Engineering Technology D&l o

KR KHE S
Innovative experimental and theoretical technologies on chemical engineering Associate Professor
for creating sustainable society Masaki Ota

RRDEERMBEEDFICEVWTE, CELFREAFOARBENEAINSIETAGNORIERADOHEREN RIS NTE .,
INICHUERIE. RODDREREN - BREYEORIEICAIT T, ZBIERROM. T/ —Ib. KEOQJY—-VBEZRWCBRERRE.
BICBERR - ERFRAOHNRBICLIRERMNUMERMORREICKH T ZNAMREHELTWS, FicHIETIE. Hildebrand B#EE/N
IA—FEHBIIERULVCIY NAOE-RRBE/(SX—F 2BRNERIC. (t22EBICEVWTHIKRECERRRRICA I L FRAER
HEBEZENELT RABRPERCESYOEMFRZAIEE T2 TE2RMORAEICEITZMRICOVTHMMEIRO AR —RF A%z
FREE T 2O DN TR, ROREBYEREDHOBERRILE. BERSR AT - BERABFEDMHRITOMESREDHOTOE
AVZATLEICBWTHIHBERBRERDTE Lo INSORREHET B/HDEREMIFMEFETRICHD, EREYEONENSETILER
TEER - BROMWENSHREZED TN,

Green processing and engineering are required for the chemical engineering of pharmaceuticals, foods, beverages, cosmetics, chemicals, and so on.
For this purpose, we aim to use only non-toxic solvents such as carbon dioxide, ethanol, and water for extraction and separation processes, instead of
harmful or potentially toxic solvents. Recently, we developed an entropy-based solubility parameter—an extended Hildebrand solubility parameter—
for high-pressure fluids (sub/supercritical fluids) and have applied it to designing extraction and separation techniques in order to achieve sustainable
green chemistry. We are promoting these experimental and theoretical approaches based on chemical engineering to study and develop new
environmental sciences and technologies.

IYhOE-BBRBE/INTAXA—%5 (eSP) DIH

EXERRMOREHMBEHMEIRZRIISICHRD. 1930
I Hildebrand pMRIELT=BHEEE /S A —4 (SPYE) [3iBsHT The Hildebrand solubility parameter (SP) is useful for chemical
= . engineering processing, such as for extraction and separation techniques.
IR TH S, Thid. B TEICT . X . .
Eﬂ SIRIRTHD L'nt:i AFORBER t;im?t FYILED Selecting suitable solvents for production of targeted functional natural
BEICLPABEEL, SSKRBRTYMOE-—DNEZhEThERT resources is usually difficult for high-pressure processing.
E5ELEBRERRmICEDCYETHD, BEREDM. 52 F
HRORAHBERLANSNTNS, CO/NTX—FHEE, ER pressure conditions, we recently extended its value for high-pressure
ERBRMOME - PHICEVWTREREBT TERASNTEN & fluids such as sub-/supercritical fluids (Fig.1). This parameter is termed
EICE->TEEIZ. BER - BERRAOL SRS ESTEIRETSH the entropy-based solubility parameter (eSP), which extends the regular
HETEZLSICERNTERE T ICRT 22 SN TEI(Fig.1) solution theory (Fig.2). Now that our thermodynamic property has been
) i ‘ e made available, we can more easily predict high-pressure extraction and
COYEER. SPEEEBREDSZHRNFETHEZIENSI VA
OE—BAMRE/NSX—% (Fig.2) £&MIFeh COEHHLEFE
NN BERTFAZULANSEREETOMEDRERN
EMTEDLSICHD, BRITHRICETZERNIR N ZXIEICHI

Application of our entropy-based
solubility parameter

Although the SP has been widely used under ambient temperature and

separation processes and drastically reduce the economic and time costs

E Water ?
= %
5
] 2
&va —RT _,I_g; S Methanol
Oy = I R Benzene &  Ethanol
L 31000 - Toluene Isopropancl
! 4 m-Hexane Ethyl Acetate
’ - & =
Hildebrand Solubility Parameter J;_ ool MR RN
g supercritical 00,
ds apP = 25°C, 0.1 MPa

6. — S T
Y - 0 10 20 30 40 50
v aT .
v Enthalpy based solubality pammeter [MPa™ |
Entropy-based Solubility Parameter (Original) P’ Al - RT

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

Fig.2 Correlation between SP and eSP

BTEDLSITE Tz, (F S0FEEXRFZAERE - HFRZF
EFEORENR) SERZOERKF LOEIMFAREZRT TN
T&Efeo

BN R SR A R RE R T DR R

R BASEERECHATERRERRBEIHEE (7
TEMESEREEE) OAYYFILBERICEIHLTWS (Fig.3).
2013 FiclE, COEBICEHULEBRNBEEERIHIRSNT
W3, AVIFUTFr—F, EREDBESEERZHNEY Y —IC
SDREBEICHETIHBZDOEDICH D, 2022 FiF. EERTE
HEh2aRItEYEHRLIC. BBRERGEZN AU CERRSES
BEIC K DDBMKRICETIMELEREEL TS/, £, TOEEHH
BHEOMEBRNERAIHEB /v r—JELTERLTVERL
N BENMERTNIEFRNICITERIESNDAEEENHZHDE
HEFELTWS,

2022 FOMHREE

FIB I 2t ZITFERICHITDHBE bR ITE®IE) T =
BILRE-TV/ =)L -RYTIFRARICKITE2EERRFEL
BIEEHEES) Y 2021 EEEFRXEIELE SN, Fig.4 I3,
ZORMIXTBEBNUVIERYTIXREE 7 B ICHK T2 EESKRFE
LORBEEERBEO—BOFERUZ. £, THICEELTH
RHREZ I ARMEEAOE - B - REAEHMEOEEET
HRERNZBHIDIEN TE T,

THEPEELTF. BE N\ ATOERZAVCEREMESE
BRI ICT ARBEvBEARGI/OVNS 71— DEM%E
BNTBIEDNTE e, Fie, EE "BEHORZE - KilTSEH,) (C
HEMBMEETZIIENTE

Fig.3 Flow-type subcritical fluid separation apparatus

for trial-and-error experiments. Thus, people would choose these things
using the eSP as a tool for selecting a suitable solvent or mixtures for
designing high-pressure extraction and separation processes. These
contents are based on “The Commendation for Science and Technology
by the Minister of Education, Culture, Sports, Science and Technology:
The Young Scientists’ Prize (2018).”

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 chemicals used for
pharmaceutical. 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 2022 (Publications)

[1] KEES, REBX OEPREICPELVHULWHEDBEREDORS ~
EROEHTHZEEL T, VEDBPHTIIZENBRRERRT S
fedhlc~0& - R - R, 31, 32-33 (2022).

[2] RHEH, FRSK, \1ATOt Rz B\ cEREYEEERI, $55
F2H BEHE, KiTEHBR (2022).

[3] REES, IMEEARS, /\1A TOEXzAWcHRIEYE & ERIR,
EOEELH BIRAMAEI/ OV N Z71—, KifTERIGR (2022).

[4] REEW, BEADRE - KMTELE, IVE3.6 28 - il BIRFRCO,
REYEEH S D, FEEE (2022).

Activities in 2022 (Awards)
1] KEEH#S, (L2 IFHXE2021 EEEHHTE (2022).

10

"'I.S E 1 1
-15 -10 -5 0

In K\nhlle_ exp [']

10

R

Fig.4 Results of prediction of retention time with separated
chemicals on supercritical fluid chromatography.
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EISEIREHESESERE  Ecomaterial Design and Process Engineering
BIEMRIREEIS9EF  Environmental Materials Surface Science

BRESEHRICET S
# U WERIEM Bl O REREHEE

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

o Vi

ik FMHELEE

Professor
Toshimasa Wadayama

EAN—RUyHEORRICEIT T BEIIHEMBORAECZORER LEIBADORIMFRETHD, ZOLHOFAERPHIRDHSNT
W3, EBVER. BIEYPRERMBREICEFEIXKEPERRBEOEEIZIRARDZERNICERTZILF. BMRMERFENR
FTEBHSTEETH S, MEFEEZORICHETIBMRREOTEN (MAK) OBRRBICE. MRRAZRFLNLTEEREIILE
BH3, AARDPBHTIE. L<KRES N (well-defined) EBPEEORBERRENICMZ T, BERBLFT/HNFERMEDETILEL.
BEEZ (UHV) TIEBIFZDFRIEYFY (MBE) EvY 77— 75X VHERE (APD) EZ2BEVCRIBERL. 203X /0BEZEERT
Z7O—JEME (SPM). EERZBEFEME (STEM). X BABF DK (XPS), EFEA A VEE DK (LE-ISS) B EDKRERIFMF
FERAWTERIBEEDIC, RILI VAN —PAY AV BRIEFZEEN (OLEMS), EERERLFIEME (SECM) B E THHMEL
BRI DBREREL, RIEREEMBRERICRIT o/ BEREHZE2IEZBEL TS,

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

Ema FRRKER (PEMFC) OF/—RELUHY—RTIE,
INZTNKRRIEKRIE (HOR) BLUERETRIG (ORR) AV
19%. TOMBERAREICAIT T, REPtEEBERDOETIER

Well-defined model catalyst studies
for fuel cells

Pt-based alloy nanoparticles are utilized as catalysts for cathodes and
anodes of proton exchange membrane fuel cells (PEMFC). Under the
operating condition of a PEMFC, hydrogen oxidation reaction (HOR)

T/ RF DR EZ DFEFMMNBANICTONT WS, FIZIEERE
TO7/—REETHZH—RV B8R Pt +/#F (Pt/C) 3. Eix
HRICEREROSCERELRS H0: ZER T2 ENBEERS N
THED, ERIGB HOR EEZERLDD H202 £ERED RN
EIEMBIRAEN RO SN TWS, BAlE, MESF/ BEE MERE
OEFRERESMNCT 2, EFILMEOTHEER (UHV ; <107
Pa ) EZDHRMERAZITOTWVS,

O 1-1 RuFM Ir(111) RERD HOR H&U H202 T

Ir(111) E4R LI 1 RFEHEUED Ru27—7 77 XVH#BE L
Ru/Ir(111) £7/— R EREETILE UTER Uc, BFA A VE

and oxygen reduction reaction (ORR) proceed at the anode and cathode,
respectively. Particularly, conventional Pt-based anode catalysts (Pt/C)
generate hydrogen peroxide (H»0,), which deteriorates the polymer
electrolyte membrane; therefore, the simultaneous accomplishment of
high HOR activity and suppressed H,O- generation is required for the
anode catalyst of the next generation. In 2022, we fabricated model
anode catalysts in UHV (<107 Pa) and discussed the correlation between
the topmost surface atomic structures and catalytic properties for a
comprehensive understanding of reaction mechanisms.

(O The topmost surface atomic ratios of Ru/Ir(111) were controlled via
changing the Ir(111) substrate temperature during the deposition of a

BEHIR JEA
Associate Professor
Naoto Todoroki

Group Photo

ADHITRERENSEHBRRED Ru / Ir RFHEM. SEHEREL
MIBREICHKTFL. 1:1(673K), 1:2 (773 K), 1:4 (873 K) T
Holco HOREME, Ir2 ¥ Irs 75> 7ILT A MY HOR Z185
ZED DM ofce —A.RU (0001) DIFE H202 B4R T B DITHR UL
Ru/Ir(111) TIARHERFUT THO RRED Ir Y1 hh¥ H202 &£
BHEICE S5 I3 &b bmMofz. (Fig.l)e

O WOx E#iPt(111) REFR®D HOR H KT H202 £ R

Pt/C fEAD WOs Riid Ho0, ERZEINFI T2 EDMEM
HB. KEF. [EERKICEDIERE L WOx/Pt(111) KER %
WOs #510 Pt /C BiIEDHEEETILEL. ZD H02 R EZE
DEL7/— Rtz RE U, XPSHEIERREGDLE. B
MIZEBCED WOx BRILIRRBIZE(LTZ2H DD, H202 A RISER
I EMN D DT, (Fig.2).

AV VERRBELLY V5 IVEE

AV VKIGHEKLELREREEBEDDFANDIGANBEFIN
THED, RERNAYV VKEEETHIERETIIERNEORWE
@Wﬂb“s}man—cméo ZITHRGAY VK EIERBEM R &

TEREBEIMICERB U, PtERLEICELY>FIL (TaN)
%%@‘Fnaaﬁiﬁ%%ﬂﬁﬂ LT7—2U 75X (APD) U, TaN #%
miEiEE 0.5 M HoSO. RTEEli LTc Os £ DERZRE
Ufco ZDHER. SiEEEZE IS5 TaN ERDIHS 3.7 V vs. RHE
IERBIFBDAVVERMEELLT 21.5% HESN. BMEAYVE
MEBEUTHFTEIMRRTH B Db o, (Fig.3)e

Mr7O0vz7 bk %E

NEDO, JSPS E#Hf% (B), BkELRIMZT , JST S E=H%F, Ritt
KMEERBNAE IO SLREDHAETOV I N EEREL
foo N LERIBMEZRE U, XIcFMBFXERF. BSOM
TR EZ 15 H1Tofce (N1 4H2E ; Fig4)

one-monolayer-thick Ru. Low-energy ion scattering spectroscopy
estimated the surface Ru/Ir ratio to be 1:1 (673 K), 1:2 (773 K), and 1:4
(873 K). HOR activity of Ru/Ir(111) correlated with the probability of Ir,
and/or Ir; ensemble sites, indicating that the Ir sites directly contribute
to the HOR. In contrast, the H,O, generation property of Ru/Ir(111) was
similar to clean Ir(111) and under the detection limit, while clean
Ru(0001) generated H,O,. The results suggest that the Ir surface sites are
responsible for the reduction of H,O, generation (Fig.1).

(O The cooperation of Pt nanoparticles and WO; located nearby is reported
to be effective for suppression of H,O, generation during PEMFC power
generation. Therefore, WO,-vacuum-deposited Pt(111) (WO,/Pt(111)) was
used as an anode model catalyst, and their H,O, generation behaviors were
investigated. XPS results showed that oxidation states of surface WOy
changed by the potential cycles (PCs), but the H,O, generation remained
suppressed even under application of the PCs. (Fig.2)

Tantalum nitride electrode for
ozone water generation

Because effective ozone generation electrodes are crucial for practical
applications of wastewater treatments, food washing, etc., effective
electrode materials are desired to generate the ozone. Therefore,
tantalum nitride/platinum (TaN/Pt) electrodes were fabricated through
an arc-plasma deposition of Ta on a Pt substrate at 900°C under partial
pressure of 0.1Pa-N, as ozone generation electrode. The generation
efficiencies of TaN/Pt evaluated in 0.5 M H,SO, at 3.7 V vs. RHE were
1% to more than 20%, depending upon the crystal structures of TaN.
Particularly, an NaCl-type TaN/Pt electrode showed the highest
efficiency of 21.5%. The results indicate that the TaN thin film electrode
with NaCl-type crystal structure, is essential for developing a practical
ozone-generation electrode (Fig.3).

Research project, award

We have performed NEDO, JSPS KAKENHI, JST PRESTO, and JST
SPRING. N. Todoroki received Murakami Memorial Foundation
encouragement awards. Our students have presented two papers in
international conferences and 15 papers in domestic conferences and
received one award (Fig.4).
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Fig.2 XPS (left) and HOR and H.O- generation properties of WOx / Pt(111) (right)

28 / degree
Fig.3 XRD Patterns (left) and Os; Generation properties of TaN / Pt

Fig.1 HOR and H»O: generation properties of Ru/Ir(111) Fig.4 Certificate of academic award
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HSMiEEE (7O 57«7+ Z7h) Endowed Division (Frontier Laboratories Ltd.)
RIGEEITEEESFIFSE  Innovative Analytical Pyrolysis

AR DHADFEIEEL LT

DEMOEFAEZEHIEL T

Towards Development of Innovative Analytical Pyrolysis Technologies

BNR - HRAVOX NS S T74— | BENE (Py-GC/MS iK) IK&ZBDFOFv S5 UE—Yav. BTIAFvIDUHTAIILY
INAARREROENFERICAT cED FONMMERGITM. INSETEETIHUWITFERS LODMTHERER EOITEB. HRY
OYMIZ7, BEMTEE. TNSORIHEERLRLE) Z1ToTW3, Ffe. 7OV T47 - RN EI BN EZBC THEBRRZHF
ICHRE. BALOMERIRPEAMEEERTZ2ET. Y O—/NILAMOBERICHBEBRIICERD BT,

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.

Y7L u-Y7949—-GC/MS Y A7 L%&EAL.
RERHMASETVVNER / Y1 VESYD SHHM
tFERRMOD (BTX) EURE & VR FEICH

RBETIE. RUV—DBEBNEICRTSIZAF Y IPNAA
YAz ZERHCERIR T BT DFiEE LT, B REICERLT
W2, BNERTEEARAFTERITICEVWT M8y IC&>TEX
DILZEEZUIMT2FETHD. AEETIE. NEEANHREE
GBI : XA OF4—) ZAVWTTIRFYIVPINIAIZEDS
DFEADNEL, BNRICI>TELIBRERYZHRI/OTK
757 | BESDTEE (GC/MS) L&D EESTITZF TO—F%
FELTWS,

SH, FABETIR, RRRERASHEIIVNEE /54 TER
BYEHBSBEL. SOICHRIBERYZEERELTEAS
AhEEERIGSERIET ARIEZFERELZTH S BTXDE
N RREZRRFICAIREE T2 HEN BT 7O0—F (Fig.l) £F
KUlco qOZAY—2BIICERLLEY Y TLU-ITI5—
-GC/MS ¥R 7L (Fig.2) ZARICKAIT R I & T, mMEaHt
ANRERZAREE o AREF. AU HEZES (ACS) D ACS
Sustainable Chemistry & Engineering ilciB& S . AL D
A XA—¥1E Supplementary Cover Art & UTRAZ iz (Fig.3),
BE. AMEERRIF. AMRBAERAREEOERBRTH 2.

_.,&'-i [m—

uﬂ_rnm

Polymer wastes Coprrolisi  Catalyiic apgroding

Ihararchicsl
FAME

Fig.1 Schemetatici illustration of BTX production simultaneous with debromination
through catalytic co-pyrolysis of printed circuit board/tire mixtures.

Production of BTX via Catalytic Fast Pyrolysis of
Printed Circuit Boards and Waste Tires Using
Hierarchical ZSM-5 Zeolites and Biochar

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 for 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.

This year, we co-pyrolyzed printed circuit board/tire mixtures
containing brominated flame retardants, and the pyrolyzates were
further reacted with activated carbon and zeolite catalysts. This
approach achieved enhanced production of benzene, toluene, and xylene
(BTX) simultaneous with debromination (Fig.1). We employed a tandem
microreactor-GC/MS (TR-GC/MS) (Fig.2) that facilitates the high-
throughput investigation of pyrolysis-catalyst reactions at desired
conditions. This work was published in ACS Sustainable Chemistry &
Engineering, and the image of this work was selected as the
supplementary cover art for the journal (Fig.3).
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Fig.2 Schematic illustration of TR-GC/MS system.

‘ a8 h .‘\
% SE 8HEA AR OBELE
Professor (F&%%)

Toshiaki Yoshioka

Associate Professor

Atsushi Watanabe Shogo Kumagai

Bhg RER H5E
Assistant Professor (387%)

A=IN—IVIZFP VT TIRF v DB
BEEE=-FIIVVITIM7 IO—FZHK
TAYTA7 « IR R FRK U RBERISERYZ in-situ
DT DRNEARVONYNT ZT7VRT A (Figd), BLUBEEE
FHRFE LR 400 CETIMBALEHSZ I AL % in-situ ST ETHE
BMBAL=—y b EEEUVCEFAE Y HIBEE (ESR) (Fig.5). &
RETZIET. BMEX—/N—IVIZTIVITTIRAFYIDE
BlDBEEEZHEMICE=IIVIIIHM7 T O—FaHKRLI,
S RABEDFORBIEDBRICEBORT ICHATES/N
DI7NWEBAMFEEVTCEHRT. B8, AMRAERE. ARERE
HAARESSIOCHAEFRASHEORBERRTH B, AERIE.
Journal of Analytical and Applied Pyrolysis i5ICi8&E iz,
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Py-GC/MS system.

Fig.4 Schematic illustration of customized

A comprehensive study into the thermo-oxidative
degradation of sulfur-based engineering plastics

A combination of a pyrolysis gas chromatograph system developed by
Frontier Laboratories Ltd. for in situ analysis of combustion reaction
products (Fig.4) with an electron spin resonance (ESR) equipped with a
heating system developed by JEOL (Fig.5) achieved detailed monitoring
of the thermo-oxidative decomposition behavior of sulfur-containing
super-engineering plastics. This technique will be a powerful analytical
method that can be applied to investigate the thermo-oxidative
decomposition mechanism of various polymers. This work was achieved
by collaboration with Yoshioka laboratory and JEOL Ltd. This work was
published in the Journal of Analytical and Applied Pyrolysis.

[4] K. Tei, M. Matsueda, K. Matsui, T. Ishimura, A. Watanabe,
W. Pipkin, N. Teramae, H. Ohtani, C. Watanabe, “Highly sensitive
detection of polystyrene by on-line splitless pyrolysis-gas
chromatography/mass spectrometry with cryo-trapping of
pyrolyzates and forced venting of carrier gas”, J. Anal. Appl.
Pyrolysis, 168, 105707 (2022).

[1] A. Watanabe, “Practical characterization of EPDM by pyrolysis
gas chromatography”, Analytical Pyrolysis Symposium 2022,
January 28, 2022.

[2] S. Kumagai, “Characterization of engineered plastics using
pyrolysis-GC/MS”, International Online Analytical Science Conference
Advances & Recent Trends in Analytical Science, July 4, 2022.

[3] S. Kumagai, et al., “Potential of pyrolytic synergistic interactions
during co-pyrolysis of plastic, biomass, and petroleum”, 23rd edition
of the International Conference on Analytical and Applied Pyrolysis,
May 16, 2022.

Fig.5 Schematic illustration of the heated-ESR
spectrometer.
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SEHESEEE  Collaborative Divisions
BiEESMEEIS 2 (HASEKI{SKt) Process Engineering for Environmentally Adapted Materials

(Nippon Steel Corporation)
RE -RIDEEHEEKEORERNZEL T,
Rt T RE R L RICEM

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

SIS AIEERME VUTHRILAD SRESN D, INSOHERBIFEALLRIC, RITvTIZEShT, BEKREICRIN S, %
HAELBERNTRBREICPEILVWMETSH S, RFICHMMETERIRAEOEREIRXILF—ALET, HIRREICKEEHLZDT,
RIBAHZERIZENVETH S, A TIISSIKEEYPEHEORELOHERERKFMRNERINTWS, FAfcEEERA
BRI VEEZBEITZIL2ERELT. COBETRREICEINT2RICEE RO RBEHREREEMEEZOEETOER EHRH]
EZzBERL. StENZERVWCERMRINSEERROAY Y NeED U KEEERICESICAMREEEREEZT>TW,

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.

HE0ZRE - RLEESRIFAREEBERIKHEME

hieBld, KRAZRVESE BBEAEREMZEDLSIC,
HIRRRICRE U cESHERXRRAM B OMERFEZIToTWVWS, In
[EEETESHT SDGs (Sustainable Development Goals. #i5
AIRERFEREIER) ICHEBET D, JU—VIXILF—THIKRZR
BEUTEITIZMRERBEE (FCV) ¥ FCV ICKkRz i T2
KRAT—2a Y TREBEDKZAZRNMAVSNED, h50E
EXRVRTAIEDNZ MM ICIEEREN DENIMKRIEILEE
ENEREIND, Fle. BEYPEHEOBRENMDOHEEER
DEEMNMELTWDY, BREMTIIKRICSIDHEILIEEL GRS,
AARETEMHROEEGEITHR (Mn,Ni,Cr,Mo) DEEZRETL
TW2, BANXIIILTV YA MMAICEWT, INS5OEETRIE

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 (FCVs) 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, the effects of the main alloying
elements (Mn, Ni, Cr, and Mo) in steel were investigated. Our work

KELERE D #ETSE3 2 & (Fig.1) ¥, E5IClE Mn,Cr,Mo
SRR DKEMRLERETZIEEFASHIC U, ThESDFERIE.
KRIEALZERHLIET 76 DRBEHDEE L HAE WM ORRKICTTE
ATZE5,

EBRINY 71 T ORBERBICRT 2ERYIEMR

YU yOBLPSO BEREDRY S A4 TR OEREMET R,
MHEYBEZOMRBZICRITDREDREBEEL>TVWD, N3,
RUGA 7ORFHROBEERD. ZORMAENBEOBEMIICE
b5, BEFERETHMTEIILICHEKT S, DTFEN
% (MD) A FRABRBN O RAZEH T2/ DE@ABRETEY —
JLELTSHASNZHD, RUSA THRRICMD =z EBAT B0
FABEEZ. REER) Y 7EE2ERRELTIRTEER
ERETIABEEINTVWARWI ETH >z, HLIE. La ROKRY
IATIXILF—HESBRELT, 4HBEEERERELTIR

clarified that these alloying elements decrease the hydrogen diffusion
coefficient D in water-quenched martensitic steels. Furthermore, we
confirmed that Mn, Cr, and Mo promote HE along grain boundaries.
These results led to the selection of appropriate steels or development of
new steels that are resistant to HE.
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Fig.1 Hydrogen diffusion coefficient D as function of alloy concentration.
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FERTYIVILORRICEHI U, CORTYwILEFRLE
—MRILEE R MG (GSF) TRILF—HIfRIE. 2H P 3C BEZEE
REETIHEEMERAETIREFELBDRDZBEVERI o, B
REMEENRETEDRREENH S (Fig.2).

SO 7OERICHBITEYIRIA NMLEFIA

ERMABHYHRIEARLONAANVREFERTEIENREE
FHERICETN < FHic. BMBaELTYI I MNEAZER
I5E. TOBRCHZFATEScH. RBRTHZHIA—V R
ZHIRTES, AARTIR. YT RI1 NMEADBRILREDHD
BERMBECEENELT Y7Ly NERIFEMEREZT o1
BHE. ¥7Ly MNIBHERMHERICHETRE L., ZTORR. &5
BE 1300 CTRENMERLBWEE (1167C) TRERFISZZ
ENBYTHBEHERDIT 5N (Fig.3),

al
maZ-
A al g a I “
0.6 T
1
os |- ar  4H(DHCP)
o +4H La C !
~ B !
£ 04 |-4H Mg o |
— 1
o 0.3 i : '
&8 ¢ .
& | B : »
g 0.2 | c :
% ol "‘,:::_-:_:" ‘j} i %
e oy | oA
& a—h— . --H.’u’"
= 0 gt g
| i
01 b :
A 0.1 02 03B 04 0.5

Fig.2 The GSF energy curves based on some potential models. The curve
marked with La is by the model constructed in the present work.

Theoretical study on formation mechanisms
of metallic polytypes

Predicting polytype phase stability such as synchronized long-period
stacking-ordered (LPSO) structures has been a long-standing challenge
in condensed matter physics and/or materials science. This situation
stems from the fact that the atomistic interactions on polytype energetics
are quite complex and delicate despite the simplicity of their geometry.
Although the molecular dynamics (MD) method is a powerful
computational tool for tracking dynamical processes, the most serious
problem in applying the MD method to such polytypism has been the
lack of interatomic-interaction models with longer-periodic polytype
structures as the ground state. Considering this situation, we have
successfully developed an interatomic potential with the 4H ground
state using the La polytype energetics as a reference system. Unique
dislocation motions might be observed using this potential because the
generalized-stacking-fault (GSF) energy curves within the potential
model developed here behaves differently from those based on the 2H
and 3C ground state models (Fig.2).

Utilization of magnetite ore
in the iron ore sintering process

Using high-grade fine iron ore and biomass is effective to reduce
environmental load. In particular, when magnetite ore is used as the fine
iron ore, the heat of oxidation can be utilized, so coke breeze, which is a
conventional heat source, can be reduced.

In this study, with the aim of optimizing the temperature profile for
promoting the oxidation of magnetite ore, a sintering tablet test in the
electric furnace was performed. Here, the tablet was adjusted to a sinter
raw material composition by use of chemical reagent. As a result, it has
been concluded that the increasing temperature up to 1300°C and
keeping temperature at 1167 °C, at which no liquid phase was generated,
during the cooling stage was effective for promoting oxidation (Fig.3).

HR:Hematite(Fe20:) reagent
MR:Magnetite(Fes0s) reagent

T
Maximum temperature : 1300°C
E6 | Cooling time : 66.7°C /min
gy Cal 8 Omassh
= 5 L
2
I " Fed:1.15
=} HR 33.3°C/fmin
'§ 303 E gl
3 -
s
§ 2 149 1.29
P - ﬂ ........ ores-—-L----FE -
; (]
MR MR MR MR
1300°C 1233°C 1e7'e 1100°C
{3min) {3min} {3min) {3min}

Fig.3 Effect of holding temperature on FeO concentration.
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WERIRIEZEEHE9SE (ERIEMZSAT) Global Environment (National Institute for Environmental Studies)

JH—NIVBAK[EIREPRRBROEILZIRZ S

Observation of Global Atmospheric Environment and Carbon Cycle Changes

YBEETIMRREOAIRRER ICEDIRIUEZRD DAH PR ECZ AT 2HAKM. BiSic&1T 3R RN DR I;M,
BECICHIKEREBLZESI/ O—NIBARKEEZSHENICEHAITIMRELAEZIToTVWS, BANICIE. ATHE. MEE. M.
W EHRAICLDZREBAYE., T70OVIL, BSTIKZNSOMRTO RO ARM, i EHSOREDOERARMORMRE, 7I 7P
A, INVFZECIHEREHFRRIMICETRENEFDLSCICBEU T —YDRBF7IILT VXL, T—YBZET5EICL>THIR

RETORRREZSORERTRICE T MR ERBLTNS,

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.

itiEBE- ERlIc& T3 FTIR I & 5 HCFC-22,
HFC-23 #ilfEh 5 R\ - e FEHRXE HFC-23
HEHHE DHE

A&, dbmERE (43.5°N, 143.8°E) IC &2 1997 £~ 2020
FEXTOFTIRBRT—H 5, HFC-23 (CHF:) DEEZEHT S
FiEEMFE U, £ AL FTIR T—%H5.HCFC-22 (CHCIF2)
DREBHET >, FTIRICKZ#HTIE SFIT4 EIEN BT
O7SLRAWTASINf, 51T, BERTHAZNIcZREOE
FHRHR BT Z T > CTERBOERZHELcEZ 3, 2000 FD%
FCFHPERROEIENZ B ESNTW eI EDHIBAL, 22
T HERREEESNCERBICOVWTEITS N HCFC-22 &
HFC-23 @, N\vo U5V NRENSDIBMEZ RIED >fc, ZDHE
£, HCFC-22 [t 9% HFC-23 DIEN DM IC. BRI IEHENH
BTENRWEENT, HEDHEHFC-23 (3. TEMICHETH S
HCFC-22 # £ ET2 L ZDRIEEYE L THEENBHZTHO,
& OBICERENG D EWS T EE mARDEMS IE. FEIC
H17% HCFC-22 DA ERICREHEhfc HCFC-22 & HFC-23 %

Fig.l 10-day backward trajectories of the air masses arriving at 2000 m
above Rikubetsu at the time of the FTIR observations in 2000. Each point
on the trajectories is color-coded by altitude above ground level.

Estimation of HFC-23 emission in China
by the FTIR measurements of HCFC-22
and HFC-23 in Rikubetsu, Hokkaido

We have developed a procedure for retrieving atmospheric abundances
of HFC-23 (CHF;) with a ground-based Fourier transform infrared
spectrometer (FTIR) and have analyzed the spectra observed at
Rikubetsu, Japan (43.5°N, 143.8°E). We also analyzed abundances of
HCFC-22 (CHCIF;) with the same spectra. The FTIR retrievals were
carried out with the SFIT4 retrieval program. We conducted a backward
trajectory analysis to examine the origins and transport pathways of the
air masses arriving at Rikubetsu. Many air masses that had originated
from China were found in the winter of 2000. A good positive correlation
was found between the enhancements of HCFC-22 and HFC-23 from
their background values. HCF-23 is a by-product of HCFC-22 production
from source gases. The existence of a positive correlation between these
two gases presumes that the observed enhancements of HCFC-22 and
HFC-23 were emitted in the course of HCFC-22 production in China. By
using the reported HCFC-22 production amount in China (Wan et al.,
2009) and observed HCFC-22 enhancement in Rikubetsu, we can
estimate the Chinese HFC-23 emission amount in 2000, which is 1.18

Rikubetsu 2000 (1-12)

12
i Slope =0.12 = 0.04
30 ~ R=045 p=7.35-03 11
s N=34 10
20 4 9
a8
7 2
6 [=]
c Z
4
3
2
1

-50 0 50

Fig.2 Correlation between AHCFC-22 and AHFC-23 at Rikubetsu in 2000.
Color of each point represents the month of observation. Blue line is the linear
regression line, with values of slope, correlation coefficient (R), p-value (p),
and number of observations (N).
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BHALTWREHETES, 22T Xt (Wan et al., 2009)
[CL>THRESINTWBHEICHIFS 2000 F£D HCFC-22 DY
HENS HFC-23 DML EZ#EELLE T3, 1.18 Gg/y EWS1E
%8BT, ZOfEIF. BIOTHEL (Simmonds et al., 2018) THRE
ENTWBIE (2.83 Ggly) DI 40% DIETH>Tee TDEL,
FTIR TEAIShcZSEDL. FEBSISOEEERBLTWA
WehHTHBEEZSND,

HRESFREMEICE T ZRENRAZD
BHTRELBEEHEE

AREFDBEMRARD S O—/NILRERERET 2cHIcldZ
NSDHZADOEE AP IREZE ZHZ2DENH D, HROE A
T—IRREFTDERVZRWN, FICHRUN O EZE ORISR
HTREBLTWD, BRXOMERETIE M EXT—> 3V Pz
BULBRAICMATME#EE > IORENRAZAD 3 RTE & #
ELTWS,

Fig.3 3MZE#I W RBERESLZRITURIC, BREETO
LTI REEE LOTHABE AL ZB{Lkk (CO2) BE
DREZEE TH S, CITRIRTOEHRBENT -5 =E>T B
REMSORMZE (AO) ILL>TERHENFE L, Fig.3 TAO
PNEOHE (FRE) THRBEOERTHE I L%E, EOfE (FRE) &
HREBTHDIEERT, CO2BEFMRBICHEWTIEREL4ERER
OREREFH TEZICHLTIN. THREBETIEESZICRATS
ERENRBAIOFETRERBNZRT,. . LENSEZIC
MFTOTEHREBEISLERICL > TREN TH S,

AF > (CHs) BERBEBICEVWTIEBELHICARMITRILT
W3, > TELEDMBEROFEZZFSETIHREBD CH. B
ERERRECHAL. EECHRBENSEHRE CHs ORAZZ T2 E
BELNRBCEMTZIHIC. MOTRELEHEBHIEAINDS
Z&lcizs (Figd)o

INSOBRADSIEERENRARORER - RIURDOERIES
N3ENMDTHL. REBMEOKSHEX L EORBEESHEMDF
MDD EHRFINTWS,

CO2 [ppmy

T 2013 0 015 0 01T J09R 2019 020 2031 3002

Fig.3 Time series of carbon dioxide mixing ratio observed
in the upper troposphere and the lower stratosphere.

Gg/year. This amount is about 40% of the value (2.83 Gg/year) reported
by Simmonds et al. (2018). The discrepancy between our estimation and
the literature can be attributed to the fact that our measured air masses
do not cover the southern part of China, where substantial HCFC-22—
manufacturing factories might operate.

Large seasonal variations in greenhouse gases
around the tropopause region

We need to know the spatial distribution and temporal variations of
atmospheric greenhouse gases (GHGs) to understand the global
distribution of their sources and sinks. However, observed GHG data are
still insufficient, especially in the upper atmosphere. Our laboratory
conducted GHG observation by using ground-based stations, ships, and
aircraft.

Fig.3 shows the temporal variations in carbon dioxide (CO.) at the upper
troposphere (UT) and lower stratosphere (LS) observed by aircraft
flight around the tropopause. We categorized the air mass by the
difference in the potential temperature from the tropopause (A®)
calculated from the meteorological fields of the Japan Meteorological
Agency Climate Data Assimilation System. The negative values in A®
indicate the air mass in the UT (red color in Fig.3), and positive values
are in the LT (blue colors in Fig.3). The CO, mixing ratio in the UT
decreases in summer season by photosynthesis activities, whereas in the
LS, CO; shows an increase in summer by intrusion of tropospheric air
from lower latitudes. From winter to spring, CO; in the LS gradually
decreases by downward motion of stratospheric air.

A steep vertical gradient can be found in the methane (CH4) mixing ratio
in the stratosphere. Therefore, downward motion in the winter season
causes a rapid decrease in CH4 at the LS (Fig.4). In contrast, a rapid
increase of CHs can be seen in summer due to air intrusion from the
troposphere. As a result, extremely large seasonal variations were
observed in the LS.

From the results, we can extract information not only for sources and
sinks of their gases but also for air transport in the stratosphere and long-
term changes in air transport.

CH [ppt]

AT 203 20E 205 2006 20NT 08 2000 0G0 0 H0GT

Fig.4 Same as Fig. 3 but for methane mixing ratio.
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Environmental Research Promotion Center (ERPC)

RIBRHEEE Y ¥ — D EUEA

Activities of Environmental Research Promotion Center

RIEMAME LY T —F 2017 F 7 RICRISh. FZOREHEMREBOHE - tFEE - EFEEEONEAFZEL TRIEICE
THMAMROUSREEZRZILZANEUEHL NS, REMFHRN TR HIKEEL - BRLE - TRLF— - BRERE VST,
RBICR<BEDIHRREROARINEDSNTVNED, INSOFARDFIFARDES UPMERCEEZBERNHDENS, BELOH
ROHEEEHIC, ARDFEELICEE LGN SAEHRRICHEESZI TV TMRBROGRIL) ZR>TWIENEETH 2,

RIBMIRMEE LY T, RIBICEI HINHE, HIREE - EFEEESFZEU UMEBROUEIREORREZHscLbic, RO
7N —FEY - RIEHEO#E - FRAROERERFZRBHICITT>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

BERNSHERIZ. 2004 ELDERE S BEEREEFELTW The Graduate School of Environmental Studies has had a cooperation
. . e g [—— t with Miyagi Prefecture since 2004 (Fig.1). A roundtable

% (Figl). AFEREHREBBEEREORRTMAE 202245  2eom
g_’_ A,x _ ;__ B L -~ AK e discussion with the Environmental and Community Affairs Department,
12 BT\, SBROBZEZICODWIERZRDUI, SEESH. B Miyagi Prefectural Government, was held in December. Environmental
BOREICKD RIETHR Z 2 FHICEKE LU, ELEHET Administration was a class in 2022, and it was offered with a prefecture
DHFREE ZEB DR D=6, SRS & EE L THihE L EEE staff as a lecturer in the second semester. For the spread of geothermal

AUz ZEB (Net Zero Energy Building) 0E#E24% 10 A heat and ne't-zero-energyb.ull.dmgs in Mlyagl,.m October and November,
_ ] we held site tours of buildings that have installed geothermal heat
& 11 BicfT o7 (Fig.2)o

Cooperation with Miyagi Prefecture

equipment in cooperation with Miyagi Prefecture (Fig.2).
liaT & DEHE

llamEld. 2009 FEEIHEZME L, 20214F 3 Aic, & Our graduate school has had a cooperation agreement with Sendai City
HANEEFRL. BOGEESSICRILUeFc BB EE R U, since 2009. In March 2021, a new agreement was signed to renew the
112 BIcBHXBAETV. SEOREICOVWVIEEERDL purpose of coopera'tlon and.further strengthen t.he cooperation s.ystem.
In December, an information exchange meeting was held with the

Ufco BERREDEHE LRI, SEES, IATREDIREI Environmental Bureau of the City of Sendai. Environmental
&% "RBETHGR) £ 2 PHICEREU.

Cooperation with Sendai City

Administration was a class in 2022, and it was offered with a city staff
as a lecturer in the second semester.

Fig.1 Courtesy call on Yoshihiro Murai, the
governor of Miyagi Prefecture. new ZEB.

Fig.2 Site tour of Tohoku Boring Co., Ltd.'s Fig.3 Symposium in Higashimatsushima city.
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Fig.4 Symposium in Shima city.

Fig.5 Tohoku University Energy Symposium.

Cooperation with other local governments

The Tsuchiya Laboratory conducted the research project titled
“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.

In 2022, we operated a project titled “Green Job Market Fostering a Co-
Creation Base Based on Gastronomy Geopolitics (JST’s COI-NEXT
program),” and this program’s symposium was held on June 25 in
Higashimatsushima City and September 10 in Shima City (Figs.3, 4).

Interdisciplinary Studies of Novel Values on
Energy for Sustainable Development of Society

The Interdisciplinary Studies of Novel Values on Energy for Sustainable
Development of Society was recognized as an interdisciplinary research
group in April 2019. The Tohoku University Energy Symposium was held
on December 4 (Fig.5). This year’s symposium focused on decarbonization-
leading regions promoted by the Ministry of the Environment. It also
introduced the latest energy system research at Tohoku University and the
decarbonization plans of an electric power company.

To promote carbon neutrality at Tohoku University, we applied for ZEB
and BELS (Building-Housing Energy-Efficiency Labeling System)
certifications for the main building (Phase I building) of the Graduate
School of Environmental Studies and received “ZEB Ready” certification.
This is the second ZEB 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.

In 2022, TU-TRIPS held a seminar in Okinoerabu High school on
October. The students were challenged to reduce plastic bottles and
create flavored water that was unique to the island (Fig.6).

Fig.6 The Students Challenging to reduce plastic bottles.
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Jeongsoo Yu

(Graduate School of
International Cultural Studies)

“Resources” is a fundamental concept that supports a sustainable society, and it is necessary to present to society a study of sustainability (SDGs

studies) centered on “resources.” In particular, the establishment of a carbon neutral and sustainable society is an urgent issue, and it is necessary to
create an organization that can respond to this social demand. The initiatives will promote strategic research on both hard and soft aspects of “resources,”

HRWEHARE > — )

Institute for Resource Initiatives

build a complex research and education organization related to “resources,” and accelerate its interdisciplinary development.
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1. Institute for Resource Initiatives

The stable securing of resources will become unstable in the future due
to the rapid progress of globalization and the resulting oligopoly of
“Resource Majors,” increased environmental and country risks in
producing countries, and the fragmentation and enclosure of the supply
chain by COVIDI9, requiring collaboration beyond existing fields.
Therefore, it is necessary to work beyond the walls of the conventional
academic disciplines. Independent graduate schools (GSES) will
promote the creation of new academic fields and practical solutions to
domestic and international issues while taking advantage of their unique
characteristics to enhance synergy.

The systematization of academics in the soft processes of resource
strategy has lagged far behind. We have an urgent need to enhance soft
power in addition to hard power for a sustainable society in terms of
“Resources,” and it is also necessary to create a mechanism to promote
the introduction of private funding to solve domestic and international
issues for which the private sector has strong demands. There is a serious
shortage of human resources in this field, and the education system in
universities is becoming weak. We will develop human resources as an
academic project.

2. Carbon Circulation Using Industrial
Infrastructure
(Environmental Materials Division)

In order to implement a carbon cycle, the utilization of existing
infrastructure, mainly in the core industries, has a major effect. In
particular, it is essential to build a new biorefinery that strengthens the
cooperation between the arterial industry and the venous industry, and
convert oil resources into biomass. This year, we exchanged information
with related organizations from the above perspective, participated as a
committee member at a meeting on carbon neutralization in the
Yokkaichi Industrial Complex, and examined the possibility of wide-
area cooperation beyond the area of the complex.

-
BR2E (ZAR )IEARHE)

5
o
2!
=
=
5
o
=
)
<
X0
o
®
o
=
=
o
o
5
=
o
=
<
o
®

78 (LEERE)
URA(ESIFHEZ)
FErsiEA

/" wan mEEr) 7 S - EEP 7 1R - 2P )

Environmental & Social & Informatics
Material Division Cultural Division Division

¥im3 FE3 ¥im3
(9F71. W1, WMEEL) (SFiR1. ME1. MmEEL) (1. WHE1. MEEL)

Sl R Rch i EEE i EIEE
M0 EEEE i EE LIEES me ELEEIE AN g
E ] ®E R OES e E ]

A2 HEyiE2 A2

H%IFL SRSHELAL) niﬁmﬁL SFIRSHELA L) !%.91‘ SR ELAL)
\MA R / \:H-HJ\ RN j) \MA -1 bk ] J

Fig.1 Institute for Resource Initiatives.
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Fig.2 The study of resource strategy requires integration of social, informatics and natural science.
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Fig.3 Bio-non-Bio and Informatics resources that are all of “Resources”.
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3. Traceability for Metal Resources
(Social & Cultural Division)

The traceability of metal resources and materials contributes to the
quality, safety, and sustainability of metal products, but it is difficult to
trace the supply chain because the primary mine and the final production
site are generally far apart. For example, illegal mining conducted
without proper land rights, exploration and mining permits, or mineral
transportation permits causes deforestation, pollution, and other
environmental problems; it involves human rights abuses and poor
working conditions, and the use of metal materials excavated through
illegal mining can damage the corporate image. The technology to
visualize this has not been fully developed. This study examines the
possibility of applying very small amounts of rare earth element (REE)
patterns contained in metal ore minerals and metal materials as tracers
of metal resources. An example of the identification of rare earth element
patterns by machine learning is shown in Figure.

There are various types of tungsten deposits, such as pegmatite, skarn,
and hydrothermal vein deposits. They show different REE patterns
depending on the type of deposit and its origin, but the WC (tungsten
carbide) material shows almost the same pattern (distributed as clusters
on the diagram). This suggests that it is possible to trace the evolution of
the REE patterns from the ore to the raw material.

In addition, this division initiated the following two collaborative
research projects.

© Collaborative research in building a new business
model to achieve the circular economy
with ROOTS Co.,Ltd.

In recent years, the spread of next-generation vehicles such as EVs has
risen, and the movement of resource nationalism in developed
countries is intensifying. This study compares and analyzes
international trends in resource diplomacy, decarbonizing and
circular economy, and proposes a sustainable business model for the
recycling of resources using case studies on End-of-life batteries and
electrical components. It is important to achieve this research objective
through an accurate analysis of the actual situation of international
ELV recycling and the distribution of used cars and parts.
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Fig.4 REE pattern and classification of REE pattern by machine-learning(UMAP).
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© Collaborative research on the sorting of
granular plastic using terahertz waves
with SATAKE Corporation

Plastic waste issues are closely related to ocean pollution, increasing
one-way containers and China’s ban on importing waste. As a result,
it is already recognized as a major global problem. In particular, in
order to improve the recycling rate, it is necessary to properly sort
each plastic, which is becoming more complex and diversified. The
objective of this research is to develop the prototype of a sorting
device for the waste from coated electrical wire (PE and PVC) using
terahertz waves.

4. Forwarding Responsible Mineral
Supply Chains (Informatics Division)

The event entitled "Mercury Legacy in Artisanal and Small-Scale Gold
Mining" was presented at the Fukuoka Convention Center on October
30,2022, to strengthen cooperation among experts in this field, fostering
sound management in artisanal and small-scale gold mining. The
participants actively exchanged their views on mercury use, trade, and
pollution in the environment, and emphasized the need for all parties
involved in various countries and territories to continue their efforts and
further strengthen mutual collaboration and technical assistance to
resolve these issues. This event was collaboratively organized by the
JST-Mirai Program (“System development of resource logistics toward
minimizing the supply chain risks of mineral resources: JPMIMI2115”)
of the Japan Science and Technology Agency (PL: Prof. Kazuyo
Matsubae,2021.11-2024.3).

Fig.6 Group photo at the ASGM event.
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@ Controlled introduction of defects into single-walled

carbon nanotubes via a fluorination-defluorination strategy
using xenon difluoride and their alkaline oxygen reduction
reaction catalytic activity. [Journal of Colloid and Interface
Science, 627, (2022), pp. 168-179] Koji Yokoyama, Issei
Mamiya, Hiromu Morita, Yoshinori Sato, Kenta Sato, Tetsuo
Nishida, Yoshinori Sato
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@ Calcium phosphate cements comprising spherical
porous calcium phosphate granules: synthesis, structure,
and properties. [Journal of Asian Ceramic Societies, 10(4),
(2022), pp. 731-738] Masanobu Kamitakahara, Kanau
Asahara, Hideaki Matsubara

@ Preparing dense YbzSiOs sintered bodies from Yb-Si-O
powder synthesized by the polymerizable complex method
and appropriate calcination. [Journal of the Ceramic
Society of Japan, 130(1), (2022), pp. 118-122] Taishi YOKOI,
Hideaki MATSUBARA, Takuto KAMITANI, Sota TERASAKA,
Masanobu KAMITAKAHARA

@ Sustainable process for enhanced CO2 mineralization of
calcium silicates using a recyclable chelating agent under
alkaline conditions. [Journal of Environmental Chemical
Engineering, 10(1), (2022), 107055] Jiajie Wang, Noriaki
Watanabe, Kosuke Inomoto, Masanobu Kamitakahara,
Kengo Nakamura, Takeshi Komai, Noriyoshi Tsuchiya

O EBHABESEDHITRIEDORRE DEM Y22l —2 3>, [
EELUMFIAE, 69, (2022), pp. 249-256] MEEKRE, INFEFE,
FREKX, BHER , LEREE
OHEYMEEYOHEENSRZNBEE . [EMIFEREE, 100(7),
(2022), p. 380] tEEH=E

RIREEERTDEH

@ Arsenic uptake by Pteris vittata in a subarctic arsenic-
contaminated agricultural field in Japan: An 8-year study.
[Science of The Total Environment, 831, (2022), 154830]
Yi Huang-Takeshi Kohda, Ginro Endo, Nobuyuki Kitajima,

Kazuki Sugawara, Mei-Fang Chien, Chihiro Inoue, Keisuke
Miyauchi

@ Efficient biodegradation of 1,4-dioxane commingled
with additional organic compound: Role of interspecies
interactions within consortia. [Chemosphere, 308(3), (2022),
136440] Tanmoy Roy Tusher, Chihiro Inoue, Mei-Fang Chien
@ Empirical Evidence of Arsenite Oxidase Gene as an
Indicator Accounting for Arsenic Phytoextraction by Pteris
vittata. [International Journal of Environmental Research and
Public Health, 19(3), (2022), 1796] Ning Han, Chongyang
Yang, Shunya Shimomura, Chihiro Inoue, Mei-Fang Chien

@® From Surface Water to the Deep Sea: A Review on
Factors Affecting the Biodegradation of Spilled Oil in Marine
Environment. [Journal of Marine Science and Engineering,
10(3), (2022), 426] Hernando Pactao Bacosa, Sheila Mae B.
Ancla, Cris Gel Loui A. Arcadio, John Russel A. Dalogdog,
Dioniela Mae C. Ellos, Heather Dale A. Hayag, Jiza Gay P.
Jarabe, Ahl Jimhar T. Karim, Carl Kenneth P. Navarro, Mae
Princess |. Palma, Rodolfo A. Romarate, Kaye M. Similatan,
Jude Albert B. Tangkion, Shann Neil A. Yurong, Jhonamie A.
Mabuhay-Omar, Chihiro Inoue, Puspa L. Adhikari

@® Recent progress in noble metal electrocatalysts
for nitrogen-to-ammonia conversion. [Renewable and
Sustainable Energy Reviews, 168, (2022), 112845] Xufeng
Rao, Minmin Liu, Meifang Chien, Chihiro Inoue, Jiujun Zhang,
Yuyu Liu

@® Rhizospheric plant-microbe synergistic interactions
achieve efficient arsenic phytoextraction by Pteris vittaia.
[Journal of Hazardous Materials, 434, (2022), 128870]
Chongyang Yang, Ning Han, Chihiro Inoue, Yu-Liang Yang,
Hideaki Nojiri, Ying-Ning Ho, Mei-Fang Chien

@® Second-generation bioethanol production from
phytomass after phytoremediation using recombinant
bacteria-yeast co-culture. [Fuel, 326, (2022), 124975]
Tanmoy Roy Tusher, Jui-Jen Chang, Maria Ita Saunivalu,
Sosuke Wakasa, Wen-Hsiung Li, Chieh-Chen Huang, Chihiro
Inoue, Mei-Fang Chien

@ Separation of microplastic from soil by centrifugation
and its application to agricultural soil. [Chemosphere, 288,
(2022), 132654] Guido Grause, Yamato Kuniyasu, Mei-Fang
Chien, Chihiro Inoue

@® Subcellular localization and chemical speciation
of Cd in Arabidopsis halleri ssp. gemmifera to reveal
its hyperaccumulating and detoxification strategies.
[Environmental and Experimental Botany, (2022), 105047]
Syarifah Hikmah Julinda Sari, Mei-Fang Chien, Chihiro Inoue
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@ Continental arc-derived eclogite in the Zavkhan Terrane,
western Mongolia: Implications for the suture zone in the
northern part of the Central Asian Orogenic Belt. [Journal
of Asian Earth Sciences, 229, (2022), 105150] Bayarbold, M.,
Okamoto, A., Dandar, O., Uno, M., Tsuchiya, N.

@® Dehydration of brucite + antigorite under mantle
wedge conditions: insights from the direct comparison
of microstructures before and after experiments.
[Contributions to Mineralogy and Petrology, 177, (2022), 87]
Takayoshi Nagaya, Atsushi Okamoto, Masanori Kido, Jun
Muto, Simon R. Wallis

@® Development of open transport of aqueous fluid from
pegmatite revealed by trace elements in garnet. [Geofluids,
(2022), 8786250] Astin Nurdiana, Atsushi Okamoto,
Masaoki Uno, Noriyoshi Tsuchiya

@ High-temperature silicified zones as potential caprocks
of supercritical geothermal reservoirs. [Geothermics, 105,
(2022), 102475] Fajar Febiani Amanda, Noriyoshi Tsuchiya,
Vani Novita Alviani, Masaoki Uno, Ryoichi Yamada, Shota
Shimizu, Ryosuke Oyanagi

@ Machine-learning techniques for quantifying the protolith
composition and mass transfer history of metabasalt.
[Scientific Reports, 12(1), (2022), 1385] Matsuno, S., Uno, M.,
Okamoto, A., Tsuchiya, N.

@ Slab-derived fluid storage in the crust elucidated by
earthquake swarm. [Communications Earth & Environment,
3(1), (2022), 286] Yusuke Mukuhira, Masaoki Uno, Keisuke
Yoshida

@ Volatile-consuming reactions fracture rocks and self-
accelerate fluid flow in the lithosphere. [Proceedings of the
National Academy of Science, 119(3), (2022), e2110776118]
Masaoki Uno, Kodai Koyanagawa, Hisamu Kasahara, Atsushi
Okamoto, Noriyoshi Tsuchiya
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@® Effects of agricultural by-product on mechanical
properties of cemented waste soil. [Journal of Cleaner
Production, 365, (2022), 132814] Nga Thanh Duong, Khiem
Quang Tran, Tomoaki Satomi, Hiroshi Takahashi

@® Study on Mechanical Properties of Cemented Soil
Reinforced by Empty Fruit Bunch(EFB). [International Journal
of the Society of Materials Engineering for Resources, 25(1),
(2022), pp. 109-114] Delima Canny Valentine Simarmata,
Tomoaki Satomi, Hiroshi Takahashi

@ ARIYN—ZAWHR T OB FIEICET 2. [TI4
Hh=wI X ,42(1), (2022), pp. 55-60] Nguyen Truong Van Loc,
Tomoaki SATOMI, Hiroshi TAKAHASHI
OHRBWETZETIIEFICLDIOEREE. [TIANZVIZR,
42, (2022), pp. 1-6] HEHLE , BERAEE , St&5A
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@ A numerical study on the creation of artificial supercritical
geothermal reservoirs by hydraulic fracturing. [Geothermics,
105, (2022), 102500] Kimio Watanabe, Norihiro Watanabe,
Noriaki Watanabe, Kiyotoshi Sakaguchi, Masaatsu Aichi,
Hisanao Ouchi, Hiroshi Asanuma

@® CO: Injection-Induced Shearing and Fracturing in
Naturally Fractured Conventional and Superhot Geothermal
Environments. [Rock Mechanics and Rock Engineering,
(2022)] Eko Pramudyo, Ryota Goto, Kiyotoshi Sakaguchi,
Kengo Nakamura, Noriaki Watanabe

@® Erratum to “CO: injection-induced complex cloud-
fracture networks in granite at conventional and superhot
geothermal conditions” [Geothermics 97 (2021) 102265].
[Geothermics, 101, 102340] Eko Pramudyo, Ryota Goto,
Noriaki Watanabe, Kiyotoshi Sakaguchi, Kengo Nakamura,
Takeshi Komai

@ Wellbore stability in high-temperature granite under true
triaxial stress. [Geothermics, 100, 102334] Ryota Goto,
Kiyotoshi Sakaguchi, Francesco Parisio, Keita Yoshioka, Eko
Pramudyo, Noriaki Watanabe
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@ Deformation mechanism of Ni(O)-yttria-stabilized zirconia

upon reduction and its effect on cell stress evolution in solid
oxide fuel cells. [Journal of Power Sources, 550, (2022),
232116] Junya Tanaka, Kazuhisa Sato, Keiji Yashiro, Tatsuya
Kawada, Toshiyuki Hashida

@ Effects of temperature and hydrogen concentration
during reduction on deformation behavior of NiO-yttria
stabilized zirconia used in solid oxide fuel cells. [Journal
of Power Sources, 535, (2022), 231384] Junya Tanaka,
Kazuhisa Sato, Keiji Yashiro, Tatsuya Kawada, Toshiyuki
Hashida

@ Performance and stability analysis of SOFC containing
thin and dense gadolinium-doped ceria interlayer sintered
at low temperature. [Journal of Materiomics, 8(2), (2022),
pp. 347-357] Yige Wang, Chuan Jia, Zewei Lyu, Minfang
Han, Junwei Wu, Zaihong Sun, Fumitada Iguchi, Keiji Yashiro,
Tatsuya Kawada
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@ A geochemical approach for source apportionment and
environmental impact assessment of heavy metals in a Cu-
Ni mining region, Botswana. [Environmental Earth Sciences,
81(5), (2022), Article 138] Fiona Motswaiso, Jiajie Wang,
Kengo Nakamura, Noriaki Watanabe, Takeshi Komai

@ A numerical study on the creation of artificial supercritical
geothermal reservoirs by hydraulic fracturing. [Geothermics,
105, (2022), 102500] Kimio Watanabe, Norihiro Watanabe,
Noriaki Watanabe, Kiyotoshi Sakaguchi, Masaatsu Aichi,
Hisanao Ouchi, Hiroshi Asanuma

@® CO: Injection-Induced Shearing and Fracturing in
Naturally Fractured Conventional and Superhot Geothermal
Environments. [Rock Mechanics and Rock Engineering,
(2022)] Eko Pramudyo, Ryota Goto, Kiyotoshi Sakaguchi,
Kengo Nakamura, Noriaki Watanabe

@ Effectiveness and characteristics of atmospheric CO2
removal in croplands via enhanced weathering of industrial
Ca-rich silicate byproducts. [Frontiers in Environmental
Science, 10, (2022), 1068656] Rina Yoshioka, Kengo
Nakamura, Ryota Sekiai, Jiajie Wang, Noriaki Watanabe

@ Electrical conductivity of H20-NaCl fluids under
supercritical geothermal conditions and implications for
deep conductors observed by the magnetotelluric method.
[Geothermics, 101, 2022, 102361] Watanabe, N., Mogi, T.,
Yamaya, Y., Kitamura, K., Asanuma, H., Tsuchiya, N.

@ Erratum to “CO: injection-induced complex cloud-
fracture networks in granite at conventional and superhot
geothermal conditions” [Geothermics 97 (2021) 102265].
[Geothermics, 101, 102340] Eko Pramudyo, Ryota Goto,
Noriaki Watanabe, Kiyotoshi Sakaguchi, Kengo Nakamura,
Takeshi Komai

@® Influence of non-uniform flow on toxic elements
transport in soil column percolation test. [Heliyon, 8(11),
(2022), e11541] Kyouhei Tsuchida, Kengo Nakamura, Noriaki
Watanabe, Takeshi Komai

@ Potentially toxic elements pose significant and long-term
human health risks in river basin districts with abandoned
gold mines. [Environmental Geochemistry and Health, 44,
(2022), pp. 4685-4702] Arie Pujiwati, Kengo Nakamura,
Jiajie Wang, Yoshishige Kawabe, Noriaki Watanabe, Takeshi
Komai

@ Role of water in unexpectedly large changes in emission
flux of volatile organic compounds in soils under dynamic
temperature conditions. [Scientific Reports, 12, (2022),
4418] Asma Akter Parlin, Monami Kondo, Noriaki Watanabe,
Kengo Nakamura, Jiajie Wang, Yasuhide Sakamoto, Takeshi
Komai

@ Significance of soil moisture on temperature dependence
of Hg emission. [Journal of Environmental Management,
305, (2022), 114308] S. Zhao, A. Terada, K. Nakamura, M.
Nakashima, T. Komai, S. Riya, M. Hosomi, H. Hou

@ Spatial and temporal distribution of arsenic contamination

in groundwater of Nawalparasi-West, Nepal: an investigation
with suggested countermeasures for South Asian Region.
[Environmental Monitoring and Assessment, 194, (2022),
582] Tunisha Gyawali, Susmita Pant, Keizo Nakamura,
Takeshi Komai, Shukra Raj Paudel

@ Sustainable process for enhanced CO: mineralization of
calcium silicates using a recyclable chelating agent under
alkaline conditions. [Journal of Environmental Chemical
Engineering, 10(1), (2022), 107055] Jiajie Wang, Noriaki
Watanabe, Kosuke Inomoto, Masanobu Kamitakahara,
Kengo Nakamura, Takeshi Komai, Noriyoshi Tsuchiya
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@ Controlled introduction of defects into single-walled
carbon nanotubes via a fluorination-defluorination strategy
using xenon difluoride and their alkaline oxygen reduction
reaction catalytic activity. [Journal of Colloid and Interface
Science, 627, (2022), pp. 168-179] Koji Yokoyama, Issei
Mamiya, Hiromu Morita, Yoshinori Sato, Kenta Sato, Tetsuo
Nishida, Yoshinori Sato

ERTRILF—ERFSEF

[Fwx]

@ A geochemical approach for source apportionment and
environmental impact assessment of heavy metals in a Cu-
Ni mining region, Botswana. [Environmental Earth Sciences,
81(5), (2022), Article 138] Fiona Motswaiso, Jiajie Wang,
Kengo Nakamura, Noriaki Watanabe, Takeshi Komai

@ Continental arc-derived eclogite in the Zavkhan Terrane,
western Mongolia: Implications for the suture zone in the
northern part of the Central Asian Orogenic Belt. [Journal
of Asian Earth Sciences, 229, (2022), 105150] Manzshir
Bayarbold, Atsushi Okamoto, Otgonbayar Dandar, Masaoki
Uno, Noriyoshi Tsuchiya

@ Cross-cultural comparison of nudging effects for
environmental protection: A case-study of risk-averse
attitudes toward disposable plastics. [PloS one, 17(11),
(2022), e0277183] Hidenori Komatsu, Hiromi Kubota,
Nobuyuki Tanaka, Mariah Griffin, Jennifer Link, Glenn Geher,
Maryanne L Fisher

@ Development of Open Transport of Aqueous Fluid from
Pegmatite Revealed by Trace Elements in Garnet. [Geofluids,
(2022), 8786250] Astin Nurdiana, Atsushi Okamoto,
Masaoki Uno, Noriyoshi Tsuchiya

@ Effectiveness and characteristics of atmospheric CO:2
removal in croplands via enhanced weathering of industrial
Ca-rich silicate byproducts. [Frontiers in Environmental

Science, 10, (2022), 1068656] Rina Yoshioka, Kengo
Nakamura, Ryota Sekiai, Jiajie Wang, Noriaki Watanabe

@® Electrical conductivity of H20-NaCl fluids under
supercritical geothermal conditions and implications for
deep conductors observed by the magnetotelluric method.
[Geothermics, 101, 102361] Watanabe, N., Mogi, T., Yamaya,
Y., Kitamura, K., Asanuma, H., Tsuchiya, N.

@ Estimation of an ultra-high-temperature geothermal
reservoir model in the Kakkonda geothermal field,
northeastern Japan. [Geothermics, 105, (2022), 102525]
Yota Suzuki, Takashi Akatsuka, Yusuke Yamaya, Norihiro
Watanabe, Kyosuke Okamoto, Kazumi Osato, Tatsuya
Kajiwara, Yasuo Ogawa, Toru Mogi, Noriyoshi Tsuchiya,
Hiroshi Asanuma

@ High-temperature silicified zones as potential caprocks
of supercritical geothermal reservoirs. [Geothermics, 105,
(2022), 102475] Fajar Febiani Amanda, Noriyoshi Tsuchiya,
Vani Novita Alviani, Masaoki Uno, Ryoichi Yamada, Shota
Shimizu, Ryosuke Oyanagi

@ Late-Holocene salinity changes in Lake Ogawara,
Pacific coast of northeast Japan, related to sea-level
fall inferred from sedimentary geochemical signatures.
[Palaeogeography, Palaeoclimatology, Palaeoecology, 592,
(2022), 110907] Fumiko Watanabe Nara, Takahiro Watanabe,
Tetsuya Matsunaka, Shin-ichi Yamasaki, Noriyoshi Tsuchiya,
Koji Seto, Kazuyoshi Yamada, Yoshinori Yasuda

@ Machine-learning techniques for quantifying the protolith
composition and mass transfer history of metabasalt.
[Scientific Reports, 12, (2022), 1385] Satoshi Matsuno,
Masaoki Uno, Atsushi Okamoto, Noriyoshi Tsuchiya

@ Potentially toxic elements pose significant and long-term
human health risks in river basin districts with abandoned
gold mines. [Environmental Geochemistry and Health, 44,
(2022), pp. 4685-4702] Arie Pujiwati, Kengo Nakamura,
Jiajie Wang, Yoshishige Kawabe, Noriaki Watanabe, Takeshi
Komai

@ Role of water in unexpectedly large changes in emission
flux of volatile organic compounds in soils under dynamic
temperature conditions. [Scientific Reports, 12, (2022),
4418] Asma Akter Parlin, Monami Kondo, Noriaki Watanabe,
Kengo Nakamura, Jiajie Wang, Yasuhide Sakamoto, Takeshi
Komai

@ Searching for the universality of nudging: A cross-cultural
comparison of the information effects of reminding people
about familial support. [PloS one, 17(11), (2022), e0277969]
Hidenori Komatsu, Hiromi Kubota, Nobuyuki Tanaka,
Hirotada Ohashi, Mariah Griffin, Jennifer Link, Glenn Geher,
Maryanne L Fisher

@ Sustainable process for enhanced COz mineralization of
calcium silicates using a recyclable chelating agent under
alkaline conditions. [Journal of Environmental Chemical
Engineering, 10(1), (2022), 107055] Jiajie Wang, Noriaki
Watanabe, Kosuke Inomoto, Masanobu Kamitakahara,
Kengo Nakamura, Takeshi Komai, Noriyoshi Tsuchiya

@ Volatile-consuming reactions fracture rocks and self-
accelerate fluid flow in the lithosphere. [Proceedings of the
National Academy of Science, 119(3), (2022), e2110776118]
Masaoki Uno, Kodai Koyanagawa, Hisamu Kasahara, Atsushi
Okamoto, Noriyoshi Tsuchiya
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@ A framework to evaluate the energy-environment-

economic impacts of developing rooftop photovoltaics
integrated with electric vehicles at city level. [Renewable
Energy, 200, (2022), pp. 647-657] Junling Liu, Mengyue Li,
Liya Xue, Takuro Kobashi

@ Assessment of waterfront office redevelopment plan on
optimal building arrangements with rooftop photovoltaics:
A case study for Shinagawa, Tokyo. [energies, 15(3), (2022),
pp. 1-15] Younghun Choi, Takuro Kobashi, Yoshiki Yamagata,
Akito Murayama

@® Comment on “comparison of holocene temperature
reconstructions based on GISP2 multiple-gas-isotope
measurements” by Doring and Leuenberger (2022).
[Quaternary Science Reviews, 298, (2022), 107707] Takuro
Kobashi, Tosiyuki Nakaegawa

@ Energy infrastructure transitions with PV and EV
combined systems using techno-economic analyses for
decarbonization in cities. [Applied Energy, 319, (2022),
119254] Soowon Chang, Jun-young Cho, Jae Heo, Junsuk
Kang, Takuro Kobashi

@ Rapid rise of decarbonization potentials of photovoltaics
plus electric vehicles in residential houses over commercial
districts. [Applied Energy, 306, (2022), 118142] Takuro
Kobashi, Younghun Choi, Yujiro Hirano, Yoshiki Yamagata,
Kelvin Say
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@ A solid-state electrolysis process for upcycling aluminium
scrap. [Nature, 606, (2022), pp. 511-515] Xin Lu, Zhengyang
Zhang, Takehito Hiraki, Osamu Takeda, Hongmin Zhu,
Kazuyo Matsubae, Tetsuya Nagasaka

@ Energy recovery from end-of-life vehicle recycling in
Cameroon: A system dynamics approach. [Journal of
Cleaner Production, 361, (2022), 132090] Solange Ayuni
Numfor, Yutaka Takahashi, Kazuyo Matsubae

@® Food Nitrogen Footprint of the Indian Subcontinent
Toward 2050. [Frontiers in Nutrition, 9, (2022), 899431]
Aurup Ratan Dhar, Azusa Oita, Kazuyo Matsubae

@ Multi-regional land disturbances induced by mineral use
in a product-based approach: A case study of gasoline,
hybrid, battery electric and fuel cell vehicle production in
Japan. [Resources, Conservation and Recycling, 178, (2022),
106093] Shoki Kosai, Liao Hanging, Zhengyang Zhang,
Kazuyo Matsubae, Eiji Yamasue

@ Sustainability of Vertical Farming in Comparison
with Conventional Farming: A Case Study in Miyagi
Prefecture, Japan, on Nitrogen and Phosphorus Footprint.
[Sustainability, 14(2), (2022), 1042] Jiarui Liu, Azusa Oita,
Kentaro Hayashi, Kazuyo Matsubae

@® Why do some countries receive more international
financing for coal-fired power plants than renewables?
Influencing factors in 23 countries. [Energy for Sustainable
Development, 66, (2022), pp. 177-188] Achmed Edianto,
Gregory Trencher, Kazuyo Matsubae
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@ Sustainable phosphorus supply by phosphorus recovery
from steelmaking slag: a critical review. [Resources,
Conservation and Recycling. 180, (2022), 106203] Huafang
Yu, Xin Lu, Takahiro Miki, Kazuyo Matsubae, Yasushi Sasaki,
Tetsuya Nagasaka
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@ Advanced manufacturing and high-quality materials:
phosphorus. [Routledge Handbook of the Extractive
Industries and Sustainable Development, (2022), Routledge]
Kazuyo Matsubae, Eiji Yamasue, Hisao Ohtake

@ Chapter 8. Consumption - the missing link towards
phosphorus sustainability. [Our Phosphorus Future, (2022),
UK Centre for Ecology and Hydrology, Edinburgh] W.J.
Brownlie, M.A. Sutton, K.V. Heal, D.S. Reay, B.M. Spears
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@ Differentiated responsibilities of US citizens in the
country’s sustainable dietary transition. [Environmental
Research Letters, 17(7), (2022), 074037] Oliver Taherzade,

Keiichiro Kanemoto

@ Multi-perspective Structural Analysis of Supply Chain
Networks. [Economic Systems Research, 34(2), (2022),
pp. 199-214] Tesshu Hanaka, Keiichiro Kanemoto, Shigemi
Kagawa
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@ 3-D resistivity imaging of the supercritical geothermal
system in the Sengan geothermal region, NE Japan.
[Geothermics, 103, (2022), 102412] Yamaya, Y., Suzuki, Y.,
Murata, Y., Okamoto, K., Watanabe, N., Asanuma, H., Hase, H.,
Ogawa, Y., Mogi, T., Ishizu, K.

@ A numerical study on the creation of artificial supercritical
geothermal reservoirs by hydraulic fracturing. [Geothermics,
105, (2022), 102500] Watanabe, K., Watanabe, N.,
Watanabe, N., Sakaguchi, K., Aichi, M., Ouchi, H., Asanuma, H.
@ Electrical conductivity of H20-NaCl fluids under
supercritical geothermal conditions and implications for
deep conductors observed by the magnetotelluric method.
[Geothermics, 101, (2022), 102361] Watanabe, N., Mogi, T.,
Yamaya, Y., Kitamura, K., Asanuma, H., Tsuchiya, N.

@ Estimation of an ultra-high-temperature geothermal
reservoir model in the Kakkonda geothermal field,
northeastern Japan. [Geothermics, 105, (2022), 102525]
Suzuki, Y., Watanabe, N., Akatsuka, T., Yamaya, Y., Okamoto,
K., Kanazawa, S., Osato, K., Kajiwata, T., Ogawa, Y., Mogi, T.,
Tsuchiya, N., Asanuma, H.

@® Geothermal geology and comprehensive temperature
model based on surface and borehole geology in Sengan,
Northeast Japan. [Geothermics, 105, (2022), 102485]
Akatsuka, T., Saito, R., Kajiwara, T., Osada, K., Nagaso, M.,
Watanabe, N., Tsuchiya, N., Asanuma, H., Kanetsuki, T.

@ Structures and fluid flows inferred from the microseismic
events around a low-resistivity anomaly in the Kakkonda
geothermal field, Northeast Japan. [Geothermics, 100,
(2022), 102320] Okamoto, K., Imanishi, K., Asanuma, H.
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@ Analysis of the risk of theft from vehicle crime in Kyoto,

Japan using environmental indicators of streetscapes.
[Crime Science, 11, 13, (2022)] Hiroki M. Adachi and Tomoki
Nakaya

@ Analytical estimation of maximum fraction of infected
individuals with one-shot non-pharmaceutical intervention
in a hybrid epidemic model. [BMC Infectious Diseases, 22(1),
(2022), 512] Naoya Fujiwara, Tomokatsu Onaga, Takayuki
Wada, Shouhei Takeuchi, Junji Seto, Tomoki Nakaya,
Kazuyuki Aihara

@ Association Between Residential Environment and
Psychological Status Among Young Adults Living Alone
During the COVID-19 Pandemic in Tokyo, Japan. [Asia
Pacific Journal of Public Health, 34(6-7), (2022), pp. 678-
680] Yuanyuan Teng, Tomoki Nakaya, Tomoya Hanibuchi

@ Association of Socioeconomic Status Assessed by
Areal Deprivation with Cancer Incidence and Detection by
Screening in Miyagi, Japan between 2005 and 2010. [Journal
of Epidemiology, (2022), Article ID JE(2022)0066] Noriko
Kaneko, Yoshikazu Nishino, Yuri Ito, Tomoki Nakaya, Seiki
Kanemura

@ Associations between neighbourhood street connectivity
and sedentary behaviours in Canadian adults: Findings
from Alberta’s Tomorrow Project. [PLOS ONE, 17(6), (2022),
e0269829] Vikram Nichani, Mohammad Javad Koohsari,
Koichiro Oka, Tomoki Nakaya, Ai Shibata, Kaori Ishii, Akitomo
Yasunaga, Jennifer E. Vena, Gavin R. McCormack

@ Correlates of domain-specific sedentary behaviors and
objectively assessed sedentary time among elementary
school children. [Scientific Reports, 12, (2022), 18848]
Mohammad Javad Koohsari, Koichiro Oka, Ai Shibata,
Gavin R McCormack, Tomoya Hanibuchi, Tomoki Nakaya,
Kaori Ishii

@ Depression among middle-aged adults in Japan: The
role of the built environment design. [Landscape & Urban
Planning, 231, March 2023, 104651, (2022)] Koohsari, M.
J., Yasunaga, A., McCormack, G. R., Shibata, A., Ishii, K.,
Nakaya, T., Hanibuchi, T., Nagai, Y., & Oka, K.

@ Development of a method for walking step observation
based on large-scale GPS data. [International Journal of
Health Geographics, 21, (2022), 10] Shohei Nagata, Tomoki
Nakaya, Tomoya Hanibuchi, Naoki Nakaya, Atsushi Hozawa
@ Does the Integration of Migrants in the Host Society
Raise COVID-19 Vaccine Acceptance? Evidence From a
Nationwide Survey in Japan. [Journal of Immigrant and
Minority Health, (2022), https://doi.org/10.1007/s10903-
022-01402-z] Yuanyuan Teng, Tomoya Hanibuchi, Tomoki
Nakaya

@® Dose-Response Relationship Between Life-Space
Mobility and Mortality in Older Japanese Adults: A
Prospective Cohort Study. [Journal of the American Medical
Directors Association, 23(11), (2022), pp. 1869.e7-1869.e18]
Daiki Watanabe, Tsukasa Yoshida, Yosuke Yamada, Yuya
Watanabe, Minoru Yamada, Hiroyuki Fujita, Tomoki Nakaya,
Motohiko Miyachi, Hidenori Arai, Misaka Kimura

@ Individual-level social capital and COVID-19 vaccine
hesitancy in Japan: a cross-sectional study. [Human
Vaccines & Immunotherapeutics, 18(5), (2022), pp. 1-7]
Masaki Machida, Hiroyuki Kikuchi, Takako Kojima, Itaru
Nakamura, Reiko Saito, Tomoki Nakaya, Tomoya Hanibuchi,
Tomoko Takamiya, Yuko Odagiri, Noritoshi Fukushima, Shiho
Amagasa, Hidehiro Watanabe, Shigeru Inoue

@® Long-term exposure to fine particle matter and all-
cause mortality and cause-specific mortality in Japan: the
JPHC Study. [BMC Public Health, 22(1), (2022), 466] Norie
Sawada, Tomoki Nakaya, Saori Kashima, Takashi Yorifuiji,
Tomoya Hanibuchi, Hadrien Charvat, Taiki Yamaji, Motoki
Iwasaki, Manami Inoue, Hiroyasu Iso, Shoichiro Tsugane

@ Neighborhood-level socioeconomic factors moderate the
association between physical activity and relative age effect:
a cross-sectional survey study with Japanese adolescents..
[BMC Public Health, 22(1), (2022), 1656] Takaaki Mori,
Takumi Aoki, Kan Oishi, Tetsuo Harada, Chiaki Tanaka,
Shigeho Tanaka, Hideki Tanaka, Kazuhiko Fukuda, Yasuko
Kamikawa, Nobuhiro Tsuji, Keisuke Komura, Shohei Kokudo,
Noriteru Morita, Kazuhiro Suzuki, Masashi Watanabe, Ryoji
Kasanami, Taketaka Hara, Ryo Miyazaki, Takafumi Abe, Koji
Yamatsu, Daisuke Kume, Hedenori Asai, Naofumi Yamamoto,
Taishi Tsuji, Tomoki Nakaya, Kojiro Ishii

@ Perceived workplace layout design and work-related
physical activity and sitting time. [Building and Environment,
211, (2022), 108739] Mohammad Javad Koohsari, Gavin R.
McCormack, Tomoki Nakaya, Ai Shibata, Kaori Ishii, Chien-
Yu Lin, Tomoya Hanibuchi, Akitomo Yasunaga, Koichiro Oka
@ Revisiting the Geographical Distribution of Thyroid
Cancer Incidence in Fukushima Prefecture: Analysis of Data
From the Second- and Third-round Thyroid Ultrasound
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Examination. [Journal of Epidemiology, 32 (Suppl_XIl),
(2022), pp. S76-S83] Tomoki Nakaya, Kunihiko Takahashi,
Hideto Takahashi, Seiji Yasumura, Tetsuya Ohira, Hiroki
Shimura, Satoru Suzuki, Satoshi Suzuki, Manabu Iwadate,
Susumu Yokoya, Hitoshi Ohto, Kenji Kamiya

@® Social contact patterns in Japan in the COVID-19
pandemic during and after the Tokyo Olympic Games.
[Journal of Global Health, 12, (2022), 5047] Shinya Tsuzuki,
Yusuke Asai, Yoko Ibuka, Tomoki Nakaya, Norio Ohmagari,
Niel Hens, Philippe Beutels

@ Socioeconomic disparities in cancer survival: Relation
to stage at diagnosis, treatment, and centralization of
patients to accredited hospitals, 2005-2014, Japan. [Cancer
Medicine, (2022), pp. 1-15] Satomi Odani, Takahiro Tabuchi,
Tomoki Nakaya, Toshitaka Morishima, Kayo Nakata, Yoshihiro
Kuwabara, Mari Kajiwara Saito, Chaochen Ma, Isao Miyashiro
@® The Design Challenges for Dog Ownership and Dog
Walking in Dense Urban Areas: The Case of Japan. [Frontiers
in Public Health, 10, (2022), 904122] Mohammad Javad
Koohsari, Akitomo Yasunaga, Gavin R McCormack, Tomoki
Nakaya, Yukari Nagai, Koichiro Oka

@ Trends and Disparities in Adult Body Mass Index Across
the 47 Prefectures of Japan, 1975-2018: A Bayesian
Spatiotemporal Analysis of National Household Surveys.
[Frontiers in Public Health, 10, (2022), 830578] Nayu lkeda,
Tomoki Nakaya, James Bennett, Majid Ezzati, Nobuo Nishi

@ Trends in internal migration in Japan, 2012-2020: The
impact of the COVID-19 pandemic. [Population, Space and
Place, (2022), e2634] Masaki Kotsubo and Tomoki Nakaya
@® Unwillingness to cooperate with COVID-19 contact
tracing in Japan. [Public Health, 210, (2022), pp. 34-40]
M Machida, H Kikuchi, T Kojima, | Nakamura, R Saito, T
Nakaya, T Hanibuchi, T Takamiya, Y Odagiri, N Fukushima, S
Amagasa, H Watanabe, S Inoue

@ Workplace neighbourhood built-environment attributes
and sitting at work and for transport among Japanese desk-
based workers. [Scientific Reports, 12(1), (2022), pp. 195]
Chien-Yu Lin, Mohammad Javad Koohsari, Yung Liao, Kaori
Ishii, Ai Shibata, Tomoki Nakaya, Gavin R McCormack, Nyssa
Hadgraft, Takemi Sugiyama, Neville Owen, Koichiro Oka
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Kengo Kubota

@® Enhanced biomethanation of lipids by high-solid co-
digestion with food waste: Biogas production and lipids
degradation demonstrated by long-term continuous
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Li, Jiang Wu, Chao Rong, Tianjie Wang, Rong Chen, Daisuke
Sano, Yu-You Li

Ot R REVHRTIEE NIRRT DR R ERE . [ FAKEREKX, 64(8),
(2022), pp. 545-556] MGEAZ, RilE |, T8, TEK

@ H AR MO TKUEFEM T ROMENBEEBEL 7 MEYRE .
[ FKER=ES, 59(717), (2022), pp. 132-140] AREEE , &
BF, MiEme , TEKR

QKL T LADWEYHED LB L DBITRIMOERE . [KIRE
FREE, 45(3), (2022), pp. 91-105] FHEE, AT, A{RAREE,
FhK , EBEEE , £H—88K , Fiks

BRKED AT LFBEE
BERBE7OCRAESEH

[FRX]
@® A comprehensive study into the thermo-oxidative
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recovery and heteroatoms transformation. [Journal of
Hazardous Materials, 430, (2022), 128420] Chuan Ma,
Shogo Kumagai, Yuko Saito, Tomohito Kameda, 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(1), (2022),
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scaffolds. [Electrochimica Acta, 415, (2022), 140240]
Kosuke Ino, Keika Komatsu, Kaoru Hiramoto, Yoshinobu
Utagawa, Yuji Nashimoto, Hitoshi Shiku

@ Fabrication of high-density vertical closed bipolar
electrode arrays by carbon paste filing method for two-
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[Energy, 250, (2022), 123775] Koki Yagihara, Hajime Ohno,
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@® Systematic process energy optimization via multi-
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@ A novel manufacturing method and structural design of
functionally graded piezoelectric composites for energy-
harvesting. [Materials & Design, 214, (2022), 110371]
Zhenjin Wang, Kohei Maruyama, Fumio Narita

@® Additive manufacturing and energy-harvesting
performance of honeycomb-structured magnetostrictive
Fes2-Coas alloys. [Additive Manufacturing, 54, (2022),
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@ Additive Manufacturing of Magnetostrictive Fe-Co Alloys.
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@® Application of deep neural network learning in
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@ Characteristics of carbon fiber reinforced polymers
embedded with magnetostrictive Fe-Co wires at room and
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@ Correction to: Effect of Silk Fibroin Concentration on the
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@ Design and Optimization of a Multimode Low-Frequency
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@ Direct and inverse magnetostrictive properties of Fe-
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@ Fabrication and electromechanical characterization of
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@ k-Means Clustering for Prediction of Tensile Properties in
Carbon Fiber-Reinforced Polymer Composites. [Advanced
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@ Mode-I| fracture control of unidirectional laminated
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Material Systems and Structures, 33(19), (2022), pp. 2440-
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optimised core topologies for improved mechanical
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@® Self-Powered Wearable Piezoelectric Monitoring
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of the Structure of PtAu Nanoparticles on a Flat HOPG
Substrate Prepared by Arc Plasma Deposition. [The Journal
of Physical Chemistry C, 126(2), (2022), pp. 1006-1016] Bing
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