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Prefatory Note

I would like to extend my sincerest wishes for your continued well-
being. I also wish to express my heartfelt appreciation for your ongoing
understanding and support of the research activities carried out at the
Graduate School of Environmental Studies.

As global environmental changes advance at an accelerating pace, the
realization of a sustainable society has become a worldwide challenge.
Environmental issues are wide-ranging, and academic research is
essential to addressing them. Our Graduate School of Environmental
Studies aims to accumulate scientific knowledge and contribute to
society by promoting research in various fields, such as resource
circulation, energy, and ecosystem conservation.

This Activity Report provides an overview of our environment-related
research activities conducted during the current academic year. Against
the backdrop of ever-growing attention to environmental problems, this
report’s goal is to share how our research is being conducted and what
insights have been gained. Through collaboration with stakeholders
inside and outside the university, we are working on initiatives to reduce
environmental impacts and develop sustainable technologies. Our
research findings not only advance scientific knowledge but also show
great potential for real-world application.

Looking back on this year’s activities, we have keenly felt that issues in
the environmental sector are becoming increasingly complex, which
underscores the growing importance of new research methods and

interdisciplinary approaches. Environmental research cannot be
confined to a single field; incorporating multiple perspectives enables
us to identify more effective solutions. At our Graduate School of
Environmental Studies, researchers from diverse specialties cooperate
and share their expertise as they progress with their work.

Moreover, today’s research outcomes are expected to extend beyond
academic papers and conference presentations to actual implementation
in society. With that in mind, we are strengthening our partnerships with
companies, local governments, and regional communities while sharing
our research findings and promoting practical research efforts. We
intend to continue pursuing deeper scientific understanding and broader
applications of our research to help address environmental problems.

I hope that this Activity Report not only provides you a clearer picture of
the Graduate School of Environmental Studies’ research activities but
also serves as a useful resource for those interested in environmental
research. Solving environmental issues requires the cooperation and
understanding of many, not just researchers. I sincerely hope that,
through this report, you will appreciate the importance of environmental
research and join us in building a more sustainable future.

In closing, allow me to once again express my heartfelt gratitude to
everyone who has supported us and cooperated to advance our research
activities. We look forward to your continued understanding and support
in the future.
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Measurement, observation and equipment development for
understanding of various geosphere information

Assistant Professor
Nobuo Hirano
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This laboratory is dedicated to acquiring a diverse range of information about the geosphere, focusing on the development of necessary methods and equipment.
Our major areas of study include water—rock interactions, exploring rock conditions within the Earth’s interior under high-temperature and -pressure
hydrothermal environments, and measuring natural and artificial thermoluminescence (NTL and ATL) using minerals like quartz, feldspar, calcite, and other
minerals. Additionally, we investigate hydrogen production techniques using acidic hot spring water and metallic aluminum. Our primary objective is to
develop and optimize the use of geothermal and hot spring resources, aiming for our findings to contribute to society. We also offer expertise in designing

experiments and measuring techniques involving autoclaves, as well as applying thermoluminescence to minerals.
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Fig. 1a Changes in the chemical composition of
Maruyamasawa hydrothermal water.

Zao Volcano Water Survey

The chemical quality monitoring of Okama (water) and Maruyamazawa
(hydrothermal), conducted since around 2014 as part of the Zao Volcano
activity survey, has been completed for the time being. Although some
data are missing due to restricted access caused by the Zao Volcano
eruption warning, an analysis of all water survey data collected up to the
last year reveals several key findings. Changes in the composition of the
hot spring water gushing out from Maruyamazawa were observed before
volcanic tremors were detected (around November 2015), reaching their
peak afterward. Recent data confirm that the composition has since
returned to levels observed before the volcanic activity. In contrast, no
such fluctuations were observed in the water from Okama. These
findings suggest that the hydrothermal water from Maruyamazawa is
likely connected in some way to the volcanic activity of Zao.
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Fig. 1b Changes in the chemical composition of
Okama water.
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Fig. 2 Calcite TL map in ElSalvador.

Thermoluminescence
Geothermal Exploration

Energy from natural radiation is stored in mineral crystals and released
as luminescence when the minerals are heated, a phenomenon known as
mineral thermoluminescence (TL). Minerals that have been heated in
the past exhibit lower TL intensity. Based on this principle, we have
developed a method to detect geothermal signatures, assuming that
minerals exposed to geothermal environments demonstrate relatively
low TL intensity. Our study demonstrates that calcite can also be
effectively used in this method, in addition to the quartz and feldspar
commonly employed. During a survey conducted in El Salvador, we
analyzed calcite and obtained results consistent with existing geothermal
prospecting data. This finding suggests that calcite is a viable indicator
for TL-based geothermal prospecting, potentially expanding the range
of areas where this method can be applied.

Furthermore, we are developing and testing a method for estimating the
location and depth of heat sources based on TL data. This advancement
could significantly enhance the accuracy and applicability of TL-based
geothermal exploration.

Development of Application
to Assist in Determining Geothermal
Development Areas

The selection of potential sites for geothermal power generation often
involves a comprehensive evaluation by engineers and researchers. This
evaluation integrates various data, including fault distribution, the
locations of heat sources (e.g., volcanoes and hot springs), geochemical
data, and geophysical survey data such as gravity anomalies and
resistivity structure analysis. However, the accuracy of this evaluation
heavily depends on the subjective judgment and experience of the
evaluators.

To address this issue, we developed a plugin software last year that
aggregates these datasets within candidate regions into a GIS system.
The region is divided into evaluation grids, and each dataset within a
grid is scored based on predetermined criteria established from prior
evaluation experience. The software calculates evaluation scores for
each grid. We tested its practical usability in the geothermal regions of
El Salvador.

The results demonstrated the successful narrowing down of potential
candidate areas. For regions where sufficient datasets are available for
scoring, we concluded that, despite some trial and error, the software
enables more efficient narrowing down of candidate sites with less effort
compared to traditional methods.

Fig. 3 Exsample of evaluation result using developed plugin for QGIS.
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Development of High-Functional Non-Metal Light Element Materials Associate Professor
for a Next-Generation Sustainable Life Style Yoshinori Sato
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Our laboratory is in the research area of advanced nanomaterials for clean energy (alternative energy and hydrogen energy). To fabricate, assemble,
and composite organic/inorganic materials with high-performance functions created from combinations of each material’s properties is one of the most
fascinating and necessary areas of research. In this laboratory, we design, synthesize, and characterize the assembly, composites, and organic/inorganic
materials based on surface/interface design to apply nanomaterials’ properties to bulky materials (Fig. 1). In particular, we have challenged ourselves
to create and develop highly functional nonmetal light element materials (carbon-based materials including boron, nitrogen, oxygen, fluorine, sulfur,
and phosphorus) with high-performance surfaces and interfaces. Such materials are necessary for the field of next-generation clean energy, which in
turn is needed to meet sustainable development goals (SDGs).
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KEIXILE—DFECHEINTWIERSS FRIAREE Although hydrogen-energy-harnessing polymer electrolyte fuel cells
. (PEFCs) have been expected, they are not yet widely used. Platinum,
3 . \ET [ [+ TS
it (polymer ele_Ctr0|yte fuel cell: PEFC) BEWERICIEES which is used as an oxygen reduction reaction (ORR) catalyst, is an
TWRW, ZORED 1 DA EFRETRIG (oxygen reduction expensive and nonabundant resource, and it has poor durability for ORR
reaction: ORR) f# & U CHERAINTWSEHEMETH S, BE activity. Therefore, metal-free carbon nanomaterials have been
HEERENADEL, EHMNEN., 20T BLSEFERALAVRES developed as alternative platinum catalysts. In this study, we have
investigated the interaction between functional carbon nanomaterials
| N 25T A =33 \ 7o =
/MEBRIERE PHAEORTERSH TS, %Eﬁn'f S and molecular oxygen using spin resonance spectroscopy and
ANTRRTR=TRET/ HHEO ORR METEMEX D =X LDOREAD conductivity measurements to clarify the mechanism for ORR catalytic
feHlc, AEVHIEA L EPERCEXRATEZRAWT, e RE activity in hetero-atom -doped carbon nanomaterials.
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Study of the interaction between functional
carbon nanomaterials and molecular oxygen

Electrical properties of surface-oxidized
Ti,AIN MAXene

Ti»AIN MAXenes, exhibiting good conductivity and alkali resistance,

KERR{LEN i Ti,AIN MAXene DESXSFIE

BEUEM7ZILAVEZFTD Ti2AIN MAXenes [ E R BB .
N ) have attracted attention as electrodes and electrocatalysts. However, the
WELVTERSNTWS, LHL. TiAIN MAXenes O RE I3 # surfaces of Ti,AIN MA Xenes are highly susceptible to oxidation, which
e, BEFIEZHEEIDEEISND, AARATIE. & inhibits electron transport. In this study, we investigate the electrical
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Fig. 1 Our research topics. Fig. 2 Electrical properties of TixAIN MAXenes.
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Lab members (2024).

Open Campus 2024.

Get-together with high school students.

EEEL UTc TiAIN B ROBEME ZILAYKERRTOBRRIET
R (ORR) i fiE3 M A ANz, XIRETE X RABFHHEOT—
IS, REBILULERYE TRAIN BROBFEEMN 57.2at%
THBZEN DD olce BREMNIEE 3.42gem® icBWVWT, &
ER{L TiAIN #3K (15 1.16x10°S m” 0EEXR%ZRL. B{LED
TiAIN 7Oy DEERXRLDE 1 H1EI ofcs REEEE Ti2AIN #3
KOFIWAVKBERFTO ORR MEEHIF 2BEFRIGZR U,
AR THONERICED &, Ti:AIN OFREELIE ORR flifE
EHICBOEEESZ S, TiAIN DRERLICED, RKETOHE
FEXEAIHIhTWSTEEEERU (Fig. 2),

- St AR, FRHE it HR - TN ZEREZE EFERS
flld™d ORRY—FR)

- tHEH AR, ARE Mt 517 BMER - EMFEREILZE
BFOR, N\BEFEH (RRY—FR)

- BER RN $ 5 DREMHZESES. BRT (RXY—H%RK)

- Yoshinori Sato, 10th International Symposium on Carbon

for Catalysis (CARBOCAT10), Florence, Italy ((R 257 —%3K)
+ Yoshinori Sato, Curtin-Tohoku Joint Research Colloquium,

Perth, Australia (B#&#8)
ZE
- A M. $£17 @ER - EMPZSELIH EF0R

BERRE
HRE
- JSPS BIFMREMBIE 23K26748 (B (B) / KK)
HEMEE (RTIT7I77%kASH1H /AK)

conductivity and oxygen reduction reaction (ORR) catalytic activity of
surface-oxidized Ti,AIN powder in alkaline aqueous solutions. X-ray
diffraction and X-ray photoelectron spectroscopy data demonstrated
surface-oxidized crystalline Ti,AIN powder, with an oxygen
concentration of 57.2 at%. At the maximum apparent density of 3.42 g
cm?, the surface-oxidized Ti>AIN powder exhibited a conductivity of
1.16 x 10° S m™!, which is one order of magnitude lower than that of solid
Ti>AIN blocks. The ORR catalytic activity of the surface-oxidized
Ti,AIN powder in an alkaline aqueous solution exhibited a two-electron
reaction. According to the results obtained in this study, the surface
oxidation of TiAIN negatively impacts their ORR catalytic activity.
This study raises the possibility that electron transport at the surfaces of
Ti,AIN is suppressed due to surface oxidation (Fig. 2).

Academic conference

* Tomoki Ikeda and Kosei Morita, The Mining Materials Processing
Institute of Japan-Tohoku Branch, Spring Meeting, Sendai (Poster)

* Tomoki Ikeda and Kosei Morita, The 17th Mining Materials Processing
Institute of Japan-Tohoku Branch, Young Researchers Association,
Hachimantai (Poster)

* Kyosuke Miyamoto, The 51th Annual Meeting of the Carbon Society
of Japan, Fukuoka (Poster)

* Yoshinori Sato, 10th International Symposium on Carbon for Catalysis
(CARBOCAT10), Florence, Italy (Poster)

* Yoshinori Sato, Curtin-Tohoku Joint Research Colloquium, Perth,
Australia (Invited Talk)

Awards

* Kosei Morita, The 17th Mining Materials Processing Institute of Japan-
Tohoku Branch, Young Researchers Association, Best Poster Presentation
Award

Grants

*JSPS KAKENHI 23K 26748 (Scientific Research (B)/PI)
* Collaboration grant (STELLA CHEMIFA Corporation/PI)

Fig. 3 Snapshot at The 51st Annual Meeting of the
Carbon Society of Japan (Kyosuke Miyamoto)

Fig. 4 Snapshot at 2024 MMIJ-TB Spring
Meeting (Tomoki Ikeda).

Fig. 5 Best Poster Presentation Award at MMIJ-TB
Young Researchers Association (Kosei Morita)
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EFHEIS S SEEE  Resources Strategies
ISR MRS EF  Design of Environment-Friendly Materials

RIEvEMICHERMI MR TT 0%
X&HT

Design of materials harmonizing with environment and life Professor
Masanobu Kamitakahara

RE. BRIFRABHB AL TEREZEATNS, HRABBHEIZBRIZLHICE. BRERZOBRIANSOMBOT YA INNE
THB. FAHFTIE. MHEER - ERRRO\EFRICOVWTOERZMICIEL. RENZOHESNS. EGPRELHML. S50
FEBOICEGVCERAICBHED T THLUVWANZEA T MROT YAV OEREToTWS, BENICIE, EREEETDIHDOHEL M
EYMEFRUI A AV T I —DicH DEEMEL RIBEZZHEITBODME. BEDRFEET>TNS,

Currently, people use many materials for daily life. From the viewpoint of environmental science, materials design is required to build a sustainable
society. In this laboratory, based on the fundamental science of the relationship between materials and the phenomena of nature and life, the design of
materials that produce harmony with the environment and life is studied from the viewpoint of environmental science. We are developing biomaterials to

repair our bodies and are studying materials for bioreactors and materials to clean the environment.

BRERNOEVWEEEMRIOER

REICHAATNEBEZRIBEEMHORIEZITOTVS,
BEEZRIIATEREXY MROATEDOREN RO SN TL
%, INKTle, EFEATHRNENEORB ICHAATND ) VR
AT ILBRRZ AL EBRROERICHIILTVNS, INS5DIRIRE
LEERNZY VBEAILY VLB EAYNMIEAADZ LD, BB
EIREMRIBVI/OKAEII/OKAOMAZE T 2HMRBEILE
DYBANY VLB EAY N DREZEDTNS, IR AEEN
DEFAPELICHESIZROBOIKICED, BBERIOEVWI Y
B N\NAIIY UL (OCP) ZEREREETEEXY OERICHEIILT
W3, oo £EFRRINEDOEXAY NORFZEEL. KBEEDERK
RNESDFERE LY YBAILYILEX Y M EERU, £
IRINESZ D FHREXY N DFEICEZ 2R EZHESH I U,

NRAAVT7 V5 —DEEZBE LI
WMEMDEELFTEDIRES

WMEMEFBUIN\AA YT I 5 —IC LZEBEIPEE SRR
ENEEINTWS, NAAUFII—DEEDZHICIE. HMEY
EREEELTIRMAKSEIND, 1 2OF7 7O—FELT, M

rhn-:[:hn-ry'.nf.r_:d pullulan Eo o aE
X P

Conirgl L
el polymef)
L

Fig. 1 SEM images of fracture surfaces of calcium phosphate cements prepared by adding
Phosphorylated pullulan, Collagen, Chitosan and Alginate. As references, the image of the

cement without polymer (Control) and that of initial powder is also shown.

Preparation of bone-repairing material
with high bone regeneration

We are preparing bone-repairing material that metabolically
incorporates and promotes bone regeneration. Developing injectable
artificial bones that promote bone regeneration is desired. We have
prepared spherical porous calcium phosphate granules that are
incorporated into bone metabolism. By incorporating these granules
into calcium phosphate cement, we are developing a novel porous
calcium phosphate cement with both macro and micro pores that
contribute to bone regeneration. By devising the type of granules and the
reactions that contribute to hardening, we succeeded in creating cement
with octacalcium phosphate (OCP) as the main crystalline phase with
high bone regeneration capacity. With the aim of developing a
bioresorbable cement, we prepared calcium phosphate cements mixed
with a water-soluble bioresorbable polymer and clarified the effect of
the bioresorbable polymer on the properties of the cements.

Study of immobilization method of

microorganisms for bioreactor construction

Attention is being paid to metal recovery and environmental purification
by bioreactors using microorganisms. To construct a bioreactor,
technology to stably immobilize microorganisms is required. As one

Anode Cathode

INE 1M=

Fig. 2 Observation of the electrode surface after electrophoretic
deposition performed in the yeast suspension.

-h. .

Assistant Professor
Masaki Umetsu

Group Photo

EYOMEPREZHHTEZBEMRORRKICRDEATNS,
5, BRKEEEEEAVWSZET. BB LICHEYMERBEEL
FTRIAEICOVWTHMRLTWD, BEXKEIEBEZREWVWD LT,
MEMEEREICEE(LTEDIEERASMCLTWDS, £l UV
BALYILAEAY N EFATRIET MEMEESICEE, B
RBICLBRNEBE TH—ICIERI A ERERAEICRIN U .

HMEMENRALIKMEEYDERE
RIE#EN DB

2 MDA A%z 3 MDA AV ICERIETE 2RI HEZF A
TEE, BAAVEEUBERIOSKIENEERTDIENTES,
KADELVBEOBREDHIC, MEMEFBLTAERLEY yOY
1M EBREMRELTRE Ule,  BEBEMO pH ZHIfd 52T
INFETIEEVWELYBAAYDOREEZRI IENRESNTVDS
VARV FANERFERELVRERNERT IO DE
BRI UTc, HBCHBEZAALCERLYvOT1 S BX
NEDREND DMENBELYBEAAVEREMBHCRDES L
ZRUlce ZOBRICOVWTIE. BREFFRHEICEVWTBAS NI,
2E
- Upasana Jhariya (D3) : FALLING WALLS LAB SENDAI

2024 1st PLACE
<K FE (M) RIEKRZRZRRERZHEREE 6 MRE

MEiwms, BFE

FRETOER

- LBRES AR/ MATTUTLRERFES, B/ MATT
UFPIERIVIRY UL 2024 RTEEHE. BFEESIvIR
BREGHETHERRE, BEVTUTLERTRES

EEE  BE/ AT UTINERYVRY UL 2024 RITER

approach, we are working on the development of carrier materials that
can control the attachment and detachment of microorganisms. We are
also studying the immobilization of microorganisms on electrodes using
electrophoretic deposition. We have shown that microorganisms can be
immobilized on electrodes. In addition, we succeeded in developing a
method to uniformly support live microorganisms inside a carrier at a
relatively high density using calcium phosphate—based cements.

Synthesis of iron compounds using
microorganisms and their application
to environmental remediation

Iron-oxidizing bacteria that can oxidize Fe** to Fe’* can be used to
synthesize iron compounds from solutions containing iron ions. To
remove selenate from water, jarosite synthesized using microorganisms
was examined as a removal material. By controlling the pH of the culture
medium, we succeeded in producing jarosite that exhibits selenium-
removal capacity equivalent to that of schwertmannite, which has been
reported to have a high ability to remove selenate ions. We showed that
jarosite synthesized using iron-oxidizing bacteria can be a stable and
efficient material for removing selenate ions from wastewater. The
achievements were introduced in The Nikkei.

Awards

e Upasana Jhariya (D3): FALLING WALLS LAB SENDAI 2024
1st PLACE

* Chitaka Mizukoshi (M1): Award of Excellence, 6th Academic Forum
on Environmental Studies

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.

* M. Umetsu: Committee Member of Symposium of the Japanese
Society for Biomaterials 2024

Fig. 3 Evaluation of the activity of cement mixed with and
without microorganisms. a) Cement with dry yeast (Yellow
color means active.) and b) Cement without dry yeast.

Fig. 4 Appearance and SEM image of jarosite synthesized
using iron oxidizing bacteria.
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EFHEIS S SEEE  Resources Strategies
BIS(E1EHRES 48P  Geoenvironmental Remediation

RIBFMNBENA AT/ OV —Ic&D
ER R & EIREEL T O R F

Development of Environmental Friendly Biotechnologies Professor
for Pollution Remediation and Resource Recovery Chihiro Inoue

LMRER. EYEEZED UBEIRNEBRESFORBEBERM v EREINKNORAICETIMEZToOTVNS, ThS5DMREI.
RAECLTWEEEBPEOBRUEBREAYICLZLIE - T KORBERMEOERS 2VWEHEYPIRILF—EREBSHEOLEICE
WRFETH B, UT 2024 FOERMEEEZENITS (1) 1BY - HEMZAVWESTESBILAYICLZTIE - KRFEFROBEIC
2K, (2) EYMIZNERBR7OEAOEEICET SR

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 2024: (1) Phyto-
and bio-remediation of heavy metals from polluted soil and water; and (2) research on the construction of bioengineering resource recycling processes.

ey - WEVZERWLEEESROLEMICLS
T - KRIRBROBEICET MK

B3R (As) PARIVL (Cd) L&D - KRBEBFROEEZ.
INTNOBREBEYZRAVWVCERFRROEIERRzH#EL,
As [CDWT, [HELEIILA SHREUcEREFREKREA AN/ A
JERNYDICEDIETZ )\ Oy bR —)L DEFEHER & EREISIC
BIBEIIVIIDORBEBEDRN ZT>TWVS (Fig. ). i,
EYREICER T 2EEBRBICHMENBRRORRIRTF RHVE
MOBREENREDDIEZHER UL,

EYZNERER 7O ADBEICET MK

LZXZILn=y )L (Ni) £3/NLk (Co) Z1ERE - SRET
IREY BHREERH DEBDFRE LV Z DA - iEICEOE
ATWB, Ffc, COLSBRERERERSZMNALCERERNTO
L RAOEHEICAT. BEZSILEMHICEEUVCERBREICOWVWT
BELTWS, MEYDM. Ni. Co ZEE Y 2EYMDRRZTL.
BHOBERMBEDICEVTEI N OBBEZRH U, Z0M, 8K
BRECHSEERFEIANZEYFRICEDERITZZ 2D,
EXRBICRITIIEMENKBRIECIEZD FERZNFRICTRE

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

Regarding the phyto- and bio-remediation of arsenic (As) and cadmium
(Cd) from contaminated soil or water, we have continued basic research
and demonstration of hyperaccumulators Pteris cretica (As), Pteris
vittata (As), and Arabidopsis halleri ssp. gemmifera (Cd). In the case of
As, we kept a pilot project that applies P. cretica to treat As-contained
drainage from a closed mining site and conducted a field to investigate
cultivation density on As phytoremediation (Fig. 1). Also, we found that
rhizospheric arsenite—oxidizing bacterium secreted cyclic dipeptides
that promote plant growth.

Research on the construction of
bioengineering resource recycling processes

With a focus on the recovery of metal resources through a biological
process, we continued our studies on preparing yeast cells capable of
adsorbing the rare metals nickel (Ni) and cobalt (Co) at low concentrations
with high sensitivity. We also investigated metal adsorption using yeast
immobilized on porous material to construct a metal-recovery biomaterial.
Other than microbes, we have begun searching for plants that accumulate
Ni and Co and have found some candidate plants that showed Ni-
accumulation ability. In addition, we continued our research on reducing

EBMER IENT

Assistant Professor

Mei-Fang Chien Ning Han

Associate Professor

BIiARE HA R

EMfEES LA FRE
A
B BmER
A gt

2024 year end party

MEMHELTVND, oo BEMRHELEOHEMRELT #F
B REREORBICATEARENAATRRNSBESE - B
EEENE - MEUCHATIMED 2024 EEBKEDOA—TY
A/ R—=2a ViR - RRMHEESEICHERES N, HEREU .

%E - &H

Thiti Jittayasotorn (D2)

- 8 6 MRERFHHS RENZARHNRE

Thiti Jittayasotorn (D2). PEEE (M1)

- 6 MRERNFNHRS BFE XE

PEEZE (MD), BE B

CBRENAATI/OV—%2 2024 FEXS
BHFRRY—E %ZH (Fig.2. Fig.3)

HAE— (B4)
cE2EEILKREIIRFr—OV TR EB (Fig.4)

FHEFAHKIR

-5 6 F£E "2EMILRTRE, (RLWY - EMEOR) &

KK
bill

FoRER. TOMEE

5 Blc M1 P& BBIBNRE/NMAT I/ O —FK(ICRRY—
%, 10 Bic D2 @ Jittayasotorn EAZIED International
Conference on Water Environment Research for
Sustainability ICWERS) (Taiwan) Ic OB R XL BFHE
JEE T o Tce BRI LM IC International Conference on
Environmental Science and Resource Management
(Bangladesh) ICHBEFHEZITV. 1Y KX F D University
Brawijaya lc—BRE#E& % U (Figh)e SBIKAIY KXY T®D
University Brawijiya ® Sari Bi%. 11 Bic7«4UEY IV 5 F#
MNIZA VAV IRKFED Bacosa HiIRZZITAN., HEAHFZITo
foo BEFHBEHPRKRFE ELMEROEHBEBEDMHIEIC DB S
fe (Fig. 6)o

the environmental impact and costs associated with the smelting process
by using microbes in which molecular ecological approaches are applied
to analyze the biological iron oxidation process in wet smelting.
Furthermore, as a joint research project between the Graduate School of
Agricultural Science and a company, the separation and extraction of
toxic and useful metals from the ash of a biomass power plant for the
realization of sustainable agriculture were adopted and launched as an
Open Innovation Research and Practical Application Promotion Project
by the Ministry of Agriculture, Forestry and Fisheries in FY2024.

Awards and appointments

Mr. Jittayasotorn (D2)
* 6" Academic Forum on Environmental Studies Dean’s award
Mr. Jittayasotorn (D2), Mr. Hanyu (M1)
* 6" Academic Forum on Environmental Studies Excellent award
Mr. Hanyu (M1), Assit. Prof. Han
*Japan Society for Environmental biotechnology 2024 annual meeting,

Excellent poster award (Fig. 2, 3)
Mr. Inai (B4)
* 2" Mixture contest in Tohoku University First prize (Fig. 4)
Prof. Inoue
* 2024 National Mine Safety Award (for distinguished service and
contribution to mine safety)

Presentations in conferences

Mr. Hanyu (M1) and Assit. Prof. Han gave poster presentations at JSEB
(Miyazaki) in May. Mr. Jittayasotorn (D2) and Assoc. Prof. Chien gave
oral presentations at an international conference ICWERS (Taiwan) in
October. Assoc. Prof. Chien delivered invited lectures in Bangladesh
and Indonesia (Fig. 5). In May, we hosted Assist. Sari from University
Brawijiya, Indonesia, and in November, Prof. Bacosa from Mindanao
State University - Iligan Institute of Technology from the Philippines for
a few weeks. The latter led to the signing of an interdepartmental
agreement between Prof. Bacosa’s university and our graduate school
during his stay (Fig. 6).

Fig. 1 Group photo after planting P. vittata in this year's field

Fig. 2 Photo of Mr. Hanyu's poster
and award certificate in JSEB.

Fig. 3 Photo of Assist. Han's poster
and award certificate in JSEB.

Fig. 4 Photo of Mr. Inai winning
the 1st prize at 2024 Mixture
contest of Tohoku University

and students of Brawijaya University.

Fig. 5 Photo of Assoc. Prof. Chien with a professor

Fig. 6 Photo of officials signing MOU with MSU-IIT
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EFHEIS S SEEE  Resources Strategies
HIERMIE - TRILF—%5E  Geomaterial and Energy

D BRENT DHBIRIEDY 1 F IV X,
BRI EBKRIEZ7OEA

Fluid-driven dynamics of the geosphere: Professor
resource formation and decarbonization processes Atsushi Okamoto

[t

B DRRER. HEREICEITIZEA—RNEDORICPIRILE— - WEBESICEBL. HEBELRG, “RICRKRILYEE. BRAM
RER. RAKR, BERKROEBHRERKLLE, RTOCRAOEREAMNFRICEHIZIRABMEZEDTWNS, FFEER. VUNITH
EHBICLDRAEEER L OBEREZHSNCITDEREZED D EEDIC, BRAMBAIZATLALEFEV VNV —IVEOERTOERZHSH
ICLTW2, &Efeo YYMNLERZERRIC, MOEFREMTICEDICKRIRLF—DREDHFERANRDEEEIC. SADBIRICHWGD
SHETT 2 _BICRRIYEELANZ X LDERNRN ZEDTND, BEBERREANFHEILLD, REORRDOLHFAHNTL—
MNEROEEEHICKREREEZEZDILETR U, S5k, RBEHKRTHRET MY FL—DEBRRINERBRETHRL.
FLAZ—DREICHVAETIRERENFKIRI DA EZRU

Our research group focuses on rock—fluid reactions and the transfer of energy and materials in geospheres. We are conducting studies on a wide range
of topics, aiming to deepen our understanding of and enhance the utilization of the crust, including the relationship between earthquakes and fluids,
carbon dioxide (CO-) mineral sequestration, supercritical geothermal resources, natural hydrogen, and submarine hydrothermal systems. We conducted
hydrothermal experiments on the relationship between silica precipitation—fracture sealing related to earthquakes and on the formation of silica sealing
layers in supercritical geothermal systems. By analyzing the chemical state of iron in ultramafic rocks, we investigate the spatial distribution of hydrogen
energy generation. Additionally, we have elucidated the mechanisms of CO, mineral sequestration associated with reaction—induced rock fracturing
through experiments and modeling. Furthermore, our experiments and thermodynamic calculations suggest that subducted carbon significantly
influences the frictional behavior at the plate boundaries. We also conducted the experiments and analyses on replacement reactions of sulfide chimneys
in submarine hydrothermal systems, demonstrating the potential emergence of thermoelectric conversion performance during chimney development.

Fluid-rock interaction within the crust:
earthquake, supercritical geothermal systems

MROEG—REHEEER  HRER, BRI

HRICBITIHERRIE. REEOE(ICEIFEZ NS, D
t=th. FEEZ(LESERITHRRNTOYY HFHEOEERHT Changes in fluid pressure within the crust control the recurrence
. _ _ R intervals of earthquakes. In particular, it has been suggested that silica
BEn TS ZORRERT ERNGILEELALBD ST, precipitation plays a crucial role on the evolution of fluid pressure. We
AEE, SROMBREHRUVCBIRARAKREBSZETOERRAD conducted hydrothermal flow-through experiments to precipitate silica
VYAMEEERZTV., YUAHICLZERFAZREWIEDREDIRUIC within fractures under supercritical conditions. We demonstrated that
o THEIRS AR D EEDHTEIELE (K1), ZORE silica precipitation can seal fractures and cause characteristic fluid
- pressure oscillations by repeated breaks of the sealed layer. This
& RAEOBBEHSHRAMROBREAE CHNES LS LM phenomenon is expected to significantly advance our understanding of
TE%, Ffe, ﬁfﬁﬁﬁiﬁ?’&/ZTA’éEkﬁ UcEERAL SBEFARK crustal earthquakes associated with fluid migration.
RORKRBRRICLD, R DPELEBWT, U7 Based on the hydrothermal flow experiments simulating subcritical and
DBRFEDSITEANDBBEHEID, tbﬁﬁﬂ@t:}?é@%bﬁiﬁﬂ(}%% supercritical conditions in supercritical geothermal systems, we showed
I3 EZRUT,

that a transition from silica dissolution to precipitation occurs just above
the supercritical geothermal reservoir, forming a relatively thin

impermeable sealing layer (Grant-in-Aid for Scientific Research (S))

' Fluid pressure
differance

FLuid pressure difference (MPa)

Time (hours)

Fig. 1 Fluid-pressure oscillations caused by silica precipitation.

Fig. 2 X-ray CT images showing reaction-induced fracturing of MgO aggregate.

Associate Professor

Masaoki Uno Assistant Professor

Assistant Professor
Astin Nurdiana

Dandar Otgonbayar

Group photo of the Okamoto-Uno Lab.

Y MVEBNDZEALRRILYIEE & BRI

RRHD COz ZHIR T Bl Iic KIR&ER CO2 HYEEZTTS
fedhiTid. MEHZREBERBEOMERNRARTH D, RROD
ZTEYYNLER (BE) ZRWREIBEORBERZITV.
RISl L>TERBENRID (RIDHFEKRER). RISH F#HHIC
EITIBCEERALL(K2), Ffeo RIS—HEDOHIEETILIC
&0, RIVEEEYEBHEEDOFRNLE VL2 BAARBEMIR
BHRICHFRISAZEHHL. BIBICDBNB I EERUIc, Fie.
RYNVERDOZFOTYETH S MgO s ZE AW RINESR
L&D, EA—RERICHDEIFIEBICL><KDETL, HBE>0
1T TEHEICRIG— IR —RAEREB D7 — R/ Z I KD EIKICH

YA ERE Ve, COLSBEA—REHEEFRICLB8R
PER/NS =V ICDOWTDNROYAIBERZED, et H5
S5cE z2BRIBMRZEDTND, (EEIFF S, JSTAIF)

FBEICEITSHERIMMEKRER

EEEICIE 200°C £ T H#KAEBEREICEHRL. Fiboh Sk
BFL=—ZFHT S, FE - NERBEDSENULCFLZ—
REEEITHE->T ERGEELARENEREICAEL. FA=—
BRICHESHZFEDRHIC. Cut® Fe DRI S52BH R
L. Bz BRICEIRII2ABLBRERENIRFEIDZILERE U,
IS MEYOBBRIGICEZEEBERROEANFL=Z—DE
SFMHEICEZ 2R EILDVWTOERNRN ZEHTVWS (B 3).

YYNLEADNKERBTDE, SHEILSIND ERARKIC, KZEE
TTUTKREREET D, CDLSIBRAKBRIRILF—IEBEEEDEIC
EoTHEFR, BRELTHHFINTWD, XFEF. BHOD Fe
HEEDIEYH SRZEMEICDVNT X EIRIXARY MUEETICED
Fe DIt RREZFIM T 2 EZMIZL. FEROAY—EOREHIR
B S &I IEEHRBTED & ZITHD 3HIE<LFEEL TS DH,
bbb, MROKRRERTY Y vILZFFHE L.

2
Caloopyrile
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=
" - Pyrile
3 2 inner wal
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§
g .
g
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T T
-1 [ 1 2 3

Log (Seabeck coffcient)

Fig. 3 Thermodynamic calculations of CO; storage
and talc formation along the subduction zones.

CO2 mineralization within mantle rocks

To proceed CO, mineralization, it is important to supply CO; fluids into the
rock body continuously. We conducted carbonation experiments using
natural serpentinite and demonstrated that reaction itself induces fracturing
(reaction-induced fracturing; Fig. 2). Through numerical modeling of
reaction-transport processes, we showed that the interplay between
reaction and material transport rates generates local supersaturation,
leading to reaction-induced stress. Additionally, reaction experiments
using MgO sintered aggregate, an analog material, indicated that although
fluid-rock reactions like carbonation may initially proceed very slowly,
they can dramatically accelerate under certain conditions through feedback
mechanisms involving reaction, fracturing, and fluid flow. We also applied
the topological analyses to crack and porosity patterns formed through
fluid—rock interactions for understanding “movement” from the “shape” of
the rock textures (Scientific Research (S)).

Thermoelectric conversion and hydrogen
generation at the deep-sea floor

On the deep-sea floor, hydrothermal fluids exceeding 200°C are
discharged, forming chimneys composed of sulfides. By conducting
measurements of electrical conductivity and the thermoelectric power of
chimneys collected from the Izu—Ogasawara region, we found that
during a specific period of chimney growth, layers composed of copper
and iron sulfides are formed, exhibiting thermoelectric conversion
properties that transform heat into electricity. Furthermore, we conducted
the experimental studies on the effects of conductive film formation by
sulfide replacement reactions on the electrical properties of the chimneys.

When mantle rocks react with water, iron is oxidized while water is
reduced, generating hydrogen. This hydrogen energy holds promise both
as a resource and for supporting subseafloor biospheres. This year, a
method for evaluating the chemical state of Fe in serpentinite, which
comprises multiple Fe-bearing minerals, was established using the
analyses of X-ray absorption near edge structure. Based on drilled
samples from Oman ophiolite in the Middle East, the distribution of
Fe(I11) in the cross-section of the oceanic crust was clarified, enabling an
assessment of the hydrogen-generation potential.

| Tl Inrr-uu-pmm“ |:r.| __m e

Fig. 4 International symposium: Serpentine Days, Granada, Spain (Sep 2024).
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HRRIREE - TRILF—RIT DR

Toward Advanced Environmental Geomechanics and Energy Technology

BRI RIRIES4>EF  Earth Exploitation Environmental Studies (Sakaguchi Lab.)

Associate Professor

Kiyotoshi Sakaguchi

2024 FICHMRETIT > ELBARIIATDOEEDTH %o
1) K/ CO: DEABRICRIFITEADNIEEEOZE
2) BiRSR CO: DEAILLDZEAZTHDOINDES)

3) FHYE - RARERENREVIcBBEMENEDTH DHESFRERREDRF
4) REFDOKRMEHICERAAREGEBEEEAEDORRE —100m RETORMEEAFERE—

5) RIUEDO~Y Y ORESEE Y10 OBIEH 1%

6) YAV OABIEHMENSTHAS NIcAFNIA—FICEDERHERYIaL—YaY

In 2024, our research activities were as follow:
1) Effect of rock heterogeneity on water/CO; injection fracturing
2) Slip behavior of a rock crack due to injection of supercritical CO,

3) Development of a sensitivity calibration test under confining pressure for a high-precision measurement of

crust stress in heterogeneous and anisotropic rocks

4) Development of high-precision rock stress measurement technique applicable to submerged vertical borehole

in soft rock: in situ application test at a depth of 100 m
5) Macro-fracture toughness and micro-fracture toughness of andesite

6) Simulation of crack propagation based on mechanical parameters evaluated from micro-fracture toughness

K/ COz DEABRICRIFTERAD
FEREOKE

BESFHARAECIRILF - TEHREONFICEVTIE CO2 P
Ho R EQEMERAERIEREARICEAT 2, FHERER
DHHBREE LAEWRAEE DL ERE DA B O &2 DEMBIHIER
JREICRIFIHEICOVWTHIEEHRASHICLTELD, ZORE
ICHBIBEBXN =X LDEBRIIT+RDTH S, Fic, ELERGZ
EATRIET ENRMNEARDSESEK T I B0, =R
BESRE (MEREOTRNERE) CORKKENLERL., ERETER
ENEEE (BRMBENSRE) TE2ARELRIEINS, 22T
RARTEE. EARGOMEDEBVDEARBRICRIFTEADTR
HEHOREOZEZNMUIL, BWeEsARRILORXFHED
MEREBGHEN (F9E) LK (198) 0 2ETH D, REBREE
%Z 50°CITEREL. K (NaOHKHR) & CO2 TEABRRZT o1,

Fine grains (Homogeneous)

Water CO,

Fig. 1 The CT image of after fracturing for fine grains marble
(homogeneous type)

Effect of rock heterogeneity on Water/CO,
injection fracturing

In the fields of supercritical geothermal development and underground
energy storage, low-viscosity fluids such as CO; and H; are injected into
heterogeneous rocks. The effects of heterogeneous rock microstructures
and low fluid viscosity on remote rock fracturing and its complex fracture
morphology have been clarified to some extent, but the underlying
fracture mechanisms are not fully understood. In addition, the injection of
low-viscosity fluids causes pressure waves to diffuse far from the injection
point, which may increase pore water pressure at remote boundaries such
as faults, leading to the reactivation of remote faults (induced earthquakes).
In this study, we therefore evaluated the effect of rocks’ degree of
heterogeneity on rock fracturing due to differences in the viscosity of the
injected fluid. The rocks used were two types of Akiyoshi marble: coarse
grained (heterogeneous) and fine grained (homogeneous). The
experimental temperature was set at 50 °C, and the injection fracturing
was performed with water (NaOH solution) and COx. In the case of coarse

Fig. 2 The CT image of after fracturing for coarse grains marble
(heterogeneous type)

1R (R E) DIFE L. K CO2 HICEARZR—ILAD M SE
ISRV R U, —7. MR (FE) DBEIF. CO TIIHE
NGB ERKGERTZERIMRTR—ILADNSHRLED
(Fig. 1)« KTRIRFIR—ILOSBENTIGFRICEBICE > TREUR
DERNKEUR (Fig. 2)o 2D ElF. EARGOIEZFIET
2T KDEVEBEZRIM TE DEIEBRIBE T DR R ORI
ZRBELTWS,

REGDKSMEHICERATREEEEME
FHAEDORFE —100 m RETORMUEERRE—

FREEDTVWDIAHEAEV T HEZKEREHICEVWTEA
FREDO100m BRETRMNBRAFZEKE UL (Fig. 3). FSER.
KDEARZEEHDHICRHRE U HESFRERR (FRER 3)
bHETERURL (Fig. 4)., BRRULAERSEEIL100m RET
HEEBODIEEERIBETZ L ERERL. RAAENEETES
CEEREE U, o, HESARERRICELTIZDAIE R
ZIRELU. BEERB/NIA—FEOBENZTolce S5IC. RAL
BILBWTZOERMZRIE U,

VAU AR SFHES N IcAZINIA—-F I
BEOCERERYZaLl—vay

NIRRINEZENRICYI OBIEHERREBRILYOYr70
WEHEREETV (HREBL). ZORRICEIVWTEOHD
NBINSGA—=HZTFML, Y7 OBEHMERHBRE UTERELI SCB
HBRERNREVCERERYIaL—Ya V% To7 (Fig. ). &
BEERTIHYORMERORNCE>TRADEDIRENZEL
L. EREBOFEICHEERIFIIENREBI N, . fEH
TEEEICRLTITONIEITHRELERL. EADYYOBIKIER
HED, BREERITZMEYORTRESVIENEEEE T 5
MICRET DI EERUC, 5IC. BRB2EAICEEFNZIHAED
I TIE. FOHEHNEBHICERN BB ENTREI NI,

Fig. 3 Overview of in-situ measurement

Fig. 4 Schematic diagram of the sensitivity
calibration test under confining pressure

grains (heterogeneous), continuous cracks grew from the periphery of the
injection borehole for both water and CO, (Fig. 1). On the other hand, in
the case of fine grains (homogeneous), continuous cracks grew from the
periphery of the borehole for CO,, as in the case of coarse grains, but
discrete cracks developed around the entire circumference in the case of
water, away from the borehole (Fig. 2). This suggests the possibility of
developing a reservoir creation technology that can stimulate a wider area
by controlling the viscosity of the injected fluid.

Development of high-precision rock stress
measurement technique applicable to
submerged vertical borehole in soft rock:

in situ application test at a depth of 100 m

The conical wall borehole overcoring method, which is currently under
development, was tested in situ at a practical depth of 100 m in a
submerged vertical borehole. This year, we also conducted a confining
pressure load sensitivity test (research item 3), which was developed to
improve practicality (Fig. 2). We confirmed that the developed
measuring equipment functions as expected, even at a depth of 100 m,
and demonstrated that stress measurements can be performed. We also
proposed a measurement theory for the confining pressure load
sensitivity test and analyzed the necessary parameters. Furthermore, we
verified its practicality in situ.

Simulation of crack propagation based on
mechanical parameters evaluated from
micro-fracture toughness

We conducted macro-fracture toughness tests on the Honkomatsu
andesite and micro-fracture toughness tests on the constituent minerals
(research item 5), and based on the results, we evaluated several
mechanical parameters and performed a crack-propagation simulation
for the SCB test, which we conducted as the macro-fracture toughness
test (Fig. 3). It was suggested that the state of stress distribution changes
depending on the stiffness of the minerals that compose the rock and
affects the form of crack propagation. In addition, compared with the
Inada granite, it was shown that the macro-fracture toughness value of
the rock depends on the mineral with the highest fracture toughness
value among the minerals that compose the rock.

Fig. 5 An example of the simulation results of
crack propagation for SCB test

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

15



16

EFHEAS 2 EE  Resources Strategies
HERFAFRIR

EEEHIC K SMERALT-
G Y 27 L OB :

Development of new generation earthwork and
quarry systems powered by intelligent heavy equipment

_?-ﬁﬁ Earth Exploitation Environmental Studies

Assistant Professor
Tomoaki Satomi

AAB TR, TENY - BT 2EBEL, BREMCLT - RACONFNELIERORPEZRBEL T ERICLZEY Y YT (NEER)
IKED Wt THRAVATLAZRFK I DMRAZT>TWND, EENICE TWKEEBRLIOFROLTICHEFEER LERLERDIH
ERTEHSDVWEETULLRASHBIBEREHE T IRMOMREZHEL TS, ZLT RBA Y7 I P REEYICRAIRGZHADIRE
TNA—RA=2a Y aRRTBH. ERICEDZTVWEDEENSEWERAOREZHEE T 2RIMOFREHEL TS,

Based on soil mechanics and geotechnical engineering, we are researching the development of earthwork and quarry systems based on sensing by intelligent
heavy equipment through understanding the mechanical interaction between heavy equipment and soil/crushed rocks. Specifically, we are developing
technology to estimate ground information while excavating or driving with heavy equipment to improve effectiveness and ensure safety in sediment
disaster reconstruction and earthwork. We are also developing a technology to estimate the grain size of blasted and crushed rocks from scooping operations
by heavy equipment to achieve fully automated quarrying of crushed rocks, which is indispensable for transport infrastructure and civil engineering

structures. We are also developing technology to estimate the grain size of blasted and crushed rocks from scooping/excavating operations using heavy

equipment to achieve fully automated quarrying of crushed rocks, which is essential for transportation infrastructure and civil engineering structures.

Hh 8 35 R OD E RE BT

ITWKEOEIBEETIIZRKEEOBENE V., B
ICLDEBAEENTARTH Do TOB. BERMMOETATEYH
Wig2RENHD, MBEBEOHENRARTH D, £, 2024
F 4 BICELXKBEEN i-Construction 2.0 #%KEL, EIDH
Bblc k- TEERAEZMESEZIEEBIELTWS, Do
IClE, WBOREZEY Y VI ITZIENEETHD, BV Y
VO EERALEEEER L ICLZBEAFOERICERTZE
HPEFIND, ER. ABRERRIYTTEOPTVWLEZS TRV
ZHIBTLTWD L SIC, BB TIREEIS 2 WEETURA S
BEZHETEDARMENHD. ROMRICEDBEAT,

(1) X7y MR SREY INILONT Yy N TIREI UGS #h 8 38
EZHEETIHERCOVTENERERTRITL. HEAEZNT
HEEL (4588 2024-189388), Ffc. AHEERMOHEREIC
AT T, Y070y anN)LzRAWEEEIREZITW. \Tvhet
DHZNEEERICE TR T—ILHRICDWTERE U (Fig. 1),
MART, N7y NeLONFNEEER DR RZ BIERTH S DE
ANSITS5o, ARIEREYIaL—Yavick R ZMikLE
(Fig. 2),

Fig. 1 Excavation experiment by micro-excavator

Fig. 2 Bucket excavation by DEM simulation

Ground strength estimation

Unmanned work with construction equipment is indispensable to
sediment disaster recovery works, as the risk of secondary disasters is
high. Ground strength estimation is then essential to determine whether
construction equipment can travel on the ground. In addition, the
Japanese Ministry of Land, Infrastructure and Transport formulated
i-Construction 2.0 in April 2024, aiming to accelerate productivity
improvements through the automation of construction works. To achieve
this, the sensing of ground conditions is important, and ground sensing
will contribute to increased productivity and decreased environmental
impact. Just as we can judge which soil is easy to dig with a shovel and
which is not, the ground strength may be able to estimate while
excavating or traveling on the ground with the construction equipment.
We conducted the following activities:

(1) Bucket excavation:

A method for estimating ground strength while excavating with a hydraulic
excavator bucket was developed in laboratory model experiments, and the
patent application was filed. Toward the social implementation of the
estimation method, an excavation experiment using a micro-excavator was
conducted to investigate the scale effect on the mechanical interaction
between the bucket and the soil (Fig. 1). A discrete element method
simulation was initiated to investigate the mechanical interaction between
the bucket and the soil from a numerical analytical standpoint (Fig. 2).

Fig. 3 Crawler vehicle turning experiment

(2) BHFEWOLEE : EFEmOBE M iER 2 &5 U B RER
HEZFHU., TOBERLUVEKREZBAEEVCEFEN
EExRZzEBELUL (Fig. 3), BEEMOERICHSLTHS. B
FEMIERAIBNLIBREDHEHEICRIFIZEEZRE L,
ZULT BBBEICNIBMNLIOESZEMLT EFEMmICE
RAY3NEEHEHBEREEORRICOVWTRE U,

(3) RA—Y D SOMREFET : AEROL—> > 3y NEURERRRE
BX (SRGERICERLA Y7 SEBEZEH Y 2HE Al ORY
PM: SRR - K& £8 HIR, FREHEESE  RILKRF - 518 b
FEHRR) ICSEUc, RO—Uh5DIREETICKDMBRED
WETEERFAEITBHDT—ILRRBRZTV. HIFIHIERTSE
BiLEREL it EEME L ORIRICDOWTIRE LT (Fig. 4).

FERRECH T L RS D HETE 2100

BAROFEERSZ TIE. FUDICEBRZRAUANEZRIBEUTHRR
Ih3, RFEHRSINRA (REERRA) . KENELKKES
@OvoTL—AThEEIhd, 20% HEZaNILTIVWES
Nt YUTRIVvITERS NS, NE - IKVED - EIRDIEZE
JRANSHBWERADNEDEEEZRTZIcH. RBELBNUEZBE
UCHIKRITDIENEETH D, I T "RIRFTEIDKRE>HKIE—
NEHEICEDRETM SWoeRIEY 1L zETTENE.
B TRER/EWIEEITEEICHD, RO EHRTEETIIERLE
ZRAVWTWSHICRBERADERDIFEETEY. RFERA
DEFFBZRTHETRERT I 2E2/ AL ol 2T HEYaANIL
TRIFERAZEEIUENSRIRBRADHEZHTE T D EWVWSH
UVWERRICI S EEEFEZRFE L. ZORETEERFIFHEL (F
i 2024-137869. Fig. 5)0 AR RIT & D. International
Symposium on Earth Science and Technology 2024 T
BEST PAPER AWARD % & U1z (Fig. 6),

E mm»m

||'ﬂli_l L) (TR OE L

i bl L 54

Fig. 4 Sphere falling test from drone
crushed rocks

|u‘=|=--uu L 4«1. (Ml Tean
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Fig. 5 Grain size estimation of blasted and

(2) Crawler vehicle turning:

A model test apparatus simulating a spin turn of a crawler vehicle was
produced, and crawler vehicle turning experiments were conducted with
various soil types and water content conditions (Fig. 3). The effect of
sinkage caused by the crawler vehicle’s turning on the mechanical
properties, such as the torque acting on the crawler vehicle, was
investigated. The relationship between the mechanical properties acting
on the crawler vehicle and the ground strength was then investigated by
analyzing the change in torque.

(3) Sphere drop from a drone:

We participated in the Moonshot R&D Project “Collaborative Al
robots for adaptation of diverse environments and innovation of
infrastructure construction.” Field tests were conducted to develop a
method for estimating ground strength by dropping spheres from a
drone, and the relationship between the impact acceleration and the
ground strength was investigated (Fig. 4).

Blasted and crushed rocks grain
size estimation

At quarry sites, the bedrock is first drilled, filled by explosives, and
blasted. When large blocks of blasted and crushed rocks are generated,
the rocks are broken into smaller sizes using a rock breaker. They are
then scooped by hydraulic excavators and transported by dump trucks.
As the grain size of the blasted and crushed rocks affects the work costs
of breaking, scooping, and transporting, blasting toward the optimum
grain size is crucial. Therefore, a blasting cycle of “blasting planning —
blasting — performance assessment based on grain size estimation”
would enable smooth and safe blasting operations. The previous grain
size estimation method used static images, which did not dissolve the
overlapping of blasted and crushed rocks, and thus the edges of the
blasted and crushed rocks had to be detected by trial and error. A new
method of estimating the grain size of the blasted and crushed rocks
while excavating them with a hydraulic excavator was developed, and
then the patent application was filed (Fig. 5). The research findings
received the BEST PAPER AWARD at the International Symposium on
Earth Science and Technology 2024 (Fig. 6).

EP= I T T T T

&

(L S T

(Le _Lat ]

LE

Fig. 6 Certificate and trophy of BEST PAPER
AWARD
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BEER - BIEIGAS$ 98  Resource Circulation and Environmental Applications

BIRECODEEREZ & D RETMIC,
FRICRESRLS

o

Efficiently cycling resources and CO:, Professor

for a cleaner environment Atsushi lizuka

KRBT RREEIFZER—REL, BROLE. FIA. VY7L PAREDORLGEREZRBACNRELVT. KA EREZOH
BRICBBEESNDERBRESSVORRRCIATLICETBMEZToTWVND, BEFEMNICE. BEEOHR RBIEMCERY. YF) =7
BULZRIERZDREIEHEYLIC LBEEL - EHFIAKM. BYRHROBRIENRIMZHALLHENGKLEBICETZHE. RE
DEFEYMPANETIREERTROKRLADTEORASZOMAEIRELIEELTVD, REEIMERMICOVWTIE, ZBRICRRIEHH
WEDOEHTEROMELICAT ARICEMDEATNS,

Based on environmental chemical engineering, our group is conducting research on resource circulation and decarbonization systems required for the
establishment of a sustainable society, covering a wide range of resource production, utilization, recycling, and disposal. Specifically, our group is
developing carbon capture, utilization, and storage (CCUS) technologies via mineral carbonation of alkaline materials (i.e., byproducts, waste, and
minerals), investigating novel mineral materials and innovative electrodialysis techniques for effective water treatment, striving to develop final
disposal methods for various waste, and accompanying environmentally hazardous substances. For mineral carbonation technology, our group is also
working on establishing accounting methods for CO, emissions reduction.

R E DRI

ERER - REICAFZ DB 2023 FICHULLARSNIMR
DHTH D, Fic. ZRILKR (CO2) PEROER. JEDRERE
FERIICRE T MFIERICED ATV S,

REAIEIEMIEIC L D CO2 DFEFIA

FREHFTIE BEUREY / BEYHOREROHILIIL /T
TRYVLMEEYEFRALT CO 2R ERKRERIEICIRIAY DRE
BIMERMICOVWTESMERZITT>TWVWS, MIRRIERERISE
BRI MG A7 00 5L (SATREPS) [c&2@m7 7Y AHMELE
DOHRMRZHEEL TS (2020 — 2026 FE), 2024 FIClF 2
EOBRFEANDEMETo>lc. REIBIEMLDIH D/ Oy T
TN EEURERBOREERER. FEFETLTEL, BFE
TOMERBEHNEFRILLTNDS, e, ERNTOMNRNBRE
B CRGOESZBIE LR HRFR ORISR OFRFICEY
DEMNBIRT D, BHfE (2023 —-2025 £F) OXEZRITT
EHTWSB, Rfco NEDO Gl EERDOXEZRITKIMFHAFES K
FTH D, REBIEYIERMCOVWTIE, HRAMETEH 3 4R
X (Abdul et al., 2024a, 2024b, Ho et al., 2024) ZHiRU Tz,

Fig. 1 Demolished concrete in Africa

Fig. 2 Technical guidance in the SATREPS project

Establishment of the laboratory

The laboratory of Resource Circulation and Environmental Applications
was established in 2023. In particular, it is engaged in research activities
related to resources and CO, circulation, as well as various environmental
purification technologies.

Mineral carbon capture and utilization

In this lab, we conduct mineral carbon capture and utilization via
mineral carbonation technology, which utilizes alkali calcium and
magnesium compounds in alkaline byproducts/wastes in order to
convert CO; gas into stable carbonates. Joint research with the Republic
of South Africa is being executed (FY2020-2026) under the Science and
Technology Research Partnership for Sustainable Development
(SATREPS). Two trips were made to the partner country in 2024. The
provision and installation of various equipment, including a pilot plant
for mineral carbonation, was almost completed, and the research
activities in the partner country have intensified. In addition,
fundamental research on the development of a specially shaped reaction
channel to achieve efficient mineral carbonation in a continuous system
is also underway with the support from a Grants-in-Aid for Scientific
Research (FY2023-2025).

|
-

Fig. 3 Calcium carbonate produced
by mineral carbonation technology

Assistant Professor

Hsing-Jung Ho

Fio. EEOPIEHEZE 2 4 (Ho and lizuka, 2024a, 2024b)
fTo7ce 51, wBAEFBURBIESYLRMTICET 2 EMR
MRS ERA LI, 1BK (Brine) 28 REUVAERBERICETS
Review X (Lee et al., 2024) R UTzo

BRERICEY 5%

BRI F A TH2EBE/IL AR EFN B U EH#
MRIOWIBICET DMABMENICITOTWD, TNETICRED
REAFKE/NRIVENREVICAREE-ELTE o 2024 FITF.
REMRKRSHEEOXEZZ 'BEE/NLAEREFRUL
BEMBOMMENLIEEBIEDEIN, (2023 —2024 FE) (cFE
FTRIMERETV. GLEHIROELSBHASTREBMIEDESHRID
SRS AL D= DI ZEREL .

Fio. RTPFEILEBERFR Y Y— (CFReND) 0—8B&UL
TRIFICES 2 DREYDEMERDH DR EEM U .

REMEREHEBEOXEEZ T TIT o ERMEORED—
MrREDE, VFILAAVEHMDOEMRBERD DEREH ZIRE
L7253 (lizuka and Shibata, 2021) lcxtU. &R - T2 S
49 B "X E ) ZHETRE U .

ZDMORFFLICET B

[BRLLSRILEN SHAET ZRIETIFEKDOLEICE IO EMb
HFEHICIT > T WD, 2024 Fiid. BRIETTERRKAIEICE D 2
{LERFRPEH I B IR ZRB U,

fIBNED M BAREEFEKENRE U HRILE - ERERE
7 ICBIBART —V A RUAKRZREEKEFIESEEHR
DRI KEFIEBEICRE N, AR TR, BEYERL
ZBU T EXBEHOERBEENOEMZEELTWS, KA
PR Z W BHBREKLIEICET MR DRAMB U, e, E
ERFEYERBEVIEAMI ARV —2REF MR ELTH
RYHMEZRB U,

Fig. 4 Target composite materials for high-voltage pulse liberation

Furthermore, technology development supported by the NEDO GI
(Green Innovation) fund is in progress. For mineral carbonation
technology, a total of three papers (Abdul et al., 2024a, 2024b, Ho et al.,
2024) were published. In addition, two book chapters were written (Ho
and Tizuka, 2024a, 2024b). In addition, fundamental research on mineral
carbonation using seawater was initiated. A review on resource
circulation for desalination brine was also published (Lee et al., 2024).

Research activities on resource circulation

Research on the treatment of complex materials through the high-voltage
pulse crushing technique also continues. Thus far, the research has been
conducted on various types of solar panels. In 2024, the Environment
Research and Technology Development Fund (FY2023-2024) supported
research on the effective treatment of composite materials and the
recovery of resin by high-voltage pulse liberation.

Also, as a member of the Center for Fundamental Research on Nuclear
Decommissioning (CFReND), the effective utilization of relative wastes
to contribute to decommissioning was conducted.

The paper of mass spectrometric study on the volatilization behavior of
electrolyte solvents of lithium-ion batteries (lizuka and Shibata, 2021)
was awarded the 49th best paper from the Mining and Materials
Processing Institute of Japan (MMIJ), which is part of the results of joint
research supported by the Environment Research and Technology
Development Fund.

Research activities on environmental
remediation

Research on the treatment of acid mine drainage from abandoned mines
is ongoing. In 2024, the study on acid mine drainage with an assessment
of associated CO2 emissions was initiated.

The research topic on efficient treatment and resource circulation
technology for semiconductor industrial wastewater has been adopted
by HABATAKU Young Researchers Support Program, Tohoku
University. This research aims to realize cross-industry resource
circulation through various waste recycling. The use of functional
mineral materials on semiconductor wastewater has also been initiated.
In addition, the development of porous geopolymer prepared from
industrial waste as an environmental remediation material was initiated.

Fig. 5 Acid mine drainage
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IXRILF—ERFHEBE
DEITRILVE—V AT LAFEHER  Distributed Energy System
AR I RILE— AT LD
EHRICMIFT

Toward the development of sustainable energy system Professor
Tatsuya Kawada

Energy Resources

EMNEREBYL. BETREIRILF—NS5DOKREE - —BIERRODBRE, A—IRYZa—rIILKRROBERD, HLLWIRILF—E
BRI OHSREZEIRL T ERRMOBIEAEOBREICIMIBATNS, Fic. BFRICMFRHE (SOFC) &LUERFELY
2Bl (SOEC) IcBEBL. ZRADMEI I —TrELOHRAMEZBELC, HELEREDR LOLHDEIMRAEZED TN,
oo INSOEBERBZEGRAAZI AMBOMIRCZRECEBEIECOWT, #A2, BiEftRE. EXMZOIENSHBBEL.
TeBRBBEDF R IERED A LICDBNZERMEZEML TS,

Our research group is working on establishing science and technology for the social implementation of new energy conversion technologies, such as
high-efficiency power generation, hydrogen production, and carbon dioxide decomposition with renewable energy, which are key to the realization of
carbon neutrality. Particular attention is paid to solid oxide fuel cells (SOFCs) and solid oxide electrolysis cells (SOECs). Technologies have been
developed to improve their performance and reliability through collaborations with companies as well as research groups inside and outside the
university. The physicochemical and mechanical properties of solid state ionic materials, which form the basis of these technologies, are elucidated from
the standpoints of thermodynamics, solid-state chemistry, and electrochemistry, with the aim of discovering new functions and improving performance.

EFERIEM MK Eit - EEEMOMRIKRRICAIITT

B ERACY MR E L (SOFC) (&, B4 2E8T2E
FEYYRERWTRAAN AP KR SBMNETENEZ/IRIMT
B, INEBEBSE TKRBRCEHAT AR 2 ERT 2 EKRE
1t EHEEIL (SOEC) W, A—RyZa— I itR%EE
Y 2HDF—T0/OY—ELTHFINTVWS, HARET
& NEDO £ "B B MBER RS v U OF EFHE - #
FERIMOMERRE 2R5FEL. BE/LBEFAREE (Fig.l) ZH
HKIBHE EEEDLOLOODERMAEZEBLTND, i,
SOEC IZ2WTid, BETRIRILF—ZRAVWTKEZRILREE
FEFICERY S IHER, KI5 NEDO 7OV Ihe &
WEKRIRIF—VRATLAOREZEIE T BEERMRRBERE
(F-RED) OFEFFEICSEL WS, Z0OM. FFEEICTEHER
EDMICHKELU SOFC/SOEC REXEMA Y F—DiES P
BITRSRRR - HAMRBEZBL T FROEHOMRELEDIC,
BHEEEOHRFRZRRBLTWVS,

Toward social implementation of solid oxide
fuel cell and electrolysis technologies

Solid oxide fuel cell (SOFC) is a technology that uses oxide ion-
conductive ceramics to obtain electricity from natural gas or hydrogen
with high efficiency, whereas solid oxide electrolysis cell (SOEC)
produces hydrogen or synthetic gas through a reverse reaction. They are
expected to be a key technology for achieving a carbon-neutral society.
Our laboratory has been entrusted with the NEDO project “Research and
Development of Advanced Evaluation and Analysis Technology for Solid
Oxide Fuel Cell Stacks” and is conducting basic research to improve
reliability, including the development of a severe test system for single
cells (Fig. 1). As for SOEC, we are participating in the NEDO project on
“co-electrolysis,” a technology that simultaneously electrolyzes water
and carbon dioxide using renewable energy, and in a project commissioned
by the Fukushima International Research and Education Institute
(F-REI), which aims to demonstrate a highly efficient hydrogen energy
system. In addition, through the activities of the SOFC/SOEC Social
Implementation Center, the Co-Creation Laboratory, and the Joint
Research Division, various joint research projects are being conducted
with companies along with other laboratories in the university.

EaES ' rEER
e e

Fig. 1 Accelerated reliability test of SOFC under temperature gradient using gas manifold with 9-segment heaters.
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ElfE1 A =9 A DEBHE

—BOEFEMEHE, BRPICEAPERFEI AV BEORRZE
L. IhSHBEETA MYy TT22ET. BEDAAVEF Y
U7ETHERGEMETRT, TOXSBREERRNDA A VERRER
PRERKERS "BEEFEA=I 2, &, §ikd SOFC/SOEC ¥ £
BFRUFOILAAYVEBGE, EZIRILF—EBRIRILF—L
EHEEZBRIZBERMCET NS RISAS N, H—R>y=a—+5
IWHEOEECEELRBEAERLTIENPFINTVS, YHE
ETIE. BIEYAAYDEAEN U TR T MRS, Z22ITKE
S[NBRLTTOMMREZRI MG, BREEBPERICAWN
SNEMRHCERZHTTHREZERLTWS (Fig.2).
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Basic research on solid-state ionics

Some solid materials have defects such as vacancies and interstitial ions
in their crystals, which jump to adjacent sites and exhibit electrical
conductivity using specific ions as carriers. Solid-state ionics, which
deals with ion transport and interfacial phenomena in solids, is expected
to play an important role in building a carbon-neutral society by being
applied to electrochemical devices that interconvert chemical and
electrical energy, such as SOFC/SOEC and all solid-state lithium-ion
batteries. Our research focuses on materials used in fuel cells and
electrolysis, such as materials that conduct oxide ions through a vacancy
mechanism and materials that exhibit proton conductivity when water
vapor dissolves in oxygen vacancies (Fig. 2). This year, we have developed
an embedded probe method to measure chemical potential changes near
the electrode/electrolyte interface during electrode reactions. It was
confirmed that sample deformation and changes in electrode composition
are induced by the internal chemical potential changes. Furthermore, we
developed a higher harmonic impedance analysis method for
electrochemical systems, and we have worked to elucidate solid-state
ionic phenomena from various aspects. Recently, we discovered that light
irradiation affects the interface phenomena of ionic conductors, and we
have been conducting research to elucidate the mechanism and to explore
the possibility of its application to energy conversion.

Education

Our laboratory consists of six staff members, including 1 professor and
1 cross-appointment professor, 2 assistant professors, 1 researcher, and
1 technical staff, as well as students: 1 doctoral student, 7 master’s
students, and 7 undergraduates. Our laboratory, together with other
laboratories focusing on solid-state ionics on campus, holds an annual
Student Symposium with Seoul National University, Korea Advanced
Institute of Science and Technology (KAIST), and other institutions in
Korea. This year, all graduate students went to Seoul National University
to give oral and poster presentations.
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Fig. 2 Various approaches to the properties of the electrode/electrolyte interfaces.
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IRILF—ERZFERE Energy Resources
IXRILF—ERY X VFMFE4EF Resources and Energy Security

B RIERIZE OFR(L & FFe AT RE7SR
IXIF—&RAFE

Deepening of Geo-Environmental Science and Professor
Sustainable Energy Resource Development Noriaki Watanabe

IRLF—ERVRAVFHEZEDFIF. RELIXILF—EROBEERICEIIRLABMEBREE LI, HIKREICKITIVERRIC
REVHBEIATLOERE, IRXILF—EFRORECELBIRLRBEIVREVRIEE, AORREBARRFLOBR, HEBEREIC
BIBLEOHTREOEREE. SOIKBEECEVNEDIYRVFHEICE T ERENGHEE - IRZEXRET 5.

AAREOFEIF. HKRZEIXILF—ERIZOFEMEZERLL T MRRESSUHBREOREICEIZRM P RATLDHR
FREEEL. BAERSLUCHARZBEL TEMCHRIICERTZIETH S, ZMERIPHRFEORMAR. TLARKEZBU T R
BRZLLZMABITHRICHELTNS,

We conducted various research in sciences and engineering related to energy resources and environments, such as environmental risk assessments and
reduction, and geosciences and geoengineering, in light of energy resource developments and environmental protections for a sustainable future. We
have investigated hydraulic, mechanical, and chemical properties of geomaterial such as rocks at a wide range of temperature and pressure conditions,
as well as ways to control and utilize them. Our work focuses on the sustainable and profitable production of petroleum and geothermal resources,
atmospheric CO, removal, and CO, geological storage and mineralization. Recently, we initiated research on a new method for CO, mineralization, in
which an environmentally friendly chelating agent is applied and recycled to efficiently extract calcium from industrial waste for high-purity calcium
carbonate production in an alkaline aqueous solution. Furthermore, we initiated new research on enhanced CO, geological storage and mineralization in
basalt using biobased biodegradable chelating agents and atmospheric CO, removal via enhanced mineral dissolution with natural chelating agents.

CO: flH / FHRMEINFIB T X)L ¥ —ERFEFREM

CO: ZAWcEARRIC KD BEZER L. ER U
BEHNS CO THHMEZITWRETZH—RY U1 )L CO:2 i
BAEBRMOMERFED JOGMEC ICLDEMINTWD, HifFF
ETIE. COEAHBOBFBELVTOLREZERNERS JUHIE
YXal—YavicKD#ERRLU (Takuma et al., Geothermics) o
e, COERWBRICEITEIRRAZRRT B, #Ficlc COz &
KeHAULERRIREZFKBEL (FFE 2024-094841). Z 0%
BELOEHEZBESHICULIZ (Pramudyo et al., Geoenergy
Science and Engineering). S5IC. BEREDEAZ RIKR
lcEEH, BRMBOIYRIADBEEZETIEZHICHKBALE.
RERAMEEFL —MICLZBRNILMBBERAVCERERE
FEEE R (RFEF 7115692) ICEAELT, #Fifzlc. COz MRk
DHAAEZREIT DL EHIC (Pramudyo et al., Geoenergy
Science and Engineering). XILEZERANDERICE TS pH
DOEEZRESHcU (Luis et al., Geothermics)

Microfracture Fracture

Creating geothermal reservoirs by injecting CO;
and/or environmentally friendly chelating agents

Japan Organization for Metals and Energy Security (JOGMEC) has
conducted research and development of carbon-recycling CO, geothermal
power-generation technology, in which a geothermal reservoir is created by
rock fracturing using CO,, and CO, heat extraction from the created
reservoir generates electricity. In our laboratory, the characteristics and
processes of CO, fracturing were elucidated by laboratory experiments and
numerical simulations (Takuma et al., Geothermics). To overcome the
disadvantage of rock fracturing using CO,, a new rock-fracturing method
that combines the use of CO, and water was invented, and characteristics
and effectiveness of the method were clarified (Pramudyo et al., Geoenergy
Science and Engineering). We previously invented a rock-fracture
permeability improvement technique using selective mineral dissolution
via environmentally friendly chelating agents to minimize the use of high-
pressure fluid injection and concern of induced seismicity (patent 7115692).
In this year, we newly proposed a way to use this technique in combination
with CO; fracturing (Pramudyo etal., Geoenergy Science and Engineering).
Moreover, we clarified the importance of pH in the use of this technique for
fracture permeability improvement in volcanic rocks (Luis et al.,
Geothermics).
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WEMHBk - £o@FEFL— MRIZFIRALE
CO: i irE - SHYEE(EEE

CO: OHFRETEE - SIYERETICE F 2L DOAREBEICET
SEBENT—5%EFE LI (Wang et al., ACS Omega; Wang
et al., American mineralogist) . £fz. K DARRE(RET D&
EBILEBA AV EHIRT DEDER - £EHRMEFL —MNEIZF B
UTcE#H9 CO2 tFRETEE - SiME R EE (458 2023-51335)
% Science Advances s ETHREKRUT,

B4ErREF L— MHIZAW CO2 B -
L1 7E $x 1l

BEMREFL—NMIOZEFHFWAAICED TOOCUTDORERTY
'R CO. BUY - SR EE KM ERFE Ulc (FaF 7345791). £
fffld. R TO CO2 ZRINS B loF L — MEIKAR (HHER) &
DEEREVMNSOAILY UL (Ca) OHHORE., HmEROME
(100°Ck#) ICLDRBISHMMDOEEL KU CO2 HRIRINIC LS
HMHEBROBAEHI 5425 (Wang et al., Journal of Environmental
Chemical Engineering). AT, #RD CO: SLYIEE Kl
DHOMBEZBRIDEEBIC. EBEROEINGERFS . HH
OEEERALICAFcERAREZERLTND,

PI/BREKREEFALIEARTH COBREVAT L

TABIELYDKPTORMREICELSD pH EEEZFIALT. KK+
CO2 DIKNDBBRERETED, —A. FPI/B (RAFL—KA)
(FIE DB R Z RN B D, 22T TI/BRICLDIME
FREERERTH CO2 REMRZEARRICLDIRIEL. NaCl
ET /BN BHRERETIDICHEENRZHKRE U, k.
FPI/BNEEICFET R KREZHAUCEHRNZAI[H CO:
BREVRATLZERZEUR (Wang et al., Environmental Science
& Technology)

Afser Asaction

Enhanced CO. geological storage and mineralization
using biobased biodegradable chelating agents

We acquired fundamental data on dissolution behaviors of minerals
under the conditions of CO, geological storage and mineralization (Wang
et al., ACS Omega; Wang et al., American mineralogist). Additionally,
we published an innovative method for enhanced CO, geological storage
and mineralization using biobased biodegradable chelating agents that
enhance mineral dissolution and trap metal ions in Science Advances.

Enhanced CO; capture and mineralization process
using recyclable chelating agents

An advanced CO; capture and mineralization process using a recyclable
chelating agent solution has been developed (patent 7345791). This
innovative approach tackles common challenges in CO, mineralization,
notably the excessive use of chemicals and substantial wastewater
generation. The process involves the enhanced extraction of calcium from
industrial waste using a CO,-charged chelating agent solution at room
temperature, carbonate mineral production by heating the extraction
solution (< 100°C), and CO; capture by the extraction solution for solution
regeneration (Wang et al., Journal of Environmental Chemical Engineering).
This process is currently undergoing practical implementation through
joint research with multiple companies.

Atmospheric CO, removal system using amino acids
and aqueous environments

The dissolution of silicate minerals in water, which increases pH, can be
applied for atmospheric CO, removal, and amino acids, the natural
chelating agents, have the potential to boost this process. We experimentally
demonstrated the effectiveness of amino acids in enhancing mineral
dissolution, revealing a synergistic effect between NaCl and amino acids in
enhancing mineral dissolution. Based on the findings, innovative
atmospheric CO, removal systems using amino acids and aqueous
environments was proposed (Wang et al., Environmental Science &
Technology).
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Fig. 1 Water and CO, fracturing simulations of
a volcanic rock under geothermal conditions

Fig. 2 Water-assisted CO, fracturing of a volcanic
rock under geothermal conditions

Fig. 3 Temperature-swing process for CO, capture
and mineralization using a recyclable chelating
agent solution

Fig. 4 CO, geological storage and mineralization
using biobased biodegradable chelating agents

Fig. 5 Improvement of pore properties of basalt
using biobased biodegradable chelating agents

Fig. 6 Atmospheric CO, removal using amino
acids and aqueous environments
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Ixiﬁ‘. ﬂi%ﬁgiﬁﬁ Designing of Nano-Ecomaterials

RIEEDHE-TXRILF—D
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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
XGBERMEORBINMZBUO THBICHEL, ZORBEBZESCZNFEVCEENNEZAALTRBEISZET SHXREOHE
RIRED /MR ERREITBFEERFALTND, K. BREZRRT BHDREFEEDORFKZTOTVNS, MRIF(A)BARATRILF—
ZTHME (CEYKREEBAF/ MR BRETBRESF/RTF. KK, 2L). (B) #aekr/ - TIMN (ESEF/NF. SHEEN
BETAEEF/#MHE (CuF/HF, CuFr/74VRE), BhFeaFREERAKELF/MEMEL 2E), (C) #BRMULFATILEDH
HZFIREE T BTcH DIRARIERZM. 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.

RREE Research

EREBEDESETRBWVWEEDH/MHzRAILTd L% To achieve industrial applications of transition metal/alloy
REIC. BABEE/E2/HiFe. BEBENDBWFET nanoparticles instead of precious metal nanoparticles, various
BRYBMERAEZTOTNS, FHic. MROKEDIFELY. &
BUHEZRREIZHOBRNEGH. REME. ZERTBDITE.
HETHEEENBVWER /AEF/NFTHEIEDNDBETH S,
BIC, TENDAZIBICE EMBILENE D DORARBEM D
FERRBRAXTERTINETH D, CORBE2TOREEZINRT
HmreUliceB/ 6/ hifeE. E—H—ZF0fBELEBEOHZH
WHEEBE~70CREEQKBRP T ERTDEWND " RADREM "
EEZRBDFEZARL WD,

ZORIF, FEREGZKBRPICEVNT, EBOREZTEL
TBHIE, BEEANTIRGERICIIBETNESES/HDRT
VIvIEBE—ERUHELRTEZIENDETH D (BRI DM
L&D, BRIEBLUHLZESE2586H2), T TRADMEE
TREIEFEZRVTKERPOEBHEADERFZHEHL., Z0D
LTTETMESERFEERRE U,

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 these properties using simple equipment and low
energy conditions (RT —70°C) in the aqueous phase.

To synthesize uniform and well-crystallized metal/alloy nanoparticles,
the condition of metals in the aqueous phase should be restricted to the
homogeneous phase, and the reduction potential of both metal
complexes should be equal. Sometimes, oxide materials and sulfide
materials are also synthesized. Therefore, we introduced our idea for
a particle synthesis system based on the predicted concentration of
metal complexes in an aqueous solution as a function of pH.
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Fig. 1 Schematic drawing of researches in H. Takahashi Lab (concept).
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Bz LEYKRGE BT &4 Cu-ln &8 F/ HIF ¥ Cu-
In-S +/HIF. EBROTRANA M/ RFEKBRFTERL.
BHIDIETAGENEFRRIEIEMERARK UL, i, B8
HELELHEEENTW Cu F/HF»° CuF/ TV, EHEE
HEMRAOREBERAEZT o CuRlF. VIILAPERELC
IAVEESETENT Z/HD Fe F/RF. EOEREERLLE
HATWD, Blo, IRILF—MEELT BREZTBRITRIOREIE
AR, BELGHR CESBEERIETZIANST T4 771 R mE
. ZRFELTWS (Fig. 1)

FEHEBOERRVEASERR. TOMDES

2024 FE . 6 AREDER - RMFRRLAXMBEZTKRRIC
TR)IBES A (MC2) tizgEfMEA (MC2), BEFHDDSA
(MCT, &R - RMZIRAZHRRAY—HWERE). ZREF}
A (MC1, BEiR - EMZSRILXMRRAS—HAERZE). 2H
EiZhA (MCY) MFRU, 9 BIcHRES N 2024 FEEIR-
FMBEREBEERNERRICHEBESA (MC2, HEFIRRY—
RFERE) LEBEMESAMC2) 2HELSAMCHASMU.
9 BICHfEESNAE 75 BI04 RELURELENREIEEA
DHEh (MCT) ELTERRAEA (MCT) B&MMULT, 10 BIC
RESNLE 6 MRBEVIFTRIUSEFEHDDEA (MCT), XKR
RtxA (MCT), BHEELZA (MCY) AL, EIZ 11 Al
RESNCERREMZERIEIBUERZEFORICIIEREMER
Zh (MC2). ERRIZA (MCT). EHELEA (MCILEFO
ZEFEREHE), HUTRSA (B4, BREHSA (B4 BEFOR
BFERH) KSMmUl.

REEVFEIE. ECS¥ MRS, &R - ZMFR. WAYEZS,
BE BERADZRATEEBMICSMU. RRORERZTSFET
H3, Fic. BRIRILF—ICHIZAMEBH PERNEEICKRS
RIEXRFBEMMEICE TEHARELEDBRT 3,

For the solar cell application, we developed methods of synthesizing Cu-
In alloy nanoparticles, Cu-In-S nanoparticles, and various perovskite,
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 for quick recovery of the
virus and/or heavy metal ion. Thermoelectric material, fuel-cell
material, and stratified photo catalysts with specific morphology were
also developed to apply these synthesized materials to environmentally
friendly energy material.

Student activity (conferences, prizes, etc.)

Students from our laboratory attend up to 18 domestic conferences in a
typical year. To develop members’ abilities, we recommend joining
international conferences and studying abroad (DC course students).

In 2024, Mr. H. Horikawa (MC2), Mr. K. Sato (MC2), Ms. M. Kondo
(MCI1, Best Poster Presentation Award [Bronz Award]), Mr. M. Asami
(MCI1, Best Poster Presentation Award [Bronz Award]) and Ms. M.
Toyota (MC1) joined MMIJ Tohoku branch meetings (June, Sendai).

Mr. H. Horikawa (MC2, Best Poster Award) and Mr. K. Sato (MC2) and
Ms. M. Toyota (MCI1) joined the 2024 MMIJ meetings (September,
Akita).

Ms. M. Kondo (MC1) and Mr. M. Asami (MC1) joined the 75th Colloid
and Interface science conference (September, Sendai).

Ms. M. Kondo (MC1), Mr. M. Asami (MC1) and Ms. M. Toyota (MC1)
joined the 6th Meeting of Environmental Studies (October, Sendai). (B4,
Best Presentation Award)

Mr. K. Sato (MC2), Mr. M. Asami (MC1), Ms. M. Toyota (MCI, Best
Presentation Award), Ms. T. Murayama (B4) and Mr. S. Sakamoto (B4,
Best Presentation Award) joined the MMIJ Tohoku branch Young
Scientist meetings (December, Iwate).

We will join the Electrochemical Society Conference (ECS), Materials
Society Meetings (MRS), MMIJ’s spring and fall meetings, and Tohoku
branch’s spring MMIJ meeting, as well as the Japan Society of Applied
Physics (JSAP) and others. Moreover, we will participate in various
social activities, such as events addressing natural energy, public

lectures, and so forth.
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Fig. 2 Schematic drawing of researches in H. Takahashi Lab (target).
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Governing energy strategies and the diffusion
of new low-carbon technologies

ERITXRILXF—EFRF4SEF  International Energy Resources

Visiting Professor

Noriyoshi Tsuchiya

WIRBBLICLIDREZESETRILF—BEADHITIEINETULICRB LB TWS, ARRER, HEPKBRIRILF— FFHR
MBS, MBEBBMANZX L, BERtEF2U71. ZRIEKRODFHFEGE, BANZNESCHSRANFEERASE T i
BESORBICHET, BENIDBERNBIRLF—ERZOMAZED TS,

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

combining natural and social sciences on geothermal and hydrogen energy, seismic events and fracturing mechanisms, resource security, and carbon

emission reduction. We expect these meaningful research and essential developments to serve a carbon-neutral society for long-term sustainability.

WHRIRILF—EHR

WRIRILF—FBHRNICELELBEAREIXILF—ERTH
D, BRZEERHBERZH/REBLTWVWS, LML, BREOKR
WMREDHESWBRMEICLD, HBARBRAPHBOMBITRIL
F—AOEDEHDMEFLT NS, ZI T HRWRYNT—IDF
T ADNEDESIETETENEETILEL, BT XL ¥—LZ
DRFEOHESHZTRMEE DT LTWS (SLO, Social License to
Operate),

o, HRBOMBAERICMZT, BEREFMES T LAZHR
&9 % B 5 i 2 B B B (SGR : Supercritical Geothermal
Reservoir) AOF7 7O—FIFRRKEMELTEZ<OEALHLFES
NTW3, SGR ORATFOTELTIRAELBE Y ATLAERE
L. YUY -8RI AT LDREECERASICTT B ICEKA
BMEEZHRLTWVWD, ORI, HESREEOBRICEDLDIH
LWHAIRZESX <N,

BERSFARRICRIAMER. EFEHEFORR

HE. NEDO DEE U TBRFAMAREOREMIEICHTS
HREEORES D PIREITTEEDOR D EDSNTNS, BIRFTHE
BHKEIL CO FEHENFRBICABVWBHORERENRATNDS
—A. ZORRSHE - BETICHBORRICHEESNIREN
MRRUEKIMSRERDOEERZAESBIATED, LDEELEMEZE

Fig. 1 Drilling site of geothermal field

Geothermal energy and society

Geothermal energy is an accessible and renewable resource globally.
Our research team studies not only conventional geothermal systems but
also future and potential systems. However, given the abundant
geothermal resources, the development of geothermal power plants and
local geothermal energy initiatives in Japan still stagnates due to social
issues such as opposition from relevant stakeholders. To solve these
problems, we analyze social acceptance (social license to operate
(SLO)). In addition to conventional geothermal resources, accessing
SGRs is currently an expanding and critical research field of geothermal
development for power generation. We study granite porphyry systems
as the natural analogues for SGRs and investigate brecciation textures to
reveal the fluid evolution of the magmatic- hydrothermal system, which
helps explore more potential energy. These studies provide novel
insights into the earthquake and fluid relationship.

Human resources development and
industry-academia collaboration for
supercritical geothermal development

Estimations of power generation amount and drilling potential have
been carried out in promising areas for supercritical geothermal power
generation as a NEDO project. Whereas the supercritical geothermal
system is expected to provide a large supply of electricity with very low
CO; emissions, the scientific knowledge and technology required for its
development are far beyond the conventional scope as the heat source is
under high temperature and pressure. Thus, it is essential to train

Fig. 2 Field survey in West Mongolia
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BIDAMOERDRARTH D, ZI T, BERFAMAFKEDOERR
EkZBEL. SRFMMCETIER. DRZHRNICERITS
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REICET 2HEFNTOER & KERFHE

TAEBEIELAFAATICH TR HLBMEZN 7OERICENT
BERERTHD. KEESEFUHETIMBROEHIRR. LK
FERBRE, HBATRILF—HTE. FRUBRECKEFET S,
ZZ T WRREBICEITE2REDERZEBIDZENEETHD
EEZ MEANDRIEDE S, BukiEEZNICHES AR,
WRICBTDRET SV IHEERERIL. SAFNBSICLDHE
SEEOER, BRKCEFNZIFLETROLBREBOERGE
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personnel with higher levels of expertise. To achieve this objective, on-
demand lectures and onsite practical training were conducted with the
aim of systematically teaching the fundamentals and applications of
supercritical geothermal systems. In addition, seminars and symposia
were organized together with industry, academia, and government
officials to promote human exchange and to provide explanations and
educational activities on supercritical geothermal energy.

Fluid-related geological processes
and disaster science

Aqueous fluid flow in the subduction zone plays an essential role in
crustal deformation, ore formation, energy transfer in geothermal
systems, and earthquake triggering. Our group’s research interests cover
a wide range of interconnected geological topics: hydrothermal
fracturing and brecciation mechanisms, fluid flux estimations from
rock samples and approximating seismic magnitudes, rare-earth
mineralization from hot springs water, and so on. Understanding fluid
and rock properties is important to provide a comprehensive fluid flow
model from the lower to the shallow crust. Our lab provides a
representative base of water—rock interactions.

Research Topics in 2024

UAnalysis of social acceptance of geothermal energy

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

[ Construction of seismic activity model by a flux analysis of the rock—
fluid reaction zone

ORock fragilization by decompression fracturing under hydrothermal
conditions

O Development of traceability for metal resources and minerals

Field Survey

U Geothermal exploration (El Salvador)
OField survey of geothermal resources (Mongolia)
[ Survey of tsunami deposits along the Noto Peninsula coast
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Fig. 3 Effect of rapid decompression fracturing on the physical
properties of granites (Sueyoshi et al., 2025, under review).
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Toward rapid urban decarbonization

Associate Professor
Takuro Kobashi

SURZEDFEZE I, HBHOBRRREN—BRHSNTWS, IPCC % 6 RIMHREE (ARG) &, MERTEEBETEIRILF—
NOBITOEBEHZIEMUL T\, ZZTARREF. BEREKBHAREE (PV) CEXBEHE (EV) 2695 'Y—7—EV ¥ 71—,
DIARZHELTWND, 2024 FiClE,. RERKFI7OI 7 bz @BU THIEIBED "PV+EV) YRTADBRKRFZICNDFSZIRIEL. EH
HIREMOERHIELHEREMELS DI EERUIZ, TOMREIE Technology in Society sElciB&Eidnric, e, FlcIiREIZR. NS
5. 3 AOELHREFE. 1 AOBIREZEN MDD MRRMEHZRIL LT,

In response to the increasing impacts of climate change, urban decarbonization has become ever more crucial. The IPCC Sixth Assessment Report

(ARG6) highlights the urgent need for rapid action and a transition to renewable energy. Our laboratory is advancing the “Solar EV City Concept,” which
integrates rooftop photovoltaic (PV) systems with electric vehicles (EVs). In 2024, through the Kyoto Miraimon Project, we evaluated the contribution

of community-scale PV + EV systems to decarbonization, demonstrating their potential to accelerate urban transitions. This achievement, published

in Technology in Society, was complemented by a strengthened research team, including Assist. Prof. Zhang, Specially-Appointed Prof. Naito, and four

new graduate students.

SolarEV City #%8

SolarEV City #&#8(&. #HMHOER LICKBARE (PV) /XL
ZHREL. EXBEEBE (EV) 2BV TCEAIZ LT, Hit
AIRER IR F—VRFLEREEL, HBHORRKRFLZEIEIERD
HHTHB, COBRBICED, BHOBENBEDKE D =HEAEAIEE
IRILF—THESIENTEEE LD, BEMNICIE. MHORRERE
DT70%IC PVIRRIVZREL, INTOEREZ EV ITEE, 20D
Ny FU—REO¥NEEEMELTHATZILEB/ELTWS,
CDIVRATLICED, BHOBENFED 53% M5 5% 2H>
MERETH D, CO2 FrHBDOKRIBRHIEMNERINTNS, PV &
EV Zfi#EbER & T BHIC PV TREUVLENZ EV ICEA.
BREPRBERARKICREPEIICHIGTZ LN AEEE D, Th
L&D, IXILF—DBEBERENAMLEL., XEROIFERAERE
LTOHEISRT, BFNZAETIE. 2030 FICF MR
DIETICHEWN, PVEEVOHEAEDLEICEDIRILF—OZM
26% H5 41% Bl SN2 A REEN RSN TWS, fFic, —A%k
DOBRREBNEL, BBEREXEOBVWHAMHICEWNT, PV
EEVOEAEDLEN RN TH D EINTWS, SolarEV City
BRE. BMHOIRILF—BEIEFRIRERHRORRICHITE
LR77O0—FELVTEEINTWS, COEDEHZHIET D/
ICld. BURIMIRE., 027« EER. WHRELHBAL. Kiff
WESLCHRNBREEEZRRIDENEETH S

Solar EV city concept

The SolarEV City concept is an initiative aimed at building a sustainable
energy system and achieving urban decarbonization by installing PV
panels on city rooftops and utilizing EVs as energy storage batteries.
This concept enables a significant portion of a city's electricity demand
to be met through renewable energy. Specifically, it envisions installing
PV panels on 70% of urban rooftop areas, converting all passenger
vehicles to EVs, and utilizing half of their battery capacity for energy
storage. Through this system, it is possible to meet 53% to 95% of urban
electricity demand while significantly reducing CO, emissions.

By combining PV and EV technologies, electricity generated by PV
during the day can be stored in EV batteries and supplied to homes and
buildings at night or during unfavorable weather conditions. This
approach improves energy self-sufficiency and serves as an emergency

Kyeto emengy system
with €0, emissions from fossal fisels

3

Rooftop “FV + EV™ system
Techno-economss analysis
for Kyoto Ciry
(Kobashi ef al, 2020)
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Professor Assistant Professor

Katsuhiko Naito Tuo Zhang

SolarEV City #%8Ic & 2 &Pk F(L DBk

2024 % 11 BT Technology in Society I &% U fo 5 3.
FEMICHR T DIFHmABE R TRILF—BITE2BT SolarEV City
BRI DOVWTERLTWD, COBRIREBR EOKXBHEE(PV)
CESEBE (EV) 2B UCERI VAT LAEHAAFEDE,
HHLBEORMRRCEHETZIEDTH D, Fic. REBERRMZ7O
VrVhZEBEUT AZaZ7«o4LRILTO PV EEV ZFERLES
BEITRILF-IYATLORRAREZED, BURK - BTy - 1
SHRBBZASNMCLTWD, MRTIE. BRIHNE L ORFNE
FfzBEC T REOIXRILF—FBED70% % PV + EV) Y7
LTHSHREENRIN TN, chlc&h, CO: HiiE% 60 ~
74% BB L. TRILF—OXN%E 22 ~37% Bl T2 ENHF
INd, LHL. EITREEICINZ. HRNZEEPEREIL—LA
T—JDRENIDETHZIELRAINTVD, Fe. GHENER
BEMHZVWRETIE. SERHD PV ORBICREEZDLSLT
B, EHEWLGET AU ZE L PVIARILIKROENTWS, T
DESBHNERRT BlceH. MERE. AR £FE. NGO H
BALTHUWE YR REFILPBEROREZTo>TWD, E5IT,
BRPRE. BEERMRAOLTHENBT Y NI —LZBET
DREENRINTWD, ZOTTYyhT7x—AlF. BREVDBEEZ
—HSE, EFHNRNORAZRETZ2EELGKRINEZRCTEHF
I3, REOEHFE. BEAPHEOHHICEFDERIEADE
AR ERT—FlELTHE DTSN D, M. R Ma
BIEIETZHICE. BEK. A/NFVR, BfTER, isds
DBADNTREAR TH 2 Lt T TS,

power source during disasters. From an economic perspective, the
combination of PV and EV technologies is expected to reduce energy
costs by 26% to 41% by 2030, thanks to declining technological costs.
This approach is particularly effective in regional cities with larger
rooftop areas per capita and higher vehicle ownership rates.

Kyoto Miraimon Project: The Challenge of
Decarbonizing Kyoto Through the SolarEV
City Concept

The paper titled “Facilitating a Carbon Neutral Transition in Kyoto:
Initiatives on Rooftop Photovoltaics Integrated with Electric Vehicles,”
published in Technology in Society in November 2024, discusses the
SolarEV City concept aimed at achieving a sustainable energy transition
in Kyoto. This concept promotes urban decarbonization by integrating
PV systems with EVs used as storage batteries. The study explores the
feasibility of deploying decentralized energy systems at the community
level through the Kyoto Miraimon Project, highlighting policy, technical,
and social challenges. The research demonstrates that up to 70% of
Kyoto's energy demand can potentially be met using the “PV + EV”
system, resulting in a 60—74% reduction in CO, emissions and a 22-37%
reduction in energy costs. However, the study emphasizes the importance
of addressing technical challenges, social acceptance, and the
development of policy frameworks. In Kyoto, where traditional
architecture is prevalent, landscape regulations pose challenges for PV
installation, necessitating the use of PV panels designed to resemble
traditional tiles. To overcome these constraints, researchers, local
governments, businesses, and NGOs are collaborating to propose
innovative business models and policies. The paper also highlights the
need to build a social platform through cooperation between governments,
universities, and industries. This platform is expected to play a critical
role in aligning stakeholder goals and promoting the adoption of
innovative technologies. Kyoto’s case serves as a valuable example of
how decarbonization can be applied to other cities in Japan and abroad.
The study concludes that accelerating sociotechnical transitions requires
robust policies, governance, technological innovation, and community
collaboration.
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Research for a true sustainable circulation of resources Professor
from a life cycle perspective Kazuyo Matsubae

FARDHTIE. H2ORELZRBEFPERZKD, VEBERMPERNBICHSISREZEONM. REGFHERKNERFAE
ﬁ@ﬂ?ﬁﬁﬁL:ﬁtﬁciﬁﬂﬁoﬁiﬁﬁﬂﬂﬁﬁ\ﬁ}ﬁ@%.uuﬂ@%ﬁylfhd)%%’é%’711&(:107“:3‘6173‘CL\%0i@i*ﬁ’fﬁ@ﬁﬂ%'ﬁéﬂ\ﬁiﬁ@i@%ﬂiﬁé\
BEDMRT ZRERIE. BFLCSFEORACBREOEANBEOBRICKHRAIRSHRIZERITZHICF. BEFBICHSER - K-
ER - IXILF—OFHRBE. FEY - AEYOBLEDOEE. RUZNSICEHEY 21, HSBRFNEROLBZERIDIVLENH S,
INSZERFR. BcHRARGERBRIATLAOBEZERIMEEDZ 1 7TV RRNSHRLABAT—ILTRDHEATNS,

In this research field, we conduct a wide range of analyses on nutrients and resources that form the basis of 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 system development of sustainable resource management. To build a sustainable society in times of multiple crisis, such as the
global climate change, overconsumption of natural resources, environmental degradation with rising inequalities, and deepening contradictions between
economics and societies, it is vital to fully understand the supply and demand structure of food, water, resources, and energy associated with economic
activities, the quantity and quality of waste and byproducts, 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 perspective of life cycle.

SUREEIC & BHFRRADER DB

BNEEFIAROBXLICRARBEM TH 2. REMOLK.
REUICEIVWHEDREICRESHENEFLTRED, ADE
EHOFDPEEROBIBEBNBEZIN TV, Fio, [IRZEIC
SOOI —VENEHLLTVEH, ZhS5OEICEIGL
FEERIRNIKROSNTND, LHUL. HIBORERDZOHIRICR
SURERICERL, #HBO7A TV T T 2R DHIBER TIE.
REBYPRBHZEZZIERBE LV, AXMNO/I—0/R=2 3
Vg, BEFNGHIBEERO7OE—Y 3 VIC LD FEME,
BEULEREADEE., ROBROADHIFEZEBEL T, h50DE
BRRICESTES, AR TIE. ABREEICKTIXRFARADE
. BICTRENE) RA (Y7 MgEEAOREEEE LR
EEIR) ICRIZFREFEEZRTI D, AERBRICEIDE, HER
SN TEENE) RIMIDOREBICEITBRFIARDERIE. &
INREEHHU. AEAEDENDZEOH, AERRSN TV,
—7. BENGHAREETIR. BMFZOZREDORNMMNREL
Z>TW3 (Fig. 1-2),
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Fig. 1 Oral presentation at the 14th
International Conference on Food
Studies in Portugal

Fig. 2 Poster presentation at the 2024
EcoBalance Conference, Sendai

Gastronomic Adaptation in Response to Climate
Change-Induced Disruptions in Regional Fisheries

Fish is an essential component of Japanese gastronomy. However, fish
catch and consumption have focused on specific species based on
nutritional value, taste, and safety, leading to fish population depletion
and ecosystem degradation. Additionally, climate change alters fish
populations and migration patterns. Adapting diets to these changes is
vital, despite the challenges in modifying eating habits and food
preferences, especially in regional gastronomy, where local specialties
are tied to regional resources and identity. Innovations in gastronomy are
expected to address these issues in three ways: local revitalization,
allowing ecosystems the necessary time to recover, and reducing food
loss and waste. We present the benefits and challenges of using
underutilized fish in food services, especially with the “omakase”
principle: a meal selected by a chef based on locality and seasonal quality.
Our findings indicate that the use of underutilized fish in sophisticated
omakase-style dining yields high revenue and nurtures interpersonal
connections, yet the availability of these fish species is limited.
Meanwhile, the inflexibility of commercial food service establishments
in procuring ingredients remains a challenge (Figs. 1-2).
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Fig. 3 Domestic and international final demand drivers by location
and sector of agricultural plastic pollution in China (Zhao, C., et al.
Sustainable Horizons, 11, 2024).

Assistant Professor
Zhengyang Zhang

Assistant Professor
Oscar Tiku

RERATIAFVIBROYTSAF—V%
U e REZERBENT

RERTSAFVIDERVIEES. . BEICLZEBYIRIR
AEEZ5IERIL. RMOTLEICHEEESR. THiEkEF
RIBDNAIVATIRFVIZERTRIERTEHH D, BHDTSX
FyURBYISHRERICTERTFI DN, ZOREEREY /51 F—

BULBHRPKREMBREDHEEICH D, INSOBERICEDE.
FEICHBITPERERTIRAFYIDREIERREE - RIEADREIC
BRTDEREN BRNOY TS/ F—rZBL T ETTEDLD
ICRET I EEEMICHARUCHERBRICLZE VT F1F—
VERDREEEICI - THEINDITIXFVIFEREDI0% IF.
FICHHE. Y. Sy YOREBICIIEARKREEICERLTWSZ
ENRENTc, ZDMDEREPICOVTIE ERDBEFRRICEDL
DINITERMA. KEE. BF. BV —EXOEBNLRIEEEICEE
T2HDTHD, AARIE. PEOENEERVERESZN U
FEEREYOERNGEEZBU T ECTEDLSBRESFHEN
B> TWEONZERTZ L TEEREBTH S (Fig. 3).

F16ETINT Y AERFRODEKXEFHE

2024 F 1TA3HIS 7 HETIWEEREYY—IcT 517
1VNBE—RREBZ T 2T —NEVETINSVRAEBRRED
MNAE—RETEEROEEICEIDEKXICHAESI NI KXRICIE,
625 ZDESMEZBZTHED. 55 184 & 26 hEMNSEF o Tc.
AESREORRIEHEIRICAIT T BiptATRIE S hich—R
YOLYYREBAL A—RyAT7 Yy MIEEXRPHEREZHERL
FERBBBRH U, el NV T YROSYF TR ITRPRELE
BUTBERVRFLYEANSU—ZRMEE B U179 51l
BMANY NI SBEDOREDTofce AEREEICRITIRER
ARAME DI DF e B #3372 FTWS (Fig. 4-6),

Fig. 4 Group photo of the 16th Biennial
International Conference on EcoBalance.

the Conference.

I Reyeling collection
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Fig. 5 Recyclable cutlery provided during

Unveiling the Supply Chain Drivers of
Agricultural Plastic Pollution

Plastic residues from the use, damage, deterioration, and disposal of
agricultural plastics pose risks to food safety and contribute to the
generation of microplastics that contaminate terrestrial and aquatic
ecosystems. Such residues persist in agricultural lands but are ultimately
influenced by the consumption of food and textiles throughout the
supply chain. Therefore, we illustrated where and how pollution from
improper disposal of agricultural plastics and their leakage into the
environment in China occurs throughout domestic and international
supply chains. Results reveal that around 90% of annual Chinese
agricultural plastic pollution driven by final demand across the entire
supply chain can be attributed primarily to domestic consumption of
vegetables, fruits, and nuts. In contrast, plastic pollution associated with
other crops is largely linked to international final demand for processed
foods, textiles, construction materials, and food and beverage services,
which correlate with the economic conditions of the population. This
research contributes to the understanding of the sources and types of
waste plastic emissions arising from both domestic consumption and
international trade in Chinese agricultural products (Fig. 3).

A Huge Success in Organizing the 16th Biennial
International Conference on EcoBalance

We proudly organized the 16th Biennial International Conference on
EcoBalance, themed “Life Cycle Thinking —Carbon and Beyond,” from
November 3 to 7, 2024, under the leadership of Chair Kazuyo Matsubae.
The conference attracted 625 participants, including 184 representatives
from 26 countries. To reduce carbon emissions during the conference,
carbon credits generated in the Tohoku region were purchased, and meals
featuring carbon-offset rice and vegetables were provided. Additionally,
during the banquet and lunch, the event implemented the recycling of
cutlery made from recycled polystyrene in collaboration with local
government and companies, aligning with the Sendai City Event plastic
circulation initiative. These new initiatives to minimize the environmental
impact of the conference have received positive feedback (Figs. 4-6).

YT

Fig. 6 Introduction of carbon offset
initiatives for the Conference.
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Identifying environmental hotspots from global supply chains

Associate Professor
Keiichiro Kanemoto

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
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Fig. 1 US biodiversity footprints

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
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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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BHEE RIEERERFHEE (DOWAR—ILT 1 VT R)

Endowed Division / Control of Environmental Materials (DOWA Holdings Co., Ltd.)

BIEIE - &[54 EF  Environmental Policy and Impact Assessment

BiE 7O AESE Environmental Process Science
EIE R RESZ S5 Environmental Policy Implementation Studies

HENBERBIR AT LOBREZBELT

Constructing sustainable resource recycling systems

DOWA FBEIRERNZMARE DOWAR—ILT 1 VI AR SH O BENHERERZNDO S & 2004 FITHR U, 2023 FE
&0, REERERFBELLC RBEBK - REHEZLEH. REJOEAZDEH. RERREEZOHFO SMRAIBEHICISZIET
HERBERICEDEALTWS, 2024 F 94 HIc, RILRFAZRRERAHRE DOWAR—ILT VI A FHHBERK 20 BFRLER
YYRYILNRES NI, BEOBOREN. ThZhOMDBHEHEE L.

O RIREGR - FEMAZELE B8R MNE —K HHERY 7S Fz—YVRIRIMEIcAF o LCATRRDOERE,
O RE7OEXZNE #iR 8H MA "EREMEZBWCRRF R ORR,
O BRBRERZDY AHR B B7 "RRBERERAAI CERERMI,

The DOWA Holdings Co., Ltd.-sponsored laboratory was inaugurated in FY2004 under the endowed division of the Graduate School of Environmental
Studies. Starting this year, we focus more on resource circulation by organizing our research into three research fields: environmental policy/impact
assessment, environmental process, and environmental policy implementation. On September 4, 2024, a symposium was held to commemorate the
20th anniversary of the establishment of the DOWA Holdings Endowed Division of the Graduate School of Environmental Studies, Tohoku University.
Faculty members from each field gave presentations on their respective efforts:

o Environmental policy and impact assessment, Prof. Kazuyo Matsubae

[0 O “Advances in LCA research to minimize risks in mineral resource supply chains”
o Environmental process science, Prof. Tomohito Kameda

[0 O “Development of environmental purification technology using functional materials”
o Environmental policy implementation, Assoc. Prof. Yuko Saito

[0 O “Resource circulation research toward environmental policy implementation”

RIBEGR - R ERHEF 25
H7SAF =D O—=/NJUBICEEWL. AKE. BE. BiIE. X With the globalization of the supply chain, social issues related to human
{tREDHEEBAEELLTNG, ERYISAF—rickdWn rights, labor, the environment, and culture have become more apparent.
. Strategic resource management based on risk factors that can be directly
TERNFEHENCHHSNIARIENSSVATERICED or indirectly constrained in resource supply chains is an important issue.
WeHEBHNGERERIEELREETH D, WBEDTIL—TE, Based on satellite imagery analysis, our group developed advanced
FHEBEGBBEITICEDWT, SHILEE)IcE ET 2 BEEE 2L, technology to evaluate the environmental disturbances related to mining

ERERTEADNL —R A TEASACT 2D DS ELEHR%E activity and shed light on the trade-offs of the introduction of low-
T - (S o A

e carbon technologies.
FFE Ul

Environmental Policy and Impact Assessment

Environmental Process Science

RIE7OERAZSEH
The Kameda Lab has been working on the development of a technology
BEHMRETIE., PZAVRIBEZE TS Mg-Al REREK to reduce low concentrations of Se(VI) (about 500 ppb) in actual

14 (Mg-Al LDH) ZRX—Xc Ui iRIR&E Al ABL & ABLm

o -_= Abnr i M b of EL
=]

C1-Eypes Mg Al LM

o Pl 24 e e o = Rehyorpr on Rlas s ol ABLem. O3

i & In: 7% mera ney [t T T T Y e—
d-eul Vu\%‘?dn p-a.!m ugﬁ- L] I —

Fig. 1 Establishment of a global mine site-specific database for the assessment
of environmental disturbances induced by mineral consumption.

Fig. 2 Adsorption Mechanism of Se(VI) in industrial
wastewater by ABL & ABLm.

(3|

Professor Professor Professor Professor
Toshiaki Kazuyo Tomoki Hideyuki
Yoshioka Matsubae Nakaya Takahashi

AN

— B

Professor Professor Professor
Tomohito Professor Toshikazu Minoru Tobita
Kameda Balachandran Shiratori

Jeyadevan

(ABL+ #£#3) ZRAWT. RABAFAVYROTZZA VD % A —
Y—TEaEFEND, EEKFOEEE (9 500 ppb) @ Se(VI) %=,
RIEHEHE#T%H % 100 ppb UTIC Y 2K MFHAFKOMEICEDIE
ATW3, ABLm & ABL &D %, Se(VI) DIRBEEENDMEN T W,
ABLm 2 & E 1388 % Se(VI)(Se0+”) % Se(IV)(Se0s*) IT
BRI ETEREEMMEML, OT =AY EDREFHFRIGIC
BB OZENTEcHEEISND, INSORFERIELITO
FRTRERLARBURENARRE (DOWAE) Z2FE U,

Selenate Adsorption from Wastewater using Chloride-
type Mg-Al Layered Double Hydroxides, Panupong
Wethangkaboworn, Masahito Yoshimura, Goro Nishikori,
Toru Nishiyama, Tomohito Kameda, St K REkeEER 2
RS 6 HIRBERZEHHRS , Ila [2024.10.25]

EH# & F. "Updated Science-Wide Author Databases
of Standardized Citation Indicators (Career-long data)
(2024 &£ 8 BEHR) . ICEDE RERZESHF CHAD LA 2%
DORZEELTIV 1> U,

RIEBIRREFNEH

CONHTIE. SROFELHBDIITAIILERENREUVTH
RETO>TVWD, SEORERENRATNIERBEHFREHL/ (X
WIEDWTIE, ENRRF—LAERKMOBMEN S, HENAZY 1R
UHAZIVIEDWTOMRPRIESZEZEBL VNS, BRICER
MEDVFILAAVEMICOWTIE, BEHFAREDOKRBIERR. I
BREBLED/NREBOMAICDOVWT, BREPYSIIILEIC
EI2MREEBLTND, KBK/RILDNY T —RaEIE
P27 yREEY. EFERGECHRALLTEEFNIERR
ECNATVEROBANS. BENBIBRECEWDFAAE
ZEMELTVWD, EETWERKERTIZXF v I DO—FEUINICE
DELIAETICEWCRELESEICSBUMRZHET DL,
TSAF VI EREBOHDAICOVT, BEFHRADEEZEDHT
W3, Ffe. EU A EENEOBREEOHESRZHFITL. HH
EICHTDSEDEDANDEREZBEEL TV,

Fig. 3 Demonstration project to perform various tests on the secondary
use of different types of solar panels at the rooftop of Tohoku University.

8.

Associate Professor Associate Professor Associate Professor
Yuko Saito Mei-Fang Masahito
Chien Yoshimura

wastewater, which contains high concentrations of various cations and
anions, to below the environmental standard of 100 ppb using
commercial adsorbents ABL and ABLm (ABL + iron powder) based on
Mg-Al layered double hydroxides (Mg-Al LDH) having anion exchange
capacity. ABLm has a better adsorption capacity for Se(VI) than ABL
because the iron powder in ABLm reduces Se(VI) (SeOs*) to Se(IV)
(SeO5™) and was able to overcome the competitive adsorption reaction
with other anions. These research results were presented at the following
conferences, and the graduate student in charge of the research received
the Dean's Award (DOWA Award).

Selenate Adsorption from Wastewater using Chloride-type Mg-Al
Layered Double Hydroxides, Panupong Wethangkaboworn, Masahito
Yoshimura, Goro Nishikori, Toru Nishiyama, Tomohito Kameda,
Graduate School of Environmental Studies, Tohoku University, 6th
Environmental Science Symposium, Sendai [2024.10.25]

Prof. Kameda has been recognized as one of the world’s top 2% scientists
in Environmental Science, as per the August 2024 update of the
“Updated Science-Wide Author Databases of Standardized Citation
Indicators (Career-long data).”

Environmental Policy Implementation Studies

In this field we are conducting research on recycled resources, which
will be an issue in the future. For used solar panels, which are expected
to be generated in large quantities in the future, research and
demonstration projects are being conducted on efficient reuse and
recycling in terms of both collection schemes and technologies. For
lithium-ion batteries, which are rapidly gaining popularity, research is
being conducted on resourcefulness and recycling technologies for both
large devices such as those used in automobiles and small devices such
as those used in small household appliances. Efficient separation and
removal and effective utilization methods are being studied from the
perspective of halogen recycling, including fluoropolymers used in solar
panel back sheets and other products, and bromine contained as a flame
retardant in electronic circuit boards and other products. In Sendai City,
which was one of the first cities in Japan to start combined collection of
plastic goods waste, is promoting joint government-academic efforts on
how to recycle plastic resources. We also study institutional trends in the
circular economy in the EU and other countries, with the aim of making
proposals for the future of the circular economy in Japan.
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BB EEMRIRERNRG B

Endowed Division / Course for Environmental harmony design of hard materials

BESEFOEEMEICOWTESFERIRE
BIERANEORSRzaL—vay)BEZHET

Development of designing (simulation) study for maximum properties and Professor

environmental harmony in cemented carbide and other hard materials

Masaru Kawakami

YIARDBF TR, YHITE, MERIERICAWShDRIEY YT X7 - /XL (WC-Co) BEAEREDBEMBHCEWTRIEER
FRECMESES zRMNSES s (RIFHANRED) ZENELIMRRAZED TS, FRBEEMHOERIAE. ¥Ial—rav, #H
REIT—IN—2DEREZTS5. ANZALBABEDERMADEENERANLBERNSEDLSBERE LD ZASHICT S, BE
MRICHE T2 EREEOERE (FLEBOER - ABRMG L) OEBMARZTV. BEMBCEIT2ERMEPREREZHRT SR

REHIRRZBE T,

We are conducting research and development aimed at harmonizing environmental resource issues and material properties (environmental harmony

design) with hard materials, such as tungsten carbide-cobalt (WC-Co) cemented carbides, used for cutting tools and wear-resistant tools. Basic research

on new hard materials, simulation, and the construction of a material design database will be conducted. We will clarify the meaning of the basic

research results, such as mechanism elucidation, from a practical standpoint and conduct basic research on solutions to resource problems in hard

materials (e.g., technologies to reduce and substitute rare metals), aiming to develop material design technologies to solve resource and environmental

problems in hard materials.

BESEMHOERNR

BESSMRTIRIEE. EREDBBHTERVEBENTSNDIE
MHBESSIFRMPEVUTHESIN, ZOERMRAIEEL
BoTW3B, T, BESSOIERFICEVWTRIFREBELPEL
28 (W, Co %) OER-REBRMOMRZESEERRETH D,
AARETRINSOREICEHTIARELELERELTITOTE
D, BETIBEEEDRELRBEOER. BESEDOHEGRIC
BIFIDREBEEER. BEEED Co RBMRHCET DR ZE
HTW3,

MEZ7O0tA LEBEROYZaL—YaY

BWEMROLZBIMRBEE~FEETOEIICL>TERZND
M. ETOERCHITIZRFEFEICEL. TBEBNOFE LB
DTERETH 0. YI2L—YaVDFRAPENTH S, &
RTR EVTHILOE BRERE BEREREREZAVT
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Fig. 1 Relationship between tensile strength and the length of major axis
of defect of ultrafine-grained cemented carbides.

Basic research on cemented carbide materials

Ultra-fine-grained cemented carbides with extremely higher strength
than before have been developed as new materials in recent years, and
basic research on these materials has become important. In addition,
research on shape quality, rare metal reduction (W, Co, etc.), and
alternative technologies are also important issues for industrial cemented
carbide products. Our laboratory has been conducting research on these
issues in cooperation with companies. Recently, we have been studying
the relationship between strength and defects in cemented carbides,
liquid-phase migration and deformation during sintering of cemented
carbides, and Co substitute materials for cemented carbides.

Simulation of material processes and
microstructure development

Most hard materials are fabricated by the powder compaction to sintering
process. Because there are so many factors in each process and their
effects on the microstructure are extremely complex, the use of simulation
is effective. In this study, we are conducting a simulation study of

e (8) (D)
- k. —"—

¥ r

Fig. 2 Simulation results of continuous powder compaction and sintering processes.
(a) density distribution of green compact, (b) shrinkage and shape of sintered body.

)

Assistant Professor
Sota Terasaka

BEMHOMRZOLRICEFIEBEREEROYI2L—Y 3
VIHIRZETO>TW, BEESALHEARFE OB EREY I
L—YayoitERF BB REZEADBERICDOVWTORETY,
BREASTNRE UCRBEERE - NEROEBIRYI2L—23
V. MRSERFEREEEERSEL7O0EROYIaL—yax,
BRSNS ICRITREBE L TR OEEYIaL—Y T
YVORFKEIT>TWS,

EEMHORFEDYZaL—Y a3y

KARTIR. BEMHOBBNEFED I 2L —Ya Vv EERE
RECHMBEREERVTIT>CWS, RATIE. BEASFOX
oA X, REEDOHH. REBOBENBESSDBECIRIERE
ICEZBHEICDOVWT MBEREZAVWYI1L—Ya ViR
ZfT>TW5,

PHRIRE T — 5 N— RO

FEDOYVI1L—Ya vy P EREROBEREZERL. MRS
T—HIR—RELTDEEZITS, WC LELZD#EATE (Co. Ni %)
ELURERMY (TIC. VC F) OREREE, BB - KR
RYZal—ravici3REFEERB (RE JILEE) OFER
TRED, TIR—RLEEHTWD, Fic. BROER. 70
TR EEMAVFEORRICH U TERZEBDERZED TS,

FRETOERH

L BERASHREE, ABRBEEHNEEREER,
ABRB S LOMRARERBESE, BENTFR
REES

SRR BEHEARBRRER

(a)

(b)

Fig. 3 3D simulation of the strength of cemented carbide using discrete
element method. (a) before destruction, (b) after destruction.

microstructure development and deformation in the material process of
hard materials using the Monte Carlo method, finite element method, and
discrete element method. We are investigating the relationship between
the calculation factors and the structure/compacting pressure in discrete
element method simulations of compacting powder containing resin, as
well as developing (1) simulations of liquid-phase sintering for cemented
carbides, (2) simulations of continuous processes of powder compaction
and sintering and (3) a coupling simulation of microstructural changes
and deformation due to substrate constrained sintering.

Simulation of hard material property

The mechanical properties of hard materials are simulated using the
finite element method and the discrete element method. Recently, we
have been conducting simulation research using the discrete element
method to investigate the effects of defect size, defect distribution, and
defect strength in the cemented carbide on the strength and fracture
behavior of the cemented carbide.

Construction of material design database

We are constructing a materials design database by accumulating the
results of various simulations and phase diagram calculations. We are
compiling phase diagram calculations of WC and various binder phases
and additives, and the various factors and structures in the liquid-phase
sintering simulation and creating a database. We are also working on
applying machine learning to the relationships between previously
reported compositions, processes, and mechanical properties.

Activities in academic societies

Masaru Kawakami:

Director of Japan Society of Powder and Powder Metallurgy, Chairperson
of Technical Division of Hard Materials Committee of Japan Society of
Powder and Powder Metallurgy, Publication Editorial Committee of the
Journal of the Japan Society of Powder and Powder Metallurgy,
Representative of the Japan Society for Technology of Plasticity, etc.

Sota Terasaka:
Representative of Japan Society of Powder and Powder Metallurgy

1600
&) | L 1
1400} “WC+VCH+L
£ LyeHvrL
E = =" WCH y+VC+E—
= 1200 WC -
= /
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Fig. 4 VC-Wy45Co45C00.1 pseudo-binary calculation phase diagram.
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MEHESEEE  Collaborative Divisions

BiEY 2 VAR S B (BERMTHEEZEFR)  Environmental Risk Assessment

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

g - T BT RILF— - HROFAEZBELT

Studies in the utilization of safe and secure geothermal energy and the earth crust

LBEEICZEIMERFKEANEEZRMEEMERN - BSBEUTRIRILY—FRR (FREA) - BEFRIRILF—MELYI— (BER
BT SLUCHERERG LYY —  EERREMAINIT IMBEOE™) FEOARELNFREL. HE - HREHZToTWVS,
RE. ABETREEHSRBEZFFUSLVUERREARFEROHE - PACEEUVMRRTFHZITS5oebic. BEEEE. FiTX
¥ — - EXRIMHRARAEEE (NEDO). IRIL¥— - EBIYEREE (JOGMEC) Eh5DEFERITMREREL TS,

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 2023 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);

(c) developing an Al system for stable steam production and reservoir management; and (d) risk management of soil and groundwater contamination.

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

BERFMBAREICAHT MR

RBERILUE. EANOMEESEHELT LHRABFITE
RzBI2BERFAMBAITLZFBUICRE (BERMHAFKE)
DAREM ZR>TE fco 2021FEN S NEDO D 5D EFFZ X IF,
SHEMEDFE CTERNEEMR TOFMETMELVOREHDME
RREEZITV. 2020 FRR¥ IR ITAEHEH - AREFZE
UCBERAMAEROFERIZAEY, D&, 2040 FLUEIC
EARHBEER10GW U EOBARBZREL,. 2050 KRS
DERPIXINF—tFa1UTrDALICEST S,

MR BARERK IC & SHETEE D
BEET=S YV IR

FHWETIH 2015 FLUR. BEERMFELBRT (—LRT
FREAOEEIKROMIREEFRBL. ThickD, FE
BEAOEKOHREE=FUVY U, HEEBABOBEKIEY—>
DREFZERUTE e, INSITIA,. 2024 FEICIE Al IZES
RRBRBAREEOERERE U, K HMHICHTS
BRERURE A B B S I B T B R b R TH %o

M m—=dk | s

3 HiNmTEME (HE)

Fig. 1 Supercritical geothermal system at a Japanese

geothermal site hot spring heat

Fig. 2 Passion fruit grown using

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 Area in Fukushima since 2015 in order
to determine the reservoir’s response to water injection. In addition, we
developed in 2024 a method to detect the arrival time of earthquake
waves using AlL. The lab has also carried out high-resolution reservoir
characterization using naturally existing electromagnetic waves.

Fig. 3 Rock hydraulic, mechanical, and electrical
properties simultaneous measurement system

Professor Professor

Hiroshi Asanuma Yasuhide Sakamoto

EREEMEFL—MHIZRAW CO2 tthiTH -
HYEEREICEY SR

IXINF—ERFBE - IXILF—BERIRVHEZHE (FE
ARE) EOEEDTT. CO: AT - SiMEEREZENEL
T ERHBROBRICEDE, £DBEMEFL — NEIOFIFBIC LBk
VBBEEICRETIHERNETILOBRICIOBEATNS,

WK DIRAM TR

F-REIDSDEFFEEELT BREKMBPENF I B HAEER
iy —XDEAEZEEERBELTVS,

BRI, SR, MR & DE#EE

@ EREM

Rawe KB 1FUP PARTYR, Za—Y—3YREOETL
WM. A% REGREOERAMESFERE, HREL
BZIERZ 0254 (ICDP) NOERLRRESE - WS BfEZE,

@ HEM - HREE

R RREEERE. BERERHRZER. J-DESC & LEHIESH
f78%8. JOGMEC £8. BAMMAZRFER. ANRBERE
O i FRikB e DEHE

GNS. GFZ. LBNL. LLNL. BNL. SNL, USGS. BRGM.
NIVYYBEBRKRE, Fa—UvETIRKZE MIT. PSU. ITB, ISOR &

@ E51F. NPOZFELDESE
‘BER. SRR, WBER, #Blm. ElmE

@ NHERFEDEE
SRR HRERTOIRILEF—BRIBEHEAYF 2150 BMERXE

Research on the promotion of CO, geological
storage/CO; fixation by mineral matter via the

utilization of the biodegradable chelating agent

Through collaboration with the Laboratory for Resources and Energy
Security (Watanabe lab.), for the purpose of promoting CO, geological
storage/CO, fixation by mineral matter, on the basis of the results of
laboratory experiments, we are developing the numerical analysis model
for the dissolution behavior of mineral components through the utilization
of a biodegradable chelating agent.

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 publications are actively done.

e Collaboration with local communities
We have collaborated with local communities, mainly in northeast Japan
(Tohoku), in the area of education of children.
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Fig. 4 Exploration drilling of hot spring

Fig. 5 Distribution of velocity and attenuation around
in Fukushima microearthquake hypocenters in a geothermal area

Fig. 6 International collaboration with
geothermal researchers in NZ
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YEHESEEE  Collaborative Divisions

HRIRIEA / R—2 3 VESH (\FIESEEHMER) Innovation for Regional Environment
(National Institute of Technology, Hachinohe College)

HA—IRYZa—bhJIIERMTOREFZEDH T
HURIRIBDRLER A / RX—2 3 Y OZEMTRERZE<

Academic foundation for creative innovation in the local environment
by promoting the development of carbon-neutral technologies

REEBETR. \FEEERILAFAZRERNZARBEOBLEDOE L, BATIILF—ORELAA, FEEE G 2BMH
DHE. BROBHWEFRE - TRILF— YRATLRE. BROPHEYONELEEANDIGH. EMBEOTZNIMA, £YEROFMFA.
BSCICTRABIS PIREKFICHFET 2RREEMEYORBEEHELORE - FECHECETIHRABREZT>TNS,

In this joint laboratory, in collaboration with Hachinohe National College of Technology and the Graduate School of Environmental Studies, Tohoku
University, research is conducted on the exploration and utilization of geothermal energy; synthesis of various inorganic, organic, and metallic
materials; conversion of resources; environment and energy; system development; application of enzymes and microbes to material production;
engineering use of biological functions; effective use of biological resources; and the actual conditions and behavior of health-related microbes in
sewage treatment plants and environmental water as well as methods for their removal and inactivation.

MURIRIBAL / RN—2 3>

FEEBETITO>TWS, ARF—T—R:
BARAREIRILF— IXLF—HR SBRETH.
BERR. RIREFIZ. KRE. KRETH

HMRT—~:
[E&F]

BT RILF—OER IO ERE
BT X)L X — DO SR IE

- BERFMAEROMERETIL
INAAYZRROEMAAE Bk REEL
cEBRERON —TEY T R ORH
RIRABEICH T BTIEEER
[(EEE 2]

TV HBILELDERETI—LYDERK
cP—URBICEBREMR DG

BE R IC LD EIEEEY O R

Innovation for Regional Environment

Research keywords:

renewable energy, energy materials, metal smelting engineering,
transport phenomena, environmental chemical engineering,
water environment, carbon materials

Research Topics:

[ N. Tsuchiya ]

OFormation process and exploration of geothermal energy
[JEvaluation of social acceptability of geothermal energy

O Geological model of supercritical geothermal resources

[ Effective utilization of biomass ash and capture of carbon dioxide
[ODevelopment of traceability technology for metal resources
[JWater budget in subduction zones

[ Takayuki Saito ]
[ Synthesis of various fullerenes by arc discharge

[ Synthesis of carbon materials by arc discharge
[ODecomposition of organic waste by ultrasonic treatment

Fig. 1 Field survey in Noto Peninsula (March, 2024), Fig. 2 Geothermal survey in El Salvador (June, 2024), Fig. 3 Field survey in Mongolia(August, 2024).

Tsunami deposit.

Beautiful Columnar Joint and Water Fall.

Solar panel is useful gear for recent field survey.
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Professor Professor Professor
Noriyoshi Tsuchiya  Takayuki Saito Tetsuo Honma

e

Associate Professor

Associate Professor

Associate Professor
Hirotada Arai Yoshihiro Kadoma Suntae Lee
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Fig. 4 “Multiscale off-fault brecciation records coseismic
energy budget of principal fault zone (Geri et al.,

2024, Scientific Reports). The Ichinokawa Mine which

is famous to produce beautiful stibnite crystals, and
distribution of all recorded earthquakes from paleo to
recent events, adjacent to MTL in Shikoku.
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Fig. 5 Synergistic effect of amino acids and NaCl in enhancing
mineral dissolution for efficient and long-term CO: removal
(Wang, et al., 2024, Environmental Science and Technology)

[ Tetsuo Honma ]

[ Chemical recycling of laminated plastics in subcritical water with a
semi-batch type reactor

O Decomposition of dibutyl phosphate in diluted alkaline waste liquid in
high temperature and high pressure conditions using a flow reactor

U Computational approach on the crystallization process of zinc oxide in
supercritical water

[ Hirotada Arai |

[0Mass transfer analysis at the liquid—liquid interface in a
gas-stirred vessel

OTerminal velocity of inclusion aggregates in molten steel

[ Suntae Lee ]

O Occurrence of antibiotic-resistant bacteria and bacteriophages that
infect antibiotic-resistant bacteria in water

O Use of bacteriophages to reduce antibiotic-resistant bacteria content
during wastewater treatment

ODevelopment of disinfection system combined with bacteriophage
therapy to control antimicrobial resistance bacteria

O International Collaboration (Takayuki Saito)

[JClara BEUDIN PUERTOLAS
(University Institute of Technology, Lille) (April — June)

O Field Survey (Noriyoshi Tsuchiya)

OTsunami Survey (Noto Peninsula)
OMongolia (summer season)

O Society Contribution

The Tohoku University Energy Symposium was held at Hachinohe
National College of Technology on December 17, 2024. Hachinohe City
has come forward as a hydrogen and ammonia supply base, and we were
able to hold a symposium on the possibilities of next-generation
renewable energy with the introduction of cutting-edge research from
Tohoku University.
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Fig. 6 Tohoku University Energy
Symposium held in Hachinohe
Kosen in Dec. 17th, 2024
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