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Prefatory note

First, on behalf of the Graduate School of Environmental Studies at
Tohoku University, I would like to express our deepest gratitude for your
continued understanding and support of our research and education. We
are very pleased to deliver you the 14th edition of our activity report,
which covers our accomplishments in the previous year.

Since April 2015, we have restructured ourselves from a single-
department system with the “Department of Environmental Science” to
the “Department of Environmental Studies for Advanced Society” and
the “Department of Frontier Sciences for Advanced Environment.” We
have decided to develop a two-department system in order to realize our
new goal, which features the two pillars of our research and education.
The first pillar involves strengthening our conventional one. This means
nurturing human resources that have a bird’s eye, global perspective on
environmental issues and the ability to implement countermeasures with
frontier environmental technologies (global “T-Type” human resources).
The second new pillar involves nurturing human resources that are
capable of creating solutions based on humanity-science interdisciplinary
environmental thought and freely assuming directorial roles in a variety
of positions and contexts (global “Convex-Type” human resources).

In addition to this new attempt at restructuring, we have seen a major
event take place in the completion of the new main building in 2016. With
the concept of “humanity-science fusion,” the Graduate School of
Environmental Studies was established as the fourth independent

graduate school of Tohoku University in 2003. Being an independent
graduate school without department organization means that the
laboratories that form the graduate school are scattered across campuses.
This makes communication among students and faculty members from
different backgrounds difficult, leading to the shared hope of overcoming
this scattering in order to realize the concept of humanity-science fusion.
Another issue was the capacity of the facility as a result of the increasing
number of students we accepted. The completion of the main building in
2016 is a giant step forward in solving those issues. This new main
building, completed on the Aobayama New Campus, will be a base to
accumulate laboratories over time, making it more convenient both for
students and faculty members and facilitating more exchange and a more
integrated operation of the graduate school. Through these developments,
Iam confident that our effort for the goal of the two-department system—
nurturing “a generalist who leads organizations and society with a wealth
of knowledge and an exceptional administrative ability” and “a specialist
who leads the world in the research of frontier environmental science”
will be further boosted.

Our society now has a strong demand for leaders who can address present
and future environmental issues that are only becoming more serious and
complex. We are committed to responding to such social demands and to
the will of students to change society, which is producing environmental
issues, itself. We will greatly appreciate your further and continued help
and encouragement of our research and education.
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BRI EASEE Resources Strategies
EEESE - 9T 9EF Geo-environmental Measurement and Analysis

BRI O \EfE /R ER & - 5081 - oA & B8R
Xl ZFDHDEE- BT FIEDRHFE

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

e,

¥ FEH X

Assistant Professor
Nobuo Hirano

The objectives of this laboratory, we are focusing on measurement and observation for understanding to various geosphere information, and
we develop the apparatus for that purpose. Our main targets are water-rock interaction, destruction of rocks under the hydrothermal condition

at earth interior, Scale precipitation from hot spring water, Natural and artificial thermo luminescence (NTL, ATL) of quartz and/or feldspar.

These are for geothermal developments mainly, and we'll use these research results for social purpose.

ELHRT—7
- WRREESE TIC 8 1 5 A ARER R ORRRTEZ0IHD
EREBOMR
SRREBEOLHDRRAT —IRERI (XNZALFRT—UY)
DRAFEITIE (RT—IUEBMTE S OYE - BERT)

SEEEK (TL) AW SERER TR DERIRE
BLUTBRAEEBOMA L ZOFIA

TEHZEICH S ERIY OWIRER

INETOMET. EREE 400CHS 500°CRBOBERFIREEK
FRICREBL. AREES RS &R TN B EICE S
EETICL->T. ERCEERIRELELICBIENTETHZT
EEBELTETNG, COBRBMBERICHIZEAERRER
EDRIEP, HHABREDHDHFRIEE T ENOGANBETE
. INSOHREBBY. ERRREEREEE 600C. A
60MPa DRVKICH TS NICREN SARET ZENERES K>
TR, CORE. EREDEAEZBTZ P REENKESEB
T5 P REEEAREE CHEBICETI2LSRRKABRINTL
%, Thid. EERBCHBRSBEIKBICECERICHRI BT
EERELTVNS (Fig.1)o

ANZANVTFRT—=IV VI ERBRRT—I

REAKREXUE., BETEIRILF—EUCOMBAERNRES
NTVWBH, ZOEZHRRMIBTEER>TVWDIEHEHDTEDH
FEWHCEZBSIDEERRETH D, ZO—D2DERELT,
BEOERRHF. HIVWEERRBFEZAALIRERENEES D
253N, INSOERICOVWTERNICIEKRIEMBARKELRAKT
HH, WRETOERRRERDEKRT—ILREEOKEDL S (FHkN
5hi (Fig.2). EEDRRZFIAITZERICIIEBRDERKE
BRABEICHRAITZOMARBOLSBERBEZERLLER
R =L REEZBZIRN, ZDeH—EREASEITRRA
ZlE®H, BMERNRT—ILOEBHBREZSEZB>TVDL, 20D
feHDAZXMYIEERREBTIEEEEB>TLD, ZI T LDZAM
ICRTBRABANZANTRT—I VT FERLVEBEZRHETEN
(& BREFAUVCEBOLOLEITRBEEDRREVTDER
JZXMHIRICEEMD TR TH D0 CDTRT— UV ICRI TR
. BEMBERT—ILEORNZHEIHB>THD. TOERNILTA L
2T =)L T REROBRRABICR >THEERILY TV LR
LR (Fig.3)s.

LY DEFEN = VIR IR E

eSS H

EREERT 20D FICRREL SCRA TIIEF Y (Thermo
luminescence, TL) &EFENZREIMIERIND, TNISHPIAIC
BEZSNEARFARZRREITZIRILF—D S MEAIhD
ZECEDBEREN. IRXILF—BFENFKABRELLTREZIND
RRTHD, COTXRIF—ERERERBEHROERBREE FHIC
BT 2l FHEEAWERAEEE LTRAISN TS oo i,
MECEIDBERBUEIRILF—DBRSNDEVWS T EF. —EmMEE
NICSIFEA U BLRZEVNWSZEEBHKRLTWS, THbE, AR
RICHEREUIMICDOWT, HERIBICH - i3 BIRIE TR
ML D HBMBINDENEN D ERLAZ, hEFAITNIE.
KIRERYEREROMRBEGE cESNICEARRN S, HRE
REEMORY )=V G2 RENRETHD. T, BREHZE
DR S FREAROMBIUMEDBEERIESND. INETEREA
EAOIME TL HMMrRBREDHAEZR I HO>TELL. ZOEEHN
SRONLBERES LITHEIMREY Y TR EZER U (Fig.d).

BAMIKERERNFESG KRS 2016 FA= (5/22-26. HERXAV )
BAHYRIFS 2016 F£F5 (9/23-25. &RKAF)
BAMMZR TR 28 FRMHARR (10/19-21, BMUFFRARE)

BfRIBMRATOI I hELOCERALES H

FERUMEEERR T - R T RILF— - TOV T 7 ORI EEIT (2T )

NEDO : i8R S BB R ERIR D e D EFHAVEHI-L L IF AT ORI K (L EH#F)

NEDO : N1 FU—RBREBFRAENREVAXANZ AT RT =DV T ED
MR (FEHX)

e

AT F v VRRANRBE * EADHEDZWTHS” 7H

Fig.l P-wave propagation in granite after decompression experiment.

Fig.2 Pipe with Talc scale 3 month elapsed.

Fig.3 X-ray CT image of calcite scale.
Left: Z-X axis cross-section. R ight: X-Y axis cross-section.

Fig.4 Geothermal indication map by TL observation at Rikuzen-shirasawa region.
Map center is Okura-dam area. The indication is strong in dark red.
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BRI EASEE Resources Strategies
BIEEEMRIEIREIE S EF Nanocomposite Science and Interfacial Materials Design

RERBES A TR ILDEIKRZEES
SRR M E DR

Development of High-Functional Composites for Constructing
a Future Foundation to Create a Next Generation Life Style

HEHIR  EREER

Associate Professor
Yoshinori Sato

In the past, many composites consisted of nanomaterials that possess excellent features in their own, have produced in basic researches.
However, it is hard to design and produce composites of which the properties of nanomaterials are reflected to those. Because each
nanomaterial in the composite assembles at random not to enhance the features of the nanomaterials. In this laboratory, the purpose of

researches is to study and develop high-functional composites in an effort to expand the properties of nanomaterials to those of bulky

composites.

FRBE

B2DF/MEIFNESVBHSH EBNIEEZR >TWS, LU,
F/MEDFHEED UICESHRIORE - BRIE. VY LICRE
ENEROF/YEOFENITEHEIND D, MOTHLLLED,
ZIT. F/PBEOREERKRITSEN U/ EEREREHICED
WeBREEEEAMEDIBRETH S, AMRAE TR, MERIZESS
BB IT2RETHD H/WEOFEE/NL I XTI EMIET o
DEAMRRETEMRARE SO ZOEEREICE T 5K, =B
LTW3, MIRZRTIBICHID. RMTHIRRT/ MR- F/
RFHEIOBRFEEPESHE. H2VEBROBRBERYZATLY
ANZZALHSZEREERFEEZMNABL. BREEFREZE OESH
BORAEZT>TVS,

2016 FOMERMEH L TEE

2016 £ 4 BIcZ8 3 FEDHMRRAC A, BE—HADHFIC
ARELRESN. ZH 4 FEOERE—K A, HE—HICA, BL1
FEOREBAWRCA, H/AKRES A BL 2 FEODEBRFER AL
AEAC A, BARGBL A, L1 EEOBELFETRACAZED., F
£10%4. BE 1 ROMREEFIEHBDELU, 2016 £HITHRE
R, A—TVFvVICR (Fig.1). RHPBREDARY MIHRE
ETHEBNICSIMUE L, FEETIE. €2 GE1E), 220
SIMEBRBHOICITVWE U, MIRATIE. SNKE EHRERMEH
RE )\ AAATA A RARFAOBREAMRE LS| EHE. A—HRY

Fig.1 Snapshot in front of our laboratory booth in the
Open Campus 2016.
(Taiki Tano-oka)

Fig.2 Deans’ award for academic achievement of the
School of Engineering, Tohoku University.

F/F =T OEEMBICET R HAMFTZITWELZ, oo H—R
VF/Fa—TOT7vHREICEALTIE. RFFTIT7ERRETEER
ARZITVWE LT, 2016 FFZEE - ARICEVWTEOIDEZRE
LFEUfco BH/RBADNTER 27 F£E RibKF THFHMBRE(FIQ.2) 1.
EBARCAD TE 43 BRFZMHERER KXY —E (Fig.3)s. #IL
b TR 28 F£E RIEAF KRERRERZMER 8EHE, 5
25 BIHA MRS FR A= #EvE (Fig.4) 1. "% 43 BRAEMBZES
FERRRY—E, 2ZEUE U,

B 7 v &L EABA L RIEBEEIICEL S
BEHN—IRVF/Fa—T DB

BEH—R>F/Fa1—7 (single-walled carbon nanotube:
SWCNT) & 1 RTYEICHRT DRHELREFREBEZR D, 7/
F1—TOWICNT S 6 BIROEE (W17UT«—) IK&>T &8
HEHDWEEEBREERTH. IRTOAAIZITA—DSIED 34
D 2 ¥ EEMEERT, AR T, 7vR{IL SWCNT 25EZET
TERMAL. RREFZE-EBR7vRILICKZ ST/ F1—TEK
BEREZTS2ET FE6EREBE GBEBRYT7EBR) 2EBAL.
FEAKE SWCNT OB FREZEEME SWCNT OBFREICE(LE
TBMRZTo>TWNS,

Fig.3 Poster presentation at the “The 43th Carbon
Society of Japan”. (Yoji Omoto)

7 v RIEMBEZRBALVIIRVRR—TEE
HW—MyF/Fa1—TOEMKICET BHR

RREROBRETRIGZRET DMEELVTERINTWIHSE
FHELEETHDH. HERBEMEOMELNEAICITON TS,
ZD 12 TRYRR—TREMEL BHD. V57V BERORKERR
FIRRVRRFHIEBERIND LA ERAKRMENRNENDEED
nTtw\wad, UL, 77V BRICRIREZEREBERN—EV I T
DFRFAAVENECRSNTED, WERORWKRIRR—EV IR
FEWeth, MUBRR—TREMBOMBEHNRIZFHL TN TV
Wo AR TR, RUBHIBIRINZT7 YR SWCNT 27/)LIVE
ASCTEERLETSZET R7vREEAAUCBRERERDYR
SWCNT D& ZTL. Z0PE - ERIEFERFIEICDOVWTHRZLT
W3,

EfRFIER

- MRS 2016 Fall Meeting & Exhibit (K< A BEIL< A EEEZIED
KA —F3K). Boston, USA. 11/26 - 12/1 (2016)

- AEM2016 (e BREBIR MR Y —F %K) . Guildford. UK. 9/12-9/14 (2016)
- MRS 2016 Spring Meeting & Exhibit (LlLU< A, {EBEBIRI RIS —
%3). Phoenix, USA. 3/28 - 4/1 (2016)

ERFRFER
- % 26 R4 MRS £RAR (HIL ANDREKER), #RM, ME/IR,
2016. 12. 21

-8B 43 BREMHZRFR (BFR<A. AN<CA, BILKADIRRAY—RRK)
FEM. FER. 2016.12.7

Fig.4 Award on the “The 25th Annual Meeting of
MRS-J”. (Koji Yokoyama)

1,

YUIRIT LEE H

- T 28 FE h—IRVINAAF/, RITEE (£ &ff £HR)

=l
=

Lw

- EE, CF 43 ERFEMRESFS RRXY—E " (FHH 2016. 12. 8)

CBEFER, B A3 ARFEMRFRES RRY—H " (ZEH 2016. 12. 8)

-#IL 7/, % 25 BIHA MRS F£R K% EhE * (REH 2016. 1. 29)

<ML ), T 28 FE RALKE RERFRRIPHAER B2HE
(%&H 2016.10. 1)

cH/F K&, “ T 27 FE REAF T2EHRE " (REA 2016. 3. 25)

i A Au b /8 H

- BAEMRESRIFMEE RS - EBMR (B) FMK 28 FE MI7vRIcEk
EHREERAN—RY F/F1—7OREHIHREE ZDESLR2IF
(REFIZRE £ &R

- BAZMRESR ZMRERDE - BBHAR () FM 28 £ "ERkFHta%
BISTEBA—RYF/F 21— ZRAUICFEEL T/ RDORH,

(HEFIRE © 1% &R)

- BAFHRES R 2R EHES - BBHE B) ¥/ 28 FE "Av—h~+//0
AAYTUTILORFE OREERICE 1B ERRIGFAN DR (MBS (ki &iR)
- YE - 7)1 BB ERAERL R T 28 £E REREF LR

(i BFRSWRM ARBE 208) (REMRE Bl £a8)

SINKZ LSHBIERAIRE )\ A AT+ HILIARAT LR

(RERIZE - £ ER)

- 28 FE 2T IV MRS HEAME (RRITRE €5k &)

%%?N%¥%H

+Koji Yokoyama, Shun Yokoyama, Yoshinori Sato, Kazutaka Hirano, Shinji
Hashiguchi, Kenichi Motomiya, Hiromichi Ohta, Hideyuki Takahashi, Kazuyuki
Tohji, Yoshinori Sato, “Efficiency and long-term durability of nitrogen-doped
single-walled carbon nanotube electrocatalyst synthesized by defluorination-assisted
nanotube-substitution for oxygen reduction reaction”, J. Mater. Chem. A 4, 9184-9195
(2016).

* Shin-ichi Ogino, Takashi Itoh, Daiki Mabuchi, Koji Yokoyama, Kenichi Motomiya,
Kazuyuki Tohji, Yoshinori Sato, “In Situ Electrochemical Raman Spectroscopy of
Air-Oxidized Semiconducting Single-Walled Carbon Nanotube Bundles in Aqueous
Sulfuric Acid Solution”, J. Phys. Chem. C 120, 7133-7143 (2016).

+ Koichiro Yamakawa, Yoshinori Sato, Katsuyuki Fukutani, “Asymmetric and
symmetric absorption peaks observed in infrared spectra of CO2 adsorbed on TiO2
nanotubes”, J. Chem. Phys. 144, 154703 (2016).
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BRI EASEE Resources Strategies

RIEVAEGRICAMNITZME T YA ZKRDT

BEIERMERETHE 9 EF  Design of environment-friendly materials

#iR NN FE
Design of materials harmonizing with environment and life Professor
Hideaki Matsubara

Nowadays, we are using many materials to live our daily life. The material design from the viewpoint of environmental science is required

in order to build a sustainable society. In this laboratory, based on the fundamental science about the relationship between materials and

phenomena of the nature and life, the design of the materials that produce a harmony with the environment and life is studied from the

viewpoint of environmental science. The designed materials are expected to produce a new harmony with the environment and life. We are

developing the materials for energy saving, biomaterials to repair our bodies and materials to clean the environment and are studying

computer simulations.

FRBE

MRHESHRDOY S 2 L—Ya Yy

RE. BRIEAGHMRZFHALTETZEEATWED, HiHEAT6E
BHREBEITZHICF. BRERZOBEIANSOMBOTH 1A
BETY, APHF TR, MREER - EHRROVEERICOVTD
ERZMICIML. BERFOBRANS, EdPRESHAML.
5ICIFERNICEDPERICBENT THUWANMEEA T RO
THAYOERET>TVWET, EFNICIE. BIRILF—DHD
MRl ERZEETZOOMEIC, REZ R LT 2ODMEDRH
. AvE1—9—YZa2L—YavOMRZTOTVWED,

EAIXDIHDMIEL - BED AT LD

IXLF—HBZMZ., LARBRITERELBVWESULABITT 31
HiciE. BR - RFAZ (MR KB SK THHERE) O
AN BEEERDFY, BAORREEMEZHAGDEDILICK
D, RNROIRILF—HETER - RABREENIAT 2o
DYRATLEEDAREBRDET, HICEDERRZLIC, LOARZE
BIRFALEWSRIE. IhsoRZRABICEXTE HEIEEE
DNZOXXFATRABICERLE I, RARETIE. ZEHEOH
FAZTS5CLzBEL. SEROFBAK BB ZRAEL (Fig.).
Wish (BRTF) ERZIMEIdEEbIC. BeBEXADDO—ERETK
HFTHE TS (Bt TN ) CRBOBFZHAG LR IERICLS>T
MBI RTLDMERFZFHHLTWE T,

Fig.1 Heat insulation material composed of silica and carbon.
(a) Appearance and (b) Scanning electron microscopic image.

EVTHIOE BRERE. 2 FHAREGEZAVT, 53y
JAPEEMROBEBERDYI 2L —Y 3V ORRET>TVED,
PIZIE. EHOEME. RE. [AZECHHOERELLE. REE
FFEEDERTESCENDTED VI al—yayzERHEL. £tV
THIVLREEREREZZER I TR &I LD, Bl INHE) 1Tk
BHREEFATEZYIaL—yavERELE L, BHFOM
RBeUT MEEIYVIYVICAWSNZHERI—T 1V TEEE
EMEICZABEOEIIVIRBERBRIETEITN, Z20L5B%A
BEIIvIROBEBEREYI2L—Ya Yy THERIZIENTE
TW&ET (Fig.2),

EFICTANT MR ORIR

B ICHAA TN TEGEREICBE D T DB EEMRIR S TICEH
ERAEZR/NRICTSZIEZTRETHIEABERDAIRZITOTVE
Yo INFITIL. EHFEATRNENEDORBICHMATNS Ca RiF
HEDKET NG MPERRERET DT IERERF) VEBR=ZNILY
DLANSBBANTEOEEICHIILTWE Y, YYER=AILYTILIC
TABRERMTBE. RPICBHHIECSIEZHASHICLTVE
¥ (Fig.3)e HAMRELTINSOMRNERBEEEILTDXN
ZZXLDOBRBICHIDBATNE T, BYIAREMICEYREDEH %=
EDADZEICEDEFDOMAZR LT B2 EEDICEADEREE

after heating

as deposition

as depu-siln after heating

{1500°C, 20h)
Experiment Simulation

Fig.2 Experimental and computational studies on microstructure
change in thermal barrier coating for jet engine application.

HEHIR LR EG

Associate Professor
Masanobu Kamitakahara

Group photograph of our laboratory
at graduation ceremony.

5T EDTEDZRTYITIYNI—IZFA (DDS) DEEELT,
DYBENAIDTLEKBETINIANDESHENSRIFROERIC
BHILTWEY, CnSOMBORRIE. BEOEZFEDE (QOL) %=
mESERRETTHE EREEYHHECERFEREDERICHD
BHD, REREFEROERICEMTEREEITVWEY, Ind
DERICOVWTE., BFZEETHHRREZITVEU

RIFFEM R ORIR

BOERRDTHEKBTNIANE, BERAAY. ESEBAA
YPEEYICHUTEWVWREERENZELTED. BENSEEYEZ
PRETZODOMBELTHRFEINTWEY, 22T EEAMRO
BIEICBWTIRONIKBETZ N A MBI 2R REEN L. FES
NEREBPHERZEFBUTERUICKERT /NG A MRRER(CM
BZEEL. INSOMBRNT v A4Y (F) iU TERER
EREERTEZHESNMCLTVWET, hFRZYVBAAVEED
BRTLEBY BT T F-ZRETEZMEDNESNET (Figd).
KEBTINGA MORBEED 7 VYA AVIREREICSZZHE
D KEZINTANOBEREEREENH DI EZASIICLEL,

Without silicate

With silicate

60F .. .. B Without silicate
50/ 7' HEwithsi
40
30

Bone vol./Tissue vol.

4w 8w 12w
Period after implantation

Fig.3 Porous granules of a-tricalcium phosphate with and without silicate,
and the Bone- volume/Tissue-volume at the implanted area in rats for different
periods.

- FEEBPAERTANT AV S LJYPE) THELNSDBEEEZIFANE U

R

- 4} University of Oxford (%([E). University of California Santa
Barbara (KE)

BRI 7MY EIIVIREYSY— ME - MRRREE. BERRKE.
RIEKR%, [ERXZEARF

?%\@m%%%?wﬁﬁu

WRFEE:

BEBRAEHSES ABIEEMRINSTIE. BEBSLIUHERAE
ERFEZER. HAEIIVIRBRIVIZTFUVITEIIVIRBRE
B, BXESIvI/ABERIL LBEXHES. EMMAREZHSE, 3rd
International Conference on Powder Metallurgy in Asia Organizing
Committee. MEMFATHEE 118 MFERSRITEERE

IeRERG:

Associate Editor of Journal of the Ceramic Society of Japan., BHZ&
EIIVIABREGREMRBRBRE. HRNAAYTUTILEZRTHEE.
BAEZIVIAMRE 29 QUEYVRIVLAREREY Y 3V A—HFH1H—
(RF#E). %26 HHAR MRS EXRRS VYR VLA —HF1HP—F

Z Dt DESD

FERAEZEN, WATREROTALVWRERERLESSIATOVICT,
METEEHEE BEEETIEIIVIA~EXY M EPBICHRE?2~) &
EMELE Lo

Initial concentration

Concentration of F° / ppm
F- removal

Shell  Treated Shell

Fig.4 SEM images of oyster shell (Shell) and that treated with phosphate-containing
solution (Treated Shell), and the concentration of F- after the immersion of samples
Shell and Treated Shell in solution containing 20 ppm of F".
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BRI EASEE Resources Strategies

BEIS(EE Y 9EF  Geoenvironmental Remediation

RIS R WD BE AT & EIR BN 1l D e 7

B4R HE FiA
Development of Environmental Friendly Remediation Technologies Professor

and Resource Recovery Technologies Chihiro Inoue

Nowadays, contamination of soil and groundwater by heavy metals and persistent organic compounds such as chlorinated organic compounds
and petroleum hydrocarbons has been a serious environmental issue of concern. Besides, there is a growing demand of underground
resources. However, effective methods to remove the dispersed pollutants and recover them as resources with low environmental burden
have not been developed and thus remained a challenge. Our target is to develop remediation technologies and resource recovery technologies
with reduced cost, less energy demand and reduced environmental load. Here we introduce our major scientific activities in 2016 as follows.
(i) applicable phyto- and bio-remediation of heavy metals from the polluted soil, (ii) microbial degradation of chlorinated organic compounds

and petroleum hydrocarbons, (iii) stabilization of coal ash to prevent elution of hazardous compounds and the creation of a microbial fuel

cell for nitrogen removal, (iv) physical/chemical/bio-leaching methods from low-grade ore or bio-extraction technics for rare metals.

HEY - MEVZRWBEZEEERILEYICELS
TR - KRIEFROEEICET SR

ARZIVALICEZLTIE - KBESFROEBEICOVT, BEHERNDOH
BICEWTARIVLABEBEYO/NI Y VNI P AZB WD
FHOERARHBZIToTWD RILZERAY. REGEEHBERR).
Fle. NI YNIBAZBWARIILAERILILBEKOAEICET
BHARZETO TV (BBHRAAR - £BIMEREE (JOGMEC)
EHRAARE) (FigD. ERICKDLIE - KBREFREOEETE. b
ZREBEYODEIINITEA/ENY TOBARERERETL.
ESHICHITDRISEE DRI ERBEHMEYORMIC LD ITDER
EBREORMLEZABLREIT WS, £feo ELIYIITEAAINT/
ENYIILLBERODREEEZZBUCRHKDBREERBROIE
FEICEHRET >V A REREE DHFEHAFR) . EREHAFTE LW a)
BEEEYDORERICH T IRNESHE S CEYERICE ITE2EED
{EZFREZ(C DR - BALOMENT (Fig.2). (b) MEHRREGIfEZ L
BEBEBYARADOE BEEKFORBEZABRLTWS, . (0
BLRREICERBHDEY /A AT ZDEHFBICDOVWTORE L
BLTWS,

P REBERESYOEYAEICET R

ZPROEKRIEELRZYVOORYEY OBERMEFICHRIERE RS T
L& ENSOEKD I 20MBEBERIEIZDOVIL—TICEISRT
EEIBELU, el 1, 4-IAFH U Z2EDMTRKZEAWVWT 1, 4-
VAFY U ENRTIEBEEROBEICRIIL, DEREETRTHE
MEBEFTH 2 (REEEEOHRMR).

BFELEYOBEZERY 2EME LV
FRIESYOEIEMTORFEICEY 5%

BRERCEVOEYIRICOVNT, MEYOEREERNSYY
AARY BV RIS DRI 2MEY Z 6 1R BB - REL, ZTh

Fig.1 Afiled trial of leachate treatment by Arabidopsis halleri ssp.,
in which a closed-up photo of hydroponic cultivation is in bottom left.

ARKRPOHWEFETROBHZHSRMORBAEICEWTIE. AR
IREB DB EBENREDERDSBHIMEIOXAAZZXLIZLDWNT
REAZENHTVS (REKXRF - REEE KRN, Kic. BKFOD
BREABREZEBNE UMEDREE RO ERICET MR ZER
BU. ZOFHZT>TW2, BRIEGHOREIINMAR TIE, ERAIE
IO E—T)—F U I ICERBHEYOME. SLOHETLDZH
AAZRLICET BHAFRZT>TW\WSD (JOGMEC & HRMR). Ffe.
FLOERE (L7AYI) OFEARGERIBZEEL. EVITV%E
AT BEEDERICEHINL. WERGDRFNEZRDOT NS,

Temparature dependant arsenic accumulation and release of two ferns

Araris socumdision by P tesa Srarc scounudatos oy P oeeen

| i
- 1
] 1§ -
i e i)
Arwers cpiene Oy F.oatiato Armri felmne By £ crrdios
S B i
; x g T —~ r—
Tierm i1 l--u;
Avprage risull of Mes clanis (n=3]

Fig.2 Temperature dependent As accumulation and release of two Pteris ferns.

R ISOEFR B fEiER
Assistant Professor

Mei-Fang Chien

A

Associate Professor Assistant Professor

Guido Grause
(until Sep. 2016)

B BN A%

Kousuke Nakamura

BLiRE &R
MexiEs B2
KiHES LA FRE
E=BMmEE Tk RT

Group photo of Inoue lab members
at year-end party 2016

ERRRE L CBNMIRE - RBBZPERFANSE H

ﬂ%“

RE EBAFEZE, REXFRERPEHHHE FLBE BBE). PE
HEARERET. PEAFASERBPINME GBI, G, 24 3 4)
(Fig.3)e ¥ TEAZHMULEFRERICETZHEREZT ol (FLEHIR),
AV KXY 7D/ R VICT Institute Technology Bandung & gD ViR
I L %EREUT (Guido Grause ##i#%) (Fig.4). &7& Academia Sinica
Biodiversity Research Center. REKR¥ 5 (BBHH). N>V S5F7va
Jahangirnagor KZDORIEIZ R TH % Jasim Uddin Ahmad % h K.
54 Kasetsart KZTZIIRETF RO Sanya Sirivithayapakorn #£#1%
MK (Fig.5). FEERBFESEEZER(CSC) OXRIOVSLELT,
FEENKZORERERREFERZOEERPHZZIAN. HAFRZ
fTo7c (EBIC 2016 F 12 AET), HESMRZHTRBE E TR2HRRR
EFBHIAEFESADZMABMEZ I AN, RAZREIZMERMRED
FRASAZFRFEMHEELLTRZIFANT (2016 £ 10 AL5 3 7A).

BEERRLURERER. ZTOMES H

[B8E]
HEZENRELBXRF, REXF, FBEAFICT GHEHIFBEOLIE
T KERIES® R E# D 2016 Conference of Soil and Groundwater
Environment Z&Ic TRFEFREET oo

[ERZEEFER]
The 10th International Conference on Remediation of Chlorinated
and Recalcitrant Compounds (ZXY# - AU Z7#)L=7) T 14 (D3
#). the 26th Goldschmidt Conference (B4 - &) cT1# (M2 T
B%).the 13th International Phytotechnologies Conference(Fi[E-#/H)
[cT 3% (D2 Farzana, M2 #H. M2 &) OMzRHEER%=1To7 (Fig.6),

[ZDfthiEE]
BN EZOLEMREMRERE - KRS 'H2E TUMUG Forum; (€T
HEEZEITo,

REDEFEFE D3 34.D224.D1 28.M25 @M1 7 A HARE 4 4.
B4 54, B33 &, COSEZRE/NYAY—14 FETE. N\VI5TVa
18, 7Z4VEY 18 BETA AYRRVTZ 1A FUTEA NIL—14%

WEERIR - ZOMRE H

BARBATRPSES 4 & (D3). Stari (M1). Ascencio (B3), TV RxRY
TRAFRFEEEYE  Wiyone (M1), FEERBFESEEZEREYE 115
(FRELE), EEBEEESS  Dominguez (D1), SEILFIREMFRESSE:
Farzana (D2), /' O—/\ILREFRNyTU—FY—BR IOV T, ERIELXE) U—
TV BRE B (M2), B (M2),

MHEBEW (M) NV EEEZEER (2016 £3 ) IKRIEXFHREZZEL
feo #M (D3) NERERZEMEBEFZEZZE U, John Jewish Arellano
Dominguez (D1) &7+ UE Y KEEED Paghayo sa Taglagas 2016 1 X> k
[CiBEEE N, BRELVTREREZE U, BBIELIERZD THOMLIERR
BIVNT—AVNEERE, L) —5—FRIEICIRS h,

%%?&%%%H

We have won several scholarships and awards for our studies. There are 31 students
in our lab from Bachelor to Ph.D. course including 14 foreign students, 9 of them with
awarded scholarships. Naoya Ikeda (M1) was awarded from the president of Tohoku
University for his bachelor thesis. Ge Cui (D3) earned a scholarship fund from the
Graduate School of Environmental Studies. John Jewish Arellano Dominguez (D1)
was invited to the Paghayo sa Taglagas 2016 held by the embassy of the Philippines
and won a commendation certificate.

We have also published many papers in international journals and proceedings, which

please refer to our achievement list in the end of this report.

Fig.4 Group photo of the symposium under the Future Earth project

Fig.6  Group photo in the 13th International Phytotechnologies Conference
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BRI EASEE Resources Strategies
HERMIE - TRILFE—F4EF  Geomaterial and Energy / Surface and Subsurface Instrumentation

HWEIRIEOYE -2 A7 LDIEE EFEFIA

o

HiR TE&HE

Understanding and Utilization of materials and systems in Geosphere Professor

Noriyoshi Tsuchiya

We have revealed the possibility of exploitable supercritical geothermal resources in the “beyond brittle” crusts, based on new permeability

measurements of fractured granites under sub to supercritical conditions. We also investigated characteristics of magmatic-hydrothermal

system on Shirasawa Caldera and granite-porphly body, as natural analogue of supercritical geothermal reservoir. Various types of fluid-

rock interactions have been investigated based on field survey, laboratory experiments and numerical simulations, including hydration of

mantle and crustal rocks, and its application to hydrogen production, formation of hydrothermal deposits within seafloor and continental

crusts. In addition we have started a new project for approaching social problem on geothermal development on onsen-areas, by interviews

on stakeholders and network modeling of local community for decision-making process.

FRMET—

- BERFRHES X T L EHERE

- IR & Ea - KB EER

cIAUTO Y —E NTHER

- TROBE - BETOCREREY RV FH
- WEFEROURRBEICOVWTDET IS

HBEESRitE > X 7 L “Beyond Brittle”

WREAFKOTI7OYT7 THIBERAMBMITERE (>350°C) O
MR EFIRATREM AT 2/coic, BRFA—BEASGETOEHR
OFEKEREETEICTIHIAEBEHELTCRRETS>TLET.
WTOEROBKGEZRDDIEHIBRENS (BRSHOMALA
DM R SEIR & BIENREE. Fig.l) Z2REBU. SROEMEM
BRTHBREFAMBAEROEFEITDIAHEEN BV EEREICRL
fzo ZOERIGEEEFE Nature Geoscience c77 7 hahc,

FFaTITFOTTHERIIUATEBOERAILT S EHRMEED
DIEAVE - REBRESEROBHARETIE. XILNEEYPEKIE
MIRO D HEACZEBRATRENS, NI IVBEDDRENmEK
DEME. Z2HhoRESNBERAREOITBREZASHICL

ZOIRNF—RTYIvILEffEiLic. £fc. ARORFENBE
DRREEDERERFEZRBNICHNOL. SRAMBMTEICE
BT3ILT WHARKDOZERAHEZTOEEZEENICFIM IS
FiEzEILZL (Fig.2),

WEREOEA—KEEER

WEREZXR IS MEEEOKBER 7O RIE. RAGRRER
DOHFICZFDRMZZLTWD, EVIILABICELEITZA T A 50K
(BEOMR—< > MNUETE) OMEREEHTZTW (Fig.3). it
HPAPHFILBITZKOBEROBEDBIETH S, BMDTOYY ML
HNEET DR (RELER) OFULWKRBXAZZILZERWE U,
Flo, WHRECERIETT 2RICKRIZHRBIFERICLDER &RE
BEIOHY T UV TICOWT, PFOVYEZAWVCERPHIEY S 2
L—ravick>THSMT LT,

HWEE, BEOWBINERICEDZEICEI > TRETZIHENRKRT
OtXTHD, MIBOERNBUHEZRESNMNCTBdic. HYPDFR
HEICKDFETIRETD, DFHNZICLDERYI2L—YaYy
ZITL\. EENRBD EERNEED (stick-slip) NDEBICE T
BKAPFOEEEZHSMC L (Fig.d),.

GECRNTLR N (%]

o ";.“"'_' ¥

™ - L
= 200 b -
o o * -
E L]
B 150t
2 —-— —_— & ]
i :
o é_ e
£ 100 = 4
g g B i

[=]
£ 507
=} .
£ =
200 30 400 500 8O0
Tamperature (°C) " : v
meE c)

Fig.1 Elastic-plastic transition stress curve obtained from
the permeability measurements of fractured granite under
sub- to supercritical conditions. field.

Fig.2 Relative intensity of thermoluminescence
of quartz taken from the wells in the geothermal

Fig.3 Drone photo of Hantaishir Ophiolite (hydrated
mantle unit) in SW Mongolia with a trajectory of field
survey.

HEHIR BAHR B FHEE HIRE LWBS— HIRE WGE— HIRE KEKE #iRE k&

Associate Professor
Atsushi Okamoto  Masaoki Uno

Assistant Professor Researcher Researcher
Ryoichi Yamada Shinichi yamasaki Masahiro Oba

W HMRE REFXF

Researcher Researcher Researcher

Takayoshi Nagaya Fumiko Higashino

IAVTF V5 —E& NIHER

SNERPS - 25 H

BRKEFRAUEZIVZZUVLANSDKRHEIDVWTDIHE
Tl ERRRICEIBRAZET. BERRICEVWTREDERRK
ZRAWCRARBRZEDTED. TORARZER L, BFEEH
KILFRICDOWTDIAR TIE. RADEBIHLD L. BKIBR AL ZE
BUKARRZED, BEERLICINEVTEIELD S BIEANEE(L
IHIEZERWE LT,

HARROHRIREMNE

AELD, BR. BAOWKODDER « HHMIBDAR LT,
WHEREICOVWTDA VI E2—Z{TV MEINICET I B &t kD,
HIBHEDRY NT— I BEZHSHICTIRRZHRDHTND, Z0D
RIFICEDE, HEHRDARICESRTTORRRE/OERICDOWN
TOHBETILOBEEZEDHTNS (Fig.5).

Total dmplecermern = 2 mm

Prsaure = 10 %Fa Constant vekoony - | =1 TV E
= L0 m's P

‘?t'u"-'"i" 3 _h_'..
ot s 20 oy :
S L Y St et
Fangd o wek -
e T — T
T .

Fig.4 Molecular dynamics simulation on frictional
behavior of quartz plates with water film.

!. Hotnl cenary |

Stakeholder network

— J'.Fmels. n|
Gennarmal a3 |

| industry. |

i o i = : - e = . A, L T
e\
- e - _atgEnitatien
- -'\i— I g —
i |' I'Twi;.—;; '| r NPO ‘\.\ | Pegtonai council |
association 3y

E lml I_:us-mcss-!.'s. |

Fig.5 Analysis of network structure of the stakeholders in local community
at an Onsen area.

- The 13th Water Dynamics. Sendai (3/15-18) Ff#

- Goldschmidt conference. Yokohama (6/26-7/1)

- Crustal Dynamics 2016. Takayama (7/19-22)

- Water Rock Interaction 2016, Evora. Portugal (10/16-21)

- Fall Meeting of American Geophysical Union. San Francisco
(12/12-16)

MRIOV I FELVERBALERTES H

- BHRE SRHEMR (LEB). EEME B (AA). SREMHNGESFME (E4X).
AHFMEB (FF). FRMRBALEMNR (FH)

- Z0Mt IST MRMEABRREREEIOISA (LE). JSPS BAfAE - &
BAEALE - BRTEIATLADFICE I 22iRE R (XE). NEDO
REHMEMEE IOV S0 (£B)

=h

=

KH

BAMIREERFES 2016 FAm FEBFERE XU RN (D2)
RIEKRZFRZRRERZMAR BFE all & (D2)

£

RBEZFNEE (BEREERSRELE) 9A
Geothermal Energy Pilot Class 03 R§ilLA%* 8 B
ATV F v VINAARBE “ EADREDZNTCHD " TH

REDOEFE D3 14 (FEAB¥4%E14). D2 24, D1 44 (EVJILA
BEE2Z TILVYILNRILABRZETR) M2 78 (A YRR TABZEE24,
OY7ZA14). M1 5& (1Y RRIFPANBFE24). B4 44, B3 44
ARER—LR—Y

http://geoserv.kankyo.tohoku.ac.jp/gmel/

RETNERH |

The paper on the experimental studies on permeability measurement under sub- to
supercritical- conditions will be published in Nature Geoscience (now accepted) with

atitle “Potentially exploitable supercritical geothermal resources in the ductile crust”.

Fig.6 Meeting for international collaboration at
Karlsrule Institute of Technology, Germany.
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BRI EASEE Resources Strategies
HERBERISIE S 9> EF Earth Exploitation Environmental Studies

BISAMAEA Y 27 LICET 3HE f’
Studies on environment-friendly development systems Prof:sor .

Hiroshi Takahashi

In 2016, the research activities of this laboratory are as follows: 1) Development on recycling system of mud generated from disaster sites by
Fiber-cement stabilized soil method, 2) Study on diggability of crushed stone using mining shovels, 3) Study on development of shovel
bucket to reduce soil adhesion, 4) Study on soil sampling method using UAV (Unmanned Air Vehicle), 5) Development on soft mud
stabilization material using paper sludge ash, 6) Study on strength property of Fiber-cement stabilized soil including granule made from

disaster debris, 7) Study on stabilizing mud using geopolymer to apply a sediment disaster recovery, and 8) Study on improvement of

strength of concrete using recycled concrete aggregates treated by pozzolanic materials.

1. BRI CAE T TRl & 5 K EEIAXTENE L 02
VAT LORF ERIBEEADERA

3. R AEYICE SR F I BIEERI AT Y h D
FFEICEEY B 5T

BE, REAREXPEELRS
RBEERDERRERFREEARK
ENZRLTWVWS, BARAKETRE
RKEORFRLINFEET DN
%<, ZORFREINDRGKE
BIHOEZICE>TWDDONERRK
THD. KIARETIE. INFET
ICERES e L& B M 70 E D b B4
BICEERLIZMERZTH>CE
feht. REFRFBRLZREMIC
BEREL. FEPRBBREDR
BEEANNHET3EZENIC.
M OLBEYETFEICOVWTIR
HUlco RER. RHMFVTER
DIFICLDERZFANDIcHDE
BEHlcIcHEFEL. EE%Z{To/c Fig.l New developed permeability test
(Fig 1 )o apparatus

2.Mining Shovel OiEHIEICEET 2%

EBREmMOEREY —ILICEN
BT 2 EEEDENKIBICE
Terzehs, TofFERGE
BT E > TRELRBETH
%, BFEE. Y —ILOKRE
DINLDS KD RH DB EE
U ——— Fig3 Soil adhesion test apparatus
RIBEOENEEEETMI Z2EEET o/ (Fig.3). MERME
DEKELHMHIEIER. KEOEMICEWNMIBAERDTIL
Mo, AR TREIDIEEDEWUN RIS NIc, XlldBEZER
HMTEERNDIKEZEENICIBETZIENTE, ERADER
ZRRElc LT,

4.UAV ZRAWXBY Y TUVJICET S
ERENTHR

BRARESB TR, EBZHIA
L. BEZFRBEUTRBEZTL.
R EEYE Y aNILTREEIT
EEBDIRT D, BRETIE.
PR DRI E DS R B E %= 5T
fliL. ROFKRETENICKRITESE
WSHEBH TN TWS, LU,
R AR DI Z B RLED 51T S
SICERIBMAEET S, 22T, g o2 Crushedstone digging fest
HIEZERICY aNILITERI 2 BAADN SR EZHEL. FKIRMEE
T2 ELNAARDENTH D, AEE. FEEHIERDEREDR
RICOVWTERBRNICRET L. NEHEEDHICEMEEZSNZ/INS
A—5 Dt ZEIT o7 (Fig.2).

TWRERBLREICEVWT, R
O —y i & @ UAV(Unmanned
Air Vehicle) Zz AW 7z 3 R Tz
REHREERLDEICH D, —
FT KMUKEBETREIROY
YTV IDRBEEINTNSHY
UAV Ic &2 15> 7Y
ULTRERLFEIEZSINTWS,
27T VAV IC&B T 7Y
VI VRTLDORFEEBIEUCH
RzfToTWB, KEF, FHRD
REEEZ FEMSETIETE
WERBICEDADEEZIREL
foo RERDFER. BFELH S
BB <HEE e T X TIRIEWE
ROTWZERINAIEETH B ED
R Ehntz (Fig.4).

Fig.4 Soil sampling test using
developed device
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Assistant Professor
Tomoaki Satomi

At Ecollab, Tohoku University

At KINOIE in Akiu-town, Sendai city

5. PS [R7Z B\ L WERESiE L Bk DR FE

IR TIHEHSHHIND PS Kid., TEHEMELTOFHFIAN
BRFEINTVWZHDD, 7VvROBENLEREEEZBZ D70,
EALILETERE>TOWAVWDLRRTH S, 22T, REEEYE
BWT7vROBREEIZ. PS KA S5 RLEADHFLWELMZ
ERR 9 2R ZT> TV (Fig.5)e REFIF.EEUVLTPSIHSDT Y
ROBHIFICOVWTREHICKRE Uiz,

Fig.5 Making of insolubilizing material for fluorine

6. PhEMEXRR LT ERYZSTHMEREL
0B+ DOEERFEICET SR

7. 9ARII—ZAWVWELHR & LW KEER/RIBEAD
ICAICEY 5%

PNEEOFERLEMD 1 2. MhEEHRL. BEHickD
BR{EI R TENH 2. ENPIEHEBHO—EELTHRAINT
WahH, INTEBAIAESNZEN DR BEELTOFIAL KRS
5NTW3, 2T BRYORKEOSHSEZMALT, MitEEL
MIBL TRICHE T DMATE UTCOFBICETZAREEMK LI, =
BT, BRLORNMTOEKEIMETIS/csH. BB LU
BEIORMELZEIRT DN TE, IRMICXYY I HEZ T
EDRER SNz (Fig.6).

Fig.6 Measurement of strength property of Fiber-cement stabilized soil including
granule (upper right side picture)

EAVKE. ZOREBETRED CO, ZHHITBEEDNTL
BH EFEZFEHEINTWBIARYT—E CO, DEEHEN DAL,
RIBICBELVWRERDOE(CMELTHREINhTWS, BERRHEWN
e, KERGICRITZRFPELORXRICHAINIE. RFHOKE
BIRNHEILBREEBPNS, FMIRETE. BLiCHEERYE
EXVRREEMZRELTREGLIMICEERIL TS THiEERE L
W TR ZRELTVSD. KERBEXYMRE(CHDORDDIC
IARUY—ZRWTEERILZTS 'YARYI—@iEEELLE
Tk ORREICET2MRZRHB LK (Fig.7).

@atde | NaOH.J | Na,SiOg

Ve 1%

Specimen

Fig.7 Some materials to create Fiber-geopolymer stabilized
soil and the specimen

8. MRYSVYEILLZ2BEBMOBREL
AV V- EEDOHEICEYT 2R

B4EM (RCA) OREERY SUMETI—T1v 7T &lck
D, ZORCAZREWEBEEMIOYYJ—k (RAC) DEEINED K
SIKETINERNICEFT Ul ZORBR. AHI—FT0> I UK
WBMZRWzIY I - OBEELRELT RYSVYETHES
NIcBMZBWOY 7 U—NOBERIBINT 2 EAEID SN,

RBEINEEE H

As an attempt to improve the quality of recycled aggregate concrete was investigated
by using surface treatment solution for recycled concrete aggregates with different of
pozzolanic materials. Pozzolanic materials such as fly ash, silica fume and metakaolin
combined with sodium silicate was recommended to pre-treat recycled concrete
aggregate. This research was presented at International Symposium on Earth Science

and Technology 2016, and best paper award was given for this research.
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BRI EASEE Resources Strategies

HRRIRIE - TRV —K IO ER _

Toward Advanced Environmental Geomechanics and Energy Technology

HERBEFRIRIE S 4> EF Earth Exploitation Environmental Studies

HHUTE RO FH
Associate Professor

Kiyotoshi Sakaguchi

In 2016, our research activities are as follows:

1) To examine the change in in-situ stress between before and after the 2011 Tohoku-oki earthquake, we performed stress measurements after

the earthquake in the Kamaishi mine, located near the northern termination of the mainshock rupture. The in-situ stress measurement period

was from 1991 to 2016.

2) To clarify the fracturing characteristics of granite in a ductile region, we stimulated granite specimens with water under brittle or ductile

conditions and then observed cracks and measured permeability.

3) To clarify the slip characteristics of an artificial crack of granite sample in brittle-ductile condition, we performed slip experiments with

increasing pore pressure under confining pressure at 350°C-400°C.

BRI A R ERRAIRICE TS
EFREOHIB ORI

2011 % 3 A 11 BICEA U Mw9.0 OB Ib#1 7 R HiE (L
T RIEHE) Ic&ko7T HibMARKEAmE ETAR CLTA
M) [CBA—NLOMREBSZRBE Lo COKSBRERIMREE
[FRFT GBRTHE m) MRIGHBICOREREEZRIFLTVS,
AR TIE. RIMEFROXFTIMRISHBOREEBEZHSHIC
T3, EFELAMLICEVWTHENEEEDRL TS, S5
Eld, RIMERAED 20 FRINSHKER L FEHEXTOREDRSE
BEICOVWTRE Ufco RILMEBRIEZDOEIZNEICIERERENL
BEond, RILMERIFEBICERHEFMERICENTREIEM
LTWBA, BEE EHICHERNDOEISEDVWTWS (Fig.). Fig.2
(& Yagi and Fukuhata (2011) Ic &2 FEAbtEICE TS 5 m UL
DIRDDATHDIAVF—REIC Ye et al. (2012) (> T = REH{EHE
BB EEIR (SLSR) ZERLHDTH D, RILMEICLDEDHNE
B (5 m REDED) BEARICIDFHRICAHLTNS, Hic,

4.9 o
LT . ' . Epicenicr of <
FEpeterss

&
T
I

L] 4
[988 1992 1996 2(HO e 200 HH2 2006

Yeur

Fig.1 The annual trend for the magnitudes of

the principal stress. -BOOO -4p00 O 2 epoo 5 T8 20 M &0 E00EE

Altitude (m)

Eplmlfl.‘.r

ZOMEBIE SLSR ICEENTWS, EEHIKIERILHEDBEDIRD
FERISMRICAIBLTWSD, Z2RFOIDOFEOEH THEOMNILEF >
feEHREIND, Fig.3IE. EEAFTREUCHEBEOREORELL
%ZRULTW3 (Ariyoshi et al. 2014)), AR LD, HIbHERL.
55 EREFICERPTHENIRELTHED. ZOHREEM =47~5.1
THolco LOULENS, RILMEORBNABIEINSDHEDH
AHEREECRED GBEOEM) . ZORERERELLB>TVS, &
SICHENRBI DL, HMEORERMBIEREICRIED EEHD
W), ZORESEIMEBRIE FERBEICR>TVWS, 5D
EENSUTOLSBIEMHERIN, "RILBER 1 FBOLA
EOBROFERIZ. Z2AFMDBEDEE (BOHLEES) KEKZED
THD. IOLTHIRIGAMEMUHER. ERABFTOREIEML
foo BEFRUTREUHEICIDHBREALVERSIN. EEIMILICE
FZRACMER 1 FEUBROIGAEIRES Ufc, ERELT, HED
BMNRAD Ufcos TOHERIF., ERMLICEITEHEDREL(LDE
HEZ2ICHALTWIRTIFRWD, BEXRME SRS AR
REFHATEZAREETREL TN,
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Firur
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Our laboratory members.

Scholarship winner!

KERBZERICRIEFTRE.
EANE L VRBREOZE

BEOHBAIFEELOGRVER TOMBATRILF—RARICENT
(&, FEEZERIEFRBANZNICEENEE (CTIRIEESEHRE

BHEELVTREDHDDHFENRESNTVNSD, KRARTIE. KE
RIBUC S >TSS RZBONICHIR(ERHZER) $575EICERL.
=& (450°C) - BE (30 MPa) BETICEWTEAICKERMZS
Z. EHEhBEROBEELVBEKETFEZTV. REITZHED
BHEICDOWTIRE Z1Tofce ZDHER. EIR~ 450°COEMATIE.
KERBICE>TERSNZEROIE (—HER, BRER. 777
RERH) NERZCENHESIER . ThiF. WRETZIERD
MEREXRLSVCRBRGEOMEOZEZR T (Fig. 4). BAN
AT RXIIF—RARICBEORVWEEITVWDIIURERIF, BE
450°COMBBICEWTHEMFIRETHD. EEEATOMERFKDE
RAREHERE TSI ENTE

Fets (GEit) sEEbhSEME (8BiE) |EICEITS
ERZEROIND R EFEKYE

Fig.2 The total slip distribution of larger than 5 m
of the 2011 Tohoku-oki earthquake from Yagi and
Fukuhata (2011).

Fig.3 Magnitude-time plot for the off Kamaishi
region (Up) with close-up in the sky-blue-colored
time window (Down), from Ariyoshi et al. (2014).

EADONFEHNFEICELT ZoRE-EHEEBEE (350C~
400°CiEE) HIFENULOERERETICEITZHULWHERFEIC
BEWTIE, BFEOMHARKICHBLTRELZ<H26DD, LhE
MBRFEHERINTVWS, ZO—2IC, FARICHESHFRMEDOER
MNEFS5N2, COBAD—DELT, HERFER (54F) ORER
R, ER (HE) DBORKRTH D EEEFPICFEITZERD
IROZE S, FFMBEEINDICBDARENEZSNDZENEF
5%, AMETIE. ALO—KERZEI2EHMEHEE (Fig. 5)
ICLT, BHEZEEHRHET (350°C) BIVEMZEFHRMAT (400°C)
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T
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e
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leriviesf permreabiling [m7)

Fig.4 Relationship between fracture type with temperature condition.

IEEWTRHBELFICHSITNDRRZTV. INDEEZRFTTS
EEBICEKEDFHEZITofco ZDHER. BIEEBFMGT. BlHESE
BRETEDICINDEBFIIFMRIEL BB I ENTRS N, el
INDROFEKEG, BEEBRAET TR 24 &, BEEBRET
T 2 FITIBIMULT W, REREZ DD DD DRWehH SR Dk
MENDETIIHZEDD, EEEFZNRET BHHARADRIRA
BEMZRKETE R,

%%%%@E%H

- RITE RRUHEERMR (OB (KR RIEK-£B))  EBFAR B) (RFR:HRO)
- HRARE IDAME (PF) . SDHMRIAIRTRAR, IIMEEKRE

=
RE

RRY—H (H) (BR- FMERRAIHESAR, 20165F7A7H:1/11(M2)

- Scholarship Winner (9th Asian Rock Mechanics Symposium, 2016510818H

~20H ;:1)1I(M2)) (Photo.2)

FRETOWE

- Water Dynamics 13 (2016 £ 3 B@{ll& ; %4 14)
- Frk 28 FE BiR - FMFERESZAR (2016 £ 3 B@RTKAF  ELFE 3 A)

- 7th Int. Symp. on In-Situ Rock Stress (2016 &£ 5 B@& AL (71> R) ;3kA)

- BAHIREREEA RS 2016 (2016 F£ 5 A@ERA Y& B1L¥4E148)

cEIR - BMFER RIAKHMEFAR 2016 £ 7 B@G  EEFE 14, BEFET1R)
- 5 51 BB T2MRHRES (2016 £ 9 B ; 3kO)

- &R - &M 2016 (B&RE) (2016 £ 9 A@EM ; ELF%E14)

-9th Asian Rock Mechanics Symposium (2016 £ 10 B@/\Y (1Y RxI7) ELE4E1 8)

- BR#ESEILASR (2016 £ 10 B@ERL ; %4 14)
- EIR - BMFS RIKEEFOS (2016 F 10 @it ; EL%4E 14)

ZOMDNEY D H

- FETHR—S—BREE #60 (2016 £ 6 B 29 H: 3RO)

Axal stress

Inpdy gramte

Confining pressure

I
Pore pressure

Fig.5 Granite specimen for slip experiment.
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DEITRILVFE—IV AT LHE4EF  Distributed Energy System
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Toward the development of sustainable energy system Professor
Tatsuya Kawata

Energy Resources

Our target is mainly to develop environmentally friendly energy-conversion systems. Special interest is put on high temperature
electrochemical devices such as solid oxide fuel cells (SOFCs) which are the useful techniques for high efficiency energy conversion between
chemical- and electric energy. Researches on mechanical reliability of SOFCs have been performed through collaboration with other research
groups inside and outside the university as a part of research projects. During operation of SOFCs, chemical strain as well as thermal strain

leads to macroscopic deformation of the cells and stacks, which can cause degradation of the performance and, in the worst case, destruction

of the cell structures. Operando methods have been developed to observe cell deformation during startup/shutdown operations, and simulation

code was developed to evaluate the deformation based on transient chemical potential distribution inside the materials. Mechanical properties

of the constituent materials have been measured at elevated temperatures under controlled atmospheres to be used for the simulation.

=

2016 FOHAREDAV/\— (Fig.1) &, KR 1 &, H£HIK 2 A,
B B RE 2 B KITHES 1 ROBBE 7 B . BLFE 2 4.
BL2E 14 £, FEFE 1T ZOREE 27 BDF 34 BTHER SN,
SEEE. FE. (VRRIT I1. TIVANSBEE T BNEE
LTW3,

LOFOMRATHIE. REAMBEHLIORRICAIT CHINERS
DEVREDBRATH D, RERZOFTEHRIC. TRILF—FHE
FRICARIRBIRILF—EBEM, BLOCTRILF—EFEEKIM,. &
EHHRRERSICHECRERMOBERRIMESOFEERZER
REELTWS, KRR - TRILF—EREERERE - TR
F—EBEOBRICE. CARHOSHERABEBETEIRILF—D
TEMIGDHDHULWKIMOERNRAREEZ, ZOKMEED
—D2&UT B SMAEOEGERECYFMEIER (SOFC) D
RRICDBELBRIMBFEZIWO LMD LT3, Fic. YATLIAWS
N5MHROERRRICE TR EN. BMINERICOVT, 2R
DEFFOM, ERADOHAFEEBEPXA—D—EEL, #A2, B

Fig.1 Group photo of Kawada lab.

tZ. BERIEZREZEREITIBMICL>THSHICTZIET, MR
DRBECDEHESZ. BETORMBAREZYR—ILTWS,
SOFC DLHAERICIE. BEFOEIL - A9y 7 EEHDITIEL.
BRNEBEEEZRFEI D EREEREETH D, SOFC IFEEM
HOBEBETH B, MRBETOR - L REROELRE - (LR
TYIPIDORTHICE T BERICIDHAVERENEL, Ind /-
RY I DEEY, ERMOTRZREDHERESLLESIERITERE B>
TW3, i, 28 - FECRRGERESRERYRVZEASE
AN D D, LDEBIEODEWVEIL - X5y I DERETDIZHICIE.
B OEREHZILETIEEbIC, BER, WEREOM, 7Y—
TR EDBRM B OB A EBIREDIBET 2 ENRE
THH, 5T}, BILEBEERICHESBRE - LERTYIvILODN %
HSMNCTIRENH D, ZDfeéh NEDO ZIFEEHED—IRELT. &
IVEEFDORITE, Y2al—YarERVRERMEDOHEIIZE
BLTWS, chETlc, SEEROEIVICHIGUEILER Tl
BOFH, HHOERT—YORE - @i, 51K, BRI
RFY v )LOFEFEONBILICIDEATNS,

Rttt ARt

At 4 —

Fig.2 Evaluation system for deformation/
temperature/AE of SOFC planer cell.

HHE R £7 ERR BERE—
Associate Professor
Shinichi Hashimoto

Bh#L A4 Bl
Assistant Professor
Mayu Muramatsu

Associate Professor
Keiji Yashiro

BGEREILEROZ DGHEFEDER

TIL - Ry U DBEBEOY X OFEEE LT, EEIKRT
TOBEEIFROE(ZUNETZFEEREL WD, AXBEFY
ZERFICEILEZRBL. AMITBVWBLAOL —Y—ZEREZAL
TEILOBREANETZ2HDT. EILERICHEL TELXDERXDED
ZER U,

Fig.2 (3. FiREILOERE - RRAKAEDHDEETHD. &
SHPESICL ——ZME b UFZBRBRENASTERBELTWS,
ISICHREAEE, L EEBMNEREZLDHIICAE LYY EE
EI2ZET BIEBEORKTHEbIEE RS, RKOFERT/—
REFFEORT Y EILY. BREEILICEERZER Tz, MEFIEH
IDMRICK U TR EE TH 2726 — IR ISR EEMEEE W,
REUVBREBOR - tREADNRBDEEBRPAUMOREEELEEZS
nareeH. EILERAEREZFRUFTMZT >k (Fig.3). EILIE
ETBBE LRGN TEART—VICEAESnEREAEROR
HRERBTEDNTEILANOHASESH FIHTTE TH S, HE
FEPASIRYE TV L —— KRR/ RABETRAZDE DAL
AR DA EEE ST,

EIAREBDERRT > > v LA H
YZal—yarvoiRAk

SOFC O EILE# DO —EICIFEREFRELERILIIANSNIT
BH. LEEH BLER) HNEETDE. Fleo ZTOEMBRIE
BHERDEICKETZIENS, BILOERLICHOFKLEICE. EHEA

Fig.3 Measurement setup for diameter
change of a tubular cell.

DREFABRRTY Y vILOBENREELTWS, HHRRTIL—T
T IhFETI. BFERETOBRRRT YV viLEZz0E e, KE
MOFHBERS AR TYERX EBRRANELED SEHETEFEE
BHELTE . COI—FrzNA - ANAMETREEHIT, 22
NoBoNBLEEHEZTORKEE(ILZNHEAFEMY 7Yz 7%H
WBERBITIC DIRSY —ILAEIRRT 52 &2 BIEL. REFTIC,
Abaqus/AbaqusCAE @ GUI ZFWeRTY > vILEEITY —ILDO
O~ A 7= ER Ul

IS5 - ERBIROFIESE Fig.d ICRY, BILOEEBITE, EiFt
WICLZPERAEDRBRE LR UGN S, YEELHEFEOREL
ZEHTNDS,

REINEEE

During operation of SOFCs, chemical strain as well as thermal strain leads to

macroscopic deformation of the cells and stacks, which can cause degradation of
the performance and, in the worst case, destruction of the cell structures. Operando
methods have been developed to observe cell deformation during startup/shutdown
operations, and simulation code was developed to evaluate the deformation based on
transient chemical potential distribution inside the materials. Mechanical properties
of the constituent materials have been measured at elevated temperatures under

controlled atmospheres to be used for the simulation.

ehe) = £ex) 4 Ly = ginx)=Ad(n a0l e £, 1) = AN

EUTH b U= B IR
Ore T LoH UTH

FOTH — (AABELT A +MERLTH) = SU=TREmAEA
SRR T HEMERD THEBATERHOFATULL
(B THMERDTHCELTES, BRRLETE.|

) - v
| BEREELETE, ] & ¥
1 n ﬂ
MOTHEFDT RIS THE ¥ 3
| BFIL—FACET. (AbaqusT A1) &
*
)=
| I | Btrgrous i

Fig.4 Calculation scheme of cell deformation based on
chemical potential distribution in SOFC cell.
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IXRILFXF—FRFFERE Energy Resources
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IXRILF—ERY R VFEESEF  Resources and Energy Security
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Sustainable development of resource and energy as well as Professor

sustainable possibility of environment

Takeshi Komai

We have conducted various researches in environmental sciences, such as environmental risk assessment, hydrogeology in light of reservoir

engineering, and geo-informatics, for our sustainable future. We have investigated on hydraulic properties of vuggy carbonate rocks, and

hydraulic and mechanical properties of high-temperature fractured granite, particularly for effective developments of petroleum and geothermal

resources. Additionally, we have conducted a research on a new hydrogen production method using a hot spring water-aluminum reaction.

Furthermore, we have initiated new researches on risk assessment of new hazardous chemicals, in-situ heating method to produce methane

hydrate resources, reality of fluid flows in pore systems of soils, risk assessment of coal and metal mining in developed countries, and

groundwater origin in field scale. We have developed new knowledges and several innovative methods for data-driven environmental analyses.

B

IXLF—FERIRVFHEFZDEFIE. RECER - TXILF¥—0H
ERICEIBRABMEBRZD &IC. HIKRRICKIT2YERR
IERE LB RATLADOER, ER - IRILF—FRRICHESITE2R
BELVREVRIEER, \ORREBARRRLORR, HBERERIC
BIBTEPHTKEDETEME. SSICBEEELEYMEDIRIET
MICE T BHENEHEE - AREERET D,

FAREZEDFEIF, WHRBFEER ITRILF—REOERZMZ
ERELT HMEKBRESSUCHBREOREICEATIRMPOIRATLA
DOMERFEREL. BERITHRZBELC TEMPHRICERT S
ZETH B, FMESOEEPRAREFEORMAR. TLAKKEZ
BUT, ARBREZLKEMABLOHRICRIELTWS,
BN UTOLSBHBHNBABRDIHRELETZIToTWS,
- HIERRI A ICED W KIE B BB T & L O BB R E R
- SEEDOAR - EBIMILICHITIREFEAAY K
- HER(L 2RI RICED Wt Tk Y )L 5T
- IMERBS LV RIF—EROARICHSTREYRVER
CHIEP R - RARAR. X VI\A RL— N EDORFKRE
- EEVPLEOKEBEVIFBRE TR ICED Wi R e # T
- BREEXECATCERTRARSSCURIEEBORE
SRREFIVIZULEEYEFRB UKD S DKERENE
T AEXRBULMRABZHENT %0

a1) Toyoura sand  &F] Toyoura sand &3] Toyoura sand  a-4) Tovoura sand

SO/CEN Frd fall Lirgered frog Waer tightes
+
' ' ' ' |
Lorw it il =
[ eeaa——— |
o1y (ATRT 1304t 155811 +oL.11

Fig.1 3D images of flow path by soil up-flow percolation test
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SOBRBEBEREE - FHOHTHD, TIRBICEITZ2EZREET
ROBE - RETOCRZBRIZI LR, REPRBRURVZEZ
Z5ATHEICEETH D, AARETIE. BB - [LH)IF
BlcBWT, MELGKE - HEBEYY Y TV ORIREDTZITL. HE
BWATA (GIS) CFMBI2EMZRVWTHIRL 2B T Z EsD
W3,
B HIERORERED

TERICEINZEEVEOFMAEDONZLHER (Fig.) E %
BRABRBTERENDS, LML, DILERIE. LEOYIEN-
EENAAZZILZRBRFICHETZIENTEIRE. EOAAZX
LHBEESNZDREALGHRAETH D, AEER. InETHE
BICEH SN T E e TIBEPITEA SN FHREOEHR AN =X LK
VEEYPEOBEANZZ L%, 3 RTARCFEERVTREHCET
M2 FEERIEUIC, 3RTARCFERICHIDRRHERICT, &
THREZEDN, BER-ZIMZSRIEXIBEZSREORRY—E (RE)
ERHE Ul
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Fig.2 Risk assessment model image of new hazardous
chemicals at our living area

AR EE R
Associate Professor
Noriaki Watanabe
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Assistant Professor
Kengo Nakamura

RIBVPERICEHDSEFAED Y XU OEENRENT

B REEMEDY R FHl & BB E IR ROEHA
ERMEEOHRARELT, LEFOHFREEVMEOREEDH
RERBLTVND, BELFYEICLZLEFIRTRIIBBEORET
B, BRURAIDNEVESNZHROCEMEICH T BERFAND
BANKDOENTND, 14- IAFTUE TEICHTIRERDRE
ANZZXLDTERTH B HRIFEER EDBEITICKERREN K
ENTVWD, KR T RABLEOREREEZERUERYRY
FHEETILERAEL. BRURVEFHEZITo>T. (Fig.2).

WEE S UOREHM - KRN AERORR & KREIES

B REIEEITEEICK T DM RENFHE (RbA— JAPEX £FE#%)

REEEFBEERR - RANREFEBEOKRIHZ 5. CO2
FEEOIFEEREFBTHH M BRI () 2B IIREBIES
DFRETREFEDERBIFEATWEWN, ZTTREBIES DILERFE.
CNICEREALTEL 2K EHREDZHROREFE BB EXH

#®) ZESHhICUTz (Fig.3)o
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ICEBRSMINMBONT ZF1—REBERE(LEOBHRERRL,
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Vuggy hmestone Flow simulation
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Fig.3 Numerical determination of relative
permeability curves for a vuggy limestone.

EPFIXE Crustal Permeability (Wiley Works) ®O—&8& UTHE
Ulco FremBmETOREEICHTDKER - IRARZEID, K-
EARBEE TOREXREHZEARRICIDRET Ulce KERRE
BORRICKD, BLRBZEDN. ER IMEZSRILXHESTKE
DIRAY—E ($8E) &. Asian Rock Mechanics Symposium @
Scholarship Winner 2 E Ufc, S5ICHEEE TICEMUIIEMSE’D
BRA DB A E ROGFEAREEICE T DR RE T E DT
(Potentially exploitable supercritical geothermal resources in
the ductile crust) B*EEF1TEE Nature Geoscience [CZE I iz,
B RRKERWCKREE (IR -ERH—ILEAER () HLRAMR)

TEMEEEEHIC. BRKERAVWAREEZ I LFEBEEERRICH
WTESEL (Fig.4). HEAEUKREZRES S PRRIEICEIGT 21
DDHRT—RI—%=MFEUfc, FIeAKREERZHEAZRFE LT
FFUlc,

%%?&%%ﬁ”

We have won several awards for our environmental and engineering studies. Research
results on fluid flow characteristics through soil columns by Professor Takeshi
Komai, Associate Professor Noriaki Watanabe, and Assistant Professor Kengo
Nakamura and a master course student have received the best poster presentation
award from Tohoku Branch of the Mining and Materials Processing Institute of Japan.
Research results on high-temperature hydraulic fracturing of granite by Associate
Professor Noriaki Watanabe and co-workers received the best poster presentation
award and a scholarship winner, respectively, from Tohoku Branch of the Mining and
Materials Processing Institute of Japan and Asian Rock Mechanics Symposium. We
have also published papers in leading journals such as Geophysical Research Letters
and Geothermics. Additionally, a paper entitled “Potentially exploitable supercritical
geothermal resources in the ductile crust” by Associate Professor Noriaki Watanabe

et al. has been accepted by Nature Geoscience.
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Fig.4 Demonstration of a hydrogen production
by a hot spring water-aluminum reaction.

o
o

T
O
2
=
3
()
=]
=
o
e
m
=]
s
5
o
3
3
()
=]
=
o
0
.
c
=
(]
7]
-
=]
]
>
o
3
[
=
(2]
(]
o
o
o
S,
(]
o

<

21



22

IR F—ERFHBE
RIEHAEESR 5  Designing of Nano-Ecomaterials
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Development of functional nano-ecomaterials for energy and Professor
environment in the environmentally benign systems Kazuyuki Tohji

Energy Resources

The researches of Tohji Laboratory focused on how to develop the well-defined nano materials and how to utilize these materials to our life.
Especially, we develop the synthesis and utilizing methods for useful nano material with specific morphology.

Our research objectives can be classified into (A) Natural energy conversion materials, such as photocatalysts with specific morphology
(stratified photocatalysts), thermoelectric alloy nanoparticles, CIGS alloy nanoparticles for solar cell, and (B) Functional nano-eco materials,
such as uniform and well crystallized alloy nano materials, and well defined electric integration nano materials, precise control of nano
catalysts for fuel cell, carbon nano materials, and (C) Utilization of the precise control for metal complexes condition for developing novel

extraction methods of rare metals.

RIBICEE U e/ RIS ERRCERSZERER

FOMERA IIEE) (REHE)

F/MBHEEERTRSMEZRRIEMRELTHEFINATVS
B BOBRTRERRBENGEMEETHcHIicE. BRETH
BEZRKRRICRRTEZMEM - ERR - MEICHEIZDELNH S,
CORBERDS, KARETIE. BEMEARTOMEOREZIHE
RO X @ ERTEOHENTZBLU THBICHBU, ZDRIGHE
BzBRILENFEPEENNEZAAULTERITZETT XA
DHERRED T/ MEZREITBIFEZREL NS, e, B
BZRE T 2O DREFEEDORAZT>TNS, HIFIE (A) BR
IRILF—ZEHR (REBEBZEIBANTT1 771 MM,
RABLMAESF/NTF. KHEBACIGS +/HF. BE). (B)#
BB/ - TOMK (BESE T/ NT. SRELETRERET/MEL
EfEa FIRRIE AR/ MEMEL KR/ MR BE ). (C)
AL XY IIVEDOMBZRREE I 2T DERAFIEERM. Ficn
HTE3,

HEEAREFMBEDOFAEIF. 2016 F4 B— 12 BOHRMICE 17 4%
DERMRERERZIT ol FARETIR. FEEBOMIRFAFRE
DPEH. AZ2=7—yaveEhdds370-/N\NLbz{REET S
CERBERZLVWTIED, ZHEEEOEBSBETORKREBLHRRE
FADBZZRINICIToTVWD, HEHETIE. 230th Meeting
of The Electrochemical Society (Honolulu, USA) T (& MC2
BHEHE (EE1) &« MC2 #Hik—FE (BEE 2). =BHEHE (B
BH3) MRRY—FHRZTIRE, 54 HOEBRBTOREET>
TW3, 20O, BRIRILF—ICEIZIAMBFBPEXEEICRD
RIEKRFRAMRBICHTDHAMRER E RLREBHEEBLTND,
HiR - ZMFEREIZIASR (HA—FE. SEHEEE. BHFH
B, hARE—BE. EETLE). ER- - ZMER (HA—FE B
HEHE ). ICAVEZENEZM#EESR (Hugo Erawan Fathur
Rahman &. SEHEEE ). X RO HRER (SESFLE). ER-
EMEERIEIIEFOR (PAE—NE FHEBEHRE MESHIEE)

BR70Yz b | mE, ERORRICHRBNICENL, RRERELTIS,

¥Rk 26-30 £E  RTEMEIE EEHR (S) "BREUHRZD
ST BEA—INYF/F 21— ZFBUCTFEREL T/ 1 ADFF,

- B 26-28 FE REHEEBE EBIFRE (B) "% TCIGS
ANEEMZFRT BRMOMHEL

<R 27-28 £ RUREMBISHBIEEFMR 'R A DR EIC
Clfi¥7% CIS KB/ W F L I 2 KM DR & KNG E MR R
- ¥R 27-28 £E BUNEMHBE HFHRE(B) 'Cur/HFeH
Wz Ag EBBBAREICELD Si KFEBDEIZS - &R,

- FH 24 F£-29F XEHBFE RIEEERERIRILF-HR
FHE 7OV NEIERDHD YY) —Y TRILF—RRFEHEKE
BE TRILERZEELCEY - MlREEZORMRIRILF—EB
Bz IRIF—EEBIRTLADHERS

- PR 25 F -28 FE (1) BHRAAR - BV ERERE =
BREIEMNSOL7AFIVEIREIMARERX "#BEEr7VFEVE
BRI TR FE

- ER25-29 F£F RIEKRFE-/NFVIvT () EFRNMRIREE
ERMALRMETOY /N TFH/RFMHROKREGER - KBS
NDERICEET BI%E,

RHE FRAROKT

v -

ERR SiFRE
Associate Professor

Hideyuki Takahashi

Bh¥ Al &

Assistant Professor
Shun Yokoyama

RE AE&F—
Technical Engineer
Kenichi Motomiya

PRRE—E

BIFE, #LR SBEES BARMOE tHRE=. BR¥ #0%L. kL
RiE

SEHBEHIEEENAUICHEEMRRFMBRE LANO Cud7 Pt )L
/ BRIRTZRE D RIS

BR - ZMPEE RAXH THR28EEFZFRR e 2016 7R7H

B A, BB B EE B s

BHEBABEHHRERNE U CIGS(Cu(inGa)Se2) ABEHHOKER
REREDRRICET MR

WE - wMEE HLXH THR28EEESAS A 2016£7H7H

SA—F, Ltk SERE. AENE
Ag EigREZB15UTc Cu 7/ T DEE - MEHRIERNORRICE I 5%
HR - ZMEE RAXH THR28EFEEEZFRE A 2016 7R7H

AfEsFih. Eilk, SERE. AENE

Ni-M(M=Cu, Co, Fe, Ni) REE{EBEDFEREE AMETEEDEBED
fREA

HR - #=MPR RIEXEL FH28FEEFEFKE e 20165F7H7H

fhABE—BR. HILR. SEEE. HEM=
Bi2Te3 7/ HFDERBEAFMEH /LI HKLICET BH%R
HR - #=MPR RIEXEL FHR28FEEFESFAKE fled 20165F7H7H

BA—T. BMLKR. BERE. BN
WECRRZRZ BIEUIciR T/ RF OBERMARICE T HHE
HERFAMFRUERS. BF. 2016 F9813H

BAFE, #Lk SEXE. BRN=. tHRE=. BR¥ a0%t. kil
g

RRIEA Cu a7 Pt ¥ o)L/ RFDAEE SUBIL AR
EREMFINEAR. B, 2016 F9R13H

R, L R B8 S, g E

CIGS(Cu(In,Ga)Se2) ZH AU AEE MM ZBHRNE U Cu-In-Ga & /%I
FOKBRPEEEDHRFICET B

ISRYMEFEUEHIERR, FR. 2016 9/ 14H

HAR FREROKT

Hugo Erawan, Shun Yokoyama, Hideyuki Takahashi, Kazuyuki Tohji
Sulfurization of Cu-In particles in Aqueous Solution
ICRAYEZEUEZMHRR. B, 2016 9814 H

Morihiro lwama, Shun Yokoyama, Kozo Shinoda, Hideyuki Takahashi,
Kazuyuki Tohji

Ni/CdS Ryt D Ni Bt DFFEIRED XANES IC LB & A ETR
HDEE

% 52 [ X Ratat#we. RR. 2016 £10 B 26 H

hAEE—EB. LR, SREE. RS
Bi2Te3 7/ KiFDIEFRIZ AR G & AERIEFTIMICE I 5%
HR - FMPERRIEZMLEFOR. KA. 2016 F10A 30H

FHEBt, SERE. BUR. HERO=E
EHEEHIHZANA UL Fe 7/ MFOKBRPEREMAEDHH
AR - FMFRRIEZMEFOR. KA. 2016 £108 30 H

WMEME. HEhk, SEXEES. ANz

Sn DR UEBEAEBSEOHEEFIALL Sn KR—7 Bi2Te3 #ABXEBES
T/ RFERERFEDE S

AR - ZFMFRRIEZHEF O, KA. 2016 £10830H

BAFRES FRIEE
BRI

AARETRZFEEEDARZMRERFHIARENDIGEZHE
BICIT>TH . DC3 DEHERENHAZMIRERSRIHES (F
B 27 FE -28 F£E ) IKFRINhTWS, INETIKAMEETEL
FRRICEFZUCHBRAZEREELES (R A Dr Z2R< ) HANEERZAM
RESFRIMREICERIRENTWS,

BE RROKTF
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Carbon dioxide reduction through more efficient
resource utilization

alf

iR &8

Professor
Fangming Jin

The environmental challenges of the 21th century require massive changes in industry, business, and life-style. The forthcoming end of fossil

fuel use, which is necessary for stabilizing the earth’s climate, will affect all sectors of life. However, changes can be achieved only by the

cooperation of stakeholders and population. Managing the process of change with all its imponderables in the interaction of various groups

is the main focus of this research.

The most challenging issue of our time is the rise of the
atmospheric CO, level. With human activities burning fossil fuels,
we affect the global carbon cycle over a time span that is much
longer than our own life. The reduction of CO, emissions requires

the termination of the use of gas, oil, coal.

1. Agent-based modeling
and stakeholder analysis

In addition to the technical challenges to sustainable technology,
there are many socio-economic issues that must be addressed in
order to transition to a cleaner energy and material system for human
development. At the core of those issues are human behaviors, which
can be unpredictable and difficult to understand, especially on the
individual level. In aggregate, however, it is possible to identify
some underlying behaviors such as consensus building (or lack
thereof), diffusion of information, network formation. These group
behaviors emerge from individual interactions and decision making.
Agent-based modeling is a computational tool designed specifically
to explore emergent phenomena such as these, in order to understand
the mechanisms by which they occur.

In order to create such a model, preliminary work is done to analyze
individual stakeholder values, preferences, and behaviors. This is

done through astakeholder census, in which all parties who may

Fig.1 . Partial stakeholder network. Node size reflects the eigenvector
centrality of that individual within the network.

either affect or be affected by a given development project are
interviewed using questions designed and tested to measure that
project’s social license to operate (SLO). The stakeholder network is
also mapped by asking stakeholders about the quality of their
relationships with other stakeholders during the interview. Figure 1
shows an partial stakeholder network built from interviews in an
onsen town in the Tohoku region of Japan. This network, along with
the associated SLO data is the topographic and mechanistic basis for
an agent-based model of geothermal social license in Japan. This
model will be used specifically to test policies for equitable
development of geothermal resources or other stakeholder consensus

as the case may be.

2. Ecopoint concept

The global resource consumption is not sustainable. Fossil fuel
combustion increases the atmospheric CO, level endangering earth’s
climate. Alternative biomass production requires additional land
areas, which are withdrawn from natural habitats. Ores of important
metals might be depleted over the next 50 years.

The Ecopoint concept tries to reduce the effects of excessive resource
consumption by limiting the use. Ecopoints work as an ecologic
currency that is distributed to the world’s population for purchasing

resources incorporated in products. They are handed from

Resource Ecopointsiunit  unit
Matural gas 3.881 m#
Crude oil 4.413 L
To1.7 bbl
Coal 3.680 kg
Arable land 0.3509 mi a
Wood 1070 m?
Aluminium 1.251 kg
Copper 10.24 kg
Gold 102800 kg
Iron 0.1181 kg
FPhosphate 0.3245 kg

Tab.1 Resource prices at an annual income of 12 000
Ecopoints per person.
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Associate Professor

Herto Dwi Ariesyady

IR ISUEFR
Associate Professor
Guido Grause

BhgN—IV ATl
Assistant Professor

Kyle Bahr

Mining fee ——
‘_. Miner Ecopoin
h central bank

Procesior Energy Allewance
I .
Producer Market Consumer

m—  ResOUrces

Recycler Ecopoints

Fig.2 Resource and Ecopoint flow.

consumers to merchants and manufacturers down to resources
producers, acting as mining fees (Fig.2). Every resources has its own
Ecopoint value (Tab.1) and resource production cannot exceed the
availability of Ecopoints. Furthermore, Ecopoints can be traded
between individuals according to their personal requirements. After
introduction of the Ecopoint system, resource consumption is
reduced by rising resource prices using an intentional inflation rate.
This concept allows individuals to gain full control over their own
needs. Conflicts as between food crop and energy crop production is
avoided since individuals will use their Ecopoints for food before
investing in luxury good. This concept reduces CO, emissions,

limits land use, and reduces poverty.

3. Capacity Building on Sustainable
Environmental Management

Current environmental management practices especially in
developing countries such as Indonesia are considered unsustainable.
This is usually attributed to high population growth rate and poverty,
especially in less developed areas. This is worsen by the climate
change phenomena all over the regions. Increase intensity and
frequency of environmental pollution, storms, drought, flooding,
and precipitation variance have implications for environmental
resilience for various uses and sectors.

Sustainable development and environmental management is seen
worldwide as the solution to this problem. Although this concept has
been accepted widely as an approach to manage environment for
achieving public prosperity and sustainable environment worldwide,
nevertheless the concept itself is not a common blue-print and so, it

is still required comprehensive understanding and some adjustments

for the local condition. Ideally, this approach should account for
interests relative to environmental conservation and use, for all
existing constraints as well as for all major political, legal,
administrative, economic, environmental, social and cultural
aspects, and the most important things is that we should regard
Water-Food-Energy nexus in order to accomplish global sustainable
development.

Therefore, the capacity building on the sustainable environmental
management is strongly important, such as for graduate program
students as an agent of change for better environmental management.
Three related subjects have been delivered during last period,
namely Introduction to Sustainability, Sustainable Environmental
Management and Business, and Environmental Energy System
Studies. The approaches to deliver the course content covered a
combination of classroom activities and group assignment. Besides,
a separated field excursion was carried out to gain more wide-
ranging understanding on the importance of environmental
management in practical situations of industry and society in an

integrated manner.

Fig.4 Field Excursion on Water Management Practices
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Environmental Policies

A/ R— 3 VEIES4EF  Environmental technology and Innovation
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Research on lifestyle innovation using backcast method

HEHIR S| M0

Associate Professor
Ryuzo Furukawa

Our department has started in April 2010 and pasted 6 years. We study the environmental issues in innovation process under environmental

restriction, methodology of lifestyle design, research on the structure of sustainable life style, methodology of environmental problem

solution, and application researches based on statistics and case studies in innovation. The lifestyle design project ‘Creating a Fountain of

Future Lifestyle Ideas’ supported by JST-RISTEX has started in Toyooka city, Kitakami city, Okinoerabu-jima and Mie prefecture. In this

project, lifestyle design method and ‘90 year-old hearing’” method has been used by local government and companies.

B E

KREFEF7EFEBEZDZ. 2015 F 4 BICREBERMNA/RXN—Y 3>
DHENSA/R—YaVvEBEENFLEMIAEEIN. BEFN
TTA/R=YaVERETDDICIFAEITRENCOVNT, #E
M2EEBREUVLRFFEZAVT EMAMRETL. BEHKT
KRBITDA/RN=23y - TOCAWAR. BFHEAUEBRZA 7RIV
3. VUa—ravRlRFERR. ROINSDOERIEHAREZToT
W3, A, JST—RISTEX D FREDESULAZBLRODENE,
70V hOETIVIE (EEREMT. EFRIL L. HKRE
B, ZEERBEEME) ZPOICTATRIAINTHAYFED
O MEF IV I FEEBRARPREICEAL, RiEARZEDT,

RIFFINTOLOEDGESM T AT 1 ILIRE

IRIF—ZHERBROFOTLEDA/R—> 3y - TOERZSH
L. BERE OBV AHEROEDAICOVWTHRZT >/, &
feo ZATRIAN - A/R=2 3V DT OACRZART BHIT, D
ENBESUAZTMI 2 FMEERVCTIMFEDOHREZTOTL
%, FHMEBEEICDOWTIKFR@E S Y v RERD KIEZRAWT, FHliE
BEEREIZEHEIC, FMEFEFCOVWTIEAYNOY—TZF%AL.
FATRAIANEEZTFMT BcHDY—ILRTY 7 FERZIREEL

90 year-old hearing Rakugo in Toyooka

Toyooka symposium

HRIZFMAERARZEHEATITOTWD, 1 7RYIILDIZEEE
EPAYVNAY-TIZ2EBWTA T7RIILOERIL—ILHIEES L
DDH 5.

AEDESUAZBEUCROEE RIAMRE

FATRIANEEDRAMRZT>T WS, 2015F 108, Zh
S5O7AYV Y MNeEBEVHBMRELT IRERDESLAZE
BROAE, 7OV IST—RISTEXD—2DT7OY I k&
UTHRENc. 27OV ME FROBEHRNZERZ /Ny
IFPARNBERV 0 MET VYT FEERVWT, HIBMEDLED
BIATRAIAIN ZEIHT2EBZBEIZLZ2BIEITBDTH S,
MREEDDICH>T. ETINMREEDIIBHEBEICIE THREK
DESUAZBECROAE ARE) B2H/IMRESEZNET.
JbL. S, SEN. KERES FUEHT. B ICREUT.

<#kHEH>

MET TR, d/IEERREEREL, THEZFEZREE U TR
KROESUALEZ, ZRRL. Ny IFvANFEICKD TREDIH
EBITBOLENGESL) ZHE. RRICAFLEEIREZT>TW
%, 2A21HICRE2EGE Y7 F Y FUZRRERE EMOR)

Furukawa lab branch office in Toyooka city

BF =B ER
Research Associate
Masae Mitsuhashi

ICTRfELTc, e, B ANSIRE 2 HBAENARL, SATRYA
WYY R U, Fe. REMUEE, #ilE I UROBEEE
LEDS, ET/IMIBZREL. ZOHIBOEREEE LRI SHESD
TWZElLEo T,

<JLm>

FEmTi. BREEIY—T7—F00%2REL. BBEthicHNDD
REEtEI79—DA10 2RBEE i, BEMICHKITZ20ENNRS1T
AIAINETHA Y Ulco . ORMRZET IR EUTREL TR
LHZEBIRIZESL) ZEAL. FATRIANNEZEETDHDE
—5&UT TBEUTER - R - B BIUARARY Mz
L. IROFES E—HEICNEROEICHEELETILEDEFRIE
BoBRRDSHHNTBIHIC UICAD) BRESX T, Fieo B
FRAFv—TU/AI=7—0av /%=L, BRICHI Bz
PO PICERT BIEE ZIT o1,

<ERf>

ST T PEHBRZEZHROICRIETOY LY b aEslc, FEH
ROFEBLENMTOHFRERNZESUICERT 2/Hic. BE
RiizBAL, v A EEEREZZTEILREFL, BBEEVI—OD
RIROHFHZHIGTE2HFZEEL, Kle, RROFEDSE
DEFSANSEREINDZEBSAWGC ZREL. FATRIIILT
PAUZTW, BFEERICULVHULWEVWDZEH IO ZEDH BIR
EHBENTc, 10829 HICIZE 3ERKDES LA ZECRDE
BYYRYIL In BELERMTKEETHRES L. PHBXORD
HAZEROICRRNGE NI, I T EEROE=MEHLEIFELT:
EECS0ELDAR) (HIIEE) MRESh, NvIiFrIRE
EZP0RETIVITDEBHICDOVWT, BULABNSLDADIERE
ERDDIENTE S

A P A
. S e

Kitakami LSD project

Okinoerabujima symposium

<FEEM>

BEM TR, RIERZFRZRRREHNZMAR ESEREMATRIE
ESATIMNEETOVIVMNORBICEITIMESEMIE L. b
FEIEDHRABREEELTWSIIRIMNIEETOYV IV MH
hEnic, EEMOBENSEBMINDIBE WG EEFILRELT
BESNCETBMRORRE WG Z5&EBU. HiRickd\WT 90 7Y
VIREBTDEHRIC, N IFVAMCEZ A TRIAINTH 1Y
XML,

<HXKRERE>

HKREETIE. 9A3H-4HICE 2RIREKDES VA ZBECR
DEBEY VIRV UL in X REBEZHLTDBERICTHEL. BR
NDOSIEEREDES LADBRENBERZ ARRICODNTEE
Lfco BOBERIE 12 DBEZHREL. JITHERMINTVNBIL
ZRENICEITUTW DA EZRFT LTS,

Bk - R

10 A7 HICAKT Iy in SENMRREEEDA VILRTILTRME
Ihic, SETICHZROEFISTHNZKEERIC. 90T
VI REEBL. EOBESUDFTIDEZKNEDKSRUEDFICH

LS EDESBERZEVNTVZOD, HIDNRILTA XAy
YTI77IIT—IEBYL, BEREERUC

ﬁ%?&%%ﬁ”

Our research projects have been introduced 49 times in a year by newspapers
(Yomiuri, Mainichi, Nikkankogyo, Sankei, Asahi, Chunichi, Ise, Kobe, Nankai-
nichinichi), TV and other magazines to the public. Especially, the project ‘Creating a

Fountain of Future Lifestyle Ideas” was focused on.

Nature Technology Workshop

NELZHESHIY
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Development and the Environment — Toward a Sustainable Future Professor

Shigeaki Fujisaki

“Development and the environment” are the primary focus of our laboratory. We are exploring the path to a sustainable future through the

resolution of north-south conflicts over the global environment.

FA. EAzRbI. Fleo BERATHN., BEETHN. EER
FIIFEAEDZEEEDRRDBRUE U AT A RNICERT B
ANHDET, REDHHFXEDEEFENSIRALEE (What
economic growth looks like at night). chZzRE7/FTI, &
DRZ4RiF, HRNICELNTVWBR—I - JIL—IIVHERDOY
JORBFZOHBE (E 4R 2015 F) OEMO—HLTIH H
KROBER., Fy—ILX - Va—YXBROBERRER/DOAFIRNHE
E(FE 3R 2013 F) OXRFEHM>TVNET,

MNORTH
KOREA

PYONGYANG

SEQUL— =

[URES) &R

COEEMNSEFFR, FIZEHEERENAICERTZ0H %,
ERNICHAND I EEFRETY, RKDELHHRIE. TNEITFEX
BRIRXLF—DHBZUTCREDRARFEHORBEDBEZSTLL
S0 B 1RIE. —AHD CO HEHEZ, 7XUA, I—0Ov/V (KR
M OECD). BHA, BE. FE. ZUTHFEHICDOVWTRLHDTY,
2000 ERICA>T, BEOZNA. I—Ov/\ZULTHAZH L[E
BESICBofTEICTERTEN, —AHOR—ITR . BEEE
MRTFIT) (BE. BB YVAR-IL) OFHER. -0/

VUL EFRDLELT, RIFELIICHRDAEDELEHNERLRZEE
(RERE). ThEBNRNICRBOEMNESILAE (BEREE
HARHEME ), 70 FRAI. BAROKEICH>THIZEEL, #
IKIFEEROFHET TRY— N2>/ 2 DDOE, RAURKICELST
EREnsmit 2 DOHRD, Z0RESWSREBZET SHICES
eDh. READEFRR. INHIYI/ORFZDE>EHERRLRHE
REEZSNDEREZ., COBEERBARICHF>THET,

What economic
growth looks like
at night

- SOUTH
KOREA

DEN%ZE EE>TVWET,

2000 ERICAST, HE®D CO, DHFHEHII—0O W/, FXY
NEFEBURIE(B2RER) EBREFIZEIIN—I T VBRI,
LREDOHEREDE 2 (2009 F) LT TREADEFR R OF (T
REFORRIIEHEAIEEN? (Is World Growth Sustainable?);
EWSHTREZMRIFMA LV, LML, —AHEDTREAIE, &
EDZNRKATAVADESUT. Uhbznid, MEROTIH, &
LTOHERHEDIHDHRDTT,

EBT (Leapfrogging) REE

BERRIE. ZD2DRRICEDERDMEEZISNTVWET, V&
DiE. BEAPHE - AWBAEVSLBADIENM, £50&21, #
ABMYHDDOER (REREENE) OEMNTY, RORXIFE. RS
SOEAKEVWDNZHD T, —AMDDFE (y) OBEKRE (£3)
ZEDLSBERDFHAITZ2NZRLTVWET,

1/y - dy/dt = 1/A-dA/dt + a - 1/k- dk/dt + (1- &) - 1/h - dh/dt

GIOFE 28, £33 EIFE. ThZh—AULOINER (k). —A
YD AWER (h), DEDBRADEMETY, ThICHLTHIOD
FIENMREREERLVWDNZDOD (A) OIBIMETY, REXRE
EHDLRIE. BITESHIWNEA/NR—Y 3V BRI ZEEZS
. BIZIEEHRO Y 3 —Y XHBOMTTIE. 1948 5 2010 £
[EDMTFTDTPRIANBEDODHRRD 54%%ZHATDEINTVWET, £
LTaEF, BRRREEED DI HEE TOREREEROLRIZ. 1
IR—= 3V DEYTHIAHDERICE >TELTWREEZSNS
FOICHEDHUT

MEOREYA VR THEBINTRIZERT7~T10%EVWSHRE
., 2O THHOER, OTOECATELTWREEZNIE, BREL
PIWVWTLELES. TNSDEAX G TRFEMEDFIZ (Advantages of
backwardness)) %LU, BERCAKEEZZIFT TWSDIF TS
Bz, EFEZETT, PEIEFTEFOLZNGHEN 13 BREERB
ZBHERBRDE/NAIKE, BRPKERELERICHRTEES
EOBEEEHETHEN I EZSEFICED, AN—K 74> (AYR)
EES BT RBERERMY —EAPREY —ERAREEE RSB,
E/NAILBEEY —E X TR IERORERICILD (BARFEHE 2017
%1 A 6 B8 )i,

1971 =108 18900 =2000 =2310 ®3013

&1 T AZ7DCO, HELE( b/ A)

KIN# (The great convergence) ®
RIBHIRE

BN ERZHRIFZZOEE REROBUAREFEF (1992 F. #
RAFRL ) TROELSICEBLTVWE Y, IR E 60 BDALINRT
D FeEZEPB<ED T AED 5000 RILDOKEITETZIED
HIEREZEZTEIRITNIREBSBWV. ZNHIRILF—HEPRE
FBROLTEDELSBERBHREEVHZRELTHNIE, HLD
FEAEHFEZREURBVTHSS) ((B), p. 57). MHFHILERET,
BEIPFRULKNBDELESNDRRICEDE LI, HRIEH
ERERDIEK (FIS DT ) cZDRENRHEVWSEER. &
BICREMITSNTVWBIREDRETT,

TONPONDOBEZTFEILIF. REBICHRIIETH S, AMZE
ENSHSZEdH. AULSW, BEBICHRSIETHS (Fa—)l-
Y 7NZF (IUAXSER )[2015] TRINE BERY % PERRA T
ReBEZ2) PRAFTHE, p. 203)10 COZDOZMISEZETH
(E. —AHHD CO, I EBRAAPBEDKETEHTDHICERIBES
DT,

(BEXH)

1. Paul Krugman, Robin Wells [2015], Macroeconomics (Fourth Edition),
Worth Publishers.

2. Charles I. Jones, Dietrich Vollrath [2013], Introduction to Economic
Growth (Third Edition), WW. Norton & Company, Inc.

3. BRI RILF—RFMER SHESTLI=YME [2016]. TTRILF— &
FMETEE) AT -V —.

4. BRIBAER [1996). TMIKIRIE LR LB fR—THBIR DR 3K ) &) (1EHEFGA. 03
VWEERMEHRY AT Ay BREBGERRMT ).

5. RATI ARV R (£ ARER)[2011], IRILFRE=R{LTZHREDHRTy
BINERE.
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( PR : Krugman/Wells(2015). Macroeconomics (Fourth ed.). Worth Publishers. P.271)
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EISERSEE  Environmental Policies
BIE - TXRILEF—BFFESEF  Environment and Energy Economics

HFSAFr—VEBCLERAELE
EET 2 U R OEAE

iz mMNE —R
Resource logistic approach to visualize supply chain risks Professor

behind resource use Kazuyo Matsubae

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

We evaluated the risk weighted flow analysis by combining the resource logistics database and Global Link Input Output model. The
estimated results shed light on how resource logistics prepares policy makers and R&D engineers to confront the risks behind resource usage

and how the information should be shared among the stakeholders.

g MFA ZRW e REIRERICH S
aE 7 O—#if

BERADERICH D
Y754 Fz—2 A7 DKL

AE, FEEOAOEBABSTICEERRICHE W, EYERSE
BEOISBILANFEEINTVNDS, SSICEERICEVNTD
ICT(Information and Communication Technology)*1 D X&.
JV—yIO/ - %2RRIIHOEFHEMEZZID2HLERDHE
BEISBREITFIEKRERICH D, DHIEIFHREROLTXYILE
BETHZ—AT HE - LETHZXIZI2ZDO—RERDHAE
ZBNMCERELTE D, BREEOLRICE T DRLGHBFN) X
7iE. BEBFEBCHLCLELVIEREREEZDEST, <DT—Y

I e —
= - .
B
L im
(] L ]
u Ii == ™
r ma
o S
- o
A |
L o | Li 180
L L
LS L #t L L
()

Fig.1 (a) Number of supply chain risk events on Cu
(b) Import of Cu in Japan by country and by form

TEZYTIL, . YVIEDOWT, YFUZIIL7O0—-DERNSR
BAEOEREBRICOVWVTHEAL, RABEROEEEE., UHA
ZIVIEDWTERZITW. RRICT IS4 Fz—rEBUIERAE
ICEDBRE - HEHNBEFEICDOVWTHRZT o>,
FEERIEMICDOWTIE, INEBFETFRAMNAZVTREBICELD S
AT ZTV. HROHBAEIBICERTHRTZT oo HARICE
ASn2HREFPOREEHIHMAEZENICHEUER. HE
FORZEEDICAENDRBIAZEE LT, FU. 1VYRRIFP HE
THEM EEEHDZ I ENbh o, Fo, BEREELSHA. R
MUANDHEBRIC2AEDHN 3 FOWMAAXRICTKALTWSZ EH D
Motz (Fig.Do

Fig.2 Transitions in the composition of stock of steel,
Ni and Cr originally used for passenger cars in Japan

International workshop on Urban Mining

B IEERTRADHEEEEZE28BMETH S, skiFHMLE
TRICE>THRABFEZRRI DR, RABTRNRMENTL
%, ZDIcH, HRMERKRALBEEEREZAEICHELTWS, £
BERBIERERTHD., ZORBRFEALGREGFPHINTE
ZHEUDARENENH D, —AH T ABHOREIEBICHSERERZ
BUTEZLDEBRMHIEELTVBIEN BRI TWS, ARET
l&. E1H MFA E7)LT%H % MaTrace ETIWLEZTTRAIRL., 8%
HERBIRICHES Ni & Cr DEINT7O—Z2@ITI2ET. Ni&Cr
DEUEEERMEROBRERIRAIEEEZ R U (Fig.2).

FELREICE T 2 EEEZENOFRHRATER
ERICEB U REEVERERFROEE

1990 FRHL S, FEORFRREIFIELL RAKIC. REBERIE
TEIRAMELTE L, HF. RERBOEEMEHHRIRELRREE
REROLEEIEFRELARICKROSNDLSICAED. BEYD
ZELBEBERIEVPERERSNDLSICBoTE o LA LEDS,

Poster session on International Conference on
EcoBalance2016, Kyoto

Keynote presentation on Sustainable Phosphorus

FEOREZEVLBERLEHKERBICHD. BHBREEIATLER
FHBEBYRATLADERDZHENROSN TS, i, EFILR
HaFRZE UHHICEWTKEDEEREEYHL I E R EE.
BEIEEREINTVS, AREBFEICEVWVTROREFRRELUL
WHAD—D2THD, FEEFHIEMEN 2012 Flc—fLlic B> feibizh
THD. S LREICEVWTISSICEBRIZEEFEZERELT
BERZYOHFHEERICBEIZANETIMHic. LREDEE
MEXEBRRZHERL. LREICKITIZ2EEREYZETHHESE
VOFEENE - BERILOY FVABRET o1

REINEEE H

Award: Dynamical material flow analysis of alloy elements associated with steel
materials by using Matrace [Society and Materials International Conference (SAM),
2016, ], Kentaro Takeyama, Hajime Ohno, Kazuyo Matsubae, Kenichi Nakajima,
Yasushi Kondo, Shinichiro Nakamura, Tetsuya Nagasaka, Jean Sébastien Thomas
Award, Best paper award

Keynote speech: Resource logistics of phosphorus focusing on the demand and supply
structure in Asia [5th Sustainable Phosphorus Summit, 2016], Kazuyo Matsubae, 17-
19, Aug, 2016, SPS2016, @Kunming, Yunnan Province, China

Photo with Prof. Jianbo Shen at Sustainable Phosphorus
Summit, Kunming, China Summit 2016
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RISEERSSEME  Environmental Policies

ERREE - BABRYRXRI A N2 EF  Natural Resource Management and Global Environmental Policy

—BICT71—I)LRICHT R EE X,
AN ZEVWTHRENELLD

Act locally, think globally together with the community

Bz BB
Professor

Ryo Kohsaka

Having a first hand experience at the United Nations Environmental Programme Secretariat to the Convention of Biologial Diversity, Prof.

Kohsaka analyze the international process of biodiversity, genetic resource, forest resource including REDD+. He is an CLA author of the

IPBES Asia Pacific report. He has extensive experience with forest and agricultural resrouces including Japanese Satoyama.

HFRBE

] PR A 7 St sk 53 7 Wl B2

TWBEDESULIE. ERRPEYEHRELCTISNTWDS, B
ElTMbZ. ZOEHIHH CTORBAEZPHL. ZUTELE
XALICHEFRLTWS, 51T, BICRZZRERITFERL BEY
BREFBEP A T4 7 B2 REVTCOEFROEROMEELTD
RIEHH 3,

TWEOMRETIE. EEEYSHRERNTOEYSIRE, B
BiR%EDH<BME. FIRES. REDD+HICDWTOEBE B % DT
LTW%, BERIFEVSHEERVERRY —ERICET BB
Zvh7x—LA (IPBES) O7 Y 7HIBHREPEERAYOIRE T &
BROBAVERICOWTHEZLTWS, BHIOT—XRIT1T
BELZEDHEMERDFERICOWVWT, HEtEe s O—NILEE
ZIIOWTHAZELTWS,

ERNGERYRIAY MO, FO—/\hsO0—AILD%
KBTIV —h b2, BEEMICIE. EEZIEUDEUERERH,
5. B, B, HEXEMOII21=F1FT. HLABRAT—IIEH
WT, FeRT—ILEICTHETHBICHBUTW BELNH S, &
ARETIE. AT PHROERBRDZTLED 4 D0ERISERY
RIAYNDOFEROBILZICHEIF T Z7O—FLTED, 2016 F£E
DEFEFABREEDETRNT 2,

EYEHREDMEZTRILTZHED—D2E LT BRGNS
ENH B, FIZE. MFEE. TI/N—0, HRBEEE. JA/N—
VEDOREHBIERICORMICEET D, BEZRITDICF. EX
WICEREROH# 5T, ZOREKRZEVHIREEDHDABEL
o zB2RENH D, RARETIE. EREEZFOHEEER O
RRe, HEZRFITHIRZEETZERE. BELNILOEROR
AERFI Il L>T, HIRREZFR LRI OREPH
ERFFOREZHSNICL, BREFICEFNGREZT>TWVWS,
2016 FEF. InEXTOREMTHH 2. HRRFEEDRES IR,
IAN—IDXRBNTEEELTREMEZERBL. AHHS IR
EQFELNMRHER T, WEBEOHS BENLBIRE, HE.
BHHZFOAEMNSHELTWNS,

RN & IR R R E I E

EMEOHIBOERRIADA VI MNIKEL, BHRELII—IC
BIIEDEZHRERSLEETIIBEROREETH D, LICBANA LI
REFEER. HIHEWSHTEREICEBVWTEYZKRERSICET S
EHENREHZTMITDHETH D, —A T ERO TERLANIL
Tb, REEEZEY. TOLMEERDEUOEZHENICERTS
FIEELT, HENRRREHE (G) 152, ERAICHEZETT

Fig.1 Group photo at UN Conference Centre in Bonn with IPBES members

Fig.2 Visit to Noto GIAHS site with international research collaborators from Europe

PERZ. ME. £FEV/OtER, HiREDFEUDEDOEE RN ST
LB REIIHETHZ, BFRShicERSEER. AU, 28, £
E7OtR, #BEOFUOEFZBRIB I TENRE. ¥Y—7
LT ZOMIBEDRUDEZRIZNBRMPIS—)—EZb>
TEMZAVNSZENTE, B TORAICERUES. BIRIZ. B
KED GIERICEIZRNEZESOERELT, BOHEREAD
REZTSLAKIC. EROMREPFEIOCADHD A ZRERR
LTW3, 2016 FEICIE. MREQZED, EEZMOMERICE
BUIMIRZR/RXELTERDREDHZEDEEZITL. ARELLT
FIEREHAE, FIRRAOFvvT7OREICES. HRNGEIEEFERE
DEFEZEELTVS,

BEENICEDNCREVEROEEA LR, MHBROHR - £-EH
RBRERICRELTED, FiRAEGIRDEHE LT TE2605
ZW, ZNSF MIHOHBMESL U TRREL TV EHAIEETH B

EMSERIEER

ML RSN (COPI) ILEWT, BBELNILOIDEHDE
EUENHEREZSINTI0 FEHREESELTWS, EREBICL>TERSE
hicha#te, BRELRILICEWTHHBL., EFRNLGEEANEBL
T eHDY—=ILELT, EYEHRERENMRESNTVS, L1
VUAR—ILEDRESNIERIE, RETIHAESh, BREEXVF
N—7&UT, BREZFHEI DM EAD BRI EFDICEHDDDH
%, 1ci2U. BREDRB TR, "EYEKE BROEBRIEAT
WRWZ &, FHERORRMY, RMOFMOR 2RI ERDOMEIL
DEEICHBEFICLD, BT LEBEDERRIBEZTREIRV. &
RiF. EXEBEOEMSHREERRTZEROERELT, 2016 F£E
ICFRESNTc 665 BB DFFMHEDNDREZTV. BAENRTE
HEEVTEREEYMELTOATIIVICEBUVRERRZT>TWS,

Fig.3 Survey of shiitake mushroom as NTFPs

eyt d) 30

Fig.4 International workshop of biodiversity hosted
by UNESCO in Chiang Mai

EYZREFRMBAREDOT A T T DRRICHHROTNS LRz,
ZITEYBRMEMICOVWT, ZOHREEDICHDOREMKZ{To
TW3, BHRIMICIE. BXRFCHELSEDHEETORHPRH
ROEMZAF U, ARIC. TZ2EEYZOSELPREBEZDORITS
eHDT Sy NTIA—LZEEETSZ L TORBLPEEEZIRZZHIC
BEOEREETREV cAVIELI—ZFHEBLTND, Flc—i&
DHFP=—XEBBINL, EUMNZEYE TOEYRBOBTRS
IEBWTE TP UV T REZTHE e WTNODRBELEMREDRT VT,
FHEEHEBTEITLU. ZEOABORFTEREISEADLIMNEZES
W5,

REMICIE. RMOMRERE. Bk, RFFAEO0{T7—XIC
BWT, ZHRBEFDPEDIUHRIEEEZMBICED 276, EEED
BAFXvry /O Z—X0EEREZREL. TnE5ERRIDAKDIRE
RzHELTWS,

B E. 2016 ENSHULW—HZEAHUAMEED4DREHRTD
EBEBN U, #2BFOFEzAV. O—NlLesn—NILo%
BHBRRZH5. RENGREHAEICIDEHM cWEEZKRZRT
Wz, HITERBL. UBERELTWISZEZRY Yy T—R ZEULAIC
LTW3,

BETNERHE |

It was our first year at Tohoku University starting from October 2016. We were
awarded with research funds from both governmental and private foundations which
were used for field research, attendance to relevant international and UN conferences.
We have published a special issue on biomimetic and current status with the Journal
of Intellectual Property Association of Japan. Prof. Kohsaka was appointed as editor
for two peer-reviewed prominent international journals. One of the paper written by
Canadian collaborator won award as outstanding paper at the journal. The paper
was under the special issues of Journal of Forest Research edited by Prof. Kohsaka.
A supervised student won a scholarship from Itoigawa City for scientific research on

Geopark in the area.

Fig.5 Educational workshop in at one of the Super Global
High School

MELHUSHIY

o
o

T

O

2

=
3

(]

=]

2
o

e
m
=]
s
5
=]
3
3
()
=]
=
o
0
.
c
=
(]
(7]
-
=]
]
>
o
3
[
=
(2]
®
o
o
o
S,
(]
o
<

33



34

HHiEE (DOWA ik—J)LF « >4 RX) Endowed Division (Dowa Holdings Co., Ltd.)

WEIEISNEY9EF Geosphere Environment
BEIEM RIS EF  Study of Functional Materials
BEIEYERESSEF  Control of Environmental Materials

RIGERMBERSEM R FREL

s A

#R AR E—

%ﬁ 7-: Uﬁi}lﬁﬁiﬁ :/ Z 7_; A % E *E l./ -t 'FI"rc(;fseli?ﬁ;izu Shiratori

Towards Establishing Environmentally Benign Material Synthesis

and Devices and New Material Circulation Systems.

This DOWA Holdings Co., Ltd. Sponsored laboratory was inaugurated in FY 2004 and comes under the endowed division of Graduate

School of Environmental Studies. The main study aim of our laboratory is to solve the problems for conservation of our environment taking

the viewpoints of both manufacturer and high-consumption society into consideration. The researches in this division are categorized mainly

into (a) establishing the process of valuable material resources released in the society and control, recycle and dispose of them efficiently and

safely, (b) inventing the preparation of functional materials that can nurture environmental friendly engineering applications such as

electronic devices to relieve impact on the environment.

HEERIRBURF D5

Geosphere Environment

[EREASEEICEDLIMR]

ARBHTIE. MBRBICEITDERYEDO D - 2. BRET
REBREIZLTOEF EXREREVEISOERVTIIIL
BT - HRIYRTLRBREDHAREHLLTWND,

BREMSVATLAOBERDISIE. RO EU DEEICDOVTD
AREBELTVND, REFRNIYERES (Unweltbundesamt)
Z#MB L. IE WEEE % (Waste Electrical and Electronic
Equipment Directive) O E W% (ElektroG2) N D B IC D
WTHELR, £k, BEREREF/\y T —Y (Circular Economy
Package) ICBAULCHREERGERERRBET >,

WERBRICETDERMEICEL. RFONYIELT, 91E
ETHTKERZERETIMEN BTSN LN BTSN B,
UARRHIE LB TAKEROMBELZF>TWDdh, YOI
# (DIW) £OBMNT AREESHN Y IV ICTEIF —%T ol
TIF—TEIIEBDHEY —bKZF (Kasetsart University)
MNSHSIMLTED, S BRRBECOPBFTHREEEICENE
LTWZEThARLT

Fig.1 Ms. Regina in charge of WEEE Directive and Ms. Nicole in charge of Battery
Directive joined our meeting at the German Ministry of the Environment.

We are mainly focusing on the degradation of contaminants in the
geosphere environments and the development of recycling
technology and social system of secondary resources.

From the viewpoint of the Circular Economy, we visited the German
Ministry of the Environment, and investigated about the domestic
WEEE system named "ElektroG2" that was amended after the
enforcement of new WEEE Directive (Waste Electrical and
Electronic Equipment). In addition, we have been contacting with
some organizations about circular economy policy.

In the geopolitical environment, we have been concentrated to
Thai-cooperation in this year. It was enforced the new law, mainly
based on groundwater monitoring in Thailand, and they needs more
information.

Our Graduate School has a lot of knowledge of soil and groundwater
pollution, so we are invited by DIW (Department of Industry
Works), and lectured to their members in the seminar with Kasetsart
University's lecturers. Also, we have agreed to conduct the research

and the cooperation in this field mutually.

Fig.2 Prof. Komai, Prof. Inoue and Prof. Shiratori lectured about the contaminated soil
& groundwater to Thai DIW members.

(D

IR AL B KEEBEER
Professor Associate Professor Assistant Professor
Ryuichi Toba Norihiro Shimoi Takahiro Ohashi

R BRE—-

|

BF REEF

Assistant
Yoshiko Shiraiwa

RIBMRIBERFE D

Study of Functional Materials

LIARETIE, ENMREBEHTOZREXLT /A AOMEBEREZIT-
TWB BEFRMEREDRENT/I\A A TIE AIN T B R 1ER £,
MQW EXEBOFBMER EZTWV., RAMBERIEEICHR 1.2
Elaofco REPEFHMELLTIF.80% &IFIF ERITELTWST26H,
FHEREUER EOcHDRBEBRR AL, K 3 [FRMH
LRIOY 7 74 PREDT FAF ¥ —BEDERIED—FlZERY.
ING—=VRRVERIGBETA NI Y BRSWICFH/ A>TV Mz
AW Y 77470TyFYJIEBC | 3RDHRAERWEZECR K
SATYFVIIC Lol

THRRFTIE Al x Gal- x ND AIERE X RS ICZHEBDEH.
FrUTRBEZ/NIA—FEVLTHBRGEZHRR U, PAZHRE
SEfH(Photo I-V).Photo-Capacitance &, THLEEZ MU,
HERIEEZNEECHEESEZ 22BN H D, KR PLIEY
HRPGETOEBFMERAB L. K4 BBREWEIRATH D
265NMIAFEDRRICOHZHNREZET I 2RMERFONEERFE
ZRUIEHDTH B, INVRINATAI I ZRAWESIZXRRFELDE.
BWENRREEZE I LRSI NI

In our laboratory, we developed deep UV light emitter and photo
detectors.

By improving the crystallinity of the AIN template and the MQW
light emitting layer,

the internal quantum efficiency was raised to about 80%. This
fiscal year, we conducted various basic tests for improving the light
extraction efficiency.

Regarding the photo detector, we developed an AlGaN detector

sensitive to a specific wavelength band in the ultraviolet region.
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Fig.3 Texture formation of sapphire substrate by dry-etching.
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Fig.4 Photo responsivity of the AIGaN photodetector.
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REMEBRF 5

Control of Environmental Materials

[BEAH—R>F/Fa—7 (SWCNT) OFEFEL
FINA AANDIHA ]

BIAT/\A ZOEIREANDHEICH T IEKRIFEKAZ. HKALlE
BEH—RYF+/Fa—7 (SWCNT) ZHVWEREFHE (Field
Emission ; FE) BEENIC &2 FEFEALT /A ROERILZIREFT LTV,

ek, FERBREFTN\ARCBEVWTH—RYF/F1—TDEF
REFBORSHNEALICHITZEEERICH>TW, BIEEEN
DEBARBZERT D). miER{LLEZ SWCNT 21— 8
U BEZEFRERFEUCRAV FE BFREEHZEREERE
T400 BEBEERIT D EICHINU, BfE&{E CNT OERXY
— D EIERESEMAIN CNT REICEME T, HBEINEBICE V.
BARld. REEEANMEN CEIEREDOERMEEZF o/ CNT 258
WEBUEEEZERL. ZORICEREE 7 Z—ILNET CNT OfF
RtERETZFEZRE UL, CNT ZHWET7/\1 AFERICHE
WIARRIFHFEICRZOHIRRETHD, SEEHERL CNTOE
FTINAZNDOEARENEERT 25D EHFT 2,

ISICBREAMERROEAZEIE IR, MHiAFEEEHER
MEkElzEIE P BFTF/N\ARELTY FE EFRIEAMEICH
Z5NZDBUKBEEUVANSRTFELTORHEREEZEITLTWS,

Li,0. and CuD

D AT B S TE DT b

Our study theme in this division is to construct devices and produce
new materials for saving or effective utilization of energy.

------ Invention of flat panel lighting device for saving energy

We focus on lighting devices with high power consumption in our
living environment, and study to create new flat-type luminaires
with lower power consumption than present devices. Carbon
nanotubes (CNTs), as one electron emissive assembly in light
emission materials, are applied into the flat lighting device. We
attempt to introduce CNTs positively in electric device for the first

time in a world.
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Lithivm-gilicate-oxide compound

Fig.5 STEM images of the Si, Li20, and CuO composite. (a) SEM image showing the cross-sectional view of the microscale particles
obtained by grinding Si, Li20, and CuO. (b) STEM cross-sectional view of the composite particle. (¢),(d) Enlarged STEM images of the
areas marked in (a). Black dots indicate Cu3Si alloy grains in the composite particle. STEM image insets indicate the diffraction patterns
of Si (110) and amorphous silicate compounds. (e) Structural image of the Si, Li20, and CuO composite as an aggregate of Si and Cu3Si
nanoscale grains on amorphous silicon monoxide with a Li-silicate oxide compound (likely Li2SiO3) and a Li-Si alloy (likely Li4Si).

[RRE  SEAWEXINY FILAAA Y ZRE;
BEREYEDRIR ]

AR VFUVLAAAYZREBOEBMELTSIi ZFAL.
AVRY Yy MElck>TER/NICEEHENTWS, BRERFRITO
EBEARBZAE THAEICTEHODERIFEZRF > ZREM
ZRIHYBIEZANELTVWS,

Btz KBE(LL. D OLHEIDEVIRULAMEZRREICT B/
DICIE SIZEMREVTERIZIERBDERARTH S, HBAIE
Si. BRMESR (11 )CuO (or #F Cu). BILUF VLA LI20 ZXA/ T2
ANTAEATHBERUICENEZR L. 3500mAh/g BOESR
ET800 AU EREVEERREBZTSEMERRE Ul
HZABYEF/~TTI/0VF Si-LiI&Si &% -Si BIEH IV R
Ty MEEZEBL T\, BREFEICEWVWT. Si-Cul HirENEY
BeBULTEERREBICEUCEBROERBEBEICKRIHL, £
Ritlcami i Bl Z HEL TV,

----- Construction of a charge system with high power output, long
cycle property and microminiaturization.

We develop to construct an accumulation of electricity with good
charge-discharge characteristics in order to save renewable energy
or surplus power from co-operative energy. Active materials and
anode/cathode electrodes in a lithium-ion secondary battery, which
is a base system of energy storage system, are researched availably
to obtain a high capability and long charge-discharge cycle

properties in our laboratory.
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= Composite with Si, Li»0/ and Cu0
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Fig.6 Comparison of cycling properties of an anode with the prepared composite of Si, Li20, and CuO (red line), a composite of Si and
CuO (blue line), a composite of Si and Li20 (green line), a mixture of Si, Li20, and CuO (dotted line), and Si particles as a reference (black
line). The attenuation observed for the composite of Si, Li20, and CuO after 800 cycles is due to peeling of the film from the Cu foil.
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HhiEE - IBISHITESZERE  Urban Environment and Environmental Geography
EIEHIRASE (BIA / ABEREHIES) Physical and Human Environmental Geography

HIEZPHERD S
AE-REREROEREZEHIEY

Geographical Analyses on Human-Environmental Relations

b.
iR RHERE

Professor

Kiyotaka Sakaida

Professor Sakaida (Physical-Environmental Geography) clarified the secular changes in the heat island of Sendai City, using twenty-five-
years observation data at seventeen primary schools located in and around the center and suburbs of the city (Fig.1). His another research on
the bacterial shot hole of peach in Koori town, Fukushima prefecture initiated the observation using the leaf wetness sensor (Fig.2). He also
presented the results of research on desertification and dust storms in Inner Mongolia at Inner Mongolia Normal University, China. The AJG
study meeting fall 2016 was held at Tohoku University Kawauchi Campus (Fig.3).

Assistant Professor Sekine (Human-Environmental Geography) carried out research on the three following themes. He elucidated into
details the recovery process of the marine products industry and the regional economy from the Great East Japan Earthquake Disaster in
Shiogama Port, Miyagi Prefecture and Onahama Port, Fukushima Prefecture substantially. In Shiogama Port, the function of the market
restored comparatively soon, and thereby Shiogama port is able to maintain the commercial distribution course with the Tokyo metropolitan
area. The main market of Onahama Port is Tokyo metropolitan area similarly. However, the commercial distribution course to the Tokyo
metropolitan area is disconnected for a rumor. He researched the transformation of farming and cattle breeding activities in settlements in
Inner Mongolia, China. In this study, he was going to carry out the fieldwork research for local inhabitants. However, the need to put off the
fieldwork research after the next fiscal year occurred because of circumstances of the variety. Therefore, he collected about the social and

economic statistics data related to China and reconsidered the research plan.

1.5EHIE. LUTOMEEENICHE U,
FEEERITATOEETAMERAE (Fod

liBoe—r714 5V RICEATBHFE (Fo.»

RITAAV—MRERIEWHHERIC LS TICT ZFAULICAY—REE
BAFRIASEE, 07OV IbhELT SEEDSTERALBER
DREAZRUEFZDILSHSBITT S EICBofc. EROESICK
RBEAREZREL 6 RTHICTFHREAR. 10 BTALHSERFENG
DOEAZERIBLc, MEDEZE,. PIYELDBAFHFEWSFHIADL,
EHZFSL. TERALMEROELEICHELTVWSIELHSH,
IKiolco SBREFRDRET — Y1 T RIFHEB L OBREREN
SITATOHFRENSHWE CRADBREBTL TV FETH S,

EDE—RFPA SV RORHZ. IEEZDEBO/NEROSTR
EEMEEDT—IHSEEB U, IAERBIEROFEEZZITD
ZENZVDT, BEMEDRBEIFE—IFI SV NBEDRZEL 4
5R0WZE, ZORICEBLE— NP5V RBEFELERERIC
H3N. BICEESHREOEL— 7A IV RBEOEANZLVWI L
DS, U EDERZb LIS, "RIZEBEH (PHEEE),
D Te—rPA4ZV R HEZREU,

(#3-51) : (Mo-671)

——— ——

H (Be-118) . (£12.28)

Fig.1 Heat island intensity of Sendai

Fig.2 Meteorological observation using the leaf wetness sensor

B B9iR BRI

Assistant Professor

Ryohei Sekine

ARG OWRILICEY 5K

EHEXRZONABEAHLRAMREOER THEFOKE (RERZ
MABTHLERE) CHATARGOWECHRZED I, IkiE
FEVIVETORECOMEZRMLTED. ABOERIKREL
ERZMMBOMWELOETELBR IS ILE. AAREZIHEETD
RTEETH?, 9 ALAICARE TEBORMFEEZREL. 98
2 BIc ARG R Z CREFBRET ol

BEMBFIIMFERIFAE (Fod

AAMEZEOMERS (9H30H~108 2H. RILXZFIIRN
FF+rVIXR) OREXTEEREED. RAFKEXNS5F
ENBEEEBREORIANEELRT—YTHH., BERAEIICELIIET
ROEFESNTc, £i& 600 ZEBRTH oI,

2. BRI T OMEREICOVWTHEEZIT U,

1) REFXRKEXNSDKEREOLOE 7O ZF#MICEHRAL, &
BESICFEREDOBDHICDWTKEEDBEREBEEE SZEXTRERIEN
ICEHSMMCT R EZBANELT. EEELDERERRELT (AF)
E+LHBHEOMRRERT. BEREEEESSLCEERVWDET
INGREBENRICHAREZED T, BEEE TOHLBD; &LTHM
fifEOEWEHBERITEHE TSI ONENTH DM KGITFETHOB
BN 1 yBRICIBEIRLC & EROYY OORURFIREARED
FM AR K U D RHRICEIBUIEE B IcEn o ER LT &, &
EICLBBAICMART DRMOABENZNEEEESATAN T
slLkh, £/ OMBF — N EXURIERRICHERE Lz e
KECHEE Ulzo —AVNREEBTIEAUKEHE TRET I HLELD,
MRFERECKTI2RABRBEEREDOHEELEVWERD—DTH S
N Zh&DE, BEREEREFERUBVESE - &¥ENYADKE
FHSHBREBEELBVWCENEZERTH D, HXHMOEIR- EE
TOCRICHSNDEELRMITEZRILT DN TER (Figd)o

2) FERREEAKICRITZERGEMILEBREDERICET B
HTE. RZMRBOMARKREFLLTHIBERZNRELLT1—
RO —UREZREIBDFECTHo>eh. HPBERERRULR M
BEBEOEICLDREZRFEEURICKEDTDREENEC oD,
SEERERICETBHMET - NEEABHBEORDEL 21T o1,

Fig.3 At the social gathering of the AJG study meeting fall 2016

Fig.4 Onahama fish market which was built as reconstruction contracts from the Great
East Japan Earthquake Disaster
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KBRS X T L« TRIVF—FEEE  Solar and Terrestrial Systems and Energy Sciences

70t AHE

and Environmental Conservation

BEREFMBA7OEAESEF  Process Engineering for Advanced Resources Utilization

=EERIA-REREDHD

Hix BEfh Kig
Process Engineering Research for Advanced Resource Utilization Professor

Eiki Kasai

Base materials industry are now facing several difficult issues, e.g., increasing demand to reduce CO, emissions, and property-degradations

and price-fluctuations of the mineral and fuel resources. Our research group is mainly carrying out the studies to search for new process

principles for base metal/material productions aiming at efficient utilization of lower grade mineral and energy resources also considering

utilization of low-grade energies and recovery of waste energies. A number of unique ideas have been so far tried to apply such as high

temperature and pressure conditions, and optimum process combinations. In addition, we are studying innovative researches, such as the

production process of a new porous and fibrous metals, and development of unique self-healing ceramics applicable to extreme conditions.

T

KRS FTIE. BF - TRILF—DOHENE LUBRENA /Y
AIREVWERRZHMOEE - VY1770 RICELT. ZOEME
L BEREEFLERBER T 2LHOHLWENREERRT DM
R2T-o>TW3, FICEERIGHEETZTOCADOHMERLETREE
FERICET 2T —VICERZBE, KRPROAETVWEHKIOER
OEHEAEDILARYREIO S U — b, BRFBLE, EfEHSE
HAEBEUVCMEZCRLST—IERELTWS, MXT, MR
EEOEFIHICEHIZMECBRRECHANREZESRREES
IV AMHOBREZIT>TWS,

BENRAAFHEHIRICET S
EHNRETOERICE T BREERRE

BOEOHMERSENIRILF—FEREOELZ 15%E2LHD 2
e, CO, HEHZBHIBmA RkHENTWS, E5IC. REHKLAEIR
DOREEPRMREHER DEEICOMISLRITNIER5RW, 87Ot
RCBFBDEERRIG THBERACHETRISCREM A RERIGDER
. BEIUETSNLHEADERR - BREOEELICLBMBEFERER
BY2RHNGHTEELT BLRBEEZETZIENMMSNTVS
HAE-RKMIAVIRI Y~ (RMAEHE) OFEAIMNEESNTWS, U
MU, INEEFEACTHASBEZEIBLDICEAY MNRINFED
MISHBETHD, AXAMEMBELVB/IFRZ TR KEHCH TS
HIREDRENH Do ZITHRADARIIL—TTIE, 1—U Rk

HBNEORAIL #/;___7{ oo |
9 em / === arsg
RS (RS — |BOBH-EM
_. 2-52 mEl
: 1
AT i
- 9| (A Co, ik
wAmEAN L
—CO, ki BE - H,

Fig.1 Methods of reducing CO, emission from ironmaking process.

FICHMMIREL A ZEN L. BB LIk L vk (CCP) I
ZBUfz, Fig.2lc CCP O X # CT Ef§&%E R Y, Fig.2 DFRETR
INTWBEEMN -V AR FTHD., EEOIAIFLY A
ZERUCHELE TS, <D CCP IFERN 4mm OI—JAKFZET 3
BEEH 15mm OERFEBILEL Y hTH B Db,
AE(F.CCPOETEHICOVWT, =7 ARFDHRWVEBEDRL Y
N EDHBREETTozo 900-1100°COREFRE T CO-CO, HX
FOBETEREToLECE, WFhOBRFREICEWTE CCP A
BEORLYRMNKDEWETERZRT ZEZHESHNICU, Ihid. &
DEOI—I ZRFHERTYM TRV E, CO, HRAMNRL Y RAD
SAEBBCOTCIA—V RANFREE TRETZEA—T ADHRERIGIC
EDBITHRTH S CO HANREETZZENEBHELTEISN D,

KEFFIRAEEKICHEL fc
BRI AR SIS RIE DB AKX

ERTEFLALSHEK (3K ZzRIEI B, AREZEZELT
BESNZA— YV A2 ERETMELCHRELTHAWTED, 2Dk
HRED CO, HANFEEYT B, ETMEHIICKRTRETSBIL
DTENFERARIE H,0 &D, 205 CO, FRHENHIRTE 2,
KBRFAREZBRICRIRNICERS NI, Bl Z—BUTHEM
RTHATZIENTE, ZE2E. BXEAISHENTHD. — AT
COILLBETIBHERRLTHZH, KERDHRRIA LB, K
RREEMNICLZEFAY v 7 MO ERENBZ S NS, 2D,

Fig.2 3D image of CCP obtained by the X-ray CT.

v = M
HEHIE FE XK— BhE  FAfE K

Associate Professor Assistant Professor
Taichi Murakami Daisuke Maruoka

ERETORVWRETEZE I BRE (BRIE) DEENEINS.
FRETE. SERRLEORETHZKRBEDRRDEIFH A%
HFIREVWTHEL. SKREET TETHRORWERIEARFHEIN
SHMBPIILBELEOBREZRELTWS, BoniBEREBV
T BWMRETHZE I 2 RMESEHZRET DL TR 2
EEIC L DRBRELE U B RO HOE TTEDFHI 21T S0

FEF, RABHARMER - ERICHERTEERETREZAV. #E<
DEEFEIRICDOVWTEITRERZITV. BARFERLUESERENSR
HICBITBETTIRETER T 2 DICHERRIEYBZRASH,ICUlco

ZILE#HM B O LLREE.
WAL HFICNT BERFHOTE

ZIEERIBEE. SHRERE. SHRELEOHHERELTVLS
feh, RN PEBMBREARAIN TV, KFERMEHIR
RN ZETHD. HKARBEMREDESRICENDIRANS, ZAE
EEBRMEVTOBERNEEV. ULAL. HBHADOIR NS OEM
RBREETOELRAZETIRIC. SRILXLLLERMBOR MG R
B7OCREEEEINTOEN, ZITRARIIL—T TR BES
HTTORETEETRDSNZHILENL Y MFEDEERREFICHIA
ENSMHEAEBHABICERL. BREKOETICLDBVIILEE
BOSBEHMRZFERHUI., AEREANKEEZE. ETEEPET
KEZE0&RED. MEREBHKEBCESNZILEFDLLREEA.
HAPHZEDOERICRFIHEICDOVWTHE U,

Fig.3 ICHRFREREDE LA OETRABERZRT, Ml
BEBERERN 1.5um OFMEREBROERIEETES, —HTH
HEREBHFORSPREINERD, MHKRHKALIES, BHELLE
SHEBIRES N, COER. BTAOARFTEREDEWNICEK
ZHFHEEROEN. BILRIEE. £RUCEBHROEHEES
ICHEEBZEZIERTHDEEZISNS,

. : Connected
h <4 um e o iron whisker §

Fig.3 SEM images of iron whisker held at 900°C for 1h. Bulk density
are 0.59 and 1.5 g/cm’ respectively.

BRIRIZICRIT S
I Iy /EEMROBCIREEE

BEAEIIVvI/ROREEEEZKRICA LTEZECERES
Iy IRMEREIN, Vv NIV Y VEI—EYRBHUADIGED
BREFIhTW3, BERBEEZIVIRIE. YUY IRICHELTW
DI YMAL T ORIV, SRERITDEIlcLD. BENW
ICHMBRENOE T2 HEEEE T2, B ARK. SHORER
EILEDBENBEETULTE, FFREYBNFIFEINIFECHE
RIFEDIRUVEIRY 20, RBORE TIIARIEIC &2 IEBL ML
FRONNIYIROZRBRIEINS 2, TOHBRERRE
ICHZEDTBREBICOVCHBICHAEIZVENH D, AEF Ni/
ALO; EZXv I/ ROBECABREEHICE TS Na,SO, ARIEDFE(IC
DWTHRET U e,

Fig.4 (a) ICEVLEERT, (b) IC 1000°C, 48h., ARIEHHNIERE
AR OZRMOEENEFEMEERZR I, Figs (b) DRENFHRY
£5IC, EHFHNEBRICSHBRLTWS, LA >T. Na,SO, AR
ENGFEIISRBRREICEVTE, Ni/ALO; DECABEMEI
HEBET BT ENESHICR DT,

REINEEE

Several research papers and conference proceedings, e.g., [C. Funada et al., IS1J Int. 56
(2016) 233-238] and [D. Maruoka et al., Tetsu-to-Hagane, 102 (2016), 70-75] have been

published. ISIJ International and Tetsu-to-Hagane are a top-journal in the research

field of iron and steel, especially ironmaking process. Further, the students of the
laboratory have presented over ten papers in oral and poster sessions of conferences,
e.g., the meetings of the Iron and Steel Institute of Japan (Tokyo) and the Japan Institute
of Metals (Osaka). On the other hand, we have organized annual workshop on the
resources and processes for ironmaking and more than 30 researchers and engineers
attended it held on 25-26th Jan. 2016. The laboratory also forward collaborative
researches, such as the national project of “COURSE 50 and individual projects with

several steel and relating companies.

Fig.4 SEM images of samples (a) before and (b) after heat treatment
with Na,SO, molten salt at 1000°C for 48h in air
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KEEHERS XTI« TRIVF—FEEE  Solar and Terrestrial Systems and Energy Sciences
WK X 57 LEHHIZ4EF  Earth System Monitoring and Instrumentation

RK[FRDAY Y EMERTD
REIDIRE

Variations of ozone and related trace species in the atmosphere

afll

AR FE I
Associate Professor
Isao Murata

Temporal variation of total column of ethane was observed with FTIR at Tsukuba. We participated in the NDACC/IRWG meeting held at

Jeju, Korea on May 30 - June 3, 2016 and presented our results of ethane observation. Balloon observation of stratospheric ozone and nitrogen

dioxide with optical ozone sensor was carried out at Taiki, Hokkaido on September 5.

UMRETE., "O-NILBRKEBEZS) 2% —7—NIC.
AVYVREAHBEPHIRERR RS, MRBEOREZESHICEDZIX
S[STFOHWERST DERANARZIT>TND, 2016 FiF, 2<KIFICH
337 —VIZEmBSNRE FTIR) IC&2 Ty VEAIERDOBET®
NDACC/IRWG &ESM. KEAV YV VTFILLDIRBEAY VE
Bz EZ1ToTc,

BASEIREMRAMEOERMATELT, DLFICHIFZFTIR
ICL2BRZ 1998 FLDIT>TWB, FTIR TIEFARBEHD 2-15 u
m ORABERDIRT MILDSRK[FADEZDHERS DEREDHE
ZRARNBZENTES, FTIRZAWVWCAKOBAZIToTWSER
K72 %2 )L —7 NDACC/IRWG (Network for the Detection
of Atmospheric Composition Change/Infrared Working
Group) TlE. BBAIRAT—YavDOREREEZHRE UV THIIRED LT E
ERZHRPIDIMAZEDTED. FEERITULICAT VICDWTIE,
RILF—D T IL—7%HDC NDACC/IRWG D& ER RO REDIE
MMERICDWTERITEED BRI/ E L TRERI N (Bader et
al., 2017), SHEFITYVLEDORFEEERT LT,

IIVREAIVICRWTELFEETDRILKRETHD, (LER
IBEEEBUIBAINEZ N, ZDfH. TFVHRXIVDREIC

Trend Analysis with Boot Strap Resampling
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T T T T T
Fitted trend -- sloge: -TAGEE+13 (-0.367%)
Fitted intercept at xmin: 2.02TE+ 16
35 STD of residuats: 2.3926+ 15 (11 T46%)
.
e 30
E_
E§-
Qe
‘E 25
=

(-1
FE]
=
g0
k]
[

1.5

1.0

21 Qll {II [ I'll'. [} I?lll {II at
fi- ) Fot-H) M0y i 2055 Pl mar -] SO0y

Date [MM]

Fig.1 Temporal variations of the total column of ethane observed at
Tsukuba from 2001 to 2008.

FEIDLICLIHEENREENRNH D, Ffc. PAN(Peroxy
Acetyl Nitrate) DERZBO THALERE YV EDRTIBE. HFIC
BEEREVTRIEEEICB > TWIREEHEEZ S RERI SEE
NI TOBRICES T %o RERISRAATR, /NAABRKEL N
1AV ARBFEETH 2D, ETIHLEAEZTHICEBRERTES
I BEEZBENEMELTWBARRESE W, Figl 22T
ATz 2001 - 2008 F£H &V 2009 - 2015 FOREZEL%E
RY, IhZERZ&, 2008 FEXTIRIFF—EB/ZRLTWEHDH,
2009 FLUREICIFESHRIBIMERZRLTWS Z &N bN B, TD
EMOBRRIGEILERBETH DD, ORISR THEMARSNTED,
NDACC/IRWG Tz EHT WD,

Ko, EHEBETHHIMKRIBESPBEE ESICHFENSEDT
WSEIRIBFETO FTIR BRI LAY Vik—ILREEH 5E
EHOBRTIE., SEEBSIESHER/IULICAIT TOEEZRHLTE
HTWB,

NDACC/IRWG Tld. BEFEREEHIS 20 U LOHRTIL—
ITHEFEF>THAFECRMOBRICEIZIERRBETSREE
ToTW3D, SERBEDEMNSTS5H30HMS 6 A3 HICH
fEEhic (Fig.3)e BABIDRRERICESMUL., TY Y OHIERITHE

Trend Analysis with Boot Strap Resampling
1el6 Daily Averaged Retrievals
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Fig.2 Temporal variations of the total column of ethane observed at
Tsukuba from 2009 to 2015.

ROEREToEN BHFEORBELMGEICODVWTIERRBRZ
fTofce 7a&. FTIR OEMTICIE NDACC/IRWG DX > /\—H R F
UTe SFIT EWS Ty T4 ¥ 7OV SLZEICAWVWSN. ThET
ERALTWE SFIT2 I£f1 % SFIT4 AR INE T IL—T DT
SFIT4 IEBTLDDHolce ZI T RFBBEPICHIKDFDLA /-
T#%5 NCAR(National Center for Atmospheric Research) @
Hannigan K&E# L. 8 BIc—EMIZE NCAR =3B LT SFIT4
DEAZE(Tofce EDIY Y DEMHER (Fig.]1-2) (32D SFIT4 %
W ITDERTH %,

HEAV VYT RAREL AR UCEIMGREDOE(LD SR
BEAYVYOSENGEZERATISEREANBORAKE T Ny
HERZAWLT 280-500nm DARY ML ZERIET S, CORBEZE-
HEAEFERERRAORTIRERE UTUEINSfToTVBAN
BIE 2013 FEICHBUIIRICIE,. [IKEFFODKBREEICK
DERYZIDERIZBREVWKOIEERLHolce 22T SEIF
BERN S CORSHZAVCEERERBERR IZREDHRE

Fig.3 Group photo of NDACC/IRWG meeting held at Jeju, Korea.
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Fig.4 Temporal variations of air temperature (black) and spectrometer
temperature (red) during balloon observation.

7L\ 2016 & 9 A 5 HicdbiEE K BRI O FHE 25T Az
FHERBICEWHAZT o/, Figd ICRABOATE (R) &
PHRERE (77) OBEZE{LZERIH. BAZToEE 16-45 km
TRAKBEERFFRAFRERMET—ET 0.8 CEEEDEE
IEME>TWeo ZDFER. DHBORRY 7 MPHEEELDERF
BH>TcLST Figb IERIBEE 15 - 16 km & 44 - 45 km DX
NI ZHETSBE, 15 - 16 km DARY ML XERE TREROD
EOHEFITRLTVWEHDD, EV7EILES 2136 [HEDOKBEKR
K[REHFF—HLTWB I ED DN DB, AV Y P_BIEERDE
MFREETRTHZD. DRBRDEDLIWT—IHRENTWNSDTH
VYBEMGRT TR ZBIELEROATLBREDHED LHFL
TW3,

Ko, NHAZRBIEEHSERERERELYI—OFHEEZ
LTHD, SEEHINETIC 1 BDFHEEERICHE U TRRER
Bty y—nEtE LT\ IAREEOFHEZT 5o

FFRMX

W. Bader, B. Bovy, S. Conway, K. Strong, D. Smale, A. J. Turner, T. Blumenstock, C.
Boone, M. C. Coen, A. Coulon, O. Garcia, D. W. T. Griffith, F. Hase, P. Hausmann, N.
Jones, P. Krummel, I. Murata, I. Morino, H. Nakajima, S. O'Doherty, C. Paton-Walsh,
J. Robinson, R. Sandrin, M. Schneider, C. Servais, R. Sussmann and E. Mahieu, The
recent increase of atmospheric methane from 10 years of ground-based NDACC FTIR
observations since 2005, Atmos. Chem. Phys., 17, 2255-2277, do0i:10.5194/acp-17-
2255-2017, 2017.
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Fig.5 Spectra observed at the altitudes of 15 - 16 km (red)
and 44 - 45 km (blue).
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KBEHIERY X7 L« TRILF—FEBEE
KERY AT LE4SER  Urban and Regional Environmental Systems

Solar and Terrestrial Systems and Energy Sciences

IKEREKRREICE T H5%

Researches on Water resources and environments

BEHR DHKE
Associate Professor
Daisuke Komori

Water is the most abundant substance on earth, the principal constituent of all living things, and a major force constantly shaping the surface of the earth.
It is also a key factor in air-conditioning the earth for human existence and in influencing the progress of civilization.

Changes in the distribution, circulation, or temperature of the earth’s waters can have far-reaching effects; the ice ages, for instance, were a manifestation
of such effects. Changes may be caused by human activities, in particular, since the latter half of 20th century. People cultivate the soil, irrigate crops,
fertilize land, clear forests, pump groundwater, build dams, dump wastes into rivers and lakes, and do many other constructive or destructive things that
affect the circulation and quality of water in nature. Besides, an expanding population and a rapidly growing economy especially in Asia and Africa are
hindering sustainability on the globe.

Our studies and challenges have been focused on solving the world water issuers by understanding water circulation, along with the following subjects: (1)
Long-term heat, vapor and carbon dioxide fluxes observation for impact assessment on the interaction between land and atmosphere under the changing
climate and the land use change; (2) Numerical study on water pollution in the inundation areas of the Mekong River; (3) Understanding requirements for
sustainability of community-based program; (4) Mechanism of slope failure and wood debris by torrential rains; (5) Numerical study on Tsunami

Propagation into a River; (6) Impact assessment of climate change on complex disaster (flood inundation, land slide, high tide, and coastal erosion); and (7)

Value-based co-creation of technology and life style for a society based on a virtuous materials cycle.
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KOERIE, BAEREUTHER - ZEMNICRBELTED. £eA
BIEENC K> TEILT Do HIER- M - TIH R —)L DXBIRDZEALIE
KEREEEDE(IC LD KEFIH/INT Y RAOTHEIC L DKREPK
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Photo.1 Constructing the tower flux observation
system in Thailand (JST News, 2012)
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BRHROMTKERBRIEG, LHGEERFEAMELMIR TIEHTK
DEFERAKEVTERSINSIcHEREMTHBEERoTED, BlE
RPSBERI7ITOELZHRLEL, S5ICHFREKDED 5. 000
FAMEEHEES NS (WHO, 2013), ZDTcthitt TKFERICEHTS
MRFBEZ SN TVDD, HRKICEUTOMRRIFALBN, BIZIEH
YIRYTIFFREEFKEEREMES, EERAKELTERSINIER
ZETHTKIFTRLES NG R [Pk Sh, #TKEEDOE
ROMRICEET 2L, AIIISRET N HREIND, S5IC,
BEMBICRET ATV ADREIC L >THIRICEB U FKEE
DEZMBHU. BEEEDICERITHE T 2RRENEZ SN, TR
EPROERBIEEK (tFRK) ZFALTWSeH, TR THSIX
POERIHTRDORABELSNEFIREBRD 5%, DK, 17
REA ) EMFKDBERE DD R/ DMIFICHE VT, HFRKFER
2Bz RIETHIERFEETH S,

ZZT KEHEICEDKMRKPEREEREEET I EBE U
HEYZ2L—23>T 1 FROBFRKPEROEERE DK ZERNE
LRI B UcE T2, METIERACEEE EBICERMIERL.
MEROLZETIHICEERNLD R KPERBEEIENT DN
TEENTc (& SUUFR, 2017, Fig.). BEREEHHACTEICE>
TAYRY 7 TRBFRAKRERBEENSREBMI B BRI NI
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Fig.1 Differences of arsenic concentrations in surface water estimated by numerical
. . . st
model from actual arsenic concentration in June 1%, 2015.

3MBREERNAAIRILF—T 0TS LOFHE
AIRETE D#RES
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B, SWSRT AR BE (SDGs) ICEI2EERIND
HAD—DTH B, BEMFPIHFRD Community bases bioenergy
7OV SLICEIFZEEZLE2—L. ZFh2hotEsivbic kDR
BFERDZEOD, EFOENSH IOV SLNDSNEEZSFHZLE
DIEEERDBZIIxHE U, 22T ITV7)LRE (ECF; REtD
HEXHICHDZRBEDES) NZORBEEMRDZZEER, BIV

TN DSV BICEFEIZMEDICLD/\AATRILF—FBE7OY T
IhERRIC, ZORITAREM MR ERET UTco

WR7OVT I NOBEEERDAELD. ECF EFOTSLNDSME
BOREIENDSN. ECF N TOTSLNDSMRESH DIEEE
BhBZZEN RSN, 22T, ECF EBMERDERER—ZEL
ETIVEBEL. OERANDIY YT 7IME7 O S LSMIC
LBEIRAICLBERD ECF OWE. @707 FAICKDRELAR
(CO2) HIEmR. @FOVILEEICHSERBERDIIBIELD, 7
OV ZLDRBERMRERT U, Z2LT QIREDERETTHIFIF—
ETHDIEN LMD, DEQRMSA VYT T HMERFTESD L
fEEmftT e,
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2016 £ 8 ARICHAE LEIFUHTHRILM A IC LELLAR 10 S,
Z < ORI ITRANIC L BHACEEREZ HTc5 Ul (Photo.2), )l
EHFBRAEG. 5. AR AFER. RERER TERROHFK
MEEEWSTCAEYN - M - ARNERNESHICERULREL. §
BYCIWEITET 5. RECELEEYORIIRERSFRERDE
SRREICERT 5, —A T RTREICEIFBBHEPRE R EDEE.
IEIEDIC S BDHACTERENEL T VD,

ZI T MADFETZERD 1 DTHHIMHEFRERARLEICR
WHEHRSNZDTREBWAEEZ, BEAZE 1103 HFRDTLICE
WCRHERSNIRANREED T — 5 ZAWTRARE XD Z X LD
Z{Tofce MARHEICIIHFMEBEEMNEBROTERNTH S 5 FiE
KARRKENBERI B EZHESHITLI,

Photo.2 Wood debris at Iwate prefecture by Tohoku Heavy Rainfall Disaster
in August 2016.

INSUUANCE, OFAIE - FrA T VIIIRBERICH D DHE.
@FRHCANIRE - BRIRICRF T HEFM. OBEEKE (KR
B, IWKE &8 REER) OBALEICKITEREZEIRID
#E. @ (AYRRYT - NYRYHENRELT) RS ER
DeHDYBEFBEREERICAFIFEMEES LOMEERD L. ©
TARMIBIZICHTDREMNRARREE ERBELHCIEREORET. 0%
SUEHAME IO D B HEKLIE E AV B RN RE DRI EICED A
TW?, &Ffeo GIKELT 201 EF v A TS VHKOERZRITLU
Komori et al, (2012) A* 2016 % 9 BIc/KX - K&EIRFESKLD Most
Downloaded Article E#%E Uz,

BEINEEE H

International Post-Graduate Program in Human Security, which Assoc. Prof. Daisuke
KOMORI is one of responsible coordinators, was awarded the Presidential Prize for
Educational Excellence in FY2014 from Tohoku University. Super Global High-school
program by Sendai Nika High-school, which Prof. So KAZAMA and Assoc. Prof.
Daisuke KOMORI are join as one of core supervisors, was awarded the Presidential
Prize in FY2016 from Tohoku branch of Japan Society of Civil Engineering. Komori
et al. (2012) was continuously awarded “Most Downloaded Article” in FY2015 and
FY2016 from Japan Society of Hydrology and Water resources.
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BAEE S X FT LAEEERE  Environmentally Benign Systems
ERBE 7Ot XE53EF  Recycling Chemistry

ER-PERREMLZO
REZHELT

Aimed on the realization of a resources-material recycling society

o .
#i% S BYeR

Professor

Toshiaki Yoshioka

We are developing and designing new chemical processes to convert polymeric wastes such as plastics and wood biomass into chemical

feedstocks. For the purpose of this, pyrolysis mechanism of these polymeric materials, catalytic reaction, and dechlorination of chlorine-

containing plastics have been widely investigated.

In addition, we are developing new environmental conservation and purification technologies aimed to reducing inorganic and organic

burdened environmental substances in aqueous solution. For example, we are working on chemically modifying an inorganic compound

having a layered structure to make it functional, and applying it to removing trace amounts of heavy metals and harmful organic matter in

waste water. Material recovered from wastewater is oriented toward recycling as valuable material.

1.RUZTFLYFTLIIL—bDRYEVLICRIET
EARKENE DR

RUTFLYFTLTZ7HL—b (PET) iE. BIEMEDORWAY MR
EBEVWTHRNICVTAIILENTVWSE—A, tOTSRFVIEDR
BT ZAFVIPERBEDEARYICHUTIE. HROBRUYAIILFE
DEIZLTWERN, HARETIE PET DXEKDBRICLDTLIYIL
Bz L. BICERIK (CaO) DRMICLDBIRNICRY £ Y %&[E
INFBEZHELTVS (Fig.1)e AFIF, HREABRPREEEEF
DEEDRMES CaO ZAWVT, PETDORYEVLICKIFT CaO i&
HOFHEER Ulc, ZORR. FEHENBL Ca0 ZBVRERVE
YPETIZIVEOFERRRIEKROEEIEML. —F. EFEED
CaO 8, RIGMIET. TLI7YIBEREFEREOBEM. SLU0EEE
D Cal TRIEISBWVWEIRIEHIETI S EZASMNI LT,

2. 7% /| NI IFL VEGYDOHED RERBOER

REEVEICHRIDAMPTIRAF VI EDRAREDIZHRM
DEED R TH B/, BERICOHUVWEEYD—DTH B, A
RTEINSOEZRBEHLZERIC, BDBEICER U, IRE
BRRRBHEND eI ZRBIE D DR BEBOBRANEETH
%, AARTIFTF (BW) RORUTFLY (PE) Z:&#IRL., Th5D

. y =\ /e
O “ff O
‘!nll.aui
T

PE Terephhalic acid

-, — O
L&) L f.‘l:

Terephthalic acid TP-Ca Benzene

[L1]
'f-" Caly

avat

Fig.1 Benzene recovery process from PET in the presence of CaO

HEDBEEBERF Ulc, FREEE 10 °C/min TEREMS 650 °C
FTERADBRBREZT>LER. LIRZILITY (LG) ZYALD
PE HSRERYMNSKRTI NI ESIERE. RELTDILICLBE
DFEEYNDIBERIGOIMFEIAER S NI (Fig. 2)o Ffew Fr—
R DIRICER T BKRTI NI %ZE PE RERERYZ I HILNZIFE
3TEILEBELERIGNER S NI, 2D ELD, BRMDBERME
TRKRZFIVNINOBRZNELGIHEERATHEDEEZ5N 2,

3. ¥7057F AN VES Zn-Al REREKELY
Ic &3 Ni** OIRE

oA VR ReE R DBIREKE(LY (LDH)(Fig.3(a)) T, $AFZER
#BIZV7O07FAKNJY (CD)(Fig.3(b)) A >»F—hHL—MUTHE
5N 3EEEIG. CD AROEERELZ R ITIRERELTHEFS
N3, AARTIE. DILRFIAFILEYIOF7FI MY (CMCD)
B | DH(Fig.3(c)) Z2&m L. 2hERAW Ni* IREERZITSZET.
EBAAVIRERIELTDISAZRE Uice CMCD 2! Zn-Al LDH Z
1 mM NP SEIRICIE A UTZBE. 24 BB ORERIF 89% ITE LT,
FREEREN Langmuir RIC—HT 7). LZRENRE S
hice Zhid. CMCD & Ni** @?ﬁ?ﬁﬁb“ﬂ&%tit.b‘(b\ét%i
5N 318, CMCD B Zn-Al LDH I2&3 Ni** IREDREHNHERT
EHERNESNT

7T) Ly
! b r * il * CH,
,. ___--_c_,:_|—-_ _..c_,L?_p G

—— Patrvay WBW —— Palway IPE == EShatied [aTrady

Fig.2 Interactions between cellulose and PE during co-pyrolysis
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Associate Professor
Tomohito Kameda

Assistant Professor

Yuko Saito

Assistant Professor

Shogo Kumagai
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4. A AVREHFZAWVEEILT A D SD Cs BitE

BEE—REEKRICLD, TCs HNEBICHB S NIz, ¥ 'Cs (FEH
O 30 FERVRETEME TH D, BADETZMEIFIILETK
EREEZELRO>TVD, RESIN137Cs [FEEF DI ICER IR
BEINTED, EBEKRTH DD, TEZBEYICLY - BRELTS
CEDNREERD, ZITERARTIE. LERICEFN DALY O—TE
THD, Cs ZRKREITDIENHMENTWDIEILT AT Cs &
RESIE, ZOBRAAVREREEZAVWTCs HEER UL, Cs
% 220 mg/g RESIERZEILTF41 D5, Sodium tetrakis(4-
fluorophenyl)borate[NaTFPB] Z#FW\\5Z & T, |&AT Cs &=
96 % h' 85Nl EILTFAIDS Cs ZRBETETENDS, AF
RICED ¥Cs ITBE RSN HIEFNIBTREE T2 ENRIBS NI,

e
RE

L

- F ERIZIREFEE 32 ElFH EARREME / BRISE (BH)

- 58 8 EIREEYE RBRFIIRIEIMBHARAKRS /| REFHRKRE / BRIK
(MT)

- BRZiTRE S 8 [a HOPE = —7 >4 / JSPS HOPE Fellow {£dn / B
AEE (BE)

- 2016 Spring Scientific Conference by Korea Society of Waste
Management / Award for Excellent Poster Presentation / /\ZF{£
(MT1)

B9 EITIRFY I IHAVIEEMES (FSR)) AR HS /| EFHRE
&/ IIEFHK (M)

- ERR 28 FEMERPFRFILRR / BHERRY—E / RREAN (M1)
CIXTTEEE b OMRFERERME - BEZEREHE / BAREE (BR)

@ 0H o AR
& e, AP & H.O

- \{(:‘T ’ LDH

S J\ = r':Mrn
. f lIll'|l \ ¢

&PJA ‘f - 4;:__._’5

(b) (©)

Fig.3 The structure of (a) Zn-Al LDH,(b) beta-cyclodextrin,
and (c) CMCD - Zn-Al LDH

B - EHFEERE

- Toshiaki Yoshioka, “The role of 3R action visible through the
experiment of disaster waste treatment”, The 3R International

Scientific Conference on Material Cycles and Waste Management,
2016.3.9-11, Ha Noi, Vietnam

- Toshiaki Yoshioka, “Chemical processing for feedstock recycling
of waste plastics”, The 21st International Symposium on Analytical
and Applied Pyrolysis, 2016.5.9-12, Nancy, France

- HEBEA, C TECRICBFDRTIAF VI UFA7ILORERT 7, % 10 EH
AEBRETRILF—BRAZESYYRI VA, 2016.10.13, L&

RBEINEEE H

1. Effect of CaO activity on the formation of benzene from poly(ethylene terephthalate)
(PET)

We have reported that organic acid produced by steam decomposition of PET was
converted into benzene by using CaO. In this study, we performed characterizations
of CaO which are calcined at different temperature and investigated the effect of CaO
with different activities on the formation of benzene from PET.

2. Co-pyrolysis behavior of beech wood and polyethylene mixtures

Interactions between woody biomasses and plastics during co-pyrolysis of these
mixtures have been investigated to recover useful materials. In this work, we
researched the interaction between beech wood (BW) and polyethylene (PE). The
present work revealed that the interactions between BW and PE mainly involve
H-exchange during slow pyrolysis.

3. Adsorption of Ni*" using Zn-Al layered double hydroxide intercalated with
cyclodextrin

It is expected that composite of LDHs and cyclodextrin(CD) have effect on the
adsorption of metal ions. In this work, adsorption of Ni** from aqueous solution was
carried out using CMCD*Zn-Al LDH , resulting in maximum adsorption of 89%.

4. Desorption of cesium from mordenite using ionic associate

Volume reduction of the radioactive cesium contaminated soil is one of the most
important issue in Japan due to the lack of storage site. In this work, desorption
of cesium from mordenite was carried out using an ionic associate, tetrakis(4-

fluorophenyl)borate [NaTFPB], resulting in maximum removal of 96 %.

m
Lk
L]
L)

T umler -q..._,"m 3..-..,'1-5 ul||.||:.|

¢ B

?-

-

Cs desorption ratio[ %)

Particle size of mordenite [pm]

Fig.4 Cs desorption ratio from different particle size of
mordenite using NaTFPB
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BAEE S X T LAEEERE  Environmentally Benign Systems
BIEMT LS4 EF  Environmental Analytical Chemistry

BIER - £ RYEIANOENEBE UL :

L WEEMTEF—7 ORISR |

Development of Chemical Motifs for Environmental and

Biochemical Analysis

B #BAR BT

Assistant Professor
Atsuko Masuya-Suzuki

The aim and goal of this division are to develop analytical and measurement methods, which serve as an essential technology to ensure public

security via environmental assessment and integrity. The analytical technique of future will fulfill requirements such as (1) assessment of

environment and safety, (2) support for health and medical treatment, and (3) accessibility of residents and citizens, and therefore will be

designed on the basis of conditions such as (a) Real-life, (b) Real-time, and (c) Real-opportunity. Obviously sophistication of precise-made

analytical instrument is not the only solution to satisfy these requirements. We believe that breakthrough in analytical technology will be

brought by development and application of chemical motifs capable of recognizing materials and by establishing methodology for separation/

preconcentration and detection/determination methods for materials of environmental importance. Among such chemical motifs that we

studied this year, two examples will be described.

1. Diradical Pt(II) complex as a potential photoacoustic imaging probe

2. Flexible Ln(I1I) coordination polymer

IZ IR Pt(ll) SEEDERMRINDORERIE

1.
EIVZINIEEREIEILOER

HEE (PA) A A=YV JE, SEFRAN (NIR) KORINE BERDF
SEFATIERERAA—IVIETHZ. & S/N LD PA EiR
=83 oHicid. BROEBICIDATENIRDOHS PA VU FILER
T7O—TZRAVDIRENH DN VT FILAAY FU TN AEER PA
TO—TRBINETEREAERFESNTVERN, HARETIE, KR
700 nm fHEIC58 WL NIR RN ZRL. BIEETICED NIR XKk
XD on, off R4y F> N TE3 Pt(ll) ¥F I AILiE{E Pt(DBA),
(Fig.1(@) Z 0 FIRAY FY IO IR PA 70— & LTH
W3ZEEBIEUMELTE, Z0ik%E PA 7O0—JELTRWS
fe®iclE. ()PAAAXA=I VT L—F—DFERN > 750 nm DizHIk
IGERORER. (i) HEZESIGERNICGEET 2 F RO
NRETH . SEEIRF. () RINERORERLICHFTHERE
53R U 7c #8 7K Pt(DANS), & Pt(DANDS), (Fig.1(b),(c)) &= & % L.
E5IT (ii)EPR MRIC KD EBADRRW X ZEZHIEL. HBEFEZED
RAAREIEINOEREFHEZIT o0

& i) il

{a) (
. 8-

{1.) - .
L GO0 a Loy

M S0y P

f =4

Fig.1 Chemical structure of (a) Pt(DBA),, (b) Pt(DANS),, (¢) Pt(DANDS),.

& U7z Pt(DANS),. Pt(DANDS), DB KIRIGERIEFZEFNZE N
756, 757 nm &720D. RIUERORERLICHKIIUT: (Fig.2), X
feo pHZZIE®ZZETNIR RRNZRAYFU I T2 EzRE
Ufco SNIFTEEDEIEZELICEDEDTH S,

RIC. Pt(DBA), Z&E I 2 I EILBBROMRINANRY ML ERIEL
&l YSIVAILEEBREORINZFE. B ZEFDIRINAE
<HAlZNTz, L ->T, PHDBA), S/ P TIEB{L=EF &
UTHEETDIENRBEI NI, o TEILORZEIFH 20 nm T
H—THh. EPR MRICL > TERMEREBICEZETTREARE (20-200
nm) THJERDofce T, HBBERDINARY MLTIE. K
£ 700 nm HE(IC Pt(DBA), DY 5 Y H1)L#EKRF DRI A E Hl
n. SEILLIDPAMERARDRAFNZZEN DM ol B, &
DIEIVIEHEICEAT R ETIEILADIEERD NIR FIRIA on
LB ZEenDhofce LIichoT. S EFIAIZZETHEN
REZDHUIRINOD on, off R4y FY I D AEER PA 70— T4
D532 &ZBESMICUT,

pH = 12.25
0.6
pH=2.10

T pH=2.10
pH= 1225

pH =210

S)_i}}]-—]—-]—- ——

pH=12.25 ol

400 500 600 TOO  BOO 900 1000
Wavelength / nm

Fig.2 pH-dependent absorption spectra of aqueous solution of Pt(DANDS),.

2. ZFMABEREFE D LN BEESFOHNK
ARAYFVYI

ERERPEASANBEDSILENEIDBEL Y 2V T DD
MRERFHCIEKAWSNTWS, ZOHRT. B AV EHRENLT
Mo 3 LIRSS F (PCP) 3. BCEEMICHEM LN S8
ABENE ST BRUFEEBAAYZNETNICHRLIEIEEZNET
EBlcth. FRMBEVTERZED TV, INET BIEREL
Fed-7OVIBBERAAYNSELDPCP AERINTE .
INIEHU. FRGEREBFIIRMUTFESRBEMUBEZENED
FLEEBAAVEBRERELUCGE, BSHENEL<BDH
BIEREBRERD SIFRFTERVEEPEEN TSNS LHFTE
%, RARETIE. FILWSBE-EY VY IR ELTORIBZBIEL.
FLEEBA AV ERRBBEREBIZ=MNEY v IRERUFNS
PCP Z#ifcicBR LT (Fig.3)e S5ICSEEIF. ZTDHWREEUTH
KAy Fr I 2 RE U,

EEBAAYELTSM(I) ZAWe PCP Z&KL. Z0OMfLE=
ME Sy IEERMFO T, EMlcEB U, 7O ALZHEY v
EEFEMTO T, #£42iE 18181cm™. B7ORAL=HEY v 7iER
BT O T, #41id 20619cm™ TH %, PCPMFLAT. EEKEAH
ADNBMFOTARZES|IERZENTENE, T, EUHALERL.

Fig.3 Porous structure of Ln(IIT) PCP constructed with flexible ligand.

IXRILF—BBOREICES Sm(lll) HXBEDBEBRANBFTEDE
#E X Tc (Fig.4)e PCP#HERZENUITFILFZ IV (NEt,) HRICIRE LT
AIBOFEHRIART ML EREUc. ZDHER. BB CIREMIFEE
DIFEFELHNRNDZDICH L. BER TREMFRROFKLITH U,
Sm(lll) ERDIREFEIIIEERT &R UK (Fig.5).

ﬁ%?&é%ﬁ”

1. Photoacoustic imaging is a novel low-invasive imaging modality. In order to acquire
photoacoustic images with high signal-to-noise ratio, it is desired that probes show
signals only when they are taken up to the target tissues. Previously, we reported
that the Pt(IT) complex had an attractive feature to use them as a signal-switching
photoacoustic probe. In this year, we synthesized the diradical Pt(IT) complex showing
near-infrared absorption at > 750 nm to meet the demand of the laser wavelength range.
Furthermore, we prepared a micelle containing a diradical Pt(I) complex for selective

delivery to the target tissues.

2. Coordination polymers have attracted considerable attention as a novel porous
material. Many coordination polymers have obtained by using geometrically rigid
ligands with d-block metal ions. On the other hand, the use of flexible ligands and
Ln(III) ions is expected to yield a unique properties. In our previous study, we
prepared a novel Ln(III) coordination polymer with a flexible Schiff base. In this year,
we found that the Ln(III) coordination polymer show the luminescent switching by

exposure to basic gas.

S T
S
\ Ewoooow /:
transier -0
T ey, SW(IIDY S 206
18181 em! | 17900 em
i
i
v Sa

5
! protonated ligand Sm(lll)  deprotonated ligand

Fig.4 Energy diagram for switching of emission of Sm(III) PCP.

10
— after exposure
8 to NEt,
Z 6 [ —as synthesized
£ Sm(IIHPCP
£ 4
2

=

400 500 600 700 800
wavelength/nm

Fig.5 Switching of emission of Sm(III) PCP induced by NEt,.
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IS4 MlEES 4 EF  Environmental Bioengineering

NA A F / BRACEIHAY X7 LD
B & IGAICB S BRI

Hix RKE—
Development of Biomedical/Nanoelectrochemical Sensing Devices Professor

and Their Applications Tomokazu Matsue

Micro/nano-devices address demands to a great extent in bioprocess science and engineering for fast and accurate analytical information.
We have developed micro/nano-electrochemical systems for biomedical applications and evaluation of electrochemical energy materials
including secondary batteries. We have achieved to develop highly sensitive chip devices with electrodes for bioanalysis. Further, our self-
developed electrochemical microscope, called nanoSECCM, can characterize electrochemical properties in micro/nanometer scale as only
one system with spatial resolved analytical system for electrochemical reactions. These devices greatly contribute to environmental, medical

and electrochemical applications.

HRBE Fotco Fle. BRWRMEORAMRET. BHICEET 20070
FF—EOREIEICDOWTIHERE T olco &5IT. BMRDIILIIY

BRE7EFIL ZRFRETESBRILFREEDREIT Z1T o1

RRBF T FR/NAARTINA R0/ VR T Lz >TL
RERER - /A AT7/0Y—-BET/\A ARFKEXZBMAZIT-
TW3, KERF, SIEHRESFVTRTNARZFREL. HIELEEEZED

X W —IVIYRT
B STNER AT, £, BEMRUEERERTBEr/E o1 Lo RS I XTI Y TYRT LORRE

SULZBEMBEFEREL. T/ A—NLRT—ILTRIZTRILF—#H
DSFHHRICHEE DR REREOBNE(LOREICK U, Ih
SOMAMRRELDERPEMMI THRRUI.

AU OV AT LRA TR A T Bz Uic )\t LS| £

WT. MRS K/CS VA E, EROEEEREICREEES

TLFNST—BEVRFLEER U, Fhe. /N LS| MR BRI

. . BE7LAEERL. PRIALEVBEEOHENEOTEEHRL

LAWRT7 « RERDOTHDOEZHEA TR VEBRNICRINT 2V R FLER U,

AT LDRFE

3. 7/ BRILPEMRY AT LD :
IXRILF—HRPNA AY Y TILOEFREEEE R

EROZEETRLODIYRFIVRHT/NA AORFEZRE
EDHRMATREMEU, Ffew RFDIABKERS LV EREE

N LTEBICEHAIT 2/ DR AEZ COl 7OV Y RTRETL
feo Fiow IAMR—ZBBYRATLZIGEAL. h—RYF/Fa—T7
LAPEBEGEEDF YT TIYILFERMEHAETSCENTES
FUWFEEERL, —HOEMICOWTHFFHEEETofco I5IC,
AMED 7OYz /7 hTid. BBBEREEZBIEL VY XZNFZA

BERULERIGE. TRILF—RDSN\AA Y Y TILETRIEWNS
BTRIZERTHN. INSORIGHEBZ S/ X—MNLAT—IL T
R RE R #T & 7/ BRIC P MR AT ADRRZT > TE e, JST-
ALCA 7OV 7 hTi. BRRICEREREABIF, EIULFEH

WBAL/TYEAVRATLIZDWT, AIMR - EZEE - REEHRAT BEHSEONDIARZEEEENREY FULA AV E DM RIERETIC KR
FRRZED, Fleo TVINVERBDDRBWIITEY NEBBDOH
Iy —> = ERUT MROT7RN—Y 2RI 2 EDREZE

THILZEAV, MiRZET oI, BBRRECRIZYFILIAV DR
BABEZEFARE TR IS/ BRILERIVERREZRREL.

&

Figl. Chip Devices with Electrode and
Electrochemical Microscopy

Fig2. Cell Culture in Clean-bench

Fig3. Electrochemical Analysis by Micro/Nano-devices

Bh¥ FEF &N

Bi% LRI (axw HEER HLE RE
Professor Senior Lecturer Assistant Professor
Hitoshi Shiku Kumi Y. Inoue Kosuke Ino

e e
Bh#5 RES BABK =% WFER P KOKBE AExox BOET

BEMRR  WRY KAAY—  WEHRA {EFRA FrAEE
Assistant Professor R BRMER  WRWER  BRAGEA WS

Akichika Kumatani THBRKTF HMEFT JFBHEF FANI T

ERPBEER I IR FAUERMEMREIL. NILTAETIFREX
SNBVWRINEZEHAIL, BEMRIREHCHICR g ZRUc, Fie,
AMED 7AOY 7 hTld. FERE - FHEM THRRERE O IROBZE
Lz eGSR EEERNAAYIVI VI Y ABEHEORFEZ
Tofce Tnickh, MREKREICEAZ5Z2IEBR<ZDHNELE
BEDH 50 FOEE TERAMREERoT.

H=EM
TR 28F 7R 27H (K). 28 H (AR) A=Y Fr 2 NRICEWVWT,
SMER "NAI0 - +/ F1A A S SMUBERAT) 1T >Tco

HRZ

Tak 28 FIFUT OB HRARZIT o1

FH TRARRL. EERARE. BXMRE. BFOFHRRESSMRHE
. MERZME. ZTVERERRAN. 17OV ATAREHREY 5—.
KT, RIEAT A NDILAANY TS, EHN A/ R—> 3 VRS
FOAAREE R TERY., EERTKF, BHRKERER. @RKF. B
RERKE., EERMEBEHIEM. () YE - FRHFEREE. Imperial
College London ( % E ). University of Warwick ( % E ). Harvard
University CKE). Florida International University CKE). BREKR
% (FE)

REBEHPRMARA. 7Y/ BAMEEFILE. MIYESE. HIZEEA.
AR, LAEL. bV TFIZAILTHIAY, PaTc0 U —F. KAE
FIRI b2 TE. F/aY b O—=)L XFY v I B2 ZHLESFEYT—.
HEFIHE. HAERIE

FRRARE

T 28 FIZERNDOZSETERBE2 4. BEEE4IG FIER1 4
ZEE. 70 U EDRRET o,

Fig4. Scanning Electrochemical Microscopic Analysis

ERME P O FREZE H

- AMED S sHBI AT 5291 - BB T 0V S0 TMREH VXA FIc LD
AZEHAKE) (¥ 28 — 31 £E)

- EBHAR (A) "VILFRT—IEEERT D\ T Uy RERILZE/\A A1 A—
VTR TL) (FR 28 — 30 FE)

A /R=y3VAIETOY 54 (COl STREAM)  TEDiFhnwtEyy Yy JEH
BABRYV TRBEIZERECEREOHINESEFN—YavALEREE
ez, (FHEE 25 — 34 FE)

- JST ALCA TREA A MeBHBEHIEZRW U FILA YT —2 3D in-situ
BREBIXIF—EE LIB OB (TR 25 F-31FE)

- AMED ZSEifatBI i - BRfE 700 70 BeREEBRILFE A
AVY 5V RBERHEDORRE (T 24 — 28 FE)

B /R—YaVEBBXETOVSA - RIEREBEEHRETY 7 TR
FE) (T 24 —28 FE)

CRAVAYATLARMEMARAERR (RN2RMREARE, SihmaRRr/
R—2aVR) (FR 19 - 28 FE)

- EBTR (B) "SHES/ EXY MRU OB EHXFIE S 1R
FANDISAL (PR 27— 29 FE)

CEFWR (A) "D FERCFRAMY FRFORFELBRLZ/ A AAKX—AT
ANORGA) (PR 27 ~ 29 FEF)

CEFMR (A) TF/ERIEFEAA—Y Y TICEZ ZRITEFRTB OREE S
DFEIHR{Ls (FEL 28 — 31 FE)

%E

- BHEN (D3). MEFHHREES, STTYBERNFRHE

- BREBRE (M2), £ 29 BEIEEFOR (BRILFSFILKHBERE). RR5—H
C ST (M1), HFEOLKHRRIZEYVRI L 2016 (BRMrLEEERILE
HERE). R25—E

- FIERE5E (D1). AsiaNano2016. Pan Stanford Publisher Poster Award
SRABH (M2), 5 34 BbEEN/0 - F/VATLER, BHERRE

- REFEN (Bh%). Early Career Analytical Electrochemistry Prize of ISE
Division 1

- BEEN (D3). Tl 28 EERARSMEEREFRRE. BERIY—H

- REEN (B13). 8 29 R EEIFMREmME

- BEEN (BHE). AV FUYI VN - AXEREME

- BEREEE (B, WRYEFRESHIIEER. Poster Award

CIRABH (M1). BRIL¥RE 83 BAR. RRY—E

REIREEE H

Our micro/nano-devices and microscopic systems are world-leading class in terms of
sensitivity and resolution for analyzing electrochemical properties. With respect to
chip devices with electrodes for biomedical analysis, we have established variety of
electrochemical devices by using bipolar reaction or new functional electrodes with
carbon nanomaterials for realization of unobtrusive sensing and daily health screening
systems. Also, we have self-developed scanning electrochemical microscopies
for analyzing nanoscale electrochemical reactivity. Scanning electrochemical cell
microscopy with a single barrel nano-pipette (nanoSECCM) was applied to electrodes
in lithium-ion batteries, revealing the inhomogeneity of ion transport on the electrodes
for the first time. Our technology contributes to establish an environmental-friendly

society with health-conscious human life.
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BREE7OEZASERE  Sustainable Recycle Process

BiEJU—>7OEX%45E  Environmental Green Process Study

RIGERAMEBE(EZ 7O ADRRE

Green Process Development

IR AZR-UFv—R
Professor

Smith Richard Lee Jr.

Solar energy provides all the energy that Society needs for sustainable living. Water and Carbon dioxide can be used to develop chemical

processes that are clean and friendly to our environment. In the supercritical state, both water and carbon dioxide can be made to mimic the

properties of many organic liquids that provide both performance and advantages and environmental benefits. With these solvents, our lab

studies biomass conversion, material synthesis, waste recycling, synthetic chemistry, polymer processing and separation processes.

Earth Refinery Concept

Supercritical Water

C—> Replace polar solvents

Supercrifical Carbon Digxide ——> Replgce nonpolgr solvents

Reactions Fiats
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Energy o
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Fig.l Development of Sustainable Products and Systems.
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Fig.2 Solubility parameters of water and carbon dioxide as a function
of temperature and pressure.
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Fig.3 Conversion of biomass to chemical products and fuels
with ionic liquids and supercritical CO2.

KBIXRILF—ICED, FEH 950 BV DRFB/RL AIREEE RS,
COIRILF—DSEDIN 10%ZFBI BT T AERZBEREH
MURARREREEDENTED, KEZBILRR. FICZ
hoBRFREZFMATSEIET BElICPSLWHRLLZETOE
ANEETES (Fig.1)o

KeEZRbRRIF. BEAREBICEVWTERREIOEVWEEZR
5. BEECRERMNEORNAICEBNIBEERS (Fig.2). £FE7
AERDFELTAAYRRER, MREHR. BEVIT17)L. B
L2, BRFMIHNH 2, FIZIEEMRETIE. 1A RECEBERS
CO, ZAWeEIA—ZAR/I\AATYR (RILA-ZA AZEIA—-X,

HEHIR S By #HE=

FxsiEE AP R—
Associate Professor Assistant Professor Educational Associate
Masaru Watanabe Taku Aida Hiroichi Tanaka

WwE HOWA
Assistant

Mizuki Iguchi

VIZY) ORG- A#Z7OEX (Fig.3) ZRFILTVWS. 1AVER
EWICNAARRERR - RIS €. BE - EHERETZIETHRER
5 CO, DMMEERIEL. BRNICRIGERMORE - DEETSH
DTH Do AAVRERBERIEDBOTEWZHRINDRED BN
MhE<, REFMBE IO EULTHFINZ,

UMIRETIEH. TCREANROBEEBVWALEYZATLAL LY

27O RADRFEICEUTMRZEDTNS, KEBDDHRIZER
FAE. FICBRA_RIERREBRFKOBRZNAIZEHDOT
BB, MOMRELTEEREBEKRPTDONAAYR - TSAFVYT - %
Lk%R - EEHORERIT. KEAGRICLBEEESRICIHALT
DA, /\1RL—MERZFEUCHENKRIFBATLNH S,
INSORRIE. HRPFORFFEOHRERFELTEHT>TNS,

Teach! Learn!

2016 FDEH H

58

14th PPEPPD 2016(International Conference on Properties

and Phase Equilibria for Product and Process Design) , Portugal
15th European Meeting on Supercritical Fluids (EMSF), Germany
6-78

Algal Biofuels and Bioproducts San Diego, USA
ICIP2016(International Conference on Industrial Pharmacy), Malaysia
8H

# 25 O IXRILF—F%, Tokyo

% 15 [@Y<Y—ZX%Y—JL, Funabashi

9AR

BEFRI=U—7¥3v7, Ibaraki

#ZE K%, Tokushima

1A

{tZIFESEEARR 2016, Fukushima

(k55 / #BIE]

10-9 R

Mindanao State University-lligan Institute of Technology (the
Philippines) COCON KAMYLL DAWN OPORTO %7 (JYPE B%4)
9H

FH 28 FEMEREFHERILASOBEFHEE , lwaki

Goal! Got it!

X - A

[1] Y. Hiraga, Y. Sato, R. L. Smith, Jr., Measurement of infinite dilution partition
coefficients of isomeric benzene derivatives in [bmim][Tf2N]-CO2 biphasic system
and correlation with the ePC-SAFT equation of state (2016) Fluid Phase Equilib.,
420, 36-43.

[2] H. Kitajima, Y. Higashino, S. Matsuda, H. Zhong, M. Watanabe, T. M. Aida, R.
L. Smith, Jr., Isomerization of glucose at hydrothermal condition with TiO2, ZrO2,
CaO-doped ZrO2 or TiO2-doped ZrO2 (2016) Catal. Today, 274, 67-72.

[3] T. M. Aida, T. Nonaka, S. Fukuda, H. Kujiraoka, Y. Kumagai, R. Maruta, M. Ota,
I. Suzuki, M. M. Watanabe, H. Inomata, R. L. Smith, Jr., Nutrient recovery from
municipal sludge for microalgae cultivation with two-step hydrothermal liquefaction
(2016) Algal Res., 18, 61-68.
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BREE7OEZASERE  Sustainable Recycle Process
BEMEZ7OEXEDE  Material Process for Circulatory Society

EERHerRELk o
PSS 7 O 2 DR

Material Process for Circulatory Society

B/ a°O7 - wILTA
Professor
Sergey Komarov

The purpose of our group is to develop environment-friendly material processes to realize a sustainable society. To achieve this purpose, we
are trying to break the barriers of traditional materials processing with the help of physical fields and waves. For example, ultrasonic
processing is applied to molten metals to improve their mechanical properties and recyclability. Microwave is irradiated to recover valuable
metals from the metal industries wastes such as slag and sludge. Electromagnetic force is applied to increase the efficiency of materials

fabrication processes. Fundamental studies are performed to clarify the fluid dynamics, heat and mass transport phenomena in single and

multiphase flows driven by the electromagnetic and acoustic fields.

HFRBE

BRE. WIRRE CTAERSBLCERRNERLTWSHEE LT,
KUEZE)., EROWEE. BEEVLEBELREDRLBRBEEBBENRESS
ncTna,

ZITAMRECREREER - AFERZENELTHRIZOER
FICEDMREZTV., FRARAERETSOBERICERT S L
ZEELTVWS, PIZREXRBER - TRXILF—EZHEITZMHTO
TRTH U, BERPIRILF—FAOHEREDRE P, BEVOE
FACEEL, BEROEEREICETIMEREETO VS, £
RZOELSBBERNSHRME 7O ROEHHIToTWD, BiFHN
ICIFBEBEKPYENFZE2EREVCREAM /O AORFEEL
T, UFIRRTTF—YDAFEET> TN,

RITHRRE

1. RIERNZZERUcEBEETOER

RSREERZFB LA 7 LI ZULAORMBRED
TENRROEEAT

- EERECEMEBHNEICIZHUEYILZZVARIZYTD
BAEXFAL (Fig.l)

2. BERIOEY Y OEREDA

- BERRBRHICEZTILIZVLESRERBNE

- BEErET—YavEBEROEKFE (Fig.2,3)
cFYET—YarXETIAVRHEOINAICLSRKLEEDRFE

3. BHBTRIF—FARE / MR7O0tyor s
- BRBRVIEMOVU OKRREERK (Fig.5)
T—EIL IV Y VEE PM OREREE T 1)L Y —DRIH
cEIIVIBREMHOFERAEICETZHR
- BRERMAOEERFEMEE TRBICET DEREME (Fig.4)

2016 FOHEEE

1. ZLVEIZVLERICEITEITRERICLIERE
Dk la=gy/E bl

W, BREROBRE AT LBRDOTILIICHESTILZZD
LRIV TDOREENFERIEZ. éBLZ”Bﬁ':UJT)I/E:ﬁL\c‘:%?TF\
R=ZADVYIFITVTZILEDNEHDDH D, DI, FEWIFRE,
kﬁlil;!;ﬁ%?)bi:'ﬁLxXﬁ7\/7’@7(%&%31]75\%5!”3%\ sEY
YAV RTLADBEIBELR>TWS, KRR TIE. RERIC
mT2EERILAYORRBM Lz 2 CEBEEICLZTILIZY
LR Sy 7B E0OEE(CLBLRM. EEHE (Fig.1 I modifier)
EZDEETOE X (Fig.1) DRFEET>TWS, FHICHIZ>T ™H
2T —R#g#ls EWSHUWERZREL, R—ILIILTERLUE
Cr.ZrTi E{tMhFaBMa R ITRMI B &lc kD, EYHTHR
EE®H Fe EOBBRGERERERZREL. Al-Fe RIEEYD
WAL - FERBEOFEICN T 2FEROZEZHEICLTWS, &
HEELTVWZOROBNEDBWH T R SRICHELCEADE
IEZT7OtER, QREMLBHMILETRBIROEE

Q& & #hE

ORFEHAL QOEFLFFEM
K-SR

o o D L

BRARITYT

Fig. 1 Fabrication of intermetallic compound modifier Process flowchart

HEHIR BIF

Associate Professor
Noboru Yoshikawa

2. FExX v ET—Y 3 Y L TETRORKHITE

FEXvET—YavRREFORFHE. YWEBBCSINILE
B, tZRIMBEDRRERD, Y/ TIRN)—, BEELER B
BRFEREDNFICEWTEERREZRLLTWD, FrET—
VavHhREEITIEBERIRILF—HEHRICI>THEEREVWSER
HEMICEID, EROTOLROMERICEBEEEZSEZDBENE .,
AARTIE. FrET—YaveBEERORAKFHEHEZENEL. 2N
lCIh TEZBERR— (Fig.2) Z. ANSYS B&#EifY 7h%zHA
WERETLTW3, BARBEREZ DR—VERIEL. KPICBE R %E
BEULLERET>TWS, EBR T, WFEGRERAEZE (PIV:
Fig.3) IC& BB ER %, Weissler I &3 FrvETFT—YavmE%s
BELTWS, ZNESDRREEEZ. BIcR—YERERIFER
I =VIERIBFFTEEICOVWTHEZT> TV,

3. FEERMEOERIKEFEMAL REICET S
B

HIZAVPERIESE. BECTHIEEOEEXRZHL. MENTIIC
BEWSEICIIFEMBELITETH D, SERGEOERKFEEM
HERLICEALTE. BICZ<OMENH I, FBERFICELTIE
BHLRWN, RARICEVWTRIEBEEYOHEMII—(LP+24
BAHDREZENELTHESERAD, BEKME / RENCBIL.
EBRNRUOHEAFEFEERAWTCRTET>TW5, Fig.4 IZlE.
BIBDHEDII 1L —YavViERERT,

-50 um 50 um

Fig.2 Lengthwise amplitude distribution in dump-bell horn

horn tip '
CISINFIN
small ' Medium

Large
(b)

Fig.3 A typical velocity vector field (a) and acoustic streaming flow patterns
(b) under cone horn tip at various amplitudes

4. REBRVIEYID N 1 7 QIREIER D& Y

EERVIEMEIIV IR, MARPHRAECEN, EBEED
BEMHZELTWS, COHERTERESNIBRENDLADH
BEHIT, ZOMFRBICAILADNBEFINTND, LIrLEBHSZ
DEBICEERTAEANEREND, AMETRITOELADETR
LF—ZBENEL, YV ORMERINEREZAWTZIB, €5
SV ADERICET B EREARZIT>T NS, Fig.5 Icld 5.8GHz
NAUORBHEBEDEEZRY,

KARZEILBEWTIE, UTORRES PHEMKFHEZEMNICE
AU, EBRIRZIT>TWS,

BAZKMBSMARRBIN. BPMEE PENEFMR). KRR
MEEE HAWE (BFESE. FEKH. SHPH. FHAFEE).
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Fig.4 Simulated magnetic field distribution on a cross section of water-cooling coil
(circles) and specimen with imposition RF (400kHz) EM field.

Fig.5 Microwave single mode applicator of 5.8GHz for rapid synthesis
of ZrB, ceramics.
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Ecomaterial Design and Process Engineering

BIESFtFE49EF  Environmentally-Benign Molecular Design and Synthesis

RIEICESY %
=REEYE Y AT L DRI

Design of environmentally benign molecular systems
with high functionality

B Sk @iE
Professor

Nobuhiko Iki

The ultimate goal of is division is to establish a scientific discipline in designing environmentally benign molecular systems exhibiting high

functionality such as separation, sensing, imaging, catalytic conversion of substances and so on. Choices of the components such as metal

ion, ligand, and “chemical field” is of key importance to build simple yet functional systems. Currently, we are studying the following

systems: (1) multi-nuclear lanthanide complex with thiacalixarene (TCA) having luminescence and magnetic functions, (2) theranostic probe

consisting of d8-metal ion and radical ligands, (3) kinetic differentiation (KD) mode separation and detection systems for ultra trace metal

ions, (4) protein-metal ion conjugates. In 2016, the following achievements should be described in particular. For item 3, refer to the activity

of Environmental Analytical Chemistry.
1. Self-assembly of tri-lanthanide cluster complex with TCA
2. f-f Communication on hetero-lanthanide cluster on TCA ligand

3. Theranostics for cancer on the basis of diradical complexes

HFRAR
1.9 KI5 A5 —HEEDECHEBIL

SYHZR(LN)BZOFEFICEDCREAPHINIEEEE T2,
CDeHLniEEEFFRELTO-TPMRIEZH ELTEHAE NS, LM
UL—REICEFFTEOLNnEZNZEVACEAFENSEEEN
%0 —HBRIEFT7ZHVYIRT7L—V(TCA)DEEREREZRWE
UTBUR, ZOBEERRICHELTE foo TNRIERODVYIRTL
—VEFRBDEBREEE LTV, Bit8ENRMETFO,S,
B9 %, mifi. LnD—ENdEYbETCAL Z KB RP TREMERG
BB EBEROEHLN, TCA, ZETHEBNICIRT 2 EERVEL
Teo BEEFLNRFIREICDOVWTTCAL DEFREBHEHEE LI, W
FROLNICDOWTHHRDICT 1KLL, TCA NERL. DWT

Ln, TCA,

Fig.1 Self-assembly process of Ln;TCA, complex

Ln TCA BLA#EE L2:28EELn, TCA, ZER L. |IEHICZTIC
LnhtE& LTLn, TCA, 2 £ R LI (Fig.1)e ZOESEGLIEIERIC
B EBTI2DICTI~4BD D ofco LNOBEFEPRIGpHIC K> TH
BORIERY (Ln TCA, Ln,TCA &&ULn,TCA) KBS,
INSELN-TCALZEBOREM., RAIKD FPLNAAYDKREST
fRIRTEfc, Gd,TCA,KBRICDWTXAFSEITZITL., ZDLnfL
IBEZHESHNICUIc, Ln,TCALIBZY Y= RISRY—%HITZL
——UREXTO—TPMRIPCESTEFF L LTHFEIND (Eur.
J. Inorg. Chem., 2016, 5020) o

Ln:TCA; Ln:TCA-

B EBEEBEZN

Assistant Professor
Ryunosuke Karashimada

2.BBRSVHIZRIVSRIY—IcBITS
f-f communication

EEFENM R OER TIIAMICEBORES VY= R(Ln,Ln)ER
—Z L. EFN5OBTOIXRILF—BETRo5f-f communication
ZRALET7YyZaAVN\=Y 3> (UC) PS>y av/I\—v3>(DC), ¥
VYT TFaAVT(DS)BREDREAEEOTHREENSARINTE
oo Ln-LN' B DB EIER 37 DREREICIKTF T 20N ZNIEHEEHIICS
HUIEHDTHIESNIcHDTIFHRW, —AIEAHEFE TIELN-Ln D
EEBEISBRREICHIE CE, AES BRI ENTEETH Do UM LELRIFD
BIXLF—IREICLIDEREICL>THEBICEIFRF-T
communicationDEVRIIFEHL W, HA4IF LT OXAFSOFER &
REENSLN,TCA,7 SAY—TOLNEIEEMZ3.576 & 104.75 AL
REbofco INIEBEICHKESNICLNY FRIT—DHRTHENERDIE
EUTRD, B=RLGF-f communicationNERETE S, 2 TTb-
Yb-TCARAFTTb, YbTCA, (x = 1, 2 &M E i, ZOMHE
To—=YbI X)L F—BEEFHAT S EICHKIILIZ(Fig.2). x =0, 30D
RiZEEEDRERTIEH 2D, BEMTOIRILF—BEHEIF0.45
EBoTce SNICKDEMFRMEDHZEDY bR DOFKALBED
Yb,TCA,IcHARTb, Yb TCA, (x = 1, 2) A HE_ELDSICMINL
feo X EDZENSLN,TCA,IFf-f communicationZFHFL T 277 v
R A—LTH 2 EDNRI N, S ZDMDLNTEICLN-Ln D
HEDLEEIKRL. UC,DC,DSICHET 25 E TH S (Chem.
Commun., 2016, 52, 3139) .

B ERARRY ZIALEFEOHAEST /R
T 1 U Rl AT iR

REMIEZEREFOR—IICE Ul

= f=1 communication

iy

Fig.2 Tb-Yb-TCA complex enabling f-f communication

EE (HEHE) |

1. Chap. 13, Thiacalixarenes, N. Iki, In: Neri P, Sessler LJ, Wang M-X,
editors. Calixarenes and Beyond. Springer International Publishing;
2016. p. 335-362.

2. URFvoaitibE RETH | ERFE $E 9 E BERRISEHEE.
"% 10 & EENHELRTE NBELR ().

YUIRIIL - X F—DERE H

1. Symposium MD7: Advances in Lanthanide Materials for Imaging,
Sensing, Optoelectronics and Recovery/Recycling, 2016 MRS
Spring Meeting & Exhibit (Phoenix, AZ, USA).

2. PEEREE Ty YU VR DL E S — 2016, RILKFEEM IR,
38 12H.

=h
RE

1. RIBRPAIRE RRRE. D3 ESMEZN. 38250,

2. AEOLKABREI VIR IL, RRY—E, "FFAVYIRTL—> -FY
YRS ORMRINERER) M2 %)k, 10822 H.

3. £6ECSI{EF T RY 2016, BFRRY—H, 'FvETU—BRXE
RIbgs (CER) ZFIA LB R - BEREG R OREERERBET M1 EAKR
=7 11B14H,

B - IKEER

1. Lanthanide Clusters Assembled by Thiacalixarene, N. lki, Rare
Earths 2016 in Sapporo, #Li% , 6 A 6 H.

2. EEEAROHEEICER VIO TRERE, SRMHE, BAAMTLER 5
65 F=, fLig, 9 B 16 A.

3. Heterotrinuclear Cluster Complex based on Thiacalixarene
Enabling f-f Communication, R. Karashimada, ICET2016
(International Conference on Engineering and Technology), ELU, 10
A13H.

4, RRBBEER ORI FEERE VO - EY IV TSRO,
HABF, AEOOREIVRI DA 2016, &, 10 B 22 H.

5. Capillary Electrophoresis as a Versatile Tool to Characterize

Complexes in Aquesous Solutions,N. Iki, 16th Asia-Pacific
International Symposium on Microscale Separations and Analysis
(APCE2016), Johor Bahru, Malaysia,11 B 9 H.

6. CE DB ZMITARNDY FEAERDOIANZN - RERNESR, EREE,
SCE 2016, &, 11 B 10 A.

Scientific papers on coordination chemistry of lanthanide thiacalixarene cluster

REINEEE

complexes and Schiff-base lanthanide complexes. Book chapters on calixarene

chemistry and analytical chemistry. Three post graduate students awarded.
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EISEIRETES 8  Ecomaterial Design and Process Engineering

BISMEIRERISEF  Environmental Materials Surface Science

BREASFMRICET ST/ MHl%Z

D& d BRERETEE

Atomic-level surface design for eco-friendly, novel nano-materials

e

X AL EE

Professor
Toshimasa Wadayama

Comprehensive understandings of surface reactions proceeding on nano-sized metal (alloy) particle surfaces are crucial for developing novel

nano-materials with unique catalytic properties. Our approach for the subject is 1) preparations of well-defined single crystal surfaces and

nano-particles of alloys through dry-processes (molecular beam epitaxy; MBE and arc-plasma deposition; APD) in ultra-high vacuum

(UHV) and 2) electrochemical evaluations of the catalytic properties for the UHV-prepared nano-structural surface models of practical

electro-catalysts. We have routinely use UHV-MBE, UHV-APD, scanning probe microscopy (SPM), scanning transmission electron

microscope (STEM), X-ray photo-electron spectroscopy (XPS), low-energy ion-scattering spectroscopy (LE-ISS), electrochemical (EC)

voltammetry, gas-chromatography (GC), on-line electrochemical mass spectrometry (OLEMS), etc., to clarify the nano-material’s surface

phenomena. We believe our research accomplishements directly link to future eco-friendly society.

e

KREBAETIHIBYE - TRIVF—BRVRATLDEE,
Ib5E, KRUERDERANRA, EFEZZETARLGEIDEHD
BRENTVWS, KRHUSRRICE. BETREIRILF—IcLBKRE
B KRIEFEEFAAY A LI TOER. SSICRBIERICEZEFE—
BRIRXNF—EBRBEORMBEBDRBARARTHO, 2D
DFRABFEF P B DR EICEY 2R - KT 70—F
DEAIITONTVWS, fcEAlF. ERPASMBERE LICHIFZK
RBEQDIRIILF—BRIFHRITRIG (BIERIS) ZERICE
BIBHILld. BMRMERRE. OVWTRKFEESERICETERR
E—RD—D2TH %, MEEEEZORGIETIIMHEREDRE
(WA OSFENERICIE, F/HRKREZEFLNILTHIEY
TEINENH D, AARASETFTIE. LRES N (well-defined)
TERVESERBRAREICMZT, BERBILF/MFeRMEETT
JLEULBREZ (UHV) Tlcb 29 FRIEY*> (MBE) P77 —
75X (APD) ‘HEICEDETIVMEZ R, Z OIS HZE
E7O—7BEME (SPM), EEEEEFIEMIE (STEM). X EHE
FAH (XPS). 1B A EELDFE (LE-ISS) 2 EDORE R FHIFE
ZRAVWTEZANICT> TV, &5, BRUCETIVEEDEMAL
HAeZFHiL. SIERERMEMBIRRICAIT I/ MRKREOEE
REHEHZBAR(LI B EZBIEL TS,

2016 FEDMHEMR

FRART—VELTRD 1.~ 3 ICIDIEAR, 1.8LT 2. 1,
Effmn FRRHENERMERRZ SHEEVCASEAST/BE
DRZAT7OLRAGHEBRRETRID (ORR) HiEFHHEICET 260
TNEDO OZEFEIc LD, Fc 3. & BE/NARFARDRKZPZ
BRICRRBEETBRICBITIDRLERDDZDHERTREDHBE
ZEELCODTRIMEICLDITo T,

1.PtE&&7F /HFD APD Gri&
ERUNEICE S ORR FiENDTE

1-1. Pt-Co %

ZRFHER (0.1Pa) FICEWT, Pt & Co & HOPG EiR LICRIK
APD U. Pt-Co B&F/NFICHULTERREFZHRMUIc Pt-N-Co
BEF/RFZERU, Pt-N-Co &7/ KFD XPS AXT ML
EITIENTs E=% (398.5 eV) B’HIRL.Co2p E—V b/ I RILF—
BN TRLTED, ZRFEKITICEITS Pt. Co DRIK APD ic&
D Pt-Co &7/ HFARICEL CoNERT B &N B, Fig.]
IZ Pt-Co & U Pt-Co-N F/#F D STEM & B Pt EEH 7D
@ ORR &t (BEEM) Z2RY, maARlOBEEE . TRO Pt/
C BIEICILEL Pt-Co 7/ RIFTH 7 & Pt-Co-N F/KF T3
10 fEEFHAE N, Pt-Co 7/ RFADERRBMICLDFENAE LT
B EZHESHICUTc, e Pt-Co-N F/fUFDHE. HILMEE
FREBICEWTS Pt/C MR TH 4 FOFERZH#EL. 2E - St
AMFEELTERATH S I EZR U,

o
o

ommercial PHC
PiCow/oM,

| I PiCo with N,

-1
P-t

o

o

2nm

g
o

1.0+

0.5

Mass Activity /Amg

0.0-

Fig.1 ORR activity and HAADF-STEM images for APD-synthesized
Pt-Co and Pt-N-Co nano-particles.

B H/EA

Assistant Professor
Naoto Todoroki

1-2. Pt-Ta %

ZERFHEKTICEWT Taz APD 9% & Ta-N F/RFHERFTEE
THBIE%Z XPSHENSHSHICUTc, E5IC Ta-N F/HUFDE
BERBEZ 173K &2, SEBEZE IS Ta-N OFEREH
RET B P, Ta-N F/RFLEIC Pt ZEFE—LEELT
ER U7 Pt-Ta-N S0 ORR JEM £ IESLHERERZ STM IC &
BT/ BENHNEICEHTIHERRELBICFig.2 ICRE T, K
21t Pt-Ta ## (B) B U T Pt-Ta-N & () [Z5&FH. WA
fEEBICAEL, &<IT PtTa-N HBOBEIES(CEREROESE
BT 15% BECEEXD, SRERFGZRBILTEILILED,
SOHEENE - BMANEERYT 2MENTSNDEHFEND,

2. ETIVEERESEREO MBE 8L
BFRETTR I

AEF Pt-Ie Pt-Pd RICMAERE—LBH P-NiREFILE
ERAESREO ORR FEES JBEREM (MAK) EHRET U,
Pt/Ir(111) @ CV g% Pt(111) DZh e k&TdE, OH DIk - i
BICBAEATZLETRIFGE—Y (\FT750) MBI TML
TEHEIN., EiRIr(111) EORFREGOEZEICLD Pt ORMEE
fermElshdcENRBEI e, Pt/Ir(111) 2O ORR FE - iTA
HEFMIZE. PtYTIVEE. 2 RFEEEL UENOMEE
HEE PE(117) ICHBRULTH 24 BoBEEEZRIRT 2D, EMARY
AVINCEDBBITKIEL. 5000 T 7)L&ICiFx PL(111) LT
2MEICETET U, —A. PtYIILEE%R 4 RFERELTZE.
5000 17L& THH 6 FDOFEEZH#FTL. Pt-Ir RIiF ORR &
EMAMICEBNIAEREVTEETH D EiER U,

™ 054
gm- %'0-—-9——-_____0
S 03
gmu——
E 0.2+ “""""'!”'._
@ ol —m—PtTa
o —C— PtTaM
= 00 x
0 5000 10000

Cycle Mumber

Fig.2 APD-synthesized Pt-N-Ta nano-structures (STM) and
corresponding ORR properties.

3. BERICERYZ DBATREDESE

MEMEENFE (QMS) EEZH R R, ERMEZEEIL. BER
HARIGERYERNT BIODF v TRENSBRENZ AV TV
BRIEFEEDTET (OLEMS) ZMREATHIELL (Fig.3). #HiF
OLEMS £EZRW. XFILIVONFY Y DBRKRRIE. 5=
BAERFZFEBELT—RIILRR, ZILO—. ATV REDHRRZ
BRLZEMICERTZTOCRICOVWTIERE Uc, ZORR. KEP®
—BLRRBEDRDERY DERKEFE (MSCV) ZRGI S L
IcEL. B1F OLEMS REDHBRMZXRA LT,

ﬁ%?&%%ﬁ”

Inthis year, we have performed 1) investigations of oxygen reduction reaction properties
for Pt-based bimetallic surface and nano-particles systems and 2) construction of
an on-line electrochemical mass spectrometry system for in-situ detection of the
electrochemical reaction products. The results have been published total 10 research
papers including proceedings. Particulaly, ACS catalysis (IF : 9.3) and Electrochemica
Acta (IF : 4.8) are top-journals for catalysis and electrochemistry fields. Our students
presented total 16 papers in international and domestic conferences, e.g., 2016 Pacific
RIM Meeting on Electrochemical and Solid-State Science (Honolulu), Battery
Symposium in Japan (Makuhari), The Electrochemical Society of Japan Meeting
(Osaka), and The Japan Institute of Metals and Materials Meeting (Osaka). Among the
presentations, H. Watanabe (M2) and M. Asano (M2) have received poster awards at
The Electrochemical Society of Japan Meeting. H. Watanabe also won a poster prize at

Catalysis Society of Japan, Fuel-Cell catalysts Seminar. (Fig.4)

1
1
] @ %o Laseous products :
= .  Porous Teflon |
) : Yo Sispeess :
VaCkm gauges 1 ) j i:lur-\-rr dilforential pressune
: Electrochemn u-"._ PEEK tip holder i
1 ol : 10-*Pa Glass ke
Chadrupode mans B B
SPECTIC T : 5
10%Pa | ™ | 1 10°Pa
Turha MORCUIR PO { 1 atmj

Fig.3 OLEMS set-up for in-situ analysis of electrochemical products.

+ ‘tﬁll Ko .I.hlt AR

Fig.4 Poster awards in The Electrochemical Society of Japan Meeting (Osaka)
and Catalysis Society of Japan, Fuel-Cell Catalysts Seminar (Mishima).
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SEHEFEEE  Collaborative Divisions

EEESMEAISS2SE (FTH#{EE) Process Engineering for Environmentally Adapted Materials
(Nippon Steel & Sumitomo Metal Corporation)

ERISOER M Z 8 U T

ER-IXIF—FHEICEIRT S

Development of new steelmaking technology contributing

to the sustainable society

Steel products are made using iron ore as the main raw material. After these products have been used, they are scrapped and once again

returned to iron material. In this way, iron, which is a basic material for daily life, can be reused time and time again, varying its form; thus,

it is kind to the environment. At the same time, steelmaking process needs a large amount of energy and resources and it exerts a large

influence on the environment. Then, it is necessary to reduce the impact on the environment at all stages, from the purchase of raw materials

and equipment, manufacturing, technological development, transportation of products, to their use, recycling and disposal.

Based on such backgrounds, in our course teaching and research will be undertaken to develop new techniques related to the synthesis of

various environmentally adaptable materials, especially metallic materials. Our mission is to develop novel material synthesis processes,

which allow us to establish sustainable industries and social systems that utilize the environmentally adaptable-type materials.

EHERE (FEEER) ITOWT

EISEE (EEER) OXLBHERE

ANEHBEG, 2003 EORERNZMEHBZIEARIC. BIEE
ABRBIRENBTORBELMARETSEEBNELTHR SN, #
HRBREZO-RICBL, #%iX—h— (TEREEET ) ORISR
FIRICRRRR SN B E WS D BEEICIF R WEF#ERBLTLS (Fig.1)e

CORBERARITENL. EAZEHUCRERIN - 70K
MOBEBICEREBVRERE L. ERFRORHPHSBETEESD
EUTHDIBATWS, o, KPEEMAA—N—LDFERBRANIRT
AREROERAFAZBEC CREICESUCME - 7OEXICETS
7OV NIHERRREZEIELTWS,
FPHERIEETICHI2MOMEBRTEEL. BR. BEONELE
EMnESBBEICH %, RAEVWAEERXZ LT DEHticES
BEFETZIEEZERICEVWTWVWS, BNFEBDOELWHIR A
RERBEHNSEFN, HEVCHARICREELREZTHDEEZXDHD
5THD, S5IC. BHETHRZE I, BIcHATEZEAVTWH
REZHEICELETYR—ICLTWS,

NEEBETIE. FEBERICATET 2 3BDOARENKEEAD,
INET BLFE258 HEAEL8EZEZEHL. 2016 EEIF
BE2E28 CEE1R. 158E148) HEELTWVWS,

Fig.1 Nippon Steel & Sumitomo Metal R&E Center located In Futtsu, Chiba.

REHEBETE, KPEA—D—CREFONIEKMICEDSE, AT
FEBETORROCYTUZILOFKE - FHERM. REEFERZER
RYBHDMERE - TOCRAZFDARICEDEATWNS, TEIC
FRARZBNT B0

DOF eE7EN77AEREBAKNOCYILITOE AT VAR E

TELT FRERRBZOENCRESSEN SEARKKBERTO
BEARSYRATPEREESH TOREIFZELTRAVS TV, &
. BEEBEECIERERBANERINDI LN, BERBEN
BWFEL77AAESBR>EERINTWS, SAKERTORSIF
ZIKITEDD. EXATVIZAA-TZERIEULTHAWSAENZL, O
7xHv kU, AY U7 EICESHERZRIT TRIIBRZEAL
TEAN—TZERELLTWVWS, ZhIZFLT. hyhURBWEETH
BRCTHEMTIIETERN—TEERILTEDENRBENICHS
nNTW3, AMREIE. FeRFEILTFAGRUINIAFIILATTDZ
DERN—TDBEHFIEDRRHEZRIBT B1cHITIT>TNS,

Fig.2 lc. AOA7DERN—TOFREREEERT, Fig.2 h5
bh3LSk. FREEZ Ihn REREZ2hrelicma. GHR

Annealing Temp.

WWlily 3 WALt gy | | 1 1§

|t s k] [ i
430°C 440°C 450°C 460°C

Fig.2 Dependence of hysteresis loop on annealing temperature

FEHR EEEE— FEHR BEE

Professor Professor Professor

EEHIR -

Yuichi Sato Jun Okazaki Kazuhiko Kusunoki

EMN450CHETERA—THERILLTVS, —7. Fig.3lc. &
A7 TORERCDBRIREREFUERT, PELT7RAEEBHT
BEfERILTBHN Fig.3hS5bhdkSic. FEHIREEDIEIMICHL
ERICGES (TR MEMNEMYZ) M\ FHEE450°CHET
ERIENRY—RLTWS,

INSDFERMS. EXH—TOERILIFITDHERLERVEIR
DHBEHBLTHED, CORRBLOERADSERH—TERILDF
REEZRAT TS5,

Annealing Temp.

440°C 450°C 460°C
I S

——
a -Fe C

g

L e

Fig.3 Crystallization procedure of amorphous core annealed
A: Optical micrograph, B:SEM micrograph, C:TEM micrograph

@EQO—)L PFC EO—/ILAY FEOEFTHRICKIFTEE

BO—J)LPFCERTEINT PRAEEETD T ENBRIECOEEICH
WENTWSRERSREAETH I, BE5NDIEFORAERD
—BORENKRHENTWS, ZZ T HEEEFRLLTHAVWSO-/L
MEOEFHERICKIFIFELZRAEL., O—ILHMEELT, Cu-Cr v
Cu-Be WEETHZIZEEZBEBELTWS, AARTIF. chs5oO—
WICEBZEXYFITDIETERDIETRAERDOREZH->TEHD.
YEE. Xy FBOEFTERICKIFTEZEZASNCTZIEZEN
ICHFRLTWS,

ZhEFT, Cu-CrO—J/LTAg. Fe. NiD3EDAYFEICDWT
ERUREZE, BEERBEICEENECDZENHID, NiXvF
TIFBEFOERIEEEE 5D, —A. Ag. Fe TIEETHRTDHN
AMETOETORAERICEENHD. Ag Xy FOANREMER G
RipEhas,

SHBREBLRIZEBEICOVWTHEL., XvFEICIIETHERER
DOHEEFRRICOVWTHEL, XvFEORECERD L,

"TOEATRILF—FHEY) REEE |

2016FEIF8AI, FEHEBEDKHEENLT, EEFBERREICMZ
PADSEFIRMEZIETEEEME UTREL, EPERERBLI, C0F
TR, EEDE—RTEELTCVWBRITENSOEDEZREICTZIBIE
NTEBEHIC, ZORBREUTIKRIELSITERNSUTAVILETEIRICD
b, HERETOERZ2EEUEIRILF— - BRORKEEENERDHEAIC
DWTERERHTHSXcEEX D, BERNBHEEERIITILORED TH 2,

- HMEET O AOBEETRBEEOBE DD (BA)

- IR ICH T BE R BRI

- SRS IC K 1 D IRIBBE DT RN
cEEYEREYITAOI KR - GIEE,SDERR
CRBTOEREERLUYAVILEIM

- BIE - AREROBRESER

- EERI VT U7 EEET ORI

- BMRICH T BEAERIERA (KE)

- R B DHEBE & BB

FIHRFKREE (2016 F1~12 A)

OERZHS

- BA£B¥R H28 EMHFERR

"Fe E7EIL 7 7RAEDERIBRE, (LHZHE)

QEBRZE

- ISMANAM2016 (International Symposium on Metastable,
Amorphous and NAnostructured Materials)

“The crystallization process of iron based amorphous alloy”
(LLA%e)

- LAM2016 (International Conference on Liquid and Amorphous
Metals)

“Microstructure and thermal property of Fe based amorphous
alloy during heating” (LLIFZ3)
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SEHEFEEE  Collaborative Divisions

WIS T EIE S (EIEBEMZSER)  Global Environment (National Institute for Environmental Studies)

JA—NIBRABROELZIRZ S

Observation of Changes in Global Carbon Cycle

We, in cooperation with National Institute for Environmental Studies, carry out research on global atmospheric environment, such as global

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

carbon budgets. We conduct research and education on measurement principles, data processing algorithm, field experiments, and data

analysis on the basis of specific cases of remote sensing and in-situ technologies. We also develop the applications for atmospheric

compositions/clouds/aerosols and their surface processes, utilizing such instruments as satellite-borne, air-borne, ship-borne, and ground-

based sensors. We conduct field measurements at Asia, the Antarctica and the Arctic including Siberia, and study global atmospheric

environment change by analyzing these data.

LBETIIBRBEORIRREZEH ICEADLIAKIEZERT DD
MPRBE(CZEHAT2HRARM,. BRICEITZRFENZOEH AR
fif. BSCICHIKERIELZEE ST O—/NILBRKIRBEZESRTIC
BEIBMREHBZT> VD, BANICIE. ATHE, MEH.
faff, HEBRBICLZREEDPE. TFAVIL. B5TIKENS
DHRT O ADERREAM, H_EHS OREDERBE IR DR .
TITPEE, N7 Z2ECHBREMRRMICET2EHANES
BEVICERBULT—YDOREBFIIVI L, T—9@BFEITSCE
IEE > THIRRETORIRREZHORARRBICE T AR EENE
LTW3,

BEFAEETILZRAVERBEZH
AVIVBIRICEZDEEDEEIL

EIZREMAMTIE. AI#EE CALIPSO/CALIOP & Aura/
MLS OF—%ZRAWT, BIEAY VIREDS | =2 Z5I<BREE
& (PSC) MERLEYDEMRIICEZZHEDEE(LZT oI,
PSC %1 7HRETES CALIOP 7—4%h 5. 2009/2010 4t
BHLDPSCHIHTRNCEREEZEZCHL. 5 HEDRIA -
BANBRFEZTolco ZOMZY VNI —ICT Y F LI MLS
DF—%H5, HCI RV CIO ODE{LDOKFZ#EMN LI (Fig.1)o %
DER. ZRHOKELNBONCETIZEEINATYA 7O
PSCH. BREIETITZEEIESTS W Ice ¥4 7D PSC WNERT
B EEBASHMICU, TEIE. MY VNI —LETOEREHESR
EHRAOEBDIRFZE. FNFITIVMNI—LZEETILATLAS IT&
BPRERELBT B EICED. BRIEEYDFEMEICIE TyardK D
BERENEETHDIIEZHESMIC U, UEAROERIF. XU
ToRXIcHRRENT,

Nakajima, H., et al. (2016): Polar stratospheric cloud evolution and
chlorine activation measured by CALIPSO and MLS, and modeled

by ATLAS, Atmos. Chem. Phys., 16, 3311-3325, doi:10.5194/acp-16-
3311-2016.

wEHRRAEVE—MEYIVTIZED
BE A RER DR RN DT

EYREMEA TR S EBAGUE-— MYy VI ZERL. &
MTORBRNR, KRROEBEELBEZLHTHEBICTMMI S &ick
D, [URZEEEME (REDD+ PZERE VLYY MIEZ) OFERIC
EIBMAZEDTND, ATHEHSERASNHELED DRI
(& HEDHMICELS CO, RINEDLEHEEEZITS LTCHEART —
ITHBIENS, FHD CO, 75y I REEY A MTlE. 9
HEHRAY T —ICREVCHET — Y DRECLEBEFEORERR
ZITSTARDEDSNTVND, CORL, FT-—REDEEYPRE
HDBADEEZHRIOICMORE, EEDHD IR ZIERIC
AETHIEDTE2EBFEZRALRL (Fig.2)e TDEREZRKRD
HM (BURBEARAELAET SV I REAY L) CREVLTR
HNRREFMzT ol I3, RO E FRERE) ORI
BEREFORAK 3 FICRD, DARFENSEHESNZEEEEN
8~ 22% WNFHE SN 2 R EMEEERRDEICORERHENRDS

00107 TO-2T-085

)

b £
s §
Iu . 11 El
e . 5 A
£ -
Hy- g 4
= .2 ? &
= NN
n
DR i 6 e A 6 s Bt 0 o 4.5 e B o 42 K b EN =
L = 38 L] 1T 378 ATE LET T
T b B2 ne e HE a1 B0 dgeg, Ly
At GE Al e Fa 1 E T M g Langi

L

leeH

Timajzim;

Fig.1 (a) Time-altitude plot of the PSC distribution measured by CALIOP, and HCI
variation (b) along the forward trajectory starting at e4 (+) point in (a), as well as
temperature history (c) along the trajectory.

FEHE —RKREF FERR 0TH S

BEHIR 15 RE
Professor Professor Professor
Hideaki Nakajima Nobuko Saigusa

Toshinobu Machida

Nico SBRRBIOLSBBEMEBOLERICED., EEICLDNHREE
DEER EHNERFTES, COMRADERIZUTORXICHKRS N,
Ide R., Hirose Y., Oguma H., Saigusa N. (2016) Development of a
masking device to exclude contaminated reflection during tower-

based measurements of spectral reflectance from a vegetation
canopy. Agricultural and Forest Meteorology, 223, 141-150

mEEFNR T A DHERFRAEER R

RKEFOBRENMRAZAD I O—/NILRERZFBT ZHIciFZENn
SOHRDEEAGLREZE ZMND2RENH 2N, HROEBAT—
FEFLFLTATIEEN. FHTHRUA D LZOEBIEIRRERIC
ARLTWS, bhbnOMRETIIM ERT—> 3 P EFIA
UFERAIIC IR TR ZS % E > TR BN R H RO 3R TE A EHEEL
W35,

EERROBAT -9 =SEE TEESTDHlc. 2005 FLDE
HREEICHAIRBZEHLLENTOY /7~ (CONTRAIL 7O
VUK HELREREAPIKMARAREDT I —TICLoTE
BEhTW\W3, ERREEEESLEFNRR CO, BEDE M & H5F
THHTTHD. INEDT—FIEEEICEH TS CO, BEDBRZE
LEBPLO2HD. REBROBHEIHD TR KKEEETIL
DIREE. KKAEAHNZXLOEN. FEBRBT—5DRIEICHRE
CEmLTWS,

Fig.3 (FBAADEAZESBLE (LK) &MY ROFY—2=H L2 (T
K) CTHAShZBItRFRERENTOZHETH D, it
FEEZ. BHIZAZRLTED, F2Hh>EHELIDMD

Fig.2 Flux tower and the spectral measurement system.

PIVWLSIC2FEDDEHERLTVWS, BHREETHAYREET
b, ZRICRFREEIZ 8 ADS 9 BITh I TR LIEY DX EEIES
ICELBRNDFHEZZ T THBICBWVREEEZRL. I5ICESFEHER
HANEEDPIKRIDLTRENBRAICESSH, HERAMSBE
12km (HEDOLZ X TRIFABICREN TA>TWE I Eh b B,
ENbdE. ABNRBEERICIMAT, EYOEREED L ERDIE
Bz tE%kcd. —RIERRBEERBRAL S LREZRDZ, COF
HilFERFERIDREEINERTIEBVOT, ZBCRRERE R
ENSEBUTVE, RRAICEEANERD>STWKRFIERLEZED
TIDSHIEICERTES, BAMNTH, LFROL<OHRAY
A M CZNICEBUEHE ARSI TVS, ChicLTrIVR
EZETE. 10 A5 12 AT TRELENBED CLIFHERTE
20N 1BD05 3 AEXTRIREMETH >THIEIBEWREIH
AENTWG, TU—LEZICE T2 _BIERRBEDINERISERIT
UfciER, FU—RET 1 AL SHRETOZBILRFRRIN A #EL
b, 2 Bh5 3RIKMFTRRICARZEN DD >fce TU—ED
ICRBEYMFNEN>TED, 1 A5 3AEFTRENEZDETRE
E—HULTWBZED S, Fig.3 THOBHBNZEHEIELNED
HREBICL>TEDEEIN B DD oTc, E5IC, CDOMIHODRE L
ERRDRIN U ZBILREDERFRARBREED 2 FHEICRAEH
ETEfco COWRICEI>TAIVRZETET Y 7HICHITZRERE
ROBEBIREELELDEHFTES, CORRDBERIFUTOR
XIcHERS N,

Umezawa, T., Y. Niwa, Y. Sawa, T. Machida and H. Matsueda (2016),

Winter crop CO2 uptake inferred from CONTRAIL measurements
over Delhi, India, Geophys. Res. Lett. doi: 10.1002/2016GL070939.

Altitude (km)
(wdd) 2pov

Altitude (km)
(wdd) 2pov

Fig.3 Seasonal variations of vertical profile in CO2 mixing ratio observed over Narita
(NRT), Japan (upper panel) and Delhi (DEL), India (lower panel).
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SEHEFEEE  Collaborative Divisions

BEiEY 27 THEESE (EERNKRSHHEAT) Environmental Risk Assessment

(National Institute of Advanced Industrial Science and Technology)

"Ze - RiBHBATRILF—DOFIRAZEIELT

Studies for utilization of safe and secure geothermal energy

The members of the Environmental Risk Assessment (AIST Collaborative Laboratory) are carrying out studies to enhance safe and secure

utilization of geothermal resources mainly by investigating technologies for ultra-resolution reservoir monitoring and rock-mechanical

simulation of hydraulic fracturing/stimulation. Major research activities in 2016 include, (a) scientific and engineering studies for GW scale

power generation from subduction-origin supercritical geothermal resources, (b)microseismic monitoring of treatment injection for

production recovery at geothermal field, (c)development of monitoring system of environmental burden associated with geothermal

development, and (d)innovative utilization of geothermal fluid for hydrogen production. Research and development to simulate industries in

tsunami stricken area was also conducted.

LBESEERNBEMAN BEBETRIXILF—HER
(FREA). BEFRIRILF—MELYI—BLUHBEERREMNR
BT (O<IF) FABDIARENFEL. HE - HREBDET>TWVS,
RE ABECRRENZEROBIREZET1RZUY—FFYR
FURELTERL, HRAMRZXREL TN,

1. A HFREIR BT EERFFIC
B9 5%

3. AT RIF—DSRGFAEICET 2R

ERNDOMEELZELT KAHAAHFICRRZE I HBHERA M
RERICESE GW AT —)LOREAREZR>TWS, RLBAIE
HME5DIREFIC LD 2050 FICAREHAREEZRE I H/HD—E
DERTOYV Y NDRBENEEITolc, E5ICBERFMAEIRAR
BROEREHOEBORLEI AL —FORKE. SRITHANRA
HEBDORAFEZREL TS,

2. HuhEEIC & B BT EE D
SEEE=5YVY

EFENBELLIOCEESEIER LT —ILRICEVWT, Y
BADEKBICE TR HMNBELSLCEAREBH KA EEBELTW
%, IhICED, FEBEADEKDHREE=FV VI LTWS,

Test facility of mechanical/hydrological behavior of rock

REGFEEELTHHEKEFBUCKRE S CEMOERESE.
HERICRE LI E AR OMTEREL TS,

4. BIEGHEFEAEFEICET 53

T OB DR ICIEC TREND DRRICHENS X T LDKET -
BREZIT S DAER (Overall System Design: OSD) ilE
EKICEZDITFBEBORENWEICEHITZIMAZERBL NS, e, B
REMBREOMEICEIZIRENERT —YERBOHDERTE
ZHVV T VAT LADRREYIRR - MR BRI KEEZIUV Y
VAT LDREFEZITO>TWS,

5. K MBROIZXMZIE

EEFHEZFERALT BXMEENEIZRMY —XOEALX
BEEZEBLTWVS,

PCRATMTE

g our @ e EE
I!!ll_ *-T!_\' D Y
! T

|

Development of H,S monitoring system

EEHIR XB R

Professor Professor

EEHIR R
Associate Professor

Hiroshi Asanuma Ming Zhang Mio Takeuchi

FEEHR MA X TEARR REABE TEAERR B EM

Associate Professor
Nobukazu Soma

Associate Professor
Yasuhide Sakamoto

ESlE 3TN

UIAREFEBRLANILOME - HEZREHL. MROEBRNERZ
H>oTW3, 2BRRAARADBEEEHELT, N—EITREULIAEDRE
MET>TWD, Flew RV, KB, 1Y UV7EOELMRAMEDEBREHE
RAAERZIT>TWVWS,

AT - AR |

7% 8 :ICDP (International Continental Scientific Drilling Program)
SAG (Science Advisory Group) 8. J-DESC (HAEHIRZIYY —
Y7L) ELHEEIESHITEES. Japan Formation Evaluation Society
Board Member. JOGMEC t:# it BB REKMEEZTEREZE. NEDO
Program Manager. BERICH T2 ERAREICETZBHREREEM
RESEE, BRBAZRTEE. REEEESEER. ARBHEES

EREHMEIO N1 T8

o b

Ei T

bt

Laboratory test system of hydrogen production system using hot springs

Development of downhole tools for HT/HP boreholes

@ﬁ%%%t@ﬁ%“

GFZ. LBNL. USGS. N)VUYBAHAKRFE, Fa—UvEIRKZE MIT,
ITB. ISOR. B¥MEMAEEE. BERRENZEREYY—. dtiEE
RE, WRRZE. AMKRZE, RRIEKRF BEKRF. SARIKF. BHHE
RF. EWIEKRF

E%W\Npo%twﬁﬁu

BER. #ls. [ET

&¢$&%t®ﬁ%”

BB HATRE (4E). NFEFEE (1E)

BERAE

%A 30

Seminar with RAs from Tohoku University
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SEHEFEEE  Collaborative Divisions

NAATIARERIAY NEDE (BAPRMEA)  Biotechnical Eco-management

(Central Research Institute of Electric Power Industry)
NAATO/ QI —- NA AV AT LZFALE
HuERCRIRAE DFR - WISXT SRR 5 G ERIREHAIB AT

Utilizing biotechnology and bio-system as global warming mitigation /

adaptation measures and environmental measurement.

We are engaged in Biotechnical Eco-management research for mitigation of Green House Gases (GHGs) and environmental analysis/

monitoring.

1. Microbial metabolism can be induced by bioelectrochemical systems (BESs), depending on the redox processes at the working electrode.

They have been used in various applications such as wastewater treatment, and in the production of energy rich chemicals so called as biofuels.

In this year, we developed a BESs that allowed the increase in microbial growth and production of valuable chemicals. We used Clostridium

acetobutylicum for butanol production, and Acidithiobacillus ferrooxidans for CO, fixation and chemical production. We are developing

further, with the aim of converting and producing valuable chemicals.

2. We worked on the development of the catalyst to use for chemical conversion of the CO, as CCUS elemental technology development. We

recently disclosed the hydrogenation of carbon dioxide to formate catalyzed by copper complexes. We have further studied the catalyst design

attributed to the formation of the DBU—-Cu species. We focused on polymeric ligands having DBU structure to develop immobilized copper

catalysts. A range of aldehydes and ketones were effectively hydrogenated in the presence of catalytic amount of copper salt andpolystyrene-

bound DBU.

3. Under the environment that chemical corrosion was hard to be induced, the phenomenon "Microbial Induced Corrosion(MIC)" have come

to be reported. The establishment of appropriate corrosion evaluation, measures is expected, but there is not the basic knowledge of that

purpose despite ten minutes. Therefore, We analyzed corrosion of the carbon steel and correlation with the biofilm as a model in the MIC. As

a result, with progress of the corrosion on the carbon steel surface, the biofilm developed. In addition, in the biofilm inside, the remarkable

increase of methane bacteria was seen in addition to sulfate reducing bacteria. The possibility that these microbes which contacted with carbon

steel greatly contributed to corrosion of the carbon steel was shown. We are going to search examples and investigate the mechanism of MIC.

EEREZ B HESHN (UNFCCC) % 22 OfffE R (COP22
NZTvaxE) 2016 F 11 A7HH,S 18 HETHES T,
UNFCCC-COP22 ICEY 2 Y A I DM, AHLAEBEMEVNE
SIKRERU SN, AIZ25h /NUBETIE. HRILBEBOREBE
EUT 2CBEDHBST 1.5CANDERN BRI NI, FD/INURE
&, 2016 £ 11 A 4 HiC. #ETZEZOEHNFTRESNEM U,
COP22 TIF/NURED “IL—ILIED "M AI—RT B &h “EEIC”
RE>Tco OTHBBVEWAZT NI, IL—ILIEONBE ST/ AT
Va—ILZERLE, EWSOHERTH D, ZLT 2016 Ens
2017 FICIATHRIFICR S > fc /BB HERDIEEEDOREZDOXE
ZRBFNE, KUBECHHPWERAENDIHEDNDHSAEL (&
BRLUTWREES),

NIUBEDEFIFESTH D5 RANRBEESOZR/N
LR 2010 FHi#R. COP16 Av oV &E (2010 F) T, /X
UIBEIC DB BEENTRENc, hrIrh5/NVIC|EH]h N
ABTEERI &, M, & TEN) O, &Kif. E. &
HAENMDET, EREZEARLU L THRASEATEBERZLAD
5 Implementation 922 & TH D, HADKREIN, HEISHF
INTVWBIHRETH S,

NAATZANRIAVRERHTIE, BETREIRILE— 4
IXRILF—PERIYVAIILEFICOVWTNAATFTo/OY—pN
AAVRATLDBEBRAZR >TW3, NS5O VAT LIE,
Implementation DX—X &7323%,

BEAEIRILF—D—D2THZI/I\AATYAIRILF—F, 1A
NZAOBMENERICES - B - BN TH B, TRILF—FA
DEDOMERNBRFENS - FMOHFE LR >T<B, 2016 FE T,
INAARREHENICIRILF— L EMEANETRTIRIMELTESR
EEXEDREFEZESD, £fc. CCUS (Carbon dioxide Capture,
Utilization & Storage) ERXMARDO—RELTMEICLD
CO, DILEMEANOEBREMICOVWTID AR, 5. 17
SOHMFIC LB ERFCZENELT, MEVBRICEIZIME
Z{Tolco

1. MM ABRILFEN AT LBESs &%
INA ARREEE D e & D EMREFEDRE

EEHIR KA RAA EEEHIR MAE AR

Professor Associate Professor
Yoshitomo Watanabe Norio Matsumoto

s ®D Acidithiobacillus ferrooxidans (Z BESs Z@&HE U7z (Fig.1)o
(A) TRERFRELVTOITRIE, EFHEFELTOAFILER
O—4">%FAWT Acetobutylicum % BES &% E CHXMNICHE
Bl BFHBICKD. BEFHIGBULOEELANILELKELT. 7
Y/ —IVEEMEN I FICA LU, COEEMERED EDOXAH=ZI L
ERAT oI, RETOERZ@BT LI, TDHE. BESs I
&OT7I/BRML/XVLAFREETOCROWIFHE, 75 /—)b-
I5/—)- ABEENMEESND I EEBESMIC L. (B) T
BESs Ic & DR RIZ 10 FDEMZRL, EREEBEEEICKD
BRREMNGIHINDZZLZzBR UL, S&id. BEIN CO2 Ick
DILZRGEEEITDNAZRDFETH S,

2.CCUS ERK{iTFF : CO, DLFHE M / B3 FI AR
~EMEN FERAT & T SMMRIC K BRRIERIN~

BETBMBERTELT RURFLYEEICDBU BE2EI 55
DFANOFFREBEOEECERACETS, PILTERBSTIT M
YOKRRERBICENBED FHBENSOSNZIEZRWLE LT,

3. REMREDNA A7 1 VAR EHEYRER

CCUS EXEMIAFAEELT. CO, DILZEMNEIRICFIAT ZEED
FRICEDEAR, chnET #iRE 1,8- Y 7HE> -0 [5.4.0]-7-
YTty (DBU) h57%82% ZTtREEN —BILRRDODKRILRIG
IKCEMTHBIEZRVWELTWS, 22T DBU-Cu BEOFEZ

AV T SBBICIIMBREDEEDIHICCO, 2L EHT %K
MhfEDbN., ThSERBEIE3ILE CO, FHEZIMEHIT2HE
NH2, TbEAYTTDHCMFIEET ZHRME. ERRLR
ficHbH s,

EE, LR RERIAETULIOSVEETICEWT, MEBRIG
MEAT22RABEINETIDERR HMENRE) M REIND &
SiciEofce WEYMBRICLZBENEREG. HRRHTERM 30-
50 BRILRIELHSHESN 20D H 2T ETH D, BYEE R
WERDIINEEFNDD, ZOHOERNBMBIE+HEEFER
W, ZDfcth, MEVBRICEHIZMEZTZ—RELT RIER
B SBBUCBREEEE I IMEDHELZETILELT, kKM
DERENAATAILEDBEEERITUC, ZTORR. BROET
ICHE-T, REFRAICIENAATAILDEZEL, NAAT1ILLA
HNETIE. ChETICHEDBROERRRBFELEX SN TELRE
BITEICIZ, XY VEDOEERIEENIRSN., RERMfEETSZIN
SHENELNRZMOBRICKECEFES LW HREENRS NI,
e, INSHMBRETEEAY VERERELDEHEERICERIENE
DELTZZENHEShERSTc, SERIIMEVBREFDORTRE X
HWZZXLOBRICERT 5.

BEWRS TOED |

CRROVVURIVLETOHEE QH4 SEREHE1H
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(A) Concepl : Closfridium acedobudylicurn [BiConcepl:
E 3 T 3
|| s

Acigilfvobaciius ferrooxiding

Fig.1 Concept of bioelectrochemical
FRODUCTS systems (BESs) for enhancing the microbial
metabolism (quoted from N. Matsumoto et
al (2016,The 3rd AP-ISMET 2016))

WU LI~ T RAN A RORELR DA 2 =15~

(A RERE RSN NTE HPEYTIM)

MEDDIER TERY P _BRIERREER - BELTIRILF—
LB NI ABK) Z2EEITZ/OLRZERLENICRET S
ZEZBEL. 2BEBEOMEMICH ULTERIEZENET RIS ZH# U
Bo. MEDORBEMBRSTCICERY. BEEEOZICDOVT
R LT,

N1 AEBERILFENW > X T L (bioelectrochemical systems:
BESs) Tld. {EASEICEIT2BILBRTIERICKLD. MEMKEZ
RETZIENTRETH D, HAlE. (A) TT/—ILVEEDIZHDY
OXRYYILE acetobutylicum &, (B) iREEEE &L ZEAEDT

5

-
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-

A

g e it go pinbroinduring
=N

—~H— WRRNERLET AR

WMz 7 4 LRI
| rimemomEEEEEREN
ErbCev. RARGICESTE
o BEMBEWGMILL.

—RNCERRHNATRLERER (el em) GRECEEIRL T804

Fig.2 Microbial Induced Corrosion(MIC)
(quoted from S. Hirano et al (2016, Agricultural Chemical
Society of Japan annual convention))
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HILEER R T RILE—FFZRIFMAE  Next-generation Energies for Tohoku Recovery

RILEERHAITRILF—
707k

Tohoku Recovery Next-generation Energy Research and

Development Project

A

NET

This project started in September 2012 with Tohoku University Graduate School of Environmental Studies playing the central role, together

with the graduate School of Engineering, the graduate School of Agriculture Science Faculty of Agriculture and New Industry Creation

Hatchery Center and also the University of Tokyo, etc., in a consortium of five national and public universities and relevant local governments.

This year is the fifth since the project’s launch and, supported by the relevant local governments and people in the community, the project’s

three R&D themes aimed at social implementation and industrialization in earthquake stricken areas are steadily nearing completion in

visible forms, and many of them are already generally in use. Below we present the main achievements during 2016 and current status of each

of the tasks.

=

A7OYV VM RZORERPMERZH0IC TR2HEREL
REMERL ARHMZEMALRMAER LY F—CMZ, RRAZE. R
BRF, EFKPE, REHRIAZRUASEERZERARTKER
D IMEROELBRBREEDIVY -7 AIED, 2012 F
9BIERAT—hUlco SEERHEENS 5 FHORKEEZLRZ. 7
AOY I hZ8ET % 3 DDRBOARRABRIZERBRGFRUH
BIEREOHADT. HAMTOUHIREPEREL ICLZERAL:
EECOEFNBRENRZITETED, AT7OVIIMETHEDBEL
DHRBFETMERFEORTZFELTWND, Ffee FT/OYV I hDH#
ElcEh, XHN2E, ERFLECICARTIMESDLETDOX
BICEHBULLETEZRETHDEIT, UTIC 28 FEDOATOY LY
b DEEIRT RO EFREOERARARRRETH U,

7AY 1Y h2EDEE

REER, IFRDHRELEERE. EEZBROREDED
EEHEZESREERE/NFH COREICNZ. FSEHEEZEERD
—REVTEFEABTOEDHEBICEVWT, BROARBEEBOESTE
ABORBEEZTV., HAYORBKERUVCENREERBEOME
HREBRICOWVWT, —BERZRD.

oy

Fig.1 The public forum in Ishinomaki city (1 1" November, 2016)

Ffeo 7OV ORBRARVARBABRREHRKMZEOTR
ANDOAFEBERAREIRILF—Z2RDICRERIRILF—OMERHEF
EHRICHEET 2O RERIINF -V RY 100 (BREBESR)
ZRELIEDN AT PASTICEWTTR7A—SLZRETSE
Ehlc, MRRBRE. ROARBEREFORIAAROKFETRE
ICARULERED, BEIRILF—PEXRAMEORTRICHETS
BE, BRNICLHRESZRRALR,

MZXT, ThETETOY I S OFFRMFKCRIERBRDOKRF =M
BIERLCEcbDZEFES, 'NET 7OV I MD 5 EEDEH) &
UCEiERZEEL. Y7+ hEBUTAR U,

FEREDHR

A7OYVIRTIE. RARKE KORK KM RO ITHIRICEER
IKBI2EARAIXRILF—EFRAIIZRERIRILF—ORREREE
HTET,

FREF TEEAEANTATRBENEDEEEETRIRILF—
DIRRFFK THD, HRAKBEERVRNREEBERZZZTNE
RAETONYFRREZRBHDAFREIZR T HHOTRPEE
DHNDHERBEZEHTE e, BWRABEE (EI&HH 5kW) €D
Wi, BETMBEFESOEERSICER 27 £ 3 BICEFY KD
RfEGEUCHRAEBREDRBEN T T L. HITRHNEIT2ERS

Fig.2 The Kuji Wave Power Plant is now approved for
conducting power generation experiments (Task 1)

oYy bU—4— HiR FHEHIR

RILERTOD 10 MEEER IR B
B fE () FLEB HER TN AT BE BARTE B
Professor Specially Appointed Professor General Manager Associate Professor Assistant Professor
Kazuyuki Tohji Tadao Shimoyama Isao Kumagai Atsushi Kishita Senshin Umeki
BF MAXZIEE EHWES EBWES EBWES EHHES
I8 BRF Bl &F Ik T EEREET BT BF HH fMx

Research Associate

Research Support Officer Clerical Assistant Clerical Assistant

Clerical Assistant Clerical Assistant

Tomoko Monobe  Masako Hayakawa  Ayako Kato Tomoko Saito Fusako Kusaka  Kazumi Yoshida

BEICENHIGZERIALU . INETHRITORABREZBXIT
REDERMLEBREORRZEMZ, RIERRZED TS, e, KA
HKERE (EREH 43kW) I2WTIE. EFEXARHEORREBIC
REBEESHTERD. T 28 £ 10 AIcEERH &2 R FEER UK
NEEBEBORBHTT L. HITABANBHOMRIGERKA L. S5
3. INETORREN—RICZEENLBERERNEBERFINTVS,

RICEE 2 (F "HAEEOTRILX—FRICETZMERE) T
Hb. CORETIE. RAXKEXKICK T2 ERKE TEBRNGTT
BEZITIETEBEERELEYY—ICEWT, TKRERERETS
WSRO RIEEAAIIERT DR T LAOEBRRMOEIIZEEL.
FRRZPEEEREY IR TORYFRT—ILTOREZ B
FA. FR27F10BIC/X1OY NIV NDTERZERc, ThET
DINA Oy NFZY NTDEEE TIE. Botryococcus braunli BOT-22 k%
BWTERETIcER, RIEKRRAAI, RENUA Dy =&,
S TKICEBERIBEZRE, K. TRFABISEUHMESR
DEEBKEDOEFHEEEDTWD, Ko LCA(TATHFA VLT EIRAV)
T, REOBEICRZIEEENZ 30% HIF. HMESEDOLRINEEZ
90% — 95% £TH. L. AMIIVEHICRZEBDHEESH 53% HIR
ZHIEL. LCA ZTWAH SRBELMMELED T RILF—F AR
DI ZR>TWD,

3HHOFEEIL "BEAREIRILF—ZEFRLEL. A-EFEOELEY
T (BEE) ORK[EMRABHORENEIRILF—EBIRT
LDEELED-HDIRTFRFE THD. AMEREFEOFOLREIFZ.TEMS
SIS T RILF—BERMEAR) kU TEE U T BERMEAR =
BAETD TTRILF—FEEUTAHEVRIAY N VZTL (EMIMS) )
DRIEICH B0

INFETHIEABENICE T MR T RILEF—2BWERT %7260,
LAETATIFAREXZFB U EMS SIfHEHIHENRE T

Fig.3 The pilot plant for culturing microalgae at Minamigamo
sewage plant (Task 2)

LOMERRPEEZLF v V/SATOZENIRERAT—Y 3V DESE
REBEEToOCE, KIFFICEVWTIE. REERVPEYEE.TA
Lz EMS Sl NA AR A I RILF—V AT LOMBEFERCERE
ZFIAL EMS §lHFB/NAF Y —REIRTLORRFEHEZT>T
Efc, Ffeo BBMICEVWTIE. AHIEZRAD EMS KEBHXEEI X
TLORFEROKEMINSHESNSERZHMAL EMS #l#/\
AAVRAIRINF =V RTLORRFARILTIC EMS FlfEHEAT X
WF—IYZTFLOMEEEZTV. EYIHOREERIITLD—
BICFIASNZ R EMIBICREUVCBRZZEF TS,

EEV T EERMEAR TR IhETILIATPARETORERR
ICNZ. KIEHETORERD EV ERICEDEANRTFERBRIAND
HENYZIAL—YVaVAREREEYTAIYRIAV NI AT LAERBE
gREEblc. R - BRERVATAOMERAERVEEEL YT
EEFBANETHVRATLOMARAEZITVN. ZORRIGEERL—
TIVTHEPHROBAICIDEITES NI,

NS EMS BT RILF—EEEY T BHRERE T S EMIMS
DOEIETIF. 27 FEICEBUCZENKRBRAT—YaveREMORE
FINERICEB U V2H 1 /\— 5 ZHE LT EMIMS OEEZESD
feo ZDRFETIE. EMS Y—/N\—& EV H—N\—DEHREEICHS
MEAMZERICTER. FERICETRMBTRILF BRIV EVE
DNy FUBRROCETEREZEGE ICREI Db, BRI
TRAICBEVWTHEBETE, EBRICEWTIBEISMENEV BED
5V2H ZNUTCBHOHIGZEITOVATLZRE U, ZDHERIFH
BREZHEVERTANDRER, S TOBENERICHERELCE
R U,

NEORRIFSHOAGETOEFEIDIFHELD, REHAKREK
DF KM PSERBIASNIEENZ 7 KMEORRMIKICEFTDES
DLDICHRWCETEZHDTH S,

Fig.4 V2H system has been installed in Kazuma elementary
school, Ishinomaki city (Task 3)
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@ In Situ Electrochemical Raman Spectroscopy of Air-

Oxidized Semiconducting Single-Walled Carbon Nanotube
Bundles in Aqueous Sulfuric Acid Solution. [The Journal of
Physical Chemistry C, 120, (2016), 7133-7143] Shin-ichi Ogino,
Takashi Itoh, Daiki Mabuchi, Koji Yokoyama, Kenichi Motomiya,
Kazuyuki Tohji, Yoshinori Sato

@ Asymmetric and symmetric absorption peaks observed
in infrared spectra of CO, adsorbed on TiO, nanotubes.
[The Journal of Chemical Physics, 144, (2016), 154703(1)-
154703(7)] Koichiro Yamakawa, Yoshinori Sato, Katsuyuki
Fukutani

@ Efficiency and long-term durabilityof nitrogen-doped
single-walledcarbon nanotube electrocatalyst synthesized
by defluorination-assisted nanotube-substitution for oxygen
reduction reaction. [Journal of Materials Chemistry A, 4,
(2016), 9184-9195] Koji Yokoyama, Shun Yokoyama, Yoshinori
Sato, Kazutaka Hirano, Shinji Hashiguchi, Kenichi Motomiya,
Hiromichi Ohta, Hideyuki Takahashi, Kazuyuki Tohji, Yoshinori
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@ Phytofiltration Potential of Pteris multifida for Accumulating
As, Pb, Cd and Se from Mixed Metal Solution. [Proceedings
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Takashi Itoh, Daiki Mabuchi, Koji Yokoyama, Kenichi Motomiya,
Kazuyuki Tohji, Yoshinori Sato
@ Green Synthesis of Cu Micro/Nanoparticles for Low-
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15, (2016), 1-21] Kohsaka, R.,Uchiyama, Y.

@ Capturing the relationships between local foods and
residents: A case in the Noto region, Japan. [Journal of Ethnic
Foods, 3 (2), (2016), 86-92] Kohsaka, R., Matsuoka, H., Uchiyama,
@ Cognitive value of tourism resources and their relationship
with accessibility: A case of Noto region, Japan. [Tourism
Management Perspectives, 19 (A), (2016), 61-68] Uchiyama,
Y..Kohsaka, R.

@ Analysis of the distribution of forest management areas
by the forest environmental tax in the Ishikawa prefecture,
Japan. [International Journal of Forestry Research, 2016,
(2016), 1-8] Uchiyama, Y., Kohsaka, R.

@ Tourist Perceptions of Traditional Japanese Vegetable
Brands: A Quantitative Approach to Kaga Vegetable
Brands and an Information Channel for Tourists at the Noto
GIAHS Site. In Nakano,S., Yahara,T., Nakashizuka,.T., Aquatic
Biodiversity Conservation and Ecosystem Services. [Springer
Singapore, (2016), 109-121] Kohsaka, R., Tomiyoshi, M.,
Matuoka, H.

@ Why People Visit Zoos: An Empirical Approach Using the
Travel Cost Method for the Higashiyama Zoo, Nagoya, Japan.
In Nakano,S., Yahara,T., Nakashizuka,.T., Aquatic Biodiversity
Conservation and Ecosystem Services. [Springer Singapore,
(2016), 101-107] Kohsaka, R., Naganawa, K., Shoji, Y.,

@ EYIEMEEMICE T 2 HEGROE B LURmIXHAREHD—
ERBARARECKE RN ETRELVT. [AEKRKEFBERR, 21 (2),
(2016), 53-68] &R, BFFE , MILEAX

@ EYRMRMORIAEN R EBRERFF - A/ RN—2 3>V DR 1 Y7
FEVT 1 DO DEMRETZORBELREREZ EOWEICHIT
T [YRATAFTILIRRIAVE, (15), (2016), 98-112] HFIRIS, BT
£ H)IME , LR, IVAFEEL, ARG, RILEK

@ AMEROEMERICTDDIFHEN? ~IMETRZNREU
For—hNEHRAERRENS~. [HE1/R—Y 3> Journal for
Regional Policy Studies, (8), (2016), 15-25] &k, ESim , B
FHEE RN

@ LHEHIREFEIRE S HIBNRTNDREZIZ0D | AllREEH
BICRITZ2BRERDEFAEMERNDTRE . [ ARBXKZEYXZAE
FHCE, (1), (2016), 1-14] Fik , RLEIKR

@ HBILKITIRERNTOBAICEITZIER  HNOERE DM
BO#HSREARRICEBLUT. [FXRE, 8, (2016), 1-13] THESER,
ALK , BEEREE , RS, WARTF, FEHRE

@ HHREEEEDEDOMREFEICOVTO—ER —REEMIKDOES
&0 . [ BNEEZSE, 35 (3), (2016), 361-364] &ikis, LA
[EE]

@ RT—URILI—FHEL? [ MO PEILWALAZI ATy IRD
i, TRERE B8R FER/\MAIXT v I AMER (7E) , BRI
¥, (2016), 148-149] &R, BeFE#EZ , MILEK

@ EEICELIERREFELERICA)Y N HZDH HEEHE
BEOEEEEICK T EHREE - #hE 2B I2EEROMEEHHED
AERDELT. [AEULLKH DEEMIHZVEDNSMNFEI IR
B, BFFIERAERY F ¥ —E IR AFRFR , BFFIERAE
HhRE, (2016), 1-24] TR, BEFREZ , RILEAR

@ HREDFRMRNSHBINRERY  LEERILDEFINS . [ AL
UK HDREMFHZVENSANFEITIREZEL , BEFFIERK
ERYF Y —EYXRARFR , BFFIZERAZEMRS, (2016) , 95-
126] &R, XAEIE , £BEZ , AR
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@ A stand-alone flat-plane lighting device in a diode structure

employing highly crystalline SWCNTs as field emitters.
[Diamond and Related Materials, 65, (2016), 152-157] Norihiro
Shimoi, Daisuke Abe, Yasumitsu Tanaka, Kazuyuki Tohji

@ Synthesis of 2-dim field emission cathode using solution
dispersed highly-crystalline single-walled carbon nanotubes.
[The abstract of International conference on Diamond

and Carbon materials 2016, 1 (1), (2016), 246-246] Shoichi
KUMON, Daisuke ABE, Norihiro SHIMOI

@ Effect of increased crystallinity of single-walled carbon
nanotubes used as field emitters. [{tZXZZHAETILAS 2016
Proceedings, 1 (2), (2016), 156-158] Norihiro Shimoi

@ High efficiency plane luminescence device using highly-
crystallized Single-Walled Carbon Nanotubes. [EcoDePS 2016
Proceedings, 1, (2016), 128-129] Shoichi KUMON, Norihiro
SHIMOI, Daisuke ABE, Kazuyuki MATSUMOTO, Kazuyuki
TOHJI

ESED)

@ FIELD ELECTRON EMISSION FILM, FIELD ELECTRON
EMISSION DEVICE, LIGHT EMISSION DEVICE, AND METHOD
FOR PRODUCING THEM, 2013 4 8 B 12 HiifE (14/424,074) ,
2015 4 8 A 13 HAF (20150228471) , 2016 &£ 4 B 26 HE& %
(9324556)

@ Field electron emission film, field electron emission device,
light emission device, and method for producing them, 2013
% 8 A 12 BHFE (PCT/JP2014-424,074) , 2016 £ 4 B 26 BE
(09324556)

@ ERETHRUER. BREFHERTF EARFHLVZNSORE
%%, 2013 4 7 B 31 HiiFE (458 2013-159542) , 2016 £ 4 B
28 HE (F5Er5 5926709 %)

@ EREFHHE. EREFHRERTF. BARTFRICZNSOEE
A%, 2014 %1 A 10 B FE (458 2014-002982) , 2016 £ 4 A
28 HE (555 5926750 5)
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@ Reduction Mechanism of FexO - Graphite Composite under
Elevating Temperature. [ISIJ International, 56 (2), (2016), 233-

238] Chishiro Funada,Taichi Murakami, and Eiki Kasai
@ Reduction Mechanism of Iron Ore - Plastic Composite at

Lower Temperature. [5th International Conference on Process
Development in Iron and Steelmaking (Scanmet 1V), (2016)]
Taichi Murakami, Yuki Takyu, and Eiki Kasai

@ Acceleration of Carburizing and Melting of Reduced
Iron in Carbon-lron Ore Composite using Two Types of
Carbonaceous Materials. [Proceedings of The Eleventh Korea-
Japan Workshop on Science and Technology in Ironmaking
and Steelmaking, (2016), 71-75] Taichi Murakami, and Eiki
Kasai

@ Disintegration Mechanism of Calcium Ferrite in Sinter
by Reduction. [Proceedings of 7th European Coke and
Ironmaking Congress, (2016), 534-540] Taichi Murakami,
Daisuke Maruoka, and Eiki Kasai

@ Improved Crack Healing and High-Temperature Oxidation
Resistance of Ni/Al,O; by Y or Si Doping. [Journal of the
American Ceramic Society, 99, (2016), 2451-2457] Daisuke
Maruoka and Makoto Nanko

@ Influences of Al,O; grain size on high-temperature oxidation
of nano-Ni/Al,O; composites. [Journal of Asian Ceramic
Societies, 4, (2016), 120-123] Hai Vu Pham, Daisuke Maruoka,
Makoto Nanko
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£ [#k&80, 102 (9), (2016), 475-484] WEAFE, FREZEE, ML
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@ FEETOEANOHKRREMBRICSOBHFA . [FE7OEIN
D RBEMBECBROFMFIA, 29, (2016), 7-8] HEEME , M LEX
—, BEXRE

@ I—JRAHEETICHIIDHRREEMOBRES . [MBRETOEX,
29, (2016), 202-202] BEEFHE , N EX— , EFERE

@ TIRAF VU EAWCRMARIEOERETEE . [MHle7OEX,
29, (2016), 222-222] R EX—, KS5HEHE, AEKE , BERE

@ ERAFZRAVD/\AATROBERLES . [MEle7OtEX, 29,
(2016), 228-228] K , FRALE , N EX—, BERE

@ KHMBNRLYNDARBTESHORE. (MeT7OER, 29,
(2016), 582] FEERIS , AWK , M EX—, BERIE
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CaO MO E. [MRle7OtR, 29, (2016), 583] M/ Eiat, A
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Be7OtX, 29, (2016), 589] £%F5487 , AKX , N EX—, B
SRiE
@ Fe fiFORERICZFALUL AlLO; BEMBIOEZHREE . [
1659 EIHAEBZSHEEME , (2016)] ARKE , N EX—, BERE
@ EFREHELKICEYZRETOERZBELT. [MRET7OEX,
29, (2016), 1-2] EX—

IR 27 LEHAIF D EF

[F@wx]

@ Estimation of spectral distribution of sky radiance using
a commercial digital camera. [Applied Optics, 55 (2), (2016),
415-424] Saito, M., H. lwabuchi, and |. Murata

@® IR heterodyne spectrometer MILAHI for continuous
monitoring observatory of Martian and Venusian atmospheres
at Mt. Haleakala, Hawaii. [Planet. Space Sci., 126, (2016), 34-
48] Nakagawa, H., S. Aoki, H. Sagawa, Y. Kasaba, |. Murata, G.
Sonnabend, M. Sornig, S. Okano, J. R. Kuhn, J. M. Ritter, M.
Kagitani, T. Sakanoi, M. Taguchi, and K. Takami
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@ FTIR TERAISN/DRICH TR ITY VL EDEFEDIEM . [ 22
EIRSMbFiI @B EESSE, (2016), 38-38] fiHL, FEXRE, &
FE

@ URSNICARY MUBBEAZEAY VY Y TFICLDRHBEAY V.
ZBMEEROEA . [T 28 FERKIKY VIRV TLES, (2016),
isas-16-sbs-009] L, B 5T
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@ Numerical Study on Tsunami Propagation into a River.
[Journal of Coastal Research, 75, (2016), 1017-1021] Yasuhisa
Aoyama, Mohammad Bagus Adityawan, Wahyu Widiyanto,
Yuta Mitobe, Daisuke Komori, and Hitoshi Tanaka

@ Impact of dew deposition on water flux dynamics at a
tropical rainfed paddy field in the dry season. [Journal of
Agricultural Meteorology, 72 (1), (2016), 29-36] Daisuke
KOMORI and Wonsik KIM

@® Near Future Climatic Impact on Seasonal Runoff in
Sri Lanka. [20th Congress of the Asia Pacific Division of
International Association for Hydeo Environment Engineering
& Research, (2016)] S.P. Chaminda, So, Kazama, Daisuke
Komori
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@ Recent Activities of Water-related Disaster Group. [ICUS
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@ Use of Mg-Al oxied for removal from an aqueous solution

in rotation:Kinetics and equilibrium studies. [Journal of
Environmental Management, 165, (2016), 280-285] Tomohito
Kameda,Jumpei Oba,Toshiaki Yoshioka

@ Synthesis of Li-Al layered double hydroxide intercalated
amino tris (methylene phoaphonic acid) and kinetics and
equilibrium studies of the uptake of Nd** and Sr* ions.
[Applied Surface Science, 366, (2016), 523-528] Tomohito
Kameda,Tetsu Shinmyo,Toshiaki Yoshioka

@ Kinetics and equilibrium studies on the uptake of Nd**
and Sr?* by Li-Al layered double hydroxide intercalated with
1-hydroxyethane-1,1-diphosphonic acid. [Journal of Industrial
and Engineering Chemistry, 36, (2016), 96-101] Tomohito
Kameda,Tetsu Shinmyou,Toshiaki Yoshioka

@ Equilibrium and kinetics studies on the adsorption of
substituted phenols by a Cu-Al layered double hydroxide
intercalated with 1-naphtol-3,8-disulfonate. [Journal of
Alloys and Compounds, 670, (2016), 322-328] Tomohito
Kameda,Tomomi Uchiyama,Toshiaki Yoshioka

@ Pyrolysis and hydrolysis behaviors during steam pyrolysis
of polymide. [Journal of Analytical and Applied Pyrolysis, 120,
(2016), 75-81] Shogo Kumagai,Tomoyuki Hosaka,Tomohito
Kameda,Toshiaki Yoshioka

@ Uptake of Nd* and Sr** by Li-Al layered double hydroxide
intercalated with ethylenediaminetraacetate.[Materials
Chemistry and Physics, 177, (2016), 8-11] Tomohito
Kameda,Tetsu Shinmyou,Toshiaki Yoshioka

@ Treatment of hydrochloric acid using Mg-Al layered double
hydroxide intercalated with carbonate. [Journal of Industrial
and Engineering Chemistry, 39, (2016), 21-26] Tomohito
Kameda,Masahito Tocnjnai,Toshiaki Yoshioka

@ Replacing conventional fuels in USA, Europ, and UK with
plastic pyrolysis gases-Part | : Experiments and graphical
interchangeability methods. [Energy Conversion and
Management, 126, (2016), 1118-1127] Stanislav Honus, Shogo
Kumagai, Ondrej Nemcek, Toshiaki Yoshioka

@ Replacing conventional fuels in USA, Europ, and UK with
plastic pyrolysis gases-Part Il : Multi-index interchangeability
methods. [Energy Conversion and Management, 126, (2016),
1128-1145] Stanislav Honus, Shogo Kumagai, Ondrej Nemcek,
Toshiaki Yoshioka
@ Interactions of beech wood-polyetylene mixtures during
co-pyrolysis. [Journal of Analytical and Applied Pyrolysis,
122, (2016), 531-540] Shogo Kumagai, Kohei Fujita, Tomohito
Kameda, Toshiaki Yoshioka
@ Feedstock Recycling via Waste Plastic Pyrolysis. [Journal
of the Japan Petroleum Institute, 59 (6), (2016),243-253]
Shogo Kumagai and Toshiaki Yoshioka
@ Production of bio-oil from fixed bed pyrolysis of bagasse
pretreated with sulphuric acid and acetic acid. [9th
International Conference on: Combustion, Incineration /
Pyrolysis, Emission and Climate change, (2016)] Viliame Savou,
Guido Grause, Shogo Kumagai, Tomohito Kameda, Toshiaki
Yoshioka
@ New principals on the adsorption of alkyl compound by
Mg-Al oxide: Adsorption kinetics and equilibrium studies.
[Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 513, (2016), 348-354] Tomohito Kameda, Mami
Umetsu, Shogo Kumagai, Toshiaki Yoshioka
@ TRITIDIIRIBAAVICLZKBEY VLAORHRS LVBEE
SERBEANDORE . [ RERFAERREREE, 4 (3), (2016), 239-
245] BEASE , MATARRR, BEMA , SMEEA
@ LHRWEBRZY I %) VIRE U ZREMIEBITOERE LU EBE
T . [ EEYERBRT SRS 27, (2016), 188-195] #EA
NE, EAKRE, 8HAA , AR, HREET
@ HBERASARMERROEENEICETIME. [—REMEEA
HARRE#SE Y Y— £FERE, 61 (1),(2016), 61-64] HEERE
@ 2015 International Chemical Congress of Pacific Basin
Societies (PACIFICHEM 2015) #36 Recycling of Polymeric
Materials: Challenges and Perspectives & . [ 7ZXAFv o U
1UIEZERARE=1—AL 5 —, 28, (2016), 13-15] BERHFE
@ ETSAFYvIDILZFERHED T I AN ——ERBEREML ORI
ZEIELT—. [ BREERZE T 69 (9), (2016), 738-739] fe&
HE
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@ Topological modulation of the porous structure of a
coordination polymer constructed from a flexible building
block via framework-guest interaction during self-assembly.
[CrystEngComm, 18, (2016), 872-876] Atsuko Masuya-Suzuki,
Nozomi Matsubara, Ryunosuke Karashimada, Hitoshi Hoshino,
Nobuhiko ki

@® Crystal Structure of the cis-Bis(3-tert-butyl-o-
diiminobenzosemiquinonato) platinum (Il) Complex. [X-ray
Structure Analysis Online, 32, (2016), 41-43] Atsuko Masuya-
Suzuki, Nobuhiko Iki
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@ Scanning Probe Microscopy for Nanoscale Electrochemical
Imaging. [Anal. Chem., (2016), in press, DOI: 10.1021/acs.
analchem.6b04355] Yasufumi Takahashi, Akichika Kumatani,
Hitoshi Shiku, and Tomokazu Matsue

@ Continuous collection and simultaneous detection of
picoliter volume of nucleic acid samples using a mille-feuille
probe. [Anal Bioanal Chem., (2016), in press, DOI: 10.1007/
s00216-013-7430-z] Hidenori Ito, Motoki Tanaka, Yuanshu
Zhou, Yuji Nashimoto, Yasufumi Takahashi, Kosuke Ino,
Tomokazu Matsue and Hitoshi Shiku

@ Electrochemical hydrogel lithography of calcium-alginate
hydrogels for cell culture. [Materials, 9 (9), (2016), 744.]
Fumisato Ozawa, Kosuke Ino, Hitoshi Shiku, Tomokazu Matsue
@ Evalution of RNA localization using double barrel scanning
ion conductance microscopy. [ACS Nano., (2016), accepted,
DOI: 10.1021/acsnano.6b02753] Nashimoto Yuji, Takahashi
Yasufumi, Zhou Yuanshu, Ito Hidenori, Ida Hiroki, Ino Kosuke,
Matsue Tomokazu, Shiku Hitoshi

@ Liquid-junction-free system for substitutional stripping
voltammetry using a closed bipolar electrode system.
[T.Electrochem.Commun., 66, (2016), 34-37] Takano S, Inoue
KY, lkegawa M, Takahashi Y, Ino K, Shiku H, Matsue

@ Molecular electrochemical switching element based on
diffusive molecular competition for multipoint electrochemical
detection of respiration activity of cell aggregates. [Sens.
Actuator B-Chem., 234, (2016), 201-208] Kosuke Ino, Yuta
Yamada, Yusuke Kanno, Shunsuke Imai, Hitoshi Shiku and
Tomokazu Matsue

@ Electrochemical imaging for single-cell analysis of cell
adhesion using a collagen-coated large-scale integration
(LSI)-based amperometric device. [Electrochemistry, 84 (5),
(2016), 364-367] Hiroya Abe, Yusuke Kanno, Kosuke Ino, Kumi
Y. Inoue, Atsushi Suda, Ryota Kunikata, Masahki Matsudaira,
Hitoshi Shiku, Tomokazu Matsue

@ Redox cycling-based electrochemical reporter gene assay
for single cells using a scanning electrochemical microscope-
microwell system. [Electrochemistry, 84(5), (2016), 308-311]
Hiroki Ida, Kosuke Ino, Junya Suzuki, Yasufumi Takahashi,
Hitoshi Shiku and Tomokazu Matsue

@® Sequential monitoring of oxygen consumption rate
of mouse embryo bodies in glucose-depleted solution.
[Electrochemistry, 84 (5), (2016), 302-304] Hitoshi Shiku,
Nana Aoki, Toshiharu Arai, Yuanshu Zhou, Kumi Y. Inoue,
Kosuke Ino and Tomokazu Matsue

@ Simultaneous real-time monitoring of oxygen consumption
and hydrogen peroxide production in cells using our newly
developed chip-type biosensor device. [Front. Physiol., 7,
(2016),109] Ankush Prasad, Hiroyuki Kikuchi, Kumi Y. Inoue,
Makoto Suzuki, Yamato Sugiura, Tomoya Sugai, Amano
Tomonori, Mika Tada, Masaki Kobayashi, Tomokazu Matsue
and Shigenobu Kasai

@ Potentiometric bioimaging with a large-scale integration
(LSI)-based electrochemical device for detection of enzyme
activity. [Biosens. Bioelectron., 77, (2016),709-714.] Yusuke
Kanno, Kosuke Ino, Chika Sakamoto, Kumi Y. Inoue, Masahki
Matsudaira, Atsushi Suda, Ryota Kunikata, Tomohiro
Ishikawa,d, Hiroya Abe, Hitoshi Shiku and Tomokazu Matsue
@ Spearhead nanometric field-effect transistor sensors for
single-cell analysis. [ACS Nano, 10 (3), (2016), 3214-3221]
Yanjun Zhang, Jan Clausmeyer, Babak Babakinejad, Ainara
Lépez Cérdoba, Tayyibah Ali, Andrew Shevchuk, Yasufumi
Takahashi, Pavel Novak, Christopher Edwards, Max Lab,
Sahana Gopal, Ciro Chiappini, Uma Anand, Luca Magnani,
Charles Coombes, Julia Gorelik, Tomokazu Matsue, Wolfgang
Schuhmann, David Klenerman, Elena Sviderskaya and Yuri
Korchev

@ Scanning electrochemical microscopy imaging during
respiratory burst in human cell. [Front. Physiol., 7, (2016),
25.] Hiroyuki Kikuchi, Ankush Prasad, Ryo Matsuoka, Shigeo
Aoyagi, Tomokazu Matsue and Shigenobu Kasai

@ Hybrid hydrogel-aligned carbon nanotube scaffolds to
enhance cardiac differentiation of embryoid bodies. [Acta
Biomater., 31, (2016), 134-143] Samad Ahadian, Shukuyo
Yamada, Javier Ramdén-Azcén, Mehdi Estili, Xiaobin Liang, Ken
Nakajima, Hitoshi Shiku, Ali Khademhosseini and Tomokazu
Matsue

@ Localized gene expression analysis during sprouting
angiogenesis in mouse embryoid bodies using a double barrel
carbon probe. [Anal. Chem., 88 (1), (2016), 610-613] Hidenori
Ito, Yuji Nashimoto, Yuanshu Zhou, Yasufumi Takahashi,
Kosuke Ino, Hitoshi Shiku, Tomokazu Matsue

@ Graphene induces spontaneous cardiac differentiation in
embryoid bodies. [Nanoscale, 8, (2016), 7075-7084] Samad
Ahadian, Yuanshu Zhou, Shukuyo Yamada, Mehdi Estili,
Xiaobin Liang, Ken Nakajima, Hitoshi Shiku and Tomokazu
Matsue

@ Developing biomedical nano-grained beta-type titanium
alloys using high pressure torsion for improved cell
adherence. [RSC Adv., 6, (2016), 7426-7430] Hakan Yilmazer,
Mustafa Sen, Mitsuo Niinomi, Masaaki Nakai, Liu Huihong, Ken
Cho, Yoshikazu Todaka, Hitoshi Shiku and Tomokazu Matsue
@ Local redox cycling-based electrochemical chip device
with nanocavities and microwells for multi-electrochemical
detection of alkaline phosphatase activity in embryoid bodies
from embryonic stem cells. [Lab Chip, (2016), in press] Yusuke
Kanno, Kosuke Ino, Hitoshi Shiku, and Tomokazu Matsue

@® Three-dimensional Co-culture of C2C12/PC12 cells
improved skeletal muscle tissue formation and function. [J.
Tissue Eng. Regen. Med., (2016), in press] Serge Ostrovidov,
Samad Ahadian, J. Ramdén-Azcén, Vahid Hosseini, Toshinori
Fujie, S. Prakash Parthiban, Hitoshi Shiku, Tomokazu
Matsue, Hirokazu Kaji, Murugan Ramalingam, Hojae Bae, Ali
Khademhosseini

@ Structure and Electrochemical Properties of Nitrogen
Doped Diamond-like Carbon Film Synthesized by Low

Temperature Neutral Beam Enhanced Chemical Vapor
Deposition. [J. Phys. D: Appl. Phys., (2016), in press] Chang,
Xijiang; Kikuchi, Yoshiyuki; Inoue, Kumi. Y.; Kubota, Tomohiro;
Matsue, Tomokazu; Nozawa, Toshihisa; Samukawa, Seiji
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@ Synthesis of alkali niobate K, Na, NbO; nanoparticles using

a supercritical water flow system. [J. Supercritical Fluids, 107,
(2016), 3422] Toyama, S.a and Hayashi, H.b and Takesue, M.c
and Watanabe, M.c and Smith, R.L., Jr

@ Isomerization of glucose at hydrothermal condition with
TiO,, ZrO,, CaO-doped ZrO, or TiO,-doped Zr0O,. [Catalysis
Today, 274, (2016), 67-72] Kitajima H., Higashino Y., Matsuda S.,
Zhong H., Watanabe M., Aida T.M., Smith R.L., Jr.

@ Nutrient recovery from municipal sludge for microalgae
cultivation with two-step hydrothermal liquefaction. [Algal
Research, 18, (2016), 61-68] Aida T.M., Nonaka T., Fukuda
S., Kujiraoka H., Kumagai Y., Maruta R., Ota M., Suzuki I.,
Watanabe M.M., Inomata H., Smith R.L.

@ Efficient valorization of biomass to biofuels with
bifunctional solid catalytic materials. [Progress in Energy and
Combustion Science, 55, (2016), 98-194] Li H., Fang Z., Smith
R.L., Jr., Yang S.

@ Winterization of Vegetable QOil Blends for Biodiesel Fuels
and Correlation Based on Initial Saturated Fatty Acid
Constituents. [American Chemical Society, 30, (2016), 4841-
4847] Zhong H., Watanabe M., Enomoto H., Jin F, Kishita A.,
Aida T.M., Smith R.L.

@ Analysis of the Cybotactic Region of Two Renewable
Lactone-Water Mixed-Solvent Systems that Exhibit Synergistic
Kamlet-Taft Basicity. [American Chemical Society, 120, (2016),
4467-4481] Duereh A., Sato Y., Smith R.L., Inomata H.

@ Antioxidation Properties and Surface Interactions
of Polyvinylpyrrolidone-Capped Zerovalent Copper
Nanoparticles Synthesized in Supercritical Water. [American
Chemical Society, 8, (2016), 1627-1634] Morioka T., Takesue
M., Hayashi H., Watanabe M., Smith R.L.

@ Spectroscopic Analysis of Binary Mixed-Solvent-Polyimide
Precursor Systems with the Preferential Solvation Model
for Determining Solute-Centric Kamlet-Taft Solvatochromic
Parameters. [American Chemical Society, 119, (2016), 14738-
14749] Duereh A., Sato Y., Smith R.L., Inomata H.

@ Efficient conversion of fructose into 5-ethoxymethylfurfural
with hydrogen sulfate ionic liquids as co-solvent and catalyst.
[Chemical Engineering Journal, (2016)] Haixin Guo, Xinhua Qi,
Yuya Hiraga, Taku M. Aida, Richard Lee Smith Jr.

@ Nutrient recycle from defatted microalgae (Aurantiochytrium)
with hydrothermal treatment for microalgae cultivation.
[Bioresource Technology, (2016)] Taku Michael Aida, Ryouma
Maruta, Yuuhiko Tanabe, Minori Oshima, Toshiyuki Nonaka,

Hiroki Kujiraoka, Yasuaki Kumagai, Masaki Ota, lwane Suzuki,
Makoto M. Watanabe, Hiroshi Inomata, Richard L. Smith Jr.
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@ Production of Biofuels and Chemicals from Lignin, Volume
6. (2016) Zhen Fang, Richard L. Smith, Jr., Xinhua Qi (Eds.)
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@ Fabrication and TEM Characterization of Metal Composite
Layers on Alumina Substrate. [23rd International Symposium
on Metastable, Amorphous and Nanustructured Materials
(ISMANAM 2016), (122), (2016)]S.V. Komarov,Y.C. Park and
S.E.Romankov
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¥ 3! Relationship between landslide and sediment yield
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