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[Glyme]/[Li'] = 1 T/R S DIREEFNA A 7R & bl LTI 3~6 i L7,
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oy MZXY ., BIEEEMEREK ([Glyme)/[Li]>1) LEEFRA A WA ([Glyme]/[Li']=1) D
ICHR 72 Z B ZEMMTEDL Z L &R Lz, WEketk & A A OB D, glyme-LITHEN DR
JEEMEIRNE (Dric / Dayme > 1. mWERER, AKWA A 2ME) 1, WEEFA A 8K (Duis / Dggme =1, 1K
W ENA A UE) SIERBIES NS, HEMEORWNT =F U A HWREELD ST A LY F TN
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F DA, FEFITE VIR EZ R T ZERMONTWER, —FTT7 V=7 I 4 LEHTH-OILE
BERERDNDLENI ZE MBI TWE, 37206, TON 2 EOERET =F 2587 74
LU F 7 LDHEORTEH, IWBRA A ARIRICHE A RINT % 2 & Tl z m L SE 57200 Tl D4tk
b LSELZENTE, ZTNHORAIL, 7714 AX—AOEMEZHFTTHT2ODTA RT7A4
SN2V D, T 2 BN S DF R U AA AU TR, G3 ERWS T A LD TR R
P2 R R BEME MBI S D,
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BRI L > TEMRNRMMNETH DA B L TOF R IR O G2 oW T OZE 21T » 72
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Nagata, Masato Katahira, Kazuhiro Fukami, and Kuniaki Murase,

“Glyme-Lithium Bis(trifluoromethylsulfonyl)amide Super-concentrated Electrolytes: Salt Addition to Solvate
Ionic Liquids Lowers Ionicity but Liberates Lithium lons”, J. Electrochem. Soc., 168, 090521, (2021).
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“Elucidation of Hopping Conduction in Lithium Excess Solvate lonic Liquids”, The 12th International Symposium
of Advanced Energy Science, September 7, 2021, online, poster
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AWETIL, V=02 0T 572008l kL LTEBESALVANF O L RABHET L
—— (Infrared Free Electron Laser, IR-FEL) i JH % 37 7-,

2. Bk
IR-FEL 1%, #EMELSIC XV i< £ T S n=% %t BN, IKIAREAT 3R HAZ AR A T2 TR
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B+ U721 \ESI-MS & #5741 & OV UVSOR O BL6B S Y BRI 55 615 % N COor iR BEY) 2 kT LT,

3. BREUEBLE

2D 1H 13CHSQC 2 & %5 NMR f#tr OfE R 6 BEFE S LTHWEY 7= /ai/)/%wﬁ
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HENTWAhotz, 203Dald, == 7I)w7w:—w®\%Ethwch?AHm% ZHHY
T5, £, WE 82um TOWHKEICIZ, 150Da D E— 7 BB Sz, 20— & IR KO
& 5.0 um TORE LI iﬁﬁéhfnﬁm 150 Da (37 <~ U AT v a— Oy IS T 5,
BL6B |2 & D BEIARAN 3 AT RV TIE, 1200~1400 cm™ OFEIKIZ I\ T, FERRS E 213 E 5.0
um CTOMREHBOY =L 1R 9.5 um XN 82 um TORREFE DY 7' =0 DAL AT [ Lz
REREWRRONTZ, B, 7l 2 o 7 VOEAICIE Z OWBHEH CIXESL -~ -V — 7 B &
TRV DIZRE L, #%F 2 7L TiE, 1200~1300 cm™ (27 0 — K730 RE<Billlan-, =
DO EIRI T IR F— IR FBFE D OB L T 572D, ESIMS EOfEREEZxAbED &, V=2
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2) JINRERE, 58 i, ERES, W RS, BN, RESUKR, KHE, 2l B,
“L—H =2k B 7o — RS R~DOHE
AARBE PR 2022 RS A T4 VB 2022/3/15-18.
3) T. Kawasaki, T. Nagata, and H. Zen,
“Study on lignin degradation by infrared free electron laser” , The 12th International
Symposium of Advanced Energy Science, 7-8 Sept. 2021, Poster
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APTIZL D7 vulfOBIE 2 L, WHIR 17 FAXBIONT 7 07 v —T 1R 28R+
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O PR % Bibl 2 S hit L 7=,

BRI S FRBR O LIAZIE SITHREFR A BB L, 300nm & L, 15 580 EORBREZ1T o 72,
TEM #2313 FIB Z# /1T, E XK 100nm £ TML L., BlE42{T-7-, APT BT % 0 3k
X 500nm,1200nm,1450nm 2> 547U > 7 L M OFEHZ B LTI 1450nm O A DB Z1T - 72,
WEF L —P— L 28— R T, WEHEEIZ-223CTiT- 72

3. RER - B

MU IME SFRBR L Y . BREHZ K Ak & BT ZBERIC K A IR & fERE L 7o, 250°CHEST £ Crfb
DIEFT, 400°CHESL N O [RIE N BHZE & 72 0 | 550°CRERL CITHRSTE LD 84%m11E L 7=, APT #1%2 L Y Ni-
Si 7T AXDIEREMGE LTz, MPRICBITD 7 7 AZOHEE LT T 7 V—T 0K 1000 %5 Th
V. HEEITEBEIIER STV, BEEZEEM CTIT 400°CHEHIZ LY SC DEEEDIK T, 500°CHE
I X 0 IR AR LT, BERIC LDV ABIRTIER SN hoTz, £72. BEH%M O APT ik
B L— RT3 5 Ni,Si 8 L7c, BRI 30nm TH O, o7V 7 Lo 7 7 v 70
— 7 OFHEREIFIFE KL TV,

TEM BlIZ B L OVAPT #5822 L 15572 BD & FL, SC DEZA L BEOFKENL Ao T O E v
TENENOHALEZRD, B/ FIELY aae ZHEM U7, FBRRIERE IEI/ME SEBROMER LD
BB AT o=, AHEORRE, €ax=0.029 £ 72V SC TH 5 Ni-Si 7 T A X O %513 RE % ~450°C
BESh ClIE L E2IR DK 5 B E HDT-,

TRE % D APT REFL D . NLSi MEHT L7277 7 v 7 v— 7R &z, Lzl ERRo#HE TIL>
Z 7 N—IEHTT D Ni,Si OFF{LEEITEE STy, £ 2 TNLSi OfRfTick v 7771
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B LR LS 740y MTAHT YT O Ni #BE T fee-Ni U v FHHMICEHB VT 31%, NisSi HrH
2T 25%E RO B ALz, APTIZE AT O Ni JBE KO Si JEIL23% & 10% TH D Z L2y
Mo TS, APT OFERMNE NisSi ORI THD Z D 30N REORETHDL LHEIND, =
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_ . 4. ER )
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%100 E [1] V.Gerold, et al., phys.stat.solidi, 16 (1966) 675

o 7z
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Tre TDOT I ANDHMIT224ms THY . EHMOBEHENT fjuf;n e
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ﬁEHﬂﬂ%@%’%ﬁ‘é%%%%Eb ZL 72, RIS, @REERICIR D9, SLEhEREED b OEBIEH S S %
FIMEATE n B2 VT, E%???’E/\{ZIWDanrknﬁ%%ﬁoto HARMIZIZ, 72 Lro0er
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ITNEO BN VX —PEA - HEOT-OIZ, RIS U7 IR EE I 2 g/ N O L)L TREEIRY
IZAT>TWW5d, X bay RU T EORIBRN/INEE N OIREE ORRRFEA L0223 A0 2 IE T 5 HH H
kX, AMOHACTWVEHIRO BN RILX =V AT AT MR GO, JGHICERNS L&
ZHDHD, KRN OREE 2 BN EHT 2 FEIER O TS, Fo, WILHEOBEAIZE LT
. O/ E DD OBGEANIEB SN TWD A, T a2 EEMNICHHMT 5 FIENR RS T
ol Linh | BUEADERMNRERSEREOMRIBLENA~DOTFHITIZ LA EBEIN TV RN T,
HEEE DILZNETIC, =X —BH T PRI OFAFEER O LR T, PR T EHBROIRE
W Z R BTl D TipA L GFP Za Li-, MIEP 3 K ORI/ NS OB I & "TRe & 3 %
BEY Y —2 X7 B (sGFP) & BA% L T & 7=, TlpA X, IEE EFIZE, TD a4 L KaA L
AW T DERGHIE X o R ETH D, D TlpA DA )b KA LiERO %, GFP ® N
ik LONC KImIZHEA S D T ETtsGFP > U —XZ2@EH LT (M1/4£), D95 EHED—> tsGFP1

=
a

O BGFFT
GFP TipA GFp TipA = 1.8 X : GFP
h X . lm_,}_
eat ﬁl,_‘ g1 o
- X & 214%
oSooos L Z e
cool 2 12 e e
&x 400 nm: High &x 400 nm: Low ) T
&x 480 nm: Low ex 480 nm: High 20 75 M 35 40 45 5C

1 tsGFP1 DX, TIpA2 HEARDIRERIF 2GS MEBEIZ AV GFP OEOEREENZL L | 37I°CH5&0>‘ZETE
AL % ST E AT BE  (Kiyonaka et al., Nature Methods, 2013 X ¥ —#Bk %)

VL. WEELEM ORWNIREE IS 35 . 37 CHHTDIREZE b 2 S Em L, i A7 hrod 2 50
AR (400 nm & 480 nm) DZA LE LA A MY v I8 fbl LTRIMT 22T (M1 AH),
F72. TipA FEIROEL EVEZEIET 5 2 & T, SiUTEN T & DIREEKZ G5 Z L BNAEETH
5o MOMIENIEE & o — & 72 tsGFP O KX 72f| i LT, X U RTER—ATHDH I ENnD,
BT EZEAT 57200 CIRREAMICAEMEA - N TR ST 2N TE, I OICHRN/NEE
JIES 7 FIVEH A 595 2 L T, F/EREICB T DERARBIENTRETH DL Z ENET LN D,
N0t Y —2HNT, MMEREERGZRBGEAS, 2 Far R THNORE—7RIRE 574 O i
BIZHRBI LTS, 26O ZEMIFNT G, MIRENICHEET 5 sGFP1 TIIMH TX 72 nWHL T
HY, BTNV FX—DNEAIND ESIZEOHFT CIREFZITOFOERBEILREL TS, H
FHE DIXE BT, HeLafildd X b= RU T OHFTIX WERIZ= R /VX—FEA (ATP #EE) 2175 TC
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WD REIITIRE S @ ) E WD FEIBIRIR N ET S 2 L&, X b RU 7 RIsGFP1 & W TSEREL
TV % (Kiyonaka et al., Nature Methods, 2013, Kiyonaka et al., Nature Methods, 2015) ,

Fl—MfaD I b2y KU 7T DIRESARDFEITTENAORER TH - 7203, [REEOBLHIGE R
PO T N—T N HHEINTEBY, EimORMWNH Y 2R 50O >oH 5, £ 2 CTAIFE
TIX, fRNAADOL Ky 7 ZABRBEZ ST T-EOI har R TN ATP FEAECE T 9 IR L
ZEHAIL . AN = L X —EA O PSRBT 2 A2 15 5, BARIZIE, Ml 7 v F4 ks
BRFPHIIAMNE N-T B F L AT A o« il b KSE 72 & OFBLA] - BRI DPAEAET HHTOI har
RU 7 OIEEZFHE L, ZDOBREOBOINZ ZREZE L TERLT 2 2 & 2RlARi,

tsGFP1-mito % HeLa fMIZWFFHI EE T 2 mM Ca® IWIREERTICTL Ny 7 A&z T, &
FFEDENE D &I LTz Ratio fEE L ZBIEZTHZ LT b=y RU 7 COREZELZFHE L7,
TN T A ANIEFEEDMERN B U RTF R ThDHT-0, K0+ THRWBiER{LEEZ FF> N-7 & F/L-L-
VAT A NAQO)ZE W=, 12, IAE F AU AEEREREAID L-7F 4 = «(S,R)- A /LR F LA
IV (BSO)ZRILE L CHIFIN Z V& FA U 2 RiE S E 2 2 & T, & o0 UHBRBICET 72 Mk
TaHli 24T > 7=, BSO T/ VX F 4 AL TEIRFEIC L7 MIRIC NAC Z HEMIRIR T CALE 35 & IR
ex380/ex480 @ Ratio fH_ EH-(REK )N A 6N/, 2O b, FVEF AU MBI IV EESRT
MR ERE LIS RFEDS, MlaN O & 7 B0 ., Bl & OAERE Sy k325 2 & T
AL S50, NAC 52 L 25 L/ER CRIRICR (LA IS, 72 b N bR E e SN2 &
TIREME T L2 rMetER B 2 i b (X 2 £),

T 2 tsGFPl-mito % &3l & 72 HeLa flfi
ek oinact b, - ~ONACHIE () . HO 4 (F) (12
o X % Ratio fEZ AL

) 133 20 M4 &R SN THD B o i3 i

Tirrss [3nc)

-5

i JET

WIZ, BSO T X DHTLE 21T > TV R WA~ EER L /KE (H,0.) THIEIKZMZ % & % 12 Ratio
PR TFARE EFR RN, 2O b, O I L > THIFENICEWWERE L= B2 b, LiEd
DB ITCHBC L AR TORE BB EZ S L. L Ry 7 ZREOZ(EAMIAN OIRE L5 - XTI
KT 5 Z EDNREINT(H 2 £) LAEOFERNG  HIEAND LU Ry 7 ZREO LIV IR EZS b
HELDZEIRBENT, 5%, UM TEH 5 HeLa fMELIZ O CTOIREZL D e, Hie s
U Ry 7 ZRRIC & DIREZALD SR CE AR, MIENBRLETTIRREIC DU\ T X 0 3 72 B 23 AT g
LD, Atk EMFEBOI by N THEREDLLLE R E 21TV, EMOR ORISR x VX —4
PE - HEIHSE O EZ BB L W PETH D,

[fm LR Y A B

1. L Marongiu, F Mingozzi, C Cigni, R Marzi, M Di Gioia, M Garre, D Parazzoli, L Sironi, M Collini, R Sakaguchi,
T Morii, M Crosti, M Moro, S Schurmans, T Catelani, R Rotem, M Colombo, S Shears, D Prosperi, I Zanoni, F
Granucci. Inositol 1,4,5-trisphosphate 3-kinase B promotes Ca?" mobilization and the inflammatory activity of
dendritic cells. Sci Signal, 14, eaaw2120 (2021).

[HEERER Y A R

1.o¥ ¥ “Visualization and Understanding of Subcellular Thermodynamics using Fluorescent Protein-based
Thermosensors.” 59th Annual Meeting of The Biophysical Society of Japan, On-line meeting, Japan, 2021.11.25.
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BT R U AZREBERDRHO
£ - EMEREDHE

SO, EORET !, EREEGL Y, BRI 2, IR EZ 2, R —Z 0, ARIEELN

TNy N R R
2 RER RS L — B TSR ZE AT
SRR R T pE = R L X — B 5o R

1. IZC®HIC

K=V X—DOFHFAO= 0, EtEieeEEAEZEBMROBBENRRD LTS, FERLFIN
\ZIRAET % Li EJR &I IRAYIZ, Na OB JFRITHK P2 HITEEIZE D D720, Na A 4 il
(NIB) 13272 @@ HEEm & L CHIff S TWnb. ZoAaMME L LT — KT —R o OWF3E081T
PILTED 450 mA h g OA[WIEREZ 35 04 7 )UIZhz D #ERFT 2HEN RIS S TWns Y. 7=
721, NIBOEKEDTDIDZEZL O Na ZWEk— M TELMEREENTWS. U (P) BLOR
A (Sn) 1£2596 B LU 847TmAhg ' b DIEF ICEWERAREE AT D0, FMERFO K E R KA
NEWEREOREDFR L 72> TWD. AT, SnlTEETA2MEZE D, P I Na Wk IRk &
BT, BEEAEREYIRT ERENDRTIMEZRA . ZhicxtL, bitbiux P & Sn ks
¥ (SngP3) 234 A R EMET CEN-ABEREEZRIET I L2 AH L CER 2. ZoHEKE L
T, BRI INAR I 2 E IR A TR L2 2 1SNz, Sn B PAHOZ LWEEM 24y, 2
O, PFI Sn fHOBEEZMGI L7 Z ENB 2 6ND. il PRLSn IRSEBFEREOIEWE L LT, 7
VFEL (Sb, HARE : 660mAhg!) & B 2= (Bi, 385mAhg) NEETFHND. LLARRD,
FNEND RN 72 2 BRI T MERFORBEENTEC IR L Vb 2R E, RQRICERE
KoTLFEH. ZoOMEICHL, bIvbiuld Bi & Sb BRERERALZENRTHZ EICEFERL, Zhvk
BRI D Z & TSR N & E 0, M b2 b D LB X, £ 2 TR TIE, fHx
DOHLEK D Bi—Sb FEIR A % FAHL L 2= OBWMERE & A A LRI BRIV CTREG L 7-.

2. EB

Bi & Sb Dy RE AT L AKRICAN, RELER— L OEEA 130, [B#E5EHE % 380rpm & L
TA4WEMDO A =T a A TR Z1TV, Bi—Sb (BigsSbos, BiosSbos, BigaSbos) FEIRAZ 7=, =
DETEE (70 wt.%) ZBAIEYWE & L T Acetylene black (15wt.%), Carboxymethyl cellulose (10 wt.%),
Styrene-butadiene rubber (5wt.%) & & HIZIRA L AL EIC@BAAT5 2 L CRAIBMEZER L7-. BT
(X 1.0mgem 2 FRE L Lz, ZhailBafie L, SR Na 482 VT 2032 B fmkiars s
RESE LTz, A A HARERRIRI IR 1M O Na[FSA]-[CsCipyrr][FSA] (20:80 mol.%, Cs;Cipyrr : N-methyl-
N-propylpyrrolidinium, FSA : bis(fluorosulfonyl)amide) % F\ 7= & Bt 2 ik 7B akk 2 B AL #EFH 0.005-2.000
V vs. Na"/Na, TEIRHELE 50 mA g ', IR 303 K OFMFCTIHM Lz, FEMHEE#ERT 572012 XREIT
(XRD) HIEZITV, MISHEEZHRDT-DICY A 27 ) v 7R Va2 A M) — (CV) ZFEhE LT

3. MRLEEBE

XRD & CV OfFEFTE R L 0, Bi-Sb X W TN OAMAIC B W T H [EIARD £ % Na & DA 440 (Na(Bi,Sb)
LU Nay(Bi,Sb)) # BT 25 Z & 2D DT, Fig. 1(a)ix Bi—Sb BBO FEIE YA 7 MEREE R
Bi X Sb HAN S 72 2 B CIL T ERICAE U DI L 0 b3 R, Z LA 7 VETE
PELDE SN2 & 2R L2, BilZ 2 E|0D Sb #[HIR X H7=H D (BigsSboo) 73572 2 L Bi &
ML DY A 7 NVEEENLESNDBRE TH 722, BEIRIED Sb AR 2 5 Ic >N TH A
T IERENBEF IZ S E SN D T E D3y 7. Sberich 72 EVAR (BigaSbos) 76 78 5 HEARIL 250 1 7
JNZDTe D N— R —HR % kRS 500 mAh g Ok (Na [iilf) BEEHERFT 2IEFITENTZ A
I IVEEMERET D ERH LN E 7 oTe. #LIALAN —BRAFREBR O S, Bi & Sb 1X#H LiAZ
FE (BROEE LT ) IENLD OO, M LIAKRMMESR (B MRE) 22 L <Mk Lod

_24_



ZE2021A-6

VB E R TS 2 LR ER S (Fig. 1(b)) . Bi—Sb EEAITZ WL oM LIZ IV T b BEERbIC &
D LIAZ BRI RS Bi OF) 1000 £5(12F THR L, BEHE~DOIMPENR R L35 2 & 2Dz, £z,
Sb DAAREE D 5 < 72 DITHON T LIAMEFEL RN K EIND Z b hro o, EAMEFIHMENIC
XY R EBROEREBE LI ZAEWKE T D LT T v 7 OFENMG SN 28 L.
L7223-> T, BilZ Sb @A S5 Z & T b~k m B L, 72, Sbizm<$52LTHR
B & b7 ) IEWEIE OENEIE L3 < Rotzizdh, BRIV A 7 ichlc b mBESHER S
ebolE26NS. DLEORRIZEY, Bi & Sb OEEEMLIZ K 2 BB RHE O UCEN ARRIERE D
BICRFET NS RE T ez AL,

(a) (b} c)
T o 100
.U E ¥ !-. ' Py brm At Lyt
c p ..'I L] -
'é FRT r 2 M L] AL x a 1"._
= 4 i | & . | ol
_|'_l-',| - Ll -
& T A
& Rl -
(=) -
5 -

o . = &
B w80 s
o g ‘ £ -
B B
(2] & mr B L
= - R Sast wulirm MR,

o] 100 154 M 350 o e et

Change-dischamge cycie numbsr A

Fig. 1 (a) Cycling performances of Bi—Sb solid solution electrodes in ionic liquid electrolyte. (b) Mechanical
properties of Bi—Sb. Indentation elastic modulus represents the resistance of mechanical fracture. Indentation
work rate indicates the degree of recovering the deformation. (c) Solid solution strengthening of Bi—Sb.
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KICA', AEEEAR, R, UTERAIT, ARFEES, A, dPe e
DA R AR LR gE R (Besk)
SHRAL KRG BT BT JE AT
SREAR R ABE I ERE IR 5
TR R kL X — T RS T

1. TREEH

KNFEET 7 > FOmEE, ZRAIFICH O O D THEVEE Tk, Sk TP IcHT S 7okl 72 kb
INEERLIN - THDHZ EBMON T WD, MO IR O ECREEFFIH O icix, &
EBRE FICBWTRIEMOH KL Z S Z EBRMETH D, RIBWOMKLE -2, mu#Exr
E (BX 10ppm F2ED) I35 2 ERH DD, AR UROIFENME F Tl SIMS FEOMEER FEIZ L - T
BOMNIR052H 50D, RUROALFIREE TIRFRIFHIHARD Z LiIXTE VWY, £, AUk
LW TN AR 2 AT A7 OIR T - e EHZ L > THEBER LR TH L, I E
TIZ, HEEA OO N—7F, =3 X —B TR E SN ER RS T —T~A 7
077 4% (EPMA) 1Zxf L TR X BR800 5 E  (SXES) A 2575 U, TRl 47 il B4 oD 3t I = S
M OR T FROFIRE~ v T oH [0, A E AR EEM & LTSRN TnDERU 4 F
HDRY U AOfLEREES TP VTV AREROEEREIBI 24 N 2 D ORRRIE RO RE RS BRI
B9 2% A B = X L OfEIIZ AT =t 2 O T 7,

IRBEAIRIED D VI PIRREZ AT 5 LAE SN DR U BRALS T O R w7 HELRFE DR EE A SXES X°
DFT FHIZ L o TR, RACYHLIACESAS O fEI 03 7 IRAEY) O KR Ol 1R RED & HERl S v D
FLVEEEIC DWW TOMRERSDL Z L2 BN E T 5,

AFgEiE, BHFE 7 NV— T N> CE T oNEOILFEFRHICH STV D HEP]O EPMA-SXES % Hu
TN IS LIZF2E TH 0 . EHLE L Y/ N — Ak > TCORERAIRERFE TH 5, FELE
X, Z OEPMA-SXES IZ X > THELNIERERZWE Lz, FHE FH (RKHEE) OARMFEIL, DFT &
FAZ Lo THREE L2/ RIS O W THIET 5.,

[1] R. Kasadaet al, Scientific Reports 6(2016)25700.
[2] K. Mukai, R. Kasada, K. Yabuuchi et al., ACS Applied Energy Materials 2 (2019) 2889.
[3] K Mukai, R. Kasada, K. Sasaki, S. Konishi, J. Phys. Chem. C 124 (2020) 9256.

2. EBRFIE

CraCeds LN CrasCeD —H D C Z#BIZEHL L72 Cras(CB)em 7 — 7 ISRIE CTER L7, =3 ¥ —2T
R OE AT —T ~ A 7 a T+ T AP —(EPMA)XA-8500F (Zf15% L 78X BRI 650 etk
(SXES)IZ & B 90H1 24T~ 7=, DFT #HHIZ DWW Cik, WIEN2k 2 W CAZ# A BRI AR 7 > > v /L : PBE-
GGA., ~ 7 4 VT 4 VR LMWK 7 RV O KAEOFERKmax : 10, HE~<7 FLk & : 1000 (2T
FATL, BMEE~ v 7OREBEEL ST,

3. EBRFERBIVELE

EPMA-SXES {2 V| Cr;Ced K UNCrasBisCa sl B BEEAEL D B-KaFé ot A~ 7 b L& Hifs L7z Fig.1
FEBHIZIX, CrsBis CasiZH 1T DB-Kat'— 27 O A7 fLE T, BIRX BOLE DB L > TES
NI TRV F—%H L7 2 VI 2RV F—ZRIE L, DFT 3R THE L4172 Byp® pDOS % Fig.1
TEIORT, ZNOHDOAY MUTEW—H%Z/RLTEY, DFTHEOZYMEZRL WL EEZ LR
Do
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BEIZHS 5TV A SXES i L W . CrasBisCasTIE, CrB LV & Cr-B B oA FEATENE < 2o
TWAZ EDRIBIN TS, CrsBisCastECraCe» bt it IEN A L LW T, B DfEFEIE
HLL7-C LD nz &3, Cr-BREOEEFEESMUENE T TR S LIV,

4, FLHLEEBORE

T =7 WEIZ XD AERL L 72 CrasCeds K ONCrasBisCastZ % L CSXES 7947 & DFT & 217V, CrasCe
DALFAE A RAEIZ AT T B OISO TIIRTZ, SXES T B/ B-K A7 ML & DFT §HHEIZ L -
TBy®pDOS BEW—EA7"m LTV, 414 DFT sHRIC K D EMEE D D ELEEED | LA
EDOBALSYNE, FRZ VR RIETEEIZ OV TH LN T2 TETH D,

jCr_B C__SXES

23 1 5

Cr,_B.C_B2p

23 1 5—
i_calc. { | I

Normalized X-ray Intensity {arbit, unit)

pDOS/eV

178 178 180 181 182 183 184 185 186 187 188
Soft X ray energy (V)

Fig.1 EE¢ : CrisBis CaslZH 1T 2 B-Kat'™—27 D A7 [ FE: : DFT iHETHE L
f: B2p0) pDOSO
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FARY, IJFHERES !, IR bRl 2, ENRETE S, JREER L, IIEOHR T, RE ALY SaEE]?

VR R PR B L X — R R R
b I NEZ =
SRR L X —F TR SR T
M PNE Sy NE S TR 2

1. AIRE=LEHB

WA DX —J7 % B LIZEMAFIEIE, 77 A~&2 88 E LT, BERAF—LOREL
H7p o 1R i E BN 50 4FE & ERID A 20 CTMBICHE L, #iE ITER ([EBEEML
BIF) . HBEIT NIF CKEENZAUKER) 128\ T, HITREEY 7 X~ 2 EB13 5 LU BE LT,
%K\V~$~ﬁﬁfmew&&U/b)7?X®ﬁm%fv W= LD @mE Rk OENE E
N, 7L—27 21—, oT\W5, ZOMEERD L —Y— %%émt%gi%%wmﬁ m%
£ RN EE R EE 2 R TEIRNT—BFETSAT LR, (k07T X~ L TEMIC
IR o SR TCEEIRBEESCHA T I v 7 AZAIHT A2 006, ZHEFIH Likkx 2250 - E%ﬁ
nﬁ%%bfbé LML, 2O T XD X—FHE (EJ)) X 10Gbar (X—/L) ([ZH7e 0 B4

LR EHARD EREBITE O —T7, PRFE (BACIAY) WeRIRIEMERF IR 2 & D | IRAAIE S
KENREOEND, Zhid, 2077 X~v%, [BHERMZEL CTRERF, ACIAD S (BRFEFT2) Z&n
TEIUX, ISHMED B HE GREIZIAN D Z L2 BRT 5,

IRV —BETT A< EHATIAD D HiEL LT, M~ LRk 2 NN % 7k
SRR 7T XA~ O H CHMMESREZ R L TRAET D HEREZ NS, 22Tk, FhasE
B oaH5ELE LT, 7 um A—Fonry K () £ARICEETAEZEAN LR (BEERVE) 2
BRTDHEL DI, ZIUTENLTREN 10%% Wen® FIKOEREL —F—Z2RFATL5Ia— 3
/%ﬁoto%wﬁ% T AL L CHEET 5 e v NEAKREEM SN REET 2D EIC
BVMA A —F OEFRPEEE S, UL > TERZRIAVT—BFEZHCIAD DEREEZH T 5 10 kT 47—
ZDOHCENAEREIND Z ET, 77 A< nNEEREZ LBl > CRERFFSNS GALiAD LR
%) ZEMZhole, EbiZ, L—P—BREN 10” Wen® FEIRIZ/R D &, BESGIRE I 100 kT IZEE L,
TI A O UIADBEEIZESOICH ET D2 LB RWEL TS, Zhuk, kFE - AU#HE (PB) Z@e
Bt (P+1'B—3"He+8. 68MeV) #EHTX 577 A~ThH V| BElE =¥ —DFEE % BT AT
DI EHIFEET 5,

O L7EREEE A, AR ClR, 77 XA~Pclb BRI ZEET 5 2 &2 TE IR

ﬁﬁéﬁé&ﬁ FDORENBERBETER L TWE T I A~ HE2HLIADL B HEBEIREE 4 EH
TX 5 %E LC, B AT D7D @I Z —7 > M aeet - BRI L, Z U8 emE
ﬁﬂmwmwmfﬁﬁwmﬁﬁv Y= B 2 EBRE2FET 5, Zhickb, mﬁﬁv P—74
BLEETRVE—FBED T T APNEYL L2V 7 RS U TIBMER B 2B 2 TREIRFE SRS
Y=y MESEAIHT 2 L &bz, e bz b TR ORI & S o 5 kiR %%%Té &
EARMIEDO HI &5,

2. Oy FrEERDERETREL—Y—LOMEEMEAYIaL—Ya Y

2-1. 0y FEESHKROER : ABETRET 2 EE R BBESER L2 FZHT 5I123, v aroy MES
K (EAEY 7 um THE S 10 pm A—F OFHR T A 3 (2> ) A3um Fﬁﬁmf@@‘(@ﬂﬂ L7IeWE)
DEFAT@ET A 2 HN LT BEE (BEEVE) (2 LT vy FOME LML L—F—2RET5
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kEvb/hsvey FO(ER025 um) ISR LT, 7TALT M2 40 ov v REAEROERICERD) L
Too BT IR, AEEICERI Lo v REASRZETHMECTIRE LIbOTh b, EHKROT v I
TIHZVORERR LN, EHARNLO L —F—HEHIITEEZ RIFS RN ERbND, K
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2-2. BEEAY 2 aL—Y 3> Bk SACLA BT
X, 7y MESIKRD Emwidm (v Rigdm) 2o b—F
—MRE L7 E, vy REOEWZILDY, 77 X~vD5E
BELo Yy FOEHRENRKRE S R d Z LB 0hoT,
INERE 2 EREL——b oy MEAIREDOMALE
BT 2 2Tk Fo 32—y a U EFEML, L —
PG OEIFEE, B, &1 - A 4> DI mpBIEEE Sy

THFEDZEM AT AT, T OFER, L—F —513 TM i &
LTy FEAZEHETL b oy RESEKRNRAZ~
TV TNAREORMEEFETHZ 2RV LTZ, £7-. K2

WRT E9IZ, vy ROKRMEIZER RNLDLZ LT, 7y ,ﬂﬁl 5|
P%K%ﬁ%ﬁ%ﬁéﬂ‘:hmi@kTﬁ®$E%%@ Efheemd T LT A RS R
BDSERRT D 2 & BT RWE Lz, 2022 48 DAL

HAERBFRICBNT AL T ab—va v ERROST A R’ 2 vy MEAKRO LE 7 mic @

~5£ﬁfT6V~%—(ﬁkMH)%mmkiﬁ%im LY — % BT 5 2R TV S 2 L
L. ZORERIETHTETH S, £~ AfLETET —vYI% Mo X oz, gy REICERE

BUE LB T OTRAF— AR MA—F ZANT L DRSO Z & KT M i

i - i O 2 K1 TOBTREDRBNEZEE L, ki PR,

DR A BRFET %o

[PEARER Y A b

1.(F34#5#%1#H)Y. Kishimoto, R. Matsui and K Imadera, High energy density plasma produced by the interaction
between high intensity laser and structured medium,International Conference of High Energy Density Sciences
2021 (HEDS2021),April 19th, 2021, Remote e-conference.

2. (IR V T LFEE) AW, FAFRRERER, TV — W — B S AT RS 28 AR A T AR 7R
H) - MG RER LRI OMEL | BAMELTZ 5 76 MIFRRE, 20203.13, A2 T4 v,

3. (¥FFE#TE) Y. Kishimoto, R. Matsui, N. Uehara, K. Imadera, H. Sakaguchi, K. Fukami, M. Ota, Y. Sakawa,
Y. Fukuda, “Generation and application of self-organized high energy density plasma produced by the interaction
between high intensity laser and structured medium”, AAPPS-DPP2019, Hefei, China, November 4, 2019.

6. (M8A - &Fif) Y. Kishimoto, R. Matsui, N. Uehara, K. Imadera, H. Sakaguchi, M. Ota, Y. Sakawa, K.
Fukami, Y. Fukuda, “"Confinement" of High Energy Density Plasma Based on Structured Medium and initial
Experiments Using SACLA X-Rays -A New Platform Studying MCF Plasmas Using Laser-", IFSA2019, Osaka,
September 27, 2019.

B4 - RABKDH
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1. HFx - BB

Sphaerotilus montanus VI )<VEMEIGIEIZ UIE LIX RN E S35 KRR C L Ml s 2 78 5 i (55)
2T % (M 1a), $ITLERWEMEEERTH Y | FIREZ TR ERESR & FUmiE R T 5 LN S
ATV E R LERIE L LT~ A 7 0 F 2 —7ROMPF 6D (X 1b) . HEAERIL Sphaerotilus
JBORIZIE T D IEREFENEFS T, KYERLCH D Sphaerotilus natans D¥§ % X5 & LT, TR & 45
TERE 57 1 DAL FAREIE OB T4V T & 7o, Sphaerotilus J& DR T 72 o BRRABIX, @b 4
YR KL B DR % 72 TS MG IE DOILREME L RS BIE T 2 DN Z OB B TH D, I HIZ, =R /LF
—IHE Z LT HREAITTER S DB T2 o To RS (R & W D BLE D B . = IRITHME T~ [ B
bHIFfFINTWD,

1 Sphaerotilus montanus ORIRER (a) ¥ (b) OEET = — 7 BAMEIG

S. natans D¥FERE 137 X 2B, va g, PHEN ORI ZELTEHE L, AT A7)
MBI VRTF ROMEN SN TN D (K 2a), £ LT, MEHMICERSND S-SHEEIZLD
BRREDS B RERI R MAIEIZICHAE EZ B2 TWD, Fio, SHOMREIIMI RGO A THEITTHZ &8
HNZENTWVWD, Ll S-SHEAIZ X D488 & MR TOMEDS Sphaerotilus JEIZ BT 5 FFE T
b, KR (Thbb, 7 HEEGEAEED X AHEM = RooiiE ) OFEII2Y S-S fEE

(ZRXNVF—Z2BAET L LHFRRE T TARNIZERINDFES) Thsd EofkimicizE->Tn
72N, ZCARRIZE TR, BB AR I B3 2 B A2 TR O 5 X< S. natans DITixFE T 5 S. montanus
IO 2iTHo 2 & & L,

2. BERE ST OlFEEE
S. montanus % & C/N (ZRPRZ ., RAPWAL) . WBIBEKROSEM T CHEET S Z & Lo TN R
(RFBIRATED 72O DR Y & R X UfEHEE) MNEE L TORUVSRIRER (M 1a) 257, bl
ERZRESR & R mIEHEEEA U T Z Lo TvA 7 rTF 2 — 7 ROMES (X 1b), HOH
KNMR JIEZEITH- T2 & 2 A, S natans O¥IZFELL LT AT MAPRENTZZ E0D | S montanus &
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S. natans DO FHEE EOFEE (7 I /S A &S T) PRI, 72720, S natans OFFH
100°C T & ZZE R DITKE L S. montanus D¥FIIERT D &9 ZRNBFRD Hiviz, S montanus D¥FIE N-
TeFMbERT EWER L2 L h | IR NMR JIE AT - 72, #EMi7e Rt NMR fiffr 217 -7- &
AT BOY TR ENT, S montanus D¥FIIHEE DO (T72bb, 7 SR L)
MBI nZ B LT, bRk
Sk -~ThZoZ & 6:]:%17"‘ Y (" " cana Clhi-d Gl G4 Gl
77. & L. S. montanus D¥EH L2 HED =, \ \ \ \
FEANEENT S, natans DEFEREE D%
PEESHOILAMIELRIL & PRI,
S. montanus D¥EITF AT F K7 Y B
V7 —1 (S natans O¥ZAVERT 52 HE
V7 —E8) THMAIEETHY, FHED
IFRPEMIINIFTEHERTHE LD Z L2V
LTz, ZVEN D53 fRY) O — IR T NMR fif
MraiTol=E 2 A, WTLb b
DR UL (5 85) O T o-7&F
JACENR 72D Z ER BN 7o T,
Z T & o T S. montanus D¥EIZ LS BED
{LEREEDORTEICED & L bz, ¥k
(2 S-S AT K 2 AMEITHR IS AR TR
TliE2 <, BZOHLIFHOBLZ EMED A 2 S.natans (a) & S. montanus (b) D¥ETEL S 571
FICHFHET D2 ERNRBEINT, DAL

3. HoMmERAX

S. montanus O¥{IILT X/ FERKOT I ) EKPNEEITHFETH 2 L0, 7/ FEBEOERIC L -
THOMESAM DR EEZ R AT, HEEPOEBICEFENICT I KA A 2 meEEA % (F
BRIEIZHDT I 5, TROLEOT I K, OBZERT D7 OFERROME L L7z), #H9NIZ
Veyg U7z, SOl U 7= R 2 e i 2 U BRI B R 2 1T o 7o BRI A E L TV i
T O¥ITEICE T L, iR L DR CHE LA E 2 RS2 WE T Th 5, BIRIZ K - T, AiR
EARDOF I DOIMNEHZIE L, WARmEIZIZTEAEN RN Loz, LIRS T, S montanus O
513 S. natans £ R U< WK CTHET D EORMICE-T-, T742bb, EEMEMERNT 2 /S
BELHEZ Lo THREETH D Z P Lo, SR DOINR XKL T I ) K2 T 2tk
ZRECHDHZEND (X2b), MEMRICEG T2 ERMAEERE L TIKEREE L EBITA A U/BAEN
BEIND, BZLL, O-TEF /UL LHAEEAZROBERICTFEGT 5 EEbs,

4. RRFEER

(R SCFEH ]

1. D. Kashiwabara, K. Kondob, R. Usami, D. Kan, I. Kawamura, Y. Kawasaki, M. Sato, T. Nittami, I. Suzuki, M.
Katahira, M. Takeda, “Structural determination of the sheath-forming polysaccharide of Sphaerotilus montanus
using thiopeptidoglycan lyase which recognizes the 1,4 linkage between a-D-GalN and B-D-GIcA”, Int J Biol
Macromol. 183, 992-1001 (2021).

[ HERFERK]

1. H. Morita, K. Kondo, S. Chida, M. Katahira, M. Takeda, “Functionalization of amino sugar-containing
polysaccharides using environmental microbes”, The 12th International Symposium of Advanced Energy
Science, 2021 429 H (A>T 1)

2. VEIRE, AR, TrEKR, TR, AFIEA, B, “~7 v D EEEE A AT D8 e TV
m U T —Er, HARBEETS 2022 R, 2022 4E3 H (T4 V)
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“-NAF)IT7A4FT ) —DEHD LS —EREREE D 21—
ey s = /@WEW%@En@FNMRL&%%ﬁ

WM, RFEAN?, ERSE?, KA

URUER R SR A A BRI 2 T
2R R L X — B TR AT

{bAEEROFHIZ L 2 BREMEREZAMET 28RN T, BB RIRFERLFFOARE AN A I~ R
ﬁf)ué’]jﬁ:/\@% F’? FTARBRERTH D, Lol REAAL I~ A% 3o TR B~
EEBT BB, BRSO TH DY Z ) v a— A0 AR RE R N EE L e D, VS
Jm— X¢®twm A DI LTI, ﬁW7~t&@ﬁéM5mm%%%$ﬁmiéﬁm
MESHRINTE L, ZOHT, EAR—RENRTREECLT—ERY V=B AELTLED
ZE TSI BNE T T 5 E WO BES ML TS, ZOXIRWELZIMEIL, BT —FBIZLD
wa— AR ERET D702, Bx i, KRIRE Trichoderma reesei /L7 —E Th D CelTA D
BEMAETY 2— e ) 7= HOMEENZBREE NMR (ICXE > TR+ 24T EA4T7—F
LV 7= OWAE A T =X LOfREIIZEY #A T & 72 (Tokunaga et al., Sci. Rep., 2019; Tokunaga et al.,
Biotechnol. Biofuels, 2020),

— T, BT —RBickorbtnre -2 e tET 5 MO LT, Lytic polysaccharide
monooxygenase (LPMO) &\ 9 BEREDNTHIER 2480 T D, LPMO 137V 223 RiEA O LB & %
il U<, WA oS TH D, Bara—XTHEHT 5 AA9 7 7 I U —LPMO (LPMO9)I, &
it v —2OREEHHL T, LT —FIZ iémm%%®%ﬁkﬁbﬁé%t&ﬁWH—x%
KimaEL SED, 2LV LT =Bz b ro—20ONKS RN E LT 5 2 L nHE X
NTCWa, SEFx 1L, KMEFIE Ceriporiopsis subvermispora F13® LPMO9 (CsLPMO9)»3 & /L1 —
APERIZBNTEAL T =B A7 T LEWT T U= REFHEMT D 2 L &R LT, 72, CLPMO9 O
NSRS A RE L, WETHHELE—A~ORAEICEGTAT I BEEARE L,

1% U ¥IZ 2,6,-dimethoxy phenol %z 32 & L C CsSLPMO9 ORIt 2 MiE Lz & 2 A, [R5 CHiE
SN LPMO9 (2R TEWEIEE A2 RS> Z ERA LN E e o7, & 512, CsLPMO9 % ikttt
/b —2A (Avicel PH-101, LT Avicel)FB L OV VgL v —R (PASC)IZK L TIEH S B2 & 2 A,
EHLL0RENL b r A ) THERIEY O LR S, 202 &b, CLPMO9 iTtE/Le—2
W L CHBIbIEEEH 325 Z LRSI,

FEWT, BFERE LR THEA L7 GLPMOY & iiflie/L 7 —8# 27 7 /L (Celluclast 1.5L, Novozymes)
%m%TJWMI%i@ﬂwc@%Mﬁﬁ%ﬁw\E%Lkﬁﬁ%i%%éi%bt&MMww@ﬁ\

FEHIRENALVT =B D T DB ERIM L% TS RO S o w C;:P“”O[gj’m” o .
ATV, RRAUCTL Y o F V=R DSy EHE ML, 22T, Ye. Yo " ‘ ‘ ‘ —
BXO Yo ld, ZNENELT—EH 7 FADR, CLPMO9 D, = Sose
BLOWHEZIRE LIZROELHENETH D, 10-
DS = YCL » 8-
Ye+Y, o .
EHLHOEIZEBWTEH CsLPMO9 % 37.5 pg/mL, ke 7 — .
BTN % 12,5 pgmL I L7252 TDS Id k&R Y . Avicel T .
1 8.5 fif, PASC TiL 32 fif & 7o 7o(K 1), SEATHIZEICIH T D S i il
SR — SN TWARNEDBIZREECH 525, CGLPMO9 ® ‘0 © = »  a
FUO—EIE, [ LSS T IR E Tl STV Do LPMO9 KX BlhzmEnz T e

DHEWVMETH T, 2O Lad . CGLPMO9 (It /o —20fE#E X 1 CLPMO9 & &5 —F
FELICE iR s b, BT IND T —Rh R
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B2, CsLPMO9 O SLIAKEE 2 R E L=k R, CSLPMO9 O 2 RHE & K OVENE L O i 3 iR
f72 LPMO9 O A H L CW\WD Z BRI, £/, HETH L o4V I & OEAIRREEN
RE STV Do LPMO9 (PDBID: 6YDE 38 L TNSNLS) & bl L v | FEEHEAICE S T57 2 ViR
EHEE L2 (1K 2), TOFEHE, CsLPMOY9 X LPMO9 |2 X < /17 S 472 Tyrl98 Oz, X522 2D F
v UERHE (K2 FRRE)ZIER A mEICRE Y2 ERH LMo, 2T, LT v UM
T T = URRBNTERL LT Y2TA/YTAA ZERKZFRL | B4R CsLPMOY & BSOS RE A Hhilg L 72,
Avicel |Z CSLPMO9 & Y27A/YT4A EBRKZZNZNINL, WRT o2 o Ry BEL ., RiEHo X
VORTERDFEND Avicel ITWAE LT LR ERERD T, BRKITEFARI R TRE ~OW
EEMET LTV 22 E235, CSLPMO9 O Tyr27 & Tyr74 BNIRE ~OFEAICBE 532 Z LR &z,

AR X0 . CSLPMO9 AW biEME, B O BEAL T —F L DEmns TV —8 R a2 o2 L vH
Sk otz LER-T, CGLPMO9 [Tt/ e — 2O (LIcxt L CHRAREE L IS5, X
bz, Al CGLPMOY9 OREEFHIA R 25, KEMEGICES 57 I VBEEZFRE Lz, ZORR
X, A% ED L —2OREICHE LR ZBRE L TS BT, EERHMAICRD EEZEZ DD,

m.“ ler.E 30
i 5 Bl
- 25 I

<
4o 20
a
e
= 15
)
&um {
S 104
A

; ® 5] ‘

rli-;.s 0
L2 serra WT Y27A/NT4A
2 HWEREAE~OEENRTREND T I BRER 3 B CsLPMO9 (WT) &

Y27A/YT4A 2 BARD FEE W A RE

[Fm L3R Y A B

1. Huyen Nguyen, Keiko Kondo, Yusei Yagi, Yu Iseki, Nagi Okuoka, Takashi Watanabe, Bunzo Mikami, Takashi
Nagata, Masato Katahira, “Functional and structural characterization of a lytic polysaccharide monooxygenase,
which cooperates synergistically with cellulases, from Ceriporiopsis subvermispora”, ACS Sustainable
Chemistry & Engineering, (in press).

[HEEZREFR Y R ]

1. T. Watanabe, Y. Tokunaga, T. Nagata, K. Kondo, M. Katahira, Interaction analysis between cellulase
carbohydrate-binding module and lignin by ultra-high sensitivity NMR for biorefinery”, The I[2th
International Symposium of Advanced Energy Science, 7"-8™, September, 2021, online (Poster presentation).

2. FRPAMEAG, PR ZSELENEIDL, TR, KA, ROFIEA, ELMER], KR Y = L knm
—AAF T DS HEE /) A v 7T — B OBOGIERT, % 66 [81V 7 = Ffim<, 2021
411 H 4-5 B online, (Poster presentation).

3. ATZEEEACH 7, HERIEM, (VML STHENCT, K, JTTIEA, MSDNeR], BRI @
W OWRIRIELHET ) A X2 P —BICE 2 ALY 7= Lo n — 2D MBSO, 5 66
1Y 7 = 5fi@mas, 2021 4F 11 A 4-5 H online, (Poster presentation).
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1. FEER- BHY

Torvya T xAX—OEATHHIN TS D-T @A Tk, EAFEE N FULER
B LTHIAT %, 26 OKRERPEIZEBM B 2 B TICCESIEBT 2 Z L 0vb . FRISHE
MWETHD N F U LAOFBRRRPRE L S TW5b, £2T, M F U7 LDOFEEZMEH S G
MR A S BRI TN ER L, Bt vy A0, v N DA By va=o A
(Zr0,) HD® T I v 7 AENMENTZBINEMEREZ G T 5 Z LR &N, £l BREkO R T
LEEFEM AT DI T 7 o r v bV AT MR W T, RIS DS SR IR R R 2 TR
(REEIEAMC X D ISR BIC L DB OLENRE SN TV D, BITHIZEICB W TR Y F 7 4480 (Li-
Pb) JERITKIT D IRAHNE, AKFBRMAEGEIZHT 2 EREERZNENFHRILNTWAH R, FIC
BOWTIRS L BREORBZFRRICZTLZ N0, TOBEANREETICE W TH ISR
PERE A HEFF T A BN B 5, AWFFETIL. #REB O AKZFRNRB R ZEENT T 2 B & & O R
ERRAAT D 72002, EHA A BER O Zr0, # 12%F L T, #RIK Li-Pb BEEREREE 2 CH/AKF B
% I L7z,

2. EB

AT = Z 4 N8 F82H “EARIZ . AHEE B /3 fif1EIZ TR 700 nm F2EE D ZrO, #1478 2 ERL L 72,
FEHZ 6.0 MeV @ Ni** 2 =R F CHRE L WENIC 4.0dpa DEEEE % 5 2 72, T D &K Lis 1Pbsas
IR NI CHEAEBRRBR AT 72, #IK Li-Pb 37 0 —7 R v 7 ZNICTHKAITV. 1 ecm D
B LD E TR BIEA L, FEilERERIE, EAJET) 10~80kPa, iRERIEE % 300~600°C (2 T3
B U7, BEAKFEER T T v 7 AORRFEALZ & EITHWBOIHR A FHE L, £, &l L iU BT
HIEMHA LRV —% FNENT L=U A7 oy K batE LT,

3. MR- -BE

Ni JHFIZT 4.0 dpa DIREEEZ 5 2 72 Zr0, BN BT 2 HAKFEEZW 7 7 v 7 A JEBIREL
BLOZENOLOIEHR L= X —%2 KR T, WEDIEELZRTHTEE T oy NOBIZRE L, K
IR L7z F82H Jabi & FEMRST ZrO, # OTEMEb =k L X —1X, MEOMRZ S LIZHAELZMETH
5, WE D 20, BB OFBIE 7 7 » 7 A1, 450 °C I THARD 1/13000 (23 L, FEFICENT-
BB REZ R Uiz, £72. BT 7 v 7 AT 450~550 °C ([ TIREIIEIE L THIM L 722wt L,
PR SV TR 400~500 °C 12 CHRERIFMEOEIMMN R SNz, ZOOFZEICHIT HIEMHAL
TRV X—EpT 182kImol™, JEHKIZH T DIEME(L= RNV F—EpiL 59kImol! & BAES Hiv, FLIIER
FEEIL D b RE AL 7o o7, BREHC X o THE ORI U I KRBT R S v, BEKSE ORI ILE
NILE SN0, IEBOFEH bR X =07 B2 b, £O—J T, Li-Pb ERIC L
LIERLERDE O > THEIR T T > 7 ANWD LIzt DD, FEFIZHEWE TH 57 DL O
BEL X727, BT 7 v 7 A LI OZFENCERNAE U & PRIND, 600 °C DOFERLIEIX
ELLOEML= LT —HA L, Ep=68kImol™. Ep=25kImol™ &72~7=, EplXIERREFEL & [F]
OB, Ep I3FEMEEES LU F82H ik L RIEDE & e o722 & h . BUZ X o TR KB ]
BL., EARROIBERERSEM SN B2 oND, ULEORERNG | BRAKYIE I X O KE
BEWNHER T2 2 & T, KREBFNLREROFZIRRICKE B E G252 ERH LN T,
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TG I .
600 500 400 300 1g8 500 500 400 300
Iy = FRZHM B 1 L —FROHEE
o . REHIO W -+« RENZO S0
5 dd ot H fib 20,
E - I & EHEI0 4| _ 1p? E, = 23 kd mal & "M 1:..::.1._'!: ]
B e e o = (] - L
z Eo=23kdmary 4 - T e
B 107 I = aba .
- : 1@ 0. e ;
'ra g E.'-__. __Eal-chc:-I‘
Y ... B0kJmal | & e .
- LA T 3
£ =" Ty 'f ﬂxf\\g
¥* —
N 182 k) ok 68 kJ mol T 26 kI mot! 59 kd mal
10" i L i 2 i k i
12 1.4 16 18 L 1.2 1.4 16 1.8
1000/ 7 K’ 1000/T / K

4.0 dpa DIEGE L 2 5- 2 T2 ZrO, Y8 DWRAK Li-Pb BRFFEREE TSR T 2 HAREZW T 7 v 7 A
B L OEHARE D IR AR A

[ SCHERK Y A ]

1. Sota Miura, Kazuki Nakamura, Erika Akahoshi, Sho Kano, Juro Yagi, Yoshimitsu Hishinuma, Teruya Tanaka,
Takumi Chikada, “Lithium-lead corrosion behavior of zirconium oxide coating after heavy-ion irradiation”,
Fusion Engineering and Design 170 (2021) 112536.

2. Sota Miura, Kazuki Nakamura, Erika Akahoshi, Juro Yagi, Yoshimitsu Hishinuma, Teruya Tanaka, Takumi
Chikada, “The synergy of heavy-ion irradiation and lithium-lead corrosion on deuterium permeation behavior
of ceramic coating”, Nuclear Materials and Energy, under revision.

[(ZH. 7L ARRS]

HARR 717543 2020 FKOREFARA L —t v v a VEFE (AR %E), 2020 429 A 17

H. =K, IR 7 > b IBSREMERE OIS — I &R (FPAT Fnig, ZRE LA, nhip

UK HER, 2 ROt B IR Sl R)

[AEARER Y A K]

1. Takumi Chikada, “Science and technology of multifunctional ceramic coating for fusion reactor”, ZJ1& &
0 500, 14th Pacific Rim Conference on Ceramic and Glass Technology (PACRIM 14), December 13, 2021,
Virtual Conference. (Invited talk)

2. Takumi Chikada, “Development of ceramic coatings with hydrogen, corrosion, irradiation, and electrical
resistance”, ZMNFEKEHKI 50, SurfCoat Korea 2021, May 28, 2021, Virtual Conference. (Keynote speech)

3. Takumi Chikada, “Recent advances in multi-functional coating research for fusion reactors”, Z/IF Fa%k
1000 L. _F, THERMEC'2021 (11th International Conference on Processing & Manufacturing of Advanced
Materials), June 4, 2021, Virtual Edition. (Invited talk)

4. Sota Miura, Kazuki Nakamura, Erika Akahoshi, Juro Yagi, Yoshimitsu Hishinuma, Teruya Tanaka, Takumi
Chikada, “The synergy of heavy-ion irradiation and lithium-lead corrosion on deuterium permeation behavior
of ceramic coating”, 20th International Conference on Fusion Reactor Materials, October 27, 2021, Virtual
Conference. (poster)

5. =0 EOK. PAR Fne. ARE JIHDN. JUK EER, W RO, HT MR TH R, “HERENE
® T3y 7 AWEOEKFRGIEBFENI KT L RE — B EMERMNR. H38ET T A~ - AT
DIES 2021 4F 11 H24 B, 74 Bk
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BB, RFIEAN?, KHEE?, @K, ks’

VR R KR S
2R L X — B TR SR AT

Translocated in liposarcoma/Fused in sarcoma (TLS/FUS)IE, Bfn R ELZ X UHOFE 2~ OFIENCHEEDL 5%
BEREMED RNA/DNA #EEEEHE CTh 5, TLS IR, pH, MR, IRE, FT o &R MR
RIS UT, oBeRENGHESBEOCRELE Z T2 LML TWD, RIS BEL, Hix 7o/l
Nt RE OHIENC LR TR 2 Rz LB DL, IFERAICHIZER N fTThNTWD, —J7 T, Aa[ifiiy
7% TLS D #EE 1L amyotrophic lateral sclerosis (ALS)% DR EMER B A 72 53,

4 1L TLS OAEBERIBEED — D> TH % CyclinD1 BB T OHREHIFEN B L 72 2 D T X 72,
TLS I% CyclinD1 {5 D 7' 1 & — ¥ —fHIE) LG S L5 I = — K RNA (pneRNA-D) & & L. £i
ZERE L LT CyclinDl EisFOEGEMNH 2= L7203+ 28 mbnTnbd, T E TOHFSET,
pncRNA-D & TLS 725 A WVOH BAEHICEZE efid % B L7z (¥ la, Yoneda et al, 2016), & 51T,
pncRNA-D D A F/L{b(m6ANERG A, TLS & O AAEH I LU Cyclin D1 EAx T OFBUHIEIZ L2 L 5.
25 Z &% LT2(1% 1a, Yoneda et al., 2020), 7=, pncRNA-D 7% TLS @ C SifEIkIZHE ST 5 2 & T,
TLS OAEED N i & C iad it L7ePA U7 E D DWW E A~ E RES LT HZ L 2B H6MITL
7= (14 1b, Hamad et al., 2020),

a M 1 v e h
pecnA-0 CEal
il " - Dol hghel of BIP
i "_J‘- £ B H ) prcRMNA-D -
T al s FLISSTLS % by R
FRIT {-_ p— - -
prcRNA-0 1 st 1602 - 'f L
[ L L E.
Ay ot GER \
et] ? s : Sprcy ]
"1l
ui3

X 1 pncRNA-D 1 TLS & OFHAAIEHELS] (a) 3 KT pncRNA DOFEAIZ L D TLS OREEZAL (b)

Fx TN ETOHFRICB VT, TLS @ C g & NS EhE ¥ > 737 8 BFP & GFP Zj#ifk
S+, BFP & GFP f#® fluorescence resonance energy transfer (FRET) % #1il|9-% Z & T, pncRNA-D D
BITPED TLS OREEZ L (X DERZ DR EMNL LTz, ZOB, TLSIAROE Xy T 4 71280,
BFP & GFP OEtEN EL L IR T T2 2 /M L7e, 22T, BRAEEE Ry T 1 J#(E
Z i U7z TLS IIRIZ W Tl A SRS 2 B L= & 2 A, B Xy T ¢ o Z RO L > TEIR
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A 7o X<ttt oo 2 o 7 AT v (W) BPEFIRE 25072 & BRI X 2 Hie
RO T=OKBFNMBRFFENEF LI RT D, ZiUL, BEEEHNO N F U LAEEEOHKIZD
RNLEERMETCH D, ZOX I RBIANLIEAIE, BETROWINT X0 FBE KD AR & kFE
FN AR EDOB K 2T 25 Z L 2 BiE L CTHgE 2D T 5,

INFETI, 5a%DL =7 A (Re) ZUIMLTZ Wk LES B — LM EHRSSEE DUET 2 VW C
Fe £ A Z W5 L, 500 °CLL EO @R CIXRSFOFELE L KR TE L Z &2 /W L72[1], ZHud,
221 L ONEOEBIROTER D INH SN2 Th D 2 E PRI TV 5[1], Suzudo & Hasegawa
PITo7 DFT #HEIZE D &, Reld W HCH FHIR &7 72X R L, B O FHEE OB E
R D[2], Z D=, Re IRINC L W ZE4LE W H O T-HE T OFRE A MERE Sd, 224N
M END EOFHFN 2 ZNTWD[2], — T, Suzudo HIIOAEETLFELE W B FHERE & D
FEEMAS DFTHAETTHEL, 7oL (Cr) (T Re L ViR W HOKFRREA & 31 B9 A/ER S
50D, FVTT L Mo) 1 TIFEAEHAEERET, o2/ (Ta) ITICFKRIMICHAEERT 5
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|\Z DuET C 6.4 MeV Fe 4 4> &M L7= 9 2 CTHEHAKFE (D) REFEEZH7-L 2 A, Suzudo 5%
FHIL7= W HOKFRR L OMABEEROBES & LS L, W-03%Cr A4 TIlE W & lE_BHZ O
D REFENE LI /IEDo7zDlzxt L, W-2.5%Mo 35 X O W-5%Ta &4 TIE W & [FRRE TH > 72 [4],
Lol ZEFLRE L OMBIITARONTE BT, ERBRIEEKRGFE LI SN > T edo Tz,

Z ZCAMHEEIL, DUET I2X Y W-0.3%Cr &4 250°C, 500°C. 800°C. 1000°CC Fe A A4 > % R4t
L. D & EOREEEERENEZ T, £7-. Fe £ 4 BH L7-W-0.3%Cr. W-2.5%Mo 3 LT W-
5%Ta &4 O 22 FLARLR g D FE % 0538 - FF il E 1S L 0 3l L 72,
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WHE L 7= 5, EZ2d (10° Pa) T 1000 “CI 1 BERIINEAL 7=, 05 OFRBHI L# K DUET (2T
800 CT6.4MeV D Fe A A% 026dpa (77 v 7 E—IAE) £THRELZOL, 2Na #FEZ W
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100 kPa @ D, /7 A2 400 “CC 10 FEfIRFE L7- 5 2 C. D {REFEZ FIRBEELE CTRAME L 7=,

3. WRBIUEE

B 112 W, W-3%Cr &4, W-5Re A& ilElOME FHmzrd, i W CIZHRHERTOSE Fmi
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7oleOThH D, W-2.5%Mo B8 LD W-5%Ta 54 Th., Fe A A HENT KV GEF-FHamdRFREH KL
72e — T, W-5%Re 3 L X W-0.3%Cr &4 Tld, 523K TOMREHZITMENRBGE - HmOBE KNS
Wiy, X0EETRE LG EIXIEE A BN o7z, LEDZ EnE, Cr IRINC L0 IR 14
DZEHARRMaDBEENE LK T35 Z &R SN, K 2 12, FEBEEE RO = BEFE O
D fREFEO REHE R 2R, W LB LT, W-5Re B L W-0.3Cr 54D D fREFEIT/NS 2o
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S TWND, B F T a— VMR LT 7 oAt o WS BLEDBIX, TAD Y ER T vk
H DA NIRRT D Z Lo TE Y | X RS SEHT, AL (NMR) . Ry
FAEAR)DFEFINS . 7 b A A2 & DA —/L® OH HEORITHE D TIHMVEAE/ERRN 6 5 = L 03 5
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EEZLND,

|, ~H,0 |,
- — F-. H =
N T e N— F

K.O. Christe, W.W. Wilson, R.D. Wilson, R. Bau, J. Feng, J. Am. Chem. Soc. 112 (1990) 7619.

CN
Bu
‘+ [, NC._ CN
Bu—l‘\j—Bu CN- + —_— Bu—r‘\j—Bu F- +
Bu NC ‘ CN
CN

H. Sun, SG Dimagno, J. Am. Chem. Soc. 127 (2005) 2050.

[/Nﬁx e

Vac. at 100°C N

S. Elias, N. Karton-Lifshin, L. Yehezkel, N. Ashkenazi, |. Columbus, Y. Zafrani, Org. Lett. 19 (2017)3039.
1 Naked Fluoride Ion M.

_40_



ZE2021A-14
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RBEINDIE—7 b IZHFVREIERGFELRZNZ EXDhotz, UEDZ LD, WRHPIZBWTY
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%77 A< EREhE(PDP)EE A VT D 77 X~ HD IRE 7 7 A~ & B = % L ¥ —100 eV 1Z5%
EL, BEHEE A 723~923K & LT, 77 v 7 A Ix10P'm?s! CTHRKHZ1T-7-, PDPEED Lt T
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%K,ﬁ%bwu,&ﬁAF77/7/F%L%T®ﬂ%ﬂ%ﬁéhé. —75, PHERRICERESIND
BRET COMBHFEZAICES S 2 & BTt oA EHZ e _AUEZ Ly, ARWFZE 70— 7 Cld, SiC A EF1
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1%, B FHROBEIZ L > T SICREMRIC (M) NEZY, ZOBRMGHEEZRE LT LE2EKRT 5.
FIERD Z L3Rk~ 72 CHRE Z V1525 2 & AEFER WV CRICHE, KEICBWTHE S L E4E
b, FRIFRE TSNS SiC OBEGRE L /> T\ D, AILFRAFIETIE, TOJRKROMRIA L Zih
IZESW I RERm O EZ B L L& 7. BARMIZIE, DuET BEHZ K-> TEA LK (ZEfl7e
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2. EBHE

ABHIMFEARZAE TERL L7224 S OS5 SiC ThDH. Zia 10x10x2 mm ORI T Ui
[ ZBEEIRABICAR D ETHIEEL, oA 23 ) DI TRERTORKLIEZ i LT7-. KEFv—20
FIEIIT T T A~ i, KEAFURE, HDWVIXEBMRTF v —DIEREHAH LD, AFETIIINE
TOHRNPLREL A= PN/NS N &L, RMITKFEEZRBINICEATRER L W I BRI D,
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SiC DIEE~DNFEFET D720, RAEFBEEDE{LE ESR (B AV ik THIEL, Yo
FEEE DA E A & KBEMIC XL > TREML T 72 Z2iliE L7z, SiC Tk 2 RER (Z1k) Ol

EEBLRALFRBRIC L VT 7.

3. MEIZHOWT

K1IZE/ U7 SiC 2RI, KEFv+—Y L TWRWREE B D 2 K TAFZEF¥—T L
72BN 1572 ESR v 7 v E T, KEF v —T%2 LT 7RWERE (As received) DIREN i K
L, KETFy—VLERBOEEEIIZZNI D QBFFITIE T L TWD Z R0 5. 2, KHE
F v — VI Lo TEBIEOWIN (&ZFITHED RREFORE) DRI VICK SRt EE2EKL
TEY, £FREHE O — 7 mEOBIIE DO EEARMEFBE (AEUEE) OIS T 5. £
TN — 7 HBE ORSEFBEENEND Mn ~— T —Nn5bDT 7 F Lt ORI I D EH LR
KB DOBEIL, KEF X — LahoilB Tt 2.5x107, 800 °CT/KFEF ¥ — ¥ LoikBCix
1.6x10"7, 900 °CT/KFEF v+ — L7=ilkBTIiX 1.5x107 THo7=. T7bb, KFEFv—Jickvzhn
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2. KBFX¥—VORBEL-T, 7/ — FEROEBITEEALER N R ST, —FT, HY—F
EHLIEL 900 °CF v — VB CHE 2D L TERY, KEF ¥ —VICLoTH Y — REISBIHTE 5
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FFRIN 10 B & BRI TH DI H 0 0b 57, JEREBIROIEK TIL 36 %RETH-72. 2D LT,
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X1, KkEF¥x—TF2LTC0ARNVWE YT yz K20 800 CCT 10 K, 900 CT 1 KFHIAKFETF
SiC &, 800 CH L<I1F900 CTARFERFE L v — Y LIEABLAKRET v—Y LT 7220nakE
/U ¥y 7 SiCOESR 7 F L. DRNVEET T A

4 =

E /Uy 7 SIiC Zxtgil Lz ESR iRBRAE J 2 & ZRFZIEEE 800 °C &L TN 900 °COWT LD SR TH K
KOOI EIFICEA SN TEY, RETORERD SE WD Engnrol. — 5T, &Rk
B TCIX 900 CCHERBREO T MNBREMRZBHF IR TIELND Z E0noh -7, SiC 12X Si Ji 1
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5. AEAREXVUAb

[1] ¥k RIS, BY Wi AKH, Shaofan Lyu, 54X 22 ﬁmqﬂcﬂﬁfﬂJTm —i% SiC OEIRAKKE
RIHT 2 LB REAARE €7y xfa}% 534 KT AR T AL 2021 4E 9 1 HK)~3
H(&)., 4> 74 Bl

[2] S. Kondo, K. Seki, X. Yuan, S. Iwamoto, Y. Maeda, H. Yu, K. Fukami, R. Kasada, T. Hinoki, K. Yabuuchi,
“The effects of dangling-bond on anodic dissolution of ceramics,”Zero-Emission International Symposium, 7th
Sept. 2021.

[3]pS. Kondo, H. Katsui, L. Shimoda, “Anti-corrosion technology for SiC/SiC composites by mullite/alumina CVD
coatings,”20™ International Conference on Fusion Reactor Materials, 20210CT24"-29.
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Development of biomaterial which improves gut microbiome
and health of white-leg shrimp by using heat-stable

carotenoid-producing Bacillus spores

Tham Thi Nguyen!?, Hao Thi Ngoc Vo!, Nhung Thi Hong Le!, Anh Thi Phuong Bui!, Anh Hoa Nguyen?, Kenji
Yokota®, Tsuyoshi Ohira*, Fumihiro Yamane®, Tomijiro Hara®, Yumiko Takatsuka®, Anh Thi Van Nguyen'

Key Laboratory of Enzyme and Protein Technology, VNU University of Science, Vietnam National University, Hanoi;
2ANABIO R&D Ltd., Vietnam; *Department of Agricultural Chemistry, Tokyo University of Agriculture; “Department
of Biological Sciences, Faculty of Science, Kanagawa University; *Mie Prefectural Fish Farming Center; *Laboratory
for Complex Energy Processes, Institute of Advanced Energy, Kyoto University

The aim of this study is to develop a heat-stable biomaterial complex consisting of carotenoid-
producing Bacillus marisflavi SH8 spores and non-pigmented B. subtilis SH23 spores for use as novel feed
supplements in shrimp. This is the first study that indicated the cooperative effect obtained with the use of
combined SHS and SH23 spores to improve nutrient content, growth parameters, immune-related superoxide
dismutase (SOD) enzyme activity, as well as live counts and diversity of the bacterial microbiome in the gut
of shrimp, which is potentially applicable for shrimp aquaculture.

Change in body length, weight gain and feed efficiency in white-leg shrimp by supplementing feed with
a combination of SH8 and SH23 spores
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Fig 1: Body length of shrimp fed with ~ Fig 2: Red colour score after 28 days Fig 3: Concentration of astaxanthin
combined SH8 and SH23 spores feeding (*p < 0.05) after 28 days feeding (*p < 0.05)

It was found that, with the group's feed spores, shrimp body weight and body size increased over time
compared to the control group. The length and weight of the SHS-23 group increased by 13% and 7.4%
compared to the control group (data not shown). This result suggests that the combination of SH8 and SH23
spores cooperatively improves weight gain in shrimp effectively.

Astaxanthin levels and red pigmentation in white-leg shrimp by supplementing feed with a combination
of SH8 and SH23 spores

Supplementation of SH8 spores in single and mixed forms helps to increase astaxanthin content in shrimp muscle,
which supports astaxanthin metabolism and better colour expression in shrimp. In the SH8 group (0.29 pg/ml),
the SH8-23 (0.23 pg/ml) group was 2.3-fold, 1.3-fold higher than the control group, respectively (Fig 2, 3).
Nutrient content and immune-related indicators in white-leg shrimp by supplementing feed with a
combination of SH8 and SH23 spores
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Fig 4: (A) Nutrient content of shrimp and (B) SOD activity of white-leg shrimp (*p < 0.05)
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The cooperative of SH8 and SH23 spores when combined with a low dose helps to increase lipid content
rapidly compared to the single spore groups. Furthermore, the relative lipid content of the SH8-23 group was
1.3 and 1.2-fold higher than that of the SH23 and SH8 groups, respectively. Specifically, a mixture of SHS
and SH23 showed a 13% higher level of SOD activity than compared to the control group, but was similar to
the group fed with individual spores. It suggests that the induction of SOD activity by the combination is
mostly due to the role of the SHS strain, and that the SHS strain can induce SOD activity better than the SH23
strain.

Improved live counts of B. marisflavi SHS8, B. subtilis SH23 and total bacterial in shrimp’s gut

Al -2 B EHE B LHE- 2]

Group-Live Live count (CFU g! gut) 2503 .
ek

count (CFU SHS SH23 = 1308 e I
g feed) Dayl4 | Day28 | Dayld | Day28 = i — i
Control NA NA NA NA -] : I I <s I

SH23 NA NA | 583x10* | 3.83x 10° 2 s Wil

(1x10°% e - . [ I BB

SH8 (1x10% | 2.23x10° | 6.4 x 105 NA NA 1l | @ **3 l 1| E l
SHS-23 3 4 5 : e o

(5 x 10° cach) | 39X 10° | 347x10° | 118x105 | 1.02x10 i

Fig 5: Total aerobic bacteria in shrimp’s gut
after 14, 28 days (*p < 0.05; **p < 0.01)
The non-colour SH23 strain and the yellow-colour SHS strain could reside and grow in the shrimp gut when

Tablel: Counts of SH8 and B. subtilis SH23 in gut shrimp

the shrimp was fed with individual spores. Upon feeding the shrimp with the combined non-colour SH23 and
yellow-colour SH8, the live counts of the colour strains were not significantly improved.
The combined B. marisflavi SH8 and B. subtilis SH23 at a total dose of > 1 x 10° CFU g feed (5 x 10°CFU g
SHS8 and SH23 spores each) exhibited cooperative probiotic effects to increase the number and diversity of the
intestinal microbiota in shrimp. The SH8-23 group had the highest total microbial density, 7.8- fold (day 14), 4-
fold (day 28) higher than the control group.
Community richness and diversity analysis bacterial microbiota shrimp gut
- SHsas wSHS mSHY  mComl We found no clear difference in the
B total DNA quality of the experimental
groups. The mixed group SHS8-23
reduced by 75% harmful species (H)
with high density, including S. flava
(reduced by 1.3 folds), M. ciconiae
Vibrio tbiashi 1 (67.3 folds), V. alginolyticus (reduced
0 5000 10000 15000 20000 25000 30000 by 1.7 fOldS) in the group of species

Abundance (number of reads)

Tenacibaculum aestuarii

Spongiimonas flava H AR

Species

Mycoplasma ciconiae_H

]
Vibrio alginolyticus_H

Fig 5: High density — bacterial species in shrimp gut after 28 days with high density.
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P—DL AV —FEN20um FRELHENZ L, (b) CNT BNNERINT 72O —LE=F—IZLDZD
TFENHEGRTE RNV & (o) Ty VEOMYIZ BN /RNWT EEOHBICLY, b—F —MRENED
RENRETH 572720, FEEO L —F—BEITIZE S oo, WEEOERFFICBW UL, 2
OO R L T L —F—HRNERZETETH D,

Q)T FA AL FDEODFEF —4 >~ ORI : ONT ISKT 5 Efere L — —MRET LR 2 FEHi+ 5 7=

W, K2R T RO R F Ty bOBREER L, BRRICIZ, ¥—Fy FMELIZEum A—F D
Bz 7 A AOMREB LOAFEZRETDHZ LT, LA U—FED 20 um TELFEFEO AR v FMENR 3-4
um F2ED T6 L—VP—DESZEHEICFRETHZ 2 HMELTWD, £/, ¥—F v F b IEHER
PRS0 72 < S OO EY) 2 3% - B35 Z & T CNT D X 9 72 CCD h A T2 K 8L A R #
A=y MK LT, L= —D RS

MEZFEEICIRET DS EZHME L LR L B

EEHnER X

TW5b, b OREMIZ, KT/
THFRIZBNTEHRY VT T 74—,
BLO, =y F U TWREONRT A —HZ %
UNZHIET 2 = & CERLUCER D LT, &
7. 774 A MNHOE=4#—¢L LT,
APS THEOE 25T, RO T ¥
BNTAT, BEOY, kDL XT3t
LTI ZED D 2 WBEMEER L v X Q N B N
éﬁé]\b\?%&%ﬁ}ﬁ?%ﬂliﬁé?b—&ﬁy X 2 1<—ﬁ*¢@%§£ﬁﬂiﬂfé7%74}xVWW\?*Wﬂ%ﬂ?EL
FOBE (74 A 1) FikamerL 072 SEMMEIR) o HROAL STy ORI,
. E—AARy MERBHAOT oy 7 IkZ—7F > b (FXKER) | £
Too THRUT KV, WRAEEELIBED M VE 725 e e " e 8 .
. RO LORKALE DO EMRFFEDTD L SOME —57 >
PR LA F LS. b CERMBE) ZERLTOS,

[HEEREE U A B
1. RaJERE KRR, bWk, KEHEA, w@EH, WE—, FARE, EREL—Y—LiE4—
X OREEMN X — 7 v b EOIEIEAEAERRE] . BAESS 2021 FFKFE RS, 2020.9.20,

online
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AEEMHK) 2V EEZBEMELT:
D= A UERBERERICEITSV ) ER

ZH !, B R’

DN 2 N TR
2R R L X —H TR T

1. FREER

REREAMNOFT =X —L LT, KEFEMOEANSIIZEALTWD, Ll KB Si(6N
~TN)D BEPEVETo % Siemens VEI1X, JERNEE(RT » 7 HIZH WD TIN~12N OB EHEE Si 0fEET
B EFEMERT XX —RRMENE WS Fa RAEFOREEAT H, FDD, KBk Si
% B NEPENE CHRIGE FTRE /R BT 7 0 A OB N EEIE L oo TV A,

[E AR HE & RIARAE D Si 23 9~ 2 BRICIE., AR A~ERE S D 2 &A%< Ehd 2T
TR Si OWEAR Si—Al B4 5 ONTHIEZIE Si DERERE RIS ARE L 70 B, BRI, Si O HIEEME T4
% Z & CHEEM TORMP) O SEARE MK T U, BERBHEOGENKREI R LMEINTWD, K
ETIE. Al L DOAEEUSMTE,. CuBé. Snad. Fe A4 TH Si OEEBRNHRE SN TWD, £
ST, ITFEDOHFIEIZEB N T, AKJEOE W Zn THo THIEmETR ~NZES TS Z I8  iRics T
DAEFEMKIEICIMZ DN, A E L TINT T v 7 AZHWASD Z EMA[RETH L Z L2 RHLTW5D,
T T, &R In BERMEEE T T v 7 AITHWE, Bl TERRKGEMS Si fEEOR R A A
e LTI 24T - C& T, WEEEIL, -7 a2 LT, VU r— M AU ERERE BN
THRIR Zn P22 e U, AR L72iRIK SiZn A4 %2R T 5 2 & T Si 2 0Bkl 3 2 FkICE
HL. BHICBITHV Y r— A A DOIBEICOWTEIRT ~ vt ad W= 21T - 72,

AEREL, MEREICE DN A Z KIS, OFREDR L Z2IHFIZHENTT T 7 7 A4 MEW E~O Si
BATZATV, A AU TEHRE & Si BT E ORERICHOWTHRE LD TG+ %,

2. EBRHE

FERIZ 1023 K (B W T Ar ZHA FTITo72, 777 74 b2 O1EN TIERL S H 72 NaCl-CaCl, 4%
(47.9:52.1 mol%)~~ 1 mol%® CaSiOs Z ¥ L 72(0*/Si02 tb=1.0), & 51T, 1 mol%? CaO Z#h L 7=
HRHL L 72(0%7/Si0, kb= 2.0), Si BT IX AEAMIZ 7T 7 7 A MNEME AW EEBMEMRICEVITo 7,
K7 7 7 A MR, BRRIBRIC Si 2 W T, S5 N2 BT Na'/Na BALIC X VEIE L7, fERLL
7230BHE. XRD ¥ X UV SEM/EDX % W THtr L 7=,

3. EBER

0*/Si0, t23(a) 1.0, (b)2.0 DIRHIZERIT D, VT 774 NEWOY A7V v I RANVEET T LEH
LIRS, BRNTRINEL DT 7 v 71, F/7e 0 NNITREPIINEZEORHFICB T 577 7 Th b, 72
B, MEEOERIET~ U0 AIE LY, 077/810,=1.0 & 2.0 DIBTIX, LN Si0Z A 42 & Si0s*
AF NV — b A F L DERDTHDLZENRHALNE RS> TVD, (a) 0?/Si0,=1.0 DIBFHFIZIB W
TIE, 1.0 Vvs. Na"/Na £ 0 L BLARENLICBNT, VU r— b A DEITLE RET 5 ERSPEN S
oo F720 0.5V L0 HHRENICE T B CENIL, Na-Si 54 £ 7213 Ca-Si & DARKIZHEKT S
EFPREND, KT, (b)0*/Si0,=2.0 DIBH T, (@)L LHEARBMNTHD 0.8V DR TERIE
H =i,

ANVEET T LORERE S LI, 050V, 070V, 0.90V D3 ODOENIZBWT, 777 74 MEEK
ERW-EENEREIT T2, BREBEII-14Cem 2 2D Ko Ik — Lz, B 5N 7-FEHH D XRD
B — %K 2128 T, (a) O7/Si0 = 1.0 DB TIE, 0.70 V & 0.90 V T Si OAERNHER I, R
AR —=TEHENT 1.0V ) DOETERN Si BNTISICERT S Z ENHLNE o7, 0.50
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(@) 1.0 mol% of CaSiO, (02/SiO, = 1.0)

(b) 1.0 mol% of CaO, 1.0 mol% of CaSiO, (0%/SiO, = 2.0)

— blank
— 0%7/Si0, =2.0 |7

03 . . . 0.3 .
— blank
Lo ozr — 02/si0, =101 . 92T
§ o1f {1 §
< <
> =
‘« ‘@
c c
[0} (]
© ©
= =
g g
= 5
(@] O
-03} .
-0.4 : ' ' -0.4 '
0 0.5 1.0 1.5 2.0 0 0.5

Potential vs. Na*/Na / V

1 U r— M A &% NaCl-CaCl, IRl (1023 K)HIZ

2 I (a) 0*/Si0, = 1.0, (b) 0*/Si0, = 2.0.

V OFREDBIE CaxSi BRI N TWND
—J7 T, (b) 0*/Si0; = 2.0 @1@1@$$ﬁ%
TIE. 0.90 V OFENCIE Si 13 HERR éﬂﬁ‘
0.70 V DFEFTO A Si D B — 7 IR S
72 WZIZT, ZOWH TO Si BTG
0.8V MBI 5 Z &R ST, L/LL0>
’f*%i) 5. YU r— M AU EHRBES
B 5 SiERIT, A 4 EREICE > TE
*ﬁﬁ’ﬁmﬁﬁ%‘ﬁlﬂﬁfw SiOs* A A v
TBHT DT, SiOs A A b DFEMT &
tl:f\f\ XV IRWENHIPE TOEH A Al
ThHhoHZ ENRALNE ST,

SEM/EDX Z3#rr 61, ¥ (a)® 0.90 V &
Wb)D 0.70 V TYU A ¥ —Ik Si G 67,
— 5. (@)D 0 70V TR Si 23R LT
BO ., BHEEICOWTHENMNSSA AU
REIZ X é%ﬁ’i[%&;é ZENbiroT,

4. ERJ R b
[m SCHER] 1
(1) Yuanja Ma, Takayuki Yamamoto, Kouji
Yasuda and Toshiyuki Nohira, “Raman
Analysis and Electrochemical Reduction
of Silicate Ions in Molten NaCl-CaCl,”,
Journal of the Electrochemical Society,
vol. 168, no. 4, 046515 (2021), JE1T.
[XE, TVARERE] L
[AEAFER] 2L

1.0

1.5 2.0

Potential vs. Na*/Na / V

(a) 1.0 mol% of CaSiO,
(0%/Si0, = 1.0)

BIL7I7 774 NBWOYA 7Y v IZRLEE

(b) 1.0 mol% of Ca0,1.0 mol% of CaSiO,
(0%/SiO, = 2.0)

o Original graphite substrate

Intensity / a.u.

0.70 vV

|
N
Iy
|

* Si (00-026-1481)
CaSi, (00-047-1518)
@ graphite (00-056-0159)

0.50V

0.70 VvV

20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100

26/ degree (Cu-Ka)

26/ degree (Cu-Ka)

2 U 4r— b A F &4 NaCl-CaCl, HH(1023 K)Hic

BWTT 77574 NEMLE~ Entﬂﬁffﬁ%w XRD /%%
— . (a) 0%7/Si0, = 1.0, (b) O*/Si0, = 2.0.
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FAEBNA Ty FEBRIZKD
HaREtt/ILO—REEFBRATLDOEFE

BENIERE !, ROFIEA?, KHEE?

Vb R R KRR
2R R R L — B TSRS

1. FEOERLER

BRAEIZ BT b A BREIOME L, HBROIRRERLZ S 2 Z T ER & S, 2 FRLE Iz X -
T, ZOMAE DO AR EMENETERCEREIEINCE 2 D EBIIRE VD, TOED, ERNIZBWT AL, F~ A
ICHSRT AR O L PEM 2 E X85 2 LR, BMBOREL > T 5D, MALICEWENEICK
234 A~ AFHIZ, EE 0O A0 SR i 72 s 2 & 20 EmRH Y | JbEE O
X 9 ITRIR SR O B sk 12 3515 2 HIPEHIPE DS A A~ 2RI T A2 E 2 123546 BEFEO BRIz X
HARIREL OFEIIINEDOVBENH 572D mm 2 A M0 ALABREIN L OBENIRE#E 72 b D L7 5,
AMFZETIEL, T — 2N ZNE TITHESL LT BT ONA 7V » REERT 7 /v — & KR CHisi
THHNHEOBERZE A MAGDOED Z & T, A A~ ADHEN Sy Th Dbttt L — R 2Kk
TINa—AD LYV E TENRITHIRATRET “GHRERIANA 7V » REER” ZB% L, K=
Ry va IR, AR AT LD EBETH LB ET D,

2. BRBIUEBE

2-1 FRER-I N2 F—8 ORI

AR O EE T, FEIVEORINE & LTSN DM Sclerotinia borelis DftdhE 1
0 — ASREEERZO YL, F¥y 77X VB = arDE T LTWAR-ZvavZ—+F (sbBGL)IZD
WTC, NMRZ & D SEARKESERRNT 21T 9 FECTH 7=, LU 5, shBGL Mz % v /X7 B DI B
ENZERNAEGRZIT O IR0 Th o772, WEEMRNT O Tk & 5 s S AR 1 5 #Hisi 9~ 5
Zlizl’e,

F7, B L7 shBGL % 1.5 mg/mL & TR A A H U CHefE L, fdmfbilel e Lz, ZoiE
0.5uL %, TRIBAIAN 0.5 uL EIRA L. 20°C T 1~7 HE#E LT, shbBGL Ok a2k 7=, #hidnik
D—WAZ V—= 712X, TIROEEHF >~ b Crystal Screen, Crystal Screen 2 35 U8 Index HT
(Hamton Research t1) Z# Mz, A7V —=U 7 OfER, £ 1IRT X5 B OSEMIZIHBWT, ks
B (<0.05 mm) #1552 ENTEZ, WINbL X U T BIRRN Y 7 7 —DHDOGEITITRER N A T
ROl END, SO MGEIL sBBGL Db DL EZ BND, S HICIEIEAID pH 38 L OVEEIC
DUVWTHRT 21TV, A bR ok 2t 7= (K1),

SthIE. R ESRUORBEILEZED | FER T 2L X — B T PFEITIC R E STV D X AR EIET
HEZ T, SN0 X B2 5 TETH 5,

# 1 sbBGL Ok A7 V—=7 e
R vail RGO TR
0.1 M Tris-HCI, pH 8.5, 2.0 M Ammonium sulfate | ERJK |
1.8 M Ammonium citrate tribasic, pH 7.0 EARLN -

2.1 M DL-Malic acid, pH 7.0 Sk . d
2.4 M Sodium malonate pH 7.0 FARIN

60% v/v Tacsimate, pH 7.0 ERR 1 shBGL O O fl (10X)
PEIEF: 1.6 M DL-Malic acid, pH 7.0
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2-2 IFhdEtrutde RT—BDAERE

fEmtEE L — 2B RmEAN Ot A — XA ZEHT D S
borealis Bk DT B4 K7 —+F (sbCBH2) 122\ T, MEAEE|ZF] &
oo X AEESRM A ET Lo, SF L, RREEFEOAFEICE Bz A
HZ LT LT, 7, KIBEIC X AL R A A o OBDAFE L RRT,
2R sbCBH2 1Z, 7 X/ KUl 77 W GRP-tag (secGRP), 71 /L7R ¥
UAREANC His-tag & L7z A FF 7 kb (secGRP- shCBH2-His)
& L. BEHimiassElH Bac-to-Bac & A7 A (ThermoFisher Scientific 1)
WLV ANT I REHELZ, 207 I R% ExpiSt HUZHNE L7z
SR21 MfEIc T AT =7 v a L, BE X T E DLW &R
Pz, ZOFER, MlENE L OEHIF 2 B secGRP- shCBH2-His ™
FHULMRTEI, WTHOBESORAE S VR VES, Uz AZ 71
VT AT TITE=RONR L RELTHERSN, BT D secGRP-
sbCBH2-His O J5 25 MIIAN D & DIZHRT T Z =N Do 7= (X 2),
Wiz, 1 — KT v e —XIZEEL L 72 secGRP- shCBH2-His % VT,
sbCBH2 DEEFZIEMEIZ DWW TI~T=, F'E L 72 5 p-nitrophenyl-S-D-
cellobioside (pNPcellobioside) |Z[EELEEFE 2N, 25°C T 24h i S
B-L 2 A, MIIER X OO WFNOmESY D secGRP- shCBH2-His
% . pNPcellobioside Doy fTEMEZ A L Tz (4 3),

sbCBH2 %, Gly22 7>5 Leu55 OFEHFEATY =2 —/L (CBM) &,
Gly94 7> &> Phe451 OFESHUIWfREE K X 1 > (CD) M HAER STV 5,
fEdmtEE v — A D4R, CD 72T CTHARERDINE I ERR DT
b, CD DHD A RT 7 b (GRP-sbCBH2 (94-451)-His) % KIGH IC
X AEFELT, 557z shCBH2 (94-451)-His % pNPcellobioside {2/l %
el AhA, BREO L X LERKICUIBIEEEZ R LT (T — % KER),

2-3 FH/HEtEuEte RI—VLp-FravF—YioksimtEt o

shCBH2 (94-451)-His & sbBGL (& X % A 725 b & L 1 — 2 4y fiR
INHETe N E D T HOWTHERR L7z, £7°. GRP-sbCBH2 (94-451)-His %
fEmmttE L e —ATdh 5 Avicel PH-101 ORREIKICHERIN L T 20 °C T 24
REM RO S8 72, RICZ O BB sbBGL WL, b tueA
— A& TN aA—AETHMEL, Ja—AT7 vtA %y F-WST (R A
LTt 2Ty ra—2 &R Lz (K 4), shbCBH2 (94-
451)-His & sbBGL Bl FEENTNDH L XD, JNa—RA &R T
X722 L5, shbCBH2 (94-451)-His & shBGL 1%, IRIANZHE Sk v
H—RA%Z VA=A THRRETE LT LRbroT,

Lth1E, sbCBH2 DX ¥ T 7 X V¥ —v g v &2iED D & HIZ, shbBGL
EDNAT Yy FEERZAER L B oOBRR LIRS LS E L0,
IR FICBIT D7 a—RAEERNN LT 5008 5 D iERT 5 TE
Thd,

3. OEEFERV R b

b i
-9 .

1 L F CNe T C
Lull Wedion

E: iyl J3AP

1 arwn

I Imezduk = IrziEn of [ha calls
L:Epmie Soll Kl

F: Flowshroughof 1k cumdon Bepde

.- Perifad pecielze on 416 zu-dlan heards
M Weediun wler S dups mlevlien

2 EBEHacAELE
secGRP-sbCBH2-His D 5L

il

(B PO ER T

G waciGRP a2 His
Herrepd Froer B ool Fymate
i [Pl gl Dredils

3 WI—RZ7UE8—X|Z
i E{t L 7= secGRP-sbCBH2-
His {2 X % pNPcellobisose ™
BIBrTEE DO fifERR

VR Dk o % IR AL
LT LA L.

— A DRI 1%

' el Rl
= = . = uBCREE 5T

L
Qvange cobor in tha tubs A& ndicabes the

prosance ol gluctine darreed from Awvical

PH-181,

4 shCBH2 & shBGL IZ
Y AfESEMEE L — 2D
bR 72 53 TG D HERR.
SCVRIR DR 2 g ALER |2
XoinT UL,

M. Horiuchi, S. Kuninaga, I. Saito, M. Katahira, T. Nagata “Development of the crystalline cellulose degradation
system consisting of the psychrophilic fungus-type hybrid enzymes.” The 11th International Symposium of
Advanced Energy Science, Zero-Emission Energy Research, Institute of Advanced Energy, September 8th, 2021,
FrTA B (RAZ—)
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O3 WNABRF ZRAVE-RETORIGHARAEFENDETEL

FREEMESD !, e 2

VKRB SE R AR SRR
2 HH K VX — L T AT

1. TR

LRG0 A S —Z B~ DO HFVEF-FREHZ X D BURER DK TIE & A N—F 2RO EIZ K E <
WL NIET, HKWIFEET 2013-2018 A ICHEE S N7 PHENIX 72 ¥ =2 b, KOBEETH
(2019-2024 FJ%) @ FRONTIER Ym ¥ =7 hp | [Roni=7 vy =7 NIBNICHEZ 328
DD EMND, Mk TR H O T &S S RELL FIZiaE 3 2 DI 2 I 2K 5 72
(T INEREBR I K B RIS ERER S . B2 RMEIC O W TR BN TE Y . BEEERFEIZ SV TIE ¢
3mm @ TEM disk ¥+ XOH/NRER T IZ X DaHli2sked LT b,

2. HIEEE., FmOHE (2020 FE F TORE)

BT, ZE BLSIZR% & S 7= LFA-467HT Hyper Flash 2@ £ &2 & (NETZSCH Japan) (2 &~ T
1Tolz, ok, BERPERRICIFTF—ARCTIIMFELTELT, v—% ) =R 7 ORI L HPERN
AR CHD, ¥/ T ELDT7 T2V, H/h VLA 20us & 9 FIRER] TOINENZ 7]
BEE L, &5IC 92.8mm OHEIPHADFRIMREEZ HFEMNC 7 4+ — B AL THET D Z ik, @S
ARELCORENFEBATRE L Ie o7 (TERBED LFA-457 T3 /L A 330ps EE T, ¢ 10 FREEOFEHT
B E SNTZHFR), BYEHCE 66mm%s ORWE 7 o 7 27 B OGA, 27UV ANE 20ps TIXE S
0.31mm DFELE TIISR1611, ASTM E1461 ([ZHEHL L 7= ENFRETH 5,

BT AT Ul EOEBEREHIASE D 7 5 v 2 a0 ZOEWRIN & | A5 HED B O FRRIE &
RO HFm 7 PG T 2 BN 5 5708, (ERRBIERmUBIZERN L TWiesr 7774 AT L
— T, 10um BEDBRIE AT T 5720, E SN -0 OEENEFEH RS, EEOBILRRLY
H/INSUVMEE 72D, 2O, NETZSCH Japan 3B L 72D CHEWBIE CHIEZ AIEEE T 57T 7
= F /)T — b by AT L—RRERARTHD, TNETIITOIIMIE T, R—OMENS
I L7t A RO R DB ORIEIZ LY, 93X0.5mm OFETH. ¢ 10X Imm 5 OFEAER 72 7 Bk
R ERIEDEE 725 2 L 2R L TWD,

L L7225, 2019 FEEOMFEIC LY S00°CLL EOFEIRICAWTHIE L7277 v a7V AICEED
B > D DIRIMR D PTE DN FT-D oscillation BIG 2N R H 4172, ZAUZ KV F L < HIEDOEFEMENMK
T L. 900CLA ETORIEIIREETH -7z, FIRFFITIIFEE) - 725 CH BRIRR T E S IZHIE -
Kl poTWEED, B LTV T 72 AT L—R{k & CO/ICO, HALRAHZ L Ta—F ¢
YINEDND ZENEZ BN, 20D, FEHKF OERFEERIRE E T 5 720058 0 AR
& GP-05/-Ar-Ar-02SW (Pureron Japan) 35 X OVEEHMEET L = (RUAlailE) 2 2020 4FEEEITHEA LT,
RN T AREREE £ CIIEREA L W 1A A v FOT 7arFa—T %2R LN &Y
ZNERIEB DL 1/8 4 > F D SUS BB ICEE Lz, ZTORERS T 7 = A7 L—% 20push F&JE &
JEDITEBATHZ EICE D, 1200CE TORETHIZE A ERHEBILIZR 5T, 900°C E TORIE R
IO TR TH o7z, L L72A 5 1200C TORIE CTIEE T OO ELIN R STz,

3. 2021 FEORFARE LIER

F 97, D3TH( ¢ 3X0.5mm)}% N DI0TH( ¢ 10X0.5mm) DO#fi% > 7 A7 44 (stress relieved thick plate,
ALMT.) (Z20push OV T 7 = A S L—% Mm@ Ai L, WEEIT- 7o, dEHRE D O OMR R %
KR TH Y IATe, Detective area [ZWVTHVDOFELE ¢ 2.8mm & L7z, TORER. ¢ 10 OFEHT 300°C
75 1200°C £ TOFIPH CTRAFZR SIN ILDEH 52D Z LS HRTZY, ¢ 3 OFEHE 300C DK T S/N
NEL 900 CTAH Y L —ya VAR LN, BOE X 1X[6 U T, Detective area H R U TH D DITZ
DENEL HO1E, B i OFRIRHIE 7% (zoom optics) & ¢ 3 EHHDOIEENTHLTEBY
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FIMRHEEMETFTLTCWDE NS ZENEX LN, 20D, K1 IRT, ¢ 3REHEED S B,
Rear aperture &, i EMIE A TX RV K< 9% 72 Buffer ring ZH( Y B | Pre aperture & Specimen
holder D # CHIE%1T>7= (Pre aperture | NETZSCH @ ¢ 10 iREVHDOA U U F VDI EIC~T > b
T H7OICBUR TITLE) |

ZOFEF, D3TH OFEFCTH 300C 5 BEAFZ SN thE/RL, 1200CE TAH Y L—va vidAbh
2o tc, UL, D3TH #kHE DI0T1 ke O EIT-72E 2 A, | 2 IRTE I ITh TN
D3TH B O T PWEVMEZ R L2120, /T 7 2 A L—Tha—F ¢ 7 &% 20 push 75 5 push
2D L CIIE &R ATz, ORGSR, AN 7T 7 = VB THHIEETT - 72 900°C F TOHIFH Tl
Frlb—vaEFRond (K3) . K4 IRT X ICBYEBEROM b WHEIXZER—DME 2o 72,
777 2 CBIEND IR I D L SN D RIME R D72 < 72 53, Rear aperture |2 LV TR
DS D Z ENRL T o loiod MG F &R R SN TV DTN/ A XIZxd 5 SN
mmbEL, v —varaRI IR ot tEZI N5,

4113, Buffer ring &€ LT, Specimen holder &% 10mm & L CHAAX —DOE I LR T2
TFNRRNE —Z2RE, BETDH, VI 72 A7 —0{bEMz 520, 79774 MlL43%
ZELAEHMTHDLEEZLND,

s
InSb IR Detector I
H L]
Eon ¥ ' 5
% & rew - - [ ) I
H o+ WEED WL T ol
.
f
2]
. - , -
ol 4 H o, LE.3 L ) L ¥
-
Buffer ring Laser Flash ST s A = i T
< > H i H He Hin TR

¢ 10 mm

2 Rear aperture E 4 i3, 20 push D7
77 2 AT — %A LTEEEO D3TH LT
D10T1 Pure W 5} BANE BRI E i

X1 ¢3RN E —

« |
F i--| I
T T L
f :
.
£ _— - -
3 Rear aperture E 4 i3, 5push 7 7 4 Rear aperture & i 9", 5push D7 7
7 = AT L—% WA L2 D3TH Pure W & T2 AT L— AR LIZBEO D3TH LY
£t 900°C T OFEM Hif B - 5 i D10T1 Pure W 5H D ZA 0 I 7E s SR
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BROGATUOEEDHBHER ED-HOEETEREIL
[CRE9 W%

B BB, BRPEERE 2, R RO

VHRAERZER B TR e R
2 FUEB RS L X — B T 2R SR

1. ##

B AT (W) 1E, RN, B KO R e b2y . BRbA T & A R — 2 T
T HICHT > TOMAFHECET A2 ERRETH D, ZNHDORROTZD, BILHIT L D E8b0, b
FRONTNVDOE MMy EEA L W AEOREEHE 2 ILINETEDTEY ., MW 2EET O
WREPERC, HPE - BRI L AR MEZ L Z B SN LT 72, HRlo, 4B LTL =7 A (Re) %,
FMOBELTH I LA TAOSEH (K F—7) il L7- K R—7 W-3%Re I%, FERH IS
HENT AR D 70 B3 B b O Pl 72 & OEN T RS § SEEE S 4L, Re A3 ARG
Peom EicHEhTchHDHZ EER LT,

Loy L, FEAYFE LIS OB Clip iR E28 5 < 72 5720, Re (LA 2 BT EAT H <M
FFHERITNAEL, ERLTESREEEMICL Y ZFE LM ECE{bZ5 ST 8B &EI Ty
b, & ZCARIZETIE. WMEBOMBRE O H LD, Re B b b H - E4tH L ZOWRMNE%:
Al b2 2 2 HNE Lz, BAERIICIE, W & 2sRERE UREFHEN - mIT o "Tietto 72
WARFTT A (V), o (Ta), TV TT Y (Mo) BLU=A47 (Nb) A& wHkEE L TORE
Rl L, MRS I ONEOWF 2T L2 BEE LT,

V., Ta, MoBLO'Nb ®H 5, £7 Mo & Nb iZHMEFIRE%OBIRRENIEF 2@ < . ERa e &
FRECTH T DBIIIMEIC 2 D 0[N H D, £72. VIZOWTIER, W-V A4 O 2 BN 12
BOWCHHLZEFRHD, W X0 EHERE R LT, —FH T, W-Ta &8 TIEE 5 Vo &I
WMESHTORY, koT, AFETIZITalZEH L, W-Ta D 2 TRE4 % iRITHIZE 2 306 L 7=,

2020 AFREIE, BLERFIZEA SRR E ORI EDPMEFRIZEK > TV DT ANLE £87I2D
WVCREIE U, BREH RS D8 2 & RIRFIZAE U 2 [BIECH S 72 I L 2B 0B B O LTS
U7, 2021 X, 2 & o=, BRI HEREVLEL Z i L, SLERFICE A SR
P72 & DK BaTe EDMEHIZIE > TR WCFERS SR I2 oW TR L 72,

il

2. Fik

BERARIT, MR B & B EE CRUYE L, IS IR EBVLER A 6t L7z W-Ta A4 CTh D, Ta ISINEIT
1%B LV 3%E Lz, TadihR a2l 60T 5720, RO FETEELZM W 28 & LT
L7, 2o OMEZ B SE 5720, 2300°CI230 T 1 B o B 22 th ZVILER 4 320 L 7=,
RSB OE A DT, IiEER & ATz A A IR S8R A F0E U7, A L7 mdigsix, BIb R T
D 45MV XA F 2 ha g TH D, ZOMEEN SR SNZ IMeV P a ku A, FREHERE
1300~1500°CIZ BV T EFEOMEL DT ¢ A 7 3R IZST L7z, SRIM (The stopping and range of ions
in matter) FHAEICK VEHINZIZ U EH LEEGEIX. H 05dpa TH-o72, 7'u b BRE LR ER A
1, BENC LA S OB ZBH LT 5720, By — 2 SHEZEML7-, BEAKPICBND
T, fafHE 1.96N O L HIE L=,

3. MERLEE

B 162, B W, W-1%Ta, W-3%Ta, W-5%Ta 3 L X W-3%Re D=1} A#LE 44 (SR) & HiEsEM (R)
DO7v ORI Ay =AM I B kAT, BEEFRIC L D &, # W KT W-Ta &80 H i
MCIE, 800°CLL LD A A REHZ L0 AR 5 EHARBH KR A RTHDH EHEINTWD, £
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7 W-Ta BE T IRED ER L L HICRA ROBEENBD L, A ANRKREL D LEENTWD,
72720, ZOREFHIZIB VT, A EORFHIAT DAL TV, AFZETIE, 1300~1500°C TD 7
o b URRENC LD L W, W-1%Ta B X O W-3%Ta OFEFEEMIC T < OBk %L L, Ta
REORME & IR L ENED T Z ERHLNE R ST, ZORKELOHIHIZ OV TIX,
BEEAFZE C/RENT Ta TSINC X 2R A ROEEE OB BIFEINO—>E LTEZLND,

LR T L9118, ZITANEEMITONTIR, BHFOMBEOEITE & FibaIZER L THRNZO
HEOMET L, ZOREIE Ta TIMENKEWIEE/NEno7z (2020 FEEREHEA) . BEAENFZETIL,
TRAHEE 800°CHEE £ TIZHB W T HAS MM &2 AW TR B OFEl 2 L T DB L, 2020
BILON2021 HEEDOARBFIE S ERANT X A =228 D W MO RIEEMY OEWIREOSHE.
Fo, BEETHEAINDIZTANE EMOBEA T, MR EESCH SO N RES BrprZ L
DRI ENTe, Lo T, A% OMEBIFICE T DMK EOFMICB N TIE, ZNH0MAEEET D
TENMETHDLLEEZOND,

20

(4 ay 3ang

0

Wi
A

30

[HS) M 3ang
(45) FHE-M

5] 2%

20

Change in Vickers hardness, AHV

20 |

T [

1043

® 3 MeV proton inradiation to 0.5 dpa at 1300-1500~C
® SR Stress-relived [As-received)
® R: Recrystallized (Annealed at 2300 °C for 1 h)

1. fi W, W-1%Ta, W-3%Ta, W-5%Ta B L N W-3%Re D% 7 ALE £4F (SR) & Hifbeats (R)
D7 a b UBRENC X D Yy o — AR XAl
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B/ EieWE S5 2 v I ADEF/IBFRIERENR

FRFE ', WOt |, HMIAC, LWl s
PIOMER AT, 2 TUNRFA T gERe, ° iRk m koL 8 — B LA 0FFERT

1. XL®IC

BAFNTIX, BRGNS K > TRET D ml PO HA 7 8 HERZ R X — RN R
LR DEHRDBIFEL TV D, D OBEBIE, B CEFAIBLIERER X UREAIBLIEREIC XL -
THEBT= X LF—Z2 R, ZOWRTIICEH LEBG L ETFMERELFHET 5, RO
HEHE LTI SN OB B L O E 7 2 v 7 2BV L, B HIEIC L > TRIGOIK
RSB OEER ENFFE IND T2, Fx OFSHFRIREHICAE 5 &AL E & RIBRIERE O E AR 72
GBI 2 B 2 Z LN EE L 2D,

B o X 572 100 MeV BREE DB =R VX —HA A 0E, WEF 2B LZ 10 um FEEBENT 2
25, FEFAIBEIERE & AR RE OB IR B BREEI IR F L TRES BT 2, BORA OFRAERTITE
FHIPHIEREN KR & 720 . T OMEIFR L Z 20 keV/nm & 72 578, BEAUBHIEREDMEIX 0.1  keV/nm LA
TTHDH, BHIHIEREDEIZZDOE—7HIZBWNTH 1keVm ZETH Y, FLA DT RLF—
HRITEFIOLIEEEIC L > TR EN 5, X 113200 MeV Xe A 4 % S L7- CeOr DETHI M OKERY
FHAIEBED A A AMARAR SR FEMZ R L T D, sBHR EL TIEE AR ED B TH D | 27
keV/nm IZEE L TW5, FRETIZE W TEAFLIERIIE — 272 R L TWDH A, ZOfEIT 1.2
keV/nm & 725> TW5, ZHETOMIEIZEY , KEFENZ KIETEFIIPRIEEOZEITZE DI K
SLKET D 2PN TS, BEFAFIERIEA 0 IZ@mWIGEIEA I RN > TA A b
T v 7 EMHTN D FEIR OB KB EEE R S L, PRE OGS OB R I3 A K M OB #) 4 e
HECHANT L — 7 D O BN D Z &L BfE ST\ 5, B FRIIERRE MRV IS I3 AYRE
IR EINT DA FHA S T 5208, ZOHBEICE N THEFRIEIZIL T & LBEIZ LV IRk
SNTZRARMEOBECHRIEICHF G T2 EE2 0 TN5,

B BEE ek
5
k=
L

e R T
X 1: SRIM = — FZFWCEHEL L 723 X U 200 MeV Xe 4 4 v IBE L 72 ce02 DETFHIF X OREIIFHIERED 4
F VAR AR S RAFE

CLEDZ & &2EyE 2 T, ABFZETIL 200 MeV Xe A A > % BRET L 72 CeO2 DRGHIE S 280 A Wrfi
TEM itz N TA A BATRS DB E L TRIZE LT,
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2. EBSGE

EHX CeO2 iR (LT A X U » 748 S 99.99%) 7 BAERL L7 fifiikz v, e A4
PR HEEHCIN T U7z, BRI 7 WP FEBR R 0 2 7 S #R & VT 200 MeV Xe A A a0
ECTRELZR 776 S U7, BSHREIT=R S U, BB RIE 3x1011 205 1x1014 /em-2 O#iJHE L
oo A A VRBARS TG T AR A BIZ2 T 272012, 4 4 AT A4 P —Z A CWrmstEHI N
T L. JUNKFBBAMAATIIE v % —NOFEEE B85S JEM-2100HC 5 & O JEM-ARM200F
Z O CRGIARR 2 Bl LT,

3. MR

203 A A AF ANk U CHRE R S M) bEIEE LTz TEM FE B Th 5, K2A~E X, £
A A ARAES N 0.5-1.0 um, 3.5-3.6 um, 6.0-6.5 um, 8.0-8.5 um I LN 11.0-11.5 pm OFEIK TH
%o HHE 3x1011 /om-2 OFRELTIL, A A URAERI D 7 um OFFIRE TIXB Va2 b7 2 MR EE
Wi ATl IR, —J. 1x1014 /em-2 OB TIXEFRO 2 b T 2 MTMZ T, #8087 5
NIZ KRy havr F T A RRERENTWD, D LD HEWEK IS Ry b Ea v T A K
DI EN TN D, BRE RIS L ORI ST T A A AR AR S & R & O ROFITRAF L T
5o

A05-1.0(pm) B:3.5-49.0(pm) C:H0-6.5(pm) [:E0-B5(pm) E:11.0-11.5(pm) 4. T e

200 Me¥ Xe
F= 10" fem

200 Me¥ Xe

1% D0 Sem? JB "

2 AF Vv ARITEICH LCHEREST A2 o 8% L7z TEM OPHRER,

2. TEXHEFIVZAPM BXO TAERKRY X ] 12250 T
[FRSC¥EFRY A B
L

[(ZH. 7L A%HRE]
L

[AEARER Y A ]

A. Maruo, H. Tomonaka, S. Matsumura, N. Ishikawa, K. Yabuuchi, K. Yasuda, Microstructure Evolution of
Fluorite-type Oxides under Synergistic Irradiation with Displacement Damage and Electronic Excitation, 78 A & —3§
7%, 12 [Alm L — B TR SE AT [E RS o > 7R 2 7 A -Research Activities on Zero-Emission Energy Network-
Sep., 2021 , Kyoto
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BREIFICETA L= LBME VD TXToAD
KBE-ANVDLEBET S ATHEHNEE

FHER!, FEREEL, UACT L, NT 4T TR, #iiNERpE 2

VRBROR LA e R
PR R S L 5 — BT SRR R

1. B
DT S ZFIATAMEIR L. 77 X~ bA FoR0m 1. THET722 ERAS UKL A f-CEVA T

BT b, 0D, TTAIXMBETH DX A N—ZEITIE, i SEE T T X~ OEMA PR
TOMPEICEN MBI E WD Z & BEHE b U F U AR EORBA RO b, X T AT
TEARERE, ERE . PHETIC X A HEHMEE 2 0 Ic W E DR A E T BT AT U E A N
— X DM E L TEZLNTND, LNLARNDL, EERISICE DR ERERE F T, W O
—HBIL Re ITEEZEHL L, W-Re B@~E 2T 5, o> T. ZOEEDRET T A~ R EEBOF M
HETH D, W-Re B4 OKERNIRFETLE OMEIALE~DRE, KON U AT T X~ BN X
LF ) REEDOR EZ DT T X~ ~ORBOMIEEREIIHNHED D 2 L BEEEAIF O FEB O 7= D12
HThD, Fro, BREERE T i, PHETERFICEY Re BEIT 10%EEETCERTE520
. ZOREREV Re 2D W-Re @& TOMENVETH 5, AFFETIL. & HIT Re 2% (L
T 5720 25%Re £TH WRe §&axtB & LT, FEEITH, LMD W A4 (W-Mo X°> W-Ta)
EDOLEIZEY, WEEDT T A< MEHIED A N =X LEHLNIT D,

2. 5 RAREEERIZHOWT

W SBHZOWTIEZ, 774 F~7 U 7 VBIOBERSFIEM 2 vy, K2 8w L721% 1273K T 1
AL 21TV, iSO RMEMIEIEMEIR L TWDH D02 HNTN5, D 77 X< MEH TliX., ECR
T RAIEEERW, A AR —3~120eV. A AT T v 7 AI~1x102 mI! T, BT LT
VAL, ~1x10Pm? TH D, He 7T A~WETIL, /1 A= F X —-220eV, 4147 T v 7 A
~1x 102 m?%s' C, BT AT, ~1x105m? TH D, ELORERIBEIC WL, kbR L #—
OWENFFEE LT, KL EmzEHnoid, sEHEE %2 400K 75 1200 K O#iFH CTA L S ¥ T, 7
TR A EST D2 ENAREEE o TV D, W Rl EHH D D W EIZHOWTIE, A A E— A,
HLIET T A~ Wbttt FRDEEE (0.1K/s) TRz, FIRDBEEE T EEPEX R 2H L. &EUN
BERDOR—ZE N, 1x10° Torr TH Y, WD TR 7 77 0 RL~ULHMEL | IEREZRBIE N ARETH
Do

3. DEEED Re BIS TN
1 12 Re DEIED, 0%, 15%. 25%D%GHE D EKFZDFIEBBEA XY ML &ERT,

- (a) Pure W o 't (b) W-15Re | = {c)W-25Re

W

Faw 100 I

K1 W-Re ® TDS AX% k)L (a)pure W, (b)W-15Re. (c)W-25Re
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EDOREHZOWT H . FEAMIC 500 K 1T & 700 K~800 K T Il e — 7 ML b5, LoaxL7an
5 700K~800K O t™—7 %, Re 5D NE <, W-15Re & W-25Re # b5 & 25Re D HIXZEDE
— 7 PETER 473K) THLHRENDEmICH D, —FH T, SOITRED ST3KIZ BN S & Wk &EIE
2T D, ZOREMNEE TR E LTIHRIMENT Re DB THLEEZDLND, ZOFEE,

473K L ETIE, W-Re 4D 5N W IZHARTWHENZL b, SR IDICEIBEOT —%, KOA 4
VERNF—RTNT U A I EE T, W-Re B4 DOWERHEZ B LT D,

4, W-Re BE&D~NY U LTS T A<BEIT X 5T/ MHEEEK

Re [T W LRIV U LT T A< BIC L F i ERSIEDSTE R S D Z DR LT\ D, £z,
T DREFEREE X W IR TE W E WO R H D720, W-Re B&IZB W TH / k&SR £ D
EIOBREFIETEREIND D, HOWVITED LSRR TR S NDNERHARD Z LI, BREIFEO W
BANR=H DNV T LBENREEZ D L TEERT -2 2T E205N0 5,

212, W-15Re I~V 7 AT T X< B 21T > -5 ORE RO L =T,

100 nm 100 nm 100 nm

ramomaea

2 W-15Re SEI<HIT5HF / MiftEiE. (a) 600°C, (b) 700°C. (c)800°C,

A e T A mHA ke —_—— —r1

600°C TILT TIZT / HHEREE DT M E > TWAH Z E b D, ZOWREL. i W D F / fikik
RS SR HIEE  (~700°C) IZH_TIRWIRE TH D . Re DFEISA W ITHTERWZ &7
ENRBEBRLTWDLEEZLND, HEN 800°CE T LN & S BITHAKENSH 720 | F /7 MRS X
DR LTS Z EnNbnsd, BURER T, 7/ il BERDITTHMLZ TS TIIOZRNA, Hl < Bk
HEIRIX Re IZRFE DL D TH DT80, T /R EDOEIZIB T, Re DEENKEZ L Lo TWND
ZEnEBEIND,

ASBITEBICR > 7- Re BIG D A& Z VT, 7/ SEHERGIRES ORFERIFIE, REHE, 7/
HEP DO ITTHEMAL 7R EETIRT, Re INZ LD W OF JEEDIEA W= AL/ EEZFA LT D, S
BT, T/ BHEREE N TEIC W Ta ZHRIM LZ WAIZOWT HEBRZITUV., T/ RS K& < R
RHILRIZLDEEBIZEBT DT/ BHEEDIEKIZ OV TN TETH D,
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BERENMTELLIERYY FOLERERDOTRESHEIED
rf-GD-0ES Z L5 73 4T
P ki, SRR, EHBIESH, BEEIAR | PR ERROVANE, SERIEA
LKA AR
SR A R — BT 2T
ST TR T
LR PR SE

1. HRELED

BWE AR EIT, KFEE-RZRNX—LTEIREVATLTHY | Fit TR = XL ¥ —t2 0
TOWCEBERIFES N TS, ZHAkFE (T) LEAKFE (D) 28 E T2 DT Kuldk b ARSIk
MAERISTH D, HRFIIZEAEFELRD T 1, WK PICERGEICHFET 2EER 6 @ Li (°Li)
EHFMETF OREST L D AP EIFF SN D, BROEHT AN, WK SO Li B E OLi [RINLEARHE O
BDFLRFINNE L TEL OMRENFEI TS, LivL, BERIBH Li B OBHEST 1L —%5)
FITBEBKIEHARREM & & BIEK T T 5, ZOBBORIFKNEZMIT 2 2 L1d, @l omTx L
F—3hF 72 Li [ & & °Li AR O EKBUCAR R R TH 5,

Li A A (Li") (ZEMERERE 2 RIE & 32 BXKENT Li B O = 3L X —2h R0 1T, EffE
WERCEME R EITE TAE LS LiITOBEI( v B —& v AREMEREER (Egfm) <cECs Li
DAY SLEMBENS (T ABERKS) OA L E—F L RTKE S5, A TIX, LagsiLio2eTiOs
(LLTO) #* EBfREWREE L T 5B RBITHED, A B —& 2 L LLTO MREIEDIE S J71H O 635 EE 45 Ah
COREATET S, REOFERBRICBITAL L E—F L AT, A v E—F v A5 ETRHET

. EMPERRIEOE S RO TREL AT, BILERTHD Li OH B FEETH U 2 DJE X J5 M ONL
B RREDS B W HTIE CTd D mJE 7 v — iEEH 673 653 #r - (radio frequency-Glow Discharge Optical-
Emission Spectrometry: rf-GD-OES) % V. EXUENTHIZIZIS 1T D BAFERRIE D — AR & A D FK ifi
NHEH um OES L THWT 5,

2. BrEFGE

M LLTO A (50 mmx50 mmx2.00 mm, BT ¥ = L) OREMEHOFR2NEIC, EfliE A
& (Pt) EMAZ ., EHE PtESRSAREEAIC5E L7z Pt ~X—Z b (TR-7907, W &E4ETE) OH
Jll « 520 BERR (1100 °C. 1.0h 5 (C X VIBRL LTz, R L7- Pt B ORI, VERM, S A3
FA v/ AR—A=0.50 mm,0.50 mm DK, SIRARH 2 0.50 mm G OFLR (TEAGR$Hh 5
5.0mm BENLZAZE) & L7z, XBREHTIC LY LLTO & Pt & 1L SEPE 2 fERF L T D 2 & 2R
L7, 77 UV VBOEKBITAIZ LLTO Z & E L, —k (EM) e & —) (Al g, #h%
AU, 1.0 mol/L @ LiOH /KIAEHK & ik 2 AfL, [EJFEE 2.00 V TEXSENT 21T -7,

A = o A0kE (BIS) TEMEA B — X A EBMIGA B —X A ERE LT,
HIEBAZS U T, e Bl Z ) D = flE T 1E 2831 72, EBIS Tk R0 F A % 2
N a oy MME TY 7 b U T Zoview R, EFRIRHT & BEUAY B O W HIEEE D B 7D AR T
T4 T 47 LTRD, 1f-GD-0OES (2 & 0 | LLTO WD F VT DR & J5 10 D TTHE RS 21 E LT,
3. WHRLEBE

Bz, — %A E RO BRI LTS O LLTO O LifRE A B — & o A O BRBENT RIS K32
BAbER"d, “RMAREHITEO LiYaEA v —4 v A%, BB TFGEZ AR L, ZO%ERK &
EHIC—EHE T L, M2 121, 2 OB o—3AMl & “RMOBRBBISGA > B —F v ZADEAL 2R T,
ERB SR 2l T T 7 OIIX, BT BSOS 1L ER S 280 D LifOHA D O & 24l ¢
H5HEHESND, LLTO @ LifsE L B HEO LIFOW AV L, Wb, a7 201 MEETH
% LLTO H O LiB#BIL TH 5, L7eh-> T, =X =30 Li BUGEE ORFEZ X, K1 &2
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(R SUTZ LLTO @ “IRMIR LG D LiB8) A =2 o ADZALICEKN T % LHEE SN D,

1200

s _:., it el :"'."_ i s i O PTeTary 80t (DUng Rleoiodaiysm)
‘gljl:q_ " aSecondery Bde | Duning electrodialsa) '
" an b
; i el .;:
g 800 g =~
-E F. < _'L
B ' 35 x
3 ‘ﬂmumxﬂ : Secend vid’ - 2 P
P 5 k. i i
T, 400 ¥ &
] [in 20 ¥
il Fn'rur sk 2 . -
& 200 ‘ a%o a0 H a4 'F'I 10
3 . ' ane [ * E 1 P Ty ul:fﬁf a o i
0 . - - - . : o =
100 0 100 200 300 40 S0 600 0 Rt W S
Tima | min . b NP S
‘ o 2 WM E RO ERBBIEA =4
BT — A & RO RS IR O LLTO @ ¥ AD BB 5 ZE b

LifsE A v ¥ — X v A D ERBITERIZ L.

'ﬂf’/—‘

3L 40TiE, ERTEN, BATIZ D —TAFS T O D R 5 O JC R H DR S M D4y
fizrmd, WTivh, &Ko Ll&,ﬁjxm< CLMBEOX v VT THD A VA MRENRDIRNT LR
ALz, Lo T, ZOMEEO A A M RBZHELT 2 &3 Li BIGHE W RICEH 535 EHEE S
Nize £, ZRMITIE, OV A FRENELTWD Z EXHBALZ, Ziud, WRAAZFREITEE T Tin
*=Tin® + e’ DI TT UG THA U 7= BT O AR 2 183 2 Al Ew_k?&méné T, R
FHTEED LifREEOZ I, 6 BALOA A BN TiY e T OZNnF T 0.605 AL 0670 AT

o LHEZBETIE, LITSEOR MRy 73121 Apd 134 AR LIZZ EICERT S &
E ST,

La 1.5

i

(¥ | ¥ 1.2

il ' | = §0.9 I W '_

3 o Boo i 0

o : _OAS ] 'I: L

Ic":'] — —— 0£ T T T T ! L l-_ & i i

-] L] i a L] 0 0.2 0.4 0.6 0.8 1 ol | s
e s | s Depth / pm _ | Fr,f%@ }‘!u?@
3 MRS DR E DR S HmoAn. (2R, A i 4 {&{ﬁ SR s
. RS 7 4Am.

KIEITEE)

4. FL&¥H

%%Jﬁﬂ#@ Li FIN DR & = 2L — R ORFHIZE(L 3 C 5 JRIR 4 B b 57l & rf-GD-OES
CXOMEIL. LT EB MM LT,
« 2D DO RITLLTO O Z AR 65 O LifsiE A o ©— & ZAODITRERT 5 L H#HEE Sz,
ARA = F L ZADRFDIETI OEEICIZ K D LiMsEOR LRy 7 OILRICER T 5 L HEE Sh,
B, RAANE IR OB FEILED LIfREOX ¥ VT ThHhDH A YA NREOBD BRI,
T2 5 LLTO OREITHED A A M RIEZHT Z & A Li[IORE R LICFHET 5 LoRg S,
5. FRXHERV AL BXO TABERERY X b
[REATER Y A 1]
+ K.Sasaki, K. Mukai, K. Shin-mura, H. Takahashi, R. Tokuyoshi, K. Ikuma, R. Kasada, Analysis of element
distribution changes in solid lithium electrolyte generated by electrodialysis using rf-GD-OES, The 12®

International Symposium of Advanced Energy Science, Institute of Advanced Energy Kyoto University, Sept. 7-
8, 2021.
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NA T2 +0OE—RIEYEEEFORSm M

~DuET Z AL\l HE-REBCO ) B85 14 54 ~

REFEF 1, BURER?, KpfE—>, B, mems’

VBRIR E SRR TAESERE, AR E SRR B TR,
SHOESERE, R L — B LA ST

1. - BB

BREIF 2 RZ0 T 512hlco T, BEE~Y Xy MIT 7 XA~vD UIADIZHLHARAI R IHM Th
Do FRZ~ 73y MEEME L TOT7 LR B Y 7 4 ORFEMEOBLE D) b I3 & IR EERMETS) O H
MEFE LW, L L HTS (FEBEEREN ST DR 782 NbsSn L0 K<, ~10"n/m* D
FHCHEEREITIZIEHAT D1, = RICE 2 BHEOKEIT~ 7 % v hORALEHL 290,
oo 3RMBEEE L AEOICRSROEIRBREREZHEHT 5 2 L 2B 270, TF A0
FThDHKAIE, N T hr B —EaHEA) OB R Z BILBERISH L, B OSREY A FEa A
x> kv ¥ —(HE){t L 7= HE-HTS % Bi%& L7=[2], HEA 1% 5 FE¥ELL LD 48 e & [RIFLEE O #LAL L TR
A LIEMEC, B BREE CIXRRE R OO ENBENC X 5SRO E BB 21515 2 & Tl
FRMaOREZIH T2 2 ENMBNTWAH[3], HE-HTS &, FEMREBREE OFpMEA B2 Tl < 1t
BEMHELEOND Z LN SN D, AFZETIE, HE-HTS 124 A4 RE &0 L, £ OB EER ML
&I E DAL ZER D HE TIEX/RW HTS & i35 Z & T, HE-HTS DA HEBEE~ 7 %
v e L TOIHTREME AR LTz,

2. ERFE
MR IIZ RS O YBaCus075 (YBCO), Y VA & Y 2% 2 iR 5 tHEFE CTEMRLE
Y0:39Smo30Eu031Ba;CuzO75 (ME-REBCO). Yo.18La024Ndo.14Smo.14Eu0.15Gdo.15Ba2Cu307.5 (HE-REBCO) T 5,
2 3FEEOMERD GIEK ITmmx & K 2mm>JE S Imm OFRIEAER A 2000 H L EKH %4 0.05 um
FCTOM™NE CHEFE L7-th, SEKFET X —H T 22870 DuET Mgg (2 T, 1MeV-He' 1 4
V% SR TR L7z, SRIM-2013.00[4]1 X Y RAE S - /=G &I 1 O Y T, 400nm-500nm DE S T
9 6 mdpa, 2.10-2.20pum DFE S THe K 62.5mdpa TH 5,
U7 OB 12O\ T, B8 & TWEHSQUID) %

FIOTRALRIEC X > CHESBRBRE XL, _ . | owsas >t
MR AR OBHIFLRR I SV T, AUBHRE GRS HIn 2 'e o

DM R 2 IR A 4 E—AFIBIZ L v 810 H L.
JEX 100nm FEEF CHEE(L L=, HiAE T IHME

(FE-TEM)% FH N CHEMT L 72, o | H 02
3. EERREE - E5 T

2 1% 3 B B O SQUID 1T L A B bR E s B R A S R 2 )
BT, FERS ORMEO SCIME[2] %2 — #8512 # L T 1 RBFRE DIES FE OB GRS,
5o TRTOREHI IO CEBEE AR B A TR E 1 X PR £
LA Lotz LinL, BEH% D YBCO £ LU ME-REBCO DHAREBAAAIRFE (T LL T OREALERE T
IERRAT L D Ifl S TR Y | BEREREE J. O TR PRI 5, )T, HE-REBCO @ T UL T
DOEALRE FIXRE%OIF O BEETH Y 90K LA FTILONBEFRNICE_RTER LTS EEZLND,
FTRTOMEHZBW T, ESK Imm OFER A O 5 HRE D HENEL um B 38 X7z REH RIS
K oT, MHEFRERIFEREREIEEOBEVNR AN Z EITERNTH S, R LY | B8R
PERVEET HHEE LD LV BEORKF CIIBRE VLD EOREIZL>T LN EFT5 2213 Lk<

i o
e T
g

L™
leis A W 10
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STV D, BHLERBIERS 552> 513 HE-REBCO (235 T YBCO *° ME-REBCO X ¥ & #8512 L % K
HMAND I MMA DN ATREMENE 2 DL DD, HEERMIIERBI M R0 6 IR EY — 27 faTo
MEDOTERN A ST H OO 3a AR TH E 728 50), BREH KRG 2W Tk YBCO & HE-REBCO
ORI THBEDEWERE TS Z S TEX 2o 72(K 3b BRI B R,

[ | Y rpr— prem— i e 0
= §_-gron 3 HO_an-grown | "‘-_-1-!:?%“
L - - 2 = I 1 o o2
W RE="% b, W RE = ' Sm Eu W
g 04 = g 04 t B 04
= 08 § = o8 . % a6
= [ =
= 08 5 08 {5 Sl ] . .
A 1 R = ¥ La Md Sm EuGd
s Tero-fas cooiing: (10 Ca) Sk Jaro-Fald coonng (10 O#) = Serc-lald seclingg {10 O#)
1245 B ] W T e B8 i (2] - BS [ 54
Temperalune (K} Temperature (K) Temperaiunm (K]
X2 SQUID (Z X % MREFA# OREALHERER: () YBCO, () ME-REBCO, (£7) HE-REBCO.
FRET AT O RAE (as-grown) (X SCHER[5] O fiE.
{i] YBCO HE-REBCO (] YECD HE-REBCO
MK
1um
B3 MO TEM % (a) Wrmiisl (b) & é 400nm-500nm 37 ¥ O
4. fhw

PEGTRIZ CRALRICEIER A o= 0D, kAR 5 1XYBCO & HE-REBCOD M2 BB 7238 U
BRONI2NoT=Z LD, 5. BRDEDIRAE TCOFMR T2 0B L LTW5D, Tz, BEIC
Lo THEASINDRGOFEEZ BT 5720, HEEZ FTICRKE L LEBEERZITWVZNWEE X T
I/\éo
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[2] Y. Shukunami et al. Phys. C: Supercond. App. 572 (2020) 1353623.
[3] S--Q. Zia et al. J. Iron Steel Res. Int. 22 879-884 (2015).
[4] SRIM.EXE, (C) 1984-2013, James F. Ziegler, http://www.srim.org/ (visited on 2021/10/08).
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A)ILAF VEMFARD-ODILEMRAEBORIR &
1F VEFEERELDEGEICEAT SR

ERFEL Y, Sorasis !, IR A, BRI ?

RS IBUR E A TR TR
2R R L X —H TR T

1. XL

AR XX — ORI 2 RS 2 72121, EIRIHEK OB TR TR S v mkERe 72 £ E
HMOBERNUETH D, VF U LA A EN LIBIXEVEEIELELZ AT 5720, @ R/LX—EE(l
IZHEFITH D08, Li BIRDBUEARLERBEARIRIEL TEBY, BROZEMBICAZ AL T\ 5D,
5, U o hA A EM (KIBTEIRHEFI NN & (MR EE K:2.14%, Li: 0.0018%) 20 %
VEENEEIE & LIB VL4 % (EYEEMEN KY/K: —2.94 V, Li'/Li: =3.04 V)72, EEWABROEET
NARAELTHETH S, KIBARFERAMO AR EIL250mAhg ' FEEHREINTHDEN !, LV
FRBEOHT-RAIEWEDORBENLEENTND, T FEY SHIFEWVERARELZ AT HTDORE
IR 72 KIB BARIEWE CH 503, K W — IS & 672 5 RE 7o RREZ LI U TR AE L
TLEIEDZ LN A Z AR LMELNRN, EFREE TICHFEET ORI L7-fix D Sb A48
Rk U CRTNAIFZEE O U 2 BhZ 5 3BA%E L7z KIB HA 4 L iRIREME K[FSA]-[CsCipyrr][FSA]
A L& A 2, FeSb BB E WA E A 7 VEZEEZ TR A T-ENZEMRTHD =
EERAHUCE I, o, Bl A 7 VEERESHT-DIZ S LA ST 58RIk b sk
BHELT KRNEETHLZEBLO SO 0OLDIENICIHZ LI AMIENEETHL Z E BB LML
T&E 7, SFBEIL FeSb RO & 572 5 BAELE X D728 FeSby Gk L, % @ KIB BMREEMY: % FEAl
L7z, E£72, Sb HMEMDZ LA 7 VEEMRZWET 57280 Sb DR EZAM 5 WE (LaSb)& Sb &
EEA (A RYy Moy &, EOVA 7 VEERE DTN,

2. ERFIE
BRRTEYE & 72 D HE 2 D Sb RIEWBEIZA D= AT aA 7L 0l U, £ R AL
B R D X ENENRE L AT VL ARy MZEA L, BIEEZHEE 380 rpm, 10 FRFE O 544
TR UIEWE M R =157, SEANCT8F L7 7 v 7 (AB) %, 45 1T Styrene-butadiene rubber
(SBR)% | HEXLAIIZ Carboxymethyl cellulose (CMC) % VN CHE'E : AB : SBR: CMC=70:15:5:10 ®
\EILCERL7ZAT Y —%27T A7 by 7BRTH (5RE, HSCM-MJS02) 12 X 0 8 HR FIc8@Am L
RER 2 ER U7, BT &I 1112049 mgem * & L7o, K A8 & %12, K[FSA]-[C5Cipyrr][FSA] (20:80
mol.%., C;Cipyrr: N-methyl-N-propylpyrrolidinium, FSA: bis(fluorosulfonyl)amide) % A 4 {EIKERE & L
THV 2032 B Mo oA 2L AREEE LTz, FEHcERBRILE

T 50mA g™, FEALIE 0.005-2.000 Vvs. K/K, HIEEE 303 - %0

KIFSAI-(CsC1pyr][FSA] (20:80 mol.%)

K OFMETEm L, 72, P42V w7 RLE AR — £ SomAg!
(CV)RIFE LI E B AHE 0.005-2.000 V vs. KK, F#3IEEE 0.1mV £ 400 s

s 4T N LT, ]

3. MRLER g 2o

Fig. 1 |13/ % O Sb REBMD Y1 7 L ieEM &7+, Sb ¥ 2 1
ERIIPHRRZZENHOD 100 YA 7 VIR THEEAIE 05 150 250 300
LTCLEo7, )i, FeSb EMMIIA & Z % Sb HMEM L v KX Cycle number

WHDOD 300 A ZNMThE Y BREYERSTIENTZY A 2 Fig. 1 Cycling performance of various Sb-
WEEMAT LTz, 1272 L, RREOBEDbIES b piggs el clectodes
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BIENEENDT-0 SbEHEDZE FeSby EMi & {ERL L 7= &
ZA, THEYEEREEBULRYA 7 VEEENS LN,
F 7. FeSb MO EGHA BN FITR AT 55% Th 7D
%} L C FeSby B D Z FUITI A THI 75% & #2E D 3 EN T
Fe B AR LTz, 2 FeSby BRD G ZEE 2 gH~5 7=
DI CV HIE Z1T > 72 (Fig.2), Sb BMEMIL Fig. 2(a) IR
L 7o BOSUTHE 2 BefiE T K %é@ BTz EnmonT
b\é 3. FeSby DENTFHLEEMEITARNN = 8 FeSby 1T K WLEHE  o0a4f
Z Fe & Sb (2T 5 &#&@Jéné ZD7-%. FeSby EMRD |
K%mum%#éiﬁt 71% Sb EMOZINER UEMT  02f

BT 5 2 52 Hn 5, EENCREGAICS 7 hLTY [
7= (Fig. 2(b)). 717 7 BAMEE M 1 3\ TR A a/w& Ve !
RESD FeSby 03 > T\ Z & F7-. FeSb, DE &

MSbRFe LW LTIHM EBIEN L2 ZETLLL 2 |

, KSb+2K +2e —>K3$b' 5th cycle
+ Il +
FeSb,

DE—7 27 b AT oo FeSby AMEHLE LTy 04—t e
el EEZEZbND, ZOWEOZEELREET D7D A ozl 2o |
JVRREIZE 72D CV lIEOE xR L& 2 A (Fig. | 2nd
2(c)). A 7 NVEBENRLFHIEILEY — 7 I XEEMU~T 7 & of
L 45 %A 7 )L H Tl Sb RO v — 7 EAL L 1ZE—F LT,
Ltﬁi‘of BEHOE W FeSh, A 7L L L HIcShbBLIY 02F
WO LY A 7 AV RITITZERICOET S EE L6 i
%o Z ORI Fig. | DU A 2 LIZEH T FeShy RO To os 1 45 2
ENBM UMY A 2 MV BIEE—E L R DR E —B LT [ PotentalTVe KK
W3 Fig. 2 Fifth cyclic voltammograms of
° (a) Sb and (b) FeSb, electrodes and (c)

b BRDZ LY A 7 NALREZ UGET 572912 LaSb & 2 the successive cyclic voltammograms
VIRV y MESETZE Z A, PREY YA 7 VEMED R of FeSbs electrode.
L7 (Fig. 1), X BREHTHIEOREE, LaSb 1T EZ IZIB T
LD ZMERF LI2E ETh o7z, FA T LIB M SiRa RNy y MBI 20582 BldHE LD
TEY, TOMAICES EarR Yy MESEDIMEHTIZEWE) AL EMERS K & O BUSHEIZIN
AT Sb 20 b DISTIREFNZ I L I- BRI E N E T H D LR SN D, 411 Lasb & Sb DHEL
BIZTHA I NVHREEZTMIT AL b, U ATy NEBOKSEB LD TETH D,
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Luminescent Solar Concentrator [Z:EFARI&EZ:

E AR DR

WATER, Sin a2

URO LEHEMER Y O FER
2B RS L X — TR

1. [ZL®IZ

K= X b REREEAAT, BEAFE L T2 KEET XX =L 27 & LT, I luminescent
solar concentrator {Z7F H 238 FE > T % Y, luminescent solar concentrator 1%, K5 AXT R LD KE
DEWIRL, 74 M IXvBCATBERZE U TRICEL D b EWIEEOYEZ B3 5%t
EeE BT REOBEWE S T O L — N TR SN D EEMRE T ThH D, Sk,
@R THRA N MY v 7 ZAOEWEBEIFTROIBNT T, KEOA T L— MNIZHLAD b, B4 %
MOIRTZLICE> T L— MRIBICHRE SN B CE NN T, T2 CHELRIND, Lo
C. luminescent solar concentrator O FFHHEHR Z(EHET D 7= OIZIE, Eoy T2 0 L7 RIBIZ B
WTER X < FT 280 FM BRI ORIE A VEA TR TH 5,

HEEE IILLET, T VU Atz WD 72 PR =01 LI-V7eET7 V72 O H
Ry 7 T EB L. FEXIFR bis(tricyclic) aromatic enes (BAEs) 3 Z (AT 5 51L& L
L7z (K1) 2, 2omgtiE B, Ak L7z 3 BEERECREDER T 5 2 L 2807, BEERFELMEE
/K9 BAEs L 9-(9H-xanthen-9-ylidene)-9H-xanthene® % R\ CTHE N 722D, 3 Ot & Fi -~
SEMEE LCORT Uy VELNITHZ LI LT,

0 g (S O

PCys (20 mol%)
R-N SnMe, + — E R-N — E (1)
CsF (10 equiv)

Br
O 1,4-dioxane, 130 °C O O
15 h

1 2
(R = 4—MeOCGH4)

2. fEREBER

WHEOK 1 IZHEARREE L PMMA B8 L7IREED 3 12 365 nm ORI Z RS LT- & X D%kt
DT %, MV PRI, BEAIRRE, PMMA B /01 L7 IRRED 3 OH0EEFE % Table 1 127”7,
froHCiE, 3a L 3bIHIFIER UMK EZ R LIZOICH L, 3clTZNo LD b REEE 7 ML
TR E DAY MLaE b 27z, RIEEY 7 ML=, 3¢ DEBNT X LA S ALK
ZIVIEERAL~D Sy TN BRI ENERE (DFT FHEICE W RGETA) 28T tEZbND, B,
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Table 1. Fluorescence data of 3.

In toluene In the solid state In PMMA film
3 Aem (NM) D Aem (nNM) D Aem (nM) D
3a 475 0.20 520 0.81 478 0.81
3b 476 0.32 494 0.67 476 0.91
3c 493 0.04 513 0.76 496 0.82

Ja 3b 3c
X1 312365 nm D%

AlERIFLIZEED
FEHDBEF: (a) EAAR

MVE R T O EIEIL 0.04~0.32 S{EVETHY ., 3 D
JibiE — BTN REIT Y FNIRE) - [EEE 0 FTREARRIR T CIRA S I RIET (Al . E
LT ERDbhoT, —J, EERKED 31X, ~7T a7 E OEWIZ X
DERNMBATENKE L B, M T UREOBAKRE L k2L (b ! E
WTNHRESRRET 7 b LT, BERIREBIZEIT 2 0 FEEMRXD
EWNE RS FHEEEROENE o TN O EE X TV
%o T LTENLOHENEETINERIT 0.81 (3a), 0.67(3b), 0.76(3¢c) & KE
B 72z m U, R oz g LT Rigicm ELTne, Bk - ‘
WHEE 25 = & T, B ERKEO RS &< S FREGES RS o O PMMA I
B ST L B LTV D, ERIEIC 2% & 3 13k ¢ R LTEIRTE
WHERTDHZERHLDICRSTZDOT, HEWTEHRY (AFAAX T ) L—F) (PMMA) JHIRIZ5E
L7RRED T A3 Lo, 2 OFES., PMMA MIRIZ 08 L72RIED 3 SR TRV E IR T
FEOBEERT D ENF LIRS T,
3DEFHEEETNDL BB TDFT 58 %2{T-7-, K7 HOMO &
LUMO # [X] 2 \Z779°, TD-DFT 3512 L 0 Yehbigiz & 2 #%1X HOMO
D LUMO ~D#EBTH D Z L3 yhotz, LIzA->T. 3at 3bD
I IZEEE R PR T b DTV TN EBMBEIN G D
DIZxF L, 3¢ D TILZ AR HADGFNEMBENNIE Z > T
WHEWR, 29 LEEEWDEKFORNBRKOENES| R LT
HDEEZEZTND,

—r
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FONEHREFL—T—ZRFE L
NILRA L—Y—HFEDRFRE

g NEREE T, R, & RS

VHUR BB R SR R 5 s i B R
2 B R KPR JE R L S
SEER R ROV X — PR T AT Se T

1. TR E AR

AWFIEO HEIZ, JRE HE - L — Y —(Free electron laser: FEL) & YR & L7z #i7-72/ UL A L—H—
HFEVE 2 ML 5 2 & C, AR EZ BREICRIES 28T ZAIHT 52 L ich b, ek, Mk
MR REROKIEIZ BN T, =% o~ L—HF — K 193 nm, 248 nm)X° Nd:YAG L —%—(266 nm, 355
nm)Z IR & L7z UL A L —HF—HERED RV B, fEEMESEBICHIE S o B A SEohD 2
ENMBNTWDS, — 5T, FAFEEEEYICH L CTHAWESS, D FlEL2mET 5 2 L 72 ki
T5HZ LI CREETH D,

FEL 13, M 1ITRTECMEENT-EFE—2 52> TRIESE L L —F—Th Y, BT
BEEZDZENARETHDL LI, BEOL—Y—BEEZNIEL LW M, oL —H%—T
3152 2 E RN ER CTORMNMNAETH D, ST Eapiik Com v 2% &) T
RAEETH D720, MO TREIO = F L F—038 L Uik T 2 L0 HEVIEH CREDO = 3L
X—WINEZFEHRTHZENTED, AL, KIS LE 2R G EI O S TRE LU T OR G 43
RGBT D Z EDNHIFRE SN D 720, FHEMEIOREE 2 B 5012 & TEE IS HIE AT e Ze Bogfy &
LTRETELEEZTND, ZOXI R FEIINETIZRL, EBEMEICT 7727 hRAZ Y
K — RIZ72 Y528 5 VA L —Y—HEFREZ A B O S EHIC b BIR S, i e Al s &+
HEA NS H 2 ENAEDO BRI TH D,

No0o00a
B Ll el ¥l Y il Y el
e ] Fap i =

F oo e — L M

| RO BT L 2 A UL R LR )

2. FEBERE X ORESE

FEBRTIIX LR T oy —Fy Fa%E LT ¥ /3 —WNIZ KU-FEL O L—%—Y %28 A L,
HEA TR T 5, £Z T 2@ICn-T L 97, BES AT A EHBICHEE L, Frv o "—id¥—=R
DIRT IR NIH A BN L, BEEBLOT AR TRICGRETE S, L—P—R
oW, b=V —HDOESNEEZ L A THELIZDE, ZnSe BAE N L THEHZET ¥ U N—HND
2=y MBS Lz, 70, T o3 —%/NMULT 52 LT, Fx o " —2K% 2 il A7 A1 &4
—IZED 10 pm FRECALER CE 5 X)Lz, Ziud, BHEATEICHETE 2130, #
— 7y OB EEZEN LN LR T 52 LT, ¥—47 v b~ RS 3L X — D ERE & i3
HZEHHERE LTS, Fig2(b)lX KU-FEL OHFEFIOTETH Y . AIFET A N —HF =2 L 5K
B~ — A —NR LN, Fig2(EBHFTOEETHY , 77 L— 3 X DB DR B 5, Fig.2(d)
52 —5 v &RV 79k =VUFT U (PVDF)7 /L AL LIz & &2, HEMERINTY »7ROF

_’72_



ZE2021A-30

WP HER CTE b DIZR D, Fig2(@IIXT AV IROBEHR I AA—TH Y . HAROBEENITEHRE LTz
):/%Wt ICHBEEZHEFE CEX 2 LI TWD, B, F X o N —WNITIT R 2 B LA T %
LR TERY, BZREZM D Z & 72 #fg L CHIENEE L 7o T D, T D X 5 72k
Db &, KU-FEL OB REAZE 2 7en 6, (REWLRE S FHEEMEICH D PVDF 725 WNT, EEM
BCHRHEEI—R T ) Fa—TF ) Fa—T IR Z2ITV., ZOREORE 2D T,

B2 FREEEE M (a). KU-FEL O BRERI(b) & BBE4(c). PVDF MR K OBEF(d)

3. BUEEAESR
PVDF B D A% D AFM B 4 X 3 Zn ¥, BEH Lo RN EOM RIS —7 > b7 4 L AT
DHDHT2um THY, BHZEHE 62mPa T, ¥7 /UL ADTR/LX—HEN 2.1 J/em? (27T 725 B
%%ﬁoto&ﬁ\vﬁmﬂwxw%ﬁﬁ%fééayﬂmsfx%~9%ﬁ3mmﬁﬁbmf [
—HETCOT T L —a VBRI BRWNWE DI Lz, ARM 805 1E, DY 100 nm LA F ORGHI 7 ik
RERLDSHERR S AL, Wkﬁﬁﬁé#4manP&%ﬁ#%mT%5 &ﬂ%%#&&otoit AFM
@ﬁ/?vﬂ~%mﬂ BWEZHINL, A EZITo7- 8 2 A, JEBISEBEMIEIC X > TR %2
EELBHISNTEY, AFEICL > TUEBEENERAETHD I L 2HERTHI ENTE T,
swmn%ﬁ®ﬁﬁm%LfH@M@%ﬁy@yﬁﬁg%%Lkﬁ%%@&ﬁ@mswnf&w
HZEE 33 mPa T, ¥ 7 B/ ADT VX —EEN 2.1 Jem? (2T 725 BB Z21T-72, 2H56 1
PVDF [AlkIZ L —H— ®E@%%%Eﬁ¢5tw®27—v@¢%ﬁokﬁ%ﬁ%@ﬁﬁﬁ@ﬁjmm
&rawrmm@&mﬁv~ﬁm :
HoNDZ EBRH LN/ T2,
HIREEICE SWCNT D3> Kb
REIEN NS &4, R R EN
TETWHEEZD, LD X
912 KU-FEL & W/ /LA L—
P —HEREIE IS X DR AIRE T h
HIEERETELELIC, TORE
FEEHOLNCTHI ENTE T,

[¥ 3 PVDF #ifii(a)3s J O° SWCNT #Hifk(b) D F 1 AFM 4

4. ERFEE

[HEARER Y A 1]
(1) T. Nakajima, M. Onuki, J. Fujioka, H. Zen, "Development of pulsed laser deposition using infrared free
electron laser”, The 12th International Symposium of Advanced Energy Science -Research Activities on
Zero-Emission Energy Network-. Sep 7 (2021), online
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SO FHREZRBT EIRTF FEXUKEED NUR #Z4T

K 21 REARKE? MEENT, F B gaREd 2, BE)INESF 2, AREZE 3,
Peter Giintert!, 7K FH{E(ST- 5, @Pres ®, AEIEAN Y, JREFMES, WARR—?

VRS« oV —ELTAERESERT, T I LIRS » JeiE AR, B LSRR SEAT,
*Goethe-University Frankfurt, * JHRRY: « BEEFAFTERL, ¢ HAUFE KT

1. X

T, NITEBBIOANTLTF RIZEELE LTHEAINTEY ., 2o 23T 5 HiFoiEd
FHREE LW, ZOEME, 7/ 208G FHREL TR > TRIELARAWESREIRTh D, £ T,
INA FREL & e DR ORREZHIE L0 . B o — R Z 83 A OB A HIf L7 0 TX A5
MRS D, FZCAHETIE, ProI vy g XA X —0ERE BE L LIHYSmMAEY Ok
BEMREICAN, ERED T OB E 26325 AT RNASCATRTF REHETLZ L 2HAME LT
W5,

RNA & X7 F ROMAEMERAOHF L LT, HIV-1 %/ LA ® Rev Responsive Element (RRE) RNA (274 /
LONERICED D Rev ¥ VXV EBRFEGT D22 EnMbNTWAD, FA7-HIE, RRE RNA & Rev
_TF ROMEAERAORERMEEZA 52029 5729, RRE RNA O G:G HiExl % A:A HEHHC @ L7-
ZERALE (RREapc) IFEATHATLANTF FLDNI Z b+ TR FEICIVEE L (K1) ., L
ML, ZRHDANTATF RN, GG S DT AA HSS AT 2 A W= R 2T B E 72
STV, & Z TARWFSETIL, LDNI & RREaac DFHAANERERZEUZ DU TR FERE L~ L CTH 5 8 E
T2 L E2RATZ, NLXTF KO RNA OB A B = X LD L > T, NILXTF REeT¥ A v
T HI2ODTHMEBRHAL N D Z E RIS,

—J, HIV-1 @ Virion infectivity factor (Vif) # /X7 B Z &t AR (Vif complex) (%, fHEHX »
R ETH %D APOBEC3G (A3G) 2RV 28X F 1 k3252 & T, A3GICLDH VAV AER % %)
BT 52 ENMBNTND, 2 THEHITH HIV iEMEZ2E> AL RNA 2RI 57201, ##{ksy
T L FIEIZ L o T Vif complex I[ZFES AT 5 RNA ZHfF L=, LavL, ZH 6D AT RNA 23,
Vif complex Z58ik 3 D A W= AL LN E 705 TR, £ 2 TARIFSETIE, AT RNA IZXL D Vif
complex DFBFEA 1 = A LZMFIHT 5 2 & 2l Tz, RFZEIZE - T, AREo ol E Z2HET 5 A
T.RNA 27 YA T D100y TEENELSND Z LIS D,

2. FiE -
RRE RNA WTH 3B ZO'RRE RNA 141 PR LXE b

1
=

[}
.

ERKZRUST D=1, T7 E.:EE'J a9

RNA 7R U A ’7*“12“0:&0{) in‘vitro #i3 fE E_;:' . Rev peptide {WT)
FREANI, ALATT Ficon gt el 5 AT RO ARRNRRRRSRERIRAALL
TIEALFER LIz DEEA LT, L TeE PR '_ a s an e
ZEFRNMBER LI N TATF R - PR i

OFWUOT-OWII KIBEICEDR 50 e St LDML peptide
=XRHEZZ W=, RNA (22T C - Gl MBS HE R S5 E F AL AR
KD T2 U AT L RS ATAK Lo G- S
BT &0 R L7z, RS ST 5-C S

. WEEAZ20mM U U R Y o T

LFEEHR (pH 6.5). 50 mM NaCl (2 RRE  RREas

LT, . R
/E}{Z'K@%itﬂqﬁl/)b\f\ 208 K 2tk Rev X7’F K& A T_X7F K LDN1 O—¥&AEE
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TNMR JIFEZ{T>72, NMR ¥ 7L ZIRET 57200 ZHEILERERTIL, BEBERHSE 2 7
KRG LN &2 -V =, NMR fi#4T > 7 b =7 & L CiL, MagRO Z# H\\\ 7z, 512, #5172 NMR
A2 AT, 7127 5 CYANA % W& E 21T - 72,

Vif complex [Z#EE 925 AL RNA OFFHLZSWTH, TTRNA R U AT —FBIZ XD invitro i55 7 %
F 7z, Vifcomplex OFHBUZHOWTIL, KIGEZ AW RERBARE HW-, ks TP FRIEC
Lo THEBLNZ AT RNA & 29 RIS L7 RNA 2%t Lz, & 512, 2-FEfifi & -7 W KRR
B D RNA, ETfTE RS T D201, A7 LAF7IC G:U Hi5E%F 2 FFD RNA (VF1(20G) 29) %%
FhL7c, 2B D AN T RNA (22T, Biacore X Z T Vif complex & DFEHEHEFFL TWH Z &%
R L7, 25D AT RNAIZOWTEH NMR A7 RMLERIE LT,

3. MRBIVEBE 5
NMR fift §T O 5 5 h 5 | RRE-Rev ! RRE,.-LDN1
RREaac & LDNI1 X7 F RDO#H 7
BRIZOWT M2 D X 5 7R5E
BEEN G LN, T ClolmE
INTWDHRRED RRE &
Rev X7 F KL OMEIER &
T % & AR R E <
Wip D Z ERHALNE T,
LDN1 X7 F Rid, Rev & |TH
72D AT =X LT RNA %%k
LTWbEEZBND, 5K,
SARREIE DR EALEAT O TE
ThD, :
WIZ VF1(20G) 29 ™ NOESY PDB ID: 1ETG 3
AT MIVERRHT LT & 2 A,
G:U H 56 5 1 R (09 72 5 2 RRE-Rev A RO LRHEE & RRE 28Kk L N T
NOE > 7 /@l s i, A 7 R LDN1 OEAIKROE EAEE O ik
T K ETER T B kT H ok
THAI /70 by AElRR LI, ZORE, VFI(20G) 29 (T O k&2 L <
WHZ EEHLNI LI, A%IE, S OICIIREEMIT 2 ED, AL RNA 2% Vif complex DHEHE % il
T DA =ALEHENICT HEETH D,

4 AFERKRI AR

1) Taiichi Sakamoto, Takashi Nagata, Risa Koji, Tae Maeda, Yumi Takeda, Naohiro Kobayashi, Peter Giintert,
Masato Katahira, Colin A. Smith, Kazuo Harada, “NMR Analysis of Interaction between Artificial Peptides and
RNAs Derived from HIV-1 Rev and RRE RNA”, 217 900 A, ISMAR-APNMR-NMRSJ-SEST 2021, 2021
A, AvIA v

2) FERRCE, SRR, BE)IESF, BE LMK, MhESh, TH, KHENRT, ®IFrRE, AEEA,
AKHEE, YKAZ—, Selection and characterization of aptamers that bind to the complex containing HIV-1 Vif
protein, ZANF 550 A, &F13 EENFRFHEHFALKS, 2021 F10 A4 T 1~

3) B E®m oK, Rk E, SoARHm, BNE, MEEA, TR, KHERTYS, &%
B, REEAN, KHEZ, WAR—, VIEESEISHET 25 RNA 772 ~—0 NMR fight, 20
#7000 A, 44 [ H ARG FAEMFERES, 2021 12 A, Bk, FAX—
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RS FRESER 0T )L - KA FBRISHT ZESR S
CEES

IAZAL !, #EPNEERE 2 G Robert Odette!, 155 Bl 2

'University of California Santa Barbara
2ETER R SR L — T SRR

1. ¥#=

eI v ya a0 VX —HOE L2 5 G OFEBUZMIT . £ O 76 HERBE (2t
ZAFDRERRM B OBRR N RH & 72> T D, FRTHEEM I ClE, MR —E o X o4
2 & > TRED He 24 L, FEEERLR A~ R T IVIRIT 0N A RIERDOMEHEIC K - T, MEME
BMHEOZE LWETRORA Y2V VP& RS, MEtEMEZLELT LR ER>oTWD, MEHHD
He OZEW)IE, He EpkiE - AERGEE, MSHAGE, BEHE, He xHEE R, MAHEE 7 & O RS
BESAOM B OBGHIALRR IR U CREMEICE (L L, 2 ORI, RIEZHSITHEI S uTueny, 355
ST L & XD NE, R Ko TRE A LT 5 EBEO MR EREEIZI T 2 £ 0 He 28> 1
21X, BRI ST T O He 258 2 FZBRIICIEIE L, TN 5 O R2AFENICER TE 57
HWET VAR T DL ENMERARTH D, =2 C, DuET #&E ZFH L 7= Fe-He A A o [Fl 5 PR & 52
BRICE Y, JRERENHEENR O He EASETTO T = I A ZREEEM B OB AZBH SN L,
FRIZ He/HBERI L HEEHRE~ORA T =V VT EKFHEEZHONITHZ LN, KIFROHHTH S,

2. EBS®

K AR EM Al 7 = 7 4 M8 F82H o 2 FilH
Dt — MFIZ2OWT, DuET ZEEZ HUWZ Fe A 4 S
(6.4MeV)—He 1 A > (1MeV)[FIRe ST F2BR 2| 500°Clc |~ He/dpa
CTHEMT 5, [€112. SRIM2008 = — FI2 & 2 EHE O 80 = He (apm) 1800
Bl mT L oe, 7=T4 FRMEHIC, KA AT
IV . 15um e LIlpmDOZENENIZE —7 ZFFOLE
N (dpa) A & He IEABRSAA NS LD, KIZIE,
Z A6 D b (Heldpa) % fk MR TR L TWD 0, £
600nm V& S AFUT22 5 1100nm 7 £ T, ZONTIE
—EBIZRD LI, ZRFAX—FT T L —FEHNT
He 303 ifEI SAL T\ %, 2@ Heldpa 7231 5, 3
0. 45DFNThor—A7T, #HIEEEE 5x10*
dpa/s & 2x107 dpa/s L& A-> TEHE L= To depth (um)

WHEREAT ). LORMNEORINO, FIBILIE g1 7250 MEbIcm, EASH

F U RE 0O~ 2umBEIRICEL Y T a g0 LT 2SR &~ ¥ 1By 0
HRAE T MBI ATV, ZTOES FRC SRR =

100nm AR TG - 72 sl 12, % v B 7 4 #fko v

AREBEELZRD, ZOX Y ETADOERBEDEREAY =Y T EET D, 4 100nm fEIk COHEE &
He 5/, SRIM2008 T X % #FAlifE O S & TOFE & 5,

AR, BMOMBRBIZE AT 5 T2 DIZHFHRS & 81dpa, He & 3750appm DM SRIFIZE LT
F82H #fl IEA & — Mf N Mod.3 M OFiE A E ISR LR A ED RN S, T ETICEM I
ToXT NI ORA R T — Z kST DR A RAT = ) > 7 &R EIRFMEET VO/ERKE
DT,

100 : : 1000

600

dpa, He/dpa
(wdde) o

400

200
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3. ™A FREZEET NV

PR T IR OB H LHREIZ K o THERAWIC R AR T D R 722 4L(V) & B O -7 (STA)IE,
T DICHRENICFET DT, RA REROMEALE WO FTREY 7 VTR SN D 3, &y
7DV & SIA OWIUhHFIZFE2 0 | WEEF R A FRESIZBWTIE, 8BA0I2BW T SIA 28 X 0 2h3
BRI ESND—TF, NTNERAL RTIEEDOHEOZED/NS W=D, L0 EL< D SIA MEEAL T
NE, ZOMERFIL2DV &2, RA ROBEENCRINT 2 Z LI X > ThllE Lkt 5.

Z DKM T v AT T, ARA REESR (1) 13, &> 7 (XTI b, RA Ky, 507 d)
D SIA &V O DFESy (ONA T A By v g) & ZNZNORE WIS KGRI E (3> 7 RE Zy \ )
WCEo T, SHICHIBREETIEIBs=By ERBITHZ L EEFEL T,

f = N(Ba — Bu)ZaZ/[(Zg + Zy +Zu{Za(1 + Bq) + Zy(1 + Bp) + Zp(1 + Bp)}] (1

EREIND, TITNIEAAVRH T COMEH LI A7 — RKNTV & SIA OFREATHEIZ KL 5 E|
BTHD, WY TOMMIEETHREG R dpa LILIT Zy ¢ DHIRET | By g bEMT 2, K 2alTRT X
I, BolIHWICETH Y, NTAVEROHITRE VR, ZOKRE L & HICR2RIZEDT 5, Belx, M
FHATC 2 < AFET DIBFEEENL TIZARTH 228, 1E & 72 5 FPREENL Ry O BREHZ X 28zt~ T,
BMINCIEICHRT 5, BEICK o TEASINDE~Y U LG L dpa EICKT HMERENN 726 T Zp v g
DB EEINCET LT 52 L1k 0, [M2b1oRT L 52, DUET B ER CBE IR A K
KR (f,) O dpa &IFHEEIEF ICERICHBT A2ET VEMET HZ LN TE -, X 2b 2Tk E
F ) ETALLADEORLE,
He {appim) He {appem)

I"I | W 2UKD LU L ! 1] (LA STHHD ] L0
4] 4]

__H-\. = el

— ¢ | (DIl Heldpasd0)

Lx 1 %idpal

SlA B B B E

1 5% 1
' W

dpa g

X2 HRA RREET VBT S, a) NTIVEOEENLTOD SIA 2341 7 A (By, By) D dpa (K17 & b) &R
A4 FERERLEZOMER f, ) O dpai&KGFMHEET NV E, 55475 DUET f, 7 — 4,

4, FCHEK
T. Yamamoto, Y.Wu, K. Yabuuchi, J. Haley, K. Yoshida, A. Kimura, G.R. Odette, “On

displacement damage—helium interactions on cavity evolution and void swelling in dual-
ion irradiated tempered martensitic steels,” J. Nucl. Mater. (2022)iZ3&fHH

_’77_



ZE2021A-33

Fooalb—2BBSOEBESEIZCKLS
B THz /NIL R F4E

R, PRI, R U ERL
ALK R o —
SR L — B T A2
SRR R TR 4 —

1. IZL®HIC

WEE N TFhbDabe—L o T oV a b= (7Y o b—2 S 13, EHRATE
FETHD E VST R E D, AW TIE, 7 7~V EEIRO T VY = b — X B & LIRS
ICEML, BREETHILICLY,. KIRE®D THz 7L 2 2 EH 5 720 O FEEIFFE ISR Y #LA T
Bo SNV AZFLX—XEHIEED 2 RIZHHIT 5720, ELHEZEETDHILICIVBDTE—Y
NRU—DRE THz 7SNV AZEDZ LN TE D, &HME THz 7V ADOFEBIZ LY, [THz &8
UG LTEH T2 e E i FIEOBRBE P FRFCE 5, £ LT, Hile ol FEEAA v A0H =X
NFX—MEBRE R DI v a V= VX —BREOIFE) )72 5 AlREE 2RO TV 5,

2. RERB~DOT V2 L—2 BN OER

FUER R L — B T AFZ2 AT FEL ik @ THz-CUR YEJR[1, 21% F W T, edEiREeIC & % THz /<
VA B EEIZBE T 2RRIER A 2021 £ 11 AIZEM L7,

FEHRIZAE ] L 72 THz-CUR SEJRAMEER X, SR E E i E 78t & N FIEfMH oSy 714 >, 7
Val—H TSN TWS, SRIOERTIZ. &
YV — R HOBEIN L —V—[3, 4]~ a3 )L A
{bTA5Z2I2LY, v VFANUFETE—LEAER
L7z, BT E =20/ FMEIE 11.2 ns(89.25 MHz) |
<7 vV ANEIZ Lus (89 NF) | w7 /LA
RO EM EITH 690 pC, 1 N FH7 b OFEM &
13K 7.6 pC THotz, 7oy b—42i%, BAHME :
70mm, F 10, X ¥ v TR EOLOEHEH LT,
BAELET vy ab—BEE, 7ol —#
THOE—LT A EERIIHAIND T X UHEI
FVEZEEENLTRRT~EWY HEN5S,

AKWFFETHEL 72 % THz 7V A 2 BRET 5 e LR
% THz-CUR HJRE— AT A URRICEK T (F) O &9
WS U=, X A2 B 1R T, KEFIZEDY
HEN=T v Yo L— 2L 3 >0 e im
BEEEO AT A B S, RS~ EE N D,
AR O TRV A Y7 U v RERELTZDO—
5(~17%) 2R E LTI Lz, Jedtigssid,
M1 (F) IR L7ET, 4 DDOKEHRFERTED
FRIO G DOEAEE LT, WIRBOATIEBITITE)E A
v a A TDTHz Ny RANAT 4 2 —%ER L, . ot
BOD3ODOIT =055 2 OHHEAEHE 1000mm 1. THEGUR E— Ao i =S AT
OMEHE, 1 DA FHEEE Lz, HRHRENE T e T~ PatARIR -aX B
S F RIS 32 3359mm (2725 k5 2 T —fiE 7=THz JE3tiRER (L) AR (T)
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L. TOWMBHEILTFRFZHRL L) =T 2T — 05 Interfering

T o 72, HIEERIC AST 95 THz 2L A D [ 10um stép, 0.65~l1.2mm1
& IREN O DM I EEST 572D K 1(TF) i 3 $ ]
O XD ITEEMRME (PYD-1, PHLUXI Inc.) % A
L7z F£72. WEITBWTHEREDE & KEHS o0 4y
FET 5, HREBORERIIOEEY v v &
—ZRlE L7,

Signal [V]

3. BREBOHBRERER
E—AFEBRTIEZ, 7oyal— 44Xy v %
80mm (ZFRE LT, = DR EERE T~ A 7V

VTR % IV CHIE L 450 GHz (5 : 667 um) 07 08 08 1 i 12
Thol, ZOT Vol —44 (450 GHz) Stage position [cm]

oL L

10%FEE AR~ A+ 2 L o2, 4l A N o g s
BN KSR T ¢ L% — (BPE) LB 2. RIR A MHETRIESN = F /82—
¥ 600GHz Dt D (MMBPF-600, A [R2x44 1 27| http://thz-origin.jp/thz-products.html) % JZ4R L 7=,

RN D THz 7SV ARER Y 7R iIRiE GETHR) T, vy v #—% B L THz /L AGRE
ZRE L, vy v X —BHOREO SN, BAOREL D HEFRENKRE W Enn, RSS2 HE L
THz 7SV ADIFIIEDHETE TWD I L AR TE T2, vy v ¥ —% U7 & X DEFHRECHERR
AJJE BPF CTORHE) DK 037V, T v ¥ —BBAREO(E BiRE 2 QHESIFIL) 234 0.03V Th
ST, AHERD BPF OHEH (Rg) L= (Tg) OFA 1 & LT, BRI & SRRV E DO IREE
(0.03/0.37) 75 BPF OB EZRD L LM 1T%E TeoT-, Tz, T o va L—X B %~ 7- 8
72 RERTO BPF OFBEEMRE TIL 24% E 720 | AR OBEROE N L (3R 25 /RBZHG LT,
ATTERD e F R TR EII R ORI E R R D D2 HE R NT A =X THHDOT, 5%, iHMiFiELED
MR o 0END D,

WIS RS R 2 RS MTIZB 0T 10 um A7 v 7 TR L S BESZHREDOZLZRIE L= (XK 2),
BPF TOHTHE (R) LIRZBMOEFE VA (S) OB T LTRER. T O JE IR 72 iR 21k
NELTND, OLBOTUNRALND AT —UNLE 0.9cm U7 CTldf/IME BHREN 0.12V L 72> T
B, LRI VIRNHEDH T (S OUT) 28 0.18V TH D Z ENinDd, HlasRed 7= BPF OFEE 17%
A H & LIRIRNITIZ 1.06V (=0.18/0.17) FHY DFREED THz »OLANRERHE TE TWDH EE 2 HND,
ZHUIAE L ZFREE (0.43V = 0.37/0.83) DRI 25 THDH, FHREHRO T 4 X ANLER VUL 2
FREZ RO D7 E, BRDFIECEAFHMI BT TNETZNEEZ X TND,

4, £L0

TV a L— X B RSN TR EE TS 2 LI LY SR THz SV A ERERZIT- 72,
ISR EZ B I E- L &2, RSN CTTFEH N = BNHETE 22 E L ESRNTOELEE
TR T D2 N TE T, A%, RGO/ SV AATTFONF /3T A —FZ Offbds L OHERER D
DT TAwIT—REEANWE THz SV AT L AR L TWE72nEE 2T 5D,

[1] S. Krainara, et al., Rev. Sci. Instrum. 90, 103307 (2019).

[2] S. Kashiwagi et al., Infrared Physics & Technology, 106, 103274 (2020).
[3] H. Zen et al., Proceedings of FEL2014, pp.828-831 (2015).

[4] H. Zen and H. Ohgaki, Proceedings of PASJ2019, pp.786-788 (2019).

5. XKV X b

[HEA%EE U A K]

AR, 2B, WEMZ, ” 7o Yo b—2 B OBHESICL D EME THz 7SV AFRRAE? HAR
WELR T 77 AR RS, 2022453 A 15~19 B, 11K 16aA124-8 (F7E)
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hARNEREFL—YF—2RAVTREELT OV YA FRE
FEKICETEHF v ) 7HEBERE

A T, 4

! U—lﬂ:/j(%i '_l’j
2E%k%£%”%~@1¥ﬁ%%

1. 1IZCHIC

b~ 7227 AMESOIFEREE - EIR & PETI, HBELABSCAEL IR H SN 2ME L LTHEA
REMTH D, ZOWHEI ﬂo&v@A/%%%/7%ﬁ#éﬁﬁg%ﬂ¥%%&%iQMTwé
X v U TAERICORN D RMMEA (R— 30 b)) ORI TR Y . n BURESS p AL
WART R—X0 "BRRH SN TS, FEALIZHT 727 31 AERCZE DR &ﬁwﬁbMTw
— 1], FIEFHERRRED X ¥ U 7 B ERKD GIEB AR TRAICE S —#HOoBRITIZ L A Lo Tn
20 M@SiIZZEDRENCH VTV TR RIpEORMERE-TEDY %@%ﬁfﬁﬁ®ﬁm%ﬁ%
75@“571&5 Fm &SV NERIZB W TR v U 7T OREMICE LWEVWRH D LRI, FEERIZ
BB DHICBNTREENTZRE N RRUT 0 T ORRBISE N D IIRESR ORI S 2 O@Jﬂ
ﬁ%%f%kU?ﬁ%ﬁTé:&%%@f%M —J5, FARAMERICIZFEBES Yy ) TICE D T T X~
AN D DT, FOREEIRADZE TNV REICAE LTSy U 7 OBFERZTH L Z &N
T& 5, £Z T, AFETIH, HHRHEFL—V—0nDbOHRIDE VA Z > T MgSi Faaffﬁhé
7T X< WX OB L E 10K 235 300 K OIREHFE T T, SRk v U 7 OERD S IEHEIC
ZIEFE DR A 2 BB LT,

2. FEERBERL L EBR

MR 2 MgoSi UG miB AR & 7 ) v U~ LRI K > THERR L7z, Mg(5N) & Si(10N)D
EMESEEHBMELE LTHERLTREY, Z0% v U 7IREIT 4.3x10%cm™ & fd TRV, fEdmE
IR X REYTCHER L. ZOREHIE 6.351(DA TH V. CHRB]E L —&& L7, EBRICH W=
FEEREIX(INDE Th o7, REHEIZ T4 AR X v FOSEIRIZERY (i CTEZERICREL, RE= b
0 — 7 —CEHEE 2 HI# L7,

75 A<D LA ET 254, YAG L—F—0 A EZ R e LCTHY, BlET
L—PF =D O RN E 7o -7 L THW:, REZER L7 e —7 it @ o o e
THRHL N T VAL V=L AT U FICE o TEBHIBELT VANV A ML —UF vl AS LT,
SN bbA3 M B9 2 X H ISy 2Bk O & & > TEDT — X ZRTFE Lz, ARHIO 7 15— 08
ELHELZNZHOWCREZFBB L7 e —T RO BICHN -G 5EE 2 41E L=, MbsoH
JEFBEM LWL IR TR T —T a2 L, R 7 H(YAG R DMREE 40 v~ 1 7
B 2=/, 7 —T7FEL)DIRE A 300 v A 7 v ¥ 2 — /WIERGE LTz, fillESnic T —Z 13
B oERNEDEEZE L T/ _FTIEIWE>THI—T 7 4 v FEITWS Y U T HmERE L, £
DIEDOEALZ 7 v — T KO EOREHEE 1T 3 L T~ T,

3. MRLEBEZE

B4 1121% 6K 775 300K THIE L 72 MgoSi fitigh DI DR Z b2 ~d, K 1R LT — % ZJE
LB 7 a0 —7 O HIE 751em™ Th o 7o, MEEHITIEA > 7N L D2WIURE D ZE L Z 71 > F L
77o 6K TIZWINNTITH —FEHBITHE L, 20Xy U 7 HMTK 227 T /B Tho7-, ZOfEIX
T —T7HOREEEZTH 6K TIIELETIEIE— Efﬁoto_@F%#%6Kf@%%)7®ﬁ
WA —IBRICALSND T EE2R L TR, BEOBAET2MENTFIELRN E2RBT 5,
EERE BT, N TIED B S HEBL L E ORI I H— %ﬁ@ﬁfiﬁﬁf%@ﬁoto
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2121F 6K & 300K THIE L7z MgoSi fitidh DWW DR ZL 2 773, M3 o 7% 6
3~A 7 afbE TOWINE(LZBFREFED L2 E(Sa) %2 7~ LT AR BN 2T TSadfENn k& L 725,
FEMTRLIE LT, ZOEITIED 2 FOMLIHE, Bl SN RARIABEHF v U T O
T RXALEENCEK TS Z & AR, 300K IZBWTHE- L 9 RWRIAER S U, SaDfElX 6K LY
HRE W, BE ER & EBQICHENZRINECIE, R 7N TERI N ES v U 7R — B X
MAUENL ICHIE SN TR END Z L THA U L TE 5, Zo%Ae., KETImkEx v Y
T BRIGEN 20 LT 5 & TRRESn D,

— 6K

40K
80K
— 120K
— 290K

- I I I
10 0 200 400 600 800 1000

TIME (ns)
Fig. 1: Time response of absorption change of the undoped Mg,Si crystal, detected at 751 cm™™.

10 T T T T T

800 1200 1600
WAVENUMBER (cm)

Fig. 2: Absorption spectra at 6 K (blue circle) and 300 K (red circle). The values of S« were calculated by
substituting experimental data for the eq. (1). Solid lines indicate the fit of experimental data with the
equation Sa=Ak?2, where A and k are adjusting parameter and wavenumber, respectively.

BE IR

[1]1 H. Udono et al., Jpn. J. Appl. Phys. 54, 07JB06 (2015).
[2] unpublished data.

[3] M. Imai et al., Intermetallics 67, 75 (2015).

—_—

MOBEFERY A B
M. Kitaura, “Carrier generation process in magnesium silicide kanyo semiconductors revealed by mid-infrared

free-electron laser”The 12" International Symposium of Advanced Energy science, 2021 49 A 7-8 H, # > F
A B (RAZ—)
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BHEFERS /N7 H ORC DS L DNAFERICEHT H0FR

Fo#ErE !, ILETK %, Eladl Afaf?, STRRWCF 2, KHIS %, AFIEA?

BNEW N ey NE 2 2 i
e PN S IVt e s

BERAY O DNA BT, Yefafk DNA LEORE DA EEERIBIE S OBt S5, ERIBIE SR
FRAEL A 1A (origin recognition complex: ORC)IX, EAZ4AY) D DNA B OBMEIEICEID 2 & 7 Bl
AETHY | BERBEAEICEAS L, BRBBO —HEOR A EE 2, BEAEMO —FETH HEERET
1%, FERE ORC DMERIBRALE SUCAFET D B ALALS 2 & > " HHH DNA IR RIS & T2 2 & T,
BRBAIG R ZBUET D Z LR HILT WD, — 7, B-CHM e & O m S E M Tl e/ s
FERSNT 22> TE LT, 24 H O ORC O _HEH DNA A I TG IERLS R AL X0, D7,
ZHILHD ORC BED K H g A F1 = X N THREEIVICHEIBRbE R 2 585K T D DM IRIEMA S LT,

WA, B MERBIA O 80%I2 77 = IUEHEE (G-quadruplex: GQ)Z FZik L 15 5 BlF A FAE
THZENRESNT, 51T, 2O OEBBALE AT D GQ AL FTRE/RELH I AU IV CH
ThsH I ENRINTZN, KRE LT GQ MHEEHROLEMESCE DRENIA 2 EETH DL, ZLE
TIZ, Fexldb b ORC 28, GQ#EAIERT 5 77 = 2 & A72 DNA (GQ DNA)IZHRL fA+ 5 2 &
ZRIH LT, ZOAIX. ORC OFGHTLEEX LN TE I HEHHEDH 2T —ARENREED DNA 1Tk}
THHLOLD LN EHR LT, S5HIZ, ORC EFEAT D GQ DNA HIDFEATNL L 52N LT,
LML 5, ORC IOIEES & D K 9 728 T GQDNA #378i#k L T\ 2 Dk W o zfE G D FEREIX
RIZHA LTIV, £ 2 TARFFETIE, B b ORC & GQ DNA L OFEADHEEAZH LML, B B
ORC DERLBHAA SRS DIRIHIC >R T TV Z 2 2 A LT, k. EAEMDO DNA HiloH
FRIZAE W) O FAZI IR BRI D208 0 . AR DR DD H RIIANA A~ ABIROK G L 72 5 EWIT
B 2 MaEEE M Om EIciEh s s Z EnEfFEn 5,

ZHVETICH A E, ORCL 7°5 ORC6 D 6 DDH T 2=y FNHED E - =
M ORC @95 bH, ORCl 7=y b, KT I/ 413-511 BEIR(EL T, -
hORCI*P3! L9 2)3 @\ GQ fAEE AT L2 L2 AL TR A
J2TIF hORCIPMZHE H L THTJEZ D72, NMR A2 L %5 hORCIH - o

ST L GQDNA & O AAEFHfENT 2D 5 7= 012, 77 N 228 RN RIS =
hORC1* M OFRHBA DR Z AT o 7o, /DRI HE—DZEFEPRE LT PN
EHE LT v e=v a2, KIBEBBREZHAWD Z & T PN ik
hORCI1#P°" 23R U 7=, FRHL L 7= PN #%E5%& hORC141°!" ¢ 'H-"N HSQC A
N7 MVEK IR T, X287 E O 'H-SNHSQC A7 MZIE&ET 2
VI THOT I R a b N 1 oDV 7 F e LTHRHEND =9,
BN ERROETEMD DI AT MV Th D, —i7RERIR
DONEAEEZ TR L TN D X VX EOGE | JRWEPHIZ Y 7 V3o
T 57, hORCI'P M DFAITIE E A ED T 7T /03 8-8.6 ppm D P\ i FH
IR LTV, SO LEARENEREICHE L, EBERETICE L. hq
PILTND Z EEEWRLTED, hORCIS! 23k E ONLARKE & 2 FF - 72 H [parn]
WRSRZEVEFHI CTH D Z L 2R LT\ 5D, 1. 15 |3 hORC1413-511
WIT, N HE# hORCI*' (Z%f L. GQ DNA £ /%, #EAko 'HISN  HPNHSQC A7 b,
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HSQC A~7 bvZRIE LT (K 2), AT TIE, c-mye BIs D7 0%
— X —fEIIZ & D G-rich L%l (c-mycGQ) 3B L AR KIRIZH 5T 1 A
7RI & % Gerich B4l (teloGQ) % -2 DNA % i\ 7=, hORC1*! K f o
RO AT FVFEIERIZ, c-mycGQ & DEGIRD AT M ZBNTH T B
TOY T FIISNEPHIZET L TED | cemycGQ & DEESIKPIZIENT
$, hORC1*>S" [ IHE LT 5 = & 1372 < ZBMERAED £ £ DNA & fE/E
HALTWD Z PRI,
hORC1**3! K TOH AR hUZxE L, c-mycGQ & DBEAIRD A~
R TIENW OO 7 FUREHFIZETB 220 Tz, RESE#HZ =
Fmv v EE 2 BT DNA & OFEAIC XK > TEOED OBKIIER
BENELLIZZ L 2B L TERY, ZOKIED DNA L OFEEEATHFIC
MELTWASZLEZRLTWS, BIE, ZHODOEENEDT I/ itk
IZHIR LTV D D)% =Rt NMR JIERETIC L > THT 2D T 5,
51T, cmycGQ &IFER DD GQ Wik T 5 teloGQ & DA
RIZ2OW T TH-"N HSQC A7 hVZHIE L7z, BEBENZ 212, GQ
WEPRRDICHHEOL T, FETXTOY 7T NLOEE)Z — 03 ¢
mycGQ DA & teloGQ DHAT—E LTV, T DT L%, hORCI*! .‘ r
2 GQ M D%/ D RIC B A2 T, SR/ GQ Midkia v 7 b vl ®
ARETH 2 TR A RIE LT D, 20X D RIFHRRHGEIZ e POBERE |
BRI AFIET DRk & 72 Gorich BEFID DI S 5 S 8672 GQ 1% ORC1 8.5 » [ppfﬁiﬂ
W) 1 DDFUNRNTEPRETHIEEFRICLTND EEZI B
z)o 2 15 ’t%%%@ hORCl413-511 E"

KIEORINS, € | ORCI 5B JORINEMEA TN L g NIDPIT w0
PRARRICAF(ET 2D GQ MIEZ TR L T2 mTREMEDVRIR S 7o, MAREZR sy HsQC =<2 kL.
NARKEIE 2 FR T2 I W RN VEREIZ R 42 2 & T bRx 2B AA

IZBW TR SN 5287 GQ MEZRHT 22 L ZARBICL TV D AREME D R 2 T&E 72, &4, &

BIZv 7T OIFEZ#ED, hORCIY! & GQDNA & OEGIEEAFI SN T L2 LIcky, 20

JRVERIRRRRBE DR BRI A DI L TS 2 ENEHETH D,

[FwsCER U A B

1. Afaf Eladl, Yudai Yamaoki, Shoko Hoshina, Haruka Horinouchi, Keiko Kondo, Shou Waga, Takashi Nagata,
and Masato Katahira “Investigation of the Interaction of Human Origin Recognition Complex Subunit 1 with
G-Quadruplex DNAs of Human c-myc Promoter and Telomere Regions”, Int. J. Mol. Sci., 22, 3481, (2021).

[HEEFRER Y A b

1 FOERE, HEHAEWL, BB, MARIRE, H2MES. “E PORCY 7=y FO 7 = JUHEH
e NAA L ORIE & T ORRERNT H4 4B ARG FEMFERFER 202112 4 1 A-3 B, M4
e (HEE¥R)

2. AR, MEPREE, FfE. b MERBILA X /X7 B ORC & CDT1 @ DNA {KIFH) 72 iR- AR
SBE BB 4 4RI ARG TAEMFERFES, 2021412 A1 -3 B, filk (KRAX—%%K)

3. Shou Waga, Yudai Yamaoki, Afaf Eladl, Shoko Hoshina, Haruka Horinouchi, Keiko Kondo, Takashi Nagata,
and Masato Katahira, “Human origin recognition complex subunit 1 bound to DNAs that form G-quadruplex
structures” The 12" International Symposium of Advanced Energy Science, 7"-8", September, 2021, (online)
(Poster presentation).
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RBL5FBHKXTTMALELT-
Al, Zr #FM ODS 7 =54 FElDOEMDEEKRFSE

A, B, AR BN 2

KB DA S PSR S X T A TR
25CH R AT L X — B T AR SR

1. HRELEDH

it il (ODS) 7 = 74 ML, Blifs RN DR 2H D7 = 7 A NIZT /A XD
Wbkl v % @mEE, Ho, BH—IIoBSE7-64TH Y, @A EICEND Z E N5
NTWDEN, ME—OFRBEITEEKERE T COMBMER R0/ & Tholz, LnL, THFEITINE
WETHEZOOTNAI=ub (Al) OFM, SHICFORWERAE LT NEERMBEVK T2
T2ODOE =R ORMEEHAND Z & T, el x L X —HEMELE L CoOE 2 H7-3 ODS 7 = 7
A MEXRTTIZHB SN TEY | EIEEWERE EBRIFE OB 11 v A7 A O FEBUIRAI K e
G B DR IME & 72> CWD, —J7, ODS 7 =7 A MAORLE TR, — A% OSKEA EH @ A
SNDEMIE L ITR2 D A =T uaA 7 (MA) EBMELIC L DM ERGEEEZEAT vk 2
ELTWDT=8, BERMEEESDS 2 ENES TiERy, FHxIZINETIZ, ODS 7 =7 A MO
ME7Ta®AIZER L, 6K, 2O MA LB CT—RICEHA SN TWARIEET LT (Ar) Tix7e <,
TEMEAKTE (Hy) 2FKHT AL LTHEMAT 2 Z LIk, SiEB L 700°C 05| 33 ER C KIE 22 JEH: D
M EAEHRARIC L, L L, ZOREBEINZARIET 5 72 OITITAHE 70 IR FEI T O JEM: 28 oo
FHENRAIR T D, AFFETIL. Ar B L O H, FFHE FTO MA LFIC L0 /ERLL 72 Al Zr #5001 ODS
7 =74 MElIZOWT, RERIEE 2 LEIC L 2 ColERBR 2 320 L. SRS ENEIC RIT T MA ALt
FIHREBERRDZ L2 AN L LT,

2. EBRHE

2.1. SADER
Fe-16Cr-2W-4A1-0.8Zr-0.35Y,0; (w%) OALFMER L 7225 K 912, @FiE Ar Y AFHAK FO 7/ a—7
Ry 7 AP TEILHEMARB L O Y0 R ZFrEERE L, MR —v & & b IR RICTIH, BE
L7z, ZOFRGNEBEZR 7 THA L, BEHISEME Ar T A E 71L& Hy U A 2 FIE L7214,
WEER—=LINEANTMALEZ L=, V750, PR % 48 h, [BIHRHEEE % 180 rpm,
R — L LIRE RO EELZ 15:1 & L7-, MA B RIZENEN, HZEARy AL 2 (VHP) F1T
400°C, ~107%Pa DM 3 h &k, 1150C, 61 MPa,

~10° Pa DFRMET2 h OMEZEITHI ZLICLD, 2o

OIS (MA/ODS-Ar #13 X O MA/ODS-H #l) % {Ff < %12 (-
Lf:o Q.\’ ~ “\.
2.2. $b ORI | PN ey
155 TSR B REBR R A EREL, BFEE L7215, e 7O

B (OM) & EEBE FHIEE (SEM) Z M\ H 7 N
B 1T o 72, T2, &ML 1 IRTIBIR < 55 5.0 5.5 —
ORBE A Z/ERLL, =i 5 700°C £ TO 5| 5ERER 2 16

FEh L7, BIEEEEE L. 7 1 A~y REMHIHIC LY
0.2 mm/min —& & L7, 728, BB EATEICEIT 5
WL 6.67<10% s ITHAE S 5D, X 1 5I5ERE T OIIR &~k

Thickness: 0.5 mm
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X2 MA/ODS-Ar i3 X O MA/ODS-H i o> Wr i 4%

3. MRLELEBE

B 2 (28R WriE 0O OM BE %777, MA/ODS-Ar #ifliZi%, [H#AHKISE (PPB: Prior Particle Boundary)
L~ Uy ARINIC, LR TARE— @Wﬁ®ﬁﬁ%#mb%né —7J5. MA/ODS-H $fllZf#ET 5
Wi Iied THAI CTh D Z L B3bns, ¥ hU v 7 AR FOH A XX, MA/ODS-Ar #i & 0 & Ly
V—TohbZ b, MA B OFFHKAT AL L THER LIZKER~ MU v 7 ZR O KA 2 1
TOANENHDHZEEZTRELTWD, £o. ZHOHIM OWim % SEM 3 X OER il E 7' rn—>7
7 FZ A (EPMA) Z AW THHr LIZfER, W odikf iz s PPBICZE LT /LI =7 A (AIN)
RENLT IV a=T A (ZIN) 72 EONHMAFELE L T iz, EPMA OEONTT — 4% 75, MA/ODS-Ar
ﬁ 3 Eb Ay P UL (Y) 25 0HRRBICNTEMOFIE LD i), MA/ODS-H #i

IR LN LD, AFEFEAR T TO MA LB THHERE OB B B TH 5,

%{M% 700CE COFIRRRA T L7 & 2 A, FHMOFIEMREICHEZIIRD b hoTo,
MA/ODS-H SfDIEMEIE, W I O FRBRIEE kwT%MNmEmﬂwD%@hT%U¢%7mC®
HEBEE CHE CTh o7z, F7z, 400CEB A D EMmHsS & HEIEMEIIRE KT LzoiTx LT,
MA/ODS-H SO OO A EEITIRFEIZKRE L DM EZRT Z B bhoTo, KEFHKFTDO MA
SLER I, B O SER L OVRELIZAEZNCHERE L TH V. Al Zr IR ODS 7 = 7 A MEOEM: A E
ICHELTWD EEZBND,

4, Fi ¥
Al Zr I ODS 7 = T A MO =IEND 700°CE TORERER ATV, SFLEE S ENEIC KT MA
FHREBICOWTHE L, TOME, MBRIEEICLOTKELY LTI O NEMEIKT
%%t%ﬂﬂfﬁﬁﬁglﬁﬁik% W ERHBMMNE o T,

(R SCHER Y A B ]
A HER, “EEICRIT D TR F —EM I L AMERRT, 7T X~ B E A5, Vol. 97,
No. 6, pp. 324 328, 2021.6.25, FEATH
[AEAREERD A K]
- EHREW, S HEESE, BNERE, RFRE, “E2 25 0ODS o MA By REEICRIZT &0 H
D, %531 B HA MRS AR KSR, 2021.12.13-12.15, A>T A U BfE, RAX—
- Noriyuki Y. Iwata, Yasuhiro Morizono, Kiyohiro Yabuuchi, Akihiko Kimura, “The temperature dependence
of ductility in Al, Zr-added ODS ferritic steel treated under different MA atmospheres”, 12th International
Symposium of Advanced Energy Science, 2021.9.7-9.8, A > 7 A VB, RA KX —
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EEELI A1 FBHRICE TS5BS/ EREMHORERE.
EFUVAREREHEAT SR
RO, B BUA ', BB R, Pea ki IR
TR T

LRI R RS BT e Rt
3SEH R L X —H TSR T

1. BxLEW

ErzI v varyzx X —Th D KB EOAIERHIZAT T, @AFE, K= X ﬁﬁ%ﬁ
TTHRAE, M, BIEERIC ﬁ?ﬁﬁﬁﬁmﬁiﬁﬁiﬁ/XTA@*wEM5 FOEE
TLAOWEME LT, REREMPFT 5N D, BILWEME %2 H 7z 2E A E R, m%m’**@;
EMBEEENELS, RATTOROFH) Z ENTEL-0ETROK X MEARIAEND, £
7=, HEm b, mF&Fm. REXRKENFETHD, —T. ﬁg@ﬁfi%%m4ﬁ/$mkmﬁbfﬁ
WEIRED B D, £ 2 TARMIE TR, — AR B RO 2 5Pl EoFEEZ R L, 290 NERERD
@<ﬁzx%f%é)%vbﬁﬂﬁh&m%(hnm)Eﬁ& &m%$WW®¢TmPIA4ﬁ/m
%V%T?Lﬂmhﬁu@uD)%@g%ﬁﬁAbﬁhilwﬁm%%%?é

Li-rich 1IEM I EREMEICTH D03, BIHIEZ F\V -2 ClIwlnl 5 s B ST W8 £ Cle R EE9
LREHDOHGENET, i BBV A 7 AFIE OBRFZREEL 5 & L CRIREED & SR &~

DfEEEEZIZE ) FEDOIKR T, EEER T T 25BN HETH Y . EALIZIZE S TW 2R, L,
LLZO BFEII LiA A NMEEE O BEWVERE CTh 508, — 72 IERMEHCH 5 Li B I & /LLZO
EMEREICB W T, BREIC X VL Li RO Li 4 Ao BENCEEPIARENER SN D, Z DI Li
A DA A B = X DIAATH Y . VA 7 VEHEOIRWEREN D 5,

% Z CH &< 1L, Li-rich 1IEMi & LLZO EMFE DA DOEIZHE L, Li-rich IEM/LLZO EMiFE S ik
RIZ XY, LLZO #7812 & 5 Li-rich IEARSRH H> 5 OFRFBLEERS] & Li-rich 1RO Li JE#IC X 21K Li
m&mwéﬁmﬁmﬁi%ah? Z D=L, Li-rich IEMY/LLZO BAVE R @IS T 2o &
R R R L . NROMER & ZDRRA T = X LFERAPMEEL 0%, KRFITIE. £0 Li-
rich 1EM#/LLZO EfE FﬁﬁO)ﬁ/ﬁk (1A, Li-rich IEMEWE & LLZO EAVE N K OVERLT 1O &
REER T IEOMSNS = B E Lz,

2. EBR

Li-rich IEAEME & LLZO BRE ALY N4 i TYERL L7~ Li-rich IEM813 Li; 2Nio.13C00.13Mno.540>
DR & 72 % X 912, LiNOs, Ni(NOs),-6H,0, Co(NO3)-6H,0. 35 & T Mn(NO3)»-6H,0 % i A 4> 7k
KM%TVW%W@LKO_®E@&7I/W%m21%TifmﬁbfwMéﬁty%W%MWC
24 R ORI L VMR ESTo, ZOMREZASLTHIEL, 521X AT 550°C, 8 FREfH OMRBE.
950°C, 5 RFFIDABERIZ LV Li-rich IEMYEWE 2157, LLZO BMFEIL, MV Li A A A2 RS
ijfE‘IEéI CI: ﬁ‘%f) 7: 37’) &: Al 72{:}]%\7][] L/\ Li6‘25A1()'25La3ZI'2012 @;ﬁﬁﬁktt & fcf é c]: 5 GC LiNO3\ AI(NO3)3—9H20\
La(N03)3—6H20\ ZI‘O(NO3)2-2H20\ BILO 2-7 1R J —J)b %EFM’ ﬂ“/7}<6:73ﬂ 2T ‘//V%ﬁﬁz;% LTCO ZD
%ﬁm&:y%%mzf1m%if%ﬂb¢wm3&ko%@%2ww\1%%@%@Ki@%$%%
2o ZOBMREZHASLTHIEL., 5 O0FICANT 550°C, 2 B OMREE, 900°C, 12 B D ABERIC
uzo%%E%X%%h:m@®¢@LkUﬂmE@%%E&uzo$%%:ﬂbxﬁ@ﬁ(mm)
Z OOl RS AT 21T 72 - 72,

F£7-. EFL LLZO ¥y RE~L v FEJE L 1250°C, 10 B oRERKIC LV LLZO EME L v %215
7o TOLLZO XL v hZ&HME LT, Efd Lirich VYL &Z A a— MZXED 05um/E LD k9T
WA L. F D% 800°CHERL L. Li-rich/LLZO D kT A TV 21772 - 7=,
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3. EBRHR - BE

1 {2, Li-rich IEARIEWE KD
XRD /% — > %7~ , Li-rich#1 1,
Li; 2Nig.13C00.13Mng 540, DFAEL HE T : | 2
AATE T ARG D, — 0 - ¥ ’i'
(2 Li-rich AT BRIAMEE RS 5| b L L - N m
LT 200005 2501 — 7 -

B S5 A3, Li-rich #1 TIX@EH = L
ENot-, TOERE LT, B
RIS Li AMER LA & B 10 20 30 40 50 6O 70 A0

hippot=b#x %, #2C, Li & 26

ZAHVOMARE LY 10 wioi@Fl|z 1 (a) 1EHL L 7= Li-rich IEARO XRD /3% —> | (b) BHDILKK
A A T LR T 1k & [FARICIE

B L7=¥ > 7L % Lirich #2 & L7-, Lirich #2 Tl&, 20°
6 250k A B — 7 DBl S v To, SRR A X 1 (b)IC
IRY, Lo T ARG B W TIL, Li &2V OR/MR
X 0B oA T Z & T Lirich EMGEWE N TE 52
EnbinoT,

I, LLZO EBfFEMARD XRD /N — 2 %X 2 IR,
ZODXRD RE—NIBELRRE B L= b, HIE
fé: L7SLii® LLZO ¥y RE 7o T D Z & R T 10 20 30 40 50 80 70 5O

Li-rich/LLZO XL v FOFHEZX 3 |ZR"T, AL 33— 2 {EHRLL 7= LL;E(; ? XRD /84—
Z—MmHDED L DOBRIZN Ly RREINTLE 72D,
AUy b EICHEENEREINTWD Z LT R T, =
DRI OV TIL, HEE XRD 1Z K 2 b S S At 21772
VN, Li-rich IEMCH 5 iR T 5, £7-. BHEOER, 4
FIDOAE Y a2— R TEHE RSN TTE 20>
7272, BASFMHICHOWTHERGTTT 5,

Z ([a) Li-rsch o1 )

LLEC)

Momnslized Intsns ity

3LLZO XL v MZ Li-rich Y V%
WA - BER L=V L

4, £L®

Li-rich 1IER/LLZO SEfE N im 2 A 9 2 m ke S E AR O LTI W, A ED Li-rich EAREY)
B L LLZO B R DOVERITIEOMENL, 3 KON Li-rich IEM/LLZO EAE R A T IEOBE 21772
> 72, Li-rich IEMEWE ., LLZO BE OMRIT, Y V7 NEE BV, (LiAA &, BERRIERE - FEf O]
PN LD BEEETAMEIRGONTZZ D, ERIFIEIZOW TN, TE 72, LLZO ~X L > ~Z Li-
rich Y L&A, BEARKIZE U LLZO XL v b LICHEBEPAER TE TWVWD I ENHRTE -, Z oMK
IZOWTIE, #E XRD 12 X Y Li-rich EMTH 5 Z & MR T D,

ST, FEx OFREHONIT LV Li-rich/LLZO F ik E D€ 7 AL 21778 9,

5. TEXHERV AN BIO TDEEFERKY X M)
[AEERER Y A K]
Takahashi, E. Kaji, T. Watanabe, K. Sasaki, K. Mukai, “Study of material development and interface design
for all-solid- state Li ion battery”, The 12th International Symposium of Advanced Energy Science, Institute
of Advanced Energy Kyoto University, Sept. 7, 2021. Poster
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RN EBETL——Ic & Y EEERECBRENS
MR BEEDZ OB

faHER 2, THER IR, 4 Wi, RE 0 RIRIURES, JF LIk

VIEBREAESARTZERT, MR R A B A BT SERT
SRR RV — B T AEE SRR, R RS AR JERR AR
NN 2T

1. IIL®IC

T L— g VBT N — RO E VA L— A BB BRE S B L G s B A
(LIPSS) BWFHEEE SN D3 M 1 ZDOGBIE TR | TORMA T =X LNTH LN STV
VN, Fx 1T LIPSS O BGE R O & RF2E ) iR a il (£ DIG8IZ) I L DA T = X Mgl %
BfELTHBY., ZhnETla, 9 RAEBEE L —F —MIR-FEL)DOEIZ L v | Al L —H—T
DOEERDN A HE 72 B HATI MR & Fr OB LIPSS 23 R REIZER CTE 5 2 L 2HE LT & 7=, 4l
WM LIPSS TERK (R > 7 96) 12 MIR-FEL, 72— 7 Y12 Nd:YAG L —W—2ffi ] L 7= % D382 %
BR&4TV, FEL 2OV AMEH O Si OFKENRRED FER] « 2SI (L2 X oD THET 5,

2. EB
Z DO EERFERO EBREE 2 X 1 125779, LIPSS JEAIZHVVZ KU-FEL D B — AT A » Zififh,
BEMREE Y F RN N YAG L —YF—DE— LT A U EFATRLTWD,
F 9 KU-FEL OEBRFIFIZONWTIRARD, Ene 187 7 A4 W —%F (WP25H-K, WP25H-Z, Thorlabs)
Z TR 2mI ISHEEE L=, E£ERTT 10 mm (FWe'M)D B — A & £ 5 IHEE A~50mm O AR 22— k
£} % FEEKTH ZnSe L > X (LA7656-G, Thorlabs) THEE L, FERIEAUN AS A FE 500 TS L7,
Emacro P& =% —ZIXEEMRHZROE 5 OBEMEE W,

MNdYRG 2o

CCD camera

F="‘. [ -
ST

A

4

1 ZTOBBEAFER

BB T RITIENGYAG L —H—0 2 5@ diiE (KR 532nm) & v 7z, 23L AR Sns, FEL
INIVAEDHEA I TV H =3 10ns TH DN, 2us D~ 7 B 7YV AR & 5T 51213+ 72
R REE CTH D EZE 2 b D, BEEEFRTIE, FTE—2LA7 U v & (BSWI0, Thorlabs)
TRH L72 YAG b —H —ZAFBIEERE 25.5mm, BA 1147 0.40, 1558 20 5 DR EX L > X (M-
PLAN NIR B 20X, Mitsutoyo) THEHIEEIZHRA L7z, FONGIT BS 2% L, A EERE 200mm
DF =2 —7 L 2 XA (TTL200-A, Thorlabs) {Z &2 - T CCD # #* 7 (DMK 22BUCO03, The Imaging Source)
ORI HE B SN D, TAMEEDO/DMFREIL 600lines/mm DO F— « L—J VT AT A4 RHT A
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(#38-566, Edmund Optics) % 1.7um LA L TH D Z E BN HER SNz, £12. 77 A~ DHFEIE L YAG
=Y — DA RASH 2 7B L TR o720, RIEOWRIT /N F/SX T 4 L% (FL532-3,
Thorlabs) % T 532nm+1.5nm (FWHM) OAIZHIR L 72, 7238, YAG L—HF —% LT 1
LA EMBHZIBF L CH T 7 L= a V&2 IT LD T AR MEIERICKE Z > T2 & T,
BELAE G2 D L BENTEHL—V—BRETH D Z & 2l L MEHZIX Si 26 L7,

3. FORBEER
TOHGBRIC LV ELNTEBEZX 2 1277, FEL 2L R BRETHI(a) X ORI 74 (c) & b LT,
PR (D)L I Si R IFI OISR DT 2R 2 7, T ORETHFEOZEIX LIPSS B AIZ B 57
HEENDIRE T T AERMLIZbDEZE X HLND, FEL 7L 2R WG HICKE 2 %42 2455 Si
DORIEIRREDREIZLE) LT,

2. FEL/VLRERSTHET(a) . BEH (). BHEC) D S| REDER, FELDFEXERMNTRLTLS

4. TECEKRV A M
(IIFEHER, dIBER, HEEN,” 722 ML —F =77 L —a VL DR BN TOFH
EBNZ AT 72D M A", A~ — R AP 10 & 2 75 (2021) pp. 53-57.
RIFGHESR,” L— M iiil 2 B L2 o517 |, L—W I T8 28 & 2
5 (2021) pp. 39-42.
5. THEARKRY A M)
[1FEHER,” L—Y—IC L 2MMEE R & AT o REHAIEAN (KfEREE) ~ %/ 10 Bl 5
A<Ft I —, 202146 A 25 H
(2] f&HER, B, &R, B, 7 v — a5 & SRS iR 2 B s L
FRHZROBA% (REGREG) 7 % 95 | L —W L Painie, 2021 458 A 30 A
[(BIEHEM, “ L —V —HofE &g 2 B LT (EFRER) 7. 2 64 [B] MNTC G&iH<. 2021
H12 H 15 H
[A1fEHER, “ L —V —iFE B ISR & 2 oo (AR 7 8 32 B EFH
iZ L PEOTOO L—YF—IEHE I —] , &F 23 [\ MG —F—ISHEN = I —) 2021
12 A 17 H
[BIfGH B M, JF Riesyr | JHEFIR—BR | BRI, RIE . & Wie,” AR HmErL—
— I ST OB TE O 2 OGBIEE (FRffEE) ~ , 5 35 Bl A AL rafs - R
AR RD T A 202241 H 9 H
(6lFEMER, "V AL—FF ) 7T L —a DML RBE” & 96 [ L —P LA #E
2202241 A 17 H
E
AAFFEIL, FHRF R X THEFE e v g Vo R VX —Fgefils GREE 5 ZE31B-27) |
H30-R3 EECHREE Y - BFRE 7 7 v /v vy 77 r 25 5 (Q-LEAP) JPMXS0118070187, K H M
RAFZERR B Ak GRS 5 AF-2018203-A3) | NIFS H:[E#FZE (NIFS17KNTS053) OHFFEBIARIZ & W 1THoiL7z,
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Study on the Impact of Phase Reconfiguration in Unbalanced
Distribution Systems

Vannak Vai', Samphors Eng', Chhith Chhlonh', Long Bun', Hideaki Ohgaki *

! Department of Electrical and Energy Engineering, Institute of Technology of Cambodia
? Institute of Advanced Energy, Kyoto University

1. Introduction

In the power distribution systems, the “Smart Grid” concept is implemented to encourage energy efficiency,
quality, and reliability, helping the Distribution System Operator (DSOs) in choosing the investment plans which
to lead the optimal operation of the distribution systems. The three-phase distribution systems are designed and
built to operate in symmetrical regimes, balanced on all phases so that all the elements (lines, transformers, etc.)
have symmetrical electrical parameters. But such a system is practically impossible in real operation conditions.
Also, the unbalance situation occurs due to single-phase loads and unequal sharing of loads in each phase. When
unbalance exists, the system will have a larger line loss and the unbalanced load can result in efficiency reduction
of power energy and voltage quality decline. To overcome this problem, distribution systems require equal sharing
of load in each phase as balanced as possible. The phase arrangement at the tapped-off (upstream of MV/LV
transformers) and load balancing at households is the common method for improving inherently unbalanced
distribution systems. In this context, new phase reconfiguration algorithms are proposed to be implemented in the
medium and low voltage distribution systems with hybrid structures of the consumption points (switchable and
non-switchable consumers). This study aims at developing a novel algorithm of phase configuration at the primary
side of transformers in unbalanced distribution systems in improving the performance of the system in the case of
the IEEE test. Firstly, the performance of existing methods in the systems is analyzed. Next, a novel algorithm of
phase swapping is developed and evaluated. Finally, a comparison to the existing works in terms of power loss is
provided.

2. Methodology

This section provides the methodology to cope with the problem of phase reconfiguration in unbalanced
distribution systems. To achieve the proposed objective, the work consists of the following activities: 1) literature
review on existing algorithms for phase arrangement and phase balancing, 2) develop a novel algorithm for phase
arrangement at the primary side of transformers, 3) test the developed algorithm with the standard IEEE 37-bus
distribution system, and 4) compare to existing algorithms in terms of economic aspect. To provide the minimum
power loss in the system with the phase swapping means, two different proposed algorithms have been developed,
named repeated ABC and genetic algorithm.

3. Test System and Simulation Result

This part discusses a test system and simulation result of phase arrangement to minimize the power losses in
unbalanced distribution systems. To validate the different proposed methods, the standard IEEE 37 buses
unbalanced distribution system is selected to be a case study. The HV/MV substation is placed at node 799 as
shown in figure 1. In this system, all loads consist of constant PQ, constant current, and constant impedance. Figure
1 also provides the optimal phase connection using a genetic algorithm (GA). As seen in Table I, the power loss
of the system is decreased with phase rearrangement using both repeated phase ABC and GA. As a result, the
power loss of the original system, phase configuration by the repeated ABC, and phase configuration by GA are
33.13 kW, 30.171 kW, and 29.822 kW, respectively. Moreover, it is noticed that the optimal phase rearrangement
is provided by GA, the power loss is reduced by about 10% compared to the original system.
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Fig.1. The single line diagram of the standard IEEE 37 bus

4. Conclusion

The different proposed methods for phase rearrangement
using repeated phase ABC and genetic algorithm are developed
to minimize the unbalanced performance of the distributions
system and power loss. The comparison of different methods
with the original system is also provided and the genetic
algorithm enables the optimal solution based on the power loss
in the system. Moreover, the proposed method will be tested
with several standard tests and real case systems in Cambodia
to confirm the robustness of the method in future work.
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Vannak Vai, Samphors Eng, Chhith Chhlonh, Long Bun, and
Hideaki Ohgaki, Study on the Impact of Phase Reconfiguration
in Unbalanced Distribution Systems, The 12" International
Symposium of Advanced Energy Science, September 7-8,
2021, Online, Poster.
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Table 1. Simulation result of the test system

Phase Connection of the System
Nodes Original | Repeated Genetic
System ABC algorithm
701 ABC ABC ABC
712 C A A
713 C B A
714 AB BC AC
718 A A B
720 C B A
722 BC AC AC
724 B A B
725 B B B
727 C C A
728 ABC ABC ABC
729 A A B
730 C B B
731 B C B
732 C A A
733 A B C
734 C C B
735 C A A
736 B B B
737 A C C
738 A A A
740 C B B
741 C C C
742 AB AB AB
744 A B A
Power
losses 33.123 30.171 29.822
(kW)
Loss
Reduction - 8.913 9.965
(%)
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Fig. 1 Stokes Hyper-Raman spectra for 10YSZ excited by Nd:YVO4 laser of 2.7 mlJ.
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Fig. 2 Stokes Hyper-Raman spectra for STO excited by Nd:YVOj4 laser of 0.6-2.2 mJ.
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[1] Akio Sanpei, Takayuki Okamoto, Sadao Masamune,
and Yasuaki Kuroe, “A Data-Assimilation Based Method
for Equilibrium Reconstruction of Magnetic Fusion
Plasma and Its Application to Reversed Field Pinch”, IEEE Access, vol.9, p.74739 (2021)
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[1] A. Sanpei, H. Himura, T. Inoue, S. Inagaki, S. Masamune, K. Nagasaki, et al“Estimation of three-dimensional
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10.1, (Online)

_99_



ZE2021B-1

RFEMNEESROMERI & MERE
G, B, B AL

R TNES et A e
PR R L 3 — B LA SR T

1. $hEEBRTIIBIIA2B 7720 ~DXx ) TERBICRB T 2B E Gt 1)

2BV 77 2 OEFHBEIL2BORMBHREIZKFET S22 ERMONTND, SHIZ, £ IITHE
BGEAHNT 52 LICL D ERIEFHELEHNFREIND, 22 TIE 28— MEWMEATH, 2
&7 772 VBRI T U VAZITH LT, IMNTEREEBSGZEIML>2o% ¥ U T OFEAZITV, E
ASNTexx VT OEMSAHOBH 2272 -o7,
Bernal, AA, 28°f2 V) f&Jg O 3 OEEHIE LB 2, £
NH % 2HOE M FICHE, TUEME EMmR, FRlERmR

BEME L CEEEN., S6ICETOEAZSZ 2o |
7~ (K1), ZOf%E, AB fEE#EE ik Filo 72 >
T USRI BT AR SN SO LT, #9 ]

BEMEETII TR Y 57 2 v ~OEFER- LY e
Thotz, IHIT, BREWNC LI1T, AA FEE#HE Tk

EBRTICL b LT 2D ST 7 = NIFIE%AmIC

BEFOEEE LN, 20 &E, 2875720 D

BEEMELEMIE, »DoOREERAIMTs-T KWL 2B 77BN RINT UV
2B 77 2 TOXY VT AN HEAETHLZ  AXOFHEET L,
EEHOMZLIEZ LD TH S,

2. BBERRILKRDTHAICELY 2B 7 7= ~DET/EFLEAN (CUHR 3)

777574 hOBRICREALCHFMEASNEZS T 7 74 FERILAIZ. R+ EBmEEEZONR
L U THE LS NOME S, 0D TRERYHEBIRN BTS2 2N LN TWS, Z 2 Tk, IIF
DR VB EEREENOREEZZT T, 287 77 = OBRICBHIRDRILKED T+ THDH A~
XUBFASNTZ, BT, 7T 7 2 L RAGKFE G T b EEREEOWE G & MR %
Zhole, ZITEH AYRUGTIET 77 74 NERIZEWT, FABIZ 2 kot IR E2 LIRS
HEEEMRNH D Z L ER LT, ET-EE A~ ALY |

D OBBREE RO R)GNEZ DT < hpl b, & 30 mWhicms L e
i, BRRIETH D FEEE L < ek 52 & S~ :
ERLE, OROEFRIER, FASHEAvR 0 WP R
BRRRICERE LT, ) CTRERIEEZ 7 2 L2 aaam
LMl oTz, TbbH, 7 FERE ST O BRAE— A Pl
VMCEY, LRSI T2 T4 T u s AR, FRER s sycup L N T
HRT R - T ML, BT T e BT T i Pk
757 = NCEARFRINGD, FREINDEF T Power source control

DOIREEE 10" fll/em® TH D, ZOREHRIE, REKIAE

WEINOEAMEICENT, /772 ~0Fy V7 B AVRCBHRASRI2E7 77
HEABRAETHLZEERLELOTHY, YSHEL = ICB T 2EMEE) & 20l
HAWTEH LT A Z0RIER s D (K 2),

- 100 -



ZE2021B-1

3. BETILRITDY T 7 o VBRI ERIT DB 1% (STHR 5)

Field ion microscopy (FIM) %, A ﬂ‘/’&fﬁb\“@%’f’fi‘%ﬁ IO 2 R LV CRUAIT 2 2 & vA]
BThd, 22T, FRES TENIFEZH, FIM IZ by
kié%ﬁ/®&4% 7 A DRI ERAZ B9 729 g =

7T 7 2 o mi BRI D Ne £ A DX A F 3 710)@# 5:15 @ W

G Shal ﬁot(l@ TENTDOFRER. A A > OFJHIALE
777 = OIGIRICHR S AKFT 5 2 &ﬂ%%ﬁ Il o
77 BARBIICIZ, B LA F U NS T 7 = UiE FICLE L i

TWBHEA, 4ﬁ‘/m&>7‘~77iwﬁu’77°a~7’w - - T T
T — 5T = T S ORNE AL E T D R X R AR~ T 7 e X 3: 7T 7 i oOmEA 4
—F ., U7V T OSA IR IC & & F DA @%ﬁ%%ﬁ@ﬁﬁ%TWO

HD, TNHIE BB ELVA AL ET T T NIFHRS
NGB OFETHD Z EBRHLNTR -T2,

4. FHL 2 RTRTFEWEOWHERE (U 6)

DTEBIEEROHERIZEN, FBax DOy NT =7 WEOEGRNEBLENTND, ZI Tk, AR
[44]/ F 7 b T LTINS 2D 5 BENZOTER 2 H L2/ F(CoHg) AL & L, ZDE
AHOMERGERB I o7, YEWEIT \w&spAﬁﬂtffé\f/z&~w®M&%ﬁﬁé
JRFEWE THDH, ZOMERNRMMICEY, ZOMED o B FILiE 2R O8I D72 0 #TE
DN R, ThbbT 4Ty ) —FNVTA L EGTHIEER NI LT, £, ZOEAEEIC
KU, ZO2RIEWEIZHDFFEDEEANT D L IRICRELE y VIREREH L, 777200
Ty IRBE L (X RV 1 RTWiR - ZE M i bz 0 EHHM A F 5 Z LB B NS o T2,

[ LR Y A B

1) Y. Gao and S. Okada, Carrier distribution control in bilayer graphene under a perpendicular electric field by
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4) K. Hisama, M. Maruyama, S. Chiashi, S. Maruyama, and S. Okada, Indirect-to-direct band gap crossover of
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(10(w)x10(1)x0.33(t)(mm)) = L7z, SEE DA AV REIE, oo ClURmE B4R £ TIgkb
ST\ 2o, %Eﬁif_a%k%izw#~ﬁi%ﬁ fT® DuET ZFH L7=, 5.1MeV @ Si A
FraEBE LERBHZ O T, I RFICX VN LRI O W THET 5, %%E
1x10%ions/cm?, 1x10'"%ons/cm?, 5x10'%ons/cm? 0) 3&MTHD, MIHEZEEICERET 572D 41%77@]
AHEZR Mo DI TREIR I Z A~ L 3 2T Lz, B g, m%mgﬁfmf%% & L
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Study of the battery technology for Improving the Solar Home
System (SHS) in Rural electrification
Nasrudin Abd Rahim', Kai Lun Teong', Hang Seng Che', ChiaKwang Tan', Hideaki Ohgaki’

" HICOE, UMPEDAC, University of Malaya, Malaysia
? Institute of Advanced Energy, Kyoto University, Japan

1. Introduction

This report explains research progress on the study of battery technology for improving solar home systems
(SHS) in rural electrification project setup in Kampung Sungai Merah, Sarawak, Malaysia. Instead of using the
regular Absorbent Glass Mat (AGM) or Deep cycle lead acid battery, a “lead crystal”’-based lead acid battery is
considered in this study. The original system consisted of 345W QANTUM solar module supplying a single
household unit and backed up with a 100Ah lead-acid battery. Due to the travel restriction related to COVID19
pandemic, actual installation and monitoring of the battery performance cannot be done at the actual site. Instead,
a scaled down test bed was set-up (based on 7.2Ah lead crystal battery) to perform cycling tests on the battery
based on the load data previously obtained from the site. Currently, the project is progressing in phase 2. Where
phase 1 progress involves testing the battery capacity by continuous charging-discharging cycle, while phase 2
involves the load emulation of the household load.
2.  Methodology
2.1 Phase 1 of the project

In phase 1 of the project, a battery capacity tester is developed using
Arduino Mega, PZEM 003 DC energy meter, SZBKO07 buck converter,
and MCP45HVX1 digital POT, as shown in Figure 1. The setup allow
charging/discharging test to be done on the battery to determine the
capacity of the battery. By comparing the capacity of the battery before
and after cycling test, the degradation of the battery can be determined.

Fig.1. Experimental setup for battery
capacity test.

2.2 Phase 2 of the project
After the battery capacity is determined using the setup in phase 1
of the project, a different setup is constructed in phase 2 of the project
to emulate the household load profile and thus evaluate the lead crystal
battery’s capability to support the system before being put into actual
implementation. The setup topology is shown in Figure 2. The data
being used is the one-week load profile obtained from an energy meter
that had been previously installed in the household beforehand and the
oy . solar irradiance profile obtained from Solcast API Toolkit
- (https://toolkit.solcast.com.au/) correspond to the same one-week
period of the load profile. The data is evaluated and scaled to match
the operational capacity of a
T a m m om m single unit 7.2Ah lead-crystal
AT T T battery.
3.  Result
| The result obtained from
i the battery capacity test
(Phase 1) of the project is
_ ‘ [ shown in Figure3 (battery’s
b o ooy _ voltage and current data
' g g g g 8 versus time) and Figure4
il LEEL (battery’s voltage and energy

==

Fig.2. Experimental setup for load profile
emulator
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Fig.3. Battery’s current and voltage versus ~ Fig.4. Battery’s energy and voltage versus  data  versus time). The
time obtained from capacity test time obtained from capacity test presented results illustrate the
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Table 1. Comparison of 3 units battery on the same capacity test setup

Test Average Energy (Wh) Round trip
Battery Charging | Discharging | efficiency (%)
1 56 50.29 89.8%

2 63.5 59 92.9%

3 63.8 59 92.5%

battery’s charge-discharge cycle conducted within 7 days for one of

the testing target batteries. The same experimental procedure was
repeated for a total of 3 batteries. The worth noticing result is
tabulated in Zable, which is the average time spent on charging
mode and discharging mode, as well as average energy stored and

e d
o
©
S
L

) A
&£ &5

Imr Nl

Fig.5. Battery’s current and voltage versus
time from cycle test

P ot opar,

released by the battery within the 7 days. Based on the result in
Table 1, the Dbatteries tested have already experience some
degradations, where the average energy is around 50.29 — 59 Wh, 7
which is lower than the expect 86.4 Wh from the battery’s nameplate
value. In addition, it is worth noting that the charging energy is
higher than the discharging energy, due to the ohmic losses incurred
within the battery during the charging-discharging process. By
dividing the discharging energy over charging energy, the round-trip P S P P P P e
efficiency of the battery can be estimated, as seen in the table. ’ o

For the cycle test in Phase 2, test battery 2 was used to emulate
the scaled-down household load and solar power generation profile.
The constructed setup emulates the generation and load profile for
20" to 26" November of 2017, where Figure 5 shows the battery’s voltage and current data (positive current
indicates charging mode while negative current indicates discharging mode), while Figure 6 shows the voltage
and energy data over the same period. At the time of this report’s preparation, the battery is still being cycled to
ensure sufficient data can be collected to evaluate the degradation of the battery.

& &
b o

Imr Nl
Fig.6. Battery’s energy and voltage versus
time from cycle test

4. Conclusion

This report describes the progress of the research work done under the ZE2021B-12 grant to study the use of
lead-crystal battery for rural electrification application. Due to COVID restriction, a scaled down test bed was
constructed to perform capacity test and cycling test for the lead crystal battery. From the capacity test, it was
found that the battery was already degraded from its nameplate capacity. The round-trip efficiency of the battery
was found to be around 89.8-92.9%. A cycling test is being performed on one of the better batteries to simulate
the effect of the battery being used in a rural village.

5. Lists of papers and oral presentations

A paper will be prepared after obtaining the results from the cycling test and compared to regular lead acid
battery under the same cycling test.
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N : JHne
i : [] 1"1 |II || i !
= 1 ] I ‘
| fn et g
| L1 - - o
|'|'I|I‘I.II|II'|II | |IL
'.‘.-'_l :_I II L ';I |II I| ‘. i .|..I,.-I ."u" .-.l - - b
i Ui B4 y
- .:|-b]1-lﬁ' T ':'l\.'
3 (@) TMPHOH & PbOS( /L x + it ) O A 4 8L 4 GNR(OH): & POO( PV iy D
M EATZESR A7 bbk(b) I alb—a, BB 472 ESR A7 L,

4. FL

777 xF ) VRREEICT = ) XUV EEE 2D FPEA LI2LAEW(GNR &7 L&) 2 ARk L.
FRIb AN K BT U NFREERR T, T2 BET O NV O ZMRFET 5 DIZ ESR 7 6iE%E W,
HHOY 7Y v T BEER L, 24,6- U AFILT = ) — L& W TRl 722 E S O MGE 21T -
720 BRILAI PO, 2 D BIR A BRI FHE LIEWVEANEO LN, 7=/ FUNVEOKEF EHEN
EIVALTEE FaXxo I U VORENED HNTZ, GNR EFT /L4571 PbO, & DIRAIZ LD EE
DT HNFEIEEDNRBD LN, 2 DATOT7 = ) XU NIEOT I NFAEC IS —EIE
REBICH KT 2R RRE B ORI ST, ZEBERUSHELT Lz flREMES @ &b 72, i
X CEMBIEDRERET PHNVFEOERDBRETH D Z & bERINT, 5%iF. LOVLERT VHIL
Fli 2 AL 3 DB 2 BN LT Bl b W& Bk ULIRGEZ ED 2 LR H 5,

5. RV A}
Y. Miyake, R. Kobata, S. Nobusue, K. Tajima, H. Sakaguchi, “Development and application of organic spintronics

materials toward energy-saving devices”, The 12™ International symposium of Advanced Energy Science, 7™, Sept.
2021, Web (Poster).

- 125 -



ZE2021B-14
L—HF—/NILZADEEFEIZ &L D
REERIEDEIIEE

RMlsEsE !, g P

e L T
2EE R R T L — B T AR R SR T

1. &

IEEMDOED VTR - YA WD Z E R TENIE, WE %2 OFICOUEZRRS & SR
fbTc& 3, ZhE BB, EFElEflEEim oo ks L —Y— L 2 OBER G X OV 72
FIEEERE DRI 2 D T & 72, FRC, BERICB W CEE R [ 1omE | OflEZ SICED A,
eIy ya A RO Z BIE L T, ZOfETIIFE T~ BB e WA
DIZ, BB IR END =R VX —%IEFIT NS AAD I ENTED,

EFERS TR FRONE OB ZNEZ 5, ZORDOFRFZEOEIE, T2bbRBERIIRT
X VOIETRIMEIC L0 ZERBICIEA > T LEW (LR, MAEMmE X5, BRIRMECRSHER %
KTFEED, LT, IREWERDIAN Y 28 TE UL, RKISOERRIZIT - EE R %
Bond EHfFCTE D, T TAREET, FHET~ UBEE ST OB KON AREEF O
HlEZ B Lz, £9, 3RS TOE T BIRBICIREINE R A AR L, BEIERF A 28 2 CTIEIE
DE R —HF =L 2 (NIR 2V R & L5 ZRRE Le, ZOREE, EBIERF A IRENE ) o B
7RIEE RO E TATIMA D Z A X 2 7S X0, CARRERN Z2 4 £ 72 13eE 3 5 2 & & L L7Z[1],
Z D FEBREE R % PEIE UHRENI R ONTARFEFn O 58 2720 3 &2 HHE L, NIR 2L R & e hiliEikic X 0 %
fER%E L7221,

2. BEHEYI2—v gy :

I L — W — L 22 K DRV R ONLFAEFn OB ~
ELT, EBREOKENPLH VIR T I VRS TDX, BIK
BBNb2 2B TREETNVEE AL, £F, K7 /7ULR ' S
IS L B RRBICIRENE R A BT 5, N7 v 2Az% &
25T &T, B DR FIREE 2 R o TR R A Ak L £
RN INFNEET R D, Fio, HMEORNR L T/ 2%
(UETAUE, BENEEE ST (RIMIER] )2 EHRTHZ
EINTE D, B, B 1 \I2B T 2L Sz B IRREIRE) al
Wk 2 |y (1)) & T ABFIE TR O % |y () @ R A
TARRBIRM = & 17| )\l 5 ) R R L L Ot SRR
b5, 7L, NIR 7L ZDRENCLE S By S = Z L gl?@ﬁ?VV*”l*”ﬁ%t
BRI LB AMOTRAEES NS, Z2C, ks 07V RIS SUNIR
B8 2 EEEHNCBE L Ch, W% B e 3 el 2 R
RIS D, W% RITIZ split operator 15 & FFT %, i bIZiZd#o® 73U X L& Hu iz,

LR ]

I B stane

1 sfalc
purmp pulse ._______L_

Posteibial o
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3. R

R 77OV AL U CTHEREIE 80 fs DA AL A% iz &
XORBEEEY I 2L —32 g COREAR 2 [RT, FELLE S
NAZEFNTWE DT, YA 7 NV LTz WdkE EAER 2108
L, 7V AERRBIS & b L=, 2T, ffb L7z
WARERE. (LLF, BHICRE V2 & L) ZMmkocfb L THRL
TW5, RENIRMED - T, EHEE 2.0 I IEBRTHW LA
L—HP—EG L ZEFRREOME TH H[1], K 22T LD
(2, FcilE SOV A TIEBE YIRS L, IRIEERRRICE NS, K
2(b)IZIE NIR »OULVRAF Y « L OHE T, Ee D D O
) 2%|{;{|yx(t)>|2 7ay FL7, NIR 7L RICE Y EADHE

SOBDIETRMZ BN TWD Z ERNbnd, FEE, EivHE
DO — % B — 7 3 TEST-EIX 099 THY, EWKEET
AARFEFI 2 B & T B,

X 2(c)2BiE, FIEEEAIREDSHAOEIT/ NI N &R
DD, ZIUX, DMMEBREZHELTCLE D SIEBHEROFIR
NEALLTLEY, HEBEONER TE RS R ENHHE
HENDZI EThD, —F, BMEO SV ABEHIZLE DD
PHHENEN LN EiE, 2 b—L v 5 Y #—2 (CPR)
EXIENDBG D LR TX 53], b HEMARpIE L T2H
NREZEZD BRI 0 vRERTOT 0 v kA7 hLas &
LTk T& 2, BE T~ UVERBICBWTE, By 24 Ly v
7 RNEfES oI, BHESEA TN T LEY, T IR AND
THNTLE D OO MERENTHE NIV, i/ L AT
CPR ZFIH LT, HMERZI LTI KOS 2 H#H L
TWDH LD EFIRTX 5,

X 2 OFEFIL, i L ZADRD Y IZH 7 AL 28 &
THNALAIFERN 2 B T & B A REME 2 RIB L T\ 5, £
T, REEAH T LI2HKI8000 fs ETH D A,V AZMREL, &
OO — I EE E— TR STl ERDT, BT TR
2L A DRI IX[30 fs, 80 fs]DHFIPH T, MR ITOIRIFIZE LT
IX[1.5, 4.0]DPHCTEHE L CTWD, JLFPHD /8T A — X G5 T
0.98 LLEDOEWVMERSF LN TV D, KIZIIR LTV RN, /8
IWADWE X A I T % +10 fs DFFATT VX LIIEZTH,
FEOEWMER S LD Z &2 R LTS, il L 2Ok
ENHEHMNA O e R NREEITH D Z D, RFEITIEFAT
R DA HFEF I OMHIE E LT, EENE RSN b A <
HATE2 LW CTE D, R, BEIERODE TCOMMDOT NI
5 =T —OMEE~DIGHZB 2 T\ 5,

4. BEIHR

[1] H. Katsuki, Y. Ohtsuki, T. Ajiki, H. Goto, and K. Ohmori,
Phys. Rev. Res. 3, 043021 (2021).

[2]Y. Ohtsuki, T. Namba, H. Katsuki, K. Ohmori, Phys. Rev. A 104,
033107 (2021).

T
B 14-
™
(]
- ;

- .
. "

A

T i
Lt
—_ LY »,
—_

Al
-
—_—

jrafeala

a1 13
__.-I.',_
— 13
1 2 A
W 1 [ b Y

X2 HEfE I 2r—ar0
AER [2], KEREZNIT 2850 fs, (a)fiE
SV ADEKEREBIE (BALIZBI LT
IR |, (b)E 72 Ry Offaxt
B 2 FeDREFIFEIRE, (c)IRENH K %
e LT 5 5 oD LR IRENRAED
O3AT DRGSR,

bt

Pulse width (fs)

15 20

1jp 1.5 i

.'1;1";]1““‘!':3[:

43 Hie 0 OMkHED 2 3
DY — 7 EOFEEITKR T 5 %5
W7a sy b, 98000 fs F TR
g (16 HDO T T A/ AIL) O
e 2]

[3] N. Vitanov, T. Halfmann, B. W. Shore, L. K. Bergmann, Ann. Rev. Phys. Chem. 52, 763 (2001).
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AFVBHLEEVTRTUODKRRMZKLZESLRD
SR ERFHEO#HEN

Vepgih— ', REPEORER Y, VEIRESE !, sNERE Y, SmE R’
VPN N = R S e
W b VIPE St e 2 S
SHAE R B A B e T

1. BERUHEDOB/

CO, ErxT via X — @M LN DA, M EREED AR AR Xkt o =
INX—FE LTHARMBEM T D, X T AT V@A FTII 77 A~stmkr: LTHW S
2 ERBRETEN TR Y | INEEEREEEN AR T (R P R ST R A ST X —F B
MELE LTHWORD ZERH D, WITNbHMET RO F—h FICL o T LWEGEE%
5 LRI, BEBIZE > TEBONAFEANERT S, AR L7 AR A3+ K& AHEER
L. fifboA= Y V2 RT 5720, TOMAERZRRD Z LITRERETHY , FROV I b
—a KB T HOERENPED LN TS, KWLV — 7 TIXE RIS L2y v 72
TUWKBF v —V%(TO EWEN EFT 52 E0ME Lz, KELPME OB Z 2 LS E5
T RICKEN L E LTESHBEN TS D, KBIT K o THEMAEENRZ(LLIZE LTS,
KA EREOREEM RIS IE T 2 Z L <K FIHTE D Z ko b b, SREMEICITRIRA DR
BAEZIT T, MEDIELOENORKREN T2, AR TITR R ORI WSR2 v T 2T
ERWE, AFUVIBR AT, TORIENEEZ TCKEF ¥ —V%21TH 2 ETH U T AT DOREW
FIRFEDO T H R X OEIZRIETKEOEBEFTHRDL 2N ET D,

2. EBRFE

(BR) 774 K~7 U 7 NABOME 99.95%DHfEG % 7 AT (13.5XB21 XL20mm) 75 EAE
3mm, t0.5mm OF 4 A7 ROFELZ L —F — BN TIC L0 80 B L7z, Z 0B A i 2 9um, 3um,
lum DX A YEY RAZ U —THMMIE L7z, 0.08um D= A # vV 1% VTt BiF %47 -
720 FRBHZ 5 K 0B IR HS RS = R L X — B T2 32T O A B — LA EHBE S (DUET)
W, 64MeV O Fe* A 4 % 6.59x10"/m> £ TR L7z JREEIIEEGEY—7E (Er»r6R
1.7um) TS5dpa), £7-. BEHEHEIZ 573 K Th o7z, BEHZIZ, BIREBRKFIZEBWT, 543K THEA
0.1, 5.8MPa D/KFEH A2 100 KfffiE L CKFR T ¥ — T &21T o 70, i SEERIZ I AL R e B BT
AT E S AU TV 5 Nanolndenter G200 T/3—2 By FIE1 % W CRER 217 o 7=, 8 fee P & 15
(CSM) ZHWT, ) lum FTOMS LI OT a7 7 A Va2 EGERICES Lz (12 5), REREE
1L 298K (i) T, O AEEIL 0.05/s ThHh-o7o,

3. REUOEBZE
M 1IiCH /AT rr—ya BB TELNRERAD D OIRSITHT 28 LiIAAME & 02 k%
IRT, A A VBEMIEE O LIARIESIZEB W TS, RIBEMIZHRTHELS 720, KEF ¥ —T %217
T L THICHEL o T, K 2 IR AP LIAME S O i S 0 Z | AW -T2 7 T 7 Z2oRT,
2 OFREAS 3um™ 725 Spum™T OFEFHIZIS N T, 77 7IIRITHBIE TH Y | Nix-Gao T /LIZHES T
Dy TDOETINOERXILITILOEY THD,
HQ:H§+%-
2T, HIZEESh BT A S, HolZJERIESICBIT A E (L7 Y4 X)) hIdEFRIR, &
AWHAIPESR . Ho ITIEFET ARERE S TH D, M2 02657200 7 FR48 S 1%, RBSAHA T 4.10 £ 0.59
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GPa, A A VMR DI %EAT > T2 BT 7.09 + 0.53 GPa, A A4 MR, 0.1MPa, 5.8MPa DJE /) T/KFHE
F ¥ —T % L= Z DM ENC 7.98+0.38 GPa, 824+048GPa 72 o7=, F7-. LHLIX RO
RICBWT, B UIABIESICBIT D2V 7 Y S 2R L TV D, 72, B I :icT Loz
T, HEHUIARESICBIT DV 7 U S 242 R LTV D,

1 dH (h)’

(1
h
X 3 IZ EFEOREHWTH V7 Y S 2R 7, X 31280 TH, I LIAARES S 200nm 7> 6
@Mm@%lf@<ﬁoto: BRI ROREE AWV TTo IR L RO MEm 2R L TERBY .,
PR KB (RRIZZEFLEEGIR) KB EME L, KFBZWET DN TN OBENZ R 5 X )
W TR THDH EBZLND, ShbdaM & BIERM OISR LD & KR OZELEZIT 72T
w i%ﬁﬁ®@éiﬁ#mﬁmﬁﬁﬁ#otﬂ\%%Hik%%%ﬂ&f@mk@oto%%M@@
SIS RBBIC L2 EN KRNI TH Y, TR OEEEZ T o7z,

Ho(h): H(h)z -

[Fm3C3ER Y A K]
K. Sato, R. Kasada, A. Kiyohara, M. Hirabaru, K. Nakano, K. Yabuuchi, M. Hatakeyama, Q. Xu, J. Nucl. Mater.
560 (2022) 153483 (FImIH).

o — T =1 'fl[:' T T
sk T =
= - |. =
. T i curs A I EG h= -""'
" 12} -? lm.:-\.-d d\.r.\,. [t m- 1 %
L |l Wi ek e a
'_E l\.lu-\.hl\.‘- JFTUREL .-'"I é
E i e ':
g S, £
E E h Eﬂ]}n‘fp. = : :l.n.J-nd -
£ The e - 4 TH
E &l ol - T = pramndlli-dagat 1
E E‘EEHI& E J-u“'ﬂ_lf.l.':ill!l o
= 1= - =rbralicddi T LT, -
= .-1 i 1 N L i i = U 5 1 i
n a0 e 1500 0 2 ) £ (Y
Ledsimations dhepsly, L an VEddenkcicn deatt, Lhy oo™
1 F AT rF— g Vil SOEND B2 1 U Lizddth e Nix-Gao T w1
=g W S henei
= Ao ost st
= - _]&‘f 3‘\& _g_l I n-iu.E : II-:I'Iml: ihS RLP
- LA A IT. Il :lk e W
" A mh.::;;;m
: _ ik ..._:. &
5 4. ﬁ'—; 3ﬁ A%
o
=0 e Vo Coa
- [l S0 (HI4]H | S0l
Towdecmatiean €l Juan
3 1 TR L72RE D)L 7 FH S 1 &
DO LA S K7
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A VB EINnEAA1 09 07 HE{EYF
? He & & U H R BFEDAZEA

TR, AREEA 2, ROREM 2, g a2
VA B SFE TA
2R L — B TR SR AT

I

1. §

7 =74 MH(a-Fe)lo T/ YA XM e B bWkl 1-(Y2TiaO7) % 43 HL S & 72 Al 58 A4 B HINFAs) 23 % i
BIF OREEM DO —2 & LTHEIT BT\ D, EEALOEE O IHIAFEHH I S 4v 72 7
YoTi,O7 B F 2 K » TIEES L, MEBRENE £ Z NSNS, S5, DHkiF1N 7 T X~hi
F L LTHRE SN~ U AMHe), BKFEM)FLHIR L, NA FRT 2 ) o 7 (R OR it 7z & %
MADZENWFFESND, ABFFETIE, Bk 7-# H(ERD : Elastic Recoil Detection)i% Z iV T, He A
A B LOEKFEA A (DHRH S YoTi0; F100 He BEL D JREZHIE L, He 23 Y)Ti,07 F11Z
RSN Z L 2ERTHE EbIC, FHRBFHE 7 1 77 A(VASP)Z VT, YaTi07 8 & Wa-Fe H
O AR, I\ HEARRS /. B2E0)I L O8k(Fe) D22 FLICHE S 7= He (2 X B KB =% L ¥ —%
Kb, He' £ A BLOD A A RE S 7- NFAs PICHiIE SN2 He BL O D O b LER SHN
BERETDHZEEHNE L,

Substitutional O vacancy sites

2. EB

ARFEBTIL, TYK ColZ Lo TERIE iz, ~FIEK ¢ 8 X 5t
mm’, B E4.84 g/em®) LUV v 7 v T (pyrochlore-
type structure)z A 954 v b U 7 A-F X UEEYI(Y.Tir0)
ABRMER &hvic, 2 oalEH & BAE R R AT BRI R
BEMILFRFZERE Y L X —D A B — LB F = N
—PIZEXE L, % 1.3X10°Pa L FOEEZEHF T, =ERIZBW
Tal ba UIEZEN S D 10 keV D He' 1A A B LD, A
7 %% 1.0X 10" ions/cm?® D BB B £ THRE L7, ALK
TRV — BT SR I BE AR O FB U Y 8 A FE - BEAK ;
$5(FE-SEM) % IV T, #9 1.0 X 10" jons/cm? D RSB £ TA A4 He (or H) O8b
VIBE ST YoTiO; OREEEE TN, I, ¥ T A
JMERZR/ 5 D 9.0 MeV TR /LF—DfgHE A 4 (10" % 7 1
—7E—AL LIZERDIEICEY ., A4V BBH I Y, TihO,
HFOHe BEIODREAZNE LT, £ K 1IRT LI,
VASP ftHE 2 — RZHW T, He BXOH D 1 f1%&/3( 1
7 v 7R Y,TihO, 38 X ORI 5 dl Da-Fe 1 O P (A3 L OY
JVEARTIRE -, O BE N Fe 224LIC 5A & BB K
TR X =% KD,

3. HER

FHRBILOEZERNIZEBWT, 10 keV O R /LF—TH)
1.0 X 10" jons/cm?® DMREHEE T He' 4 A BL O Dy A Ao 1 RNqMurzar7HErET 5
W S U7 YaTinO7 @ FE-SEM 18 £ 0 | BA%K0 1 um Ok 7R Y2ThOr FORMOTIR(Y, Ti. O)LiE

N N PR AT Sy, - TR~ - JI%SJZ@O%}L@CTQJ\LT: He &)51/\
EMELLDOAF L bIEM L CEM LTRSS Z 61H®£7ﬁ{ﬁ%ox
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Nohote, £, He'A AV B OLGE, HAK 0.5 um LT ORI RN OT DR SND Z &Enb
Molo, THUX. A AN X 2R ERERE KA T 0B bND, AIh, b 7Rk +
X, He' M A v BEHZ K2 H LRICEVAELZEEZLND,

WIZ, RBS B3 LY ERD &2 HWTC, He' £/ A0 B LD A 4 U IBEH &7z YaTi0 H10 He B LY
D #EEE 54 2 M L7z, ERD A7 L LV He BL D 281 AU RENC L 0 YoTihO; PICHIE S h
HTEPHBIENTZ, £D 10keV He' 4 A BLOD A A HIG, 5keV DA A )D Y, Ti,O; F D
BERARIIRE D DI 50nm Th o=, O A A2 D He 2k % WPEE 22K mfEIL O 1 4> ® D IZxf
T 5 HMEEZERTHAE L Y AW b 59, DR L He MifERE L 035 ERERE VN L
bbhhrolz, ZhED, BE I DX Y.ThO, H o O i1 &fEd L TKBEAEAOH)ZEMR L Tnd Z
L FEl, AFUVRFHIC I DHMHEIZCEH L ONR TR SN O EAKRMBEREE L TWD Z L3
Wb, £, RBS AT ML TIE, YoTOr DIt RETHDL Y BLRTi 07— FE—7 1
WS, TNZENOE— 27134 4V BEIRICBWTE L LN Z ERbhoTo, 2 i, Ay X
U o 2 X DHARZE L. He BL D OEBFEIC L D Y Tih0; DEEZALSII A S 50 nm DOFRFEHE
BICBWTAEL TV ARNWEEZ NS,

WIZ. Y Tia07 B L QRo-Fe FIZHiA SN 7 He BL O H 1T LD KT R /LF—I225 T, VASP
EHWTHEA Lz, HMEIZFHAINZ He BLOH ORI XL F—DfEN~A T ATHDHIE
L He BEIUOHIZZOENEIZBWTLZETCEAINDZ END, He BXUPHOW G LS, a-Fe H
£V % Y,Ti,0; D O 24 4L% .Eﬁ@‘é ZERDbhol, ZORERIL, He B X OH 13RS IZ & - T NFAs
th o Y2T1207 ﬁ/ﬁj‘zént ZEHATHIE SN D Z LAY, FRIC, O Z2FLICH A S L7 H O RIEE AL
TRF T, O LT A S 72 He DRI =R /L ¥ — & D M’J 3eV IRV ERbhotz,
Z DGR i\ Hew FUB IO DA AU IERICBW TR NIRRT EAZ L TR, B
B X372 DX YaTiOr A A BN L 2L U S H LOBWRTEMR I N O ZEiICHHiE Sz
ZEEEwROST TS, EHIZ, HBXUHe D 1 E%’—é‘:/w’ n 7 v 7R Y,Ti,0r 3 L OYA: bjﬁam
a-Fe O W HE AR L O\ E AR, O B L O Fe 22fLIC 5A ST OB BESME 2K 2 |
AT, X2 FOSRE I OF O, ﬁ%&ﬁ@%&%%%ﬁ“ HRZADLA . HKITHED Y, Ti, o
Mo HA~OEBEFBEDBH S, 510083 H EMORTRFICAE LD Z ERNbhotz, —F, He R A
OYa . RIS He EMOMERTHERICAETL 572D, He ld H £V b Y TiOr FICERE S L7203, O 22
ERIZ L > ThHAESNG S D Z nbrot,

leb el rfemlfsl nia L B e ySE o o, s lab el primebied g Cnin teedvm relerulidsl aie

£

ﬂ-u-—i- o
= [ rawrya (gl
ﬁF Bk §

i

2 Y,TiO; P O fE{A(tetra.), J\ AR (octa.)F & OZE FL(sub LB A L= H B L O He DE - HE
AL,

AEE FERY A MIONT

B. Tsuchiya, Y. Hayashi, T. Hinoki, K. Yabuuchi, “Trapping Processes of He and H in Ion-irradiated Nano-
structured Ferritic Alloys (NFAs)”, % 12 [B]l= /L X —BL T220F90AT ERST >R T A, Sf3 49 A
7H, FHKF
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FIERGIE < BRR T S ECHIFFEM RNA 58 EHHE Musashil
& TiiZR) RNA 8@ D3 % i (K8 & fiZ 87

A HEHE", Wei Hsun Tu >, #EE=E(G 2 FFIEA 2, KHE

N
2R R L — T SRR T
SRR L — R SR

1. BrRER

NA FREF ORI BN, 2 DA ORI &M LI ICEERRETH DL, Zhz
BT A7 OIiE, Bia B2 X D31 FIRBEA Y E 1213 ORISR EIR TH Y |
FEBIE L BRSO RIGEEIC LD A% ) — VOREASTHRENMED LN TWD, #Eis
TR Z A DRSO BRI IZIE, BRI DA L RIFF B G T OREFEHEOR RN E
BCThbD, T T, %< OEYRE CH@EICH H ATHEZ & B TR BPENE 2 B UL, $ix 2231 4
BREVEAEICSHATX A, #2C. AFETIH, ProI v a v X AX—%ERTH7-0I10, 2
IR FREEAE D FEB D T2 DI L LT, Fi- B FRIAFATEOREEZ B LT
5o TOHT, TAITIRNAFBAEAEZHWBEFORBHIFERICER L,

RNA F&EE 8 F'E Musashil 13, 82088 2 CTHATHM: OIS IEERL L. 7 OO0 oD HEFE M0 R A A L
TW5D, FUAZER) RNA BLAITiE 22 HEEH & EE N0 LFERFEIC L - TR S, TUAG) &85k L
LTWABIZERHLMNERSTWE, £ 2T, NMR HEEMENTIZ X 5 Musashil #5&ES O E#EL L,
ZAL D OFHLBHZE RNA- Musashil OEGIRDSTAREERENT 21TV, 15 DAV AEE M LIZ X0 miaett
BWIGFRIY AT LORICERIT S 2 L RAAEOHNTH 5,

Al Musashil (Msil)® RBD1 J U RBD2 7345 % 583" % RNA B4l (GUAG & UAG) & —>7F D
G, ENDHEDRS Y A —ESIDOE SRS RNA 4V 2~—% 10 AR L=, £ L, Msil
RBDI-RBD2 & OfEEFEBR ATV, FEENR, BHOIFERmMIED 1:1 THD RNA 4V I~v—% 3
AR L=, &512, HAEERICBWTRHRARY Mvab525 (W7 Fronknsl, v 7
TN LD H)—) RNA AU I~—%21G7, AlEE, ZORNA AU I~v—& Msil & OEAEZH
FL . NMR HEEMENT 2 BRiG L7z,

2. EB

KIGEE & 2 7 EHRBIRIZE Y | PC, PN ZE RN AEE L 7= Msil RBD1-RBD2 S8 A Ak L, K
L7z, mIEIRH L7z RNA AU I~ —3bFEaK LTz, b0 1% 1:1 TRA L, NMR &k L
77 R T RS i HH B 22 4525 L 72 BRUKER 600 AVANCE IIT (2 & W NMR A2 kL% 25°C THIE L7z,
KR EOFESFIFEOT-DIZIE, 2 kot (2D) 'H-"N HSQC, 3 %t (3D) HNCO, 3D HNCA, 3D
HN(CO)CA, 3D CBCA(CO)NH, 3D HNCACB, {{llg{)7)E D 7= I2i%, 2D 'H-"C HSQC (RWlEH, &%
FH), 3D HCCH-TOCSY (g5, &%), 3D CCH-TOCSY (e, 75717 ), 3D HBHA(CO)NH,
3D (H)CC(CO)NH, [ tE s S o 7= ® 121, 3D "N-separated NOESY-HSQC, 3D '"*C-separated
NOESY-HSQC (falilk & B &R OER A [FRELRN 2 E Lz, Z /37 E & RNA & O FRBEFH IS
D=L, 2D [F2]-filtered NOESY ([X] 1) K OF2D [F1,F2]-double-filtered NOESY % {Hl/E L7z, A7
FLv D7\ Z1E NMRPipe/NMRdraw (2 X VATV AT MVOfElr, EREIR Y 7 VIRE, s
FH51%. MagRO/NMRView/FLYA/CYANA # &3 AT L & SPARKY & iz, #1EE 5 /L Ol & O
AT 1, MOLMOL } (" CHIMERA UCSF (2 X V17> 7=,
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3. BRLEE

['3C, N] Msil RBD1-RBD2 & RNA # U Z~—D
1:1 EARZ TR L NMR fESEMT 21T > 72, £77,
BAEIKF D[C, N] Msil RBD1-RBD2 & L4847 @ (2
SUWTIE, MagRO/NMRView/FLYA/CYANA #&3
AT NEHWTHEEBRICITOD., 70 %RESE T L,
glEfix . 0 OF§IFR LK OMERE /T 2T
EThHD, =T, YT FIVOERYPEFELNAN
7 RVEEI AN S 5720 2D AT RV TIRY S L
DERENDMN 3D AT ML TS T 57
WINERT 27 —ANRLL bz, i, #E
R4y 183 25000 T, ¥ NMR OFEE LT
IRENWZ ENHEBEEEZOND, 5B TEHFHLWY
M DOIFE Z R S D721, BEAFELLT
J BRI F R S 70 22 FE RN AR EE R AL & ML A A o E 7=
BRI ZIT) 2 DREITEEBZLNS,
BERO NSRS EICHT T, ¥ oo 8 e
RNA & O B HEH & MG 2720, 2D
[F2]-filtered NOESY (X 1) K O* 2D [F1,F2]-double-
filtered NOESY ZH|7E L7z, K 1R T X H2v 7
FABEEEE LN TS0, SR EDIE
S FHEEEHER LRG CTE D 2 Ll bo o Tz, 2,
A A fRENT k5 L L7 RNA 4 U 2~ — 7 Msil
RBDI-RBD2 EHEEGEREEMTE B8 5 & RRGE
THID, BEKRET NVEREE L, FoxlILIEL
Musashil RBD1 & RBD2 ZLZEHUZDWT, BT
DA & RNA B8 GUAGU & DEAIED LK
&% NMR {EIC L D IRE L T 5 [Ohyama et al.,
Nucleic Acids Res., 2012; Iwaoka et al., Mol., 2017], Z
NoOREEERZE O THEHE 2T 72, S6h
72T S A LA R, SRR E R EREL
HER7R L BRO RNA oA ) d~—2 kv
AEOSIEHEENRETE D 2 ERNbhoTz (K 2
Z—flErR7, ) .

4. RERFER

1) Wei Hsun Tu, Keisuke Kamba, Takashi Nagata,
Masato Katahira, Takao Imai, “NMR analysis of the
three-dimensional ~ solution  structure of  the
sequence-specific RNA-binding protein Musashil
involved in translation control of the downstream
target RNA”, The 12" International Symposium of
Advanced Energy Science, 202149 4 7 H-8 H, &
YIAY, IRAL—
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H /ppm

1. 2D [F2 —filtered NOESYRANIHIL, fitEhiT &
B ERNADER, EEILERNADER O &
MREBNE, DT Pl ERNADER D &
L8 =i 2D [F1F2]-double-filtered NOESY
A PLEHBREDFELILET, BN 0E
—RNAS TR B2 T 5,

2. Msi© RBD1-RBO2 fEisiERNAA IO 7 — D RS
FEEET )., BEERE. RBDLGUAGHE G
AU RBD2UAGE S B CEBERE TEENZLD
# A /-[Ohyama er al.. Nucleic Acids Res.. 2012;
Twaos<a ef al. Mal. 2017], 7 DEZITEHE LN
EFAEEOFD—oTHY | BWIRTIL,
RBD1:GUAGH i & RBD2:UAGER {7 DAETHT 20 iz
EERE o TR,
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HERIRILX—RBICEFRTIE2NNIED
HEANSEHRRAAEE T HIERRTOALE

PofiE— |, PRRAEE Y, TPHsRE] 2, AR EC

VR K AL A ST AT
LR R L — B TSR T

[BFZEE = & HiY)

MRE, IR X v /Xy H e E OFSREME ARG 1 DORFZE N 72 8 Bl B A A IR 9~ 5 = & CIEH
PEERSTWD, ZIEAEERS T ORZERBP LB B EZ L HREACIZ 2 Z e TEUE, #
MR EMBIREMIAT 2 L CRERMAEHED Z LN TE D, MIEMFEHEICBNT, ZhETIC
bERA RAERG T DA A=V ZEPFIH SN TE L, Lo L, EMENO LRSS OB - 22170
AR D SR IR SRR EN TV D, ZO—RIX, MiaE &P EET 2 NIEEO AR 142 K
RO FEF CBIE RN T D7D DY — L3

/J\f \7p N //;A He : :O g : .ur_.n'.' =

£y ik?ﬁfﬁ@@%ﬁbél\é@“)f fE & - ',"'.T i':j
NS E BRNCHI A ATty — 1 — H || %

: e € 5 e T ﬁ

VOMESRETEHS 5, KiEET {7 H e =

. BOSFREMESANTES RNA D 0T g gty %_

= it ey o

MEIZEE L, MlaB &£ 5 NTEMSE 1

2N T EREMNEET A HEOR M1, sk e —7 L RNA 7 74 ~—%FIH L7z
REBET S, RNA #OGAERE

THETICHEFES L, e OFO6RE THEE RNA 2 H TR/ Ny T30 7 0 — 7 OB 217> T
X 72 [Chem. Commun. 2011], ZO7 70 —FTix, £, #t7 = F v —BHQIl /FIZH 424
T5HRNA T V¥ ~—%&HT5H, ZORNA T 7H¥~—i%, BHQlL IZL Vs Tna it —
BHQl 71 —7'] ® BHQI #8453 2fE& L. BHQl 7 = F v —& L TOMELENLT 52 LT, 7

1 —7 OHOLZEE S 5, BHQL IEMRIA W R OHOE 2T 2 ME 2R oo, il [
DHEIE TR RNA 77X ~— %@ i+ 5 2
EMATREL 72T (K1), F/-HFEH L. ZDRNA
T 2 T FLEDN I N TR O mRNA % #1528 A]
RE 72 S ik~ & & B L 7= [ACIE 2015, Chem.
Commun. 2018] (X 2), AWFETIX, BHQI 72k
RNA 7 74 ~—2& Ry iRz 5452

X 2. HeLa AHIIEAN mRNA OFEKIE TR O AT
b, RIS BINTERES 2 S TRINE 1 (o, Commum. 2018) o

DEHFEZ A L7,
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[FiE L EBRER]

c NFEMWEE VR BA A= TIEDR%

RNA )7 7 % < —1%, BHQI i1 — 7" & tH4f
BB R 2RI U CRINAGICIER) RNA 25 257 . s POp P
— LELHD DI D, DT —LEiSE X2 X B )
BT DT I E—ITEENZDH LT, AENE
/XY EAFAE T COZH BHQI il — 7 3 g b L, 5 romam7
BHQl 7u—7 %z 5 LN TEDH X Iz R
JERENT TR —Ill b L PHETED (K3), sT e

MEEHIT. RNA BT 72 ~v—07—sEsc )

5 B NS EIA AT RNA 5475 ) —% g - WOTEF e
ERL, BT 2 F v 5 Ry HICHT % In vito =™

selection #4772, In vitro selection {ZFW\T, BT o

JF B RIBITHERT D RNA 774 ~— DY

HiX, L7 7 F otk z8H LTz, BT 7 F %
UNZEO N Kimffl & C Rl 2 5853 5 2 FiA
DOHURZF A L7z Invitro selection |2 LV | ZLE 4L
Bip o -fil¥ %D RNA 77 4 ~— %545 2
EMNTE T, 57z RNA 774 ~—0DRHIE,
FFEFIFABEEE DNA > — 7 P —IC L D B L7,

c Fa—TREEME RNA 77 Z < —I2 &k A AMEN

BUNTEBAA—TVT

AR Z VX7 ERRIHIZIE, BHQL 7 > F ¥ —& Cy3 ZarYa— Lz e—7%FAL
7= (X3), #h7 v —71xA%, HPLC TR L, LFEFA#E MALDI-TOF <~ R |2 L -> ThH &
ZRE L7, AMIERNDO BT 7 F X X7 EERFIETBET 57-9IZ, in vitro selection (2 &V 15
ALz RNA 7 7% ~—%_ shRNA ZELX7 % —TH 5 pSuper |ZHAIAA, B  HeLa AfEIZ R E
AT 2 Z & THIANICIRIEB L=, WIZ. RNA 77 % ~—% %81 L7= HeLa #llfil &40 ¢ 7 10— 7 CTAL
U, BT ITF U H NI EOBIEEToT, ZO/RE, AN WNTHE VNI EEWRT 74 ~—
ZRELTCWAHHT, EEMECHZEINZLO (X3 d) EREORWENEY 7L 282345 2
CICHPI LTz, £, T FUEA - REAEAOLRIIC L SZMIBNO G-7 7 F U IREDOELE Y
TNEALBEEST D Z IR Lz, TORET, EENF G SCcHmsE Lz Gast A 1),

B3, BHQ1 774~ —IC L% % v /30 Fik (a)
BHQ1 Bt/ — 7 & & o R0 B iRk 7 — L O
(b)EEHY & 28 BORBIET L (c)in vitro ERIC
BUIDLTIF a7 EENT L () BE
MlaTOT 7 F o2y Y

MR FERY A b

1. Pe, K. B, Yatsuzuka, K., Hakariya, H., Kida, T., Katsuda, Y., Fukuda, M., Sato, S., RNA-based cooperative
protein labeling that permits direct monitoring of the intracellular concentration change of an endogenous
protein, Nucleic Acids Res., in press

2. Hagihara, M., Shiroto, S., Igarashi, S., Sato, S., Guanine-Tethered Oligonucleotides Restore Abnormal
Protein Synthesis with a SNP Mutation in a 5°-UTR G-quadruplex of Human MSH2, Chem. Lett., 50(10),
1806-1809, 2021

MOBAZERY R B

1. 1&g E—, AN C RNA BSREZ BaE L CAEMBSR 2 HET S, 5F, HA, BFRE, HIS
e IJ—, 2021410 H 6 A
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F5F VHH fiif 2R L - BERFEFEOF KRS

mPTRE !, K2

R K SR b R SR e
2EH R L X —H TSR T

1. rREERLER

BURNA T~ 2T S FIRE A AACR DJFEFE IR & L THIfF STV D, Lol BEARASA
I~ Az JiEe UTHRIAT 21213, ATBEIC X0 BRI ML, Loy B n A 7ot 1S & Ok Ff
LTWLZENEETHD, Tz T 5103, (bE - MR~ A L R ENIFE L
<, BFREORRBEPED LI TS, Fxld, BERICHESSE D Z & TIEELZEMEN M EL, BE
FREMED B35 L BB TE2ME OB EZRKALTNWD, ZDTHIZ, T DHURIZE
HUL7z, 7 /W 3UHKIL VHH (the variable regions of the heavy chain of heavy-chain-only antibody) &
v, EEOALNGR D, B MEOFURE LAY A XMW, FURICXTT 5 KR AVFERREE & 5y
FERIIRIELE L END, A XB/NSWe, OIS T 2R Ma» b HEET 25 2 & TEETIF
WMTATTVEREEL, invitro CAZ V—=2 T %4795 ZEDNHRDOBHETH 5, KRS
[ZHEE T2 VHH 2B L. Z0mhbiEROKREZ ESE2 b0 a4 5 & & b2, VHH IO
REA S SED 2 L bAREIE LB X b D, VHH IV A XA NMR B L7z A X720 T,
SAREIE G D 2 L TR RS TRREN 1T O 2 LR D LIRS D,

WEAEFE 1L, BEIC XORRAE A SRR I X 0 SRS S E & 72 VHH 27 /L & L CHY, VHH @
NMR HEfEHT N ATRE T D Z & DMGFEETT > 7=, & L C. NMR HEfNT O%h=Rb A K 5 7=, NMR
AT MVRIGE, NMR AT R UHRNT | SEARKEE AT O 2 O Fik & @O 280G LTz, S4FHE
1%, in-house THUS L7~ VHH |22\ T, Frx O NMR HEGEHITIERENITH A Z L2 R_T7=012, #l
LT hOTHIIZEET S L7 ¥ — %50 &35 VHH 2 55 L, & O NMR & EAT 217> 7=,

2. ik

O THIIZERT L7 % —X 281 &35 VHH, oX-VHH OFf&G%#1T-72, £3. L&~
H—=XI\ZXOTN T emEZ L o) KBGO VHH Bla 2 ate 77—V T4 77
—ZER L, BRILI-L 72X EZHWCZDOVHH 94 77 V=% 3=7 L, #aBt2A
+% VHH 7 u— 2 L7-, 560 7- VHH 7 2 —2OhnG, L7 E—X & OFEE1Nm &
b LDOE, B MlilEEHAWEZ LR —Z—T v AKX VE LT, ZOFRTRIZAITNE D
D% aX-VHH & L7z, aX-VHH O[PC,PN] B E %2 KIGE O R 2 W T L | %2 kot NMR
AT RMVORTE, AT S VIRHT B ONLAREEfRAT 21T > 72,

NMR HIE 1L B8R A 5 2 54 L 72 BRUKER 600 AVANCE III {2 X 0 17 - 7=, k% ¥k & NMR
Ay MV, ESERE OO 2 kot 'H-"N HSQC, 3 &t HNCO*, HNCA*, HN(CO)CA*,
CBCA(CO)NH*, HNCACB*, fHIgH)FE D 7= 2 %ot 'H-C HSQC (Wi, B&ERM), 3 ot
HCCH-TOCSY* (AR Wil H, % & K H), CCH-TOCSY* (fg &M, 75 & i H), HBHA(CO)NH*,
(H)CC(CO)NH*, FEEESE RIS D 72912 3 kIt "N-separated NOESY-HSQC, *C-separated NOESY-HSQC
(BNl & ORI 2 RN ZE Lz, ZNHDAXT "D H b [+ Offni-boix, /
vam=TJg—LH 7Y 7 (NUS) Tl L, HERZIERD 25%IZFME Lz, AT LD 7 m
£ A% NMRPipe/NMRdraw (Z £ D {7V NUS % i L7= A2 MDD 7 & AL, gMDD IZ L W 1{T-72,
AT MENT (=2 X7 A4 XfpE, EHFBRE. 8RR KOWSEMTT WSEHE.
H BH) NOE J7t @) 1%, 2L [FIAFFE4E 2 23 BH %€ L 72 MagRO/NMRView/FLYA/CYANA ¥t 63 AT L% W,
ARG N VIERT &SR 2 AR D BEIICAT o 7o, 15 DAV EE O Rl & OEHT 1, MOLMOL
J% Y CHIMERA UCSF (2 X V47572,
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3. R - BR

ARFFECTlE, FEEEICES L7 v 3 ki
WTC, Fox DSWEEFEREEE L7 NMR M fRiris %
WHL, TOHEREHTHOL T I %
RT-, FOEOIT, B FOTHIIZEE TS L
v —X BENE T D VHH % 7 L35 B E
L, LT, & M@z L HR—%—7
ALY, LB XX & DOFEE BRI
EEZ BN D aX-VHH Z3E5| L7, NMR HidEfE
T B2 [PC, SN HEAEGRA X, KIBE ORI
FUOFRHL 7=,

WEAEFERESE L7- NMR & fEATIE Tk, HEE O
BWH R0 8 “C%%L . WIEC 10 B ~1 R,
AT IC ESURRIC 30 3~2 B, (IIBHREIC 1 B~
1@%\%%&EK15~1ﬁﬁ(—H¥w8ﬁﬁ
EELTZET5) L EE Ly, aX-VHH @
NMR A7 "L 7TV OER D B LL
FEVTFAREICIEODE RN hoTm, HE
NHFEY R 2WEHEO X X7 G T&)oto L
TeNo T, WEEELIETIC—r ABRELEL L
oo b tEZMEt Lz 24, oX-VHH IZ
FEWL—7RFEL, TUCEENDT I /R

PRI, ZON—FITZBRIIZIEWT I BRI
WCHRT A 7 F N R U-fEE S 2k L
TV,

FERTIZHOWTIE LU ED X 9 2R KN & - 7273,
SEERTICV AT T 4 v 7 Ifgfr 7 m ha vk
Blifg4 2 2 LMK, TORE. 8O
DIFBHINEIE 100%ZERK S 72X 1), I, B
BTG HIZREE L Cld 4000 fESERINEES D 2 &N T&
7o X2 &3 IEN R EE R LT, HEE
V“®mw4¢%kéﬁé Ll Lz, Z o

H%ﬁﬁ?é%mf%éﬁ4ivx“%
%71‘\\ _xﬁ“é VHH @ NMR A& T Iz ms ¢,
NMRzmﬁb»ﬂquMRx«ﬁhw%ﬁ\i
IRIEIESRAT OE 2 O Tk L —HOFN 2T 5
ZENHRT,

3. BRFER

1) Akifumi Takaori-Kondo and Takashi Nagata,
“Research and development of enzymatic activity
control using VHH antibody”, The 12th
International Symposium of Advanced Energy
Science, 2021 4F9 H 7 H-8 H, A 714 >, K
A B —

y ; . ; i i : ; ;
PET T T T N T N T ST R T T T T
Bll. aX-VHH@ 2D IH-SN HSQU A ~= 27 B I, T2
i, BT 27 JBERETSE T L

B2, oX-VHHDONMRIEE, (F) EEHABEOER.
TR ILE—DEVECTFILEFERSHE -,
DA =T TN TEFEOAIFETR, (H) BLIHR

L — DT FL DR T L,

ko) 1

F3.7 = vEEREOCZEAO, Y=/RITHAER

(ZvFvFoo7Oy k) . oX-VHHD20{H
ONMREZ T L0733 JBEEREL, FE L
FEI T0%, FRAIEI30%, HBEFEEIEE0.1%,
L < Rl B 10 45 e LA
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A)F RV IICETAMEHETY VI EANTSXT
BRI T— 5 AT

Fobeys |, REE 2, R 2, KEEAN 2, Gavin Weir', PUE—RR2, M &7 2,
MHEZ 2, KN =2

VIUIN RS R R
2R ER AR L — TR SE AT
3Max-Planck Institute

1. KO BH

AUF rry ] TEEFAICIEY, RFZRICL D7 T A<l HEE LKEORSRYIT — 2 B ES
NTWNWb, ZOKERT—Z O TN LI 5, T— X Z"WEIT A THDH"E VD
RED S & MEULT DT, M OO FRIEHEREL TR L, TOHREREZ R/MET 54
N D, ZOTTNEANT, FFICHERIT —ZIZER L, T—ZBNET D0 ONOREREI X
— a5, ZOFETINE TORERINT — X T OEEY — L TH o7 7 — U fiffir L0 &,
I 07T A~ OIFEFME, 2B, ML RBLTE 5,

AWFZEIL, ~U A ha v ] ORERIIT — X ZHWT, 2D X D IFi= 22 @y — LV ORI 1T -~
VA ] 77 A~vOEEFME, 22380, R EZERT D, ~V A eI TiEbEdo X Hic%
< DEFRINT =2 NEMEINTEBY, B2, ZNECTORFRMIETIToCEBmE+ o ra—7
ZRWEFT O HNLVECE R EDKBIET =4 b H LTS, ZOXHIRTF—Fty b EEENRLTWD
a7 MIENTHD 2, 20O~V A ba ] TORFEIEE L TCEBTLILERD D,

2. 1HBH ECE FHAIDEF RS T — & fEAT

AWFFECIEFIRAIC L 0 T v & A ) A X% &k L 72 ECE(Electron Cyclotron Emission)# il & 1% 5415
BERHT — & DT 21772 > 7=, ECE IXEFREICHHTH7-D, ~U A brr ] I X<vDEFE
FEDORFFIREZBIIIL TWa, X1 IR 72 RSB 273, 180ms TECHIZ XD 77 X<
SH EAYBEN 0.3x10° mP 5 0.8x10Y° mP O~ & BB DIV MESE B SRR IE) B AKIE T
WIRREE~E E D[], Z DOEFIRAE D ENG 16 DfEIH &
WENBBORETH H, R TR LEZDOITMET S
077 4 E k0N RABL Z 4T 5 T Z2 BT
HY, BEFREOROEEIICKIET D, 77 AXA~D
B TR O I BRE) L TV D FED( R S T
L1728, ZORERD LM 5,

226-296 ms DT — # 2%} L C Dickey-Fuller # & %417
W, pfEE LT 85x10%° W) IEFEIT/NE REAEST-
7=, ERMEDHER SNTEEEFENFER I NT), &
B ALY RVERHT & LT RAE BT 7 — V) il
WA L7, SoNEH/NT—AXRT MLEH 2 I ; :
R, 10-20kHz OHIRICE— 7 NEI SN D, Z DO Tirme {res)

AR % 2 RNEEMEDAFIET D T OB R EMIT
Ko Tl S i=Z8h & b s, FFICRFMN 720X X 1 fiENT SRR O ELIE R R ST — &

CECE-IF {V]
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20-60 kHz #1ZT AT FLS 1/f OERFEMNEZ/RLTWAET
HDH, FHHEXD/RT =227 RN U OB B E R L TWDE
AL RITFEFHO KL H 72 Self-Organized Criticality (SOC)% /< LT
WEHAND D, SOC IFEHFE TRHMMIT b0, £D
g 217 - 72,

EMGEL2 L0 EEMNIORT 2O — 2 NMEAETHEi L 7=,
48113 detrending moving averaging {512 L D N— R LA RO
Too £T. BE DT —H HngmaZ moving averaging & 1T\,

T DR DOIFHER 220 g, DB E L TR, ZhER 3 I
S

1% §
02 (tgma) = =) (D) = foma D)
i=1

Z DR, ARSI AN — A NIH & 0 (ngma) & nfl, &0 9 Bk
ZEFO, 20D 3 BT e v F ThIUXE O E N
N A NICHIET D, K3 I1XH =08THY . EMRLEL R
o FERROEIIIH =0TH Y, 7 —Z B8N - Wb &40 K
THEERLTBY, By N A AHkEEZEZOND, NI~ 7
DT VG SOL OFEIE, & D WIFEE T 7 A~I2CTH = 0.7
BREMIIENTWDR], ~VAbtrr ] 77X~ THLEE
IZH>05THh V., RIUFRELF>EER D,

R SOC DR E AT D256, BFHD K 5 @R MEZ1E S
LBandb, 7T AXADGHEIFRLI D7 m 2 b DZERIIE
TGRS T S 0TV 5, AR b £ D ZE) 4 envelope 7
SEME L7z, Bk 10-20kHZ HOFES &5 L L, T4 ¥
BN RISAT 4 B —(4 ROy B RN Z#EH LTI O
Ay Z i L7 Db B L~ REHAIZ KXV envelope % 3R D72,
4 IZEDOFERETT, INOH LN LT, D DM
FEIIREFRL 2 L2 L L, ZEROICIEENARELS oTWVHEHE
WD, ZOFENHGIESED 7 a L FOEFKE A F I
ANTRBEIND, BB Z [RIE T 5 7o O3 7 M B
A7z ZRUCHABE ECE Z [RIFFFHAI L L #% 5 £ @ envelope D AN
A7 DRI ENHBEZ N E I D EBHNT20ERNHD |
SHOBETH D,

[1] M. Luo, et. al., Plasma Fusion Res. 15 (2020) 2402038.
[2] Z. Boyu, S. Inagaki, Y. Kawachi, Plasma Phys. Control. Fusion
61 (2019)115010.
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EERAELMRENAMERAZDORSE L TORERENT

JRHSER T, SR 2, K s
PNV RPN SN S TR R
PR R S L 5 — BT SRR R

ST LR EE R T~V A L AT DA BHARFZE R

1. IZL®HIC

WA, 2 /X7 S0 RNA 78 EOAERE T3 6 A A7 FkE 2 18R ~IE T 572012, Akl
W LA G Z L THREEN | - A5 E2IT OB EZ <ITh T\ 5D, IRIREOEHIZE
WTIE, BRx B ER S DB, TD—2 & LT, EWre EIREDREE2RIT 2WE 2R B  MiEn
~NEANT D TFIEOBRNET LN, AL N— T Tlk. SNSRI 72 AR 4 - O Fl i PN
ANEZOWTHRF 2T > T\ 5,

ISR AFRN RN OIRIFEZ L2 0 A FSEE 2B E L7 T2 FEREA SR TWS, T
B, ITBRLSFAEIN DD, EEROESISCHT 25510E, XOBEREICRENDH D, TDH, =
I—ZWETHNLNTVD 1~20MHz OB EFRITAERET~OHEHAICBWWTHERETH D, BEEFHIZ
FOGT 2468 E LT TEREAL NS TRy BMEHIZSE L TROS #4£ U5, £OHITIE,
BlbF 2 o DX REEMES T+ N7V A MRV T4 V7 EDFRNT 4 U U REBHEST —
AR HNIR EDOBEROEND D,

KXY U7 2O TCHIENICER & T 2WEERX AT S FECBN T, BEMENR = KV —A
WZh T v 7 END L0 EN UIXUITRAET D, ZOMEOMRIFIEE LT, MRS ZE LT
ROS &5 & I WEAE = FY—2NICNE SN HERET NS, ZOHETE, = F
V= MEOARZEAII L E 2 i/ MNED ROS A A 5| S Z T2 LIk, = RY—A060 B BIY)
BOMHIE T EZFEETHZENTE S, £ 2T, AR TIE, BER L& FHER L= NV — LR
DT OMABEDE T FY —AE (2 L THIREN~OWEEN) ZiZ T HEC O 0 TR E
ToTWD, AERIL, THEHE L TELTF ¥ o Ri-I2ER L, HEEMHEORRZMILTF 2 )
IR IR E OFAAEH~O R LB E R R ORI OV TR LTz,

2. EBRFGE
Wb F % o F R EKIC, 3-FRAKR ) 7a bt o, £ oo R AR L ) — LT I %
WNT B2 LI2L->T, BEICAONVRIVIEELTT IV ERAEANLZBILT X ) K1 (TiOx-
COOH, TiO,-NH,) ZFi#d L7= (T, BEESHTIZ L 0 REEMELFHME L, €— 2 EAD pH K17
PN DT RARIE O EREDOBE N MR L, BE RIS X 5 —EHEmEFES L ROS Ak
Singlet oxygen sensor green (SOSG) & Hydroxyphenyl Fluorescein (HPF) Z FHWRHli L7z, 7z, K
BEoOETFTNVE L TEINEAF TH D pyranine & IHNEH A E A L7 EYPC U AR Y — 24 (Egg yolk
phosphatidylcholine) % #i#l L. TiO,-COOH F7-i% TiO,-NH, LiRA L. BEFWRBHIC L » TERT S
ROS I K DAL ENIC LD VR Y — L5 pyranine V U — A &5l L7z, S 512, &) (FITC) 1=
ik TiOy 7~/ i A% AV TR L — — BB BIZR T 0 553 (HeLa cells) & AR AR 28142
L. BEEEBIIC LM S D ATP U U — 2 238 L7z,

o ke

1 i i oo HH
P pi—p e _ Aa—fi—an .
we UHp An ;
aH e L . 0
- o n=F
""; " HO— TIlk, '—0H AN
o o HR. ™ W
o e amt e
o, COoH Ti-NH;
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3. MRLEBR

BE BN LV FRREOREEHETH
52 xR LT TIO, 1/ KifIZ DN TE—
HBNED pH RAFMEAFHE L7 (K1), &5 20
5OF kA pH ITHESF LIz ¥ —F BALO

30

< 10
ZfEARL, TiOrCOOH IE 23, TIO-NH: 1 &

49 DEBETHHZ L 2R LI, £/, 0o B J s 9 10 11
RARY V= ) —AT vk fvkmies 5§ 10 pH

5 ORMEMTIE, AARYAVIELE Fr 8 20
FUBHLORIEIEG TR, T/ EEEE & 0 10 cooy

o UEMOMEERIC L 2muEEE4ELT N

DT LB SN T WD, Z D75 AR pH 40

(pH 7.4) £ TIX, i TiO, F / ki DRI H -50

BhE— 2 BROEIHR I NPT, 50

TiO, 7/ R DS R L 5 —H IR

FRIB LV ROS Aplhiez ek L7 R, RMEME 1 RmfEtf Tio, 7/ #7 (Ti0,-COOH, TiO,-NH,) 0
i X DB IR ST, —HEBEL S Y EAMO pH KN

Tp ROS ERREEDSMERF STV D Z & 03l

Nz, £ T, EHEEOEFBLEWHEEAEZEHALZY R Y — 22 AKEET L E L THY, TiO, F 7 Kif~
DOBEW RN LD IRERALEAZFM L (K2), VARY—AiZidsiadi o WesneEAsh
TV IO ENAFEDOEIFREIMET L TWD, Ti0-COOH DA, UK Y —AMENREZE S,
WHEFEHENAIDBY R Y — B~V U —RENDH T LI K0 EETRERIE K L7-DIZx L, TiOs-
NH, TIIBH R BEIC X D H I OFED IR

LA S N B HOLREOE TR S, Y T ocoon e

° BN 2

R Y — MEORLEAIFE S W o, =20 |

ZAUE, Ti0,-COOH D J7 7% TiO2-NH, (2 - °

T EL D TiO T /K3 U A Y — DA > 10 |

T5 U R EAREAER L, BRGE R Cah R 2 °

HICROS AR LT Ch D L B2 B, 2 0 —
LR L — I — BB T K B B S ol sonieation tme [mi]
L O EAEFOBLEEH T b Ti0,-COOH @ 3 .

Ji 13 % < MBI RN 4343 D Bk 7 23 Bl E & § 20 |

iz, EHIT, TiO,-COOH A3l a2 ifi |2 AH A = o

TER L TV HIREE T, BEERBRE 21T &\ <30 T TiO,-NH, *
MG D ATP V) U —25MEE S5 2 & w0l

DHER STz, T ORERIT, G D

AR BE~D AR D3, S REHZ L > T ‘ )

RSN D ROS 125 B KR 2 EAVIC HZﬂHﬂTig)z TR~ DOBEERBINCE D U R Y — LK
Wh G2 5 L ETTbOTH S, AL

PLEIZX Yy AN EEANICBIT Sy R —ABHEICB W TH T > R Y — AT~ 1 A
DT HHR Y VTREZITI)IZENEETHDL I ENRBINT-, 5%, ZORREEFEF2-%r
VG E1T 9 2 LI X 0 @R BE S E N E ENEOWESLIZ DR IT -0 EE X TV 5,
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BREFL—Y—REPOIE—L Y Ty UREG
ARY MILDBRITE

i ALEA Y, 4 IR 2, KEESEH 2

VREE AN AIIGERT R EAEYER G X — AT EHAEE YERF SRR Y
2 UER R SR L X — B TR SR AT

1. #FEEH

HHET ~$~(H¢)M‘)&#e>u@ WCEDLDHDLWDHPERETRIEVIETH Y . EFRCHEEE
i, AEMmEEe & ORE 2 72550 - BEESTICB W THHASN TS, 2O X 5ICHM% FEL OZER
%Hﬁ%%uﬁﬁﬁétb F%&m@AH%% a%k%izw%—ﬁl%ﬁ fr & L[ LT FEL
g% T 5 KU-FEL I[C CHEF E— Aﬁﬂ@ﬁn%%@bfw 5[], BEFE—LNLHBHEINDT T~
w/m®3t~V/%m% IXEF AN T OEI G ROEFIMAERNEZENTEY, AT Mk
WET5Z }:T%Oﬂﬁé&%ﬁlﬂﬂjﬁ”é EW™TEDL, £Z T\ T IV E o — L MR E F R
ZRIH LB A v — Ll 2 B3 LT\ B

FEL B O T iR mid A T%E?é:t Ly by Ud (CER) 1351 B — AfE I xf
L CHZEREES L R—F VR0 2 IRTES A2 A L TW\WDH T2, BuElh bl r L —2n34Ed L
TW2 FEL &8T5 2 ERAEETH H[2,3], & 2 CHEEE, TWIHIESRSIO Lt 30ecm OALEIZH
ZEVREL 2 X E L C, FEL 3IRH O CER A2 RIET 5 Z LIS L7, FEL ORGREZHET 5
& e RIS ORI T CER A5 Z L S ST o7, CER AN LT 5 & &I A
7 MVRZT DB EPTRDH T AFEITIREG R & CER AT MV OBHRIZOWTER AT o 72,

2. EBRGE

TURMBE A THA L7 CER 1L, €O ZEFESIIZ TRE 4T FEL RS GHD H
S, ARNERE 33mm OFESEAREEZ N L CRAFICHEEIND, TR SEITT VI = A5 T,
FE21.2mm, FR 15mm OFMEZ L2 7RI G T Y . FEL Yefiliizxt L C/KFEmE N T 45 FEH
FTHIAT S Z & T, FELICxH L CTEE 15mm O 7 28—F v —& L THBET 5, FEL St & kol
N—F L TWDEE, E 6um ® FEL [Zx%9 5 [AlHT48E
KIL0.1%LLFTH Y | FZEEm$IIC L D FEL ORI
AT X %, FEL Yol EOFZhEEIL 20x20 mm* TH
v, RS O CER B H LRI,

B 1 27Rd Loz, RRHFIZERDY HE47z CER B —

iﬁﬁﬁﬁhn®Mﬁ% ITHEENT A raxn
RELERY 710 —A A7 Y v & %ZHT 25 Michelson
FWEHcEIND, THWHRIT A 2R
THz10(S&L #E)IC THE L7=, T OBMHIITITES
60um N7 v 7R =F L &0 0 £HiF, FEL R0E K
HOEBEEZPERL TN D, MaHE E—2RAT Y v X
DORNITFHE LB ORY I v E— AR T Y v XN
A S4L, CER B —ADO—#Z Y H LT CER /1% ' ]
Bz b 5 B0 BRI THE LT, LCER A7 FARER DGR

3. EBHER
B E— AT R X —373MeV, v 7 2LV AEME 0.67uC OE 1 — L% F|H L7, FEL %=
Feld 6um [Z3%E L, =231 B 5K FEL 0136 22m) Th -7z, T2 Vm$Eiz X 5 FEL O
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HREFOPOKEL 1% TH o7z, ZHUL,
thZe AR SE O 1l & FEL Seiih & 23 5e4ix
—HELLTWRZEEZREBLTWND, ] Detuning length
WEAR I S0 L 7= (R L 2 — M T 5K 08 ot
B & [FERIC, IRAR R 23 % & CER 1
11 H+10%FEEZEE) L 7=, CER H /113 3LESS
ENFEERPSEMS sSum B\ & Z AT
KIZ72D 2um B\ & ZATHR/NMNIR -T2,
WO HIEZRE TS FEL 138072 ) C
FER LTV, ZnboRERESRMEICE
7% CER A7 F)V %K 2 (2R, 5242
&ML bAFMCHIEREEZ T 6T L ] [
2./\°7 ]\/l/é{KﬁstEjtb‘ %a:%%ﬁzﬁiﬁ‘” O.00.0' o 'OI.5' o "ITO' o '175' o '210' o '2f5' o '3.0
?i%j($75§%1/\1@:m75§35 B EDRBHL N Frequency [ THz ]
8o7co FEL MRASEMAZOWREBTZD 5 FEL 645500 CER 2<2 b b, JERBE SRR
LTS 2 &2 WfElomdIsid, CER AN &k v sum (F#8) 5L 0%2um (F) Fh 05,
7 MV~ 7 a0 AN KRS58 R & B
HEEND D, ERE 3 REEIZ T CER A ZFHAIT 212134 1 4 — MR 2 A L CRHlJ 2 28
N&HY ., CER i H L2 %E L T by, Bx 32 Eimsis & o7 CER IR OK R
ZEE LTV 5D,

1.0 PO S S [N S SN SR SN (N SR SR SR SR NN ST ST ST S (SN S SR S N S S S

0.6 1

Intensity [ a.u. ]

0.4 1

0.2 1

4, £L¥

FEL HAEZRICHEA S 7= P22 mss 24 L C FEL IR D CER A2 kL% Michelson Tt %
R L CHIE L7z, CER A7 MUFRERITIKIF L T2 b L, RS L Y b IR ENE
WREIHHRAR B DS B WIRF IS A T i B B o IS B e R B S vz, A% I3RS 75 CER %
B0 T2 # K L, CER 27 ML~ 7 1L ANKEFEZEHIT 2 TETH 5,

BE IR
1. N. Sei et al., Nucl. Instrum. Methods Phys. Res. A 832 (2016) 208.
2. N. Sei et al., Phys. Lett. A 383 (2019) 389.
3. N.Sei et al., Appl. Sci. 12 (2022) 626.

BRI Z b
[ SCFEHR Y A B
1B fh, Tae—L Yy b=y VBB E EFN TR, L 18(2) (2021) 72-80.
N. Sei, H. Zen, H. Ohgaki, “Peak Shift of Coherent Edge Radiation Spectrum Depending on Radio Frequency
Field Phase of Accelerator”, Appl. Sci. 12 (2022) 626.

[HEA%EE U A K]
1E foah, /NI fEEE L I ARSE . BE AL A BEAr. BT Bk, BN A, EiAE BET. Bk
A IR s, R M. KAE B IS B, el B, 2 e, KE 5, 77~y
ab— L MNEFHROFHEBRE & BN TR A~OISH . B AR TS 29 RIRFSERE
£ 2020/10/30, AT A v (OEERFE)
1 kdah, TRAAEBHEE L —Y iR ICBiT 5 THz #a b — L > by DIEEORISE . 2021 4
FEE— AW ERA TS 2021/12/2, A v T A~ (AEERF)
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NMR Z L= BeER T F FORFRIZH 1+ 1-8F 3%

B OSERE . K 222 BORZE . 5 B4 mp 3!
VESCRYSERIRRT M - 2 et
2 SRR KL — T AR
ST TR TR
BB R KRBT

1. Bx

Wbk FE OPEH 2 2 MERKIRRRAL A B IET A Z CIXEERMETH S, iR, ZhvE Tofk
BIREVN S 7 U — 2 To A HREEASO BN ME L B 2 5TV D, A AREHE 72 DHEM O
ZHIEIL7Z0 . v — R 2R d 2 M@ OB 2 S92 5 X, EERA~OREN L2 NT T
— TR AF—L LTSNS, L, X MERCHMA TSSO R MV EANKLETH 5,
W OMD T A VAR B HE T, g £/ EFHAMER LT, MRS EsaE 2 flE 35 2 & 23
STV D, ZOX D %y FREFEREZRMTEIUZ, A AREHE 22 2 Ol 2 2% & <
T2 b=V TE D3 AEARBAFEIS D22 % TREME DS v, BRUIFR 7 A L 2 (HBV) X EHAE
(HBx) &, £ @ BH3 fEilZ /" LC, PL7 A b— AEAHE Bel-x, & E#MHAEH L, HBV #fl
LAMfE 2 ST 5, LART, Fkx X, HBxBH3 fHIE~7"F N (5% 101-136) 75 Bel-xp DBEKM: =
TR EER ST 5 2 & KIS (NMR) £ T L 7= (Kusunoki ef al., Biochem Biophys Res
Commun 2019) , F&4 @O NMR #ER 1T X S5 E A EEEOR R & X< —FH L Tz, —F T, HBx
D C R 34 FRILN R L7 HBx (B3 1-120) TiE, 23 b GlijaigsE) 25l & 23, Z ok
RNVESR I H SN T, AHFZETIE C RIAIA K2 L7- HBx BH3 fEI~7"F | (51 101-120) & Bel-
xL Do F I AAEH A EAY FRREL OO MNC T2 2 L2 BRI E T 5,

2. FE

HBx BH3 I~ 7"F K, Bel-x.. @A & H'E OF% : HBx BH3 ik~ 7" F R DFLHL 101-136[HBx(101-
136)] & 7% & 101-120[HBx(101-120)]1% His-tag { & = &% F @ &8 A E R BUR XX, GST @& EA
ERER 2 AV L 7=, N RMIZ His-tag &1 L 7= Bel-x, & HE X, Ni-NTA 7 ' 7 — X TH
B 7-1%. ho B T His-tag ZYIWr L7z, Bel-xy I3EIITIEA A M H T A L O A XHE
oo~ 777 0 —TCHEL7=, HBx(101-120) & Bel-xy OB A EHEEMENT 2 B 2T 57120,
HBx(101-120) & Bel-x, & U & 7 — Tl L7cfEERE LA Lz, Zo@MEEBEIL Belx, & 1Z
ERER e HFIECHRIL-, SHEIDISE T, BC/PN B L ON TLERNAAES L=V 7L %2 il
L7,

HiRMEI e U —A N — (ATC) fif##r: v U — A —H — (iTCao0) & % FV T, HBx(101-136)/Bcl-
x1 & HBx(101-120)/Bel-x, D fFEREEEN(Ka) 2 ZALE AL~z HIERE X 25°CTHHE L7z, JE % 20
mM Tris-HCI (pH 8.0). 50 mM NaCl, 0.5 mM TCEP-HCI O¥&H#E 1 C i L 7=,

KERiA AL (NMR) fi#HT : Bruker 4 500 MHz AVANCE III & 600MHz AVANCE III HD (Wi i ik
7 a— 743 AT, HIEREE 25°C UL 35°CTHEM L7z, MEZ 50mM U Bl ) 7 AR
@k (pH 6.8), 50 mM NaCl, 1 mM DTT, 10% D,0O. 0.02-0.1 mM DSS DIA#R + CHEiti L7-, Hd)
(2. PN TZERNARIER L7- Bel-x. (0.1 mM) {Z HBx(101-120)% 0, 0.5, 1.5, 4, 8 ¥ EMZ7-
HSQC A7 b EZNENHE Liz, WIZ, "N TEE RN ARFERE L 7= HBx(101-120) (0.05mM)
\Z Bel-xy 2 0, 1, 2 ¥ &I Z 72 HSQC A7 M A ZNENHIE LTz, %I, HEERESEZRE
T 578, BC/PN TRIERNMASEE L 7= HBx(101-120)-linker-Bel-x. @l &E A (0.5 mM) O —HE D
3 HILIS NMR JHIE % 5 L 72,

3. BRBLUEBE
BANZ, Bel-xy D & DHESIZ HBx(101-120) 3 E & 2 02 &2 MR 2728, PN C&E R AR
L 7= Bel-xp (2 HBx(101-120)% 0~8 Y& F TR L7z 2D 'H-"N HSQC A7 hVERIE L=, &
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DOFEF HBx(101-120)DIFHE F T, WEKFHI 72 Belxe @ NMR b7 ML &2 8IHI L7,
HBx(101-120)DEWANZ & - TE{L L7z Bel-x, DFEEEZ ZOMHE RIcv >y B 7 Licd 24, Belxe
OB 2 7 REIRIZE T LT, ZOREEN S HBx(101-120)2% HBx(101-136) & [F] U Bel-x. Z 1
ICREA L WD afRetE s RIS vz, LA L., HBx(101-120)i%, HBx BH3 fEl A% Bel-x, (25 A3 %
O & 2R D BUKME 3 7R Trpl20, Leul23, Ile127 5 6, 2 7 HD Leul23 & 1lel27 /KL
TW5, £ 2T, HBx(101-120)D Bk 2 FRFED KIS Bel-xp & D Ky lZED K D IZHET L)%
BH 529 %72, HBx(101-120)/Bel-xp. & HBx(101-136)/Bel-xp. @ ITC fi#hr % 52 L7z, NMR &
ITC fiEATRE R 5. HBx(101-120)1F HBx(101-136) L 0 & K4 2349 2.5 (51K T35 DD, HBx(101-
136) E1EIZE[A U Bel-x, REICHEAT D2 0N mhoT-, 2F 0, HBx(101-120)1%, B 2 I
Leul23 <° Mlel27 LIXER D7 3 /BRI T Belxu ICFEA L TW A AIREM NV RIB Sz, £ 2T,
BN CLE RN AR L7 HBx(101-120) 12 Bel-xe & 0, 1, 2 4 &#INL T 2D 'H-"NHSQC A<~
MLZRIE LTz, ZORER, Trpl20 OISO F > 7 FELE & H12, HBx(101-120)D EHFH D <
OO EFY 7 NEALE B L 7=, HBx(101-120)21%, Bfi/kPE7HL & L C Phell2, Valll6, Phell?
72 ENE 5, HBx(101-120) X HBx(101-136) & 1T 572 25 753 T Bel-xp O BKM: = 7 HIkICKE A& L T
WD RBEMED BV, AR, HBx(101-120)D EEHOIRIE 2 I L. £ DI Bel-xe DFEAIZEE L
TWADEFALNZT L TFETH D,

BIFE, HBx(101-120) & Bel-xy OfE Gk Z FERIICAEIN 9~ 5 72, HBx(101-120)-linker-Bel-x;. @l &
2 FE O NMR 8 & /- S 7
WraEDdTND, K1IZZo
& & B E o 2D 'H-N
HSQC A7 hL&/RT, 2

HBx(101-120)-linker-Bol-x, B EAHM

I,x'ga;'ﬂﬁl & . __--"J-* DEMEEABEO Y& (K
-{L:_n;l?gi.; — T 21kDa) #&ETH L, £
1} &r

THFVTELSDBEL TRV,
BEAF72NMR A7 R THh

el - > 1 S o 77. HBx(101-120)/Bel-x, O

i . WA M 2 A7) © X AU,

110~ ;-_ ;“ . L 113 VA NVAEHE HBx &15E

_ © T e® s 7 Bel-xe 049 1[I H AR

a 115 LB gt 0 . P HIC K SRS £ OVHAD

F RE P o 2t SR O — B iR T

= NP 4 A B B LMESRG, SBIC, A

- e v PPRERREIGHT 5 2 LTy

= ® INA FIRE & 72 2 K O R

e . 130 ErOFER{astr—

I B E : ; ¢ FTHRTF ROFPA T
- "H lppm; BNLHOEZEZTWD,

1 HBx(101-120)-linker-Bel-x,. fili &% 12 @ 2D 'H-'N HSQC A~%2 kL

4. TAEERERKRI R b

H. Kusunoki, T. Nagata, T. Sakamoto, I. Hamaguchi,“Study for the development of functional peptides using
NMR”, The 12th International Symposium of Advanced Energy Science, September 7-8 2021, Institute of
Advanced Energy, Kyoto University, 78 A 4 —
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A A VBFSNE-DIa 20 LEEDKRERIVEFE

PRSI !, dPN R 2
VIUMN R ZETE AR ZERT, 2 R S kL 3 — B LA 58T

1. WFEERY

BAEBRRE MDD LTV ARIIFED 1o & L CKRGBENEHELT : RBWR (Resource—renewable BWR) 238 5,
RBWR X, BifT BUR L 0 & BRBHIEFEE O W1 BRI B3 R ol B U, S0 < B4 O IEXBVE DR T 5
ZEThDH, AW, FHRHIC AR T RBWR SE4F LAY O IR & 2 15 C X 514 A4 U IR % T
IKFEWIL B DHEINEER & U T PIHER] & B EDOWT AR TH D Z L 2P 5T L, RBIR ~D Y
Na=yg AEEHEEEAMEOMEZR ESED 2B ET D, T, ZOWEEBEL T, mEK (K
F) - AWM NEOERERE T COA 4 U IRHRBRTFIEA ML T 5 2 & T, R I HEANBEFR I3 ) T SORE
Mz ET2EEORmWHETRNRREZ S L, BT AOENBREODFIMIAS HETLHZ L2071
DTH %,

2. MR 1L

AIFFETIE, PvhimA 2 (doppm KEEZH) KOZEDOET LE4 L LT 2D Sn K Fe 2N LT
BEEER LTz, b OBHI LT, JUNKZISH I HFFERT 2 o T LnE s f\mM:smmif
DNi A A ZME L, FIB Z W CHrmsUE 2 1ER U7, IS #ER% D STEM-EDS #8142 e OVt icid, £
ﬁE%%%ﬁTéMWMMC%%wkoit\mﬁmmm®*$%$ﬁﬂbtﬁﬂ%¢ﬁb\ﬁ%@*@l
TA A BREE U RS ORI - SRR DT % FEhE U 7=, A A > W% & L C Duet OffAZTEL T 5,
TN KZIE A ST BV T HRERD & v 7 MRE i 23 % 5 23, FUK Duet 1L@ T R XF—0DA 4> DJF]
RFFR 3 FRE T 0 | MiZEr R R 2 it L T\ D,

3. FBAE R .. e
[ 1122 /L 7 B A 212 400°C. 50dpa % T STEM-EDS '
WZKDHE~ v B T ORERERT, (ORI RRIC RS EikIC
wf*"“' 2 ".ff,?

1F1E L7z Zr-Cr-Fe 2O MDD Fe 1ZBEICHAL L T D, %
7o, NS K VT B LTz Fe id C BUEA L — 7 EIZHR
faLCWnDZ Engnd, X213 300 ppm KFETHEALDONE
Mo cHFE~ v 78NN STEM-BF %% ~4, KEITRT
RRICHRE LR K FE (LT EIC Ze-Cr-Fe RO O Fmm k-
TESEAIZTERL S du, AT I SRR AL AR AR A R L T D,
Y EDHENS, RBWR B G4 T Tl Ze-Cr-Fe SR DT I
KRB DTS L L CHREEREEZ Rio3 03, RSk
VIHA& L. Fe 1% C BAN L — 7 Rl RAT 95 2 & 3B 5T
Tpolz, EREHEE TIX. EHERIS R Z &A%<

Co ERRBEE TIX. RIS N ZEmEL, KFE e
LA IR DU NESG DO FIEIZ L D . ZOTERER
RELEMTHZERTHEIND, S%ITL Y ERREEITIV
KRFFAN - BEHEDBFE RD BN D, = : = vt
E2

1. 400°C. 50dpa FE&#% > STEM-EDS fi& F
X 2. 300ppm 7K T A& D STEM-EDS f& F
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4. fEwm

DN HhaA 2 R RFEDEFALSEICK LT, BT ¥—A A% 400°C, 50dpa FCHRET L. PEBHLEED
BIRa T L, 2 ofER, MEEIRIZI W T C ARV — 7 A S 4, Zr—Cr-Fe RATHW A & BYAE L
7z Fe LR DRI SBIEE STz, 206 DRI, KB OTERSET & 720 | & RS EIER T OB O 2E8) 1T
REREBEHEZ 500 EHHSND,

F1 KAEICAW=ER

: H
Shn Fa Cr Mi Cudpini) 2F
Zircaloy 2 1.38 0.15 0.09 0.05 46 Bal.
Zr-1.55%5n 1.41 0.01 < 0.0 < 0.0 41 Eal,
i1 A 1.40 0.24 <0.01 | <0.01 34 Bal.
0.9Fe
R TR
GRSCHEER L ONFERK)

1) K. Takahashi, H.Watanabe et al. Journal of Nuclear Materials, to be published.

2) H. Watanabe, K. Takahashi, K.Yasuaga, Y. Wang, Y. Aono, Y. Maruno, K. Hashizume, “Effects of an
alloying element on a c-component loop formation and precipitate resolution in Zr alloys during ion
irradiation”, Journal of Nuclear Science and Technology, 55, 2018; 1212-1224

3) miffh, Zr B BPRILIEOKFEMEEES) 3 JIE T REHRE O, AT /152 2018 SEROFR
THatE, 2M10 (2018)

4) FED FEAFVRINC LD VN A 2 ORFERIEE, B AR 715742 2019 ROFES T
FatE, 2H11 (2019)
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MG AFEMEZ AV -EREFRYER OB FD
ZE M 1 A
~RFAEROBELF/HTO—TORELE~

EH ', fE—k

UBLR T St T
2 EH RS T L — P TSR

1. I

7T 7 2 nbiEE o R F N ERE D DI O THEWMESRORZEE LT, BBERX AN
A A Rig EOPERFEABWE ONFLREDNTAHREER SN TS, 6k BE R 07 i
REH AR EOBER T T, RICE s TEOREZE T EAR—ARN 7 —a U HEERICE - T
A U 72 GhS 7 (exciton) i EEIAL 1~ (trion) BRI D, WH AL S IXEWIRNE & PEBR L 72 K
IAEE (<50 K)IZEBWTHBIE I DA, JRFEWE R CITMmRRZe 2 RotE A CIADZIRIC LV E
EIZBWTHRE LT o B 703 FAE L, IER D 8K & 1 TERAR D B 7 2 il - 3 %
BT 5, I6IZ, MEORZIBEHOBR BB 2 EAERZESIR FBICE W T, FRELER
B R ER BT 2 Z bW NE D70 8 R EWE R LI5S 708 - 1%
BEMENE T A A~OISHERIFICANTZIE L EANZIR Y DOob b, DX D 72HaFT A AD
FHUIT TIE, RFTEETON EWEOH B, WEF TOREFZ A I 7 X &0t
FRISRATRIZNS, R EWE DT ) A7 — VEEIIC BT D e D2 2 A F 2 7 AR 4512
Hff STV, S50, #AREFBICBO IR OmMNICI T 5 ZEMI 72 TiA O BN
HINTBY, 7/ A7 — a0t HE THON DT R AR KD i TWn b,

T 2 CHER AL B T 12 M WM R EE 2 T 2 U RS R EE (Scanning Near-
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Heavy-ion irradiation and post-irradiation annealing effects in
explosion-welded CuCrZr/316LN joints for ITER application

(#%RAEYFA CuCrZi/316LN EEMDEA 4 VR ET7 Z—ILHR)

X.Yil, Z. Li', D. Geng!, W. Han', P. Liu', K. Yabuuchi?, S. Ohnuki!, Q. Zhan', F. Wan'.
"'School of Materials, University of Science and Technology Beijing
? Institute of Advanced Energy, Kyoto University

1. Introduction

Explosion welded CuCrZr/316LN is a key type of joining interface for ITER first wall structural components.
During service, they are subject to a max. ~ 10 dpa within a temperature range of 50 - 350°C, in addition to high
thermal loads and high cycles of thermal fatigue. This project aims to investigate the effects of (heavy-ion)
displacement damage on the joining interface of CuCrZr/316LN and unveil the following trends: defect types,
size and number density at the interface; the diffusion mechanism of elements (the Kirkendall effect) in the
presence or absence of radiation; the influence of dislocations, twins and residual stress distribution from the
joining process upon interface damage microstructure.

2. Material and Procedure

Bimetallic plates of ITER grade Cu-0.64Cr-0.082Zr (wt.%) and 316LN austenitic stainless steels joined by
explosion welding were sourced from Southwestern Institute of Physics. As-received materials were
mechanically polished down to grit size 0.1 pm (colloidal silica) and then sent for irradiation. Heavy-ion
irradiation: DuET 6.4 MeV Fe**, 1.1x10% ions/m?, (500+5)°C, 5 hrs, peak damage @1.5 pm, ~10.5 dpa. In-situ
post-irradiation annealing: FIB-lift outs of as-irradiated specimen were annealed in for 400°C/30 min and
600°C/30 min respectively, followed by EDS analysis in JEM-ARM 200F. An additional PIA session was
performed at 400-800°C for 30 min in ex-situ mode, owing to partial melting issue of FIB sample edges.

3. Main results
The key findings are summarized.

1) The CuCrZr/316LN joints have maintained good structural integrity after heavy-ion irradiation. No voids or
cracks were observed.

2) A nanocrystalline interlayer, typically of <1 um in width was found in both heavy-ion irradiated and
unirradiated regimes, connecting base materials on either sides. The interlayer consisted of mixtures of
CuCrZr and 316LN grains, measuring 20-250 nm in size.

3) After heavy-ion irradiation, black-spot contrasts dominated the 316LN side of the joint, while loop/loop rafts
and possibly Cr-rich precipitates coexisted on the CuCrZr side (see Figure 1).

4) Post-irradiation annealing of CuCrZr/316LN joints saw the onset of interlayer evolution at 400°C by means
of grain boundary motion and Ostwald ripening effect, and further acceleration at > 600°C. Structural
collapse of the interlayer is expected at extended time scales (see Figure 2).

5) Fission neutron irradiation appeared more effective in the “dissolution” of CuCrZr/316LN interlayer
structure than heavy-ion irradiation, due to high radiation defect survival rates and their trigger impact upon
adjacent grain boundary motion.

Publications:

[1] X. Y1, Y.F. Du, D.C. Geng, Z.H. Li, W.T. Han, P.P. Liu, J.M. Chen, K. Yabuuchi, K. Yoshida, S. Ohnuki, Q.
Zhan, F.R. Wan, Y. Nagai, “Heavy-ion irradiation and post-irradiation annealing effects in explosion-welded
CuCrZr/316LN joints for ITER application”, Materials Characterization, Vol.178, 111252, 2021.
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Figure 1. TEM characterization of damage microstructure in 6.4 MeV Fe’" ion
irradiated CuCrZr/316LN interface.
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Figure 2. STEM bright-field micrographs and EDS mapping of post-irradiation annealed CuCrZr/316LN
joint interface, after annealing at a) 400°C/30 min and b) 600°C/30 min, respectively.
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HildB L OEBEITOMREICHK LTS, £ 2 TK
AL TR - R BN 2R 2 e Kb T & % Staple
R Dy Tkt it L, Staple BZEEHT O X3 5
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A OFE R, 4 Staple XNA {77E F C RGq DI
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@ invitro SRIZE T 2 BA5 T FEELINHIZh R O RN
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Staple #FEHAlT 2 7 o F & o AREEESC siRNA 1265 55 3 OB R BV E S | ~ L 3R
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Microstructural evolution of ODS Ferritic Steels during
cold working process for Next generation Nuclear
components

Sanghoon Noh', Sumin Lee', Kiyohiro Yabuuchi?

'Department of Materials Science and Engineering, Pukyong National University
“Institute of Advanced Energy, Kyoto University

1. Introduction

The core structural materials of next generation nuclear systems are expected to operate under extreme
environments, i.e., higher temperatures and dose rates than commercial reactors. To realize this system, it is
necessary to develop an advanced structural material having high creep and irradiation resistance at high
temperatures. Oxide dispersion strengthened (ODS) ferritic steel is the most prospective structural material for
high temperature service components, because of excellent creep, irradiation and corrosion resistance. These
superior properties come from microstructural combinations between fine ferritic matrix and nano-scaled oxide
particles, which is extremely stable at the high temperature and acts as effective obstacles when the dislocations
are moving in a ferritic matrix. However, use of ODS steels as a structural material essentially requires the
fabrication technology development for component parts such as sheet, plate and tube. In this study, tube
components were tentatively fabricated with 10Cr-1Mo ODS ferritic steels. Microstructures as well as
mechanical properties were also investigated to determine the optimized condition of the fabrication processes.

2. Experimental procedure
The nominal composition of ferritic steel used in this study was Fe(bal.)-10Cr-2W-0.6Mn-0.2Ti-0.15V
-0.25Y,0; in weight ratio. The ODS ferritic steel were fabricated by mechanical alloying and hot extrusion (HE)
processes. Atomized pre-alloy powders and Y,Os powder
were mechanically alloyed by a high energy horizontal
ball-mill apparatus, Model; Simoloyer CM-20. Mechanical
alloying atmospheres are thoroughly controlled in ultra-high
purity argon (99.9999%) gas. The MA was performed for 40h
with a ball-to-powder weight ratio of 10:1. MA powders were  wother tupe
then sieved and charged in a carbon steel capsule. Sealed i pigering
capsules were then degassed at 400 °C below 5x10 torr for 8
3h. After annealing in the furnace at 1100 °C for 2h, the

Hot extruded ODS rods

‘‘‘‘‘‘‘

capsules were extruded by a 600 ton capacity press for several g pigering o W AN
seconds with a 6.3:1 extrusion ratio. To fabricate the g e
thin-walled tube component, the pilgering process was ‘ ==
employed. Mother tubes of ODS ferritic steel was machined  3rdelgering
from hot extruded rod and prepared by a drilling.

4th pilgering
3. Result and discussion
Long and thin-walled tube is the most important structural s s
component for next generation nuclear systems. Dimensions
of this component for the next generation nuclear systems are
expected to an outer diameter (OD) of 7.4 mm, a wall
thickness (WT) of 0.5 mm, and a length (L) of 3000 mm. _
However, ODS ferrtic steel is normally characterized as high b
yield strength and poor ductility at room temperature. This is
one of the difficulties to apply the alloy to structural
components. After the HE process, 10Cr-1Mo ODS ferritic Pro¢®%%¢
steel rod showed a high hardness of about 472Hv. This is too

Fig. 1 Stepwise outward appearances during tubing
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hard to perform the cold working process for the tubing. It was reported that slow cooling in a furnace from
austenization temperature is very effective to improve the workability of ferritic/martensitic ODS steel, which
can be easily further cold working. The outward appearances of extruded ODS steel rod, mother tubes, and
stepwise pilgering tubes are shown in Fig. 1. The rods were hot forged for the axis straightening and followed a
furnace cooling heat treatment. Through this process, the hardness could be lowered to 263Hv, which is a
sufficient hardness level for the tubing process. Cold drawing and pilgering process were aggressively carried
out with a cross sectional reduction rate of 25%. ODS ferritic steel of a cold drawing process was failed by
severe cracking in swaged part. However, it was found that cold pilgering process was very effective to reduce
both OD and WT of ODS steel mother tubes. During the repeated tubing process including pilgering and
intermediate heat treatment, microstructural evolutions could be obtained, as shown in Fig. 2. After total 6 tubing
processes, dimensions of thin-walled tube successfully reached to 7.4 mm OD, 0.6 mm WT, and 3000 mm L.

1st pilgering 2nd pilgering 3rd pilgering 4th pilgering 5th pilgering 6th pilgering

1st heat treatment 2nd heat treatment 3rd heat treatment 4th heat treatment S5th heat treatment

Fig. 2 Microstructural evolutions during the repeat pilgering and intermediate heat treatment processes

4. Summary

The 10Cr-1Mo ODS steel tubes were then prepared by mechanical alloying, hot isostatic pressing (HIP), hot
extrusion and cold pilgering processes to fabricate core structural component for next generation nuclear systems
and their microstructural evolution was also investigated. The cladding tube was successfully fabricated to be 7.4
mm in outer diameter, 0.6 mm in wall thickness, and 2,500 mm in length. These R&D activities will contribute
to the realization of ODS materials for future nuclear reactor system applications.
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(WFgeis 5 & BHEY)

PozIvva o x X =T AT AOERIZIT., AEWEOPEHZ ATRERR Y #4252 &L 8k
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Scheme 1. L-DEX YL 2392 i v 7 AL)G O SOHERE B IZEEREN ORI, R IFKEX
TAFNIEE, XTI alr iR,

BE, Fox ixBHbPatE %\¥%ﬁ%ﬁﬁ@k®:/tz—&\%%7)/7kLm%W£%A

FEERCTEMHE 72 E DO FEBR M AE DT, L-DEX YL O L-KRE R B OfFIA<S, MFA 2y fi#te )
M U7 L-DEX YL Z5 BAR D {EfLC iéiﬁfﬁf@mﬁ7y$%ﬁ@%%%@%%%ﬁhbfwéo
Z OMEFE T, D-2-CPA X° MFA O X 9 Z2iEMED 72\ & D WITFEF ITTEEDOIRY MEA )Y L-DEX YL &
BOG LR WBRH 23, SOGHETE 1T T2 < R LbEMOREAHMEL SEE L TW 2 O0MEIH L7-wn
EEZT,

ZIE TIZ, L-DEX YL OFERIEVEIXT A > 7 VBKERIC X Db A A Ot g &k & THIE
SNTEHLoOO, W EEETIIMEROFEMICE ST 2 MSAERY OWREFGEHAR SN TR,
BOGHEDARNEE DTEMER S L WMEAE M OFEEBFMEZJIE T 5 2 & kR, 22T, FHii
T ERIZVEEE (Isothermal Titration Calorimeter. ITC) % fif > T D-2-CPA <> MFA @ L-DEX YL ~Df& &
BRMENBHTE 20 TIERWVW N EE 272, 1TC 1E, IBE—E FORMEITHBWT 2 Oy 103 1A AE
HT 2 &AL EERERET S, Z0-0IC, A= FF—NEAEIND EXITELD
U77vyxt»kﬁyfwtw&@%®ﬁ§%%ﬁmmﬁotwmﬁwt~§ WD EDZE
ZRELTWD, > TITC ZFH L THISEEZRIET 5 Z & T, L-DEXYL & i L22vMEAY (D-
2-CPA °FLEE, 7'V a— VD X 5 I ONERY) OFEEEESC, WEHOHERI/ T A—4 (Kn.
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FORER, 2017 FEDOFER E LT, MFA & ORJSIZOWTIE, Single Injection Method (SIM)IZ L 5
FOSED 75 7956 ROSITEIT T2 LA 0N2 b ODAERPHENEE TWD &R, BEfFEOM
MY 7 BTt Ky ket ZIRETE R -T2, 2018 FFFE & 2019 L 1L L-DEX YL ORE R FEE TH
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1. ~e@glio~e 7 AR L1-DEX YL F60Y 28 %1% 5E & D-2-CPA @ pH 7.5 12817 5 KUi D(a)SIM D5,
(b) MIM Dt 5t

(REAFR Y 2 1)
Nakamura, T., Nakano, S., Nakata, E., and Morii, T. “Analysis of reaction mechanism of haloacid dehagenase” ,
The 12" International Symposium of Advanced Energy Science, 2021 49 H 7 H , S K FIRF v > 73 A,
AL =K (Fro74)
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& ZCARMIIETIL, YAES1 BRDNEFET 28l 72 fengycin BRVE OREIEREA BRI & LT,

} \ Linidentified fenpycins
i 15 7 i i i .I l Illl
..... F

mfz 7325 [Ms2H] | y r, Ih"-h

i > | Feied i ".. ¥ { I-.ﬂ
Ma | ¥ -
VTR R s L o - T— it S
Aetention Bme [min)
E2 YAES1E ¥ Tfengyin B2 OLC-MSMST A aT ¥ 7 4

2. YAES1 23EPET 5 fengycin D& EAET
2.1 YAES51 O};%& & fengycin DFEH
BFHIIZ 13 No.3S #5:h (IL 247= 0 | 10 gPolypeptone S (HAHIHK)  10g 7 /La—A 1gKHPO4, 0.5
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gMgS047H0) # MWz, 12L AV ¥ —7 7 — A ¥ —% W T YABES] #% 30 C. 4 HE@KHEE
Bea U7z, Begeh, REisitEz b oBRIR U N7 F RIXIERIRERIIAE TR T 5720, T Oia %z itk
T5HZETEBRIRY AT F REEIL L, B L 7Z{@E 5% HCl T pH2.0 & L. f)ﬂk) RRTTF K%
TR <4, /IE”%E’F@&“I?/I/ AL = (9:1 viv) IBETEEAER LT, VBTSN T7 57~ bk
777 4= LTz, FRRTTF - A% ) —)v (1:1 viv) IRBEEECTY ) DTNV T A bIRH &4,
RHIE S % 50% viv A X ) — )V ~FEfE%, ODS 7 L a~ h7 77 4 —~fiL72, 100% * %/
—/LCODS 7 L0 BIEH L, fengycin F5# & LT,

2.2 Fengycin ¥5 8% DERINK 3R K 2 HERERE VEE D AR & & DEIEMENT

AT CHEHL U 7= fengycin #5540 2 R INK 3R U A U 72BN G R % /& 70 fRBE LC-MS IZ L 0 HE8E
AU O LT, M E FEE L=, BRINKSfiR1E, fengycin #8544 14mg % 6M HCI2mL ~l %,
110°C, 24 BN RRALER 24T o 72, JLERE, Wik =7 /L CleBENENRe 2 fhH L. w23 fi#eE LC-MS
~fE L7z, LC-MS 1% 6530Q-TOF % #itH#s & L 7= 1260 Infinity 3 A7 A (Agilent Technologies) % fi#i
L7z, 77 A1 Inert Sustain AQ-C18 (3 mm. 1.0 X 150 mm. GL Sciences) &/ L. 7 LR
X 40°CE L7, WiElX 0.07mL min' & L. ﬁﬂ&ﬂgjﬁuL&LtoE%@i01%wv¥@mﬁﬁ

(AWR) & 0.1 %viv X7 b=FUURIEK BiK) ML, ARRES LT70% (146 (7
—0% (V=777 = h1247H) . 0% 2 5[ OWHEHTHT LIz, 7— &MﬁiA@mm&w
Hunter Qualitative Analysis Software (Version B. 06.00) % V7=,

BEAN fengycin 48T % 2- R UEFAEIRRIZIZ, Cisov Cieon Cino D 3FEENH D, £ 4 D
REEE R (AR 13X, 257211 (CisH00s) . 271.2279 (Ci6H305) | 285.2435 (Ci7Hz0s5) & 725,
—J7. ARFN fengycin ZHERCT DHEMERIL, BERMME NGO FED 2B D500, 2EHEGEZ 1O
Gir2-v RaXx U REffElimg,. o L <I3KBEOERZR DR N IZfERlEBAEE S ND, £ L
T, T oBESNDENBEOREEE A (X, 2-t Fe U REaffslifgcid, Csi e R
7 2 S ANEIFIAENGEE 255.1966 (CisHasO2) X° Cign B R U RNEFIAEHIEE 269.2122 (Ci6H3002) | £
FARE AR T Cioo BEFINENIL 255.233 (Ci6H3202) X2 Ciro BERIAENIA 269.2486 (C17H340,) 2MEE S 4L
%,

B0 fERE LC-MS OJIEIC LV 15 b ioksE &8 k=) 12X, e ek /ﬁ’jﬂlﬁaﬂﬁ@? ZHHY
9% 257.2122 (C15H3003) . 271.2279 (Ci6Hs3203) | 285.2435 (C17Hs403) &L, fafnfgihimgic
YT % 255.233 (Ci6H3002) . 269.2486 (C17Hs402) OG5S FHEOE &M — 7 ﬁ‘*ﬁﬂj Sz,
bt Fo Xk URENERIE fengycin (ZHIKR L, BIFIAENIERIL fengycin 24T 5 & N X AN
DOIKIBEEDN R IZT B R ¥ fengycin ICHK L72, 7B R fengycin [Z—= R h a7 Gk
BERDAEFEA & L THEFILH D b DD, £ OFIETEMEZ 7 M L 72 #6172, YAES1 MEPET 2
fengycin ® 5 5, AlAl, FE LT B KX fengycin 135 35% % 6, TOEIGIIMOEKL Y b
BWERIZH D, T B K ¥ ¥ fengycin IX fengycin £ 0 HBMENK< . ZOBETEME LB & 2
ELTHREND, 5%, T B Rr¥X Y fengycin OPLEIEEA R T OLE R H D,

[REERER Y A R

INAZ—FEFR

Yuki Emata, Takahiro Fujimaki, Yumiko Takatsuka, Tomijiro Hara, Kenji Yokota, Characterization of
fengycins, cyclic lipopeptides, derived from Bacillus subtilis YAES1, The 12th International Symposium of
Advanced Energy Science -Research Activities on Zero-Emission Energy Network-, 2021 49 H 7~8 H, =
v T4 PR
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Bacillus BHIERFICLKDINFTALIED
R R EH1E oD fiZ BA

RFR, BHER?, HEEmETC, FE RS

VIR 2SN R
2R R E B AR A B S o & — i BRI
SIER R R L X — P TSRS T

1. TRLEW

RO EAFEEITI 900 T F 95, F D 9 HHIA00 T b U NEIEAFEIINTZNNT AL ZETH D,
NFAALZEF IV~ e ROZ T, BRAZEDHRAEH TRAICEIBI N TS, KK X
WX =BT FEMEFOROIEL, NTFT AL ZEICHNRT A FT 4 7 A0 E#ED TE T, BiE
HINZIE, FFED Bacillus JRAE N F 2 HIZIRE TATF A A T EICHHEET 5 &, A%f4i3®$%$
MEFL, JREMEEINDZ EEZHALMNI LIz, "IHICE Y | BIEREAZ X 272D ER LK
RITFNFX—RELWT HZ LICEN ST,

Bacillus BB 72 X 0 T A A =B OAFREN EHT BRIKNE, Bacillus BHIE LT DFEEIC
FOTAEZXH U TFUOERENEMNT 5 2 & CTRZIE S EEOBELETEEN LA 75720825
NTW5, ?—J5, Bacillus BB AL TEDOREZEESE D A D =X LZHONTIEH S
MERS TR, KBFFETIL, Bacillus BMENF ZAGEE L2 F A A =8 EAGEE L TV S
%4IE@%@ﬁ%®F7/Xﬁ)7F LRRTZATV, WA Z T 2 2 8 TR A Ok E

W53 A0 FRBAEHONCT A EE2FE—DHMNE LTz, F£72. Bacillus JBHEN 2 /G L 72
NFAALZE LR L TRV T A AL T EDNS M%E®¢Ef%é%4+x%’aiméfw%
YUV HET S 2 & T, ANTF AL T EORRHIENC EE R E 2 D RV 0 DRE &
DHEME LT,

2. auROREBIZLAIMEHEHOEE

ARTNANFT AL ZEZRIAL TV D ET X, ERBET 2REFRRIEE L TV ARNWEeRffir e
EHADPDEAL, ZNEA[RY A XETETTHM L TWD, AL TIE, BREOBMER N X A
MHEALTZ RN T AL TEORH T B2 ERICH S Z L2 TEL TV, L L A#FZEE Bl L7z 2021
4 YT, an T MOBETHAFENRE v 7 X T INTEY . AOBENHIRN > Tz,
ZORBIZLY, XADLDONT AL T EOHETEDOIAIZZERIZA by 7 LT\, BARENTA
FALZEOMHTEEZEFEL TWDHEFT LR LN, A%ﬁ%&&’%%ﬁoﬁé*&i?%&ﬂo
T7e ZA NS OHET EOBRANTER SN7-DI1E 2021 FEOKETH Y | BHI O EFFEER 21 5 RBF5E
%ﬁ?é®ﬁ%bw%ﬁ&&01wto%_T\mﬂﬁﬁiém?mbfwtﬁnﬁﬁ%Eﬁb\u
TOFEREZITH>ZEITLT,

3. NFAALZEONNWRE CHETIRETON S 1 7 ER
WREOBIEEL N 2020 FEENSEFHE L TWIEAT AL T EDRT EEZERTHA Lz, N AL
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T EOWNGWDHHET S H IR, MR VE v OPFEARRE T DMK, MR, I8 5ok 2 2R
WELT TR L7, Wi L7z 4 DOEE X5 % I RNAlater™ Stabilization Solution (Thermo Fisher
Scientific) M A->72 1.5 mL F = — 7 HI{Z A41-80 £ CTIRIF L7=, HRIFIX total RNA % i3~ 2 Rifl 2 fig s
L. RNAlater™ Stabilization Solution H1 Tk & Ml A bR % U CHRIAMRRET O AT Uiz, IR, BK. D
PRRRER, NEEARRRET D total RNA [F ISOGENIIL (= v R P —r) Zfif L CThitth L. RNeasy Micro Kit
(QIAGEN) % W THE#L L7z, Total RNA DJREIL S/ Kz~ (Thermo Fisher Scientific) % T
HE L7e, hhitids K OHRER L 72 total RNA 233 L TWRWWT & 27 4 b — A B XVKE) THERR L7,
NI AL T EOIRIN, MK, BEserete, Rt Hait - 3 L7z total RNA 725 ¢cDNA 74 7
TV —%EE LT, BE, AV T4 NovaSeq6000 % NN TRT = RIETEK T4 77 U —#) 2,000
TV — RT OO 217> T\ 5, 5%, SN T-HEERY|%Z denovo T B 75 LIk ar
T4 TERAER L NT AL T EOIRN, I, MR, AR ET CTRBL L TV DB s O 72
NEa T el 5T ETH D,

4, SHBRDOFTE

Wfn A5 v 7 ORI Z Y 7 7 L2 AW T, Bacillus JEAIFE I Z#68 L72 P A A = e L
FABE L CTWRWWANT A A = E ORI, i, FofBerfieli, MR CRE L TV 28O R B &2 fif
BrU. Bacillus JEEI 755G LT/ A A = EICO R BT 2 BBLBE FHEZ &S 5, £ D%,
gene ontology enrichment fi#AT 12 KX > THBIn FREDOMERE A HEE L. R AN B9~ 25 B in 1R 2 88k
THIEEFELTND,

ZE 3R

1) Nguyen T. T., Nguyen H. T., Pham H. T. T., Nguyen A. H., Phan T. N., Hara T., Takatsuka Y., Nguyen A. T.
V. (2020) Cooperative improvement in growth rate, red-colour score and astaxanthin level of white-leg shrimp by
Bacillus strains originating from shrimp gut. J. Appl. Microbiol., 129:51-62.

2) Liu X. H.,, Wang B. J., Li Y. F., Wang L., Liu J. G. (2018) Effects of dietary botanical and synthetic astaxanthin
on E/Z and R/S isomer composition, growth performance, and antioxidant capacity of white shrimp, Litopenaeus
vannamei, in the nursery phase. Invertebr. Surviv. J., 15:131-140.

5. NEAFERV A b

1) Satoh Y., Minatoya S., Toyota K., Takatsuka Y., Hara T., Ohira T. (2021) Impacts of environmental stressors
on plastic reproductive traits in the brine shrimp Artemia. The 12th International Symposium of Advanced Energy
Science, 2021 49 H 7-8 H, WA X —
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HEREYEEICE T 5MEYMBEEERETE
EMEREADIGHICET 2RENHE

EBF AR, RATUE? R EWKES, MR
VR EATIFIBEBR BT L X 7 LR
2SRRI B A A L R
3SEH R L X —H TSR T

1. FRERBICHER

BAREDAEFELHEOR TE Z 25O = L F—fic (X —FHR) 1TEIZ O
RTHD, FrZ, IWEREZMA TEELLZENELS Z L Eo R F—ERIZEB T 2K 2 i/NMRIZ
MO THIFEIMARESEMRTED LB OND, FEHHEWITESFEEFEDORELE 2203, ENTOAERE
BIIELS, ZLEMAILEH > TS, BRETIE, EAEHO 1 >ThHLIHff= T (BIN=0
V) OFIEPTOILTODLD, mEELHWFERENZEEEDOMED 1 D ThoD, i, EM=r
VU ORIEL, WHEE TIZ 6 FHLOHIRINMNEL D720, WIRIHICHAT W ERPINERIZKE
IR R Z TS, A= Yo EREE UL, BRBGHEN (Erwinia sp.) . FoME RIEH

(Phoma panacicola) . Hit%Hi (Sclerotiniasp.) . BRI (Rosellinia necatrix) . 7% U U Ly (Fusarium
solani) . & OEHIE ORIREAH) . b REEAP) 2E 6N THhD28, THWAE <. RIRE
OEPIITERLITE ARV, T, WEMITIIRRESCANE oA RE, EREE. U oM,
PUE) PEAET 203, BM=0 VAT ED K5 RERHNA - B L TV 2 O ORAEMBEEREII &
DICENTVRY, ZHETIZ, BIN= PV O RO FEICFEET 2MAY 2 kR — 27 =
h—% T, MR 2R AT & i U 7o, £ OSSR, B R O NS R — DIRIRE NSRS 5 2 &
DAL ENTe, EHIT, BM=2 P U THEET DR 2 55 L1 T C & 2 ER O 4Bl
I LTz, ZAD OFERIT, B OER &AM X 5 TR ORI E O 23, R34 H O BRI
DRV D T EHR LT, £ T, AIEFRBIZETIE, MR Z S HIFHELHEL, EMN=2 00 b
B S T ERR ORI IR L~V TOMBIRNIR Z AT 5 & i, DR O TR~ DO EE 2T,

2. FEBRMEIR LU

EMN= DU TBELIZMEM EMEMER 2= VU no oML 2MAeEm L LT,
Talaromyces angelicus (6 1) . Streptomyces sp. (2 BtK) KON Bacillus sp.(2 BkE) MW=, Fi=.,
WMAEMBEIEE LT, filkoA 7 vy a2 U7 (Bacillus amyloliquefaciens) . = 27—

(Trichoderma atroviride) . % 7 7 v > 77 (Talaromyces flavus) . 7N\A 4% —/3— (Erwinia carotovora) |
Y% —/X— (Pseudomonas fluorescens) NN N7 — (Bacillus subtilis) % 7,

KRR LD EMBRE : LRLOEN=0 DU aBELTEEWIE, DX VA - A7 m— A,
REEHLC 1 ERMIEEE U, ORI, WEKZ AT, 500 5/ E LT, FERICHW,
KHRFEF R IZIX, X% A EF - A7 m—RABRIFME AWz, 58I1E, 7OV Yy TAE - A7 v —RAFEKXR
B B U7z Fusarium solani % 2V 7 IR—F —TL DIRWTEME L., 4om B L T, BHEIERKEZ EW
T, BERLEEIN= D b ArBE L TR ST AR DT 38 O REETR 60ul Z8fE L7z, 7 HIH
gL, ABHIEOAEZFHE LT,

FREMERER « EIN=2 T DI Fusarium solani (1x10° Jaf-/ml) ZHFE L C, 2 MREHZIZHH &8

=17,

3. EBRFR
MWAEMZ X B Fusarium solani DM : ATV vyar 7 V7, mak—7F, X277 av 7, A
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FX—X— _XRUF— =R bF T —& Fusarium solani DXIGEER 21T -T2, TOREHR, A 7
LyvaryZ U7, B EXT—RUNA FF—/3—2 K DEN Fusarium solani D A F 0 23 el
SN, ZORRIZEY ., TIROMAEMANZ L > THEIN= 0 20 OIFEDPIH S5 ATREMED R &
N, Fl. ZBEIN=0T b oS T WA Y ( Talaromyces  angelicus
Streptomyces sp.}2 \N Bacillus sp.) 7 Fusarium solani OB REF #4#| U. Talaromyces angelicus 1%, 7
A RON=IF2—TF A MZRG LB CTRERENAETH o7z, 5%, TE~ORFLHEIZ
LK 2MHIERERETHZLICLY, BN=r P OREOBRICHA CTE 2 a[REMERE 2 b,
EMN=2 TP OB B Fusarium solani DIFFEME : EMN =2 2 O Fusarium solani (1x10° fg 1
/ml) ZHHE L C, 2 HMRICHIF MR LT, ZORE. Fusarium solani |[ZEMN =22 2% L TaWw
RIRMEE R LT,

CL RUF—8— RhFT— S FF—si—

A7 Tuavw g ATl wigy TafR—7
707
WAEYHNC L D Fusarium solani O Fusarium solani DIFJF M

4., F&H

AWFZENZ L0 . BIN=2 P OFET e OB OPRA W RERAE & 2 fiHT U 7265 5. Fusarium solani 7395
ELTHET A Z ERH LN | IERCELY 5 X TWAH AN RSN, £, EM=
UV OWARESTTIR O AEWBEBRANC XV Fusarium solani Z 9| CT& 2 A[REME b RSz, 5%, &
FACAFAET DREYIR R O MEE R L D FRECIbuE MO MEH . AEWBLBRE oo FH #EFE O 35K,
BIBR A T3 = X LD LD . TERD COp PR REE (SRR L) IS D W BB AR O L
WY ED B CTEXHEEZ N5, BIN=r P OREMGITEROREEE~E G TX
L E BT, FierlRERBATE B EE (SDGs) @ [3. ™ ~TO NI & fEmukz ). [12. 5< HFEDD D
iR X N3 [EEENBE R EZ ] ICHEIRTE28E2 615,

5. BiEE
AT v g v RV X—WZEHLE (ZE2021B-40) OB AZ5% 1 CTHIT LTZ, 2 2T
IEHOBEEFRTH

[HEEREFR Y R ]

Makoto Ueno, Masatoshi Ino, Shingo Matsumoto, Tomijiro Hara, Yumiko Takatsuka, “Developmental research
on microbial community structure analysis and biopest applications in medicinal plant cultivation”, The 12th
International Symposium of Advanced Energy Science ~ Beyond the Decade of Zero Emission Energy ~ 2021

F9H7H, JEKRFE RAL—
i —, S&EHET, )T, B 5k, AAREE, JFUE KES, Rhizoctonia solani D138 #K 53 WAEE R B

WX DA =0 P R EMRIRE O ELE, &5 73 A AEY TS KRE, 2021 4210 H 27 H~29 H,
JUPN RS, DEE
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RHRN L—F—IZ kK 5 FBEER~AD
WA AR IER AL & £ DR R R

JRR BRE 12, hAREERE |, RIS ARER Y, EVERRAY, fEHER S, & R

VIR RS TR F e R, 2 RS L — S — R iR e AT, 34 TR T,
‘TAEA, S HELKFALFEATERT, AR T R L X — B T2 IE AT

1. AFE B HY

Tz h ML= —ZII U0 L LTE VAL —F— 2R EmRICBN TS, L—F—E XY
BN EOT 7 G AR END 2 ENMLNTWA[L], 0O L — —if i E itk
HELIPSS) I, YO DOHIIRZ 2 THAIN T2 FREIC T 5 L RIFFIC, BV e R L3R n 2 L
MO PR BEA~DZ A =PRI N2 ERIGFTE D, BT A A E~OIHERIZAIT T,
HRZk FEL 25K LIPSS HH Ot i S s KON S IE 2 B 572010, 2O~ 7 afBlkE2#H5 L &b
(2, Bt X BREIHT (XRD) <° TEM 8182 A 17O R 720 bt O FF-Al 247 > 72,

2. EBRANAE

A E 2 ERT 572D L—F =N L LT, RERF= 3L X — TR ETa 7 5 B H
WL ——KU-FEL ZffHl L7z, L—W =BT, 7ULA b LA UG LTS 2 Hz THRIES
%7V AN 2 um (FWHM) O~ 7 o390 2§12, 2,856 MHz TR S5 2OV ABE 500 fs(FWHM)
DI T BNVANGEENTND b DE AW, /A AOEELRIR S 7oLk RE 11.3 pm @ KU-FEL
ZEAIEHE SO mm O L XA THEN LD, BMBREICRKKAPT CREREAS S ¥, £ ORE TR
Lo X ERBHOREA 2 ST 5 2 & T, BB L EINR TV —x o 2B s, REHT
REDBEEE S-S Si THh Y, b—F—MREZICIEI LBIZE LT,

3. KRR L BE

SiEHIR L Tl ——T7 1z 2% EIF < &, 8.6 Jem? BLED ST LIPSS MK S vtk
iz, Z ORHIEEO BRI TIENOH S TEELTE Y, MTEFLE TIE L ——
Tt U CEBIFMR O/ SV 075 um (RM15.2), ZOJE T 1.2 um(=M9.5) Th > 7, [N L7273k
BHZXF LT XRD 3 X OV TEM BIEFER ATV, fEfmtEZ i i+ 272007 — 2 BfG 217> 72, XRD #l
ST S R AR S KA B Y SPring-8 D B — AT A BL22 IZBWC{Thbiiz, Z OERTILEELE
BEOME O LR EZMEE L, X BREREER ISR LEATICAF &85 2 & T, LIPSS MR SN TV D
R D DO HOEEERE TG Lz, —fRA72EERE 800nm O 7 = A ML —F —IZ L > TR I
LIPSS TAELNTFER E KE S BV [ LIPSS £ H CTHO~ 7 v 72 Ll Lo T O T A 3B S vz o
o7z, TEM TiZ, LIPSS OFHEMEE (100 nm L~YVIRIEONES) &, 2D 3 um 1E ERERO
IZOWTHEIZE ATV, IR RY — 3B R 59, XRD B OFERICKHET D X 5 Zefbdh
PEOZAL RN RN R b nWZ R bhrotz, —H T, PR LOBHEBGIC BN TIEkR 7
0y LUV EBA D~ Al RGPER L TWD I ENALNE -7, 2D Z &%, KU-FEL %
FAWZ LIPSS JEAR ClE, I < 8 TIRHRE It 2 R - 72 IREE T 2 7 b o LUV T4 it %

—_
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AIREMED B 2 — 7T, WEIDO RN E D K 5 e B% RFT O BaliHii T 5 LER N H D Z L 2R
LTV, A%IZT7 v VAR E 2B U T, RE DK T OT A SN OREEZFMT 2 TETH 5,
F7o, AL —F—E— AT K D super-fine LIPSS XA D A 7 = X LR, ZHUCBE L7- X RABE
FL—P—Z W2 DGBIEORF b S E kT 5 TETH D,

References
[1] M. Hashida et al, J. Laser Micro/Nano Engn. 9, 234 (2014).
[2] A.Irizawa et al, Appl. Phys. Lett. 111, 251602 (2017).

4. REHE

R VR, B TRz, B AR Rar, BR %4 RIL Kl , RAPP Ludovic , GAMALY Eugene ,
RODE Andrei, A 2 , F0JL Kfili , W5 #Er , B 8UC, 3 I &k, &k #iA , PIKUZ
Tatiana , 5aE TH , JRBlR A, o0 B — ARHUNEFRIC K D EIIRESR P C o & EME I
B 20F%E” , mIERERS, 20214510 A 20 H, MK (KA X —)

- 181 -



ZE2021B-42

BSRRZE =& * SEREBHFEDRHFE

PEFERE |, SOREL, JIRBACS, MM PG

") NUkavT
2K L ¥ — RS R
PENEFEMPE - LR

CRER T RV X — BT ARG AT

1. B

e % EZBT 5 9 2T BB UAD T T X~ O UADHREZ HIET 2 HI3MBO CEECTH S,
O CIADMERRZI D TWD ERIL, BT T A~ ThbH, OB ZHET 5 LT, BT 7
R8T A —H ORELFEEZFE OB K E 72, X7 A =2 ORIEICIE, BT v —7 ., K7
n—=7 v A7 R E R EOERERD, FREEEOBRICIE, SEIATRERNH D, L
L, BEAATTHONDGT —XIL 2R TT—# TV, EEOREHT 3 KeHEThHd, £ T,
KAFIETIEZ < DIEEDRE SRR > T RUVEEZ L TWAH Z 2R L, @D A T oGt ofs
B EWMOBERK LT 2 2 L2 X0, B0 3RTEHZIGT s L2 HE L,

2. Heliotron JIZRITH\EL A T &l

B AT (SA-5, 74 hu ) |X, Heliotron
T O#105 FA— MZHO HIF TV S (J18818) , & Lo g U IR
EH A TR TR DA A= T 74 4 '
AN—Ammxdmm)ZfFEH L T &AL GEEL T
WD, BRI AT TT 47 A MRIEEIOBIHINE
G 7T A~ hextg L3 5728, High Intense Gas
Puff R (HIGP) OB L L, TOEMBE, TR .
NI DEFIIHDLNT T X~ T, o BEREL, : 5§ X :

b FVERDB B NS WD TH D, Sk ol T) 1105 hagest diretion

B A U — R 100,000 KR, fiRf T —ac] ]
256)(0234pixel;(“§)§0 T%Eb@%@b%‘g\?‘—l‘ﬁa\fiﬁ?é R~V ks | COMmED A ORLE
X7 T A EEICL > TR DM, HIGP TlX P o n 7z

P N e ZILH10.5 R— MIFHEINLTND,
80,000 &ﬂ@b&i&)h&ﬂiﬁ%ﬁhib\o Eljé_mﬁ‘ﬁié oD JIERE (X,Y,Z,G) 1. REEEE O Nakasuga
ERIT. RRTOMBHRE I FOBERTH D, ode IS,
Heliotron J DREHHIE b v A XV HRNC 4 JEH O % Hk
HEFEFOOT, IFHDO1E0~90°Th D,
3. fRMTFIE

Heliotron J [ZPA CiA O 2 A M K> TEL A RIGENL Th 0 | B OIFRITE 2 A4 VO
OEREDLY LD (BZERY) ., &AW X DR % Nakasuga = — R(ftilZ, K-mag)Z fVCTEH
L. EBRIZEDOE THIERA LTSN HE TE 5, NERBIIBOEEL, FHE SN 3 ka7
NG CTH DR E R Z AV, & 2 80 BRESEIZIH - TG~ MLoOfuzEx X, BFohd, 20
W IR AR % 1 A &[] URLEFC 2 OtEE I T, BRI IBMB T 5, Z offivi-
R & BHRICE S T fZB O TR Z i U, ST HUTRENIZ ORI EIch 5 Ll LT, ik
R R HE X B COREETH D720, TEMZEZAHE G BHCTHBI L T\ 5, ZoAEHIEiC
DUWTIE, RAEEDRE, R/ —REHEE Wb 2B 2 T\ 5,

WEAEE & ClE, LEROBSGHE TIT, BEEEGOAREERB L TR, ZBRTIIT I XA~ hng 4
JVERNBTND, ZO haA ZVERIE, BREEREZEZ D720, — RIS WEREY, |
L. heAg ZVEGRZME > THKEBIRZHE L, PACADFMEEZ B LTeWESE b H D, £ DR,
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FtsZ 1%, AfafE ECHEAIL L TU o 7ROk (-
7)) &Y% (Figure 1a) . FtsZ I GTP DOJN/K 53 fif
W B EEEO IR EZ B S ERN DS Z-U 7 DI
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T FtsZ & X7 EEAIRIANE b EE 2 52, £ O
EICEbE 52 DR EME LT,

LA E L 2D FtsZ # v 237 B % DNA T/ Hik
E~DOEET UL, & o7 BEAKROEE A X
D EEMZRBLEZ N FIREIC 72 D, DNA HEIRIX, A XL
P2 EMEICIRE LIcEESE 525 2 & 0N alRels 72
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Figure 1. (a) Cell division mechanism and a
model of FtsZ assembly. FtsZ is colored in red. (b)
Mechanism of FtsZ Assembly. (c) Overlaid crystal
structures of MtbFtsZ (PDB: 4KWE ) in blue and
SatFtsZ (PDB: 4DXD) in cyan, indicating the
structural change though the GTP hydrolysis.
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Figure 2. N-terminal modification of proteins using 1H-1,2,3-triazolecarbaldehyde (TA4C)

F9°. E. coli HI2K FtsZ O N KT Strep # 27 % fil & L7 Strep-FtsZ i L 7=, Z D FtsZ Bl 1%
WA LTeRT 2 —TCTKIGE C41 2 EHR# L7, KREFEBL LT Strep-FtsZ % Strep ¥ 7 DT 7 4 =7 4
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Abstract

Oxide dispersion strengthened (ODS) steel is considered as a candidate structural material in fusion reactors, where
irradiation damages into materials play an important role for mechanical property changes. In the present study, to
reveal the stability of nanoscale oxide particles in ODS steel under ion irradiation at elevated temperatures, the
effects of ion irradiation on microstructure evolution and hardening behavior were investigated.

1. Introduction

Oxide dispersion strengthened (ODS) steels are regarded as a candidate structural material in fusion reactors
due to their proper high-temperature strength and good irradiation damage resistance. Nanoscale oxide particles,
introduced by mechanical alloying, can act as barriers for dislocation migration during deformation and sinks for
irradiation induced defects. This alloy is generally shaped by hot extrusion and/or cold rolling process, which
produces elongated fine grains with preferred orientations and high density of dislocations, leading to anisotropic
mechanical properties and poor ductility for the ferritic matrix. Aiming at improving the ductility and formability,
a novel thermomechanical process, namely, multi-directional cold rolling and subsequent annealing, was
developed to obtain recrystallized microstructure that consists of coarse grains with much less dislocations, making
easily figure out the response of nanoscale oxide particles under ion irradiation. In the present study, the effects of
irradiation dose and temperature on microstructure and hardening behaviors of ODS steel are investigated.

2. Experimental

Two kinds of ODS steels were used in this study. 9Cr ODS steel and 12Cr ODS steel with nominal composition
of Fe-9Cr-2W-0.23Ti-0.35Y,0; and Fe-12Cr-2W-0.3Ti-0.25Y,0;3 (wt%) were fabricated by powder metallurgy.
They were consolidated by hot extrusion at 1423 K, and hot forged at 1423 K. For 9Cr ODS steel, it was annealed
at 1423 K for 1 h and then followed by 1073 K for 1 h with air cooling. For 12Cr ODS steel, it was annealed at
1373 K for 1 h, cold rolled with a thickness reduction of ~40% and finally annealed at 1323 K for 1 h with air
cooling. To obtain recrystallized microstructure for 12Cr ODS steel, the multi-directional cold rolling process and
corresponding heat treatment were performed. That is, about 3 mm thick specimens were prepared by cutting
through the original normal direction (ND)-transverse direction (TD) section from the as-fabricated plate. Then,
specimens were cold rolled on the original ND-TD section with a thickness reduction of 90%, getting final
thickness of about 0.3 mm. Specimens were then annealed at 1373 K for 3 h in a vacuum for recrystallization.

3 mm in diameter disks were punched out and mechanically ground by series of SiC abrasive papers. Then, they
were electropolished on one-side to remove the deformation surface layer by TenuPol-5 with 5 vol% perchloric
acid and acetic acid at room temperature. 6.4 MeV Fe*" ion irradiation experiments were carried out at 973 K using
dual-ion beam irradiation experimental test facility (DuET). The non-irradiated specimens were mounted on the
same holder to experience the same heat treatment with irradiated specimens during ion irradiation experiment.
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After the irradiation experiment, nano-indentation tests were performed on the irradiated surface up to a depth of
250 nm, and the load was parallel to ion implantation direction. An average value was obtained by examining 80
points with a spacing of 20 um for each specimen.

3. Results

Fig. 1 shows the depth profile of the irradiation damage dose obtained from the stopping and range of ions in
matter (SRIM2008) calculation. In this study, the irradiation damage dose at the peak position (~1.5 um) is about
10 displacement per atom (dpa). Fig. 2 shows the nano-indentation hardness of the 9Cr and recrystallized 12Cr
ODS steel before and after irradiation at 973 K. As can be seen, no hardening is observed in 9Cr ODS steel. By
contrast, a slight hardness increase is noted for recrystallized 12Cr ODS steel after irradiation. TEM observations

are necessary to indicate the microstructure evolution after irradiation, which will be conducted in near future.
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Fig. 1 The irradiation damage as a function of depth based on SRIM calculation.
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Fig. 2 Nano-indentation hardness of non-irradiated (non-irr.) and irradiated (irr.) 9Cr and 12 Cr ODS steels.
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Influence of irradiation defects on the tritium removal behavior
from tungsten by hydrogen isotope exchange

Interaction of LHD divertor plasma with irradiated tungsten

M. Zhao !, S.Masuzaki'?, M. Yajima'?, Y. Hayashi®, K. Yabuuchi’ and the LHD team

"National Institute for Fusion Science, National Institutes of Natural Sciences
’Graduate University for Advanced Studies, SOKENDAI
*Institute of Advanced Energy, Kyoto University

Abstract

ITER grade tungsten (W) tiles with and without irradiation defects were exposed to the deuterium (D) or D/helium
(He) mixed plasma at LHD divertor strike point. Distribution of plasma induced tritium (T) retention and
microstructure modification in W tiles were studied by imaging plate (IP) and scanning electron microscope (SEM).

1. Introduction

A full W divertor will be used in ITER. The particle flux on divertor is uniform in the strike point and private
region [1]. Understanding of the distribution of plasma induced hydrogen isotopes (HIs) retention and
microstructure modification in W divertor is important for nuclear fusion reactor. In this study, T retention and
microstructure modification in W tiles after LHD divertor plasma exposure are studied with considering irradiation
defects and He effects.

2. Experiment

ITER grade W tiles purchased from A.L.M.T. Corp. are used in this work. The sample size is 28 mm in length, 6
mm in width and 1 mm in thickness. One side of sample is mirror finished which is used as iron (Fe) ion irradiation
and plasma facing surface. The Fe ions irradiation experiments were conducted at Dual-Beam Facility for Energy
Science and Technology (DuET). The Fe ion irradiation temperature, energy, flux and fluence are room
temperature, 6.4 MeV, 8.32x10% ion mm™ s™ and 1.23x10" ions/mm?. In the LHD 23" campaign, W samples with
and without irradiation were exposed to D or D/He mixed plasma at strike point position using the retractable
material probe at 10.5 low port. The short number for D plasma exposure is #175416-#175426. The short number
for D/He mixed plasma exposure is #175675-#175679. The plasma discharge time is 6s for each shot. The He ratio
is controlled at around 50% in the D/He mixed plasma exposure experiment. The sample weight before and after
the LHD plasma exposure experiments was measured by a micro-balance. The T distribution patterns on W
samples were analyzed by a BAS IP TR2040. In the IP measurement, a 1.2 um thick polyphenylene sulfide film
was insert between sample and the IP. The surface morphology modification of W tiles were analyzed by SEM.

3. Results
The sample number and

plasma exposure induced
footprints are shown in Fig.
1. For the D plasma exposed
samples, a plasma exposure
induced deposition region .
which shows black color can [} plasma cxposure INHe mived plasma eupasars
be observed on the D plasma

exposed samples. In the case Fig. 1. Sample number as well as pictures after D plasma exposure and D/He plasma

of D/He mixed plasma exposure experiments.

— 200 -



ZE2021C-6

exposed samples, white mist regions formed on the Fe ion
irradiated samples as marked by yellow dash line. The sample
weight difference, which is the calculated by the wight after
plasma exposure minus the weight after plasma exposure, is
shown in Fig. 2. The results of weight difference show D plasma
exposed samples are deposition dominant and D/He plasma
exposed samples are erosion dominant. The IP measurement
time was 24 h and 96 h. For both measurement time, the T
amount on sample surface shows background level. Fig. 3 show
the surface morphology of un-irradiated and pre-irradiated W
after D/He mixed plasma. The left side at the middle of sample
is the starting point for SEM observation. At distance 4 mm of
un-irradiated W, objects in grain, which show different contrast
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Fig. 2. The sample weight difference before
and after plasma exposure.

to grain, are probably the deposits. Pinholes are formed in un-irradiated and pre-irradiated W at the distance 14
mm. Unlike to un-irradiated W, fuzz in initial stage also exists in pre-irradiated W. Exfoliation of W surface can
be observed in un-irradiated W at the distance 20 mm. The difference in surface morphology could be attribute to
the variation of ion flux and temperature in the strike point and the private region.

Un-irradiated W

Fig. 3. Coordinate for SEM observation and surface morphology at difference position of W samples.

4. Conclusion

The ITER grade W samples with and without irradiation defects were exposed to the LHD plasma at the strike
point. According to the sample weight difference, the D plasma exposed samples show deposition dominant. After
the D/He mixed plasma exposure, the samples show erosion dominant. The T retention on sample surface can not
be distinguished from the background of IP. Plasma induced structures in W are location dependent. In the near
future, the surface morphology and impurity deposition on the other samples will be studied by SEM with EDX.
The cross section microstructure of plasma exposed W will be characterized by transmission electron microscope
(TEM). The relevant results will be presented at Atomic Energy Society of Japan 2022 spring annual meeting.

Reference

[11 K. C. Hammond, et al., Plasma Phys. Control. Fusion. 61 (2019) 125001.
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IRIBBESHET N4 FH TEILOMMBBEDRER
RR |, B EG Y, B, R 2 dE
SRR L B

PIER R A —T A ) R_R— g A
3SEH R L X —H TSR T

1. &

tERaexo 7 "Z AR~ (LLFT7 %4 FEREET D) 1E, A Cao(POs)s(OH), TERIND Y Vg
TN PMEEM T, EROECHE AR T 2 EERHER S E L THONTWS, T34 NI
Jao & X7 E L OFFERE . ERNTHERRICZ RS TLREIFET DI ENTEDL LWV O M
B (EEEME) 28 LTS E EREEERT 57 2 A4 N EEBCCEENEEIL TWDH T,
RN TEMR E BEMAET2 &0 O WE (EREME) 28 L T05, TORMOEEBIISAER D 5
WEHBIRTH D IR E LTITmR, T8k, 248, BUEE L U FEET D, FRICZHEDOT NZ A |
IEFREENKRE < BKMER (OH) & BUKMHE (POy) 2Fi-o TBYMENY X7 EhOBERERE LK
FEATDHIEND X U RTEOIRE, L L OWAEMEIZENS,

t hDAEERNOERBBOIHE R ERNEEETH KT v 7T IV R — 27 A (DDS) 13, v
BFRREICBOWTRERZMA D Z ENRTELRE AT AL LTHEAZED TV D, LBt
b, o0 B8R ELENGEERH DT XF A NI, ZOERES AT LAOEYEEHARE L CE
HEXfLCTWa,

BRI (SBF) 22OAFRIL72 Y VB vy DRI (T /R% A M) % [EARTRL 1R i (SR
L. 2N&E SBFHTCHESYLZ LIZED, TREA h~A 70T vV EERITHZ LINTE D,
AW TIL, BRALBIORLFICT RZ A MEAEATE L, SBF HTT AN A MEREED 2 L1280,
TREA N TBNVEER LT, 62, TXFA N7 REIIBT DEEREWAEM 2540 L7,

il

2. EBR

#EMZKIZ NaCl, NaHCO;, KCl, K,HPO4+3H,0, MgCly-6H,0, CaCly, NaySOs DE R A AR L. b
JAE Raf AF LT I ) AH L ((CH,0H):CNH,) BEON 1 M OfEEE VT pH 2 A BRAYSRMHIC
FJHEI L. SBF Z/EH L 7=,

SBFIZRURE RRXFUATAT I ) AX U EEMLUTpH % EASE 732 A4 MEEHTH LT,
INEIEREHOTHRSER L, MELT, 20T /3% 4 MEET X ) —VFICBER DSBS E, =
DV P FAL BRI 2 B S, TORMITT NF A " MEEIE ST, ZOMki+% SBF 122
BL7e, 77—V BEWRIS NN, X KRBT, BB, =X —0 il X SobrEEic L5
TREA NATCNVNDGHTEIToT, SHIC, FEAORRD 7T EOBRO ) Wik E A RE K
ZBT DT RAA NI T R/A~OWERZFM LT,

3. MR

TNE A NEATE & FRUTIR S SBF IRIEIZ & o T, B LSRR R C7 ¥ A MERDSTHIE S
T2 enbhrole, BTBMEIBILE. =X 0 X ot Ofs5., BBk 037 & A b
HEIC L > THBE SN Z EBbhoTe, TXZ A MEDTE LT b#k % SBF IIRIET 5 Z
2K, TANEA NN T N A NERGEE S i, BLEMR R m el 2w eI wE LT 8B
ZAbivD,

X 12, 737 A +H 7N REIEEL SR OSES L BEEROMBELZ, X 1(b)I245
B & UCHWE Y kR AR BRI K O pH & BEFE O EE R O 72 (JpH-pl|) & BEELROFEREZ R,
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Rl 2 2 3B S L7 1(a) Tk, BEREEILRICIE &0 & LB R SR> 7=, —J5. |pH-p]|
ZREHIC & > 72X 1(b) TlE. BEEE E LR pH-pl| OB AL - THEARANZHIIN S 5 VT4 5 DT
1272 <, |pH-pl=1~2 THKEZL & 2HAZR LT, 2O LnD, T8 A NI 7B ~DOEEEE
i, BR _ERBICLDHAEROANKEMTH DD TIERL, 77 T T —L AR RETN
A A AERZ EA RBERICK - TRIS EZ X BN,

0 |
" {a) A
= B I
ih
s
£ l
=
B |
R ag & *
%
a0 |
E | ) | L]
i
6] 2 [ 3] 0 2 14
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1 ¢
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&
i‘n.- . -
v
& 60
®
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5 A
;. ]
2 20
E ¥ * -]
[ 2 4 8 i i] e
ol

X1 (a) UV FBEARRAE KT CT 3% A IR VREICHEE(L S - O S E A L EE LR
DOFIREZR 5 ONZ(b) V v EEFR T AE B AR D pH LB DSBS DO (pH-pl) & EELROMB,

4. WXEEKY R b

[1] #GRE, EREREERICM O & Fex o7 24 N7 eV ORII, NEW GLASS, 36, 7-
10,2021 4 11 A 1 BHRAT

[2] Takeshi Yabutsuka, Masaya Yamamoto, Shigeomi Takai, “Dependence property of isoelectric points and pH

environment on enzyme immobilization on maghemite/hydroxyapatite composite particles”, J. Ceram Soc.
Japan, 130, 74-80, 2022 45 1 H 1 H AT

5 AEEEKU A b

[1] Takeshi Yabutsuka, Shigeomi Takai, Tatsuya Hinoki, Kiyohiro Yabuuchi, “Clarification of fine structure of
environmentally compatible”, hydroxyapatite capsules”, The 12th International Symposium of Advanced
Energy Science, 2021 49 H 7 H, > 714> (RAZ—)
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NASICON B ) FHO LA A B EKAVKRD Y FD
EEMRMEAHD=XL

AR, BOEE Y, AR, R, B OERIL Y, VR
VR REER AR RV 2 — AT SRR
PR R L 3 — B LA SR T
LN = 6

1. IZL®HIC

EREBEABEMSCKE N REOBIITEABIRE LT, VF U AL A EMITFELZTOEE%
HMLTWD, UVFULALLT U EBHAMEO B TIE, BRRROIRIESOWHE 23 72 < JAV R R ¢ H 7]
RERREAEMOBRBNEELHHOO LD > TWD, MEEBEBMHREMEHC OV TR, A4 v xiE
ORI H T OREARERE D BIF 72 AL D) T 0 A A UARERBFLER I N TN D2, BIRS
ZERFE R TOREMICEN DB R IZ OV THIRWEROF AR F I TRBY, &itA 4
REROE ERLEENTND, HEHE OIXY T U LA 4 ARER LATP (LiisAlosTi2(PO4):) L2 S ST
DRENY F 7 LA A AEIKLLTO (Lays<Lisn TiO3) Z 0B S5 Z L2 &L 0 A A AzE RO 4
HTCET, FEBIT LATP & LLTP #3lE L Ca v R Yy 24K T 5 &4 L7z LLTO (345f#% L C
LaPO4 L 725 & DD | BEFEIRD A A AREFRIIRHAD LATP ([T T3 ERER LT 56 2 Ehboolz
[1], LaPOs itk CTod 5D Z & 26 LATP BEREME I3 L7z LaPOs KL fs ©. Riax %
CELZEMEMBEEK L, T TYFUVLAREERIEBET A O EE X LN (Fig. 1), LrLINE
TOIETIL, A A ARE SRR E OMIZ XHREHT & SEM B O A DFEF N D EERA LA D =X L%
THERLTWAHEMT, 77 a3 A XD5E LaPOs KLU OFEREIZH 502 CTldZe < | RULKFIZ
73R L7z LLTO DDy DB S R TH 5,

% 2 CAMWIGETIL, LATP-LaPOs = AR Yy MBI DA F AMRER W LD A T =X L% HNIT 5
HBEY T, TEM (2 X B0k OB . LLTO UANDOHEIFEENS 2R Y v FO/KRERARD
Z AT LTz, BEICOWTIL, LaPOs ZHREME L9 5 & LaPOy K1l E 21N E L= O FE B R Hsh
BENRBR SN N &G, o - B3AE - KEZHES OILEYEHRYE LT HMERND D, =
TRV NS EITOE D T2 OIC LATPIZ LayOs T/ Ki -2 i S Tk 5 2 Lic k
V. LATP-LaPO, 2 > 7RY >y hE G L, FEERSTHEIREZTDZ LT LT,

TR AT T
Wk G T

Fig 1 LaPO fF L AT TSE R BSE - R E R B +F

2. B

LATP 35 X TOF LATP-LaPOs = AR Yy MIBEAABGIE THEM L7c, LATP (X, LixCOs. y-ALOs, TiO:
B L O(NHy)H,PO, % Li @ TIERA L. 700°CT 2 KifEIBERL L C LAPT BiBFAZ157-, Z ORIBRA &
LLTO & %\ ME La0; 7/ Ki ¥ (< 100 nm, Aldrich)% X U > 77K v M A L, #EERAR—/L I vz Hn
TP - BA LTZOBIRBERIZ LY 2 Ry Ml 2157, 5O BHI B R X#BRETIC L 0
safHDFEIE 21T > 72,
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T A7 RREOFRH ZNES, ANy XL EMEEMR L., 280 2 W% T 50 Hz ~ 1MHz
DB CA L B — X L AP EEIToT-, T RYy "R A A THEE., 77U v RizF <
Y. TEM IZ L DRI H 1T - 72,

3. WRLEZ

Fig. 2 {Z LATP-LaPOs =2 7R ¥ v N TEM B %A 7~7, AAOFERS~ N Y v 27 A0 LATP T, 4l
DREIEAHTH L7z LaPOL KL+ CTH Y . ZNENOFELIEL EDX IZ L BT L 8AEMEZ R LTz, 72, 47
HURL T D& TR ORIIEIX LaPOs D 002 [HEHEEEL —B L, B REPT AR > b b HEEN LaPOs TR
T2 e&ncEl, —HF~ M) w27 X/ RFRAEICERT S &, RAmEICITZEREITBR ST
R A AR L. ZER BT E OIS LB R 2T b o L EZ B 2],

LayOs F /R +Z2 W3 AR Yy FTHEEXBREYT) S 08k 71X LaPOy TH D Z & MR T
& 7o, BRUSEROMBUEFMEE Fig. 310587, OOV RV TR LT La0s 7/ hi -2 HREWE L L
THV /= LATP- LaPOy = 7R Y R E 6 wt%FLE D LayOs DRINC K 0 | #liFe7e LATP @ 2 L4 o
EROM Ea R 7= Uiz, LLTO Z HEWE & L TAM L7= LATP- LaPOy 2 VR v b OEFERE A TR
L7z, AfflIY La B CTHEMELCTEBY . LLTO ORMEIL Lo Y 35, s2H B3 oEEd L
e H0, MRBMEZEZTH LaPOs DA L CHEROM EN RO D Z LD, 2D LATP-LaPO4
gV RY y T LLTO S AR L2 BIAERRDIC X > TA A A8 BT 5 Tidikl, 3
TEARD LaPOs 0 HUZ K D3R TH D Z Db o72 [3],

PR LATE . ot L LT i

4 . d..'l..'.'l- owt 'y LDy
Fig 2 HRN-FEROLATP LaPO, 3-8t - e = 1
MTEME BT eE. B BETROET Fyg 3 LATPLaPO, Ji-mii sk W RIS NIt &8
&, ic PO, EFEERTHYE EEOESENTE O Le0s A LLTOEHE
ic b LE F STk [ ¥

BRELTELEEN

4, FL ¥

ARG TIEY F 7 LA A AREM LATP-LaPOy 2R Y b DA A UAREMER] ED X 1 = X L73,
LaPOs D HUIC L DD TH Y | FifOFEREIXZEMEMEEZTERLET VICTF BB RN 2R LTz, Y
MO TETIXERNMR 2175 FPETH o7, WENPMICEDLTHIEHEMMETETH D, % HE
RNMR AT A7 T 7 4 —FOFIEICLD | S DICEE 2B OV TR T FPETH D,

[1] H. Onishi, S. Takai, T. Yabutsuka, T. Yao, Electrochemistry, 84, 967-970, 2016.

[2] F. Song, H. Onishi, W.J. Chen, T. Yabutsuka, T. Yao, S. Takai, Electrochemistry, 89, 480-483, 2021.
[3] F. Song, M. Uematsu, T. Yabutsuka, T. Yao, S. Takai, Materials, 14, 3502, 2021.

5. HEARRK

Shigeomi Takai, Takashi Morii, Takeshi Yabutsuka, Fangzhou Song, Mizuho Oku, Takeshi Yao, "Conductivity
Enhancement Mechanism of NASICON-type Lithium Ion Conductive Composite", The 12th International
Symposium of Advanced Energy Science (2021.09.07).
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13 2V E—LBHHICLKEINE—F—TE8ET/ HFOHE

SOAHER T, RO 2, BR BN 2, s ERAE 2
U R L AR IERT
PR RS L — B AR SR AT

BH) - LFEHFZED B

ITO X° IGZO IZfRFEEINDH~E— F—7HE KT, BRESIZBNWTH v F R T 4 AT LA
PR ABRICAHOCON T AMEITH D, AT, (bFEHREXERIEE AN TEER~E—F
— 7 EROG AU L, S~ DIGH 217> T&E 7z, LM LN 6, fLFEAIEICIE R—7 7]
RERIGHEL F—7EAKRICKRERHIRAH Y . AR EDBRONTNE S, ZhbORE
R U CHi M Bt 2 BiR T 2729012 DUuET ZH WA A B — Al kb =B 7 & 5EhE, 44
VE—AILL DT R ORI E R AT S Z LA HERT,

AF U E—LBHFHICE D P 7ML L X R 5720, ERIETARAIRERED R—E Y
TRAEFTHEIN TW AR T E D F R+ S LD ATREMEN E LV, ITO X° IGZO (21X
FENDHZA~E— F=7FE KT, HRESICBWTH v FRARART 4 AT LA 72 P4 I HRICH
WHNLTWAMEITH D | LR, FEEMICIEFICEE &R 2R L T0D, HFRFFEEZELTR—
B T K DMELOPERE R 0B 72 e MPE O BAFE S FEBL T AUR, T IS K OEER R M E I X IE R I
AN

AAEFEDILFEMFFEIZ IV TIX, PET ZER EIZ/ERR S 72 CuS F/ Ki 7 i2xf L, DuET Z MW\ 7= A 4
YE—LICK D F=E T E2TV, B A REHTER TOWINARY MO OB Z1T o T2,

EBRERBLOEBE

20204FFE D ZEHL s AL [FIAFFE A 38 U CHERR L72CuST/ T A 7 #PETHM EICBR 195 2 & TF kL
FIEEER L, A A B — AR EREIT o 72, PETHERD Eic, A a—XZHWTTF Jhi+A
VIEBHL, SBICNAA U —EEFURIE N X —A D) BB L, TR ES, S
IRIAfA T N T — A ODRAFEEIC L BEE NS ) R A1,

ERR S 7= CuS T/ B FIEIC HER KF = RV X —B TR O A 4 > B — ARG 2 DUET (Dual-
Beam Facility for Energy Science and Technology)Z FH\ N THeA A Z MG L, A 4 E—AHHIZ LD
WU AR SV OIAbEFHE LTz, £ A E—AE—AL7 T v 7 AX, 3.12E+9 ion/mm?*/s TH > 7=,

CuS 7 KA DOWIL A7 M UZEI L TlE, A 4> B — A ME R CHE R 2T SN 0o 7
N, A F v E—LBEH%D PET 7 4 LV AZIZ DUET IC X 2 EEED He 4 A B — L DREIZ L D
PET O FONBIE SNz (K1) ., ZORMET, ®BTFETHD He 4 422 PET 7 1 /L AL
RAT S, PET RFME ST TlE7e<, BEERICA A B —Ac X5 WE N S iz 2 & BRI &
Ezohbd, ZOMEEMRT H7-0I0%, BENFRZ 8T 5, He LV bEWA A 20T D
Z L TCHEE PET REICHED D, @0 THENREA LT E—LIZHWNEDIIETTH, 2 EREBZLN
Do
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:'.[.lﬂ.mltﬂ.t":l:l:l.il:;:l:l-lﬁj:lﬂ
“n Warselengih [nm)
M1.a)4 A4 v —2oB4Hc X 2 PETEOER, 3XUb)4 4 v e —aBEICk 2@ #EA~<T L
DAL

SHDTFE
PET JEtR BICHER S 7= CuS F / Ki ikt L, DuET Z# W= A A B — AL D R—E 7 %17
WV, B ABREEIE COWRIARY NVOBECEBIZE LT, A A E—AIZLD, CuS T /ROl
AT N ZBHERZEITRD SN o728, PET IXEANR OGN, 5%, A 4 v — L REE
OBEEMECMEREMEZFTMM LoD, B4 4 FOA 4 E— A0 EORELZED TN T
ETHD,

[AEAFER U A b]
M. Sakamoto, T. Hinoki, Y. Hayashi, K. Yabuuchi, The effect of ion beam irradiation on the properties of hevily

doped nanocrystals, 2021 £ 5 11 Bl r /L X —B T2 EATERS > AR T 7 A, 2021/9/7~2021/9/8,
T4 VEBREE, RAY IR
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1.

HAMRERREAD L—F—BHERISIC L DREHRAEE

FEFETEA !, SRR GEN Y, MBHme !, 5 RE?L B g Rk
A RS, RCRRER S, KEERE
U H AR R
THAKRTE ETREEIERT
3SETER AR L — T SARF ST

IXC®IC

Laser OIS BT E oo TIL LS, FEFHE, "N, StsfE, B & o, FKE
FrRETHHHAINTWD, Laser [IPERONIR & 1XEe 0, HEAMk, famtE, DO L OT
Wik BN Z A LTS, 2L, il L—3F — a8 CRAET 2O RIL, BER
[RONDRENRHDH, £IT, HAINTZONIEGZ CHRAT I HHEFZFAHATL2HEET L
—— (Free Electron Laser: FEL) Th 5, WEAE X5 Z ENHEET, AR HIR X HRAEIK
ECHAMTRETHD V.,

HARKZE A HZEHER  (Laboratory for Electron Beam Research and Application; LEBRA)
T, HE 400nm- 6 um (HERAIZE) FTOFEL ZRIEL W5, —J, REKZET R/ F—H
TF9EHT (Kyoto University: KU) Tld, & 3.4-24 um (FEFZ) £ TOFEL %KL T
%, W FEL fiigx 2 LEAMA$ 2 Z L1280, TR (3.0- 30 pm) O TZ72R R O b 52
BICKIS TE D BREN 2, F7o, EERAO PRI iR O FEL 1ZEERRIZR 5 D
T, EBROBRZLOLUOMGECEEREREE LR > TWVD, £ 2T, Y TIEHIRIMEFER O FEL
DAEBOERIERMICED X 5 R b= b3y, Wil FEL 2925 2 & TREET A EE
DO ZFERRIT, AT E LT, HEIZOMEMRIS O AT > TE T,

AWFFNT TR G AT, BB FERDEG O AIKICEEZ T % Corynebacterium matruchotti
(C. matruchotti, ATCC: 14266") % 3®IR L7z, C. matruchotti |ZA L7777 — 7 HiZHBND
corncob DEDEFOME TV, TN T AR U OLFAE N CHEBNICAHKAEDNEE 2, 1<
ONDOEMIZBNTHAIFINA RaF o7 8% 4 MEmERS ET2HERH L Y, 4E, H
AR LEBRA-FEL, FEBKF KU-FEL % HW\CH O AR L2 Il S 2 3 K3 LOH ) OB E
Z AT ER 21T o T2,

2. G

Corynebacterium matruchotti (C.m, ATCC : 14266) % Brain Haert Infusion (BHI) +0.5 %Yeast {%
IREEHC THEE3E L7 b D % BHIH0.5 %Yeast ZE KEFH (plate) RICHERE L7 b D& HE L7, plate
1% FEL FRESERT £ TR NI ThRAF LALR Z2 80l U7z, F25EFIE LEBRA-FEL Z & 3 um B XLV
5um T 1plate 729 15~480sec, KU-FEL [T} 9.5um, 8um, 7um , 6.3 um T 1 plate &H72 Y
1-20 3RS L7z, Wb o 3L X —8 1L 140- 250 ul/em® OFFH CITo 72, *FHREEXF UB
BE N C FEL SRS SR WEFTICIA CIeR, #RE L7, FRSTE, FEBRREIS XL ORI ERED Plate (31
YXaN—varFyrn— (37°C, 5%C0;) WICTar=—RRAHERTE 5 E THEZIT-
Too AR =— B Z i, FEBMEE TIC L 281, Floan=—2BmWML 7V —XFZ 11kl
7o ZV—=ARIAMELIZEKIL, =y 7 ZEWTEE (XRD) (2T Cm OREEZHIE LT,

ek, AWFFETHEM U7z I ENLEAEN LT R A S 2 2 B EICRB\ W T BSLL TH Y, H
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3.

4.

1.

2).

3).

KRFREF W FRAA 2 A 7T 4 —RERIGHERTH D,

il Fag
[ i

A EOFES A5 LEBRA-FEL, KU-FEL O£ 3-
9.5 um &MU L72BRIC, Cm 2 v =—fER D%tk
BELO XRD HCB{b 245D LR TET,

Lsp

HL7ZHOIEFEROREEDN, HELZEEZRL,
[ S PRI IERRN T L RIS RE THh o7, 6.3 S st
REITAHAZICZ 0, Almic PR fEE N7E O 5
f:o Tz, WEISum U EEZBE L7z CmED 2

=— (X3 FEPHE (Rough)72RREIZ 72 > TV D

Cm 2u=—fEROE{%E FXIZ=T (Fig. 1)

aw=—@JZREDS FEL & 3.0 pm <° 5.0 pm %

um L EOWEEEZRE L Cm O =—0DF :-- -L .:-.~..:--4-_- o B 4 Yt gl Fnb e
au=—ZFRO T, WIS REE & L, B HLE

BV T LT e, BEERNOAIKIEM Z R X

WS Gl FRIC R (Fig.2) . ""=
B 6.3 nm OB & LB, — Mtk b ;

U WA 2 A (OCP) &b b T P o e
AR LT, RN LGl TS E A M B e § ek 0 i, A Mk 5 ik, M

v % Ll T [l sl s ma fa psleew sedagle s pe

A EEE SNV ERMLNTEY, £0

7o, TREA MERO S ENIT LR DRIEE L LT OCP OF/ENTRS RBEINTETWND
L22L, OCPIIALZETEDOBHITZ OO TEH LV, 5%, OCP THIHMEL L TV 72Dl
B A BERT N B D,

2% I

[ESEAFFEBHSEIE N AR AT ZEBR s A e L — 3 —2#E  (08-01-03-15)
https://atomica.jaca.go.jp/data/detail/dat_detail 08-01-03-15.html (Accessed 2021-06-01)
EUR A BRI RACBIS, AT EMERS, 28: 489-497, 1973

. Ooi SW, Smillie AC, Kardos TB, et al.: Intracellular mineralization of Bacterionema matruchotii. Can. J.

Microbi, 27: 267-270, 1981
Sammons R, Wang A, Thackray A, et al.: Bacterial Calcification: Friend or Foe?, Nano Biomed, 2: 71-80,
2010

FRXHERY A M BEIO TAREBRY A b 22T

[REEFRER Y A K]
T. Kono, T. Sakae, H. Okada, Y. Hayakawa, T. Sakai, H. Zen, T. Kii, H. Ohgaki., Carbon dioxide gas fixation
by laser irradiation response to calculus forming bacteria, FHESRT £ 12 [l R /L — B T2 0F 90T
ERE AR T A 20219 A 7-8 H, A2 71 B
EFET R, SEIR SR, SR, R, St KR, EJII%E& il 2., HHET
— =D WE S EISH~OBLR, 5 35 B A ARBE LTS - BEOER AR Y R /T?A
20221 H 790, T4 B
ERPSERE, TR, SRR, IR, e, FERRERL, 0, FHAE, ENSE, KEEH,
EJH*E&, FLEEY, MBHmZ., BHET L —F—RENZ 2B RO AIKILREDZML, & 127
5] A ARSI - REPIES, 2022 453 H 27-29 B, KBFERE T
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KU-FEL BRI K BT * U BT H_ERBH» 5D
HIRER O - RIS EBVDRE

Bk, A e, RIS, 5 ORE !, EAFEN Y, R 2, KIEH 2
NN NES e =
2HAN RS RV X —H TR SEAT

oA

1. IXC®»IC
i'f%,ﬁ HHREEfL— ‘H‘— (Infrared Free Electron Laser: IR-FEL) X & H 1O HEEE L A L —H — KN
FPHEE O e n] 2RI BN FE e A L, SEIFERESBHCHIRE L TRIHERTWS

E'\%Bj(%iﬁ\ﬂ/ﬂ? fiIstﬂ? Ff > FEL (KU-FEL : J%&#ilH 3.4~26 um) WO A A KB AR 2228
AT e #RFI A FERiRX © FEL (LEBRA-FEL: J&R&iPH 0.4~6 um) ZIEFEFIHT 22 L1k, 7l
7’575 5T - EIHF&?H% Ehﬁ%ﬁ%%#ééé\ﬂ%ﬁﬁ%%ﬁﬁﬁ 272 %, &<, R 4~6 um Z Wfigk It
WZHIRFTRE 0 728D H7p o 72 fii% @ FEL % ] Lf@@%.ﬁ%%i@uiﬁ%%#ﬂ Lo TND,

HEEE 51 NR-FEL NEWOABERICED L 5 B ET T 7 AV BF Y T=DOHRRERE -
IR Z R BHZ PRI EBR 2 S5 L T D, ZORER, 7 AV Y H=DHRERE - BRI, R
FEIE DS & PARAMREEIR IO ISE T 5 Z E RSN R o T2, & AT, ITRAMED D PRI RS T 5
BREIHLWEATH S, ZORKISOMEERIL 2 #1720 Lb\ﬁmk&bﬁm XAHICTE %,
MEAERE TRV ] @ A max  (Spectral Sensitivity) Z##7E L7- (A max : FEL 14 ym), SO BB
EWEIG ] D Amax ZfEETHZ & THDH, TOME HEVKIE] O 2 max X 10 um~12 um & HEE
L72. DAFICYEE GREER S : ZE2021C-11) OHFZERRIZOWTERE L2V,

2. VY H=HEIR~0D KU-FEL (IR-FEL) FBEEE : BRWKIG] D Amax DFFE

7 AV B A =OBIRIE R ARIMEREE O FEL (KU-FEL i O LEBRA-FEL) % B35 & 2 M5
72 5l FE (Electroretinograms, ERGs) ZUNEET&E 5 (FLFMFZER RS F 20202C-05 Z ), lA
I$H U A =#HR% KU-FEL12um (0.25mJ, 1.5Hz) TR L7 & XD ERGs ThH D, 10 BHEFIC
V. 15 O3 K (Impulses) ZiBH 5, RV =31 — (Sm)) THET D LMWICZRD D %
DD, Held THEY IR LIRE 32 LB EIREN W92 (X 1B, C. D), #& VIR LUESIC L 55K
B ERBORAIE, 025m] FREFOGAICHBIE SN IBRTHD (KNK), 7235, X 1E ITxtiERIC
EH LTV % LED 590 nm (5 mm i 3#L%Y : flash &) ORI KIGT 2 EHR2 S D ERG Th 5,

| ER
w0 |
|
1
1

- et RS N ——

(1o

iy

& H'I‘n.l-h'\-

o T » sk | . = - m !l': e % m f = m
B C D E
WU H=EIRA~OFIRIR (KU-FEL) PR&H5EER & ERGs
: KU-FEL 12 yum (025 mJ, 10 #[#R&) . B : KU-FEL 12 um (5.1 mJ, 10 FOERRSH) oo #)[a]FRE
130 FVE D[ 2 [BIH O, D2 BIH2G 40 B2 O 3 [0 H ORST, E @ LED 590 nm @ xf F5EER

X >
QP ~
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WIT, PR OWE (EH L2 B : 4um~18 um) ZHET 5720, 10 BEOWRKN T
15 BDOFRKEERD D Z L&, FFEOWHE (BT RLX—3—8) ITEIF L TR AE &R
ERT I EDND Amax ZRET HFERRAZ I LT, K 2 IZFRIMEFIRO AP RITH L C—E D MU
TR — (A:025m], B:1.0m]) CHE L7 ) I =R D ORI KA BDT- 7T 7 Th D,

Irradiation Power: Irradiation Power:

0.25 mJ 1.0 mJ

g [}
2 60 = 40
o
E £ 30
o 40 —
5 S 20
Q
LR | | o
Z 0 Z 0 (I n
PP IR RN IRCIPUIIN OB D Wb D A0 kR
& & & > & & Ny
NS Y PP PO
KU-FEL wavelength, pm KU-FEL wavelength, um

2 T AUAY Y A= RN 2 IR L CIEE L7z ERGs H1 D%k EL
RS LIZRIR DY 7 V80 8 (I 2 B A & e 2 fE iR D 24 1R

207775 TEWKIEG] @ A max (Spectral Sensitivity) % FEL 10 um~12 um & #£7E L7z,

[+ 0]
WESAERE (GREEER B 0 ZE2021C-11) ORBS FEE T

@

@

EWVEG] O A max Z4FET 572912, KU-FEL FRMEOL P RE (4pum, 6 um, 8 um, 10 pm,
12um, 14pm, 16 um, 18 um) O T XL F—% 025m] & 1.0mJ (% E L CHAS 25 2 3206 L
oo ZOREF. THEEWKIS] © 2 max % KU-FEL 10 pum~12 um & #E5E L7z,

T AV BV T =GR FIRIE RIS T % ERGs (&, B = %L F — OFRFHIKAT L TIHK
O & HRIE O TR H3FRD H AT,

[F— 4ok O AR SMER 2 B RO IRR CHEIRICHE 0 IR LRS- 5 L 38 KB D) EIRIEN /NS 72 5
ZENRBO BN, ZORISTR ARSI A~OE L (BT EI 5 OBIME : habituation) 72>,
F723, HIBOMEIH A — I L DD OV T, BN T, RiETh D,

[FRXHERY AN BEO TABERERY R ] 12250 T

Dm1$§ MR Y AR YL

(2021 FEEEAEAFER U X 1]

1 F. Shishikura, H. Zen, Y. Hayakawa, T. Sakai, Y. Sumitomo, T. Kii, and H, Ohgaki. Analyses of electro-
retinograms from crayfish’s compound eyes evoked by KU-FEL irradiation: Fast and late reaction. The
12" International Symposium of Advanced Energy Science — Research Activities on Zero-Emission
Energy Network —2021 202149 A 7 H (F v T4 L F83)

2 RAXK HAMETL—V— (KU-FEL & LEBRA-FEL) OAEWERIGAIFE—RFEOMR &
JB%, KU-FEL - 8 1 Fla—H—I—=7A 27 20214 12 A 16 H (T 71 U FRK)
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HEDE TS DR VT L— 8 —ORLSENE

RAE— Y, mERE 2, BRGNS, WEE Y, HEREN Y, RE S, AR S,
IREFVE 2 7, NPT 2, BCERERER T
VR KPR Bt 2 PE B T 2R 720
PHA KT oL X —H TSR SR T
3H Ak K%¥: NICHe - &)@ BHF 72 it
YER KPR BRI R T2 Je R
S HAL KRB AT TR
O f S B TR B TR
THE R E e L X — R R

1. Wroet &

FHEREDE O EROMRIL, FHYEZICB T 2EERFEO > Th D, FHFEWEIL, =
F TR A RFEHBMOT — X 0D EOFENRR S, ZOMWE & U CIEMHX R 722 H B CHRIFTN &
HEH L, WA ALIER & ENFHEAEEROA % T 5 E VKL WIMPs (Weakly Interacting Massive Particles)
WA IR EN TS, FHEBEEYE O EEOMFIL, FHOEELCEN DK & Vo T FHEY B &
OFR T DORBICORNBD Y,

WIMPs (% Z < FilJR 7% & 8725 LU CHMERGEL 2 =9, WIMPs [EE2RFRFERR TlX. WIMPs & JF 1
B L OFMERBELN L Z - 7R I 5 S A KBk— R VX — E,. 2835 Z & T, WIMPs %
BT 5, E, 13, WIMPs SOBERR OB EIZH X503, TR F =R X ZH keV~% 100keV LA
TETREND T2, AR L F —FIRIZ 31T DM RO, =L X —4fERe, b 1-inI6e )
LOIEVERENEE L2 D,

WIMPs |2 L AR FEKBEE . BT L TEMSNAHIEEFOHIL, FUEB=RLX—Th-o
THERRHZENMONTWES, —KIZY v F L —F — |5 SN g L X — L 8o B
RITE T OESH T XL X —CTHEFBSIT 6N, Yo FL—F—Zko TESNZT R VX —3E T
HTANVX—E,TROLNTWD, BEFHET X — L Bk 3L X — & OBERIZITHEAR
#(Quenching Factor : QF) & FE[E L, B KBKFEIC L 2ME =R L ¥ — E &R N Bk= L ¥ —
E W ZEBT H72DICNETH D, QF ITKRORTERIND,

FATMFEIC L D &L Nal(T) > > F L —F — DK R L X — O R FOWEM 2) [iTiE s >& 0
HY ., FEEEAELRBESNTWS, £ 2T, PICOLON TBi% L7z Nal(Th)> > F L — & — DK+
DORNE % R AT,

2. EER

WIMPs & 7-8% & O #BELCH 2 65 R KBk 3
X — b EEHPE T SR E OFEEGEL T 2 Hivd =R
NX—ZRBRETH D, AFIETIE, REARFZ R AT —HT
ERFFERT O BRI R A TR 265 L. DD A s
(D + D—3He+n + 3.27 MeV) (2K 5 2.45 MeV Hi¢a i+ %
UVWNC, WIMPs DA = L — R RZ I Bk 2 185 U 7 R 21772 -
77

Nal(T1) THUEL S A7z Ve O BUELA & A RIRFIZE R 2 72
WIT, 6 KOWEEKRL > FL—2—%K 1 ORRICEE LT, IR
VU FL—F—dEmE T o~ Ny 7 ST RO
LhRHAT RN EETLILDEMER L, Ny s VT FNE
GO E X 7=, £7-. Nal(THRHZE & iRKS o FL—F—
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DERPIEE LTRRZELZFT D 2 8IS E > THEF DNy 7 7T 00 FERZNRINICERET D
L ERRT,

3. (EE S

B R11% (Pulse Shape Discrimination : PSD) & HPETF-TRITIRE (Time of Flight : TOF) % #HA5 1o
D EICEY o= AMOWE CHE LIhtEF R Stk oy 7 77 v FefRiL, BN
DHMEFBELA N FOFERIZONWTHIT 21T o7, JRFEERBET RV X —O P HELA 1281
LAERFMELHERT D22 LN TE,

QF ([ZDOWT, BFRFROMTHRE R 2R 1 IR T, EEOWIE L FERVHRZGL Z LA TE I
M, THETEY bIEANZ R LT —FHIROMEZ RO D Z STk LT,

ZZ 1:Nal(T)® QF fEHTHE R, (GHHA)

e ) 25 30 37.5 45 525 60

E, [keVu] 19302 277402  41.2+03 59.240.3 79.4+0.4 101.1+0.4
QF [%] 1442 1442 1742 1622 1742 1942

4, FRXHERV AN BLO TOBEERY X M)

[fm LR Y A B

1. “Quenching factor measurement of Nal (T1) using monochromatic neutrons for dark matter search”

Yusuke Urano, Kazumi Hata, Reiko Orito, Shunsuke Kurosawa, Ken-Ichi Fushimi, Satoshi Konishi, Mahmoud
Bakr, and Keisuke Mukai, Proceedings of the 35th Workshop on Radiation Detectors and Their Uses

[HBERE Y A K]

1. TPICOLON I BB HE SR Bt th - & F N 72 Nal(TDOER FIE ] B AR 76 [A]
FRRE 2021 43 A, HEFHES, TS, P81, BEBEI, (KA —, /a2, Bakr Mahmoud,
EERE

2. ”Measurement of the quenching factor in Nal(TI) scintillator for dark matter search” TAUP2021 17th

International Conference on Topics in Astroparticle and Underground Physics 2021 4 8 H, Y.Urano, K. Hata,
R.Orito, S.Kurosawa, K.Fushimi, S.Konishi, M.Bakr, K.Mukai

3. TH@ R % V- FHR B EEER A Nal(T)Y v F b — & — Dk = 3L X —FF R Bk B 1)
DR HE S Tk itias & 2ol H) (BB 36 [0) 2022 41 A, BEFHEN, )AL,
e 7, BEREN, M, (REE -, ki, AT, SEEER, mHE

5. HiEe
AR FATICH T2V | ZE P ORI REBHEEZ /2 0 £ Ui, BHAiFse g B9 (A) 19H00688
DOEHZITTEY £,

6. BE IR

1) K.Fushimi et al., RADIATION DETECTORS AND THEIR USES Proceedings of the 35th Workshop on
Radiation Detectors and Their Uses in KEK, pp.43-52.

2) H.W. Joo et al., Astroparticle Physics 108 (2019) 50.

3) K. Yoshikawa et al., Journal of Plasma and Fusion Research 83(10) (2007) 795
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fAA FILTSXTDREDERIESOMETREHT
KIEHEY, KBEN 2, FE !, RS

VTN RZEIS T SR e T
PR L — B AT SR

1. ArzEoER L BRY
B 77 A<F7E Tk, BaARISERESE D L TRk b b EMEiE T 7 X< 0 FEBIZ AT

T, 77 X~ OELFEGRE O KIS E & 2 DA = X LOMANEE TH D, 77 A~ DER )
DEENT- A7 LA A T7ETIET vy 7 EMHEN D IEIEBEE N EH SN TWWD, A7 LA T F T
J& DB ERFEIEEET NV EHE L TT T v MZRD 0T <, 7 u v 702 X 2 FENEE Rk 23 JE0 5
DT T A2 AithilEE X T 5B LN TWD, 78y TOR-RPEOEFRIT T 7 X< B R O5EN
GLIEEEh & B 2 DL DD, WE ZEHEE O 2581340 CTh 5, AWFFTIRETIX, JEMmIITEE
ELIREREh T — & ORFHENT 28 U C, W OBREEZHOMNCT 22 2B E LTV 5, ELTEE)
XTI < AL EM R IR E 2 I & L, A7 ML TIEE—7 ZHFNT AT S VIED A
Do TEIS ., BRSTOTA 754 LPEL RTEREEEFFORENH 5, FHOHRNH HREER
FENTWEEAEF Y 2—T Ly METAERTH L0, £ 95 TROWEEIIHHRT A FEH TH 5,
AMTERRETIZ, TT N EDOHIRLEDOIERIZ L - T, EEGICNET 2 O REHEEZIRZ D 2
EEHEL LTWD, AFRICENL D, B LIAD T T X~ TIEARW A UEELFT IR AE 0 Kk A +5 B Bk dks
A - BN RS OMERE R OIEH U AR RIRZERFHI Db 298 21T > C&E 12[1], F7=.
WRHIRAIT I I B BL R & L CEB e fRiE N RO b s, @E B AT REZe A A4 L R E o E
ALED S X VEEOMFEEZSD OICHLEE (EERICE TR ERE 2 /TIcBS 2 5tz
s < [2], WEREOMEIREE LA KBS FTREZR 5 FE 27 T 7 4 — 2 AT A & i3 5 (3]
R E. ZAMCHIEEIT > T D,

2. AUFFHRE AT D RTEELRT O R OERS

AWFZEITMEGRE TH Y . EBRO T L XU T 4 — 2RO LIAD T T A<HEETHDH A~V A b
2 UNZRWT, ZNE TS 7 A EE OBEF O EEN 7 — # [4] 2 W CR{EMEE I 2 D
NDMWE I PRER L Tz, REE XV FTOMIETIE, ~VU A4 b e U IOEREEN T — Z 220V TIE
T AR IR RIS BB OFE (HRERIRDE—RA L M 2Ty FOBESCIHRORE) MK,
WEE e, BLIRICRTERE N FET D MERET D700, RELEEDOHONRTRY v 7 728
RMEZ IR L= T VSR Lz, ZOET /ML, 287 — 2 BNRTEL Ui 2 R o fREhie ok
REN DS, REKEEESE ORICK=aS*+b &\ 9 BN & 5 LT 5, T — Z T O R,
BEAFT — X IZIIK ESE DRI R Y » 7 BN H D Z EAVHIBA L, 5RWELTEES T H A0 S D%
M RTEREE OFIE 2 RE T DR G D NT[6-8], — FEEFOBEEBIA S OT — 2 b ix, /X7 R Y
v 7 RBRBEREEEE L TRWEEND Lo, EMEREZ AT EIXTEno72[9], -
WRHRE X+ Cide <, iR L EMER EREN ThH o7z, EEORERET UIE UIREERT
I S v, E RIS E L EALE OFBICHY L, BERE) L BAIREIORHEN KD 5D,

3. KEEDOWEOEE

AAEET, ~V A b IO NN—T I L > TR LN HRERT — X 2T+ 5 2 LN T
72[10], FEBRIZIZ RN v e —TnHWb, EHEE, ERE, EMEM OV L fEEhED
BN THETH D, BT —F ZHGE LBICEERGWE BN A ZE/M 1 S0 70— T, &
FRAX X BT TeBROT — X BT Uiz, FlEEMN OARIT T 7 X<IZiE D T2 TAIZIKT
LT, AT VRN 21T 9 &, $ kHz~%%10 KHZA5 RIS W ELTREZREIN L5528, B XL 210
kHzD = & — L > 728 B 2 FERER 8, — 07, BELIREEENC DWW IR T < . A% ILH
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(a Var (b) Skew (¢ Kurt-3 1 EEROEKE
' — A v N ORI
' — . [ 6. (a), (b), () ETERLEE
Vi Vg ™| Ak | B () (e), (i
. ' 4 B O TN,
A | pt/ BEE, AHE R R LT
X : % BB EIEEO
(d) (e) () GEREME R T L. T
) b | SMUTA S L ITIEID
Ia-'l:l gz b f 'J | r_||' B 1L 20khE
, . X, NI e—T
] |y E T B 2 SO
\ZFE Y9 5 [10],

FWEZ®DLLEND D, K1, FEEMEE L A A gl EE) BEomRE—AL MO
B amd, BIFNENT T A nbiESNDICoN T, B0 SR EN BT 52 L
PG o T, BIZAITEREIIREORENZ KRS 503, 7T AP bEWLETEENAS L
SFIEICHE < 72 DA 28 /5 7z,

4. S%OBRE

~VFray JORIAT =TT, BARICERCTRE SN0 —7 57 —Z )b HEdho
BGPTSR CTh D, FRZ T T X~ OB ESCENIEB O RIRFRUFIC LV . Bk O 23 7T RE
Elrol, EEIORGHBRIEDBIOFREEND Y — R 20D R E LT, S %O & L TIROW
RERELTND, 1. BFANCE LB R OFREZ FIRFHE L, 7 — & RO % ISH#IZ 8@ L CHEE)
D3W = AWE—AV FEFHE L, NTRY v 7 REREIZONT I E TE Y ®BWHEHEE THRAE
T35, 2. 8T —AEIOWVWTEFMEOMRS EFRENZFHRE L, XTRY v 7 ilifn b oz s
BIFIARRE & OB 2 a5, BT 7 A~ b WIS ORENI 7 n vy 7o X 5 RiED
FENIEOL EEZ T AEBTICE > T 2y 7ORICOWTEMR AT TH 5, 2O cliL, =
t— L FREEIORELZT R MLERH Y, TOFEORELERD LN TS,

5. BE

1] Y. Nagashima, et al., Phys. Plasmas 18 (2011) 070701

2] Y. Nagashima, et al., J. Phys. Soc. Jpn. 84 (2015) 063501

3] Y. Nagashima, et al., J. Phys. Soc. Jpn. 89 (2020) 093501

4] S. Ohshima, et al., Nucl. Fusion 56 (2016) 016009

5] D. Guszejnov, et al., Phys. Plasmas 20 (2013) 112305

6] Y. Nagashima, et al., 2 8 [A]l= ¢ /L X —F T AT EES v > AR U o A 20174F9 A 5-7H
71 Y. Nagashima, et al., %% 9 [B] = %)L X —H T 2RFFEATEER O o AR ¥ A 201849 A 3-5 H
8] Y. Nagashima, et al., %5 1 O [A]= /L —FR T 2AFZEATEES S > R Y7 L 201949 A4-6 H
9] Y. Nagashima, et al., 25 1 1 Rl /L ¥ —PF T2HFRATERS S R Y 7 A 2020429 A 15-16H
10] Y. Nagashima, et al., %5 1 2 [A]l@= R /L —F T22AF2E A EIER S AR ¥ w7 A 20214E9H 7H

L T e B e B e I s B e B s W o W e M |
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T3 XD - #E (ST SHRKS

AT 2, i m

VR RSB S BRI TR v Z — Y - I T T A~ B g R = b
PR R RABE = RV —BENTIER, R R SE T R L 2 — BT 22 R SR AT

%4 OWMEIRETHLHT TAVII, G 7 IR~ KE T T~ Bt ICH T I~ | FHlf - RIK7Z
R=lpl | EHSGE A OIS O EERT2H HEAEL CTEE CEEREECHREZAIHL, 28705
Wi I TR D — Ui A > TE Tz, ZNHO T T A< 1T, BB B GR-CECE B B 12 S<ER DM IETZIT T
VAR TR 72 5RO FERRIAE LI R I S L SN AD MR THDHEEBIT, FFZE A — LD RIS TR A
W O BRI T 22 - A REL CORMAERSA L TWD, ZOXH72RDOHRIT, F
22 A — )V & R E D FEIC PR E LT E R DT T —F TR AN H D | 8PS E D SRR R 2 —
() « @ AR BERR O FAHL 0, Z D DRRGIEE 2 G YEMERR AT TH T2 D T LR OB R D BND,

AFERIL, T - Il — T —REL T, DERG 77X < 2B 1T TR~ )TNbE X x5k
I - FEPHEL R D 3 FEIRANR A DIB R TOIRI T IXAvR Za =y A, BemIyviarm s
— S E MR A T A = XX — @ A R A HEE T YIS OB E TR M A A T AR
DENE 2 DOy BHICNE T HEARFELZED NI G T 22818, 7T X~ 0772 Al REE 218K - i
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BTSN T &) § 14 RIOSE (RS 4 [81/48 4, SeB 114 [81/59 4, FERIEHEE: 2 [01/18 4, 73 Bk
Wr:1 [0]/20 4) Z2EhE, 4 145 & D Emmlc S Lz,

ZOW, H 16 FlIX, B AR B [T —L —F —Hiffr L
BT R — B ER OB REEE E A BT D
(2020 £ 6 A) &3, TORYEEDEFT -7 = [H KPR
RFPLEHRLAES OMEHEIZHOWTE AT, %
72 KENIF TOL —HF — RS st O R 251 T, Hmo
WELZBAT AR Rk imma T o7, & 17 IR ey =7k
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5, TR — BRI R E RS e X — D% iE - B X
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i ICT HMICE B EATI v a VIV ISOURHLY
YT REDWHE

L R R

VRS R4 BB (TR - KPR T L F —RRER R R
2 FUEB RS L X — B T 2R SR

1. IZCHIC

By ZR BRI L DR 38 IR ERIR R L T A S IR I3 e e n oy I v v a U, R
FEEIL 2011 4F 3 A EEEF BT HEN CIARZRBREGYE A2 Z LTk, ez L
THEBENEFICET T, 202 EAEPE O FLX — ARG 2 B AR, Bt tiEkiErLr;
EOHETELSETWD, ZOLIRIFEFHEELHINCTIUE, WThotrol vy gyl
¥F—Thit, BARKEOZLVELORKIK &, BREER LIl EREZEL-En I v
VTN F VAT AOREFEELRELT D Z LN EMZRICETHEEZLND,

2020 4E 12 A 25 AFERDEBUFIZ 2050 7 —R > =a2— F IVERE BREIC 7 U — 2 R 2 5

F LT, &2 TI/MIBOKIE, EdE, BRAm E WO R+ 1721 TR BATR D L F—D R
HK, BV - FEHIFIC L 2 ER T XX —LRB K2 O A 7 RX—v a VIEDRFIZE ST D,
ITFERDE CIERF KM X280k, R, LA & CEg, Wl &4 07 73 \EE%
JAFREPHIE L TND, ZOZ LIXEBNFIH - HHREEA 770V V= 2D dH Y HPNEE
METHD ZEERET D, T CHEFAPLFEAMET RLFX— EV - HEEHIFICA 2R L
CRIEEME A EIE L Es s 3 ERHE L TPenI vy a VR X —OElE» S D L
DV NTERERA VT ITRERDOH Y FEER LT,
2. WS 3 E D ERHRE R OME
(1) Zedi ICT $IRIC kD BRIy a1 77042V V) 2 2T T Dl S & i K P FIa% v
VRAT IR — B TSRS ARE SF(M-554E) D1 i @I Iaf 3 £ 5 H 18 HOK)FHRICEY
ZE Web SO NATVYREXESHESME Web ZMONAT VY RIEATEBLTZ, 7T My ~DL
VLR V=T V7 OIS R(HARI IR, AR 858 ) e 7R e TP e R R (SRR ) AR AT
BET L — DR LK FBO BT FTRENE (5 1138) Ok 3 R VR T I3 ELH A fRET 1
NR—=DBB~OREIBITDE T A A =2 1, ZINEE36 4 (25BN 54, WEB 21 514),
(Q)EBE &% STSS/ISOFIC/ISSNP2021 [ZBWCHERIE vy ar TR EICTIZL DR 1 iz o5k 24 3
11 H 15~16 HREILHRE Lz <R vartvr 2 —BL A T A /(ZOOMIZ LD ATV A T E i
L7, =Ry =a2—bZV 5012 COFARTRET RX — L H - OB O ICT i@ HL7-tts
Hasa=rr—vay (5)IEER) Ve 7 PSA OSLARTOBEBIEHEMEMEAT OO DA T T N7 4+ — 4
(Yang Jun), 74 —R w7V —7DHLHFTADE MG (FAAE) . PWRIEZBREI O FEMESGE DT D
T —R DL IVT A HVT A | fi#HT (Ma Zhanguo) . H RHIEED T 2V B (A JEFIR) L 17
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FY2022 Institute of Advanced Energy, Kyoto University
“Zero-Emission Energy Research Base”
About the Public Offerings of Joint Usage/Joint Research

Purpose

Our research base provides relevant researchers nationwide with advanced and interdisciplinary
knowledge/information and access to research facilities/installations possessed by the Kyoto University Institute
of Advanced Energy in an effort to promote energy research on Zero-Emission Energy! with the goal of solving
global environmental problems. In this spirit, we have the following public offerings for joint usage/joint research
in FY 2022. With regard to nuclear fusion research through joint usage/joint research at our research base, we
are looking for research themes that are not included in the interactive collaborative research carried out by the
National Institute for Fusion Science within the National Institute of Natural Science.

Body
1. Description of Public Offerings:

We publicly invite applications for the following four research areas directed towards Zero-
Emission Energy: (A) Planned joint research, (B) Proposal-based joint usage/joint research,
(C) Joint usage of facilities, and (D) Research meetings. For (A) — (C), applicants may
apply for one category as either a research representative or a user representative.
Additionally, applicants may also apply as a meeting representative for (D).

NOTE: Applicants may apply to (D) in addition to one of (A) — (C).

(A) Planned Joint Research
The applicant proposes research based on the themes set by the Joint Usage Steering Committee
of the Institute (hereinafter abbreviated as "Steering Committee”) to promote integrated research
among existing fields. Research in this category is conducted in collaboration with researchers
of the Institute.

(B) Proposal-based Joint Usage/Joint Research
The applicant proposes a unique research theme, which is conducted jointly with researchers of
the Institute.

(C) Joint Usage of Facilities
The applicant proposes a research plan that utilizes the facilities of the Institute.

(D) Research Meetings
The applicant proposes a research meeting on Zero-Emission Energy research hosted jointly
with the Institute.

2. Application Qualifications:

Applicants must be researchers of a research institution (e.g., university or a national/public
research institute) or persons approved by the Director of the Institute to possess an equivalent
research capability. As a general rule, the applicants are required to have already taken the
course of research ethics education offered by either his/her affiliated institution or public
agencies. (Depending on the situation, he/she may be required to submit the certificate of course
completion.)

I Energy system that reduces or eliminates carbon dioxide emissions and harmful substances.
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3.

10.

11.

12.

13.

Application Submissions:

Applications must be submitted through Google Forms during the application period. (After your
Key Person has checked the application)

Google Form URL: https://forms.gle/LFUeSe0i39TBNJgR6

Contact Information:

E-mail: ze_shinsei2022@iae.kyoto-u.ac.jp Tel: +81-774-38-3413
Application Period:

For (A) — (D), applications are accepted until noon on Friday, January 21, 2022 (JST)
Application Results:

The Steering Committee determines and accepts the applications. For themes that span multiple
fiscal years, a new application must be submitted each year in accordance to the public offering
procedure.

Notification of Results:

Successful applicants are notified in late March 2022.
Research Expenses:

The Institute provides support within its budget.
Travel Expenses:

The Institute provides support within its budget and in accordance to Kyoto University’s Travel
Expense Regulations.

Insurance:

Graduate and undergraduate students, post-doctoral fellows, and industry researchers at the
Institute for joint usage/joint research must apply for the Personal Accident Insurance for
Students Pursuing Education and Research (including Incidental Liability Insurance) of the
Japan Educational Exchanges and Services or its equivalent. Students (including research
students), professors emeritus not belonging to a specific entity, and researchers from abroad
whose applied research theme has been adopted, must apply for the “Personal Accident
Insurance for Students Pursuing Education and Research” or its equivalent.

Facility Usage:

When using the Institute’s facilities, all rules of the Institute and the instructions of the
personnel in change must be followed.

Radioactive Isotopes and Radiation Generators:

A person, whose research requires the use of radioactive isotopes or radiation generators, must
acquire the qualifications of the Persons Handling Radioactive Isotopes and the Persons
Handling X-ray Equipment from his or her home entity prior to coming to the Institute.
Additionally, he or she must register compliance with the Institute. Please direct all questions
to our faculty or staff.

Health and Safety:

All University rules for health and safety must be followed. For details, please contact the Joint
Usage/Joint Research Promotion Office.

Handling of Intellectual Property Rights:

- 237 -



Intellectual property rights are managed as per Kyoto University’s Invention Regulations.

14. Accommodations:

Accommodations for researchers are not available. Please use neighboring hotels or the like.

15. Joint use Equipment:

For joint usage facilities and equipment, see Attachments. Additionally, updated information is
available on our website.
(http://www.iae.kyoto-u.ac.jp/zero_emission_e/document/)

16. Applications Submitted after the Application Deadline:

The Institute reserves the right to accept applications after the application deadline. Please contact
the Joint Usage/Joint Research Promotion Office (except for Planned joint research). Such
applications are reviewed twice a year in July and October. It is possible that research and/or
travel expenses will not be allocated. To secure funding, please apply during the normal
application period. If applying outside the normal period, a justification of why the application
cannot be submitted during the normal application period must be written in the "Reason for
application outside the normal period " column.

17. Miscellaneous:

Of the items purchased with the joint research funds, equipment other than consumables and small
assets are stored at the Institute and the key person in the facility is responsible for management. In
addition, equipment and small assets will be registered as assets at Kyoto University and will be
returned to Kyoto University after the joint research is complete. For other inquiries, please contact
the Joint Usage/Joint Research Promotion Office.

(A) Planned Joint Research Public Offerings

1.

Planned Joint Research:

The Steering Committee selects themes for research to be conducted jointly with the researchers
of the Institute. For this fiscal year, the following two themes are selected. Prior to submitting an
application, please consult with a faculty member of the Institute.

Theme 1 Energy Systems Using Sunlight/Lasers/Biology

A) Research on solar energy conversion systems, which are Zero-Emission Energy systems,
with the aim of developing high-performance organic / inorganic / biological materials
related to power generation, storage, and energy conservation, or innovative technologies.

B) Research with the aim of developing precise analytical techniques, creating materials to
generate energy, or investigating the environment and energy using ultrashort pulse lasers,
mid-infrared lasers, or biotechnology.

Theme 2 Advanced Nuclear Power Systems and Plasma Uses

A) Research with the aim of understanding the interactions between advanced energy materials
and plasmas, creating metal/ceramic materials with the potential to realize new nuclear
materials possessing a high passive safety, including nuclear fusion, or developing energy
sources as social infrastructure.

B) Research with the aim of creating innovations related to applications of plasma/microwave
technologies or using thermal/particle energy for diverse applications of nuclear energy.
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Research Period:

Less than one year.
Research Representatives:

Outside researchers as well as one or more in-house researchers, including in-house caretakers,
should participate in the research organization. A person can apply as a research representative
or a user representative for (A) Planned Joint Research, (B) Proposal-based Joint
Usage/Joint Research, or (C) Joint Usage of Facilities. Each applicant may submit one

proposal.
Briefing:

An applicant may be required to explain the research content, required expenses, and other
pertinent information to the Joint Usage/Joint Research Planning Committee. The application
must clearly explain how the joint research proposal relates to Zero-Emission Energy. The
maximum allowable funding, which includes purchase and travel expenses, per application is
six hundred thousand (600,000) JPY.

Research Report:

The research representative must submit a Joint Research Implementation Result Report
[research results obtained (A4: 2 sheets), a list of published papers, and a list of oral
presentations] to the Director of the Institute by Friday, January 27, 2023. Additionally, the
research representative must report the research outcomes at the Research Outcome Meeting,
which is scheduled for early March 2023.

About Acknowledgments:

When reporting outcomes, one of the following sentences must be added: “This work is (was)
supported by the Joint Usage/Research Program on Zero-Emission Energy Research, Institute
of Advanced Energy, Kyoto University (Reference No.).” or “This work is (was) supported by
the ‘ZE Research Program, IAE (Reference No.)’.”

Travel Expenses:
For those in remote areas, travel expense applications are accepted beginning around November

2022 to participate in the Outcome Meeting scheduled for early March 2023. Travel expenses
may be denied or partially allocated, depending on the budget.

(B) Proposal-based Joint Usage/Joint Research Public Offerings

1.

Proposal- based Joint Usage/Joint Research:

A research project proposed by the applicant and conducted jointly with researchers of the
Institute. Prior to submitting an application, please consult with a faculty member of the Institute.
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Research Period:

Less than one year.

Research Representatives:

Outside researchers as well as one or more in-house researchers, including in-house caretakers,
should participate in the research organization. A person can apply as a research representative
or a user representative for (A) Planned Joint Research, (B) Proposal-based Joint
Usage/Joint Research, or (C) Joint Usage of Facilities. Each applicant may submit one
proposal.

Briefing:

An applicant may be required to explain the research content, required expenses, and other
pertinent information to the Joint Usage/Joint Research Planning Committee. The application
must clearly explain how the joint research proposal relates to Zero-emission Energy. The
maximum allowable funding, which includes purchase and travel expenses, per application is
four hundred thousand (400,000) JPY.

Research Report:

The research representative must submit a Joint Research Implementation Result Report [research
results obtained (A4: 2 sheets), a list of published papers, and a list of oral presentations] to the
Director of the Institute by Friday, January 27, 2023. Additionally, the research representative
must report the research outcomes at the Research Outcome Meeting, which is scheduled for early
March 2023.

About Acknowledgments:

When reporting outcomes, one of the following sentences must be added: “This work is (was)
supported by the Joint Usage/Research Program on Zero-Emission Energy Research, Institute of
Advanced Energy, Kyoto University (Reference No.).” or “This work is (was) supported by the ‘ZE
Research Program, IAE (Reference No.)’.”

Travel Expenses:
For those in remote areas, travel expense applications are accepted beginning around November

2022 to participate in the Outcome Meeting scheduled for early March 2023. Travel expenses
may be denied or partially allocated, depending on the budget.

(C) Joint usage of facilities public offerings

1.

Joint Usage:

A research plan to utilize the facilities and/or equipment of the Institute in order to promote research
oriented toward Zero-Emission Energy. Prior to submitting an application, please consult with a
faculty member of the Institute.

Use Period:

Less than one year.

— 240 -



Use Representatives:

Outside researchers. A person can apply as a research representative or a user
representative for (A) Planned joint research, (B) Proposal-based Joint Usage/Joint

Research, or (C) Joint Usage of Facilities. Each applicant may submit one proposal.
Briefing:

An applicant may be required to explain the research content, required expenses, and other
pertinent information to the Joint Usage/Joint Research Planning Committee. The application
must clearly explain how the joint research relates to Zero-Emission Energy. The maximum
allowable funding, which includes purchase and travel expenses, per application is four hundred
thousand (400,000) JPY.

Research Report:

The user must submit a Joint Research Implementation Result Report [research results obtained
(A4: 2 sheets), a list of published papers, and a list of oral presentations] to the Director of the
Institute by Friday, January 27, 2023.

Additionally, the research representative must report the research outcomes at the Research
Outcome Meeting, which is scheduled for early March 2023.

About Acknowledgments:

When reporting outcomes, one of the following sentences must be added: “This work is (was)
supported by the "Joint Usage/Research Program on Zero-Emission Energy Research, Institute
of Advanced Energy, Kyoto University (Reference No.).” or “This work is (was) supported by
the ‘ZE Research Program, IAE (Reference No.)’.”

Travel Expenses:

For those in remote areas, travel expense applications are accepted beginning around November

2022 to participate in the Outcome Meeting scheduled for early March 2023. Travel expenses
may be denied or partially allocated, depending on the budget.
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(D) Research meetings public offerings

1.

Research Meeting:

A research meeting to promote information exchange and communications among researchers
studying Zero-Emission Energy and to help establish a network for Zero-Emission Energy
research. Prior to submitting an application, please consult with a faculty member of the Institute.

To be Held:

Within FY2022.
Meeting Representatives:

Outside researchers. Note that a person can only apply once as a meeting representative.
Briefing:

An applicant may be required to explain the research meeting outlines, meeting period, required
expenses, and other pertinent information to the Joint Usage/Joint Research Planning Committee.
In addition, the research meeting must be organized jointly with this research base. The
application must clearly explain how the joint research relates to Zero-Emission Energy. The
maximum allowable funding, which includes purchase and travel expenses, per application is
four hundred thousand (400,000) JPY.

Implementation Result Report:

Users must submit a Joint Usage Implementation Result Report (meeting outlines; A4: 1 sheet)
to the Director of the Institute by Friday, January 27, 2023. Additionally, users may be
required to report the implementation result outlines at the Research Outcome Meeting, which
is scheduled for early March 2023.

Travel Expenses:

For those in remote areas, travel expense applications are accepted beginning around November

2022 to participate in the Outcome Meeting scheduled for early March 2023. Travel expenses
may be denied or partially allocated, depending on the budget.
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