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Fexix 7 a b oML F R E RN A A IRIROMWE A b ok Fr = AEERNA A iR
[H;O"+ 18CO|TEN IZ DWW TG LT 72, "2 ZOA A Uik, Fig 1 IR THEZ LT, Bk
BRI EN B Y H U R THD 18C6 LV H:ON 1.5 fF <l 25 LW\ ) B mdRs v B0 s
EERT, 20D, Tux v a T xAX—0— MM REFEMOEMEMEE L THER S
NTND, BREIEMEMEMEHI T 2 Ra =0 AEERIA 41K

ROFRBEIL, REFEMOIEENRE CH 2 150 °C (L TOMMEWETH rAy/ﬁ
V. AFETIZZOUEICER VAT, £72. WEROA I kiR | S-S
B B IVIRWRE R RS O LR D72 DIT . AWFFETIE 2 TR D ( le :} ol °
LM E T2, 1R, & Ry IR A ARIRHO0 N

18CO]THN & ZEE /L DAL 18C6 % NN 2 72 3R/ [H;0"+ (18C6),]THN % il L\/KVJ SN
L. ZOWME%A[H;0 - 18COJTEN &Lz L=, 2 oHIE, B Rkr=U A

IR A A R AR[H;07 - 18CO]TEN (ZEZ & L THW Bk —F Figure 1. Schematic structure of
JL 18C6 Z$HIR = —7 /L pentaglyme(G5)(Fig. 2)IZZE X 7=#Hle Rr= [H;0"-18COJTEN

U DRI A A AR [H;0T - GS]TEN 28K L, T O we o o o
PEZ[H;0"+ 18C6ITHN & L L7z, NNV,

Figure 2. Schematic structure of pentaglyme

2. B

3K & L T, bis(trifluoromethylsulfonyl)imide (99.0%, =i 281.15, BA#ALF RS : LU T HTEN),
18C6(99.0%, & 264.32, BIHAL2AHED) & pentaglyme(99.0%L4 |, =& 266.32, HARFALAIRRA S
B DUR GS), BEMAITE MR A (Millipore Co., Milli-Q Reference A+: 18.2 MQ cm) (2 L » THEH
L7=b Dz =, [H;07-18COITHEN DAERUGVEZ fEt L 7ok 5. BEM[1,2]0 & 5 1S /KRR D> B IRz
L THRRD HIEE TR Y | FEHEAREOK O &2 i 2 5 L CE/LEL H0:18C6:HTHN =1.5:1:1 &
L72IREW ) BT U CRBL 21535 FiEZ28H Lo, [H;0"+(18C6),]THN (E[H;0" 18C6]THN 1255
ELD 18C6 ZIRASH 5 Z & THT-, [H:O™G5]TEN 1% G5 LK E /L 1:1 TRA L. G5+H.0
WAL, 2hE2-10°CIZMA LI HTEN 2 N IRG T 5 2 & TR, S o calBHz 2T,
TLEOHT, =7 4 v ¥ —TE. IR, 1 %&k7C NMR HIEIZ X B [RIE 21T > 72, DSC., B, K5,
EERAIE R L OV UL A AR A ¥ = 2 —NMR(PGSE-NMR)(Z X % H LRI OHIE Z1T0,
Wt % BT L 72,

3. REREBR

3.1 MR 0O B L, S A
A [EI[H;0" - 18C6ITHEN OERIF 1A 28T L7=73, Fig.3 TRT &9 -
PR DERLUGIETERIL 726 0 A RIOER FiED L O & T TG
DB ZZRNA U, EROFEFTIX 132°C T 5 wt%isid 23 fifeid .
ENF=DIzH L, AEORE Tl 5wl IREN 145°C I EF L 7 0l \ ]
720 T XD ITIMEED S E LT L, P OO W N ]
3.2 [H;0"-(18C6)L]THN 3 L O[H;0°-GSITHEN DA% & Wik 100 120 140 160 180 200
Table 1 X5 o 7=iE & [H3O+ - 18C6]THN 0)7J(§:}é\ 5 LU0t Temperature / °C

TS Thb, KGRI, LRI ORI TR &7/ L7z Fig 3 TG curves for [0 18COITEN

E
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Moz, [HO - (18C6R]TEN, [H;O'-GSITEN 1L & b ISR’ ST, 55 °C,-90°C TENENH T

GRS I, [H;0" - (18C6),]TEN @ 60 °C, [H;0'GS]TEN @ 25 °C |

To % b0,

[H;0"+ 18C6]TEN @ 75 °C (2B1F 245 L % CTh - 1=,

B BEAR L

Table 1. Water contents and physical properties of [H3O"+ (18C6):]Tf,N, [H30" - G5]TH:N and [H30* - 18C6]TH>N.

Ideal composition and Water content Transition Conductivity Viscosity Density
formula weight (g mol™!) | (wt%; experimental / ideal) point (mS cm™) (mPas) (gem™)
[H:0" - (18C6),]THN 215218 = 1.90 33.9 1.15

(827.8) ’ ’ -55°C at 60 °C at 60 °C at 25 °C
[H:0" - GS]THEN T— 222 502 1.45

(565.44) 3.16-323/3.18 90 °C at 25 °C at25°C | at25°C
[H:0" - 18C6]THN 329 /320 Tp= 2.36 429 1.32

(563.48) ’ ’ 68-70 °C at 75 °C at75 °C at 70 °C

T,: grass transition point, 7,,;: melting point

Fig. 4 IZ[H;0"+ 18C6]TEHN (at 75 °C), [H;0"+(18C6),]THN (at 60 °C), [H30"*G5]THN (at 25 °C) DAL F
W21 570V 2SS AR NMR O Ay ma— 7 LOfE 7 vy o Rd, XOEROME X 34
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! 02 .
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Figure 4. Plots of echo signal attenuation on the basis of the Stejskal equation for ligand (18C6 or GS5), Tf,N™ and
H30" of (a) [H30"+ 18C6]THN (at 75 °C), (b) [H30"+(18C6),]TH2N (at 60 °C), (¢) [H;O"+ G5]TH:N (at 25 °C).
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v MEALFRIZ X 5588 Zn OREREDIZGE, 72 5 ONT Si OBHERINL A~ -5 O at 21772, &
FEFEIX, F2 OGO Si B A TR Si-Zn 6405 O Si OFE R E 21TV, R0 [RIE;
W DRESL AT T fRF 2 30 L 72D TG T 5,

2. EBRGE

Zn [FAKENE <, @R TR Si-Zn &2l T 5 Z SITEFEEH LS, 8 D OREDOHZEIC
L0, ERETNRIBELIDRECIHERNIREMAOGND ZENH LN RoTWNEHTED, G480
THELLE Si OFTHIRIERE T CTITo 72, 3. 77 774 FD21ENIC, &JEfk Si(HE 99.5%), Zn 35
F O NaCl-CaClL(fili - 776 K) A BliE L. Zn OFlGELL N Th 5 653 K THEZEHIRAIT o T2, £ D%,
ArFPHR T E L, 1123 K £ THIEL TAER S B, Si 8o Si—Zn k&4 2 A S, (100)m s L
IXAIDE D Si 7 = — R B ERIR A AT LT 1123 K 235 24 BRI 2MT T 923 K £ TR L.
923 K (Z 15 RefRIPREF L72121T, A 51 & BT L7z, RIS 72 SiFetix, 2K 5 ONTHE
FeCleid L=tk Rm~1E LTRRE & Zn 2R E L, RRBICA A 228K TR & Bevg Lz,

3. EBRRER

W OEMRITIB N TS, EREVERZIZITERICIRO B 5 St ONTH DGR Sz, RO &7z
DAZHTHI L7efda DR S 2~ 72 & 2 A (100) i CIEMEE A3 5 K 1000 pm, (111)1# T KK 400
um TH o7z, Si DEA ¥ FHEEICBWT, {100} H EOBEE T 22 b iEaFENTZMmO
TRV A FZBARL T D28, {111 E TIEE D B HOD A TR AW L LI HE kL Chidmib
TA FPRFAELRV, U722 o T, b 2 IR 2813, {1111 & 9 % {100} 1 D J7 365 s AR 1T
EE ST <, (100)E TOREREDRKEN-TbDEBZ HND,

WA, HTH L7= Si OfER TN Z TR D 72912 XRD JIE &7 - 72, &% OEBRTHWZ Si 7 =—
&L THEBRZOREKRIZEBIT D XRD ~NF— %X 1 IR, HriHFEBREZO100)#E OFEFCIX, Si D
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SEM 14, A&ahi O L 55 2 DAL 5 i AL ORI
BLORESROFEMZ SEM B4 R~7, (a-D)0 b5 L9
(2. (100)HE AT L7z Si &K m SEM A TIE, 7 I v R
WOFERBHRAE L <ESI L TWDHER TR S
Nz, €733y FOKmEIX, (a-2)D L 9 1Z<111>Hh
FEZEm L TWb EEX LN, D7 T v 7 A%
W= B 2 % 2 % LR TOMN B RE &
BLLTWe, 51T, @3)IRTEMEER SEM 4
HlE. (100 HEAR O Si Offdhm Lz~ 7 =
AT IPNBEI NIz, —J ., (b-1)D(111)f O SEM
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1 RUSHTZ O Si R D XRD /N4 — .

(100) (111)

SRR — 100 |

BTIE EZARE T L LIZEIRO Sifb i e

Nz, ZOHEEDL., (b2 T L 91K mH
<I1I>EhFHA~EE L7 B2 BN D, (b-3)I27RT
FHO NS D SEM B DIk, ASSRIAS MR &
TICHE LIz 2 &0 (11D)E Lok S iR
v N R) LT AR T ERE S VT, AlERRIA {111}

o
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orientation
/

<111> orientation

<111> orientation

High

N R magnification i -
ECER A L2 B, Si & A v RiE&EIzBW and side-view S . 4
SEM image - 11]1;&;1@?‘?;

T, {1 A ORFE SR & e TRE =R /L ¥

2 (a) Si(100) & (b) Si(111)FEtk FTE L7 Si
FEEm O F M SEM 1472 b ONTHE Sk R 7 ).

—NE/NTH Y, BN EE R E NSRS EE D
I ELEEZDEEZ NS,

4 RRKRV AL
[REAER] 2%
(1) TVAERSEAL % IR SieZn A4 5 O Si OfEfh AR ) . Bonss, JROFMERRS, Z2H 5],
B2, BRI~ T VTR - T —F U IS, BIFR. AT T A 25 B~27 H.
(2) ¥R NaCl-CaCl,-CaO H11Z351 D 1fiR Si0, OFEMIET) | Bookk, KHER], THRe, &
51 FEEmE L R S, AERE R, SROTAE 10 H 24 H~25 A,
[m SCHER] 1 #H
(1) “Mechanism of Electrolytic Reduction of SiO» at Liquid Zn Cathode in Molten CaCl,” Yuanja Ma,
Akifumi Ido, Kouji Yasuda, Rika Hagiwara, Takayuki Homma and Toshiyuki Nohira, Journal of the
Electrochemical Society, 166(6), D162-D167.
[E., TVAREKE] 2L
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BUFE, ZEfn - B9 - BRI - =XV X R ECOBEND, 7V = R XAFXF—Th o (K
W) RIS DEES FOFHBERR S AT AORENERZEDTWS, EENTIIEA R AL
e L, KEFH L= ¥ — é%@ﬁm:iyyay&ﬁ%ﬁ%%ﬁa<ﬁ%h1kw zh
HBORETHDLIEERFAFEE LT, EHE - BENTLIREEZH S | @l - @R L EME
TRE « XX —BEKEAET NS, Falk, BERE - %%ﬂﬁo@%&é%ﬁt B e =3
w%—%@ﬁm% FOHMIL LR E L CATWICHEET S Z LT, ORI D08 7=

BEHEONETBE) - =X —(RZEEFIH L7 RIS R ~DIS I AT T ORIt 2 D T &
fw5o

ZDOXIRBENG, AW TIIEAY « BER L OFRMER ORI AT /01 (R
EH) OVEFAEFIZER LT, JEHEEHE(photosensitizer) & F5 K & L 7= & BEE IR L BERE D B2 DB AR D
REEL L | F DSBS HEB T BE) - R AX—BEIRISROBRE LT 72, BT, HE -
HEREN R S BN TV DK iEEER ST b U 7V (CHT), 5T R Y 7Y AZE ] L. £ O5E Mk
HODA~ORERIHERIC K > CATHRBEREASREAHEE LT, ZCEY, KIER~DETT 7
YT H =DM L > T, EERNEFBENSINCB W TEERMGP R (EAET V) O%X%
TERAERATRE L 720 | ABFIRIR, ML RN Z B BEEE TR B SO0 O SEIRFR AR 0K B O LK
JEMETEEL, HDOWTIEr T I v g VR ANTOEER AR IC AN A BER LSRN AEZ 525 &
MfrEns,

2. EBRBIOHER
A E AR R 2 A 3 5 &R EEIROIETE O~ RU(bDY)g’LJ%‘*ﬁs

""" - CHTB A

A& ZOHREFBE - =RV X—BEISHT 21T D 12H T
V. BEEEROREEABRICONTIE, K1 DXL REERE—
#il& LT, CHT ~DOfEGENLE | DE 7 3EEA T Y
2-ve Y UNLT =g AQDEEERE W DAL, EE
Wﬁﬁ%ﬁoﬁﬂkmﬁﬁdiimTiE@W@Aw ZxF L,
AFNEeFa—FrMVHYEBETFZREELTHW XD
HHEE TSSO THRF L72(X 2), 10 mM U > lefk
B (pH = 7.0)% W TR L 7= EHAHRKARIC, MV 230
L7z, VT =7 LEEIRD MLCT WA AR 5= CTHERIE L, i@
%ﬁl&%/\W FVIEZTT o120 T XTDILT =7 LEERT 450

m |2 MLCT 7' U —F U ZICHKT 5 7@l s, £
% N DB RBEE SN E T k2 RDT-, £7-. 410
nm f1UTIZ CHT O F 1 o U EE(Tyr 94)70> 5% tﬁ%@@
BRI Uz Ru(ID SR ~D 43 1N T B EN S IET)IC
LHbDEeEZHND, EHE 7\77‘\3//7/77/1/Tyr94 iz EH 5 EHARE 4> B RAVINE
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WILT = AEEIR T, A ERIEREIS AR LRI & A
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oo

Time (ms}

SL[ERFE & D B ]
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FER R FZ-12SF) TE U EFTSR,  MALDI-TOF-MS AXIMA |
EEMALEZ, INHORIEICL Y, MR IN-EEEA IR
KO FEORTEEEAN LT 2/ BRALEOHEE N JRE L 72>
7o EEOFMIZH 1= > TE, FHEAMHBFRICRKESL S OV R
— hETAEW, 70, AFEEHEOZTICE, EHERE, &8
PR A AT DT DO—ERIE, EEOIT AT O BRI E L D
Sy BT R SURHAR RS, OB L 72 D RFEH T A e B A

7 V7 VAR DB

28 U TR LT 2728, FEiE T3 CIHEE L OfE A
IZFRTT=,

3.

FRAXREV AN BXO TOEREKEY X b

SR Y A b (EFiT & I m 30

1)

Naokazu Yoshikawa, Shoko Yamazaki, Natsumi Kato, Mika Sawai, Kaoru Noda, Nobuko Kanehisa, Eiji
Nakata, Hiroshi Takashima, “Anion Influence of Emission Properties and DFT Calculations of Diprotonated
and Triprotonated Terpyridines”, ChemistrySelect, 2019, 4, 13284-13294.

[RgaFERY A b

1)

2)

3)

4)

Naokazu Yoshikawa, Shoko Yamazaki, Natsumi Kato, Mika Sawai, Kaoru Noda, Nobuko Kanehisa,
Tsuyoshi Inoue, Eiji Nakata, Hiroshi Takashima, “Anion influence of emission properties and DFT
calculations of diprotonated and triprotonated terpyridines”, 31st Nano Congress for Future Advancements,
201948 H29 H, m¥ K

EilGoh, IERZROZ HHKHE], “EERIEETO~NEALL P A ) DURLT =0 A(DEEE
DICEFBELUS,  SERMETFRE 69 BlEfme, 2019429 A 21 A, AHERFERLF v /3
ENER, (LRAET-, AR THEEE, NER-oH, R, JUREE, sl <7/ —Ev )Y
YADTH b ET A AN K DR EOZ(L L DFT §HA”, AAHESRFE 2019 FREEES
BLOKRE, 2019411 A 19 H, @RdsHbrR—

ARSFEIR « Elil - PHRE], “Fry U REZEALL ) 2 ) PURLT =0 ADEERD
JERFE”, AAMETFRE 100 BFES, 2020423 A 22 H, FORBRIRFE A ¢ o /R
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f15 - EREREOHE

oot !, WORET !, ERLEESL !, BB, IUAREZ Y, AR, RRIEEN
VSBURSER AR AT SR
PSR L 2 — B SRS T
SRR R L — B2 e R

1. 1IXU®IC

K72 EOFAFBET RV —2GNFAT HI121E, EtEEREEAEEMSSLETHS. Li
IR &3 IRAIZ Na GV K PIIZITEREIOBET 5720, T M) o AaA 4 E (NIB) 13E
BHZEEMA~OICHAPEI N TV D, TOAMIZNN— K =R & AW 8HA12135 320 mA h ¢!
DOAMEREDHFOLND ZENHLITWAN, MO E TR X—EELDTZDIZITL DV EL< D Na %
W — i T E DMEIOBIRA RO SN TS, UV (P) BIOAX (Sn) XZFHLH 2596 B L
847 mA h g' L OIEFICEWVEHRARLZA T LM, RIERFOERBENRKE <, MA T, Sn kg
TOHOMEEFFOT-D D, KIREEZEY IRT ERENEMICEDT2MEENA D, ZhucxL, %70
— 71X, P & Sn OILAEY (SnaPs) 231 A ARKREMR P CEIRICHB W TENRZMREZBET L 2 L%
INFETICABLTER?, 7UoFEL (Sb) 1E, PRSnICKSEW I HmARE (60mAhg!) &FH
LTRY, &R ETEELREZFFOME TH D, 7272 L. Na WEIFIZZ OMRFED 390%I2F T L
SHAELTLEI -0 IEME OBt 2 L, A 7 VEERICZ LWE WS BEER 2 5,
ZZ T, SbAMmOMEELTEZ HAE LTIn, Sn, Fe, Se BLUY ¢A4(bEE., oM EDE
WA Sb A4 B 72 B FEMR O NIB BUREFEIC 5 2 5 8 % i~ 7,

2. EB

In, Sn, Fe, Se 8L TNY % Sb & & HITHERER —/L I VEFRICAN, AL R—/LOEREEE 1: 30,
[AIH5# T 2 380 rpm & LT 10 B A B =H /L7 v A o Z/ER %47V, InSb, SnSb, FeSby, SbaSes
BELOYSh #437=. 2D Sb 54 (70 wt.%) % . Acetylene black (15 wt.%) . Carboxymethyl cellulose (10
wt.%) . Styrene-butadiene rubber (5 wt.%) EIESL AlJE LICEAT 52 & TRAIEMAZIER L, &
THEIZ1.0mgem AL L7z, T zalBiis L, xfiiic Na 48 2 VT 2032 B = 1 v
ERESE LT, A A v K E fif i\ Na[FSAJ-[C;Cipyrr][FSA] (20:80 mol.% , CsCipyrr :
N-methyl-N-propylpyrrolidinium, FSA : bis(fluorosulfonyl)amide) % F\V 7z, 775 it 7o i 7B aklin % FE (7 il
0.005-2.000 V vs. Na'/Na, FEFEE SO0mA g, IR 303 K DM CHhE L7,

3. WERLBE

Fig. 1 (Zffi % O Sb G40 B2 D EMOFTHEY A 7 VI L b8 5 HE (Na'fit) BREOHER %2R
T, KFOHEIL, ZNEFNOEEOFEMEARBHBHTZ VX —AG Thb, AG MBd THAIZKEWN
YSb /5 72 5 EBOREIIFIEFIT/NS 2L TH - 7208, ZHLIFLD Sb A4 BMIIHM A 7 vizsn
TIZ400mAh g ' UL EOEBREEZRTZ ENbo o7, Ziud, BNFENLEEENMEV Sb A48 08%A
TliX, TREFRHCOHENEZ DV EEKRD Sb 24 U772, Sb HEOEABREZRIHETE L1k
DEHEEEIN D, 7272 L., FeSby BRI OV TIL, Fe 2% Na REMARTHE TH D2 DERNY A 7 VETE
PELDVRERWZ Ebhyoiz, —J7. InSb &M & SnSb BRI DOUVNTIL, SnyPs B V4 LR A EN
oA 7 VEEDG B, FERER D InSb BRI LT HEE L7z X BREPHRIEIZB W TIE, InSb
721 T<, In & SOhDOEITE—7 bR SR>l 2T, InSb A Na 2 L7=%IicED L)
RN TE CWD D EMERT D720, HIEIFAER O InSb BRI LT L T E T Hissisl s 217 -
7= (Fig. 2), T ORER, Wfkdh O In b 723 IEE M 72 Sb O~ b U » 7 A HFIZ o3 E U7k 2 sl L
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7o ZAUE, SnyPYe InPY2NERL T 2 filfk & FEF B L T D, Sh i Na 242 & 4 5%
THAEL T LE I N, TOBRICAE L DI ZZETE Lo 0 In AHONERN L7272 72 D ITEWE O b
I S, InSb BN BAF2 YA 7 AMREZ R LTZ b D L HERI SN 5,

T T T T T T # PN
Na[FSAJ-[C5Cipyn][FSA] ;

.’% 50 mAg”

SnSb (-31)

800

<— Sn4P3 (-10)
InP (-39)

- " -

——

= dln(1_01_if_’0_'2_71nm 2

Discharge capacity / mAh g™

YSb (-231)
0 1 n 1 n 1 n 1
0 100 200 300 400
Cycle number Figure 2. A TEM image of the InSb electrode
Figure 1. Dependence of discharge capacity on cycle number after the first discharge. Nanocrystals of In
for various Sb alloy electrodes. Values in parentheses indicate were dispersed in Sb matrix.

the formation Gibbs energies ( 4G / kJ mol ') of alloys.
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1. 1XT®IC

B IRKG e & OFAFRE= R VX — ORI 2T 5 7= DI2iE, BIRAIHIK O M LS8 THERK
SN E MR EEMOMBAMLEATH D, UV F U LA A B (LIB)IXEVEERELEZ AT 5720,
BT RN —EEZARTH D2, Li BIRDPEIERLERFEKIHEL TBY, BIHOZEMGIC
RERWZTND, M, BV T hA 4 FE KIBIEEROHFINENZ & (MR EE K 2.14%,
Li: 0.0018%)ZAN 2, {FENEE/E S LIB IZULES 2 (FRMEEMEN K'/K: —2.94 V, Li'/Li: =3.04 V)72,
MEAWHIBDOEET A AL LTHETH 5, KIB FIRERAMO [ &L 250 mA h g ' F2 & i &
ITWEN L L0 EEBROH TR AMIEWEORBENEEN TS, FEEH O IXHEETIEZ LWL
L2VRE72WLIB A Si Azt LT, SiOXRBE#M IWE L D2 R Yy Muds L OVER— BfRE SN
O b7 12 LD 1000mAh g ' b OEAEE 1000V 1 7 VL EORMICH iR SE5 Z L1
KEN LT 722, F72, SnP RILEWEMGS LaSns RS EILIZF N U 7 A A A B (NIB)YEARFFE:
AT ZEEHOLNCLTE R M, K IFEMETETHH Y v (KPP, FFmAE: 2596 mA h g )R X
(K2Sn, PRERAE: 452 mAh g )VFA L2 KIB BMIEME TH LM, TN o2 BKTEMRE LTHNTDH
—WRPI IR AR BRI TIXZ LA 7 VERE Lo &7\ 5, FTINEFZERE O 1A & 2 Bh# S I3 ARME
EE DOHMZETH Y . KIB FRAEEME K[FSA]-[CsCipyrr][FSA]Z BIFE L T\ 5 6, BEEE £ Tl
SnyP; BRI IR EME 2 @A L2 & 25, 365 mA h g OA[WiEEE 100 A 7 )WiZbi= v #aFE
HENT-Y A I AMENEONDZ L EZHLMNCLTERE T, S4EEIIMOILEMRIEWE 2K L.
VAR B AR 2B\ T2 @ KIB Al 2 Fi~ 7=,

2. EBITE

AREYE & 72 % SnP;, InP, InSb B L SnSbALEMNIA =TT A 7IEC IR LT,
TR R L FERIL L 2D KO ICENENHE L ATV L ARIK > MZE AL, [BIHERHEE 380 rpm,
10 FRFfH O S TR UIEME M R A2 1572, 54 AIIZIT Styrene-butadiene rubber/Carboxymethyl cellulose
(5/15 wt.%) ., HEHANNXT BT LT T v 7 2RV, IEWE AR L HEAIZ 70 0 15: 15D
EEILTRBLIZAZ ) —WREEWET A7 by 7B TH (FRHE, HSCM-MJS02) 2 X V) §i{EFEHK
BB b EMREERL L2, BT EIX 1.1020.05 mg em 2 & L7z, ZhizilBpiis L, K&E4%
xR 12 . K[FSAJHCsCipyrr][FSA] (20:80 mol.% . C;Cipyrr: N-methyl-N-propylpyrrolidinium, FSA:
bis(fluorosulfonyl)amide) z IABIEEARE & L CHV 2032 B oo V2R LTz, FiiERBR
XA E S0 mA g ', FEALIE 0.005-2.000 V vs. K'/K, JHIETREE 303 K D4: T L 7=,

3. WRLEBE

Fig. 1 1% K[FSA]-[CsCipyrr][FSAIEME FI281F % SnSb MO FE B dhift 2 73, FrE (K Wk)Hl
OB O HBBIAAENMNIT 1 A 7 VBIZB W T 0S5V T TH 72232 A 7 LV H UK TIX 0.7
VUTIZBW Ty a g —& LTHEERENT, £72, E K EEYOEMN T 77 7 A VT A 2
JNZ L b 72 ) SONEM DO ZAGITHERR S L2 Do T2,
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Fig. 2 1% SnSb A3 L ML O AR BMOER & L 7 — 1 VR OHER % /-3, SnSb BEARIE 550
mA h g' & SPy EMOKMEREL LIS EWAIWEREEZ R LSOO, SPy ERL D & FVERET
REDBEL TLE>7. SnP; BMRO Na sk — UGS IZ 3T, Na fifi AKRFIZ SnyP; 28HUYAD Sn
& PICHMT DRUSHAAIHNZE Z 0 . 2 A 7 VB LI TIX P IZ Na DS S 7=, Sn (W
ENDIGENEZ D Z EEHHEEDITHL ML TE RS KIB OBEE LRBED A B = X L CTRIGHTE
fTLTWD EEZ LD, BIKD Sn, P B L NSh DIRFEZEILATED 5500 & FEFICRE < Ef
HREE S LB LB TR X 7272002 LWV A Z UPERE LVE Do - L HEER S5, L. InP
ML 500 mA h g ! DREREE 100 VA 7 VL B2 0 MR 2 7= NIB ARRE 2 om0 4,
KIB %A+ mAh g OZ LWEE LGOI o72, F72, InSb EMOAEIL 250 mA h g
ERITENDY, TORBEELE L TCHRT 2ENTZHRENE LN, 4%, ZRAE IS X
0 FADMELT 72 EEEZR SR A = X LB HRD TFETH D,

2 T T T T T T
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Fig. 1 Charge—discharge curves of SnSb electrode in Fig. 2 Cycling performance of various compound-based
K[FSAJHCsCipyrr][FSA] (20:80 mol.%) electrolyte electrodes in K[FSA]-[C3Cipyrr][FSA] (20:80 mol.%)
at current density of 50 mA g . electrolyte at current density of 50 mA g .
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I, —HER - OAREZENEESHZ LT, SFICE Y AEKRT 5 HERR LN 52 &
N7,

4
A
‘ :
5 3 .
<
> =
= ~2 ° e
= o
D
E
1
~ A
0 L . 0 ! ! : :
550 600 650 700 0 0.1 0.2 0.3 0.4 0.5 0.6
Wavelength / nm B/T
2 Rub DHEEHE (hex=5321nm) (ZK 3 Rub ORI HIT S QI T 5
T3 AgPL DR [Rub JE#k (A#R) & 15520 5K [Rub HAR(e)Rub-AgPL HAR(A) ]

Rub-AgPL Sk (F2#7) ]
(R FEE U A K]

1) H. Yonemura, D. Aira, N. Asakura, K. Ezoe, H. Sakaguchi, “Effect of silver nanoplate on singlet exciton
fission in rubrene polymer-composite films”, Jpn. J. Appl. Phys., 59, SDDB03(1-7) (2020).

2) Y. Noda, F. Shibata, S. Fukuda, G. S. Y. Lee, H. Sakaguchi, H. Yonemura, “Synergetic effect of silver
nanoplate and magnetic field on photon upconversion based on sensitized triplet-triplet annihilation in
polymer system”, Jpn. J. Appl. Phys., 59, SDDB04(1-8) (2020).

[FEE%ER Y A F]

1) SKAFSLE, LRI 2E, IERAM, V7 L Uiz s T 5 1 mEE 2Tk T D & 8T
J T L= bOBRT, 14 B AARBRARERFES, SR 11 A 1-13 B, Y7 =B —ATH
— LK

2) CKFFEAB, ARFMES, @R K 2iE M U —EHEBRREOZRER”, 2019 TR,
BFILHE9 A 10-12 H, A HEKRT (KA Z—)

3) H. Yonemura, D. Aira, N. Asakura, K. Ezoe, H. Sakaguchi, “Effect of Silver Nanoplate on Singlet Exciton
Fission in Rubrene Films”, 20 4-, 10th International Conference on Molecular Electronics & BioElectronics,
June 25-27 2019, (Nara Kasugano Intl. Forum, Nara, Japan) (78 A % —).

4) Y. Noda, S. Fukuda, G. S. Y. Lee, F. Shibata, H. Sakaguchi, H. Yonemura, “Synergetic Effect of Silver
Nanoplates and Magnetic Field on Photon Upconversion based on Sensitized Triplet-Triplet Annihilation in
Polymer System”, 20 {4, 10th International Conference on Molecular Electronics & BioElectronics, June
25-27 2019, (Nara Kasugano Intl. Forum, Nara, Japan) (48 A % —)..

5) Y. Noda, S. Fukuda, G. S. Y. Lee, F. Shibata, H. Sakaguchi, H. Yonemura, "Synergetic Effect of Silver
Nanoplates and Magnetic Field on Photon Upconversion based on Sensitized Triplet-Triplet Annihilation in
Polymer Thin Films", The 9th SOJO-UTP Joint Seminar on Nano and Bio Researchs, SOJO University (73
AL =)

6) H. Yonemura, D. Aira, K. Ezoe, H. Sakaguchi, "Effects of Magnetic Field and Metal Nanoparticles on
Photoproperties of Dye-Metal Nanoparticle Composite Films", The 10th International Symposium of
Advanced Energy Science, Kyoto University (748 A Z —)

_31_



ZE31A-10

AIRIILF—BREARFRAMB O LR

HARIES !, JAss?

SO S5 LR
2 R L — B T AR 52

X CoIZ

H¥OG., mdnZgr, M, i, AREA, (CEERE), S, SR Y, A EL FFITiX
FrHA T - RIDLIR E U CTHENRREIEZ < ibo T, SHIZAREKETHLZ b, A
EL £ 17 OBENNRITFERRFZ L LTUAHSN T DEDOZENZ X5 Bl D, A1 EL %1
IR & 92 BRI, MR, R KiEfE, 7L v 7, mRNEERTH D Z L L, M LED
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HxEZIBMVERIETETHY , FLZOEEITIIRERIAN c ZRXAVX—ZNEBLETLH, 2O,
AV LEGERVEBIEMEIZAIR T2 LiE, eIy v a bR X— D8R OB THE
TR CTH S (M. Shimizu, in Principles and Applications of Aggregation-Induced Emission (Eds.: Y. Tang,
B. Z. Tang), Springer International Publishing, Cham, 2019, pp. 43-76) .

FxIZIINETIZ, 25ER (VU AMATALEFY) —1 42T aAf 81 (K1, A=C(O)Ar)
DFGEE, BB N TR TR KL FREADOBLZFINET 52 L 26T LTS (Mater. Chem.
Front. 2018, 2,347), ZDOA U VU Lz @ LRV FNEMRTERBLEZETL01E, U LATFL
FXENST v A NHEADSFWNEMBEETE U Db —EIREED DM AL A2 # CTA U Dbk
SEEREICBVNT, Z—TUBEOLF VI VINANYV I NAFNIEORTZ-T A F ok s on
B IV LREREZT TCNDEHEELRL WD, A, #d RS
CREEERCERBHBOMEEDE LT, HENEHED )
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A2 BEILREL DT Y — LKA T 4 =L EE TS 25-E % ;I:I 1 (a=ciom)
(LUNAFIAXRY) -1 4-E A (DT V—ILKRAT 4 =)1) X A 2
PP 2 (M1, A=PO)AR) &AL, TOEMmIEEE L, “sir,

Figure 1. Molecular structures of 1 and 2.
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DA RFT25-03— FRUPUATHHST D HP(O)AR &2 v 7V o 7 &4, %\ T BBrs 2 VTl
AF bR T, &% IZ PhMesSICHCl Z W TV U L A F LT 25 Z Lok v BO(LEW %

ARk Lz,
Meo:©i | s Meo:@[ POAL Ho:@[ P(O)Ar,
| OMe Ar,(O)P OMe Ary(O)P OH

a) HP(O)Ar,, Cul, TMEDA, toluene, reflux; b) BBrz, CH,Cly, =78 °C to r.t.; ¢) PhMe,SiCH,CI, K,CO3, DMF, 90 °C

c 2a (Ar = Ph)
— 2b (Ar =4-MeCgH,)
2c (Ar = 4-MeOCgH,)

AF—Nh1., VRAT 4= NAR_E2DEK
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VRAT 4 =N R_RB 2 2 OEIRKEETORNEARY MZK 2127 T, WTEhofbas, =ik
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Figure 2. Photoluminescence spectra of 2 in the solid state at room Figure 2. Photoluminescence spectra of 2 in the solid state at room
temperature under vacuum. temperature under vacuum.
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Figure 4. Photoluminescence spectra of 2c¢ in the presence of O, partial oxygen pressure
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1. &

EAIFBR 21T 5 LT, XA N—ZMEOBRBENENN TN D, XA 3= X I0IMW/m* &8 25
FR 6D C i WEVA ] 2 RYE IR BRI T T 570 &0 MPRHC & o CIRFICRBEE 2 Bk 2 ST b, B
TENZZ T AT UMELE  SICREDET I v 7 AMEIRMERE LTEZLIVTWAH A, Wi aEh X
WO TATThD, SHIT, ZUy T AT L SiIC & Wo 2 B2 DRPEHE ORI A T 5 BdEHtic >
WTHEET, AU dicx U CREICHREAFET 256 R m OBIRHL B & 72 D REE S H 5,
FE g &R OB PEREAM 13 B KB A H AN ) SRS 77 5T FRONTIER 7BV =7 MIBWTH
HEMENTHE SN TR, ZOFERE2N/NTND, £TO— 5 CHREBEZ KT 2 LB, S HICHK
Sy BEEEMZ THRIBEZ a2 b — 3258000 b R OREZ O T HLERDH D KRk~
72 MERER IR DU N AL D H TV D, BEHCRBAIEICB W TIX, ¢3X0.5t (D3TH) &
VW9 TEM disk YA AOMUNEE W CTEYEECERIE 217 5 F 2 VEFEO LFEMFFRIC WV TIER L,
BEAQ B R 2223 2 AN SR = 2%, KIE O EEE (2O T iR T oM ek il E R B I 72/ A
APFHMEBRRTETE LT, BRFNZHEOMENMELL TWARETHL, Zod, HER
BEOREIZHANL S U NEEO miR R ERE O BIREIZ DWW TR 21T o 72,

2. EBGE KR

/NGB ORE DA 22 Al S 2 MGET 2 7212, £ 97F% 2 BT 5 L ED 720 SiC #lkt
%Z T, DI10T2, D10TH, D3TH, 4x4TH (4mm £ 0.5mm J&) DR/ D 7 4 — L7 7 7 X —DOREBR T
DT Netzsch LFA-467HT Hyper Flash Il E# 2 F O CEPEHCRRIE 21T 572, 150C2>5 500CE T
DOIRERPFAICANT, REZIORL2D O ORBHIEF ICEOWEYEBEDO %2 A= (K 1),
LFA-467HT T TV D RIMREE P —IX InSb TH ¥ FBIEAFUTTIL SN BE 20 A3, MCT &
H—% 2 LFA-467 THIVUTRIRLL T T B RREE CORENAIRETH H, I HIT, @ELR%E
b B O BN H 5 DI0T1, DIOTH, D6T2, D6T1 % v 7 A7 iR A i2 DWW T — XA VW 5
NTWAE7T7 774 hATL—%2HWCa—T 407 %L, BIEEITo72,

———————— S —
100+ Bridgestone Pure-beta — W(‘)[h %r]a 8}’?"[%3&)]{2_% W
\ B -SiC samples A D3THITER-G W
AN ® DIOT2 -
O DIOTH- - - - with Graphite spray
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80| T+ aATH—— ® DIOTIITER-G W
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\Qj\mm -
RS
~ e —

N
(=)
—

Thermal diffusivity / mm * s
N
=
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4 | | | | | |
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Measurement temperature / K

Measurement temperture / K
1 Bridgestone Pure Beta f3-SiC D RHR&} 2 V57574 NAFL—% AW TR
HREVEHW 7 4 — L7 7 7 X DRI B P72 Z o 7 2T B D LFA-467HT (2

Bk B 0D LFA-467HT |Z & 2 I it 5 o0 bhase & 2 HERE R
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ZORER . 1mm LA EH 2FEHZ B W CIIAEERER Fr & RIS OEMG 5TV 525, 0.5mm JEO7ER
RIZBWTIX /79774 FAT L —a—F 4 U T OEZNERTE 220 | BRI L 0 IRV
DD EDRRABMNE I oTlz, ZOTD, FRANLIEERINIIEE o % —BH% T NETZSCH Japan 23t
FLTWDET T 7z - F 77— h by NEATL—%2HNT, OO THEI DL OFIXE B
WXV RIEEICEREE 52 TICHETE D Z L 2GR LT,

o))
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L T
Le]
B
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"Gop g 8 3
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o
=)
T

Thermal diffusivity / mnt « s’

20F & D -
< DIOTI

0 I 1 I 1 l 1 l 1
400 600 800 1000 1200

Measurement Temperature / K
X3 BIgD 74— LT 7 I Z—DME L TAT D b4 777w AT L im kD
X3 > T AT WA S T AT R BLOHE, | 610, F ¢3 308
800°C £ TOHER RO

Z OFER . DI0T1 OFEHS L OVE X113 0.5mm T&H % DIOTH(ELS 10mm,/E X 0.5mm)DFEHTIE, 800°C
FCHMER S HETE D2 EDRH LN/ 57228 D3ITH iEHZ B W T @ IR TRV R HER 0 5 O H
TMEFDRE P FTO, oscillation LN A S0, HIEEA KX IESSWe, LVELS a—FT 47
iz L2k, 500°CE TR EZSE LN TWDN, Ll EOIRERIZI T oscillation
NFEAEL TS, 5%, W ZOHSE 22 CIEMRIEZIT O D OHFMBEBENMLETH D,

[PEA¥EER Y A K]

*+ The 19th International Conference on Fusion Nuclear Materials (ICFRM-19) (La Jolla, California, USA, Oct.
27 -Nov. 1,2019)
*Masafumi Akiyoshi, Lauren M. Garrison, Josina W. Geringer, Hsin Wang, Akira Hasegawa, Shuhei Nogami
and Yutai Katoh, Thermal diffusivity of tungsten and tungsten-Re alloy irradiated in thermal-neutron reduced
HFIR 19]J capsule. (Oral & Poster)
*Hirokazu Ando, Masato Yamawaki, Tetsuya Hirade, Xunxiang Hu, Masafumi Akiyoshi, Advanced fast pals
system for irradiated single miniature specimen. (Poster)
*John Echols, Lauren M. Garrison, Yutai Katoh, Masafumi Akiyoshi, Electrical resistivity of irradiated tungsten.
(Poster)
*Lauren M. Garrison, Yutai Katoh, Wilna Geringer, Masafumi Akiyoshi, Takeshi Miyazawa, Xiang Chen, John
Echols, Tim Graening, Akira Hasegawa, Tatsuya Hinoki, Xunxiang Hu, Takaaki Koyanagi, Eric Lang, Chad
Parish, Nathan Reid, Hsin Wang, Mechanical and thermal property changes in irradiated tungsten. (Invited Oral
& Poster)
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1. FEERLEW

Kb AtE O K GHIEARBE G XKD 77 >y b TIERY U o A0 FEFHEERIGIC LY U F 7 AR
L DB N Y F U AOEFEZRE L, BETE BB EZERT 5, XU U U AMeEWITESRICE
EARKBILICE > TR T =2V U ISROKBERERENEL D720, LD E WY U 7 AMEE
MOBARNED 5 TS, BUE, BIRPED LN TWERY U o AERFIEEY (XU Z4 F) &,
ARY Y7 AZHA T EESER TR Y | e E TS & L CORARIRES TV D 0, 2
OORHEZAENE T DIRE E LT, liE - HEOB AN D T 7 a—FF 5050170,

A TIE, NV T4 RO OWT, 85— FEERIC L > TEFAEFRE ATV, liE 1%
EIZERT DY 74 FERELEMOKISEOELEZR LN T L2 BNE Lz, 12, 7«
— )V RZIyvvarErTa—T~vA a7 T4 (IXA-8500F) |[ZHH S AU 728k X #r4r Kgs (SXES)
2 &> TREIOBIEE - ST 21TV, ZORREZFHFEMEEKRT 52 LI2E-oT, XY T4 FERE{LE
W OTHIEACFFE~ DR BE AT 5 Z &2 Lz,

2. WFFEFIE

AEHZ., Be 23V 7 | BenTi 7NV 7, BepV 2NL 7 BeO My RKEHWT, 77 A<k Caml L7z, £
72, BenV 2L 7 sBHIAZE G EE L (1000°C | 24 BEf) #4772 b D& -, NI ENE DO
WZHRDIATL . TXA-8500F IC#4# K47~ SXES 12 & » TRBIOBIZE - S &iT o 77, F 7. BEEIEE
(DFT) (ZES< B —HBEFAIC L - T Bep ilifE FIREEZ G L, SXES EBFER L Oz L v |
v— 7 [FExZIT 72,

3. WREL

X 112 SXES IZ & % BenV & BeO slELOfi#MT#E S & DFT 3H5AIZ X 5 DOS(Be 2p)fti sz ~7, b
Wikl BeO TIIWBIEN. O 7 MZ LD B — 7 (LEDK 4eV OIRT= RV X — AT E) L | 88.5¢V
& 117.5eV ICHT= e — 7 BN ENT-, ZNHDOE—27454i1%, DFT 35O L 2455 & i Uizfs
By ZOVT IMEFET T ML TELD Z LR L, (K= L F—flOF v —72 L BeO D Be
2p & 0 2s DIRARICEINT D Z ERXHER SN, ZDOE—7 5BV T, DFT DR LX—0D 10%
W/ NEH A B ET 5 &, 117.5 eV O E— 27 354 (Conduction band)DEFIZHRT 5 B — 27 L[AE
N5, ZIUIBEMBEBETIC, BRBAIC X > TBRERICHE L72E - ONZEBICERT S &
BERTE D, BIZ, 207 Iy 7 MEFA L, KEKERIL S 7z BenV FOLIRRES A (BeO &
Ben,V O~ v B 7)) ORHALICHEEEI L, SXES ¥ v B 7 OfEHE (Be D) & 9 5 SXES A7 |
V&2 12T, Be DA & Al LT & (a), BA{LJEND Be bR CTE 7o, ALY T Be ML N
T RN, Bzl b1 41 Be?") TMiE T2 Kko72720EE X HDH, SXES AT MITEH
W, 2~4 ORIE ST BeO B — 7 23 105eV T HiL, ZAULDFT 5 L V| BeO @ Be2p-02p O
BRE—7 THDHZ ENERINT, -, TS 6~91%108.5eV IZE—77 2O AT FLAEH
iz, ZAUTEEINELA BenV AR TH D Z L Z/k L, WDS o#T#ER & — L7z, JE M 5 T, BeO
& BepV DR LIZE—7 DS SN2 &b, RUERITBLEZE S BEORERIAET S &5
o5,
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Sum X-ray energy (eV)

2 KARGEL S 72 BenV REID (@)Be tH~ v BT, ()T A v AFx v UfER

EBe

4. FEw

ABFFE TITHR X AR 1R K- T, BeO @ Be-Ka [ZIKT R/ F—{ICr I AL T FEmRL, 20
FIANTT NEFIRT S Z LISk o TKERSKIRIL S U7z BenV HOLSIREESAR (BeO & BepV @
~ v B 7)) ORPBICKRE) LTz, B2, liE FEEOEREHALNCT HZ L1280, EPMA-
SXES/WDS # HV 7= Be & B Lt BB Ottt (=i~ » B 7 LbFikig~ v v /) 23 AfiE
ThHY. MY 74 ROBRITRIINESEEZZHND,

5. BN HERK - BE
® Jac-Hwan KIM, Masaru NAKAMICHI, Ryuta KASADA, Keisuke MUKAI, Kiyohiro YABUUCHI, Satoshi

KONISHLI. International symposium of advanced energy science ZE31-14, Sept. 4-6, 2019, Kyoto, Japan (7~
AL —FER) .

® Keisuke MUKAI Ryuta KASADA, Kiyohiro YABUUCHI, Satoshi KONISHI, Jae-Hwan KIM, and Masaru
NAKAMICHI “Chemical state analysis of steamed Bei,V beryllides by soft X-ray emission spectroscopy”
The Nineteenth International Conference on Fusion Reactor Materials (ICFRM-19) 30th October 2019(7~ A
H—FEFK)

o [HEA, ARHER, BNEERLE, N2, s, duER, NV Y U A REILEMOTFIR
e HT DFENTIZIE U TR, TRACER. Isotope News, No766, 2019 4 12 H 5, 11-14.
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MR AINT v —VEFFONRMOIGHIL, ey e d | BTROMA 72538 IR0 > T
% 1], JEiIeo#ITH M O 0 INARTE R Z R oD T, HOETH AR L TR ROt g £ o

NMAERODIETEX D 2 ENFEHANTRENTWVD [2], ZORIEENEHR T UL, el kt LT

L OWMNERETHZENTE D, ZOmMALITIAL, MILE TN L ORHETE 5> b

Ty AR LTEZLAFNTH D, KRR TOEMRARIGH E LT, fEki B — 20T )

mmfbfxﬁﬁﬁawt LHEE =X —OEBICER D, TNERESE T, BlE 77 X~

DH A IN—H —ZFEIA T TEE I E FH OREF 8D OZ BT = 2 — N EB TE X, A \—X

—~OAMEBRFIET D CW 77 A< BIRENENL TE 50080 LRV, ZiuH OFFZED 27—/

FnbEr=Ivia XX MO BNERICEFGTHHDOTH S,

LU, iz AWAmo Ry 77— 7 MAEIL. BT OIRFEIZ O RS 5 HE Bl
THUY ., LI TIEIWeW, 22T, ZOWUEEMOBREZ FHES TR D 77 X~ it T e
(bERp) . kil GeErr v o) #Fge=E (bAr, JbiE) . R RT3 —B# T2~V 4 hae 7
=7 (F9) BILFET, Kifhe— Aﬁkﬁﬁ THEROBZMED S, BHM Ny 77— 7 MNAEE
ZHENL L, FEREOBBICHRE DT D72D121E,
ﬁﬁ@fﬁfvaﬁﬁ%WDmﬁéﬁﬁf®ﬁﬁ£
BB RIZI D, ZOERBROEHIZ, ~V A e
VAIEES RELAX 2EE, 2 oma A5

2. 7 b= IfEREV—TF—00b0NBEEY—2%
FAWBREDT 7 NEORIEER
K10, ime—2 (OVB) 2oy RAUVNHHE
WU 7R R 2 DDA & (AR Z R DL T
W5, SRMIZHG N2 K512, ERHiE bRy
HNF v —2 (0) OfEl Wﬁbfwé £7-. OVB
DOALFRIE, BTN L C AL S5 1 22 8 45 A
EHLTWD, ZORMEIZE Y, OVB OEITHMIC
ﬁbfﬁﬁﬁ@mh%ﬁﬁﬁ#é%é\%@ﬁh%
IZ&E > T OVB OMIREEN Ky 77— 7 b5,
ZOFEIT Allen 252 K> THIRENTEY [2].
T AV S EERE SR T DR R IR YER) 72065 O Bk
IZEEL WA E N TV D, Lﬂb\§<®7§
A= WD X DT, FRDEXI RO MIFEEERE R T
DRI IR D703, uHHH?ﬁW“é;]’LTb\E)jCF%ﬁﬁS‘ o o -
R7= 5780, Zof-i, MEEEATO OVB ol B 1 PRRIAAFy —Iomnic Lo e
FT5LERTHE, bRR OH AT v — DO —HPBRESMEL. hRR AT v =
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Plasma Flow : V'

MIFE— XN TR, TN AEfRERT- 8512, Allen 273 Photonic Crystal Laser

" s (v!hicllgenerltes @
B LA ST R | LT odEBiE L = Opticul Yortex Beam) P Spectrometer
X —DRAFE VT, TR 2 52 238 L 723 @) ' Opteel Bt PN e Optical Fiber
ik & BUTEE BRI MR I B L T 5, 0 -
ZORBNORLTIE, FvTT—v7 FRSEIC fL ) .
X9 5 EERET BT TV D, KDY 945 nm D 7 : P
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> hawy

.
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R
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F b=y 7L ——2HWAEE. =2 2EH
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! \E ‘E
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X2 DL, 74 b=y 7L —F =05

ZHHT D5 NEHI AT A%, ST —L U X2 HN
HZ LT, arynRy NMERES THLH, £ T,
3D ICCD I AZIfEBIEDDIC, IT7—L X
KB DT A M EFER LTz, K4 BZDdDaL R
— 3 hThHDH, EBRTIE, AL LED "RAEHE R
LT, FIRZ—7> b (1 mm) kg5 LT,
Rl vTREREIR & RSN RE 2 R LT, T ORER., L
A OEBEA 30cm IN E TR 77 LA 2D,
FHRARAREF (15 mm) FREEIZIET G4 D 2 &3 &5
o7, 2L, X3 D ICCD DA% 18 mm & |7
BRETHY, BIEMNRMETHD, 74+ h=v 7ML |
— P —IZOWTIE, EERIRFRE CEm & A ol |

EIZASTWD, ZNOLEMARDEDZ LT, &
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EWEA L, FEEMREET 5,

E PN > : \ :
[1] HRE fh, Sl EH LSRR OBIk, 77 3 B LRHAENT-T T A~ el LA TE S
K245k 94, 121 (2018). [2] S. Franke-Amold, L. Allen, PIHPICCD 7 A 7. Z OB A ZIiHE ST LR

X 2 (a) i —2E2 AN T T X< fiEHE
VAT ADOAEX. (b) 7T A~ TONHIN
X, I AN RN LT, B
SNDHT ETHELS.

M. Padgett, Laser and Photonics Reviews (2008), DN AT LE LTI T =L X & HWnicshy
https://doi.org/10.1002/1por.200810007. MR T D,
Ep&:ES -

Miki Kitazawa, Haruhiko Himura, Takuya Mine, and

Kyoko Kitamura, “Revisit : Principle of Transverse Flow

Measurement by using Optical Vortex Beam in Cylindrical

Coordinate”, (FfET)

[ASRZER]

OdbEEAd, AA2SET, HAGE, Dt —2oz vy |

T2 77 A=yl O EER AT, 2019 5 80 [BIS

B2 A =, 20194F 9 3 18 H, ki

B RZFLIE S v > /3 &, 18p-E204-5.

Odeiefc, A%, BrmilE, otihe— 2z /Bl

HREMLT b= 7 fdh L —Y —OB%E”, EEDE

T—V VR Y T L2019, 201946 H 28 H, AAY:

fhr e it o [ 4 FUERRS: L5 — BT 2B JERT TR
DI T =L RN\ Toa Ry FRoy .
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ODS EE DBV FRATREEDHAR
KREFE-T !, #NEEEL 2, fBEE 2

BRSPS VNG &I i
RN IV R i e s

1. Hx-BW

ODS &4&1%. A4 L E R B~ nm VA XOBLWR 2 BB I i sE 5 2 L TF
U7 EHRTREE 2 3548 L7 e R Ch 0 . IR R EERIE - B IF IR B O A S P SR R O
N7fpdfidt & LT, BAE O L FHASE THEHBENED LN TS, LrLINboE4H
BT D BALRL TR FICB W CORE 3N T2 L 0O MERH Y | TOREMITRIZHL
DT72\N, ARBFSETIL DUET i TOA A BB K OV D% OTGIRERRA#HT 2> 5 . FeCrAl-ODS &
GORR TZEMEZALMNCT I ZANE LI,

2. EBRFIE

HERAAS DAL Fe- Fe-12Cr-6A1-0.5Ti-0.4Zr-0.5Y2053 (Ex. O = 0.25, HAZlL wt. %) T, A B =TT 1
A2 7MA : 10D 7 kT A Z—. Ar &%, 220rpm, 48h)—1100°CEEFRHIC L » TERIL 72, #PH
RN HH 1.5mm X 20mm X Imm D AT ¢ v ZAREER 280 H L, SEiFEE L7=%. 3K DuET 123
T 6.4MeV Fe'' A 4 % 400°C, K 33.0dpa(IH K A HEE S 1450nm, V¥ 9.17 X 10™dpa/s) D Fe1f:
CRBHRE IS Lo, BB ORBRA 0 HIURA 4 2 B — A(FIB) & W T i & J7 1 OBLZE IR
B ZER L, R R X —A A Y T E2HNT FIB MLICE VW EASNTEEB Y A —V 5 HRE
L7, AL+ OH A X - BB E B L O d & 2 Fi S 7B SI(TEM, FE-TEM)% W\ C
T L=, 55 758 % 2018 421297 > 7= DUET KON JANNuS(~ 7 > A CEA W7 L —HF4EaT) O FR b
FEAL L P L7z, 3R 1T 2018 4R, 2019 4 0 B ATERER O B 4 7~ 9,

F 1 AREFE RN 2018 4D A A o BB O

HEUH it DuET (2019 4E ) DuET (2018 4EJE) JANNuS (2018 4= J%)
A F 6.4MeV Fe'* 6.4MeV Fe** 10MeV Fe"
HUHEREE [C] 400 500 600

e KABEHE [dpass™] | 9.17X10% 1.58 X107 1.68 X107

e KRG & [dpa] 33.0 62.5 312

3' %%;ﬁf% ‘ %g unirradialted area

LIRS - FERGHR DI Lk 1 ~12dpa ~17dpa 33dpa
D &4 R HE S BE(HRTEM) S & 7 O & e "
W7 — ) TEHFFTE Td 5, FiH D
LIRS FIANZHEEGAR S DN TV D
72 ® . 42 12dpa, 17dpa, 33dpa (ZFHY
THRI CENENIRE Z 1T o7, I
HRGTI D & 73 R Fe A A DIF
AHES X0 FIZHVLEGum LLE)
THRE LT bDOTH D, 2018 FFE DR

LA (AR5 2 OREC TR G C s o MR - S BB HRTEM f8(£) &
Y-, Y-AL Y-Ze EEBAIRIT D 2 ppT ()
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ETDHZEND->TWD, K15, IEFREHETIIER Lk
T L ALSRMHOERVICEAETT LENELTEY . FFT &2
B ZAUSKHE L7eBE RN /R B b, — 5T, 12dpa LA EO RS a
WAz B W TIIWT b BRI 7 & &R OB UL AR L

T. FFT 805 L bWkl O Rk ibiE & 2 1IR3 25 = &3 L I | |

I 7o, BB SR & ALEIE D £\ 2018 40E DuET T
D 500 CHGHZFELCTlE, BEIRICI T D ERILWhL 1 DRSStk 02 46 810121416182022
i&% HRTEM } O FFT 0 DGR T X 72728 R FE DS RIX Particle diameter [nm]
MEHEEIMENZ ENERFIRNTH D Lz b,

2 1% 33.0dpa (235 1F D ER LKL 1D WA R o3Af % BRSFRIT -
2018 4% DuET 38 X O JANNuS R Of5 R L i L= 6 DT
B %, 400 CHRFHZ W TIE BRI HE FE DMK T L, FFIZ 2nm
LLFO/NS 7R - OWERBEFE LY, Lol 500C, 62.5dpa—
600°C, 312dpa RIS - $HIFEAS FRT 5 L & bl bk e
TORBEN ERT B, L, BE LIS E > CHILIR T .
DO AR U2 OT IR DS . ST OBk <0
BEGF O OB -IZIERcT 5 L0 & RN TETH T2
Dz EERE LTS,

before irradiation

[x10%2 m™)

O =2 N W Bk O
T

Number density

400°C, 33dpa

[x10%2 m™]

O =~ N W kO

Number density

Particle diameter [nm]

500°C, 62.5dpa

4. 5%OIE

FRATIERY Z & @ artifact WFFEL7RWZ & 2 fERT 5728,
DuET (28T 600°CHE 217V, JANNuS FRETORE R & g
L7eWEEZTWD, W DS R E L BE &0 A T
WCTEAHIEaiERT HE L BT, Frost & Russell 3MEE L 7= BZa s 8_ 101_21416182022
~ [ U 2 AR O IR LR OB [1IC S % Particle diameter [nm]
Wi+ D4R s FIT 2 ERAIICEE LA TFETH D, 600°C, 312dpa

- N W B O,
T

[x1022 m

Number density

o

a
o

S 3k
[1] Frost, H. J., & Russell, K. C. (1982). Particle stability with recoil
resolution. Acta Metallurgica, 30(5), 953-960. = L e

Particle diameter [nm]

RFICL 264 )
[AEEEY A ] M2 BEICX 384T T A

1) N. OONO-HORI et al., “Irradiation Response of FeCrAl-ODS Ao O
steel with Zr addition”, Fifth International Workshop on Structural Materials for Innovative Nuclear
Systems (SMINS-5), July 8-11, 2019, Kyoto (48 A # —).

2) N. OONO-HORI et al, “STABILITY OF OXIDE PARTICLES IN ODS STEELS UNDER
IRRADIATION” , 19th International Conference of Fusion Reactor Materials (ICFRM-19), October
27-November 1, 2019, San Diego.

N B~ O
e e

Number density
[x10%2 m™

o
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3*CBMN, University of Bordeaux

1. TREEW

B, [Tz r=7V 07 WO BEPAIES L, B OBEEEOBFEMRE & B
=72 T AT 47 % b LIS LR TN T D, e VX —FIHEEEEZ I LD ETD
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Fig. 1 ASRS spectra with KU-FEL irradiation Fig. 2 An FE-SEM image of the sample surface of
ON and OFF at 7 K. the laser irradiations.
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1. Introduction

Photovoltaic (PV) technology for electricity generation has received tremendous attention. As the major
component of PV systems, crystalline silicon shows an outstanding advantage in technological reliability and
natural availability. However, current manufacturing cost for Si solar modules is still at a high level. In order to
make solar-based electricity competitive, reducing the manufacturing costs for Si solar cells by developing new
technologies is desirable.

One promising approach is direct fabrication of Si films from molten salts via electrochemical techniques.
Molten CaCl, offers several technical advantages as a high temperature electrolyte: comparable high solubility of
O ions, non-corrosive nature, and high solubility in water. In this work, dissolution behaivor of solid SiO> in
molten CaCl,—CaO at 1123 K was investigated. Electrodeposition of high quality Si films from molten
CaCl,—Ca0O—SiO was demonstrated.

2. Experimental

To study the dissolution behavior, SiO; rods (diameter 6.5 mm) were immersed into molten CaCl,-CaO (about
120 g) contained in an Al,Os crucible under Ar atmosphere at 1123 K. Prior to experiment, CaCl, was dried under
vacuum at 773 K for more than 24 h to remove the residual moisture. The apparatus is shown in Figure 1 (a).
Weight changes of the rods after reaction were measured. Molten salt electrodeposition was conducted in a SiO;
crucible at 1123 K. The apparatus is shown in Figure 1 (b). The electrolyte bath was a mixture of reagent grade
CaCl; and CaO (about 80 g). SiO, nano particles (size: 10 to 20 nm) were added as the Si precursor. The working
electrode is a graphite plate (diameter 6 x thickness 1 mm, 2.5 cm immersion in electrolyte) while the counter
electrode is a graphite rod (diameter 6 mm, 2.5 cm immersion in electrolyte). The post-electrolysis samples were
rinsed in hydrochloric acid (0.1 M) for 1 h and later in distilled water forl h to remove the residual salt. The
deposited Si films were characterized by scanning electron microscopy (SEM), energy dispersive spectroscopy
(EDS) and X-ray diffraction (XRD). Impurity concentrations were analyzed by glowing discharge mass
pectrometry (GDMS).

b Working Counter
(a) AlL,O; rod (b) electrode electrode
) +) Ar

graphite

Molten

CaCl,-CaO Molten CaCl,-Ca0-SiO,

Al,O; crucible

SiO, crucible

Figure 1. Schematic drawings of the setup for the (a) immersion experiment and (b) electrochemical experiments in CaCl-
based molten salt at 1173 K.
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3. Results and discussion

Figure 2 shows photographs of a SiO- rod before and after immersion in molten CaCl,—5mol%CaO at 1123 K
for 5 h. The immersion depth is about 2 cm. As can be seen, diameter of the rod decreases apparently after
immersion because of dissolution into the molten salt. Analysis by SEM/EDS indicates the formation of new
phases such as CaSiOj3 or Ca>SiO4 on the rod surface after immersion. Figure 3 shows the diameter change of SiO»
rods versus immersion time. Dissolution is fast at the initial period, yet gradually slows down with the elapse of
immersion time. Further study indicates that dissolution rate increases with the increase of CaO content in the
molten salt.

2.5

20

15 |
2cm

10

Decreased diameter / mm

05 |

(a) Before (b) Immersion 0.0

immersion for5 h . s s L =
Immersion time / h

Figure 2 Photographs of a SiO; rod (a) before and
(b) after immersion in molten CaCl,—5mol%CaO
at 1123 K for 5 h.

Figure 3 Diameter change of SiO; rods versus
immersion time in the molten salt.

By optimizing molten salt composition and
electrochemical conditions, dense crystalline Si films were
successfully deposited onto a graphite substrate by
constant current electrolysis. Figure 4 shows the SEM
image of a Si film electrodeposited at a constant cathodic
current of 15 mA cm? for 2 h in molten
Ca0—4.8mol%Ca0-3.9mol%SiO, at 1123 K. XRD
characterization indicates formation of crystalline Si. The
chemical composition of a deposited Si film was analyzed
by GDMS. The result indicates low impurity
concentrations. B and P are 0.9 ppm and 0.6 ppm,
respectively. Other impurities except Ca and Cl are all less
than 10 ppm. We consider that residual CaCl; on the film ]
surface due to insufficient rinsing is the major source of Ca Gr a p h Ite \
and Cl. Other impurities may also derive from CaCl; or the _ :

SiO; crucible. We believe that there is large room for

further improvement by using high-purity raw materials - 4 A SEM fthe Si film electrodenosited
e . . : : igure 1mage o € S1 nlm electrodeposite
and optimizing the operation. This result indicates good at a constant cathodic current of 15 om for 2 h in

ggﬁg?gtz:fi‘fé‘ggfy s;slézoi‘gﬁ:;ns‘éﬁ‘sele"tro"hemlcal molten CaO—4.8mol%Ca0—3.9mol%Si0; at 1123 K.
1ques us1 2= .

4. Publication list
Xiao Yang, Toshiyuki Nohira, Il Sohn, “Electrochemical preparation of water-reactive silicon with potential
applications in hydrogen generation” Journal of the Electrochemical Society, 167 (2), 2020, In press.

_53_



ZE31A-21

AR F—S AN HILE FOA FIIVTSXIEEAE~AD
BREZOREN

SRR, ME—RR, WARE Y, WK, EEA !, REFEMC, MEgZ?, BURER

VD TS R S SRR e R
PR RV R —HL TSRS, R LA

1. BH

KPR b v A XV T T A8 oY INAEEDRSIL, GX—F NI~ 7285~V 1=
THEEDIEAR & TN EFA LI lEIRIRE O V@ X —% N~ 7 O U AR L IEA
WHERZEDTND, ARIEFEFZEIX, F— T ZEEIZB W T S 2 WIS O BB BIR DT %
WU T.3DANY BB EGTLHE P 7T A~OYERE 2B T 522 L2 BE LTS, ~U
IR B 7T AT D AR ERBLIL O BEAE ORI, Sl B R & 3-D Y L
SEHTEEALIHAEL 9 D RFP Z WA Z & T, AU W VEEIR 7 T A< IZx T 28R 28D 5 Z L 23
FFEnb,

2. Fik

X7 A7 N RFP 3 RELAX TEILEN TV DY B /LEAL RFP OWNEREE 21 5 0Mc T 5 2
2. BESGHAIB KON ZEAT 5, K7 o —7 7 LA ZA L. WNEblESE i 2 TS 9 2,
Z DGR ARG & T D & & 612, RELAX OBl FREN. 2 IHRAE L L <, JERES I = L —
v a v a— R MIPS [ZXDFFEZITV, 3-D ~U BVENL~DEBEBBHB ORI 21T 9, ~V D VENL
RFP, AN~V A b 1 T O %2 5 72 DI g D RYEZ TV, ~ U D IVENE~DER
BRI 2N OF5E2HONCT D L2 HET,

3. BEBREH LMD P I=2b—Ya v R _
B 1IHET 227 FERFPEBERELAX @ 4 . - O
D EhRIFRENL 2 FIHIRRE & L7=, MIPS = : :
— ROFEMEREEZRL TS, Vaxs v N
9 VORGSR, RERKBBEL, ~U D 4
IWELLSTER S D Z Em TRl s vz, 2 i
DAY TVETEREIZ TR S 3 D e 28 R
AR R T e —T7 T LA ko THER e s

S - T8 LH . — Major Racius fm]
MICHONEBHEBE B 8T 52 oo ey o ey

& AR ST, 7 (6) SRR & MIPS |2 % RESHE B3 15 00 KL

4. SHBBORUE L TIEFER

FURMAARIILL T oM@ Y Th 5,

i) @i MEAEREE S00mm LA b [EIHTRS 274K 1200 grooves/mm LA E, i) K FfE, i) T& 5
MEY XY NTRHREDR SV &, WAZ <A XA[RETHDH T L, iv) AU v NHAIC~YAVTF T v
Y (R I7mA—=FTHHTE), v) K77 AR ATPBARETHDLZ L, vi) 7SV AEITK
JETEDHZ &,

ii)iii) OWNATBEFERETH Y, FEEZ/NSLT25 ERUONFEREEANT DH I LT D, i), i) D
BEfRRT D720, BEL Y AERHA Lo an LIZ LIRS TS, LosLaens, K F
DO L2 R IRD TEREA L 70D, iv) — 7R E S B tas TIEMmESE 2 AW 7S5 3FERER &
. baAZNEEZHCTYH, #AEOREINENET ST, 2V v MESFROMEESED DM

. Bpol

_ Magnetic Field

— MIPS
experiment

6 s 7
Major Radius (m]

_54_



ZE31A-21

LW,

AIFZETIE, DTV FROBEEL X (27— X) OHAEREZ B LT,
(DL X:500mm O L2 REfnizE . A Y v LR £ TOERET 7 < & % 600-700 mm
BREXNETHL, 27— L2 XI2E 122mm TH 25D T, #42300-400 mm (Z#6D 5 = & BHIFFT
X, BEb, REICBWTEBO TEINEWR D, 72720, b VWAbEORFREIC LS EIC,
FBLOGOr 7 v (ORE) ITHE L TEBLERDH D,

QAU > b HROE 70 A —%Z, AORAU v hA~DOHOEANZL U XEHWD I ENEFTH
STz, EZAMN, LRIZXBEGETIE, BINGE, F~y T U7, a7 & FRRES B8 0 N
2\, IIETIE, 7 7ANR=T A% ADRAY v MIEERNIALE L THXERIEAT DR F0
272> TWD, ZDWE, HEROAY v FTIE, RV R EOEERCHEANIKEIND®mIHIREAY v
FDTZDIZAY » M SEDZ ENTERY (iv), £ 2T, ELFEFZEE () OEARFFHICLD
KO 32mm), M2, BBV +FHERBEEEMSOADRY v FE2RHATHZ &L LT,
CHER Vi) SV RAEFDO Ky T —2 7 F LAY "MLV EIET D012, 07— MMi&A
A=A T T 7 AT OEFHERALS, AIEAY v OBEHIZL Y | ICCD ~OHOEA[TA Y
v METHIRTE 5,
FROERFEHIESE, BELE
WHFAFE AT, 77 LOFHM
(Lo XD Rawk) . B4
FEEL~T 2 FOMR, mHEEE
EZOWTHEREITo T2, K 2I12T
FEBROR T 2R d, ZORE, v
> R BEREIT 300mm FRE AN %224 T
HHTENHBA LT, B LAV
— 7y "D B — 7 OPERRE D
AN—""y NGBS IR
15mm BETH Y | AILZEIZ DN T -
Eiﬁ&f%igi;%; i;ffﬁ 2 KR EBICN D T — L X0 T L ORE LT

wer v A = wlepkn ET D MEHAELE, ERITIAWNEDED L XORIZ[E T
MARECTHD LW LIz, ARITD e (grm) 2FA SRS, A Lo ZRIEE300mm

ez DELE S ICCD & OHLY G512 T ORGSR,

2N, BT - RV & [BIHTAS -

Bl &R OBIET — % 55, Wik 8O & % O SR ORHMIRE 21TV o egso5epk & %
BRaEE A~ A% BT,

5. TMXERY AL BLY TAOWRERY R k)

[m3CHEFR Y A K]

[1] R. Paccagnella, S. Masamune, I. Predebon, A. Sanpei “The effect of toroidicity on relaxed states at low
aspect ratio”, JPSJ $&fa

[REEY 2 1]

[1] A. Sanpei,et al. “Relaxation models for helical reversed field pinch RFP at low aspect ratio and associated
characteristics of turbulent fluctuations”, The 5th UNIST-Kyoto U. Workshop, 2019/04/22-23 Busan

[2] R. Paccagnella, et al, “Cylindrical vs toroidal Single Helical states in the low aspect- ratio RELAX device”,
the 46th EPS Conference, 2019/07/8—12, Milan (poster).

[3] ZBAAmR, “A>T T INTH T T 74—, Tarhla—allldrS T AN D
ZIRTTERHAP,  EEREHIRFSE S 2019,2019/09/18-20, NIFS

_55_



ZE31A-22

Bt/ 21EME S5 2 v I ADEF/BFRIEREHR

ZEHFAGL Y, SR, ERAER, RARRAR T, g 2

VN RS2 T2 TR
2 RS R L X — TR SE AT

1. ERLEW

WA L ST R T A T2 & B A A DI E RO E A2 FREA A S5 5 5 #t
DREWVEETH Y, ZIVE TOMFRIC LV IMRFBEGIEICENLD Z LR SNTWD, saEED
SR ERERERY NV a =T (YSZ)IE, BFEMEOZESME L L THERPEIRI S TEY . P70
SRR o LR —OME D R D AREREE T CER SN D, 2D ORURRITME B TN G
BDVITEFHIMLIEREIC Lo T2 L F—2 K, IECEH LEBESCE FRBELFHLZT 5, BHET
PAIREIS 1, A OBURBRIRSTC X o TA U7 RBaRE L EHECHAER L2083 B3 E L T <,
Bhuian 5®%, 200 MeV Xe A 4 > % 4 L7z YSZ #EHZ 300 K 12T 3 MeV O 1% & L7=KFD
WHIFEARZE LA BIE L TV D, MEBEEFERGICL > TSNS F 0 b T v 7 2 a0k

. BTRIOHROGE L IXRR DMERSCEEORBKEBSIER S D Z & 2H)E LTV DH238, K

%ﬁ%%:ioféukiﬁééﬁwkmﬂawio:WEW%LTW@ﬁﬁ@% LTV < 23
HDNTIR > TV, ARBFFE TIEEm s E A 4 AN K> THEEZ X172 Ce0, & YSZ iEHI Zim A
EBAMEE W TEFZ RS U, JISL L 72 RO TERR T TOXRKMDIER « Bl 2 1 B
N 1208 BIERICIVHONNITHZE2AME LT,

2. EBRGE

CeO, FEAEIR, 8 mol%Y205-Zr0, BEfE (3 X Y 9.8 mol%Y,05-ZrO, Hifk b el B AJE 1~ FIWF e BH 56 6%
WD & 7 D2 T 200 MeV Xe 4 A A IRICTHRE L, 2 oA A g2 &

FOBRLIEREIE. BIER & 1T > VBRI T BV T 27 keVinm Th 5, MRKNFUE 2 T 1 BAMEE B E
T HEBEEHI I T L7z, 2o OFEHI LN K EBBEMART I IEE v & — N OB R E 1 B

JEM-2100HC 35 J T8 JEM-1300NEF % I\ T 200 keV 35 X T8 1250 keV DOFEAFZ FRH L7222 5 SAHIHE
WA TZ20Y) B8 LT, BB EARAREEIXTEM (LM SNz 7 » I 7= v 7
ZHWTCHIE LT,

2. BRBLIUOBE

X 1(a)3 £ ON(b)IE 200 MeV Xe % MREF L 7= CeOr il & [Al—HBFIC T 7 4 —h ASM 2 B S8 Tk
LR TEM I B CH 5, Wi RAEORO T FTANBA T VT v I ThHD, A F
YTy ZIEARERATEHAEDO Y NI A N LTHIESH, WEATITREAOa S T RAMEL
THZREIND 7L 3L ary P 7 ARELTERNATVD, KIZE 1T D) L V()T 200keV ET %
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7.7x10%" (e/em?®) MRS L72#% D TEM HHEFHE CThH 5, BT OB Na L N T X RPBEEL—TTh 5,
F 72 McKinley-Feshbach D% W =55 2> 5 200 keV~1250 keV DT F /L X — % FFOE 1-IREHZ B
Tl CeOr FTIIMEFEA AL DITII LS LBERFEIND Z L B> T D, CeOy ilEHHIC
TERL SIVTHEA I L — T 1T TR A A DA L > TR S a”bf:Kﬁtbiﬁi:{ﬁ/v~7°T% HEEZEZLND,
ZNHDEBENS, AL —FNIA A 8T v 7O EREOMIEIZEERENTEY ST LT
BOAF L N T 7 Da s FTANMIELS 2o TNDZ ERDND,

WIZ 200 MeV Xe % S} L7 CeO, #EHTZ 300 K C 200 keV B 1-% M4+ L, SAIALGR ORI 2 L2 8l
LTz, TNENOREHICER S Iz L— 7 DR E SEET 5 & 200 keV OB 1% RS L7z
AREHZ KR E RN — T DRI TND Z ERbooT, £l BV —T OBEEIZER T 5 & 1250
keV OFE T & B L2RB O BN L — T OBEITEL 2o TnD EWH Z ERghoTz,

4 4 13X 2 OB ORI K D HENLL— T DY A
R TH D, 200 keV DETZ WY L7-adbhE, RS
BRI D ICHE VIR — 7 DO A4 IHREERK L T

o —J7 1250 keV OFEF AR LIZAEHT, 74—
AL E A DR DERIC b E RSN — WY 7=

- 1] pl & ;
20nm < - ST LE2 Ttz BEZ LA T ) & KRS BN
: L CHENINL—T D A XK E 2 BbiEENR o
7=

(1) AKM S. I. Bhuian:”" #2207 5 SC° (UM K2 ,2016)

[RSEFER Y A b
2

1 200 MeV Xe % 5] L 72 CeO, & FHT 200
keV BT EMRKNT A% LR —GEICTT +
— A E TS TH|HRE LIZHO TEM
RS, (a),(b): B T-HRETHI, (c),(d):FE T
%



BEAAKFE TS5 07y FAREEEHEE D QKRR IFEBEEE
2T BEAF U BELUAN) D LERRFAESHR

UTHEA Y, AR, RAE T, REILHDN Y, EAREYL !, R, N EEag 2

R R SR e B B BT SRR
BRI N IV R e s

1. MEER - B

BE, WX —JRE L CTHFERED 5T 5 D-T @A Tk, BREE LTEAKEL b
VFoLzRHTH, ZNHOKFRMEIL, BIEFICBW TEEM BT 2 L GESEHT 2 2 &
DEHILTEY, FRCHHEDETHD N F U LAOFBRIFRSEESNTND, &2 T, #EME
W RN F U AREREOHEE T Z EBME S, IRE T RREE S ICL > TRfb=rE Y
LRWAA v U UL (Y20s) EHEDET I v 7 APENMENTOKFERMAE B L ~T 2 &2
SN ENTWD, ITETIL, t?\/7%%%Kﬁ¢é%%%%@%%%@@%ﬂf%@\%m
BRFB\T KT 5 B K 20 dpa @ Fe MRETFABRIC L 0 | BE %5%%%L£M@ﬁ@ﬁ%%ﬁ ZERTWS
FICFEREREIZ K VIR WS T CTHE IR 2 IR IR OB EZIT 5 728 é%@&ﬁm%b)
F 7 LDOEIINZ L > THERBT D a kit ié%%%m%LtFﬂkﬂﬁ%%%%ﬂ%méﬂ\mfﬁ
IV DI K R RN AT B SR B O AL AR SN 7o, AFZE T Y205 BEEFUEHT & L ¢, Ni Bl R &
BELONI/He BRI 2N L, TOBORE 28 LT, K VFEHRREREZRE LT,

2. EBR

EHE L7 = 5 A4 N F82H EARIZ, ~ 27 % by A28y & U o ZYEIC TR 650 nm FLEE D Y,0;3
ZIEMBVRAE CTHAG LTz, TD%., AbRE LB ORI E R M2 2T 572012, mEZE
T T 600 °C, 24 FEE]OBGLIE 2 F20i L=, & D%, =R FT 6.0 MeV & Ni** & 48{5% &7 0.32 dpa &
725 F TS U2k &  NIZTFRE 412 100 keV O He? % i K 4000 appm £ TYEA L7 ilEH 2 /ERL L 7=,
PRI REH X L, B 7 BEEE (TEM) Z AW 7S ot 217 o 7o %, H AFERIEIC X
% HKFFEARR A e L 7o, BEAKREEABRIL, EAET) % 10~80 kPa, BRI % 300~550 °C O
FiPH TIT o 72,

3. WHR-EBE
1 IZH 2B O Wi TEM (8279, WTHLOREFCH RSB HICAR A R3AR L, FA i

Fﬁ7%w772Eﬁ%ﬁLtoitFwFEY%w77XE@ﬁ IARA R&EIF E A EE T ViEER

DR S NTZ, TNENORERBEIER L2 OZK 2 1T, S I AR RETIALRT, ~
T DOFESE, He TEACHRT DMEZME i spmmsy ama ook NiHo SRS
ITHERR CE o Tz, eV T REFEERE " = W \ -
L7z Fe/He MREECELE & To4 BB D HK R
BEARBROAE R A XK 3 12187, 300 °C 2> 5
450 °C O FEFEIIIZISN T, Ni B PR
B & b LT, Ni/He B RERUEHT MO i P 24 |
W77 w7 AR LTz, —7. Fe ML ~ ARG A g £ TR
FefHe FIMMAAENC B CIE, o ISR F s
777 ANEDI/INS D)o T2, Fe/He [RIIRERE ek s '
%T%it*/"f@i He /§7\‘/l/®ﬂ:2527j§ﬁﬁmu éj’bf -t NS \
BY | EABZFBERRKICIEET D He N7/ K1 Ni B BH I L O NiHe BRIBH 4172 Y105
DEAKBIERMZILEZE LA LILD N, g Bl O TEM 14 (300 H{i%)
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Ni B - 4 o ; f I 3. N : T/°C
r B ﬂﬁ}j’ - 3 ; 5 : o : 600 500 400 300

F82H

{ ]

10® : ::ggg g: He 4000 appm"'

1 3 (O Fe0.5dpa f

o i 4 o 0 Fe05dpa He15003ppm[

gt Bl e & y e A 1011 12 13 14 15 16 17 18
— Nt ] ——— e & 1000/T /K

2 Ni B 36 X OV Ni/He B BE S 72 Y05 BB 3 MRHERUBI O BHK R G
Wrisi TEM 4 (1200 J7f¥%) 77 w7 ADREKTM

Ni/He ZR RUHUEF Tl He TEAEDBHIRIIZ WG DD He N7 VDEREN VIR < D~Y T A
DML L 7= 72, BKBIERE MG T 2B’ GO oTo B bD, £, Ni BHIC k- T
ELENT-FERREEN, ZD% D He BEIC L D S HICHELENZ 2 & T, Ni/He BRI B P 0 FK
BRBBERHEIN L= & E 2 55, F D%, 500 °C 12350 THEK FREEUBNC I B B3R & RIBEIC .
TR RICERT 2 ¢ bNDBR T T v 7 AD KRB BHER SN, ZORBRIEE T, B
ICHEASNTZ He LFDIEE A ERHEL TWEEZOIL, A AV BREHOBOHENRNT-LEZ BN
%, —J T, Fe/He [RIFFIRSFELTIL 550 °C THIO TiEil 7 7 v 7 ADO KGR/ BRI Z &

/5. He /*‘7“Mij“4 RIZHRTEMIZZETH D T ENREBI N, 72, He N7 VIR RS
TIERMGEE DT DITIZ E A ETRR L2n—J57C, RIFFBEERE F TR LT W EavraE Tz,

[0SR Y A 1]
1. Kazuki Nakamura, Hikari Fujita, Jan Engels, Masayuki Tokitani, Yoshimitsu Hishinuma, Kiyohiro Yabuuchi,
Sosuke Kondo, Sho Kano, Takayuki Terai, Takumi Chikada, “Iron-ion irradiation effects on microstructure

of yttrium oxide coating fabricated by magnetron sputtering”, Fusion Engineering and Design 146(B) (2019)
2031-2035.

2. Kazuki Nakamura, Hikari Fujita, Jan Engels, Masayuki Tokitani, Yoshimitsu Hishinuma, Kiyohiro Yabuuchi,
Sho Kano, Takayuki Terai, Wataru Inami, Yoshimasa Kawata, Takumi Chikada, “Effects of helium
implantation with heavy ion irradiation on deuterium permeation in yttrium oxide coating” Journal of
Nuclear Materials, submitted.

[ H]
1. Takumi Chikada, Miya-Abdou Award for Outstanding Technical Contributions to the Field of Nuclear
Technology, 26th September, 2019.

[AEHEY 2 ]

1. AN, BEHYE. Jan Engels, WRERET, ZEWEEG, BNERNE, MEPAN, SFHRREsE, B, I
HEIE, ITHAER, “BbA v b UL O EKZEZBBICHT DEAS AV BE LAY 7 AFE
NWE, 77 X< - BETE 1836 FIFES], 2019412 H 1 B, FERFERIFF ¥ R
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Li A ERBEMHEOMEFHERNT
oo R, PR, BREEH 2, AEmREA
LIRS LRI
SR K L — BT A
AL A B R

1. FEERLEW

[ T KORG 7 7 v > b CIREEREGEN (U F v A8e8) Z2H0 T, EIZ Lin) K&
TEREL N Y F U Az iET 5, BUR, BRI OB E LT, U TF U AR L0 =70k Y F ¥
L b (LixTiOs, LisSiOs 72 &) DEFT STV 5, Bl &R O FERLITILmE W Li 175 5 & =2 H
BRI N COLFRILEMIZEND N T U AETEMEI OB N LETH Y . < OF Li Ji -5k
DIMFFERRE STV 5,

2016 FELIRE, HEEE DI, 1ERDBEMMEITH D A X F X2 iR F 7 4 (LibTiOs) LT, L0&E
WL R EEAZA TS LLRERINT 2 Y 577 A (LinnTiOs) OFFF) 70/t 7002 MR o Haa
£ TR, LiTiOs B LY LinTiOs F1 D Li OFEAE T (lET7) O R/ ¥ —IfRiE% EPMA-SXES (Z
THESEST T MM EIT-oC& e, TORE., FH U F 7LD L FEFBENNSWIZHE2 D5
T WAL O L AUE Li RO —7 2B TE -, 2, TOE—7I1348)E Li X
LiO HRDOE—7 L3R 2R X VX —HICHBlT2 200, X UEEY T AFO Li OFfi
BT OTFNLF—REEZKB L TWDZ EREESRZ, L L, ZRAX—REORKEIZIT,
DY F U LETIRETHIEGEIMO SRR Z, FREICLIE—VRIENRARENRD, T2
T, &M Li ALY Ol 7115 % EPMA-SXES T8t L, 55— JFEGHE & OEHERIZ LY | iliE T
WiEE LT 5 E2HE LT,

2. #FFEFIE

FERIITARE L (ZE3f{E5) . Lix0s, L0, LiTiOs (EFiELT) OB RsEz Az, 71—
NWREI vy avBr7e—T~vA4 2707 T4 (JXA-8500F) |ZH#E I 7z8k X B30 etEE
(SXES) IZL > THREMNGAEL 25 X &2 oW Lic, £7o. BEPBEBIEICEES < H— G
(Vasp =2 — RZMEH) ICR o CIREBEBEZER L, EREREOKRIZEY, ©—VREEITo T2,
R OFHRITE AR T v ¥ v MEIZ X - TITha, Li; 1s%, 2s', 0; 282 2p*, Ti; 3s%, 3p°, 3d%, 48’ & 1%
At L7z, BT R F—#H O R 5 2 FEOEITH 7 (JS50XL & JS200N) ZfEH L, 4Kk X #io
B EIT-o T2,

3. BREL

B 11248 Li. LixOs, LixO O U F 7 AOEIIREREE O R R 27 (Bl . 7 = /L I W HLE
DTZRNVFX— eV), dtERERI G LW TIINBEM (1)@m= kX — > 7 325 2 En Tl
ST, SXES AT TlE. LiO REFCIX 49.5 eV I —ZED AW Li-Ka ' — 27 W L7, Zhiid
BV T LD Li-Ka (54eV) LD H845eVIRmRF—lIic 7 FLTEY, &F Li ORIzt
TFIANTT MIERT S EZ2 6N, HHBETREOMBRIT, Li-ls N2 ROHFLZRLF —% 3
el LCRURLTEY, L0 O Li-Kat™—71% 42 eV ICRHET D LHE SN, ZHITFERERLY
t 7.5eV (9 15%) /el L CH Y . GGA-PBE {£IZ L 5 /3 R L — i/ Nl RN T2 &
EZzohb, T bOEREHAEIZL D Li-KalXREEE (DOS) ORROIEFIZLI N —EE R LT,
FEED AR ML THEERIZ, 2 D0 O-Kab'—7 B S, BEED 2p HLuBORIEEEFHER S &
W —FEZ R LEZ (K1 4A), LbTiOs iEH Tl Li oFEe— 27 n59< . B E L OHRIXNETH
o7, WEZOHWEHIILRETIC L 2O L (AA—-BER) DRI EnD, Ti OFET (TiY
N TiY) ICL > TMBERENAEL, BEOBTRENEB(LLIZZEN—KTHDLIEEZLND, K2
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IXERIRIL LT-4E Y 77 L3 ED Li-Ka%éi‘éﬁa\%ﬁ (i X e VX —HiPH : 52~55¢eV) &7,

2b AUl ClE 4@ Li ICH k35 Li-Ka B — 7 23, [X 2b A8 TIEMb® 2 k35 Li-KaZ A8 S

7o BRAL S NVTZE I DAY RIVIESRIN G, LibO TH D Z & DR S v, L0, DAERIIHER S /2o

STz, WX AT bANS Y F 7 MMEEH O FIRIEEFFE TS, B THEEOEILEZRH LY
F 7 LAOBCIRIEEDO N HNRR LN D Z L HRE STz,

(@)
(@)

s Metallic

—
Total %

48 46 44 42 8 6 4 2 0 2 4 6 B
E-E.(eV)
(b) — —— —— Oxidized

DOS (a.u.)

Metallic
—>

DOS (a.u.)
|
o
AN

48 46 -44 42 8 -6 -4 2 0 2 4 6

Total

DOS (a.u.)

48 -46 -44 42 8 -6 -4 2 0 2 4 6

E-Eygu(eV)
Li-Kat (Li) ———10 pm
1 (&&YF 7 A, (b)L02 (c)Li0 DU F T LD 2 &JE Li 0 AR LRk a) &
[Pty Li-Ka?d 43 4i(b)

(Ee : 7 =)V IYELL, Evem @ fliEE 7732 R ki)

4. &Eim

AWFFE IR X BRFEE VT L > T LAY D Li-KaJ& it A~<7 b ZHRIE L, F—FEE L O
ez & o TiEE %*%Lﬁﬂﬁ%%ﬁm L72, Li,O TIE.Li &£ O OMiE B — 2713 Zi49.5eV & 170
eV THIHl SN, LbO, TIX7 I ANy 7 Mk E—27 Dy 7 MBSz, £/, ZhHD A
s Li—2p 2: o 2p DEFETOIRREEE & L —FE /R L7z, —F, LiTiOs Tid, Li ® B — 7 2359
<, F, BRIGERT S EEXDNLDHE %*%a_@wftﬁxﬁﬁ; ENni-, SHBOBFE IR, MESRML%
b Lfdﬂii WD E . 2EFHEICL 25— 7 I L - T, EAREFEM RO
B HEE O ETRD D,

5. FmICFERE - HEHFER

K. Mukai, R. Kasada, K. Sasaki, S. Konishi (2019) “Analysis of valence electron structure of Li
metal/oxides by soft X-ray emission spectroscopy” in R. Knitter (Ed.) Proceedings of the 20th
International Workshop on Ceramic Breeder Blanket Interactions pp. 51-59 (Z'm o —7F ¢ 7 &) |

K. Mukai “Analysis of valence electron structure of Li metal/oxides by soft X-ray emission

spectroscopy” Karlsruhe Institute of Technology (KIT) Campus North  18-20 September 2019 (11855
*)
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BOGATUOROBHRMEERS L VKFRRGIREIEIC
BITH2EETEORE

{52%77%’7% , TERCY EEWEHE 2, Lee Sun Eui?, Ry ARZEEH 3

mt%ﬁ %@%%m%mumﬂ%m o x—
B IR R T HE
SEER R L X — TR ZE T

1. 1XC®IC
EREF O XA N—=2 B LOE B2 T oMk E LT, 77 XAttt ch oy v 7270
(W), HEEMECH DI E Y = 7 A M (F82H #05%) . mHIMECEMEICH 288850 H T 5
ma AIGE 7 N—T7 Tlid, BREFEZERERTO N F U AERBELZFMMT 57200 EHT — 4 &
. ZETIZ WML 7 = F A MR DWW T, KBRNAEDOHE B & | I KIFT

%%K%%%@ CEENTE T, TOME. W CIEIE KRG, FRIZZ2 AL R B A3 K & RN % 5] <
T2 2 & THRENZ L 0 KEBRMERFENRE LK TLHHOD, 5%DL =7 A (Re) ZIRINT
HE, 500 CULEDOERTIEMHOEELZE LR TELZ 2R L[], ZiuE, EiBs L]
T OEAERDIEEP I SN2 ThH D Z L PHER STV A[1], Suzudo & Hasegawa[3]73T o7z
DFT ftHIC LD L, Re I W B FRIRTL 7 T AXEEM L, BHOEHEHIRTOBENE 2K
Do ZDTH, WIZRe ZIFN L7 E TR RAX =R T-OWKN 21T &, 224l W H O TR T
DOFAEEDMEHE S FL, 2T S D & OBANR 2SI TVAH[3], L, EBEINTHHI%
WEDZ Y MEIIRIEH SN > TR, — T, Suzudo HANIFMMOAEEITLH E W B ORI
k@ﬁﬁﬁ%%mw%%f%ﬁb&ﬂim&ﬁﬁmwﬁaﬁ%ﬁﬁ%kmﬁ%KmE¢%ﬁé%@
D, Mo 1TiF & A EMAEMERET, m ESCANYEPLO]! mEW%ﬁé&%Mwaé

Z ZTHFEEDLIZ, Bk Re i &mwmﬁxw XL ERRDHED B & LC, DFT g5
TW58%%%@%&@%E@%ﬁk%<£@é&%ﬁénéWM*‘ﬁéé( ITEaeIrHk) I
DNWT, FERF T L F—H TP O 6 ©— LB EEE DuET 4 VW CREAIC RS 5
Bra i b2 L A2EM LT, SFEEIT W, W-2.5%Mo &4, W-5%Ta 54, W-3%Cr 54 (BEFRR
¥ at%) ICOWTHREEREIT-7-20OT, TOREEHRET D,

2. EB

FEHZ X W, W-2.5%Mo &4, W-5%Ta &2 7> 581 0 H U 7=#b (10x10%0.5 mm) 38 X O W-3%Cr
é$®?4zﬁﬁ(wMQMmo%%wko?yfﬁﬁ X0 FH A I B0 h ) BRI
BASNTEBERET D LI A E U CREBHHRICAET 2BKE H ZRET D700, 52204 (107
m)flmoc_lﬁﬁmﬁbto_h%wﬁﬂ%DﬁT_ L% L. 800 CT 6.4MeV 0%k (Fe) 1 A4
YA 0S5dpa B LN 25dpa (77 v /B — L&) £ THRE Lz, BEHIREZ 800C L& Li-dik, Sl
D £ 912 500°CLL_ EDOIRFESEK T Re ODWMIENBHE TH 721 b TH D, HHFHZOREZ & ILKF
IZFEEBIR Y . 100 kPa DEKFE (Dy) H AT 400 CT 10 FEEIRE Lz, TOD 5, D {RFEFEL FE
BIEE TR L 7=,

3. BEBIUOEBE

K 11205 38X 25dpa £TFe A AL ZHE L7z WiRkE2 50 D OFREBBEA~Y hLvE | JER
FWREOFEREHOETRT, Dy & HD 0 FOHEEZHIE L, DIRTO8%E A Lz, K
O DIE D& LT STz, BREHIZ I D D HHES LR L TR, BEXEIZ D A
ﬁ%éhfwt_&#b#é@mqmﬁﬁbt%%oswmﬁ%é&ikhkﬁM#%%hi ENEE S
T T, 0.5 dpa CTHREMKBEOBEENZIFETIZEL TWeZ 20325, W-5%Ta 548 IO
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W-2.5%Mo 5422\ TH, 0.5dpa & 2.5 dpa O] TEAE 72 22 FIT L 5403, 0.5 dpa THUR KBBIREE D
FAFNZEL TV Z EPRB I NT, K212 Fe A 4> % 0.5 B L U2.5dpa RS L7= W-3%Cr 5405
D D OFIBLEEA T S EIEREFEI O LD & H W TRT, W-3%Cr &40 D RFrEIE, FERE
OIRFETHH W LR LNIRE o7z, ZOREIRIE, W-Cr &4 intrinsic 72 D fli#g ¥ ~23
FETHZEEBHRL TS, Rlih D Ziite L T alaethE &2 & 2 X MREHTEIC X2 0 217 -
oD, AMFICERT 2R E— 27 XA N2 5Tz, — T, W-3%Cr 54Tl Fe A 4> % &
LTH DR EOIERERIIA OGN, 4%, ZREFPIBEECL 20 E2E /L, Zh
HDJREZT~D,

—~

)

016 : : : : » 1.6 : : : :

€14t W i € 14| W-3%Cr alloy ]
- 1.2 - 1.2
o e 0 dpa ] S I F- 0 dpa ]
= 1.0——0.5dpa . = 10r ——05 1
Q —— 2.5 dpa ] Q L ——2.5 _

S 0.8 © 0.8

c 0.6r b c 06+ q
2 9

8041 - B 04} 1

@ 0.2f 1 3 0.2t y ]
(] . JRONA 'V ()

T 0.0 . o T 0.0 : : :

) 0 200 400 600 800 1000 =) 0 200 400 600 800 1000

Temperature (°C) Temperature (°C)
[X 1 DuET T 6.4 MeV @ Fe A 4> % 800°CIZ T X2 DuET T 6.4 MeV & Fe A A % 800°CiZ T

0.5 B L U2.5 dpa F T L7 WaEHE L OFERM
W B S O HEKFE D OFIRBLEEA L7 b,
D OH L 1L D, 35 L OV HD 43 7 D Bl EE L v
KD,

0.5 3B LT2.5 dpa £ THIH L7 W-3%Cr 5485 &
OFERRIFREIN S O D ORIEMEEA~7 bL, D
DB FE 1 Dy 3 & OVHD 45 1 O Sl EE & v sk
iz,

A
H W, W-2.5%Mo A4 W-5%Ta &4l Bt O 2 ZH M\ =720 = 7 VT % ks ZHFZERTOD A. Spitsyn
HEICHELRT D,

XkBE

[1] Y. Hatano, K. Ami, V.Kh. Alimov, S. Kondo, T. Hinoki, T. Toyama, M. Fukuda, A. Hasegawa, K. Sugiyama,
Y. Oya, Y. Oyaidzu, T. Hayashi, Nucl. Mater. Energy, 9(2016)93-97.

[2] V.Kh. Alimov, Y. Hatano, S. Kondo,T. Hinoki et al., Fusion Eng. Design, 113(2016)336.

[3] T. Suzudo, A. Hasegawa, Sci. Rep., 6(2016)36738.

[4] T. Suzudo, T. Tsuru, A. Hasegawa, J. Nucl. Mater., 505(2018)15-21.

[REARRKRY R K]

[1] Y. Hatano, X. Xin, P. Shi, V. Kh. Alimov, T. Toyama, N. Ebisawa, S. Kondo, T. Hinoki, Isotope effects on
hydrogen retention, trapping and permeation in copper-based materials, 19th Int. Conf. Fusion Reactor
Materials, Oct. 27-Nov. 1, 2019, La Jolla, CA, USA. (3AFFillH)

[2] J. Wang, Y. Hatano, T. Hinoki, A. V. Spitsyn, N. P. Bobyr, S. Kondo, T. Toyama, H. T. Lee, Y. Ueda,
Deuterium retention in W and binary W alloys irradiated with high energy Fe ions, 19th Int. Conf. Fusion
Reactor Materials, Oct. 27-Nov. 1, 2019, La Jolla, CA, USA. (FR A % —)

[3] R ME, WZW MR, BA B, AR Eh, BEXMERSZ o 72T a0 U F U A,
ARSI 2020 SERDOHE, 2020 423 H 16 A~18 H, &R, (HEH¥ER)
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FREREXEELOEMERILZBIE L
BH-EENA Ty FIRORAS

FRILZR !, AN iZsETR 2, WK 2, BT 2, PiEE]

VR IRNTRSE TR, 2 PR RS RSB LA R
SRR S L — B TSR E T

1. ®%&

AREHNR KR TR D 7 L T Ve KGR & 72 0 15, BUEILS HE& LTV D KIGER T
(IREDNEE 7R = — &2 T 7T A AL LTI STV D, AREERKGEmO SRR D70
Wi, ARSI B ORENBEE TH Y EICH FILFEORAN DIEEIHZERRA S T, —
Ti. 77 A=y 7 el EORRRBRT /RPN 5 L. ZOBMOT 7 ZERICHERS
hWicdS (RfERE T 7 A48 NAEL S, ZOESIE0E RIS E 2 vTRETH
D EMD, IO HTOEEEAS, KBEERORDFLICOEMTETH L, ULOTFRNL, A
WFE TITARER R E O @B RIICHF G 2T /R EEME - EEROBMTEEZ AL L7
ZHEDTE T, RIS, TR EHAEME - BEBEARDP R 2 =— 7 0B 2RI OV TRIf &
Biatafel) CT&E 7o, WEEE & TITLT Z o~ 7/ KL T E A MRS 2z IO 7o A B IR e i~
DISHIZOW TR Z#ED, HEZ1T-oT&72 (K1),

(a) (b)

TéL Gold .y é /0.3 ~5nm
¢ FED“PSS a e's/,

Sl AuNP  AuNP AuNP  AuNP -
() | P3HT (p) : PCBM (n) o P3HT (p)  PCBM (n) u u 15 ~50 nm
. A A A A A 2 o "
‘I IL@’i‘.‘_"_‘a{f‘".PQ?':PY‘“'?3"3-9."”33‘:5‘"53(5'"".'3:' ;ﬁf % TiO, or TiO, TiO, or TiO, 30.3 ~5nm
N R -_' s ' “50y
— Transparent Electrode PEDOTPSS Glass | | Glass [
L;_\ @NP} = Gold nanoparticle

hv
X1 ()i kI T R A0A TS A RETE R, ()b % > — &) R4
ey czhi Al

AR T, X 1a OB FHAEEE L. HHVOIEE 1 b ORI YT AB{LT & 4T ki 74
B ONWT, ZONACEREICE B LIoit 217 o 72, 70, - R m Bk & £y V-7 ik
MAGDOEI=T & VBt — R KA BRI SOW CRE 72 gt 21T - 72,

2. EB

T, FRIEICIE., WEERERKIA E 7 = 3T U U AOKIAK BT L TR ki oA R
KR EFFT=, WEFIRH T AR E LTHY, FH T vaky RORRIZIRE LT, 2350\,
INOLOERARY L, WHEHRE L -FH T axy REREREL, wRsSEm, Zobl,
KIZIE L, MAKRGIRIIEZEAT- 1206 flga 8 CTF & IR B A i LA (Ti(0)/Glass) & 1372,
AR OERT kD am A RAKEHR & BOKMEARIEE O 5 RmIC A & ) — 28z, 5t
I ERT R FOEGRERE L B ST, 2 OWEZ . Ti(0)/Glass OREIZT < WHEY | #R-7F /KL
TEAf AR AgNPs/Ti(0)/Glass Z15%7-, 5l &feE . TIOEHIEZ kD 7 1t 2 & [REICE R0 K L
TIEf L, T % VLW & /B IZFFD Ti(0)/AgNPs/Ti(0)/Glass % 1572,
ZTNZENOBEEMEOREE & HitEIE, WIN AT b, FFB DM, XBIEEF AL b,
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ABBETHEMEBR & TR 21T o 72, 7o, #EB L 0T < VHELOHEEARIC OV TE, T F

TFANRXY 7 2= VRV T ) TCPP 27 1 —7 & L CHEAMREITENM L TN L7
(TCPP/Ti(O)/AgNPs/Ti(O)/Glass or TCPP/AgNPs/Ti(O)/Glass),

3. MRLEE

———— T e
-“;:' TCPP/Ti(0)/AgNPs/Ti(0)/Glass g | *
S0 U Y I TCPP/AGNPS/TI(O)/Glass g TCPP/Ti(0)/AgNPs/TIO(O)/Glass
£ 5 |- TCPP/AgNPS/TI(O)/Glass ;
2 A =420 nm N !
3 ex . 1) — I-‘l
‘® q‘:, A =720 nm :
S S [ - |
k= - =
£ b i
S S |
2 1 8
A B Ll Ay \ e e R A A N B
600 650 700 750 800 350 400 450 500 550 600 650
Wavelength / nm Wavelength / nm

2 F XU —RT R A B RS 3 FH UM —RT RSB ERE
HICER LRV T 4 ) DAL T ML HICESH LRV T 2 ) DAL 7 h L

TCPP/Ti(O)/AgNPs/Ti(0)/Glass 33 & 08 TCPP/AgNPs/Ti(0)/Glass DHIEHIEANRT ML &K 2 12”7,
TCPP & AgNPs D FIZ A~X—H—L L TF /) A— hA—F —DRIE % FiD Ti(O)EIE A FET D
b BERENPFEICEL DI EBH LN E 7572, ZHUT TCPP 7% AgNPs O Ji{EHEREL IC & &
AR\ E L, 23D TCPP NE&BEME N H WL b, FhEREBORIENMEI Sz b o &
EZ2DHEILHHTE D, M3ITIFENEIUTHIET DAY M ZRd, L L7 AgNPs D
T X GIRICH I 2 32 400 nm L OFEK TlL, AS—H%—L& LTO TIO)BFIET D54
TCPP DR ABE M L L T2 03t LT, il ENERRIC 120> T, iR o
BERORREN - TND Z Enbnd, ZOZ b, AgNPs (24 U 5 RTEHETRAEY; 25 TCPP D fihitd
ICHEG L TWDZ AR END, —F., TCPP T <~ U ELIRE L, A~—H%—L& L TD Ti(O)M 7
ET DL EITITME TV DHRERPELNTEY | KRIZEBT 2900 L 7~ U BELOBEE O FE & 5i <
Bi# L CWA b tEZLND,

(R Y A ]

1) Shota Mitsukawa, Tsuyoshi Akiyama*, Mikiya Hinoue, Kaho Shima, Takao Takishita, Suguru Higashida,
Natsuki Koyama, Kosuke Sugawa, Makoto Ogawa, Hiroshi Sakaguchi and T. Oku, J. Sol-Gel. Sci. Technol.,
2020, https://doi.org/10.1007/s10971-019-05214-w (available on web, FIfil|H)

[HEEFER Y R K]

1) Tomoyuki Shimasaki, Tsuyoshi Akiyama, Takeo Oku, "Incorporation of Plasmonic Nanoparticles into
Organic Solar Cells and Its Effects on Photovoltaic Performances", 15th International workshop on
supramolecular nanoscience of chemically programmed pigments, S.mfi K52, #E (KA X —) (2019. 6)
2) /b ZEER RKIL BR. B fESR THE-HRE RURIE 2RI U 7o S e R ) R R O AR &
JALFHENE] 16 [T RE=7 AL URT T L (2019.6)

3) ANl ZREEE BKIL B, BOER T2 U b ER S A —H— & LTV e — TR
7 KLA-FR O BRI KOS L AR E ORI 25 38 IR - Rt aime (2019.11)
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SHEIRIILF—DATLEASEME ODS 754 FRDRER

AHESE Y REGEET L A2, RASRE S, s

VICRK T R AR R S A T L TR
PR S MR S A T D TR
R R L X — B TR SR T

1. HFREEW

T TR A\ L DRI, GEERT I B ERBCAHET A 2P LW e, =R —0M
EREBERMEOMBIICEET AEERA PRI v a v R XL LCTHFEN TV, Bk
Rt (ODS) 7 =T A M, BHIAS SR & 72 2 8RR BHZ . F 7 A — VER(LIRL 1 % B JE
HOB =1t St -64THY . BN SIREECIIRA %2 H LT D23, ME—offEITEiE T
DIFEMENRR72 2 & Th oz LLARRE, ITET
MMM SGE DB S D Al OFRINZ1TL T s, Z OFRITER
W2 &L o THRW I ERRE Db 2 [ < T2 O F = Ju2 U8
ZHWSH Z & T, Sl X —EE L C oA
JODS 7 =7 A MENER I TRV | [FHEEW A 5
JF D REFRCICHEIR - ) > AT B O FHUI A AR 72 i iR S
MELORA IR & 7o TW D, —J5, FOHbE TRITIN
FH O SRERAA L O RERE (238 F XA 238 5 OVRMRE & 13 R
D, AB=JnrTaAr7 (MA) SCEARMRH, BARS )
JE7 L A 7p 81 K BB B LY & (A ATy R a4tk
ZEATOERLE L TWHIZD, WHEARHEMESS Z &
DG TIEe W, R TIL, YO K7 o1& A T
FAENDFEHRN ACEB L, @HEER SRR A
Z MA JLBL#EH 35 2 & ¢, EREEEZHT 25 ODS 1 ODS 7 =4 hEMOWHIHLAR
T4 MAEAIRT L EANE L,

2. EBRHE
2.1. $OER

69, Fe-16Cr-2W-4A1-0.8Zr-0.35Y,0; & BAZEHAL & LT, @AET LI (Ar) HAZFHRKE Lz
rua—7Ry 7 AR TEEEBILENRB IO Y0 MR Z & L, EE 10 mm ORfR—1 & &b
FIME DR TRC T, BE Lz, RIC, BERC T2V TEBRNOT A 2K L., BEbICEL
MEDO NNV T Hil U CREME Ar A E X @EMEKE H) TAZFRE LK, EERA—LIVE
FAWTHEEHEEHMAD MA LB A2 1T o7, T OB E LTix, XV 7% 48 h, [BIHZHE %
180 rpm, 3R — L & FEHE A KO E R A 15:1 & L7z, MAKERIZZNLh, B2 Ry F LA
(VHP) %\ T 400°C, ~10? Pa ®EZEH T3 h fiikfk. 512 1150°C, 61 MPa, ~107 Pa DE.ZE
¢ 2h OBMELRIEZ T Z L2k v, 2 O 2 /ER L7,
2.2, SftF OFAE

2.1.TE BN HkBR A BB L . BFEE £ O [E LA 7 O Y2 BEMEE (OM) BB L~ A
Ay H—AESHEEI T T2, Flo, WO I =F 274 X B (SS-12) #{ER L, =&
TosREBRZ I Uz, OBt & LT, gliREEILX 7 v A~y REMHHNZ X V| 0.2 mm/min
—EE Lz, 7ok, RBRF AT 2 EAHE L 6.67<107 s IZHFE S5,
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3. BREEBLE

Ar TABLIOH HTAZFEHERE LRI 2RI LY MA B EREZZENENEE L. 24115 % VHP
Lf%@btﬂm%@%%m%@%WM%ﬁéﬁﬁ#étw FeFIIAT L CTEIN D DALy 4T
BT ol FORER., WTHOMM b EESERDITIFFEREMEELY Thoed, RF (C), BHR
(m\%$<N)%@w@%%<\¢%%mx%kNii#@mem%r¢ ENbhotz, E£iz.
H 5P MA LB (MA/ODS-H) #iilid, Ar 5PXH MA L8 (MA/ODS-Ar) #iL 0 ¢ C, 0, N &3
HEIEVMEZ R Lz, RIS T, &8k o MA B Rd ks L OE kAT o O, N £, VHP I L %
BRELRE 7 0 ARtk TEL LW EDRMEGR SN & D, IEETATH S H H A Z TR
E LR v R L, BE{REFTO C,O0,N EOKBIZZHENTH D Z L3R Sz, —F, Wikt
EHH ii 0.4 ppm EHPEE LIMAEL TE LT, EMART vt X Tl SN FREKIT ADEND
%2223 mu &) %hiﬁ 75)0 7Lx_o

BRI O OM Bl 21T - 7- & 2 A, &K8ikf
D B ARG SRSV IAT R 1 DMFAE L 200 .
MA/ODS-H it O Hr HRL 715, MA/ODS-Ar i [ DostTemperatwe: RT | M onen | |
ORI L0 LB CH D Z &R | |
binotz, ¥z, A4 70t v h— A I HE %
1T 7= /%, MA/ODS-Ar #f35 & Y MA/ODS-H #f
DOIHIRE S 1EZNZFH HVS34, HV540 TH - 7=,
AWFFETIERLL 72 ODS 7 = T4 MEDO=ETO
SRR AL 2 X 2 (TR d, s & b5k i |
ICHBEZITR O B0 0N, MA/ODS-H 85| 3k 400 | §
EﬁmMNm&mﬂ%ﬁ%<tEé:&ﬁ%% L 1
L7z, TNz &b, HTAZFHKE L 200 | -
MART o 2% T ODS 7 =74 MiEERL ! ]
7256 Tld, MA M RFIZED IAF L2 H 38 o
ﬁﬂj#@%{uﬁfﬂﬂ'ﬂjé‘ﬂ‘éfﬁk\ ﬁﬁ]ffﬁ%ﬁz@aﬁ% #Ef 0.00 0.03 0.06 f).OQ 0.12 0.15
L. ZOfEHE LTl DM FIci3E s A & Strain

L7202y, R CTOMODBKIEIZH ELEZ &R X2 ODS 7 =74 MAOENS[ERER R
TR X T,

1000 -

800 .

600 -

Stress (MPa)

4. FL 0
R Ar T AB L OVERE H U A 2 FAK & L2 MA ZLEE 21TV, Fe-16Cr-2W-4A1-0.8Zr-0.35Y,0;3
HIEM L 95 ODS 7= 71 MilDO MA M RZRE LTz, ZNHOBERIZ, BEERy b LV A%H
W2 BV BRSO & B U CEEIRZ ER L 72 /5 5, Ar 5 lm¢MAﬂ@ﬁiH RPHS T MA JLBRERIZ
e B TOBERMONRKE HRT D 2 LRI,

[FEA%EERY A K]

1) EWESE, FREGE, SOASM, BANER, AFREZ, “BZ2ERy 7L ZREILY BERAOE LT
AIAINODS 7 = 7 A MMOBMIE & & SR 5 BRFFE”, 55 29 [B] H A MRS 42K K%, 2019.11.27-11.29,
MRSkt 24— (K22 —)

2) Noriyuki Y. Iwata, Yasuhiro Morizono, Shigekazu Suzuki, Kiyohiro Yabuuchi, Akihiko Kimura, “Development
of high ductile ODS ferritic steel for advanced energy system”, 10th International Symposium of Advanced
Energy Science, 2019.9.4-9.6, Uji Obaku Plaza, Kyoto University (48 A & —)
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ERSHEZRESFMHEOERNIRICEAT SR

W, LHIEC !, BAREDR?, RS, #rsk’

VBRI JE B R R A
PR R S kL — B LR ST
PR A BT IERT

1. HFREEW

ERlGHrERE Tk 2 & H LEE & AV U A ERO R R P BN 5 % 5 52
BIAOMNIT DI Eid, FRNEEDMEIOBRBICE W TIEFICEETH 5, AWFIE TN &Y+
THBSZ2% T MBS 7 = 7 4 MElOBEAEZ X5 L LT, & O - R EMEICEB L
TR D D, FrC, BEEIREEES (Friction Stir Welding : FSW) (335 7" 0 & 2 & b /e WAL
ThU, IOICEMREIZE D ZERER (A R) LN TOMOBEENAIRER FIETH (1], Kb
7 =74 MAOWER - TH Y HOMPEETEDOTE L 72 D87 H OIRIEZ RS L R CIREBIZRFF L 2 5
BATEE LTI SIS,

Z 2 TAHAFEIT A RLUT TO FSW I X 2 8BITAI) LT ARBUR L 7 = F A M F82H D FRE IS
PR A B E LT, A A U BREFERNE OV 7 o fHRRBIZ21C L 2 Pk % 90t L 72,

2. EBRHE

A & L THW =D, b7 = 7 A i F82H (Fe-8Cr-2W-0.2V-0.04Ta-0.1C) T&H 5, FSW
PEEITE A 1.5mm O F82H A& L CWC-Co e ¢ 12mm FSW > — /L% F\ T — /L [al#535 FE 100rpm
FIANATEE 2t DS CTHME L, AL RLL T COHESITEE) LTz FSW #5682 BGE0E e LTHWZ2], 2
NS OEEERITHR LT 1.5 mmx7 mmx0.25 mm' D K& S OFEM A % 17 OFER N Y — VilEFT 1R & 0T T
272 KOOI U, WIS BRI T BT e, A A VBRI EBRITE A B — 2 - BPEFERR
L& DuET 28 L C 6.4 MeV Fe*' 1 4B LN IMeV He* CTI172 o 7=, MBEFSAHIZIREHEE 300 C,
PR B X R IR & 700nm (2 C 20dpa 8x107 dpa/s, 2 BEFRST DOE 1T 10appmHe/dpa & L7, FREH4ER
X, BFOERA A4 v —2A (FIB) MLZEE (FB-2100) (2°C, 30 pmx15 um VU5 D I 7 v fHARAEI22
FH A ER & WIS A A AT WAT E 72 D X9 ICER LT, IR R F— 2%y 2 4 E
(GENTLE MILL) (2 CHgiRm4 27 J—=7 L., 200kVTEM (JEM-2100F) STEM E&— K=
7 RS 2 T o2, £, = U A =27 A4EHL ENT-1100a % H VW CHRRE 512361712 300nm £ TO
TR LARRBR 2 £ L, PR L & 5T L 7=,

3. RLEBE

X 112, F82H OfH (BM) B L UNFSW #8580 BERTB LN 7L « 5 2 7V IREH% O 20dpa
HEUR I O AR EY STEM 8 %27~ FSW B8 OFE kLI 500nm 2> 5 lum FREORZRZ 7R L, B
< T YA T AMRBEAE TR LTV, £ BM OBER L T A~ /LT A MR S D L I
WAL EE R E VMBI D D Z E DN R TERN D208, RIS L 28I A2 F 7k 2 R L7ofifk e LT
IXEEAL B E MR 2 L 3D, BESHEERIL. BM & FSW B4 & CIXBEERENBE SN S, T
72t BM #TCIE 300°CHH THAMIZBIZE SND T T v 7 Ry MROEMILV—T N BESRD
DIzt L, FSW HATH TIRIZ E A EBIE SN\, He RIFFIRE 21T - 7/ & bk 32 &, BM 1Zv
> TOVIREHIRR & D SRR @S A TV DA HER S LD, — 7. FSW #BATIEy v/
JVIRETERR & K& < B2 B, BNV — 7 O MEERA B R A R T L AR S T,

X 2 {2, F82H BM 35 L (N FSW #2410 20dpa £ TD 300°C v 7 VIRE LT /7 #f LA B B R &
RY, FSW A TITIERAN OB TBM L0 6 10% R EM <, BEHLRE BM LV EHETREL 25
AR U, FERRSIE S O 22 1B R X D85 ARt CRlBl ik 2 & B 2 b D 23, FRTAE
{EEDE L, BM ORRSHZHKEA FSW #8585 0 B 5 BHE 72 RS L 2 /R 3 D56k & 72 > C
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WhHRETIET %,
Z DRI OV TR RE O & BRI IS L ORI IRIC K DRl 24970, AR Sz F g
SIZOWTHNETTOLTETH D,

100 nm
O —

1 300°C20dpa £ T > 7 A3 LOF 2 7 VMRS & 417 F82H REMEIs L O FSW #4450 STEM £

504

o BM Hardening level
o TIG-WM Hipppg /H

- © EB-WM irmad "2 As-prep.

© 45 -

o v

@]

o

T 404

73

w

b3

g 351

El

T

g 304

Z

25 T T T T T

5 10 15
Irradiation dose, D (dpa)

2 300°C Ml Zi7- F82H FSW #2450 / i S O b &K IFME, e 7=, QST @EIRiffF TIARA PRtk
T 10.5MeV Fe¥* A A FRAHIC L > THE L 15mm B F82H @ TIG 3 L O EB I8 7 — 2 2R L7,

4. BRV R

[A8A#3R Y A ] H.Tanigawa, M. Ando, et al., “Current Status and Technical Issues of Welding and Joining
Technologies of Reduced Activation Ferritic/Martensitic Steel F§2H”, Oral presentation, ISFNT14, 22-27 Sept
2019, Budapest, Hungary

5. BT
[1] H. Fujii, et.al., Welding in the World, 52 (2008) 75
[2] S. Noh et.al.,J. Nucl. Mater. 478 (2016) 1
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RS FEEMEPD/INTIL - RA FERIZHT S
BEERENROETIVHELRRICK SR
IDAERH !, BN EERE 2, 37", G. Robert Odette', J. Haley’, #&& BlE 2

! University of California Santa Barbara
2R L —H TR JE AT
3 University of Oxford

1. &S

TrEzI v va B0V —HOE L R A OFEBICmIT, Z O 7264 AR
i 2 15 D AR B DB RN AT & 7o T D, BRHCHEEM BT TIE, s kX — 1o L 5%
HZ L > TRED He DAL, MR ~DONT IWRIT R A RIEEOMREEIZ L - T, Bk
EEEIEDE LWVME TR T = U U 7 0N5I & S, MEEMELELAT D —RER>TWD, ME
H D He DZENIE, He ApkE - AR, MMGHEE R, BEHEE, He xHAMG R, HEHRE 2 & DM
SRRSO B O BGIASR (R 77 U CHEMEIC A L L, ZOIRTEME., REHOICHIH S e,
BELSRMFIE L E X0, A, FEMIC L o TRE BT B EBORBE RIS 2 D He Z8)
OFRNIL, BN L ST TFO He 28 2 EBRAICIERE L. 205 O R 2 @i IZ il
TEXALTHETNVEZRRTDHZENMLERRTHD, £ 2T, DuET HEEZFIH L7- Fe-He A 4
FIRFHRA BRI K 0 | JREZR AN L O He TEASRIME T CTO 7 = 7 A R RiESEM N OMARZ L 2B
ST L. B He/HBERIL L HBEHRE~D AT = ) U T EIKGMEZH O NCT 5 2 LA, KIFED
F—OHRNTH D, [FRFC, NIRRT K 2 BRIS ) O HIN0RE b R8I DK T 72 &> FE)
BEDOBbZHLMNCTH I E2H _ORMET 5,

2. EBHIE
e A IR RS SR A 7 = 7 A M F82H @ 2 fE¥H
Db — M2V T, DuET & % 7= Fe A 4 100 — : : 1000
(6.4MeV)—He A A > (1MeV)[RIFFHST EBR 4 . 500C |~ He/dpa
ICTHEMT 5, K112, SRIM2008 =— FiZ X %2 80 . == He (appm) 1800

BofzZRT LI, 7274 FEMEHIZ, &A1
FATEY K 1.5umE LlpmOENENICE—2
RO BN (dpa) /A & He IE ARG DAL
%o KIZiE, 35 Okb(He/dpa) Z ff S8k TR LT
B0, K 600nm I S AT 5 1100nm AL £ T, 2D
EFIE—EBIZRD LI, =X VX —TFT L —F
Z T He oA SaET S AU TV 5, Z @ He/dpa FLd
15, 30, 450FNENDOFr—AT, HEHE
% 5x10™ dpa/s & 2x107 dpa/s fHiT 240 » TRRE L7-5c

600

(wdde) og

400

dpa, He/dpa

200

depth (pm)

PECORBEIREAT . TORMEOREDD. FIB 91 25 ¢ Mgz gk, A SH

IITICE D S 0O~2um KIS IE S T L&)
LT, FAE FIHMSEBE ATV, ORI
M2 100nm [EIfE CRU)- =8k c, S+ 7 M
MO A XEBEEZRD, ZOX XY ET A DRBESFEEZAT =) 7 &ET 5, 4 100nm fHiE TO
815 & He =1, SRIM2008 (2 L 2 i E O S#H TOFH L35,

AAERE X, DIAMCHEA R 25 600nm (L& TOE T, 51dpa. 2330appmHe % TO MRS 24T > TH
MR 2B LR EHC oW T, BIMOTF 27 v A o BE 2170, &3 RS & 8ldpa, He &
3750appm 5= T OPHMIKAAREIZE 21T > 72,

L INHRE &~V T DB A D — 15
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T. Yamamoto et al, "Synergistic Effects of Displacement Damage and Helium in Fusion Reactor Structural
Materials," ICFRM19, Oct.27-Nov.1, 2019, San Diego, USA.
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1.0 dpa, R.T.), W6 (Fe3+—He+, 1.0 dpa, 1073 K)? TDS A GEEE)IZBIT 5 Dy (N He TDS A< kL
XY MVEIRT, FiRTO Fl HM PR HRE(W2) T
DEZRBHE—2712663 & 771 KITMELTED .,
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1) F. Sun, et al., Synergistic effects of high energy
helium irradiation and damage introduction at high temperature on hydrogen isotope retention behaviors in
plasma facing materials, J. Nucl. Mater. (under review).
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[1]1Y. Oya et al.,“Effect of periodic deuterium ion irradiation on deuterium retention and
blistering in Tungsten”, Nuclear Materials and Energy,12,(2018)674.
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[REAREFRK Y A b (RAZ—%FK) ]

Seiya Nishimura, Shuhei Oizumi, Takeshi Miyazawa, Shuhei Nogami and Akira Hasegawa “Proton irradiation
effects on the microstructural development of tungsten” The 5™ Structural Materials for Innovation Nuclear
Systems, 8-11 July 2019, Kyoto, Japan
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MR DIRAFIREHEE DO FRNVIZH 72 A D, ZOFIEDOREEMEIZ OV THRETT 5,

2. EBRFE
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A RIcBEE A LT,

2.4 FimE BRI EI B2
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1. Fis

B —BILRBAALEZI v a VOB XL —Th D, BERAFHAATY T LE4
(V-4Cr-ATi &4) 1. @RI, MR, VF oA e DIREEIEND Z N T T 07 v M
MEFE LTHIFES LTV D, 51T, THETREZOBEEOREN T <. BEBDN/ NS WO TRE
PEDOREMEITHH D, V ASIIRARAHY, T72obbikFE (O, 5 (N), K (0) BEET
L EIEEME T T 5720, V I INOORM EBFNNKEL, T EFER L CAB R
VI RNR AT S TINEETHE L LTHIIMENTWD, —F Ti k., ERar cB T % rhvE1 RSB
BECTHEHME L TH Y 7 (K) ORNEPK 7052 LT, VASDIEBEHEF 2 b ST 5720,
ZOWMEITR/NRIZEN 2 2 BN D, ERDOIFZETIX C, N, O DA EFEDS 600 mass ppm DE
GHAWTT X U REDORKEIEMTHOI., ZOMIL 4 mass% & SN TWD, ZIUTK L., wcEma
BLHEEWFSEAT TR N T30 LTV 4 @il V 44 NIFS-HEAT H1 @ C, N, O #2451 300 mass%LA
TEERNZDOIT, 1ER LD IR T RE CHERIEEZ R TE A AREMENTTE L, ZThalE 2,
ARFFETIE Ti BE 2 R S8V AEEREL, RIBEEIC KT TRELALNNCT S, &
OIZ, TiRERICHE D RE DK T A2 Cr OHETH 9 Z & bRETT 5, AFEO X, 2 E TR
WO NEETROONT-ASTRREZ RE L, WELIEELRDDD, Bl DKL
HIENT-EE&Z AT Th D,

2. EBRFGEROBFRFHE

A RHEAFEATIC B WL E A R V ORIEBIR 217 - 7=, RS b V &4 @ik (V-4 mass%
Cr-4 mass% Ti &4 166 kg I fiEaEL) NIFS-HEAT-2 (NH2) (ZfEA 4T 2 TR O EfliE A 2 N
FOVEET =T A (NHVO;) ZHFEMELE L, B&IIZ 2 kg OEREREGRE V 21572, ZOEHE
VIS HT IR EFLEE Cr, Ti 2 W00 U IR FE 2 2 121 4-12 mass%. 0-4 mass% CAFANC 2 b &8 7= V-Cr-Ti
BEEER LT, £ 1 ITRIEEEDILFEOEROF 2R3, B\#E T L A mELE 2 T
glaEstER A, i S JEHBRER A K OGHIAHARBLE B 2 BRI U 7o, il 7 oS BVILERIR B & PR
B2, HZEHFT 600-1100°Cx1 h OESLEL 21T\, FRfEmaS8) & il S ORIEOFHEZT- 72, ik
RS DOEIEZEENCS & 5X . 1000C OB Tl MBI HIL L, BAFRIEMNRLIAD S Z & 23b
Moz, SSIHL 7 — U4 X 5X1.2X0.25 mm OB 2 AW CEERBRA{To7-, =vF 7
BATHE AR DB L Y, BT EZ G RE IS E 21T - 72,

3. MREEBLE

K 1 ICEBOFERBROFERZRT, Bl LTCriE%L 4 mass%IZEE L, TiRE 22387248
B ORBIRIGTT, I RBIERS, —HO, 20 ZR LTS, BRI, KGR S I Ti BE L&
BHIZ EH L7, BRI TIRE L BICIKT Lz, B BMEIBIEIC L 5 & TiiRE | mass%ll L&
HBTTIDAIR D TR L DR S 7= Ti-CON i SNz, TiRE L & I EY
DY A RXFIREL 2D, —FTHEE IR Lz, An U RO bEE2E L T, A1 X EHE
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MHR—/ - Xy FORMREHWTRIFUC L 25k x AfE b 72 & 2 A, Zivh 50 MPa B2 T Ti =
FEIZ L o TREEERIBEN SIZ EE DL RN O, IBERFEIIRE T olc, T T &b,
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NZIBWNTIEL, Ti RERAANEII/ NS 2o 72D T, Ti IR EE R K D47 O R RAGIZAMFE D i
TIHIEMER T IIEFE S LW E b E oz,

INF T LA LR S HICm S A 7202, Ti BEEE S T & EICERERIEN KD
NTHENMETTH2ZERNHLNERoT, ZHEMO 72D, BIVEODORETETHD Cr D
HENEZ OGNS, CrifEE2Z b I TRBRICSIRERBRZTo72 & 2 A, BIZIE T IRE % 1 mass% £
TERTFTIED L, BIROMEZBIETH720OI121E 12 mass%®D Cr WL THDH Z E X ninoiz, 5%
AR E LTI L TS L& b, BERA Y =) VI RBRE, MOBEBERFHEIZONTOMRED
AL, BelkoOKEbETTO T FETH D,

#1 ES &tk R

Cr Ti C N O [CHN+O | Al Ni Co Nb Mo
NH2 4.02 3.98 69 148 | 122 369 59 7 0.7 0.8 24
H44 4.11 3.89 80 30 180 290 330 | 6.5 | 036 | 2.9 2.3
H81 7.83 1.00 80 30 150 260 300 | 6.5 | 035 | 6.3 2.5

Cr, Ti: mass%, - OAtfl: mass ppm,
C: BRBERIMRIOESI T, N, O: il He ik BV EEYA, Cr, Ti: ICP-OES, £ Offi: GD-MS
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Maximizing Energy Production from a Household Grid-
Connected PV System in Phnom Penh, Cambodia

Vannak Vai', Oudaya Eth', Long Bun', and Hideaki Ohgaki’
"Electrical and Energy Engineering, Institute of Technology of Cambodia, Phnom Penh, Cambodia
Hnstitute of Advanced Energy (IAE), Kyoto University, Kyoto, Japan

1. Introduction

The Feed-In Tariff for rooftop PV systems has not yet been adopted in Cambodia. The utility thus does not
purchase excess power by reverse power flows from PV. Also, only unidirectional energy meters are used even
in the capital city. The objective of this project is to propose a concept for maximizing energy production from
the grid-connected PV system. Two alternative solutions have been proposed to cope with these issues. The
first solution uses a reverse power relay (RPR) to remove the PV from the grid while the PV is higher than the
load. The second solution proposes with battery energy storage (BES) to charge/discharge so as to cancel the
reverse power flow into the grid.

2. Methodology

This project purposes to maximize energy production from the households grid-connected PV system. The
following works are conducted to achieve the objectives: 1) to insert data of the site, 2) to model the grid
topology, 3) the impact of integrated PV into the grid, and 4) to deploy the proposed solutions to maximize
energy production, and finally performance of the grid without/with PVs, RPR and BES is provided. The
several steps of the proposed methods are illustrated in figure 1.

Input Data of the Selected Site:
Coordinates (households and transformer), Peak
demand of households, Line impedances (£)

Topology Modeling of the System:
3Ph-4 wires Radial topology with connected
phase

Proposed Solution 1: Proposed Solution 2:
Deployment of Reverse Power Relay (RPR) Deployment of Battery Energy Storage (BES)

Performance of the System:
With/Without PVs, RPR and BES

Figure 1: Steps of the proposed method of the project
2.1. Deployment of Reverse Power Relay (RPR) and battery energy storage (BES)
The RPR is proposed to set up at household PV connection. This relay will trip the PV from the grid if the
Ppet(t) = Pioaa(t) — Ppy(t) is lower than zero, and it will not trip the PV otherwise. BES is proposed also
to install at a PV-household. This battery is to charge the energy when power flows to the main source and to
discharge when the main source is required.

3. The pilot of the selected site and Simulation results

The residential low voltage system has been selected, where is situated in Borey Mungkul Phnom Penh,
Sangkat Veal Sbov. Normal distribution for energy meter with a mean of 7 kW and STD of 0.5 KW has been
applied. The total active power of the system is about 250 kW with a power factor of 0.9 pf. The classical
conductor size is 4x70 mm? from mainline and 4 mm? from energy meter to households. In this project, there
are three 1ph households grid-connected PVs with 1.5 kWp which located at bus 32, 40 and 41. The load curve
is taken from local measurement at the selected site and is used as the normalized curve, and the NASA source
is used for the PV curve.
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The load profile for each household (i.e. 32, 40 and 41) without/with PV, RPR and BES are provided in Fig.
3. As given in the figure, a reverse power flow has occurred at the time the PV system connected to the grid.
Without bi-directional energy meter and feed-in-tariff, that reverse power means that the power consumption
for each household has increased. However, these unused power consumptions have been completely removed
from the household with RPR uses, which is due to those relays have tripped the PVs from the grid. Also, the
power consumption of each household has decreased notably thanks to BES. In addition, the indicators of the
system performance are given in Table I. With these two proposed solutions, integration of BES into the
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Figure 2: Topology model of the selected site

household grid-connected PV is more useful.

i
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Figure 3: Load profiles of households (32, 40, and 41)
Table 1: Indicator of the system performance
Items Without PV With PV With PV-RPR With PV-BES
Sizing of PV [32,40,41] (kWp) 0 [1.5, 1.5, 1.5] [1.5, 1.5, 1.5] [1.5, 1.5, 1.5]
Sizing of BES [32,40,41] (kWh) 0 0 0 [8.25, 8.92, 9.15]
Energy used (kWh/day) 3083.16 3053.50 3080.95 3043.23
Energy losses (kWh/day) 294.77 292.58 294.50 287.80
Energy bill [32,40,41] (kWh/day) [17.46, 14.97, 14.09] [19.67, 18.25, 17.74] [16.81, 14.32, 13.44] [6.47,3.98, 3.10]

4.

The modeling of low voltage distribution in the pilot of the selected site, Borey Mungkul Phnom Penh, Sangkat
Veal Sbov has been developed in MATLAB. Two proposed solution by using reverse RPR and BES has been
proposed to solve the problem of grid-connected PV which are currently faced with a one-directional energy
meter and non-feed-in-tariff. The BES is proposed to avoid the reverse power flow from the PV system. Also,

Conclusions

the deployment of RPR has reduced not much energy consumption for household compared with BES.
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(CBM) W< BGT 52 EMHBNTWD, Fexld, THEMITEELRRIRE Trichoderma reesei %t
PEAE RaT—E (Cel7A) ® CBMIIZEFH L, ZHNET, U7 =2-TrCBMI M OFE AAER % Hm
FE NMR I L0 fifth LC & 7=, WREFEEEIX, PC, PN (b L7z TrCBMI (Zxf L CLEZE 2Rt NMR 1E%
WAL, T'CBM1 LDV 7= F 7130 & OFEAEAL Z [FE L7z (Tokunaga et al., Scientific Report, 9,
1977,2019), AL, BCHEGR(E L7z B-O4 FEATY V= 4 ) I~—DEFTLEWEER L, &
TOHLZHNEH & PCIZBIT HNMR > 7L 2R R T 5 & & IS NMR G IRIEERNT 21T 9 2 & T,
V7 =AY I~v—FT VORRPHEEEZA LN LT,

2. Fik
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MZEY B-04Y 7= F Y I~—FT L& oBEiER Lz,
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v 77— (D0, pH 5.0) AWK (1:9, v/v) I[ZIEfRL, 7 T A A7 1 — 74555 Bruker Advance 111 600 % H
WTCARENMR A7 ML ZHIE L7z, 1D 'THNMR, 1D “C NMR, 2D 'H-"*C HSQC, 2D 'H-"“C HMBC,
KOV 2D 'H-C HSQMBC A-XZ h/L{Z LY NMR & 7 F /v DIFJE %17\, 2D 'H-"H ROESY AX7 kL
[N UYL EL: i R S AR I e =

3. WRRVEZL

AEIAKR L B-O-4 K56 Y V=4 ) I<—FF /)L (Mw: 553-964)%, DMSO-ds & DO D 2 DD
VSIS T C NMR B L7z B O A7 VAT L5555, A, B, CBRICEENDHLT
DI 'H & PCIZET 5 v 7 T A oIS LT-, £7-., ROESY A7 ML TiX, DMSO-d
KOND0 DWTHNOBEBERMICB N TEH, ABRH-PALE CB H-5 (2R, 7213 A B H-B iz & C B8 H-6
AN ROE 3@ Stz 20 X 9 ITHEER FEENTWD AR E CEROMIZ ROE BB S -2 &

5., WTFNOBEFICENTEH, V=BT AR E s @ kiEE 2o Z L nvbhhoT,
— . CEHEEDW L DODDJFAIZ2oVW T, HSQC K XROESY O 7L “ /T >8I S -, =
., ORIZH T2 CEROMMEEN R/ D a7+ A—va v, Wil L 2 EAET D2
LEATREL TS, —J. DO SETICBBWTIE \\%WﬁﬂHﬁfiﬁMén%a*ﬁmem%?
E L7, Tiﬁb% KREREETIXY V=7 W30 AEERIC X 0 EET 5 RS E U,
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A%, AlEELNT B-0-4 #EAHY V=4 ) 2~—FF /)L & TrCBMI & @ NMR fEA FEBR &1 T
W, NMR (b5 7 RMEBENEIZ LD B-O-4 fERTLY /=24 ) d~—F7 /)L O TrCBMI &7 % [F
ET 5, OB, AEG5Z LI LI H & BC Y 7T Lol & kS R a2 iEHT 5,
Z LT, MEREERY L7 TICBM1 LD B-0-4 #5658 7= F ) I~ —F T VFEGELOF R ERE
T5Z & T, TrCBMI & U 7 =7 VO O 53 FHEREIZ DWW TR A L~V O3 fifRE Cileam 3 Do
FERBNZIIHE DN RIZE SN T, U 7 =12 k% CBM— &b m— X [EAH AR O FHE 2 il 4 2%
LT, B —RERNIERT LR T S,
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_87_



ZE31A-38

1.

BEGSTFRFERELT . B FRERBICE TS
i+ &+ ) 7 —0fEH

Elucidation of exciton/carrier dynamics in highly-ordered
polymer crystalline domain

JaecHong Park', f&JLFEI 2, WAH—RL?

VR R SR B T se B
2EH R L X — TR

Introduction and purpose

The dynamics of excitons and charge-carriers (free electrons and holes) in organic solid-structures are
fundamentally important subjects to learn organic materials can overcome intrinsic low-dielectric
disadvantage. Crystalline structures in organic structures serve as a key element on generating free-carriers
through delocalization of excitons. Previously, we have established a protocol to prepare regioregular poly(3-
hexylthiophene) polymer particles, featuring long-range (100 nm) crystalline order. Moreover, stable polymer
particle dispersion can be prepared in organic solvent. This crystalline polymer particle could be a great model
to investigate the role of crystalline structure on exciton/carrier in organic materials. For example, this
structurally pure crystalline polymer particle resulted in probing the spectroscopic signatures of exciton and
polaron in rr-P3HT crystalline domains.' Utilizing this polymer particle preparation protocol, we aim to
prepare polymer particles possessing photoactive electron donor(rr-P3HT)/acceptor units and to investigate
exciton/charge carrier dynamics using ultrafast pump-probe spectroscopy.
Experiments

1) Highly-crystalline electron donor/acceptor polymer particle preparation
Donor/acceptor ~ polymer  particles a) ik

(P3HT-PDI PPs, Figure 1b) containing (e [ _[Parice genersion]
regioregular poly(3-hexylthiophene) (rr- R ( . @’
P3HT, Figure la left) as an electron m oy
donor and N,N'-substituted L)
perylenediimide (PDI; N,N'-Dihexyl- E 1% 1 IRE '
3,4,9,10-perylenedica-rboximide, =, ——P —P
Figure 1a right) as an electron acceptor 1, Highly-crystalline electron donor/acceptor polymer particle
were prepared to the similar procedures preparation using antisolvent slow-diffusion method and SEM

in the previous protocol, utilizing a image of the particle

antisolvent  slow-diffusion  method

(Figure 1d)." Previously, this method has shown to produce crystalline rr-
P3HT particles with >100 nm crystalline ordering (Fig 1d).

2) Ultrafast pump-probe spectroscopy

Excited-state dynamics of the resulting P3HT-PDI CP dispersion in organic
solvent (toluene+hexane+MeOH) were examined using femtosecond pump- T ———
probe spectroscopy in a 2 mm optical cell. Briefly, a ~200-fs pump pulse Wavelength (nm)

having a center wavelength of 640 nm (d) was generated by an optical 2, UV-vis spectra
parametric amplifier from the output of a femtosecond laser with a repetition

rate of 1 MHz. A probe pulse of ~350 fs was generated by a nonlinear process in yttrium-aluminum-garnet
crystals, and the probe wavelength was chosen to be either 1100 nm or 1350 nm using an appropriate bandpass

=
e

o
@

)
o

)
S
I

o
n

Absorbance (0.D., Norm. to 1)

o
o
N
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filter. The probe light, transmitted through the sample was detected with an InGaAs detector after passing
through a monochromator. The electrical signal from the transmittance change induced by the pump-pulse
was fed into a lock-in amplifier at a chopping frequency of ~800 Hz.
3. Results

The electronic absorption spectra of rr-P3HT solution in cholorobenzene
(solid), PDI solution in toluene (dashed), rr-P3HT particle dispersion (dotted),
P3HT-PDI PP dispersion (dash-dot), shown in Figure 2, probe that the PDI
concentration is dilute in P3HT-PDI PP, and also the presence of PDI does not
significantly perturb the rr-P3HT particle structure. Given the energy level 5 150 170 100 1300 1400 1508
consideration shown in Figure Ic, and the excitation wavelength (1ex=640 Waslsnath ()

. . . 3, Transient absorption
nm), the following photoinduced electron transfer processes is presumed upon spectroscopic signatug) of

AADBS (mOD)
\Abs (mOD)

the photoexcitation: dominant (solid) exciton and
[P3HT-PDI] — [P3HT*-PDI] — [P3HT""-PDI" ] (dash polaron species (ref. 2)
Previous transient absorption spectroscopic studies of the thin-film or polymer ' e Bt B dispersion

-e- P3HT-PDI

particle dispersion for rr-P3HT have identified the spectroscopic signature of 15 &l S (xa) PaHT-POI

singlet-exciton ('[rr-P3HT*]) of a rr-P3HT crystalline domain at ~1320 nm
whereas that of polaron ([rr-P3HT™"] or [rr-P3HT]) at around 1070 nm
(Figure 3).* The comparative transient absorption decay signals (AT/T) of rr-
P3HT and P3HT-PDI at 4., = 1100 are shown in Figure 4. The transient decay
signal of P3HT-PDI particles (Figure 4 solid circle) exhibits biexponential
decay behavior with each time constant of 71=28 ps (a:1=42%) and =400 ps T h D
(22=58%). The minor fast component (71) is ascribed to the decay of residual Time (ps)
'[rr-P3HT*], while the slower component (z2) is ascribed to the decay time 4 ATIT decay profiles
constant of [rr-P3HT "] polaron species as a result of ((P3HT-PDI" ]—[P3HT-PDI]) charge recombination.
On the other hand, the transient decay signal of rr-P3HT reference dispersion exhibits a faster decay time
constant (71=2.6 ps (a1=38%)), possibly due to exciton-exciton annihilation or exciton-dissociation. More
details of the origin of this fast dynamics will be examined through the future excitation power-dependent
experiments. The lack of polaron rise component is possibly due to the ultrafast [P3HT*-PDI] — [P3HT""-
PDI"] electron transfer process within our instrumental response function (~400 fs). Further transient
absorption experiments will be carried out to confirm the electron transfer and charge-recombination processes
by monitoring the recovery of ground-state bleaching signals at the visible spectral window.

4. Summary

—AT/T(x10°9)

o
o

Regioregular P3HT-based electron donor/acceptor particle (P3HT-PDI) is successfully prepared in organic
solvent dispersion. Ultrafast two-color pump-probe spectroscopic results in P3HT-PDI contrast to show slower
transient decay (71=28 ps) as a result of photoinduced electron transfer and sufficiently long-lived polaron
(z2=400 ps). This long-lived charge-separated ([P3HT *-PDI"]) species, dispersible in organic solvent will be
further investigated for more details, and can be examined for photocatalyst applications.

5. References
1) W.-Y. Cha, J.-y. Lee, Ji. Park, Y. H. Koo, Ju. Park, S. Seki, W.-S. Kim, JaeHong Park, "Facile Preparation of
Crystalline Poly(3-hexylthiophene) Particles, Featuring Long-range Ordering" (Submitted)
2) W.-Y. Cha, Z. Widel, M. J. Therien, JacHong Park, "Excited-state dynamics of Crystalline Poly(3-hexylthiophene)
Particles, Featuring Long-range Ordering" (manuscript in preparation)
3) J. Guo, H. Ohkita, H. Benten, S. Ito, "Near-IR Femtosecond Transient Absorption Spectroscopy of Ultrafast Polaron
and Triplet Exciton Formation in Polythiophene Films with Different Regioregularities." J. Am. Chem. Soc. 2009, 131,
16869-16880.

6. [MEAFRERY A ]

JaeHong Park, “Facile fabrication and excited-state dynamics of highly ordered regioregular-P3HT particles”,
American Chemical Society National Meeting, 2020 4=3 H 22 H~26 H, Philadelphia, USA (Scheduled & accepted)
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Ribosomal Shunting F5ig;EDFEIL

BT !, SR 2, FERE 0, AR

REAR SR B e R A TSR,

BUE, MRS T 2 ONTEE S X7 Ea Bl A
TEICHE S S DEINITFE L 20, —i38, {bEWE W T
SR EMMEEEN (PP OREMR ESED Lo
ERENMELTHDEHOD, TOEMIERL TN D,
AKAEAT HDEED F 7 F 2GS D F IR
BTDIETORNI NV EZAHAEICHESED D
ENMTENR, EFEMELTHEY— L E L THIERICESR
RNHDIZRDHTHA D,

Z 2 CTHIFEE ITHIRANIC BV TIEEHER RNA & RS
Z N THIIZIE AL &, Ribosome % #5157 % £4f7 (Ribosomal
shunting) ZfENLTHZ & CTH NI BEETA T —a v
TOHFELEBERLE (Figl),

Staple #% & |2 & % G-quadruplex #% i& @ #§ 4L 13 |
G-quadruplex #EICAERT D L w7 a3 T 52 &
DHETHAL TN D Thioflavin T ZFE/R3E L L THW TR L
7= (Fig. 3(a)) 9. ZDOFEERTIX, 100 HID /L —T7EF|D
WA SR LT 77 = RS0 2 2P 5T 5T
/b DNA Fd%l (2+2 100nt ) Z8%Gt - L7z, 72, =
vhu— b LT, T = VRO ST =TT =
NI X7 DNA (242 100nt mutA ) % v 7= (Fig.
2), 25 D DNA FEFIIZ % L T Staple B8 & N & 72 & 5
2+2 100nt 1 @ DNA (X Staple B4 D F#/E T C D 7 Thioflavin
T OENT 7 FAREER LT, —F T, 2+2 100nt mutA !
Tl Staple RO M b 53, BRE @Y 7L
WRAEMRT DI LIXTE e oTe, ZOREHRIT, Staple
WA 7S 242 100nt ! 12 G-quadruplex #3275 L 72 7 HE
PEZTREE LTV,

KIZ, Staple &2 12 & 5 RNA G-quadruplex 1#3& /2 K AE
W BRI L D cDNA IS K VR L7 (R by 7T
v A) , Staple EERIETFAE NI\ T, 35T L7288 RNA
MBIE, WERERISIZE D 582K cDNA 2155 Z &N TE
%o, L22L. Staple Zle% % %5 & RNA G-quadruplex 1#i%
DB S, WHRERESE O DNA BEGIEEIE L, Res
RO cDNA BNER SN D, 155472 cDNA Yo 7%z s —
ruoyy JTCTT 5 2 L T, RNA G-quadruplex & AL
S COWERE SO I3 R TE 5 (Fig. 3(a) o AMRET
(BT, 100 HHED L — FEF O W RSB Lz 77
= VGRS 2 OfFFET HE T /L RNA Elsl (242 100nt
RNA %) & 4 FEDJHEEH DNA (inside loop 1, outside loop, dimer,
inside loop 2) % #% &l « FIFH L7, Staple &£t & L CHEEET 5
inside loop 1, outside loop, dimer ¢ 3 Fi¥H % N 2 7-KF, RNA
G-quadruplex #IEDEGE LRIV — 7 BBlE I NI, —F
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Thioflavin T DFRVVE LS 7 VD3R T X
5o

(a) Reverse
_transcriptase

| . ; target mRNAIv G ,.J,r.{_.
1 t e e e gl
|- labeled primer .~

2Gq (] Reverse
“¢ 6% transcriptase
el

1%~ &z
1 - C——— T
Stop Assay data O conn A

(b)
J ) . w/o staple

w/ staple

A A

Fig. 3 StopAssay D E, (a)RGq D3FIE L 72\
A (TR GRS E RNA @ S RiE T
BES 572052 RKD cDNANTE 5, (b)y—
75T, Staple #EEDE AT LY RGq TERD T
HIND L WIRERESED DNA HELHME
LU, R5E47 cDNA BERSND, ~—7
— WL LADEDZ & THELIEALET
RGq B S ITW D il d 5 2 & 3 Hisk
5.,
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C. Staple &Zfg & L THEEE L 72 & TAE L TV /= inside loop 2
I% RNA G-quadrulex #§1% 2 #5883 72K O cDNA DA 055
iz (Fig. 3(b)) .
RNA G-quadruplex &L GRS DA BT, X 8
7RIS b HEIT 2 2 R B TS 6, Staple k%
FWTHER) mRNA _EI2 AN 28972 RNA G-quadruplex #4545
ZENTENNR EEE T OX N ERBEENHTE S
7o, EERMLSHOAREGIRN D EEZ NS, £ T2+2
100nt RNA %! 5°-UTR fiElk & L CTZ D Tl Firefly Lo 7 = 5
— BT AEAITVD mRNA (2+2 100nt RNA 7Y
_Firefly) Z{ESLL . #EMIR Y RV ERRY AT L& AT
staple ZEDHMIZ X B % X7 AR EE & E&MICRHE L 7=
(Fig. 4) , ZDOfE5, inside loopl NFEAET B HAICIT IS
{#1E9 % Firefly Luciferase % > /X7 B DORBENMETF L7z, —
J7. inside loop 2 7FA/E F Tl Z U R 7 ERBENET L T
W2 &G HUT staple BB AMER) mRNA IZREG L TT v F &
VAR AEFE L TV DO TIE <. RNA G-quadruplex % 1
T LHZ L THETFRIMBIZIREZRL TWVWD Z EARERS
NB.ETA Ry 7T v ATV 242 63nt RNA T Firefly.
242 140nt RNA #! Firefly, 1+3 63nt RNA %! Firefly, 1+3 100nt
RNA % Firefly, 143 140nt RNA %! Firefly (2B L T % [FAEEDO IR
MEAToToE 2A VT OLEIZTHE N TEH RNA G-quadruplex
& # X C & 5 inside loop 1 N X 72356 D ., Firefly /L3>
727 —RORABNPEDT L L EREL, ZORRIT,
Staple #%£(Z & 5 RNA G-quadruplex ##i&D \ A HIFE I & 75
S 4172 RNA G-quadruplex #3i&E(Z L 2 &% "7 ERIEREOS O
N9 2 — et 2 rm 3 2 ST L, L EORER X v fija
WIZFU T staple BZEEE A2 XL D RNA G-quadruplex 2503 e
MRTCE 72 Z &b RIZ, Ribosomal Shunting O #2217 > 7=,

AREFHZFB W TIE mRNA BSITERE O EERRT 5 &,
BRtE 2 K BEIER S 41, luciferase i@ {n 123 R DA SR D B
= R3340 5 23, Ribosomal shunting #5589 5 Z & T
Bl R DBANA RA SN LR —F — B 0BT 586
T EER UBRRI AT 72, ZORER, Staple R OE AIZ X
D 15 fERRE OB FIR B BICkP L7 (Fig.s),

L E X V| Ribosomal Shunting & 2 7 AL d HFEERESN. T X
TR D, LinL, # " 7BREBUTHE L TIdEO &R M
23 & %, Ribosomal Shunting DN E > To K& K & L
Ta RURARDRALNRELTND EBZ TS, 4%
Shunting Z #5389 % Staple BZAE ANDNE ZWRES 5 2 &
Ta RGO XL A HIE UER T 574 F—varv s
PN B KBS D T & DNARETR Staple B4R DRBLAIEREFV
— VO E BEE T,
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Ritesomal Shunting
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Fig. 5 SNAtype2 Tifi 25RO HL, Staple £ZME
EIMAIL VGBI, BREG = R 2 L EIRRSS
Bl SN D7D, 2 RUGHABO XL MR
U. Firefly Luciferase 238 % SAL720, LD
L Staple %% {71E T CiX Ribosomal Shunting
DIFHEE 4L, Firefly Luciferase 23 FHAR S5,
AR IR Tl Staple IR DIEFIE T & Lhige 4~
% & Staple B & Nz 5 Z & TR 1S 5D
V7 =T —BRB AR LT,
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ARkE F AL KRR A BT OHIFR

PBACEE |, JREENE 1, IR)IIBBKHS 2, BF(Ry 2
VABIERE R ARG LA ZE R
2 R L — B T AR 52

1. &

TerrxIvia b mx VX —2HBR I LB ELRENO—2 L LTERMAFENET NS, 2T
E. AKEFEME (D BELOT) 23EHE LTl s 2, BEORLEHIN CTIX, =2 X —HENK
ENEWO RSN D D, TORPIIAT HFEE L, KEM L BREFEM 2 LG b 7o = 2 Bk R
FINARSBEEZTRZ L, FEL TWD, £ 2 Tlk, KEMTRAET HKFE - BT A ZREFEMREE
WV, BERERAF—DEINEZITY, SO, BEEMIC K> TERLEEKESC N FULEE
Te/K 2 OVKEMREER S Y5, 5 F TOMETIL, KA Z A 7= B TR BEILFERE T
7o BEREN NS S HEE I ENEEMEOK 20% LB S Ve o T2,

—07, WRER T, KBER ST BN RTA4A RAFT MR T 2—7 74 R4 A4 (D)
DFEALEINT L0 AKFBRENEITT D, TOD, KFBEMEIEA T =X LOFENI LY | KK X
Db RERENAKSEBSFEDIFTE D, Flo, MIROTCORISEEDOHE KB AETH Y . FEHAIR
Oy BIEHRE 2R T D T DI EREEIE b K& KB TE 5, fRE LT, VAT ARKO=RLFX
— 4 E & KIEIZHI C & D AlREME 2 O T %,

% 2 CARBIETIL, BRI K 0 SWFIEZB T 2720 IWRE SR 2 Ve FiEE BT LTz,

il

2. EBRFGE

AWFZE TlE LICI-KCl ISRl 2 THEBR A 1T - 7=, LiCl & KCl 2ZHFN 773 K T 24 B E 22 S
H72DH, LICEKCI = 58.8:41.2 mol%IZ72 5 X 9 IZIRA L, 723 K TR S E70, BT 2 FEO/EH
(Pt 35 & T Mo) & VLT, % Al, Z8MIC AI-LI 242 H L7z, HBXO'DJEE LT, LiH %
0.2~1.6 mol%, LiD % 0.8 mol%|Z72 b X 2 IWZENENRIM LT, AT v a A%y MW THiA O
EBREEIZTCHA 7Y v VRNV EZ AN —%2T0, HB L O DOBLIETTGICE T 5350 &t
L7z, BBEBRIT. Ar P AFHAKH Tfro7-,

e —:0_I2Vs“ ‘

3. MRBIUEBE N 02|~ 05V

Mo ZEMMEE LTEREIT-/- LS, 08 mol%?D £ —iJovet /’
LiHl 2RI % & e oksy L oSl s < 01 S0V
L H/HHORORGE RSB T E apote, & 2 gy~ |
OFfR & LT, LHEZRMT 5 &, I8P TOH AIE §
M HPCHER Sz 2 &2 LIH+H0—Li(OH)+H, £ 01+
ORISR »7- &2 b5, 22T LiH #H% 1.6 §_M_
mol% £ THFITHINT 5 & IWHDOKSITIED IS ‘
L0 % SN HH OB ERI R T 5 BHAE o4

0.2 0_|4 O_|6 O_IB 1I 1.2
Potential vs. Li*/Li/V

X1 LiCI-KCI-LiH ¥ T O BEALEA HE
BT HEA—ERORER (1FHAR:Mo)

Wanf-, TotshHhonz, Y4271 v 7 RLVAE
75 K&K VIRT, S BLETT R e DO EN T,
Li*/Li O EMrEATI 5 L THRI 0.6 V~0.8 V THEIZR S -,
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Z Z2T.02~5.0V/s OFiPH CEMEEEREZHS 75 &, - . . .
ARG CCREREENARE <2 XYW MH%MMﬁﬁmméL\
— 7 BEbTz, £DO%, [F R iz 0.8 mol%d
LiD Z S B L, HB X O D ORGSR CEMAER
RN, &L H/ HOE— 7 )37 a— K
DRENSTZDT, DIYDITH KT DH7 70 B — 7 Z R
THDIIRETH -T2,

Pt Z{EMME L, LiIHEAZRIN L & EDfEREZK 2
IR T, ZOFEBRTIX, BAESEEZ 0.5 Vs IZEE
L7z, )1 TSN HOBLSIZERT 5 B —2
Bt (0.85V i) 2%, K2 Tid¥mpii FTha<l i 03 . . ,
Stm, ZHUE, BEE Mo 70D PHCEEZ B & X (MR 02 04 06 08 T2
BRI L LT 701 . TR LiH 25K4517 L 0 1 & Potential vs. Li*/Li/ V
nttwk%zgné E- u%06V£D%$&ﬁ X 2 LiCI-KCI-LiH ¥ H C D 4% TN A Ak i
MICERETSDE. X1 TRLN-WEBEHESEIZLED W2 D EAL— B OBELE (TEHM:P)
MEOIK TR 6T, e LAF Y — RERIAMIZ
MU7z, Pt & Li @2 smRIREERK D, 4 (AR Ebtmfﬁfipujé%wﬂfffétw Z D
EUSNEE BN D, 2B LD HEZHRMLTH, Mo BMZMHH L7- & & & FEEEIC, DY/DICH
KT DERETE D=7 ITBIEI N o7, ULEXY | KEERFP T—RAERA S LTS PtE
fiZ, AEfEH L7ZERIER CIEIRRE THLZ Engnol,

%X LIHEDNBFOKS ERE L THEESNZRNWE S EROSTREZSML, Ar7 lw@ﬁu
—T Ry IV ANTIT) TETHD, £, HDH—EDHFE T LIH B LV LD ORGHEZ MG L.
ZTER L 72\ Ni R° Mo BiRA W TEMT 5 Z & T A LT TR & IUEMRE %/\$ﬁﬁ+(QmaSS)Tﬂ
Bri, EBRIZOBRBERET 5 TETH D,

Current density / A cm™

[AEAFER Y A K]

1. “Novel Application of Hydrogen Energy Devices for Hydrogen Isotope Separation”, Hisayoshi Matsushima,
The 10th International Symposium of Advanced Energy Science - Beyond the Decade of Zero Emission
Energy - (Invited Presentation), Uji, Japan, 4-6 September, 2019.

2. “Study of Hydrogen Isotope Separation Technology by Molten Salt”, Kenji Harada, Yutaro Norikawa,
Hisayoshi Matsushima, Toshiyuki Nohira, The 10th International Symposium of Advanced Energy Science
- Beyond the Decade of Zero Emission Energy — (Poster Presentation), Uji, Japan, 4-6 September, 2019.
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Bacillus B EET HHBMERRR) RRTF FDiE
E R & E R EE
BRI |, RIS, BT

SR S S A
2 R L — B T AR 52

1. f&5

Bacillus JEANE 2 IR G0 5 O AW P BRIEME 2 7R TR DMFIE L, 2405 OFh EDRIFE %
L CH ) Pt EiEME 2 R T, 2 OFEIEMEICIZERIR Y AT F R LR ZEIZEH U D 2 &N D
N5, Bacillus JEBPEFET DERY RARTF NliE, £ OERFESAGHESFOMIER EICEY
surfactin < iturin, fengycin ® 3 2D 7 7 I U —{Z KB &b, £ LT, IREFEY TH 20381,
RENTER AL DREIECR T T REAL DT X BBOEWRR & &7 7 I ) — N TEEZRLBEREN LS
BENDZENHLILTND,

B. subtilis YAES1 #R1%, LFRIBFFEHE TH DI O L0 /8 S v, AKRsgER S 2hft a2 Lod4F
HEKETH D, THE CTICARBEENEET DRI AT F REOSGHERIK 7 a~ N7 57 4 —H >
T LAV BONRHC DT D . RE BN =— 7 I 2 R 9788 72 fengycin BEW'E & AL pES
L2 ENTHRENT, TO2=—7 &k L 1L, fengycin ORI O T BN 2 e b, B-b Kr
FURBRAIENEED L<IET e FeXVEHmr ORIt Z N TFEENS (K1) .

BV AT T NI3SER AR CHUETENE LS f J

HEBRHNSD 2 EBRBRTEY , HHO ©
?%% % ﬂj/\o7 T RDBHMOME LY bRt R — Glu—Orn— Tyr — Thr — Glu — Ala —Pro— Gln — Tyr —Ile
EHZ RS Z e b oIl TSNS, R = B-hydroxy fatty acid
% ZCARKIIETIX, YAESI BRM A9 2 57
FLOBRIRY RARTF N ORIERELR b RNIAHE (X1 Fengycin® &
WimR R o 2 Pl 2 2 2 & &
HipE Uiz, PFET, Fox BoBE. (RAT DD fengycin ZEFERKIZ OV T HAFSEXL T D Hikl 72
fengycin HE4)E DA PEM: & bhis L 7=,

2. YAES1 BEDESE & L Fi#i 72 fengycin BRE DR O%ES
2.1 EERFHOHE

Bacillus J& DEIR VU IR TF REAPERHICdH D No.3S H5it (1L 24720 . 10 g Polypeptone S ( H A
#) 10g Z v a—A 1 gKHPOs, 0.5 gMgSO47TH,0) IC LY | Y —7 7 — A L % —% AT YAES]
PRA 30 C. 4 HF@RIREIEEE Lz, 88T, RmiEtEz & oIk Y A7 NIFEEER HIsaz
KT B, EOEAEMET S Z L THERMIZERIRY AT F REEILT S Z Ena[gEE o7,
2.2 i fengycin B E NGRS O MEt

AT TR L 72ydii 7y 2 HClL C pH2.0 & L, BR U ARA_TF Faib s, IR ZEiE—F/1- X &
J—=v (9:1 viv) IREEIEA~EBIR LT, VATV T A ra~ N7 T 7 0 —fi LT, BR—=F /-
A& = (1:1 viv) IREEEETY U BN I T AnbEEHE S, IWHBEID % 50% viv A X ) —)b-~
FEfR%G, ODS T L/ ma~ 7T 74—~ L7, 100% A% /—/L"TCODS W7 L0bLEH L, &
B ORI 2R E LTz & Z A, fengycin AER ZIEAGHEY L LT 97% ThoTo, 72, KFIET
O fengycin 75E B ZVRAE D) IIEGH 1L %4720 | §920mg Th - 72, Fengycin AE v VRS Y %
LC-MSIZ R BREw ZOMBEAIT L7 L 2A D b BEBEORER 7P BHES. 2D 5 b5,
KEFZED B HIE T 5 738 [MH2HP KX 745 [MH2HP 185 ThOR L b 6 DDARER 7 &L LTH
Hanzz (¥2), £/, HIOWEOIFIEIT 4 fengycin 75E 7 7 W) 30%I2MHY LT,
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753[M+2H]-
- TA6DME2HE |
| 745[M+2H]?>*
= vy R
739[M+2H]~ v‘. I 738[M+2H ]2+ v '\
[t 74 I\ A \ | I'. A J ‘..\

._\.

|
LYaAY \/ W J _

. )
e v" ' N
1™ I\
i n
o 4

B2 Fengwink TR JIRGWEMDvI 0w F TS5 A

HEE 32 738 [MH2H] KON 745 [MH2H* OFHL fengycin $RE O3z v~ 75 7 4 —
(ODS 7717 220 IDX250 mm) (ZX V3l L7220y, RERTHSFOSBUCIXEL R T, 514,
Gl MRS ZE L, BWEZ R L, #ERER b NTHLEIETEZ 7l 5,

3. Fengycin A PE B TOHFH fengycin BRYE D EPEME D L

YAES1 ¥k % & de fengycin AEPERRR 8 BRRIZ DUV T, Z0APE S5 4 fengycin 1 DO HTHL fengycin £k
WE D SO DEIG 2 LTz, No3S T 25 C, 2 A, IRERERK, H5& RIETORKRY A7
FRE -7 % 7 =T L, s A % ) — /L@ LT LC-MS THdr L7z, FHi fengycin £k
BOEDDEAITHEKE TR ROEKRTIZ 2% RN E1FEAEAPE LW (X 3 HEE, H) .
YAES1 BTl 30% ThH -7 (K3), 4B S L2 EERM T OFH fengycin £:40E O A PE L O F
EHIX, A%, FiHl fengycin BRVE OREEZE LTot2, ZOAEBHBRKZFET 5 LT, EER LM
R L 725,

100 7 — S
s 75 4
5 50 A
2
3 25 -
o 1l | =
A YAESI C D E F G H
EIff

X @ i fengycind AL PE L
m¥r#Hfengycin - OB Ffengyein

GEET VRSN
FAAFaR
Kenji Yokota, Function of cyclic lipopeptides derived from Bacillus spp. in biological control against plant
diseases, ThelOth International Symposium of Advanced Energy Science ~Beyond the decade of Zero Emission
Energy~, 201949 H 5 H, FERKFFIHF ¥ /3R

AL —3EF
Takatoshi Tsurumi, Takahiro Fujimaki, Yumiko Takatsuka, Tomijiro Hara, Kenji Yokota, Identification and
characterization of novel antimicrobial cyclic lipopeptides derived from Bacillus sp., ThelOth International
Symposium of Advanced Energy Science ~Beyond the decade of Zero Emission Energy~, 2019 /-9 H 4~5 H,

FAPRFFIRX ¥ /3 A
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E7IILI—)VEHELERHMORNEEICET 2R

SRR, FEREM 2
ISP N N - S ke R S
2 ETER R AT R L — T AR ST

1. ¥

HENRRIGEIEE S AT DI, BRI KB EBIRE LT-EKRY — U RBETHY . bk
FREPEH LR WREFRFAORE S AT L ThDH, BN KGEEHE S AT ATIEL, BEICLHERE
RA MR T D7D KM DOE RS 7 255 L, KB T 2B OREREZ K H A TH S,
ENROBBGER L BSTHT 5B 7 OEBRNCITE & U CIEEIEME ] S5 23, IREiE o TR
REOHKIC L0 PEIRICB T BRI A R+ Th D Z &b REFRK OB ITFIRERIE D,
W, W7 Va3 — VEEZ LSRR & U Ce AT A0S 23880 U, SERER 70 528D & FEGIESE
BrE CIRIA WD THOIL T\ D, BET V3 — VT NT 7 ¢ 70 E OB R EBR KT R &
BRI A CEBE R O @ < SBIEARURIGEVRE S A 7 AZE 1T 2 FARIREAEIICE L TV b,
PET v a— VRO E Z BfR 5 Z L IXERY V7 ORFHIEETH LD, REARW 2NN E
<\ BFICBMmE SR E OB BT IR EREERIH S SR TV, £ 2 TARZE T, K
BB OB EEM & L TET LV a— VEOMEBLERRIZER L, BTV a— VEOBWME %2 H
LNCT DT L EHMIC, BE, BB L OBVREROIRERFIEICOW TN, £, Ty —%
IZHEEDE, Fix DOIREIZE T 2 LSRR OK W HEMEIZBE 3 2B A R L7,

2. BIEZEER I OMIERE

AMETIEH, Erm vy a o X —WLS O ELFRFARE CH LI EHBL ——T7 T v
2EBVERRELEE (T vy 7T TC-7000 ) ZfEH L, #E7 /L2 —/L%1 (D-mannitol) OIJEFHIZ
BT AEPLERZ HE Uz, 3 BHE D-manntiol 2/ > K7 L 22 LV EH 10mm. 2 S 3mm CTHRAEL .
& JE PR 12 1) A BIEHCR Z27E LT, lBVAIE IS W T, BE22 8 TR BB E SE 6 4 VD
W BV KX 2 EFR 2 SR TOBVHIE 2 550 L7, 72, BEHIEIZ OV TIX, Micromeritics
D Accupycll1340 2 L, T ABEBNEIZ L0 BEAHEFOBELZHE Lz, —FH, EICBWTITA&
D #DOE A KA (A&D FZ-500i) 3 X K-type > — AREGE X %2 AW T, WRUTRTT L% 2T Rk
(2 X EERIE A S LTz, AHE T, BEOREKRGFMEZHARDL 72D, B RKFB X UOEVEX %
T—Hu = L, WIET — & A Ciek LTz,

_ Imapr—myl

b= T + Pair (1)
Z 2T, pilkg/m’]. pairlkg/m’]. mgi[kgl. m[kglFB L OV [m|iX, EAEIUKFEIZIS T S D-mannitol
DEE, RKKEE, RKRHFOFETOEE, HPOFRETOEER I NEE TOFRETHD, Fio, B
R, GRS B, B, BRHeR 2 W RSN FE I LT,
As = PsCpsQs (2)
Z I T A[W/mK]. ps[kg/m’]. cps[]/kgK]F & Oag[m/s)iz, £ ZHER OBYRIER B, HES
FOBIEBRTH 5,

3. HIERR

K 1%, TF AT AEEZRWTEEOREMETH 5, WEFF (440K~475K) (2B 2 H X,
TRIRDMEINT 21250 D L, £DEITH 23% Th o7, — 7, EHOBEE L, EPHEREEE (300K)
IZFBUNT 1480.7kg/m’ Th o 7z, WERERICEES & AR THEE () & RIBROFEEXZ KD 7=,
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p = 1478 x 103 +4.415x 10717 — 1.618 x 107*T? 3)

2 |¥. D-mannitol (B : 1.81g) ~DEATIN 0.8W (51T 5 AL Z /R LT 5, REEIL,

WrEaE B A K A HEIIE Ch D72, EVTIREE BR &I, B2 S TN

5o 9 A40K LIBEIZBIT DB O — 7 1%, AL D HEAENTH DT, O — 7 2l % 7 Ei )
WARICI T DBV E 72 D,

3 1%, D-mannitol (‘E % : 161.8mg) DOEJLHCRA RT, BYLBCRIL, FPIREENT 512240

BT ENHB LT, HET —ZI2kS%x, @) RXNoMBEXEZRD-, Fi-, 4 /X, D-mannitol

DERERZ /R LTS, BYRERIL 2) Rk vEHL, &/ FEICEY 5) Kxkdi-,
as =9.511x 1077 —2.792 X 107°T + 2.051 x 1071272
Ag = 4.032 — 1.467 X 1072T + 1.406 x 107>T?

4
)

ZZ T, ag[ms]. A W/mK]E L O TKIEL, ZRENEPLECEE, AMRERE L ONERETH D,
1360 T T T T T T 90
e
. ?
1355 | ‘\‘ . 8o} |
e = | |
— 1350 ‘\\ . fn 0 i
£ x < eol é
S 1345 F o, - 2 !
X ‘e = ]
== . 50F i
> 1340 LN i § !
— “ L)
2 “u | !
1335 |- . . L "
A (N S 30 "
o g I
1330 | ‘o, T @ 20} o
s bk T Ea. () . 10 b
‘4 PP 4
1320 Il 1 Il Il Il Il 0 asosesyy 90°0ey o quoe-co 00 ;000000 | s
440 445 450 455 460 465 470 475 360 380 400 420 440 460 480
Temperature [K] Temperature [K]
1 BE (M) OIREREE 2 WrEEg RIS X D VR
4x10” T T T T T T T 0.9 pr—
— \
. X \
NQ 3.5x107 | g 08 k \\ J
E = N
2 X0’k e 2 o7} N .
.; N .; \
) N = \
] S e 3] N
£ 25x107 N = 06 | e -
= < © -
© c
= ptt 3 )
~ (&) \
e 0" f ~ — 05 | \ -
= N < © \
2 ~. £ N
- 7 L So (0] B A
1.5x10 --- Eq. (4) - |'E 04k ——— Eq.(5) S
h |
1X10-7 L L L L 'l L 'l 0.3 L L L L L L L
280 300 320 340 360 380 400 420 440 280 300 320 340 360 380 400 420 440
Temperature [K] Temperature [K]
3 BRECR & JE PR o BIfR 4 BMREEROIRERFNE
4. *EiE

ARFFETIE, FARIRIROME(LFEER & LT, BT v 2 — VEHORZELEEWFIZE B L. D-mannitol
DOEAIME 2 &M Lz, F£72. D-mannitol O, LB BMREROREKRFIEIC OV TR,
% OIRFEIZF1T % D-mannitol DO#HEAE T BE9~ 2 MBI & 1ERL L7z,

[PEA¥EER Y A K]

M.Shibahara, T.Hinoki, “Thermal properties of sugar alcohol phase change material”’, The 10th International
Symposium of Advanced Energy Science, Sep.4-6, 2019, Kyoto University, (Poster) .
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BAEERTOE—EEARRBAOBARRBGEICRIZT
1)y FAR—GDORE
sE— ", BIRKAE Y, PR

AP PNarel & 2 e P
2 R L X — B T AR 52

1. #%5

WRIEERTOT A ¥ A= W-S, 7' v RARX—H G-S ZI1 L7z NoxN, ARFHIRE AN R
FEYRIZB T 2 BRHTRBMREIC TS W-S. G-S OREOIEM /R PRIL, IKIREEA A EE O IE
TE AR M ORI EBR AN o 75 1B B O fREE BABR SR AR R I B W T, PO L OV E [ B 2 FF OB
Bags DZ BN 2RO ICEE TH D, 2018 AL, W-S ZAHI0 L 7= B — i AR EUR O — %1
B SR EMm R A8 U720, AL, G-S 24000 U7z B — I E AR BVA O B K i M miE %
FLt LG5 Z E AN D BT T VA HWT, JAWREEEOFHI I C A RIHTEMRZEIZ KIET G-S,
BEIE L G-S O, &S, BE, MEOREZGREEERICIVMEI L, G-S 2L 7-H—E
B P FEREAR O — i) B AR BMa s £ a8 3 5,
2. H—IEEMAEREE W-S 246000 L e B—TE R REURIZEIT 5 B RREYRE

AL, B RE AR AR, W-S 24100 U 72 B i AR 2R O — i) B AR Bvs 2R R (>
DadedoRkd, ZoFRpRAUT, BERGTE R 2-2.74~20 %LLNOREZETE/RA[EETH D,
o BL—IRE AR EVA B AR BB R R P

0.86 02 *
1 C L 02 Pr . s . gfql’ G P’
Nity =| —+————| = | |Ra, (1), C=085— " 2), Ra, =G Pr(3), G =& 4), Ra,, =——L (5
« {0.8%86(%)“&] (D, (4+9Pr1/2+10Pr] (2): R, =G fr ). Gri == 5= (e Ry = o )
« W-SZAHIN L 72 Hi— il A VA B SRk 2R R Rl
" 1 C L™ 02
(Num,)wis=C1><(Ra/;L)W7S>< —+—(Bj (RafyL)vH (6), where C,=0.8704 (7), n=0.003095 (8)

08 0.86{(Raz)w75}0'2

3. BHEIRMEAT

BERAENTIA R G-S Z A0 U7 — Il AR BVA DR E X % Fig. 1 127, FBEVAERE D=7.6 mm,
B & L=200 mm., L/D =26.32, B > & G-S DFRE gap (0.15~0.5 mm), & S A (20, 30, 50 mm).,
JEX1(0.2, 0.3, 0.5 mm), F'E material (SUS304, SUS316, W) 2B\ T, EJiEH ¢=1x10*~7x10° W/m?
DOEEGERGIE T, @I HARHRE R T T V& AW TR 21T - 7209, BEVMRIZHET 25 1 L
M11(Ar)ou \Z1F 0.05 mm, FHEFS THUTIT(60, 53, 144) % 5- 2 7209,
4. G-S ZfPMU7T-H—EEMEREEICKIT 2 RFTREGRmIRE

RFEHI & LT, G-S (d=8.2 mm, d,=8.6 mm, gap=0.3 mm, /=30 mm, =0.2 mm and SUS316)% {1 )1 L 7= B
—HEEFEREYRIC OV T, BRI ¢=2x10°, 1x10°, 2x10° W/m® O FEERARHTHE J 2 J5) AT 38 BVA SR thil
DR S _EFI (T 02} o T EMBAE X z O I g, MBS EAE 0% /3T A —%2 L LT Fig. 2 lZ/R
o G-S AT L7V B — T8 A I BYAR O FEERARAT /5 L & LR D % [Z o REM TR, ¢ ZEET
%l 03°(=)D R AVA R EIRE —X, z DERABERE RY . EFEEITIMEBRLA S D
30 mm ¥ TIERAE TH LN ZNLRITESC)HTH D, ZOREIRESMAIL, G-S LRV ndh L
IFE—ELTWD, z 28 75mm ICHE D & FBEMRREITFFIZ G-S DBBUAL D A2 24a173 A Ui O (KR
B2 K D BMEE), z=80mm TR KNMEZ RV /) L z=110mm £ TIEREF—EME LY . F D% z B E <k
HIEFERICKRE D, G-S % ORmIRESMIT, G-S MLV d oL ik 5L G-S
(AR D SIBREEAL O ELIUC L0 2D/ NS <D, O RE LD & RERE AT A BARED
HFTEAZIE—H L T D, GSITBETHOR LA T 2IRE M, ¢ PRI KDL ERKE D, ¢=1x10°
W/m? OB HIRHTRE BT 2=25, 100, 195 mm O r-Gif OIEIE = > % —[X % Fig. 3 (ZRd, FEE AR
JE Y OWARIL, FEERNOEEN DK, z DR DEE RO FENBEIND,
5. G-S ZfP L 7= H—E|EMEREURIZEIT 53FEH X v BV MU(NVuW)-s

G-S (d=8.2 mm, d,~8.6 mm, gap=0.3 mm, #=30 mm, /=0.2 mm and SUS316)% -}/l L 7= Hi— e E [ FH 5
BURIZONWT, BIEL— VU —E(RasL)g [=(GrL)esPr/(4+9Pr"?+10Pr)]=3.06x10%~3.13x 107 (¢=1x10*~7x10°
W/mﬁ”’(fi?ﬁﬁ@*ﬁ ff??l/ AN (Nuav)g-s %(Rafl)g-s i\’—‘;d‘ L/T Flg 4 @ﬁLLZXEﬂ«Gi—\‘—a‘O G-S %f'ftj‘jj[] L/fcfl/ \ig

_98_



ZE31B-5

B FFEFR VAR O BLEG AT RS B Nug, 2 OFL, ()R 5K FE %2 ORI Cr~d9, G-S ZfHnL7=

AR AT A B (Nuw)es 15, G-S ZAHM L2 WE—FEE AR AEE RN HREDME D KL
7B%ﬁ< PR mw#%oma IE—F L TW5, G-S ZHIN L 7= B —3E [ EA O BRI
RITmAcFRRHEKD,

1 C LY 02
(M), =CX| ==+ ————— = (Raf,L)gis (9), where C,=0.9277 (10)
0.86{(Raj) }
g-s

Z DFREO)IEG-S Z AN U 7o B — 22 B A58 AR O BRERIRAT 15 SR (Nutar)-s & SISO D(RayL)g.=3
xmﬂ&BﬂWK%wT,4M~QB%UW@M#T%TT5
6. (Nuw)es \ZKIET G-S D gap, h, t, material D

G-S ZfHn L 7= B— ﬁﬁmﬂém% DUNT, ¢g=1x10° W/m®* DFEERR ST, G-S D gap (0.15~0.5
mm), (20, 30, 50 mm), (0.2, 0.3, 0.5 mm), material (SUS304, SUS316, WiH\)IZ35\ T HERARMT 217 -
71;0 FlgS 5~8 \_/7‘71% k—\ G-S ff'fﬁ‘jj[] Lfg%‘ ﬁﬁmjﬂz%\é;n {Z,‘(@@ ﬁq‘*ﬁ%%(]vuav)gs
G-S Z AP L 72\ B — T YRR BA O BRER FRATRE R Nuw £ 0 & 0.17~42.38% /X0,
7. G-S DIRLDE

1 DEBERE T 2 oOPE, BEIR T v N ENTMIBE I OWTHITT 50 v

MeNEOT a7 T ABRREF,
8. NV FAEBURIZRITTAR—Y DEE
&ﬁgfnﬁﬁAﬁﬁﬁé%ﬁo

9. ==

G-S Z AN U 7z — Il AR VA, D=7.6 mm, L=200 mm, L/D =26.32 C. gap
mlyasmmyhaayxmnmytmzo305mm)mmwmuﬂmwmsmgw,m B
BHIZIHW T, g=1x10"~7x10° W/m®> D% ,m)lhﬁﬁﬁif & i B R B e T L1 i

Z VT R ﬁ%ﬁ%ﬁb\ G-S ZAPINU 7o B — s E FAE R BA O — ki) B AR5 € e ffrow 3
AMrER RO E N LT, : 38 whé
ZE R 2= g
[1] Hata, K., et al., Nuclear Engineering and Design, 341, pp. 73-90, 2019. [2] Hata, K., et zomm, | .8

al., Mechanical Engmeermg Journal, 1, (1), pp. 1-12, 2014. [3] Hata, K., et al,,
Mechanical Engineering Journal, 3, g gp 1-16, 2016. [4] Hata, K., et al Journal of
Heat Transfer, 139, pp. 032502-1-11, 2017. [5] Hata, K., et al., Journal of Nuclear
Engmeermg and Radiation Science, 5, pp 021002-1-15, 2019.

120 mm

Fig. 1 Schematic dlagram of

A R 2omw1m; ;j;;‘:';:;,;',gd;', S ner| Vertical i'r'.'é’a'f siﬁ'.'ft'.iirs with Grid Spacer || ' a t]estdvessel }:mthda heated
gﬁ% 0 MWin? || with grid spacer & Jumerical Solutio Gr|c=1855)acer cy inder with grid spacer.
| Pressure 101.3 kPa 3 Liquid Temp. 673 K g=82mm
| Hauid Temp e73K = 2mp. d,=8.6 mm T T T T Vertical 1& cylinder
| Heater Diam. 7. 10% Heater Diam. 7.6 mm gap=0.3 mm a L ertical slng e cyln er ]
1| Heateq Lengin S0 mm =3 Heated Length 200 mm {254 1) L without grid spacer
| q=1x10° win? s 0.2 mm = 40; -— g:rv;e’llcaISolutnorL
PSS L mwint ]| (Rag)g.e=3. 24k3><1o5 4 SUS316_ Ag 3 OO =
@ Tror ‘,Ne"r:‘fa'l'csal'":fe"g;;’“""de E — % Numerical Solution
id spaer 1 ical si i S [ for Vertical Single Cylinder
h || without grid spac =] Vertical single cylinder 0[O t gle Cy| 1
Heated Length ] z (;”""‘hOUt Qﬂdl spalcer % ?Nll"rheg;‘:es‘:g?%rkh
> 5 , 1| —Eq. (9) for a vertical cylinder o ,ume"c'fll Solutions T | Liquid Temp. 673 K
o2 Mwint. s 10°E with grid spacer —£q. (1) = . [ Heater Diam. 7.6 mm ]
ol L 3 —Eq (6 for a vertical cylinder] & 20| Megteqengn 20omn
00 150 200 250 =z L L with hellc?l wn? spacer F L (Ragy,.=3.246x10° AT },;somm :
z = o mm |
z (mm) 10° 10 10° 10 10°Z 10 §ap=0.15 0 0.5 mr]
mgapﬂ3mmh30mmtﬂ2mm$u5316 | L h=30 mm
o eies s Ray, (Rag)w-s (Rar)gs r =02 mm
b | | | SHSMS\ | ]
e} o . . . . . 0 L L L L L L L
Fig. 2 {(T)oz)gs-T1 vs. 2 with 6=3°-367 Fig. 4 (Nuay)e-s for a vertical single cylinder with 00295 0.0 05 06 07 08
at ¢=0.2, 1 and 2 MW/m?. grid spacer and Eq. (9), and Nuay for authors’ 9ap (mm)
correlation, Eq. (1) Fig. 5 (Nuay)g-s vs. %ap at
S (o (Rar1)s:=3.246x10°
j " Vertical singlb cylinder - T j " Vertical singlt cylinder - T T Vehtical Singlé cylinder -
without grid spacer ] r without grid spacer j without grid spacer ]
L <—— Numelical Solution] L <—— Numelical Solution] L <—— Numelical Solution]
» 405 ~_Eq.(1) 4 ,40E ~— Eq.(1) [ R 1] = ~ Ea. (1) .
> [ > [ o [ Y Flun\}e?tcalIssolunlonwI g
3 + Numerical Solution 3 + Numerical Solution & or Vertical Single inde]
5 Ffor Vertical Single Cylinder 5 Ffor Vertical Single Cylinder 5. with grid spacer o
Z 30-with grid spacer -1 Z 30Fwith grid spacer 4 Z 30 DT e ]
X [ Pressure 101.3kPa ~Z [ Pressure 101.3kPa - f Hontar Diamy 76 mm
s [ RACE & st ek ] et o Hestedengin 200mm -
w 20— HeatedkLen th 200 mm — w20~ HeatedkLen th zoo mm — w20 fR "’ 3. 946x10°
S = TF g=1x10° Wi O Grid Spacer 1“3 [ g=1x10° W/ O Gridspacer 7 "3 [ L)g-5=3.240x ]
Er LU F [ (Ra)gs=3.246x10°  g=8.2mm F [ (Rap)g.=3.246x10°  g=82mm ] = O Grid Spacer
=z [ d,=8.6 mm 1=z [ d,=8.69.2mm | Z d=8.6 mm
=10 gap=0.3mm | = 10[- gap=0.3mm | = 10f- do=9.0 mm
h=20 to 50 mm L h=30 mm i b ﬂf§5°'5 mm
maw ] f St | EOER
Y N N N U E BRI Y N E NN T R BRI oL I I | SUS304, SUS316 7
10 20 30 40 50 60 70 80 0. 02 03 04 05 0.6 07 0.8 SUS SUS Adiabatics \
304 316 material
Fig. 3 Contour of liquid temperature of the . h (mm) t(mm)
r-@plane on z=25, 100 and 195 mm at Fig. 6 (Nuav)g-s vs. @ at Fig. 7 (Nuay)g-s vs. t at Fig. 8 (Nuav)g-s vs. maﬁterml
g=1x10° W/m?. (Ray1)e=3.246x10°. (Ragr)g-=3.246x10°. at (Rasr)es=3.246x10°.
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BAOABRBHRERICLE=EED A 5T —2 0@

PASPE T, KOFHER Y, BRRERSE Y, MR Z 2, BB A

NP NSy NE = T R0
2R L X — TR ZE T
3 P AR I TR

1. &

JE 7T X< iR UiAD 7 7 X~ D CIADMHERRICKE S EEL T\ D, ZOREEOFHH
WZIEFrE T e —7 @%7u~7\747uﬁﬁ%ﬁ@&ﬂ%50ﬁiﬁﬁéﬁﬁ%?%%wfﬁﬁ
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Effect of the orientation of poly(lactic acid)/zinc oxide
electrospun fibers on the antimicrobial properties

Tongsai Jamnongkan', Tomijiro Hara? and Yumiko Takatsuka®

! Department of Fundamental Science and Physical Education, Faculty of Science at Sriracha, Kasetsart
University, Thailand
? Institute of Advanced Energy, Kyoto University, Japan

Recently, renewed interests have been growing in nanofibers due to their unique physical, chemical
propertie, high volume-to-area and small pore size when compared to flat films [1]. It is well known that the
nanofibers can be produced using several techniques including melt blowing, flash spinning and melt spinning.
Among these, electrospinning has received a lot of attention in recent years because it is an effective method for
the production of polymeric nanofibers. In addition, this technique has attracted interest over the last decade due
to potential application, low cost and high production rate, for nanofibers in such areas as reinforced components
in nanocomposites.

In order to use as biomedical applications, human safety concerns are of paramount importance. Poly
(lactic acid) (PLA) is one of biopolymers have attracted attraction from several researchers due to it is a very
versatile compostable polymer derived from natural source, high modulus and high optical transparency [2]. With
regarding to expect the PLA shows antimicrobial properties. Recently, it was found that the several numerous
researchers have indicated that the use of inorganic materials for retarded the antimicrobial growth in polymers.
Among the metallic or metal oxide nanofillers, ZnO nanoparticles are interesting since they possess a large surface
area. Therefore, ZnO nanoparticles was selected to composited with PLA. Due to its exhibit antibacterial property,
low cost and low toxicity to human when compared with other metal oxide particles [3].

Therefore, in this study, we intent to fabricate the orientate nanofiber mats of biocomposite PLA with
ZnO nanoparticles, by using the electrospinning techniques. The morphology surface and chemical structure of
electrospun fibers were studied by SEM and FTIR, respectively. It was found that the PLA did not have any
chemical reaction with ZnO nanoparticles. We found that the all the composition of biocomposite can produced
the uniformly smooth of nanofiber mats. The average fiber diameter exhibited in the range of 120 — 250 nm,
depending on the process parameters, i.e. voltage and tip-collector distance. Besides, we also investigated the
photocatalytic activity of nanofiber mats for the degradation of methylene blue dye under room-light at the ambient
condition and the results shows it is a good photocatalytic materials, and it depend on the contact time between
nanofiber mats and aqueous methylene blue solution (See Fig.1). Finally, the biocomposite fiber mats of PLA/ZnO,
at various concentration, exhibited good antibacterial both in Gram positive and Gram Negative, see in Fig. 2.
From these results, we suggest these the orientation biocomposite fibers mats can be used as a potential material
in the production of wound dressing.
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Fig 1. Photocatalytic activity of PLA

containing ZnO nanoparticles.

PLAZnO NPs-1 PLAZNO NPs-3 PLAZNO NPs-5
Fig 2. Effect of ZnO concentration
on the viable bacteria cell.
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2-6 MeV at KU-FEL’, Nuclear Instruments and Methods A #¢f& 4

- 117 -



ZE31B-15

T4 %)L ECE 2 &k A EREEDER

FedEE Y, KESEL, Eax KA, RREM 2, AvbkidE 2 (LARE 2, KEMHEI % Gavin Weir’
FRE—RE 2, FE&F 2, MEEZ 2, KT ?

VTN K20 1 A SR
2B R L X — B T SE AT
3Max-Planck Institute

1. KO B

AR LN ES RS IC 31T D 7 » MO 2 EMfEEEZ BRI L, 7y FOME & AEE E O
MEBIR, KT v MBI DIRE AR ZHEEICEHIT 5 2 & TR T T L ORAEICE T 5
KT — 2 2T 5 2 LA B E T 5, T, FHAEROER & HEROBEM LI E D 9k T7 e
THNZHH L CETe~v A 7 il zEET Xk L, Y7 by =7 LTS 5 FHNA[EEIC /> T
72, kD ECE #HAITIX 7 4 V2 —/30 7 AW ECE A7 MV A BEREGICEHRI L T\ =720,
R LUIBESM LB TH -7, LL, v~ 7 0l OEET « ¥ XAk LY B L fifben
ELLEIML, 38R MVITEV ECE 27 MVOESG. K OFERIZR IR 43 A5 O T RS AT e
720, ~UF hr ] LHD I T EBRERZ SN TWDS, 20T VXV ECE ZH\WA Z
ET XV IRE OGS 2 B FTRE & OB E ST,

2. SFTTEE DR
INETONYF Y] DO ECH 79 X~

IZ3\\TL F 4 DXL ECE I B PSS i
FERET AL & ATERT & ORIR A #IR L T X T, 0299
ECH BHARIE R D & — F 7L 2D DRSS 0.317
DAFE % R D FENTRE R3S B -, BEXUH | 0.337
DAFAENTA B O R E R E ) 72 1% 8 2 B '
iz, BRUUEEIIZORE BT L, ~ 0.356
X —77y MI#H69965 TEFHEIX 0.6x10°m> 3
DI~y T T A2I2~100 kW D_—= 8
ECH |Z~100kW DE Y= L—+ 5V ECH &) Y 0.375
FEPRRICEE LT\ D, FEEIZEY 20 ms, 0.395
duty 50% (ON: 10 ms, OFF: 10 ms) TH 5, Z D YA
Ya v hCIEEY 2 L—v 3 ECH & A AR SRV Y i g:;g
1.5ms T7' 7 X~ RNEB L, p~0.35-0.45 DRI S el 156
TRERBEFMARNER SN TN D, i '
RS DT, 05k A nedh

Z DEIZB T ECH AFEHO b — ko~ T , , . .
IV A DACHE TR A DR FR O b vz -04 -02 00 02 04 06 0B
[1,2], ¥ 1R T & 9 IS AALE TO ECE _

t—t,, (Ms)

SR DISEIIBHETH V| RO R 24

L7oh | BESPEFUICEB LIZ) 75, Zh 1  ECHturn-on [EfZDp~0.4 TfHIZR TS5 — |k
SRMMCEBRE L — MOVARERLE ¢ 2

B £ 2% &, p<036 TlEb— L% :
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FIEREFFHCEIR L CWD B X HILD, Ziud ECH @ deposition fEIIZIT < . BUIR OB 2 fREE &5
FHEE L CII IV A DB Z BT 2 OIXRETH 5, p~0.35-0.41 TITE L 2 DBEERPER T ALE
OHME & HITENTEY (K 0.1 ms), b— FSLARHFLNALEDICEHRL TWAFEEZ T, L
N Lp~0.41-0.46 TliEt — h L ANREL DL HLIEHR L T D HE RS, F72p~0.46TD ECE /%
DIEIEp <036 L AIFFCTH D, FOMEL T TZ DO X ) REHITHEMICH D 2720 2D, p~0.46
DR Tp ~ 036 DS L D72 B> TNDH EEZX I 585700, Bl BRRENERSNATND &
Ezohd, BllIEhi-e — NSOV ADEWEZBKENOBEHEE X D L. ZOBKEICR L TUT
DFENTND,

1. BXF7 R U7 Z203p~036Vp ~04612H 5, ALFHILZ oA X AMI2T,

2. O-point (Fp~041TH %, HLFHAI L7 e A X MITT,

3. R BIZIEE > TWA D, EEHZLTWAELTH 0.1 ms DIFf A7 —/L X0 43120,

4. B ESPNITIZE U7asm 3k S T b,

5. FFEAORER 0.1 ms K OFSAOREEE AW/a ~ 0.05 &2 V5 & BVEEUREIE O(1 mYs) TH Y 272 )

INEVY, T ZTAW IIHERE DM, ald7 7 A ERTH D,

PN R ik PR RE T B & D B AR

TT AT DN T T A< NER L, BB ENE b 72 5 0EI & RS SRR S LTV D BEI N EE
—HLTWD, ZOZENLLUTDOL D RGP EZ bID,

1. V2 b—3 3 ECH ASHZ L ARG DOTEBAE NP EBEBD X5 A FI 7 A%ET 5D,

2.LHD D X 5 IZHFDNCHER B 3 - 7217 DN ERER S FERE AN AL LoV [2],
SBIINTRERZERE L, RO RGET 5,

[1] S. Inagaki et. al., “Observation of Reduced Heat Transport inside the Magnetic Island O Point in the Large
Helical Device”, Phys. Rev. Lett. 92 (2004) 055002.

[2] M. Yakovlev, S. Inagaki, et. al., “Heat pulse propagation across the rational surface in a large helical device
plasma with counter-neutral beam injection”, Phys. Plasmas 12 (2005) 092506.
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RFFENBRBAMICHR S NI 52—
PSR, bR, dEEn
UMK SRR, SRS L % — B LG

Ol RS

JRFARE DR L, Esrp o IR 220 5 2 Lok . BEKREAER S, w1
WO 5, ZOREMEbOETERE LT, BEHZE > TEASNTERRBESERESZSZON
L~ F U w7 ARMEOFEESCHM H OARHM TH D Cu M DOUSHITER OELSED 5 ik 25 B EH K
7 7 AL DGR ERET HIVH, L L, @RS T O Ni,Mn,Si 72 12 L 5 BSHiEko 2 71 =
A BZHDONWTIE, RERA SN TRV, AL CIIE BT T VAT TR 2170, iF
FERBR, SRR & OB PRIZ K DB E[RIE FEBRIZ LV . Cu, Ni, Mn, Si DfERITTER OIS 2
BHELHEL, MibDOA =X LIZHONWTELE LT,

g5 ik

AAFZETIE, Fe & _X—RA L L7221 FEOTT VA4 LEREE DRI % 2 T O 5446 L
Too RBFOBEMIZEEIX, Pure-Fe (3 800°C T 1 K], Z DfthdE 7 /L-A41% 1000°C T 24 e el L
72%ZEm L, 800°CT 1 RfEIBESI I~ 5, F7o. FEHITH D AS33B M DOBESISAFIE 900°C1 K[ D
% 664°C T 4 FEfE], 600°C40 FEf D 3 BeMEpEsi 2 i L7=, TPPEHRGHE. B AR I0F 28R 5 1A
A O JIR3 I TGRS IS (100°CLL T, 0.0024dpa) & ~LF— « S )LBFSEATICERE STV D
BR2 JFIZ TIRIR M MU (100°CLL T, 0.24dpa), i U (290°C, 0.1dpa, 0.16dpa) D it T3 L
72o HMV-1-SNJ & 77— Aff FERRBRi 2 Tl T, B S [1kef, 15sec] CREFERBR 2 3k L 7=, 5l
BB, BIBEHE 0.2mm/min CTiT-o 72, SlIIERER A I21E SSI3 Mk 2 L7, A [RlIE R
Z EVGVERIZ 1 % BESIFEBRIC & 0 o, RIS L7 BT VA A BERERIICEZEH T 600°C £ T
30 Sy IEVLER L, BVLERAE T, By D —AMELZRE L, ZOFEBRICKY | BV X 56
FE DR FIRO K & 2R S 2 R/ E LT,

X 112 T A (290°C, 0.1dpa, 0.16dpa)lc kb ey B — AFHE DL A RT, K11, £2TO
AEHZ B W TREEERIFEN R o720 o 72, 2T 0.1dpa O IR CEEIZHE L3 faFn L T 5 472
EEZDLND, Mn &AL TWDHREE G £ 20k E & i+ 2% &L Mn 2 & ek CoOmE 5518
MRE L, Mn 2 XD FH ORENIEFITRNENR 0D,

2|2 Fe-1.4Mn-xNi & Fe-xNi ORE LRI FEEROFER 2", X2 225, Fe-1.4Mn-xNi O FE [A]
BIREOE— 71X, 450~500C Th HH N30 D, ZDOFERD G Fe-1.4Mn-xNi OFUEFCl, BVLE
PEDEEEAL L — T BB ENTE Y | b DOZER & LU THER TH D LHEETE 5, — )i, FexNi
OFEFEREIRE D E— 27 1%, 350C~400C T 5 2, B LA OB ERIFHRALL— 7 Tlidie <,
AL —T DR L R DUINNL 7 T AZ —12 L HEETE D,

1 £V Fe-1.4Mn-xNi OFE} Tl Ni OIEEIRE NSNS D196 > T, E EAE ST 5,
R FEEIE EEROFE RS | Fe-1.4Mn-xNi OFEJE FH O BERITEA L — 772 EHERITE 54, Mn 23
EENTWDHREITIL. Ni OTIPEEIL— T ORRZIEET & NdH 5 &2 b5,

—J7, Cu Z W U725l & RIS OFE O ERFE 2 k325 &, 20713 10HV BREH D |
Cu0.1wt% ClE, EELMCERN LTS 2T, [KERFHCBIT 2 Cu OREITRY, —J5, BiRER
$(290°C. 0.16dpa) & > 1 —AFHEFER)D Cu 2 E A THWDHREHT, Cuz & R0kl L Y, K
X HEEN BH LTV, BHZZFOMMIZ, NI, Mn O BNRLWVREICHETH D, ZL,
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W Cu LT 2527 7 AF—IZ NI, Mn BNER L, WHIRT7 7 2 F =3k L1272 & HER
VC“?:E éo

30 . : 2 I unirred
B nirrad ¥ 250 Hil < 100°C , 0.24dpa 4
20| Bl irrad (290°C, 0.1dpa) L 350°C anneal
3 o i 450°C anneal
P 1
(] irrad (290°C. 0.16dpa) K || B 50°C anmea

Hardness (HV)
Hardness (HV)

1 R ORES (R B

AR FEFR

(FRFER)

1) Analysis of radiation induced nano-cluster in Fe based structural alloys, H. Watanabe, Y. Goya, T.
Turu, A. Kimura, 5 10 [0l L F—F T 2WERTERR > R P 0 A, GRS

2 ) Effects of Mn, Ni addition radiation induced dislocation loops and solute clusters of Fe based model
alloys, Watanabe et al. ICFRM-19(California,USA)

3) BEFHEE T T v M ATEM LI E RSO RS - BGERL, KBRS, EARSER, HEihx
K ARSI LN S, JUNKRS

4) FEFRRE SN EARGHE T VE®ICBIT 57 7 A% —fighr, Hi, AR, 52
T, R, BOESCRE. AR T S TN STER, U R

5) Characterization of irradiation damage in Ti-clad V-4Cr-4Ti interface composite, Ranran Li, Hideo
Watanabe, Farong, Wang, H A7) 520N 3, TUM RS
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NOEB/ANOT U IEBEROB R RICHEAENT

HORFEL Y, NEIRSE S, PHESEE] S, fhERER S, ARORES

VR ANA A KPS A A A o A
2RARANA RPN AV A T ARG
SRR R R L X — B TR SE

(BFEs 5 BRY)

TrzIviam XX =T AT AOEBUIL, AFEMEOYEHZ "IgE/R R M9 2 2 & A4
PWChbH, Fxld, BEGEME CTH LA a7 ALEM D IRIFFED 1= 812, Pseudomonas sp. YL
D L-2-a i g 7 L AEEE (L-DEX YL) OSSR fENT 217> T\ 5, L-DEX YL 1%, 2 D
RFBANZ N DONTZ VAR R Q- afiR) ZIKGEL T, *ET 25 2-8 Ru X URic A s
HEEF T, 2 DRENPARFIREDES . LAKD 2- - BRI ST 5 (Scheme 1), {UFEAY7Z 5
Hix, L2-7mn a4 Ui (L-2-CPA, R=CHs, X=Cl) >/ 7 o nfifE (MCA, R=H, X=CI) 72
FWBEOOW= OB THDH, —J7. 7 vFEDOOW=7 /LA iz (MFA, R=H, X=F) 22\,
WEOOW= " figd 1/100 725 1/1000 LV fiE CE /N2 ERMbsE TV 5,

Enz—B:™\ H
H H—o” H y
/O' /\ /‘\;( o /O
Asp10—C R/ \'ng —— Asp10—C + HO R
N Asp10— 8 A
o Hooc x- 7P Q% COOH 0 ~OOH
o}

Scheme 1. L-DEX YL 233~ 2 i~ v 7 AU IS O SRS B IZEER N O ELMER AL, R I3KFE T
V2N QECAN =R/ AN o

BE, Bx 3B PR By FE N ER EDa L Y a— 20 FETF ) v 7 L B FEREA
FEROTEMEIE 72 E D FERA MG E T, L-DEX YL @ LR R B DR, MFA S fiREE /) D
M U7z L-DEX YL ZR2AKDIERIC L 5 IR TORRE-7 v BEEOIWEE O 2 BiE L T\ 5,
Z DIWFET, D-2-CPA X° MFA D L 5 ZRIEED 720 B 5 WIXIEF ITIEHEO RV MEA#S L-DEX YL &
FOS L7 WELER S | BOSPETZT T2 < B LLEMOREGEMME & L BIE L T\ 5 OME L7z
LBz,

Z N E TIZ, L-DEX YL OEERTEVEIXT A4 7 U BKERIC X Db A 4 o Dt E &k & THlE
ENTEZHLOO, EOERECTIIREROFBIZE S T 2 KIS AE Y ORERFENR S TEY
FOSMEDARNFEE DIEVERC S L 22V MEEM OFEGBFAMEZJIE S 5 Z Lk, 22T, FHii
i ERIENEF  (Isothermal Titration Calorimeter. ITC) 7% fi - T D-2-CPA <X° MFA @ L-DEX YL ~OfE&
BAMENBIHICTE 20 TRV e E 272, ITC 1, IBE—E FOLRMEICBWT 2 OS2 A A AE
AT 2L XA LI EZEBENTET 5, OO, fEE/X— M —NRESND EXITAELD
V77 LA EF TN EOROBEZZE QIR OT-OICELVE =X =2 DEIDE
ZRELTWD, o T ITC Z#FH L THISEZRET S Z & T, L-DEX YL &S L7V EEY
(D-2-CPA R°FLEE, 77V 23— VIR D X 5 e SOGAERW)) OGS EHC, E DOEEFRII T A —H (K.
ko) ZHEHTE D WIS N0, EBRICHIEEZIT - 72,

ZOFER, 2017 FEFEDOFER L LT, MFA & DRISZ DWW TIE, Single Injection Method (SIM)IZ & 5
FIGEAD 77 7036 RUSITHEITT 2 & A 6N ODOAERYRENLE TWD ERbN, BEFEOMR
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HrY 7 BTl K kea ZIRETE 2o 72, 2018 1L L-DEX YL OfRER 2 FEE T 5 L-2-CPA X°
MCA IZKT D Ky ket TIRE LTZ S OD CEKE & RERENDRH Y | BIERM S RE TRN>T2D
T, 2019 4EEIX, Bl &HEE . L-DEX YL @ L-2-CPA X° MCA (2% 9% K. hkea % fic it 72 1 7€ S50 TR TE
L. SCHRE & b3 5 i~ Tz,

(F715)

ITC I % Spectris #2311 Malvern 250D MicroCal™ iTCago System Z i L7, L-DEX YL DR
FEWRR (L2-CPAR°MCA), Xy 77— (0.1M U UEH Y 7 A[KPiSy 77— pH7.5, 0.1M 7
Uy 77— pH 9.5) OFRBUIIMNFEARE OFTEEE (Rik/ A A KRF) TIrole, EITRIED
TN E RO DHTHD SIM & Ky kea & F S 2 7260 Multi Injection Method (MIM)? 2
DO FETHIE LTz, 30°C OF5MFCREFE A2 ET0 0.1 MKPi Ny 77— (pH75)E7F 7V oy
Ty =% TR AN, WET Y VI 01 MKPI Ny 77— (pH7.5)F 72137V oy 7
7 — (pH 9)TIAfR L= FEWIR 2 AT, FEABRITHET A THIE L=, 75 nM (SIM)E 721%
46 nM (MIM) DFEZEIRIE & 5 mM (SIM) % 7213 10 mM MIM) D IE RG22 Lz, £7-. 1 BlOEE
WD RO IE RN E TOREE (spacing time) (22 TIL, SIM DA, 1000 sec THIE L, MIM
DA, 60 sec THIE L7z, FEIX SIM TIZ 10 ul Z2 3 B, MIM TiX 04 705 4 pl O E 2 EKE 2
T TER 23 BT oo, T — X RATIX. WEHICHBO Y 7 by =T EER LT,

(FER - &)

MIM HIZEICBW T, 2018 4EFEI T —EDOHER (2 uh)Z 20 [EEE L TWedy, 2T, Gohi-
Kn X VAKREORIE SR 1 D070 ORETH 72 (K 1a), & 2T, 2019 T HEEEK D
TWERZWES LTENZ S LT oL TN 2 LT, B 57 Kn £ 0 IR ORIE S
NDEICTRLE, £2, CHMEEFERAZ BT DX 512 pH 9.5 THIE L=, TOFERE, 75 nM
L-DEX YL, 10 mM FEEHDZEMETO MIM JIEDFER KLV K, kea ZIRTE LT & Z A, L-2-CPA IZXT 5
K73 0.37+0.03 mM., ket 73 36£4.9 sec™ & 72 0 (n=11).Kn & W IRWEE THELE 70 v FT& 72 (X 1b),
5T, HEAEEETH O SCHME (L-2-CPA : Kn?® 0.37mM. ka2 47sec!) & < —F L=, &
HlX M OIESLERMAEEER IZ DN T b il e E R ARB LN D K, keat ZIRTET D TETHD D,

(a) (b)

Chi*2/DoF = 2.090E-12 .
Keat, 120 +0074 /rr'—'\'\

Km,_ 00304 +88E-4 0.0010 4
AH -9081 a

L]
-
0.0008 L

/
|

L ]
1
1
/ |
/ i
0.0004 - |
_____ L]
1
1 1
I |
1 1
1 1

0.00010
0.0006 -

Rate (millimoles/I/sec)
Rate (millimoles/l/sec)
I
|

= R
—— M2SubstrateOnly fit of A180717LL2C_R Daoo0z - L]

0.00005 T T T T . LN N L | T r 1
0.0 0.1 02 0.3 00 05 10 15 20 25 30 35 40

[S] (mM) [S] (mM)

B4 1. ~mfgfio~e 7 oAb L-DEX YL & 2 ORENRIEE THDH L-2-7 mr Fu B F RO pH 9.5 12817
B RGO MIM JERE R, (2)2018 A, (b) 2019 FEE ORI ERE B2 B OMENT ) 7 b THHT L 7= f 5=
FHESARD Km AT OREEZFR LTV 5,

(HEEFERY A 1)
Nakamura, T., Kozawa, T., Nakano, S., Nakata, E., and Morii, T. “Analysis of reaction mechanism of haloacid
dehagenase” , The 10™ International Symposium of Advanced Energy Science, 2019 4= 9 H 5 H, R KFF
BF ¥ /N AR, RAF =K
R L NS BRI PH O REL B F BIREESI R Y A MY XD m @l S AR
DOFOSHERERAT, AARLSES 5100 FFRES, 2020 423 A 25 B, HRERRLRS:, AR (TE)
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1.

BFRGEIA IV OZRRATHER SN
BES FE 1 5 R i A 1 OD 4R & ST

HHEFR Y, S, AT, TEKE] 2, RAED

UICHB IR SE R SRR SR e A A BREE R AT SRR
2 UK R L — B T2 ST

AR
EHEVE & BEREIE 2 NAE L7285y TAP B o BRI, 1504 1 RIF BLAEH 2 IR /i@ & 2 A
VTS D MEND D, Fox 1T OFRBEICHRR T 5 72012 TERE & L CRILEFE D U
R THL~A 7 n7n—DFHEZRELTEIY, v A 7 v 7 u—2E2M O 0 FItHERE C
I, REIC R TOS FOMBERZFRRFICSI SR T Z ENAREE 25, FoimimiEEE (KH)
o FBERE ISR U, @RS K T b 2 M0y TS IE ORI A IR S D,
ABENETIE 7 e b HYbER g E LT FESZE 23 TPPS R/ 7 1 U (Tetrakis(4-
sulfonatophenyl)porphyrin) % €7 /L4531 & L THW, ~A 7 m ZZRIZI81T 5 57 FIAE AAFEH Ol 1
WZOWTORREMEZRRAE L7 (X 1a) , pH AEZAAHTERTH D7 v b o (HYDOILEFREIE
EOWE L LT HERHCRE VWVEE &
D2 EDRMHITN D, Bl ZIFKD 25°C 12 _p g
3313 B BEBAREL Do 1 2.26%10° (m?/ sec) (@) 0 A O
THHOIITx L, HOEFA K Di'lx L
9.31x10? (m?/ sec) & /KLl L Tanie oK N DT
TV, Lo TvA 7 7m—NTidf RO~
DY AT X0 BT LT &
EZzoNnND, TOHOWE L~ 7 n7n
— TCOZ RN —{IGIZ BT DB E YL
IR 2 A S b D Z & T pH OAAJE
&Ik H OS2 IS R S h
Ao ZIVETIZ, cross Ml~A /a7 ma—2E
&2 AW Tt Z b 2RI L7e HY YRR
B (JEHUCEET D) ORI 21T > TX
7= 2V, ZOREFR, HIEBEEHEOBANZ LS
TPPS D KIERBEEGERD LA %2 EM LT
Wb, AAFETIE— RLIERIFR Th D HYLHK
\ZET HRFE & AR E OFEE LV B
IR 7200, AR IRRE A e I 2k &
W RN EREEm L, EADELD
g 177,

) 4
SO;H HO,8

H,TPPS H,TPPS J-aggregate

00 pm

-

L _of: "y A
" — f . O

350 400 450 DD 550 600 650 T00 750

) S
Wavelength / nm

ey
KW TII=FEEO~A 7 aF v RV ; "
1: (a) TPPS D& (b) —“FEfHO~A 7 0T ¥ XU EBIT D
=aoinl] ] ] .
(Y 58, cross B, crossY B) &M LT pps oty (i) 0L (@) eross B+ > 7 N0
(K 1b) . ZH5HDF v > FJUIZ TPPS /K TEdZE LI bk 5 th i i E R OB (BOLIEMeHe)  (d) HE
VEIG LR A B AT D &Y TR crogs U BOEBEDO ZABICEE 5 UV A7 V2K (0.267 mM; 0.1 mm cell,

r.t.)
crossY BIDJAEIZ 2 f&, 3 J&. 5 @D gz i
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5 Z Ll Db, T o RMEIX 100 pum & —ETH Y | cross Y B TlE TPPS & DIE L 23 A THF
FTCHEH I TV cross LV 4 S BICHELS R D720 HYABRRE O S 6 72 2 HEMENA RS 5,

— B 725 & LT, 0.8 mM TPPS /KiAK & pH3.5 (Y 74U pH3.0) DOIEREZE A LT-, cross,
crossY T ¢ 1 L Cld TPPS /KR D& AiIH % 30,45,60,75,90 uL/min, Fe &g 2 90, 135, 180,
225,270 uL/min & L, TPPS ORAKIEEMNE CI7e D K 5 EARFOFTH L 2508 L=, Y 7T v
VFIVDBIERED pH % FIF, B#&FiE A 20 uL/min & 45 Z & T b F v RN ORI A3
B AL 9BEL. WTHOF v F BT S TPPS OEFEIEREIE 027 mM & 72 5,

FER - BE

TPPS /KIAHR & BAIR IR &~ A 7 m ZE[#HIT
AT DL THRITEN & 72 iR -
F o THHICIES T 5, 2D L = TPPS 2D 212 o
Mg, >k » HYLuhsE (R 18 AT 5
R ORI L0 FlfHTE 5, UV-Vis JIE
OFER. HILHEEBE WD  (DEBURFE O FL
#E) 12 &> T TPPS OEA NN 24.6%7 5 8
623%~& KiEIC LHT 52 L 2L L j crossY
L7z (K 1e,d) o itk & H PR & oRS . ol® -
FER 2 Ik L, ORI, © Wi ot TepStayer s ¢ Y
WBERE DR TRV TPPS S [FEIRFIZ HY L
ENBZETTE FUAEE )~ —DEAEN [X]2:  TPPS J& Dl & HYEHIRFH 0 BEfR
—REINC LR L2 L2 BEWT 5, AW
T —RIERRCh D THYLEIRR O BLIHE ) 23,
TPPS & / ~—® [[FEKHEMAL] 2@ LT [EEZ)
O EH) ITHEOMN 2 2HMEIORTZENT
Y, RBICER LB A7 7 A N— DG
% JE - ) B EE(AFM) F5 X ONE i B EE 1~ BRI 85
(TEM)Z HWCEE L 7=, 2 Z Tk TEM O#815kE
BEK IR L, 2RO BEMBEBREORRE LY
HYEHGRBE ORI 23 7 7 A N—HEIE DO R 2R
LTWDHZEEMRTHZENTE,

Cross

|
@

H' Diffusion time / ms
=

3. BERUALb 3. TPPS 77 A /= TEM {4  (bar;200nm)
1) M. Numata, Chem. Asian J., 10, 2574-2588 (2015).

2) M. Numata, R. Nogami, A. Kitamura, A. Chem Nano Mat. 4, 175-182 (2018).

3) C.Kanzaki, T. Nakadozono, M. Numata ChemPlusChem. 85, 74-78 (2020).

4) C. Kanzaki, A. Inagawa, G. Fukuhara, T. Okada, M. Numata to be submitted.
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IR BN/ONTs i E S — FDOBFR - FAF

TH— ', HERE, AEDN?

VENIAFZERHIE N W - MR SE RS RS R ZE L A
EDE I NE S VI s e Y I

1. HTREAW
JEAE EV/PHY B[ /Sy 7 U — R0 — 5 — 3 LS 2 — Gl /N - RO 700, 50 WSS
ROLNTEY, HEWE L LT ) 74 F—OEFRHEERFT—T 7/ av—L LTS T 5
AW TIE, HMT ¢ F— & LR - mEMRE R 27T E R v % (BN) 0F /KT
B EBESHMSETE AT ) —Z2Ba L, TSR kL — B TSRS AR AN B S LT S 7 A
EE BN L Do BT (FFFFER 6076459 75) & GERIT AN & O BUZBE S D HHEZ £ WAL,
T BWE & S DOBRL T L S F IR S B4R 4 =7,

2. EBFIE

NHdm BN AR ((BF) MARUKA, AP-1708) %, &EEE LCA Y7 rEALT La—/L (IPA)
K ONAKIZ 0.03 & 20wt%BN EZ5r & 725 X O It AW ) S IEIC LD 0 i TcAT U —
{b%4T 572, 0.03wt%BN BT RED ATV —ZH\WT L —H3F— IEI?E/%&%LHJ“ ARREREE (Y
FVEFTAERL, LA-960) |2 X U RIESAARIEZIT 72, 20wt%BN EEDRETAZ Y —(LL7=AT U —
ZHAWT, BEfFO~A 7 o LD A203 FiFX° BN KL FICHINT 25 2 & THlREVERME L L CoRRE SR
DN 2B ER AR (NETSCH 4E8L, LFA467) Till~<7-,

3. ﬁf&%&%%’i

X 1(a)ZiE, FERFET RV X —H T2 7R O £ A E TP (Ultras5) TEIZE L= BN
F Bk ((Ek) MARUKA., AP-170S) ® _IR&E 4%, FEIRAEE 50nm LL T OIEF /D 70k 1
ThHDZ ENDND, KON, WE - MBS ’C{ﬁﬁi& LTA Y FrEeATLa—L (IPA)
(2 0.03wt%BN [E5 & 722 K 9 CIRN 7 AW ) EEEE IS K D 0 BEIN CA T U —Ab & T > 7ok
ARG & R E T AR BT Th H AR —/r I (12h) kiﬁﬁ /Ez (5. 10, 15 %) boad, AOoHEE:
MTHI72o 2L THRFMEDBLTWD Z ENnn5d,

4 40
( b) 15 1 BEHEST L
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B 2 12i%, WE - MBI e C 20wt%BN BETE IR & 70 D K 5 1258 7ed Al ) L BEIRIC L 55
BT CAT U —bEITV., BEFEO~A 7 8 L~ LRI (AI203-M, BN-M) CRAELFE-AT Y —%
ANWTy—MELEBELIZbDE Ly MERILT 5 2 & THEWHE L L TOEMRE %2 R # KT %
L —B TR OB ERAER 2 W CTHIE LR ER~T, 1271 L~Ld ARO3 kit
(AI203-M) Hh=oF 7 L~ULd AIRO3 Kif (AI203-N) Z¥IN+25 X0 & AFZECH% L7 BN
F KA RINT D 2 & TRIBICHEW M L L COBMBERNE ELTWD Z ERNGNnD, i,
AW THW TR I1 708 AW ) &SI X A 0 EdIMc L 0 ~ 4 7 g L L oRif-[H OBRFEIZ BN
DR OBNT-BRERHED T KPR E A ENTHE L O EE LN, 5%, BRI OHH
FEFRFE O FHEMER COBMGERET 2 HET 5 2 & TEREROE L H—KR T/ F 2 —T(CNTs)
L DIREDNREFET D2 TETH D,

BN-M+N

Al203-M+BN-N

Al2O03-M+N

Al203-M

o 2 4 6 8 10
Thermal conductivity (W/mK)

2. by MERIE L 7ZRUE OB R E R

4, KREEFERY X b
* K. Shimoda, H. Yoshihara, T. Hinoki, “R&D of BN/CNTs Heat Dissipation Sheets as Heat Transfer,” The
10th International Symposium of Advanced Energy Science (Poster)
* I. Yamada, K. Shimoda, H. Yoshihara, H. Kto, “Technical enhancement on large scale production of high
quality BN “nano”-slurry,” The 13th Pacific Rim Conference of Ceramic Societies (PACRIM13) (Poster)
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(FYEEEY RN o DIF S S S
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2 RS L B — B T 2R SR A

(B2 - 8]

EWINAT O 7 U — v inomi#BEie =% 4 /[ DNA RNA BINDE
R—FEA - AR, IR TAR SRS 2 L RR’,:-*
B 7o 2 VR BEOMXICE D ER SN S e e- <

TWB, RSN T R F— XTI ~6—c- > }jié:

BT R R —EDER AR, LS WA s
TSSO T LT 72T

(T, MR & LR BOMRERRBELE 5 es A-to-l RNA R

& FEIC IS 2 B LB T b B, S/ WY
AR, MDY 7 5 DNA QYIRS % o S MmUY
LEIZ DT, Thbb s ) Mk B AR " u - &_ﬁ

MBS NTo, & AREFTIE, M

DI 2 2 X7 B ORRESCHBLEZ BEICHIEI TEX 5 L WO R b, BB A 2 A OIEH %
R KkAx 2B COIGHBBBEI N TWD, — T, MlaNO & X7 EERRIZYT 7 2 DNA THHAH
FBLIONTZA vy Y% —RNA (mRNA) 3 ZFiA M- TITOILTWAH T2, RNA O ARSI
75 (RNA FREE) &7 7 LFREE L RIRRICHERY & o R 7 B ORKIEHNFIEETH 5, FKANO mRNA (i
RIEW T CTH DI, MM KGN R WENRE ST T5 ) ARE L 1T D | RNA fRfEHk
s 7 BRREZ —BAICHIE T E 5 & W ) Rl a2 R0, AR, Ml XL X —2 27 A
DOPER &G R 7= 3V X —WE OEGRGR OREEE A RUE 2 C, FLAMED EV RNA fRtEHi 2 B3 %
ZEERHEHE LT,

Foxlx, TNETICHES A K RNA (AD-gRNA) % U 7= RNA FREEH AT O A0 5 ikim 2 B L
TW5, B FEEDEEEMITIT, RNA LU THLELSIE I 2 259 5 RNA fREEIENTFIET D,
A-to-l RNA fREMMEIL, NEMICHILL TV A RMERE (CAHFERNWT T /77 I —8

(ADAR)) 12X > THRE ST RNA EORFEDT T /v (A) DA /v () ICEB SN2
ThH5bH, RNAFREICL > TmRNA BICAUETIX, o0 -EBIROBE, 77 /3> (G) & LTR
WMENDT2D, A-to-l RNA MREIZ LV BIEIR FICEENET 5, A RNA fREEITIZ, AD-gRNA %
MV T ADAR ZA5H) RNA IZFFE L, R E T 5HN0ICE HAY7R A-to-l RNA fREEAE AT H Z & # i
L Lm\é RNA fREH AT 2 VT, fMlaN= X —FH - EEAICE D 586 THE 2 2RI
I 2 72 DI2iE, PR LICEENEZ: AD-gRNA 25T 2L ETH D, T ZTAIETIE. Zh
iﬁ‘%%nt AD- gRNA ZHAEE LT, 4518 AD-gRNA FLAIA SUADOTREFH EREE 21T\, X0 mbk
HE72 AD-gRNA AR LT,
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[EBFE - HE]

- AD-gRNA ® A-to-I RNA #fitE #% E 5541 ] O R

AD-gRNA %, HHAA72ELS TR RNA & 2 i3~ 2 55k (ASR) & ADAR2 OfRfElE %
H RIS FEES 5 2T 2L— 7l (SS) THE S5, 1EkD AD-gRNA 1%, HS (ASR @t%ﬁ’aﬁ‘ﬁ
RPN E RS2 D C 6 SS £ TOMEK) 123 bp, SS X 18 bp TRRFHSI N TV =, AHFZETIE, 1k
X0 b EO R B %%:ra“%ﬁtfx AD-gRNA &Gt &% T 5729, HS & SS DE S %Bﬁzz{ L7
BIREARK L., invitro \ZE T D mEFEREZTM L7 (K2), KAEREEFCIX. @R RmESE
IZIX HS & SS TT%EJzéhéwa%aab@%ﬁf‘dbé ETHIL, HS & SSOESDOEFN 21 bp £725 &
IZHEE L ODENENDOR S ZLEE LT (K 2A), 47 AD-gRNA % in vitro B85 SUNMZ XV G R L,
FEHRLL7-1%., &7 /VEER) RNA (GFP RNA) (2% L T2 hADAR2 % N7z in vitro fREESG & 1T - 7,
RN OMREEIAIL RESUSE DIER RNA DX A L7 3y —7 2 70 X0 F-l L7z, R,
PERM (HS=3) LV bEWREFEEMEZ R T REDERS O, T TH, HS =7 IT1ER-A &tk
LTH 2 FOmMEFEHEE R LT, LEOREID ., AL CIEEWRER L H T 25772
AD-gRNA BlFIRE T 21525 Z L ITpP LT,

(A)
HS=3
(59 nt) . ACUGGUGGGACUCGA _GC
(B)
s 100 - L
(55 nt) F.UGGUGGGACUCGA_GCCGC 80 I I
‘ - 2
H Ss = J
5 bp 16 bp % 60 1 1
@
© 40 l I
Hs =7 (:‘.'\I
(51 nt) 3-f\;'\.i:;\;.':_-‘-_-‘I_'('-".r-.(‘.-.i(.‘c:r‘.::_-‘:_-'.‘(‘Zl'_ 20 4 I I
?HS 0 . . . . = . . . . g -
op 3 4 5 6 7 8 9 10 14 15 16
HS length (bp)
HS=9
(47 nt) 3-GGGACUCGA GCCGCACGU , UA
HS S
9bp 12 bp

X 2 478 AD-gRNA ERFIRRE & in vitro i1} % RNA REF EEM:

(A) AD-gRNA OFELFIFERT, HS: HEMIMRETAL KB A) X/ D C D AT L)V —T7H
EE TOMEE, SS: AT LNL—TREED I 2~ v F 2 Ete AT AE, HERMIT HS =3,

(B) #7E AD-gRNA O In vitro fiitE 7% S ARAT S 5L,

[ A &£ 2 K]

(FRAZ—33K)
Nose K., Hidaka K., Tomita Y., Fukuda M. Construction of the short chain guide RNA for site-directed A-to-1
RNA editing. ISNAC 2019, Oct. 30, 2019, Koganei Civic Center, Koganei Tokyo, Japan
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EAEYMICH T MEMBREEE L
EMBREADIGRAIZET 0%

EERRR, RMARENE 2, RERESS, mEmET
VIR AR JEREBREE o X T AR AR
AR KA AT e R A A R
3 UK K L X — B T2 ST

1. HEERBLOCHY

SR TR EDFE 72 B3, ENTOAFEEIFKL
Z < ZWMAITEHS T D, BIRRTIE, ERAW®MO 1 >TH LW |
fit=2vr (BIN=rPr) OREMTOIL TV D05, @ik B
HOFRRNLEEEOHBED 1 > Th 5, o, EM=rvr |
DFEET, INHEE TIZ 6 L OHMNHLIE L 25720, HEHIC BN
AT HRERPINHERICKRE 2 BEE 52TV, BRETHR
B SN TWDHEM = D UTHAE L TV D R EICIE, RIEH
(/WX : Cylindrocarpon destructans) <237 k9w (GRIKE -
Rhizoctonia solani) %23 #15 T\ %, F 72, #7212 Pseudomonas
B X DN HRINTWD, A= Yo bEREE L
TIE. A ER (Erwinia sp.) . FoME RS (Phoma
panacicola) . Ei£%J% (Sclerotinia sp.) . F &% (Rosellinia
necatrix) . 7 % U 7 A5 (Fusariumsolani) . & s @skibii (R 1. EM=r POkt
EARH) . W b CREEAT) RO TWAA, FHRAE <, FREOEHEIIEE L ITE 220,
Fo, AR ECA HE W AETIRE, 2F8EE, U AHE, JiE) BFEET 508, El=
YINZED LD RREBANAE G LTV D O OMAEMBHERIEIIH D I STy,

Z 2T, ABETIE, BIN=0 P ONAR ORI R 2175 2 LIk | WRER A HE %
K€ L. EMBBRSEA~DIGH D720 O BB T — 2 OWEEZR AT, F12, BEM=0 PN HEE2
L. W99 A & B3 2 B O PRER & 3k A 72,

2. EBMEER X UHE

A BEEAREEIRNT BN = O TR T DM K OSBRI B O M 72 f b O 72 D I IR AR s —
7 o — (NGS) \[ZR DM 21T oo, 2FAEHOBMN =0 D 2 BE L, R A S0 % )
U7z, Wt 705 DNA ZHi L7, i L7 DNA (374 7 U —fRfi~ik L7z, 9477V
—ai$IZ1E 2step tailed PCR V£ AV, SKRREAAT I ITS $8kD 7T A ~—% . ME ST IS
16S V4 §EIRD 7 7 A ~— % BUYEL THW =, NGS f#HTIZIEL MiSeq (Lllumina 1) # MW, 774 ~v—
BN —F L7z U — FhH 21T o 72, RHHEEITIX, Greengene 7 — # ~— 2 & v, FHEIMED 97%LA
> E T Operational taxonomic unit % {Fk L Crelg L7z,

WA BEL EMIRIE - BIN=0 P UTHHET DWMEWE DB L . EMN =0 P TORENRE S
LTV DR IR kT 2 IR 2 A L, IWHEZOEMN = P 28I L, oK%
BREL T, WEVFTA V=T LT, e, BMfE- & I %K (HVA) FRHUCBAm L7, 55
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1 ABBICAES L7cEAEIRL, =2—FY) =2 b - 7L a— %R (NGA) Fitha FvC, Bt L 72,
HiffEt:, PCLIRIREEICRER L, 7V e — A h v 7 (BERE 15%) & LT, -80°C CHEBRIZHEH
T 5 F THRIE L=, EWRKEIZIL, Alternaria panax, Fusarium solani }2 OF llyonectria destructans % >
Too MREITBERE & RRCOMEWIRIEE & ORPIFEERIZ X 01TV, AT HIEOf A2 A L,

3. EBFER

W —7 =P — (NGS) ZFRWEEMN = v O YBEERSTE OFENT : EN =2 O E
WCNAET D24 CRIRE R OE) ORFEMIEZI O MNICT D702, NGS IZL AT &21T -7,
ZORER, RREIT, 8 BRI ENT, METCRESNZEIZTETHY, ZoFizix, EN=2v
NCFavtkr=r D7) v AFEZG X 24 Fusarium solani S°3ZAEE A 5| & i 29 Tulasnella
BARGENTWE, SHIEBALHRCREZ &S Z 32 &3 ST % Neonectria J&<°
Paraphoma & bR Sz, £/, MIE T, 56 BB &, B L~ULTIEE HICE < ICHE D
HEniz, L)L Tld, R EE LT, fE SN TWAHEIL, i E&henro7-, LrL, BEL
LTI, HFREE S LT, S SN TV OEP R Sz,

EN= DU b oS NT-EWIC X DHEYIRIRE O =N
=V O D HVA §iitia2 VLT A o B E 1T - 7=,
ZORER, 20 EENDBESLTZ, ZHUD 20 HREE EM =0 Y DO
JRE & LT STV 5 Alternaria panax (AP), Fusarium solani (FS)
K ¥ Ilyonectria destructans (ID) & O xflREES & 21T > 72, T DRGSR, 1
Pk (Isolate 9) 2% EFED 3 BEERICK LT, IR E R~ LT, £z,
Isolate 9 ™ ITS FEIK DfFEHT 217 - 745 5. Talaromyces angelicus & /&
WHHIAEIMEZ 7R L7z, & 51T Isolate 14 |%, Alternaria panax (2%} L C,
PR 2R L. 16S tIDNA D fE#T 217 - 72 . Streptomyces
misionensis & fm VW AHEIPEZ 7R L7z,

Al—O N T

6918[0S]

1 191e]0S]

4. £¢L®

AWFZEC LD . B =2 2 OREWRERAEIE 2 52N TE | MWW E 2 i T 2R O
FEZHLMNCT D 2 ENTE T, Atk EVBIREA OIS HEEIEAEDR Y | BiFRA B =X L H B 5 7
(2725 2 & T, RO CO2 PR (BRRRER7R &) (ZHE & 2 WERBTHFI O L RE B R
ENHESLTED LEZEZDBND, EMN=r VP OLEMBIZEROMEEE~THT 5 L L bio, FEiE
DY T HFHETREZRBAFE HAE (SDGs) ICHEBMTE LB b5,

5. EF
AFRIZt oo v g gL F—FZRHLE (ZE3IB-21) OB A2ZIF CEfT Lz, = ZICiEL
OB EFET D

[PEA¥EER Y A K]

Makoto Ueno, Yuri Gondo, Shingo Matsumoto, Tomijiro Hara, Yumiko Takatsuka, “Study on the microbial
community structure in medical plant and its application to biological pesticides”, The 10th International
Symposium of Advanced Energy Science ~ Beyond the Decade of Zero Emission Energy ~ 20194£9 H 5 A,

FHRFFIEF v o /8R, RAH—
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Cooperative effects of pigmented and non-pigmented Bacillus
spores on growth, quality and health of shrimp

Anh Thi Van Nguyen', Tham Thi Nguyen', Huong Thi Nguyen', Huong Thi Thu Pham', Anh Hoa Nguyen?, Ha
Thi Viet Bui', Tuan-Nghia Phan', Tomijiro Hara®, Yumiko Takatsuka’

'Key Laboratory of Enzyme and Protein Technology, VNU University of Science, Vietnam National
University Hanoi, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam;

ANABIO Research & Development JSC, No. 22 Block 7, Van Khe urban, Ha Dong, Hanoi, Vietnam;
’Environmental Microbiology Research section, Laboratory for Complex Energy Processes,
Institute of Advanced Energy, Kyoto University.

The use of Bacillus probiotics may help to avoid using antibiotics and chemicals such as synthesized astaxanthin,
thereby reducing energy consuming. Thus, this laboratory-scale study was conducted to evaluate potential
cooperative probiotic effects of B. aquimaris SH6 in combination with B. subtilis SH23 to white-leg shrimp,
including the growth rate (GR), the feed conversion ratio (FCR), the red-colour score, and astaxanthin levels in
the shrimp body, and three immune-associated indicators: Ras-like GTP binding protein (Rho) expression,
phenoloxidase (PO) and superoxide dismutase (SOD) activities. We also investigated the colonization and
germination of B. aquimaris SH6 spores, in the co-presence of SH23 spores, within the epithelium gut.

Weight gain, feed efficiency, astaxanthin levels and red pigmentation were improved cooperatively in white-leg
shrimp by supplementing feed with a combination of SH6 and SH23 spores

After 28 d feeding, there was a significant difference between the group fed with two-spores (SH6-23 group with
5x10° CFU g ' SH6 and SH23 spores) and single-spores (SH6 or SH23 group with 1 x 10° CFU g ' SH6 or SH23
spores individually). GR was the highest in the SH6-23 group (2.36% day™), which was significantly higher (P <
0.01) than that in the control group (1.76% day™) (Fig. 1a). The F-test and Student’s t-test analysis result shows
that the 22% difference in GR between SH6-23 and SH23 group was significant (P < 0.05), and the GR of SH6—
23 group has a tendency to be 18% higher than that of SH6 group (P < 0.1). FCR value was the lowest in the SH6-
23 group (1.27), followed by that in the SH6 (1.51), SH23 (1.57), and the control group (1.74). This result suggests
that the combination of SH6 and SH23 spores cooperatively improve weight gain in shrimp and may be effective
in reducing the feed conversion ratio.

(a) (b) (c)
U Score: 2071 2223 2325 2021
i:; 25 o 5 - —— A 2
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o o
Control SHE SHe-23 SH23 ~ . [ 7 - P ) -
Group Control SH6 SHE23 SH23
Group Group: Control SHE SHe-23 SH23

Fig. 1. Growth rate, astaxanthin concentration, and red-colour score of L. vannamei after 28 d feeding with SH6 and SH23
spores individually or in combination

Astaxanthin concentration (ug g shrimp) was highest in the SH6-23 group (3.52 pug g shrimp; P < 0.001),
followed by SH6 group (1.78 pg g shrimp; P < 0.001), the control group (0.98 pg g shrimp), and SH23 group
(0.57 pg g shrimp; P < 0.01) (Fig. 1b). The SH6-23 group demonstrated the highest red-colour score (23-25),
followed by SH6 (22-23), and the negative control and SH23 group (20-21) (Fig. 1c). This result proved that
combined SH6 and SH23 spores improved shrimp red-colour score and astaxanthin level in a cooperative manner.
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Immune-related indicators were induced non-cooperatively in white-leg shrimp by supplementing feed with a
combination of SH6 and SH23 spores

Using real time RT-PCR analysis, the highest increase in Rho mRNA expression was observed in the SH6-23
group (2744 = 2.53, 135-fold, P < 0.05), followed by SH23 (224 = 2.3, 123-fold, P < 0.01), and SH6 (2% =
0.046, 2.5-fold) compared to the control group (2" = 0.019) (Fig. 2a). Based on this data, Rho expression level
in the combination group was calculated to be 1.1 and 55-fold higher than those in SH23 (P > 0.1) and SH6 (P <
0.05) groups, respectively, suggesting that the induction in Rho mRNA expression by the combination is mostly
due to the role of SH23 strain, and that SH23 strain can induce Rho mRNA expression better than SH6 strain.

(a) (b) (©)

Cantrel SHE su23
Group

SHE-23 Contrel Sh SHE-23 SHI3

&

Expression of Rho mRNA (244
8 2

]
Phencloxidase activity (0.0 490 nm)
H :

Phenaloxidase activity (0.0 490 nm|
g 2 t 4

Control sr 5146.23 sH23 a0
Group

Fig. 2. Rho mRNA expression (a), Phenoloxidase (b) and superoxide dismutase (c) activities of L. vannamei after 28 d feeding
with SH6 and SH23 spores individually or in combination

Relative PO activity was from 1.3- to 2.4-fold greater in all spore-fed groups than in the control group (Fig. 2b).
In details, relative PO activity of the SH6-23 group (ODa4gonm: 0.076, P <0.05) was 1.2-fold higher than that of the
SH23 group (OD4oonm: 0.062, P < 0.05), and was close to the average value of those measured in SH6 and SH23
groups. We found that the SOD values of spore-fed groups were greater than that observed in the control group
(104.25 U g muscle) by 1.62, 1.60, and 1.60-fold in SH6 (169.22 U g muscle; P < 0.01), SH6-23 (167.09 U g
muscle; P <0.05), and SH23 (166.04 U g” muscle; P <0.01), respectively (Fig. 2c). Taken together, a combination
of SH6 and SH23 spores induced all immune-related indicators including Rho mRNA, PO and SOD activities, but
in a non-cooperative manner.

B. aquimaris SH6 spore germination was improved in the co-presence of B. subtilis SH23 in the shrimp gut

The live counts of SH6 in shrimp gut of the groups of SH6 (1.60 x 10’ CFU g gut) and SH6-23 (6.00 x 10° CFU
g gut) were calculated to be 16- and 12-fold respective higher than its input-doses of SH6 spores in the feed pellet
(SH6 group: 1 x 10° CFU g! SH6 spores; SH6-23 group: 5 x 10° CFU g ' SH6 spores). Similarly, the live counts
of SH23 in shrimp gut of SH6-23 group and SH23 were calculated to be about 264- and 171-fold higher,
respectively, than SH23 spore input-doses in the feed pellet (SH6-23 group: 5 x 10° CFU g ' SH23 spores; SH23
group: 1 x 10° CFU g™' SH23 spores). Taken together, SH6 and SH23 spores did not inhibit the growth of each
other. Nevertheless, the mRNA expression levels of BagA-SH6 gene indicated that germination level observed in
the SH6-23 group ((2.77 + 0.05) x 10® copies g gut; relative 2°“' value = 2.29 = 0.32) was 3.5-fold higher than in
the SH6 group ((9.71 + 2.31) x 10% copies g gut; relative 2°“' value = 8.06 £ 0.78). This data indicates that SH6
spores can germinate well or even better in the co-presence of SH23 in shrimp gut.

Lists of papers and poster presentations

Nguyen TT, Nguyen TH, Pham TTH, Nguyen HA, Phan TN, Hara T, Takatsuka Y, Nguyen ATV. Cooperative improvement
in growth rate, red-colour score, and astaxanthin level of white-leg shrimp by Bacillus strains originating from shrimp gut.
Journal of Applied Microbiology (accepted manuscript).

Nguyen ATV, Nguyen TT, Nguyen TH, Pham TTH, Nguyen HA, Phan TN, Hara T, Takatsuka Y (2019) Cooperative effects
of Bacillus spores on growth, astaxanthin level, and immunity in white-leg shrimp, 10" International Symposium of Advanced
Energy Science, 4"-6" Sep. 2019, Kyoto University-Uji Campus, Poster.
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R —
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3. T X< ROBNLDRAAR

AW TEHNNTWALRKIET T A~V = b
I, EEICHICHE IR EE TR EORMN S
Lo ZOHFTH, Vv OV A XDHE T A
WT 2a—TONRETHRED LWV ) T, K& 72
FE—7y NEETHHETIIEGIH TS S,
LU s, REEDZERICKZIET T XA~ %
AR LT EBNIIIER IR 5N TV D, ARIFFET
WX 2 1R KD e T RS A R_R— A REE -
WARE L, WFHOICHEERTH LT T AR % (~0)
WA ESEDZ EICED . KARIER 2727 T R ;\ e
~HEERT D LIRS LT, RN TORED \

BIp T W T AR B VRO PVAKI {LF7 ' \ .
n—7&FREL, TYMNVERS KT TN

TWb Z L afEd LT, \\
TEARALE O R (L&, TR, BB ENTITXET clasplate

FIERMNH D, FEEIC, (bFT e —TDRAK . [ 2mm
JEAS, TELEE O ML T D &0 D T —
ZHELNTWS, £Od, sl E gEH L

TF T e —T7DHELZERIT D2 L0, N7 2 MEEESNTE) FI AV o NMEIER
TV T T NVORNELERIZICHT D Z 5%
WL T, 77 AR OBEEZHED T,

He gas

[HERFEFRY A }]

BTN, RIFRB, A7 ey T = FTU NIy, “SRYE=AT VA —)b- 3
AT Y U D W TIEVERESR T DV OFHP, ETIEASA A« AT o T - T —T L5 9 [BIE
AL AT T S Ly U I 31 FE 2 A 4 B RBRIFSLRSE (R A & —).

H.Matsuura, T.N.Tran, Y.Matsui, Y.Takemura, ‘“Power Source Improvement for Atmospheric Plasma Jet
Production”, 10th International Symposium on Advanced Plasma Science and its Applications for Nitrides and
Nanomaterials, March 18,2019, Nagoya Institute of Technology,(7~ A % —).

WHTEN, IR, AT erd T =y b FT Ty WO, “RU E=AT7 0=
—-F AT Y U L EFIWTIEERRTR T D OFHAP, 5 66 RIS ML SR NG E, 2018
FI3IHI12H, HLK, (KAZ—).

H.Matsuura, Y.Matsui, B.Ouanthavinsak and T.N.Tran, “Thermal Damage of a Glass Tube for Dielectric Barrier
Plasma Jet Source”, 10th International Workshop on Microplasma, May 21,2019, Kyoto, (7"A ¥ —).

fl AR A 2 —7

H.Matsuura, T.N.Tran, B.Ouanthavinsak, “Effect of insulation oil on the stability of dielectric barrier discharge

jet”, 11th Asia-Pacific International Symposium on the Basics and Applications of Plasma Technology,
December 14, 2019, Kanazawa.
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BERFELMRENNESANZDORH L T ORIEHENT

Kt sl !, PR 2, hHseE

VR LIRS R~ A S AT WA RHER SR
2 RBRIFSE IR TSR
3 UK p L X — B RS

1. 1IZC®IC

AN RIBSAR RN RN OREZ L2 ABREZFE L7720 775 FENER SR TS, 2T
b, KITRSHAINDD, EEROTEIZISHT 256101, SOBEREICHERH D, D,
Ta—ZWETHWLHI TS 1~20MHz OB HERITEERFT~OBEHIZBWTHLETH D, BEK
ST oAbE M E LT TEREA) Aambn Tty BEBISE LT ROS 2£05, ZDOH
[ZIE, B LT % oD K O 2R EEEME (1. Control. Release 2011, 149, 190) & & 578, AMAFZEHLE £
TUW % (Ultrasonics 2012, 52, 490), HHEAIE L THWOLN TW D AMOEICIZ, 74+ b7V ~
VR RNV T 4 V7 EDORNLT 4 ) REARSR— AR ANV ERFFT HND,

BREX v U7 2 AW CHIBNICER & T 2WEERXE AT 5 FEICBWN T, BERWENRZ Y KV —A
IR Ty 7ENDEVHIMEN LI UIERAET D, ZORBEOMRIFIEE LT, SNBSS LT
ROS Ak ZSI &I IHWEEL T KV —2WNICNEEIND HFENETOND, ZOFETIEH, = K
Y — LMEORZEACIT LB 2 e/ NRD ROS A B S Z T Z LIC L0 | M KRERF A -V EE.
ZHZERL U R — 2O MW E OB T 28452 LR TE S, £ 2T, ARBFFE T,
A & EHEAl L = FY — A RTEN S T OMAGOE T2y R Y — Ak (2 L GHlREN~D
W) T HEICOWTRETT 5, ZOHETIE, B FRT Y — ANRTERICHEE
W2 ey Ry — A0 GEIRENIER) T 02T L T\ D, AEREILZ OS2 F 1
L7ZRNA ¥ U7 ZBRTHZ 2 HME LTI AITo T2,

2. HiE
1) BEFWIGENE RNA v U 7 O & ARk
TRV A F—=RAENDT20D Tat X7

F R& . RNA ZES7-HD UIA RNA fES % CPP (Tat)

YNTEE | EHEA (m— X700 RB) 200000 —— RNAfES ERAL (U1A)

Zdf L7- TatUIA-RB et L7 (HFXZ ). RNA PR

TatUIA A 4 o /32 B 2 BEEIE & Ty SIRRA] (rose Bengal)

KH A F— 22 L > THIBRNIZAS> Ty BEREIGEERNAT Y7 (TatU1A-RB)

Y=L T7 v 73NbDZ L3 TH D,

ZZ T, 20 TatUlA & 2 X7 I ERER 232 2 & COBERBHIC L D = Ky — Al (Gl
JAENBAT) Z#RETX D EEXT,

TatUIA &% /X7 BITKIBEIZ L0 BEFHE L, RB UGS T, TatUIA-RB Z/F# L7-, TatU1A
? C KD SH BEITIA A S L7201, v b A I REOMHWZRB A LT, SIZHW, X
JSZNE T VAT T 5 1T LD AR L, Protein assay 217> TR ZRE LTz,

2) TatU1A-RB DAl PYE A

CHO #HIEKRICHKT LT, TatUIA-RB IR & #2 B 2 uM, shRNA (FAM FZ5%) % f&HEE 0.2 uM 12725 K 9
IZE LT, 3R], 37CTA ¥ aX— |k L7, BEF%. buffer O#EMIZ Sonitraon2000V O~ 12—
Sevi A O CEBF RS (1 MHz, 0.3 w/em?, duty cycle 30%) #1T-o7-, “OGEAMEE 2 AV T, #BEk
HRGTHTZ T2, FAM . RB @& 2w L.
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3) TatUIA-RB |2 &% GFP / v 7 X7 v

EGFP %% E3 819 %5 CHO MAaERICx LT, 2) & [AEE72 F71£ T anti GFP Bit%1 % £ shRNA 8 A L
Too FAS I MRSIS . 37°C T 24 FRMESEE L7212 GFP 90 BE & ik 2 3% L. TatUIA-RB (2L %
GFP / v 7 X v ihZaB i Lz,

3. ﬁﬁ':.’%‘%&%%?é : {1t = FAM
DB E B ARAFH) 72 A E N RNA EA

2.OIEIZFL L= FEIC L0 BEWRIGE M RNA % v
U7 (TatUIA-RB) Z{Ef L7z, TatUIA-RB &, Z D
FIZHEE 9D RNA (short hairpin RNA; shRNA) & %
BELCHRICESETHE, = R A F— A TH
JANIZ A>Ty RY—LAWNICE EED 2 ENEBHIE
Nz, =y RY—ANERBRICEEERN 2325 &
RNA [T RY—AH L T2 723 5 8 RNA 23
MIREICBITT D Z R sn (K1), BEkg
FERMEITHONT, R E KRS duty cycle,
TatUIA-RB & RNA OE/LEL, 58, Wikt L
ERE LR, L0 &< D RNA BNEBERIKFIZ
BATEDHEIIChoT,

Omi

Smin

20m

2) TatUIA-RB {2 X% GFP / v 7 X0 v
GFP ®© / v 7 X7 %3559 % shRNA (shGFP)% H
W, BAELZ RNA OFIIaRNIEMIZ DWW T

1. FAMEZESshRNADIBE RARITAIERZPE A

BT & 2 A BE AR GFP B KIE 120
WLV LbHD LD o8, BEH L —
ShGFP O J5 % AN =B D, S0%FREE D <
GFP / w7 Z oy nEllEnz (K2), 1 3 "
% H 72720 shControl Z W =5A121E, 2D L w
X972 GFP / v 7 Xy 3Bl s e oo T, O
> T, TatUIA-RB % shRNA 35 L 87 OiF ik @
B RBE KA HIENICET 5 2 LR TR v
REEA D, TatU1 A—RBO = + + + = + + +
shGFP - - - + - - -
§ shControl - - + - - - + -
PLEIZE Y AR OWE Tl EHEEHEZ H Us — US +

W CERHF IR IERIIC RNA 2B NI E T 5

XFx UTORBENTEZ, 5%, b I L RNA

DB Z @D, EEEIC LD IFEFROIHNRE IR DT OOFRBH P MLETH D, £, &
BIXERIS DN D K 9 2R - BERBR T2k L TBE IR /) v 7 X0 Ul iz,

(42. TatBim-RBICL&ShRNAE A (CEDILGFP I
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174 VRHICK S RMEMNIEBSEEHICRIZT
7% R e M 3E D JERR iR ST
SEIlERMs !, IR ", Subing Yang?, T-HIMEM 2, BOMER 2, @B %, EARER?
VBV E KRB T IERe B = kv — « =7 U 7Ll G fEif st o 2 —

113117 S N = 17 e 7
SHEP R L X —H TSR SERT

1. HELEHW

T4 KX v v 7HERIE, MI2eTHCR A DS OBmE: BB CEfET 2B AT 3 R & LTHIfFS
NTW5, BEXNFEEZM T 5720 :MET@%Eﬁ%4ﬁ/%% kY F—=7F2845, F—7
L 727538 D — 72 43 B0 R M 808 FE 2 IR S B 2 72 O I BVILER 78 2 DO 1% D R R 1EE S O RIS T K &
EBIATObN DN, ZTNLDOVA Ra/hESLTHUET DIEEA AU BEIC L VA S = FER o
P EID, Mﬁé@@ﬁmﬁ¢®ﬁMﬁmﬁﬁE%%W#%®%%@ﬁlk@é LD, Fmir
5O IMERICE T 2 EOFMMIIEELHETH H, £ 2T, AL TIE, o-SiC HiG s % H
WTC, B4 A4 THD Si EEERLEENGTAD He A A 2R L, ERINOIFEARS LA A4
FRIZ K DR R A% T~ ok & BB T BELRIITED DIFE CRME 75 Z L 2 HI & 35,
AN Lo T, ENEN O HEMEEORHRASCHEEIZOWTH LMD Z EBIfF S NS
DA 2 BREHT I D W72 2 o E Ik O FREAT N o 2 b IZ M) TR R 7R 2 ORI i 7 & D fF
HAELNDEEZLND,

INFET, AFERFOEAR TV — MBGEE BB ICEICHE L Th 5, 300keV & 400keV
DIETEA o g Z A LA A A F v Zdulsd Ui A 72 O RS 2470 BRE SEI ) © FE R S fe g
~EA XD TR E&_omTEMD&77/ PHERHOWCRMMEIT > CT& 72, A A VREICE DK
MaDA L, AT RV —RTFET D726, $100keV TIIMR I LK E BT 5 Z &0
HH%?ZN\ FD, FEND pm L 2 U A AR ATV, SIC FEIIFHE S D EBISHOVTHEM
T DD, R OREHEE 2 RE L H Lo Si A A 2L E L CIRET 2 Z & A ARER R
%k%izw% PRT 220 7EFT D DUET 28 L C MeV A —%—0 Si A 4 RBEFEBR A 1T o T FE 5
IZOWTHERE 5,

2. EBRGE

UA R¥ vy SRR T SR AT U7 KE MTI 48> n B> 4H-SiC(0001) Bk i AR
(10(w)x10(1)x0.33(t)(mm)) Z i ] L7z, HHF RT3 F—BL #0587 DuET #FM LT, #—=3
FIVEIE 1.7MeV T2 D Si A A & BEF U7z, BRET &3, 1x10"ions/cm?, 1x10"%ons/cm?, 5%10'%ions/cm?
D 3FKMETHD, BEFE, BEFHEE CIREEZ =2 — L7z, BHEFNL. |EEZRL WS, K
HEZIZK 100CE TEA L, Z20%K300CE R LTz, BB Z AW =RIEIZIB W T, FREgfK
W2 OFR 7B EREIRCRUEE N E I e G A I HGHEE R ToOT =2 — 13 # LW O T, REE IFEVEX &
AREBHI DO R N = OEEICEY T CE=X—F 5 L 2Matd D& & Lz, BEELZ@HEIC
RIET DI, BENEE/ Mo O ClEIEE 2 A~ L 3 R 258%0E L, BT v ¥ ToOHk
FLAARI T 2 72012, IRV Mo Mz BEA L Tl 2 I T3 2 2 E Z5HE L TV =R, 7
BORRTAEEIL, BEFED 10mm AOREZ 4 SEY 1T bR ALV —Z2FH LT-, Z 0K
BRI A =120, 9mmx9mm DAY > RN 4 OBV TENZEI 0.5mm O H D DT, 0.5mm g TIH
PRSI A 3R D Z E kD o TEOFEE#EA Lz,

DuET FESH% 1, ABME KFICERE 2 FFHIR 0 . LUT O FNE CHERE LTS O JEMIBEEEN 217 - 7=,
1. RmEoOI 7 anpieZit (GIZ) %2 AFM THIE L7,

2. FE-SEM THRE#Z: L EBSD /X ¥ — > % Hif% L Cross Court3 & VT LN TR MMEE R~ v
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TR LT,
3. HESATUBEMEBEAEAWT, BT~ b E~Y v
%ﬁ L. EBSD OfE 5 & et 247> 7=,

3. EBRFERLEE
112, AFM THRIE L7z A A 2 B FERS S o | S 2 b &R
T, BREEN LT 2Icon T, BEEEO AT =) 7B LS
T A5 A 22nm, 30nm., 65nm L ERLTWAZ EDRgnn
%, PESAEIEL & FERRS Ak O S 2 81T B Sk I, %éﬁM@
F ) A r— iz ﬁbfv%&m%#~»f@%@%gﬂ%@
<z 7 Wﬁﬁk#%WEW@W%F&K@K%#@méwkﬂﬁfbf
o SO N5 Z LB BN ST,
High oo X 2 {2, SEM/EBSD Ok &% Cross Court3 THLHR L 7= 7 R H#E
— 1 7/7%?? TNEND~ v o TMQITERNIERR G EIR, A
23 R RESR CL oD | R AFM 8122 T T 72 o T2 il o
WIHAE T2 6 O S WL T 5 BBER R m A FET D, v v
= CTEIE, EDD ell, €22, €33 DFREHIEEDE L 55, [EfFD
- owaes BEEZRLTWVD, ell T, EMOREMMIET AR L,

10000.00

0.00 [nm]

L - PRSI S FRE O TR & 0 (REEIAE (R = U )
X1 3D-AFM & T 5 7=, FERREHEE MG 7 1 OFRRE P E N E L 5, SiC .

ERE 2R 726 F OIS, e22 1. MRS HEE O KRR IEIC i@ﬁhﬁﬁﬁ@ﬁ#%%b\%%ﬁ
B DFRE ML NA U D 2 & NS0 T2, 33 1, MBS HEm o RS IR X 0 515E 51/ 0 F i 1 EHE 0
FRIOEEHEE L NBEL TS, 5%, ARBERIEICLIHE I I 2L —Ta s, FHMm
fi R Rl L AR FIE A ML S H 53R TH 5,

AWFFED DUET EBRZATIZH =V . =X —PEEFHHEER OB &6 S BLE IR E IR
ERMFEIT 20 EHN - L ET,

E11 Normal Strain Samgle fxes £22 Mormal Strain Sample fxes £33 Normal Strain Sample Axes
3 3 0918 - : o0t
0016 : 01
il ] | . ;s o AN
ooz 4 0912 i [ a3 -
P fam — T i W
i 6008 3 ] B 000 g 2 | Iy u
10um - 2 1m = p — ] : ¥ wm
| - 000 - i - ot i : - 00004
3 - o 2 % 3
Tyam = . Vham = % Fo Tam ¥ ,
18jem = -804 Tum - . — =004 Tim — & om0 [
2ym | T -4g08 2um = - - 0.0008 I‘T‘l
um ~ [*" 012 pum — : =012 PY [ 08012 ﬁ
—_— 0416 3 ._' Y -0016 1 y HiEiE
R MmO R e o e AR s
s £ £ £ £ £ 5 § & &£ £ 2 & £ ¥ £ 2 = #2 B ¥ B
203 575 7% L T T O 2 3 F 8§ §8 8 ¢ %

2 5x10'%ions/cm® FRH#% @ EBSD/Cross Court 3 (L BB HMEE~ v ©' 0 714, () ell, (1) e22. (£7)e33

4. T@XERY AN BRO TAEERY X b 22T

(A SCFEFR Y A K]

1. Subing Yang, Sakiko Tokunaga, Minako Kondo, Yuki Nakagawa, and Tamaki Shibayama. "Non-destructive
evaluation of the strain distribution in selected-area He+ ion irradiated 4H-SiC", Applied Surface Science, 500

(2020), pp. 144051 (GE1TH#)
[AgAFRER Y A ]
1. T-HHEH, YangSubing, ZEILERE, TlthE, MAREH, “SiA A4S L7z 4H-SIC s Ici T

B PR BEpEME DS D EBSD % FUN = FEAREEGTEA”, SINEREH 100 4, S FocEE B ARSI BARE
BFRESm T ARAT#HEAS, DM241H 17 8, fURHEE LS tE
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1A VBEEShE/N4 Oy a7 DR D
He & & U H fE e @52 D fiZ BA

LRI, ARBERC, A

A PN S MR
2 RS R L X — TR SE AT

7 = 74 MH(a-Fe)lZ T/ A XD 72 FRAL KL 1 (Y2 Tia07) & 3 B S B 7= 4 5 A4 EHINFAs) 23 % il
B OREEM OB DO—> & L THET b T\ 5, AL OEB) O 23 BRI S 41727 f5fi
YoTixOr i 12 K- TIRE S, MEBRENE £ 5 2 LN/ EN D, 612, SEhi 877 X~ Hi
T LTI SND~Y U A(He), BAKFEMH)FELHHIE L, A KA T /ﬁ(ﬂ UoR)RORL S i ke & &
MA 52 ENMFFSN D, AWFETIE, RBKRLF#% H(ERD : Elastic Recoil Detection){% 4 HHV YT, He A
F B LIOEKEA T (DO SN YoTh0, 110 He 3L D BEAMRIE L, He 2% Y,Ti,0; H1iC
R ESND Z L 2MRT H L L bIC, FJRHEERE T 1 7T A(VASP)Z H\W T, Y)Ti07 3 & a-Fe
DO A, I\ F RS 7R E&ﬂa(O)j‘o K OBR(Fe)DZE FLICHE S 4172 He I X 2 KB = R V¥ —%
K, He'£4 A BLOD, A 4 S S7- NFAs FUCHIE S 72 He BLXOYD O b L ER AN
BEEARETHIEEZHE LT,

2. EB

ARFEERTIE, TYK ColZ Lo TR Sz, ~HER ¢ 8 X5t mm®, HHKE(4.84 g/em)FB L OVIA 17
1 7 i (pyrochlore-type structure)z= 7541 v b U U A-F X VEREW(Y.TO)RERAER &z, =

OB 2 HAL K BRI ST BT B LR AR o ¥ — DA F v B — AT = N —N
WCRRE L, 9 1.3X10°Pa LA T OEEZEHR T, SIRIZB W TaL ke g6 O 10keV O He A 4
VB IOD A A &K 1.0X 10" ions/cm? D FRET F F TG L 72, FUAL KRS 3L — B T22FEATIC
BEAF D SEM % W T, £ 1.0X 10" ions/cm? O PR T A 2 MRS X372 YoTiO; DR IETERE A 7~
Too WIT, Z 2T DAEER DS D 9.0MeV TR LF—DEFEA 4 (0" %2 7' rn—7 v — A& L7z ERD
BICEY ., A AU BE SN YoThO, 1D He BL YD IE A2 HIE L=, £7-. VASP#tHia— K2 H
WT, He BEZOHD 1 JET %231 227 a7 8 Y,Ti,0; 5 L O B i Da-Fe 1 O MU HE A3 L O\ H
AT, O B X OV Fe ZZALICHA SR KRBT RV F—%RDT-,

3. MR

FIRB LI OEZENICE VTR 1.0X10"% ions/cm®> DRI E £ THe' /4 A B LDy A A VB X172
Y,Ti,0; @ FE-SEM 4 X 0 | Biftic X 0 /ERL S N7z YoTO, sEHEEAA 1 um Ok F-DESIKRTH Y |
BRI 1 um OZEFRA DT NITAEL T, 9 10% ions/em? DR B F TR SN L, EHH0A1 A4
& BRL R L GEEE L7 RIRIC e D 2 E BN BIER ST, He' f AV IR OSA1T, BAK 0.5
um LA OFRL 723D TR S D Z EndbinoTz, T, A A v BEHC ié%%f%mﬂéﬁ@%ﬁéc:
KETHEBELZLND, G, DT DRk, He'A A BIc L & LRICEL VAL L
Ez2 oD,
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1000 prprgrErr gy
() ¢ 9 MeV 0" ——> Y,Ti 0 RBS spectra/15°
amp: 16
800 F * as—received 3
* 10 keV He* ion-irradiated
» 600 F * 10 keV D," ion-irradiated
=
3
o
(]
400 f o Ti
¢ y
200 F z

Channel Number

1
(a)RBS 35 JLONb)ERD A2 kL,

0 0 100 200 300 400 500 600 700 800 900 1000 1100

Counts

(b) 9 MeV 0 ——> Y,Ti,0, ERD spectra/15°
amp: 32
« as-received
100 - * 10 keV He" ion-irradiated
* 10 keV Dz+ ion-irradiated
50
He
¥
0 1 AL e
0 100 200 300 400 600 700 800 900

Channel Number

#1.0X 10" jons/cm®> DS F T He' 4 A B LDy A A4 U A 7z YaTiO; D

SIRIZEBWT 10keV He'f A B LDy A A 20347 10" ions/em® O fRSH B F THRE S 72 YLTi0,
® RBS B LW ERD A7 MMz ZRENX 1()F LIRS, K 1(a)F OffflT 0* 1 428 Y
BEOTI OMAITHE &R RIC L > TR AFICHELINTZ 0O A A D% L X—THY Y BXUTI
OREIERE DO ORISR, IR FBEILEINT- 0/ A ETHY, YBLOTi BELET,
1(b)H DEEHRIEL O A A & DFMEREZEIZ K - CRIFICKBES Lz He' A A B LD A o= 3L
F— Ik ST He' A A BLOD A A ETHY, EHESIZHT 2 He B LD B
fizRT, 1E->T, K 1(b)T DR 340~800 F ¥ o KO E— 713 A AU RHIZE Y He BLUD 2
FENAHTHY, He BEUD 2 Y .TO FIZHIR S LD Z EnbroTz, £D 10keV He' A A B XL
Dy A A (BB, 5keV DA A )D Y,Ti0; TOKFEMRFEITEK A HH) 50 nm T o 72, He IR AR
23D RESAR L VAN L. KBk E 7z He' A A 228 YoTiO, 88 L UM R AT T 7Y —/3—(6 um
ANEBIET D L EITEL D YaTih0r BL N Al @ He' A A x4 AFLIERER KBS L7z DA A i

KT HPHIERE L W KE W= TH S, £7-. 340
Fx¥ U RNVUTOE =7 T HIBESATH D,
H,O 2 Y. Ti,O7 fERRFICIRIN S TR Y, HZE
T 723 K OIRE T 10 0B OMEE 1T~ 721
L TEETAHZ L, £, RSN
He 85X O'D N RKEFEIC L 0 BER I A
L7 H,O FO H Eh I MNCER SN2 &N
binolz, He' A 4B LDy 1 A > BEHZ X
DRI DR X O E ) LIZ X AR DI
A BIE L7225, He BX O D 1Tz b oikkk
FETHVTE O FE Gk 7T F L O ALE O sUR B
RIS Z LRI SN S,

WIZ. Y Ti,07 FUSHHPE 472 He 12 K D K
BT X —% K 2 1R T, KM TR
F—DENR~YA T ATHIEIELETHDHI &
%%%ﬁ‘éo ﬁﬁ’) T\He 6i0c—Fe EF‘ J: LQ %) YzTi207
FOOZEEERET LI ENbroT,

AREE EERY X MO T

6.0

5.0 £
40
3.0
2.0

0.0

Formation Energy (eV)

| |
@~
o o

%] 2

1.0 F

|
—_
o

a He-dopant in Y,Ti 0, Fe

o octa.
W
sub. (8b) sub
tetra. @209 eV) T %3y
= (1.59 eV) —>— octa. '
sub. —<— (1.02 eV)
- oasTh) . b
E(0.20 eV) (0.18 eV)
Y,Ti 0, Fe

Y,Ti,07 38 X O Fe oo lUmA, \HEiAE X

D22 ANTE S 5 A LTz He DR — %L F—,

B. Tsuchiya, Y. Hayashi, T. Hinoki, “Clarification on retention processes of He and H in ion irradiated
pyrochlore oxides”, 5 10 [Bl— /X —H TR0 EHEEY VAR Y 7 A, SFTEE 9 A 3 H, RS

R, (RAZ—)
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EEET INIVYEE L UVHRFNL—FIZKD
HEOTF7IL— a VEERE

faHER 2, B, MIE?, REES, apk
USRI IERT, IR SRR ARG B AT e R, R
MNP I i e 2 S

1. 1IZC®IC

T b—yva BTN RAEEOBE VA L — S — E RN IR G 9 D & ORI A JE A
(LIPSS) MFFE I D0V, ZOERA I =X LIMH STV, RFFETITABRE L ——
(FEL) FREHZ X o TR S DB LIPSS OIFAGEFR O mkpZe M st (205812 2 oi
LIPSS DI A 1 = X LFEBH D FENNY 24525 2 2 HFELE LTW5,

AT ZE OBFBEO THERE LT, 5B OFERICBWTEE R/ NT A —4 —Th D0 LIPSS O
FERBEE 7V 22 HE L, BONZEEZ N RX v v FROBRER L BHAHT TEREITo T2,
HFHTOFEER T LIPSS NP TE 72 Si & DHERAAT O 720, MELE LT3 FEO -8R AHH LT,

2. EBr

RSO & U O R 7= L X — B T2 98T O KU-FEL 2 L7z, & 1 |2 KU-FEL OFf
L WIEIRFFE A7k 9, KU-FEL O /3L A% 2Hz TRV IR &4 5 7V A1 2us (FWHM) O~ 27 v /3L A
iz, 2,856MHz THE D I S 5200 AME 500fs (FWHM) D 7 a3 AREGEN 5, X112 LIPSS
TER R E 29, B — 27 I RA%Z 11.4um & L, B — A% 14mm (FWe™M) O B — A % S EEEE S0mm
® ZnSe L AT 72um (FWe™M) BTN L, FEEIERIC AN AR 0°TRF L7z, 1 v 7m0 A
B2V O TR X —Eero (5 10p]~2m], BE~ 27 771 2L Npaero 13 1~200 [FIOFEFH T2 St
7o w7 BV ADTERIVFX—LZEEITH 10%TH 5P, WIGITRRAALEIZ BT x 2 AT 72 B
Wb D X IR T B ARE LT, £lo, BT XL X—2F =4 —F 572012, W TOH%REIC
RE L7 AR =— Ml & ZnSe #(Newport 1 ZNW16AR.20) T — LD —#f & & L, K& D= 3L
F—LBBRLIZAA L E— 2O R VX —OMBE FRIHTZ, 2B, BRI 2F552RET
B, A E—LEERTHL U ADRIIn— 27 4 LZ(LPRH &AL Th D, EHIIZ=FE
MO MEARRIEL (Si, Ge, ZnO) ZfEAH L7,

5
y ¥ // /
T YA
z &
E—LR Uy 4 ) .
(ARa— M3 &Znse) Y=
; ol >
# 1 KU-FEL O3 RRE 7 '%//
o _ o, 14 ; A ‘
e 5 2SR 3.5~23um A (62 ig) m Bl la/ <
o N FET
< 7 1)L Ak 2us ~ 7 us A 9H LPF |
fgemsi (FWHM) ML “ NDZ7 1 A%
- - 1l 1 -
- . . ~500fs NEA=PAVI S I \ _ by
< L AN - A L™ N -
VA=A % (FWHM) W3R L 3GHz (f=50mm) ".‘ ] (f=75mm)
A ~sasnA | oy A Vo e
vl mox1smd | 57PN T Rk 4000fem? TR ... —
A=g— (S1,Ge,Zn0) AR

1 LIPSS JER D7~ D EERELE
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3. R
Si KN Ge 12, X2 D X 5 72l LIPSS AME & AT H I IEA S 47z, JE IR Si T 1.4pum
(~7) . Ge THI 1.éum (~A/6) T -o7=, ZnO |Z LIPSS IFEENRNoT=NT 7 L—a ik
fLZ o7, 22T, BBEE—LBIRET T T EAUE L, MTIEEROBE 7 vz ZMEIFEN S |
LIPSS JERRBEIME 7 L A &R, £ 2 12F & o7, LIPSS Wk BIEIZIEB Y 2iafe & Z 2 b T
L7 7 L—yaryOE? LRI N Ry v 7 EOFBERS D B X B, —.Zn0 12 LIPSS
DB S N2> T=DiE, Ny R ¥ v ZIRAF L TEi< 72 o 72 LIPSS TR BIEDY, BMRERIZ L -
TIEL R o T-RBME® % B> 72720Th b LB b D, MRITELS & BMRERITKFELTWD
EEZONDTOFR2ICEMEIOBCET 2B ER A R LT,

# 2 H LR E o LIPSS EIE & X B
Yo7 R, BVRiEER

{Zha Ge Si Zno _ I g
LIPSS FERBfED/cm? | 64 | 122 - AV 1l ‘
N | |. i
Ny REx v Flev] | 066 | 11 3.2 o~ kfﬂ@mw[_.
Opn e SN .
R [K] 1210 | 1683 | 2248 &,ﬁ . a = b

BVEEE [W/(m - K)] 60 150 20 2 Si HEICHAM SN2 LIPSS (MNnaco=1pulse)

ﬁ'ﬁ?ﬁi*ﬂ/*r—li Enacro=237HJ (a) BT Enacro=323ue] (b)
RN

1) M. Hashida, et al, J. Laser Micro/Nano Eng., 9 (2014) 234-237.

2) H. Zen, et al, “Stabilization of Mid-infrared FEL by Feedback Controls”, International Particle Accelerator
Conference, Dresden, Germany, TUPRIO77, pp.1745-1747 (2014)

3) L. Gallais et al, Appl. Opt. 53(2014) A186-A196.

4. FBCREE
[FEEZER Y A b
() BB MNE, mEEs, & Wik, &R 6 Rk BEE = 2 L—3 —Fa i
RO T2 D2 OL#E % B s LIRS FEL 2 W28, EXFaes Des AR
FEax] 2019 4 8 30 B, FUERRHLERIZERT « BKkE
(2) Y. Tanaka, C. Hosokawa, H. Zen, T. Nagashima, S. Inoue, S. Sakabe,”Comparison of ultrafine LIPSS
formation thresholds of various semiconductors irradiated by mid-infrared free electron laser”, 18™

December 2019, The 7™ Research meeting of Intense laser matter interaction, National Institute for Fusion
Science (NIFS), Seminar room No. 113.

3) MIEZE, HAGE, BHER, & W, BE . JF Rl BEE ., “diR4 FEL 2 e
HLIEAK LIPSS TERCERRIC B 5536 L O LIPSS JEROBE D Z OB EI22 42 His LT @imE T 7~
IV BSEIRBE %, &5 26 0] FEL & High-Power Radiation A/F524>, 2019 45 12 H 17-18 H. & B K

@) BB MINE, EEERM., & WE, BE @ R, kRl BGE S, FREEE
RO RS FEL FRETIC X 2106/ LIPSS T RS~ 150kl LIPSS 2Rk B & @tfig B~ 2 67 Bl
W SRR RS . 2020 4R 3 H 12-15 A, EERE

(5) HEBEF, M)IZE, mHER., & WE. BE f R, BGsE > fRSamE L —
P — % - B AE B R EH 3 1) 2 B LIPSS TR BE O i, L —H —2A 5 40 [BI4ERKR
2. 202041 A 20-22 A, i5EE®R % —
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Radiation damage in explosion-bonded Cu/SS materials

EAF UREH LI-RHEESH (Cu/SS) FE TORSRE

X.Yi', Y. Li', D. Geng', W. Han', F. Wan', S. Ohnuki', K. Yabuuchi?

"'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: (1) defect types,
size and number density w.r.t. the interface; (2) the diffusion mechanism of elements (the Kirkendall effect) in
the presence or absence of radiation; (3) the influence of dislocations, twins and residual stress distribution from
the joining process upon interface damage microstructure.

2. Material and Procedure

As-received explosion welded CuCrZr/316LN 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?,
(5004£5)°C, 5 hrs, peak damage @1.5 pum, ~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. :

3. Result highlights i
1) A novel procedure for preparing FIB lift-outs of CuCrZr/316LN
interface

316LN and CuCrZr are sputter-thinned by Ga" ions at different rates.
In order to counter-balance the difference, the lift-out lamella is rotated
90° (with 316LN on the upper side, CuCrZr on the lower side), prior to
mounting onto the Mo-grid. In this geometry, as shown in Fig.1, Ga" ions
bombard the 316LN side first, and would have encountered remarkable
energy loss upon entering the CuCrZr side. This procedure helps to secure
a high quality TEM foil containing the interface regime. .

Fig.1 Illustration of the FIB lift-out

2) Radiation damage effects at the CuCrZr/316LN interface geometry for CuCrZr/316LN

The CuCrZr/316LN interface features a nano-crystalline interlayer of
~500 nm, and its microstructure remained stable after 6.4 MeV Fe" irradiation at 500°C. Very few defects were
introduced on the 316LN part of joint, possibly due to grain size effect; while a considerable population of large

Mo grid

20
CuCrZr @ Peak damage
Average loop size: (6.7 £ 4.0) nm
Number density: ~ 2310 fm"

Frequency (%)
=

L4 B0 m. 3 PR i . 0 5 10 15 20 25 30 35 40
N WA T RS AR SR .}F Loop size (nm)
Fig.2 Damage microstructure and defect statistics in 316LN and CuCrZr matrices
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dislocation loops was accumulated in the CuCrZr matrix. Fig.2 illustrates the damage microstructure and
size/density statistics in these two matrices.

#1# Nano-indentation measurements are being scheduled for detailed evaluation of radiation-induced hardening.
#2# Neutron PIE work including damage microstructure characterization and hardness measurement has been
completed on CuCrZr/316LN (Tir < 190°C; 0.015-0.3 dpa) by Dec 2019. The next step is to compare neutron
damage effects with heavy-ion effects.

3) Post-irradiation annealing
effects at the CuCrZr/316LN
interface

An interesting outcome of
post-irradiation annealing of the
CuCrZr/316LN interface is the
evolution of interface structure.
Annealing at 400°C for 30 min, a
large number of radiation defects
were removed from CuCrZr, while
nearly all were eliminated after
annealing at 600°C for 30 min.
Annealing at 400° did not alter the
interface structure, but a
pronounced decrease in the number
nanocrystalline grains was
observed in the interlayer at 600°C,
as illustrated in Fig.3. A possible
cause of this phenomenon is the
operation of an Ostwald-ripening
process inside the interlayer. At
temperatures higher than 600°C, the interlayer is expected to be completely replaced by a well-defined interface
of Cu/Fe, due to the limited solubility of Cu in y-Fe and vice versa.

c———— 0.5 pm FeK C————=0.5pum CukK

Fig.3 CuCrZr/316LN interlayer structure and chemical distribution after
post-irradiation annealing: a-c) 400°C for 30 min: d-f) 600°C for 30 min.

4. Summary

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. The sample
remains good structure integrity after 6.4 MeV Fe’" irradiation at 500°C, up to 10.5 dpa, indicating potentially
good performance during service life in ITER first wall. Post-irradiation annealing shows pronounced evolution
of interlayer structure, and possibly complete removal at temperature higher than 600°C. This indicates an upper
service temperature limit and suggests how the material property may degrade.

5. Academic output

1) X.Yi, Y. Li, D. Geng, S. Ohnuki, K. Yabuuchi et al.,
A study of heavy-ion damage effects on explosive welded CuCrZr/316LN joints for ITER applications,
DuET Facility User Meeting 2019, IAE, Kyoto U. <Poster>,

2) X. Y1, Y. Li, D. Geng, S. Ohnuki, K. Yabuuchi et al.,
Heavy-ion damage and post-irradiation annealing effects on explosion welded CuCrZr/316LN joints for
ITER applications, <in preparation & submission by 2020.04>

3) X. Y1, Y. Du, S. Ohnuki, K. Yabuuchi et al.,
Microstructure and properties evaluation of explosion welded CuCrZr/316LN joints: Heavy-ions versus
Neutrons, <in preparation & submission by 2020.06>
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BOGATUDBWEEICRIZTKEEODR
VopBil— ', TGRS, Rl 2, #kpNERrs S AmHmE K

YRR B R EBEEE TAET SRR, 2 RURR RS I SRR T
SRR RV — B LARPSERT,  BRAE R e R A BT SR

1. BERUOWHEDEK

CO, ErxI va oy X — BT O DA, MEZSEREIAR AR 1Tk o =
FNX—JE LTHAREHTH D, X T AT AIEMEIFE TIE7 7 A<wxfiifEt e LTHWOR
L2 MRS NTERY  NEAREREIAREE R (B 7)) a2 EsE 4 —7
MAIEtE LTHOWORDZ ERH D, WITN LT R EDOET R X R FIZE> T LWHEES
AT D L RIS, EMBIC L > CTEEDO T ARFNAERKT 5, ARk LI H AR A 1301 Ko & A8 HAE
AL, Bt A= ) 7 2ET 25720, TOMEERAEZHAND ZEIIREEETHY, FEHRrLU
2=y a i BT =X DERBEPED LN TND, RIFFET N—T TIIERBHN L2 7 AT
VNWIKFETFT X —UETO) EMEN EFTLH L0 ERE R LT, ZOFEBRTHWZM4TH D 573K i
£, KBEEREE 1.3x10" (LLE) 13, #ARX—FDH 5 DI BWTUIRY LB H 5, £7-. K
T E OB R E 2 B S5 Z L3 RIKFEMLE LT b TWa AR, Eito &b,
RO ST D AKFBIT L o THEENE Z 5 /et 2 et T D EN D D, £ T, AfF2ETiEs v
T AT v OO CHSICIER L, A A VB L2 v VAT OB S I RIETKREOR R
B EEHMNET D,

2. EBRGE

BK) 774 F~7 VU 7T ABIOHME 99.95%, EEX 0.2mm DX > 7 AT M iz, O E
£ 3mm DOF 4 A7 AROEE L —F—HEIMTIC L v 810 Uz, BEBRA IXERE IR ELL Eo 1773K
T 1 R OBULER 21TV, O AR B2 T o7z, Fio, BB % 9um, 3um, luym O X A ¥
T NER THEMAITEE L, 0.05um DA iU B & AT BT 21172, NIk 5K
B DE NIV TR R P L X —E TP O 6 B — LB 2E(E (DUET) 2 Mo, 6.4MeV
D Fe¥' A 42 % 6.59x10" /m* & THG L7- FBEEITBEEGY— 7@ (FmH 54 1.2um) T 5dpa) .
F7-. BEHEEIX 573 K Tho7-, BEHEOM SGRBRIITHICKR LB B ZERT IR E ST D
Nanolndenter G200 T/3— 2 By FE1%& AW CTRER 21T > 7=, @k EE (CSM) 2 AW T, K
lum FTOMS LIRS DT 1 7 7 A )V 2l G Uiz, SUBRIBEEIX 298K (ZEiR) T, O Al
1% 0.05/s Toh o7z, KFET ¥ — VIFIUNKRFIARBH B eoft 7t 7e & o % —I1280 T, 543K C 100MPa
DIKFEH AT B Z 100h RFET D52 LICi > TTF v —T LT, VUL VHNCESWTEEE L7oKkE
BRI E T 1.3x101 TH 5,

3. WRRUEE
B 1icH /AT r7r—ya VlBRTELNTZFEREN D DR SITHT 28 LiAAE S 02 b4
RY, REBEMIIKET v —I2 L 5T 250nm L FOREITFITIB TS 22 57203, Lo
LIABES TIXIFER UM & 2R Lz, 4 A VBT EOM LIAAREIIZEB N TH, RIEHHIZET
RTELRY  KFF ¥ —V%ITH T & TRITHELS 7o o7, X 2 (A2 # LIAZIE S O, it
WSO /a2 WA= T 7 %79, K2 OFEEHN 2.5um™ 205 Sum™ OFPHIZB W T, 77 7BIRIE
WL THY | Nix-Gao ET /IS TWND, TOETNLORRITIFRLOEY TH D,
H2=H§+%—
ZIZTC, HITRE W BT DS, HOTERRESICBIT AW S (O Z7 Y S) | IdEFRIR, &
AITRIESR . Ho \IF T HREREESTH D, K2 O E2 L 7 FR4HE X 1%, RIBEH T 4.81GPa,
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RIBHICAFZETF ¥ —V %0 L C 4.50GPa, A A L RIS DI 24T > 1M BT 6.49GPa, 1 4 MREH% K
FTF v —V %ML T 7.14GPa & 72 o7z, Fiz, EHLIEFROKUITBWNT, EH LIAAESITBIT S
SNV ARG S AHRE LTV D,

1 dH (h)’

Ho(h)z H(h) _Z [lj

d _

h

X 3 12 LR A W TEZ SV 7S S 2R d, X 3128V ThH, M LIABRES D 200nm 205

400nm OHFPHTHELS 72 o 7=, LLENS, A AU REHNT K - T LIz L — 7R 22 FLE S RIT

KEPTEIND L RDZ N ghhode, KEBEHMEL TR W RG-SR T, KELZHHE

L 7= BRI R B 13 S GBI BT DL OBEN 2 LET S5 2 ENFRIKTH D EEZ LN L0, M
IR AT = R BTEHETT D, WEEIIKBEBRBOEINZ L DB OB EHRDTFTETHD,

[AEERER Y A }]

A. Kiyohara, K. Sato, H. Yamashita, M. Onoue, Q. Xu, K. Yabuuchi, A. Kimura, R. Kasada, “Effect of
hydrogen on the surface hardness in ion-irradiated tungsten”, 19™ International Conference on Fusion Reactor
Materials, Oct. 30,2019, La Jolla, California, U.S.

20 —— 150
'a-;‘ L fiated e
Qo lJ
Lt erpe after Irradiated =
¢ =100}

i |y i
10} 1 J -
E 2 |
5 " 2 50
E s |
Z z |

0 A s " L I L L L i L i ( L 1 L | L 1 L I L
0 500 1000 0 1 2 3 4 5
Indentation depth, h  [nm ) |/Indentation depth, I/h [ p m')
M1 XU TATUOAF v BEOA TR B2 [¥1 TmxmLIZEED Nix-Gao 7’1 > b

KEF v —VDHEEL DT AT T
— g VS OEWN

=]

(=)
T

IS
T

2
T

=@~ Unirmadiated
-1 e after Unimadisted

+| ated
""‘l[ h:l}\. after Iradiated
|

200 400 600 800 1000
Indentation depth, h ~ [nm ]
B3 X1 TR L7 S S
D UIA TR SARAENE

Bulk-cquivalent hardness, H ¢(h) [GPal

c@

— 147 -



ZE31B-30
RNA origami F%%2FAT S5 7 -V NEHEE
Z 9t L1- RNA #8:& - BRI

BIFUERL !, A2
ELRITR R A T AR 22
PSR L 2 — B LA SE T

T, 77 = UESHEE L, BB THRBLOREZ 1 T <, mRNA ORIE(LZR E, Hkx Ze o
RERBUCHBERKEZ R L TWD I ERHELNIENT, FHT v F o AR ZFIH L7z W&
HEERIEEIL, REEDICHME SN TV W I T = WESHHEIETE RO LW FHI R E| ORI S 7208
5 EZEZTND, BRART 7 KZEFITICIE, 7T = it i 2 58 9 5 H LA AN i i AR AE
DN, AFEZISHTIE, NENM mRNA 212/ L Uiz iasmesl#Ez B+ 7 7' 2%
BRORFTIIEGIATZ D, FTo. A RNA BEREHIENE L, ®HEEICEBEREZMIE 2 RNA U1 L
APLEAIBRFIZBW T, FEFITHE PO RMR IR D LR TE D,

BUE AR 1IR3 « PUAE RIS R SHTR SRS & U CRIBIEIR IS T 2 MR @£ > T 5,
ERTHDLTA TA ) _X— a3 >OEEEBICAT, {BROE L2t e aotton Bicmid =2
EH, N7 v 7T VN =V RT LEO R GIEOWSLE B LTRSS L 5
& LTW5, RS ALITE BICBES 5 mRNA ° miRNA, # > /37 4880 & 425 72 OB
AiETH Y. RIERAND 2 S DRORBEIENHIFFCE 5, £z, (PR T X HBIERITHUAESK
Pl AREGE T 2 NEIZBWTKE R T R T—URb 5

DNA origami 413, 24D staple #%E & FEEI 2 B IR /3 & OGS A IR L7223 6 R8H 1
AREHDNA % 2 IRJG, 3 IRTCOMEIER~ &I 0 B s A EHIEE CTh D, RIRF T 5 DNA
AERBFME A & < SRR MR T 80 BZI i R AR & AR AR T OFERIER U 72 VTR LTz,
RN OTEM; « BUH ORI STV D,

AW T, BB AR Lz 77 = WESFMEE R Z T L7287 70 RNA @i sk 2 B
L7, —RIC7 7 = ufehld (GGG BdS) 23—k b Cilits L C 4 &P ET o) L RERT
T = WNEFEEZERT 52 ERMbN TV, HEEFOMI (mRNA OIERIERER 077 =
DU E A & D REE AT (BMCL, 2010), RNA 277 = W EH % 2 &L D /Ny AL & DR
(JACS, 2016)) DOEFET, ZOEFIMRMIZEY TIXE 5720 RNA 77 = U UEHEBEERZHEZ < A
MUz, 72, 7o T v 220 LI ANAN T T = M ESHESEHIEMZE (JACS, 2010) OiEfE T,
7T = RIS E RIS 2 SR S E D 2 L T, BRERS M T = o NMEHEHEENHE SR
LZEERH L, ZNDOFRICE Y, [77 = I E e RNA fHI % DNA origami H1f7 % FI] H
L CABMNCEH S Z e e, ZHEH - WESENRZ BIRFICFIA U728 W EO & RNA
Mg - BERERIBE N ERR TE 20 TIERW ] Lo ERICE -T2,

AR (GGGUYM 8 10iK LELH %, 60 & 5T 140 HEEEORSNIZ LY 2 2128 L7=ET /L RNA
FlBl &%t L. 40 ¥R o Staple DNA ZFIf L7 RNA #1V &4 %7l L7-, Staple DNA 77/ FC
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DF, 7T =V IEE ISR RIZ DY 7 LA A AKF LT RNA BT EEN D 2 & 2ERIK
EEICE DI LMNC L (FX), & 512, Staple DNA [FIB£IZ. Staple RNA % VT H AR RNA O
DELDHERTE, A&7 MIFEFETE L, £7o. 125 FEHO T BEES T mRNA OIEF]
AREEIREL S & 7 — & _— AT 5 Z L 12 L V. EML4A-ALK @& i#E{5 1. NRAS, KRAS #{x1-4%5%
< OF »JRKERF-HHEES IS . ARFE B TRE A MBS 2 R Lic, 4%IE. 77 = UE
BOWRAERIC L 5. B FRBUEIEEE DERICHOWTHIER L. Staple BEEIC L 2 B 5 FHH]
BORFIEHA LN L TDE T2,

(—)Staple DNA

J i it

A
BRHBREY
(+)Staple DNA
_,J\__w\\ Pl 'y v Cene .
4 A
MEEFERICE S
ERELEY

(X)) 20077 = CEefEE %2 72 F A (staple) DNAZ% U /ZRNA Origami (£ TilT#ESE5 2 & T,
77 = EHFHEEZRNAPICHET 2 2 LIl Lic (BEMEEDI D L, FILEDBERT D)

FRET

['Staple B4 % FIIFH L 7= B2 2= 5505 4 D B %

WsEEGIT, FATIE N, - EEEE, AR, #FIER, PepfE— R
HARRERSSE S EES 201947 A 10 H
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MEHZERE LB TFRBAREEZORRE

H B —ER !, FREFERER ', K SE 2
VR ENL R SR AR AR Al o & —
PR R S kL — B LR ST

1. H%

S AR OFIRBANC D, 20RO & RMHRALIZIERIC @) —son
FWEARMEL 2o TVAHN, TAEERT D010, WG P —T=C=GmA—
X 7% /S AR AR D B SRR (LS R B R Tl By TS TR Jiiiiy
Z A D NF(ERO L AR IE . R TRE DA & [ E T 0
FRRELEORFESEEL N, Ao ARBREA DN 2 WIS, () mEsoN
ICD72% T L inh. %< O EMFE TR AR R A TR B pWal
ERRTIUE, A 7o AR AR T B, S=9o%

JTAE . Rk 72 DNA M 0D —>C b 2 I B GHHEE(R 1) 23 KM B 0% B G850
EHTR, B MEREAMTY Y A LICHEL, SROBETOR 5T
BAPM L TG 2L RN THY, ZORRRBFCHMESH 7|7 i
WERROA Y /A7 BT 5 EZ 20 TnD, Fio, MMEHEE A = G ) e C o T e
DIGHIL, 1Y 7 BA A PEF OGS Ca Y hr— L THETH S
T, WEBTMR A L8 E T RERAG S 27 A2 MET . £ K1) “ASDNA X
< OEMTE T TTRE ., DR BT TRE A A TR BREEIE L L (b) PUES{ DNA O
THIHTX 5,

AW TIE, BT VEY E LCRIBE MM L, B 7RSI TR 22 R & R L. 1Y
FHIT L 5 BIE T RBENEEO SR AT 5 2 L2 B L L, 20 hEE LT, BRI 8EME:
(AFM) % il L 7= DNA 43700 DU S8 o0 il A i v & . DUTRBHIC K 258 (5 TR BLE 4 SR T 5 %
B 5 — DB 21T 5 T B, ABIETIE ARM & B L 7= MRS5S 0 R IR SV TS 5,

2. G

20~30 FRFEFLEE D DNA 451 % 200 T77 0 & — & —EF| G-wire
mM KCI T 2uM ([ZIFfEL. 95CT 5 (T7prom) (GEEHEAY v —)

SrNE% . 12 FFfE T 15°CE ThRin
L 727 . M & ®@ i& 5 mM
Tris-HCI(pH7.6), 200 mM KCI, 10 mM
MgCl, AR L., 20ul %~ A 77 Hab b
I[Z[EE LT H0 T % AFM TR
B E Lz, % DNA 0ROk
T—H N5, AFM T —Z @it 7 -
v =7 [Gwyddion] % ]V T 41 fl¥H cmyey/ 2 E—H— cmyeF 2T —X—FEF Human7 = X7
DGRBS AT LT, kT —# (pu-27) (pu—22) (htelo2)
725 DNA A3 D& & 21 AT HE 72
14 O/RT A —2 5B L, HeEs
HEDO—D2>THLHYR—FRT H—~
(SVMIZ K B EITH Z LT
AFM ORERT — 2006, JEL
72 DNA 7 - U EHEEE 2 Rk L <
WD NE D AR LT,

200 nm 200 nm

2. AFM |2 X 5% DNA O JIE s 5
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3. MRKUBLE
BHEFED DNA 3 FIZOWVWT NMR IZ L > Th O U@k E 2l L. AFM (2 X > TR O
Wt 2 WE U7X 2, & DNA 73 T OfEE IXIRO LB 0 [ ZARHZ AL : T7 7' 1 & — & —El5(T7prom,
20 kD), PIEEH Z AL : G-wire(10 ZRIENR D723 D B o 72K, c-mye 7' 1 & — & —Fd8(pu-27, 27
FRHB L We-mye 7' 1 & — X —FlAIZ BLAR(pu-22, 22 78 1K), & 7 1 A 7 DNA fid4l(htelo2, 25 7% 55)]),
BUG LRG0 6, BhirO@EmS T —F 2k Loy, W 7e AR & WEHEOEWIIS LR
Mo T=T=8, 3T LI, ZRORTORRT —& 285 L, e BEEIC L - TR0
AR ESH D OHB ZIT - T2(GR 1), FEHEME LT Tlprom & _AREH, G-wire & pu-27 Z UK &
L CHEEEITHo T2/ R. T7prom
Z R$H, G-wire & pu-27 10U

BHEHLE L TR 27 b D B & .
D, pu-22 & htelo2 | PYFEHH TIX 85 A—R— ><
HE LW D HIER R b AL, g%
% Z T, T7prom Z _A$H, G-wire FRDE LD EAKEL,
& pu-27, pu-22. htelo2 % U EHH WEDER - #EREE
ELTHEEToIER, FHL
B " W2 B SV %
T EMEIC AR o 2 I SN Bt 7 — 817 ]
LUTCRM LI, Lol %23 — >
- | %5 A= %~
FREIT X o THEE D 2 1 PE % f BABE, TS, BAGRM. ..T O

FEL72 & 2 A, T7prom, G-wire,

pu-27 TH 95%FEE D W IEE
BRELNTHDOD, pu22 &
htelo2 D IEZA T | FFED A
+atnofEnGEon, B
B, T — X DX HHTICE -
TWEHDOHEIZTFEDRKE W

QORI FH4E
- =

T A ()]

e« ORTH o

FrE %

e
3. WE T — & & MRS ot

1. R EIC X D DNA KL -7 — & OfEHTHE R
EARIT, MESHDHREEIT S L TR— DRI - 2R F0EIE,

i ORIV ez BTOF—FEERLT A FOTEHIHM
EREMITLTRY . BMEE etE . PROTF— 5 2FBITHA L, KD OFHET A M
WHEHT 237 A —F Ol & BBMoBHEE EEX
G-wire & % VU ESH DNA DT — X FEEH T7prom G-wire pu-27 pu-22 htelo2
SHI == = T 4 prom,G-wire, 8% .6% % 9% 1%
{E'J/E’CHESGL*J%T ZEWAT  pu7 27—4 | 1201/1208 | 238235 | 286/286 | 7/101 | 22/253

R 7 o
IIJL.: %EiiE%;ﬁ”E%? ol Tz?zr?mﬁzv;ﬁ'e\oz 98.0% 100% 100% 88.1% 83.4%
%Jﬁﬁ L7z “C\‘ W e @ﬁo Bi\?.._*; : 1219/1244 | 235/235 | 286/286 | 89/101 | 211/253
235 D MU B S AL 1) O FEA 2 e
175 P : : 95.3% 97.4% 95.8% 56.9% 58.7%
TOTETHS. 3\“;,193’22“’3‘02 503/622 | 114/117 | 137/147 | 29/51 | 74/126
XAEIRE
AOBAREK Y R b

1) Tanaka Y., Nagata T., Ogino T., “Development of quadruplex-based gene expression regulation method”,
The 10th International Symposium of Advanced Energy Science, 2019 4% 9 H 5 H, H#E, HRA X —

2) FKEP ERER. HT RS, GHEE FnA, BFEOBMEE L T — 2 YA = RTES AR RME O X
IV ==, o Ta—=T 7 nY—% 1671 ZES %93 MBS, 2019 45 11 H 8 H, U

3) MW BB, K 52 FKEF RER, “AFM THIE L7z DNA KL ORFEh & B3I 2 X 5 U E
SEHHIBNED RS, 54 28 H Ry AT
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RFEHHEBIEMFEROBMEIZLD
BEPFMIRIILE—FERT/NA RADBEIE

ERERE, NBRIKIS T, RS, AL 2, R 2, AR R

UNTARE RSB TS
2R RS R L X — B TSR SE AT

1. #FZEEM

FEALW AT, LED & LA FA SN TOWDEEEEMEICH Y . BIAST 4 A7 LA &1F L
W, SEIERNTAAAOZ XN —HHAFELZN EEED ETX—LR5MEO—2LF 25,
Fo. WETIE, SEEEERRER ST —FT 34 28R E L CENEBRO SR % B 58 74
Bt L THERA SN TWVWD, —H T, 7772 MoS, 72 EOJF 1 JEMEHNT, R 748 THERET 5
BUEMETHD, A« NL—Ele ERERONSERTIIFER LG o 7o S F S E 208 LWERE
DHEIN TS, ZORTFBMEORRREL . LW B8R T S A R AIATe Z & SRR
RAUE, Nb— b=y I TS R EFOBBRLNE T T A AN 2 7 AR E 7 £
DEFNX =BT NA ZADOFEBNIFSIN D,

AWFIETIE, R MR Ze -8Rk o~T affd 2D-3D N1 7 U v REFH S 2 /FER
L. 20X - B2+ 22 AL W5, BRI, OV 77 = E~DOZEW
*%%%%%E&W@%%@%k%*%%iﬂ%ﬁLtmm&@t%ﬁ B ORI D 2 SO
ZHEH TN D,

ZAb ATV 7 A (GaN) 3B MEFEARE L THHMLNTEY . BEDmBCY =Y 523 ORmyrE:

ﬁ<%@?é:&ﬁﬂ6n1wémo%ﬁ%@ﬁﬂ@%@ ISHE B O KR & B A2 2T 5
LI MeNTZFEETH D3], £ T, AFET, T Mﬁ)?A(&m)L CHEF LR E
B MoSy D WK ME 2 82, GaN DORMEDY MoS, DEMMEIC E D L H 1T 202 H 6T Lz,

2. EBRAGELER

BARBICIE, EHLORR D (+¢ & -c ) GaN R AZFAE L. TN OREIZ MoS, ##55. L
TR DN PR 2T, WD T2 | R @B OFEFICEEERZ A S35 Si0y/Si AR RiZEs
FEL7 MoS: HIERI LT, T~ o mkIck D, AT — K& EpE— FOMBEEFHRTZEZA, 2T
BT 20em L F CTH o7z, ZOZEIIINOORENEE THDLHZ EERLTND,

X 10%, FECHIE L2 & & & E AR BICERE L-HE MoS, DR AT ML TH D, Bkt tix
2.33eV THY, MoS, DAMMEE SN D, ZHEd, Si0/Si Hfk () & B2 GaN MR D+c i (Ga
FbEm, L), -c m (N MRMEmE, F) ICHFELEEECH D, ITHR[4]1 D 1.88 eV O E—27 (X)
DML TIEE, 1.84eV DO E—2 (T) BB 7B TH L ERbhoTD, GaN HR L
TlE, SiOp A EIZE TR 6 0D 1 FRIEEE THL 78d, Tt MoS, TEKINT= T+ U T
2% GaN FE~FERICEM BN T 5720 EE 2065, £, -cm ETIEmE 7Lt X) o5 5%
AMET L, MrERE 3L (T) PEEHRART ML ERo TS, MEMETOEIENRKENE
WO Z R, BB (B LN ICEENDETEENEML WD I EEERL WD, [FAED
FEICHRIE DO & b - E S O, WSea ° MoSes DFEH ALY ML THIERTE D &b,
W2 BGTH D, ZNUDDOBGIL, WEOEVNRLTZLT NN RTIA4 A FOBEBNEEET D
ZETHMRTED, MoS2 & GaN DX KT T4 X2 ME Type I TH Y [5], K2 17T & 512, TMD
TSI SN2 1T GaN BB 5, - c l CIZBEROMOEET, FRFITO/NN R FE &
IZRT 4 7 LT, ENEIC L Y AR L7728 71X GaN & MoS; DS IZEFE L, MoS, Db 1
it LT R AR SN D E B BND, EORE. - o i Tl ERNE FF 6 SRR & 72
HEEZLND, —Ji. +c LTI, REHTOARY R EAZICRUT 407 LTEBY ., EBiiEiE
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EhHEVRZILRNVEEZOND,

312, RIEO FHRGEE R CRIE N DR DT, B 5 ETORMERIE T D/ L — 0L % 7~ 7,
JAbL - HENLT RS (~1.96eV) Z3LIEFIE LT\ %, TNENDO IR THEE DO Y > 7V TRIEEIT- T2,
e BT, NL—MEN RS E 0.8 I L TEY ., e X Si0ySi EofE (~0.7) L b
MTIEHENRKRERMEE D ERboroTz, £72. 150K 0 FE T 0.5 225/ —0 MR DS HERF
END, N —BEOEVDRFIZOWTIEIE B DN METH DM, -c i LD MoS, 1T/ L—
fe=y 7T XA AGHICE L TWD EEZLND,

s (a) s,
X1 O B T M H 1 0.90 T T T
B 0S,/Si0, ] @ 2 ‘
> O A 2/S1 - \ﬁ_;i:3 GaN 0851 : 10K |
W 2F A B - e E
k= L e : = i 751 R R .
- 9 e N ] :\ ‘ e 075 _ ° .
10 L I 2N P o 070F m, X
X O 6 [ T MOSzlGaN("'C)_- - Polarization bound charge (~10"%%cm?) x
27 X ] 0.65 H -
(7] 04 L ] ( I 1 L 1
c I PN ] b) MoS 0.60
Q v N 2 GaN GaN SiO
€0.2¢ P B ] == GaN +c - Si
0 ¥ . e . /A1 L (ve) ko)
4 A ] Y RN - ———— Er Fig. 3. Degree of valley polarization
X1006 T M082/ GaN(-C) i = *Electron accumulation £ . g VP
z X ] | % « ( o) with different substrates, GaN
2041 ] ° E \ P (+c face), GaN (-c face), and SiO/Si.
..G_J. O 2 ! s : Polarization bound charge (~1013cm?)
[ =N H '
IR = o~

1.8 1.9 2 21 : :
Energy (eV) Fig. 2. (a) Band alignment of MoS; and GaN

Fig. 1. PL spectra of 1L-MoS; on different (tc face). (b) Band alignment of MoS; and

substrates, Si0,/Si, GaN (+c face), and GaN GaN (- face). Schematics of ph(.)to-(.:arrler
transfer and electron accumulation is also

(-c face) measured at room temperature. ]
described.

3. ¥£L¥

IO DORERIE, BIEDIEND, BIFEBGE L A Va7 I A FONFRIEICR X 228 % XIT
TLERLTWD, S%IE, EENRR ELHM L TRtz 8igiic B b SE5 2 LT 7%
PN —tE il L. 26 2R LIARIBRT NA 2O AR 2 L TS TETH 5,

[1] K. F. Mak, J. Shan, Nat. Photon. 10, 216 (2016).

[2] W. H. Chae et.al., Appl. Phys. Lett. 111, 143106 (2017).
[3] B. S. Eller et.al., Jour. of Ele. Mater, 43, 4560 (2014).
[4] S. Mouri, K.Matsuda et al., Nano Lett. 13, 5964 (2013).

4. TEXRERRIV AN BXO® TOERKY X b 12250 T

(R U A K]

U. Ooe, S. Mouri et al., Jpn. J. Appl. Phys. 58 SC1053 (2019).

[REARFR YU A ]

S. Mouri, Y. Komichi, K. Shinokita, K. Matsudaand T. Araki, “International conference of crystal growth and
epitaxy (ICCGE) 197, Colorado, USA, 29/07/2019

S. Mouri, Y. Komichi, K. Shinokita, K. Matsudaand T. Araki, “Recent progress of graphene research (RPGR)”
19, Shimane, Japan, 08/10/2019

FBRERS, AR, 2 <IXH, 20194510 A 29 B (FRFFEG)
EHE B, BRERFREEEA RS, KK, 20194 11 A 30 A (BFFEER)
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R TRFRMERSREDOYIEREN
R,

ER PR e LN e e L L e
2 R L — B T AR 52

1. ZEALEY IF /TR v T RAT AT ufBEEE~OX ¥ U THEA

2 R TTIRF W EI I L FRNCRNENE 2R G2 H T2 206, B2 EMWE > ER YT
7 U TNT =LA (vdW) ~T DG A D Z ENARETH D, TN HDA~T nfEE R OE WMt
X, R EYER OB ORKIC LY | Hx DR EWE OB OB E L b EE X
TR R T RO NTWD, 207, ~T afEE@RIIHT-RE . % HET A A
B LTHEBZEDTND, ZUHDOT A ZORERINCIZ, SN —KICHNON TS, Lo
LR D, ~7TafEEROES T CIEEMEMIEITIRTZHL TR > TRV, 22Tl & 7
B L 7= S B ER O FEE VT, ZHET Y 75 2 (MoSy) / —Hitfb % v 7 AT v (WSy) ~T 1 ffE
ATy RN ETH TNV —

FOERGE RS U R A WS,/MoS:/electrode MoS2/WSs/electrode
(FET) &% 2. MoS,/WS, ~7T 1 ij’_vg 096V . . oo Vy=1.15V
*EE%A@%ﬁiﬁ%ﬁ%“\” ) 7% 0.0006 | ] L

BREOMP 21T - 12, FHEOFE =22 | oo

R ~T R BERAOBRHEHT  Foron O 31

WHE T EMEOBRICAT 5 O™ 7 AR
*ﬁ%‘f@ﬂ%ﬁlﬁ < {Zkﬁﬁ_é N -ooon?‘ LAY VY '93 % 1 -0.0002 69 %
oMoz (M1) , EF R -o:oooec., " 1o 5 :0- -0.0004 . 15 5

—F FIZHBN T, MoS, J& /3 i 2IA 2iA
HzH DG AEEASINZEBETO e b - e e
[X] 1: M0So/WSo-FET ~D SRR L 0 EFE S V7257594,

0 15 MoSa J8 1= £ 51 5 001 ] 0S2/WS; EERETIES TH CER Al
*fLC, WS, JE@2NVEMANC & 2 3
A, 3EBEIOEBEF MO MoS, JEIZ Y4 Z ERH LN o T2, £12. ~T nfliE R DOEFHEHE
ERENT N D, Ny RimOBE BB A 23 2 O K 5 7 B B2 BB oA OERTHH Z L 25
NI LT,
2. LBV TFU/IHLE v T AT VERANT oGO TR LR —R

TT 7 2 REBER N E AR
RETH2WILRFEWEIL, BT ERI A 13
~yF O/ 2R ITTWER TN TDO~NT o

AREEERT 5 2 LM BN T VS, BlX

X, 7772l PR D VTE MR 38

JEWE Tl DA EEE BN I, 20 3
BEEEMIZESF 7= vnzhbs w27
EMMDEHNTONT O EIEL ST 5 2 &0 47 .
EBIITRSNTWVD, SHIT, MoS: & WS, *
z‘))%foﬁéﬁlﬂf\?D%iﬂa:@é\ﬁkﬂ?ﬁ%éﬂf "'3.30 20 -10 0 10 20 30
Wb, ZIZTIER, B LR EYE Sorderana £

YFEOFEZE VT, MoSyWS, [HINA~T 14 . N
Bt B BR DL iy P2 MOSEIWSE TP B OB

R % 1T o 7. SFEOREE. WS AEA 2 LR LR ERERMES, EHANS, W, Pk Mo %
I A TNREE R ENZETHD 2 LN KT
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NI o Tz, FER = VX — TN D, 20K, BEROSRE WS FEEOmmWEENEE O
DAL EDTHD, SHIZ, V972 h-BNIORAEREIZRLY, 72 /LI RLF—
BB T, BRICRELZEFIRENHBR LW E 2 LN L,

[Fm LR Y A K]

1).
2).
3).
4).

5).

6).

7).

8).

9).

10).

K. Yoneyama, A. Yamanaka, and S. Okada, Energetics and electronic structure of graphene nanoribbons
under the uniaxial torsional strain, Jpn. J. Appl. Phys. 58, SDDDO05 (2019).

M. Matsubara and S. Okada, Electronic structure of thin films of naphthalene under an external electric field,
Jpn. J. Appl. Phys. 58, 075001 (2019).

M. Maruyama and S. Okada, Asymmetric field effect carrier accumulation in MoS>/WS, van der Waals
heterostructure, Appl. Phys. Express 12, 075008 (2019).

H. Sawahata, S. Okada, and M. Maruyama, Energetics and electronic structures of MoS» nanoribbons, Jpn.
J. Appl. Phys. 58, 075002 (2019).

Y. Fujii, M. Maruyama, and S. Okada, Three-dimensional covalent networks of sp”* and sp® C atoms:
Energetics and electronic properties of polymerized diphenylmethane and tetraphenylmethane, Jpn. J. Appl.
Phys. 58, 085001 (2019).

H. Sawahata, S. Okada, and M. Maruyama, Energetics and electronic structures of border between MoS,
and WS, Jpn. J. Appl. Phys. 58, 095002 (2019).

T. Mizoguchi, M. Maruyama, S. Okada, and Y. Hatsugai, Flat bands and higher-order topology in
polymerized triptycene: Tight-binding analysis on decorated star lattices, Phys. Rev. Mater. 3, 114201
(2019).

A. Yasuma, S. Okada, Y. Gao, and M. Maruyama, Electronic state tuning of graphene nanorribons with
pyridinic edges by hydrogenation, Jpn. J. Appl. Phys. 58, 125001 (2019).

X. Wang, K. Shinokita, Y. Miyauchi, N. T. Cuong, S. Okada, and K. Matsuda, Experimental Evidence of the
Anisotropic and Stable Charged Excitons (Trions) in Atomically Thin Two-dimensional ReS,, Adv. Funct.
Mater. 29,1905961 (2019).

Y. Gao and S. Okada, Edge Morphology effect on field emission properties of graphene thin films, Carbon
157, 33-39 (2020).

[HgaZERD 2 K]

).

2).

3).

4).

5).

S. Okada, Geometric and Electronic Structures of Hybridstructure of 2D Materials, Material Research
Meeting (MRM) 2019, 10-14 December 2019, Yokohama Japan. (F3fFi# )

M. Maruyama and S. Okada, Asymmetric carrier accumulation in van der Waals heterostructure of bilayer
TMDCs by an external electric field, MNC2019, 32nd International Microprocesses and Nanotechnology
Conference, 28-31 October 2018, Hiroshima, Japan.

Y. Gao and S. Okada, Field Emission Property of Bilayer Graphene Edges Under an External Electric Field,
NT19: 20th International Conference on the Science and Application of Nanotubes and Low-Dimensional
Materials, 21-26 July 2019, Congress Center Wurzburg, Wurzburg, Germany. (78 A % —)

Y. Fujii, M. Maruyama, and S. Okada, Covalent Honeycomb Networks Comprising Triptycene and
Polyphenyl, NT19: 20th International Conference on the Science and Application of Nanotubes and
Low-Dimensional Materials, 21-26 July 2019, Congress Center Wurzburg, Wurzburg, Germany. (73 A %
—)

M. Maruyama and S. Okada, Carrier distribution in TMDC thin film transistors under an external electric
field, Recent Progress in Graphene and Two-dimensional Materials Research Conference (RPGR2019),
6-10 October 2019, Matsue, Japan. (7% A % —)
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BoFHEEERZRAWN-HMRSHRZ VNIV EFtsZD
ES1EEFHE : DNA -/ #EE E~DEH

NEFES Y, PHESE] 2, HHEFE REs!
N TN e
2IER R L X — TR ZE T

NI T VT ORI RICB W TEEREEZH D
FtsZ i%, Ml ECEAL L TU > ZRoOMEER (Z2-1
/7)%ﬂ&#5(m@mm)lmziGW®mmAm

D EAEOME L L ST NG Z-V 7 DI
i & IR D W A FHET 2 B2 BN TND, EHIT
Z-V v I BREAE o TRl 2T B 7 2 Ny B
BENEAL L, MIRSHENPEITTT 5, Bl Crifbmiss
AR Z X ERECET A EE I LT
%M (Figure 1band 1¢), Z-V > 7\ZE1F 5 FtsZ # > 737
BEAMEOBNE A 77 AL ZOEMAEEICOW
CTUIIRIEA IR TR DL, & T CIHAILFsZ & 378
HEEMEOBNZFEE OB LD I LT, By iyt A
ERZBET DT TH =2 NI EERNT 5L
TFsZ # ™7 BERARIINE ) bEE & 5 2| £ O
WEIZELE 52 DR EHBEITHKII L T D,

HEHLORE L /2D FtsZ Z v 737 B % DNA 7/ 1k
E~OEETIIE, & o7 BEAROEEELZ &
DRI BIEE S FTREIC 72 D, DNA HEERIZ, ha Xk
i % EMICIRE LIZEERE 5252 LA FRERIZZ
LHEMTHLOT, ZOEHEREREIEH LY R
BHESEROHMEEBIEEZD I L TN D, TDT= DY
BEPE L LT, FHWTCWD FtsZ & 2 /37 B & K% 12 DNA
X° DNA (TR L7201 & T2 FIEEHNLT 2034
P lTpD, ZNETIT, FtsZ 127 v & Lipfb &R % i
L7zt R, ACRDESRDOEREN Kb T, RS
FREEZ 525 2 L NS> T\Wb, £ 2T, DNA H
ERASDOREHDOT=DIT, # o 7 BEACITEEN V7
WETAEND FtsZ # 27378 N R~ DL HERIC
AP LT,

Frx D7 NV—T7TiE, ZHETITMEIBERW 2 2> A
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:

1 Assembly of FtsZ

1D

1 Constriction of Z-ring

LJEJ

Cell division

(3 .) &5 |
O = OO
} GTP hydrolysis
‘ -GDP
&

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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7 EEM FIERRICR VA TE TEBY ., Z 2 I BEAMEHERES 7 ~Ubd 5\ ITHURERAIE S

RAERUZIE A RTBE72 & 2 /R 7 N R~ ONLEBR 7 ¥ REEE A iEZ R L5, BERIIZE,
N KD 2507 I VIR L DA I XV VY ) VU P UREKEZN LT, 79 MEZIARKARIC

BAET HLHEMIECTH D, ZOFIEIZLY, =7 hOXTF RHEDLNIZ VT HE~DT VR

RN, 51EHE< CuAAC RUSIC KD HREME 7 (A - B4 F v - RV = F L7 ) a—Lid) X

CuZ7V—TOt 2R VBRILHINC L 2EM B ARETH D Z L ZFFEL TWDH, £70, filr, 1H-1,2,3-

NUT V=4 VR T ILT B R & ZOFEMRH N KRR SR & U CTHEET 22 b R L

THEY ., EHFIOFTRID THER Z R BD N RIEMTETH D, £ T. ZOFEEZHNT

FtsZ O N Kii~Dw L aREM 2 et L7,

E. coli B3 FtsZ ™ N K4l Strep & 7 Z A& L7= Strep-FtsZ Zi%it L7z, Z @D FtsZ BiZ A& AL
7o HZ—T KM C4l T ERH LT, KREFBL L 72 Strep-FtsZ % Strep # 7 DT 7 4 =T 4 717 A
Zi@ L TR L, SDS-PAGE (2 LV [FlE L7z, FRZOIER & DMSO IR TICHME L7z N RiGEA
R A 37°C T 16 R L mRIERIE L Yo ZPEFRA 7 AT THRE Lz, & HIT, Effi# D Strep-FtsZ
IR LT s aEEEGE Lo Xy v u s F Uo7 I U EERC2RRIKIGT S 2 &Ik T,
N RURCHOEOFEEZEARL, A YR A 7 M X DA ~T, BAEL 2R L2, AFEAR
O Strep-FtsZ % GTP {F/E FIZHR W CHAEFHOCBMEE TR L2 L 24, FsZEARHBIEL B A b
57 7 AN=IROBREPHER TE 72, 2D X 9T FtsZ BNAKRA T 2 EAHEIEIERAE L R L7 RBE T,
{LPES % i3 FIEAHENL TE TR Y . DNA T/ SR~ OEE(L O 72 OIERIZ DV T O
HTWD,
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FAVFIY7DIRILF—EEVATLOEFEZHELS-
HRNEE L Y —DRZE
BAHT !, B RRE
KR TRINE WA S 2 T DL

2 R L X — B T AR 52
SR T AR B

1711

AENIZBWTIE, MNO/NSEETHLI bar RU TR, EMNIEEIT 572 DICWER T RV
X—OFEAE —FITFEZIT TS, £ LT, AMREOZISCENICE T 5 =% L F—FHEITL U
THEATHIZRALX—ZHEILTWD, TOEE, EELAEHZEZL T 0ONR HRE] THY, A&
NI O RN RV X —PEAE « HE O T2, RBUTIE U7 IR EEHE 2 i/ e B O L~ L THEE)
BIZAT > TV D, X hay KU T 7 EOHMIEN/ISE N OIRFE ORI L0221 oA 2 1E 3 2 F A8
HRIUIE, AOH W TWEHERO BN RV X — T A7 MIRT 2HAREL, ICHIZERS &
BZOIDHH, AN O E 2 BEEMICEHIT 2 FETR LA TWS, Fo, WAEOREAIZE L
T, BFEDOMBN/NEEE D OBGEANRBE SN TWEN, TN EEBEICTN T 5 HTENAR RS
TholoZ &b, BUEAOEBNRERSCERDEKELEI~DTFLITIZE A LRI TNRD o

72, HEEEDITINETIZ, =xLF—H
TAWFGEIT OJRIHFEER & & LF T, &M

6?1?*3°°¢<-Eﬂ> o TP IR RIOICEELSE5 2 L 45w

Sooooee S BEARAMEHREY -2 "2 H
ex 400 nm ex 400 nm (thermosensor GFP, tsGFP)% Bi% L T\ 5,

tsGFP [&, P /L& T & R Ol Lk & >

1 tsGFP1 O EEIX (Kiyonaka S et al., Nat. R ETHD TIpA & GFP ZFhe L=, e
Methods 10: 12321238 (2013)) - 8% N5 & O P/ B2 o0 JELHE 2 % 7T A

THREY Y —H o RIETH D, tsGFP
X, IA N RaA vz T 5 TipA NEERIFINC 2 BIAZ KT 5 Z L2k Y. GFP BEAMOBREE
WEALL, TR ART MDD 20D — 7 EDOEEZFIERITZ LIk~ T, WEDOHhE
LA AN w7 B b LCHRIET 228N TED (K1), £/, TipA fEEOBZ EME 2 B ES
%2 & T, BT T E IR A T 5 Z LN ARECTH D, tsGFP L X L RV ER—ATH D
ZEMND, BIBTEEAT L CIHRENICAMEN - BN TRELSEDL ZENTE, IHITHM
AN/ NS ERTEY 7 FNEIN A 5325 2 LT, F/NEREICBIT DR RN BIENARETH D, T
5O —EHWT, MR R ZRBGEES, I bay N THORE—72BE 5548 O ki
HAE) LT 5 (Kiyonaka et al., Nature Methods, 2013, Kiyonaka et al., Nature Methods, 2015), & L C,
INnEHAWT, HeLa filg X hay RUT7oHR TR, HERIZZ VX —EE (ATP FEA) 217-C
WD FEIIIRE 2N B &V D AEBERER M FET S 2 L A SERE LT,

F—HED I ha KU THRIZBT DIREDHOFEITELS REZ L Th o720y, REOBIIEE R
PO T N—TEHHEINTEY, EmORMRH D 25O >ob b, T EITIIAK
R Clx, 2oV BT %OFELZERME L, tsGFP 2t B LT, M/ NrE N OIRE %2 JFTA9 il E
TEX 5oV —0REEzTO L, BERSHETE IREHEKZZ{LSE72 tsGFP O/ =—
3 VOERERLT-, TNHEHWDZ LT, KOEEDOROVMIENOIREFHIATREIC /25, AR
BIZIE, Y avya R loeT LAY TO in vivo A 2ME L7z, 25°CHHT OIR 2L % Sl
[T 5 variant Z B3 L7-, HIT. 25CHHTDOIREZ 2+ HKIEA sGFP 12, 2 b= R
U7 - Nk - el E oM RE S 7 v E A LTz variant Z/ERIL (X 2), & MHEEY M
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T % HeLa S CIRLEE K AFHI 72
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TR BEEESSIINNNNS. DL AT HTZ IR R RE & B
B2 FHUER L7 tsGFP1 A KD HeLa M3l 17 5 I h= v R U OB e B ONT 2 AU AL S 4l
U T RS 7R RE, A ’
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vavYa UNZORBEMICHED I hay R T RREZCORIESS, #EOLEFRE & ARPNIRE
D BHEPEDOFHI 1T > 72,

AR Z - 720y < Ol - HIESRME N THRE S =X X —EAEZAT O IR AT W e K0 FE
(CHHET D 2 &iE. EOHEEISHICORN D, AWFZEDOREIT. BUNZ 20 D ERD R L —
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RE R BERWDFEEZOIEHIE. Yoo vy a UHFRHLEREEICE BT % S S 5,
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%o BET T X~OESETIEE—~ @R e Ny 77 —ilEE L OUEEE A FFRE O K& S22
L, BE—v o REe@BECHIT2 2R, 22T, E—~v R BNEED 2 F, Fy
7T —ig L EBES RO 1 L NICHBIT 2HEICER L, ERN Y% VT Rl A 285
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2018 4EFE DIL[ERFZE TV A b a o THEE D SOL 7 H A U D~V 7 AJFEF-F8O6HR (23S-2°P 125 1083
nm) Z#H L, FBEAEIC

I , , _— . —
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WaEHMA LT, R R OF —fing e G o 5 R\
WURTRB A~y b E | b — 02f .
AP SMA) SOL sk 2 & 301 1 -
DDINMA LT b IC gw- =% NN
BRI S LIS 5 N / et
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Plasma  Phys. Control. 0.4 4
Fusion 61, 025001 (2019)), ] e i s .= e

B _ 10828 10830 10832 Y
ARBRBCHE, AR L wavelenath (o) e

T, oA DAY "L
ST AL T, B—v 1. (Z8) ~V 7 AFRAFEHRARZ b (23S-2°P 1083 nm)

o E o 2 EE ) - AR Cf) BLER (HFED) P —~ R0 5RO IER EOFRN e —
Tnt- JhiiE (X RSB L. + BB D)
2. G

~UA hey JEEZFA L, ECH 3 X ONNBI INEAE N 2 - FEHERGIGENL DO BB /AK B HEIZA~Y 7 A
A% N L CEREIT- 72, BT 10.50 R— b OARA L 2@ Uiz R T Lo E /A L
7= (K 1A), FERERIIEKET TR 30mm THhd, 2 U A —F OFIEICERRFECR 252 E L, K
Yo SRIE SR OEMME IRy & LT, EnEhn, oy E Bt Lz, B LI T 7 A TRk
L. BYEOT#5 6% (S. Ogane, Rev. Sci. Instrum 86, 103507 (2015)) % FAWT A~ kL Z3HAI LT,
AT MV SN Z\ ESWDH72DIT, 1, ol DAY MAENZIUTHOWTRSEED 10 KE

(#73458-73480) ZAEHE T L CHEM Lz, IEADMREITA 40 pm (FWHM) IZERE L., ~U U AHLE
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B A AWTEHAI L 72 2°S-2°P RO A7 bV OREE 2 R LT A7 MRHEE A2 IE LT,
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OO Z O A L, NI - FMAI SOL R Y% 2 st & LTl L7, M Cikix 2 ook
WRT AT MVIIRERD D 10 HD /T XA —H %% E L, A7 hVEHFE % FEBREIC LT
2F[EF L TANTA—ZOMEZRE LTc, T OB, MR E RGO 22T MOIZEBEA OfE 90 BEICEE L.
RS EDORTo 772, FFHEE (Ky 77— 7 ) 1 ZNAI - SMAl SOL OFExHIE 2 ZFEAf
L7, 7o, BRI X - CTTE I @miiil 7 OF O & HER S 5 K & 2R 2 FF ol D3R S
Telzh, ZOSET 4 v T 4 ZICEGHT, BREREK 2 12, 7o, ROTBIGREIZHIST 5
W EOMEZEK 1 P T —R—ff&ED+~—D—Tmr7T, ZOMEIX, BB LD — 7 (&
AT 5,

TRHITBE L2V IERRA NS SV BT LT 5A OFER (1 PO X~—0—, HRfl) &gl
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= 7 LB IR

TavT 1205 A=45 (9f8)

Hel 235-23P 1083 nm
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R : Pl 540
VNGB L 7o, A4 200 O gperment T 1 B(M  214+002 096+ 001
— fitting . + Q. . + 0.
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== ou ar o IXE

B H| 72> Z LoF ox 7
MLHL2§W“ﬁi £ osf / 4 I(arb.unit) 1503 1303
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3 = o = 08F T T —
TARSE - FE D ZEH oy z o o T, (eV) 05+01 0402
M7 =26, JRFH% 25 AN RS i
& — 2 1% LCFS $Mil 04r U N l mil (C) 5

2 R L 4 I (arb. units 0.05 =+ 0.02
AT B et ) R ﬂ:g’ o
- . . 00T mE == S T e ole =
MWNEFZONDT 10828  1083.0 10832 10834
O R BERHIC & wavelength (nm) 6: iR ERRDIZT
+ I FNARRE

= THMAL SOL HIRD e (o0 M3, POl - SMUTA— Pt ——
FHARA R LD FHUEEREERELTIAVFA>T. g

T SRR
REAR A L7 A e b
BB,

[HEARFR Y A ]
[1] & &—,

2. (F2) fmotsriEL <

M5 —88, M &z, fl,

FHL7=n, ol DFRIEH AT F v,

(h) A~7 bv

TEAREIR DD T 4 T 4 T IRT A —H,

DEARANE —~ o tiEa N Te~U A b e v JIZBIT 5 RF38

B — 7 (CEFH) A AEL S 2019 FFAFE RS 10aK22-7, 2019459 A 10 A, IR K% (HEH).
[2] T. Shikama, S. Kado, H. Okada, et al., “Spatially resolved measurement of helium atom 23S-23P emission line intensity
using near-infrared Zeeman spectroscopy” # 9 [Al= /L ¥ —H T 258 ERS S AR T A 201949 A S H,

FAPRZFIRF v /3

(RAHZ—).
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L LS - BT AT A T
SR L — BT IR
B AR
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TR S FEMRR I, RSN Tng, ZoE &, N FULIIREEIC —ERE T 50, F
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WIZIRETHZ LT, NI TFULEMELY EIF5 L0 BNREI L. FENITOIL TS, IREA
W AR OFEMIT, BREETIET  F X O RRICLIET 2 U MER & L THET LTV 5,
INHOBEMIE, A ORESEOBEZMHET S 2 LS TWD, AFETIE, NI TFY
D EWE U Te T2 RSB A RS LB, b U U AR O R R E A2 E RIS, Y
F 7 LDOWEEON R EK D Z AL L TEREIToT-, AEBRMEZK 1 1T5RT,

8.E-07
7607 |
— 6.6-07
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I I 4k07
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3
Handle for the o Microwave © 2807 f
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Radiation field 0 200 400 600 800 1000
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®1 ~ A 2 v R AR 2~ A 7 BB 3 B KFE R O ISR

EEBRIZHOWTIE, MY FULDORDOVIZFENETH 5KFEHNT, ZORBERHNE (A 7 vk
% 450 [W], 675 [W]& L7zBRo B R o fam I 9- DK E ) Z28IE Lz, ~A 7 o
BRAE R A X 2 1R T, A 7 ajEES) 450 (WHZEIT D Til B ROPIME &% 21.0 [mgl & L, Mz
AT ToAE R, 780 [‘Cl A fafmfE & LT, ARFEHMH O E— 7 IMEGRLE) 6 26.02 [s]#&IZHLILTZ, 675
(WIZENZ ER &85 L, 880 [‘ClaffiRE & LT, KEKRHOE— 7 IZMEBRIEH D 13.25 [s]
BiZBNT, ~A 7 alENE BT DL TIH M ROEFIRE X 100 [Cl L9252 ERERTE T,
F 7o MEBRLAD DAKF O E— 7 BB DR RE 12.77 [sIE< B 5 2 L s T & 7=, 16 - T,
~A 7 aiE N BTS2 LT, MBVEE O R LOKERE O Y — 2 BNEN SRR O LA ATRE T
DI ENHERTE, Bil~vA 7 uliENE2 EF5 2 LT, SLRHMEBVRED E5H LkFEH D
B — 7 BB SRR OB LT 25 EMIFFCE . L VM KE DR LA FEETH 5 & Rig
b,

WA~ A 7 e INEOH A OWTEEMICHERT 2720, RIMIZINC L0 KFEZID HT 56
AT o1, A 7 aEINERE & B UM R 2 W T ARE OIREICERE L e BRUF O R TN ZIT 5 7=,
EERFHFOREL LT, ~A 7 aiidE S 450 (W], 675 [Wl~A 7 oo fafif i <& 2 780 [C]
L 880 [ClaEHW, FAMNADERIE AKX 3 12~xd, 780 [(Cl. 880 [ClENLHIZEIT D Tilly
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Tholz, FIMMBIZEBNTYH, MBVEE Z 5 L AKEKRE O E— 27 BRI 1544 [s]5#<
BNDZ DGR TE Tz, ~A 7 aiRIENE FRANBE LD &L ~A 7 aJlNED 573 1 HrfeEE
WL AKREHP O — 27 BNHND Z R LN 5T, FRAMNETIL, TiH, OFEHEI S OBGEE|IC K
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ETMAESND =D, ~A 7 2 MO G NELIZ TIH M ROIEE Y L S5 2 L NARET, k#E
BHOE—7 RE GO L RIS,

T, A 7 aENECTIE, TiH, YR Z2 RIS E VML T\ 5 Z LD, FEINEIC L 54
BRIRN S DKFEFRNARDEIR G ATRETH D & PR L, SEIOFERTHWZ, FHEMBEE T,
RUEhES O JEBEEN 108 [kHz] & ~ A 7 v O 2.45 [GHZIZHAKL | TiH, R OB
Sigmol-t=, BEKREEZWR S8 RIS L CREMEAEZIT - 72,

ZOFEBRTIE, BEAFEHKOY AFEIZOWTORBZELZRIE Uiz, BEARFEMHEOE—27 3NEE
G 29 [s)iZICHIN -, A U ARICHK LT 300C DRI AT o728 Z A, BEARBHREOE—2
13237 [s]#&I2HINT-, > T, HBEMADH NIV HEITKEORY HLMT2 5 WIS, L
MU, FHEMNENIEE MHz B2 JE O MBAR —RTH D720, Til RS OKFEOR D H LIz T
IXGHz i E W~ A 7 v OB L TWD EfsimoT 5,
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_ 450E10 [
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2 300610
o
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£ 150610 |
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HIRRNESEERZARE T HIERBIFORIE

el — 1, FREHET, ST 2, AR
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2IER R L X — TR ZE T
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bk x R DA A=V U TIERFIH SN TE 72, LovL, BRI O ARy OB - 22
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KIKDFE F THIE T T 572D — )1

Fluorophore
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— L DRRATRE Tl 5 5, AR iﬁ) — @ ” Q
O TRIEENMTE S RNA D T % &,Q

PEREICE R L, Mla B &3 EFET 2 NTEME
H XY E EAEMRNEIEE T D HFIEORM
FrBENET 5,

ZE TICHFER X, F2 OHOGI E TR RNA Z2 R TEE7/ My Td0t 7 v — 7 OBis 17> T
X 7= [Chem.Commun. 2011], Z®O7 7r—FTix, £7, @7 = F ¥ —BHQI 7 B FMEEZ A
9% RNA 77 ¥ ~—%EHT5, ZORNA T 7 H¥~—|L, BHQI IZXViH S TW\D THEE—
BHQ! 12— @ BHQI #43IHEA L. BHQl @7 = F v —& L TCOMRELZ YL+ 5 = & T,
7' —7 OH N A E S %, BHQL IHRIAV MR SO SO 2T M E 2 Ffo7 ) ks 72 T
DEFETHER RNA 77 ¥ ~— 2@ NIE#RT 5 2
EWNAREE r o (K1), ERHFEHEIT. 20
RNA 1k 2 i FLEMMa N T O mRNA %
BIERATREZR 7k~ & L L 7= [ACIE 2015, Chem.
Commun. 2018] (K2), AWFFETIE, BHQI ik
RNA 7 7 X~ —|Z X N B 545 2

HLﬁ%mgmju—jtmm?f@v—%ﬂﬁbtmm
HREE

2. HelLa ZEAAEN mRNA O FER T s FE o n i
LGN FERIRE NI IS T A INFEME Z Ry ’g*ﬁﬁj{ﬁ {t. (Chem. Commun. 2018) o

DPFEZ B LT,
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: DNB #5481 RNA 7 7/ % ~—DJ5H -
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=y b (FNraxF—¥ GLK, ZLa—2R6-U ik
%%%ZWFE&UTYV?75~%HQW)%%ﬁbk
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— = Lower frame
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with the multi-domain enzymes Time (min)
_— 0.5 mM methyl red,
e _'.‘_'-_,--._:. = — ] After soking into & mM ATI?, & mM glucose, 0.06 mM ENADP*,
e e { the metyl red solution 50 mM Tris-HCI, pH 8.0, 150 mM NaCl, § mM MgCl,
| .
— - 80 mL solution, the hybrid enzyme immobilized on
. the curdlan sheet /reaction/24.5 cm x 24.5 cm dish
Rocking at37 ¢

X4 KRID— KT v—MMZETBIL LTINS 7V v NEERICK 2 ATV Ly N fif
(f£) KA — RF v — b o,
() AF Ly RARRIETICRIE LT 20ecm X 20cm ORAEIH — KT oo — b O Ed,
) KA — KT v— MIEEBL LT NA 7Y v REEERIZK D ATV Ly ROGIRRL DR,
ATV REERIZ L DT Y BFEOER 0 if 2 N2 HED 5 1213, NADPH AR E oW & A
SUTORENEETH D, BIE, TORBET —2 LB AT v REEFRIZ X DN 72 58 0 iR
WFEZOWT, UT LA ANMRIEICLDHEZHED TS,

3. AEAFERY R b

(1) Horiuchi M., Nagata T., Katahira M., Kobashigawa Y., Suzuki Y., Ochiai M. “Continuous degradation of azo
dyes using a hybrid azoreductase including NADPH regeneration system.” The 10th International Symposium of
Advanced Energy Science. September 5th, 2019, Kyoto (poster)

(2) YN IEFE, JKH 520 A IEAL ME AR, gk EE. %A BRI “NADPH HAER 2N
FTHNAT Y KTV L& 2 —C ORISR E 42 [0 QAN FEMFERES, 2019412 A4 0, &
] (% 2 )
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. . . .
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198 2
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ThHY, 7b—hb— bz ERLESE TOR A XV RA~DEFRO ATREVEZ JEFR T 22 < Ia o T,
ARIZEVIRWVEEST O RTEEME 2R TRE A EEZ RIS L TOSBER D 5,
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B4. 77 X< AN EEROBENCE T 5 €T VER S
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[1] L.Zang, H. Nishino, T. Mizuuchi et.al : Plasma Fusion Res. 8 (2013) 1402066

[2] The helical kink “STABILITY” in plasmas. Masaru IRIE, Miyoko KUBO-IRIE

QR4 GEC 2016:69th Annual Gaseous Electronics Conference 61, 9, 2016, APS,Bohum,Germany

[3] Pedestal Plasma fluctuation Diagnostics with High Spectral Resolution Digital Imaging Technique

Masaru IRIE, Miyoko KUBO-IRIE, Nobuhiro NISHINO & Tohru MIZUUCHI

[4] ZE31-B-40 The 10th Int. Symp. Advanced Energy Science F#F 2019 4-9 A

AWZEDEEARR 2T —Z DM 2 BFF LTHLS & & BITHERT P 22 W22V T2 BB RO KN
PR, KRR FOEEEHEIRIEHN I LET,
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MR —F A CDC EMOIERUZEY ML, —MXIZ, {LFRIZEMED @V SiC LB XL TR b AT
b5, LML, HFEEIL SIC ~® DuBET I &L % SKMAERMIZ L » TEOBXULFRNEENZE L < Mk
THZEERHLTWS [1], ABETIE, Buex vy g =X —#F5EHS O KU-FEL % VT

BRI SIC O FHRE & bkt L, XL SiC #&iF 212 — S —
WD LI T ) R—T ZENATRETH D a2 1T

>77,

m

2. EBFE
SiC JEMRIZIE n-type (%3 F—7) 3C-SiC(111) on Si(lll)%
W%ﬁﬁb\aﬁﬁ%Izw%~@I%ﬁ o B HE
— (KU-FEL) %ﬁuvc\&ﬁﬂa4mm\/vvxzqu%

—Mmkﬁﬁﬁﬂhﬁ%#fﬂﬂﬁ%%%§MLto4%
VIBEHIREA T, |IETHEM L-, ZOREHIR L TLLTIC
R ESRAETFNE 257 T, BRI 1T 48 wt.% HF : Ethylene
glycol = 1 : 3 (in volume) % f\ [2]. 3 &l /L CEXILF
WE 21T - 7=, YEMMICIX FEL BBET SiC, il Pt, &M
@KAygmxnmnéﬁﬁLtoiuw (A F RSN SiC
D GIRER LN AT TR L TAET 570, B EN i
DOREZERSIHEE 10mVs! TITo7e, ZOREED EI22.0
V vs. RE CEBNEMZ 10 5 ﬁﬁOk%\%§$¥ﬁﬁﬁ
(SEM) # MW TFEKmZ o NCWimoBlEEz21T-7,

Fi 1. (a) FEL W% o SiC
3. WEBIOE® igure 1. (a) & SiC #i

Figure 1(a)lZ FEL fA414% o SiC #ifi SEM {4 % 759", FEL % EEM 14, (b) FEL MR/ ARRET O
EIEE, AT —VERERT S LICEY s mm I | PO SEM R
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4. BHIERR
[PEARERY 2 K]

(Poster) Yuki Maeda, Kazuhiro Fukami, Sosuke Kondo, Tatsuya Hinoki, Atsushi Kitada, Kuniaki Murase,
Anodizing behavior of ion-irradiated SiC and its surface morphology, Anodizing Science and Technology 2019,
Awaji, Japan.

(Poster) Yuki Maeda, Alvaro Mufioz-Noval, Emiri Suzuki, Sosuke Kondo, Atsushi Kitada, Shigetomo Shiki,
Masataka Ohkubo, Shinjiro Hayakawa, Kuniaki Murase, Kazuhiro Fukami, Anodizing of silicon carbide with
irradiation-indued point defects for macropore formation, Porous Semiconductors Science and Technology 2020,
Tuscany, Italy.

(H8H) ATFEAHE, Alvaro Mufioz-Noval, $8AKRIER], ITARAIT, JLM 2, SRA, KA, 51
TERR, BHURH, AL, A A REEEER T K2 AT 5 3C-SIC D5t EE), Kb
R 141 FEEFIR S, BHEIRF AR, HUR

BE R

[1] Y. Maeda, K. Fukami, S. Kondo, A. Kitada, K. Murase, T. Hinoki, Electrochem. Commun. 91, 15-18 (2018).

[2] V. P. Parkhutik, F. Namavar, E. Andrade, Thin Solid Films, 297, 229 (1997).

[3] Y. Maeda, A. Mufioz-Noval, E. Suzuki, S. Kondo, A. Kitada, S. Shiki, M. Ohkubo, S. Hayakawa, K. Murase, K.
Fukami, submitted for publication.
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[1] T. Nishihara et al., Nat. Commun. 9, 3144(2018).
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L MD (2SO IZEHRRRE B RW—HAER Lz, KW\ B L2 R kL —I1EH & Sk
U 7o SO GE T VA U, BRI ORFMZ L2k L, 2 2 CIEME &% 450°C,
13U URMEAERGEE 2 10° dpa/s IZHEE L~V U AAERGEE % 0, 107, 10 appmHe/s @ 3 §:FI23
T 5%y ET 4 EARZEEN B LT,

3. MR- BE

213, MEHEE 450C, SR 10% dpa (10 ) (B W THERITHFEL TV DAY 7 AT L
DARAE &R FE O BIfR 2 B TR LIZRHARER TH 2. (a), (), (IFZ LN RYF (HFIR) |, #
A& JEAEE (DEMO) |, BT PE 7R (SINQ) @ He/dpa DALY T2 6D ThH %, Heldpa D
HIMIZ 2 b 720, WIEQV ST A TEIEIER LT D, iU, FRNICKRICEA ()
SNV TLAPRRA RPIZ LTy 7 END I ETRA REERMBESNTZZHTHY ~U T4
(Z X DM B A EE 2R R T 5 b O Th L, AR ORERIT, A A INEEGHT K 2 B I K5
DREFR L BEBOBMAZR L TEY | ZIUIEME FVE TR R A~DO~ Y 7 LEBOMIIZE 5
R TH 2,
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INT )LD A LE], nHe
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NITNBROZEABNTILOYAXTHET HIEE), nV

X1 5247 (HFIR), G R (DEMO), KRR T-JR(SINQ) D He/dpa S T CAKT 5
AU 7 BT VO @450°C, 107 dpa (10 )

=

4 &0

AWFETIE, 7= T4 FREGORK I 7 ol e R L L, BIFSRMAIE CTREAS 26T
% R M AR SAE & B O ATRE e PO R E 7 V2 8T 5 Z L T v 7 1 JBRRZEENI T
H U U ABRFBROM A LG LIz, 4%IE. AT — FMRGOREEA — 7 % & W 12 ik
R MaTE RS O BTG K AFE 2 R R R 3~ 2 BN D D,

[AEAFERY A B]
* Y. Watanabe, K. Morishita, T. Nakasuji, Y. Chen, “Numerical modeling of irradiation damage in RAFM steel

for nuclear fusion application”, 10th International Symposium of Advanced Energy Science ~ Beyond the
Decade of Zero Emission Energy ~, Sep 4-6, 2019, Kyoto, Japan

Y. Watanabe, H. Iwakiri, D. Kato, H. Tanigawa, “Hydrogen Retention Behavior of Primary Precipitates in
F82H Steel: Atomistic Calculation Based on the Density Functional Theory”, 14™ International Symposium on
Fusion Nuclear Technology (ISFNT-14), Sep 22-27, 2019, Budapest, Hungary

* Y. Watanabe, K. Morishita, M. Ando, H. Tanigawa, “Microstructure correlation of RAFM steel under different
irradiation fields: Reaction rate theory analysis”, The 19" International Conference on Fusion Ractor
Materials (ICFRM1-19), Oct 27 — Nov 1, 2019, La Jolla, California, US
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5HZ & B A[RE L L7z (Alberstein, R., Suzuki, Y et al, Nat. Chem., 10, 732 — 739 (2018)), F£7-. B#d - FERE
PERTF R R ~w— - BREMAETHZ LT, FEALEBIELICHPE BHEE L, FreriEicE
> TU% (Tezcan, F.A. and Suzuki, Y., PCT: WO2017011705A1 (2017)),
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E—
¢ > Q % 2\ »
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Square protein Cysteine
C, Symmetry Y ¢ > < >

K1 HEEOZINETOX NI ETVA NCLDHE - B XX BOMNBMEICER LIESFEO 4
BIK (Cy symmetry) DI AT A L EREST DL TFNRTHFA KD EZ X BEARDIE A F—
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7 EESIRDIEAIT, 4% BRYOINERIEIC ST o &2 b % U 7L % A LT High-Speed Atomic
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[ZHE. 7V ARLRE]
FPREEE EHE (AAEAERHAE), 2019 45 6 H 25 H, $iAKMEKR, “Chemical Design of 2D
Protein Self-Assembly”
2. The EMBO Journal Award (European Molecular Biology Organization), 2019 4F 6 H 25 H,
E5AREXR, “Chemical Design of 2D Protein Self-Assembly”

[u—

[AEEREFRY A }]
1. BKHER, “ZoNITETHFANLDA AT /vRy NORIAEZHELT 2EAEIF—
(FF5EkE) L2019 4F 5 A 14 H, RIRCKRY & EEHEAT

2. #ARHEKR, “Chemical Design of 2D Protein Self-Assembly”, #5 19 [Al H R E A E B F#2F S 5F 71
[l AR A R RE BRFERKRES, “HEFREBE S R L7, 2019 4 6 H 24 A~26
H, #PEREHES

3. BRARHEN, “BEREMENA A ~T U7V ORIEZ BIS LI X R ET YA L%, 513 [l
FRRELF S AR T T A, 201949 H 4 B~6 H, HILKY HFHELF v/

4. PSRMEX, “Protein Design and Engineering Toward the Functional Biomaterials”, b= AT &
I — (HEFEEE), 20194210 A 17 B, FLEHFERT Bk v o /32

5. Suzuki Y., “Protein Desgin and Engineering Toward the Functional Biomaterials”, SPIRITS

international symposium — Shaping self-assembled mesoscale (bio)materials with microengineering,
(AR ,20204F2 6 H, FEPRFME-MIEHE > AT LR

[ZDfthFEER Y A K]
1. 8ARRER, “NAAF/aRy MIEEZBR LY Y RIVETYA VT3 (E5E T3 727,
August 2019
2. BAARHER, “X L RIBETHA AN X DHEREN 2D A A~ T U T ADRIER KOS B O R
EHERPET— 047, =vEA 009,2019
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[1] R. Kasada, et al., Fusion Eng. Des. 89 1637-1641 (2014).
[2] T. Miura, et al., Nuclear Materials and Energy 17, 24-28 (2018).

# 1 FIB N8N G| ERER T 5 47z F82H S DU ING [ IRFEME

. i u-tensile results
pn-Tensile properties

(F82H IEA) s wJTS 2y L
(MPa) (MPa) (%) %)
. |Test! (573K, 10dpa) 710 720 0.5 11.8
T [Test2 (573K, 10dpa) 840 840 0.2 6.6
£ |Test3 (573K, 10dpa) 750 760 0.4 6.8
L |Test4 (573K, 10dpa) 352 435 1.1 11.9
S |Testl (573K, 5dpa) 535 550 0.6 1.6
Test2 (573K, 5dpa) 510 520 0.5 1.6
Testl (Unirrad. F82H IEA) 535 560 1.1 16.9
- [Test2 (Unirrad. F82H IEA) 455 478 1.4 25.3
O [Test3 (Unirrad. F82H IEA) 473 512 0.8 18.9
‘£ [Test4 (Unirrad F82H IEA) 318 381 2.0 11.1
S [Test5 (Unirrad. F82H IEA) 481 505 1.4 20.8
Testb (Unirrad. F82H IEA) 480 518 1.6 15.3

_ BIIESBRE

"SI WT Y 5,
| 5isRatmm o B min
<]

2 BRI OB BIE OB (X 200kV STEM)

5. AEEE BRU A b

(R SCEZR Y A K]
FMR L,

[REAFERY A K]

* M. Ando, et al., “The p-tensile deformation behavior of single block structure of F82H irradiated at
573K”, 19th International Conference on Fusion Reactor Materials (ICFRM-19), Oct. 2019, San Diego, CA,
USA. (HEE¥F)

* M. Ando, Mechanical properties of RAFM steel after ion-irradiation, The 7th Japan-Korea Joint Workshop
on Nuclear Materials, Sep. 2019, Toyama, Japan. (1 BHFEZR)
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Study on Rural Electrification by Renewable Energy
in Sarawak and it's Impact on QOL

Nasrudin Abd Rahim', Hideaki Ohgaki’, Che Hang Seng', Tan Chia Kwang',

'"UMPEDAC, University of Malaya
“Institute of Advanced Energy, Kyoto University

1. Introduction
This project is a continuation of the previous project aimed to study the energy usage pattern and lifestyle before

and after rural electrification of rural community in interior Sarawak, Malaysia. In the previous stage of the project,
four rural villages, namely Menangkin, Tabong, Jenggin and Kampung Sungai Merah have been identified to study
the energy usage pattern and lifestyle before and after electrification. Out of the 4 villages, Menangin and Tabong
have recently (early 2018) been connected to the utility grid, while Jenggin and Kampung Sungai Merah were
electrified through solar home systems (SHS) respectively. In particular, the SHS in Kampung Sungai Merah were
installed by the project team back in the end of Feb 2017. A centralized fee collection system has been established
to ensure the financial sustainability of the SHS installed. During the 2019 session, the project team continue to
monitor the villages and conducting surveys and the quality of life after the electrification.

2. Research Progress

BmRE e U o -
Since the start of the first project phase, the research procedure
has been established as shown in Figure 2. So far, the project
team has completed the implementation stage (at Kampung
Sungai Merah) and is focusing on monitoring as well as analysis Lo f«{

and reporting. At the early stage of the project, the following 3

major hurdlers for the sustainability of SHS have been identified; Figure 1: Locations of Iban villages in

A) Lack of ownership by the local community, B) Lack of Sarawak included in this study.

technical knowledge among the community, and C)Lack of
economic capability to sustain the system.

In response to these issues, the implementation of SHS at Kampung Sungai Merah explicitly included the
following elements:

1) Instill sense of ownership among the community: To achieve this, the project team involved the villagers
in the installation of the SHS, where they helped to carry the equipment and to erect their own solar panel
mounting structure. Each SHS is also assigned to a single household, where the owners will be responsible
for use, maintaining and even repairing (or replacing components) the SHS should there be any component
failure.

2) Ensure basic know-how to operate and maintain the system: The project team conducted technical training
for the villagers, for them to under the operating principles, the components as well as the wiring methods
for the SHS.

3) Ensure financial means to replace any faulty component

A centralized fees collection system was introduced where each SHS owner had to pay RM30 per month
to the village head for safe keeping. Any component replacement in the future can be made using the
money collected from the specific SHS owner.
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Throughout the project duration in 2018, the project team continued to monitor the SHS usage in Kampung Sungai
Merah and conducted the survey at Menangkin where the local electricity company installed their grid line.

(a) (b)
Satisfaction Kpg Sg Merah

1

Satisfaction Menangkin

0.5, i
Psycology Occupation

Psycology Occupation

Symptoms/Outlook Social Relation Symptoms/Outlook “-..v,....--"""'_- Social Relation

Money Money

Figure 2: Satisfaction levels before and after electrification at (a) Kampung Sungai Merah and (b)
Menangkin.

Result

A) Kampung Sungai Merah

The QOL surveys conducted before and after the rural electrification at Kampung Sungai Merah were analyzed
and summarized in Figure 2 (a). It was observed that there is an overall increase in all measured domains,
particularly in social relation. While the villagers have to pay RM30 per month, they have reflected that there
were still some cost savings compared to the cost for running diesel generators prior to the installation of the
SHS.

B) Menangkin

Based on the site visit to Menangkin, it was found that all houses have already been connected to the power
grid, with an energy meter installed for each household. As a results, there were observable change in
increased electrical appliances such as washing machines, TVs and fridges found in the village. The villagers
have to pay monthly electricity tariff (tiered from 18 cent to 31.5 cent per kWh). The QOL surveys conducted
before and after the rural electrification at Menangkin were analyzed and summarized in Figure 2 (b). It was
found that the satisfaction level at Menangkin decreased for the areas of psychology and only increment was
in symptoms. It might be explained that the villagers power line

3. Conclusion

So far we have installed SHS system in Kampung Sungai Merah and introduced operation/management system.
The QOL indicator shows a positive impact of SHS system. On the other hand, the power grid extension case,
Menangkin, villagers’ QOL indicator shows negative tendency. We also observed that the villagers’ incomes were
not increased or decreased in case. Therefore, it would be explained that the grid connection houses have to pay
some amount money but they could not increase their income by using electricity. To understand this, the project
is extending the survey sites not only in Sarawak, Malaysia, but in Myanmar and Cambodia where their
electrification ratios are 50-60% in 2017.
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FeCrNiCoMn
(a)
100nm
Size 20 nm 10 nm 14 nm
Density 1x1022m- 2x10%22 m-3 2x1022 m3
(b) FeCrNiMnCo FeCrNiMn
100nm
Size 20 nm 22 nm 15 nm
Density 1x1022m- <1x1022 m-3 2x1022 m-3
(c)

FeCrNiMnCo FeCrNiMno.7Co FeCrNiMn1.3Co FeCrNiAlo.3Co

Density 1x1022 m-3 1x1022 m-3 <1x1022 m-3 6x10%2' m-3

Fig. 1 Comparison of irradiation damage in HEAs irradiated at 500°C to 1 dpa. Comparison of damage structure between
(a) Canter alloy, 316H, and Pure Ni, (b) Canter alloy, FeCrNiMn, and FeCrNi, (c¢) Canter alloy and Mn or Al added HEAs.
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FHEAERIL, FOHSEEE T

2. FERHIE

BT 2 oM T a3 77— (WTFRBTEA 178°) & 14 EEKR, BEARZ 714 F—hbhE
RENTND., T, Voo T VBEBOMEN AT p WO L —V—1%, #RKT 74V —%
Wi L%, M7FvaryI7—TCREIN, E—AHLn ORISR T RICIRN D . ZOMIZ,
V4 W EWRAZ 2 [FER T 5720, stEREHERT 74P —TRHFEND. 61T, b 1M
TXyaryIg—TCKHEHEIND &, PRIBITENS E— I ATHERE D, ZORIZ, 1/4 FEER
%2 [BBiET 5720, plRIGERVERKT 74P —2@i L, RI~HITIND.

L—HF =R L LT, 7OVAIE 7 s, HUDIEE 810 nm, #: 0K LA 80 MHz OF — R
Tiisapphire L — ¥ —% kg z Wz, Zodps U, TosvT7re—ad ks &2, F¥y—73I7
—%f 2 IS 720 650~1000 nm T-50+£(20) £s2) [ AS L, &FF6 RIS S, BIke— A%
Fm~EANFL, BRIRE—LAZ2RAESIEE. T, TUTTUoE—LA L BRIRE—LDAT (L, BX
OEREREE 2 A7 R VA T35 (Spectral phase interferometry for direct electric-field reconstruction,
SPIDER) TlliE L7z. ®&IZ, SPIDER ERIZII 7 —ZfiA L, FEHIREEZOBRKE — LA DOE /A6 &
CCD 1 AT THIE L=, BHIT, a7yl NMIOKNSmEE (G540 5 IcLvE¥L, &
SSUTECOIRE /Y4 & CCD H A THIE L.
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3. ERFERLER

T Tre—nk, BIRE— LAEHMIREZOBRR E— LADOME A2 JE LTz, X 112 CCD 71 A
7 RS LI E S E AL SR ORE T a7 7 A4 VERT. TNEN, RRKRECHEEKBILLZ. =
D LY, BHEGRZEIET HZ & TE—LADOMESIN, T T b LR I ERE N
T 28RO SAA~E BN L TND Z ENGgnDd. £7-, X 1(b)x A5 &, BRI EEE IR
DML TELT, WiICR>TWHZ ERNbns., ZHEALET R ar I 7 —RENEEE
FHENZH L OREDO SRV Z#HLTEY, E—ADMmMESMICEEL 52720 EB10N5.
Fo, 207 F v ar I T —HLEIITEEORS A E, B 2 mm BBEOELNDELINL TS Z &b,
BIRE— A0 EF AN HEHTIC LD EALNDJEHR 2 BER BB TS, 2D, A
At CONRY —% U —2—Z|ZLVRE LT E 2 A, BHHRITI0% TH -7

WIZ, BT rE—hEBRIRE—0%, Yo U7 vV MIREEE (5540 %) Z2HWT
EH L, BRUTE COMENAMIZ CCD 7 A7 THIE L7z, fREZX 2177, 0 mm ITERALETH
D, AOMEITESIY LHRFISEVETH Y, EOFEITNHELY bV IEZRL TS, K 2(a)
E2b)E T D L, SN TERRE— TSN T T o E— A L0 B ERG IRV
B CEVRE MR L CWD Z NS5, TR —AZ2E T 52 L1k, JEEIPTHHEE (3
bbb, Xy —AfEKR) NELEZEERLTWS.

-10 um -5 um 0 5 um 10 pm

(a) ..-..

1
08 ﬁ
06 I‘l |
]
02t | | )

/
0

INTENSITY (arb.umits)

1
08
0.6
0.4
0.2
0
4 2 0 2 4 2llm

P(JSITION (mm) POSITION (mm)

INTENSITY (arb.umits)

(b) 0 0.5 1

INTENSITY (arb.units)
INTENSITY (arb.units)

LS

M1 A7y 7re—nkbRke B2 (@F 77 E—h L bR E— A OENIRE A,
— L DR Sy A (L) & K7 R 0 R EE
777 A (T).

[AEAsEE Y A K]

1. (HFF5%BE) G Miyaji, M. Hagiya, D. Moriyama, S. Nikaido, T. Natori, and R. Saito, “Surface
Nanofabrication with femtosecond-laser-induced plasmonic near-fields”, 7th IAPLE Annual Conference
and AGM, Shiretoko, 2019 4= 7 30 H, JLifgis, HEA.

2. FEEE B, CEHL AEAR, CBEL SV AL =YD 7w OBRIR E— A8 g & E O )R, 5 80 Bk
MWL 2R, JRRE R, 2019 429 A 6 B, dbiffil, NA % —

3. (FfFi#i#H) G. Miyaji, S. Nikaido, T. Natori, and R. Saito, “Origin of fluence dependence of periodicity in
nanostructuring on diamond-like carbon films with femtosecond laser pulses”, International Conference on
Ultrafast Optical Science (UltrafastLight-2019), Moscow, 2019 4% 9 H 30 H, €A 7 U, [§H.

4. FEHE B, EHHL ER, T ¥ ar I T—E2 VIR LA L — Y — o R, L—
—HREE 539 TSRS TL—W—FHllE 2ol BORRTR, 20194 12 7 6 H, HUR, N
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KENAM AT RABRERIED-OD) T=0ELKT
L O—RBMERTF FORAFR

AL, A, BR—IR R PRIERR Y, hEseE] S, BRSRES
VRO SERTSER),  2IST CREST, ° AURBAR = oL 28 — B T2 RFSERT

GO 5

AIBFRETIEL, KV V=Bl —2OfEREFRbZ WEEICT 5 N LEEFE OB 4 BHHY
ELTY Z7=rBLUer e —2FRERTF FEH%E & € O AAEMEFORAZ2 B E LIoEL
1Tole, BARAIIZIE, 1) REFKMERNL Y V=0t — 2 2@ IR - 6T 2X7F K
DR, 2) IO TF IR Y =6 LTt — 2250 - o 2 EAEF 2, 3)
V7 =v/enn =287 F FemiEE@BMtLile Lie~7F FEBATERAORETH S

(1),
AHEMRNMLOYT = RIROMIERES LRES R

AA—R o YTz

T I@i"@“
Mg /g Ot Mo i 'Jd:‘lﬂﬂ
. - @J Mkt

o= amAIRR] o SN
H,0, (B&{c#D
, : ik s R ) z
s HE-RE HERLRS

REMBYT=VOHFME KR SAATRES)
1. REANA I~ ZOMWEEEFLZ TR L T2 Y 7 = V@7 F Pt e LEEE OB %

RGNS A~ AT A AR 72 EObaERICIND 2 AR FER & L TEOIEANMES
NTW5, flzlE, M TENSHHEND Y V=0 2E5H T 57OV 7B OERFRAERIT 6 (5 -
YTHY, ZIUIMROERFEMEHRE S E N2 RS ETHD, LEER-T, ZnbaFEEE L
THEHRACRS DR E 52 ENTEIUE, HERMRFERE L CTIRREROER « =1L X — [ 8%
RDO—BhE72b, LLRNG, REXMA~RAL, Vr=r - -®lo—R - ~Ik/la—RN58[HE
\CHER LT MR Iy FHEAIRTH Y, REND Y V=00l — 2 @RS 5 2 L IR#EET
b5, TNOMEERIT DO ZKIBFOEARBITY 7= BRI 5 X7 F N &%
L5 b7 =g A8 L0 A2 EET 2 2 L0k o TREHRMERND Y 7= LRI
FEE RS DT F AN TREROBRE B E Lo 217> CT& 72, R ZE MR TIL, BESE -
BHEICXL D0 R ROE - ANETh o5, FHL EDILFEIFEICL T, Vr/=v/erm—
ABERTF RIA 77V —%FF L, B - RO HEEHE R L OSEREE M EENE (ITC) i
YoT, RFFR-UV T2 BLORTF F—tro— A0, - EOHREDS T L-UL TCOMEI %
HRJE LIWE 21T o7, ZHUZ L - T, AEBEGHIESHaR Y V= /rn — A58 8 ~_7F R~
B D= D FiEGmOMSL % BfeT L L biZ, HBonzXTF REERMBEOMAIZL > TRTF K
N T RS OBRFSICHER LT,

MR & R

AREEIETIE, TV 7 =27 T FORREIZB W TILN, L, &A0ARM L 12 7%
~X7'F R H-His-Phe-Pro-Ser-Pro-Ile-Phe-Gln-Arg-His-Ser-His-OH'? # FEIZ LT, 77—V T 4 A7 LA
BIFHXTTF MEROBRIZE WY 7= Bk s A3 57 F NHRICEHEIC R S 5 %R
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(His-Phe-Pro-Ser-Pro) DA EKFEY 7= ~OFFFREEDE &l 21T > 72, A RULEMHE L L H
W THRF R X OYNEAE ((BAF) 12 TITV, U 7 =V F8RREE D E &Ml W CiE, @tk (Fl =
5-/6-carboxyfluorescein) Z 3 A L7z 5 7L~ F K (C416-ESSmer-Fl: Fl-His-Phe-Pro-Ser-Pr-OH) 35 X O
ST — 2 RWEOT=HD 12 FEHA~ATF K (C416-ESSmer-Fl: Fl-H-His-Phe-Pro-Ser-Pro-Ile-Phe-Gln-Arg-
His-Ser-His-OH) Z &AL, U 7 =37 FIZBIT 230 RGEIEIC K> TT o 7o, SO6RTGYEE
X, BRI (2R WF) IZRBNTTo 7o, ZORER, K2 IR THRIC, 5RIREDO/NS RIEEE DO~
FRTHoTHLY V=B rnd 28, V=V iBfER pHIC L > T LT 2R LT,
b, V7= HOKBIEIZ L DKBREENY V=i EH 5 L TWD 2 L ERT R R E5,

C416-Fl-soda lignin binding affinity C416-ES5mer-Fl-soda lignin in pH 8.0 PBS buffer
400 200
Excitation 485 nm, ® 180 | Excitation 485 nm, .
350 | Emission 535 nm Emission 535 nm
160
L ]
& *° | o pH 8 PBS buffer ° & 140 | W C416-ES5mer-FI pH 8 PBS buffer
E K, =88 x 10° M (1 : 1 association) E P
= %50 s 120
£ 200 | © pH 14 NaOH aq. T 100 | ® C416-FIpH 8 PBS buffer
8 . § Ky =88 mM- (1: 1 association) .
5 o S 80
S 150 . e}
o o 60 n
L]
100
[ ] 40 . e "
o £ ]
50 | & " s ZOI
0 0
10 100 1000 10000 100000 1000000 10 100 1000 10000 100000
Concentration of soda lignin (uM) Concentration of soda lignin (uM)

2. #ONEEZB AL RFEEBIOSRESTF Fo U 7= fEaaeiHil

AN L o TR 5 FRIEARTF RN V=B n T 2 LB L N E o7 lo®, IRWTH
MFCRRBEIIEWY =B LEEZ R T 2 E N RWIE SN AT =0 AMllERE &8 ) VR Y v

(Ru(terpy)(pydc)-Nva = [RuNVa]) ** & C416-ES5mer 7' F R&fEE L=V 7 = 588 A\ TR [Rul-
C416-ES5mer Z it L, AAUCHRII LTz, BUfE, ZHbDU 7= x4 2 BMmMERHl & ARE A A
NAMBD Y T = RS IRIZ OV TR 21T > TV D,

SCHR

1) Yamaguchi, A.; Isozaki, K.; Nakamura, M.; Takaya, H.; Watanabe, T., Sci. Rep. 6, 21833 (2016).

2) Isozaki, K.; Shimoaka, T.; Oshiro, S.; Yamaguchi, A.; Pincella, F.; Ueno, R.; Hasegawa, T.; Watanabe, T.; Takaya, H.;
Nakamura, M., ACS Omega 3, 7483 (2018)

3) Takaya, H.; Yokoi, T.; Yoshida, R.; Isozaki, K.; Kawakami, T.; Takenaka, T.; Nakamura, M. Chem. Lett. 46, 665 (2017).

4) Yoshida, R.; Isozaki, K.; Yokoi, T.; Yasuda, N.; Sadakane, K; Iwamoto, T.; Takaya, H.; Nakamura. M. Org. Biomol.
Chem. 14, 7468 (2016).

[AEAFERY A }]
1) &R, “AENMMERTF REHE LT 5 NTREOAIR”, 526 AT F 7+ —F L [BEEESTF R
FPEFOAIRL L BFE 1, 2019 4F 10 A 5 H, JFBEURS

2) Hikaru Takaya, “XAS- and DFT-based Mechanistic Study on Iron Catalysis in Organic Chemistry”, The 1st Workshop
of Reaction Infography (R-ing) Unit, 11 June 2019, Nagoya University

3) B, HEDE X BT E BTALEREOA v 2 — T LA X DB A IE OB, TR
BT 0 JFR-EA 2019 4R —MIZRGES, 2019456 A 5 H, #JIMLE:

4) @A, DL X BN L BTALFEIE DA v F— T LA\ X DR E L i O BT, b
HetElp e (JACD Jeiifbs® - MM S @EIRNMESOS D BHSGEE S, 2019 45 10 A 24 H, #{bZBfiE
2

5) R it - mA b AR —)A - HE K] - B FE PR ER, CAREANA A ZAORIR DRSS DT
DY T =BT T ORI, #5100 AR F2ETFE, 202043 A 24 H, HAHEARFEHHY ¥
IN A
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KU-FEL AR UL\ =EERDFEREDIRDIER
AU, A, KE )

PNTNE S R
2IER R L X — TR ZE T

1. BFEER

HH & 1L —%— (free electron laser: FEL) [Z YT < (ZHIEE SN 72 AHRERIUFE - B — A0 b OF5E
Bt Zmlic Lz —%—Thd, TOENKIIT V2 b —F—IZX2BREGTHY . *%@ﬁf&
7//;v~& WT@%ﬁAua;5%/77~%%ﬁ5%®%%&ﬁéﬁméﬁé & M ATHE
®» %, FEL (X, ZOWERIRMEICI A, HEME, KIBEE, VA%, FLrEE2 > 2 kﬂ%\%
%ﬁ%xﬁif@%ﬁw%ﬁfﬁbw:t Ly MEREHEIR & U TRk 2 R FTER IR S5, K
PR P PEERL IS ClE T 7 ~vY (THz) —iE4R4% (FIR) i85k FEL 3@+ TH Y (& 50-120
um) [1], BFEAREF LN E AT BEEROIERIZ BN Z1T > TV H[2], ABFERREIL, Fzich
AL (B R 5-20 um) @ FEL #3445 KU-FEL [3]12 W5 2 & T, XV IEWIREFER TOR 4
7R E A E OIFRIEILEIZ OV TERZITV, EREORVWab— L FRERIENEERE DX 57
FLWHEERAZ RTERETHZ L2 HE LT,

2. EBRFE

EER IR F kL X — T2 D KU-FEL Z AW 7=, 3BHT Siv Fl0CiK > TIERR I AEI
@%E%ﬁotoﬁﬂ%%ﬁﬁﬁm%%\iﬁmmﬁbt EARRE IR Z B ST 5 Z LIk ikxic
FEL #E Z2h ST oz, BB FRICHRE L-MHESIC L0 . ERECRRO A L 5% imiRE
DA ZFHAI LT,

3. MR

X 1 1349 L7= KU-FEL I X % *
Si DIFERIUGE 2~ L TN D, ' .
BB BB VEA . BRI X . .
% FEL WREE DO ZALIT YA 3 & 1
<M, BEHT XD FHEMIEIE N H
HEZEIMHLTND, 65 FET b
HAST FEL 58D 57%LL ETH
AP HETNTETWNWDZ EN
DIND, IR TSR
PR EXHTWE RAfipg izt
BT b 0 & LD T o o
THz-FEL & [FEED LIPSS % {5k T *
BN BB = L Nbh o T, ' .
L. DD ETKT S CREEOER o o F g
RIOBIZE S/ L —7 T biTFbi, 0 20 40 60 80 100
TTICHENE N> D & Anele (dgg]'eg)
DEGTHIA LT, #uBEIE L 5% : :
PUETHOBRMEITOTN . | 01 siofm (0) LI (o) .

[
I
T
*

1

&
(8]
T
*

|

ot
(]
I
1

LG o000, o,

oo *

=~
—

Intensity (arb. unit)
]
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4. SBOREM

AT Si BT 2B B BB ORE A B L L, KU-FEL % F\C Rl 7 fEIk CIERREZ LIS
BWHHZEHFER LT, 5% KU-FEL ICLAT7 7L — 3>, & LI LIPSS ARKICES L TOR
WHIFERRIIS B O FERIC DWW TR L, HRFMEIR T FEL 12 X B[R Z Hb & U7 fiar e
BB OWERZTVT W,

(275 3R]

1. K. Kawase et al., Nucl. Instrum. Methods Phys. Res. Sect. A 726, 96 (2013).
2. A. Irizawa et al., Appl. Phys. Lett. 111, 251602 (2017).

3. H. Zen et al., Infrared Phys. Tech. 51, 382 (2008).

5. BRU A+
[ SCFE K]
1. A. Trizawa et al., Appl. Phys. Lett. 111, 251602 (2017).
[FEESESR]
1. Nonlinear Phenomena on Solids by Using THz-FEL
A. Irizawa, Invited talk; 6th ICSM2018, Antalya, Turkey, 1 May 2018.

2. Nonlinear phenomena on semiconductors by THz-FEL irradiation

A. Irizawa, Invited talk; International Conference on Low-Energy Electrodynamics in Solids (LEES 2018),
Ancona, Italy, 28 June 2018.
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RXBOASTEEZRL:
BRIFIBEMBEMEP O F 0 LS

PR, JURERRR 2, [AFREH 2, /N2 2

' H AR SRR LS BT SR
SRR kL X — B AR SR T

AR BWT, BEE 2D N FULEEETL Y F U LAOEIMIEETH DL, BN
TOV T LDGHiERH»DH I EDTEDLFEFRLNLTND, FEKRF « = /X —B T 29T D
X BRI EERE (SXES) 1Z EPMA (B u—7~A 27 a7 F I 4 %—) HYDHFEETY F v
LEDBRITTE DDA DI ST EOFIREE (FI ANV T7 F) bIETEREETHLZD, VF
U AEROERIRBAE (RIEESRE - WRE: ) CHEE SR BRI CONMAER £, FEl7%
Ha BT 5 7-DICIEFICHER2Y — v EB 2N, MIZbibFy 7 b EEOTMEIO SR T
LMD, MEINE COKRZBOFIEIER T D577 OB DOKEEAIREOHEE /2 &
BT 6 LT BRI TE 5, ABFZETIE, WK U F 7 2B ICEE L 72V < S0kt
BHIXRT LT, 8K X B M0 ArdEmE 2 VN CE OB & RGE LT,

1. mRELREY FvLrERERIEY

U F U LA (Li17Pb83) DKAELSIRIAA 408
INFECENATE SRS TE N, REF S ITERLT -
&Y F U NERO RIS (Li3Pb 72 &) IZHEH LT
W5, ZO&BREEWTR U TIIEITIIZENEE A ETREL
RN, 2o BRIbEMDOERLE . SXES W B A
Fh L7-,

SUS316 $il#l o [ 8E 2 AW TERL L =& B bam 2 X 1
(2. Y%t 7LD SXES AT MV AT LT-REREZK 2 12
AT [FERIC U CHUS LIzl i Ol 6 & D A~ 7 bbb 51 : Li-Pb 4JE L A
T 21Rd, VT v LAOREE—7 NHBIT 2 E /T
7% 0.050~0.055 keV ITIZIIEZDMET TH Y . BIfERZITRO bR oTo, ZHUTH>WTIEY Fv
L ORE X B EFRIED ZRIZ L W KE <K BAD 26350 (B 2 3B LW I3RS A5 B 03
9272 %) . ZHARIROFREM S B D, FHEOMELE GEE RKEH « K ClIdul @b B8 1T

0.04 0.67 O.iO 0.i3 O.iG 0.11 0.‘12 0.13
2 : Li-Pb @@L L OV Li-Pb 5454 SXES A7 kb
(fo 0 A7 MoV o R X E b ISkl keV, EEEDERFMEEY. TENILREE)
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T 570, #AE U< IZHT OENEY) FEOFEBREE . Lo ERFMORIEICL S SN Hom -
REEREDTNWD, —HFTHORM X AT MIZOWTIEN 2 AICRT LI — 7 mEicE
BNRH BT, HAAFEKO Lil7Pb83 CTlLkEE I 21X 4B L &% d LiPb & | Li [EYAD Pb AHIZ/yBfEd
HTERMHBNTEY, ZOEDICHBHEO LD L BARD E— 7 REL & R - RN D 5,

EEUSER Y T U A BRELEMICET DD B L LTk, SRIMEEHER NSOV F T LD
WHNC X D N DR L2 E R T HMERH Y | ZOHMOBELEF O — 7 OELR ) F
U LREOHEE OB CTHEISRERE 2D EHFTE D,

2. BFEUAEROEROSHT

VF oLt B0 FU LIEESLFERICEER ) F U L8 TH L, VT U ATER
Rz G/ LT, ZTRBNBREOER LR 2NN TS, VF U ARNSEDEFEORE
WCBWTIRT X @I L DBy NN v RSN TE IR, ZORENH TOERIZONT
IXEEN 2 DA O FEOMNNLENT X2, FH U EEROFEXBROE—7 i NOK
BMBIOTI O LN E HIZ0.39keV IT38) L TWA DM D EDX, WDX  (FHLEI T R /LF—/ji
FEBON X 00T TIZHIBIN TE RN ENZOERTH S, SXES 1L R /X —ifREIC
BENDTO ZNNATREE WIFF C&E 1o, Z DT O EFR L WIS B/ 8kTF # &4kl (Fe-5at%Ti, 1000wppm
MY OEREARY F U LHIZ, 550°CIZT 81 KFEIRIE) OWrmIZR )T »EFR i %2 I L7,

BT Z A SRIOWHEICI T D OWLEZ K 3 £I1C, FAEICBITHESH - F X o O X A
7 RMVERSY 2K 3 A1, BEEAFZEES LU TIN, ZeN 72 & OREHES R 2 72081 L 0 L 0.195 keV D
E—7 OIS T HEHNEZETH ., 0.197keV BEDESNTF X o Thd by, EHREIHE
OF T (81K, K3 A0 EE) okhT, ERERINIE WA 4E (FITE) Ikl T,
HOLFRENHETCEENRALTND Z EBRHERTE T,

. 81h| —Posl
Pitch:10 um : . Pos2

< Oh _POS4
Pos1—->Pos5 : =] —Pos5

0.192  0.194 0.196 0.198 0.2
X-ray energy [keV]

X3 T ¥ o EERoWiE (£) &, KRBT 2 NTi Ot X e—2 (F)

3. FEUKFEMHOLHT

TRRME DO FNIKFRIIRE 20 LS/ 5720, KBEZEMR LT WTF X e 8OOSR R % Vit
WICIRET D287 MIESWTREE LIIMEZED TEB YD . ZAUTBEE U CKFEZINELETE S
WL DOKFEILT X o DELIZHOWTHEIZR L7z, SXES THARFRITEBEHE CEX W=, T4
E—27oeFEy 7 b (Fifi &R T 0.195keV @ 2 Ralfy) IZEH Lz, BIED & Z AR ZEITRD O
TRV, RSO L 2t | BIEOEREI OM RO N AL TEET I TETH D,

4. F¢¥

X BRI 2 VO BERVEE F OIRIR b U - o BRI B D Ak sl o dr i B 1
L ATEZ AT, BIEREOREC e ERTIETFIEMSI O Tlidd 573, #Ek0 EDX/WDX % Tl
INTDEE Lo T2 ) F 7 ARKFEODAAICET 26882 ERNHE LN, S%OF LZOERED H 2T
FEFICEHTOD Z Enbroi,
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Fe,0;-AlLO; B ED Al 1) wFfEEICH TS
BEIRE & RICHEE
R, BRSO PaENY, ElERm !, AR RS

VR R R R L — BT SR
PR RV — B L2ARIERT, O R4 B R

1. 1IZC®IC

a-Fe03 B LW a-ALO; TV T h 27 o X 2 EZ R T H DD, ALO; DT EHIL FeO3 IZHE~
T 5.8 %FEE/NE <, Fig. 1 © X 5 ICEARPIIHHOFM D 10 %EEICE Y, BRTIXEEAL
DOFEIK T a-FeO3 & 0-ALO; DIREFH & L THET 5V, ITHFEFK 4 1L, y-Fe05 & y-ALOs & HHREWE & L
T, BROWERMAR— L INERANZA T =INT aA L ZHEICED . Fe0s- ALOs REEAE A 2R T
ARTEDZ EE RN LD, XRREHTEBR XV | 15 5723 RHI LR LIS U268 85 ©
DaAZ X LUOBE—HTH D Z Do To, F72 XAFS 6RO @40 & TEM Bl 5 | Fe
EANTRF LV T2 L TWnWD Z ELHL NIRRT,

BEEEOGRITS &b &V F U LA A EBMARME~OICHZ B L5t ThH 572, a-FerO3 D
BRI 6LiT + Fe,O3 + 66 — 2Fe +3Lix0 DL H 7pa L n_"—2 g UIRUST., AR L4 8 Fe DML
LTELWY A7 AEERTZ ERMBIL TV, BERIEERIZE D Fe 23T o X LA EDT <
THOGT UL, Fe BEHET IR SORD IR CE 5, o 1E(FeixAl)0s DRI BN T x <
0.5 DFE TRV A 7 VA2 R+ 2 LA RWE L T&E 7, x>0.5 TIEV A 7 VEHRISE T2 %
DD, ALOs IR CTIXFMER EILHOE W ER & CENT- A 7 VRHE 2R LTZ(Fig. 2),
300 VA 7 R WTERRE AR D IR U2 EO X BRET A SITHADOEREGLOITH L, M B —
o AREEFLE LTZfIT N BRI 5 B d, AFE T ALY v FHE D FeOs- ALOs i
EIREMO S EICBET 2 MAZ G570, A v E—F U AlEE L LIEREIT- T,

1600 T T T T T T T T T T
1400 x=095
~ = Discharge
21200 = Charge
£
= 1000
g
g 800
<
< 600
b=
Q
2 400
200 -I*
or——T T T 71 71
0 50 100 150 200 250 300
Number of cycle
Fig. 1 Equilibrium phase diagram of Fig. 2 Cycle performance of (Feo.0sAlo.95)203
Fe>03-Al,0; system reported by Muan(?, solid solutions as the electrode of the cell®.

2. EB

a7 v X LAIEE D Fe03- ALOs RENRIR DAL, FK= R X —RZHF7e R AL (AL FAr5E
ETIT o7, (LFEFRELD y-Fe,05 & y-ALOs & b7 A FOR v ML, R —/L I )L(Fritch
PL-5)% AV T 800 rpm O [EIHZHEE T 240 min 2 U > 7 L CRENE 1572, #LARIT(Fer,AL),0s DT x =
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0.95 & L7z, &bz EEEITHmE X #REPTrET(Rigaku Ultima IV) CH—fH 2 il t% . EEM(AB) &k
HHIPVAF) & & HI1Z NMP %2 AW CTEERD Cu i EICEAR -z U CRlBiR 2 /ERL L 7=, IEMA O
A X EVA AR AB: PVAF = 80: 15: 10 (E&ELL) & L7z, XMl L OBIRIRIZIT Y 77 A% BIRIK
IZ1% 1 M LiPFs EC/DMC A% % AW C MG R L 2/ L CRIMEER 21T o1 A v E—H R
HIETIX, SR & BRBRIR O R O BAL IS & i~ 7.

BERALFA = F v A EE. BRALFHHNE S E (Biologic VMP3)Z VT, 1,30, 50 B8 X100 70 4
A 7 VED Y F U LREERIZ 1 Hz 725 1 MHz O &R #E T - 72

3. MREEE
Fig. 3IZA B =TNT aA 71280 AR LT (FeoosAloos)20s DA > B — 4 2 2D JEEEUK A2 7R~

T, AERPIER LR 2R L TWD R, 30 A Z7/LH TlE 10kHz ~ 100 kHz fHE DA > & —4
VANMKEL 2D FO®KROYA I ATIEHWY Lz, Figd DA E—F ATy hhbbond Xk
N Z OFEIIIEMOMEPUTFIY U, P OEB TRELS 220D, ZO®%ITV A7 1L &
HITNEL oo TWAB, O[T AT 4 I I NVAEL A 4T 5 72 LiMnaOs IEFRATEF O A 128l L T
Wb, FRIREN—T &g T 5 & #Kﬁw%ﬁ@ﬂbtﬁﬂfi$ﬁf®@iﬁﬁf EALAMEL 72
STWe, 2D EMBIERL LTz Fe/ FexOs DELEN T BT A 7 M L0 &xiEfk L, WEENMEL 72
HDICH Yy NATEBMNETORENREINMLEZbDEEZ DN, EHITA L E—F 2 2O
ﬂiﬁﬁ%@j%iﬁi D ZRDHESOVA I NVEETIIVSL LR YR 2> ThL Z &5 Fe/ FeO;
DALE DI I CARBIRETCO a N = g U RIGEDIERIATON D b D LB X LT, Fe/
Fe,0; DELE 12 w(iﬁﬁéﬁnbzgfﬁé#\ﬁmﬁ X0 EMEMN R BARIIE DT,

T v q v T T
fter 1 cycl B i
after 30 cycle 60 o v
after 50 cycle £ '*
= after 70 cycle = ° a
S 9 40 O m \a O after 1 cycle )
= N o .V‘ A after 30 cycle |
= £ o mm v amamodm
T 20+ o ma yole
VA
0 L L L L L L L L
10° 10" 102 10° 10* 10° 10° 0 20 40 60 80 100
flHz Re Z/ Ohm

Fig. 3 Frequency dependence of impedance for Fig. 4 Impedance plot of (FeoosAloos)20 electrode.

(Feo.05Alo.95)203 electrode vs. lithium reference.

2 E BN
(1) A. Muan, C.L. Gee, J. Am. Ceram. Soc., 39, 207 (1956).

(2) S. Takai, E. Sawada, J. Harada, S. Park, M. Oda, S. Esaki, M. Nishijima, T. Yoshie, T. Yabutsuka, T. Yao,
Solid State lonics, 313, 1 (2017).

4. OEEFERY A B

(1) )15, wHRE, B, Bk, (AR v —2 v A iEE AW EABRRE LiMnaOs (2% 2% 2
A 27 IH VAL O EEOMENT | 5 14 [BIH A ®T7Iv 7 A B GRS (U TSR )
(2019.07.10) (RAHZ—).

Q) HEEN, EHEE, HERSE, NBRE, (A=D1 T7 a7 EICL0 A R L EEER
(Fe1xAlx)203(x=0.5)D FPE - [T I L OMEEMNT ) 56 45 [BIERA A =7 A5 e (JLNKRT) (2019.11.26).

- 203 -



ZE31C-6
—BFAFICEBLUOFL—2a R NABREOERE, BLU.
EEYVERERRFOPEFREFTMIZEET 5H %
BUBR !, 2B, N Z 2, MRS, KIEG] 2
VAL KRR SR S Bl S R gt o & —
2R L X — R TR ZE T

1. —BTAFICE BV FL—ra VREERBOEMRE

VUFL—H LB Ko TRE SNEB TR [ emmnrn ]
BUBDAE DB H & /L C 2B D T & T, i LAl o iR iy
HEDEDL I L THRNBBREFETL LTSN TE

. BHBF (CRBF)

0 R - LT A~ BT L — Sy ERE (AE/E) N
BEOVTFL— A BN S DISHTRD ST RFmET
5o A ETICH 2 B % L 72 (La,Gd)Si07; (LA T, HiETS

La-GPS) 1ZZ0HTHEWERERELN TS g
) S T L—Z TORNEREE, K1 oL )iz &

v REE T T, I Rc L~ TELZE %* FEANTF
BEBIZEL OEF 2 EBHESE, (b)%narswaﬁﬁ%mss (G

O BT A T S, R A S TR RN “Eng! EXEw)

L\@%%t(f—wk®ﬁ¢A)T%tﬂébéo%
VT L—=HDNRY FX T ERINF —E,, LR
ORfRIZ. K2 DX ry hTE B « SBED
QTN ENAR T < HOTRNF— EFIELHD | ®1 v F L—20RIHEEOMAR
FE TR S D R R L OO L T DI
=®(RFIER) &T58,

(B R~ {Fraa | (BxEgp)}xS¥Q <1> T [ wa\eee [cedmia-Gps
80
R Erad=1%F/keV, 5=Q=1,

EHID, L, 0SSQ<I, 6 IMEHINC23~25 | Sal  wwul | [BEEEE,
FREEC, 81X Egp ICXIT DET - j‘~/l/$5}z:r_2ﬂ/ﬂ9~ rgF-w l e LMEETL80
(W) & DILB=W/Eg) LR TE | X2 Ofhigk (Ff) 13 | ;@%g?wbn R
S=0=1 LEBMRBEGOMKERLTEY (2L | 2 '-~_“{“_’°;“‘“°*"L°FZOS:”°“" |
6 25) . Ce:La-GPS | AN }“a?:"( /7°I/“‘ﬁ/1/ﬁ?~—0)ill i Dz s 4 5§ 6 ; 8 -h; :III‘.) 112 13 14

TARE BREHEERT I L RS0 TER, 2 LT, Aok L2 ST
_nif®%%#%ﬂg\Qimm//%v~&&ﬂm o o
THY ., BTWEICHD B S BIEFICRNT Lo | HEEYZT IS OREIRE E ORIRG)

H=ni-,
Ho=<OBELIZ, Bfa 1 HITOAHFIET, BETWEDES 2 L0 EEZMIC, —ETAHIC
;5%%@%%%%6 L2z, £Z T, BESRP R X —H T 2O BHE L —Y —i
ix (KU-FEL) (2T, EBREZ3T5HZ & L1z, TOREE, &Lﬂ?sw%tgkﬁ%@iz»% [ZoW
T@ﬁﬁé%atﬁ FCENDNLH ENVITEA DTN —ICHE LR EFETHRO- TE T,
Z LT, MofEm OGBS DL LT, Ny R¥ v v 7T R X —NEFRE THoM HEIT
WA DD, BT Ce:La-GPS D43 LA FTdh 5D Ce:GdySiOs (2 OWT, [AEEDFEERA1T - T, BifE

A T > TN D,
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2. BEEBEYWERERRTFOPHEFINETHE
ATEN & IXRERED B 7p D B E IR R ERICOW TR 5, BFEWE TR RICK L TIEE>TW0 5
EEBEZLNTEY, 2054, KERORRmEH COEBNIZ LD | E%Eﬁmbgﬁi% ﬂ%%bf
XBHEBEZLNTWD, 2F 0, WEWEORKEZ M ESE5720121F, HHREZ Ffo 2R
%%L S EE ST s 5 < 2 i B8 @%ﬁ%&%zéz%ﬂ%éo_hifﬁﬁﬁgﬁﬁ kbf\
(2 ATRBMR AR DBARE T O TN DD, BEIEMENZ ERMETH D, £ 2 TRAULATRE
&E%ﬁﬁ@ﬁ@ﬁ%@%ﬁ%@@bf\v/%v 2 ([EfR) CTomtzZBEL TS, FRlo, B
%%E%%@E%ﬁﬁ%f%étw\%wﬁ%k\ﬁmﬁﬁ\%;U\¢%@ﬁ%%ﬁozwm4$
MY T L—HIZEHR L TR R D TV 5,
Tk, VU TFL—HXNTORENIT—FEE T TH
D o NS FR OB ANAR AT U T2 38 0%
WA VN H b OITENE SN TE, LL,
ZaWOLIZEB W T3 DX 1T 5.5MeV DT L7

10° i

> % M Am MR B IS L7, geciaE | S0k
D ENS Mo TE, T 2T, ZnWO, [FH 515

Rl & PEXN DGR T, B TIXIZE A LHE
FRIEWECH L, 7=, bl (B i) (2 A
SHEZFD, 3D XD, 7T 7 iRa g T T |
SELEIZ LT, BIENELRDIRIZHONTIE 0 20 e Méﬁ%hanig? M50
RIZICREH TH D, T LT, 77 7 BIIHE
KA THLHN, BEWEITITHETH D720, [FEk L7 s el - )
AT b 1R F TOT A b BLETlo | s L i e S
7o RN

Z 2T RS L F — B T ARSERT O /)
B Z W TT A M &{ToT, 7ok, % A
PRI, ER D-D RS TR TH D 10°%
TS, PHEFOTRAXF-NZIFEE (25 i
MeV) ToH D RN, BELHITH LTI & S 100N
YTNTRIR E T2 D, AT O A L |
ZnWO4 Z B TG EIC~ 7 b LT, 90° 2 &
(Z[AHR ST FEEI@ B il & C il P72 R
FL7-, :
FORER, X4 DK REEH ALY MRS CE (180
HZENTEE, 22T, @QIIRTLHr7%ee—7 10- AT : |
BB LT, S DE— STl B 200 400 600 800 {000 1200
FORBHIZ L Db D EEZ TS, BUfE PHITS
REDVI 2L — g UEEWEROHERT T | )
b, LT, ZOE—ZICELTIE, BHED P4 dd s
REREELDXERD ZENTE RN 0T,
S, PHETFHEER LS, SHIEELS AL Z
& T, THEF TOIRNEDO T WIKFAEZHEE S,

[Z%& 3R]

[1] Pidol, et al. IEEE TNS 51, 1084(2004), [2] Kawamura, et al. NIMAS583,356(2007) [3] P. Dorenbos,
NIMA486,208(2002)
3. TEXHERV AL BLO TAEHERY R K] IZONT

[1] S. Kurosawa, et al., “Scintillation properties of Y-admixed Gd2Si207 scintillator” Rad. Mes. 126, 106123
(2019)
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fAOA AILTSAIREDERIBB O R
KETE, KEEMN? fER!, B!

VIUN RS D AR e T
2 R L — B T AR 52

Eita 7o A~ T, BRtAa sz RESE S ETRo bh s EMERE T T X~ EBICmIT T,
7T R OELFEE D A T = X L OIRHANEE TH 5, ITELLRESE OFERPE « KIS ER Sh
[1]. F 7 AEFEE T & T 2 JRFTEREET AL OBNORGEN 2 SN TWD, 77 X~DEER 5B
AT JERDER Tl < 2 B IFIEBEE N VE B S, 7 a v 7 ERIEI D 2SR TE SR B 1 03 L\ O
BICFETHZERAESNTZ, 7y TR FET HH5E. £ ORTEMEIXRRIT — X IZIET T A
W72 R T RREL « MIRE— A > b & LTHIIL, FRICREMED EVICES - fAEEAL T Rng
BIFRMA & BRI L > THAROEE ENRIE TE 5, B GATERA~DEEIZOWT, i
Bl e 7L CIX AR NI E T 5T ANEAT 508, 71y 734 5 IR s o
FERDA N L I VSIS D, 2O X O IR O EREMBRIC AT 7= 7 T e —F ks L
T, MERBERRESCZTOB/mRE— AV b, FRUME /L. DHIROET AVREENRFT 5D, &N
e EE L LIAD 7T X< TIEe W S EELIDIRRE O KIk A FR Eh R Bk 1 « JEHsh Sl O fife 5
BAS DIEH 7 AMERF I KRR AR b 228 21T\, FEIEER S ZE DO BRI 24T > T & 72[2],

—J7. kA ) ELIRRREN I CiAD 7T X~ BARIZILN » TIFEET D BRI T T A~ BER L 0D
L NN SR UNELTE DS TFEAE USEBIBREN S ~E RIS FE5 T2 2 LMo N TR Y | YiZElics
T DL OFERDIMEDORFENEE CTH 5, BOELIE CTIXFRENG T O b O OfeRE RIS IT A 7 254
[TV E W) BUAGE RN L K DA LN TWEN, ZO— FIZEEER O LMy (&%) <
LI BRENEG S O b O OMeRE EBIEUCIEN 7 AW 7@kE— A v 3B D E4aHE S, JEH S
NHOEILE LTOWDhW D BFEDHREEEENORIESN TS, ZOLIRTEROL &,
INETORLEFEMFETIT.EROT7 LX) 7 4 —Z2 O CIAH T 7 X~ HiiE Th % Heliotron-J
IZBWT, 77 A~BEBRITEOMAET — 2312V TETEDLHICT T a—F TEINEHEELT
X7, RN SR OERT —Z 3., TR TFE— A ARNA TS X2 _XR— 2 CEFF A7 12 b iE
MENE A A F LIZEEROT — X2 TH Y | 5Hll SN ZEGI R EBENIRR O TH 5 72 DR
BROFR BN ERENIE 70 & A B D T _UT RV, RARY N VIRETOFRE) O e R FERA S, L TAnEL
DAL v FILL S TT T A BIROEEE AX v > LG AR OMEE N T 20 E 20, &5
WITFRE OME N T M ZEFINE TE DL HIZEDL D 0V HBT& 5,

AAEEE L 0 RTOMIZETlX, M%7 — 2 OFESOMITICH -V EAEOT 7 u—FELZFK L, »L
DONDIEN T A IR R B R B DO EBREFEENI SN2 > TV D, ETREEG O ALY L
MrC k- €. BB O EHREICa e — L v N ARRE R EES OFELZ R LN, 25
IFEEER T A Vv E—F 5 2 LI L o TEIRAIRO A& &R 5 Z LTI Lz, ZORER., 17
B OMERBEERBRBICTHVIET T AE G ROET—A L MNEF 2T FOEESS 4 IROKRE) NRWE
ST, BV A 7 ba CBINARHZIXEREE OSSR LAREENE K L2 X% LT
LEZEZBNDN, BIRE—A L MIIREREVTRH ST, BMAOFEEIIEN 7 2O EVE)
PEE~OEBII/NSNZ EPHB L, S OITHETHREN D RE L EEOMORBEFRMEIZONTRT R
U 7T NVANIHED T AL, JRUWELTES T B A 5 20> OBFZE [ R TERE1E DO TFTE &2 /R~ 5 it 5
25572 [5,6],

AEE XX BICEBEEBNSOT =2 2T, 2D X7 T R v 7 BT LD - EEPESe,
7T A RBIMNLEIC EDORREILN Y ZFFONEMRAELTZ, b LED X 5 722/ e D7 m)
RIZEETHOTHNE, DR EBRNTRY v 7 BT VICE TUTE DT — DRSNS BN E
AT Th D, EHBINAOT —Z 1307 L EMaICiXm—MESE TRV, i X 59
T AMEDIEALDN/ NSNS ENLETOZETHIBA L TRV | INEGEAFE T 570 5 5F F CLBiaE
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THZELE L, H1IET— 2B ETH2EGMBIAIEICE T 5378 v 727 /L ORBGEH#HR TH
D, XODFEHHLLDOD, NTRY v ITETNANDT 4 v T 47 BRITEIT 2, BH T
WHNCBRI SN D LR TE D, M2 3R TRY v I ETNDNTA—F ThHRELEEDHRLY
FEOHT 2RO RS FNEIZ L 2FENTH VD, R=0mm DR L 0 A THMUTENR D D, BBt
RSNV AALE TET /L (0.709) ETVMEZFFOZ LV L7, Lo UEBROEIUTEHC
T2, RIRY v 7 BT T HEBENT T X~ O X5 IR BhS AL (TR 22 CJRfE kL L TR
HIGZE DL DIZIHET T AMEDRBRLS ENDGEDOET L THY | REFTIRORNELRIGIZIIT 5550
AT AME & DEER ENTEELREDOHIPFHN R D 7o O BMIC i TE 220, LorL, 2NFARY

v 7T VO ZEYPENR G I RACBIN S 7 2 Lid, BOELE R T b REZE IS RTE L oA
TR A TWVWD Z &R LT 5[7],

AREEZ G ZVE CORKFEME CIEMEINTZT —F T L > T, ~U A hr v J OFEIERIC
* LB HED DTz, BARMIIZIX, TWRER T T X< ELROIET 7 AL RTRY » 7T b
FHE S L DR RIERE O FREME, ZOMEORFMER Y B LTSN TE 7, S%iL. 8
O ZEWRSy « 22 RECRE B R B D DO FE T T AMEDRRGE, IR & OFIRI~DEiE A HED D
72D, WEWEFHHFERIRR AT OBBIC AT BEL TWD, & LIFS iU, HIERIE 22858
LEL~YY U EA L5 HRT 52 &L THHERT -2 ORGZ B L T TETH D,

[1] FARRY, [FERPTE & RIS S b 77 A< iElii] B ALY 23E 73 7 (2018) 454

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

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

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

[5] Y. Nagashima, et al., 2 8 [A]l = /L X —BL T AWFERTERR S VAR UL 201 7THE9HAS5—T7TH
[6] Y. Nagashima, et al., 25 9 [F]l = /L X —BL T AMFERTERR S AR U A 201 89 H3—5H
[7] Y. Nagashima, et al., 55 1 O [Fl= /L% —B T 2P EpTERE S VAR v A 201 949 H4—6H
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8. g ! | i : ] T
Q| { R=0 4 t
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3 | i
< | | - .
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L | s | e SRS SR
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BI1 (a-i) P27 M AEEBLI A (R=-20mm 7> & 20mm
@ 5mm i) ([CBITHEEBOEELRE GEEL
FlNTWg) ORRA[7], SBHEOEE T = >
b, [Rl—E TR 72 > T B, R=0mm
1377 A~ DEREET,

X2 HEBHEERT PO NDREL
BEOBEBRE TR v 7 BT MY UID 5
B O ZIROIEOEET], 0.709 1T CHR[4] THW S
NTWBETNARITE T 5 ZIROEOHRE, EIA
UMLE TR S 15 5 TR 5 L £ T L OLREN
ITVMEZ R LTSN, 7 /L& EERBUIITILE
FERRE OB R D72, T Tx
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EXBETUOTFTFIVNIBEEEKI«OE)Y—LA
DALIHEERDRH

PO TR, AR L REgE] 2

IR SR A AR
2 BB R L X — B AR SR T

1. Z42avyy—Aa

FeBRARNCAREITO V7 /N7 T U TITHER EORR 2 7285 AR L, MIERERBEOHERFIZ K &
CHBRLTWD, YT IR T IUTIIREDRISHET LD, 74028l V—A LM TIN5
T T FE R EBARERZSECND, 7438V Y —AFF T 3 NEOSEA RS L
FIZEESNATEY , KISHLO 7 aa 7 4 VRO Z R L THE RO RS~ E AR
T D, 74 ALY Y —LEMEKTHT 4 a ) X RTEIFENETNRAEOE ) VEaE ST D
T ETRRAIDEERINL, ARICFIAT M TED, 74V RIEELTUL, 7 4ay
7 Uy (PCB) ##&T5H570n74a7 = (APC) 742> 7= (PC), 74 atFutl)
(PVB) Zfi&d 257 4axz Ay 7= (PEC), 74 ax ) Aut v (PEB) &#fi&dT 257 2=
YAY v (PE) RENHLNTNWD, —RNRLT )X TIVTO7 a2 Y —Aidn v NEEe
a7 REED 2 OV THEEN DR S, VU h—Z U HIC L THEESRTWS (K1),
B ESOG F0 & VAL OFALAY, KV EREONEZWIN L, BOSHOIIES IZON TRIEED
BHAEWINT 5 2 & TRt RV —EE5ET D,

@ 7ovzqavr=y

-7

. 1 r
Photosystem 1 |, Phatosymthesis |

1l 74abv)Y—hltzxLF—T0—
PE Fs5750m > PC F640 nm > APC 660 nm > Lem pega nm > PSII
(https:// www.genome.jp/kegg/pathway.html 35 L T8, Green, Biomolecules 2019 XV 51, 5E)

2. MEOBH

UTHE, DNA OEWEHIRE RN e H CEAREZFIH LI DNA 7/ 77 /av—llk- THEEIND
DNA F / #E&E RS, BBICY FE2EET D00 & L THER SN TW5, (A. Rajendran, ef al.,
ChemBioChem 2017, 18, 696.) Bl 21X, BER% 1 39 DELE T DN ORESL & 8T, DNA F /&
R ECRER 1O BEBEA S L CE BB RIG S (0 2 B — MPAEEIRE STV 5D,
(T. A. Ngo, et al., Chem. Commun. 2019, 55, 12428.)

AHFEPICTILZ 4 28 Y V— L% DNA T/ FEER BICEUE L CHER T 2 2 L2588 L, 7«
v Y —ADL O EWINT D EHE A DNA F / #EER EC A TR E#ER T X, g L v )
BLEODNTHEROZBHIZEERCTE 527200 TR <L BEO YA MHEREM B2 m ) 7= SR R0 R3S
Hbivbd EEZT,
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3. HiELHER

T4 AtV Z NI EADBEROFREINIENENOMAEDRICE 2T T —ERMNETH Y|
%’E/\{Z’:%@%@% 1nV1tr0 TR T DR, RERTNEET S, £7-, DNA T/ fERICZ o~y

BZBE T 57201213, DNA fEEICBBERRRENLZ B2 X7 BN 2 0 E RS H, Zh b
ODF'nEJ 8 % 22T % 71 DI, T 37T Y THIBRNTORG 2 37 g@%ﬁfﬁ%uﬁ?fﬁo APC % /X

ET%%AWA%W@@5 7w hE L, ApcA @ N KUilZ His % 7 %, C K2 DNA fE& 4 > X
7] 7if268 Z G LI ATEIET27 VA v L, TRERBRANI X —Iil/n—=2 7 Ly T IR
77 V7T Synechococcus elongatus PCC 7942 THBLT 5 Z & HR AT BT ¥ — %7 5 S. elongatus
PCCTORIFFOLNT b DD, FHHEAZIRML T HINS V7OV 7T NVERIT 5 Z LITTER
Mofe, FTWIENE ApcA ORI HRAT-N, BHIEKRIIE O o T,

4. S%OBE

ApcA X7 4 a B VY —LOHFININLET DX /NI ETH Y, S. elongatus PCC 7942 |23\ THAZH
OHFEZE M > TN D, ZO XD 7ex X7 HITHIEANIC wf%ﬁﬁ%%ghﬁ%’%ﬁénét
ST 87T U TN T OB ITE L CW R W ATEEER H 5, A% 1E. DNA J/ #EEIRIC
%#é&—ﬁy%kbf74:EUY—A®myF%UVﬁ—&VN7EK7¢~ﬁxL\ﬁ%%ﬁ
DHFETHD, BERARERE L ey R—a7 U —Thb CpeG (Synpec7942 2030) X°=
T—=AT VL) —Th% ApcE (Synpcc7942 0328) NETF LD, TNHDHX L XTEHD C K

Z DNA fEB % 878 Zif268 G S¥ 5 2 LT, HiEen v ROBEGHRZRINTE 5 & 1
T 5,

5. TEXREKRY AN BXV TABERERY R ] 2O T

[Fm SCFEF Y A B

mL

[(ZH., 7L ARERE]

L

[HEAREHR Y A }]

L

[RAZ—3FK]

T. Kawaguchi, M. Koseki, K. Maeda, R. Narikawa, M. Watanabe, M. Ikeuchi, S. Watanabe, Artificial modification
of cyanobacterial phycobilisome. The 10th International Symposium of Advanced Energy Science~Beyond
the Decade of Zero Emission Energy~, 4" Sept.2019
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hIRs R FEL A RERICK 57 A U AHY) H=ERD

EYHEFHTR
RASHR, A RIS, SR A R,
INETEE
R R KR TR

PR RS RV 2 — P T 22 SERT

1. IXC®IC

#RAME B 1 L — Y — (Infrared-Free Electron Laser: IR-FEL) (Z& H /1 DBK K/ SV A L—HF—B IO
JES G PH AR D I e AT AR EN TR 2 A L, S ESERMRESH TR E LTRSS TV,
H AR FBHFe pTeE #F | AF2efiis%  (Laboratory for Electron Beam Research and Application:
LEBRA) & FERKSET 3L X —H T 2038010 FEL fig% (KU-FEL) ZMAFIHT 2 Z ik v i
5 HIRIMR O FEH 72 GEI O P = & #8FE (0.4~26 um) 52 BT SEBR N FIREIC 72 D, & ATHIRIMRD
P EA 3 pm~6 um [T s CHRIE CX 2 HME LK EIT 72 5 O TREFEER DB - IAEERICH
MR Lo T D,

R HIXS £ I E RSB ORI E L TENTZFEE © > IR-FEL D EWOABIERIZED X 9
RRBERT D, T AV T=OWRERE - BIRA M EHC BN ER AL FE L T\ 5, BIEE
TOMA GBrLWEREZETe) 13, REKRFT X —H T25eeT & ORISR E LTI T
NFLI,

2. ¥V H =R ~" KU-IR-FEL [R5 EE

HHIRIMNEDNEC & D X 9 7B A & 7- 537y, KU-FEL OFRSNEEZT A U I3 ) H=DEIR - A
RS L& A, BRIV TNDRKEREZE LT (ZE27-C4), 7 AV BV U H=DBIRA PRI
WO T D EZITH LW R T 5, LEBRA-FEL & KU-FEL #4L[FEFIH LIZFERT A U U =%
A O 2 B K ONT - FARIMR O B B E T (~17 um) JEE T 5 2 & & HH L7z (ZE28-C5),
7B, AR OMEERITERER TH D, —F, b0 PEER TIZEIME (UVA & UVB) (2
Bt (BR Y 7 NVDRK)TDHEaMERB L TWD, T AU IV U B =OEIRN IR ST D
BT 2 s CEHAE L TORIECX 2 Rk (4, 5 & 6 um) THRAEL 7z (ZE29-C3), WEAEET A U H
PV H =GR O PRI~ DFISHERITIT 2 OIS GRWS EBWRG LMt 5) %R LE
(ZE30-C5), =2 T, A4 (ZE31-C9) % KU-FEL O HRAMRGER (3~26 um) @ 4 pm 7°5 14 um
D IREEERZ FhE LT Amax (7 A U BH U H=OERITHF RO EORREICH - & b ST 5
) KB - fRET LT (1B,

[FEROF L]

A Al (ZE31-C9) DIRSTFERTIT

O BE T —ZFE2m] (1.9~2.1m)) IZHELTT AU BV H=HIR~ KU-FEL F7#5M 3 (6
Wk 4, 6,8, 10, 12, 14um) OMEERRZFEM L7, EBRTIE, FEEORNER TS [k~
6 B (Aifl) OLEABIR BE->T, 1R L TI0~12 FIOERY 7 v) ~BE L=,

@ VI H=05DRIEOFMITER Y 7T OEEOBE (10 mV) % -]~ % % <)% Positive
s & L7,

@ 6 WEDOT — X OFER L max ZHE TEXR2N-o 72 bDDFKWE~OY Y H =HEHIRO MG 1
IZE E DTz, Fio, #AY7 Positive S & Negative SOGNEK 1 O A KB IZENEILRT,

@ KU-FEL 6 um O fGHEFIIMOE R ORKER L IXRRHFER LR o7, ZOBIRITFIREIOER &
72572 (ZE29-C3), Z DR DFEFRITI Positive S I 72 5 DDy, BRIIRMIRTH 5.,
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#F1 RSN (KU-FEL) BREFTFEBRICKT D7 A U W) H=#IRo Positive i

RO E (um) 4 6 8 10 12 14
Positive SR DHFR (%) *! 45.5 25.0 36.4 45.5 54.5 54.5
) BIRDY 7K 11 12 11 11 11 11
%1 Positive St OB Z RO Y > 7 A K THEI B L T Positive KGO ZRH LT,
&2 )
|

AV i\ o
L
W 0.02
_{ ity 600 800 1000 1200 \
F

Li r].‘y" 0.01 == J I'._‘l“
.hf;eak o i peék 1000
0.000 0.004 0.008 0.000 0.004 0.008
Time (s) Time (s)
1-A  Positive SUGDH: 0.017 V 1-B  Negative St D i 0.003 V
M5 554« KU-FEL 4 pm, Power: 2.0 mJ, M5 55« KU-FEL 12 pm, Power: 2.0-2.2 mJ,
Sample No. 244 (left compound eye) Sample No. 249 (left compound eye)

3. SBDOEBRFHE

F LI UE TR SET DT A Y B Y H=DEIRD L max 1%, FHRIMREREANIFEE
THEHERITE D, A%, 26 um T E CRIRAHEZ KU-FEL #F|HA LT, 7 AV AWV T =R
Amax ZHRFE L2V, £z, WG] & TRBOWKIG) &b 58 R ISRDOEMFIIER &
DIAN AL EBET —~ Z A LIV, ZHUHITSHOFEIETH 5,

(s Y A ]

(1) REI, e, FId, Mg REE, RIS, SlE, B RS Sfishser, APe
f, FoFFRNE, RIS, “HJRSMER FEL BIIZ K 57 A U B U =R b DEXRS 717,
J. Jpn. Soc. Infrared Science & Technology, Vol.29 (No.1) 51-57, 2019 C&171%)

[AEAFEFR Y A K]

(1) RESCFHR, FINE, RIS, Mal R, B LA, SERE, BT, &flhser, |
tepk, iR, foHEREE, KIERB “FEL TARAMRAIEIC K 2V U = OfIREN : EWO UGS &
BOBIE”  (EW) S B 30 4, 20194E 10 A 19 H, BAKFEFRIAT R e S
2, W BROK, AARFHITPHMI U —23 7

(2) REICKR, 2, BN, Al RE, FIN88E, B &, SRE, A%, affhse
+, MR, AR, K], “BM%E L —%— (Free-Electron Lasers) DYtAMEF~D
JSH &2 OEBR” (ke - EN) ZE &k 40 41, FEL-TUS [E Ty R A D
KOV —P—IC L DA A - 5 - TEFAVIZEOFWIL, 2019 4 11 4 20 A, HUC - M58,
FOREBIRY:, RO E2 74— A

(3) Fumio Shishikura, Heishun Zen, Yasushi Hayakawa, Toshiteru Kii, Hideaki Ohgaki, ‘“Bio-physical

reactions of crayfish’s compound eye stimulated by mid-infrared radiation of free-electron lasers”, ([E)
510 [HIRUAS R ) — B AT ERS S AR P T A, 2019459 H 4 A~9 A 6 B, HUHRIT
FIAH, AERFET VX =B THERT, FIRF v oA (RAZ—)
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FNFEERHBOBMBAR EXBRD/ILRAEE
WA, e

VB R g v X —
2 RS R L X — TR SE AT

1. %=
PR AMEIL O 43 Y E T, R TH D HgCdTe(MCT) & HE 1 & L7 HEMCT MEH ik b
—WREICRIH SN D, JRHkE S — L, BN OISERE N B &0 D L WRHE A R oM HER T
2, fF LT <, BEMENEWZ EREERTH D, MCT MHE 3 fafn L7-BRITiX, A7 FLoE
HEHTEH L, PIEICEKR XL T, AWF5ETIE, JEIRO OV A & 58 A MCT & Hgs O fafn
BRRCEDE I R E LT ST HRGEEEIT o 72,

2. ERLEE

HRARAMEIR D3 The b K SR &5 8 K

Hi%s CTédH D MCT (Mercury Cadmium Telluride) £ Hi R
BOMRREIT T B B E (T > 1o, SO V) M
B BB L —F— (FEL) 7¢ X @i « & l
SR EIRIZKT LT MCT Rtigs2FIHT 5 2 & 248 IR
E L, RIROFE I LT, MCT Mt 280 fafnss &
DI DDEREITo T2,

X 1%, FEL ZFf L CHHigs O fafnsi S 2 i) E—LRT)ya—
U720 FER AL iE ORI 2 Lo Lz, FEBRIZAHR
KD KU—FEL TITo7c, FRICHA LR 20
1lum T&H - 7=, FEL 2> b it S U5 A6 2 45 62 ' ' ' ' ' '
%@LTE DAT Y B — TZO; THEL 7=, M T T e
REDM A Lot iR MCT fathigs 2 2 6 HE L, 22 151 g #ﬁﬁ'
1.0 ¥

MCT-1

e S

o

K%Htﬁ%t%%h%h@@m T@ﬁbkwﬂb
B MCT-2 [TIFHRE 2 +0v% & LT2Ra a2 AH L.
MCT-1 (23R & 72 5B (A U 72 RS2 A LTz,
HINTEES 237 A —4F, MCT BHEZRIC ST
HHDOMEL | MO TV T TDOFA L TH D,
TNVT U TDTrA %, 2O TIE. low, mid,
high ® 3 BtpECRIZETH 5, )
FEL 75 Wit S 2 RO DIREE RS L 2 2 21 gﬁ"
52 EEZFH LT MCT2 D H KT 2D MCT-1 0.0 . . . . .
OHEHEH2Iz7ay N, #ialt, 7V T 0 0.02 0.04 006 0.08 0.1 0.2
DA 1F high & U, BHEE 1S3 2 AS iR StELeLu i L R L,
(IBEZ0.1mW & LTHIE L, Bhi#kbix, 71~ S Lo i
Z low & L, ASPDEREIZR LZ 03mW & L THIE ;i \g%it;z\j@gjﬂjﬁ;?Z(/*%ﬁ Z@\;{jf%
L7 HIE L7z MCT B3O H%E 78w b LT,
HIAR a 13, ASFHERREE AR R TIOR8
LTCWAR, muhiEl izt hns Lz 1.8V T—&
225> TWND, AFOMEIT—EE LT, TV T TOFA & FFEEEICE. BAn—EIlk
AEIENHLD L, IR SO TN ERE S, Z 0z k#E\%ﬁa%@ELKQMWTi@m
ﬁ®%%i%ﬁbfw@w EARRLTERY, dhif a OIREEIZ, U T U I DREML TWD Z LR

Peak Intensity of MCT-1 (V)
&<,

05 & & |
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WBEDH, — . iR b TiE, ASHEIERE MR O IR2 ICEIED B3 A 8m 27~ LT
%o B bIX, VT T DFA T low TIHROBIESHEELTEY, ZORETHHEIROIGE 2R
SN &L, 03mW OAR TRIFEOZE DML TSI EEZRLTWDS, ZOL9IZ, Ritgs
OfafiE, FLETVT U THMTORENEZLZ DN, ELLOEMMAEZ > TWVDH L » T,
FRHERDINE N2 D Z LN bhhoTz,

F 72, SPring-8 DIRIMNUG HAFIH LIoMGEBAT72 o 72, ABFZETIL, SPring-8 DRI E— LT A
BL43IR THGEZ1T > 7=, %@ (X, BRUKER #LHl D 7 — U =28 #1756 3% VERTEX70 & WA 85
HYPERION2000 Z FIlf L. #iHE 36 EE RO MCT MitHi2: Td > 7=, SPring-8 D&V > 7 OEFE
X 100mA T, L CTHRINE — LT A U DBBHE L TV Bk i< SRV, LivL, A7 Mg
HER OB LA EEZZIT TV DH Z ERbhoTe, RHEROFIL, A7 MERIET HERIZ,
0— XA T7 4 VH ENHRICANTHET 2 EMAETE D, B—/ A7 4 b ¥—L LTk, 1700cm™ LA
TEHFRTL2HLOEHA L, ARTHIUE, 74V F—OFEFIIBLZIETHY . FiaskT
DAY NIVIREEIT, 7 4 VA =N WNGA LR T 09/ LD 2 RIS 5, Lo L, SPring-8
DFRHNE —ALT A > BLA3IR THGEL7Z & 2 A GREDNWIZ 2 50D 2 & 03Bl S iz, 24,
AR ORMPEZ > TWNWDHZ AR LTS, MIHEGENEM L TWDIRET, R 7m0l
NERETDE, E—7MENRK6EN/NEL ot AT MABEKOIRNER LT-V 5 H
KRIREEND D, SPring-8 1, Fix DT 4 U TN —=RHY | ZHUTE - TV A ORFEE )Y
2%, BAFNEEEI T 4 V) o IRE — N FET A2 e L R L TEY . EBRAITHOBICEENNLET
HDHZENbhroT,

(R SCFEER U A K]
Y. Ikemoto, H. Zen, “Accelerator Based Infrared Sources and Detector Saturation”, submitted to Infrared
Physics and Technology.

(AR Y A K]
Y. Ikemoto, H. Zen, “Accelerator Based Infrared Sources and Detector Saturation”, 10th International Workshop
on Infrared Microscopy and Spectroscopy with Accelerator Based Sources (WIRMS 2019), held in Brazil, 23-27
September 2019.

- 213 -



ZE31C-11

A)F raoJIZRTREERERE TO—JI2&k 5
JEBEHR &SRR MBOWHE 111

BRI, EATERS 2, EZE S, KREES
VRS RN IEAT,  BREEE R, BRI RS, 4 R oL — B TR SR AT

1. IXIC®IT

FHRY: O~ A b a CNIEFEEER LY BT DVISE TEAA B SEET OLHD & 42
HRTHEREEOEBREE CTH D, iTiE, ~YU IVEEEE U TR RN S, @B T AAGTH
BNZ X 57T A= fEIROPERIZ L W NBUECHMEAZ OF FH L CFEHEE 2.0x10° m 3 ¢, B
E 1.6keV,ERETRLF— 60 kI WEOLNTNWDE, ZOLINRT IR TORNT T A~ D%
BIEER T T AT A—=F—Thbd, BIFEETIINV A e oA A AREREH 77—
7 T D IEXFRL & 7 V7 1 — 7' (Asymmetric Double Probe for Heliotron J, ADP-HI) & B Y £11F, ¥
A 72 R E 21T > C &7z, ADP-HITIXEMIIBE SR IT AN E N D MRS H A, RER— K
OB TEMINIBE IR E 1020 DAEE 2 LTz, TDT7, EHERA A L RE OFHEIX
T& otz . AFEEX, PHORIE CTOT —Z 2T LT, ~VA har J TORIA A
VIR ARFEN U7z, Fo, SEReBOIBICEIN R D K O BRI &7 VT v — T (Field
Sensitive Double Probe for Heliotron J, FSDP-H)) D% il & kigt L, H{EEZ1T -7,

2. ~NUF buy ] TOA A REDTHE

PIFTEUS L7= ADP-H] TOT — X ZFHKat LT, 4 A VREOFME 21T 7-, A A EE TIEE
i EE Tiong/ishort DHTEME TR E W . ADP-HJ TliX Li/L,=12/6,a=1.5mm T, L/a=8,L/a=4 DA TH DD
T, HEEIE Long/ishor=1.01-1.21 235 5 TEY | T=120-270eV D5l CX 7=, Z UL SN46971 D
TR T, Ta—TNMEIZY I H =00 z=3mm OB T, Wi, B=1.1T ThHbH, ZDONE
T ADP-HJ THIE &ivlz, B R T ld Te=20 eV,

TITAEE n=3x10"m3 ThH-o7,

BB T VS a—T Dkt

W

FSDP-HJ (X ADP-HJ & R URIC, 2 FHOEMAFFO>X 7N T 0 —7Thd, ~VF hrrDX
I IR EMETRBE IR IR TE D K D1, e —THIRBESRCH L, EEDOAETH A A iR
#@mf%éio_mﬁbtommnﬂi%hﬁﬁeiﬁmﬁﬁkf%&éhé FEXFR T v —7
Thbd, EWMOMEIZEY 77 T, BRIKEMILER 2mmd, K Immp, BEZ 15Smm DOz v KA
—EKWE T L TEN > TV D, SR EMIL, MEIXEY 77 T, MROPERITERREmR SR T
2mmé, EE Imm(t]), 5 15mm D1 v RRN—{(KY % 7e U CEN - TV D, EARCEmE IR
M & 45 EOAEEZRT (K1),

FRRY AL
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(a) (b)

B #35%E R kR # T 0—7 (FSDP)
(a) BRIREE (b)FIRES

- 215 -

1) R, EARZERS, WEZ, K
BIEA, ~UF bo USRI DRSS
S 70— 7N & B RO R & A
W IMENDOBFFEIN, IR K R L F—
T2t e I vy atrox
VX — L L FFIA - HERRFEAL
RdE CERRGOFE)  p.192

2) K. Uehara, Y. Sadamoto, H. Amemiya
and S. Ohshima, “Boundary diagnostics
using field sensitive double probe in
Heliotron J”, The 10" Proc. International
Symp. Advanced Energy Science, p.249,
2019.

3) H. Amemiya, K. Uehara, S. Ohshima
and T. Mizuuchi,” Probe method for
measuring the diffusion coefficient in edge
plasma” Jpn.J.Appl.Phys.55,038004
(2016)
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Ob—LYFTHz 7022 L— 2 S ORILH| & 5

FAATR !, FERRTEME |, iR 2, ASEBR
'HAL R E OIS v 2 —

2R L X — TR ZE T
3 KB K FpE R A ZE AT

1. IZLHi

W, KEGEMMO T2 D ONERT SA ZADONEHFEAN 72 SIl2T7 F~ VY EPFIH S Tnd, 2901
T2 KBS B O FH T SN TWD T T~ ORIGITEAMIIZHE SN TE 59, K%
W L0 ZDRENTARL N TV D, AT THEE O IGIRAE @:t LY T T R
FH I AT, Mt ERICEHE A TG LIEM BRI S AT L& ST 5 2 L3 TE | KBER
MR EORFZERIFR D A & — R &2 RERAIC A LS 55 TREME 2 O T D,

AR TIH, 7oV b—FBHOIERE XD GREMEOHWE - E— A2 BAE LT T~
VRE O a e —L Y b T Y 2 L—& i (CUR) & W2, fREHIEENC B3 2 JEfrIe 217 - 7=,
AR KON L —F— D513, 172 MERSS 174 B ER2 EORFHZTPERTRETH L
O, A EEE S IR 5 Z kz’)if’éé P Nl VIS =t : A heb S1ANE = SN TRV B =3
THEAFTREZRIHO 1L/ 4 W ERNFE LW =Dl EAREYED S FRE~OEBLE -2 Do
ﬁt#%ﬁﬁﬁtA®W@%ﬁo_k#I%T%éoKﬂn(%%%@bt7~%/ﬂ7v/bm¥
VRt Z o T2 REhl ik, 7o Vo b—2 O FEHE2RIA L-FETHY . FEMICRE
ZEET 2RO RICHIRITEN -0, BERL—VF—HBE L —— (FEL) 72 E~0I5H E AlEE
ThD,

2019 4E 2 KU-FEL fiig% C5fE L7 B — A FEZBR T, mIEHEIC 7 Lrna b 14 IEREHEN
FA PR OB 24T > 72,

2. abt—L v 7 r¥a b —FHRORERE
IEREEEREY DT F ~ LY RO —>Tdh 5 CUR DN ZHIHEIT 2 Z LI L » T, fRtiE/EE 328
T2, TOFEIL, —BOT Va2l —EZn50 CUR 2V A Y—27 U v REEFIZ & 0 EHIRE 71
75‘ 90° B DK ~E 2 50EIT 5, mEIS LI 2 JEHITZ N E I Roof-top T 7 — TR S 415 & FIRE
B OB IREN J7 A3 90 Enl#ind~ %, — 7D Roof-top X 7 — & A[Ej AT — IZHEH L, 2 K
@mﬁmﬁ%%m-%ﬁéﬁyﬁwéﬁﬁézkuiDﬁ%ﬂ@%%ﬁ?éo:@ﬂﬁﬁ%@%@&b
T, L7 =X TF 72 EIC LD HDERD A
El L HWER RN ENZ L, AR T —
XD 14 P RBE S 5720 A MR
HDKENEBTE D ENFETLND,

3. B—ALFEE

LR )L ¥ —F T AFSE AT KU-FEL
Jig > THz-CUR JEJR[1]ZFH LT, CUR fli (SN Sa
JEHIBEERR L REHIE A FM L7z, ¥ S mﬂ 1
~ﬂ%4ﬁkvwﬁ%t L% 10 AHOF N a_,--_< < .%ﬁmwwa
W7 a2 L —HIC AL, 2 e—1L 2k % &
TV a b— X G AR AR S R A
L. =D FEEERIE L=, CUR DOJREIX
#1.8mm (% 0.17THz) Tho7z, K115 7 ' st i N

Bty N7y T ERT, 0. A EIORIEH l17 fﬂﬂmﬂﬁﬁtﬂﬁﬁhiéﬁtk7ﬁf
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EOWEX 2 X 2 127~ 7, RIS, WLt (DAY Y
— 7 U v R) OZREMEN 5° 2T v 7T 350° [HlEE
SHEEBRNBTZOFEB AT —2HELE (K 3
(F) ) o Zo& & 2 EROMKNAZ T IHEED A
T—UNEEEZ, K BEERRE, AR Wt
HNEMINDEIICHE L, 72, RS HE7- Polarizer
fRIET23 0° ORFICKFEEMMRLA R SN D L9

\Z72 o TW5, K3 Eoiis T 7 ¢k, FREAE B 2: @ ¢ B TE 4R
ERDHCIBIUC2DE X i SN A1E FIREIX
FE—EICRYARRO T r Y b (Ff) Lol

ZHIUCH LTCLL BEOL2 TIEE N TR,
TEEMRIEPIEY HENRL TS, Ll FeFE 120 % o0 |22 )
TR A PR O B IR J7 18 D K H A D 72 0 35 " ezl
7, Tl AEEREE2 LR X D ICRE 28

T O EWANCERE L, REOMEE T (1K 3 > 2
(F) ) o WIERRLY, L/ 4HEREES Z L1
Ko TRNEFTET TIERBOTE oot
Rl (K3 (k) oc1,c2) 28, K3 (F) T+
45° EBFEE~EEBINTNDZ ENGNnD, F
7.3 (F) L1 & L2 OBRERFENS, 7 L%
a KRNI T EE O 90° Jim Tl s 200
BRI 30% 20 Z EMNHPA Lz, A h—27 AR 270
TA—EANLRNEELZGENT LT HoERT
LZMENRG D, SEIOREREEND, 1,4 HE (= 15 -
225um) 7T TFHEHANOREIA T — VA2 BEi S H 5
Z T, EAMREADKERERENEBR TETNDH D
LEMRT D ENTET,

4., FLHLHE

IHEGRR—ZD CUR T T~V L <—F K
7Ly MRURNHIE S AT BB ARE O IR of 1 1 1 1 1 1
_F?_I‘? %EEJZT % E) ﬁ%ﬁ%%/ﬁi&" Ffﬁ%\éﬁ— }:) Z & GCE}Z 0 %0 R;I)%()tion ;r?gle ofzp%?arizezrs[(()jeg] 300 350
i, AHFRTEEMARHAAL v F 7 HaRET B REAAEHR. (DREAFOH. (FIREFE
HHIZD, T TV EON ZAMES OISR E L IJLRIILALERRZERAWVTERE,
THRATH D, Sk, WIEATAENSRE LTED TR

T LDSERREZ @D DT DI, EEE D EREE ME I ERE S AT ARMETH D,

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

Optical detector

30

Detector signal [a.u.]

210

Detector signal [V]

5 ERU A b

[Fm3CE&R Y A K]

S. Kashiwagi et al., “POLARIZATION CONTROL OF COHERENT THZ UNDULATOR RADIATION”, Proc.
of the 16th Annual Meeting of Particle Accelerator Society of Japan, pp747-750, 2019.

S. Kashiwagi et al., "Demonstration of Variable Polarized Coherent Terahertz Source”, Submitted for publication
(Infrared Physics & Technology)

[DEERE Y A 1]
AR, “7 T~ Y ab—L2 N7 ¥ a L—H RS OREHIEICEE I 28198, HAYPLEEE 74
FIER KRS, 2019453 H 17 B, JUNKRE (FERF v > 73%) 17aG107-2
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%R0 (BER#., Gastropodas) OBEFZEEAIREIZELBKE P

1.

D KEEH R BEEIEHE
TEFETE Y, RG], B 1, BRI 2, AR 2, RN ?, RINR 2,
IR, ROIRERIE S, RIEZEH]
RPN SR
P AAREE BB SERT
R L 2 — LA SERT

XL ®IT

AWML TIE, RAFO _BLRFELZEEN S L7001, RBEZE AT 54 (THEE, b
JBFE, g, BB L) OBFEMREEIE S5 KEE RHTIHWRH 5, HARKFE 7t
FIHMFSEhiE%  (Laboratory for Electron Beam Research and Application: LEBRA) TiX, @il ~D
EEWZ T, R 400nm~6 um (FEAZ) FTOAHBME LV —%— (FEL) Z{##a L5,

—7, FESRFET R VX —E T 20580 (KU) Ti, #E 3.4 um~24 ym (EEAIZE) £TO
FEL %% L C\ %, i FEL g% 2L FEFRIH32 Z Lk v, oM REE 3 pm~30 pm) O F
B R ORINERIZHIGTE 5,

B RN O W RIS L FEL figx O B RIZ /2 5 DT, FEEROIBER R & ORGEIZ H B 70
Rl s, 22T, Fex THRIMREEIRD FEL BNAEHOABMERIZ ED X 9 7ot B% L 7= 5970,
W fiEE O FEL & M4 5 2 & CREE T A [EE O &2 iR O BOS EH9E 35 Z LI L,

TIVETHex T, REBEOHSZRFD, ARRMOMZEIZ bR 5 2 @ EE ) 26 F IR AT
HPET, BREOAETRE AT 2 E2CHICHAE Lz, TO/%, ZZCTHNET D1
I 2 IREBR IR ORRIZHOWT, B CHREMUELIC L A ERELES NI, ik
DENEAZ =V EHNDLZERETHL LMW LT, PFEBRE LT X ¥ =& iillRDOKEE

(%9 60X30X40 cm) 2 22 10 PEFDANT, 1 DOKMITERNO B Y0 O L WEANCERE L,
H IO OEDFRIFTCRNE=— VR TE ST, LNLBHRTEDIRERERITIA R oT,

Z I CEBRFHEZFEL, 45E, FxIIEBRIREMICEE XL FHBIREN T, BEEIERNE
Sy In O IKALRE R A3 D Corynebacterium matruchotti (C.m, ATCC : 14266) zi#{R L7z, Cm HME
O T HIRACITIREBERE R E Ry & T 0 L oRENDH DS, AR, RHEKT KU-FEL, HAKY
LEBRA-FEL % I\ T O A KIS DR KO OFE 24T - 12/ RO — 2 Wi+
%o

2. G

Corynebacterium matruchotti (C.m, ATCC : 14266) |3 Brain Haert Infusion (BHI) +0.5 %Yeast
HRARER L THEEE L 72 H O % BHIH0.5 % Yeast ZE KI5 (plate) FIZ#ERE L7 & D % HIE L7z, plate
I% FEL MU ERTE TWIR NS TRAE LALR 280 U 72, 25X LEBRA-FEL Z K 3 um 38 L OV
5 um T Iplate 729 15~ 480sec, KU-FEL |&J &% 9.5 um, 8 um, 7um , 6.3 um T lplate H72 Y 1
~20 S Uiz, Wb = gL —5 T 1 ~ 2 pl/em? OFPH TIT - 7=, XFHREEXFE CERE T
C FEL 23R S 7e W EPATIC R CRERD, #fE L7z, PR, SEBRESS KOS REED Plate 131 > 5%
aX—=3 g5 F = 37C, 5%C0O;) WIZTam=—EliERTE 5 E CRELIT T,
an=— R AR, A=Al 7 V=X I At 7V =X FI AL LIHERIT,
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3.

5.

W/ NER 7 — U = AR A4 6 O FE EF (micro-FTIR) B X OVUNEE = » 7 & #3847 3 &
(PSPC-micro-XRD) (2T C.m OEERZHIE LT,

72¥5, AMFIECHEH U 72 B T E S LG E A ZE P R AR S5 22 48 BRBLE 12 BV C BSLL Th Y, H
AR W FENAA A 7T 4 —FERBHERTH D,

S

AEIOfEFR AN, 1 LEBRA-FEL O & 3 um @ FEL MB& L7282, FTIR, XRD #2251k %
BT D ENTE, ZITIEFTIR OfRZ77 (K1) o WHEOMHT LY Cm DAIKILE T
LR, BEOAEMEICEEZKIELTWD Z EARB SN, N2 e —7 i3 Bitfe
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The waveforms of each color were the results of An example of data when irradiated at a wavelength
analysis of colonies for 4 plates in the non-irradiated of 3 um was shown. A unique peak at 750-1000cm""
FEL control group. All waveforms show almost the was observed at all irradiation times up to 15-240 sec.

Transition was not present from wavelength 5um.

1 micro-FTIR OfER  (f : *tHEEE, /£ EBE)

same waveform.
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+ Stair R, Coblentz WW (1935) Infrared absorption spectra of plant and animal tissue and of various other
substances. J Res Nat Bur Stand 15: 295-316

* Landa AS, van der Mei HC, Busscher HJ (1997) Detachment of linking film bacteria from enamel
surfaces by oral rinses and penetration of sodium lauryl sulphate through an artificial oral biofilm. Adv Dent

Res 11: 528-538
* Perry SF (1998) Freeze-drying and cryopreservation of bacteria. Mol Biotechnol 9: 59-64
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*T.Kono, T.Sakae, H.Okada, Y.Hayakawa, T. Sakai, H.Zen, T.Kii, H.Ohgaki., Enhancement
of carbon dioxide gas fixation in the atmosphere by promoting shell formation of snails (gastropoda), F{#f
K2 5510 Bl 3L X —H T2 R ERR S R Y w7 A 2019 4E 9 H 4-6 B, mHEFFIET (R
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*T. Kono, K. Hayakawa, Y. Takahashi, T. Sakai, A.Watanabe, M. Toda, R.Tamamura, Y. Hayakawa,
T. Sakai, H. Okada., Laser irradiation reaction of calculus forming bacteria, &5 28 [BIfiF#HAk F2E A4
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1) [Book chapter] Y. Matsukawa, Crystallography of precipitates in metals and alloys: (1) Analysis of
crystallography. in: M. Ali (Eds), Crystallography, IntechOpen, published online in 2019. DOL:
10.5772/intechopen.82693.

2) [Book chapter] Y. Matsukawa, Crystallography of precipitates in metals and alloys: (2) Impact of
crystallography on precipitation hardening. in: M. Ali (Eds), Crystallography, IntechOpen, published online in
2019. DOL: 10.5772/intechopen.84273.
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TEM-STEM Characterization of Oxide Nanoparticles in ODS
Steels for Advanced Electric Power Plants

DOU Peng ', YABUUCHI Kiyohiro?, KIMURA Akihiko'*

! School of Materials Science and Engineering, Chongqing University, China
? Institute of Advanced Energy, Kyoto University

1. Introduction

The overall macroscopic behavior of oxide dispersion strengthened  (ODS) alloys, including strength, creep
resistance, irradiation tolerance and capability for managing helium etc., can be strongly influenced by the
morphology and the crystal and metal/oxide interface structures of nanoparticles because oxides pin dislocations,
help to self-heal vacancy and self-interstitial damage and trap otherwise highly damaging helium in harmless
nanometer-scale interface bubbles.

In order to optimize the alloy design of ODS steels, in the present research, the effect of the minor addition of
reactive elements on the phase, morphology and metal/oxide interface of the nanoparticles in ODS steels will be
investigated by using TEM and STEM.

The results will contribute to the development of the precipitation crystallography and solid-state phase
transition crystallography of ODS alloys. The knowledge of the phase of the nanoparticles and the corresponding
proportions of various types of oxides, the insights of the shape, spatial and size distributions of the oxide
nanoparticles in ODS steels and, especially, the interface structure information concerning the coherency of the
nanoparticles and their crystallographic orientation correlations with the bcc steel matrix, are crucial to the
understanding of the mechanical properties, irradiation resistance, helium management capability and thermal
stability of ODS steels, to the understanding and optimization of the chemical and physical processes taking place
during the various fabrication steps of ODS steels, and to improving ODS steels by means of targeted nanometer-
scale structural tailoring. Research and development of ODS steels are very important for the construction of future
energy systems including generation IV nuclear fission and fusion reactors. As well known that nuclear energy is
green and zero emission energy. The collaborative research will toward efficient and safe utilization of nuclear
energy.

2. Experimental

FeCrAl-ODS ferritic steels were synthesized by mechanical alloying of the alloy powders with 0.35 wt.% Y203
powders in an argon gas atmosphere using a high-performance attrition type ball mill, followed by degassing at
673 K in 0.1 Pa vacuum for 3 h and hot extrusion at 1423 K. After hot extrusion, a homogenization heat treatment
was performed at 1323 K for 1 h followed by air cooling. Disc type samples of 3 mm diameter were punched from
the sheets parallel and perpendicular to the extrusion axis, and then mechanically thinned to ~100 pm. Specimens
for HRTEM characterization were finally thinned using a twin jet electro-polishing method with a solution
composed of HC104 and CH3COOH (1:19) at 293 K in a TENUPOL device.

The crystal and metal/oxide interface structures of the particles were analyzed by HRTEM using a JEM 2200FS
Schottky emission TEM/STEM instrument (accelerating voltage of 200 kV and ultimate lattice resolution of 0.1
nm) with a double tilt specimen holder. HRTEM images of the oxide particles were mainly taken in very thin
regions (with thickness generally less than 15 nm) near the TEM sample edge, and then evaluated by means of fast
Fourier transformation (FFT). To determine the orientation relationships, the specimen was tilted to the specific
orientation where the zone axes from both the oxide and the bce steel matrix were superimposed. At least two
examples of each specific orientation relationship were used to confirm its occurrence.

The 0 at the facets of the particles was analyzed in terms of the matching between the correlated planes of the
oxides and the bcc steel matrix. The distance between the atomic planes of the oxide particle and the surrounding
bee steel matrix, was measured directly in the HRTEM lattice images. In this work, the spacing of crystal lattice
fringes of the bcc steel (Fe—Cr) matrix with the space group of Im—3m and a=b = ¢ =2.876 A [61] has been used
as calibration for the lattice parameters of the oxide particles. Therefore, the accuracy of the measurement results
of the spacing of crystal lattice fringes of the oxides is high enough for phase identification.
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3. Results

Although Al addition is very effective to improve corrosion resistance of ODS ferritic steels, most serious
problem of Al addition is reduction of strength. Tensile test results showed the Al addition to 19Cr-4Al-ODS steel
significantly reduced the tensile strength, although the tensile strength of 19Cr-4Al-ODS steel is still much higher
than ordinary ferritic/martensitic steel. A dispersion of yttria (Y03) particles increased the strength of ferritic steels.
The hardening mechanism in the ODS steels is interpreted in terms of dispersion barrier model against moving
dislocations, in which the number density and size of the particles are the factor controlling the strengthening. In
order to investigate the mechanism of this softening by Al addition, TEM observations were performed and
revealed that the structure and dispersion morphology of the oxide particles were different between the steel with
and without Al addition. In the Al added steel, the average diameter of the oxide particles is 6.7 nm but less than
3 nm in the steel without Al addition. The number density of the oxide particles was reduced by almost one order
of magnitude by the Al addition (from 1.4 x 10%/m? to 1.6 x 10**/m?). The structure of the oxide particle is also
changed by the Al addition. The fine oxide particles in the steel without Al addition are mainly Y>TiOs and partially
Y. Ti,07 pylochore, while those in the steel with Al addition are mostly rather larger YAT and YAH (Fig. 1).

Since the distribution morphologies of oxide particles control the strength of the ODS steel, the addition of Al,
which remarkably changes the oxide particles dispersion morphologies, changes the strength of ODS steel. As
shown in the previous chapter, corrosion resistance was considerably improved by Al addition that is due to
formation of alumina layer on the specimen surface. Therefore, it can be said that the most critical issue of Al
added and corrosion resistant ODS steel is improvement of high temperature strength by alternation of oxide
particle morphology.

4. Summary

Super ODS steels research and development have been carried out to fabricate fuel cladding for highly efficient
next generation nuclear systems. Alloy design study suggests that 14-16Cr plus 4Al is necessary to keep corrosion
resistance in SCPW together with suppressing a severe aging embrittlement. It is shown that the addition of Al
remarkably decreases the tensile strength because of the change in oxide particles dispersion morphology, although
the addition of Al is very effective to increase corrosion resistance of 16Cr-ODS steels in SCPW and in LBE.
However, an effort was made to reduce and increase the size and the number density of the nano-scaled oxide
particles, respectively, which was realized by a small addition of Zr or Hf. The positive effects of Zr or Hf addition
is superior to the negative effects of Al addition on high-temperature strength.

SOC-5-Y,Ti O, SOC-9 -YAIO, (YAP)

YAP

SOC-5-Y,Ti,0,

Figure 1. High-resolution TEM microstructures and diffraction patterns of 16Cr-ODS steel (SOC-5) and 16Cr-4Al-
ODS steel (SOC-9).
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The ion irradiation damage of 3C-SiC

Bingsheng Li ', Kiyohiro Yabuuchi?
! State Key Laboratory for Environment-friendly Energy Materials, Southwest University of Science and
Technology, China
? Institute of Advanced Energy, Kyoto University

1. Main text

The effect of the high-temperature irradiation on microstructural evolution of 3C-SiC was investigated by the
combination of Raman spectroscopy, conventional transmission electron microscopy (TEM) and high resolution
transmission electron microscopy (HRTEM). 3C-SiC wafers were irradiated with 130 keV He" ions to fluences
of 2 x 10" He'/cm?, 4 x 10'® He'/cm? and 2 x 10" He'/cm? at 1000°C. He bubbles, dislocation loops, and their
interaction with the stacking faults were focused on and characterized by TEM. He bubbles preferentially
nucleate and grow on stacking faults. In addition, stacking faults can effectively trap irradiation-induced lattice
defects to enhance the recovery of lattice defects. The type of irradiation-induced lattice defects and elemental
distribution were also investigated. The research results are valuable for the 3C-SiC used in the advanced nuclear
energy systems.

The experimental material for this work was a single crystal 3C-SiC film provided by MTI corporation. The
used 3C-SiC crystal with surface orientation (002) was grown using the chemical vapor deposition (CVD)
process on a Si substrate. The thickness of the SiC epitaxial layer was 1.25 um. Due to the large lattice mismatch
(4.359 A for 3C-SiC and 5.430 A for Si at RT) and different thermal expansion coefficients between Si and SiC,
long stacking faults were formed on the {111} plane. He ion beam irradiation was performed at 320 kV
Multi-disciplinary Research Platform for Highly Charged Ions of the Institute of Modern Physics, Chinese
Academy of Sciences. 3C-SiC wafers were irradiated with 130 keV He" ions to fluences of 2 x 10'® He'/cm?, 4 x
10" He"/em? and 2 x 10'7 He"/cm?® at 1000°C. The current density was approximately 0.97 uA/cm?”. In order to
provide uniform fluence across the sample surface, He-beam was scanned horizontally and vertically for lateral
homogeneity by means of electric scanning. According to the Monta-Carlo code Stopping and Range of lons in
Matter (SRIM-2008) quick cascade simulations using displacement threshold energies of 20 eV for C sublattice
and 35 eV for Si sublattices, the peak values of displacement per atom (dpa) and He concentration in 130 keV
He" ion irradiation to a fluence of 2 x 10'7 He"/cm? were approximately 5.8 dpa and 14 at.%, respectively.
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Figure 1. Raman scattering spectra of 3C-SiC before and after irradiated with 130 keV He" ions to fluences of 2 x 10'°
He'/cm?, 4 x 10" He/cm? and 2 x 10" He"/cm? at 1000°C. The inset depicts magnified portion of the spectrum around the
3C-SiC LO peak.
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He concentration (%)

Depth (nm)

Figure 2. XTEM bright field micrograph of 3C-SiC irradiated with 130 keV He" ions to a fluence of 2 x 107 He'/cm? at

1000°C, superposed the distribution of damage and helium deposition of the He irradiated 3C-SiC simulated by
SRIM-2008.

LT

Figure 3. XTEM bright-field micrographs of 3C-SiC irradiated with 130 keV He" ions to fluences of (a) 4 x 10'6
He'/cm? and (b) 2 x 10'7 He'/cm? at 1000°C ,showing bubbles under under-focused condition with Af=-512 nm, (c)
HRTEM micrograph of the bubble link shown in (b), (d) IFFT of HRTEM micrograph showing many interstitial-type
dislocation loops formed in the periphery of the observed bubble link.
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Ceramic Society (in Press)

— 225 -



ZE31D-1

<BEMIE> HSAHEEEZEERES ORI L
HRIRILXF—ORATLOEEEGAIZHITT
(EAISyvoavIRILE—HESR
WRIRT !, A

VAR RS m ST TER . B - S S A T D,
PR R A L — LT ARSI

AR 7RT 7 A : The International Symposium of Biofunctional Chemistry 1%, EWNAL 531 4 3L
X— - BERET - AR TR EORRNTENOHIEFRE DR E ., EWPHEE L TV DEOR VTR
VX —REA - FIH - B AT DOV &SR 2 B 80983 [ L O sc i & A hRfedE - R >

MU — 7 W5 A HROIZBAME L7,

F1EHIZ 201944 A 6 HIZEBKRFZFTIEX ¥ /XA B 5 XL 77 TR LT, 10 4 OfF5#E
BE O OEEIX, AEEs 0 LRSHRN LEEREORE, EERNOFEGO b HEAT e &2k 2
0. ZRFX =BT « =X — RS RHC TR T 2 FAESCAMNE AT S b 5T 40 SRR
DM 3R E 1T o7, FHRPLEEDT T T A ThoTon, BHIOFELE 1 < R LT
RELE LT HIENTE,

.........

X1 1 EEFgEE DS nE

< The 1st International Symposium of Biofunctional Chemistry : #H# — % >
Professor Takashi Morii (Kyoto University)

Dr Yasunori Aizawa (Tokyo Institute of Technology)
Dr Masaru Ueno (Hiroshima University)

Dr Masaki Hagihara (Hirosaki University)

Dr Shinichi Sato (Kyoto University)

Professor Kazuki Tainaka (Niigata University)

Dr Nobutaka Fujieda (Osaka Prefectural University)
Dr Reiko Sakaguchi (Kyoto University)

Dr Masatora Fukuda (Fukuoka University)

Dr Mamoru Sawada (Mitsuboshi Belting Ltd)

— 226 —



ZE31D-1

B2 [RIEIE 2019 4F 11 A 11 IR =X — B TP AT O =TT o 7o, 85 1 RIS
B M3ME D372 73> 7= Thomas Jefferson University @ Prof. Ya-Ming Hou & Prof. Howard Gamper (Z ¥ #7315 2
K L7z, fIZFNNG 3BORERDH Y | FMNEANFFRELFNINDOSINE RS 30 HFREDRT 1 A0
vy a rE{ToTe, BIRDGBOMRENOONE LD Z LN TE, HEMEDOT AT 4 TR
ERObIHE LR o7,

< The 2nd International Symposium of Biofunctional Chemistry : {#{# — & >
Professor Ya-Ming Hou (Thomas Jefferson University)

"tRNA Methylation: A Global Determinant of Bacterial Multi-Drug Resistance"

Dr Howard Gamper (Thomas Jefferson University)

"Insight into genome recoding from the mechanism of a classic +1-frameshifting tRNA"
Dr Eiji Nakata (Kyoto University)

Dr Shun Nakano (Kyoto University)

Dr Reiko Sakaguchi (Kyoto University)

2 B2 EEE OBINE

KR AL, BHESTOMEELZFNTErZI vy g VxR CEMET 5 2 & T,
AR DOFELZ S 2o TR E TR L CORS DI FEm E~OFRLE . R 72 L FEMFIE - 36
FRAOX ST EEAZ ENTELLEZ TS, S50, Z R AX—F T 2ETTOFAET-HD
SMEMRLIZZ LT, WIRoEr=I v a VX VX —HEE OO0 — LRy KT —7
BRICHLETHMIES Loz, AHLETHIEL., ERNADLORETZDBIETE L 2 &iIcdk»
T, fioEr=I v a XX —E (e L X— - =X VFXF ke L) [2o0THE
DEFFSOTHHLIZENTERLZ LD, AFRESIT, AL CHEMm L7 Z & THRRO AL - H1Y
DR G H T EHEE LT\ 5,

BKBIC, RFEESORBICHTZY, TooI v a VR X —FRILENLOXE L | T Tt
EHFHEE OX IR EICBW TRIGERF IR — b LT T S o 2 FEFIAH - LRI HEE SR o8
k. 72 D NG CEE I ) L T F & o T BHFEE ORI E LR L EFE9,

— 227 -






F=E FHRE






HERKFEI R —EBIT2MERT
FOIZydavIRILT—FRME
201 95E XRFA - XFHAE
[(EEhE#E]

2019%3H

SH20H H1O0EEEY VRIS LURLIAREES
LA . FERF R X —B T2 ERT AKfESE=E (N—57 1E)

2019%4H

4H3H HffraBs B 2 o "7 EDHE T A Y —AZET 5
Eht I —
B . HESRFFIEF v o3 A JFFgE=E (N1 —20 3 E)
(BIEH : 34)
4H6H EVRRR L FERR S AR T A B (FJE%ES ZE31D-1)
BET . RESRFFIRF v N8R FHRBOIEL T IY I S—=
(BmE$k : 324)
4R 240 HirEs 1757 —PIcld 580 37—
B . FRESRFFIEF v o3 A JFEF%E=E (N1 —203E)
(BIEH : 54)

20194%5A8

5H12H T=xuX—# T8 552 4 BIABGEHE
BT . RERFFERIF Y82 FERBIIIIL STV xIEA—L
(BNE#: 1304)
5H27H F1EEERIAH - LFEASFEFHEEES (X —L25%E)

201 98 FHLFEFIH - LFEFIEAZEHE
[ZE GRS R REOIRE] (114)

5A28H #1EEFAFMERNEAS (A—1L2W)

201 9FE JEFEFIM - ERBIEASEHGE
[SZE b DT L BYBORIE] (11F)

2019%7A8

TH4R  H2BEEFEFIN - REFEREEAE S (X — VR
(55 1 [T B IS R G LR D By 3 K OV Ay BRI D ERK |
(H&EE%E: 21F)

7H5H FH1OEEEEY VR T LD DA E

IISFEN R b a Xy g v Ea—n—
HEBRFM 1 C E B 428k 4

- 231 -



TH29R F2EHFEFAEEZAR (A —ILVRE)

Lll

[ 1 RIS R GBI B 2 PRy & LA BHOOIRE |
(HFEEC: 21F)

2019%9H

OHA4H—6H TH10E=R/LX—HT2%a B RO L]

5l

The 10th International Symposium of Advanced Energy Science

- Beyond the Decade of Zero-Emission Energy -

FHRFFIREX ¥ VA JEFER—, N TV v RAR—2
FUER R L X —H T2 JE T
(N—273E, N—571E, 44 5HikEHEE)
9H4H—-9H5H: &kRE  HrEEEE 184 (EHARR)
(AR ]
® EIE M CREEERLKRT)
® fkooET (MIBKERBERE SEHATHFICHEE)

CELEE 2|

Sang-Yong JU (Yonsei University, Republic of Korea)

RV SR (RAER )

NSV EE| ATTSEPNE D)

B LI sE G R E)

Filippo SCOTTI (Lawrence Livermore National Laboratory, USA)
MR (EE BHEEERT)

HIERL (BEKRT)

BIFFEA CGRAEUREE)

Konstantina LAMBRINOU (SCKe CEN, Belgium)

ok — (FEHRT)

Jean-Guy BERRIN (INRA — Biodiversité et Biotechnologie Fongiques, France)
MR CRAURERT)

T. P. Radhakrishnan (University of Hyderabad, India)

J:ET’ fgfﬁi (jt@ﬁjﬁ?) InternatmnalSymposmmol

2 Advanced gy Suence
‘ i Lero

e s GLBR)
ke AR

OHA4H : X LT 4 hyar
O9HG6H :/"ZL1tI)F—I~1

(ZME# : 38 34)

- 232 -



9H6H Topical Seminar on "Physics, Diagnostics and Analysis of
Magnetic Fusion Divertor Plasmas"
AT BEREFIRF v o R AL 4 BHAREEE
(ZIER: 264)

9H6H Discovery of fungal carbohydrate-active enzymes to unlock the
deconstruction of lignocellulosic biomass
Bpr s RERFEFIRF v oA AfEE I =3 (N—-273E)
(B 184)

9H6H Symposium on Exploring Broadband Energy Science 2019
WA REKEFIRX Y 82 AES#HE (N-571E)
(¥ 274)

9H24H HitnEEs HEAEFHEKE (SEM) hL—=27]
BAT . REKFTFIE S v 82 WERFges EEs
(& 74)

9A30H &3EILEFMESEZAES

Siph - R%k%ixw% BT geET b 4 5=

M . FEZRB ORI
201 84FE ¥Yoxrvyla g X —FEI0ATEERE IOV T
201 94K Yoz vy g LR —eil SRRz >\ T
201 94K PoxI vy g xR —HeilaiSEkiiic o\ T
202 0FE JFEFM - EEHFFRATHZHONT
202 0FE LA - LRI TFREICONWT
Z DAt

2019%10H

10A 2908 FIEILFEFAH - LFEFZEFEREES (X —L2H)
(20 2 OFFEAEEIEESHEZMROIBFE
(11HSH» 9=>11H8HICHEEL., EEXES~EBEREHKD)

2019%11H

11H11H Ha4EKFEMHEEZES (X —L255K)
rzozoiﬁ“ﬁgﬁéﬁﬁmﬁwwk%wj
(11H18H~U=>11H20 HIZHETE)

- 233 -



L1AT1H  H2R/EMERAER R Yy o BfE (788 ZE31D-1)
B RHERFTIRF v 82 K= (N-571E)
EnE: 244)

L1A12H 201 9FERREEE - DB CHERY A b - @mCERY A O
TR

L1A16H BEPITHRE - ARG SRR - B PO b8

11H29H #10ETRLE—FT2EFRERS R T A
(Tayv—F 4 7R XTI —) 3%

2019%12H

12H16H 20 2O0FELFEFMNMA - HLFEMIEAZERLG (1 A2 4 0 ~4)

2020%1A8

1H15H L[EFIH - HFEPFIEHEE=T 7 — FlAKIE (1 H 2 4 B ~-4))

2020%2A8

2 HwH A mSLERIA - XREMFEFEEE S (A —L2E
(202 OFELFEFA « LFEFIRAZERGEE FHAMKE)

2H21H0  H5EELERMA - LFEVEIEEES B
(20 2 OFREELFEFA - HRBFFERBERS & BRI RIERK

2020%£3A8

3A9H %5 BRI HEEZE S

BT REKRFT VX B TR b4 SRUNaEE

e 1. 20 2 OFERGFRILFERI - FENFFERBEER S & BB DR E
2. 201 9EEYrTI v g VTR eIl IR B ORIE
3. 20 2 O4FEEIEENGHE

4. 5B OPWRTEINIFET LB RLH]

5. 202 1FEEHESZEIZONT

6. it

3HO9H 2 0 1 Q4FFESLEFIA - LRI SRS
LA FASK T VX —H T 2eAr db 4 5K S =

A LRI - SLFEPFTE DFFERRERCR IR

— 234 -



3 HTH 201 9 HE[EFIH - SLEAFZTRR SRS E R A
FEEOPo I v g v DRGSR — A— D~ D

3AR 2 0 2 OFFEILREFRIA - HLRIBFIEATERIVE OERARGE R O N

- 235 —












202 0FERHAKRFIRILT—EIFHMEMR
FAII YL a VIR —ERA ]
HEFIA - RO LAEEIF

Sl

AWFIEHLAIT, HIBRBREE R Z AR5 [Pz v g o=t IZHT =51

X —HFFEDOHEMED 7= DI, HEKR P XX —H T 2N AT 5. Jeumil « 2 BPREIAY 72 205k -
7 & NTHFZEia - iz, EEOBE T M It 22 L 2B E L TWET,

ZOERIZH ST, 20 2 0FEOHFEFIA - FLFEFIEE FTRROBIHTAZEL 7,

7272 L. SRR C O FEFIE - LRIBFIEIC L DA MTZEICE L Tid, B ARB AT SRS

BRI IERT S FE MG 2 BT MRILRIBFIEIC & E Wi e 2 T S 2 S E L £

2.

i
N B F OHE:
PoxI v g XX =BT HRO 4 FEOMIEREL L AZELET, BB, ERE
EHDVIFARKTFE L LTHETEZ DI, (A) CERERBZE, (B) #FRERFA - &
F#fFE., (C) ZRFHD 3SFEHONOWTHN 1FEEHEDOHL T, 21 HDOATY, £, £&R
#£EH L LT (D) HRELKANCHFETEDIDIX1HBDORTY,
¥ (D) 20Tk (A), (B), (C) IZHFLTHWTHHFERETT,

(A) EEERHEFBE
ABFFEATERIFI R EE ZR S (LR, NEEZER] SRR 2, BFDEHORER Ltz
RS 5 Z L 2 AR U CHRE L72@RE T — < (22T, ARWFERT O & LR TTT 9 bt
R,

(B) REZHARFIA - XERMAE

H2E 5 3222 UL ABFSERTORFZE S & 4hF 1T 5 BFZesnaE
(C) #RFIA

ARFIEAT Ok - fisk Z FH 9 2 WFge st
(D) HARE=R

ez vy TR VX —ZEICBE T S EE S OB

T -

RFBLOHE - ASIHFEFTHE O FERBIONIFEE . £72id. T & RBFDOHIEREN 27 2 &AM
FETATER RO L&, FAlE LT, B S L ITarEREIC X 50 EMELBE 22 L T\ D
L CRREIUS U TEMREHEZ R L TWEZLSGand v £9) .

w5 A &
JEEHIRANICRE S T o HFEE LB T 7 7 AV TRIEL TS ES W, A— o4k, TZEIFEDF
ZEHEE (O000) | (OOOORMIFEREFHE DKL) & LTIIEINY,

i 5 2 OR:
(A) EEAILESZE, (B) $BRMILEFIH - LFEME. (C) HEEFRIH, (D) #WEES

202041H24H (&) EF 05

* 5

1

TR, HEWEE ARERBY B LN R = AT A

- 239 -



10.

11.

12.

13.

14.

15.

16.

17.

BSX, EEEESOEER RESNET, B, RN FEEZB 25 X9 2 EIc >N T
b WEELR:, ABEFHEIE T THFEZRHE L QW& E7,
REREBMOBEE : 202043 H T4

M E & &

THEOHFHFEANITB W CAIMEFT TZH L ET,

i3 % .

THROFHAIZ BN TENRAENATH R ERE BRI L0 3G L £,

REFOMA :

KPP L O AEEN I FEFIA - KFEFEO 7D RFTT 221X, (M) BAREBRHEEX
T O FEBBEMRRFEERR ((THREEETRRE ET) 720X & R%ELL EoRBRIZ
ALTWD Z ENGEMEERYET, Fil LIEGRENBRR SN SE, T4 RAZET) |
TR & F o I WA B E IR L ONESN D O O 1L TFHAERBWIEEGERR] ULREOEE
PRERIZ T THINAL T2 S0,

BEREDORAA:
WHEFTINGEMERX DFIIC &7z - TiL, WHETOFERAIZ 35 L, JTNHEYSE ORRICE-> T2 S
/AN

BEERAL TR CRSHRELEEEFOMEA !

SRR TR R AR B F AT 25813, JRAlE LT, SN2 ETE 3 2 BB CRiURE
FNCRERRE B L O » 7 AREEIRE OB 2B T2 0B’ S £, 20%, %R
ANEERHGE L TV E £, TAARREBATNOBIRE ~BRIWEHDE S ZE 0,

RES I UVER2RFICEALT:
frfdtds T OVZRRFFICE L Tid, KFPOBRRICIE> TV a2 & 4, FEMITLREFT - LFEFZEHE
ERFETBHWEDOESIZE N,

A A EMEDEURIZDNT -
AR FRIARRRICED D & ALY 1,

B/ B & X:
WFFEE M OB IIFHICHE L TOET A, EBOFRT VR EE ZHHAZS 0,

BER S & 15

T611-0011

AR T

FP R L — L T 2R 28T

FL[EFI A -« e [FEAFFEHEE S

- A —/L : ze_shinsei2020@iae.kyoto-u.ac.jp
Ak ¢ (0774)38-3413 (XA YL A V)

H [F F A B AR

JLFEFRIHERAE - BaRZOWTIIRMITER A SR L T EE 0,

F 72, Web L. ( http//www.iae.kyoto-u.ac.jp/zero_emission/summary/application.html ) [Z[f
R — 2 2l L £,

IS S HRLIEDIGE

ISR bIN S 2 T T 256060 £9,  (EEAULFEZEZR) LEFIA - LFEFZE
HEEE CRBHWADELTE SN, R LI0EE, FEFFE2E (7 AVABEIOL 0 AWA%E
TE) FLEOTUTVET O T, FBEICKMZET LHE0MEE - KEZEL D TEX20WEEaLH Y
F9, AHERIR Y HIRNIC ZIEEEL 2 &V, £2, HiEEO (2ot offlic, MRSt oHREE L 2
STEHAZFTL LTI,

— 240 -



18. # ) i -
F oM IR Sk, EER SR ER] WFZEHEE SR F CTRREIWEDhEL &N,

(A) EEREARBEAZEIEA
$

1. TERAEREHE
HEERESI VT —~ il ERE L. ZHIZESWTRIFIEFTOMFIEE & LE T 8T, &K
FEERESINEZT—~IEZLLTFTOZ>Td, HFEICE LTI, FTNOHEE L +oaE L T 720,

F—=1 KB L——« N FELZFIH LT R — 27 AT 558

A) ErmIvyaryzpiL¥— /X%A@—Ofﬁék%i*wﬁw%@VX?AK%L
T e, FHE. AT INX—ICBED D EERE AR R E OB, R T
%?6$ﬁm&m®@m%ﬁ%?ﬁ%ﬁ%

B) E%wav—% RPN L= — A A EAFE AR U7 BREE - =L — (2B
T D HEE ST HAN OB FECM BRI, =R L — A Rl %E%?ﬁ R

T—~2 [REFRTHATLABLIOT T A~HMIZET 240858

A) tERIR LD XN X RO L B L Lz, il x VX =4k L 77T X~ & O
HAEHOERE, B L0, BMG 25822V o m O R OB O ARt 2 Fr
O®JE/ T Iy 7 EORI 2 BRI ATERRVE

B) B FX—DJRHHICOIDEHEZ R L Lz, 7T X~ /<A 7 a i O #
/REA- VX — ORI 2 FHH B ORIk &2 B 53T 7EiRiE

2. Bt % # M 1HEUA

3. F R K R F: FSOMIEE, ZZL, AHEEEROPICATNIEE AN 2 & T 1 4 L EOFTNATZE
BERBIMLTHRITITRD A, 2B, R—ADBPHEREE H S \VITFIA
RE\EFL LTHFETEZ 01X, (A) £ERERZ, (B) RREKLFRFA -
AHH%\(C)hﬂﬂﬁ®W®th#—ﬁﬁ®&?\ﬂ01#®&?¢0

4. ABRFEOHRBE: MEAE. ITEREEIZOVNT, Hﬂ% HEEMFEFIEZ B Tl LT
22 Enbdby 4, HEEEIC émﬂﬂﬁnﬂftui‘y/a/iz
N¥—] LEDL I %@#5@ﬁ%ﬁﬁbf<téw 7ok, HEEIZEBIT 5
IEARRE L ikEDOGEHEIL, 80 FM%Z EfRE LET,

5. R | EZ: EAEETI. 20214818220 (&) % oI AREREE (B
DAIVTMFZERER: (A4 28 | FER i)xbkivmﬁﬁﬁ)x%>%%
EAfBHLTWEREXET, £7-. 20 2 14 3 AWEBIET & OWFZeE S8

DZBNWT, ZOMIEMELZRE L WL EET,

6. FHEICDOWNT: HREROBKIIIL, BIFIZ
This work is (was) supported by the "Joint Usage/Research Program on Zero-Emission
Energy Research, Institute of Advanced Energy, Kyoto University (F& 217 7).
EJ el E
This work is (was) supported by the "ZE Research Program, IAE (F£EE3& 5.
D—XZEMZTLIZEN,

7. REIZCDOWNT: ERHOKGIE20 2 143 A LAETEDBRERESICTBNT 57200k

— 241 -



1.

1.

2.

3.

(B) I=REHHKRFIA

REHKFRFA -

R O# M

CHER K E:

C REFOHRH:

CBEICOLT:

CREBIZODOLNT

£ B M A

MOA # M

MAARKKE:

HERZE - H

FBHE A, 202041 1 AEIZZUMTET, o, TEORRIZE > TE
Kb LIE, —EESOLELH D 7,

- ARAR LA FEIER

HE DR L. AUIEFTONIIEE & L TIT O R T,
BICBR L TiE, FTRNOZEE & ok L T ES W,

LT

|

G
1AL

AN ORGERE . 7272 L. WFERLRR O I TNEE A 2 & e 1 4 DL EOFTNAFSE
FERBIMLTHRITIIRD A, 2B, R—ADBPHEREEH S5 \VITFIA
REFEFL LTHFTZ 501, (A) £EERERGZ. (B) RERILFEFA -
EFEBZ, (C) ERFHORNONWTNN—FEEDH T, 2 1HDHTT,

RN, PTERRESIZ OV C, HEFH - FEFRFEHEZES T LTy
72 2 ERHY F79, HEFFEICIE, YR ES EroI vy avrox
NFX—] LEDEIITEETLONbFEHM L TS EE, 2B, HFEICBITS
HEARE EREOARFEEIL. 40 FM% ERBELET,

MFEREEIL. 202 1491 A 2 2 B (&) F TR ERBER SRS E (5
DIVHFFERR (A4 @ 280 | BRwmXY A FBIOHEFEEKRY X N 207
E~EHLTCWEEEE T, 7. 2 0 2 14F 3 AAIBET & DR 3
EZITBWT, ZOMMELHREL CWE 22 H D £,

RCRFER DERITIT, HREC

This work is (was) supported by the "Joint Usage/Research Program on Zero-Emission
Energy Research, Institute of Advanced Energy, Kyoto University (3% 23 5-).
EJES

This work is (was) supported by the "ZE Research Program, IAE (3P 75).

D=L MR TLTEENY,

EEHOT1Z2 0 2 145 3 A ERIBIETEOBRRBE RIZBINT 5 720 Ofif
BHFZ, 20201 T HEHIZZITIMNT £, 2k, TRORIIZE > TE
R H LI, —#EDOHAELH Y £7

(C) #RMALSZEH

PREI vy YRR —ERAT I AT 57010 AR OR
i - MR 2 IR B ZERHEL, HAHCBRE LTk, FINOBIRE & +5rHas L <
<EEW,

1AL
PN OMTEH ., 2B, F— ABHIEAREE HHVISHARER L LTHETE

5Di%. (A) £EEFILREZE, (B) R#PEILFEFIA - LFEPFZE. (C) &
FEFRAOADNTNH—FREDAH T, 22 1 1HDOHTT,

— 242 -



1.

(D) HAEE=

M R £ =:

CBEICOLT:

CREBIZOLWNT

B O OR H:
CEsRRKRE:

- REFOHRHA:

CHRRBREE

CREBIZOWNT

TR, FURHERE, rEREEIc oW, HERA - LEFEFEZEESR T

L TWEELS ZERH Y 9, HFEEIC i é&ﬁﬂﬂﬁﬂfﬁmi:y

VarzxnuX—| LEOLOICHEETLIONLREH L T EIN, B, H
BT HMENRE LB DGR, 4 0 5% FIRE LET,

FIAEIX, 20214182 2H (& F CICHFEFHEmMBRERREE (GBS
AVIFERR (A4 2 2480 | RBERXY A MBIOOEREKY 2 ) 2k
~NRHELTWEREEET, 720 20 2 143 AR T E O Sl
2BV T, TOMEMELZHE L CWEES 2 ER”HY £,

RCRFER DBRITIT, HREC

This work is (was) supported by the "Joint Usage/Research Program on Zero-Emission
Energy Research, Institute of Advanced Energy, Kyoto University (3£ 5).

E =S

This work is (was) supported by the "ZE Research Program, IAE (3P 75).
D—XHMATLTEENY,

L%m@ﬁ12021$3ﬂiﬁ%@%ﬁ®&%ﬁ%
BHELZ. 202041 1 AHEIC
R d L IE

2B T 5 72D D%
ZTET, 2B, FHRORMIC L - T
. BB @%G%%Di#

NHERIE

TrxIy g x X =0T D E O & ik & R L
PorI vy g TR AX—MEEDELEDF v N U — 7 OREEICET DS,
HEEICEE LTt FTNOZIRE & ok L T< 72 &0,

20 2 OFENICEE
Aok O 5EE, 72, A— ADNESRREFE L LTHETE DX 11H0ATT,

TR DONE, I, FrERESIcoWC, HEFA - LFEFFEREEE S
T L TCWEZES ZERnH Y £, itﬁ%ﬁéﬁ%%ﬁ&\@@%%ko
TWEEEET, HEEEICE, YR Ean ErnzI vy a vy m ¥ —|
EEDLHICEETIONLEH LTIV, B, BB 21 E &
g OAFHEIL. 40F5ME ERE LET,

FIAZEIX, 20214182208 (&) F CloHLREF]H IR &5
BEA4 . 1K) ZrE~EH L CWEEEE9, £z,
BRE T & OWFFERCR S 2=
H0FEF,

(P
2021$3Hm@
WZBWT, ZOMELH®RE L W< 2 ERn

L%m®ﬁizozlﬁsﬂiﬁﬁﬁ%m®m%$
HzEZ . 202041 1 AE|C
Bl d L <X

DNZBINT B 12O D ik s
ZFFHFET, ﬁ%\%ﬁwﬁﬁ Yo TiEsk
. AR @%ﬁ%&@i#

— 243 -



FY2020 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 2020. 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.)

1 Energy system that reduces or eliminates carbon dioxide emissions and harmful substances.
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10.

11.

12.

13.

Application Submissions:

Applications must be submitted electronically during the application period.
Application Period:

For (A) — (D), applications are accepted until noon on Friday, January 24, 2020
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 2020.
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:

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

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

15. Application Submittals:

Please email: ze_shinsei2020@iae.kyoto-u.ac.jp

16. 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/)

17. 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 "Miscellaneous"
column.

18. Miscellaneous:

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.

— 246 —



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
eight hundred thousand (800,000)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 22, 2021. Additionally, the
research representative must report the research outcomes at the Research Outcome Meeting,
which is scheduled for early March 2021.

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

2020 to participate in the Outcome Meeting scheduled for early March 2021. 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 22, 2021. Additionally, the research representative
must report the research outcomes at the Research Outcome Meeting, which is scheduled for early
March 2021.

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

2020 to participate in the Outcome Meeting scheduled for early March 2021. 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.
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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 22, 2021.

Additionally, the research representative must report the research outcomes at the Research
Outcome Meeting, which is scheduled for early March 2021.

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

2020 to participate in the Outcome Meeting scheduled for early March 2021. 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 FY2020.
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 22, 2021. Additionally, users may be
required to report the implementation result outlines at the Research Outcome Meeting, which
is scheduled for early March 2021.

Travel Expenses:

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

2020 to participate in the Outcome Meeting scheduled for early March 2021. Travel expenses
may be denied or partially allocated, depending on the budget.
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