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[H;0" 18C6]THEN [Z45E /LD 18C6 ZMAT-REHZ OV T H ¥ L=, Z OREHISRIE TRIK L 72 -
776 30°CIZCHEB IO BCNMR HIEEIT/2 -7,

3. WMRLEE

ATEFE X 75°C D 7T H CHEBIR I E 21772 > 7o, AL E T 75°CICB T 2 HBMEOMRZ1T 9
bz, T —ZmE LT CTOHUEETIR STz, T5°COREIX, AHFEDOT —4# % KL<
B, Ry T REERET HREREZ MR LTz, K212 85°CTORERM R EZ T, 85°CIZHBNTH,
UH KD 18C6 L bbb A AL Dt Fu=w Ak 7o o FREL BET 2 &0 9 iERE
5=,
FH1ICZDO2RTOT—F %77, WTNOREIZEWTEH, B Fe=vafko7a hofn
18C6 UV Y Rk 7'm F X0 £ 1.5 5 <, FHEMITH D, 71 FrEE LK 60% T%H L < 72
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ST, 7 M ARERIT 75CTIE 1.37mS em™', 85°CTIL 1.83 mSem ™! & EVMEZ /- LT,
WIZ, By B TREOHEEZ T LTz, JAELOA ALK TH D U F 7 LEERA 4 U mIRIC R

WTIE, A AR TF oLl s =N Do+ Disce Drpn-
TWBHN, VA ROTZEPHENE W | (°0) (107 cm? s7) (107 cm? s (107 em? s7")
I EBPPrOTND, IoT, BN | 75 3.6 2.4 2.6

B =0 AR A A U RIRIC BT D 85 6.0 3.9 4.0

18C6-H;0 M B 1T D B 1 A2 44 73 3K . . o
-y : . BEE &1 RE 75°CHE KU 85°C TR H0", 18C6 HKU THN D

Do

IO EEMHENDDTZOIC, B R =0 AREERIA 4 RIRICEE LD 18C6 % N2 7o ikkh & Hefi
L., O 1®ITNMR /T L7Z, TOfER, M3D X7 T rm—F Vil ¥kT 5 3.22 ppm D
E—rnr by hEeLTBIlENTZ, Lo T, b Fa=u AEERIA A4 RIS W TiE 18C6-
H;O H DBNL A A0 N & 2R LT, B ICITBANr (W) REEN L E Th 5 713,
WA IRIEBEFN T 2 2 E RN FOFRETH D720, BRI 7 U —y T2 0 ST bk
v B TRENE D LG LT,

K2 85°CIZHIFTAHIa—TFFILEENTOVE,
BEA B CHLEURE LAY . H:0' D B S HLEIREA
HEYKENZENDHM D,

K3 (a)[H;0"18C6]TFHN IZZE /LD 18C6 ZMMZ 1=
HED 30°CIZHITH 'HNMR LU

4, ¥FJ X b (b)[H,0"18C6]THN ? 75°CI=#(+3 'H NMR,

[Fm 3R U A K]
(1) A. Kitada, K. Kintsu, S. Takeoka, K. Fukami, M. Saimura, T. Nagata, M. Katahira, K. Murase
"A Hydronium Solvate lonic Liquid: Ligand Exchange Conduction Driven by Labile Solvation", Journal of
The Electrochemical Society, 165(9), H496-H499, 2018/6/13, &{T#%

[AEERRY X B

(1) R, 2INE#REK 30, 3$E£E 4 % Atsushi Kitada, % A b/ AHydronium Solvate Tonic Liquid
with Strong Brensted Acidity and Hopping Conduction, Z3i%44 2018 EMN Lyon Meeting, %3 Mercure
Lyon Charpennes Hotel, Lyon, France, F/#¥ Prof. Agnés Maitre, &34 H H 2018 Aug 6-9

_13_



ZE30A-2

BRI AT UHROKERMAEZESICRIET

He RUEA # U EIFRHNEENR

He and Heavy ion synergism on hydrogen isotope
behavior in tungsten at higher temperature

j(?%?fgﬁ\ 1; };"éﬂé 2; )Eﬁlz%j( 3; ,ﬂ:FIEHﬁﬁg% 3) ﬁﬁ@q}:& 45

o e

EREs

L A I H R A

PN S

B38°, JRALT °, R ©

S E R A B R B R
R PR R O

> i ] AT

§ AR R = RV — HL TR FE T

1. B

FERDEEAIE 77 A<kt & LTRSS TWB X 7 AT (W, DT A EOGIZ L -
THMYET R OKFRRNMAEDES T RV — A F U NERE T T X< RS 25720, W HIZidE
BEOBEHEENIR « 9T 5 & & BT & OREEHRIZ L W L7 (2D He 28 L. He /3
TNEFT 5, FICEMAF RISV EIE TR, BEEEORE - [FfEL & HICHe NEA T v
7 ANC#W T ETRER He X7 NAA~ET 5D, He N7 /VIFKERINIROJLHFERE & U Cfijx ., KE
FNARIEEENCRE S FET D, ZNOOHEANRICED | ERICKIT 2 W R OKERMIAKOH
FEENIEMEC 2D Z ENTREND, £ 2 TARIFZETIX, DuET & % AV TR Fe* & He' & G
L7c WRREHT, EKEA AU BEE, FRMEEER ATV, W O KERINAN R 2802 X3 He
TR M O SHBIE A RO EE N FIZ OV TR LT,

2. EBRFIR

RELE LT, 774 K~7 U 7 4EEIE
INTH W (6mm®, 0.5mm') % FV 7=, AHlidbi
EEHBOE L TNMBLEZmHEZ T (< 10°
Pa)lZ T 1173K T30 70T o720, 2N b0
BHOxH L, K28 He & MRG0 2
% EB T H7-9 . DuET & %2 H T 6.4 MeV
® Fe**% 0.1 - 0.3 dpa £ T, 201 keV - 1 MeV
D He'% 7 /LT A22-6.6%10" He" m? (100
appm He / dpa) & 72 % & 9 (2SI TS L 7=,
ZHOFBHIXF L, FRERKFIZT 1 keV O
D)% 777 A1.0X108D" m?s!, 7=
VA 1.0X10% D m? ¥ THEBIO 1073 K
IZCTA A VBRE L, FHREE 0.5 K s TR
26 1173 K O %P CH-IRLBE SRR (TDS) &2 17
9 Z & CTHKBMREEET OV TN L7,

Desorption rate / 10" D, m?s™

2.5

2.0 1

1.5+

1.0+

0.5 1

0.0-

[ )

0.1 dpaFe @ R.T.

0.1 dpaFe + He @ R.T.

A4 0.3dpaFe+He@ 1073 K

400

600

800

1000

| Fe U He 28 M TRETLE W 2543
D, TDS ARTKJL
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3. fER - BE

< 1IZAFREHZI 1T 5 Dy TDS A7 ML &9, 400 K @ Peak 1 [IF&K mW%E, #5710 —7 O He
INT VIS DR, 600 K @D Peak 2 I35 7-Z2 L5 OB, 800 K @ Peak 3 XA A K60 TH
HlENERE Lz, EiRIZIH 1 5 Fe BAMPREHC L 0 BEHBEED A EZE A L2 EHI DUV Tl Peak
L2ICBWTKRERE—INE NS, LovL, RIBIZEIT 5 Fe-He [ARFHBET 21T - 72308 Tl Peak 1
\ZBIT D EAZBHEENEAD Lz, & 512, Peak 3 28 700 K AT OIRIEMI £ TBEN L T\ =, ZHiZ
K VLRERMRYA FTHHRA RIZA~Y T ARSI D Z L2 K 0 KRFRARO I 2 M3 2
T EWREE ST, 1073 K 28T D Fe-He [RIRFIRS 247 - 72 308 Tl Peak 2 (2388 TR & 7o E/KEIT
MPRR oz, 2L < OFRFEHANEMR L2 EE2RLTWVWD, REKZRNEEIZRIHEE
DI EEAN LT BN & el LT LT

Ve, RARRIZ L2 & Fe-He [N RS %17 - - ot e te e
7B CIERAEEE D 28 A L3k & —— HIDT Simuation 0.1 dpa Fe + He

il U C He /X7 WT L » CTHEAKZEDOHLEN

RSN TV DEEZXDHZENTED,
EBRFERNS Z T AT D7 T

BIFLI~NV U ABLORAEEZZE L

RFFNARDOILHL, R D N FRIET LD

HIDT a2l —yarya— Rk TE :

DTz, FIDIZ, ~YU 7 LR ORS F a0 1

a7 7 A% SRIM 22— R CTHEHE I i

EQOIZ K> THE LTz, Mt THERPRRE 2 Bk 1 3

FEOWBEBOLIC L > TERT B & 1 ! ! LW e

(OB EFE6ND, EO%, /Dt sEE)ic 400 600 800 1000

BIFAEZ~N) LB E2EETHVLEND Temperature / K

D, XM X LE—lcB 1T sET L B2 Fe-He REFIRST WICHITSH D, TDS ANTRILE

DODEFEFT, o, YA MI~Y v A KUVIalb—ia R

n
o
1

-

o
1
Y

N
o
1

o
)]
1

Desorption rate / 10'” D, m?s™

o
o

E (=1 + K oS00 min®)

C(1
max(&) —min(&) A0
max (Xt )

&(x)dx ‘
ET@FEﬁK.ET?EyB +5, K(2)
X

DOHEIZE>THEASH, b Ial—a VB EBINAIRXTHD, 21T HIDT > =
L—3a UV EEREROARY LA R, YIal—ia rEERERITILS ELTWE, 20
FERMND . ST HOANY T AR RKE RPEERE & 72 0 EAKEO SV T HAOIEE T T b Z &
Do te, £l TR AT =TT FONY T LAOFEIZL > THD L, IS L > TET
HANVTAOENPEBRLTNDEEZLND,

[ ¥R Y A K]
(1) Yasuhisa Oya, et al., “Surface or bulk He existence effect on deuterium retention in Fe ion damaged W,
Nuclear Materials and Energy, 16 (2018) 217-220.

[PgasERY A K]
(1) Fei Sun, et al., “Impact of helium irradiation and damage introduction on hydrogen isotope retention behaviors
in tungsten”, HARF ) FEHFEOHFES (2019)
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BR—ERT/AFESEICEITHABRICRITTHIE L
ERT/ AFOMR

KAFHLEA !, *EEH%’&:K], LE AR !, B AHG ', Gary Lee Shaw Yong?, W Mikw] 3

IR TR T ) A = 2R
PAUh m A TR TR
SRR )L — B RS

1. ¥#=

BIEEH ST D Y a U MEkE W2 KRkt L, eRiIE OtEZA#)E) [l tams
W7o AREE RS B KRBT W TERICIZE SN T\ D, 5%, AHERKR X5
RAlbasns EZNTWD, 7272 L, MBEAITRO =R =283 & SISk 2 A MEDMK
W=DFEMMRNEN ETh D,

HBxIIINET, Hhxp NF— D) -7 7 &87%— (A) #EELEWERWCOLFRE B S %
MR L. AR E T VAV ORGEE ST DSR2 G L CE o, 70, et Bt~ &
LT, %%@f)v~%DA@#MA%%mwtt%%m%ﬁmLﬁﬁéﬁ%@%%%%bf%to
TS OMTRIE., B REENRRR B O S Hash =R A kA H S 972 OIS TR SOUSHERE OB A 1S 70 1
WwEHZHZ ENTXD,

—J7. &F ki1 (AuNP) °8RT kit (AgNP) 72 E D& RS/ ki FIXRERR 7 7 A€ g
(LSPR) &) et 2 FF> 2 LA S, LSPR 2 L 2 B EY ﬁ>ﬁ&%§ﬂ%kﬁﬂﬂﬁm®ﬂ%ﬁfﬁ
M EICARZZ ERdE SN TWD, ZOMRETRAEZ, FTrbALT 1 U - AgNP HAEEDN
I KIET AgNP OB OWTHE L C&E 7z, 7o, SO0 Ei-e 3 HIH-3 HERE A THIRIC
ST v T //\~~‘/a v (PUC-TTA) (k45 26 D& T / ki1 LSPR OZIRIZHONT
WELTER, 35l . PUC-TTA 12X DB DN FICHOWNT B S L TW5, Nz T, PUC-
TTA (BT 5 TTA @E}iﬁ}fgbé 1 EIHEJEhEL 143 24(Singlet exciton fission; SF)IZ M IE T ERIRER T/ ki
¥ (AgNP) OZhEAEMFI L. AgNP 28 SF iR A4 25 Z L b ME LT D

Z T, AEE T, BRRERT R L0 RIERMANC LSPRIC K DWIN AR D, K& 2R EY 3%
BT 58T 7 L— 1 (AgPL) ZHWT, AU ~w—RIZHBWT PUC-TTA @fE0 5475 UC R
k45 AgPL & BEGN R A MG LTc O Tt 4 % — I — —HIEIE (TTA) (2 PUC-TTA RIZ KIX
T DR G LD THET 5

2. ER

PtOEP+DPA (X 1) / PMMA+PEG 7 & 127k )L L YHE & B
KAt AgPL (K HAREEL L 0 #2fl) oG HE 22k rm
0 RV AR ARG LT, TUOIEKE, EREHR L7 0
— TRy ART AT ARERICAEa— 52 LIk
S T L7, AgPL SEVRINE 72 UMD AR Y ~ — D PUC-
TTA Y2 WE LTz, £, 2T 6 O Z ERA I
NIRRT & AL S 723 5 PUC-TTA FGL iﬂ“éﬁma
BhRARE LT, B BIIRSE 2N L7z & & DEED
v — 7 58 (I(B)) & MRS T CoHto v — 27 A (1(0) 1 PtOEP & DPA M1t #EE
ZHWT, K(IZX vkl L7z,

1(B) - 1(0)

Q%) =— 0

(1)
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3. FERLBE
AgPL AR Y ~— i Tix, AgPL HERMO AR Y ~ —#EIZ R LT, PUC FEGIREEDS 2.4 50

L7= (X2) . Iz T, AgPL ISR Y ~— i, AgPL HERM DR Y ~ — 7 bl L C. PtOEP
DY AIETREED 1.6 5N L7z (X 3) , PUC FEITRE OB O A JEIREE OISR D 2 FlATV ME
\Z72 572D T, PUC-TTA @ 2 N mfEDOBRE L —H Lz, > T, AgPL @ LSPR (T L HWRIX &
PtOEP @ Q HDOWINAELR D Z & LV, T b DHE5RIE AgPL @ LSPR (2 X 2 HiREL T X 5
#Td % PIOEP O DIEERIR &L Z 2 b,

WIZ, AgPL BERMO ARV ~—#EClx, BGA2FHMT % & PUC-TTA %613 Lz, T72b
b, QEIFAOMEE R LI (M4) . ZOWEIFR (Q<0) X TTA WRETAL 5 T-T (T3 D
SR Tl C& ., TTA MENSEGICZ > Tl S5 Z L ixficd 5, —FH. AgPLIRIIARY ~—
T, BB AEFIINT 5 & PUC-TTA BTN LT, T7bb, QEITIEDEEZ R L, BGHRE
DI E> THEM L2 (X 4) . BLEORRIC, BBREWZ L1, AgPL A X > T PUC-TTA %t
X DRGSR OF L (Q D) (T LT,

100 150
—With AgPL
:E ---Without AgPL :§
o « 100 — With AgPL
~ ~
)
.*5) 50 ‘g ---Without AgPL
= =
] 2 50t
L =
L= =
0 - 1 1 1 1 0 P W
380 400 420 440 460 480 600 650 700 750 800

Wavelength/ nm

3  PtOEP-DPA RIZHIF5 PUC F3k
ARGV (23495 AgPL DENE : AgPL

Wavelength/ nm

2 PtOEP-DPA ZRIZHIF5 PUC %3
ARGRIL 1239 B AgPL DFHE: AgPL

HRINGE R & AcPL ERM (FREH) HRINGE R )& AePL RN (FREL)
300
250 | °
[ ]
200 | °
X 150 °
< 100 ¢
50
0 r A A A A N
-50 : : : : :
0 01 02 03 04 05 06

B/T

4 PtOEP-DPA ZRIZHIT5 Q {BEIZRIE
TS RERFM  : AcPL FIN(@)E AgPL
ERID (A)

[AEAFERY A K]
(1) KFPeLH, fRHEBER, LRMMyR, BHAR, v 4 I FU U—, “RI~—RIIBITH-H
H—=HEMEBRIC L 20T v Far "= g kT 28 LT L — RO, # 13 H
AARARFSES, R 3045 11 A 12-14 B, HALKRP4 B EHIFZEAT
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KEEtF ) a8 EZBME LT
TR Si-Zn €MD) a i EIYR

ZHERE 2, TP ?
VIR R S BR B 22 AR AR
PR IR B R —FRHET SRR
R L 2 — LA SERT

1. MEER

KEFEMITHERBR IS LW R L X — & LT, MANEMITHEA TS, LovL, KBEk
Si OEPEETH D Siemens EI1L, TTRFLEIRTF » 7 HITHND 1IN~12N OBEHE Si ofLEETH
0. EFEESZRLF—ERNMENE NS, TR RAEREORENDH D, FDTD, KiEML S %
BV CRUGE CE 2R 0t AOBRNEERFRE L /o TV D,

B (AR BE & IR MACIRBE D Si A9~ D BRI, AR A~NEG S D 2 %L, TRz
HRAR Si OWRIAR Si-Al A4 BIEIAR Si 24T H S 2 BRICITREE R RN ATRE & 72 5, FRIZ. Si O HRE
MMETT 5 Z & TR TORMB OSESREEIMET L, BEREODENRRKE S RDZ LbHEs
NTW5, FETIE, Al EOEELDSMNTE Cu 54, Sn a4, Fe @z HWLAIC . Si OEEE R
BNRARECTH D EME SN TND,

FH DITAEDOIFRICB W T, AKEDE N Zn ThH-> THIARE T ~R2E ST 5 Z L2k v EiEic
BUIDEENKBIZMZAON, WEE LTS 7 v 7 ACHWA Z ERARETHHL Z LR LT
W5, TZ T, &F Zn ZHENER T 7 v 7 ZTHW, i@k Si 2 HREE e Lz, #iliT
BRI RSB Si BUEE OB A B E Lo 21T T D, FEEE £ CId, IRIE Si-Zn A4
225 O Si AT HREIZ 35T 2 R O 3 BefRE OB ) 7R A HRIK Si-Zn 40D O Si M FER, 1 2
v MUEALVERIZ K 5588 Zn OFREREDFEFELA (T o T2, SHEIL. 7' A0 L~ ) 7= Bt %
HEE L, MIEAEND ORI SiBINEE LT, BIRT Si B E~OHEIT > =D THIET 5,

2. EBRFIE Sits MER
/n &i?.i/;\}zﬁ\)% < N %(ﬁ.f(ﬁi{$ Si—Zl’l /El\(ﬁ %‘f?)ﬁ;@ HBEHR ArA R
THZEITEFEH LW, EEDOWBEDOHITICZ X =
D ERE R A~RIE LR TIIARE AR ELSMZ B
NBEZERHLNE RS> TNATD SEOHBLL Si BRRGE
O HITRE R 1T o7, 9. 77774 85D
ENIC, BB SIGME 99.5%). Zn 35 L VL&
NaCl-CaClL(Fls. : 776 K)ZFELE L. Zn ORUSLLIT T YT
H5 653 K THZEIEEZIToTo, D%, Ar R CaCl & RiE
&L, 1123 K & CTHIE L TRl S, 6 at% Si—Zn
WRARA 4 (Si fFn) & ARk S 72, Si A2 RIS &I
AL72t. 1123K 205 923K % T 24 B 20T CThF
Wml7-, 923K TO RS LI 12 BEIREF L7/, B1 &K Si-Zn AEH 5D Si BEERDEE.
Si AR AE AN HE & I CEI L2, B Sz
Si BRlE, FIRCTABKZ D NCHERE T L, K ~MHE LEmE & Zn 21ERRE LTI, £ D1k,
FMEIATHE L7 Si & FI§fE LTl L, ICP-AES 4TIz fit L=,
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3. EBER
212, (a) 6 RO S BIEN L7z Si#R, (b)) Si R, 72 5 NI (c)Si B Wik SEM % £ 4
Frd, InRHELEENDN. < OFH Si BNFEE L, PRI USHTO Si & E_TEED
HNE T LW ERT NS D Z &Ny D, Wik SEM 2B iX, KT 0.1 mm O 72 Si AW LT
WHEE BRI LTz,
30T0, AT A 12 BERICAEIE L7 BSOS TR S 7z Sioskkh a2 md, X2 OFM LR TE
< OHTH Si BEULTE TV AT TR, BEROBETNITR N> 72, K 3(e)IZFEIX S 7z Si
I, A L& BK S LA THEE-R T 21%DEERETH D | 1 & L TIRE 0.5-2mm D Si 23
Zinot-, £72. At Si F ORI
a2 LIZE ZAER ), &R tHET
2T 90%LL ERRESN T, ek
DB L P HERERNEL, FFICPICH
LCIEFERETHAEALCHEYL L= Si &
e R CEIY L 72 0 BRERITK
L EL TV, L EDORERES S
e b ~DOH HITHRAR A 405 D Si [F1IY
BEELTADITHD EEZDND,

® 1 £REMHK S LATH SIfFPIZEITS
FHMIREETMARER.

2 (a) 6 BFREIDRIGHSDE 3(a) 12 FE D RSN SDE
IREBED Si #E. OEFERD Si Uk Si . (b)EEEROD Si
¥, (c)Si #D#TmE SEM. ¥ (c)EYRL=#rH Si fiTF.

4. FERJ A b
[REEREERY A M 5%

(1) T2V 2> OREES LR L OIEH ) . ZH=F], F O H~T U T VA - T—F U 7Hf
FERMEHER ], BN, PR30 427 A 26 H~28 H.

() T&EHghz Hnicy U ar oBMARK] | ZHEE, F 3 IREBRR RS, Wk K 30 £
8 H 20 H~21H.

(3) “Production of High-purity Silicon Ingot Utilizing Volatile Metal Flux and Solidification Refining” Kouji
Yasuda, Yuanjia Ma, Akifumi Ido, Ming Zhong, Rika Hagiwara and Toshiyuki Nohira, 10th KIFEE

International Symposium on Environment, Energy and Materials, Tromse to Trondheim, Norway, 5-8 October,
2018.

(4) VAR IZ 31 2RI Si-Zn 406 O Si OFTHZE) & [BIEICBET 2t o Bos, ©H
FE], B2 5 S0 EERE LR RS . RO TR, SR 30 46 11 ) 14 H~15 H.

(5) HTHUREGEM Si sk a HRY & Lo b iz T 281K Si-Zn B4 b D Sifri) |
Botsm, ZH=ER], BRI PR 30 (RS 3 MRV ESIL A TR A # —FK], KT
WK 30 4F 12 H 1 AL #2018 AR EERI I B XU L2l B 2 2 H(2018) ***

(R CFE£R Y A M 1
(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, submitted.
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=SERRT PO LZREMREDI-HD
AE-EREREOESE

SO, AT, ERERL Y, BPRe 2, RE Iz 2, ARIEE

VB BORFE R F B T e R
AR F e L X —H TR SE AT
SIHEN KRR B 2L X — B R R
1. IXC®IC
K72 & OFA A ET R L X — %ﬁw ZRIT 5ICiE, miEE e EEHE RN MNETH D, Li
ER & IR PRI Na BRI K IS iﬁR@Lﬁf?ét%Ph4i/ﬁmOmﬁim% ZEE
M“®mﬁﬁ%ﬁéhfwéo%@ﬁﬁ (2= RO —R AN 85A512134 320 mA h g @T@@
%ﬁ%%né:&ﬁﬂEnfwéﬁ\‘m®mIZW%~&VM@t ii@%<®Na%&@ Ji5
HTEOMBIOBRFED RO LI TN D, L/@)kXX(&)i#% EWHRARREAT 20T
RO BT K E <, MMXTSni%%Téi G5 FF o720 D, BEEERY KT & FENZN
R A A A D, ZAUCK L, BT —T X, P & Sn @15/\% (StuPs) M3A A MR BRI
EPT%{E IBWCTENT-MREEZRIETLIZ LA INETICAHLTE R, 220, A 4 ikikER
W =RIEIIZ BT D Na OB # E MEW 720, &S ICHEZWETEX A RMNES, £ 2T, LHE%
ﬂ%ﬁé%ﬂ%ﬂ%bt¢mﬁf®%%%ﬁmb Z OIREICIB T D SnaPs ARROMERE & S L7,

2. EBRIGIE

SnaPs BHEMEIIA V=N T vA 7 (MA) BT VIR L7Z, RedP (FRY ) & Sn ZJ5UEH
WCHWT, Bt R— Lo R Z 1:30, [BIHEGHE A 380rpm & LT 10 K] D MA JLBRZ 1TV, SnaPs
137, AEFEAIZIL Styrene-butadiene rubber/Carboxymethyl cellulose (5/10 wt.%) . EEIANZITT BT
LT Ty 7 BRIV, TEWE LRAER L EEAIA 70 1 15 015 OEEL TR LI T ) — 2875
M B8 AT L, SnP; AR AERI L7, BT EF 1.0mgem? & Lz, T aalBriie L, 2 Na 4>
JB % VT, 2032 B MR o A e VAR LT, A A U RIRE RIS wamﬁxmwmmMeow
mol.%. C;Cipyrr : N-methyl-N-propylpyrrolidinium, FSA : bis(fluorosulfonyl)amide) % FV 7=, EEBILT
m*ﬁ%i FENLHEPH 4 0.005-2.000 Vvs.Na'/Na & L, &I (0 °C). =ik (30 C) F LU (60,
90 C) ITRWTHENE LIz, BREROEERIILZNA » =7 AEICL Y JE LI,

3. WRLEBE

Fig. 1 (3f 4 OBMERIEIZH 5 SnuPs BMROKTE (Na Bilf) REOHEREZ /77, fFIMWIE, A 4
&%*%&mﬁﬁﬁ%ﬁbfwé 0 CTH 5 60 COHEPHTIL, mf®iﬂ E BV ER B E

IZHEEIN LT=, 512 60 CIZBW T, SniPs BfRITZ OHHAR (1133mAhg ") (ZPLHETT 559 1000 mA
hg%@@%*aéﬁﬁﬁé Loz, ik, 90 CTIHEBERIISIHICHARLIZbOD, K&

ICREREEIIR N T, SHA 7 NVEHUBEO 7 —a VR E kg L2 2 A, 30 8L TUV60 C
IZBWTIL 99%LL LD ER S =D ’ﬁb90CTi%%&FLmiotoﬁﬁ%ﬁ I LA
DIR TR A2 TN DN T D08, IRERENE ZHRSELTLED Z LR HEREN S,

Fig 2 1T/t v 2 W TIT o 7288 A v B AEOFER 28T, BEN ERDIZo>NT, &
WHEPT (Reo) « BEEHEHT (Ry) B8 X OVEMBENEST (R DBV T 2 Z & bhotz, RO HED
XL IR BRI X A EME ORI K 35, SRR OJA 1%, AR EOBIRESEE ERICE D
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Figure 1. Charge—discharge curves of SnsP; electrode in Figure 2. Cycling performance of Sn4P; electrode in
K[FSA]-[C3Cipyrr][FSA] (20:80 mol.%) electrolyte Na[FSA]-[C;Cipyrr][FSA] (20:80 mol.%) electrolyte
under current density of 50 mA g™! at 30 °C. under current density of 50 mA g™! at 30 °C.
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1. Introduction
It is believed that irradiation hardening increase is caused by formation of TEM-visible defect clusters such

as black dot and frank loop during irradiation. According to the development of APT technology, TEM-invisible
defect cluster such as Si-enriched clusters was discovered and it becomes important to contribute to the irradiation
hardening in the recent days. In this study, we focus on the Si enriched clusters in SUS steel irradiated with ions
and the correlation between defect cluster formation and irradiation hardening increase is investigated to
understand the origin of irradiation hardening behavior.

2. Experimental procedure
Two types of specimens were prepared by arc melting to investigate effects of Si addition for mechanical

property change and microstructural change in ion-irradiated SUS steels; Fe-12Cr-18Ni and Fe-14Cr-18Ni-0.8Si.
Sheets of both alloys with thickness of 0.2mm was fabricated by cutting the samples (11.5mmx2.5mm) and
annealed at 1100°C for 2 hours. lon irradiation experiments were conducted by 2.8MeV Fe*" ion irradiation with
0.26 and 6.2dpa at 300°C, and 2dpa at 350°C at the DuET facility in Kyoto University. The depth of damage peak
from the surface was calculated at 800nm. A nano-indenter test was carried out with an indentation depth of 300nm.
Thin TEM specimen was extracted from the surface of irradiated specimen to perform a cross-sectional TEM
observation. These samples were observed in a JEOL JEM-2100TM at 200 kV while straining at room
temperature. An APT specimen was picked up from the position at 700nm depth of the irradiated specimen with
6.2 dpa at 300°C. An APT observation was carried out at the RI facility in the “Fugen” site in JAEA Tsuruga.

3. Result and discussion
Fig 1 shows the result of irradiation hardening increase of Fe ion-irradiated model alloys as a function of

damage level. Irradiation hardening increased with increasing damage level and the irradiation hardening increase
of Si-added model alloy was larger than that of Si-free model alloy significantly above 2dpa. From microstructural
observations for two model alloy irradiated with Fe ion, high densities of black dot clusters and frank loops were
formed in both Si-added model alloy and Si-free model alloy. Fig.2 shows examples of dark field images of black
dots and frank loops in the Si-added alloy irradiated at 300°C with 6.2dpa. APT observations were carried out for
both Si-added model alloy and Si-free model alloy irradiated at 300°C with 6.2dpa. No typical segregation of Ni
and Si could not be observed in Si-free model alloy, but a lot of tiny Si-enriched clusters with the density of
2x10%/m? and mean diameter of 3.5nm were observed in the Si-added model alloys.

To calculate the irradiation hardening from the resistance of microstructural distribution against dislocation
motion, Orowan equation was used.

Ao=3 Mayub ( ND )°>
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where M, «, 1, b, N and D is Taylor factor, barrier factor strength, shear modulus, burgers vector, defect clusters’
density, mean diameter of defect clusters, respectively. According to the irradiation hardening increase of the Si-
free model alloy, the values of barrier factor strength, o for black dot and franc loops were determined to be 0.33
for black dot and 0.45 for frank loop. Using the a value to estimate the contribution of black dot and frank loops
for irradiation hardening increase in the Si-added model alloy, the difference from the irradiation hardening
increase measured by nano-indentation was obtained as a contribution of invisible defect clusters in TEM
observation for irradiation hardening increase, therefore that of Si-enriched clusters measured in APT observation.
According to the sum of irradiation hardening of each defect clusters in the Si-added model alloys. Since the
hardening component for the combination of black dot and

frank loop in the Si-added model alloys was 178 MPa for

the total irradiation hardening is 650 MPa, and the

contribution of the Si-enriched clusters for irradiation

hardening was estimated to be 472 MPa as shown in Fig.3.

From the distribution of Si-enriched clusters, the value o of

Si-enriched clusters was determined. Assuming the invisible

Si-enriched cluster in TEM as weak defect for dislocation

motion, irradiation hardening of Si enriched clusters, Aos:

enriched €an be summed with the irradiation hardening term of  Fig | Irradiation hardening increase vs.

visible defects in TEM and is represented as follows, damage level of SUS model alloys.

AGtotal = AO%i-enriched + (A OBlack Dot + AO—Frank/oop )0'5 ,

From both estimation, the value a of barrier factor strength
for Si-enriched clusters is obtained as the same order of
visible defect clusters in TEM as black dot and frank loop as
0.33 and 0.45 respectively. There are some discussions about
the measurement procedure and calculation process, but
anyhow it is necessary to take into consideration the
existence of Si-enriched clusters as invisible microstructure

in TEM for irradiation hardening estimation. Flg2 Dark field images of black dots and
[ 2 1] frank loops in Fe-irradiated Si-added alloys.

(1) Takesi DOI', Ken-ichi FUKUMOTO? and Takashi
ONITSUKA , “Effect of Si addition on mechanical
property and microstructural change in ion-irradiated
SUS steel”, 4™ ICMST-Tohoku 2018, P& 30 4= 10
H, &

Fig.3 Comparison of irradiation hardening increase and hardening
contribution of each defect clusters for Si-free model alloy and Si-
added model alloy.
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WL R EAZA TS LLRERINT 2 Y 577 A (LianTiOs) OFFF) 70/t 7002 MR o Ham
& T < LiTiO; 8 LV LipyTiOs H D Li OfEEE T (lE ) Oz ¥ —I{KkiE% EPMA-SXES T
THEBEOW TS E2IT-> CT& e, TORR, FX Y F 7LD Li L TH-EEN NS WIS HE 00
5. WIS ToSIHC T Li Rrlkor—7 28l TE -, £, For—27134R L
R L0 HRDOE—7 LITB R ARRp VX —FHICHB T2 0D, XU TFULFO Li
Ol DT R NVF—IREAKM L TWVWD Z ERHEE SN, L L, TRV —IREOREIZIL,
ROV F U LEFERETHEEBAC E oFRERICINA, HRICEAE =V RENRAXRE D,
Z 2T, ARBFEETILE A B O B TR iE 42 EPMA-SXES (Z TRl L. 45— JFBREHE & DB
ICED, MEAEEEZHONITH I 2R E LT,

2. MEFIE

FERIZIXE M LSO LiO, LbTiOs ikt z Wiz, 74—V Rl v va &7 e—7~4(47/n
7T AV (UXA-8500F) ([ZHEH S 728K X A3 0 28 (SXES) 12 X - TRl 64 U 5 Rk X
BAESHT LTz, Fo, BENBBQEICESE—JRBEEHRE (Vasp 2 — REEH) ko TIRIEHE L
FHEL, EREREOLKRICEY, =V RIEEITo72, WEBEOHREIITERAT vy WiEE
W, Li; 187 28’ 0; 28%,2p* Ti; 357 3p°3d*4s” dE - 2 et L7z, M= L —#iPHo 7 5 2 FREE O[T
K& (JS50XL & JS200N) ZfEH L. #K X ROt #1772,

3. BREBLE

112 LiO 3D SXES A7 h L &3 — B R A7 ML O g 27777, Li,O 30EF Tl 49.5 eV
W=D Li-Ka B —27 BB L1, IRV T 7 AD Li-Ka (54eV) L0 45eVEE
R g XF—lice 7 L TEY, & L OBLIZE> I vy 7 NIRRT EEx D, H
—JFHHA O E TIL, Li-ls S ROPLZ R X —Z2HAEL L TK/RLTEY . L0 ® Li-Kat'—
71X 42 eV IZREBLT D LRI, ZHTERFERLIV S 75 eV (B 15%) #/0FEHILTEY
GGA-PBE {EIC L ANy R X —Di/NHEICER T EEz2 b5, 2hbDFEREHREICLD
Li-KalZFEFIC L W—FE R LTz, BEO AT ML THEEEZ, 2 20 O-Kabt™—7 B i, B
FO 2 WUEOIRREBEEHREME L L& "L (K1 A), 2720, KHEERINREFE2E
FRWVERART Uy WEIC Lo TELNETZD, =7 BB 2L X —O BT R0,

B4 2 1% LioTiO; 322 6 D SXES A7 ML EFH—FEEHE AT MOk ~d, SXESIZLD
Li-Ka [ZIEF I — 7 38ENMEL | FHEMEREE ORI > T, —FHE/7R L7z, 150 eV {11 Ti-L &
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— 73 Ti-d B L —FE /R LTz, BBEY— 71 TERERLHEMBENRE TR L, F KB
TIZ O-Kalf 2 DO —7 N3 BT 5 & PRS0, ZRERTIZ 1 DO —7 LRI N0
2o BEHROREHIITECIZ L2 B0E L (HE-REFR) DRI END, Ti O®ExL (TiY
M T ICK o THMEBERENEL, BEOBRENEBLLEZZEN-RNTHLIEEZLND,

47 48 49
| |

Energy (eV)

50
1

51 52 53
1 1 1

54

Energy (eV)

169 170 171 172 173 174 175 176
T T T T T T

0.38 T
;i 0364 ﬁ@% —o— SXESLi20_3kV|] | ; 044 3&‘&%
=y & = e °
G o & ? 3 o o
S 034 [ p c
2 & CO%) Q é@
€ g L
3 ow S L (PPVE. = QMM
g o2 B 225 o R BEE 0.24
5 © @6
£ 5 ] 61 ]
£ 030+
o
=z & Li (p)
4 4
8
a
21 1
- 0 4
39 4‘0 4‘1 4‘2 4‘3 4‘4 4‘5 4‘6 a7 T T T T T T T
Energy (eV) -6 -5 -4 -3 -2 -1 0 1 2

Energy (eV)

1 Li,O EHEMNED Li-KaARIRIL (E) O-KoaARIRML (H)

Energy (eV)
46 47 48 49 50 51 52 53 54 55 56 57 58 59
R e A L

Energy (eV)
168 170 172 174 176 178 180 182
T T T T T T

Energy (eV)

155 160 165
T T

0.78 ~ PE
- 3 e
;;/ 0.76 4 \:; :
Z 0741 i R
z g
£ 0.72 £
0.704
1.0 :
] \ =
&) VBM 5 A : R (—
3 o8 CB 5 /V\/ \‘ 0-2 g o H a
[} | — 0O-2p .
= l 8 / \ a | “ [ Tidtotal
] ‘ | | !
0.04 / \ \" | I
- VAR L)
T T T T T T T T T T T T T 4 ‘,’ .
38 40 42 44 46 48 50 52 8 6 -4 2 0 2 4 6 -5 0 5 10
Energy from 1s (eV) E-g(eV) E-E: (eV)

2 Li,TIOsSEMNED Li-K ARV (E) , O-K ARIKFJL () | Ti-L ARFKIL(H)

Sb2A
JNH g

ARFFE TIZHR X BRI K - THEABEGER O LibO & Li,TiOs DB & OS5 2470, 55— 5
AR LD AT 572, LiO TiE, Li & O DfiEE ¥ — 27 13ZF41149.5 eV & 173 eV THIHI S 4,
Li-2p & O-2p D EHBETOIRREEE L Ln—#%E2/R L7z, —J, LiTiOs TiX, LiOE—27n355<, £
72, BIUICERT S L EZ ONDIBAEEOENHER S NTZ, 5% OMZETIE., HIESMEZ KiEl
L7l FIRED T &, 2ETHEIC X 257 B — 7 lelic k- T, EARBSEA R Ol 7-4%
EOHEMREED D,

4.

5. MFER - HEHER
[AEAFRER Y A K]
(1) K. Sasaki, K. Shin-mura, S. Honda, S. Takano, K. Kuramoto, T. Hoshino, K. Mukai, R.
Kasada.International symposium of advanced energy science ZE30A-23, Sept. 3-5, 2018, Kyoto, Japan
ZE30A-09 (RAR X —%%K) .
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17 VERSIGREDR

MR, Liu Yuchen?, UTHEAIAT ', YuHao', #PNEEME S
VHUE KR4 B AL BHFZE AT
HAL KRR TR ge R (BesE)
SRR R R L X — B TR SE

1. FEERLEW
AR RV X —BL T W5EHT D DUET fEaxid. A A U FREHEIC L D17 « B A IR E O R
%?JJ%E% OFMWfEER & U C, BN REHGHIEEC R R i 2 ko E T4V oSV T o &
WZHSICRRE STV b, —F, RIS ORE L FIUTHE D A A IR EA~
03%@@?75 o, MR — 42‘/%%1@%@3 B LTI, 2 E T EDBBNGEGE - TS, kD
MEEIZ W T, BEERRICET 2GRN T o —F°, HEREDEWVICEH Lz kXM
HEET VOBENTFL Lo TV, ERBEYNOTH L, LV EGICRFGHBEZHERE XS
ME#E | OREENERNTH D, ZORICBNT, REZDHEE L T -8 NRBREIC L 2%
PRSI X B D O TR FT IR R R O FE L, EERBR A L L CEHTTE p e A A LT D
2T, ARILFEFI - FLREFEICIB W TR, BT EREFEOAT D78 — X2 IEH LT,
[ — ®ﬁ%ﬁ($#mﬁ%ﬁ%ﬁm)@ﬂ EHEIPH C OSSR (dpa EIREZAE) 2BV T, H&F
OBEE(LEEH T 5 2 & NEE S D A I3 L TRIVME SO~ A 7 1 B 7 — kR
i L. MESEUENL S L CHWA O OB ZERT L L2 AN E TS,

2. WFILHE

S HLRE ShEBH % L C. DUET Z W THREHEEE 10043 C

IZBWTS51 MeV Cu' A A a2 LTz, ZOROA 4 iE

ANEIZHINT 2EH LIEE 7 r 7 7 4 /L% SRIM 22— K|Z

Lo TRIHAE LI E ZAK L A EOLNT-, RIS I

L C. Nanoindenter G200 |Z X2 /A T T — 3 Uil S

AR L O~ A 7 v 7 —EfMRAR 2 To70, T/ AT

T—a U SEBR T, EwERIERE (CSM) EEEA L

oo Flo, vA 7 v ET—[EfRABRIZOVWTEL, 2D X))

WZIERUN BT 36 LM A UM oS i BIZE R A Ao B —

LIEBEIZL-TvA 71 t"? ZMILL, 77 v MU TFE

+-% Nanoindenter G200 {23535 U . 78 A FE I — N CHHg = oy
N M1 EEHLEBEITOI7MIL

3. WRLEBE

X 3R TEY, SEoAf AV BEICLSTH /AT rTr—yarliso LR34 b bR
WAEUTz, FEREM, BEM &I, ERAMEBERZD ARATZOXFMIONTNDED, 2O X H 7k
BRI & L CHWD Z EoFERIImER SN, 72720, NMmuT@&mﬁ@ﬁFé
TEIRCIE, 2 E CICER LIz Fe MBI (TR 258 2R LT\ 5, CSM L0 APEIZIRA N H
V. EWEEETIXEE O ISO BKEIL L > TH /A v T o T—va VIl S M T2 ERSH D &5
bbb, ¥4 787 —ERBRERICOWTIR, BEMRITZ2ED TNDEZATHLN, T /4
VT T — /a/@éﬁ6%MéM5iD%ﬁw%%@mgﬂ%EMTwé Ltk WHICBITDE
FEEEOBENEFHRDLVLEN D D,
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4. FEdm

Cu HEEIZXT LT DUET IC K B4 A VI ERZATV, T/ A 0T T = a VSRR~ A 7
BT — BRI L 2 ISR ORE 2 FfE Lic, REEIE, L0 &V ETO DuET A%
Bra gL, L LCTHOW DD ORMFERRT S,

5. HDEEZRRK

(1) Liu Yuchen et al., “Evaluation of irradiation hardening of ion-irradiated ODS-Cu Alloy using ultra-small
testing technologies (USTT)”, to be presented in JIM2019 spring meeting.

K3 F/4 FoT—av@Ban
—— A A FRSIRF

M2 <4q/nES—[EHERERE
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DNA—FAREBERNA Ty FFH/#HzRALT
RIRNF—ERRT L
A, EREBHE, RDCN Y, B

IR AT R LR R R
2B R = kL — FL LA SRR

1. %

W RN =BT A ARG fr=
7 AMELE LCOISHEBE LT, &R —
RIET RN X —BECE T REZEEL EE T 501
LR - O BEROBBEDILIThbhTW\5b,
HE L 3 D0e% BT 5720121, BEEMES 1
DR 2 HIEE LRSS ICHLE T 5 2 & S EERA]
RKThH5D, _HOLEAMEEEFFSDNA X5 1TDHA
S, Mibo 2% E L THERAREKRS T TH
D HSREMESY FAEEE LTIRK A ERTW S (K
1a) , Tex OB N—7"Tld, REMEAFE L HT
% RNA/DNA &R ZAFR L | 07 M oo 22 Al E
ROBLA (FREE-CEL ) 20832 2 & TRzt
FEHEBEBTBEBNARETHD Z L 2EIEL TE 7,
X 512 DNA #EZ2FIH L7z A CAHkbiE 0 BI%
EHED | A EFRERKZHEICHET 28 L
FIEERENL L, 20 ORIREHEEES L R L ¥
— BRI T MR T o TE Tz, M ARWFET
L AR LA R L AR AR Lz
W FL X —AWT N ADOREE A HIE LT,
BEREMERFE L LCHRARRL T 0 U v 2 aiET 5
DNA AR ZER L (R’ 1b) . £ Otk & e b
FIFFEZ I, S bliceEmRFm LA L7 4V
> & RO DNA O By 12 fERL U SEiaE!E DNA
% RIEEAG L 72 BB N B S B BET 24
i1 o717,

i

2. MRLEBZ

W A2 F - e WA= —([dS)ZH A LT=—
A8 DNA Z (b7 A R L, ARSIERIC K - TEoK
78 % NS RF> —E 58 A DNA Z1ER L 7= (&

1 (a) DNA B EZF AL AL B REBROEEL
RIRILF—BEEBFBEFHE (b) DNA REBRDBIK
EREFALIRY 1R EEROIR

T 1 AR—H—1EH(dS)FHFD DNA DEZF

DNA LRedl
dso 57 -TGCGACTGAGTGCCT-3~
37 -HS-ACGCTGACTCACGGA-5~
dS1 57 -TGCGACT-ds-TGCCT-3~
37 -HS-ACGCTGA-ds-ACGGA-5~
ds2 5”7 -TGCGACT-ds-A-ds-TGCCT-3~

37 -HS-ACGCTGA-ds-T-ds-ACGGA-5~
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1) o WFF U EaEREoKENET ) —_—2ZK)L
7 4 U (DMPyP)& DNA #{R&T252 LT, H
B L9 5RNLT7 41 -DNA EEKEER L -

(B 1b) , DMPyP %% DNA PN#E D BR/K 22 [ |2 fF
HPNRERT HZ L Z2WINART fLe CD A
A7 MV LIHBMMNZ L (=5 —! SRIT/A
DY FERA, ), CD AT RRE =2 nk |
Bk Z2f 2 #5772y DNA DO#:4(dS0). DMPyP
I DNA ECaRBEREFRT HDITk L, ZE/HIH
TEAET % dS1 D4 Tl DMPyP (3% OHE Iy
FBHNTHES L, dS/AS D7 —i2xt L T—ofE A
TLZEDhoTl, EHIZ, dS/MAS ZoxFEO
5 (dS2) Tld, DNA HHAMREITHE L2 & 2 () #aBRICRET ZRIL T 2D CD ARSIk
FHEERZRT AT ARBIHIENTZZ L JLss8—> (b) DNA [Z#5&LT= DMPYP O CD ARZk L
NH, D0 DMPyP 75 DNA LD SO ZE/IC
MAZ L TR L TWAD Z LR ioT,

WIZ, FA—VEZEM L7 DNA ZHW\W T,
DNA/DMPyP #A 1K 0 BL55 1[5 % [E 7 L 7= B
L, ZONEIEEMA~T (B3) ,
FZAFAE T, 440 nm OJERGHZ L > THEL S
WABHI LR R AL T 0 U ORI Bk
2 CEISE DB S v, WFFE O BT A
AL LU THEET D Z &y inoTz,

3. fEim

WA RE LT A= =S F &2 AT
ik S 72 DNA W OB K ZE R A1 F A R v
74V UBRRMICHEET A E A LNITL
77o W7 4 U %> DNA O HLA A5 % FE Ak
ICVERL L B EBRT N4 AL LCHRET D 2 &
SRR LT,

3 (a) DMPyP/DNA IEEREBD A ERZ.
(b) HERIGE

References

(1) Takada, T.; Ido, M.; Ashida, A.; Nakamura, M.; Yamana, K. ChemBioChem 2016, 17, 2230.

(2) Takada, T.; Ashida, A.; Nakamura, M.; Fujitsuka, M.; Majima, T.; Yamana, K. J. Am. Chem. Soc. 2014, 136,
6814.

(3) Takada, T.; Iwaki, T.; Nakamura, M.; Yamana, K. Chem. Eur. J. 2017, 23, 18258.

(4) Takada, T.; Ishino, S.; Takata, A.; Nakamura, M.; Fujitsuka, M.; Majima, T.; Yamana, K. Chem. Eur. J. 2018,
24, 8228.
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BREIFE IS 0y FABBEEEED OKRR G AEIBEE
[CHTEIEAFTUELUAN) VLR RRHESUR
I, AR, BEIER, ROKRNE |, AN, MoNIRRE D, SRR, IR
AR AR R SR
SRR LR

3 UK K L X — B T2 ST
SRR B BT E T

1. = BW

BE, WHRZ AR L U THFENED ST D D-T & F Cid, RS LTEAFELE B
UF o L& FHAT 25, ZN5OKERMAET, SR FICBWTHEEM T2 L EIHBT 2 &
WAL TEY ., I EDE THD N F 7 AOFBRIFENIEESE SN TWS, F 2 CREEMEHC
N F U AMEEBEOWE A ET Z E ARSI, I E TICHFEEREE L ICL > TRk v BT A
(Er0s) . BR1LA ~ U T A (Y203) SDv T 2 v 7 A8 CHENTKE RN A BBIEBIEENS SR
THBY, FWETOEMARBEEELH O L R> TS, FRIEETIIET 2 v 7 2B T
LHEEOMIALED LTI Y, Y0 #iBICRT 25K 20 dpa D Fe* FRERERIC L 0 . BRHICHE
D IR E AL OHER DB LN SN TV D, — IR CITRE I X 2 EZ 72T Tl B
O Lo TAR LTEZED~Y 7 A (He) IZEK T HHEEZHEESIND 0, #EF O He %D
RICEAT 2E1RIT A 720, & 2 TARMZETIX, Y03 #FEFEHT R L T, A6 ©— A EHRGT 2 E DUET
HEE & VT Fe HMBR S 35 1 OY Fe/He 45 PRETEBR 2 5206 L. 078 OIS &0 /K B RN IR 25 8
X9 D EA A B LN He AR 2R 204 L=,

2. EB

Rt 7 = 5 A N F82H EARIZ, ~ 7 % by 2w & U o 7B CTIEE 650 nm B2 D Y,05
ZIFMBRRE CHAE LTz, £ D%, RHWBRE & 98 ORIAR K O b 22T 5 7201, mEZE T
T 600 °C, 24 FEOBMLEL A 520 L7z, Z O#EREHIx LT, DuET (2 TR T T 6.4 MeV O Fe**
HUMBSES L OV 100 keV @ He" & OB S MG 25506 L7-, SRIM-2013 Z /= I a2 b—T 3 Vb,
EEHEEITE H12 0.5 dpa, #FEN O He 1A RITIK 2600 appm & FLfE S Hiviz, FREFHZFEHIKR L
T, HWAEFIHMEL (TEM) BI85 CHMHINGE DT 21T o 721%., T ABEIEIC L 5 K FEE R
Zdfi U7, BEAKEFEARRIL, EAE S & 10~80 kPa, RBRIRE % 300~550 °C D#iH TIT- 72,

3. MR -BE

L IC RS0 O Wi TEM B2 7R3, WO BREREHZ B W THZH DR A FEB LZUES 100
nm fREDT ENT 7 AEOERIFER S T,
FrERELTELT 7 ABORICE LF 150
nm DRA REIFEAEEGEROFEENER L
T2 ZD XD RBENI LS BB oL B kix,
BEDOE AN & ARR 7D O R LF—FfF 5|
BT D EEZLND, ZNENORELE 2 K
L7cb 0% 2 12T, BEREREORWE
HIZ OB NS A DTz, Z O
BRI M RE BN IZIZ E A EFEE LW &

2B KRG He 2AAViATe Z &2 k- TE N .
L7 He N7/ ThsILENRES NI, 1 FUBIHBBH B LU Fe¥'-He B ERETENT- 1,0,

HWESRKMOME TEM {2 (300 F1Z)
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2 Fe HMEBHE LU Fe¥-He' A RETENT-
Y,0; HB R FI D WIE TEM 1% (2500 1) 3 EKFBEBISVIADRERFIE

¥ 3 12BN 1T 2 EARFRFZRABR O R 27777, 300 °C 35 LUV 400 °C DO i aER CIIEEHHE CiF
W7 Ty 7 RTHEERETR SN -T2, 500 °C (2B W THMBEAEOFZE 7 T~ 7 2 KIEIC
WA Uz, BARRSFUECIE 500 °C 2B 1 258 7 7 v 7 ADODIIMEGR S 72 o 7223, 550 °C T
BI7FmR T T v 7 ADWAO NI LTZ, 550 °C 2B DHEIET 7 v 7 A TEMBBERRE, HA RS
HEFCIZIZFR TETH 0 . IEHRGFRELOED 1/4 FEE ThH > 7, WHHFEHI A2 Sz @R T ok
7T v 7 AOKIEREA I, FREE ORI RER X ORI EE O EARE BB ORISR S &
EZ NS, HAEREREOREER L ORI LA EMBEAREHC TRV ER T TR Z > 7201,
He N7 AN RMEEEZ 15T Tz &3 2 b s, BimaRi g, IR I3y hic i L7z He
2 & o ThIE R L OREEEn g5 T Hiv, EAREEZEZIH LI WEEE Th o720, miRT T
Bk R d KON b U, BB GO & ARk ORE MG~ 2 b L 2 EBRB ShT,

[FsC3ER Y A 1]

(1) Takumi Chikada, Hikari Fujita, Jan Engels, Anne Houben, Jumpei Mochizuki, Seira Horikoshi, Moeki
Matsunaga, Masayuki Tokitani, Yoshimitsu Hishinuma, Sosuke Kondo, Kiyohiro Yabuuchi, Thomas
Schwarz-Selinger, Takayuki Terai, Yasuhisa Oya, “Deuterium permeation behavior and its iron-ion irradiation
effect in yttrium oxide coating deposited by magnetron sputtering,” Journal of Nuclear Materials 511 (2018)
560-566.

(2) 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, submitted.

[REARERY A ]

(1) Kazuki Nakamura, Hikari Fujita, Jan Engels, Masayuki Tokitani, Yoshimitsu Hishinuma, Sho Kano, Takayuki
Terai, Takumi Chikada, Iron-ion irradiation effects on microstructure of yttrium oxide coating, 5th Inter
Academia Asia, December 4, 2018, Shizuoka, Japan.

(2) 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,” IEA Annex II Workshop on Radiation Effects
in Ceramic Insulators, September 20, 2018, Giardini Naxos, Italy.

(3) WASFNE, BEHDEG, Jan Engels, BRNEERE . WTERAIST. AFEPA, SPHRRESE. THAR, v/ bR
ANy 2 o TVETER LT b A > B U U S OGRS J J OUKR RN 1 2 8 1 2t
TOHEA A WHZR, BAREF 52 2018 SO KRS, 2018 9 H 6 H, MILIRFHEF v
NEAVS

(4) Takumi Chikada, “Coating research and development for fusion reactor fuel systems”, International
Conference on Processing & Manufacturing of Advanced Materials (THERMEC2018), July 11, 2018,

Paris, France, invited presentation.
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hHRNEHBEFL—Y—IZLD
BRIRMBFIREIBIEZ ALV - IRV —H#EEDRIA

MR, KIESEEN Y, MR, AR Y EHEASES, WA, iR, umEE] !
DEAIPNE S NE St IR ey iR 2255 S
2R RS L X — B SRR AT
SREAREEEH T # —

1. TREEW

BAE, ERNSOEREZTLE LT, (T30 o=T7 Y07 L oanald s, 2
HOBEBEMHOFRE &I, BRARFT-TAT 47 % b LI LSRN TO T\, F
/vAwT@7¢//@%é%m#%&ﬁﬁ%%)%ﬂv YAERD K03 SR, BVER T
®iﬁﬁﬁﬁﬁﬁ@@%bé?ﬂ42@ﬁ%\Mﬁkbf%ﬁ?62t/®ﬁ@ﬁ$ T%éio&
WHROFLIBBA DI Z . o T —FIH PRI T A IREVFEE & b T, —mlc
%L\i@iﬁ%@ﬁﬂ%%ﬁéﬁ%ﬁ&#éﬁhf%éo?@b%\i@%@%@miwﬁ%éﬁ
E. XVEET - 23X — B AV N RV A REDOTZDICHE E SNDHFE T —D, BTIC
BIFARALEMEIE DD THHEWVWI NG THD,

AHFEOMIETIL, TRV —F— ML E DM EERICE D, KARENETNNELD =R F—
HERED R B G T D13 T O %« O FREIE— K2 O LSO E Do L, BHEICHEEL, 721X
425 2 & T, i%»? DEERFATED XS IZRbiVD 0, MEHG 2 WIEFE RS FHR oMz k-
ThRbNDED, WIZED LI ICEIRIUBESNTODINEHLNITHZE2HE TS,

v *@ia&ﬁ%@%ﬁ@t 12, FERR = L — B T 5e i O RSB & 1
7M?MMEL%ﬂ%LtﬁLw7j// THEEMRL, O E BTGB ECHD, Kk, @FO
bR A TR, BVFSEH & BIRANC L7223 > T, RIRRZZHDO 7 + /) B — ROhke S 4v, 9tk - Hreo
FHHOWDF L 72> TOVBEHEDET— FAWTANITbN LR, ZD), BT+ /7 Uiz
RbodEMNBE LD, 2T, FHRAMEEO N DERICE T 5RBERITF T + /)  OWRIGEK
IZHRELTWDZ EICEB L, R EHRE L — 2L LW 7 ¢/ VEEEZHWD Z &I
L7z, WERZ7: KU-FEL TR GER) 17+ /7 VEIEEITWD, EHICTVF A=A+ F
~ UBELIEEZ VT, BRI 7 + /) Vi & E ) e TECHEEET D,

k&iﬁxﬁﬂ%%F—fbtﬁ4%%yFﬁ\%wﬁ6§$-ﬁ@mﬁ%%ov4FﬂyP¥%
v TR E 72 720 Tl BIBEMEIE D RO RTVD o_hgmw ILET - BT
FAERPRSBER L TS, flx D7 % ) F— KRR RIE %@%%%ﬁ #6:&?\
mﬁ%@ﬁ%ﬁiﬁ%ﬁéﬂé bbbk clc, HRAAHBET L —Y— (KU-FEL) % HW
T, SiC & GaN I ﬁé%m@7j/x%—k@@m%tk%@ﬁaﬁ@ I LT, Ziubidng
N — YR X D IRINEMETE — RO TH D23, Hilfh 4 A YE L NICBT DHRAREE 2 Ty
RET— FOBPEICIET N TFHENRLETHD, ZOF—FX, FURERF—T - &4%%/b
BIFABLEORBICEHGTHEEZONTWDTED, BEDT + /) T — R RIET ED
fig B & 312, FEL Z F\W 72— RS Al e MR N K35,

2. ERFE
FAKIRIZE R L72RBHC B D 7 4 /) O RS U7z FEL YCRRH CRIRIC 7 + / & it L

720 N&:YAG L —H%— (532nm) 7' v —7% L L, TV F A =7 27~ HELASRS) Y & L Tl
Tx ) U EBRHE L, 1332em! D Dy T— R&E T 5728, FEL % 666 cm™ (Zxf i3 5 3% &
(AR L MR (7 K) CTHEES A A V' FIZHR LT,
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3. EBRER
FEL FESHF D Zx 1,300 cm™ 1717 C ASRS JAMHEI S 47z, F7=. ASRS HFlE A FEL O R /LX—I(Z
KLU TTROIEEZTRTZEND, Ty T — RO NI LIZEE 255,

2 FEL-energy dependence of the ASRS intensity
1 ASRS spectra with and without MIR-FEL irradiation at 1291 cm™.
at 7 K.

[ CFEER Y A+

() HEARE, Bl 3, MRS, 2 Wk, b 51, R, Bm B, KIE KB, “fiRi oo
L= — 2 O 7o B IR AR TR B0k o ELEZ AL & Fn s B B3R D B, B AR ARSI REE,
Vol.28 No.1, pp. 62-69 (2018) 1T,

[REARERY A K]

(1) K. HACHIYA, Y. SAKAIL O. SATO, R. YAMADA, K. YOSHIDA, H. ZEN, T. SAGAWA, H. OHGAKI,
“Development of the energy functionality through selective phonon- mode excitation by mid-infrared
free-electron laser”, The 9th International Symposium of Advanced Energy Science ~Interplay for
Zero-Emission Energy~, Sept. 3-5, 2018, FUALKFEFIHEF ¥ /3 A, A FIRT (RA X —)

(2) PRk FHBASE, 2 R s W, BRI I RE R, hRAAEREF L — Y —Ic &
LA Y IR 2 RIRAEREIEIE?, HAWISES 2018 HFHKFRE, 2018 4£ 9 H 9-12
H, FREEKRFERELX v o8 A, REAREAT (RAZ—)

(3) HIHER], FEHAE, HERE, & R, e T, RN, I M, KRIEKB, “hIRAE
F L= =2 LD Xm T AN A MU T 2 BRARE FiIREE, B A2 2018 45K
FRE, 2018 42 9 H 9-12 H, RS R HIL X v 282, SO (KA 2 —)

(4) Pemds, & AR, & Wk g 58, B ] ), K, “hRARmE T L —Y =X
D5 A Y MR 2 BRAEFRENENE”, 5 63 RIS AW E PR R FIREE S, 2019 4 3 A
19-22 A, FORTRERFKEILF ¥ >3 &, FOH H ERX
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D AVEDERIBEMAICKL S
R ARGEHEE T O XD

BH !, KHsER Y, IR fes

VHRURUR SR S T BRI R SRR S E R
U A BR BT A A R A A
SRR LR BT R —FHATIER
S AR R kL X — B AR SR T

I

1. ¥E
I, HRPIC KGR EBEOBAENZE L TEY A% LI LICHENT 5 2 MBI TV,
—J7, BIEO RO R T U 2 KGEmELEEIL, TENEM, =L —HHENRZ V., MEn
AW EDORENDH Do, fiEa X MIFEEE <. KB EIT—RRIEEHIE L TE
EREIARNNEVIRIICH 5, MR fERER Y ) 2 KiGEi %2 8E T 2 9B o BT IE, K
B T B DL RIER DI DI EERRE L 72> T 5D,

EFZOIT, WRETICB T 52 ) a RO ESKCFRIEEIE A TR L 7o KRG o gk s
TRV RAEREL TS, AR TIE. @ EOY ) a Va5 2 2 HRE LT, 1123K @ CaCly-
CaO-SiO, ARG IR B B L~V a VOB FE 2 et L, ElL=v ) a2 U ED
TEHE & WG & D VI BT SR OBRE B L=, £, Bohi-v ) a v Eioxk L OEERIE
FHIE 2TV, FEARERE S RN L7, RIEEEE T, p MY-EREHEZ RO U a UIEOERUTEI L
Too AL, R OFEIZ LD, n RS REELZ ROV ) a UEOFERZ B E LT,

2. EBRFE

Fig. 1 ([ZFEBRIEE Z2oRr4, AT CaCl,—CaO—Si0,—P,0s TH 5, CaCL(HILFE >99.0%) L CaO(Hl
JE>99.9%) 2 iRA L, ARRICHAPNICEE LA 985 DIEGME 90 mm x R 80 mm x & & 150 mm)
IZFRE LTz, SiAV)A A& LT, SiOy 7 /R -(hifk 10—20 nm, #E>99.99%) AWM L7z, n
PR D KF— N FE LT, A& (0,03 mol%ET) @ 3Ca0-P0s iR ZIRIMN L7z, 1ERMRIZIT K
(6x1x30mm)Z FV . *HBIZ 1T BN (96x50 mm) & V7=, 1123K T, EEBMEMIC LV U a2
Mri. SEM BlIZIC L VAR LEZY Y v DBRRICOWTCEHME L7z, £72. B8R 23T 5720
2, BT TR LYY a UEE W TOREMRAER L, BEERECHRS FTo ) a VRO RES
b7t 2 ~7= (Fig. 2).

Figure 1 A schematic drawing of the apparatus Figure 2 A schematic drawing of the setup for
for electrodeposition in molten salt. photoelectrochemical measurement.
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3. RHE

ATEERE OBFFE T, WREBITIC X 24T 53V a v oFRIT, EREHARICR S KFET 22 L
Mootz fix DFMETEREZITo 2R, CaO IRINE: 4.0 mol%. SiO: FiANE: 3.0 mol%. EIREE
ASmMAm? ICBWTEMWER Y a vV ERSELND Z ENGhoT, ZORRERE 2. CaCl,—
Ca0(4.0 mol%)—Si05(3.0 mol% )&l 1112 3Ca0-P,0s #34(0.01 mol% & 0.03 mol%) & ¥ L. [F UEf#
FCEN T,

Fig. 3 \ZEMAEE-15 mA cm™ C 3 RE OB AT - 7%, WWREIS 2> DY H U7 BERIE RO
Wrifi SEM {2 7~d~, REIIAE LRI IR B oPedChrZE Lz, (a) CaCl,—CaO(4.0 mol%) —
Si02(3.0 mol%) DA, J&E S 3K 20um, HEAEMERH 0 | U o) — e IR TE L S 1172, EDX & XRD
IATIZ R, ORISRV Y arThd Z 2R LT, (b) 3Ca0-P,0s % 0.01 mol% i L7=4;
By mmE ) UL IR S, (c) 3Ca0-P,0s % 0.03 mol%isINl L7-354 Tk, BEniK BICENT
MR LT b OO | B 2B 72 B 7o T, LLEORERN S | IWREENTIZ L 54K T 2 WE DI
REIE. 3Ca0-P.0s DIRMEIZIR S KAFT D Z LD oTc, (DA Tld, Z&ED 3Ca0-P,0s I L
7eDT, BIICEDAEMRT D0 AT Y a U ICEEL, U a3 OfERREICRE REEE 52 7-
LEZLND,

Figure 3 SEM images of graphite plate after electrolysis at 15 mA c¢cm for 3 h in molten CaCl, —CaO(4.0 mol%) —Si02(3.0
mol%) at 1123 K. (a) without 3Ca0O-P,0s, (b) 3Ca0-P,0Os addition: 0.01 mol%, (c¢) 3CaO-P,0s addition: 0.03 mol%.

Fig.3(b) (TR d TV aa i (BEK) 20 um) & VT
SR 2 AFER U ARG O T2 31T DB A
HIE L7z, Fig. 4 |2, vV a U EOER—EN R 2R
7T, bige LT, ST U aryaa— () off
RERLTHD, BTV a AEIZONT, HRRF WA~
BALERT D EERMAAE LT, Zaud, HREIZE
STV Y aVEOREIZF ¥ VT (BF) Mk,
BN A T, SMBERRICHN TS - L 2, JUURKY
TR S O ERIL, BT Y 2y 2 a—0 or "~ Darkness
{f‘/‘j 30%‘(“3’7)/)710 .W\J:J: ) N CaCIZ*CaO*SiOZ*ons% -1 L L L L L
BRI BT 2B TR OV a BT n Bl -04 -02 00 02 04 06
HIROIH o T D Z L Bbh Lo, il PoentEl (Zs'fﬁ/AﬁNoi) Ao
P TEET B A 4L (PO XM L 538 5E L. igure otocurrent-potential characteristics for
RS B U Ay U S RIS LT, 0 RSy mono-ai wafer in darkness and under
Motz EBEZ2 65, illumination at 100 mW c¢m™. Light was

chopped at an interval of 2 s.

------- n-type mono-Si wafer
- —— Si film (20 pm thick)

lllumination

N w B> [6)] »
T

Current / mA cm2 —
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TEM BB RY A4 XOR/NHBRF—KTD
BT 5 an R T 1 107 Bl ¢

%%@E%%ﬁﬁ&J BB, MAED
P RBRIF LR LA GeRE, 2 AR R kL X — B R R T
1. E&

AR 21T 5 LT, XA N—FMEOBRBNEDBZNTND, XA =X X 10MW/m? i 25
@@f%wﬂﬁﬁ%¢ﬁ%%%%ﬁﬁﬁﬁéﬁa\Mﬂmeofﬁﬁmﬁ%@%ﬁ%énfw %, Hi
EXE T AT UMELE SICR EDET I v 7 AMEMERM E L TEZ LTV DA, BWrEREix
RO TR+ Th 5, B KRB FHIN ) F A 58 CD PHENIX 'rY =7 B kwf%\%%
e DB PESEAR D B BEMEANERA S 4L, F Ol A AR TV S, BIfEH R CRITERIERICIE b
THEY, BRI T 2 05, OO v BEAZMZ CTHREZ =2 bae—135%
Banb b, REIOERBEZE O THLERDH D720, ¢3X0.5t (D3TH) &9 TEM disk A ZXDOF)
B E O TBVEHCRINGE 217 5 FEVEFEO LR RICA OV TIRE L, R BEE2ERT 2 F sk
T2, HDIEDICHEERBR A L bEVEEZ R L2720, EHFETI%EEZ1T-> T D ORNL [ZBWT LD
S HIE T 2 N a VOB AEITS T,

— T, —EDET I v 7 AW TIIBEFHFMNBILER L BB ZRTZ ER”mbhTn
Do Flo, XU T AT UREHIAWTIE 7 + / UMEE LB RE O S BERIE T E L TR Y | Bl
mm%%k%ﬁ BEIIIERRIC LA L = AOARERRLS BI5 LTV 5, %h%h’%ﬁ%%%

(T D720, RIE IBSEFHRE, BE ITERUEEEORIER ERNBR SN TS 23, TEMdisk ¥
A RDOFEF— T ORGE 1 Fm ORI E TR OWE R TIXRATRETH D720, HFHRI 722 E R 0 B %S
AT o1,

2. EBRGE KR

NG BR - OE OEAI 22 T A MiiEd 5 72912, D10T2, D10TH, D3TH, 4x4TH (4mm 4 0.5mm
JE) @ B-SiC #AEHZ SV T Netzsch LEA-467HT Hyper Flash kA F CELHCRIAIE 21T - 7=,
150C2> 5 500°CE TOMREFEFICANT, REIDORRDL 26 OFEHIFEF I EWEYEEERO—
ZH7 (K 1), LFA-467THT TEDLI TV DRI E >3 —1F InSb TH Y, MCT &> ¥ —% fu iz
LFA-467 THAVULERLL T TH R 2BE CORENFETH -T2 EBEZLND, I HIZ, SiC O
ETIEHI—Rra—7 4 7 %475 Tz, DIOT1,DI0OTH, D6T2,D6T1 & 7 A7 ikl ic
OWNWT, —RIICHWSENTWD T T 774 hAT L—ZHWCa—T 4 o7 %L, HEEIT-o7,

" A T T T T T T T T " 80— T ! T T
. 100 %ri_ds%ecsg‘:::pl;cusre'be‘a n : 2 G R w
g g 8 DIOT2 “ia 70 D3TH ITER-G W |
E 801 N Bé%lti . - E - WII SRR w
= 50 o > 60 § Sy ]
2 5 DIOTH ITER-G W (Oct26)
= 60+ = | ® DIOTHITER-G W (Octl?) |
= =
= i L
£ 400 £ 30
"8 FO -
= = 40k
é 20+ 3 é
) L 15} I
<= <= . 1 L 1 L 1 L
= . | . | . | . | , = 30
00400 300 600 700 800 400 600 800 1000

Measurement temperture / K

2 JSI7ARRTL—TCTRILNEEIT-
BLLSRBRAYARXDET ZATUEMD
BRI ERR DL

Measurement temperature / K

1 LFA-467HT IZKBEEHHEBA A D
B-SiC (It LR R A EFER D LLE
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ZOFER, Imm BREDE S ORBRF CII@FE D7 774 hAT L —THREE JIEFETH -
723, 0.5mm JEOFENCIE, BARIEIZ L - UIBEBERMES TSN TLE 9 Z EAH LM
Sl £ BV A XOHEE T T 7 74 AT L= K DWERELE 2 CTORETIL, ERN
KIZLDLMENPRELLIFEEDOVTEDOWEMRE 2D ENWALNTRY, 2 —T 4 TITHLD
HENLELRD, FILLBRINT VT 72 AT L —% VA2 L CoORMEICET A ME
TR SN TWAED, HEENMLETH D Z ERWD THER I,

Ko e - YH G ETE T, BFEE—OREE 2 HHAETOIXLERSH Y | [F— D503 2 7
T 5 2 & BREE R R RELOFMIC AN TRERERIE 2o TE 2, KREZIZOWTHRFREEF
BRELEOREIORBA THINLENRD Y | BN ES 2B TIL ¢ 10 TREORE N LETH
%o ZO, Wi BB LIZHER[12 MR L, BN —# T ORIE D alRe7e Il 7E R % B
L7z, BARRFHIZ TSI ATF v 7 oo FL—2IZ LR ICARN SN2 T2 GE 2RI 5
ZET, ZOBLIELLKHEHy MEMRB LT HEMBETE LTIV RLARNWEWS | TUFafy
VFUADTFEEANWS (K3), NIMOT7FuZEEEsE HnChERAFETH D08, FHENIEFICH
HETH O DOMERNEM TH AT, TUFLFInRAa—FIClEREE2E2TANL, el I A
ZRWTIT 21T o7, AZ— MEH, A by FEHIL ML ¢ 40X20mm @ BaF, ¥ F L —4 [
AR =2 A ONEHEME H33778-51 #2864 L TR L7z, RN L7ZBE F-oRHEICE, EX2
mD 7T AF I F L= H AR N =7 ZAONE TGS H6524, H10493-003 #5537 Y — X
WCEVBEEL TR L, 7Y ¥4 v A2 —7 13 TELEDYNE LECROY HDO 4024A-MS % L.
B B RRIEIE FIREC R DL T OB EHRIE POSN-22 1352-11 (12.7umJETi 7 41 /V) ZHH L=,

Ker o7 a7 A EONRTA—F =5 T 52 12k, R A I RBEORIEIZRA W TIEEAEY
A RO K ERWTSE L BATWEMARY NEELZ LR (4), LrLAEBRL
ToFaf T o AL VRIEREZEZBETCTCLEY, @EORIELY Y 3 ELL EOHIERE %2
FI 57D BEZHMD BaF, v T U—F 2T 52 L CEBEIEEITO VAT LA EHEEF TH S,

—FT, [ Ny 7T —7 88— =7 (CDB)IE Z it L7=2%, BIERA LT\ 5 Nal g
EDMABEDETIE FORKENER TE RN ERHLMNCARY . BENRFHEL TW5D LaBrs
s CTOWE 2 RFFLLIEIT > T <,

] 4 —8D QAR TRELIGEEFFME
3 H—uNHBRATOBEFFMAES AT LA BEOBTEERED L

[1] M. Yamawaki, et al., J. J. Applied Physics 50 (2011) 086301
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BRESFE—BELUAMN\—2 PO KFRRLIEFS -
ZREBIRFIBRRFOEE

WL BHER Y, TR, BEOFEK 2, Lee Sun Eui®, JTRRAIN 3, RAEM ¢

VE LR A FEHE A K R RN AR b gE o & —
2R LR R TR E 0
S HRALKR & m A EHIT SE AT
IR = L — B AR ST

1. 1IZC®HIZ

BRAIE DX A N—2 B L O BT oMELE LT, I X~xtmMtkElchr 2 727w
(W), #EEMETH D IEIEHE 7 =7 4 M (F82H #155) . W EIMELE MBI CH 2B SN HIT 5
N5, KT N—TTlE, BRMEFEZERSZTO N F U LAEMEZTHMT -0 0E#T — 4 &
LT, ZHETIEWIRERE L 7 = F 4 FHRNCHOWT., AKZERNAEOUE RS L . ZHIckIFT
TR RMETE R DR B AR TE T2, TORE. W CTIIBE KM, FRI2Z2 AR KMo K 3 RN % 58 <
T 5 2 & CTHRENC L W KFBFRNAHEENE LLIERKTIH0D, 5% DL =75 (Re) ZHSHT
e 500 CULEORIRTIEEDOREZE L KHTELZ A A L[], Ziud, =B LI 0%E
DEGIRDIEBINH ST 7D Th D Z & 23R STV 5 [1], Suzudo & Hasegawa[3]731T > 72 DFT
FEICE DL RelIWHOCK TR L7 72X 2K L, HOETFBRFOBENE 2 KT 5, =
D=, WIZRe ZIRML72 ETETRAX =R FORKNEZITH &, 225LE W A SR+ O Fis
ADMEEES U, ZEHEEA IR SN D EOBMHAR SN THWD[3], LaL, #EIN TV DEED R
YRR SN 72> TR, —F T, Suzudo H[AIIMOESETLEE W B K FRIF & DO
HAEM® DFT A TTFA L., Crld Re LEKEIC W B O FBRET &SI HICHAEERT S L DD,
Mo IZ1E & A EAREAERET, Ta 30 RIS AEER TS & FHIL TV,

Z ZCTHIFEE BIX, Bl Re 12 X D ZEFLIR AN A 1 = X A 2R D7ED—8 & LC, DFT #t%&
TWHCKTREFEOMBEERANKRES KBRS ETPHREIND W-M o264 MIZE4ETHE) I
DT, FEHKRF= X =B T AT OMEA B — 2R & E DUET % HV TR RS 52
BraEiid 52 L E2ER LT, SEEIL W, W-2.5%Mo 54, W-5%Ta 54>\ THRKERZ1T-
7=DT, ZORERERET D,

2. EB

ABHZIZY — o AL METERIL7Z W, W-2.5%Mo &4, W-5%Ta &&HEM 6810 H L=kt
(10x10x0.5 mm) %M\, 7 v 7WEBICL Y REEEmIZE BT 06, HEBRIEASNTZEE
brEd 5 L4z, R E U CGREHICIFET 28KE H 2R ET 5720, BEZEH (10° Pa) T 1000 °C
(21 BERNEL L 72, W-Mo & 4I12 2\ T H ., W-Re &54° W-Ta &4 & [FARIC Mo 1BFE 5 %D a4 DfE
AR, PEIMTICHZ H5ND OB ELNRN-T-D T, MolBEEE 25%E L=,

ZH S DK A DuET (2355 L. 800 °CT 6.4 MeV Dk (Fe) A A% 05dpa (7T v /v — 4
&) £ CHH Lo, BIHREEZ 800°CE L7cdiX, Jeifd L 912 500 °CLL EDOIREFHIK T Re DRI
RBPETHST2006Th D, % OFEZ & L RFICRBIR Y L 100 kPa D EKFHE (Dy) 7 A1Z2400 °C
T10 IR L=, T OD L, D &% FIE MBS CRE L7,

3. WEBIUOEE

X 1 IZFERRS W s K1V 0.5 dpa £ TFe A AL &2 WE Lz Wil b D OFEBEEA S |
NERT, Dasyf & HD i FOBMHEEZRE L, D RFORE G Lz, K4S ODIE D& L
THH SN, BEICE Y DHENKE SHERL TR, BRI D MMt Sh T2 &b
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N5, BE WEREND O D ORHHIEE R X O EIIBER SR & RfEE TH -7, [1]TIEEER
ZBhE LTHER L7223, V=2 AL " CH RO FRE IR D3R CTE 72, X 2 1T Fe A A > & MR
L72 W-5%Ta A48 LTV W-2.5%Mo 5405 D D OFIEBEEAXY bz, B w0 b o Ltk
LT d, W-5%Ta B3I oW TiE, Wk L BEEREWIZR o572, W-2.5%Mo A& DY;
AT, BBEHEE N SIRMICS 7 M5 & &b, BBEEN DT ITH R L, K0 ssWERY A 2
RSN ERRE SN, WTNOE48d ., W-5%Re 54D L 9 7228 LI RkE L OVKFE
RINLARTEE ORI R S e o7z, 2D OFERIZ, Ta<° Mo 1X W @ B CA& -1 & 5 1972
FEAERZ L2 E W) DFT 3R OFR L —FH L5, 5%, O3 DRMAEERAR#E S TY
% Cr ZWM LI B85S Ic oW T, x5,

W
5 |l——Irradiated (0.5 dpa)
Non-irradiated

—w
St W-5% Ta
----W-2.5% Mo

D release rate (10'® D/m?s)
w
D release rate (10" D/m?s)

[ . - 0 el 0 bl | L  arrarirl A
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Temperature (°C) Temperature (°C)

1 DuET T 6.4 MeV O Fe 174 % 800°C 2 DuET T 6.4 MeV O Fe 4% 800°C
[ZT 05 dpa ETHEEILI-W R B LUVIERE [ZT 0.5 dpa EFTEHFLIz W, W-5%Ta H LU
St WRHENSDEKSE D DR EMRBERRY W-2.5%Mo SEMNSD D DR BIRBEARY
FL.D OMHEEIL D, LU HD BFD LoD DHEE (X D, 8KV HD HFD
WHEEXLYRDOT=, W EE KYROT=,

HEE
BEORBE ZHY N 272N 7 VT v R 7 HFSERTO A. Spitsyn 1 LR A2 #K T 5,

Xiks%E

[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.

[MEEFFR Y A ]
(1) 28R, V. Kh. Alimov, KRANA, TR, MR, YemyE —, ARG RIFR] T —
DA TR D B & B 8 L AR S AR T o Kk FE RN RS EIL, F 12 RS = x L
X —E SIS, 2018 4E 6 H 28 H~29 H, K. (KA X —)
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NAAZRRAOEEFRBICAEITF=UST =000
SRR EED RN

AR, MRS !, SAM 1, SRR 2 PERAES, JEOMEE 3,
FPIEN 4, R !
LA BRI RFBAEMB PR, 24 WBR P SRR, 3 IR KA FE LT,
4R RS R L X — L TR SR AT

1. BRBXOEER

NRYBENKRILT 57 8, ALHEIROMHAEIBIT RO BRI E 2> TWVD, h—Rr=a—
NINBANA T A, FHZEDIZEA L EOOREZNAA T~ A2 AER L, (LAERE B X
25T EITMBEOME L NZ D, KERAA A~ 2D FEERY Th DR, fR. ke, (bR
FEZR CICTEFHSNTWD DD, 7= /) — A MERSTHLY 7=F~7 V7 e LTUIEA
ERIHETWew, ZOHBO—>2L LT, U 7= MbFHIEDORMANBZET LD,

V7 = NEERISEO A e Y ) UHEER S D T ERRB STV DR, OHTRRE TR S ICA
BLTLEI D, ZOWEOEBOLRES IOMEEIX, RERMBATH D, AHFETIXY V=
@Xtﬂ/i//%L@%%i%@ﬁgi%%gﬂ T DO EEFEE A CHE# LI a =7 =
U ([ring-1-°C]CF) %A F a3 vic&5 L, #HE LA EZEER SCNMR (252 Z L2k oo L
775
2. EB

[[ring-1-"*C] CF ® &k ]
[ring-1-"C]CF IZLL T DA X — A Ko THE L7z (1), RUEEIX 6.8% Th ol

o)

g CH H CHO

Eﬂj 13C|:OZEt ,0 ] 3. 1391—10
131 c L|AIH4 RuCl3

Et0,c~ COE _>

CO,Et CH,OH
H
13?HO 13?HO Ci 7 13//
CH;ONa “C Glc(OAc),Br Cy HOL CO,Et 130\ DIBAL-H |\
Z
[‘)\OCH3A920 OCH;, Z NocH, OCH;
OH OGlc(OAc), OGIc(OAc), OGlc
[ 5 51k]

HEMINZ PCHER L =72 ) VeI =7 =) a2 6 AT/ Favia— MIZEh
TG Lic, —r HEFSE®, BIAERMEHIERY, a=7=) U RESFa v T2
Teo B TnzT7R b, BUKTHIHL, 7 b BUKThHM L TGRB G2, Btz —r I
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T LT, BERUBRIZ KV 2hEE i L, =oALV =0 %G, ZOo=> A L) 7=
> AR BC NMR BIEICHE L 77,

[ [/ *C NMR I E ]

HKEE 7- ECA-700 % FVy, CP/MASEIZ X W HIE L7, FEERIE:17,000 [A], #UEHAIER%:14.5 kHz,
I BT NEA L S5ms

MEEDFES LIS EERFZEOE—7 2IEET 5 L 912 BCEHGREID 227 b v b IEEE O
AT M EELGIK ZETREARY MBS, R—L I VT L%, BEEAREIZLD 2
Wz R L, =oAL T =0 %82, 2O WA L) F =2 & RERICER NMR JIE 24t L7,
A RFINEERZHEETL LI, BCHERBY > TLD AT M LIFERSRY T ILD ALY "L E
LAl 2 ETREANRT MVERT-,

3. MEBLIUOEE

K1icm A LY T =2 OREANRT MVERT, 134 ppm FUTIZEFZ IAICHET HRE 70
— 7 M, 51 ppm & 217 ppm fHEICFNHRD A = 7 A KX K (SSB) N S4L72, 51 ppm £
W5 217 ppm T D SSB 275 LA[W- & Z A, SSppm ICAE R V= ) UiEEICHET S B — 27 A
o (K2), ZoOv—7mEET 134 ppm 20 B — 27 HAEIZH L TR 24% Th o7, 5k, KK
NMR Z HWTEIZEERIZ2 0 21T 5 TETH D,

— REARJ ML
~T77 SSB (217.21£30 ppm)

WHREOLTF L —— FERRY ML - $SB
u 313 OCH.
3 ZED/I/zﬁﬁ
250 200 150 100 &0 0
Chemical shift / ppm
B 1 REANTRL M2 SSBBWIELIRERRIML

(G B - BB

(R SCHER Y A B ]
(1) D. Aoki, K. Nomura, M. Hashiura, Y. Imamura, S. Miyata, N. Terashima, Y. Matsushita, H. Nishimura, T.
Watanabe, M. Katahira, K. Fukushima “Quantitative evaluation of condensed structures of guaiacyl lignin
in Ginkgo biloba L. using *C NMR difference spectra” Holzforschung, submitted.

[AgARERY A ]

() HMIHEE, TR, HAM, WEMZ, WS ELEE], FPFEN “HERINZPCHER L
ra=7x U OaREFNERNEY 7= OLFHEEDRET | H69E] A AR F2
201943 14H~3H 16H, &g
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ERHERMESFEMHOERFUNRICET S8R

ﬁM@%E%iEER%@U@,@*%&Z

BRI 7T BR R A
Zaﬂk%Izw% BTS2 AT

1. HFREEW

EZRA R B IS ds T Do ) LR &8 H~ U U DA D[RR R DM BN G- 2 5 522
ZHONCT D2 Lk, FAEEDMEIOBIRICB W CIEFICEE CTH 5, AL CIIFE EEY
TRLERNZZIT5 75 A5t chr 20727 (W) SEREHE 7 = 54 MAOBA T
Faxtg s LT, AT HETOEMEHE 7 = 7 4 MO - 822 ErEicd B L CTERE
5o MEHEHE 7 = 7 A4 MO BIEFEREMEIIEENEY TH D MuCs (M:Cr,Fe,W) LT MX
(M:Ta,V;X:C,N) OZEMEITETE L TN D, 21D ORRE THZEMEIC DWW TIdRk & 7 2R FLn
%%%éﬂﬂﬂ\é%@WlﬁﬁmﬁioTW%m\%ﬂ MX AT DN TIL, BRI BLEE L7970 10nm
VI ED MX OFUEEITEERMEICAEREELEZ L EEZIZ VLU E EEoTNDA, Taxe
V OEIGHRDPZMEIZSH D Z L35 10nm LT ORGHIHT ¥ & L TS LTV % MX 23R EER -1 &
L TN TW D ATREMEAR BV, F 2 CTAEET F82H O EEMT M Tdh 5 TaC O PR T 22 e M a2
HEE LT, A A RETFEBR KOS 7 o kB2 L 2 30 A S0 L 7=,

2. EBRHE

M & L CHWE0, Ta IRINET VA4 (FETA20 : Fe-0.015C-0.2Ta) THD (1), MX%
FrisE2sZ 2 HAE LT, 1250Cx10 73 DBEZR B LIZIZKE TEHEMA L T Ta ORETEIKGE
W@mbt@%ﬁm@15ﬁﬁ®ﬁﬂﬁé%mtﬁm%kﬁ%@7u/ﬂﬁ615mm7mm0%mﬁ
DORESOBEMA ZUIH L, SRR, BREIC T ET 7, A4V BRERIIESE— L - ¥
BHEBRLERE DUET 25 LT 6.4 MeV Fe*' A 4N TITR o 72, BETSARITRBENEE 300 °C. R &
XA S 700nm (27T 20dpa 8x10* dpa/s & L7c, MR #EABRIL, BEMFOERA 4 B —2 (FIB) N
Igﬁ(mawnKT\wmmwpmwﬁ@i7mﬁ%ﬁ$%%ﬁﬁ&ﬁ%%ﬁﬁ%ﬁ/éﬂﬁﬁ
WATE 70D X OWTHERR L7, IR v — A 3y X245 E (GENTLE MILL) (2 CHIZEEERm A 7 U
—=27L. 200kVTEM (JEM-2100F) STEM E— RT3 7 nfl#k#l2: L OEDS ¥ v B 7 %175
oo BE—AT 2L X A LT 02ms, A ¥ UREHIX 2 K] o D, & HIZ ETH Ziirich, Switzerland ™
Dr. Robin E. Schaeublin D /712 & ¥ Scientific Center for Optical and Electron Microscopy (Z#{i S 4172
STEM (Talos F200x) IZTAR Y R A X2, 30 50D AF v VIR TEDS v v B o 7 %47 - 7=,

=1 FETA20 D1EZEH 5 (wth)
C N 0 Ta Si Cu S Al

FETA20 0.0152 0.0006 <0.0010 0.190 <0.002 <0.0020 0.0005 <0.0020

3. MREEBLE

X 112, FETA20 OELEER (2% L C Talos F200x (2 C EDS ¥ v B 7 24T o 1= fER 277, Ta~ v
FITREND L O IZEWIRZ X BRI Z - T 10nm 35O VELRIC Ta 235545 L TV DA 238
ﬁémtoﬁﬁﬁfic NkiUOLowfiﬁﬁ@ﬁﬁ%ﬁﬁéﬂ@#okﬁ\:@:VB?X
R TaC DEENARIZIR > THTH L CWAD Z E 2R LTS EEZBND, — . K212, FETA20 D
Uiyt ﬂLTHMQm%¢TIDS?/E/&%HOKF%%T?@::TﬁZﬁ%K@k@vyHV
T wAT -T2, Talos THIZE SN2 L 5 72 Ta HrifiZiRSHEG S L OGERSHE W ICB W T HEIZET 5
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ZENTER)o T, Talos FHYDIE S 2455 121% 10 KFELL o~ v B IR RBEREN L o XX T=n
720> 2 AR L& E Tl <, ENLL EOBIRITITHNEL BT 52 L n, BIEITINEE & W
LTI B 72 MX 23 10nm B2 EE 72 HIX@E O STEM Th T BE SN D137 TH 5H Z L 9v5H  TALOS
THEZ I MX IR (M8R) TH D AREMENS R I N5,

PLEX Y 7GR THIR E BN DK THHE L7z TaC 1358 O 54T STEM TIFBIZE T %
HLOD, EROFBBEFTMIE TIIBET L LIIREETH S Z RSN, 5% EELS s
WCEVEET D E & BT, AR CH RS & U CRIH ATEEZR Talos IC L 202179 TETH D,

1 ENIEIMI- FETA20 ET/LEE D Talos F200x [Z&5 STEM BEREF{EH LU EDS v

2 300°C 20 dpa HESTENT- FETA20 ET/LEE D JEM—2100F [Z&5 STEM BRI B LU EDS v
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BER - KMENAT) v FF/ T74N\—F AL

FEEEEAKELEAIZI VYOIV RTLOREERE
FAKRANY, WPEE, A2

[T I 7 e Sy N T By S e 2 B
2 RS L B — B T 2R SR A

1. =

I%%m%iﬁwmﬁg’aiﬂéﬁiw DE T =
Ry va VEERT D10, BREFTT SR
MBS TN D O%@¢?%\%m%ﬁ%$@%bﬁ
BEWE % FRETETICBO TE T XX — I 4
HTEWTEDLRED, LFRFEANPTFERZEDTND
—J . BRZINETIL, BCRTMRERE LR <

1.FDH O R LT—2av RIG
—~ MU w7 AT LD EEF OFEYE O LB
R L CE O, BRIZIE, ALV AT LT B R
K#EBESE (FDH) WAL LT LT RET /La—)L
(CEMS D6 ET VR E LTEIRL, FDH % [E
ELLTZRY =T ba— (PVA) 7/ 77 A
N BRAREIZEVER LT, 20T/ 774
SRR ST LT ATE FODIEDNT gy ppn/mio, RASHEE /774~ DMAE
PG 21TV, EE L L7 FDH IC L OBERIEN AR BEURILLZLTERLEIZENTT BRSNS
ICHERTT 5 2 L BB L, £, 2o BRI
VAART = 3 UG EPRIEI D SOGHEREIZIE W,
RAVLT VT & ROSBERIZE O CTHBERZHEE LW 2B LE (K1), S5ICHET
X, IR TR A, SEICERLT # V (TiOy) 2 NENELA Lo Bt 2 &> PVA
Ty AN—% I L, BERNS &SR Z A ST D Z I L AR AL AT VT

R OMLERE A BRFE L7z,

AT, BYHEREr v v a Vv EFEBT 70 OKEEFLY AT AOBEL &b
WE LT, BEREEEE LOLERSRE A o b BRI TR T T 7 A N — 2B LTz, BIRRY
WZIE, B FDH %, #E0IC TiO, Z#ENENEA LIRS 77 A " —% MRV ~—& L
TT7 k& 7 EF /L PVA (AA-PVA) Z W TERRIEICL OER L (K2), AA-PVA IFKEMET
HDHZEND, BoNTNEA S ) T A NR—F TN F— LT T B R (GA) BRI E > TEET D
ZETARBEME LTz, EBIT, ZOFT 7 77 AN EDKFORNVLT VT B RELBET 5 2 L3
BETHINE I MITHOVWTHRHF L,
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2. E®R

TiO, £7-13 FDH Z Z 2 G te “FEHD 15 wt% AA-PVA (7 ALEE 92.8 %) IRIEH 5 Bz ak A
ATy NEHWTERS AT HZ LT, ST 77 ANRN—%AER LT, BohicT /774
N—% GA HFEFAE KIS N - To B PR #R OKAEICEE L, GA ZAXUCHTERHIB#E T 52 LT
AA-PVA Z 4G LT, ZOREEA Y ) 7 7 A X3—% 3mL ® 1 mM HR/VAT VT b REER (NAD']
=116 mM) [ZEIEL. 2D &L EDRIERFARNVLT VT & RBERDE 4-7 /-3-8E KTV ) -5-A 00
7 h-1,24- 8 U TV = UE (AHMT DI K D JIE Lz, F72, BtA S S EEf UV (L = 365 nm, 3.90
mW/em?) 2R L728BA0ORL AT VT b R b RERRICHIE L=,

3. MERLEE

BEAEAGRIEIZ LD TiOo/FDH Bl & i PVA F/ 7 7 A
—E2ERI LT, BoNieT ) 77 A NRN—IIKEETH D=0
GA ZRRUC X D4UE A it Lz, GA Z8K~ 0 B R 2 Fl <
LS E TR EZITo7T L 2 A S KMOZREIC LV KFTE
DIEEHFIT D DTEDL T ) 774 RX=PELND 2
EnGrhole (K3) o WIT, ZOF ) 7 7 A "—HIZEE
L 72 FDH B X O TIO, N Z DIEMEZ A L TV O E D il
NLHEDIZ, I mM RAVLAT AT RIEIRICZ OWET 2 —7
7 A N—FIRE L TBEORL LT VT b ROEERD % J4f
Lz (M4) . ZOfE%, TiO, & FDH % KELEDF /) 7 74
N—piE (X4 OF vy ~) &g LT, TiO/FDH ELAH
) 7y A= nicgs (K4 A7y ) | KV
FIR RNV AT VT B RO PRS-, £72, UV BET
TIL ANV T VT & ROMEEEOHMNZ MR Lz (X 4 @
7av b)), UEORERLY, TIOJFDHEAT /) 7 7 A /13—
VEEESR SUG & AR K 0 | KRR ARV AT VT R
NRLLS DR TE D Z DRI,

3. FDH/TiO,E2& AA-PVA
FI/I7AN—DEEREFIEMER

4. BRHART/T7AN—ERILLTIV
HE R TERBRICSRESEBRORILLATILT
J s NEA N . H P
(1) Tanaka, N. et al., ACS Appl. Mater. Interfaces 1 228 (2009) : AF_I';EV;E ?_}ﬁtj,i{/?_THF/;f/zTi%%;
AA-PVA F /774 /8— (UV BE7ZL),
@®: FDH/TiO. BL & AA-PVA F/ 074 /13—
(Uv EB5tHY)
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REET7 T2 —%2RAWERHES VNNV ERH X T LORSE

BB !, PERRE 2, T, BHRES
VREAR KRR BT S InFL ET TR, 2 USRS AT TR, O RS L & — B AR SRR

WA, BNE - LR & W REESLIE O, BB EM L W oo AMIZDb D 2 & DRNERS
BTHEE L Vo REHHNCED D L 9 2 FRITX L TH DNA #ENFEBRNICERA S TS, W
FUTBWTH, REENEBIINOFNHTH Y | BHFRHCBW TEEMICRE 2B 52 5%
F Lo TWVD, FRHZ, 2009 FENSLEBEN TV AEHIEHIEICBW L, FEDEANTH D KA
VR E T3 720, g - #ELLE LICDNAEEZ KT EMAOHEN L, MAZKEETLROT
ELTHIHLTWS,

LU, BFFEHE V-7 DNAEEOENEBEIND Lo FE% (LD AA, BELITRANICE
EENEDS TVDHTDR UFRITRE D S ITB 22 0) BREA L2720 5lEOBIGIZEHB VT DNA
EEZOLDIZET2HNID LT OTHLIBNEEIC/R > TETCND, ITETIEZAFEIEDOE S
5. BRI LIZEREROBRAZF O L TW WS, AT E D @R E28ITT 56 2 LT 6RBESN
HERLFEAELTWDEHT,

ZOXHIREFENS, BIEERNS TR, FiEE W TENETNDOERIENAT HEEZ 7 Bk
HL., RIEEENED SN TS, L2rL, DNAEBEZLEL T30 80ROMENEZ TETW\nD
Z L TOREM, HiRFDO L OREW EE > THEESNDT-OHENRLEETH D & W\ -8
Xt YNGR

ZOXIREFEND, BIED DNA #EENME 2 HREIC) L, g7 7% ~—& DNA 4V 7 kI
LV ERLL7- DNA F /&R T A 22O CTHRIET 2 TFIEOBRRZIRET DICE -2 (Fig. 1)

Fig. 1 ZRAEICEBWTIRETZAUAS-TUr @) BEE ., 7TTIV—2EBITIERLTHLES ANFULE=-DEHLY
INDBERZADIENTER N, FBIRELMALLEE T HEL2TNS, (b) SEIRETHERDT7T TAY—TIE
AN BEER T DA%, BULME -BR T 74— 42RE I NIEBENICENS NN IEEHEETES L
512715, (c) EBEELTDNAAYHIRIZKD T /1BEAREFIRAT 5, 20 DNA F/#EE AR IE 1 RO K EE DNA & 200
AL EANSED5 L) DNA SEMDHEEIND, (5L DNA BT FNFNA L ELDRIITHEEINTNEIEND
nm LA TERESZSENTED, COFEEZEMNLTHED DNA IZEBHEHET CETEEBD LSIZXFEEL
CEBTED, () ABREIZBULTIZMEL DNA SICT TEY—%EB AT S (EM),

® DNA AU HIVEICEVIER LT=7 7% ~—f}X DNA F / K&k o /EL

HEEFIIART Y NOFRHMEZHEND DT DITHEROFIES X7 ETh 5 PSA 774 ~—FB LW
Hemoglobin 7 7" 4% ~—% 8 AN L7 DNA 7/ fsE R 2 F L7z (Fig.2) . RRO &Y DNA AU 7
SHEICIOER LT 7 HEEERICIE am LL DT RUABNEE L, (FEDONEIZPSA 7 S 2 ~—%
RT DT ENAREE D, RRHEZTE) LU TR T 72 ~— % S5 2 & TR
BREIRE®mOD Z ENAREL 72D, PSAICEL T, BIERE SN TV AT 72 ~—I3hiik L bt
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WD LAREENDBTINZ ENA BT/ > TS, RFTHRMEZIR O LR D TIEIARFRETH Y |
DNA 7/ HIE R DR TGN LTEMIETH L L BTV D

Fig.2 DNA AUAH I K YEBRILF-F /&K PSA TTAY—RUATS AEV 7 AT —45BE LT
R DNA F/HEER LICTTRAT—AERBEIN TSI ENHMN S,

® T 7 X~<—fX DNA F JHEKRIZ K DR ARS T EIRE

FFEEL7ZDNA F/ BEERICIET 72~ =N EE SN TEBY R
BT EERERT A LN TED HERZ T E L DOFES % ik
AFM THEFRT 5 & W) HIE TR Y 7 =RETHZ LI
FRETH DN, EIEH AFM EEZO LD L EMTH VI EZE 2 5
ERDOTFEEEZDRETHD,
FITHRADIN—TTIET I — AEBELKINIEIZEL Y DNA F
REER OB ENE DRV E LT 5 2 & TIRIRIEIE ¥ o "7 - & Dfb
BEFET D LI LT, ERUKENTI B K & WO OB ) A
B RAHENH U IR AT AT s 20 R EE DY
TN EERET D2 ENTE D, EBRICPSA T ¥ ~—%HlE L
ﬁijf/%L%%mwT%%m@%ﬁot& 5. PSA X Ry

S ; Fig. 3 PSA A2 /0B HEEMN
BOMAE T CHERAY U7 MR T 2 2 e T (Fig 3o a4 ONA S B GEES
- XEITEMEL-RE. DO FE
o IFkEZ T—Hh—, @PSA H7EELVIKEE

T® DNA F/HEE1K, @PSA
IEX 07 74 ~—f& DNA -/ #&EIRE WD Z & T, X% BHETTODNA F/#EEK,

TIRRER NI E R L VERIKEN CE DR T 2R T 52 LN T

EHZELEWLMNT LIz, A1%1% Hemoglobin 7 74 ~ —7¢ CBEIC#
HEINTOWDLERIBIRIR Y XV BOT 74~ —nbIEFICAKY AT Azis L, WA AR5 7
EThD, £, MERIGES VRV ETHLAZ | URERAZTFUCEHL LT 74~ =S
NTW2evn, 20X 9 7Y 7 U LTt in vitro selection ZJEBI L., 77 ¥ ~— DS L5 T
ETHD,
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FREREXEELOEMERILZBIE L
BH-EENA Ty FIRORAS

FRilig !, AhlzEE L AR, Sea e’

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

1. ¥=

AREERBCRKBEEMIL, A< EMICHEEN TSR Y 2 KEEm & 1380 BEN>T7 L X
I NI KGR E 72 0SS, ARERCRISEMO SRL OO, AHCEEARA B OB RN E
FTH Y D TALFEOREPDIERICHENEB SN TE T, —FH, 77 XE= v 7 &0l b ol
&JET RN E RIS D & EOFEOF 2 ERICEER SN EY (REER Y 7 AT v 3HE)
DELD, ZOEGITEE FRRICEEE 2 EZ R ATRE TH D Z L b, DN aHT O EBRE S,
KEGEMOEHRACIEARRECTH D, U EOFFENG . AUFIE Tl A B KRB O &=
HET D5 2R EAME - BEFEOEEHNE LEERst2EDd C& -, R, -/ R E48H
Bl - AR RN T T =— 27 72 WAL PRI OV TR & W3t A el C X 7, BEMERE S Cloig{b T
B = R EAMERC Z v E W T A RERCR G BB~ DS I DWW TRgt 2 | 5 21T -
TE7z (K1),
(a) (b)

B1 (@B FEERBICTH/RFEEMFAALERFHBIEXNGE M,
OB FEY —& T /HFEABRER

AEEIT, K1 OZNENOEIEE L VA DETFWEE — &7 R EEROEIEI R, Rk
FHLAINDENTEBRT /B2 AL RORMEZ BIE L. T4 U RILY) — B8R/ K+ E e
WO VERER A ORESL & OUEFRFIEICE B LICBE 21T o 7e, FRIS, T8 IRk —iRT-/ KI5
BREEBEOIERUZ SV TIRET 2D LI RAE~ DB SO W TR 21772 o 72,

2. EB

FT. IR AKIERIR 2 INEGRE S, £ ZICE AR L ORER E LTI = U3+ h U 7 AdDK
WA Z, RIE ke L CERF ki Fan A RKRIRESTZ, 2O hitav A RKEKZ H
VN, B T IAEIC L > TF X U — 88T ) R EA B Z LT O X 5B L 72, 1§72
T ABDHNIA VT L-AXBEW(ITO)E I EM A Hf & L THW, T2 T haxy ROBEKIZ
RiE LT, TOHk, ZROOERERVHL, WS LT X T axy ReRpRil, £5
LI CHIE S H T2, DWW T, KITIR L, KSRGS EIT-oT-06, #fISE T, 5% Ve
B S fff F AR (Ti(O)/Sub) & 4572, Bk DERT / Kit-D 2 v A R/KIEIR & BKMEA BB & 72 2 Fm
ICA X )= ZBBNELINZ, REICERT k- OEASEERAZ IR S8z, Z0#E4 ., Ti(0)/Sub
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DFENZTVERY | 8T R EAHAR AgNPs/Ti(0)/Sub %157, 5l&Hi& . Ti(O)BHIE % fiHk D
Trw A TR L, ¥ ) & BANE I FFD TiO(0)/AgNPs/Ti(0)/Sub %1572,
ZNENOBEEMEIORERE L FEE, WINAY bv, R ABEMET, XBAEE T AT b,
EBEE FIMEI 7 & TRl A T2 o 72, ETo EHEFFEIC OV TR, MEE» O AR %
Ta—7 L L CTHW T L 7=,

3. MRLEE

N (o8]

Absorbance / a.u.

200 ' 600 ' 800
Wavelength / nm

K2 RF/HFIOARKBRDBIRARIENL 3 FAVEEYW—SRF/ AFESBER

TiO(0)/AgNPs/Ti(0)/Sub ) SEM ERE{&

X 2 DT R DIER AR R ViE, BE%E 420nm (SRR K 2R L TW5D, VTR
JRITHIRT T TR HEHREE ILSAELTEY, BAEEL /IS WY A X0Ri 1L 72> T
WD ZEEERB LTS, FX b —RT ki AR TiO(0)/AgNPs/Ti(0)/Sub @ SEM
Bles (M3) 1%, B 2RI FEEM SN VDO TIERL, PRl L HEER->TWD
BHINH D L E2RLTWD, £z, 7 R HIFERRO L OIEN Y Tidel, vy RIROK 1117
FELTWDZ ERHALNE T,

ZORF R FHEREARFR IS, #EOEL LTHRLT 4 ) UBEAS s Ly 2 VB ERERE L
THB LU AT MIEZIT o7& A, 1) /BT OIFEIC L > TR m LT
WD Z L ERET HRERNE LT,

BIE, B LR VR FRAR~DREREZED TS, 2, 7~ UV BELDESIEBE LR A~DIL
RbEs, R k12 X DR L O S\ TRiFT 2D T\ 5,

[AEAREFK Y A H]

(1) Tsuyoshi Akiyama, Shoto Banya, Natsuki Koyama, Yusuke Matsumiya, Balachandra Jeyadevan, Takeo
Oku, "Enhancement Effect on Fluorescence Emission and Raman Scattering using Densely Packed
Thin-Films of Plasmonic Nanoparticles", 2018.6.25-27, International Conference on Polyol Mediated
Synthesis 2018, Instituto de Ciencia de Materiales de Madrid, Madrid, Spain.

(2) /b ZREFE R B B R, R-R I A R U T @ R T R R oo (R &
SAEZARFIE" 2019.3.19, AAMLZERG 99 RFER, FIMAT, KE (FE)

(3) Natsuki Koyama, Tsuyoshi Akiyama, Shota Mitsukawa, Takeo Oku, "Fabrication of Titanium
Oxide-Silver Nanoparticles Composite Thin-Films and Their Photochemical Properties", 2018.6.15-17,
14th International workshop on supramolecular nanoscience of chemically programmed pigments, S/ fE

RF, BH (RA5—)
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AIRIILF—EREARFRAMBORE LR

HARIES !, JAss?

VR TS MR 0 bR
2 U RS L X — T AR SR AT

1. XC»iC

AR EL FI12i%, ARG, mung ., @A AR A, RS EKE), ﬁﬁgxﬁﬁmiﬁkﬁﬁﬁ
F & L CHAR R FED B Z <> T\ 5, it\@m7427v4ﬂﬂ/774F%ﬁﬁ
T T =7 4 ) F— %o TRIED O OFIEO—F L2FIH Lewnolzkt U, A8 EL 3271315
ARNAEHEELTHDOT, TOEINFRITEEDOZNE LD EFS, A EL 52172 ¢GRI %wé%
BRI, M, BE, 7 U7 mIEERe E O LED L IXEREORT vy v EAT D
BT, ARUT L0 mWEDZER, SOLTIIISN T E TN KENRE L & BREEICE LUVRHSE )
<OBATWD, LER->T, AMELFFOHEFIEr I v a V=R X —(CEAET 5 EEHRE
D—D>Th b, BITEIFRIZEARENED 5TV S EL F AR NI MR Th Y | 232
A VP L EFRLERETHEMRMEEMTH D, A4V 2T AOFERFHENEMIZE & B O
W7 OB E FRFICRET DD THDH, L, A VP T AERDILHETHY . TOME 2 PEHEIC
KFEZ D% 2R VEIE TR TH D, TOED, A VP T LEEERVEEMEIORIRINEE 248D
TV % (S. Mukherjee, P. Thilagar, Chem. Commun. 2015, 51, 10988) ,

INFETICEAIT. 25-EA2 (U AFIAFY) 1,4V R_XANN_B 1 (K1) M, =i,
FEERIBIZB W THRD TR LSBT A Z L2562 LTV 5 (Mater. Chem. Front. 2018, 2,
347), ZDOA VT L EEGERWVDTNENRCERBECEBTIERNE LT, VI AATF AT
MDA NHAD S WNEMBE)CE U Db —EERE) MR 22K TEL Dbk =&
TERABICBWTC, T—TFTABBEOFT I T IPINANV VA AFILVEDRFE- T A F o iR L o—n etk
WL VEEEZT TNDIHEELRLTWD, ST, YUNAATF AL U T DER Y A L
COORENENRRE I KIETREEZTARLTD, 460 8RR (ATFATT 2= UV ATFLAFY)
“13 TR ANREBY (2) L A4S ER (RATFNAT T 2=V U VAT FY) —1,2-0 "
ANRUBY (3) AL, TOXMEEZRBE L (K1),

SICH2 0 0 0 Q
QL O O SRGAS
= o 0
CHQSI thMeS|CH2 CHZS|MePh2 Ph,MeSiCH,—0 O-CH,SiMePh,
1 2

B1. ORI AMILRUEY 1-3 DIEER

2. WEREEE

FT. 46TV AN UA Y TENABERBLEME L, INEBREAMERTY A LT T IR
X PhMgBr THET D UNRU Y AT RA R R_RUBUA~NEEBLEZOL, AT, v UL R
FbEITO ZEITED 225 LT,

f Q 1) SOCI, Q Q
HO ‘jij\)kOH 2) MeMeONH<HCI O O O 1) BBr3
2
0 0 3) PhMgBr 0 0 2) Ph,MeSiCH,CI
| | | |
Me Me Me Me
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WIZ, 4,5~V A PFvFvbryrme I ReEBEamc LT, Zhuzsnv vk, 7Y =v — LAt
M. BALZ TS TN T AR ANT A RFUR_RUPUETARIL, OSSN THAF L, > U LR
FIALEITH ZLICE 3EARK LT,

00
N gmee OO
2) PhMgBr 1) BBrs
3) KMnO, 2) Ph,MeSiCHCI
Me—0O O-Me

RS ANRB2BEINIONTRE, 1 SIERRAIC, Fidh. PMMA BEiFEIC R L 72 kke
DELLDIREBIZBWTH Eom L BAERER o2, TOEREZELT-DIZ, 2 BLO 3 O
2-AFNT NI RuT7 T TTIK ITBITAREPNEEIT T, AT MVERKT —F% 1 D*%
NG EHbLETHMIIRT, RS AARP o 20E, 77 k TIEFELEFICE 0.75. FLHd 3.0
ms CHEDOBEEZH LIz, T LT, TORKEAT MUEA DA hL Xy bEEEY 7 LT
TR RERSE 2 b D2 ENVHIBA L7, — 7, DR A NAR_UB o 3 1E, 77K TIEREEE IR
0.75. FNFHf 176 ms THEOFENH L, 1 DALT MLV EHHPLORIE ALY L TH -T2, 2 OIREHE
WERT AR ML, BEETIES LOREFEGRR Y 7 ) O n GEEETITE 0.86,
FNFEMmS5Ims) IRE-HTHZ L, 5.3 L VIR EAT FANREEEES L2 L0 B E
R 7 RMLTEBY, 8 EHFEMN 100 ms A—F—L 212 L THhRDEL o TnDLZ Enb,
3 OEESEIIEITy TN BB
(2 X0 BT 2R EE D 5 IE
WA ZEE R TEL 2hk —FEHE
RENSDOLDOTH D DK
L. 2 OfERITE S Lch
FHNEMBEE DO TIER
L R Tz ) LD nent
R £ 0 A U B bt = EIRIR
REOLORETHD EIREL
77 T72056, VUL ATILH
D o AT LV Jphikd = EIRRE
D& EA & FEIR TORIEIEIC
EHT57-012i%, XA
FLUNAF AL A
RLIDEIITHET D Z &l
LM THDH Z ENRHLMNITA
ST, FhEIEFE N Sy N B
HEEll b L LT, INFRITE WD THEAFL L WEBRIZ OV TR, %ML T TETH
Do

(R sCEER Y A K]
Masaki Shimizu, Ryosuke Shigitani, Takumi Kinoshita, Hiroshi Sakaguchi “(Poly)terephthalates with Efficient
Blue Emission in the Solid State”, Chem. Asian J. DOI: 10.1002/asia.201801619, December 30, 2018 (FlIflH)
[AgHFERY A K]
Masaki Shimizu, “Room Temperature Phosphorescence Materials Based on Bis(silylmethoxy)- and

Disiloxybenzenes”, The 4th International Symposium on Aggregation-Induced Emission, 2019.01.21-24,
Adelaide.
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1. HEERLEN

KEHIE R R OBRA 7 7 7~ F Tl Be(n,2n) ST K0 14 MeV i A1 2 80 - Hf%
L. BN FU Lo EMREEZRBT 5, NV Vv LA&RHEEY (RN T4 F) Rt
BNTEY ., EEPETHEM L LTS TWD, NU T4 RIZERRY U U A &R 5 Rk
(f5: MR LA, MR RRME) 2R 2 & ME SN TV 228, i b OREZ(L DRI +53 12 BE
fREN TRV, AHFFETIE, BN =R X = REEZFF O X BRI L > TRY T4 FRUWE
RO EFREEZALNCT 52 BNE T2, £, HONEFFREZ LI, Bl
VT4 FRABIOTFE~ v B 7 BRI~ v B T OREKZIT D0

2. WIEFIE

Vo757 LAY 7 LT, Be 2NL7 . BenV 23V 7 . BeO My R&E W=, £72. BenpV /317
FRUBHIKZRSER(L (1000 °C | 24 BifH]) Z1T-o72b D& vz, AEHIEEMEOBIIRICHE DAL, 7
A=V RZIyvarsBrrn—T7~vA427uT7F 74 (JXA-8500F) [T S 417z SXES (T k- Tk
BEOBIZE - i &iTo7z, £z, BENEEGE (DFT) IS E—FBFHEIC L - CRIBERE 45
L. ERERLOBRICEY . B— 2 REERToT,

3. BREL

X 1 {2 SXES |2 & B /KRG LB OfTiE R 2777, WDSICXk B e~y e 7icky, lkE
HCIEE S 7 v OO AP MR S 72, SXES mHric L5 Be DtE~ v BV 7 %X
la I1Z/RF, SXES IZLD AT MVORES/Ny 7 7 F v MMEFHIESIZE > TREE R D70,
THLF—100~112eV IZBIT L B — 7 REORIEL ) A XOFEME (=1L —HifH: 79~81 eV)
TR L7=, Be mEITBLEFEAIZ HLIFET D Z & DRI, WDS TV BEL B2 07F LT
RN ENS, ZOILEBEIZRY VT (BeO) THDHEEZXOLND, ZORILEBEIZIT 5K
REAERRD7-OIZ, HHHTD 5> HD 9 KK la FEAMNANORER)D SXES A7 hL%E[X 1b 12737,
HER 2~4 TIZE=105eV IZBWNT, B =73t Sz, ZAUTDFT FHE LV | BeO d Be2p-02p
DR E—7 Th D Z &R STz, HIE S 6~9 TIX 108.5eV IZE—7 ZFFDO AT hLHAEH X
e, ZAUTEEINERDY BenVHHTH D Z & 27, £/, BIER 5 TiE BeO & Bel2V OERL L72
— PR ENTZZ E0 G, AT SITEL R E ORI LET D EE b5, HIES 2~5
MEDANRY ML BND X912, B SN EiFFEF I/ E <, AR 0 o~ v 7 &4
5D eIk o T, T, BREEIRIZIW T Be O 2p i1 D KE/ D3MNRFED 2p IZBEI LTV
5 Be BB A A AL LTWD) ZEICERLTWAEEZ HILD, £ 2T, 100~112 eV, 100~
106.5, 106.5~112 eV (2331 5 & — 7 MEEDOFE/ME % Pa, Ps, Pc £ EFR L. RAEIOLTFRE~ vy BT
i1 o7, lc & 1d IZ/RT Pa/Pa & Po/PAD~ v B 713 BeO & BenV OfLRAE AR L, A
FITRBIREICER L TV D ESHE 7 v otz ik S vz,
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Fig. | KEKEIESE - BenV B D (a)Be THRIVELY, O)TAVAF Y UFER,

(c) P/ Py IVELY, (d) P/P. RVELY.

4. #Eww

AWFIE TR X BRI EIEIC Ko T, KEABRL S 3172 BennV XY 7 A RiBO T 21T > 72, BenV
RYF A4 RO Be-Kat'—7 L#g LT, BLEENSA LS E—7 1T 4eV ISR R F—ANT5HB
L7z, ZOMEEREFIH L TOKREKBIERY 74 REREIOLFAREE ST O WL 21TV, Rims
MED T ED LTe, AW TR ONIZFHE X OB — 7 FRCT I WV 7 FOFARIZ L T, i
KOFETIIREETH 72 Be DILFRE~ Yy B I WAREE D T L E R LT,

5. MR - BXK
(1) Jae-Hwan KIM, Masaru NAKAMICHI, Ryuta KASADA, Kiyohiro YABUUCHI, Keisuke MUKALI, Satoshi
KONISHI. International symposium of advanced energy science ZE30A-23, Sept. 3-5, 2018, Kyoto, Japan
(WA Z—FFK) .
(2) MR, ACHER, BN, N2 S5, PIER, X BRIELIEIC LN A
DAl FE G & ALFRIED AT BT J)5E4 2019 SRR DES | 2019 43 H 20-22 HREER TE
(H58)
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1. &

BULE, fEfn - I - R - =V F—ER EOBLEN D, 7 ) — U R VF—Th 50t R
ZRIAT 200 T O HBISRERELY 27 AOFE N ER ZHED TN D, EENTIILERE IRD &
L7, EFIH LR AR I vy a U AREBRBEN B AL TEBY ., FR60
AECThHEELFRRE LT, EAE - BESTONREEZ2M 5 @l - MERLERE TS
B« TXAX—BEENZET b D, Bald, BAHE - BEREMMT O SR AERNEE T - =Rk X —
BEiGE, KO HEMILL7-RE LCALMICHEET D 2 & T, 2 ORIGCHEHEOMIT-CH - 72 E A
BHONEFBE) - =1 F —(mEEFIH L7 SOSRA~OISHIZ AT T ORI 2 D TE T b,

ZOX D RBEND, AR TIIEAY - BER & T OFEMER OLA~BROICHEST D/ T GEMERL
X)) OERAEFICER LT, EHEG(photosensitizer) & JE{A & L7- & @A & BEZ N S 72 D AR
DEF L | TOLBEBERZLHEE TBE) - =3V X —BEIRISRORBEZIT o7, BERIICIE, #
e BEREN B ONTWAIASREERE INVR =y 7 T8 R —E(CA). FEFY T
(CHT), H5WMEI NY 7V iz H L, ZOIEERLA~ORERHERIC K-> CTATHZRBERES
RERE LT, ZNICEY ., RISR~OEFT 787 Z—DOHRIM k> T, ERNEFBEKGICE
WCHERKISHRE (BRET UAVHE) ORERERNDAIREL 720 . AFRIL, BMERARNZ
B PR BB SO D BRSO R B E OFHRSTEEREL, S50 FEr I v g VR ANTES
A B AN A B MLz 5 2 5 Wi S
Do

2. EBRBIOER
TR AE RSO3 IR 2 T 2 SR SER ORI L~ E
ANE. ZONEFBE) - TRV —BEINSEIT 21T O CH T
V. BEIKRORG EARITOWTIE, K1 DX D 7R kE —
Bl LT, CA ~DOFEGEME | DERIFERETHRY X
2,2-E Y O NLT =7 AADEERE W AR LT, £
D, CHT X° kU 72 v & OFEG N FIRER LT = 7 LR DE
KHITV, EAKREREIT- 72, &I, JHR L7 CA-&EEEK
BEMRIZH L, AFLEFR—F o MVHYEETZRIEE LT
M- & EORFEEFRBENICOVTHRE L (K2) .
10 mM U > ERREETIR (pH = 7.0)% VTR L 7= -A okiaik
W2, MVPZIRIN LTz, VT =7 LEERD MLCT WU K &
TSI L, BRI AT S OVHIEEFT > T2, T _XTDONT
=7 L$ERT 450 nm |2 MLCT 7' Y —F  ZICHKk T 5V 7
VISR S A, & DFFMH D E B ENE Y SOG R B kg & 3K 1 HEREFEHEALE CABEEGARERXR
Wic, £l BED CARBGENLZBEAN LT VT =0 AEEHEKIC
BWTIX, 410 nm T CA FOTF 1 2 U H(Tyr 6)0 B WHEE T BEISUSHE A U7z Ru(IESA
~OGFWEFBEKNIETINC LD EE 2N, EHENT R TV HL Tyr6 ICHEKT S
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TN ERBBILE (K2) , ZHUTsEbREEAE DL
VT = MEERTIE, BAEREEREIES A LhRIZE
HENETBESSNEITTHZET, Fur 7 Uhn
OBHINAREL IR o272 D THDH EEZBND,

X5, BT B & ORIk EE D 2 E L & SR
HENCKETT A2 Z L2 BRE LT, BrxORI Y VU
BONL D 7 v b UAFIIRIZ DU T O SRS AT O 4
AP~ (X 3) . ZORKFFECONTERIB LD
DFT #HEIZ L 5 HR T 7 0 —F 0 HEEMICHE L. bl
RAE S DI SEHEAE Z B Dz LTz,

INSDEO—EITHONWTIX, FETHEEEL, &
FEEOE G S FE RS E LRI L,

[ [RIFFE & o B ]
SRR L O LR E S ROREIZ OV T,
HEOWRH R EIC L DD TROFMN AR TH D=0,
ASEFE 28 U CATN ORI ChH D [T 7 a8l
H 7SR S FZ-12SF) [ &EflfERrfl  MALDI-TOF-
MSAXIMA| Z2EZFH L, ZNHORIFEICEL Y, K  H2 ABFBBREAL—LEBERIR
SNEREREORREON FRORE LEALELT I /B ANTHVEESITHLEORA
NEOHEENAIRE L 72 o T, HEEOFIHIZH > TUE,
H R FIHEZAR IR E L OV R— b 2TEWZ, £72. A
ZEEHE OATIZIE, BAERIE, @BEERL G T 27200
OB ONT 1T O BRCKE L 72 i R, sUEHARTIRL O BRIC
WL IR D RFEH T A EFENHIR 28 U TR LWz, ifge
RE T T R CIHREML OB T,

3. [@XEKRV AP BLW IOgEHERKY X b B3 HAHERIEYSURELFD
(R SCREY A M (EHl & FEHR S0 ERiEE

(1) Mikiko Suwa, Narumi Imamura, Pirika Awano, Eiji Nakata, Hiroshi Takashima, “Photoinduced elecron-
transfer reactions of tris(2,2’-bipyridine)ruthenium(Il)-based carbonic anhydrase inhibitors tethering plural
binding sites”, J. Phys. Org. Chem., 2018, 31, ¢3848.

(2) Naokazu Yoshikawa, Shoko Yamazaki, Natsumi Kato, Akari Kubota, Mika Sawai, Kaoru Noda, Nobuko
Kanehisa, Tsuyoshi Inoue, Eiji Nakata, Hiroshi Takashima, “Syntheses, X-ray crystal structures, emission
properties and DFT calculations of monoprotonated polypyridines”, ChemistrySelect, 2019, 4, 59-65.

[AEARER Y A} ]

(1) Naokazu Yoshikawa, Shoko Yamazaki, Natsumi Kato, Akari Kubota, Mika Sawai, Kaoru Noda, Nobuko
Kanehisa, Tsuyoshi Inoue, Hiroshi Takashima, “Synthesis, x-ray crystal structure, emission property, and DFT
calculation of monoprotonated polypyridine”, 25th Nano Congress for Future Advancements, 2018 4+ 8 H
16 H, 74 /V7 K

() ENEFD, (LR, MRS A, ERE, JUREE, TFHE, @ART. HEZ 55 R
vV YroFa b ATIMED G « XERAEHEIGAET & DFT 515", AAR G2 2018 FEFES
BLOHKZ, 20184E 11 H 10 H, R TRERZRM L v /82
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1. TE - B

AR 77 X<kt as AL L CHIffF S X2 o 7 A7 > (W) 13X, iR T CoHET-IREHC
L DHRA RRHEAL— T DB, BABIZ L 2RHEFETH R Z 2 L FREIND, TORE, &
A RRAZY 7O E Z 0 . RINFRE DRI L 0 RE 5 2 & TRAMAE R FA L7 <
0D 2 ENBREIN TV, A FAF I THEE S D HYE T ERNRE 2 BT 5 720 Il
EHWeA F B ERNFEMR I N TR Y, HEFERFREIC T 2 RSt & B EMRR TN ST
X2, A A VBRI L pEEEKIIFRED S um ICRESNDSZ L, BHo, HEAREZHETHZ D,
A A OB L OFHMICIT EZHRERSH D, & TR TIL, REDERLZ T & A
CAF L HENETNRH LM WISH LT /AT orT—a VSRR EFERT 52 8T, #M
SR IZ PR E KT B ESEIR O FRE AL B ORI DWW CRETT 5, F77. PHIEAREL 220> & BRI AL,
DERZHONZT L AN E LT,

2. ERRKFIE

BRI T 7 A B~ 7 U 7 AROBARER - BRI S > CTRES AW TH Y| 900 C X
20 Sy DI REBSLE 2B L7z, #2225 EA 3 mmXJE S 02 mm O TEM 7« A7 Z L |
1500 °C X1 W¢fH] D PG fn BB 2 i U 72 5082 U 2B W e, 77 e b o R BRI RAE R 7
WA EZREBOZX AT I ba U IEEREZFHWT I MeV O 2 2B, BoA 4 BREFERIZ
VTR BN IR ZE B T B I B TS BFZEAT O & o 7 DA ER I K > T 18 MeV O WS A %> %
Wi, Tu b REERR E O A IRETERICE T S BEREE I TR, 800 CL 750C L Lz,
SRIM FHRICE Y HEE—7 O OHRSICEBIT 21T CEH LAGEZATMES LT HEE2% 1 dpa
(272D XS Hi— Uiz, 7r bR & B O A A RS O EHEEE 7.6 X 105 dpa/s & 1.2X10% dpals
Tholee T/AYT YT = a VB SHEBRITFEH AR FET RV X B TANEFTOT /A T 7 —
G200 % AVl E A S TR A 1T o 72, TEM (2 X 2 ARSI I X BT EIC L 2k 2
v a = U ZITTREN D 2.7 um O S FEE YL L TBE 21T - 72, ALK BA B TA Er
IINTAIFZE =2 7 @ TEM (JEM-2000EXIT) % FV =, IEEEE X 200 kV TITo 72,

3. RRLEZ

X127 e b2 U2kl W ORI 20
MEREZTRT WO~ MY v 7 ZAPZIERA RORBIEES
. FORERE L FEHY A XX 4.6%10° m? & 8.7 nm
Tholz, WALV —FIIBEI N2>, EFEED
AMFEFREICBNT, HEA A THD W 2L
TG TIEAR A RIS Z T — P58 S
nTws, 72, JOYO (2T 750°C, 1.54 dpa 41 FR
U B EERE TIXFRR ISR A RoB Bl s
. RA ROBBEE L VA X% 1.2x10% m? & 4.7 nm
ThO ., INERARA RPREEEICHEL, A1 R&T
DR STV 5D,

FIoAvTUoT—va ryREBETCELNM W O
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S, BOA AU OB EIT KX VEAINH 5, K 3 1% 2 12 Nix-Gao ETF /L& i@ H L7-
H-1/h vy v Thb, ERFEMOT—2 OMENTEREEZ R L, 71 b UCREM & B E A A4 RS
M OF — % OMEBNTE TG TIXEREZ R LR, HOEENOHEE N Lz, 7 b R
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BN BRERER O S 2R L TW5D, FH L 0 IRWEEE CIRE O MA I X 5 T 60N FE FR 5 6
icEF TRATWEDEEZ LD,

ST, e FUORSTE B OA A U RENT K 2 BEEME & R L EOMEICBE L TiX, BEEE
EHREDNFRITER LT ATV, WAHEHZ BT 2 HEMEMTEELZ B 60NN T 5,

2. FESDIFAH RS 3. Nix-Gao THAYMI K HIEEDIFAAHRE ST

[OEARE Y A b (KA X —35FK) ]

(1) KIRE, i, B9 eV ERIINR, ZEC, SIEE G /A vTFrr—yaikicks
BT AT B O BBEIACEEAM, &5 35 0177 X~ « R A FARES, 201845 12 H 4 H, KK
KFERMAX v o RAaLrXog b Z—
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AR E—S AN HIE FAA FILT S AIEBEAD
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ST, HRMERE, HARE !, R Paccagnella®, I Predebon’,
E%ﬁ@{ [i] FH 2

VAR T2 fiHE R TSRk 98 R}, *Consorzio RFX,
SHH R T kL X — TSR
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1. B®

7T X=ITHIT D MHD $EFELS: & 50k 95 Taylor $£F1E 5 /L (Taylor, Phys. Rev. Lett. 1974) (%
WG e > F (RFP) A7 zua~wwv 7 (SPH) ZIZULDETHEMES T ARG 77 X<, ?5%
ICFHT T A~V =y MCEDZE RS OERMEE ZHET 25 Z S ICHW S 2 I8 T
e, —H AR TADHFROOE STH 2D RFPIZHBWVT, 2000 41258 FK S 7=~V B/ RFP BfiL
~OFEFNIEIZ  (Escande et al., Phys. Rev. Lett. 2000) (%, %ﬂﬁﬁﬁAUﬁW%% HRICERT S
ﬁbwﬁﬁﬁ%kbfga%%@to%ﬂﬁ%m%&w77zv B D~ B AAEE D RILE D
%, @RN—H NI TIZBT DAY A aTEEORKE . EREFIH LIZIEEIRIRE O 70 E o —
BN~ OEEEY T U TR E~OHEMAAREM N EZ b, EHENTWS

Taylor §EFN-E 7 /L & JE3R LT~ Y A VEREETELAL ~0O MHD 2 & 5lil 3+ 2 7 A3 4 e S b
HC 2016 . BREMICIER IS~V DAAREED JEMEZ TR 28 LWERE T VR I
(Paccagnella, Nucl Fusion 2016; Phys. Fluids 2016), Z D &7 /L%, RFP BLALD~Y A /LA & % & 4
EBEOT A7 MMEOBRE PGS, ZOFT IS LT, FUEL LIS KF D A=2 @ RFP %E#E
(RELAX) TiZ buA XV HROEIEN 4 O~V B VERERE N TSN D, ZIUTEBRER S X
—#T2%, b XLEBE 4 O~ DG T RV —B T 2FIEFT O~ D ufili~VU 4 ko
VEALIZEEL LTEEE Th D, MBIV N T A — ZFEIIC o7 2 FEERAE R & BREm Tl & o bk A am LT
B LWEEFIE R OfENLZ B R T ORAFEDO B TH 5,

AWFFETIL, ~V Z /L8l REP Bl 2B 9% RFP EE (RELAX) & . SNBSS T~V B L~
F e BN ETERT AN A ha s J EEOT T A~ ERER BT LO TR & T 52 &
%ﬁbfﬁﬁ%?w®ﬂﬁ%ﬁﬁo;@ﬁbwﬁﬁ%Twi%L%M@®%éNMDﬁﬁ%TWkL
T T AR RIIRERA NI V2B 2D, ZORMET MVTER, @hEA~Y D VEEALO
REtTTA KT A4 R0, mAH&%ﬁ77®A47)/FL

5T U AR A IR RO b ERT S, B O | 5 : |
NSV T AT OFIEIC %#éﬁn%ﬁ%éﬁé%ﬁ O N Ly o 44
PO EEZ S, PP S S, W o ol
2. B LA e S
W L MM RF o Wil v F 23 E RELAX gl [N — ]
(R/a=0.5m/0.25m, Ip < 100kA) TIFMKT A7 | kb RFP fié ; % ;
SR O ERIVIFZ A D T D, B, KEEO# RFP 087 A N 1
HCBIZIBWNTA Y BVl RFP BEGRNL~D B HAERS (BB -1f e e
1) DFEAE LTV EBPHNNT2 > TS, RELAX O : e

~U HVE RFP 75 A~ QR LB O TR O 15 2 25 3 g 35

#7012, BIER G a v hOF —Z _X— 2 g

TH Y., M7 — X T OFESR [Paccagnella, Masamune, 1. F-O58 (Y7 5L EORBRSL.

Sanpei, FISMAT2017 (Trieste)] 239 Cloiiiiy ST\ 5,  TRIZ2HEEBEMETLOFA, @)
TEMERIT 0 LVEFIBE RO Tl & —E L7z, S 518 N—IERTHRASH I RERESE.
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T3,
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(1) R. Paccagnella, S. Masamune, A. Sanpei, “Relaxation models for single helical reversed field pinch plasmas
at low aspect ratio”, Phys. Plasmas Vol.25 (No.7), 072507, July 2018.
[REARERY A K]
(1) R. Paccagnella, S. Masamune, A. Sanpei, I. Predebon, “Relaxation, Single Helical states and toroidal

geometry effects in RELAX”, 2" Asia Pacific Conference on Plasma Physics, 12-17 November 2018,
Kanazawa, Japan.

_63_



ZE30A-27

BHIEERSHE N O LSS OERESICRIFT
HOLBELTFE VBEOHE

RWEBM !, AFSRE 2, TERA 2, sNEEes 2, BEBE 2, KAEIE?

EBAR BT
2 R L — B T AR 52

1. Fis

B S I B RBATA LRI v v g VOERTRLX—Th D5, MEEFH AT U L6548 (V-
ACr-4Ti &4) X, SiEEE, MWRKME, VF oA oEHICEND Z 05T T 0y MEEME
ELTHIRFS TV D, S 61T, HETBRE % OB REDOREE N F < . IR/ NS WO TREMED &
WHEITHH D, VAESITRARAKY), T70bbikFE (), €% (N), BBFE (0) BNERT D &tk
PMETT 5720, VEVLINOORMMEBMNONRKEL, THMEER L TR DU 73
ZRMETD T AGEIHELE LTRSS TWD, —FH Tild, ZEEFIZB T 5 k1 RN BR B T RO
fELTHY T A (K) ORNAEPK 7052 £ T, VAEDIRBEHERIEEZ LI ST 5720, ZOUh
BT/ BRI Z DR H D, GEROBFSETIL C, N, O DRHHAFHD 600 mass ppm D A4 % FHu
TF X U BEEORE(EMThiv, F DI 4mass% & S TW5D, ZiUaxt L, Sl a B mrse i
TRENT T LN TWDEME VA4 NIFS-HEAT H10 C, N, O #2EE & 3% 300 mass%lA F &K 7=
DI, ek KLV HIK Ti BE CHERIEME AR T DAREMEN T TE 7, ZhalE X, ARIF5E ik
Ti BEZ RIS T2 VAEERIEL, REEEICKIETZELHO T D, S5, Tk
FEPRNCE D TRE DR T A Cr O ETHI O 2 & bMETT 5, RO BMIL, 2V E TR DZ N
BETROONTABILHERE L LB L, WELIEMEEZR D DD, ERE D KB RFEIC BN
AEERHTZEThHD,

2. FEBRGEKORFICEE

BRA AR SEATIC B W LB Re R V ORIERR R 217 - 7o AR b V &3m0k (V-4 mass%
Cr-4 mass% Ti &4 166 kg I fiFaEl) NIFS-HEAT-2 (NH2) (ZfEA 4T 2 TR O Bl A 2 N
FOVEET =T A (NHVO;) MBS U, R&IIZ 2 kg OFEIFRERE V 21572, Z 08
VT ERE Cr, Ti 2L, REZ 21 4-12 mass%. 0-4 mass% TR SH7- V-
Cr-Ti A&z ER LTz, & LIRIEAESDOILTF ol R ob 23, BR#E 7 LA, mEEEE T
sl A, B S HE R A M OGRS 22 AR A 2 5L B U 7, Al 7 e i BSOBIR B %
D120, BZEHT 600-1100°C X 1h OBVLEE 217\, PSR RE) i S ORIEOFEEZIT-> 7=, i
fa E S OEIEEENCH & SE, 1000COELEE T b B HIL L, BFRIEERRIAD D Z &N
Do T, BEEEMTIEEIRIL O 200~800°C D & iRFEE 2 57 U, FUERK S CI3M A ki U CakbR ik
DELVEZ DO DHTDICEHBE L TEIR & | A CIE AR FTEE 2R IR LU T ~ K (A 2 38 C ORIR
CIE e e 2 [ Y

3. WRLEBE

X 1} O 2 ISR AR ZE Z2IR.FE 7> B 800°CIZ 31T 5 NIFS-HEAT-2 O 5 | K5 0 3 BR RS (& (7 ME 2 4,
KA RHEF TR, BT TIT - 7o | 2137 JE 13722 < . WIS & AR RER 05 o3 ig
NIRRT o 72, 200°CLL F TIIEOSL T & B A OIKIRICB T 5 F LWl (BRGS0 E
) DBEREND HOO—HEMONE 20%, EMONE 30%M T 24 AR ICEN TS Z &G
M7 572, 200°C LA TIEBEARIG S DIRFERAFIED /NS WS, 700°CHHITTIE C N, O Rl L %8
MERINEEI N, S HIC2NE TOMZE TIXFE UKD V-4Cr-4Ti &4:12 80> T 900°C Tl U
RIGHIMETT 5 Z ENHGMNE 72> TS, EIRIBIZOWTIZ CN, O Rz X 2 BB X
%L, Ti-CON ATHIC X Db A E=AICEHE L, S b LT HEE &2 RO 7= DITHT W oA D
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HlHETHZ ENEHOMETH D,

K Ti IREASIZBWTIE, Ti & 1 mass%E T L T RIKZEFRIRE T NIFS-HEAT-2 & [F% D ff
O, ThbbREBZIKBIEENGEOND Z ERHA LN ERoT, AHITS IR TIRE, BN
0.5 mass%F2/E THIRRIEIEDHERF TE 20 E 9 0>, S HICHREZM O 72012 Cr IREAHE LGS
THIEEZRTD A, AL LTV,

x1 AEEEDILLZENWTHER

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 23
H81 7.83 1.00 80 30 150 260 300 | 65 | 035 | 6.3 2.5

Cr, Ti: mass%, Z®1t: mass ppm,
C: BRIBEFRIMRIRA 2 HE N, O: FhfE He WX BUREE X, Cr, Ti: ICP-OES, Z®M1th: GD-MS

1 NIFS-HEAT-2 /\F U LBEEDRRKIG 51 (YS) RUHRK5I5RES (UTS) DHEEEKEFE

2 NIFS-HEAT-2 N\ LEED—HEBU (UE) RU LBV (TE) DEEBREEKRFE

[AEEREERY R ]
(1) T. Nagasaka, A. Kimura, S. Kondo, K. Yabuuchi, O. Hashitomi, T. Ohmura, Effectsof chromium and titanium
concentration on low-temperature ductility of high-purity low-activation vanadium alloys, 9th Intl. Sympo.
Advanced En. Sci., Sep. Sep. 3-4, 2018, Kyoto, Japan.
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ODS A& NERILMAFRFATA R FTIL FREDHRZRE

REFIEF !, BEEIG !, BN, BENE?, AMNRE?

EHERE KRR T TR B R M
2 BUER R L X — B TR R

1. ¥

ODS &%, AT BN L E LB ~E+ nm A XOBACRL T Z B B S DH 2 & TF
AT R SR 2 5 L 7 e R T 0 | IRIHREEST - BB B O A PR E M B O
Tttt & LT, BBPEO A b THRASECHEMBENED LN TND, LLINLOEEY
TERALWIRL TN EEE DM CTHYEFIRET 2207 5 & 100~200nm (2 F TR L. 808 B SR K
THEVWIMENDHD [1] . AWFIEIX. BENZ X 2T BEWRL 1 O R DS ERILRL - DIRfR « iR
MRS [H A R T REEE] ORSHEREIC L > TR E 5 L0E L. DUET Mgk TO A 4 v MHFER )
5. FeCrAl-ODS #f D f M2 EM 2 fA LT,

2. EBRTE

MR DAL Fe-12Cr-6A1-0.4Zr-0.5Y,0;, 0.25Ex. O (HAfZl% wt. %) TH D, A&7 h~A AR,
Zr YR, Bb K& T N T4 X —Z% T 220rpm, Ar FZFHAK T 48 BEffI A = h LT A 7 (MA)
L7-%. 1100°C, it 6. 4 TEEHRH 21T > 72, HA % 20mm X 2mm X 0.5mm O fbRIZEI 0 H L
7-1% . FA 2 SLEAIE L, 8RR %)L X —H T 2152 @ DuET fiig& I B WV T ., 6.4MeV Fe*', 773K,
K 62.5dpa (AR EN OIS 1. 50um) ORGZHE L7z, INHA A B —2 (FIB)IZ L - THR R E
MOES HFANCWrmset 280 L, EEE - ©E— A% A —UREZE L 7-% TEM, HRTEM KO
EFTEM |2 & » TRALRL - D A X« SR - ffad 2 5 L 7=,

3. EBER B8

B4 1 RS R OB LR BB & RV A X5 CTh 5, HER (RENEE ) H~2 um) TIEHREE
L7y NU—ZHAABIE S, BB X » T LV—T DRI L2 2 E BN 0nnD, BRIk 1o
SEEPER ISR & B2 2nm ThH o 7228, BEHZ X - TEEE X 1.1 X10Pm> 205 3.5X10P?m> £ T
KTFL7, RIFEPFRICUEFEEEOLAMRT L8l & LT, AEICBT 2Btk 3 A X4y
FHEILTEM OEa L M T A M ZHT L TEHEY | Inm LA FOBUNRBLWk % Bi% L U= ATRENEDN
EZOND, WUNRBR bR A2 7 P L TR WATREMEZ BB L T BERICH L L7-B1b
MR TRBEINRNZENS, B TARA NIV FEELEWIREZDSDEHE LR SLEN
H5,

(a) (b)

Tl 1

ber di

1 (a) BEEHEHFRENS 1.5 mERGTATROBRCMAFEIE. b) BIEMHTFIA XS0/
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B 2 3 LUK 3 1ZFNEREM OIEEGE, BEERICI T Dbkl D& ety & = o @l
7— U ZEHFFTIME CTH 5, ek ORLWRI 1213 Y-Ti, Y-Al, Y-Zr AL PNRE L TEY |
Y-Ti EAEEY & Y-Zr EABEIZEILZE T YaTiaO7(Pyroclore) & YaZr;O1(Trigonal) T, Y-Al AR L
WNIHEEFERAAAAE L Qe B CIRE SN 780 b1, bWkl I IER BRI IXFTE L 72
WM EBIEZ ST, T2/ S 7RBBAERL TR ERIET H2ONHE LW E DO b L H172(1X 3a
G OFS 3 OMNEBEIZHFET D YoTh07) o BFRZRICERIIRL A RIL L TWRNWZ L 2 ZET
% &, BEBTEE SN bR OMIMNIE, WE LI K o> ThI -~ b U 7 25D & B bhL

(a) (b)

2 BEZAHOIFBIGEHEEHFREMNDS 3~5m)HT5BILMRFDEFBETOT—) TEHRE
(a) (b)

3 BFARSHOBGHERHRE~1.5mIETIRIEMHFORFREEDT—) ITEHAE
FREROTE PR LI RTH D L BEADBND,

4. W

FeCrAl-ODS #iZ 500°C, 62.5dpa & T A A > FG % fi U TR 22 51l L7z, Bbh 10 )
A ANEDLLRWEEHEENMETLAEZ L L0, EBRENSKE L WA T4 A R UL REE
EVORTRE RETHERND S, 5%, MEHLICE 2B T4 A MUV REE L BB LARN LT
flizk T FETH D,

5. ZEIW

[1] D. Menut et al., “Synchrotron radiation investigations of microstructural evolutions of ODS steels and
Zr-based alloys irradiated in nuclear reactors”, J. Mater. Res. 30, pp. 1392-1402 (2015).
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BRESFEEMEDRD/INTIL - RAL FEEIZxT S
EEREDROETILSIE L ERICL MR
[HARE M !, G. Robert Odette', #gPNERNE 2 FE'E WS 2, AFARE 2 A LK

! University of California Santa Barbara
AR k)L — B TR SR
S RMHAT R R

1. #S

Yorvva B0 XX —HOE L 2 DA FE O FEBIIT, £ O el BRI
it 2 1% D A ELOBIR N BB L 7> TV D, FFICHEEMEF TlX, Mo x X —ETIc L D4
BUZ L > TKRED He FUTER L, BRSO ARTIVRIT AR A RO L > T, B
WM OZE LWVE TR =2 ) V7R E R Sh, MBEEMZERT S K ER>TW5, ME
F1> He OZEhIX, He £k - ARG, BKEEGR, BEEE, He xHEG R, RIHEER S0
PR ER BRSO B O BT AR (IR 1F L CTHEMEIC L L, 2 DIRIF L, REFICH I LTV
WV, BRRFEMIE L E X0 fE, FERIC K o TRE AT D EBEO R EREICHT DB O He
EEOTRNIL, BHINTEAL ST O He 82 EBRAICHIE L., 210 O B2 0450
FLR CED TVRIET VAT A Z ENRMERARTHSD, £ 2T, DuET ZE@EAZFIH L7 Fe-He A
TR ERRIC L 0 . REIR MBS RO He EASIE T TO 7 = 5 4 b ZAEEM B ORHRR L
bR LML, B HoBEBL CHBEERE~O R T = ) VP BEGFHEEZA LT Z L8, K
EEDOHE—DOHNTH D, [RIFHT, ST VIBARIC X D BRI S OBINHE b SR E DK T 72 & o 1
WEVEFE DAL Z A ST H 28 _OHKET D,

2. EBRFE

BRE M Bl 7 = 7 4 Ml F82H O 2 D & — MMFIZ- OV T, DuET &% Hv 72 Fe A
7 (6.4MeV)—He A A > (1MeV)[FIFFIRES 2B 2 . 300~500°CI THEMT 5, K1 7412, SRIM2008 =
— NICEDFFEOHZRT LI, 72T FRMEFIZ, HAAICED A 1L5pm e LlpmDZ
NN E— 2 2oL (dpa) 37T & He TEARSINAE BN S, FITIE, £4U5 O (Heldpa) %
AR TR LTV AR,
) 600nm & = T H»
5 1100nm 1T E T, 100 e ‘ ‘ 1000
ZORMEFEEI ——Heldpa
%k 5 I i*/l/?&g_ 80 | —— He (appm) 1800
TV = HNT
He 734 3 FAET <41 C
W5, Z @ Heldpa tt
RN15, 30, 45D
TNENDTr— AT,
TEIG I % 5x10™ dpals
& 2x107 dpals fFir %
Ho THRELEZERMET dopth ()
DR ERZITH, £
DI DFBIN B M1(%) F17 LAA VBT LS TS5 MARICHAR. EASN DL
FIB ITIZL D, RS 8150 He MESHOH. RU(B) 20T LMRBEMN =T LAFY
0~2um BBKIC I 5 5 RBEHIZ&D He (4 ARBRED He BEDRENT
YTNEED LT,

4 600

dpa, He/dpa
(wdde) oy

4400

4200
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BRI E F PEMEEEIE 21TV Z OIS HHNC 100nm B TR - 725812, ¥ © T 1 ko
A XEEEEEZRD, TNXYET s DR EREzA T2 V7 &ETH, SFEEERFND He
—ATA VBRI E IR o72 DUET EEORRL LT, VoI nA A Box T AnEZRICE Y 3.3
~5.1MeV ODEBO T FILX—%FFD He A AL EFRESHE, SBICTIHEICEIDZT 4 /LA X —%F|
LT, BHEDO 4um ESOJREIZES> T He A A 2 HEAT D, /AT o X —%HWT, H
SHZ KR T NIRRT /S B2 DB LR~ 5, £, WAT L CHERPITFEL 2 He A
TNRKRRA FIERA T =V o TEHEET VOB EED 5,

3. MR

2a 2, BRPOEET VOEKEZRT, MEHICHAE Lz He I IREHMELE S 7= Pkl
K D EANRFE IR A~BE L, ~ U v 7 AL EDEHETATILEZEER L, ZROREE L, BR
YA XICELTHRA RBEET D, K 2b IZRTEIIC, TR, BEERTBEINZA Y=Y
> 7 B~0 Heldpa IKR1FME 2 EYEMIC LS HH LTS, 512, 4% 0 DuUET ERTELND TED
AT =T8O He &, dpa A& &K OHBEEEEKRGFEICOWVWTOT —F X=X LEEMIC—EHT 5
ETNEHELT, ETAREEZED D,

Fo. K 2 iZiE, ¥ 7 LNERR T He 1A S 4172 Burofer 97 Sl O L & EREF 4 7~3, He
NG B IEFE AT~ 100pum FET2um B ETOF /S 2 JE L7-fER, EAEEO Y
1% 4.16 + 0.24 GPa, FEVEAfENGTIE 3.37 £ 0.27 GPa T, ##{L&E1X 0.79 + 0.36 GPa Th ~7-, 514,
B ORI BIZE 21TV, ISR, N7 L EELOBE ST A2 X 5,

"l Generate mobile He by transmutation and emission from traps |
7 19
Matrix transport of He by various mechanisms and partitioning to 0. /O/dpa
sub-region sinks controlled by vacancy and SIA defects, matrix
properties and trap-sink microstructures
- Nucleation and growth of matrix cavities

Grain Fine scale | | Dislocation [ Other
boundaries precipitates substructures | | precipitates !

l K L] 1 1

Transport of He within and between

Internal sub- interconnected sub-regions
region structure Emission of He from sub-regions
Formation of sub-region cavities
|
a. b. C.

X2a) BFEPOEERMFEZZEL He NITILRUVRAREERAITIVTHEETILOEBKR.bEE
ETILIZLBRARRD )T EDRBEIE L He/dpa ~DIRTFME. ¢) Eurofer97 M He ¥ AfEIHE.
EFABETOF/EESINH
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Al 750 ODS &M kP DEILYWIHTH D in situ BI5E

AMEE AR, RS, ANRE S
VIR T R AR R S R T L TR
? AR T e B SR AR 22 SR JE - By SRSER DM
S BEREIERL AR SRR AT T
IR R kL — B AR SR T

1. ERLEW
R it 7 = 7 A b (ODS) i, mid COMMERE, MaPER X OISR CEN D 720,
SRR BB OB AT 7 7 vy MEEMEIORA IR L L THRERED b T D,
ODS 7 = 7 A RMiE, W% O EHZ BN EL nm DF ) A7 — V(LR 1% @B, Bo¥)—
S EZE&THY (M1, fxO&ETERRIBIVA v B U T (Y05 MRz HFREER L L,
AR=ANT vaA 7 (MA) A ANTEERB BNV iEshDd, ODS 7=F 4 b
FADMENTATEHERE 2 FF D E R BRI, sz s
FRALMIRL DY A LR TH Y . £ O HCREEIZ MA
WA DI 7e B9, BRI, BAHSESET L X 7e &0
BB S AR T T %, £ D—T57 T, BHEMIZETIT
D ZWRIFEEFCTd D5 MAKRIZHTERE THUWLP 2 Ji L 72
%, AR H 5 VI ORI OFRIEICET 5
WFFER A AT TV DA, IIEEFRIZ 1T D Wbk +
ONTHZE), § 705 MA BRI X > CTIESE L Lz b
WL DSBS K > THOBN D BRIZHOWTIE+45
IRBRREDT BTV, ARBFJETIL, R AR —L IV
ZHCT, ZhRA e REBRIFHG AN FTRE & 72 5 ALHRIN ODS
B ROEGEM D ZHET 2 L L bIZ, ZDO MAKERD
IMBZEAIZ DN T DORFHIRHELZITO Z LITE D, Al
AN ODS &R TR T 2Bk O IHZ#) % in situ 1 ODS TT54 MED B IRAE L
WEFTDHZERBERE LT,

2. EBHE

Fe-16Cr-0.1Ti-0.35Y,0; (wt%) #Z AR E LT, Ti BL O Y20 DR EZE TR, F721X
BEMICTEREE LICEERT. SHICEDRDICAI DR, FILIXTAIBLIUOW 2 —EERINLT
FSHEOBERS N DD MAMKREZREE LT, 56T, @ Ar 27K E LI/ m—7 Ry 7 AN
THEMEFEE KA R L, ERR—L I LZHWT MA LA B L7, AHELtL. RS2 S
FEE Ar, X U 7 RFE % 48h, [FIHAHEE A 180rpm, AR — /L E RO EEILA 15:1 & Lz, £z,
B o7 MA BRI, FTEIRE £ CORIEMEA 10°C/min, H A &4 200ml/min & LT, @flE Ar
FX A P CEVIILER & it L 7=,

MA By RDORIR & YA Xo5Aa1%, EAMNEFIMEE (SEM) & hiESA (PSD) HIELEE ZFH L T
M L7z, F7-, BEEORZEE (TG-DTA) HIEIZ L 0 MA B RO Z &+ 5 & & HiZ, Co-Ka
ZR & LI R X#ET (XRD) HIE 21TV, mfliEE Ar FRFH K CRVLERZ i L 72 ¥y K OfG fatE &
FE L7z,

_70_



ZE30A-30

3. MREEBLE

MA ¥ KD SEM B33 L O PSD Il E % ks L 755, Fe-16Cr-0.1Ti-0.35Y205 (wt%) D FEAFAALIC
XLT, T e Y0 DN EEZNVTNHIEEHESES &, EAEROAEEHRICZHERTZEDY A X
BLOYER A ENRKREL PO TEZ L 2R LTz, DO, Ti & Y.0; Dy EE N HMT
FRROBERTEEE LI RDIETHE LGRSO MA EZHE L, 2OV A X3 X ORI E SR
WCRIFTRBEEZRE L, TOME. Y0, EOLZHE LTZHAE. TI EOLZHE LA,
BEMAEDY A ZNFELLWDT D E &I, RRGAOFMHEANIH SIS D Z ERbho T,
Trebb, AEMROBMIL - B—LIZiE, .0, BOMENROTHDL Z LRENTZ, —F., MA
By R OB 21T o7& 2 A, —EEO WL, 88 REBOHEICE RN TH D Z &
LR S, BHEREICRIE L7 MA R X0 L A&l BEoBErEm L2 X5 Z ENTEZ, 20
—IHEOFRAFE RIS X | ALY ODS A4 KHPIC BT 2B O 28 2 BRI 2 5 72 D
ZOERMERNBEESHRE LT, EAHEKZ X—ZIC Ti BLO Y0 DS EEZ WS ATE R &
S, CHICAIBIOW 2 —CERIN LA S 28 E LT,

Z D MABIED TG-DTA IEEITHT2 & 2 A,
600°C7> 5 640°CHHITIZ T 72 3B A3 ER D 2
DIV, 651.2°CITHIRARFEE Y — 7 DB &
. EHIZ930CTH 5 990 CHHIT F TR FE
BN R ST, 991.9CIT/N S IR E e — 15 |
I sER ST (K 2), 730CH 5 930 CfHaod
FEIALIZAE S DTA B#R O IR B IOV T
R THHH, XRD KB & OxfIiir b, 650°CT
BN 728 2RI 1T FeaOs & FesOq DIRITHR D A
SNT=T28, ERCETE O EEFIBIC ISV T Fe @
et (fif k) ROSHNELCTZbDEEZLND, 5 |
—J, 950°CTHEN L 72 ¥R D XRD KT 1% 930°C
LLUF OBLERS DRy R IZITFED H 72V YAIO;

(YAP) OfERFENAER L T2 Enn, Bt -15
%A OB IRE R T YAP BT 52 &
NbohoT-, Ei-. 1200°C THEL 7= RICIE,

YAP |2/ 2T Y3AlsO (YAG) (2@ S5 4G 2 AlRID ODS A2 MEKRDIMEAEL
MHIFET D Z LA LT,

20

10

Heat Flow (V)
[9)]

0 200 400 600 800 1000 1200
Temperature (°C)

4. FL1 ¥

TIBLOY0: DD EZWITNHAIEREEESE, ZHICALBIOW 2 &8RN LIZA4E8KD
MH5 AL ODS 648 m kK2 8E L, FhEd Ar P AFEHK T TDTA o+ 5 2 12k b, Y-Al
AT ONTHEEN XA Z N TX 5 insitu WIENAREE 72577,

[HEH¥ER Y A+ ]

(1) N.Y. Iwata, Y. Ha, H. Izumi, A. Kimura, “In situ measurement of oxide precipitation in Al-added ODS alloy
powders”, The 9th International Symposium of Advanced Energy Science -Interplay for Zero-Emission
Energy-, HLESRZFIEF ¥ /%A, 2018.9.3-5 ("R A & —)

(2) WMHEFIC, BERFEIR, HHEE, AFREZ, TODS AN =TT uA 7 HRPIZEIT 5 Fe
BCC BENRMEDOIEMK, % 28 MHA MRS FRARZ, LINEERREY - 18 H ARG RRY,
2018.12.18-20 (R A% —)

(3) EEARTERR, RAHAC, FHHESE, ANRE, (A=A T7aA r ZECLVIFER L ODS 8k
R DB bR OFT ), 55 28 [B A A MRS kR s, LU EBRSES - 76 A ARG R
Y5, 2018.12.18-20 (ARA % —)
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BN REABEICE 54 T VR ST
ERSHE D = 54 OB R IEET

FAIED, IHE L, WO 2, R Ak

VR AR ZE B JE AR A
PR L X — B T2 SE T

1. BxLEW

B CIIEMA RAF O 7 7 oy MEEMEIO S — R & LT AREHE T = F 1 M (F82H)
DR EZED TN D, 205 LRFFFEOFMTED O ESDTHDL, HAA A E—bE A4
VB EER T, FEMEROCE B A4 NV U AL F U EFRIRFICIBET A ENTE D0,
A HYET OBRERAIELE LTARATH D Z TR BN TWD DY, & OB REFHEIZ DU T
X, RN SERBRIC X DR LR BRI IZIERE STz, T4, BIAWT e —F (BA) &)
(2 C. HELFEFRIC X BB NRER T (USTT) OBIRMNED b, A A BER O K 5 7o il
ﬁm%mf%\ﬁﬁ%ﬁ@ﬂﬁﬁﬂ%&ﬁoféfméun FRICHRHIC & » T U D IEME S Lo s
{EOFHIE, MEtOFMmEZ 2D ETHEHETHY . BEMICIXZORMERMEIC ST 22 2 BiEL
MR Z D TND L ZATH D, AEFEMETIL, Z OBB/NRBREIN O 5 BB/ ERERIC
DWT, A A MRE L 7= F82H il ﬂbfﬁﬁd%%ﬁi®&ﬁ%ﬁ’*&%ﬁ%k?é

2. %%ﬁ&

AR Z F82H IEA b — MfiZ&H Wz, A A HBEFEERIL, FEKFD DUET & O QST
mﬁﬁ@TM&A%ﬁ%T\NWCT®%%%ﬁotﬁﬁ%m%ﬁoﬁﬁ¢ﬁ%ﬁ@%ﬁﬁ¥ﬁ%¢%
(£ 1x10x0.8'um) DOHBCRABRF TH Y | WA 4 B —24 (FIB) MTEEICTER L, & 5IZFIB
MTEEEMNEO~A 70TV TV AT ARV TWL X T AT Ta—7%FHL
THMUNGIERER (2t - i) #E L7z, K 1 ICZOTFIROMN 2773, RiFERRIC, &
DFHEIZ SN T, R ZBEE LI~ A 7 a@ZR5RHCAE LD -bAENS, AMMELY RED
STEY ., BAICHOWTIE, RBREHCELS L7 SIM B2 5, 3B A SEATE O~ — & o P 2 1) &
LEH L, EBICZICEIEI MO a— T RNEETX AL ICHEHa sy he—F &2 HL
77

3. RLEZ

X 2 121 A v BB S 3u7= F82H SO/ NS [ IRFBR ) B 15 72 )s -0 F A O FE Rl 2 v, 513k
RER A IE. A A BB ORE R ST S 0.5um-1.3um Oy & R A EATEL & 72 B RRICHERLL €
W5, MEIERE 2R LTV A N, B ENE L 2 DI O TRAICINEM L TEB Y, Ml <3
BMTHEOLNTVAREREFA L, BEEICHEWVIRFNEAEN EF L TWA Z ERHRTE TS, F
7o VRS L 72 K[E HFIR 47 C Sdpa FRET S 4072 F82H Sl & OFER & & Bhaafdix— ﬁbfvto:
O ORERIL, F2H SO~ T %A NI ZAZBEREATEH S OBEZ L TNDH b0 L Bbh
(FTHFES & LAt D), Har 2L+ E £ b U A XA 05 O55ERFE: & 1T E RN
(TR D3, BUNETRIZHRT 2 2 7 o ik & OISR A L VB L3 < b b o L HifF S LD,
SRIT I DICERRI% TOR 7 o fifkfitr 2t 5 L & bic, KiafEfm b~ 5o T, =
NETH LN TV ARMUME SRRSO N~y 725 LoD, KFEORKRELEOH
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A F 2 BRET S A7 F82H $l 0D RS 14 5 B Rp I RF-AI 21T 5 72 DI FIB N CORBHUING | ERER 21T > 7=,
AFUVBRFAMIZBNTH, v A 7 at A XA CTOSRFENFHITE 5 Z LN LN E R T, %I
PREHEE « IR BIKFICOVT, ZRETIELNTE TV DLHNMES N DOk~ vy 725 Lo
D LMZL TN & & BT, UM CTOMELE & BT L > TR SN RIEHE (~Y ¥
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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).
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Ix102 H/m? FREE IS L, EUcfE- T, inhib—7 O K& &% 6nm FRE S 200nm F2EEI2HIIN L
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FHBIEHEE IO TN D, Bl O FEBEMHNT G, WED B> TWBIFA, FiZon
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() M th, TZo 7270 —L =0 BB HEKEWMHE] 4Pp83, &5 35H 77 X~ - &%+
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WM & T~ BROFHINC B3 A 0F501E, HERRAGHIS AT LAOBBE N OIE D . FD%, 1EC
HEEOBIERE, BWERMOT-DOWHEY v F L—> g U2 F D28 L s R B oo
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[REsERY A K]
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FHET,  AAREF 52 2018 RO R, 2018 429 H 5 H~7 A, LIRS
(2) Tsuyoshi MISAWA, Yasunori KITAMURA, Yoshiyuki TAKAHASHILKai MASUDA and Bakr A.
Muhamoud,”Development of Portable SNMs Detection System with D-D Neutron Source based on
Combination of Noise Analysis and Threshold Energy Neutron Analysis”, 2018 IEEE Nuclear Symposium
and Medical Imaging Conference, 10-17 Nov. 2018, Sydney, Australia (#2078 N A & —)
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(2) Tsuyoshi MISAWA, Yasunori KITAMURA, Yoshiyuki TAKAHASHI,Kai MASUDA and Bakr A.
Muhamoud,”2018 IEEE Nuclear Symposium and Medical Imaging Conference, 10-17 Nov. 2018,
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T T4 —=ROEA G RN T A0~ T TT7 4—%1TH 2 & THEELT-, Fl&kE, BVIER
W7rs7—EI2kY His #27 KO GFP % CBM1 oL, A A rna~ /o7 4—I2kD
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Towards an Innovative Micro-Grid for Rural

Electrification in Cambodia

Vannak Vai', Long Bun', Hideaki Ohgaki?, Sokchea Am!, Oudaya Eth!, Kimsrornn Khon'
'Electrical and Energy Engineering, Institute of Technology of Cambodia, Phnom Penh, Cambodia
Institute of Advanced Energy (IAE), Kyoto University, Kyoto, Japan

1. Introduction

The energy consumption is continuously increasing year by year due to the growth of population
and economic conditions. Energy needs have raised concerns regarding fossil fuel depletion and global
warming issues, this leads our societies to search for alternative energy sources. Recently, many Solar
PV based small home systems (SHSs) have been installed, especially in rural villages in developing
countries. However, observations have reported these systems could not make significant improvement
in economic growth in villagers. One main problem on these SHSs is its too small power generation to
promote economic activities. Therefore, sharing the individual power between neighborhood system,
so-called micro-grid, could be better scheme. An innovative micro-grid which rely on renewable energy
sources as an alternative for rural electrification should be developed. To design a micro-grid system
for rural village in Cambodia data acquisition on the available resources and consumption behavior
have to be monitored. A model of LV micro-grids for a rural household has been developed to challenge
the current issues of rural electrification under this project.

2. Methodology
This project aims at designing ‘ Input data of system: ‘
. . oordinates and Peak demands of loads and main sourc
the LV mlCI'O-gI'ld fOI' ﬂlral LV loads and poles, Line impedances (Z)

electrification with the

. ) . ' Objective-I:
fOllOWlng ObJ eCtheS; 1) to ‘ Radial topology using Shortest Path )
design a radial topology with Objectve_":
Conductor use mlnlleIHg by / Numbers_ and loc_ation of PV /s Siz_ing of Distributed -« / Normalized PV and Load
/ integration generation and battery storage Curves
shortest-path algorithm and 2) ' Using Herathe techmique '
to size distributed generations [ End |
and battery storage by iterative
technique. Figure 1 presents Figure 1: Stages of method under project design

the several steps of method to
achieve the purpose of project.

A radial LV micro-grid system consists in feeders going from a main source to several electrical poles.
Each household is connected to the pole. This part is to build the LV micro-grid topology of a non-
electrified area, ensuring the minimization of the conductor usage. For this purpose, the shortest path
algorithm is applied. The shortest path problem consists in finding a path between poles and households
so that the sum of line’s length is minimized.

A battery storage is proposed to install at distributed generations (DGs) placement. This battery is to
charge the energy during the moments where reverse power flows to main source (i.e. DGs), and to
discharge when the main source must supply the households. For each hour of the year, the power of
charge and discharge of the battery is computed so as to remove the reverse power floes at the main
source.
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3. Test system and Simulation results
3.1. Test system and Hypothesis

An example of test system has been developed to be a case study which is located in rural village. The
households are supplied by a 230 V main source from the 1% bus to 61% buses. The total active power
is 13 kW with PF of 0.95 which are taken from normal distribution with a mean of 0.4 kW and a standard
deviation of 0.05 kW. A classical conductor size is 50mm?* from main line and 2.5mm? from pole to
households. Some inputs parameters as hypothesis testing are required in order to validate the proposed
method. With this hypothesis, six 1 kWp-PV units with random location have been assumed, load curve
1s taken from local measurement and is used as normalized curve, NASA source is used for PV curve.

3.2. Simulation results

The radial LV micro-grid
topology is performed by
using the shortest path
algorithm. Figure 2
presents  the  optimal
topology with distributed generations and battery storage.

The histogram of power at man Figure 2: Optimal radial topology of micro-grid

source and battery storage which

are obtained by iterative technique, is shown in figure 3. Figure 3 (left) shows a histogram of annual
power at main source in case of non-connected PV-battery storage; the active power at that bus is about
15 kW. But there is some negative value at main source due to connection of PVs as depicted in figure
3 (middle). To eliminate that negative value, that means the reverse energy flow to main source, the
battery storage is investigated and integrated at main source placement. As shown in figure 3 (right),
the negative amounts have been stored in battery storage by applying the iterative technique. The active
power at main source has thus been reduced to 11 kW.

Figure 3: Histogram of active power at main source (DGs) placement
4. Conclusion

The LV micro-grid with distributed generations and battery storage have been developed with test
system as rural village in this project. The radial topology is realized by using shortest path algorithm
and selected conductor process which aim at searching for conductor usage minimizing while respecting
to voltage and current constraints. Moreover, the sizing of distributed generations and battery storage
have been developed to avoid the reverse flow to main source and to increase also the autonomous
operation time of system. Additionally, this proposed method will be useful for distribution system
operators and designers before making a project on micro-grid design.
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PRI SR 2 B - BB 2 ol 3 D RN T U, FUN KRB BER R i 92 o & — O 1K
# (ARM-200F 3 X OV JEM-2100HC) % AW CTHEIZ LT,

3. MEBLUOEBE

CeO, BLRYSZ DWTNOREHZEBNTH A A N T v 7 FLERIET 74— A5KMEICL - T
I T ARMNBKEET A7 L ar T A ME LTINS, HAaBEIIREESL Wz, 2
DZLFNTNORETHA A b Ty 7 PLEBOFRFEENMET LTS 28 (Thbb, 24l
ICEATEHERTHLZ L) R L T0D, —J, 7R ar E T A MDY A X% 200 MeV Xe A 4
%%ﬁﬁafmﬁﬁétymz¢@b7y7#4xmgimnm I¥ CeO, (HEFE22 nm) LV /)
Emole, A XV N7y 7 EEOERBRARFREICHLTTey M5 e, WTIhbRF&EICHE-
THIRL, mBHETHM L, ZOEFERE A4 NT v 7 BRhE L B GO R
IMEEEBELIZET VI 7 4 v T 4 U TR & T o7z, B 113, SEEEFRERENS -7
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TIXEFEEGIC L 2 BEEEREICNZ T, EFREREOESICMES M7 v 7 REEZ N5 2
ETHBLTL2ZENTE, 74T 47 oBoie N7 v 7 BEHEL LOREEFHLT 2
EAEIE, WITNORECHE AP EEE & 3R R Ly, MFEZ T 5 & YSZ 1% Ce0, LV b
FELL/INESWEER LTz, LLEDOFERIE, YSZ DF5H3 CeO, LV b ETEHBEN L ORIENE Z Y 5
WZEERLTWD, 20X REEEEOEWL, YSZ HOEEA 4 EIE T OZEM 3B LT
HAREENREWNEZ Z BND,

T T
100 MeV Kr to YSZ

10% 200 MeV Xe to YSZ
N [® 340 MeV Auto YSZ 3
[M 200 MeV Au to CeO, [1] ]
I 5 1

1011 L

Ton-tracks number density (cm

1010 |

10" 10" 10" 10" 10" 10

Fluence (cm-z)

Fig. 1. Fluence dependence of the areal density of ion-tracks in CeO, and yttria-stabilized cubic
zirconia irradiated with various kinds of swift heavy ions.
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{ﬁfﬂﬂﬂ@’%?\i %%7\%& FETH LN TEIUL, REICB T IR ATREL 72D,
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(1) Mizuki Kitamatsu and Takashi Ohtsuki, “Cytoplasmic delivery of a peptide modified with a sonosensitizer
by using ultrasound.” 35th European Peptide Symposium, 26-31 August 2018, Ireland.

(2) Atsushi Harada, Eiji Nakata and Takashi Ohtsuki, “Confirmation of the process of internalization by using
ultrasound-enhanced cell-internalization” The 9th International Symposium of Advanced Energy Science,
3-5 September 2018, Kyoto.
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(4) Mizuki Kitamatsu and Takashi Ohtsuki, “Development of Apoptosis-Inducing Peptides Activated by
External Stimuli” 10th International Peptide Symposium, 2-7 December 2018, Kyoto.
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DENTIER RNA 7 7 ¥ ~— &9 i#4 5 =
EWNAREL r o (K1), EEHEHIX. 20
RNA FEakiE 2 i FLEM ML N TIEE O mRNA %

BlegnrRe 72 ik~ & % B L7 [ACIE 2015, Chem.
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BN B DRI o T IR AR T D 2 L BRI, RFIEIC L VBN Y X0 - AR
WA CTE D Z LR TE T,
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BEICKIFETTA Y A=Y OREBO LRI, TRAE R & I O 1E 5 EHREE & O I8 B A
v SRR O FREE AR B AR I R T, D R ORI [ S 1 & B O B AR O 2 B 2 AT RO
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L. T4 F¥AR—=HYEAHI0 L 7z B— e AR EA O — % B Rt s zon N2 E i3 50,
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3. HEmfENT

PEER AT R RIRIE T A ¥ A=Y 2N L 7o — Tl AR BV OB E X % Fig. 1 1277, R
B D=7.6 mm, IR & L=200 mm, L/D =26.32, V A ¥ A~X—HF ¥ v 7 (0~1 mm), £ F (100~200
mm), [EE (d=1~2mm)IZFBV T, BRI g=1x10*~7x10° W/m® DEEGR R ST, Fa i B ARSHR B RG £
TV RO CERIRNT 21T 5 7219, BEMRICHET D8 1 BV (A7)0 121% 0.4 mm % 52 7207,
4. TAVYAR—H ML E—REMAERBERICKT 5 RFTRBEGRmIRE

RFEHIE LT, VA Y A—H(d=1.2 mm, gap=0.2 mm and pitch=165 mm) % {1 L 7= Hi— 3 E FIFEH
BRI HOWT, BRI ¢=2x10°, 1x10° 2x10° W/m?> O BREGARHTHE B 4 JR P s BVA R IR E OiRiE S b
AT 0z ws T EINER S z O FIT g, IEGRJEAEEOZ NT A—42 L LT Fig.2 ITnRT, VAFR
A= 2PN U722 B — B RS BV O BREG AT RS e LI D 2% |2 o F BREM TR T, ¢ ZEET D
&L (=)D RPTRBRREIRE—IX, 2 PR EDRRE D . EAEIGIMEBLE S5 30
mm F TIXRETH 2N ENLURITESCHTH D, ZORBERBEDMIL, TA ¥ AX=F 2L 720
AT EIFIE—BL TWD, 2 23 83mm ICHE D & FBEVRRE LY A ¥ AX—F DR BLI D 2222
AR LRI IC K 2 BYRE), z=89mm THRAME A IV TR L z=112mm (230 T/ ME & R D
ZD% z DEIRDTEESCDICRELS KD, VA T A=Y 2@k OREIRE DAL, VA PR
—HZAIM L7220 D &l 2 &R BREN RN OELIVUZ K 0 2 NS <D, 08 100K & < 55D i
(2. RIS OEMF R ER LIEDALE 2 13 4.58mm fBEL KD, HOALEAST2EEMIL, ¢
MRELRADFERZ VY, ¢=1x10° W/m* DBEGRAFHTHE SR C 2=25,99, 199 mm @ r- i DR = > % —[X %
ggéﬁfﬁoﬁﬁﬁ@%%%%@@ﬁﬁﬁ\%ﬁ%#%%m&&ﬁ<\zﬁﬁ<&5&%<ﬂé$ﬁ
Hanb,
5. UAFYAR—VZAI0 L7 B—REMNERBRIZEIT 5 X v B M Vuw)w-s

T A ¥ A_X—H(d=1.2 mm, gap=0.2 mm and pitch=165 mm) % )1 L 7z BL— B AR BRI DOV T
EE L — U —8U(Ray)ws[=(Gri YusPr’/(4+9Pr'?+ 10Pr)]=3.06x10*~3.15x107(¢q=1x10*~7x 10° W/m?) T H i fi%
HradTey, SEE X BV M Nua)ws % (RagL)ws \ZxF L C Fig. 4 O LIZXEITRT, VA ¥ AX—H%
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A0 L 78 O B — TR B P RE S BMR D BGERARATHE R Nuaw 22 OF), (6)2> 53R & % i & ORI Td
T A ¢ 2= Z AN U 72 BRI 38 (Nt s V. T A ¥ A=Y 2 AP0 L 722 B — T AR S 2R

FrA(6)F %;kiéﬁct@jm 6.67%1K < . BERIENTRE RO L IFIE & L TCWb, T A A~—
WA (T L 7 B TR TR 56 A A 0D B AR AR AT A S Rk C R S 5,

n 0.86 0.2
(Nuav)wis=C,><(Raﬂ)wﬂ>< ﬁnu%(%j (R"fVL)M (11), where C,=0.8704 (12), n=0.003095 (13)
0.86{(RaL) ) }

ZOFRFAANIE, UA Y A=Y 2 A0 U 7z B— RS VAR O BEERAEAT S R (Notay)-s %2 IRV VL
D(Rayr)ws=3.06x10*~3.15x10" [ZEBW T, 2.74~1.63%LINDFEFE THEIRT D,
6. (Nua)ws \CRIET VA XAN—=Y DXy v 7, EvF, HEOPLE
U A Y AR—=H 2N LT R E PR EYARIZ OV T, ¢=1x10° Wim? OFBRRAEIFE T, U A Y
AR—=HF v v 7 (0~1 mm), £ F (100~200 mm), ELE (d=1~2 mm)iZ 33\ CHGERMAT 21T - 7=, Figs.
S~TATRIHRRIS, U A ¥ AR—F 2PN U T2 BRI R (NVua )ws (3. T A ¥ AN—H 240 L 722
é%;ﬁ [EL P FETE BMA D BRER NS SR Nuay 0 % 0.88~4.59%/N S0,
1. W8
T A ¥ A=Y 24N U7z B — e IR BVA, B4 D= 76mm\ NNEE R & L=200 mm, L/D=26.32
T, VA ¥ AXR=%F ¥ v 7 (0~] mm), £vF (100~200 mm), HEE (d=1~2 mm)IZFB T, BiR
g=1x10*"~7x10° W/m? OB R S ¢, JE it A At BT 7 V1D % O CHEERAIT 21TV, U4 Y
AR —H a2 B ﬁﬁ%ﬁiﬁgf%ﬁﬁﬁiw ) B AR BMR 22 R A B L 7=,
[1] Hata, K., et al., Nuclear Engineering and Design, 341, pp. 73-90, 2019. [2] Hata, K.,
et al., Mechanical Engineering Journal, 1, (1), pp. 1-12, 2014. [3] Hata, K., et al,,
Mechanical Engineering Journal, 3, (3), pp. 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
Engineering and Radiation Science, DOI: 10.1115/1.4042356, pp. 1-15, 2018.

[ Vertical Si'ngle éylinder withI Helit':al Wire Spa::er '
I X Numerical Solutions

Pressure101.3 kPa

Liquid Temp. 673 K

¢ Heater Diam. 7.6 mm
210 Heated Length 200 mm —— Eq. (11) 4
H I wire spacer E
=} F d=1.2 mm =
4 gap=0.2 mm 1
=~ pitch=165 mm
5 ki
=]
4

Vertical single cylinder without helical wire spacer
O Numerical Solutions
© -~ ~Eq. (6)
L N | N | PN B | N
107 10° 10° 10 10%
Raf,Ls (Raf,L)w-s

._.
<
s

Fig. 3 Contour of liquid temperature of the »-6 Fig. 4Theoretical solutions of (Nuav)w-s for a vertical single

Fig. 1 Schematic diagram plane on z=25, 99 and 199 mm from the cylinder with helical wire spacer (¢=1.2 mm, gap=0.2 mm
of a test vessel with a 7.6- leading edge of the heated section for a and pitch=165 mm) with Eq. (11) and those of Nua» for
mm diameter heated vertical single cylinder with helical wire vertical single cylinder without helical wire spacer with

cylinder with helical wire spacer (d=1.2 mm, gag—O .2 mm and pitch=165 authors’ correlation, Eq. (6).
spacer. mm) at g=1x10° Wim?.

" I Numerical Solution O— T 0, T T T T T 0
for Vertical Single Cylinde r 'Verticdl single cylinder | b r Vertical sihgle cylinder 1

" Vertical sihgle cylinder |
without helical wire spacer 7 without helical wire spacer 7

| with helical wire spacer without helical wire spacer |

] 2~ Numelical Solution ~— Numelical Solution <= Numelical Solution
- Pressure 101.3 kPa 95— =~ Eq.(§) 405 = Eq.(§ T ~— Eg. (6) ]
Liquid Temp. 673 K oo O O O O Mo O (Oe o o o o 1
ater Diam. 7.6 mm F F

- Heated Length 200 mm Numerical Solution

30 for Vertical Single Cylinder
with helical wits spacer

Pressure 101.

Liquid Temp. 673 %

Heater Diam. 7.6 mm

[ Numerical Solution ]
[ for Vertical Single Cylinder 9
with helical wire spacer 1
Pressure 101.3 kPa
Liquid Temp. 673K

[ Numerical Solution

[ for Vertical Single Cylinder
with helical wire spacer

Pressure 101.3 kPa

Liquid Temp. 673 K

w
S
T

w
S

: q=1x10° Winf
 (Rag)w.s=3.248x10

9 —*—Numerical Solution

)
S
T
)
S
T

Nugy, (NUay)eq.(19) (NUay)ws
Nu,y, (NUay)eq.(19) (Nuav)w-s

Nugy, (NUay)eq.(19) (NUay)w-s

- for Vertical Single Cylinde Heater Diam. 7.6 mm . Heater Diam. 7.6 173201 1
J Without helical wire spacer [ Heated Length 200 mm Heated Lengin 200 mm E Lo 200 mm E

L g=1x10° Wi/ [ a=tx10°W (Rag ).s=3- mmoE
[ (Rap).e=3.248x10° [ R S0 C ]
W 0 wire spacer 1 F19C O wire spacer Rl Og\gv:)r__eoip;ﬁr B

r d=1.2mm ] d=1.2 mm pitch=165 mm
S S A B A SRR L ‘pltc‘h=1‘65r‘nm‘ TR B ol L ‘ga?-OI‘zm‘mJ_‘ T ot vy
0 50 100 1502000250 0 05 T 00 150 200 T 5 2
z(mm) gap (mm) pitch (mm) d (mm)

d4=1.2 mm, gap=0.2 mm, pitch=165 mm

——8=5° " ~=15"—p=25°—9=35°  6=45"—p=55°

— —0=65° —0=75°— —6=85°— 9=95° 0=105"— —=115°
.—-—8=125° ~=135°——§=145°——§=155° 6=165°—-—9=175°

Fig. 5 (Nuay)w-s for a vertical Fig. 6 (Nuay)ws for a vertical Fig. 7 (Nuav)w-s for a vertical

Fig. 2 {(Ty)o:}w-s-T. for a vertical single single cylinder with helical single cylinder with helical single cylinder with helical
cylinder with helical wire spacer (d=1.2 wire spacer (d=1.2 mm and wire spacer (d=1.2 mm and wire spacer (gap=0.2 mm and
mm, gap=0.2 mm and pitch=165 mm) pitch=165 mm) vs. gap at  gap=0.2 mm) vs. pitchat  pitch=165 mm) vs. d at
versus z at 6=5°-175° and ¢=0.2-2 MW/m?. (Rafz)w-s=3.248x10°. (Ray)ws=3.248x10°. (Ray1)w-s=3.248x10°.
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RNA [CHEE T HHEEEMERTF FOBRSR

PR/ E 1 Colin A. Smith?, 7K H£2%3,
FEIEN 3, (R 4, R EFgE S, MREZE S, AR —!
PFEET 2RSS T4, *American University of Beirut, * FUER K ST %L —BE T2 SE T,
HIE R SRE SR, O HRURIE RS, S RIRR TR A EMERT

1. Hx

ITH, RNA NS < OBRTORBEZHIFEL THNDZ ENRHLMNE /D & RNA BAIFEO X —7 > b
LLTHERENTWS, £Z2TC, RNADO@Z 2oy bu—L95 Z LRTEHUE., om0 E
PR EZa ha— L TELZ ENHFFESN D, AUFETIE, ErxI v a RV — %R
T D72 DITH IR A DA Z FLEFIZ AL, RNA ICHREA T D AN LARTF R L) &n 178
ay ha— LT LB HEIN AT A2 L EHIE LTS,

HIV-1 ®% / A RNA (%, 168 EMBOENTIRE S viztk, Rev ¥ VXV BN 7 5 RNA @O Rev
Responsive Element (RRE) & JIFNDFEIHICH AT H 2 LIC Lo T, BAMIHE SN D Z LA BT
W%, Z @ RRE ® RNA i & Rev ¥ > 737 B D Arginine rich motif (ARM) % £-2>27"F ROE AR D
SEEEEPIRE SN TR, # X7 H L RNA O EERAOREZL 2B TH Y | Bix 25N 27
PITWD, Rev X7 F FD 35 FEHDOT /X =2 (R35) IZTRRED2FEHDO T /> (G22) %27
WL 40 FEHDT ARTF L (NAO) IZRRED T HFEHD T /v (GT) & 28FHDT 7/ 2 (A28)
DT D GA RS EZRHE L TCWDEZERHLNE RS> TS (K1) . —J7, FAebid, ks
F TR FEEZHOTRIS 27 U2y (G) ICEZTNA 230 > (V) ICEHR L THEEATEME 25
THZEEWLNILTWD, ZNUHLDT IV BERED O b —AFiOHZEEBR L T-~7F N (R35G B
FOYN4OV) 1F, FEATEHEZ RS 2 e n, ZAREEBRLIZATAATF R (GV) I, Rev X7F R

(B4R WT) L1372 28T RRERNA IZHEE T2 LB X TVWDH, £ 2 CAMIETIL, ALATF
K& RRE DA AAERABERIC W CTRFIEE L)L TH LM THZ L2 AL Lz, ALXTF RO
RNA OB A B = A LDOEHIC L > T, NLXTF REeTHA T 5720D0FFHIEOMN. T 5 &
EZTW5,

2. Jik
RRE RNA 77 (RRE34) % il
HT2HIZlX, T7TRNA R AT —F
\Z KB invitro 855 R & W -, HIE
RN ARG L7 N 7T K (GV)
OO DIZ1X, RIFWEIC L DK
BERBREH W, £, BunY
F REKIBENTRKEAKRT 2 DX
RETIER2WVWOT, 2EFF L&D
e s R B L CEIEFEAK
L7ce ZOEMER T4 pET X7 ¥
—|ZEA L, KIE BL21 (DE3)Fk %
HAWT, =28F%F L GV XTF R
DS #2278 (Ubi GV) Z k& B 1 RRE EXTFR(2RRE RNA O ZR4Ei&E (b)Rev RTFRE
BB L7z, S50, NMR gDz ATNTFE
|2 PNH4CI % & Tefe/ N & VT
Ubi GV D KB A B Z /2 o7-, 5572 Ubi GV & RRE34 OFAAEMAICHOWT, SR ER D
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U A R Y (ITC) MicroCaliTC200 (= /L 3—4HM) 12K > ThERE L 7=, & 51T, NMR 23R (H
ART I —+E) 12Xk 'H-PN SQC A7 hEHIE LT,

3. BRBIUOEE

Ubi GV ZRBLSE - RIGEEZEREL, Ni¥' T 74 =T 4 7570~ 777 4 —BLUOBA 4
I T hra~ T T 74—k VR L=, SDS-PAGE (2L V. EHiED Ubi GV 2R T& /-
Z L afER L7, Ubi GV & RRE34 L OFHANEMHZ ITCIZE VR LT & 2 A, MBEEE Kol 52.3
nMT&otomi % L7 GV ~X7F K& RRE34 @ Kq(£39.5nM THDH Z Lvn, Ubi GV OB
XF U TIE. GV RXRTTF R L
RRE34 OMAEHICKE 7o %

FIEE 2N ERHLNE 25T,

X HIZ PN E=#E L 72 Ubi GV @ 'H-

PN SQC A7 M EHIELTZEZ

AL FEEITHBEED B NMR &7

ARl (M2) , o

AR FUZIE, B X F AR

M 7 e GV R_RTF REEZ

LDV T FARBR sz L

AR U e VAN =l ¢
Ubi GV Th 5 Z LRI T,

AT PNHLCl B IOV PC 7 v a—

A % E e h/ N LA IV C Ubi GV

KEFR L7~ . RRE34 & #HAK

EREEDLTETHD, IHIT

SHEILIBHE 21T o 72, GV T

F K& RRE34 OBEEIRO KRS

IS NCT AEETH S, 2 Ubi. GV @ 'H-"N SQC AXRIKJL

4. NEAZERY X b

(1) WARR—, BT 7 %~ —DERSOI~BEREE T D bR M B £ T~ #7585 (100 4)
Active aging % XAET /3 A AT 4 )V TFOMFSEHLE, 2018 426 H, ARl

(2) #aRfth, TH, BIINESE, HAFG RS, mEEEsS, RFEAN, kKBS, RARZRE—, Vif - CBFp -
CULS5 - ELOB - ELOC A IRICx$ 257 74 ~— DBt L fRHr, ik 30 45 A A4 LA i
W, 201846 H, ik, RAX—

@)%ﬁ%n,ﬁ%ﬁoé,ﬁ%ﬁﬁﬁ,ﬂmi,ﬁ$£k,ﬁmﬁ% AZE—, HIV-1RRE H3¥kD
RNA Wi & N TA_TF ROMAENEROfENT, 25 20 [8] H A RNA F£24FES, 201847 A, KK, &
AL —

(4) Natsuki Watanabe, Tomoaki Kinase, Yusuke Nomura, Takashi Nagata, Masato Katahira, Kazuo Harada,
Taiichi Sakamoto, Development of functional peptides that bind to RNA, The 9th International Symposium
of Advanced Energy Science, 2018 4£ 9 H, FU#[, HA X —

(5) enAR%Rt, HH, BINEF, HP—ES, MEEEST, AFEA, KHES:, YRZEE—, Vif - CBFp -
CULS - ELOB - ELOC B KRIZxT 57 7% ~—DOWis LT, 5 41 [0 A A0 AT RS,
2018 /£ 11 A, Bk, RA X —

(6) BEAJINESF, KRN, MEdsr, saARint, TH, A EEAN, kKBS, WAL —, Vif-CBFB-CULS
- ELOB - ELOC #&RIZHEART 5 2°F L L7z aptamer OHS, 2 41 [BIH ARy TAEMFEER,
2018 42 11 A, Bk, RAH—
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BRFHEERZRAV-HBRSE2 VN E FtsZ D
E51BEH T : DNA T/ EEL~DER

NS, ST 2, A, MR

NN 2 S
2ER R L —H TSR SE AT

N7 T VT OIS ZEIZ B W TEEZREE A H
FtsZ (%, #HfafEE ECHEAL L TU 7 RoEER (Z2-V
7)) EEAKT % (Figure 1a) , FtsZ 1% GTP O II/K iR
WD EAEE O EZL ST RN D Z-V 7 DI
g & AMBEO S 2 FHET 5 L EZX LN TND, EHIT
Z-V U T RER L 7o THIR S #IC B /e &2 R 7 E
BENESL L, MO NEITT D, fill Tldhs St
AN Z X7 ERCET MR b EFESI AT
% 7h3 (Figure 1band 1¢), Z-V > 7\ZE1T D FtsZ & /37
BEAEEOBNE A I 7 AL ZDOEAKECOW

TIIRMI I NN, & 2T AL FsZ % 378
EEWEOBPZEB OB Z DX LT, By 7R E
EHEBET DT X T =2 R EERNT Dk
fﬂg&/ﬂﬁﬁﬁA% (O HIEENE 5 % | E O

[ZEAbE 52 5 REREFITHREI L TV D

2%AM®tﬁké%ﬂ%Z&/ﬂ7 %DM\T/%L
{ZIKAODI/UI:?“%L I, F T EERARORER LT &

D FER 7R BIES N FTREIC 22 D, DNA A&, %4%&
AL 2 B LKE'm:_ Lf:lni»ﬁ%frz 5T EMMATREIC
é&%f%é@f\:@E%ﬁ@ﬁ%%ﬁbk&yﬂ7
BEASEROHMEBREZD I L TN D, TDT= DY
B L LT, HWCWD FisZ & > /37 B % FE% 12 DNA
X° DNA (&R L7501 & ST 5 IR AN T 2 30
ELinh, ZNETIC, FsZ 127 & bt EA % i
L7zfER, RROEAROMREN Kb T, B 5%EAE
IEEE 5252 L8> TWh, £ Z T, DNA H#
EIRA~DRADT=OIZ, # o7 BEAITEEN D2

WETHEIND FtsZ # V737 'E N Kl ~DLFAEL I
B LT
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(@)

()

Figure 1. (a) Cell division mechanism and a
model of FtsZ assembly. FtsZ is colored in red. (b)
Mechanism of FtsZ Assembly. (c¢) Overlaid crystal
structures of MtbFtsZ (PDB: 4KWE ) in blue and
SatFtsZ (PDB: 4DXD) in cyan, indicating the
structural change though the GTP hydrolysis.
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Fax DT N—TTIE, THETITMEIERT 2 X > A7 BEMFIERBICRD A TE T, ¥
VNI BBAMEMEGY T LS D WITHUARSAIE S R ERU SIS A Al eE 7R & » /R 7 B N R~ DAL
ERRAT O FEEAGEEZ R L TS, BRI, NKED 2507 IV BRIREL DA IFY
Vo) PURBMEN LT, TV MEEIERERICER T OLFREMETH D, TOFIEICE
D, % —=5y hOXTF RHDWNIZ LRI BE~OT Y REEA, 5l &< CuAAC KUSIT K 2 BREME:
HF (aF -4 F - RKI2F L7 a—nl) LCu 7Y —Tht 2 A7 VBRI L5 E
it FRECHDH I EEEIEL TND, £ T, ZOFEEZHWT FtsZ O N Kl ~Da o R EA % R
L7,

E. coli Fi3K FtsZ @ N KiilZ Strep ¥ 7 % il & L7z Strep-FtsZ % i%it L7z, Z D FtsZ @fn & EAL
7oy 2 —TCTRIGH C41 2 ElaH UT-, K&EFBL L 7= Strep-FtsZ % Strep ¥ 7 DT 7 4 =T 4 7T I
%3 L ORI L, SDS-PAGE IZ X Y [FIZE L7z,

FERH% OFE L & DMSO HIRHICERR L7= N

RUMEMFIKE 37°CC 16 FEI UG,

AIEAE A XD 7 DT ThREL, &6

2, &Rtk D Strep-FtsZ 1Zxf LT, #EtaHR

EHfE LRy rnA s F T Iy

Z IR T2RFHBICT 52 &IZX > T NK

I\ SO HAE ., T YR T A

Kok E~T, AR L7, A3k

AT O Strep-FtsZ % GTP {71E FlzdW\ Tt

EREOCEME TR LI 2 A, FsZ A

BEELEZOND 7 7 A4 N—ROBEN

ezl T 7= (Figure 2), Z D X 91 FtsZ 1A

T HEERHEEIEREZ (R L-IREE T, Figure 2. Confocal microscopic images of Strep-FtsZ
(b2t % Wi F LS HEST T T4 Y . DNA assembly. Strep-FtsZ is labeled with AlexaFluore488.
T REIEAR A~ D [ TEAL D 7= O DERHIZ DU

TORFBEDTND,
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BRSFICE TS RERAFT TORIERIRICK S
12 FEHNH 4 FA

OHERPfE |, SEHE R Y, e
VRBROR S AT e R
PR L 2 — B SR SE T
P HRAEKR S @A BT SERT

1. MEOERLBW

FRVEREH A FE L WP e v o g VEBR L LTSN AMARETH LN, FOEHICIT
RIS OFEPERINTWD, FIZHIER 77 A~Z2 A5 FRUICB W T, B2 X 58 UiAD g
NEBICIEERINT T T A~ = 3 VX — DB S du, S RIRBERTDNBEM B2 BT 5 2 &
NIFEIIN TS, LL, BEEOOIHERAKIDE LELAIR. ARET T A~DMHAEEHAICL
07T X NS, F DR RBE~DOEA T KNG IZEIN S 10, BERPENO 5 2 B4 C i Lo AT REME
DI SN TS, ZOX ) RAKMERMRREEZZBE L, R ARIC L 2EBEMEOEEZ THIT 2
7o DX, BEE-ZARK -7 7 A~ LW o e EAR OBMERM AER Z AT 2 0N b D, ZRKUERTIF
ZRiAIal—ar (PIC) ZHAWTRAEMICHE L, [HROMAFICH T 5HEEED TR 21T
I EEHMET D, BOINDHLD O AEKIEMS R L BE LIS BB OBFEE T VAL,
PRk OEZRA SEE 21T DiER T ) AEEICEWNT D,

2. WFEEORRE

PIC 22— RZ T, 7T XX HBEZ SV AT T X~ B AFT 5 BEOARKERDEIZOVTI I 2
L—va raEFE L, 2V AREIE 0.2 ms TEVEMIX 10 GW/m? & L7z, Be BE L W BEIZ A L7
BIEOWTEIEEITo T2, TNENORER DI SN AHEKORIL, MBI ORI, RSCEKIES
FAWTBEGHEEZIT) Z & TIRE LT, BRLE 7T X~DMAEERIZ X » CRERIZBIET 5B A
WET DT 1L oD, FRCERE R AR RIA £ 105 Be BEDOLGA I BV fif DI DN BHE
(2725, WEEHG ABVENHIINL, FHIBENGIEIZRD &0 ARKENBZ 0, BVE RO N
Rohd,

(a) Be K (b) W EE
1 10 GW/m’, 0.2 ms MD/NLRATSXIEARIZE VT, (a)Be BE()W BECAZT HHATOD PIC Ial—avi
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(1) K. Ibano, Y. Kikuchi, A. Tanaka, S. Togo, H. T. Lee, Y. Ueda, T. Takizuka, “Simulation study on the vapour
shielding at solid walls under transient heat loads using weighted particle model”, Contributions to Plasma
Physics, 58 (2018)594-601

[AEARERK Y A K]

(1) K. Ibano, Y.Kikuchi, A.Tanaka, S.Togo, Y. Ueda, T. Takizuka, “Suppression of wall erosion by vapor
shielding at low-Z and high-Z walls”, 23nd International Conference on Plasma Surface Interactions in
Controlled Fusion Devices(PSI2018), Princeton, USA, 2018/6/18-22

(2) K. Ibano, Y.Kikuchi, A.Tanaka, S.Togo, Y. Ueda, T. Takizuka, “Sheath dynamics during the vapor shielding
at a plasma-facing wall”, 60th Annual Meeting of the APS Division of Plasma Physics, Portland, USA,
2018/11/5-9

(3) HiEr f@d, Lee HeunTae, FH BR, “HFEE Y 7 A<ICB T 5 v —AF#HD PIC 2 2 L—
va vy, BISETT AV - BEEFRES, WH KPR, 2018/12/3-6
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(1) Nose K., Hoshino R., Fukuda M., Identification of optimal structure and nucleotide sequences of AD-gRNA
for an efficient site-directed A-to-I RNA editing. ISNAC 2018, Nov. 18, 2018, Clock Tower Centennial Hall,
Kyoto University, Japan
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(1) Takayasu Kawasaki, Aomi Sato, Yuki Tominaga, You Suzuki, Takahiro Oyama, Makoto Tadokoro, Koichi
Tsukiyama, Kiyoshi Nokihara, Heishun Zen, ‘“Photo-Modification of Melanin by a Mid-Infrared
Free-Electron Laser” Photochemistry and Photobiology (2019) First published: 05 January 2019
https://doi.org/10.1111/php.13079

[FEERERY A K]

(1) %32 [\ AABSDCF RS - BRI EER S VR Y U A (@i ERE Y, 2019/1/9-11 “IR-FEL
Ry MU — 7 OBEITANT 2B A JIERERE, ik, 40 Ee, AR SElot—

(2) 91 mIHAE A RE, ENLRMERESAE, 2018/9/24-264F58E RN L —F—IC LB AT ) —
%};Q{é‘ﬁ&ﬁﬁ?ﬁ%t:ﬁﬁf:ﬁ%ﬁ%”, AL —3FK, JRNRRE, e, St —, 2k,

JSE

(3) The 9 International Symposium of Advanced Energy Science, 3-5 Sept, 2018, Uji, Kyoto, Japan,
“Irradiation effect of mid-infrared free electron laser on melanoma”, Takayasu Kawasaki, Koichi
Tsukiyama, and Heishun Zen (Poster presentation)
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FER%E, RAY—

(2) Kana Kojima, Zhang Wenjin, Yuhei Miyauchi, Tetsuki Saito, Yu Kobayashi, Takahiko Endo, Kazunari
Matsuda, Yutaka Maniwa, Yasumitsu Miyata, ‘Preparation and optical properties of suspended monolayer
MoSy”, & 9 [l /L3 — B T2 SE AT ERR & AR 2 7 L, 2018/9/3-5, HUEERY:, RAK—

(3) Masafumi Shimasaki, Tetsuki Saito, Yasumitsu Miyata, Yuhei Miyauchi, Kazunari Matsuda, “Optical
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(4) B FEST, FnE WA, B PR, E R, BN KR, “HE WS-WSe: HINT HAEIEORE
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Tran. T. Nguyen, H. Matsuura, Y. Matsui, Y. Takemura, "Effect of alcohol addition on properties of argon
atmospheric nonthermal plasma jet", Plasma Research Express, 1, 015009, 2019/3, Flills (web ZAB) .
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(8)

H.Matsuura, Y.Matsui, T.Fujiyama, Y.Morita, J.Sakamoto, T.Tsuchido, M.Furuta, Y.Takemura, "Quanitative
visualisation of reactive oxygen radical in solution irradiated by atmospheric pressure plasma”,,10th
International Symposium on Advanced Plasma Science and its Applications for Nitrides and Nanomaterials,
March 5, 2018, Meijo University, (7R A% —) .

H.Matsuura, Y.Matsui, Nguyen T.Tran, J.Chin, Y.Takemura, "Effect of alcohol addition on radical
production of argon atmospheric plasma jet", 2nd International Workshop on Plasma Agriculture, March 9,
2018, Takayama, (A8 A% —) .
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Y. Matsui, Tran Trung Nguyen, J.Sakamoto, Khiem Do Duy, M.Akiyoshi and H.Matsuura, "Measurement
of oxidization power of plasma produced reactive oxygen radicals with chemical probes",,2nd Asia-Pacific
Conference on Plasma Physics, November 13. 2018, Kanazawa, (A8 A% —) .

Tran. T.Nguyen, H.Matsuura, Y.Matsui and Y.Takemura, "Effect of alcohol on heat flux, discharge power
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Symposium, Nov. 15, 2018, Nagoya University, (7" A% —) .
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5. BRU AL
[ SCEFR Y A B ]

(1) N. Sei, H. Zen, and H. Ohgaki, “Measurement of bunch length evolution in electron beam macropulse of
S-band linac using coherent edge radiation”, Phys. Lett. A, 383 (2018) 389.

(2) N. Sei, H. Ogawa, T. Tanaka, Y. Hayakawa, T. Sakai, K. Hayakawa, K. Nogami, H. Ohgaki, and H. Zen,,
“Coherent Edge Radiation Sources in Linac-Based Infrared Free-Electron Laser Facilities”, Proceedings of
29th Linear Accelerator Conference, in press.

[PgARERY A K]

(1) 15 Aoh. /NI, 4 R, R, EEEP{QEE BJINZSS, BT GE, AR, mffH LT,
B, B A TR A RET L — Y ik TE)T7/\/I//ﬂ?:rI: Lo by VR
DBAFE], 5 32 B AARBEOEFRFS - m%tﬂ? Ao AP T AL 2019/1/11, &R (KA 2
—REK) .
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Improvement of Mechanical Properties
on the ODS Stainless Steels for Advanced Nuclear

and Thermal Power System Components
Sanghoon Noh', Akihiko Kimura®

'Korea Atomic Energy Research Institute
“Institute of Advanced Energy, Kyoto University

1. Introduction

The core structural materials for advanced nuclear systems are considered to operate under extreme
environments with high temperatures and neutron irradiation dose rates. In these days, furthermore, heat-resistant
structural materials have been issued for high temperature service applications in thermal power systems to reduce
the huge carbon dioxide emission. Oxide dispersion strengthening (ODS) is one of the most promising ways to
improve the mechanical property at elevated temperatures in many alloy systems. This is mainly attributed to
uniformly distributed nano-oxide particles with a high density, which is extremely stable at the high temperature
and acts as effective obstacles when the dislocations are moving. In this study, to develop the advanced structural
materials for high temperature service applications, some ODS stainless steels were fabricated using commercial
alloy powders by the mechanical alloying (MA) and uniaxial hot pressing (UHP) processes. Microstructures as
well as mechanical properties were also investigated to determine the optimized condition of the mechanical
properties and fabrication processes.

2. Experimental procedure
To fabricate ODS stainless steels in this study, a commerleal Table 1. Nominal compositions of the ODS steels

stainless steel powder was employed and its chemical (WE.%)

composition was Fe(bal.)-22Cr-4.5A1-3Mo0-0.5Si-0.02C in wt%.

Some additional minor elements were incorporated in raw Elements ODS| ODS2
material preparation. The chemical compositions of the ODS Fe bal. bal.
stainless steels were summarized in Table 1. The ODS steels were Cr 19.5 19.8
fabricated by mechanical alloying (MA) and uniaxial hot pressing Al . —
- Mo 2.40 2.39
(UHP) processes. The commercial alloy powders and some raw - . G
powders were mechanically alloyed by a planetary ball-mill C 0.06 0.06
apparatus. The atmosphere was the high purity argon (99.9999%) Ti 043 045
gas. The MA was performed with a ball-to-powder weight ratio 7r . 0.48
of 10:1. The MA powder was then consolidated using UHP at Y203 0.35 0.35

1150 °C for 2h at a heating rate of 10 °C/min. The process was

carried out in a high vacuum (<5x10* Pa) under a hydrostatic

pressure of 80 MPa in uni-axial compressive loading mode. After the process, the pressure was relieved and the
samples were cooled in the furnace. For microstructural observations, ODS steels were mechanically wet ground
and a twin-jet polished to fabricate the thin foil specimens using a solution of 5% HC1O4 + 95% methanol in vol. %
at 18 V with 0.5 mA at -40 °C. The grain morphology and precipitate distributions were observed by a transmission
electron microscope. To evaluate the strength, tensile tests were carried out at room temperature and elevated
temperatures. The miniaturized and sheet-typed tensile specimens, SS-J2 were machined with 5 mm of a gauge
length, 1.2 mm of a width and 0.5 mm of a thickness. Tensile tests were performed at room temperature and 700
°C at a strain rate of 6.7x107s™.

3. Result and discussion

Microstructural images of grain morphology on ODS stainless steels are shown in Fig. 1. All ODS steels showed
typically equiaxed ferrite grains because of uniaxial hot pressing process. Both ODS steels with Ti (ODS1) and Zr
(ODS2) had quite homogeneous grain distributions as shown in Fig. 1(a) and (b). However, the ODS steel with Zr
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addition had extremely finer grains than ODS steel with Ti. Mean grain sizes of ODS steels with Ti and Zr were
evaluated as 480 and 160 nm, respectively. In Fig.2, bright field TEM images showing the nano-oxide particle
distributions in a micro-grain of the ODS stainless steels were presented. The ODS1 showed very fine and uniform
distribution of oxide particles with a mean diameter of 5.2 nm. In contrast, ODS2 had slightly coarser oxide
particles than ODS1. Mean diameters were evaluated as 6.7 nm. Analysis results of the chemical elements by the
TEM-EDS revealed that fine oxide particles in the micro-grains of ODS1 were composed of Y-Ti-O and Y-Si-O
complex oxides. ODS2 showed different oxide particles in the micro-grains. Y-Zr-O complex oxides were mainly
observed. Interestingly, oxide particles in the ODS2 with higher number density were observed than those in ODS1
as shown in Fig. 2. It is estimated that Zr additions in the ODS stainless steel leads to the significant decrease of
the grain size, but and higher number density of oxide particles. In Fig. 3, tensile properties of the ODS stainless
steels was summarized. Slightly increase on the yield strength at room temperature and 700 °C was estimated by
the Zr addition. It seemed that microstructural differences on the grain size and particle number density were not
so critical to the tensile properties. More detailed estimation will be performed to investigate the mechanical
properties on the ODS stainless steels.

Fig. 1 Grain morphology of the ODS stainless steels with (a)Ti Fig. 1. Oxide particles in a micro-grain of the ODS stainless
and (b)Zr additions. steels with (a)Ti and (b)Zr additions.

4. Summary

In this study, ODS stainless steels were 1200 25 500 rae 8
fabricated using commercial stainless steel ~1000 -
powder and their microstructures and 5 20 - 5400 i 60
mechanical properties were investigated. & 800 15% = 300 2
Morphology of micro-grains and oxide %‘) 600 S %’) 0E
particles were significantly changed by the 2 10 §° % 200 §
addition of minor alloying elements such as = 400 B =
Ti, Zr. The ODS stainless steel with a Zr [afs 200 5 §100 20
addition showed fine grains with uniform
distributions of fine complex oxide 0 0 0
particles which located in grains and on the ODS2 ODSI ODS2
grain boundaries. Fig. 3 Tensile properties of ODS stainless steels at RT and 700 °C
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1. #FZEEHM

ARFFEIL, SR EHI M BEDO, X v 7 AT U ERRIML T, BVRER 2 REEAIZH L8
AMEEBIR L, ZOMBHMEIC OV THEET 200 TH 5, “BRbRFIHELZ KIEICHIE (B
TIvial) TEDLEMEIZEFICBWT, XA 3—X FEEMEOF 5 < 5 DL 7 =
FTA M= T YA RH(~60W/mK) & 0 & BURER NG OEEE O MBI A ERT 5 Z iz ko
T, FBREBIOT 7 A BN Z T 58 E2 R ERT - 7 LTORBEET D
B OBEM B Z RIS 25, 2T E, CO2 EuxI vy g B XOERAMIZERART R
WX =5 MR T DA = RNV —IFOEBUIKRE LS HFLHTE 5, AT, RMBEMEHZ OV THE
TRNVX—A A BRE ATV, BRENT X DA 2 L, WnosetE 2 (BEZL) 2Hid %,
TRV =B TP KL OUERICERE STV 2888, FFICHE 7 7 X~ BEfs(SPS). K miBls
(SEM, SXES), WIEHHAEBIZZ(TEM)E L OB as(EDS, EPMA)Z & Z 253 a0 L, AU
(L DOBIRE R 13 5 NI R D SRR R LRl S SRR & A N — & ARG EM B O RE 7 v & 2 & fgsr
L. 7> DuET ZHWz@m= X —A A RN ERICL Y | IR B O RS R 2532 2 &
NAEETH D, ZOMFELREBAE LT, YexIvva VARBEMAFOFERBICKEAETEDS L
DEET D,
2. EBRGE

FEHZ Fe-10vol%Cu,Fe-10vol%W,F82H-10vol%Cu,F82H-10vol%W ® 4 fifEs# & L7z, CuliV A1 ¥
—£& 0.5mm, BVEEH 401 W/(m + K), W ITHEHER 0.5mm, BYRE R 173 W/(m - K)YO L DZHW=, Zih
HAEHBOMRIZR S L HRE L, EZeHEFHSR ., 40MPa OJE /) F T SPS 1T L v A2 ERL L7-, Cu
GRS WEAREE B2, SIS 600°CE T 10 min THIE L T 3 0 L%, W aaREHE
1000°C T 60 Z3fR#F L, 800°CE THHE L7-1% 30 /3 fRFF L7=, Cu & A #EHZ 800°C T 60 /rfrfF L7214
e Uiz, 1B UI2EAMEIORRZ SEMIC K VB LIk, L—Y—T7 T v 2Bl L HEVRE R
HE. EDSIC LD JRHFTEEST, T/ AT o T—3 a3 Al L AERE. XRD IZ X 5 HEahks i
AT 72,

3. RRKUBLE

VERL S NT-EEMEIOBYRERITIBERE T M E B L T EF L7, S8 L5 L, Cu
BN LT O HEMAE RN 0] LT 5551 Lo Tz, £72, FQH/W EEMEID SEM 4% Fig.1 12
RT, F82H/W HORHHE & W O EIZE W TIEHGH RS X OSSHEBZBIE S, 220 T/ X
FHHOD F82H & Lol L TR B L OE L oo 72, FR2H/W EAMEHZ ST XRD (2 X DA 38 X
WA=V o IC R D mFENH AT o 72(Fig2) & 2 A, FAHN Fe/W B WC OE— 27 G HTh, £
F2H/W HEMEITIE WC OE—7 DR oNT, STRITTNHIEL A CRFRERBTE oipole 2 L
PB. F2H/W 2B 5 ROSE 3R LY TH 5 FTRErER @\, £70, F82H/W TRLO U7 IEHUE
(2% L C EBSD /& 47 - 7o #& F(Fig.3), $LHUE O SIS D ERUTRIFILEIC L5 b D L L7z, [
FI/W RENCBWTE LWEEALB ONT-Z D, 4%, RSB T 2 e A R & 2 ik
SR OHLR, B X 2EELICET OR/ENLETH S, FRCEBHFNIRICOWVW TR, 5=
E, SOITERREL LD 4B ERNBLETH S,
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Fig.1 SEM image of nano-indented F82H/W. Reaction layer and diffusion layer can be observed.

Cnergy

Fig.2 XRD results at reaction layer in SPSed F82H/W. Layer might be an intermetallic compound.

Fig.3 EBSD image of diffusion layer in SPSed F82H/W. Diffusion would occur along grain boundaries.

4. £+

AT Tl ARHEHEII D F&2H IZ 10Wt%DHilF LN VT AT T A v —ZEA L ThERE L. 2L
(EER A ESEIEAMB 2 BRI Uz, FS2H OBVER T, Cu 2RI LB DI L7 & g
LT 25%RE A Uiz, MEHEDORER, EEMBHRORFE L Cu - W R EMICI W TE LWEEE D
Xy v IRE O, A%, FEEEEOKRE B X OYEEE 23 1 2 SO AR O il & B e FEE O
WENFET NS, Fo, BMRERN EH LIZEEMEIOMRAEIC O THRBERMLETH D,

i LR Y A M
(1) Z. Chen, Y. Sawa, N. Hashimoto, “Development of F82H composite Materials with A High Thermal
Conductivity”, Nuclear Materials and Energy 16 (2018) 133-136.
[HEEFER Y A} ]
(1) BEAKER, BAEE, BN, "mEARENSCRESHEIORIRY, HARSE 2 - 2018 FEFKH] (58
163 [5]) F#iE K43, 2018.9.19-21, FHAL K
(2) BEARKER, fBARE=, WA, SEESRESHBORR, BARGRFS - ARSI S
W3 AEY~—t& v a ), 2018.7.13, FLIR
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1. 38

U a VERAEISIOMBHIEZR G 7 7 o r v NNOHYEFHEER & N U 50 LA A S0
572D DGR B OB B O —2 & L TZHEIT TV 5, EARE Ch 2 /KFFRIMMAE (FEAFE, B
UF T L) BEEINC X > TERSNDEERD (N T L) VFULBIORY Uy LD+
WAIZ X DR (R F UL ~Y T L) FEOBRA T VBT SNTEMEF 77 7 v NNOKRL
FOBEHIZEER L OEOERES LONBOBRE LD 2 Lix, B@EF7 77y MRFHIBWT
MO THETH D,

AWFFETIL, AR F= %L X — B T3t pr ks X OVHAE K4 B BHIF SR PRt 8 8 244 S [R 5%
Pt o & — DA A BT 2RI LT, BKFEA A W Sz SiC AEHT O TR Offifi R E
B D E L BT, EERE FPMEL(SEM : Scanning Electron Microscope). Jil-1-[H 7] BEIRSE(AFM :
Atomic Force Microscope). Jt:7 157 H1E(XPS : X-ray Photoelectron Spectrometry)< (D A48l i 77 T 2% E
ZHWT, A4 B S 7z SiC Ofb s, RimRE, KRR, EIREEL T~ RFEFHEX
MaERRICxt T B4 F v BE OB HOWTH NI T A 2B E L,

2. EB

AREEBR ClX. Xiamen Powerway Advanced Material Co., Ltd.I1Z & - CTERLE 7=, ~HER 15X 15X0.5t
mm®, EEE(3.21 glem®)I X OV A ¥ L R (cubic o phase, <0001> orientation) = H 5 U 2 %
E(6H-SIC)FEL M S 7e, 2 OFEl & BAL K 748 @A B ST AT It @ 8 F A L R 7Ep s 2 o & —
DA G E—LBFF = o N—NICEE L, $1.3X10°Pa L FOFEEZEF T, RiRICBWTCar b
HEERN B D 10keV DEIKFEA A (D)2 # 6.7X10', 5.4x10"7, 1.2x10'8, 3.0x10'® ions/cm? O Ff &
BETHRN L, BHRPE 3L —#E T AN BEF O SEM B8 X TONAFM # T, SR EE
TA A VRS SHiz 6H-SiC OREFEEZ B L, XPS ZHW T, 4 A BN L2 E HIREEDE(L %
AT,

WIZ, Z 2T DINEEEDNSH D 5.0 MeV TRAX—DEHEA 4 (0NE2 o —7 v —nd LBk
KZF# HH(ERD : Elastic Recoil Detection)iZZ LV . A A EA S 472 6H-SIC 1D D JEEA HIE L7z,
3. FER

K1 (a) kEBH. (b) 54%x10"7,(c) 1.2x 10", (d) 3.0%x10"® ions/cm’ NDEBHEET D,/ A U BETE
1= 6H-SIC ) SEM B LU AFM 18,
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FEIRB I OEZENICE VTR 3.0X 10" jons/cm® OIS E T D' A A4 v BE 7= 6H-SiC @ SEM
BIOPAFM B2 1 I1Z7RT, ZNZENOBRIZE D #10%ions/em® OIS ELI EIZ/2 5 &0 RA KB
K ONRTIVED RIENZIRTER S0, @S 100 nm LA FOZEEIRDER S D Z ERbino
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AT, RREHEREICIE, SiC I FEE T, SiOCsx BLUHIM C WFEET H Z ERbh oz, T,
SICIITREAFHZUIZB W TR LT W E 2R LTV D, B C 0 — 7 1 ZRE P T LU,
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ZDO 6H-SiC, 10 keV D," ion irr,
at R.T. in vacuum

5 ~
S 3
= . < .

non-irr. <= |non-irr.
z >
2 6.7x10"® ions/cm? 'E 6.7x10" jons/cm?
[ c
£ [5.4x10" ions/cm? £ |5.4x10" ions/om?
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290 285 110 105 100
Binding Energy (eV) Binding Energy (eV)

K2 30x10"%ions/cm’DEMBEEFE T D, MAVEBE SN T= 6H-SIC D XPS(C 1s FLXU Si 2p)ARY
~IL,

SIRIZBWVT 10 keV D' A A 24 BRGHE F TS L 72 @ 6H-SIiC @ ERD A7 hL %X 3 TR
9, HEENE OY A A & OFEMEREZEIC K> TR ICKBE S

Nz DAF L O=FLFXF—ThY, REOWS HFmoE w0 paoy ?:kev D," ion irradiated eﬁfsbizpectramo ]
WEG5 2 5, MEEERKBES T AKERBLOANY T LA A 50 F3.0x0° ions/on” D

BTHY, DIBEZET, EoT, F3HD200F ¥ %K a0k b oo Q/

VLY O — 2 ERERRIEICRA LTK(H0)H O H 2K &  omotiowal 23

L. E£720 K 220~300 F v & KV DO E— 271 3A F 4% R

AIZE D 6H-SIC hIHiE Sz DBENMIZRT, 20 oy

10keV Dy A AU (B1H, 5keV DA 42D SiC H D B 50 | .ﬁ ]
FRIZF 5K 50nm TH o 72, D LI LR &8 °r@%$“ﬂ#§%k“iw =)
jJD (1: i@ﬁiﬁaﬂﬁﬂﬁ‘é 7Z)§\ ;ﬁ/‘j 1018 iOl’lS/CIIl2 @ﬁ'ﬁ%%uhﬁl fcﬁ E) Channel Number

&L B L7e< 720 £ 4.0x10% lons/em® ETETHZ L B3 3.0%x10%ions/cm’* DEBEEET

BB L7z, /- T K1 X0, A RBLXONRT VS0 D AAVERE Stz 6H-SIC D ERD AN

IR0 549100 nm LLF O O ZZ RS S hon, i 7hbe

HEhie DA A E, ETHBEESTIC. Ml XORBNICHIR S D Z LB LN o7,

Flo, R DIRENBEMICETLZ L. DO NI v 7 A M~OEEHED, KIERIZED T

v YA S HO D OREEEE S IFIFF CIC20 | FHEREBIGELTZ B X b,

KEEE BERY X MIHONT

(1) B. Tsuchiya, Y. Hayashi, T. Hinoki, “Clarification on formation mechanism of ion radiation-induced
defects for silicon carbide materials”, 75 O [B] = R /)L X —FL T220F9E0T EERS VAR T A, F
R 30 4R 9 H 3 B, BHIRY:, (RAX—)
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EREDICHETDHE, EVCERT S 2 o0EMBFELEL —F— V2 EZH 57 7Fe—F, BIW
B3 2 o0BMREEL—— UL A [NWET7 Fa—F 2o bhbd, B 2BmiRE - £5R
KFEN WD DB DI L —TIC LV E SN TWA DD, BIEICE S £ Thol 2 Hl#EEIT s Sh
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RER R RE CHME T E U, FEMBVER ZHIH CE DL DT AT 4 THREINTWH[4], LL,
BHEFREEMAADLEZY I 2 b= a URRE SN TELR, 5408 Z A5 13D TREM
ThHOZTOFEEL L 5o Ty (BIx I Ref. [5, 6]) » 2T, HxITIFREOKBEHIES I =
L—a ERAO, YIS S NS WR EIERIFTE L DX ¥ v TORNZH LT D & & i,
ChRMIIREN S = XV 7 IENEZIRE T D 2 L2 B L72[7], 2B, AFEOxtg & LTE, ek
SHEEOANINEE TS 2 DI L < WS TE 7= IBr ONMFEEICER 35,

2. ®R:FERFrRa~mF D 3RITEFIFHIE (3]

BE#RF L OKRR =2~ 45 7 OFESI I ClIels 3 Ko B HEENI &b 7z L —HF — L X B O
N BN TS, UL, FEdFRa~4+0 3D BAHIETIX, HIEGmeE LT3 oaf ket
WD Z b, BIOEESEROEB) O FHFVEN TSR b D TH DL LR ELEBRTHMNERD D,
T ZTET, ERFHm ATV, K 50 ps FRE O HIHIKEHE] TR O R E 72 2 53 il a L—HF— L 20
RNF N Z D DONEAERTHD ZEZHLMNI LTz, ZhEaisEx, 3D BHoxEby I 21—
va rEITW, i L — OV A EWICER LI ERRE T 7V A TE 2 B, o 3D
U EDY 7OV 26N LTS & OFRFREZELS Z LN TE 2, K7V R LEAESR) & bl L
THEREINE S F012 88 < (L v 7SV RhiE) TN ADRR Z A I v FNEETH Y SO ML E
FCIE W, FEER, RERICEDSE TV ZAOBUICTHRSEE AR L, Bt L7ofR A2 1 IR
7, FARKI HREZAHE CORFIE AV (FAEE 1.0) OIERKTH D, KHIOE 0.67 1%
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DNHEEHNELENTH D, ZOMEIZAEMLIZETHY, 271 R
RETHRY NNV AR L F—ZHEOLTH 2L EWEES S
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3. FEFR BT 2 Z NIRRT VS IBr BIHAMEBED B EHIAE [7)

g
=)

& ' ° HLOIK R ~500 nm O FIHEENEIC KV IBr (X ATHIRREZ R~
o,y @F / | R EWGEAE AR ST B R EGTIEC & 0 AR R
g & LT AR e @Brbﬁ%%iﬁ ED BresfEbihd, Z0XF
EI.O °\Q/f/ : A FI VAT 3IBEBIFRETT LV CLEEMNICHBITXAZ L)
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o 2.0 y, FEWBGERBRNE - A L5, R 7 7L & LTEANE 30 fs O
g . /./'/ EE LT ANV AERET D, ZOEE LIRS T 7SV AD
T s s TPETF T, B DI L — P L 2 B S L, S L
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M2 Ko7 RsiliEREDBERK WRELTEK2IZ R (@78, £2iXb)6@EY Z2E Lz,
ELTRU-RB G RREER D LL[T] H 00 OfR B3 % JE NS/ 2 % B L 72 W56 Ofif B C
Fo 7ot Z X 2 1R T, FERIIR T O 20 PLERICKE

< KELTBY, WNE—7 ThD 504 nm KV & RIEEM T H O R BEE 22D, T
LIV ZFFE OB 2 XL 7 7 M IV EFEBRT RV X —ME T 5729, 504 nm £V %)

%&E@ TIE B RE~ONERBERDBBAD T 206 Th D, 520nm £V bR R TIE B B9 OfREEAE R

MIPSEIRINZEVER TH LI TV D, HITIIRS WD, Rl VAL 2 £721E 32D 7 /0

MH7RY BEZY A I 7ITEY @Eﬁ%ﬁbt% ETOIRENE ROEH =R/ X —Z NI 70 (Br*

ERAZAER) | FERTEVER 290 (Br EEJZ AR L7035 R nhotlz[l, L7ehi> T, By

Ta B NI T NERIICHAT 27201, ol RRBOBE WL —F— v 22 v, Zib

DOEfEZ ELWZ A X 7 THIEET % M\%ﬁﬁ) b5, IV Z D AR HIEVE TIOEF ORI &

fEbleny Chri) . Lo T, BrmIyva VTR A NRFIECRD EHRTE 5,

4. BEER

(1) Y. Ohtsuki et al., Adv. Multiphoton and Spectroscopy, vol. 23, pp. 55-96 (2016)35 & OV Z TDSE SCHR.
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3 NSy UTe 3 B E A AT D, 2 DIl 3
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WENTER S5 2 & &1 BB (AFM)IZ X 0 fifgqR
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OREZHIETLZEbAREL R, ZORE, Xy FU—

B 1 B13-T LA (SPG)D L K IR e
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I H,0

K2 TA7aF v RIILRIZHBEESNSEF (KE DMSO
DHURE EF BT8O0 —LDEIE . BER
100um DI AIOF ¥ RIILDEMBETE,

IHEEDA v v aV A ARHIEHTE L &

HRINTWD, —F, ARM TIHRFT e EERITE LN D, ¥ — MEEO KGN ED X 91T
RO TNDEDMDIZOWVWTREH LN ZENT IR oT2, 2T, AFETIXE AFM IZ L RS-
~ A 7o — MG OBIE % AT E A TEEE(SEM) K NI E BRI EE(TEM) 2 VW T - 72,
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~A 7 v &R, BRI TN 2 O TERIS N NERBSREE um OF v v E SO
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¥ AL, TNENHEE T — MEM)EFT - 721 SEM HIEI V7=,

3. MR- EBE

Aola] gL LTy U o i
& 77774 FHOPG) Az A H
W7z, HOPG (225 & mv Bl
R ENEIREEIND,

B3 LA ITBEMBEEL
DTORT, WTFNOEENSG S,
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HEE RS ST, JE S 13+
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@%57013774)/1/&*ﬁ—‘9)—50 5 s . - 47 S, .
30 SEM 7. oY oo g X3 O EREFTHREIN-ZEOTII/AL—MEE
M ETIEY— MEER TV

BENTWDZ EDPMERTE 5,
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Dofo i — MEEDSHER Sz,

WgHe 77 774 & DRIDOE

HAERIZE Y v— MEED A

Lo EEELIEMETH

5 EBELEIND, 29 Lz HOPG

FE L OFmOWBIIPEIL Bl s

To~A 7 a v — MEENZHEN
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(1) Molecular synchronization enhances molecular interactions: An explanatory note of pressure effects,
Numata, M.; Kanzaki, C. Crystals, 8 (7), 300 (2018); doi.org/10.3390/cryst8070300.

(2) Enhanced self-assembly abilities coupled with nano- and micro-scale non-equilibrium phenomena in
flowing micro fields, Numata, M.; Nogami, R.; Kitamura, A. Chem Nano Mat. 4, 175-182 (2018) .
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¥y /A
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~UA br U JIEEVMED ZEWEZ AT 5 L9 SN EETH Y 2 < OFRMFITBNTTHlE
DAZIEE MR MHD RZ2EMIIFAE L TR, L LR 5, CAS3D 22— K& - B RO FRAR
MHD ZEMMRNTIC L UE, FL_— 2 0.8 %DER—% 7T XA~ ThHh->ThH, @V EATH
N—= 2 TE— RINRE BT D 2 E R TR E I TV 5[0, Yamagishi et al., Physics of Plasmas 9 (2002)
3429], Tk x, BFMEMOERIL T —F —HD b —F ZIMUDFEIEIZRIEL L TEB Y, n =50
(niZ haA ZE— ) ORFMEMDOIERPRKERD, ZOX I —=27F— REB
THIZIE. b A XGRS EWZER SRR A RO T RN LE Th 5,

2. REINY B NVEBIZBIT 2 XBREHEIL A T ORREE NV —=2T7F— FOBH

~UF ] ERIUAY A e UFALTHDRBAY BVEEE (LHD) TiX, 2 7 HERREE &I
XN 57T XA REBENBHI SN TEB Y, ZORiIKIESRI SV —= 77— RNTHDHEEZLNT
VN4 [S. Ohdachi et al., Nuclear Fusion 57 (2017) 066042], fiJk#REh & L CELIL D 8 T EFEE O I7 M)
filZ, 99 CTH D b—T AIMAOTEENIRIE O 08NS TH 5 b —7 ARMIE 0 b k& < FERFR
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T PO BFE 21T - T X 7Z[Y. Takemura et al., Review of Scientific Instruments 85 (2014) 11E410], #J 10
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WA~V A b Joa—F—8ckidsRe A X Vim & FHgER A2 R7,
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REt 21T o7z, HDWE. TA D BBENLALE IS
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[2] Y. Morimoto et al., J. Phys. Conf. Ser. 148, 012028
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B1
RF_gun
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D COMEIZY T L —FEEBENTHEEIT> 72, AEIL5MeV LV HIEWE T RLX—TDHE
A& AIREIC T A 72 OB IIEHE T, BT CORKMEZ R VX —% T 5 L ILi2, Bl TiE#&E
M L C D OALEIZE =, D OALEIZIE LaBrs(Ce) v > F L—HF B LR PWO v o F L—H (T HET
WREE 2R T - e E S, CNICKVEFICE AW EDOREEIT->7-, LaBr(Ce)> v F L —4%
IXEA 38mm £ & 38 mm, PWO ¥ > F L —# [T 20x20x50[mm] D K & X T, JE FHEEENDDES
T4 a R a—7FCHAl-oT, g, 7 m y 7 TlES ol WMERD I BV,

3. MRLELYD

Vo FL—E WM EF e A a—7 T L7 iER 2 f#HT L C LaBry(Ce)y > F L —Z B L TY PWO
VF L= OHNERO N E RO, BIRRCHET HERIT. B2~ 7 aEESEko TR
ERETF /A A%, BT HX—AT7 A4 LICHMETRR, X OEEERICRA OGNS, A LMW
UF L= OISEPRD TRWED, B —AD~ 7 a A\ F OB OGSV ET BN Sk T
W5,

B L DGR LF—L LaBry(Ce)v v F L—Z B LN PWO v F L—X K E O R4 X
2 L3 IZENENRLTCVD, HFPFORITIAEBZT—ZTHY ., @1 2016 HE DR THIHERT
o5, WE LR F—OFA TIIMARWERERE LN TV DA, PWO VT L —H IO HE
MMEICH DRERE 7> TD, E— AR LX—HOEHEMEIC OV TR T 20 ER’H 5,

LaBr Pulse Height PWO Pulse Height
04 T T T T 0.3 T T T T T
035 - -
025 | . -
03 -
— 02k 4
#,0.25 - i s
= =
= :-EJ
g 02 . BO0.15 F Z -
% B
=
=015 - =
~ & 01} -
® experinent in 2016 ® cxperinent in 2016
0.1 - o
m experinent in 2018 Slczperineat in 2018
0.05 -
0.05 F -
0 | | | | | | 0 L | | | | |
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Energy [MeV] Energy [MeV]
2 LaBr KEBOEFIRILF—IKEFNE 3 PWO KEENEFIRILF—IKEFNE

(i SR Y A B ]

(I) Y. Uozumi, Y. Yamaguchi, M. Fujii, H. Zen, T. Kii, H. Ohgaki, Z. Tsamalaidze, P. Evtoukhovitch,
‘Responses of PWO, LaBr::Ce, and LYSO:Ce Scintillators to Single-Electron Hits of 5-40 MeV at
KU-FEL’, Nuclear Instruments and Methods in Physics Research A Vol.911, Pages 138-141 (2018)
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SMBI FDEZERHRMFHARDLT S XTI RIZTHE

PAEPETE L, KFHER Y, EHORmE !, RER T, ke, BRIEER
JNGLB N2, i, /bR =3, RE AT
VR R SRS TR
AR A S SR RS
SRR L — B TSR E T

1. =

Heliotron J MSEER T, PABMILKS 71k & L C2h3¥03 BV SMBI(Supersonic Molecular Beam Injection) C &
LN, JHBIZEZED T AEMIET BT, FHL T T ARICED L I R BE B D0 ERHADL T LN
AWZEDOH TH D, (AL, ~N— FRZRMES H Y . AEEIL SMBI OFEBRZITDRN->T2D T, i
EDF —HIZDO\T HIGP (High Intensive Gas Puss) & SMBI(Z-DW T4 L7z, HIGP (Fi% DA A
NWZIEBEEMERAT LN ERTE D RERTAELZEATHZ LT, — A7 7 APRRICR D BDD,
NBI (Neutral Beam Injector) OMEMZ LV | FREIRE A& Z 0 | B UiIADRNFEN £ 2 BIR D R
NTW5, ZOBGE SMBLIZE W T HAER STV S, SMBL TIHRFTIIC L BEO T A ZE AT 5
7o, A AT OB 53 E | BUED & Z AT A TRV, SMBI IR OJIE 15 & g7
— X DI EZ RIRHICE 2 D0ERHY | AHOPEEL > T D,

AREE T, HIGP FEDJE 7T A<\ T, Intermittent D72 7 ¢ 7 A v MREZEINFE R ST
WD DT, ZDIRNT &2 i T — Z I DAT o T AR A IR R D, T AN TIEE T #12.5 DEZERENEIT,
3 AT OB NI AT AR T TONEHINP R CTE D, SEIOMNTIL, BRI OB MO E
W ERES<<T) 2 TS, DATIZEDL T 47 A MREBIWDHE IR EICH D0 E 5 0 Z Il L.
D 3WILDONEIEREFHELT DL ThDH, RAFEFIARICEI D=2 T MEENREL 25D,
FFD DN DT, R L7277 4 7 A 2 MREBEIOLBITR OGN D2, BLFDZ &I LTz,

T4 7 Ay MREBENIE m OEBIREWIERE (H © he A XU hm 1 JEIELE 2m FBRET, B A
THRBNICIX V4 AN AD) IS T, B EICH Y | BSEIcEmE S (Em, £5m) (ZBEh7
5, FAEMAIE, BAE ETIE O-point IZ¥T < . X-point [Z[A] Ao THEA, THIK L 7=,

2. Heliotron J & EEH|EIERE

Fig. 1 13 Heliotron J 3£ {E D VM Th 2, AMETHEM LW AT (SA-5) OHREIFKOAL TV IZ
B2 HI0S5ITRE LT 7 A =BT, K LM, L #145(2H% ICRF 7 7 F a2l E
ZERMMB AT NS,

Heliotron J IZIXE =% —H
#14.5

#;ﬂ DOHEE A A Z (500FPS ) 73
NormalB/ - 3’7)%)753\\ li&iﬁ L*ﬁ%}zf&)éo
Aal, fEH L2 Mg,

100000FPS CHFfE] 4y fid fe 1T
10~ 7 Ths,

|Inner port: Gas puff for HIGP |

%| Top: Mirror, Fast camera (SA-Z) |
5

#10.5

T 1

|H0r.: Tangential fast camera (SA-5) |

#.5 T

Fig. 1 Top view of Heliotron J
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3. FENTHIE LR

BN, S L o RO ERRIRNLE 2 BET D720, B S BRI EDORFHD L D & 55,
%Eﬁb%wﬁﬁﬁ@A#ofwéﬁﬁéﬁﬂ3ﬁ%i%ﬂi\ﬁﬁ@ﬂ%%Mﬁ%V/X®%ﬁ%
TfNLE & L XD AR TE B,

WIZ, BEIIREONLETE R D EE EICM D TH A D B OB 2 ERk L, 747%/%ﬁ&%
DG & 25, BIMOMNEZFHETLIZ LIk, 740720 MIRfEEIE &S0 T
R, FEDSIR EICH D Z NS, %@U%%Hmf%é

Fig2 2 L v RO FEMLE Z R T D 72D, IEVIO 7 7 X~ L EKER O IX % g L7-
X Z~d, WIRTOHEITH DM, E@W@77xv%ﬁk@ HORERNEL —HLTWnWHZ &
Db, WIZ, ZOHLNT-EE L BEIROMNE OREZXORGRE —EIZ LT, 747 A2 MRkEE
%kU%®@ﬁ&@éMﬁﬁ®&%lkmﬁﬁéo:@%ﬁﬂ?@%%%@hﬁﬁmﬁ\%%fﬁ&
T2 LI WVWHEIE T 0 T A MRIEBEIN LK RA A2 & &, HANRXTDOAEN T AT DM
BNIZITVY (AT ZDOHDITEZERMOET, HEITR AW, 77 XA~Dim & AT DAL
ERIRA > TWND) E VI HEREDRRI > TWDENDH TH D,

Fig. 3 ICHRMEANCAS DT T ER O —H 2=,

#56703 100000FPS

Fig. 2 Projection drawing of the Fig. 3 Positions of filamentary structure at #13.5 cross-section
magnetic axis and plasma

4. #E

HIGP TD 7 4 7 A ¥ MIRFEBONLE 2 R O ERT H 2 T ICHEN ST Lz, TORHE, 7«
T A v MIREREIOATE & BENC OV TRER L 0 2RSS ST,

Lotk AKIENT T % Heliotron ] OWET — ¥ OFFATIZ A LT,

F7o, HEREEX Y | LEFEIZ L D SMBI O 2 H0 & L TE 72, /~— REYIZ SMBI D328k
TS 720, RbVIZLy NARFERZ ENBHINIITbhv o255, E- T, 5%IFT—~%
B A T OEGIENT & E 7T A< eIz TV,
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NOEB/ANOT U IEBEROB R RICHEAENT

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

VBRI SA KBS A A L R
2B AR A A o AR
3EERRSA T L R — P TSRS

1. HEERLBH

PorIova v m R X = AT ADOEHIC ﬁi%go)ﬁ?ﬁ%_ﬁ?@ﬁﬁ DL Z
HTho, Fxid, ?ﬁ{ﬁ(n%gfﬁéﬁ%‘é/\ﬂ7/ﬂi/\%@ TREWMFGE DT 12, Pseudomonas sp. YL

ko L2-~afgi a7 o uB%5%E (L-DEX YL) @}iﬁﬁ%ﬁ%ﬁﬁﬁ%ﬁo“(b\é L-DEX YL 1%, 2 iz
IRBI\ N DONTTIVR U Qe lig) ZIKGE LT, ST 2 2-8 Rua UERICEBRT
HEEFR T, 2N DIRBVPARFIRFEDL A, LAKD 2-a BREIRIIZS ST 5 (Scheme 1), {RFEH AL
Bix, L2-7un a4 U (L-2-CPA, R=CH;, X=Cl) °% / 7 1o nfifiz (MCA. R=H. X=Cl) 72
CFEOOW A NaBRTH D, —J. 7 vFEOONWZ T A afiEE (MFA, R=H, X=F) 22>\ i,
WFEDOONT= N fED 1/100 75 1/1000 LV iR CE 2N ENFBI TV D

Enz—B:
s,
(¢} H o H
> /
Asp10—C R ﬁ’ Ae 10& 8 \""|g —————> Asp10—C\\ + H04<://,,,R
HoOC x- 7P C\\ COOH 0 ~OOH
o)

Scheme 1. L-DEX YL A\ 3 B/ \OF UMb RS D RIGHEE B ITERNOEEEERE. R (FAKHEXE
FILEXILE X (FNOFVERT,

BUE, Bx 3E& P By FE N ER EDa L Y a— 20 TET ) v 7 L B FEREA
FERLCIEMERE 72 & D EBREZ LB HE T, L-DEX YL & LA R B O fEBH<°. MFA 23 fiEFE 11D
M b U7z L-DEX YL BEAROIERIC X 5 R F CTORBE-7 v BIESUIWHEE ORI Z B L T\ 5,
Z OMBFE T, D-2-CPA X° MFA @ X 9 ZR2IEMED 720 & D WIEIEE ITIEEO IRV EA 73 L-DEX YL &
BB L7 WBRER Y SOSHETT T < iR SLEMOREEBIRIME & L BIE LTV 2 O Lz
LBz,

N E TIZ, L-DEX YL OF#EEMITF 4T /ﬁwkfﬂ WAL A A v DO E YL 8 CHRIE
SNTEHLOO, AT RETIIREROH @Aﬁé}imiﬁk%owaf“ GRS TEY
SR DRI D FEMESC S Liﬁb‘fh/\%@f*/\ﬁﬂl PEAZRIET D 2 &k, £2C, il
i EREVE St (Isothermal Titration Calorimeter, ITC) % ff > T D-2-CPA X° MFA @ L-DEX YL ~DO#&E&
BRMENENTE 5O TIIR VW EE 272, ITC 1, me“ﬂaaT@ﬂﬁF IBWT 2 O3 HAME
M35 L ZICECLRICEEZBEREIET S, 20O, fHa/3— I\“f DRESNAHEXITAELS
V77 Lo AL nentofOREEEZERITROTZOICELE —F —Th)NDEITDE
ZRIELTWD, (- T ITC ZFIH L CTRINEERIET S = <E’C L- DEX YL &G LRV EEY

(D-2-CPA R°FLEE, 77V 23— VIR D X 5 e SOGAERW)) OGS EHC, E DOEEFRII T A —H (K.
k) ZHEETE D LS NTZT2D, EBEIZHIEEZIT 72,

ZORER, 2017 FHEOFEFR L LT, MFA & OJSIZ DUV TIX, Single Injection Method (SIM)IZ

INEAD 75 7B, INTHEITT D LA LND L ODOEMYHENEE TWD ERBN, E%ZW)@&F
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BrY 7 R CIiE. Ky ket ZIRETE R0 T2, 72, D2-CPAIZOWTIL, iERPESRLZIRET D
ZENHESER o T BIRIERNMEZE S T E WO M LGB NT, A EREEHTHICEL
Mmolz, F 2T, 2018 FEIFTE T, RENWLRIE TH D L-2-CPA X° MCA TARHIZHILL S K ke
BRETEXDDONRRIDZ LI LT,

2. FHiE

ITC 1% Spectris #7221 Malvern H2£#50 MicroCal™ iTCago System Z i L 7=, L-DEX YL D50
BRI (L-2-CPA°MCA), Ny 77— (50mM U gl U 7 A[KPi]’Ny 77—, pH 7.5) D%l
IIFEREFEE OFTBEHEE (RS 3 KY) Tiiole, RGO XN E—E{bERDDHT2DD
SIM & . K ket 25 HT 5 72550 Multi Injection Method (MIM)® 2 > J57% THIE L7=, 30°C DAt
FTCEEZE T 25mMKPi Ny 77— (pH 7.5) & 7V /MZ AL EET Y P12 25 mM KPi
v 77— (pH 7.5) [T L2 FE AR 2 AL C, BWE A BER IS E T 2 CTHIE L7z, 14 725 100 nM
FCOREREKE 1 £721F 2 mM ORERKRZHER Uiz, £72, 1 BORERMD HROEERME T
DOIFH  (spacing time) 22V TCiE, SIM OFA. 500 sec THIZE L. MIM O34, 60 sec THIE L7z,
TEIL SIM TIX 10 pl 2 3 [E, MIM TIE2 ul % 19 [0lfT- 72, 7 —Zfigtrix, ekt go Y 7 k
7 =7 (Origin ZX—RZL7=bD) ZEH L,

3. fEE - BE

100 nM L-DEX YL, 1 mM B OS2\ T, SIM HIE T 3 [BliE & L 72 /5%, MEEREHIE L 7= MFA
OEE LR | WERENHE X THA U LBEICKE BT 72 <, L-2-CPA, MCA MBIEEOLHA
AR FITEZ 67202 LR TE 2 (M 1a), RIZ, 14nM L-DEX YL, 2 mM FEE D %A T MIM
HEEZITO, BoNTT =2 &2t LTEONZT7 4 v T 47 H—7 (M 1b) LV K, kea ZITE L
72& 2 A, L2-CPA IZXT D Kn 7Y 0.03120.003 mM., ke 23 1242 sec™ & 7210 (n=6)., MCA (2435 Kn
23 0.027£0.007 mM, ke 23 205 sec! & 72072 (n=8), T DEE LA EREE TE L SCIRE

(L-2-CPA : Kin 2% 0.37 mM, ke 2% 47 sec’. MCA : Kun72 1.1 mM, pH 9.5) tlIb#gd 25 L K. fEDiE
WHRRESAONT, T4 0T 40707778 FoNTc KnBZHET 2 &, Kn KV IKRETO
BERE R D 72N FREE R 2R E R L RREARR L CHE LETRERD D,

(a) (b)

1. NOEERN\OST U EER LDEX YLEZF DR RUALEETHAS L2-/0070E AV BORIGD ITC AIERK R,
(a) single injection method IZ&ZAIEHEER . (b) multi injection method IZ&BBIEHE R Z{HEDERTY I+THE
LR

[AFARRY A K]

() /N 3R, A 5L BIE F W REL “FEMEI e Y A YKo u@io e Al
WS DBEZE SOCBIENT AL 5 12 BN A BE(LE Y AR T T A 2018459 A 10 H,
KK, RA S —FF

- 129 -



RFEHHEZCMFERORTICE D
EHFHKEERDORIR

BRE—RR Y, JRARSS L, HENREE?, ARE Rk
QA E PN SE S
PR AR = RV 2 — P T 22 SERT

1. MR

ZAW AR IngGaN (X, B EE X D 2 & Talfii) 5 R/ME(3.4~0.7eV) E TN KXy v 7
IS EDHZENTE L0, KEEEMOWINAELE L THEH I TV D[], AIFZETIE,
InyGa N Z SEWRINE 2 VY, BmRSOE FEM et LT/ 7 7 2 v EOJRFEM e E iz a >
2 —AUREGEMSC n B InGaiN & p B EEE O pn 826 KIGEMOIERZ HIEL T\ b, £
D=DITIX, 77 7 = v RICE) I EIRGEmE BEERE T 2 EINR AR Ch 5, ARFEEIX, kil
HEJER AT T (AR N—T 7 o F LT — LA E R X —|Z LA T T T =y F~DZEH Y
U LR \ZOWTIHI R EITo 70, £ 2T, AEEIX, 777 =¥ E~OZW-EROFERREIC
B AT,

2. EBHELER

AW TIE, @A A AEEN 2 AT HakEETH D ECR-MBE i (B9 A 71 bu g7 o2
My X% —3k) ZHWNC, 77722 ETOGaN kK E21To72, 77 7 = A3LIE L LR
DOFETHE L, 7. GaZz IS BHUHE L72&IZ, 1 K Ga L BHR T T X~ Z RIS T 5 T

1 (a)ECR-MBE ;%I2&YV 57z LIZHERLT= GaN F/#5& D SEM {&, (b) ECR-MBE jkIZ&Y
557z EIC LTz GaN F /R D Ehigh E—RFDIIVARIMNL(E) ERRRIERD T 57T 2D
E—FOE—IDLER (R), 2RE. BERIODIT STz ERDREDARTRIL, FlE Metal cover van der
Waals epitaxy THELEF ., FITBEDORBHBETHRELEABOSTUOARIMNL,

THREZ1To72, BEREIZ60CTHD, M I1@IRT I, ZoHEZHAWD L, T8 LR
MzZAT 25 GaN T /N7 77 2 FICEBEICKET 52 &0 bnrd, ZORBHIX L7~ 45
NaATo72 L ZA K 1bITRT X 91T 568cm-1 {14112 GaN @ E2high £ — RO E— 7 23glfllsh 5 2
EMB, ZOF I RERER T RIREED GaN Th D Z LIIMRTE 5, — T, FEMEETIT T T
T2 UERBRITTEX DI LT, VT 7 2 ICRHEE72 2D E— R G B — FOEEZBEHIT
ol (K 1b)AK) o, BECR 7T ARIXERA AL EZZELTEBY, ZOA 3 U EHBEIZLD
777 2 U PEHNCHE S NS D, ER R —TINTLE-TDEEZ LD,
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% Z T, AL, Metal cover ban der Waals epitaxy & 9 FEl7epliE HiEZEL, 77 7 = &%
LD DR EERE MBE iET 5 2 L Al A T, ZOTFETIE, 50 MO Ga fitks & 10 o
Eﬁ7727%% FOEMERBIMVIET LT, V7720 ~DT T AT H A=V &AL
[RIRF IRV OIE S 2 U8 U - IR E S TREIC 72 5, X 2(a)(b)IZ, SiOy/Si #E:tR BICHFF L= 77 7
= BIZREE L= GaN @ SEM # & EBSD(&E ﬁ%ﬁﬁﬂ@%%ﬁx VERT, RAME 20 (9]
IR THY, JERMIZ205ThH D, SEMENSDL0 D X 512, BRKRIRITITED LT ZEOMGS
R LTS, LvL, EBSD OfE RN EZA LD 577'_“9"51@@552 (@7 2 AXIRO TP - 7= 78
) TiX, TTOmT cflifidm (MESM) LTWDI ERbnd, ZOREE, RO FIcHE
BB L TS Z &R LTS, —H T, mRIZIE 2 BB OIS TS 5 2 & bbhol,
ZiuE, CVDIETHER LT 77:/753%"7 RAAL UHEETHLZ LICHKNTDEEZX XD, —7,
1( c)AKNZRT &L 91T Metal cover ban der Waals epitaxy (2 & 5 iz % OFEHClE, skERE# A 1/3 T
b EuEMML, GaN D E"E— RO —ZREFHH, —HT, /7972020 T~V —7
MEox Y EBHTES, ZOZEND, V7720 ~DFAZA—=URERINTNWD Z ENRDbnD
LrL, E—=Z0NEEEAIZC 7 RLTWDZ END, 777:n/0)/*??%1_0)*4[37§>%?§§5§@§h
TWHAREME G H D Z EITITFEEDPLETH D,

2 (a) Metal cover van der Waals epitaxy TR LTz GaN &R SEM {&& (b)EBSD {8, (c)Metal cover
van der Waals epitaxy T GaN iR EIZIE#EFHL-0 57z EICHELT- GaN SEJED SEM &, i EARKI(C
)E—rREIEFF L —DOBERETRT,

S, BxlE, 777 = ORFFERIZ GaN Z Wz, UE— FAREZEX T —2]EFEEIND
fmn R bR (M 2(0) i AKNZE DMK 2 7~d) . GaN/Y 7 7 A 7HAR (NTT 7 K30 2 )
ICCVDETHRE LI/ 7 720 2B L2 b 02 ERE LTHOWTWS, 20 E— X F L —
T, 972 DNERORT v L EERIGER LAWD & TEROEE 2 Kk L- AT 4
X —MNARRIZ /2 D7D, BERERNPIER S NS EFfF SN D[2], EBEICZOFETs I 72 b
IZA R L7z GaN @ SEM 8% [X] 2(e)\ 2R, SiO, RICHFF L7277 7 = v RIZE L2Ga L Ry |
WHERITIT E A CBIE ST, ttﬁxﬁ’]%ﬁ’bb\iﬁ%ﬂﬁ?ﬁ) HILTWAHZ EDbnb,

3. FLBHLARORY
SOEHNT, T T = RICE R B S R D BT A R L, Sk L T

T kDX T MEEERAOERH N L Z TE e, 4%IE, In ZRE7ZEMS InGaixN ZlET 55

Pa R L, ZRESEC, 527 AR KB EBICIER L, 2D T < TE T 5.

[1] VA R¥x o 78R - BT 34 A, ERJISCR, ISR FRIEHRR) 2006 4
[2] Y. Kim et.al., Nature 544, 340 (2017).
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AJF AV IEBICTEITSZa2a—FILRY N NI—D %
FU = HelCT O BEEFEDRFE

BB N, PIE—R8 2, PEEHEE S, B E
I S R P AR R R
2 UK R L X — B TR ST
WINCVNE NS R 2K

1. IIL®IZ

FER OGP CIADBAFIZB W T, ~U U AR, BRERISICE > TAET DK TH Y | Bt
BSOS RGN HERF T2 72 DI 13U 7 AR 2 S RICEET LML ERDH D, TDT=HIZiE~Y
U LEFDEN T T AR BT D EE A LTS ENEETH Y . AR N E B
RFEO—DE LTHEIT NS, DHEHAZIT Y 2 & TV U AR FOF0R, L5, BEICET H1E®R
ERDHIEMTED, REBMPOBNNEEZFETEIUR, ZRIEL 2R TOWEREICET 5 FHR %
BDHZENTES, T2 T, AWZETIEZ, ~U A b v JEEREICB W T, Hel 6010 O Rt HEi4E
TEVAT AOREEHNE TS, ZNE TOMZET, FUERICE T 5~ 7 LAFFO—RITORA
FEE2REL 72, TORE, FHRED ' — 7 73 LCFS BRI DAMINLE LT, FE IR D
WL L CRABRWAREMENRN S D Z 0otz ZDOHE., ETORNSHNE— 1 23R T 5
ZEICESTCTAA—TVEETLT DI EIZRDIN, ZNTIEHEVIZHERIA N TES, 22T
Hxlx, ==2—I 1Ry MU= 2O TEITEBOKY AL ZITH) 2L 2RELE,

AT, =2—F NV Ry NU—7 OFEBICME LR 58007 — % — 51BN T 570D~ 7 A
FEEICET ATy T AR VI 2 b— g v a— ROBROEBIRIIZ OV THLET 5,

2. BRE=a2—FNRy NT—=ZITEBRNNZ—D55E

AKWFFETIE, =2 —F L%y FT—2 ZHWT, B AOFEE LTI, K1Il=a2—F L%
v RO =7 TR0 AR 32— 3R O I B 2 pi g Lo, 1 OREOLEMNIE, ~V A be
v ] ORa A FWEE SRR ERRAICR L2 b DO TH D (EEOHBITER TORIE L [F—
DHLOERD), FREICEMIL, AR THWS =2 —F L%y NT—IDEFTNLTHDH, ANIE, ~

1 Za—3JLRYNT—=DZ AN =FLS T/ 2—0 DRH (R H)
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VT T TG AR DB ARFRIT %5ﬁﬁ“éﬂtMmff%50_n%® HOATMEIT LT,
FERBHADO=2—F )Ry NT— T PEGRY OGNS — T HEICEY CT A A—Y
DEEREZITH, =2—F) %y NT—7 O IT, BT — 2 B2 HWTIT 9, AFETIE. 0
B — 2 BEOIERRZ T T 2l — g 2k 0 iTo,

3. FrvFAruLIal— g il kAR R
B LB Ty 2 b— g ra— RIZK YRS L7z Hel DR A0 OISR 275,
X 2 1ZEFT WAL S B FIRE - BEOZEM A%, K3, 4ICHEMRRO—FIZRT, ~V U LRT

K2 £ 7AhH/)AYIal—ay K3 N RSB TOEFEE K4 ARSI TOEFRE
[ZEW-. BEtSn-EFRE- 30eV. BEFHE 102 cmBIZHIT 35eV. BEFZHE 10% ecmBIZHIT
EEN DENLDH %Y piaiil

1L, BEZERGREEm AR D 300 K OBGEE CRGEAMANC K 0 i U7e, Sfbaecmic s 558
IR & EEi X3, 4iIZBWTENEI, 30eV, 10%cem>, 35eV, 10°ecm®* ThHDH, K3 EX4 &
DI LV EFRE, BEDO EFITENANY U AFRTFORAENED L, B0 v —7 BEREmEHNIC
v7ﬁbf£0\Eﬁ%KELw%%%%T%D%%ﬂ~Fmﬁﬁﬁﬁm&miéo

4 F=roT7hruyIal—yvara—RogRE=a2—FNVRy NU—IZEFHAY——DEE
ER SN D HETT — X BER @Y 72 H O TR IE, ¥AROZ LR oBon /R Rl b o
LA, :E/Tﬁ/lzm/\nl/»—“/a/@F%ﬁ)%ﬁlﬁ’] IZHBTHLINE I ML, FHREROBIZET vV
b7z JBn eI LHELIRE - BEOZERGAMAICRE <5 @éhéomﬁfvéhtﬁ%
“%ﬁm}_‘d EF—@%EJ@‘ETW LoRdDLNLTWE, FZT, {}Ih{jgﬁflﬁﬁﬂjiéjj*IJc:‘—]\iD*&)
ZER A NS TED LI T — RO R EI T2, 72, ==2—F LRy NU—T DFEEDZED
ﬁﬁ%—ﬂ—%ﬁt IR LT,

5. Fi®
AU F bry TEEICBWNT, =2—F /Xy MU —7 Z o Hel 6040 O "R TEigiE T

AT LDRFEEZAHE LT, N UARFEHEOT T hHlaa— RO LR, FOl=a—F /b

Xy MU= FEHAY—"—DFELI1To 1o, 4%IL. ABRShica— ROy F~v—2rb=a—7

NFE Y NU =T DFREITI TETH D,

[HEEREER Y A 1]

(1) H. Kawazome, T. Kaneko, R. Yano, S. Kado, R. Yano, K. Tsunose, T. Kanazawa, N. Nishino and T. Mizuuch,
“Development of Monte Carlo simulation code for transport of helium atoms in Heliotron J edge plasma
region” 14th Eco-Energy and Materials Science and Engineering Symposium, Kyoto, Japan, April 03-06,
2018, NF-01 (2018.4) (ZR A & —)
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BUOGATUOBBRMEEICRIZTKEONR

Vepfpi— ", I RBESE Y, BuilkglE— ', fRal 2, #NEEEE S, EHE K, ARARES

VRV B R SEE BE T A e R
2 HURS R I - I SRR T
PR R kL —F LR ST
CHRAL R B A BT SE T

1. HEROHEDEHB

CO, FurxIvya oy X—EEMT O DA, MEZSEREIAR AR Tk o =
FNX—JRE LTHAREHTH D, X T AT IEMEIF TIL7 7 X<wxfliifEt e LTHWOR
L2 EPRETSITER D | I EREREN RS S (B e ) i A RAESE L X —F v b
MELE L THWOND Z ERHD, WINPT R EORZ R LXF—RFICL > T LWEEES
B ERIBFIC, BAEBIZ L > CEEDO T AR FNERT 5, Bk LT AR 1367 KM & AR A AER
L, fiflboA= Y 7 2RET 570, TOMAERZHNL Z LT REHEETHY | EROV I b
—a VLK DBERT X OERENED LN TS, X7 AT IR B OREE 103558\ — 5T,
BIADRTG < RN HENST VW, ZOMWENOEEMELE L THWS Z EIFBETIEE 26Ty
RO, LR ZEIMNMZ D Z & TRER Z b T 2R L ED G T, fEEMELE LTlEibitd 2
EHLME L TBMBERD D, T2 T, AFFETIIZ V7 AT OB O Tl SICER L, £
AU KRIETRKFBOREFARDL L2 BN E T 5, SFEEISA A 2R Loy v 727 ko
REWESZ2F ) AT o7 —2a Al ViR, KFEF v —VRICREME SN EOREENT D00
T,

2. EBRGE

BR) 774 K~7 U 7 ABIOMEE 99.95%, JEX 0.lmm DX > 7 AT U Mia AViz, O 6E
£ 3mm OF 4 A7 ROEE L—F—EM LI L 08I0 B U7z, BB IFERESIEE L LD 1773K
T 1B OB 247\, OT AR LR 21T~ 7=, F 7=, BB £ 2 KB ERE (#240-2000) &
T AR (lpm, 0.1um) Z W THEBIFEE 217 - 72, KIEBRIET R U o AKE# (NaOH: 2g, H20:
100g) ZFEH U CEMMEEIC LD REWBEEZIE L7z, MEHCRBZEAT LT 5 FEE LTA A
s a W RS 28R 2 S2hE L7z, A AV IEER TR R FE e R L X —B T2 AT O E B — 24
FHRFAHEE (DUET) 2 AV =, 6.4MeV O Fe¥' A A4 % 6.59 X 10" /m?, 1.98X 10" /m?> £ CTHH L7= (1B
EEIFREY — 7 0E (B2 68 1.2um) TENZL4 0.5 dpa, 1.5 dpa) . SRIM ZHWTEHE L7,
BHEOWS M EK 1 1R T, BEEOHEICE, MEHL LIV RLF—L LT eV M
oo Flo, BHHEEIX 573 K Tho7o, HREZOM I3 BRI IR 1L X — B T2 28 23 iy
A9 % Nanolndenter G200 T/3—2 By FJEF & HWTRER 21T o 7=, @it (CSM) = Hn
T, K2um FTOMI LIRS OT 17 7 A V2 E8HAICES Lz, BBRIEEIX 298K (k) T, 07
FREELL 0.05/s TH -7,

3. BRERRUVEE

2T /AT Tr—ya B TEOmERE DS DRI T 5 LiIARE X OB %
AT, P UIABEE S, RS EV GO m) RFICBEICE <, I UIABIR IS DR 7251220
TR A H o T2, ZOREZILY R< 72912 Nix-Gao 7 /L& LT, Bl LIAGRIE
oM (1/h) | fEcr /AT rTr—va a0 2R () 280, K3 2157, ERFHT
X, VR 23 05um™ DL ETH? 2 Vh IZIRFHBI LT EF LT D, A AU BT, Va2 1.5um™ £F
IITHBWT, 0.5 dpa FREHAFTH 1.5 dpa M THEZIZER A LNz, I LIAREI DR 725
&L BREHEIE L D LT, BREEL L TR WD DWW EI O X L A CIMET 5 Z i/ b7z
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D, BEDBPAT S, F72. Nix-Gao IZEVESINIH LIAAFES L S OBRIFRATREND,
Hz = H02 +%

HIXES h IZBI A S, Hy (XBRESICB T2 S OV 7 S X) | AISE IR, AW
MIPESR . Ho \TFET DR S TH 5, K3 I2BWT, VA A L5pm™ 25 Spum™ £ TORKD T — %
MER/NCREEZRAOCTEBLIL L, ZOEBE BPEOU T OE G, FERREH 0L 7 245 S &
LT 6.06 GPa, 0.5dpa WS4+ L& 1.5 dpa BRI DL 7 FEYHE S & L TENEN 7.06 GPa, 7.24 GPa %
iz, 7L 7 YT S NBEHENE L 2D ICONTHEMT 2 Z &0, BEKROEHENHINT S
TR OB b AR D Z LN TE I, Ak, AR THWA U BEMICKET ¥ — V%17
W BREIREAICKEZHESE%, HEREOL I ICBILT 200 ERHRDTETH D,

2 - T - T
* 1.5dpa
* 0.5dpa |

Displacement damage (dpa)

0 | I | 2
Distance from irradiation surface ( x m)

1 6.4MeV D Fe* 1A BEILT-
B ATUDEEEDFERSHf

=

B 100

E/ -

%ﬂ 80

o

B ol

é £ 60

g g4d

.g I I~

g I

3 20

= I

=}

g — 0 P T T T B

Z 500 1000 1500 0 1 2 3 4 5

Indentation Depth, h(nm) 1/h(pm™)

2 FIATUT—aAVESDIRLAA 38 F/AUTUT—a BESIT Nix-Gao
BSRTFME ETIVEBERALLAER

[Rm SR Y A K]
(1) K. Sato, H. Yamashita, A. Hirosako, S. Komazaki, Q. Xu, R. Kasada, K. Yabuuchi, A. Kimura, ”Investigation
of mechanical properties of stress-relieved and electron-irradiated tungsten after hydrogen charging”, Nuclear
Materials and Energy, 17 (2018) 29.
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RFFENBHRMMICHRSNDIWN 5 A7 —EH

s, AR, ARNREZ
PIUNREE, P IRER RS R L — B TSR E T

1. #FZEEM

JR AP EM CTh D e IR, TP O @RI BRI X 5 UMk 23 &
ENTWD, ENRBMOBEBACTNELA D=L E LTE, 1) CulrnNFERICE S b0,
2) YhUZARKMIZEDHDOD 2 OOMfb A I = X LAPREINTND, B~ b 7 AKRED
TERRAZE 5 BREHEAL D A 1 = X L2 fRIA9 5 720121, RS KEREA A B BFRF3(1)., 227U
(VRN —7) OIEREE 2 50T 2 Z ENMETH D, BERMMOERKIZIL, IS Tn
HEkA IR MRELS G L TWDH LB LTS, ABFFE T, IVAR B S iL7z Ni &0
B2 % A533B Hil DA AL PREH 4 O 2R M OFRAREI£20 BR2 (T & B FRiE 1 BRET 14 2547 20 & B
RV ESIND T ) 7T AE =D E1T 9,

2. BrEEFE

AEHI~L X —DRPRIF TH D BR2 JF CTHMETFRH L7 NI OFHEN RS 4 i (LA M.
LB#, LCH#., LD#) & Cu OEGHENRR S 3ME (LGHM. LH#, LI#) © RPV €T L&
&(F D& AW, BRESRE, BEHREE N 290°C, FA 7Y 8.28x10% [n/m?] (9 0.16dpa) TH 5,
SO T IREEAZEN (LU, BR2 iUED (2 oW TN KZRBE X RI &2 & —NIZF%E
TV DU EASRERT & BB T BMEBE(ARM) & F W CINERRILERELZE L Y EDS 0T 2170, FRES
RGOV TRRET L7,

BR2 il FRET 2 BEH SRR T, [F—3kk &2 W T B ARE F RS o INE R L 2 — 2/ L,
FUBHEEE & 290°C7» 5 600°C £ T 50°CHI 4T 30 43fE]l, EZ2H (%9 3.0x10"[Pa]) TEVLE L, i
ZHOBULEL N D - TS T B v 7 — A5 S kB & F VO CREESHNE 217 - 72,

3. EBER

BR2 iEtD 7 HIZOWTHEAZRE L, REEMOME L L2 b0z 1 IRT, K1 &
D, Cu, NiGAENLD EWVREHE L, BE EAEARE < R>TWD, LarL, LAME LB#
OB IZFRRE & 7o T D, ZHUE, LB O NiEBEMN 0.18wt% L @< RN Lk, 1
EIRRERTHII RIS 2N EEIBND,

BR2 &£t LA, LC, LD, LG #1225\ T ARM & W 7= NSRBI 21T~ 1=, TN DB
BHZOWT ARM TR L7-HREF O TEM 182 FW TV — 7B R OERZHIE L, £ OfE)»
5 Orowan ORE{LE T WD % W TNV — 7 3% 59 B BN & AH Vi, 2 H I L7z, LU,
LD ¥ CIXHGN L — 7 2B 5 2 LN TE Do 72720 LA, LC, LG MIZ oW T 24T > 7=,

1 A533B D1k FHE B(wt%)

1 BR2 ISR DEEEE
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2 BELNEDEEKEFEEN:D, Cu:@ )
2 AFUBETED LLER 3 HUTRE—D 5 1 (Fe—0.6Cu)

BR2 B O WAL [E11E T2 S R 2 X 2 (2R d, X 20T Ni IEE O LA M1E, INEZ X 268 K
TS, LC, LD M TR bmENEZ T d, Ll BERToOE—271%, EoRk
BHZ BT 450~500°CREE T H 7=, K7 Ni IBERFEITAZ T by, £, K200k
Cu EEOME LG MOEE X 290°CH RKRE KT L TWDH DKL, Cu IBEDEV LC #MiZ
350°CE THEEIK F 2R 720, AKX TOE— 27 13K Cu M TIRIEMAITH D DIZxF L. & Cubix
EHRANCH D728, CulBEIIRIE L CEENE > T 5,

[RmscgR U A K]

(1) Effects of an alloying element on a c-component loop formation and precipitate resolution in Zr alloys
during ion irradiation,Journal of Nuclear Science and Technology, ISSN:0022-3131,Hideo Watanabe,
Katsuhito Takahashi, Kazufumi Yasunaga, Yun Wang, Yasuhisa Aono, Yusaku Maruno, Kenichi
Hashizume

) Eljg%ﬁiéﬁ STz Fe-0.6Cu 5@ D7 7 AL —fif#lfr £THH. %5748 12 5(2018)

I JEN

[REERER Y R ]

(1) Analysis of radiation induced nano-cluster in Fe based structural alloys, H. Watanabe, Y. Goya, T. Turu,
A. Kimura, 5 9 [A]= 3L —H T 2HFFEET [EER L 2RO 0 A, B

(2) Mn * Ni iIET VAL FMEFRENC K 25 EMMEOZL, AT #hth, BF Bk, 55
JElfE, AAR T, B LR

(3) WS L 2P EAZM O CuNi IRINR & BULPEIC K 2 RIE28), &2 . M8 #
o YR BERE, IR B, BRI, MUK

(4) BAIFESRIRMT T VAT 2 AT L & BVLERC L 2 [ 2E), SR, 8%
o, DS, (AR, BARFF A, LR
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174 VRESIC L SREMMBEELL & R HIEETM

WHEGA Y, REATR Y, SRILERAT 2, TERAIT ¥, MR 3
HEVRE KPR B Lo i B LA
2 b E R R LA SRR B = kL — - =T U TV A S SR v 2 —
PR S L X — B T E T
L RALRZE @B BT 2T

1. IZCHIZ

A BRI, BRE RGBT I Z BT 5 R R SO 47 O - BRI TIE o S — k2 0
PR RIS O IR I H W B D 721 Tre < FBAREZE S B Tl MEILR D R—7 70 EIR < F2EE
D7 ATHNWLNTWS, FERT o RZBIT DA 4 BHEN, REHO Lo FHEER L DMK
ARG EESIC R T DHMERE EN, 0RO T o AFOMMEHRO b 1 v 7 0T RERO FIEE & o
R E 725 Z ERMEE 72> TS, ZHET, BaI3HERFICHE L TH D 300keV & 400keV
DRIEA A MR ZFIH LT U 2 HEREmIZ He ° Ar 4 A VRS 2170, KEICEK LIZ7
JALZ—=o~vA 707y REBERQTHRE TS5 Z L2k > CREISIER LU e IR & FE RS
MEEEIC B A REDEL(LZ FE-SEM & AFM Z#HWTHIZ T 5 & & H 12 FE-SEM (@4 5
EBSD Z HWTH HEGEL L 7= E AR NIE 2 5 O E ) B 15 5 2 B FRIPTIXE & il L TR
7RIk OB R B AT LT, T OFEE. EEO AL Wilkinson 512 & > THATBA%E S 1172 Cross
Court £ LTI, JEMEDH DWVITBIETH D0 E2E D T3 RTHINHIT T2 Z ENARETH D, A 4
MRENC L 0 REICHRE SN2 HMEREIL. AT DOMET L —0A T U REITKIFTDHZ L0 b,
RO A A INEEE TIREANR S CEAAL A U FEICHIRRH D, 2T, MeV A—F— Jarox
NZXHTDHENVTAF L THDHSiNFe /e EO&ERA A2 ZBE TEZ 2% DuET Z W2 A 4 U RS2 Z
LB ET ELETH D, TNHDORMARIFRICL Y . A A U BEHIZ X 0 FHE S5 &K O
INTR R B B FEME CRMIE T 5 Z E R AIRRIC R 0 . BIfEDO~ A 7 a, BT <A 7 uhb T EEA~S
% O BHBEZER D 72 2 i ALY B T 0 ZA~DOWBIEHDIRBRTX L LG TX 5,
PRI, M EGEL ST e D 7 v — 77 L RIS R — 3R CORE 2170 UNEIR O 7R
BIEMICOWTHBEREECL SV I 2 b—2 g E AR L TITL EHETH 5,

2. EBRFHE

Si(100) At S &2 Frmdsimft EiF L, B a—7 —#RoO(GEIWE X A Y= R7 L—R&EHL
3x3mm (He F4f ), 8x8mm (Fe HAH FICUIWr L7z, #BtEmIC, IO TEM 7'V » R&2#E i
EEITETHE D Z & T, F—B T A A U BREHT & JERREHRT 2 3 R DI Lz, deiEE K
DEAETE— MG EE FHEMBEONEMKIETH D 300keV A A L IEES 2 WV CIEEL 100kV
T He'A4 A v %, R RFT VT BT 2O 7 LBLA 4 U #g: (DuET) CHLEETE
6.4MV TFe* A A M L7z, TEM 7'V v RO A v v ot XEeE x5 &AL 0N ETE
2K 0 RGBT DR S DIRGFHEICOWTHREF L7, He' A/ A id, 75 A Y 2®DTEM 7Y v K%
W72 3 DIZ 5.19%x10' jons/cm?, 1.03x10'7 ions/cm?, 200 A v > = Z #8726 DIZ1E 1.03x10" ions/cm?
M L7z, FEA 40375 Ay 2D DI 1.0x10" dions/em?, 1.0x10' ions/cm?, 200 X v = Tk
1.0x10% ions/cm? & CiRBI ORI HEE S AR L7z, SRIM 2— R 2011 12X b I = b—v 3 Uk
BMMBIEA LA A & RMOREF OS5 2 157-, A A4 B4, FE-SEM CTHu#Z L EBSD /¢
42— % A3 U Cross Court3 & FHVNTHE, #it, FEEO = M(E1l, E22, E33)DELENT AT, F
7. AFM THERBEO Ay =) 72K 50 B3 & SRIM 22— R 2011 IZ K DAL A DOFES
DA BRI T — X 2O TA AU EAER SRS EE L TENTZ EREL EN D W T EHRNE
B L=kl Lz, B2, I~ ONEEZANTSiOE—7 o7 "ENLELROHEEIT- T2,
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3. ERFER

1.03x10'7 ions/cm? & T He" A A & MG L7723 EHTIZ 7 U A X =033 4 L Tz, He'A A4 BE O
A, BFEZHMEETEM 77U v ROA v 2N E W (BHEMBZHED D) EEERNRREL 2
o7, 12 TEM 7'V » RTAHNR—LIRIZESFEORKNEROL LD bADOHTNERTIRE L otz
AT Si BAEENIZ He' A A DEA SN D ERITIERBEIL LR, AT U U IR E LD L
Ezohd, o, BEEENNIWES, AV U U 72X DBEEOREEIN/ NI W DELEFE
LIS L, IS NTEFT OO RN REL ozt E2bND, —J7. Fe A A 2BE LIZH D
VRIS RSO DARAFEME T He' A 2 & R M 23 KAV 7203 S AR FEME TR B D 72z &
BADPRKELENTN, FEAMF UL ST, £ Si R FHOFEE D EIW S 4v, #-1[HIC Fe Ji1-7
BAHDVITERT D Z LT, BN BELEZOICERNELTZEEDbN S, L, BEENS
DIZHRLIZZEICLY, HAERSINEN LIV REE TREN Do T2, FEREILTH T
CICE S TEADEMINTZEBEZTODRFEMIOWTE, 5% OWE TEM BIZEZX3VNETH D,
SRIM =— R 2011 OFEFR TIZ He 1 A 1% 0.6um, Fe*' A F % 3.6um fHTIC R bIFEAI L, AFM
EHOCTIHE LGS S ZHE UK FEREZFHET D & He' A A VB L7z DIE 5.58~5.69A, Fe¥' A
A HBETCIE 5.49~5.50A L7r oz, WTIOA A ERE L THETERITIRE 2D, He' A A
VERE UT-REI O BRI L0 K& SE Lz, 2T He' A A2 O NaEHR E I EA S
TDTHEREEEZ T Z LICKHARENRBREICBNST S RoTebEZB2bND, £z, T~k
B L DRER T He' M AV ZBE L2 OB — 7 A& 520.5cm™ 75 519.5ecm™ <° 518.4cm™ (23
ZRLTEY, F'A A E2RELZH DI 519.5em™ 765 5184cm™ (227 b LTz, HIE L72ikkl
DETTE—27 7 NPMEEHM, SF 0 SIIROBMHRE EAZ R Lz, ZHuE, Si BiEmTiET7 ~
VHGELYEDS 500nm L TOEE O LIERZIG L TRV, MBHROMBELZ ML TNDH2HEBZ LN
Al

1 75 A9 2D TEM S YYREHETFe¥ 474 % 1 X 10" Fe ions/cm?E THBETL 1-(100)Si Bt = E D SEM & (£)
& Cross Court3 [CRAEMKRBEEATYELYT (E11) DIBE DO —6l. ESITSES

[AEEFER Y A K]

(1) Yosuke Takeda, Ryo Sekiguchi, Ruixuan Yu, Junya Ishioka, Tamaki Shibayama, Sosuke Kondo, Tatsuya Hinoki,
Effects of micsrostructure evolution on the surface by ion irradiation and evaluation of residual elastic strain, The
9™ International Symposium of Advanced Energy Science, Sep. 3-5, 2018, Kihada Hall, Kyoto University, Japan.

() RHEBE FEEEAIN MR SRILBRE. A AU BENC X D Si FEEO XK E EBSD (2K 55k
BN, AASE 2 2018 8k (55 163 [M1) FEBRE. IBEE 2 — FA 3049 A 19
H
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SHREMBMAMFERNRALI-A4A4 > OO RKRF
KA, R
BB, © RO L — BT

AKHFEIIETIZ, SRR FOMEa A FLZDMA A 22X v VT LT HBOA A4
M= 2FF (WP OA A B2 T 2% B2 Hld 580357 & Rk KRE
Ho) AL, ZOMREFMILE Lz, £ EMARORBLETTEL2H RO A
— b~ FUBEANCHZ B LBk R b et L E LT,

(1) BEFEEIT a0, R T3 —bRAFY XA 4 —F
1 RTCIZ i LT [EE A A o0 A & b DEME IR, BSEINT RIS & - T 4 > oifin
MBI BT Z A A — RIZ72 0 £, ZOMEEA A2 OZER AR 0N B OB &b+ hiE
CEMEEBR) . BREBERE (e 27V R) L LTEZOREMAESNDI AT & LTCHA
HECTT, AMFECIRXBMEKAREELT =AM AT I 7 4 —2 (FLES tum) % Rk L
L.7=4>yanaA R (lum) 2 LEEBEMETIHLVAT XA A —FEERLELE (K1),
BB ATHIZE SN TN D B EARBIEIC L » TRERNOWE DA IME S 2 & THEREZ 33
THAEY AZIZOWTUTZEOWE A% UL TE RV, RifFtOE B Ihan A Fiokh
EETNODMHNBERETT, BXALBHZHANT S L v NIBEBXBE L TE D004 0ME
D, TNEHBE L CERELEMHBICE ATV UAREL DT, AT VELZRFLOZ LAFEIES
nE L7,
50 -
40 -
30 -
20 -

10 -

Current / A

0 -

Voltage / V

E1 204K 74— LAEYSL (A —F D%
AR BRBEBREIORORH, AR FERH HEEEMMTELEERTYLR

(2) BKEWT BRI OA K - T4 —BAEY F 44— F

FROBERLNEA T Y 51 A — ROYEEEM 2RI T 1A FICEZAUT, BT Lo T bl
ABNTEDAEYRFICARY ET, Wbk m A B & Lo = B LBl T (FeOs,
maghemite,50nm) %\, XAV AEAICLDMGEZAAEZFRBRLE L (K2), AIZLD
BitE= m o B OB DL & > CEREREMIRIT E A7 U v A2 U TH Y | BRI T
RAEY HA A= RIT/ D 2 L MR LE LTz,
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______________ e e __________________2______________________
--------------- 15t g ®
Smmmmmmeoooe 600 - .
°
< e o S R A
------------- 400+ ---- - - : AKKE
= 22?2
= 'Y
R | — EUPYY Lidvit RO R
O
aas e preennnneen s
-,ﬂ&‘-%‘-ﬁ -1 12 SR REEEEDEEEEEE R R E R
------------- 20— - R Y—S——————
Voltage / V Voltage / V

K3 /A KBBIERIFF 1A —FDEFRE TR
4 HF, =A 10 BT

X2 #HEanA/RE /A —FDERET R
ER - ENATAAREB —OOC(RDEBE
=/ BISICKEETAHNDHDIEE

(3) 2EDA A 2BIERIFARALIZF A A — R

Wk T ETHROTHARRRE LT DO T =4 oA 4 o A5t sk 7% (E4%~0.7mm)
ZEMERE O LT A7 AFX Y 7 U — (N Imm) IZEEL, ¥4 4 — 2B L E L
7= (K3), BiKiTEm< H D FHEAN, IRWEEOFEK CTELEAMNS 2 RIFIEIFR2EIRE
JERFEZ RS Z D0 £ LT, ZOIERFREITR 7O T TR, KL EM- Fr 7Y
— L OERORBEITMEAE L TOET, BIE, SOV A5 72012 & 0 BRI O & Ok %
TERL - FIM % 2 L 2R LTWVET,

(4) 7+—2%FH LU EMEROKRE

BUEDOMFZRT NAND E O r — b E 2 HEMAA G D TRHEINTOETE, AJE
7 NVINERNCH 19 2 B LAUTINESHI R T CHRETX 5 LB 1 o E T, AFETIX
ZOHEERF UEINEGRZER - RBA L E L, Fx U 7 I e A S TR LR eBAL S
T oA URER (NY T Fr ha Y AVERVEET R U U ASKEER) ZAVE L, AKX oD AT
BEICE > TEXIKBI S, ZOANOMAE DI T HIENA A — 2R LET (K4),
Z DOFHRDPRRITER T 2 HIIBEMO B ZTEINEZROwRE ([ 10 0,1) IZXIELTEY (FD, F
IMEZNEBTEZ DL 2R LE Lz, A TIIIERIC LV REBREBMNEDELN2WVOT, bbb
\ZH R 2R T2 FIEZ BT L TV ET,

K1 PIRGHOEER & ERRR (HAL V)

Input Output
A B Sum Carry
0 [0] |0 [0o] |00 [0] |00 [0]
3 [11 |0 [0] |A134 [1] |1.07 [0]
H4 A5 TA— L 0 [0] |36 [1]1 |B135 [1] |098 [0]
ER:HEMEHZOEXR 36 [1] [36 [1] 38‘?3 %g} 0.93 [1]

EE =R (A 0V, B 36V, 0 0.0V)
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IRFEEEM(CuSS)DEBFHEZICRIZTI NERG DR DR

KRERY Y, SWEEs ', 80!, DA, AFRE?
VERER R BEB
2R RS L & — P LSRR SR AT

1. 65 L AW
RGP 2 A /3 — 2 —XEL « @EVMREMEZ VB L T 572010, TOM&EITY v 7 AT v L Eis

WP Cu L HRD AT L ZAMOEEEMEESH TS (K1), ZOEAEOMEZHMEIL. &

BAME E MRS E B A 7 VR E B 2 6D, FREE DI, BRESICLVESNT-EERIZ

EHL, ZORNEZHEET LI EAHMNET D, KT, @EL - 1 7 VARRRIZAE U 208306

DSIRE R AT RRIC RAE TR 2 et D, HIFEDORA > MILL T LD TH D,

1. FEFEMRIE, REEOE  BEEAIIEEEEO B TH O, BEMEIORA REIICITIE
WG 7ok T RGN S BICE END, o, BREEDRIVWEEZZIONAZ LG, Zhb
DR KRBT R M E T B A T 5,

2. AMEIS S ORhE - M HBREE TIX, ARMMBE BHINER VRSN D -0, [EMEIG S L BRI
KB D Z L1220 | IS DR R RICEET S Z N RS20, ZO%E
ERRETT 5.

3. MElo~ 7 et - ERO 2 RUITEAMEIORE AT A2 EERKA U FTHY, Th
b %@ L CIRIREA M B ORI ST 5158 215 5,

4. HHUME  FAN—Z—% B & LA MEIORENC T 2 BE KGO E L WO FRITEE
b TEBLT, LALLM ThD,

2. FHik

L. 3B CuCriZr Ga & A7 U VA RS LM B DSR2 B o200 L (X2) .
AL L TR T2, MBS AR IR X ORI o 2 72 EE L TIT o, R o L
JEREIRIE 1D 10%% BAE L5, BRSNS HE L, 58RI, JEMS o 3 (K3) Thod,

2. AT URE X T AINEZR T, 1-2 MeV @ Nit+ X% Fet XIE CutA 4> OfJHNFRE/R A A
CEWBHT S, BEEITIRS FHOFE T 3dpa Z HEEL L, IBEIE 500°C, —HEMRE S ATEEZ &
X, XU T AEROME I 1 BRE ETRIT 5,

3. MREHIC FIB THEARMENE, Cuih, SSEH FIBIZL AV 7V 7 %2479 (K4), 3 FRHR
BH+ 1 IEREREI O 7=, 5 12 FTD FIB > 7 V%179, FIBIXGEH2 HELE & P 5,

4. TEM #8122 &/ wERE TR K TET 5,

T — Z AT AL B K & RO H TV, MERER T 5.

6. WFFERIITFESOMERE e SIChERER R T 5,

(@3]

1 HETAN—E—F2a1—)L, SS HiR. 2 YIYHLI= Cu B, SS EARER
CuE.W7—<—
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w

lon beam S$S316LN | | cucrzr |

( ] No stressed

Compression . Y 0.3 mmth
/ 510 mm length
3 BETRED 3 E—F X 4 TEM E# O pick-up EfT
HFINsHER

OB BEAMOREIL 7 v fITIZA DA TS CEMBATIE ARV, 2 7 a BREIT R E
DEEL, LvL, a7 Lo PDIRHDNaHDORBILZ OEBRTHG T2 2 ERAHERS L HiIFFS
D,

TRIEBEE TIIREOK T RGDBRRFICER SH, TORICAH INI T2, ZEOEREN DIED
WCEBE DR 22N FET D EHESNDI D, A FVBEICE DR FZEI T T AZ (RA K7
L) MEEEIEAEIND & THRIT D,

L AEEFE A THNIS ) IMA D728 BREHT X2 ATE R R OB E A KGR G2 Fro72,

e & 51 RS TR % BT RMGTERZEENC 72 % L PRI 5,

ATHOIEE S R T OEEM OB E2E 25 5 A CEHEREMER L 2D,
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T3 AIHAMHDER - HFEFFEICRET
BIRLEF—AFUBHOEE

fakAnge !, MR, ST, RIS, RRIEY, P51
ARSEE 4 R, MERE Y, KR

IR PN SN M 20l
2 RV — NG TEREA
SRR AR A IR A TE T
AR v —HL T E2A S AT
SHEAF L B TAERT CGREAE R B AR FERT)

1. 1IZC®HIZ

BMEIFOHE—RE « 777y NEROF A =2 X, DT I K W RAET D 14MeV HPET- DRSS
WXV BEEELZSZT. FORENRST D &I, BT 5, D, FOLEEE ARG
T B LMz, BRI 7R A FFOMEI 2B T 2N ERH 5, AL TIE, FHREST AN
— X OREMELE LTHYERZ VT AT AR LT, R TRE 2 S L ¥ — A A U BRI X 0
L, ATk pkFEZEE, BAMEE), KOREICRIETREZRH, PETREBEDEEL T
T2, £i2, FFFE2RW-hHABEERO7-DOERT -2 2B5+T5 2L bAMET 5, B
X, BRI — A U RERTO AL ST REERS 2 v 7 AT AT HOW RIS ) & AT
LTI AOERE AR T, £, R Z v 7 AT VIELIC LV FO/MARIC RN 5 =
ERMBENTEY . AFEEITELEMRE L 5RE DR GO N T,

2. FHik

WYRBERE & > 7 AT v OIFIER 7> BJEIE S AN EAT(L-R #4), R OFEEE(T-R #)7e5[0E, dnsf, e
LOVERERBR A 200 H L2, &5, 2o 0iBRA % 1800°C, 1h O EZEHEGLEE 217\ ks
LBEAA(RC M ZERL U=, 2D OB A6 LCHI3RRARR, 3B, EriEiih, & OVEMRER %
1Totm, ¥£7-. BRI EEBTFIEMEE (FE-SEM) . KON USAHB L7-E R4 7 BosL el 4t &
(EBSD) % F N CHIARBIZL 21TV, FHfk & o B R BR s B oo B 2 5~ 7,

3. R

RESLIAF OB E N =TI D 1600°CE TOSIIEHAER TIL, BIEEME, KOREKRIE/IIEL, L-R #
& T-R M CIIFIER CfEA 28328, e ROMONE, |iE, & 1600°CLIAME, L-R #23, #+%K
T, X1 ITE, ABNRE AR O T, B8, K OVEMFERBROMEREZ R L7z, RCL-R#, XT'RC T-R
MOBREMTIZ, ZRAOOMITIFEEZE LW Z ERNDbND, —F, RAHEM T, #hif, ROEERR
BRCIE, ARETREE RO R VX —1E, L-R M3 40%RRERX N2 L5, L, EfER
BRCIIBERIS TN T-R MDY 20% K E VN, ZAUD OEW I, EIEEKICS T 5 FmttEic L s b0 L
EZ bbb, K2I2iE, EBSD % H\WCELEHM D ND-TD [fi & # %% L 7=(a)IPF map, (b)IQ map. (c)KAM
map. (d)PF map, M ONe)RA map %7~ L7, HEJE M (2 HE B CHAE 7 A2 B A 72 H(ND-TD i) Tk, BT
FFIANZHEHE S AU, Z OFESRIPF map IZAHiL 5 L 9 A O BRRIC 2> Tnd b EEI LD,
F£72. 1Q map T, MNIZBWTHIER OB ELNHDH Z LD 5, 72, KAM map 73R
T EOICRIGEE CREREEEN R LN D, PF MBS ENWIIOA R H 0 | fESkL O HAL 3 A i
RO MNHDZ NN %D, RAmap(hLR N~ v 7)) Tl FALZED 15035 180° DRI 2, L
WD E DB EHAFAET D2 LR bnDd, —hH., FfERLEM O5EIL, M3 IrEh/z Lo
BN DFRE BT D72 RIEFFE TOERE G D70\, F iz, RIFUTHTALZEDN 15°00 5 180°D & DA
2L BAOL DTV, INHITMA, RO BN AG DR D7 N2 Endbnnd, EIEM
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TlE, MO MMENFREREDO T L DEL LTENTWDL D EE b D, —J7, BT
RIS K V=R M ORERRINTER SN TR Y | JEIEMMOZBII RN b DL EX LMD,

(@ (b) (c)

(d) (e)

ND

(-

8. 5 5 E &}

o-gr-bld .n.%v )

Eg Ahl

X2 EBSD [C&YERFE SN T=(a)IPF map, (b)IQ
map. (¢)KAM map. (d)PF map. & U(e)RA map:
[E%E4F. ND-TD @&

A

(a) (b) (o)

Yo d wtross (MMa)
% R

(d) (e)

-5

1 ()BT E(H (755, ()RR IL
F—EHEHB . RUCBRKIG D(EHERAR)

X3 EBSD [C&kYEEENT=(a)lPF map, (b)IQ
map. (¢)KAM map. (d)PF map. & U(e)RA map:
B R NIEH

(AR A K]

(1) K. Tokunaga, Effects of helium irradiation on surface modification of tungsten due to tensile stress, 25th
Congress of International Federation for Heat Treatment and Surface Engineering, 11-14 September 2018,
Xi’an China

(2) K. Tokunaga, S. Matsuo, M. Hasegawa, K. Nakamura, K. Suzuki, M. Yamazaki, T. Toyama, A. Kimura, S.
Kondo, O. Hashitomi, T. Ohmura, Impact of high energy ion irradiation on thermal and particle loading
properties of plasma facing materials, The 9th International Symposium of Advanced Energy Science~
Interplay for Zero Emission Energy~, September 3 - 5, 2018, Uji Campus, Kyoto University
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RILT 1Y) VERRBREERDORIR

WEERL !, FRib’
VLRI TR
2 R L — B T AR 52

EMBHND 7V — > TEFERT VX —FIHE, BERA BNEET 5 =R/ —CREREO
WEICAN R FELRD LD LW END, AT Z BRI EOERES 2 LI LT,
7 ) = TR EERRS = RNV X —EPERIT > TV D, FRZ, Z X7 ENTIC, @R E
BT 58RBEAMHRIL. T OENTZWEEBREN D N TN Y 7 EREO D DET V1 &
LTHAHESNTWD,

2 DEREAHERIL. ¥ U X TENITRRRINREFR VT 0 ) U8, O NLVARF T L— |
PR ORISR E SR/ T 5, @RBRENL 5] & 2 TR LR IT S 238 R L D 2 (i S D 28k
A L7, BB FETET 237 F FEOMEE (L ZFHE L, 2o omRNeERICX
V. mERYEEREE BT D,

KIRDFER 31005, BNTHEREZ F UMD | Filz7efiett T2 AR T2 2 S IFFERICTF vy L v
DUV TH D . hOBEBERIE LR SN TV D, AR TIL, BN FREREE. MEEH
BREAT AR TICER L, AR OEKERSHE TR ZEE L, [Ar7 2V o Ea KR
Bz AlRkE BIEE 35,

77 = UHIRICEOEIRIL, 77 = U R O R R 72 Hoogsteen RUKSERE G AT L TR 72 U E
HEEEZ IR T2 2 ENmon T (X1) .

(B1)4DDT 7= AE8E MR T B Hoogsteen IKFFES () ENZIVHF(R)

INET, L OV T = NEHEBENGFRL T 0 ) 5RO~ EEEEREE L, BERtk
FHEET T OVAF X —BIEEEZRT I ERMLNTWDE N, ZOIEMERBUC LB R IE AL, 7
EHERICOWTHORERIIEON TR, Z I CVEERVATRO 77 = IEH KT 5 DNA
A% 5’ -d(GGGTGGGTGGGTGGG)-3" #ET /AL E LTHRIH L, kxR EMiZ L., Z DOk
EEMEMRE 2592 2 L1 k0. A TEEEREE OTR ML & L CARSE R Z R+ 5720 0mA %
BorZxzHE LT,

xRl e A 57,37 R, U o A —fEUTE A LIcEld A5 Et U, KCUAEESRE T 77 =
HEAER ST, ~I . HTVABTS (2,27 -Azinobis (3-ethylbenzothiazinoline-6-sulfonic acid)), iEE{L
KFEEMZ T, TONNF XX —BIEELFHE LTz, BERENZ 212, ~I v EREEGT2 S
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-d(GGGTGGGTGGGTGGG)-3" 2BV T, ~ VLA F v X —ViEM IR S oT-, — . &5
UNE 3 RIRIC T T = U A E A L ESNZ BN TR WAL AR U X —BIEMERGRD vz, S 5IZ,
5’ -d(GGGTGGGTGGGTGGG)-3" (2B B UL A F v & —BiHM s L, 57 R, BL O3 K
S~ OERRIIFIN 2R Th - 72,

307 ABTS/100 mM KClI
2.5

2.0
1.5
1.0+
0.5+
0.0+

A Absorbance at 405 nm

Oligonucleotides

(B 2)¥RGETT7ZUMEHEBREINDNILE T A —EEEERN-R))—Z T HR

A AW ELS % RNA ~ & 2844 L 72 5°-r(GGGUGGGUGGGUGGG)-3 122U T b [Alkk O M FLAEfifi A3~
WA F U H—BIEERBUCA N EME L 72 5 20 EH T & 2 A MESEEKRELS~OBLYI R
DT T = U HEIEOER) DNA FIREIC -~V A o —PIEERBICED TH - 72,

RV T 4 U UERBRTIE, oI EROR/BEDOE ATV AIENEN T 2 Z &2 X 0 iEM: 26|
LTI ERNMONTND, AFFETHWZZ 7 = NEHFHAIZB O T ORI RA RN S,
ANLTET T2V HERERT L D0, IS SN BE S FEMEERATL Z Lk~ Ad¥
VE—BIEWRIUCE D> TS Z R STz, EEMESICBWT, ~UbAdF o —B g
HEUCBIT D7 7 = U HEORKT% NMR (2 X ARG IC L 0 BTS2 L7z (Biochemistry,
2m@oﬁﬁ\ﬁﬁ THRONTE 7T = NEHE-~I VEAEREEREE R AL L TRIH L, F7E

T 57 T E v —HIEESE AT LIk BRI~ E BB LTV D, S BT
ﬁ%ﬁw\%@M&&k%ﬂ%LTE%G%W_ﬂ%T%K N Tz m%%@%ﬁ&@%bfw%
TnEEZ TIN5,

(R SCFER Y A B
(1) Structures and Catalytic Activities of Complexes between Heme and All Parallel-Stranded Monomeric G -

Quadruplex DNAs.

(2) Yasuhiko Yamamoto, Haruka Araki, Ryosuke Shinomiya, Kosuke Hayasaka, Yusaku Nakayama, Kentaro Ochi,
Tomokazu Shibata, Atsuya Momotake, Takako Ohyama, Masaki Hagihara, and Hikaru Hemmi

(3) Biochemistry. 2018 Oct 16;57(41):5938-5948.

[ABARER Y A} ]

(1) 2B 12 EA ARE LY AR T L 201849 H 9 H~11 H, RERKR: A/ N7 712 K 5 DNA
M0 R URCHIELNEN R, FEREHE - BEFERL - RFE - FJRIER (RA ¥ —)

2 #H 25 Wra~v NTT77 40— R YT AGLRTD 201846 A 13 H~15 H, SARTRY:, MHEETH,
FIRIER, AL I X DM EOHE- % v 7V —EXUKENEEFIA Lo B0~ v
|7
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NADPH B&RZ 17 IYLEF OV A—FIZLD
FYVERERERHRBIED) 7ILE A L NMR xZ B -84

YEPNIERE ', KM%, HFEIEN?

RIS Iy -PN 2 S Sl
RS RS L 2 — B SRS RT

1. EOERL BN

REVRAERYEITH DT VBRI, FEEICHT D EELESCINRAI A N L 35720, AEa
APMIEL LS, BEEETEETLHIE, VR F—aX kR0 {bEWE TH D, b LAELE
ol T VR e FHAHARE#EE E IR R VX =T cE L, ErxIvia vy x¥—
WZED<, BZRNAX =TTV OFEL T HHELE LT, 7Y V¥ 7 2 —8IZ X DR RIED
WESNTWDNR, 7Y LE 7 2 —BIC L DEEHRSMITIL. &l 7243 Th ONADPHAZ LEE L T2
72, FRO@mT R NF—Z T HUROFEFILEL B EHZ 5 E TITEE > TV, £ 2 THA I,
TYVE Y Z—E LR OERIC L ONADPHE AR E T Y LE 7 2 —B BB DLED T &I X
D, KR NRT VS OENRE AT LR LT, EHIZINODRE, KICRERB-1,3-7 Vv H v
HRX—RA L LT —R7 o — MREICEENMT HZ & T, ZMieBEE— e T2 &I LT,

AHFZETIE, ZNHBEBEONADPHEARESE L7V LA 7 XA —Enb b TV ENRI A r— R,
U T H A ANMRIEIZ K0 K55 20 SR AT
T EM AN U, BB OB R 0 B R AU N
S AT HITIRET DT EDMENL 2 ARy &

LTW5, £7c, RRDWRERTOREDOZITHEL
R T DI, 2EEO Y LY — 8
Streptococcus pyogenes Sortase A (SrtAsuey) 35 & O
Staphylococcus aureus Sortase A (SrtAsw) (2 & D7
n7A L IA = a EEZ VT, NADPHREAE
BRTHDH/NVax)F—F (GLK) BLOT La—
26V VEEMKFEESR (ZWF) &7 S LV E 7 H—F
(AZR) & BEH L 7= ~A4 7 U v N B FHE
AZR-ZWF-GLK D& E 475 (K1) 1 NADPH BERZHNET D
NATY)IRBITI LAY A—EDHEE

2. EBRFHE

NMR |2 L D BERONRF OKIED AT SASREOWEIZILL T D LBV 1Teo7-, £, GLK,
ZWF BEXONAZR %, KEEFEOLE THH ATP, /L =—A, NADPH BX O A F L L v ROEAET
ICHSIN L, 37°C TRUSEATYY, 0, 15, 30, 45, 60 min = & ICRUSHKAZ DB L, BEERGAEEIET 5
72T, 727251290 °C, 5 min MAA LTz, ZNDLDOMKIGKICEKEZRMNLZH%, REHRFTRLF
—H PR E e =X v v g 3L X —WFFEHLE O DRX600 F7-1% Avance I 43 t:#% (Bruker
Biospin) NMR (Z & - T, #&&E D 'H-"CHSQC A7 M &R L=,

F£7-. NADPH HAEREZNETENA TV » BT LE 7 Z—POMERIILLTD LBV 1T/ -7,
EFT. ATy T LAy 2 —EHOKER L=y P RIBEICBWTRELSY, 774 =7
4 7mv NI 74 —BIUOBA AR~ N 777 40—V B L, RIZ, FRRAAL S
(ZWF) & C K RKAA Y (GLK) % SrtAswy CHREA LTDH, N K KA A (AZR) % SrtAses ChEG L
oo 70T A L TAT =2 a URONE, RSB X 5 iRHEE% - (Freiburger et al. 2015),
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3. BRBIUELE
(1) NADPH 4% % & b7e o727 V3 fERFED NMR (2 L 581

0, 15, 30, 45, 60 min DIJHIED H-BC HSQC AL hunb ATP, /b a—RA 6-1R AR )L
L fR, NADP', 7 b T =Lk, BEONN-DAF -1 4-T ==L VT 2 o ZNERICONT,
FOSRFRRNC RS2 > 7P VB O 2 b 2T L7z (K12), ATP O 7))L (ATP-1) & 7 /va—AD Y
7}V (Glucose-3) 1L GLK DN E VL, ZWF ORIGZ LY 6-R AR T va fgoy 7F v
(6-Phosphogluconic acid-1) MK L7z, £/, AF /Ly NITAZRICE > THofEEih, 7 7=
fe> > 7L (2-aminobenzoic acid-5E) & NN-U A F/L-14-T ==L T T I DV 7))L
(N,N-dimethyl-1,4-phenylenediamine-4F) 738Kk L7z, LA EOFIR G, NADPH BHAEND AF /L Ly R
IIRNBEDLRONH A — RiZ, NMR # WA Z & T—FITETEZ 5 Z LRI D LN, 5%IE
BEf s L OHEORA L ORKE(bOT- DI, KEEZHOW TN FETH D,

A " " g ’ . : N,N-dimethyl-1,4-phenylenediamine
( ) NADP™ and ATP NADP™ and ATP D-glucose and 6-phosphogluconic acid and 2-aminobenzoic acid
(B) ATP-1 Glucose-3 6-phosphogluconic acid-1 2-aminobenzoic acid-5E NN-dimethyl-1,4-

phenylenediamine-4F

Rreaction time (min)

2 (A) ATP 8L NADPH, JILa—AE LY 6- KRBT I)LAVEE, FUMSZILEEE LU NN-CAF)L 14-TD=
LoSF7IM 'H-RC HSQC RRIML.
(B) FEEBLVZFORISERYDL T FILEEDREEL.

(2) NADPH FiARZNEATH A TV » REIT7 VL E Y 2 —E O fE

BRI A — RORSHFEE LT 2L &AL, o7 A0 745 —v =

AEIZ KD AZR-ZWF-GLK A 7'V v REEROEMZG AT, SrtAsyy, 38 L

SttAspn (Z KDY — 7 2 X VRINIZE D 133 kD O &% H D

AZR-ZWF-GLK D/ERZfERd T& 72 (M3), ARIF2EMAOT a7 AT 4

F—=a rORFEEEITND L LBIT, N TV FEERNTE Z 286072

BERIGMEZ, VT AVZ A ANMRICEDHIEL T TETH S,
B 3 AZR & ZWF-GLK O FBT4
[PsasEaR ) A b VS~ Ay ORREL

(1) Horiuchi M., Nagata T., Katahira M., Kobashigawa Y., Suzuki Y., Ochiai M. Real-time NMR analysis of
the continuous degradation process of azo dyes using azoreductase in cooperation with the NADPH
regeneration system. The 9th International Symposium of Advanced Energy Science. September 4th, 2018,
Kyoto, (poster)

— 149 -



ZE30B-33

ZRrRFRYMEESEEDOYIEEN
R |, R, AR, AR, e
SRS LR A BRSO R

2 R L — B T AR 52

1. 2REFETFB~T &0 =RV —5

777 2 REBBREBIN S UYEENREL TS 2RITEEY
BlX, FOBENGIRFFR Y N7 HEE SR AEVICEE L7~
7 UTNT = VAT OISR REET 5 2 ENAMLN TS, L5,
A BRI A~y FO/NS 72 2 RTWER CIEZmN TONT B ffiE s
T D ENMmonTnD, BlxiE, 777k bARa bz
FM 2R T REWE Th 5 N HmEALIFE(-BN)IE, Z O FERNIZ
E7 T 720 DFNEE LN ENSHENTONT O G2+ 5
ZENEBRMITREN TV D, X 5T, s ST O RS |
7T 7 = IR OWH T O HAE L. h-BN 3 kE EMIENS 72D~
TRAEEND D VT TRIOBER 2RI T 5 2 L RS
TWb, FZTHxit, EFmlc il Lz mmER20FE2 v
T, 777 =xr% h-BN OEN~T B fEED T 3L —iG & EIREE
DIRAZIT T2, HEORER, 7T 7 = Uil ~DMIHER S N EHE A
FOV XN —HIILETHDHZ &, SRV TF TSNS D
WEPEAD T T A ML —3a VOBEANSTFENRNZ E AR,
757 = DB D h-BN R ICBWT, Y7 /RO B-C ERMN
TERR SN 2 W ERROREE DI R 21T o 72, 7. T CICER S iz~
TaBERIZONWTOZR A —@mns, BERELTEB-CREAENY
O FRANA TNERANLETHHZ EamLis (K1),
2. RNE@EZEALRT /W OfRRS:E

CVD {5 TCE S D h-BN -/ i rid, EFmCHENT 3AR
WEATLZENMBENTND, ZZTlE, TORIKROERGI O
IRZfRBT 2 72012, FENEEE R ZHW\W T, h-BN /i o=
FNAF—Fm B IREBOMAEZITo 72, FHEOMER, =3 ¥—1
(2 h-BN (3K FEIG SN ERmE e Z E RGNS o T, 2,
BE h-BN GAICHWHILTO B JFEND TGl 3728 R imm Sk
R END ZE LT L, — ., B HIREEMICITZE B
WrAix, -/ VA XG50 0bbT, lEFH 8D
Xy v 7DV T h-BN & EERTHED TS | FRITRER IO E
ZENHEN S TG B/ EFIRENEBLT L2 2oLz, £
7o, MEFHEIRIIBHZ R ICIEN - IR A EE S22 0 | 1IE
LOFEANZLVRICAY Y MEFHET DI ENAETHD Z
EERRLTE (K2),
3. I 7L DEREFHKM

777 2 AXEFOAAICE L CENTEOILI Y & E T h)
DR DENT AT NS uih b OB RE ot 23 F
ENnb, EEE IT77 20N LOBBREFHENRE SN T
Wb, ZZ T, 777 = g OBENEFHHBERIZOWT,
SROTEIR 72 B ONTHF AN L2 B RE R O 28 2 BLER R IZ B & vl
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L7, dmDIZRIZE L TiX, 77— lxipz:77F”0>ﬁ%ﬁ§ﬁ%%>%%b\aiﬁﬂﬁiﬂj Bita 52, V7% 7RO HE
WO ’1¥b\a§;mi7§>{ﬂi9ﬁ‘é EZRW LI LTz, )7, SO ERILIZOW T, M2
N4 2 EREICWTEWERMGFOND Z ERHALNIR- f:o

[Fm SR Y A R ]

(1) M. Maruyama and S. Okada, Geometric and electronic structures of a two-dimensional covalent network of sp2
and sp3 carbon atoms, Diam. Relat. mater. 81, 103 (2018).

(2) H. Sawahata, M. Maruyama, N. T. Cuong, H. Omachi, H. Shinohara, and S. Okada, Energetics and electronic
properties of B3N3-doped graphene, ChemPhysChem 19, 237 (2018).

(3) K. Yoneyama, A. Yamanaka, and S. Okada, Mechanical properties of graphene nanoribbons under uniaxial
tensile strain, Jpn. J. Appl. Phys. 57, 035101 (2018).

(4) Y. Fujii, M. Maruyama, K. Wakabayashi, K. Nakada, and S. Okada, Electronic structure of two-dimensional
hydrocarbon networks of sp2 and sp3 C atoms, J. Phys. Soc. Jpn. 87, 034704 (2018).

(5 Y. Gao and S. Okada, Electrostatic Properties of Graphene Edges for Electron Emission under an External
Electric Field, Appl. Phys. Lett. 112, 163105 (2018).

(6) M. Matsubara and S. Okada, Field-induced structural control of COx molecules adsorbed on graphene, J. Appl.
Phys. 123, 174302 (2018).

(7) D. Tan, X. Wang, W. Zhang, H. E. Lim, Y. Miyauchi, M. Maruyama, S. Okada, and K. Matsuda, Carrier
transport and photoresponse in GeSe/MoS2  heterojunction p/n diodes, Small 14, 1704559 (2018).

(8) S. Furutani and S. Okada, Energetics and electronic structures of chemically decorated C60 chains, Jpn. J. Appl.
Phys. 57, 06HB02 (2018).

(9) A. Yasuma, A. Yamanaka, and S. Okada, Energetics of edge oxidization of graphene nanoribbons. Jpn. J. Appl.
Phys. 57, 06HB03 (2018).

(10) H. Sawahata, A. Yamanaka, M. Maruyama, and S. Okada, "Energetics and formation mechanism of borders
between h-BN and graphene, Appl. Phys. Express 11, 065201 (2018).

(11) Y. Nagasawa, T. Koyama, and S. Okada, Energetics and electronic structures of perylene confined in carbon
nanotubes, Roy. Soc. Open Sci. 5, 180359 (2018).

(12) K. Yoneyama, A. Yamanaka, and S. Okada, Energetics and electronic structure of corrugated graphene
nanoribbons, Jpn. J. Appl. Phys. 57, 085101 (2018).

(13) S. Furutani and S. Okada, Electronic structure and cohesive energy of silyl-methyl-fullerene and
methano-indene-fullerene solids, Jpn. J. Appl. Phys. 57, 085102 (2018).

(14) T. Yamaoka, H. E. Lim, S. Koirala, K. Shinokita, M. Maruyama, S. Okada, Y. Miyauchi, and K. Matsuda,
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{bzéEh 2 L0 ZEANZERAS L. 1200°C TOKZEKIMME D 72 72 fiER s 2 —7 ¢ >~ (EBCs :Environmental
Barrier Coatings) DO#NRZ AR FANMREET 2 Z L 2 HAYE LT,

2. EB

NITE 7 C/ESL L 7= SiC/SiC #A44 (NITE-SiC/SiC) O~ h VU v 7 ZAFFEYDE /7 U v 7 SiCH &
BEAF DREMEE OMEI CH D Vv a =7 554 (Zircaloy) ZFIXHEE 80%\ZfRFF L7-/KEA E Ar
HALD 1 ZERE T A% 300 ml/min T7 17— S, 800-1200°C £ T 10K/min OFIEHE %2 & > TH:
FEIFRE] 8h ZVE B0 (TGA: Thermo-gravity analysis) Z1T->7-, . 1200°C CO/KZRKMED MER 5L
=—7 ¢ > 7 (EBCs: Environmental Barrier Coatings) D %) SRARFE D 2 58464 & L TR 3E M i +H (500nm)
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hyFa—hrELT1R20um DA v T/VEDT LT Y 7r—h (YbSiOs) ZIRE L7z, ?2@%®
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T. Shikama, S. Kado, H. Okada, et al., “Near-infrared Zeeman spectroscopy for the spatially resolved measurement of
helium emission spectra in Heliotron J” Plasma Phys. Control. Fusion 61, 025001 (2019), J&1Ti.
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T. Shikama, “Near-infrared Zeeman spectroscopy for the spatially resolved measurement of helium emission spectra”
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[1] R. Itakura, T. Kumada, M. Nakano, and H. Akagi, Opt. Express 23, 10914 (2015).

[2] R. Itakura, T. Kumada, M. Nakano, and H. Akagi, High Power Laser Science and Engineering 4, ¢18 (2016).

[3] T. Winkler et al., Appl. Surf. Sci. 374, 235 (2016).
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5 66 [EG A E SR AR S, 201943 A 9-12 B, ALK LF ¥ 2 /32
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2. Fi
AHFZE CIESOE P F 2 ISV TSI B KKl B OB (L 28R LTz, xtg & Lz E7%
MRS R FBITERNL L — 7 (B AR FOEEER) KON U AF Y BT ¢ (ZZAESERETZITANY
U LLEDEER) THY, %%K%%&mﬁﬁé«U?A%%K%ELtoﬁmﬁﬁﬁ%?»mﬁﬁ
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?AE%)@@@@%@&Lfﬁibto::fi@ﬁ%%ﬁ%# (R SOOIV F T Slig Y B P2
MU FEBRE 72 1T ERER AT & 0 IS L 7oA B PR R B = kL S — %%mtOEMLt%ﬁEmI
FILF—DIRERFITHERAE . &5120 K TOAXMHES TRV F—3 il MD OFR ﬁ%k
b RW—EAIR LT, FE T, Lo KT oL 3 — A SO U 7o BOS IR € 7 /0 &
AR M ORI 2 b A SR LT, = 2 TIERE &4 300~600°C. 10°~107 dpals,
0~10" appmHe/s DJAFIFH TEAL ST ¥ BT ¢ JRAEE) 25805 L 7=,

3. #% E5
HAIZBW TS Y ET 4 22 ) U ZIIREEEAEOE—7HEEZALTRBY, BRI A—-2TH

% dpa/s &U\ appmHe/s DN LN E — 7 REITEIRANZ > 7 M 2m AR Lz, Ziid, S
INTG A =B D EFHIZ L > TREIZER LTSRN RA RIZHATDHZ E T, ™A ROZAERRPEE
éhtk@ﬁ&%i%hé it\%¥6?4@@ﬁb$ﬁ’iﬁw&%Vw%ﬁ7®%% 1272~
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1.5

- (a) High appmHe/s 15 (b) ' ' '
3 [ 10 dpa & Pv(dpals) : .
D 101 ERIERE AFE D 1ol HFIRIFFTF p, =~ 10% dpals .
) | RIS YE—LES | AT v :
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< ! \ X
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B BETIRFHERUATMERBIIEIH 5 vE T4 RIS OREEEIEICETS
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4. £

AMFETIE, 7274 FRAESOEKN T 7 e baxts s L, Kip= R F—1FRIzES0
TRIMaEAIREE T AE & RS 108 U CHERMICIRE CTE DS EERET VAR T H LT, %
¥ T 4 RAEENIK T DY U AR OB LA ERS L, 5%, 1A — NEEORESS
HRNL L — 7 % G & T2 R R AT R 2 B O BRI T & R EH T 2 LB B 5,

[REARERY A ]
(1) Y. Watanabe, K. Morishita, M. Ando, D. Hamaguchi, H. Tanigawa, “Models for temperature-dependent

swelling of fusion steels: Reaction rate theory analysis”, EUROfusion WPMAT-IREMEV meeting, Jun 7,
2018, San Sebastian, Spain

(2) Y. Watanabe, “Modeling and Simulation on Irradiation Effects of Blanket Structural Material in Nuclear
Fusion Reactor”, 9th International Symposium of Advanced Energy Science ~Frontiers of Zero Emission
Energy~, Sep 4, 2018, Kyoto, Japan

(3) Y. Watanabe, H. Iwakiri, D. Kato, H. Tanigawa, “Hydrogen behavior in primary precipitates of F82H steel:
Atomistic calculation based on the density functional theory”, 5th The Nuclear Materials Conference
(NuMat-5), Oct 14-18, 2018, Seattle, US

[%H]

(1) PRk 30 FFER BB G DB TS N A # — 3K E, 2018 4F 11 A 28 H, Nz, MEHEHE 7 =F
A NEIZIS T D FEENTHY T OIKFE DR
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FIfE—B8 2, mEE 2, [MEEZ 2, KNE?
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3Max-Planck Institute
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R LTIRESM ORI CThH o7z, L, ~A 7 i OEET 1 ¥ X WRIZ X 0 85y fifen
ELLHIL, HikE 227 RUIZITW ECE 287 RV OEAS, R OFERAZR R 5545 0 B R AS AT RE
720, ~UF hay ] LHD IS T ERE RSO TnD, ZOF ¢ V¥V ECE #HW5H 2
ET K 0 IRE ORI A B TEE & OB AT,

2. PR 30 EE DR (a) #0990
SRR 29 AEFEICA~U A Ry ] @ ECH 77 X<=IC t=85ms
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B —rFy N 7T A= 121 kW O<X— 2 ECH (Z 93
kW DEY 2 L—3 3 »ECH % HBIIRICES L, t=0.5ms
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ThbD, ZOWRZE D ECE A7 "MLOREREFE (b) #69965
Z®BIM L72, ECH turn-on BRICIRENHEY 957 _ t=85ms ‘
WA 1(2) & REEA AT R 28400 1(b) Flattening Peaking
Nhb, ZZTST/T IX ECH turn-on % DETFIEE
H-DZESy % turn-on BEHIOIRE CTHELL-HDTH
V. ECE A7 MVBRIE T /BT & LTl L 7=,
7T X2 BIFRNTRNG X S =8T/T L7 %,
1(b)7> B AL/ N p~0.25 ITH5 K Y 0.35-0.4 T
AR AR N STV D, — 5 Tp<0.2 TN t=2.5ms
ML L T %, 5EMlIE ECH turn-on [ELRT O 5y t=0.5ms
i C ECE A7 MGREZIZIET 2001 & 5 )3,
FRIONMPER SN TWD EEZ LN, Kk !
PRERODD X7 MEORAHED P2 Y 2 gy EeE RROMLOBMEES. () BELSR
BELFHU OFE R & O 2 A %D 5, AR SUNSNBA (b) BB AKEMEA
TH DAL, BERREEE R DU T, FRICL O FHA S D R eI =
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77 Lk

E AR B mWZER o fFRE 2 TR L CHER I & ORER & a5
LA DZAITIN A, AFEIIRFRFER OMITIZED Lz, 2 13X 1(b)L L a v FTHDZE

£
] 5 MO JRPTRE O EZ L Z R L CWW5, ECH turn-on % ton & L CUWV 5%, ECH turn-on H 72> 5 iR
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i S IOREEBEB DA U= REENE 2 b b, S%BINAZZERET 5,
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° K 1
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= pre I
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____________ S ,'
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B2 HILHH, M OMRE ZBEEICEHIT 2 FEIZR O TWD, Fiz, WAFHOBGELICE L
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T OFIFFER O & ILFE T, &M
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Methods 10: 1232-1238 (2013)) kY R E P35 & O PN/ S o0 3R 21 % T RE
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DEL, ZHUNFIEAXZ MDD 2 0O =7 MEOEEZSIEEZT I LIZE-T, MEADLE
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%2 LT, BN T & DRI A SIS 5 Z E N ARETH D, tsGFP 1T X L XIBER—ATH D

D, BIETEEAT LT CIRENICAEMBN - BN THRIIEL 2R TE, SHIHM

AN/ NS ERTES 7 F VB 535 Z L T, F/IREICB T 2/RNBRBENAIETHDL, 1L

LD =% HNT, /IUEFF R BGEAS, I har NI T

WO —72IRBEAR D RIFABIZ HAkEN L T % (Kiyonaka et al.,

Nature Methods, 2013, Kiyonaka et al., Nature Methods, 2015), % L C,

INEMAWT, HeLafifdd X by KU 7 oHCliE, NERIC=X

JLX—PEE (ATP PEAR) 1T TWAREBITIEE A SV &9 F
BIRRINFIET D 2 L 2 FEFE L T2,

Fl—#fmD I hay R T7HICEBIT DIRESAOIFEITEL X

XL Thoe, [FEROBLIIFERS D 7 — 7 b bl S

TBY, EmORMEHV 2RO N >20H 5, ZNEITi

2 FHIEMESLT-tsGFPILI3TP ZE ARFIETIE, X o\ ELFOFEEZE L, tsGFP #tk B LT,

RAQEEKREWEBERLLAE RN NSENOREZ/FTICHE TE 28— 0RB AT
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WA O EEFHRIZS FTREIZ 72 D, BARBYIZIE, v a v ¥ a R EOET LAY TO in vivo Fil
ZREE LTz, 25°CHHE DR 2 S & T X % variant ZBF L2 (K 2), 512, 25°CfHED
IR 2R AL 2 B4 D ARIE Y tsGFP (ZHIIER(E S 7 F /L 200 U 7= variant OERUZHETFT L CWb, £
7o BRATY 7 VAN LT tsGFP 28 B4R 2 T MR JE AR A7 L 72 Ml Bz NI EE D% RE 251k
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SO, 72 b NI S MR E 28 b & R L7,

FHETAIE A 720« 0 - WIESRE T CHIRBE S =X VX —EAEIT O R AT L% L0 FEH
WAL D 2 Lk, FOEMEEICHIC DR D, RO, BUNEZ 25 ERO = R X —
PEAEE A PR 5 2 L IR EE BN D, Fo. AERNIEE Y U —DFEM & LA E AT EE
R R EERANAFELZFONHIE. PexI v g UFSEHILERSSRICE T A C IS A,

(R LR Y A B ]
(1) Kohki Okabe, Reiko Sakaguchi, Beini Shi, Shigeki Kiyonaka. Intracellular thermometry with fluorescent
sensors for thermal biology. Pflligers Archiv - European Journal of Physiology, 470, 717-731, 2018.

[PgERER Y A K]

() %A e T L A RAE CHIRPIRE B Y — 23 BUE L2 AL R T IR B R AR
30 4RI ARBIARTIERTATZES « [ O = R L — SIS IR T 35 1 2 oAb & 3@ Bl o0 BEAR I T2
7T 20184F4 H26 H~4 H27 H [ 77 LAk —

(2) Nobuaki Takahashi, Takashi Yoshida, Shinichiro Yamamoto, Reiko Sakaguchi, Yuji Hara, Masayuki X Mori,
Tetsushi Furukawa, Shunichi Shimizu, Ryuji Inoue, Yasuo Mori. “TRPCS5 channel-Caveolin-1-eNOS
signalplexes coordinate interplay between Ca** and NO signals in endothelial cells”, 18th World Congress
of Basic and Clinical Pharmacology. 2018 47 H 1 H~7 H 6 H  [E 7 5 &R EH RS AR

(3) Reiko Sakaguchi, Takashi Morii, Yasuo Mori. “Development of Intracellular Thermosensors for the
Understanding of Energy Production in Mitochondria” The 9th International Symposium of Advanced

Energy Science. 2018 4£ 9 JJ 3 H~9 A 5 H HEIKY: FIEF v /3R

4) WO B HE OFE, RE RS, B BECTOLFRRBEFEG A A —D 0 JIT K D IR
FIRE O IR 70 8 BBLEH 41 BIA AR AWM TFEFS, 2018411 A 28 H~11 A 30 H
7 4 ik

(5) W o CENeE X XY IR Y — & W T AERNIREE AR O E F OfiEH” Biothermology
Workshop 2018, 2018 412 H 25 H~12 H26 A [z 77 Lo Ak & — (RAX —FEK)
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PR 7 1 2 2T 20T > Ty,

AL TIE, HEBEBRER X A IVvar A4 RICE
%N/—% BOMEMT B AZRA LT~ H @1 BRLBESIHLAL SR ORSES

i & ERIC X D AT o T,

3. MREEBE
EBRGRZA IV A RO XS RIERR B IZB N T
13, BRI O —a UHHAEAEHOMENREL 725, & i
ZT, AN —RRROMEMEE L LT, B - EALF D7 —a 10
/ﬁﬁ%% TR U7 EEA &2 ORI IR L i
o X 2120%, BRERAENT I A5 DAL To /N b — R AR O 1. Bh -
ﬁk%tﬂm KXERT—F %270y L TWDH, 2O o
E%%W@i?u.ﬁmﬁ%k%%T Z VIO TR W—E % 3
RLTWD, ZORERID . N —ERMOMGEN 281X, b
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A THE LN R, AL—HBEEZRH LS 7 ha=7 ZQAIKOIEE L 25 H D
ThY., X =MD THN2RRIZORND EEZHILD,

LmsCFg R Y A ]
(1) Yuhei Miyauchi, Satoru Konabe, Feijiu Wang, Wenjin Zhang, Alexander Hwang, Yusuke Hasegawa, Lizhong
Zhou, Shinichiro Mouri, Minglin Toh, Goki Eda & Kazunari Matsuda, “Evidence for line width and carrier
screening effects on excitonic valley relaxation in 2D semiconductors”, Nature Communications, 9,2598,

(2018), FEITH
[A8A%ER Y A ]

(1) /N, “HEEBSB X A DLl A NIZBT D/ =000 & S L—g e, 18RR, 25 1 (A
Bar ROLT A A BRI Y — 2 22 v 7201849 H 27 H, A ERY
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TIZ COx BT Z ERhRALT Dkl 7e K OBIRE N ANATON TE 12, —F ., TORIGEE R I+
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SiC |25 H 3 %, Carbide-derived carbon (CDC)iZ

v ari—A K SiOEDRIHMN D RFE

VDS DTTHFEERETDH 2L TIEREN D RFEH

BtTH D, COCIIIERFFHZ I 7 m R T NIER S

L, XY RN AORERERE LT 6T

ZEMND, BROEBEX v XV HZ OGN

FEINTWDB[1], LLIZueRT7HhoA 4

DIEEMNMEREDR My x o 7 Lo THED, 2

I AR TN T E BT A VY RT #18
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13E DALFH L TE MO 8 S BTN LMD T
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. FAH DL SIC ~DA A WBEHIZ XV A5 saES

FIN~EXRMEERESE D Z LT SiIC oESIL
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2. 2O Z EnDA A S %17 7= SiC % HF

IR CEHRER L T AVXEMD N — F A3 Al

HTHhDETHL. B3 EiTFoT, Figure 1. (a)HF JA R TDAA VB DHEIZLS
ERBMHBOEL, b)1A AT SICITHLVTHF
2. EBRGE F1=1% Na, SO, ZEERIZCAL=EED LSV D LEE.

SiC FEHUTIE n-type (BFH F—7") 3C-SiC(111)
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on Si(1TDFEARZEH L, FEK =R X —B T 2T OB S ©— L EHR G 24 (DUET) &2 -\ C
Si?" A A% SiC HEM~ 100 /MBS Lz, A A BENIEZEH . 400 °C TiTo72, ZDOFREHIKI L
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JG U COEmBTE IS (TEM) ISk 28881772 - 7=,
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DRBHDDITK LT, 44V HEE2IT-> T
VY SiC TIEEROBE LEIT R 5, K
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N i N S i Z R—F
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A A WAEE SIC 125 LT 2.0 V vs. RE C 10 4yf]  SIC RED SEM &
TEBNLEM AT > 2B SEM g % /~d, SiC
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[AEARERY A 1]

(1) (Poster) Yuki Maeda, Kazuhiro Fukami, Sosuke Kondo, Tatsuya Hinoki, Atsushi Kitada, Kuniaki Murase,
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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 2018 session, the project team continue to
monitor the villages and conducting surveys and the quality of life after the electrification.

2. Research Progress

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

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
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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.

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.

(a) (b)

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 the satisfaction levels,
particularly in life satisfaction, psychological well-being, social relations, income and daily activities. 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 most of the 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
lifestyle, where there were increased electrical appliances such as washing machines, TVs and fridges found
in the village. The installation of energy meter and wirings were free, but restricted to two power points.
Villagers had to pay extra cost to the contractors if they request for more wirings and power points.
Furthermore, 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). Compared to the findings from Kampung Sungai Merah, it was found that the
satisfaction level at Menangkin only increased for the areas of daily activities and symptoms. For other aspects
of QoL, there is a slight reduction in satisfaction.

3. Conclusion

The project is in its final phase of monitoring and evaluating the changes in QoL for the rural community before
and after rural electrification project. Currently, the data collected from two different sites using different rural
electrification schemes have demonstrated different changes in QoL prior and post-electrification. Further data
needs to be collected to analyze and understand the factors that will ensure positive change of QoL with rural
electrification.
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LA R 2R A HICERE L, MCT MHER O fRIBL S % S I fRT 35 TECTH 5,
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—EBEFAFHIZCEKBLUOFL— 3 R EBIEOER

BIBEAT 12, RS, REE]
VAL R A AR A L RIAT 7E R v 2 —

2 LR SR
SIER R R L X — B TR AT

1. 1XC®IC

UF L2 LR Ko TR SN B ABUR R OBRICH A A L SME DO Z LT, R
HEs EHAGDE D 2 L THRIREE T L LTRSS TR Y, ERLE - Eh- Vo ~fiexL
¥ —53fifee (AB/E) ZFF23 v FL—FMENREL < DIGHTRD b TS, AB0; (ABIIILHET
AT BY E 11T AT /BT OMEBIRS — M) CTRBILIND A vy v TR T, Ce:LuSiO;
(Ce:LPS)[1]4 £ U Ce:Gd2Si,07 (Ce:GPS)[2] & W o 7oA BT, WIS ESCE L7 ABE S S v T
D03, RO GPS IZFEFMFAIAA AL CRIEE(LDBNEETH 5, HFRNARFITHRRA R0 %5
B L. GPS ® Gd ®—#f% La [ZEH#2 L 72(La,Gd),Si:07 (LA, La-GPS) T35\ CHAFNRIR LA AL I Bk
h L FERRIEAI TH D Ce RN L 72 Ce:La-GPS FEfan . BEFOB Ly T L—F L0 @SV &.
B 7- AEE 85, WfEN S o5 moMREICItiT 2 Z 2R Lz (F1) .

T1 BEVOFL—EDMEE (CeLa-GPS LI4t (L8R E)

=) N #5h %2

Mk %[:7;;?/[6\/][jllé keViAlf\gEHIE/ffz[%] %/ﬁ?i Egp [eV] %

TI:Nal 40,000 7 1 5.9 AT

Ce:LaBr; 60,000 3 1.1 6.4 LA
Ce:(Lu,Y),SiOs 27,000 10 5.2 6.2 H U RE
Ce:La-GPS 41,000+1,000 4.4+0.2 2.0 7.2 Bx DSBAFE L 7o iE o

(GE1)Zs* 0T TiNal DIEZE1ELI= (=L, Zeg. ASFNEFNEADRFEE . BE),

Y > T L— 2 TORIEBI 1 OL DT
NS TR CTE | (RIS & > TA U= EREE 123
SIHIEL DETEEHSE, O)ZFNONMEEHND
A b S AR A s S AUCRYEH OIS B L B
Wbkl (R—n & DFFER) TRERADEL D, £
FL—F DN Ry v T TRV X—E,, EHIEDH
%@\E3@i5ﬁ7ﬁyff%\ﬂm\5$i@Q%
FNENAR T o~ ORI X— B ELRDH
HLMZH S S D RN E L OO .L ToORNIE (&
TUHE) T8 &,

(GBI E)= {Eraa | (BXEgqp)}xSxQ  <1>

EETF D, T, 0<Sx0<1, 8 IZHSERAIC 2.3~2.5
FEIE T, B 13 Egyp 2K 95 ?‘ﬁxﬁwﬂﬁizﬂﬁ%— 1 SUFL—2nHAHEOH SR
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(W) & DI(B=W/Eg) EFRIRTX | X2 Ok (F28) 1
S=0=1 LHENRGA0ORE L TEBY (72721
8=2.5) . 4 % TIC Ce:La-GPS 1% S ML DOE kL D % 1.5
NH2BEEBWVW ENO0o 720, ZDOFERITIARIAT
5D,

S BENI L&, LVEBEMICHRL DI, S0
Z IR, ﬁﬁﬁ@(b)@i@ﬁ%\ T b bLE L, OFES
ZHET D720, —EB AL DFEDOIEEE RS
:k&bto% T, Y FL—F 1B LT LIS
CX B L LT, EUEEASET LR T EERGE %@ B 2&SUFL—EDEHKEE E,. DBHR(S])
HH&E L —F—haix (WFH) IC, ERETHZL
L. S4EEIZLI 2 A, F—BEL LTIV FL—E~EFEAN LI XORER EZBRIT S

L& L7,

2. EBRFIE
Fal I NAF—IEZL Y BER L7 Ce:La-GPS
FEEICOW T3 DL Dz, Uil - wFEE L 7=
w%t@%ﬁ1£(ﬁ$fh 7 A H6610MOD)
IZ~w > kLT, KU-FELIZT, 2,3,...,6MeV IF
B AEAF ST, A1 A2 —7 (Techtronix,
DPO4104) Titdk L7,

3. HRELBE K3 (a)CelLa—GPS DEE (44 X: 10 mm x 10 mm x
FONTREEERZX 4O X DITRT EHFM | 10mm) BEUG)REFESIZTIVMNLI-BOETR
<M@iﬁV7ﬁA%ﬁ&%EL@w%%&ﬁof

o HUTEZ OWRAER S, ) A AA XV M &R
%Té%ﬁ%@%i%ﬁ%ﬁ#% HEWI LI=A N> N ORI BEE NFE =R F— T &b
T 570 EDOFEBEIRMNT 21T > T D,

KAEEITIL, Ce:La-GPS LIS DFEERIZ DWW T b, [FIEROFERZ1T 9 Z & T, Ce:La-GPS & Z DD
m@ﬁﬁ@#%%%ﬁ ILTWL ZDH 2T IHEFHEEEBIRONS B30 K2 ns 572
BTFHIEIC N DB & ORI ZEN L 2 565 < 72 5 TH ﬁﬂ%ét%\iﬁiﬂbﬁﬁ@Eﬁ@%
ST DT DDF LR EROEAN B FT LT\ D

(2% 3R]
[1] Pidol, et al. IEEE TNS 51, 1084(2004). [2] Kawamura, et al. NIMAS83,356(2007) [3] P. Dorenbos,
NIMA486,208(2002)
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RNBEHBEFL—F—Z2AVERERMH
EEUAEMRIC DR

Bl Y BERE |, RASR, BT, TR, ARG,
SO, KDY, A
U AR TR T
P AR
SRR R L — B T AT

1. XTI

H AR E B HFSEhER%  (Laboratory for Electron Beam Research and Application: LEBRA) Tl
WE 400 nm~6 mm (EEWZ) £ TOHHETFL—Y (FEL) Z2RIELTW5S, —F. HEKRFET xR
B T2WFFERT T, R 3.4 pm~24 pm (R AIZA) % TO FEL 23R LT\ %, Wl FEL fififx
ZIFEFRIAT 2 Z k0, FARAREER (3 um~30 um) O EE /2R OB ERICKHETE 5, #
P B 0 RIS X ] FEL sk O BRI /e 5 DT, EBROBER L UG EE 2RISR
%, 2T, Iz HIXHRAMRIER D FEL BNAEMOEIERICE D L 5 B2 L= 030, Wil
O FEL # THEO®) & Y H=0&IR) (TS LT, FHEORIRA A EEOHE &) 7 =HIR
MO DEX Y 7T IVDFEKE IR AE BOS EIET 5,

2. BECHLROATEES) (REEZEK) ZFA LRI FP»0OKRBEE GREL)

FHEOATRIERB(RBEEZRIER) R L7 KA D ORBETEIZOWVWTH, Trx I v g Ik
L CHRREWIEO —>Th D, RO Bi%k% b 0% BBEITAEEREA NG <. AR OBMEIZ Y
Mz 5%, ZOBHBEOEWEENDZRHA LT, KKFORET AEEREXX 5, ZHEOAGTER
BREAFBHMMZR 2 SCIMICHE Lz, TO/R. 22 CTHE T 2RI )T 5 RERIE RS DO %)
RIZHONWT, EHIFCHEHLBIC I DA ERAZEE NI, EODRWe A X = F NS 2 &
DENTHDLEH LTz, e A= ZTIROAME (8 60x30x40c m) 2 D2 10 IEFDANT, 1
DOKFEIEADHYGTZ 0 DL WGFTICEE L, &9 OEDIERIFT TRV =— VIS TE -7, R
HIINAFL W) Z b0, 1 EBTHARTE S REERIE L o7,

7272, 2L OFAEHESRT 5L FMEPEBT IR BI 12 RE5 Z LRI TED .,
SBITERGEZHE LT, £io, HEKGFEHEEZHEID 72012, BARKRFEE TLFWFIEHTE 1-#~
FIFAFFEiR% (LEBRA)FR L VAR R F o p /L —H T20F%80T (IAE)D L — W — 3 4RI E & VT
SFEIERWEFIRCTOBIEREI DS EERRIDLTETH D,

3. TAUBVY H=BR~DF R FEL ORHNEE GRE2)

IROMRZ A HPERE TE DT ON T, BBREWVERED —>THh 5, EF. & OB RS
PICISETD2WMER D 2L OOFRINUI ST 11372 < . FIRABISEIL 2, 3 0EMTHHNT
WDHDBRTHDH, Fhzblx, mERF® FEL (KU-FEL) & HA K% FEL (LEBRA-FEL) ZJtf L
T, PR T AV AP Y H=EIRICERS VTNV ERKTHZEE2RRA L, COFEELHERT
% 7= Fli~ O Filter i ASZER (IR cutoff, NBk7 glass, Silicon, Long-pass 72 & DA HE) & & I8 (f
KFBFOFBAICLD) ZBNTEHZ 1LY, VU T=DEIRARITTRIMRBEISE TS &%
MREL7- (1), AR, “FEHEOMETE (GEkD PowerLab-LabChart 3 & Tektronix OSC %) % A
L
T LR T — 2RI RIREIC IR o 72, ZFOFER. RIS T 2 2 FHOKSRPRE S U7 - i
BOG GF 1A 1, RIS U CHEPRIE D /N S WER Y 7 (Bl S 72 2 BALE) &%
KT D, BORIE GHE24H) X, ZHICENRT (50-60 ms %) BROADOIRIE (IR ClXa %) 2A%4E
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&1 LEBRA-FEL 3 -m BBHH{ERIZFET D

&-¥& Filter
Filter D% A 7 R Bty
IR cutoff+tNBk7+Silicon | Negative | No HGs, No IR
IR cutoff+Silicon Negative | No MGs, No IR
NBk7+Silicon Negative | No MGs, No IR D D
IR cutoff+NBk7 Positive HGs O
IR cutoff Positive HGs
NBk7 Positive HGs
Silicon Positive IR
No filters Positive IR
VALY % iR T & 856 % Positive &R L 72,
CEMWIEAZBIETE D L EICEENDHIE - HGs 12 FEL _ . S e L b
3 um (2 F F 15 i (Harmonic Generations), IR 12 D 1 -'fl{jj —1EIRH b.a) B '&ﬁé
WSS T L 7 RSO FEL 15 3 pm, O =1 o [ ]0m

L. Bl&feE 77 2MNTIENE (R b3%) DK T D (a L bIENL R DBAIE), T D%, FEEO
EICKVE 2OV IRL (53 FE. & 4 MITA) BRAE L9 2 TERIEEN (RO 72 v iREE)
WZEYET S (1), ZOEMENLRLISROE 1 FITAE LTS (EFWE OB DWW TIEAR
) EHEEESND ; ZOSICHEIN T, F2HBLOE 3 (ELADRNA V7L ADFKE
PE S B OS EHEE) DRAET DS OOBIRT ORISITBE -9 A AL, i % 1 XHEEHE R O FE¥E
R EVIAREE, E. AEDERIMIC X 2B on RV (N BAEEWE) DV A - v T RAERIC
FHolsnpBR Y7 (P~ F2ITHED BRI~ OFRAE LR A = X LHRE ST
WD, ZIVUIEFIZE E 220, T AU YU H=EIRN G 72 6T RS 5 A LR - B R B
LLEZOND, ZNOOEMERE GEWEUG EBWER) OEMFIER LS A B =X L%
BHL7=V, SBOMIERETH D,

(R SCHER Y A K]

(1) Shishikura, F., Zen, H., Hayakawa, K., Komatsuzaki, Y., Hayakawa, Y., Sakai, T. Kii, T., and Ohgaki, H.,
Mid-Infrared Free-Electron Laser-Evoked Discharge of Crayfish Compound Eye, J. Nihon Univ. Med. Ass.,
77.(3), 159-164, 2018 (June 1), (FE1TH#)

[REARER Y A ]

(1) Shishikura, F., Zen, H., Hayakawa, Y., Sakai, T., Sakae, T., Kono, T., Kii, T., and Ohgaki H., Study of
carbon-based materials and bio photoreaction using infrared free electron laser, HERSF HomlxzxiL
X —FRTRMICATERS S AR U A 2018429 A 5-7 H, RENFIAET (KA % —)
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ANJF OV JIZRTSEERSE TO—TI2LS
RAEA &S RIRMEBOBZ I

BRI, EAZERS 2, WEZE S, KEET
VR OREETIERT, ? LBEE R, BRI, OO koL o — B AR ST

1. XL

FARF-ONY A b o U NTEFEL L BT~V 0V EE CER AR P 78T OLHD & (5L
THABOEFIEETH D, illid, ~V W EEE L U RS R0 6, @ T AHEHIEIC L 5
7T A= I OYLRIZ X Y NBVECHMEZ fF ] L TR E2.0x 10° m T, EIREL.6 keV, & FH
THNLF— 6.0 kI DEFOLNTWVD, ZOXIRTTIASTORAT T A~ DEIEER T T X~
NI A= —=Th D, AHEEETIINV A hr iZA A RERER 7 v —7 Th 5 Il 4~
JL 71— 7 (Asymmetric Double Probe for Heliotron J, ADP-HN)Z i U f+1F, T2 E 217> T
72o ADP-HI CIXEMINIWE IS BN DN o D03, BRIEAR— b OBIR TEMYNILE )
E10~20FEDAFEL R LT\, 207w, Eff/eA A AREOFMIZTE 2o o7zt MEEEDIK
WX, Hr LW A T OEENR 27 L7 v — 7 (Differential Double Probe for Heliotron J,DDP-HJ) % fi#% JJ##
MWIR DX ATILE LR TEZ 5 72, #l45OFEE R — b ~OFAT 5720 O EHIMRET 21T > 72,
SRR, THBRBETOT =2 2T LT, ~U A ba v ] TORIA A AREZFHME L7z, £
7o ZRRIRE IR IG5 K 9 Zetids ksl &7 L7 v — 7 (Field corresponding Double Probe for
Heliotron J, FDP-HI) D%t & #iaf L 7=,

2. ~NUFbvuar ] TOAFARE DM
o
1.6 o
M=1;-B=11006 o o °
15 L-a=1.5mm ; 2
\9 oo
L L/a=6, L/a=3_~ [ .
: d o o
; / /; o o:o
= 1.3 l/ \9 o
- / " Lia=8, Lia=4 [
2 oS
VAR 4 "
1.1 / ©Ooo o0 o ©99%o00i0 ©co©o o
/. S
1 //
0 50 100 150 200 250 300 350 400 t (msec)
Ti (eV)
K1 BIEEANDRDZB(FEE K2 z=3mm OEETHOAAEE T EEFRE T..

VIR L 7= ADP-H] TOT — ¥ # it LT, 4 4 RE ORI 21T > 72, A A4 IRE T 1338
TEEE Tiong/1shore DN EE TR E Y . ADP-HJ TlE Li/L,=12/6,a=1.5mm T, L/a=8, L/a=4 DA THDH D
T, HEMIE Tongishor=1.01-1.21 N#F 57 TED | T= 120 270 eV BFHMECTE72 (K1), Ziuix
SN46971 D75 A~ T, Yo —T7ALEILY) 2 Z—15 z=3mm ONLET, #HIZ. B= 1.1 T ThH
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be TITAEE I n=3x10"m* Th-o7-, EBEE T, DA A ERET) (K2)

3. BEBMIGEIY TN T a— T DEE
FDP-HJ IZ ADP-HJ L[ UkEIC, 2D EMEFFHSOZX TN T u—TThb, 7 a—7FMIMEEDM
ETHLA A RENIETE D X HICKE L=, ADP-HJ IZERIREMR L EARERO T 0 —7Th D
(3),

REREEITITY 1 BEXFTUTFY

4 mm¢ h (B& 4mm, E&ZE 1.5 mm)
ﬁ
Rih o
%8B ~
40~50°
Aayk
EYTF
45
mmL
3 HExGES D)L TO0—T (FDP-HYEET R ()
(&£ Y A K]

() EBJFath, EAZERS, MEZ. RBEMS, ~UA e ISR G 28555 7 v =712 8%
JEDEHA & S ERONEADOHFZEIL, R F—H LAt r = vy a Aoy
NV — TR RS SR ER - SERIFZERCR IS E CEAR29FEE) p. 196

(2) K. Uehara, Y. Sadamoto, H. Amemiya and S. Ohshima, “Boundary Diagnostics using Field
Corresponding Double Probe and rf Heating in Heliotron J-III” , The 9™ Proc. International Symp.
Advanced Energy Science, p.241, 2018.

(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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faA SILTSAIREDERIBB O R
KETE, KEEMN? fER!, B!

UMK L) T
2 R L — B T AR 52

fa A ZNTT A ETROT — 2T Tl Bl 77—V o BHA AR L L — N DA EHRE TH
D . FERRIERENT 72 & DAY TR R 2 IO TWAL, 2], — . AR T T X~ Tld, &— N T
IXEEDITIIM M T X VNI « BRI KREBEZBNBIHl SN TR Y, FIXIEAT LA THT7ED
SR IR ARG (5 2 D BN RE W EER SN TWD, AFETIE, 77 A~ELiD AL 77— -
R MVEOZED L D 7R « RIBELENCEE L, FRCHMREEEEO/mRE— AL M EORK
FHENT 72 A BRE L C, MESI R E DT T A~ OB AR H Z L2 A LT 5, HEHENTO
Bl e LCiE, WESROBEENFE LIZEMR T T A~ EEE B W CRBUSHERHENT 217 > Tk 0 [3].
ARALFEFETlE, TOTFEEZE 272 LT, 77 X< 0 L 0SB 725 1 2152 72 O IR
FEORMZIT> TS, ZNETOMETIE, ~V A e JO RS XN T T A~DT T AvEE
ST CHEUS L7 TREBNEINICEH L, @IRE— AV NORRIREBOVHT — 4 257, 7=, £
ORI R DM bic kv, BV A 7 a baEmeh (ECH) OAR - RAFOZ A
YN BT HELEIRDOEIRE— A NOEEBEBIH Lo, ZAUE, BIMEREOELTE T T S R EE
G MR B A Z DRI YT 5, SATECTlE, M~ 72 7T X~ OFEHIRIREN £F 5 &5
SOE L AFHHRFZ IV T, FEEHRIBIC T DI0E ZTH TR V4], TOTFEE~V A e ] 7
FATHHEHA L7, 61T, ELROET /AR, GLIE ORG-SR L, FFICEE ERE LD
M RRERA 72 2 IREAELA 72 BB E OFENERI STV D, ZOHE . EESCKREN & 5 LT D 22 [H]
HERFEZ BT fORBUC /2 > TR Y 2 OH5E 2 IREAEM 2K FHERBIN D LW I BT ARREIN
TWA[5], AMFZEREE T | FEAEE DOBFEIZ I\ T, 2 ORRERAY 2 REAEI BRI D> 2 D4R %D ECH
DA M L D FHEZ BRI L72[6],

A~ A hay ] T A T, BN TR mE AU AN E > TEHES N TWAH T2,
WREOFMERAZEET L LR EUDT 72 27 7 u—7 TEITRR IR IR IR AR 22 E M
OB Z MM FIRETH D, — ., FRHCIEZEFHNCELREEE & 2 — L > M RBRIRIR R 2 E M
(MHD ##8)) MRIELES Z L 2R LT 5, GLIKOFEHIMEE 2 6T 5 LT, i#Tic 4720
SLIHEEN T — # 5 MHD fRB) OB ERETHZENEETH D, RS & OEmaE R E 2.
AAEFE L, FEBENOR DD ECH OLFICHEM L CTERZ# 0K L TV DRI, MHD f281% 7
—ZNBERE (B TEIE T « VX —%hid) Uiz b CHEERE & RIEROMNT 217V, MHD +%8E)
DFFHNT~D B DWW TIR T2, Fig. | 1ZFEAE & RERICREIH B, #EeE ORI Z R LK TH
V. (a,c)lX ECH 28 AS S L7 dRBE, (b, I AF STV sV REETH D, F 72, (a, b)id MHD fE#Eh %
BRET DEAL T 4 L Z —% AN TWRWGEE . KO, dIEE 7 4 V7 —% A58 2R L TW\W5,
TORERSLE, FPTANVAF Fr s ] OSBRI S EREEMIRE ORREREY 2 REAEH B
PEIX, MHD 28 OFBIZE O TSNS Z VB L, Z OBIRENELREEENEIR CTh 5 2 & 23k
Moo, £, MEFORBRRBRINT 2 REKTT 4 v T 40 7 THRLNLD D, AEOHI Ta-d) D%
REIZEND D ZENHBH L, BEARMICIE., EE S ERE K oficix, (alx
K=(-0.62+0.02)+(-0.12£0.067)S+(1.48+0.09)S?, (b)IZ K=(-0.59%0.03)+(-0.03£0.087)S+(1.98+0.09)S*> ?. (c)
1% K=(-0.8040.03)+(-0.03£0.06)S+(1.49+0.09)S?, (d)IE K=(-0.77+0.04)+(-0.10+£0.07)S+(1.59+0.07)S* DIE A
Boiiz, B2, ECH BAH STV WEAIT, EEOKFNE MHD fE81 2 B RV 723558105
KTl Z LB TH D, LL, ZOETBFATITEE TR VWEIICRAD, 742 —D
ALOWTIUTE L, RERDY 2 WEIKOBEMENSH LBl S -, ATz > T, ~U A km
> ] OJFDELTE T H R 2 RS OB DD BT Z B iE, AT ST Vb Ea T
FLIE OB R EA CX 2 FHEMEEAZ TR T LD THY . ~U A br >y ] 7T X~ OELHFHIMEE OB
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HRIZABEODT 6N D EHIFFTE 5,

REEDOT =2 L > T, ~U A br s T ORIELRICH L, 6Lt & Sl o e —Lr s M
FEEDNRET D% B EUNICEIE 7 V& — % FE T2 2 & T, ELIOR IS 2 il 3 2 e T
EDAINED & D REERED D BTz, S%IF. 13D IVRERELIE 7 /0 ECH OZEFIFIZ 31T 2 BLI
DOFEFHHIMEE DB Z LV FE L 8T 5, BARMNIZIE, ECH OFEETx U TR AL TR &2
P TEBLTERY , FEBBMPESCNIENT D 7 = — X L RIEEMNEFREICRD 7 = — XN
FETLDT, TND 2R FERBICE > TR 9T 5, £z, TOWBEIMERICOWT, €7
M e EBIZRS TV TFETH D,

[1]Y. Nagashima, et al., Phys. Rev. Lett. 95 (2005) 095002
[2] S. Ohshima, et al., Nucl. Fusion 56 (2016) 016009

[3]Y. Nagashima, et al., Phys. Plasmas 18 (2011) 070701
[4]Y. Nagashima, et al., J. Phys. Soc. Jpn. 85 (2016) 063501
[5] D. Guszejnov, et al., Phys. Plasmas 20 (2013) 112305

[6] Y. Nagashima, et al., 5} 8 [H]l= /L F —PR LA EER S AR UL 201 7T4HE9HE—T7H
[6] Y. Nagashima, et al., &5 9 [l /L —BE T2 9EpERE S AR A 201 849H 3 —5H

Fig. 1 FEBZHEMIEEOEE (HEEhH) &R E (Hidh) D RERA 2 REAKMBERME. (a, b) SEED MHD £8)
EI4LE—THRELEWGES (EFEDHER) . R, d) SREED MHD 8% 7L 2—TRELIGELELE
LTULV %, (a, c) ECH EBINEAD AT INIz2AZIU T I12H 1T DR M. (b, d) ECH BMEANA TIZHE->TLND A
5 BN IVIES (T #64983, A—R (L NBI TSXTTH5,
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OAE—LYMTHZ 792 L—2 50
R HIEICREd 5 EBREHE

AR !, AEpEENE !, TEES Y, 2l %, Siriwan Krainara®

ALK 5 —
SRR L — B LT

1. 1II®HIZ

AMFETIE, 2=V T oY a L—F RO THEEZFIH L TT 7~ O i 2 52
BT 270021775, BUE. T T~ % 7= 8RS0 KB B M4 B o0 A 12 0 BH 5%
DTN TEY  KEFEMT SA ZANEORBWIC LT 7~V Y EBPFE ST 501038 5, BIFE,
29 LI KRG EMAMELOFH CTHEA S TWDE T 7~ ORI S TR B9, R0
IWEREZRET D EICEVFHIZIT/R>TWD, AIFRICEVEBEOREKRED e —L > T T~
TV WIRBEB S AL, RERHEETE D Lo MR > AT DAL T 5 2 LN TE . KGR
Bhe E OB D A ' — R AR LSO 5 fREENH 5.

I, L= 20 TS & W TR & 727 7 ~ L SRR OB B E NS TR A T b
NTWDER, REERIENTRE R T 7~V Y HIRIE L —F—_R—=2D L ONEBH 5720 T, T bk
FERRERERCEE DO L — =2 D70 & B THEMREZMEL TTebihvd, Bxid, 7o
V= NbDEMRE LTt — Ly MNERORTFEHHEZRHA L, B —ARX T v & — L FiRIEE
DB AWM BET D,

2. av—Vvr  NTU¥a L—F RS ORIGEE

SO BARIMR D ORI EIINA W B Eafl 9 Z & THRMBR S TR H) &R TE D, K
FFZEClE, INEREREREN DT Z ~ LY RO —>Th D akt—L v F T Y a bL—F i (CUR) DR
RRANFHIE S 27 L (1) IZL0EET S, RUFE TR, KIS TREHE S 2T 5205 2
& T EAMEEO CUR & Y. #5HR .

B 72 £ ATE ORIRE~ & T 5,

MFEFIE > 27 A%, VA Y —27 VU v Mt

FTHEE—LRATY v —E LT, 90 EE

BREN SO R DS~ & 2 ET 5, R

IZ.Roof-top X 7 —ZfEVH 5 & [FIRFICIE

AR DO ESIRB % 90 FE[nlfs S &

%, TDOEEZ, —H D, Roof-top X 7 — % Al HH)

AT =R L, OO HEILTE 2 DO

FO—FOHBDOMEZEEA S, KEIZH K

THZ LI Ko TRAEEBIEZESRT 5, 20D

Lx A[EN AT — Uk 18 WE T EEICAE

SHELHETT, EAMAREE AL v TF 7S

5 ENRARETH D,

3. v—L1EE
B E D SEFEFEERR &2 A K F e R L F—
PR T Z2HFZEAT FEL figk @ THz-CUR YEJR[1]%

X 1:<—F> /8T B SEEI S R T L
FVN T B0 L7, = L %4 4.6MeV D7 B =T AT Ly b RR I AT
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E—2% 10 FHOVEET Y a L— X TS
L, Ib—L > 7o Pa b —2 S ERE L.
ZOMRICIREEZ X 1 1R LT REHIE S AT b %
HAWTEEL 7, WEDKRWNC, ~—F 371
v MUFWE A2 nae—L oy v T P2 b—
B E DAY SR ETT IR o T2, K2 IZHIE
SNTTWARE— R T, TRED. U ER
13 0.16 THz (J¢E £ 1.9mm) TH-o7-, £7-.
ZDOFPRE =SSN e — L MR
ThrZLiIETHD, RIZ, ATV v X —T
2 3 EN U T2 B OFE XA & wJE A T — U &
TS 5 2 & CIRABIEEZ TR o T2, U OfR 2 Fi/a—y
FEEIZREEE A T =V~ LU A v —

7y MEETEEESE, ZOERMRELNE _ 7
T5 2 EmbRdT, AR BIE, VA BER AR = D
HFEHANT, 4 DDA R—7 ZARTA=5 20 5 ,
ET2DOTHHN, ZOLXORFRRICA-TZ 5 3
VA R 2o Tefzd, P2+ P2 =1 %2
DEMEO S LERFEICE (P) ERRLE (P) 8 ] NS

M Uz, MERRZK 3R T, B mIGE 0 50 moQW wnfosw 350 400
tati
MET L ICRD ETFHESAAMME (K3 (1)) otation angle [deg]

L-1 & L2 Tl&, P, =0.89, P, = 0.45 & P, = 0.76, gé-+m4

Pe = 0.65 ChoTfo, —J7, HEEATT ISR 8 ° !
BLPHESNBAM (3 (F)) C-1 & C2TiE 2 44 i
P, =0.09, P, =0996 & P, =0.13, P,=0992 3 2

Thotz, MEECELTE, FrEfREE1io 8 ]

EVMEYEENES L, 0 50 100 150. 200 250 300 350 400
Rotation angle [deg]

4, Fro L 3:DAN—TYYRERAN=TINILYBBRERE.
~—F T Ly NRIOREINCHIE S 2T A E (L)Y EHREL. (F)ARLEICEBERERTE

BEL, b —Lr b7 Va L= o

BAEZAT 2V BN ORICEZRE L, BEAMENOT ¥ 2 b—2 B 6 PR~ & Rt 2 #84E
TEHI LT 2 eNTE I, SR V4 BEEREMNTCA h—2 2T XA —=ZRENTE 2
STcled, MREDEBE, EEZOXBNTERWR L FCEREICITREN K- 7o, 4%, #Y)
72 VA BRI AR 2 IO T ARG ERIE 21772, RIFERIES AT L OB 217725, £72. 77

AV EEO M AN EORE S FEh L2\ BTV D,

[1] S. Suphakul, et al., Inter. Jour. of Magnetics and Electromagnetism, 3, IIME-3-008 (2017).

5. ERY A b

[AEERERY A}

(1) MK, M 148“T T~y ab—Ly hT7 v Ya b—2EEOREHEICET 281987, BAY

PR 74 [AAERORSS, 2019 4E 3 A 14 H~17 B, JUNKYE (F#% v > /3 2) 17aG107-2 (T
i)
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Al F—7a-Fe,O: BEMH DB EEEHE

R, BRI, BRIE L, AR, VRS, MY LA
UREPR AR AR AT =R IER, 2 R oL B — B AT SERT,
SHUERREE, )| P AR

1. 1IZC®IC

Fe:Os 1T o B L Oy L LIZHLR Y F U LA L U EBMEBIMEITH O | 2 RIFZER Tt T
%o v-FerOs1d Fe WRIB LI AR NVAREEZ /R L, ZORETIZY T 7 L0580 A -l L CHRiEZ
179, Fx XA REERFEICIIT 5 Fe & Li AT A FOZEIZER L, Xk L O 75 E 7
Hr. BALERME 72 5 N NMR (2 K> CTHRMEAEEB 2 52 L TE 7, —F o- Fe;03 X Fig. 1 © &
Ylpa T o H LG Z R L, 6LIT + FeyOs + 66 — 2Fe + 3LiO D L H g n"—2 g URUIC k- T
FET DD FTE YA 7 Va2 ERD & FeNEEE L TRAIFAERMET T2 &0 ) Rz T, Fhx
DIN—TTEa T o X LRMOBEEEZE TS 2 L2k, Fe REDOH A MHETTRIETHITE W
A RBEAMEREFCEX D LB, EEERERERE L2, Fe0s B LN ALO; TV TN AEMRa T v
X LIEIE 2 R T BRE T DD, FerOs DS T EEN 5.8 NFEHERE | FEHRREEX TIIW 3 Lol
THMEE D 10%EE LNEE LRV ERMBNTWAH[], TERFED VIV —7 T, FeOs-
ALO RO EREERE AT ) I WV FIECL VAR TE L Z 2 RWE LR, 2 DOFRKE
A 7 L (Fer05)1x(ALOs )« DRLARIHEAT L TR 72 58 2Rk L, & <1 x = 0.33~0.45 OFEIK Tl
FMEBREITIVSTZAMERTLE=H L. 100 Yo 7 VLI TlaliE ¢ S %2R L7 (Fig. 2). ABFZE Tl
Z OFIROFENE L TGRS L OESILFIIBLE D S RIEEEIC DWW TR S Z &z Lz,

1600 ————————————

1400 x =0.40
= Discharge |-
1200 = Charge —

1000

Specific Capacity / mAhg!
feiel
S

0 50 100 150 200 250 300

Number of cycle

Fig. 2 (Fe203)1(Al,04), BElIAAR(x = 0.40) % ERIBL
Fig. 1 orFe,0; DiERMRIE. LCHRLI\—TRIL DY A5 L. [2]
2. EB

(Fe203)1x(ALOs3)x, x = 0.40 DEVAIARIT y-Fe,05 (Sigma Aldrich, 99+%) 35 & U8 y-ALO; (Strem Chem., 96 %)
FAbFEmmILIRA L, Bb7 A FWUOFR > MR —v & & Iz A, ##ERAAR — /L I /L(Fretch, PL-7)
T4 EI VU 7 L TE LT, 50N EHI R XHREIPTERIC K - TS DRIE 21T - 72
EVAFE DRI & 72 > TV D XFREHTE— 27 O 7 ME, BEEROMK TOE—7 OARK & 1T R
52 EITBEIR L TV B MN[2] AR TR A L~V TH—IZIRAE SN TV AN E D DR D 72012,
EXAFS HI& ¥ L O Méssbauer I E H1T- 72,
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ABHTE B (AB)B LU A HI(PTFE) & & HIZIRM L., Cu A v ¥ = lTHEFF L TRz /ER L 7.
FEMFIEIC IM LiPFe / EC: EMC (3:7 VAv), XHRRICIZ&IE U T 2 & FIV TRl v 2 flipk L. FE B8R
AT 5T, By PATEMITIENEN 01V &35V &L, EEEIT0IAg & LT,

3. MR

XAREHTOFEF, B LT EE RN E - THDH 2 L 2R L, fEktE S Vegard ANZ KXV k7=
rESE 8L, URiO#HRSE L EEEEZR LT, Dby 7 a ha oSt A EXAFS fif
HrCix. BEROAEI4)Y Fe-O DB TOIREEDFR IR L TIEE A EZIL LRV DIZXF L., Fe-Fe [H
FEEECIL Al ORI > TR B LT Z e D, B—RERIETH D LIl L=, £72, Mossbauer A
A7 MV HRARIZ R U CHERICE L LT,

Fig. 3 IZ(Fer0:)1x(ALOs), x = 0.40 Z kBRI & L= B /L DRE (U F v LA difgEr~d, Jfrif
ZE[2] Tl 1 M LiClO4 / EC: DMC (1: 1 v/v) ¥R A B & L7=03, ARBFEC & FARMIZ[FER O #2315
bilz. B¥EOY A 7 VOB OILKX(Fig. NZHEBT L5 &, PINAFELTZ LSV AHED T Z K
— M 50~100 VA Z )L ORI L, 100 V1 Z 038 200 VA 7 VORI CEEHNTENN 72 &
EBIT, FHNRD T T F— X VEDITUEWEM D D E RN o7, b b 1LS5VHEDT T b
—IL Fe:0; DF /K% VT & ZITHEBLT 5 L #E S TE Y [3]. 100 B 7 VLLET Fe D43 UK
WNEAL LT ATREME DN B D, VA 7 V&R 7B CRRIFMEERE-AT & 5 WX CV <0 EIS 72 FOESLF
HEEITOMEND D,

2.0

—Cycle 1
3.0 1 —Cycle 2
——Cycle 5
—Cycle 10
— Cycle 15
— Cycle 50
—— Cycle 100
Cycle 200

2.0

—
S
1

Potential / V vs. Li/Li"
Potential / V vs. Li/Li"

T T T T T 0 T T T T T T T T T T T
0 500 1000 1500 0 50 100 150 200 250 300
Specific Capacity / mAhg’! Specific Capacity / mAhg’!

Fig.3 (Fe;04)1-(Al,03), EBA(x = 0.40)D IR E R 4R Fig. 4 EiRADREBROIEKE

4, 1o

(Fe203)1x(ALOs), [EVEIRD Fe U F 72 58Ik T R 61 5 R EFITEEE T Fe O HUREN EHIR O A
TN L > TEAT DD EEZ BN, FAR UZERIKTIE Fe & Al NRF A7 —/LTRAEL
TWbHZ LMD BT,

1. A. Muan et al., J. Am. Ceram. Soc., 39 (1956) 207-214.

2. S. Takai et al., Solid State lonics, 313 (2017) 1-6.
3. D. Larcher et al., J. Electrochem. Soc., 150 (2003) A133-A139.
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KU-FEL ZRAUW-E#DIFREIRDIRER

NGB, iR 2, KIE 2

RO PE R AT
2 BUER R L X — B TR R

1. BrFEE R

H A& L —3— (free electron laser: FEL) 13 43T < IZHNEE S /- AH% R E 1 B — 206 OiFE
WS ETIZ LT L —F—Th b, TOBLITT Va2l —F—IZ L AARMEATHY | BT O L
TV alb—4—NTOMITERIZLD Ry 77— 2 ORIRKELZZILIEDLZ ENAHET
H5, FEL 1, ZOWHERIVEITM A, BAME, KEEME, VAN, fEFEZ RSO Z LD, R
SR X MR E CTOMRAWVEIE CH LWV a e — L MEFHERE U T2 2R A TES RSN D, K
PR EZERVEIFSE AT ClE 7T 7~V (THz) —iER%h (FIR) ik FEL 3% @+ cH v (&K 50-120
um) [1], FFZEREF LN E AW EEIR O IERIEICE I E 1T > T D (2], ARFIEIRE L, #Hizioh
FRAMVEIE (& 5-20 um) @ FEL #3854 % KU-FEL [3]12 W5 Z & T, KV JRWIREER TORE~
REAEE OIEBIICE IOV TERZITD, WEOEWa bt — Ly Mo ERERERE ED0 L9572
LW AEERZ R ThERRT S E2BE LT,

2. EBRFIE

FBR T R RV X —B T2 7EHT O KU-FEL 2\ CfTo 72, NI ETo Si, 742
=U A, HlCNAx, AL AW, EXASFEO T, BEEREZITo72, £7 200 OB ORI
BEOFEERDL D, BRDOBENT A LEICHEI A E X Ra IZERIZESIT TWho iz, Sl
TlX. BkA& 72%& T MIR-FEL |2 X% LIPSS (Laser Induced Periodic Surface Structure) kD7 %
KU-FEL THEND L Z 2 HIY & L7z,

3. MR

X 1 1 3% L7z KU-FEL (2 X 5
R NS T TH wd e s B2 < - X > IR N
Thb, SETTFLIichoTm L
— M ERHW=2, BRI — kI
50-60°CHEE CTHRET H &bl
TW5, BRAMEICFF-TS %L
T L= aryRNEZY, AR
DR ERBMOT 7T L—3 9 VN
Rond, 77— AD5AE
TIEEREIIFEAT HOHTH DD,
RTHND &R IR A
T5, ZAUIFEKRELT2EYH
Z B, MIR-FEL HIED B — L
077 ANLNNKREISNTESEEL.
ENGN T T OO F R FN
RETIHEL, TONEZ— 2D
1 S L7 KU-FEL IZKDRBREREE D BESRE
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Flan=56TH 5, LIPSS D4
A IR E TOTHENEE T
HHELTRBEINTEY, 5EO
ARSI R B . KU-FEL @
E—A7n 7 7 A VA EEBNT
%72 EA%MEEICHRFTT D LM
HbH, K2ITbMD N — R
T EMO T, /% — 1%
Ly— FOHIFHR (GCF) o—i
THDHDOTRIT LV, BEZEN
DIFFOEH ORI T, FIE (&
Fidkf) &0 b O 50 Bk
LTWDHRTHD, ZOFERBIG
IEM, 77 L—ya oz o
THROBEETH R L, ik
X0 HAMEEE O G AL TD
L, TRbbT7 7 L— g UM
LWk ensd, —#icLr—%¥—T7T
IZIIRER DN EAREE — N (TEMOO
T—FK) TRIEL CWDEA., HERE RN OYCTRESHIIH T A0M TH D Z &b, KU-FEL Y%
A O 72D H, b LI LIPSS FEERE RN Z D855k 72 T R4 — 2 2O R D BN H
Bo MIZHW OB ZE X TEBREIT 20, BHENOBROWEEHEOBIEHRREZREIE D XD
OB ZWUNTERIRT 2 & & blio, BARDONRESAMAZTRDMENH NIRRT, Sk DFER
W22 720N,

2 RIULESL LT KU-FEL [T KA BREVEFREDRBSTE

4. SH%OEHA

A l3AE & IS BT B IERIEINE B G OEGE A HIY & L, KU-FEL OARERE L < 1 LIPSS FF
HOTHEHEOFEZ R TRIRREWEERENS bz, 5% KU-FEL O 7 a7 7 A V2 fib L L
W27 7 Lb— 3 v b LT LIPSS ERRICE D £ TORWBIIERIZISE DA HE0TF- LS 0 A (12 3
U CREMIZRRET L. HARIMEIR T FEL IZ X D EAZ b & LT ar FEI IS S BIR OB 21T\
A

(25 3CHK]
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).

[Fm LR Y A K]
(1) A.Irizawa et al., Appl. Phys. Lett. 111, 251602 (2017).

[FEERERY A K]
(1) Nonlinear Phenomena on Solids by Using THz-FEL Irizawa, Invited talk; 6th ICSM2018, Antalya, Turkey,
1 May 2018.
(2) Nonlinear phenomena on semiconductors by THz-FEL irradiation Irizawa, Invited talk; International
Conference on Low-Energy Electrodynamics in Solids (LEES 2018), Ancona, Italy, 28 June 2018.
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FMEISET 5 A3 (A% - 8E - BE) SRS HLA:
ILY FAZYR - TRLX— - BEERICET 57/ #H

DRI, NI 2, SRR —RR 3, ARk 2
"IN KRBT e — v ) R—=2 g v Z—
2R kL X — B TR SR T
AL KSR E AR SR

1. 1IXL®IC

SAETH B LR HWEICEAT S A3 (A - 8E - PE) YRV UL =L hr=J R -
TR F—  BESHICE T 5T 8 EE (The 9™ A3 Symposium on Emerging Materials: Nanomaterials for
Electronics, Energy, and Environment) % ALK FFIRF ¥ /XA CHME L7-, HHED 3 2[ETHE
TIEBLTWD T/ =R - R @mEOMEENEEY . EF 1 B, FEIFHEY THMEL T
W5, HHEED 3 0EO@MENSE 13 LRREOWEE ITREUNT, TR T 257E L —MIcSmT 5 2
LT, LV DEWVFFEREZ 2TV ERER v B U — 7 OMECCEERA M 2D TS, B B
HRGRIT, =7 b= ARR IR RNV F—~DICH W S VTV D BT/ #18F $Fic 72
Tz RN —RT ) Fa—=TEDT ) —RMEL KO®RE A Va4 REMTNDR
FEWETHY ., TOERK., Yk, ICHICEAT 282 T —~v L LTWno,

2. BOEFMEICETS A3 (AR -8E-HEH) PUOFAVUA

AL, 85 9 FIH & L TR VX —H T O B ER N FITRE R & LT, FRk
30410 H29 H () 22510 A 31 H (OK) OHRT, FERFFIRT ¥ 3 ALEHFEFTR a5
FEE IS —=ICTHRBELLE (X 1D, 28 AT, A (FBFREEEE 13 ). #E (s
F134) ., PE (HEFREGEEE - 114) 2855, R 1024 Tholz, BRANLOSMNMF L LT, I—
RoTF ) F2—T OB TELRNEKTHEE (LKRS) . #EN D Institute for Basic Science D E1{T:
W5t Cé 5 Prof. Y. H. Lee (Sungkyunkwan University), F[E 25 1 —HR T ) F 2 —7{LFE T O Prof.
F. Wei (Tsinghua University)72 &', & E 2 ARKT 2 F4 st E "SI LT,

PAfERIH (10 H 29 B (H)), FITERAROREER GEEIRT) b, KL bA—T =7
RONTHEERFZOMNZITo72 (K 2), EO%, BEKFER GWKT) o, I—KRrF/F
a2 — 7 ZEANCHRE LIeE A Ofa XA 72 B8 < BIH S Z DS HEED KIEIIEDTWHHE, 72
HBNCHEMTO TWAREICKE LI —R T ) Fa—TICHT2MERNH-T-, kX,
Prof. J. Zhang (Peking University)22 5, FEHN 0 25 FE AR TAHRBREEE SN TWAH I —R T F =

B1 SUROHLRGEOkRTF 2 DURSHYLDA—T=DY
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— 7 ORI Z I L 7o A R R DR & Fal OMFFERRIC OWTHREN H -7, S HIZ, Prof. T. Kim
(Sungkyunkwan University) X 0 . 77 7 = & A ZHEE A AG DOERERLICEITRH L2731 X
IR BT RN R ENnT, slEREE . AR, @E, PEOMEEND, 77T = oREBRER
HA TN arF A RICRESND R EICET 28 ER Sz, #inrb, — K T&MmLTwn
DHEFMIEE 2T, RRAZ—RERP RSN, FEOFKEKRE & ITHBNIC T =7 (BdZ%) 22t
B ITHIED BRSO RN D W THRET DR TR O, IERZREmN T (K3), 0
%, 1830 LW oA AL Ty a UM Thil, HIHITRT Lz,

BAfE —HH (10 A30 B (k) 1%, A3 (AA - HEH - #E) OF7EE & RE R ILRIFE A HEE L T
%7 4 > > R® Prof. E. 1. Kauppinan (Alto University of Science and Technology : #&[E D H:[E SN & L
THFNC LD, BEHMBEHRERE LR L —R o)) Fa—T ORBEBEREOREEZRKEYIVIZ, b
—ARoF ) Fa—T, I 7, ZIRTWEDOEEREE ST R F— IS HIZEE I OO T
T289E (ONo 7 U —SH) 72 SICBET A ME R E N R S iz, @ 2R (FET v o SR RETE
) CHEAFELZRE L (K4, b0, JIHFERRICY F LV RRAZ —8 v a U Tbi,
BHFEHLE LIEREROIER Ridkm M Tz,

BAfEmAE R (10 H 31 B OK) 1, 77 7 =, IR E OWME7e EIZBET 2R E N e Sz,
ITFEOROER L & B2, £ < OHEBREOHMERHE SR LT, Z< 08B ShTn
7o TFRRIT. FEOBERSCHAERRZ HE LT, 27 A D=V a v BLON U7y MBS, &
FICEHBERZD N TET,

AV UVRDTEATDAAL LV FE YT ATHIN—RF ) Fa—"T FI77xr, RTWEIZ, =
FNAF—MEE LTEWRT U Va2 - TRY, TEEERBAREGRSN YT U —EHRE
NED LN TND, THERKIZ, TR —EH 7ot 2 U RN LIERIIThRTE
0., B SHOBENS SR ETEIHENEML T E-Bbhd, RFHIAY VRV T LEEL
T, YT IRERE TG TR ETHRESSFER &L FEROMFE ) B 2 1 5 BHFFEE [ 0O A2 A3 FEAR
MIZED SN TBY, ProI v ia VTR X =2 G UEANT R —0H~DEE LIZRD
DO EWFFEIND,

op
dr]
Amt

3 RRE—tyiavDkF 4 %
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W DiEim T 272 0D%E L TERSI, HTFMAELZ GO 2 =7 4 OFLIRIES
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RO FIBFE, A D BB PR E OB - AL PRI I RIE T REICOW T, R EE
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776

2. EHEAR
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ns7 A (QEEREK) 2L TFIRT, 280 OERER L, 19UEORAX—RENH T,

TRV —H T 2258 AT O DuET/MUSTER 8% 2 BRE U 72 M BHBSIF R 21X U, 1R ORE
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FY2019 Kyoto University Institute of Advanced Energy
“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 2019. 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 withinthe 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
usageljoint 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: Beginning in 2018, 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 1s 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.

1 Energy system that reduces or eliminates carbon dioxide emissions and harmful substances.
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10.

11.

12.

13.

14.

Application submissions:
Applications must be submitted electronically during the application period.
Application period:

For (A) — (D), applications are accepted until noon onFriday, January 25, 2019

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 2019.
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.

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

15. Application submittals:

Please email:
ze_shinsei31@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/summary/application.html).

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 socialinfrastructure.

B) Research with the aim of creating innovations related to applications of

plasma/microwave technologies or using thermal/particle energy for diverse
applications of nuclear energy.
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Research period:

Less than one year.

Research representatives:

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

applicant may submit one proposal.
Briefing:

An applicant may be required to explain the research content, required expenses,
and other pertinent information to the Joint Usage/Joint Research Planning
Committee. The application must clearly explain how the joint research proposal
relates to Zero-Emission Energy. The maximum allowable funding, which includes
purchase and travel expenses, per application is eight hundred thousand (800,000)
yen.

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 31,
2020. Additionally, the research representative must report the research outcomes
at the Research Outcome Meeting, which is scheduled for early March 2020.

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 (Task
No.).” or “This work is (was) supported by the ‘ZE Research Program, IAE (Task
No.)’.”

Travel expenses:

For those in remote areas, travel expense applications are accepted beginning
around November 2019 to participate in the Outcome Meeting scheduled for early
March 2020. 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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2. Research period:

Less than one year.

3. 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.
4. 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)yen.

5. 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 31,
2020. Additionally, the research representative must report the research outcomes
at the Research Outcome Meeting, which is scheduled for early March 2020.

6. 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 (Task
No.).” or “This work is (was) supported by the ‘ZE Research Program, IAE (Task
No.)’.”

7. Travel expenses:
For those in remote areas, travel expense applications are accepted beginning
around November 2019 to participate in the Outcome Meeting scheduled for early

March 2020. 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
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application, please consult with a faculty member of the Institute.
Use period:
Less than one year.

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) yen.

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 31, 2020.
Additionally, the research representative must report the research outcomes at the
Research Outcome Meeting, which is scheduled for early March 2020.

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 (Task
No.).” or “This work is (was) supported by the ‘ZE Research Program, IAE (Task
No.)".”

Travel expenses:
For those in remote areas, travel expense applications are accepted beginning
around November 2019 to participate in the Outcome Meeting scheduled for early

March2020. 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 FY2019.
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) yen.

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, 31, 2020. Additionally, users
may be required to report the implementation result outlines at the Research
Outcome Meeting, which is scheduled for early March 2020.

Travel expenses:
For those in remote areas, travel expense applications are accepted beginning
around November 2019 to participate in the Outcome Meeting scheduled for early

March 2020. Travel expenses may be denied or partially allocated, depending on the
budget.
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