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BESZILS = LENBERZEOLROONR 7 7O—F
bl 2t 9E BE? F et WRILE FMIEsES kH 223 FEIEANS
VERUR SR F e TR R e R 5o A 7 A LRI
2 R R B T E e R B T 1k
ST R L X — B T AR SRR

1. %E

BO XD I EE b OHE D o T EIFENT RO UL D TH D03,
— A2 D o FEIMTIT BV T FRAI L FR S LD IR LI TH D, 4
Hxlx, &Y SNl A A R (ionic liquid; IL) TH AR AFR=ry L7 T
Jb 2 R — b Pgge14CI-AICI; (Psg 614 = trinexyltetradecylphosphonium cation) > & |
BIAIZAND Z R BERT VI =T LD EEEBTHZ LTI LT
(Fig. 1) » Pese14CI-AICI 225D 7 v I = o NEHNT B IKIZREEMF LD GFET D
N, BEHED 5 ZIZOWTOREIT <. BRREEDIEOFHML RHTH -7,
ZOFLW TEE 7 /LI o ZHE) (TR LT, 8% O IL IR VR R Fig. 1 A photograph
TR B RPEOBIBIES L OGHE L HER (2 b ONCERILER O oo Dl
THy TV TRRALNTZOT, TOERKEZ NMRIZL > TELLT, platina.

2. EB

AICI; 13 H A& B Sth X 0 #2251 T 72, Pege1aCl (FIEE>97%, HRULER)IZFEHATIC T LT
FFHRD 7 a—T R > 7 AHT 60°C T 48 h T L=, FTEDE/NLLD Pege14sCl-AlICIz % 25°C T
20 L. AICKh 2 EIE -, Zhae S

512 25°C,60°C, 120°C T 42 h £R¥F L 7= D 2 ZlL 2 Pg 6.6.14Cl-AICl; «®
#fi(anneal)ikk & FR L 72, NMR 222 kL1 Bruker [~ X(AICls) = &
Advance 111 600 Z N THIE L7z, 1—: 3_50 {p\
~—~ | @ 0.67(not annealed) . K

3, KR LB 5 | ®067(60°C-anncaled) “ﬁ.-

Fig. 1 | Walden plot 753, Pegs1Cl $7205 aE e 0.67(120°C-annealed) (gN e®
neat O A L (x = 0)ix Poor IL (2, o [ l";‘.‘.. ..-
RF LT x =050, 0.67 3535104 Good IL Ofiic 2 ~1 g e
fEfE L7z, 1T x = 067 THALEIZE->T S | A
Superionic OFEREICE L7z, ZZ TR RxE, 8 2 & & e * &
BULBT L > TRAL LR T Y | MR | e &
IR 2o Te i Th D, £, iR, EEEO N e
ST, BLFRIC X D EHT S ~OREITIRS -3 -2 1 0 1 2
Nihote, ZOXIRTH v T ) v 7T, log (7! / Poise™)

Pesow /1 T4 D tetradecyl 4% F{k &+ % non- Fig. 1 ngden plots for the P6,6,5,14CI—AI(?I3 system.
Dashed lines are the borders for superionic, good IL

polar R AA o & A A AAERILA B 72 % polar B A and Poor IL regions. Thermal hysteresis is seen for
A > DF 7 FBEREIE- L, non-polar KA A 2723 x(AICI) = 0.67.
FaitEZ | polar FA A U IMrEMEEZH - TND &5
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3 Z ORGP D BB I =050L

S “@*H.é@“ R x =050 AT (a) As-prepared, 'H NMR at 25 °C

TR HT Lewis B2 D Ps.6,614CI-AlCI3 A m
BEOBLTH-7-, DFT HEOEE x = 0(Ao)

Lewis FEPEIZHRFA O ALCl 7 =4 1%, KFHE :
FEEIT X o T tetradecyl ${E5R<EHT 5 2 0.33(Ao) j/ﬂn A

DN | BULHZN R & DO EAVRIER S FL Ao}
72 723 x=0.67 % tetradecane(CiaHz0) THATIR DT A A

L7ZERERS FAAL VR EFE LR o 0.52(Ao) 2 M
77
AFHAD(E 127 BV D 3§r7ﬁ>5(|)PE 0.67(A) A il J\

Intensity (a.u.)

TACBEET D A F Lo (LN, B LD —T T T T T T
V)7 L FLREMAS 7 2= hsyo 30 25 20 15 10 05 00 -05
CHy/CH, THh D LikELZ, x=052 & x= (b) x=0.67, '"H NMR at 25 °C

0.60 ODRTCHEMR 11 DOFEAE Y TREE ML L < — Ao

B L. DFT BHELLRBEN- &5 iy

ALCl E R EAEFT % Pogond IR 722 & E —

EXET D RERIF ORI, x OHRD DV S [(c) %= 067(Az), 'HNMR at

EE VIR IO D NS < 2T —osec

L7 b L2 A3(Fig. 2a,b), FHEFFIZIERSMIC 2 R

7 FLT(Fig.2¢), 2D &b, ATF AV
FEtD7 7 TV —VAMEERE, BT
ZLV~7”Z“VF'30)$HE1’EEH (42“‘/F1t0> he J _115 v 018 ' 0|4 v "
’Cb\Z) &75)2973*0 Eﬁﬁ’]% i&@@eﬁ@ﬁ) Fig. 2 'H NMR spectra for () () s of
_ ig. spectra for (a)as-prepared (Ao) samples of x

D EDURR ST, [AERIC, x(— 0.67 % =0, 0.33, 0.47, 0.50, 0.60, 0.67 measured at 25°C, (b)x =
tetradecane(CraHao) T AT BR L 72 S B R b F 0.67 with Ao, 60°C-annealed (A,), and 120°C-annealed (A,)
AAEEFFEET, OMAEEADOBEN  samples measured at 25°C, and (c)A; samples measured at
R s, at 25°C, 60°C, and 120°C.

PLEX O a2 RHEEERDPBET 54 T EIETIET / HOBREEN BB T 52 LT, SBNL

BT DL RBNT AT I A REERORNE SAREEOT A TV TN, BT HZER A S —

JNZBWTEZ D Z ERbholo, 5k, A U HRIKOREEEICIERDEE 5 Z L 20T 5,

—120°C

[FwCFEER YU A K]

Z. Zhang, A. Kitada, K. Fukami, K. Murase, “Annealing, solvation, and mirror-plating effects in phosphonium

chloroaluminate ionic liquids”, Nano Research, 2022, https://doi.org/10.1007/s12274-022-4999-6. F1T#
[AEEFRY X ]

(1) Zelei Zhang, Takahiro Mori, Kazuhiro Fukami, Masayuki Saimura, Takashi Nagata, Masato Katahira, and

Atsushi Kitada “NMR approach toward elucidation of superflat aluminum electrodeposition mechanism” The

13th International Symposium of Advanced Energy Science, 6th, Sept. 2022, online (poster)

(2) bW 2, 9E EBE. WA 5L, BMEAE, “BEiE TV I 0o & HA A UIRIKOREEY M 8 12 (8]
A FUWRIRERSS, 2022 4F 11 H 24-25 H, ‘=HIBERAR—L
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BRAZHEhOE BB EREICAIT -
S EXEHED R

PG B2, ENUEE Y, EHE RS, AR W DRI %, MR S, s
PHRAER SR LA gE R (BEdk)
2 ALK B AT EHIFSE T
SRR L — B LR

1. ExLEW

TiB, X Uod &3 A @Emaln —ibix, thot T 2 v 7 AMERCE B B 2 BB 5 B8 b
3000°CE X A FEifREZA L TWAHEITIZ T, FHEFRIEHEORE R v RRERELS, 77
VIREHOX v 27 2130 E LT, B COIRHDOET oy v EfO TS, Lzl HEEE
FEMETH D Z &0, SRR LIEN IR 2 E N EREZ LA TV 5, Fox OWFZE S V— 7 Tlik,
IR BERS 2 PTRE & 3 2 0 B OBEREHNT T 5 H LR A 4 & O T2 B WA TR OE RS 1 2 B &
L7=0 & 7= Wbtk Loz 0% 3 k2 EAT DR IIEHIEE OB ZED TND, ZnbH0
RIED TR LM BT, FESRL RO R R EICA 73 & OFEAIREEN TiB, © X 9 72 —#lik# &
ITEBRAMHERE L TWDEEZ NS, ZNSDOFIE, #I2I1E TIB O L9 2Bt TH 5 = &7
RSN TWDA, @O EPMA X SEM TlXEMN T —% Lo, LA IRREICBE I o1
WMAEEDL Z LI TR TH D, FH R L X —H TR EATICRE S - FE-EPMA Ok X
BRI ICHERE (SXES) I, MW RLF—DFRE L MHBEZ AL TBY, ~A( 7 0 A7 — /L TOIR
UEOLFERAE~ Yy T EEOND Z L E I NE TONIE TR L TEZ[2-5], £ Z TAMFFETIX, #Hi
IZBAZE A D TN D TiB, OB LIt A B4 BEY & L2202k o Rz BT 5 7 7 F 02k
AIREEZRZ EPMA-SXES IZE > THLNNZT D Z 2 HME T 5, BOLN-H X BRI AT MV,
DFT EHEIC L » CTHMEE SN 5,

AR LT, SRS b O EPER Bz 2R EHER NG oD 2 L i S n
%o BEHLEAET DR R E & BT, TORRWICEALZMEREBEELO 7 V—T12k - T
DRHER ATRE/RFICRRETH D, ABFZEIL, HEEZ NV — 70 -> C& mbREOERFI At ST
WD IH]D EPMA-SXES % W= i 21 L7-FETh 0 . BilLE & 4% 7 v—T 2k > To
HEREATREIFIE T D, FHE L4 H OARFEE T, Ti-B LAEBFI 2 RN L7z TiB BEfSM IS 1T
2R EFIC T D IR AL F RS SIRE 2 ] S 2T 572912, EPMA-SXES (2 & - T~ 7=k 5
IZOWTHET 5,

2. FEBRIE

Ti-B gt & B Al 2 I U 72 TiB2 BEfi# 2w dEsERG 5 (PR Spark Plasma Sintering: SPS) (ZJ& -~ T
TR L7z, =R X —B T RAT OB 7 0 —7 ~ A 7 07 F 7 A ¥ —(EPMA)IXA-8500F [} 7%
L 728k X BRI W2 & (SXES)IZ K B T 24T - 7=,

3. EBFERBIVEE

EPMA-SXES |2 X 0 | BEREZ OBIAIRIEHICIIT 5 B, C, O Dt~y 7B LXUB & Ti @ SXES
AR MVERS L (Figl) . BiAIFEHICIE B, C. O MFELTE Y, BIREIT TiB R4 (A&
M3) Ko biEnw 2 oofEE IEMS L, 2) o0 TWhWiz, ZiUL Ti-B A4 & TiB, ORIG
IZEDHbDEEZHND, EPMASXESIZL D L, JIER 2D B DAY MUVIRIZ, SRR E L
THERL L7= TiB HAME O Z i & —&H L T\ 5, BEREM 23T 2 X BREFTIEIZ L > TH TiB O
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FRARIET DR RGO TEY . B L BIFIOREIC TIB BB LTI L WA 5, 15D AVTZBERAIE
BT IRE AR L TRV, 2RI D TIBEROBEIS RSN DRER &R o7z,

4 FLHLEBOBE

Ti-B A4 2 BhA & LTI L7z TiB2 Bef Rkt L C SXES #2171\, BhAl & REBF O St
BT D BOSHRIZAIZ DWW TR~ Tz, SXES THE LI B-K A7 MVIZIRIZ, FiEicB W T TiB 23
L7222 RLTEY ., BERIAOMREERER E~OBEBRISRE Sz, 5%, TiB2 O F % i
THZ LIk T, BABRERED 70 &3 EREBLRER B2 B9, ZO7DICBR LA
DO HHIETFIEICONW T, KEEAW - FEZEHT A2 LI o TRYUMEEZHALNICTHTETH
%o

—Position 1 TiLL "E“

14 fPosition 2 =
—Position 3 B Ka =

—TiB (ref.)f\~183 eV S

) 12 ‘5
S z
8 10} 3
:32 =
x 8t =
z g
= 8
4 @

3

o

m

=

075 780 185 190 195 200 205
Energy (eV)

Fig.1 EPMA-SXES (Z & » CTHUS L 727t~ v 78 L VSXES A7 K /L[6],

ZE HR

[1] Y. Jimba, S. Kondo, H. Yu, H. Wang, Y. Okuno, R. Kasada, Ceramics International 47 (2021), 21660.
[2] R. Kasada et al, Scientific Reports 6(2016)25700.

[3] K. Mukai, R. Kasada, K. Yabuuchi et al., ACS Applied Energy Materials 2 (2019) 2889.

[4] K Mukai, R. Kasada, K. Sasaki, S. Konishi, J. Phys. Chem. C 124 (2020) 9256.

[5] K. Mukai, R. Kasada, J.H. Kim, M. Nakamichi, Acta Materialia 241 (2022) 118428.

[6] Y. Jimba et al., under review.
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ZE2022A-3
BERFEPOADRERSFDEAIZELS
BRESKNAHEEFBIRE

Ei ALY TTOEERR Y BRILERD L dpew)

U TR LB
2 5UHR RS R L — B TSR

1.

BUE, A« BRI - BRI - =R VX —[E R EOBLEND, 7 ) — U R VF—Th 55t CKEL)
ZRIAT DEERG T OFHREEERE S AT AOBRBENERBZED TND, EERNTIIEERELED &
L7, REFHLEZRIAX AR eI v v a VARBRBENBE<HNLNTEBY ., #A50
AEThHHIEE/FWMEE LT, BAE - BENT LN EEEZH S | &l - SR LERE %
B e TRV —BESCN T O D, Fxld, BAE - BEENT O EHERERNEE T - =¥ —
BEGE, KOHEMIL L7 RE LCALHICHEET S Z & T, OIS OMIT-CH -7 E A
BOINEIBE) - =N X —mZ 2 LIS RA~OIS T TORBERIF R 2 ED TE T 5,

ZOEIRBEND, AR TIXEAY - R L2 OEEP LA~FEROISEAT 2/ 01 GEPERR
EH) OERBEFICE B LT, EA L BRI D e DEAROEE L 2 OREREO BT, B
M7 YA T BBV R DB 21T > 72, BARMICIE, i - BEEEN B < A1 51T D INK S i
FEXET NI TUU(CHDICEE L, 2O LA~OR R LHENIC X > TA L RBREES K%
L7, 2k, RIGR~DEFT 787 H—DOFRIN & - T, AENSEREFBEI G
BOWTEHEERMLSTREE (BEAET VOV ORZERERNPATREL 20 | KR, EHE AR
ZELREE TR RN S O FRREASCE A EOFHNENREL, S0 iFEexI vy v a s AT
ARERBFICANT-AEFRLEENMR 2525 E /SRS,

2. EEBPB L UWER

WFFEHHERE DS DY v 0 & LT, SRR s e & 3 -
5 ERSEED CHT IEHERDA~DBA L | 2 DORETHE) - 51— Ry
BEISIIT 217> CEXCW\Wb, ZNETIo, 48 L7 CHT-Ru 85k (LA
BAKICH L. AF LA 0 —F L 2B EERkE LTHOEE XD )
HFHRE T BSOSV TR LTz, = OEAEKICIBN T, CHT &
DF v AFRETYyr )6 DEHENEFBEINC L > TAELTLEE
ZbnA, Ful I UhVEES T IILVOBBRNCERS L, (b) : Ri=H, R:=OH

22T, AJRSERITIR &, JEREAED & OHEIER SIS S 1 B (€): Ri=OH, Ro=H
R = BT RS T (1) %7, BEEA RO & s . O
Tt BUREICIE. ELL0F 7204 2 RO L 5 A lERILEY X
Z CHT IEHEF LA~ LT, 2 OBERE A RO R T > CHREE RN
LIz ZA BT 7 XA 2 RiXCHT OFEEIEEF L TOX T Re
V5 ¢ — % B U= P s X O R R R = & S S \
Nt T M1 BERIEHES DA TR
£, BT RS TOARIEEOBAN b b, Lo ypprpey HERRRE TR T
LR RE DL AL % BRI R AT 2 720, Fix DERSHBFO 71 b o AIEIZ ST O
REVE AT 0RO 2 AT (M 2), = ORIAREIZ S CHEBRIYES L O DFT 3HEIC L 2 Bl 7~
BT B EEMIN TR L, BRI B Fh Sl D 3 ek 2 B 6 2T LT,

IHBDRED I AONTIE, FATREEL, E-AEEORERTE L ORI B L
77
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[L:[FIAFFE & o BE ]

B LAEYE L OGHR L -BEEE S ROREIC OV T,
BHEoite SIC L 20 FEOFHMA AR R TH LD, RILFEWIE
U CHINORE#EER TH D [T 7 a8 B2t i FZ-
12SF) [ EEfifEprdl  MALDI-TOF-MS AXIMA | 72 2% L7-,
INHOWPEIZEY, BRINTEHBBEEASERBIEOS T EOWE &E
ALZZT 2V BRAIEOHEENFRE L 2o 7z, HEEOFIHIZH = - T
I, PHREHERRICKRE L L OV R— FETEW, 72, AWFgEEH
W OZITIIE, EAEAEGRR O 7= O OEFENE, EEONT 21T O B
B L T DT ERES . BN 7 AZEENR AR LT\ alaod,
e BT F O OMFESL OBE AT T, — BT LR H TohRIIC
PSRBT 2 FPEEREHRATAS

27 e b AR ORE S

3. TEXHERV AN BIO IHEERKY X b
[Fm LK Y A M

1) Naokazu Yoshikawa, Shoko Yamazaki, Shiori Eguchi, Ayaka Nishiyama, Yuki Yamashita, Norimitsu
Tohnai, Eiji Nakata, Hiroshi Takashima, “Octahedrons of 1,10-phenanthroline and 4'-chloro-2,2":6',2"-
terpyridine induced by protonation of nitrogen atoms: synthesis and structural analysis”, J. Mol. Struct.,
2023, 1271, 134075.

2) Naokazu Yoshikawa, Shoko Yamazaki, Ayaka Nishiyama, Yuki Yamashita, Nobuko Kanehisa, Norimitsu
Tohnai, Eiji Nakata, Hiroshi Takashima, “Structures, atomic charges, emission properties and DFT studies
of biquinoline derivatives induced by protonation of a nitrogen atom”, J. Mol. Struct., 2022, 1251, 131990.

3) Mika Sawai, Sayaka Matsumoto, Yuki Mimura, Yoshitane Imai, Shoko Yamazaki, Nobuko Kanehisa,
Norimitsu Tonai, Eiji Nakata, Hiroshi Takashima, “Circularly polarized luminescence (CPL) characteristics
of hydrophobic pyrene derivatives/y-cyclodextrin (»~CD) complexes in aqueous solution dissolved by
grinding”, J. Incl. Phenom. Macrocycl. Chem., 2022, 102, 133-142.

[AEEFEER Y A K]

1) LB - =R - PEXE] - 8L, “BELUrBIXOF T XML I RGFOXFE N TN
PEHODA~OEA & ZOJERE”, 15 FIAM A E TR ARY U A, 2022412 4 16 H, fHik
i (R2%Z—)

2) TLOFE - SHE/ - THEF - EEIL, “FT7LVE X 18T 7 XA 2 FHEEEDSFHNTF
~—JERk & EOMRICHNENE ", FH IS EIAE A B R AT T A, 2022412 A 16 H, £
EH (KA —)

3) mEih - BRILEEYD - HRE], “TEETOASEEE S TEEA LI E RN 7T U0 B L0
B BEBOSFE”,  SEMEPRE 72 BlIETERS, 2022429 A 26 B, JUMIRY: (KA % —)

4) JLOFFE - SHER - HHEXA - @EIL, “EFEERE R 18-T 7 XA X RFERO G EZ
ORISR, 5 32 MIEAE LY FERS, 2022429 H 21 H, FHEV VAT TH (KA
A=)

5) mlmih « FARMKZS - AR - SFFERL - BENEIOE - IR - HEXKE], “7 2 TR URRER
L g-v7uaTXA N COEKIRIETOEAL & EFREE", 2022 b ERRE, 2022 459 A
15 H, ®FEKF (FAHZ—)

6) Eilsoh » FIARMEAS « HAHER « AL - BRNEIOE - IIIREE T - RHE%EE], “T 2 F TR UEBER
L g-vruaTrXA M) COEKIRETCOEEL L MREFELRE", F 190 FA -7 k- &
DT R Y T N, 202246 A 5 H, MILKRT (KA Z—)
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MHERREES I v I ABIE~DEFHER

UTHEAIST Y, B MKEA M2, Shaofan Lyu'?, Yuan Xinweit?, s54% 2213, 4y i1, BLEPZRA
SEEREOR Y, MREEAL 4, dNERRE 4

LHAER AR R AT R SE R
2 HRALRZER AR LA e R B = L % — LA
SHAL KRS oA ae - #ize To8Ft
R L X — B AR T

1. ¥#=

AR OFMEZ E D D720, RIL7Z A% (SIC) ZMELE LTF ¥ o RILR v 7 ARHWEE 2 1F
LB 5, UL, SIC BT HREHIIE X 2 BB Tk, @ EIREOMEIK TS 5 @i EK
WX DEBENBEEICRD ZENHEIC > TVD, ZHLETOLFNI T, BFIZL > TEREINS
SIBIONC LR L IEINTEAGEAFETDERZIMESELHRNTHL Z L2 RH L,
IHFEERD A= ALNHLDC -T2 LK, REENDIXZTNZMIET D TIEOBFRE & B
PR E LTCTIRE Lz, AAME FIXERICEE FBEE L b= VX —EAINE W LK) Th
0. P DT P HIVIRIIFIRE L OO X SIC OF ) — FIRfiR e L CEENEITT 5, AW il
LB TFIEFARE T2 TOKBR - TEN L, BXEFEMICAEH LS THD, 207D
(CREREE L, i K B IR PR B R 10 REfH 228 L 72 SiC k2 FRiEf L, ESRICK > TAE
B (TRObObAMEFEE) WMET LTS Z EIEMHRLTWD, 7272 L, Z OARNIEF 1L as-received
THRAREIHFET D AXMBE T THY . TOMHEIIENZ L > TTE 2 R/6E T L ITEMIR I N 7
Bo Flo. TOEBEEDOKEIRTFEZMEHH OBEFRIGIC b T > 7 S/ TEBWEGEEIL, BEPICERS
NI T2 72 R B ITAHE B < ORI SR L, Z 2 TARIFIETIE, ZOKRFRHEMIC L D
RHREETFOREALN, BE L2 SICHICHLAINE I DERRDLZE2HME L,

2. EBRFGE

AEHI b RMIRE L TIERL L 7= SiCISIC EAaMEICH D, T A EL 10mm O AR T Ui
HZHEWAE L, 574 NBXOTAITOEHEL T Z & TRINATORKQI L Lz, KFEF
¥ =V OFIEIIIT T A~ B8R, KEA AR, HDWVITEMRT v —VEREL B 5D, KFFET
LN ETOMANGREF A—UN/NSWNWT & &, RITKEZRBINICEATRE 2 HiE LW D
Blans, SEARFEHK~OREIEERZ LW FEEZHWE. KR (BEETIBIEL, FEZHEE 105
mm O AT > LV ABORGEIZE AL, X —Rp 7R 7T 10° Pa f2E £ TEZEER LT-tk, mhiE
KEZEHEEANTEHEIITR> TS, KEF ¥ —T5&M12800°C (1 BERE, 10 K] , &TOY900°C (1
W) CIME L7z, T b OEESRME, TNy —UL Y ALY SiC 1 TOKFEDOILHARE) B
L, KEDHENEHE CHICIATRETH AL LTEREL TS, T HEEHIXI L T He A
A WS % S0 U KT KB & F AU BET D Ak L B T OB~ & A & 1T - 72, FRETE0.02dpa
(dpa: displacement per atom) OHEENFHEHIEA XD L HRE Lc, RS L2RBHIRIEKIZR S
0. A=~ L—TEF AW IE AR (R 320°C, £ 13MPa, iEEFER 1000 BiRE ., IA1FRe 35 R
FE 8ppm) IZ LV FOREOBEGBHELBETHZLICLVIToTe, RO D, A BEL
TWRWERE S ERERBREZITo TV 5D,

3. MR

IKEREELZ 35U CHRFFIRERR] A 1000 I L 72/ R A2 X 1 1SR L7z, BBV RICBI L TR T 2 72012,
LCVD-SIAIO-373 {22\ Tl A AV BRGH & 722> TH 0 3B 2 mm BEEE (K IRO AR TH A
SHERSY) AR TRTT 12> B RFIA1Z 300 ‘CIZ BV T RRRBRATC A (2MeV He A 4, HEES
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1% 20 umFEFE CHEEE I 0.02 dpa) 235EHE <
NTW5D, P OINED BT TR TORBEFE
THIEDZE G (LT ﬁﬁé%&ﬂ%i‘%ﬁ&i SRER = LCVD-SIAIO-411
LTWe, ) BRRDOLNTEN, ZhPERIZED a-Al,0,
B LB H B TIE D E T ARRTR, £ | L
2. WTHOREHZ B W T HIRIER R 2N KR ¢
bz bhb LT, FELPEOUML T | o swo.rz
IZ& D SIC RO EIRAK~DBEHERFE X0 a-ALO,
oo 7272 L, REFT » DEETI ifﬁﬁzﬂﬁ@yrs«ﬁ%z» ko gl
RWTxz, FKE LT, eI o298 L il
TWAHED, Ty VETIE hy 77 VI FJEn _
TRICHETE TR, ZBIMTE S L 3 | LOVDSAoAT
ﬁ@ FRIZ AT A4 NERNEERBRYI G &K {I\Id-u_!I;t_e(BS_Gs)
SN TEZDLDKDIZFARD 5722 &N
FREEZ LD, FT-. &R ERm E LT,
FIEEIIEREF O T A ) A bEV (EL A 1E LCVD-SIAIO-373
SRR APEEENME T LTW5, ) B CREZ % ixﬁﬂﬁ
B DS o To, T, BT A Otz Hil i Mulite(30s)
THZECHEOS LRI GERTRETHLZ |
L %Tﬂﬁ‘bfio DAEBIFIEHRLE T RETHD
(EBRICARRFZE It H A O I TR 23tk 1. F— 27 L= L B ARBRET% OB
L L ITERIN L6 S 5, ) , —F  REOKRT.
T EEIE L= OO SEM R XRD iz L - T
T T by TR R I O K5y THERAFE L
TWAHZ EEMERTHZENTE 2, K1 O (LCVD-SIAIO-373) (ZoW T, #6 (ZHE A
HIEEL CWD T ENMER TE 2, L LS, BERBOAIZIRE S DB T ifocb\t J“L i)
FHZ X A L 135720 | T SiIC B3 RBEM & X THh-7- 2 b & g%kkésm&c@
BMEERE D OSFT TR > 72 (B L < (=S R = RN = ARV T&’oo 7o ) HOBEW L ER D
AIREMEMN & D, AR D SR CTHH A T2 FREHH 72 T BRE 374U, BIERIBEIC K > CTRHIEH LIc7e - 72 SiIC#
AMEFRmITES AL (ZOEEIIIERFE CIIMR TE 20, ) JERBENBDOHENDHDOD,
Pl (T F Fy 7)) BEEEFLTCOAEFTLHFEEL TV D, BE L IERKF T, 73T by
EOREBOEL SEM LUV TOBETIIERNBO NPT b, B2 L TCHE70IF b
v TEOEEIIIREREENR N, T30, TAIFEeRERE T 50BN ORE L
ZAF NS O EARMFRFERNHITEZ DD,

T ID

4. #5

PR B %2 it L7- SIiCISIC HAMEIZ xR E Lo RBRERN G, BEBICT IV T e & ORI
B SN, @IEKICIRER S U7z SICISIC M NBEE IR L TV AR I3l S e o Tz, 2
D END, KEZBIFHFED SICOBEAMGIT D REIENRS D Z ENRBRIND,

5. HOEEEREXVU X b

[1] SIC DOARKFE A4 FE OWD FIEOMSL & MM KT TR OMRGE B WHUKEA - Al - ek
fr— AH EAR, BT v ABEE B EKTES LR YT L, 2022 429 A 14 H(K)~16 H(&)EE
K.

[2] WEEERZ RS D35 5 RAOMEWM TR, 7T X~ - AR5 39 [Bl4E4, 2022 4F 11
H 22-25 B, FILEESES
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NA T2 kOE—{tEYREEFORSmEMH

REFET T, BT, IWWFER 2 WPER2, KOFE—2 R B3, syt
YRR ENT KT (C1E5RE)
ZHRHNI RS (C1E5E)
SNk Nt YAV s I e S

1. #5
BReR 22813 512hl-»> T, a7 %y MIT T X~ O CIADIZS AR RREM TH

%o FRZ~ 7Ry FOREMESZ RV X—ROBLEN DI, SRIY % EREEER(REBCO)DMHE
AN E LV, Lo L REBCO OB EAMEIZ~102n/m? LA LD MBS TIHAT B[], > —/b Rz Xk 55
BORBUL~ 7%y 2 REET 5 2 ENOIFNFERTH L0, Fex TR BT L, AEIZH
FHIRWVBEEREZEH T2 2B X TS, T, KOLGRICL>THESINIENf = ba Y
— A AHEA) R BRERIL, REBCO O 1HE(RE)Y A NI 5 FELL EO&EtHE % IRIFHEE /L CE
P S BB REAR T, HEA & [ERRICTIBEME 2 E> = L N BiF S5, 2021 4EFEI3ERD YBCO %
FEEaA L OV YBCO @ RE ¥A b % 5 juHE#L L7= /1 = 2 E'—REBCO(HE-REBCO) D % &bt %
fIE5kT & L, DUET {27C 1.0MeV He* 1 4 > % =E{E T K 72mdpa(= #EEE S 2.2um)lBEH L=, £
FER. YBCO OBBEEFFENENIHILT 55 5 T, HE-REBCO OFFENRENCH LT 5K LGS
NEZ L EMELE, L L, ESImMmBEO SV IZREBAICK LT, A A RBEICk->TEOND
HEERBITE 3um TH 5 Z &0 s, BIBERBIREE~OREL GO A Loz RT3 2 2
X TE o7z, 2022 £ IX REBCO O B X X3 v LA A5 Z & T, #Ekd YBCO & BEF
¥ HE-REBCO |2t L THRUR A 72 b 32 R E LI LN T2 2 L2 HIVE LT,

2. EBRFE

JE X 0.75mm @ SrTiOs(STO)FEMIZ, RE A k% EH#i L 7= 4 fi¥H> REBCO(REL, RE3, RE4, RE5)%
TEX XYV E SEEME A M LT, BUEOZEMIZSE Bl SN @Y TH D, RE
A FOILFITENEIREL =Y, RE3 = (Y, Sm, Eu), RE4 = (Y, Sm, Eu, Dy). RE5 = (Y, Sm, Eu, Dy, Ho)
T, MELZ LI RE A bOILENFENICR D K 5 LT, BN BEIEEAFM)IZ X > THIE
L7- D 2 X 13 180~260nm Th - 7=, TELK 1.2mmxE X#) 2~3mm 25~ N L7328 % . bRz
WS A 2 VN THES L, DUET DK ARV Z IR LT-1%. 1.0MeV He'( 4 o % 27.4°CLL T DIREE
T 4.36x10%ions/cm? IS L 72, SRIMIZ Ty I 2 b—3 g v LR RS FmoOBRERS &2 112
Y, WSy DR G R 1T 4.5~13mdpa T - 7=, RETHT# ORER ;
2 OW TR EE B TR EHSQUID)IC & D BLHIE 21T\, OREL ORE3 RE4 WRES
EAREREE O 2L A2 5 L 7=, 15 |REBCO

3. EBRFER - B :
SQUID (2L » THIE LT, KRB A OBFHT%OBALOEELE = .4
fb&2 X 2 1271, BEIZ X > T RELYBCO) DB REHAEIRE 1T eadl®’
85K—-M 70K EFTIKF L=, REYVA b2 3 U LOFHET
[E#i 1 72 RE3 & RE5 TlE, 80K XV & @\ BB iSRS 1R E & % -
TU =, {H L. RE3 & RE5 I35\ T I FLmE i FE (Jo) DI F 3%
L <. RE1 @ 42K, B aRidd J. 3 I & ~5000kA/lcm? T % | SRIMS S m beirg vie k
DIZ%E L. RE3, RE5 ORIZMETO J 127121 10 KAIm?, TkA/Cm? IRE YA

FTEFLTLE -1, REG DRV CHBRINHE ERickp (RN BIERBARSTHOR
)

it (mdpa)

fiif

20( 400 800 1000

#lfiid & DFEE (nm)
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REI RE4 RES

1500

Magnetization(emu/cm”3)

2000

Magnetization(emu/cm™3)
Magnetization(emuw/em”3)

Magnetization{emu/em™3)

: 2500 T iy -2500 L 2 |
¢ 2 4 & & W0 12 0 2 0 & 8 100 120 0 2 40 60 8 100 120 0 2 40 6 @ 100 120
lmrpﬂ‘atl.lt\? (K) Temperature (K) Temperature (K) Temperature (K)

2 SQUID iZ & o THIE L& B DA% OBILDBEE (@ HBiHEr @ FRHE)

niz,

2021 FPEIZ W= AE B SV 7 BPEHZ DWW TIE, @0 fRaeE - BER(HRTEM)IZ X éﬁ"ﬁ%&l%ﬂ%ﬁﬁﬁﬁ
NHTEIVT 7 ARMEOY A XF L OMRFE ?E%ﬁﬂﬁrﬁ%nf fERTHRE S & SQUID JIE DFEH: & Dz
WR7AHBAR G ONTEY, REVA O HEALIZE > TTE/LT 7 ARMBEHIHHE L, BRE /Jtzsb,m
72D Z & THRIEM EDRRGAEND Z L BRIEB LTV D (B 1), 544 E ORI 6 5 s
W DR T IR 2021 AR DL fE SV 7 BB A OFE R LT 5723, RE YA h DO nEOFREN R

%5 Z LD, RE VA hOIEHREOMAE DN EREME O BT KE < BT LAREENRE XD
b,

4, SBDORERE
LHt% . FIBIZ X » CHrmdE B A 290 H L. HRTEM I X AT 2179 2 & T, AHFZE
ME OB E R DO L WVME FIZOWCERZH LT AT ETH S,

5. ZEW

[1] J.C. Barbour et al., Nucl. Instr. Meth. Phys. Res. B, 65 (1992) 531-538.
[2] Y. Shukunami et al. Phys. C: Supercond. App. 572 (2020) 1353623.
[3] A. Yamashita et al., Jpn. J. Appl. Phys. 61 (2022) 050905.

6. BRI A b
(1) #HDER, REPEF, KAFE—, AR, BEE, THxr oo — (b L c@Rimisisg
(INOYEEp-Z - S T Hﬁﬁ%ﬁi 2022 FERK D4, 2022 -9 H 9 H, RWKRFHALF v
INA,
(2) N. Oono-Hori, K. Sakurai, A. Yamashita, Y. Mizuguchi, O. Hashitomi, K. Yabuuchi, “Evaluation of

irradiation resistance of high entropy compound superconductors”, The 12th International Symposium of
Advanced Energy Science, Sep. 7, 2022, Online (Poster presentation).

(3) K. Sakurai, N. Oono, A. Yamashita, Y. Mizuguchi, K. Yabuuchi,O. Hashitomi, “Evaluation of irradiation

effects on high entropy superconductors”, The 12th International Symposium of Advanced Energy Science,
Sep. 7, 2022, Online (Poster presentation).

(4) BHPER, KEE T, K D{i , BNEREE FEE BLUE THEA BB SR O Mo R S AT & R 52
S, RS T L X —E A RS 2022$7H TH, A4, RAZ %K.
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SPaVRYTEBEBLEIRVLEF—SERIRTLD
BEZBEELELFY I RABRIBERICIHET S
SV RFYTREEZEDREE

wWOmt AdE #F2
VEERER K PE S, 2 REEK T L X —H TSR SR

HAERNIZEBW T, MIINO/NEE TH LI Far FU TR, EWNEET 5 72D WER T %L
X—DEAZ—FIT5EZIT TS, £ LT, IMNPEREDOZESLCENIZBIT H =X —FHIZS L
TEATLIZANALX—ZRE L TN D, ZORE, BEREHEZRIZLTHL00 NRE] THOH ., £W
ITNEDO BN R VX —FEA - HE O T-OIZ, REUTIE U7 IR EE I 2 i/ N E O L)L TREEIHY
IZAT>TCW5, I hay U T 7 EORBAN/ N E N O DR LLZE M oA 2 lE 3 2 FA3
Sk, EMOHWT WA ROB N RV X — 2T MIHTHHANE S, ISHICEN S L&
2 HILDHD, MIBNOIRE 2 BEICEHIT 2 FEER O TWD, iz, WIEOBGEAIZE L T
1. FREORITEN/NERE DB OBGEANEE SN TVWDE N, A2 EEMICEHET 2 HIEN RS T
boloZ Linh | BEADEENRHRMSCEBRDOEFREA~DFEITITE A LRI NTW o T,
HEEHE DIXINETIZ, VL EXTHEBKROIRERmMY V7B ThD TIpA & GFP Zfia L7z,
Fa NI X O N/ BB OIRFEFHI 2 FIRE & T2 IRE B v — & > RV B (tsGFP) 2 ¥ L C & 7=,
TIpA X, B EFIZMEV, 2O aA L RaA REEN AT EL T 28EHE& o X7 G Th 5,
ZOTIpA DA )L RaA VRO —#% ., GFP @ N Kk LN C RIICHES S5 2 & THsGFP &
U—RZ&it Lz (K1), 09 HD—>, tsGFPL 1. WELEMW ORPIEEICH S+ %, 37°CHHR

- O tsGFP1
GFp TIpA S 1.8 X: GFP

I ¢

£ 1.6

g

3 148~y
; E 1.24 \’\\x\
ex 400 nm: High ex 400 nm: Low "
ex 480 nm: Low ex 480 nm: High R e s % C o

Temperature (°C)
B 1 tsGFP1 DX, TIpA2 EIRODIREARFHI 225 S REBEIZ LV GFP OEDCRHENZE L L, 37°CHHE DR EE
2L A BN E AT HE (Kiyonaka et al., Nature Methods, 2013 & » —#FdkZs)

DOIRELEA Z BN L, it A7 hLd 2 DOk (400nm & 480nm) D2 k& LA A KU
v 7 IR E LTHRITAZENTER (M1A), £72. TIPA BT D2 AV KaA LFEROE S
T 2 BEEANEEEL, BLZEN AL ST S 2 LT, SUTEm T E DIREER A HIET S Z L
NHEETH D, AL TIL, tsGFP1 LV & HIRE L Z 10°CREE K F X 7= tsGFP1-LP Z#{EfL L 7=,
L ORANIREE & o — & X 7e tsGFP O R E R E LT, Z U NI ER—ATHDHI b,
BETFEZEAT L7200 CIREAITAEMEA - N TR ST L2 N TE, S OICHRN/NEE
JEY 7 FIVEH A 595 Z L T, F/NREICBI D RRNBRBERNFRETH DL Z ENETF LN,
N0t —2 AT, IMEEREEROZRBGEAS, 2 Far RY TNORYE—72IRE 554 O i
BIZH I L TWA, 2 bDZbIT VT ., MIIENICHELT 5 tsGFPL Tl TX 2 WHER T
HO, Rz VFXF—DEAINDEIIZEOLEFT CIREFMAZITO FOREBEIZREBRL TS, H
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A OITEI BT, HeLafifad I b2 R 7 OHRTiE WEBICZ R X —pEA (ATP EE) 217> T
WASEIUTIRE R E ) & WO HBBRAFET A2 & &, I b3y FU THRISGFPL % W THERE L
Ty % (Kiyonaka et al., Nature Methods, 2013, Kiyonaka et al., Nature Methods, 2015)

AMFETIE, I =R

o _ DESAT? inhibitor 7 T AsGFP1-LP T, &
- i vehicle +C18:1 wr g - 17‘?/‘3 W/\I%H}H@@ N ]\
L ® 244 -ﬁ‘é: oy R TICk T S BEL
D§_§22. Lwéc DOARREICE->TED LD
=2 2 S TR, %
o 3 2.0 { o3 03 = » 3 OfWR, EWEIEEZR5C)LY
T } ES o7 —F- 2 RVIREISTC)TIE ATP &
g " 8% ,01 - T e | gmRoBEMsELL, Th
O mmmm . 2893 " dgn (S TRUEEICHEE S
Temperature of g ~ vehicle +C18:1 ) f - ]\ U;}?%%ﬁ'éﬁij:%?:
culture medium (°C) DESAT1 inhibitor LI LR STz, S BT,
K2 vavva Ao ha s KU 7 NOEE I, DESATL ZORE RO DI 5
OIEICLEY, R hary RUTREMEFT2Z EBHLNIR ST, Wit A~ fafiftfER CTh 5
(Murakami et al., Cell Rep, 2022 X ¥ —#BikZE) . DESAT1 WEHETHDH Z &

Moy 7=, DESATL 1E, #l
Rl % A k3~ D IR T O —EEA 2 EAT HMEEE Ffo TRV, “EHEEG & FFo e 038
MT5e, I hary R 7ONBEREERZE L TATP SEEENIEME LT A2 2 AL, 2
BT B 720, BRI T DESATL BHEAZ AW CEOMRE A MHI 325 & MR OWEE 239
ACIKTFT DI MBI (M2, ZNHDOMEENS, THFIIGE T CIXARBMICEEZ BT X
HLFBH] LWV ET R ERERRERMED > TWA Z AR I T, FENGEE R AN LS 1T L
W& G TRIAWNVEMIC B IFEEL TWVD Z EnD . AFEOREIT. EWICBIT 5% BN T L X
— PEAERERE DRI S 72203 B ATREME DN IR S D,

[imsc#k Y A ]
A two-step screening to optimize the signal response of an auto-fluorescent protein-based biosensor. Tajima S,
Nakata E, Sakaguchi R, Saimura M, Mori Y, Morii T. RSC Adv., 12, 15407-15419 (2022).

Cell-autonomous control of intracellular temperature by unsaturation of phospholipid acyl chains. Murakami A,
Nagao K, Sakaguchi R, Kida K, Hara Y, Mori Y, Okabe K, Harada Y, Umeda M. Cell Rep, 38, 110487 (2022).

[RERRERY A K]

oM W, U Ry 7 ZABEALIZINE T 5 2 KU 7 NIREEZSL. Biothermology Workshop 2022
& REAMFHFOR QR VRT T L §HiE, 20221226 (RAZ—) .
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A)ILAF VEMFARED-ODILEMREBORIR &
17 VEFRERELDEGEICEAT SR

ERLREIA Y, SCOAREE Y, T AR 2, BRI 2

VB BUR SR e T 7e R
2P K L X —H TSR T

1. XL

AR XX — DR A ZEHET 572 012i%, BRSO LHE Tl S L -tk 2 & E
mwﬁﬁﬁﬁﬁﬁ%éoU%?A%ﬁ/$m(umimw¢@$ﬁ%ﬁﬁétw mizw%~afm
ICEFITH L0, Li BEBEE R LZERBEKRELTEBY . BROZEMBICALEZ TS
5. U oA A E (KIB)IXEIRAHFI NN & (5 ¢%P¢<mm@uomeLMZ
VEEIEE S LIB ICPCHd 5 (BEHEEMmGEN KK —2.94 V, LiY/Li: =3.04 V)72, MEILWHBROEET
NARZAELTHLETH D, KIBHRZLRABO IR EIZ250mMAhg  REEEHRESINTWVDERL XD
BREOH -2 ABIEWEORBENLEENTND, T FEL (ShITEWERARE (660mAhg )&
?5t@kﬁtﬁm@Kmﬁﬁ@% T CHDHN, KW —HHIC & 672 5 RE e BEERICER LT
BIBPARE L TCLEIZOZ LN A 7 ARG LR, ZOXIRREZMH7- Lash &
Sbh & ## A1k 7= LaSb/Sb (70/30 wt.%) = > 7R ¥ R FEMRIZ % L CRTHIFZERE O LA &2 Bh# 5 H3B
% L7z KIB A A iR AREMRE K[FSA]-[CsCipyrr][FSA]Z i L= & 2 A 2, Bzt A 7 )V EMER
BondZ L EREE TR L TEE, SFEIT LaSh & Sb O\ &L A LA X THA 7 A PEEEZ R
fiTs &b, 2Ry NEROKISZEEZ T,

2. FEB

AA=TINTaA Ly 7iEIC LY By 5 E O LaSb/Sh (10/90, 30/70, 50/50 5 L TF 70/30 wt.%) % i
L7, %\J?ﬂ*ﬁﬁﬁ%ﬂﬁ?%ﬁ%kh ERDEITENENRELAT VAR MCE AL, [Bli5H
J 380 rpm, 10 KEE DS CTRE LIEME M R 21572, BEIFICTEF L7 7 v 7 (AB)%, #%
#4112 Styrene-butadiene rubber (SBR)%-, #5Xk#IZ Carboxymethyl cellulose (CMC) % W TIEWE
wRCMC7omSJn@Eiwf¢%Lt27J %7%7F/7zlmuﬁ@<mmmmmw)
(2 L0 SRR FAR A URRBRAR & VER U 7=, % TR 1.2540.14 mg cm™ & L7, K &)@ % ki,
K[FSA]-[CsCipyrr][FSA] (20:80 mol.% . CsCipyrr:  N-methyl-N-propylpyrrolidinium,  FSA:
bis(fluorosulfonyl)amide) % A A4 > RIAEME & L THV 2032 A oA V28 L, FTHGE
ARERITEFEFE 50 mA gL, FEBNAZIE 0.005-2.000 V vs. KK, HIEIRFE 303 K D&M THEM L=, £7-.
PA 7V w7 HRAH AR Y —JE TR EBNME 0.005-2.000 V vs. KK, f#5 3 E 0.02 mV s D5

THEM L7, 5th cycle KFSA/PY13-FSA (20 : 80 mol%

3. MRLER

Fig.1 (% LaSb & Sh OEZE D /25 LaSh/Sh =2 > Ry >
F%@@@%ﬁﬁ%%ﬁ%ﬁﬁ}Sb%@%@@%é\ﬁ)
UL EOEE - A SIZH KT B EBACE ISR S
A7z, LaSh/Sh FEMRIZ 5\ T b [AIAR O FE e #2345 & 7z
e, arARYy MELESA S ERO Sh 3 EI 77J
WA%WE*WMLTW6E%Z%M5(ﬁﬁi%ﬁ) o, ‘ ‘ 1
oo =0 URERICHE BT B & BFEREMIL 10 YA mw:w: ° Copaciy /ARG
A TH 98%IZ L L7 72DIZ%F L, LaSh/Sb (10/90  Fig. 1 Fifth chargedischarge curves of
Wt.9%)BEAR LT 2 3 A 7 LT 99% % 8 2 DB 7= EBRF  LaSb/Sb composite electrodes.

Potential / V vs. K'/K
[
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MERLT, 5th cycle

Fig. 2 I% LaSb/Sb (50/50 wt.%)EMR D1 7 U » 7 RV HZET B ' ' ' ]
T LEoRd, Hfgl LT Sh B LN LaSh MBS B b ow i -
7, S HMEMOLGA . =Ml 0.6 83X V0.2V ik nT 7
ZILEIL KSh B LT KsSh FHDOEAICH KT 5 B — 27 23S HEL
L. — 7. BB 0.7 BEON 1.1V B WT KsSh BL W
KSb /875 O K RBEIZ k35 B — 27 23R S u7= 3. LaSh 23
F VT LEWRE LT Lafl e ShAIIZ/ AT 572 5 Sh RO
HERUEMIIE =7 BHBRTHIET THLIN, DX 54
— 7 IR I N7z, £, 2Ry MEMIZEWT Sh
EROLGE LRBEOENMN TE—BHBLLI-Z b, R
¥y NEMH O LaSh Y La fHIS KOV Sh AHIZ/AH L TuhZewny
EHEERR S NG,

Fig. 3 IZE B #7225 LaSh/Sh Bt L U5 Bl & M oD
A I NWAEREZE R T, BRI EE TR LaSh DA D e 5 FEAG |
I3 Sb HUMEM & Hlk L CARITS B b DO DIERITENT A . .  Lasb
7 NVEEME R R LTz, )7, Sb BMUTY A 7 AT Z 2 mOE ¢ o5 1 15 2
AR LIS, YA 7VEBIC & bRV ERS B LT cn:ﬁ?amov;ﬁ fofza) 5.0
Lxofk, & 257, LaSh & Sb &2y y hads Ly L&ﬁgemomﬁimd@)ﬁw
NOERELIL TS Sh BMO KL 5 R OB ERRNEFE IZUE  glectrodes,
INDZENRHLNERST=, ZHUTZDOSh O H Y T A
Wik — i IR (2 22 U B 077 % LaSh 238 D U EE M AR EE 3
T S Sb OELAISE ZHH L7z, @LaSh 234 U
UL OWEE RS E A L Sh O FE B RS A BLE L
o ds (HFEO K JEEENFSTH D Z L 2ERIL
ZHIE T HEZR W ). @LaSh DB Y22 ENED i <
E‘Eﬁﬁl%%ffﬁ% ik LT %)%*E 7‘7))@ ZHRholz (Eformation
=-261kimol™), 7= &2 b5, £7-, Sb Lt#EL
THRE~DEEI/NE U LaSh & 10 wt.% Lva £ 720
B TIZE, ZNODOMEP IR INEFE

Current density / a.u.
T

LaSb/Sb (50/50 wt.%) |
: : :

VKFS‘AIPy'13—F‘SA (20 :‘80 mol%

D
o
o

al
o
o

LaSb/Sb co EositeA
0:90 wt.%)

(10:90 wt.
(070w %)

// )

N
o
o

(50:50 wt.
(70:30 wt.%)

300

200

100

Discharge capacity / mA h g*

BUE LTS CX 5 2 LD o e, Sl LaSh . R T )
NOFmTE—T o FECARLEDOALRY Y NEME Cycle number
TERLL, ZOEWEAFMET D TETHD. Fig. 3 Cycling performance of various of LaSh/Sh

composite electrodes.
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BEEF b Y Y AZREHERDHD
£ BREREOHE

SO, DT Y ERHELY, BRI 2, AR, A, FRIEEL

LRSS T AR
25 R L — B TSRS

1. IZC®IC

KRN X —OFHFHOT-D, EHEEREEAEBHOBER RO LN TS, BRSCEM
\ZIRIET 5 Li IR & I3RRIZ, Na OEPITHEK T2 HIZIETBERIZSE Db 728, Na A 4 &l
(NIB) 132 fli7zE@EAEEM S L TS TWb. ZoaME L LT — KT —R o O3 1T
bnTnad Y 72720, NIBOEKRDZH LD %L D Na ZWg— it T 2MBRZEENRTWS. U
v (P), AX (Sn) BIOT vFE (Sh) I Na bt DOESININERT Z & THEFICEHWVEGARE
HT2H0D, Nalm— ORI NRKEN LICE 0 BB A 7 Ve b ) IEMERE D
FRiE - Z NI L A AR ERREZHBBELZZ 5. UL, Y7 v—713onboxE a1k
AT 52 & CRIEE TR LM B ORI 21T > CT& 72 29, ZToEKE LT, BRERNEMR EICE
ERRHEIE AT L2 2 STz, SN PAHOZ LWEEMEZ A, 73>, PFE2Y Sn FHDOEE &
ME L= enEZBND. BET v FE Y (Sh0s) 1%, 2= 3 VRIS ZAEAL SO0 bR
T2 ETUOMAhg b DEWHERAREEZ AT S, Lol s, Na Wk — B o3 LMERZE L
THRUDIEHITE D BB A 7 VEEMICZ LWHEA 2 A, —F, T EB o —FETh 5
fefbz U oA (CeOy) IFHHARZZ 14T mAh gt LRV E DD, BIHRICIERFICLETH D720
Na Wik — F RS S N2 L LW 2 & TH A 7 VL EMEICEN D AIC 25 L/ SR 5.
AWFFETIX, CeO,% Sh,0312 Ry y MEEE D Z & TEtkEREE A 2 s B oI5 2 i 2 7.

2. ER

Ce0; & Sh,Os DEE LAY 10:90, 20:80 3L TN40:60 & 70D K 9 lC ¥ a =7 BRI A,
Bt R— L oFEREIZ 1.5: 100, [AEREE %2 380rpm & L ClERAAR— L I VEE (7Y v Fa Py
Xy, PLT) ZHWT A0 KD A T =TV Y & ZHLBR & ATV, Flx DEEH D Ce02/Sh05 =1 AR Y
v MR EST-. ZOFK L acetylene black, carboxymethyl cellulose, styrene-butadiene rubber % &8 L,
BT E1.0mgem 2 FEE T Cu s LiIcAT 2 2 &L CHAEMEZ 572, ZhaiBiie L, *IHRIC Na
JEAEHWT 2032 Bl oA VBV EBE L. A A VRIREMIKIZEE 1M O Na[FSA]-
[C3sCipyrr][FSA] (20:80 mol.%, CsCipyrr : N-methyl-N-propylpyrrolidinium, FSA : bis(fluorosulfonyl)amide)
W=, BB R 2 B &P 0.01-3.00 V vs. Na*/Na, Bt 50 mAg?, R 303K D%k
PECOM Lz, FEfutRZ iR 2 7202 X #REHT (XRD) HIEZ1T - 7.

3. MRLEZ

AH=FTNI Y 7 k- THEL L 7= Ce0,/Sh,0s =1
RNYy MR OFEEAE - BMEBIER O R, CeOq i
T EREARPEDIRYY Sby0s 23R A — /L TAVIE L -
AN SN TN D Z & B T= (Fig. 1).

Ce0,/Sh,05 = ARy MEMDFEHEIZ & & 72 5 UG
BAEZTRD IO A7 U v 7 AR Z A N —HE
AT o7, FOREE, Sh0s D2 " —2 3 Ut (Shy0s
+6Na*+6e 2 2Sb+3Na,0) BLUZNIZL VAL D Sh -
DELALE (Sb+3Nat+3e” 2 NasSh) [cHisk+ 5 ER  Fig 1 Transmission electron microscopic images
Vs AR L. — 5T, CeO, ® Na'Wiik— s of Ce0,/Sh,03 composite active material.
ICHRT DWME B Y — 7 IR SN0 o7z, £ 2T, ZOBEMIE L THRLEF %D XRD HIE
ZATVY, Ce02728 Nate ED X D IS LTV D0 Z i~ 72. Fig. 2()I X FE R4 D Ce02/Sh,05 =2 7R

b n
500 nm 500 nm /5 2o o o (0,287 nm
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Ty NEMO X BRET S Z — 2 Zord. Nar OWUE — iz & b 7220 CeO, DEIYT B — 7 BRIEYIZ
T RLTWAZ EDRBEINTZ. ZO/RERIE, TREIZE S22V CeO, DGt Tk — IE L7z Z
EHEIRLTWVD., INHEDIZ ENnD, Ce0x/Sh03 2R Y v MEMIZIBUNTIE Sh03 721F T2 < Ce0,
HNa" &R L TEY, Ce028 Na'ZnE St 5HREA 2 5 2 & WD Hiviz (Fig.2 (b)).

Fig. 313, BHELNREARD Ce0; & Shy0s DAL RY w MRS 72 5 EBBD FIES A 7 VIERE
SR, Sh0s DHMEMILE WIEEREEZ R LIZbDD, 20 %A 7 VL TICABICAE®EZRK->TL
FOTEAEMR L. UL, BHEIZE 729 ShOs DI LUVMAFEZAL TAE LU DS XY, B
FEELCLE-7=Z L ICERTAILDEEZBND. —JF, CeO DHMEMIL, AEIFENLOD,
RNV A 7 IVEENEEZRTZ ENbholz. ZHICH L, Ce0r % ShOslZa Ry y MEE
BHHZLICky, REFBRZHEZICUETEDLZ L 2MR L. ZOEIE, CeO, N Nata il S+
D, ShOs O DS EFEM L, BMOREAZIWET-0Thd EHEREINS. £72, Sh0; DEIE
DA Z DI HON TEREMBEREN M L35 2 bENO BN, 2L, CeO BNV ETH - THEMD A
BEANREAICHH TE L2 L 2RR LTV,

(a) 4 0.01-3.0 Vvs. Na“/Na, 50 mA g™, NaFSA/Py13-FSA
e o T coosho,
: m] - P 600 SIS
§ atiov 02 o © o © C g (20:80 wt.%)
2 02 5-3n %-e\ S (40:60 Wt.%)
3 y Q=N = > 400 .
g MA01Y . Na-axtraction O o . =
i = \ o Q\ =
c l | Q ©
T et 1
= : Before  Na* N - - o o 8
% : cycle @ Na-insertion y (o) o P__‘\I © 200F 4
£ ' il Q- b@ W o
a réﬁ:ﬁu m-onr-asga Tely o o % O [ CeO
TCSDING, 01-071-0366 S0.0, o 0==g © % 5 2
L Ll L J (,)
40 45 50 55 60 =
20(Cu-Ka) / deg. (@] 00 50 100
Fig. 2 (a) X-ray diffraction patterns of CeO,/Sh,0; (40/60 _Charge-discharge cycle number
wt.%) composite electrode. The reversible peak shift of CeO, Fig. 3 Cycling performances of CeO/Sb,03 composite
shows the expansion and contraction of CeO; crystal lattice. (b) electrodes. For comparison, this figure shows results
Schematic illustration of Na*-insertion and extraction of CeO,. of Sh;03, CeOz, and hard carbon electrodes.
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REBETEIZEDEILO—RTI/ILHNOFKEERE

HE L IS L BAUEIGL MR B OEERT L HFEAZ

PRI [E SR SRR
2 BURR R L 3 — B T 2RI JE Al

1. FX
TEMEVGIRIC AR U CBEKRALER (2 B 5-9~ 2 it e e (LM C©
& B Thiothrix nivea (X 1) 1%, MilaRmic/ va—x -« 7
a3 ‘/i@ié\ﬁi (GG) ZEpsr & T DM () ZIEAkT
%, GG IFBEIZT IV EREZATH T L bKREMET, R
L“TZ/I/I:“—X z EU LTESRBE 2 TERT 2 2 &b, 'V
m— 2% L TRV EER 2~ (K 2), Lici-> T, &
SV — AR5 IR ICRE L CT R b BFRBOS
M) 2876 TENTELHREROT I {EFITH D, BV
2—2AD7 I 1k i@f? DAL L > TR[RETH D = §
ENHLNTERY, FEga (W= xR &) SFbko
KB L HECTH D * }\'ﬁ‘/%ﬂﬂb‘TCY 2 ABIEFRICIRS A
WHNL TS, F h itk ro—2EOEFMERZ L=
O, MIUERBERHWTEBILICE > T e — X 2L \
(—HOBEEHRAHERELTT AT e REZEA) LTHhHF 1 T nivea ® SEM 4
MG (R r o7 I 2Ry —20T L
T b REEMHE) SEOIRERD Y ALK GFE XS
RV, BB X 512, GG ITMERAEBE T a—AD L RD 2 ENARETHY ., Hied
%%ﬁ%f7\/fh%%f_%ﬁ‘ ENTELZ 0D (K2), RO FEEL T —HEBETEREAMRD
N7 I LAITH D, GG ZHET D T nivea ITIRAHHE & W\ 9 FrR 2 RBEXZ R~ THIE T, =L
F—IHE L THALKRBEZFIHT 5 & &bl RFEPWE U TIIEERE 2 & O AR & Y Ch 5 i1k
IRFEDELL T HZ LN TE D, ﬁifi)(UinjJX’C&)'O}j¥ MEHER T A TH & Db AKFED
TEHTE 28028 WT T nivea & H W T2 38R AEPEICIT BRI L & W ) BRI BIFRFTX 5, 61
:ﬁﬁ“ﬂﬁmyﬁ%myﬁ{ﬁkﬁ‘é%\é@%ﬁ/f BT, B bmrE o

BERRIE SN Z Enb, AR ma— hIADETH iy o
HEHTH D, EWFN BCRERSE L LCODe =30 GG f4r0
FRETHRARA L MBN TS, LinL, AP

LR EREIAT 1 T ALFEARIC K - T b e

Th D, (LA & TEEY OBLOBITAE U D= 3L ¥ — ﬁo “m
AR CHRARE B oTHY | B CHETT5 &
WAREB B B, LFEARIC & D MLk ERE & A RAWE

o

AEZMBEDELRRIHMATHY . TOEHZG L~ ;

MFZEICEF LTz, e o""H HO
2. R '
T nivea DIEFIIIER, =7 T A aTiThbh T Vv —

77— AU —EHOTEREREORE TV, Rl (EEE
b)) ZRIEZNIETBEBEEENE L pH OFlEL AJaE/R Y
¥ =T 7 —AUH—FHWNWLRETHY, Iz TH#E
FEOREIEITO 28 & L, M3 IIEEREEDREBTH

K2 GG &tro—R0EmE
OKFEFRER)
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bHe VU UURYT HHWTIEM:
EOWMILAKZZWALT B Y U AW >
WELTHA L, PERRICES LT
i b AKE -t o — CHIIICELY 1A
ENhifbRFEEZHR T L &
MTED, FEIROHFERRZK T D
BRI (T oEF=T) EER SRR
ET DD, RN T T
TXHREBlFb - T\ 5D, AR

DS R bIER S TER Y, AU
&% AW T @ b iRHFE % IRFEPR &
THIGR L ABERFRE T 5 X3 BERLEHE DML
B8 O W xS T & DLkt %
T2, ZOEEZHNT, EHLLORFJICIDERGWETH D Z & ot L,
3. GG DFRHL

AWFFETIE GG FARFNEDMHEL b kA, BIRDOERLIET GG OFIHNTRETH V. T OHE T
+TEmN T E &2 NMR JIEIZ L » THEN O T, B LIRFEAZIRFIRE T2 24 HEDE:ER TD GG X
B3 18 mg/L 727, K% B E LA OIEIT 7 BT 250 mg/L 72~ 7=, —EbiRFE D
%ﬁ%ﬂtGG@NMR2&7Fwiﬂ&#%ﬁ%ﬂtGGk FRLCTHY, Eru—207 3 4k
HRHETE o 7o, L Z®mO DT RILRF D HND I, Z OB ELAZENIELXEXTHY
el 2 W2 55412 i*tEODEk%{ﬁfn%m&)é/\%T%é EWBHBMNE R, ZTD LI, _E&
{bRSR EWifbKFEN DD GG AEMNFRETH L Z L a2 T &L bl SBROUBEHZGELZ LN T
=7,
4. YRENFZ

e ITEMHEB IR B R OMESE O ANERZ B LRI B L TRV HATE T, ik
@D T nivea (Thiothrix J&) (2L 5 GG ORFHEEAELZDRED—DTHD, ZDIFNHIILETIT,
Sphaerotilus JEANE O % B L E RSN @7 FIZOWTIHARTE 7o, FricREH AR T~ FULSA
M C & 25 Hlisocomenobacter JEI\ZEHT 5 TifRetZ LR OMFFE & WAT L TIT o 7o, BEREMFIEHE
SNTWELLODHIENRARLZETHDLZ ENHA L, 7 AT — X E5B T LN LR R O AR
IR LT, O CEPESMREENEWZ E VB LTz, 2fEFTHEZRZHED 5 B IR Lo F B bh
ELTOHENRSDET AR VRRICER L, BFRIRD O O RER DR Z2 R Tz, HRIZE 720
WEBEEI DX o F AT —BITHL L 2< 5 L,b‘ﬂ:%%LOD v 7va VRS R Th o T,
NMR 750615 CTRE « ROSFFRMEZ RIS 5 & & b m%®%m%%TAJ%%wt# A LR
ECNARBLEE 2 T2 2 Ll K o THEMEE SLRE L,to ZDO XS, IEEBRMENGOFIOe T
nna UERGIREESR DR RO BT, FfERZ O < HEER T l%?% FEBRLDZ LT,
5. FEERK
Epe 3
1. Mori T, Masuzawa N, Kondo K, Nakanishi Y, Chida S, Uehara D, Katahira M, Takeda M, “A heterodimeric

hyaluronate lyase secreted by the activated sludge bacterium Haliscomenobacter hydrossis”, BiosCi
Biotechnol Biochem, (2023) in press.

[A 8]
1. Morita H, Chida S, Takato S, Kondo K, Katahira M, Takeda M, "Enzymatic degradation of a cellulose-
aminating polysaccharide, glucosaminoglucan”, Active Enzyme Molecule 2022, Sept-Oct. 2020, Toyama.

2. THzZE, HRHEKE, &xER, T, FFEEAN, REE ‘S M —BickLs /7 ra—x-7
Nat Iy B-14 R EIESROGHE” B T4 B HAREYM THFEERE, 2022F10H (FF 1)
3. FREHIE. KEM. IS, FPEAN, RESE, “BLKRFE T TORBERER L O E
IZ& bt —R7 I JALAIOFREEERE" HARREZLT 2023 F2K43,2023 -3 A (F 74 )
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BEI[KBHIEEZZTRAWNAFILIERNAIZEL S
RNA §5& & >/ B TLS O 57 B O il i 4s D fF 4

RERE Y, CRHES Y, RESHSE S ILERK?, DS, KE 52 AFEIEAN?

LR ERERR R
2R L X — B L e

Translocated in liposarcoma/Fused in sarcoma (TLS/FUS) (. FAZNIZ IS W TR TR B/ EDOfE 4 Ol
HIZBE 5 RNAIDNA #ESEAE Th 5H, TLS ITMANICHE W THABESCEEZE -T2 L mbn
T 5, AR 7Rk B, R & 72 IR EE O BRI BB & B 2 DL TV D — 5T, R Al 72 e 1
amyotrophic lateral sclerosis (ALS)5 DR MR B Z T b T Z LR BA TN D,

Fox X TLS OAEBMBEED —>TH 2 CyclinD1 B5 1 OEREHI N B U 7= E 2 b T & 7=,
TLS % CyclinD1 {5 1O 7' 1 & — & — k) S S 5 92— K RNA (pncRNA-D)~Dfi &4 & -
22T & LT, CyclinDl B 7 OG0 2 & 72 59 (Wang ef al., 2008), Z i1 FE TOHFZE T pncRNA-D
& TLS WG OEFNOH 6 H O AA/ERICEE R E S % AL L7z (Yoneda ef al., 2016), F7-.
PNCRNA-D DR BRI ZFEE M, T AWIEINZ L > TE S D TLS OEHEZ ST 2R R H 5 2 &
R LT (Hamad er al., 2021), T4, AIRIANIZISIT 5 RNA OEAfiIE RNA OREHH#E1C 8 272 4%H
ERE-TLEZLNTVS, Fxld, pneRNA-D IZOWTH 7 F = VR EDNHIIINIC B W TEEIC A F
JABMPANES 2521 T\ 5% Z & & R L7z (Yonedaetal., 2020), & Z C, pncRNA-D @ m°A &£/ TLS
EDOFEAR L ONTLS OREICH X DB ERAET 52 & & LT,

XL ®IZ, pncRNA-D OEFIOF 75, meA EEiAEZ W Vv Embit s GGACU EF—7 %
FF iRy EeS (Fragment 6). 38 1 O8N GGACC £ F— 7 Z £ ou k%! (Fragment 3)%& HH L7= (X 1),
BIBH E TLS EDFEEEZ T NAF T T v AL > THFELTZ & Z A, Fragment6 13 TLS (1255 <
FEA Lo L, Fragment3 (X1 & A EHEA Lo 7o, #iV) T mbA (&6 % Jii L 7= Fragment 3 (m°A-
Fragment 3)33 J. 08 6 (MPA-Fragment 6)(Z-2\ N C TLS & OfES & MGk L7255, Fragment6 & TLS OfEA
X MPAERGIZ K » TR 725 Z E A LT 72 o 72, —J7. Fragment3 |3 mSA (&% Jii L T TLS (2
e Liehroiz, ALS L OBIENM SN TS TLS BRKIZOWTH RO ERZITo72 & 25,
Fragment3, 6 3L{ZHFAR TLS L 0 ¢ TLS AR

BICHR S 2R L7z, & 51T, mPA-Fragment ~ uman chromosome i ——
3 BE U mPA-Fragment 6 [FEAf S LTV R0 PHCRINAD
RNA L ¥ &< TLS ZRKITHES Lz, Lk [=

1393 791 - #1

DOFEF S pncRNA-D H7ECFI D mOA (&

IF. R TLS 35 L OV TLS 28 BAKIC KT 5 7 / . s
BERMEE DS Z N LT, —oZ ka2

5. TLS I mPA &ffi RNA OREREEE AT 5
ZEBRIE ST,

b MHFENIZEIT D TLS OEEITIRETIC L DHlEA F LRIk > TRES LD, Fragment3 & 5
UME Fragment 6 23 A L=t MIIICIRBIEA L AZ AR L7ZL 24, Fragment 6 235 A L 7=l
TODH TLS OEHERIE A ME IR S 7z, S 52, m°PA-Fragment 6 3 A L 7= #ifd Tl Fragment
6 L0 b EWEEIMBIN RN Sz, L7z23> T, pncRNA-D #4ECSI D mPA &AL, TLS D%kt
HEEMEIT 2ENH D Z LRI, 512, TLS ZHEKARE S E-MRICBO TS RED
FBR AT o7& Z A, Fragment3 & Fragment6 @O £5 5 & TLS OREEMGIZII 278 L, Z O%FIT mPA
EEIC L > TR Lz, LER-> T, AR TLS & TLS ARKDO EH LIV TH, TLS & OfEA#H
Tk & PN IZ 3 1T 2 BEEEIMHI D BB S ER D H iz, mPA Efifi RNA 1Z TLS O#E 242 =
LT, MRROEGFREEO L EEEFEFOEELZLND,

==
I

Fmgtﬁent 3 Fragfrient 6

1 pncRNA-D I D 15 [X]
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WIZ, TLS 12Xk 2D mPA (EHG OB 2 81 & 22T 572,
Fragment 6 33 1. (Y mPA-Fragment 6 D& 2 SV CRHT 21T - 72,
F7°. mPA-Fragment 6 23] 5 2 DN AKFEE Z TR L T D0 E D
MERRRET D725, UV RIRA T b L& F T BV P T 21T
>72(%2), X2 XY, Fragment 6 33 1 U8 m°A-Fragment 6 13 & ¢
WREZIZ L O MBI ORF AR TE 2 b, L0
DIEEEZTR L TWD EEZ BN D, £/, mPA-Fragment 6 0 i(;emperigumngﬂ 80
UD%ﬁ—ﬁ%Eﬁﬂeﬁ’ﬁ@%@,ﬁ# Fnﬁgmentf:@ LD LY BIRRAICH D :E 2 Fragment 6 35 & 0% moA-
MNH, m A-FragrﬁentG DOSLAARERE L Fragment6 O 6 O LD HAR%: fragment 6 0> B PEARAT
ETHDHZENRBRENT, WIZ, BARIICED K 5 e ikt
EIRR LTV DD ETFRS 7251 Fragment 6 38 X OY m®A-Fragment 6 @ *H NMR A7 kL& HIE L
72(43), M3IZiFAI/Fa by 7P AOEE R LI, 470 DY 7 VTR T
RO KD ORE SN TV AL EICBII SN D T2, v 7 T IV ORI S d iz Ha ikt o ¥ & Sk
T 5, £o, BRSN TV AN OMEIX, 1 X/ e ho v 7ol 7 MEICL > TR X
ZX2 DXy ICHEI S5, Fragment 6 & méA-Fragment 6 @ 'H NMR A7 hL & blgd 5 L A
7 MPRELSBTHDZ &G, MBEBOHEGEIZFE L, T LETND Z BRIz, ko
TG TR 7 v 77 5k TH NMR A7 b b PRl S -t ofEsE, E%5)6. Fragment 6 &
mPA-Fragment 6 (T d ., X 4 OfFEOE L L, HDHWEHFEEDRGREEZ L > TWnDH Z &N
IR X Tz, X 31281F D Fragment 6 & m°A-Fragment 6 D> 72 A7 R L OEWE, K4 D 2D
DOHETE DIFIELL S Fragment 6 & mPA-Fragment 6 TR 5 2 L2/ L TWDH I EEEZ LN D,

Lt TLS & OB ERF 0 mPA-Fragment 6 OREIEARNT 2D . TLS 12 K 5 mPA &R O FRFRIEAE 2 B
OMNCTHZEEHEET,

o -
w0 =}
(o] o

Normalized Abs 6,
o
w
o

b
o
]

=
o
o

Presumable
base pairs AU GC Gu G-A
I
1 U-A_ U-A
l A c A c A
| | Ay mEAorA « U m6A or A /
A /\ f Vv, M Seh eu
ERA AR A %W e Vi S| andlor e A
T 0wy §-0
Ge+U GeU
T ] 1 T L T T 1 J 1 1
15 14 13 12 1 10 9 Aeu AsuU
H [ppm] 5G-C-A-G+C ¥ §G-C-A-G*C ¥
3 Fragment 6 33 & 0 méA-fragment 6 @ *H NMR A-~X7 kL 4 Fragment 6 o T84

[Fm SCFEFR Y A K]

1. Ryoma Yoneda, Naomi Ueda, Riki Kurokawa, “Identification of Long Noncoding RNA Recognized by RNA-
Binding Protein TLS/FUS: Purification of RNAs by Affinity Chromatography of GST-TLS”, Biomedical
Sciences, \V01.8, 144-156, Dec. 15, 2022.
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T XMt E TS TS5 X TEBBEIKFRRALAERIC
EIFTRGHEGEE

REFOY, FHEERZ L2 RIE S, I k3 =Ens
JER& SR 34, Tan Guangfan®S, FIARTEM ©, PN EREE 7
L o A R B B A Ik

o PN Sy N e ke 2 s 3 T i

M i Neastiite sl

R TR

BT PN
SHEKFA—T A ) _— 3
TRERR S L — B TSR 2E AT

1. B
BERE R TIEEAKED)E MU F U LMICEDBICZRH L TR FXF—2/[L50, Z0LETT
A= RPAREE TR = L T =R RO IS L DB ARG 22T 5, 7T X~ x M ICITE KSR

AR R E S AL, MBI A~IEECT 5 2 LIS L 0 iR &3N3 2 fREERfEll ST g, 0
oD, BB A 7 ) T RR IR OB BB O KB RN RIS 8 2 BfR 35 2 L N EE
R L IR > TN D, o, BRGF 7T A I3IBUR THER LT~ U LG Telow, KFEFRNARE
ANV TAEDOHEERIZOWTHEHALNCT HMENS H, BE, mla, KAy X F KR EF
JEL WO RS E ©OX T AT (W) E T T XM O &35 2 ERRET SN Tnsd, L,
BT AT A OSSR AET D Em =V X — I LD BB REQAEAIND & &I,
ERGCE D L= A(Re)~EBEHREIND, T DI, A 77 X~ x5tk %z 1 < /K FE RN AR E
WEEEZ TRT H72DI0F, F 7 AT r—L =0 A(W-Re)G4BIZ3 1T 2 F MBI DU TOHEIRLH
VEARFR T D, AFTETIIFE A OIRFEIZIIT 5 W-10%Re A4 0 /K R RN AE 255 8) & 5195 &
EHiz, TOREHEEREICONTERTIZEL LT,

2. Fik
FRIZIZT 74 F~7 U7 AAEROBER 6 m °, JES 05 mm' O W & W-10%Re @4 i H L7z,

ZOREHIHR L, AR E D70 R EZE T (< 10° Pa) T 1173 K2 T 30 MMBVAEL 21T 5 72, £ D
%, TRV X —He BN R OVE A A 12 K DA IR NBREE & A5 L 7o R IERUR 2 ERL 2 7201,
R L — T2 E AT O G B — LM BRI 2E{E (DUET)IC T, 1173 K T He 600 appm. 15
B ldpa D X ITEA AL e~ T LA A DORIFFRE 21T o 72, D%, I RKFITHRE L
I RF 72 X~ BREh3E#E (PDP) & W CHE/KFE 7 7 A~ BRaEhE i 5k % 673 K~813 K DOIEE TIT-
Too IEBIISBOW I CT T A~EERL, BKET T AT T v 7 AT 1.0x10%Dm2st & L7z, &
Bl & B U7 EAKE A2 E BN CIIE L7z, £7-. DUET (2T 1173 K OIRE CHREHEE(L dpa) %
L7 W-10%Re & W BEHZxH LIUN KT & 2 EEAE - BMEE (SEM) 3 X O & B kot
FT(NIFS) Ci AL E 1 BB TEM)IC L 2 WO BIZ2 2 1772\ Re YRS K OMRSRHALE O 8 % 37l
L7z,

3. HR-BE

1|2 DUET (2 CTHRS R Ifa 238 A L7z W-10%Re & FERRGT W-10%Re (235 T 673 K 725 813 K D
FETD 7T A~ 21T 2B 0WEEE. K212 1 & FEBHIR L D 79 XA~BE 21T =B D
EREHRT 7 v 7 A% 7, DUET I THUR RG22 A LTz W-10%Re OILBIRI, EFiBRT 7 v 7
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ZITFERS W-10%Re IZHEN TR LTz, Fe A A& He A 4
¥ ORI &> TEK S NIz AT Ve EORE KD D %
i, JEELDORERE & 70 0 IR, R EW T T v 7 A& S E T
ZEDRBEIND,

X 3 12 DUET (2 CHRSF KRBz 8 A L7 W-10%Re & FERAEH W-
10%Re % =R T SEM BlZ2 21T -2~ 7, BEHEA W LR
A W-10%Re Z 35 & W TIEFEMPLO KR E 2% 2.5 um
FRETHDDIZH L, W-10%Re OfESKIO K& XA 0.8~1 um 2
ETholz, ReISIDOEEIZL YD | WITHAT W-10%Re D% | A S L S S S
MWINESL lpol2Z LD RIBEN D, 1000/ T /K"
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Takayasu Kawasaki, Heishun Zen, Takeshi Sakai, Yoske Sumitomo, Kyoko Nogami, Ken Hayakawa, Toyonari
Yaji, Toshiaki Ohta, Takashi Nagata and Yasushi Hayakawa,

"Degradation of Lignin by Infrared Free Electron Laser", Polymers, 14(12), 2401 (2022).
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T. Kawasaki, F. Shishikura, T. Nagata, and H. Zen, “Structure control of persistent materials by molecular
vibrational excitation”, The 13th International Symposium of Advanced Energy Science, 6 Sept. 2022, Poster
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Rei Akasegawa, Heishun Zen, Kyohei Yoshida, Ju Yoon Hnin Bo, Kan Hachiya, Takashi Sagawa, Hideaki
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In-vitro investigation of safety and carotenoid-
production of Bacillus strains isolated from shrimp gut
by whole genome sequencing for development of

biomaterials applied in shrimp aquaculture

Nguyen Thi Van Anh*, Yumiko Takatsuka*, Nguyen Thi Tham?, Tran Thi My?, Bui Thi Phuong Anh'?,
Nguyen Hoa Anh?3, Tomijiro Hara*, Kenji Yokota®, Minenosuke Matsutani®,
Tsuyoshi Ohira®, Fumihiro Yamane’
"WNU University of Science, Hanoi, Vietnam; ANABIO R&D Ltd., Hanoi, Vietnam; LiveSpo Pharma Ltd.
Hanoi, Vietnam; *Institute of Advanced Energy, Kyoto University, Kyoto, Japan; *University of Agriculture,
Tokyo, Japan; ®Kanagawa University, Kanagawa, Japan; ‘Mie Prefectural Fish Farming Center, Japan.

Aims: For application of the Bacillus marisflavi SH8 and B. subtilis SH23 strains as feed supplements, the
purpose of this study is to investigate their safety in-vitro and genes relating to carotenoid production of SH8
by analysis their whole genome sequencing (WGS). This data helps us understand more the mechanism how
the strains exhibit their beneficial effects to shrimp coloring and astaxanthin level improvement, thereby
optimizing the use of the multiple-strain Bacillus spores as novel heat-stable feed supplements for white-leg
shrimp and regulate their effects more efficiently. This approach will save energy from reducing the use of
feed and synthesized astaxanthin, reducing chemicals and antibiotics for shrimp aquaculture.

Methods and Results

WGS of SH8 and SH23 strains were conducted using the Illumina MiSeq sequencing platform and a paired-
end sequencing strategy (2 x 300 bp). Adapter sequences and low-quality regions in the Illumina reads were
trimmed using Trim Galore! v.0.6.4 with default parameters
(https://www.bioinformatics.babraham.ac.uk/projects/trim_galore/). De novo assembly of the trimmed
genome sequencing data was performed using SPAdes v. 3.11.1. Gene detection and genome annotation of the
draft genome assemblies were performed using the DDBJ Fast Annotation and Submission Tool with default
settings. As results, the WGS general data and genomic characteristics for the SH8 and SH23 strains to evaluate
the safety and presence of eight carotenoid synthesis genes were shown in Table 1-3.

Table 1. General genomic characteristic of the SH8 and SH23 strains

Properties B. marisflavi SH8 B. subtillis SH23
Total Sequence Length (bp) 4,593,648 4,494,483
Genome completeness (by Busco) 96.2% 100%
Number of contigs 603 491
Longest Sequences (bp) 63,269 1,071,564
N50 (bp) 13,079 688,949
Gap Ratio (%) 0.000000 0.000000
GCcontent (%) 48.0 43.6
Number of CDSs 5,428 5,143
Average Protein Length 265.4 285.2
Coding Ratio (%) 75.1 83.0
Number of rRNAs 15 10
Number of tRNAS 94 87
Proteins with functional assignments | 3,424 4,089
Hypothetical proteins 2,004 1,054
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Table 2. Sequence analysis of toxin genes in B. marisflavi SH8 and B. subtilis SH23

No | Genes

Detection method

Specific sequence amplified

Number of gene detected by whole

by PCR genome sequencing
B. marisflavi SH8| B. subtilis SH23 | B. marisflavi SH8 | B. subtilis SH23
Hemolysin B (%#bIB) Not Detectable | Not Detectable | 0 0
Non-hemolytic Not Detectable Not Detectable | 0 0
enterotoxin A (nheA)
3 | nheB Not Detectable | Not Detectable | 0

nheC

Not Detectable

Not Detectable

5 | Cytotoxin K (cytK)

Not Detectable

Not Detectable

Table 3. Sequence analysis of genes involving in carotenoid production in B. marisflavi SH8

KEGG_KO | Query Description PFAMs
K10027 ig|189381.56.peg.2956 | Flavin containing amine oxidoreductase | Amino_oxidase
K10208 fig|189381.56.peg.2955 | phytoene SQS_PSY
K10209 fig|189381.56.peg.2957 | COG1233 Phytoene dehydrogenase and | Amino_oxidase,
related proteins NAD binding_8
K10210 fig|189381.56.peg.2806 | Flavin containing amine oxidoreductase | Amino_oxidase
fig|189381.56.peg.4557 | Flavin containing amine oxidoreductase | Amino_oxidase
K10211 ig|189381.56.peg.4214 | Glycosyl transferase family 21 Glycos_transf 2
K10212 ig|189381.56.peg.4213 | carotenoid biosynthetic process -
ig|189381.56.peg.2803 | Carotenoid biosynthesis protein Caroten_synth

The annotation results were shown in Figure 1 for circular genome view. The assembled genome was submitted
to PATRIC and annotated using RAST tool kit (RASTtk). The sequences were deposited on DDBJ with
accession number #NSUB000394. The WGS data of the two strains indicated that these spores could be safely
used in shrimp feed pellets because no genes encoding toxin or likely to induce allergies were detected in the
genome (Table 2). The pigmented SH8 strain contained eight clusters of genes involved in carotenoid
production (Table 3).

feenans llll‘g
s
=9

B. marisfigvi SHE B. subtilis SH23

Figure 1. Circular maps display of the distribution of the genome annotations of B. marisflavi SH8 and B.
subtilis SH23 strains. Maps was generated with Patric server.
Poster presentation: A.T.V. Nguyen, K. Yokota, T.T. Nguyen, A. T.P. Bui, M.T. Tran, A. H. Nguyen, T. Ohira,
F. Yamane, T. Hara, Y. Takatsuka. In-vitro investigation of safety and carotenoid-production of Bacillus strains
isolated from shrimp gut by whole genome sequencing for development of biomaterials applied in shrimp
aquaculture. The 13th International Symposium of Advanced Energy Science (September 5-7, 2022) in Institute of
Advanced Energy, Kyoto University and Joint Usage/Research Center for Zero-Emission Energy Research.
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723 a UHICERERED CUR 2 A L, #O@%EiEtim B 1: $YasiRo) THz /%)L R 5B EIE

40 | Si plate & 1
"""" n = 3.48 (Brewster's angle = 74 deg)

Transmission [%)]

CUR signal without Si plate ~2.9V

N
o
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1 O

ErRELE (K1 1) 1 NIz s i~® CUR A YAG_timingscan7(T&R) 50mJ
A LB E O BIR AR, BBERSITIE 100% & 7D 100 bog
FED, ) arOEPTE =348) PHREDLTV 2aRY g of T ﬁ ]
— 4 738° L B —HT DRER L o7, = | |-#Reflection %] #
KIZ, U 2 UM% CUR OBEMENFE K TH o775 I § oo
R L, VY aURERIC NGYAG L—HF—Z2BH LS5 X & | /
~ I T—DAERERAT, L—F—& CUR /OLZAORSHE 5§ ©
HREZL S, CUR DRI & Bl oM % 2 2l §2g--*-——“q
E LTz, ZOMERREEZE 217, ZOBOL—F— v A,JH
AT AL F =T 50m) T o7z, X2 £V 50ns DI FE &

-0.15 -0.1 -0.05 0 0.05 0.1
W & DN KHEE LTV D Z E WD, £7-—H Timing [micro sec]

7T ARSI L1000 ORFIIE T, 77 A<D @ YAG L—H—81325 RF2(50mJ)
MEFFS L CUR IRBRTE T, AWK ERHRF STV

MG, BICEREOFEE - SR ORE D S I, 4c : [ !
ORI s FRIE ORI CHERL T LEV, 77 X iR ss|
ICYH A BWENREE TS (FHRENK 100%2725) £ TIC
I 200us FREED )N D Z E N ginoTo, YU ariiEea— b

RT— (BT —DONHERE 100% L E) 12 UHITE S
NI DRENS | 7T XA~ 27— O KEHRITH 30% &
HEEDL b7,

CUR "SIV AZERETAH-OIC, ANMBTTFT—ITA v a ]
BA T DN RNAT 4 04— (MMBPF-600,) ZffVy, 45 L l*“fwmﬁ@wﬂmﬁ
DRI T TR SN2 IR A 5 L7, HREICA b2 o 03 o0 0d 05 0s
H9 % CUR /UL ADEDE & 4IRS S DI BRI g0 stim i s or g, o st s
b SRR AL SR D ES B - L CRS R o DTl CRIESh T 15
BTz, K3 T L) ICHIRGMI T (BRES) 2MRTA2ZENTER, ¥, ATB 7T
—&H L, RS Z LEARIL TS 2 ROMEZRE L& 2 A, BEN 1LERT L7 TUL IR
TWD 2 ENyhoTz, JARIZIEMEWVEKE LTEZLND Z L%, CUR BNIHEZRIC AT 2B D
BT ONFEENTNLTHNRNZ ENEZ BN D,

BPF 600GHz

Median

3. £&®

FUHB KR 3L —H T2HF2ET FEL fitig% @ THz-CUR St & W C, 77 X~ 2 7 — DBk
BLOCUR OELEEEREFM L7, 77 A~ I T—FBRTIE, VU aUKIZ YAG L—HF—% MR
S U, THz 8D CUR Z 92 Z LIRS LTe, £, gL —F—D X A I 7 2B bsE5 2
T, T AT — O - HR ORI ELFFEZHIES D 2 N TE T, BHEEFEFTIT, CUR
PNV ADNIAREAS~O S LT EEGE MO NEN S D Z LN L, Ak, RSN AL
TOT T X~ I T7—EEER, HILER~D CUR 7SIV ZAD AT HFRUBEEI TN EBZTND,
[1] S. Krainara, et al., Rev. Sci. Instrum. 90, 103307 (2019).
[2] S. Kashiwagi et al., Infrared Physics & Technology, 106, 103274 (2020).

[3] H. Zen et al., Proceedings of FEL2014, pp.828-831 (2015).
[4] H. Zen and H. Ohgaki, Proceedings of PASJ2019, pp.786-788 (2019).

4. REERJ X b

[HER%EE U A K]

AR, &, WK EmZz, ” 7o Yo L= B OEGEEIC LD EME THz SV ARE” 3§
77 [l H AR PR ROK S, 2022 453 A 16 H. 1K 16aA124-8 (A>T A1 V)
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NAATZAOBEFRICET)T=000
BRI B -1 IS DFFE RN

WTRIEY, AMBF2, B 2 mEBmE? HEENS

PR R TR RSB A e
240 B R SRR A A A e R
B IPREE S YIPE S R

1. BMBLIUONE

TBLRFOCRTI vy a VEERTDIEDICH, S A AFHOBEERITETETRELIA
STETWS, RKEFJZNAA I~ ZDORERESD—>ThnH U V=0, HER ET2HEBICEFEELT
“5%@@\%L##% THBHETH DT OREREDHRIERANZ2ENTWARWY, U 7= OF%FIH
ZHETZOICH, TOMEL FMHEICHEETAIZENEETHD . ZIE T2 ITTNMREEZR P2 X #
EONEMTOR TN HOD, B =7 OERY I ENOREESTINREECH 72, o, FHERUL
WREAICE G 28-S T~ A F—fE e ENic b b b3, Ave vz UiEEEZFE LTS D
EMBRUSHENE <, )7 VOFBERNISIIREL FETHLEEZON TS, LLRRL, K
722 OREEICBT 5 EBMRERIIAE LTV D, ABFZETIE, BCE#E & NMREET 2 il B bt b
:kKiD\XEDVI/V%%®ﬁE%$ﬁE%%ﬁLKO

2. ER

HEBR LA BCHEH L7-a2=7 =V ([ring-1-°C]CF) #&m L. 4 F a vIic&5 L=, A&
DE %, 1557 BC g A AT R 4 [ °C CPIMAS, iR ESR BC, BL O %t NMR % H
UWNTRERT L T2,

[[ring-1-3C] CF > Ak] (@) (b) ;,7\ OMe
[ring-1-°C] CF I3 LLRT OB HE > TERK L7 Y, OH

[ F 3 v~DFh] H/ Ho
[ring-1-®C] CF & JEtEfk ==~ = U > (Un-CF) % 6 H H4) Q

CA F 2 s a— bR LT, 9 AR & Q

Bt BAEAMEE—F—CIRRL, 7 b L OBk ove () o

Tt L CRB 2 137 |
[NMR #]E]

WA nY =y (BL: BB R—A I A CHEFEL  BL[ng-1] “CR@)k ARy v
%, BZEAR) BLOTRvFbm o Fa L) 7=  MBEO)OLFMEE

(AcEL) ZIEizfk L7=, EL XA *C CPIMAS JlE 8 X
ONEFIEREE  (0.01 M Cr (111) acetylacetonate) % /il % 72 # |2 E £ 5C NMR I E 24T > 7=, ELAc (X
It NMR HIE 5 X OFEFIEREE A I 2 72 % ISR E & BC NMR JIEICffE L7, R NMR JIE Tl
RN RE O LI B E R FE (1513 ppm) . #IA NMR HIE Tl A & % (EL 55.65 ppm, ELAC 55.93
ppm) D E— 7%@%&5&%;1%@%ﬁﬂ®x&7kwﬁEﬁﬁﬁﬁﬂ®x&7%w%%bﬁ<
TETREANNY MRS, AT MLVOEBREICEY ., FERIMRBICB T AR )
UigEOEIS 2 RD T,

3. MRRUER

X 2 |23 R E B BC NMR B L OEHE °C CPIMAS D 2~<7 kL (EL) Zord, Wb 134 ppm
I BFR IMICHE T HRERE—7 PR TE 7, BIK NMR Tl A XU 7T oGk

_52_



ZE2022A-20

Mz, BCHEFIC Lo THREN-AY R > ) v IR 7 F v 387 (EL 54.70 ppm, ELAC
54.72 ppm) . [EfE NMR TiZ A FF T HS 7T L IIHBETE Do 7208, RGBT 5 A b
FUEE—7 by L5591 ppm, REANRY MLV TENZE—2 by L5611 ppm ThoTo, 7=
AT MVHOEBEERICE Y FER IMRBICBIT2A0 YT ) UEGEOEIA T, WIRER BC
NMR TiX EL0.68%, ELAC0.72% & il iv7z, F7=. ZEMETIEH D M [EK BC CP/IMAS Tl 0.91%
&Rl e,

Spirodienone ring-B-1

(@) (b) © g Wj\m

ol g e
180 160 140 120 100 ED &0 40 180 160 140 120 100 BO &0 40 180 180 140 120 100 80 60 40

Methoxy of (9)  Spiredienone

(d) (e) (f) * ring-B-1
56.5 56 35.5 53 4.5 a4
= |
T T T T - - - - L s o el
180 160 140 120 100 g0 60 40 180 160 140 120 100 20 60 o 0l 10 140 120 100 a0 eh a0

Spirodienone ring-B-1

(@ (h) (i) G M/J/ﬁ\rM
,_/wﬁf\_fﬁfm, ﬂwf/\“\JﬂAAL_ /\~‘ﬁ.‘1;

2. RIKEmEBC A~ kL (a) Un-CF $¢5- EL (b) [ring-1-3C] CF $¢5- EL (c) EL /RZEA T kb
((b)-@)). (d) Un-CF £ ELAc (e) [ring-1-3C] CF # 5 ELAC (f) ELAC /R3E 2227 kL ((e)-(). 35 L OV
1A 13C CPIMAS %<2 kL (g) Un-CF #5- EL, (h) [ring-1-*C] CF #¢ 5 EL (i) [k EL /R75 2<% kL

((h)-(9))-

(B35 3CHR)

1) Matsushita Y. et al. Proceedings of The 13th International Symposium of Advanced Energy Science, Research
Activities on Zero-Emission Energy Network. ZE2022A-20 (2022).

2) Zhang L. et al., J. Wood Chem. Technol. 26, 65-71, (2006).

3) Parkas J. et al. Nord. Pulp Paper J. 19, 44-52 (2004).

4, TRRXERVAP BIXO® TOEEELEY X b

1) Ak BRI M S, T g, A M, BE Z. i EASER IMERa=7x ) 05 IC
XD A4Fa KRB V= plicBidb AR Y ) VHRBEEOER”, #6710 7= 5%, 2022 4511 A 10
H~11 A 11 H, BiF (X714 2)

_53_



ZE2022A-21

BHEFL—Y—ZRAL\-
<Y RJLAE NaMgX (X=Bi, Sb) M7 53t

bl 7t A Wtk

IR A
2 E KA L F— B TR R T

1. 1IZL®HIC

NaMgX @ ERIba® (X=Bi, Sb) 1T KGEMSCEVEMEL L L TERAAHFEFINATVWD, £D%L
EHEIXEFSTHD, EHBUAMIHER T ECANTROMERH Y, FTHRFEEEIX R Ph
IR TH D & RIS TWD[L]. O DEEMIT, Hx RSN E T HBEIC S 2 D8 % %
MENZTHARD Z ENTELEERRTH D, TORBILEHRELZX Y ) 7T OHFEZE L TH
B Z DI I3 RAMEERICEHEN 2 BHE S v U 7O 7 7 A~ REHNC X 2 WIS 2 8L X L <
RN Z AL IN—TEHHBESF L —F—ITREBOT 0 —T7HJE Th 5[2], HEEH-SCEE LRI
BOWTHWETOX v U 7 OEFPRENIZN S DR A2 EA T HEELRK DO —>Th b, > T, F
¥ U7 OBFEEZ SN T 5 2 <ETtaﬁﬁ?ﬁ%’fbﬂaﬁ%@@—iﬁ‘a%%%%## EMNTEHDOTIE
muinE Bbihgd, — ., BEINBEBEEGRICE S B —REEE BV DTV TV 5 23[3-4], 70k
EBRIIEAD RN Ry v PRV EOEFHEENRTA—ENRESINDZ &L, TR
FNTOFEFEREINTND, AFETIE, FRIAEHE L —F—2H Xy VT XA FI T R
IR D EE & LT, NaMgX(X=Bi, Sh)#ih % AW\ TR E DA X R0 HT(WDX), X #2¢63E
SIE(XPS), FRAMEIN(IR) 21T > 72, Z O Tl NaMgSh #db DfE R 2 W& T 5,

2. RBHL ER
ARUFFEL mthwmx(XBi%)@Fmiﬁ%k%%ﬁ%fﬂ%ﬁn@mEﬁfﬁﬁﬂ%ﬁﬁb
TW272Wiz, XRD ORIEFERN S, 2o DAY OEEIXE M Th o 72, BEimatFE[ENIC Liux

NaMgBi & NaMgSh (ZZ1Z410.09 eV & 1.04eV DN R¥ ¥ v T EHFFO L PRI TN D, it
KIETRLF—BFERIIT HND M B~OMEEERI TH -7, NaMgSb 1LV = L [FFRE D
YRRy v S EROMEBERMOYERTH D, AWFFEIZIT NaMgBi #fidh &V & NaMgSh i gk 233 L
THY., EBEIHEX Y V7 XA F I 7 ZAOWNENFTHED E D 7% NaMgSh i db iz T~ 7z,
WDX TR 21T o 72k, Wk oo FE 0B A1 NaMg:Sh=1:1:15 Th - 7=, FAEMK I
Na:Mg:Sh=1:1:1 & (FE/2 52, ZAUL S BNEME L THFEET D7D TH D, FEBZ XRD JIEZET-
ToAESR, Sh 23 EAFH & L CTIFEE L T 7=, NaMgSh #&dh D %%%iXWfﬁmto%ﬁﬁwﬂt )
RTWesd, TA L A8y XL REOTEFCLZAT > 72, XPS OREIZIE XPS ZEE (T /Ny 7 7
7 A (K%L, PHI5000 Versa Probe III)%Hﬁb\to

X v v 7ORE IEZWRET H720OIT, RN ERE Z21T - 7o, FEFRFOBUEHREE X 10K T
Holo, REHIZERF DKL &ﬁﬁbf&%%A&“%?éh@ JITAF AL EA~ORELOEY
FHF X FE T AFAKTITV, FREHIA 10°Pa OEZEHIZISVTIREF Lo, BZEEERII T D h o T,
7 ——Z TG ORISR RN H T T, BB O OB A BT T AR T L, IR
ERHBHO MCT HRHEZRTHRIHL, TOEEET 7 THIE LT, 1§75 ® SN bz BT 5 72 DIsia
Z 1kHz TWii i L v v 7 A 7 o 7 %A o TRARBUSHR IR L 7=,
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3. MR

NaMgSh #&fn 3@ iRiE 2 FF O BREO MR TH O . fEDEMEK L v b RGN RIS S F1ES
HZExRT, 10K THEEHUELITo72 L TA, TR EBR Ligholoizs, MEERM DS
R R VX — 2 RET D 2 ENHETH - 72, BEICIR 72 X 5 12 WDX X° XRD ORIEREF Tl
Sb PMEFENIAFIEL T, @HlZe Sb X R—7" 3D &ERMMEM DRI NTxF Y V7 F—7 &1
TLELD, TOHHEIF Y U THRINAELTAY RXy v 7RHEEALIEL IR A TWD D
o, ICHZEMTDICE,. v U TREOHEASLETHY ., L0 MaHEs ko 5nd,
NaMgSb #5 it D XPS HIEIXHF#E 2 b7 < THRER S AR THh -7, B 5722 NaMgSb bl
X2 HOX v VT REELTEY, ZHUIRIAINOFER L FIE Lenwe Bbh b, fhfm#Emz 7 v
TUANy ZTHEEFIL LT-ZIC Na s EE 28—, Mg 2p tE 18—, Sh 3ds KE B — 727 %28l
L7z, BHISNTE—7 OfiG =3 LX—I1LZE 1072eV, 49V, 537eV Th -7, CHk[5] TiE
E— 7 OGNV —IEE 1071eV, 50eV, 538eV TH H DT, NaMgSh i Tidvb b7
AN T SPBI S NS DD TR COEBEMBEIZ D LB HILD,

BE R

[1] B. Monserrt et al., Phys. Rev. Lett. 119, 036802 (2017).
[2] H. Zen et al., Phys. Proc. 84, 47 (2016).

[3] A. J. Hong et al., Mater. Chem. C, 4, 3281 (2016).

[4] T. Yamada et al, Z. fur Natuforsch. B 76, 789 (2021).
[5] https://xdb.Ibl.gov

TOEERRY A b

[1] M. Kitaura, H. Zen, H. Udono, “Transient absorption spectroscopy of Mg2Si crystals using a mid-infrared
free electron laser”, The 6™ Asia-Pasific Conference on Semiconducting Silicides and Related Materials, 2022
(APAC-Silicode 2022),2022 &£ 7 A 30 H-8 A 1 B, # 5/ ((RRAZ—HR).

[2] M. Kitaura, H. Zen, H. Udono, “Transient response pf free-carrier absorption in undoped Mg2Si crystals
using a mid-infrared free electron laser”, 11™ International Workshop on Infrared Microscopy and Spectroscopy
with Accelerator Based Sources (WIRMS 2022), 2022 £ 10 A 6 B-9 B, ¥ S RTV U RRTIVIEE(FRRS
—H%XK).
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HEHBAR 2 > /X9 B ORC O DNA BRSO B EE Y FRE R

v FEY IUE(E A2 Eladl Afaf, fHEESE(G 2, TREACT 2 K 222, FFEEA?
VA AR L K EE
2R RS L X — B TSRS AT

BB bR S FEERE A 1K (origin recognition complex: ORC) %, ORC1 75 ORC6 £ TD 6 DDV 7
=y "SR DX U RTEBEERTHY . BEEAYO DNA EELEFRIZI W T, ERIBHAAALE 4 Ik E
THERELKEZES, LrLRRS, B 2 LD ETHEEEKEND ORCIZHOWVWTIL, A
9% DNA ELFINZELFNRFMED 72 < ED KL 9 ICYB R DNA EOB BRI R 2585 L T\ 5 D)
FATH D, TH, 77 = MNEH (GQ) MEA B FIRER VT =/ ITE AT DNABLSIA, & hD
ERIBAAE M DK 80%ICTFAET D Z ENHL IR > TS, EHIZ, ZHETICHX X, & F ORCl
(hORC1) 72’ GQ &I ZHEEMICHEA T 5 Z & 2 W LT\ 5 (Hoshinaet al., J. Biol. Chem., 2013),
B OHAIZEESE hORCL Y tafk DNA LIZ Rk Sl GQ & A 78 L ChEA 35 2 L T,
DNA HBIPHIG R AR ET D E VI ET NV ERE LTI, KETMIESE | ARILFESETIE, hORCL
® GQ FEAEE hORCIH*! L GQ #i& 2k L TV % DNA (GQ-DNA) & DA RS 35 L O AL1E
FRERIZ OV T, NMRIEIC X DT 21D TV % (Eladl et al., Int. J. Mol. Sci., 2021), EEH D
DNA @RS O PR 2 BT AN OE LN DML, A A~ AEFE L TORARHFFS
D% e B ORI O BICTEN SN D Z E BRI SN D,

AAEFEL, hORCLM*M O NMR 7V DIRE Z 4TV, 15 bz If B & A F V¢ hORC1™H |
® GQ-DNA & DA HAEHEL % [FE L7~ (Eladl et al., under revision), %3, BC 35 LN Z2EFINL
RASER % B L 72 hORCL™W*™M 2GR L, 2842kt NMR JIIEIC L 2 #HIRB 21T o7, fFbhiE
DT I F7r b O NMR v 7 F LD ERESR Z H-N HSQC A7 bV BIZR L (K1), 155
NI-ET 3 VR ED(EY 7 MEAZHWT, TALOSHZ X 2 kA& T A T -7-, ZORE%E., &
SYHNZE D o~V v 7 AREENFEIET D B DD, hORCIWSY O KER /3 13 RIRASVEREIR & ’RI3H 5
BN RS 2 R 7 VI T D 2 "

8486
LS e, TN I T S“”*‘:Tf_;,s . I®
FAFITIE U CRIRICHE AL TE 57 s [ e
., hORC1 H3kk & 7o M BIBR 4R R D 2k 72 w.z I gTaze | "D &° fE
140 - R492 - —

GQ i L AHFAEM T & % WIREME 27812 N Toris_pras | S
LTV, R46:4&ZS 7. E%%ﬁo‘ wsa [ o

. E507 4R G o ol [ L Z

Wz, B> 7 FLoiFEBEREy Reind 'V_ Sl - 487 L _; ]

IHH L. hORC1#*1 L GQ-DNA & D
ARFzB T, GQ-DNA LHHAEEH L

TWBT 2 BREOREZIT -7, e :
=

hORC14351 (O Zx - #5 L O hORC141351 1 “ - i

GQ-DNA DHAKD HENHSQC 25”7 g | ag

MVERIE L, mAXT ML&EgE L7 H [ppm]

Lz %\ A < DIPDT X/ ﬁﬁ“?ﬁ%@“/& 1 hORC1413-51L o 1H-15N HSQC AT R L f/ﬁ‘j‘/l/@‘ﬁa‘
TV SR &2 2T T (K2), J&. AR B R OV £ TP A TE IR D FE K.
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BEEFIZIBNT, GQ-DNA & DOFURINIAFET 57 X/ BEF L. £ O JE ORGP )
hORC1**S M KD A L N TRE L BT 5720, NMR 3 7 VN BE I CE# 2% 5, EEK
FERIZ L DKL T TNkt 7 MEOZELEERE LT EREZK 3R Lz, 3K, 7TAr¥=
Yo Uvr v AVA = OV T T APREGEIERIZ L o TBHEREBEIZZTTEBY ., GQ-
DNA L O AEERIZEHE G LTS I ENRB SN, TAF=0 U UMl BB M2/ LT
BV, DNA EHO Y VEREOABM L#FHESI L > THAEERHLTWD EEX NS, $2, &
VoA A=Al o Ruafi vkl DNA T8OV VR E O TKBRAEEZEKRT D 2
ETRAICHEELTWD EEZBND,

ARFFEIZ LV, hORCL IZ X 5 DNA @ GQ # & DFRkbER D — I Z LN T Z N T&E =, &
%, ERECRIESNZT 2/ BRI OZ BRI Z, hORC1#*5! L GQ-DNA L O#HEA RO R
Hradesh, hORCL IZ X5 GQ HEiikis i D 2n AW 6T 52 &2 BiET,

B 5427
0.12 428
~ E 014 5420 T455
'] %0'08' T438 K456 picq
Fe 1S 0.06 A
[ <1 0.04 4
[ = 0.02 - E424
K459 :,%'E' o la X aTa A PPRPAXXE X N u o m XX XX XXXAXXX XN X PN X KX
in complex form & AAEISDSSSDEEEASTPFLPRRAPRTVSRNLRSSLKSSLHTLTKVPKKSL
L — 41
=
& £ Residue number
r - 042 -
F o = 0.1 4 -
K459 Lo 4 0.08 455 Rers
in free form - %-' 0.06 1
T J
848 8.44 8.40 < g'g‘; Esm
H [ppm] '0 KX e i e i Y e P i i i e e e XX P X R O]

KPRTPRCAAPQIRSRSLAAQEPASVLEEARLRLHVSAVPESLPCREQEF
470 480 490 500 510

Residue number

2 EWERIZE - T 3 AWK L 2% 7T LDy 7 MEDZAL(AS). [XH O R#kI%

BEICES T BIRILD A DB L OBERFADOM TH L. PO X BLOPIXTAE

F D14 NARBEOEEL LU T 0 ) 2 E%RT 5. HOBRRANTESKT T
IHIEIEGIC K > T 7T il k LIk 2 Bk d 5.

EEBEN

1. Shoko Hoshina, Kei Yura, Honami Teranishi, Noriko Kiyasu, Ayumi Tominaga, Haruka Kadoma, Ayaka
Nakatsuka, Tomoko Kunichika, Chikashi Obuse, Shou Waga, J. Biol. Chem., 288, 30161, (2013).

2. Afaf Eladl, Yudai Yamaoki, Shoko Hoshina, Haruka Horinouchi, Keiko Kondo, Shou Waga, Takashi Nagata,
and Masato Katahira, Int. J. Mol. Sci., 22, 3481, (2021).

am LR U A B
1. Eladl, A., Yamaoki, Y., Kamba, K., Hoshina, S., Horiouchi, H., Kondo, K., Waga, S., Nagata, T., and Katahira,
M. "NMR characterization of the structure of the intrinsically disordered region of human origin recognition
complex subunit 1, hORC1, and of the interaction with G-quadruplex DNAs" (under revision).
[AEAREEY A K]
1. S. Waga, K. Kamba, Y. Yamaoki, A. Eladl, S. Hoshina, H. Horinouchi, K. Kondo, T. Nagata, M. Katahira,
"Investigation on the structure of the DNA-binding region of human origin recognition complex subunit 1" The
13th International Symposium of Advanced Energy Science, (Sep. 5-6, 2022, Hybrid) (Poster presentation).
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BUTRATUAEDHERHIERED=HD
SERFRFEILICEAT SR

B LS, AGuAR R, ETER R, ENEERSZ, BRI

PIRAERZER AR T2ERFSE R
2 FUEB RS L X — B T 2R SR A

B0 77 X<ttt LTS T b 2 v 727 (W) 1, IRIRMEME IS X 2 E ik
Wett B IEE (DBTT ; MiZiEELL T CHMENIMEMEZ 7 7). Rt (FRE NI &0 MatkiR ik
PER) . e PRETME (BBE KIS K DHbk) R ERNERBETHDL, ZNHDORBDTD, BorH
IZ LD EE0, BRI 7RO AT IVOE B EEH L. W ASOHBEZHE 21X 2 E TED
TR, MW ZEET DHBURFEC, Ml W I MBI T MHR A E 2 FERE LT, RIS, Bdt#E L LT
L=0UA (Re) %, B _FaHWE LTH I ULARTLOSE (K R—7) %ZiEH L7 K R—7 W-3%Re
AaE, IERHICH T 2EN WO A BT BRI b O Il 72 & O 7o B S S
FEES AL, Re DS EOM LICHE eGSR THL T L EZR LT,

Los L, FEAYF LIS OB IR ENE < 25720, Re (LA T 2 BT EAT H <M
HHEERTSELT, AR LTESBRIEEMIC IV E LW EEZSI SR T ENBEINTND, £
ZCARMFETIE, W MBI O EOM ED7-®, RelCZbL A il raainkz AL, £DORINE
b T A2 A E TS, BRRICIE, W L ERERET S 7O BEFERT L - FiT o TEErED
VAT A (V) XL (Ta), £ 752 (Mo) BEXO=47 (Nb) 955, Taz & tHE
ELTCoMag e L, MRFE X OFoMF oA Z2 BEL L,

A TIE, W ORRFHEEIC L 2 AR I RIET Ta IRNMOEEZH LT LI EEAMNE
L. IMeV O ~7' 1 k> E£721% 18MeV O H LA A > % T 800°C THcK 1dpa F CTHRGT L 724l W 35 &
OCW-Ta 4122\ T, LRI 22 L OV > 1 — 2Rl SBRBR 21T - T2 RICOWTRER T 5,

O WIZTaziRNT25Z LT, A RO - ELZIMHIL, S BIZEMOAKRIZ X DR 2 8l
LR NELNTZ, A FIZTW-TaA4TIETaBICE 6T, 1ZEAET A XOEITE)- T,
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3% %t L CH oo T, B O A~D Ta DRMEOFEL L TL, fHREICE - T
KO TZHANIIZ K DR LR W-3%Ta D52 W-1%Ta LD b RED-o722 &b, W-3%Ta LD
INE L BBV — T BT ST AR B 2 B, Ta OUSINENZWIE Bl —7 0
AIRIZ L DREEAIHIT RN RE VO TIH RV N EEZ BN, Ta lZ Xk DML — T DE
OIMFNDNFNZ LV | /NSRRI — T PEE IR I D Z & T, BBV — 718D
PRI L BN K E < A EMZ R LI AREERE X DD,

@ HEAACBREMITT o FoBREM I bBESNDBA RISV HDHWE BIETRER AR
A FIZRDOBNBRWEAIC D 72, £72, 70 b UM TR S ifiE, B CA 4 RS
MTIRZIZEBIE SR -T2, BOA A 2 REM OBIZMHER 0.5um & &< RVERALFRIE
KT 7 IZH > THHHBELIZATREER B 2 b,

® Rel Talil iz, ldpa ETOMEKICLDEZ W DXL EH LIBETELLRA K - i3iiL— 7D
i &R AT 2R GO N, ZOF T, BA ROERK « lEOIHIZIEIT Ta B <,
RNV — T TR O RIE Re MR E W E W HANSG Lz, EETHIEEINS 800CLLE
OEIRTO 1dpa LA EOERS %2 T CIT 256, AV —7 D ECRWAREME N B 2 b s,
XHIZRe MEHTL7Z Re 7 7 A X — %R L CifbZ b 7= S alBetEN & 2 726, MREHE L 2 1)
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AW TIET 1 b BBEHZ L > TR S VA MR E, FrEFIREICI1T 5 250°CREEE(KIR T oAk
WL O TH D AR R E NI, £ D7D, 900C~1100C ThH 7 u h VE Z1TV, A RO
B« R OBRENELT HEFEEZHAD Z LT W ORRFHEEIC X 2 MR =8 O R &2 RO
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Displacément dainage Idpél

K 1. £EWAEEDT 1 b MRENT X 2 BT BRE M

B R i
Takeshi Miyazawa, Yuta Kikuchi, Masami Ando, Ju-Hyeon Yu, Kiyohiro Yabuuchi, Takashi Nozawa,
Hiroyasu Tanigawa, Shuhei Nogami, Akira Hasegawa, “Microstructural evolution in tungsten binary alloys
under proton and self-ion irradiations at 800°C,” J. Nucl. Mater. 575 (2023) 154239.
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nooERALEE L THML, Rz HET MR Y 2 M.
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Y INVEEN TR S D RFP HEICKT LT, &
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[Z40 B 0 FEBAE RITim CRE ) 2 Ml S h ~400 - .
5] =200\ _ = _. L 0.50
ST, JADBSEENC L 5E— FAXT bl E of Vo YERHM, L.
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[1] S. Inagaki, A. Sanpei, H. Himura, "Multiple-pinhole 0 S0 0 500
y [mm] y [mm]

camera for monitoring three-dimensional plasma shape",
Nucl. Instrum. Methods Phys. Res. A, Vol. 1036, 166857 4 FHREREROWIEX, .5@ VI B R
(2022) DOI : 10.1016/j.nima.2022.166857 RAEH£LTWS, (a)Ridge [FFIC L HiE
[2] S. Inagaki, A. Sanpei, T. Inoue, H. Himura, "Initial B (b)Lasso [HJFEIC C):é;f‘k%
experimental results of three-dimensional plasma
structure reconstructed from seven independent X-ray
images on RELAX", Plasma and Fusion Research (in press).

[ZH]
[1] Best Student Presentation Award, 2022 4 11 H 11 H, S. Inagaki et al., The 31st International Toki Conference
on Plasma and Fusion Research.

[(FaRERY AR
[1] S. Inagaki, A. Sanpei, H. Himura et al., "First experimental monitor of the three-dimensional structure of
toroidal plasmas by using multiple soft X-ray imaging technique™, The 31st International Toki Conference on
Plasma and Fusion Research, 2022 4 11 A 11 H (R A ¥ —5EK)
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ZZITT, HEDIELOENORKEN -T2, AL TITRIROEBEN 2V X v T AT
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AEHZ R 2 K OE AT R K F T 3L X — B TR OB A B — 2R 2EE (DUET) %
iz, 6.4MeV @ Fed' A A% 6.59x10°/m? £ TR L7z (BEERITEEY —7LE (Fr2»5H
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IZBW T, 543K THEJJ 0.1, 5.8MPa D/KFEH A 100 B L CAEF v — T %2772, 1 SEBRIC
VLA KRB E BB ZE AT I 3% [ S 1TV % Nanolndenter G200 TN— a1 By FIE 72 AW CTRER 21T
STz, BEERPERIEE (CSM) ZHWT, M 1pm T TOM S LIRED T 1 7 7 A V& dg I BE L
7o (12 4, PBRIEFE X 298K (%|iR) T, O AHEIT 0.05/s TH- 7o,

3. RRRUOEBE
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W FRORUICTBNT, S LIARESICBIT A2V 7L S ZBEL TV 5D,
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[m LR Y A b
K. Sato, R. Kasada, A. Kiyohara, M. Hirabaru, K. Nakano, K. Yabuuchi, M. Hatakeyama, Q. Xu, J. Nucl. Mater.
560 (2022) 153483.

[ERN
o

[EEN
o

—e— Unirr
—A—lon-irr _
—O— lon-irr+H-charge(5.8MPa)

T
—e— Unirr
—4— lon-irr

—0— lon-irr+H-charge(5.8MPa) 7|

g g
e e
< S
f r
© L °
8 s T
g 4r g 4r
s | s
= >
ug; 2+ =l 2+
20 . ! . =0 . | \
“ 70 1000 2000 @ "o 1000 2000
Indentation depth, h(nm) Indentation depth, h(nm)

X 1 573K C Fe fft L7 Hifdh & v 7 A X2 773K C Fe Mgt L7 Hifkdh & > 7 A

T DN T FHEEE S O LIALGE K T DN T FRETE S O LIAAGE S K

et et

10 : 10 T
L —e— Unirr | —e— Unirr |
—A— lon-irr —A— |on-irr
8 8 I —0o— lon-irr+H-charge(5.8MPa) 1

—5— lon-irr+H-charge(5.8MPa)

= =

£ £

= &

2 4+ =

< 5}

[<] r <

= >

52 E

1 ()

x I v 3

@ 0 ; ; 20 : : ;

0 1000 2000 0 1000 2000
Indentation depth, h(nm) Indentation depth, h(nm)

3 1023K T Fe BREF L7-Hifkidh % v 7 4 1273K T Fe FRET L 7= B # o 7
AT DV RS S O LIARE S AT D)V T S S O LIARIE S
igaids I AE

_63_



ZE2022A-26

B FRBEFMAIRTHEEHRDER

HIPE—ER Y, KHE SR% EARTES KEHRER!

R [E] N K SR FE HE MR 2R T Al 2 o & —
2R L X — B SRR SR AT
8 tRES VA N 2 e i Y 5 A

1. X

NA FIRELOFIHEEINZ D, ZOAR RO LR LITEE2RETH D, T OMREDER
(21X, G FRHR 2 & T2 8o AR EAE A I ;éi*wﬁ RO R N IEE I R T
BD, NAFREEAIHE DD % < OEWRE CIE IR AT e 2 & s - R BN & B R U,
B2 203 A AIREHEEIBEIIGHTE 5, Kﬂnfi ?Ei YA VIR ERT LD
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DNAF U I~— (R LIZTDOWT, Cont15(16) | (DTTGTTTGTTTGTTTT | 15 or 16 single strand
TNETICEFE LI AFM IZ L D G3T GGGTGGGTGGGTGGG 15 well-known quadruplex (parallel)
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ﬁ?ﬂﬁ‘aﬂ A %% YR ?%: IB j’[/ 7": (H@E};ﬂj TufB* GGTAAGGGTGAGGTCGG 17 expected quadruplex motif (Quad Base)
; - " S GabP* -
?&%{%)o %B/%:‘S c; IE Eéﬂ ;é?ﬂ:zﬁk L/ al GGCCGGGTAAGGCGG 15 expected quadruplex motif (Quad Base)
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1) Tanaka Y., Nagata T., Sugimoto, C., Ogino T., "ldentification of quadruplexes that can regulate gene
expression.”, The 13th International Symposium of Advanced Energy Science, 2022 4= 9 H 6 H, F 71
v, MAH—
2) Tanaka Y., Nagata T., Sugimoto, C., Ogino T., "Development of AFM-based G-quadruplex DNA detection
method using data science technology”, ¥, I 100 44, 15th International Symposium on Nanomedicine
(ISNM2022), 2022 =12 H 7 H, 85, WA X —
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T2o BEPEOIRIL, AF—L4 1 (ZFEHEHOEY TH D,

O,N

Br4<\ >—CN ON HoN
5 Fe, HCl aq.
PhyN B(OH), Ph,N O O CN ————— Ph,N O O CN
Pd(PPhj), cat. EtOH, 80 °C

4 K3CO3 aq. 100%

toluene, 100 °C 6 7
88%

Me,N e

Me-I, NaH DIBAL-H NC”~ "CN
L e e 2 ;
DMF, r.t. toluene, 0 °C basic Al,O3
92% 95% toluene, 70 °C
8 71%

1) LiOH, H,0, THF, reflux

2) PhOH, DCC, DMAP, CH,Cl,
35°C
95%

A¥%—h 1 RF— AT FEZ—HE 7 x=11-3 DL
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7 ==L 1 OGRS X BEEMITOMBREEZX 1IRT, E7=2=VEKRIZ, VAFAT I
HEOVREEIC LY RELIBNTEELZ L > TWT, O HEAIT 47° Thol-. LT, A
DFEIED =D, 5189 LIZKRELEENLTEBY . BEMELICS Wy F U 7K EH-> T
HZ ERDNPoT, FEEE 1 OFEEREOEEE FINEEIL0.71 & BRIiFEZ R LT,

2) b 0 LxJ -
A 4}_1-1-\}{»._'!
O
_ o
|

'ﬁ.w{_fj't w

L] "-.Zé:?:j

| o
. |
s i@,
K1 a) 1% E2bRER. b) BE#FANDRER, ¢) Sv¥ VY OET D2

W F L B L OV PMMA IR 5 B 7 = =)L 1-3 O ek E A2 £ 112, S A
ML ZX 21077, E7x2=/1L1-3 1%, bz BIRPMMA EEFOWFRICEBWTE, B
72 LiE W E IR CTHOEROET 5 Z £ 230 Y . luminescent solar concentrator AR EFE L CH
YUThHDHI ENHLNI R T2, MR, M= odis X O PMMA R CILRIEFRERD
Bz L, B L7z PMMA EEH COREMKRITE S TN ORI THDL EEZEZOND, Fiz,
EY = VBRI TV AL LT, 777X 2 —DBFZREION L TERE(LT S 2 L
HAEDD BT,

#£1 7=/ 1-3 DINEM

Compound In toluene In PMMA film
P Aem (NM) @ Aem (NM) @D
1 458 0.88 458 0.88
2 488 0.68 479 0.60
3 597 0.72 609 0.60
a) b)
: 3 =
& 2
k= E ........ 2
: :
4 g “
35_0 . 450 | 550 650 o T5 - 30 350 | 450 | 550 650 750 850
Wavelength [nm] Wavelength [nm]

X2 a) MU HTOENAT FL, b) PMMA #EEFR COHE AT kL

3. TAERERU R b
Masaki Shimizu, Yui Tosabayashi, Tsuneaki Sakurai, and Hiroshi Sakaguchi, “Development of Solid-State
Emitters Applicable to Luminescent Solar Concentrators”, The 13th International Symposium of Advanced

Energy Science - Research Activities on Zero-Emission Energy Network-, 2022.09.06, Kyoto University
(poster)

4. ZEIW

1) J. Roncali, Adv. Energy Mater. 2020, 10, 2001907; A. Pucci, Isr. J. Chem. 2018, 58, 837; A. Renny, C. Yang,
R. Anthony, R. R. Lunt, J. Chem. Educ. 2018, 95, 1161; F. Meinardi, F. Bruni, S. Brovelli, Nat. Rev. Mater.
2017, 2, 17072; B. McKenna, R. C. Evans, Adv. Mater. 2017, 29, 1606491.
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NMR ;% % LN - HIRRIETE R = HlH I S BEEMERTF FD
BAFEIZ A [+ = 8F32

W SRR, BORZR 2, ek S, En DhY, OkH A3

VENZRRYLEMFFERT R IR AR SE Y v 2 —
2 T2 T 3R P T340
SHERS KPR Z e H T2 0T
Y RUH R kL X — PR TSR AT

1. Bx

HERIERRAL Z B 1E3 5 EC, “BLRFBOPHEZMZ D ZENEETHD, fIZIE, ZNETO
{EARBREIN S 7 U — 703 A FPREE~O WIS Z OFFR OSSR 2R B RetEN & 5, £ 2T, ™A
FIRELE T2 DHEM O E ZHIE L= 0 | 'rve— X209 2 M@ OB5E & Sl 5 Hifrix, AR
RDRBEN VI N7 ) =2 X — L LTRSS, F72, Billo o1 A Z=FIH - B
T 5 LT, BERKILE (NMR) L7 EORBESITHTOBRBE LRI R THDH, VA NVASHIEEH
Hix, 1EER - EMHAEER LT, MREasEz 62 2 E8monTnd, 2o X5 s
HAEAEHZRHATENL, AN FRELE R DO EEZNFE L a0 ha— /L TE D34 A HA
BRFEIC DN D AREME RN @V, BAFR 7 A L2 (HBV) X & E'E (HBx) 1X. Z @ BH3 fHik %
LT, L7 AR = ZAEAHE Bel-x, & EHEMAAAEH L, HBV B L st 25589 5, L, s
1%, HBx BH3 fEHI-X7F R (524 101-136) 75 Bel-x, OBk = 7 fEBIC EHE ST 5 2 & 2 NMR
ETCHEA L7z, —J5C. HBx @ C KMl 34 FR AN /KI: L7= HBx (B84 1-120) Tik. RNAfb Gfa
HIGE) Z5lE i 23, ZOBREWERSRIZIE SN T, C RN KE L7z HBX BH3 fEIli~<7F K (5%
#:101-120) & Bel-x, OB AR E LIS 5 Z &2 HIE LT, NMR #&&EMENT 2 320t L 7=,

2. ik

HBx BH3 fEIl~7"F F D%k 101-120[HBx(101-120)]1% His-tag f+} & = '3 F Ll & & I E 53
AXIE GST A EBAERELRE AW T L, LEIZG U T, BCMAN B L BN TLE RN
w2 L 72 HBx(101-120) 2 3H5 L 7=, Bel-xu 1Z FREd X 9 ICFB L7=, N RMIZ His-tag 250 L 7=
Bel-x. & Ni-NTA 7 72— A XX TALON » 7 A CTHBLL7=%, b e B2 T His-tag 28Ik L7=,
BN REA A AT T 2B KL OW A XPEFR 7 v~ F 75 7 4 —C Bel-x. & k5 L 7=, HBx(101-
120) & Bel-x, OB S IRIESEMNT 2 RS2 T 5728, HBx(101-120) & Bel-x. &V > 7 —CifE L7z
HBx(101-120)-linker-Bel-x, fil A B HE ZFHE L7z, Z OfAE B E X Bel-xe & IXIXFRER7 H1E TH
L2, BEINUT T, BCAN B LU BN TRERNMMEG L=V 72 il Lz,

Bruker - 500 MHz AVANCE 11l & 600MHz AVANCE 11l HD (M iR EKEE 7 v — 73E5%) % [
WC, HIETEEE 35°C T NMR HIE %2 i L 72, NMR & FAEER 1L 50mM U Bl U w7 LFETEIR
(pH6.8). 50mM NaCl, 1mMDTT, 10% D,O, 0.02-0.1 mM DSS & L7z, HBx(101-120) & Bcl-x. @
BAEEHEEZRET D720, FEREHD Bel-x, (2 BC/PN T4 E RN AL L 72 HBx(101-120)% 4 4
BNz CT—#o 3 wEE NMR JIE & 47 NOE 2455 7= NMR HIE 2 36 L=, £7-. B4
AEIERNT 2 B 2T D728, BCIPN TLE FNARIERL L 72 HBX(101-120)-linker-Bel-x. @it & & HE
O—H o 3 EILE NMR HIE % i L7z, 55772 NMR fE#% H\ T, CYANA THEERH 2%
Jiti U7=.

3. MRBIUEE

AIAERE X, Bel-xe & HBX(101-120)23 E D X S IZHAAEH L TWA 0 EFH~5 725, NMR JiEiEE
Bk 2247\, HBx(101-120)7% Bel-x DBRAKM: = 7 fEHI I fE A9 5 Z & . HBx(101-120) C Al 10 7%
FE Bel-x, & OFEBIZEG L CnWA Z EEH LM Lz, £/, HBx(101-120)-linker-Bel-x. fil A&
FHEZHE L, 2D 'H-N HSQC A7 MUV ETZOMEEAEDT I RV 7 FANEL 4B LT
WHZ ExoRLT,
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AT, FEAEER Bel-xe & BC/PN CLE RN AR L7 HBX(101-120)& 4% 7L & LT, Zd
BAKRD NMR T 2 320 L=, & 51, BCAN TLEFNMAER: L7-@aE B O NMR #IE %
To72, THHOREEI G, Bel-x, & HBx(101-120)D 45 -1 NOE 1 # 2 < 224 L, CYANA
THEEHREZER L7z, K112 20 HoEREDELESREE (SFxLA) XD URVEK (X
FIVB) &Y, ZOEAKRHEE S, HBX(101-120)1% Bel-x, A Lz &, 106 HEH DO A LA
= (Thr106) 75 116 FH DY > (Vallle) Toa~U 27 v AZBRT HZ L3R Eni, £
72, HBx(101-120)? 6 > DBk 7% % (Leul08, Phe110, Tyr11l, Val116, Phe117, Trp120) 7% Bel-x
B2 7 OFREEIZEET 2 Z LRI S L7z,

BIFE. HBX(101-120)/Bcl-x, A B HEE DR EL ZHED TN D, OB EHEEEIZIESNT, U A
VAR AE HBx & 18 EKRF Bel-xe O AAEHNC X 2 Mifastds K OSHie HE FEsss oo — H 2 fig
HTE D LIPSV D, AR IS LT, A AREL L R DM DO E AR R a2 e
— VT BT F ROT A AT,

[ 1 HBx(101-120)/Bcl-x. ® NMR # & H#i&E,  (A) CYANA TiEHAE L7z 20 8> NMR #2641,
(B) NMR & MEIED U A X,

4. TEXHERKRIY R b

H. Kusunoki, 1. Hamaguchi, N. Kobayashi, and T. Nagata (2022) Chemical shift assignments of a fusion
protein comprising the C-terminal-deleted hepatitis B virus X protein BH3-like motif peptide and Bcl-xq,
Biomol NMR Assign 16, 357-361.

5. TPEE®RRKRV X b

H. Kusunoki, T. Sakamoto, K. Wakamatsu, I. Hamaguchi, and T. Nagata “Study for the development of
functional peptides controlling cell proliferation mechanism using NMR method” The 13th International
Symposium of Advanced Energy Science, September 6 2022, Institute of Advanced Energy, Kyoto University
RAL—

Ragetsl, WOARZR — WFRz, FE, EAY), KBS BEPFRUVAALZXEAE (HBx) O

C RMIRIEFBIRSTF R EFLT R b — AEAE Bel-x, OFFAIEH O NMR fi#ht 55 61 [2] NMR
e 2022411 A EE RAK—
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RFFZEa st HRNEZHDRH

NFE L, PR Y, RENEI % AT S, dvEnt®
VREACRE REEBE Jeln B iR IEES M E A R LA SR Y
ZRBEKREE KERE TARFFER BREE « =3 V¥ — T2 HI SR L ¥ —pPEl T2 g%
SRR L — B LR

—HEEICIEADR =Ry =2 — NI IVDORGFER LI LI &iE, EEXe Y TRU 7 T4
FIRBE L2 L2k > T AEABREHNIRFE T 5 2 L 22 < O ADERT D X 912720 . fERAICHR
FIINRFNERBESND L9127 oT-, HENFFIZIER L TWA DL, R FoFmBETHD, i
IZOWTIEHR AARKREROERIC, EEHME TR E 60 /F32 L FEICED bz, Z OMHITEER
DHDOIRNEFEIZL > T, BIERABEIN>OHD Y,

N—VEEZ DI ERFMELEMICTHTE DX 2 L3 WmREUITH LN, HIBE%REN
PLEICRG) ez bid, I LT FIR 2 by SE L EINZB T2 L THh D, 10FRITHIUEX, =
DX R RMIIIERENTH D EIFHESNTZ0E LAV, SRR NEb->Tnb, F oy b7k
2019 4EIZ 0 AT R AR, EAREBEIT EA VA FTEWLEIT D L v ) i a2 Ak Lz 2 &
T D 20, BTG Lo R FiE e o 78 oBKE (VWER-1000) Th 523, ZHUELT A
U B8 PWR & A ANIRER L TH D, HJRu v 7 RLNOBRAKIFIZ S Z O I LT
LETREINTZNYD, 77T HHREIH T DRFERIE O LW CHAEIT AR /2> T\ 5,

AWFFED B L, BB OHEIEZ DL O EFTIRET D 2 L Tk, BVLELZ{1["CTIT 9 DM
WY CTH D0, TOREEFINRBED O TIF2 22 Tho, JENREEOHIREE Calc
Uty hTEXHDThHIIE, Fad KIS HRAMITHEWGIT D Z ENAREIC/2 D, @lAIZITWOE
FETHMET NI By FTEHZEITHATHLI N, TEHLEITIRWEE CENEENKT D7D
%, BAKBR(TCE TR 2 MERH D725 5 7y SISO E T R a3 E IR K- ThHEk 5
FIRE, A4tFE (Ni,Si,Mn) 2 A XDkt L7 T+ 25 2 & ThdH, ABFETIE, 20
W ZzE~ ) v 7 ZCHOBEE S 2 OICHERBVLESM 2, ERCTENTLZ 2R RS,
JENRwIRINT 5 L, b LD E LSV O—o2F 0 THIFLIEAC-4201 ® N L2 RIZ
B TR B 2R T b0 &, MLy ROOLANTEREN T 200 2 FfEHH M, TOEN
RO DHNTHIN ED L S e ETH D0, TNETEICHIAT 52 Lk, oo Ewik L
HENEN D DT ORS TR,

AT CIIRBE VIR LT, SIHT2AEEOHIMELETETCIV AT v L, £TO—D>—D
IZOWTEVUE R ATV, ~ N Y v 7 RICHEET 28604832 2 L 2R A5, Hrifid 2 w6
PER & 2L Ni-Si-Mn =5t 2 DEEMTH 5, IRRERNZIZ LA 10 FEGTEH I TWaH 8, 4
HEEIZZFD ) HD—>, GAH (NigSitMng) IZOWTHF L7z, GHEZMA OGRAFHBITE I, T
LR MRIETH D, ZHBNENEEBIIHTHE TS Z LIXREHETH D &) Z ik, BEREDH
BRI o TN D Y, B OBMIL, IR TH D, BEEMEOMA LS LEbETHEZ D
L. BAT N AOBLESMTIE G A HERWETH H, 1980 A RICIT DIV MF7E Tk, SliCHT
L72 G HHZET 72 OIS LB A BULEE T 750°C100 R TH 5 Lt ST 9, ZhicktL, v 27
N 235 LT 5 BVILE oD 2413 565°C100 IRFfE] T db 5
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ZOWRT —~<IZT7 e —F T 5O ThIUX, FiENRERIT. GHENIHSE-ET LV EEEET
FAE L., Zhicxt U CEBWLEL 21T\ TN X DIREZFHET 5 LW ) FIRIC 2 525, St ofE
Faar ha—)9 52 LIRS TERWeH  BIENLR T T 0 LITEWEEW, £ D7 O ARNETIL,
FERFIEZBWTHMAOTY Ve —F 28 H L7z, G oA Ty Va7 — 7 EMTIERL, £hd
BN EHEESEDLZET HHME~ MY v 7 2O R 288 U727 Valkl (Wb D JEHcT)
ZERLLU 72, ZHUCEVLERA i L7t U2 BV 25 o R OM BEEE E EPMA ToMrd 5 Z & T,
R R LT~ MY v 7 ZZEET 2 AR & iRz 8 L,

EN TV G FIFHRLAS NiwSivTis TH V. A#fzeclVZ 5800
G LIRS, £z, FEEFHIZR T Doz T, Bk 100 h
BT —Z _X—2 TR SN TV D) BF OIEH L TRk E <R
RHZEBHB LT, TN A TIIIEBIFRE O K E I M

FEROMIE. G MBI VAT B B IR . BB Fe
0

Dni<Dsi=Dyn & W IO BIZ 72 > TWA D, R\ clx 850 c

Dui=Ds=Dyn & V3 IHTH 0. K% & Kbl A% o 72, 24h

i
(1538°C) < G AIDELA (1200C7) L0 & i b %< | .
-
X HlT, GHORERITTE (Ni,Si,Mn) 17— X X— 2 DHLEL

565°C100 RERIORVLELCTH (MTH# T/ 14 XTHT)  Refore
IR L RAEBIRIC G MO IE S BAR O (NESEMn=16:7:6) P41 Gl & SROBEHGH (Wt

EFRITHEDZENHLMNE o7 (K1) , BEEMZEE O R
VIEWDORKEIE. G HHOMEOBENTH S, O THEF

EROTZEFERITETHT ZE LW LNE T2, <~ N v 7 A mEERET) DItk
~ 7 (Fe & Ni)

B3N

1) https://www.nikkei.com/article/DGXZQOUA307210Q2A131C2000000/

2) https://www.neimagazine.com/features/featurerenewal-by-annealing-7171272/

3) https://www.rosatom.ru/en/press-centre/news/rosatom-has-piloted-an-innovative-annealing-technology
-enabling-life-extension-of-large-capacity-rea/?sphrase_id=550945

4) https://rosatomnewsletter.com/2021/02/25/taking-care-of-old-plants/

5) N. Almirall et al., Sci. Rept. 9 (2019) 9587.

6) J.M. Vitek et al., Metall. Trans. 18A (1987) 1987-1195.

7) ABFECTIER L7 GO A Ty FEHAWT TG-DTA GRzZEEHT) THIE L7z,

4. KEE ERIY X b

[FRHERY R B

1-2) AASEY 2 2022 FRIIRSIC T 2 R B ER

- G & bee Sk EYER I, FN D

- BKIFDESIRFHTAET D Ni-Mn-Si T O S L S OBtk ik GJ)IEE) . &)1, BN S
3) B IFaM BN 2022 fEFE OF I F—IC T LR HBIHRR

CEFIEMEETCTE DL - TERWVWI L - TE D Z L ORINEES E )l
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HIKEHEDEVEAEEE/ NIV BREDRFE

SEAREHIY, SRR, ANEER Y FIE L AR
LRI LA B R
2R oL — B TR

1. FEER

REBa;CusOy (REBCO, RE : #7 1HiitR) (XK ARERIRE(77 K) 2% 5 90 Kk &\ i FUE B (Te)
AT HEIRBRERTH D, BGH T ORSETE ) FrtEn th OB REMEHI X TENTE
0 BRI RIS T2 BB RS A E D STV D, £DOH T, REBCO IAREERE SV 7 14,
WER % J& 8] 9° 2 K EFIC £ 0 K ARA L0132 ISy (B 17.6 T [J. H. Durrell et al
Supercond. Sci. Technol. (2014)]) Z R FIRETH D Z LD, RISV eh & L CORE x4 7253
FESN TS, BIEE VY A OISRIZITIRESS T2 Tlhe <L 5O EWEEERk 2 72 3L 7 O
FERDROBND, FlzIX, 7o Yab—2—HRIFEARD, & o/ NMR 23 12132
VU TROEE ISV PLETH D, 1ERO—I72 L 71X, REBCO XL v 3R H /MY
OFEFEMZRE L, WAREN O HRH T 5 2 & TR E L TNV 2K % 2 fiifidm S &2 Top-
Seeded Melt Growth (TSMG) JEIZ LV B SN TE 72, ZOHETE, FARRSCARR & v o 7= Bl
IR D7 LGS ivian, BHEIRO NV 2 1325700 7 Z RN 2% 2 & CTRliE &
DM, 7T v 7 DRAEE NS TZHBIHEIE R RE & 2o T D, £, AR ET 5 3W%oe
7RG R Ch 5720 RKAULDSNEE CRBNE, WEEMEWE W BEEZ AT 5, 20X
PREREIC R LT, a3 A HEcFE O RS REBCO OE /i vAREE (AAIERE, T) OEEZFIH LT
KISV RRGEEE SV 7 ZFifSE S & L C—H MO RIS kR & 2% —J5 MRl AR (Single-Direction
Melt Growth, SDMG) %% Bi%& L T4 L C & 7=[T. Motoki et al., Supercond. Sci. Technol. (2022)]. = ®
FiElE, R ENSE — H MO RMEITT 720V 7 TBIRO B BEENEWE T TR, Kk
Ko CYE V7 HHBIERS5 2 LN TE 5, SDMG £ REBCO VERIEERE /L 7 O FF
PEIZ 2 F CIRIRERIRIE F (77 K) TORGHE L CTE 7228, EEOIGHNEE SN 60 KLLTFTOD
HFURIRIZ 1T D 2 RITHI 7 e A R PE 15T © & 2R AP IR BN TR Y Elii T& TR
Molz, Al KEFRFIEEZE U T, BG4 RENV LB T —7 T4 F AKX v N &g
325 2 & TE6T OFEREYH> 10-100 K (2351 2 Tte s Fe ik O F-l 217 - 7= O TZ OfEFIZ D
WTHET 5,

2. EBFHE

A A RIS R EUBCO RlEEE V7 280 H L
T seedplate & L, Z o EIZ[ARD DyBCO <L v
k% @+ SDMG ¥ LV DyBCO IARlEEE v 7 %
BR L7z, DyBCO XL v MZI%, BEMRIsRE M | &
Ty DK F D728 10 W% D Ag,0 ZFML TV 5, [H
Z30mm DLy FEHWTER L7 SL 7 O5VEL
Z X 117, B L7230 27 13 seed plate 7> H ] Y
BEL . BT EER COEIBRBULELR X OWIRERE S
PHRICE T D REHOERT =— V2175 2L T 1 SDMG 4% VT EuBCO seed plate k(2
Dy/Ba [E{EZHil L, v U7 &% fid N — 7 IKAE 1k L 7= DyBCO VARMEEE /)L 7 D4V
ELT-, &5, E24.0mm &7 D X OB L4
WOV T NHENLIZFEEL, NV U LB T 0 —7 T4 F AKX v NNTHRK 6 T OB HH(FCM)
\ZCTHEBE ., AL 2SIV 7 Rl ORGS0 A0 & 7 - i L 7o, 2 ROt DRSS AL, Lo GBS
MIZ 3mm g CHLE L72 5 EH DA — VR AT LA % 30°% A Thlisd 5 2 L2 L i,

DyBCO SDMG bulks

d plate

EUBCO'
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3. MRLEBZ

2 (a)-(c)lz
I ENEIRT,
TH @V E O

10 K TIEHOMFT T~4 T O KIS 277 L7253,

10 K (6 T %%, 40 K@ T &HE) L O77 KEB T £k I
2 WITH AR OIVERLZ B 7= > T, HIE

1T % seed plate MK i iE_EOHHERES
ROBITAFHICLVHEE L TV D, WIFhoRE
SOYH AR L2, 77 KIZHEA T 40 K Tl £ 7 3.5 (50 B KRS (~1.8 T) &k L7,

LRGSR O RME S O TERIZ 72 > TND Z D K

D EWEEBIE A HIFFCE B, £ 2T, 10K IZBW THMNRIESS 2 FIINEF L i & 124 77 » b LTRSS O
(L& R L7z, MRS & 4 A — L3R 708 COMERS ORI LB L OIS T 24 > 7L E %9 3 (a), (b)

IZENENRT,
72738,

(a) FCM6T,10K

v/ mm

x/ mm

Ep) SDMG 7% DyBCO ¥

S BEEA 7Yy D2 LT,

y / mm

(2R % 2 WoTliemk oA

(a)

(b) FCM3T,40K

X/ mm

v/ mm

POV HILE ATy NGO IR R~59T £ THAL
TD%RT T I AT X T ERLNDRIRIRE R RGO TRBR SN, 7T v I AV
THOY T NOREORBIIAEIMET D NER D D,
RO SMIZTTK TONHMEIFEA LT LN T
EI0OK TR 10 f5LL B E PARESILD Z L 28 SDMG {3V 7 IZBW CHIO TIE
VMRS T ORIV T A ORI RS

A Bl S S U 72 PRIR T ORISR ERTATR (I & > T
&L RIS X 7T KT T 40K Tidbs L% 35

BIICHALNE oo, 5%

T D HHRRE 3 AT O R & FEHE L 72\,

() FCM3T,77K

X/ mm

VSREERE v 7 D 6 T &1, 10K (a), 3T &, 40 K (b) B8 LT3 T &R, 77 K (¢)

10K | 35

Temperature / K
8 & g

-
w

-y
o

o "
— Sensor position
Qﬂ' 0 0 mm
(center)
3 mm
External field
9 mm
L |
£ mm
0 2 4 ]

time / 10° sec

10 50

4
time / 108 sec

6 8 10

3 10OKIZBW AN Z 6 T 02 H-4T £ TR LEBOFR— VR PALEIC L 2 S O R4
b (@) &xfhsd 2EHEE D2l (b)

[Dﬁﬁ%ﬁ) A K]
A EAl,

L

i oRR, A S,
EELE 2 XL 7 O RIR A e B e

i }% ML,

FOIE CRBE, T E—,

“SDMG 7% REBCO &

% 70 RS AL SR EE S, 2023 /£ 3 A 16 H,
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ANAERBEFL—F—IZLD
B3R ’&ﬁ#’)?& WRREERETRE

AHFEEL JIERK? 4 mies, Ak &

LR ROV X R IO W A SR AR e AT
2N KPR R SR
SHAN KT L X —H T2 FE T
S PE AN A IE AT S 7 TR e R Y

% 3 OEMBLE WD D PESITAEA I ICER DB VLB AR R Lo T D, HESRRIIALEST S
7/1/% >-FED 5 5. N-glycolylneuraminic acid (Neu5Gc) (% NeuSAc #FE & LC, FrEM R TH
% cytidine-5-monophosphate(CMP)-Neu5Ac hydroxylase(CMAH)IZ L W &k &5, B b CMAH X
NeusGe Z &9 2 Z & N TE 22 —J7 T, NeuSAc & Neu5Ge D DEW T — /KBRS (-OH) DA T
H Y| FEHOMKIC G 2 2 BT RE WV, Nwﬂxi#%lﬂﬁfﬁb\Nwwm’W@Téﬁfiﬁ
BTN End | FRAVEHBE T L —3— (IR-FEL) 12X 25 1B Bl 512 L - C NeuSAc |24k
THZENTEDLNERAELT., £T1% ﬁ%%%%kbf 7)3ﬁ\/79ﬁ7®*oﬁﬁé“ﬂ
U b U LA ST IR-FEL RS Loy T REIESEBR 217 - 7o, RIS X D IRBIEhE I & (8.2,
9.6 um) & 7V 2y FEESICRT 2B E (106 pm) ZHHF L2E 2 A, K1ITRT X HICH
SrAitg: (K lab) TENEAL, FERFHEEICL > THOAEBRRLIFERE R -7 (X 1c-e),

(©) (d) (e)

X1 (ab) IR-FEL fB5 A%, (€)8.2 um. (d)9.6 pm. (€)10.6 pm @ IR-FEL DIRFH%AEL
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[1] Y. Ji et al., Carbohydr. Polym. 249, 116824 (2020).

[REERERY X K]
T. Honda, K. Kawanishi, H. Zen, T. Kawasaki, A. Kuno, "Research on enzyme-free structural alteration of
glycan by infrared free electron laser", The 13th International Symposium of Advanced Energy Science -Research
Activities on Zero-Emission Energy Network-, 2022 -9 H 5-7 H. online, Poster Presentation
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Figure 1 Time variation of ion currents in mass Figure 2 Time variation of ion currents in mass
spectrometer for measuring hydrogen gases from spectrometer for measuring hydrogen gases from
the cell with the molten salt. the cell with heavy water.
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Void Swelling in Dual lon Irradiated Tempered Martensitic Steels,” J. Nucl. Mater. (2023) in print,
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- Keisuke Mukai, Ryuta Kasada, Jae-Hwan Kim,

MasaruNakamichi Electronic descriptors for vacancy formation and hydrogen solution in Be-rich
intermetallics Acta Materialia 241 (2022) 118428. DOI: 10.1016/j.actamat.2022.118428
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. Jae-Hwan Kim, Taehyun Hwang, Yutaka Sugimoto, Keisuke Mukai, Kiyohiro Yabuuchi, Satoshi Konishi, Ryuta Kasada,
Masaru Nakamichi, Experimental verification of hydrogen adsorption and desorption behavior of advanced neutron
multipliers, 13th International Symposium of Advanced Energy Science, 2022/ 9 /6
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Research Activities on Zero-Emission Energy Network-. Sep 6 (2022), online.
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Advanced Energy Science, Zero-Emission Energy Research, Institute of Advanced Energy, September 6th, 2022,
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% DEDERA~ENDL L EZBND. ﬁ%ﬁﬂi5~mpm@¢fﬂﬁﬁ_ﬁp (ZHEIR B 5K
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Study of solvation structure and dynamics of room-
temperature ionic liquids using MIR free-electron laser

Sakhorn Rimjaem?, Monchai Jitevisate?, Hideaki Ohgaki®, Heishun Zen®

!Department of Physics and Materials Science, Faculty of Science, Chiang Mai University
2School of Physic, Institute of Science, Suranaree University of Technology
®Institute of Advanced Energy, Kyoto University

1. Outline of Research Project

The aim of this project is to study the dynamics of intermolecular interactions formed in ionic
liquid/molecular solvent mixtures. The study is based on MIR-FEL polarization selective pump-probe
spectroscopy technique. The optics of experimental station has been designed and constructed to fit with the
KU-FEL user beamline. The results show the feasibility of the designed setup but some technical adjustment
will be required to conduct FEL-based experiment.

2. Introduction

The unique set of properties of room-temperature ionic liquids (RTILSs) has made them promising materials
for modern electrochemical energy storage devices. One topic that has been under an intense debate is the free-
charge carrier density in RTILs, which is one key to improving the efficiency of the devices. This quantity is
strongly related to the short-range ion interactions and short-life interaction between ions and the surrounding
molecules. Solvation structure, solvation dynamics, and hydrogen bond network are expected to be the key to
a better understanding of such physical process, which is usually in the time scale of picosecond to
femtosecond. Under the light of the MIR-FEL pump-probe (PP) experiment at KU FEL, the observation of
interaction structure, interaction dynamics, and ion relaxation can be expected. Interpretation of experimental
results can be done with the support from computational simulations.

3. Methodology

Sample preparation: In this project we aimed to study the interaction lifetime and orientational decay of the
ionic liquid 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide ions ([Emim][NTf2]) when
mixed with molecular solvent dimethyl sulfoxide (DMSO). In order to observe the effect of mixing ratio,
[Emim][NTf2] (>98% HPLC, Merck KGaA) and DMSO (>99.9% anhydrous, Merck KGaA) were mixed to
form binary mixtures with [Emim][NTf2] mole fraction X;. = 1.0, 0.9, 0.75, 0.5, 0.25, and 0.1 (the sample set
includes sole DMSO, X, = 0). Both chemicals were used as purchased and the samples were quickly prepared
in ambient laboratory environment. The mixtures were kept in tightly closed glass vials and only few hundred
pL of liquid sample was taken using a micropipette for each experiment. The sample was sandwiched between
two diamond windows of an IR liquid cell with PTFE spacers for pathlength control. The pathlength in this
experiment was varied between 50 — 250 um to obtain optimized signal.

Pump-probe spectroscopy optical design and setup: The polarization selective PP setup was designed as
shown in Figure 1. The FEL enters the setup and divided by a ZnSe beam splitter (BS) to form a pump beam
and a probe beam. The pump beam is guided by the flat mirrors (M1 & M2) and is focused on the sample by
a an off-axis parabolic mirror (OAP1). The probe beam is delayed by the optical delay line composed of two
flat mirrors in retroreflector (RR) configuration. The computerized translational stage is used for optical path
difference adjustment, which is in the range of 3 — 90 mm to cover the required time delay of 10 — 300 ps. The
probe beam is then reflected by the mirror (M3) and is focused by the OAP1 to spatially overlap with the pump
beam in the sample volume. The transmitted pump beam is focused by OAP2 on the pyroelectric detector to
collect as a pump-probe signal. The crossing angle between pump and probe beams at the sample is in the
range of 10° — 20°. Two linear wire-grid polarizers are added for setting the polarization of the pump beam
(P1) and for detecting the probe polarization (P2). The polarization angle of the probe beam can be switched
between +45° and — 45° w.r.t. the probe polarization. Then, the ray optics simulation was carried out to
determine all the required optical elements. The simulation was done based on the cloud-based software
(3DOptix). An example of the simulation result is shown in Figure 2 (left). The 3D drawing of this setup made
with a software FreeCAD is shown in Figure 2 (right). The actual experimental setup at KU-FEL was set based
on this drawing. The specifications of the key elements are OAP1 (90°, 3-in dim., 9-in. EFL), OAP2 (90°, 1-
in dim., 2-in. EFL), flat mirrors (1-in dim.), and the crossing angle is 16°.
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(Path difference ~ 3 — 90 mm) F FEL
RR M3 i

«-s [

Probe delay BS (ZeSn)

Detector

M2

M1

Fig.1. Schematic design of the MIR-FEL Fig‘;;.l._(Léft) A ray optics si-rnuiati(;n to determine the specification of
polarization selective pump-probe setup. all optical elements. (Right) The 3D view of the designed setup.

4. Results and Pitfalls

The samples were first studied with FTIR spectroscopy to observe the absorption regions. The spectra show
relatively much higher absorption on the fingerprint region (500 — 1500 cm™) than on the others. All absorption
peaks look similar for all mixture samples and exhibit the combination of the [Emim][NTf2] and DMSO
characters. The absorption of some [Emim][NTf2] peaks decrease with the mole fraction at wavenumber
~3160 cm™, which is the C—H stretches of the imidazolium ring alky! or alkyl side chains. This shift is more
pronounced when more DMSO is added. The shift indicates the existence of interaction between added solvent
molecules and the cations. By using polarization selective PP spectroscopy with the FEL wavelength tuned to
this vibrational mode at KU-FEL, we expect to be able to measure the lifetime of such interaction and probably
the orientational decay of the ions.

The KU-FEL generated IR lasers at fundamental wavelength centered at ~6 um (5.8 — 6.3 pm bandwidth).
To obtain the desired wavenumber of ~3160 cm™, the second-harmonic generation (SHG) was applied by
passing the FEL through the SHG crystal, which yielded the wavelength of ~3 um (2.9 - 3.1 um bandwidth).
This wavelength corresponds to the required wavenumber of 3460 — 3185 cm-1. The pump pulse energy was
measured to be around 0.2 pJ prior the liquid cell. The pump-probe signal was measured by detecting the probe
signal in comparison with the pump signal at varied optical delay path. We began the measurement with the
pure [Emim][NTf2] at ~3160 cm™ absorption line and there was no decay signal observed. We suspected the
absorption at this wavelength is too low as shown by the IR spectrum. Therefore, we decided to try the
measurement at higher IR absorption wavelength of ~1200 cm™. At this wavenumber the pump-probe signal
also could not be detected but we observed the gas bubble formation in the sample liquid bulk, which is the
indication of thermal dissipation as laser beam heated up the sample. We then tried to measure the response at
~1200 cm™ in the mixture sample with XIL = 0.5, with the hope that the effect of strong absorption will be
reduced to some level. Unfortunately, the expected exponential decay of the pump-probe intensity still could
not be observed. Our postulate is the change in the probe signal is low since the population of the sample in
the low vibrational state is low due to the excitation of the pump pulse. With the FEL repetition rate of about
2856 MHz, the time between the consecutive pulse is about 0.3 ns. This is much shorter than the thermalization
time of the liquid sample, meaning that the sample does not have enough time to relax.

5. Conclusion

The experimental study to investigate the dynamics of ion interaction in ionic liquid/solvent mixtures using
MIR-FEL polarization selective pump-probe spectroscopy has been proposed. The work includes design and
construction of the optical setup in pump-probe configuration. This setup alignment was carried out at KU-
FEL to fit the beamline end station and used in the measurement. There was no observable pump-probe signal
detected in any of the sample. This difficulty is attributed to the low absorption of the sample at the interested
vibrational mode and too high repetition rate of the MIR-FEL. However, there was a positive indication
showing that the designed setup is actually functioning. It seems from the current findings that additional
optical technique may be required in the future to perform such experiment using the MIR-FEL.

6. List of Research Achievements

List of oral presentations: Monchai Jitevisate et al., The Study of lon Dynamics in lonic Liquid Mixtures
using IR-FEL Pump-Probe Spectroscopy, International conference, Approximate number of participants, the
15th Eco-Energy and Materials Science and Engineering Symposium (EMSES2022), December 7-10, 2022,
Dusit Thani Pattaya, Chonburi, Thailand (Oral).
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YFL—F—% T, QF JIEFR LU QF DRk s E A ZE D g & 7l A 7=,

2. EB

AWFFETIL, HEKRFT 3L — B T2 IEAT O i BRI
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4. BEW

[1] R. Ishii, T. Namba, H. Katsuki, K. Ohmori, and Y. Ohtsuki, submitted.

[2] Google Al Quantum and Collabrators, Science 369, 1084 (2020).

[3] E. D. Herbschleb, H. Kato, T. Makino, S. Yamasaki, N. Mizuochi, Nat. Commun. 12, 306 (2021).

[4] Y. Ohtsuki, S. Mikami, T. Ajikii, and D. J. Tannor, J. Chin. Chem. Soc. (Prof. S. H. Lin i&1%.5") in press.
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Figure 2. Time evolution of NBI heating, gas fuelling (GP), electron density, OV emission intensity and spatiotemporal
profile of AXUV intensity under conditions where initial electron density was (a) 0.35 x 10'° m3, (b) 0.10 x 10* m and
(c) 0.01 x 10%* m3. The origin of the horizontal axis is determined at the moment of beam injection.
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4. BERE

[1] S. Kobayashi, et al., “Role of pre-ionization in NBI plasma start-up of Heliotron J using non-resonant
microwave heating”, Nuclear Fusion. 61 (2021) 1160009.

[2] S. Kobayashi, et al., “Study of seed plasma generation for NBI plasma start-up using non-resonant microwave
launch in Heliotron J”, Plasma Phys. Control. Fusion 62 (2020) 065009.
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1. Yang Subing, Y. Nakagawa, T. Shibayama, Y. Hayahsi, T. Hinoki and K. Yabuuchi, “Nondestructive evaluation
of residual elastic strain distribution around the interface between non-irradiated areas and ion irradiated area
1117, The 13th International Symposium of Advanced Energy Science, Uji, Kyoto, Japan, Sep. 6th, 2022.
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(1) C. Kanzaki, M. Numata, Charge-dependent self-assembly of a water-soluble porphyrin in a variety of
dimensions, Chem. Lett. 52, 37-40 (2023).

(2) C. Kanzaki, H. Yoneda, S. Nomura, T. Maeda, M. Numata, lonic supramolecular polymerization of water-
soluble porphyrins: Balancing ionic attraction and steric repulsion to govern stacking, RSC Adv. 12, 30670-30681
(2022).
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T.N.Tran, B.Oanthavinsak, J.Sakamoto, H.Matsuura, “Suppression of Plasma Source Temperature for Long
Irradiation Using a Plasma Argon Jet”, IEEJ Transaction on Fundamentals and Materials, Vol.142(No.2), 37-44,
2022, (EATH) .

T.N.Tran, M.Hu, T.Ogasawara, Y.lwata, H.Suzuki, J.Sakamoto, M.Akiyoshi, H.Toyoda, H.Matsuura, “Polyvinyl
alcohol—potassium iodide gel probe to monitor the distribution of reactive species generation around atmospheric-
pressure plasma jet”, Plasma Science and Technology, Vol.25, 035404, 2023, (F&177%) .
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EDORAR",, HIIETTAvTaty v 7S, SMAFELA24H, o714,
T.N.Tran, M.Hu, R.Asada, J.Sakamoto, H.Matsuura, “Visualization of Reactive Oxygen Species Distribution
around Argon Plasma Jet with Chemical Probe”,, 14th International Symposium on Advanced Plasma Science
and its Applications for Nitrides and Nanomaterials, March 8, 2022, Nagoya University-online, (78 2 & —).
T.N.Tran, H.Matsuura, "Visualization of reactive species produced by ethanol/argon plasma jet with a gel-type
chemical probe",,15th Asia Pacific Physics Conference, August 22, 2022, Seoul-hybride.
WHEN. b7 T 7o WL MR, ERIKE, SREE. BREE LR e —T 2
TERRRKET T XA~ ERIEE T OO RIdE”, , % 83 RS WL F- KR Pl s, o 4 48
9 H 20 A, LK.
H.Matsuura, T.N.Tran, H.Min, T.Nakano, "Effect of alcohol addition on radical production”,, 11th International
Conference on Reactive Plasmas/75th Annual Gaseous Electronics Conference, October 4, 2022, Sendai, (7~ A %
H.Matsuura, T.Nakano, T.N.Tran, "Calorimetric measurement of reactive species amount and surface reaction of
plasma irradiated target",, 43rd International Symposium on Dry Process,
November 24, 2022, Osaka-hybrid(7~ A % —).
H.Matsuura, T.Nakano and B.X.Nhat Son, "Multi-dimensional Temperature Response Of Plasma-irradiated
Solid/Liquid Surface",, 20th International Congress on Plasma Physics, November 29, 2022,
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Fig.2 STEM element mapping of the oxidized AlxCrCuFeNi2 HEAs
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Fig. 3 Nano-indentation hardness of 316L and HEAs (a) H: Hardness, (b) AH: Irradiation induced Hardening

316L SS Cuy ,CrFeNi Al, ,CrCuFeNi, 316L S8 ~ Cuy,CrFeNi HEA

: ; o un-irr. M
b ' o region regl‘\
] 21
e 4 f i 3

Averagesize - 11.3nm  Average size : 15.6 nm Average size © 11.3 nm
Density : 1.8 x 102 m®  Density : 0.78 x 1022m™®  Density : 0.98 x 1022 m*?

2D image

Cross section

AH= -

Fig. 4 Microstructure evolution in Fe®* ion-irradiated 316L, CuosCrFeNi,  Fig. 5 AFM surface morphology of 316L and
and Alo4CrCuFeNib. CuosCrFeNi after Fe®* ion-irradiation at 300 °C.
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(1) Peng Bi, N. Hashimoto, S. Hayashi, H. Oka, S. Isobe, “Effect of Al on oxidation behavior of Al.CrCuFeNiz (x = 0.2, 0.4, 0.6) high
entropy alloys”, Corrosion Science 208 (2022) 110697.
(2) Peng Bi, N. Hashimoto, S. Hayashi, H. Oka, S. Isobe, “Oxidation Behavior of Cu-Containing Concentrated Solid Solution Alloys
under Steam Conditions”, Materials Transactions 62 (2021) 1716-1723.
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(1) Bi Peng, N. Hashimoto, H. Oka, S. Isobe, “Irradiation hardening and damage microstructure of Co-free high entropy alloys and 316L
stainless steel at 300°C”, H AR -2 LMEE SO S, ALl K7, 2022.11.19.
(2) Bi Peng, N. Hashimoto, H. Oka, S. Isobe, “Irradiation hardening and damage microstructure of Co-free high entropy alloys and 316L
stainless steel at 300°C”, H A4 @55 2022 A ERKIGRE RS, @ ¥ K5, 2022.9.20-23.
(3) Bi Peng, N. Hashimoto, H. Oka, S. Isobe, “Oxidation behavior and Irradiation effects of Co-free Cu containing high entropy alloys”,
HAGR T2 2022 SERMEH RS, Y E— MM, 2022.3.15-17.
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alloys”, The 20t International conference on Fusion Materials (ICFRM-20), online, Granada, Spain, 2021.10.24-29.. il
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HY . FIUTERT 2R Z T D IIL 3RT THEZFHUTHZ LB, RO THD B2
%o 1B EFHANIHESECTH Y . 2O XD RSB W T, 2T 255 12iE, FHARRRR A
BEAN RLT L—2%% T, 7T—ULEHC CT 2T 5, £72. FFRIC 3&% B, 2%,
ﬁﬁ@%ﬁéhtlﬁﬁﬁ IAX YT HZETELND, LLARLAYF hay J3EETIE,
QWL H G DT DB T L — OFERSCBLUAIAR — FOFIRIZE D ha A X FR~D A F
¥/ﬁ.%T%@\it\@%ﬂtmﬁﬁﬁWT@2%¥ Y IIHEETH Y | BLE TR,

ZIZ T, RMETIH, A vab—VL oy T4 VX ARB T T T 41285 3WITHNDAREEROFHA O
A ERGET 52 2 HE T 5,

2. fvae—VyTATVINFRTTT 4

Afrae—L» hF 4 PHknr 77 ¢ (IDH: Incoherent digital holography) T“li\ BRIIRIZA
b —LV FRREEZRN LT, TOREEEZHAWCHC TEHAR T LICLVERn /T A a itk
T 5, AFETIZ, 77 AHEREEAKRTHL Z L2RHT 20, ZREOBEIILER N, £
T MRS 7 REITOBRC, BEIOAX v U BRMETH L0, TOEEUL F A XV FHA~DAX ¥
DEIUTEER D LB < BIERNREETH 5,

TR AE BT HI2E, v~ A 7Y rTFE WS, X1 ITHEEINT~ A r VY e e £

b) Mirror-1
L]

Beam .
splitter / Mirror-2

3/ fffff }

Lens “«—>
For phase shift

CCD detector

B1 a)ffsELio~A 7y o Tiit e, b ~A 7y o FEEt o,
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OEXHZ RS, K1 DTIRE =LA Y v Z—lF 2 —T7 RO ZE T\ 5, BEEIZIE CCD
AATEMAT D, Fio, MAHT 7 FEAT D 72D Mirror-2 OB EL, @aEEE T AT — ¥ (/B
B fEREIL 5 nm) IZ K VAT 9,

3. ~ATNY UFEHFHIC X D2 TEHRBOE L BEA

YR % He-Ne L—H—& LT, SN THROGBEAZ, (MHY 7 MECE DV T2, K20
a) IZ He-Ne L —H—Z YR & L CEHIIS N T/ Z b) Iy 7 MEICX VA SN B E TN
Zhord, K2 a)Tik, RLAIRE RO O TEHEABI SN, REEOSM: T, Mirror-2 23D 44y

2 a) He-Ne L' —#—Z 0t L CRHAIS Lo T#E, b) (AT 7 MEIC K BAESh &,

D1, 25D1BLR4A5D3EBENSETAKOTHRZHAI Lz, D4 OE NS CCD H Lk
TOFRB T T LERD T, X5I22Z=93cm (CCD fHH 5 O HEEE) ONE TOBEFRIERE 2 s L0 5t
BLT A A=VLELEBDNRD)THD, He-Ne L—H —ZE IR EEZ D 2 ENTEX HDT, bITR
THRERIIZ U THDE R D, LNLARAS, a)linEN 580 . EEO NI 2 T #km o3 &l
ENTWVWD, ZHE, L= —OMENRNZDIZ, E—L AT v ¥ —3 7 —DOEEMFITER
THEEZD, Flo, ~A TNV FWHONBOT FA4 A FOHESHEKE LTHEIT LD,

4, £t

Arvab—L Ly NFA AR YT T 45 HNT, ~UF b~ JEBEIZBO THof O %S s
AR BIRTCEHAIT 5 2 L 2 AL LT, He-Nel—H—% RHE L. ~A 7Y Ttz k5 A
TR O & Z O FAGORFG HIEO FEMRGEZ 1T 572, (AHY 7 MEIZE D SR E LTA £
—VEBAETLIENTE I, LLLARRL, BHOKEITERT 5 TN FET 52D A
A=V EFETE TR, 5%F, DND7 4 V¥ —DOFAIC LV HEEZFHE L CEEXF 22
H, DE—LAT Y B — HZIT—DT T4 AL FEEERIITV, FFICE—L AT v X —|ZH
AP LU CTHRBERAERT HBCAE L DMELZM ST 2 & 28EICEWVTHE, PHEREZITHY, £0
B, Arab—L Uy MNETHIKET U TE2HRE LIZACTHHEOFHI E BEEETTH 2 & CHRE
MEEZ5E T LT, ~U A ba v JHEE COFHINC AT T, BHIER— N O@ECTHE EORGRUELTT
TETH D,

[PEEFREFR Y A B
H. Kawazome, N. Nishino, S. Kado, and T. Miyazaki, “Development of 3-dimensional radiative distribution
measurement system using incoherent digital holography in Heliotron J.”, The 13" International Symposium of
Advanced Energy Science, Sept. 5-7, 2022, Remote e-conference, ZE2022B-13.
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hHRNABHEFL—F—ICXYEEFRRTIHBAEASINS
R E AR E D £ DIZEHA

EHEER T, TR R—EL 2, 4 e
LR AR B R E BT SEAT, 2 RS SERERT, R RS T L — B T AR SR A

1. 1IXL®»IC

AT Tl b — Y — 65 RS (LIPSS) O TH ZhvE TEMNIZ L A EHEA TR 7oA LIPSS
IZDWT, OB O FH0 0 215 5 72 DITTEHGRR D Z OGBILE 21TV 5l LIPSS FERH DR BEE
MORREEZH G THIEE AL LTS, ZHUET LIPSS BFFEIZHV BT E 721X Ti:Sapphire L —
— DAL T EEHL R ETHDL, INOLDL—F—DHEIT 1 um LLF TH o 72720, R S5 %0 LIPSS
DOFEHRNEIE 100nm fitgt ThHo7-e ZDZEMAr— L OFOEBLRAZ FHEL T 257200 X BTV ZNE
IBIEBRT CTHY . TORBIEIISRBIEFICRBETH D, —F T, TWFEIXEREDOT 7~ BRI
BRRAICATON D L9 TR, ABLYTETFI 7 u ba Ui EfH Lz THz HHET L —F— (B
— 7 WK 82um) OMEHZ LV vV 3 R EIZFEHIFEE 4um O LIPSS 2T 5 Z LI L T\ 5, Z ORH
LIPSS @& MIMIRIZI E 3K 120 THHIZH 200 b 67, Al EDOEE LD b+ KREWETH 5 72 DB
WARETH D,

2. =B

AW TlE, 2O TLIPSSIEHOLIRO B Elb) ICHF B35 2 & T, I CEBIIFTREZRIE &R = 7o 5 Wik R
@wfﬂiupss%#:&f{i WK L. ZOREIBRE R THO CEORBRT L LI LD THRET 5,

\ZE OGBIER IR O FRELE 2~ 97, LIPSSIEAL O LRI TR KRR (B —27 i R11.4um) o BHRE L —WF
—Z Wiz, L—Y— b — A3 SRS 0mm DO AR 2 — M?“% FEERME ZnSe L > X (LAT7656-G, Thorlabs) CHE
U, PRI A A ES00 TS L 7o, Emaco®E =4 —IZITEBERHEBROE T OO EE A\ -, BEMEDE
?%a 1 INA:YAG L — —D2fE =3 (K 532nm) %Hﬂb\f_o /\/I/Xrbaa 1I5ns, FEL/ VAL DEA I Ty

—IF3RL0Ns TH H A, 2usD~ 7 1 7L AHI(LIPSSTERL D 72 8 O L—Y —) & 53 i3 2 121 +43 72 e i) /0 fifRE C

3@50

Nd:YAG 2 :

CCD camera < 66 Him g

" I ll'lj}k h’)’j! { “
. 4 ' |1} 1 l by
” ! jllf
ke / MW
(]

. ] 11 ff |

|-J“|.||__ ,///,/// ‘H“H”.
Fig. 1 Experimental set-up for pump-probe measurement of LIPSS. Fig. 2 LIPSS produced by 11.4 um laser pulses.

21% T2 O%FH] LI2BHILIPSS 2R L TR YD . IS SR WA E O 7 )L —x 2 2 DR
INMTHAALIPSS BB S D b —F —FE CHRE 21T o 72, 7SV RBD H B B — 7 SV ZDBHEZ 208 LT,
BIEI(T v — 7 7OV R)DIRRIERFE] 2 -2.0 us2> H22.0 usOFEFA CTER L CTHIZE LT, v~/ 7 A A —27 LA
EWRGETLTHNATEANTUAML —F—DE—A T 07 7 A NV ERELIZ, ZOERIZLY ., 7L RY|
DOFINTERL U 72 B LIPSSIE S L Z B D% N85y ENET D 2 AU L2 2 E 300 o 1, BRI A0
LIPSSDOFERL L 7= BRI AMAT B O JRIK CHE, IR L TWD 2 L 2RI LT,
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3.

mCFER Y A b

[ LR U A b

(1) R. Miyagawa, D. Kamibayashi, H. Nakamura, M. Hashida, H. Zen, T. Somekawa, T. Matsuoka, H. Ogura, D. Sagae, Y.
Seto, T. Shobu, A. Tominaga, O. Eryu & N. Ozaki: " Crystallinity in periodic nanostructure surface on Si substrates
induced by near- and mid-infrared femtosecond laser irradiation”, Sci. Rep. 12(2022)20955.

()FEH B, IR,k ERs THEFR RS " b — W —5F R o B IS S s R ] O 7= b D 2
Batil” : 7 7 AT A 202247 A5 (2022)pp.6-9.

[ZH., 7L ARLRE]
TLAY YU —A202341H 10 H LIPSS OfEauMEICEE T S AkH (Sci. Rep. 12(2022)20955)
https://www.kuicr.kyoto-u.ac.jp/sites/icr/topics/230110/

[HEARERY A K]

(i)
(i)

(iii)

(iv)

(v)

(vi)

(vii)

WHER : "V AL —HF =7 T L — 3 L DWHREEW IR O LR &SR R
95 70 SRS R F RS, 2023453 A 16 H (BB RZEUAF v v /3R)
THEFIR—RR, HEHER, & iR, REESRE "R B ET L — T — L 25 & VT2
AR ISR DO AR 77 a — 7 5HA”, HERFEER., 5 70 BUG B SR PR . 2023
FEIA LT A (EERFENEF Y o /3R)

T HER i B — A X D2 WIS ETE R O 7= o O ZF OG#lE, NEEFRE, 9 R &l
L —— E O BEAERICBET 2078, 20224212 H 8 B (@& FHAIFJEHT)
B . 7 KBEmMERE Ea B L@ L — i X 2 £misdEc 5 HakE. 2022
R HMEABAREL, 20224212 H3 A (AlkBR=a Xy v a vik—iL)

& HER : "FEL I X 29 E k02 057, wmiHe I — (L—F—E keI —) | 20224
8 H 103.

M. Hashida, S. Masuno, Y. Tanaka, H. Zen, T. Nagashima, N. Ozaki, H. Sakagami, S. Inoue, S. Yamaguchi

and S. Iwamori: ”In situ measurement of LIPSS formation with high-spatiotemporal resolution™, 21 April(2022)
SLPC2022, Pacifico Yokohama,

S. Masuno, M. Hashida, H. Zen, T. Nagashima, N. Ozaki, H.Sakagami, S. Yamaguchi, S. lwamori: "Spatial
profile measurement of mid-infrared free electron laser for LIPSS research”, 21 April(2022) SLPC2022,
Pacifico Yokohama. 10 H (U &— i)
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HERIRILEX—RBICEFRTIZ2NIED
NS EHRA AL T HEBRETORLE

Vel — 1 i W PESRE] 2 BRJE £
VR EEACSERIZERT, 2 RURE RS R oL 5 — B TSRS

[(FFEE 7L B#)

ARRIT, BEIEC 2 N7 B 70 8 OREME IRy F DR ZE MR 72 B BB 2 A I BT 5 2 & TEE
PEZfR STV D, TN ARS T ORZEMB) 2B B E AL A HREICIE X 5 Z e TE U, ¥
MR AEMBIRZ T 5 L CRERMAEHEL Z LN TE 5, MREMFIIICEBNT, ZhETIC
bERA RERGF DA A=V TEPFIH SN TE 2, L L, BN O AR OB - 22972
HI RS D IR IR FICBENTWD, ZO—RIE, MIE S 2 EET 2 NIEED LRSS T4 K
ROELTBIR M+ 7200y — L _, )

DI\ EERE O L Sicdh o7, D - Wﬁﬂ. -
PMEAE DDA B BRI AT RE e i 98 — / \ @ { # ‘
NOBFENRETH S 5, AFRRET — @ ? ,. (Q
T BN TRMIEEAINTE S RNA () 0 0w gy l@
WENCHE L W S SN
XXy B NELE T B HEOR 1. ¥kt u—7 L RNAT 74 ~—%FIH LIz
RAEHW LTS, RNA IRk 5

ZAVE TIZHFEE L, A Oa0LIE & TR RNA Z i rTRE 722/ Ny Faot 7' e — 7 OBAR 217> T
&7 [Chem. Commun. 2011], Z 7 7 —F TlL, £7, ®H7 = F ¥ —BHQL & HIZHAMEE A
THRNAT 7 H~v—%@EHT5H, ZORNAT 7H~—id, BHQLIZX Vi tan g ki —
BHQL 7m—7 | ® BHQL#IZHfEA L. BHQLD /7 = F v —& L COMREZ B LT 52 & T, 7
B—7 OECEAE S5, BHQL ITME/A WK REIROF AN T D E AR o7, a7 1)
DENTHER) RNA 7 7' X~ — & ds ik 5 =
EMAREL 7o To (M 1), E-HFEA L. 2D RNA
k1 A T FLENM AR N THEE O mRNA 28185 A]
RE 72 ik~ & & B L 7= [ACIE 2015, Chem.
Commun. 2018] (¥ 2), A#FZETIL, BHQL itk
RNAT 74 ~—|Z4 v EiRikbe it 595 =

Fluorophore

=2

. 2. HeLa AN mRNA O BRI AR FE O R
LT RIS I B IERE S 2 S BRIIE 1 (hem. Commun. 2018) N

DEFEEZ AR LT,
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[5ik L EBiER]
C NTEMWEZ Vo RTBA A= THEDORRS
RNA #1177 % < —i%. BHQL &k /L — 7 & FHMd 84

TR &R U GRIREICIER RNA 285257 — A @ 2:21&5;—7“(‘, . (© PHF P T E—ORATHE
BB SR 5, 20T — KB % 5 280 B % Rk g 4 | z —rroe
57 E~—lcBENRH LT, My B S N f

1T TO&H BHOL 2/ — 7 &k L. BHQL 7' 1 ot N
—TEWMALIENTES RS By T HENT O *o

Taw—ith L TRTES (M3), @E‘ s adion h

HEEE L. RNA R T 74 ~—D 7T — LFEIC T
B LT ECH IR VTERNA T A 75 ) — ZfERLL
BT 7F B N7EIZRT S In vitro selection Z4T
272, Invitroselection IZFBWT, BT 7 F X7
BlZHEE1T 5 RNA 772 ~—0ORHIX, Bt 77 F
VHURERIA L7z, #5472 RNA 7 7 % ~—0OFE 5

I3, SEEF S DNA v — o F—Ic L0 g L7, W3 .BHQLT 7 ~—I2 k% & /3 BTk (a)

] BHQL &k — 7 & Z L R T — b OFLE
P TR =T RBHERNA 72 —IC £ 5 AR RN (mwwwwwgm@m%rw@mmmiﬁ’
FUNRTEARA=TT BUBLT I Fr B ST EERT N (d) BE

AN & v o7 RIS, BHQL 7 =2 F v — gy coo7 7 Fo & 282 B Yets (Nucleic Acids

ECy3xarvva—hLiz7a—7%FMALT (M Res., 2021)

3), W m—T A%, HPLC TR L, FEEF]

FB%ER MALDI-TOF ~ R 2 k> T E&2HIE LTz, EMIRNO BT 7 F X R0 G e KRFIETRIET
57212, in vitro selection (2 X D #5417 RNA 7 7 % < —% shRNA BT % —Td 5 pSuper (ZFH A
A, B b HeLa fEAIZIEEE AT 5 Z & CHREFENIZERFEEL L=, WIZ, RNA 7 7% ~—% %8l L 7= HelLa
Mz s 7 a—7 CUE L, BT 7 F X I EOBERETo 12, TORE, AHENICB T 8
JERERT S —H BB LTV AR T, BEEME BRI NZLO (K3 d) LRV 7
NWEBET HZ LT LTc, ZORRIE, EHERFMERSUClmE L Gk A 2),

MEARBREDODBRNE URTEDA A=V T ~DEAEZRE
HEEE L. HIEOFEZ R T 572D KRAS ¥ X7 EIZkES T 5 RNA 7 7 4 ~—7% Invitro selection
ZEDEAF L, KRAS % 7 B OAMIBNEIZE A B L7z, Invitroselection 21351 B KRAS HLIKZFIH L
toﬁ%%ﬁﬁWAT7&V~®%ﬂi\%Hﬂﬁ%%DMA/*#/%~LiUﬁ%LEO4%\%%h
72 KRAS f5& RNA 77 # ~—%FIH LT, EMIAND BT 7 F 2% LR GOBESM 2 HIZ, KRAS ¥
PRI EDOERITMNEN ISR AR AL TETH D,

4 \\:W’ (@) G-FIFoOAL A=Y

.
’/_;, ‘\\\

MR A b
1. Katsuda, Y., Sato, S., Inoue, M., Tsugawa, H., Kamura, T., Kida, T., Matsumoto, R., Asamitsu, S., Shioda, N., Shiroto,
S., Oosawatsu, Y., Yatsuzuka, K., Kitamura, Y., Hagihara, M., Ihara, T., Uesugi, M., Small molecule-based detection
of non-canonical RNA G-quadruplex structures that modulate protein translation, Nucleic AcidsRes., 50(14), 8143-8153,
2022
2. Pe, K. B, Yatsuzuka, K., Hakariya, H., Kida, T., Katsuda, Y., Fukuda, M., Sato, S., RNA-based cooperative protein
labeling that permits direct monitoring of the intracellular concentration change of an endogenous protein, Nucleic Acids
Res., 49(22), 132, 2021
[(ZE., 7L RFEHEE]
AL
TABEZER Y R T
1. e H—, AT RNA BEREZ BB L CAEMBR M 5, @i, AR, ARKITHESFHEM PR,
WIS R ) —, 2022 411 A
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BREFL—Y—HIRDICTETS3E—LY by UiE
IBIEOREIFERDORR

i ACh Y, & R 2, KIS 2

LEEERITRAMIITAT FHEEMER AT X — SRR ERF ST
2 PR SR T L — T SRR

1. IXU®ic

B OWE TRIENTREZ H BB 7 L — ¥ — (FEL) 1. BIR-CAF OB R 12 W TRRER N i S .
EHAEERIZYERE LTI U k# S X BERICES £ CHERBEPHEESI N TWS, a3
KFEOFRNBHE S L — —higk KU-FEL Z i L C FEL BIEE#Z DB FREAETHae—1
v b=y Ukt (CER) O#LHIZ1TVN, FEL A AA/EA D EIIREROARIEIZIL U TE /N T OEH) 51
DIFGRICEE AL 52 TWAZ EE2F R LT, FEL 7SV ANEF N F & 2R 551080 T,
FEL DB RIET 256, I AVTFEREFELIIMRT LI ERHLNIZR->TWND, ZOBSRD
FMAEMRAT 5720, SEEITEFE—L0DI 7 0L AN FEL ORI > THE 2 bh 521k
(DWW THELIN A FEhE L 7=,

2. EBRFE

TV ab—4NIZTCFELMAEERHZIToT2EB U TIE, BE— L T~ Ll FiitmmaiEa o
EARERURIAIC C CER 2 %445, 2 CER B — AT A5 05m BN /2B ICRE ST L
SBIPZEEESIC L > CTFEL B — A0 bS5, HZ2FEmEEICIEER 21.2mm, #2428 15 mm Off
A% L7z RSB TR Y . FEL Yefillio st U C/KFEENIC T 45 BT 5 2 & T, FEL (X L CE
ZI5mMMm OT R—F x —L L THEL TW 5, FZEmEEZEMN L TV D EZERRICL HHIRRH 5
72 FEL il o e 22 22 S i 85 O A 2N EifE 1% 20x20mm? &/ & < FEL d:4R#87>6 D CER BV H
UZh3 3RV, P2 w8510 TR L7 CER B — A XA ZhEAR 33 mm Ofs 5 A #4842/ L TRA
HFICERY HEDd, ZOEND 5 em FIRICAZNELE 7 em - fFEAEEEE 15cm @ Tsurupica L > X & BLiE
L, E—=AA7 U v (JEEX250um OV F =P — 1) ZiH L THELFD CER B —A4% DI
72, BE—A AT v X CRENSF SN2 CER E—XIBBE LT v 7 +& D D-band &A1
Z— Nfe#zgs (Millitech £, DXP-06) (Z TR =41, 1% L7- CER B — AT A iR i 45 (TeraSEnse
#. Ultrafast) |2 TR L CEDERIC Y KRR T 4 VX — 5@ LT, BRESEoERSMEEZ1T 1 ns
LFTHY, ~7a 0L ZANICEIT 5D CER OIMZEEZ FE/IHIERRETH 5,

3. EBER

BAE— LT R X—324 MeV, <7 /UL ZEMR 0.67 pC DEFE—LZFH Lz, FEL 3R
WRIF7.0um IZERE L, =230 5 2 Fm$EfE HRFO i K FEL (113589 23m) Th o7z, HiR
PHERITK A% TH Y P ESEA TS 2L TLENE S E L oo Tz, KU-FEL & L Cidtbisk
RV RICCHERE Ei L7212 bbb T HZEESEHC X - CRIPTHEASE AL TR Y, F2ER
DEEZIVRELSTRETHLZ ENDND,

FEL LIEROIIERE AT S L FEL v 7 u SV RAWENENT S & L HICCER v 7 B /3L R
W LA LTz, FEL 7OV A LB ANV TF ENERFEMT 2 EHRE LY b 5um H0WIGE (B &
FSERFWSEOSRE R 2B 5, FEL~27 12U 2 (3) BLXOITHZ Ny K2 T 4 VB —%
AL CHE L CER ~7 v LA (b) ZKICRd, FEL L PRSI O AL SRt
TR 2 HIE L TWADT-d, FEL BIENK T L THIREBHERIL U-EEEEEZ R~ L Tn5, HIE
WA U 72 S R 2R DR E DN A4 TH o T2 T2 DMER AT ) A AR B> TV 5D, R E
12XV CER~ 7 /L AZHENAE L TND Z EBRMHERTE 5, FEL 7V A LE /N T LRsELll
R L TV D 5E2FSEMTIE, CER HAMET 2 Z NI E TOF A DEBRNLH LN/ -

—128 -



ZE2022B-16

T3, FEL A OB KRNEHE T DHEZ] 4 ps 705 CER AT DD 3EE - T\ D Z L BSHTT- IR
ST, —HTEHIEZRE LTz D-band BREEOHIIE, HESRRICEDEMMIFEA EnoT-, =
ORIEFERIL. FEL X 7 2L 2 OFERF R I > T CER O & BRSO NHD L TnWAZ a2 R LT
BY., FELMELE T RELEOBICIEOHEME® 2 Z LA EHL TW5,

2.0 L L L L L L 06

Detuning length (a) 05] Detuning length (b) 5
-5 pm -5 um
1.5 — Oum

—— O0um

0.4

0.3 1

0.2

0.5+ 0.1

FEL intensity [arb. unit]
5
CER intensity [arb. unit]

0.0 -l thy

0.0

L T AR B S S S S S A
Time [us] Time [ps]
(a)FEL =7 2L 23 1 WN(b) 1THz /Ny RK/RA 7 4 VA —% A L7= CER < 7 1 /3L &,

4, £+

FEL fHEAER 24T > T2 BA N F & HT 5 CER B FREEN 1 ns LLF DX A 4 — Nk s %
L CTHIE L, FEL %I#EH D CER X 7 n /L ZADKFMFEZ B LIz, FEL NV AR L&A F L
M5ERRIWT 2 IR TIX FEL MR KIZ/R D28, CER 27 v/ L A0 & EK 7 1E FEL H77
W LT LTWASZ ERBH LT o7, - T, FEL ME LB FELOBICEOEES
HEEZEZBND,

A AERE D EERCITIERE NS H Y H L7- CER OBREEIMEN - 7-7-12 CER I 7 1L ZADEEW
AR EE T o7z, SF%IE T iiRAEA EZEZ R OBEEIT 9 L HCP 22 mEEE KEEO & 0
IZHEH L, CEREUV LR EZEmDHDH T L THIE ) A X&EJ LT, LVHEEDEWCER v 7 m/3L
AW OWE % T+ 5 TETH 5,

2% I

1. N. Sei, H. Zen and H. Ohgaki, Nucl. Instrum. Methods Phys. Res. A 832 (2016) 208.
2. N.Seiet al., Phys. Lett. A 383 (2019) 389.

3. N. Sei, H. Zen and H. Ohgaki, Appl. Sci. 12 (2022) 626.

4. N. Sei, H. Zen and H. Ohgaki, Phys. Scr. 98 (2023) 025510.

FRY R b

[Fm R Y A B
N. Sei, H. Zen, H. Ohgaki, “Deformation of an electron bunch caused by free-electron lasers”, Phys. Scr. 98
(2023) 025510.

[MEEFFRY A ]
TH AdSL, BN ARs, BE RGE. A S, B @Bk, B &, @i BET. B E ST 2 W
e, K HEH, THHE L —VF—2RHET I ab—Ly hoy UG EFROBN . 5536 [0 A A
B FEES - IR R RIS R T A, 2023/1/10 (AR A & —383)
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FPUOFRARM—=DR/RA =D RS RHEABRIELS
EIREFIREIRIERD 7 4 / #EHA

EHIEY, & Wik JHEIEH 2, Khawg

PREAR R PESEHAN & o # — AR U R =
2 AR L X — B TR SR T
S REA K EREA AL HE A

1. FRE=R

BEROKIRE) (74 /7 2) 13, TOMEIOWERN) « EXAINMEE 2 RETHEELRRN-TH D, ITF
I, bW —HITORRBIZEY 7+ U EIRBHIZHIE TE 2 H RN VA L —F =R ST
%o 74 OB RO EFIET HH RN VA L —F =12 X0 FEN, FEBVIICEFED 7 +
= ROEIEE (Mode-Selective phonon excitation: MSPE) 723 AJHE & 72 > TU 5 [1-4], MSPE i,
BEPEL O & B —HMafx i Rinfs . 58, B2 EOMMEOYEIZ L HHI 2 KB T, =31 LF—MEOR
FICHEBE R EHE LCHER SR TW5, BIfE, MSPE (%, L—%—® ON/OFF IZ X5 7 + / v DJFhiL,
b e CEMERNCAT DAL TV D, K0S IS0 B NI 7 & ORI 217 5 7212,
HRAN SOV A L —F—BREHZ K > T SN D FFED 7 + / » DEREN2FHE. 37245 MSPE Tlif
BIND T+ ) O OBINNEE L 725, ABFFETIE, MSPE RFD 7 o+ /2 53410 O fE & RIBLRI ik
ZREST L. RISV A L —P—|Z X D MSPE B0 7 + /434 DI O ATREME 2 MiEEd 5,

2. FEBRFE

AT TlX, MSPE BD 7 4 ) » D45 AR DB D=1z, T~ LA —8EL
WAL EH WD, K 1ICT7 v U BELs e THll S D A7 K SR¥® |
NOWRR % 7T, T~ HES B TIE, s R L% = [\ A ASRS
NF—D LAY —8EDLE, BEXDOZRLX =BT 4 ) DT R lasr ;

R =D TEFEINENTZT v F A h—2 2T~ U BELASR) . J U
D RN T =R T ) DRIV =TT IEK T LA b V02 ,;R Vet 2

— 7 ZBELSR D 3FROJEN BRI S D, Z 2T, ASR L SR =R €

Feix, WERNROBREM E DM TTFROXTERINDIEBRICH D 1 I~rEELSE B S D
[5. w. €2, h, c, ke, lasr(€D), Isr()1Z. JibkLSE (LA U —#ELL) A7 MR

DOREWE, 7 ) o ORWEE., 770wk, e, Ry~ U0E
. ASR JDIEE, SR HDIEETH D,

X (1) WTRTHRIZ, ASR L SREDFEFEELIX, Yo T NVOREITKGF L TWD Z ERbnd, Lo
T. ASR Jt & SR JEDFREENNHA & 282 dUE, o VDR (7 + /7 v OSFREE) O FE &2 7]
BEE 2D, ARBFZETIE, Yo 7 AOREEZEL S, ZOIRED ASR & SR YLD TR E b 2 | 7E L,
BEMRAIERT 5, FD#%. MSPE 2#4T-7-& X ® ASR Jt& SR EDIREHN D . HERE HWTE
DOFRE LIRS T 2IBE A SN2 L. MSPE BfO 7 4 / D
%ﬁ%% %iMi@”%)o EHhLUX
3. EREE

R LR 2K 2177, 7~ U HELS YEHE A2 532 nm
DOWFEDNZ2FHIET D Nd-YVO, L —H— (Fro—T L —HF—)

CaF, B#

B#EGR6H-SIC™ /1
E#42[1000]

EHWS, ELE 5 SIC U= N(HRES 6H-RIL A 3 6H- %%w;«%
SIC)IE, IEFHEIPTAER T v o N—PICRRE LTz, F v 23— AR
DEMELT, PR LA L —F—B LT r—T L —HP— 2 FEEHEEY N
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ZiEimT 5 KBr, AN Th D 7~ U BELLZER T 5 CaF, Z Wz, 7~ L EE L o XT8Nk
L7cDb, srtdsds K OMiAs (Intensified CCD # HH#R(ICCD), F 7213 EFHAFEPMT)IC L D A
7 MVRIEZAITIR o7,

4. FER

B 3 B L7 T~ U HELA~R Y |k

L (a)

\ —=—iCCD

JVERT, ICCD & PMT X7 DR
X DAY POk 960 cm™
D74 /D ASR KBANZ L V1T
oo WEE, b7 —7 L —%—0
M0 R U A m < TE HERMFET,

Raman intensity (arb.unit)
—

Raman intensity (arb.unit)

30N ARY ML DF— 2 ZFEHE L
77o TORER X 312777 X 91T, iCCD
ZRes s L CHWE 2, BRI

L L
600 700 800

.
900
Raman shift (cm™)

X 3 (@)PMT. (b)iCCD THlE L7z ASR A< kL,

L
1000

HIEIEE 300 K

— 7B TEL bl

PMT 1E, o VAF ¥ v kAT 4 T2 54—, £, A 40 " BELASRISR)
KM BST BT L— Pk, 1vay hTEICHRES o
T10%HItR TRILT 5, PMTIX, 17 —=ZHRA - bTLIT L4l

F— S EET S b, FRENOHEATOL—F—0 48]

SRIEEZEENC L0 ASR DV 7 F MTIEL D& NAET, SIN E-5.0¢

PET D EEZ BN, THUCK LT, ICCD & §52]

A MMM O — 5 A 2 N ERRCBIT 50,

LY REOEBOREE ASR KDALY bABES o

72\, & 51T, ICCD IE, —EORIETARY MAdioeT

1100 600

L L L
800 900 1000
Raman shift (cm™)

L
700 1100

O L L L L L
0.0033 0.0036 0.0039 0.0042 0.0045
1T (1K)

3 ASR & SR D@L Lk DR R A

DEOT—ZZINETE 5725, PMT L0 IS 7-0 =
A7 MVOREERE AT Z N T, /A A& KT
XD, ZNHDENSICCD s LTHAHATHS =

I

EWRENTZ, WIZ, ICCD At & L CHEROIEREZITR o7, TORE, B4R T X912,
ASR/SR LiREAHFIBISREZRT Z &R S, 5%, TRV VAL —F =L T rn—T7 L —H—
ZIRIRFIRE L, AR CHE O RERE FV T MSPE Ki D SiC O 7 % / A DE &7 i %17 9 .
[1]Kyohei Yoshida, et al., Appl. Phys. Lett., 103, 182103 (2013)[2]Muneyuki Kagaya, et al., Jpn. J. Appl. Phys., 56,
022701 (2017)[3] Oji Sato, et al., Phys. Lett. A, 384, 126223(2020)[4] Rei Akasegawa, et al., Jpn. J. Appl. Phys., 60,
102001(2021)[5] Hirotaka Fujimori, et al., Appl. Phys. Lett., 79, 937 (2001)

5. TRV AN BLO THEERV X b KON T
[AEARER Y A K]
(1)Ju Yoon Hnin Bo, H. Zen, R. Akasegawa, K. Hachiya, K. Yoshida, and H. Ohgaki, "Selective excitation of LO3
phonon mode of SITiO3", Z/1#& 780 A IRMMW-THz 2022,, /v 7 b (XZ %), 202248 /] 29 H
(IRA L& —)
(2) Kyohei Yoshida, Heishun Zen, Hideaki Ohgaki, Shoji Nagaoka, "Counting the number of mode-selectively
excited phonon by observation of anti-Stokes/Stokes Raman scattering”, # 11 [B] = /L & — B T Z4F 52 AT [E
PR RV T L, RS L BT AESERT Ul (HA) . 2022 429 H 15 H (R A ¥ —)
(3) Ju Yoon Hnin Bo, H. Zen, K. Hachiya, R. Akasegawa, K. Yoshida, H. Ohgaki, "Observation of Multi Photon
Sum Frequency Generation ina ZnS Crystal", Z/ji# 100 A, WIRMS2022, ftJfE (HA), 2022410 A 7 H
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EFYPEAZITUTIVICE DT=G8A < GHHIHIED RAH

BOAREEAR Y, REAAAE? WHIRKES, EANHERES, #UE 8
VIR RS TR AR S A7 L7 0 7T 4
PHTR K A RFL AR SER A BHEPE > 2 T WK

SHER R L — B LA SE AT

1. ¥%s

INET, FEKRZIN—T13F /#EEE WA Z~<T U T X > TES < S o Eas iR i
BNCERT A 2D, RO AAMBI CIEFEH TE RV LI RF LS F MBI ZIRE L T 7,
EZAM, S HITERICANIZRDIFEC R —DMENE LD DI LT, ERDOAZ<T
U7 NAEE T, —RICESRR E0EEBNEDLID Z ENZ W, IEWEICHERH D &k
BCOTZISHANBONTLEY LW IERH - T-,

— 7. HESRFOLFEEE THHENEIR S NV—FTlIh—RF 2 Fa—7 (LLF CNT g e
FES) ITREBESNDETFWEEZH WD Z L THRIRY (10000CLL E) THEETH Y | Fiic2iisig: (24
JEOS 7 i) 12D < B S HBTBHZ DWW CTHFZER D BT Y | AHFFEERE TIX CNT 2 v /-
Fle 72 miBAS A Z~T U 7 B L CHFRIFZE 2 ED TV 5,

BRI O—>2 & LT, KEBXOB R VX —%2FH LI-BYEHHE S A7 A (Solar-
Thermophotovoltaic : STPV) IZEHT5, ZOYV AT LXK, BJR, 77V —n"— =3I v&— N iEE
FPV)EMZ K> THERENTWD, KBEET 7Y — "—THRIN L T R L X — AL, =3
v B —inD PV BN TS B2 S5 2 L TRENAETHY, 77 V== Iy
2 — DS HFRHEEHIET 5 2 L TREODE LM EIHELENTE D, KRV F—%28h=x
ILKHAHT 272010, RVATLDOT 7Y — 83— 213 E 2R KW IR £ (Solar Selective
Absorber: SSA) N TEH 5, Z OMEHZ, IR TIZRIDEED & < | RIME R CII S R A4 K <
o Z LT, KGR F =2 R R VX —|CHA CTE D LD TH D, Wk, AXZ~T U T IL
1% & VT2 SSA TIE, BSOS IE OB MENE 72 ISR B - 7223, Z ORI D—>& LT CNT
Mz FHEER L LIl SSAHOAZ~T VT NVERETDHIEAHBNET S,

2. HEFEEHEET L

AL Tl WS IR OB M T 152 W i A I 7 HT (Rigorous Coupled-Wave Analysis : RCWA)iE %
7z, RCWA #ETiE, B2 BRICHEA P b o Ll L, & BN O BRI O — iR 2 K
Do [RRRIC AHHEUH R & BmERIC 1T 5 — iR ok, RBICEBOBERFEEZHRT L Ta
TEIR COERE D2 155, RCWA 151X, JEITHRETE 13 L ORI~ /LT LUk OFRHTIZE L
T3,

AR TIE, BOWEVLEN & EEFFOX T AT (W) R E LT, 20 LIZFEERE & CNT
JE& & ERIE T2, BEEE IO 22 TR Z D 2 HE 2 F> AlOs % H
WTCHET 5, ZOHBEET A EZK1IBIOR 21277, CNTROES(X50nm EEE L, ALO;JE
DFES, CNT O X R U » THEEIZR T DA, EA2 2SI ERP 5 KIGEIN R 2 4 L7,

APy R i —
W

PI1 SSAHAZ~T U7 L M2 AZ~<7 U7 WX
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3. WERLEE

312, A MU v 70E w =300 nm ([Z[EE L7Z5AI2B T 58 p OWILRIZH T DB L R~T, Ll
T, 2Toar¥—<vy 7ORBERIEEO~D)EZRLTEY, a2 —0RNH L E AT
WE < BWE ZATRIEMEN L2 RT, ZORENLA N 7R EJAHAE CSA, 3742b
HA MY v THEETIE R, — D CNT BEXFER LI2H D L 9 8 E IR H 872 KRG W I R &
FoZ tnbnd, K4z, B p=600nm ([ZEE LZHEDOA N v g w OEEEZ R L TV D,
ZHOLBFEERICH— CNT DR BIAFIHTH D . A MY v 7HEEIC K > TS L Tnas 2 &R
DD, WRBRIERBE R B UClE, IAHHIRIENEER I D 2 ENZ N, ZO/RRND
MFLHA RN » 7HEEICT DM T2, H—0 CNT E#EEMERO Lo &, BLOWEREmE D
HENL TV D AREMENRIBE IS,

E E
gdsn %300
d H
200
350
100
300
06 08 % 12 14 16 18 2 22 06 08 1 12 14 16 18 2 22
Wavelength [um] Wavelength [m]
3 A MU 7 w=300nm (Z[EE L7z 4 & p=600nm ICHEE LIZEAICE
LAz 58 p 0% 25 A RNY v Tiligw DO

LLEDORERZHE 2 T, ALOs IR S DA X 5 12RT, 2 Difi R & KI5 RIARFE 0D i v R
(£ 565 nm &I L7z, RIC, miifb S 7o S O SR 2 ERRBD IR 2 X 6 (2377, Bl L
Ro fEEI AR AZR LTV D, RS 20um LR D & Z A TIT AL 80° (i £ TR RA
rr <L RS 2.0 um PLETIECREEERIER MR, BLED Z & 9 B R R THIS S 2 A 2 E 0
7o, KGRI L TEATWD LW 5 2 L3 TE 2, 2od. HEK 16 pm (T ICFET 5
WL T ) 2 = A Z — IS T 5720, IROARADOKEIEIZ SV TIE TORINAH 5 Z &M

Hinoie,
0.15— 1 1
80
0.8 70 0.8
E 01 B0
2 - gsn 06
% 0.4 %40 0.4
£ 0.05 E a0 :
0.2 20 02
10
0 0
1 2 3 4 5 0 ]
5 10 15 20
Wavelength [um)] Wavelength [um]
5 CNT HE—EHiEIZk T 2 ERE S 2T 5= N LT ES
DR
4. OEEFERY A b

Kio Kumagai, Hiroto Shibuya, Taishi Nishihara, Akira Takakura, Yuhei Miyauchi and Atsushi Sakurai,
"Development of a New Method for Controlling Thermal Radiation by Quantum Metamaterials” %5 1 3 [A]= %
X — BT FE AT ERR > > AR 2w A -Research Activities on Zero-Emission Energy Network-, 2022 4 9
HA6H, 740, RAX—HEK,
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SR EIFRIMRIC &K B9 FiEL FLEE 5D /KI5 5 & &l
F PR, 4 e 2, mhoARA (3
VELE RFPHEWE R, P S RF VX —H T2, P mEE Rt o % —

1. BB - BERORERR &

AW ClE, BHE L —Y —(FEL)Z H W 2 @8 ERIME ORI L - T, o 2 AERMSICE
T BRSO Z I 5 2 & 23 ATz,

Fox MULRTRE L7z L FUE RS, VPC-1 13, 1 HEROT v N U ~—0F 085900 171 Tkl
ALl RS THD ., HIC K > TR SN2 EOMILE o, 2 O EHIE B O 2z
JRE LTI EHA L, BREMIIKS FE2RMAET 2 L L bic, AL HEOM THEREEE
RTYAN T I XLMETHLH D, ZOKELQDRIE, VPC-1 1233 2 AL DRIFIC L - T
BB IND LN, BIEEITHROROMEIZ L > THLNE o7,

ARFZETIE. Z OMEHZFRER B ORIMEE RF3 2 2 & ¢, RISERERIC IS T 2 50 1 N IRED & Jil
L, ;Dﬂ#%&m TOWMAEZFERTE D EE X, TRNEILTE UL, FERIIZIIMNZER O
WEZFRAay ba—LT 5734 AOERIZSR3 5 LIRS LD, FEL & HW TREBRE DD
FA[ERRASN A AR SEDH 2 & T, VPC-1 OWRINEDOE— 27 1C85bE TV R a17H 2 &
MTEHEEZEZBND,

2021 4E 11 A AT > 7= P 325 TlE. VPC-1 |2 FEL 12 L 2 SR RN 2 IR L, KRG DS &
B RECTHIE Lz, VPC-1 MOAKNHHEND Z & ROWERAN S EO T 5 2 L ZHER
TELEHLOD, BEOEEZ L > THEZ(LHEDOREEMEWGER & oo, Fox DTN
T, WAERIZS U T VPC-1 OIEBKHFERRESEBHT LI ENHLNERSTNDL Z Enb, Al
DFEERTITE B TIE 2 IEHR S EROEALZRET H 2 & T, RIMEIRETIRE O KK % -3 5
el Ll WMEFEOERIZL > T, WEDKHEZ N L5 L & b2, ZORMAFEE S A E St
LTI ENTXD,

2. EBRFIL
FBRITIRD K 5 R FIETIT o7z, Kl H T AMZ X DIAATEH AT VPC-1 iK% 1| mg FREE
HAL, —EOIRE - MEIZHHE ST N, - O IRGRIE A HARGNICH L, FHERE L 225 19

a) Free Electron Laser b) c)
(A=3.5~10 nm) i FEL
detecting Laser I
(532 nm) photomultiplier tube . l—
(photodeatector) "
I . 532nm laser £
\ .‘  § : 7 g
\ Py :_l._.n_ l A E =
| | L g
humidity-controlled air l_. _W'E VPC _1_5'
w l p i 4000 3500 3000 1800 1600 1400 1200 1000
VPC-1 - & . AR | £ " Wavenumi ber (cm-1)

Fig.1 a) Schematic image of experimental setup. b) The picture of experimental setup. c) The transmittance spectrum
of VPC-1.
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a) b)
g 1204 2.8+ 4
E - . .
£ 1170 cm-? T 24] a
§ 80- . g 10
£ 2 L] ] (] &
8 £ 2.04 [ ] L] g
g £ M . . :
8 40- = 06 3
S S 186 = ®
- @ = Power on the threshold
c H ] o Transmittance
2 o
x 04 — 124 # : : . ; 0.2
0.0 1.0 20 3.0 4.0 5.0 1100 1300 1500 1700
Power of FEL (mJ) wavenumber (cm-1)

Fig.2 a)Rise in diffuse reflectance intensity in response to the power of FEL on 1170cm!.  b) The relation between the
power on the threshold and transmittance on each wavenumber.

L7z, PHEMRREICE LB, KE&E%Z# L CFEL & VPC-1 [ZHE L7z, »LVAEFRIL 2 us. BR
%%%i05skbtoﬂﬁ 532 nm L —¥—% FEL ORI AR v b & R EIC %%L ST
%8 L C FEL MRETRIZ OIS R D& L 2 JE L7z, (Fig.1a,1b) VPC-1 [FUTRMEIRIZ Z D
W B — 7 & {272 (Fig.lc), BEHEE ZWIN E— 7 1A b CIE 2 (C8 L S8, JEE S5RE 0%
b & WU O 2 B L 7=,

3. EBFER

FEL ORI EZEE L, RETRE AL X 20 DIEBHBEZE Lz & 2 A, & 2 RSTRE L

RIS IE R S TREE ASER T D BLR A R S AL, M ER IR I BE AT A 2 E 3 S
Loz, (Figla) BMEDFEEIX, SEHIE L 13 EOETICBWTHRESIN TS Z &, £/12M
EORKE SPEWEITBIT D HWINOKE ZTHHE L TWD Z &0 D (Fig2b), —ELL LD 3L ¥
—73 VPC-1 i RITWIN SN 7= BRICKRK DA = 5 & & SR Siutz, BEESTH OB 0 EBRIZ

BT, KAKHH O Z 5 AT EE OREIZ I 1T 5 VPC-1 ORI, BEERICE S TITIE—
THDHEWVWIRERPELNTND, ZNHDORERENS, RISEL OO ENZ X D VPC-1 7 EH D
RGBT S BRI L DO TH D EEZBND, T72bb, HRIUTLE S FEC
Ko THROIBEN EF- L, 2 > TEBEOHINEEME T 25 2 &I K o TKEZ I AT
Shad,

F7-. FEL WSROI TREE ORI LN S . K[OG IS DIRFH A 7 — L 2 fEt L
7o KFRKDOMAETBFE TIT LB R SR E SR 490 ~ A 7 o T, WAEBIETIX 047 BCH#EITL T
WD ZEBRHBMNE T, TORERIZ, VPC-1 ([ZBWTHIALN S DF A Ny T OfRBE s Ml 2% FLUE
BEEE el U CIERIC R HEIT L TV D TR Z R LT 5, 4k, VPC-1 OKRAEKWBAE ICI 1T

LHFEEEHENET D LT, fREEREROZDA =X LEZHLENILIZWEEZTND,

4.

ARFEBRTIL, FEL & H\\\ 72 VPC-1 ~OD @58 ERIME D B IZ L > TOKAROBHEZFHRLT 5 Z &1z
R LT, F7o. JEBEERIEDAFAERE DI RARFNE. R ORI ARY hv & DRGNS | KEKIAE
DA = ALDIRPNZDI2T H Z LN TE T2, RWEERRIL, ZHLEMEND DT A Ny D iic
BT 28772 PIER O ZH LU, TOIHICERT 5.
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BREPORIRIEEVDBRRERE L UDAFRRIE
FFREE Y TR, KA BT

2R K L X —H TSR T

1. FAEEBIOCHEMN

ERIER T FRIL, KFEMZILIUO & LI RERERICBIT D R—/0 R & LTEERFEETH
L, BUEITSIRIESCIBRENE WU R T VA REAT 2 FIETARINTWD, IREEERIC XL 5 H
KR FOREL, BEEOBWEERZHE ) LENRL B TR TRETE L WHIRELND S, &
T, EFEH ST - KA)IE, LICI-KCI-KBF, iR I2 BT 2 KR v F DLk a2 Wis L, WltEERIC L5
R EEGEOTREM A R LT L — . ERMET A~ R v FE LAY ORI BT 2 M RNZ Lo,
AR FRGEIIE LSRR OB TR > TW D ORBRTH D, £ 2 TR TIE, EMR
ZEE) & AR & ORI A LT 5 2 L. £ LRI, R v REMT I 72 IR LRk
ERETHIEEEHME LT, BREFEZEHBION~A /7 nRa—7CHETEEbIZ, T
IERIEIZ L0 BN A F > OWEMEIEREZ RN L7z, AR THE LN AL, AURIET 20
BRI T IWREZ W e R U R 2 50BN (R SRR A Y AleA) OV A 7 v
o2 ARBICOGIEHTHZENTE D,

2. ERF

AR TIE, AUVRRE L TINETOMNRE P CHEEOH DT N T 7N A R UiEA Y 75 (KBFJ)
ZRWE, F£72. LTFOEBRTHU = LICI, KCI, KBFsIX, FaNC 12 KefLL 1 453 K TEZEH M L T
MO LT,

7. KBFs @ LICI-KCHR I § % i fif s s 2 g~ 7=, Hdh#Hpk o LiCI-KCI (44:56 wt%) 80 g % 1 5
HTABLOFICEY L, BAEERIFH CT23KICHIE Uiz, AR L2 2 & 28 L7-1% . KBF,
ZIRINL ., Wz E 2 BlEE LT,

WIT, T~ 2o HNE H OEREOFRE S ORI EZIT o 72, &M LICI-KCI20g9 % 77 v v
— =Ry 5oFIcky L, BRIFNE70—T7KRy 7 ANT 723 K ICHIR LTZ, TORE, @i
OB L OVEREER B OB B D72, "M Ly 7 AT T AMOBE R L=, KBF %/
BT OWM L BN 1~2 43880 LT 6 7% 728 H BfERE C & 7oA T < 7e o 72 LIl L ¢
RNA Ly 7 ZENE3ImMmx AREE5mMMB LR Ry MR T EZHOCTHEZRILL,

BECLIZH O D B, — & &R KICHR S, ICP-AES JIE(ICPE-9000, &t ERTHERY)IC, 7Y
BT UANREICER Lz, 7~ oRETIE, FRLEE A —T 2V RIA4 F % =N TK
& &K 1~3mm ORLRICH N T= . AN ICFRE L, BEEHMBR T —(P v N ongd T v 7 4t
TRy R LT, ZOMBAT — D EBEM T ~ o edEE (Nanofinder30, HURA > A > L A w41 i)
[ZHLY DF, R L —F—(E K 632.8nm) &Ml LT, 373K, 473K, 773K OS5I TFTA~RZ ML
ExEITo T,

3. EBER
LiICI-KCI {312 KBF, Z isIN L 72 B8, SJaDORAENBIR ST, ZORMKEFBEIZONT, #HER S b1k
FROGD~@ & . FNFIICK T HEHREX T A= 2L X —Z AG Z LL FITRT,

O KBF4(s) — KF (s) + BFs(g) AG’=74.6 kJ/ mol at 723 K
@ KBF;4 (s) + 3 LiCl (s) — BCls (g) + KF (s) + 3 LiF (s) AG'=207.9 k/ mol at 723 K.
@ KBF4(s) + 3 KCI (s) — BClz (g) + 4 KF (s) AG'=424.2 k) / mol at 723 K.

0 AG DA%, HSC Chemistry 8 L U Itf5 L7 {b B DIEHEARL ¥ 7 A =3 L F —AG't & WV TEH
L7ze WTFNOKIGES AGDENRETHD Z LD, TXTOFROIGEN 1 ThiuX, BJ)75
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BRI OROGIEAFEITEIT L2, KISOIE, KL (a)
QB LU L L, FAXIIC AGDIEN/NI NI & 1000

5. BUSDOIZHE > T KBFy D73 A3 d & T 2 mlRe k3 He 800 _ sz
BHE <, TOHA. KFE)DIFEN 1 LD /NI WL 5
RO RISEIT LT L B2 b5, L. ZNETOR S s 470
FRICH1F DD ICP-AES HHTHE %M 5 M L7 KBFs 2 a0 7|
O YRR T TS DO ETEMRL  E
TWbEEBEZLND,
WIZ, LICI-KCl #3812 KBF, % fafniafR U < £ TR 0 | | T T
é@f:lﬂ(ﬁﬁ@ﬁ%ﬁéﬁi L/wc\ ICP-AES ﬁj\i:ﬁ%f?f’)flo {g 0 500 1000 1500 . 2000 2500

Raman shift / cm’

WP ORTEERENSEE LR, £ 17mol%d KBF, (b)
DIARIE SRR L CW e, REZ IR T —2izk v
N LU, BT ~ > o s CRIE L7z, 373K, 473K, 773
KIZBIFTD T~ 27 hvEzZNFRK 1), (b). (€)
|29, 373K T, 357cm™, 476cm™, 772cm™ | 2428
em M Tic e —s AR bz, AT, 473K, 773K T
X, B30cecm iffirichb =2 NELNTE, T b,
357cm i, 530cmt, 772ecm i — 2 oW Tk, Fh
%ﬂ KBF40) Voo Va. vl:E_ }\Q:*H%’l—g‘—é k%;‘{_ %ﬂé 40 0 500 1000 .1500 . 2000 2500
F7-. 357cm L, 772cmt O B — 2 1X[BF] M 2 B ok Raman shift/om
AMTHEIZINTWVWD S 476cm* O — 27 %, BCls D
viE— RICAHY 9% 6, 2428 cm™* AHiF OIEE) °— 7 13K
723, 28 S L IERMBEBRTE EE 2 b d, #ED
SCHR &5 & B-Cl HkEEB 2 B 5 476cm 'O E
— 71, KF-KBF3:—KCl ® 7~ 43 llE " THE ST
WU, REBRRTIE, ClA A2 OREFHIIIE W
ZEMH, I B-ClEEDOLZEMRIZHEL CND EE

Intensity / a.u.

—~
O
-~

Intensity / a.u.

ZoND, o, Wl E BT 5 & RFEBRTIE LTS 0 500 1000 1500 2000 2500
fFEL TS Z L Li'hs B-Cl A DL EMITH 5 L Raman shitfem

TWAAREM N ® D, UL ENG | LICI-KCI B HIZHBW T,
B A A 1% F RO ClIAEUL L7 RE TR L T b
EEBZXDLNDD, SHOLFEMRBT BN ETH D,

4, FLHLEBOBE

LiCI-KCIl {8~ KBF4 DIRfEZEENC OV T, BB I ONRESHTHERN D, KBR IX 0 L7220
5%, LICI-KCI I+ s 25 2 & v o 7=, F£72. LICI-KCI-KBF; O &R 7 ~ > 43 il
EDORER, B-F AT TR B-CIEAHKEEZONDIE—7 ODIFEBHER SN, 7272, AlhlE
BRI TEONTZ AT LD ) A ZARKRENZ LS, HEHFEOLRC, BT & DI VB
e LITORERELR ENSHBOMEE LTEIT LN,

BE IR
Y. Katasho, T. Oishi, J. Electrochem. Soc., 168 (2021) 122503.
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1. Main text

Producing materials capable of withstanding fusion reactor thermal loadings, while retaining commercially viable
service-life and fuel retention properties, are two major challenges facing the fusion community. Both are a necessity
however, if zero-emissions fusion power is to be realized outside of the laboratory.

This project aimed to address both challenges by experimentally investigating W-Mo alloys subject to helium
irradiation followed by D and T gas exposure. DFT studies have shown that alloying additions of Mo to W decreases
helium mobility in W by orders of magnitude [1], which may have a significant effect on both the formation of He
damage structures and their propensity to act as trapping sites for H isotopes (M. Miyamoto et al., 2011).

The intention for this project was to generate He damage structures in reference W material and 3 W-Mo alloys by
exposure to He irradiation, at the DUET facility at the University of Kyoto. This would be followed by H isotope (D and
T) gas exposure at the Hydrogen Isotope Research Centre at the University of Toyama. Finally, samples would be
subject to a range of He damage and H pick-up characterization tests, at the University of Toyama as well as the Institute
for Materials Research, Tohoku University.

1.1. Sample Manufacture
Material was produced by sintering and subsequent rolling by A.L.M.T corporation, Japan with a purity of 99.99% or
more. A reference high purity W sample was produced, along with 5 alloys of the composition W-xMo, where x =
0.5wt.%, 1.9wt.%, 5.6wt.% 25wt.% and 50wt.%. The final form of the material was sheet of a thickness of ~1mm.

1.2. Sample Preparation
Samples were electric discharge machined into squares of 10.1mm x 10.1mm. They were then mounted and
mechanically ground up to a grit of P2000 using resin bonded diamond surface discs manufactured by Struers. Final
mechanical polishing was achieved using diamond suspensions of 6-, 3- and 1-micron, followed by electro-mechanical-
polishing using 0.25- and 0.04-micron silica suspensions. All samples were polished on both the obverse and reverse
surfaces, followed by grinding up to a grit of P2000 on all four edges.

Samples were then recovery heat treated to remove residual stress resulting from manufacture and mechanical grinding.
Samples were wrapped in either tantalum or Niobium foil for the purpose of oxygen and carbon getting and then held
at a pressure of <10°Pa. The sample temperature, measure by adjacent thermocouple, was then then increased to 300°C
and held for 1 hour to allow outgassing, before being ramped to 900°C for recovery.

1.3. He Irradiation Experimental Set up

He irradiation was undertaken at the DUET facility at the University of Kyoto. A Reference W sample, along with
3 W-xMo alloys (where x = 1.9wt.%, 5.6wt.% and 25wt.%), were loaded into the irradiation chamber. An accelerating
voltage of 1MeV was used to implant He ions into the samples which were held at a temperature of 300°C. The
accelerating voltage was chosen to ensure that the damage remained close to the surface, where interaction with H gas
(during later experiments) would be pronounced. Using SRIM, a Bragg peak position of 1.5um from the surface was
calculated using the ‘Quick K-P method, lattice and binding energies of O (as per Stoller et al. [2]) and a displacement
energy of 90eV for W as per ASTM E521-96. The temperature was chosen as the lowest temperature at which small
He vacancy structures are known to be formed [3].

The scheduled programme of irradiation was for 4 periods of 1h 15mins, 2h 30mins, 3h 40mins and 5 hours, with
four samples of samples of the above composition irradiated simultaneously. It was calculated (using the SRIM settings
previously provided) that this would result in displacement per atom values of 0.05, 0.1, 0.15 and 0.2 respectively.
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He irradiation began on the morning of the 24" of November 2022 with the 3h 40min session. After 1.5 hours, the
irradiation was stopped owing to a rapidly falling target current, indicating an unknown fault with the DUET He beam
line. Further investigations were unable to establish a cause for the diminished beam current, nor a means of achieving
the desired current. No more irradiations were able to be performed and at the time of writing there is no estimated date
for the He beam to be operational.

Because of this issue, neither the DT work nor the subsequent analysis has been able to go ahead progress.
Arrangements have been made for an equivalent irradiation campaign to take place at the UK lon beam centre at the
University of Surrey, however approval is still being awaited for the export license to ship the samples form Japan to
the UK. These irradiations will follow a similar programme to the one which was intended at DUET.

1.4. In-situ Irradiation at Shimane University

As well as the replacement He irradiation organized to take place in the UK, in-situ He irradiation has been
undertaken with the help of researchers at the University of Shimane. The aim of this experiment was to look for
evidence of a variance between the behaviour of He in pure W, as compared to a W-Mo alloy. To maximize the potential
for a noticeable difference, the alloy chosen was 5.6wt.%, predicted in the DFT paper [1] to engender the greatest effect
on He mobility in W. Samples were Focus lon Beam milled into lamella using a gallium ion beam. TEM observations
and He irradiation were carried out on a JEOL-JEM2010 equipped with an ion gun. Samples were heated to a
temperature of 800°C (the minimum temperature at which visible He bubbles may be clearly observed distinguished)
and then irradiated with a flux of 1x10" He/s to a maximum fluence of 1x10%°. After this, samples were heated in steps
of 200°C up to a maximum temperature of 1200°C in order to observe bubble coalescence and growth. Preliminary
analysis of the resulting data indicates that there was a significant effect on bubble formation, whereby visible bubble
formation was suppressed in the W-Mo alloy until a fluence in excess of an order of magnitude more, when compared
to pure W (see section 2).

2. Figures and tables

Figure 3: Appearance of bubbles in
Pure W at a fluence of 2x10'® at final fluence of 1x10% in pure W Irradiation and heating to 1200C

Figure 3: High nano bubble density Figure 3: Pure W sample after He

3. Lists of papers and oral presentations

No papers or presentations have yet been given as a result of this work, since the only results so far obtained are the in-
situ irradiation images capture a few weeks prior to the report submission deadline. The current intention is to present
the results at the 21st International Conference on Fusion Reactor Materials (ICFRM 21).
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720 FRBROGE R DM E SRR E O BILRZ R L Ni, Si 227 L9 2R R 77 7 A% O FRAHIE{L
WX T D H GO W O ZI T 7,

2. EBRFE

RER LR NIRRT AT DM FRFTNOIES AR Cu JESIFERI O E R 2L 72T V& 4Rt
7 F& 2, #AR I Fe-1.5Mn &4x 1 Ff, Fe-1.5Mn-xSi (x=0.25,0.5,1.0): Si #s/1&4x 3 i, Fe-1.5Mn-yNi
(y=0.5,1.0,2.0): Ni #shn&4x 3 #, & 7 I TH L, BRI ES 13mm, 1E 3mm, JEX 0.5mm OFRkIC
DT U7, I TAR RS = VX — R gE s 2 — DA T IINE R L O K= 2B THF DUET (2 CAA
PRS2 B A S L7, PR X PRSI 300°C, ASPRL 1-1% Ni3+ T /L ¥ —(X 10MeV Th-7z, K DUET
AT Fe3+ T/ ¥ —(T 6.4MeV Th-o7z, Ni A4V RO —7HEHSIT 2500nm Tl KRFRIT
3000nm Th o7z, B RIFHEEGE — 7 T 0.2dpa & 1.25dpa @ 2 S TIT o7z, HHU/NMESFRER O
IABPESIE 300nm [ZRRE LT, APT BIsIIMRE £ 1.25dpa DBEM DOIITV, HEEY — I [EEEEL T
FBHES 1500nm DIESISY L TV T Uiz, ThA7 01— (APTYBEE CHS L= 7 — &% =R TR Bt
HL, BT NVEETIERSNIEE IR 77 AZ DE RIS E F LT,

3. KR

3.1 B/ IMESHRER

AR M SGRER TSNV USINR B I L O b E K 1 1R T, IS O S IR INT$
D FENELIRDIT O THIINL , AR L ARSIz, £72 1.25dpa (B W TE TR TOA 4 CIER S
&AL SRR S AL 7= — J5 T, 0.2dpa DRI 1238 VTl 0.25Si BMELSADEF LA IV T IR
AL LTz, BRE B i MEE TS AN 328 7 23 Lo, Ni BshiG 4 0.2dpa B A Tl fafn g
DRI ST, D729 Si, Ni TN IV RS NAI 7 afifk 2y B7eh | BREHK AL Bpp 2 ba R LT,

3.2 APT(7 hA T u—7) 822

APT #2210 Ni A 4L Si IRINGEICBIT 577 AZ D ERITIRERFIEE RS20 -7, Ll Ni
WIMB LBV TIIZTAZDEAAIT 3.4£0.1nm THH7ZDIZH LT Si A AIZB W RS EAAE
2.7+0.1nm THVEMIT R FIZ LI SND T T AL DR FAT 5 8% RT3 2 ey L7z,

Ni K& O Si A BTSN T AZ DIRERZX] 2 (2T, S iRINTEHRE CIHARERICERERFEE
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IRET | ITALZDIRFERITT T 1%RE ThH-72, LHL 0.2581 TF LA EITBWTI T AT DIRFERDI
DRFRDBIV, ZHUTIEE R 77 7 AZ B GICEH 5352 U7, Ni SNG4 BT 28U T Ni 2R
D EMDIZESEINT DE A AHA, 2Ni TT VA4 TR 24%DREERTHY, Ni IINcEves V&4
DI TAZ DTGB/ HZ &I LT,

4, B

APT Zo#T#E F XD Si HINA 4BV T Si BIRINOET LVE4XD, Mn 7722 ORI IIHIS TR
0, TR N—FRIZD AL TWDD TIEZL, Si TERDMENTL CODIEIRICE R L T/ T A BRI TS
ZEN APT BIEICIVERRIIL TS, £D 2% Si TR NIENL— T O EEEL, Mn JTE RNV —
JEPICEFE L7272 Mn 7T 2Z DTGNS N T=D TIERWINEE 2 Hivs, Ni I 4123V TiE Ni
DI IS TERIR DI T AZ DI BEFE I R o7 BT, 77 AZOEZR K OMEERNE L Wb E
5 Ni NTTAZ DT ELUTYERLZIUTS Mn DNEFET 57T AKX DI ERENE 2 Hid,

75 AR Lih BB L D BRMEIC B W TIRAESR LV 7 5 AX DRFE RO 5B i b & & O BRI 134 B R 4%
DERDSE D EWVHIENEITVD[2], X 3 12 Ni, Si TRINET /LA DO ERIERO IR B LD BIfFRE
KT, NI BT VA4 KOS ET VAT W TR BRVABN oz, SiE7 V&I NerZ
AHDEFERT NI T VALV L L O BRIz, 2O RS Ni T7 VA48T DK
(BT E R 17T AR PRESFHEL TNAZEZ R LT,

— 5 SIETFAEEICB AL EITIAE IR F 7 AZ DI TILB & i3 L — 7N (LI E
BLIEOTIZRWIEE 2 BN D,

BE IR
[1] K. Fukuya. K. Fujii, ”A study of radiation embrittlement using simulation irradiation”, proc. Int. Symp. on
Research for Aging Management of Light Water Reactor INSS p371,2008

[2] EHREER, CIERE, BARE, WHEE D, AR E P RAERTERE Q6019,2007
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BEREAFERRIOIEMALE I 1 L LRAFEEBIE LY
JEV TR T —ERBEDRE

MY A RSZRY, HERAR Y NERIE L BRRAE Y, BIBREZ L &rE Y Woie?

VRUER T3S K2 bR
2P K L X —H TSR T

1. &

I, KGN AFIH LI @R e 3 v X —RELR T OMEEm E2 B LIRS HR E L ER
LTW5, ERLOBRIEICED 5 7-DICHbDBIERSNEL 2, HFHY, R#EHTHLRY ~—7
SV, FLT, BLERET ANV LAERETDORY ~—kEA O, KRFEESRECEIN ISR DA
PO ENLBENDAEENER ) ~—AERKICITEMEICHLIE /) ~—DFENEETHY, VBV E
BB L DHIEBED SN TWDEN, HibE b3 RA LR DR U ~— & KA M 08 4E L 5
FOGEFEDREE LTy 1T E 270\, ARFFEITRER R A CTd 5 HAJE 2 H O 7o w4 N B s
FHBEN(RAFT)HRIEDOIRIMZ LD VB 7T U HNVEAEEZEBLT 5 RAFT HA &, ETOREAIE LT
DT 4 )b LNRPEEFNOVERRIC IS W THAIR IV G5 b ANZE B L7z, RAFT EAIZ X 0 HHE
WEEZONERINTZY B IR ~—~O LAl 2 W=7 0y 7 BEEZEE L, BRECIMHA
PO T2 b7 BT RIBUNO FTREMEDORGEE Hig L=, £ RAFT Bl 4 2 MRl L EL ST
DV DREETE & SO E OMEST 2, FITE T A B HIB(ESR) S E1E 2 AV TR A 7=,

2. EB

X-band ESR & (TE-100/300, JEOL) AR RN O ENLEIZ ESR AR EE L ZBE L, VP e
TRNTE, Wy b ue— LR AREZR v U U AR 7 (PHD2000, HARVARD)IZ L W > U > ¥k b
NSO 7 VEIR O — FEFiER T OEIRH FIREZe, PiiidEA ESR B A ER L, MUSAEMRFEFM T ¥ h
JVFE OB 31T D575 DIREEFRZEN 10%FEE Th 5 2 & A ffsd L7, (kA & LT Diphenyl(2,4,6-
trimethylbenzoyl)phosphine oxide (TMDPO, ##i&is J OB OGRS 1X X 1(a)). RAFT &l & LT S-
(Thiobenzoyl)thioglycolic acid (TBTGA, 7 ¥ H /W L 5 AN S ERE X 1(b)), &/ ~— & LT n-
Butyl acrylate (BA)Z % E L, iR~ F IR ZTIE L, Ny X7V o 72 X Dl FE I KMLER%, —EHE
THA L, 4 J6(355 - 375 nm, LC-8, HAMAMATSU) & T ¢ ESR I € 217 - 7=, DFT #H& I
Gaussian16 /GaussView6(Gaussian Inc.)& FHNVERK T 2 1 v ORI i b, SCAN 1EZ WS UL
FiL RAFT AlE 7213 /) ~— L OFRBIRT O h WV AEROFEMLT F L X —DFE M E21T - 72,

3. FERLERE

4 2(a)iZ 50 mM @ TMDPO & 3mM @ TBTGA DFElE T F VIR & SRR T Citilil ESR 1T &
STHELIZARY MErd, KELS 2 KRIZHHLUZESFE TMDPO ONBAKTATLZY v HbLT
U HIV(Phos  JIZHET HEFTH Y, tOfEFEDOER V1T KB L RO L D58 DAL
B2 Z ERAREE R D, — 0, TG OE IO R T L O ICEEFED A7 MLOER
DR B, RN AREETH - 72, £9°, 50 MM TMDPO D DRI W TLEMNRBE T TERIN S N-1E
TR0, @DV Iab =Y a Y ART PADORLAEDEICI > THIADTETH L Z L 2R L,
TMDPO DB CTHE LR Y A VT U H Bz + )&, Phos « 78 TMDPO & ORIGTHE LT VhL
& Phos-TMDPO « Mic = 2@ L7z, %2 50 mM TDMPO, 50 mM TBTGA D4tk TRl SN 515
FiEd), @D I 2l —a AT MAORLEDLRIZL > THENARETHDL Z L 2HERL, &
ZARH — o DEF %S TMDPO HBHZ G4 U7z Phos +, Bz » 28 TBTGA &L TAE LT UV
Phos-TBTGA +,Bz-TBTGA * IZZ N RIE L=, T embAl X v E U= T 2 VFEA RAFT A%
DHLDEDKEMEEFETHZ EEZRLTEY, BEFEO RAFT HAOMGHERE & 13572 2 B SG O THE
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M2 R4 %, TMDPO & TBTGA OIRA L Z WTIOMEIZ L7212 b 0E s OEBFEDOEL U X
@d-QPERAELETHELNADLIC)D LI BRIl —T 3 /x«\ﬁ Mlx KoTHIEAIN, £F7T0
NFEDOKHEDORME A AIRE & 72 > 7=, TMDPO (Z%F L TBTGA £ 7-1% BA OiRA L% 2k X+, Phos -
BELWBz « [CHET DIEFHRELLOIBHI¢5 Z & T, Phos « 8L W Bz « ZHEDBUGED RN %
ITHZEMNTESH, BAIZKL Phos + 1£2.8x10" [M*s], Bz » 1% 6.0 x 10° [M™ '] O St & $ & 7~
T2 ENHEENTWBENE BI/E, TBTGA IZ%[9 5 Phos * 1X BA DA & RIFLE, Bz « Tl BA 0¥k
FICH RSEORIGHEZ R TRERPE LN TS, £o, B HEFEHRICL ATEE =31 —1X, BA
(2%t L Phos + C 18.3 k/mol, Bz + T 28.8 ki/mol & B & 2372 7223 /L 540 5 A3, TBTGA (2% L Tl Phos -
T 22.7k)/mol, Bz - T23.1kdmol &, FIRETH Y, £/ ~—IZkT 5 KSMENMEW Bz - 28 RAFT #lIZ
%F L CiL Phos « & [RIFEEE D@ WUGHEZ R T A REME 2 RIB T %, 8 OYCEA KSIZ B W TR E
HEDERWNR AT IHNANY) B TESICT LEIRSZ b0 525,

4. L9

KIFZENT L > THAE LA L VAL AT AN RAFT #l & EHEKIST D2 ERHLMNE ot
7=, JitiER & ESR HEEDMAG OB LB ARY MLVORBEMITIZ L 0 Al LW AT DT
THNFEE RAFT Al & ORIGHERMED FIEZREEL, T/ ~— L ORIGMEDIRN R A VT VT
25 RAFT AN L CaWISHEE2RTZ L2 LN Lz, £ < ORI S RAET D TV h L
THHERX A NTTHD RAFT A& M Z2 R T HFEIE, 74 VAR EDY B TR v—
DOERBICENT TR T DREEEFIETH D EE 2D, 5, HBEOR2S RAFT HlOKSMEDT
— X TER BT, ARARY ~—, 7 40 L OBRENVER X OWIMERE 21T - THEMZ R L, &l
B DR X OEM AN 7 4 L A OREEEICERR L2V,

Sa _Se LS. S 5. =S (e)

’L\ R . :R;/ I “"n,_.la_\/ Ii e (f) e AN e e
L = U ©
1 mT
4] 1 () TMDPO D YEBf 5 L TN b)RAFT 7l 4 2 (a), (b) TMDPO & TBTGA D444 MAS TR L 7=
D Z 2T AN D SUEHSA, ESR 227 Fb, (€)= (Q)iFS 2 2 b—3 3 v 2~ hL

Th b, (©)IE(d) - (@)D,
(& 3ik)  [1] M. Kamachi, J. Chem. Soc. 6, 963 (1988). [2] S. Jokusch et al. JACS, 119, 11495 (1997).

(3£ Y A b
1) =Ml & RAK, HEEA, NERE, HIBHEZ, &35, SK0iE], “Dithiobenzoate ! RAFT
%l & Benzoyl 7 ¥ B VD OGED L, 6L EE A YA = A524 20224 12 A2 H, A
2) Y. Miyake, T. lwami, M. Ogasawara, K. Kanaori, H. Sakaguchi, “Study on Living Production Process toward

Development of Highly Durable Film for Lower Environmental Load”, The 13" International symposium of
Advanced Energy Science, 7", Sept. 2022, Web (Poster).

3) =Ewhlli, FRARACHH, A RAER, ANERGE, HEHE, &9 T, WOiEw], “RAFT Y BV 7R <=
— D BE SR 5 2 5 RO FEA ESR IZ X 2 FHlEDOEEE”, 55 25[HESR 7 #+ — 7 LAWFFES, 2022
M7 H 22 H, Web.
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IREBESHERZMA L REEBRBRS T DREL

fEEmZE Y, PR KE?
AR R R R B SR
2 BUER R R L —F T RS

1. X

— I EME OB L L TEN L OIRET-OMICHEE N AET S & SR 72 IRE) T DI
ERNEC D, KEWEOHMAMEHTH LGS IRBICB W T, MO R D= 1L —IRENAE
. BEREBO =L F—IREDHDELT D5, ZON—WEIRFNIREEIZR T U M ARE LRI,
FeARZU R ETRATZY R oMoz x X —RED/HE % Rabi /32T RV F—(wr) & FFFRE LD
(Fig. 1), EIZETFIFEOFEIZIB W TO-WHEHBH G OWER RSN TE ), HETEIDFOHTS
REV =R LF—L~vA 71 A — NREDORESZ AT 5 R~ %L X — 0 M CIRENRE GIRE N A4
C5ZENERINTWS, IEFHRESIREBIZEBWD TUIMEFEINZ BT D ST IEFE O LI RE X
TV D ERFEFEN R RS, RS E LTEREZED S OH D, A IZINE TIZ, K
7710 OH (HiffgtR®Eh 2 IR HITEANT 5 2 & T
A kA R 2 AR L, RSOEFE— RIZ
BT HREEIRIERIE 22 L T\ D, S 6ITIEA A
Y OKRFUREDHIFNZ LV . A A U AEE N FHRKT 10
R KT 5 70 ORGSR EE IR L 7o M 2
BERK L T\ 5 (T. Fukushima et al., J. Phys. Chem. C
2021, J. Am. Chem. Soc. 2022 ), F7=JAWEER TD
SrEREE (R, SO, 1) HFPEICBE L TR & SNFIRE KSURNY HiRs
%5 ( T. Nishihara et al., Nat. Commun. 2018,

Nanophotonics 2022), #ULFHRHED KV FEMIZREGR  Fig. 1 RIS D= R L F— 2 F— 4,
DHREL 72D,

IR OWIERDESGHE 10 pm HrORIMNETH U | Z O BRIk O BRI W R 3 K OV Rk % B
TEIZHIET 2 2 E R TE UL, MIEROIRERITAFTRE & 72 D, AFFETIX, ZOKRT Y~ REEZFIH
THZELITE-T, WIKROWIUVRMEZ 2] L, B Ol e & 3 2 N oML Z2 BT 5,

2. =B @)

HiRgE L E LT Fig2 I3y FT7 v 7 &4
LTz, FHIESROELD um OFEFE Tl vl §E 72 &
JU(Fig. 2a)l212 T, = 7 —(Fig. 2b), FMEERIZE 45
e~ N7 > 7 (Fig. 2¢), L AT 2R 2 (Fig. 2d) &
Ty R T v F Lz, &SI NEHIE UTHRAE
FHHIZ AT MRS LT RZAHURAEIZBI L C
et 1T o7,

3. WREEBE

HIRAFE L FITKEZHEA L, OH HiERE Th 5
3400 cmt SEFFICRWN T, BEGART U b & FAGR
TV hRBEBESNDE— 7 BRI LT, 720 Fig. 2 () HEREL, (b) 2T —. (O)fAERIZESy
EWIAREG T RVHEE Z M LI ERZ B L. gk, (d)iE ek
HIERHEICRE U TR 21T o 72,
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Fig. 3 (2~ A 7 iEiE SR OVE Rt 2 3, T R
WIKIELTZIE T — 2 by 7 e~ A 7 atEiE ik
DT OWEMBIEAAENBIH S 4, HIRGR LS Tt
PREAR DOVERUZ AT LT,

-1

4. SHBOEZE

AR COIRENTRFE & 2B L, AR ToOfEIC
KIF LI — ROEKREZHE Lz, WEZLHEK
SHEEPEICBI L CIE, 3 HICEHE R 2 R L, B
FETAZ EEMRFILTEY, 226 %RELTOIRE
HEERE B L TSt AT 9 TETH 5.,

Wavenumber / cm

L' um
Fig. 3 ~ A 2 1 4l AR M WA K A7 1

[ LR Y A B
Inherent Promotion of lonic Conductivity via Coherent Vibrational Strong Coupling of Water
Tomohiro Fukushima, Soushi Yoshimitsu, Kei Murakoshi*
J. Am. Chem. Soc. 2022, 144, 12177-12183.
[(ZH., 7L AREE]
#5158 (2022 FFHE) S FRMFERBEENE (OFRFR) . 20224429 A 19 B, mismE, e csE B
L 7= At ds O A AR EAR OBEREAI
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Abstract

There is about 15% of solar radiation is converted into electric energy because the visible- and infrared light
transforms into heat. The project proposes the incorporation of Dypsium-dopped Calcium Boro Phosphate,
CBP:Dy powder in the nano-Calcium Carbonate, CaCO; for the upconversion phenomena. The emission spectra
at the 588nm and 777nm correspond to the *Fg, — ®Hizz and “Fo, — SHgp transition, indicating the energy
absorption in the infrared region.

1. Introduction

The rare-earth luminescence materials have high potential to reduce transmission losses of near-infrared (NIR)
radiation and thermalization losses from the UV absorption. In a solar cell, the thermalization losses become
greater as the difference between the bandgap of the semiconductor and the absorbed photon energy increases
(Boccolini, Marques-Hueso et al. 2014). Phosphate materials can capture solar radiation in a wider range, from
UV-light region to near-Infrared (NIR) region. In this process, the high UV energy photon is captured and
interacts with Phosphate ion, PO* to generate multiple low energy near-Infrared (NIR) photons. The
incorporation of dopants such as cerium (Ce), Europium (Eu), Yttrium (Y) and Ytterbium (Yb) produces the
activator ion that excites more low energy photons to conduction band for electron-hole pair recombination.
Therein, the internal quantum efficiency (IQE) (unity~ 200%) and conversion efficiency of solar cell increases
(Shpaisman, Niitsoo et al. 2008, Boccolini, Marques-Hueso et al. 2014, Satpute, Mehare et al. 2022). Therefore,
we are attempted to develop self-cleaning coating with light spectral response by using the best ratio of
Phosphate rare-earth materials with current self-cleaning Calcium Carbonate (CaCOs) coating (Syafig,
Vengadaesvaran et al. 2019, Syafig, Vengadaesvaran et al. 2020, Syafiq, Vengadaesvaran et al. 2021). The
prototype will reduce the temperature of PV panel by 5-10°C by reabsorbing the excessive UV light.

2. Synthesis of nano-Calcium Carbonate/ CBP: Dy powder systems

The Calcium Carbonate nanoparticles, CaCOs with the diameter size of 50nm has been purchased from Sigma
Aldrich, Malaysia. The Dypsium-doped Calcium Boro phosphate (CBP: Dy ) powder was obtained from the
solid stated synthesis method. The 0.5gram of nano-CaCQj; particles have been mixed up with the CBP: Dy
powder at a different weight percentage (wt.%) of 0.2wt.%, 0.4wt.%, 0.6wt.%, and 0.8wt.% namely WO, W1,
W2 W3 and W4 system. The powder systems were heated up at 120°C in vacuum furnace for ion diffusion .

3. Characterizations

Figure 1 has showed the photoluminescence analysis of nano-CaCOs/ CBP:Dy powder system. First, the visible
excitation spectra of 325nm received wavelength of WO, W1, W2, W3 and W4 powder in the wavelength range
of 450-1000nm were measured. It is found that the emission spectra of WO in the visible: 777.94nm. The
incorporation of CBP:Dy powder phosphor especially in W3 and W4 systems exhibited four groups of emission
spectra signal peaks at 588.00nm, 777.00nm, 1100.00nm, and 1146.00nm. The emissions bands of 588nm
correspond to the *Fo;, — ®Hu3p, transition of Dy** ion, 777nm correspond to the *For, — ®Hgy, that is attributed to f
-f transitions of Dy®* ion. The emission band at 588nm has occurred in yellow region, meanwhile the emission
band at 777nm has occurred in the infrared region. The emission peak increases linearly with increasing the
doping of Dy ions because the dopant species (Dy) is a dominant factor for the excitation band of the CBP
phosphor materials. The obtained emission has confirmed that the occurrence of upconversion phenomena in
which the Dy** ions replace the Ca?" ion in CaCO3-CBP system
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Figure 1: The photoluminescence of nano-CaCO3/CBP:Dy system

4. Conclusions

In summary, the CBP:Dy powder has showed the emission spectra at the 588nm and 777nm which correspond to
the “For, — ®Hizpand *For, — ®Hgj transition of Dy®* ion. The replacement of Dy®* ion in the CaCO3-CBP system
creates the cross-relaxation and concentration quenching, that initiates the efficient energy transfer in the
infrared region. The incorporation of the small composition of CBP:Dy system namely W1, W2, W3, and W4
has formed the orthophosphate functional group at 937.26 cm™* due to the presence of phosphate ion (PO.*).
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& TFLIRERFEEERLT-
RTX V) LEEDRERE & MRS &

st s Y, S FME Y, MRSTEATE T, bR BEJn 2, dipvERe:
LRI R B R L X — B SRR,
PRI A =T A ) N—a R, S RURR RS L — B T AR SE AT

1. Iz
HEAME Mg B80T, BED DR IZEAL, IRENEOE D & < BEREDMERW E Wo T BT R AT
%o WEROEEEEE LD BMEWENRE L, ITHEEEZEDD Mg-Zr-Y 25480 X ) IcamtHE2 & £/
W2 U A 7 APEIC BB, K2 X EDREMGER R Th 2 I KERENZHIET 5,
AWFTETIE, ILH Mg A4 Ca Z N L7 #ERYE Mg &40 7 /352 A b DY — e A i+ 2 >
A ZMENL L, SRR RS VI ME, BN, TR AN, WA, U YA 2 R Bl
4. ERIZ A WEEA R AT A A v U ST ZOEEREN AR TS (K1)
ToRE A NMIEEICMFEA A ZEE LT WVEEZ A L TR, A A U SHBREEN O THELV, —
L7 ba =7 RFEECTIX, 7/8% A M Sh=°Mn & R—7" L7z ehrkb & L CORAREIL L 1Thi
TW5, 612, A A58k, HEXEHRENOREZTFTHLITLY MLy b, BERLH—F
NA A JEBMEIA~OISH b EBIICREF SN TS, 737 1 M4 EMAERE TR HIERER Mg &
FAE DB CNLF R ZTIE AT 580713, SDGs ERLICH 59 2 HEREREE I L WY - —x/L X%
—HR T A~OHAFRANEHA b S, kERE T Iy 7 AFHEOBEICHL KRE S HE#KT 5,
INFETOENS, Mg &4z ) VBRI VY T AOBEIFIIAR (CaP ¥ R) ICIRIETHZ LT, £
EIZY RN AV L (OCP) BIEATEA SN D Z EAVHIBI L TV A1), OCP XY Ly o A
DO—FETH Y, {bF CagHa(PO)s-5H,0 THEN D, HOMKER > E L TMOLNLE R TN
A K ERBRICEWAERBIFIMEZ R O[2], £7-64% 1M NaOH /KIFIHIZIRE L7 IRIE CEJE &2 FIN
THZET, BBBREHIREZ R SED Z ENTE D, BBERILAAEEZ e L 7= 54130 S 7o 72 f
& LB LT, MEMESEEICH T2 2 ERHE SN TWD[L], AFFETIECazEAT 5 Mg &4
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3. BREEE .

BEARIEALALBRIC K > T, AZX612 RMIZIZZALEROPENBILE Sz, £72 EDX W OfER, WF
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RIER O GERm 2B LT fE R, 2 FEFIRIE OB RS Tlx AZX612 ORIl ks fas, 12, 24
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=

&

w
=
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=
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P, o A, Eq fiE 2 J8f5E AT I 28 (L S 4. 190 keV~200 keV
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(Heavy-ion irradiation effects in long-range ordered (Fe, Ni)sV alloy)

Qing Yue!, Xiaoou Yi!, Diancheng Geng?, Wentuo Han*, Pingping Liu?,
Kiyohiro Yabuuchi®, Somei Ohnuki, Farong Wan'

!School of Materials Science and Engineering, University of Science and Technology Beijing
?Department of Quantum Science and Energy Engineering, Tohoku University
®Institute of Advanced Energy, Kyoto University

1. Introduction

(Fe, Ni)sV type alloy is known for a characteristic long-range ordered structure, a high transition temperature for
order-disordering and a handful of desired high-temperature mechanical properties. In this project, we aimed at
the investigation of heavy-ion irradiation effects in this material, including cavity swelling and irradiation
hardening. The findings in this work are expected to identify the material potential as candidate structural
components for next generation fission reactors.

2. Experiment

1) Disordered FesV and long-range ordered (Fes1Nisg)sV alloys were prepared via arc-melting. ® 3 mm x 0.2 mm
specimens were obtained following procedures of wire cutting, mechanical polishing and electropolishing.

2) 6.4 MeV Fe* ion irradiation was carried out at 500°C on the DUET facility, up to 1.11x10% ions/m? The
damage profile was assessed by SRIM. The depth range spans over 2 um. Peak damage is estimated ~ 10.5 dpa.
3) Post-irradiation analysis involved damage microstructure characterization and evaluation of irradiation
hardening effect via nano-indentation tests.

3. Result highlights

1) Damage microstructure

SITEM characterization of damage microstructure was carried out on FesV and (Fe, Ni)sV alloys. With increasing
Ni content, the long-range ordering increased in the Fe-Ni-V system, and resulted in distinct development of
cavities and dislocation structure. lon irradiation gave rise to line dislocations as well as a large cavity population
(~ 1.9x10%/m?) and an average diameter of ~ 22 nm in Fe3V, in correspondence with the peak damage zone.
Fig.1 shows the microstructure of irradiated (Fe, Ni)sV alloy. Ni distribution was not homogeneous, owing to arc-
melting imperfections. A Ni-depleted zone and a Ni-rich zone were identified, featuring Ni contents of ~ 15.1 at.%
and ~ 29.4 at.%, respectively. Full long-range ordering was confirmed by select area diffraction in the Ni-rich
zone. It also featured a chemical composition comparable to that of the nominal composition of (Fes1Nisg)sV alloy.
Dislocation loops dominated the damage microstructure in this material, while cavity development appeared
significantly suppressed after ion irradiation. In the Ni-depleted zone, cavity population dropped by an order of
magnitude, compared with that of FesV alloy. Meanwhile, no cavities were observed in the Ni-rich zone.

(a) 6.4 MeV Fe"' ions ()} é

107 S . Bl 10Ccan

Fig. 1. Damage microstructure in 6.4 MeV Fe** ion irradiated (Fe, Ni)3V alloy. |

2) Nanoindentation (Irradiation hardening)
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Nanoindentation tests were performed at RT in continuous stiffness measurement (CSM) mode, using Berkovich
type indent. Nix-Gao model was used to extract the indentation hardness H (GPa). The maximum indentation
depth was set to 2 um. To allow direct evaluation of the influence of long-range ordering, only Ni-rich zones in
the (Fe, Ni);V specimen were adopted for nanoindentation analysis. Fig.2 illustrates the results of correlation of
H? -1/h in unirradiated and irradiated FesV and (Fe, Ni)sV. More pronounced effect of irradiation hardening is
found in ion irradiated (Fe, Ni)sV. Table 1 provides a complete summary of the measured indentation hardness.
Irradiation hardening (AH) was found 0.79 GPa in Fe3V, and 1.12 GPa in (Fe, Ni)sV, respectively.

"] (a) FesV

"1 (b) (Fe,Ni)aV

Indentation depth(1/h, um™} Indentation depth(l/h, um™)

Fig.2. Correlation of H? and 1/h on the basis of Nix-Gao model in unirradiated and irradiated FesV (a) and (Fe, Ni)sV (b).

Table 1 Summary of nano-indentation hardness.

Material Ho-irr (GPa) Ho-unirr (GPa) AH (GPa) Ho'""/Hgunirr
(Fe, Ni)sV 3.86+0.14 4.98+0.15 1.12 1.29
FesV 3.46+0.06 4.25+0.18 0.79 1.23

3) Indent-affected zone

The plastic zone associated with the nano-indents was characterized combining SEM and TEM. The striking
difference of slip steps developed in (Fe, Ni)sV, before and after irradiation. Slip steps in the ion irradiation were
reduced in population and were distributed at more distant locations from the edge of the indent. A FIB lift-out
was prepared at a representative location. Shear bands were observed, regular spaced and extended deep into the
bulk of the sample. Bundles of super-dislocations were nucleated and have achieved massive scale multiplication
in the plastic zone. A systematic investigation is ongoing, to understand the relationship between indentation depth
and the character of plastic zone under the indent, for unirradiated and ion irradiated (Fe, Ni)sV.

Conclusions

The long-range ordered structure of (Fe, Ni)sV alloy resulted in pronounced suppression of cavity development
after 6.4 MeV Fe*" irradiation at 500°C, along with moderate irradiation hardening effect. The current findings are
in support of the investigation of this type of alloy, as an attractive candidate material for structural components
in next generation fission power reactors.
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0.5 1 0.6 W
< T
0.4 - 0.5 == j
o == o 0.4
2 0.3 1 <
s £ 0.3 1
s 02 S 0.2 -
0.1 0.1
0 0
FEL - FEL + FEL- FEL +
3 cck8 7 vtz (PCL2 #lja) ; FEL -1 4 cck8 7 v t4 (HepG2) ; FEL-I
FEL M4t FEL+IE FEL BB4H% D FITC 4= FEL RFESF. FEL+/Z FEL BRI D FITC
% h1APP8-20 ##E K & Z N L LT Hs 22 hNIAPP8-20 #EEE (R 2 N Z asHiC
Ji, n=8, t-test, p=0.2404 AN, n=8, t-test, p=0.3437

[B%2] 6 X7 0 O ED FEL FBEE F 72 IR OBERKEBIORE I ZFHAI L7z & ZA8K
THEBEZI -7, ZHIXBE % OMEEL7-~7F RPHEEE LAl s s, £/, F
FUAM A REARNT D St Tl FEL BN OBMEREHZ DWW T, HRBEDRITB O b oTz, 4
EEEEE DA A 3 THERE T LMD A v FaX—3 g 08 LA, ZAUTHERRVEE S 5] X ik
CTERETH D, BT EDEERICK L TIZFEL ORNER LN > T-D03h LIV, 590 VEEE
DEAED hIAPP (%45 FEL BE 17> TW BN, F72MITIZIZE > TR,

F72, YPIOFHWE TITHEERERME & L Ch LY U AR REIZE D vy T A AEERE & ELISA
XA AV W EDEREEIT) TETH -7z, AENE FEL BREH% 0 BRI 2310 (2 Bdu 72 )
ST IO ORBNIE SR o728, S % OMEREE L THRHMEED -,

[GRScREFV AR [ZE, 7VARES] [DEEEV Z M Wbl
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F5F VHH ik z 2R L -BEREEHE O RERE

TR, K 52

LR K = R b I Bt
2R K L X — TSR T

1. rRERLER

iR F e D FEBUTT T, A FREC A AL ~DOHIFRHIRE L, ZOREHEJRE L TH
AL I ZARERSNTND, HARNAS I 22T H720121E, #ER-ATONTE I LFER - B
BRARTALER 55 CIE, ARZREEDNEINTLE S 2OifE L vy, {LFH) - WERIZ~ A L R
AIALEE 1L & U, IEFEERIEOBRE D HED G T\ D, BEROLZENM, 1EME, S OIS AR R 2
M ESELZENRETH D, Fexld, BRICHEGSED 2 L TRERICHERER L2726 TWHED
FIME i TN D, TDIDIT, TIASADOHURICHE B Uiz, TS HURITEFHOZ 257210 | VHH

(the variable regions of the heavy chain of heavy-chain-only antibody) & FEIXIVS, b FHUASE & Hsizxt
T2 R EAVFERREE L IRWVEE G RBIZAE & S b, A A/ hS W OB T A g Miia) b
BT D Z L TR TIERT A 7TV EMEEL., invitro TAZ V—=U T %479 2 ENHKRD ODF] A
Thod, FHESMHERIHEST D VHH ZBUG L, TOHR 0 oEEEOKELZ N LS8 2 b0 2ENT 5
LB, VHH ISR Z 2R S5 2 b AlE7E & B2 6D, VHH O/NS A X &iE) L
THERNMRIEIZ L D SLAEE A5 2 & T, BEMRDFRETEITI 2D HRD & 2T,

ARG V== 7LD BEEO VHH BEUG S5 O T, BRI SEEEZRET DM ERH H, IE
REEE TIZ, NMRBIE, NMR A7 RUEMT . NMR HEISEREHT, £ NI O W TFELZRBAEL, £
S ORI E AL —RITITR D X)W 1T o 7o, OB, fdE S @ STV D VHH K&
WVin-house THUfS L72 VHH @ 2 S Z& v ERRICSAEE A RET 5 2 & TRIEDNIER CTH L Z & &
R LT, AEFEITEE LI FIEREI THH 2 e S HITRT 720, 7S my hER L LT in-house
THUSG S 7z VHH 4 FEFEIC W TR & 2 8 LTz,

2. HiE

WEAREE, B b TMBAIZHBLT 5 L7 ¥ —X 2180 L 55 VHH, aX-VHH ZZHH5 L T\,
ZOHNG, Vare by NE U RIEE LTREL - R 7 2 —X I <FEAE L. B M
AW LR—2 =T v EAI2L D 237 nEmnt Oz 4 A Lz (aX-VHH-1, -2, -3, -4) ,
S AFEEO aX-VHH 22T, NMR SEBRIZ M E 72 [BC, PN B A 2 KA O % & VTR HL
L. L7,

NMR HIE 1L, e R H 28 % 2 L 72 BRUKER 600 AVANCE Il HD (2 X 0 17~ 7=, E8#RED
7212 2 Yot *H-N HSQC, 3 &7t HNCO*, HNCA*, HN(CO)CA*, CBCA(CO)NH*, HNCACB*, &)
JBDT=®IZ 2 ot H-2C HSQC (AEMiiEH, &), 3 kot HCCH-TOCSY* (AeliikH, J5& 1),
CCH-TOCSY* (N, &), HBHA(CO)NH*, (H)CC(CO)NH*, FREfEIEHMESD =912 3 kT
N-separated NOESY-HSQC, *C-separated NOESY-HSQC (fIgil & 75 7 it o> fE Ik A [l HFELH) A I E L
7o TNUHDART MDY H [*] OFfW=HDlE, Jva=T7 34— 27U 7 (NUS) 2L,
TR 2 0k D 25% 4G L2, A7 hLd 7 11+ AL NMRPipe/NMRdraw (2 X 0 47>, NUS %
fi L72 A7 b7t A X, QMDD IZ L VITo72, AT MAENT (BE—2 By %2 7 A Xk
=, FEIRE. SRR ROMEMT (REEE. A8 NOE JE) 1%, LRIFFEHEI B L
72 MagRO/NMRView/FLYA/CYANA &Y AT L A, AT R VRHT & EFH R Z RIFE2D - B
BINAT o 72, 156 N7 O & OfEMTIZ, CHIMERA UCSF IZ L W iTo 7,
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B 1. 2275 oX-VHH-1, -2, -3, -4 DIKEERIZ I8 1T B SARKEE, A7 R VARNT & REEREHT 1X, MagRO/
NMRView/FLYA/ICYANA $t &S 2T L& N, A7 S VRRHT & B 1A 2 [~ B 34T
272, CYANA IZ X D HEEFHROFER, =3 X —DIR\ 20 HoET VA REAG DY, fk:p A
7V R, B30T w7 AL R L b—7 J OR

3. R - ER

AL, Fox DNEfE L7 NMR HIE. NMR A~27 hUiEHT, NMR HEEAEHT O — B O RN A RN
THDHI EZRTTEDIC, Ay hEERE L Tin-house THAE St b THIlICEE TS L&
TH =X B ET D aX-VHH, 4 FEEEICOW OS2 RE L (K1) , MEEEE CICEE L
—HEOWITIE, HEORWX 78 ThiEX, NMR HIE (10 H~1f#) . NMR A7 Lfig
Mr (E8FE : 30 y~2 B, {I#H)R)E : 1 H~1:8#) . NMR#EMENT (1 BH~180E (—H 7 8 I
MEELT=E92) ) LanBEEET, Wk Eyr Ao T2 b DTS EREEICA L— X272
STz, EERIZ, 1IZR LT SRR ER EISIR. ENE N2 THE 3~4 B T T L7,

el Lo FIEORHEIL, A7 MAVOERB WS, A7 MURHT & AEERT 2 131F B BIRI2AT

ZHZETHD, —FHT, AXT MVOEPNEWGES (V7 TARERLTWS, Y7 FILVOERD
DLW E) TERAT- TV K S I E DT O MER S S, EFEERE Lo, e LT
WREETEIRIZ3% S 9 D o 7 F T DN TUE ALY R IVIRNT S OREIE MR I IR 2 PR 72N 2 & A0
2, BVIL— TN E £ D LRI AN MV ISR 72 5 2 L%, £ 2 C, HEWMiTZ
AT B SN HB T2 2 & CHABMINCHIT 2 ED L Z LN TEDL VAT YT 4 v 7 it 7 a b
IV EVEFEEEE L T, ARlE, 7 — AR T 4 ZECTERICBWTY 4 FEO aX-VHH (22
WTCNAREEIREZ (T 7208, D9 H aX-VHH-3 &£-4 ICHOW T, ZO¥HEWMEN 7 1 ~ a /LR35
TChHY ., EERICHEIME RSN (K1) o UEFEDD e, FREB T2 TETHDL A A~ A
Sy fREESE % 5D VHH O NMR SRR E T E ST T NMR 227 RLHIIE . NMR A2 27 R VRRIT
NMR HEEEAT O 2 O FIEO b & | —#HOFALE A L— RIZAT D 7o O DFEfHNFE T LTz,

3. BLRFE

1) Akifumi Takaori-Kondo and Takashi Nagata, “Research and development of enzymatic activity control using
VHH antibody”, The 13th International Symposium of Advanced Energy Science, 2022 /-9 4 5 H-7 H,
FTA Ly, IRAK—
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Study of PV Hybrid Energy Systems for Rural
Electrification in Cambodia

Vannak Vai?, Samphors Eng?, Koksal Chou?, Hideaki Ohgaki?

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

1. Introduction

In Cambodia, electricity supply based on diesel generators and conventional ways such as grid extension is still
implemented for rural electrification. Also, electricity must be provided to rural areas in such a way that maximize
the technical, economic, and environmental-friendly. Renewable energy use provides a techno-economic and
environment practical alternative for reducing greenhouse gas emissions, reducing line losses, and reducing grid
extension. The paper focuses on designing low voltage (LV) distribution network topologies with a hybrid PV
system considering the minimum power loss, balanced load, and cost of energy. In the first step, the Repeated
Phase ABC (RPABC) concept is used to search for a balanced load from the MV/LV transformer to all households.
Secondly, the power consumption of a household is measured as the load profile of households in the system. Next,
ETAP software is implemented to evaluate the performance of the LV distribution system. Finally, the techno-
economic of the PV hybrid system with different electricity tariffs with hybrid optimization software is provided.
To confirm the proposed method, a distribution system of 129 buses in a rural village, in Cambodia, is selected as
a studied case. The performance indicators from the simulation using commercial software could be options for
future stakeholders of electricity in Cambodia.

2. Methodology

This section describes the methodology to study the techno-economic of PV hybrid energy systems for rural
electrification planning in Cambodia. The following activities are performed to achieve the proposed research
objectives; 1) literature review on existing low voltage distribution systems for the test system purpose, 2) build
the low voltage distribution with pole balancing of repeated ABC in ETAP software to perform the system
operation, and 3) evaluate the PV hybrid system performance with different electricity tariffs using HOMER
software.

3. Simulation Results and Discussion
This section discusses the simulation results of PV hybrid systems with different electricity tariffs using ETAP
and HOMER software. To validate the proposed method, the low voltage test system of 129 buses in a rural village,
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Fig.1. The low voltage distribution and single line diagram of the system
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in Cambodia is selected to be a case study®. For that system, the distribution transformer size is 75kVA with a cable
of 70mm? as the main line and 4mm? as the second line. The normalized load cure is taken from a local
measurement for simulation purposes?. The low voltage distribution system in different colors for phase connection
visualization and the single line diagram in ETAP is shown in Fig. 1. The PV hybrid system design and monthly
energy production for rural electrification are depicted in Fig. 2. With the help of HOMER software, several
indicators over 25 years with different electricity tariffs of the system are provided in table 1. As the result, the 3
option of grid-connected PV hybrid energy system is the choice with the lowest LCOE of 0.1621 USD/kWh and
less CO, emission (Mg/year).

Grid JACElc-chit: Load "EDC PV o
- 0 4—!

505.17 kWh/'d
68.01 kW peak

Converter
Fig.2. The PV hybrid energy system design in HOMER software and its monthly energy production

Table 1. Several indicators of the test system with different electricity tariffs for consumers

Description
Option 1: Option 2-Time of Use: Option 3-PV system:
Indicators General tariff Capacity charge of Capacity charge of
payment 0.172 | 5.8USD/kW/Month, 0.164USD/kWh | 5.8USD/kW/Month
USD/kWh during 7am to 9pm, and and tariff of
0.137USD/kWh during 9pm to 7am 0.164USD/kWh
PV (kWp) with 600USS/kW and 25 - - 33
years of lifetime
Inverter (kW) with 300USD/kW - - 21
with 15 years of lifetime and 95%
efficiency
NPC (kUSD) 321.63 329.41 302.62
LCOE(USD/kWh) 0.172 0.176 0.162
Operation cost (KUSD/year) 31.77 32.54 27.32
Initial capital cost (KUSD) - - 26.077
Renewable energy fraction (%) - - 22.6
CO2 emissions (Mg/year) 116.53 116.53 90.23

4. Conclusion

The operation of the low voltage distribution system with the traditional way of pole balancing improvement
using the repeated phase ABC is computed in ETAP software. With different electricity tariff implementation, the
economic analysis of PV hybrid system with given sizing based on the regulation in Cambodia are provided. These
simulation results could be key indicators for utilities in designing and operating PV hybrid energy systems.
Moreover, this proposed method with different case studies and tariff metering policy for future perspective in
electrification in Cambodian will be considered in future work.

5. Lists of papers and oral presentations

Vannak Vai, Samphors Eng, Koksal Chou, and Hideaki Ohgaki, Study of PV Hybrid Energy Systems for Rural
Electrification in Cambodia, The 13" International Symposium of Advanced Energy Science, September 5-7, 2022,
Online, Poster.

1 L. You et al., "Optimal Topology of LVAC in a Rural Village Using Water Cycle Algorithm," 2022 IEEE International
Conference on Power Systems Technology (POWERCON), Kuala Lumpur, Malaysia, 2022

2 V. Vai et al., "Optimal Design of LVAC Distribution System Topology for a Rural Village," 2021 9th International
Electrical Engineering Congress (iEECON), Pattaya, Thailand, 2021.
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RFEET7LUEBRFODIA/ > - 8YtEsEEH

EHE—RRY, FAEmst FIR)I ZE L WE#H KL, Rong Kaipeng',
PRS2, R 2, ENHE 2, A —pk 2
LN AR R E T B R R T LR
2 R R L X —H TR R T

1. SR

7T 7 xR MoS I E SN DR B ENT., & O E eI R E B S R v, B B &
MOHRMARD RN —N—R_XZ2T ¢ U TICG R EB Z 6TV D, £, RETIE, ZDOHERE
LRI L > THERIZAR W 2 R RMMENFEN D Z L b ME SN TBVERAZED TS, Bz, =
DOFHETIT., BRAESCKFERDEVNCE > TALIZERYART >y L THD [F7 LK 2N
bz b= I S A Y TR DV AR BT IR

— BN, T R, A R X — D~ X DA L MCBWTHETH L2 TR L, Z O
IXT A ADE T AEOBE L, BNEBRT A A PO S E X E @R 2L X—F AT O
LD, ET VBT ROT7 4+ ) VI EBRET 5 2 SITFERICEHE R T —~ & W DD,
FERTT &+ ) UM TRATBNEE 9 <oy, Fexl, 7 VBT RO T ) o WVERRI~mT
PR MAEHED TS, AEEIL, ZO—BRELTIT T 72T VBERERRIZ, MBE HE#E
R L Gat /R T OBEZERBZIZLD 7+ ) VO ERE Hig L= 21172,

2. EBFE
F. K U@QIRT X 9T, B 25 um DAY 5 um IR TR L= SisNg 77 v & HET
%o O LI, #E LIS CVDIEICK VARE L2797 7 = 3 UBHGRAPHENEA | P22 dHERAE L
INHEEDZ . PMMA (ARY A X 7 ULEEATF V) ZRHWE T =y 7B A T2RERESHZ LT, 48
W2 r o 7= 2 ER LT, ¥ 1Ub)IZZED SEM 4%~

MW=27F 7 =% 10 um PR DS R A
A UREEER L TWAID, AT E » THEEA (a)
FENSE D, X 1C)d) ik, ENENRDOFLITH L

T TEM B2 — 2 E LD TH D, 7
77 = AEEICH KT D 6 BRI 2 —
B2 OHERST- b ONBIAIS L, ZNENHD/H
= DOTNNE 2D T T 7 = v OFEEAE &k
ETE D, (OIE35° (d)pmlEafE 214 ThHb,
FEEI, [\l O R 5EHCR L, T~k
HEA1TH &, G mode (~1580 cm )& 2D mode
(~2680 cm NYDFRFE LN 2 D T L SRR T X
COBIE2E T T 2 o RNET LKL LT
e L TWD 2 L AR Tx 51,

FWNT, ZD%KE ST 7 = 2% LT, RF-MBE
(e —) EEEZHWT Ga hif%
KET DHFEBREAT o1, EWIEEIL 700 CITHR
B, 5 WAL 1T -7, RF-MBE & Cld, 10
8 Pa LIFOEEZENME-NTEY . Sl DIR
AT EAERNEMT Ga 2RETED LN
IRERD S, K 2@, ZDOHFIETET LK

Fig 1 (a) (b)SEM images of a suspended bilayer
graphene on SisN4 grid. (c)(d) TEM diffraction pattern
of suspended bilayer graphene on different holes.
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F LG Sz Ga ki SEM B &R, BE
ORI 4 J:o'(%@b\i))éb'éﬁ) 50 '(a) -
nm BT Ga RIS SR IS = b S
bis, Sbic. [ 2b)icRT TEM 55 b
HE 91z, 10nm LA FD Ga F / ki1 b S HIERL
INTWBZ Enbns,

..n‘_

3. EBHER

ZDGaT SR DEEIZL ST ET LB
FDTF ) I ED L D REENEND D
WEFALNZT 2 BT, BIKT ~ > h t%f
/7o L=V = RI1L532 nm T, ARy FOHE
F1umBETHY | FLEL Y HalThav, x
3(a)(b)i HHIIIZK LT, ABFRAMEZETOTI VAR MMELSTELOEIBLIELOTHD, ()i

F|g 2 (a) SEM image of Ga particles deposited on a
suspended bilayer graphene. (b) TEM image of Ga
particles deposited on a suspended bilayer graphene.
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Fig 3 (a)(b) Raman spectrum (G and 2D mode) of a suspended bilayer
graphene before and after Ga metal deposition. (c) Plot of peak
positions for various suspended bilayer graphene. (d) Peak shift of 2D

model plotted for 2D/G ratio after deposition.
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[1] Y. Cao, et al., Nature 556, 43 (2018).
[2] Y. Cao, et al., Nature 556, 80 (2018).

[3] C. Zhang et al. Sci. Adv. 3, €1601459 (2017).
[4] D. Yoon et. al., Phys. Rev. Lett. 106, 155502 (2011).
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FERHIH BRI S ECHIFF R/ RNA 2 EBE Musashil
& TR RNA 2840 B BRI AEEREEA

AIFEIEY, WeiHsun Tu?®, fREEE(A 2, RAFIEAN?S, JKH 520
R ROB R KA B T oA SE R
2R R T L — B LSRR
SEBR R = R L F—FEF SR

1. BrRER

NA FREFOFIHEEINZ N, EOE RO RS LIXFEF ICEELRFETH L, i
BT A7 OIiE, BB 2T X D31 FIRBEA Y £ 12 1R O EINAS N B TH Y |
FEE B BRSO KIGE S I L AN A X ) — )V OEASETHENED bR TW5, HEi
TR Z A DRSO BRI TIE, BRI DA L RIFF OB G OREFEEOR RN E
BCThHhD, T T, %< OEYFE CH@EICH H ATHEZE B TR BENEZ B UL, $ix 231 4
PREFEAIEICISHTX A, 220, AWFETIE, Tr=I v a v R UX—%ERTA-012. 2
YIRS A FREEAE DB D T2 OFMEFMT L LT, Fii-mlia FREAFATSEOREEZ B L TV
5o TOHT, TAITIRNAFAEAEZHWBE FORBHIFERICHER L,

RNA #5472 A Musashil 1. T4 48 2 CTHIGEME O MM FEERL L. Z O AN O BT MoK 14 A 18 L
TV, FUAZER) RNA BLAITE I HEEH & EE N LFEIRFFEIC L - TR S, TUAG) 28k &
LTWDZEBRHLMNERSTWS, £ 2T, NMR KEEMENTIZ X 5 Musashil #5548 A OZETE L .
IO OFTHIFFE RNA- Musashil O AR DO SNLARKEE T 21T\, 15 DIV E A RIZ L 0 mgretE
BWIGFRHY AT LORICERIT S 2 L RAAEOHNTH 5,

fif 2021 4, Musashil (Msi1)? RBD1 K () RBD2 7345 %4 iZi#k 9% RNA %] (GUAG & UAG) % —
OFTOEHR, FNLEDRSY U —EH DR INERD RNA A4 Y I~—% 10 rEAKR L=, L
T, MsilRBD1-RBD2 & OfEAEREZITV, fEANM< ., a0 Eimt»? 1.1 Th D RNA AU =
~v—% I FEEN L, 61T, HAKICBWTRERAXZ M a5 2D (V7 FVOHMP LY %
< VT FABBENL DY —) RNAA Y Iv—%47, 4 2022 FFE1F, ZORNA AU I~v—& Msil
EOBEEREZE L, NMR ST 2 S G IZFEMICIT - 70,

2. EBR

KIGH & v 37 EHBLRIZE Y, BC, BN & RN AR L7 Msil RBD1-RBD2 fifitk 2 A Ak L, fE 5
L7z, miEIRH L7 RNA AU S~ —3bZEak L7z, b0 1% 111 TRA L, NMR & EHE L
77 o R T R i HH B 22 4525 L 72 BRUKER 600 AVANCE 112 L W NMR A~2Z kL% 25°C CTHIE L7z,
Z R EOFEIFE O DI, 2 kot (2D) H-N HSQC, 3 %kt (3D) HNCO, 3D HNCA, 3D
HN(CO)CA, 3D CBCA(CO)NH, 3D HNCACB, f{Hlg{/f )8 D 7= 121, 2D *H-C HSQC (RllEH, 5k
FH), 3D HCCH-TOCSY (fslilEH, 75#& %), 3D CCH-TOCSY (glilEH, 757 1%H), 3D HBHA(CO)NH,
3D (H)CC(CO)NH. M # B 45 o 7= ¥ (21X, 3D ®N-separated NOESY-HSQC, 3D C-separated
NOESY-HSQC (il & 5 & e oo ptel Z [RIRpBLHN) 2l E LTz, # /37 & RNA & O BREEE IS
D=L, 2D [F2]-filtered NOESY } O* 2D [F1,F2]-double-filtered NOESY #llliE L7z, A7 hL®d
71t 213 NMRPipe/NMRdraw (2 X D 170, A7 bV OFENT, BB 7 VIR IR, R,
MagRO/NMRView/FLYA/CYANA #A& S A7 A L SPARKY % iz, #E1EE T /L OHHE & OB I,
MOLMOL } 8 CHIMERA UCSF IZ X W 1T~ 7=,

F£72.SUMO ¥ 7 Z @& L 7= Msil C RImfEI O | HE 2 KGEFEBLRIC T BB LOBREZITV,
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IRFAFAE IR D AR A E 257 %. TEV 7 r7 7 — ROl & tF 5 O MEEBR A 1T o 7=,

3. FERLEZE
2022 #F-F£ 1%, Musashil & [0 2 O RNA #54 K A A > Tdb % RBD1,RBD2 73, fie/] b HEHL S
& L Ciaifb S 7= RNA4 (rtUAGUGUAGU) Iz L
TOZENZEND RBD OFEAHr, SARAIALE BIFR
EWV o AR A OIS Z E Nk (X
1 ). AT 2021 4EFE 12 . RNA-2, 4, 10 O =Ff 2 251 L |
2022 FFREIZIEL RNA-4 [T B L TRESET 21T - 72
23, 2023 FREEIZ BV TIE, o> RNA-2, RNA-10 |2
DOWT b AR OREE T & | YRR 2 8N S H 7208
2B+ 5 RNA-Msil RBD1-RBD2 EEHE OfE &
MPEFERZ4TH Z L Z3HE LT\ 5,

Msil @ C RImIfE (191-362) I3,
IDR(intrinsically disordered region) & L CHEE A 27
AV, S OfE SUMO EREY ZICIE, KIBEIC  (%1) RBD1-RBD2:RNA4UAGUGUAGU)
BWTHBIESZ & CTRIEHEEHE 2157, SUMO & A RO NMR &M 7 1

Msil fE O FICELE L7 TEV 7 rn 7 7 —E8 %A1 h & H

W BER YN 24T O & RRIEIC MsilC RUmaEIE - )

FRTEEL CK 22 & &AM L (K2) . MsiliZ k2 RNA FHERFAE A3 BELIZ X > T ON, OFF Ol
WEZ T HAREMEZRET 2L O TH Y . MIEN Y V(LSO v 7 T NAGREE Tt CRIM 22 BEBE R BL A
Ay F L UTHIET DM Z "2 T O ETH D,

4. FRRFER

1). Wei Hsun Tu, Kamba K, Nagata T, Katahira
M., Imai T. (FHRITIEEE)

"NMR analysis of the three-dimensional A
solution structure of the sequence-specific |
RNA-binding protein Musashilinvolved in |
translation control of the downstream target 1
RNA", The 13th International Symposium of TEV Cleavage site
Advanced Energy Science, Zero-Emission

Energy Research, Institute of Advanced

Energy, Students Poster Session, September

6th, 2022

191 362

Msil

2). Wei Hsun Tu, Kamba K, Nagata T,
Katahira M, Imai T. (PR IZFEFRE)

"NMR analysis of the three-dimensional

solution structure of the sequence-specific

RNA-binding protein Musashil involved

in translation control of the downstream

target RNA", The 13th International —
Sympostum of g\ggfg”;egegg;rggg Science, (B 2) WA S HER 2 = L 7= MsilC KA IDR
of Advanced Energy, ZE Poster Session,
September 6th, 2022
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L7 7O—FICEBUYI F=TREED
WA YRR S Eee D fiZ BH

BIEL, JRERER?, BERBET 2, e, BIEERSS

YRR SRR AE MR
2P K L X —H TSR T
S WU KPS H A S

1. AEOERL B

Rhizoctoniasolani D138 #ki&, 1 R, T AX, V¥ WA TR EL OEMICEHERRELSIEE T
SR Rhizoctonia JEO—FECTH 5, FFIZ, D138 FRIT/INE ST F 55 TR ) 7B RIR A BE R & 5 Wb
TLHENEHETH Y . ZOMREIL 1980 Iy RRIB-13-7 VD F—ER s 7 —¥Thod LW
& & u7e (Totani K etal., Agric. Biol. Chem., 47:1159-62, 1983, Usui T & Oguchi M, Agric. Biol. Chem., 50:535-
7,1986, Totsuka A & Usui T, Agric. Biol. Chem., 50:543-50, 1986) , 2019 “FIZJF 5 (%, [A] Uy Wi REIZ K
TR EMRIRE E LTEAR 7T I DLABERLE Y X2 U TR, N aTd v~ RBICHT 2N AEE
FREVETE & AT EE 2R, ZTOA D= ANZF=X VAL HornFTox Lo R8I
WGDBR-13-7 NI —EREEGT 5 LEEZ N, MUNE TRV — B I TR 3 5 A
HOPREOMINC T 7 DMERNO HIEDH T 2 B L. AWFFETIL, DIB RO RS ) ARSI Z L 5 —
N —=RBlEm 7 — RRIORER S —F =20 TennA 70y R7' 7 VIO EAEL,
HREHENEYEIZ R 5 2 BI5 F OB L T ORBHIEHEEZH O NI T 52 L2 B E T 5,

2. Ya—phN)—PRBI—HF P2 XBTEVT IV

D138 £k 4 7 2 DNA 75 MGI Tech #:8 DNBSEQ-G400 > — /7 > —(Z X W G & hi=v 2 — b
V—RZ2HWTT 7% ATz, 200 bp DT> RESIEZANELT, V=KD QC &7 X7
2 —FHD R 2T EFNER FastQC & Cutadapt ¥ 7 b =7 &AW TiT-o7= (K1), QC #1245
O — RORIEILRIZ 727 Gb TH Y, HES 7 LA XDK) 170 5L WO T T +40 7
T—HENMGFLNT, HIWVVTSPAdes Y 7 =T ik D denovo TV T NN EIToTEE DA, BMAR
¥ 74—V REDKI 6 FECS. AF v 74—/ K N50 7% 10 kb, HHEIEENK S5 Mb D KZ 7 7
J LBAIREONT. (R D, AF ¥ 74—V FROBRESMND, Bl A TRICHE AR E S
1kb L ED A X ¢ 7+ —/L R34 5000 Bdl, L6 ORELRITN 41 Mb THho7o (£ 2),

8. my TV =Ry =7 RALERRH - BIREE DNA FAHSA OIRES

ny 7 ) =R == va— b= FRIY S REDPOEIREDDNARER SN D,
% Z T D138 i B T AL B D FME 20723 DNA filiHH O S&-iat 217 - 72 % DNA filiHH %~ %
Fle s L 7= 59, ISOPLANT (= v iRy « U—4til) ofEfic L v SINEo DNA B Ebhr-, =
DXy N TEDICEMHRR 21T kG R, KA 1.5 g I E O F K725 DNA JEE 19 ng/uL, DNA
B 19pg D DNA 2155 Z e iz, Ll AFRTHERAT S re 7Y — REI—F o —T
& % GridlON X5 (Oxford Nanopore Technologies 1) Tix, PCR #fliHl L2\ 7 A 77 U —FifFED
T, SEF LA DNABE LD & & 512 10 fREOERENSLEL 25, 5%, 557 DNA D
PR AR DT DNA Z IR 2 FIEZ T 208N H 5,

4 SH%OTE

DNA BHElc kv m o 7 — KRB — A o R B 72 5 20 729 DNA B2 1572112, GridION
X5i2k5nr 7 ) —Ro—F U RAE(TH, itV C, vYa—hU—FKéno 7 U—FRKefnieng7
v KT T VLD KT 7 NP ARSI ERE%, SO ar T ¢ 7S5 iEfs 18l o T3l
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EXDT )T = alEITOT ) LMEREEEE L, NS TEICRE ST D8 E 1 ORE L OFREH
Gl 15 g WA Y A R N ol = =

Qualty scores acrass all bases (Sanger / llumina 1.8 encoding) Quality scores across all bases (Sanger / lluming 1.5 encoding)

B e e e e e N oo O IO T TV

gl A

30 30 L4 |

28 28
25 25
24 24
22 22

20 20
16 18
16 16
14 1a

12 12
10 10

123456789 1519 30.34 4548 6064 7570 00.04 110114 130134 150154 170174 190194 123456786 1518 30.34 4548 5064 7570 0004 110114 130134 150154 170174 180184
Postion In read (bp} Fosttien in read {bp)

1. Per base sequence quality of short reads (FastQC)

7% 1. Genome assembly metrics of short read assembly (SPAdes)

Main genome scaffold total: 66,703
Main genome contig total: 70,009
Main genome scaffold sequence total: 55.184 MB
Main genome contig sequence total: 54.862 MB
Main genome scaffold N/L50: 758/10.271 KB
Main genome contig N/L50: 2071/4.381 KB
Main genome scaffold N/L90: 25336/206
Main genome contig N/L90: 28865/204
Max scaffold length: 1.399 MB
Max contig length: 1.237 MB
Number of scaffolds > 50 KB: 102

% main genome in scaffolds > 50 KB: 26.59%

# 2. Cumulative scaffolds/contigs length distribution of short read assembly (SPAdes)

Minimum #of #of Total scaffold Total Scaffold
scaffold ffolds contlgs length contig contig
length length coverage

All 66,703 70,009 55,183,695 54,862,333 99.42%
50 66,703 70,009 55,183,695 54,862,333 99.42%
100 55,417 58,723 54,215,841 53,894,491 99.41%
250 21,269 24,574 48,753,054 48,431,857 99.34%
500 10,217 13,522 44,934,062 44,612,866 99.29%
1KB 5,263 8,567 41,458,572 41,137,475 99.23%
25KB 2,749 6,046 37,654,902 37,334,491 99.15%
5KB 1,594 4,712 33,489,136 33,186,120 99.10%

10 KB 777 3,357 27,793,683 27,543,032 99.10%
25 KB 253 1,639 19,852,115 19,717,450 99.32%
50 KB 102 711 14,671,406 14,612,227 99.60%
100 KB 36 181 10,423,230 10,409,127 99.86%
250 KB 14 18 7,132,832 7,132,439 99.99%
500 KB 5 8 3,974,943 3,974,649 99.99%
1MB 1 2 1,398,567 1,398,469 99.99%

[AEAFER Y A }]

Yuh Shiwa, Tomijiro Hara, Yumiko Takatsuka, Junichi Yamagishi, Kenji Yokota. Elucidation of the novel
competitive function between microorganisms of genus Rhizoctonia by genomic approach. The 13th International
Symposium of Advanced Energy Science -Research Activities on Zero-Emission Energy Network-, 2022 4~ 9 H

5-7H, o o4 B (RAxx—)
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REMERR ) KRR TF K fengycin DEFEZEBTD
REFEHOHR

FEMEEE L, R EWRER 2, EiEFEHET 2
B Y NEANNRaEL /et
2R L X — B TR ZE AT

1. %5
Bacillus &l O —FBOWIRIL, RFEARMAEMII L THIREEZ 7, Th b RERISEYIRE O 4
WBRIEME 2R3 72 8 AHAMAESm L LTHER S TW5, Bacillus JEME OFTETEMEICIT, BRIk Y A

NTF RPN ERR R 2RI 2 L '

HHNTEY, £OERFESOARHE ?

— 0) \L'-I:I:?L R : . . - R

[ FOREIR IS LD surfactin < urin R - Glu—Orm — Tyr — Thr —Glu —Ala —Pro— Gln —Tyr —Ile

fengycin @ 3 SO 77 I U —Z KIS
Do FLT, ZIRIGHEY T 2 131U,
HERI BN ORGSR T F FEL DT 1 Fengycin O ##iE
JBOBEBRIRE, &7 7 IV —NTELHE

AR BIR AN EGR I ND Z ENAHN TN D,

B. subtilis YAES1 #k1Z, JR 51T KL 0 53 S AL 7o KRB Be s Ed R 2~ T A HER Ch 5, RE
BEDMEPET DEBRIR Y AR_TF RIZiX, LC-MS/MS f##Tiz & v | fengycin & surfactin 235 E S i, I 51T
fengycin KDL AW SR &7z, WEAEE £ TI2. fengycin BEL & W) OREIEMEAT 21T\, LC-MS/MS fi#
W OBZ AR Z — v Z DT F RENLIZEEEN O fengycin L [FEEETH Y (K 1) | IEIFBEREAL D45+
BN 2 HET D, B-b R AR EflEliigs L<idT e Fax VB ol s s 2 &R
STz, £ 2T, FEELL7Z fengycin Z IR E L. 15 DAV ERERENIES % & 43 fifhe LC-MS (2t L
T, BoNTBEEEN S TEMRERE LIZL Z 5, fengycin 244 5B- Fux VBN O b
RS Hh A ko T TR ICAR Y L. fengycin KL &% T & R 3 fengycin & FE L7,

Tt RrXx ¥ fengycin X, =R b u b UG REER I T DEEENRE SILTWDHR, ZOHE
TEE 2 R L 723 6720,

Z T CARMZETIL, T & R ¥ fengycin MY O HUETE M2 541 L, fengycin & bl L7z,

R = B-hydroxy fatty acid

2. Tt FaXx fengycin KO fengycin DHLEETEHEFLAM
21 T FeX¥ fengycin }2 O fengycin OF5HL
EEHlZ 1 No.3S 554l (1L 2%47= v | 10gPolypeptoneS (H ARHZEK)  10g 7 /L =2— A, 1gKH,PO4, 0.5
g MgSO4-7H,0) Z#H\\ o, 12L AV ¥ —7 7 — A X —%H\\T YAESL #% 30 C. 4 HM@EEIHH:
Bege 7o, R PUCESRIRR A Ul-ia 2\ U, [\ U7-ia & DB L 0 G257, B
HCI T pH2.0 & L., O BEC K0 L [EIR Lz, R E R T L -2 % 7 —L (9:11 viv) IREH
WL T, YU BTN I T L a~ bT T 7 o= UTc, BHR=F -2 % 7 — (L1 viv) B
BTV DT NI T DD S, BWHES %2 50% Vv A %/ — )L ~fiafiEik, ODS 71 7 L7
n~ 777 4 —~ftL7=,100% # % /—/LCODS 7 LhbIEH L, fengycin IRAFER & LTz,
Fengycin IR G554 2 . 47 HUH ODS 7 7 A& Hfpi L7 /0 Bt HPLC IZfl: LT, 0.1%viv Y 7141
HElE 2 512 86% A & ) — VIKVSHR Coril L7z A3 D AL7Z 5y % LC-MS 12t LT, 7 & R r % fengycin
KO fengycin & E & L7=,
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2.2 Fengycin JBEAEEY) O HUoE TE MM

Fusarium J& 5 %k, Colletotrichum J& st ormsrisan control S Activity
1 bk, Candida % 1 Kk, wasey oveenm o hecee SN ER
Asperugillus /s, 1 BitR, Boinylis Bl o e }é - E——
Bk DA R 9 Bk ELH E%:%B‘Z*ﬁl R R e BN

& LT, HE TR fengycin &4 oy eorm . sp reopersicirace? & - -+
B o F I ETEME 2 54T L7, Rt e e 3

PDA Fti & AV 2y = VT 72— | =
Y3 EC LY | 200 pgmL? By —
fengycm IRENE %% 0)#.@; Pt % 51 Colletotrichum sccovillel (MAFF24483) T NS E TR

fliL7=& Z %, Fusarium J& 1 itk & A, R ==
Botrytis J& 1 BHEIZK L CRHIEF D Candida abicans (Nercise4) “; @&f = i) —
52753;:@&) %hﬁ_ (. 2) o f““",{j() N T i R L ’.%'\' \.'::1 L. & 2=

S RNES 0] 38 e RS AN S es|  —
PLEEEE R T e PR th(‘io Botrytis cinerea (148) S oW, < +
V| iturin TIEEEBHICK L CAHE £ |

PR AN MV ZRTH, fengycin [ 2 Fengycin I&GFE #4) O Ht B TEE
DY AT M3k, FRZ

Fusarium J& TIX 5 EfRT . 1 EROAICHIEIEEZ R L2 & n ., iturin S IZRR2HFE A =X 4
ZHoZ b TPHRENT,

23 7B R fengycin & fengycin DOHIEETEME D L8

Fengycin JR A FE M6 L TIREEZME 500 i
%) L7z Fusarium FEEEZ W TE & L
T, CozERETLHTE FrFy
fengycin & fengycin O£ 185 O HUE TG
%7 L7z, i fengycin @ MIC (&1L
H50mgmLt &2 T ReFy
fengycin & fengycin @ FIZ IXHTETE M
%/\ EE L)) By AWSSIREY (. 3) @*H
rma< 77 4—TlE, TE X
3+ fengycin (% fengycin X 0 & B TR
HI D2 Lhb, b Rrxr EOFRRS1 37t RKm % fengycin & fengycin OHLEETEM:
ORI BET %, LosL, Wl fengycin &

MIC BRI TdH D &9 FIFL, fengycin A fengycin IREHER4 . B SPW, C: fengycin,
PUELEIEEIL, o Fakomttl v b, BElF D 7B o fengycin

DRV KFHOBHE R ICREL LS

LHZENTEINE,

[AEAZFER Y A B]

WA S —F

Yuki Emata, Takahiro Fujimaki, Yumiko Takatsuka, Tomijiro Hara, Kenji Yokota, Comparative study for antimicrobial
activities among antimicrobial cyclic lipopeptide fengycin analogs, The 13th International Symposium of Advanced Energy
Science -Research Activities on Zero-Emission Energy Network-, 2022 459 A 5~7 H, A > 7 A B

Yuki Emata, Takahiro Fujimaki, Yumiko Takatsuka, Tomijiro Hara, Kenji Yokota, Characterization of fengycin, cyclic
lipopeptides, derived from Bacillus subtilis YAE51, ISSAAS international seminar & congress 2022, 2022 4% 11 H 3~5
H. IPB International Convention Center (1ICC) Bogor, Indonesia Bfi{#
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WIS P EAMIRIC & & IR FRBME DS b
L Y

LR T SR TR
2SR L — B LB AT

1. IZC®HIT

JE - JE AN L > O 25 DD TV ELR OBFZE L LT, BBRAER A A IV a A Rip Lo
RIET-JEE O FREDSEFER STV, BER/L 7 FEREOETH 7 70 & O (K T,
HHEIZ L > THELNTZEF LR — A7 — v CHHEAERIC X o THAE L 7 b 7o bk - 2381
BEND, @HEINDHDOE LT, BWIE 2 PR LB FERIc BV TR ShD, UL, KT8
WY CIERRIRA 22 2 ROt ET-F UiADZHRIZ X 0 BEICEB W THRE Lt 7-omm R 17 3%
TE L, DERDER & T O B de B il T EN BT 5, LovL, BFBWED T ) A7 — VHEE
BT BT ORFZER X A F 2 7 ZTREFSICEM SN THRY, S5i2, BAKRTEBIZBWT
R A8 OHENIZ BT 5 2RI CIADSENER S TEY ., -/ A7 — Lo Een e HlE <
FRONDBIZ A RO BTN D,

Z 2T, EFBEMBNC AR T 12 H11E E @V RRE A A T D T B OR FBEMEE (Scanning
Near-field Optical Microscope; SNOM) % % Z & ¢, ~100 nm O3 i b CHE1-J@WE O Y #2147
9 ZE&EHAMBL TN D, SNOM 1E, EA b XVBMET (STM) 1M BMEE (AFM) LRI
o — 7 EEMEMEL (SPM) TH Y | BEMENCHE LT/ 7 o — 7 28RS 5 2 & T, \2ER o fif
REM O EIRE R B A RBLCE 5, AL TIX, BTEWEDT 7 A7 — VBIEIZIAT TR
(ZHEEE L 72 SNOM HIE R 2 FIV T, SNOM Bl£2 21T 95 Z L Z ARy L L THIJEZ1T > 72, SNOM Z fl»
7o ) A —NBIEEMRIC K-> T, B—RFEWE IR Dk DORFZER & A F X 7 A D~
CBITFDH L HET,

Microscope
(ZEISS Axioscope Vario)

Cccb
camera
Near-field aperture —__
]
Quartz tuning fork ;
+ Sample —
Uptical niber probe ~I/_X ', . ¢=T
CCD Spectrometer el 1 i Piezo Stage |
(50 ¢m, 1200 g/mm) U [ J ey
Low-pass filter I .................................
CW laser n
(He-Ne, 632.8 nm) tl
Band-pass filter

1 SNOM HIE R DRI
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2. EBRLER

A7 THWARERBHT., BREB XA ANV A RO 1HOTHEBO L b v T AT
(WSep) Th D, thidET — 7 HBEEIC X0 A 5EER BICIEE e WSe, Z W%, SNOM D) /)
T —T7 B SELBEOMER DY EEMICITZ D L DI D720, ARERE) D E M4 ok
W (EEHK0.17mm) ZHWe, ZHuc kY, HIRFEEKE /7 v —7 O iE Bk A e T C
BEREIZ LY EMICEbED Z ENAREL e o7z,

ARFFE TR L7z SNOM JIE R OIS X & X 1 1289, BIEEIRICIE He-Ne L —H— (HLaj¥
$:632.8 nm, CW) | & HIZILM AN CCD 43 otas (FEABERES0 cm, 7' L—7 1 2711200 A/mm) %
7= WIEREHT, EBEEEORML v XEFO 7 F > Y 2% 4 F (Nanonics #8) (&~ k&
. BARSEEIZ K> TEISR KON T o —7 L ONEBBROMERN TE ARE /2> TWD, T /%
T —7i%, EEREKERE (BHF) =y F o ko TRk Lz BT — 38— - ALY 7 A4
N—Tu—ThH Lz, BBy T T TER LT T 7 A =D Au ANy X ) 72 &
STEBEZEE L LT, M UAATTEICEOBER2ERT 5, 7o —71%, TXAUKEIRE 1 (R
$0:32.768kHz) OFNZHEEE L, SPM 22> ha—F 2 W TT 7 7 4 —AJEIZ X 0 JEREER mITT
BEEH7-, SNOM HIIE AT O BRIE, /67 a— 713 EE ¢, WEREMIIZ vy XYZ A7 —JIC &
DEETDHIETAFY L GERNE) 2175, B &M G N T /7 a—7 %5325 “FiT
FEHEEEE— F (Illumination-Collection mode; I-C mode)” 12 X W IEZ4T > 7=,

HLE WSe, D= v FH 43 D SNOM HIEFE R Z X 2 12x7, JIEL 3 um MUJ5 O % 30 X 30 A58 CHl
E LT, SR THELEREART MR OVELNEBEYRED~ v B 70K 2(k), FLEEDO~
v EV TR 206)Th D, =y FAHETIE, BEBEOREGIESCIER & DBEEDRLE) M Enb,
RIDAANE]— TR 72D Z ERTFREIN, Z1575 SNOM HIERERICBW T BRI L5
ZHND A5 %L A DOREMZ A F 2 7 A~ 72 SNOM IEZ1T> TV TETH 5,

1600 3000 663.0
3975

I 2500 4 I 678.1

6350 1 B 693.1
s 2000 + ~
8725 3 082 E
© -~ ~
S £ <
1110Ev04 2 £ 1500 7233 EI'J
§ 7 3
1348604 £ h 7383 &
= 1000 | =

1585E+04 7534

0 -
1.823E+04 5o L 7684
1 |
|
2.060E+04 o __ mem______ SoEa 7835
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
X (nm) X (nm)

2 SNOM HIiE T bR O (Le)REE /34 & () L R o Am

[MgEFFRY A ]

(1) Wil &, faE —Ak, B B, TR X 2 g WSe2 O/ LFENY, 2022 4F5 83
S AL SR NGRS 22p-P04-15 (R A # —%53%) , 2022429 H 20 H (/K) ~23 H (&),
B JINAES v o2 (CESEALETH) .
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FOII YO aVIRILT—AVITISHEED-HD
SEICTREEROME

EIEERN Y, ARTFIL) 2, SRR S, BTHAIH ¢, BN ERAE 2,
ZHDIER °, TAEBIIE S, ARRE ST

VEEN R4 S EER ((EREE - KPP p L X —B 2 R E)
2 RS L X — B TR ARG T
3 (gu) BAVEES. B ARSI B S
ATINHDTAT « AT LR
SR NE Sy N el P Sy S RE Y 5 A S
Sp] L S~ A S AT BRSBTS R
TR B R I A I A

1. FRBM L EiiE

DB O FX—HATONF RS X, EE#S BAZE L5 2050 (E A —HR =2 — b T IVER EES
THERTZI v g TR —A T TRIKIZEHES LTI b0, =)0 —F Tt~
KT DHFEEEDLEFIFIC i%@&mﬁﬁmimtw(wﬁﬁ SRV AT AEROEREBLOG
FAVE, 2R Z M LS DT OICHic OFEE, EEXM AT DOz sE THRIL, RIKZ72K

L. [EHEE T DR H R 207D O FiEOEE, B)HMBLIUCAMOE ﬁﬁﬂ7xx%lé
72D DOERDOMAEDEDRA NI v 7 A%, ARKEERPRAWBERONEIEICLD Y A7 HEHAFL
ZE L CHEEEME 2R L < TRIERST L. Jﬁ?éﬁ%@mVNWXW%héo%%% XD ARS
FAFZEIX 2D 2 DOMZERED 9 B, FRICHFERRE (A) 12T 50T, flix OREE, SERH
THERRT DREAR D A LT F 2 AFATO U A T FENTEH AN O @ ICT SRAEMEE ORI A 132025 5
EWVNIHIHLDTh D,

TRNFXF BT Z RO & L TRRFIEX Yy XA EFEr I v v a v Rf X —A T T
DGR R 72 2 5HAEE . B, WF . BLE . BT — 7 VD R E NS5 D EERR T
AN TWAEOT, il 2 DR m%ﬁh 2T 715 OB REBR-CRGE O % & 1Rk 21X 0 T2
<, RO YRy NU—7 R L CTRIEEED T AT MEFEMEOFRC T ZITH U A
T RFEHT FIE O BFMRAEN ERIITITZ D, £ 2 T@b@”%mm£JX7%M%ﬁ®$&%%&%
BRIRAEZ . M ICT (REFIITIEZ AR T 2720 ED X HITHANLTH N2 EH L OAREE DI
Hﬁﬂfi%@%l&W&LT&@2@%MﬁLLf“éi5ﬁﬁ%@£mﬁ%%ﬁbfﬁ%%@@\
BNTR AR D EfifE R o577, 4 IITfEHR L S BOMEE RS,

2. AEEOEERE

AEFE X, VX —H T2 OFTA 9 2 EBER O 5 b CEHlgS, BBk, 258, . g,
TR — 7 VO WL E ORE RS LA N e BT - IR TR S TSR e O DUET fitiik %
FEBRxrg & LN A IZ DUET (238 0 H1L - ﬁ&ﬁm%%%ﬁ%@ﬁiﬁ [ ITEVV=, DUET 1%
4i/ﬁfiﬁbtﬁ4ﬁ/%i0He%ﬁ/%ﬁﬁﬁﬁ T RGN BB M O ThnE L ¢
H—7 sy NEICE v b LT Bom RS i &ALT%%ﬁﬁﬁwﬁ%ﬁM%t%ﬁﬁﬁ% 5 - WM T
BT 25 2 LI X0 RO RE I OREEM B O I SR E B O ER T 5 L O TH S, DUET
D FEBIEEAMRIIE B O - D DEZER 7 EBRA . A A LIRS, E RO 223, R =
B EER TSNS DT, 2hbOESHEIROHL - f=Ze, Muhih 2ty 252 —7 > M
REZERaDOOVE N ERHIL - &&@@ﬂﬁﬁﬁ%&@é AAFZETIE DUET (28 HiA A THRE
4 m\&h%@ﬁféﬁ%&bf\Aﬁ%%i % BRI GG S EZIGHT D 6 DML
&L BHMMMEK DT IV HT A 7RI X B ELEL ®mﬁ& WL Z YRR E Lz, A IZDW
T@DwTﬁ%%ﬁﬁiaTéMW%éiw B 1A L BEE 2T % 6 S>OMRHHEIZERE
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EC DUET 2L %A A MG S 7= 380N ek i ORI 72 BRBHRS & O BIMEIZF RIS < v & DR
zwm DUET Jifiz% COHIFEER T B |2 ié%@kL/DwTw%%%%ﬁ®2o®4ﬁymﬁ%®E
ZER T DOERE A AU HEZ T 2 EBRA A NV OEFRICEE R ZWEES 27 L2 L ER A

10 A 12-14 HIZ/)F TIT o 7=,

ZOEBERIT 11 A 29 HICBED 7 NV —T SETHHK LV BERINTZ, 2oL ERERIT
3RS, 11 A 29 HOZ N—T7 23 TIE MFM (2 X 2HfEfE o5 U o 7 OIS GO FLOW
(2 & 2 ENAEHEMERAT OB M, WAEEOFHEIZOWTHERORZREIT 72, T L TRER TR, F

%%%/ﬂzmmvﬁFD/HﬂAﬁ ik & 752 L C EREo A B O AT HENE & it L 7=, DUET Jifi

(e U C BRI O N EHMEL I 72 72 012~V F b 1 o D3 AT DGR LR RN 00 B 4578 5

T\_h_owfiﬁ$§#ﬁ1@@ﬁﬁ L Lz,

RT3 EAT T, TV A7 TEHRIZHS < R4 (risk-informed maintenance) AT T DHEICH D &

<, TZTHEAREZTREOREIZ LY FTHIREFEICBIT DY A7 EFERICESBREOREN

T 55 EmEZOFEOEMSE 2 4 &M L O L CHES SRS A 12 A 19 HIZHEmL7Z, =

DWFFTERFE S DFEF OB X 31T~ 5,

3. SEEOEEEMIEE

(1)DUET ftigk ~D w2 lr o 27 L& mH LR8N L7z 2 RZ2 L NIk~ 5

D2 2D A AL IEH (He 8 L OEKA A2 ) OEZER L 7 OBFITIXETTL L DA TR 4T
LRRFMIIT0H D, @SR D RRITE— % OF 24+ Tﬁ)lﬁéﬂ“(b\iﬁb‘ﬁ’a“(?ﬁ)é

QA A B & T 2 B A 2 A L OBPRIK L TIEm A2 27 A1 BALZWIIAT > T

IRV SRRy DR 2 BB 2 E = 2§ 5 2 L TREED $%%—b%ﬁ/74xfwmf%éo

(Z)Hﬂn}w :s@ﬁ‘éjjlﬁffi%

TR EOREFNREFEICBIT DY A7 FERICES REFBOTHHARNE TR T 5720, =% L

X TR r = v v g L(Ze)BF el b e, 12 A 19 A(H) Io4afn 4 4EFEE 1 |

WrgEiah s 2 B OLEBR Y FIa¥ ¥ /N2 5 F REESEE (NST)AR A T A o 25%) . Y HITE

% 2 24 OFERH Y . 25BN 10 4., MEB%ﬁmzs%a>n+35%nﬁmeto

i 1 Tl TRFHREFROLE - (REIZBIT DV 27 IHFHRIEHORR &L 5%IZOWT) L E LaEARD

OHH &K (BHRRFIETE ) A 7%t v # — RlFTR) 1L, KEOKRBRASHZIC LY X
I G AEAE T 2R R EFTOL RN EA~OI) AT DN TEE L TR EFLHE OB E DR

FIPEER ORI ML LB T RE ST,

%@2?@fﬁ%ﬁ%é&&?%:U?%@t@@&ﬁmmjb%bxﬁﬁwmm$mz&(ﬁﬁﬁ?

ZERHR T EWHEESR) 13, MEABZ DEBA~DORENICEERRT DV AT LDDHIC
ﬁk%” CHESS Al ZHEA LI X =2 U 7 A GBI FIEOME 2RI Sz,
FEARIZ Y > B4 N&R V0.13,No.1, 2023 (URL : http://symbionewsreport.jpn.org/)

4. fwmEESBOBRE

WK —8 T2 EET T A O R OB FEE XL IC B O FEilkZHio A7 A2 5E LT
(LW IS 2 in-situ IZ4 > T A U E=HTHZ LIErRER D k TR T 7=, — 7 A DB TEL
HWEIGHT D 6 DOBRHIEICOWTIEA Y TA v, AT7TA 0 EEHDTEDL I RENTET D
W%ﬁﬁ%ﬁ%%f%éo*ﬁ\éﬁgﬁimbﬁﬂokMHW%GOHDWhOwTiﬁ %D
BT OITIT BRI 225 S AT LA OBBEREERDOET U v 7 21TV, Sl O Al OB E OHER © i
LTE% ZWr-CEEERM D7D D7 VT Y X A ZUIIHER T D0 FRICEET HUNERDH D,

- 179 -



ZE2022B-42

RN A SEGBTOEBIETLTY XLOBSR
PEEFEE Y, JIE A%, KEERE? BER? MEdEs 3 PE—53
YCE) NokeavT

2B H P 2R - B LR
SHEB R L X —H TR SRR

1. ERLEW

A % EHT 57D UiAD 7T A~ O UiADIEEZHET 2 HERALETH DL, 0
FACIADMEREZ RO TWDH ERTERIX, FO7 7 XA~fEihE ShTnb o_mﬂm%@%ﬁm¢éi
T, JAIAT T X< /3T A—Z ORIECFEEV B O BLRI A RE IR, /XT A =2 OREIZIL, §HETS
—7 WR7a—7, ~A 7 vl KEEH s EORDRIER, FEEEREI OB X, m@ﬁ%7&&ﬂ

%, HEETIX, @l AT TELND 2 RIET — &%wﬁkﬁ%ﬁ013&EML\ﬁ@*@%

’/TFBFE) TR LT, (Bl ZNE COEBUBIIE L 7~ =2 T VDO \ZM}K . FhEH T
WV, BT, FEROBEFN/ ENTE WD, ABORBEMELZENMG S A2 B E TE R0,

Z 2T, ARHFIE Tiﬁﬁ%%EMéfké9Ekﬁm@ﬁ%§@@@?~&#%\%w%@%ﬁ@
BICH R, T 572007 LY XLADOFEZHIEL T\ 5,
2. Heliotron JIZBITAEED A 7 &H|

1 12 Heliotron J OYEH X Z R, BRI A T

@A5‘7¢hu/%)i 7= TN & 5#10.5 *??F
ICHD (T TV D, BT A T OBIILR [4--_]@{ S i
@@T%wtw4%—y774ﬂ— O~ \,
(4mmx4mm)75:fiﬁﬁ LT, SR ADDEEL, i |
=V RNIZEW TV 5, ﬁ‘ )

MRETX G & T HWIBITT 4 T Ay MREEBOB (WY

MINES 1077 X~ ZxtG: &3 %78, High Intense o VX3

Gas Puff B2 (HIGP) oL v b A ERO K% RN P

Rl Lic, THHERTIE, WA AT

v N EDLBEOKFEEL T T X~ WNIC B R : gy _

TS 12, A4 e TAMMACITam s Y ST R e e

MNETHD, FORERE R (XY,Z,0) 1%, BiSFHE O Nakasuga
R A B — RILi@H 100,000~420,000 A, code ot S5

% 51T 256X224~192x64 pixels T 5, i M

s LEmEITNS L e D, FHEOEHE T+ IT T T AVEEIZ L > TR S8, HIGP T

1% 80,000 #fgfb LA b & AV ITRRER E v,

3. fEMTFIE

BIED AT T — X OATIE, b o E DEGMENT TiEk L 70D, X 2 1IZHERDINT FIED K E 272
Zornd, MEDOHEG TRANEZE <,

BIZ R L7z DIz W@@&ﬁfi IR AT OET — X g & BT, @E ., AR
Td D %9 7‘:“&#’ Wr L7850 2, T ORRIHOT — X ZRiEl L TR <35, fl2iE, 74 7
Ay MREFHINEZ TWE S fik,%'\bnéﬂﬁf’aﬁ%@?»—&%%%i‘é (N2 7T FR) ZELEIW
T, BEIZALTI LTS, Ny 7T RORY FTHExH DL, AHEORRMTY (f]x

X, A S BOBE TIEAERH 1L 7 b—2L4) LD HER—HTH S, HL, XL v FAFERD X
5 WXLy NOBERENE 7 L—LATRELSBE L TWHLEEIT, BEIESZ L 2 ENHTL 5,
ZOREOHL E 7R D HE O L, RE DR BIRWELE EDONRAREEDbN S, il LT, X3
DIBRICAAE 9 AICHE Lo~ v b ASER COBEGUBEREREZRT,

—180—



ZE2022B-42

Ny 7 7T ReZELGIWEEZENG 7 7 A MRES 23 2120%, saEdht o3 o

o,

O | Hifr L 7§ Ik 7 — 2 ~DOZ M | (—HE 5 0 Tif 7 EIZAEHR)

@

HDR & BEIRRAT R & o Lol |/

@
®
@
©®| HREOHEBZ ST 5 [(HD S OERITFALA, Al OIFHD)
©®
@
®

MHPOBLE L ERHE 28T (BifE, B TOEEDFRITE )
Z ORI OFF IEEG ORTLE |5 RO HIFR7: &)
GO | (2 2B ASR O E{GALE)

BB Wy o e [ 20X, X3 TEM L7z suc 7 E & 9)
FEI O DR A B | (/) T IRIAE 2 V2 OB ER)
TEHEAE VS DONHER)

Ho &b B LI W OALE & FR B ONLE & ]k

©)
()

®

OB DT, DITED

O, #7 |

X2 EEb AT OEEBET —X OULEOF I

4. FEEELEBOBE

AEE TITo CWamEN A 7T — X DO
BT A2 B8 LT 272007 LT Y X4
FERR LT, 5%, MNVMEEDRENEILH
5H OO Z DTl nwE Bbhs, 7
LAY X LAFOE{ T a2 HENET 5790
(Z1Z, fE % ([ZPython T 7' /T LA EL LB
N D, {HL, PythoniZ7 A 77V —nE5E
THH, WO 7Tav A TR, 74
77V —&EHT 52 LI L0 ERIEAXNN
HHDEMRFTE D, B Sl1ER EDATR
RBEMEDOEF 72 EOMEIRMER I E B %L
Do
S%CUED XS 770 7T AERIEEN P

DERDD ZFEREIZVE—FTITO PE

3 SLIC(Single Linear Interactive Clustering)
ERA LA A—THH

(@) AV UF I, (b) A—s3—E 7 ¥/, (c) G R,
(d) 5%&H DA HH

T%é T, TR SMITH M T ORKROMERECEER S AL EORE TH L,
5. TRV AL BLC TRERERD R b

[%ﬁ%ﬁUx%]

S. Ohshima, et.al., Scientific Reports, "Three-dimensional dynamics of fluctuations appearing during pellet
ablation process around a pellet in a fusion plasma experiment”, DOI: 10.1038/s41598-022-18239-z

- 181 -



ZE2022B-43

Mechanical property evaluation of solid-state welded ODS alloys

Sumin Lee', Sanghoon Noh?*, Kiyohiro Yabuuchi?

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

1. Introduction

Oxide dispersion strengthened (ODS) alloy is the most promising candidate for a core structural material for
next-generation nuclear systems, because of its superior mechanical properties and irradiation resistance at high
temperatures. Finely dispersed nano-oxide particles with a high number density in the homogeneous grain
matrix are essential to achieve the superior mechanical properties. To fabricate various structural components,
some welding and joining methods have being carefully applied for ODS alloys between similar and/or
dissimilar materials. However, the strength of welds significantly deteriorated due to severe coarsening or
agglomeration of nano-oxide particles in the alloy matrix, when some fusion welding techniques were employed.
Therefore, a sound joining technique should be developed not to accompany with degradation of unique
microstructures on ODS alloys. Friction welding (FW) is one of the solid-state processes that does not create a
molten zone at the joining area, so the degradation of the featured microstructures may be avoided or minimized.
In this study, FW was employed to join between Fe-12Cr-1W ODS alloys and itself. The microstructural features
and mechanical properties on the joint region were investigated to evaluate the applicability of the FW on ODS
alloys.

2. Experimental procedure

The material used in this study was Fe-12Cr-1W ODS alloy. The FW was conducted using rod shaped
specimens with dimensions of 30 mm in length, 10 mm in a diameter. Various welding pressures were applied on
the rotating specimens during the FW process, 180, 240, and 300 MPa. The joints were mechanically wet ground
and polished. The grain morphology was observed by an optical microscopy. To investigate the mechanical
property differences between the base material (BM) and welded joints, the Vickers hardness and miniaturized
tensile tests were carried out.

3. Result and discussion

Two ODS alloy rod specimens were successfully friction welded under a pressure of 180, 240, and 300 MPa.
An optical micrograph of friction welded ODS alloy under 240 MPa on longitudinal cross section is shown in
Fig. 1. Three distinct zones can be clearly identified as the welded zone (WZ), mechanically deformed zone
(DMZ) and base metal (BM). The welded joint showed quite sound without any inclusion and micro-cracks. The
hardness variation usually reflects microstructural changes and a hardness line profile of friction welded ODS
alloy on the longitudinal cross-section was shown in Fig. 2. Interestingly, a similar hardness distribution was
exhibited through the weld joint under a welding pressure of 240 MPa.
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g. 2. Distribution of Vickers hardness on friction welded joint

Fig. 1. Optical micrograph of friction welded joint
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The result of tensile test on the joints and base metals was summarized in Fig. 3. Tensile strengths, YS and
UTS of friction welded joints were similar, in spite of increasing the welding pressures. Similar welding between
ODS and ODS alloy showed very poor elongation at elevated temp. Additional post welding heat treatment
should be applied to improve ductility at elevated temp. Fractures were occurred on a base metal, and this is
favorable for welding integrity. Intensive tensile tests on the welded joints at elevated temperatures are
undergoing, and it will be very useful to estimate the welding integrity on similar friction welding between ODS
alloys.

YsS s
1500 5UTS Room temp. " 500 650 °C [_|uUTs %0
B Te
1000 200
= =
S 800 20 & 20
< 5 5 %00 3
=) = e
5 600 = 3 =
z & £ 3
: R :
= 400 10°F = 10 £
5 z
o = 100
0 0 0 & 0
] > > a Y > >
® %@Q & Q@‘@ & %Q@ & @%‘8
%VX\- AS ']/b‘ ﬂ? Q;} N qP‘ %

Fig. 3. Tensile properties on friction welded joints

4. Summary

Microstructural observation and tensile test of similar friction welded Fe-12Cr-1W ODS alloy were
investigated to develop a potential joining technique for ODS alloys. Under various welding pressures, joints
represented sound joints. Favorable hardness distribution and tensile properties for similar joints were also
evaluated at room and elevated temperatures. More intensive tensile tests and PWHT effect on the welded joints
at elevated temperatures are undergoing.
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R R E#1E oD fiZ BA

KFMIY, BEER? XTy F Nv 7YY EEMETY FEKG
LI ZR) 1B
2T AN B AR I AR v & — R SR T
¥ VNU University of Science, Vietnam National University Hanoi
B R R OL F— B TR AT

1. TRLEW

NRFIAALTEF I V~ZEROT T, HE7 U7 R ER EO R TRAICEH ST
Do NF AL TEOFRFHAEFEREITK 400 5 KT, TEHEAEKROAEEREDK 45%% 55, FERS
TRV X —H TR O IR, & S OMFZE 7 )V — 713, B E D Bacillus JEMFE R T 2B A fFEHIIRS
L, ZThEANFALEICE 2D, EBRENEFR L, REMEEINDZ L EZHLNICLE, Yo
IZED ., NF AL D EORAAEEICNERZ R RXNV T —a X NEHT D2 L ICER -7,
Bacillus BIEI %2 /N T A4 TEICEBISE D Z LI KV AREN LRI 2R K, 7TAZ V0
FUOERBENMZ 50BN TS, THICLY ., EICE < EEOBESREENS LR35 2
ERH LN E R TS, D—J5, Bacillus BMEN T F AL T EOREZRESE D A =X A
IZOWTIEIA LN E 72> TR, ARBFFETIE. Bacillus JBANE N OFRERBR 21T 5 72 DI T2 N
FTAALTEOMTEEZERKT DI L2 BHR LT, AARENT/NT A A = B O A FESAT & e
THZEEE -OHBE Lz, £72. X AL T EDOIBME T, BATEMARESNL TSV L~V
IZBW TS, Bacillus BHIE T OFGERIC L 0 RN EH L, SREMEEIND D0 E 9 EI 50
WA EEHE _OEME LT,

2. 2RO EBILIMEHEOLE

AWFIETIE, BEBONF AL T EHRFAEZE NS A DOEAT D37 A 4 = EOHfT v & R
ITETH-T, LML, 2 THMOEEICLID, XN AL EOHZ EOEENEK L0, Bl
HPERATORWHIRNEMIICE XA, BRICHAZSNANT AL ZEOHT EIX, ERIROZDH
ICENED DAL T IR S N - B C— EMMFEET T2 0ERDH D, HE)IIRFZITZO
FRZCEABREE D72 N2 LD, MR)IIIRKFETHMEICNT AL ZEOMH T EEAT L Z L IXREETH
ST, Tz, BRENTAFT AL T EOMT B A EE L TWDLEELRLEZN, ATAREREZAZR
DIFHZ X TERN ST, £ T, 2022 FEITHHTE L TV [XXF XA B~ Bacillus J& i
FF OFGEERER) 22 L, LTOERZITO 2 LI L,

3. NF AL DREEEEKNT O
BRI OFBIEEZ D 2021 FEENSET L TWIEARAFT AL = EDhnG, (K& 30 g LLEOKRED

fEfh 2 8 U7z, & M2 i) 2 DERIHEARREIZINA L, T 0 A Z a6 L CHRAT % £ A 2k L7z,
DNERDNHERE L CE T 280 U s A58 272D T ORI Z 90k LT, EESI KA IS
UTo, PEJRAKEICIIME : M= 1:2 L7025 X9 ICAROMEEZ AN T, BB S W, 2022 FREHI M
D/AFAA = E1E 10 [HIPLEEIR (7] U= 3@ Eml el 7 C RIS O = B3 FERFICEI L TV D
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O TIEMER FEINEEI IR ARHE) 21T o728, R THHOINE AT — P CRAENIEF T LESTZ, T
ik, M MEDOAZRATEND 9 £ < W TREZREIINEIIE N2 00, IPEMNMELS ZH L CHRENE
WICHEE WD ENRKE EE 2 BT,

4. I V=D Bacillus BHIE T DOEEERER

7~ EHOEEEE 1 g2k LT5x 10° CFU @ Bacillus BMIEN %2 M Z2 TLIBE=%, #
T O EGFEEHIEEZET 5 2 L CHoERmIIAFEa—T 1 7 Lz, KK 3352mm, {AE 0.19g ®
N~ EOHTE 20 JBIZ 0.6 g DANFVRRIER S, a3 ha— L0 T OFHEEE LIZ7ET
DELAFIEZ fGEE LTz, D%, 4 B OEE 21T, HET ERRE T IC N TREFEZ LT
o7, FEBREEH D 28 HHIZIIANTFVATMEELE 2 e — Lk 2 1.1 g 3§ o%Ef L7z, B
THEOERRIT, NFLRRMETEI 2B L= 7 L~ B0 85%, = ko — LAlE & REE L7- 7 L
~ITEN100% CTH o7z, KEEEREIL, ANFOVRARMERZ/HBEE L7227 L~ EH 49.13 mm & 0.73
g. 2> hu— iRl L2 7 L~ B8 4997 mm & 08l g ThoT-, THHDMERL D, N
FTAA T ETHEINTZ L) BRAEKRED LA, EOREIZZ L~ B TIIBE I RN &0
Hnklrot,

LB SR

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

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

5. TE@XEKRIV AN BIXO TOERKY X M)

MFRXHERY X B
1) KM, B HER, Nguyen ThiVan Anh, HEHET, FERE“RTA MLy 7y =2 T OB
Pl AR L > OFEFE”, Science Journal of Kanagawa University, Vol. 33, 81-84, 2022, 1T

TAERFERY A T
1) Ohira T., Toyota K., Nguyen A.T.V., Takatsuka Y., Hara T. “Transcriptomic characterization of molt-inhibiting
hormones from the whiteleg shrimp Litopenaeus vannamei” The 13th International Symposium of Advanced
Energy Science, 2022 49 A 5-6 H, FAKFE, RAHX —
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BoFHEERZRAVWV-HRIERE VNV EFtsLO
SEHEERIE - DNA 7/ #EE E~DERF

NEFHSE Y, HSEE 2, BRI F O &ms®
LARIEE R R B I ER BR BB 0 S bt
2R L — B LA e
PN N2 e

NI T VT OIS EICB W TCEHEER&EE A2 H S
FtsZ 1%, el ECHEAE L TY v ZIROMER (Z-V
> 7)) &Y% (Figurela) . FtsZ i GTP DNk 4y i
D EEEO IR E (LS ER NS Z-U 7 DI
i &M D SW A FE T LB LN TS, S HIZ
Z-V o R E o THllap ZIC e 2 Ry
BENEA L L, MR HEIT T 5, Bedll Tk b
RMAAERZ R BRICET A b ERE ST
%h (Figurelband 1c), Z-V > 72T 5 FtsZ % > /37
HEGHEEOBN L A F 7 2 L ZOERAEEIZON
TIEARMEA RN Z N, & 2 CTHRA T FtsZ ¥ 378
HEEMEOBPFEB OB Z DX LT, 8B TR MEA
EREBET LT T E—Z NI ERIRNT D &
TRSZ &% v 37 BRSNS BB A 5 2 | 2 O
B E 52 DR ERE LT,

OO S 72D FtsZ #3278 % DNA F /1%
EIRA~DOEENT IR, & o X7 EESKROEERL %
X VMBI FTREIC 72 D, DNA fEERIL, 1 X
ENLIE A EREICBRE L7ZEE S 2525 2 LN AlRel
RO THD DT, OIS EZIFER L4 o3
JEEAEROHEEBIRED S L TCND, TDOT-HDUE
P LT, AWVWT WD FtsZ & VX7 BRI
DNA <> DNA [ZEffi L7253 LdRE T 5 FlE &M+
HNMEEL D, ZHETIS, FSZ (12T v & LI bHE
iz i L 72/ R, ACROES RO RS KDL T, £
LEANEEEZ G 25 2 Lo T\ D, FEEREIZS]
EHiE . DNA fEER~OREROZOIZ, ¥ /7B
BT EN Do PRRIND FtsZ # 3 7'E N K
S ~OALFAER & Fh L7z,
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1 Assembly of FtsZ

(I

l Constriction of Z-ring

(l}i)

Cell division
E': ° v? «®  » mS
L] L] L] L]
e o o ® e s o °®
(b) "O‘r"
GTP
O FEDRIIA
= ST oS
GTP hydrolysis

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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IHNETITMEIBIRM 2 & > R 7 EEMTIEARICIRY A TETRY, ¥ o RV EEAMEHESE
R T kS D WITHUASEAIE A BIERUCTE FH FTRE 72 & » /X7 B N R~ ONLE IR 7 2 RESEA
FiEEHE LTS (Figure 2), BARRIIZIZ, N RIsD 2507 IV EEE DA I VY )Y
VURIEREIT LT, 7Y AR SIICER T O FEMIETH D, ZOFECRY =Ty
FNOXRTF R DHVNIZ R TE~DT ¥ REEA 5l &HE< CUAAC FUGRIT K DHEREME >+ (B3 -
tAFr ARV F LY a—l) RCuT7 Y —TOt 2 X7 VBN L 2EH S FIRETH
HILEHEEIELTNWD, £TZ T, ZOFEEZHNTFSZ O N KuE~DOHEOFER %2 i L7-,

\ -
Q & TA4C <" ®

H T
HzN\)LN/kIr > N)WN\ e )
= HN .
rR'" O Phosphate buffer \/& o) = > i

(10 mM, pH 7.5) R, ©
Protein 37 C,16h Protein

with N-terminal modification

Figure 2. N-terminal modification of proteins using 1H-1,2,3-triazolecarbaldehyde (TA4C)

9, E. coli H3K FtsZ @ N K2 Strep ¥ 7 % fii& L7z Strep-FtsZ Zii#l L7=, Z @ FtsZ &fn 1%
BAN LT 2 —TKRIGH CAl Z W ERIA L7, KREFEEL L7 Strep-FtsZ % Strep # 7 O7 7 4 =7 4
717 Lzl L COREL L, SDS-PAGE (2 & 0 [FIE L7z, 58 DS & DMSO M L 7= N K
SEffistdE 2 37°CC 16 RS2, BRI
a4 PR 7 A ThRELE, &5
(2. fERGTE D Strep-FtsZ (2 LT, #tmHE
EfE Loy v oar s FrorT Iy
2L T 2RHOET D 2 EICE > T NR
Uil CHEOL AR R T AL, YA YR T A
Lo AE~T, AREMZHR Lz, &F
A% O Strep-FtsZ % GTP f77E IR\ T3k
EREOCIMEE TR LTI 2 A RSZ S
BEELZZ N7 74 N—RDOEED
BlEIZR) L 7= (Figure3) . Z D X 912 FtsZ
INARA T DR A WIETERRE & IR FF L 72k
RET. ALHEM AT Fik e Lz, AE
fifi FIE A IR L7236, Strep-FtsZ #& iK% Figure 3. Confocal microscopic images of Strep-FtsZ
DNA F / K ik~ e 2 B LT 2 assembly. Strep-FtsZ is labeled with AlexaFluore488.
BiETH D,
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h—RrzZa— b3V ZEBELEHEEER
BENHEHT /N1 ADERS

FAMIE Y, FAE—RR 2, JESE 2, R ?

'NPO JE NHEART S A 25 HEL AT JE AT
2R R X — B LR e AT

1. ¥208%

HIERIEREAL RS 1 D 72 6D DO 4 72 BV ML ACHFZE N BIE, HERMIBE CIThh T, EBRED£L
IR BRI EOYUE, Mr%%ﬁ%kLtt%ﬁ@ﬂﬁ@ﬂm&kﬁEIXW%—m®%
o x X —RAEFRIEHDLL L O TH D, SHFH A 1L, BIEHK A e B - eItk T3
F—DHlfIfEbnTWnWEL ) a XU — KTV RAHZT b@oéﬁm#%%7A4xFAU v
A AL — | OBRIEIZET LT,

2. NU—FARE—LIX

NU—B A A% — (powerdistar) & 1% 2012 FEICFIRFIZBWTHE SN 1 O X 5 R34 A
F—F Q~3EES) &V a KeyE 1 #2570 Trm#E S -2 0 OB SEE» 52 5
F T VAR THD, FH21E3-LED XU —F A 2 — (FERK2=v ) O—FITHD,

IB IL
- —_—
FALRE—
\ lIP
== P
al | « P C i Vc

A A Al

1 RNU—=H A XL —D IR BFH2 3-LED RXU—H A RZ—JKa=y F O]

3. WFEERE
BFNKRFIZBWTHBINTZZDOL S BNRY —F A ZAZ—[FHRTHDTOFR N7 AL Th
L. BRICBIT A TR LGERD b T oY A X HH TILHBE T ARAWERIIESC R A v F o 7
EZ R TT2DIC, ZHE THORPEOHERKR, B TOERERITE I TZ &#otoﬁﬁ
IR BN TH A A X —OBIEEZ ERIITERT H & & i %@ﬁ%i&ﬁ* WCHEH LT,
WERDNNAR—=FH KT P AZIIL TRV R E 72 F] "375>§?/1’7<57 ixbH D, FIUTKEERD —
Wi & LED (&N A 4 —K) BEO -1 R L 222\ TX—2 B afmg PNP %A A& —M +i
%Ht%o&wTN~XB&ﬁ%khWNﬁ4z& NEICENS Z . TH D, K 1I1EH%ED NPN
HA AR —=THO | AWFFETIEZ D NPN ¥ A AKX —% W TE & 2 8ET A A 8UELT-, 5H2
IR D= FE o SioKBEM S T 3-LED OfHEfE d 2B L TV 523, EEEOREIEE Tl d=0mm~
SMMBEETH DL, B d BN/NSNWEX A RAZ TSIV AV AREDLIIRAAL v TF U TEMEE— RN LR
. dZRBEHEICRETDHEV =T F I PR Z0EEE—FE 2%, dEOFEIZIT 0.01~0.1mm D
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FEREENESR SN D08, STk L TE LWL O TR0,

Fxl3FNKRETA—T AT THE L TELNARD S b T 7ok LED & i~ 7=
HARZ =T 7%V ZT, arty MERERE (50Hz, 60Hz) O/NT —&ERHLIRT 7 &L
THEZDMNE I DRI, ZTORR, T A7 by TEBRTIHREERMBIER E XA A =T 7 %
LCHIEHDOERE b7 AR HIUEX ACI00V OEFRMNEETE 5 Z L b7z, BHE 313k LED
Z S{HEH| X 5 X 8[Alfg & LI=Fkfa LED ¥ A AX =T 7 ThHV ., BEAZZOT T HW=
60Hz IESLIE AR DIFMRFIER S AT L TH LNV DANDBEF VIZETHESN TV DR DL 5,

sessee
ssees’

I

transformers DC constant
votage supply

HEA distar audio
~ 50/60 Hz sine wave amplifier
i generator

BHE 4 pHRABFEIEZLES 100V #D AC BEIRBIL A2 ED XA AKX —EIRERL AT L EZFOH DK

4, SHBOBEE

LEIOWFFENZBNTART —H f 2 —% AN TEHBERORMERNEWETCZ 52 L nbroT,
Fox b LTUIZOREEZEE 2. KEGEMNSA V=X 2 b ICEELREREEDEIR S AT
LD DOBRICAS BRI b ) TH D, £/ O =TI IR & W25 (BEEER) =40
RMEIROBBIZL Ty Lo P LI EB LTS,

5. WXFEXRY X b
Ken-ichiro Okamoto, Kensho Okamoto, Kazunori Morishita, Atsushi Okuno,”Development of Photoelectric
Conversion Transistor Consisting of High-power LED and Si Solar Cell”, 2022 International Conference on
Electronics Packaging, Invited Paper, May 11, 2022, Sapporo, ieeexplore.ieee,org/document/9795501.

6. ARV X b

(1) A —BR, [ AR AR TR, 80— A 2% —% F\\ 7= EV #ilffll & DCIAC Z5#a” 45 Fn 4 48
(2022 ) BRYFREERE (X T A ») iElHE 5 WEB11-C4, THifk 3-001,2022 4 3 A 23 H.

(2) MIAE —BR, AN IE, & FRE“NA HR—TF T A X OMEICET 28R — FT7 P&
2 SEENRL, 2022 0 B S R AT i s T R4, 23p-E307-9,3 H 23 H.

(3) Kensho Okamoto, Ken-ichiro Okamoto, Yuuki Hamasaki, Kazunori Morishita, "Development of New
Semiconductor Power Control Devices Aiming for Carbon Neutrality”, 2022 £ i# KFE e =3I v v
a VEBEY VR TY T L, TS ZE2022B-48, 2022 -9 H 5 H.

(4) TAE —BR, A E, A T AnEh, . BRI, =), a7 A A N KEEM L LED b5t
WANT — T DR 52023 RGBT R AR A AN T 2 8 S 7 15a-A401-2,3 A 15 H.
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BEBET7 TRAT—DHESETIVICE DS IR BN F
AP Y= G kD%

BB Y, TORKEE Y, hEsEE 2, B FE2

PREARR AR AT S B AR 2
2R L — B LA e

1. HEOERBITEN

X Ry ERIFAHEAER  (Protein-Protein Interactions ; PPIs)
ITAERNEREEICTRLS BIS5- L TR0, IR AEEEN TH ’ /i
B. TR E /25 PPIs YA MEEVFEHSEE & T g o

RNA aptamer

WBBEREL, PPIs HILETE 2T U MY RORE {;s\ 33
(BRI R = 2 R 3B 72, PPIs AR & L7z (Y

BISRITZ 5 ClEa v, AISREGR 2 092 = & S S aptimer Protein

TVDFED =L LTREIET 74~ — &2 F iR ‘mf‘ggﬁg"c?msp";:',',ds

ZIF B b, AFE invitro selection 1572 E A BRE 45 =
ETCHED/NSF A7 UV —= FiE & ik L CTERIIC
B o= NMeAWOBET 5 Z ENFAETH D, Lo LA
TSR IESCAERN TCOREEZ M EXE 57
DI i i & Z o N E L BT X~ —DAr
RREIE DAL LR Z X 7 A~DOFEEBAMEPME T Fig 1 AW OME, FHER & Bl LSS
D720, v— MMEEWDOERECIZFRMZE T2 Z ENRME 2 RNA 772 ~—%FH L Tea ks
RELTHETLND, AT D,
ZOXEIRIEFENSI LT RNA 77X~ —[FER) R

7 DOFECHEEE RO O SELRHEREZRHT D Z & T, BERRNSEE - T2 PPIs Ol
ALRETR /N FAL B OFTHRBIFICI D FLA TV D, RPIEILY 37 B EERIC LT e e/ R
DEUINTERAL VNHEATHRNAT X ~—% B L. RNAT 7 X ~—|ZERZ2 M2 5 Z L T,
RNA T 72 ~—LIEH) R AL U OFRATHEREANFT L, TOHEREZMAEARKE LT 077 DI ATT
52 ETlbAiEEEZENT 2 H1ETHD (Fig. 1), KRFIEIX, BT 7% ~— L/ g TAbEmoFR
EENT A DE S Z & TREFOFIEL Y BIEFICZM T OB RN FALEW ORGSR FIRETH 5,
S BIZARTFIEZ, PPIs ZBHET /Ny FALEWOERFIZHIEH TE . RIEFKDZL U PPIs T 5 F
MDY IZ72 5 Z &0 PPIs B OB BIZKIT 2 EIHRLIGH b IFTX 5,

2. WREERER

D RNA 7 7% <—[IgG ¥ L 737 G DFEA1E WO AT

F # 1% Proof of concept & LTt hefE 7 v~ U > G (Immunoglobulin G ; 19G) #AERy & L7=/Ny 1
YAy ROBIHICEY AT, KRFHZEIT 5 RNA 7 74 ~— [19G A RO#ET — 2 1 3& g
T =N LB Uiz, £TKBHEEOHEMEN 26 A~32ATHAHZ L EZFIH L, RNA 77 %
~— 119G OEARILAUIZE G- L TV A KRS EHEE Lz, TOME, RNA 77X ~—0 5 Kifi)
LTIWERDIZT 7 WNC 8 HERDY P NZBWTKERBANEHFIELTWND Z & TR
L7z,
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@ ANy F U T RO NS 1gG (x5 kA B T

WA T 2 13 BT 2RI L. RNA 7 72 ~— [ 190G BAEEROKEHAICEE L TWDH EE 2
HBNTND4FETZEINL, RNAT 7 ¥ ~v—LBERAEDLEDL I ENTE LNy TbEWmE T4 77
— EDBBRKE LT, I TALEMORBIZB N TE, UTD 2 805025 E LT,

*RNA 7 74 <~ — R DOZERIPIBELENFR UR 1 CTh D Z &,

- ER N FAL A D RFNEB L OFEA RNA 7 724~ =R LR LETHDHZ &,

RS EW TN AL E W E 2 TFREO/NWNG 1T A4 77 V= HERE LR R, 1 FE OGS

DT EWEGH Z P LTz (Fig. 2),

BB A NIARFIEL Lo THONTEM/ N AL EWE G L. 196 12T 54 T EAER O
BT 07 7 A NVORSEERBEEMN Y A N — (TC) ICL VI ~7z, AEBROFER, &
DN RONENIIEF I NS S HRBADO AN BII SN D RER L 7o 72 (Fig.3) . & 2 CTHERAI1IED
NI/ Ny AL BN BB ZE A L, HPLC Z Wit 2k A T 5,

ko B L] :

acml mcd ol ingectars
& &
. i

select 30 conformers: [PDB_SR7-01 « aby B0 B 180 MOS0 JSB M6 S5 L L 13 1%
Tima {min)

Fig. 2 AFEIC L > THRESN 196G U H  Fig. 3 1TC Z W22 1gG 1563 2 MREfE & Kl E Ot 5,
v RNy ARG,

3. £&9

AHFFEIL RNA 7 7 5~ —ER X 87 B OFEEREE T H % BICHER I L0 Hi/ Iy e aw
ZMXHTFEORELZ AN E LT\, AUFZEOMSTIZAIBREEN) & 425 2 L 238 L)oo 7= PPIs A4
L4252 ENTE, BFEOFEL Y QERE CERILZITY Z LN/ TE 5,

AW fimm77av~/me@#m%ﬁ% X @ E R EAb AR LT 5 2 & T Ige
U T RGN FALE DO BRI LT, L7 L ITC 2RI L TER/NS FLEW O 1gG 12kt
TOMEEEREZRE L THICE ZA, RIGBDRIEFITNSSFHI T2 2 M TERM oz, £ THL
RGN AL B O Rt 24TV, R D5HMIZITO 28 2F 2 TWnD

4. OEEKRJ R b

Katsuda, VY., Itsuki, Y., Nakata, E., and Morii, T. “Development of Design Methods for Leading Small Molecules
by RNA Aptamers”, The 13th International Symposium of Advanced Energy Science, 2022 4- 9 H 6 H. =##B
RFEFIRF ¥ o RA, RAF—FEK (A T4 V)
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BEEREERILFEEFE Y —ORSE

Mg —pkt, mESHE, B 2

L RN R TR R
2R R L X —H TSR SE T

1. =

BRILFENA A o — LS EMA G DE T ERIEFE A A o —3, RS D&E
RERREZ VT NAEA DZERTIHLWE A TORL Ao —E LTHEHIN TS, DNAX
RNA O7 7% ~—%, BEHEZ o x 7 F0R0 T IR RIISH & DR ) 2 Fi o5y + C. IR
ReHREINTEY, 7T E2~—5 AWV e —OREFHISH SN T\ 5, RIFE T, X
T E =LA LA ERICE N E R LT AN A o DB T o2 (K1),

Light : g&‘ Light
on off on off

l T ﬁ/ Apt arget // /

—L
o
[ 1 DNA A5 A Ao — DK, D7 LG LB T 7 % ~— OREEERIZIS U TRER >
TFINPENT D, #EiR RO DNA T 7% v —IZI3ISE S FMEMiS TR, 774 ~—0Dar 74 A—v
a VIREEIZS UCL WISELD TORENEDY  ERY 7T ANET 5, Rid, ¥ " 0EREAE L E &
WP RSN EERMBEDOE(LZRL TN,

fervrorry~—fsl (PS1) & _
22-mer MIRNA O FHAHECF (PS2) % F#> RNA-targeting DNA (PS1)
) - Al 5/ -X-AAAAGG-TTT-
DNA 0 SRIICERALD T & LTT 7 & CATCAGTCTGATAA-TTT-CCTTTT-C;-SH-3’
/wiF‘ (ND) &7 b 7%/ v (AQ) %, . .
FRBITF AL (SH) EAEHLE (K Thrombin-targeting DNA aptamer (PS2)

L A T 5/ -X-AAAAGG-TTT-

2) o SH %@}im £ Au-S fE B OBk TGGTTGGTGTGGTTGG-TTT-CCTTTT-C3-SH-3"
%238 U C, Au EMRFEHEIZ DNA O H ) -K

EREEE LT, AQ

NI
NI & AQ 13RI AR L T, DNA @ Oy OJ_,O% OG ON,\Vo%

BgEEL OB CETBBG LB L “ */L“
THEMIBERELRET D, EFBEOL ° ©

WX THELCLEEALEBEFRBEHT L 2 DNA 7T 7%~—t%—0fFl, DNA % tHHA <

LOUEBRNRAETALELZ NS, 340nm DT TEAAL IR (N) \ T F7F /> (AQ) TEML
DENB AR T2 = L CRAET 2 NE 7o SKRIBITIXBMADEEDT- SH FEAEA LT, THt

mEFtlL, #—7y bof (hpreyr ABAS MIRNA, - b= o BT E T S RIRRTH 5.
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B L UYRNA) DFEEITHE D 6 (@) (b)
TR DIE B 2L ZHE L, B 80
WS A A —E LTOME 20 DNA/
ne & aEAh L7z, 2 prenion e + Target RNA
210 < 40
2. RERLER a =
BSR4y F0 DNA 7 7 4 ~— ©o0 20
~DfEEZ CD HIEIZ LV FH~ 0
o hEYEYDNA 7T “"S00 300 400 -05 0.4 0.3
— (PS2) 1ZX LV /XIED Fma v Wavelength / nm Potential / V
B LAEA LT 4 EEMEE AR © @
KTAHZENHENTREY, £+ 1.0 1.0
AUTHfIG L= CD A7 kL P — w/o RNA Ere — w/o thrombin
BMEnE (M3a) . sy S —W/RNA. | F - w/thrombin
FOMILBLEREEE=s— 50O 508
4% DPV MBI LY, Bk 3 0.4 g 0.4
ifi> DNA & > % — 3 =45 7 0.2 502
(RNA) L#EAT5 2 LAVRS . * 4
iz (430) o 0 10 20 0 10 20
NI Z A4 5 DNA TEAi L 7= Time / sec Time / sec

R Z 340 Dt % RS
R nm D% AT 3 (@ horbvrT7FH~—0CD A7 ki, (b) AQ TEffi 7z

\/lﬂ'—‘:’\‘:t\‘/\‘K 3 \‘I
oL R :’f’;ﬁ{ﬁjim DNA ® DPV. (c, d) RNA & F o B ickt4 % PSL 5L TRPS2 (NI) O
7= (XM 3c, d) ., JEEMIE. R 340 nm e WA 0 e 58 T

T TéHDH RNA DIFEE T THY

ML, he B OFEFTHEAD Lz, ZOEMMEZCOENZ, ZERDF03FEE LIEBRICHR S
LT IHw—Day T g A= g CEICHERT D NI T O RS O 2L L B E TORBEDZ
BICERNT D EE2 6N,

3. fEim

ARFFETIL, S 12 E L7 DNA 7 7' X ~— % REEM LBz ERL L, 840 EHC X
STHREREALDZ L ER LI, BT /VERN S L LTHWEZmMRNA & ha e vicxt LT, &3t
L7 HIRZ DNA 7 72~ =67 5 2 & 2 otille, EXUbFHE LV R Lo, £, BRSO
ALKV NRBIRBENETHZEEPELMNI L, V77 2 hEALOBEDERN S FIGE &R
L. BMWEREZGT L Enmnolz, LLEORERNNG, DNA 7 7% ~— % KEER L 1o BT A
A& AW EBIRICET AL 2 o —DF AN RSN,
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NOEERRANOT VEBROBRRICHIEREN

S B, MEHEER Y, PR AR %2

LERE AN A RS T A T R
ZHAN KT L X — L TSR

(Mg 5 & BHY)

TroIyvya XX =V R T LAOEBUL, AEME O &2 "Iae 2R Y Mifil3- 5 Z & 2
HThoD, Bxrld, REGREDE T%éﬁ%ﬂﬂﬁ/mA%®A%ﬁn®t (2. Pseudomonassp. YL
koD L-2-~a @i ~m 7 kg% (L-DEXYL) OB 24T > T\ 5, L-DEXYL 1%, 2 D
[RFZNZ AT DN T LR R (2 Nafg) IR LT, $ET 5 2-8 Ra XU RIcEflm+ 5
T, 2NV DRENPRFRZOLES . LED 2 BRI )T % (Scheme 1), {RFHY72
m\Lzamm7mtﬁ/%szu%\m£m\XimJ@%/&mmﬂ@(M@&Rﬂt)@d)ﬁE
WHEOOW " aiEThd, —f, 7vEOON-T LA aliE (MFA, R=H, X=F) 2>\ TIL, ¥
FDOOWTZ  afigd 1/100 205 1/1000 LGSR TE RN ENHL ATV D

Enz—B:™\ |.|
H—o” H o ’
/
Asp1o—c \“\\}7 # A 10& /) \//1ng ————> A8p10—0\ + H0_<"'~///R
o HoOC - Asp C COOH o] COOH

Scheme 1. L-DEX YL 2MitEI- 2 i~ v 7 ALSOS O SOGHERE B IXER N O MR R, RIIKFE XX
VI VIZ N SEaN=R/aVE = -

ZIVETIZ, L-DEX YL OFERIEMILT A4 v 7 VERKERIZ L DAL A 4 v Ot &kl & CHIE
ENTEEHLOO, HOEEETIIREROFIICE ST 5 SOSAERY OREFGRHANR SN TE Y,
FOGHEDAR N B OTEMER K S L WMEAE M OFEEBFMEZRIE T 5 2 & Ak, 22T, Hii
T ERIZEZl (Isothermal Titration Calorimeter, ITC) % {# > CTHSMHE DKV MFA <° D-2-CPA @ L-DEX
YL ~OFEEHAENBHI TE 20 TIERWNEBZ 272, ITCIE, RE—E FTOFRFITHBNT 2D
THMHAEAEHAT 2 L XA L DISEEEENET 5, TODIC, fie/x— M F—NRNRAEIND &
XA CLAV 77 L ALY T LA EDOBOBREZEZ T IEOT-DIZ /L E — X — 2T
HENOEEZRTE LTS, (6> TITC ZFH L CRNEAERIET S Z & T, L-DEXYL & K& L7Zgwn
{bEY (D-2-CPA CHLEE, 7Y a— VIED L 9 7R IISAERM) OFEETERC, WEOEERI /T A —
2 (Kmy k) ZHEHTE D EWIFFSNTZ720, EBEICHEEITo T2,

ZOFER, 2017 5 2019 FEOFEF L LT, MFA & DOIGIZ DWW T, Single Injection Method
(SIM)iZ ié&mﬁ®777#6 FOSITHEIT T e 6N b ODOERYRENEE T E R b,
BEFFOfRYT Y 7 b Tl ket BIRETER DT, Fi2, L-DEX YL UG LAVWE S bR TS
DZGﬁfﬁﬁmﬁﬁ%mf%ﬁ#oho*ﬁ L-DEX YL OAFER 2 FE T 5 L-2-CPA X° MCA (2
;d‘ Lfli\ jtfﬁkﬁk c]: < ﬁTZD Km\ kcat1§7apf%tl_lujf%7t_o

2022 FEEN D ITHFEBTEWIC B E SN TV D MFA OEEFERSIC L 2 5 fREREICER L. L-DEX YL
X0 MFA %559 B HESI D3\ Burkholderia sp. FAL F13E D 7 )V A4 v fegfii N v 7 L AbEESE  (MFA-
DEX) @ Km. keat Z 5 H L. L-DEX YL &JEMSCEME pH, AR E OE 72 £ % g U CRER S MFA
%ﬁ4i<\%¢é%%%%%# ITAHZEEANE Lz, RO RIL. ALFACIER IR E
RFE—T v FEEREBRNEOL I L THRILS UM T200EZHLNIT D E L BIZ, BEFT
WL ERA T v BB DO REA ORISR D Z ERWFRE SN 5,
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(FFik)

ITC I Spectris #k x4 41 Malvern S350 MicroCal™ iTCog System % {1 L 72, MFA-DEX D¥EHI<
FEEEER (MFA), Ny 77— (0.1M 7' U 22Ny 77— pH9.5) OFBLIAFFEARET OFTEER (&
A FKEE) TiToTe, BIUGEDZ U XN E—FALE RO D120 SIM & | Kn, ka R T 57
@ Multi Injection Method (MIM)® 2 DD 5L THIE L7z, 30°C D&M T CHEFERLZL01M 71U ¥
YRy 77— (pH 95) & TV MZ AN, AUy 7 7 — 2R LT WEIRR ERE S ) UL
ANT, WEEZEFICHET 2 THE Lz, SIM TiE, 7.5 uM OB & 5 mM O IEEIRIK % |
MIM Ti% 60 nM OEEFEIEIR & 300 MM O SETRIRZMH L, $£72. 1 BIOEETMND bR OFEE T
I COWERH (spacing time) (2O Tik, SIM DA, 1000 sec THIZE L. MIM D4, 60 sec Tl
LT, TEIXSIM TIX 10 pl 2 3[E, MIM TiX 1.0 75 4.0 ul O E B EE Z L1251 TEEF 19
[4T > 7=, T—Z i, MEKICHBO Y 7 v =T AL,

(R - B

MFA-DEX |Z & % MFA Ot 7 » F#b, MK FRBOGIZEET 2 SIM BIEICIB VT, 3 B HIERSE T
RERBEDOEMITR<, L-DEX YL & MFA & OGS TR OV AR EF IR S o7 (K
la), ZOFEREY Kny kea ZHEHT D7D H T XL E—21t (AHypp) %-18799 pcal/mol & L
7oo IZ MIM JIEDOFER (K 1b) & SIM D515 HAVTE A e 225 pHI9.5, 30°CD5:AF: T MFA-DEX @
MFA 53 OG5 9% K, keat 1% 10.741.0 mM, 20.9+3.6 sec? (n=5)& 72 V) | A& T B AL 7= SCHkE
D Kn (5.1mM) L IZIEFRBEOE L I o7c, ZOMREZBERP S S L-DEXYL OFER (Kn 25 32+1.8
MM, ket 73 0.2240.034 sec? (n=3)) & BT 5 & K, ke & HIT MFA-DEX 575 L-DEX YL LV %
MFA 73R lZxt L CRmWEEEBAME L OSEE A L TWD Z EnH NI o T,

MFA-DEX TI3fiifEd 2 7 v (kA v EMAEMERT 27 X BFE#N 3 2% % Dlzxt L L-DEX YL
TIE 1O Z & MFA X L-DEX YL OARDOIE TH 5 L-2-CPA L 0 1/ & 7251 T L-DEX
YL OFEHEEALIC L > TN ESTEDL DT TH D Z EMRMHE D MFA TR 2 BOSPEDE W& AL H L
OTIHRWhEEZBNRD,

0.00100

T - VAa— f 0.00095 | A
0.00090 | -t —a .

- =
800 / 0.00085 »

6.00

10.00 -

0.00080 -| -
0.00075 - | 4
0.00070 [ 4
0.00065 | "
Data: AGInMMFAMI_R

0.00060 » Model: M2 Substrate Only
0.00055 W Chi*2/DoF = 8.585E-11

/ Keat, 23.0 017
0-00050 F/ Km, 109 +0.23
0.00045 + AH -1.888E4
0.00040
0.00035
0.00030 -| /
0.00 - 0.00025
0.00020 /

4.00

Hcal/sec
Rate (millimoles/I/sec)

2.00 -

0.00015
200+ T T T T T T 0.000104 T T T T T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 0 10 20 30 40 50

Time (min) [S] (mM)

= R
L] —— M2SubstrateOnly fit of A6 InMMFAmI_R

1. 7V A o FEeli T 7 AL ESE MFA-DEX & 7 LA a g pH 9.5 [281) % K& (a) Single Injection
Method, (b) Multi Injection Method DOJIERE R, FIRFEE A 1 U A —F =T BORET Y 7 b CRET L7
BERLTWVD,

(HEEFE Y A K)
Nakamura, T., Kozawa, T., Nakano, S., Nakata, E., and Morii, T. “Analysis of reaction mechanism of haloacid
dehagenase” , The 13" International Symposium of Advanced Energy Science, 2022 49 A 6 H, 4> 7 A >
RA B —FF
A EL EE RER, E OREL B F FRFEEN Y XA M) —2HWe T A a g ey
T =Bl KB e 7 ACS DREEFRE /ST A —Z ORM”, BALFES 5 103 FRFES, 2023 F
31 23 H, HAHARY:, HERER (TE)

- 199 -



ZE2022B-52
HEREYEEICES T 5MEYMBEEERETE
EMEREADIGHICET 2RENHE

EBF O, RATUE? B ERESS, Wi
R IEGBEE L % 7 SRR
2 SRR I B R A A B R
3ETH K L X —H TSR T

1. FREERBITCHEY

BAEDEFELHE ORI CEB I 2N 5B O =X L F—ficd (=X —FR) 1TEIZ O
KRThbd, FrZ, IWEREZMA THEELZE~NELS Z L= RVF—ERIZEB T 28K /N RIC
O THRIEARESERTED LEZ2 6N D, FEHEWITETFEFEDORE L 72505, EWN TOARE
HIIELS, ZLEWMAITEHS TV D, BRETIE, SO 1 >ThHLIHfF= T (EMN=0P
V) OIEEDTONTNDD, @R LW FERERDLZELEEOMED 1 D Thob, £, EM=r
DU OHEGT, WHEE TIZ 6 FLOHIBNLE L 2D, WIRPIZRAET LR EFERDINERICKE
R HEZ TS, BEH=r Y rotEnREE L, BABRGER (Erwinia sp.) . ¥t ERE R
(Phoma panacicola) . # 9 (Sclerotiniasp.) . BHCNIHE (Rosellinia necatrix) . 7% U 7 295 (Fusarium
solani) . HOEIAGIF GRIREAR) . #IFH GRRERH) Mo TWD A, fHWAE < wRE
OFEEPITRLITE 22V, Eo, WEMITIIHEESANE oA RE, EREE. U oM,
PUE) BAFIET 208, BEM=2 DT ED X5 IREMRNAE - &G L T D DOREMRFERE TP &
DITIITVRY, ZHILETIZ, EM=0 Y Off RO T ISR DMED 2 kit — 27 =
=% T, MR 2R AT 2 i L7, OSSR, B RO N ISR — DOIRIRE N AR T 5 2 &
DAL ESNTe, EHIT, BMN= P T EET DR 2 55 L1 T C & 2 Bk O 4Bt
B LT, Zauh ORERIE, M E OER & UEMIC L 2 T ORI E OGS, B3 H OHIRIC
DRND L ER LT, £ 2T, AIEFEBIE TR, BMN=0 P DV AR L DREE ORE & A7
TET DIRA DFRNT % 3 AT,

2. EBRMEB I OFHE

AR ENT © BN = O AT DB & ORI B OMEFER 72 ff BT O 7= DI AR o —
7 x % — (NGS) I K DT ZAT o7, WNVAEEE LB =0 P 8RR L | WU R (T L
7o WERED Y 7V DNA ZfhiH L7z, i L7 DNA X T4 7Y —fRfA~ ik L=, 9477 U —h
Hl|2 1% 2step tailed PCR #4574 AV, SKRIREMANT FICIX TS IR D 7T A ~—% ., #EMEAT A I21% 16S V4
HEL D 7T A ~— & BE L THW 2, NGS N I2IE MiSeq (Ilumina ) 2 v, 7T A ~—#El4ic—
H L7V — R 24T - 7=, RFEHEEIZIE. Greengene 7 — & ~_— A & O, FHFEIPEDS 97% 0L o BE
“C Operational taxonomic unit z {Eak L Cruli L7z, Feigsxige e LT, 2FAROEMN =2 Vv KU 1
ZRWTHNT L7 — % 2 v,

3. EBRAER

WAL — 7 = — (NGS) ZRWEINAREE LT-EMN =0 P OBAEYBEERE DR : 2=
VU DRSBTS AR E A RET A EOICEMN = P VAR L, YRR E
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BREOHMEE NGS ICL VA Lz, BMN=2 VUV OPREICIEMN =V ricFavkr=vr
THY T NFE G & 2T Fusarium solani °NASIR & 51 & 8L 27 Tulasnella JEXEHEN Tz, &6
WA L IRORIE 25| il 292 0 ST % Neonectria J&X® Paraphoma J& b S 4,
Fusarium solani |3IFE L OMRZIZHGE L CTHIEL Tz, —FH, DIVAREER LIEEMN =0T Tk, Kk
B ST, WV AEERIC K DHEMIRIRE OBREN R SN, £lo, INVAERLEEN =Y
NAFTET DML, 99.5%7% Proteobacteria FC& ¥ . Bradyrhizobium J& & Sphingomonas J&®D 2 J&)3
1F1E L. Sphingomonas JEDMEL LT =, Sphingomonas JBIFFECIRZICHFAEL TR, E=0
SNHEL TV EE BN,

# NGS % W= = v O/ REHERE TS DFEMT

(il TR LA A
Relative Relative Relative
Phylum Frequency(%) Phylum Frequency(%) Phylum Frequency(%)
Proteobacteria 62.1 Proteobacteria 68.6 Proteobacteria 99.5
Cyanobacteria 30.6 Actinobacteria 13.6 Actinobacteria 0.08
Actinobacteria 2.4 Cyanobacteria 10.1 Cyanobacteria 0.24
Bacteroidetes 1.5 Bacteroidetes 3.4 Bacteroidetes 0.04
Firmicutes 1.4 Planctomycetes 1.7 Firmicutes 0.05
Other 2.0 Other 2.6 Other 0.04
4. L

WEARE £ COARMIZETIX, BIN= 22 > OFi o OMR O MBERAEIE 2 MR HT U 7o A5 R, Fusarium solani
DIRRE & UTAET 2 2 EDRHA LT 0 INERDICREL 5 2 T D AN RS, £,
EM=2 P ONARELTTIROAEDBERANC L0 | HEIRIEE 2 #0H TE 2 Algett bR S v, 4.
HNVABEBIC LV MEDIRREZRE LEEN = U O AEESCHNERMBIZ L 2BFRIE. (ko
CO, eI ZEE (AR &) (TG e WEREEIAAL O L WIEHEMAREHE RN TE H 2 E X b
b, EN=r P OREMBITIEROBEEE~TLETE 2 L b2, Rkt B2 Bi% HiE (SDGs)
D I3 FNTONEELELE ], [12. 5< D EEDD D BRI 0113, [UERAENZ BRI 225 % )
ICHERCTE 2 EE 26D,

5.
AT LRI v v a RO X LA (ZE2022B-52) DIHEAE R THIT Lz, 2 ZICHE
SEHOTERTD

[FHEEZEFR Y A ]

Makoto Ueno, Masatoshi Ino, Shingo Matsumoto, Tomijiro Hara, Yumiko Takatsuka, “Developmental research
on microbial community structure analysis and biopest applications in medicinal plant cultivation”, The 13th
International Symposium of Advanced Energy Science ~ Beyond the Decade of Zero Emission Energy ~ 2022

9 H 6 H, WHEKT, RAHX—
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Small scale water purifier system for pesticides removal:
case study hill tribe at Chang Rai province, Thailand

Pannipha Dokmaingam®, Navadol Laosiripojana, Hideaki Ohgaki®

School of Health Science, Mae Fah Luang University, 333 Moo 1, Thasud, Muang, Chiang Rai 57100,
Thailand.
?The Joint Graduate School of Energy and Environment, King Mongkut’s University of Technology Thonburi
126 Prachauthit Rd, Bangmod, Tungkru, Bangkok 10140, Thailand.
3Institute of Advanced Energy, Kyoto University Uji, Kyoto 611-0011, Japan

1. Abstract

One of the popular herbicides in Thailand is paraquat that causing carcinogens in humans. The concentration of
paraquat in nature water should be lower than 0.5 mg/l. In this project, a pilot nano bubble generator will be
developed to remove the paraquat dichloride in the water. The concentration of paraquat dichloride is detected by
using the spectrophotometer. Even though the percentage of paraquat dichloride removal fluctuated, the total
paraquat dichloride removal is approximately 29.2%.

2. Rational/Problem Statement

In the north of Thailand, there are mainly agricultural areas. Some pesticides and herbicides are used and
contaminate the water sources, which are monitored by the Pollution Control Department. Natural Resources and
Environment Ministry The highest concentration of paraquat can be found in natural water sources for freshwater
at 0.5 milligrams per liter (Angsungnern, 2015). And the Food and Drug Administration, Ministry of Public Health,
has announced in the Government Gazette that the maximum concentration of paraquat is in the range of 0.005-2
mg per liter (Supatchaya Thani, 2022) and results in harm to human health. If exposure to chemicals in large
guantities and for a long time can cause carcinogenic ~ paraquat. Noted that Paraquat or bipyridyl herbicides,
the trade name "Gramoxone" (Gramoxone) is used to kill weeds and grass.

Certainly, water treatment technologies are the filtration method, such as membranes. In addition, filtration is
ineffective in handling small pollutants such as pesticides and other dissolved chemical resistances. The limitation
is solved by using low buoyancy bubble technology, as the micro bubbles slowly rise to the surface and spend a
long time in the water during a long period of residence. Bubble reactors require less operating energy and do not
require filter replacement. A pilot bubble reactor will be developed in this project. Analysis of the rate of pesticide
removal with synthetic water. The mixture was mixed, and a spectrophotometer was used as a technique to separate
the mixture. And the reactor can make bubbles uniformly to capture and treat them effectively. The knowledge
gained from the experiment can be used to study pesticide and herbicide removal that is useful for further small-
scale ozone nano bubbles technology development in the northern part of Thailand.

3. Methodology

In this project, paraquat dichloride (purity: 81.57% g/g) is used as the sample of herbicide contamination in the
water. The nano bubble reactor was operated at ¢ bar, volumetric flow rate 1 I/min. A spectrophotometer is used to
measure the paraquat dichloride concentration at difference of time after treat with nanobubble. The
spectrophotometer is operated at wavelength 396 nm. with pure distilled water as blank reference. The
spectrophotometer uses 0.2 % Na>S,04 in 4% NaOH to make paraquat dichloride in free radical and turn into a
blue solution (Pannipha Dokmaingam, 2019). The percentage removal of paraquat dichloride at equilibrium was
calculated by using Eq. 1 (Lakhdhar, 2016).

So=Ce % 100 Eq.1

%Remove =

Where
Co - the concentrations of pesticides at initial (mg/L).
C, - the concentrations of pesticides at final (mg/L).

0

Furthermore, some related parameters were detected by using pH meter and dissolved oxygen meter. Firstly, the
standard stock of paraquat dichloride was prepared by dissolving paraquat dichloride in distilled water, putting it
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in a volumetric flask (100 ml), and adjusting the volume with distilled water to 100 ml.
Nanobubbles are usually generated using the reactor. During operation, the gas was injected via the nozzle under
the controlled pressure into water through a specially designed nozzle with nanosized pores.

4. Results and Discussion
Firstly, the standard cures for paraquat dichloride concentration at wavelength 396 nm was shown at
Fig.1. After that the concentration of paraquat dichloride treated by using nanobubbles is measured and present

in Fig.2. Even though the percentage of paraquat dichloride removal fluctuated, the total paraquat dichloride
removal is approximately 29.2%.

average (ml) e Micro-Nano bubble + PQ. 10 PPM

s PPM

Average (ml)

Fig.1 Standard graph paraquat Spectrophotometer Fig. 2 Paraquat dichloride concentration treated by
the nano bubbles.

5. Lists of oral presentations

Pannipha DOKMAINGAM?, Hideaki OHGAKI?, Small scale water purifier system for pesticides removal: case
study hill tribe at Chang Rai province Thailand, International lecture, N/A, The 13th International Symposium of
Advanced Energy Science, September 5-7th, 2022, the Institute of Advanced Energy, Kyoto University and Joint
Usage/Research Center for Zero-Emission Energy Research, Online Poster.
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PRSI S A N— 2 EEMHREICE (T 5 RE T
~ 3 WNHEBRAZRAV - RRLHEINEEEDLR~

FREE S Y, dNEees 2, oD

LR BRANE R T TR
2 B R L — B TR JE T
ST RFA—T A ) _— 3

1. Hx
BERLG I  A S — 2B~ DO HFEF-FREHZ X D BVREROIK TIE &4 A N—F 2RO EIZ K E <
WL NIET, HKWIFEET 2013-2018 AEEICHEE SN2 PHENIX v ¥ =2 b, KOBIEETH
(2019-2024 ) @ FRONTIER m v =7 he | RBonz7v v =7 MAMNICEREZ HT 05
DD END, fEi TRV D Z &KL HHHRELL FICIET 5 DIC M BRI A K3 2 729,
Floy RICEDRBOMEZ I E 2, IRONTEFEICSEOERZ AN D LB 8 n | uhakbi
FIZ & 2 BE BRI 2 2RI SV TR BTV 5,

2. HIEEEE, KEOAHE (2020 £E E TORE)

HIE 1% LFA-467HT Hyper Flash ZVEXGHIESEE (NETZSCH Japan) (2 k> TiTo 7, ¥/ 707
WCED 7Ty alli b, ROV ANE 20 ps & D EREH TCTOMEVEZRTRE S L, S 512 NETZSCH
L H @ zoom optics FATIZ LV @2.8 mm OFFHDOIRIMRE JFEHNC 7 +— D A L THIERRETH 0 |
/NS RRBLCOWPENFBLATRE L 72 o7 (ERMED LFA-457 Tid /L ATE 330us [EE T, ¢ 10 F2HE
OFBHIEE SN-FR) . BILEHER 66mm?s DORIBS % o 7 25 kB OBEA . 730 AlE 20ps T
W2 X 0.31mm OFEE T JIS R1611, ASTM E1461 (ZHEHL L 7=HIENAJRETH 5,

BT AT U EOLEREEHIAFID 7 F v o 2 L ZAOBWRIY & A EARI D & O SRS B
RO F w7 BT 2 LB R H 5708, (ERREIERHLEIZERN L Wiy 7774 AT L
—TlE, 10um BRE DB A TR T 5720, JE SN 2 72 O 5N EE R, ERROBWIEER LY
H/NSVMEE 2D, Z D78, NETZSCH Japan 75BH%E L 7o) CHEWBIK CHIEZ FIREE 7567 7 7
=)L —hFby AT V—RRBERARTHD, ZILE TIATOIME T, F—OMEIND
I H L7e A OB DFBORIEIZ LY . 03X0.5mm ORELTH, ¢ 10X Imm & OFEAER) 7255k
FERIFEDEERD Z EEHER LTS [1],

LM L7285, FRONTIER 7'v ¥ =7 MIRT 5 2019 4EEEDOHFZEIZ LV 500°CLL_E D EIRIZAVT
HE LT T v a7 22049 BBHS 2> D ORI OBEIE 23 FT-5 oscillation BL4:73 . & 472 [2],
ZHUC R FELHEDEFEMENMET L, 900°CLL ETOMEIZNETH -7, FIRFFHICIZREE) -
TIRE CTHRRERHCIIEF ICHEH KRS 2o Tz, ALY 77 = A7 L—0@bEh
COICO; WA LRVWIERTH L Ta—T 4 I RkbhtE2bNZ, Z0H, FEKFOKF
BRFEVRIE & T D 12 DI T A REREEE GP-05/-Ar-Ar-02SW (Pureron Japan) 36 X OV ERE 7 L=
CRERTIE) % 2020 AEEEIEA LT,

X 512, D3TH( ¢ 3X0.5mm) &% T D10TH( ¢ 10X0.5mm) D#fi % > 7" A7 L kF (stress relieved thick plate,
ALMT.) Zxf LT, B DD ORI Z HF R TR D iATe Detective area %W ILOREL D ¢
28mm & L CHIEZAT T2, T ORER, ¢ 10 OFUEHE 300°CH> 5 1200°C £ TOHiPH T R4f72 SIN thod
SRAEBAD T LENHEREN. 63 OFEBHE 300°CORE AT SIN 23HE L . 900°C T oscillation 23 i & 407~
FABLOJE X 12[F U T, Detective area H[E U ToHh A DIZZ DOENE U HD1T, 3BHE ORISR E G
5% (zoom optics) & ¢ 3FREHVHOBENTH L TRBY ., FIMPDELEMET L TS LWV Z ENEX
bilc, 20O, KLIIRTIAETHEHAL TE7 Mo o ¢ 3FEHIEED 9 5| Rear aperture &
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Buffer ring Z BV FRX . Pre aperture & Specimen holder @ 7 CilJE %17~ 7= (Pre aperture (% NETZSCH
D LOHEHDOA Y U FNADIFRIZ~ T T 572 OICBUR TIINE) , £ORE., D3ITH OET
1, 300CH 5 BA4F7e SIN thA /R L, 1200°0CE TA Y L— a VA Lo Tz, Mkt i7eE 5 E0 -+
RSV TW DTN A RIZkT 25 SIN edf EL, AV b—va vzl &R kol l®
bbb,

AAEFE 1L, Bufferring 358 LT, Specimen holder #ME#% 10mm & L CARALE—DE S bz, K
N —BERPERFRT X —L L THEEET 2L 777 74 NUOIREZER (BF) Lz, ZDOR55H.
100°CTH 14372 SIN L TORENFRETH 722, TAEHEDOME TN DA RKE L, S HICHIR
TIXFHO oscillation ORFENFEA LTz, %EIZOWTHE, IiMBICHE D THRIE gain WAEE I TL
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1. Background and purpose

Tungsten (W) is a leading candidate plasma facing material for fusion reactor in which W will be exposed to
plasma and neutron simultaneously. It has been known that neutron irradiation defects distribute uniformly
throughout W. Namely, irradiation defects always exist in the plasma wall interaction (PWI1) processes in the steady
state operation of fusion reactor. The PWI leads to the formation of various structures, such as blisters, pinholes,
fuzz and tendrils, on W surface. These structures will further impact the tritium retention and sputtering behaviors
of W. This work aims to study the synergetic effects of irradiation defects and plasma on the modification of W
surface.

To date, the plasma induced surface modifications have been widely studied by using linear plasma devices.
Unlike to the plasma of linear plasma devices, the particle and heat flux impinged on W divertor are strongly non-
uniform. The distribution of plasma induced surface structures at the strike point and private region as well as the
irradiation defects effect have not been clarified in detail yet. Therefore, the un-irradiated W and pre-irradiated W
samples were exposed to the Large Helical Device (LHD) divertor plasma in LHD 23rd and 24th campaigns. The
W surface modifications after the plasma exposure were investigated.

2. Experiments

ITER grade W tiles purchased from A.L.M.T. Corp. are used in the plasma exposure experiments. The W sample
size is 28 mm in length, 6 mm in width and 1 mm in thickness. One side of the sample is mirror finished and used
as iron (Fe) ion irradiation and plasma facing surface in the following experiments. The Fe ions irradiation
experiments were conducted at Dual-Beam Facility for Energy Science and Technology (DUET). The Fe ion
irradiation temperature, energy and fluence are room temperature, 6.4 MeV, and 1.23x10 ions/cm?, respectively.
In the LHD 23rd and 24rd campaign, W samples with and without Fe irradiation were exposed to D, D/He, He
plasma by using the retractable material probe of 10.5 low port. The results for the D plasma exposed W are shown
in this achievement report. The shot number for D plasma exposure is #175416-#175426. The microstructures of
W samples were characterized by SEM and TEM.

3. Results and discussion

Fig. 1(a) shows the depth distribution of displacements per atom (dpa) calculated by Norgett—-Robinson—Torrens
(NRT) formula [1] and SRIM 2013 full damage cascades results. The displacement threshold energy of 90 eV is
used in the SRIM calculation. The cross-section microstructure of Fe ion irradiated W foil sample prepared by
focus ion beam (FIB) is shown in Fig (b). The W foil sample was purchased from Nilaco Corporation with
thickness 25 um. Fig. 1(c) and (d) are the under focus image and the over focus image for the red dot rectangle
position in Fig. 1(b). According to Fig. 1, voids are formed on the W surface which corresponding to the damage
level ~0.2 dpa.

(a)
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Fig. 1(a) The depth profile of dpa. (b) The cross-section TEM image for W foil sample. (c) Under focus TEM image.
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(d) Over focus TEM image.

The distribution of D plasma induced surface structures on ITER W are shown in Fig. 2. The origin of
coordinate is the left side of sample. The coordinates of surface morphology are given in the upper right corner
of SEM images. According to the energy dispersive X-ray spectroscopy (EDS) results, the black region at 21-
23 mm is the deposition dominant region which consists of the carbon and Fe. With decreasing the coordinate
value, erosion gradually dominate the PWI process. D plasma induced blisters are observed at 8 mm and 10
mm for both of un-irradiated W and pre-irradiated W. The blisters on the pre-irradiated W show larger size
and lower density than that on the un-irradiated W. For the pre-irradiated W, cracks appear on part of the
blister caps. As shown in Fig. 1, Fe ion irradiation leads to the formation of voids in W. It has been known
that voids are strong trapping sites for D [2]. The accumulation of D at voids leading to the formation of
blisters with larg size and low density. With the continuous accumulation of D, blisters crack after reaching a
critical D concentration.

The black dots are observed at the left edge region of un-irradiation W as shown in the SEM image with a
coordinate 2 mm. The EDS results for the black dot and its around region are shown in Fig. 3. The oxygen
single at black dot is lower than that at its around region. Although no boron peak is observed in Fig. 3(b)
because EDX has a relatively poor resolution to boron. The morphology for 2mm in Fig. 2(a) may associate
with the boron deposition. Because boron easily traps oxygen [3]. To further understand plasma induced
structures, the cross-section microstructure of the D plasma exposed W samples will be analyzed in the future.

z 3
2Zmm- - 8mm 10mm 16mm

2mm

16mm

_ wid of view : KeV =
Fig. 3. EDS results at 2 mm of the un-irradiated W.
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Abstract

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

1. Introduction

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

2. Experimental

12Cr ODS steel with nominal composition of Fe-12Cr-2W-0.3Ti-0.25Y 03 ( in wt%) were fabricated by powder
metallurgy. It was consolidated by hot extrusion at 1423 K, and hot forged at 1423 K. Then, it was annealed at
1373 K for 1 h, cold rolled with a thickness reduction of ~40% and finally annealed at 1323 K for 1 h with air
cooling. To obtain recrystallized microstructure for 12Cr ODS steel, the multi-directional cold rolling process and
corresponding heat treatment were performed. That is, about 3 mm thick specimens were prepared by cutting
through the original normal direction (ND)-transverse direction (TD) section from the as-fabricated plate. Then,
specimens were cold rolled on the original ND-TD section with a thickness reduction of 90%, getting final
thickness of about 0.3 mm. Specimens were then annealed at 1373 K for 3 h in a vacuum for recrystallization.

3 mm in diameter disks were punched out and mechanically ground by series of SiC abrasive papers. Then, they
were electropolished on one-side to remove the deformation surface layer by TenuPol-5 with 5 vol% perchloric
acid and acetic acid at room temperature. 6.4 MeV Fe®*" and 1 MeV He" irradiation experiments were conducted
for as-fabricated and recrystallized 12Cr ODS steel at 973 K using dual-ion beam irradiation experimental test
facility (DUET). The non-irradiated specimens were mounted on the same holder to experience the same heat
treatment with irradiated specimens during the irradiation experiments. After the irradiation experiments, nano-
indentation tests were performed on the irradiated surface up to a depth of 200 nm, and the load was parallel to
ion implantation direction. An average value was obtained by examining 90 points with a spacing of 20 um for
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each specimen.

3. Results

The cold rolled and recrystallized specimens were irradiated by 2.8 MeV Fe* ions at RT and 673 K up to 15
displacement per atom (dpa). As for cold rolled specimens, large plastic deformation inducing high density of
dislocations and fine grains can suppress the irradiation hardening. Regarding the recrystallized specimens, the
diameter of oxide particles was slightly decreased with increasing the nominal irradiation damage dose, which is
probably attributed to the ballistic collisions from irradiation damage cascades. Irradiation hardening of
recrystallized specimens was characterized after ion irradiation, and irradiation hardening estimated by barrier
hardening model from the contribution of dislocation loops was similar to the conversion from the hardness tests,
indicating that the hardening was ascribed to the formation of dislocation loops [1].

Fig. 1 shows the depth profile of the irradiation damage dose obtained from the stopping and range of ions in
matter (SRIM2008) calculation via 6.4 MeV Fe ion. In this study, regarding the as-fabricated and recrystallized
12Cr ODS steel, the irradiation damage dose at the damage peak position (~1.5 um) is about 10.5 dpa and the He
implantation is about 5800 appm at the depth of 600 nm [2]. TEM observations are undergoing to indicate the

microstructure evolution after dual ion beam irradiations.
12 T T T T T

10

Irradiation dose (dpa)
»

0 1 1 1 1 1
0.0 0.5 1.0 15 20 25 30
Depth from the surface (um)

Fig. 1 The irradiation damage as a function of depth based on SRIM calculation.
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Fig. 1 Measured and fitted diffusion profile for Fig. 2 D"t — ¢ plot for LAGP sample annealed at
LAGP annealed at 500°C for 20 min. 500°C for various diffusion times.
Radiography images are also represented in the
inset.
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Fig. 3 Arrhenius plot of tracer diffusion coefficients
measured in the temperature range between 300°C and
500°C.
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fEIE CRIFTRECH D Y,

H AR 8 -8R Rt hease  (Laboratory for Electron Beam Research and Application; LEBRA)
T, EFHEA~OWRELHEZE D, K& 400 nm~ 6 pm O#iPH T FEL M5 5bh 5, —J7, HHEK
Fr VX —BLT2AFEAT (Kyoto University: KU) T, R 3.4~ 24 um OFi T FEL 23§ 51
%o W FEL g Z LFEFIHT 5 Z L1k, HIRAMEFEK (3.0~30 um) D EERM R ORE5E
BRUICKHIS TE 2BENH 5, £z, HEEEMO PRI IR O FEL [ZTHEERRICR D0
T, EBOBRZOORGECEERERERE L R->T0D, £2T, BT L — 7 TiEHIRIMNRE
D FEL MM OABEMIC ED L) R a1 697y, Wilisk D FEL 2425 2 & T)
Fie 77 A8 TE OHEEZ FRAEIC, S THFZE L LC, BB CTOREMRIG O EIT> TE T,

A EIORFZE TIX TSR AW, FRIERDE G D> AJK{LEEZ T 5 Corynebacterium
matruchotti (C. matruchotti, ATCC: 14266°) % 3#iR L7z, C. matruchotti (3FEA LoD 77—
Iz B 5 corncob DRDESFOMETH Y, B 7 L0V OFEE F CHEKNICH KL
EED, WS ONOEIZEBWTHAIEINA RaXx v T R32 4 MERERD ET2HRENDH D F
Y Al C. matruchotii DIARTENEZ D B 72012, & F X RN EME TO AR EARE
DEFEFND L w BICERETo 7,

2. HiE

Corynebacterium matruchotti (C.m, ATCC : 14266) (3 Brain Haert Infusion (BHI) 0.5 %Yeast if%
IRESHIC THEFE L= b D % BHIH0.5%Yeast 2 K55 (plate) FICIERE L7-b oz HE Lz, 4l
%, BiEE TOMIEE TR Y, ¢8.0cm D plate TiX72 <, 24wellplate (¢2.0cm/well) EIiZHE
FEEIToTz, ZAUCT XY, XVEEDE W FEL BE %2 HIE L7z, #&FEL 7= plate % Fig. 1 (237,
24 well plate 1% FEL FREFIERTE THIR TICTERIFE L, MR ORER 26l L7z, EE#fE KU-FEL %
¥ 10.6 um, 9.6 um, 8.17um, 7.0um , 6.45um B L N5.75um T, lplate H729 1,5,10, B &
V20 ST L7, Wb =0 b X — BB IR A ST LT 4.0 mifem? IZ3E LIT o 72, X
FEILIA UBRERE T C FEL 23U SR W EPFTIC IR CRERE, BHE L7z, MRS, FEBREEds KOSk IREE
D Plate [F4 > FaX—vaF ¥ 3— B7C, 5%C0O) NIZTanrn=—ElNHERTEHE
THEELAIToTo, 2 v =— Bl A MER%E, ERBME NICXHBELITY, a2 Ix—va R
N L 2R L7e, 24 well plate LIZHRFE L 72 C. matruchotti % S 512 ¢ 8.0 cm @ plate (257 BlELS
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3.

4.

1),

2).
3).

4).

1).

1).

2).

e & BGERSR ICE N2 plate 2 BOICHERE L, Jofe & A U 4ff
TA U FaN— g Fp o "= ZTHEHE LT,

SBEREFE O plate 2251k, ML L7z a0 = —JBEE A EIRTEMK
Bl CHIZE L=, AR LIt v b (PG U —F St &
, BAR) 2HWCaKIE (VUi y v b)) 29 L, =
415 nm |2 TWIEEERIE 21T\, AKILOFT 21T~ 7, £/,
JHEEFE A O plate 251k, BEFEL7-MIE A2 CEINL, 1.5mL <
A 70T 2 —T KRR TREBE, BHHI2-80 CIlo THikEL,
SRR C TV — A R T Mk LT, 7V —XRT AL LT
i, 5%, =y 7 A EHTEE (XRD) I CTEAEN O i
R FHEE DA WE LT, £, BUNB 7 — ) BRIy
WSEEEEE (micro-FTIR) 12C, Cm OEKRDHEE L 2K LT,

72E, AHRZECHE A U 72 B 13 N GE I TR I R S A 4
BHHEIZBWTBSLL TH Y, HARKZERFHWFEE AL 4k

L T7F 4 — B REELTH S, Fig.l_C. matruchotti inoculation
into 24-well plates

FERBIOELE

ASEIDOMHTITAE T =X VX—FEL —Him<, BT ENAEEE o7z, HilRlE
TOWMETIE, AEIOWEE R CEEH T f L XF—EEMUO RN TN, ZORER, K
G BCIRIERNC X o Tl 2 v = — I REC I HIE A MR IS bR LT, Lo, Ao
FERTIIOWTNORE I E - BERICRBON T, HREEE K LE 2 e =—FRROE/bIcK
TREERDZ LIkt FATOERE CREEHIBEEE IR KT LT
oo TOFEE, TRAXF—EEOKIBRIEIC LD AREENRBIND, ZH DR EHMERD
R A E 2 T, FEL BBHR#% D XRD & FTIR IC L DT 20 | FEEICHT HE L =R L¥
—EKGFMEAE L VB S L TWVE T2V,

BE R

[ESEAFFEBHIEIE N A A7 IR JE PR e pkE: B e 1 L — 3 —34#& (08-01-03-15)
https://atomica.jaea.go.jp/data/detail/dat_detail _08-01-03-15.html (Accessed 2021-06-01)

AR AR AIRAEELS, B AHIE SFHERS, 28: 489-497, 1973

Ooi SW, Smillie AC, Kardos TB, et al.: Intracellular mineralization of Bacterionema matruchotii. Can. J.
Microbi, 27: 267-270, 1981

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

MFRASCRERY A M BIO TAEELRY X b 20T

[fm3CFER Y A R

TEFT A, JEMVIBER, BERAE, 2, KEEW, B)ISE, MBpwne, BHEF L —Fowe
578 COF)F—LEBRA-FEL-KU-FEL TOMFFEDH—: L —H NI T8, 29 %% 3 51 166-171, 2022.
[FEA%EER Y A F]

T. Kono, T. Sakae, H. Okada, Y. Hayakawa, T. Sakai, H. Zen, T. Kii, H. Ohgaki., Carbon dioxide gas fixation
by laser irradiation response to calculus forming bacteria, FUESKZ: 2 12 [Al= R L —E T2 52
EES AR A 202249 A 57 H, A7 1 B

ERT SERE, WEr R, 55 RGE, BI &, 4 iR, ERE EHL L B, Pl A E, B g,
K G, F)INARSE, 2000 BB, B w2, BRE L —F—BREIC K2 Ko AK L
DAL, 5 127 |8l H AR it es - REFPNES 2022 43 A 27-29 A, KRBT, o7
A B
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KU-FELIZCK A7 XA AH) H=FEMSD
HEBHORBT—2 : EOVRGEEBVED

RSO, A WitR?, RJNARSL Y, B RGE Y, AT Y RCHRRNE 2, KIEZEE] 2
PHARSE R R ERT e AT
2R L X — B L e

1. IZC®HIT

AR L X — B TR O 7R 4R B - #E - L —% — (Infrared-Free Electron Laser: IR-FEL)
I, HARAMRFEIR (Mid-IR:3~30um &9 %) OFEEW EMHEE (3.4~28um) ZRIETZ5EmH T -
i B L 2 W O Rt rl 8RBT R 2 A L, S ESE R H Ol e L TR ST
WHE i AR ETFREENISEFTO FEL (LEBRA-FEL) 1%, il 2iEM+ 52 Lok v a#l
P PARAMVERESE (~6um) ZFRIET HE, 2 fEsE A LFEFIHAT S 2 &Ik, ARSI - PARIMR
RN 2 R D R R AN FTREIC 72 5, WX I HARIMIRIE & 4~6 um ZRIRATRE /R R 5
ftizk ® FEL Z M L COERER & REEFEBRMAATREEL 72 0 | R BN Rz Th 51,

FL72 BT TMIR-FEL 23 EMOAEBRIERIC E D K 5 B LR 30 7 AV AV I T =DWFEEHRE -
IR 2 BEROR BT FEL RURFEBRZEH L T\ 5, TOFEER., 7 AV Y T=0fTaE - HIRIE,
SRAMERBEIR 2> & R ARAMRBEIR D B R AR E T D 2 & DS BT T o 72, SRR DY B RN S
THBERIIHLWRRTH D, ZORICOAEMTFHIERZRD 72 DICHEEERK (Electroretinograms :
ERGs) ZfiftrL7z& 2 A, ERGs (X 2 M2 0 . THWEIS EEBWEIG] IZXBITE D, DT,
BOGSDEW FHIE R AR D HATHERRE LT, MREE L AFEED 2 FIZED ZNENDRIED Spectral
Sensitivity (A max) % [FlE 9 5 KU-FEL PR FEBR A 50 L7« #5RIE 12— 14 pm GHWER) . 10—12
um GEWE) EfeE L7209, FREC, Y T =@IRITPRIMRIBENC UG T 2 F5E (EWFNEE
IIRFETHDLLDOD) ZMEIET D Z LN TE 2, LUTIZEWS O Spectral Sensitivity (Amax) % #is
L72Wy, 7235, WG @ Spectral Sensitivity (Amax) OREEFMEERE R H L (2021C-11) LT\ 5,

2. VY H=fB~? KU-FEL (IR-FEL) MB§3EE : EBWOKE] @ A max DFFE

1A L3 1A K ONX 1B & 3 1B (2 Wi 0 Spectral Sensitivity OIERE 42 /8 L7z« RiRMR &
WU SN2 Z LD WER (T4 —7 R OFEIRE S /NT —0.25 md, 1.5 Hz, /10 BEHE T 5 &
BRICIGE U TRABB R DERDGE OIS (RFE AL 15), K 1A LR IAIZZTNZENOHREEIZ

60 (ms0-100 | # 1A BAKEDOE & @ PIRIMEREHI RO
=100-2000  fEKOEIRZEN TS
50 | | 2000 - 300
% 300 - 400 01;]2; Range, uV
g | . 0-100 o0 o0 a0 >*® odsgy
® 10 FEL4 0 0 1 0 0 1
.§ FEL6 0 3 0 0 0 3
E 20 FELS 7 20 7 3 0 37
FEL 10 14 32 3 0 0 49
it | | | FEL12 4 19 20 2 1 46
. | FEL 14 1 2 0 0 0 3
. L LA . 1l II | g+ & &£ & % B
A 2 FEL4 FELS& FELS® FEL10 FEL12 FEL 14 FEL16 FEL 18 FEL 18 4 0 0 0 0
B 1A FIRIMRIREH I AR OB AR & D I AE (Sum) %5 7 —FIZXKA3F LT
Amax, 10 (>12) um AP EMA %R, R,
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XL TH U7 NE (N=8) OFEBRFERTHD : T4 —7EED Amax 1L 10 pm (>12um) &e-o7z,
—. FRINRRE (ST — 025 m)) ZRRERIE A OMEE RRERFE A EIK) OBEIRICIRG T —
(1.0 md) OAtIEFE Uk THRIFET 5 & HARIMRBEI O R 120 U THEIRO A max 1X 12 pm (510 pm)
Llpo7e (M1B &3 1B), > T, Amax [FE 10—12 um Z5EIC L C, T A — 7 {EARITE 3 KM
o~ RERYE A EAR T R RN L max (T TRBEIT 5 Z LR I, 2D 2 &5 b RN IR
(%%&% FI : 4—18 um) (KL CH Y A =D EIRIZ 10— 12 um ([ZHR < ST 25 Z & DVRIBR ST
Wb, 2B, YiLEBRZ IS ) U= EIRS R ARIMRR S %35 “IE” (adaptation) ZRE
Too ZDTHIEWE D Spectral Sensitivity 2 I E T 2 HIEITHWIEDZIL E1TRLR D GRWVSD
L max HITE AT 2021C-11 OB ES M) B OREEPERL TWD, £7o, EHIRY Ik

L L CEBRBROGEREEZEHO TV D,
1B FEAKHDFE & RIRIMIRIRUR & BRI

35 |50 - 100
o OIEROBIRZE T2
= 100 - 200
30 - !
) 200 - 300 1.0 mJ Range, iV
2 a5 i ' 100- 200— 300- S
& 25 2 " Sum
£ WA400 < 50-100° 500 300 400 T4 LOmJ
% 20 msum FEL4 4 4 4 0 0 12
5 FEL6 1 2 0 0 0 3
< 15
E FELS 0 3 1 1 0 5
“ 10 , FEL10 2 21 2 0 0 23
| FEL12 3 20 8 2 0 33
5 I - J ! - FEL14 4 8 1 0 0 13
. FEL16 3 10 3 0 0 16
R 100 1A 1P 18 A I I
B 1[I~1 Fllf FELS FEL10 FEL12 FEL 14 FEL 16 FEL 18 FEL 18 3 1 0 0 0 4
[ 1B H AR AR RS L TR BR 5 o DR AR AR > & D WIS E (Sum) %25 7 A —FICTXA3F LT
Amax, 12 (>10) um 2SR A E 7T, LT,
3. BEEW
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TARAX =BT 1BEIERR S AR U w A, 202249 H6H, RUATRY: (RA X —3K) .

3) REICKR, &ffe. BN, /MAIRESRF, RIS, HRE, B E&F HoERa. R,
KEHY],  “TAYBPY T =EIRA~O PRI F25 - G ENE”, B AREMW 725 93 1]

2, 202249 H 8 H, RAGHKY.
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EREIRILF—REREOMZITED SRR - T4
T3 XX DY - HE] (ST S0 BEHARKLDOHFE

FEARTRE 12, A — R 2
VR EBE T LSRRI « JERTY - T T T X B = v |
2ETER R SR L — T SRR

BREEMEE : ARRIT. P - 2 ¥ — U — R & LTIRIEW T 7 A~ ifgeziBsk4 2 [IERVE - I
Wi 7T A= B2 =y b N, Pr I vy a o g X — A% POIciE 2z TR 2L
X— e Rl ) AHEET 2 YIS OB E TR ML AE TR AT, WD 7T X< iF5t % JEB
T 52 & & BHC, BB OENIADOFMZENEN ORI A W - i D5 o ik
A2 EEME LT D, REEIT, G 77 A~ il LULE T - 77 X~ BtV T
FICE S % B, BT OMFZERFIZ O\ C ORI & B R AT o7, S 2 4FE (GF 1—7 [|) -
ST 3EE (B -8—22[1) Ik T, AEE L2327 DI F—& ., EHEMEES 1 EOE 6 EOD
26 (A 318554, a1 - FEE 3 BI394) #FEhE, 4294 ANEmIcSn L7z,

1) Bl G 77 X~ i AR T, iR G 7 7 X~12817% ECE (B A 7abha i) FHllo it
SAIMER T D Hyeon Park Z#%(CKIE PPPL %%, ##[E UNIST #d%. #[E KFE(Korea Institute of Fusion
Energy)|Z BT DM~ 7 EBREZRT) 25 4 4 4 HIZHRTE, REEREZHEA T/ NIFEOF7E4E 2 (Joint
International Open Discussion Seminar) % ¥l - ONLINE fJf H CBHfEL7=, 7 H& 10 HIZ&F 3 mloEIF—
ZFENi L7z (zoom (ZEDA T A BAME) o &7 B 7 H AT AE 58 bR Fe A
(QST) - FEPUEAT LS HFZE B L0 TR & R EBLZ T 7o N~ 78 75X
~ W B TE DB EIE (7 H), QST BEREIF S AT LFFE S V—7 D
AREM GL K0 ITEZRE AR OB ET O BUR &3 G/ 3T A—Z 2D T
(10 A)YDZATVTIFEH 2, [RITL< 10 H1Z, Al QST =) /L 3 —#f
P& DO B — SCEEL P B BT 2 5 (G W e 38 ) 240 & T
G EL B LA ER R IR O — D ORML E 22— | DX AL T, £ = —
S BASE DR AFRIT SNDLEBIC, MM E T EBITIREHEECODHEYS g1 .4 pak Bk 2R BORT
PACIAD J7 A M~ 74618 12 BT 5B DN TLE 2 — W e lZune, (ONLINE #£F8)

2) REF - £ TS X< 4EE : QST BAVE LRI FEHFIEFT O 2 AP REFI 3 B X0 TR A E(RY Y 75
74 DFERUIZED BUV HJEDO T T X~ 53, MR R0 57 (6 A). Bt & B At 7E i O R s
WHRIV 7T A~ =B AEROI7a/eflimor 3o —ay (T AN TV, &
72.7-9H B 7 A), =a3T7 R a~ L= ARE (R—TF) XD Lukasz Syrocki 1452 B 233K B - IFES
Tz (B2 ARFGERE AR H KRR Bh 280 o Lukasz FOIT R 120 67 FrICEZ :

G~ T X~ O E D fE O R RO BFMFE (Big 2= —ay) Th
HZEND, ZOEREAWT 9 AIZT IRV R FREOET VLIZBI T2
g s | A BIHIBR M L7 (R FRF v /3 R) , RS Tk, QST & 14
iy - PR & AR B P U T O R TE SE 4R L JEAR AL SE T O
OEEsE IR 2R | R EAT A B B T Y 2= M EEIR OBGTE - : .
THAERRNT, TIR~YD X BEHAD LRI OR TR AL g X Lukasz Syrocki
IRV R CIE R R A RS, FRADEROKT .

1175 : 5y WO S B BRRE O AT TR HE 221/ S 7 S e 6 B8 L5 25  R BET I B R S B0 1)1 7
%EEBHIZ, ONLINE B ELITD B VR RN END, S5O B EEEDET L — L7055,

SCHK:  http://plasma-fusion.energy.kyoto-u.ac.jp/UNIT/index.html 2020 - 2021 4F 7T X~ 2= 5

' B
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FACAHEISRAZFALEFE IS XA VEREROKE
KB, it = 2

A e I
VRl R SA L & — B T AR 4 T

1. AFFEESDER

AR, =X —B TR OER Y 7 X~ FEHREE T, A UIADBEHICHELEO~ A 7 1
Wa AT 5L MeV 22 5@EEEFNERIND Z ERNboT2[1,2], ZOHGOMRE LT~ A
7 OBEBRLEESEOMBEERC L DMEHINENEE S ND, HEtEITFEH - RIKT 7 A~iCB
T OB MEDOET L E LTEZLILTNDN, FERET T XA~ TOBEEFER L L CEEmmEL —
P —MRENC X 2 @A b 7 (L —H— k) OWFFERED 5TV 5D,

AT, [FERET I A~ZFMA LEFH T 7 A<l 2 FHE LV —2 a7 - ik
LB L, MG CIADEME T 7 A~ %2FH LIEFHE Y 7 A~ B 0 FZEREFHEICE U Tt
L. BTLWBHERBABR T 5 2 L 2 BiE T, REEIL, BomdEs Hfs L <. L—F—ngEn i &
DI—rvay? (BMAHESH), FRCBT LAV FA XKty ray (G441 1H), F
H - BB L O AR S (B4 1 2H). BROWRESORE (543 H) 2179,

2. V—rva vy 7O

EREHHINMEI =T —7 v a v 7ESMAES A 25 HIZA Y T A > CTHME L7z (LS : = 45F) |
R L IRE . (1) B R OYEHETR (RIRKY: - L—F—R2t 980T 2MTo72, S#FIE1
04 TH o7z, MDD CIADKMAICBIT 2FFHIEBESR, SHNLEFL—F—T T X~
BT DFFHIERBIR BB S, e (T o7, NE v 7 Lo TV ARMEIIEORE TH D, &
I D AR FIVIERRICEE L R A RBENEDORIZHL00NEmSN, Y alb—var - E
BCEDXIITHLNIT HREDDEE LA DA,

3. B2TRBIFIAF—HFTA X Ry a0

F38METT A~ - HiflaHs (41 1H22~25H) ZBWTA—HTFTA ARy T3
v THRE ST Rv - TS T R v g ) AL, R 2 I, NERE 1 2 M Rk
L7,

4. FH - BXEIH L OFRIBE OB

T S PE CBLI S AL 2 B AKJE B (ULF) R BhI L, R BB RS 7 O faf R -l ik | B2 C B LT 0 |
a7 7 A<IZBWTH BRI A AER & L CHamangy, BAE ULF iEh s EBR=77 X
~WFFEDIGEMATH A BTAET 2 H 2 8 HICAA 7Y v R TR L7z (L« BataR2arZem)

5. PrxIvi g U IFRESORE

KIL-FHAIBEOBBEZRIR LT, Yoo vy a VIFEESZS5MAE3I A1 6 HICITH, 4
A DL TR CIADBRGEUN 2RI LToFH 7T A BHEEBROBRE) L L 7Y v B (R B
BERHERTIERT) 12 TIT 5

6. BEMR - REHRE
[1] 7K, fh, F5152EHERB RS - HIBREE E
&

o ke, 2022/11/3-7, FEALE T, S001-27
[2] /AR, M, E5152RIHIBRERGA « HIERER B2 s

,2022/11/3-7, FAFERTH, S001-01 (FREF#THE)

AN
NNy
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A—ARo=Za—FISNIZTAIITTOERI RILT—FZ2D
INT Yy FH M) —FiES)
FHINEEF !, AR T2

VRIS A E R (TR KRR R L X — R E R
2 FUER RS L X — B T 2R

1. IXC®IZ

Jed e FL X —RRIFIE I, RRT R VX —H T2 e I v v a VAFFEILAIC W THRY
MENTVWDEEOFARET R ALX— LA IE D T T /RE & REH 1 7 LV ETf,
KETZFVF—, FHBEREFErTI vy a VIZERT 223X —, EOIIEBEDLAEBREIOHE
HAMEEO S EZ S AL e, HERIRRE(L 2513 512013 2050 T RS E2EKN T —R =«
— RhZ/0 (CN) ZEMRLRTIER LRV E S, Eex=I vl a rOEBUINEFHO T2 OIZEH
2o TE -, BuxI vya oy X —0RIKE BIET i 1L X —RH 2o 2088 121X,
H 5 OMFFEDFRIE, KEDIHE~DRME L ORKRDOEKD LTS ~DIE LW EIik O RS E ),
TbBRT U v 7T RN —FIEHBRD D, HKFIRF ¥ o3 RAE = 3L X — B T8
At BSARgeRET, AAAFE MR, KPR LA ERE, =X —R PR, B 7ER S o Jelii— =
VX —BEAREIZ B DWFSEE 232 < BT 5 FEBRIF ST (i d K ORIk 2 7 A O A 72 i R 2
W EZA L TWDHDT, £ ZOEMBIEE N A ERESEHRXAZEH LT, &t~ CON 12H
FJTOIELWHESEZEDO IO DTN X —RFrO T Y v 770 b —FiE# a1k 3 25 2 &
IIHFGEE DR EBRO B b S D,

FFFEAEE &G AL, 2 0 FIERE I O FRG ISR T 5 72 D R TFIR T ¥ o /SR Oz g & i it 5%
ERAWCTEEBIMEZHIRL, T2 T4 o SMEHEC Lo A 7 U » RIERO ZOOM GEiES %, Al
EmHICENEN L BT OBME LT,

77 ) —FIEEN ORI G L LTHIC ON EBUCE T 5 REFERD LT —~ 2 R0 L7,

2. WRER 2 B0 EREROBIE

() FF4HFESH 11 B OK) IQIEE 1BV EABES R RKEFIRY v VAR RREETIEY
X R ARRE B HW401 K ONA > T A Vi) THEM L7z, Z OEHES TIE NS A~ A, KE,
KhtEotezIvvay - xAT7 47 vy a NS4 /) _R—v a VoAl E T —~
\ZIRD 3 ODFEEEAT o T, O3 A~ A EPE L ERE =%V X—IZ X 5 CO, EET AT LDBR%E (V1
P2 KR EHRZ) . QKB XV FX—HINEZRA LI —R VA 7V 27 A0S (HEHKE
BLIR KA EHIR) . @FHKGLRED FEFEFER (IR EF KBTI ER) . MEHSIZIIS%
2N 18 4, WEB &1 45 4 CTHEF63 DS o7,

Q) FF449 H 30 HE)IZIFFHE 2R EAREESZHE 1 BFERSETEBR L, Lo FIE%
KEHBOR2 O, EYLT 5 an a7 0w 7 74 HRIGICHE S RN 3L X —&
PR IRILOTEN LT, DRETIIASLADOBNFAAOBBFEREITHED . F 6 R F—K
AFHE O EZENRER I TV D, #EHS TR, T aRE 2% Rk 2 VX —RB2esR) (1
LB CCNEELOMME A BET 2 PGS 2kt E . & PSR HEER O Fl=
IZ LD ATHR T, DBREO =R LFX —BEROBEN R FETEEZI Y T, BREED L7720, 240
AN X B EEETR AL (D=0 EERYLICE®RT 251 OFFerOTE H | (it 52k k4, 2 #d%)
BLOOQ HAEMRET VX —OE] (1L TFAABREE = %L X —BORMSEHT ZAEAFIEE)D D B | CNSO
B OERBNE, JFHEOAMAEEEOER, R & B RO BN B FEIC OV THER 72 it
Nbolz, DEGBIM194, WEB B 31 4 THE S04 DB H -T2,

PLEOFEMIT Y v Bt e R — L_X— 2B L7 (http:/sym-bio.jpn.org/homepage.php)
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