UTNL-R-0498

T2 9FE HRAMARRBEE
BRX

REREDOEBBE

1. RFFE GFE) BBRE
2. FATvIRBHRE

3. EMgt (HIT) BiBKkE
4.

1.
1.
1.
1. T30y MEBIRE

HEFARRBE F, L H Y &PY—X)
2.1 BEFTNRAL FYU—X) : 5#H8F—< (BIR)
22 S54F vy LYU=X) :577—% RIR)

2.1, ERGt HPU—X) :5t1457—7 (BIR)
2.1, AR Y 2U—=X) & 7T7—7 (BIR)

TR 2 9 EERRATE—R
EHEARAE
T2 9 FEMMAERRKRFARE - EEAHRBREIELE

Frk2 9OFEUINS LAR— F—%&


kanos
テキストボックス
UTNL-R-0498





1.

REREOREBHRE [RFF (FE) EARS]

H29 £ EDBKRIZDUL\T

H27 FERIZHAE L2 HOT HEKBLE 2D ORI FERZHIC, BRI HEROBLEN G, #r
U WWHEAKELAE 2 PR RN e B o A EEE (RI ba%) Ok & L TR 4 5~ < Mg LAR
7 (56 12U o T BNAOBERYEKEEMEEELIT I ITHIZY . —RFEHX
WA EERE L, FEEEEZER L LT, BEREE OMEL I Lz (B8 3 U4 . %t
W, FTBLUIC A BUE A O & TORE IS DWW TG T2 0 U, RN BERRVE 2> DR KD
RN AR LU GERZRM L GE 4R . o, BEED L IND F TIE, HioichE
KEALSED XD RBEIEEFEBEEEEZEZ D & &b, FHERKIRTRAET 2 THRVE
DOHEKR S G, BlE & U COPKEEIEH®E &2k L7, s L72BUE 1L R T AEICE AL,
ZO—EITREICANT R L GE 4D | R0 O R T ARIZONWT Y, REER 2 |AHEE
RETAHATETH D,

AT U 72 B B KB R (A& A . BB B i 8 S RGR I RE EORRB A AR EIC % 1T 72 |k
T, ¥y V—REONERERBEEOUCEEZIT o7 (55 2 T

H28 4F 11 T, BREHZ KBl 2 /FZESG RS T O M EIZ IV T IR ORI 08
REIN, KEERERE DS T A BT ar 7 ) — MR ERKRTHD &Lz, 21
LR mWBIKTIEZRY AND Z & T, KL OBEORIEIEE 2 £ L= (G5 1-2 11
1) .

H29.6.6 (234 L7z [ A ARSI SER S HAE K BERFZERR 36 & o & — 281 D EZIREH E D7t
BUZPE D MEEB O YEH) ITB LT, RFHEN T FiRe s ORI A 56 L7, 15
PBrEOBENG, 7V —r 7 =&AL, AL TIMR ORI AT 2 & & bic, &
i~ A7 ZBMEEA L (8 3-400EH) , £/, TERBYEARE LESAEOHEEICET S
A RTA ] £ (WHD) Z1ER LT,

H29 445 1 IO R AR R LR EICB W T, MEHEBEO —>TH D skl H TR
HOERMAMKDL THREOEMAH . FTIHEIERES XV ELHREREK (B SHlsh
7= (BB LU o BRRICix, DA OESIRERENRR i O BRENEE O R A ) 1%, BEIRHE
[ZAD H24 FEREOIRERLIEZ TR O [FBUERE OMREHE IR - THIBR S iz 72012,
REHE B, tMORESHEE (- 1E) &R E I L2l banidd & 2o T
Too AL DVMESRBIFIC, A—H =12 XDV A 7 vl o nfims 2 FE L Gox OERT
XS AEMICHEM) . BEORWI EEER L (B2 UN) , Fio, 5%ONRnaHEE %
10 FAEICET 2 KO IEEL, REHEDOEE ZITo7 (5 3 UHHD

H28 4R35 1 0= T A 7 BN THSBRG K 2 2888 L7223, OBRICHAE LT IRMER ORI &
REKDOFEPIE~OWERAEEA FEME L GF 4 U)o Zaus OEEE, BB (L gkr
W CERRE A X 5720 Th o7z,

R U 72 R AP R SR BR Y 2R A R L TR K D NEMRE £ 21T > TOTEBE. A= O KEENN5E
RITIIPAE SRV ERNIEA L2 (H30.1.30) , E=—/L>— N THIEY L, BLCHEE L7z,
PP Lo E 2 Hi L7, EHYKIEES L OFTERICLY . MESRVIRERES LTS Z 8T
Iz, o2 X UOBEITIC OIERIBIE Lz B4R . £7-. HEU-A2/4 {KH
O/NFALEIWT 2 B 2 PETH - 722, KENTERITITHE 520V REASOIRTIZE W T,
EE BT~ BIWEEAIEE L7z,

HEU-A LAk @D HEU-B X Y HEU-C 122\ Clid, H29 MR PV Th, Bl &AL T
7=V 7 LTEY, IAEAIZ L HRERE GO TFOO/BEMEZHE L TS,

AFToa—)

F L3, AREZI B EFEEFICH D AP IEERE O 2R TR 2808 L72hR
(H29. B L) TH Y., REZLYHIH A2 KT TRL L7z, BiHoR vy MEKEERE THF. B



FREHOMELE T H, T 2BEEORBES K TE, v x UV —=50ddETH, KEOHT
REA K OYFBRAMEERG K T8 78 & @R LTI MBS &, HEU-A O/NFEIEEICE T T
T MPTE L TSI IER & 72 o 7,

T THUE, MRk K ORRIE O @R LA B D BEIRHEFIEIC KR BN Z AT TN D 2 &)
O BRBHEIEHLEE TR O FUIE L7200 T < ERAFEREIOWy O 7k B IRIZOWT, Bt LA
O ZAThD,

3. BENES
o IEWRREMICRAIPHEE ASUE LT (H29/5 H)
BIWHERES O TR TOKFNICE L, REOEEOHEL L7z (H29/5 H~9 H) .
- T h—TE%
- R - BEORhKELE
- ERRIARERR M OV RRE
- SEBRKOEHRE
BEFEM R E RIC B LB L7 (H29/7 H~10 A)
- X v X —DIEH
- ORAREMIC X D BROER
o HIEMEBENOHRENZESEr— 7V EEH LT (H30. 2~WEHE 4 H)
o FPRRAMEER K T A BRI E i 5 (H30. 2~IRAEFE)
- PE{AIAMEE D LKA E
- fhEAMEERGKME O ARES Y

4. BEILEBEEIEICH S BREERE

o BRI E SRR DL A (H28 AR5 4 DU ) H29.4.24
CHCR P TR ST 38 DA FH 22 B KRR P 3 H29.5.15)
(NR FEFEMNBUR E H29.7.7)
o BRI E SRR DL A E(H29 AR5 1 DU ) H29.7.24
JRFIF R R HEZE T (FEE) H29.9.1
o R REBUEZ R (— A ES H29.10.18
o BEIRFEE SRR DU S E(H29 4255 2 DU -1) H29.10.20
o R NEERHEICIEDS B 11 a8 HELERRIRE & H30.1.4
o BEILHEE IR IR DU E(H29 AR5 3 DU ) H30.1.26
o R NEEEDSCEE R ORY (RKE) H30.2.1
£ FEFRLERFEOSGIRE 7 - memsm
| IEEN I 113 I +1% I e I +3% I +ik I +58 +64 115 I B4 +Hi |+1u!.-. H1g 28 +H3g +ag +58 |
|MIIIJ:M&I ? e
AV AV ¥ ¥
BIRE il & 2 sl mE
e | ] s I

=2y

HELREE YA LT

2. BHORE

ERERD
wLLTo
TR

3. ERoRE

4. BEMORE A I<tmggmm > >
77 esendnums | I I I I I /4

RLARHESONERRRURREEAFLLTRELTLD, LI T DR,
RT DML E DS THE
EUREMOBRICLVEETS.




REIBEORBRE

IS5 7y M

Ty MEHE BERINE - ZHEAAE, T ESE

1. T507y FEODBE

7Ty ML 3 BOMEIEARKEL 1 Box Yy 7 ARFEAEEE (L BIZETTA
Ty 7). EEERL (F)FUL) OFMAMRTH L, £o, REGREECHERBRLEE 72
EZALTEBY, SEIERERIMHEHSINATND,

2. FEOHREBKE (RRBRIBEOEHFZHDIC)

EEBIMSAF vy ETIL, 29F-05, 06 DT —~ LR L T4 5D X-band EF 71 T
v 7 OBR%E EFIHOMFREAL TS, BHIZ 950 keV & 3.95 MeV DORIFREIEF T A T »
I HBFA SN TS, 3.95 MeV O AHREIE1-Z A ) 7 Tk, FICEIMERICRIST 57
DI ERDOEH M T4, E7o, FEEABLEDIZDD A T F 2 AR T,
HAFHEE - BIENE S 5T, Wk 29 AEFEIXTIC Z S g & 7o KB ) 0 FE:
AER AR OFIERBRICI Y AT, N6 XBIRE 7T v bV X g i as %
AT, 227 ) — N OET OtgRe ) OE&ILOM R EIT 72, 72, 950keV D= v
7 AREEB T, BIANOEBEOBRBIGICEEH M L TR ThNz, ERENTIE, B5
B IR BT OFEFIZ AT T URET 7V 22 0% Coti T 572008 LT X
MCTIZ L D E T OMIEE B 2720, KX BFREFANWTERAL D =3 LF—HTO X #
TR DA k% SRRE LTz,

L—H—TFS5XIE—LRETIX, BHBRHZROF N LEMRT OB X #1 - i
H &S DBA%E 217 - 7=, Dynamic Time-over-Threshold (& (2 S\ 2 “RIeA A= T D=
DOHH LY AT LERHEL, XBETOA A=V 7, JPARC TOHFMETA A=V 773
EICHWT, ZOMRBDIFEARZ 1T o 72,

BEETERRECII, 29F-03 07 —~< LKL T, Y7777 MIET L5
WEREINTND, 1-DEIE, MR RIS 5 AR E) ORHE 2 7 = X g &
R EIREERG IR B+ 2 gE Ch D, 2 0B, BEHRT/IREN 1 5o 7Ly a
CF v o N—E R LT F—F AR (1/20 2 —v) AW TERERELEIRE 2D H
L. TOFEEEFEL T\ 5, 32HIX, HlfEMED BsC & A7 L AEME L T
Rl S R OBATEE 2 F LT 2 KB TH 5, £z, 4 0HIE. @R AF O
MTHDT 7774 bOESEEE LOBLICET 278 TH 5,

BAF UMMEBE TIL 29H-04~10,12~13 [ZBE$ B AR BN T, SAfMesmEge &
M LTz, A SN2, EAEFBMEE (S3400, Hitachi) . A A B — 200
TAE® (FB2100, Hitachi), 7 @ 2t 7 v g R Y v v (JEOL). Gentle Mill (Hitachi).
U ME SRS (Shimadzu) . B ERBRZEE ORI L3I L O Akico) . Bl - iRV #BREE
& (Shimadzu). Zi%E FHHMEI(JEM-2100, JEOL)72 & CTH 5,



3. ERRIK - Y FR— FBREORHE

B F O LERBRE I, EMLARE LTEANO RIEE O FLIZK T LTS, 5%
X PERRE R AT O ZAIC N BEERSE — 7 — DA — N — R — LB L OHER RO fiE %
FEhiid 5 TETH D,

AARBRECIIH L., LFEROEREOEHEHED T D, EBREOF & AEYH
KEFEE LT, TLTRIZ 7 M TF o "—2H LIRKEL, (LFERENS LBEFDO KT
7 NaEBE L, Fio, i LEHEOKEROEMEITS T,

BEE - EREE CH. WEEHTHRMEEL O ERMOEHEZED TV D,



RERFEOEBRE [514F v I/ EARS]

TA Ty 7EE B, IWFE—, LEHf, BART, ZREE
B=E
Wk 28 45 5 AICAEU 18L 7 4 b Y —F Ot A7 7 A4 A—L—F—Dk
HRD N T 7 NVLRE, K& e b7 73 MEFICIERFIRICHET 2 Z &M TETW5H. 272 L,
IEEERE Y LAMZ b A 7 T ORFELER BERRLOLED) BIZO Lol TETW
Bz, WdeE ) U ROERICED T\ D, 4 A FaIZIZFIEBRY, T4 T v 7 Bk
BfGeE &2 i Lz, RFH EHIIC3EE L.

4+ v I FREER
PO 8 F—~ %272,
FEE No. AR REE (FR)
29L-01 | KIS DTSN R DWFFE TRE AB Gsek)
29L-02 | VA& T m— T EE AW S8 EE S OB RO R
RTE bbA4 B R RR 2 iAE U 7= SRl L AR K N
29L-03 . R 5 " SFH B GITR)
DY = TRHEIC RIE T TR PR G 2h R
29L-04 | iR - EEESABL O B ST RE EE A (KK
29L-05 | 7 NV — K RF&EFHO &R B FE O GEER)
29L-06 | EHINE Y T L—Z OB & MEREREAT Bk IESL GRIER)
18L DiRiR

R 24 FEFERICHIG S, EEk 25 FEEICIEAMTHEEIToCE T2 A N T 7
ANR—L—PF—DNERBBEEH L, Hx LRENHTOD. TR T, vYorFL—ai L
[ R~ D BES 72 & NI IERIANE T b B A BB M O 0 e i 58> — v & 72 0 5D
5. VL 28 £ 5 HIZREELEZZ7+ MY — K OtfafR) e L —F— 0B HIKIFILLKE,
REZR N T T NVIFFREAEL TRV, 72720, IEE~O~A 7 a8 ANy (87 v 7 A8 RF
WEEE) (CIXEM e Y — 7 DNAE RO T- & B 2 D, ik 30 45 8 H OMRSFHAMIC S MBS % K T
ETHDH., Lo “Bige) —2" BNREREBDNDA AR 7OEE Abi, R
(BE—2HBOHLA) OAF R TIHRTFRMBEER LT, £2, BRESILTHEZI R 2> T
W B — AR OBEZEER (7777 —h v T HEE) Z2—oFEH LT,

35L DIKR

WAL 27 6 A THIOBEZERALIE, KRE7R 87 7MW E L TWARW. Rk 29 4 9
A FROEEDOE, BEAR—FE2X ML —FGRE 45 EHmEOMTY Y ERZ 570D~
Z %y b OBIRNDZEMIE L= b DD, Tk & OAZHIZ L e x 2457,

TN

3BL T 7 AL A (i 13 ps FRE) Z T BRICEEH T % SHB (Sub-Harmonic
Bunchier) OFEDOIKENF L 2 <, REELRIZEFHZTEL TWD. A 7 7 OEFREE
AL RIZ OV T O RET RO T-. TDO—BRE LT, 74 T v VOB THEZ%EL (9 A),
EMME LT RREOMEBIT-o72 (10 ) . FEFITE2ELT7 A4 F v 7HoERD LED kit
TW5. 7o, WAKBALHKEY OFBIOTOOIBERE L RFL T\ 5.



REEREoRERE [ERS (HIT) H&RE]
EIAMTIICR I FTEGAT . PHEPL B RE RRARFE. NS

- Pk -
TR 20 R, LTMV %27 b oy oIERRIAZ IR L. 31 10 HFoEFAICw > ¥ 4 4 L%
BEL7e, $72. Y - 5+ 79— 7 OFFTEIICE 7 &R & L 7.

1. HIT offE

HIT i 2 BDO ANV MRA A VIERRE R T2 B TH Y | JH TR FHRES O B EREE
ToHE N3 MRS LEHMIZEICERN SN TETH Y, B L XM LBEEEERICX 3 KED 50T
~) Y LOEBEFRFICEE cX 2 —ERN Y —-L 74 v 2R LR TH %,

HWHARKEKT 2 BOMEERIZIE S b RERWEHE LB o 7225, Pk 25 FERETIC 1.7 MV X
YT ba v ERETERER L DB L. BRI R E 0L R 2 T, EFRIFIHZ L 72, #
ERCCBHEMTH o7z 3T5MV Ny - T - 7T =700 TIE, HEEICE W THIE, B2V,
FBZHIEL T 385, HEEORERAEENMLTwE 2 b H 0, RELFRFHOEICIZE > T
WL

2. 2v7 v viElg - RPR3

PH 29 I 1TMV 2 v 7 b e v R L 2 EFERMHAT —<3 10 T b, 2D 5 b, BAKIFEM
FHC B9 2 398 4 1F, AR O FHIICBE 2 b @28 4 ., FEEME O%e2 1 1F, R4 - &
—LEHL LTI FoREMHAT —~ic Lt — 22 4 2% L7z, SFR 29 SEED 2 v 5 v
HaR DR ZFIC OV TIIR 1 ICE Lo TURT, SEEII3EHEOA 4 v e —o %ML, 40 HH
ORI FERE % T o 720 F 72, WHEERZEF 172 KBch Y, 2—F—NHET 2~ v &2 4 2%
NECE T 5 LA, 72720, A OWEBOENM BRI N TE Y., R, (FEH» L OO H
S B THRIC R R RIS E S 2 b 7 T vic b, RFEFHOES ICHEE S5 25 2 L HS
(o TWwd, BHIRTIR, < ORFEFTICEV L L 2R EEHL Cw3 22 b, 5% 5] i & Fkk
DIIEE X2 BEEDRD B LEZ O, GHENREVLNERBIEEHE X T3,

3. NV - T - 77— 7 RFRE

TRk 29 SFEORFFMME T —~icB 0T, 375MV Ny - T - 77— 7 IEEE R L 72 3 fFolGs
BRI 7223, BRI, MURG2EERERIREIC 2> TE DT, U — 224 L2 fliGd 5 2 L5
Kelndr o7z, WIRIC X B IEHNRBEICO W TIIERR, BH 2 ED BEERT OBEGR O LE
BAfT o7z, 7ad, A 29 SEELICHNE L 7= HIISIC X 2 MEER O BUGTAA 2 FME L 72455 < ik, RF A
F VRSB ERAFEE T BRI O W TR NEE DA 7x & CIciuh Y — 7 BRI & DR %520 <
Y,k MBSV FOHEBEL VI Lo, MEROHZEFICET, Zho O, BRI L
HTh 2 MRS NI



4. R - YK — F RORFRI

W F ARG 5 30 EEMZTE Y, 2]
FHEAHER I N TETH Y. TNOHIRDO TN, SHHI 2B L ED T2, &b, K 29 FEIT
WA E ot oS L7 b i, EHERE (BETHBEERE) o= LHE2zEML 72,
7o, EGReEe—L 74 v~ 3y FEIMHEHL T» 2 EZBEEOMEAVKIEEREE., whEE O iR
TN L C w25 HIEEIC 35\ CTRERR O s 0 PEREAR T 237

Tz it 2 DB 5,

M. SMEE,

K1 CFE29FE X VT bow vhEEROEFRD

WHIK, EMZEREDO YR — FRDE

mEINTED, 5lE&HE. ZnHBEROE

H—=Fy k BAFVERE WA | AF VB |[IBRBE/ MV | ARA U BFE/ nA | BEERR/ h
FeO 0.05~0.2 Fe?* 1.0-0.36 17 ~90 145
FeO 0.1~0.2 02"~ 05+ 1.0-05 60 ~5 8
WO3 0.3~0.6 w2 1.0-0.3 20 ~ 70 27

180




FRFEHARFRAT—I—E(YL—X)

nE FE L2 F (FREER) THE | SRE | BHEMRUREST T
20v-01 | BRIFFOEE EERURRIETIHRS 09 | WO B | TE AL R0TNONE 200 o
20v-02 | FFNERIERARFALRHERE) We & | ks (TROFAE (FR) ) I
20v-03 | BFE—LHMBIR EAHESR 6 R % | bR % | Eeao 200 o
20v-04 | AFDERERHESR 2 RN | AR (o 20 0
20Y-05 | EF-HFOAKAHEMETORA2) RANF—|BanF—| RAFI0R (B 20 0
29Y-06 g‘ﬁf}%‘%’%ﬁ/ﬁﬁwﬁf@*&zsu—&s‘//:&i'?“é&‘//7%"9‘ T gE| Es B ;g:ggggﬁwﬁgf 20 0
29Y-07 RE TDHGTHREIE (1) WFE— | WTFE— ;’fgﬁg}z %Zﬁ) 20 0

FERH29FEEDYI)—XIETT—T . KREENOHRT—IE 24 (RATET)




RFIFH D ERRIBROFETZ
PRARERS  MERE #ARE RBE0 BHE SORTH
MEMEMES  REAE, BUTHAE WRKE BIKE, MEATHKAE

29F-02

AR, WEFRE E CIlO5] S & R EiR O RS O RE IR « FEO RS2 ESE 5720, FRIFEHT)
BRSSO EIRZ BV - b O TH D, AHERIE, [5EQ] BIEFSEOMHAMIGER R DR
WRUIEOEGEENRFE, [F58@)] HEFRFE AR OHlEIEE & REES A (oK) ChiliiEEsh> v~ (HTTR) &
DZEBUTE U D PicReE, [FEC] BAARTABIRIURHER Eo7- o OffiFs e e st/ S 1B RAe 4 T
X—U—F: JFARGRE), 58, A L, BZkhR, FERERIE

1. BRD: BEEREOSIHBEREBEBICETIFATK o
BORFENFE
(BFED : TR]  EEET AFOFRTIFRG AT O BRicf o
EFRD—DTh H—IRMENR BB LTI D22 KR A F
ZUZB W TR FFENOEIRELEDONY 7 AT ABRMHE ¢
ZENITHRWT O 2B L, RSN DIE I L7244,
%R KR D5y THEE & RFTRY 72 B AR B OV 4R N &
—iKF DIRAZIED BIRTEERDE, 85 WAL ERERSE T
TOEEBEWL L, BRI D JUROEHEIRABIGN
LD, S%OBEIRTAFOREFFHIBAL T, Zhbo ) e
BENHEETHHEOEKREABEZH LML THEL Z ! e e of s chamel vl () 1
LIXREMEETRET 5 LTHHEETHS. Fig.1 Onset time of natural circulation in reverse
D : R L EE]  JAEA WA T 2 ik LBt U-shaped vertical channels
72 (HTTR) (CRFEIN D &5 RFAHF O NEIZ—KIG A
FBE DLE T D5 A CEE DR &, — A IRk O S OSF NI EE O/ SUWVRIRDS, AT O NS
ITEEDORENZEREANY T LADOIREKEPFAET D720, IFNANBEIER, B HIZRAXIEINZE AT 5 rTEEMEIT
RV, ZO%E, FNOFREMERITY U TR & 7250, BB O%E, @iy o%a, R
HIZ BARRHDN T L TV DA IOV TS, FEBR L OBAEfRT 217V, B b 25812 20 T H [RERICE
RLTE., IN6IFAT, BB OB ENEFFE M BE L7256 THY, HTTR 22 FITHRFTL T&E
LD THD. ZIETIATo I FEBRERIZOWT, mlRARERE ONNEBESEIIR FE 2 T, Bl b OR% R RFH]
RN &, BB ISR T DB E DR Z WS RURD B IRMEERIT N AT 5 £ CORE A Fig. 112
R, MENERROR Z 3K 1m LT OE T O MBI FATHY 72 B SMEERTESC B AR A2 L TV D855
I BEMEEBRITE DI AERFAN T < T2 o TV DL BRI Z BEn 2 W CERBRICEM LIS 2 48 U S /72 FBREE R T
%, AT DR LIRS I LIKRI L B BB OB AR R E R L 527202 b oz,
2. BB AR Ol L REME S @) ShlEERh T ey 7 300
(HTTR) & DZEBUTAE U 2 kivithei
AR : TE]  HEHROF AR FERPLINICTE T L, fAKICIE 600
MBENSIIEAS LTz RIE A 1 NS I EBL S NS, ShEA > b Gr
W CIEEIREEIZIR - TJ:%*, 1&(&%@1190 VCT[&%‘j—é 3 Ykggﬁ%@ﬁgﬁjﬁ 300 —0.145-
ZRFOEPOMABEDIREZAIC X ST FIAFAET 5. ZORMBERIEIL, #)
I & REVERGR D LA R8-S5 B Grashof 8 Gr 3 FEMEZ B2 5 &, Wik
@ Prandtl 0 Pr (25 CCHEAMIZEE SN EFHE—F, & LI 0 0 0.5 1 15 2
TNV S IVTASRRIRHI R U TARZEIC 2D T EBF BTN D. Iﬁjz 27 Fig.2 Nonlinear deggﬁeracy along
TR RE DRTEAENT & Fﬂ%:i HEEIREE SR, HL< 61%%@1‘%%\@7‘ =% ' the neutral curves for Pr=7
IR ASNAIEERIL T 2MEE L, HIfEERE © ofiings % R
Couette ifi& /7292 L1275, ¥l Couette WDHEEIZL > T, ANROERE— N E=fFEE— FITMA T
Couette VMtHRDEFT— K SONR P24 IZBWTRAET D Z &2 27T FEICHLMNZ L. AEiZZ o SO

lation [min]

100

Onset time of natural

10

Re = —0.1078
—0.1084

1



DI BB 5 %2 T 99 IRt 21 T 7=

Q) : SR L EBE]  J9IEIRMITICYES LD, Couette RO E R T — K SONE N L > TE#EIS - b
DTHDZ &&= OEMHARHRIZ X > THSMZ Lz, Sdhificin o 72 SOOI AR~ % 7=
DIZFHIRE R R 2w L, S U7 RE RS SR DR D, SIEANZE E RIS RN Sy i3~ 2 g S
Oy, BB ERAIRIZ AT Ty~ 2 G SR 2 050k L7z, Figure.2 (22 OfEFR4A7~7. i Couette it
ZEE LW AICT CICAFE L COZERE— RN T — N, Fm Couette WD HEIZ D)3 B 7 451l
WHEERAThH D Z LSRR Sz, —F, Pl Couette JitHPROERE— K SOIX, Fig.2 [T TR
FHSLHIRRICID © THOIITBIEE R TH D28, MCZ > CTHER TH D Z L BHL N2, BRI T T
1%, W ELOIRIEDS L 2 WMEZ B X 723556, PSLHRRIMAl OB L ERIIZ W T H ELTE~DOEBR N R TH 5
7o, BRARHEOBLENDIZE VI ELNEEZEZ L LN TES.

3. BAREEIRIUEER E o7 b OREE L 2005 , ,
[BF5E@ : B8] EEh LA R L CiikOiE AT 2 (ks 100 5 T ob 5t ]
5L REZD. OO, I EPCM) % EEYREL D &R, 001 = A (o=osL e089) ]

ZHEPICER S, RIPRERER LS LM THS. 2oy 20001 v
W R OB R & < 1 B3 528, BRI, SRS ALRIC

X 0 itk PCM O BRI S5 720, BENHLT 52 & b
V135, & 2T, ZEWEDOIAES B OSBRI RIS T %
FEHTIC & 0 AT, FIHNEL - RESHIOA TSR I 48 A% B Al
SRITICH -ICEI L, IC POM 2R S ASAMEE L, A% 07 ‘ (91,6709
REFIARGR LA U —508 KO SRR R A % DSBS 2 T 10° w0t 0 10°
(@ : iR L BL] xy 4 TOMSIEIC, 2 R4S L F%M%quﬂiéwMRamyﬂmm
I2& . AEALIURORELE, FEMRER, B L OSEEMLK /=01 with Daasa parameter
T xy H L z HNTHRRS. PCM & &J@MREROBRERT &

o =A/Af c ITENEN PCM BLO@BMAEZRT), BULECRIEZY = (k) e/ (K)ep, ¥V —$%Da =
K/h? (K : xy FIiEEE, b - FEEIE) L3 5. Figure 3 (R OISBEI G, /qp & LA U —$kRay OB A
BT QeplTEEZARICEBT BTN, q1% PCM 72 OSAEOBGER TH Y, Ras (FEMEREE L L CHIADHE
ERVERO LAY —Ths. Thbh, ETHEIEEAENS LVEA, PCM OADEA bEAZADEE
BT LA V8L EET . q0p/qr = UIHAZIUAD A PCM OADSA & 0 REEED O 2 & & BT
5. MTAKERLFITy = 01054, BVt Fldy = 10BAORETH D, MNOLLUTOZ ENREn5. v=
0.1 DA (0« 1), BRI B ACRADNHE S T b EELEDEII PCM 2 OHE L b REL 25—,
PCM & &M OBMAERN TGS (KTy = 1), BMs Il S, 2 —H8avhSWgaicis, B
RFAFA LT H PCM 20 DA DI BE SRR 2 7T, Znbhb, ZAUA+PCM DAL LIKORIF
FEOEBUEEIL, oy, DaSUTIKIET 5 2 L vbins. 1=, [BEEER R X 21213, SRMOEOBRERE K
ELTHIE, N BEDHHBERELTHIEBLETHS.

qef/ O

ol
1

4. FLHLHFE

U0 A 2SR UAE DO BRSERITIE ) 13RI ZE D BIAAT =2 D F I XV shed b, Lk 30 £LA LD
REICH S TR S NI REIZER ORI T L. L LR D, MR 2R 2 I8 OB -0 k7 &
(CHENE LTIERTE 3 ) DFMAEEE L 720, RoLe7n < SRR 29 FHE 2 R IR Z W& L2 RETISWE
T HEURTFERERE LR R R D ORIRAALITIT 2 E THRx oFttEi 2150, JEEILHA L LT %
T RPN LB O 2 O TIRB AR THox OFHIEE & IR AT LS TV EE £
BRRY A b
[1] T. Takeda, “Experiment and numerical analysis of mixing process of two component gases in vertical fluid layer,” Proc. of
the 25th Int. Conf. on Nucl. Eng., May 14-18, (2017), Shanghai, China, [ICONE25-67750.
[2] T. Shiga, T. Takeda, and Y. Tanaka, *“ Study on air ingress process during a depressurization accident of GHTR300,” Proc. of
the 17 th Int. Topical Meeting on Nuclear Reactor Thermal Hydraulics, Sept. 3-8, (2017), Xi’an, China.
[3] K. Fujimura and S. Tsunoda, “Hopf/steady-state mode interaction in a vertical slot — Effect of 1:4 resonance,” Phys. Fluids
29, 084103 (2017)
[4] S. Tsunoda and K. Fujimura, “Effect of plane Couette flow on natural convection in a vertical slot with side-wall heating,” J.
Phys. Soc. Jpn. 87, 014402 (2018)




L—H—TFS5SXAITILFE—LBHE
MELEXE L£RE (EXEREI)
HEMHEE /MLUFER, LHB FEiEE, HHES (RXEKEI)
HHARE (BT RHH)
AR B AR O BRI 2 U 27 3Rl L AL FEA e Sl B W THAEE END IMeV 2
FEOBTANX = A7 —LHOREELIToTWVD. BFE—LHDLWNITZENICT K DHEKX
ME— ABAICK LTI — Y — BB B EERMNERR T, 44 B —AFAEITITA L AN
wmaEe MWL AFEER, V- =2 2 EHE ORIt RV F — R NE O A5
EAT D EHICA A IMED DDA AP, MEHEER VAL v F OBERLEWMHIEEIT - 2.

29F-04

F—D—F: FERMER, oSV, ForFy FIMEER. 774 =L —HF—, K4
A W 2R g

1. RROEHBHEES

A FMFE~OIERAZHELT, 73700 A XD —LERKAERERA
YF T MEGR AT D, TN X o THRFEME T TAES M EZBIE L RS MI
O oL@ I REATREIC 72 2. FRBICIEA v F v 7 XL —F — IR IR R
ARETH 5.

2. AFEFEOHRAR
21 L—Y—BREEEEME
INFEFTRESNELV—V—BEFEARNEOHEITEF X LB MELHELE
LONEL, FRICHERES 7L —F L2 E2MEL TWD. B BRAEYTFIEA~
DIEHIZY 725> TIiL 0.56MeV 205 1MeV O =R VX —THopThd. iy —9—%
NN DR BERN DD, 77 AN —fmEN AR 10ps D L —F— L2 THo K& RN
AR ERETLHHEELE LT, BERBOCHARZEZEZOND. L<HbohREERLE LT T 7
TY =N —dIRBEP) B H Y, —OEmMHEORSm TR S LS. Bl 21X, Q=10000 @

IR ZMHE S & 10°W/ e O RS TR D6 % 10"W/em® £ T, E
BIHEERBECTI00HBEEIH > enTEd. MEILSE k

FCSt SRAE & R Nl AT RE A FE A IE O TN 2 VD iz L
TN ThD.

A
Fxlt, —ooEICEHELTHEYI2L—Ya U E ﬂ -
G, ERD DA ER L. b
b a

[L—F— R TORIKFEENIEK | O X5 FP
EIEREZ NS HWERUTOKTMEZ RS 1V —
T L= XAk RIS [1-4,7]. L—¥— (FmE
W) BEbLrOEFRFIALEEICHEA TS, BFK [ EH1 KEULTOBERFEFIC
FRWEREEFEOBATIIOKH RO LTEAL | K2R LFERIEE




HLIREB/ATERT S, PeoRoBHFIT 2O TMEICTITEFE L2V, 1 ®U EoEFRIC K
STEFZEZMETES. FELEPoRUAOEHFTRITIEHE CE LV ANXy 2 NETHD,
B2 IR T XK FOMmESEGEED 1/4LT) TLNIERD 0.

(ZJElET Z v 7k T #E ]I
BIKL G TR - 7 FP IR &%

1.5 +——————— -19 &
NI ANA TV =T L= | D b il Hmwwp ZOE
Bt % BN THSI5,6809]. | 5 1.0 - Opo »°] “'' <
oL@ nEER | Bos | \\\:\\ s 2.1 g
‘\‘, ) o 4
DA TP SR IRE E TORERE | S e 22 %
E oy R R EISHT % 01T \“.50.0 1 .,.—" ‘\‘\.\‘w 23 g
BAFEBEEZIZLr—Y—HELTIC ‘.T.‘..’.'..‘.................‘...........4) =
'0.5 L] 1 -2-4 8‘

T&E7RWVWO T, MR E -155 0 155
IS 2V ZE T 4y AT O AR R
ZISHEREI ROV, ZEET
T v J S TTIE, FP OJLiRdR
ZHE LN A AT &

y (nm)

B2 mMEHE EamRABREI A7y FAEK
L 01 s | BAHEEAOOE—LABRICHLTHAAAOS

ZOEFHEENRELS TR EE ik
BT AL TERW., FDTD =2 — FaEffiom v Ial—a r CREEMNICARTHDL Z &
WoRTZENTEREN, FEHRERMEICIEES> TRV,

2.2 4 LA MNE

FHEHERZRTHDL, A A VR, @ERAAL v T,
IEE OER EZOEMIET 2 b 21T > 7219, 13].
V=P - R ENVRIE, =X X —%, ThE
L 1060nm, 20ns, 120m] CHEMIC R BN Z A L
Tr—HF—A T HEOREFMEITo. A4
BROPESIL, A A VIMERICHT T AF ¥ ¥
Z U —IZ 1000 fHFEE D 6 D RFEA 4> 2 A4
ARECTH DL ERME b, IEE S ~0 & EE
FIE, MEE TR LEFEER I V- T4 &I D EEEICRERHD D,
SR ANV ABEREEES 2L LT, BRERIBEAOMEFEOXRF L HEHE I 2L —va v
EATW, A AV MEICEARETHL 2L, M2 XZEMEE T 5560 MEES O
AN THY, M3 IF ANV A EERBELEIMEEDO AKX EMEXN THD. ZOHHICTLEL SN
LEERmBEAA Yy FIZE, WMEE, L ELVREMREOERNFEICENTZ-HKEBEER A v TN
KETHLIEZEZDOND. KBEAL v FITIX, ETBEHEICENT Gads 2/ Wiz, £z
¥§%%&kAE$@@§ﬁ’@,%%%ﬁﬁﬁwﬁ~:y7%é%ﬁﬁbt.

HRBEAAL v FLERBEOEWNT XA NHEBEIRAEHWCERE, &8 i, 2 B0 RERB X

S AR—SRE(FEBA v FAR) -

2 NILRAEERBRBESLCA M
EROMZH




O F YRR OREEZIT-o72. b

— =R LN RIE, =R F
— %, =N F1 1060nm, 20ns,
40mJ-80mJ Td 5. 7N/ AMEIL
— P = NT =N RENTBREL,
80mJ T 90ns TH 5. it &L
(ESS I 1 A N/ N Gl 3 R VA
B bAY 0O R 3 B o R E
BiokoThEAESIL, B TRV
SN S N A QN A el
NOEWREH NS S5 Ln
BNz oTe.

(a) (b)
3 (@NRNLNREEERERDOLER & (b)) E

3. F&EH

FLEREIOL 0D, EFME, A4 MELICEIEREF OO ORI EFEL DO
HoH. A%IE, MEEERRLEFEEAHTORBORI 21TV, EEMEF~ A 70— A
FAEEORG 21T D .

BREYVRXE

[1] Z. Chen, et al., HEADS2017(Yokohama), (2017).

[2] Z. Chen, et al., Rev. Laser Eng. 45, 97-101 (2017).

[3] K. Koyama, et al., Proc. of IPAC2017, 3272-3275 (2017).

[4] Z. Chen, et al., AIP Conf. Proc. 1812, 060005 (2017).

[5] /Mlifng, - B —oBFEERY AT T L 2017 (K H ) (2017)
[6] /huFnZ, ft, B 14 BMERFRIFER T2 —F 1 7 A, 1310-1312 (2017).
[71 BE WtE, fl, 25 14 HMERFRE2XT 0y —F 4 7 A, 677-679 (2017).
[8] K. Koyama, et al., Proc. of LINAC2016, 873-875 (2017).

[91 K. Koyama, AFAD2018( K M Jis 48k 17, % [€]) (2018).

[10] Z. Chen, et al., Appl. Phys. Lett., 112, 034102 (2018).

[11] /M Fn 2, M, B AR E 728 73 [B4FE R K< (B H i) (2018).

[12] /b Fn g, PRk 29 4F TR A2 (2018).

[13] #h M E M, B K5 KRB, & 1530 (2018).



X 1\> FIESRONG FATRE

i3 ZEA/FEL IBRLY BART SBiEet

IIFE—* MAXE ! Jean-Michel Bereder', fEREE® ! /NR S&£ 1
BB IJJZIKE,U . BEFE—° BeRfEe
AHEE® KXERE® THERTS

1. BREK-fRI, 22 @BEBX- I, 3: #%‘tA$iTﬂF1t7 4: FEFRAHR, 5 T ARWIZERT
R -EEEA V7 T OFBBEREEMN RO, BEMZWENRERE B E LT R X NI4Ty 7 X #
REBA~ROLH L, EFE COIHBEREIGERIR L EZE L 2RI OV THET 5,

29F-05

X—0—F: BEFE—LpEERNM, RERIN, INHREGFEREAMNETE, IVEET E— 258, #ERDIK

1. [FLHIC
FEHEREEDT- D OIE « EEA 7 FEEEVESWNT. 2 BRRRE

——— | i -
TR S5 FERT AT DR RTh 5, BEDOLL C] 4521 R 4R ST T HE )

£ FEEA VT T AR, BIRIC KB, X e LA
W IR A M T TV D, LA L, BIFEOBITI | =

MBI & B ERe7 ARER R S Cs b, ko | |2 FW
X BT XA K D BBIHEHE CRMEO T E | unses e e W

I—I

L

FELL WD Z Rk o T, n@%fébx b DK R LFE xax
—X Ny MEOHFTHTI L TECTA A=V EED B 1 950keV X ALK EZFHLV=E
DR XENT 4 T 7 Z =@ RV ONEKNTH 5, BRIENIERERITRER

ZDID A X N RTA T v 7 X iz B~
HH U, dRx 2ttty - PEEEA 7 T O S R A
AHEHE LTV D, SEEITILHRE TOERMBR TR L Lz
FHefibe gAY AR & FEhia L7z,

2. ERZOIEMERERAR

HREICH DI Z T LI FEBFRICHT L, 950keV X
FRRIZ & 2 It EAEABR A 1T o7, X 1 IR T X951
TEYL ML 25— |2 950keV X MRS E 4 31 L, i
THID T = TERSY O T T o 855 2 R LT X R ee &
LT, 77 v b2SUBHER(FPD) KL O A—V v 77 L — |
Iz, X BRIEARLEE O fl RO T C AT H R
HLThY ., EEFIIME OBENLER BITEO 7z Eoh T
XA ST 0 K O FPD D ERR R 72 8 % 1T -7 (1% 2)

X 31, A A= T T L— TR LT THT 7 T 2 Py OBRIEE 274, Z O Tix, NEROD PC
MDA PC A Y =T WD T 7 MRFEEO RKGIIHEE TE 720,

H? REREHR




Z ORI, % A EmTRERM TR, i ST,
3. EEZEEYHLY I OBRE

FRFEBED O B, BHEIZ LV EALBE LWERFITONWT,
D EISN T M2 L, B ERNOFEREICT,
3.95MeV X A 45 & AV CINER ORI & F7E U 7=, BA T,
X MRFEEAERE & X AR ORLE I ZHIRA & 1 ZRBRIFH] & +53 T
TRNDT, FEEDESG DFFARZRAITBUR TIIAES CTldev, £
DD H LT3 o 7 IO T L0 EE R AN FTRE R BN
DFERETHRELITO) Z L& Lz, BNTH, LY XBoxrx
—DEV 3.95MeV X #RFALEEZ D Z LDk, 2
X0 BHREARD X D WIEDOE G OB RN RS 0D, o . ‘

LI L= TH 7 5o S T s s | Do OS0KeV X RBERETO
T B8 ORRE A, AR BT b I RRRFOE R
L CWRWETREMED NI ST D,

INHDOZ TR SR ENHOBREIILT L —E L
REtED D % & b s,
4. XWRAELERO 7 U — M~ O & BHIEH

950keV X MRFEALEE K TN 3. 95MeV X ARIEALERE HYE P DRI
K LAERD X M8 (kK 300keV) L0 B HENTIH D Z & ILEEAIZER
fif CE DM, ERINC E OREEDOWIRE £ Tl rRE T 5 2322 T
L EERORME DD, £ T, BEATE LAy - T
NEAER L, TDar 7 Y — U7 AOREIZH L, 207 U—k
o TN OB S OREEW S & OFLEEHE FTREN D Hle & | B
WIZTIT 272, FPD & 2856 Tid, 950keV X #RE A 2EE Ca v o
U— NEX 350mm F£ T, 3. 95MeV X ARREAEDLA TIL 740mm F2E | B4 3.95MeV X R4EEBETD
FCTHAFRETH S Z Lavrahiz, EERYYH LYY TILERER
5. ¥¢8®

XN RETLTAF v 7 _R=ADFET 3L —a A X R ERE 2 v, BNSCRIN COIEMERARER %
1T, FEmE R O L 72 & ORISR OFIF ATREME 2 MGE L7,

AH%1T. 3. 95MeV X B2 W TRAND ERGROIFMIERE LT O 2 8. ZIE TITOIVR - T2 BR %17 9
TETHD, —H T, R E~DCT 72 EOBAORGETRC, KV @EMERRD XA A —2 0 VB OBF D,
ey » EFEA 7 T~ O A OILR DO ATREME TR D
BREJR X
[1] PPNRE fih, EARZSGSCE B2k - =207 U — M), Vol, 74, No, 1, 66-79 (2018).

[2] M. Uesaka, Y. Mitsuya, et. al., "On-Site Non-Destructive Inspection of Bridges Using the 950 keVV X-Band Electron
Linac X-ray Source", Journal of Disaster Research, Vol.12 No.3 (2017) pp. 578-584

[3] 7PN R, fh, "= 7 U — MEREIZIS T 2 i E kL F—X SR OFEE X #iRigae HoE (b, 1ok
ZESECAE E2 Vol 74, No.1, (2018) pp66-79

_—




OF-06 BT 54 F v 7 BRI ROBAS & I
i ;& Z=ES FHE, Yudhitya Kusumawati, Jean-Michel Bereder, £#55 /5

= N

HRKETIE, BFRIA T v 7 2Rz, /A - AT - 8-V 20 HREROREHERR 28D T\ D, KSR
TiX, 3.95-MeV IESS X SR ERY Vg L2 —5F v vERW/NIRETRIZ X 5, eI o HTics i)
BB 7 ) M OBFERIED - DR 21T o7, 7z, FAUCHET 2 FHETRHEBSCRIEROBRRE 21T -
77

F—0—F : Imdzs. X-Band, FHEFJR, VIR AT, B EIIE

1. FREMN

Hox OWFZE 7 N —7 TlI RS E R 138 BT OFEIF I O\ T BB EAE 7 1 Y = 7 M &2 FEE L T\ 5,
ZovuYey T FRLLYT T U ENTEET T VN X208 Tolr L, #iEols Sicfibinsd
HERFEEHFH L E VT, o7 7 U BEOWEE - LR (e, fiigis, (bak, U - Pu &F =, &
BEFEIR &) O E D FEARET L2 L2 E LTW5, 7 VBLOMR S0 uE, o H UEERRE
(T7V OWESAR) . (EEEHIRS, FFEEFHSICETHZ LN TE D, ARE T, /MY - AIREL O InLER
X HBRE A = R ORE 2470 A 7R & U CREBOHIFICB W TRENT 7' 5t 247 9 FHEICH
W, B emRt 2T o R A T, . RUCHET 2 hrETRHER OB R 24T o TR R A T,

2. IME - ATREI M FRIC K B FOBRE T T U o

X 12/« AR R R A S AR 3BT OB CORRENT 7 ) T DA A=V E 9, VR - \f
WO X AR Z BIICRET D MY H LRy MZEoTH o7 I v 7 &N TE T 7 U/NRICH LT,
FPTXBRCTIZE DRI EIT O, ETXFHRICARY U 7 A¥—4y M aflAiby TR E LTS,
i EE T HIBI AT T 5, ZAUC Ko T X R E A O CTHGO[E 2 57 7 U /Ny ORI 7 fif
WEITH LN TED, LA A=V hRT, Fiz, BHEFROX —57y NE Y CHEEEE TOF v 27 L 0ORKEF
O . BXOEyTH eV 2 b— 3 ALK - THE L E BN T D ARy SV 2 IR T,
ZORER IV 5m LINOREHEEE TOF (2 X » TEEWE RBLEOEEFEFRRIN T & 5 Wil LDz,

BY L ARy k

FTITUHUT L

o IR DM HRET <

Al BBT—4% (=Cp)

T 5

. -
INEY - AR EY
INEEBIX ERIR
Ca
S, | —— 255050\
FRTEHR( =Cp)
5 Sleh k(-
TERAHX O T EE BEBHT TS
S P FRAERRAN_____ AN . A

B 1. ZDJETORKT TIFHOA A=



[Air | | Electron converter NRTA simulation spectrum of Uranium-Plutonium mix sample

Neutron target (Tungsten + Copper) :

and X-ray head)
Beryllium :
target

Boron i
Polyethylene | .\
(neutron
shield)

238 !
282p,|
242pu Pul

Lead I
(gamma and
X-ray shield)

Transmission

Neutron
beam

Neutron spectrum ———

100

B2 HEFRE—5 Y bEKIVEERE TOF DR TLDREE (&), LU, EVTAHNLAI—FE->THEL
1-52iERE TOF TORBAM I aL—2 3>y (R)

10
Neutron energy (eV)

3. hFRHBRORRE

A IR Y C Lo i 00 KRB PRI B U C PR AE MR < BRI IEE OB IR R B b,
Fio, ABIO L S ITLERR X AREAS— 2 O R & FLEEEE TOF THWS 7 — ATk, 2ET 25 X# - o~
KT L COMEROEE A MG T 5 Z ENEEL 2D, T2 CTHENE, VF U LSBT L—F T,
MOTN—NIZF DR F RIS T2 A T DL o F L —2 eftigl LTHWD Z L2 RE L, v v FL—&
IZ EuLICAF THh V. TNENETIEEE LHAELE ThETHHEE L L7z, EuLiCAF I 46mmo¢ Ot D% H
Wy FNR—BAT LT AR LT, X T o2fioN—2 NSO EHE 712 L AFIe A U, Pk o1
BRI K DFE MR E O TND, 207D X« B ~vHUEEAZ RS MA D LR TE5, K3izvr
FL—HDEERPEDE Y b T v 7 FoyvF o 7 —=2AEHANTHE LIZ AT MLERT, 20X 512 LT,
TR IR ORI 21T H Z &M TE T2,

»' Eu:LiCAF;R b ;
6302-840408 P
$46x5

304

E3 EwLiCAF(E). ABTHEEEANM-bETRIBICE S CHo52 DRRY MLARORT (),
BEVHEENIZRY FILE)

4. $5

ABFFETIE, BREFT 7 U St 7= /R« AT rRPEJRICBE U C, b2 —47 b3 X OVEREEE TOF o
AT ADESRE 21T o120 £, BfESTICHT 2720 kR e 2 372 ITVERR U, & OB 2341 L
“, SRR, FEHERBRIC L DI T BRI E OSBRI T AT O T E N END,

BEUVR b
[1] Yudhitya Kusumawati, et al., "Feasibility Study Experiment of On-Site Nuclear Material Analysis in Fukushima Fuel
Debris by Portable Neutron/X-ray Source", AESJ 2018, March, 2018



L—H— - AMS ZAWVE-ZME D LTS R T LOKRE
R&F—, AHEZESL Cheon Donguk
REK - BT

29F-07

FINAREIRIEDO B WA b T T L (SN JRF-OIEA A AL A — 2O E B & LT, K 689.4 nm KN
688.0 nm OERIMEHT D17 4 L2 —RIGNRIHES -8R L — ) —Z28UYE L7z, F£7=. IE 689.4 nm—688.0
nm—487.6 nm @ 3 BeHEHIEIC £ 5 Sr ZERINAADILE A A AL AT MLV EERI LT,

F—0—F: R A1, A bnrF UL, b—W—, TET 2 —, RNRERME, EESHT

1. [FE®HIC

WU RS — R /I8 BT OFHIC X 0 it Sz BB O—>TH 5 OSr (Y 28.7 4F)
TN (C) LIRICTVH Y BTGB ITRETHY . BEUIHE O BEE O RIINEHIL < MRS Tn
%o T OR B FABEELFE CH D 72 D HUHRAHNC K DS T XN EE T H vV | —R0 7 B HTE TR ER
DOYNaA=7 590 (0Zr) KOLEIZEEND St LERNARN S DEWSHERE ) 2155 Z L ITE S Tl

ARFFETIE, FRIEOP N EIR L —H — & T 0Sr il 72 3R 36GA A vk L, A4 bT v 72T
OSr A AL AN - FhEA b T A FIEEER L, OTEEORREEIT > T\ b, AFEILEVILHE - RN IR %
HTHEEHIT, H—[ANEA Z 2 OREMUIZ L D ERE R DT FRE L 72 572, St ZERNIARN L EIZE £
NDUGPERREYE A 5 —7 > k& LT= OSr O T~ 2kt L T 5,

2. FHI7240 3 —BNBHIRFEERL—F—DHE

Mg o A AT D L——L LT, BIROE 689.4 nm & () 688.0 nm (2% L7z T~ 4 12—k
PRIIRER SR L — Y — 230 - BUE L7, M LIS 2R, L——F A — R0 K%E L A1 TYT
FiZ L, FAEME 0.3 nm OFPE7 4 L H —D AFHAEFREST 5 2 & TEEBLICH U THIEEEBREZITY, Z0%k
WA LR 2 TEGRE R 7 — (K 20%) OREFITICENRSED, WO 7 —0gHEE L—3—
HAF—=RIZT 4= RNy 7 FT5H5Z L8 0, B—F— FRIESNZL— =03 E o5, 0 T —I2H
DA SN Y EFORHNETIC LV RESEEE X2 D 2 & T, BIRNEOMIVEEIT ), #oNE I T7—0
FBENHE LR 3 TETHIT L. St OSSR 5,

T 7 4 v —RNRIRE SR L — T —X, o 0538 TR < EH SV TW A [T 14 FHvvie
Littrow BUAEHRER G L —F— L Lol U C, AT IS T2 LZEMENm O A Fo, Zhid, K1 I1OR
Li=F vy v Y TAREETER L, AEHHOT I A MRS THDHZ LE2EWT S, — 5T, WS 22b
H LU R 21 L DESROWEREZ 0.1 mm A —F —OIEE CiEET A 0LERH D . L2 X 2 D MIxP0.5 mm
X% W THHEA 2 &% 2 L TG E O Rt 217> T b,

L—H— 2 F— R & LTV — T RHH HL6T50MG ZFFI L, FH7 4 2 —L LTCARHA 6 FLETHIE
KO —7 HED 689.4 nm Tl L7 b L HaREF SN A T b7 = A MERIOBHER R Lz, T#H7 42—
DOAFHG, L—W—Z A 4 — RERLOE TV ZTOHNELEZ M L, HEF WS-7 2 W TR E 689.4 nm
DY ITNF— RRIESNZ L —P RGO NTND Z & a2l LT,

cavity length: ~9 cm

e 1
i s piezo g .
3 i it = EEAN
EEE% N 11 A — | _ X
T~ i dll %4 ¥4
’—<: < u /% i N /
LD lenst .. lens 2 partially lens 3
interference reflective
filter mirror

B1 FH714L5—BENBAERLEERL—F—OBZE



3. HIBAFAMERARSY FILOERHR]

St OREM 72 IEIG A A ALAF— L% 2 1TRT, AR TIE, 1ERICARENK 75 kHz L VIR
689.4 nm DERBZFIHT L Z & T, FNEZRMEDEWIEA 4 AL A — 2OMEL BIF L T\ 5, BYELT
FUW7 ¢ 2 —RIINRIRE SR L — Y —2 5 O E % 689.4 nm & 1*688.0 nm [ZHFHFE L, BISHIE L= R
487.6 nm O Littrow RIS HAREEER L —F— L KW TG 3AD L—F—12 X VW [} 2 D A F— A(iv): 689.4 nm
—688.0 nm—487.6 nm @ 3 BeHEHHEEIZ L 5 Sr ZZEFRINARD G A A AL AT MV EBII LT,

1B H (K 689.4nm) KOM2 B H (B E 688.0nm) @ L —— @A~ % g & i 4 + 250 MHz O#i[H T
A% XV LTELNIZANRY MG LTZAER, 1B E DAY MUVTEICHRNBICER T 5 12— Y il H
INEWNWZ EME, BWENWARERMENEF S NIEBERE TH D EEXLND,

(i) @) (i) (iv)
2p° =
5p2('D,)+4d?('D,) _?:;4?73:3)), n=39 -
(46376.8) A : A 4d6p 3P
(49547)
(IP: 45932.2036)
= 4874 nm 5s5d 3D
oy //(35021 9392)
(36960.842) e == $
2 nm .  9s6s °S,
(29038.773)
1 o]
(gffg‘; 4;‘) 487.4 nm 6880mm
‘ 555p 3P
460.9 nm A (14504.334)
689.4 nm
5s2 1So
0)
Sr atom

B2 SrRFORRMGIEBS A MERF—L

4. FLHLESERDFE

[FINEASEIR D EN N St B DB A A A A F— L OREEELZ B L LT, I E 689.4 nm % 1X 688.0 nm O
T 4 VISR G B R L — P — R %G - BYE L, v I — RRIEA MR L7z, IR 487.6 nm @ Littrow
RIS IRE B R L — P — L B CEF 3 ARD L—H—2 X V| 689.4 nm—688.0 nm—487.6 nm & 3 B ILnE ik
W2 XD St ZEENARDILIEA A AL ALY SV ZBRILTZ, 1 BB OREEALY Fuido— L Yl avh &
<. [FNERSERMED EOIIE A A AEAF— L ORERICE L TS EEZBND, 5%, 2BRAKRN3EADE
BTN TRINAEIR M B OB ZNROBLE N Bl LTz AT — L &G L, OSr O Lz kg1 4 b A %
— LD E BEE T,

BRYX b

[1] Kyunghun Jung et al., Physical Review A 96, 043424 (2017).

[2] Donguk Cheon fitl, HAJFT-7)%4 2017 4EFK DK%, HEAFESR (2017).

[3] Yoshihiro Iwata et al., 2nd International Symposium on Radiation Detectors and Their Uses (ISRD2018), HEHFEF
(2018).

[4] Donguk Cheon et al., 2nd International Symposium on Radiation Detectors and Their Uses (ISRD2018), 7~ A & —3§3k
(2018).

[5] “EH=EIL i, BAFT-%E 2018 FEEOFES, HEE%FE (2018).

[6] Donguk Cheon fitl, HAJF¥-7)%4s 2018 4EFRDFELS, HEAFEFE (2018).



BEHEEEmESE-2r B, Fe EAEDBR
HERKRE R AT
HEERE HEHF ML 5 =EE'. B IREI2 John McGrady*
FIEMRAREE 1 RRERKE., 2 /LKFE

29F-08

PUREAT & PRBHIRAE | XL 72 & NS IAIREHIEE Dt B T 5, ARFFE TR, Vv mA -2 1Tk
URIHEIZ LD T T2 NSO a =T 08 UTORERIGEE 2 (ERL L S O 2582 TR
PR BLRE N SR 21T o 72,

X—0—F: BREWEEE. Urn g g mietk

1. [FLEHIC
TS5 — IR IR BRI OF A ST | LR O @ REHITEE DRI RO Hivd, BT BWR BREHERE
EovhaA2 (Zry-2) PMEASHTHDN, Dba=vn (Zr) BERRECHSND ZETH—<L7 4 —
RSy 7 DRI K 0 KFRHA EdL, ZAUStEo THAET 5 PCMIC L0 | BREORHE, IS4 L5, Zh e
I SRR O FHHE O EAKE R E 720 . R SUS, SIC EHAMEL Mo &% DRt nsitd &
NWTW5, LinL, ZaubOSeEMECIx, ERRICEHFEA—F —OIHR LIS Siv, YT Zr ROWEE
kR L. MEROKEE O & Gt FUIHT 2 ZeREL M LS D MNEN RO B D,
ZHIVE TITARMIGE 7 L — 7 Cld, BUT OB (o LIPS E T DB A Ty & LT A i L L, 5
FHIC LB BERE 2 A T 2 SO TR BB & U ChENL T 5 Z L 2 B & L7l A2 340 L T & T
%o Z ZCHEHT D HNEIE, R TRV N S < BETERRBI O RN A Sy & 72 D K O Teondi THERR S,
S BT, FNERREICB W THEIEDENHE SND ZENEE LNEB X TR, ZHUT LY | EEERR 2 T2
BIES T, DoRlIRH I TE D& 4
WA PR AT L 7o Luliny R8I X
BB A RTHE 2 BT 2 FLEE L T, S AlLO;
INHED . ARBFFETIE, BIEIC '
Zry2 BiZ7vIF (AOs) & LTV
a=7 (ZrOp) W8 LI-Hilt X Rkl
B L, YEMBta A — L~ L—TW
THEAERBR L., Z ORI OV THH
KRR 22 B B DFHEZ ATV, Y5%ht
BED FIF ~D FEILRTREMEIC OV TR &
1To7,

Surface | [ Cross-section

2. EERAE

PR & U CERIRIIR D Zry-2 Z4EH L,
IBITR L, EAHEIC L - TRBH RIS
AIZO3 7L£ %U \_\ Zro2 %%BZE% Lf:o 73?%\ 1 AlZOS\ ZI'OZ %ﬁﬂ%ﬁﬁ]:*j@%ﬁﬁ%ﬁﬁﬁ@%ﬁﬂﬁiﬁk

P S13100 pm & Lim, BERFBRIT TS 5L,




633 K. 19.2 MPa |23 T, k21 HM DS
AR A i L7z,

3. &%

1B F ik O FRF O TR 5 2
Y, EERBRTIORN £ EMIZBNT, B
IR I T DT T v 7 & BIERNED
IRV IR R STz, 2,
PRNBT s T RF O YATRRLT- DI FS K OVEEREIC
STHELELDOEBEZOND, £, K212
JE BRI 1T D ALOs #8840 XRD it 5%
R, ALOs BRIl y-Al,Os & Ehk 4y & Lz
PEHARE CTH L2, BRIZE D, Zo—Hn
KRG EAE T, wmo«m):ﬁm#g%
TR SN, — T, ZO #7E Tlk
ﬁ@ﬂ:i@%ﬁ@%%ﬂiu\:Md\m
Jift 20 1> 6 B, ZrO, ~DFIZREIZ N
LI FIERR O L Db D LB B
D, ZIH XD ABFETIER L7 AlOs,
ZrOp YTl WD Zry-2 R~ EMFE
DY EWE LSRR T2 2 s, SR
PED PR 72 UGB IMERR S AV o T,

4. F&&

Rt T U 7o R AR DB BRI
DUV AR R 72 Ml 21T > 72, Z O
R, RHHOE BRI Z SGET D 72DIiE, %
FREDORAT L —/XF A —=H0 Wi LHDIGT]
7 v A EEIRPERE S DS 67 5k
WAL TH D Z ENHLMNIR ST,

BRYZR b
1]

Intensity (arb. unit)

AlO,
e vALD, SasALO. ox-AlLD, VEALO oy AIOJOH)
H s > T
‘ -
21 dary 0 .. ] 1 h\ o 10 0 \':“' r
S mn— s ek - _-,_.a'\___ Y [ | ———
- * b L
“ -
4 days l o oo ¢ J‘\_.h oo b uJ’_ £
L . I
- i LY I
A 1 . - L. l.
pan | oole e AN R e b k|
.
5 |
. fl
As-speaved cCee O o ¢ 9 i
- —5 e Ve e
‘II.I"'III powder \ J J
-lﬁji lmlﬁl _MJJMHRQ
ZrO,
et » oS
| days . o l"lw?"U
.
9 *_,J \ | l L ) S .
9 ————* = . ]
14 days J
J.L L -4 L_N\_«l_n_
-
J .
.._.L A s N e} 3§ s
- -
-
As-recieved '
.
-
ML | S Y Y
L i L i 1 L il A
_\L' 40 S50 a0 70 50
20 (deg.)

2 JEERERAT% D Al20s, ZrO241® XRD Z3#ThsE 5

Oxidation and electrochemical behaviors of Al,O; and ZrO, coatings on Zircaloy-2 cladding by thermal spraying,

Zhengang Duan, Huilong Yang, Sho Kano, Kenta Murakami, Yuhki Satoh, Yoichi Takeda, Hiroaki Abe, Surface &

Coatings Technology 334 (2018) 319-327.
[2]

John, Bl 5L, AAEF )5

B O SRR - X L a = A5 0R%, B IEH]. 145
2018 FFEDFES,

SHE. MEF AL OFROAMR. B F-FF. McGrady



FR2FEXRAAT—V—EWLII—X)

BRE T—<4 HRT—IRERE ERENRKZRE | EHARE
29101 KBBRDBIHRHIR DR Ik AH T B— T BE—
29102 NILR&TO—TEEAVSESRRIEDHAE ER 3 =B Wik T B—
29L-03 g%g&%i%ﬂﬁiéﬂﬁﬂLT:T%:TEEEEWGJt°>:>’7“4%'f$l:&l£?’§'€? P T E=— HE A
29L.-04 = BRI O RATHRIEZ =B Wik =B Wik T B—
29105 J+bHY—F RF EFHD S EEEL EiR 3 iR 3 iR 3
29106 EREES U FL—EDRF L EREET oK IE 52 oK IE 52 LT E—
295-01 T LS4 FTIIDI=ODI UV RAET 4 EiR 3 iR 3 iR 3

EHIFEEDLLY—XTT7—T (S —X 157—3EL),




KBRDOBESA BRI ROHR
ILFE—"?' YUHao!, ZEEBME? IILEFS IHAR?
imFRest 4, FhEEARK S, WENG Hanging®, LIN Mingzhang®, _EH*
1:HWEK-kT- I, 2: KIRK - EBF, 3: MILERH,
4 [RFNHEE - Tk, 5 SHHEE - IKE/R, 6 PEREX

29L-01

LINAC 2253 10ns OF/ ULV A %R, BRI R Z R = S8, 2 O% OS2 HEHEI 2 2 &
TRE& 72 7KVRIR H ~C D R oy il % RER 0 i CHELRI U7z, BB & L CHIFEFSND 7 IR /A K, &5
TOFRFMONICTHEE L 72> TL UKy, 72 EOBEREFSON OV TIFZE 2D T 5.

X—J—F: x5 F U X, DNAHEE, ~ar, LT7T7T—R, #EK

1. BEHRIC K 5 DNA BIEFER A H =X LOHE [1-5]

TEHRRB RO ATEIR T2 & DS G, HUHRT K % DNA BIEFFE OB A ST 5 2 L iod 5
TENIE. BT K 2 AW BN X E R ER & MEEERIC 0 TR SV 5. BEE ISR O = L ¥ —%
DNA 72 & OARSy F-DNEERIL U TR A A b7 ENRZ 5 1 DT, HBE TSRO =L X —% KR D
IR LT L, ZAUT Ko T UTKRSHEMRE (3212 OH 7 2 4/1) 23 DNA 72 & DRy -~ R g% 5
ZHLDOEGEENTWD., EXIV CRT7 TR A R EOFBREMEWE L OH 7 Va5 2 & Tt
FHRPESREZ AT D LRI SN TE 2. L, 2O OWEOTIREIIIET KL, SOSHEERINCT 2 h
SIS SR RE 2 T D DA+ T . £ 2T, —ETEZ1E 0 @ DNAEEHS DNA R L L
TRET 5 ETOMIZD - < Y EHLEWE P EEEZBRET 2 EFEE OEEESERFH S Tnd. ZET
(IR ZERE DIEMERZ R EREFN THH T OH v PRI TR ) A FHEICK L TEERE OEEBBZE 217> T& TV
5. ZOWED, BEMED OH 7 U ClidZe <, EEOE T (EEEFRIRTET) 12X 2 DNAEEIZOWTHE =
SN AZOFH ) L AEPH LT EA D T D,

2. L7ZAZ)NENRIZE T ZB5HEFBORE [6]

HERMEHAN KT (USTC) OMEFEHER D & OHLFEIFETIEL, L=U A (Re), YU A (Rh), LT =04
(Ru), B4 (PY) R ED LT A X% ZOF KD SRS 25 BRI #b > TV 5.

BINCHIzoT g RENKK 77 32 F 0 499 (¥Tc) 13 HEAREN P COIEDS @<, KO E
W2, RHOFEOBTIFRE~OBITHR VSTV EREIR TS, L=U A (Re) I3EHEHMETH D,
BTe LALFREN LSBT D . A4 Y T a8— ) — VBRI LK COF o~ #RFHZ LD Re(VIl) %3
7, @)@ (Re) BLUMRIY (ReO, ReOs) OF/Hhiv & L CIEEREZFZOND Z LAVRSNTND. ZOR,
TEHR IR D 5 B OBTEIET P AH, FEFISHOET Re(VIl) ZIRILLTREY, /OLRATUH T VA
BT X0 B OBT 2B L. SIS KD, BIERMTHS Re(VI) & OH 2R L THY, Zosklk
EEIL OH BEICE - THRARDZ 2L, SHIZZOEWA Re(VI) OIRTICHEEL 52 TND 2 EnNgnoiz.

3. NOF UMD TIILI—ILBED TORSEL R [7]

KIERF O ~a 7 A A A (X =Cl, Br, 1) 3SR CART 2 "OH LS %, 7m b o
X a P URFERR EERT, NaFuatT =4y (X)) BNERENDS. LiL, Ta—RiERT
TONT AA 2 DI DWW TOMFEBENIIEFE D70, 2, FEAEDO\aF AbE&RDo T v a—
TN T DEREIMENZ Llc kDb e EZ NS, —J, A a7 AvBWMETRE UT- T v a2 — VIRIR % ik
SHRIS3 2 &, ~a Al A & S EBEICIRBES 2 2 & o TV D. T, 1227 BET R T TV
duaxk (Nl 2402) EEME LT 2-7 18 ) — )V O BUHERIRE CAERR L= 8t A 4o b RES 1T =
Y DERRE SV A T A Y A R ESOGIE TR L, AKEET CORFE 1T = A L AERR O SO & O
WERRET LTo. fER, Ny 2402 B 227 08 ) — VIEIR OGRSV T, e r b fEEE L7z Br
5 B WAET D Z ENbholn. mRERKIAR L FEE, WO T AL D Br O FISBILERIG &5
26T ZORBITFEERSCE U CERRERERREIC S 5.




4. EKOBSHRSEA H =X LOFER [8]

il FH 15 AR O B AL 53018 I IR S TR AR L 7215 YR B I, K OTEHR M IRIZ 1T 5 ClIm %
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BFRMaETD—T & LI-ZDIHHE LEE RIS & 5B RHME
DFRTFE LBl
Probing Irradiation Defects by Using In-situ Observation and
Combined Irradiation Techniques
B BEA  #E X B R  WE AT 0 HEH M B =5
RRAREREFRTLELAER R F HERER

The growth and shrinkage of defect clusters, which reflect the diffusion of point defects, were investigated by in-situ

29H-04

transmission microscopy and combined irradiation techniques. The suppression of growing clusters on the lifetime of their
neighboring black dots was observed in 400°C irradiation.

Kevword: Irradiation damage, in-situ TEM, defect clusters

1. Intr tion

The microstructural evolution of materials under irradiation is a complicated process. Quite many models have been
built up in recent years to try to predict microstructural evolution at various scales. However, comparable experimental data are
desired to guide directions for the future improvements on modeling. Compared to neutron irradiation, it is much easier to tune
the irradiation parameters in ion irradiation. This advantage of ion irradiation allows the design of combined irradiation. By
using the state-of-art techniques of in-situ transmission electron microscopy (TEM), which is available at High-Fluence
Irradiation Facility, the University of Tokyo (HIT), the evolution process of defect clusters can be observed during irradiation
with high temporal resolution. In this work, the techniques of in-situ irradiation and combined irradiation was explored. The
growth and shrinkage of defect clusters, which reflect the diffusion of point defects, were investigated.

2. Experimental meth

To improve the quality of the specimen, quite extensive work was done through trial and error. In order to avoid
large inner stress in the TEM specimen, focused ion beam (FIB) technique was selected for sample preparation. The FIB
machine available at Tokai-campus is Hitachi FB-2100, which provides high-accuracy and high-speed fabrication.

First, a small specimen of roughly 10x5x2 um was lifted out of a bulk alloy by FIB, and then was welded onto the
edge of a ®3mm TEM semi-disk made of tungsten. The small specimen was then thinned to several hundreds of nanometers
by FIB. Since FIB induces extra irradiation damage onto the surface of the specimen, the specimen needs to be gentle milled or
electro-chemical polished to remove the damage layer. The final thickness of the prepared TEM specimen is usually
100~160nm, and the observable area under TEM with clear contrast is larger than 3x1 um in minimum. Before in-situ
irradiation, the condition of the specimen was confirmed under TEM. And to reduce the gas released from the specimen during
irradiation, the specimen was preserved in TEM chamber overnight before irradiation.

The TEM used for in-situ irradiation is JEOL JEM-2000FX. The intersection angle was 30° between the 2MeV Fe
ion beam for irradiation and the 200keV electron beam for observation, which is a small value compared to the other in-situ
facilities in the world. A Faraday cup was inserted into the TEM specimen chamber before and after irradiation, in order to
detect the current of Fe ion beam at the exact position of TEM specimen. During irradiation, the beam profile of Fe ion was
monitored by four Faraday cups at four corners near the specimen. The temperature control during irradiation was satisfying,
because no vibration or drifting of the TEM specimen was observed except at the beginning of the irradiation. This was caused
by beam heating, and is an acceptable phenomenon. Since the inner stress of the specimen was small and the temperature
control was good, the TEM specimen well maintained its position and orientation during irradiation. Thank to this, it is much

easier to obtain TEM images with high resolution and high quality.



3. Results and discussions a) 300°C

High purity 316L stainless steel model alloy
(Fe-16.9Cr-13.0Ni-2.29Mo0-1.00Mn-0Si) was irradiated to 0.2dpa at
300°C and 400°C separately, as shown in Fig. 1. The evolution of defect
clusters was clearly observed by in-situ TEM under g=<111>. Foil
thickness was estimated by thickness fringes under different g vectors.
The depth distribution of defect clusters along foil thickness direction was
determined by stereo-imaging after irradiation. The thickness of surface b) 400°C
denuded zone at each side of the TEM foil was roughly ~30nm for 400°C
and ~20nm for 300°C. However, the surface denuded zone was not
completely free of defect clusters.

Large loops co-existed with tiny black dots at 400°C, whereas
at 300°C the defect clusters were all in the form of black dots. The
nucleation rates and annihilation rates at different doses were recorded as
irradiation proceeded. Immediately after the rapid nucleation at 400°C, the Fig.1 Dark field image of
number density of defect clusters decreased. This was attributed to the stainless steel irradiated to 0.2dpa

growth of some defect clusters, which suppressed the lifetime of tiny clack dots neighboring them. Since the growth of defect

clusters was not distinct at 300°C, such phenomenon was not observed. Combined irradiation was performed first at 290°C to

0.8dpa, and was then followed by in-situ irradiation at 450°C. A fraction of black dots grew in size at the higher temperature,

and caused the disappearance of their neighboring black dots.

4. Conclusion

In-situ irradiation and combined irradiation were successfully preformed with high reliability using the HIT facility.

High resolution TEM images were captured, and the evolution process of each defect cluster was tracked. The depth

distribution profile along foil thickness direction was analyzed by stereo-imaging after irradiation, which allows the

investigation of surface sink effects. Immediately after the rapid nucleation at 400°C, the number density of defect clusters

decreased. This was attributed to the suppression of growing clusters on the lifetime of their neighboring black dots.
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Study on the heavy ion induced defect and surface microstructural
change of tungsten
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Abstract

Enhancement of retention in tungsten due to 2.8 MeV W?* ion-induced cascade damage with deuterium agglomeration was
investigated by using HIT (High fluence Irradiation facility, university of Tokyo) and SNU-TDS (Thermal Desorption
Spectroscopy) in Seoul National University. Undamaged tungsten showed intrinsic retention property dominated by vacancy
and dislocation trapping and the tungsten damaged by W?* ions has the difference of TDS spectrum due to the defect clustering
formation which increases the deuterium retention. It may increase the fuel retention with operation due to the self-ion (W ion)
damage on tungsten.

F—"7—E : Tungsten, Retention, Defect, TDS, Plasma-wall interaction

1. Introduction

Tritium retention which has safety limit in tungsten during ITER operation draws attention because the material damage causes
the retention increase with operation. In this study, we tried to reveal that the self-ion damage in tungsten increases the amount
of retention [1] by experimental studies to figure out the mechanism of it. The cascade damage affects the retention and it can
expect long-term retention to determine the design rule or operation scenario regarding to the safety limit. In a real situation,
most of cascade damage on PFM (Plasma Facing Materials) would be expected by the self-ion (sputtered W atom) and the
defect clustering is generated from the agglomeration of defect due to deuterium gas concentration. Thus, in here, the self-ion
induced damages on tungsten is simulated by using the heavy ion of W?* in HIT and then relatively low energy deuterium
irradiated and retention property was examined by using SNU-TDS. This collaboration work expects to reveal the cascade
damage and deuterium gas concentration effect on the retention.

2. _Methods

Tungsten ion irradiation to tungsten was carried out by using HIT and the deuterium ion irradiation and the retention property
analysis were done by using SNU-ECR (Electron Cyclotron Resonance) and SNU-TDS (Thermal Desorption Spectroscopy) in
Seoul National University. Before the experiment was done, SRIM simulation was used to calculate damage depth profiles,
obtaining the damage depth profiles for 2.8 MeV W2+ ion irradiation which is HIT irradiation condition. The damage in dpa
level is estimated as 0.7 dpa from the W ion current data measured with Faraday cups. Then the specimen is introduced to
SNU-ECR. The SNU-ECR system is the source of deuterium plasma using ECR at an ion energy of 100 eV/D* and ion flux
of 2.8 x 10% D;*/m?. The SNU-TDS system in the Plasma Application Laboratory of Seoul National University consists of a
linear heating furnace (varying capability 0.1 - 1 K/s), a high vacuum chamber (~107 Torr), a quartz tube to minimize the
outgassing effect, and a residual gas analyzer (RGA: XT300, Extorr). The TDS heating rate (B) is 1 K/s, so the Readhead
approximation was adapted based on our previous work [2], which is relevant to the Kissinger equation, in the analysis of the
desorption energy from the TDS spectra. The approximation provides a low error rate of < 1.5% when 108 < v/p < 10% K-1,
where v is the Debye frequency and the desorption property was analyzed by using the approximation. The expected TDS peak
temperature from this model is summarized in Table 1.

VlTp
AEdeS = RTp |:|n (7} - 364:| (1)

Table 1. Theoretical and literature value of expected TDS peak temperature for each defect trapping.

0.75-0.95 0.35-55 (dislocation) 350-550 K, Literature
1.83 1.43 (vacancy) 616 (566-666), Theory
2.34 1.94 (cluster, cavity) 796 (746-846), Theory

3. Results and Discussion



(Concrete results such as quantitative number and figure is easily explained in the paper which is at list of achievement 2.)

The TDS spectra was obtained with temperature for the different damage species from 0 dpa and 0.7 dpa which compared to
the theoretically expected peak temperature for each defect type. From the O dpa, undamaged tungsten showed typical
spectrum which had an intrinsic dislocation-induced trapping peak and oversaturation-induced vacancy trapping peak. In
comparison, 0.7 dpa-damaged tungsten had new peak which means new trapping source in tungsten. From the results of TEM
and SIMS, we could expect it as defect cluster and also from the TDS results. It could be estimated that defect cluster was
generated from the deuterium concentration-induced defect agglomeration. Also, total amount of retention increased for 0.7
dpa-damaged tungsten as several times than undamaged tungsten.

Self ion irradiated PCW (v)

1.2x10"
B Dislocation
10x10”- | Vacancy
Bl Cluster
i

8.0610™

6.0610"

4.0610™

2.0610™

Retention amount for defect type {D;mzj

SCW_Odpa PCW(v)_Odpa SCW_0.7dpa PCWI(v)_0.7dpa
Material condition

Figure 1. (left) Low magnification TEM images of PCW (v): (@) PCW (v)_W, and (b) PCW (v)_W + D. (right) The
total amount of retention for undamaged SCW, undamaged PCW (v), PCW (v)_W + D and SCW_W + D. Each bar
indicates the quantitative contribution of the defect types approximated by the peak area after TDS peak

deconvolution.

4. Summary and future works

In poly-tungsten, the enhancement in retention with both cascade damage and deuterium plasma irradiation was investigated
experimentally. The irradiated deuterium agglomerated to the immobile defect loop generated by W2+ ion irradiation and the
defect clustering generated from the agglomeration. The low energy of deuterium could enhance the retention in the condition
of pre-irradiated high energy of W ion. For HIT experiment in 2017, investigation of the thermal effect in the generation of
defect clustering in the presence of cascade damage.
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(2017).

[2] T. Chikada, “Potential of smart coating for advanced energy systems”, 2017 Sustainable Industrial Processing Summit &
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