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Table 1-1 Chemical compositions of main austenitic stainless steels for light water nuclear reactor [1]. Unit

is wt%.

C Si Mn P S Ni Cr Mo N Note
8.00 | 18.00

SUS304 | <0.08 | <1.00 | <2.00 |<0.045 |<0.030 ~10.5 | ~20.00 - - -
9.00 | 18.00

SUS304L [ <0.030 | <1.00 | <2.00 |<0.045 |<0.030 ~13.5 | ~20.0 - - -

10.00 | 16.00 | 2.00

SUS316 | <0.08 | <1.00 | <2.00 |<0.045 | <0.030 ~14.00|~18.00| ~3.00 - -

12.00 | 16.00 | 2.00

SUS316L | <0.030 | <1.00 | <2.00 |<0.045|<0.030 ~15.00|~18.00| ~3.00 - -

Atomic
icati 10.00 | 16.00 2.00 C+N
< < < < < <
AgBIg:;lgn <0.02 | <0.75 | <2.00 |<0.040 | <0.030 ~14.00l~18.00 ~3.00 <0.12 <0.13

Table 1-2 Displacement cross sections and displacement rate in stainless steel and its component metals [5].

Fusion Reactor (FER) Experimental Breeder Reactor | High Flux Isotope Reactor
(EBR-II) (HFIR)

Cross Displacement | Cross Displacement | Cross Displacement
section rate (dpa/s) | section rate (dpa/s) | section rate (dpa/s)

0% mP) 107 m) 107 m’)
Fe 975 36 x 107 494 12 x 10° 774 11 x 10°
Cr 1117 42 x 107 529 13 x 10° 754 11 x 10°
Ni 1129 42 x 107 613 15 x 10° 866 12 x 10°
Stainless 1019 39 x 107 515 12 x 10° 783 11 x 10°

Steel
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Table 1-3 The number of point defects retained in various kinds of defect clusters.

Size of defect Number of point defects Size of defect Number of point defects
clusters (nm) SFT loop void clusters (nm) SET loop void
0.5 1 2 7 10 459 832 2651
1 5 8 27 11 555 1007 3208
15 10 19 60 12 661 1198 3818
2 18 33 106 13 776 1406 4481
2.5 29 52 166 14 899 1631 5197
3 41 75 239 15 1033 | 1872 5966
35 56 102 325 16 1175 | 2130 6788
4 73 133 424 17 1326 | 2404 7663
45 93 168 537 18 1487 | 2696 8591
5 115 208 663 19 1657 | 3004 9572
5.5 139 252 802 20 1836 | 3328 10606
6 165 300 955 30 4130 | 7488 23863
6.5 194 352 1120 40 7343 | 13312 | 42424
7 225 408 1299 50 11473 | 20800 | 66287
7.5 258 468 1491 60 16521 | 29952 | 95453
8 294 532 1697 70 22487 | 40768 | 129922
8.5 332 601 1916 80 29371 | 53248 | 169694
9 372 674 2148 90 37173 | 67392 | 214769
9.5 414 751 2393 100 45892 | 83200 | 265148

Sizes of defect clusters were determined from the length of one side of SFT, and the diameter
of loop and void.
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Figure 1-1 Relation between PKA energy and atomic displaced number Ny (Eq= 40
eV and E,; = 56 keV).

(b) Dislocation loop

(a) Stacking Fault Tetrahedron (c) Void

Figure 1-2  Secondary defects introduced by irradiation in FCC metals.
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(IJAOO nm

Figure 1-3 Typical secondary defects in Fe-15Cr-16Ni introduced by neutron irradiation. (a) Stacking

fault tetrahedra, (b) interstitial type dislocation loops and (c) voids. Electron micrographs of (b) and

(c) have the same magnification. In (a) and (c), typical defect clusters are indicated by arrows.

15



Controlled Irradiation Appropriate Data Acquisition
Particle species and energy Proper imaging condition
Irradiation rate Nature determination
Variable dose irradiation Number density measurement
Temperature history Three dimensional distribution
Controlled material Dependence on exp. parameters

UNIFIED UNDERSTANDING

Background Knowledge Required Analysis
Properties of point defects Recoil energy spectrum
Defect interactions Collision dynamics
Behavior of small clusters Primary defect production
V-l reaction Reaction dynamics and kinetics

Figure 1-4 Framework for research progress towards the unified understandings of the microstructural

evolution by high-energy-particle irradiation [48].

16



B2E  ERIGE

2.1 B

AR TIIUT ORI ZH W, | FHOIT IY —i3fli=v 7L Th D, = 7 VidhtintE
WEWINA—=ATFA FRAT ULV AHE U FCCHEETH U | AR HFEIL TV D& S Bl &4
HHETHD, 2 FEEOHIT TY — | XHAMZ 3 LHRET LGS T, Fe-l5Cr-16Ni ¥ L O
Fe-16.08Cr-16.64Ni @ 2 FEXED 3 st o aa AViz, 3FZFBEONT IV —L 3 LR GBI A DU
MAEFEEMZT-ETVAEETHD, 4BZBRAOIT IV —IIFEERDOAT VLV AHTH D,

= /7 )ik BHE Johnson-Matthey Chemicals Co. Ltd #0 99.999% % H L7z, 7 LVE&ITT T
A~V xy MEICRY | @ilESREOESEOBAC LV AER LTz, HREBDEOMEITZ=y 7,
71 L RIZOWTILZ LR Johnson-Matthey Chemicals Co. Ltd #2400, 99.999%. 99.998%. 99.99%
Thole, v~ Hy, FVTT v, vay, FEATOWTIE, ZHEI 99.95%LL EOHIE D
b D& Wz, AW ERE O LA A Table2-1 (2R,

REZE X 01 mm IZJELE L, ZOHEL3I MM OFT 4 A7 IF Bk iz, EIEIC X5 ELZR
BLDPOMLEOMMET D120, 74 A7 BHIR DRI L > TERBL LT, = v 7 ViTE
Zefi 123K CTLhBES L. Rin L7z, &3tk Lank Hic, B2 FT1h, 1323K
THESL LIS A L7, A AR 1349 20 ~ 30 um Th o 72,

AN BT D57 — X WHEIZITE & L CERE FHMEEE (TEM) & BB -HmlE ik (PAS)
RV, TEMIZE DT 4 A7 REFOBIZRICK LT, < SOOI OERALETH 5,
T4 A7 B OEEAITRYICY = v MIEZITV, RAERICA BB 217 5 72, Table2-2 (T
4 O BRI E D 7= D DA% 7R T,

AL TITH TR 2 2O X A TOBEE I mm OF 4 A7 ZHH Lz, 1 21X LT~ 72 )k
MitoTF 4 2R B CHD, 5%, Z0ORBE (AL HDH0NT [ Lvr ] LIRS, i
DITHET BRI D% IZEMATE L. TEM TBIRH 5 WIILEFHREmMEZIE L7z, © 9 120F
FREF ORTNZ TEM TS ATREREBLRIEIC L7 b D TH Y | MR ZOE E THEZE L, 2Ok
 DEREREH B2 V0E TERE LIRS, L7 5k LR O W TR T IR TE A S
2K (JRFZ2Fld K ORI ) (ST 23 v 7 MEDENTH S, Fig2-1 IZRH T TO
2L 3RS ORISR 0D RUR B 0D 25 B A AR IR 7, TEM 81531 0 BRI AN 70 st 1
#7100 nm PA FOJE X 7200 T, BIEEBIZ I TEA SN RO 072 ) O &IXRH hIc R v~
7 ~EB LIRS 5, — v 7 B OBAITIE, REGITEST 20T, BIEBTIHEASE

5H ERTORRMaITER > > 7 ~REEFIC, BENEBIZ W TRR MRS THRT 2,
M B R 30 27 3RS K ONERIBEREE C O il 22 L8 KOS - D % B & & &S H
5295, SMHMOLE, FERMOIEHIREIILL T O X 5 IcRH SN D,
12a -E,
5 Vv, exp( T ) 2.1
ZIZT, a1 EOY vy 7, v 3R FIRENE, FEEEIECHITI Y v o T OMER, E, 1345 AKX

D=

17



MaOBEOIEMAL = R VX — kTR Y~ o OEEEB L O TIFHEIHEE CH 5, Table2-3 1T, &K
W TR~ 72 Fe-15Cr-16Ni Dk % 72l EE T D22 L & k& R F DILEURE D 2 <77, AW
TR 22 AL SRR OB = xR L X — X2 NE 13eVIBLN09eV [, 2] THDH, &I, M
S L EA SRR L O AR F0, JES 10 nm OEBEEHC B I 2 38 % 5 2. 5,
373 K T, RABOE I FmOF IS DR F 2L LR F 23RBS 7 ~EIET H72DIC
PERERIZIZNZN 44 x10°s BL W 18s THY 573K TOZIUIZENEN 03 s BL U 1.4 x
10°s TH D, IMTRD 1 %A 27/ (25 H =2.16X10°s) OB EEET 5 L, 373 K TIIHFZ
LIZFa ERE Y > 7 ~BTF D Z ENTERVDIZH LT, TR IIRS IS TE, 573 K
TIEM ST ORRMNER S > 7 ~EETEDLZ L E2ERL TV 5D, BT CoOMBEUE OB E
TS DN DR B L OB IO 52085 Z LN E 80| mKMRESERE
FROBEME A ST D 2 LN TE D,

22 g
22.1 MBI T oo o B

— R R R FIORR A I A EH T, I D2 ORI 10°°~10%° n/m® O ko Wi & %
F 5, A IIMEO REHBEGAFFEIC B W CEEZRRBIL, MBI RN %5217 2 28+ o
TE BN BN Bk 2 295 Z & Th 5, il 21F Fast Flux Test Facility (FFTF/MOTA) < High
Flux Isotope Reactor (HFIR) % D47 T W R EO RS EBRIIITHhi T\ 5728, —H LIRSS
55 CORKN BIKFOMNLIIA 3 Th D, Bt O BB O AN, 242 bl d 25 5
(TR % 2RI IC K DS (B # R, BEA AL BA A B)  TiiebhTwn
%, Table2-4 |34k~ 72 REERH C O 4 7ohi T CHA SN A BEMEDOR B A ~T, Zhboh
THWERIIEFELEA A I Lo THLIZENTE D, B, A FVHLIWVITHHETICED
HEHEOEWZ RS 27201003, ERIRMATICI 2 2 B EREZ FEf L, BAIN DR
B BEEEO R EITO ZENEETH D, R TIIESAHPIEFIC XV EAS DAY
IR A BRI ORFJERT (B H AR ORFJEBR S HEME) O ERRBRIF  UMTR) 265/ L
THATZ, IMTR (3 H ARIZ BT DM ERRBR O 72 O O T47 T, 2 O H 1% 50 MW ORKIFCTH 5,
AWFFETH AT F ¥ 72 VRS (8, BREEBRICITS v 720 LT 5 PR OB 250
D TITH) TOFPEFRE TP MEF T 0.1~3 x 10 /m?-s, mf i+ T2 x 10%¥ wm?+s T
& o7z, Table2-51%, IMTR [3] TOX ¥ 7w /VHS R O F 72tk 2 R7,

MR O GG OBFED LT A RIIR b HERELRERND 5 HO 15 TH %, Table2-6 |3 IMTR
[3] 1B 5 1.0 x 10" n/m’+s OFVEFIREEIC L D EODDOME OB E H LEE 2 R4, AFFET
FHARI=E72RETH D Fe-15Cr-16Ni &, 25 H (IMTR OI@H O 1 %A 7 V) [E, EFtohdET1iR
FECHS L7254, dpa OARHEITH 0.15 12725, Loy UHMEFIREE IR 7R ONLEIC L 0 Bie
%, Fig2-2 & 23 [FFEFFLOEE R L OYF RS OB X 2 k150 E SR 2 T TR
[31.

18



222 W EAHENS X D A

JMTR {214 Table2-5 (2R &5 L 9 72 BESMEREA B 2 A3, Kiritani X FRETE% & L COJETIF D
A2 K M % 5 < $5HE L[4], ERINT — X 2155 7212 IMTR H O B LA 8B L7z[5, 6],
ZOHiITIE, BEFEOLRDOFEMIZOWTRET 2,

JEF-47 DRESR D B 520 C I BRE R O RRUBHELEE 13 BRI K 2 Nk & B U 7 p & i 5 1 A
MIZ R DBENDNT o A Ko THIBI S LD, 47 O ER H IREIC IRURHE 1308 24 22 U Y 71
Ko THEDIREEIZHERF - Fl S5 25, JFoREIR I L OMF LRI Z 10 K& 0 ARVIREE To ik
THHZRET D Z ENTERY, RWVRE COHRPEFRFIC LV EEHENE LI ET52 L
23, Kiritani et al. [4]\2 &> TSNz, FEEE L B2 DIRE COPMET O MRS % [AhiEd 2 H
fl72 7T, BEEORC X BINBAD BT 70 < IR EEICHUE 2 BT 298 ) 70 b — 2 —12 L 0 alk
IR 292 2 L Th 5, Fig2-4 T BAGRERIMEZ1T 5 7 DICRE &, MR ESh-m R
SHEE QSR EWNHX & 7~ 9, Fig.2-5 1ok BRI IR EEHIE 3 L OE A 1R il 48 o> B Hh o0 i
DB AR, P OFREIR R X UM IR OAKIR T o ik - FRES 25 Sl B RLE B IR X 0 [EEE S h
77

223 ZBZ B RS

K0 @R B ORGSR O 7o OB EAEE O B BIKFIIER ICEE CTH D, BT EIT
A F BRI OBEA IR, FRETRE & ONREE O FIEN I EE N L L S ICHEMIZIT) 2 LR TE S,
—HRFIFRAOLAEIZ 1 VA 7 NVOERICE > TR LN T — X OFuT@FEN 1 > Tho
7o MIEIKGEDOT — 2 OERBIERAATE LMY KT Z LK WTRETH 223, EEAR T
RN RO DT NREBENC L > THREEL 725, Kiritani (%, 1 BV A 7 L OEE DR TR
U o RE DRI SN - SO ¥ T D 1| KEREGEAN~T X H < L4505 RS
A RRFE L72[7), £72 1 ROBE ) ZICHIENRE N B2 2850 2 EY (ZERE) . 1 RIOERT
R 3 DI E SR ORKN ZFTRBIC L1 EICZ L OF — X %2155 2 & & A[HEIC L7z, Narui et al.
T ORSE TZELEIRE ) LA4MT28]. 20X 5 ICHINRE S LUK K4 3 R4
BTE DMEERD 2.2.2 HilTIR ARSIV 2 K8 ISHIE 3 2 B & oG bz L > T
REIC72 o7z, ZAUHDOHMERIZEY IMTR IEBFSEE AN e X O (TSR & R A2 B hIcE
DAV D R R T IR IR (S 72 o 72,

224 ZOfho RS

AWFIETIE IMTR (2 K 2 PPEFIRES OMls . sEERZEFIF (KUR) . ~b & — i JbFget o
4 —® Belgian Reactor-2 (BR-2), @ JESF P  (JOYO)., FFTE/MOTA, [Hl#5% —75 K H
TP (RTNS-ID (2 XY R A2 1T 5 72,

KUR (ZAA I 7T =2 o 7 RIDFFIR T, WS, b5, B, L5 B BYHA
< FEBRBFFRICHE R STV 5, JFDIHRIRHE 7 7 o OBCIRIREIESE & BERSURRER L 1 b7 0 |
WK 2 PRl - IR & L7 BT 5,000 kW, TR FET-BRIE 3.2 x 10" n/m’ s DR TIFCTH 5,
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KUR HEEEOHEIIAR VRN 27 2 L ZHROMFGERE 4 K 27 2 U AR OMHMERE 1 KT
ThiLd, KUR ABIXERE 2m, HRE 8m, JEX 0.012m OT /NI =0 L2 7 ZKERED
ZOEEBITHF LT BTN D,

BR-2 (Z~/LF¥—®D Mol %+ MIZdH % Research Center for the Application of Nuclear Energy
(SCK/CEN) WEBS 5@ 7 7 v 7 AMBERERIFE T 5, K7 — VA CTlRKRE ) 125 MW Tk
1% 50~80 MW CHEHZ XL T\ 5, KOWFLZ 7 A0 ODOEEIL313 K, HAX328 K ThHD,
B IIZY v v RO T AENZ L > THIE STV 5

JOYO (37 MU U A SR Ch v . AT —# 2 BT L7z MK-IL 4F.0I3 A 7) 100
MW JFDIREEIE 773 K Td 5 P NERFPEFSREE 1T 4.9 x 10" n/m’ s, @ 738 (>0.1 MeV
PLE) 1%32%x10% n/m*s Th 5,

FFTF/MOTA [3KED > b UM 7 o — RO 1)L F — 448 PRI /R S 7z i i SR
JFliax T 5, BVHT) 400 MW O &35 F Fast Test Reactor (FTR)  723% V) | 1982 H-|TiEHA %
Blta L7, T AT EeEmEE (LMR) MOBERME I OREL « MR TH 5, FTR JF.L
o Z BT B EE P E IR 4 x 10 n/m?*s (> 0.1 MeV), FAADT b U 7 WG EBHRE X
430K, FFHMIX776 K TH 5,

RINS-IL I K[E 7 — L R« URETESAFEATICH 5 14 MeV THEFIRTHY . P F U LD
F L AMCEMCERFE RS T, BT F2RESELERETH D,

B ARG KR P BRI R AUINSRR (T A F v 7)) TiTolz, B HRAUNSERR
I3 2 ROMEITEAINEE # RO L Ny ROBEHREMET 2 E CH D, BEmEvEonE
FEIFEENIFT BIAAS, R 72~ A 7 0K ZEA L CEFEZIET 2, &EE TR/
F—IE 46 MeV, E— L&A 5A (B VR) HOV0SA (R2VVA), 7L R0 iR LEGK 400
Hz OPEREZ RO,

23 KIpiEEOWE I L OSH

A TIE=y T NVB IO —ATF A FRAT U L AFOHRVET-3 L OVEFRIC L HHEEHE
% TEM 3 X OB TIEEGFGHIE  (PAS) ICX - TN L7z, Z OHiTik TEM D@5
B, BT 2 fEHTIERS L OVPAS O A Flak 35, F7-, EEEE FBEMEIIC X5 E RIS
ko THHTFIRIIC L o THA SN e ARMEEGROFREEZ B Z o7 D T, ZDJk
WZDOWTHELR T %,

2.3.1 BB E T PAMETEIEE
23.1.1 BB RIS L OB

HWE TEM ORIz 7 2 MRITEHE B 24 A LT &l LB I K > TOHIEAK
IND, TOXIICLTHLNIMGITT T v Z AN XV R LI2E o3 < 720 TIHEREE )
EREEN D, — R EFEOEPF ARy MIBB S, B LI2E RIS K > TR LB
[T L7 5 < 7e 0 | THEEER G ) LT D, FAEEHGIIIRS R 2 BB 720 | W
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maAq Uzl ARETREETLZ ik ESRD,

23.1.2 WEHEPSH B — A0k

N4 T O K IE T 7 T v F RO T CEIEESN D, L)L ZOFIETILAXRES
RO BRI XL DBIIEILL 720 . TNODOIEMRNMEEZSD Z ENTE R, AL OEIXTH
HHHED 45D 1 HDWES5 5D 1 ThHhDH, HEEREEL X, ThET OEBEASIEANEZET 5 &
ANFHE ORIEDY 0 & 72 0 SR OIRIEA K & 72 2 BEBE2 R 2, THEERE & IZLL ToRTH
PEIND,

Cg0
(1 + (S 20 )2 )Vz

T sZET Ty TRIEDPLDTNDNRT A—=2— Eplds=0 1B T HHRIMTH D, AL
DBITT T v T RN L DOTREREMEE S Z L THL 2D, /o TT T v VRN LDORE R
TRTHL 2 R T2 MOFENMERSEONS, L LEFF S E—20ME 1T S IcohTHH<
RO THITIRG 705, ZAUIKARE S B — 2 (DFWB)  (EEFRIEN D, fdh o K a % 8152
% DFWB 7578 Cockane et al. [91\C & 0 HEST S 7=, FEFITILWDE (B 2 1 XEEAL AL E O EE7R
RIE 8 2 WITFEF TN R R B B IRDBIES) ~BHICFIH SN D K 91272 > 72, DFWB &1
FERNTIR S 22 LT, N2k - R RUERN L — 7 (I-loop) & 2 WO EAERE K MG U {4 (SFT)
DBEICAHTH D, AR TIE DFWB IEZ IR fEH Lz,

£ = 22)

23.13  mXMESEOREE ORIE

FRSFHIC & o TR LIz SR E S R OB R L O A X34 1X TEM #0650 5k b E
BT —HD 1 DThD, LAUXTE DT EMEICHE LTI 5720, BEAER O 8K
BatE AR DB LI DL S TORMBEE R EZ ZORETEH L Z LICLVEHMiT L 2 LT
By LL ZOBEESHOEERLETH D,

1 OEBESIXETREF SN ERBOBATH D, ZOBA, Bl 7 ORBIZX Y HK
MR SRR AER LR NT X —F v RY — U LN DTN AT 5D T, EOTX—T v RV
— U OEGZ X 0 IEME 72 K M G IR OB B 2 301 L 22 T uE 722 S 720, IROIEE AL, FFIC
NN SR EARDOBEAITIE, ThLDERLA%EDa L T A ML TRSN-E
B CERVRERMESIRDBIFET 5 2 & Th D, Satoh er al. [10] 133 FOBGIREDS SFT DFREE &
FALTHEary T ANEERDHDLZ EERLTNWD, BIFICBIT DT T v 758805 DF 3
TA—H—s ZRELLEDHILICE ST, BRI TCEOIHVa L NI A NELTHRERLTD
SFT 8D Z LR L TWDH, ZDAETYH SFT AR5 AIREMED £ 7255 5 28, 2 4U1E 10 %
HKiiii T D,

BUEE ORI B W CHEAEBIOE S OWEITHEELRERN TH L, RO v U6 DHEET
WO BIE S 25l 2 OIIERICHH TH Y | F-EMETH 5, s =0 OFF, PIHEHE TIE,
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FWEDSTHRIEREO BB OJE S OFTIC B, [ARRICHEREE TiX. 2R EEEBEO 75 0%
BETHLIINHND, s=0 DM THE LETEBL LR O, REEZ Loy U9 D
DIEREDOBMRZ155 Z LN TE D,
RIZ Fe-15Cr-16Ni OV RIREA A 32, IHEMHE, & 13X Hirscheral. [11] Ik > THZ bz
KOKIZL > THETE S,
So =

7V cos@

A
Z T, VITHNKETOEREE, 01377 v 70/ JIFARE—LAOWREE, fITETHICKDH
PN OEELR T TH D, BEOIRF TR SN 2O R HELIR 12N Hic L » THE &
D,

(2.3)

f=2.38x 10-1°Z(zi — £.)(10°*1/sin ) (2.4)

ZITC, ZIF i BFEOREORFE S, Ll IR (1210685 2N TES i FHOBE O X ##
WX 2R FHGLIA 7+ Ch 5, EORUT L - T, 200 kV OINETEEDEE D Fe-15Cr-16Ni ¢ HLAY
Y72V EREZ (111), (200), (220)D & D X, ZHE 4 40.9 nm, 48.6 nm 35 L TN 66.2 nm &
K7z,

HE % IEREICT 5 723010 AWFZEF OB EITIE S OZEKIC X 5 I E O [lLH)» HIkE L,
ZOWIAE Fig2-6 \Z T, ZOHETIXEREEIIRRDEI DN 202085 THlEL, 77—
BET vy b, ARG RRGEAROBEEZRET 5,

2314 AT LAEER

ABFFECIE, WL L 7 30 o e U T T O R 22 4L KOS TR O % B o
BWEFIA U CRRIESIROME A2 MHT LT, 2 O CIXERGUR O mURBEARDOBE S
IATFIERICEHERERICR D, O CIIARMESERDIRE DT 07 7 A )V &~ 5 KB
BRI HOWTCREIR T 5,

2 ODEINTEIR B I HR—DOHREF D TEM BE ARk D Z LIk - T, SAXRMESED 3 Kk
TR DN BIEEBIC L 0 OND, ROAT VAEEERLE-OIIET 7 v 7 E&END
OFHIMIE UL 2480 TEM GEZ {25 Z L NEHEETH 5, 2 DOFEMOMEY) /28 X oM 1%
BEOGERB I ORBOESITKFT 208, £ 8~10°@EU Th 5, MHXTHRESAE Z, X
£ 0 & GEEORMEILKE M OBFRIZ. LTORXTHEZ b5,

P
" 2Msin(9/2)
ZIZTPIFHAET, 250 TEM GEMO RKKES RO &5 L, £ 5 mm OHEZETHR
WZBIZE L, WET D7D DOMKIETH S, 1> T 200 nm OFREHE S Hh D SURKREE SR DOE S 43
iz 10 TfEOREMEETHET D&, 49 ETHEZHITHZ LN TX D,
3 WILGATDZNRIIRBNED T/ 2y TIOZATBLIOELT — VI L o> T S Lz

2.5)
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VAT LEFE LT, TOVAT ATIIRRMBESGED (x, y) EE, BXORTEM BEE EO 2D
DRRMEARDOEEE TV ZA P LB = OEHIC L W Y aicEznERERATe 2 &
MTED, REOT v U E B TEE 2 Wim EOMEZ A7 — X2 XVitHE T 5, Fig2-7
AT VAMBEO —flZ T, 0 DRIBMIIAT VABEIZL Y, 38, Fig.3-10(a)D =
E<RDBEND, 1 MORT VABFELZG T L X2, TEM ORI AT — O &4, g ~7 b
DI ZMY | FIZEARKRIZ TEM BEAZE R 2L S0 I D I8N ROME 2 -3 X
ZEIHOTBLIEBNETHD,

232 BUNERKGER EOIRIE D 72 8 0O % - H RS

FHEF BRI K > TEA SN MM RRBEESERDRED 720D, BEmEE S (HVEM)
& o CERIBI 21TV, PRI L > THEA SN ARBESERDOEB T L ORISIZL D
R, i/, OIS S #FHRFRNR 22 Tl D D ORLHE 21T > 72, B
Y34 R RO H-1250ST TIT - 72, fe e IEFEEIE 1.25 MeV Th 0 | FRE#E T 3~5 x 10*
e/m’+s (1.8~3X 107 dpa) TH 5, HBAE FPMBEOREMERIT 10 % THOMEET 0.14 nm LA
TThs, 4 ERTO H-1250ST (THSPEORE 2 BlL2 T X 5 HARTHA W TEM Th 5,

233 BHE AT

BT e R UERE KIOEMEZFFOBEFIXE O Th b, BE 10 EIRCH RIS
ToH L MR R TEIXENY AR (107%s) O 9 BICEB T R LX—EK D, TOMEM BT OB
T L ORIRIC Lo T L IS keV DT RV —D 20D y & 54 & T U %, Na
ORI X 2 BB MRS M HE D 51k %k %, Fig.2-8 13 ?Na O AR %7~ 4, PNa 7% B A
LIETF 2T 5 L &, PNe DIERIETH S *Ne' Ic£E b5, FIZ PNe IZTLERFH PNe 12
25V 128 MeV DT R /L F— %50 v #it & BIFEA (3 x 1077 s LU It 9% Sl D 1.28 MeV
Dy B L UBGHE - HEOTMEIRIC X > TS S 55 2 B O 511 KeV O y FROR ORER 2 1l
ETDHZEICE-T, BBETHEEMERD Z ENTE D, Fig2-9 ISR CHW - 5E 7
I E 2518 2 7~ T, BE RE - TH IR A DT E 13 AR VEE 25 B & R D Rl 22 AL (V B D i RSB 148
B D WII RSN 2 SRR A~ H N7 ik TH 5,

B e - TH IR A E 1T 190 ps DIFIfFRE (R RIE D AFIE) Tl O fast-fast AX7 b R
—ZEVTERTITo 72, TNEND A MVIZETIx10° 7 bER LT, BB
WF A7 hVIL PALSFIT 7' 277 W Tl L7z [13], FAIIFREZRGE 2 ~ 3 IS0 iR
TX 5, 9 TRWEEIE, BIEHOHFME L TRDTE, —ATF A MRAT UL AHO 1
DDETIVEA T % Fe-14Cr-13Ni D [57E 1 F it (3 Monte-Carlo % 5 - BB Rm & RTER BT Bl 2
HAWTE 1R CHEINTWD [14], ZOFmiE~ b v 7 AL FAZEHICOE | ENEH 106
ps & 183 ps THo7= [15], TNHDfEIF=v 7L EIZIER U THDH DT [14, 16, 17], ABFIETIE
F—ATFA RRAT VAR HHA ROSFT O X 9 72 VALK EES ROV A XD [FE
L = 7 VO FFEE F 2, Fig.2-10 ([ZLL EOFHRIZE DWW ZBEE FIEEEm & V R
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Table2-1 Chemical compositions of specimens.

Specimen Composition
Code

H Fe-15Cr-16Ni

A Fe-16.08Cr-16.64N1

B Fe-15.35Cr-15.88Ni-1.89Mn-2.67Mo

C Fe-15.39Cr-15.8Ni-1.88Mn-2.66Mo-0.53Si1

D Fe-15.39Cr-15.92-1.89Mn-2.68Mo0-0.53Si-0.24Ti

E SUS316L
Fe-17.35Cr-12.05N1-0.85Mn-2.08M0-0.47S1-0.019C-0.027P-0.001S

F SUS316
Fe-19.22Cr-12.58Ni-1.82Mn- 2.26M0-0.39S1-0.05C-0.019P-0.004S

J Ti added modified SUS316
Fe-15.27Cr-15.8Ni-1.88Mn-2.66M0-0.53Si-0.24Ti-0.055C-0.024P

G SUS 304
Fe-18.12Cr-9.08Ni-0.85Mn-0.48S1-0.05C-0.027P-0.0025S

Ni Pure nickel (purity 99.999%)

Table 2-2 Conditions for electro-polishing of disk specimens.

Electrolyte Voltage (V) Note

Jet Acetic acid (19) : Percloric 50~70 below 15°C.
polishing acid (1)
Final 20 g Chromic acid 20 about 5°C.
polishing 30 ml Water

160 ml Phosphoric acid

Acetic acid (19) : Percloric 50~70 about 5C.

acid (1)
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in Fe-15Cr-16Ni at various temperatures.

Table 2-3 Diffusion coefficients of vacancies and interstitials

Temperature Diffusion coefficient (nm”/s)
(K) Vacancies Interstitials
373 1.4 x 107 3.5
473 0.07 1300
573 19 6.2 x 10°
673 940 9.2 x10°

The values of ay and vy are 0.25 nm and 1013/sec, respectively.

Table 2-4 The mode of irradiation damage with various particles.

Particles Energy Mass of Cross Mode of Irradiation
(MeV) particles sectionof | irradiation facility
(amu) collision damage
Electron e 1 ~3 1/1840 Large Frenkel pair HVEM*
46 KUR Linac
Light HorHe 0.5 ~ 150 1 ~2 Frenkel pair Accelerator
ion and
Cascade
damage
Heavy |Ti ~ Au 5~50 20 ~ 80 Large Cascade Accelerator
ion damage
Neutron n >0.1 1 Small Cascade Fission
damage reactor
n 14 1 Small Cascade RTNS- IT**
damage

*High Voltage Electron Microscope

** Rotating Target Neutron Source-II (Lawrence Livermore National Laboratory)
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Table 2-5 Specification of the capsule irradiation facility in the JMTR [3].

Facility name

Capsule

Cycle of irradiation time

25 days

Flux of thermal neutrons

0.1~ 3x10%® n/m?-s

Flux of fast neutrons

0.1~ 2 x10"* n/m?*s

Nuclear heating rate 0.5~ 10 W/g
Coolant Light water
Temperature of coolant ~323 K
Pressure of coolant 140000 kg/m** G
Maximum heat generation 100 kW

Table 2-6  Displacement rates of various materials irradiated by the JIMTR [3].
Material | Displacement Displacement rate (x 10™* dpa/s)
energy
(eV) Fuel Ist Be 2nd Be | Alreflector | OGL-1*
region reflector | reflector region
region region
Fe 40 1.44 1.47 1.55 1.59 -
Ni 40 1.51 1.58 1.73 1.75 -
Cr 40 1.41 1.47 1.59 1.61 -
Mo 62 0.703 0.736 0.827 0.875 -
SUS316 40 1.43 1.46 1.56 1.59 -
SUS304 40 1.44 1.48 1.57 1.60 -
C 47 1.04 1.11 1.30 - 1.37

Nb 60 0.973 0.993 - - -
A% 43 1.67 1.74 - - -

The values correspond to neutron flux of 1.0 x 10'” n/m*+s(>1.0 MeV).

OGL-1 : Ooarai Gas Loop 1
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Figure 2-1 Behaviors of point defects in thin foil and bulk specimens under irradiation.
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Figure 2-5 Recorded temperatures for the irradiation to

compare the conventional and the improved control. The
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observed to reflect the variation of the reactor power [5].
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Figure 2-7 An example of stereoscopic pair micrographs.

Defect structure in neutron irradiated
Fe-15Cr-16Ni to 0.3 dpa at 573 K.
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Figure 2-8 Decay diagram of *Na.
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Figure 2-9 The equipment of positron annihilation lifetime measurement.
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Table 3-1 The results on identification of the nature of defect clusters in neutron irradiated Fe-

15Cr-16Ni by electron irradiation.

t(lerr;ap?(:?;ia?e Shape of specimens V-type clusters I-type clusters
353K Bulk 40x10%/m* (93%)| 35x10%/m® (7%)
Thin foil (Thickness=20nm) 3.7 x10%?/m® (77%)| 11x10%?/m® (23%)
573K Thin foil (40 nm) 3.1 x 10%/m*(65 %) | 1.6 x10%/m* (35 %)
Thin foil(120 nm) 3.8x 107 /m* (25 %) | 1.1 x10%/m* (75 %)
623 K Bulk - 1.4 x10?Y/m® (~100 %)
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Figure 3-1 Migration efficiency (MC) of vacancies and interstitials in Fe-15Cr-16Ni under
electron irradiation at two typical temperatures.
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Figure 3-2 Principle of identification of the nature of point defect clusters in neutron irradiated
specimen by additional electron irradiation. (a), (b) and (c) are before electron irradiation, during
electron irradiation and after electron irradiation, respectively.
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Figure 3-3  Progressive change of defect structures in a thin part of Fe-15Cr-16Ni neutron irradiated thin foil (0.3 dpa) at 573 K during electron irradiation at
573 K (1 MeV, 5.4 x 10 dpa/s). Dark-field image. Arrows g, s and d indicate typical examples of grown, shrunk and disappeared defect clusters, respectively.
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Figure 3-4 The variation of the contrast of defect clusters with the direction of reflecting vector g, the
inclination of defect clusters and the nature of defect clusters in neutron irradiated Fe-15Cr-16Ni at 573 K.
(@) and (b) are the stereoscopic pair micrographs of electron irradiated part of the specimen neutron
irradiated at 573 K to know the inclination of defect clusters. (c) and (d) pair are dark-field images with
opposite direction of g vectors, (e) and (f) pair are bright-field images.
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Figure 3-5 (a) and (b) are stereoscopic pair of micrographs of defect structures in a thin part of Fe-15Cr-16Ni neutron irradiated (0.3 dpa) at 573 K
before electron irradiation, and (c) after electron irradiation.
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Figure 3-6 Cross sectional distribution of the reaction of defect 0 2 4 6

clusters in a thin part of the specimen during electron irradiation. In Size of Clusters  (nm)

this figure, types of clusters were determined by our conventional
judgement technique from the shape and contrast of images.
Disappeared loops indicate disappeared defect clusters that have
the contrast of loops under electron irradiation. Grown SFTs
indicate grown defect clusters that have the contrast of SFTs.

Figure 3-7 Size distribution of defect clusters of four
kinds of reaction at the central part of the specimen
during electron irradiation.
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Figure 3-8 Comparison of defect structures in a thick part of Fe-15Cr-16Ni neutron irradiated as thin foil
(0.3 dpa) at 573 K, between (a) before and (b) after electron irradiation (1 MeV, 0.24 dpa) at 573 K. Arrows
g, s and d indicate typical examples of grown, shrunk and disappeared defect clusters, respectively.
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Figure 3-9 Size distribution and fraction of I- and V-type defect clusters identified in Fe-15Cr-16Ni neutron irradiated as thin foil
(0.3 dpa) at 573 K by electron irradiation at various thicknesses.
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Figure 3-10 Cross sectional distribution of defect clusters in a foil specimen shown in Figure 3-5 and 3-8.
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Figure 3-11 Progressive change of defect structures in Fe-15Cr-16Ni (bulk) neutron irradiated (0.33 dpa) at 353 K, during electron
irradiation (1 MeV, 1.4 X 10° dpa/s) at 353 K.

50



Figure 3-12 Progressive change of defect structures in Fe-15Cr-16Ni neutron irradiated at 353 K and subsequently annealed at 573 K, during electron
irradiation (1 MeV, 1.4 X 10 dpa/s) at 573 K.
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Figure 3-13 Defect structures in Fe-15Cr-16Ni neutron irradiated (0.33 dpa) at 353 K. (a) as irradiated, (b) after annealing at 573 K for 30 min, (c)
after subsequent electron irradiation (1 MeV, 0.9 dpa) at 573 K.
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Figure 3-14 Size distribution and fraction of | and V-type defect clusters in Fe-15Cr-16Ni (bulk) neutron irradiated (0.33 dpa) identified by
electron irradiation at 573 K, (a) SFT, (b) I-loop after annealing and (c) SFT, (d) I-loop before annealing.
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Figure 3-15 Comparison of defect structures in Fe-15Cr-16Ni (bulk) neutron irradiated (0.33 dpa) at 623
K, between (a) before and (b) after electron irradiation (1 MeV, 3.9 dpa) at 573 K.
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Figure 3-16 Comparison of (a) bright-field and (b) dark-field electron micrographs in Fe-15Cr-16Ni neutron irradiated at 473 K to 0.3 dpa as bulk.
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Figure 3-17 Electron micrographs both of V and I-type defect clusters having various size. Upper row shows SFT and bottom I-type dislocation loops.
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DBESIIERIC X 5 YA X340 DAL 27797, 353 K &RV VR THRE S L 7-ilB T % < o v
SR BB A RITEORER O BESIIZ L W HKRT 5, ZAUIKBE A XD/~ VIARLER R
DIFFERED LD REVNLTH D,

44 B

PR ~_7= X5 (kR A LV Fe-15Cr-16Ni HHZE A S 745 SR MREE A IR DT WA X
B B A R U, SRR C O SRR S IROIR S 40 b i<z, LIRS 3 ok R
FORBEORFEEZHNT, F—ATF A FRAT VL RO MM 72E 7 V54, Fe-15Cr-16Ni
IR D2 OSSR (FRIHRE, > 7 REE) ToOh A r— NEEHKEL | (2) &0 A r—
R B EEFERL S 7o R BREAER, (b) V BLR K MGEA RO ERGRTE, ()7 A 7 — FEGHEE
DG, (d) W5 OO R ME SR OBRAERDIEH L =R X —DBLEN B BET D,

441 AT — RinGEBEAERT 5 RRMES

HE - BRE U 72 SRR O JE R ISR Ay T | B SRR SRS IER I 7y (55 3 o
Table3-1 @ 373 K THUF S 723k o | Blds TV BUIKEAEROLSR), AT T 22
OHIZ X D, 5 1 IEH A7 — RN TIEHEAZZADFOERIS, BRI 2 OB TE S
PO TR TEGEREED N Z & 5 212 | BLSRIRES RO EZE D A /r— RTAERKR L
T2 LTH ZNHO—RITMITEWIEEMOILE [13] 12k (KEv v 7~k TH52 & Th D,
— 7 1EZEH Al — Rip B EREARK U7z V BLO SR MR A R O FE 5 /O 5 i, B 7-1
JR T DOEEEZ T L RFEINDEFIC, BROBFHEEOES), ZhbDBELIIESN T, B
T3 AL — R G EHAERR U7z V B0 53R M SE G R D B0 BE 4 IS0 O JE 5 L3V N 43 O3 B
HRHlT 5 Z &N TE D,

- FRES U 7= Fe-15Cr-16Ni T 8122 X417 V B R I RIZ AT/ &< . $£7- PKA 105
2 ONTZTHFN X —=DIRGFH TH HIZH 000 b3 Figd-3 [T L 22, Z b DA X541
RDTH, ZNHITEREE LT, KREREREIAS — RTEHRL BT HAF—RnbE T T
5L aMLRET D, o TINDLDOBRITEEDOY T HAr— K« 2xF—L LTH—D

V RS R G R AERICE D Y THONE Y= VX — %375 2 & &2 lEI2 T D,

Kiritani [14] 1TV 7 WA — K « =3 ¥ —%H—0 V B ERESKRIZE 2 5L H =R /L¥
— & LC, Kinchin-Pease E7 /L E[AEED LEVMESY A 7OEBZHWTIME L7z, V7 A7 —

63



RARRT RV F—Ese ZE L. b L PKA ZRLF—2 Ec R THIHE, VT H A7 — R
AR L7200, PKA =)L X —3 Esc LW K&, 2Esc LV DRWGE AT 27 A r—FR
DET

2Esc

[o(E,)4(E,)dE, (4.4)

Esc
T ITL o(EHE By DR LF — % F0 PKA OIZEOWIHERITH Y . ¢ (Ep)lE Ep D PKA =51
— % FFOHEF AT b TH D, H L PKA ZRAF—N 2BEsc LW KREWEE, 7 W A7 —
ROBIILLT & 72 5,

2 E
[ 52 o(E)HE, )E, @3
2Egc e

Fe-15Cr-16Ni {22\ T D Esc DHEED FIRIXLL F D L B0 Th 5, Shimomura [15] X IMTR T
PSS S H7- Fe-15Cr-16Ni D PKA k)L F—+ 227 kL (rififE & PKA =R /LEDEMR) %8k,
=y TV EBLIOT B LD PKA AR ML« T—2NLERRIZEVEE L, Fig4-22 13HE S
7= Fe-15Cr-16Ni ® PKA =¥ /L F—A~7 hLTH 5, 373K T0.33dpa (>1MeV) 1
B L2 C oV BLEUR I AR ORE R, 1.5X10% /m® (Table 4-1 22 MR) %M L T,
Esc # 135 keV LRGELTZ, ZD EsclZEIEEZ —5y FHPEFJR (RTNS-II) @ 14 MeV Hit4+-C
PR S 724, RB L OO, £ 10 keV OffE [14, 16] L D @I KE WV, ZOKRE YT H A
=B« =X — % Fe-15Cr-16Ni O i TRIZE S T2 0 A — R bEEA R LTz V AR
KU G RO E MO FCC BT D EN L AT IEFITDRNZ L2 KL TND
V BUSRIGE SR E LT 2 DICLE R =X X — 1 ERROEIZERE <L, 1R oFIEGD
VT AT — RO TEM TRIZWRER ARG EAIRICE ST FAEL TV L RN H 5, IMTR
RETDOLGAE I Ar— R E SFT AR T 5 & X2 TEM ICR X 2V EKRREAKE LTHFET D
EWVIHEIHRIL, PKA =R X —DERG I FIZE XTI WD L DO B A — RNOH T
A — R DT < 434 BiCHRRIZEHBEDHRBDIRNZ LI D EERABND, ZDXIIT,
BIZ T A — RIS T A7 — RICHnFIESnTh, Y7 A — bl ahd VALK kS
HEERDOY A X L OEUE PKA =RV F— « AT MVHEAFT D, (Tl GIEA A7 — Kb 0
EROZNEIL PKA TR LF —CHHET 5005 TH D,

573 K Tl Ul S 7= 5UBHCld, 58l A — R b EEEAR L V RLRRMEAS RO %K
1L Table 4-1 1R SN D K 912 35X10%2/m° Tl - 720 Z OEIZ S RIS T 05 T d 5 23,
IIBKD 140 ThHDH, LV EIRTD VR RIMGESIRDOEE EOWA DHHIX, SFT OEWIRZE

EMIZ KV JRFZZIL S A — R OE T2 Z Llc kb B2 D,

442 T Ar— RIS EBEAERT B A 22U R o SR ORI R O 1R (R AT
43.1fiF L 1V4.35.1 HiT, HEGE CORMREIZ LD ARBESIROEBE & V4 XDZE4L
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B L OMEBEEEC oS T 02 b &2 £ 52 LUT-, Fig.4-23 (a). (b)iZ/ v ikklé LT353 KT
FRES % & 373 B LU 573 K TOERBESIEL, (c). (dTFFIFBESL & R U 2 DO CTHRES L7
EFELD V RS R S IR D A X3AF DAL DR T 5, HIEERE O FEH (2 ER 5 & bk
T HEMIL FMD (2 X o CTEEEZZ T TR SN D MWD A — R D EEA R LT 5L
BELTHI2Th D, Fig.s-23(c). (d)IFKRE2RAXRMESENERTERL TNDZ EETT,
TR SNz b O L EREL S T — X 2T 5 &L L0 mOCBEHRE O e A X
D RKMEA AR LT D IR BSEZE D A7 — R b R MEA RO S — HAR LKET
DENCIHIE L7200, O DER LRS00 & T 5 2 LN TE S, b Lige VELE
KRIGESEN—HAR LZORETHBLIZETH L, IVIERWIRE CHRIICE > THEASNT
PN SRR e SE A RIS R BERIIRLEE O L5 K - TR L 72 - hud7Ze 57220, LA L Fig.4-23(a).
OATRT X DT, Wt A RO ERIBESHRITLT L b @IRE £ TORESIZ L > THIE L TW
220N, fEo TEIWIREHRE THUN R V BLE KR MRE G IR AFTE L7 W BRI (X — BAERR L 72 8E &Ko
HIRTIE72 < PO AT — RNTHER LR -T2 Z LIZ XD EffamftiT bhd,

4.4.3 Fe-15Cr-16Ni O FRHHE A

441 Hils LN 4.4.2 Hi T, L A — RipBEBEAR L2 SRRSOV Tigam L7z,
Loy LHEBREE I3 2 &0 T TED 5, Bl 21390 7 3B CITB GG 3@ 22 0 2 7 — R
O E 41D FMD IC X D Z b L, @O BRSHEE i3t TR+ O 272 b TR 2L b W A r—
SRR DR SNVAEL L, fERE L CRR D2 BEMIEICENT D, ORI TIIZSEPET- R
S A7z Fe-15Cr-16Ni OGS DO BB OV TR~ D,

431 Hi T~ & 91, HRRRUEL O FEH IR 120 TR SFT O B0 B2 I LRI & (2
eI LT L, 72 373 K TIE SFT O WA X3 HEIED EESy Tl Lz, 2D OfER 1T 373
K &9 27 0 ARIE Tl SFT AEZE D A7 — R D EHEAR U, EEREL O IR I Tk
B A — REBZORETRAF S, T 0 BNEEEEO X 0 RS b 2 3 Sv 7 3T
HHEICBEIT 28R & OORIC L > TEIT 2 2 & 2R T, —H L0 ®mIRED 573K T,
HEFEEUR O IEH RSy TO SFT O RE 1L 373 K DA D 1/40 L 720 | L7 3G SFT
ERA RBIAFE LT, 2O OFERIZ 573 K TIEE T-BE T2 2 TS L DI 2243 0 A 4r—
RIS S 4L, 205 O— R RA FOAERICEH G5 LfRHES,

B3 EBIUOAETHLNLT — XD, Hix RIRFHRESC Y V7 8B OZE T O RUKKa D%
T HOWTELRT S, Fig.d-24 1%, Fig.4-2. Fig.4-3 3 KO8 Table 4-1 (/R L7 S KMaEA KRB LY
YA ROBEEOT — 20, kx5t (RIHRERS JOREIORIR)  FToRXKMEARK
D HFIARFF ST SR OB E 279, 373 K ORER1E 0.33dpa THAHD T, WEHZ LY 2.6
X 10% Im® DR TR T35 L VR F-22 ALK L. 573 K 1% 0.11dpa T % DT, 8.8X107/m* D%
TR & 2L D, £ 373 K T UL 27 3k & MR o8 (1 1 4t 5,
Table 4-1 (278 L= & 9 12, WBEGERENC O V BLR K FRE AR ORIEEIL 1.5X10% Im* Th v . &%
N DR TF-ZEFL KT 1.5 X 107 /m® (Z DAEIE SFT DI H o X3 O FEH> & Tablel-3 & W T
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RDIZ)Th o7z, WE SN TR LR 72200 99.94 %I XEZEEAICH AR L2 &

(2725, AW LT22TO SFT MERERI O IR TRAF S, Th & R ORE TR
INA A — RO S, Rl v 7 ~BBT 2 & A5, —HECREED L7
BECO VIO SR EASROREE L, 4X10%/m® (JF7-22 5L 3.2 X10% /m® (Ffsatkl o FEH

[ZHDNERSYD 21 %) ) Tdh o 7o, WIEREN L UL 7 BUBHE 0O V BLSUK A sE A R DR B o bl )
O EZE T A — R B EHEEE S V7 SFT OF) 73 % (22 FLECTHI 80 %) 13 2 DR T FMD
EDORJRIZE D W LTZZ 12725, IR S0 2 3OBHE O SFT O JR 122 LB E D
T K 12X10° Im* TH D, O THE T & O EEATHBLZ b0 THY . £2TO
FMD @ 80 %i3/ SV 7 3B CZ DO LI Z L2722 d, £o. TR b0 O 20 %I |
D R RKEEE D LRI FHET 5,

WIZER O 573 K DIGEZ MG 2, 2 OIRE TOMEBEEOIEF ITHWE S TO SFT DR
B, 35X10%/m° (2593 1 6.7X10%°/Im°) Th o7z, MEENORLRARDN, 313K DZEH
DEN 4% TH D, 52 DJRFZEUT, I A — REBONOHH S, RE w7 ~kF 5, 2
L7 BEFTIE, SFT & LT 20X10% /Im* OJFRFZE NG £ TEY . H A7 — Rk & ik &
NIZJRFZE5L0 9 B, 1.3X10%/m® OJFF22FLA SFT TR Y | 2.7 X101 Im® DR F-22FLs R A R/
FRACH 5 L, - TR P22 LIS AR Sz 2 LIS B, — T FRR 1% 1.2 X 10% /m®
S22 L & OFEEISIRIC B S 4L, 1.1X10%/m3 23 I-loop DAERKICH G35, LV @V FRSHIREE
TiX, B A — Nk & SR 28 fLIS AR R SFT 24 pE 97, A RELEpkd 5, kit
DOFEITIE, TEM THZ 2V EKMEA RS SV 7 BB Ty v 7 ~k 8T 2 Rifa D #1358 L
T,

Kiritani et al. 1% SKBk= 1L F—MEHT 52 H < D50 FCC BB D I X r— REERHEEIZ DWW
TLAF DO X 5 IZHEEE L72[17], 20,000 K LA ED /a0 72 E LRI Y3 58 eV O R /LF—)
TRV F — R O A 0E U CEERNEFICE 2 B d, AT — REEETORATHY 2R
g EROB%IZ, A — REEEO PRI SFT 84 L, J7-22 5L & O IR Z o 7= 457
JRF-D—EB T A — ROt S5,

Averback et al.|Zm =R F =R FIZ K DEROBZRDOGENREL > I 2 b — 3 TR VRl L
72[18], {RWHREHEFE OBAIIT, B A — FREEIT B BEIS LD, ZHUSK LTV
FHREDOGE I~ N v 7 ADPEHHRRBICET 5 O R WA 0D, B A7 — Rk
MEWVK, X0 EWIBEICREFEND Z LI2X - T, SFT IIRLEIS /2 0 iR L CH 722 4L
A A — R D S D, JRFZ2HL.O—EIX SFT ITE D28, T b DK Y OFSIERA R
DAERIZHET D, KV EWIRETH D 623K TlE, SFT I3 R 4E TiERL,

(SRS REOEEZ T 5, 473 K TiX VRO S KRGESIRIIA EREED 15 (n=0.8)

WZHp L CTER SNz, ZORRITV R RIGESRPEZED A X FOBUTHHI L TET D Z
L. ZLTHO03dpa R DS & E TIX I A7 — REOMAEERITAEC 2NV E A EWT 5,
A — RS B S5 -2 fLOEI A X IREHEE O ERIC O THINYT %, 435 i LW
4.4.1 HiOFERITW N2 VLS RGO RS ORI B ST, 573 K DR &
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TIEHRXMESEPERS NN L 2R LT,

444 HSREGEOZAROIEMAL = 2L ¥ —

Yoshida et al. [19] ¥ X O Kiritani et al. |3#EFma A L, B Loix 28R I8 A S
T R DZEENZ DU Cileam L 72[20], & HY72 3 TR IS T Tl A S 2487 R 1 & T
ZEOWEIX, LT X IIcEDbEND,

dC,

e —=pP-Z,(M, +M,)C,C, —M,C,C, -Z,M,C,C, (4.6)
dc,
T—P ZIV(M +M )CVC -M Cstv Zy M, CSLCV (4.7)

Z 2T, PUTHIRFFENICERATC K 0 EA SN D RO . Ziy 134 TR & 22 FLoOFE
HAHEDOY A ML M My IR Z AU B3 X OURF 25 AL ORBENE | Co 6 LU Co 13T
MR T3 L OVRF22 LI T 2R E > 7 OMEE, Z B L Zy 1T EO 1FRFOEDLY Ok
TR 5 L QR F-22FLIC % D i 5T o 5, I-loop DZEERED 2 B TR CTH D EREL T
X (4.6)EX@NEMELS &, CoOfEfMEICH L CIlfigZ L FO L D ILEL Z LR TE D,

El
CracM Y =ve 4.8
. v Xp[szj (4.8)

ZORUT, I-loop DELIEALD UT DAEE D 2 (503 TR OB =X L ¥ —ThDH Z & 2 E%RT
Do

AR D FIEIZ L0 SURMGEA RO LR O 2 5439 5, Fig.4-25 1%, SFT. I-loop 35 LR A
ROBEED UT 7'a -y MR d, EO UT 7'a y MIRE OB ORI E- T, Y #OfEH
BEINT 208, ZOBE IR OERZRE> T D, UT O E 25 EMICE D i b= 31X
—Z. I-loop 2% L TITARIEEE (373~573K) TO0.20eV, il (573~673K) TIX0.92eV L7155
Nz, £ SFTICx L TIZ03eV, B4 FIZHLTIL092eV ThoT-,

Fig.4-25 O£ R MEAROTEMAL = R VX —I1213 2 SDFHEN H 5, 1 DIFEIRE R X OMKIEE
D DR EBRETED D, TEMLT R F—DEAIT R R E S RO LR D720 5 BIfR S
%o BIHARE T V B AUREEE A RF KOV | B SURBaEE & R 128 5L & s - TR 723 S 8 L
FFEL TV BHEZED A — R TORMNBAER L, @R TIEA A7 — REE» i S =% sk
B DILBORFRIZ X > THEMKT 5, MOFHBIMRIRIC ISV TIT | RS RKBESIR L SFT O & 725,
BHRIZEB W T, 1 ELERMEA R E R A RO E DA CRROEEZFF>TND 2 & TH D, Fn
REECO | BLUSURME S RO ARSI SRMOITBERRIZ L > THI SN TV d L 2B bh
%o L LEBCKRER L OEEE TR ONEE O 2 513 MR- OBE— L ¥ —0fl
E—ELRn, RIETIHMEZ D 2 512 04eV, SIRETIE184eV L2V | ZNITHETFRIRET OB
B R LX—09 eV LR D, KRB XOEIRTO | B S KIGESEROZAMBREIZ, &
BT D 2 B FRRFE 7N TR 5 Z LT TE 220,

IR To | BB X OV RS RBEAIEROTEEL =L F — N HEIERVVETH 5 &9 F3E
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X, RIS R72 L5 A7 — R CORG R A T 5 [21, 22), HPET IS & & F#
BRI DR D | BLOD R M AR DI A T 5 & B3R E D 2 20 L 3HTRE RETH
% [15, 16], ZauiZ V BLE RGBS & RIS | R KEEARDOYE S B A — R TO
Ko I E B%T 5,
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Table 4-1 Comparison of the number density of each defect cluster in Fe-15Cr-16Ni between thin foil and

bulk specimens.

Number density of defect clusters  (/m°)
Thin foil Bulk
Temperature Dose
SFT I-loop SFT I-loop
(K) (dpa)
373 0.33 1.5 x 10% 1x10% 4 x 105 8 x 10%
473 0.08 2 x 10% 1.5 x 10% 1x10% 1.5 x 10%
573 0.37 3.5 x 10% 1.5 x 10% 2 x 10% 7 x 10%

373K

473K

Figure 4-1 Defect structures introduced at a thin part of Fe-15Cr-16Ni (foil) neutron

irradiated at 373, 473 and 573 K to doses of 0.33, 0.08 and 0.11 dpa, respectively.
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Aeal Number Density of Clusters (x1015/m2)

Fe—1 5Cr—16N| f0|I

- SFT A 373K A 473K A 573K .
14} |-loop @ 373K @ 473K O 573K -
12} |

i A |
10} -

8l |

o A A :

4r | | 1

21 ®e | JANIWAN 1

0 C’ 'O L Ol O ! ]

0 20 40 60
Thickness (nm)

Figure 4-2 Variation of areal number density of I- and V-type defect clusters with
foil thickness in Fe-15Cr-16Ni neutron irradiated as thin foil.
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Fe—15Cr—16Ni, foil, 373K _Fe-15Cr—16N,i, foil, 473K Fe—15Cr—16Ni, foll, 5-73K|
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Q I L 4
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F T T T T ™ — T T T T T T T T ] F 7 T T T T T T T T | I—
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o- 1 1 1 I- 0- 1 1 1 1 ] 0 | — — 1 1 1 1 1 1 1
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Size of Clusters  (nm) Size of Defects (nm) Size of Defects (nm)
sor _Fe-15Cr-16Ni, foil, 373K _ Fe-15C-16N, foll, 473K o Fe=15Cr—16Ni, foil, 573K
- Thickness=snm | 0f Thickness=10nm | a0l Thickness=20nm
40f |—I> I-loop 140¢ I-loop 1991 I-loop ]
20+ 420} 120 m H g
ol [ﬁ P I N N I I’l‘ﬂ H 0., L_l_l_l 1 ot— S—
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c 40 ] 140f {40f
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Figure 4-3  Size distribution of defect clusters with the thickness of foil in Fe-15Cr-16Ni neutron irradiated at 373, 473 and 573 K to doses of 0.33,
0.08 and 0.11 dpa, respectively as thin foil. Upper figures show the size distribution of SFTs and lower figures that of I-loops.
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373 K 473 K 573 K 623 K 673 K 773 K

Figure 4-4 Defect structures introduced in Fe-15Cr-16Ni irradiated as bulk at 373, 473, 573, 623, 673 and 773 K to doses of 0.33, 0.08, 0.11, 0.33,
0.29 and 0.33 dpa, respectively. Dark-field weak- beam observation.
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Fe—15Cr—16Ni, Bulk
60 T T T T T T T >3 13—
— 373 K SFT 4.4%x1077/m™
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Figure 4-5 Size distribution of SFTs in Fe-15Cr-16Ni neutron irradiated as bulk at various
temperatures.
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Fe-15Cr-16Ni, Bulk
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Figure 4-6 Size distribution of I-loops in Fe-15Cr-16Ni neutron irradiated as bulk at various
temperatures.
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100nm

473K 573K 623K 673K

773K

Figure 4-7 \Void structures introduced in Fe-15Cr-16Ni irradiated at 473, 573, 623, 673 and 773 K to doses of 0.08, 0.11, 0.33, 0.29 and 0.33 dpa,
respectively as bulk.  Typical voids are shown by arrows in each micrograph. \oids were not observed in specimens irradiated at 473 K and 773 K.
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Figure 4-8 Size distribution of voids in Fe-15Cr-16Ni neutron irradiated at
various temperatures as bulk.
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373K 473K

Figure 4-9 Comparison of defect structures in Fe-15Cr-16Ni neutron irradiated at 373, 473 and 573 K to doses of
0.33, 0.08 and 0.11 dpa, respectively between thin foil (upper row) and bulk (bottom row) specimens.
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Figure 4-10 Progressive variation of the accumulation of
V-type clusters produced by cascades. All the stages from | to
IV do not necessarily appear depending on irradiation
conditions [3].
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Figure 4-11 Variation of the number density of V-type clusters with irradiation
doses in Fe-15Cr-16Ni irradiated at 473 K (foil and bulk) at 573 K (bulk).
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5.7x10™ dpa 2.3x107? dpa 1.2x10™" dpa 3.0x10" dpa

Figure 4-12 Progressive change of defect structures in Fe-15Cr-16Ni (foil) neutron irradiated at 473 K with irradiation dose.
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5.7x10" dpa 2.3x10? dpa 1.2x10* dpa 3.0x10™ dpa

Fig.4-13 Progressive change of defect structures in Fe-15Cr-16Ni (bulk) neutron irradiated at 473 K with irradiation dose .
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2.6x10”dpa 6.1x10™ dpa 1.2x10" dpa 2.3x10" dpa 3.9x10" dpa

Figure 4-14 Progressive change of defect structures in Fe-15Cr-16Ni (bulk) neutron irradiated at 573 K with irradiation dose.
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Figure 4-15 Recovery of neutron-induced defect clusters in Fe-15Cr-16Ni, 0.33 dpa at 353 K, during isochronal annealing for 30 min at each temperature.
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Figure 4-16 Change of the number density of defect clusters in Fe-15Cr-16Ni neutron irradiated up to
0.33 dpa at 353 K during isochronal annealing.
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Figure 4-17 Change of the number density of defect clusters in Fe-15Cr-16Ni neutron irradiated
up to 0.33 dpa at each temperature during isochronal annealing.
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before

Figure 4-18 Recovery of neutron-induced defect clusters in Fe-15Cr-16Ni, 0.3 dpa at 473 K, during isothermal annealing at 723 K.
Specimen was electro-polished after each thermal annealing. The arrow of left side is the part of 80 nm thickness of each specimen
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Figure 4-19 Change of the number density of defect clusters in Fe-15Cr-16Ni neutron irradiated

up to 0.3 dpa during isothermal annealing at two different temperatures.
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Figure 4-20 Changes of size distribution in Fe-15Cr-16Ni Figure 4-21  Changes of size distribution in Fe-15Cr-16Ni
neutron irradiated at 353 K during isothermal annealing at 673 K. neutron irradiated at 473 K during isothermal annealing at 723 K.
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Figure 4-22 The relation between primary recoil energy of an incident
neutron and the cross-section of collision in the JIMTR [15].
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Figure 4-23 Comparison of the size distribution of V-type defect clusters between bulk specimens after
isochronal annealing ((2), (b)) and thin foil specimens irradiated at two temperatures ((c) and (d)).
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Figure 4-24 Behaviors of point defects in Fe-15Cr-16Ni neutron irradiated at 373 K and 573 K to doses of 0.33 and 0.11 dpa, respectively.

—_—

~1.2%X 102 vac.&int./m?3

Mutual annihilation

11X 10% int./m?

89

I-loops



~ 24| _
o 107
] A:
E
&) 3 4 O3
5 A
© 22| O i
3 10 o
©
P
g | O D |
A O
g 1020__ ] A SFT ]
= 0O O |-loop :
2 O Void

Ey 1 1 1 1 1 | 1 1 1 1 1 1 i

1.5 2 2.5

UT  (x10°K)

Figure 4-25 1/T plot of the number density of defect clusters in Fe-15Cr-16Ni
irradiated as bulk.
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Table 5-1 Average size and number density of defect clusters, and residual number density of vacancies or
interstitials in each defect cluster for Ni, Fe-15Cr-16Ni and modified SUS316 irradiated at 573 K.

] Number density | V or I included

Size of defect in defects

(nm) clusters (1/m°) (1/md)

Ni Bulk SFT - - -

Void 6.4 1.7 X 10* 1.4 X 10®
I-loop 5 3.3 X 10% 6.9 X 10%
Foil SFT 1.2 1.2 X 10* 55 X 10%
I-loop 2.8 1.7 X 10* 1.3 X 10%
Fe-15Cr-16Ni | Bulk SFT 4.1 31 X 10% 1.5 X 10*
Void 4.3 1.0 X 10% 2.7 X 10%
I-loop 8.7 6.7 X 10% 4.4 X 10*
Foil SFT 2.1 35 X 10% 7.0 X 10%
I-loop 2.8 1.1 X 10% 8.2 Xx10%
Modified Bulk SFT 1.7 6.0 X 10% 1.0 x 10*
SUS316 I-loop 2.8 50 X 10% 3.0 X 10%
Foil SFT 1.6 3.0 x 10% 3.0 X 10%
I-loop 3.1 2.0 X 10% 1.6 X 10%

Table 5-2 Values used for calculation of I-loop energy in Ni, Fe-15Cr-16Ni and modified SUS316.

Lattice parameter Burgers veator (nm) Shear Stacking
(m) Frank loop Perfect rrgl(:IcIirL:]I%s fau(l;/erzzze)rgy
dislocation loop
Nickel 0.352 0.203 0.249 7.6x10% 0.149%"
Fe-15Cr-16Ni 0.3592 0.207 0.254 8.6x10" 0.03!
gﬂlj’g;fl"éd 0.3592 0.207 0.254 8.6x10° | 0.087%
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Ni

Fe-15Cr-
16Ni

Improved
SUS316

No observation

200nm

373K 473K 573K 623K 673K

Figure 5-1 Temperature dependence of defect structures in bulk specimens of Ni, Fe-15Cr-16Ni and modified SUS316 irradiated by JMTR to 0.33, 0.08, 0.11, 0.33
and 0.29 dpa at 373, 473, 573, 623, and 673 K, respectively. TEM observation was not performed for modified SUS316 specimens irradiated at 623 K.
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Ni, Bulk, 373K Fe-15Cr—16Ni, Bulk, 373K

60F SF._r T T T T T BOF— S.FT T
L 23 e F o o 23, 3 -
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20 1 ¥ 20 1
- 0 L | 1 | ! - 0 1 ! ! ! 1 | !
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0 2 4 6 8 10 0 2 4 6 8 10
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Figure 5-2 Size distribution and number density of SFTs and I-loops in Ni and Fe-15Cr-16Ni bulk
specimens irradiated at 373 K. The numerical value at the top right of each figure represents the number
density of the defect cluster.  Similarly for Figs. 5-3, 5- 4, 5-5, 5-6 and 5-10.

60 Ni, Bulk, 473K 60 Fe—15Cr—16Ni, Bulk, 473K Modified SUS316, Bulk, 473K
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Figure 5-3 Size distribution and number density of SFTs and I-loops in Ni, Fe-15Cr-16Ni and modified
SUS316 bulk specimens irradiated at 473 K.
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Figure 5-4 Size distribution and number density of SFTs, I-loops and voids in Ni, Fe-15Cr-16Ni and
modified SUS316 bulk specimens irradiated at 573 K.
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Ni, Bulk, 623K Fe—15Cr—16Ni, Bulk, 623K
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Figure 5-5 Size distribution and number density of I-loops and voids in Ni and Fe-15Cr-16Ni bulk
specimens irradiated at 623 K. No SFTs were observed in both specimens.
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Figure 5-6 Size distribution and number density of I-loops and voids in Ni, Fe-15Cr-16Ni and modified
SUS316 bulk specimens irradiated at 673 K.
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g=002 | g=1M g=220

Figure 5-7 Electron micrographs of defect structures in modified SUS316 irradiated at 563 K, taken with (a) g = 002, (b) 111 and (c)§ 20 in the (110) plane.
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Ni

Fe-15Cr-16Ni

573K 623K

Figure 5-8 \oid structures in Ni and Fe-15Cr-16Ni bulk specimens irradiated at 573, 623 and 673 K by JMTR. \Voids contrast images (Ni at 623 K and 673 K, and
Fe-15Cr-16Ni at 573 K and 623 K) and Dark field images (Ni at 573 K and Fe-15Cr-16Ni at 673 K) are shown.  Arrows in the figures show typical voids.
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Figure 5-9 Comparison between defect structures in thin foil specimens of Ni and Fe-15Cr-16Ni
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irradiated at 473 and 573 K, and modified SUS316 irradiated at 573 K.
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Figure 5-10 Size and number density of SFTs and I-loops in Ni, Fe-15Cr-16Ni and modified SUS316,

obtained from Figure 5-9.

105



()

I-loop Energy per Interstitial atom

10

10

10

Ni — Faulted loop Figure 5-11  Variation of I-loop energy per
\ —- Unfaulted loop interstitial atom with I-loop radius in Ni,
19| | Fe-15Cr-16Ni, and modified SUS316 .
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Figure 5-12 Comparison of observed defect clusters in Ni, Fe-15Cr-16Ni and modified SUS316 bulk
specimens irradiated at 373 to 673 K by IMTR.
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& SFT 28, oEe TR et Lz, A7 o L AT OJR+227LI1% 473 K L ETE < @
fmst%%Lkﬁﬂ:@k%ﬁVﬂﬁk%%@%@ﬁEbﬁw:&@E%K@%f%éo:

v TNV OERIIZ LY VRS RMESRTEROIHIZN RN b o T2h, A —ATF A FRAT L
AHAR DI L 72 < L WINTEHR O BIIMRBTE o7,

Fig.6-2 |Z 573 K T 1.2X10%dpa ¥ CTETFHRE L=k R ER"d, =v 4 /L, SUSA~SUSC D
AEF I 2 BTN T & . BFFMEIX= > 7 /LT 151 ps. SUS A~SUS C T 250~227 ps D%
372, SUSD~SUS G TIL 2 AT A CTE T, cimean 2’ 107 ps FLETH 0 | BEEH B L&D FH
MIRBHO LD LFEF U Th o7, HHMNTETAEE L EEMGEOR TENE LT,
= T AZOWTIIFRFZE LN ENT 2O T SFT BB L TWbH EEX b, £7 VE4a SUSA,
SUS B, SUS C TiT V RLEXKGESENPER I I, 343 K TE RS SN 7zsBHI b~ 5 &
FZEINRBEN L TWD 2 ENSDD, FERAT VL ABTIETF & oo — R EDFEIC LY

V RS R EE SR O AR S5,

Fig.6-3 |2 77 K T 1.42X 10 dpa £ TE MRS L7 SUS J OSHERENIC X % By aE T WkcE i
BORERZ -3, BB IHIEGEm ORE LI TIT o 7o, BRI FIXERL T CTrlEi Th 5723,
JFRF-Z2FL1% 300 K TIEATEN Cidze <, BUHIC L 08 A 7722 FLIFRRBH 1 I2 3479 5, 300 K
TOFfm, 186.6 ps (TR 222> 3 DR 2L~ b 72 HAEIE K Ma W w8 (SFT) DAFEERT,
Fig.6-3 LV, BFHFMIEIX 273~473 K THEMITHA L TV A A, ZDOFREZE(LITHER L TV 5l
EREIR L B0 . —RETIE AR, EFEMET 473~623 K () T, IRIEHR T2 L FEm TH D 175 ps
FHED S 2B L %F%ﬁﬁbfﬁ@bfwéF@zmmmbfzyﬁw¢®ﬁk%$A
ROBE T IHEFMOFRFERIC LD & RFEILOEEGETH D5 SFT OFMILZ D A XK
7L, B/ADRTZ2E4L 3l 572D SFT OFEMITF 22 FLISITWAS, REICFE-> THamiE 130 ps
FEIZ TR 5, 4 BT, FHTRE L 3 0RET VEEOFRBESOR R4~ (435
#) . FAUZ XAUEP RN K> TEA SN KB EE (SFT) 1E, 300 K <H0nh
BESIIZ X 0 IR L7223, FIREICHT 72 R R EE SR & ARk L7z, BT L < AERR L 7 AR FEE S iR
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ARUTHONTIE, TEM TIER A 2 WRUN R SRS IEDNBE T 2 b D & B T2, 5 4 EORS
B L SUS) DFEREZET D L AEI TRl L7AKIE COE R O3, 224l 423K
JATRE) LIAH 5 DT, TIIUSHEWI/IN R SFT ISR FZE AL SR & < 722 % (BB
DIET) ., &2 WITHEITEIR T SFT BBV AL EMHIZ 2 0 &K - HIE L TW<S R EEZEZ b D,
673 K LA LTI EFFfn D 2 B RITII AR AR 72 0 . FFa BT AT OEIZ R - 72,

6.3.2 FET-HRENC X B KSR
6.3.2.1 KUR H4ds LUV BR-2 f

Fig.6-4 IZBR-2125 1V 363K T0.2dpa £ CHH L=y r VB LOKEAT L AHO B 1
HEF MO REZ/RT, = 7L, SUS ABLOSUSIREIOFMMN 2 it cEiz, =v
B I OSUS AIZZENE 400 18 L 10480 ps DEFMMEEZ R L TEBY . ZHixZh 0 30 1,
300 LA EDJRF-ZEH A2 ETe AR A RTH D, DE4, SUSB~SUS I Tidk/ s SFT MR -22 L
DHPER L TNDZ L &R LTc, —MKICARA RAERIE 0.3~055Ty (T (A cHEEE D FEF O fl
) OIREFHETHY, 363 K O LX) RIKIRTIIARA FIZAER LW E SN TEZ, EROARA
RIZEET 28 AT EIC TEM BB X > THROLNTZL D TH D, 4E PAS THLILEAA ROY
A A% 300 HLL EOJFFZEFLE LTH 3nmARE L 725, 3nm 1L TEM O iFEELL ETH 573, £
bR Z DY A XD RRIMESHRTARA REHET D2 LT LV,

Fig.6-5 |Z KUR Z I\ T, 573 K T 1.6 X10°% dpa IR L7 = v 7 LB L OKFE 2 7 o L A S D
BHBEMOMREZ RS, =v 7/, SUSA B LUSUS B DEFHMIEIL, KA ROFEEZRL
Too PAEMGATIL. 130~140 ps ORFMIENE AL, SFT £72ITEF2EFL K 0 /b SV ZER 2 £F
DRI LT- 2 & A EWT 5, 573K & 363 K TO TS 4 i+ 5 & 1.6X10° dpa &
WO KRR R T H P HEMIRE TR L0 L0 Ko7, 202 13573 K OFREHEE
XD, RIE ST R D SR BEAREE TWD 2 AR LTS, £/ 573K, 1.6X10° dpa
DT BRE OB O S 1L 573 K, 1.2X 102 dpa DEFHIBH O D (Fig. 6-2) L 0 &K
o Ty TAUTTHET R FOH 2 r— REROHFIZ L D, B A7 — RN TIELEEE DR T
ZEHLDIERL S A, VR R M EA R & B 2T %,

Fig.6-6 (2573 K C0.2dpa & CHRH L= 7 /LB X OKHE AT > L A OB E 11413 O
Ry, BEEOIIC X VA FMIT X CORBITHMLE, =v /1, SUS A~SUS D
TILH 3 4 £ TOMMT AT, 3723 420~520 ps DREHFME L2V, 1T-o&F 0 LR A ROpk
FamLlc, ZORD 13150 ps BRETH D, % TrRT TEM BIEDOEREEZET H L SFT IC
L2FEMETHDLLEZ NP E~ N v 7 R EDREO RS H D, —F SUS I~
SUS G TIXMFEFHIBFMITZ MDD TE T, rnean ¥ 155 psFREThH o7, Zh b DFHf
it TEM BRI S SFT IZxfIET 5 &2 600, it Th oL H D, ET /L
BE&EBERGEDENHOLMNTH -T2, 5ETRRL 2573 K TIMTR BB Li-=> /v
I SFT I3 Bl STV dr o 7203 BR-2 IREIZIEAFEIE Lz, BR-2 CILRRUR o o0 IR L HilAH 73 58
ETIER L RFIFE ERFICR 2 \ZH MR T LIRIREICEUBHRE © T2 0T, BEHIKIR T M
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Wae=zFn, 207D SFT AR LIZEEZ HND [15], TEM #IEZOHETHIRRD = v 7L
BLO3 LRESTIIRERY A XDORA FEBIRELTEBY ., ZHIIGEFHREFMORE L —
F]LTWD, L2LSUSB~SUSD THIBEII/NIWNH DD, REREFMENELILTEY,
A ROFAEEZTRLTWDER, TEMBIEORER S 13— L Ty, T EHLoBEO T 5
JERRIRIZH1T 5 0.2dpa £ TOMS CTli= v 7 LRETAEEITRA RERKT D03, fEAAT
VUABTIRERNTEEELS . SFT & 2 WA IFET D 2 E BNy ho T,

Fig.6-7 {2 BR-2 (2 X ¥ 363K T 0.2 dpa MRET L 7= SUS J DEERFRESIC X 2 [5E+FF i D a1 il
R, WEIXEIR TIT o7, 273~473 K £ T2 RN CTE 723, ZOMOEFHMEDZE{L
HIIENTH o7z, 473~523 K TEHHMITRIKIED L, ZOROEITETAENTH T,
IR R T RS T ld 473~623 K & HIRIREC/ T | k7 BRI Tl 473~523 K &R 28
P, EARIBE TR OBECM/ N e SFT OER X O 2 NRAEL TB Y,
PR BT ERRE CIR I SFT O T 2BFEIC L 5 L B2 b d,

Fig.6-8 |Z BR-2 C,573K T0.2dpa £ CHRI L7z=v LB LOKHED X T > L AHHD TEM
Zond, BIEIIMUNRIE (38872 SFT X2 1-loop) OBIE2ITIE L 7= R EFSS B — A1k (DFWB 7£) T
1ToT2e WTHOREHZBWTH A ROEFETH D OO SFT & I-loop Z81Z2 LT,
RA RiI=v 7B L ONSUSA OAEIZ LT, Fig.6-9~Fig.6-12 |Z Fig.6-8 Ts~ L 7245 FREHUEN D
RRMEGEROY A A5 %717, WTOREHZEBWTEH, SFT O X457 1% 1-loop DF i
E0b, ¥ —7THY., ZOMAIEE 3, 4 E TR L 3 LREEDOMBRL LHLIL TWD,
BRI E L MAT-A— AT F A FRAT U L AFITE N T S, SFT 288 27— RO HULEIC
AR L. 573 K FREEDIREE TIEHE 7 MRF1E 0 A 7 — REE) BENE . o1 HR 12 I
LTRETSHZLE2RLTWSD, Fig6-13 IA—ZATF A FRAT v L ADOEE D SFT,
I-loop 8 L OVRA K (SUSA DF) O A Xand , &ffE L THMZ 3 5 R A48ICK Rk
MMEFE LM TET N TIE, BWNTHEOFENH 2 51251 T, SFT 3L I-loop D144
A R LT 2 ERanDd, Fig.6-14 12 SUS D~SUS G OKREHZOWTH—HR B
F & PRE L SFT B X OV I-loop YA AE(LORERE R LTz, ZNENOREHRICIIMbIc=> 7
AR B LREOZENHY , VoA T T DMEBORNICHEOBEIZ S EZNH DN, FHX o+ —R
VIREDBHERT 2 Z L8k o T, A NPT DA R H D 2 EMRnhD, 573 K BREDEIR
TORFICL - TH, =y 7 Ll 3 0% & AR TRRMEAERNREE L 2N L2,
MA—=ATFA FRAT UV ABORE TH D, SRFEIZBWTIIT Z R0 —R - DI
VT EALEE BT U SR ERGEENATRE TS L BEEIC I b Ao Fomfilic
RO B D Z LITHRE SN TWD [16, 17]53  AWFZED K 5 IR &0 BIHZ L - TH Rkt
BERORESIH SN A ERITND TH LN LD TH D,

6.3.2.2 JOYO 35 X O'FFTF/MOTA Ff gt
Fig.6-15 (2 JOYO (XM BELOFFTF/MOTA (BAAM) 2k v, MR, mREE Tl L
72 SUS J @ PAS O R 2 7~ BREHEE 2N 773 K L 0 HK<  IREHE2Y 4.2 dpa L ¥ mW S (JOYO
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D 673,773 K & FFTF/MOTA @ 701 K) TidEFHMmfEA 250~230 ps (JOYO) . 305 ps (FFTF/MOTA)
L0 RA ROFEEER LTz, 704 KD 1 dpa DIRSTIE, EHMEEZBE LR -7-, 873K
THARA NI XD EHEMEZBRIM LI o7, 2 HD~130 ps DEFHMIEIL, %277 TEM 8l
EREREZZGDEDL L ML bDLEEZ BN,

Fig. 6-16 |Z Fig.6-15 T/ L7 JOYO f&t D SUSJ & TEM B %777, RA RIZEDOBRKFHETY
BERIN2 0o 72,67T3 K TIERE 72 I-loop 2 8IE2 L 72,773 B XL V873 K TldrHM 2815 LT,
873 K TONTH# ORI IL, 773K LV 3fEm A>T, JOYO & FFTF/MOTA TJFE 122 4L 5~7 {H D
HEAKRDOERZ R LD [18]. Zh I £ TEM TEETE 594 XTIERVL, RA RORE
R DRI CTH 5,

6.3.2.3 RTNS-II ffst

Fig.6-17 |2 RTNS-1I T 5.4 X10°~1.3X 102 dpa O #iPH T L 7= SUS J DS 14U 1R T
BAFEZ T, BIRD S 423 K £ TIREFMEITFECOMTD LT D28 BREFH AL T\ D
300 K 43T Tid 2 fEFREE D22 FLOAFAE o T RFMMENHE Sz, BENRE RIS T 2
{HFEEE D22 FLo D . Z OFGHEIL SFT IS L, 373 KAHITA 51 SFT ¥ A X3~ 1T K& <
o TN EZEZDLRETH D, WIRIZIRDITHE > THMITELS 220 HIZ, SFT A XERL
TV Z & &R 5, Fig. 6-18 1 363 K TOGEATHIRFF i D BE &KFETH D, 363K £V H
IR TIX, BEHEOEINC SN THEF P22 THET 2F &2/ ML TnWd, K0 &R T
& B 563 K (2RI 5 B RAKR T % Fig. 6-19 |Z779°,563 K T?,110~140 ps < B\ DO EFHA ]

B2 (113 ps[13]) . SFT &2 WIHHHOFERE 2 bs, 3, 21 fHEB L1 28 @@Jﬁi%ﬁ
2672 7% SFT OFREIC K 2 HEMEIZTNZH 183, 155 B L0130 ps TH 5 [13], £7-#rH#D
Fmbirtme~ MY v 7 ZAOMOFHEITER LK 130ps £ &2 b b,

Fig.6-20 |2 RTNS-Il fi it 7= SUS J @ TEM G E %759, RTNS-Il D2 TOIREICH W CIHEH
N R R R A BIEE Lo, 6 ORRKESIRDRL SFT & I-loop TH 72, 363 K
TIX 10 EFEEE D SFT, 563 K Tid 30 EFfEE D SFT & L CIFE(ET 5,

FIZ PRGN 5 & JOYO <X° FFTF/IMOTA OFER IR T X 512, 3~5 EDJFR 22l 5 72
%ARA K (Fig. 6-15, 673 K, 4.2 dpa) <> 10 ERE D 72115 HARA K (Fig.6-15, 701 K,
15 dpa) (2725, TEM #l£2CIiL Fig.6-16 7054305 & 512 673 K Tl I-loop 23, UL DR E
T EBIE LTZE T Th b,

U EDZ EMBEIRND 423 K TR FZEANTFET 528, T X0 @R TR FZEHLIEED
A=A b ORMGITFE LR, L L 4.2dpa LA B2 SIERA RBAERT D 2 ENg05, =
DRA RIFRHBEOHEINIE> TRET D2 b0 EEZ LD,

Fig.6-21 |Zkk & 7o RS | FREHEEE T 1 FRET L 7= SUS J @ PAS Ot IR 2 12 7”97, 573K
LUF ORI, KRS EICB W IR 722 L E 21X SFT & UL CFEET 5, LE 573K DL EoERR
F OIS B TR T EA L VNS RER LF2 e WRBE LCTHET S, ZOXMBOE
REIZ DWW T E 721X SFT BRE 2 b D,
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6.4 L%

ARETEH=v I, FHA—AT T A FRAT 2 LV AHIOMKIR « SIROEHRIS - 1R
Sz X 5 RiaEafR 28 ~7=, £72SUS JIZHoW\WTiE, EoREHZINZ T, RTNS-II, JOYO,
FFTF/MOTA (T & 2 HRESRURE 2 I LIRS L 72,

Fig.6-22 |Z PAS 2G5 b E BB KO HETHRF L=y v, £E7T4E8B L U0%
FREEMAA—AT A FRAT U VAT OJRTZEHEARO KRG E F LD TRT,

343 K DFE A HIEHZ L > TV R G KMEEIE (RA F& SFT) 3=y 7V OB S i, fh
IR 2D BDBFLE LT, = TV DR ZELOBE O 3L ¥ —78 1.25eV &3 % & [19]., 343
K TIZBAICIZBEI CX a0y, REFHEIEAIC LV BEINFRETH D [20], = OHMEIE SR
1R PKA DML DJRFIZH eV D= X —% 5 2 ZWEEAIEFICREWZ LICERT S, L
JRA 22U BT DR DR OBE O =3 L X —LL EA2 b b 2 IR Z2 LB E) LI
RA REERT D D, =7k Fe-Cr-Ni 3 7t% & DZEIL, 7 v ARA— WA XF
T RUREFZELOBEZYT D, £ FHIRFOBEOIEMAL =L £ —73 09 eV & & < HEf7
NA T ANHEIZL N &2 XD [22], Fe-Cr-Ni 3 tR EMhDA4 L DT 363 KB L5733 K
OFETRETHRINENT, v~V BBV TTURMORBLEEZ DL, Wig Lt bA— YA
RJFA72 DT [23], = v 7 /L= Fe-Cr-Ni 3 T RICHAR TR FZEIL & O AEEANKE N LIl
K35,

DU A EINETF 2 PRI KD AA R RIT 573 K2k 2 FE 7S, TR RS
ENSHLENTH D, vV a g7 o Z—P A XA [23]72D T, BFBEFOBENEZKL
Do ETTZ NI =P A X THY [24]. RAZEFLE OHEERIZE D RA RORELZHT %,

ETNAELEEERACEDED 1 DX —R Y DFFETH 5, SUS I (SUS316L) TX %, 0.019%
DH =R WNEENTND, FEHAETD 140 ~150 ps DFEFM I £ 7215 SFT O ZHIHH
YlTeo A—ATFTA FRAT VAT L o TEKT 2@ BRIWIT~ R v 7 2 &
AR ZF D, B2 E 0 NSWEREZIERT 5 LB b5, TEMIZE > TAREDHR
FEOERELBIRELY BWBKNETET A7 A FRAT UL AT B R D ARk D3 8
BEINTWD [25], Lo LIKIRIS K OMERUR & C & IR 1T/ S 2287 ) O A ) PAS 12 K - Tl
HEND AR RONC S D, > TR FZEFLITR A REERTH 2 ENTET, HbDIZ573K
T 0.2dpa U L7 pHERA SO R HIUN AT ERR LT B XD 2 N TE 5, fritiin &
~ b v 7 ZADFEIFMEF R L 22 HLOmMGIZR LT o7 & LTEHE, A1 FlE 2
92,

573 K, 0.2 dpa H5f> SUS D & SUSJI #tbisd 5 & D TIEAA RBBELTWD, D25
DD T =R &) v DEAETH D, B N TEIIN—RN o BERRACMENELTET TR
VU B AT U VAR TY UMEEEO RA RA T =) U 72 L TWD Z ERNmLRTND
[26], L L U S LD D 7291215 0.25%LL EDO U U BRME L KTV DH DT, ABFIEIC
FAWTZREIO U ARIMEIT@ENITELS . VUV ORBITMETE 5, SRRID DR T-22 4L & 11
MRFOL 7 &0 RA FAT =) U7 28f L T D7 61X, ERFTICBWTY M v
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JARDI =R PELS 2D BDWIEERRAEM KR L TRRMO ARy 7 & LTl
MR TRUE, A FAT = U IR D, o TARMIZETIE, BEMAT L RAEORA R
27 = ) 7 ORI R R, £72i~ B v 7 206D —R 2 Ofifk &
MCE D,

PR B F COFERNTOIIZ SUS J DA TlE, 423 K LU CO HE1- G TR 122 FLI%
H{R L L TIEIET 5728, 573 K (2X10™ dpa)=° 873 K (0.47 dpa) ™ FRHT TiZ SFT 247 Hi# L )MFE(E T
X720y, 673 K (4.2 dpa) COMRST CIIRFZZ L5 R DR A RBFET D, - T OMNAA
KA =) 7 OERBIETH Y, itk TEM BIZRIZ X 512 673 K (10 dpa) [27] & 0 KW RS &
THAE L TV D 2 & AR I IIIE RS R0 BB L,
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Figure 6-1 Positron annihilation lifetimes and their intensities of Ni, four
model alloys and four commercial alloys irradiated with 30 MeV electrons
at 343 K to a dose of 1.2 x 102 dpa. Tmean, 71, 72 and I, are the mean lifetime,
the short and long lifetime and the intensity of the long lifetime,

respectively.
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Figure 6-2 Positron annihilation lifetimes and their intensities of Ni, four
model alloys and four commercial alloys irradiated with 30 MeV electrons

at 573 K to a dose of 1.2 X 10 dpa.
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Figure 6-3 Positron annihilation lifetimes after isochronal annealing of
SUS J irradiated with 30 MeV electrons to 1.42 x 107 dpa at 77 K.
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Figure 6-4 Positron annihilation lifetimes and their intensities of Ni, four
model alloys and three commercial alloys neutron irradiated at 363 K to
a dose of 0.2 dpa.
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Figure 6-5 Positron annihilation lifetimes and their intensities of Ni,
four model alloys and four commercial alloys neutron irradiated at 573
K to a dose of 1.6 X 10 dpa.
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Figure 6-6 Positron annihilation lifetimes and their intensities of Ni, four
model and four commercial alloys neutron irradiated at 573 K to a dose
of 0.2 dpa.
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SUS J, BR-2, 363 K
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Figure 6-7 Positron annihilation lifetimes of neutron irradiated
SUS J to a dose of 0.2 dpa at 363 K after isochronal annealing.
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Figure 6-8 Defect structures of various stainless steels neutron irradiated by BR-2 to a dose of 0.2 dpa at 573 K.
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Figure 6-9 Size distribution and number density of SFTs and I-loops in neutron irradiated SUS A and SUS B obtained from Figure 6-8.
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Figure 6-10 Size distribution and number density of SFTs and I-loops in neutron irradiated SUS C and SUS D obtained from Figure 6-8.
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Figure 6-11 Size distribution and number density of SFTs and I-loops in neutron irradiated SUS E and SUS F obtained from Figure 6-8.
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neutron irradiated austenitic stainless steels shown in

Figure 6-8.
0.1 . . . : ~SFT 61 . . . : Hloop
s Unit of numeral: nm 1 s Unit of numeral: nm -
- O - SNG) 1
L G311 4 L G52 _
L o J L o J
005t O 320 1005t O J37 ]
L F28 | L F45 |
- O 1 - O ]
L E3.9 1 - E6.4 _
o- O O 1 o O O .
I C32 D31 | I C41 D 4.6 |
1 L L L L 1 L L L L
0 0.2 0.4 0 0.2 0.4
Concentration of Ti ~ (wt%) Concentration of Ti  (wt%)

Figure 6-14 The variation of the average size of SFTs and I-loops by the concentration of
carbon and titan in neutron irradiated austenitic stainless steels. The notation in each figure is
specimen codes and average sizes in nm.
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Figure 6-15 Positron annihilation lifetimes of SUS J irradiated by JOYO and FFTF/MOTA. The irradiation doses by JOYO were 4.2, 4.2 and 0.47 dpa
at 673, 773 K and 873 K, respectively. The irradiation doses by FFTF were 15 and 1 dpa at 701 K and 704 K, respectively.
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Figure 6-16 Defect structures of SUS J neutron irradiated by JOYO at (a) 673 K (4.2 dpa). (b)773
K (4.2 dpa) and (c)873 K (0.47 dpa).
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Figure 6-17 Temperature dependence of positron annihilation lifetimes of SUS J
irradiated by RTNS-I1 to doses between 5.4 x 10 ~1.3 x 102 dpa.
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Figure 6-18 Irradiation dose dependence of positron annihilation
lifetimes of SUS J irradiated by RTNS-II at 363 K.
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Figure 6-19 Irradiation dose dependence of positron annihilation
lifetimes of SUS J irradiated by RTNS-II at 563 K.
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Figure 6-20 Defect structures of SUS J neutron irradiated by RTNS-II.
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Figure 6-21 Defect structures in SUS J neutron irradiated with various neutron doses
at various temperatures.
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