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Abstract Relatively little attention has been paid to the simultaneous effects of radiation
and stress on microstructural evolution related to radiation embrittlement of reactor pressure
vessel steels. In the present study, Fe ion irradiation experiments were carried out for bent
specimens of A533B steel using the tandem ion accelerator in the Dual-Beam Facility for
Energy Science and Technology (the DuET facility) at Kyoto University to characterize
hardening and microstructure evolution in reactor pressure vessel steels under irradiation and
stress. A tensile testing device under ion irradiation for the DuET facility was developed and
the study on effect of stress on radiation embrittlement was started using the tensile testing
device. The present paper showed the dependence of the external stress on the irradiation
hardening and the influence of the external stress on the microstructure evolution appeared
by the irradiation experiments for the bent specimens, and introduced the detail of the tensile
testing device under ion irradiation. From the obtained results, the radiation-induced hardening
decreased with increasing stress to the yield strength, and application of tensile stress would
control hardening by suppressing the solute cluster nucleation and growth.

Keywords reactor pressure vessel steels, radiation embrittlement, radiation hardening, ion irradiation,
atom probe analysis, TEM observation, solute cluster, dislocation loop.
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72B RIS A T — ¥ EOBIRRR O 7 — V% Huls
WIS REB A 1T o 72, HIBEEII Y -2 8% 305
B CMlE L CRtdk L7z, MG RIE, SRIM 51 o —
FXbked, DS 600nm DOFE ST ldpa, JEEE
X 110 dpa/s & L7z

FEGHREE X, 290+ 10C B L UZEITH Y, Wk
HZEOBERZ —EZ S5 7412k TRRIL . X
13 12 J8 5 5 o0 T 52 i JRE & B4 SR B o ) % R
290C TOMSH, 7 — VE O WEHRE % 39— 12 4R
DX91, REHce =y 2=y M EWE DS R
fiilt X & CHRGHILEE 2 — @\ BFF L 72, iR C oSt
b=y FEREHSETI T B E—
AF v ZREOEHEIHL DD, 50CLLFTOM
WHAEIN TS,

5 R RBRIE O & A IS BERE R S . ABF
JeCIk, MERFOMEZMIIO50% &% 5 LI
B L 225 10RIS T T A 4~ e EBRZ 175 72,

13 290C B X =BT % 5547 E A7 R AT
BRI O LR IEE & ST IE

323 F/ACTFoTF—a iR

TG RI 2 DR 2L 2 AR D 72012, F /4
YTy T—varvidBEitol. FIA VTV T—
va VRBRICIE, RERRE I A OV X — BT SR T
IZF%E S Tw b Agilent Technologies % Nano-
Indenter G200 (LLFE G200) % w7z, G200 @ 4F
B, EHE ORBBUNMLARBEE TH W 51 5 ki
g R 2 T, s e WP 30 € (Continuous
Stiffness Measuremen; CSM) {EDSHHETdH % 15T
b, CSMETIE, KRERATF—VOHEKNER
PN ERBEEIZ 5.2 5. FOMELE LTRETS
BN D IREY I 5336 OV AT & A O RLAR 75 2 g 5
5L, HOWBMESTOHEMAIVES &
Fy¥ YT DskEHTAIENTESL. Lizh-
T, 1HOMLARZ LY ETFOEMOBEKE LT
MR M X A RD D I EDTE 5.



33 BRBIVEE

B 1412, EE 290C 2BV THIRET L 7218645 5
L U Fe06Cu D5 RIS TSRO F /7 4 >
FUT—a USRI X B LA SARLEE
AR AR, mARE b, BE®Ro )
ATy —a YMESOMN, 3 %b b R
BRON KEERHOBRPEZDOF /4 707 —
Va VX OFESKGEIIEETH Y, AR
WHRFClE, B EHLCws I IHbNS.
KAEEMOIEPMICBITZ2F /4 v TFrT— 3
VR E OF S, Fe06Cu &4 & BRI IR
WHHTH B2, 20X ) B S IR —
PR KN T 2 BFLEZEOBENDHEL TV D
WHetEAYE 2 51 b, Fe06Cu B4I22oWTIE, B
BHIZOoWTYH, FHLICX s TIREEATVS

(a) Fe-0.6Cu (FEMRET, 290°C Hag)

(c) MREEH RIS, 2907 HE4)

207

Nix-Gao & 7V & A X € 702 X o TN ik
ThY, K150 L) ICHHHEIEND RS
e 13 300nm LLETH B L dsbrorz. EoT, #t
KDFIA4 Ty TF—a YRBICBIT A LIAA
ES300nm &V EREICE Y, FL LA A v HEEE
WO AUETETNDE I ERHSDITL 57
CSM #:12 & o THUS L 72 8 %08 (10 ~ 15 5%)
DHEHET —F O s, #LAARES 300nm 2B
JAHME SO RO MR E LI BLUXI16
VRS, BRI 3 2 IS R 1E 290TC & =
IR CHMATH Y, KEEM, FeCufd&ld
IR T CHE L 72 A L AT L7z, Z O
TEEF IS ) TREOIEIRE LR L TH Y, 48
FIERIS D ANAE T2 5 2 7 DI - BE % I L
cZ R E NIz, 4%, 3DAP M & TEM 8l
BICL D I uMRRAEMIT A FETH S,

(b) Fe-0.6Cu (290°C Hs, 1)) A %)

(d) 4 (290CHEGY, IBJ0A )

14 FEMRGHM B L 200C MBI 25/ 4 77— a VS QARG S HAF-E
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(a) Fe-0.6Cu CEMSS, 2907C Hi4¥)

(b) Fe-0.6Cu (2907C s, /)4 M)

15 Fe-06Cu A& DI B L O 20CHEMICBII S5 24 v F v 7= 3 Y& ® Nix-Gao E7 WV & BHAM &

E T IVIRNTRE S
2.0

?é 29OOC A\ |
%0 1.5+ Y N .
3 A |
g 1oL \. Fe—Cu_
= L ORT . |
205 -
g () AS533B
e T

0 MPa Gy/2

Applied tensile stress

16 GBI FIESHIC X 200 S 421L

4. &

W X 5 3 7 ol LIZE H L2l efeic
BRI OHEIIINETIELEALHTHRON
TWwidrorz, AFFETIE, IR ZIFT IR
IS DB MERT A2 2 HWIZ, Pz
A L 72 RRBR I I RUERR A2 T A L F — BT 220 Z8 9T
A4 YW (DUET fiidk) < Fe A 4 > M43
EBrzaito7z. 72, DuET ik CHEH W 6E 2 B IS
DUV LI BEZ EREECHIE T & 5 A 4 2 G
GRS DA T — V2 sg L, SRS O R5%8 & ikist
LTHIELTWaE., ThETIZHOoNIELBARIE

#3 GRS TSNS X B8 S DAL

N MRSHEE  SIRAmRMt: i
feakht i
(C) (MPa) (GPa)
Unirrad. 0 3.30
0 4.96
~50(RT)
KA 48R 250 4.46
0 5.07
290
250 4.65
Unirrad. 0 1.94
0 4.07
~50(RT)
Fe-0.6Cu 60 3.51
0 3.77
290
60 3.56
UToLBH)THA.

(DINFIS ) T B B &, LT DI T THR
L%, IS 0Bt LR R 5 2
EDWISNITRY, TORKEE LTRSS 25EH
A2 T A5 DR - EZAHTAHZ LX)
WHLAVNS S B 2 ENEZ BN
2)FAFE L7z A F Y IE T RIS A 7 — Y & H\wiz
EERA S, WIILLT ORI T TR L72a, 6
DRI LRATRD$ 5 Z & DR S 7.
Gk, I 7 ORIERBISIC X 250l & Cu & &
DHFFIZBT BICHRGET 2 FETH 5.
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