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Microstructure and Fracture Behavior of Oxide Layers Formed on Irradiated Stainless Steel Weld

Metal in Simulated PWR Primary Water
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Abstract To clarify the corrosion properties of irradiated stainless steel weld metals in PWR primary water
environments, microstructures and mechanical strength of oxide layers formed at ferrite/austenite phase
boundaries of ion-irradiated stainless steel weld metal in simulated PWR primary water were investigated.
TEM observations revealed that almost no oxide layers were formed in ferrite phases even when irradiated,
but deep oxide layers were formed on austenite phase sides along phase boundaries, and the oxidation front
was deflected from the phase boundaries toward the austenite phases. Furthermore, micro-tensile testing at
room temperature revealed that fracture occurred preferentially along the interface between the oxide layer
in the austenite phase and the ferrite phase (metal), and the mechanical strength of the interface was similar
to that of the oxidized grain boundaries of neutron-irradiated stainless steel. It was suggested that in irradiated
stainless steel weld metals, oxidation proceeds preferentially along phase boundaries in PWR primary water
environments, resulting in the formation of deep oxide/metal interfaces with relatively low mechanical
strength.
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T DIENEE CTH D10, IR N BRI AEICEE LT
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PWR DIFLE 513304 AT v L AFHRITH Y, DR
BT RIbE & B BRE (heat affected zone, HAZ) 35
VAR MDD, WHAIXE T B — A8 (electron
beam welding, EBW) °H A X L T AT 7 — 7 4% (gas
tungsten arc welding, GTAW) ZERHAWLNS, ENO bk
BT LWV EEAT CIIAE A/ NS W EBW SV B D
T ENBND, RT L ASHTEBE O AR TR HR
DAT VAL IR E S F2 D, HAZ TIIEHEREOE
AN X0 SRR O A Lo S b, ZREE IS 1004
B D OEBRIL Ui b ERNE L5800 5. £,
BB UL, LM ERRE I IR DN, A—R T
FA M ) LT =T A ME ) 2 Dkd ARk
L7220, RS S O BME R BEERERR A T S 5.
FEIS) BIAE L, HRREETERC BT 2~ 7 v la e R imiT
DECDEGAENHD. TiE TIZ PWR OIFLZE D AR
TRADHER SN T/ <, ENO PWR FNHEEY
SRR AT A R 5 A L OB T b Eli R &, ms
HNTHEASNDFNREEY TIXd 575, BFB L0 4K
IS DMK L, D> DRSS TR & 0 SR B AR
MO D2 BT 572, TASCC FAEDFRENMEIX
BWEFHBEEIN TS, LovL, A7 v L AEREBETICER
\7 % IASCC 28 (FEAUSSI0FNOMERERREE, 55) (2B
3% 50 LIRS KB KA (boiling water reactor, BWR) @
P 27T FEICBET b 0ERS LIEEAERL T
A KT A AZHT DRETS IR A7 o L 28R (R
) TOMREZD LITh TN 5. £, B JIRER
TEBRICHEH SN FHEMEHT DWW T X 7 m RS E
BpE 240 L, BT S S BT RIOME & 2 FGE
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Lucie 1 54%<° H.B. Robinson 2 54&MD X 9 724F.0%F 9 1582
HOEN NS Bk L CRAET 2 ATREMIHRW & B 2
SIDD, T FIFEFTD LV —BOLRE) DR AERD
729DITIE, PWR 1 UCRERERZIIT 5 AT o L AHEHED
D IASCC ZEh & LN L, P 5T IASCC
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D SCC #ERR° JASCC BB IZ DU TORRET, EIN DR
BESFM 205 LT IR 08 O VRBER O BHR M O HEFR 23 20
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SRIENMK N2 2 & & BIMREE OB T v o RV TERL
BLED BRI L ORI E WRFSAONAE LD X H 127
% Z & D IASCC DFAEITRARS 56D, KR DRI 173
RIRBRIE 2 E[A125 2 & CRIFUCHU NMBZL 84 L, RIS
o CTBANET S Z & TIASCC OIEITOR2ND &
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HEBH B TER Y O RIFREZ T 5 ERO—>& LT
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KR OB & Rk < & 30uE, TASCC DFAIC
DIRM DU INBROFA LT ERIT/RY 5 5. LML,
FIEE R OERAL B OV TTRFIF AN E LN TE
59, Fio, HERIB > TR LIRS ED X 9 72
R E) 2 7R D) EORIE-CIES) R0
TWRV, & ZCARMIETIE, AT 2 L AEET O
IASCC FE & a3 5 —B L& LT, PWR 1 SRERELICE
DS AT U ASEES R OB RFHEE I SN T
BT, A FURE LTz 27 o L AR B OB R
TR LT-BALIE D X 7 v #ilfk % %M E T B8R

(transmission electron microscope, TEM) Tiif<5 & & 12,
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AR TR L= BR 0 5 b, fERICh-
T e LSRRI ZER D S 72 400°C T 10,000 HEFEOZEL
REZh 2 M L 7= 3161 A7 o L RS R DA A FREHF
DFRERF 2 o W HEITER 1 IR T AR DRt &
FAWCHEE T — 7 154 (shielded metal arc welding, SMAW)
IZE V1T TR, BRSNS OFERII SRR L.
MBI SFREAR D 2 X 1 1w T Mk B F 2 b
DEIBHATH Y, ZNLS ORI TH D, 723,
SHOWERIT 15%THD. HEKRFDA A L WRERAE
DuET (Z7C, 64MeV @ Fe¥' A A S 600nm TOET
5 dpa (displacement per atom) % THES L727%, 320°C @
PWR 1 RiER AR (500 ppmB, 2 ppmLi, 2.75 ppmDH)
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(scanning electron microscope, SEM, Carl Zeiss ! ULTRASS)
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(electron backscatter diffraction, EBSD) HIE DFEF-% X 2
WRT. I CIEE X 200 nm (E E ONBEMLIRO TR
D HIDA, S TIINERR RO IIRIZ IR &
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SETHRENTE Y, AHESUTIN - 7o B R L3580 5
5. X 2b) RSO T O [X (HE T E ST 0
FEN TR LIZHO) LEFHOHEM (i EEe
IR ER LTZH D) Tha. piE-1 LSHOMEIR 1 B
FOWME-2 ESHOFEER 2 13, I 111)y /(011)875>[112]
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TR ok TR AT I KBRIC AR T2 2, SR = R L —
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EEZLNTNDMS, 7083, K-S BAfRE N-W BIfRICE
VB INEDENTHI 5.3 FEETH Y, HNORERRZAELR
F72 O A L D O EBET 5 &, K-S Btk &
N-W BROEE R XBITEE L. AT 2 U A AREE )R
BT DHOIEREICIE, MMM EE DO NI F 2 T —
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(globular) 7 =7 A NMERHY, ZONDL——7 =
TA MIMEET Dy E K-S BIRS N-W BER O 57 BHR
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Ni MEO) EMEEEIC LY 2T 57200, (bl
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(focused ion beam and scanning electron microscope system,
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BRHL L, FHEESEREEO TEM 8122 & sy [iRaRER ik
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B LT~ 7 ailkkl L0, MRS oRm -
AR A BRI B e O O 2 (B L 72, FIB-SEM
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23 0.5 um B9 Z L IZBIE & SIM B iskE —HERET L,
SRER I 2> 5 SEM #2818 L=,

HERt%, A4 SEM CHIZT 5 & & HICiB 4 FIB
INTCER b L, TEM CREBRA WD I 7 miika 42
U CHE BB 2 3~ 7.
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FHEE RBACER O W 2 7 1 $A%k & TS O &AL B G
L= BHAE 2R 5 1R [ S@b)e)ik, vi-1 &6
DOFEBEF I 2 MR A T BN CIORBRIC T v A — T o —
T AGN el LIZBAEFE CH 5. X 5(d)iE, X 5@)F

IR LI CETF £ — L% — ST » TR L= BT
METH Y, KT 7eiEiEC R E R LIz b O T
5. yE-1 TIENBRRLENE S 250 nm TR L TV

(I R
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72723, SFRTIINBRRLIEOIE X 133k nm F2EE & fisd T
WHEDTH T, B EZ A7 > VA CIRhIN O
{EAMIEHE S CINERREIEDNRLS £ CTERT D 2 &3y
o TNWANI 25 o U ZHREES S8 DOSFRIC DWW T
PRI 2521 CH N OB ICIE & A R L 22 Al REME
WD, £, vFHONEERLE LS (&) OBRIIR
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DSERL L C b ARBER & 2 ORI ER LSS T L T2
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TTEL 22 2ANC S 0, MU - 7B Sem LA HERR
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vFE-1 ONBERLIED e G L7z 2 FZ oI ¢
WXV RO ARG — RO HITEY, NBER L%
7SRRI D 72 D S AEEE TH D Z E R0 D. — K,
A & MBI LI OB AR TR L7z 3 FroRHTIXE
T, | BORMHOERIRE LR NZ = ThHRRE
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SOWIIR L2 R EOJERKITIE, yiE-1 OPNERR{ L
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AT U APATITRIR 2 el & LI BAR O b
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B TR L & b DB N e 5 7.

ﬂ‘ﬁ 2 L OFH & OFREE S A MR TR S T RIS
T B =T T ARG TR Ltwﬁﬁ&M%@ME
2 7 a R A X 6 (R yRE-2 ONJBERLIROIE 1% 180
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WS, ZAUE O L1372 <, vHONERR LR
/ SFR ST ORI R 13 2 0 D ORREESRE L » IR Z &
DRI X 7.

4. EE

PWR | JCREHKHF TOBEEIZEY 316L AT LA
PR IR DA F L REI TR L 7= A8 R DR LI %
TEM 8122 UT-HE 5, yHECIINERILIES R S D b D
O, SFATITBHE 23T THIEE A CIRLEN R S
WZ &, MR A Uyl HSFI~OEA L O T H A T
TWRNWZ L, BIE3F 5 Z & THEEFIZIR - CTyRal
ONEEAVIENIRLS ETERIND LR D T LN
noTz.

AT v L AR B DA A B OFREE SRR LR
& PR RRE R T o U AR ORL IRV ED 2 b U 7 A
B A 10 (2" d. FEEESUCIR © 7B bR o Jebinl JAREE S
NHRHE (M) CBECRY, FETREAT L2
ORI IRACERIZFRD B DRI & b D fedim & L7-#
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TS Z EAVRIBS TR Y 1O, @ [TRRBRIZ B
TIERAE L2 BRI 2 & £ 220 NERM LIS S hu b
Ha L0 HIRVIS ) T L L7z IBRLSZIS - Tl A R
UAZ ERHERLTWAWD, 25 L A SEHS B OfEEE
REAEERZ DN T, BYE L7 IBRIR O X 9 72 24U 2 5t
HDOFEITRD Hivienodz, £z, SHTRO LILTzyFH
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P ENTZAT U VA E R D 2 LR S .
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nm (ZHU DABEE U OV TOMT LRGSR, REBEHHS (B4
ZEhh4) ~Clid Si,Mn, Mo, P OB LA HEB S, RIS (L
IRFZhbt) CIE N, Si, P (k& Cr, Mn, Mo OJb 13-
STV D, ARHTIC X DHEAZEGIFFEEE S ) 545 nm DFi
FTAELTEY, FHTIRI AT L AHORLR TR 5
D BBEHERAT (KIS C o Ni, Si (kL Cr,Mn, Mo @
W) OO L FEEEDRITAFED Hivlz. Cr O & Si D
{bix izt Bt 2 S ¥ 5 FMICERT 5. Cr ORE
TEREHZ &0 19.9wt%0 5 17.0Wt%IZ, Si DIREETT 1.0wt%
NE 20Wt%IAREE SR CTA L L TR Y, M - 7218
FAL BB DIRRIC /R & E 2 bb. 7ok, Th
FCTITHYET-FRI A T o L ARG ORGSR CHEEEIR L SR
DOHNTEHDD IS, b BT RO VETEHE 3 dpa DR
BTHV, KFICBITS C & Si OBREEXZTATH
13.55wt% & 1.50wt% & 5 LT 5. RSB RIS
TITRFUCEIT S Cr & Si DEEIZZNEN 1742w% &
0.66Wt% TdH V), FEDOWIE CTIIRBIH DO AT > L AT
BNTH ORI CTEIER LR LN DHGEONH
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