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Electrochemical Properties of Oxide Films Formed on Cold Worked
Alloy600 and Alloy690 in Simulated PWR Primary Water Environments
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Passive films formed on Alloy 600 and Alloy 690 in the simulated primary water of pressurized water reactor
were characterized by photo electrochemical current response focusing on the influence of the dissolved hydrogen
and cold working. Some specimens were also analyzed by X-ray photoelectron spectroscopy using the hard X-ray

generated by SPring-8.

Passive films on both alloys consisted of the oxide layer of p-type semiconductor properties with band gap energy
(E,) of 3.5 €V and the hydroxide layer of n-type semiconductor with E; of 2.3 eV. However, the content of Ni in the
oxide layer which may induce p-type semiconductor property is negligible small. The passive films on Alloy 600
become thinner by dissolved hydrogen, and less protective by cold working. Whereas passive films on Alloy 690,
which were more protective than that on Alloy 600, were rarely influenced by cold working and dissolved hydrogen.

Key words : passive film, high temperature and high pressure water, photo electrochemical response, XPS, Ni-

Cr alloys, dissolved hydrogen
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il

Alloy600, Alloy690 13 HIlE 7K 2 J5 147 (PWR) D # & 58
HRBE (SGIREE) IR S Twh L & big,
R O Ni e &S MIF NS e nHeR & LT
WHRTWA. Alloy600 % SG {£8445 13 PWR 1 k¥ HIK
H TR RIS G BN (IGSCC) % B HFE A L=V 720,
BUETIZZN S D% A3 Alloy690 I8 2 S TW52,
Fefk 2 B X > TR ABREERZE LR L 2
Alloy690TT # SG 12 245 T IGSCC 13 45 12 BT/ L T W
WD, GRIMLZMZ % & ¥ X805 IGSCC 25§
52 ENEBRETORBTHEINTE Y, Alloy690

* T 565-0871 WKH T 1L H i 2-1(2-1, Yamada-oka, Suita, 565-0871 Japan)
** T 679-5198 1k JH ER i FIIT 6 #B 1-1-1(1-1-1, Kouto, Sayo-cho, Sayo-
gun, 679-5198 Japan)
f Yuseong-gu, Daejeon, 305-712 Korea
"TF 679-5198 4 T ER 4 T 64R 1-1-1(1-1-1, Kouto, Sayo-cho, Sayo-
gun, 679-5198 Japan)
TTTF 113-0033 3 EHS ST R X A 2-19-7(2-19-7, Hongo, Bunkyo-ku,
Tokyo, 113-0033 Japan)

@ PWR 1 %RIZB1F 5 IGSCC %4 o W] Rg Pk %o #ht 12>
WTIRBHETRW., Zh S NiEGEoOmaREIcEL
TAHREEEOZREIEECTH S5, mikkh AR
AW RO ESALFMER, FFICE TSIV T
BHFTVRFEINTES T, BREIMLAIMDb - 2ok
BOBALIZOWTIE, FEAEHLNERSTORW,
A7 ¥ L A7 & D Fe-Cr & 4% %M Ni-Cr 64124
B3 AANERE R I L, EARM R BRI & &
HIC, 4 Y E=F U ARNMESRMFIEE L L, BTHE
DOPHEHNE TAMEDIBL S ERBBS N TV DS,
Wilhelm & Hackerman (& pH=_8.4 7k v7 & %% iy 7 it
THi NI OB AALFISE ZME L, Ni OAERER K2
p B E LCOMEERL, TONY FFry v 7
(E,)1331eVThsbEHELTWVSY. Sunseri & I[HE
DOBEBETH NI BT 2 NEREE N E, =345 eV OP
B & 3.0 eV OKEELE & @ 2 EiEETH 5 &t
HLTwbY. —7, Ferreira 5 13 Alloy600 (24255 %
AMBYRE R B o0 8RN 3 % AL A Y E—F Y AT
ML, FUZ Cr DERALW A 5 7 B NJE p B2k & Fe
B LU Ni OBAL TRERE S L5 4HE n B8R E 28 pn
ANFOEEEBR LTS EEELTWEY. KL
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DFEH 5% Fe-Cr 44K 5 AEE R o 18k 1y
WHEE A V=7 v 2L BRAALFIE THT L, 0.1
M H,SO, #CidNEg p B, #Mgnfl, —7%, pH=84 ®
AR R TIENANE & o n BERE B 2 b
A SMICLEY. £ v E—F U AHh 555 Mott-
Schottky Plot I NMBRERZ IED—EB 3> S DK L E 2 5
N, NMHEEEESAOWEZHELZ LY. e
1, MEMKEEHE S T Fe-Cr &2 A3 5 AN e 1z Jis
B v E=F U AT n BB I S D 2 &Y
s, HEBEFALFINETENY FEY v TORLE 5
DDA S, N TEERLNEBILW I
R, SMERKEBLYIE L n BEEAR Y L oA BSOS R
72. L72d3oT, Af YE=F VY AFEIZLoTHM I NS
n BEERRPERLIAVE ISR T B E A b pY Y ¥
ZoiE, NirCragll oW T RBICKE L, 01 M
H,S0, 3 X O pH=84 Ok v EEEMmEh CAER T 5
B wIndbNEgp, AEnBIThs e riisL
72", —75, Marchetti & (3 s A H T Ni 4412
A L AR I o LR /AL F IS S B RE L,
Cr,0,, Ni(OH),, Ni,_ FeCr,0, |ZHI¥kd 2 HInEH1%
L, INSIEnBEAE LTOMEZR L EHE
LTwa®,

PLED X912, NiEEEIE S 5 A ERER o i
RIPEEIS D W T A 2 BLRDSHE S Tw 525, PWR
PG RS 2 IR LS OV T OIS T, ARG
Tl Alloy600 & Alloy690 (22T, i PWR 1 KRR
AR L 2 AR OB RSS2 MEL,
I T & AR K FE OB DWW THGET L 72,

2. % B H &

AHWFZETH W72, Alloy600 & Alloy690 ® 1L 24 # 1k %
Table 112/RF. IV - 77— VHICa— VEZETHET
F10% B LT 20% GBI T2 Mz 72, UF, Lz
LEE iz, 2REN0%, 10%, 20% CW & Fil¥
5. BEALHMES S CICEHBEHRE LTINS
OME LD 10x10x2 mm® DFRFZ L0 L, FiHzE
KNSICHEDER, TN IFR=Z MW NT: BT &
L7z, 8512, =% /=, A% ) —NVBIUOBA L+~
KA CTRBEREG L. chs 25t —1r 2 L —
7 (SUS316 8, 7 ) 1.3x10° m®, ¥ & # 8x 1077
m’s ) I2TC, PWR 1 R HACRBEHBREE & LT
WHW STV 360C @ 0.046 kmol-m ~* H,BO; + 2.9 X
10™* kmol-m ~® LiOH (500 ppm B +2 ppm Li) 7K ¥ ¥ 12
864x10's(24 ) IZIET 2 Z L2 X o TR I & 2:
WLz, ZoL &, #HAEMEDO) Z2x10 °kg'm °(2
ppb) L ICHEREL, & SIC#EfFAEZEDH) %0, 5x107°
BX0275%x10  kg'm (0, 0.5, 2.75ppm) & L7-.

BEALFAE & L TR AR R 2 & SRS

R & B

IBEIENT AT 72, wWER S 4.32%x10 s BLEBLA L 72
pH 8.4 O & 7 BMEMKE W A HV, HIITIro 72, K
v BRARIR VAT C1, SO 7% EAMBREZ 2 1855 % 2

EMBLET A v EEERNIE, SHIIEHELNIN
F TICHE L 72 pH8.4 O & 7 MR AA IS BT % Fe-
Cr BX U Ni-Cr A& 0B RALFINE T T 2 Bt i
BLHKT 57D HWTW 5. BREMRICITH - HHL
SR (Ag/AgCl/3.3 kmol-m * KCI) & vy, AKFHTTIZ
COBIREMIEHRED BN % Vignea & WAL E LTHILT
5. B, RBEFEmEINT vk F L v EESK(PTFE)
By —7THEL, BE~OZHEES 0283 cm® & L
7z.

FEAAFICE L, T3 RF % pH=8.4 @& 7 W%
B T200 mV IS CEBRMASML, 7/ — FEIKIE
Wekholz0blZ, 1I50WDXe ¥ 7FakHEELTE
Jrai—% THAELLZEE 60 s BIIES L, KIGHE
B2 60s M L7z, oM ossEROZELELER
ELTCRik Lz, 2o k9 iz P& 250~500 nm O
P CTHERAZZILSETHDELITRV, BEEANS
b ARG EHIC, HMEME 100 mV §OHL T
MANZILL, KEMTORBERANRY T A2 FE
BRs i & TMHO RN BRI L T p? 100,

— OB OV, Bt E XRIEE 52 XHt
61 (XPS) 12 & 2 IEWEE RN 00T 2 17 - 72, KAl
WTEHG % SPring-8 @ BIA6XU ¥ — 4 5 4 ¥ i%iE DM X
WL 74358 (Hard X-ray Photoemission Spectroscopy,
HAX-PES) #: & (VG-SCIENTA : R-4000) % i vy, AH X
BMOTIANVFE—13H8keV & L7z, #MHDXPSTIES
nm BRI EEIE S TH 5 DIH L, HAX-PES
TIE &5 10 nm O EAFERECHM L 2 5.
W72 BREHE B AL E T & FIARR 0 TR < H#e i L 7247,
320C DB AT TABEIL L2308 b 3R 6 L 72, 5k
kB X O 7 0 SN B IS LT B,

K5IZ, BBAOGRIMTIC X 250582 5§ 5 72012
)5 ELE TR AT (Electron Backscattering Diffraction,
EBSD) 12 X 2 E 21T\, SN O O3 50 & ST
77 1. 7% 7 (Kernel Average Misorientation, KAM) {2 & ¥
fEAT L 72,

3. B # R

3.1 PMEXEE)

IR THIE L 72 Alloy600 Ot thi#: 2 Fig. 1 12537
AW ERE X, pH 8.4 O &7 MM KEW T, BME
HHEEIZImV-s ' Thsb, Z22TiE, @QMETIR
¥, B X 05(h)360°C, DH 2.75 ppm D HifE PWR 1 &%
BRI 24 h B0 U OB RE R I & A2k L 72 3pHic D
WTHIELTWwA, fHEFE FHBTE, SEMTICE-
THEMEOE— 7 MET 5L B2, REETOEIR

Table 1 Chemical compositions of materials examined (mass% ).

© Si Mn Co Ni Cr

Fe Mo Ti Al P S B

Alloy600 0.010 0.310 0.360

75.010 15.710 7.350

0.009 <0.001

0.020 0.120 0.260 0.030 bal.

Alloy690

29.550 9.610 0.020 0.110 0.90 0.009 0.002

<0.001
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Fig.1 Polarization curves of Alloy600 in
borate buffer solution of pH 8.4
measured for (a) specimens just after
polished and (b) specimens
immersed in simulated PWR primary
water at 360 °C for 24 h with the
dissolved hydrogen of 2.75 ppm.

BENEMH AL TS, —F, Bl PWR 1 0GR
B CABREIL L 72 EHC WX, $TICEiREAKP T
HE LR AR SRR 2 EH > TWb 0T, Bl
M2 LA (0% CW) TIEERIEHRIERASNT, F
T A RES A4 9 % — 300~ + 500 mV O FEA7#EFA T
IS F F A& IR L CREBEEI 1/10 BEIKT
LTwa., L2aL, MTICL > CERBEIZELL
BRL, 20% CWRHCid it W UEMBCHE S £
KB ERBEOBRBEL 2o7. T74bbH Alloy600 T
i3, IV - T == VAT ERAK T CAE R T A ANE) HE R I
WFRIBCTHEET 2B L D b REEITE . Ly

L, @GR IA b 5 & ik b CA R T 5 AN B i
BEEEPERT T2 2SN E 2o 72,

—7J3 Alloy690 Tl Fig. 2(a), (b)IZ/RT & H 12, Hild
ARHC R U 72 3RS AS B RE I8 2 AH 24 5 % TR #i B
TS E 3R L R TR E R CEREE LR LT
Wb, 727201, #500~1000 mV O ASEREE AL Tl
A TR L7238 R 013 ) REREE K E <
HoTWh., ZOBMETOT /) — F#ERIEFICCA o
ALY @ Cr'" ~OWMT, T4bbEikhTiI=siRs
DD CrEHEDL VR E K L2 & &2 EERT 5.
—%, GEMLOEBZoOWTIEEE E, BXUOER
KR TREB 2 ARl L7238 & D IZa RO bk,

3.2 ABRULZRE

AWFFE TIZIEET T O % H A 5 DZALZ LB &
L TRtk - AT L7z, SEEXALHEROWER % Fig. 3
[ZRF. I T, 360°C, DH :2.75 ppm O #ifiE PWR

Fig.2 Polarization curves of Alloy690 in
borate buffer solution of pH 8.4
measured for (a) specimens just after
polished and (b) specimens immersed
in simulated PWR primary water at
360 °C for 24 h with the dissolved
hydrogen of 2.75 ppm.

L L
1000 1500 2000

light off

Potential, £ / mVagagci

Fig.3 Examples of photo current transient measured
for Alloy690 (10% CW) immersed in
simulated PWR primary water at 360 °C for 24
h with the dissolved hydrogen of 2.75 ppm.
Photo currents were obtained for various
applied potentials and wave lengths, A, of
incident light: (a) 200 mV, A =330 nm, (b)
200 mV, A =260 nm, (c) -300 mV, A =370 nm.

1 RERHBEIZ 24 hiZ1E L 72 Alloy690 DB Z /-9, 4
WEMAE 2 %4 (Fig. 3(a)) I IEONRIRE DS 5N,
WAL EHICEL X5 & (Fig. 3(b)) IED X784 7 IRDIG
BDOBITKEICADTETOEFMEIZM A > TEBRLT
W5, E5ZHEN (Fig. 3(c)) TIZADLBERIES
N5, BEEOBIECEIZEM L BEHEORRICL Y HE
MEWCEIEL, KERIEAOBIEILEDOHRIT/NE e HH
WKIHhATAZ DB, TS OBEREEZBITT S
CLICE o TRFESELRAMAAMAZLEDETH S
A, ARBFZETIZIEHRETT O BT & EIRETBAMG T 60 s 123
F B EREDEEREROEHEME L THRIT 5.
HEBEOEFMEZHERISHF L TTey b3 5 & Fig. 4
@ITRT L) BNRBRARZ FT AR LNL. FE
THO IS GO IZ—ETIE WO T, JEmETH
WAL 2 EAH 5. Ni-Cr A ESA B KO ELAL
DB IR N Y FROMBEERICIVAET L EE X
LNTBY, COLEDEFNLEBROKEE, iy, IR
DNELZALFIEE DN TEITE .

(gyhu/kﬁ=(Xhu—EQ (1

22T, Lt hw3ENENRASICOEE LT A
F—(eV), E,3NY F¥y v TZAVF—(eV), &5
W CREHTHS., ZoXizESWT, DH=2.75 ppm
OB PWR 1 UCR BB TA 8k L 72 Alloy600 O A8 18 iz
EONERILFISE AT VOBl % Fig. 4(b) IR

NISEBMIIEDHLEADHE & BGELBDHY, 0
MBI ED T AN F—AIRE VT ER KT 2 & &
DIT, BMICL->THE LTS, T TICHMELAL)
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Fig.4 An example of photo current response
measured for Alloy600 immersed in  Fig.5 The slope of photo response action Fig.6 The slope of photo response action

simulated PWR primary water at 360 °C
for 24 h with the dissolved hydrogen of
2.75 ppm described as (a) photo
current as a function of wavelength and
(b) photoelectrochemical response
action spectrum re-plotted from the
results shown in Fig. 4(a).

spectra of components with band gap,
E,, of 2.3 eV and 3.5 eV measured for (a)
Alloy600 and (b) Alloy690 specimens
without cold working immersed in
simulated PWR primary water at 360 °C
for 24 h with various concentrations of
dissolved hydrogen.

spectra of components with band gap,
E,, of 2.3 eV and 3.5 eV measured for (a)
Alloy600 and (b) Alloy690 specimens
immersed in simulated PWR primary
water with the dissolved hydrogen of
2.75 ppm at 360 °C for 24 h with various
rates of cold working before immersion.

2, BELALAIGEANRZ b VIIHRIE S S L 20T
x20W NiEAE&ICOWTIE, BIWY LA, E,
¥y 2.3eV EH35eV DO EEL 7.

DH A7 5, Bk PWR 1 K REBECTER L 2
Alloy600 & Alloy690 D ANERE Rz I o S 7B S LIS B A X
7 MVOEBSOWEE CHBMOBEKE LML K
% Fig. 5 1R Y. 356V osrid s ng comgt V2
T, NUTRBEAELHNEBBIALWICHYT S
Alloy600, Alloy690 & b IZEHIIADfE R D, ZD
HEXHEIZBEM AR RIFIERELL o TV D, UG HMA
B 7% p BASERE LTORMEZRLT0A. 2L,
Alloy600 Tid DH 29/ S W E LGB OMEIZ X ) ok
EL o TWAh. —7, Alloy690 Tix DH OE# X &
AR SN, 72720, Alloy600 & Alloy690 & % bz
T 5 &, YEWIZ 0 ppm DH TIFIFE L w25, 2.75 ppm
DH Tl Alloy690 ™13 9 25K &\, —J, 2.3 eV DK
N ETOME"Y P X0 SEKBILICHRT B EE
ATWh, ZORSE, BRESENEZLTEIME-T
FEBEIANPSENELLTWSE, 20, 2.3 eV DOus
IZDoWTix, BEMUASOZAL, $7%b5 DH, ME D&
WIZHF LCTIEEAEEREZAE LW LU TH 5.

WA, MLEORL 2 EHIOWT, HIREFEARZ b
VO E CZEH L 7HE % Fig. 6 12/~ 3. Alloy600 T
1 Fig. 1 \ZR L7 f it 5 b2 5 X 912, 20% CW
TREBMASBIFOBRBEENREL 2D L L HITHRH
M 728 (B 2 1 X) b K&EL Y, N EER
ZIEMEICHAMD Z D TE LD o O THEZ LR L

TWwzw, Alloy600 D E,=3.5 eV ONJEIAL K551 >
WTIE, MILEPIKREWIE) PRIBERIZRPREL RS
A HSNS. L L, Aloy690 TixiTe A L7#ITH
bz, —J, E,=2.3 eV OFEKERALY D551 o
WTIE, Alloy600, Alloy690 & 12, N LEEIC X % BH#%
GERIIR O,

3.3 HAX-PES IZ & 2 RERERES R

HAX-PES 12 & - T 5 72 Alloy600, Alloy690 @ Ni,
Cr, Fe BX 'O OE T A2 bVOF% Fig. 7 1R
T, A ES THIT A DT, T I CRIBNITRERE
i NS, NiDARZ PV T 6B 54
JEIREE D Ni 1§53 (Nipe) 2SI ST 5, HAX-
PES T HETHHREIAKE VO T, HEHDXPST
BB TERVWEOAHEE AL )V EET RN
Twa. Ni OB (N, IZIZE A LR SN, Rl
BRI o Ni 1313 & A EDKERALY O KEE (Niyy,) T
5. —7Ji, CrizowTld, BIL®W(Cr, & KEEILY
(Cryyg) DTS5 HYEFRT & B, Marcus &' 13508 & S ]
DRFHIMANT S B TR A EBRFLEE W, EiEAKHPT
Ni &G AR T 5 AN B BB B2 5 o fie 90 1 B I 7% i
XPS % W TN L TWw5b, #iiEE PRW 1 K REBEE T
Alloy600 & 4\ A 3 5 ANE REFZ BB 1d 12 Cr 22 S AR
ENBWEIHBALY &, FRRIC Cr EAROIE KB I,
E BT Ni OKBILY ST 5 3 EhE<dh 5 & s
LTW5b. KEFZETH S N AMIRE R K S P o T
HHIENHELEINSL., 22T, FTHELETD NiRE
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Fig.7 HAX-PES spectra of (a) Ni2p, (b) Cr2p, (c) Fe2p, and (d) Ols measured for Alloy600 and Alloy690 specimens immersed in simulated PWR

primary water at 360 °C with dissolved hydrogen of 2.75 ppm for 24 h.

Table 2 Thickness of passive film on Alloy600 and Allo690
immersed in simulated primary PWR water for 24 h.

(nm)

360 °C, DH: 2.75 ppm 320 °C, DH: 2.75 ppm 320 °C, No DH

Alloy600 24 19 29

Alloy690 15 - —

(ppm: 107 kg-m™)

DWFEFRIIHEDE, REHREEKOIE S % M B 5 L 7-
FiE %A Table 2 1289, I XD, AMEREREIZ Alloy600
X0y Alloy690 D) HF W &, X 5|2 Alloy600 @
320C COMERDAE/RTH, DHDDH 51395 BAERER:
[FAES AN/ /oW A

34 KAMICKBOTHPTDEHE
KAM & EBSD @ 7 — & T D — > TR P i b 2
LTINS, R 20 (KAM fil) 13 & 7 B
FEOY 7V (e TEIHOh, FHT Y7 &
WEZDRBOEET 560D 7 L& D&
O EDOTFHE L TEHSINS, ZOMEPKE VI
t&ﬁ?ét7kwckfémm®UT&#k%w_k
HEIRL Twa. Fig. 8 ICAWIZE TH w723k o KAM
ﬁ@\ﬁ%ﬁ7 <y 7L LTRY. 2Tl KAM

fEA0° D& Z1H, MAKE L %2510 Tht, T,
B, SHIWCRTS LB EHICERENTVWES, T/

EBSD (2 & o THIWF & Nzl R RSB TR ENTWw
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