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Development of Technique for Remote Controlled

Electrochemical Corrosion Measurement
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(Received February 2, 1991)

Structural materials used in core of LWR (mainly austenitic stain-
less steels) have some metallurgical changes due to neutron irradiation,
so it seems that corrosion resistance in high temperature water will
change from unirradiated materials. Furthermore Yy-ray also affects to
the water chemistry, for example, radiation induced radicals, and makes
some effects to the corrosion behavior of materials. Recently such
environmental degradation of structural materials due to irradiation In
reactor is studied. One of these studies, remote contrelled technique
was established to measure electrochemical corrosion characteristics for

heavily irradiated materials.

Keywords: Remote Controlled Electrochemical Corrosion Measurement,
Austenitic Stainless Steels, Neutron Irradiationm,
Environmental Degradation, Lrradiation Induced Segregation,
Irradiation Assisted Stress Corrosion Cracking,

Grain Boundary Segregation
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1. BEEE

EIEOFLTERAINIBEME (A —25F4 MRZAFT Y VAR &, fA4IIHHE
THOBEH S, 2RHBWESL BFRMOHEA, BHELRN, BEBEHFHE) 240
éq:@B@ﬂﬁ%&ﬁmm,HH@%@ﬁK%&E&E?:&ﬁﬂanwén%@woﬁ%
EEEAHTOMEEOHMERSS. M, AFY VAHOBHARRIEILC r OBRIMIC X YE
%nfméhRFm.Haﬁ?iﬁuﬁﬁﬁ%?%écr@¢ﬁ%ﬁ%%ﬁ&éﬁ%%ﬁﬁﬁﬁi
JERNRCBVWTERFEZELC r BEMETL, #ORRE LTHENAOHARENET T
BrEREILNS, TOBEBEFACESC r BEOE FIIHSHRMLIC X RN REST
OCrEEEFrERY, BERCLECr BIEPHOFEELEL LW, £, FLATO Y
B RO KBS BEMEOBASEICEEY LIFT. FAMBHOBAZICRITIITRYD
Bk rHD LPig 20EICED, TOLDICKHFFRTORNTFABEMBOT £HEIC
MR BB ERITTEZEALLS VP,

THIINMBOBESAMEICEE L THE T ASCC ( Irradiation Assisted Stress
Corrosion Cracking) ¥ WOBEEREHERB XY ilhoTEE® @, ZNEEAFRE D
%E%Em¢fﬁﬂﬁﬁﬁﬁ®¢ﬁ%%%%Eﬁwét%,@ﬁ%ﬁﬁﬂ&%wrw&wﬂﬁ%
KBWTEﬁEﬁ%h%EU%ﬁ%T&énIASCC@EEH¢E¥%%%E&U&T&%%
BRSBTS C r OFEEH, P, SERUS 1 ORI, ¥ #HICESKOKEBRSEEOHRDRT
BROAEEILNATVS, 2O T ASCCOHOMBERBAKFOREMEONI DA TRREER
ﬁﬁ@aoﬁﬁé&%i%ﬂfSU,%@%%%ﬁ%?étﬁﬁ,ﬁ%&ﬁ%ﬁﬁbfﬁ<%%
Rdpz Ok BEREKFDNROEBSFOLDIE, ELLHETRALY - OHET
EE SR RTAEVAFATHIOIASCCOMBRIYEELRRECRELEASHNDS ",

IASCCOMEDEDICETHFRIE 22T AHBOHAMLEENETSLENSS. HAOD
AR EEALFED DK BREZNAEEND 5. BRAPHHEEL2RARELRC
A, Fod @B R THEIL, F- ANBRETH S 2D FERORITED R
ﬁ%?&é:a,ﬁ@ﬁ@%%%ﬁ%ﬁfﬂ&ﬁ:t,#@QWEﬁﬁﬁﬁfﬁﬁ;tw%wﬂ
Ay s E Ry PR VA TERBMEICIVAETS FELLTHEL TV S,

LaL, BEAZWAEZBEMONECHETAICRVW 2r0MERAYHL. ETETO
ﬁ%&ﬁvbthTﬁb&Hnmmammn%@t@ﬁﬁ@ﬁ%ﬁ%%ﬁ@ﬂyﬁuyﬁif
SO ET AV —A4ETHbREIALT, KREBCFOBFEEML T OLENSS.
Fr, BRENTOMNELREED, BEO yBIBOLI LRHBOLEEBZRTLLEND
5.
A#TiE, TASCCHES-RELT, RFFABFICLIZ2EBEBMBOMAEORENLZHA
é:t&ﬁ%tb,%ﬁﬁ%%@ﬁﬂﬁ%mvhthTﬁﬁ%¢K$UﬁbﬁmE%%btﬁ
BEMCOWTHETS.
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2 . BABRIEE

BEAZHHEOED DY AT LAEEIEFie JSHT LI, WEE, Koyt Aun)
Ak, Ov I AY7PYT, BEUZALOEBOHEEFT A ORELHFTETS>EOHO
NV F N a— AMBBRINATVWS.,  ABZETCHROBHICI VBRSNS EGE
Princeton Applied Researchtt#OBEEHE Y A TFLEHWE,

CRF VA AR R : EG&G P. A. R. %534 POTENTIOSTAT/GALVAROSTAT Model278
- aw AT . BG&G P.A.R #3Y 5208 PHASE LOCK IN AMPLIPHIRE
X F NI a— & — : [BM PC PS/2 model3D
-BAflEY 7O : BGEG P. AR HE38 M342 (EFHWEHR)
M388 (ZEHAIE M)

SEMERE LT - T:%Bir\bi, FiCFig. 3ROKRY FENVAOESTHS, Ky bELEROERS,
B ICESBENDS AT Eab—RIC& YT ORERSY, BICABORERIONY R
VERESTHDEDICHBEL CABBRETEBRVA - @A LE,

2.1 A

SHEEFig ACTTEOCHRERA P IRFURBBCESRDEAL L, HRERAIL0
XX 2 mMAEOERWE, EEIImOBEICERE *HORAER, ThEmOES ISR
L. BB CHABIC, BB (Weo m) ¥RBFCHEMMETES L TEDRAL, #RE
DENEENREBR L REELLE, ZORBETAU-RKICEVZ1I000ETHEBLER
AEICELE, RRBICERTEELF >0 HLTRI A~ EFO® 1 andONTHEE
Foi, RBROETMRIEEREHE (54) HAoRHE. £k, BHBL LT L ZEBHEEREA
AYDFU —ABRICHRELE, RBELLUTHWERBT, BAXRASUS 3 1 63K (316
N EEES N —EHEO2RBECATY VAST, EAFLOMM ETable L& Table 2IT5R
3. 5y - SHBREBIC BV TEENIC TRAESE 40X10% n/cn®, BRT L5008
B ANELOTHL. BERRN T Z OB 28 ARRKRENERRET > R ROKN
RHOWE. $E, SvA—SEEREIRBENOME TERGLAEIFT > Ty, 25, BaR
BASUS3 1 6RIEREMOATHS,

2.0 BRIV K —

SHEITig. SIRTBET Y ULVBEHORBAL T — Ky U THEEE (WE : Working
Electrode) & L7, ZHBriiFig R TLOCHBEROSEPICAT Y VARETF 7O Y
NETHLO T THAZ 2 LICEIYEENREEY L HEDICL, ZORAF Y VARICEY
HishiEy—RE (V- V8 2hy SO IEECESELE, £, 77000
LYoo l— X EBELTHESMITE, 3510, FWRV VIV TNy FVICEY Y-
ANTHY, RRARZFTUAOLER S IERRBEEEELRVREE LE,

_zi
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2.3 B

%FEH (RE : Reference Blectrode) M E % WA T 5 A0, Fig. 6 IRT & D IKHEREE
By RBEEEOT Yy VEBICIEHAR ST AF v ((Vyeor Tip™) ERAWTHEHRBEL L.
BRI T RIFIT 7 > B|AB (S CE :Saturated Caromel Blectrode) ®MV, 77U v YERIC
K C KB EEANE, £, 5 (CE:Counter Electrode) ICIIH&BHBMREH W

2.4 HsE A

Ry NELATHETAEDICEEL SR ZHE/OEEEFIg TIORT, BREIT=
Pal— B0k 2REr BRI AR OBENTETH L L DIKCHEHT 7 VIAHRIC L
VEIEL . X510, RHEBEOEREEXS AL T2E0MAKEIRAKELTIMIZL, BHEK
DEBIHI DY MLTHS, WEMOMICE Y+ — & —Tvry M eRi, HEKEREE
FEWTHREES FLTolELLE, 200, EBRRTOBFEEIEREHREMFCY
WERIETES, BRECMEHICEMATEHICAEEIZAERES LDICLE.

2.5 Ky N

AEAEICHEWERY hELVRERERESY SSROYVaZT7E N 3RLTHY, LROB
BEA A Pig SOEOHICEELE., ZORICRT LDCHAFER TRy bestL v,
BT ERALE UM A, BEEX Y ZIC—HNICREENS, TORBREEMLMLERLE.
Fy R ELHICEZA S QBB EE R CRER )L X — QRSP E A ICBE RS (K
W7 O— L) ERESAVY—ERELE, ZOMNEMORE, BBOF v IOLHOF
e EREORBEAOE VY EY M, Ny MEREHLE, Ky hELVERY r SRR OFIg 9iC
SFEFCAE L, ZORy N RLVOERTH 150mE, REEAKSERD 183BTHE. X
% . Photo. LIohy NEARICEBI N EERALFNBERUE Y AT LOFEERT,

3. ER TR
3.1 HKEAFIE

kDD OB 2EER, UFOLIICKHEND.

(DREPOEY (1 LRI~ TTEE)
(HRARBOBE
(HFEBOEY B
() BMBWOTH: (PeH— B HEAN
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2.3 R

%8 (RE : Reference Blectrode) X% AT 529, Fig. 6 IRT D IKCEHER
BrHRERE OT Y v VBICIEMAEST S AF v T ((Vyeor Tip™) ZAVTHEBEL o £,
SRR DI BIFIE 2 > B4 (S CE :Saturated Caromel Blectrode) EAW, 77U v YERNIC
HEFIK C 1 REHEEANE, 7, M (CE:Counter Electrode) iICIdH&BHBMREH W

2.4 HsE R

Ry hELATHEETLEDICEELESESHTROMEEFig TIORY, BAREIT=
Pal— XEQEMc L HEY BRI DANOBEATETH L LDINERY 7 VIVEHRIC L
U%WbtuéBK,Mﬁﬁ%ﬁmﬁﬁ%9&<?étwﬁ$¢méwabfmﬁtb,%ﬁﬁ
NERBRIHLY Y MLTHS, WEMOAMICE Y+ — 2 —Yv vy M ERT, HEKEREE
FEWTHREES ELTo8EL LA, 2510, ERRTOBFEAIORRABMEICY
WERIETES, BREOREHCHEMAETEHICAHEEIRERES L DICLE.

2.5 Ry N

SEMEICHEWESY M LVEERRERY hSROYaZT7E N dEATHY, LEROR
B AP SOEOIEELE., ZORICRT EDICHAFERTTy besblL vl
B ERA LS UM A, BRI HRICREENS, TORBEREEMLERLE.
Fy REAFICHZA S CEBUMCEEREREIR )L X — O RS ICEFREe S (AR
WoOTLO— L) ERSAY—ERELE., TOMNEHORE, REOF v IOLEHOF
ﬁﬁﬁ%%mﬁﬁm@Eytv%,va%%@%btaﬁvbtw@$v%§ﬁW®ﬁggu
AFEFICAHE L, ZORy hELOEREH 150mE, REREAMSEED 8BTHL.
% Photo. Loy NEARIKEBINEERAFNERWE Y AT LOFEERT,

3. TERIGER
3.1 AEBTIE

Ao EH0BEEE2EER, RFOLIICKHENS.

(DERBOEW (W L oRIRERA T
(HRBOBE
NRABFOEY b
() EMBOLHE (- BELHE>HEN
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(EBMELORE (BE, BK, etc)

(BYfE (55— F DUINE—-ALE)

(HpnmE (B REBHE-RE)
¥, ZhoOERICESERBOBNEFIe URTEOIKARY, BROEIR N S, 6,
FLTHESRORBRETO R SEMSEER L0 LN 11T =, LEOEED B, (1),
(D RT(DICOWTIE, BIChy b REHE LTHYLTEY, £, #IBCOWTEERD
IR 2P REEHLEDT, BRIBBRELOFHE A0 IC)~E)THE.

3.2 WEERE

BEALFRE T ERE L RRBECEBMEMTAB L DICL, SHEMELERREEEZHY
TUTOBIMEHUESTETH S,

3.2.1 EHEPE

EREGE L LT 77— ROBmMEBRONE, (2) £- 7 VREOHUE, 3) SBEHRO
WE, BEU () FBEHLEOWEEF o, UFTKEAFAOWREOBE L SEOWE £4T
> ERGEERT.

(1) 43 45 Bl I 5E ¥4
MEOF ) - RER (Bafr X8l OohBR72EDICT ) - FoR&
@%&Mﬁbtnﬁgm(wmz%yvzwm—ﬂm@?/wFﬁ@ﬁﬁ@%%%?n
ABERHEE, JIS G 0579-1983 (AR5 Y VRSO T J — Fo BRI EHES
B CESWTTRORETHT- =,

ﬁ.ﬁ%ﬁ . S%stog
BB + 20mV/min
75 # 5 . BRI E A ~+1300mV{SCE)

HBEEEICT, BRIESESACLIYBRALE.

(2) % — 7« I ARECH E

MEOEAEHEYETNATA -4 (FRERETE, BHRY) 2RDLIEDHICH -
7 VEROHE R -, Fig. 10 (DICFOFEETRT,

HEER : 5%H,S0,
BAFBIEE : 1ZnV/nin
5 #ibg T BARBEEBA L 200mV
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HEsE  HREMBM Ecorr+200ny BEOBMEETEMERILSE, €
DEOAREHRENETS P,
BBEHBEBRIC R > TNWDEEZ2ATHE, TafelRE LTALND

n = a + b log]i] ‘ (1)

no: BES
i BREE
a, b: &—7 xR

MEEIT 5.
B AL & 7T S
Red = 0x + ne” (N

CBWwT, ERBEEESFREIVARSIIAVWEE, $abohHSB
EEAES, BEWBBHEEIIL-TVWDEEICE, MIER I &
Butler-Volmer®zx & L THIB N B

-anF - ((l—a)nF
ex
7 p RT

n)] (3}

i=1io [-exp (
o RBWBREE
77T EH

F

o BEHRK
R : REEW
T
I

[

2 HE X
T RBICEETAETOH

KEkoTH5ADNS, BEENMETFHENLLSHBI BT AREL
ahid, [ A0S 1EHSLHVWRE2HOEBELAOHAERTES
kY, BEEEE LT Tafel DRAE LN S, —ICTafel ORI
EHBLADSKIMVO L ZATRZT S, Tafel ROBRRITELED,

BALER (n>0) O%BH
RT
{1-a)nF
2.303RT
(1-a )nF
HAER (n<0) OHBE
a = — s In(is)
e nF
2. 303RT
anf

a = lﬂ(lo)

(4-a)

b:

{4-b)
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=H2DT, Tatel Plot O¥]E -a/b, #HZE1/b &Y, io an, (1-
adnhRHHHhB B

(3) & fEEREL R A

H— 7 VREHE LA BICH B OERBEERT AT A - X2 ROL DTS5
EHONEERT-E, ZHALOHECEY ARBHENTOREREERHTES.
Fig. 10 @K EDHEERT,

TER K : 5%1,50,

LB AEE  20mV/min

e : HEREEES Z50mV

WEE o BEESIEEC/NEVE X (GnV)Butler-Volmer DA DB HA T K
LT, 20E2HETENS &,

RT
n = ;;i (5

PhY, BREBMCEBWICELT S, Z0 LS OEHRY/TE5
WIEG LT, GIEX OTalel R LOFE TR ERRGICHBIT
FRFNDNFA— R EROBZLHFTES T,

() BrEHEAL PR R

HEHELHiEE (EPRE : Electrochemical Potentiokinetic Reactivation} I
AF VU ABMORBELETETEEDICERENEFETH L, BEBERTICEL
VESRRICETAC T OBERTIE, AF Y VANOC r RIHORATEICLS
AL T WS, FDOEHATY VASMOBBAL EFHMT A EDICTLATWDE
FERARRIE M, Cr ORSFRFEHTOFMAOBEHAOTHEE, =HIKIASCCD
BT HOIFEADEE O TEEOCRH 217D EDICEBEELHNEET 72

HEEGHEICE, P ILGRTEDCASTMICHEZATWS HHE (Single
LoopiE) &, J T SKEEEATWS f#k (Double Loopik) AdHY, ZTOZ2EYOD
FEICDWTHH L=,

{a) Single loop#k

SRERTRIE ¢ 0. 5M-H2S04+0. 01M-KSCN

FE[#E : 100nV/nin

HEEI9p - +200mV(SCE) ~ H R B EEN

Wik o HBE R AEEEFENC R (200nV(SCE), 201D L, EORERE
BEMETHY - RHFMICESIL, #5057/~ FoBHiRLYE
ERICELERICELEESEEZRY, 20BKRLYNARRR
FHEIFEMET S,
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(b) Double loop#k (JIS G 0580-1986 A L ABMOBELZHEEELROWE

3.2.2 ZEHWE

Kkl )

SRERVEWE ¢ 0. SM~H.S04+0. 01M-KSCN

FEIEE : 100mV/min _

FEIEIE  BRIEEBER~+300mV(SCE) ~ B RBREENL

ek ARBEBALND P ) — REMRICH00mV(SCE)  THSIL, +300nV
(SCRICEBLESEBICAY— RFRICERSIT S, TORIZELN
é@%@?)—ﬁﬁ@@ﬁ@%ﬁ?}~F%%%ﬁmuﬁ?&@%m
V) - RS mEEORAY ) - FEREEIr0FG e BREE{EE L
Tk, KASBELFEMT .

EEOEMETORATY ) — FEREE ()

HiEe®RG) = X 100 {6)

EBOEHBTORKRY /) — NERER (ia)

ﬁﬁ%i;bf@ﬁ%&%ﬁﬁm%&mxé4yE—ﬁyx@Mﬁm;Uﬁo
T FOWMEEROBREL SEOHEERT-EE&HFETRT.

ML BT ¢ FEMERREE (-300mV(SCE)) R UCUREIREEE (+400mV(SCE))
o v B ¢ 100k~ 5Hz (Lock-in Method)
10~ 0.1Hz ( FFT  Method)
L~ 0.01Hz ( FFT Method)
0.5~0.005Hz ( FFT Method)
BIRIE  : L0nV
R 0. 5M-M.30.
e B cRF VAR Ey b I A YT YT ERY, HREBEDCE Y
Ty RENMTEFNLZHREEFEELTCEFOBRORHEL DO HEEK
T RS 2EBRBEEHEL, ZhEVAVE—H A ERDE
KRECEWTY QI RRGAERII R THWHDONERITT D
- an gk awmeEs OREIIE#K e LT, Lock-in Method &
FFT( Fast Fourior Transportation ) Method% W17z, Lock-in
Method # i3 —E DA MK OZHEBA LML T OBOBERME &4
FUAVE - XU ARBLHEETHY, FFT Methode W <o
(S EDHEIT0) OFERDSine Curvek ERAHETHERLE
BHEOBMEEML, FORCBLOAZEHRELMENDHET —
UIEEEFI LKL o TEHABRR DA VE— TV AERSS
BTH5,
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3.3 EHEeHE B E HWENE

AFYUAGETEALTVWLSEARRESUS 3 1 6 @B * HOWETE, ZREHICHY b
CINTHEL, BEEICESBEE, AEF - A0ORYMIT>OTHRIFLE. Sy MELATH
EEFOIBERTFUARA Y FEOBEI Ny b ELVOAMIICERET A ZEIC RS, B
M HMEBEORO) — RENEL RS, 20D ) A XOBAPUE LWEL 2570055,
BRI & AR OB EIE ®4T D BRAEF B 0. 005Hze AR VEAETHLOT, Z0
Wan )4 XORAMIBICHEE RS, F0OED, ZOLI2RUELOMBEISFA20WIRELE,

5.4 WERILKT S y MO

M EHOTHE 2TO8BE, UEBS OB BROBENZALND, ZZTHRAELEE
BTEHSREDSOBEOBEMAOEDIBEEOME N EEBHICBEL TWAZ 205,
BEEBHICH T 7 ROBErERTLILAEN DS, FITCERAICHTS yROBEEZHNS
EOICFig I2CRT £ 2MElAL -2 8AEL, BHANE®RE: UTEESES (SCE)
Wy BERESL, FONTEERICRETEEEIRFELE, r R UTHAVWERFEMORTERE
TR SR/NTHD, ZOMERFINVT—ORIISEELFUERER (SCE) 2E—FKLH
—HICANRT, WEMEELANDLTCEHE» SO yBICEZ2BNOELEHELE, £72, &
FERLVE-—AWICALEEEICL, EEEEEMORBELEREL Z,

4 . EFEUBRGRE SR
4.1 SR e W EREER

FEAERBASUS3 L 8EHBEAVWHEREICOWTHRY hEVATHERITo /R £Fig 13
CRTA, ZOREERY hELVOATH - EEREEBEL TRy M VADORIEICHEAE DR
HEADLhhbok. ZOZE LRy bELVAKBWTE RN REORBETHENTET
HHZENEEENE, £, EESAPOT a2l — Al BERLBEETH -, BIEL
BLEEL 2853 RBRL A -HohLICLrMafiTehy, BREOEL, B LER
WEDBEWREE, H5VWEEMORENSONILRERFMON T AR BNLINDF 2 v
BEFSEN, ZThASOEICBWTHRICHEI b=, &, XRAZBICBI L/ A XDE
AL NLAREEEEOHR T,

4.2 WEALHT S 7 MOZE

BEBICH T 7 BOBBRAALKEE, BBEFSHAEARET > ARENICESHBOENM
R LEBENSRET L yHOBEBIIRAVWI b cE, ZOZL YR LX2OREILET L
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Fig. 8 Schematic diagram of electrochemical measurement system setting
in hot laboratory Jr.Right No.3 cell
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- Gamma ray source into holder shown in Fig.12 : .‘_5‘
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Fig. 14 Effect of gamma radiation on referance electrode
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Photo. 1 Electrochemical mearsurement system for irradiated materials,
(a) inside of hot cell and (b) outside of hot cell



