JAERI-M
87-093

ACA v E—% Y LRI L 2 8B &R E R ZE

19874 7H

WA L

H ®* & F #H B % &
Japan Atomic Energy Research Institute



JAERI-MU #— Fid, HARETHFEMAATENIATIL ToAHRilRS T,

AF oG b E HARBTATRAL TR RIS (T319-11 SO IRAIRE £iEH) & T,
BWMLOLASw, Ak, IOEPCHFAEAE FILESER - F — (T319-11 R B8R
HIEF O RE LI 5 THTICL L EREN B AT ET.

JAERI-M reports are issued irregularly.
Inguiries about availability of the reports should be addressed to Information Division Department
of Technical Information. Japan Atemic Energy Research Institute, Tokaimura, Naka-gun, Iharaki-

ken 319-11, Japan.

(C; Japan Atomic Energy Research Institute, 1987

WERAD HAETFDHER
i il #3224t




JAERI-M 87-095

ACHA v¥—-—#%rragkEitibd
B ORE&EEHAE

HERRTHMAERRST R BRE L2 TEH
w A T

(1987TH# 6 A1 0H%#)

KPieH 2 EBOBRBURARIGOEED Y 7o 4 sitlloFEO—DELT, 1 v
= Y RAEERS I, NV v EFUINO T —TAENRE o TV AFLE/MA,
FFTHELFRABZZAVWTRESBORES v ¥ — 5 2R OHIE - Birzfrv, &0
FHEORE, BEZBRGEARERF L. BHLAKIERE, 25 v L2 —HEE, 7
IR B, Fr v -HBRRUO YLD =94 - HBETHS, STHOER, ¥ENLAERE
ODRELS5HABMOBB/NEHEEREEETE o, SLERDPTERBE T L IR F v L
ARREVT, BBLTKDEBRACEZERR LA v -7y 25tllp 0B H LAEER
EERNBLUAER, MBE2ZBLUNT 8 L, 2hid, A EKBEEROBEHEINE —D
FREOR, HHVEODDRTHEBRL ~TkbeFRBELEZDS v E—Fv2F—45 &
D-EDEFBRERANT, thoRl —EoHHOBRAEFEECERLLES v E— ¥ Y 25HlO
HAHhORHBLE, THbbEAYIA Yy - JE—b Yy Y IOAERERTOIOTH B,

RiGH A © T 319-11 ZKIFERPEEBHEFFER2 — 4

Cid



JAERI-M 87-095

Application of AC-Impedance Method on Determination

of Corrosion Rate of Metals
Motoe SUZUKI

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokali-mura, Naka-gun, Ibaraki-ken

(Received Jume 10, 1987)

The AC-impedance technique was experimentally evaluated as one of the
in-situ measuring means to determine the corrosion rate of metals immersed
in aqueous solutions. Surface impedance of corroding metals was measured by
both the FET and FRA methods using the system consisting of a personal
computer and digital wave memories, and the two methods were compared with
respect fo accuracy and error factors. The tested systems were stainless
steel-sulfric acid, stainless steel-chloric acid, titanium-nitric acid and
zirconium-nitric acid. The measurement permitted to estimate a very low
corrosion current density of firmly passivated specimens. TFor the stainless
steel corroding actively in chloric acid, weight change of the specimen
calculated from its impedance data was coincided within 2.5% difference with
the value determined by direct weighing. This indicates the capability of
the impedance technique to determine corrosion rate of sample on the basis
of the previously obtained correlation between measured weight change and
impedance data of the same metal-sclution system as the sample. In other

words, on—-line sensing of corrosion rate is possible.

Keywords: AC Tmpedance, Corrosion, Digital System, FFT, FRA
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EURDPRAZEBLTRs =~80 &1~/ F7bb, AR LORTE L THERELL Rehi~
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2.2.3 & ¢

AYE—F v ZAEEEBOBERINCE - THET 5 00ic, AR B0 THE, £BIRERAS
25+ 0.2 CICBR» BPKBEDA - E— A —IKREL, Be3Y, CORmI v E—¥ 2%
FHAI L fco 3R - EKEBOMHAR U TO®Y Th 2,

@© SUS 304 — 1 HIEOWiRE
@ SUS 304 — 1 HEDKEE
@ SUS 304 — 0.5 HECHRE
@ Zr — 1 HEDHE

® Ti- 1HEOHE

DEEEE, 2HROBEKVEREmIC-EOREERACNESSOALEH L TEHT 7 ) Lo
ECEEIN, —EORE9mER > TRINWEOE THEPICEES NI, L VEEE Fig 6
WWRd s HBIROEAICEMIEL) - FELEER0 ImOEEELEHV, Hhi@EAH 9%
FTOAYSNRETF TR Fa—TRK>TRHREPSTHICRB LD ATE - —0OAE &
Yl iRt roEffmicd vy aryTats 7oy 7 ) 22A0THBEZEIES L, &
HIR R ORE L2 RR L .

BONBR IR HEE 2 BEKTHRRLUTED, SRV VICL BMEAPBERFL E1iTH
Wi tre HEIERIEE, HESOEFORELZ T Vit L THY, —FIARV CEMTE
BRIt i - f,

L, @ ®ORTH, AHeBREPTREEIZLY, @, ORTRIENERT S, AIED
FHTRHEREEINBBRDTENTHEDTA -5 v 2AHEOATEERER THT, BEDOHR
TRUTYDFEICED, 41 -5V REFHEDROIEBEREERAIEP SKONBERER LS
gLz, Ao gl LclnoRmERE%E 1. 0cf (B 11.3m) & L, HHEBITHIE
LABAERZHI0CPHTEICFRAFBETHERE L. 0%, RE2HOH L, KERT T2 b
vikELitBRERL, HERELTEECLPERRELVEAHRH LI,

HOBEEOXEEBREEVICHPOAbE THAEKDICEE L LREROSFETI, &
flxnicRe, Cd, lcdfElE, 2HOFHDEHEL 2,

3. k& F

3.1 FI—wIORAE

Tablel & Fig 7, 8iz, # I -2 fllE0ERETRd, HPOHFR, B (Hz)THD,
mi3 107 £ &Kbd,

FFTHICXLHERETIE, Re, Rs, Cd s HIEENEDEDIB~IIFZDETHY, HRE
B2HLUTTH S,

FRAWKTH, WFibRs =0, 74P HERs #EHBLUIIKETRe ER3 ( Fig.381H) %
ESHTT I~ v E—F 2455l L7, Fig8h, ABLUBDOY — XT3, Milld
EURDPREEELTRs =~8Q L7 ~7, T7bb, B LOFETFELTHEEL MLV Redi~

_7"7
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=0.93D7 77 7 —Ehiti,
BECIDEILSVWTHE, FRAFEDC, DRF—ATE~THE D &&bECdofEizm
MOTEACHEL T 2 AREOBIHE, SHEBNIKERIN 2 60 THEEREL, coRED®:
BELULDEPUERLTCEELNS,

3.2 HHBEOA

SUS 304 %= 1 HEDOWMRICEE L IHEOABEBILEIT A1 YE—-¥ VY REFF THRRE-
THIE L7fE R4 Fig 9 Imd, MOORFREER TS, BHERESRA 74 -5 -L L
T—2DHENC & 2~ 3 EFHAI L 7248, WFRDBE LT -2 D55 v R HAKEL, Hil» S
AHANTEEN F B £ 7D > 7, BREFEBL - B R AW AT 2EQLA SN LD, Kb AHD
F—RETHBBOT4dmHz &6 mHz DEST LAV, AFIDSY —218EBWT 4 mHz TO E#BK2Y
BEFCEVILERAONEAERE NS Y+ 2355, Fig. 101, BLRE%FRAZICE-
THAIL AR THD, Fig§ &R, BEBREZ NI A -9 -tk -t WFNOF—¥ bid
IR > T A%, 2005MEEO 74 T3 1mHz DEHSAIA L 0P8N T VWS, Red
F— 413, GAAEERILL EBEO A — A TRIBIE—EAOBRAEND, FREBELLTVIE L
D, EENAMIESTER s EBbi b, Fig. 111, F5 v 2 UEEOWMBICREL HE
OfEHRA, Fig8, 9 LA, RABHESIA—4—-ELLTTay FLALDTHYD, Rp(JH]
DF—ZDHFFTHET, METNTFRABREI-TEALLOTHS, FFTEHETELF—%
GEERER (1 - 3mHz ) iEBOTHIALKRECEK LTS, FRABEDF-#3idiF
EnVicHlicED, REFHOBER LK R OEIEAL T3,

Fig. 123, HICBEHEMEERE L TFRABICE > TR LLERETH S, RbhETHIC,
Fig 11128105 226~ 23005IC B 2 HilA D Iic A LT, 3EIOHETE S
Fo s BREEF—OAMICR > TV A LR &N A,

Fig, 1343, Ynra=vs%z 1l FUEOMBITREL, FRAKRICE - TGHIL R TSH 2,
K7z FEic 7oy F LEQRUVOHOF— 7 2RER 305/, 19280 F-2%2heEh
RL, LDV HRESHE00RER—OMNMKE-TWEERNEE, VHIOF -4,
—HEBLHBAR, WO L, BRAKTERARERFRICTERL, BERIICEBELILERT
Hb, CORRBHBEREHN LT — s BHPOREHAMKTE > THWE3HEDT—5Th 5.
Table2 1, Fig 9~130#&#RLOHH LA 2HMOMBOLEEORe, CdoOfE (BTERmEYD),
BLUHYT 5 [c DEEBAT T, 72720, Tci@RT, ®FHL, SUS304, F7 v, Y
2=Y LT AmOERENRFN LG, 4.0, 4.0%RELTS

Fig. 143, 1RERV 0S5 REOERPICEITZ2SUS M4 DIEHEBERICLIBEEE %
FRAMKIC L » TRl L 7R TH 5. FHANE,

O 1 HEEERGST 24000 #R, Re ZHTHRIRTHHEIL /2.

@ wic, BEER> SHEEEIROE L, Kk, EREBEFEL, BRLII2EEEEKDI,

EEOBAR%OERS &5 Table 3 1WRd,
@ HTOREFRAERG, FHElF - 5 At - TR LM
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) - d1 1 gt
=31 =% =
J=Z1lcét=2 Re d p = Re (19

ARt L, mEKELLTH S,
wic, BEBHREIBEEEELOROMELARA VWL, $Hibhb,
1078 zF 2.680-107%¢

1mg/cdi- nr = 600 Ma Vi A fd 20

LT, Malte B (&44) OEFE, zR4A4 e THERLE (2B EMENL -
1) LEOEFMTH S, SUS 304 OIF/E, {LFMHkAEFe t 74%, Ni 8%, Cr: 18
FEthiE, choolEREEIZLD,

Mz = 55.85x0.74+5871 x0.08+52.00x0.18 = 55.38 2

I

z 2x0.74+2x0.08+3x0.18=2.18 @2
Lis5, ThoARUWTRAT S L,

lmg/ch - hr = 1,055 - 107*  A/cdf 23
DRAFENRE 6N L, THHD,

1A/ct= 2,633 - 107" mg/erf - sec 24

FEEL Tk #HBEBEA W (ng/cf) &3, RDOEEImEROVTEE->THLOT,

dW = 2.633-107"' -]

= 2633107+ — X —— ‘ )

OEFELEOm=1.6108KD o4, LI -TFig H4OHEH (=Ic) DAY —bEE -7

wiz, 0.5 HEDEBRDTHOSUS 304 ABARRSE, m=161DHEZAVT [c£FH
LizD#iFig 14 ho AR T uy b LicF—49 Thb, Table 3iRENED D, Axdi
LA - TABETES LicEdWe &, CORMARBLTEALERK IWn &3 2.5 BUAOE
TRL{—HLTWA,
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41 ERROER

AEBOLHIT, BiEhCRE SN 2 KoL, RERPERRESS(E—ETECE
BBEMCFAGETH Y, COESHECERL T 2 ROBEHREO HABREIC &) 532
BRET D, Lichi- THEEERSE, AL THEMSERSER 4 AR 3 KN ( Fig
58 ), THUMBE ICHTAEEER i ICEBT S, igid, FFTHRICE» TREEFRRD
&AM, FRABICEVTHEENICEEEREL LN,

A Y=gy ZETRER, |RORBESLALS0OME, RFELHAROCABAERED
HieaerMAy, AEOBRAERICHTAENART Y YA 25 v MLk > T—FILHF-» TRES
5,700 OB HCRAERD L S B 1, BFLEREE, T4 v E—F 2 bELO—K
DERHZDWTEHRIE NS, LinL, FNIHEE WS Bt 0% A hiE, BABRREEEEIC X
o TEKEOD S HICHIEA RSB 2 THAI L, ALEBLSRET TR, FRFTEEL
FbE 2R &AL L HRRSEL,

T, RFUUA RSy P EBOROAZROFRTIY, TOREEERITEES, Fihs
CEBELTN B EBhN B,

42 BEDREER

421 J4REZFDORKES

S ARDERSFERE, XV oy, DWMENERS RUBRI 1 v Thbd, e/ 1 X
B, REROBREBO A A F v 74X, REFYSAEEDY 0 5 2 SNATHY, 0F
N HFEH I 10 kHz L8 MHz Th %,

RS EWFIER SN/ A NR A F Uy — ik > ThED B SN, HEDWMEA
DATHESCEO T I0mVpp BERE L, 74 v oD 50H2 /4 X(E, 77, LPF
£ LU DWMOOANEHOEERSRE]STNEN120dB $50T, HRWHL S H2E
ETERBEINI,

4.2.2 FA4F 3wy LI EBTbE

FFTEETRE, ZVRT=2M2N(NEY ) DFAF I 070y d (RE) ohicn@ (n=
2 ) OREHOWERE L SERSNANEELAH OGS, AEBRTRIN=12TH 5, DL &, BWE
SOBRAHRBRSOIAF 1 9 7 LY IBLI2E » FD1/nE705, n=10&FHIE 2%/ 10
=400.6<2°=512 , 2= VA4 OEELIIICOVTIIOE Y FLFONEREE 5, C
D& EERMESO A/D BRI BFLRZERRNTS 1/409.6 = 0.0024, 7505 0.24%
E18 B, 122, —IHOESNMEER ( =/ERE) 3, n ok &P RERERET O EE
FUTEe w0 HflENSY, SHOMBOBEIERTH D,
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FRAHETHE, —FIoOESHIMERRES4oREHOBEHOM LA 20, SRBEAEEHFN
BAIZE  FDFAF I v 7Ly VAR LBADT, BTLEERFFTEL DESIZIT1HE
KDy o, F4F 307 L vIDRESES/NERBERFTE2OT, FRAZIENTH
%y

4.2.3 EREFY T b

I mHz BEQREEEOESEZHV2 L&, 1 EOFRIEIL 10° ML L&, 0B/
h, DWM@RANSNAERETITE, FIBLALi,0oF) 7 RUTYFOEIEN) 7 b
Biinbhz, Thod RN 7 sORSEEEDHEEEDZFNIGI N E &, BEnRE+T S, EE
DFER, iy, OFY 7 HEBEERD THNTERLIEZD, Ty TO¥aAFY 7 i34 20mVpp,
FERDS 10°~ 10" BOA =5 —ThHD, BERETHRENLD T E L5 -1z,

4.2.4 EBEHOBE

Fig.2 iR U7cElEd i, BRI ) — FEERROR 4 » F R EOBEMBHPEEN TV 5,
gt TYTOF4 Y (Xx100), DWMODANT v 7054 vicid, DHEI DR LH
5o TOALYE, WEBRMESORBOBRELLS, ChdE, ¥Fi—€nick-TRIET ST
LHARETH B, —H, {5 S/NLOMER, UTOLSIKns, 7Yy THIESH, DWM
O~ATENZEZORERBERKESA vE—F v ADWEIIREL, 0.1~1 VEETH D,
RS 009 VOEETHNIE, DWMBOANL Y UL LTIH0.1 VEERT 20MEEDA
/ DEHHIL (BTLEAE) ORMPERb- L bk LAL, FFIREND /1 XRIEN~
10mV THAHDT, #IFS/NIE~10(~20dB) £155, FIESHREN~ 1 Vo TH- T,
CNETNRT LI VOL Y VIANT BHATH, FRAETHE S/N iz~ 100 ( ~40
dB ) &EEF 345, FFTHETH=10THNE, PRYE4ORBHICOOTO S/N iz~
10 &5 5,

4.2.5 HKMHD Y7 b

LPFRUT Y7L 5ESHEONMMBOY 7 M, FFTHE FRABESKICEESROA
YE-F YR ELUMBD YT P EFROVEDE LTHIHT 2 HENOT, ~RICRERRELE
Hh, Livl, AERICBVTIRERTE 5, ‘

T DHERIE,

a) FFTHICBWTE, ANBEEEEBROANGE—OLPFROT v 7A2ELTY Y
TN S LSRN T T — ) 2B L, Lih =T, HIEA v E—F v RICE D DL
ADKRIFED >~ 7 b IS AREIICREITRRICEEAN TV,

b) FRAMKICHOVTE, AEABOBEICLAMMEO Y7 M FEBTEHL, Lrl, &E
BICBOLTR, TNoRCCELTERALBIEE TS 1o bLERLBLVEETHE-T
b, 53— TRETERERIET 5 C LHTHETH 5o
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4.3 @EBEEHOBEE

Fig 9 7 —# Ml SARAIC ST 20T Ami3, BIRL7EHHIEEEIT L5, THRITE
LB O Re BBR LIRS A LNEDE, REWEBLLAC SiICk Dk &8T5 Esh
REESRD LIz &, BHRGEREVBEE L TRIGEEREALNREE A 60 & B H
5. Fig. 9 & Fig 10 DERELEL T, -0 2EREIREBRcO@IFIE2 &0
RU7DE, LELMIBEENER SO, BE (=FE8) #ENET LA 2EkT 5,

644 FrLIEEE U 2EZ B OB ¥ TR CRESMNRIKEL Lo, REOEEY Fig.
IR LB 7 v TRHE LR SNU WS E LD THA S, TORFILELS
B, tholfl—BRRCB O THHKRINTEY, BRI ISBMYISNA TG, Livl,
REA Y E—F Y2 Fig 2GR LR ECO 1O Tid7s <, fH»OR & C oibs|EEE
PEIICIE M Wce FvaeEZ 5 &, WBRNIERAEICEA NS BEROEH DS E LT
RRALL &5, CoT &, Al (AEREREL O UL ) 0, EAH R
PUEORLBBICIELT LIBT3, U L, RICZOBSEERETS, HEILHA
WroRBONI R ZNOEBT L OGO & LTCRNETH 205, BaEDK
JGRIREL ( =) ££2 05,

Fig. 11 IGRLAF 5 YORICODOTHF F THEEZEENAKS N, F4 v 3R i2E
S s Sl D HRBNOZENF 10mV E K&, TAKLIERIEZHRNIERERD
fREN DS, (BEERTOHAREAFICRE LicbDEBhbind, FRAZED T — 7 333N
LSS, Re DI SUS 304 0G4 &, B sdicEAL, 2ol sEFILT
"B, Fig 12124 5NBL5iT, F4 0 1000 BRDL Foi@iEic k2 Re DFAFE 15K,
AMBEEABA C, RIEROKR S DEOBIEAEED L 5 Bl ofic k » TER SR
TCEMERTE X S, BIEICE VLTI, RINCEAAMENTOBEIIIABEEE DL D E#ES
Bo B EFRICRe M AT 2HL Fig 13 LAOCNBME Y3 U LOZRTHERETH D,
MRk - TR DB F 4 v U a =0 apRTICNE B P2 B A -
oL Bbn s,

Fig. 14 DBRITBWT, SUS 304 — 1 HERBRORZRTRSI-mDES, FUL 0 IHEED
FDA = AGTAME I S N THRE 2 BLUNTERICLIAFRREATEH L C &
mpEAE —-BRERIENT, BILEEDOT / —F, #v— FARIEOBEICL - TOHERD S
1, RIGEEICHEMHETHLITLEETET D, T, mOMEBLUTO2HTFHSUEENS
POTHH,

© T/=F, 7y FRIGOERE 5§ AmERT OEM.

B LT,

@ #R-eBAA VHOESOHLEC DT, MM ORIGOEEILT 7 v E—DTES
DHET LN, CONEERIWHRT o,
L SORIFIc L, ¥ BARAREKT ARIEE

AV —FE: O+ nje — R o6

TR M = M"Y+ pae @27
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&Lk &, W, MMtk aadmETA2 2z, , o, E4id,
m=(1—d;) n;, +d,n, 28

FT8 A,
ny, n,id, MRIEHROEE, BERLSCILCE—ETHD, o, o FiEELT 2 vE—f
BEOESEOMNE & LTIRIE05ThHY, thoffichF hEBsniin,

4.4 MAER |c LEET(LLOMARK

4.4.1 BHOEHES
RTFEMa, 414 V/ilz, FEoOLEMBECIVERL T EESE, B lc, TR
PiEE, BLUBASEDERED IMPORIEEOHERAFREZERMNTL2LUTOL DTN L,
foi2 L, BfuAFRFEN, Ic ' Afced, wg/cd+ day ( =mdd), m/vear{ =mpy) &9 3,
@ lmpy=01-0 g/cf- year

=2.74-107" - o mg/cf - day
1mpy = 27.40 - p mdd 29

@ BEHEEDST g/l sec. THEIRIGHE, £ CEFLTWLBAOBEHED SAHNE,
Fz

1g/cf- sec= — Coulomb/cd - sec - mol il
Ma

LB, LT,
lmdd=10"% g/cf- day
={1075/(24-3600)} g/ch- sec

Fz
=1.157- 1079
Ma

A /cd

1L.117 - 107° (z/Ma)  A/cd

f

Imdd=1.117 - 10°% (z/Ma) A/ci an

1.4.2 BALKBEAERS 3556
&1 ETMC0E x ELOBBHRIG LCRILREREICBRLE T3, CoLs, SEK

HaEaE,sEngT 5, ME22E, O%BELLT,
M+xQO —» MOx , z=2x

THLHP5, EB1 T AY¥OORIEERREIB 2xF /-0y, 1 EVvOSBEFBILLILEOER
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wing, BEORTEAMox & LT xMox. Lih-T, HEEMEED,

Img/dnf - day = 1.157 - 107"  g/ci- sec

.157 - 107%™ ,
- 1iMm9 :F A/ 5

IvAnA OBRILOES, Mox=16, x=2, z=4%KAd3<&,

1 mdd = 1.396 - 107% A /cdf 33

45 SUS304, Ti, Zr DEBEEEOHETE

Table 2 IGRT & 51T, BHSNAREE (M) R IcdBHTAEV, 27V L ADH
BErh ORI — MR 1072 ~ 107! uA/cl DA — 5 —Th D, FLUDA v E—F v RET
DEFEFITHE 0.02 2A /ot bHESA TV S, ZhoOMELET 2 EXERO [¢ HESD
P &R/ E0d, ChRMECHE, BERIBELE~DREEAEL S L, BEAAEE
REE L THaELAEEEbR S,

FH YO Icic >0 TR, HBRPTOMEF RO CHPICXRe o0, B TOM
F5 v OEEEE (EAZL) oztApicknid, lc ~OBRBEERLELTRT L,

a) 5 %H§EED, 35°C ¢ 0.0020mpy = 0.23uA/ch ¥

b) 10 BRyEe, i 0.0~0.000116mg/ck- hr ™ = 0.0~ 0.258 gA /cd
REBRTRIHBEELIHEE=63%TH0, Table 20D 10° 2~ 10" pA/ctt A % —D
fEi3, Eich) OBATHEANL R SEh-r—2 655 LEFEEINE, &
HifEEEbNn b,

Taa =9 ATE, 10 BREFED 35 CORIET

0.01 x 107? inch /year = 0.000245mpy
= (0.0214 gA/c

DEHPHE SNTVE Y AEZROER ALY 1/10405 1/30 THBHAH, HSKUHEAH
MBS 9 L ivMEEOBUNMC IR E S BT 40T, £EBOBRATLOETE S LTS
5T &3, Bacarella & Suttonid, EEKIBTOY Al — 2D 3FAPLTOR(LE
BARDBIHIE, 206~295CIRBNT, 7Fa VHESIEFEICE >T I 2REL I ™
FOTF—4 ROMOMAED LR CTO Icatillly— 4 2 HEMMEBMICHE L, 300 ~ 600
COEEBINMEOF -7 &L bit7TL—=92 - 7oy F LTHEL. TOEE, BRIF
Al 57— BEREREF -7 L bKEI—DBERICERSL Z EARVE L, COMETH
SNFTERAEAFLT, 25CkEFTBZ Ica2EHETA &,

Ic=55-10"% gA/cf at t=8000sec, (=2.22hr.)

lc=1.5-10""* gA/cf at t = 1800000sec. (=500hr.)
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1B, T, ARBOBERICHLDIEIVETH S,
4.8 LN DFRARENDRE

4.6.1 vunofOBLEDA v E—F Y ROHETE

A4 DEMEBILEERL 4 Y- REFAONE»LIEIE—REEE L TFig 15
D& HwEFbENG, B3 RIS B L 5L, BIUE2ALBEEESSHEDT, Fig
B-ADEFARE0FEYTEE S, EFAFXBE T IRABRKICA - 15&, Fig. 156 — B
CRTEICEBHICESE L0115 L pm # — 5 —DEADOFEEOAB L, ZOABOIE
RO ECEBLED 2 Bt i 5. D) BRICTHIEED T, v E— 5 v 2 &5l L 8isic
I, BHEELTEHSNFORIONBTSY, O LRBREEEE - RNESERIER
Re& LTHET2ET2EFAEEHT S, LiztiaT, 1RABRICA - 2B D4 v &
-5 Z2EFNEFig 15 —BOLAIKKE, TIT

T FRIG: Zr o — Zr' 4+ de” KL

AV - KRGS 2H,0 + 4e” — 20°7 + 4H (35)

THAHDT, z(=n,=n,) =4, d(=a, =d;) =05 LRKETNE, ABELHm=47TH
b

THEE, HEBIAMDORCOBERETOLIICEN XN, 2L, BERLITOKET
o

BREEKPTD Vv v 4 QLI S EREM dw 2 & RN SRR,

dw = 5.07 - 10% exp { — 32289/RT ) - t 86)
dw = dw, +2.21 - 10%exp ( — 28200/RT ) - (t—1,) 1)
t, = 6.50-10%exp ( —0.035-T) 38
dw,= { 5.07 - 10%exp ( — 32289/RT ) - t, }"* 39

T, R=1.987, T=Kelvin, dw=mng/dnf, t : day, t,: transition time(day},
dw, tdw at t, ThHd,?
T=570 KTH, t,= 1408 days &75 %,

CHODEFEIORODLEFEEEINEE 0V B LU EAOTEE Licnd 2 Ic DEE, kK
TokHicit b,

100 days @ dw=0.0427 mdd

= {.0596 pA/ci o)
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1408 days : dw=7.33-107% mdd

=0.0102 uA/ch @1

1500 days @ dw=3.40-10"% mdd
= 0.0475 uA/cf 42
INGICHYET LR EHRMBE L, m=4, BLUOAMNERNT,

@ = 96485/ (8.314 - 570 ) = 20.4,

100days @ Rc=1/(4-596-10"% 20.4} 3
=206-10° Q-cd 4

1408days : Rc=1.67-10° Q- cd 4o
1500 days : Rec=2.58-10° Q- cd e

e, CdOMER0.054F /cf BETHAC EERWT ™, SlEORc OREMED, 1€
— Y 2 RD B I HICHBRESRARKERRES. ¢ C CTHNOEROEBREE, , =
1/27Rc-Cd (Hz) THBHBDOT,

100 days = f,=17.4
1408 days @ f, =2.15
1500 days @ f, =13.9 ETL B,

RS AR ofELTO01 - [, ~10 - f, 2&~E, 0.215=f=139(Hz)
L85,

Ldi->T, AEBROFICHE L TAITHED 1 R 2 /2 Mo L, AlEskesd 2 et
Mbd b, CNIREDTF—s 20 ELAELEEELT, 4 RERBITE O L EHAIRTH
5o

$7, Rs D}, BWERED 1 cd, BIKMRD 1en, BEKOEIERE 1 MO - end 0,
1MQ, 2EDReD0.2~17{EELRE LN, T, Fig.2 ORIDHERELEZFTRILICT
— 4% (=Rs+2-Rc)ICEDLRc DIEDOLENI0~B0B THHLEEBHT b, T1ibb,
FFTHETEE LI, ReERBMLAESOI A F I 92 by VRb-EMpENGET L
AHF—nD A0 % TH5E, LpL, AIEHRIENOT, 423EHTHULEHBAF T 7 oL
LZHEEREBETEETHSH 9, SYEAEHOS W/ 1 XK LT, AlERHoE RS Z2ER
LT&BDELAE U4 5 T ETEETH b,
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LADAGEISWT, 0.2=1=140Hz OFPHT 20 AEE, &% 10HBROELATT 5D
RS AEMIIEL 00 BRETHY, v I/Far7xr—yYr —ZH0NEC P U~DEGE,
CPUMRT—#% T 4 A7 ICMDHLHERAMA TS, 1002AESEILT 40 2BREINE - T
LEH, Zhildvhof obEErRELTHaR/DE0, Lich-T, Kic 1 Bk &
WHBEEOE TS, BEN/A200@CPUMT — 7 2B L, HERREHT 56 E
LTHHTHS,

4.6.2 WESBHKEIEZENLEOMRA

Indig 543, PWREREIIET A2RAT VL ADBAEELZRD L1 HIRET(LEMHET Lc
ARSEL, HBICHE L TBAERENEUBRLLETH, IcitdhEMPI0BHELAREV L
VO ERAE, Y C oK, 27 YL AORRBLEESEERDICRNS hiokRick -
TkFEERE UTEEL, KBMEMRL cELTRIELZZ EiTH -1, L, Bacarella
O OFERP G, Y oA OBERBERESRBENE SO BABREMNHKEEREN D
LRELALTOAEDT, FHBEKH - THLOHHEA-KIHLHEEZIONSE, LFIIICE
K, A vE—F v RAEEEAT AHCHBRICET HMMOBAERIEELCBEKLTLPE4ELD
A5,

4.6.3 Gt LoORIRE

ABEPTI Ao OKABRET 2 TR0 F » TRV (WO LEAL=7 ) IEBNT
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Table 1

Comparison of Cd,
of dummy cell

JAERI-M 87-095

impedance

Rc and Rs values,
measured directly by analog-

a8 components

bridge, by FFT method and by FRA method. (See Figs.5,7.8)
1—1. (See Fig.T)
Measured Measured by Ratio<2>/<1> or R3
directly <1> FFT method<{2> difference<2>-<1>
Cd 1.0 uF 0.98 uF 0.98 10.0
Re¢ 19.9 kQ 1%. 6 k2 - 0.3 k@ k2
Rs 226 Q 222 Q - 4 Q
1 -2. (See Fig.8)
Fig. Measured Measured by Ratiod2>/<1> or R3
No. directly <1> FFT method<2> difference<2>-<1>
Cd 1000 wuF 990 uF 0.99 99.0
A Rec 100.1 107 Q2 7 Q Q
Rs ] Q 8 Q 8 Q
Cd 1000 o F 990 MmE 0.99 99.0
C Re 998.0 0 1070 Q 72 Q Q
Rs 0 Q 8 Q 8 Q
Cd 1000 uF 940 uF 0. 94 10.0
B Rec 10.01 kQ2 10.74 k& 730 kQ k2
Rs 0 Q 0 Q 0 Q
Cd 1000 uF 935 ©F 0.935 i0. ¢
D Re 100.0 k2 100.0 k& 0 k@ kQ
Rs n 0 Q 0 Q
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Tabtlte 2 Estimated Values of Rc, Cd and Ic for Passivated SUS304, Ti and Zr
[1c=1/mRc®, ®=38.94, m is assumed as 1.60 for SUS304, 4.0 for Ti and Zr]

Re{Q-cm?®) Cd{uF/cm?) le{uA/cm?) Comment
1.6-10% 50 1.1-1072 Fig.9, as rolled

sUs304  2.0-108 26 8.6-10°% Fig.9, electro-polished 7 in 1N. H-50,
3.1-108 23 5.5-10°% Fig. 10, 20hr.10min. at 25°C
3.7-108 38 4.6-10-2 Fig. 10, =644 hr.
5.9-10° 41 1.5:16-2 Fig.11, 1 hr.

Ti 7.1-10% 39 1.2-1072 Fig. 11, 180 hr. in IN. HNO,
7.3-10° 54 i 1r-10°2 Fig. 11, 226~230 hr. at 25°C
3.1-1p8 79 2.8-10°2 Fig. 12, =1070 hr

ir 5.5-108 14 1.6-10"3 Fig. 13, 2 hr. in 1N.HNO,s
11.2-108 14 7.6-10"* Fig. 13, 530~554 hr. at 25°C

Table 3 Comparison of Weight Loss of SUS304 Corroded in HCI
Solution at 25°C with Exposed Surface Area of 1.0 cm?

Table 3-A:results in IN. HCI,

Table 3-B:comparison of measured and calculated
weight losses of SUS304 corroded in 0.5N. HCI.
Calculation assumes m=1. 61, which has been obtained
through the results in Table 3-A

3-A.
Specimen Measured Average
Ko. weight Loss(mg) {ng)
1 18. 43
18. 82
2 19. 21
3-B.
Specimen Measured Average Calculated Ratio{(%)
No. weight Loss weight loss weight loss  dWa/dWc
dNm (mg) d¥a (mg) d¥c (mg)
3 19. 86 '
5. 02 25. 65 97.6
4 30,18
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Impedance
Measuring Circuit

Sofution

i
i

e e e

Rg

Fig.l Impedance model of corroding metal M iamersed in
electrolytic solution, where Ec is counter electrode,

Cd is double laver capacity, Rc corrosion resistance,

and Rs sclution resistance.

ImZ |
Wmax = CdRe

~ ReZ
Rs Re+ Re  °

Fige.2 Equvalent circuit of impedance model anrd its

Cole-Cole figure of complex impedance Z
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Frequency selection

: va f'la""lfn

Ao

Ampltude : Initial phase of

each frequency :
9,64, 0n

>~ |

/

Inverse Fast Fourier
Transformation (IFFT)

|

Generation- of digital data of input wave :
F = Agcos (2m fo+ Bp) + Agcos (2nf +6, )+ -+ Ap cos{2nf, +6, )

¥y

D/A Conversion:

Lo

Low Pass Filter

O\

IUnknown Impedance I Sampling Input

Voltage ' E,

|

Sampling Current :

]

Fourier Transformed.
I(n) by FFT

\ Impedance

l

Power spectrum
E{n) by FFT

Calculgtion

for each frequency

_ ETn)
Z{n)= Tin]

Fig.3 Algorithm of impedance measurement by

Fast Fourier Transformation method

— 25
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12 bit x 4096 WDS }J

Frequency selection and
wave doata generation
by computer

|
Wave data stored in
DWM D

\

D/A conversion

Y

Low Pass Filter

|

Unknown
Impedance
Sampling Current signal | Analysis on
by DWM® Impedance
by Computer

Fig.4 Memory addresses of In ' /Output data in digital
wave memories, and procedure of signal generation and

sampling by Frequency Response Analysis method.
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CPU:
FM - 11EX
0S -9 /Basic 09
GP-18B
Clock
Digital Wave Pulse [ Digital Wave
Memory (1) . Memory (2)
12 bit x 4 KW Trigger 12 bit x 4 KW
' Pulse '
e AT 5V =] 1 H |

Co 05 puF
. Amplifier
Low Pass Filter x 100
Cy OApF
MA—— - —
Ry R, B
1.08 Kl | 1.01Q ’V\Fg\/‘
'<—~i5mv——' 3

I
L

—

Corrosion

Cell

~

Re

Dummy Cell

Impedance

VA

Fig.,5 Block diagram of measuring circiut for FFT and FRA methods.

7277,
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2 { T T
44
=
[Te]
o
= As-rolled ™.  Electro - polished
~ .
NN l‘. o 2 hr. oA 18hr N\
E | N \
— \ o 4 hr. \a 22hr \
| e 8. \ \
5 \ \
1 \ \
]
] ! ]
{ 2 3
ReZ (x10° Q)
Fige9 Impedance figure obtained by FFT method with SUS304 passivated in 1N. H,$0,.
éolution at 25°C. Numbers in the figure indicate frequency in mHz.
T T T T T T
a 20 h0r. + 10O min.
| e 20hr. + 624 hr.
3
B .
_ 20 3 o 20hr 628 hr
md .+ 652 hr.
<o
ol )
~
1=
1 —
40 [ | | | I !
| 2 3 4 9) 6

ReZ (x10% Q)

Fig,10 jmpedance figure obtained by FRA method with SUS304 passivated in 1N.H.S0:

solution at 25°C. Numbers in the figure indicate frequency in mHz.

_31 —_
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] 1.0 :
FFT method
o 200 hr.
° 1 hr.
tor o 180 hr. )
A 226 hr.
- 2.0
<= v 230 fr.
< 50 38
2 70 ' : 3.0
> a 2.5
- 3.0 2.0
- 9.5
e S 15 50 %0 4030 (5 .
— 13
s g CLEN Y 2.0 '31.0
39
WA 0.63
24 .6 1.0
3 0.50
47
63
| [ |
5 4 10 5
ReZ [(x10'Q)

Fig.ll Impedance figure obtained by FRA method with Ti passivated in 1N.HNO;

solution at 25°C. Numbers in the figure indicate frequency in mHz.

0.80

P
‘S -6 e 1070 hr.
- o 1073 hr.
M~ { —
E a 1075 hr.
226 ~ 230 hr.
i | |
t 2 3 4
ReZ (x10° Q)

Fig,12 Impedance figure obtained by FRA method with Ti passivated in 1N.HNO,

solution at 25°C. Numbers in the figure indicate fequency in mHz.
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I i
ok ® 910 hr. |
1.0 2 o 914 hr.
060
— L5 1.0 A 924 hr.
(=] 2.0
w
"O" 3.0
b 40 )
— 05 | 15 .
. 5.0 2.0 o0 Ch
o 30 ~ v r.
N . O
— e AR 573 o 30hr.
B3 B
10-Z&5.0 N e« 192 hr.
1520 .78
” ©0.50
! | !
0.5 1.0 1.5 2.0
Re Z (x108Q)
Fig,13 Impedance figure obtained by FRA method with Zr passivated in 1N.HNO,
solution at 25°C. Numbers in the figure indicate frequency in mHz.
6 i T T T T T T
(‘\é -
(&}
e
<[
b
o .
3
=
=
§ _
S
W
—
I | 1 ] i | 1

2 4
Reaction Time (x1C° sec.)

Figo.l4 Corrosion current Ic as a function of reaction time of SUS304

in 1N.

and

0.5N.HC1 solutions at 25°C,

where m is 1.61.
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