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A Compositional Analysis of the Solution within the Crevice

on the Stainless Steels

Synopsis:

Hiroyuki OGAWA, Michio NAKATA, Isao ITOH

Yiazoh Hosol, and Hideya OXADA

A compositional analysis of the solution within the crevice during the nucleation and growth of crevice
corrosion in the chloride environments on the stainless steels was performed on the electrochemical simula—

tion.
The experimental results are following:

(1) Charge passed during electrolysis was in the linear relationship with the concentration of metallic
ions in the crevice. No selective dissolution for the alloying elements was observed during electrolysis.

(2) Chloride ion concentration in the crevice solution has a linear relationship with the metallic ion
concentration dissolved into the crevice. Ratio of chloride ion concentration to metallic ion concentration
depends on the chloride ion concentration in the environment out of the crevice.

(3) pH of the crevice solution was dependent on the ratio of chloride ion concentration to metallic
ion concentration of the crevice solution and charge passed into the crevice during electrolysis.
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Table 1. Chemical compositions of the specimens
used.

C [Si|Mn| P S |[Ni [ Cr |Mo|[Ti |Nb

SUS430 | 0.064 (068 0.45|0019 0004 | — [165¢] — | — | —

19Cr—2Mo| 0.008 | 0.10 | 0.15 | 0.021 | 0.006 | — | 18.70 | .98 | 0.34 | 0.29

SUS304L | 0.028| 0.46 | 1.47 | 0.020 | 0.005 | 11.50 | 1851 | — | — -

SUS316L| 0.031 | 0.68 | 0.93 | 0.020 | 0.004 | 11.50 | 16.53 | 220 [ — -

SUS317 | 0.060 | 0.70 | 1.49 | 0.022 | 0.006 | 14.10 | 18.78 | 3.62 | — -
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Fig. 1. Time dependence of metallic ion concen-
tration within the artificial pit during elec
trolysis in 5 mol/l1 NaCl solution.
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Fig. 2. Time dependence of metallic ion concen-
tration within the artificial pit during elec-
trolysis in 0.5 mol/l NaCl solution.
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Fig. 3. Relationship between charge passed during
electrolysis and pH of the solution within
the artifical pit.
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Fig. 4. Relationship between charge passed during
electrolysis and the concentration of metal-
lic ions and chloride ions of the solution
within the artificial pit.
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Fig. 5. Relationship between metallic ion concen-
tration and chloride ion concentration of
the artificial pit solution electrolyzed in the
5 mol/l NaCl solution.
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Fig. 6. Relationship between charge passed during
electrolysis and the concentration of metal-
lic ions of the solution within the artificial

pit.
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Fig. 7. Time dependence of the concentration of
chloride ions and sodium ions of the solu-
tion within the artificial pit during elec-
trolysis in 0.5 mol/l NaCl solution.
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Fig. 8. Relationship between chloride ion concen-
tration and sodium ion concentration of the
solution within the artificial pit during elec-
trolysis.
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Fig. 9. Cyclic polarization curves of the pit
anode specimen.
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Fig. 10. Dependence of pH of the pit anode solu-
tion and the corrosion potential after cy-
clic polarization on the maximum current
density at cyclic polarization.
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Fig. 11. pH-potential diagram for SUS 430, SUS
304L and 19Cr-2Mo steels in 4.99,NaCl
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Fig. 12. Relationship between the depassivation pH
and ultimate pH of pit anode solution
shown in Fig. 10 for various stainless steels.
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WE, TEEFARRALLESZS &+ Vi T_CHEX
RT3 EEZDRBEOT, TEEHNOERI A VEL
SBAA VvEOHRTEINCRBATIER A 4+ v o
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log[1/(1-m/N)]l=log[l/(1-a-Z/N)]
a T
2or LEIND., COEREE(8)REART,
- pH= —log ru+—log Cu+

\

et /‘

log (CZ Jout

Fig. 15. Relationship between chloride ion concen-
tration of the environment and ratio of
chloride ion concentration to metallic ion
concentration of the solution within the
artificial pit.

B, C; X oT& %%, GALUELE® [T Jhig,
Cy=Co-exp(—F/RT-¢),

¢=¢o— RT/F-10g Co ++sveeeveneereeneennan (10)
Co: BREDIEA + VIRE, ¢: BRILADEM. F:
7574 —BH

L BT, 1015 B
log Cj o< log C,
Chhb, TEIWNTOERI A VERRS A v OlL
7, (NKDZThDETHREXMLT,
log Z oclog G,

HpEr, BELNEZEA A VEISBI A VEDOEY
Zr LT, SNTBEOERA A vBE [Cl-low & O
iz, Fig. 15 @RTBIRABNL LT T,

log Z=1.15+0.35log [Cl-Joug -+=-eereee (11)

XEFRDONI L DI, rE A VICEA LicK o T
DR IOTHEShB EEZDRHZ &, ¥, T
FNOPH L, @B 4 vENELWEE, BRAAV
EBLEBA A VEDOHNKTHBHIEE, EBAMEZRT T
ik, (9)ROKHT OEME mTIERA 4 v DR
MZT L oTEELLEELDNS.

PlbroXtX o, (9)RPMIZLLT 5 &5
&, rH CE JIETEAKSF O RERD &L 5Ll
R EATE B,

KT RDEEA + VICEMTHZ L EDT,
ZFOERFERBENEATS. CofER HY 14 v
Bz 1/ (1-m/N) ISTBREN EATS. IEL, miX
$8 .1 o VICEAL LIcAKRS T o= AE, NEEA A+ VIch
MINBHDOEKFTFOENMITHD. RILDONIZLD

moc (9)ARDZ

CHB D, FAANEERR i ZBLCTEEN
wwo pH ks XTI,

= —log[l/(1—a-Z/N)]—log Cu-+
= —aZ/N —log CH* +wreeeeeeeeeresnenns (12)

log Cu+ 13 (6)RIC Lo THER Lic HY A 4 v Ol
BRLTWBDT, BShi B Q, Tikbh, ¥
HLERB1 A4 vE L DI,

log Cur=A—Blog Q A-B: EH oo (13)
ORENRHB. (13)R%E (1R Ah T, BHHUZh D
PH %,

pH=—-A—K-Z+BlogQ K=a/N --(14)

¥, XFXLONLIE, (NROZIXTEEAT
DEEEAFVERBA A VORTHBDD, (2), (3)
BIXOUDRS, A=-3.6,K=0.1,B=—1. Zhb
D% (14) R RA LT,

pH=3.6—0.1Z—10g Q veecesesrsnssrsesssessas (15)

(15) RAINPBRIE DA + VIBEDOHEL { HibE
hi-BHxhs pH JEHEQDBIRERTRTHS.
Z i (1) RS T, IMPRBEORRA & VIBE» DX
WHZENTES. (IR BZERD, (15)R%
Fig. 3 LHBT5 L, L —HLTwB T &bbhb.
DB oiciE BT, (9)RER U1 4 v EE
T3l EoT, BElXhs pH A, BHQ, BED
WA 4 vIEE L Fig. 3 R LI BEREETHT L
MEREC T B & 2R LT W 5.

4.3 FEBMELIATIE v FRBRAOHKREN

FRESBEC, BRIFRC LS EM, POURBAIX2YD
W EoT, “hiDEDOBMTIIARDEEIFILT S
B (REEM) THDHLIN

¥7:, WILDE® 13, T ¥ ¥ 2 A T5RABRAZRAWVT,
SR OB D BHR DI b L5 B & BRIFICILE
REDED, AT VUVAROTXEHARAEL ISNNTS
z EERLTC.

Lz 5T, Fig. 10 13, EEHER OFZBIRECK
LT, AEMERCERNBIC 5 BACRIME EL 2
BT ERRLTWS. Fie, 2wt LT EE
SEBOE » FER O pH LRAE pHo 2MFET 5
o Lhbnots. chboORRRME, pHo X EL 13,
Fig. 12 KX 0 13 €& bhd koK, Thith, £
D4 Depassivation pH &, &fz-pH XA 777 A
¢ Depassivation pH X3 5 BHARBEMC—EKL
Tw5b.

v, AR, B voBRHE b, EEAA

— 116 —

ok st

o




R al

- Do

ATFTVVAROT EEBEICK TS T EERNIBWED BN 1393

Table 2. Estimated pH of the solution in the ar-
tificial pit after cyclic polarization.

imax (MA/cm?’) | Q(Coulomb) | Estimated pH
2 0.6 2.6
10 3.6 1.8
20 9.6 1.4
30 11.5 1.2
50 24 : 0.9

VINEHET B, Depassivation pH  » Fh IG5
EARBEMMITIEE A & VIBECIXIZ L A EEE IR D
T, Fig. 11 © pH-BM A1 7 75 2% W52 LM
TE5.

¥, Bolheryy, NRRBH LB 4+ vEE
Yy F B O pH O (2) RoBFE R L, R
Rre vy P ISR pH & HARER ORI, Fig. 11 0B
BB Db, HEMEEOHAREMIL, €y P HRE
HLIcEBA A VvERIDTEES.

WETIUE, AESRE, #o RELSTEREEC
BB, EMEERBEWC D 003, Fig. 1l oFEfL-pH %
A4 7 73 A ETO Depassivation pH DEIC Lo T
F%., 2D, WILDE? o )k 51, ESREEI XD
TEEOWT X ERARLHET S L3, LOAED
Depassivation pH [ Lo CHE L TWB Z & &, 2IFH
#BTHS.

wic, Fig. 9 OFSRElIEN S, €y b HOBRE
BEHETEBLE LT, BACBERELR D I EEN,
Table 2 IWRLTHS. kKL, FTFFoOWmBEIL 0.4
cm? k LT 5,

ZDEME, B LIGERA L VEOSBM 4 VER
3B E (1) X bR, = offix (15 R AhT
pH #k$» 2% L Table2 RTEHKCES. ZOER
Fig. 10 o SUS 430 o&Ejfi-pH OBAR & k35 &,
FHEME DR 5 BMEWER IeD T 5.

COBHIKRDOLOITEZX LIS, €y FABHL
Te&BA 4 vE (RhiBHE) L TZIABKO pH
(2)ROBENR D S, BRI, ALY 2 2ET
LEREH % 300~500mV vs SCE CEM LT, & DRz
BRShI-ERE BHLEEER) & ¥y + ABK
pH OEOBHEE LCkDd B TEY, pH IHEHE L
SRBA A VMK PBELUTER L HY 14 v (LEE
1A VL DTEBERBOE) 2 T_XTELETH 5.

—75, Fig. 9 X5, FEGHMB LGS, €y b
WEWR DO pH 23Ty, BHRIBRC Il BB, KE
BILEOVHEEBMNEY - 2 THREBE, 7V —-FRIGEL
CTOKRBBRILKIGAE y PHRHTRZ b2, HY £ 4 vl

HWEIhHDT, ¥y PHADOHY 1 4 vEIZFDERT
BHERAA + v IEi D 5B DA D Twb. =D
7c, Table2 A BRI X5, HicfEs pH ik s\>
T, EREIFEEI v EWECED EEL RS, &
BERBEDTE TABED pH CBRERS B H % 0
3, AUHRECL L3 EELXLDRS.
HEeoxXizX sk, FEMMEERCLY, TE%42F
THRBR %Y, FREBREY 2 TEBIBT S L, DR
B ORENBRCIIRREN AR Bh, FOfHIL, +08
@ Depassivation pH 70 C\5. Fiz, DIREOR
BRoBREMLBAEI D OC, ZTOfEIx, B|Ar-pH
A4 7 75 »_ ko Depassivation pH X535 BALIC
DT 5.

Z ORFADOEML, EEROBMBRCH ST, LAE
T EERAEORELXYEAREREILT s Ltk 2T,
Wl & 2 EABC IR,

5. #

BWEA G VEESETLIRECE T, A7 VL AHK
TEERAEDRE-BETHED, TEETABKROELY:
BRACAATAE TR L.

EBL, NaCl BEp T, T FLREYU LAY
FRETARBA L AVC, EBMERIBEMERY
o, FOBEOATE v F HBERORSRT (B4 +
v, HEA A vE IO pH) LhcBER B OV TR
L7z,

ZFORE, UTowmxEr

(1) HmhBHEQL, TEIACKHE LSBT
* vE [Me]l kIFIEIREHD,

log O =log [Me] +log (1/3 x 103)
THhD.

¥, TEEHNOBEMTIE, MRMT O TRIRB R
XA Bhiginote.

(2) FTEFARBHLESBEM A+ vBHLT, &
A A VER—EOHECEETS. BEM 4+ vEL
ERBAH VvEDW Z 1INFRES OIERT 4 v BE
[Cl-Jous WX DOTEES., WEDOBERKRI,

log Z=1.1540.35 log [Cl~Jous
TRENS.

(3) TEXEABKOPH X, BHLIEBA A v
AR BT XD CTHTHRES 4 VIRE LEALKIT LD
THEINAEERHC ISP TEEFLLELLNRS. B
OB, TEIHNBRRPFOERI A VELEEM A
VEOHZ T bh, TOZ LA ERMEQRE
T BHIIhs T ERBEKO pH I3,

il |
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¥ 66 4 (1980) %9 =

pH=3.6—-0.1Z— log Q

TERIN5.

(4)

EEPEEOTEEABRKOPH & HRE M

%, SREREmh B ECKE LB TS, WE
CRAMESRFEETD. ChZhoRAfE, Biz-pH &
A4 7 7% A T Depassivation pH & Wit 5
HARBME—FT 5.

WOT, FESBEBEORAOERBMIE MR T
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