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A Quantitative Analysis on the Initiation of Crevice Corrosion of Stainless Steels

Hiroyuki Ocawa, Isao ITOH, Michkio NAKADA,

Yuzo HOSOI, and Hideya Oxapa

Synopsis :

A quantitative analysis has been made on the initiation of crevice corrosion on the following assump-
tion: (1) The pH in crevice is uniquely determined by the total charge passed as passive current, and
(2) the crevice pH decreases to depassivation pH at which active dissolution, crevice corrosion, initiates.
The obtained results are summarized in the followings : (1) The chloride-ion concentration and pH in
the artificial pit are closely related to the total charge passed as passive current, and (2) depassivation
pH is mainly dependent on dissolved oxygen concentration and alloying elements expressed as (Cr2s +

3Mo% +0.5Ni%) .

The quantitative method for the estimation of the incubation time for crevice corrosion is proposed
on the basis of passive current density and depassivation pH. A reasonable correlation is found between
the incubation time based on the proposed method and that measured for SUS304 and SUS316 stainless

steels in sea-water.
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Table 1. The chemical composition of the specimen.
.G, Si i Ma P S | Ni G Mo | N
SUS3IGL | 0.031  0.68  0.93  0.020 0.004 | 11.50 - 16.53ﬂ 2,20 —
SUS316 0-049 0.62 ' 1.06 0.025  0.005  11.96 16.93 2.19 | —
SUS304 0.067 . 0.72 0.96 ' 0.022 0.004 8.77 18.07  0.058 —
SUS430 0.064 0.68 0.45 0.019 0.004| — 16.54¢ | — | —
19Cr-2Mo ¢ 0.003 . 0.08  0.10  0.021 | 0.010 | — 18.75 | 2.08 0.006/Nb0.26
B32 0.004, 0.02 0.02 0.00l | 0.004, — | 2499 — | 0.007
B33 0.002 | 0.02 = 0.02 = 0.001 | 0.006  — | 24.78 0.9¢ | 0.008
B34 0.003 | 0.02 ; 0.02 ~ 0.003' 0.008] — ' 25.00| 2.06 0.006
B35 0.002 | 0.02 | 0.02 | 0.002, 0.009| — = 24.64 3.17 0.005
B36 0.002 | 0.02 | 0.02 ;, 0.003] 0.008] — | 25.06 4.20 0.005
B37 0.004 | 0.06 | 0.01 | 0.010| 0.010 | 3.87 | 25.22! 3.10 0.005
B38 0.023 | 0.49 | 0.49 | 0.008 5 0.010| 5.77 | 25.17 = 3.0l 0.005/Nb0.61
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Fig. 1. Schematic illustration of specimen,
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Fig. 2. The behaviour of anodic current during
potentiostatic electrolysis at 300 mV wvs
SCE for 60 min.
Indicated pH are those in the artifi-
cial pit after potentiostatic electrolysis.
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Fig. 2. The pH vs molybdenum content under
various conditions for electrolysis in the
artificial pit.
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Fig. 4. The pH in the artificial pit vs moly-
bdenum content.
(39pNaCl, 60°C, Ar satd., 500mV vs
SCE)
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Fig. 5. The relationship between pH in the
artificial pit and charge passed during
electrolysis at 35°C and 60°C.
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Fig. 6. The relationship between pH and chloride
concentration in the artificial pit, and
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Fig. 7. The change of corrosion potential of 19Cr-
2Mo alloy in 4.99,NaCl solution of various
pH.
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Fig. 8. The pH dependence of corrosion potential
for various stainless steels in 4.99,NaCl
solution.
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Fig. 9. The pH dependence of corrosion potential
19 Cr-2 Mo steel under various environ-
mental conditions.

Figures in parenthesis indicates depassi—
vation pH.
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Fig. 10. The influence of alloying elements on
depassivation pH.
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Fig. 1. The effect of pretreatments on depassi-
vation pH of SUS316.
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Fig. 12. The pH dependence of passive current
density (3¢9,NaCl, 35°C, Ar satd., scan
rate 10mV /min)
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Fig. 13. The schematic illustration of the passive
and depassive states in terms of inner
polarization curves.
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Table 2. Depassivation pH of various stainless
steels in 324NaCl solution at 35°C.

Steel Depassivation pH
SUS316 | 1.25
SUS304 1.5
25Cr-3Mo-4Ni 0.5
25Cr-3Mo-5Ni-0.6Nb 0.3

DML % BT S L EMN D 5. Fri, BATRHRISME
N pH wEEx 5 2 5. BHAN pH X ERREORR
v, PREIEARCHRFE L, Fig. 5 oBdfRIE, Fig. 1iTRL
7L CIREIZ L L IGE, Sohs#RTdhs.

LT, HiRMhIo wkKREEZIEE LT, 3 %NaCl
BPTHEoh - EREREY b LT, SUS304,
SUS316, 25Cr-3Mo-5Ni(-0.6Nb) Iz [H R &3 Fe4 ¥
5ETOREZ KD THE S.

EBRRX(1)ITX>2T,

Q=exp(—2.82+9.3) ccoreriiiiiinniiinn (9)
AT, BRI HFE LBEVWE ZX5h50DT,
Depassivation pH X Ar fafiIEEcE Sh7-{E% FFuv

5.

Table 2z, Ar faf0 U7z 3 95NaCl 545 b @ Depassi-
vation pH 23R LCH 5. T, BiRMKIC A7 v VA
(SUS304) BEfiS B EOMRET, WRELTD
FERTIITIE 200mV THE D, ZOEBMEREYIDE
WEAMETS. Zokd, Fig. 12 12k 200mV iz ki
LHAWRBGRFERO PHIKFRGRER L TH%. Fig. 12
25, BREZRDOLSELTSE (7275 L, ip=0.4
ig, 0.4 VW/NILOEH, v X 12 OFHEE)

SUS316, ig=exp(—0.23a-11.2) (A/cm?)pH2.5~.5.5

ig=exp(—0.62a-10.2) (A/cm?) pH1.25~.2.5
25Cr-3Mo-5Ni(—0.6Nb)

ig=0.6x 10-8(A /cm?) pH2.0~5.5

ig=exp(—1.892—10.6) (A/cm?) pH0.3~2.0

¥7-, SUS304 13, pH5.5 o & il X h 5 R{EHHe

PIFEREE, 3x10-5(A/cm?) OF ¥, Depassivation

PH HET 5 LEETS. (8)Ri, (9)RBI Ui,
ZRALT, 78 LR,

SUS304 300d, SUS316 2y, 25Cr-3Mo-5Ni 69y &
kdohs,

IREk (40~60°C) rhT REERARE fTh Dol
2k, SUS304 v, 131¥6 4 8, SUS316 i, T
1 FECHREEENFEAETS. 25Cr-3Mo-5Ni I3[R A
MFAE Lol HKIBEXPFROBIZIEE X &l
THDB L EEEINE, BIFXv—EBELhTws s
Bbns.

oo

4. £

(DRHRBEOREEHEY, ROBEDD LITEEMIT
Jar 2l O el
RN T, TERBERERE LTeEA 3 onEil
T5. &EA X IIMAKSRELC, KFEA A 2ERL
E2T pH PMETT%. pH BSREHRER RIFT
gis\v @ (Depassivation pH) 2 ¥ TR T35 & GG
BYrREL, ZORGSEBMBREZREE LEKEBEE X
Lhd.
(2)BONIERERZUTIZONS
i) B 1R Lk ogaw i, MR pH i
fih 7"k Q & D,
In@=9.3—2.8pH
DRt B B, Fio, EfTal, REELAIRERA
F & O b RIERO BRI T 5.
i) &40, REICHELT, Xhoh @F0
Depassivation pH #FH L Tv 5.

Depassivation pH 13, k$IC, IFEbOBEL
EEERICKAETS. 3~4.9%NaCl #Egdh T
Depassivation pH 2 (Cr% -+3Mo% +0.5Ni%,)
L DRIIC X WX 5.

(3)(NED_7-EBRFERICD 50T, BHIBEDR
£ F CRET SHHERR (Incubation time) ZHH T 5
HkE R L.

AERERFEIRE ir, WHALENE Q, WD pH
% a,, Depassivation pH % ap &3 5. IEiEEE ¢ 11,

‘a
[

Q, ir 13 PH OB LTERMI kDL, Th
% Q—=g(a), ip=f(a) (7z72L, @l fEF5DO PH % kb
T) EEKbT L,
o (12).
ay  f(a)

3%NaCl B OEREREZHAVT, LRy,
SUS304, SUS316 ol EFEmms stE L &
i, (FIERYAESE ST,

EbYiL, AMIROREREX Z
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