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Mechanism of Crevice Corrosion and Its Application to Testing
{wao MATSUSHIMA and Jun-ichi SAxAL
Synopsis:

The mechanism of crevice corrosion in stainless steels has been studied using an electrochemical
technique. Experiments were conducted based on the idea that the rate of crevice corrosion could
be determined by combining the crevice potential and the polarization curve in low pH, high Cl-
solutions simulating the solution within crevice. The crevice potential determined by inserting a luggin
capillary into a crevice made by coupling two stainless steel plates is in the range of —250 to — 350
mV vs SCE. The rate of dissolution indicated by the polarization curve in 5M NaCl, pH 2, and the
measured crevice potential is in good agreement with the corrosion rate obtained by the immersion test
of the crevice specimen in neutral 3.59 NaCl solution. It is demonstrated by direct measurements
of the crevice specimen and by supplementary experiments using a simulated crevice corrosion system
that the electrochemical cell controlling crevice corrosion can be described quantitatively in terms
of potentials inside and outside of the crevice, solution resistance in the crevice and the polarization
behavior in the crevice solution. The application of the results to crevice corrosion testing is also

discussed.
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Fig. 1. Schematic illustration of the crevice speci-
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Fig. 2. Schematic illustration of the electrochemical
system simulating crevice corrosion.
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Fig. 3. Crevice corrosion vs time of immersion in
3.59 NaCl + 1/20M Na,SO, + active
charcoal, 30°C. Two plates measuring 30x
40x3 mm and 30x20x 3 mm are in contact.

Table 1. Crevice corrosion rate during the two
neighboring test period, A/cm?.

e | 304 316 430 | 26Cr-1Mo

1 | 50x10-5|20x10-5 | 60x10 25%x10-%
3 | — 7.5 2.5 5.0
6 |27 6.7 15.0 1.0
16 7.5 8.5 1.5 6.5
24 7.5 2.0 1.3 —
48 1.3 — — 0 g
96 0.4 6.3 2.4 0
192 3.5 — — 5.4
384 5.5 1.7 7.5 3.6
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Fig. 4. Variation with time of the potenttals inside
and outside of the crevice, measured as
shown in Fig. 1.

Table 2. Potentials inside and outside of the crevice, mV vs SCE.

i With crevice
Alloy W/0 crevice i -
| Free surface : Crevice Difference
304 —100~ 60 — 190~ —295 —240~—330 | 50 ~ 140
316 —100~ 30 (160) — 50~ —160 — 200~ — 250 40 ~ 170
430 —100~ 10 (160) — 200~ —250 ~— 360 100 ~ 160
26@1‘11\/[0 30~ 160 — 150~ —-225 IE — 200~ —330 100 ~ 130
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Table 3. Anode and cathode potentials of simulated
crevice system of type 304, mV vs SCE.
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and polarization curve obtained by plotting
the steady current density. (1) type 316.

26Cr Mo
pHO

-330 s

iAo o oot
-390 | [/

sweep

%

Current density, pA/em?
f’%\i
1

-200

- = i i e w2 o)

-
)
\
‘

Shr

S

1 ) !
-04 -02 e}
Potential , V vs SCE

Time, hr

Fig. 9. Change of anodic current density with time
and polarization curve obtained by plotting
the steady current density. (1) 26Cr-1Mo.
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6) Zighigs Hxkd b B EEEEEN, ERILT &
e oRBA ORERBSLEBONLEL—FHT 5.
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