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Evaluation results of (1) incubation time of crevice corrosion and (2) growth be-

havior of stable crevice toward depth direction after initiation are described by meas-
urements of current density vs. potential curves of various stainless steels under
constant potential condition in sea water and diluted sea water in order to clarify
crevice corrosion life of stainless steels in sea water environments such as brine,
brackish water and sea water. Namely, current density vs. potential curves of stain-
less steel specimens with crevice wet polished just before a measurement is obtained
under constant potential condition. And initiation time of crevice corrosion is ana-
lyzed by the results, current density vs. potential. Also, relationship between maxi-
mum crevice corrosion depth and holding time at constant potential after initiation
of crevice corrosion is examined by measurements of crevice corrosion depth and
growth of crevice corrosion is quantitatively analyzed by time. In concerning the
estimation of crevice corrosion lifetime for ships, component material of offshore
structure used in sea water environments, very valuable engineering evidence is

obtained and described in this paper.

1. Introduction

Various methods have been studied to evaluate crevice corro-
sion. Here three representative examples are presented. In one method,
several test pieces having a crevice are immersed in natural seawater
for a certain period of time, after which the crevices are observed to
evaluate the incidence of corrosion'®. In another, the critical tem-
perature at which crevice corrosion occurs in test pieces in a FeCl,-
based acid solution is measured®®. In the other, cyclic polarization is
applied to measure electrochemically the corroded crevice
repassivation potential (Ej, ....,) that is the crevice corrosion protec-
tive potential”. These and many other evaluation methods express

the susceptibility of stainless steels to crevice corrosion in terms of
incidence, critical temperature, or potential. However, since they do
not evaluate crevice corrosion on a time-serial basis, the evaluation
results are, more often than not, difficult to understand intuitively.
Incidentally, according to the E .., measurements using the
controlled potential method as described in the prominent paper by

Tsujikawa et al.*'?, in the noble potential region before E .. is
reached, the baser the potential, the longer the period in which crev-
ice corrosion occurs (this period is referred to as the “latent period”
in the paper!'?). The relevant diagram in the paper contains basic
principles for estimating the time in which crevice corrosion will

occur with a specific stainless steel material. Thus, the paper pre-
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sents very important experimental results suggesting the possibility
of quantitative evaluation of crevice corrosion on a time-serial basis.

In contrast, concerning the behavior of crevice corrosion, spe-
cifically the development of crevice corrosion, various studies present:
on-site crevice corrosion measurements using the moiré method; basic
knowledge, including the rate of metal dissolution'?, the movement
of relevant substances, the condition of potential distribution'?, and
the change in pH of the analyte in the crevice'?; the average rate of
metal dissolution in the crevice measured by a controlled potential
test in which the crevice anode and the free-surface cathode are sepa-
rated from each other'?, etc.

However, there are no reports on a detailed and systematic study
of the macroscopic time-serial change in the depth of crevice corro-
sion of various types of stainless steel that is effective in engineer-
ing. From the standpoint of the service life of structures, there are no
particular problems as long as the rate of development of crevice
corrosion is sufficiently low. Therefore, field exposure tests on stain-
less steels in river water, dam reservoirs, brackish water and seawa-
ter have been conducted by the government agencies concerned'”,
etc. Nevertheless, there are few reports on the underlying logic of
depth-wise development of crevice corrosion of various types of stain-
less steels.

In this paper, which focuses on electrochemical evaluation of crev-
ice corrosion of various stainless steels in a seawater-based environ-
ment, we describe a method of evaluating the life of stainless steels
which are subject to crevice corrosion based on a current-time curve
obtained by the controlled potential method from the standpoint of
the time of occurrence and the development of crevice corrosion,
together with the evaluation results obtained by the above method.

2. Steels Tested and Test Method
2.1 Steels tested and test pieces

Five steel grades—SUS304, SUS316L, SUS329J, L, NSSC250
and NSSC270—were tested. The representative chemical composi-
tion and CI value (CI = [Cr] + 4.1[Mo] + 27[N] '9) of each of those
steels are shown in Table 1. All the steels tested were solution heat-
treated materials (3- to 6-mm thick) commonly available on the mar-
ket.

To study the mechanism by which crevice corrosion occurs and
it developmental behavior, we prepared test pieces provided with a
crevice as shown in Fig. 1. Each of the test pieces consisted of two
steel sheets—one measuring 20 mm (W) X 50 mm (L) X 3 mm (T)
and the other measuring 20 mm (W) X 20 mm (L) X 3 mm (T).
After steel samples were collected in such a manner that the rolled
surface became the test surface, the entire test piece surface was wet-
ground to #400 and an enameled lead wire was soldered to the top
end of the longer sheet. After that, the test piece was immersed in
30% HNO, solution at 50°C for one hour for passivation. Immedi-
ately before the prescribed electrochemical measurement was started,
the test surface (i.e., the interface between the 20 mm X 50 mm
sheet and the 20 mm X 20 mm sheet; hereinafter referred to as the
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Fig. 1 Schematic illustration of specimen with crevice
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crevice) was wet-ground to #400 again. With the test solution ap-
plied to the test surface, the two sheets were fitted together with poly-
carbonate resin nuts and bolts and titanium washers as shown in Fig.
1. (This combination of two sheets is hereinafter referred to as the
test piece with a crevice.)

In conducting the present test, there was concern that the tita-
nium washers would have some effect on the electrochemical meas-
urement system. Therefore, we measured the time-serial change in
natural potential and conducted a controlled potential test with and
without the titanium washers. As a result, it was confirmed that as
far as the natural potential and the current density-time curve are
concerned, the titanium washers made no significant difference. The
electrochemical measurement was performed with each test piece
with a crevice immersed in the test solution in such a manner that the
solution level in the cell reached a point 10 mm from the top end of
the test piece. Under that condition, the total area of the test piece
measured was about 28.1 to 30.5 cm? and the crevice area was about
7.43 cm?.

2.2 Test solutions

The test solutions used were ASTM artificial seawater (D-1141-
52) and CI" solutions of different concentrations obtained by dilut-
ing the artificial seawater 10 to 1,000 times with pure water. (These
test solutions are hereinafter referred to as the seawater-based solu-
tions.) Although details are omitted here, the Cl~ concentrations were
in the range of 19 ppm to 18,900 ppm.

2.3 Electrochemical measurement
2.3.1 Measurement of repassivation potential of crevices corrosion

We measured the repassivation potential of crevices corrosion,
E cgey- in accordance with JIS G 05927. The concept of the polariza-
tion operation used in the measurement is shown in Fig. 2. The value
of £, pey @t 50°C was measured. Concretely, after the test piece with
a crevice was de-aerated using Ar (flow rate: 200 ml/min), it was
immersed in a 50°C seawater-based solution to measure its one-hour
immersion potential. After that, as shown in Fig. 2, the immersion
potential was polarized toward the anode using the potentiokinetic

Table 1 Main chemical compositions (wt%) and crevice corrosion resistance index CI of tested stainless steels

Cr Ni Mo Cu N Cl
SUS304 18.20 8.05 - 0.21 - 18.20
SUS316L 17.54 12.08 2.18 0.222 0.02 26.48
SUS329J L 25.09 7.20 3.03 0.47 0.150 41.56
NSSC250 24.99 17.91 2.45 0.29 0.29 42.87
NSSC270 20.32 17.99 6.18 0.79 0.22 51.60
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Fig. 2 Operation of polarization method

method (potential sweep rate: 1 mV/min). When the anode current
reached 800 /<A, the potential was so controlled that the anode cur-
rent was maintained at 800 A = 1 x A for two hours.

Next, the potential was polarized toward the cathode until the
anode current decreased to 50 xA using the potentiokinetic method
(potential sweep rate: 1 mV/min). The potential at the time the an-
ode current decreased to 50 1 A was maintained for one hour. This
series of operations was repeated until the current flowing one hour
later became smaller than the current that flowed one hour earlier.
Ey criy Was expressed as the value of the noblest potential at which
the current flowing to the test piece electrode stopped increasing at
the final stage of the above polarization operation”. After the test,
the crevice of each of the test pieces was observed under an optical
microscope, and those test pieces whose maximum crevice corro-
sion depth was smaller than 40 , m were excluded from consider-
ation in the calculation of E}, ...
2.3.2 Measurement of time in which crevice corrosion occurred

The test consisted mainly of current density-time curve measure-
ment using the potentiostatic method. In the test, potentiostatic elec-
trolytic equipment (Tohogiken, Inc.’s Model 2000) was used. With
an Ag/AgCl electrode: SSE (25°C, +199 mV on SHE basis) in satu-
rated KCI solution used as the reference electrode, potentials in the
range of 0 to 700 mV (hereinafter all potentials, expressed in mV, are
on an SSE basis) were applied to the test piece electrode and the
time-serial change in density of the current flowing to the test piece
electrode was measured continuously for one to 360 hours. The
potentiostatic test of each test piece was started at the time when the
natural potential stabilized within the prescribed range after immer-
sion of the test piece electrode in the test solution. All the tests were
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conducted at a temperature of 50°C. Throughout the test, Ar gas was
blown into the cell for electrochemical measurement from above.
Each of the current values obtained from the tests was divided by
29.4 cm>—the total area of the test piece surface that was in contact
with the test solution—to convert it into an apparent current density.
2.3.3 Measurement of development of crevice corrosion

The test pieces with a crevice mentioned earlier (the interfaces
were ground immediately before the test) were subjected to a
potentiostatic test for about 0.25 to 12 hours arbitrarily at E = =440
mV'"—the natural potential that ordinary stainless steel shows ina
natural water environment. Immediately after the potentiostatic test
was conducted for the prescribed time, the test piece was removed
from the seawater-based solution and the crevice of the test piece
electrode was opened. After the test piece was washed in water and
air-dried, the depth of the crevice corrosion that had occurred on the
20 mm X 50 mm sheet (i.e., the larger sheet of the test piece) was
measured under an optical microscope using the focal depth method.

Namely, as shown in Fig. 3, for each of the potential retention
times, crevice corrosion depths were measured at several to 20 points
to determine the deepest crevice corrosion (max crevice corrosion
depth: D__). In this measurement, the test piece interior at least 1.5
mm from the end of the crevice was measured. For the above elec-
trochemical measurements, an Ag/AgCl (25°C, SHE = +199 mV:
SSE) electrode in saturated KCl solution was used as the reference
electrode.
2.4 Emersion test in natural seawater

Test pieces with a crevice of exactly the same shape as those
used in the electrochemical measurement were subjected to an im-
mersion test in natural seawater off the coast of Futtsu City in Chiba
Prefecture to study the time-serial change in natural potential of the
test pieces. In addition, larger test pieces were subjected to a long-
term, semi-immersion test in seawater. In the above immersion test,
the test pieces with a crevice were immersed in equipment for im-
mersion tests in natural seawater (Fig. 4) to obtain the natural poten-
tial of the stainless steel in a passive state in natural seawater. In the
long-term, semi-immersion test, test pieces, each having a couple of
crevices, were exposed to the open air and the seawater. (Details of
this test are omitted.)
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3. Test Results and Discussions
3.1 Time-serial change in natural potential in natural seawater

Fig. 5 shows the time-serial changes in the natural potential of
various stainless steels measured in natural seawater (for about 50
days). All the stainless steels, except SUS304, show very similar
time-serial changes in natural potential. Namely, in the early stages
of the immersion test, they show a relatively base potential in the
range —330 to —50 mV. With the lapse of time, however, their natural
potential rapidly shifts toward the noble potential. In about 30 days,
it becomes as noble as about 440 mV, and remains almost the same
after that. Since the stable natural potential is around 440 mV for all
the stainless steels tested (except SUS304), 440 mV is the natural
potential, E when the passive state of those steels is stably main-
tained. In the case of SUS304, by contrast, the natural potential is
the base from the early stages of the immersion test. Therefore, the
passive state of the steel breaks down relatively early, causing the
natural occurrence of crevice corrosion.
3.2 Susceptibility to natural occurrence of crevice corrosion

Fig. 6 shows the polarization curves of SUS316L, SUS329]J L,
NSSC250 and NSSC270 in 30°C natural seawater. The value of the
repassivation potential £ ... of the corroded crevice was 130 mV
for SUS316, -123 mV for SUS329J L, =80 mV for NSSC250 and —58
mV for NSSC270.

The repassivation potential, E, ..., of the corroded crevice means
that there is the possibility that crevice corrosion will continue when
the potential is nobler than E, ..., whereas there is little possibility

of this when the potential is baser than E, ..., Thus, E, ... is a sort
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Fig. 5 Potential-time curves of stainless steels in natural sea water
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Fig. 4 Equipments of natural sea water immersion test

of yardstick of the corrosion resistance of steel material in terms of
the quasi-equilibrium theory. Namely, for any given crevice shape,
environmental conditions (Cl~ concentration, temperature, etc.) and
steel material, the ER,CREV assumes a specific value, that is, the corro-
sion resistance of the material (this is called the material force).

In contrast, the natural potential, E_, shown in Fig. 5 is deter-
mined not by the material but by the environmental corrosiveness
(this is called the environmental force). Namely, as long as a specific
stainless steel remains in a stably passive state, the value of E_ is
almost determined by the types and concentrations of the oxidizing
substances contained in the environment (diss O,, Fe**, Cu*, Cr®,
etc.) and the ambient temperature. According to the above logic, it is
possible to determine the possibility of crevice corrosion continuing
in the environment to which a specific material is exposed; that is, to
judge the susceptibility of the material to the natural occurrence of
crevice corrosion, by comparing the environmental force with the
material force.

Fig. 7 shows the effect of CI” concentration on E, ..., for various
stainless steels. In the figure, the values of natural potential E_ ob-
tained by actual measurements under different natural environments
are also shown. The condition under which crevice corrosion natu-
rally occurs is as follows.

ER.CREV < Esp (M

Therefore, in natural seawater, any stainless steel is sooner or
later subject to crevice corrosion, which is supposed to increase with
the lapse of time. However, the results of the above measurements
do not reveal when crevice corrosion will actually occur. In order to
determine the crevice corrosion resistance of each of the stainless
steels tested, we estimated the time at which crevice corrosion would
naturally occur (crevice corrosion occurrence time) with each stain-
less steel in a seawater-based environment by using the potentiostatic
method. The estimation results are described below.

3.3 Estimation of crevice corrosion occurrence time

As an example, Fig. 8 shows the current-time curves at different
temperatures, obtained by the potentiostatic electrolysis of SUS329J L
at £ = 440 mV, which is the natural potential (environmental force)
of the steel in seawater.

Initially, all the current-time relationships show a downward curve
at any temperature with the lapse of electrolytic time. However, at a
specific point, which differs according to temperature, the current
density begins to increase. This increase in current density directly
indicates the occurrence of crevice corrosion on the steel. The time
at which the current density begins to increase is the time at which
crevice corrosion occurs. (This time is hereinafter referred to as the

crevice corrosion occurrence time, ¢ wep) In the case of SUS329J L,
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Fig. 6 Polarization curves of various stainless steels
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t ney decreases with the rise in temperature. This clearly indicates
that at higher temperatures, crevice corrosion of the steel occurs more
easily.

Fig. 9 shows the effect of CI~ concentration on crevice corrosion
occurrence time (¢ ) of the stainless steels tested. The ¢ . value
of the stainless steels, except NSSC250 and NSSC270, decreased
with the increase in CI” concentration in the seawater. In contrast,
NSSC250 and NSSC270 showed excellent resistance to crevice cor-
rosion. Even when the temperature was as high as about 50°C, they
were free from crevice corrosion during measurement of their cur-
rent-time curves.

The values of ¢ |, shown in Fig. 9 were obtained by laboratory
testing. They are different from the absolute ¢ ., values for the stain-
less steels in the actual environment. Ultimately, there are several
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unpredictable or unavoidable factors, such as the shape of crevices
in actual offshore structures and the seasonal change in the seawater
temperature. Therefore, it is meaningless to discuss the absolute value
of t .- From an engineering standpoint, it is more meaningful to
evaluate the ¢ |, of each individual stainless steel in comparison
with the t | of, for example, general-purpose SUS304 in natural
seawater.

So, let us define the relative value of 7, of any stainless steel
when compared with the 7 ., of SUS304 as R, , (where X indi-
cates any stainless steel other than SUS304). Then, R can be
expressed as follows.

INCU(X)

It @

RINCU(X) =1 INCU(X) INCU(SUS304) 3
Fig. 10 shows the effect of the Cl- concentration on ¢

ous stainless steels at 50C expressed as R
above. The R

INCU

centration. The effect of the CI” concentration on R

ey OF vari-
~eu DY using Equation (2)
value for SUS304 is 1.0 regardless of the Cl™ con-

of SUS316L
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is negligible: at a CI- concentration equivalent to that of natural sea-
water, R, =2.0. This means that in a given period of time, SUS316L
is about half as susceptible to crevice corrosion as SUS304. In the
case of SUS329J L, Rcu increases with the increase in CI~ concen-
tration. At a CI” concentration equivalent to that of natural seawater,
the steel is about 107 times less susceptible to crevice corrosion than
SUS304.

Thus, we considered that it would be possible to roughly esti-
mate the crevice corrosion occurrence time of any stainless steel in
natural seawater by comparing its R, ., with the R ., of SUS304.
In seawater of normal temperature, there is the possibility that crev-
ice corrosion will occur even with NSSC250 and NSC 270 as shown
in Fig. 7. However, it has been clarified that an extremely long time
is required before crevice corrosion occurs in these steels in a con-
trolled potential electrolysis test. Therefore, we estimated the crev-
ice corrosion occurrence time of these two stainless steels with ex-
cellent corrosion resistance, as follows. First, it is assumed that the
relationship between R ., and CT obtained with SUS304, SUS316L
and SUS329]J,L as shown in Fig. 11 will be maintained even when
the CI value is larger. The relationship shown in Fig. 11 can be ex-
pressed as follows.
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logR ., =-1.818 +0.090 - CI, R =0.9761 3)

In contrast, it has been reported that in an exposure test of SUS304
in actual seawater, crevice corrosion occurred on the steel in about
one year.'” From this test result, by using R ., and Equation (3)
above, it is possible to estimate the unknown crevice corrosion oc-
currence time of any highly corrosion-resistant stainless steel in ac-
tual seawater. Assuming the estimated crevice corrosion occurrence
time in actual seawater as ¢ , the following equation can be obtained.

log (¢ /y) =-1.818 + 0.090 - CI “

The results of calculations using the above equation are shown in
Fig. 12 and Table 2. We assume that once crevice corrosion has oc-
curred in a structure, it will continue growing and ultimately perfo-
rate the structure. (Actually, with the development of crevice corro-
sion, the crevice expands and the conditions inside the crevice be-
come close to the ambient conditions. As a result, it becomes diffi-
cult for the crevice corrosion to continue.) Assuming that the func-
tional life of any material is determined by the length of time in
which the material is perforated by crevice corrosion, it is extremely
important to clarify the resistance of each type of stainless steel to
perforations caused by crevice corrosion. In the following subsec-
tion, we describe the results of estimation by a controlled potential
electrolysis test of the development of crevice corrosion on various
stainless steels in seawater.
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Fig. 12 Estimation of R ., for NSSC250 and NSSC270



Table 2 Relationship between the CI value and R
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for various stainless steels (50°C, E = 440mYV)

SUS304 SUS316L SUS329J L NSSC250 NSSC270
CI value™! 18.20 26.48 41.56 42.87 51.60
! neu (EXperiment) 0.00014h 0.00028h 0.015h - -
I oy (€2 Water) ly - - - -
R]NCU(X)*2 1 2 107 - -
Estimation value™ 0.66y 3.67y 84y 110y 670y

1 CI = [Cr] + 4.1[Mo] + 27[N], R

3.4 Analysis of development of crevice corrosion
3.4.1 Behavior of metal dissolution in crevice

Fig. 13 shows the current-time curves for SUS304 test pieces
with crevices, obtained in a 190-ppm CI~ environment at E = 440
mV with the measurement time varied. Each of the current-time
curves shows that in the early stages of electrolysis, the current de-
creases with the lapse of time. However, at a certain period of time,
the current begins to increase with the lapse of time. At that time, the
test piece showed a series of behaviors indicating that crevice corro-
sion was progressing. The time at which the current begins to in-
crease after the start of electrolysis is the approximate time required
for crevice corrosion to occur (¢, . ). Details of ¢ have already
been discussed.

Fig. 14 shows the conditions and binary (black & white) images
of the crevice interfaces of 20 mm X 20 mm sheets at the final elec-
trolysis time positions, (a) - (¢), on the current-time curves shown in
Fig. 13. Here, t — £, represents the difference between the elec-
trolysis time and the crevice corrosion occurrence time; that is, the
time elapsed after the occurrence of crevice corrosion (this time is
equivalent to the time at which crevice corrosion accelerates). Thus,
Fig. 14 gives a concrete illustration of dissolved metallic parts (the
black parts in the binary images).

The dissolved metallic parts tend to expand with the increase in
(=t \o)- Namely, as is evident from the influence of crevice corro-
sion growth time (¢ - £ ,) on the approximate value, S_... of the
crevice corrosion area of each type of stainless steel after the con-
trolled potential electrolysis test shown in Fig. 15, the larger the value
of (-1, and the higher the CI" concentration, the larger the value
of S .y becomes, regardless of stainless steel type. This behavior
suggests that unlike ordinary pitting which grows preferentially in
the direction of material thickness, crevice corrosion grows not only
in the thickness direction but also over a wide area of the material
surface.

Fig. 16 shows the influence of (r — ¢

INCU INCU

wey) On the current density
(i ggy)—the current at the final time position on each of the current-
time curves shown in Fig. 13 divided by S, With all the stainless
steels tested, the higher the CI” concentration, the larger the value of
igey DECOmes. In contrast, with the decrease in value of (1 -7 ),
the value of i, gradually increases. The value of i, measured
here is the average density of current flowing through the entire S, -
Actually, however, considering the fact that the depth of crevice cor-
rosion differs from one point to another (in terms of area) as de-
scribed later, it is estimated that the concentration and pH of the
analyte and the rate of metal dissolution will differ within the S .
In the present study, however, this problem was omitted from con-
sideration.
3.4.2 Time-serial change in maximum crevice corrosion depth

Fig. 17 shows an example of the measurement of maximum depth
D, of crevice corrosion using an optical microscope. The measure-

Neue = Fivcuen ! incususaos

“3: Calculation from Equation (4)
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Fig. 13 Growing behavior of crevice corrosion over current-time curves
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Fig. 14 Time dependence of corrosion area in crevice

ment was performed as follows. SUS304 test pieces with crevices
were held in seawater-based environments of various CI- concentra-
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Fig. 15 Time dependence of S .., Fig. 16 Time dependence of i ...
tions with the test piece potential, E, maintained at 440 mV. After the € 400 v r - -
prescribed time, the metal was removed from the interface of each | | PR 3
. . . ¥ 350 i L A S S el R
test piece and the depth of crevice corrosion of the metal was meas- 8 P »e : 3
. . . | e’ ; b
ured. For each of the test pieces, crevice corrosion depth was meas- Q 300k, o et e s e —
ured at about 20 points and the largest of the measured values, that 'E: ! L 2 ; ;
is, the maximum crevice corrosion depth, D, was extracted. Next, < 250 oo P e @ :i9ppm-ci |-
the values of D obtained were plotted against total electrolysis Q | s O 190ppm-ci ) ]
time t minus crevice corrosion occurrence time 7, (i.e., (t =7, ): _5 200/ P 8 1890ppm-Cl |~
this time actually corresponds to the crevice corrosion growth time, § 150 ,18900ppma-
? srow)- In this way, the D behavior for various stainless steels in S
seawater against time was analyzed. As a result, it was found that o L00pU, - e '
D changes power-functionally against # — ¢ ... Therefore, assum- 2 : ]
. max . L INCU . . 3 SORR -@-----i-------- sus304 50°C,E=440mV-- 4
ing the specific function indicating the growth of crevice corrosion S Diluted Artificial Sea Water 3
shown in Equation (5) as follows, we obtained the values of con- v oKD S A e i g A Sl A S e S
stants A and m. ‘2“ 0 50 100 150
'Dmax =A (= pe)" ®) ) U AL
'Flg. 18 shqws the depenqence ont—t, ., of D of various Fig. 17 Example of time dependence of D__
stainless steels in seawater. With all the stainless steels, the behavior *
of Dm,‘\.X against 1 — tm}cu ch.ange.s power-ful.lctlonally, suggesting that
Equation (5) above is valid. Since D _directly corresponds to the obtained by assuming D = S.T. and transforming Equation (5) above

stainless steel sheet thickness (S.7.), the following equation can be into a logarithmic equation.
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Fig. 18 Time dependence of D _for various stainless steels
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Fig. 19 Estimation results of 7, .. in artificial sea water

log (S.7/mm) =A+m-log (t—1.,/Yy) (6)
Here, y is the unit of time and mm denotes sheet thickness.

The results of calculations using Equation (6) above are plotted
in Fig. 19. On the assumption that the sheet thickness (S.T.) required
of a specific structure was 8 mm, the time in which crevice corrosion
would penetrate the sheet (i.e., the time that elapses after the occur-
rence of crevice corrosion) was estimated from the above results.
The estimated time for crevice corrosion to penetrate an 8-mm-thick
stainless steel sheet was about one year for SUS316L, about 400
years for SUS329]J L, about 1,000 years for NSSC250 and about
2,480 years for NSSC270. Thus, with NSSC250 and NSSC270, even
when crevice corrosion occurs on an 8-mm-thick sheet, it would not
penetrate the sheet in 1,000 years or so. In fact, penetration of the
sheet by crevice corrosion is beyond the realm of possibility.

3.5 Crevice corrosion life of various stainless steels in seawater

As has been described above, even stainless steels with excellent
corrosion resistance are not completely free from crevice corrosion
in seawater. However, their resistance to crevice corrosion is remark-
able. In the case of NSSC250, for example, it takes some 110 years
for crevice corrosion to occur on it. Moreover, in order for the crev-
ice corrosion to grow and ultimately penetrate an NSSC250 sheet 8-
mm thick, for example, would take 1,000 years or so. Thus, the total
perforation time—the period from the time when the NSSC250 sheet
is put to use until the time when the sheet is penetrated by crevice
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Fig. 20 Crevice corrosion life time for various stainless steels in sea
water

corrosion—is estimated to be 1,110 years, or about 11 centuries. From
the standpoint of practice and social common sense, as long as
NSSC250 is used in seawater of normal temperature, it would be
completely free of any problems caused by crevice corrosion.

It should be noted, however, that the information above is based
on the results of an estimation of crevice corrosion resistance of stain-
less steels in the laboratory. In the actual marine environment, there
are a number of uncertain and unavoidable factors, such as the for-
mation of a crevice structure by deposition of marine life, damage to
the offshore structure caused by objects adrift in the sea, and sea-
sonal weather changes. After all, the crevice corrosion life of stain-
less steels estimated in the present study is based on the assumption
that there were no such factors as mentioned above and that the present
test conditions and crevice structure would remain the same forever.
Fig. 20 shows the crevice corrosion life, or the perforation time, of
various stainless steels, the sum of the estimated crevice corrosion
occurrence time described in the preceding subsection and the time
required by crevice corrosion to penetrate an 8-mm-thick steel sheet
described in this subsection.

3.6 Results of semi-immersion test in natural seawater

Test pieces which had two crevices, one exposed to natural sea-
water and one exposed to the air, were subjected to a semi-immer-
sion test for 283.4 days (6,808 hours). Fig. 21 shows the results of
observation from the air of the test pieces after the test. The test
pieces were set in position in such a manner that the bottom end of
the crevice exposed to the air always reached the level of the seawa-
ter so that the seawater infiltrated the crevice by capillary action. In
the case of SUS316L and SUS329J L, rust can be observed by the
naked eye not only on the free surface of the flat part, but also on the
crevice. By contrast, NSSC250 shows no signs of corrosion on the
free surface of the flat part or on the crevice, indicating that it has
superior corrosion resistance. Fig. 22 shows the conditions of the
surfaces of the test pieces that were taken out of the seawater after
the test and removed of deposits on the surface.

SUS316L shows relatively conspicuous corrosion on both the
crevice immersed in the seawater and the crevice exposed to the air.
In the case of SUS329J L, the crevice exposed to the air reveals cor-
rosion, although the crevice immersed in the seawater is free of cor-
rosion. In contrast, NSSC250, NSSC270 and other stainless steels
with excellent corrosion resistance (but not shown in Fig. 22) were
completely free from corrosion and rust on the crevice immersed in
the seawater and the crevice exposed to the air. Thus, they demon-
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Fig. 21 Conditions of half-exposure test of various stainless steels in
natural sea water
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Fig. 22 Corrosion condition of half-exposure test for various stainless
steels in natural sea water

strated excellent resistance to crevice corrosion during the period of
the present test.

As described above, it was clear from the results of a semi-im-
mersion test in natural seawater that NSSC250 and NSSC270 af-
forded far superior crevice corrosion resistance to SUS316L and
SUS329] L.

4. Conclusion
Concerning the crevice corrosion resistance in a seawater-based
environment, one of the basic performances of corrosion-resistant
stainless steels, we investigated: (1) the natural potential of stainless
steel in natural seawater, (2) the corroded crevice repassivation po-
tential associated with the occurrence and growth of crevice corro-
sion, (3) the time taken before crevice corrosion occurs, and (4) the
growth of crevice corrosion, using electrochemical methods in the
laboratory, and estimated the service life of various stainless steels
subject to crevice corrosion. In addition, we conducted a semi-im-
mersion test of stainless steels in natural seawater. The results we
obtained are summarized below.
1) The natural potential of stainless steel in river water, lake water
and natural seawater is about 440 mV as long as the stainless
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steel remains stable in a passive state. This potential corresponds
to the natural potential, E_, that indicates the corrosiveness of
the environment (i.e., the environmental force).

2) The corroded crevice repassivation potential, E o crpys that indi-
cates the crevice corrosion resistance of stainless steel is nobler
for higher grades of stainless steel (i.e., stainless steels with larger
CI values). A comparison between E_ and E, .., revealed that
in a seawater-based environment, all stainless steels are subject
to crevice corrosion eventually (occurrence of crevice corrosion
with growth potential).

3) The crevice corrosion occurrence time, t ew for stainless steel
was estimated from a current-time curve obtained by the
potentiostatic method. The higher the grade (CI value) of stain-
less steel, the larger the value of 7, becomes. After delibera-
tion on the actual conditions under which stainless steels are used,
we concluded that it would be reasonable to set the 7 ., of
SUS304 as 1.0, and indicate the 7, of any other stainless steel
in terms of R —the value of # . relative to that of SUS304.
According to one report on a stainless steel immersion test in
actual seawater, crevice corrosion occurs on SUS304 in about
one year. Based on this data, we estimated the crevice corrosion
occurrence time (¢ . ) for various stainless steels in actual sea-
water from their R ..

4) We studied the growth of crevice corrosion that occurred using

the potentiostatic method. The maximum crevice corrosion depth,

D__, of stainless steel is proportional to time raised to the sec-

ond power. Assuming the sheet thickness of a structure as 8 mm,

we estimated the time in which the sheet is penetrated by crevice

corrosion. The calculated perforation time—the sum of the time
at which crevice corrosion begins and the time taken for the crev-

ice corrosion to penetrate the 8-mm-thick sheet—was about 4.67

years for SUS316L, about 484 years for SUS329]J L, about 1,110

years for NSSC250 and about 3,098 years for NSSC270. Thus,

in practical terms, the perforation time for stainless steels of higher
grade than SUS316L poses no problem.

Test pieces having two crevices, one immersed in seawater and

one exposed to the air, were subjected to a semi-immersion test

for 6,808 hours in a seawater pool into which fresh natural sea-

water was constantly flowing. With SUS316L and SUS329J L,

rust or crevice corrosion occurred on at least one of the two crev-

ices. In the case of NSSC250 and NSSC270, by contrast, all the
crevices were completely free of rust and damage caused by crev-
ice corrosion during the period of the present test.
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