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A B S T R A C T

This paper evaluates the role of IR drop on initiation of the crevice corrosion of 316 L stainless steel in 3.5% NaCl
solution. For this purpose, potentiodynamic and galvanostatic experiments and macroscopic/microscopic ob-
servations were implemented at crevice gaps of 30, 60, 120 and 240 μm. According to the results, two distinct
stages of crevice corrosion of 316 L stainless steel were observed: crevice initiation and propagation. The crevice
corrosion was found to be initiated by scattered pits without any significant IR drop. However, when the current
increased due to pitting occurrence, the IR drop increased considerably.

1. Introduction

The occluded geometry of a crevice separates anodic and cathodic
locations of corrosion circuits. Therefore, the current flowing through
the electrolyte resistance between the anodic site in the occluded en-
vironment of crevice and the cathodic site at the outer surface, produces
an IR drop which is associated with a potential difference between the
interior and exterior regions of the crevice [1–3]. In other words, IR
drop refers to the amount of potential drop which is obtainable by
multiplication of the current and the resistance of the electrolyte ex-
isting in the crevice [4].

The IR drop mechanism was first proposed by Pickering [3,4], who
believed that crevice corrosion occurs only when the magnitude of IR
drop is large enough to shift the potential of anodic site to active state.
In other words, crevice corrosion occurs by transition of the potential
from passive to the active state, when the IR exceeds a critical value
(IR*). IR* is the difference between the applied potential on the crevice
outer surface and the active-to-passive transition potential [5].

According to the IR drop mechanism, the IR causes the electrode
potential to shift to active values at regions located beyond a critical
distance from the crevice mouth [3,4]. The critical distance is defined
as a certain distance within the crevice, where the potential drops to
values lower than the passive-to-active potential and thus crevice cor-
rosion takes place. It should be noted that this critical distance could be
affected by active-to-passive potential of material, crevice geometry,
passive current density, applied potential at the surface outside the
crevice, and solution conductivity. It has been indicated that a narrow
crevice gap provides a smaller critical distance [6]. Moreover, a higher

passive current density and a lower solution conductivity cause a de-
crease in the value of critical distance. In addition, it has also been
evidenced that IR drop significantly increases under the above-men-
tioned conditions [7].

It is reported that when the crevice corrosion develops stably, there
will be a significant IR drop established due to accumulation of rust at
the crevice opening. It has been also claimed that acidification and
accumulation of the chloride ion in the occluded crevice geometry ex-
tend the potential range of active corrosion [8]. However, other results
showed that chloride ions promote the crevice corrosion by increasing
the IR value, as chloride increases the corrosion current [7]. In addition,
the facts that current and resistance respectively increase due to acid-
ification and accumulation of corrosion products, have been explained
in terms of an IR drop mechanism [9].

Another factor, which could affect the IR drop, is crevice geometry.
It has been reported that the IR drop decreases by increasing crevice
width and by reducing the crevice depth. For example, while the po-
tential drop for crevice width of 10 μm could be 500mV, its value could
become negligible when the crevice width is increased to 1000 μm.
Moreover, the potential drop of a crevice could vary from 0.65mV to
5000mV, when its depth is shifted from 0.1 cm to 10 cm. Quantitative
comparison of the results indicated that the potential drop in crevice
solution is more sensitive to crevice depth than crevice width [10]. It
has been inferred that the depth/gap ratio of a crevice geometry affects
the potential drop [11].

Chang et al. [11] employed a 316 L stainless steel to simulate the
initiation stage of crevice corrosion in 1M NaCl and 3.5% NaCl solu-
tions. The results of the simulation indicated that the potential drop
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inside a crevice consists of two components: the chemical potential
drop, and the physical potential drop. The chemical potential drop is
calculated just by considering chemical changes of the ionic species and
mass transfer. However, the physical potential drop is created by the
viscosity of the solution or the geometrical resistance of the crevice, etc.
It was reported that at the end of the initiation time of crevice corro-
sion, the chemical potential drop from the crevice mouth to its bottom
was about 20mV. Nevertheless, the total potential drop seemed to be
4–10 times larger due to the physical IR drop.

It has been asserted that increase in IR drop is usually associated
with initiation of active corrosion within the crevice. There were also
some evidences, showing that IR drop has promoted propagation of
crevice corrosion [12,13]. Shaw et al. [8] investigated the role of ohmic
potential drop on the initiation of crevice corrosion of alloy 625 in
seawater. They calculated an IR drop of approximately 300mV, which
caused the metal within the crevice to reside at a potential in the active
nose of the anodic polarization curve, resulting in transpiring of metal's
active dissolution. Therefore, it was revealed that the IR drop plays an
important role in initiation of crevice corrosion. In addition, once in-
itiated, crevice corrosion propagation is maintained by the IR drop at
the bottom of the crevice. However, other scholars believed that an
initiation mechanism, which is only based on IR drop, is insufficient to
explain the initiation of crevice corrosion in stainless steels, which have
very strong passivity. In other words, the potential shift mechanisms by
IR drop in the crevice solution need to be supported by the effect of
chemical reactions in the crevice solution [10].

The aim of this study is to investigate the effect of IR drop on in-
itiation and propagation of the crevice corrosion of 316 L stainless steel.
The influence of crevice gap on the magnitude of the IR drop is also
discussed by studying crevice gaps of 30, 60, 120, and 240 μm.

2. Experimental procedures

2.1. Materials and preparation

Chemical composition of the 316 L stainless steel used in this work
is listed in Table 1. The alloy was cut into rods with cross-sectional
areas of 0.78 cm2. In order to prevent occurrence of unwanted crevice
corrosion at the specimen/epoxy interface, all specimens were pri-
marily pre-passivated in 0.1M Na2SO4 solution [14]. Pre-passivation of
the specimens was implemented by applying a constant anodic poten-
tial of 900mV (SCE) to the specimens for 20min. The specimens were
then mounted in an epoxy resin. Prior to each experiment, the working
electrode surface was manually wet-ground using 60–1200 grit silicon
carbide papers. All electrochemical measurements were carried out in
3.5 wt. % NaCl solutions and using a Gill AC automated potentiostat
(ACM instruments). The solutions were prepared using deionized water
and analytical grade of sodium chloride. All experiments were con-
ducted at room temperature of 25 ± 2 °C.

2.2. Crevice preparation procedure

An artificial crevice with constant width and length of 10 and
32.5 ± 2.5mm, respectively, was made on the surface of specimen by
using a glass plate and an inert transparent foil (cling film) for spacing.
It should be noted that the electrochemical experiments were carried
out for crevice gaps of 30, 60, 120, and 240 μm using different thickness
of cling film. The edges of the glass plate were sealed with bees wax and
colophony mixture. Before immersion, the crevice hole was filled with

electrolyte using a squeeze bottle in order to eliminate air bubbles. In
order to calculate the IR drop in this study, the internal and external
potentials of crevice were measured separately by using a cell with two
distinct reference electrodes. A saturated KCl-agar salt bridge tube,
which had been electrochemically connected to a saturated calomel
electrode (SCE), was used as a reference electrode for measurement of
internal potential of the crevice. The length and diameter of agar salt
bridge were 10 cm and 3.5 mm, respectively. The tip of the salt bridge
tube was located close to the specimen inside the crevice. A schematic
of the setup is illustrated in Fig. 1.

2.3. Electrochemical cell

Electrochemical setup included a four-electrode cell consisting of
working, counter, and two reference electrodes. Two SCEs were utilized
to measure internal and external potentials of the crevice. Platinum foil
was also used as counter electrode. The cell arrangement for performing
the experiments with its equivalent electrical circuit is shown in Fig. 2.
The internal and external potentials of the crevice were independently
measured using two Gill AC automated potentiostats (ACM instru-
ments).

Ignoring capacitance related current, the polarization resistance
(Rp) between the specimen and the salt bridge connected to the internal
reference electrode (RE1) in passivity region is given by Eq. (1):

=R RP ct (1)

where Rct is the charge transfer resistance on the surface of the crevice
specimen. However, after the probable occurrence of pitting on the
surface of crevice specimen, the polarization resistance (Rp) is obtained
by Eq.(2):

= +R R RP ct pit (2)

where Rct is the charge transfer resistance in the pit cavity, and Rpit is
the resistance of the solution inside the pit, when a pit is formed on the
surface of the crevice.

However, the total resistance (Rtotal) between the specimen and the
external reference electrode (RE2) can be calculated by using Eq. (3):

= + +R R R Rtotal P crevice s (3)

where Rcrevice is the resistance of the crevice electrolyte located
between the specimen and crevice mouth and Rs is the bulk solution

Table 1
Chemical composition of the studied 316 L stainless steel (wt.%).

Cr Ni Mn C Si Mo P S Fe

18.599 10.037 1.727 0.007 0.299 2.02 0.030 0.014 Bal.

Fig. 1. Schematic of the crevice setup showing the geometry of the crevice
formed by an inert foil and the location of the salt bridge's tip near the specimen
inside the crevice.
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resistance. According to Fig. 2, and Eqs. (1–3), the IR drop associated
with the crevice geometry (IRcrevice) is obtained from the potential dif-
ference between the two reference electrodes (ΔV1and ΔV2), considering
the following equations:

=ΔV IRp1 (4)

= + +ΔV I R R R( )p crevice s2 (5)

Ignoring the solution resistance (Rs) for simplification, as its value is
relatively low; Eq. (6) renders IRcrevice, as follows:

= −IR ΔV ΔVcrevice 2 1 (6)

2.4. Potentiodynamic experiments

Potentiodynamic polarization measurements were carried out using
the internal reference electrode by sweeping the working electrode
potential from the rest potential up to 650mV (SCE) at a given scan rate
(1 mV.min−1). The current density of 3mA.cm-2 was considered as the
maximum current density for stopping the polarization. For all ex-
periments, the polarization was started after 60min recording the
specimen's corrosion potential in the solution. This rest period was
enough for the specimen to reach a steady state condition.
Simultaneously, the external reference electrode was used to measure
the external potential of the crevice. For each crevice gap, the experi-
ments were repeated 3 times to validate the reproducibility and relia-
bility.

2.5. Galvanostatic experiments

Galvanostatic experiments were used to evaluate the role of IR drop
on initiation and propagation of the crevice corrosion. The polarization
was carried out using the internal reference electrode and by applying
the constant current density of 5 μA.cm−2 in the four-electrode cell. The
second external reference electrode was simultaneously used for mea-
suring the external potential of the crevice. Before the examination,
open circuit potential was measured for 900 s. The resulting potential
fluctuations of the applied galvanostatic current were monitored for
10 h. The experiments were repeated 3 times at the crevice gaps of 30
and 60 μm.

2.6. Characterization of surface morphology

Potentiodynamic polarizations were also used to characterize the
crevice corrosion damage. To this end, the samples were brought out of
the experimental setup at different times with distinct values of po-
tential drop. The samples' surfaces were then subjected to an ultrasonic
bath for removing the covers, which have been possibly formed on the
probable pits. They were then kept in a desiccator to reduce the pos-
sibility of air oxidation and electrode contamination prior to surface
analysis. Subsequently, morphological characterization of the electrode
surfaces was performed by means of several equipment including op-
tical microscope (OLYMPUS BX60M), stereomicroscope (OLYMPUS
SZX9), and scanning electron microscopy (LEO 1450, Germany) with
energy dispersive X-ray spectroscopy (EDS).

Fig. 2. Electrochemical cell: (a) the cell arrangement for crevice corrosion experiments, (b) cell's equivalent electrical circuit.
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3. Results

3.1. IR drop in potentiodynamic experiments

The anodic polarization plots of 316 L stainless steel with crevice
gaps of 30, 60, 120 and 240 μm are illustrated in Fig. 3. They consist of
three curves of external potential–current, internal potential-current,
and IR drop-current. As can be seen, the potentiodynamic behavior
shows a passive region and a breakdown potential due to pitting.
Comparison of external and internal potentials of the crevices indicates
that in the region of passivity, the measured potentials are nearly the
same. However, the increment of IR drop is observable at the time when
the current increases, especially after pitting corrosion occurrence. In
other words, the IR drop curves consist of two parts: 1) during passive
state, 2) after stabilization of the pitting corrosion. IR drop is insignif-
icant during the passive state; however, it increases to considerable
values by increasing the current in the second part. Fig. 4 compares
how the potential drops (IR) of the specimens having different crevice

gaps vary by the current. It can be said that the potential drop increases
with the current linearly; the slope of this linear relationship could be
used to estimate the crevice electrolyte resistance (Rcrevice). It is evident
that the potential drop declines with increasing the size of the crevice
gap. The values of the crevice electrolyte resistance (Rcrevice) versus the
reciprocal crevice gap (d) have been represented in Fig. 4, which shows
a linear behavior. The figure shows that Rcrevice increases by decreasing
the crevice gap thickness (d).

3.2. IR drop in galvanostatic experiments

For better understanding, the IR drop was evaluated by galvano-
static experiments at the crevice gaps of 30 and 60 μm. It should be
noted that these geometries could provide conditions that are more
critical rather than the gaps of 120 and 240 μm. Based on Fig. 5a and b,
it can be said that at galvanostatically applied current density of
5 μA.cm−2, crevice corrosion was successfully initiated and propagated
on the surface. As can be seen, stable crevice corrosion was initiated

Fig. 3. The anodic potentiodynamic polarization plots of 316 L stainless steel consisting of three curves of external potential-current, internal potential-current, and
IR drop-current: (a) crevice gap of 30 μm, (b) crevice gap of 60 μm, (c) crevice gap of 120 μm, (d) crevice gap of 240 μm.
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when the specimen potential dropped suddenly (dashed-line). How-
ever, it was reported that the potential of the specimen has remained
approximately constant during the galvanostatic experiments when no
crevice existed [15]. Moreover, it is evident that the difference between
the internal and external potentials is insignificant. Based on this figure,
the maximum potential drops within the crevice gaps of 30 and 60 μm
were approximately 10mV (SCE). Comparing the galvanostatic curves
in Fig. 5 reveals that by decreasing the crevice gap size from 60 μm to
30 μm, the potential drop increases.

3.3. Surface morphology

As mentioned earlier, according to the IR drop theory, crevice cor-
rosion is expected to be happen at a critical distance from the crevice
opening [3–7,16,17]. However, the theory of stabilization of metastable
pits claims that the pit initiation sites, which are randomly distributed
on the specimen's surface, are the preferred sites for initiation of crevice
corrosion [18]. Hence, for investigation of crevice corrosion mechanism
of 316 L stainless steel, surface of samples was studied by stereo-
microscope, optical microscope and scanning electron microscope. For
this purpose, specimens were brought out of the experimental setup of
potentiodynamic polarization at two different potential drop ranges: (a)
small IR drops (potential drops lower than 100mV) and (b) significant
IR drops (potential drops more than 1000mV).

Fig. 6 illustrates images of the sample's surface when the IR drop
was insignificant during the potentiodynamic experiments. The crevice
bottom is on the right side in all of the images. As can be seen, the first
observable signs of destruction on the crevice specimen have been ap-
peared in form of stable pits scattered on the surface; Distribution of the
formed pits does not follow a certain pattern with distance from the
crevice opening. Fig. 6e shows a pit in the initial stage of breakdown. As
can be seen, the surrounding area of the pit is etched.

After breakdown potential and increasing of the current, the IR drop
has increased considerably. Fig. 7a shows the image of destructed
surface of the sample after a significant increase in the IR drop. Fig. 7b
illustrates SEM image of a stable pit on the surface close to the crevice
opening; however, the density of pits in this region was relatively low.
Fig. 7c and d depict the destructed surfaces located in the crevice's
central area and in regions close to the crevice bottom, respectively. As
indicated in Fig. 7a, regions close to the crevice bottom are more sus-
ceptible to pitting due to more acidic environment and accumulation of
aggressive solution. It should be noted that white arrows indicate the
crevice bottom direction in all images.

Optical microscopy images shown in Fig. 8 compare the sample

destruction after galvanostatic experiments in three regions: (a) at a
surface close to the crevice opening, (b) in the central area of the
specimen, and (c) at a surface close to the crevice bottom. The big white
arrows in these images indicate the direction towards the crevice
bottom and the small ones point out the pits. As can be seen, tiny pits
are randomly distributed over the surface inside the crevice.

The pit nucleation sites were characterized by a SEM microscope
equipped by EDS. Fig. 9a indicates SEM image of an inclusion as a pit

Fig. 4. The linear relationship between IR drop and current at different crevice
gaps. The slop of the fitted line can be regarded as the crevice electrolyte re-
sistance. The internal curve shows R-

d
1 relationship.

Fig. 5. Potential-time behavior of 316 L stainless steel in 3.5% NaCl solution
when an anodic current of 5 μA.cm−2 is galvanostatically applied to the elec-
trode: (a) crevice gap of 30 μm, (b) crevice gap of 60 μm.
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initiation site. As seen in Fig. 9b, the EDS analysis implies that the pits
have mostly nucleated on MnS inclusions.

4. Discussion

4.1. The influence of the IR drop on corrosion behavior of 316 L stainless
steel

By considering Figs. 6–9, it is figured out that the crevice corrosion
has been initiated by stabilization of metastable pits inside the crevice.

Fig. 6. Stereomicrographs of the crevice specimens when IR drop was small in potentiodynamic experiments: (a) crevice gap of 30 μm, (b) crevice gap of 60 μm, (c)
crevice gap of 120 μm, (d) crevice gap of 240 μm. (e) Optical microscopy image of a pit showing etched surface in the surrounding area.
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Fig. 7. Stereomicrographs and SEM images of the crevice specimen when IR
drop was significant in potentiodynamic experiments: (a) photograph image of
corroded surface of specimen, (b) SEM image of the surface close to the crevice
opening, (c) SEM image of the central area of the specimen, (d) SEM image of
the surface close to the crevice bottom.

Fig. 8. Optical microscopy images which show the sample's destruction after
galvanostatic experiments: (a) at a surface close to the crevice opening, (b) in
the central area of the specimen, (c) at a surface close to the crevice bottom.
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Fig. 6e shows a pit with its etched surrounding area. It is an indication
of the fact that etching and complete destruction of the surface in
crevice corrosion of 316 L initiates from pits. Figs. 6 and 7 compare the
morphology of the corroded surface at the initial and latter stages of
breakdown, when the pits have initially appeared (Fig. 6) and then led
to etching and destruction of the surrounding area (Fig. 7). Accumu-
lation of the cations released by the formation of initial pits leads to a
decrease in pH of the electrolyte solution in surrounding area. It yields
more pitting and more decrease in pH, until pH is low enough to etch
and destruct the surface. It was previously indicated that in the in-
cubation period of the crevice corrosion of stainless steel, the pH inside
the crevice gradually decreased from 3.0 to ca. 2.0, and the Cl− con-
centration increased from 0.01 to ca. 0.18M. Moreover, it was shown
that generation of the micro-pits led to a sharp decrease in pH to below
0.5 and an increase in the Cl− concentration to above 4M [19].

The results of potentiodynamic experiments indicated that IR drop
at the initial stage of the breakdown is insignificant, when the pit for-
mation occurred inside the crevice (Fig. 3). Moreover, Fig. 6 shows the

initial signs of crevice corrosion that have appeared in form of pits,
while IR drop is still small. Therefore, beginning of the crevice corro-
sion of 316 L has not been influenced by IR drop value.

These experiments were aimed to show that beginning of crevice
corrosion of 316 L, which appears initially by pits, is not influenced by
IR drop value. As shown in Fig. 6, the initial signs of crevice corrosion
have been appeared in form of pits, while IR drop is still small.

According to the IR drop theory, the ohmic potential drop is de-
pendent to parameters such as current, conductivity and crevice geo-
metry. Its value is given by Eq. (7) [20,21]:

=IR
x I
σwt
pass

(7)

where IR is the potential drop (in mV), xpass is the distance between the
crevice mouth and the active-passive boundary inside the crevice (in
cm), I is the current (in mA), σ is the conductivity (in Ω−1. cm−1), w is
the crevice width (in cm), and t is the crevice gap thickness (in cm).
Based on this equation, IR drop is only affected by the current when

Fig. 9. (a) Scanning electron microscopy (SEM) of the sulphide inclusion as a pit initiation sit, (b) EDS analysis of the MnS inclusion.
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crevice geometry and crevice electrolyte's conductivity are constant.
Therefore, when the current is negligible (especially before pitting in
the potentiodynamic experiments or at low current densities in the
galvanostatic polarizations), the IR drop is not considerable and hence
cannot influence the potential and consequently the corrosion rate. In
fact, the negligible values of IR drop measured in this study (less than
20mV) were not sufficient for transition from passive-to-active condi-
tion. According to the literature [22], the active-to-passive transition
potential for 316 L stainless steel is about -300mV (vs. SCE); thus, in
our study at least an IR drop of 150mV was needed to enable the active
surface corrosion inside the crevice. In agreement with this finding, the
maximum IR drop measured by White et al. [12] for the passive current
density of 10-2 A. m-2, was about 90mV which was not enough for
surface activation. Furthermore, Alavi and Cottis [23] have also re-
ported that the crevice potentials of 304 SS were 35–50mV more ne-
gative than the external potential, depending on the distance from the
crevice mouth at the beginning of ZRA experiment. These values were
decreased (to 6–9mV) at the end of the experiment.

Moreover, studies on Ni-Cr-Mo alloy [24] and Ni-Cr-Mo-W alloy-22
[25] have shown that potential drop occurs after an induction time
during the galvanostatic experiments. Authors believed that this po-
tential drop, which corresponded to beginning of the crevice corrosion,
was due to activation of some locations within creviced area. According
to this theory, the activation stage represents a period, which is re-
quired for establishment of a sufficiently large IR drop and creation of
critical crevice solution. However, the results of galvanostatic experi-
ments in our study showed that IR drop during the induction time is
negligible. In fact, the induction time was required in order to stabilize
the pits within crevice.

Taking all these results into account, it can be concluded that IR
drop had not an effective role on the initiation of pitting inside the
crevice. However, it can be deduced that by a significant increase in the
corrosion current, which is caused by formation of pits inside the oc-
cluded region, a remarkable increase in the IR drop is observed.

According to the results (Fig. 9), it was found that the preferred sites
for pits nucleation are MnS inclusions, which are randomly distributed
over the sample surface. These observations are in agreement with
previous studies on stainless steels [26], which indicated that manga-
nese sulfide inclusions are the active sites for pitting initiation on the
passivated surface stainless steels. These inclusions are randomly dis-
tributed over the surface of commercial stainless steel [27–31].

It has been reported that for a constant chloride concentration, in-
itiation of the pitting corrosion occurs when the potential of the pitting
sites exceeds the pitting potential [32]. Moreover, it was found that the
pitting potential strongly depends on type, size, shape, and coherence of
the inclusions existing in the alloy [31,33–36]. Indeed, the pit initiation
on the small MnS inclusions occurs at higher potentials compared to the
case of large inclusions [37]. In other words, the pitting potential in-
creases by decreasing the size of the inclusions. As seen, distribution of
the pits over the surface does not follow a pattern with distance from
the crevice opening, whilst higher distances can provide higher IR
drops. Thus, it can be concluded that the pit initiation is mostly affected
by the size of the inclusions and not by the IR drop. Therefore, when the
potential exceeds the localized pitting potential, the pitting occurs.

According to Figs. 3,4, and 7, by increasing the potential during
potentiodynamic experiments, the current has increased and subse-
quently a significant IR drop has established. As a result, etching and
complete destruction of the sample's surface have occurred in the di-
rection towards the crevice bottom. The significant increase in the
current creates considerable amount of metal cations in the occluded
crevice environment. According to our results, the accumulation of the
cations released by the formation of primary pits and aggressive anions
at the crevice bottom probably leads to a decrease in pH of the elec-
trolyte solution [19]. On the other hand, acidification of the solution
due to pitting can cause the surface to be etched, especially when the
surface potential drops to active region due to a sufficient IR drop.

Altogether, etching develops on the whole creviced surface until the
complete destruction (Fig. 7d). As illustrated in Fig. 7d, pearlite
structure has been revealed by surface etching during the polarization.
When initial pitting occurs, ions produced and occluded in the crevice
change the chemistry of the solution, i.e. pH and aggressive ion con-
centration. Thus, the passivity condition does not continue which yields
to etching and active corrosion. Therefore, IR drop and critical crevice
solution could both affect the propagation stage of crevice corrosion;
acidification of the occluded solution in the crevice extends the po-
tential range of the active corrosion, and the IR drop decreases the
potential to lower values. Thus, the surface potential could lie within
the potential range of active corrosion, which is accompanied by
complete destruction of the surface.

As quoted in previous studies [38,39], pitting potential of MnS in-
clusions decreases with decrease in pH of the electrolyte solution within
the crevice. Hence, a considerable increase in the number of pits has
been observed in the direction towards the crevice bottom. The current
finding is in contrast with Pickering et al. [3,4], which believed that
pitting occurs only in the regions close to the mouth of the crevice.
According to them, since the IR drop in these regions is low the surface
undergoes higher potentials, which exceed the pitting potential.

4.2. The influence of crevice gap on the magnitude of IR drop

Comparison of the magnitude of the IR drop for different crevice
gaps (Figs. 4 and 5) implies that the crevice electrolyte resistance and
subsequently the IR drop will increase by decreasing the gap size. This
result is consistent with those reported by Shaw et al. [8] and Heppner
et al. [40], which showed that when there is a tight crevice, the value of
the ohmic potential drop will be significant.

The crevice electrolyte resistance (Rcrevice) is dependent to the cre-
vice dimensions and the resistivity of the solution [41], as shown by Eq.
8:

= ⎛
⎝

⎞
⎠

R ρ L
Acrevice (8)

where ρ is the electrolyte resistivity (in Ω.cm), L is the length of the
crevice (in cm), and A is the crevice cross-sectional area (in cm2).
Hence, according to Eqs. 7 and 8, it can be concluded that the crevice
geometry has a considerable effect on the magnitudes of the crevice
electrolyte resistance and the potential drop [1,8,21]. In other words,
when crevice length and crevice width are constant, increasing the
crevice gap reduces the resistance of the solution inside the crevice and
subsequently IR drop.

5. Conclusion

According to the results obtained in this paper, which are in line
with our other work, crevice corrosion of 316 L stainless steel in 3.5%
NaCl is initiated by formation and propagation of pits. Moreover, it was
observed that the values of potential drops in the primary stage of
crevice corrosion were negligible. Thus, it can be deduced at this stage,
the crevice induced IR drop is not an affecting factor in occurrence of
the pitting and initiation of the crevice corrosion of 316 L stainless steel.
However, it was found that increase of the current after the pit for-
mation, significantly increases the IR drop and as well intensifies the
acidification of the crevice solution. Therefore, IR drop and critical
crevice solution could both affect the propagation stage of crevice
corrosion; acidification of the occluded solution in the crevice extends
the potential range of the active corrosion, and the IR drop decreases
the potential to lower values. Thus, the surface potential could lie
within the potential range of active corrosion, which is accompanied by
complete destruction of the surface. Furthermore, increasing the crevice
gap reduces the crevice electrolyte resistance and subsequently the IR
drop within the crevice.
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