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The occurrence of localized corrosion in carbon steel pipelines, even when the uniform corrosion rate remains low, is a major concern in the
hydrocarbon production and transmission industry. The propagation of these pits, caused by the galvanic coupling between the inhibited
surface and the active pit, can lead to serious consequences such as financial loss, environmental damage, production interruption, and even
loss of life. To better understand this phenomenon, this work focuses on using the potentiostatic technique to evaluate the tendency of
localized corrosion propagation. The experiments were conducted using a primarily imidazolinium-based corrosion inhibitor in produced
water conditions (5 wt% NaCl, pH 4.5, CO2-saturated) at 55°C and 80°C. The baseline results were obtained through linear polarization
resistance and potentiodynamic polarization tests. The potentiostatic experiments were then conducted to artificially simulate different
levels of galvanic coupling that could exist in case of active localized corrosion. The results showed that, at certain anodic potentials, increased
inhibitor dosage was necessary to significantly decrease the current. However, at high current levels, further injections were insufficient,
indicating that substrate dissolution may affect the adsorption of the inhibitor. This work provides insights into the role of inhibitors
and important factors in stopping the propagation of localized corrosion of carbon steel. Further research, such as designing a proper
zero-resistance ammeter setup, will be necessary to fully understand this complex phenomenon. The results show that the potentiostatic
methodology can be a rapid and easy alternative to obtain electrochemical information and improve understanding of localized corrosion
propagation.
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INTRODUCTION

The transportation of petroleum and related products over
long distances in the oil and gas industry typically occurs via

large-diameter carbon steel pipelines.1-2 Localized corrosion is
known as the most dangerous and unpredictable corrosion
mechanism found in hydrocarbon production and transmission
systems. Thismode of corrosion has the potential to cause serious
financial loss, environmental damage, production interruption,
and even loss of life. Over the years, corrosion engineers have
made significant improvements in prediction and mitigation
techniques to extend the lifespan of carbon steel pipelines, such as
using corrosion inhibitors (CIs);3-5 injection of such chemicals
has proven to be effective and economical, making them a first
choice over other alternatives. However, the long-term use of
organic CIs in the oil and gas industry has shown a high potential
for the occurrence of localized attacks.6 This might take place
when the inhibitor is not appropriate to the operating conditions or
when the inhibitor dosage is too low, in the presence of cor-
rosion product layers or sand, or when the pipeline surface is
exposed to extreme shear stress.6-7 Although pit initiation has
been widely reported in the presence of inhibitors,6,8-9 discussion
of propagation has been limited.

The propagation process is typically driven by the local
galvanic coupling established between the area covered by the
corrosion products or CIs and the bare steel surface area of
the pit. Galvanic current drives the propagation of the pit causing
severe damage to exposed metal surfaces. Some authors10-12

attempted to simulate this mechanism using cells composed of
two electrodes—a cathode and an anode—in which they had
their surface properly prepared to act as such and then were
connected via a zero-resistance ammeter (ZRA) to monitor the
galvanic current. The separation between the electrodes giving
rise to ohmic resistance was one of the challenges faced by
the authors.12 The poor understanding of the involved phe-
nomena stems from the complex system that does not lend
itself to artificial simulation. Thus, it is important to develop
methodologies that aim to simulate the mechanisms involved.

While the ZRA setup mentioned above is the “gold
standard” when investigating galvanic coupling, other, less
complicated, techniques can be used to give some insights
into the phenomena. The potentiostatic methodology emerges
as an interesting rapid and easy alternative to simulate arti-
ficially such a localized phenomenon using only one working
electrode in a conventional three-electrode electrochemical
cell. Once a potential is applied to the working electrode,
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a current will be induced. Such a current simulates the dis-
solution of an actively corroding pit. One should be able to apply
different ranges of potential to the artificial anode simulating
the propagation of localized corrosion that might take place
following the aforementioned model. Therefore, if the inhibitor
is efficient, one should observe a decrease in the current flowing
through the sample when injecting the CI into the solution. The
methodology would also allow a better understanding of the
electrochemical parameters that govern the adsorption/
desorption mechanisms of the inhibitors as well as improve the
existing models13 for this matter. Consequently, the objective
of this work is to utilize the potentiostatic methodology to further
understand the role of inhibitors and important factors in
stifling the propagation of localized corrosion of carbon steel.
The next step of this work will be to design a proper ZRA setup
and repeat this study.

EXPERIMENTAL PROCEDURES

2.1 | Materials and Chemicals
Carbon steel C1018 (UNS G1018(1)) was machined into

flat and squared specimens with a surface area of ca. 1.6 cm2 and
mounted in epoxy for the electrochemical experiments. The
chemical composition of the material used was listed in Table 1.
The ferritic and pearlitic microstructure contained 2.28 wt% of
cementite phase (Fe3C) according to the lever rule.14 The surface
was ground with #180 and #400 grit silicon carbide abrasive
paper with water flow, finished with #600 grit SiC abrasive paper
with isopropanol flow, cleaned in an ultrasonic isopropanol
bath, and air-dried prior to each experiment.

All experiments were performed using a 2 L glass cell as
depicted in Figure 1. Only one C1018 epoxy-mounted sample
was used in each test. The electrolyte was an aqueous solution
with 5 wt% NaCl, CO2 as sparging gas, 1 bar total pressure, and
pH 4.5. Temperatures of 55°C and 80°C were assessed. Prior
to each experiment, the electrolyte was sparged with CO2 for at
least 2 h to deoxygenate; sparging was continuous during
each experiment to avoid any oxygen ingress and maintain
CO2 saturation. The pH of the solution was maintained at
4.5±0.1 by adding hydrochloric acid (HCl) and sodium bicar-
bonate (NaHCO3). The CI used in this study is an imidazolinium-
based commercial inhibitor in a concentration of 50 ppm.
This dosage is recommended by the manufacturer and it is
above the surface saturation concentration (SSC)15 for both
temperatures studied here.

2.2 | Electrochemical Measurements
A three-electrode electrochemical cell was used having

a Pt-coated mesh as the counter electrode, a KCl-saturated
Ag/AgCl reference electrode (connected to the glass cell via
a salt bridge and a Luggin capillary), and the C1018 as the
working electrode. The electrochemical measurements were
conducted using a Gamry PCI4G300-42065 potentiostat.
Open-circuit potential (OCP), electrochemical impedance

spectroscopy (EIS), and linear polarization resistance (LPR)
measurements were taken. The EIS data were collected at
OCP from 5 kHz to 1 Hz with a perturbation amplitude of 10 mV
rms. The LPR measurements were conducted using a range
from −5mVOCP to +5 mVOCP, with a scan rate of 0.125 mV/s using
a B value of 26 mV16-17 for corrosion rate calculations. At the
conclusion of each experiment, a cathodic potentiodynamic
sweep was conducted. The anodic potentiodynamic sweep
was conducted after the OCP returned to the original value
before the cathodic sweep.

2.3 | Baseline Experiments
Establishing baselines of uninhibited and fully inhibited

bare steel prior to the potentiostatic experiments is essential to
understand the potential and current density ranges in which
the material will respond whenever a potential is applied. In this
step, the corrosion rates were monitored using LPR for 5 h
under inhibited and uninhibited conditions. For the inhibited
environment, the inhibitor was injected into the solution after
20 min of precorrosion. For both conditions, after assessing the
corrosion rate evolution, potentiodynamic sweeps took place
cathodically and anodically.

2.4 | Potentiostatic Experiments
At this stage, before applying any potential to the sample,

the sample stayed in the solution for OCP stabilization for 20 min.
The working electrode was then polarized to four different
positive fixed potentials over the OCP of the bare steel
(mVOCP, bare steel), simulating possible scenarios:

• +25 mVOCP, bare steel—to simulate the localized corro-
sion propagation when there is a galvanic coupling
established between a surface covered with iron
carbonate (FeCO3) and the active surface of the pit
(bare surface).11

Table 1. Composition (wt%) of Flat C1018 Carbon Steel Specimens

Element C Al Cu Mn Mo Ni S Si Fe

Composition 0.16 0.007 0.088 0.65 0.019 0.055 0.010 0.25 Balance

Condenser

pH probe

Thermocouple

CO2 gas in

Counter electrode

Working electrode

(flat sample)

Reference

electrode

(luggin capillary)

FIGURE 1. 2 L glass cell setup.

(1) UNS numbers are listed in Metals and Alloys in the Unified Numbering
System, published by the Society of Automotive Engineers (SAE Interna-
tional) and cosponsored by ASTM International.
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• +70 mVOCP, bare steel—to simulate the localized corro-
sion propagation when there is a more severe galvanic
coupling established between the surface covered
with CIs and the active surface of the pit.

• +100 mVOCP, bare steel—to simulate a more extreme
condition in which the difference in potential is higher
than the OCP difference between the area covered and
the area uncovered with inhibitor.

• +150 mVOCP, bare steel—to apply an over potential in the
sample close to the desorption potential18 observed in
the baseline tests.

For all potentiostatic tests, the potential was applied to
the sample in an uninhibited environment (5 wt% NaCl, pH 4.5,
CO2) for 300 s (5 min), and then 50 ppm of the CI was injected
into the solution. The induced current was monitored throughout
the experiment, and an additional dosage of the inhibitor was
added when necessary.

RESULTS AND DISCUSSION

3.1 | Baseline Experiments
The change in corrosion rate (from LPR) over time is

shown in Figure 2 for both inhibited (CI) and bare steel
environments at 55°C and 80°C. Bare steel conditions show
no significant change, with slightly higher corrosion rates of
around 3 mm/y after 5 h at 80°C. Injection of the CI greatly
reduces the corrosion rates for both temperatures, with values as
low as 0.1 mm/y after 5 h at 55°C. However, it is important to
note that 80°C still had a residual corrosion rate above 0.1 mm/y
after 5 h.

The main objective of this section is to record the
anticipated anodic current during potentiostatic tests. Figure 3
displays the anodic potentiodynamic sweeps that were con-
ducted in the four conditions (55°C and 80°C with/without
inhibitor).

The anodic sweeps in the uninhibited environment at both
temperatures were similar, with the one at 55°C slightly retarded
to the one at 80°C. Temperature also played a negative role in
the inhibited environment as the curve associated with 80°C
was slightly accelerated in relation to that observed at 55°C.
A significant observation was the “desorption point” for the
anodic sweep in the inhibited condition. The literature sug-
gests that when the potential exceeds a certain critical anodic

potential, the inhibitor adsorbed on the steel surface may be
fully or partially desorbed. This has been previously reported in
the literature by Drazic and Drazic19 in their adapted equation
for the Langmuir isothermal model. In their work, aside from
the natural adsorption and desorption components of the
equation, they suggest that in reactive surfaces there is a third
component regarding the electrochemical desorption of the
inhibitor molecules there is dependent on the current density that
flows onto the metal surface. A more realistic Langmuir ad-
sorption model was proposed as follows:

dθ
dt

= r! − r1
 

− r2
 = kað1 − θÞc�������!

− kdθ
 ��

− k3jθ
 ��

(1)

where r! and r1
 are the natural adsorption and desorp-

tion component, respectively, and r2
 is the electro-

chemical desorption component. When reached equilibrium,
dθ/dt = 0:

θ=
kac

kacþ kd þ k3j
(2)

where k3 is considered the rate constant for the electro-
chemical desorption reaction (unitless) and j is the corrosion
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FIGURE 2. LPR corrosion rates over time for the inhibited and uninhibited conditions at 55°C and 80°C.
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FIGURE 3. Baseline anodic sweeps for the inhibited and uninhibited
conditions at 55°C and 80°C.
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current density. Therefore, the desorption point can be as-
sumed to be the threshold at which the inhibitor molecule
adsorption to the surface is unaffected. Although there was
a significant difference in potential for the desorption point for
each temperature, the value observed for the current density
was similar. That upholds the assumption made by Drazic and
Drazic that the current density is the main parameter for
electrochemical desorption. Thus, it is possible to suggest
that full inhibitor adsorption is unlikely to occur for a sample
polarized with a current density higher than the one registered
for the desorption point.

3.2 | Potentiostatic Experiments
Hereinafter, the approach is to compare the current

response before and after the addition of the inhibitor to the
polarized sample. This comparison should provide insights into
whether the injection of the inhibitor can suppress high-anodic
currents caused by polarization, simulating the behavior of an
anodic site on steel subjected to galvanic coupling with the
addition of the inhibitor.

3.2.1 | +25 mVOCP, bare steel
Figure 4 displays anodic polarization scans that indicate

the range of current densities (e.g., around 5 A/m2 at 55°C for
bare steel) expected when applying +25 mVOCP, bare steel. With
the addition of the corrosion inhibitor, the current density should
shift from the values for bare steel (left plot) to the values
shown for the inhibited anodic sweep (right plot). As indicated in
the figure, with the fixed potential, negative currents should be
observed after the injection of the inhibitor, as the fixed potential
falls on the cathodic side of the inhibited baseline potentio-
dynamic sweep.

Figure 5 displays the current densities during the
+25 mVOCP, bare steel potentiostatic experiment at 55°C and 80°C.
During the initial 300 s, with no inhibitor present, the current
densities were stable, though they slightly decreased at 80°C
before the CI was added. Upon injection of the inhibitor, the
current dropped significantly for both temperatures, reaching
negative values in less than 200 s, as indicated by the baseline
curves in Figure 3. After 2,000 s, both currents stabilized at a
negative level, indicating full adsorption of the inhibitor, and
the measured currents were consistent with the baseline tests.

The inhibitor adsorption resulted in a greater increase in
the corrosion potential of bare steel compared to the applied
potential (intrinsic potential difference due to surface condi-
tion difference). In a real-world scenario, this led to a role reversal,
where the previously corroding “anode” now acted as the
cathode, promoting the cathodic reaction and slowing down the
anodic dissolution. As a result, the measured net current was
negative, indicating the dominance of the cathodic reaction.
Although this is unlikely to happen in situ, once one should
observe inhibitor adsorption both in the anode and in the cathode
of a real galvanic coupling, the result enlightens about the
limitations of the technique when addressing the effects on the
cathode, though it is still useful for academic purposes. To
avoid the occurrence of a role reversal in this scenario, the use of
the galvanostatic current should be implemented instead,
applying a fixed current and observing the shift in potential.

3.2.2 | +70 mVOCP, bare steel
The baseline current densities for the +70 mVOCP, bare steel

potentiostatic experiment can be seen in Figure 6. This scenario
aimed to simulate the propagation of localized corrosion when
the substrate lacked inhibitor coverage. As shown in Figure 7, the
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applied potential is near the measured OCP in the inhibited
environment (Figure 5), so the current densities should reach
a stable value of around 0 A/m2 for both temperatures.

Figure 7 shows that the initial current densities, if
translated to corrosion rates, were higher at higher temperatures
during the first 300 s of the uninhibited period, at 26.9 mm/y
and 36.1 mm/y for 55°C and 80°C, respectively. After the inhibitor
was added, the current densities decreased, stabilizing at a low
level that was similar to the levels shown in Figure 6’s baseline
curves. This implies that the applied potential was not strong
enough to prevent the inhibitor’s adsorption on the specimen
surface, meaning that substrate dissolution did not affect the
adsorption of the inhibitor molecules. These results contradict
what is expected when considering the desorption point
theory aforementioned. The current densities prior to inhibitor
addition were higher than the value observed for both tem-
peratures in Figure 3. Thus, one should not expect a significant
decrease in current when the inhibitor was added once the
electrochemical desorption rate should undermine the adsorp-
tion. It suggests that the potential recorded at the desorption
point must be considered, and not only the current as addressed
by Drazic and Drazic.19 Some authors reported the increase in

inhibition efficiency by observing the shift in the desorption
potential to more positive values,20 though nothing about the
dependence on the current density is mentioned. Others rein-
force the role of the potential on promoting the electrostatic
repulsion that would weaken the adsorption bond between the
inhibitor and metal surface.21 The next potentiostatic results
will give a better understanding of the potential effect on the
adsorption kinetics.

3.2.3 | +100 mVOCP, bare steel
Figure 8 displays the anticipated baseline current den-

sities in the +100 mVOCP, bare steel potentiostatic experiment.
Despite the applied potential being higher than the OCPs in the
inhibited environment, the resulting inhibited current densities
should still be noticeably lower than the uninhibited condition.

Figure 9 depicts a decrease in current density at both
temperatures following the inhibitor injection. However, instead
of leveling off at a very low value, around 0.1 A/m2 to 0.2 A/m2,
as shown in Figure 8, the current densities rose and stabilized
at higher levels (7.2 A/m2 at 55°C and 26.4 A/m2 at 80°C). The
range between the OCP of the inhibited condition and the
desorption potential appears to create an unstable region for
the inhibitor on the surface. Although the inhibitor initially adheres
to the surface, the high-current density from substrate dis-
solution overpowers it, causing a lack of full coverage. The higher
the potential difference from the uninhibited state, the more
difficult it becomes for the inhibitor to adhere and prevent
substrate dissolution.

Stabilized at high values, extra injections of the corrosion
inhibitor were conducted to see if further inhibition could occur
(as shown in Figure 10). The subsequent drop in current after
the second injection shows a clear dependence on the dosage
for inhibiting a polarized surface. This may be due to the
depletion of bulk CI concentration in a closed system, requiring
extra doses. However, even after 15,000 s (around 4 h) at
higher temperatures, current densities remained high (about
2.91 A/m2). The tests showed that corrosion rates were
0.05 mm/y at 55°C and 3.13 mm/y at 80°C, as calculated from
current densities using the equation from ASTM-G102.22

Although the concentration of 50 ppm is already above
the inhibitor SSC, it is important to highlight that SSC calculations
are conducted in ideal conditions,15 when the sample corrodes
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at its OCP, i.e., low-current density. However, when there is a
current flowing with a significant magnitude, the local inhibitor

depletion observed near the surface is not considered during

SSC calculations. Therefore, it is plausible to expect that under
more critical scenarios a higher dosage of the inhibitor will be
necessary to provide the same efficiency as the one observed
during baseline tests.

3.2.4 | +150 mVOCP, bare steel
Figure 11 displays anodic polarization scans, revealing

the anticipated range of current densities for the experiment
at +150 mVOCP, bare steel. Despite being closer to the de-
sorption potential indicated by the polarization curves, if the
inhibitor is effective, the current density should decrease by
at least two orders of magnitude as shown by the baseline
polarization curve.

Figure 12 reveals that after injecting the corrosion
inhibitor, the current densities increased compared to the initial
300 s in the uninhibited environment. In the instability po-
tential range, it can be assumed that as the desorption potential
is approached, it becomes more difficult for the inhibitor to
adsorb on the polarized surface due to increased iron
dissolution.

An additional inhibitor dosage was added to the solution
for both temperatures after the corrosion rates stabilized. At 80°C,
despite a temporary decrease in current density after each
injection, it quickly started increasing again, suggesting that
the substrate’s dissolution was likely hindering the inhibitor’s
ability to adsorb on the surface, regardless of the concentration of
the inhibitor in the solution. At this point, it is possible to state
that the magnitude of the current density flowing on the metal
surface was decisive in impeding inhibitor adsorption. Table 2
summarizes the main findings of this work.

Corrosion rates were calculated from the equation at
ASTM G102,22 using Rp values for the baseline and steady-state
current density (j) for the potentiostatic tests. CR0 stands for
the corrosion rates under an uninhibited environment, CRi, 50 ppm

the rate under an inhibited environment with 50 ppm of
inhibitor, and CRi, 150 ppm when the inhibitor concentration was
tripled. Inhibitor efficiency (IE) was calculated according to the
following equation:23-24

IEð%Þ= CR0 − CRi

CR0
× 100 (3)
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The calculated values shown are the average considering
all repetitions, and the maximum and minimum obtained are
displayed. Inhibitor efficiency was also calculated for the
additional dosage of the inhibitor to highlight the effect of
increasing its concentration. For the conditions with negative
values after inhibitor injection or with an increase in the initial
current density, IE was not calculated. As expected, IE for the
baseline at 80°C was lower than at 55°C, though more than 90%
was reached. Concerning condition +70 mVOCP, bare steel, the
efficiency calculated from the stabilized current density values
observed before and after the inhibitor injection indicated a
higher efficiency than the observed for the baseline, at both 55°C
and 80°C experiments. It is important to highlight that the main
reason for such a high efficiency lies in the fact that the initial
current density values during the uninhibited value were ex-
tremely high. For the +100 mVOCP, bare steel condition, 50 ppm
of inhibitor resulted in only 80.82% and 64.28% for 55°C and
80°C, respectively. The numbers clearly indicate a lack of
inhibition under these scenarios, which was improved with

the increase of inhibitor concentration to 150 ppm (two extra
doses of 50 ppm), leading to IE equal to 99.93% at 55°C and
96.22% at 80°C.

Regarding the critical conditions (+100 mVOCP, bare steel,

and +150 mVOCP, bare steel), Figures 9 and 12 show a significant
discrepancy between the current density measured and the
one expected from the respective baselines. Before elucidating
the reason why the inhibitor failed at potentials close to but
still lower than the “desorption potential,” it is important
to highlight that the high amount of cementite (2.28%) pre-
sented in the C1018 microstructure can play a significant role in
hindering the inhibition. In such microstructure, the ferrite
tends to be consumed preferentially over the cementite.2,25

Therefore, as the material corrodes, the cementite network
will be revealed on the surface, increasing the material exposed
area. The thicker the cementite layer is, the more unlikely it is
to observe a good inhibition, because there will be an increase in
the cathodic kinetics due to the increased cathodic area.26-27

Thus, in this present work, a higher applied potential leads to
a thicker cementite layer due to the fast dissolution of ferrite.
The thicker cementite layer in turn supported faster cathodic
kinetics, and hence the inhibition will be lost at high poten-
tials. Calculation of the metal thickness loss through Faraday’s
law estimated ca. 23 μm and ca. 40 μm at 55°C and 80°C,
respectively. It suggests the existence of a cementite matrix
being exposed on the surface and being thick enough to
impede the adsorption process of the inhibitor on the anodically
polarized phase (ferrite).

Although some authors have reported the negative
effects played by the changes on the metal surface character-
istics, i.e., the presence of corrosion products or micro-
structure phase networks,27-29 little has been discussed about
the inhibition of an actively corroding surface. Once it is
understood that the surface conditions will be different for
inhibitor adsorption during potentiostatic experiments over
the baseline ones, an adjusted potentiodynamic sweep was
plotted to consider the parameters of each experiment and
compare them with the baseline sweeps. The methodology
developed was as follows:

• Various fixed current densities (galvanostatic mode—
to guarantee the current flux in one direction only) were
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selected to be applied to the sample using the same
aforementioned procedure (50 ppm of inhibitor injected
after 300 s).

• When the response in potential reached a steady-state
value, the value was recorded for each condition and
used to plot an adjusted anodic sweep for the inhibitor
under the polarizing condition.

Figure 13 shows the comparison between the baseline
curves and the adjusted one. Emphasis should be placed on the
fact that the adjusted curve is composed of the union of
multiple points and was not derived using conventional
methods.

The adjusted anodic sweep exhibits greatly accelerated
kinetics compared to the baseline curve inhibited with 50 ppm
CI on a newly polished surface. However, this inhibition effect
should not be anticipated on sites of localized corrosion prop-
agation. For instance, the +150 mVOCP, bare steel lies in a region
(as shown in Figure 13) where the material has already started to
behave like bare steel, implying that inhibitor adsorption on the
surface has been suppressed. As a result, the current density
values for +100 mVOCP, bare steel are now more similar to those
observed earlier in Figure 9.

It is important to note that this approach is very seminal
and other electrochemical factors, which have received less
attention in the work, may be contributing to the inhibitor’s
failure under these conditions. Although adjusting the curve is not
the most effective means of determining the trend, it provides
insight into how the cementite network and the polarized surface
are negatively impacting the inhibition. The following issues,
which may have arisen from experimental artifacts, require
further investigation:

• The CI concentration in the bulk may have been
depleted due to the tests being performed in a closed
system with a single CI injection.

• The efficacy of other commercial CIs in limiting
localized corrosion propagation should be tested, as it
depends on the type of CI.

• All tests were conducted with artificially imposed
currents to simulate localized corrosion propagation
configuration. Ongoing work aims to recreate the same
configuration with a real galvanic setup and varying
anode/cathode surface ratios.
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CONCLUSIONS

This work presents a new approach to evaluate inhibition
regarding localized corrosion propagation on carbon steel, under
exploration-produced water conditions (5 wt% NaCl, pH 4.5,
CO2, 55°C to 80°C). The following conclusions can be drawn from
the above results:

➣ The capacity of the CI to adhere to the polarized sample is
contingent on themagnitude of the current density flowing on the
sample surface.
➣ At over potentials near the desorption potential in the
inhibited solution, additional amounts of CI are required to
suppress the anodic dissolution and reduce the net current
density to values comparable to those seen in the baseline
experiments.
➣ The methodology focuses solely on the effects of the
inhibitor on the anode in a simulated galvanic coupling.
The effects on the cathode that result from the injection
of the inhibitor could also be studied by using a real galvanic
coupling setup with two electrodes serving as anode and
cathode.
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