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Abstract: The study investigated the effect of sebacate as a corrosion inhibitor for acrylic-coated
steel. Specifically, it examined its impact on mitigating a frequent case of paint delamination, known
as filiform corrosion (FFC), through a chosen weathering test designed to stress the degradation of
the produced samples. Sebacate was demonstrated to be an efficient organic molecule for enhancing
the corrosion resistance of steel. This efficacy was evaluated through electrochemical characteriza-
tion based on electrochemical impedance spectroscopy measurements and potentiodynamic polar-
ization curves, including the application of an FFC susceptibility prediction methodology based on
measurements obtained in FFC-simulated electrolytes. An inhibition efficiency of 98% was meas-
ured in near-neutral saline solutions compared to conditions lacking inhibitor presence. During FFC
simulation, the primary effect observed was associated with a reduction in cathodic activity evolu-
tion. Furthermore, a significant reduction in corrosion creep evolution of 35% was found. These
experimental findings aligned closely with the outcomes projected by the simulated investigations.

Keywords: steel; corrosion; corrosion inhibitors; organic coatings; sebacate; filiform corrosion;
weathering; material degradation

1. Introduction

Organic coatings are widely employed to safeguard steel substrates from corrosion
while preserving their mechanical and functional integrity [1-4]. These coatings typically
need to fulfill three primary requirements: adhesion to the substrate, barrier properties
against ions and water, and corrosion inhibition [5]. Traditional corrosion inhibitors, often
containing chromium (VI) and other toxic compounds, pose environmental and health
concerns, necessitating the exploration of safer alternatives [6,7]. Over the years, various
environmentally friendly inhibitors have been investigated [8-11], including carboxylic-
acid-based molecules known for their ability to form complexes with iron ions, thereby
competing effectively with chloride ions [12,13]. Despite their efficacy, the precise mech-
anism of corrosion mitigation by carboxylates and dicarboxylates remains incompletely
understood, although the hydrophobic nature of the resulting thin layer is believed to
play a crucial role [14-17]. Notably, the efficiency of carboxylates is influenced by their
chain length, with a critical length observed for both mono- and di-carboxylates beyond
which their inhibition effectiveness drops significantly due to micelle formation [13,18].
For dicarboxylates on mild steel, there is typically a minor rise in inhibition with increas-
ing chain lengths to a moderate extent. This is succeeded by a rapid escalation to high
levels of inhibition, which then experiences a sudden decrease at longer chain lengths [18].
This intricate behavior reflects the simultaneous occurrence of competing processes, in-
cluding the formation of carboxylate complexes, the adsorption of molecules, and the for-
mation of micelles or hemi-micelles. Hefter et al. [18] depicted a model of the surface in-
teraction mechanism, suggesting that the interplay of these equilibria, potentially compli-
cated further by their kinetics, accounts for the observed effects as chain lengths vary.
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Moreover, a correlation was established between corrosion inhibition and the num-
ber of carboxylate groups [19]. This study revealed the dependency of the corrosion effi-
ciency of organic molecules containing carboxylate groups on molecular structure fea-
tures, such as steric effects, electrostatic effects, and electron attractor or donor capabilities.

Carboxylates are classified as non-oxidizing inhibitors, offering corrosion protection
in aerated solutions; on the other hand, they demonstrate ineffectiveness in de-aerated
solutions [20-22]. This behavior, when dissolved oxygen is present, could be explained by
the conversion of anodically generated soluble Fe(II) compounds into the more stable and
protective ferric state (Fe(Ill)). Carboxylates primarily target localized defects within the
thin oxide layer, whereby corrosion is mitigated by sealing these defects with correspond-
ing weakly soluble Fe(III) compounds and molecule adsorption in the substrate [23,24]. In
this context, a dicarboxylate compound such as disodium sebacate (SB, CioHisNa20s),
shown in Figure 1, is a suitable candidate to consider. Amidst the pursuit of environmen-
tally benign inhibitors, in recent studies, SB has emerged particularly due to its potential
for intercalation in the burgeoning field of a novel type of ceramic-based drug delivery
system, namely layered double hydroxides, offering promise as an efficient smart pigment
[5,13,25,26]. Thanks to the ion exchange properties inherent in such a lamellar ceramic
structure, molecules such as corrosion inhibitors, once intercalated during synthesis or in
a subsequent treatment phase, can be accommodated within the structure and gradually
released in the presence of other ions, typically chlorides [27]. However, their effectiveness
in mitigating the specific yet common paint failure known as filiform corrosion (FFC) [28]
remains largely unexplored. This lacuna persists even though the delamination mecha-
nism underlying FFC stems from a combination of distinct reactions and chemical envi-
ronments at the metal-paint interface [29,30]. Consequently, a targeted investigation is
warranted, as the performance metrics derived from cathodic delamination tests, adhe-
sion assessments, and water permeation studies may not be directly applicable to this par-
ticular case study. FFC progresses through an anodic undermining process at the metal—-
paint interface, driven by differential aeration cell formation along the filament's length
[31]. This phenomenon is influenced by factors such as humidity levels, coating defects,
intermetallic particles, and oxygen availability [32,33]. Conceptually, FFC can be viewed
as an electrochemical process characterized by spatially distinct anodic and cathodic re-
gions along the threads [34,35]. The progression of FFC is driven by a potential difference
(AErrc), with current density (icorr rec) indicative of its propagation. While FFC usually
does not affect structural integrity, it causes severe paint detachment. This compromises
the protective coating and can lead to further general corrosion.
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Figure 1. Representation of disodium SB structure.

This study seeks to explore the effectiveness of SB as a corrosion inhibitor for pre-
venting FFC in acrylic-coated steel substrates. Initially, a comprehensive inhibitor evalua-
tion involving chemical and electrochemical analyses, such as Fourier transform infrared
spectroscopy (FTIR-ATR), potentiodynamic polarization curves (PDPs), and electrochem-
ical impedance spectroscopy (EIS), was conducted. Subsequently, a detailed investigation
into preventing anodic undermining failure was undertaken. The necessity of these as-
sessments arises from the need to comprehensively understand the efficacy of SB in cor-
rosion prevention, particularly in the context of FFC on organic-coated steel, which has
remained understudied. Additionally, this study introduces a novel electrochemical
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simulation method to evaluate the inhibition efficiency specifically for FFC, with the re-
sults validated by observing actual corrosion creep development during humidostatic
weathering tests. The corrosion mechanisms can vary notably between acidic and neutral
aqueous environments, largely due to the presence or distinct properties of metal ox-
ide/hydroxide films at elevated pH levels. Consequently, extrapolating conclusions re-
garding the probable effectiveness of inhibitors in neutral solutions from data acquired in
acidic solutions can be misleading or even lead to adverse outcomes.

2. Materials and Methods
2.1. SB Electrochemical Characterization in a Near-Neutral Environment

In the electrochemical characterization of SB, bare R36 Q-Panel Steel A1008 surfaces
(composition: C max. 0.15 wt.%; Mg max. 0.6 wt.%; P max. 0.03 wt.%; S max. 0.035 wt.%;
and Fe. Bal.) were pickled for 15 min in 2 M HCl, followed by immersion in a 0.5 M NaCl
solution containing 3 g/L of SB. An Autolab 302N potentiostat/galvanostat/FRA (Metrohm
AG, Herisau, Switzerland) was employed with a three-electrode setup, with the steel
panel serving as the working electrode, while platinum and Ag/AgCl/3.5 M KCI elec-
trodes were utilized as the counter and reference electrodes, respectively. EIS spectra were
recorded at the open circuit potential (OCP) over a frequency range of 100 kHz to 0.01 Hz,
with a signal amplitude of 5 mV (RMS) and 6 points per decade, after 3 h of immersion.
The obtained EIS data were analyzed using ZSIMPWIN® 3.50 software to derive equiva-
lent electric circuits (EECs). The PDPs were obtained at a scan rate of 0.2 mV/s, ranging
from -50 mV to +700 mV vs. the OCP, following a 3 h wait period.

2.2. Electrochemical Simulated Study on the Inhibition of FFC

Furthermore, to investigate the protective effects of the inhibitor against FFC, PDPs
were also collected employing an anolyte/catholyte simulating setup (as described in refs.
[5,35]). Also, in this case, 3 g/L of SB powder was introduced into the testing electrolytes.
The anodic and cathodic branches of the PDPs were individually collected following a 3
h waiting period, during which the OCP was monitored (Appendix A, Figure Al). The
anodic and cathodic branches were acquired through two separate tests by polarizing the
system relative to the OCP. The anodic branch ranged from -50 mV to +300 mV, while the
cathodic branch spanned from +50 mV to —300 mV. According to the procedure adopted
in references [5,35], the anolyte contains 0.1 M FeCls, as it is expected that some iron dis-
solution will occur at the anodic site. The pH was adjusted to 1.5 by gradually adding 33%
HCIL. Recognizing that at the anodic site, the oxygen levels were likely reduced due to
limited availability derived from the directionality of the supply through the filaments
and the high ionic concentration [29,31], nitrogen was continuously purged into the
anolyte to decrease the dissolved oxygen to around 1.4 ppm, measured using a PCE-PHD
1 probe (PCE Instruments, Capannori (LU), Italy). Considering that the cathodic reaction
induces localized alkalinization due to the oxygen reduction reaction on the steel substrate
(4Fe?* + O2 + 2H20 — 4Fe* + 40H) [32,33], the catholyte was prepared using a NaOH
aqueous solution with a pH of 12 [29,32]. This arrangement was anticipated to promote
the passivation of the steel surface [36]. Continuous air bubbling was employed to main-
tain stable dissolved oxygen levels in the electrolyte.

2.3. Preparation of Acrylic-Coated Steel Samples

The effectiveness of the protective action of the SB was tested on coated steel samples
composed of steel panels painted with two layers of a bicomponent polyamide-based
clearcoat (supplied by Palini Vernici, Pisogne, BG, Italy). The primer layer was loaded
with SB at a concentration of 1 wt.%. The top coat was a simple paint-covering layer (the
same base composition as the primer) to avoid possible leaching of the particles toward
the outer side of the coating. The steel substrate was initially cleaned by degreasing it with
acetone under ultrasonic treatment. Subsequently, the surface was pickled in a 2 M HCI
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acid solution for a duration of 15 min. Paint was applied using the automatic applier El-
cometer 4340 (Manchester, UK) to deposit 100 um of wet thickness for each layer. Each
layer applied underwent curing at 60 °C for 1 h, reaching a total dry thickness of 75 um.
To promote uniform dispersion of the pigments and prevent agglomeration after mixing
them into the liquid paint, an ultrasonication step was conducted for a period of 10 min.

2.4. Characterization and Aging of Acrylic-Coated Steel Samples

Three painted samples of each type were aged following ASTM standard 2803 [37] to
observe the spread of the FFC. A 45 mm long and 1 mm wide scratch was created on each
specimen. The coated panels were protected with adhesive tape to avoid early cut-edge
failure. Initially, a 5 h contamination stage in a neutral salt spray chamber [38] was con-
ducted before subjecting the specimens to 750 h of humidostatic aging. During the aging
process, the temperature was maintained at a constant 40 °C, and the relative humidity
was set at 80%.

Similar coated plates were immersed in a NaCl solution (0.5 M) for 500 h. The coating
system was monitored periodically by recording the EIS response. Spectra were recorded
at room temperature (25 °C) in an aqueous solution with a quasi-neutral pH (6.2) and with
7.5 ppm dissolved oxygen, measured using a PCE-PHD 1 probe (PCE Instruments, Ca-
pannori (LU), Italy). The spectra were recorded at a voltage amplitude of £15 mV with
respect to the open circuit potential in a frequency range from 0.01 Hz to 100 kHz. A built-
in-house mobile cell with a platinum counter electrode with an area of 0.75 cm? and an
Ag/AgCl/3.5 M KCl reference electrode with a planar circular test area of 9 cm? was used
as the working electrode. EIS data collection was performed to evaluate the corrosion pro-
tection properties of the paint during the development of the degradation of the coating
system and the activation of the pigments loaded in the primer layer; each sample was
analyzed periodically.

3. Results
3.1. SB Effect Characterization

From an electrochemical point of view, the SB’s behavior in near-neutral conditions
highlighted enhanced corrosion resistance, both in the PDPs and EIS. Comparing the out-
comes with a reference case of blank saline solution (Ref.), SB’s adsorption, with the for-
mation of insoluble compounds on the surface [23,24], provided notably higher corrosion
potentials and decreased the current densities by two orders of magnitude (Figure 2a)
when the sample was anodically polarized. The difference in the OCP is comparable in
the case of the cathodic branches of the PDPs, although concerning the cathodic activity
current density, the inhibitor showed similar values to the reference curve (Figure 2b). On
average, the steel substrate undergoing interaction with the SB experienced an increase in
its OCP of +0.46 + 0.09 V. These results are consistent with the information reported in the
literature regarding specific cases of using SB as an inhibitor for steel, confirming its clas-
sification as an anodic inhibitor when tested in a nearly neutral aqueous environment
[13,26].

On the other hand, the impedance modulus at low frequencies increased by more
than one order of magnitude (Figure 2c). The changes at the metal interface were evalu-
ated according to EEC analysis utilizing an R(QR) circuit, where Q stands for a constant-
phase element (CPE) suitable for taking into account the deviations from the ideal capac-
itive behavior of the electrical double layer. Its definition, according to Equation (1), in-
volves the parameters of the pre-exponential Yo and the exponent n, the values obtained
for which are reported in Table 1. Moreover, the remaining parameters extracted were
attributed to the electrolyte and the polarization resistance (Rs and R«), from which an
index representative of the inhibition efficiency could be calculated [26,39] following
Equation (2). Thanks to the higher magnitude of Rt when SB was involved, the inhibition
stood at around 98% in this case study and placed SB as one of the most successful
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inhibitors within the field of organic compounds [26,40]. In conjunction with a higher im-
pedance modulus at low frequencies, SB’s presence significantly impacts the EIS spectrum
by broadening the time constant of the phase angle at medium to low frequencies, testify-
ing to changes in the structure of the double layer at the metal interface.
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Figure 2. Anodic (a) and cathodic (b) polarization curves and Bode representation of EIS spectra (c)
obtained following 3 h of immersion in 0.5 mol/L NaCl solution for bare steel surfaces with and
without addition of 3 g/L SB. The inset shows the R(QR) EEC adopted for the spectra modeling.

Table 1. Outcomes of EIS data analysis utilizing the electrochemical equivalence model R(QR).

Rct YO Rs o

Sample (Q-cm?) (S-cm-2-s") n (Q-cm?) 1E%
Ref. 1.21 x 108 5.45 x 10+ 8.14 x 10! 3.75 x 102 -
SB 6.25 x 104 8.99 x 105 8.08 x 101 2.97x 102 98

3.2. Prediction of FFC Mitigation Using an Electrochemical Simulated Method

An electrochemical setup to simulate the head and tail of an FFC filament was em-
ployed to collect PDPs for the anolyte and catholyte to assess the potential of the synthe-
sized particles to inhibit FFC propagation (Figure 3). In comparison to the polarization
curves presented in Figure 2a,b, the anodic and cathodic branches collected in diverse
electrolytes could better distinguish the precise contribution of the inhibitor in the specific
simulating environment. This approach allowed for the evaluation of the inhibitive effect
in terms of the FFC corrosion current (icorr rrc), which is determined at the intersection
point between the anodic and cathodic branches, as well as the potential difference be-
tween the anodic and cathodic sites (AEcorr). The output of the measurements is reported
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in Table 2 for the two different cases under investigation. The curves displayed revealed
intriguing outcomes, demonstrating a reduction in AEcorr in the order of 87% caused by
the presence of SB. The inhibitor’s contribution turns out to be overwhelming, acting
mainly on the cathodic activity. Besides the shift in the cathodic curve, a decrease in icorr
rrc of one order of magnitude is caused by the organic inhibitor’s adsorption onto the steel
surface. The addition of the inhibitor to the anolyte environment does not yield a signifi-
cant effect, likely attributable to the aggressive acidic conditions and the lower oxygen
content (1.4 ppm [35]). These findings support the characterization of carboxylate inhibi-
tors as non-oxidizing agents, primarily effective in aerated conditions, such as those pre-
sent in the considered catholyte. Furthermore, the results elucidate how the characteriza-
tion of the inhibitor’s effectiveness, discerned as primarily anodic through electrochemical
assessments in nearly neutral solutions and in the literature [13], is contingent upon the
specific physicochemical conditions in which it operates. Regarding the presented curves’
reproducibility, replicas are provided in Appendix A, Figure A2.
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Figure 3. PDPs collected on bare steel surface using anolyte and catholyte “Ref.” and with 3 g/L of
SB added. The numerical values (expressed in A/cm?) of FFC corrosion current as the intersection

between anodic and cathodic branches are reported.

Table 2. Electrochemical parameters estimated from the electrochemical simulated approach.

Sample Inhibitor iCORR FFC AEcorr
Addition (A/cm?) V)

Ref. - 2.28 x 103 0.230

SB 3g/L 6.26 x 106 0.030

3.3. Acrylic-Coated Steel’s Durability

The coated steel samples underwent testing to compare the corrosion evolution of
organic layers loaded with SB with those with a neat acrylic coating. FFC tests were con-
ducted under static conditions at 80% relative humidity and 40 °C, revealing a reduction
in corrosion propagation from artificial scratches, as depicted in Figure 4. The occurrence
of coating delamination, resulting from blister formation and filiform propagation, was
observed to be mitigated by the presence of SB within the coating. This is attributed to
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SB’s capacity to migrate through the coating and effectively reach the metallic surface.
Notably, discernible disparities in the degradation morphology were observed among the
samples, with FFC representing the initial coating detachment event, succeeded by a
broader blistering front encompassing the entire initial defect.

Figure 5 reports the average value of the expansion of the corrosion-damaged area
around the scratch, calculated for three replicates of each type of sample. The inhibition
degree was determined to be an average reduction of 35% in the corrosion rate (calculated
from the slopes of the trends reported in Figure 5, quantified in terms of the expansion of
the corroded area by means of the Image] 1.53t software thanks to the transparency of the
coating). This result is noteworthy, particularly considering the relatively low concentra-
tion of the inhibitor (1 wt.%) incorporated into the coating, in comparison with analogous
studies documented in the literature [41-43]. The influence of SB becomes more apparent
over time, particularly as filaments begin to emerge due to the initial blister-induced paint
delamination. This phenomenon is evident in Figure 4, where the damage observed in
two types of samples remains comparable until 220 h of weathering. This observation may
be attributed to the reasonable period required for the activation and percolation of the
inhibitor through the coating to the interface. Consequently, the incorporation of such or-
ganic molecules into the coating does not appear to confer a beneficial effect during the
initial stages of FFC. Hence, it might be more advantageous to combine these molecules
with other mitigation strategies, such as conversion coatings, which exhibit greater effi-
cacy during the initiation phase [5].

5cm

Blank

1 wt% SB

5h 24 220 350

Figure 4. State of corrosion creep of scratched coated samples during 750 h of FFC test at 40 °C in
humidostatic conditions (80% r.h.) after 5 h of contamination stage in a neutral salt spray chamber.
Acrylic-coated steel panels with (1 wt.% SB) and without (Blank) the addition of the inhibitor are
compared.
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Figure 5. Corroded area evolution over time during 750 h of aging. The mean value calculated for
three replicas is reported. Acrylic-coated steel panels with (1 wt.% SB) and without (Blank) the ad-
dition of the inhibitor are compared.

To delve deeper into the behavior of the coating system when exposed to humidity
penetration, and also to determine whether the presence of the inhibitor adversely af-
fected the barrier properties of the coating, EIS was conducted on coated steel panels im-
mersed in a 0.5 M NaCl solution. Both monitored samples showed a decrease in values at
low frequencies, although the starting values and the impedance decay demonstrate bet-
ter performance in the case of the coating loaded with SB (Figures 6a and 7a). In the case
of the presence of SB in the paint, the transition from capacitive to resistive behavior ap-
pears to be less pronounced and sharp compared to the reference “Blank” case and is vis-
ible in the spectra starting from 336 h of immersion. This trend could be due to the hydro-
phobic nature of the interfacial layer formed by the deposits of SB, a property that would
hinder the kinetics of water absorption within the organic layer. A transient at the middle
frequencies is afforded by the inhibitor, likely due to its solubility and the adsorption pro-
cess at the metal-paint interface. On the other hand, the “Blank” sample showed a net
change between resistive and capacitive behavior.

More in-depth study of the various electrochemical contributions that make up the
overall behavior of the coating system was achievable through a spectra modeling study
using EECs. However, the results obtained in this step, using a typical organic coating
R(Q(R(QR))) data analysis circuit, exhibit in some cases trends that are challenging to at-
tribute to physical phenomena. A CPE (namely Q) is employed to account for the non-
ideal capacitive behavior of the coating. Q is helpful in this case for correctly modeling the
nonlinearity of the solid electrodes, derived from dissipative phenomena in the polymers,
the interaction between polar groups, and diffusive processes at the interface [44]; for this
purpose, Q is introduced into the circuit, similar to the case of the EIS collected on bare
steel, where its impedance is represented in Equation (1). In principle, two contributions
can be attributed to the organic coating (incorporating Ceoat and Reoat) and the interface
(composed by the double-layer capacitance Cai and the charge transfer resistance Rc),
where the inhibitor adsorbed onto the metal surface should impart a distinguishable effect
compared to the reference case, particularly in terms of the charge transfer resistance. This
last parameter, as shown in Figure 8a, demonstrates that despite an initial likely higher
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defectiveness of the “SB” sample, distinguishable from comparison with the reference
“Blank” sample, the release of the inhibitor after 150 h of immersion and its subsequent
adsorption at the interface provide a healing effect that leads to significantly higher val-
ues.

Concerning the other extracted parameters, each interpretation reported in Figure 8
cannot straightforwardly lead to definitive comments on the electrochemical behavior due
to the minor differences in values, and therefore any speculation on these parts of the
results has been avoided. Only a comparable decrease in the coating resistance Rcoat for
both samples is observed in Figure 8d, indicative of the loss of the barrier properties of
the organic layer, together with electrolyte permeation, a feature that does not seem to be
altered by the inhibitor’s presence in the organic layer.
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Figure 6. EIS Bode spectra after different immersion periods collected for painted steel samples.
Impedance modulus | Z1 is reported on the left side (a), while a phase angle diagram is shown on
the right side (b). Blank (neat acrylic paint) behavior is reported during 504 h of immersion in 0.5 M
NaCl solution.
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Figure 7. EIS Bode spectra after different immersion periods collected for painted steel samples.
Impedance modulus | Z1 is reported on the left side (a), while a phase angle diagram is shown on
the right side (b). The behavior of the coating loaded with 1 wt.% SB is reported during 504 h of
immersion in 0.5 M NaCl solution.
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Figure 8. Results of the EIS fitting over testing time. The contributions attributed to the Faradaic
processes (a—c) and the coating are reported (d-f).

4. Discussion

The results unanimously support attributing effective inhibitory power to SB when
it is employed on painted steel. It is well known that different corrosion mechanisms lead
to varied durability performances for similarly coated substrates, depending on the sur-
rounding environmental conditions, particularly influenced by humidity levels and the
presence of contaminant ions. In this study, such evidence is underscored by electrochem-
ical tests based on EIS measurements and PDPs. The diverse chemical composition of the
electrolytes used, along with the levels of oxygen present in the solution, resulted in dif-
ferent contributions that the molecule under study made to the evolution of the electro-
chemical environment at the metal interface. Specifically, SB, known as an anodic inhibitor
[13,26], as verified in this study (Figure 2), markedly influences the cathodic activity when
an aerated solution exhibits high alkalinity (Figure 3). This scenario occurs in real-life sit-
uations where FFC propagates beneath the coating. Consequently, it can be asserted that
a singular classification of corrosion inhibitor behavior is not exhaustive, and this
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characteristic must be related to and studied not only considering the specific case of use,
such as organic coatings being exposed in an outdoor environment but also, above all,
considering the actual degradation mechanism at play. The choice of an appropriate in-
hibitory substance should be informed by a detailed understanding of the specific degra-
dation mechanism at play. In the context of preventing coating delamination, it is essential
to consider the reactions at the extending front. While some strategies may offer general
metal protection irrespective of the corrosion mechanism, others are more tailored to spe-
cific phenomena, such as FFC, which is cathodically nucleating and typically exhibits an-
odic delamination. The selection of a mitigation pathway is therefore contingent on the
intricacies of the corrosion process. In the specific case of SB, this substance appeared to
be effective in both delamination scenarios, but this is not necessarily a generalizable ex-
ample and specifically concerns the stability of molecules at different pH levels and their
interaction with the metallic substrate in such environments.

5. Conclusions

In this study, we investigated the potential of an eco-friendly organic corrosion in-
hibitor, namely SB, particularly in the context of acrylic-coated steel. Preliminary electro-
chemical analyses significantly contributed to our understanding of its inhibitive proper-
ties, particularly concerning mild steel in near-neutral conditions. SB is confirmed to act
as an anodic corrosion inhibitor under nearly neutral conditions, and electrochemical tests
in simulated environments highlight its efficiency in aerated conditions, like other carbox-
ylic acids. In these conditions, an inhibitory effectiveness of 98% was seen compared to
situations where the inhibitor was absent.

Additionally, SB has also been shown to limit cathodic activity, specifically in the
case of an alkaline, aerated environment, typical of cathodic sites involved in the phenom-
enon of FFC for coated steel. At this stage, to predict its actual effect on degradation due
to FFC, we employed a predictive approach, utilizing electrochemical simulations. This
involved analyzing the PDPs of bare steel immersed in test solutions designed to mimic
the unique environment anticipated at the metal-paint interface. These simulations
yielded results that closely aligned with the observed performance of the coated steel.
Specifically, the presence of the inhibitor (referred to as “SB”) in the primer layer demon-
strated notable limitations in paint delamination and corrosion expansion to 35%.
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Appendix A
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Figure A1. OCP of bare steel immersed in anolyte and catholyte monitored over time with addition
of 3 g/L SB.
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Figure A2. Replicas of the polarization curves obtained in the testing solutions simulating an anodic
environment (a) and a cathodic one (b). PDPs collected on bare steel surface using anolyte and cath-
olyte “Ref.” with 3 g/L of SB added.
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