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A B S T R A C T

Localised corrosion is the result of complex heterogeneous electrochemical processes occurring on metal sur
faces. Localised corrosion control is one of the most difficult issues in corrosion science and engineering. This 
study reports a new approach to exploring effective and environmentally friendly localised corrosion inhibitors 
through local electrochemical measurements using multielectrode array probes. Local galvanic current, local 
polarisation, and local electrochemical impedance spectroscopy (EIS) measurements were performed on an 
electrode array probe exposed to waterline corrosion conditions, with and without the presence of rare earth 
metal (REM) inhibitors that are known to be effective for inhibiting general corrosion. The results revealed 
significant differences in the behaviour of two REM inhibitors, with La(4OHcin)3⋅5H2O exacerbating localised 
corrosion by generating intense anodic sites with high local corrosion current densities, while [Y(mbp)3.H2O] 
showing the ability of inhibiting localised corrosion. Such localised corrosion inhibition ability by [Y(mbp)3. 
H2O] was found to be associated with the formation of an inhomogeneous surface film that allows the existence 
of minor anodes randomly distributing over the surface, leading to low anodic current densities and insignificant 
general corrosion rather than severe localised corrosion. These results demonstrate a new approach to discov
ering localised corrosion inhibitors through local electrochemical measurements using electrode arrays.

1. Introduction

In electrochemical reactions the reactants do not need to be spatially 
near each other, as normal chemical reactions do, they collide separately 
with spatially separated metal surface areas, permitting distinct sepa
ration of electrode reactions over an electrode surface and therefore the 
localisation of electrochemical processes such as localised corrosion. 
Localised corrosion is a critical issue that often causes premature failure 
of engineering structures, especially those exposed to complex and 
corrosive environments. In industry, corrosion-induced failures are 
frequently driven by localised forms of corrosion, which lead to deep 
penetration and local structural weakening, particularly at stress- 
concentration sites where fractures can initiate [1,2]. One of the most 
difficult forms of localised corrosion is waterline corrosion that poses 
major challenges to structures exposed to air/liquid interfaces, such as 

shore-crossing pipelines, offshore wind turbines, and marine platforms. 
Numerous historical cases have documented waterline corrosion on ship 
hulls, steel pilings, ballast tanks, and liquid storage tanks [3–7]. The 
current understanding attributes waterline corrosion mainly to galvanic 
activity driven by oxygen concentration cells, where the highly 
oxygenated regions above the waterline act as cathodes and the poorly 
oxygenated submerged regions become anodic [8–11]. Recently the 
formation of rust layers was found to be another important factor 
affecting waterline corrosion by forming crevice-like environments, 
accelerating localised corrosion beneath the rusted steel surface 
[10–12].

Developing effective methods and materials to control localised 
corrosion such as waterline corrosion is vital for protecting infrastruc
ture operating under challenging and variable environmental condi
tions. Chemical inhibitors are widely used in corrosion control due to 
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their flexibility, practicality, and cost-effectiveness. Some inhibitors 
such as scavengers like hydrazine, biocides like glutaraldehyde, and 
scale inhibitors like phosphonates [13–17] mitigate corrosion by 
altering or modifying local environmental conditions. Some other in
hibitors including chromates, nitrites, molybdates, phosphates, gluco
nates, nitrates, and sulphates mitigate corrosion by impeding corrosion 
reaction kinetics. Some of these inhibitors have shown varying degrees 
of effectiveness in mitigating both general and localised corrosion 
[18–24], however most of these inhibitors suffer from limited reliability, 
concentration sensitivity, and environmental toxicity. Notably, com
pounds like chromates and nitrites are effective corrosion inhibitors but 
are considered to be hazardous and unreliable, particularly if applied 
below threshold concentrations. In recent decades, rare earth metal 
(REM) inhibitors have gained interest as safer and more sustainable 
alternatives. Early work by Hinton et al. showed that CeCl₃ reduced mild 
steel corrosion in water through protective film formation [25,26]. Later 
studies found that organic ligands such as cinnamic acid could enhance 
anodic inhibition [27]. Forsyth et al. introduced REM carboxylates as 
mixed inhibitors that suppress both anodic and cathodic reactions across 
metal surfaces [28], and other researchers have expanded on this by 
developing REM-organic complexes with improved surface bonding 
[29–39]. While most of these studies have focused on general corrosion, 
some REM inhibitors have demonstrated promise for mitigating local
ised corrosion on aluminium alloys via cathodic site precipitation [35,
36].

Despite these advances, two major issues remain unaddressed: (i) the 
lack of effective inhibitors that reliably suppress severe localised 
corrosion under real-world conditions, such as at waterlines; and (ii) the 
lack of convenient and efficient experimental method that can be used 
for discovering effective, non-toxic and environmentally friendly local
ised inhibitors. This study aims to address both issues by investigating 
the waterline corrosion inhibition performance of two REM-organic 
compounds, i.e., La(4OHcin)₃⋅5H₂O and [Y(mbp)₃⋅H₂O], using a new 
experimental approach. These REM inhibitors are selected because they 
have shown high efficiency in mitigating general corrosion of steel 
[40–42] but remained underexplored for localised corrosion control. In 
this work, we used local electrochemical techniques based on an elec
trochemically integrated multielectrode array namely the Wire Beam 
Electrode (WBE), which allows in-situ monitoring of galvanic currents, 
local polarisation, and local electrochemical impedance spectroscopy 
(EIS). Unlike conventional techniques that measure averaged corrosion 
behaviour, the WBE captures spatial variations in electrochemical ac
tivities and corrosion dynamics [10,11]. Our previous work using this 
method revealed the critical role of rust in modifying local electro
chemistry at the waterline [10]. This study builds on that by using the 
WBE to measure and evaluate inhibitor performance and its changes 
over time under waterline conditions, and to probe the mechanisms of 
localised corrosion inhibition.

2. Materials and methods

The electrode array probe used in this work consisted of 100 square 
electrodes (electrode dimensions 2.3 mm × 2.3 mm). The electrodes 
were made from X65 carbon steel (composition of 0.04 C, 0.2 Si, 1.5 Mn, 
0.011 P, 0.003 S, 0.02 Mo, and Fe balance (wt%)). The100 electrodes 
were all mounted in epoxy and arranged in an array of 25 rows with 4 
per row. The 100 electrodes of the multi-electrode array were electri
cally connected to simulate a continuous steel surface. To simulate the 
waterline corrosion conditions, the array was partially immersed in the 
test solution such that 6 rows of the array were exposed to air (above 
waterline) and 19 rows below waterline. This setup allows continuous 
monitoring of corrosion over the array surface for long exposure times 
and enables detection of corrosion at local areas of the electrode array. 
This setup is considered as an improved method to study localised 
corrosion as it can overcome limitations of conventional methods of 
studying waterline corrosion as described in our previous papers [10,2]. 

While it is recognised that the corners of square-shaped electrode array 
could exhibit enhanced local current density due to geometric effects, 
preferential corrosion activity at the corners of the electrode array was 
not observed in this work. This is because waterline corrosion on the 
electrode array surface was mainly controlled by significant galvanic 
activities driven by major oxygen concentration cells at the air/solution 
interface, where the highly oxygenated regions above the waterline act 
as cathodes and the poorly oxygenated submerged regions become 
anodic [8–11]. The geometric effect at the corners of the electrode array 
was only a minor influencing factor. The corrosion behaviour observed 
on the electrode array was consistently aligned with those reported in 
the literature [8–11]. This experimental method addresses a major 
challenge in the rapid evaluation of localised corrosion inhibitor 
performance.

Before each experiment, the surface of electrode array probe was 
ground using SiC abrasive papers down to 1200 grit finish, cleaned with 
ethanol and dried with hot air. A 3.5 wt% NaCl solution (pH ~ 7) was 
used as the control solution (without any inhibitor) for comparison of 
corrosion pattern and mechanism. For the studies with inhibitor present, 
either 1 mmol/l of La(4OHcin)3⋅5H2O (solubility is 1.34 mmol/l) or 1 
mmol/l of [Y(mbp)3.H2O] (solubility 0.25 mmol/l, so reservoir of solid 
to maintain saturation) was added to the control solution to ensure that 
a saturated solution was prepared. These were prepared according to the 
literature [43,44]. Fresh solutions were used for each replicate experi
ment. Volume of the test solution for each experiment was 3 litres. To 
overcome the evaporation and to maintain the waterline in the same 
position, distilled water was added periodically. All experiments were 
conducted for 14 days under static conditions at room temperature.

Galvanic current distribution mapping was carried out continuously 
during the experiment for various periods. Each current measurement 
cycle for 100 electrodes took almost 5 min. Based on these galvanic 
current maps, local anodic and cathodic sites could be identified, with 
positive and negative currents representing anodic and cathodic cur
rents, respectively. By summing up all the positive currents, total anodic 
currents were calculated. Localised corrosion rates and localised corro
sion depths were calculated using Eqs. (1) and (2). The localised 
corrosion depth value was calculated for each day and the summation of 
all corrosion depth values provided as the accumulated corrosion depth. 

Localised corrosion rate = K
icorr(i)

ρ EW (mm / y) (1) 

Where K is constant (3.27 × 10–3 mm g/µA cm y), ρ is the density of 
X65 steel (7.8 g/cm3), icorr(i) is the galvanic current at ith electrode and 
EW is equivalent weight for X65 steel (27.92). 

Localised corrosion depth =
LCR × 1000 × Period

24 × 365
(μm) (2) 

Where LCR is the localised corrosion rate measured from Eq. (1), and 
Period is the exposure time (for this study is 24 h). For accumulated 
corrosion depth measurements, localised corrosion rate was assumed to 
be constant during the exposure period of 24 h.

For the inhibition mechanism and efficiency studies, local poten
tiodynamic polarisation and EIS measurements were carried out, which 
provided information about the local electrochemical behaviour and 
changes at local cathodic and anodic sites. Local polarisation measure
ments at individual electrodes were carried out after 14 days of testing in 
the solution with REM carboxylate inhibitor. For these experiments, 
each individual electrode of interest was electrically disconnected from 
the array electrode and connected to the potentiostat as the working 
electrode. Ag/AgCl electrode was used as the reference electrode and a 
Pt-coated Ti mesh was used as the counter electrode. For individual 
electrodes with positive currents (i.e., anodic sites), the potential was 
swept from 50 mV below the open circuit potential (OCP) to 300 mV 
above the OCP. For individual electrodes with negative currents (i.e., 
cathodic sites), the potential was swept from 300 mV below the OCP to 
50 mV above the OCP at 1mV/sec scan rate. During each local 
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Fig. 1. Galvanic current maps obtained from multi electrode arrays which exposed to the control solution (3.5 wt% of NaCl) and to the solution containing La 
(4OHcin)3⋅5H2O after different periods of exposure.
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polarisation measurement, potential range was decided carefully such 
that the potential range is large enough to show electrochemical changes 
due to inhibitors and also the potential range is small enough to mini
mise the damage to the steel surface due to polarisation measurements. 
More details on the galvanic current mapping and local polarisation 
measurements can be found in our previous works [1,2]. Local elec
trochemical impedance spectroscopy (EIS) measurements were also 
performed at each selected individual electrode in a frequency range 
from 100 kHz to 10 mHz. To draw local EIS maps, local film resistance 
values across the whole probe were estimated by Nyquist plots fitting. 
All electrochemical measurements were carried out using a Bio-Logic 
VSP multi-channel potentiostat and were analysed using EC-Lab Soft
ware V11.36.

Fourier transform infrared spectroscopy (FTIR) was performed to 
analyse the composition of the films (deposits) formed on the electrode 
array surface in two ways: (i) a general information was obtained by 
performing the FTIR test on the deposit acquired from the whole elec
trode surface, and (ii) a site-specific information was obtained by per
forming the FTIR test on the deposit acquired from intended individual 
electrode. The latter allows identifying the compositional differences 
between films formed on anodic sites versus those formed on cathodic 
sites. For the FTIR tests, PerkinElmer Frontier spectrometer with a dia
mond attenuated total reflectance (ATR) crystal 64 scans across the 
4000–650 cm− 1 wavelength was used.

3. Results and discussion

A series of experiments have been conducted to understand the ef
fects of different REM carboxylate inhibitors on waterline corrosion and 
on the localisation of electrochemistry over locally corroding metal 
surfaces partially immersed in corrosive aqueous media with 3.5 wt% 
NaCl solution (pH ~ 7) as the control solution.

3.1. Effects of REM inhibitors on waterline corrosion

Experiments were carried out to evaluate the efficiency of a typical 

REM carboxylate corrosion inhibitor La(4OHcin)3⋅5H2O under simu
lated waterline corrosion conditions. Fig. 1 shows time-lapse galvanic 
current maps of the electrode array probe exposed to the control solution 
with addition of 1 mmol/l of La(4OHcin)3⋅5H2O. Using the current 
values from each map, total anodic current (summation of positive 
current values at local anodes), overall corrosion rate (calculated using 
Eq. (1) considering the whole electrode array as a single electrode with 
the area of 3.61 cm2) and inhibition efficiency (percentage reduction of 
total anodic current) were calculated. In the presence of La 
(4OHcin)3⋅5H2O, total anodic current after 1 h of exposure was 
measured to be 6563 nA, which is significantly lower than that 
measured in the control solution (84,430.2 nA). The total anodic current 
is directly related to corrosion rates, and this drop in total anodic current 
suggests a 92% efficiency for this inhibitor. This inhibition efficiency is 
similar to the 91% inhibition efficiency reported in the literature ob
tained with steel specimens fully immersed in a 0.01 M NaCl solution 
[40]. Even after 6 h and 12 h of exposure, the inhibition efficiencies in 
the presence of La(4OHcin)3⋅5H2O were still measured to be 91% and 
88%, respectively. Therefore, this result suggests that, at the early stage 
of exposure, La(4OHcin)3⋅5H2O was able to efficiently inhibit waterline 
corrosion on the partially submerged electrode array probe.

With increasing the exposure period to 24 h, total anodic current 
shows a significant increase from 7977.4 nA to 19,056.6 nA, hence a 
decrease in inhibition efficiency from 88% to 71%. More importantly, a 
major anodic area appeared in the galvanic current maps with anodic 
currents up to 4220 nA and corrosion rates up to 1.27 mm/y. Such 
localisation of anodic current is not acceptable because localised 
corrosion is more harmful than general corrosion. Unfortunately, as 
shown in Fig. 1, the major anodic area with large anodic current 
remained at the same location near the waterline over 7 and 14 days of 
exposure, leading to further decrease in inhibition efficiency to 62% and 
61%, respectively. This indicates that major and stable local anodes 
formed over the electrode array surface, which in turn leading to a 
significant localised corrosion at those major anodic sites adjacent to the 
cathodic areas at waterline. After 14 days of exposure, the total anodic 
current was measured to be 19,574.7 nA with an inhibition efficiency of 

Fig. 2. Representative galvanic current maps along with photographs of the electrode array that was partially exposed to the solution containing 1 mmol/l La 
(4OHcin)3⋅5H2O at different exposure times under static conditions. Note that individual scale bars are used for each map.
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61%, indicating that La(4OHcin)3⋅5H2O was still able to mitigate overall 
corrosion except at the concentrated anodic area where significantly 
high corrosion occurred. The formation of concentrated active anodes is 
not acceptable because continuous and rapid anodic dissolution at fixed 
anodic locations would result in pitting corrosion that is even more 
damaging than general corrosion that occurs in the inhibitor-free control 
solution. Fig. 1 indicates that although significantly high metal losses 
occurred in the inhibitor-free control solution, corrosion penetration 
rate is lower than that in the solution containing La(4OHcin)3⋅5H2O.

To further examine the formation of the concentrated anodic sites 
(localised corrosion) in solution containing La(4OHcin)3⋅5H2O in more 
detail, galvanic current maps are represented in Fig. 2 (Note that these 
maps have individual scales and therefore different colour codes). After 
6 h of exposure, a random distribution of anodic and cathodic areas over 
the probe surface is observed. Although some cathodic sites appear near 
the waterline, those are not concentrated at waterline (such as that 
observed for the control solution in Fig. 1), indicating that a significant 
oxygen differential cell has not been establshed yet at this stage. How
ever after 1 day of exposure, a significant cathodic site was started to 
form near and at the waterline with anodic sites formed just below the 
waterline. After 4 days, there is a major cathodic site at and above the 
waterline with concentrated anodic site just below the waterline, indi
cating the initiation of a major oxygen differential cell. The concentrated 
anodic site remained unchanged just below the waterline (pushed a bit 
down by the formation of major cathodic site) for the remaining expo
sure time until day 14. Obviously the high general corrosion rates in the 
inhibitor-free solution (see Fig. 1) and the high localised corrosion at 
major anodes in the inhibited solution (see Figs. 1 and 2) are both not 
desirable for effective control of waterline corrosion. These suggest the 
need to explore ways of inhibiting both general and localised corrosion.

Fig. 2 also shows the photographs of the electrode array surface at 
each day of exposure to the inhibited solution with La(4OHcin)3⋅5H2O. 
As can be seen, the concentrated anode can be identified at the waterline 
in black colour. At the bottom areas of the electrode array, a white 
colour deposit can be seen by naked eye and this may be the inhibitor- 
assissted layer. More interestingly, this white colour deposit was not 
found at the waterline where the concentrated anode was formed. 

According to Fig. 1, the corrosion rate at bottom areas of the probe 
where the white colour deposit formed is as low as 0.01 mm/y, sug
gesting the formation of a protective film on the surface. Such a pro
tective film might be formed due to the presence of inhibitor in the 
solution, which will be further examined in Section 3.3.

3.2. A new inhibitor for mitigating localised corrosion at waterline

In severe localised corrosion conditions such as that occuring at 
waterline, where significant galvanic corrosion environments exist, 
thermodynamically it is considerred impractical to fully prevent corro
sion. A practical approach to mitigating corrosion in such serious and 
thermodynamically spontaneous waterline corrosion conditions is to 
reduce general corrosion and, more importantly, at the same time to 
avoid the formation of dominating local corrosion anodes. This could be 
achieved by identifying inhibitors that can prevent the formation of 
major localised anodes by allowing a large number of minor anodes to 
develop randomly over the steel surface, and therefore leading to less 
significant anodic dissolution. For instance, Resorcinarene acid was 
found to have this ability for CO2 corrosion of steel which was fully 
immersed in CO2 saturated brine solution [43]. To evaluate this possi
bility, a newly synthesised REM inhibitor, [Y(mbp)3.H2O], was assessed 
for its ability of inhibiting localised corrosion at waterline. Peng et al. 
discovered that [Y(mbp)3.H2O] shows better inhibition efficiency for 
general corrosion compared to La(4OHcin)3⋅5H2O after longer periods 
of immersion [42].

Fig. 3 shows galvanic current maps obtained from an electrode array 
exposed to a 3.5 wt% NaCl (pH~7) solution containing 1 mmol/l of [Y 
(mbp)3.H2O]. As can be seen, cathodic and anodic sites are randomly 
distributed over the electrode array surface after 6 h, 1 day, and 4 days 
of exposure, indicating that the oxygen differential cell has not been 
established till this stage of exposure. Although a significant cathodic 
site was formed after 7 days of exposure and persisted till the end of 
experiment (14 days), there was no dominating anodic site observable 
adjacent to the cathodic area at the waterline throughout the 14 days. 
Some anodic sites appeared at the bottom areas of the probe, however, 
these anodic areas are distributed rather randomly over the electrode 

Fig. 3. Galvanic current maps along with photographs of the electrode array exposed to a solution containing 1 mmol/l of [Y(mbp)3.H2O].
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array surface. Furthermore, from day 1 onwards, it can be visuallay 
observed that the area of the anodic sites increased. This suggests that 
this inhibitor impeded the formation of concentrated and dominating 
anodes by allowing a large number of minor anodes to develop 
randomly over the steel surface, and therefore leading to less significant 
concentrated anodic dissolution. On the other hand, as shown in Table 1, 
the new inhibitor [Y(mbp)3.H2O] also reduced general/overall anodic 
currents compared with those measured from electrode array exposed to 
either control solution or solution containing La(4OHcin)3⋅5H2O. Fig. 3
also shows time-lapse photographs of the electrode array surface 
exposed to a solution containing [Y(mbp)3.H2O]. As can be seen, 
corrosion products distributed across a large area showing the general 
corrosion characteristics. These results are significant because it is for 
the first time that an inhibitor has shown the characteristic and capa
bility of mitigating general corroison and also preventing the formation 
of dominating local corrosion anodes, leading to lower general and local 
corrosion penetration rates.

Table 1 compares the performance of La(4OHcin)3⋅5H2O and [Y 
(mbp)3.H2O] in mitigating waterline corrosion by calculating and 
comparing total anodic current values. After 1 h of exposure, total 
anodic current measured from the electrode array exposed to the control 
solution was 84,430.2 nA while that measured for solutions with La 
(4OHcin)3⋅5H2O and [Y(mbp)3.H2O] were significantly lower (6577.4 
nA and 6968.1 nA, respectively). Accordingly, the inhibition efficiencies 

are measured to be almost 92% for both inhibitors. Even after 6 h and 12 
h of exposure, total anodic currents were slightly increased to 7540 nA 
and 7977.4 nA, respectively, in the presence of La(4OHcin)3⋅5H2O, and 
to 7358.9 nA and 8858.9 nA, respectively, in the presence of [Y(mbp)3. 
H2O]. Thus, La(4OHcin)3⋅5H2O shows 91% of inhibition efficiency after 
6 h and 88% after 12 h while [Y(mbp)3.H2O] shows 91% of inhibition 
efficiency after 6 h and 87% after 12 h of exposure. Therefore, it is clear 
that these two inhibitors provided significant level of inhibition for 
waterline corrosion after 1 h, 6 h and 12 h of exposure.

With further increasing the exposure period to 24 h, the inhibition 
efficiency of La(4OHcin)3⋅5H2O decreased significantly to 71% and total 
anodic current increased to 19,056.6 nA. Such decrease in inhibition 
efficiency and increase in total anodic current correspond with the for
mation of concentrated anode near waterline as shown in Fig. 2. Inhi
bition efficiency of the [Y(mbp)3.H2O] also slightly decreased to 86% 
after 24 h exposure. The inhibition efficiency of La(4OHcin)3⋅5H2O 
decreased to 62% after 7 days of exposure and then to 61% after 14 days 
of exposure, while the inhibition efficiency of [Y(mbp)3.H2O] only 
decreased gradually to 79% after 7 days and to 76% after 14 days. These 
changes can be further inferred from Fig. 4 that clearly shows a signif
icant and sudden decrease in inhibition efficiency after 24 h of exposure 
in the presence of La(4OHcin)3⋅5H2O while only a gradual decrease in 
inhibition efficiency after 24 h of exposure in the presence of [Y(mbp)3. 
H2O].

The decline in the inhibition efficiency of the inhibitors over 
extended immersion time shown in Fig. 4 and Table 1 could be attrib
utable to a number of factors. For instance, inhibitor could loss effi
ciency due to the desorption of weakly adsorbed inhibitor species from 
the steel surface or due to surface film breakdown over time. Peng et al. 
[44] demonstrated time-dependent loss of the active species of La 
(4OHcin)₃ from steel surface (more than that of [Y(mbp)₃]). Nam et al. 
[45] reported hydroxycinnamate-based inhibitor film degradation or 
breakdown, leading to the formation of porous or thinner films which 
are less effective at inhibiting corrosion. Nevertheless, under the 
aggressive waterline corrosion condition, a more likely reason for the 
observed decline in the inhibition efficiency is competitions between 
corrosion products such as iron oxides and hydroxides and adsorbed 
inhibitors or inhibitor films because corrosion products formed on steel 
surface can physically displace the inhibitors.

However, it should be noted that, total anodic current data in Table 1
only provide an estimation of overall/general corrosion that occurred on 
the electrode array. Since waterline corrosion is a type of serious 
localised corrosion, it is important to assess the effects of inhibitors on 
localised corrosion using data from local areas. Fig. 5 shows corrosion 
rate maps obtained from the electrode array after 14 days of exposure to 
the control solution and solutions containing La(4OHcin)3⋅5H2O and [Y 
(mbp)3.H2O]. As the common scale bar is too large and the local 
corrosion rate in the presence of [Y(mbp)3.H2O] is low, details of Fig. 5c 
are not clear. Therefore, the scale bar was enlarged and that corrosion 
rate map was redrawn under a new scale bar as shown in Fig. 5d After 14 
days of exposure, significantly different localised corrosion behaviour is 
clear by comparing corrosion rates from electrode arrays exposed to the 
control solution, and solutions containing La(4OHcin)3⋅5H2O and [Y 
(mbp)3.H2O]. In solution containing La(4OHcin)3⋅5H2O, major localised 
corrosion occurred at a concentrated anodes at waterline area and the 
corrosion rate of that area is around 1.375 mm/y. Bottom area of the 
probe which exposed to the control solution experienced a corrosion 
rate around 0.3438 mm/y. However, the highest localised corrosion rate 
in the presence of [Y(mbp)3.H2O] is 0.1450 mm/y. Those values also 
prove that [Y(mbp)3.H2O] is the most efficient inhibitor for this local
ised system compared to La(4OHcin)3⋅5H2O. To further verify the dif
ferences in localised corrosion behaviour, accumulated corrosion depth 
maps are produced using in-situ current maps of the type shown in 
Figs. 1–3 by summing up corrosion losses occurred over the 14 days 
exposure period, and are presented in Fig. 6.

As shown in Fig. 6, the corrosion depth on the electrode array 

Table 1 
Total anodic current and inhibition efficiency after exposing to different solu
tions for various perdis of time.

Exposure 
time

Control 
solution 
(3.5 wt% 
NaCl)

Solution containing La 
(4OHcin)3⋅5H2O

Solution containing [Y 
(mbp)3.H2O]

Total 
anodic 
current 
(nA)

Total 
anodic 
current 
(nA)

Inhibition 
efficiency 
(%)

Total 
anodic 
current 
(nA)

Inhibition 
efficiency 
(%)

1 h 84,430.2 6577.4 92 6968.1 92
6 h 80,744.9 7540.0 91 7358.9 91
12 h 67,909.5 7977.4 88 8858.9 87
24 h 66,609.1 19,056.6 71 9356.4 86
7 days 48,419.0 18,546.6 62 10,197.6 79
14 days 49,724.3 19,574.7 61 12,010.1 76

Fig. 4. Inhibition efficiency vs exposure time for solutions containing La 
(4OHcin)3⋅5H2O (blue curve) and [Y(mbp)3.H2O] (green curve).
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exposed to the control solution is rather generally uniform around the 
area below the waterline and the average depth value is around 6 µm 
after 14 days of exposure. However, for the electrode array exposed to 
the solution containig La(4OHcin)3⋅5H2O, there is a significant localised 
damage at the waterline and corrosion depth value at those areas is 

around 21.6 µm after 14 days of exposure. Clearly, corrosion damage at 
waterline area was not mitigated by La(4OHcin)3⋅5H2O, while the area 
below the waterline experienced less corrosion damage in the presence 
of La(4OHcin)3⋅5H2O compared to that in the control solution. In the 
presence of [Y(mbp)3.H2O],The accumulated corrosion depth is less 

Fig. 5. Corrosion rate maps from the electrode array exposed for 14 days to (a) control solution (3.5 wt% NaCl), (b) solution containing 1 mmol/l La(4OHcin)3⋅5H2O 
in NaCl, and (c) solution containing 1 mmol/l [Y(mbp)3.H2O] in NaCl. Note that a common scale bar used to produce these maps. (d) Detailed corrosion rate map 
from the electrode array exposed for 14 days to the solution containing 1 mmol/l [Y(mbp)3.H2O]. Note that an individual scale bar (expanded scale bar) is used here 
because current map in (c) doesn’t show much details as the range of common scale bar is too large.

Fig. 6. Accumulated corrosion depth maps obtained from electrode array which was exposed to the control solution (3.5 wt% NaCl), solution containing 1 mmol/l of 
La(4OHcin)3⋅5H2O, and solution containing 1 mmol/l of [Y(mbp)3.H2O] for 14 days.
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Fig. 7. Local representative Nyquist plots and fittings measured from typical areas of the probe surface; and EIS distribution maps that are drawn using the film 
resistance values of the fitted graph at each electrode; and the equivelant circuit model used to fit EIS data; and photographs of the electrode array after 14 days of 
exposure to solutions containing La(4OHcin)3⋅5H2O and [Y(mbp)3.H2O].
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than 2.70 µm in almost all areas exposed to the solution except a small 
area at the middle of the elctrode array which shows a corrosion depth 
around 5.40 µm (as shown in light blue colour). These results clearly 
show that [Y(mbp)3.H2O] has an ability to inhibit localised corrosion at 
waterline.

3.3. Local electrochemical measurements for understanding localised 
corrosion inhibition

The next question is why and how these REM inhibitors inhibit 
waterline corrosion with different behaviour and performances. 
Although current distribution maps in Figs. 1–3, and corrosion rates and 
accumulated corrosion depth maps in Figs. 5–6 clearly show different 
galvanic current distributions over the probe surface in different solu
tions, resulting in different corrosion patterns, they do not provide an 
explaination for such differences. It is important to understand mecha
nisms leading to such differences and to identify features of effective 
localised corrosion inhibitor. This knowledge would be useful for further 
discovery and development of new and more effective inhibitors.

In this regard, local EIS measurements were performed at different 

individual electrodes under the waterline, as shown in Fig. 7, to explore 
impedance changes due to inhibitor film formation. Six typical Nyquist 
plots were taken from representative areas of the probe surfaces after 14 
days of exposure to solutions containing La(4OHcin)3⋅5H2O and [Y 
(mbp)3.H2O]. As shown in Fig. 7, the equivelant circuit model which 
was used to fit EIS data contains solution resistance (Rs); resistance of 
the inhibitor film (Rf); CPEf is the constant phase element (CPE) rep
resents the capacitance of the inhibitor film; charge transfer resistance 
(Rct) and double layer capacitance (CPEd). Fitted EIS parameters are 
presented as supplementary materials (Supplementary Table 1). 
Although the Nyquist plots show nonideal impedace behaviour, it is 
clear that electrodes exposed in La(4OHcin)3⋅5H2O show large imped
ance values, while electrodes in [Y(mbp)3.H2O] show both high and low 
impedance areas. Local Rs values across the whole probe were analised 
by fitting graphs using the equivelant circuit model shown in Fig. 7. It is 
clear in the maps that the film formed by La(4OHcin)3⋅5H2O has huge 
resistance at all the local electrodes except the area just below the 
waterline where the concentrated corrosion anode was formed and a 
surface film was not present. However, the film formed by [Y(mbp)3. 
H2O] has both high impedance and low imedpance areas with several 

Fig. 8. Impedance modulus and phase angle plots obtained from several locations of the electrode array which was exposed to solution containing 1 mmol/l of La 
(4OHcin)3⋅5H2O, and solution containing 1 mmol/l of [Y(mbp)3.H2O] for 14 days.
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weak points with lower impedance and those points are randomly des
tributed across the electrode array surface. These results suggest that the 
film formed by [Y(mbp)3.H2O] has a special feature: it has a nonuniform 
structure with some low impedance cavities in the film that allow the 
formation of random anodic sites. The existence of these anodes avoided 
the formation of dominating anodes, and therefore prevent major 
localised corrosion. This characteristic is similar to an inhibitor reported 
in a previous study that shows Resorcinarene acid inhibited localised 
CO2 corrosion of steel which exposed to CO2 saturated brine solution by 
forming randomly distributed minor anodes [43].

Fig. 8 shows the impedance modulus and phase angle plots obtained 
from the several locations of the electrode array after 14 days of expo
sure to La(4OHcin)3⋅5H2O and [Y(mbp)3.H2O]. In the presence of La 
(4OHcin)3⋅5H2O, the impedance of electrode #32 at low frequency 
range shows significant lower value compared to electrode #68 and 
#25. This could be an indication of higher corrosion at that location 
which agrees with the corrosion rate and corrosion depth maps (Figs. 5 
and 6). Further, in the presence of [Y(mbp)3.H2O], the impedance 
shown by electrode #17 and #93 at lower frequency are lower than the 
impedance shown by electrode #66. Therefore, the corrosion rates at 
electrodes #17 and #93 are higher than the corrosion rate at electrode 
#66. Impedance values at each electrode gradually decrease and 
become relatively stable at the high frequency range. Phase angle of 
each local electrode increased at low frequency range, reached the 
highest value at middle frequency range and decreased at high fre
quency range. At highest frequency range (104 – 105 Hz), phase angle 
shows slight increase at all electrodes except electrode #32.

Morphology of the film formed in the solution containing La 

(4OHcin)3⋅5H2O looks similar to the passive film formed in an alkaline 
solution (Evans solution, pH~11) reported previously [2,46]. In Evans 
solution, localised corrosion occurs at the area where passivity break
down occurs (at the waterline) while other areas covered by the passive 
layer behave as active cathodic areas, leading to serious localised 
corrosion penetration [10,46]. Similarly, La(4OHcin)3⋅5H2O converts 
the bottom area of the electrode array into cathodes with low current 
values (see Fig. 2) and therefore other anodes are unable to co-exist 
except the dominating anodes that terminates all other anodes, a phe
nomenon similar to those reported in reference [9].

One of main features of significant localised corrosion such as in 
Evans solution is large potential difference between anodic and cathodic 
sites. According to the literature, the potential difference between major 
anodes and major cathodes in Evans solution can be up to 600 mV [9,
46]. To check the potential differences between anodes and cathodes in 
the presence of each inhibitor, local potential distribution maps were 
measured as shown in Fig. 9. The potential difference between major 
anode and cathode in the presence of La(4OHcin)3⋅5H2O is 280 mV, 
whereas [Y(mbp)3.H2O] shows 144 mV potential difference. So, the 
potential difference in the presence of La(4OHcin)3⋅5H2O is about two 
times higher than the potential difference in the presence of [Y(mbp)3. 
H2O]. These results explain why the galvanic activities were so strong in 
the La(4OHcin)3⋅5H2O containg solution, leading to very high localised 
corrosion rates shown in Fig. 5 and significant local corrosion damages 
shown in Fig. 6.

Further, local polarisation measurements are conducted to evaluate 
local electrochemistry with the presence of these inhibitors and to 
identify differences in the behaviour of REM carboxylates in inhibiting 

Fig. 9. Local potential distribution maps for the electrod array exposed to the solutions containing La(4OHcin)3⋅5H2O and [Y(mbp)3.H2O].
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waterline corrosion that could be related to the formation of surface 
films with different characteristics. As shown in Fig. 10 for cathode #6, 
cathodic kinetics in the presence of an inhibitor are lower compared to 
those in the control solution. Note that the location of the electrodes 
where local polarisation measurements are carried out previously indi
cated by green arrows in Fig. 7. Lowest cathodic kinetics are shown in 
the presence of [Y(mbp)3.H2O]. So, it is clear that both of the inhibitors 
can reduce cathodic kinetics at cathodes. For anode #32, the anodic 
kinetics are a bit higher in the presence of La(4OHcin)3⋅5H2O than that 
of the control solution. This is the location where the concentrated 
anode is formed by La(4OHcin)3⋅5H2O. So, it is clear that La 
(4OHcin)3⋅5H2O is unable to mitigate corrosion at this local area. 
However, anodic kinatics are lower in the presence of [Y(mbp)3.H2O] 
compared to the control solution indicating that this inhibitor mitigates 
the corrosion at this location. For anode #25, anodic kinetics are 
redused in the presence of both inhibitors compared to the control so
lution. At this location, film resistance is large in the presence of each 
inhibitor. For anode #19, anodic kinatics in the presence of La 
(4OHcin)3⋅5H2O is the lowest. Anodic kinetics in the presence of [Y 
(mbp)3.H2O] at this location is lower compared to the control solution. 
However, that is not a large reduction compared to anode #25. Please 
note that [Y(mbp)3.H2O] formed a weak point with lower film resistance 
at this location (anode #19). Extracted Tafel extrapolation data, 
including Icorr, Ecorr, Ba, and Bc are pesented as supplementary materials 
(Supplementary Table 2).

The intense anodic sites detected in the galvanic current maps when 

La(4OHcin)₃⋅5H₂O is used as inhibitor are most likely due to localised 
breakdown of corrosion inhibitor films at local anodic sites where sig
nificant amount of corrosion products such as iron oxides and hydrox
ides formed under the aggressive waterline corrosion condition. 
Corrosion products formed on steel surface can physically displace the 
adsorbed inhibitors or inhibitor films. Another factor is the local acidi
fication at these anodic sites. Lanthanum and ferric ions can hydrolyse in 
aqueous solution (La³⁺ + 3H₂O → La(OH)₃ + 3H⁺; Fe³⁺ + 3H₂O → Fe 
(OH)₃ + 3H⁺), generating localised acidity and creating an active anodic 
corrosion environment that promotes Fe dissolution. This is consistent 
with the results reported by Seter et al. [47] who showed that La³⁺ hy
drolysis enhances local acidification, which could explain the break
down of passive films and the intense anodic activity at anodic areas. 
Furthermore, the pH-dependent speciation of La(4OHcin)₃ has been 
shown to influence its inhibition mechanism. At low pH, the complex 
dissociates into [LaCl₄]⁻ and cinnamate, leading to mixed or predomi
nantly cathodic inhibition, while at neutral to alkaline pH, more com
plex species like [LaL₄]⁻ become prevalent, which are associated with 
anodic inhibition [47]. In contrast, the [Y(mbp)₃⋅H₂O] complex appears 
to form a more stable and continuous surface film, likely facilitated by 
stronger interactions between the methoxybenzoyl ligands and the steel 
oxide/hydroxide surface. The mbp ligands lack redox-active phenolic 
groups, reducing the likelihood of film disruption. The result is a more 
uniform inhibition effect across the steel surface as reflected in both the 
galvanic current maps, local EIS, and local polarisation measurement, 
although the film has lower impedance and has ‘weak’ areas allowing 

Fig. 10. Local polarisation curves on cathode #6, anode #32 where the concentrated anode located in the presence of La(4OHcin)3⋅5H2O, anode #25 where La 
(4OHcin)3⋅5H2O forms a film with large resistance, and anode #19 where [Y(mbp)3.H2O] forms a weak point with relatively low resistance on its’ protective layer. 
For the position of the elctrodes on the electrode array, please refer to the green numbers in Fig. 7.
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minor anodes to form.
To understand the composition of deposits formed by each inibitor, 

FTIR was conducted. Fig. 11a shows the FTIR spectrum obtained from 
rust without any inhibitor. It clearly shows peaks corresponds to 
γ-FeOOH. Fig. 11b shows the spectra obtained from the deposit in the 
presence of La(4OHcin)3⋅5H2O in blue colour and in the presence of [Y 
(mbp)3.H2O] in green colour. It is an evidence for the formation of 
protective layers by these two inhibitors. These protective layers should 
be the reason for decreasing corrosion rates compared to control solu
tion. Table 2 summarises the analysis of the each peak in three spectra. 

To obtain these results, whole deposit on the probe was removed and 
FTIR was conducted using those powders.

According to Table 2, rust formed on the electrode array surface 
exposed to the control solution (without any inhibitor) shows peaks at 
742, 879, 1020 cm-1 corresponding to different types of iron hydroxide 
and a broad peak at approximately 3000 cm-1 which is corresponding to 
OH in water and metal oxyhydroxide [48]. The deposit formed in the 
solution containing La(4OHcin)3⋅5H2O also shows peaks corresponding 
to iron hydroxides. Further, three peaks are observed which are corre
sponding to COO and C = C, displaying strong absorption bands at 1375, 

Fig. 11. FTIR spectrum obtained from (a) rust without any inhibitor and (b) the deposit in the presence of La(4OHcin)3⋅5H2O and in the presence of [Y(mbp)3.H2O] 
in blue and green colour, respectively.
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1470 and 1631 cm-1. The deposit formed in the solution containing [Y 
(mbp)3.H2O] shows peaks corresponding to iron hydroxide, however 
those bands are remarkebly weak compared to rust sample without any 
inhibitor and rust sample with La(4OHcin)3⋅5H2O which is another 
evidance for low corrosion in the presence of [Y(mbp)3.H2O]. Further, 
bands correspond to COO and C = O occur at 1371, 1500 and 1654 cm-1 

respectively in the presence of [Y(mbp)3.H2O]. So, in summary, all three 
samples show peaks corresponding to iron hydroxide and OH. In the 
presence of inhibitors, there are peaks corresponding to COO. Main 
difference in spectra of two inhibitors is La(4OHcin)3⋅5H2O shows a 
peak corresponding to C = C while [Y(mbp)3.H2O] shows a peak cor
responding to C = O. The shift of the C = O of the [Y(mbp)3.H2O] from 
that of the neat compound (wavenumber is 1678 cm-1 [41]) strongly 
suggests an interaction of the carbonyl group with Fe in the film. 
Similarly, these results suggest that there is an interaction between C = C 
of La(4OHcin)3⋅5H2O with Fe (wavenumber corresponds to C = C of 
neat compound is 1631 cm-1 [48]). Overall, IR suggests that these two 
inhbitors form Fe/carboxylate/Y (by [Y(mbp)3.H2O]) and Fe/carbox
ylate/La (by La(4OHcin)3⋅5H2O) bimetallic film to inhibit corrosion 
which agrees with literature [28]. To obtain site-specific information, 
FTIR was performed on the deposits acquired from local anodic and 
cathodic sites of the probe which is exposed to each inhibitor as shown 
in Fig. 12.

As shown in Fig. 12, spectra obtained from the deposits on cathodic 

sites in the presence of each inhibitor show significant differences 
compared to that from anodic sites. First difference is the peaks corre
sponding to corrosion products (rust) are weak compared to those from 
anodic sites. This is an indication that rust is deposited on anodic sites 
only. Further, in the spectra from cathodic sites, there is a broad band at 
around 3000 cm-1 which attributes to OH vibration. This could be due to 
La(OH)3 in the presence of La(4OHcin)3⋅5H2O and Y(OH)3 in the pres
ence of [Y(mbp)3.H2O]. These REM hydroxide precipitate can act as a 
physical barrier to oxygen penetration at cathodic sites. This may be the 
reason for reduction in cathodic kinetics in the presence of each inhib
itor compared to control solution as shown in local polarisation curves in 
Fig. 3. This agrees with the literature. According to a mechanism pro
posed by Forsyth et al., a protective film is formed over the cathodic site 
by precipitation of REM ions as REM hydroxide and this was supported 
by surface analytical technics such as SEM-EDS and ATR-FTIR [28]. 
Jichavo et al. also showed that REM inhibitors mitigate corrosion by 
hydroxide precipitation due to a pH increase at local cathodic areas 
where the oxygen reduction reaction occurs [35]. There are also sharp 
peaks at about 3000 cm-1 in the spectra acquired from anodic sites but 
these peaks can be attributed to OH in water (as anodic sites are in 
contact with water) and hydroxyl groups from iron oxyhydroxide 
compound.

If we consider the FTIR spectra obtained from anodic sites in the 
presence of each inhibitor as shown in Fig. 12, there are sharp peaks 
correspond to COO vibrations around 1370 cm-1 in the presence of each 
inhibitor. Further, La(4OHcin)3⋅5H2O shows a peak corresponding to C 
= C while [Y(mbp)3.H2O] shows a peak corresponding to C = O in the 
specra obtained from anodic sites and these are strong peaks compared 
to those in the spectra obtained from cathodic sites. This indicates that 
each inhibitor involves in the film formation on the anodic sites. Further, 
the shifts of COO (wavenumbers correspond to symmetric and asymetric 
COO of neat compound are 1399 and 1557 cm-1 respectively [41]) and C 
= O from the neat compound suggest interactions of COO and C = O 
with Fe in the film in the presence of [Y(mbp)3.H2O]. Similarly, there 
can be interactions of COO (wavenumbers correspond to symmetric and 
asymetric COO of neat compound are 1392 and 1509 cm-1 respectively 
[48]) and C = C with Fe in the film in the presence of La 
(4OHcin)3⋅5H2O. Based on comparisons of corroded steel surfaces to 
model compounds, speciation studies and surface analytical techniques 
such as SEM-EDS and ATR-FTIR, Forsyth et al. [28] proposed that REM 
carboxylate compounds bind to a steel surface by forming a bimetallic 
Fe-carboxylate-REM complex film over the anodic sites and hence 
reduce the iron dissolution (Fe(s) → Fe2+

(aq) + 2e). According to the studies 
done by Somers et al., Peng et al. and Seter et al., it was believed that the 

Table 2 
Analysis of each peak of the FTIR spectra obtained from three different deposits.

Rust without 
inhibitor / cm-1

Rust with La 
(4OHcin)3⋅5H2O / cm-1

Rust with [Y 
(mbp)3.H2O] / 
cm-1

Feroxyhyte 
(γ′-FeOOH)

​ 677 640

Lepidocrocite 
(γ-FeOOH)

742 736 ​

Feroxyhyte ​ 829 ​
Feroxyhyte 879 869 850
Lepidocrocite 1020 995 ​
Feroxyhyte ​ 1099 1070
Lepidocrocite 1159 1172 ​
COO 

symmetrical
​ 1375 1371

COO 
asymmetrical

​ 1470 1500

C = C ​ 1618 ​
C = O ​ ​ 1654
OH in water 2844 3321 3288

Fig. 12. FTIR spectrum obtained on the deposit acquired from local anodic and cathodic sites of the electrode array which exposed to solutions containing (a) La 
(4OHcin)3⋅5H2O and (b) [Y(mbp)3.H2O].
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REM plays a major role in the speciation of REM carboxylate complexes 
in the solution and affects the formation of an effective and stable 
bimetallic surface film [42,49,50].

According to the local EIS distribution maps shown in Fig. 7, it is 
clear that the protective film formed by these two inhibitors are different 
which in turn lead to difference in inhibition behaviour and perfor
mance by these two inhibitors. In the presence of La(4OHcin)3⋅5H2O, a 
protective film with high impedance is formed over the bottom part of 
the electrode array while a film with low impedance is formed at the 
concentrated anode near the waterline according to EIS destribution 
map. However, there is not any significant difference of the FTIR spectra 
obtained from these two locations as the composition of the films at 
these two locations are similar as shown in Fig. 12. Furthermore, [Y 
(mbp)3.H2O] forms a protective layer with some weak points with low 
impedance while the impedance of the film at other areas are high ac
cording to EIS destribution map shown in Fig. 7. However, the FTIR 
spectra obtained from these two locations do not show significant dif
ference as shown in Fig. 12, indicating that the composition of the film at 
these two locations are similar. Further investigations are required to 
reveal the reasons caused for the deference in protective film at different 
locations formed by each inhibitor because that is directly related to the 
difference in inhibition performance of these two REM carboxylate 
inhibitors.

In summary, the most significant and clear difference between these 
two inhibitors is that the film formed in [Y(mbp)3.H2O] is non- 
homogenuos as there are weak points with low impedance in this film 
which allow to form minor anodes over the surface and that is the reason 
for [Y(mbp)3.H2O] to be an efficient inhibitor for localised corrosion. 
This suggests that effective localised corrosion inhibitor should be 
sourced from chemicals that possess the ability not only to reduce the 
overall corrosion currents, but also the ability to avoid the formation of 
major local anodes by generating large number of minor anodes 
randomly distributing over the steel surface, leading to insignificant 
general corrosion. Local impedance maps such as those shown in Fig. 7
could be used as a tool to discover new and effective localised corrosion 
inhibitors.

This study provides direct evidences that effective and environ
mentally friendly localised corrosion inhibitor could be found by 
exploring and understanding the local electrochemical behaviour of 
corrosion inhibitors using complementary in-situ monitoring of galvanic 
currents and site-specific localised polarisation and EIS measurements. It 
also shows that two structurally distinct rare-earth organic complexes, 
La(4OHcin)₃⋅5H₂O and [Y(mbp)₃⋅H₂O], behave very differently in 
localised corrosion inhibition although both of them perform well in 
inhibiting general corrosion. This study has clear implications for real- 
world corrosion control strategies, particularly in scenarios where 
localised corroison is the dominant degradation problem such as steel 
structures in marine atmospheres or cooling water systems, in pipelines, 
tanks, offshore platforms. In this context, the [Y(mbp)₃⋅H₂O] complex 
demonstrates good long-term inhibition performance, suggesting its 
potential for use in coating additives, in corrosion-inhibiting surface 
treatment solutions, or in circulating water systems for corrosion con
trol. Additionally, it shows that the methodology employed here can 
serve as a screening tool for discovering more effective and durable 
corrosion inhibition technologies.

4. Conclusions

This study investigated the effectiveness of two different rare earth 
metal (REM) inhibitors in mitigating waterline corrosion through local 
electrochemical measurement using an electrode array. The impact of 
the two inhibitors on corrosion behaviour was assessed by analysing 
time-lapse local current distributions at the waterline over an extended 
period of time. La(4OHcin)3⋅5H2O which effectively inhibit general 
corrosion was found to exacerbate localised corrosion at the waterline 
by generating pronounced anodic sites with high current densities. This 

effect not only intensified corrosion but also led to highly uneven metal 
degradation, making it unsuitable as a corrosion mitigation strategy. In 
contrast, [Y(mbp)3.H2O] demonstrated effective localised corrosion 
mitigation by promoting a more general corrosion pattern across the 
metal surface. [Y(mbp)3.H2O] was able to suppress the formation of 
discrete and dominating anodic sites, thereby limiting localised damage 
and enhancing the overall inhibition efficiency. The most significant and 
clear difference between these two inhibitors is that the film formed in 
[Y(mbp)3.H2O] is non-homogenuos as there are weak points with low 
impedance in this film which allow to form minor anodes over the 
surface and that is the reason for [Y(mbp)3.H2O] to be an efficient in
hibitor for localised corrosion. This work also demonstrates a new 
approach to discovering localised corrosion inhibitors through local 
electrochemical measurements using electrode arrays.
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