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ABSTRACT

The current research presents results following corrosion tests, performed on combined anodic alumina/cerium
conversion coatings (41,0 /CeCC), thermally sealed for 15 min at 100°C either in boiling water or in hot-air medium.
The coatings were formed on AA2024-T3 aircraft alloy substrates, at the optimum conditions of anodization and
cerium conversion coating deposition, described in previous works. Prior to the corrosion tests, both the color
characteristics and wetting ability of the combined films were evaluated. The corrosion protective properties of
the sealed films were assessed by means of Electrochemical Impedance Spectroscopy (EILS) and Potentiodynamic
Polarization (PDP). The measurements were performed after 672 hours of exposure to a 5 % NaCl model corrosive
medium (MCM). Additional long term (up to 1344 hours of exposure) durability tests were then performed under
the same conditions for the samples and superior performance was established. The electrochemical measurements
were conducted regularly, once a week. Low- and high-resolution Scanning Electron Microscopy (SEM) studies
were performed on selected samples. The experimental results have shown that the sealing procedure in an aqueous
environment enhances the corrosion protective ability and durability of the coating, probably due to formation of
a hydrate layers, that suppresses the access of corrosive species to the surface of the substrate. This inference was
additionally confirmed by the subsequent chemical analysis by means of X-Ray Photoelectron Spectroscopy (XPS). The
results acquired have also shown that the incorporated Ce is predominantly in the form of Ce(IV)-oxides/hydroxides
and after the thermal treatment almost entirely consists of cerium.
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resistance.
INTRODUCTION compounds can be successfully used as coating primer
components [2 - 6]. The superior efficiency in inhibiting
There is strong evidence in recent years that corrosion, as mentioned in these statements, has sparked
lanthanides can be successfully used as cathodic extensive research into the application of various cerium
corrosion inhibitors for the protection of highly-doped compounds as corrosion inhibitors [7 - 22] and coating
aluminum alloys and also that cerium compounds are components [23 - 30].
the most effective among them [1]. Besides, these On the other hand, anodization is an established
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and efficient method used for the electrochemical
formation of oxide layers on aluminum [31 - 33], copper
[34], zinc [35, 36], titanium, [37, 38] and other valve
metals [39, 40]. Indeed, it was recently shown that the
combination of formation of cerium conversion coatings
with anodization enables the successful formation of
combined AL,O,/CeCC coating primers [41]. The final
sealing of the already formed anodized films, also
contributes to the extension of the durability of the
coating primer [42, 43].

The aim of the present research is to analyze the
effect of the final thermal treatment of these combined
layers on their corrosion protective ability after 672
hours of exposure to a 5 % NaCl model corrosive
medium (MCM). Further, the samples showing
superior performance in the MCM were submitted to
long-term tests (up to 1344 hours) in order to evaluate
their durability. Both these characteristics (corrosion
protective ability and durability) were evaluated by
two analytical electrochemical techniques, namely
Electrochemical Impedance Spectroscopy (EIS) and
Potentiodynamic Polarization (PDP).

Further analyses were performed in order to evaluate
the film’s properties (color and wettability) and topology,
by SEM and XPS methods.

EXPERIMENTAL

Sample preparation and treatment

Twelve samples cut from the AA2024-T3 aircraft
alloy were subjected to three subsequent coating
procedures in order to acquire identical Al,0,/CeCC
double-layer coatings with similar features to those
described in an earlier work [41]. The coating procedures
and the respective conditions are shown in Table 1.

Table 1. Procedure for initial sample preparation.

| AA2024-T3 aircraft alloy

() PRELIMINARY SUBSTRATE TREATMEMNT
N7

(] AaoFORMATION BY ANODIZATION
E

CERIUM CONVERSION COATING deposition

THERMAL SELING O THERMAL SELING ]

IN BOILING WATER IN HOT AIR

Fig. 1. Ilustration of the sample treatment procedures
sequence.

After carrying out all of the above-described
treatments, the coated AA2024-T3 specimens were
divided into three groups of four samples each, in order
to be subjected to different final sealing procedures.
Hence, the specimens have undergone different final
sealings, forming three groups, enabling systematic
comparative research activities. The sequence of the
sample treatment steps is illustrated in Fig 1.

The sealing conditions and the sample group codes
are shown in Table 2.

Coating characterization techniques
Color characteristics

The color parameters of all samples were recorded
using a Lovibond tintometer (UK). Two measurements
were performed at different sites on the surface of each
sample. The purpose was to determine the repeatability
between each two results, acquired from one and the
same sample, in order to detect any variation. The

Type of treatment Solution composition Duration Temperature Additional note
50 g dm™ NaOH 2 min 50°C
Preliminary treatment HNO,:H0, 1:1 2 min Room
Double-distilled water 1 min Room
Anodization 15 wt.% H,SO, 50 min 20°C 15 mA cm™
Ce-conversion 0.025 M CeCl,
coating deposition 0.025 M (NH,),Ce(NO,), 5 min 50°C
10 cm® dm™ 30 % H,0,
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Table 2. Conditions for sealing of the coatings.

Sample group | Coating sealing

G1-Ref No sealing

G,-BW 15 min in boiling distilled water
G,-HA 15 min in ambient air at 100 + 2°C

data were acquired in the widely used CIE L*, a*, b*
three-coordinate color system [41, 44] and were further
statistically evaluated.

Contact angle measurements

The respective contact angle measurements were
performed using a Theta Lite high precision optical
device, produced by Biolin Scientific (UK), coupled
with specialized “One attention” software (Finland).
The constant volume of the drops was ensured using
a “Gastight 1001 precise screw syringe, product of
Hamilton Co. (USA).

Comparative assessment of the corrosion protective
properties

Electrochemical assessments of the films were
performed on three samples of each group. The
measurements were carried out after 672 hours of
exposure to a 5 % NaCl solution, in three-electrode
electrochemical cells, with a volume of 100 ml. The
conventional electrochemical analytical techniques used
were Electrochemical Impedance Spectroscopy (EIS)
and Potentiodynamic polarization (PDP).

The EIS spectra acquisitions were performed on
an Autolab 30 PG-stat, equipped with a Frequency
Response Analyzer FRA-2 module. All measurements
were performed against an Ag/AgCl/3M KCl reference
electrode, positioned 10 mm above the corrosion
test areas (CTA, 1 cm?) of the specimens. The input
excitation signals were introduced to the electrochemical
cells by a cylindrical platinum mesh mounted around the
reference electrode.

The PDP curves were acquired in the potential range
from -50 to +500 mV versus a reference electrode, with
a potential sweep of 10 mV s, The samples found to
have superior performance were subjected to extensive
durability testing. This testing consisted of exposure to
the above mentioned 5 % NaCl model corrosive medium
for durations of up to 1344 hours, combined with regular

(once a week) electrochemical assessments by means
of EIS and PDP.

Topological observations

The surfaces of the specimens were observed using
a scanning electron microscope (SEM), model JEOL
JSM 6390. The images were acquired under conditions
of'secondary electron (SE) image acquisition, where the
applied voltage was 120 kV, I ~ 100 pA.

Compositional analysis

The composition and electronic structure of the
films were investigated by means of X-ray photoelectron
spectroscopy (XPS). The measurements were carried
out on an AXIS Supra electron-spectrometer (Kratos
Analytical Ltd.), using achromatic AlKa radiation with
a photon energy of 1486.6 eV. The energy calibration
was performed by normalizing the Cls adsorption line
of hydrocarbons to 284.6 eV. The binding energies
(BE) were determined with an accuracy of +0.1 eV. The
changes in the composition of the films in depth were
determined by monitoring areas of local photoelectron
peaks at the binding energies of Cls, Ols, Ce3d,
Al2p. Using the commercial data-processing software
of Kratos Analytical Ltd., the concentrations of the
different chemical elements (in at. %) were calculated
by normalizing the areas of the photoelectron peaks to
their relative sensitivity factors.

RESULTS AND DISCUSSION

Initial surface characterizations

Prior to investigating the chemical composition of
the sealed Al,O,/CeCC coatings and their performance in
the model corrosive medium, the samples were submitted
to initial characterizations. These included colorimetric
measurements and wetting tests. The acquired data
underwent statistical treatment in order to obtain the
respective confidential ranges of the measured values.
The statistical data treatment approach is well-described
and illustrated in previous works [41, 44, 45]. In order to
collect sufficient data, each measurement was performed
twice, so that eight results were acquired for each set of
samples. Further, the results were statistically treated,
assuming a Student s criterion of t=5.041, corresponding
to 8 measurements with a probability of P = 0.1 %. The
final statistical results are summarized in Table 3.
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Table 3. Final statistically acquired results by the colorimetric and wettability assessments.

Sample group L* b* 0,
G,-Ref 82.86 £ 0.04 -3.910 £ 0.020 4421 +0.01 39.40 £ 0.04
G,-BW 84.15+0.01 -5.361 £ 0.040 30.99 £ 0.04 14.52 +0.01
G,-HA 86.30 £0.20 -5.031 +0.009 28.96 £0.01 35.97 £0.03
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Fig. 2. EIS spectra, plotted in Nyquist (a) and in Bode (b) coordinates, acquired after 672 hours of exposure to a 5 % NaCl

model corrosive medium.

As it can be seen from Table 3, all samples are
relatively bright, with values of the parameter L*
above 82. Regarding the parameter a*, the samples
have a negligible greenish hue, probably due to traces
of CuO originating from the alloy composition. A
unique distinguishable alteration was observed for the
parameter b*, that decreased from above 44 to under 30
after the final thermal treatments. Indeed, the color of
the combined layer changes after the respective treating.

The measurements of the average contact angle (6, )
show that all the samples are definitively hydrophilic
(Table 3). This property is even further enhanced by
treating the samples in boiling distilled water (G,-BW).
This procedure undoubtedly causes a hydration of the
coated surface, converting it from hydrophilic to almost
super hydrophilic.

Comparative assessment of the corrosion protective
properties

This assessment was performed in the course of 672
hours of exposure to a 5 % NaCl model corrosive medium.
The acquired EIS spectra are illustrated in Fig. 2.

884

The Bode plots (Fig. 2(a)) reveal that both types of
samples (G,-BW and G,-HA), that underwent thermal
treatment differ from the referent one (G -Ref). The
observed differences are even more notable in the
Nyquist diagram (Fig. 2(a)). Unlike the references,
these samples demonstrate regular capacitive behavior.
This fact shows that the thermal treatments affect the
properties of the coatings and thus their performance in
the model corrosive medium.

Further, all acquired spectra were submitted to
quantitative analysis, through fitting to an appropriate
Model Equivalent Circuit (MEC), which is presented in
the inset of Fig. 2(a). In the present case, it is composed
of R, — resistance of the model corrosive medium;
C ano,/cecc - capacitance of the respective combined
layer, due to its insulation properties, R, , c.cc
- resistance of the electrolyte, entrapped inside the

coating’s pores and defects, C, = - capacitance of the

EDL
electric double layer, formed underneath the pores of the
oxide layer, R , - charge transfer resistance and CPE,

- a constant phase element, related to the diffusion of

corrosive species through the pores once they reach the
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Table 4. Data acquired from the electrochemical impedance spectra recorded after 672 hours of exposure of the investigated specimens.
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bottom of the oxide layer and its defects. The collected
data have been summarized in Table 4.

The highest R, ., values belong to the samples
treated in boiling water, most probably due to the
hydration processes proceeding along this treatment
procedure. Supplemental contribution is also possible by
thickening of the dense AAO sublayer under the pores
due to additional oxidation. This suggestion is confirmed
by the lowest values for the samples, treated in hot air.
The latter results in drying of the coating, including
removal of any crystal hydrate water. The lowest
C ano,/cecc Values belong to G,-BW, consequently this
layer possesses the highest capacitive reactance, again
caused by layer hydration. The same trend is notable
for the R, 5 cocc- The Cppy
significant deviations, and their values for G,-BW differ
from those of the rest of the sample sets by entire orders

and R reveal the most

of magnitude, corresponding to the highest capacitive
reactance and ohmic resistance, respectively. The
CPE o values of the samples treated in boiling water are
higher, revealing easier access of the corrosive species
to the metallic surface, probably due to a multitude of
defects, formed by the treatment in boiling water. The
exponential multiplier (n) of CPE i for both thermally
treated samples approaches unit (n — 1), meaning that
the CPE,, clement in both cases (G,-BW and G,-HA)
resembles a pure capacitor, unlike the referent combined
layers.

The potentiodynamic polarization (PDP) curves
reveal that after 672 hours of exposure of the samples to
the model corrosive medium, the reference samples (G -
Ref) and those treated in hot air (G,-HA) indicate clear
features of pitting corrosion, whereas those, submitted
to boiling water (G,-BW) reveal no traces of localized
corrosion. As evident from Fig. 3, the respective PDP
curves of G,-BW are smooth and almost horizontal,
suggesting complete passivation of the sample surface,
including the AAO layer defects reparation.

The potentiodynamic curves were subjected to
quantitative Tafel-slope analysis, in order to acquire
precise numerical values for the corrosion potential
(E,,,), for the pitting nucleation potential (Epn)’
the strength of pitting corrosion |E_ - Eph| and the
polarization resistance (Rp). The obtained data are
summarized in Table 5.

Here, it can be inferred that the strength of pitting

nucleation [E - E | in the case of the samples treated

r pit
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Fig. 3. Potentiodynamic polarization curves acquired
after 672 hours of exposure of the samples to the model
corrosive medium.

in hot air (G,-HA) is about twice as large as this of the
and E,
possess quite similar values. This discrepancy can be
explained assuming a simultaneous shiftof E.__and E

corr pit

reference specimens (G -Ref), although E

corr

in opposite directions (in other words, more negative
E,,. values correspond to more positive E  values).
Hence, the treatment in hot air (G,-HA) results in an
increase of the degree of pitting corrosion. Therefore,
the treatment in boiling water (G,-BW) appears to be
the preferable approach, since in this case no pitting

was detected.

Durability tests

The regular evaluations of the electrochemical
parameters have shown lack of notable decrease in
their values. Fig. 4 demonstrates excellent overlapping

spectra, recorded after 1344 hours of exposure of Sample
3 from the G,-BW group to the 5 % NaCl solution.

In order to complete the durability tests, all EIS
spectra were submitted to quantitative analyses, in
accordance to the MEC, illustrated in the inset of Fig.
2(a). The acquired results are summarized in Table 6.

The results in Table 6 confirm the conclusion
regarding the subtle variations between the spectra of
the combined AL,O,/CeCC coating primers sealed by
boiling in distilled water, recorded from the beginning
(after 24) to the end (after 1344 hours) of exposure
to the MCM. Both Fig. 3 and Table 6 show that these
samples keep their spectra unchanged during the entire
exposure period. The spectra almost completely overlap
and the MEC values in Table 6 remain in the same order
of magnitude.

The potentiodynamic polarization (PDP) curves,
shown in Fig. 5, confirm the assumptions about the
corresponding EIS spectra.

The PDP curves, shown in Fig. 5 were submitted
to further Tafel slope analysis (the data are presented in
Table 7), in order to acquire the values of the respective
corrosion potential (E

corr-

) and polarization resistance (R ).

The values of E__ reveal a shift in negative direction,
due to the penetration of corrosive species through the
defects of the hydrated in boiling water combined layer.
Thus, the components of the model corrosive medium
reach the metallic surface. The interaction of the MCM
species with the cathodic intermetallics underneath the
imperfections of the Al,O,/CeCC results in shifting
of E_  in negative direction. After a certain time (in
this case 672 hours of exposure), this shift decelerates

Table 5. Values of the electrochemical variables acquired from the 7afel-slope analysis.

Group Sample E_. [mV] Epit [mV] IE, .- Epit| [mV] Rp [MQ cm?]

S, -596 -475 121 1.38
G,-Ref S, -575 -443 132 2.05

S, -626 -501 125 1.12

S, -585 - - 2.55
G,-BW S, -590 - - 3.70

S, -627 - - 1.99

S, -675 -480 195 1.46
G,-HA S, -642 -420 222 1.28

S, -599 -450 194 1.79
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Table 7. Results of the Tafel slope analyses of the potentiodynamic polarization curves, acquired from the G,-BW sample
after extended exposure to a 5 % NaCl solution.

Parameter Time [hours]

24 168 336 504 672 840 1008 1176 | 1344
E_  [mV vs. Ag/AgCI/KCI] -450 -475 -575 -602 -627 -622 -621 -624 -628
R [MQ cm?] 0.92 1.43 3.18 1.88 1.99 1.70 2.51 3.09 1.68

20kV. X500

20kV X500 50pm

10 41 SEI

10 41 SEI

10 38 SEI 20kV X500  50pm

11 35 SEI

20kV  X5,000 5Spm 11 39 SEI

Fig. 6. Secondary electron images of SEM observations performed at low and high magnifications on the following samples:

a) G-Ref, b) G,-BW and ¢) G,-HA.

due to the covering of the respective anodic areas with
corrosion products, thereby suppressing the entire
COIrosion process.

The fluctuations of R are a consequence of the
continuous competition between pitting nucleation
and re-passivation underneath the ruptures, cracks and
other defects of the sealed coating. This assumption
is in agreement with the basic concepts regarding the
nature of pitting corrosion, described by Frankel [46] and
Sklarska-Smialowska [47]. Indeed, the multicomponent
composition of the highly-doped AA2024-T3 alloy
predetermines the appearance of local corrosion under
the defects of the coating [48 - 51]. Hence, although the
anodization results in copper depletion from the basic
alloy composition [52], the rest, less active alloying
elements probably remain on the alloy’s surface. This
assumption seems reasonable, keeping in mind the
multitude of intermetallic phases present in the alloy’s
composition [48, 53, 54]. The nucleation of local
corrosion under the defects of the combined coating is
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strongly suppressed by the boehmite, formed during the
treatment in boiling water, as proposed by Caubert et al.
[55]. Besides, supplemental suppression of the localized
corrosion appears due to the formation of Keggin type
(Al ,0,(OH),,(H,0),,)", (AlO,Al ,(OH),(H20), )™
polyhydroxychlorides during the extended exposure to
the 5 % NaCl model corrosive medium, as proposed in
previous works [56, 57].

Surface morphology

The surfaces of samples from the three investigated
sets were examined by means of Scanning Electron
Microscopy. The acquired images are presented in Fig. 6.

The low magnification images (Fig. 6, upper row)
show typical pits, formed during the preliminary alloy
treatment. Such pits have been observed in previous
investigations, as well [45]. The images of the sample,
treated in boiling water differ from those of the other
samples. The former ones have shown a reticulated
morphology, due to the multiple ruptures occurring
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Table 8. Surface compositional data, acquired by XPS analysis.

Grou Sample 0 N S Al Ce %
p P [at. %] [at. %] [at. %] [at. %] [at. %] Ce
S 70.6 1.1 2.0 23.1 07
G,-Ref ‘ Q4%
S, 62.1 1.4 25 298 09
S 702 - 1.1 275 02
G,-BW 1 95%
S, 66.7 - 12 30.6 02
S 714 0.9 - 216 09
G,-HA 1 93*
S, 653 1.1 - 26.1 1.1

*The respective percentages are represented as a part of the Ce(IV) compounds, relative to the total cerium content.

during the treatment in boiling water. The strongly
hydrated surface probably undergoes swelling when
brought in contact with the boiling water. Therefore, after
this treatment, the coating is subjected to considerable
mechanical stresses due to its subsequent shrinkage.

Compositional analysis

This analysis was performed by XPS on two
samples of each type. The acquired quantitative data
are presented in Table 8.

The data presented in Table 8 reveal that the
predominant components on the surfaces of all samples
are oxygen and aluminum. The maximum Al content
reaches almost 31 % in the case of the G -BW sample.
At the same time, the Al:O ratio is nearly 1:2. This is a
deviation from the expected ratio for Al,O,. These facts
reveal that in part the anodized oxide layer still remains
uncovered beneath the defects of the Ce-oxide/hydroxide
upper layer. The deviation of the oxygen content from
the expected is more a result of hydration of the layer
due to the use of aqueous solutions and electrolytes
than a result of other oxides. Indeed, the cerium amount
is quite low and does not contribute sufficiently to a
change in the total oxygen content. This inference is
further confirmed by the fact that the samples treated
in boiling water have a lower Al content, compared to
that of oxygen. In other words, the treatment in boiling
water leads to an abundance of oxygen in this layer, in
the form of both hydroxyl groups and adsorbed water.

The oxidation states of these elements were
submitted to further, more detailed analysis. For this
purpose, their spectra were subjected to deconvolution,
and the results are presented in Fig. 7.

The Al2p spectra show that both samples’ surfaces:
these of the reference samples (G -Ref) and of the ones
treated in boiling water (G,-BW) reveal occurrence of
metallic aluminum, indicated by the peaks at 72.9 eV
and 72.4 eV, respectively [57]. No traces of elemental A1°
were detected on the G,-HA samples. This fact suggests
that the exposure to hot air results in the complete
oxidation of the formed Al,0,/CeCC layer. The peaks,
at binding energies in the interval 73.4 - 73.9 eV for all
samples correspond to oxidized aluminum AI** [57 - 60].
The lower energy of these peaks, as well as the ratio of
their area to that of the pure AL O, in the Ols spectrum
at around 530.6 eV - 531.7 eV [61, 62] reveal oxygen
depletion around the AI** ions. Limited quantities of
boehmite probably occur on the surface of the combined
Al O,/CeCC film. Deconvolution of the acquired spectra
of samples G -Refand G,-HA has shown a third peak at
74.7 eV. Its occurrence is related to Al-hydroxides [63].
This peak was not observed in the case of the sample,
treated in hot water. The thermal treatment in boiling
water probably causes the removal of AI(OH),, due to
its low adhesion to the sample surface

The comparison of the areas of the Al2p peaks,
characteristic for AI(OH), to these of the deconvoluted
Ols spectrum at 532 - 532.9 eV (Fig. 6, Ols) again
reveals excess aluminum, compared to pure AI(OH).,.
The peaks in the interval 529.4 - 530.4 eV originate
from Ce-O bonds. The other peaks observed in the
deconvoluted Ols spectrum in the range 532.8 -
534.3 eV are related to oxygen, in the form of various
oxides, such as SiO,, sulphates, water and others.

The Ce3d spectra, shown in Fig. 8 are rather
complex since the peak is at a spin—orbit split into a
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Fig. 9. S2p and N1s spectra acquired from the specimens investigated.

doublet, where each doublet shows extra structures due
to final state effects [64, 65]. The principal (# and v)
labels, correspond to a spin-orbital pairs split, while the
superscripts denote the final state occupied. Up to ten
peaks can be distinguished in the spectra for the sample
with high ceria content [65, 66]. They arise from the two
oxidation states of cerium present in the films, namely
Ce* and Ce*".

The doublets labeled as (v and u™) are typical for
CeO, and result from a Ce3d°02p°Ce4f" final state. The
viand u™ peaks are the best distinguished characteristic
peaks that differentiate Ce*" from Ce**. When the Ce3d
line is detected in a sample with a low Ce content, it has
only four peaks because the Ce 4f° final state component
is lacking. The area of the u peak at 916.7 eV is
employed to calculate the percentage of Ce*" from the
total Ce-content, the results are presented in Table 8.
The data reveal that both thermal treatments result in the
complete oxidation of the entire Ce amount to Ce(IV)
oxides/hydroxides.

The deconvolution of the S2p spectrum, shown
in Fig. 9 reveals the presence of three peaks for the
reference specimen and four for the one treated in boiling
water. The peaks at 167.0 - 167.3 eV are characteristic
for the SO32‘ moieties, these at 168.4 - 168.6 eV are
typical for S O,* and those at 169.6 - 170.2 eV reveal the
presence of SO,> compounds [67, 68]. Obviously, these
compounds originate from the reduction of sulphates,
which proceeds simultaneously with the oxidation of the
Ce(IIT) compounds to Ce(IV). The additional peak in the

spectrum of the reference sample at 170.8 eV originates
from the O=C=S compound. The latter is clearly
decomposed during the subsequent thermal treatments
and does not appear in the cases of G,-BW and G,-HA.

The position of the peaks of N1s reveal the presence
of nitrogen, in the form of metallic nitrates and/or nitrites
[69, 70]. These nitrogen compounds originate from the
Ce(NO,),, used for the formation of a Al-O-Ce layer,
rather than from the HNO,, used in the preliminary
surface treatment of the alloy.

CONCLUSIONS

The present research outlines the results of
measurements performed in order to assess the impact of
thermal treatment on combined Al,0,/CeCC films, their
characteristics and performance in a model corrosive
medium. The preliminary measurements show that the
bright yellow color becomes less intense after thermal
treatments. Furthermore, as far as the wettability of the
investigated coatings is concerned, immersing them in
boiling water converts them from hydrophilic to almost
superhydrophilic.

The electrochemical measurements show the
significant enhancement of the durability of the combined
coatings caused by the applied thermal treatments.
Besides, the results highlight the superior effect of
treatment in boiling water compared to exposure to hot
air. The results from the electrochemical impedance
spectroscopy have shown that the thermal treatment leads
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to a purely capacitive behavior of the respective samples.

These EIS results have been subjected to further
analysis by composing a suitable model equivalent circuit.
The analysis has shown that the impedance parameters,
acquired for the samples treated in hot water differ from
those, characteristic for the other types and reveal their
superior performance in the model corrosive medium.

The subsequent potentiodynamic polarization curves
have revealed that after 672 hours of exposure to the
MCM, the AL,O,/CeCC films treated in boiling water
do not show any signs of localized corrosion.

Further durability tests performed for up to
1344 hours of exposure to the 5 % NaCl model
corrosive medium show lack of any notable changes
of the samples’ parameters, determined by means of
electrochemical measurements.

Although, the SEM images show a multitude of
cracks on the samples subjected to treatment in boiling
water, it has been determined by additional analytical
methods, that these defects are completely re-passivated
and/or filled by hydrate layers.

The sample characterizations have been completed
by XPS compositional analyses. The results have
shown that aluminum is present on the surface of the
samples in form of various compounds, and almost
all Ce content appears in the form of Ce(IV) oxides/
hydroxides. After the subsequent thermal treatments,
the Ce(I1V) oxides/hydroxides reach almost 100 % of
the entire Ce content. It was also established that the
reference films contain sulfur and nitrogen inclusions.
The sulfur and nitrogen incorporated during the AL,O,/
CeCC film formation disappear by heating in air or in
boiling water, respectively.

The results show, that regardless of the appearance
of cracks, the coatings treated in boiling water possess
a superior corrosion protective ability, evinced after
672 hours of exposure to a 5 % NaCl model corrosive
medium, as well as remarkable durability even after
1344 hours of exposure to the same corrosive medium.
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