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A Cerium-Based Nanocoating for Corrosion Protection of the AA1230 as Clad Material for 
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Aluminum alloys are the state-of-art materials for structural components of aircrafts. As they are 
susceptible to localized corrosion, this kind of damage can become a major threat for its safe use in 
aircraft components. Therefore, surface protection of aluminum alloys against corrosion is a core issue 
in these applications. In this work, an alternative eco-friendly cerium-based surface pretreatment was 
developed and applied on the AA1230 clad of the AA2024-T3 alloy for corrosion protection. The 
corrosion resistance evaluation of this modified surface was evaluated by several techniques. The 
results were compared to chromium based conventional treatments and revealed that the coating layer, 
composed of spherical nodular nanostructures of cerium, obtained with the proposed eco-friendly 
treatment, improved the corrosion resistance of the alloy. Moreover, it was comparable to the corrosion 
behavior of chromate-treated alloy, showing that this treatment is a promising alternative to replace 
chromate based surface treatments.
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1. Introduction
Aluminum alloys have been extensively employed in the 

structure of commercial and military aircrafts due to their 
low-density combined with high mechanical strength. The low 
density of these alloys is an important factor for their application 
as structural materials in the aircraft industry due to the high 
impact of weight reduction on fuel consumption1-3 Also, the 
improvement of mechanical properties influences operating 
costs, since the time interval between maintenances can be 
increased. Besides their good mechanical properties, these 
alloys present high susceptibility to localized corrosion due 
to microstructural heterogeneities such as precipitates that 
contribute to alloy strengthening, but increase the tendency 
to localized attack due to micro galvanic effects4-6. In order 
to improve the corrosion resistance of Al alloys the use of 
protective coatings on the alloys surface has been largely 
adopted. Common practice in the aircraft industry is the use of 
cladding and/or anodizing of Al alloys7. For aircraft aluminum 
structural parts where corrosion resistance is essential and 
deterioration of mechanical properties due to the anodizing 
process is of concern cladding represents a well-established 
solution3. Structural parts of aircrafts made of Al alloys that 
are exposed to corrosive environments are either cladded 
with a layer of commercially pure aluminium (clad) covering 
their surfaces or anodized. The clad layer (commercially pure 

Al) is more resistant to localized corrosion than the substrate 
(AA2024-T3). However, the clad material is not immune to 
corrosion and its protection is usually carried out by surface 
treatments such as conversion coatings, but not anodizing. 
In the AA2024-T3 alloy, the S phase is the main responsible 
for localized corrosion attack, besides Fe-rich particles, 
which are sites for oxygen reduction reaction, and promote 
the nucleation of corrosion pits3,7,8. The AA2024 alloys for 
exposure to environment corrosive solutions are usually 
anodized and coated with paints.

Surface treatments that produce conversion layers from 
solutions containing hexavalent chromium have been widely 
used and are highly effective for protecting aluminum alloys 
against corrosion. However, the waste generated from these 
treatments are extremely harmful to health (mutagenic) 
and environment (toxic and carcinogenic). Concerns about 
environment and health have increasingly restricted the use 
of these chromium-based treatments. Alternatives to solve 
this problem are related to the development of substitute 
treatments that do not generate toxic residues and promote 
corrosion resistance similar to those obtained by chromate 
conversion layers1-3. In this sense, rare earth-based conversion 
treatments have proved highly promising to replace conventional 
treatments based on hexavalent chromium1,2,9,10. This is due to 
the characteristics of lanthanide ions, such as Ce3+, Y3+, La3+, 
Pr3+, Nd3+, which form insoluble hydroxides that passivate *e-mail: rafahemil@hotmail.com
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the surface, acting as corrosion inhibitors for aluminum, 
besides having low toxicity7,8. Literature reports9,11 that 
the self-healing characteristic of these cerium conversion 
coating layers is due to the existence of metastable species 
of Ce in the substrate-coating interface. These metastable 
species would be able to interact with Al3+ generated by the 
alloy during corrosion process, forming Ce-Al-O phases.

The search for alternative treatments that promote 
corrosion resistance similar to those obtained by layers of 
conversion with hexavalent chromium has been the subject 
of a large number of researches in recent decades, and the 
object of study of this work is to propose an eco-friendly 
alternative based on a cerium based nanocoating.

2. Experimental
The substrate used in this study was an AA2024-T3 alloy 

cladded with AA1230. The AA1230 (Al 99.3%, Si+Fe 0.7%, 
Cu 0.1%, Mn 0.05%, Mg 0.05% ) cladding layer present 
on both sides present thickness in the range of 60–80 μm. 
The clad layer is not removed by the surface treatments to 
which it was subjected. Samples of the cladded alloy had 
their surfaces firstly prepared by degreasing in ethanol. Three 
different sets of samples were produced. Details of each 
condition and pretreatment are presented next. The first set 
of samples, designated as CeHT, was treated by immersion 
in a solution composed of 0.01 mol L-1 hydrated Ce(NO3)3 at 
4.5 pH. The immersion treatment was carried out for 7 min 
at 70 °C and then, the samples were rinsed with DI water 
followed by drying in an oven at 105 °C for 10 min. This 
concentration, time and temperature was based in previous 
work carried out in our laboratory12,13. The second set of 
samples, designated as CrVI, was treated by immersion in 
a commercial chromate bath (Alodine 1000) for 3 min at 
room temperature and then, rinsed with DI water (according 
Alodine 1000 Technical Data Sheet) followed by drying in 
an oven at 105 °C for 10 min14,15. The third set was used as 
a control, being designated as Control that corresponded to 
samples without any conversion layers, degreased in ethanol 
and dried in an oven at 105 °C for 10 min.

Electrochemical tests were conducted in 0.1 mol L-1 NaCl 
solution using a Gamry potentiostat PCI4/300. The 0.1 mol 
L-1 saline solution concentration was chosen after preliminary 
tests carried out that indicated this concentration was proper 
to monitor corrosion evolution at the surface of the cladded 
alloy. The solution that simulates the composition of sea 
water (0.6 mol L-1 NaCl) was too aggressive to the tested 
material leading to intense localized attack. This solution 
has been used also because it is not too mild to lead to slow 
kinetics that would demand long periods of monitoring. 
Potentiodynamic polarization tests were carried out in the 
sequence of EIS at the same area tested by EIS with the aim 
of obtaining kinetic information of the tested material from 
the same exposed area.

A three-electrode set up comprised of the sample 
as working electrode, a Pt counter electrode and an Ag/
AgCl (saturated KCl) reference electrode, was used for the 
experiments. Electrochemical Impedance Spectroscopy (EIS) 
tests were carried out after 24 h and 48 h of immersion, 
from 50 kHz to 10 mHz, with an amplitude of perturbation 
of 10 mV (rms) and at an acquision rate of 10 points per 
frequency decade. Potentiodynamic polarization curves were 
obtained in 0.1 mol L-1 NaCl solution at (23 ± 2) °C. Anodic 

polarization tests were carried out from -0.03 V (vs OCP) to 
1 V (vs EAg/AgCl (KCl sat)). The polarization curves were obtained 
after 24 hours of immersion using a scan rate of 0.5 mV s-1.

Scanning electron microscopy (SEM) was performed 
using a JEOL JSM 6010 microscope equipped with an energy 
dispersive X-ray spectroscopy (EDS) detector.

All samples were evaluated by scanning vibrating electrode 
technique (SVET) using an Applicable Electronics™ SVET 
machine controlled by an Automated Scanning Electrode 
Technique (ASET 4.0) software. An insulated Pt–Ir probe 
was used as the vibrating electrode for the SVET system. 
A 15 μm diameter platinum sphere was electrodeposited at 
the tip of the probes prior to start SVET tests. The amplitude 
of vibration was 19 μm, and the vibrating frequencies of the 
probe were 174 Hz (X) and 73 Hz (Z). 35 × 25 points were 
obtained for each SVET map. The time lag between each 
current density data-point acquired was 0.5 s, and the scan 
step interval was 200 μm. All experiments were performed 
in a Faraday cage at (20 ± 2) °C. The 5x5 mm samples 
used as working electrodes were embedded in epoxy resin. 
Experiments were performed in 0.005 mol L−1 NaCl for 24 h 
and SVET maps were obtained every 2 h.

X-ray photoelectron spectroscopy analysis (XPS) of the 
treated surfaces was carried out using a ThermoFisher Scientific 
K-alpha+ spectrometer operating with a monochromated 
Al-Kα radiation source (1486.6 eV) and a spot size of 
400 μm to obtain the maximum signal over the largest 
possible area. High-resolution spectra were obtained using 
pass energy of 50 eV. Peak fitting was performed using a 
mixture of Gaussian-Lorentzian functions in the Vantage™ 
software with background subtraction by the Smart algorithm. 
Binding energy scale was calibrated by referencing the C1s 
value at 248.8 eV.

Atomic Force Microscopy (AFM) experiments were 
performed using an Agilent AFM system Model 5500 equipment 
(Agilent Technologies, Chandler, AZ, USA) in tapping mode 
and at room temperature using a probe with long cantilever 
and aluminum reflective coating. Typical settings adopted 
were tip thickness 7 μm, cantilever length 225 μm, width 
38 μm, force constant 48 Nm-1 and resonant frequency 
190 kHz (TAP 190AL-G budget sensors) and the loading 
velocity of tip was 0.55 ln/s. The 3D topography images 
were obtained using Gwyddion software.

Contact angle experiments were performed using a Thermo 
Cahn DCA 300 equipment, with WinDCA 300 software with 
the analysis being based on the Wilhelmy plate method16.

Neutral Salt Spray Testing (NSST) experiments were 
performed according to ASTM B11731. The samples were 
treated as described earlier and received an epoxy colorless 
coating (35 microns) to simulate the painted surface to the 
substrate. The performance of the modified surface with 
defects induced by scratches carried out by inducing X-cut 
incision to simulate a mechanical defect, according to ASTM 
D335917, was also evaluated.

3. Results
3.1. Electrochemical evaluation

EIS results of the CeHT treated and Control samples 
obtained after 24 h and 48 h of exposure are compared in 
Figure 1. In Figure 1 two-time constants are suggested for 
both surfaces, Control and CeHT, regardless of the exposure 
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time which were identified by a flattened arc from high to 
medium frequencies followed by a tail at low frequencies 
in the Nyquist plots. In the Bode phase angle plots, the two-
time constants are indicated by the two peaks seen in the 
graphs corresponding to the Control samples, whereas for 
the CeHT surfaces two overlapped or partially overlapped 
time constants could be identified. Electrical equivalent 
circuits (EECs) were not used in this study once there are 
many criticisms to the use of EECs to simulate the interface 
between the exposed material and the corrosive environment 
without the use of other techniques of characterization of 
the surface. Different EECs might result in good fitting to 
the experimental data and, consequently, the use of EECs 
to obtain information on the interface between the material 
exposed and the environment should not be used without the 
use of supplementary characterization techniques.

The capacitive behavior related to the CeHT samples 
indicates the presence of a passive layer on the surface. 
Comparatively, the CeHT presents higher impedances 
compared to the Control one. Figure 1B shows shifting of 
the phase angle to lower frequency regions for CeHT samples 
probably due to hydration of the oxide layer that increases 
the surface resistance.

Figure 2 compares the EIS results of the three surface 
conditions evaluated in this work after 24 h of exposure to 
the test solution. The CrVI condition presented the highest 
impedances due to a coating layer composed of Cr2O3 that 

serves as a barrier to corrosion acting as cathodic and anodic 
inhibitor13,14. Despite the higher impedances related to the 
CrVI condition, the CeHT treatment resulted in significant 
increase in impedance comparatively to the untreated (Control) 
samples and a surface that presents high stability, as shown 
in Figure 1. The literature2,11,18,19 reports remarkable corrosion 
resistance for chromated aluminum surfaces and despite 
the great number of research studies carried out along the 
last decades, a single step surface treatment that results in 
corrosion resistance similar to that produced by chromating 
treatments has not yet been found. Due to this, single step 
surface treatments that lead to improved corrosion resistance 
and surface stability are of great interest.

The anodic polarization curves, Figure 3, show similar 
behavior for the Control and CeHT samples, with slightly 
current densities associated to the CeHT sufaces. The curves 
show that at the corrosion potential the current densities 
for all samples are typical of passive materials with values 
of 10-9 and 10-8 A/cm2 for the Control and CeHT samples, 
respectively, and 10-7 A/cm2 for the CrVI samples. The results 
show that all surfaces are passive at the corrosion potential. 
The CrVI treatment resulted in nobler corrosion potentials, 
but also in depolarized anodic reactions. This means that at 
low overpotentials the corrosion current densities will largely 

Figure 1. EIS results for AA1230 clad on AA2024 alloy with various 
pre-treatments after 24 h and 48 h in 0.1 mol L-1 NaCl solution.

Figure 2. Comparative Nyquist plots for AA1230 clad on AA2024 
alloy with various pre-treatments after 24 h of exposure to 
0.1 mol L-1 NaCl solution.

Figure 3. Anodic polarization curves for AA1230 clad on AA2024 
alloy with various pre-treatments after 24 h in 0.1 mol L-1 NaCl 
solution at (23 ± 2) °C and at a scan rate of 0.5 mV s-1.
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increase showing fast kinetics of the anodic reactions. The CeHT 
surface presented a breakdown potential of approximately 
-0.58V whereas that of the Control sample was nearly -0.67 V, 
showing that the CeHT treatment improved the resistance of 
the surface film to breakdown. The growth of the hydrated 
layer and the incorporation of Ce in it results in inhibition 
of the corrosion process by improving the resistance of the 
surface layer to film breakdown.

SVET technique has been used to study the corrosion 
phenomena by measuring the local ionic currents by many 
researches6,20. The development of localized attack was 
monitored by SVET during exposure to 0.005 mol L−1 NaCl 
solution (Figure 4). In the SVET maps, red represents anodic 
activity, while blue represents cathodic activity, as indicated 
by the current density scale6. During the whole test, the 
Control surface presented higher anodic current densities 
compared to the two other conditions, as expected. Also, 
it was observed that the current density reduced with the 
exposure time to the test solution. This result is associated 
with the healing effects associated to the layer formed during 
the surface treatment. The self-healing effects of CrVI 
treatment is very well-known, recently, many researches 
have been directed to the self-healing effect of Ce ions 
impregnated in surface film21-24. A comparison of SVET 
maps related to the CeHT and CrVI surfaces, showed lower 
electrochemical activity related to the CeHT compared to 
the CrVI surface. For the CrVI surface, the self-healing 
effect is clearly identified in the SVET maps, corresponding 
to 2 h and 12 h, where a clear spot of localized corrosion 
seen at 2 h (indicated by an arrow) is not observed at 12 h. 
For the CeHT surface there was also evidence of decreased 
electrochemical activity between 12 h and 24 h at some areas 

of the surface. The SVET maps for CeHT suggested lower 
anodic activity compared to the CrVI at all times and the 
currents were also more homogeneously distributed on the 
CeHT surface. A comparison of the anodic currents for the 
CeHT and CrVI treated surfaces are shown in Figure 5 as 3D 
SVET maps for 6 h exposure to the test solution. The results 
in Figure 5 support the improved distribution of anodic 
currents related on the CeHT surface compared to the CrVI 
surface, indicating a better corrosion protection associated 
to the surface layer produced by the CeHT.

3.2. Morphological characterization
Figure 6 compares the morphologies of the Control and 

the CeHT treated surfaces by means of SEM micrographs. 
At low magnifications it is not possible to observe differences 
on the surface morphology. However, at high magnifications 
a clear distinction between the CeHT treated surface and the 
Control one is seen. The surface layer corresponding to the 
CeHT sample is formed by spherical nodular nanostructures 
with diameters lower than 100 nm, while the surface of the 
Control sample presents only the characteristics of the cladded 
alloy showing precipitates (white particles) and scratches 
resulting from the material’s fabrication.

AFM results shown in Figure 7 clearly distinguish the 
differences in the morphology of the surface related to the 
Control and CeHT samples. For this last type of surface, 
spherical nodular nanostructures cover the treated surface 
showing the morphology of the cerium-based film. The spherical 
structures covered the surface and reach a maximum height 
of about 67 nm. The CeHT treated surface was covered and 
the surface roughness decreased, as indicated in Figures 7C 
Control and 7(D) CeHT. Hydrothermal treatments lead to 

Figure 4. SVET maps obtained for AA1230 clad on AA2024 alloy with various pre-treatments (Control, CeHT and Cr VI) Measurements 
taken after exposure in NaCl 0.05 mol L-1 for 2 h, 12 h and 24 h.
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the formation of boehmite and pseudo-boehmite layer that 
consists of a combination of hydroxides and aluminum oxide 
layer (Al2O3 and Al(OH)3). It is important to emphasize 
that the structure of boehmite/pseudo-boehmite is typically 
lamellar16,18,19. Therefore, the nodular structure associated to 
the CeHT surface suggests the effect of interaction of cerium 

ions with the boehmite/pseudo-boehmite layer during the 
hydrothermal process.

The contact angle related to both surfaces was measured. 
The results show that the contact angle decreased for the CeHT 
treated surface, as displayed in Table 1. Hence, the CeHT 
treated surface presents higher hydrophilicity compared to 

Figure 5. 3D SVET maps obtained for AA1230 clad on AA2024 alloy with various after CeHT and CrVI treatments. Measurements 
obtained after 6 h of exposure in NaCl 0.05 mol L-1.

Figure 6. SEM micrographs showing (A) Control AA1230 clad on AA2024 alloy at low magnification, (B) same area after CeHT treatment, 
(C) Control AA1230 clad on AA2024 alloy at high magnification and, (D) CeHT treated surface at high magnification.
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the Control surface. It is accepted that surfaces with water 
contact angle greater than 90 °C are hydrophobic20. The growth 
of pseudo-boehmite during the CeHT treatment explains the 
increased hydrophilic bonds available at the CeHT treated 
sample, providing a surface of improved wettability. This 
characteristic is useful for post-treatments where hydrophilic 
bonds are important for adhesion between layers25.

3.3 Chemical composition characterization
Semi-quantitative composition analysis of the CeHT 

treated surface was carried out by EDS at two points at the 
surface and the results are presented in Table 2.

As expected, the EDS analysis showed that treatment 
produces a coating layer formed that have Al, O and Ce as 
main elements.

The chemical composition of the CeHT treated surface 
was also analyzed by XPS. The main elements were Al, 
O and Ce in accordance with the EDS analysis. The C 1s 
peak is related to common carbon contamination caused by 
contact with air, which is known as “adventitious carbon layer 
(AdC)”,26,27 The high-resolution Al 2p spectrum, Figure 8A, 

showed a single component peak at a binding energy of 
~74.3 eV, centered in the position of Al(III) compounds, 
which is consistent with the presence of Boehmite28,29. Also, 
the high-resolution O 1s spectrum, Figure 8B, shows that 
the highest intensity peak was centered at a binding energy 
of 532.14 eV which is attributed to Al hydroxide species28,30. 
The lower intensity of the peak centered at 530.9 eV is 
consistent with the presence of Al oxide species28,30. It is 
important to notice that cerium has also contribution in oxide 
and hydroxide species. The difference of intensity between 
the hydroxyl peak and the oxide peak, Figure 8B, indicates 
that the hydroxyl groups are the major component in the 
surface layer, according to a hydrated oxide surface29 typical 
of pseudo-boehmite. The incorporation of water into the 
crystal structure leads to high intensity hydroxyl peaks28,30. 
The peak centered at 533.4 eV binding energy is due to 
absorbed water. The high-resolution Ce 3d spectrum29, 
Figure 8C, is composed by two doublets peaks; the less 
intense, centered at nearly 905 eV and the most intense at 
approximately 885 eV. The characteristic peak for Ce4+, at 

Table 2. Results of EDS analysis for O, Al and Ce (weight %) of 
AA1230 clad treated with CeHT.

O Al Ce
Pt 1 6.90% 83.93% 9.17%
Pt 2 6.18% 84.85% 8.97%

Table 1. Results of contact angle measurements.

Treatment Contact angle (°) Standard Deviation
Control 85.91 0.9987
CeHT 61.24 0.8619

Figure 7. AFM micrographs of AA1230 clad on AA2024 alloy. (A) 3D of Control surface, (B) 3D CeHT treated surface. (C) 2D of 
Control surface (D) 2D of CeHT treated surface.
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around 916 eV was not found, suggesting that the formed 
layer is mainly composed of Ce3+ present in the coating as 
oxide/hydroxide28.

3.4. Accelerated neutral salt spray corrosion test 
(NSST)

The various types of surfaces tested with results presented 
in the previous sections were covered by an epoxy colorless 
coating (35 microns), to simulate a painted surface. The epoxy 
coated layer was scratched and the samples were tested by 
neutral salt spray tests carried out according to ASTM B11731. 
The results corresponding to 168 h of exposure to NSST are 
shown in Figure 9. The surface corresponding to the Control 
sample presented very poor corrosion resistance, as the surface 
was severely degraded, and is covered by pits and corrosion 
products after 168 h of exposure to NSST. In the scratched 
area, the presence of large amounts of corrosion products is 

seen. The CeHT surface showed good corrosion resistance, 
comparable to that of the CrVI treated one.

4. Discussion
As indicated by SEM and AFM results, the CeHT 

treatment produces a coating layer formed by spherical nodular 
nanostructures with diameters lower than 100 nm. The EDS 
and XPS results showed that this coating is mainly formed 
by a hydrated oxide where Ce is incorporated. The results 
suggest that these spherical nodular nanostructures are 
a cerium modified pseudo-boehmite formed during the 
hydrothermal process. The coating starts being formed with 
the Al-O covalent bonds in the naturally formed film of 
Al2O3. The literature suggests that hydrothermal treatments 
in aluminum alloys results in pseudo-boehmite (OAlOH-
HOAlO) and boehmite (AlOOH) films from Al2O3 and 
Al(OH)3, formed together with aluminum oxy/hydroxides 
when exposed to aerated aqueous media28,32. Subsequently, 
the formation of aluminum oxy/hydroxides film occurs that 
results in surface alkalinization33

( )2 3 2 4Al O 2OH 3H O  2 Al OH
−−  + +    (1)

The alkalization resulting from the hydrothermal 
process leads to the formation of tetra aluminum hydroxide, 
Equation 134 The literature reports that Cerium, because 
of its coordination, when in nitrate containing solutions, 
has the ability to form complexes, such as ([CeNO3]

2+ and 
[Ce(NO3)2]

+)35,36. These can be incorporated into the surface 
layer, and once they are positively charged, may react with 
aluminum tetrahydroxide, which are negatively charged. 
As indicated earlier, boehmite/pseudo-boehmite layer 
presents a lamellar structure23,32, whereas the nodular structure 
shown for the CeHT treatment, suggests the interaction of 
cerium nitrate complex with the boehmite/pseudo-boehmite 
formed during the hydrothermal process. The literature 
reported the production of non-lamellar boehmites. He and 
Zhu32 produced non-lamellar particles with a length of 
approximately 100 nanometers by hydrothermal treatment 
in a solution with nitrate and with pH 4. They ascribed the 
different morphology to pH and the electrostatic attraction 
between nitrate anion and boehmite surface16. Boehmite 
exhibits a lamellar structure with an orthorhombic symmetry 
whose layers consist of OAlOH-HOAlO oriented from 
the [100] to [001] directions. Adsorption of free nitrate to 
hydroxyl leads to the formation of Al2O2(OH)NO3 causing 
the boehmite growth to be changed from [010] to [100]. 
The composition is in accordance with the contact angle 
results that showed good interaction of the formed layer 
with water, as pseudo-boehmite is generated by hydrogen 
bonding forming together with the layers of aluminum oxide 
and hydroxide. This kind of bonding has a strong interaction 
with water. This interaction was supported by the high degree 
of hydration presented in the XPS high resolution spectra.

The results from the accelerated corrosion tests were in 
accordance with the electrochemical ones, indicating good 
corrosion protection of the substrate. Thus, it is suggested that 
the hydrated oxide layer obtained from the CeHT treatment 
results in high corrosion resistance, comparable to that of 

Figure 8. High-resolution spectra of CeHT treated surface of AA1230 
clad on AA2024 alloy; where (A) Al 2p, (B) O 1s and (C) Ce 3d.
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the CrVI treated surface. It might also suggest that the 
cerium-treated surface presents self-healing properties due 
to Ce3+ ions release at areas where anodic dissolution of the 
aluminum substrate has started (Equation 2), and blocking the 
layer defects, by precipitation of mixed Aluminum/Cerium 
Oxides, caused by oxygen reduction occurred at the cathodic 
sites with a pH increase (Equations 3 and 4). Many authors 
have been reported that cerium acts as a cathodic inhibitor, 
precipitating in the cathodic areas, suppressing the anodic 
reactions1,12,15,37-39.

3Al Al 3e+ −°→ +  (2)

2 2
3 3O  H O 3e  3OH
4 2

− −+ + →  (3)

( )3
3Ce 3OH Ce OH+ −+ →  (4)

There is evidence that Ce incorporated in surface coating 
layers has self-healing effects by precipitating at electroactive 
sites at the substrate. Another observation of this work is 
that the incorporation of Ce into the surface coating affects 
its morphology, and this can modify the coverage of the 
substrate and, consequently, the barrier effect of the coating 
formed. Those are different effects, but both interfere with 
the corrosion protection of the substrate.

Both treatments compared in this study, CeHT and 
CrVI, were obtained by one step treatment in a simple 
manner, that is, by immersion in aqueous solutions for a 
short period (few minutes) followed by drying in an oven. 
The main advantage of the CeHT treatment is that it does not 

generate toxic residues thus does not produce harm either 
to the environment or to the human health.

5. Conclusions
The coating layer generated by a hydrothermal treatment in 

a cerium nitrate containing solution (CeHT) used in this study 
was found to be formed by spherical nodular nanostructures 
of a cerium modified pseudo-boehmite. The formed layer 
allows an uniform coverage of the whole surface providing 
good distribution of anodic currents at the surface and high 
corrosion resistance to the AA1230 clad on AA2024 alloy. 
The CeHT treatment resulted in comparable results to that 
produced by the CrVI treatment, either by electrochemical 
tests or accelerated neutral salt spray test. The results pointed 
out that hydrothermal treatments in the presence of Ce ions 
might be a proper alternative to replace the toxic carcinogenic 
chromating surface treatments for Al alloys.
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