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Cerium and lanthanum coatings were deposited on glass, silicon (100), and aluminum alloy by RF mag-
netron sputtering in which several experimental conditions such as power, substrate temperature, and
deposition time were varied, using pure CeO2 and La2O3 targets. The effect of deposition parameters
on the bonding structure, surface morphology and properties against corrosion of rare earth (RE) coatings
formed on metallic substrate was reported. The microstructure and chemistry of the thin film were char-
acterized by X-ray diffraction (XRD), Scanning Electron Microscopy (SEM), and X-ray photoelectron spec-
troscopy (XPS); whereas their use as corrosion resistant coatings was studied in aqueous NaCl solution
(3.0 wt%) by using polarization curves. Variations in these properties were observed by increasing the
substrate temperature which modifies the crystallinity of the rare earth coatings. XRD and XPS findings
indicate that the cerium coatings are composed by CeO2 and a significant quantity of Ce2O3 due to oxygen
deficiency in the sputtering chamber, whereas La2O3/La(OH)3 and some La intermetallic compounds are
detected in the lanthanum films. Variations in the Ecorr and Icorr were found as a function of the thickness,
texture, and morphology of the as-prepared coatings.

� 2014 Elsevier B.V. All rights reserved.
1. Introduction

The corrosion of metallic structures has a significant impact on
the economies of countries. Hence, a big effort is made every year
to overcome its effects. Most high strength aluminum alloys used
in aircraft and machining industries are susceptible to pitting cor-
rosion [1], inter-granular corrosion [2], and stress corrosion crack-
ing [3]. For decades, the corrosion protection of aluminum alloys
relied on highly effective hexavalent chromium compounds to
form conversion coatings [4] or corrosion inhibitor pigments in
epoxy primer coatings [5]. However, the high toxicity of these
chromium compounds has limited their use [6]. Coatings contain-
ing rare earth (RE) ions, such as cerium or lanthanum [7], consti-
tute an interesting alternative to eliminate traditional chromium
compounds because of their good self-healing properties and low
environmental impact [8]. However, some limitations of RE coat-
ings obtained by conventional methods are: (i) the precipitation
of an insoluble protective Ce oxide/hydroxide layer that produces
coatings with irregular characteristics; (ii) the presence of cracks
that can penetrate the entire cross-section of the layer. These
cracks represent preferential pathways to attack the substrate by
aggressive corrosive species. For this reason, the development of
new environmentally friendly protective coatings to enhance the
anticorrosive properties of materials is of great research interest.
Using physical vapour deposition processes, simple coatings that
consist of only one phase, or of multiple layers, and coatings with
a gradient composition within the layer [9], can be deposited at
sufficiently low substrate temperatures [10]. To our knowledge,
there are few reports of the use of sputtered Ce and La oxide coat-
ings to protect aluminum alloys against corrosion.

The results reported in this paper are a consequence of research
sponsored by the National Council of Science and Technology of
Mexico (CONACYT) to study the anticorrosive properties of sput-
tered rare earth coatings and to develop new alternatives to im-
prove the corrosion resistance of aluminum alloys. Specifically,
this study aims to investigate the effect of sputtering power, sub-
strate temperature and deposition time on the bonding structure,
surface morphology and corrosion resistance of deposited CeO2

and La2O3 films formed on AA6082 aluminum alloy using a RF
magnetron sputtering.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jallcom.2014.01.195&domain=pdf
http://dx.doi.org/10.1016/j.jallcom.2014.01.195
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Table 1
Deposition parameters and correlation between the thickness and mean roughness.
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2. Experimental procedure

Aluminum alloy 6082 plates with a thickness of 10 mm, were cut into 2 � 2 and
1 � 1 cm2 pieces and used as substrates. Prior to deposition, the substrates were fi-
nely abraded using 1000, 1500, and 2000 grade SiC paper, cleaned by rinsing with
deionized water, and finally, by sonication in isopropyl alcohol and deionized water
for 20 min, respectively.

The rare earth oxides films were deposited using an RF magnetron sputtering
system built in our laboratory. CeO2 and La2O3 targets (99.99% purity, 200 in diame-
ter with copper bonding, Plasmaterials) were used in an Ar atmosphere of ultra-
high purity with a gas flow of 30 sccm. The equipment has an automated gas flow
system that keeps the deposition pressure constant. The chamber pressure was
20 m Torr (266.45 m Pa) and the substrate to target distance was 6 cm. Two RF
sputtering power were used, 60 and 90 W (P). The rare earth coatings were depos-
ited at each power using two different substrate temperatures (T, 80 and 200 �C)
and three different deposition times (t, 25, 40, and 60 min). The coatings were
simultaneously deposited onto glass and silicon (100) substrates, which were cho-
sen for analytical purposes.

The phase composition and crystal structure of as-synthesized films were deter-
mined by powder X-ray diffraction using an Advanced Bruker D8 diffractometer,
with Cu Ka radiation at 35 kV, 25 mA, and a scan rate of 0.021 min�1. Film morphol-
ogy was examined by scanning electron microscopy using a JEOL JSM 7600F. Thick-
ness of films deposited on silicon (100) substrates were examined by Spectroscopic
Ellipsometry (SE, at a 70� angle of incidence) using a HORIBA JOBIN–YVON UVISEL
ellipsometer. The chemical compositions of the films were characterized by X-ray
Photoelectron Spectroscopy (XPS) using a commercial XPS VG Microtech Multilab
ESCA 2000 with a CLAM MCD detector, Al Ka radiation (ht = 1453.6 eV), operating
at 8E�7 Pa, using a 500 lm spatial resolution and 50 and 20 eV pass energy for the
acquisition of the survey and high resolution spectra, respectively. Curve fitting of
high resolution XPS spectra acquired in the regions of the C 1s and O 1s and the
La 3d and Ce 3d photoelectron peaks, respectively, for the different metal oxide
films, was performed with the SDPv4.1 software� to obtain the elemental composi-
tion. The topography and roughness were analyzed and measured by an AFM, Vee-
co, Model diMultiMode V, controller diNanoScope V, with cantilever RTESP tips.

The corrosion behaviour of coated and uncoated aluminum alloy was deter-
mined by polarization resistance (Rp) and potentiodynamic polarization measure-
ments. A potentiostat/galvanostat (Gamry 600 series) was used with a
conventional experimental set-up of a three-electrode cell. A graphite bar (counter
electrode) and a saturated calomel electrode (SCE, reference electrode) were em-
ployed to perform the corrosion experiments. The working electrode had an ex-
posed area of 0.126 cm2 and 3.0 wt% NaCl solutions was chosen as the corrosive
medium, because the chloride ion is present in many corrosive environments. At
least three replications were used for every corrosion-rate measurement. Polariza-
tion resistance (Rp) plots were conducted from 20 mV cathodic to 20 mV anodic of
corrosion potential at a 0.5 mV s�1 sweep rate. Rp is defined as the slope at zero cur-
rent on the potential versus current graph obtained from the experiment. To eval-
uate the susceptibility of the surface of the samples to pitting corrosion and to
obtain information about the corrosion rate and corrosion potential, potentiody-
namic polarization curves were scanned. These curves were measured from catho-
dic to anodic areas from �500 mV vs. SCE (Eocp) to 1000 mV at a sweep rate of
0.5 mV s�1.
Experiment Thickness (nm) Deposition
rate (nm s�1)

Mean
roughness (nm)

CeO2

P60T80t25 19.29 0.012 103.51
P60T200t25 12.73 8.4E�3 66.73
P60T80t40 30.84 0.012 69.35
P60T200t40 22.95 9.5E�3 50.52
P60T80t60 32.38 8.9E�3 62.48
P60T200t60 40.08 0.011 44.82
P90T80t25 44.61 0.029 218.18
P90T200t25 42.22 0.028 91.74
P90T80t40 52.86 0.022 84.48
P90T200t40 46.06 0.019 76.33
P90T80t60 149.10 0.041 132.98
P90T200t60 157.91 0.043 120.25

La2O3

P60T80t25 269.45 0.180 114.61
P60T200t25 354.26 0.236 96.54
P60T80t40 337.55 0.140 161.26
P60T200t40 310.14 0.129 130.43
P60T80t60 390.22 0.108 158.10
P60T200t60 349.12 0.097 123.47
P90T80t25 528.47 0.352 153.38
P90T200t25 498.94 0.332 172.80
P90T80t40 545.20 0.227 195.08
P90T200t40 670.75 0.279 157.63
P90T80t60 750.57 0.208 150.47
P90T200t60 835.54 0.232 280.32
3. Results and discussion

3.1. Influence of process parameters on coatings (sputtering power,
substrate temperature, and deposition time)

Coating technology has evolved and developed in the last dec-
ades in different industries, using a wide range of preparation
methods. Techniques such as evaporation, plating, dipping, chem-
ical vapour deposition and spraying have been commonly used to
growth thin films on different substrates however, they are some-
what limited to the melting temperature materials, and some of
them are restricted only to metallic coatings. By contrast, the sput-
tering process has different advantages such as: deposition ranges
from 1 nm s�1 to 10 nm s�1, coating uniformity in the range of few
percentage even for several meters long cathodes, deposition of
large variety of film materials (nearly all metals and compounds)
and easy to scale up, among others. In summary, the industrial
use of this technique has let the economic manufacturing of inno-
vative products [11]. In this manner, the major steps of the coating
process can be divided in pre-treatment of the alloy surfaces prior
to coating, establishing of coating deposition parameters and treat-
ment of the coated surfaces after deposition [12].
Thus, to evaluate the protection against corrosion provided by
the sputtered CeO2 and La2O3 thin films, different experiments
were carried out varying power, substrate temperature, and depo-
sition time. Consequently, the diverse experiments are discussed in
terms of the effect that the operating conditions have on the mor-
phology, thickness, and/or electrochemical behaviour of the CeO2

and La2O3 coatings deposited by RF magnetron sputtering on the
AA6082 aluminum alloy.

The deposition parameters used to obtain the CeO2 and La2O3

layers producing different roughness and thicknesses are listed in
Table 1. As expected, it was observed an increase in the deposition
rate, as the power increased from 60 W to 90 W, although a slight
drop in the deposition rate can be seen with the substrate temper-
ature. In addition, for fixed power and substrate temperature, the
deposition time had an adverse effect on the thickness of both rare
earth coatings.

AFM observations of the different samples were carried out,
with the aim of comparing their surface roughness. From Table 1
and considering the mean roughness value of bare substrate
(�81 nm), it can be observed that the mean roughness also de-
creased with the substrate temperature, fixed power and deposi-
tion time. An explanation for the variation in both the deposition
rate and mean film roughness is not clear. Perhaps, this effect could
be due to re-sputtering of the films, either by a physical process or
a chemical reaction. Target poisoning is another alternative,
although the atmosphere was not reactive and the targets were
oxides. Moreover, no drastic variations in the voltage–current
characteristics were observed. Gas rarefication due to a higher
amount of reactive Ce and La atoms in the gas may be another con-
tributor. This issue requires further experiments, which are beyond
the objective of this paper.

3.2. Microstructural analysis

X-ray diffraction analysis was used to identify the phases of the
rare earth coatings that were formed under the different experi-
mental conditions described in this work. Figs. 1 and 2 show the
XRD patterns for the uncoated and the CeO2- and La2O3-coated
AA6082 aluminum alloy substrates. The XRD patterns of CeO2 films
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Fig. 1. X-ray diffraction patterns for CeO2 coatings onto AA6082 using different
deposition parameters: (a) 60 W and (b) 90 W.

20 30 40 50 60 70 80 90

AA6082

P60T80t25

2 θθ (Degrees)

In
te

ns
ity

 (a
.u

.)

P60T200t25

o(
20

0)

P60T80t40

P60T200t40

;(2
11

)

P60T80t60

;(3
00

)

;(2
01

)

;(1
01

)

o(
22

2)o(
22

0)

o(
31

1)

o(
11

1)

+(
20

-2
)

+(
20

-1
)

+(
20

0)
+(

10
-3

)

+(
11

0)

+(
10

-2
)

*(2
20

)*(2
11

)

* (0
02

)*(1
10

)
+(

10
-1

)

P60T200t60+(
10

0)

(a)

20 30 40 50 60 70 80 90
2θθ  (Degrees)

AA6082

In
te

ns
ity

 (a
.u

.)

;(2
11

) ;(1
02

)

;(3
00

)

;(1
0-

1)
;(1

01
)

;(2
00

)

P90T80t25

;(1
11

)

;(0
02

)

;(1
12

)

;(3
11

)

;(4
01

)

x(
11

0)

+(
20

-1
)

+(
20

0)
+(

10
-3

)

+(
11

0)

+(
10

-2
)

+(
10

-1
)

+(
00

2)
+(

10
0)

* (1
10

)

* (0
02

)

*(2
20

)

P90T200t25

P90T80t40

P90T200t40

P90T80t60

+(
20

-2
)

;(2
10

)
;(2

01
)

o(
22

2)

o(
31

1)

o(
22

0)

o(
20

0)

o(
11

1)

P90T200t60

(b)

oAl      ;La(OH)3     +La2O3(h)     *La2O3(c)     xLaAl11O18

Fig. 2. X-ray diffraction patterns for La2O3 coatings onto AA6082 using different
deposition parameters at two different powers: (a) 60 W and (b) 90 W.
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deposited on metallic substrates indicate that CeO2 improves the
crystallinity with increasing substrate temperature and exhibit a
strong tendency to grow in the (111) direction independent of ap-
plied power or deposition time (Fig. 1a and b). Therefore, the effect
of sputtering power on texture appears to be non-important.

To examine the effect of substrate on film deposition, CeO2 films
were deposited on both glass and silicon (100). The results indi-
cate that the CeO2 films have similar crystallinity with the (111)
orientation on glass and on silicon, although low intensity peaks
of Ce2O3 (510) are also observed, formed with low oxygen content.
In comparison, the XRD patterns of sputtered lanthanum oxide
coatings are shown in Fig. 2a and b. For all spectra, the peaks at
38.47�, 44.74�, 65.13�, 78.23�, and 82.43� correspond to the
(111), (200), (220), (311), and (222) planes, of aluminum (ICDD
04-0787 chart). The different experimental conditions, such as sub-
strate temperature and deposition time produce differences in the
intensity of these peaks, which may be due to coating thickness or
to the reduction of crystallite size of La2O3, or both, specially ob-
served in the (002) plane for the hexagonal structure. That is,
La2O3 coatings reduce the peaks intensity of hexagonal close pack-
ing or body center cubic structures when the temperature of the
substrate is increased from 80 �C to 200 �C. The differences can
be probably explained by different nucleation mechanisms occur-
ring at the different experimental conditions. As a function of
experimental conditions, La2O3 as well as LaAl11O18 compounds
can form. The base pressure in the vacuum chamber prior to the
deposition of the films is low enough (6.66E�2 m Pa) to avoid
humidity contamination. However, it is well known [13–16] that
La2O3 compounds are very reactive under ambient conditions.
Thus, it is possible that the hydroxide films that are consistent with
the XRD patterns were formed after the samples were exposed to
the atmosphere.

In order to observe the substrate effect on the morphology of
the films, the SEM micrographs of the as-growth CeO2 and La2O3

coatings on the metallic substrates are shown in Fig. 3. To determi-
nate a contrast in the surface morphologies, the samples are shown
at the same magnification (50,000�). In general, all the as-depos-
ited sputtered films have a uniform, crack-free, densely packed
surface with small pores and smooth domes covering the substrate
uniformly. These films were grown with clusters of nanosized cer-
ium and lanthanum oxides particles. It is known that by changing
the power, the sputter rate of the target changes resulting in differ-
ential deposition rates [17]. In addition, microstructural variations
observed for the different operating conditions: the particle size
changed from fine to coarse grain and the thicknesses varied from
�10 to 1200 nm, depending on the experimental conditions. Under
these conditions, surface defects are not observable for cerium oxi-
des, whereas the small surface cracks can be seen in some small
areas of the La2O3 coatings.

To evaluate the influence of deposition parameters on the for-
mation of different cerium and lanthanum oxides XPS analyses
were carried out for the coatings. Selected as-deposited coatings
for each rare earth deposited on silicon are shown in Fig. 4a–d.
Over all for the sputtered Ce coatings, cerium was present in the
Ce4+ and Ce3+ states. The Ce 3d spectrum is composed of five
groups of spin-orbit splitting coupled peaks; in agreement with
Burroughs and co-workers [18]. The effects of orbital hybridization
are observed in the Ce 3d spectra which accounts for three dou-
blets in Ce4+ (the main photoemission peaks and two satellites)
and the two doublets in Ce3+ (the main peak and a satellite). The
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Ce 3d spectrum consists of a 10-peak set, organized in 5 doublets
corresponding to the 3d5/2 and 3d3/2 components (Fig. 4a and
b). Three doublets, can be attributed to Ce4+ and are labelled as
Ce4+ (at 886.75 and 904.35 eV, respectively), satellite Ce4+

(890.22 and 908.78 eV) and (899.43 and 917.3 eV), whereas the
other two doublets corresponds to Ce3+ (883.48 and 902.04 eV)
and its satellite Ce3+ (887.76 and 906.78 eV) [19]. The Ce4+ peak
at 917.3 eV, which is exclusive of Ce4+ compounds and relatively
well isolated from the rest of the spectrum, is commonly used as
a valence state analysis of cerium compounds because its area is
related to the total concentration of Ce4+ present in cerium coat-
ings. The Ce3+/Ce4+ ratio in the film is about 0.68. Hence, cerium
in these oxides is primarily in the Ce4+ state.

The XPS-spectra for La and O are shown in Fig. 4c and d. The La
3d spectra also show one doublet. The peak positions obtained
after peak fitting at 853.18 and 836.40 eV are for La3+ and at
857.68 and 840.93 eV for its satellite La3+, in agreement with pre-
vious reports [20]. The oxygen 1s peak shows more than one com-
ponent, suggestive of lanthanum hydroxide and oxide in similar
concentrations. This suggests that during deposition lanthanum
initially forms La2O3, and then upon exposure to the atmosphere
reacts with moisture to form La(OH)3.

3.3. Polarization curves

The modern theory of aqueous metallic corrosion is now based
firmly on electrode kinetics [21–24]. Thus, in order to evaluate the
anticorrosion properties of these sputtered films, the electrochem-
ical determination of the kinetic parameters of as-deposited coat-
ings were estimated using potentiodynamic polarization curves.
Fig. 5a–d shows selected polarization curves for these coatings
formed under different conditions at a san rate of 0.5–0.5 mV s�1.
The anodic polarization curves of uncoated aluminum AA6082
can be divided into two regions. In the first region, the dissolution
of the AA6082 aluminum alloy occurs above its open circuit poten-
Ceriu
t=25 min t=4

T=80°C T=200 °C T=80°C

Lantha

P=60W

P=90W

P=60W

P=90W

Fig. 3. SEM images at 50,000� showing the morphology of sputtered cerium and lanth
tial because an active electrochemical reaction takes place on the
surface and the anodic current increases rapidly between �0.76
and �0.42 V vs. SCE. In a subsequent step, there is a passivation re-
gion beginning at this potential of �0.42 V vs. SCE. The rapid in-
crease in the current density in the transpassivity zone indicates
the occurrence of the stable pitting in which the potential corre-
sponding to the current transient is known as a critical potential
Epit = �0.70 V vs. SCE. Finally, after the pit potential, it can be ob-
serve a tendency to the repassivation of microsize pits [25]. It is
known that during the growing process of an occluded pit, the con-
centration of metallic cations increase gradually due to the active
dissolution within the pit [26–28]. Once the saturated concentra-
tion is reached, a salt film will be formed at the bottom of the
pit. The dissolved metallic cations move outward through the salt
film under the action of electric field across the film. The stronger
the field is, the faster the metallic cations move through the film.
Hence, in this stage the growth of the pit is controlled by the ohmic
potential drop across the salt film. The pitting corrosion occurs at
the surface of aluminum alloy if a difference of �450 mV in posi-
tive direction is applied; however lower voltage differences con-
tributed to achieving its passivity.

In the case of samples coated with cerium oxides, only the as-
deposited samples at P60T80t40 have a tendency to form a passivat-
ing film in the range from �0.86 to �0.59 V vs. SCE and display the
lowest current density. The behaviour is followed by a rapid in-
crease in the current density with a pitting potential varying from
�0.59 to �0.44 V vs. SCE. The trend to the repassivation of micro-
size pits began from �0.44 V vs. SCE. It is evident that the pitting
potential is modified is slightly shifted in positive direction when
ceria coating is applied onto the metallic substrate using both
deposition powers (60 and 90 W). On the other hand, in these plots
(see Fig. 5a and b), the cathodic branch (at 60 W) remains practi-
cally the same for all of the coated specimens; whereas using a
sputtering power of 90 W, a pronounced effect on the cathodic
and anodic branches of the polarization curves can be clearly ob-
m Oxide
0min t=60 min

T=200 °C T=80°C T=200 °C

num oxide

anum oxides on AA6082 aluminum alloy using different experimental conditions.
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Fig. 4. High-resolution XPS spectra for Ce 3d (a and b) and for La 3d (c and d) deposited on the surface of selected samples.
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Fig. 5. Potentiodynamic curves corresponding to AA6082 aluminum alloy coated with cerium oxide (a and b) and lanthanum oxide (c and d) for various deposition
parameters.
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served; i.e. a limiting current density began to appear in the plots.
Cathodic polarization drives the reduction reaction that in neutral
sodium chloride solution is essentially the reduction of dissolved
oxygen; thus inhibition of the reduction reaction is associated with
the decrement of the dissolved oxygen. This behaviour indicates a
change in the corrosion mechanism of the coated aluminum alloy.
Unlike the situation with the uncoated alloy, there is an important
inhibition of corrosion when RE are deposited modifying the rate
determining step. Under the experimental conditions, the corro-
sion potentials are slightly shifted to nobler values depending on
the conditions in the sputtering chamber. As a consequence, the
passive stage is also shifted because Ecorr is displaced. The alter-
ation in the corrosion potential has been attributable to the ceria
layer.

A rather low passivation current density can be reached in the
polarization behaviour of the sputtered lanthanum oxide com-
pounds on metallic substrates, which indicates that lanthanum
coatings indeed can provide a better physical barrier to inhibit



Table 2
Fitting parameters of potentiodynamic curves of cerium and lanthanum oxides coated samples.

Sample Icorr (A cm�2) Ecorr (V vs. SCE) ba (V dec.�1) bc (V dec.�1) Sample Icorr (A cm�2) Ecorr (V vs. SCE) ba (V dec.�1) bc (V dec.�1)

AA6082 1.98E�06 �1.17E00 – 0.143 – – – – –

CeO2 La2O3

P60T200t25 5.76E�08 �8.09E�01 0.122 0.305 P60T200t25 2.11E�06 �1.12E+00 – 0.207
P60T80t25 3.18E�07 �7.31E�01 0.096 – P60T80t25 7.54E�06 �1.20E+00 – 0.215
P60T200t40 2.47E�07 �7.79E�01 0.123 0.271 P60T200t40 4.72E�06 �1.14E+00 – 0.286
P60T80t40 1.18E�08 �9.55E�01 – – P60T80t40 4.59E�06 �1.13E+00 – 0.148
P60T200t60 4.17E�08 �1.06E+00 – 0.187 P60T200t60 6.56E�08 �7.55E�01 – 0.304
P60T80t60 8.06E�08 �7.33E�01 0.104 – P60T80t60 5.06E�06 �1.16E+00 – 0.229
P90T80t25 4.20E�08 �7.52E�01 0.095 – P90T200t25 1.08E�07 �8.47E�01 – 0.228
P90T200t40 4.72E�07 �7.95E�01 0.168 – P90T80t25 2.12E�06 �1.14E+00 – 0.201
P90T80t40 2.96E�07 �6.96E�01 0.118 – P90T200t40 2.85E�08 �8.69E�01 – 0.232
P90T200t60 4.89E�07 �7.26E�01 0.197 – P90T80t40 1.81E�07 �7.39E�01 – –
P90T80t60 5.80E�08 �6.54E�01 0.136 – P90T200t60 1.79E�08 �7.29E�01 – –

P90T80t60 7.04E�07 1.07E+00 – 0.141
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the electrochemical process (Fig. 5c and d). The deposition of lan-
thanum coatings maintaining the power at 60 W, varying the
deposition time and substrate temperature seems to shift the pas-
sivity towards to more positive values, whereas no trend can be
reasonable analysed with deposited samples using lanthanum
oxide target at 90 W; in this situation is regarded that for some
samples, it is exhibited a poor resistance to localized corrosion be-
cause the coatings are non-passive.

Table 2 shows the kinetic parameters from corrosion testing
indicating the effects of the various deposition parameters. The
values of Icorr and Ecorr were obtained as an approximation by
extrapolating the fitting lines of the anodic and cathodic branch
back to Eocp, respectively. It is important to note that only Tafel
slopes with a physical significance were calculated. Assuming that
the corrosion rate is proportional to the corrosion current density
(Icorr), the Lanthanum (90 W, 200 �C, 60 min)-coated specimens
have the lowest Icorr (1.79E�8 A cm�2) with a high resistance
against pitting corrosion failure (Epit = �0.68 V). The alteration in
the corrosion potential has been attributable to the dense or por-
ous layer that grows on metallic substrate and also its behaviour
in chloride solution, therefore, the potential corresponds to a mix-
ing potential that is influenced by the interaction between the
Al2O3 film and Lanthanum compounds. It is recognized that this
process could also be responsible of the sealing, adhesion, and in-
crease the anticorrosion properties against of these coatings. Com-
paring both RE sputtered coatings, potentiodynamic curves and
kinetic parameters confirmed that Lanthanum oxide coatings re-
sulted in enhanced in the shifting of pitting potential and corrosion
current density compared to ceria coatings with maximum in-
crease observed at the experimental conditions of P90T200t60 and
P60T80t40, respectively. It can be also concluded that such electro-
chemical performance is greater as increase the deposition time
in the sputter chamber. Finally, the performance can be correlated
with the fact that La oxides/hydroxides are surface-active films
forming a dense and uniform oxide/hydroxide layer, which can in-
hibit the diffusion of Cl� ions and thus delay the oxidation and cor-
rosion process.

4. Conclusions

This paper describes the deposition parameters effects of
power, substrate temperature, and deposition time for sputtered
rare earth coatings on the corrosion behaviour of AA6082 alumi-
num alloy immersed in aqueous solutions of NaCl. These three pro-
cess parameters affect the microstructure and chemistry of the Ce
and La oxides/hydroxides formed by sputter deposition on differ-
ent substrates. The deposition rate increase with the power from
60 W to 90 W, but a slight drop in the deposition rate can be seen
with the substrate temperature. Maintaining constant the power
and substrate temperature during the experimental set up, it was
observed that the deposition time had an adverse effect on the
thickness of both rare earth coatings.

Interesting changes are observed by increasing the substrate
temperature modifying the crystallinity of the rare earth coatings.
XRD and XPS findings demonstrate that the cerium coatings are
composed of CeO2 and a significant quantity of Ce2O3 due to the
oxygen deficiency in the sputtering chamber, whereas La2O3 and
some intermetallic La compounds (LaAl11O18) are mainly detected
in lanthanum layers. In addition, in the surface and sub-surface
layers La(OH)3 compounds are apparently formed after exposure
of La2O3 thin films due to its very reactive with the environment.
The structure of these coatings is found to be dependent on the
nature of the substrate. Under similar conditions, the thicknesses
of the La-coatings are greater than those of the cerium coatings
which directly affect the corrosion protection; i.e. a rather low cur-
rent density (1.79E�08 A cm�2) can be reached in the polarization
behaviour of the sputtered lanthanum oxide compounds on metal-
lic substrates, indicating that lanthanum coatings indeed can pro-
vide a better physical barrier to inhibit the electrochemical
process.
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