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Samaria (Sm;03) and samaria-doped ceria (SDC) films are electrochemically deposited on stainless steel
in view of a potential use in solid oxide fuel cells. As it is possible to deposit separately pure ceria
(Ce03) and pure samaria (Sm,0s3) in similar conditions, SDC films were successfully obtained in one
electrochemical conditions set. Thin films have been fabricated at low-temperature (30°C) by applying

a cathodic potential of —0.8 V/SCE, for 2 h. Structural and morphological properties of electrodeposited
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films have been studied by X-ray diffraction (XRD), scanning electron microscopy (SEM), techniques and
Raman spectroscopy. Special attention has been focused on the Raman spectroscopy study to empha-
size the effect of heat treatment and samarium doping. Despite cracks, single SDC phase was obtained
crystallizing in a cubic symmetry.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Pure and rare-earth containing ceria (CeO,) have been exten-
sively investigated for various technological applications. Indeed,
due to their ability to store, release or transport oxygen, these
materials have been widely used in catalytic fields as hydrocarbon
oxidation catalysts, gas sensors, or in water gas shift reactions [1-4].
In solid oxide fuel cells (SOFCs), ceria-based materials could find
several applications such as electrolyte [5] or interfacial layer as dif-
fusion barrier [6] or as a bond layer [7]. One of the main advantages
of doped ceria solid electrolytes over well-known yttria-stabilized
zirconia is their ability to lower the operation temperature of
SOFCs, due to their higher ionic conductivity at lower tempera-
ture [8,9]. Aliovalent substitution of trivalent ions in the lattice of
ceria, results in the formation of oxygen vacancies and giving rise to
an increase in ionic conductivity. The highest formation of oxygen
vacancies was observed for Cej _xSmy0, _y» and Cej _xGdxO; _yp
[10,11]. Therefore, lowering the SOFC working temperatures to
500-650°C could allow greater flexibility in designing electrode
and interconnecting materials. Conventional lanthanum chromite
interconnectors may be replaced by much cheaper, well-adapted,
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stainless steel ones. However, to avoid added electrical resistance
or alloy constituent diffusion from stainless steel to the cathode, it is
necessary to protect the interconnect plates [8,12]. Ceria-based thin
layer seems to be one of the solutions, when doped with respective
element.

In the past decades, CeO,-based coatings have been regarded
as a possible, environmentally friendly, alternative to highly toxic
chromate coatings for protecting structural materials (Al-alloys,
zing, stainless steel) [13-15]. CeO-, films impair corrosion protec-
tion as anti-corrosion dopants [16] or surface conversion layers
[17,18], because lanthanides block cathodic sites of the substrate
[19]. Ceria coatings have also been used for enhancing corrosion
resistance of the Mg-implants [20].

Samarium is another rare-earth element that, in close anal-
ogy with the behavior of cerium, also forms thin films capable of
protecting the metallic substrates from corrosion attack [21]. Elec-
trodeposition is a powerful cost-effective technique, which enables
the production of high-quality coatings at low temperature. The
method is highly versatile; one can play on a large variety of growth
parameters to control the film properties. A number of reports
were devoted to electrochemically synthesized ceria films [22-27].
Our team also reported on the synthesis of undoped ceria film
[28-30]. However, the electrodeposition mechanisms for obtaining
samarium-doped ceria films is still poorly documented, only a few
studies may be found to our knowledge [14,31,32]. Recently, Ruiz
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et al. [21] demonstrated the formation mechanism of samarium
based-coatings to be similar to the ceria one. Most of the above-
mentioned studies were carried out via a galvanostatic method.

In this work, samaria and samaria-doped ceria thin films have
been grown using electrochemical deposition method under poten-
tiostatic mode. In view of the potential application, as protective
coatings against the corrosion of bipolar plates in high temperature
fuel cell, samaria and SDC films have been deposited on stainless
steel, from aqueous electrolytic solutions at 30 °C. This temperature
has been chosen in order to improve the adherence of the ceria-
based film. Moreover Hamlaoui et al. have recently shown that
higher temperatures lead to film properties not adequate for pro-
tection [33]. Electrochemical behavior of the Sm3* and Ce3* systems
has been investigated by means of cyclic voltammetry. A detailed
analysis of structural, morphological and vibrational characteristics
of the as-grown films is presented. Moreover, the effect of thermal
annealing has been studied as well, with the aim of following the
evolution of the crystal structure of samaria and samaria-doped
ceria films.

2. Experimental

A classical three-electrode cell was used for the electrodepo-
sition: stainless steel disc (316L, diameter 0.7 cm) as a working
electrode (kept under stirring at 300 rpm), saturated calomel elec-
trode (SCE, Escg=0.245V vs. ENH) as the reference one, and
platinum wire as a counter electrode. The substrate was abraded
with SiC 800 paper, then cleaned for 5min in ethanol under
ultrasonics, rinsed with deionized water (electrical resistivity
18.2 M2 cm), and dried under pulsed air flux immediately before
deposition. The supporting electrolyte was 0.1 M NaNOs (Riedel de
Haen). Then, three deposition media were investigated:

- for the fabrication of samaria films, the electrolytic solution con-
tained 1 mM Sm(NO3)3-6H,0 (Alfa Aesar, 99.9%) in addition to
the supporting electrolyte.

- for the synthesis of ceria films, 0.05 M Ce(NOj3 )3-6H;0 (Alfa Aesar)
were added to the supporting electrolyte.

- for the samaria doped ceria films, the solution bath contained the
supporting electrolyte, and both Ce(NOs)3-6H,0 (Alfa Aesar) and
Sm(NO3)3-6H,0 in order to obtain 0.8% Sm(III) calculated on the
Ce(III) molar basis (see [34] for further details).

All the solutions were saturated with molecular oxygen for 1 h
before starting the experiment, and slight O, bubbling in the reactor
bath was maintained during the deposition. The bath temperature
was kept at 30°C using a bain-marie system, with a hot plate and
thermal regulation. Films were deposited in a potentiostatic mode,
applying a —0.8V vs. SCE potential for 2h. A Princeton Applied
Research potentiostat/galvanostat (model 263A) was used. After
electrodeposition the as-grown coatings were rinsed in deionized
water. Thermal annealing was done in a tubular furnace at 600°C
for 1h, in air, with a heating rate of 2 °C per minute. XRD analy-
sis was performed using a Siemens D5000 XRD unit (with 40 kV
and 45 mA, CuKa radiation with A=0.15406 nm) in 6-26 range
of 10°-100°. X‘pert Database 32 software with integrated Scher-
rer formula was used to calculate the average crystallite size. SEM
images were obtained by a high resolution Ultra 55 Zeiss FEG scan-
ning electron microscope at an acceleration voltage of 10 kV. Energy
dispersive X-ray (EDX) analyses were made using a Bruker Li-drift
silicon detector, with a 15kV acceleration voltage. Micro-Raman
spectra were recorded at room temperature with a Horiba Jobin
system at a spatial resolution of 2 pm in a backscattering configu-
ration. A 632.8 nm line of a He-Ne laser was used for off-resonance
excitation. The instrument was calibrated to the same accuracy
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Fig. 1. Cyclic-voltammograms (CV)on stainless steel electrode in 0.1 M NaNOs solu-
tion (scanning rate 50 mVs~!): curve (1) under Ar, curve (2) under oxygen, and curve
(3) upon addition of 0.001 M Sm3* under oxygen.

using a naphtalene standard. Cyclic voltammetry (CV) experiments
were carried out in the potential range (E) from +0.2 to —1.2V vs.
SCE, and scanning rate of 50mVs~1.

3. Results and discussion

3.1. Electrochemical deposition in the Sm(III) and Ce(Ill)/Sm(III)
system.

The mechanism of electrochemical deposition is based on the
generation of hydroxide ions (OH™) by reduction of a soluble pre-
cursor on the conductive substrate, which acts as the working
electrode. Then, the OH™ ions, produced in the vicinity of the work-
ing electrode, react with the metal cations present in the solution
to form the oxide thin film on the electrode surface [24,35].

In the case of cerium ions and using molecular oxygen as a pre-
cursor, the deposition reactions can be written as follows:

1/205 +Hy0 + 2e~ — 20H" (1)
Ce3* +30H™ — Ce(OH)3 (2)
4Ce3t + 0, +40H™ +2H,0 — 4Ce(OH),2+ (3)

The cerium oxide film results from either oxidation of Ce(OH)3
or hydrolysis of Ce(OH),2*, Eqs. (4) and (5), respectively [20,25,27]:

Ce(OH)3; — CeOy +H30" 4~ (4)
Ce(OH),%* +20H — CeO, +2H,0 (5)

This method can potentially be extended to other lanthanide
oxides [21,36]. In the case of Sm3* ions, the expected reaction is
the formation of samarium hydroxide:

Sm3* +30H™ — Sm(OH); (6)
The alternative product could be samarium oxide:
Sm3* 4+ 30H™ — 1/2Sm,05 +3/2H,0 (7)

First deposition experiments were devoted to the study of pure
samaria films grown on a stainless steel substrate. In order to
select an appropriate deposition potential, electrochemical behav-
ior of the system containing Sm(NO3 )3 was investigated by means
of cyclic voltammetry. Fig. 1 shows typical cyclic-voltammograms
(CV) of the real stainless steel-electrolyte interface recorded upon
a first voltammetry scan on the bare stainless steel electrode.
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Fig.2. Cyclic-voltammograms (CV)on stainless steel electrode in 0.1 M NaNOs solu-
tion, under O, (scanning rate 50 mVs~!) (1) addition of Ce3* 0.05 M. (2) Addition of
Sm3* 0.001 M.

Firstly, the CV experiments were performed in pure NaNOs solution
under different atmospheres: argon, as an inert gas, and oxygen,
presented in Fig. 1 curves (1) and (2), respectively. The exis-
tence of cathodic wave under oxygen-saturated conditions, starting
approximately at —0.3 V vs. SCE and reaching its maximum negative
value at about —0.68 V vs. SCE, can be assigned to the electrochem-
ical reduction of molecular oxygen, as documented in literature
[21].

A change in shape of the CV curves is observed, when the CV
experiment was carried out under the same oxygen-saturated con-
ditions, but in the presence of 1 mM Sm3* (pH 6), (see Fig. 1, curve
3. Therefore, it appears that the cathodic peak observed, with a
maximum at —0.86 V vs. SCE, is the Sm induced one. Moreover, this
electrochemical signal was found to be related to the concentra-
tion of Sm3* species in the solution, as its increase from 1 to 10 mM
resulted in proportional increase in the corresponding peak cur-
rent. Also, the peak position shifted slightly from —0.84 Vto —0.89V
vs.SCE, as the Sm3* concentration increased (not shown). Our result
is consistent with the previous study already reported [21].

The CV was also performed for the Ce3* containing solution.
Fig. 2 shows cyclic voltammograms for 0.05 M Ce3*. The CV for 1 mM
Sm3* solution is given in parallel. In the case of Ce3* containing
species, the hysteresis observed during the reverse scan indicates
that the electrode surface was modified during the cathodic polar-
ization, especially in this relatively concentrated solution. This
result indicates that the reduction reaction occurs rapidly. Ham-
laoui et al. [25] reported a peak at —0.86V vs. SCE for the 0.1 M
cerium nitrate solutions, which was assigned to the evolution of
cerium species. As this peak did not appear for 0.01 M solution, the
cerium nitrate concentrations were suggested to be the reason. In
our experiments, an irreversible cathodic peak was registered at
—0.9V, which is closer to the value reported in literature [16].

The above-presented results permitted to select a constant
potential value for further synthesis of samaria and Sm-doped ceria
films by electrochemical cathodic deposition method. The absolute
value of this potential has to be higher than |0.6|V/SCE to ensure the
formation of hydroxide ions in the vicinity of the working electrode.
In this study, we have chosen to apply a potential of —0.8 V vs. SCE.
As this potential is common for a successful deposition of Sm-based
and Ce-based films, we applied this potential to the mixed solution
of Sm3* and Ce3* nitrate components to grow the SDC film.

Fig. 3 shows the evolution of current density with time during
the electrodeposition process for pure Sm-based films (curve 1)
and ceria films (curve 3), as well as for SDC film prepared from the
mixed Ce3* and Sm3* solution (curve 2).
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Fig. 3. Chronoamperograms obtained from: (1) 0.001 M of Sm3*,(2) mixed Sm3*
(0.8 mol%) - Ce3* and (3) 0.05M Ce3*.

Current-density transient curve obtained for pure samarium
nitrate solution exhibits a characteristic S shape, (see curve 1, Fig. 3).
Globally, there is a continuous decrease in cathodic density with
time, nevertheless different distinct steps are observed. Just after
the application of reductive potential, the current increases dras-
tically. For the 0%Sm3* and 0.8%Sm3* solution it can be observed
that over the first 1000s, the current decreases and reaches a
plateau value of about —0.65 mA cm~2. The current decrease con-
tinues again towards the steady value of only —0.050 mA cm—2
reached after 3000s. Such electrochemical behavior suggests that
the formed Sm-layer is of low conductivity in this electrolytic
medium. Ruiz et al. [21] reported previously that the formation
of incipient Sm-based film partially blocked the electrode surface
to the subsequent reduction of water reduction.

Chronoamperometric transient curves related to CeO, and SDC
films both exhibit a particular shape. Actually, upon the application
of the potential, the cathodic current increases, as the formation of
ceria hydroxide occurs. The overall process takes about 2000 s when
the current reaches the value of about —0.6 mA cm~2. The second
part of the process, which may be assigned to the homogenous
crystal growth process, is characterized by more or less constant
current-density. This shape, different from pure samaria, indicates
the deposition mechanisms are different.

3.2. Morphological and compositional characterization

The Sm-based film was electrodeposited on the stainless steel
substrate from 1 mM Sm(NO3 )3-6H,0 solution for 2 h. Microstruc-
ture of the as-grown film is presented in Fig. 4(a) and (b).

At first sight, the film does not seem to fully cover the surface,
as bare substrate is partly visible, Fig. 4(a). The cracks observed in
the film are most likely the result of dehydration of the sample.
Indeed by the curvature of film patches, it is easily concluded that
the cracking is the consequence of the shrinkage of deposited film,
as well as the result of the shear stresses between oxide/hydroxide
film and stainless steel substrate (during oxidation step or/and dry-
ing step). The presence of the cracks therefore suggests that the film
contains hydroxide groups (Eq. (3)). The film appears fibrous and
very porous, as can be seen in Fig. 4(b). The microstructure of the
SDC sample is presented in parallel, Fig. 4(c) and (d). According to
our observations, the film is quite adherent despite it is cracked on
its surface, and has the same morphology as pure ceria film (not
shown). However, in comparison with the pure as-grown samaria
film (Fig. 4a and b), the Sm-doped ceria shows much more compact
and denser morphology (Fig. 4c and d). Such morphology is suit-
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Fig. 4. Different SEM views: (a) and (c) surface views and (b) and (d) cross sectional views of as-grown Sm-based and SDC films on steel substrate, respectively.

able for protection of metallic surfaces or as thin electrolyte if ionic
conductor.

The energy dispersive X-ray analysis for the SDC film was per-
formed and the samarium and cerium quantities were measured
in more than three locations throughout the specimen, in order to
determine its composition accurately. The Ce signals were regis-
tered at 0.9, 4.9, and 6.0 keV, while the Sm related ones appeared
at 1.1 and 5.6 keV. The use of standards allowed us to calculate the
final composition as 95 at.% Ce and 5 at.% Sm.

3.3. Structural characterization and Raman spectroscopy studies

Fig. 5 illustrates diffraction patterns of as-grown Sm-based film,
as well as the effect of thermal annealing on its crystallinity. As
can be seen, as-deposited film shows no features of a crystallized
compound (Fig. 5 curve (1)). However, after annealing at 600°C
for 1h, the presence of cubic Sm;03 was confirmed (curve 2).
XRD peaks positioned at 26 values of 28.3°, 32.8° and 47.0°, corre-
sponding to the (222), (400) and (440) crystallographic planes,
match well the standard data JCPDS 015-0813. The line width
is rather narrow, suggesting that the deposited samaria is quite
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Fig. 5. X-ray diffraction patterns of: (1) as-grown Sm-films and (2) Sm-films
annealed at 600°C for 1h; (3) The annealed SDC (5at.%) and (4) pure ceria films
annealed at 600°C 1 h.

crystallized and the average crystallite diameter of 27 nm was
calculated.

The X-ray patterns of pure ceria and 5 at.% Sm-doped ceria films,
annealed at 600 °C for 1h, are also presented in Fig. 5 (curves 3-4).
According to JCPDS 34-0394, the registered peaks clearly confirm
that the cubic fluorite CeO, phase is the compound diffracting from
both films. As can be observed, XRD peak (11 1) is the dominant
one and both films (curves 3-4, Fig. 5) exhibit a well-defined peak
situated at about 28.6°. Lower intensity diffraction lines assigned
to (200),(220), (311) crystallographic planes, as well as a series
of lower intensity peaks, were recorded in both patterns (curves
3-4, Fig. 5). However, in comparison with pure ceria (curve (4),
Fig. 5), 5at.% Sm-containing ceria film (curve (3), Fig. 5) shows
more intense peaks of narrower line-widths, indicating an increase
in grain size with Sm doping. Accordingly, the average crystallite
size of 10.8 and 13.5 nm was calculated for pure and doped ceria,
respectively. Our result corroborates well the reported data [32].

It can be noted that in the case of Sm; 03, bce structure is defined,
while pure ceria crystallized in fcc structure, resulting in a slight
shift of X-ray peaks. This is not observed anymore by the 5 at.% Sm-
doping, concluding to the formation of a single SDC phase, with a
structure close to pure ceria and not pure samaria. This result was
expected due to the small amount of Sm dopant, low enough to not
modify the ceria structure.

Raman spectroscopy is a versatile non-destructive technique,
which can provide information about the material quality, phase
and purity [37-39]. It was used to study dopant incorporation and
influences the scattering of the samaria and SDC coatings. Fig. 6
illustrates the Raman spectra of the Sm-films, as grown and after
annealing at 600 °C for 1 h. The peak at 1054 cm~!, dominant for the
as-grown sample (curve 1, Fig. 6), and the one located at 741 cm™!
are attributed to the internal vibration modes of nitrate ions [26].
The same band has already been reported for the as-grown ceria
films when washed with water [25]. Both nitrate related peaks
almost vanish (denoted as (*)) from the spectra upon annealing,
curve (2).

After the thermal treatment, new peaks appear in the spectra,
with a major Raman peak at 344 cm~!. Ourresults are in accordance
with the reported data [40,41], attributing this peak at 344 cm™!
to the F; mode for samaria, and the two adjacent ones, at 295
and 417cm~, to the Fg+E; and A; mode for samaria, respec-
tively [42]. In addition, two new bands of lower intensity were
registered: a small band at 555cm~! and a wide one, but rather
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Fig. 6. Raman spectra of Sm films: (1) as-grown and (2) annealed at 600 °C.

significant, located at 854 cm~!. The Raman peak at 555 cm~! was
evidenced as the Sm;03 one [42,43], assigned to the Eg mode.
Authors [40,41] presented the spectra recorded in much smaller
Raman wave-number ranges than in this study. Nevertheless, it
could be suggested the peak at 854cm~! to be also assigned to
Sm, 03 [42], as similar Raman spectrum was registered for the sam-
ple electrodeposited at a potential different than E=—0.8 V vs. SCE.

Next, pure and Sm-doped ceria samples were studied by the
Raman scattering method. It is known that CeO, crystallizes in
the cubic fluorite-type lattice, belonging to the Fm3m space group.
The Raman mode frequency at about 456 cm~!, viewed as a sym-
metric breathing mode of the oxygen atoms around ceria atom
|44-46], can be directly detected by measurements (Fig. 7). Typical
Raman spectra for as-grown pure and 5 at.% Sm-doped ceria films
are shown in Fig. 7(a). Both spectra are characterized by an intense
band at 456 cm™!, attributed to the F2g mode of Ce-O symmet-
ric vibrations. This result agrees well with literature data [9,13,26]
for non-calcined ceria particles. Although both pure ceria and SDC
spectra exhibit similar shape, an increase in intensity is observed
for the Sm-doped sample.

The effect of the thermal treatment on Raman spectra for pure
and Sm-doped ceria samples is presented in Fig. 7(b). The high
Raman intensity (Fig. 7b) measured for the strongest band in all
the samples indicates a large polarizability change occurring dur-
ing the vibration studies. This band is expected to be more sensitive
to changes in chemical bonding [42] in the series and will be moni-
tored to study the doping-induced effects in all the samples studied.
After annealing, an increase in symmetry of the Raman band, along
with a decrease in the full width at half maximum is observed.
Also, the peak intensity doubles. According to Fig. 7 it is also evi-
dent that annealing produces a shift in the maximum amplitude
of the Raman band towards higher wave numbers, from 456 to
465 cm~!, for as-grown and annealed films, respectively. This could
be related to the higher degree in crystallinity and an increase in
crystallite size [47-49]. A special correlation model of this effect
has been used to account for the variations in Raman line width
and frequency vs. particle size by Richter et al. [48] and Viera et al.
[49]. It was found that the crystallite size increases with decreas-
ing FWHM of the Raman peaks. Our experimental observations
are in accordance with previous reports [49]. Thus, we can men-
tion that there is a correlation between the Raman FWHM (line
width) and inverse particle size. Moreover, a slight Raman shift
of 2cm~! towards lower wave numbers in respect to pure ceria
(curve (1)), observed for SDC film, curve (2), is in agreement with
[9]. Furthermore, in close vicinity of the main band, the evolution of
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Fig. 7. Raman spectra of pure ceria and 5 at.% Sm-doped ceria films: (a) as-grown
and (b) annealed at 600 °C.

a “shoulder-like” band around 600 cm~! is registered. The related
band, with a maximum at 600 cm~1, observed in both spectra, dis-
appears after annealing from the pure ceria spectrum, but not from
5% Sm ceria. McBride et al. [44] assigned a new, additional band,
observed at about 570cm~! in spectra of doped-ceria sample, to
the oxygen vacancies formed by doping with aliovalent species.
Another possible explanation of the physical mechanism of this
mode may be explained by the impurity centers which breaks the
translational symmetry of the crystal and relax the conservation of
wave vector. This may lead to scattering by phonons in the host
material which has wave vector far from the zone center.

The appearance of the broad Raman band in the 500-630 cm™!
region is commonly considered to be a further evidence of the solid
solution formed during precipitation [14,42-44,50,51]. Kosacki
etal. [51] stated that the width of this band increased when the size
of ceria particles decreased. These observations are in agreement
with our XRD data and calculations above.

With the aim of following the evolution of the crystal structure
as a function of Sm and Ce amounts, Raman spectra for films of
different final compositions have been analyzed in terms of peak
positions and intensities. Fig. 8 illustrates the spectra for pure ceria
(curve 1) and for 5at.% Sm-doped (curve 2), as well as for 50 at.%
Sm-doped ceria films (curve 3) [34], and pure samaria films (curve
4) given in parallel for comparison (all samples were annealed at
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Fig. 8. Raman spectra of electrodeposited films: (1) pure ceria; (2) 5 at.% Sm-doped
ceria; (3) 50 at.% Sm and 50 at.% Ce, and (4) pure samaria. All samples were annealed
at 600°C for 1 h.

600°C, 1h). For pure ceria film, the F2g mode of Ce-O symmetry
is clearly positioned at 465cm~! [42]. However, as already dis-
cussed, the samarium presence, even at low doping level (5 at.%),
produces a change in ceria Raman spectra: it shifts the first order
peak to 463 cm~! and gives rise to a new band positioned at around
600cm~!. For the 50at.% Sm sample, this band becomes much
more pronounced. Another wide band, in the Raman shift range
from about 300 to 510cm~!, was also registered for this Sm-rich
coating. This large band is apparently formed of 2 smaller ones,
but distinct bands, witnessing both ceria and samaria presence in
the film. However, the peak corresponding to Sm50j3 is not clearly
defined, but present as a shoulder at around 346 cm~!. As opposed,
the second constituting large band, evidently relates to ceria. With
an increase in samarium content from 5 to 50 at.%, there is a simul-
taneous decrease in cerium amount in the film, consequently, the
first order ceria Raman peak shifts to much lower frequencies, from
463 to 448 cm~!. The band at 854 cm~! (curve 3), assigned in pre-
vious text to samaria, is also visible in the sample with 50 at.%Sm,
but slightly shifted towards lower Raman frequencies.

As can be seen in Fig. 8, curves 1-3, the intensity of Raman
peaks at 465 cm~! increase with the Sm-doping concentration up
to 5at.%, which demonstrates that the crystal quality of the films
can be improved with doping concentration of 5 at.%. However, it
depressed by more Sm-doping atoms, see curve 3 for 50 at.%. These
results are consistent with the XRD patterns of the investigated
films. It can be deduced from Figs. 7 and 8 that doping influence
the Raman peaks of ceria and SDC materials.

4. Conclusions

The samaria, ceria and Sm-doped ceria coatings were synthe-
sized on stainless steel substrate at room temperature, by means
of cathodic electrodeposition method, under potentiostatic con-
ditions (E=—-0.8V vs. SCE) for 2h. Cyclic voltammetry studies,
performed for Sm3* and Ce3* nitrate solutions, permitted the choice
of deposition potential for elaboration in order to deposit SDC films
in one electrochemical conditions set.

All obtained films crystallize into cubic structure. Moreover, Sm-
doping was found to contribute to the better crystallinity of ceria,
proven by XRD and Raman spectroscopy. A detailed Raman analy-
sis of as-grown and annealed samaria and SDC films is discussed.
The intensity of Raman peaks at 465cm~! increase with the Sm-

doping concentration up to 5at.%, which demonstrates that the
crystal quality of the films can be improved with doping concen-
tration of 5 at.%. However, it depressed by more Sm-doping atoms,
e.g. for 50 at.%. The evolution of the crystal structure is highlighted,
and the change in peak position and intensity is discussed in the
light of Sm and Ce content. These results are consistent with the
XRD patterns of the investigated films.
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