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Carbon nanotubes (CNTs)/La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF) composite films have been fabricated by electrophoretic
codeposition on Ce0.9Gd0.1O1.95 (CGO) substrates. CNTs are used as a sacrificial phase to produce ordered porous LSCF
cathodes for intermediate temperature solid oxide fuel cells. The synthesis of LSCF powder by a modified sol–gel route is
presented. The possible mechanism of formation of CNT/LSCF composite nanoparticles in suspension is discussed. Moreover
the optimal suspension composition and the conditions for achieving successful electrophoretic deposition (EPD) of CNTs/
LSCF composite nanoparticles were evaluated. Experimental results showed that the CNTs were homogeneously distributed
and mixed with LSCF nanoparticles forming a mesh-like structure, which resulted in a highly porous LSCF film when the
CNTs were burned out during heat treatment in air at 8001C for 2 h. Scanning electron microscopy (SEM), transmission
electron microscopy (TEM), and X-ray diffraction (XRD) techniques were employed to characterize the microstructure of the
precursors and of the composite films.

Introduction

Solid oxide fuel cells (SOFCs) are recognized as
a leading and promising technology to offer clean and
efficient power sources with reduced emission of pollu-
tants.1 The employment of new electrolyte materials
such as Ce0.9Gd0.1O1.95 (CGO) enables the reduction
of the SOFC operating temperature below 7001C,
which gives rise to so-called intermediate temperature-
SOFC (IT-SOFC).2,3

The perovskite La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF) is
one of the most promising cathode materials for IT-
SOFC, with excellent mixed ionic–electronic conduc-
tivity, high electrocatalytic activity and exhibiting
low chemical reactivity and thermal expansion coeffi-
cient (TEC) similar to the CGO electrolyte.4,5

Many efforts over the last years have been devoted to
improve the electrochemical performance of IT-SOFC
cathodes. The cathode performance is highly influenced
by the material route preparation and the control of
the cathode microstructure. In this context, it is a com-
mon procedure to control the microstructure of the
cathode in order to enhance the reaction zone for
the electrochemical reduction of molecular oxygen.
The presence of small grains and a porous microstruc-
ture extend the electrode reaction beyond the triple
phase boundary with the consequent reduction of the
polarization resistance.6 For this purpose, nanostruc-
tured materials and composite cathodes have been
developed.7–10

Carbon nanotubes (CNTs) have attracted much
attention since the first systematic investigation by Ii-
jima11 due to their excellent mechanical and electrical
properties as well as remarkable chemical stability,
according to their graphitic structure.12 CNTs could
also be used as sacrificial templates for the fabrication of
porous ceramic materials with controlled nanoporosity.

In this investigation, we suggest that the combina-
tion of CNTs and LSCF nanoparticles could be an
attractive approach to improve the electrochemical per-
formance of SOFC cathodes due to the increment of the
cathode’s porosity when CNTs are used as sacrificial
phase to create pores.

Electrophoretic deposition (EPD) has become a
prominent alternative processing technique with great
potential for the production of SOFCs components13 in
comparison with other methods such as laser ablation
deposition,7 pulsed laser deposition,14 molecular beam
epitaxy,15 dip coating,16 and spray coating.17

EPD is a two-step colloidal process that occurs un-
der the effect of externally applied electric field on par-
ticles in a liquid suspension. Firstly, when the electric
field is applied to charged particles, these migrate
toward the working electrode of opposite charge. In
the second step the charged particles coagulate on the
surface of the working electrode, obtaining as a result
a solid deposited film.18 EPD is a versatile material
processing method involving low cost and simple appa-
ratus, which allows high microstructural control of coat-
ings on substrates with complex shapes, manipulating
experimental variables such as the applied voltage and
deposition time.13,18,19

There has been previous interesting research con-
sidering the use of EPD in the SOFC field. For example,
the preparation of dense layers of LSCF on a porous
tubular alumina substrate using EPD was achieved by
Negishi et al.20 Moreover, Zhitomirsky and Petric21 re-
ported the EPD of perovskites and CGO on Ni–YSZ
substrates and Ni foils. Further work on EPD for SOFC
development has been presented at the previous EPD
international conference.22

EPD has been also applied successfully to manip-
ulate and deposit CNTs in ordered structures.23,24

Moreover, the combination of CNTs and ceramic
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nanoparticles (e.g. TiO2, SiO2) by EPD has been also
demonstrated.25,26 Recently, composites of CNTs and
Fe2O3 nanocrystals have been developed by EPD for
future applications in luminescent, magnetic, and
energy-storage devices.27 Our previous investigation28

has shown that EPD is also an attractive technique for
obtaining LSCF cathodes directly deposited on non-
conducting CGO electrolyte substrates.

In the present work, we have investigated the elect-
rophoretic codeposition (co-EPD) of LSCF nanoparti-
cles and CNTs (CNTs/LSCF) for fabrication of
composite cathodes on CGO electrolyte. The CNTs
should act as sacrificial template (pore-forming ele-
ments) leading to tailored porous LSCF cathodes
upon heat-treatment when CNTs are burnt out.

Experimental Procedures

Starting Materials

The LSCF powders were prepared by a sol–gel route
as explained below (section Preparation of LSCF Pow-
ders). Acetylacetone (AcAc) (Merck, Whitehouse Station,
NJ) was used as the solvent and iodine 99.999% (Merck)
was used as a charge promoter, following our previous
investigation.28 Commercial multiwalled CNTs (Alfa
Aesar, Ward Hill, MA; Karlsruhe, Germany) of
B200mm length and an external average diameter of
15 nm were used in this investigation.

Preparation of LSCF Powders

The LSCF powders were prepared by a modified
sol–gel route29 using SrCO3, La2O3, Co3O4, and Fe
acetate [(C2H8)3Fe2] as starting materials. The experi-
mental procedure is schematically shown in Fig. 1.
Briefly, appropriate quantities of reagents were dissolved
in distilled water. All the solutions were homogenized at
701C. After that, 2% of hexamethylenetetramine
(HMTA), 1% of ethylene glycol (C2H6O2) and citric
acid were added to promote the polyesterification and
polycondensation reactions. HMTA controls the parti-
cle size during the gelation process and also prevents the
aggregation of particles during the thermolysis of dry gel
due to its sterostructure. Citric acid acted as chelating
agents to Fe31 source in a ratio o330 in order to obtain
homogeneous polymeric sols. The volume of the solu-
tion was adjusted to 200 mL by addition of nitric acid.
The system was maintained in reflux for 2 h. A dark red

resin was obtained upon drying at 1001C. Powders were
finally synthesized by the sol calcination at 4501C in air
followed by heat treatment at 8001C in air for a period
of 4 h. The presence of single-phase materials was con-
firmed by powder X-ray diffraction (XRD) analysis.

Preparation of LSCF–CNTs Suspension and
Electrodes for EPD

The preparation of the suspensions for EPD con-
sisted of a two-step procedure. Firstly, 0.5 g of CNTs were
oxidized using a HNO3 and H2SO4 mixture (ratio 3:1) in
reflux at 1301C for 30 min. To give them a negative sur-
face charge due to dissociation of COOH groups presents
on it, as it is well known from the literature.23,26,31 After
that, CNTs were washed several times in distilled water
up to pHB7. Then, the suspension was centrifuged at

Fig. 1. Flow chart for the preparation of
La0.6Sr0.4Co0.8Fe0.2O3�d powders.
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2000 rpm for 15 min to remove any agglomerates which
would affect the microstructure of the films.

In order to obtain stable suspensions for the homo-
geneous electrophoretic codeposition of CNTs/LSCF on
the CGO pellets, several experiments were carried out us-
ing suspensions with different relative proportions of
CNTs and LSCF nanoparticles (1:40, 1:15, 1:10, 1:5,
and 1:1). These suspensions were prepared by adding ox-
idized CNTs to suspensions of dispersed LSCF nanopar-
ticles and iodine in AcAc. The concentration of LSCF in
the base suspension was always 0.1wt%. These suspensions
were ultrasonically mixed for 3 h before the EPD process.

Dense pellets of the Ce0.9Gd0.1O1.95 (CGO) elec-
trolyte were used as deposition substrate. These were ob-
tained by uniaxial pressing CGO powder (Praxair Surface
Technologies, Indianapolis, IN). Green pellets of 13 mm
in diameter and 1.1 mm thickness were sintered at
13601C for 6 h in air. The final diameter of the CGO
pellets used as electrode was B12.5 mm. Before EPD the
surface of the substrate was polished using diamond paste
and covered with a thin film of silver by sputtering.

The EPD process was carried out using constant volt-
age in the range 5–30 V. The deposition time was varied
from 1 to 6 min. To achieve a simultaneous deposition in
both faces of the CGO substrate, the EPD cell included
the CGO pellet used as cathode centered between two
parallel planar stainless-steel counter-electrodes (anode)
with 5 cm2 of working area separated a distance of 1 cm.

After the EPD process, the samples were carefully
removed from the EPD cell. They were horizontally
dried in a desiccator at room temperature for 48 h.
Then, the samples were heat-treated at 4501C in Ar
with a flow rate of 20 mL/min for 1 h, and sintered at
8001C in air for 2 h, in order to promote the adhesion
of the LSCF coating to the CGO substrate.

Characterization Techniques

The microstructure of the synthesized LSCF pow-
ders and coatings was observed by scanning electron
microscopy, using a SEM Philips 515 equipped with
EDX analysis (EDAX Genesis 2000 spectrometer, Phi-
lips, Eindhoven, The Netherlands).

XRD analysis was used for phase identification of
the LSCF powders. The patterns were collected in the
20r2yr701 range with scan steps of 0.021 using a
Phillips PW 1700 diffractometer equipped with a
graphite monochromator and CuKa radiation. Trans-
mission electron microscopy (TEM) (Philips CM200

UT operated at 200 kV) was used for morphological
characterization of the CNTs.

Results and Discussion

Starting Materials

The synthesized LSCF powders were analyzed by
XRD to check phase purity and constitution; it was de-
termined that XRD peaks of these powders completely
matched the LSCF phase (space group: R-3c)32 peaks,
and no other crystalline phases were detected, as shown
in Fig. 2. The inset in Fig. 2 shows one distinctive peak
corresponding to the LSCF phase (2yB331). The crys-
tallite size estimated was DB22 nm by using the Scherer
equation; D ¼ K l=ðB cos yÞ where K 5 0.9 and B is the
peak width, obtained using a Lorenzian peaks fitting
routine. This result was analogous to the one obtained
applying the Rietveld method using an isotropic size
model. A SEM image of the LSCF particles is shown in
Fig. 3. The powder appears to be highly agglomerated
possibly due to the effects of surface tension and van-
der-Waals interactions during milling and drying.

In Fig. 4a and b, TEM micrographs of the as-
received multiwalled CNTs at different magnifications
are shown, which reveal CNT diameters of B15 nm
and lengths of several microns. Fig. 4c) shows the
HRTEM migrograph of a CNT. The number of
the walls counted from the two sides of the tubes was
not identical. Moreover, it is observed that the wall

Fig. 2. X-ray diffraction (XRD) patterns of sol–gel derived
La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF) powder obtained after
decomposition and calcination at 8001C (4 h) of the gel.
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thickness generally varied along the CNT length.
The left inset in Fig. 4c) is an enlarged image of
the tube wall. Fourier transform indicated that the dis-
tance between the graphene sheets is about 3.4 Å a value
which corresponds well with reported values for this
nanostructure.33

Fabrication of CNTs/LSCF Composite by
Electrophoretic Codeposition

In the fabrication of a homogeneous coating by EPD
a critical step is the preparation of a stable suspension with
two or more different components aiming at achieving a
homogeneous distribution of the particles during the co-
agulation of the species on the substrate, preventing pref-
erential coagulation of one kind of particles. Therefore, it
is essential in the present case which involves two very
different species such as CNT and LSCF particles to con-
sider the size of LSCF particles in relation of the CNTs
size and the effect of the additives and solvent.

Numerous types of solvents have been used to pre-
pare CNTs suspensions for EPD, including distilled
water,34 mixtures of acetone and ethanol,24 and isopro-
pyl alcohol,35 among others, as reviewed elsewhere.23

In nonaqueous dispersions, the ionization of surface
groups and adsorption of ionic surfactants are possible
mechanisms for dispersion stability, for example, exploit-
ing electrostatic and esteric stabilization, respectively.18 In
the present work, AcAc was used as suspension medium
for EPD. Our recently published investigation has deter-
mined the EPD parameters for a stable and well-dispersed
suspension of LSCF powders in AcAc.28 Other investiga-
tions have shown that iodine-dissolved AcAc is an effec-
tive agent of charge transference for EPD process.36–39

Similar effects have been reported for solvents as acetone,
ethanol, and other alcohols.40

A hypothesis for explaining the process of codepo-
sition of CNTs/LSCF from the iodine containing AcAc
suspensions developed in this study is presented next.
CNTs previously treated with concentrated and hot
HNO3 and H2SO4 acids will exhibit a negative surface
charge originated in the dissociation of COOH groups
on their surface.23,31,41 The acidic groups stabilize elec-
trostatically the CNTs in polar solvents.41 These func-
tional groups will be useful for future chemical reaction
with charged nanoparticles. On the other hand, when
iodine is added in AcAc, iodine dissolved in this solvent
has a low resistance and the LSCF nanoparticles become
positively charged due to the absorption of H1 on their

(b) (a)

(c)

Fig. 4. (a–b) Transmission electron microscopy (TEM)
micrograph of the as-received entangled multiwalled carbon
nanotubes (CNTs). (c) HR-TEM micrograph of CNTs showing
walls structure and details of the walls (shown in the inset).

Fig. 3. Scanning electron microscopic (SEM) micrograph of
La0.6Sr0.4Co0.8Fe0.2O3�d powder calcined at 8001C for 4 h.
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surface.28 The H1 are generated by the reaction be-
tween AcAc and iodine according to the reaction:38,39

CH3CH2COCH2COCH2CH3 þ 2I2

$ ICH2CH2COCH2COCH2CH2Iþ 2I�

þ 2Hþ ð1Þ

Consequently, on addition of preoxided CNTs into
the LCSF suspension, positively charged LSCF nanopar-
ticles are attracted to the negatively charged CNTs. This
mechanism should lead to the formation of indivi-
dual CNTs/LSCF composite entities, which can migrate
towards the cathode (negative electrode) under an exter-
nal applied voltage, as they retain on overall positive
charge. The self-assembly of particles of different charge
in suspension for EPD has been proposed in the past, for
example, for silica and alumina particles to form mul-
lite42 and in ZrO2/MgO systems.43

The effect of the I2 concentration on the production
of protons and their adsorption on the CNTs/LSCF com-
posite was investigated. According to Eq. (1), the amount
of free H1 increases with the raise of the I2 concentration,
resulting in a reduction of the pH value of the suspension,
as shown in Fig. 5 for the CNTs/LSCF-suspension sys-
tem. As a result, the mobility of free H1 is far higher than
that of the charged CNTs/LSCF composite entities. Con-
sequently, an excess amount of I2 will enhance proton
migration and thus decrease the amount of CNTs/LSCF
deposited. Therefore, by trial and error we have chosen a
suspension with an I2 concentration of 2.45 wt% with
respect to the LSCF concentration and with pH � 4.8,
which gives the best deposition rate (2.43 mg/cm2)
applying 25 V for 4 min. These deposition conditions
will be further discussed below. Under this condition,
the amount of free protons should be negligible and
CNTs/LSCF composite particles are the most important
charge carriers in the suspension.

A similar explanation has been given for the elect-
rophoretic codeposition of other systems combining
CNTs and ceramic particles, such as TiO2, SiO2, and
hydroxyapatite25,26 when charged nanoparticles are
attached to CNTs. A scheme of the electrophoretic co-
deposition process is shown in Fig. 6 where composite
CNTs/LSCF nanoparticles, in this case positively
charged, move towards the cathode when the external
electric field is applied.

For the optimization of EPD parameters the exper-
iments were conducted at different constant voltages for
diverse time periods. Figure 7 shows the time-depen-

dent variation of deposited weight at different applied
voltages. After a trial-and-error approach, the optimal
EPD parameters were found to be 25 V applied during
4 min. During the EPD process, the current decreased
from 180 to 90 mA/cm2 and then it remained constant.
The electric field has a strong influence on deposition
rate and on the microstructural homogeneity of the

Fig. 5. The effect of I2 concentration [referred to the concentration
of La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF powder)] in the Acetylacetone
(AcAc) suspension on (a) operational pH and (b) deposited weight
of carbon nanotubes (CNTs)/LSCF (1:10 ratio) at 25 V for 4 min.
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films. When films were grown applying voltages
o20 V, the deposits obtained were nonuniform exhib-
iting low density and the presence of some agglomer-
ates, as seen in Fig. 8. This result is probably due to a
lower electrophoretic mobility of the CNTs/LSCF com-
posite particles and the consequently nonuniform coag-
ulation on the substrate.

In general, it is expected that the applied voltage
will have a significant influence on the final microstruc-
ture of the deposit, considering that the mobility of the

particles during EPD is related to the particle velocity
per unit field and that the particle velocity can be expressed
in terms of the charge of the particles and the applied
electric field, as given by the Debye–Hückel equation:44

n ¼ mE ¼ 2 2 z
3Z

ð2Þ

where m is the electrophoretic mobility, E is the applied
electric field, Z the viscosity of the suspension, A the
dielectric permittivity of the medium and z is the zeta-
potential.

For applied voltages higher than 25 V, the film mi-
crostructure was nonuniform, probably due to the pres-
ence of high concentration of H1 ions in suspension
that have high electrophoretic mobility, therefore com-
peting with the CNTs/LSCF composite particles as charge
carriers as mentioned above. This behavior is frequently
discussed in the EPD literature19,45,46 and it could explain
our experimental results. Figure 9 illustrates the effect of
LSCF particle concentration on the deposition rate for
different voltages and for a deposition time of 4 min. The
I2 concentration was 2.45 wt% with respect to the LSCF
concentration. As shown, with increasing concentration of
LSCF nanoparticles, the deposition rate decreases for a
given applied voltage, as it is usually expected. During the
increase of LSCF particle concentration, the electroph-
oretic mobility of the CNTs/LSCF composite entities
in suspension decreases because the H1 concentration
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Fig. 6. Schematic diagram describing the electrophoretic
co-deposition process of carbon nanotube (CNTs)/
La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF) composite coating on
CGO electrolyte.

Fig. 7. Plots of the deposit weight versus time for different applied
voltages using AcAc suspension with carbon nanotubes (CNTs)/
La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF) (1:10 ratio).

Fig. 8. Scanning electron microscopy (SEM) micrograph showing
the top surface of a carbon nanotube (CNTs)/La0.6Sr0.4Co0.8

Fe0.2O3�d (LSCF) composite coating obtained by electrophoretic
deposition (EPD) at 15 V during 4 min. The formation of
agglomerates can be identified due to nonuniform deposition at this
relatively low voltage.

36 International Journal of Applied Ceramic Technology—Santillán, et al. Vol. 7, No. 1, 2010



produced by the reaction indicated in Eq. (1) remains
constant, indicating that the charge available to be
adsorbed on the CNTs/LSCF composite nanoparticles
decreases, due to the presence of ‘‘free’’ LSCF particles.
This reduced driving force for the electrophoretic
phenomenon of CNTs/LSCF entities would lower the
deposition rate. Alternatively, one can also consider that
the effect of a lower concentration of LSCF particles in
suspension is to increase the H1 concentration available
per CNTs/LSCF composite entity, improving thus their
deposition rate.

After deposition, the samples were carefully re-
moved from the EPD suspension for preventing the
shedding of the coating on the substrate. This step was
found to be critical for maintaining the integrity of the
deposit over the whole substrate. When colloidal meth-
ods (i.e., EPD) are used to fabricate ceramic films,
cracks can form as the film is dried due to the drying
solvent inducing capillary stresses in the film. Because of
constraints imposed by the substrate, these stresses,
which would normally be alleviated by green body shrink-
age can be sufficient to generate microcracks, for example,
when the drying stresses exceed the cohesive force of the
green ceramic film, the film fractures (cracks).

The quality of the produced CNTs/LSCF composite
coatings was studied by visual inspection and SEM obser-
vations for films produced from suspensions with different
concentrations of CNTs/LSCF particles. Visual observa-

tion of the films surface revealed that the superficial
morphology of the coatings changes strongly with the
concentration of CNTs/LSCF composite particles in
suspension. The best quality films were obtained from
suspensions of CNTs and LSCF nanoparticles containing
a 1:10 weight ratio (CNT:LSCF nanoparticles) as men-
tioned before. These films exhibited a homogenous dis-
tribution of CNTs and LSCF nanoparticles before the
heat-treated process at 4501C, which enabled to maintain
the CNTs structure, as shown in Fig. 10. The CNTs were
seen to remain predominantly parallel to the CGO sub-
strate with an arbitrary in-plane orientation producing a
porous mesh type structure. This effect is convenient for
films to be employed as IT-SOFC cathodes because of the

Fig. 9. Effects of La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF) concentration
on deposition rate for different applied voltages and deposition time
of 4 min. (The I2 concentration was 2.45 wt% with respect to the
LSCF concentration).

Fig. 10. Scanning electron microscopy (SEM) micrographs at
different magnifications of top view of carbon nanotubes (CNTs)/
La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF) composite coating obtained by
electrophoretic deposition (EPD) at 25 V for 4 min and presintered
(4501C, 1 h).
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possibility of developing large porosity (on burning out
the CNTs) which would lead to a lower polarization re-
sistance of the film. After sintering at 8001C for 1 h CNTs
were no longer visible because they were burned out at
high temperatures, giving a microstructure with high po-
rosity, as shown in Fig. 11. As expected, it was observed
that the porosity of cathodes made from CNTs/LSCF
suspensions was much higher than that of cathodes ob-
tained from suspensions of only LSCF (Fig. 12), as can be
assessed qualitatively comparing the SEM micrographs in
Figs 11 and 12. The XRD pattern of LSCF/CGO/LSCF
symmetric cells is shown in Fig. 13. Only reflections cor-
responding to LSCF and CGO phases (space group:
Fm3m) are present, suggesting that there was no chemi-
cal reaction between the LSCF film and the CGO sub-

strate. It can be seen that some peaks of LSCF phase and
CGO phase are overlapped. This resulting microstructure
surely could influence the cathodic performance, which is
limited by its microstructure and porosity,47,48 which in
turn depend on the preparation route of the nanoparticle
LSCF powder and the EPD conditions. The oxygen re-
duction reaction mechanisms of the cathodes developed
here will be reported in following papers.

For 1:1 and 1:5 weight ratios of CNTs to LSCF
nanoparticles in suspension, the films show evidence of
poor deposition and lack of adherence to the CGOFig. 11. Scanning electron microscopy (SEM) micrographs at low

and high magnification of top view of carbon nanotubes (CNTs)/
La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF) composite coating obtained by
electrophoretic deposition (EPD) at 25 V for 4 min after heat-
treatment at 8001C during 1 h in air.

Fig. 12. Scanning electron microscopy (SEM) micrograph of a
cathode obtained by electrophoretic deposition (EPD) using
La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF) powder only.

Fig. 13. X-ray diffraction (XRD) pattern of symmetric cell
[La0.6Sr0.4Co0.8Fe0.2O3�d (LSCF)/CGO/LSCF] fabricated by
electrophoretic deposition (EPD) of carbon nanotubes (CNTs)/
LSCF composite particles, sintered at 8001C for 1 h in air.
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substrate. On the other hand, CNTs/LSCF suspensions in
ratios of 1:15 and 1:40 achieved films with high agglom-
eration level of LSCF nanoparticles, while the CNTs were
well attached on the substrate surface. As mentioned
above, the best microstructure quality of films was
obtained from the suspension with CNTs/LSCF ratio
1:10 when a constant voltage of 25 V was applied during
4 min.

The thickness of the deposits was varied between 0
and 20 mm by variation of the deposition time and
applied voltage in the working range indicated above. In
cross-section SEM micrographs the obtained highly
porous coating with uniform thickness (B20 mm) can
be observed in Fig. 14a and very good bonding to the
substrate can be inferred from the micrograph. The high

magnification micrograph of the cross-section (Fig.
14b) clearly shows the porous nature of the coating.

Conclusions

EPD was applied for the first time to fabricate
CNTs/LSCF composite films on dense nonconducting
CGO substrates to be used as starting materials for
cathodes in IT-SOFC. The composition of the diphasic
starting suspensions (CNTs/LSCF) in AcAc with addi-
tion of iodine was investigated for cathodic EPD.
CNTs/LSCF composite coatings of high structural ho-
mogeneity were obtained by EPD from suspensions
containing a 1:10 CNTs/LSCF ratio (in weight) and
pH 4.8. The voltage used was 25 V and deposition time
was 4 min. The challenges encountered to fabricate
these composite layers by EPD were tackled investigat-
ing the different conditions of suspension preparation
and stabilization coupled with CNTs funtionalization.
It was found that the distribution of CNTs in the de-
posited LSCF matrix was homogeneous and the fabri-
cation of a highly porous LSCF films by heat treatment
of the deposits in air at 8001C was demonstrated for the
first time in this study. The high porosity of the LSCF
cathode would allow improving the electrochemical
performance of the IT-SOFC cathodes; potencially
enhancing the kinetic of the oxygen reduction reaction.
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