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Abstract

Solid Oxide Fuel Cells (SOFC) are one of  the highly efficient energy con-
version devices; however, the typical operating temperature (800 to 1000 °C) 
represents a challenge by requiring materials that can withstand these conditions 
without losing their properties. For SOFCs, the most commonly used catho-
de materials are lanthanum-strontium manganites (LSM); however, this type 
of  materials has disadvantages as they require a high polarization, which has 
prompted the development of  perovskite-type structure materials (ABO3), esta-
blishing that combining or substituting lanthanum with some other lanthanide 
(La1-xLnx)0.7Ca0.3MnO3 could reduce the overpotential at the cathode, and increa-
se the electrocatalytic activity. In this work, the effect of  cation substitution in 
non-stoichiometric perovskites (La1-xLnx)0.7Ca0.3MnO3 (Ln=Pr, Sm, Ce) on the 
structural, morphological, and electrical properties has been evaluated when the 
Pechini method is used as a synthesis method. The properties were analyzed in 
terms of  potential applications as cathode materials in SOFCs varying the do-
ping concentration (x=0.1, 0.3, 0.5 and 0.6). The Pechini method is a low-cost 
reproducible method that led to the production of  phase-pure perovskite under 
certain experimental conditions. The electrical conductivities at room tempera-
ture ranged between 0.5 and 0.09 S cm-1, which seems promising to be used as 
cathode at low-intermediate temperatures preserving the activity for oxygen re-
duction reaction.

Keywords: Solid oxide fuel cells, nanostructures, perovskites, Pechini method.
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1.  Introduction

Fuel cells are a great field of  study due to their development as alternative 
energy sources, carrying out research that proposes different synthesis methods 
to obtain electrode materials that provide favorable characteristics for their ope-
ration. In recent years, different works have been published that serve as a basis 
for the different types of  cells, such is the case of  Selmi  et al. [1], where a com-
pilation about fuel cells is provided, giving information about the challenges they 
currently present and the benefits they provide, making a general analysis of  the 
different types that exist and their cost-benefit, as well as, the efficiency that they 
could present and their possible applications. The progress of  SOFC research, 
the evolution of  new materials, and the development of  advanced instruments 
have collectively led to the selection of  parameters that, when controlled, directly 
affect the desired performance results in the energy production [2].

These types of  devices are normally classified according to the electrolyte 
used, with the exception of  the direct methanol fuel cell (DMFC), where me-
thanol is fed directly to the anode and therefore, it is the electrolyte of  this cell, 
the second classification is based on the operating temperature of  the cells. The-
se can be classified into high and low temperature fuel cells. Low temperature 
fuel cells are alkaline (AFC), proton exchange cells (PEMFC), direct methanol 
(DMFC) and phosphoric acid fuel cells (PAFC). High temperature cells operate 
at temperatures from 600-1000 °C, and these are: molten carbon (MCFC) and 
solid oxide fuel cell (SOFC) [3]. Then, a solid oxide fuel cell is a high temperature 
device with a solid oxide as electrolyte which has the characteristic that it needs to 
be operated at an elevated temperature to achieve enough power. Knowing this, 
the use of  cheap catalysts may be a good way to reduce the cost of  the fuel cell. 
On the other hand, the possibility of  using biofuel instead of  hydrogen could be 
considered an eco-friendly alternative [4].

It is well-known that the performance of  the cell is highly influenced by the 
oxygen reduction reaction (ORR) in cathode part, which needs a high overpoten-
tial to work [5]. This condition makes the cathode selection much more important 
in comparison to the anode choice. Elementary reactions in the cathode generally 
happened at the triple phase boundary (TPB) at electrode/electrolyte interface 
[6]. The TPB is defined as the site where the gas phase, the ion conductor and 
the electronic conductor of  the oxygen are in contact with each other [7, 8]. To 
be considered as a good electrode material, the cathode must have strong elec-
trochemical performance that can be measured by its electronic conductivity and 
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oxygen diffusivity; these properties are influenced by the ORR that occurs at the 
TBP cathode.

The cathode must be able to resist any chemical degradation that may oc-
cur during fuel cell operation and that can be determined making a comparison 
between the thermal expansion coefficient (TEC) and the stability of  the elec-
trode [9 – 11]. The mentioned characteristics not only depend on the interaction 
between the components forming the material but are also influenced by the 
size of  the nanostructure and the composition of  the cathode [12, 13]. New 
synthesis routes and unconventional compounds are the popular used strategies 
to propose new cathode materials and used as an alternative way to improve the 
performance of  solid oxide fuel cells. Among the methodologies for the synthe-
sis of  new materials to the cathode, we find that doping the original composition 
with another element to produce a deformation within the structure is the most 
used since allows a better diffusivity of  the oxygen ion. For example, strontium, 
calcium and barium, group II elements that have been used as dopants, accor-
ding to the literature, can increase the conductivity of  materials. Also, transition 
elements such as zinc, molybdenum or vanadium have also been reported as 
dopant agent to the cathode material, reporting interesting results from electrical 
measurements and polarization resistance [12].

The alteration of  the structure in this type of  materials to SOFC, has be-
come one of  the fields most studied since nanometric oxide materials have a 
higher catalytic performance due to present an increase in the surface vacancies, 
electronic and ionic conductivities [14]. Other synthesis methods as infiltration 
or impregnation, allows the construction of  the nanostructure of  the cathode 
material, by depositing the nanoparticles on a pre-sintered backbone (at high 
temperature), in that way, the electrocatalytic properties and stability of  the catho-
de material are reached, while the costs of  the synthesis can be reduced [14 – 16]. 
Cathode nanomaterials have generally been synthesized via solid-state reaction 
or sol-gel methods. However, since the cathode thickness influences the per-
formance of  SOFCs, other techniques such as inkjet printing, screen printing 
(SP), and electrophoretic deposition have been also proposed to fabricate more 
complex cathode structures [17, 18]. Parameters such as the temperature, time 
during annealing and sintering stage were also investigated to optimize the size 
of  nanostructures, microstructural, magnetic and optical properties of  different 
perovskite manganites [18, 19]. Additionally, a comparison of  different synthesis 
methods has also been carried out to determine changes in electrical, microstruc-
tural and surface properties. For example, Da Conceição et al., and coworkers 



RESEARCH ADVANCES IN NANOSCIENCES, MICRO AND NANOTECHNOLOGIES. VOLUME 4 196

synthesized a lanthanum strontium manganite, LSM=La0.7Sr0.3MnO3, using the 
combustion, sol-gel and a solid state reaction methods [20]. The authors found 
that all materials exhibited a single LSM phase formation with crystallite sizes 
in the range of  12 - 20 nm, whereas porosity, particle size and microstructure 
of  the LSM sintered at high temperature are very dependent of  the synthesis 
method. In this context, the samples synthesized by the combustion and sol-gel 
methods, compared to the other techniques, presented smaller particle sizes and 
higher porosity after the sintering process than that obtained from solid state 
synthesis; however, the electrical conductivity was found quite similar under the 
same composition [21].

The most popular cathode materials enclose perovskite nanostructures. This 
material is a mineral that contains the structure of  calcium titanate (CaTiO3), 
adopting the general formula of  ABO3. Thus, a wide variety of  oxide compounds 
can have this type of  structure and the properties can be modulated according to 
the final requirements. The orthorhombic structure is the most common among 
ABO3 perovskite nanostructures. This type of  structure includes many LnMO3 
compounds in which Ln is a trivalent rare earth combined with other transition 
metals and M is a trivalent cation (Al, Fe, Mn, Ga, Cr, V) [22]. As mentioned 
above, the doping strategy has been widely adopted to improve the performance 
of  this kind of  cathode materials for SOFCs applications [23]. Particularly, stron-
tium-doped lanthanum manganite (La1-xSrxMnO3±d, LSM) also known as LSM 
is one of  the earliest cathode materials that fill out a lot of  the requirement for 
high-performance SOFCs. LSM nanostructures have good chemical and thermal 
stability, high catalytic activity in the reduction of  the oxygen, and high electronic 
conductivity [24]; their thermal expansion coefficient similar to the solid elec-
trolyte of  yttria stabilized zirconia (ZrO2/Y2O3 – YSZ) reduces the possibility of  
thermomechanical degradation due to the mismatch of  length when the material 
is expanding while heating. Unfortunately, at low temperature, LSM nanostruc-
tures exhibits a very high polarization loss which inhibits its usage for IT-SOFC 
and LT-SOFC applications [25].

Among the nanostructured materials that can help to solve this problem du-
ring SOFCs operation, LaMnO3 compounds have been proposed the. The lattice 
of  these perovskites can be suitable to be doped with a combination of  rare 
earths (RE), improving the compatibility at the cathode- electrolyte interphase 
and the kinetics of  the oxygen reduction reaction. It is also known that the subs-
titution of  lanthanum by another ion directly modifies its characteristics due to 
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new interactions in the La-O and Mn-O bonds. Bhalla et al. present a review of  
this type of  perovskites evaluating their role in ceramic science and technology, 
showing this structure is one of  the most versatile in the area [26].

In this context, the partial substitution of  La at the A-site by other rare earth 
ions has shown an improvement in overall cell performance by reducing cathode 
polarization, operating temperature and ionic-electrical resistivity, through RE-O 
and Mn-O interactions [27 – 30]. For example, electronic properties of  Pr, Sm 
and Ce as part of  the lanthanide series have similar properties compared to La, 
but can enhanced the electronic interaction in the final nanostructured com-
pound favoring a specific property. The new interactions lead to a weak bond 
between the surface and adsorbed oxygen species provoking a low diffusion ba-
rrier for oxygen ions, thus facilitating the oxygen reduction reaction. [31, 32].

Continuing with the contribution of  the research group of  the Instituto 
Politécnico Nacional at UPII-Hidalgo in collaboration with Tecnológico Na-
cional de México- IT de Ciudad Madero and other research centers, in the 
development of  nanostructured materials for energy production; at this 
opportunity, advances are reported in the synthesis of  ABO3-type perovski-
tes nanostructures. It has been explored the La-substitution in the A-site of  
LaMnO3 perovskites by different RE materials such as Ce, Sm, Pr to evaluate 
structural, morphological and electrical changes evaluating the alternative as 
cathode material for SOFCs. Specifically, this research reports the synthesis of  
rare earth cathode electrode nanomaterials, La(1-x)LnxCa0.3MnO3, by the Pechini 
method, using different stoichiometries in molar ratios (x=0.1, 0.3, 0.5 and 0.6; 
Ln=Ce, Sm, Pr). The crystal structure, morphological analysis and electrical 
measurements of  the cathode materials were systematically investigated and 
discussed in terms of  ORR activity.

2.  Methodology

2.1.  Synthesis of  perovskites nanoparticles

Metal nitrates from Sigma Aldrich, were used as a precursors to the synthesis 
and consisted of  lanthanum (III) nitrate hexahydrate (La(NO3)3 * 6H2O, 99.99 % 
purity), praseodymium (III) nitrate hexahydrate (Pr(NO3)3 * 6H2O, 99.9 % puri-
ty), samarium (III) nitrate hexahydrate (Sm(NO3)3 * 6H2O, 99.9 % purity) calcium 
nitrate tetrahydrate (Ca(NO3)3 * 4H2O, 99 % purity) and manganese (II) nitrate 
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tetrahydrate (Mn(NO3)2 * 4H2O , 97.0 % purity). Stoichiometric amounts were 
calculated to obtain a nominal composition according to the chemical reaction 
to form La0.7-xLnxCa0.3MnO3 (Ln=Sm, Pr, Ce; x=0.1, 0.3, 0.5 and 0.6) perovski-
tes nanoparticles. The synthesis was performed as follows: first, the metal salts 
were placed in a matrass and mixed with the citric acid (CA) and deionized wa-
ter, forming a 3:1 solution in relation to citric acid/metal cations. The solution 
was magnetically stirred for 10 min at 90 °C or 110 °C, respectively. Thereafter, 
ethylene glycol (EG) was added drop by drop (2 mL min-1) up to reach a 2:1 ratio 
(EG/CA), maintaining the magnetic stirring for 4 or 5 h to obtain a gel. This gel 
was annealed at 450 °C for 3 h until the obtaining of  powders which were grin-
ded in an agate mortar. Finally, the samples were put through a heat treatment at 
1000 °C for 6 h.

2.2.  Characterization

The structural analysis of  the as obtained nanoparticles was performed in an 
X-Ray diffractometer, Bruker D2 Phaser Lynx eye using a Bragg-Brentano (θ-2θ) 
configuration. Measurements were carried out with an applied voltage of  40 kV, 
current of  40 µA and a radiation Kα-Cu (λ=1.5406 Å). The scans were acquired 
in the θ-2θ range of  10° to 90°. The morphology of  nanopowders was observed 
using a JEOL JSM-6701F microscope using 10 kV of  accelerating voltage. Pellets 
were manufactured with the powders at 10 ton (1 cm2) to carry out the electrical 
tests. These measurements were carried out using four-point probe method at 
room temperature with a surface resistivity meter (SRM-232).

3.  Results and discussion

It has been well recognized that depending on the applied temperature and the 
oxygen present in the lattice, this type of  nanomaterials can crystallize in diffe-
rent symmetries, being the most common the cubic, orthorhombic and monoclinic 
[33]. Figure 1 shows the XRD patterns of  the as-prepared La0.7-xLnxCa0.3MnO3  
(Ln=Sm, Pr, Ce; x=0.1, 0.3, 0.5 and 0.6) nanopowders. 

It was observed that regardless of  the Ln amount, the patterns display typical 
reflections of  an orthorhombic perovskite-type structure (PDF #49-0416). But 
a displacement of  the main reflections is observed as the content of  the cations 
(Pr, Sm, Ce) increases. This behavior has been observed in other kind of  pero-
vskites and it is related to the expansion of  the cell volume. It is also recognized 
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that impurities in the composition or interface can influence the stability perfor-
mance of  the SOFCs devices. In some compositions small peaks of  a probable 
secondary phase formed during the synthesis process are observed. To estimate 
the size crystallites in the obtained perovskite, the Scherrer´s equation was used. 
Measurements were carried out based on the most representative signal of  each 
sample (121). The as-obtain samples of  praseodymium show a crystallite size 
(C.S.) between 61.2 and 73.5 nm, while in the case of  samarium the samples show 
a variation between 64.3 and 71.5 nm; finally, for cerium, the C.S. was obtained 
in a range between 63.0 to 72.1 nm. The C.S. did not show a clear trend with the 
substitution of  different cations, however the three substitutions coincide that 
the composition x=0.3, presented the minimum size in the samples: Pr3+ (61.2 
nm), Sm3+ (64.3 nm) and Ce3+ (63.0 nm).

The contradiction with other previously reported lanthanum perovskites na-
nostructures, where a progressive increase in crystal size is observed with the 
amount of  cationic dopant (30-49 nm), highlights the importance of  both the 
size of  the ionic radii as the amount of  cation during La substitution to form 
ABO3-type perovskites, as well as the synthesis process [34 – 36]. It is important 
to highlight that the XRD analyzes were carried out before applying the sintering 
process, however, the diffractograms did not show any representative signal co-
rresponding to the typical perovskite structure, so it was concluded that a high 
applied temperature (1000 °C in this case) is necessary to achieve the formation 
of  the desired ABO3 structure.

Rietveld analysis is a method in which various parameters are adjusted to 
match XRD crystallographic data, being one of  the best approaches to charac-
terize nanocrystalline materials and extract information about the unit cell and 
quantitative amount of  the phase. To confirm the formation of  the secondary 
phase, Rietveld refinement was carried out using the FullProf  Suite 64 software 
and a pseudo-Voigt function to compensate for stress or size contributions to 
signal broadening. The analysis was carried out from an orthorhombic system 
with a space group Pnma, determining the different parameters of  the unit cell, 
the positions and atomic coordinates x and z for the corresponding elements. 
Table 1 shows the refinement parameters obtained for the different samples 
(Pr, Sm, Ce).

The results showed a variation in the occupancy of  the site that was reflected 
in a correlation between the occupancy and the molar quantity of  these ele-
ments. The results also showed that there is a reduction in the cell volume of  the 
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material by increasing the cation La cation substitution (x value) and therefore 
important differences in the lattice parameters depending on the composition. 
The increase of  Pr, Sm or Ce in the synthesized nanocomposites causes an in-
crease in the parameter a and a decrease in b and c, which confirms the existence 
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Figure 1. XRD patterns obtained for the La(0.7-x)LnxCa0.3MnO3 (Ln = Sm, Pr, Ce; 
x=0.1, 0.3, 0.5 and 0.6) samples.

Table 1. Structural parameters obtained by Rietveld refinement

Sample Composition Phase
Cell Parameters Volume 

(Ȧ3) ( χ2)
a (Ȧ) b (Ȧ) c (Ȧ)

Pr

0.1

Orthorhombic

5.433 7.667 5.467 227.76 3.48
0.3 5.445 7.719 5.417 227.72 3.54
0.5 5.428 7.666 5.476 227.92 4.03
0.6 5.418 7.720 5.444 227.75 4.41

Sm

0.1

Orthorhombic

5.447 7.724 5.412 227.761 3.60
0.3 5.450 7.723 5.404 227.518 4.28
0.5 5.434 7.732 5.421 227.821 3.75
0.6 5.445 7.735 5.409 227.849 5.31

Ce

0.1

Orthorhombic

5.678 7.722 5.601 245.57 5.718
0.3 5.694 7.728 5.620 247.29 6.877
0.5 5.512 7.731 5.419 235.181 4.92
0.6 5.792 7.801 5.632 254.47 7.952



INFLUENCE OF LANTHANUM SUBSTITUTION AT A-SITE ON STRUCTURAL, 
MORPHOLOGICAL AND ELECTRICAL PROPERTIES OF THE La(0.7-X)LnXCa0.3MnO3

(LN = PR, SM, CE) NANOPARTICLES SYNTHESIZED BY PECHINI METHOD

201

of  distorted orthorhombic structures. From the obtained data, Vesta 3.5.7® sof-
tware was used to represent the cell structure for each rare earth cation. Figure 
2 a-c shows the cell for Pr, Sm and Ce at a composition of  x=0.5, which were 
selected as representative.

 Figure 2. Unit cell drawn with the parameters obtained from Rietveld refi nement: 
a) praseodymium b) samarium c) cerium

It was determined that the unit cell of  the synthesized materials is orthor-
hombic, regardless of  the amount of  cation (Pr, Sm, Ce) used, however, when 
analyzing the cell with the values obtained for parameters a, b and c, important 

selected as representative.

a)

b)

c)
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differences were observed in the direction of  the distortion depending on the 
amount and ionic radii that replaced La. A similar trend was previously reported 
for strontium-doped perovskites, where refinement showed that the unit cell pa-
rameters a and c increased with increasing amount of  Sr [37], while b parameter 
decreased, obtaining a distorted orthorhombic structure; which in turn correla-
ted with the Jahn-Teller (JT) effect that modifies the Mn+3 ion into the octahedral 
Mn. JT can be understood as the geometric distortion of  a nonlinear system 
reducing its symmetry and energy, which in turn influence ionic and electrical 
properties. Jahn Teller proposed that nonlinear degenerate molecules cannot be 
stable and that any highly symmetric molecule will undergo geometric distortion 
to reduce its symmetry and, thus, lower its energy.

From this Figure, the distances in the Mn-O bond for each nanomaterial were 
also analyzed, since this parameter indicated the distortion degree, and the results 
can be seen in Table 2. Considering that the order in the ionic radii in these rare 
earths are La(1.189 Ȧ)>Ce(1.155 Ȧ)>Sm(1.086 Ȧ)>Pr (1.069 Ȧ). In each distorted 
orthorhombic structure six Mn-O bonds were identified; each Mn-O bond in the 
structure was labeled as I and varies from 1 to 6. It is clear that the distortion in 
the materials is giving in different directions without clear tendency, with respect 
to lanthanum substitution. 

Table 2. Distance of  Mn – O bonds.

Bond
Distance Mn-O / Å

La0.7-xPrxCa0.3MnO3 La0.7-xSmxCa0.3MnO3 La0.7-xCexCa0.3MnO3

0.1 0.3 0.5 0.6 0.1 0.3 0.5 0.6 0.1 0.3 0.5 0.6
I1 1.968 1.964 1.968 1.968 1.962 1.966 1.962 1.966 1.999 1.996 1.999 1.997

I2 1.960 1.951 1.962 1.963 1.954 1.952 1.951 1.951 1.940 1.942 1.940 1.941

I3 1.968 1.964 1.968 1.968 1.962 1.966 1.962 1.966 1.999 1.996 1.999 1.997

I4 1.960 1.951 1.962 1.963 1.954 1.952 1.951 1.951 1.940 1.942 1.940 1.941

I5 1.957 1.969 1.957 1.956 1.970 1.967 1.972 1.971 1.971 1.968 1.970 1.968

I6 1.957 1.969 1.957 1.956 1.970 1.967 1.972 1.971 1.971 1.968 1.970 1.968

Angle (º) 
O1

Mn-Ox-Mn Mn-Ox-Mn Mn-Ox-Mn

157.57 157.45 157.58 157.44 157.46 157.47 157.42 157.45 159.21 159.32 159.22 159.31

O2 156.56 156.91 156.52 156.81 156.87 156.89 156.94 156.95 158.76 158.81 158.79 158.77

The JT effect was observed to occur in the prepared nanostructured perovs-
kites along the bonds of  Mn+3 cation. In A-MnO3 manganites, the conducting 
electrons reside in the 3d Mn+3 orbitals. Due to its structure, the Mn ion is located 
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in the octahedral center and the 3d degenerate orbitals of  Mn are strongly hybri-
dized with the 2p orbitals of  O [38, 39]; which can explain the irregular variations 
in the Mn-O bonds with respect to the composition.

Figure 3. SEM observations for a-d) La0.7-xPrxCa0.3MnO3, e-h) La0.7-xSmxCa0.3MnO3  and,  
i-l) La0.7-xCexCa0.3MnO3 powders (x= 0.1, 0.3, 0.5, 0.6) after sintering process at 1000 °C.

The morphological analysis of  the La0.7-xPrxCa0.3, La0.7-xSmxCa0.3MnO3 and, 
La0.7-xCexCa0.3MnO3 powders sintered at 1000 °C can be seen in the Figure 2 a-l. 
From the micrographs, it is evident that that all samples present a granular struc-
ture, however a more compact morphology was obtained with the addition of  
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larger quantities of  Pr, Sm or Ce ions. As a consequence, it can be observed that 
these assemblies present a less porous structure with well-connected agglomerate 
nanoparticles in the submicron size, which conditioned the gas diffusion towards 
the triple point boundary. Different materials with a similar microstructure have 
been reported indicating that they may be a suitable material for SOFC cathode 
at intermediate temperatures. 

The electrical performance was analyzed using four-point probe, which is a 
common technique for evaluating the resistivity value of  a layer in conductive 
nanomaterials that can be used in electrical devices. Then, measurements were 
carried out on green and sintered pellets (1 cm in diameter, 1000 °C, 4 h). Table 3 
shows the parameters obtained to analyze the electrical performance in the pero-
vskite-type nanostructures depending on the composition and ion substitution, 
as well as the potential application in SOFCs. 

Table 3. Results obtained by the four-point probe.

Perovskite Resistance 
(Ω sq-1)

Resistivity 
(Ω cm)

Conductivity 
(10-4 S cm-1)

La0.7-xPrxCa0.3MnO3

0.1 36.6 4.76 2100.8
0.3 35.5 4.54 2158.9
0.5 79.7 10.30 970.8
0.6 78.2 9.81 977.9

La0.7-xSmxCa0.3MnO3

0.1 64 9.83 1017.1
0.3 22.9 3.56 2803.3
0.5 18.5 4.84 2064.3
0.6 35.2 9.19 1087.5

La0.7-xCexCa0.3MnO3

0.1 28.8 3.80 2630.4
0.3 26.4 3.46 2884.7
0.5 --- --- ---
0.6 15.1 1.97 5070.2

The obtained values of  conductivity for the praseodymium nanostructures 
are observed between 0.09 to 0.21 Scm-1. For the Samarium samples, values from 
0.10 to 0.28 Scm-1 were obtained. To the Cerium, the results present conducti-
vity in a range of  0.26 to 0.5 Scm-1. In general, the highest conductivity in the 
case of  La substitution in the nanocomposites was observed with Pr and Sm at 
a composition of  x = 0.3, showing a decrease in the values when the amount of  
the cation is higher. On the contrary, the behavior observed for Ce substituted 
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lanthanum, presents a tendency related to the doping applied, with the highest 
value reported at x=0.6 (0.5 Scm-1). Previously, it has been found that in lan-
thanum-strontium-manganese (LSM) perovskites, the incorporation of  Sr+2 in 
the ABO3-type structure favors conductivity in relation to the amount of  doping 
used, obtaining values in intervals greater than 200 Scm-1 with temperatures be-
tween 600-900 °C [39]. This behavior occurs at the expense of  an increase in 
the content of  Mn4+ in the final structure. Then, considering that measurements 
have been realized at room temperature and an important increased with the 
operating temperature of  SOFCs is expected, the synthesized nanomaterials can 
be an alternative for scalable applications. 

4.  Conclusions

In this work, the synthesis of  ABO3-type perovskites has been analyzed, par-
ticularly LaMnO3 nanoparticles by doping the A-site with other rare earth, as an 
efficient alternative cathode material for SOFCs. Then, this research reports the 
synthesis of  rare earth cathode electrode materials, La(1-x)LnxCa0.3MnO3, by the 
Pechini method, using different stoichiometries in molar ratios (x=0.1, 0.3, 0.5 
and 0.6; Ln=Ce, Sm, Pr). From the above results the following results can be 
mentioned:

According to the crystallographic chart PDF490416, the observed signals 
are the characteristics of  nanomaterials with an orthorhombic phase. XRD 
analyzes were performed before applying the heat treatment; however, the 
spectra did not show any representative signal of  the sample, so it is conclu-
ded that the applied temperature is what leads to the formation of  the desired 
nanostructured perovskite. From the results obtained through the Scherrer’s 
equation for the crystallite size, it was observed that they present average values 
greater than 50 nm, but according to the consulted literature, they are within 
the reported interval. 

After the Rietveld analysis, information was obtained on the unit cell of  the 
perovskite type nanomaterial, the results represented a variation in the site oc-
cupation factor that was reflected in a correlation between the occupation and 
the molar quantity of  these elements. It was determined that the unit cell of  the 
synthesized nanomaterials is orthorhombic, regardless of  the amount of  cation 
(Pr, Sm, Ce) used and presenting a pure phase. The drawing of  the cell with 
the values obtained for the lattice parameters a, b, c shows a distortion and cell 
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volume that depends on the ionic radii as well as the amount of  the rare cation 
that replaces La. The observed micrographs show that the growth of  the nanos-
tructures is similar even when their stoichiometric ratio changes, being almost 
entirely homogeneous.

The values obtained by the four-point probe method did not show a clear 
trend; however, it is possible to appreciate that Sm (2803.3 x 10-4 S cm-1) and Pr 
(2158.9 x 10-4 S cm-1) at x=0.3 and displayed high conductivities whereas the hi-
ghest electrical properties for Ce is observed at x=0.6. Test at high temperatures 
to evaluate coefficient of  thermal expansion and electrochemical performance 
are ongoing to confirm this trend.
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