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1. Introduction
In the past decades, many researchers studied about

new forms of energy to replace the use of fossil fuels which 
are responsible of serious environmental issues due to their 
emissions of greenhouse gases. In this context, hydrogen 
has been considered the “fuel of the future” given its high 
energetic value and zero-emission combustion. 

One of the most promising options in terms of the 
efficiency of conversion devices based on hydrogen is 
associated with the Solid Oxide Fuel Cells (SOFCs) and their 
reversible mode: the Solid Oxide Electrolysis Cells (SOECs). 
These cells can work simultaneously in the so-called 
Reversible Solid Oxide Cells (ReSOCs): depending on the cell 
polarization, devices might work as SOFC to oxidize fuels (as 
H2) generating electricity; or as a SOEC reducing reactive 
species (such as H2O) consuming electric energy and 
producing H2. The main characteristic of these cells is that 
their main components, electrodes and the electrolyte, are 
solid oxides. 

The crystalline structure of perovskite oxides, of general 
formula ABO3, is incredible flexible and can accommodate 
oxygen vacancies generated due to the cation substitution 
in the A and/or B sites. The hopping of these oxygen 
vacancies give rise to the ionic conduction within the 
material. Oxygen deficient ABO3- perovskites belong to the 
so-called group of mixed ionic-electronic conductors 
(MIECs) which are materials presenting both ionic and 
electronic conduction and have shown high electrocatalytic 
activity. Perovskite oxides have played vital roles in the field 
of energy conversion and storage. 

Conventional SOFCs operate at high temperatures (900-
1000º C) which forces the usage of very expensive 
interconnection materials and generate difficulties due to 
diffusion and chemical reactions in the interfases, difference 
in the dilatation coefficients, etc. This is why new attention 
has been payed to Intermediate Temperature SOFCs (IT-
SOFCs) that can operate in the temperature range of 500-
700º C. The most studied MIECs are the cobalt oxides but 
they have a drawback regarding high thermal expansion 
coefficient, low stability and high toxicity and cost of the Co 
[1]. The strontium has also been widely used in prototypes. 
Nevertheless, the latest publications indicate that this 
element tends to diffuse towards the surface of the 
materials, promoting their degradation. 

The mentioned findings allow new research regarding 

the design of efficient and atoxic materials for their use in 
Solid Oxide Cells. 

In this work, we synthetize and characterize a series of 
Fe-based perovskites with Ba or Ca in the A-site. We will 
report the latest results of our findings including X-ray 
diffraction (XRD) and Rietveld analysis, X-ray fluorescence 
(XRF), Scanning Electron Microscopy (SEM) and 
Electrochemical Impedance Spectroscopy (EIS). 

2. Experimental
2.1 Materials and methods

Ferrites were prepared using a soft-chemistry route [2]. 
Stoichiometric amounts of the metal nitrates were mixed 
and dissolved in citric acid 10 % under continuos heat and 
stirring. The resulting gel was dried at 110° C overnight and 
posteriorly calcinated at 600° C for 12 hours. Finally, the 
solids were sintered at 1000° C for 12 hours. 

The prepared series are perovskites oxides of general 
formula ABO3-. The parent compound is CaFeO3 (CFO). The 
A site was partially substituted with Ba while Ni was 
introduced in the B-site. The prepared samples were named 
after the chemical composition: CFO, CBFO, CBFNO and 
CBFNO. 

Crystallographic characterization was performed using a 
Panalytical diffractometer with Cu Kα radiation, in the 2 
range of 15° to 80°, using a 0.02° step. The qualitative 
analysis of the patterns was performed using the software 
HighScore from Panalytical. Rietveld analyses of the 
structures were done using Fullprof refinement program [3]. 

The morphology of the oxides was inspected using a SEM 
FEI Quanta FEG 250, and their chemical composition was 
confirmed using an XRF equipment from Thermo Scientific, 
ARL Quant’X EDXRF Analyzer. 

Electrochemical Impedance Spectroscopy 
measurements were performed using an AUTOLAB PGSTAT 
320N. 

3. Results
3.1 Crystallographic characterization

The resulting solids are black polycrystalline ferrites. 
The parent compound, viz. CFO, exhibits a brownmillerite-
type structure, which is better described as Ca2Fe2O5 (super-
structure). The crystal structure contains an ordered 
framework of the FeO6 octahedra and FeO4 tetrahedra 
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arranged in layers. The general formula was reported as 
oxygen deficient CaFeO2.5. The oxygen defect in the 
structure is beneficial to enhance the ionic conductivity in 
the material. 

Fig. 1 shows the XRD pattern of the obtained CFO 
sample. As can be seen, there is a perfect match (all 
reflexions coincide) between the synthetized oxide and the 
theorical pattern. The CFO crystalizes in the Pnma space 
group which is the expected for this distorted perovskite. 

 

 
Fig. 1. X-ray diffraction pattern of the CaFeO3 sample showing a 

perfect match with the data from literature corresponding 
to the Brownmillerite structure. 

 
Fig. 2 schematizes the crystal structure of the pristine 

CaFeO3 where octahedral distortions are evident giving rise 
to complex conduction mechanisms. 

 

 
Fig. 2. Crystalline structure of the distorted CaFeO3. It is clear in 

the image how the octahedrons tilt and the cubic symmetry 
gets lost. 

 
The incorporation of Ba in the A-site in the CBFO sample 

and Ni in the B-site (CBFNO sample) alterate the crystal 
structure. The much bigger ionic radius of Ba compared to 
Ca, is expected to the structure, and releasing the tilting of 
the octahedra giving rise to a cubic structure. On the other 
hand, the Ni-for-Fe substitution is to be studied in order to 
further increase the total conductivity of the materials as 
reported in the defective molibdate perovskites [4] 
proposed for SOFCs anodes. 

4. Discussion 

4.1 Crystallography 
The defect chemistry of the perovskite oxides is a critical 

factor affecting the mass and charge transfer properties. 
Ionic size in ABO3 perovskites determines the occupied site; 
electronic conductivity is related to the valence change of B 
site while ionic conductivity is correlated to the transport of 
oxygen vacancies. Oxygen defect concentrations in 
perovskites can be tailored greatly by doping cations with 

higher valence. It is worth pointing out the particular 
robustness of the perovskite structure to accommodate 
different kinds of defects regarding the presence of a 
considerable number of oxygen vacancies, which are not 
detimentral for the stability of the covalent BO6/2 network of 
octahedra. 

 
4.2 Oxide Conduction 

Oxide ion vacancies may form in the framework of a 
ABO3 perovskite oxide when either A or B cations are 
partially replaced by other elements with lower valence. 

5. Conclusions 
Oxygen defect concentrations in perovskites can be 

tailored greatly by doping cations with lower valenece at the 
B-site. A-site vacancies can also be generated by doping 
cations with higher valence. Therefore, perovskites 
containing transition metals are favorable for facilitating 
thectrocatalytic processes and electronic transport. 

The relation between crystal structure and conductivity 
was reported previously by Abdala et al. [5]. In this work, 
authos mentioned that the optimal structure for enhancing 
total ionic conduction in scandia-stabilized zirconia (ScZS) is 
the cubic phase. 
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