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1. Introduction

Cobaltites with perovskite structure have been in-
tensely investigated as cathode materials for intermediate 
temperature solid oxide fuel cell (IT-SOFC) [1].  

Among the most studied cathode materials, LnBaCo2O6-

δ (Ln = lanthanides) (LnBC) cobaltites stand out because they 
have high surface exchange coefficients, oxygen diffusivity 
and high electrical conductivity [2,3]. Depending on the size 
of the cations that occupy the site A, these systems can have 
a random distribution of them, forming a cubic structure 
when Ln = La [4], or to present an ordering of the cations 
that occupy the site A when Ln= Pr, Nd, Sm, Gd with an al-
ternation of Ln – O/Ba – O layers along the c axis, introducing 
oxygen vacancies preferentially in the Ln – O plane [5], and 
forming tetragonal or orthorhombic structures [5]. The or-
dered compounds are denominated double perovskite and 
the general formula is AA'B2O6. Kim et al. [2] have reported 
oxygen permeability measurements that indicate values of 
ionic conductivity and oxygen flux through dense ceramic 
membrane for the cubic phase LaBaCo2O6-δ, higher than 
those of LnBaCo2O6 compounds (Ln = Nd, Gd, Sm) that pre-
sent tetragonal symmetry. On the other hand, the 
PrBaCo2O5+δ (PBCO) double perovskite, with a tetragonal 
structure, also stands out for its electrochemical perfor-
mance as oxygen reduction electrodes [6]. Recently, Garcés 
et al. [7] investigated the performance of the La1-

xPrxBaCo2O6-δ (LPBC) system as IT-SOFC electrodes. Although 
the polarization resistance values obtained were competi-
tive with other perovskites, the electrodes consist of a mix-
ture of cubic+tetragonal phases. In addition, L. Zhang et al. 
[8] analyzed the effect of Co deficiency in the PBCO system,
determining an improvement in the electrochemical perfor-
mance, where the PrBaCo1.94O5+δ cathode possesses the
best performance with lowest Rp.

Considering these results we were able to prepare single 
phase La0.8Pr0.2CoO6-δ with cubic crystal structure and to 
study the effect of Co deficiency in the La0.8Pr0.2Co2-yO6-δ sys-
tem (y = 0, 0.02 and 0.05) on the crystal structure stability, 
thermal expansion and polarization resistance to the oxygen 
reduction reaction. 

2. Experimental

Pollycristaline samples of La0.8Pr0.2BaCo2-yO6-δ (LPBC) with 
y=0, 0.02, 0.05 were synthesized by the citrate method. Stoi-
chiometric amounts of La2O3 and Pr6O11 were weighed and 

dissolved into diluted HNO3, separately, BaCO3 was dis-
solved in diluted acetic acid. Both solutions were heated 
slowly until evaporation of all liquid. The remaining salts 
from both recipients and CoC4H6O4(4H2O) were dissolved in 
a solution of citric acid in distilled water, in a molar ratio of 
8:1 respect to the cations. This solution was slowly heated 
to evaporate liquids and to form a gel which was then fired 
at 400 °C for several hours to obtain an ash-like product. The 
powders were calcined at at 1100°C for 12 h for all samples. 
Each sample of the LPBC series was labeled according to its 
corresponding deficit of cobalt, i.e., Co02 represents the 
La0.8Pr0.2BaCo1.98O6-δ compound.  

The crystal structure was studied by X-ray diffraction by 
means of PANalytical Empyrean III diffractometer with Ni-
filtered CuKα radiation and a PIXcel3D detector. XRD data as 
a function of temperature (HTXRD) was obtained by cou-
pling an Anton Paar HTK 1200N chamber to the described 
diffractometer. XRD and HTXRD patterns were refined using 
the Rietveld method within Fullprof suite [9]. 

The variation of the linear expansion with temperature 
was measured using a LINSEIS L75PT Series dilatometer on 
cylindrical samples (Ø∼ 4.0mm and l ∼6-8mm). Experi-

mental data were corrected by using Al2O3 as a standard. 
Electrochemical characterization was performed by Elec-

trochemical Impedance Spectrometry (EIS) in symmetrical 
cell configuration by using an Autolab system PGSTAT 30 
with a FRA2 module. The symmetrical cells consisted of a 
dense cylindrical Ce0.9Gd0.1O1.95 (GDC, Fuel Cell Materials) 
electrolyte (area ∼1.2 cm2, thickness ∼0.1 cm). Firstly, a po-
rous layer of GDC was deposited by screen printing and af-
terwards the porous LPBC electrode was deposited by spray 
deposition on both flat sides of the GDC electrolytes.  

3. Results

3.1 Structure characterization and thermal expansion 

X-ray diffraction data of La0.8Pr0.2Co2-yO6-δ samples with y
= 0, 0.02 and 0.05 show the crystal structure is cubic with no 
secondary phases. In particular, the crystal structure of the 
Co00 sample was found unstable at high temperature.     Fig-
ure 1 shows the XRD patterns of Co00 sample collected at 
25 and 930°C.  At 25 °C all reflections were indexed accord-
ing to a cubic crystal structure (SG: Pm3m), while at 930°C 
small peaks corresponding to secondary phases belonging to 
the Ban+1ConO3n+3(Co8O8) family of compounds are indicated 
with a star (*).  
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Figure 2 shows the diffraction patterns as a function of 
temperature for sample Co05 where, unlike stoichiometric 
Co00, the cubic phase is stable and no secondary phases are 
observed. The same behavior occurs for sample Co02. 

The variation of the linear expansion L/L with temper-
ature for Co00, Co02 and Co05 samples is shown in Figure 3. 
The curve for the Co00 shows a slope change above 800 °C 
that correlates with the formation of secondary phases de-
tected by HXRD. This effect disappears for Co deficient sam-
ples Co02 and Co05.  

 The expansion coefficients determined by dilatometry 
are listed in Table 1 along with the values obtained from XRD 
data. For all the three samples, this coeficients are close to 
30 x 10-6 °C-1 wheres the current reference materials for 
most common electrolytes en SOFCs and ITSOFCs of YSZ, 
GDC and LSGM are 10 x 10−6 K−1, 12.5 x 10−6 K−1 and 10.4 x 
10−6 K−1, respectively [10]. 

 
3.2 Electrochemical Performance 

The polarization resistances to the oxygen reduction re-
action (Rp) as a function of temperature were obtained from 
EIS measurements in air and presented in Figure 4. The re-
sults are compared with the reference sample 

La0.5Ba0.5CoO3-d [4]. Samples with Pr in the A site and Co 
deficiency in the B site exhibit similar Rp or slightly lower 

values than the electrode prepared with La0.5Ba0.5CoO3-. 

 

Table 1.  TEC of perovskites in the range of 150 to 900°C by dila-
tometry and XRD. 

TEC x 10-6 (K-1) 

 XRD Dilatometer 

Co00 30.1 27.5 

Co02 27.8 28.5 

Co05 28.3 29.6 

 

4. Discussion 

The thermal instability of Co00 sample is evidenced by 
the segregation of secondary phases above 900C (see Figure 
1).  The notorious variation of the linear expansion above 
800 °C (see Figure 3) suggests the formation of secondary 

Fig. 4. Total polarization resistance as a function of cobalt defi-

ciency in air. 

Fig. 2. HTXRD of La0.8Pr0.2BaCo1.95O6- in the temperature range 

from 20 to 900°C. 

Fig. 1.XRD patterns of La0.8Pr0.2BaCo2O6- sample at 25 and 930°C 

* Secondary phases 

Fig. 3. Thermal expansion curves of La0.8Pr0.2BaCo2-yO6-d in the 

range from 80 to 1050°C. 
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phases is responsible of this effect, which represent a draw-
back for the electrode. The incorporation of Co deficiency in 
the B site in Co02 and Co05 samples stabilized the cubic 
phase preventing segregation and the formation of second-
ary phases at least up to 1000 °C (see Figures 2 and 3).  

The thermal expansion coefficient values obtained for 
Co00, Co02 and Co05 samples from dilatometry measure-
ments are in good agreement with the values obtained from 
XRD data (see Table 1). The thermal expansion of these ox-
ides consist of two contributions: the thermal expansion 
product of the vibrations in the lattice due to the tempera-
ture change, and the chemical expansion associated with 
the variations of the oxygen content in the sample. In these 
materials the chemical contribution is relevant yielding high 
thermal expansion coefficient values (~ 30× 10-6 K-1) com-
pared to the currently used electrolytes for SOFC technology 
(~ 12× 10-6 K-1). This difference can be solved using compo-
sites as electrodes.    

5. Conclusions 

Perovskite materials with cation deficiency (y≠0 in 
La0.8Pr0.2BaCo2-yO6-δ) have a cubic crystal structure that is 
stable at high temperature, unlike the stoichiometric com-
pounds (y=0). In addition, they have a good cathodic re-
sponse with very low polarization resistance (Rp) values 
when used as cathodes in symmetrical SOFC cells. It was also 
determined that this series of compounds exhibit relatively 
high coefficients of thermal expansion (TEC) compared to 
the TEC of the most commonly used electrolytes in SOFC 
cells. In order to reduce TEC values of La0.8Pr0.2BaCo2-yO6-δ 
electrodes, and at the same time to maintain their good 
electrochemical performance, research is underway on the 
high temperature properties of composites formed with 
La0.8Pr0.2BaCo2-yO6-δ.  
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