
       8th Symposium on Hydrogen, Fuel Cells and Advanced Batteries, Buenos Aires, July 11th-14th, 2022 

Evaluation of 𝑅𝐸𝐵𝑎2𝐶𝑢3𝑂6+𝛿 (RE = La, Nd, Sm, Gd and Y) triple perovskite as 
cathode materials for IT-SOFC (O-9FC)
J. Grassi1*, N. Di Benedetto1 L. Suescun1**, J. Basbus2, A. Montenegro2 A. Serquis2

1 Laboratorio de Cristalografía, estado sólido y materiales, Área Física, Facultad de Química, Universidad de la República, Montevideo, 

Uruguay. 

2 Departamento de Caracterización de Materiales, CAB-INN-CNEA-CONICET, Av. Bustillo 9500, San Carlos de Bariloche, Rio Negro (8400), 
  Argentina. 

(*) Pres. author: joaquingrassi@gmail.com (**) Corresp. author: leopoldo@fq.edu.uy 

Keywords: IT-SOFCs, Hydrogen, Catalysts, Cathode materials, perovskites. 

1. Introduction

Solid Oxide Fuel Cells (SOFCs) are considered an excellent al-
ternative among the different sources of clean energy, due 
to its demonstrated efficiency, fuel flexibility and long term 
stability [1]. Currently, the interest in those devices is fo-
cused especially in the intermediate temperature SOFCs (IT-
SOFC) that operate between 600 and 800 °C, increasing cell 
durability and allowing the use of cheaper interconnect and 
support materials. However, these features create the ne-
cessity for new materials with sufficient electrochemical ac-
tivity in this temperature range besides chemical and ther-
momechanical stability. Some cobalt-based oxides with per-
ovskite structure, such as AxA’1-xCoO3-δ (A = Ln, Y; A’ = alka-
line earths; x˃0.5) [2, 3], Ba0.5Sr0.5Co0.8Fe0.2O3-δ [4] and 
AA’Co2O5+δ [5, 6] are currently studied as cathodes for IT-
SOFC due to their mixed ionic electronic conductivity (MIEC) 
and good oxygen reduction reaction (ORR) catalytic proper-
ties. Nevertheless, those Cobalt-based compounds present 
drawbacks due to high chemical reactivity with the available 
electrolytes and high thermal expansion coefficients [7], 
among others. In the investigation for new cobalt-free ma-
terials, promising properties have been observed in some 
Cu-containing perovskites such as Sm0.5Sr0.5Fe0.8Cu0.2O3-δ [8], 
Ba0.5Sr0.5Fe0.8Cu0.2O3-δ [9], La0.6Sr0.4Fe0.8Cu0.2O3-δ [10, 11], La1-

xSrxCuO2.5-δ (0.1<x<0.5) and [12], La4BaCu5O13+δ perovskites. 
Following this idea, we engaged to study the traditional 
high-temperature superconductor oxide REBa2Cu3O7 (with 
RE = Y, Nd, La, Sm and Gd) as potential cathode for IT-SOFCs. 
The YBCO structurte exibits a significant number of mobile 
vacancies at low temperatures and, depending on the non-
stoichiometry, it is metallic or semiconducting allowing for 
MIEC activity. 

The oxygen vacancy concentration and it´s mobility is 
strongly depended on the A size cation radii (RE or Y in this 
case) and the redox state of the B- site transition metal (Cu). 
Synthesis by a new wet-chemistry method, structural char-
acterization, TEC calculations and a complete electrochemi-
cal study of REBCO series where performed. Therefore, in 
this work we present a systematical research about the in-
fluence of the lanthanide ionic radii on the electrochemical 
performance of this triple perovskite structure. 

2. Experimental

2.1 Materials preparation  

REBa2Cu3O6+ (RE= Ln, Nd, Sm and Gd) samples were pre-
pared using a novel two-step autocombustion route. Stoi-
chiometric amounts of hexahydrates nitrates of rare earth 
(Sigma-Aldrich >99.0 %), barium and copper nitrates, were 
dissolved in distilled water at room temperature. After ob-
taining a blue clear solution, EDTA (sigma Aldrich > 99.4 %) 
1:1,1 molar ratios were added as a chelating agent and am-
monia nitrate as a combustion trigger. Small aliquots of am-
monium hydroxide were added to the solution to regulate 
and maintain the pH value between 9 and 10. The obtained 
solution was heated on a hot plate at 120 º C under magnetic 
stirring until a blue gel was formed. The hot plate tempera-
ture was taken to 300 ºC and the gel auto-ignited directly in 
the beaker until a black foam-like ash was obtained. The re-
sulting product was ground in an agate mortar and calcined 
at 850 ºC as a loose powder with a heating ramp of 5 ºC/min 
in air for 6 hs to achieve the final desired oxide. 

2.2 Structural characterization and cell preparation 

The prepared phases were characterized by X-ray dif-
fraction (XRD) using a Rigaku ULTIMA IV diffractometer op-

erating with Cu-K radiation. High-quality data for structural 
analysis and crystallographic thermal expansion coefficient 
calculation was collected using synchrotron radiation at 
D10B-XPD beamlinea of the UVX ring of the Brazilian Syn-
chrotron Light Laboratory. The patterns collected varying 
temperature from 400 up to 800 ºC were fitted with GSAS II 
software. Commercial Ce0.9Gd0.1O1.95 (GDC) (Fiaxell Sàrl 
SOFC Technologies) electrolyte was pressed into 13 mm pel-
lets and sintered at 1400 ºC for 6 h. The slurry solution used 
was prepared by mixing alfa-terpineol (Sigma Aldrich), poly-
vinylpyrrolidone (Aldrich), polyvinyl butyral (Aldrich), iso-
propanol and the ceramic material. The cathode composite 
slurry was spin-coated on both sides of GDC pellets and then 
sintered at 900ºC for 4 h. The samples were characterized 
by Scanning Electron Microscopy (SEM) to investigate the 
microstructure, thickness and layer uniformity. Commercial 
2R Cell without the cathode was supplied by Fiaxell for 
power measurements. The cathode material was screen 
printed on a GDC/NiO-Ni 25 mm anode supported cell.  
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2.3 Electrocemical performance 

Electrochemical impedance spectra (EIS) of cathode 
composites were performed in ambient air conditions be-
tween 600 and 800º C using a potentiostat/impedance ana-
lyzer Autolab PGSTAT30 potentiostat/galvanostat between 
1 mHz and 1 MHz with 100 mV sinusoidal amplitude. Plati-
num grids were used as current collectors and the samples 
were kept 1 h at each temperature before measuring to en-
sure equilibrium conditions. The I-V and P-V curves of the 
final configuration REBCO/GDC/NiO-Ni were acquired using 
Open Flanges test set up (Fiaxell Sàrl Technologies) and gold 
mesh current collectors. The H2 flow rate was 150 ml.min-1 
controlled by SEVENSTAR D07 Mass flow controler at the an-
ode side and the cathodic ambient atmosphere was 100 
ml.min-1 O2 flow. 

3. Results 

3.1 Phase Structure and evolution with temperature 

Room temperature XRD patterns of REBCO samples are 
shown on Fig. 1. It can be seen from the patterns that the 
samples with RE = Y, Sm and Gd cristallize into an ortho-
rhombic Pmmm triple perovskite structure, while RE = La 
and Nd could be indexed as a tetragonal P4/mmm structure. 

 

 
Fig. 1. XRD of the REBCO samples prepared by autocombus-

tion method. The inset shows the 013/103 reflection for the 

orthorhombic samples and the 103 for the tetragonal ones. 

3.2 Microstructure and electrochemical performance 

The as-prepared powders where mixed in a special for-
mulated slurry and deposited by spin coating on electrolytre 
GDC dense pellets. Fig. 2 shows a SEM image of the elec-
ctrode surface for NBCO sample. It can be clearly seen a po-
rous microstructured uniform ceramic layer with an appar-
ent sub- micrometric particle size. 

 
 

Fig. 2. SEM image of the NBCO sample. 

3.3 Electrochemical perofomance  

To evaluate the ORR activity of the REBCO samples the 
half cells where tested under OCV conditions. Fig. 3 shows 
the EIS spectra of GBCO in air at diferent temperatures. The 
data was fitted with a resistor in series with a Warburg (W) 
element and a parallel composed by a resistor (Rp) and a 
constant phase element (CPE).  

 

 
 
Fig. 3. EIS spectra of GBCO symmetric cell tested under air at-

mosphere and 10 mV of voltage amplitude.  

 

The power tests of the full cell configurations (cathode 
electrode/electrolyte/anode) are shown in Fig. 4. The maxi-
mum power density value corresponds to the YBCO sample, 
showing a peak at 430 mW/cm2 at 800 C.  
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Fig. 4. Power density curves for REBCO samples at 800 ºC un-

der 175 cc.min-1 hydrogen flow at the anode and 150 cc.min-1 

oxygen flow at the cathode.  

4. Discussion 

The structural charachterization results suggests that the 
symmetry of the REBCO phases decreases as the ionic radii 
of the Ln cation decreases. Samples containing La3+ or Nd3+ 
form tetragonal structures with disordered oxygen vacan-
cies while those containing Sm3+, Gd3+ and Y3+ to orthorhom-
bic with vacancy ordering. The study of the evolution of the 
cell parameters as a function of temperature reveals an O/T 
phase transition between (400-450) ºC. This transformation 
affects the TEC values and this can be detrimental to me-
chanical stability at the electrode–electrolyte interface. 
However, the transition gives rise to mobile, disordered ox-
ygen vacancies that will act as a charge carriers enhancing 
the electrochemical transport of O2- species through the 
crystal structure. 

 
 The power densities observed, as well as the variation 

of the polarization resistances as a function of the ionic radii, 
are in accordance with the fact that the smaller the radius, 
the smaller the hop distance. This behaviour leads to a bet-
ter efficiency in transport properties and a greater catalityc 
activity in the ORR. 

5. Conclusions 

The REBCO series (RE = La, Nd, Gd and Sm) were pre-
pared via an autocombustion modified route. Ceramic pow-
ders where successfully spin coated on electrolyte pellets 
and the electrochemical performance of triple perovskites 
were investigated as cathodes for IT –SOFCs.  

 
The ORR activity of the REBCO cathodes decreased as the 

Ln3+ ionic radius increases wich may be attributed to the ox-
ygen vacancy concentration and it´s mobility. The best elec-
trochemical performance was observed on the YBCO cath-
ode, 425 mW/cm2 at 800 ºC. These results indicated that tri-
ple perovskites oxides (such as REBCO) may have promising 
applications on the 600-800 temperature range.  
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