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A growing interest in developing Reversible Solid Oxide 

Cells (R-SOCs) for energy production or electrolysis has 

increased the demand for new electrode materials with 

superior electrochemical performance. Calcium cobaltites, 

[Ca2CoO3-δ]0.62[CoO2] (C349), have emerged as an attractive 

alternative due to their excellent thermal compatibility with 

standard electrolytes that may privilege these compounds 

among state-of-the-art SOC electrodes. Nonetheless, their 

electrochemical performances have been strongly limited by 

poor levels of oxygen ion transport [1]. 

To mitigate this problem, we report a new composite 

electrode made of the C349 compound combined with the 

predominantly oxide-ion conductor Ce0.8Pr0.2O1.9 (CPO) [2]. 

We conducted a comparative study including the neat C349 

electrode, the newly formed composite, and the standard, 

high-performing, La0.6Sr0.4Co0.2Fe0.8O3-δ (LSCF). To this end, 

we prepared symmetrical cells made of screen-printed 

electrodes, which were then compared in terms of 

microstructure, number of deposited layers, and resultant 

electrochemical properties. The electrochemical behaviour of 

the symmetrical cell assemblies was assessed by 

Electrochemical Impedance Spectroscopy (EIS) at 700 °C in 

an air atmosphere, as a function of composition and number 

of depositions (Figure 1). We found that these electrodes are 

highly sensitive to the electrode microstructure and increases 

in the number of depositions, beyond that of the standard 

LSCF electrode (~23 μm), lead to a significant decrease in 

the total polarisation resistance, Rp (Figure 1). Remarkably, 

the addition of CPO to the C349 electrode can successfully 

lower the Rp by over a factor of 4. 

 

Figure 1. Evolution of Rp and thickness of the electrode layer as a 

function of the number of depositions. 

We also found that the increased dependence of the neat 

C349 electrode with the number of depositions is mainly due 

to its characteristic plate-like morphonology, resulting in an 

electrode microstructure with a lower solid volume of 

material in the electrolyte surface region. This leads to a 

faster drop of the ionic current with a negative impact on the 

Rp. Conversely, by increasing the number of deposited layers, 

these open pores become successfully filled, increasing the 

solid fraction. As a result, there is a significant expansion of 

the electrochemically active region for oxygen exchange at 

the gas/electrode interface, minimising losses associated with 

diffusion and surface polarisations. 

Interestingly, the electrochemical performance of the 

composite electrode was found to be less dependent on the 

number of deposited layers. Such behaviour may be linked to 

the increased ionic conductivity of the CPO phase that can 

promote the extension of the ionic current and, thus, a greater 

surface area available for the ORR/OER in the electrode 

bulk. Hence, the composite electrode can attain high levels of 

electrochemical performance that rival with the standard 

LSCF material. This successful result is highly relevant, as it 

can provide insight into the most critical optimisation factors 

for similar SOC electrodes that intrinsically suffer from 

similarly low levels of ionic transport. 
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