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Owing to its very high equilibrium constant for hydration, 

yttrium-doped barium cerate, BaCe1−xYxO3−δ (BCY), can 

provide high protonic conductivity at low temperatures (e.g., 

∼ 10−3 S cm−1 at 400 °C under humidified atmospheres, pH2O 

∼ 10−2 atm) generating interest for its use as electrolyte in 

protonic ceramic fuel cell (PCFC) devices [1]. 

However, this composition has been, typically, discarded for 

real world applications, due to its very poor chemical stability 

in both humidified and CO2 containing atmospheres. In this 

respect, the presence of amorphous intergranular phases in 

BaCeO3 polycrystalline materials has been suggested to be 

the cause of the structural disintegration of this composition 

[1,2]. 

To try to overcome this limitation, we report an alternative 

based on the modification of the original BaCe0.9Y0.1O3−δ 

(BCY10) composition by the introduction of small amounts 

of NiO (1 vol%). While the addition of transition metals has 

been widely adopted for enhancing the sinterability of these 

materials [1], such additions have not been previously tested 

as a method to improve the chemical stability and lifetime of 

this material. 

To accomplish this goal, four different samples were 

pelletised and sintered: the undoped samples, BCY10 

sintered at 1450 °C (BCY1450) and 1600 °C (BCY1600); 

and the NiO-modified samples, sintered at 1450 °C (Ni-

BCY1450) and 1350 °C (Ni-BCY1350). All materials were 

characterised for phase composition by X-ray diffraction 

(XRD), and for microstructure by scanning electron 

microscopy, coupled with chemical analysis by Energy 

Energy-dispersive X-ray spectroscopy (SEM/EDS). 

To evaluate the chemical stability, fresh samples were 

exposed to a humidified CO2 atmosphere (pH2O = 0.033 atm) 

at 400 °C for 30 days and electrochemical impedance 

spectroscopy (EIS) was used to record impedance data each 

three hours. The results, Figure 1, reveal that the unmodified 

BCY10 samples suffer a substantial drop in total conductivity 

in this timeframe, while the NiO-modified samples (Ni-

BCY1350 and Ni-BCY1450) remain stable through the tests. 

This result is important as it reveals that the simple addition 

of small amount of NiO (1 vol%), not only offers its typical 

role of decreasing the sintering temperature from 1450 to 

1350 °C, but can also be successful for dramatically 

improving the stability of BCY10 against hydroxide 

formation and carbonation. The work offers a significant 

advance to the knowledge of this family of materials at low 

temperatures, potentially opening a way to use these 

previously discarded proton-conducting perovskite materials 

in real world applications. 
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Figure 1. Bulk and grain boundary conductivities measured 

as function of exposure time in wet CO2 (pH2O=0.033 atm) 

at 400C for pure BCY10 samples sintered at 1450 and 1600 

C and for NiO dopped BCY10 samples sintered at 1350 and 

1450C. The results are normalised to the initial values of 

conductivity. 
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