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influence of feed gas composition on cell performance and the short-term durability of the cell in 

electrolysis mode are studied. Electrochemical impedance spectroscopy (EIS) results and the 

post-test microstructural characterization demonstrate that there is no visible degradation of the 

LSC infiltrated CGO oxygen electrode after the durability test. These results highlight the 

potential of large-scale production of high-performance SOCs by designing nanostructured 

electrode via infiltration. 
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Fig. 1. Cross-sectional SEM images of (a) a fuel electrode-supported cell prior to the infiltration 

of LSC (inset showing the photograph of this cell in size of 12.5 × 12.5 cm2), (b) porous CGO 

backbone, and (c) CGO backbone infiltrated with LSC catalysts. (d) Photograph showing the as-

prepared planar cell for testing. 

    The LSC infiltrated CGO oxygen electrode is prepared by infiltration of LSC catalysts and 

calcination at 800 °C, and its microstructure is shown in Fig. 1c and Fig. S2, where the 

interconnected and nanoporous LSC coatings are well deposited on the internal surfaces of the 

porous CGO backbone. Formation of LSC in the coatings is confirmed by XRD pattern of 

powders, synthesized by calcinating the infiltrate solution at 800 °C (Fig. 2). In addition to LSC, 

second phases including (La2-xSrx)CoO4, SrCO3, and Co3O4 were detected. Similar secondary 
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phases of LSC infiltration have also been observed by Samson et al. [30], even though a higher 

calcinating temperature of 900 °C was applied. Note that secondary phases of (La2-xSrx)CoO4 

[31] and Co3O4 [30] have been demonstrated with electrochemical activity when applied as 

catalysts for oxygen electrodes. Hence secondary phases may not necessarily be detrimental to 

the electrochemical reactions. In addition, a 100% phase pure LSC infiltrate may not necessarily 

provide the best electrochemical performance if this has to be achived via calcination at high 

temperature with coarsened catalyst particles. In the current work, a calcination temperature of 

800 °C was eventually chosen based on the findings from Samson et al. [30]. Fig. 1d shows a 

photograph of the as-prepared planar cell that has been cut into the size of 5.3×5.3 cm2, with a 

screen-printed 4×4 cm2 LSC contact layer on top of the LSC infiltrated CGO oxygen electrode. 

 

Fig. 2. XRD pattern of the LSC powders calcinated at 800 °C. 

 

3.2. Electrochemical performance 
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production rates of 9.53, 7.45, and 4.80 ml min-1 cm-2, respectively, calculated using Faraday's 

law. These H2 production rates are achieved with steam utilization of 76 %, 60%, and 38%, 

respectively, and the hydrogen content in the outlet gas reaches 88 %, 80%, and 69%. At 800 °C, 

a significantly nonlinear increase in the voltage at high current densities is observed, which is 

attributed to the effect of growing concentration polarization because of the steam starvation in 

the fuel electrode under high steam utilization [32, 33]. 

    The electrolysis performance was also investigated under different gas feeds to the fuel and 

oxygen electrodes at 750 °C. As shown in Fig. 4c, increasing the H2O content from 20 % to 50 % 

leads to a decrease in OCV of 54 mV. The cell exhibits a current density of 0.64 A cm-2 at 1.3 V 

with 20%H2O-80%H2 fed to the fuel electrode. This performance is strongly limited by the 

concentration polarization due to the high steam utilization of 86 %, and the corresponding 

hydrogen content in the outlet gas is as high as 97% (Fig. 4d). By increasing H2O content to 50%, 

the concentration polarization is significantly reduced, resulting in an increase in current density 

of 67 % (i.e., 0.43 A cm-2) at 1.3 V. Fig. 4c also shows that the OCV increases 25 mV when the 

gas in the oxygen electrode is changed from air to pure O2, and the current density at 1.3 V has a 

slight increase of 2 % (i.e., 0.02 A cm-2). Hence, the decreased driving force due to the increased 

OCV is fully compensated for by improved electrode performance in pure O2. One should note 

that in principle for technical use, O2 purge at the oxygen electrode is not likely to be a preferred 

mode of operation. Either no purge should be applied – “oxygen production mode” or for safety 

reasons steam, N2 purge could be considered depending on whether the produced oxygen will be 

used or discarded. The results show that electrolysis performance is more sensitive to the H2O 

content in the fuel electrode and the corresponding steam utilization and less sensitive to the 
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oxygen content in the oxygen electrode, as expected both from the relative thickness of the 

electrodes and the form of the Nernst expression. 

 

Fig. 4. Performance in electrolysis cell mode. Voltage versus current density measured (a) at 

different temperatures with 50%H2O-50%H2 fed to the fuel electrode and dry air to the oxygen 

electrode, and (c) at 750 °C with varying gas feeds to the electrodes. (b, d) Corresponding gas 

composition at the outlet and overall steam utilization at an operating potential of 1.3 V on the 

performance shown in (a) and (c). 






























