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A brief introduction and update will be given on the solid oxide cell activities at Haldor Topsoe A/S. 

Subsequently, this talk will focus on the electrochemical reduction of CO2 to CO in solid oxide cells as 

a potential route for production of synthetic liquid hydrocarbon fuels from captured CO2. This has already 

found applicability in niche markets, e.g. manufacturing of specialty gas or oxygen production from the 

CO2-rich Martian atmosphere [1]. Furthermore, CO2 electrolysis represent an idealized system for 

studying carbon formation in solid oxide cells, which can also occur during fuel-cell operation with 

carbohydrates. Traditionally one would expect carbon formation when crossing the thermodynamic 

threshold for the carbon formation reaction, i.e. Boudouard reaction. Three scenarios exists; 1) operating 

outside the carbon formation regime, 2) accidentally crossing into the regime for short periods of time 

due to external factors often related to the Balance-of-Plant, or 3) intentionally operating within the 

regime. 

In this work we show that certain parameters, i.e. porosity and current density, will cause carbon 

formation before one would expect [2], effectively shrinking the possible operation window which in 

turn affects scenario 1. For scenario 2, we show that it is possible to repair cells which have crossed into 

the carbon formation region, by means of wet infiltration of Gadolinium doped Ceria. Lastly, for scenario 

3, we have attempted to modify the Ni-containing State-of-the-Art fuel electrodes by means of infiltration 

and sulfur-passivation [3] to increase resilience towards carbon formation. These attempts proved 

unsuccessful and moreover, sulfur poisoning has been identified as a major issue during CO2 electrolysis 

- much more so than in fuel-cell mode with H2 or hydrocarbons as fuel. It is concluded that operation 

within the carbon formation region requires Ni-free electrodes, such as those being developed by our 

group [4-5]. 
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