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Abstract 
 

Simultaneous H2O and CO2 electrolysis, namely coelectrolysis, has been attracting 
attention lately as it offers the possibility of producing syngas from CO2 waste and steam. 
High temperature electrolysis offers lower electricity consumption compared to 
conventional low temperature electrolysis. This technology is particularly advantageous 
when coupled with another process able to provide waste heat, as the higher the 
electrolysis temperature the higher the heat-to-electric energy ratio required for the 
process. Solid oxide electrolyser cells (SOEC) are basically solid oxide fuel cells (SOFC) 
operating in regenerative mode. We have fabricated a series of electrode supported 
microtubular cells based on optimized design from previous studies and characterized 
them in coelectrolysis mode. 
The cell used in present experiments was an electrode supported microtubular SOFC. 
Nickel-yttria stabilized zirconia (Ni-YSZ) tubes were shaped by plastic extrusion molding. 
Thin YSZ electrolyte and LSM-YSZ (lanthanum-strontium doped manganite) cathode were 
added by successive dip coating and sintering steps at 1500°C and 1150°C, respectively. 

Cells were electrically contacted using platinum wire and paste and sealed to alumina 
tubes for gas input and output. Coelectrolysis was tested on a small tubular furnace at 

850°C, feeding the cell with different gas flows containing steam, carbon dioxide, nitrogen 

and hydrogen in different fractions. Current density – voltage and electrochemical 
impedance spectra measurements were recorded using a VSP Potentiostat/Galvanostat 
and  output gas was analyzed using a gas chromatograph. Area specific resistance was 
calculated from recorded data as a function of inlet gas composition, yielding values 
ranging from 0.58 Ωcm2 when steam and CO2 rich flows are used to 2 Ωcm2 for the diluted 
composition. The hydrogen and carbon monoxide content in the output gas is in a good 
agreement with the gas shift reaction equilibrium. Faraday efficiency was close to 100% on 
the studied conditions, meaning that little or no conduction takes place through the 
electrolyte. Additionally the electrolyte conduction threshold was found close to 1.7V in the 
diluted feeding conditions. 
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Introduction 
 
Simultaneous CO2 and H2O electrolysis to produce syngas is highly energy demanding. 
This process can potentially transform exhaust gas from another process into a high value 
added product which can later be transformed into synthetic fuel through an additional 
catalytic process. Coupling this process with a solid oxide electrolyzer cell presents some 
advantages, in first place; the endothermic process is favored at high temperatures. 
Additionally joule heating due to cell irreversibilities can account for some of the heat 
needed for the reaction, increasing the overall process efficiency. 
It has been reported that dry CO2 electrolysis in SOEC systems results in a much higher 
area specific resistance, while simultaneous CO2/H2O electrolysis presents similar 
behavior as pure H2O electrolysis [1]. Commonly used nickel-YSZ (yttria stabilized 
zirconia) electrodes are catalytically active for the water gas shift reaction, which may 
imply that the majority of the electrochemical process takes place through H2O and the 
resulting H2 reacts later to form CO [2]. 
 
 

Experimental section 
 
Microtubular cells based on a NiO-YSZ extruded support were fabricated as described 
elsewhere [3]. The cell was sealed on the ends to alumina tubes using refractory clay and 
placed into an in-house tubular furnace. Electrical contacts were made to the anode 
support through the edges and to the cathode by coiling platinum wire. Platinum ink was 
applied to the cathode in order to maximize electrical contact. Feeding gases were passed 
through mass flow controllers, mixed and then bubbled though a thermostatic bath in order 
to account for the desired water partial pressure. Conduction from the thermostatic bath to 
the cell was made through heated tubing to avoid condensation. Reacted gases were 
subsequently dried and conducted to an Agilent Technologies 490 Micro GC gas 
chromatograph. 
The cell was first heated up to 800°C in a nitrogen flow and then switched to hydrogen for 
the initial reduction to take place. The cell was characterized in SOFC mode at 800 and 
850°C with a VSP Potentiostat/Galvanostat (Princeton Applied Research, Oak Ridge, US).  
The cell was then fed with a 50% H2 50% H2O stream and characterized in electrolysis 
mode. 
Three sets of coelectrolysis experiments were performed, consisting in feeding the cell 
with different gas compositions, applying a given current and measuring the gas 
composition exiting the cell. For each given current density, the cell was left to reach the 
stationary state defined by reproducible GC measurements during a given time period. 
The first run of measurements was made under a water and CO2 rich stream (50% water, 
25% CO2 and 25%H2). Hydrogen was included in all feed streams in order to maintain the 
anode in its reduced state and to avoid reoxidation. The second run was made using a 
CO2 rich stream but with a lower water content (3% water, 25% CO2, 20% H2 and 52% 
N2). The third run was made under high fuel utilization conditions, using a feed stream 
poor in CO2 and water (3% water, 5% CO2, 10% H2 and 82%N2). Measured curves are 
shown on figure 1. 



 11
th
 European SOFC & SOE Forum 1 - 4 July 2014, Lucerne/Switzerland 

 
SOE cells and stacks Chapter 16 - Session B13 - 115/151   

  

 

 



 11
th
 European SOFC & SOE Forum 1 - 4 July 2014, Lucerne/Switzerland 

 
SOE cells and stacks Chapter 16 - Session B13 - 116/151   

  

 
Figure 1. j-V (black lines), Heat generated during cell operation (grey lines) and calculated 
heat consumed by the electrolysis (black dot and line). Theoretical fit in dashed lines. 
Thermo neutral voltage is found at the generated -consumed heat intersection. 1) Steam 
and CO2 rich feed 2) CO2 rich stream 3) Steam and CO2 poor stream. 
 
 

Results 
 
Electrochemical characterization in terms of j-V and electrochemical impedance 
measurements was performed under the different feeding conditions. Area specific 
resistance (ASR) results are summarized in table 1. Results for the CO2 and water rich 
stream are very similar to the pure water electrolysis case, which is in good agreement 
with literature data. 
 

 
H2 H2O CO2 N2 

ASR 
[Ωcm-2] 

H2O  20% 50% 0% 30% 0.51 

H2O and CO2 rich 25% 50% 25% 0% 0.58 

CO2 rich  20% 3% 25% 50% 0.90 

H2O and CO2 poor  10% 3% 5% 82% 2.03 
Table 1. Real feed stream concentration and area specific resistance for each experiment. 
 
As expected, lowering the concentration of species to be electrolyzed results in a higher 
area specific resistance. Water concentration seems to have a higher impact on ASR than 
CO2, which supports the hypothesis of the reaction taking place through H2O electrolysis 
followed by RWGS. Joule heat can be calculated for each operation point by multiplying 
the overpotential times the current intensity. The amount of heat demanded by the reaction 
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can be calculated by using thermodynamic data, given that the selectivity towards H2 and 
CO is calculated by the WGS equilibrium constant. Thermo-neutral potential is found at the 
point at which both calculated heats are equal.   
Faraday efficiency was estimated by measuring the amount of electrolyzed species and 
was found close to unity (within error) in all the cases except for the last conditions. The 
shape of the registered j-V curve reveals some electronic conduction taking place through 
the electrolyte, the threshold from where this phenomenon is found to become significant 
is around 1.7V. This conduction is known to be associated with electrolyte reduction and is 
bound to be damaging for the cell [4,5]. After the experiments the cell was cut and 
polished for FESEM (Field Emision- Scanning Electron Microscopy) examination. During 
the cut, complete delamination of the electrolyte was witnessed evidencing damage, 
probably caused by electrolyte reduction. No additional damage was observed on the 
anode, and no carbon deposition was found. As the cell operated in a wide range of 
conditions, and for short periods of time, a possible carbon deposition problem could arise 
if tested for longer periods. 
 

Conclusions 
Similar behavior was observed in steam electrolysis and coelectrolysis in the tested 
microtubular SOFC. An ASR of 0.58 Ωcm-2 was measured at 850°C for the coelectrolysis 
conditions. A long term experiment in coelectrolysis mode is pending in order to discard a 
possible carbon deposition issue. The electronic conduction threshold of the electrolyte 
was found around 1.7V. Surpassing this threshold value resulted in massive damage on 
the electrolyte. 
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