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Abstract 
SDC electrolyte-supported IT-SOFCs with Cu-Pd-CZ80 composite anode and LSCF cathode were tested 
under a wide range of operating conditions. Polarization and EIS measurements were collected at 650°C 
and 600°C with syngas mixtures (2.3-0.4 H2/CO ratio), H2/N2 mixtures (97-30% H2 v/v) and CO/CO2 mixtures (97-50% CO v/v). In the presence of syngas, a co-oxidation route was active, wherein H2 and 
CO were electro-oxidized simultaneously. A 1D, dynamic and heterogeneous model of the cell was 
applied to analyze the polarization and the EIS curves. The kinetics of H2 electro-oxidation, CO electro-
oxidation and O2 reduction were investigated and global power law rates were derived. The syngas 
experiments were simulated on a fully predictive basis, confirming that the polarization behavior could 
be reproduced exclusively by assuming the presence of the co-oxidative route. The cell was also exposed 
to biogas, revealing that CO2-reforming was active. 
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Applications based on Solid Oxide Fuel Cells (SOFC) 
for the distributed production of energy require the cell to 
operate with both traditional hydrocarbon fuels (CH4 and 
LPG) and biomass derived fuels (biogas, ethanol). Several 
benefits in terms of lifetime and thermo-mechanical 
resistance are also achieved by decreasing the operating 
temperature to 500-700°C (IT-SOFC). On the one hand, 
the use of hydrocarbons leads the traditional Ni-based 
anodic materials to deactivate due to coke formation; on 
the other hand, lower temperatures ask for electrolytes 
different from YSZ, such as those based on Ce oxides. 
Novel cells and materials are therefore required, whose 
development must be accompanied by numerical model 
analysis to rationalize chemical and physical phenomena. 
In this work, IT-SOFCs based on Samaria doped Ceria 
electrolytes (Sm0.1Ce0.9O1.95, SDC) and Cu-Pd-CZ80 
anodes are tested with syngas (H2/CO) and biogas 
(CO2/CH4). Polarization and EIS experiments were 
performed at varying the reactants concentration. A 
numerical model of the cell was applied to analyze the 
experimental results and kinetic equations were derived for 
the electro-chemical reactions of the process.  

 
Materials and Methods 

SDC electrolyte supported cells (2 cm Ø) with Cu-Pd-
CZ80 (20% CeO2, 80% ZrO2 w/w) with composite anodes 

and LSCF cathodes were prepared by die-pressing. 
Graphite-containing SDC powder was uniaxially pressed 
with pure SDC powder. This bilayer was calcined in air 
(1400°C for 3 h) producing a porous 150 μm thick SDC 
scaffold supported on a dense 380 μm thick SDC 
electrolyte. After forming the anode and the electrolyte, the 
LSCF cathode (40 μm) was applied. The porous SDC 
scaffold was then impregnated with Cu- and Pd-CZ80 
nitric solutions, repeating the steps of impregnation and 
calcination (600°C) until the desired amounts were loaded 
(Vohs and Gorte, 2009). The resulting cell was calcined at 
700°C for 3 h. Polarization and EIS experiments were 
carried out between 600 and 650°C with H2/N2, CO/CO2, H2/CO and CH4/CO2 mixtures, at different concentration of 
the reactants. The EIS tests (0.1 Hz – 1 kHz, 50 mV 
amplitude) were performed at the OCV. SEM micrographs 
allowed to access the morphologic characteristics of the 
cells. A 1D, dynamic and heterogeneous model was 
applied to analyze both the EIS spectra and the 
polarization curves. The model allows to predict the cell 
voltage as a function of the current density, the 
temperature, the pressure and the composition of the 
anodic and cathodic gas streams. The model includes a 
molecular kinetic equations for the WGS reaction, and the 
for the electrocatalytic reactions of H2 and CO electro-
oxidation at the anode, O2 reduction at the cathode. 



  
 
Results and Discussion The cells were first tested in syngas mixtures at varying 
the H2/CO ratio (Fig. 1): no variation was found passing 
from a ratio of 2.3 to a ratio of 0.4. The OCV values 
maintained constant, so as the slope and the current 
extracted at 0.5 V. Analogous observations were done with 
the EIS spectra. These results were significant since they 
suggested that both the H2 electro-oxidation and the CO 
electro-oxidation were occurring in parallel in the presence 
of syngas. 

 

 Figure 1 – Test with syngas mixtures, T = 650°C, PH2 = 
70-30% v/v, balance CO. Lines are simulations, symbols 
are data. 

 
A numerical model analysis of the polarization curves 

was carried out to prove the activation of the co-oxidative 
route for CO and H2. Along with this task, the IT-SOFCs 
were tested in H2/N2 mixtures at varying the H2 partial 
pressure, to derive a power-law kinetic equation for the 
rate of the electro-oxidation of H2. The polarization curves 
(Fig. 2a) showed a decrease of the extracted current at 
decreasing the partial pressure of H2. As well, an increase 
of the polarization resistance at decreasing H2 content was 
observed in the EIS tests (Fig. 2b). 

 

 Figure 2 – Test with H2/N2 mixtures, T = 650°C, PH2 = 
97-30% v/v. Lines are simulations, symbols are data. 

 
Coherently with the use of SDC, which is a MIEC 

electrolyte and activates a leakage current, the measured 
OCVs were always lower than those expected from the 
Nernst equation. The leakage current decreased at 
decreasing the H2 partial pressure as well as at increasing 
the total current density (Fig. 2a insert). An effect related 
to the leakage current was also observed in the EIS, 
wherein the ohmic resistance increased at decreasing the 
H2 partial pressure (Fig. 2b). To complete the kinetic 
investigation, EIS and polarization experiments with 

CO/CO2 mixtures were carried out to derive a power-law 
rate for the CO electro-oxidation reaction. A picture 
similar to that of the H2/N2 tests was observed. 

The rate equations and their kinetic parameters were 
derived based on the best simulation of the polarization 
resistances (Fig. 3, RPol) obtained in the EIS tests. In the 
case of the electro-oxidation of H2, the model predictions 
well agreed with the experiments by assuming that the H2 order was equal to 0.5 in the rate. In the case of the electro-
oxidation of CO, the rate was first order in CO and zeroth 
order in CO2. The order of O2 in the reduction rate was 
found to be equal to 0.33. 

Once the rates of the oxidation processes were derived, 
the experiments with syngas mixtures (Fig. 1a) were 
simulated on a fully predictive basis. The close match of 
the simulations allowed to verify that the co-oxidative 
scheme was able to rationalize the data. Simulations based 
on different reactive schemes (H2 oxidation + WGS, CO 
oxidation + RWGS) failed in achieving a satisfactory 
description, confirming that the parallel oxidation of H2 and CO was the only adequate scheme. 

 

 Figure 3 – A) EIS, 650°C, PH2 = 97-30% v/v. RPol vs. 
molar fraction for EIS tests with: B) H2/N2; C) O2/N2; D) 
CO/CO2. Lines are simulations, symbols are data. 

 
Conclusions 

In this work, a 1D, dynamic, MEA model was applied 
to rationalize polarization and impedance behavior of SDC 
electrolyte-supported IT-SOFCs, tested over a wide range 
of conditions, including syngas mixtures and biogas. The 
cell was active in the combustion of syngas at varying H2 to CO ratio, and the activation of a co-oxidative route 
could be envisaged, wherein H2 and CO were electro-
oxidized in parallel and contemporarily. Rate equations 
were derived for the oxidation reactions and the co-
oxidative scheme could be quantitatively rationalized. 
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