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Highlights
e 1. Diffusion is a limiting phenomenon at high cell utilization
e 2. EIS is a powerful tool to identify limiting phenomena
e 3. Adecrease of cathode thickness ensure a better electrode utilization

1. Introduction

Solid oxide fuel cells offer a clear and efficient alternative to conventional power generation based on
fossil fuels combustion. However, their commercialization is still challenging because of different forms
of polarization, mainly related to the slow oxygen reduction reaction (ORR) rate [1]. In this study a 2D
axial symmetric isothermal multiphysics model for a button LSCF-CGO|CGO|Ni-YSZ fuel cell,
operating at intermediate temperature, has been developed, to predict the cell’s performance via
polarization curves, and to obtain electrochemical impedance spectra under cell voltage perturbation.
Particularly, electrochemical impedance spectroscopy is a powerful technique helping the identification
and separation of individual processes occurring at the electrodes [2]. Sensitivity analysis have been
performedto predictthe effect of operating conditions and material properties on the cell’s performance,
guiding toward a rational design of electrodes dimension and textural properties. This model has been
calibrated on experimental data provided by the Department of Chemical Science of the University of
Padua.

2. Methods

The model has been developed with Comsol Multiphysics®, capable of solving simultaneously
algebraic and differential equations describing the fuel cell, such as conservation equation, momentum
balance, species mass balance and charges balances, accounting for the electronic transfer reactions
occurring at the two electrodes.

Polarization curves are the results of steady state simulations, varying the potential applied to the cell,
whereas Nyquist plots are obtained applying a sinusoidal voltage perturbation as input and measuring
the response of the system in a wide range of frequencies (10¢- 102 Hz).

Model assumptions are listed as follows:

e The reactant gas mixtures are approximated as ideal gases, thus gas mixture physical properties
such as specific viscosity, density, etc., can be easily estimated according to the mixed gas
composition.

e Since the button cell is relatively small, the temperature variation acrossthe cell is assumed to
be small, thus an isothermal model is used, and the physical properties are evaluated at the
average cell temperature.

e The reaction active sites are uniformly distributed in the electrode. The two conducting phases,
electronic conducting phase and ionic conducting phase, are considered to be continuous and
homogeneous. Since the material properties of both electronic conductor and ionic conductor
are only represented by model parameters, the model itself could be assumed to be not material
specific.

3. Results and discussion

Figure 1 shows the results of the base case simulation, representing the fuel cell tested at Department of
Chemical Science of the University of Padua. The model is proved to be capable of describing all forms



of polarization, particularly concentration overvoltage becomes progressively more relevant when the
overvoltage increases. This hypothesis is enforced by the Nyquist plot, where the arc on the extreme
left, representing slow phenomena such as gas diffusion in the porous electrodes, becomes larger as the
overvoltage increases, demonstrating that the cell becomes limited by diffusion phenomena.
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Figure 1: Polarization Curve (left), Nyquist plot at different cell voltage (right)

Since the oxygen reduction reaction (ORR) is known to be the limiting process in solid oxide fuel cells
[3], sensitivity analyses have been done on cathode properties. Particularly, cathode porosity is proved
to be the most relevant textural property and its increase improve the gas diffusion within the electrode,
shiftingthe concentrationpolarizationathigher overvoltage and enhancingthe cell’s performance, being
the current density equal to 1570 A/m? for £.=0.2 and 1760 A/m? for ¢.=0.3 (fixed the cell voltage at
0.5V). Another relevant parameter has proved to be the cathode thickness, particularly a thinner cathode
ensures a larger oxygen concentration in the electrode, enhancing the ORR kinetics and consequently
the current generation, from 2.6-10” A/m® at h.=40um to 4.1-10” A/m?®at h,=30um, fixed the cell voltage
at 0.5V. Therefore, the cell current density at different cathode thickness is almost constant, showing
only a slight increase of 3% in cell current density, buta thinner cathode leads to a better electrode
utilization and lowers the manufacturing costs. Other sensitivity analyses have been performed on
operating conditions, such as reactant flowrates and air-to-fuel ratio, demonstrating how an increase in
air inlet flowrate results in a larger current density. However, this effect is negligible, if compared to
those of cathode thickness and porosity.

4. Conclusions

The model is capable of representing the fuel cell developed and tested at the Department of Chemical
science and can be used to identify, through EIS, limiting phenomena lowering the cell performance.
Moreover, it suggests modification in terms of cell design and material structure to achieve a better cell
utilization. Particularly, for the simulated cell, an increase of cathode porosity, obtained with a larger
quantity of pore former during electrode manufacturing, and a decrease of cathode thickness leads to
larger current density.
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