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 Anode performance degradation due to fuel contaminants is the main drawback to utilization
coal syngas in SOFC.

 Accelerated testing using high contaminant concentrations in fuel is often employed to
quickly characterize the degradation behavior.

 A degradation model once calibrated/validated against accelerated tests could be used to
predict degradation rates and/or cell‐life time.

 The degradation behavior inside a planar cell is studied under 0.1 A/cm2 current load and 10
ppm phosphine

 To assess the overall cell performance at any given degradation stage, the electrochemical
behavior (polarization and impedance) of the cell, is analyzed.
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 Activation over potential is calculated 
via Butler‐Volmer equation

Introduction

 Model parameters are calibrated  with one‐
dimensional degradation model using results 
from accelerated button cell testing.

Experimental and simulation results 
of Button cell degradation

Results

Model Description
 DREAM‐SOFC, a transient 3D model for SOFCs developed at WVU, is used

 The deactivation of anode in planar cells exposed to contaminants is spatially non‐uniform; this alters the current distribution inside the cell.
Such behavior is not observed in button cells.

 Current redistribution leads to variable the polarization resistance in different regions of the cell.

 Ohmic resistance changes with the time due to temperature variation.

 Predicted V‐I curves at different stages of degradation show that the cell failure is accelerated by a decrease in the limiting current.

 Predicted polarization behavior and the impedance response yield consistent results.
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Planar Cell impedance at different phosphine exposure time
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Planar cell impedance at different phosphine exposure time
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Predicted V‐I curves of planar cell at different times 
of phosphine exposure

Predicted  Impedance  response  of the planar cell at different times of phosphine exposure: 
Nyquist(left), Bode (right)
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Planar Cell impedance at 6 hours of PH3 exposure
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Planar Cell impedance at 6 hours of PH3 exposure
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Predicted V‐I curves of planar cell at 6 hours of 
phosphine exposure in different sections of the cell

Predicted impedance response of planar cell at 6 hours of phosphine exposure in different sections of 
the cell : Nyquist(left), bode (right) representations
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Geometry Parameters of the planar SOFC
Anode thickness 50 µm
Electrolyte thickness 170 µm
Cathode thickness 50 µm
Fuel channel height 2.5 mm
Air Channel height 2.5 mm
Cell length 5 cm
Current collector width 1.28 mm
Channel width 3 mm

Conditions and parameters for simulation
Fuel inlet composition 

99.99% H2 + 10ppm PH3
(Mole fractions)

Fuel inlet temperature (K) 1073
Air inlet Composition (Mole fractions) 21% O2 
Air inlet temperature (K) 1073
Pressure (atm) 1.01325
External Boundaries Adiabatic
Current density   (A/cm2) 0.1
Fuel Utilization (%) 12.5
Air Utilization (%) 1.25
Anode porosity 0.480
Cathode porosity 0.45

(Cayan et al. 2011)
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