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Objective

 Main goal: Increase the efficiency of solid
oxide fuel cells by focusing on the cathode
— Engineer high performance SOFC cathodes
— Determine electrochemical kinetic parameters

— Understand what limits the oxygen reduction
reaction

— Requires both experiments and mathematical
modelling
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SOFC Cathode

Half-cell reaction: Oy + 4de™ = 207
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Experimental Limitations

Bulk pg,

Electrolyte

 We only know the nominal overpotential, total current
density and bulk pO2

« Distributions of these exist throughout the cathode
e EXxperiments must be coupled to mathematical models
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SOFC Cathode Reaction

O, +4e 20~

Requires porous Requires ionic
material conducting material

Requires electronic
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Cathode Processes
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Possible Reaction Mechanism

O, +4e ® 20~
- oppasmin Oy, ® 20,
s O, +€ ® O
. Surface diffusion O,® O

. Oxygen ion ( O%) diffusion O'I-'PB + e- +VO ® OC);



Rate Limiting Reaction Wil
Dictate Performance Of Cathode

Must Be Able To Investigate The
Reaction Kinetics



Assessing Cathode Performance

The Butler-Volmer equation can be used to describe the ionic
current generation

. aF (1- a)F
. =1, exp —/~1 - ex h
10 0 p RT p RT
For h << RT/F, we can show that
d/
— =R =k N
gi T KPG

where R, is the total “resistance” to the electrochemical processes
and can be determined by impedance spectroscopy



Determining Cathode Kinetics

| R, = kpO,™"
Assuming

1. Pseudo-steady state hypothesis
2. A rate determining step

We can show that

O,y ® 20, n=1

O, ,+te ® O, n=3/8
O, ® Orpp n=1/4
O, +6€ +VO ® O(;( n=1/8




EXPERIMENTAL



Approach

e Fabrication of LSM-YSZ based porous cathodes

« Analysis of porous microstructure by scanning
electron microscope (SEM)

* |nvestigation of cathode kinetics using impedance
spectroscopy on symmetrical cells



Fabrication of Porous Cathode

Fabrication of porous cathode on symmetrical cells:
2-step process

Step 1: Preparation of dense electrolyte disk
Step 2: Preparation and deposition of cathode layer

— Spray paint LSM-YSZ cathode onto both sides of sintered
electrolyte disk

Porous Cathode «—— Dense electrolyte




Cathode Microstructure

=36 mm

L=9.5 Mm

L=11.5 mm

L=7.5 mm

. Cathode is porous
. Electrolyte is dense

. Cathode thickness is

reproducible



Characterization by Impedance
Spectroscopy

Use Impedance Spectroscopy to find R, under various pO,

Using DC.: Using AC:
R=_V_ Z=-_V_
“ Ibc “ lac

Resistance mpedance
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Composite Cathode Kinetics

LSM-YSZ 850C
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Gradients inside cathode make It
difficult to identify rate determining
step

= Rer = ko3

PO, dependency can be an indication of the
overpotential gradient in the cathode
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Should fit the gradient, not the
performance

dx off /TPB(IanodiC_ Icathodic)jx
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Dimensionless Effective Conductivity ( se“/so)
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Engineering SOFC cathode
design
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Conclusions

* For experimental kinetic studies, must fill
In the gaps with mathematical models

 Must match model data to wide range of
experiments

 Some indication of the gradients inside the
cathode can be useful when assessing
model
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