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Computational Approach to Developing 
Fundamental Understanding of Ionic Transport 

and Heterogenous Electrocatalysis in SOFCs

Quantifying Electrode Microstructures by High-
Resolution Characterization Techniques

Deconvoluting Contributions to Electrode 
Polarization
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SOFC cathodes were serially sectioned and 
reconstructed in 3D for detailed characterization of 
microstructural features.  

LSCF Solid Phase Reconstruction

3D reconstruction of pores 
in LSM cathode.

Microstructure evolution of porous LSM 
cathode from top surface

LSM/YSZ Pore Reconstruction

Cathode
(Dark Phase) Electrolyte

(Light  phase)

Using the dual beam FIB/SEM it is 
possible to distinguish between 
electronic and ionic conducting 
phases as seen in this SEM image of 
a polished cross section of
Bi2Ru2O7/ESB.

Developing Phase Contrast for Composite Cathodes 

La Y

Mn Zr

High Resolution LSM/YSZ Interface Analysis

TEM with EDS line scan of the 
LSM/YSZ interface.  

The LSM SAD pattern  shows a 
mixed diffraction pattern.  This 
may be the result of overlapping 
grains or an indication of an 
intermediate phase forming at the 
interface. 

La-La Ead = -2.6 eV

La-O Ead = -2.5 eV

Fundamental Mechanisms of Cathode Reactions

Logarithmic relationship between 
Dissociative adsorption  and pore 
surface area.
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Novel Materials and Microstructures

BRO7s

ESBvm

ESBs

BRO7vm

LaO termination 
energetically
more favorable

Oads on La-La
site preferred

Ruthenate pyrochlores have high
electronic conductivity. 

Designing ionic vs. electronic
phase microstructure

Achieved 0.03 Ωcm2

ASR at 700° C

Deconvolution of Impedance Spectra

Relationship Between Impedance and Microstructure

The YSZ SAD pattern shows 
single crystal pattern.

Logarithmic relationship between 
Charge transfer and LTPB.

0

500

1000

1500

200 400 600 800

O
2 C

on
ce

nt
ra

tio
n 

(p
pm

)

Temperature (oC)

O
2

k
b
= 2.1 x 10 -8 cm/sec

TPD of LSCF: Bulk-O desorption
LaSrCoFeO3 ->LaSrCoFeO3-δ + δ/2O2
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TPO of LSCF: O-Absorption to fill Vo•• depending on PO2
history LaSrCoFeO3-δ+ δ/2O2 -> LaSrCoFeO3

0

5000

10000

15000

20000

25000

200 400 600 800

O
2 C

on
ce

nt
ra

tio
n 

(p
pm

)

Temperature (oC)

O
2
18 

O16O18

O
2
16

Total O
2

26,060 ppm Baseline

LSCF Isotope exchange elucidates complex mechanism:
O2

18 = gas phase oxygen
O2

16 = lattice oxygen 
O16O18 = scrambled product due to surface reaction


