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materials comparison: 

BSCF permeation membranes ⇒ high D  (Z.P. Shao (2000))
test as SOFC cathode    ⇒ high k   (Z.P. Shao, S.M. Haile (2004))

oxygen surface reaction   >    in electrolyte         ⇒ at low T
1.2-1.8 eV                                           ≈0.9 eV

rate determining step:
surface migration of VO

..  to adsorbed O2
-

rate ~ [O2
-][VO  ] .DVo....

- high VO
.. concentration and mobility decisive for fast surface exchange

⇒ search for Ba-free cathode materials with high σion

- DFT calculations for BSCF in progress
- defect model required to verify pO2-dependence and activation energy
- "in-situ XPS" for surface oxygen species, cation composition, ageing

no correlation of rate constant with:

750 °C,  pO2 = 0.2 bar

ef
fe

ct
iv

e 
ra

te
 c

on
st

an
t k

q
/ c

m
 s

-1

100 1000

10 -9

10 -8

10 -7

10 -6

10 -5

10 -4

σeon / S cm-1

Ba0.5Sr0.5Fe0.2O3-δ

La0.6Sr0.4CoO3-δLa0.6Sr0.4FeO3-δ

La0.74Sr0.18MnO3-δ

10

Ba0.5Sr0.5Co0.8Fe0.2O3-δ

SrFeO3-δ

electronic conductivity in
(Ba,La,Sr)(Mn,Fe,Co)O3-δ perovskites

oxidation enthalpy in BSCF family

T = 750°C

oxidation enthalpy / kJ/mol O
-120-100-80-60-40-200

su
rfa

ce
 ra

te
 c

on
st

an
t k

 / 
cm

 s
-1

1e-6

1e-5

1e-4

BSF

SF

BSCF

SCF
Ba0.5Sr0.5Co0.4Fe0.6O3-δ

Ba0.25Sr0.75Co0.4Fe0.6O3-δ

L. Wang, R. Merkle, J. Maier, ECS Transact. 257 (2009) 2497

0.0 0.1 0.2 0.3 0.4 0.5 0.6
10 -7

10 -6

10 -5

10 -4

750 °C,  pO2 = 0.2 bar

ef
fe

ct
iv

e 
ra

te
 c

on
st

an
t k

q
/ c

m
 s

-1

oxygen vacancy concentration / # per unit cell

LSC LSF

SF

BSF

SCF

Ba0.5Sr0.5Co0.8Fe0.2O3-δ

Ba0.´25Sr0.75Co0.8Fe0.2O3-δ

Ba0.5Sr0.5Co0.4Fe0.6O3-δ

molecular oxygen species
involved in rate determining step

-4 -3 -2 -1 0

-1

0

1

2

3

4

5

log (pO2 / bar) 

Ba0.5Sr0.5Co0.8Fe0.2O3-δ

reaction rate ∝ (pO2)0.7

lo
g(

su
rfa

ce
 re

si
st

an
ce

 R
s/ 
Ω

cm
2 )

Theory: DFT calculations 
for (La,Sr)MnO3

no barrier for oxygen
dissociation if adsorbed 
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Ba1-xSrxCoyFe1-yO3-δ as SOFC cathode material:
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nonlinear correlation of k with [VO
..] 

in (Ba,Sr)(Co,Fe)O3-δ materials:

activation energy of            activation energy          cathode is limiting

migration of oxygen vacancies
involved  in rate determining step
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