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SOFC Cathodes are Dynamic Objects
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SOFCsIonicCurrents
0.5 amps/cm2

1.6 × 1018 O/cm2/second

2400 oxygen ions/unit cell/second

The goal is to convert energy, a lot of energy, 
between different forms.
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Overview of Synchrotron X -Ray Program

Bulkstructure and properties (e.g. 
thermal expansion)

Interface structure at operating 
temperatures in typicalatmospheres

Dynamic response of cathodes under 
electrochemical loading

Chemical stateof atoms in cathodes 
under operating conditions
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Presentation Plan
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< Strontium Segregation

< Lattice Parameter, Conductivity and Overpotential

< B-Site Chemistry and Distribution
(see poster by Kee-ChulChang, et al.)

Focus on La0.6Sr0.4Co0.2Fe0.8O3-ʵ
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LSM on DyScO3

Applied Physics Letters 93, 151904 (2008)

Operating pO2
(atmospheric)

+35%

Operating T
(700-1000 C)

Low T
(300 C)

Low pO2

(mTorr)
+50%

+21% +25%

Change in Sr concentration from bulk

20 nm thickness La0.7Sr0.3MnO3
ÁObserve that strontium segregation depends on 

both T and pO2
ÁCharged vacancies are often not considered in 

surface segregation  studies.  

Á The concentration of these defects depends 
strongly on temperature andpO2.

ÁA gradient of VO
··near the surface could drive 

Sr segregation.
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Strontium Segregation in Mixed Conductors

La0.6Sr0.4CoO3 (001)

S
r/

(S
r+

L
a
)

Grazing Angle (degrees)

La0.6Sr0.4Co0.2Fe0.8O3 (001)

ÁSimilar magnitude of strontium segregation as in LSM/DSO

ÁNo pO2 dependence at these relatively high temperature.



Mixed Conductor versus Electronic Conductor
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< LSM: surface oxygen vacancies

< La0.6Sr0.4CoO3 (LSC) & La0.6Sr0.4Co0.2Fe0.8O3 (LSCF) : bulk oxygen vacancies
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Bulk STO LSCF film 

Higher Resolution with Reflectivity Measurements
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<The TXRF results have limited 
resolution normal to the 
surface (about 2-4 nm)

<Analysis of specular 
reflectivity can yield atomic 
resolution

<¦ǎŜ άŘƛǊŜŎǘ ƳŜǘƘƻŘǎέ ǘƻ 
interpret these complicated 
spectra



Atomic Scattering Factors

The scattering by an individual atom is dominated by the energy independent 
Fourier transform of its electron density plus real and imaginary resonant 
components that have a strong energy dependence unique to each element.

f(k,E) = f0(k) + ŦΩό9) + ƛŦέό9)

where kҐ пˉǎƛƴόʻύκ˂ ŀƴŘ 9 ƛǎ ǘƘŜ ǇƘƻǘƻƴ ŜƴŜǊƎȅΦ ¢ƘŜ ƛƳŀƎƛƴŀǊȅ ŎƻƳǇƻƴŜƴǘ Ŧέό9) 
is proportional to the atomic absorption coefficient.

Strontium Atomic Scattering Factors

Strontium f0
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Electron density: non -resonant ( E=16.0 keV) and 

resonant (E=16.109 keV) at 750 ° C
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Lower electron density in resonant caseς
particles consist of a large amount of Sr.

Non-resonant

July 27, 2011

Bulk STO
LSCF film 

Bulk STO
LSCF film 

Resonant



Segregation Profiles at 750 ° C
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Strontium segregation is 
observed at the interface 
and at the LSCF surface

June 24, 2011
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< Strontium Segregation

< Lattice Parameter, Conductivity and Overpotential

Focus on La0.6Sr0.4Co0.2Fe0.8O3-ʵ



The incident X-ray beam 
was ~20 ˃ Ƴwide

V

(001) YSZ

GDC
LSCF

X-Ray Position

100 ɛm Platinum Wire

Platinum paste

Platinum Mesh Electrode

Overview of Electrochemical Measurements
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<Measure the response of a 
LSCF/GDC/YSZ stack (20 nm of 
LSCF) with platinum electrodes as a 
function of pO2, electrochemical 
potential and x-ray position.

<Measure the location of the LSCF 
(004) peak to determine the lattice 
parameter of the film.

<Systematically change the oxygen 
partial pressure and the applied 
cathodicpotential while 
monitoring current through the 
sample.



i-V Curve at 600 ° C

T=600°C
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Oxygen reduction 
reactionsare the 
limiting mechanism

From other data, the 
ŀŎǘƛǾŜ ŀǊŜŀ ƛǎ ҒлΦм ŎƳ2

so -1V yields a current 
density of 0.5 mA/cm2



Correlate Lattice Parameter with Conductivity: 500ºC
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ÅL decreases with pO2 and with cathodicoverpotential (-0.3 V)

ÅEffect of overpotential is amplified at lower pO2

ÅKinetics of lattice expansion vary with pO2

ÅCŀǎǘŜǊ ƪƛƴŜǘƛŎǎ ŀǘ лΦмр ¢ƻǊǊ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ŀ άƪƛƴƪέ ƛƴ ŎƻƴŘǳŎǘŀƴŎŜ 
data. 

La0.6Sr0.4Co0.2Fe0.8O3 (004) Peak


