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SOFC Cathodes are Dynamic Objects

SOFChnic Qurrents

0.5 amps/cnd
1.6x 108 O/cm?second

2400 oxygen ions/unit cell/second ;
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Overview of Synchrotron X -Ray Program

Bulk structure and properties (e.g.
thermal expansion)

Literature

Interface structure at operating
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Chemical stateof atoms in cathodes
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Presentation Plan

< Strontium Segregation

< LatticeParameter, Conductivity an@verpotential

e Chami | Distibution
(see poster bXeeChulChang, et al.)

Focus orLg, 65 4CQ) ,F& gOs.
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LSM on DyScQ

A Observe that strontium segregation depends on 0.65
both T and pQ

20 nm thickness Lg -Sry sMnO 4

< . . . -e- 300°C
A Charged vacancies are often not considered in 06¢ - 500°C
surface segregation studies. 055t - 600°C

| - 700°C

A The concentration of these defects depends - 900°C

05
strongly on temperatureand pO.,.

A A gradient oy ‘near the surface could drive o

Sr segregation.

Xxg, (averaged over top 2 nm)
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Change in Sr concentration from bulk

Operating T Low T
(7001000 C)] (300 C)

b | +35% +50%
Operating pQ
(atmospheric)| +21% +25%

SECA Workshop July 27, 2011 5



Strontium Segregation in Mixed Conductors
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Mixed Conductor versus Electronic Conductor

< LSM: surface oxygen vacancies
< Lg ¢SK ,C0Q (LSC) & LaSK ,Cq ,Fe O, (LSCF) : bulk oxygen vacancie

Electronic Conductor (LSM) Mixed Conductor (LSC, LSCF)
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Higher Resolution with Reflectivity Measurements

Measured intensity and match from COBRA and DM

< The TXRF results have limited | e
resolution normal to the 3 |
surface (about 2+ nm)

< Analysis of specular d |
reflectivity can yield atomic LT
resolution SR
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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,B = §(k) +T Q649F % 6 9

wherekI' n~ @AYy 6  0Uk< YR 9 Aa (0KS LIKFXOOY
IS proportional to the atomic absorption coefficient.

Strontium Atomic Scattering Factors
40 30

. K=4A"
— Strontiumf, —
» 35 " o5
c c
o ()
+ =
© 30 T
9 9 20f
= ) .
» o5} - K=6A"
2 L
[T} o 15
© ©
L 20 L
<)) o
= £ 1of
o 15f o
whd )
- -t
© ©
O O 5}
o) 10F (7))
f” (imaginary component)
5 1 1 1 1 1 1 1 1 I I I I 1 1 1 ]
0 2 4 6 8 10 12 14 16 15.9 16.0 16.1 16.2 16.3
k(A1) Energy (eV)

SECA Workshop July 27, 2011 9



Electron density: non -resonant ( E=16.0 keV) and
resonant (E=16.109 keV) at 750 °C

Lower electron density in resonant casg
particles consist of a large amount of Sr.
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Segregation Profiles at 750 °C

Strontium segregation is
observed at the interface
and at the LSCF surface

Sr—profile
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Overview of Electrochemical Measurements

Platinum paste

< Measure the response of a B
LSCF/GDC/YSZ stack (20 nmof &P
LSCF) with platinum electrodes as a
function of pQ, electrochemical
potential and xray position.

< Measure the location of the LSCF =58

(004) peak to determine the lattice RN

parameter of the film.
\ 100 em Platinum Wire

Platinum Mesh Electrode

< Systematically change the oxygen
partial pressure and the applied
cathodicpotential while Theincident Xray beam

monitoring current through the was ~20> Ywide
sample.
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1-V Curve at 600 °C
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Correlate Lattice Parameter with Conductivity: 500°C

L&y 651 4CQ) oF& 503 (004) Peak

1073 F \
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—— 15 Torr
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— 0.15 Torr

Conductance (S)
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A L decreases with pgand with cathodicoverpotential (-0.3 V)
A Effect ofoverpotential is amplified at lower pQ
A Kinetics of lattice expansion vary with pO
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