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Solid Oxide Fuel Cells Cathode Materials

J SOFC cathode materials 4 i 650°c\
: Main barrier to achieve higher power e
NE 0.6
G
[ Oxygen Reduction (OR) at SOFC cathode % 04
Structure =
Composition &> ORKkinetic . °
Electronic structure Singhal and Kendall, High Temperature

Solid Oxide Fuel Cells, 2003.

III._ Sholklapper et al., Electrochem. Solid. St. 10 (2007).
il



Surface Structure and Chemistry: A-Site Rich?
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Surface Chemistry Strongly Affects Surface Activity
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To control cation segregation for enhanced activity & stability,
driving forces must be quantitatively understood
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Objective
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Hypothesis for Cation Segregation in Perovskites
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Approach

Surface Chemical State
X-ray Photoelectron
Spectroscopy (XPS)

Nanoscale Auger
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Mechanisms, Energetics and
Kinetics of Cation Seqregation

Surface Electronic Structure
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Control of Elastic Interactions

To systematically induce elastic energy
differences, radius of the selected dopant
cations is varied.

Ca?t Sr2+ Ba?*

Ar(A)  -0.02 0.08 0.25

Arlry (%)  -1.5 5.9 18.4

Ar(A)  0.10 0.20 0.37

Arfrg (%) 8.1 16.1 29.8
el

Increasing dopant size relative

LaMnO; or SMMnQO, to the host cation




Control of Electrostatic Interactions

LaMnO; or SmMMnO;

Seven models to represent the variation of
electrostatic interactions are constructed
by controlling the distribution of charged
oxygen- and cation-vacancies.
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Both Elastic and Electrostatic Drivers are Important
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Elastic Interaction: Dopant Size Mismatch

To systematically induce elastic energy differences, radius of
the selected dopant cations is varied.

Host .
_ Size mismatch = Sp2+ o4
cation Ca Sr Ba
R A7 (= Thost —Faopam) (A) 0,02 0.08 +0. 25
Arlr, (%) -1.5 +5.9 +18.4
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Annealing Induced Changes

Structural changes (AFM) Chemical changes (Sr 3d)
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Effects of Size Mismatch on Dopant Segregation
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Localized Chemical Identification

LBM after annealing at 830 C
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Effects of Oxygen Pressure on Dopant Segregation
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Effects of Oxygen Pressure on Dopant Segregation
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Effects of Oxygen Pressure on Dopant Segregation
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Electronic Properties of Surface Phases

LBM annealed at 830 C in air LLSM annealed at 830 C in air

Annealing-induced surface phases are insulating
(Eqem Eqrom ~ 2 €V, Eggao ~4.5 eV, E g0 ~ 5.7 eV)
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Future Work

v" Surface electronic structures using scanning tunneling
microscopy / spectroscopy.

v" Electrochemical properties using impedance
spectroscopy.
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Angle-Resolved X-ray Photoelectron Spectroscopy

Information depth varies with an emission angle
I=1,exp(—d/Acos@)

Photoelectron
emission

AcosO 1

sample

Probe the chemical composition
with a depth information

(Escape depth of Sr 3d is ~6nm with 6=0 ,

and ~1nm with 6=80°)

T
Surface Surface
segregation structures
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HR XPS for dopant peaks
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CPS
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Effects of Vacancy Distribution on Dopant Segregation

Other thoughts on this difference (high pO2 vs. low pO2)

If there is strong interaction between the oxygen vacancy (+) and
cation vacancy (-), more oxygen vacancies on the surface in UHV
would attract more cation vacancies on the surface. Then, it will be
difficult for cations to diffuse towards the surface, and/or the cation
vacancies will provide rooms for segregated cations?

But, we need to know the diffusivity of cations at 500-800C to see they
are mobile enough
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Effects of Oxygen Pressure on Dopant Segregation

Normalized cation intensity ratio
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Effects of Vacancy Distribution on Dopant Segregation
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