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Project goals and objectives

e Develop high performance (>0.75 W/cm?), low
degradation (<1%/1000h power density)
SOFCs operating at 800°C

- ldentify dominant degradation mechanisms

- Develop and implement cost effective
degradation mitigation strategies

imagination at wor k

2
11 Annual SECA Workshop
July 27-29, 2010



SOFC performance evolution
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25cm? cell degradation (2008}
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SOFC degradation - materials focused

approach
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Mechanism Type
Air Interconnect

» Chromia scale resistance (Cro03) Chemical
* Insulating scale growth (SiO») Chemical
Protective Coating

« Coating resistance (MnCo spinel) Chemical

Cathode Bondpaste/Coating Interface

* SrCrQOy layer resistance Chemical

* SrMnQg3 layer resistance Chemical

« ‘Other’ reaction phase formation Chemical/Structural
* Mechanical delamination Structural
Cathode

« Chromia poisoning Chemical

« Coarsening Structural

Cathode/Electrolyte/ Barrier Layer Interface

- Zirconate resistive layer Chemical

« Cathode poisoning Chemical

« Delamination Structural
Leakage-Driven Degradation

« Cathode reduction Chemical/Structural
« Anode oxidation Chemical/Structural
« Combustion thermal Chemical/Structural

With a ‘fixed’ materials set: Focus on cathode
magnationatwork gide, high-impact degradation mechanisms .
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2008 25cm? cell degradation

Requirements
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Barrier layer delamination

Delamination dominating Evidence
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Chromium in cathode

Chromium poisoning
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Implication: Loss of Sr from cathode - strontium chromate
Solutions:Densification of cathode interconnect coating
Improved process control to ensure full coverage
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500 nm

Implication: SrZrO; phase formation - resistive
imgimmmk Solution: Densification of barrier layer possible
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Implications of Sr loss (LSCF)

After heat-treatment at 800°C for 500 hours A-site
deficiency
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Diffraction measurements at the X14A beamline, the National Synchrotron Light Source, Brookhaven
National Laboratory (A= 0.73339 A).

Loss of Sr (A-site deficiency) leads to formation of 2nd
imgmmnmk phase in LSCF cathodes.
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power density, W/cm®

power density, W/cm*

Current degradation status
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power density, W/cm?

Effect of operating cu rrent (800°C})
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Direct measurement of current
collector resistance during testmg
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Contact resistance testing
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summary

e LSCF materials set capable of meeting performance
goals (>0.75 W/cm? & <1%/1000h degradation)

e Degradation behavior significantly impacted by
specific dominant mechanism

- Many potential mechanisms
- Rate dependent on mechanism

e >10,000 h testing required to fully validate LSCF
materials set

- Extrapolation of 1000-3000 hr data promising

imagination at work
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