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Background

• Source of Chromium
– Chromia formers used for interconnect due to high electronic 

conductivity of Cr2O3 relative to Al2O3 and SiO2

– Oxidation of chromia scale (interconnect or balance of plant) to 
CrO3 or CrO2(OH)2

• Chromium Deposition
– Cr6+ reduced to Cr3+ (i.e. Cr2O3) on cathode
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Cr-O-H Vapor Pressures
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Cr-O-H Vapor Pressures
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10 ppm does 
not cause 
degradation
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Stability of CrO3 / CrO2(OH)2
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Vapor Pressure of CrO3 / CrO2(OH)2
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Reduce Chromium Poisoning

• Source
– Non-chromia forming alloys

• Alumina, silica high electrical resistance
• NiO fast growth rate

– Alloying additions
• Mn to form outer spinel layer reduces chromia activity and thus 

vapor pressure
– Coatings

• Cell
– Cr poisoning resistant electrodes

• System
– Cr getter
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Chromium Getter
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Chromium Getter
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Chemical Sensor SOFC BOP / Stack

• Potentiometric Chemical Sensors
– Solid electrolyte based
– Thermodynamic – not kinetic

• Stable
• Not microstructure dependent

– Used in ICE exhaust gas sensors, molten steel oxygen probes
• Auxiliary Electrode

– Relate activity of target  (Cr) to that of the mobile species (O2- or 
Na+)

• Cr / O2-: 2Cr + 3O2- = Cr2O3 + 6e-

• Cr / Na+: 5Cr + 3Na2CrO4 = 6Na+ + 4Cr2O3 + 6e-
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2e-

Potentiometric Chemical Sensors
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Auxiliary Electrode
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YSZ Auxiliary Electrode Reaction
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Zr-Y-Cr-O Phase Equilibria
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Sensor Schematics
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Sensor Miniaturization

• Thin film fabrication
• Measure of local Cr vapor concentrations
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Sensor Testing

14 June 2018

YSZ

Pt

YCrO3

Porous Pt

Ag or Pt

Cr2O3

2018 DOE Program Review



Sensor Response
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Low Temperature Response
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Response Time
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Sensor Response
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Beta Alumina Auxiliary Electrode Reaction
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Synthesis of Na2CrO4

• Cr2O3 + Na2CO3

• Vapor phase deposit
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Summary

• Mitigation of chromium poisoning
– Alloy design
– Ceramic coatings
– Chromium getter

• Chromium sensor for health monitoring
– Solid electrolyte based
– YSZ or β alumina
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Thank you for your attention
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