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SOFC Technology Development at PNNL

PNNL is the lead US DOE laboratory for SOFC 
research and development

Active in SOFC development since 1987

Also working with industrial partners and other government agencies
to accelerate commercialization of SOFC power systems

Wide range of activities
Development of stack and system component materials and fabrication techniques
Improving understanding and mitigation of performance degradation mechanisms 
in cells and stacks
Cell/stack/system design, fabrication, and testing
Development and application of modeling and simulation tools for improved 
cell/stack design

Coordinating R&D activities with universities, national laboratories 
and other organizations
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Solid-State Energy Conversion Alliance 
(SECA): PNNL Activities

Core Technology Program
Provides scientific and engineering knowledge to SECA industry teams 
for meeting the cost, performance, and life targets of SECA-derived 
power systems

Collaborations with SECA Industry TeamsCollaborations with SECA Industry Teams
UTC / Delphi Corporation

Development of SOFC stack materials to improve long term durability, 
robustness to thermal cycling, and electrochemical performance

FuelCell Energy / Versa Power Systems
Optimization of cell/stack designs for MWe class systems

Rolls-Royce Fuel Cell Systems (US)
Investigation of sealant glass stability and applicability to higher CTE 
substrates
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SECA CTP Materials Development at PNNL

Low-cost alloy interconnects and coatings: Developing cost-effective interconnects 
based on ferritic stainless steel alloys; Optimizing fabrication processes for MnCo 
spinel coatings and aluminization; Developing alternative coating compositions

Ceramic interconnects: Evaluating new compositions and fabrication processes for 
improved densification under constrained sintering conditions

Seals : Developing devitrifying glass seals for range of sealing temperatures; 
Developing intermediate temperature seals based on “compliant” glass

Cathodes: Investigating effects of contaminants and humidity on cathode 
performance; In-situ high temperature XRD analysis of working cathodes

Cathode contact materials: Developed new processing approaches and 
compositions which provide low electrical resistance and substantially increased 
strength at cathode/interconnect contact zone

Anodes : Studying effects of contaminants and high fuel utilization on anode 
performance; Investigating modifications to Ni-based anodes for improved sulfur 
tolerance

Stack fixture testing : Integrated validation of stack materials, including new CTP 
materials (seals, cell components, contact materials, coatings, interconnects)
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Low-cost Alloy-based Interconnects
Interconnect Alloy: AISI 441

Ferritic stainless steel: Good CTE match to other components; 
Electrically conductive Cr-based oxide scale
Inexpensive - Manufactured via conventional melt metallurgy
Similar to AISI 430, but additions of Nb and Ti improve high temperature 
strength and prevent formation of insulating SiO2 layer at alloy/scale 
interface
Similar to all other FSS, relatively high oxidation rate at SOFC operating 
temperatures (and volatility of Cr) indicates need for protective coating
Also, relatively weak scale adherence (no RE in alloy)Also, relatively weak scale adherence (no RE in alloy)

Interconnect Coating: Ce-modified (Mn 0.5Co0.5)3O4 Spinel
High electrical conductivity (~60 S/cm), good CTE match (~11 ppm/K)
Ceria inclusions improve oxide scale adherence
Coating improves oxidation resistance and mitigates Cr volatility
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Long-Term ASR measurements: 800ºC
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Long-term testing at 800ºC 
w/ deep thermal cycle every ~1000 hours
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Long-Term ASR measurements: 850ºC
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Surface Modifications to AISI 441

Goal: Improve long-term scale adhesion under spinel coating
Provided by Allegheny Ludlum:

1. Mill reference (as would be provided to a customer without any 
additional modifications)
2. Desiliconized (treatment to sequester silicon from the near surface 
of the sheet; an alternative to decreasing Si content of alloy)
3. Surface blasted (abrasion/peening resulting in surface 
deformation)
4. Surface ground (rough surface abrasion resulting in surface 4. Surface ground (rough surface abrasion resulting in surface 
deformation)
5. Temper rolled (cold rolling process resulting in through-thickness 
deformation)

0.020” thick coupons coated with Ce-MnCo spinel, heat-treated in air at 
800 or 850ºC; 16 coupons for each condition

Study is in progress
Interim report was sent to SECA industry representatives in February, 2011
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Effect of Surface Condition on 
Oxidation/Spallation Behavior of Spinel-coated 
441 (800ºC)

2,000 hours
No spallation

4,000 hours
Spallation observed on 1 mill reference coupon

6,000 hours
Spallation on all except 1 one of the mill reference coupons, also 1 desiliconized Spallation on all except 1 one of the mill reference coupons, also 1 desiliconized 
coupon
De-bonding at scale/alloy interface observed in mounted temper-rolled coupon

8,000 hours
Last of the mill reference coupons spalled, others were OK

10,000 hours
No  further spallation

12,000 hours
Localized spallation on 1 surface-ground coupon



8000 h, 800ºC in air
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8000 h, 800ºC in Air
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10000 h, 800ºC in air

Surface Blast Surface Grind (evidence of debonding, but this coupon 

14 Cold Rolled (note: scale 
debonded during mounting)

Desiliconized

Surface Blast Surface Grind (evidence of debonding, but this coupon 
exhibited anomalously smooth surface) 



10000 h, 800ºC in Air

Surface Blast

Surface Ground
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Surface Blasted AISI 441 w/ Ce-modified MnCo Spinel  
coating: 10,000 hours, 800ºC, air
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Surface Treated 441 w/coating; 800 oC

Surface treated 441 w/ coating; 800ºC
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Effect of Surface Condition on Oxidation/Spallation  
Behavior of Spinel-coated 441 (850ºC)

2000 hours
No spallation

4000 hours
No spallation

6000 hours
No spallation

Surface Treated 441 w/ spinel coating; 850ºC
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4000 h, 850ºC in air
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4000 h, 850ºC in Air
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Surface Ground
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Surface Blasted AISI 441 w/ Ce-modified MnCo Spinel  
coating: 4,000 hours, 850ºC, air
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Additional Alloy Interconnect Coating R&D 
Topics

Optimization of coating fabrication process
Ultrasonic spray process parameters

Design of Experiment Methodology
Determination of relationship between coating thickness and 
performance

Alternative coating compositions under investigation
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Reactive Air Aluminization

YSO75 and SrCrO4

•Reaction between alkaline earths in glass seals and Cr in interconnect steel can form 
high CTE chromate phases (e.g., SrCrO4), which degrade interfacial strength

•Cr volatility from alloys can poison cathodes

•Reactive Air Aluminization (RAA) offers a simple alternative to controlled atmosphere 
aluminization of interconnects

� Aluminum powder slurry-based process, 1000ºC heat treatment in air
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Reactive Air Aluminization: Crofer22APU
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Ceramic Interconnects for SOFC

Electrically conducting ceramics are being optimized for SOFC with 
operating temperature >850ºC

Yttrium Chromite (YCrO3, perovskite structure)

Ca on A-site; Co, Ni, and/or Cu on B-site: e.g. Y0.8Ca0.2Cr0.9Ni0.1O3

Electrical conductivity, CTE, ionic transference number comparable to 
standard material (doped lanthanum chromite)

Improved sinterability, reduced chemical expansion, and lower reactivity 
(e.g., zirconate formation, hydration) relative to lanthanum chromite

Current emphasis on improving densification under constrained sintering 
and co-sintering conditions 
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Summary
PNNL is performing materials R&D to assist SECA industry teams in 
achieving SECA Program cost and performance targets

Primary research areas: Interconnects, Seals, Cathodes, and Anodes 

Improved understanding of degradation mechanisms

Materials modification to improve component/stack performance and stability

Alloy-based interconnects
AISI 441 w/ Ce-modified MnCo spinel coatings exhibits low, stable ASR in long-AISI 441 w/ Ce-modified MnCo spinel coatings exhibits low, stable ASR in long-
term testing

Less than 20 mW-cm2 after ~ 2 years at 800oC in air

Surface-modified AISI 441 w/ Ce-modified MnCo spinel coatings exhibit improved 
long-term spallation resistance

12,000 hours at 800ºC (tests in progress)

6,000 hours at 850ºC (tests in progress)

Optimization of ultrasonic spray process for application of Ce-modified MnCo 
spinel coatings is in progress
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