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Solid Oxide Fuel Cell Basics: Fuel-in Electricity Out

• High‐temperature (600‐850C) 
operation

• Varying atmospheres
• 0‐100% H2 at the Anode
• 0‐20% O2 at the Cathode 
• High current / stack voltage
• 60% efficient (fuel to electric)
• One of major hope for fossil 

fuel energy



Objective/Vision: Probing Operations of SOFC with High Spatial Resolution

• Develop an integrated sensor solution to perform direct and
simultaneous measurements of temperature and strain profile
with 5-mm spatial resolution during SOFC operations to
understand factors impacts to its operations and longevity.

• Fuel consumption not uniform
• T profile not uniform (>150C)



Fully embedded Sensor in Fuel Cell Structures!

• Fusion of fiber sensors in Fuel‐Cell interconnect via 3D printing
• Perform strain and temperature measurements  
• Perform high‐spatial resolution measurement in fuel cell stacks ( Team up with 

WATTS Technology)
• Perform measurement over long‐term. 

• Fiber Optics Sensors
– Miniaturized sensors: fully embeddable 
– Harsh environment resilience (up to 900C)
– High spatial resolution measurements



Team Description and Assignments 

• University of Pittsburgh: PI: Kevin P. Chen 
– Thomas Boyer (Ph.D. student): Sensor manufacturing
– Rongtao Cao (Ph.D. student): Sensor Platform 
– Guangquang Liang (Research fellow): Integration and additive 

manufacturing 
• NETL Collaborators

– Drs. Paul Ohodnicki and Michael Buric’s group: Sensor Platform (Silica 
and Sapphire) and Integration 

– NETL Fuel Cell Testing Team
• Industry Collaborators

– Corning: Specialty fiber fabrication 
– WATTS Technology Inc: sensor implementation and test
– NEC America: Industry outreach (large scale)
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Distributed Fiber Sensor Failed at high-T

• High-T modifies fiber structures
• H2-induced chemical reactors
• Mechanical degradation 



Developments of Distributed high-T fibers

Our fiber is too “good” for sensing applications…
Rayleigh scattering profile is too weak (like weak type I FBG) 

Technical Solutions… Enhanced Backgroundd Rayleigh 
Scattering … 

Ultrafast laser irradiation 
• Ti:Sapphire 250-kHz, 180-fs, 780-nm
• 0.2-0.5 J
• 0.5-10 mm/s



Increasing Rayleigh scattering stability



Increasing Rayleigh scattering stability

0.1 mm/s 0.5 mm/s

1 mm/s 2 mm/s

• SEM image of the fiber cross section at different scanning speed
• Minimize the transmission loss and smooth the profile



High-Stable T Profiles

Rayleigh Scattering Profiles Spectral Shift Quality



Nanograting Change after H2 exposure



Nanograting Change after H2 exposure



Temperature coefficients determined to 800C

• Temperature can now be measured at 800C with H2 
atmosphere

• Stability verified for ~72 hours at 800C
• 4C accuracy with heat/reheat cycles (10 cycles tested). 



Distributed Fiber Sensor Failed at high-T



Fuel Cell Tests

Fiber insert

• Preliminary Tests carried out at NETL fuel cell facility
• Single plane fuel cell (not stack), testing temperature up 

to 800C. 
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Fuel Cell Tests



Interrogation Instrument too Expensive??

Low‐Cost Regenerative FBG Arrays



Fully embedded Sensor in Fuel Cell Structures!

• Fusion of fiber sensors in Fuel‐Cell interconnect via 3D printing
• Perform strain and temperature measurements  
• Perform high‐spatial resolution measurement in fuel cell stacks 

( Team up with WATTS Technology)
• Perform measurement over long‐term. 



Fully embedded Sensor in Fuel Cell Structures!



Fully embedded Sensor in Fuel Cell Structures!

Laser Engineered Net Shaping Additive Manufacturing

Strain measurement performed by fiber sensors

Top Middle Bottom



Project Schedule



Milestones



Thank you! 

Questions? 

Collaboration Welcomed! 

Kevin P. Chen
Email: pec9@pitt.edu


