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Relevant Research Focus Areas in R&IC

A Material and Device Research Focus Area
T Overview of Research Focus Area at NETL
I Example of Cross-Disciplinary Integrated Research

A NETL R&IC Sensor Material and Optical Fiber Sensor Program Overview
I Energy Related Harsh Environment Sensing Needs
I Current Capabilities, Research Thrusts, and Partnerships

A Highlights of Recent Successes and On-Going Activities
I H, Sensing Materials for SOFCs
I Theoretical Investigations of High Temperature Oxide Sensor Materials
I Thermal Emission Based High Temperature Sensing
I Optical Fiber Materials Research and Development
I Embedding of Sensors for High Temperature Applications
I pH and CO, Sensing Materials for Subsurface Applications

A Summary and Conclusions
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Materials and Device Research Focus Area
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Functional Material Development for Devices and Systems

Emerging Paradigm
Materials Interface with Functional
Systems and Devices

Classic Materials
Science Paradigm

Structure Functional
systems

Experiments

Processing
and

Properties
Individual ‘Q
materials
components Interface design

Performance and optimization

Materials Research Targeted at Device and System Level Benefits
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Materials and Device Focus : Functional Material Team
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" Solid Oxide Fuel Cell Devices
Modeling + Characterization A Optimal Device Performance

b) Time (minutes)
Solid Oxide Fuel Cell Materials / Devices Sensor Materials / Devices
Function and Durability Chemical and Temperature Sensing
Ended Eiscal Year 2014 Current Fiscal Year 2016
5 1., — Nanocrystals mfy,
‘*g > Intergranular ’
3™ Phase
Energy Storage Materials / Devices Soft Magnetic Materials / Devices
Enhanced Performance Inductors and Sensors

NATIONAL ENSRGY TECHNOLOGY LASORATORY



Solid Oxide Fuel Cell Material / Device Development

SOFC Materials Engineering for  Key Success = Cathode Infiltration
Improved Device Figure of Merits

Commercially scalable
process developed at NETL :

10% iy in peak power, 33% @ in degradation,
200% iy Aifgtime

Parameter Base Improved

SOFC Degradation (%/1000 hrs)
Cell Overpotential (mv)
Gasifier CH,4 (conventional) 5.9% 10.2%

Kristin Gerdes, “Advanced Coal Power Systems: Competing in Multiple Market
Scenarios,” 13" Annual SECA Workshop, July 24, 2012, Pittsburgh, PA

Supports DOE NETL SECA Program
- Reducecell production / operation costs ~ On-going Industrial Collaborations
- Enhanceell activity / efficiency Demonstrating Performance
- Improvecell lifetime (40+hr) Improvements on Commercial Cells

SOFCs Also Offer Many Advantages at Distributed Generation Scale
NATIONAL ENSRGY TECHNOLOGY LAS0ORATORY



Soft Magnetlc Material / Device Development

Power and Energy Applications Key Su ccess = Tu N ab | e
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&8 Tunable Permeability Enables New

Device Innovations

e.g.
Eliminate
- Gapping
Previously Supported by ARFIASoIar ADEPT — >
Currently Supported by DOE EERE SETO
- Manufacturing Researctf alloys and magnetic cores On-going Alloy and HF

- Transformer / Convertdunctionality, cost, and efficiency
Transformer Development
- Current / Field Senstunctionality, cost, and telemetry

Overall Capabilities are Housed Across CMU, NETL, and NASA GRC
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