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Low-cost manufacturing
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Metal supported cell

Anode supported cell
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Improved anode electrical Interconnect

contact Anode
Increased active area
Lower anode polarization Challenges:
Allows redesign of structures Dense / hermetic electrolyte
Porous metal substrate degradation
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Thermal spray manufacturing
challenges
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Mechanical Properties of Thermal
Sprayed Coatings
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Characterization of residual/thermal
stresses In coatings

anode 2 mm

Porous support

Flow field

Beam size 0.05mm x 0.5mm

Sample dimensions for XRD
measurements at Argonne national lab’s
APS facility

Residual stresses compound stresses during operation
Must quantify residual stresses & thermal dependence
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XRD stress analysis - YSZ
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Three measurements at
higher temperatures

In-plane compressive strain observed

Electrolyte stress state remains favorable
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Effect of Anode Reduction

Pre-reduction, 575°C

Anode + Electrolyte, Coating side up

Curvature measurements are
) made to feed into FE model to

Slight downward \ .

movement 7 estimate stress states

Post-reduction, 575°C 0.26762 Max

0.24835
0.22907
0.2098
0.19053
0.17125
0.15198
0.1327
0.11343
0.094154
0.074879
0.055605
0.036331
0.017056
-0.0022182 Min

Anode ~35 MPa tension
YSZ ~18 MPa
compression

5

Deflection U, (downwards)

As anticipated, anode reduction imparts
compressive stress state to electrolyte
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2” cell (25 cm?) test Set-Up
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25 cm? test vehicle representative
of stackable architecture
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Repeatability

Manufacturing and performance database allows tracking of variables
for improved understanding of process-properties relationships
Quickly screen >250 process variables/conditions
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* Destructive GR&R performed
using 2 typical sample types
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Performance
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Capability to directly measure impacts of
processing variables
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Performance
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* Thinner electrolyte improves « YSZ conductivity in agreement
power density with literature values

YSZ thickness dominant
| ASR contributor
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25 cm? Degradation
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Thermal spray manufactured SOFC
demonstrate stable operation
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Fuel Utilization on 25 cm?
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Able to achieve high single-pass fuel
utilization on non-optimized flow field
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Manufacturing Scale-up
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Successful manufacturing scale-up:
25 cm? to 400 cm? .
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Summary

* Evolved thermo-mechanical FE models to support
development and scale-up

« Developed database and 25cm? gauge to
accelerate development

* Developed thermal spray conditions and suitable
substrate to enable high fuel utilization

 Demonstrated thermal spray manufactured cell
performance stability

« Scaled thermal spray manufacturing from 2.85
cm? to 25 cm?to 100 cm? to 400 cm?
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