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Background

* Background
* Project Objectives

* Microstructural evolution of glass seals, 8YSZ
and Al,O,

* Redistribution of stresses during creep

e Future work

OAK
RIDGE

SOFC Program 2019 Annual Review Lara-Curzio et al. April 30, 2019 National Laborator v




Failure, Reliability and Durability of Systems

_ infancy failures
The failure rate

of complex
systems can be
described by the
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Failure, Reliability and Durability of Systems
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e Failure is determined by stresses i
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distributions of loads and strengths

strengths.

e The weakest elements of
the population determine
the reliability of the
system.
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Strength of SOFC Materials
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 To understand the effect of time and
temperature on the microstructural evolution
of materials and components for solid-oxide
fuel cells

 To understand the effect of creep deformation
of anode materials on its microstructure and
on the redistribution of stresses in solid-oxide
fuel cells
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Engineered Composite Glass Seals
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Engineered Composite Glass Seals

Engineered composite seals, consisting of a multicomponent silicate glass matrix and a zirconia-based
second phase (frangible particles or fibers), have been developed for Solid Oxide Fuel Cells (SOFCs)
and other high-temperature sealing applications. The physical properties (e.g., compliance, viscosity,

thermal expansion) of the seals can be tailored to address, for example, the wide distribution of
temperatures experienced by SOFCs and to seal cells with large active surface area, which might not

be parallel or flat.

Low-cost manufacturing procedures have been developed, including fused deposition, which provides
a means for printing seals of complex shape with an arbitrary spatial distribution of viscosity values

and high material utilization.
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Viscosity of engineered glass seals as a function
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Scanning electron micrograph
illustrating the cross section of
an engineered glass seal
between two aluminum oxide
plates. The zirconia particles
embedded in the glass are
evident in the micrograph.
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The viscosity of engineered
composite seals can be tailored to
seal structures, such as SOFCs,
that experience large in-plane and
axial temperature gradients
during operation.
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Picture of engineered glass seal fabricated
by fused deposition using a mixture of glass
and ceramic particles embedded in an
organic binder.
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