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evaluation of thermomechanical degradation

m Degradation mechanism of SOFCs

The consequences of thermal stress and redox cycles lead to
performance degradation, limiting SOFC lifetimes.

e Delamination/cracking at interfaces
« Coarsening due to thermal energy
e Thermal expansion mismatch

Thermomechanical

Microstructural

lectrochemical e Chemical reaction with electrolyte

e Poisoning (e.g., S, P, As, Cr, etc.)
® Thermomechanical properties of SOFCs

Thermal stresses induced by mechanical property differences between
constituent materials can cause degradation between layers of SOFCs

as strain and viscosity of the individual components we can model the
stress states in the SOFCs during processing and operation.

m Prior studies on SOFC sintering stress evolution inform

« Decomposition of cathode/anode materials

during thermal cycling. By measuring thermomechanical properties such

" Measurement of Viscoelastic Properties by
~ Cyclic Loading Dilatometry (CLD)

O Unique capability which can be used to determine viscoelastic properties
(i.e. viscosity, strain and strain rate) of materials as a function of:
—> Sintering conditions — time, temperature, heating rate, load
—>Component characteristics - relative density, grain size
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Disclaimer

This project was funded by the Department of Energy, National Energy Technology Laboratory, an agency of the
United States Government, through a support contract with URS Energy & Construction, Inc. Neither the United
States Government nor any agency thereof, nor any of their employees, nor URS Energy & Construction, Inc.,
nor any of their employees, makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those
of the United States Government or any agency thereof.
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Thermomechanical Degradation
Behavior of SOFC Materials

H. Leel?, E. R. Kupp!?and G. L. Messing?'?

1US DOE-National Energy Technology Laboratory, Morgantown, WV
’Department of Materials Science and Engineering, Pennsylvania State University,
University Park, PA

We have developed testing techniques, such as cyclic loading dilatometry (CLD) and creep beam bending (CBB), to measure the
thermomechanical properties of individual ceramic components as a function of relative density and microstructure (i.e. porosity and grain
size) up to typical processing and operation temperatures. SOFC cathode materials such as LSCF, LSCF-GDC, LSM, LSM-YSZ were
analyzed during this study. Material sintering behavior (e.g., shrinkage, warpage, densification) and thermomechanical responses (e.g.,

Abstract:

viscosity, Poisson’s ratio) were determined using CLD and CBB. A thorough understanding of the viscoelastic behavior of these systems over

the range of processing and operational temperatures will enable prediction of the mechanical and microstructural stability of SOFCs and
accompanying cell efficiency and lifetime.
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" Measurement of Viscoelastic Properties
~ by Creep Beam Bending (CBB)
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Loading profile

e Lamination conditions
« Material characteristics — composition, relative density
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m CBB of LSCF-GDC

Top view

LSCF-GDC

= Deflection Eq. of linear elastic beam
(for small deflection do/dx < 0.2)

d: deflection, d(dot): deflection rate, p: density, L: span width,
x: distance from center, E: Young’s modulus, h: thickness,

O In-situ observation of creep as a function of:
« Sintering conditions — time, temperature, ramp rate

Digital camcorder

Interval of recording : 1 min (=5°C)

= Linear viscous behavior
(during densification process)
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g: gravitational constant, Ep: uniaxial viscosity
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SOFC Fabrication J
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Stress Model of SOFCSJ

B SOFC module structure

Cathode active layer
Electrolyte layer

Anode active layer

Anode current collecting layer

Cathode current collecting layer

B Stress between
layers

E, texp(— A, +mnA, 0 _t,)j dAe(t") dt’

mn +1-0 mn+1 dt’
X, E, E .
M=—,N=—,4=— where o: stress, E: elastic modulus,
X E, 1 n: viscosity, t: time, Ag: elastic mismatch,
\ n= f (,0, d) x: layer thickness, p: density, d: gramﬂ

Microstructure of SOFC Materials J
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* Thermomechanical behavior (strain rate, viscosity) of tape cast
SOFC materials was investigated using CLD and CBB.

= At 1150°C, the viscosities of the LSCF-GDC, LSCF, LSM, and
LSM-YSZ are 21, 14, 20, and 5 GPa:s, respectively.

* The stress states in the SOFC stacks will be evaluated with the
stress model using the measured thermomechanical properties
(i.e., strain, viscosity, modulus) of the individual materials.

» Degradation processes will be evaluated by measuring

Ime, temperature, atmosphere) .

kvis.coelas.tic properties as a function of operating conditions (i.e.,
t
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