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The elevated operational temperature of a Solidi©xi
Fuel Cell (SOFC) means that the cell components are
subject to a number of issues affecting their meiciah
integrity within the composite structure. Thesdude
residual stresses due to thermal expansion misnoétch
the components, thermally induced stresses, anerialat
creep at the elevated temperature. Half cells odde
standard Yttria Stabilized Zirconia (YSZ) electialy
substrate coated with an anode or cathode weréatlgec
prepared for the residual stress and creep anadysisa
porous support material was tested to fracture unde
thermally induced stresses. The creep deflectiadheof
coated material was observed to be greater thaotlihe
corresponding plain YSZ under the same temperatoae
stress conditions. Results of residual stress meamnts
based on curvature measurement were also foung to b
significantly lower than the predicted Finite Elarhe
stresses. The porous support exhibited good rasesta
thermal stresses.

The present investigation arose from the obsenvatiat
there is little information available on the mecicah
behaviour of SOFC components. The bulk of the rebea
work on fuel cells in general has focussed on the
electrochemical performance rather than mechanical
integrity. However, mechanical and electrochemical
requirements in a cell can be in direct conflicighd
working temperature can result in material constsaand
integrity issues. For example, temperatures amdss
which are within the conditions known to cause priee
these materials are known to be present.

The aim of this paper is to assess some of therfact
affecting the mechanical integrity of a SOFC. Tésues
identified here are (i) residual stresses dueeontial
expansion mismatch during cooling after manufactfie
creep due to the high working temperature, ang (iii
thermally induced stresses due to temperatureticaréa

The results of this work were: the residual stresde
electrolyte-coated YSZ were evaluated. They are
considerably less than a simple thermoelastic arsaly
would suggest. Secondly, the time dependent déftect
of anode-coated YSZ material was observed to be
significantly greater than the corresponding p8¥Z
under the same stress and temperature conditibles. T
residual stresses on the electrolyte-coated Y S kesnat
room temperature were observed to reduce, and sbme
this stress relaxation was caused by creep. However
predictable Coble creep does not appear to acéount
majority of the stress relaxation. It is concludledrefore
that either there is some other stress-reductiarhar@sm
apparent between YSZ and anode layers in SOFCs.
Finally, a method for establishing material prosrt
under thermal stress is briefly presented, andrayso
substrate is shown to withstand designed temperatur
distributions.

Sintering Residual Stress Estimated
Temperature [MPa] thermoelastic
stresses [MPa]
1025°C 0.44 49.8
1125°C 0.91 54.8

Table I. Estimated residual stresses from curvature
measurement and FE analysis of a cathode-YSZ bi-

layer.
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Figure 2 — Deflection of YSZ and anode- coated YSZ
in a ring-on-ring biaxially loaded creep test.

5, Mises[MPa]

Figure-5 Stress distribution at failure caused by
thermally induced stresses




