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Solid Oxide Fuel Cells (SOFCs) operating at low temperatures (500-700°C) offer many advantages
over the conventional zirconia-based fuel cells operating at higher temperatures. Reduced :
operating temperatures result in: ‘
-Application of metallic interconnects with reduced oxidation problems
-Reduced time for start-up and lower energy consumption to reach operating temperatures
-Increased thermal cycle ability for the cell structure due to lower thermal stresses of
expansion mismatches

While this type of fuel cell may be applied to stationary applications, mobile applications require
the ability for rapid start-up and frequent thermal cycling.

Ceria-based fuel cells are currently being developed in the U.K. at Imperial College[1],
Netherlands at ECN[2], and U.S.A. at Ceramatec[3]. The cells in each case are made from a
doped ceria electrolyte and a La;,Sr,Co;.,Fe,O; cathode.

Electrolyte Properties

A reduced operating temperature requires using either of a very thin form (about 1jtm) of the
conventional zirconia electrolyte or a different electrolyte with higher conductivity is. Using a 1-
um-thick electrolyte poses problems in fabrication and in integrity during cycling and operation.
A cerium oxide electrolyte doped with a rare earth like gadolinium exhibits higher ionic
conductivity in air than the zirconia (fig. 1).
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Fig. 1 Conductivity of electrolyte in air and
H,. Required thickness for 0.2 Q-cm?
shown on right.

Unlike zirconia however, ceria exhibits significant electronic conductivity above 500°C in the fuel
atmosphere because of the reduction of cerium oxide. The fraction of the Ce** ions reduced to
Ce* as a function of temperature and oxygen partial pressure (pO,) is shown in fig. 2. The partial
reduction of cerium oxide generates mobile electrons and causes electronic conductivity in the
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electrolyte at temperatures above 500°C. Below this temperature the electrolyte remains ionic and
can be used as an electrolyte in a solid oxide fuel cell.
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Fig. 2 Fraction of Ce* ions reduced to Ce* as a
function of temperature and pO,

Electronic conductivity in the electrolyte is evident from the measured values of the open circuit
voltage (OCV) when compared to the Nernst potential as shown in the following table.

Temperature (°C) Theoretical OCV, mV Measured OCV, mV
500 1054 995
600 1025 941
700 997 869

Electrochemical Characterization
Figure 3 plots the performance from 500 to 700°C of a cell with the following configuration:
Lao‘6Sro_4C00_2F80.803 (LSCF ) / Ceolngo'zo 1.9 Electrolyte / Nl'-ceo'ngo'zo 1.9
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Fig. 3 Cell performance with a 1.2 mm thick electrolyte,
LSCF cathode and Ni-cermet anode

It shows that the performance of the cell at 500°C is inadequate. We found that the majority of the
voltage losses apart from the electrolyte resistance were at the cathode electrolyte interface. Figure
4 shows the proportion of the voltage loss from the cathode compared to the anode. The
electrolyte loss can be reduced by using 10- and 20-um-thick electrolytes as shown on the right
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side of fig. 1. Cathode performance improvement requires either new microstructures or new
materials that are more active while being compatible with the electrolyte.
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Fig. 4 Voltage losses in the fuel cell showing the
large magnitude of the cathode loss

Cathode Properties

The interface resistances of several cathode materials measured by impedance spectroscopy using
reference electrodes are shown in fig. 5. Single phase porous cathodes (Lag ¢Sro4MnpgCop203.
and LSCF) performed better for materials with an increasing ability to lose oxygen from its lattice
when compared to the La,.,Sr,MnO;.; (not shown in figure) cathode used with zirconia-based fuel
cells. This presumably stems from an increased ionic conductivity or diffusion while still
maintaining electronic conductivity high enough for a cathode.
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Fig. 5 Interface resistance of cathode electrolyte interface for
different cathodes

This hypothesis is supported by the diffusion coefficients of some cathode materials measured on
dense samples by isotope (O'®) exchange and SIMS which are given in figure 6.

Two phase cathodes performed better still as shown by cathodes A and B in fig. 5. In addition
cathode A has the ability to lose oxygen more easily than all other cathodes. This caused an
increase in performance with increasing current density.

While the ability of the cathode material to lose oxygen increases the electrode performance for the
materials considered, it is also known that this can cause an expansion mismatch with other fuel
cell components. It is desirable then to work with materials that exhibit a constant performance at
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Fig. 6 Oxygen self-diffusion for selected cathode
materials

different current densities. Cathode B is such a material with good performance (2.4 Q-cm® at
500°C) however some improvement is still required to achieve values of less than 1 Q-cm®

The performance of a cell with cathode A is shown in figure 7. The OCV was considerably lower
owing to significant porosity when the electrolyte was thinner (200 um). The thinner electrolyte
had a reduced resistance, which raised overall performance. Also shown in the figure is a
calculated performance curve for a dense electrolyte with negligible thickness.
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Fig. 7 Cell performance with cathode A. Measured
OCY lower due to interconnected porosity.

Cathode performance is also being increased by using improved microstructures. Steele[4] has
recently been demonstrated that a thin 1-pm LSCF layer between the electrolyte and a coarser
porous thick LSCF electrode exhibited only 0.4 Q-cm?” interface resistance.

Conclusions
Cathode performance is being improved by using better materials and/or microstructures.
Fabrication of thin dense electrolytes is also necessary to achieve high cell performances.
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