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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, products 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 no necessarily sate or reflect those of the United States
Government or any agency thereof.
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ABSTRACT

LSGM electrolyte and LSCF cathode materials were synthesized via solid state reaction
and wet-chemical method. From these materials, symmetrical cells were fabricated for
electrochemical characterizations.
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EXECUTIVE SUMMARY

From October of 2001 to January of 2002, there were no technical activities performed in
SWPC due to negotiation of subcontract to Boston University. Therefore in this semi-
annual report it only includes the work, which has a focus on electrochemical
characterization on LSGM cells, performed by Boston University from February to March
of 2002.

Dense LSGM ceramic pellets were made from solid state synthesis involving one
1200oC pre-sintering and 1430oC final sintering. See Figure 1 and 2 in Attachment 1.
One of mixed conducting electrode material, La0.6Sr0.4Co0.8Fe0.2O3 (LSCF), was also
made with a particle size of 1-3 mm. From above two materials, a symmetrical cell,
LSCF|LSGM|LSCF, was fabricated for AC impedance and DC polarization studies.
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ATTACHMENT-1: DEVELOPMENT OF LOW-TEMPERATURE SOLID OXIDE
FUEL CELL ELECTROLYTES AND ELECTRODES

Experimental

LSGM powder of the stated composition was made from precursors of La2 (CO3)3•xH2O,
SrCO3 and MgO.  La2 (CO3)3•xH2O was initially assayed to determine the water content
which was determined to be 7.71 moles to 1 mole of La2(CO3)3.  Powders were mixed in
appropriate stoichiometric ratios and milled with Zirconia milling media followed by
calcination at 1200oC in air for 4 hours.  X-ray diffraction analysis of the powder (not
shown here) confirmed a single-phase perovskite.

Results and Discussion

The LSGM powders were sieved through a 325 mesh and iso-pressed.  The green
pellets were sintered between 1430 and 1500oC.  Typical SEM micrographs are shown
in Figures 1 and 2.

Figure 1 LSGM sample sintered at 1450oC in air for 4 hours

As can be seen from Figure 2, sintering at 1430oC proved adequate from the standpoint
of obtaining dense and substantially pore free samples with less than 4 µm average
grain size.
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Figure 2 LSGM sample sintered at 1430oC in air for 4 hours.

About 300 g of LSGM has been made which will allow fabrication of multiple pellets.

Using a similar technique about 300 g of LSCF powder has also been synthesized and
milled to a particle size of 1-3 µm.  The powders await X-ray diffraction analysis after
which it will be used to make symmetrical cells of LSCF/LSGM/LSCF.

The first cell to be tested will have symmetrical platinum electrodes attached to the
LSGM pellet.

Equipment modification

A tube furnace that is available at BU is being converted into a cell test rig.  As part of
this test rig, metal end caps to allow gas flow to and from the sample have been
machined.  A Perkin Elmer potentiostat/galvanostat is presently being hooked up to the
cell test facility.
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ATTACHMENT-2: DEVELOPMENT OF LOW-TEMPERATURE SOLID OXIDE FUEL
CELL ELECTROLYTES AND ELECTRODES

Experimental

AC Impedance Measurements

AC impedance measurements of symmetric Pt-electrode cells tested in air atmosphere
reveal LSGM resistivity about three times that of value reported in the literature and
unusually high charge transfer resistance (15-20 O . cm2 at 800oC).  On removal of the
sample from the test setup a white coating was observed on the sample which is
suspected to be due to boron contamination.  A boron nitride block was used in contact
with the sample during the electrode and Pt mesh application steps.  Thus the unusually
high resistivity and charge-transfer resistance is suspected to be arising from boron
contamination.  Future samples will be prepared using an alumina block.

Microstructural Characterization

Microstructural characterization of the type Pt/LSGM/Pt cell reveals a well-adhered
continuous Pt electrode of 15 microns thickness.  Thus our procedure seems adequate
in producing satisfactory electrodes.

Cell Making

Two more additional Pt/LSGM/Pt cells have been made for electrochemical and
microstructural characterization.  We are also conducting base-line studies on slurries of
LSCF electrode powder dispersed in solvents of (a) mixtures of propanol and water and
(b) ethylene glycol.  We are conducting initial screening experiments to determine the
optimum slurry composition to achieve 15-20 micron LSCF coatings (sintered) on LSGM
samples.  Once we determine the optimum slurry composition, this information will be
used in making symmetric LSCF/LSGM/LSCF cells.


