M e TR - £33
G qy093--¢

Advances in Research for Solid Oxide Fuel Cells*

by

M. Krumpelt, T. W. Kueper and R. Doshi

Argonne National Laboratory
Electrochemical Technology Program
9700 South Cass Avenue
Argonne, IL 60439

*Joa1ay} Aouade Aue JO JUSUILIOAOD) SIIEIS PajIUN)

oY) JO 950U} 109[J3I1 10 VIS AJLILSSOOSU JOU Op UIIdY passaidxa sioyine jo suojurdo pue
SMIIA 9Y], °Joarayy KdousSe Aue IO JUSUIUISAOL $ABIS PAU) Y3 Aq Suwioae] o ‘uonepusw

h o

The submitted ipt has been
by 2 contractor of the U. S, Government
under contract  No. W-31-109-ENG-38.
Accordingly, the U, S. Government retains &
« | nonexclusive, royalty-free license to publish
or reproduce the published form of this
contribution, or asllow others to do so, for
| U. 8. Government purposes.

w0031 ‘JURWSSIOpuUs s A[durl Io 9)mysuoo A[IIBSSI05U JOU S0P ISIMISYI0 JO ‘IDINJORjnULw
“Jlewspery ‘oureu opex) Aq 991a19s 10 ‘ssa001d ‘Jonpoid [erorowwiod oyoads Aue 0) UIBISY J0UD

1§y SIY3u paumo Ajdeartd oFunIjur 10U pinom asn s ey syuesardar 1o ‘pasoposip ss2003d
1o “yonpoad ‘smeredde ‘vopeuuojul Aue jo ssaujnjasn 10 ‘ssauda[dwios ‘Koerndoe oY) 10j AIjiq
~1suodssl 3o Lyqiqer) jes] Aue sownsse 1o ‘parjdun 1o ssoxdxs ‘fjueirem Aue soyeur ‘sasfojdura
ey Jo Aue Jou ‘JoaIay) Kousde AUe JOU JUSWUILA0D $2)BIS PONUN 9Y) ISYNON JUSLIUISACY)

831815 panuf) 94} Jo AousFe ue £q poosuods J1om Jo Jynodoe ue se poredaid sem yodar Siyl
HANIVTIOSIA

To be published in the Proceedings of the DOE/METC
Fuel Cell '94 Contractors' Review Meeting,
held August 17-18, 1994, Morgantown, WV

*This research was supported by the U.S. Department of Energy, Morgantown Energy
Technology Center, under contract No. W-31-109-Eng-38.

DISTRMBUTION OF THI® DOCUMENT IS UNLIMITED 2




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document.




Advances in Research for Solid Oxide Fuel Cells

CONTRACT INFORMATION
Contract Number

Contractor

49638

Argonne National Laboratory

9700 South Cass Avenue
Argonne, Illinois 60439
(708) 252-4329

Contractor Project Manager
Principal Investigator
Co-Investigator

METC Project Manager

Period of Performance

OBJECTIVE

Solid oxide fuel cells are attracting
considerable interest among industrial organizations
wanting to position themselves in a potentially
important technology of the future. More than a
dozen new organizations worldwide have begun
SOFC development in the last few years.

BACKGROUND INFORMATION

Most of this R&D activity is in the planar
technology, because it represents a good compro-
mise between the proven but IR-limited tubular
configuration and the high-performance but

difficult-to-fabricate monolithic structure. Table 1 -

lists many but not all the organizations engaged in
research on the three types of SOFCs, and Fig. 1
summarizes the status of this technology.
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Table 1. R&D Activity on SOFCs
" Tubular Monolithic

Allied Signal
MHI

Planar

Cerametec
Z-Tek
T™I
Siemens
Dornier
Sanyo
Murata
Tonen
Tepco
Fuji
MHI

Westinghouse
Russia

The planar configuration, in addition to being more
easily fabricated, can also be adapted to metallic
bipolar plates. However, to limit the effects of
oxygen on the metal, the fuel cell operating
temperature needs to be lowered from the typical




Several Types of SOFCs are Being Developed
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1000°C to about 800°C; and to compensate for
the lower conductivity of the electrolyte at 800°C,
the thickness of the electrolyte needs to be
reduced.

PROJECT DESCRIPTION
Challenges

The challenges of developing the planar
cell configurations are finding high-temperature
edge and manifold seal materials that will make
very flat ceramic trilayers of sufficiently large
area, and minimize contact resistances in stacks of
cells. Also, decreasing the operating temperature
requires development of reliable thin-film
fabrication methods for the electrolyte, and
finding a metal with good oxidation resistance

and a thermal expansion coefficient well matched
with the different cell components. Finally,
toughness and a thermal stress tolerance of stacks
need to be improved.

RESULTS
Advances

Several industrial developers in Japan,
Europe, and the U.S. are operating SOFC stacks
of about one-half of a kilowatt power output.
Typically, these stacks have an active area of
100-150 cmz, and 10-20 cells running at 300-600
mA/cm? current density [1]. The cell potentials
are still not stable enough but decline by about
10% in the first 1000 h of operation.




Several types of cell degradation
mechanisms have been identified: coarsening of
nickel-based anodes, migration of chromium from
the interconnect material into the cathode,
increasing contact resistance between the air
electrode and metallic interconnect plates, and
failure of seals.

Most of the planar stacks are made by tape
casting and sintering the electrolyte, and then
screen printing electrodes on both sides. The
trilayers are then stacked with lanthanum
chromite or metallic bipolar plates by using
proprietary contact cements. Alternative fabri-
cation methods are to calender anode/electrolyte
bi-layers or deposit thin electrolyte films onto
sintered anodes.

Argonne National Laboratory has been
exploring new sealant and bipolar plate materials.
Advances in these specific areas are discussed
elsewhere in this report.
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