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HIGH PERFORMANCE ELECTROLYTES
FOR MCFC

CONTRACTUAL ORIGIN OF THE INVENTION

The United States Government has rights in this invention
pursuant to Contract No. W-31-109-ENG-38 between the
U.S. Department of Energy and the University of Chicago,
representing Argonne National Laboratory.

BACKGROUND OF THE INVENTION

The present invention relates generally to a molten car-
bonate type electrolyte and more particularly relates to
Li/Na and BaCaNal.i carbonate electrolytes. These electro-
lytes exhibit substantially reduced segregation and improved
fuel cell performance.

Current molten carbonate fuel cells (“MCFC”) contain a
base mixture of about 62 mole percent (“m/0”) Li,CO5 and
38 m/o K,CO;. When mixed with lithium aluminate, this
mixture serves both as an electrolyte and gasketing for the
fuel cell and stack. This system exhibits a broad liquidus
range in its phase diagram but has several important draw-
backs. When the fuel cell is operated at a high electrochemi-
cal load, segregation of the electrolyte occurs within each
cell and also within a stack of the cells. Within the cell,
segregation increases potassium concentration near the
Ni(Li)O cathode, and this leads to increased solubility of the
cathode as well as increased corrosion of the cell hardware.
This progressive segregation and corrosion results in sub-
stantial decline of performance. In the stack of cells, a high
voltage potential difference on the gaskets causes electrolyte
segregation which floods one end of the bipolar stack while
the other end is starved. This further leads both to decline of
performance of end cells of the fuel cell and overall lifetime
of the fuel cell. Attempts have been made to alleviate the
problem by adding external electronic controls or by adding
internal manifolding to make segregation more difficult.

In order to overcome some of these difficulties, a Li/Na
carbonate of eutectic composition has been developed.
However, this composition has a greater wetting ability then
the Li/K, and cell performance is reduced to the electrolyte
flooding of the electrode and reducing fuel contact area.
These problems of segregation have been partially alleviated
by altering the electrode structure and chemistry to accom-
modate the peculiarities of the eutectic Li/Na electrolyte.

Other efforts have been made to diminish segregation by
adding BaCO; or CaCOj; to Li/Na. However, during fuel cell
operation, the Ba or Ca precipitated in the pores of the
electrode causing reduction in efficiency and operational
lifetime.

It is therefore an object of the invention to provide an
improved fuel cell.

It is another object of the invention to provide a novel
molten carbonate fuel cell (MCFC) having reduced electro-
Iyte segregation and improved MCFC performance.

It is a further object of the invention to provide an
improved MCFC containing an off-eutectic Li/Na electro-
Iyte.

It is yet another object of the invention to provide a novel
MCEFC of about 60-75 mole percent Li in a Li/Na electro-
Iyte.

It is an additional object of the invention to provide an
improved MCFC having a LiNaBaCa carbonate electrolyte
forming a low melting point eutectoid.

It is also a further object of the invention to provide a
novel LiNaBaCa electrolyte composition with 2 to 5 m/o in
both Ba and Ca.

10

15

20

25

30

35

40

45

50

55

60

65

2

It is another object of the invention to provide an
improved MCFC electrolyte of Li/Na rare earths for reduc-
ing electrolyte segregation.

These and other objects and advantages of the invention
will be readily apparent from the following description of
the preferred embodiments thereof, taken in conjunction
with the accompanying drawings described below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic of a typical MCFC fuel cell;

FIG. 2 illustrates Li/K carbonate electrolyte segregation
by ratio changes during MCFC operation;

FIG. 3 illustrates voltage distribution of a strip test used
to gauge segregation effects in a range of Li/Na electrolyte
compositions.

FIG. 4 illustrates voltage distribution for a strip test at 20V
for a range of electrolyte compositions including Li/Na
(67:33), 5 m/o BaCaNaLi and 10 m/o BaCaNalLi;

FIG. 5 illustrates another measure of segregation effects
for Li and Na over distance from the anode for a comparison
of 52/48 m/o Li/Na carbonate with 5 m/o (BaCa) Li/Na
composition;

FIG. 6 illustrates a segregation factor (m/o per cm) for a
range of Li/Na carbonate electrolytes;

FIG. 7A illustrates segregation effects of a fully developed
cation composition distribution of 12 cm long strips with 20
V applied for a 3/3/28/66 m/o BaCaNalL.i carbonate and FIG.
7B is for a 5/5/38/52 BaCaNalLi carbonate;

FIG. 8 illustrates polarization plots indicative of cell
impedance for six different Li m/o in Li/Na electrolytes;

FIG. 9 illustrates cell impedance for Li/Na electrolytes of
six different compositions;

FIG. 10 illustrates polarization curves for 10 cm x10 cm
test cells at 650° C. for 52/48 Li/Na electrolyte and com-
pared with 3 m/o BaCaNaLi (3/3/28/66) carbonate and 5
m/o BaCaNaLi (5/5/38/52) carbonate electrolyte after
greater than 100 h operation;

FIG. 11 illustrates operating time plots of MCFC of 84
cm® area having 3 m/o BaCaNaLi electrolyte (3/3/28/66)
operated at 665° C. and at a variety of current operational
levels with 60/40% fuel/oxidant utilizations;

FIG. 12 illustrates the fully developed cation composition
distribution of 12 cm long strips with 20 V applied for a
Li/Na/K carbonate electrolyte;

FIG. 13 illustrates temperature sensitivity with different
MCFC electrolytes (2 m/o, 3 m/o and 10 m/o BaCaNaLi)
along with a baseline of 52/48 eutectic Li/Na carbonate with
the cells operated at 160 mA/cm?;

FIG. 14 illustrates a correlation of MCFC cell impedances
for a range of Li/Na carbonate compositions (40/60 to 75/25
m/o) compared to separation factors established from our
strip segregation-screening tests; and

FIG. 15 illustrates effect of current density on shorting
time in a conventional prior art system.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In current methodologies molten carbonate fuel cells
(MCEC) 10 (see schematic in FIG. 1) employ a Li/K
carbonate mixture. This mixture, usually about 62 m/o
Li,CO; and 38 m/o K,CO;, melts below about 550° C.
When mixed with lithium aluminate, this mixture serves as
both the electrolyte and gasketing for a cell and a stack of
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cells. As can be seen in FIG. 2, electrolyte segregation
occurs causing an increase of potassium concentration near
cathode 20 (see FIG. 1) and leads to increased cathode
solubility and performance decline. In the stack of cells, the
high potential difference on the gaskets causes electrolyte
segregation, which leads to severe performance decline of
the cells at the end of the stack.

In the invention these difficulties are avoided by devel-
oping off-eutectic compositions resulting in greatly reduced
segregation effects. These segregation effects were dimin-
ished as the distance increased from the eutectic composi-
tion (54/48 mo Li/Na) as shown in FIG. 5. In addition, as the
compositions approach the liquidus limit at 650° C., the
non-segregating property becomes more apparent. Conse-
quently at a composition of, for example, 71.5/28.5 m/o
Li/Na the segregation of composition becomes much less
than for the 52/48 m/o eutectic. For the Li/Na carbonate
system a reduction in segregation occurs over the range of
compositions displaced from the eutectic for Li,CO; of
about 30 to 40 mole percent and about 55 to 80 mole percent.

It is generally known that CO,*" ion conductivity
increases with LiC,0; content. For example, the 52/48 m/o
Li/Na composition has a specific conductance of 2.1 S/cm
and the 71.5/28.5 m/o composition 2.4 S/cm. That is, there
is a 15-20% increase in conductivity at 650° C. However, all
impedance is reduced almost 50% as shown in FIG. 9 by the
change in electrolyte composition. Further, the cell perfor-
mance data shown in FIG. 8 shows that the 71.5/28.5 m/o
Li/Na composition exhibits significant performance
improvement as compared to the eutectic composition. The
71.5/28.5 m/o Li/Na composition is far from the eutectic and
approaches the liquidus limit of 650° C. As shown in FIG.
14, the improved performance of the MCFC 10 is more
adequately described by a nonsegregating electrolyte than
by increased electrolyte conductivity.

In another embodiment NiO dissolution from the cathode
20 (FIG. 1) can be suppressed by adding both BaCO, and
CaCO;. The addition of both Ba and Ca carbonate over-
comes a previous problem of precipitation of Ba or Ca
carbonate in electrode pores during cell operation.
Therefore, a quaternary electrolyte of LiNaCaBa carbonate
forms a eutectoid with a very low melting point (about 450°
C.) which in turn allows lower temperature operation of
MCEFC systems. Preferably, Ca and Ba are about 1-15 mole
percent each and most preferably equimolar in forming a
eutectoid composition (a surface in the quaternary). Thus, in
such a LiNaCaBa system, NiO dissolution from the cathode
20 is suppressed, it exhibits diminished corrosion and also
eliminates Ba or Ca precipitation. In addition, under an
applied potential of 20V, the LiNaCaBa electrolyte separates
less than Li/Na eutectic compositions, as can be seen by
reference to FIG. 5. We can expect longer time to short at
250-360 mA/cm? due to lowered NiO solubility.

A further comparison of eutectic Li/Na carbonate elec-
trolyte with 5 m/o CaBal.iNa is shown in FIG. 5. The cation
composition was determined across a test strip prepared as
explained in the Example. The tests were run at 20 V applied
potential. The figure shows the variation in m/o versus
distance from the anode. The 2 m/o BaCaLiNa shows a
noticeable improvement over eutectic Li/Na (52/48).

In another form of the invention, alkaline earth elements,
such as Sr, can be added to these Li/Na Ba/Ca electrolytes
to improve cell efficiency and further lower cell separating
temperature and extend operating time.

The following examples set forth exemplary, non-limiting
methods of preparing MCFC electrolytes and resulting prop-
erties.
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EXAMPLE I

A standardized screening test for electrolyte segregation
was developed based on previous conventional methods in
which carbonate-wetted strips were subjected to 5 to 20 V
potential gradients. These conditions simulate the gasketing
strip of an externally manifolded MCFC. In our test
procedure, strips of carbonate-wetted LiAlO, (provided by
Cyprus-Foote Corporation) were made from cold-pressed
powders (150 MPa). The strip contained eight gold probes
spaced regularly along its length and Ni electrode strips at
each end to apply the voltage. At 650° C. a potential of about
20 V was applied across a 12-cm-long bar of material
containing electrolyte and LiAlO,. Measured voltage drops
along the length of the strip were used to gauge electrolyte
content and composition. This assembly was held between
two alumina plates (held in compression by a Belleville
spring washer) that also formed the gas-flow channels. The
strip was purged with a 2:1 O, to CO, gas mixture (500
mL/min) at 655+10° C.

The effects of cell chemistry on Li/Na carbonate electro-
lyte segregation were investigated in 10x10-cm cell tests.
Electrolyte tiles containing selected carbonate compositions
were prepared and tested at 650° C. in cells containing
standard Ni cathodes and anodes, unlike studies by other
developers of MCFCs with eutectic Li/Na electrolytes. After
an initial conditioning period of at least 500 h and under
laboratory-standard oxidant, the current density in the cells
was increased to at least 250 mA/em®. The cells were
quenched under electric load to maintain electrolyte con-
stituent distribution.

Fully-developed potential distributions after 72 h at 20 V
from the strip tests with the four Li/Na carbonate composi-
tions are shown in FIG. 3 (described hereinbefore). The
52/48 composition is very near the eutectic composition of
Li/Na carbonate. The potential distribution of off-eutectic
Li/Na carbonate compositions equilibrate with less voltage
variation than for the near eutectic composition. The strip
samples were quenched under load and later examined by
metallography. The trend is clear in that the fully developed
potential distribution becomes more uniform as Li/Na ratio
is further from the eutectic composition. The 67/33 compo-
sition showed the least electrolyte segregation. These strip
samples were mounted in epoxy to permit sampling for
chemical analysis.

Bench scale, 10x10-cm MCFEC tests were assembled with
standard Ni anodes (6% Cr) and Ni cathodes. The electrolyte
tile was formed by hot-pressing, and the anode wet seal was
aluminized with aluminum foil. Six Li/Na carbonate com-
positions were tested. All cells were operated for at least 500
h at 650° C. For the purposes of investigating the electrolyte
segregation phenomenon, the cells were operated at 400
mA/cm? for at least 0.5 h at the end of the life test. The cells
were rapidly quenched to fix compositional gradients. Met-
allographic and analytical probe methods (secondary ion
mass spectroscopy [SIMS]) were used to determine compo-
sition and amount of carbonate in the MCFC components.

Performance data of the bench scale tests were used to
compare the performance of Li/Na electrolyte compositions.
Data on cell impedance, cell voltage, electrode performance
at various utilizations, and current density operation were
collected as a function of time at 1 atm with laboratory
standard oxidant (air+28% CO,) and humidified fuel (80%
H, +CO,). The Li/Na composition affected the polarization
curves of these four cells. These tests were conducted with
fuel and oxidant flows for 60% and 40% utilizations,
respectively, and at 320 mA/cm? and 650° C. Independent of
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the factors of the strip test, fuel cell performance improved
as the non-segregating electrolyte property was enhanced.
By comparison, it is well known that high current density
operation in Li/K carbonate cells leads to early cell shorting
(see for example FIG. 15). An electrolyte segregation phe-
nomenon or electrolyte freezing would present problems for
high current density operation. This phenomenon was not
seen for the nonsegregating Li/Na composition.

EXAMPLE II

As previously described, electrolyte compositions are
screened for non-segregation using carbonate-wetted strips
which are submitted to 5 to 20 V potential gradients. These
conditions simulate the gasketing strip of an externally-
manifolded MCFC. In our case, strips of carbonate-wetted
LiAlO, (from Cyprus-Foote as described in hereinbefore)
were made from cold-pressed powders (150 MPa). The strip
is purged with a 1:2 0,:CO, gas mixture (500 ml/min) at
655+10° C. After 72 h at 20V, the potential distribution in
the strip reached equilibrium. The strips were quenched
under load and later examined by metallography. These
strips were sectioned for chemical analysis by inductively-
coupled, atomic emission spectroscopy (ICP/AES). Samples
of 2-g were removed from several regions along the 12-cm
strip length. From the ICP/AES results, cation ratios and
electrolyte fill in each of the locations were calculated.

Based on the published Li,CO5;-Na,CO, phase diagram,
we chose the 52/48 Li/Na eutectic composition as a baseline
for the study. The variation in cation composition Vs strip
length was linear; therefore, these deviations were repre-
sented as a single cation separation value or a segregation
factor, given in terms of (m/o)/cm.

The ICP/AES results are presented in a plot of electrolyte
segregation vs Li/Na carbonate composition (see FIG. 6).
The plot shows that the non-segregating range is about
60-75 m/o Li. Surprisingly, the eutectic 52/48 m/o Li/Na
carbonate displays the greatest cation segregation. Even on
the Na-rich side of the eutectic composition, 40/60 Li/Na
carbonate exhibits lower cation segregation than does the
eutectic.

The voltage profiles determined in the strip tests (FIGS. 3
& 4) are believed to be a reliable indicator of cation
segregation, but the relation of these potentials with carbon-
ate composition is not well understood; thus, the potential
distribution is used as a secondary indicator of electrolyte
segregation.

The trend in electrolyte fill vs composition is analogous to
that of electrolyte segregation. The greatest change occurs
with the eutectic Li/Na carbonate, which also displays the
greatest cation segregation. We found that Li/Na carbonate
electrolyte migration tends toward the cathode. This migra-
tion pattern is the opposite of that found using Li/K
carbonates, and post-test examinations of bench-scale cell
tests have shown flooded cathodes.

EXAMPLE IIT

The quaternary BaCaNalLi carbonates (3 and 5 m/o) were
also examined in strip tests. Cation composition vs position
in the test strips are presented in FIGS. 7A (3 m/o) and 7B
(5 m/o). For both compositions, a small degree of cation
segregation is apparent, with Ba/Ca concentration increasing
at the positive end of the strip. The 3% BaCaNalL.i is quite
close to a non-segregating electrolyte with 90% of the strip
consisting substantially of the starting BaCaNaLi composi-
tion.

EXAMPLE IV

Benchscale, 10x10-cm MCFC tests were assembled with
standard Ni anodes (6% Cr) and Ni cathodes. The electrolyte
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tiles were formed by hot-pressing. The anode wet seal was
aluminized with aluminum foil. Six Li/Na compositions and
three BaCaNaLi compositions (in m/o: 11/10/38/41, 5/5/38/
52, and 3/3/28/66) were tested. All cells were operated for at
least 500 h at 650° C. To investigate the electrolyte segre-
gation phenomenon, the cells were operated at least 320
mA/cm? for at least % h at the end of the life test. The cells
were rapidly quenched to fix compositional gradients. Met-
allographic and chemical analysis were used to determine
composition and amount of carbonate in the MCFC com-
ponents.

Performance data of the benchscale tests were used to
compare the performance of Li/Na electrolyte compositions.
Data on cell impedance, cell voltage, electrode performance
at various utilizations and current density operation were
collected as a function of time at 1 atm with laboratory
standard oxidant (air+28% CO,) and humidified fuel (80%
H,+CO,).

FIG. 8 shows the polarization behavior of MCFC cell tests
using six different Li/Na electrolyte compositions. These
tests are conducted with fuel and oxidant utilizations of 60%
and 40%, respectively, at 320 mA/cm? and 650° C. Cell
area-specific impedances (a combination of iR losses and
electrode polarization) for the six Li/Na electrolyte compo-
sitions are shown in FIG. 9 as a function of Li m/o for the
Li/Na compositions. The cell tests displayed improved per-
formance as the electrolyte composition approached the
non-segregating range.

High current density operation in conventional Li/K car-
bonate cells leads to early cell shorting (see FIG. 15).
Electrolyte segregation phenomena or electrolyte freezing
present problems for high current density operation. The
71.5/28.5 Li/Na composition exhibited a cell potential of
0.76 V at 320 mA/cm?, but this appears to be the upper limit
of improved cell performance due to higher Li content
electrolytes. The cell performance of the 75/25 Li/Na elec-
trolyte composition (0.71 V at 320 mA/cm?), although still
much improved as compared to the 52/48 Li/Na, is lower
than that of the 71.5/28.5 Li/Na electrolyte cell.
Nonetheless, these cell tests suggest electrolytes in the
composition range of at least 65-75 m/o Li (and likely
60-75 m/o) improve cell performance over the 52/48 Li/Na
eutectic.

EXAMPLE V

A 10x10-cm MCFC test of quaternary BaCaNalL.i carbon-
ate electrolytes showed stable cell potentials for more than
1000 h. Earlier 5% BaCaNalLi could not be operated at 320°
C., mA/ecm® without polarizing over time. Polarization
curves (FIG. 10) were taken under similar conditions as
those of the 52/48 Li/Na carbonate cell. At 160 mA/cm?®
(60/40% fuel/oxidant utilization), the 3% BaCaNaLi car-
bonate cell had a stable voltage of 0.81 V. A cell-test with 3%
BaCaNal.i electrolyte exhibits long-term stable operation at
320 mA/cm® (see FIG. 11).

Melting points were determined for selected BaCaNal.i
carbonate compositions. The compositions have 3—10 m/o
Ba+Ca. Melting point data were obtained by different ther-
mal analysis (DTA). The Ba plus Ca addition was found to
depress the melting point to about 450-460° C. in all cases.
The quaternary composition was further altered to obtain a
congruent melt at a reduced BaCa content (<10% mole for
Ba+Ca).

EXAMPLE VI

In another example showing segregation characteristics of
a Li/Na/K electrolyte, the standard procedure of the strip
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gasket test was performed. The ICP/AES results for a strip
test of the Li/Na/K carbonate composition are presented in
a plot of cation composition vs. strip length (see FIG. 12);
the plot shows that the Li/Na/K carbonate has considerable
cation segregation. Also, the trend in electrolyte fill vs
composition is analogous to that of Li/Na electrolyte seg-
regation. The greatest change in electrolyte fill occurs with
the eutectic Li/Na carbonate. We found that Li/Na/K car-
bonate electrolyte migration is the greatest of any carbonate
electrolyte screened; its electrolyte fill ratio varied 100%
across the strip.

EXAMPLE VII

In another example a variety of BaCaNal.i carbonate
compositions were subjected to benchscale cell tests.
Benchscale, 10x10-cm MCFC tests were assembled with
standard Ni anodes (6% Cr) and Ni cathodes. The electrolyte
tiles were formed by hot-pressing. The anode wet seal was
aluminized with aluminum foil. Four BaCaNaLi carbonate
compositions (in m/o: 11/10/38/41, 5/5/38/52, 3/3/28/66,
and 2/2/38/58) were tested. All cells were operated for at
least 500 h at 650° C. To investigate the electrolyte segre-
gation phenomenon, the cells were operated at least 320
mA/cm? for at least % h at the end of the life test. The cells
were rapidly quenched to fix compositional gradients. Met-
allographic and chemical analysis were used to determine
composition and amount of carbonate in the MCFC com-
ponents.

Performance data of the benchscale tests were used to
compare the performance of Li/Na electrolyte compositions.
Data on cell impedance, cell voltage, electrode performance
at various utilizations and current density operation were
collected as a function of time at 1 atm with laboratory
standard, oxidant (air+28% CO,) and humidified fuel (80%
H,+CO,).

The results of 10x10-cm MCFC test with quaternary
BaCaNal.i carbonate electrolytes showed a prospect for
reduced temperature operation (see FIG. 13). These cells
display stable cell potentials for more than 1000 h at 160
mA/em® (60/40% fuel/oxidant utilization) and also 320
mA/cm®. Cell performance and polarization curves were
taken under similar conditions as those of the 52/48 Li/Na
carbonate cell. The four cells were operated over a tempera-
ture range of 550-700° C. to establish performance vs
temperature characteristics. The baseline 52/48 Li/Na and
10% BaCaNaLi show very similar temperature characteris-
tics. At 550° C., the 3% BaCaNalLi carbonate cell had a
stable voltage 75 mV greater than that of the baseline 52/48
Li/Na. At 550° C., the 2% BaCaNalLi carbonate cell exhibits
a 25 mV improvement. Both 2% and 3% BaCaNalL.i could
be operated at 320 mA/cm®. The quaternary 3% BaCaNal.i
carbonate electrolytes present prospects for improved cell
stability at 320 mA/cm? as well as 50-75° C. lower oper-
ating temperature.

Further, cell area-specific impedances (a combination of
iR losses and electrode polarization) for Li/Na electrolyte
cell tests are correlated with a segregation factor from strip
screening tests (see FIG. 14). This can be done due to
variation in cation composition versus strip length being
linear. These deviations were represented as single cation
separation value or a segregation factor, given in terms of
m/o per cm. This correlation indicates the carbonate com-
position at the electrodes plays a significant role in the
MCEFC performance and overrides the effect of electrolyte
conductivity.
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While preferred embodiments of the inventions have been
shown and described, it will be clear to those of skill in the
art that various changes and modifications can be made
without departing from the invention in its broader aspects
as set forth in the claims provided hereinafter.

What is claimed is:

1. An electrolyte tile consisting essentially of a Li/Na
carbonate with a Li,CO5; mole percent selected from the
group consisting of about 30 to 40 and 55 to 80.

2. The electrolyte tile as defined in claim 1 further
including about 70 to 60 and 45 to 20 mole percent Na,COj,
respectively relative to the Li,CO; mole percent.

3. The electrolyte tile as defined in claim 1 wherein the
mole percent of Li,CO; is about 55 to 80 mole percent
Li,CO;.

4. The electrolyte tile as defined in claim 1 wherein the
mole percent of Li,CO; is about 60 to 75 mole percent
Li,CO;.

5. The electrolyte tile as defined in claim 3 further
including about 45 to 25 mole percent Na,CO5.

6. The electrolyte tile as defined in claim 4 further
including about 40 to 25 mole percent Na,CO5.

7. The electrolyte tile as defined in claim 1 wherein said
Li/Na carbonate includes at least one phase selected from
the group consisting of solid Li,CO;, solid Na,CO, molten
Li,CO; and molten Na,CO5.

8. The electrolyte tile as defined in claim 7 wherein the
electrolyte tile is at a temperature between about 550° to
750° C.

9. The electrolyte tile as defined in claim 1 further
including an electrolytic cell which includes the carbonate
electrolyte wherein an impedance of the cell is about 50%
less than for an electrolytic cell having a eutectic Li/Na
carbonate electrolyte.

10. The electrolyte tile as defined in claim 1 further
including an alkaline earth carbonate.

11. An electrolyte tile consisting essentially of a CaBa-
LiNa carbonate having Ca carbonate and Ba carbonate less
than about 15 mole percent each and more than about 1 mole
percent.

12. The electrolyte tile as defined in claim 11 wherein said
carbonate has a composition positioned along a quaternary
eutectoid surface.

13. The electrolyte tile as defined in claim 11 further
including an alkaline earth carbonate.

14. The electrolyte tile as defined in claim 11 wherein the
Ca carbonate has an equivalent mole percent to Ba carbon-
ate.

15. The electrolyte tile as defined in claim 11 having a
melting point of about 450° C.

16. A fuel cell comprised of:

a cathode;

an anode; and

an electrolyte tile consisting essentially of a carbonate
selected from the group consisting of a Li/Na carbonate
having a Li,CO; mole percent of about 60-75 and a
CaBaL.iNa carbonate having Ca and Ba mole percents
of about 2-10.

17. The fuel cell as defined in claim 16 wherein the

Li,CO; is greater than about 50 m/o.
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