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ABSTRACT 

In the current technology, molten carbonate fuel cells (MCFCs) employ a lithium- 
potassium carbonate mixture. The mixture, usually 62 d o  Li,CO, and 38 d o  K,CO, 
(abbreviated as 62/38 LIAS), melts below about 550°C and, when mixed with lithium aluminate, 
serves as both the electrolyte and gasketing for the cell and cell stack. Electrolyte segregation 
has been reported to occur within both the cell and stack. In the cell, the segregation increases 
the potassium concentration near the cathode and leads to increased cathode solubility and 
performance decline. In the stack, the high potential difference on the gaskets causes electrolyte 
segregation, which, in turn, leads to severe performance decline of the “end” cells. 

Argonne National Laboratory is developing molten carbonate electrolyte compositions 
which have minimal segregation in the individual fuel cell and cell stack under an electric field. 
Our approach is to characterize Li-Na carbonate mixtures in terms of their segregation properties 
in an electric field and, if necessary, to modi@ the observed segregation by adding Ba and Ca 
carbonates. Both non-segregating properties and MCFC test-cell performance show 
improvement as the lithium content is modified, up or down, from a baseline of 52/48 Lima. 
Results of “gasket” strip (20 V) screening studies, as well as those from cell tests, will be 
discussed. 

We screen electrolyte compositions for non-segregation using 12-cm-long strips, that 
are wetted with carbonate and exposed 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, (Cyprus-Foote) were made from cold-pressed powders (1 50 m a ) .  
The strip was purged with a 1:2 O,:CO, gas mixture (500 ml/min) at 655°C. After 72 h at 
20 V, 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 plasmdatomic emission spectroscopy (ICP/AES). From the 
ICP/AES results, cation ratios and electrolyte fill in each of the sections were calculated. The 
variation in cation composition vs. strip length was linear; therefore, these deviations were 
represented as a single cation separation value or a “segregation factor”, given in terms of 
(m/o)/cm. The ICP/AES results of electrolyte segregation were correlated to the Li/Na 
carbonate composition, and it was found that the non-segregating range is 65-75 d o  Li. 



Surprisingly, the eutectic 52/48 Li/Na carbonate displays the greatest cation segregation. 
Even the Na-rich side of the eutectic composition, 40/60 Li/Na carbonate, exhibits lower 
cation segregation than does the eutectic. 

Bench-scale (1 00-cm’) MCFC tests using off-eutectic Lima electrolytes show increased 
performance at 160 mA/cm2, as compared with the baseline cell containing the Lima eutectic 
composition. Increases in electrolyte lithium content from 52/48 to 71 328 .5  Li/Na improved 
the cell potential by 75 mV. Cell tests were completed with six Li/Na electrolyte compositions 
(in d o ) :  40/60, 52/48,60/40,67/33,71.5/28.5, and 75/25. The results show a strong correlation 
between non-segregating characteristics and improved cell performance. Nonetheless, these cell 
tests suggest that electrolytes in the composition range of 65-75 d o  Li improve cell 
performance over the 52/48 Lima eutectic that is commonly used. 

Cell area-specific impedances, a combination of IR losses and electrode polarization, for 
the Lima electrolyte cell tests show a strong correlation with the segregation factor from the. 
strip screening tests. This correlation suggests that the non-segregating property of the carbonate 
and the composition of the carbonate at the electrodes play a significant role in the MCFC 
performance. 

The recent literature has provided comparisons of LiK and Li/Na carbonates for 
performance and life. Generally, the findings are in favor of the Lima carbonate. One apparent 
drawback is the greater temperature sensitivity of the Lima carbonate. 

We have identified a range of quaternary electrolyte compositions, Li/NdCa/Ba 
carbonate, which should yield general improvement of MCFC operation and performance. 
These improvements include high current-density operation (250-360 mA/cm2), reduced 
temperature sensitivity, and anticipated extended life. Transfer of this technology to commercial 
developers will aid its adaption. 
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