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Abstract: A direct carbon fuel cell (DCFC) generates electricity directly by converting the chemical energy in coal. In
particular, a DCFC system with a solid oxide electrolyte and molten carbonate anode media has been proposed by SRI.
In this system, however, there are conflicting effects of temperature, which enhances the ion conductivity of the solid
electrolyte and reactivity at the electrodes while causing a stability problem for the anode media. In this study, the effect
of temperature on the stability of a carbon-carbonate mixture was investigated experimentally. TGA analysis was
conducted under either nitrogen or carbon dioxide ambient for Li,COj;, K,COs, and their mixtures with carbon black.
The composition of the exit gas was also monitored during temperature elevation. A simplified reaction model was
suggested by considering the decomposition of carbonates and the catalyzed Boudouard reactions. The suggested model
could well explain both the measured weight loss of the mixture and the gas formation from it.
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Table 1 Major types of DCFC under development

EEE T A5 A8 H= i 71e
- De-ashed and Contained Energy,
Molten Carbonate Li-NiO Molten carbonate devolatized coal LLNL
Aqueous KOH Ag Compressed charcoal Biomass char University of Hawaii
YSZ LSM Molten carbonate Raw coal SRI
YSZ LSM Molten metal Raw coal CellTech Power,
Clean Coal Energy
YSz LSM Metal Raw coal Direct Carbon Technology,
Arkon University
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Table 2 Chemical composition of carbonate specimens

tested
Composition (wt%) Li,CO;, K,CO;,
Purity >98.0 >99.5
Mg <0.05 -
Na - -
Pb <0.004 <0.02
Cl <0.03 <0.1
N - <0.005
Fe <0.005 <0.02
SOx <0.2 <0.1
MFC
in ® — | [Furnance
Inlet 2 pC
MFC l}let 1 :
- Somor
Specimen

Fig. 1 Schematic drawing of exit-gas measurement
system
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Fig. 2 Weight change of Li,CO; and K,CO; measured by
TGA with 10 °C/min.
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Fig. 4 Measured CO, and CO formation rate during
heating of Li,CO; and K,CO; with 10 °C/min in
nitrogen atmosphere
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Table 3 Elementary chemical and electrochemical
reactions of carbon-added carbonates as an
anode media of DCFC !

reaction step reference
M,CO; « M,0 + CO, 19, 24
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Fig. 5 Weight change of carbon black-added carbonates
of Li,CO3 and K,CO; measured by TGA with 10
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Fig. 6 Measured CO, and CO formation rate during heating
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K,CO; with 10 °C/min in nitrogen atmosphere.
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