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Abstract— A 1.5 kW molten carbonate fuel cell stack consisting of twenty single cells has been
fabricated and tested to establish the basic technology for kW-class stacks. Each cell in the stack had an
effective electrode area of 625 cm’, and reactant gases were distributed in each cell in a co-flow
configuration. It was possible to have a stack with a high initial output of 1.56 kW using an anode gas
of 72% H,/18% CO,/10%H,0 and a cathode gas of 70% air/30% CO, at a current density of 150 mA/
cm’ and a gas utilization of 0.4. The temperature in the separator plate increased in the direction of gas-
flow, and the temperature at the gas outlet increased with increasing the curment density. The
distribution of cell voltages in the stack, however, was not uniform and the voltage deviation increased
with increasing gas utilization. After 300 hours of operation, the stack performance decreased due
mainly to the short-circuit caused by carbon deposition and corrosion. And voltage loss due to the short-
circuit was calculated by analyzing the gas composition at the anode outlet. Future works required to
enhance the performance and life of a large-scale stack were identified from the result of this work.
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Table 1. Specification of 1.5kW MCFC stack.

Item Specification
Output power 1.5 kW
Area of electrode 625 cm’® (25X 25 cm)
Cell number 20 cells
Gas distribution Co-flow type

Anode (porosity)
Cathode (potosity)
Electrolyte

Matrix (porosity)

Ni+10% Cr (50~55%)

Lithiated in-situ NiO (70~80%)
68 mol% Li,CO,/38 mol% K.CO,
LIAIO, (55~60%)
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Fig. 1. Configuration of a co-flow type 1.5 kW MCFC
stack.
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Fig. 2. Performance of a 1.5 kW MCFC stack.
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Table 2. Post-test analysis of carbonate impregnated
in the pores of electrodes.

Operation Leached carbonate  Total
Cell time anode  cathode carbonate
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15kW stack 500  3.6/17 98183 28
(ST-9)

100 cm® unit 500  8.0/41 22.8/44 14
cell (TW40)

100 cm® unit 5100 7.1/34 11.2/18.8 34
cell (TW22)
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Fig. 13. Effect of gas utilization on the performance
of 1.5 kW stack at 150 mA/cm’,
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Fig. 15. Evolution of gas composition at the anode
outlet during the MCFC stack test (at open circuit
condition).
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Fig. 16. Variation of gas composition at the anode
outlet with respect to the current density after 196
hours of operation.
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Table 3. Performance of MCFC stacks (cathode gas:
70% air/30% CO,; gas utilization: 0.4).

100 W 200 W 1.5 kW
cross-flow co-flow co-flow
STACK stack stack stack
(ST-4) 3] (ST-6) [4] (ST
ocv. 1.073 Vicell  1.057 V/eell
Voltage at , 0.635 V/cell 0.846 V/cell 1.058 Vieell
150 mA/cm 0.831 V/cell
Power at 95 W 254w OO Ve
s 1.56 kW
150 mA/cm 79 mV/cell
IR loss* 171 mV/cell 68 mV/cell 77 mV/gzll
Electrode 196 mV/cell 64 mV/cell 72 mVicell

polarization*
Nernst loss*

*at 150 mA/cm’.
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