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Abstract—A 100W-class stack consisting of ten molten carbonate fuel cells has been fabricated and tested
to establish the basic technology for an internally manifolded stack. Each cell in the stack had an effective
electrode area of 100 cm? and reactant gases were distributed in each cell in a cross-flow configuration.
Performance of the stack was investigated as a function of gas utilization, gas composition and temperature
using a specially designed stack test apparatus. It was possible to have a stack with an output of more than
100W using an anode gas of 72%H,/18%C0,/10%H,0 and a cathode gas of 33%0,/67%CO,. The open circuit
voltage of the stack was 11.2V and the voltage at a current density of 150 mA/cm? and gas utilization of
0.4 was 7.3V. The voltage loss due to the internal resistance and the electrode polarization, however, was
higher than that of a single cell, and the distribution of cell voltages was not uniform indicating that differences
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in stacking and operating environment of each cell have to be minimized to enhance the cell performance
and uniformity. Since the performance degradation of the stack during the continuous operation at 150 mA/cm?
was higher than that of the single cell, further works are required to enhance the life of the stack.
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Fig. 2. Gas flow system for MCFC stack expriments.
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Table 1. Operating conditions for MCFC stack

Temperature 650C(cathode outlet gas)

Pressure 1 atm(at anode and cathode
outlet)

Current density 150 mA/cm?

Gas Anode 72% H,/18% CO,/10% H,0

composition Cathode 67% C0,/33% O(or 70% Air/
30% COy)

Gas Anode 04 at 150 mA/cm?

utilization Cathode 0.4 at 150 mA/cm?®
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Fig. 3. Performance of a 100W-class stack.
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Fig. 4. Performance of a 10-cell stack at constant gas uti-
lization.
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Table 2. Performance of a cross-flow stack at 150 mA/cm?
(cathode gas : 70%air/30%C0O,; gas utilization :

0.4)
0.CV. 10.73 V(1.073 V/cell)
Voltage at 150 mA/cm? 6.35 V(0.635 V/cell)
Total voltage loss at 150 mA/cm?  4.38 V(0.438 V/cell)
IR loss 1.71 V(171 mV/cell)
Electrode polarization 1.96 V(196 mV/cell)
Nernst loss 0.71 V(71 mV/cell)
1.2 o ocv.
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Fig. 5. Distribution of cell voltages in a 10-cell stack.
(cathode gas : (a) 33% O, in CO; (b) 70% air in
COy).
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Fig. 6. Voltage loss in each cell in a 10-cell stack.
(cathode gas:70% air in CO,).
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Fig. 7. Effect of H, utilization on the stack performance.
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Table 3. Effect of temperature on the stack perfor-
mance

Temperature 620C 635C 650C 670C

0.C.V. 11.09V 1108V 11.08V 11.05V

Voltage at 150 mA/em? 6.75V 694V 702V 707V

IR loss 201V 180V 172V 163V

Nernst loss+ 233V 234V 234V 233V
electrode polarization

Table 4. Effect of temperature on the performance of cell
#6
Temperature 620C 635C 650C 670C
0.CV. 1108 V 1.107V 1106 V 1.105V
Voltage at 150 mA/cm? 0.653V 0.683 V 0.698 V 0.708 V
IR loss 190 mV 174 mV 162 mV 153 mV
Nernst loss+ 265 mV 250 mV 246 mV 244 mV
electrode polarization
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Fig. 14. Performance of a 10-cell stack during the contin-
uous operation.
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