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Abstract— The effect of the structural change of the Ni-Cr anode and the electrolyte re-distribution among the com-
ponents during the MCFC operation upon the chang: in the cell performance was investigated through a long-term opera-
tion using the single cell with an effective electrode area of 100 cm”. Two types of Ni+10w/oCr anode, which were fired at
700 °C and 1,000 °C for 30 minutes under the reduction atmosphere, have been used. The single cell with the anode fired
at 1,000 °C, showing good resistance to sintering and creep and less formation of micro-pores, was successfully operated
for 5.200 hours with no significant decay of the cell performance. The performance of the cell at the current density of 150
mA/cm™ was 0.83 V at the beginning and 0.77 V at the operation time of 5,200 hours, and the average decay rate of the
cell performance during the operation was about 11.5mV/1,000 hr. In the single cell operation using the anode fired at 700
°C, however, the rapid degradation of the performance was observed at the operation time of 800 hours. This was because
the structural changes of the anode occurred due to sintering and creep, which resulted from a small amount of Cr solid
solution in the Ni phase because of low firing temperature. It was also because the lithiation of Cr or Cr.0: of the anade
into LiCrO, formed so large amount of micro-pores as to redistribute the electrolyte from the matrix to the anode, resulting
in the deficiency of the electrolyte in the matrix.
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Fig. 1. Potential structural instability mechanisms.
(a) diffusive sintering, (b) compressive creep, and (c) particle
rearrangement.
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Fig. 2. Schematic diagram of the single cell test facility.

1. Filter 7. Fuel cell

2. Mass flow controller 8. Air cylinder
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4. Rotameter 10. Electrolyte and matrix
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Table 1. The physical properties of the cell components

Sintering Pore size  Porosity
condition (um) (%)
Component Materials
Cell Cell Cell Cell  Cell Cell
A B A B A B
Anode Ni+10w/oCr 700°C, 1000°C, 43 41 63 52

30min 30 min

Cathode Lithiated NiO  700°C, 700°C, 85 85 79 79
30min 30 min
Matrix y-LiAlO, - - 02 02 60 60
Electroiyte 70 m/o Li,CO, - - - - - -
- 30m/o K,CO,
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Fig. 3. Typical pore size distribution curves of the single cell com-
ponents.
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Fig. 7. SEM images and pore size distribution curves of the Ni+10w/
oCr anode fired at 700 C.
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Table 2. The physical property changes of the anodes after the sin-
gle cell operation

Firing .
Before After Decrcase Operation
temperature Property ;
B test  test rate(%) time(hrs)
Q&)
700 Thickness(mm) (65  0.55 16 800
(Cell A) Porosity(%) 63 42 21
Mean pore size(um) 43 02 95
Cumulative <2um 18 93 -
pore volume <0.2pm 0 54
percentage(v/o) <0.02 um 0 14 -
1000 Thickness(mm) 080 0.77 4 5.200
(Cell B) Porosity(“) 52 45 7
Mean pore size(tm) 41 38 7
Cumulative <2um 13 38 -
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Fig. 9. XRD patterns of the Ni+10w/o Cr anodes fired at 700 °C and
1,000 °C.

(@) 700 °C anode, before the operation, (b) 700 °C anode, after
the operation. (c) 1,000 °C anode, before the operation, and (d)
1,000 °C anode, after the operation.
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Fig. 10. Changes in pore size distribution of the Ni-only and Ni+
10w/oCr anodes.
(a) Ni-only anode fired at 700 °C, (b) Ni+10w/oCr anode fired
at 700 °C. and (c) Ni+10w/oCr anode fired at 1,000 °C.
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Table 3. Structure changes of the various anodes after the single
cell operation

Firing Cr solid Pore size  Surface area Opera-
Material tempera-  solution (1tm) (m'/g) tion
ture(°C) content(w/o) Before After Before After time(hrs)
Ni-only 700 0 47 43 02 01 100
Ni+10w/oCr 700 <1 35 30 04 09 100
45 02 0.3 13 800
Ni+10w/oCr 1,000 4 4.5 4.4 0.1 0.25 100
41 38 0.1 06 5200
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Table 4. Electrolyte content in the matrix and the anode after the
single cell operation
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Estimated from Theoretical
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mentally  distribution
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Fig. 11. Pore size distributions of the matrix and anode from cell A
after the single cell operation for 800 hours.
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Fig. 12. Pore size distributions of the matrix and anode from cell B
after the single cell operation for 5,200 hours.
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