HWAHAK KONGHAK Vol. 32, No.3, June, 1994, pp.498-505
(Journal of the Korean Institute of Chemical Engineers)

ESEHIYE HRTX|Q| BMHSTL UK Mol olxls P&
QUEHE' - 0TS - M - 2018t BAJoh- B/M*

W) oA 7Y BT
IS TR
(19943 294 39 A4, 1994 3€ 31 A=)

The Effect of Operating Variables of MCFC
on the Single Cell Performance

Tae-Hoon Lim', Kab Soo Lee, Suk Woo Nam, In-Hwan Oh,
Seong Ahn Hong and Hee Chun Lim*

Korea Institute of Science and Technology, Division of Chemical Engineering
*KEPCO Research Center
(Received 3 February 1994; accepted 31 March 1994)

2 o

A ArAdAQ Sgutad dRHA ] SAxAL e A3t AIwAe] 100 cm?) AR S

AT} AR e dAS AdHugd Azt %-r]xdzl% 1.13Ve /32443 150
mA/cm?e] HFU el 0.9V o] 2] Hehg dglon] 40488 A o A9 Hso] Fastgoy
Abgno] &-gof alr= Aol 3 PR Uit Anode 7FA9) FaE o] HAASE AR Q) o] Zrl8lg L
cathode 7}27} 33% Atz 67% o] ibstetao] 248 714 o Hoje] A58 Bk 75419 AR A% Ner-
nstA]ol] 2Jg 7)-H 9 —’i‘—é__l kb Agke] ZhAaElen, oxygen gaind 7§ 3 ZHste)| 4] 50 mV, 150 mA/cm?22)
AFU=A A 0 mVe e} £ FHLEE SV ael Az Asx F7sigich

Abstract—To establish the operating conditions of molten carbonate fuel cells, the relationship between
operating variables and the performance of the single cell with the active electrode area of 100 cm? was
investigated. The single cell showed the open circuit voltage of 1.13 V and the cell voltage over 0.9 V at
the current density of 150 mA/cm? The performance decreased with the increase of the hydrogen utilization,
while the effect of the oxygen utilization turned out to be negligible. The performance increased proportionally
to the hydrogen partial pressure of the anode gas, but the highest performance was obtained at the cathede
gas composition of 33% oxygen and 67% carbon dioxide which is the stoichiometric condition. Humidification
of the anode stream to prevent carbon deposition dropped the cell voltage as much as the voltage loss
estimated from the Nernst equation, and the oxygen gain was 50 mV and 90 mV at the condition of the
open circuit voltage and at the current density of 150 mA/cm?, respectively. The cell voltage at the given
conditions tended to increase with the increase of the operating temperature, but the increasing rate became
smaller above 650T .
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Table 1. Physical properties of electrodes and matrix

Pore diameter Porosity Thickness
(um) (%) (mm)
Anode 3 50-60 0.6-0.8
Cathode 8-9 60 0.5-0.7
Matrix 0.2-0.3 55-65 0.4-0.5
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Fig. 1. Schematic diagram of the apparatus for single cell
test.
1. Filter 5. Humidifier

2. Mass flow controller
3. Check valve
4. Rotameter

6. 2-Way valve
7. Fuel cell
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Fig. 2. Single cell construction.
1. Heating plate 5. Matrix
2. Cell frame 6. Electrolyte
3. Current collector 7. Cathode

4. Anode

@AMz APAAE A ApAFFEA, 7
AXN AR, AsFHAHE JE 7 Ut

hATFAAE Axls) A4 S| dad
tAg AAE FFE ¢ AES Fig 134 7o) AR5
Art. 7lg 2 A TR AAE WA A9 & sche-
dules} Aabel o] £HL254) 650C 2 FAI3H7] $i%
7td B eEAARA R o]Feizion dHAY
B9} FAHLAE Ale]9) HZe] 71U #AE 4
JEE F7|4HAY Y fFuUMH ZUAES AHgEte] A
29 A wHA-e AH o] n2A FEL F UEF
st =Y Ax9 A5E S8 Aste A H-s
#}x) (Hewlett Packard model 6050A)5 <37 3lit).

2-3. o|mx|el Fxa

9] - 2| & 7}54]7]7) $}el A= green sheet e 2
A} 245 matrix & o A2l stel A Aol AHH M)
AEL A3 cathode] A3} 3 anode® #417}
e AF A=A 2o HHGF AR Eofof Fch
ole]dt U o) HAL A} Y2 HA 27
we} Hxle) Aso] AR ol F8& AAelth F,
tape casting2 28] A& A A, 7h2A Fo] A8
wE FUEEA matrixd A3 73S PR
anode?] 3¢, cathode?] 4tz 2 lithiationo] % %jg]
A Fol F o) Feold £ QR E Az 2P A
Folok ghch. B8] FAY D& ub-golut Atslel o
B Aoy &5 W3 52 WREy] A% AU
exz2AF 7lad 9] 2Ade] WAt



Lgad d8AAY

Ho

Azt SHA A PlAe 4% 501

Table 2. Dependence of open circuit voltage on gas composition

Hz:COz—_-SOZZO H21C021H20=72:18: 10
0,:C0,=33:67 Air:C0,=70:30 0,:C0,=33:67 Air:C0,=70:30
Values from Nernst equation 1134 1.086 1116 1.068
Experimental values 113 1.08 112 1.07
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Fig. 3. Performance of single cell.
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Table 3. State-of-the-art polarization values vs. experimental polarization values

State-of-the-art values

Experimental values

Specific resistance

Voltage drop(mV)

Specific resistance Voltage drop(mV)

(©2-cm?) (at 150 mA/cm?) Q-cm?) (at 150 mA/cm?)
IR drop <0.5 <75 0.5 75
Electrode polarization <12 <180 1.03 155
Total <17 <255 1.35 202
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Fig. 4. Effect of H, utilization on cell voltage.
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Fig. 6. Effect of anode gas composition on cell voltage.
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Fig. 8. Effect of humidification on cell performance.
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