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Abstract— Steam reforming reaction of methane in direct internal reforming molten carbonate fuel cell was studied.
Every experiment was performed in Scm by 5cm unit cell at 650 °C and 1 atm, and equilibrium composition calculation
was performed simultaneously. The performance of the cell operated with methane showed 140 mA/cm® current density at
0.7V which differs little from the performance of the cell operated with hydrogen. The stable operating conditions with no
risk of carbon deposition on catalysts could be estimated from the equilibrium composition calculation and confirmed by
experiments. The risk of carbon deposition could be ruled out in the S/C ratio range above 2.5. As utilization is raised in
the electrode high fuel efficiency could be obtained by the shift of steam reforming reaction equilibrium as expected from
the result of the calculation.
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Table 1. Equilibrium constants on temperature

Temperature/K K, K, K,
773 9.945x107* 4.999 232110
798 2.938x107? 4.176 1.002x 10
823 8.153x10°? 3.530 4.555x% 10"
848 2.132x107" 3.018 2.172x 10
873 5.288x10°" 2.606 1.082x10'
898 1.249 2.270 5.596
923 2.891 1.995 3.006
948 6.104 1.767 1.669
973 12.711 1.541 0.956
998 25.549 1.415 0.564
1023 49.656 1.278 0.341
1048 93.603 1.160 0.212
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Fig. 1. Unit cell configuration.
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Fig. 2. The theoretical and experimental carbon composition deposit-
ed on the catalyst as a function of S/C ratio after 36 h's opera-
tion(flowrate of methane=0.04 mol/h).
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Fig. 3. The carbon composition deposited on the catalyst with operat-
ing time in DIR-MCFC unit cell at 650 °C.
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Table 2. Changes of surface area and active site of the catalyst de-
pending on the position of the reactor after 36-h operation
at §/C=2.5, 650 °C

Surface area
Catalyst in the reactor BET-physisorption  BET-chemisorption
(m’/g) (H atom x 10%/g)
Fresh catalyst 42.23 2.15
Catalyst in the entrance region 25.97 0.65
Catalyst in the middie region 37.70 0.93
Catalyst in the exit region 33.24 0.67
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Table 3. The composition changes of K, Li and C in the catalyst af-
ter 36-h operation at S/C=2.5, 650 °C

Compositions of elements(wt%)
Ni* Mg’ Li K C
Fresh catalyst 28.74 3388 000 017 0.00
Catalyst in the entrance region  25.57 3138 0.54 272 3.90
Catalyst in the middle region 2720 3311 0.19 095 3.13
Catalyst in the exit region 2623 31.67 055 297 3.16
“*Original element of catalyst.

Catalyst in the reactor
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Fig. 4. The change of methane conversion with mean retention time
of fuel gas at 650 °C(S/C ratio=2.5).
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Fig. 5. The unit cell performance curve when fuel gas is H, or CH,.
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Fig. 6. The theoretical gas composition vs. utilization with carbon for-
mation when S/C ratio is 2.0.
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Fig. 7. The theoretical gas composition vs. utilization without car-
bon formation when S/C ratio is 2.0.
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Fig. 8. The theoretical and experimental methane conversion vs. uti-

lization of hydrogen in the anode of MCFC unit cell at S/C
ratio=2.5, 650 °C.
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Fig. 9. The theoretical and experimental changes of CH, and H, gas
composition with utilization in MCFC when S/C ratio is 2.5,

650 °C.
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Fig. 10. The theoretical changes of CO and CO, gas composition
with utilization in MCFC when S/C ratio is 2.5, 650 °C.

A4 Y 450 daaAe A8 dobuy YA
z220¢ HYsbr] skl PHAAE P AP SAP
A% kg L AR Aok WA A% 07V ALl
ARE $4F A4S o 180mAm’, W AHestle o)
140mALm'e] ARUES Jehle] Z Aol wolx] wgho,
anodes] B8 F& AR 457]-4wE 25 ooz zelat
W A AYS AAL S A AL olE ¥ APy
B 2Ad 4 Qaieh w3 $27)-Ranr) 20 ojshd W BE
o 27t Fojd el A= el 27] Aol oJs) YAo) 7
99¢ Bsheh 53] DA ZQ4 WA Yo BE Zope) 9%
el Yot FP ozl AW 9120 e} BFAY A Bg
o} 4T ukgol doluhg dsteh. W 2] FAAck o] §EL
£l WetA] AN gkl o3t wgke] Aekgo] Eobd ol 4F 60

5128 H35AH R3S 199744 68

il b

% o1 delAle wigke] dehge] 9% A=A Fold 4 9lort Al
AN & o AW FH(cold spot) HAE WAspr] S5
2% FoE AT A9ets AR 80% ol oA
TARE AL F YU FL AR RS LS it AP U
MY AX) 9] A& FAF + et

ALE71%

Fcy, : initial feed rate of methane [mol/h)
: rate of hydrogen which disappear by anode reaction [mol/h]
Fow : total molar flowrate of exit gas [mol/h]
I :current density [A/cm’]
K, :equilibrium constant of reaction (1)
K, :equilibrium constant of reaction (2)
K, :equilibrium constant of reaction (4)
New, : molar flowrate of methane [mol/h]
N0 : molar flowrate of steam [mol/h]
Ngo : molar flowrate of monoxide [mol/h]
: molar flowrate of dioxide [mol/h]
N, :molar flowrate of hydrogen [mol/h]
P . :total pressure in anode chamber
S/C : steam to carbon ratio
So :surface area of anode [cm’]
U; : utilization [%]
: molar rate of methane disappeared by reaction (1) [mol/h]
: molar rate of carbon monoxide disappeared by reaction (2) [mol/h]
z  :molar rate of carbon monoxide disappeared by reaction (4) [mol/h]

a2|0lA 2Xt

¢cu, : composition of methane in anode chamber

®x,0 : composition of steam in anode chamber

bco : composition of carbon monoxde in anode chamber
¢C02 : composition of carbon dioxide in anode chamber
04, :composition of hydrogen in anode chamber

=
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