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Abstract— The distribution of temperature, current density and gas composition in the direct internal reforming molten

carbonate fuel cell(DIR-MCFC), especially on the anode surface, was studied by the numerical modeling. The conditions
for modeling of our study are as followings. Catalyst bed is made contact direct with anode and the flow of fuel and oxidant
is considered as the cross flow. The steam to carbon ratio(S/C ratio) is taken to be 2.5 and heat released by electrochemical
reaction is transferred uniformly to the catalyst bed. Two chemical reactions, steam reforming reaction and water-gas shift
reaction, are considered to be taking place in the anode-side in addition to the electrochemical reaction. The reactions in
the catalyst bed is assumed to be kept in the state of equilibrium. The result of this model shows that the local temperature
of fuel cell was the highest at the gas exit of each electrode and methane-steam reforming was drastically occurred until
the forward 30 % position along the direction of the anode gas flow while water gas shift reaction progressed actively
from the point of forward 50 % position to the end point of anode. The average composition of hydrogen at the gas outlet
calculated from this model was 10 % lower than that measured from experiments.
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Fig. 1. Schematic diagram and coordinate of unit cell for performance
simulation.
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Table 1. Thermodynamic data used in numerical calculation at 923 'K
[14]

Heat capacity Enthalpy changes

Gas and reaction

(J/K - mol) (J/mol)
Methane 68.566
Hydrogen 29.956
Water 40.282 - 247,300
Carbon dioxide 53.300
Carbon monoxide 32.716
Oxygen 34.473
Methane-steam reforming® 224,750
Water-gas shift reaction” —35,808

“Reaction, "Heat of formation.

Table 2. Thermal conductivity of gas[14]

Gas Thermal conductivity(J/h cm’K)
Methane 54
Hydrogen 15.1
‘Water 23
Carbon dioxide 2.0
Carbon monoxide 1.7
Oxygen 2.4
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Table 3. Thickness and thermal conductivity of parts of fuel cell

Thermal conductivity®

Parts of fuel cell Thickness(mm)*

(I/h cm’K)

Electrode

Anode electrode(Ni) 0.8 2808

Cathode electrode(NiO) 1 324
Current collector

Anode(Ni) 0.22 2808

Cathode(SUS-316) 0.21 792
Electrolyte[Li/K(y-ALO;)] 0.18 72

Catalyst bed 24 2808

“Experimental data, °Cited at reference[9,14].

Table 4. Operating conditions and data used for numerical calcula-

tion

Operating conditions and data Notation ~ Value
Length of electrode(cm)

Anode L, 5

Cathode L. 5
Feed rate(mol/h)

Of methane(anode) NZH“ 0.0402

Of carbon dioxide(cathode) Ng,,zyc 0.1608

Of oxygen(cathode) Ng,.  0.0804
Total pressure(atm) P 1
Operating potential(V) \% 0.7
Temperature("K)

Entering gas(anode) T 923

Entering gas(anode) T, 923
Standard potentials vs. NHE(V)

Anode A\ —0.828*

Cathode Vin 0.401*
Current density(mA/cm®) j 140
Effective cell resistance(V - cm’/mA) zZ 0.0024
Surface area(cm®)

Electrode Se 25
Thermal convection coefficient(J/cm’ - h - °K)

Anode gas/hardware h, 96.59

Cathode gas/hardware Hc 21.32

*Cited at reference[9].
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Fig. 2. Flow chart for simulation of performance of DIR-MCFC.
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C, : heat capacity of component i [J/mol - K]

a : depth of catalyst bed for simulation [cm]

E : operating potential [V]

F : Faraday's constant, 26805.56 mA - h/mol, {96500 C/mol]

g|., :change of 1, by mass addition [mol/cm” - h]

h : heat transfer coefficient [J/cm’ - mol - h]

AHy,, - heat of formation of water [J/mol]

AH, :enthalpy changes for the steam reforming reaction [J/mol]

AH, :enthalpy changes for the water-gas shift reaction [J/mol]

Jou. : experimental local current density [mA/cm’]

juo  : theoretical local current density [mA/cm’]

k : thermal conductivity of gas [J/cm - h - K]

K. : equilibrium constant of steam-methane reforming reaction

K, : equilibrium constant of water-gas shift reaction

L, : length of electrode along the direction of anode gas stream [cm)]

L. : length of electrode along the direction of cathode gas stream

[em]

|., :linear molar flow rate of component gas i [mol/cm - h]

|, :linear initial molar flow rate of component gas i [mol/cm - h]

P : total pressure [atm]

Q.| :amount of heat by catalytic reaction in anode parts [J/cm’ - h]

Q,|., :amount of heat by conduction in eclectrode parts [J/em® - h]

Q.}., :amount of heat by electrochemical reaction in electrode parts
[J/em® - h]

R : gas constant [J/mol - K]

Tcwy |, © Teaction rate of methane participated in methane steam reform-
ing reaction at plane [mol/cm’ - h]

Teols, :reaction rate of monoxide participated in water-gas shift reac-
tion at plane [mol/cm’ - h]

Iy,|., :reaction rate of hydrogen participated in electrochemical reac-
tion in anode at plane [mol/cm’ - h]

Reuyjsy : cumulative reaction rate of methane integrated by dx [mol/cm -
h]
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Reol,, : cumulative reaction rate of monoxide integrated by dx [mol/cm -
h]

Ry,|,, :cumulative reaction rate of hydrogen integrated by dx [mol/cm -
h]

Ry  total amount of hydrogen participated in electrochemical reac-
tion fmol/h]

S/C  :steam to carbon ratio

S,  :electrode surface area [cm’]

AT, :average change of gas temperature over the length Ax or Ay
K]

T, : local temperature of cell body [K]

T,.. :local temperature of anode gas [K]

T,  :local temperature of cathode gas [K]

V. :standard anode potentials [V]

V. :standard cathode potentials [V]

X : direction of anode gas stream [cm]

Xew,  : composition of methane in anode chamber

Xmo  :composition of steam in anode chamber

Xs  :composition of carbon monoxide in anode chamber

Xco,  : composition of carbon dioxide in anode chamber

Xp, : composition of hydrogen in anode chamber

y : direction of cathode gas stream [cm]

z : effective resistance [V - cm’/mA]

A : thermal conductivity of element n of cell body [J/em - h - K]

L, : thickness of element n of cell body [cm]

Jglola Xt

M. : anodic overpotential (<0) [V]

. : cathodic overpotential (>0) [V]

v, : stoichiometric number of i component participated in reaction r
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