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ABSTRACT

This study aims to investigate the functional analysis of anode and cathode materials in Anode supported Solid Oxide Fuel Cell.
The concentration polarization of single cell was investigated with CFD (Computational Fluid Dynamics) method for the case of the
different morphology by using four types of unit cell and discussed to reduce the concentration polarization. The concentration
polarization at arnode side effected the voltage loss in Anode supported Solid Oxide Fuel Cell and increased contact areas between fuel
gas and anode side could reduce the concentration polarization. For intermediate temperature operation, Anode-supported single cells
with thin electrolyte layer of YSZ (Yttria-Stabilized Zirconia) were fabricated and short stacks were built and evaluated. We also
developed diesel and methane autothermal reforming (ATR) reactors in order to provide fuels to SOFC stacks. Influences of the H,O/
C (steam to carbon ratio), O,/C (oxygen to carbon ratio) and GHSV (Gas Hourly Space Velocity) on performances of stacks have been
investigated. Performance of the stack operated with a diesel reformer was lower than with using hydrogen as a fuel due to lower
Nernst voltage and carbon formation at anode side. The stack operated with a natural gas reformer showed similar performances as
with using hydrogen. Effects of various reformer parameters such as H,O/C and O,/C were carefully investigated. It is found that O,/
C is a sensitive parameter to control stack performance.

Key words : CFD (Computational Fluid Dynamics), SOFC (Solid Oxide Fuel Cell),
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Steam Reforming(SR)

. C,H,o+8H,0=13H,+4CO,  AH=486.7 KJ/mol (1)

Partial Oxidation(POX)

: C4H1()+ 402:5H2+4C02 AH=-144.7 KJ/mol (2)

Autothermal Reforming(ATR)
. C4H]0+ 1 .502+ 5H20:4C02+ 10H2 AH=-241.8 KJ/mol (3)
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Fig. 1. Geometries of SOFC single cell used in model

development.
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Table 1. Calculation Parameters for SOFC

Parameter Value
Operating temperature (T, K) 1073
Operating pressure (P°, pa) 101.3 kpa
Ohmic resistance (R., Q/mz) 4x107°
Electron transferred per reacting (n.) 1
Transfer coefficient ([3) 0.5
Anode exchange current density (i, A/mz) 5300
Cathode exchange current density (i, A/mz) 2000
Porosity (g) 0.3
Tortuosity () 6
Average pore radius (f,m) 5%107
H, bulk gas pressure PLz,atm 0.97 xP°
H,0 bulk gas pressure Py o,atm 0.03 xP°
0, bulk gas pressure P, ,atm 0.21xP°
Hy(eff)
Ny, =- RT VPy,
H,0(efp)
NHZOZ_ #VPHZO (10)
Doyep
No,=— RZT VPo,+X0,60,No,
o} 7o) RAAT. Ao AAzAL
Py =Py at bulk gas/anode interface (11)
0Py, /0y=0 at channel/anode interface (12)
Ny, = _ZIF at anode/electrolyte interface (13)
Pyuo=Pyo at bulk gas/anode interface (14)
OPp,0’0y =0 at channel/anode interface (15)
Nuyo= 2LF at anode/electrolyte interface (16)
Py, =Py, at bulk gas/cathode interface (17)
0Py,/0y=0  at channel/cathode interface (18)
No,= —# at’ cathode/electrolyte interface (19)
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Fig. 2. Calculated cell voltage of Case 1.
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#2 Cell of SOFC stack : cathode=300 scem/cell, 700°C, Current density=0.15 Alem®
Reformer : Synthetic diesel, H,0/C=1.25, 0,/C=0.5, 0GO-Pt, 850°C
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#2 Cell of SOFC stack : cathode=300 scemicell, 700°C, Current density=0.15 Alcm’
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#2 Cell of SOFC stack : cathode=300 scem/cell, 700°C, Current density=0.15 Alem?
Reformer : Synthetic diesel, H,0/C=1.25, OGO-Pt, 850°C, 10000/h
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Fig. 10. Cell voltage as changes of (a) GHSV, (b) H,0/C, and
(c) O,/C (NECS-a with diesel reformer).
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Fig. 11. Performance of NECS-2 as various fuelwith methane
ATR reformer as various fuel at 750°C.
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Fig. 12. Cell voltage as change of (a) GHSV, (b) H,O/C, and
(¢) O,/C (NECS-2 with methane reformer).
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Table 2. Explanation of Symbols for CFD

Table 3. Explanation of Greek Letters for CFD

Explanation of symbols

Greek letters

a Activity

C Concentration [mol/m3]

E Voltage

F Faraday constant [=96485 C/mole]

Agr Molar Gibbs free energy [J/mole]

i Current density [A/mz]

i, Exchange current density [A/mz]

fpa Anode exchange current density [A/mz]

iy Cathode exchange current density [A/mz]
n, Electrons transferred per reaction

N Flux [mol/s]

P Operating pressure [pa]

r Average pore radius [m]

R Universal gas constant [=8.3145 J/Kmol]
R, Ohmic resistance [Q/mz]

T Temperature [K]

x x direction coordinate

Mole fraction

y y direction coordinate
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2) H,O/C and O,/C effect:
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/] Transfer coefficient
£ Porosity
Nactanode Anode activation polarization [V]

Nactcathode Cathode activation polarization [V]

Teonc.anode Anode concentration polarization [V]

Teonc,cathode Cathode concentration polarization [V]

Mot Polarization [V]
¢ Tortuosity
Subscripts
A/E Anode/electrolyte interface
CE Cathode/electrolyte interface
H, Hydrogen
H,0 Water vapor
0, Oxygen
(eff) Effective
Superscripts
I Inlet condition
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