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Abstract— The anode of MCFC could be explained by dry agglomerate model. Computer simulation results for refation
between overpotential and current density were in good agreement with the experimental results at two different reactant
compositions. The effect of reactant compositions on the electrode performance was observed. As the ratio of H,/CO, in
the input gas approached 1.7, current density showed the maximum value with constant overpotential. When the electrode
thickness was 0.6 times larger than standard electrode thickness(L=0.0762 cm), electrode thickness did not give influence
to anode performance. It was investigated that current density increased as internal surface area increased.

Key words : MCFC, Electrode Modelling, Anode, Fuel Cell, Agglomerate Model

LM =

$-394b ABAA(MCFORE 718422 b5+ 432 anode
% cathodest MU S-5Ared, 22} 7 AAHLE AxShn e
Eelsz FARC TAA a4 B 7o) SA6) EAlshe o}
) Azlel Aol BAND S SuksiA U7 shehilgo] o
A2 402 aeldek. 43l F1guA Skt ddsl 3
el 7kert gals 2, SR QR b AL bR

b A B ARh) AES} olde).

£ AT i) B AT E FB AT A2 S
whg71Al7E Babsle] Solrka, WA S-4=Hael FlA} &
e, oA EE AT e AL SEAo] o] s}
£ e TR ol A Wado] Yoludeh. whhal, chBA A
F& whg7)As) WA, 2ol BT AARE T WA=

' E-mail : suhss@wow.hongik.ac.kr

144

TFZodok et AnodeollA] dofrie AFHREE ohg A3 2}

(Anode)H, + CO,” = H,0 + CO, + 2e [§))

Nam $[1}& MCFC®] anode9} cathoded thin film= ol 2]3)
szl e mdsiel A4S Agaos 249 A} vl st
it Yuhe} Selman[2]2 agglomerate 2.l ol} o3 sj4jeled A5
153}51.2.7, Fontes 5{31& MCFC9] cathode<ll Ha}] agglomerate
292 F Azl thin film 298 v]Fslg ).

£ APl e P FolA anode 827} AF-HEe] BAZ
HrtEE 48 ABAAY Aol ooy FFL N A 24
et £ Aol Nam F[1]¢) Aol thin filmz el 2} )
A% A7) agglomerate R 92, 4]0l 8] 4= 7 Be=Ec) =
A9 A4S AYee 249 Aol nlwsle] wdglelx x9]
T 7SS AeelEigEe) Bl AEssled, o8 7k 9
2lERE whre] ThiA 2ol wE XS 45 dEs)




MCFC Anode®] 435314 145

r
HOLE -~
b it

Fig. 1. Schematic porous electrodes.
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Table 1. Anode gas and equilibrium compositions

Anode gas Equilibrium composition
H,/CO; H, Co, H,0
Case 1 30/10 50.8 10.8 26.5
Case 2 25/15 38.7 19.4 27.7

*with 50 °C humidification.

Table 2. Input parameters for nickel anode of MCFC

Agglomerate length 0.0762cm
Agglomerate radius 39um

Porosity 0.65
Microporosity 0.157
Agglomerate specific surface area 676 cm’fem’
Exchange current density iy 110 mA/cm®
Temperature 923K

Ionic conductivity 1.386 ohm 'cm ™!
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Fig. 2. Fitting of anodic data by Ang & Sammells's kinetic model.

17:1,24:1,3:1, 4:19 o AFLEE 74 ¥gted, o] A2
Fe 4] v]go] Fobil4E AFUEr} Halrle A%E A9
Hgtrl. Agglomerate T A F41S 3 ubdulafo 22| ubg7)
A BRI/} Solrhs 2Ae] H,:COpF 0.1:15} 4:19 H$oll
dalA 2l (6) A3t Fig. 39} 40 Zb7 Jehdigich Aabzat
Ao 23t ukgrlae] FF Rl 247 A3l FYP=
434 Table 3¢f Jehligich. o) Y 2AL $A7EHo| M-S 1
2 Aoz A7 UL FYFRE o) 43r). o1 F o) 83l
PP zAL AN w7} 9t

whg7t o) A3 AEehes 25+ 650 °C(923K) 222 2 F-A
= 9l7] Wil FErks AEEAl] HYde e e
71313t uhgo] A=l Lo vlsire £ FYP4 =
o] ek 7% 471 le). Al AR A= uhg7ioilA whx
YR E 7| A9 24 SR 6 £ A5 Tk 2A40] opd HY
Arele] zAdgle] gl=gic)

1.0 s

o
=Y
R I

©,=0.01

o
o
—

—_——

o
S
™

Dimensionless concentration of Hy
o
N
T
o
(3]

NI OO B W S N ST U

0.o> FURFEE RO ST T W
0.0 02 04 06 08 1.0

Dimensionless radial distance §

Fig. 3. Effect of ®, on C,-{ relations at H,: CO,=0.1: 1.
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Fig. 4. Effect of ®, on C,-§ relations at H,: CO,=4:1.

Table 3. Input anode gas and equilibrium compositions

Input anode gas Equilibrium composition

H,:CO, ) H, Co, H,
01:1 0.026 0.745 0.176
05:1 0.156 0.452 0.257
1.2:1 0.318 0.256 0.278
1.7:1 0.387 0.194 0.277
24:1 0.463 0.137 0.271

3:1 0.508 0.108 0.265
4:1 0.562 0.078 0.255

*with 50 °C humidification.
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A, : specific surface area [cm®/cm’]
b :transfer coefficient
¢ :species concentration [mole/cm’]
C; :concentration at the surface of the agglomerates [mole/cm’]
¢, :species bulk concentration [mole/cm’]
C :dimensionless concentration [c/c,]

D : diffusivity [cm’/sec]
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D : effective diffusivity [cm?/sec]

F :Faraday constant [96487 coul/equiv.]
i, :transfer current density [amp/cm’]

i, :exchange current density [amp/cm’]
j  :current density [amp/cm’]

L :electrode thickness [cm]

N, :R°A/DZnF

n :number of electrons transferred

P :pressure [atm]

r :radial distance from the axis of the agglomerate [cm]
R :agglomerate radius [cm]

R, : gas constant {J/(mol - K)]

s; : stoichiometric coefficient

T :temperature [K]

z :longitudinal distance from the current collector [cm]
z, :charge number of species i
azloia At

B, : - 2nFDCOLY xRS,

€, :microporosity

€y : INACTOpOrosity

@ :overall electrode polarization [volt]
@, :surface overpotential [volt]

¢ :FRT

g 2L

£ 1R

Yo 0,

Weoom,

HETE M36A M2= 19984 43

=
=

Ri»x o

10.

11.

ColelE - el B

: electrolyte potential at tile-electrode contact [volt]
: electrolyte potential [volt]

: tortuosity

: nickel anode ionic conductivity [ohm 'cm ']

: electrolyte effective conductivity [ohm ™' cm™]
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