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Carbonaceous fuels including coal, lignite, biomasasstey
materials such as paper and plastics, toxic wastes
(cyanides, polychlorinated biphenyl, etc.), andiniaf
by-products such as coke, are widely-dispersed radion
and easily accessible. In a carbon-air fuel ceFQy¥
atmospheric oxygen is reduced at the cathode tdeoxi
ions, &, which migrate through the electrolyte and react
with the carbonaceous fuel housed in the anode to
produce electrical energy. Alternatively, a metaidex
(e.g. SnG, Bi,O; and SbOj3) can be produced at the
anode as an intermediate by-product to be reduced
externally in a combustion reactor. This latter moet
avoids the accumulation of undesirable compound$ su
as ash, which could affect the stability and penfance of

the fuel cell materials (1, 2).

The kinetics and performance of a solid oxide foell
with a molten tin anode (SI{SOFC) at 900°C were
studied using electrochemical kinetic techniques.
Reproducibility and stability were obtained withcall
consisting of a 2 mm thick yttrium-stabilized ziréan
(YSZ) pellet as electrolyte, a double layered lantima
strontium manganese (LSM) - YSZ/LSM cathode printed
on the electrolyte using a doctor blade, and a motken

tin anode directly in contact with the YSZ electtely
Platinum wires and mesh attached to the cathodk wit
platinum paste, and a graphite rod immersed imtbken
anode were used as current collectors.

Atmospheric oxygen is reduced at the cathode amd th
resulting oxide ions injected into the YSZ eleqytel

O, +4e ——20* [1]
while at the anode | electrolyte interface, oxygessalives
in the molten tin (Sd)) to its temperature-dependent
solubility limit, above which tin dioxide forms lady:

20> ——2[0],, +4e 2]

$+2[0], —> O, [3]

The kinetic parametens, jo, andj, , related to the anode
activation polarization component of the cell vgkavere
obtained using the experimental polarization curves
acquired using the SH{SOFC described above. Kinetic
data for the cathode reaction [1] and diffusion of
dissolved oxygen in molten tin was found in the litara

(3, 4), while ohmic losses of 9 cn? were determined
from impedance spectroscopy measurements at an open
circuit potential of 0.85V. Using these data togetreer
MATLAB code was developed to estimate oxygen
transport rates in molten tin and hence anode reaction
kinetic parameters: transfer coefficient 0.6, exdean
current density ca. 205 A'frand limiting current density
ca. 1980 A rif. The limiting rate process corresponds to
the formation and deposition of SpOat the
electrolyte | anode interface by reaction [3], whichiliits
reaction [2]. Based on these kinetic parameters, an
optimized experimental reactor was modeled, excluding
the undesirable ohmic losses components related to
current collection and contact potential losses.

Results are presented in Figure 1 and Figure 2 for cell

potential differencel), power density, and concentration
and activation overpotentials as a function of afirg
current density. A maximum power density of ca.
470 Wm? was derived at a current density of ca.
1,130 Am? and a cell potential difference of ca. 0.42 V
for the quiescent molten Sn anode at 900 °C. These dat
are in accordance with a previous model developed fo
micro-tubular Srj-SOFC (5), and correspond to the
minimum operating potential to avoid precipitation of
SnQ, by reaction [3]. Additional modeling predictions
will be reported for a SHSOFC in which a
carbonaceous fuel is used to rediraitu the SnQ by-
product at: S0, +C - :+CO,- The objective of this

model was predicting its effect on the reactor kinetics.
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Figure 1. Predicted effect of operating current density on
the cell potential difference and power density fomd)s

SOFC at 900C.
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Figure 2. Predicted dependences of anode and cathode
concentration and activation polarizations on opeeati
current density in a SH(SOFC at 900 °C.
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