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Performance and Optimization of Solid Oxide Fuel Cell Using
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Abstract: CH, concentration of underground drainage coal mine methane is rather low, which is of the explosion risk and difficult to
be used. Therefore, a safe and high-efficiency power generation method of low concentration coal mine methane (LC-CMM) was
proposed based on the solid oxide fuel cell (SOFC). The deoxygenation and methane enrichment experiment based on the pressure
swing adsorption (PSA) was conducted to eliminate the explosion risk of LC-CMM, the large-scale SOFC single cell experiment
using the LC-CMM was carried out, and the multi-physics coupling model of SOFC was developed. The results show that the CH,
concentration can be increased by 1.36 times, the deoxygenation ratio can reach 84.5% through the PSA experiment, and the produced
gas can meet the requirement of safe and efficient power generation of SOFC. The power density of large-scale single cell using
LC-CMM can reach 110.2 mW/cm?, but the anodic carbon deposition occurs after the long-term discharging, thus causing the SOFC
performance degradation. The results of numerical simulation show that the decrease of discharging voltage, the increase of volume
ratio between O, and CHy of fuel and the decrease of fuel inlet rate can decrease the carbon deposition, but reducing the power
generation performance of SOFC.
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(a) Pressure swing adsorption experiment device

(b) Schematic diagram of solid oxide fuel cell (SOFC) single cell stack

Porous cathode Electrolyte

IOpmf FP
0 leglﬁﬁ D R e e e A A A A A L L L L R L D or(()ius
) X C ™ anode
= Fuel —>Fue
I mm L > Inlet Fuel flow channel —>{Outlet
B
yT_, 80 mm
X

(c) Geometric model of multi-physics numerical simulation of the SOFC single cell
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Schematic diagram of the experiment device and geometric model of numerical simulation
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Table 1 Governing equations of the multi-physics coupling model of SOFC *23
Physical field Governing equation

Gas flow in channel and porous anode V- (pu)=0

k

P

Gas diffusion
ot

Hy - —Vp—%V-(,uVu)-%— V[V + (Va)")]

ow. . . N-]
p—+V-(puw, +j)=R,j = _Z‘/\:l‘ pDD(‘.”ij

Dy, =(D,D,)/ (D, +D,,), D,, =0.33d,[SR,T/ (M)

Charge transfer

Cathode: V-(-o,Vg))=-

Electrolyte: V-(-o;Vg,) =0

Electrode kinetics

Al

cler

.
a,Fn,,

Anode: V-(-o.V@l)=-A4i,,V-(-o/Ve')=A4i,

V- (-oiVi) = A,

Anode: i, =i, [exp

.
@, Fij,

a 2 -1
—exp _acFTIacla P Py, Pu,0
RT > 0.a 0.a pref pref

Cathode: i, =i, [exp

Electrochemical reaction thermodynamics

=0 F 1,
—exp RT

Electromotive force: E=RT/AF In(pg, / pg,)

*2 (EREERSTE SOFC PRREI(B) 1L 5 K R & HIiE 125261

Table 2 Electrochemical and thermochemical reactions and their reaction rates of low-concentration coal mine methane at

anode!?>2¢!

Reaction and reaction rate equation

Reaction rate constant

CH4+20,=2H,0+CO; (Partial oxidation)
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1
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Table 3 Parameter values of the SOFC multi-physics
coupling model?’ 2!

Parameter Value
Ion conductivity o , o}, 0.5S/m
Anode electronic conductivity o 48 S/m
Cathode electronic conductivity o 16 S/m
Operation temperature T 1003 K
Charge transfer coefficients o, o, a;, o 0.5
Porosity & 0.1
Anode permeability & 1x107" m?
Anodic effective specific surface area 4, 3.748%10° m™"
Anodic exchange current density i(far 115 A/m?
Cathode exchange current density i, 57.5 A/m’
Anode pore diameter d, 1 um
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Fig. 2 Experimental results of pressure swing adsorption experiment using low-concentration coal mine methane
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Fig. 3 Current density—voltage—power density (J-V—P) and electrochemical impendence spectroscopy (EIS) curves of single cell

using low concentration coal mine methane and hydrogen
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(d) Sectional SEM image of SOFC single cell after the long-term discharging

y is relaxation time distribution function; 7 is the relaxation time.
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