PDE for Reaction Engineering



Fuel Cell as Reactor
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DMFC (Direct Methanol Fuel Cell )

o] Fojla] UL A4z AAs] 93] HEe
AA71E da R i e AFPAHASE AD 42T
AFFE AME-Sl= PEMFC2] H]3] DMFCE s}
ME FolAdFH =2 AYALEES 227 dE =
= AR § 2 HSEHA7 ddstd gL a7
s8] Fof] gl DMFC+= & s dx 9} vhikr}=
2 3A 5 % $Fez FEIHH 3604 dHe
& HF FFEH Fe|FA A7) 815 wHE-e
2l&l] B HAE Mol AR MBS ABAR
o]} (Figure 1).

anode : CH;0H + H,0= CO,+ 6H" + fe
cathode : 0, + 4H" = 2H,0 —4de

0,
2 ) s o =5
diff, |Catalys PEM LCatalys;tl diff
layer |« »| layer
layer g H+/e- y 1&)7&1'
—tly | ssrensicadesesen el | T p __'
MeOH HO

Figure 1. Scheme of DMFC (Direct Methanol Fuel Cell).



DMFC PDE assumptions
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DMFC modelling
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Figure 2. Modeling geometry of DMFC.
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Notation for PDE

mass fraction, kg/kg

concentration of component £ in anode

compartment, mol/ m*

diffusion coefficicent of component k in
anode compartment, mZ/ S

thickness of membrane, 200 m

Faraday’s constant, 96485 C/mol

location of cathode catalyst layer/
membrane interface, CM2

effective exchange current desity, A/ m’

reference exchange current density of

anode, 94.25 Af'mg

reference exchange current density of
cathode, 0.04222 A/m*
current density, A/ m’

parasite current density at cathode
resulting from  methanol crossover,

Al m?®
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kﬂ'
n

R
b
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ionic conductivity of membrane, 0.123

S/em
permeability, Cm

normal vector

gas constant, 8.314

pressure, Qlm
temperature, K

2

/

mol - K

electrode potential, V

total cell voltage,

v

(]g,_.y standard cell voltage, 1.2 V

u

velocity vector



Notation

Greek letters Subscripts

a anodic transfer coefficient at anode, 0.239 a anode

¢ cathodic transfer coefficient at cathode, ¢ cathode

0.875 vef  reference value
0 density, kg/m® M membrane(PEM)
« 3
Oyef  reference density, 1.2 kg/m Suiparsctint
] overpotential, V'
_kg F feed

M viscosity, m - S bk component

me methanol

Oz oxygen
9 at standard coonditions



PDE for DMFC
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Table 1. Parameters used in FEMLAB simulation

80°C [13]

Parameter Symbol Value

Operating temperature T 80 C

Reference exchange current density of anode at > 2
Pg s 20c 9425 A/cm

Reference exchange current density of cathode
[14]

00422 A/ cm?

the pressure at the each outlet part

p a, c, oullet

Ee::ﬁre:sce oxygen concentration of cathode ngmf 023 kg f kg
Reference gas dentisy O vaf 1.2 kg‘fm3
anodic transfer coefficient of anode [14] s 0.239
cathodic transfer coefficient of cathode [3] a, 0.875
Thickness of membrane dM 200 pm
Ionic conductivity of membrane [14] K™ 0.123 S/cm
D™e
Mass transfer coefficient at porous region [11] JoTe. 2 .693x« —?Q—
a
thickness of diffusion layer at anode [11] 7 4 0.03 cm
thickness of membrane [11] o i 0.002 cm
D:ifﬁ,xs-ion coefficient of methanol at anodic e —5.4163——3935-33‘ .
diffusion layer [15] a 10 m°/s
Diffusion coefficient of methanol at membrane b 5 vz 49 x 107 em?®
the pressure at the each inlet part pa. e 1.03 atm
1 atm
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Figure 3. Contour plot of methanol concentration in
DMFC for 0.1 Alem2 : 0.3 Alcm2 : 05
Alem2 (cfeed = 1 M, T = 80 ).
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Figure 4. Concentration profies of methanol at the
cross-section of diffusion layer: solid
line= 0.1 Alcm2, dashed line = 0.3
Alcm2, dotted line =0.5 Alcm2 (cfeed =
1 M, T=80 T).



4
ol
08

07}
o6}

S -
£
3

04
o3
0.1

o

T T a 1.: i‘_ 88 06 n:al_n 3T o . . . .
haight (m) x10° 0 02 o4 06 o8
Current density ( A/an?)

Figure 5. Predicted vanation of methanol concen-
tration along the interface anode/  Figure 6. Current-voltage curve in DMFC (cfeed =
membrane: solid line= 0.1 Alcm2, 1M, T=80 T
dashed lne = 0.3 Alem2, dotted line
=0.5 Alcm2 (cfeed = 1 M, T = 80 T).
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