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Two-Dimensional Simulation of Direct Methanol Fuel Cell
A New (Embedded) Type of Current Collector
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A two-dimensional numerical model of the direct methanol fuel cell with gas fuel is developed. Simulation of the cellevith curr
collectors of conventional geometry reveal the formation of fuel-depleted, “shaded” regions in the cathode and anode catalyst lay
ers. These regions are positioned in front of current collectors, farther from the gas channel windows. Another disadtentage of
conventional geometry is the concentration of electron current at the edges of current collectors. Based on the simitdation resu

a new design of current collectors is suggested. It is beneficial to position current collectors inside the backing atayeasalys

parallel to the flow of the fuel. These embedded collectors do not produce shaded regions in the catalyst layers. Two plausible
geometries of such collectors are considered: of rectangular and circular shape. Simulations show that depending ontthe transpor
properties of the backing and catalyst layers the embedded current collectors may significantly improve the performéngle of the

cell. This conclusion is valid also for hydrogen-oxygen fuel cells.
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Direct methanol fuel cells (DMFC) are considered as promisingthe-art has recently been reviewed in Ref. 1. At the temperatures of
sources of electrical power for vehicles. Although conventional hydrodiquid methanol, reaction kinetics are too slow; methanol is poorly
gen-oxygen fuel cells exhibit better performance, methanol has mucbonsumed in the anode. The rest of it diffuses through the membrane
higher energy density. Besides, methanol is much easier to product the cathode and reacts there with water and oxygen. This leads to

store, and transport than hydrogen. a drastic reduction of the fuel-cell performance. Methanol vapor
Electrical current in DMFC is generated due to direct ionizationcells, that operate at elevated temperatures, are currently in the cen-
of methanol at the anode ter of attention, as the methanol ionization runs faster there.
Numerical models of the DMFC have been developed in Ref. 2
CHgOH + H,0— CO, + 6H* + 66~ [1] and 3. In many aspects these models are similar to the models of

] ) conventional, hydrogen-oxygen polymer electrolyte fuel cell
Protons then move to the cathode, where they recombine with theeEFC)#> All these models are one-dimensional; it is assumed that

participation of oxygen the cell is uniform in the lateral direction and the transport and kinet-
ic processes vary only across the cell.
3 0, + 6H" + 6e” = 3H,0 [2] However, the gas channels only partially contact the gas diffusion

layers (Fig. 1). There are, therefore, two sources of two-dimension-
al (2D) effects: nonuniform distributions of the gases concentrations
and of electric potential in the carbon phase alpagis.
3 In Ref. 6 a 2D numerical model of the cathode compartment of a
CH30OH + =0, —» CO, + 2H,0 [3] PEFC has been developed. In this work we extend this model to a
2 description of the whole cell, both for the conventional geometry of
As the by-products are water and carbon dioxide, environmental poleurrent collectors and for a new geometry which comes out logical-
lution is minimal. ly from our simulations.
The structure of a conventional DMFC is shown in Fig. 1. Feec
gases (methanol at the anode and oxygen at the cathode) are supp
through the gas channels in the highly conductive current collector:
These fuels then pass through the gas diffusion layers, DA and D(
and reach the anode and cathode catalyst layers, RA and RC, resp =
tively, where reactions 1 and 2 take place. The anode and catho |
compartments are separated by a proton-conducting membrane (ci [ii'+ _
rently made of polymer electrolyte), which should prevent the trans [{{Zi e
port of the fuels. ey
Reactions 1 and 2 occur at the catalyst particles. Protons move |
the polymer electrolyte, and electrons move along carbon thread |
whereas methanol and oxygen are transported to reaction sites ma (i
ly via pores. The catalyst layers are the mixtures of the carbon pa |&
ticles covered by Pt or Pt-Ru catalyst in contact with the polyme |
electrolyte, with carbon threads and voids between them. The func |
tion of the carbon phase is to provide transport of electrons from/t |
the reaction sites, while the role of the void is to provide the deliv- |
ery of the fuel/oxygen to the reaction sites. :
During the past decade significant efforts have been directe [
toward the creation of low cost and effective DMFC. The state-of- XDARA XRAMM XMMRC XRCDC

and hence the overall reaction is

o=

collec

DA |[RA| MM |RC| DC

ey

drren

Figure 1. Sketch of the conventional cell. Abbreviations are: DA, anode dif-
apPermanent address: Research Computing Center, Moscow State University, 1198 fusion layer; RA, anode reaction layer; MM, membrane; RC, cathode reac-
Moscow, Russia. tion layer; and DC, cathode diffusion layer. Notations of positions of the
Z E-mail: akul@lem.srcc.msu.su interfaces in the text.
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The Model

In geneal, our model is based on mass comagon equaons
for concentations of eacting species and congation equdions of
proton and electm curents. Mass consetion in poous media
leads to difusion equéons of a special typevhich ae desdbed in
a following section and in th&ppendix. Bllowing a commont
adopted pproad, we introduce potentials of carbon and mear®
phaseswhich are contiruous functions of codinaes. The difer-
ence betwen them simlates the eal distibution of the potential
drop & the totuous interfice of carbon and poher phases in the
cdalyst layers. Curent conseration equéions ae coupled with the
diffusion equ#ons via soure tems, which alise due to eleatr
chemical eactions on both sides of the cdlhe ite of electo-
chemical eactions deend &ponentialy on the potential diérence
which male the poblem nonlinearln mahemadical tems the model
is two dimensionalas the popeties of the system arinvarant
along one of the codmates in the cell ass-sectional plan&his is
a first st tovard a full thiee-dimensional sioiation. It represents,
however, all the plysical efects assoctad with the non-one-dimen
sional dhamacter of the cuent and gs fow distibutions in the cell.

Gas fow—We consider isotheral cell with @s fuel. It is assumed
tha on both sides of the menale thee is no pessue gadient caused
by extemal souces,i.e., ary pressue gadient due to diérent pes
sutres on both sides of the cell is concaetl acoss the membne
(Pressue gadient can be induced tthe Krudsen difusion in the ca
alyst layers. This gadient is takn into account in our model.)

The methanol asswer is an impdant issue in DMFC opetion
with liquid methanol éed The cosswer flux dgpends on memane
propeties, curent densityand pessue gadient acnss the mem
brane’ In a liquid-feed cellthe cossaer flux can consume up to
30% of methanol. Besidegenetation of methanol tlough the
membane leads to aaste of aygen in the cthode céalyst layer;
both pocesseseduce cell diciengy.

The cosswer flux in DMFC with gas methanolded is nuch
lower. Our expeliments shw tha the methanol @g coeficient is
then dout four times lover. The cosswer flux in a gas-ed DMFC
does not xceed 10% of the total methanhlX, and to aif st gpprox-
imation it can be nglected In this frst &tempt to constrct a tvo-
dimensional model of DMFC evconsider an ideal menae im-
pemeadle for gases and fuel penetion. The etension of this
model which takes into account methanolosswer will be pub
lished elserhere.®

Transpot of gases thwugh the badng and ctalyst layers is
descibed within the scope of Rotiifi's modef which tales into
account both Stah-Maxwell and Krudsen difusion mebanisms

S §Gk — &Gy _ _
o Z o ¢ Ve [4]
where & andG are relative molar concengtion and fux of thekth
componentrespectiely, ¢ the total molar concerstion of a @gs
mixture, and Df and D, are the Kmdsen difusion and Stein-
Maxwell binawy diffusion coeficients,respectiely.

The gveming equéon for eat sot of molecule éllows the
mass balance

V-G = Ry [5]

where R is the ete of kth species mduction/consumption in elec
trochemical eactionsTaking dvergence of Reaction 4 evget con
tinuity equaions for gases.This procedue and inal form of mass
balance equans ae desdbed in theAppendix.

Potentials—The potentials of the memdoe ¢, and carbon
phase aithe anodep, and céhodee, obey the Dllowing equdions

H‘Ra XparA = X = Xpamm
Vi(omVem) =0R Xumre = X = Xrepe [6]
H 0 otherwise

otherwise
V:(0aVea) = Ry [7]
V:(oaVed = —R; [8l
where o, ando . are the conductities of the memlame and carbon
phasesR, = Ry(¢a — ¢), andR; = Ren — @) (see Eq. 910).

The symbolsara: Xramm: Xumres 8Nd Xgepe denote the posi
tions of interces (k. 1).

Raes of elecwchemical eactions—The electochemical eac
tions of methanolxidation & the anode andxggen eduction athe
cahode ae both compliceed multistage piocessesThus the de
pendences of the aesponding eaction ates on the localalue of
¢ac — ¢m May be detemined ly a system of eqtians eab re-
flecting diferent stges,including adsqgption and tansbrmation of
intermediaes1®18 The esult mg have no elaionship to a simple
Butler-Volmer theoy, although in diferent potential egions it mg
look like the ButlefVolmer form, or the Tafel one vihen fr from
equilibium. In the l&ter case theasult mg be

o Og, 02 e, F 0
_:0 M a
=i ex| — 9
Ra = laret &Mref A pHRT (¢a ch)H [9]
Oc, O
_:0 02 xcF O
R, =i ex - [10]
aref j_ozref% pH_RT (em ‘Pc)a

where the @ponents in the geendence on the concestiion of reac
tants m& be quite diferent,anda coeficients,unlike in the Butler
Volmer theoy, may exceed 1.As mentionedthese pametes &
large potentials mabe diferent from those in theange of moder
ate potentialsAt least the alues ofx will be caalyst deoendentbut
due to the d&cts on theaaction mebanism the &lues ofy may
also be dkcted
We do not @ into details of a miascopic modeling of these

reactions hag, but rather paameteize the eaction etes ly standad
empilical gpproximations. Since w plot our esults br suficiently
large curents,we use the simplexponential aproximations,given
by Eq. 9,10. There is a variety of pubications tha report expeii-
mental @aludion of the paametesa, y (see e.g., Ref. 19-25).They
are often diferent in diferent potentialanges. In our simlation we
use the pametes listed inTable I.

Numeical details—Finite-difference aproximations of model
equdions were constucted ly the method of contt volume as
descibed in Ref 6. The computdonal domain vas ceered by an
orthogonal gid. Potentials and concertions ae gven d the nodes
of the gid, whereas fuxes ae gven d the half-distance bewen the
nodes (athe surfces of computnal cells).

An approximation of gas fuxes though the cell sudce vas ob
tained using the ShatterGummel sheme?® Equdions for poten
tials were cowverted to fnite-difference 6rm with the usualive-
point goproximation. The detailed desiption of numeiical aspects
is gven in Ref 6.

A specifc difficulty of the whole cell sinulation is the poblem
for the memhane phase potentiakhere only deiivatives of poten
tial and the condition of pedicity are speciled as the boundgar
conditions (kg. 2). The position of potential swr€ee,(X, y) is reg-
ulated ty the adilitional condition of equality of total ctents,gen
erated d the anode and lost the cahode This condition stems ém
the following relations.

Integrating 6 over the wlume betveenxpars @andxgcpc (Fig. 1),
we et

I V(omVem)dV = —I R,dV +I R.dv [11]
VRA+MM+RC Vra Vre

where Viga 1 uv+re Stands ér volume occupiedothe anode dalyst
layer (RA), membane (MM), and c#éhode ctalyst layer (RC),
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Table I. Conditions and parmameters.

Anode side Cathode side

Cell tempeature (°C) 110

Gas pessue (&m) 15 2.0
Oxygen concenttion in the gs dannel 0.5
Water concenttion in the @s dannel 0.79 0.5
Nitrogen concenttion in the gs hannel 0.0
Methanol concenétion in the gs dannel 0.20

CO, concentation in the @s dannel 0.01

Cozet (Molicn®) 3.18x 107°
pd\,,’ref (atm) 0.97

i% (Alcmd) 1.0 1.0x 10°°
ain Ref 9,10 0.5 2.0
vin Ref 9,10 1.0 0.5
Mean poe radius in baking layer <> (cm) 1075
Mean poe radius in ctalyst layer <> (cm) 1076

ein Ref 14 0.12

{in Ref. 15 0.156
Proton difusion coef. D (cm/s) 45X 1075
Proton concenttion ¢, (mol/cn) 1.2x 1073
Carbon-phase condudy o, (Q*cm™1) 40
Membrane phase conduetly o, ("1 cm™1) 0.034
Correction fictorey, in Ref 16 0.2
Caalyst layer thikness (cm) 0.001
Badking layer thikness (cm) 0.01
Membrane thi&ness 0.02

Vgra @ndVgc are wlumes of anode and ttade ctalyst layers, re-
spectvely.

The intgral on the left side of Eg. 11 can bartsbrmed to the
surface intgral

I V-(omVem)dV =I omVemdS=0
VRA+MM+RC SRA+MM+RC

which is zro since the total ionic crent passed tbugh the sugce
Skatvm +re Of the volume Vg ym +re 1S Zer0. Equdion 11,there-
fore, reduces to

- IV R,dV + J’V R.dV = 0 [12]

To saisfy relaion 12,the following procedue was usedOn eab
iteration the memlane-phase potentialas updsed accading to the
relaion

fI R,dV + R.dV
Vra Vre
Pm < ¢m T aRa aR: [13]
—I —2 av +J’ —Lav
Vea 0m Ve 0®m
" ply=H) =ply=0)
&y =H) =&y =0)

9 M _ _ P
B =0 I
: Dpa _ .
=g T = b8!

: %om _ %em g :

! Bipa ar dz dpe ot
1‘5:0 ﬂ:r:n -{,j}-fn:

T '
________ o
%:U.%:d o ¢ %’:0ch=¢2
ply=0)=wply=H) z

§xly = 0) = &ly = H)

Figure 2. Bounday conditions ér the cell with cowentional curent
collectos.

which provides the fuliilment of Eq. 12 and thusiees corect solu
tion to Eq. 6.

Results and Discussion

Parametes—All r esults pesented bele have been obtainedf
the paametes and conditions listed ifiable I. Binany diffusion
coeficients were calculéed using the pproximation (Ref 27,
p. 505) with the 6llowing corection br porosity e

Dy — €Dy [14]

These coédicients ae listed inTable II.
The Krudsen difusion coeficient is popottional to the poduct
of mean pae radius and mean thaal \elocity of the molecules

8RT

1TMk

Di = y<r> [15]

where T is the dsolute tempeture, M, the molecular wight ofkth
component<r> the mean per radius,and ¢ a corection fctor
Table 1l shows the walues of Kmudsen difusion coeficients used in
simulations. Due to the ten timesWwer mean pa radius in the da
alyst layers, the Krudsen difusion coeficients thee ae ten times
less than in the b&mng layers.

The conductiity of the membane phase as calculted accod-
ing to the carected Einsteinalaionship

F2
Om = €u R Dycy [16]

where D, is the poton difusion coeficient, ¢, the poton concen
tration in the memlane ande,, is a corection factor With the paa-
metes listed inTable |, this gves oy, =~ 0.034Q 1t ecm™L 1t is
known tha the poton conductiity of the lulk membane &ceeds
the conductiity of the membane phase in the tyst layer. How-
ever, our aim is iwestigation of transpot propeties of the diferent
electode systemsand to simplify things & perbrmed sinulations
with constani,

Cornventional ggomety of curent collectos—Bounday condi
tions—The cell with the corentional gomety of curent collee
tors is shavn in Hg. 1. Gas bannels a in contact with leftight
side suréice of the caesponding bddng layer; the est of this sur
face is in contact with crent collector For tha case boundgrcon
ditions for gas molar concerdtions and wltages ae shavn in
Fig. 2. The anode as poblem is brmulated in the domain G=
Xzamm (Fig. 1). At the planex = 0 thee ae two conditions on the
gas concenttion, zero flux (belov and &ove the @s dhannel) and
fixed concenttion in the diannel At the interfice with lilk mem
brane k = Xzamm), the fuxes of gises a assumed to beew. The
same conditions arimposeddr gases aithe c@hode side

Table II. Binary diffusion coeficients (cr? s™1).

Dmeco2  Dwmew Dcoaw  Dnzo2 Dnaw Do2w

0.01740 0.02357 0.03198 0.02669 0.03867 0.03698

Table 1ll. Kn udsen diffusion coeficients (cn? s™9).

D'Yie DEo2 DRz D& Dl
BL 00785 00670  0.08395 0.07853  0.10470
CL 000785 0.00670 0.00840 0.00785 0.01047

BL = bading layers; CL = caalyst layers.
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On the bottom and top ends= 0, H) petiodic bounday condi
tions for all variables ae imposedThis means thathe computa
tional domain ceers a patr of the cell assentyp which is repeded
petiodically along they axis.

The potential of the carbon phadettze anode side ssfies the
following bounday conditions (k. 2).At x = 0 belav and d&ove
the fuel dlannel,cument collectos fix the potentialip, = ¢2. In the
channel,the nomal component of elean curent density is ero,
0¢/ox = 0. No electon curent fows thiough the memlane inter
face at X = Xgaym- Similar boundar conditions a& imposed dr
cahode potential.

The membane phase potential is @edd in the domaiRpar, =
X = Xgepe (Fig. 1). On both theight and left sides of this domain
the potons curent nomal to the sudce of the caesponding da-
lyst layer is 210, that is, d¢,/0x = 0 (Hg. 2). On the top and bottom
surfaces peiiodic bounday conditions a& imposed

Currents and eaction ates—Figure 3 displgs the distibution of
current densities andceaction ates (mean cuent density in the cell
is 0.2A/cm?). On both sidesagpes a supplied along the section
0.05= y = 0.15 cm; belwr and &ove this sectioncurrent collee
tors reside The contour lines of elecn curent density in both the
anode and ¢hode eveal stong peaks near the eziyof curent cot
lectors (& y = 0.05 andy = 0.15 cm).These edes collect all the
current which is poduced opposite theag tiannelsThe peak cur
rent density is laout ten times higher than the meanrent density
through the celland it mg produce local dule orerheding.

The reaction ates R, and R; are reduced g the lak of meth
anol/aygen in the top and bottom psiof the ctalyst layers, shield
ed ty curent collectos, since the concerdtion of feed gses hex is
lower than on font of the @s dhannels.

Plane embeded curent collectos—To prevent patial shield of
caalyst layers by curent collectos, it is beneitial to inset curent
collectos into the sandich of baking and ctalyst layers i.e., to
position the sueces of cuent collectos paallel to the fuel ow, as
shown in Hg. 4 (embeded collectas). Bounday conditions ér this
problem ae shavn in Hg. 5.

Ja Ra

0.20 R
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L 1L 1 1 Tl 1 - (TR O .
P00 —— Faoo—] [l ] [P~ [/~~~ °
T I A et N e ..
T ———— |

0.16 = —— ] i*_'i':_

210~

i 1000
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Figure 3. Cell with the comentional electvdes. Contour lines of eleotr
current density tthe anodg,, at the caéhodej, and in the memiane phase
im (MA/c?). Arrows indicde direction of electon and poton fow. R, and
R. (A/cmd) are contour lines ofgaction ates in the anode and thettvade
catalyst layers, respectiely. The mags R, andR; are stetded along the
axis to epresent the details. Mean cent density in the cell is 0&cm?.

collector ] " Collector’

DA RC| DC

Fuel
Oxygen

[ Colector TCollector]

Figure 4. Sketch of the cell with the plane embdet curent collectos.
Abbreviations ae the same as ingd- 1.

y 06/0y =0 06,/0y =0
s = ¢3 Opm/0y =0 e =0
| |
| |
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| |
| |
0
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BW‘ =0 31 | atpc _ | 'z 3% =0
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\ .
O 8p/dy=0 Opn/dy=0 Op/oy=0 z
0 /0y =0 06,/0y =0

Figure 5.Bounday conditions ér plane embedkd curent collectos (shevn
above by the doulte line). The poblem has axis of symmet(y = 0), where
symmety conditions ér all variables ae imposed

Contour lines of cuent densities anaaction ates ae shavn in
Fig. 6 (the mean cuent density though the cell gain is 0.2A/cm?).
It is seenthat the distibution of curent densities along the sace
of curent collectos on the both sides is almost wmih. Reaction

Y (cm)

0.016 0.020 0.024

X (ecm)

Figure 6.Cell with the plane embeed curent collectos, positioned hdr
zontally alongy = —0.1 cm (not sheon) andy = 0.1 cm. Contour lines of
election curent density ethe anodg,, at the céhodej., and in the memlane
phasg,, (mA/cr?). Arrows indicae direction of electon and poton fow. R,
andR, (A/lcmd) are contour lines ofgaction ates in the anode and thettea
ode caalyst layers, respectiely. The m@sR, andR; are stetched along the
X axis to epresent the detailsThe mean cuent density in the cell is
0.2A/cm?.
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Figure 7. Bounday conditions ér circular embeded curent collectos
(shavn aove by doubie line). The poblem has axis of symmsti(r = 0),
where symmety conditions br all variables ae imposed

rates ae also disibuted almost undrmly along ctalyst layers, due
to uniform, along they axis, flow of feed @sesThe adantaye of
this geomety is evident. Note tha the fow of electons in this case
is pependicular to theléw of protons.

Circular embeded curent collectos—The idea of embetbd
current collectos can beealized in a glindrical geomety. In this
case cuent collectos hare a brm of circular ings which bound the
circular “sandvich” of a cell. The cell coss section looks l&ktha
showvn in Hg. 4, being nav a cioss section of aytindrical figure
with the z axis dilected hazontally. In order to sinulate a cell of
that geomety, model equions were rewritten in g/lindrical coodi-
naes. Boundar conditions br this poblem ae shevn in Hg. 7.

Figure 8 shavs the esults.The distibutions of curent densities
and eaction ates ae similar to the case of plane-emted collee
tors. We condude tha the actualdrm of embeded curent collee
tors can be ltosen in accalance with enigeeing requirements,
which lie beyond the scope of this par

Discussion

Figure 9 shavs the distibution of methanol concermtion in the
anode with coventional curent collectos and with the embeled
ones.The shadedegion in the céalyst layer of the anode with cen
ventional collects is deally seenwhereas the n& cell provides
much moe uniform (along they axis) and higher conceations of
methanol in the dalyst layer.

Figure 10 shws wltage-curent cuves br the thee considexd
types of curent collectos. It is seentha cells with embeded elee
trodes gve better pedrmance regardless of their paicular ggome

0.10 "Ti--"kl"\‘—ll——;—" ~ H'J'JJ 1
AR T ,\»—-—J—F—',_TJ,W
T 00 19 gt by

0.08 1 T ,‘\‘1'~ -;__4_,‘___4—;-"—
AR EERT T

ooef T v e [ ‘! .2

S J T 1

004 T ]

P |

0.008

iy
0.016 0.020

z (cm)

Figure 8.Cell of circular shae with the cicular embeded curent collee

tors, positioned along = 0.1 cm. Contour lines of eleotn curent density
a the anodg,, at the cahodej,, and in the memmne phasg, (mA/cn?).

Arrows indicde direction of elecon and poton flow. R, andR; (A/cm®) are

contour lines of géaction ates in the anode and thetlvade calyst layers,

respectiely. The mas R, andR; are stetched along the axis to epresent
the details. Mean ctent density in the cell is 0&/cm?.
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Figure 9.Methanol concendtion in the cell with comentional curent cot

lectors (a) and with embel#d ones (b)The ma (a) is plotteddr the upper
half of the computional domain (seei§. 3) for corect compason with

map (b).

try. Moreover, our sinulations shav tha these cells opate nomak
ly up to the cuent densities of the der 2A/cm?, whereas cowenr
tional cell has limiting cuent density of the der of 0.6A/cm?.
This limiting curent density is dé&fed by poor fuel tanspot to the
shadedegions of caalyst layer, opposite to the cuent collectos.

In the analsis pesented laove, it is implicitly assumed ttidn
the case of embeéd collectos the potential a@ip in the metal elec
trode is ngligibly small.The alidity of this assumption gends on
the paticular geomety and popeties of embeded collectos as
well as on the gomety of a stak elementThe embeded collectos
should be as thin as podsilio incease the @paent paver density
of the stak elementThis might be a subject of filnver expeimen
tal and enmeeing investigations.

Corventional curent collectos considezd in these simlations
cover 50% of the bddng layer surbice Sometimespoint” collec
tors ae usedwhich cover only a small parof the baking-layer sur
face This piovides moe uniform flow field of gases. Havever, suth

> 1.0} ]
8 I ]
€ 09 ]
o | ]
S I X Embedded
— 0.8 N
8 E Conventional ———
07—
0.0 0.1 0.2

Current density (A/cm2)

Figure 10. Voltage-curent cuwes br the thee cells consided Lower
(solid) cuwe is or the cell with the corentional gomety of current collee
tors. Both cells with embeftd curent collectos (plane and cdular) gve
almost the same (dashed)es with slighty better perfrmance of the cir
cular geomety.
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collectos pioduce a stingly noruniform distibution of electic

potential in the carbon phages a esult,the electon curent is con

centated on the edgs of the point-lik collectos. Fgure 3 shavs,

that this efect is ather stong e/en for corventional collectas, and

it would be gen stonger if one diminished the contacearwith the
carbon toth. The embeded collectos ae prctically free flom this
drawbad. The results pesented shw, that these collectar piovide

uniform distibution of gases along axis and almost urofm distii-

bution of carbon phase potential along thexis. The sinulation

shaws thd the curent density aithe edg of cowentional collector
is eout 6000A/cm?, whereas &the surfice of the embefird col

lector it does notxeeed 200G\ /cm?.

Condusions

A two-dimensional model of the dict methanol fuel cell with
gas ked is deeloped (Similar investigtion of DMFC with a liquid
methanol éed is eported in Ref 8.) The model is based on contin
ity equdions for molar concenétions of gases and cuent contimu-
ity equdions which govem the distibutions of elecical potentials
of membane and carbon phases. Model ¢igus ae coupled i
Butler-Volmer souce tems which descibe rates of electwchemical
reactions in the anode andluade ctalyst layers.

It is shavn tha the cowentional @omety of curent collectos
with gas dannels leads to compléwo-dimensional distbutions of

feed @s concenttions as well as of the potential of carbon phase

A shaded egion forms behind the contact of the pemt collector
plates and the difise lg/er, where thee is a lak of methanol/gy-
gen.Another disadantaye of this gomety is the concenétion of
electon curent d the edgs of curent collector/dufise lger con
tacts,which may lead to local werheding of the elecwde

Based on the sialation results,a nav geomety of curent cot
lectors (embeded collectos) is ofered The collectos can be em
bedled into the dffision and ctalyst layers so thano shadede
gions in the“sandvich” arise It is shavn tha the curent density
distibution along the suace of embedied collectos is almost uni
form. The cell of the pyposed ne geomety gives better pecf-
mancehas no tw-dimensional dffision limitaions of s tanspot
to the eaction sitesand hence has a sigiodintly higher limiting
current densitylnhomaeneous dule overheding in the nev geom
etry should be minimaland this would reduce dgradaion of mem
brane/elecnde asseniip.
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Appendix
Equdions of Mass Balance

Anode side—Relaion 4 for the mixtue of methanol¢arbon diaide, and
water vapor hae the bllowing forms

Om | EcoCm ~ EmCcoz | EwCm — EmG

L= —cVEy AL
D Dmcoz Dmw [A-1]
Gcoz | EmGco2 ~ Eco2Cm | EwCcoz ~ €co2Cw _ —VEcoy
D&o2 Dmcoz Dcoaw
[A-2]
Cw , &mGw ~ €wOm | Eco2Cw ~ EwCGcoz _ —oVE, [A-3]
w [A-

Dw Dyviw Dcoaw
where the subsgots M, CO2,and w standdr methanolcarbon diaide, and
water, respectrely. (For small methanol conceations tems popottional to
the methanol concerstion &, in the left side oA-1 can be nglected Rela
tion A-1 then educes to iek’s lav for the methanolldix.)

Contiruity equaions for molar concenétions of gases &

VGy =~ R, [A-4]

ViGcoz = Scop Ra

nF [A-5]
S y
VG, =~ LR [A-6]

where Sis the stoibiometic coeficient, n the rumber of electins patici-
paing in the eaction,and R, the rte of daged-paticle geneetion in the
anode eaction.

Taking divergence ofA-1, A-2, A-3, and taking into accoum-4 to A-6
we et

O oG G, O 0O
VIIrcVéy + 0% + =Yy
u| Emcoz Dwwi O
O 0
- GylV 1K 4 coz | _Ew q
HDM Dwmcoz  Dmw
Ui

a €cor | Ew DiRa A-7]
Dy Dmcoz  Dmw ONF

\Y o cVécos + H Gu + E& =
co2 co2
ﬁ Ervlcoz Deoaw 020
= GCOZND Lo, & o, & -
HD&>  Ducor  DeomH
= i Ew . &w TS R, [A-8]
HDE,  Ducoz  Deowd MF

0 O o O
V%»CV{;W +glce 4 Cu gWH
coow  Dmw O

0 O
-G,V 1K R YRR Je'e")
HDw Dvw  Dcoaw
[} 0
_ 1K + v, Eco iRa [A-9]
Dw  Dww  Dcoaw ONF

Under gveng, the eldionsA-1 toA-3 form the system of linear edfigns
with respect toliixesG,. Solving these eqtians one obtainduxes which ae
then used in solving-7 to A-9 for the molar concersions of @gses.

Cathode side—Reldion 4 for humidifed air hae the bllowing forms

Cnz | £0oCnz2 = EnoGop | EwGnz ~ EnoCw _ —CViny [A-10]
DN D202 Dnaw

Goz , &n2Go2 ~ 026Nz | EwCGo2 = 026w _ —CVio, [A-11]
D& D202 Dozw

G_\&v + EnoBw — &Gz | €026w — EwGo2 _ eV,
Dw Dnizw Doaw

[A-12]

where subsdpts N2, 02, and w stand dr nitrogen, oxygen, and water,
respectiely.
Contiruity equaions for molar concenétions of ases &

V-Gyp =0 [A-13]
VG, = —% R [A-14]
S [A-15]

VG nF R

where Sis the stoibiometic coeficient, n the rumber of elecons,andR;
rate of chaiged paticles lost in ReactioA-2.

Taking the diemgence ofA-10,A-11,A-12, and taking into accoudt-13
to A-15 we et
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VigrcVey, + 02 + i
ﬁ N202 DNZW 0 H
gOZ EW O
= GNZW —2 4+ W [A-16]
EDNZ Duooz  Dnaw
O 0G
VigrcVig, + G2 +
ﬁ 2 SSNZOZ D02w DOZH
01 £ £, U
=GV + =Nz g oW
BD& Dn2oz  Doow
§N2 + S:)Z Rc [A 17]
B DN202 D02w H
O nfe) Gn, O O
Vigrcve, + WOZ +=N2 o
O v o2w Dnew O WIZI
01 € €02
=G,V + =Ny
v EDV'S Dnaw DOZWE
01 En2 €02 USy [A-18]

+ +=N2 g o2 oW
A5 Daw DonEnFRE

Quite analgous to the situ#on & the anodgrelaionsA-10 toA-12 form
the system of linear eqtians with espect toltixesG,. Solving this system
one obtainsléixes which then ae used to solvA-16 toA-18 for molar con
centetions of gses.
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