Available online at www.sciencedirect.com

*:.*"ScienceDirect

JOURNAL OF

2
L8l SOURGES
ELSEVIER Journal of Power Sources 160 (2006) 194-201
www.elsevier.com /locate /jpowsour
PEM FC with improved water management
Alexander Kraytsberg, Yair Ein-Eli *
Department of Materials Engineering, Technion-Israel Institute of Technology, Haifa 32000, Israel
Received 26 July 2005; received in revised form 14 November 2005; accepted 21 December 2005
Auvailable online 13 February 2006

Abstract

Water management problems of proton exchange membrane (PEM)-based H,/O, and Hy/air fuel cell systems (PEM FC) are considered. It is
demonstrated that PEM FC performance and efficiency are strongly influenced by water transport phenomena. A new water management scheme,
based on anode side water removal, is suggested. It is shown that such a scheme may be very efficient if implementing cathode modified by oxygen
permeable liquid perfluorocarbones. Possible efficiency of such a PEM FC is estimated using literature-based parameters of existing practical PEM

FC.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The proton exchange membrane H>/O; and Hj/air fuel cell
systems (PEM FC) have high efficiency, are simple in design
and operation, and also are environmentally friendly. These fea-
tures make them a viable power source, particularly for vehicles.
However, their performance and efficiency need to be improved
in order for PEM FC systems to be cost effective for practi-
cal use. Water transport phenomena have a strong impact on
operation efficiency and power output of PEM FC. Thus, an
improvement of water management scheme is of considerable
practical interest.

Fig. 1 schematically shows processes of water generation and
transfer inside PEM FC unit. During operation, cathode water
contents depend on the balance of water generation rate at the
cathode by the oxygen reduction reaction, water delivery by
electro-osmotic drag, and the rate of water removal from the
cathode by back-diffusion to the anode and water removal with
oxygen/air and hydrogen flows. This last process comprises of
water vapor diffusion, convection and also capillary transport
of liquid water through the porous cathode and anode backing
layers. Anode water content depends on balance of water deliv-
ery by back-diffusion from cathode side through PEM, osmotic
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drag flux and water diffusion from (or to) fuel gas stream. Also,
PEM has to contain a certain amount of water to maintain a
proper conductivity, i.e. PEM FC may be considered as self-
humidifying only when in a high current mode, whereas the
membrane water content is mainly governed by fuel and oxidant
gas stream humidity when the current is below some particular
level. It may be suggested that performance of a fuel cell may
be improved if the humidity of the fuel hydrogen varies in con-
sistency of the fuel cell load but the detailed consideration of
optimal PEM FC operation modes is out of the scope of this
work.

Total PEM FC water balance depends on the fuel cell cur-
rent and water content of fuel and oxidant gas stream. Finally,
in case of a steady state operation conditions, all cathode gener-
ated water has to be removed by these gas streams. When current
density exceeds a certain level, the water delivery (by electro-
osmotic drag and the oxygen-reduction reaction) exceeds the
water removal from the cathode catalyst and/or backing lay-
ers. In such case, water accumulation takes place and electrode
flooding occurs, the rate of oxygen transport to the catalyst sites
in the cathode is greatly reduced, and the electrode reaction
becomes mass-transport-limited, giving rise to the rapid increase
in the cathode overvoltage, and a considerable decrease in the FC
power. In the same way, when water delivery by back-diffusion
from the cathode side to the anode exceeds electro-osmotic
drag and water removal by fuel gas stream, anode flooding
occurs.
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Fig. 1. Schematic representation of water transport processes in PEM FC.

Practical PEM FC design is represented in Fig. 2. Fuel cell
assembly (MEA) comprises of two (cathode and anode) gas
diffusion layers (GDLs), cathode catalyst layer, anode catalyst
layer and PEM; this assembly is sandwiched between two bipo-
lar conductive plates. These plates are closely attached to GDLs
and have grooves for gas to flow. Gas delivery and water removal
take place through these grooves, which are machined into the
plates’ body.

2. General assumptions

Generally, water concentration in a real PEM FC unit is a
three-dimensional function (this fact is illustrated in Fig. 3).
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Fig. 2. Practical design of PEM FC unit.

There is water content gradient along the direction Y (transversal
to the membrane) and also along the direction X, which is parallel
to the membrane plane but transversal to the groove.

Whereas PEM and cathode water content may be assumed
being approximately constant along axis X over the groove (area
@ in Fig. 3), the content may be substantially variable along X-
coordinate in the areas over the bipolar plate shoulder (area @
in Fig. 3). Water content of a membrane, a catalyst layer and a
GDL vary along the groove. Beginning from the gas inlet, water
gradually saturates the gas in a groove, as the gas moves along
the groove from inlet to outlet. This gives the third argument
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Fig. 3. Cross-sectional view of PEM FC unit.
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(axis Z in Fig. 3), which is the distance from gas inlet along
the gas groove. Summing up, water content of the PEM FC has
to be represented as the function of the three aforementioned
independent variables—x, y and z: WpgMm rc = W(x, y, 2).

Simplifying the case, it is assumed in the current work that
the function W(x, y, z) is a function with separated variables,
and thus may be written as: W(x, y, z) = J(x) x R(y) x R(2).
It is understandable that water and gas transport rates strongly
depends on design parameters (specific bipolar plate dimen-
sions, gas flow rate, etc.) in the areas along the bipolar plate
groove and over the bipolar plate shoulder. This makes reason-
able to assume that in the above representation functions J(x)
and R(z) may be substituted with their average values (J(x)) and
(R(z)), which results in reduction of three-dimensional func-
tion W(x, y, z) to a one-dimensional function 20(y) : 20(y) =
(I(x)) x (R(2)) x NR(y). The approach, which based on the con-
sideration of one-dimensional water distribution function 9i(y),
will be thereafter generally adopted.

3. Assessment of flooding limits of standard PEM FC
unit

As it has been discussed above, the purpose of water man-
agement is to maintain the conductivity of PEM, whatever the
operation mode is, and to alleviate electrode flooding. The first
goal is achieved by humidification of gas streams. It was demon-
strated [1,2] that Nafion™ PEM conductivity reaches saturation
if Nafion™ membrane is equilibrated with water vapors with
RH>50%:

1
water water .
E Csat = CChannel ’ ( 1 )
water

where C3#'®" is saturated water vapor concentration and CXo
is a water concentration in a gas channel.

On the other hand, the challenge is in alleviating flooding
when PEM FC is in a high current operational mode (just for
example: water production associated with a current of 1 A cm ™2
is sufficient to completely hydrate a dry 50 mm thick Nafion™
112 membrane in roughly 10s [3]). Water generates at the
PEM-—cathode interface (surface C in Fig. 1) of the PEM FC;

the rate of water generation Jl‘;"’ﬁfdray is given by expression (2):

Rty = M5 @

where MW" is molecular weight of water, jgc the current den-
sity through the PEM and F is Faraday number.

All generated water has to be removed from FC by gas fluxes
in anode (J}AT ) and cathode (JEAST ) channels if the
cell is in a steady state. The water removing ensues by water
vapor transport through electrode/PEM interfaces (surfaces C
and B in Fig. 1) toward GDLs, then the water transport goes on
across GDLs toward gas channels and then it take place through
GDL/gas channel interfaces (surfaces A and D in Fig. 1) into the
gas streams. Flooding starts when the water vapor concentration
inside GDLs and/or electrode catalyst layers exceeds this value
for saturated water vapors; although water transport inside GDL
continues even if water condensation starts (liquid water trans-

port is driven by wicking force inside GDL), in this case water
droplets gradually block GDL’s and catalyst layer’s pores and
thus hinder oxygen transport toward catalyst surface and at least
20% of electrode volume should be available for gas transport
to maintain fairly high current density [4,5].

Assuming that there in no liquid formation inside GDLs,
inside electrode catalyst layers and onto their boundaries, dif-
fusion may be considered as the main mechanism for water
transport through the porous GDL (convection is considered to
be negligible due to the small GDL pore size). In this case,
the water vapor flux toward the anode GDL/channel interface
(JEB" and the water vapor flux toward cathode GDL/channel
interface (7&%‘5) are governed by Egs. (3) and (3.1) below [6]:

water water

water __ water
JGDL =D hydrogeng S P (3)
GDL
. Cwater _ ~water
water waters — D C .
oL = Dgiy & ——— (3.1
dGDL

here Cj" is water concentration on B surface, C Xater the water
concentration on A surface, CVC"ater the water concentration on
C surface, C**" the water concentration on D surface, §gpr,
the anode GDL thickness, SGDL the cathode GDL thickness, &
the anode GDL porosity, & the cathode GDL porosity, Dlvlvya(fr’ggen
the diffusion coefficient of water vapors into the hydrogen-filled
anode GDL and D}}*"" is a diffusion coefficient of water vapors
into the air-filled cathode GDL media (a linear approximation
of CVa*®(y) function is assumed).

Being delivered to the GDL/gas channel interfaces A and D,
water vapors are transported into the gas streams by convective

process, which is governed by Eqgs. (4) and (4.1) [7]:
J Xéf;nne] = hm(CXater - <CXét§;nne])) “

“ywater _ 7 Fwater water
CChannel = "m({C¢Channel) = Cp™ ) 4.1

water . Twater
where J & 0. 18 @ water vapor flux across surface A, J3Gnnel

the water vapor flux across surface D, (CR&r ) the average

water vapor concentration in the anode gas channel, (CE3T )
the average water vapor concentration in the cathode gas channel
and A, and fzm are mass transfer coefficients between the anode
GDL and anode gas channel and cathode GDL and cathode gas
channel, respectively.

Coefficients hy, and flm may be estimated considering that
mass transfer in a fully developed laminar flow through a
parallel-plate channel with a constant mass flux applied at one
surface and no-flux applied at the other. In this situation, the
dimensionless mass transfer coefficient (Sherwood number) is

12

hmA
h m 4 Channel _

- water
D gas

2.7; Q)

where Achannel 1S @ gas channel opening, hm mass transfer coef-
ficient and Dwaiter is a diffusion coefficient of water into a gas,
which fills the channel [6].

In this case, the A, and flm may be determined as

pyater
hydrogen
— (6)

hym = 2.7
" A AChannel
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. Dwater
hm 27—

_ 6.1)
AcChannel

where A Achannel and ACChame] are, respectively, anode and cath-
ode channel openings.

Taking in consideration, that there is no accumulation and/or
water leakage at surfaces A and D, the following relations can
be presented:

-water __ swater
JAChannel = JGDL (7)
ywater __ “water

CChannel — YGDL (7-1)

Now, the water balance at cathode—-PEM interface (C) is to
be considered. First, water generation takes place in the cathode
catalyst layer, according to Eq. (2). Second, there is an electro-
osmotic water flux toward the border. The flux exists because
of the hydration of protons, which move from anode toward
cathode; water molecules, which are trapped inside their hydrate
shell, move along with these protons. The rate of electro-osmotic
water delivery is given by expression (8) below (jgc is positive
if there is an oxidation at the anode):

TiBios = —M" " ®)
where « is a transference number.

Also, there is a water diffusion flux from C toward surface B
through PEM (see Fig. 1):

water water
CC — CB

SPEM

water __ pywater
JPEM - DPEM

; ©))
where C¥**" is a water concentration on the C surface, dgpe the
PEM thickness and DAY is a water-in-PEM diffusion coeffi-
cient (a linear approximation of CY*°I(y) is assumed).

The resultant water flux toward surface C is given by expres-
sion (10) below:

water __ water water water water
Je™ = —=Jpm T JopL — JEOsmos T JFaraday

J (10)

Assuming that the FC unit is working in a steady state mode,
there is no water accumulation or depletion anywhere in the
FC unit, and all water generated in the unit is removed trough
cathode and anode gas channels. In such instance relation (11)
has to be kept:

ywater water __  ywater
CChannel + JFaraday — Y AChannel (11)

Combining expressions (2)—(4.1), (7)—(10) and (11) results in
equation system (12.1)—(12.4), which describes water transport
in FC unit:

Mwater 1 + 2u )
JFC

F 2

water water water water
crer — ¢y cyrer o

= Dpim + pyerg —C (12.1)
SPEM dGDL
water water
ywater __ pratery CD — CC
GDL = Pair ¢ 7
dGDL
_ 7 Fvwater watery __ ‘ywater

- hm((CCChannel) - CD )= JCChannel (12.2)

water water
CB — CA

d6pL

water __ water
JGDL - Dhydrogen

= hm(cxater - (C/\Zét}?zrmnel» = X/étl‘laarnnel (123)
Mwater at .
F JFC = hm(CXd - (CXé}?;nnel))
+ ]:\lm(cl‘gmer - <CVCVé[}?zrmnel>) (124)

Different numeric values for diffusion coefficients, mass
transfer coefficients and transference number are presented in a
considerable amount of articles. The particular numbers depend
on the conditions, used materials, measurement methods, etc.
The purpose of our further numerical calculations is just to
compare efficiency of a classic FC water management model
with efficiency of a modified water management design (a brief
sketch of this design will be presented later on). Because of this
goal it seems reasonable instead of launching a critical review
of this literature just to use the same values for estimating an
efficiency of both water management models. It is assumed,
in further calculations, that &€ = ¢, Sgpr. = SGDL (which means
that cathode and anode GDLs are identical—same material,
porosity, thickness, etc.), AaChannel = AcChannels (Chagt ) =
(Clater o) = (1/2)C¥3er and that PEM FC unit is working
at room temperature; also, the following numeric values are
assumed:

(i) DY depends on the water content for literature data vary
from 5x 1071%m?s™! [7] to 1.5 x 10719m?s~! [8] for
different conditions and also for different Nafion™s: below
DPer js assumed to be 1.5 x 10719 m? s~ in case of com-
mercially available fully hydrated Nafion™ 117 PEM.

(i1) «: different electro-osmotic drag coefficient o values may
be found in literature; it is assumed to be ~1 for Nafion™
117 PEM [9].

(iii) 8pem depends on the specific SPE membrane brand, which
is used. In case of Nafion™ 112, Spgm =5 x 107> m [10].

(iv) C¥aer js assumed to be 23.05 x 1073 kgm™3 (at 25°),
and thus <CVCVgt}?;nnel>; <nggznnel> = %C:;atlter = 11.53 x
103 kgm3.

(V) égpL = SGDL, and both are assumed tobe 5 x 10~4 m [11].

(vi) & = &, and both are assumed to be 0.3 [6].

(vii) Dl‘;’}?éggen is assumed to be 0.90 x 10~*m2s~! [12].
(viii) DY is assumed to be 0.26 x 10~ m?s~! [14].
(iX) AAChannel = ACChannel 18 assumed to be 7 x 10~* m [6];
MYAer =18 NWaer =336 % 10?2, F=0.96 x 10° CM~!,
k=138 x 10" JK .

Applying the above numeric values and relations (6) and (6.1)
and solving the system (12.1)—(12.4) result in relation (13) for
FC current density jgc:

Jre = (42 x 103C¥T — 488) Am™> (13)

The current density has the highest value if water concentration
C&" is the highest. If considering operation without flooding,
CEMer < C¥¥e’ The limiting current density for fuel cell, which
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. . . .NOfloodi
operates without flooding, lim ]I};ICO OOdmg, may be assessed by

substitution of C33"" for CX**" in Eq. (13):

.NOfloodin,

lim jpe £ 2 480 Am~> (14)

Such impractically low value may be explained by the fact
that room temperature values were used. As arule, PEM fuel cell
operational temperatures are commonly in a range of 60-80 °C;
insertion of CY" for 80 °C (~290 x 107> kg m—3)into Eq. (13)
gives the value ~1.2 x 10* Am~2 for limiting current density
(instead of 0.05 x 10* Am~2). The limiting current density is
expected to be even higher in case of elevated temperatures,
since water diffusion coefficients and mass transfer coefficients
increase with the temperature. Also, usually some water vapor
super saturation takes place in course of PEM FC, which may
increase CXY" over Cya'®" value; this effect increases limiting
current even more.

4. PEM FC unit modifications and assessment of
flooding limits of modified PEM FC units

4.1. PEM FC unit with water-sealed cathode compartment

As it may be seen from relations (12.1) and (12.3), water flux
through anode GDL toward anode gas channel may substantially
exceed water flux through cathode GDL toward cathode gas
channel if the difference C" — (CRET ) at the cathode side
of the FC is equal to the difference CXater — (CREh o1 at the
anode side of the FC. It may be explained by the fast water
diffusion in hydrogen, comparing with the water diffusion in
air/oxygen; combining (4), (4.1), (6), (6.1) gives the following

; ‘ywater water .
relation between J¢icpanner a0 JAChannel -

air -4 2 —1
IaChamer _ Dhyarogen _ 0.9 107 m?s™1 (15)

ywater —  hydrogen R S
‘ICChannel Dal); 2 0.26 x 107" m*s

The circumstance hints that it may be advantageous, from
the flooding point of view, to redirect all water vapor flux
into the hydrogen channel. The additional benefits may be
expected in this case because of the possible alleviation of
the insufficient wetting of near-anode PEM layer [13,14].
Also, there are some design-related benefits of anode water
removal [15].

Seemingly direct way to achieve FC operation with anode
water removal is locking up water vapors in a cathode GBL
(or in a shell, which surrounds the cathode compartment and
which material is water proof but air permeable) and oper-
ating the cell in the dead-ended mode (if substantially pure
oxygen is employed as the oxidant supply) or in the low oxy-
gen stoichiometry mode (if air is employed). In this case,
the generated water is retained inside cathode compartment,
which suggests that an elevated water vapor concentration builds
up at a cathode side of PEM (C& . or CHA), eventu-
ally CHaS" = Cy2", and the concentration gradient is sup-
posed to drive water back trough PEM toward the anode gas
channel [16,17].

The above design may be described by Eqgs. (16.1)—(16.3),
which are, in essence, the modified system (12.1)—(12.4), when
Cvaater — Cgater — évwater

CChannel
Mwater ( 1 + 20[) ~ Dwater

Cgater _ C]\g/ater
FC = - <
F ) J PEM

SpPEM

(16.1)

water water
pwater CB — CA

= hm(cxater - <CXét§;nnel>) (16.2)

hydrogen SGDL
Mwater B
2F jFC = hm(CXater - <CX(a:t§£nnel)) (16'3)

For sake of comparison, it is natural to use the numerical
values i—+—x for diffusion coefficients, mass transfer coefficients
and transference numbers, etc., for numerical estimate of the
limiting current density in case of anode water removal. The
assessment of the maximal pre-flooding current (the current,

which may be reached in case of CX*®" = Cy2'") gives the value
(17):
lim jro"*" = 0.7 Am ™2 (17

Such a small value is impractical; the value is so small because
of slow water vapor diffusion through Nafion™,

4.2. PEM FC unit with oxygen permeable/water
impermeable cathode

It is known that, in case of Nafion™ 117, it takes on the order
of 100-1000s for the membrane to be hydrated when equili-
brated with water vapors, and only about 20 s for getting to 80%
of its equilibrium water content when it is immersed into liquid
water. This fact suggests that PEM water vapor transport kinet-
ics is strongly influenced by water vapor absorbance processes
at the Nafion™ interface [18].

From this point of view, attempts to divert a water flow
from cathode channel by transporting cathode-born liquid water
through PEM under capillary pressure may be worth to be con-
sidered [19,20]. There may be a problem from the point of a
practical design though, since the capillary, which have to be
filled with water for pressure buildup, belong to cathode GDL
and thus are also used for the air/oxygen delivery towards cata-
lyst cathode layer.

It may be more promising to divert the water flow from
cathode channel by impregnating the cathode structure with
water-immiscible but oxygen permeable substance [21]; liquid
perfluorocarbones (PFC) are particular examples of such sub-
stances (e.g. perfluorooctane and perfluorohexyloctane). The
following consideration of the Nafion™ membrane/PFC inter-
face structure helps to understand a physical nature of opera-
tion of these cathodes. The calculations, which are presented
below, make a rough estimate of potentialities of such a
design.

Nafion™ membrane comprises of hydrophobic reticulated
structure and percolated hydrophilic regions; in case of hydrated
membrane these regions are filled with water [22,23]. Typical
pattern of such Nafion™ systems are shown in Fig. 4. The
model of the Nafion™ surface, which is presented in Fig. 5,
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Fig. 4. Nafion™ cluster network model [24].

takes into consideration the immiscibility of PFC liquid and
water, and also the hydrophobic nature of Nafion™-air sur-
face (water contact angle at a Nafion™-air border 6>75°
[24]; it has to be taken into account that this is a kind of
averaged macroscopic value, which is the result of averaging
microscopic contact angle values on hydrophilic water-filled
pore areas and contact angle values on hydrophobic fluorinated
backbone areas). The model suggests that Nafion'™ membrane
presents water-filled capillary system when borders with PFC
liquid. The capillary pressure Apj in a capillary filled with
liquid ‘a’ and bordering with media ‘b’ (see Fig. 6) may be
calculated according to the Young-Laplace Eq. (18) for the
pressure drop across a curved interface, taking into consider-
ation that the meniscus (interface) in a small circular, liquid-

contact
angle

pore PFC__ water
9 prc
Naﬁon2
r +d
pore GDL  water
T h drogen
d anL ydrog

Api

Hydrogen--filled GDL

Nafion

NAFION acid group's hydrophilic area

PFC liquid

e N

(cF1CF

(CF,, [CFICT2CF,),

I NAFION fluorocarbon backbone area I

Fig. 5. Schematic representation of Nafion™/[PFC liquid] interface.

filled capillary tube is a hemisphere and the principal radius
of curvature is r; and aﬁ is a surface tension at the a/b inter-
face:

Api = of —. (18)

The pressure drop across Nafion™ PEM, which is sand-
wiched between hydrogen-filled anode GDL and PFC-liquid
filled cathode GDL, is governed by relation (19):

1 1
__ Wwater __ . water
Appem = OPRC Water Ohydrogen water  ° 19)
PFC hydrogen
water water

Nafion

It is essential that rydooens "'PEC. = Tpore

cathode gp water 2,
Yeap =75 V7 prc +dPFc) dprc

= 'I - rNaJ‘ion
- dPFC< pore

e Nafion
=it Z
dani® Mpore

2

GDL T water

LN +d__Jd
vC&P 6 (3 rhydrogen GD-'-) GDL

Fig. 6. Capillary pressure inside PEM.
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Considering Nafion™ as porous media, the water flux trough
PEM pfcJpi is governed by Darcy’s law:

water
pfc/pEm

kp  Appem
Pwater —water

p
= Pwater X U = Pwater —wagr~ VP = s
HMNafion °PEM

Nafion
__ Pwater kp Wag,r 1 ___water 1 .
= water PF water hydrogen _water ’
OPEM MNafion T'PEC hydrogen

(20)

where u is water flux velocity, pwater the water density, uﬁi}fgn

the water viscosity in the membrane and k, is PEM hydraulic
permeability.

The water impermeability of cathode layer results in modifi-
cation of Eqgs. (10) and (11):

pfe /™" = —pfe PN — JEGsmos T Faraday (10.1)
J Xéignnel =J, Igvaiti‘gdy (11.1)

Combining expressions (2)—(4), (7), (8), (20), (10.1) and
(11.1) results in equation system (21.1)—(21.3), which describes
water transport in FC unit with PFC-filled cathode:

Mwater 1 + 2u ]
F ) pfcjrc
k, Appem
= pfe /3y = —r_ 21.1
P PEM Pwater Mﬁi}%n (SPEM ( )
Cwater vaater
\(
D K}fld?:)gen S
GDL
- pr ggtfr - hm(Cwater <CXét§ermnel>) - pr X/étt?;nnel
(21.2)
Mwater
<CX?§§£nnel>) pr X,éﬁjnnel

(21.3)

pfeJpENy is equal to zero in stand-by mode (no water produc-

tion), which means that the pressure drop across PEM also equals
water water water Water

zero, and hence Thydrogen = hydrogen /oprc Mpec - When the

water production begins, the water “caps” at the cathode PEM

side grow and their volume v¢2h°% increases (see Fig. 5). Equa-

cap
tion system (22) below

T )
thod t 2
Veap = 6 (Brpec’)” + dppc)dprc

Nafiony2 2 (22)
water __ (rpore ) + dPFC
PEC = — o
PFC
reveals that radius rpae" shrinks down along with the ugagwde

increase, and that the minimum value of rpas" is rmfgon (the
determination of dpgc is shown in Fig. 6).
In the same way, water transport from GDL/PEM bor-

der toward anode gas channel results in decreasing vgl}))L

water
hydrogen*

Nafion™ PEM builds up and hence the water flux across

PEM increases along with water production. The maximal

f
value of [ = JYAS can be assessed from Eq. (20) assum-

ing that Apppm reaches its maximal value (Appgm peaks
at st = rgggon and rpfit ., = 00, ie. water surface is
flat at the capillary ends, which are adjacent to GDL). The

rough numeric assessment of ﬁﬁ]p’é‘ﬁr can be performed
by using the following numeric parameters: puNage, = 3.6 x
1074 Pas [25], kp = 1.5 x 10720 m? [26], Sppm = SNafion_112 =
5x107°m, pwaer=10kgm™3, oPET =54 x 10> Nm~!
[27] and rﬁ(;rgon =3x10""m [24,25]. The assessment gives the
value of

and increasing r Thus the pressure drop across

PIC jyater — 1.5 x 10 2 kgm 25!, (23)

The rough numeric assessment of maximal values of

pfcJEAE" and pfeJydr . using numerical values (i=-x) gives

the following estimate:

PIC juater — 4.1 x 1073 kgm 25! (24)
P A = 4.0 x 102 kgm 257, 25

pfc JWater pfc JWater
The values for j; Jipr and - JAChanne) are close and are

. f .
nearly four times less then L ° JH€r which reveals that in case
under consideration water crossover through PEM may be not

a rate determining step. Also, the estimated currents turn to
fc
f P

water
lim J)

be fairly high (value o peM corresponds to the current
pfe Jvater deC water

~16 x 10* Am™2, and values of [~ J¥T and £~ jyaer - cor-
respond to the current ~4.2 x 10* A m_z). It suggests that this
design may keep all aforementioned advantages of removing
water from anode side of PEM FC unit and also provide means
to attain a significantly high FC unit current density.

5. Conclusions

The above assessment of water transport phenomena of a
practical PEM FC demonstrates that water transport issues
essentially constrain its performance. A new scheme of water
management, which is based on redirection of water fluxes
toward anode compartment, has been presented. According to
this water management scheme, FC cathode structure is impreg-
nated with oxygen permeable-water vapors impermeable sub-
stances; typical examples of such substances are perfluorinated
hydrocarbons. The numerical assessment demonstrates that this
water management scheme may offer a substantial improvement
of PEM FC performance.
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