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Components and Materials Issues in Polymer Electrolyte Fuel Cells FOI
Transportation Applications

C. Derouin, T. Springer, F. Uribe, J. Vale[io, M. Wilson, T. Zawodzinski

and SAQI&&M

The Electronics Research Group
LOS Alamos, NM 87545

Abstract

Recent research work on the polymer electrolyte fuel cell (PEFC) is described. This
research work adresses the goal of bringing the PEFC technology to the performance
and the cost levels required for its wide spread use in transportation. The main topics
are (a) a new approach to the fabrication of Pt/C catalyst layers of high performance,

employing loadings as low as 0.1 mgPt./cm2; (b) measurements and modeling of
membrane, cathode catalyst and cathode backing contributions to cell losses in the
PEFC; and (c) carbon monoxide poisoning of anode electrocatalysts in the PEFC--the
problem and possible solutions.

INTRODUCTION

The interest in the polymer electrolyte fuel cell( PEFC) as a potential power source for
terrestrial transportation applications has increased significantly in recent years. The
basic features of high power density, perfect tolerance to C02, pseudo-solid”state
character and !OW temperature of operation have been recently complemented by
demonstrations of high performance on low Pt loadings and possible solutions to the
problem of catalys[ poisoning by CO. Whereas several demonstration projects have
already started aiming at proving the feasibility of electric vehicle power systems
bmcd on PEFCS, questions such as water management optimization, factors determining
cell longevity, incrcascd rcformatc/air CCII performance and the major question of the
cost of this fuel cell technology arc still waiting for comp]cte answers, The main goal of
the PEFC Core Technology Program at Los Alamos National Laboratory has been to
conduct the basic and applied rcscnrch necessary to bring the PEFC technology to the
pcrfcmniincc nnd cost Icvcls required for its widespread usc in transportation, The
goals include (1) reducing the intrinsic cost, (2) increasing [he energy and power
density, (.1) optimi~. ing [hc systcm for olI ration oil reformed organi(’ fuels and nir, dnd

(-l) ilcllicvillg sttihlc :llld cli”icicnt Iong-lcrlll OpCrillioll. ‘1’1)~CL’lltl’ill clcllwnts of ttlL’ l’I’l;(’
Illill 1}1’(’(1 to bC ilLl(ll’1’SSC(l to l’19ilUll \ll(!SL’ ~oill S ill”~’ lhL’ l(~:lding illl(l lltili?ilti~~ll of 111(’1’[
l“lL’L’ll”(h:Ilillyst, Il)c plotoll” illl(l Wilt Cl’ Il”illl$il)ol’( in [!11’ t(~llf~tl~~’liu Ill(!lllt)l’illl(’ l’1{’L”[l’tJIV[t’,
[Ilt’ ~’llll~llliltioll {~[’1’WC’L’IS[~1’l)oisoliill~:” 01” (IIC ;11)1)(1(”l.’l(’(’ llo L’illill~\l I)y llill’(’S of” (’(), (111(1



e mechanisms for Iong-mrm performance degradation and for cell failure. Wc
;scribe in this contribution recent developments in our work on the above [epics.

t ELECTROCATALYSTS FOR THE PEFC
A NEW TECHNIQUE FOR IONOMERIC MEMllRANE CATALYZATION - W e

cently developed a new type of membrane-electrode assembly for our PEFCS[ 11, We
Ive achieved the highest catalyst utilization to date with this assembly, which is based
I a new structure for the catalyst layer and a new mode of bonding it to the ionomcric
em brane.

The new electrode structure attempts to improve upon the construction based on

ototech electrodes hot-pressed onto the mernbrane[2-51 by significantly increasing
e contact area between the polymer electrolyte and the p!atinum clusters. This
crease is achieved in two ways. First, the supported catalyst and the ionomeric
Iditive are cast together to form the catalytic layer, to assure that the thickness of the
Italyst layer coincides with the depth of the ionomer. Second, the contact area
:tween the ionomer additive and the catalyst is increased by completely eliminating
e Teflon component and by improving the dispersion of the ionomer throughout the
Italyst layer. The latter is accomplished by blending the sduhilized ionomer and the
atinized carbon into a homogeneous “ink” from which the thin film catalyst layer of
e electrode is cast. The gas diffusion portion of the electrode consists of a separate
:flonized carbon cloth backing that is stacked behind the thin catalyst film to provide
Ipport and [o pro.~ide a hydrophobic distribution network for the gases. This two-
Irt construction of the electrode--hydrophobic backing and hydrophilic catalyst layer-
IIows each ot the two reg;ons to be fabricated separately with the properties that best
lit the function of each region. The new catalyst layer which is essentially a recast

afion@-Pt/C composite, was initially prepared in the form of an ink that was coated

~to a Teflon film “blank. ”[ 11 The ink on the blank was baked in a forced convection
~en until dry. The c~iiicd blank and a polymer electrolyte membrane electrode were
en hot-pressed together. The assembly was next removed from the press and cooled,

en the Teflon blank peeled away leaving the thin Iilm adhered to the membrane.[ I I
This mode of fabrication is a return to the concept of a “catalyzed membrane.”

~wcver, in great contrast to the catalyzed membranes based on a Itiyer of 17 black
ixed wi[h Teflon, as employed in the GE/Hamilton Standard technology, the thin

talyst Iaycr is now biiscd on a supported PI ~atalysi with very low Pt loading,
vll]l),~rcd with Ihc Proto[cch clcctrodc/ionomcr asscn]blics wc cInpl(Jycd cxtcnsivcly

111~ Iil$t 1’L!W yCiifS, [~-f ] this HCW fhi:~ lilr]] tcchnolo~~” I]iis tl)(t i](iV~ll][~i~l” of ;I [])(l(h

inner cti?ulyst Iaycr (of the order of 3 to 5 microns) with i~ very uniforll} n~ix O(
[iIlysl and .tm(mwr. St’mc fur:hcr Iil(xlificiil ions in the prf~loct~l of [II(! filbl’iCilticJl) t~f
C Ciltilly/.Cd ll)(!lllbri\IIC hil VC rccc~)tly i~ll(]w~’d us to :~pply [hc ink directly (() the

lll]ltJrilll(? (no bliink rcquil c(!) iind I(I .)btili[l the ~(.suits sll(~wll in l;i~;urcs I il iilld It)

1111 loil(llll~S of” (), I 7 illld of” (), I 1 lll/:l’l/L’ 1112 /CICc’11’()(11’, rcslk’(iii’uly ‘1’l)L’ kL’y l{) this
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13204.10. Dow membrane. The experimental Dow membrane in i[s fully humidified

form is thinner than the fully humidified form of Membrane ~ ( 125 pm vs 200 ~m).

It is quite remarkable that such low P! loadings can generate a current density above

3 A/cm2 at a cell voltage h~ghcr than 0.4 V for operation on pressurized 02, and,

particularly, that such, low loadings are sufficient to ;each a ccl] vol{age of 0.65 V at 1

A/c n]2 for cells operated on pressurized air. Figure 2 compares catalyst utilization for
the three modes of membrane/catalyst assembly preparation: GE/Han~ilton S[andard (

Pt black), Prototech electrode-based assemblies[2- 51 ( Pt/C ), and the new thin film
technology for membrane catalyzation. Catalyst utilization is significantly better with
our new approach, particularly at the higher current densities (lower cell voltages).
The latter aspect shows the advantage of thin catalyst layers in minimizing losses
within the layer at higher current densities. This aspect, as well as other aspects of
the performance of PEFCS at high current densities, is addressed in the new model we
developed for the catalyst layer in these fuel cells, discussed in the next section.

A MODEL FOR THE CATHODE IN A PEFC - The ionomeric membrane separato
has been the main focus of attention in performance evaluation and in modeling of
PEFCS. However, in Hz/air PEFCS the losses originating from the air cathode are
dominant at both low and high current densities. Following our previous work on
ionomeric membrane transport properties and their modeling under PEFC operating
conditions 61, we have extended our evaluation and modeling work to the detailed
properties of the cathode catalyst Iayer[ 71 and the cathode backing This results in the
complete one dimensional model for the PEFC, described schematically in figure 3. The
model considers three components of the PEFC: the ionomeric membrane, the cathode
catalyst layer and the cathode backing. (To first approximation anode losses can be
neglected ). Our model is based on det~iled physiochemical characterization of etch
of these cell components, and is an effective tool for the evaluation of the
performance of PEFCS tested in our laboratory. The iR-corrected polarization curves in
figure 4 , recorded for a PEFC with the new type of thin-film catalyst layers, reveal
[hat in the case of cell operation on neat 02 most of the loss is fron~ the membrane
resistance ( cell impeaiince measured at 5 k}{z ) , but in the case of operation on air
{he most significant contribution to CCII Iosscs comes from the cathode, This situation
is enabled by [hc thinner and better ionomeric mcmbrarlcs demonstrated recently,
which minimize CCII resistance tit high currcn[ dcnsilics Such advanced mcmhrancs
l~i~\~* [hc nir cath(tic as the IINJSt significiln[ s(mrcc of I:cII IOSSCSin liz/ilir I)l\!;( ’s.

“I”hc “limiting current” in a fuel UCII ( scc figure 4b) is usually ils~l’ih~(.l [(~ rcac[hnt
[I”illlsp(lr[ limit iltions. Ilowcvcr, the n~casurcd 1’1{1:(’ cl]i~rac[crisiics at high c,(I. s do n~~[
il~lCC wi[h a silllplc model of a thin filnl bill”l”icr (ionomcd or water) scpardlil]g the
l“L’ilC lillll ~il S fl”olllthl!Ciltilly S[ silt. SLICh il simple II1(KI(!I prc(licts U IIIIICII stcclwr filil
11) C(’11 \’ollil\!C , l;lll’[ lll’l”!’ilol’C, it” L!XC1’SS Wil[l’1 ill’ollll(l [II(’ L’iltt)()(l L’ L’illill~Sl is ttll.’ c;llls(!
(’f II)(” pl”ot)lcm, lhc U(’11 p(’1l’ol”IllilllL’(”Shotll(l Ililvi’ Iu’(’il I;l!ll(.r IIl)sl:sl~lcs ;It th~’ lliy,l](.~1



:haracteris[ic patterns[71 . The most important feature of our catalyst layer model is
he detailed consideration of the counter fluxes of oxygen and protons. As a result of
his fundamental property, described schematically in Figui-e 5, combined
permeability/conductivity limitations can arise within the catalyst layer at high
:urrent density. Such limitations are treated by this model.

The catalyst layer is envisioned in our model as being composed of four
superimposed and intimately cross-connected media:

(1) A diffusion medium that transports the reactant gas to the catalyst sites , both
through tortuous, restricted channels in gaseous f~rm and through the
conducting polymer in dissolved form. This process is represented by a single
effective diffusion coefficient D, and an effective oxygen concentration C for the
hybrid medium.

(2) An ionically conducting medium with effective conductivity ~ for hydrogen
ions,

(3) An electronically conducting medium with no resistance, and
(4) A Pt catalyst, uniformly dispersed through the catalyst layer, with a rate

constant k. (cm/s) for the oxygen reduction process at the open-cell potential,

Tafel kinetics having a Tafel slope b in natural log units, overpotential q

measured from the open cell potential. and effective surface area per unit
volume Av,

Reactant with a bulk concentration C* is introduced at z=(I (the gas side of the catalyst
layer), and the protonic membrane interfaces with the catalyst layer at Z=lo The

production of current density 1, the overpotential h, and the reactant concentration
:hrough the catalyst layer are described along z by the following three differential
?quations,

with the boundary conditions I(0)=n, q(0)=qo, and C(0)=C* (11 is the total integrated

:urrent density),

Figure 6 shows a profile of the vilriablcs q/b, l/1~, C/C” and d(l/l~)/d (z/1) as a

‘unction of z// for an ovcrpotcntial thut is high enough to drop [hc rcac[tint
;~)nccn[ration to zero within the catalyst layer, Umlcr such circumstances, and if the
,Jrotonic conductivity wi[hin [hc Iaycr is insufficient, n loss is caused by the
‘cquircmcnt that protons reach the ac[ivc don]ai[l of the Cati~lyst layer which is now

(Kate(l near the ~iiS boundary and iiw~v frolll [hc membrane, “l’his situation is
]rcdictcd to bring ob(~ut J “soil “ cul-rcnl Iill]il , wilt] ii discernible finite incrcasc in
iittpc (J! tllc [)olill’i7.a[ioll” L.urvc. ‘I”hc iRcorrc(:l~”(l L-llrVL*S ill !igurc 4 t) Sl)ow (I)ill 11]~’

II(”;INIII”(’(1 (’1lrl’1’11[ Iiil]il i~ in(lc’t’(1 sof’1, ;IN l)lc(ii~’lt’(1 t)y, 1111’ Ill(J(l (’l WL’ L’illl IIOW
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cell polarizations on 5 atm 02 vs. 5 atm air. This is expected when the cell current is
controlled in part by a conductivity factor which does not depend on reactant
concentration Figure 7 shows calculated effects of the magnitudes of the effective
diffusion coefficient of 02 and the effective protonic resitivlty within the cathode
catalyst layer. It is clear from this figure that the transport characteristics within the
catalyst layer have a profound effect on the performance of air cathodes in PEFCS.
One key property of the catalyst layer is its overall thickness. The smaller the
thickness the smaller will be losses originating from combined
permeability/conductivity limitations, as can be understood from examination of the

curves in figure 6. Our newest PEFC catalyst Iayers[ 11 axe 3-5 pm thick, as compared

with 50-100 pm thick catalyst layers emplyed in previous PEFCS with low Pt Iaodings

[z-s]. As a result, the penalties for lower permeabilities at low oxygen partial
pressures are minimized, enabling good performance even at 1 atm of air. This is
demonstrated in Figure 8 which shows experimental polarization curves recorded for
PEFCS wilh the new thin-film catalyst layers in the pressure range 1-5 atm. for both
neat 02 and air.

Figure 7 also contains the experimental manifestation of the significant contribution
of the cathode backing to cell losses .This is seen from the better
high-current performance of a PEFC operating ON1 atm 02 vs. the same PEFC
operating on 5 atm air. Such a difference between cathodes operated at the same
partial pressure of 02 but at different total gas pressure is expected only in the
presence of a significant gas-phase diffusion banier, which must be located in the
backing of the cathode. The model we use for the cathode backing assumes no
pressure drop within this layer. The change in mole fraction of the gaseous
components through the backing is described by the Stefan-Maxwell equation.,
assumed to hold for the three components N2, 02 , and water vapor. When water
vapor saturation takes place in the backing, the water mole fractiion in the gas phase
will remain constant and water flux will bc only in the liquid phase. We assume no
blocking sffects caused by liquid water in the backing. A demonstartion of calculated
losses expected from the cathode backing are shown in figures 9 and 10. Figure 9
shows [he calculated ( iR-corrected) performance of a PEFC with a given catalyst layer
in three cases : no backing losses, backing losses al 1 atm 02 , and backing losses at

5 a[m air The hacking layer assumed in etich case is 300 ~m thick and has 40%

~wrosi[yt and the tempcrntllrc assumml is 800C, “1’hc larger 10SSCS caused by gas
transport [hrough the t)i]~kil]g tit 5 i.I[liT,air cxpluin the relative performances obttiincd
in I’l{l:(’s on 5 atn} air vs. I atln ()? ( scc I;ig, 8), l:igurc IO shows that the effect of the
backing on cell performance is, in fact, srnallcr in ttw case of I atm air thun in the
case (d’ 5 titln air, “!’his is un expected result ( less collisions of 02 nmlcculcs with N?

IIIOICCUICS on [heir way to the cattilyst at Iowcr overall pressure ) which means that u
1ul-lllcr inci utisc illl:crfor[lliInccof I)lll;(”s tit I illlll tiil Illily prubill)ly colllc prilllarily
I_l”olll il]l~}l(~vt:ll:cl]ls i[l Cil[til~Sl liI~CI pro[wr[ics I :III)(DI tl]ilti I)ropci tics ()( [h~~

l)~l(klll~ AI] It]ii)oltiii)! dSIR’f:t Wl)lc’11 Ill’ L’(Is [() 1)1’ I’I’ll)c ll)t)(’lc’(1, lloWLSvL”r, is ~}lc
l)oj~lt)llily ot” I);ll[i;ll “t’l(I()(iIII~ !,” 01 II)LI t);l(hil]i!,, ‘l’() IllLh l’,Kllllil [1);11 [Ilis lilllL’1 (’l”[’(’L”l,
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:her ill-designed or aging backing layers which have lost their hydrophobic
aracteristics.

[FE-TESTING OF SINGLE PEFCS WITH LOW PLATINUM LOADINGS

new set of fuel cell testing stations installed recently in our laboratory has allowed
to run life tests of PEFCS based on low Pt loadings under conditions of continuous

essurization and elevated cell temperatures. We report here results of recei~t life
;ts of PEFCS based on various types of ionomeric membranes. All of these tests
monstrated that PEFCS based on Pt loadings as low as (?.1 mgPt/cm2 can operate
ntinuously for several thousand hours showing on!y limited gradual loss of
‘rforrnance, .This gradual loss of performance is typically of the following nature. If
itial cell voltage (on 3 atm Hz and 5 atm air) @ 1 A/cmz is , typically, 0.64V, the
dtagc at the same current density will fall to 0.60V after ~ week of continuous cell

eration, and further to 0.53V after a full month of continuous operation. Out of the
‘erall loss in cell voltage @ 1A/cm2, only about 20% is caused by a gradual increase

( high frequency) cell resistance, whereas the rest has to do with some
teriorti~ion of the permeability/conductivity characteristics of the catalyst layer,
d/or with partial loss of hydrophobicity in the backing of the cathode.
ieveral life tests were performed by us on PEFCS with membranes. thinner than

ual. ( 50 pm vs. the usual thickness of 100-200 yin). Such thin membranes are

tractive from the point of view of cell pcrformrmce (see next section) but they
ise questions of integrity and, thus, of cell longevity. In the past we found it
fficult to aperatc cells based on such thin membranes for prolonged periods
cause of membrane puncturing problems. This was particularly severe for cells in
hich the cathodes operated on pressurized neat Oz To solve this problem i,l cells
sembled by hot pressing catalyzed carbon electrodes to ioriorneric membranes, wc
otected the area of the membrane around the edge of the electrode by a well-
signed gasket. This mode of protection of what seenls to be a sensitive part of the
nomeric membrane in the cell, has resulted in a very substantial improvement in
e longevity of PEFCS based on thin ionomeric membranes. Fo: the most recent type

catalyzed membranes demonstrated by us [ lb] , hot-pressing is not required at all
complete the assembly of the PEFC, and, therefore, the problem of membrane

inning around the edge of the electrode is relieved. .Ihis further improves the

tcgrity of thinner membranes, A life test of a PEFC with a 50-; Lm-thick Nafion@

w =1 100) membrane ( hot-pressed assembly with clcc[rdoc edge protection) wiIs
n in our testing facility for 60 consecutive days with no apparent damage to the
in membrane. During this tin-m the cathode operated on pressurized 02 during

ytime and on pressurized air during nighttime, (’1’hc ant)de feed strc~m was neat
2).. A rcccnt life-test of a PI{FC with another expcrin]cntal n~cmbr~nc of similar

ickncss has also dclnonstratcd !ong-tcrln lncl]~br,)nc intc~ri[y. ‘1’hc conclusion
,)111 thtsc I’csults ilrc (u) significfint imltr{)vcl]wnls in [II(* lt~l]pcvity 01” I)lll;(-s C;III Iw



WATER TRANSPORT AND THE STEADY-STATE WATER PROFILE IN THE
IONOMERIC MEMBRANE OF AN OPERATING PEFC

The issue of water management is very central in the successful long-term operation
of a PEFC. Spatial variations of water content within the polymeric electrolyte of a
current-carrying fuel cell result from the electroosmotic dragging of water with
proton transport from anode to cathode, the production of water by the oxygen
reduction reaction at the cathode, humidification conditions of the inlet gas stream,
and “back-diffusion” of water from cathode to anode. We recently developed an

isothermal one-dimensional, steady-state model for water transport through a

PEFC. [61 The model inciudes transport of water through the porous electrodes, based
(m calculated diffusivities corrected for porosity, and transport throughout the
membrane electrolyte that is evaluated on the basis of experimentally determined
parameters. The added detailed experimental characterization is an important
feature of our modeling effort for water transport in the ionomeric membrane: we
employed water sorption isotherms, water diffusion coefficients, electroosmotic drag
coefficients, and membrane protonic conductivities, all of which have been measured
in our laboratory as a function of membrane water content. [ b~gl .We deemed it
highly desirable to use, in our model, a complete set of experimental data generated
under conditions in which the membrane is routinely handled and tested for PEFC
work, i.e., conditions of partial and variable hydration with no added liquid
electrolyte. We evaluated the intracliffusion coefficient or water in the membrane by

Pulsed Field Gradient Spin Echo (PGSE) NMR.[9] For the Nafion@ 117 membrane we

found that the water intradiffusion coefficient varies between 6X10-6 cm2/s and

6x 10-7cm2/s as the degree of hydration falls from ; ; to 2 H20/S03H[91. The

electroosmotic drag in the same Nafion@ 117 membrane seems to fall with water

content, from 2.5 H20/H+ al full membrane hydration to negligible water drag at

very low water content [~]. On the basis of these experimentally evaluated water-
diffusion coefficients and water drag as functions of membrane water content, and of
boundary conditions that apply under PEFC conditions, a steady-state profile of
w~wr in the membrane could be solved for a given set of external humidification
conditions, An example of the results of such calculations is given in Figure 11, which

shows calculiltcd profiles of water in the Nafion@ I 17 membrane at different

uurrcn[ dcnsi[ics under ordini~t-y cell hun~idificution ct}nditions at 80° C. It is clctir
thi.it a significant Iowcring in wtilcr Icvcl is cxpcc[cd under [hesc conditions near the

allo(lc. I:igurc 12 contains SOIIW compulcd curves evaluated from the calculated
WiltCf profiles at s[cildy State and [hc n~c~surcd dcpcndcncc of membrane
c~)nductivity on w~tcr uonlrnt. ‘1’hc upper part of the figure shows cillculatcd CCII
l’c!Si SIill)c C, (i.e., Ilwnll)rutlc rcsislunuc) :1s funcl; oI) 01” ccl] currcnl. TIIC Iowcr pill-[
st]t)ws :l)c C: IILIII;IIC(I r;llio 01” IILB[ wdlcr flIIx / l)rolon” flIIx [hioiigh iill op~~ruting I’l{l;(’.
‘1’IIC (ll)l)(sl I)iil’1 01” Il)is 11:111(’ (I L’I1l OI)SII’l IICS till’illl~ IIIL’ il(l\’illlli!~, C 01” [I)i[lnci
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ca[hode to anode in thinner n~cmbr;incs. which ensures a high level of hydration
throughout the membrane, even at high currcnl dcnsi[ies. We confirmed during our
PEFC testing experiments that thin membranes indeed have strong advantages in

achieving high cell performances. Obviously, a complete comparative evaluation of
ionomeric membranes for PEFCS should depend on samples of equal thickness, as
well as on the tradeoffs between cell performance and longevity. The lower part of
Figure 12 shows that the net water flux through the operating PEF~ is expected to be
significantly smaller than the measured drag of water in fully hydrated ionomeric
membranes, as we have confirmed experimentally[gl, This is the result of the steep
profile of water in the operating cell, as shown in Figure 11. Again, thinner
membranes are associated with a minimized net flux of water, an additional
advantage in the design of a practical system.

Finally, we have shown recently in a study of the kinetics of oxygen reduction at the
Pt/recast ionomer interface [ lo], that a high level of hydration is required at the
Pt/ionomer interface to enable high rates of oxygen reduction This beneficial role of
water is understood to originate from facilitated proton transfer and from
interactions of anionic as well as hydrophobic components of the ionomer
Pt catalyst surface[lol.

ELIMINATION OF CO POISONING EFFECTS AT THE ANODE
ELECTROCATALYST

minimized
with the

Pt electrocatalyst poisoning by traces of CO is very severe at 80°C. Levels of CO as

low as 10 ppm have a significant effect on PEFC performance.[111 This is true for
cells with lower, as well as higher, Pt loadings. We reported on a novel approach to
the elimination of such effects by bleeding low levels of 0~ into the CO-contaminated

H2 feed stream. [ 11 *121 In recent tests we established that this technique is very

effective under realistic conditions of unity stoichiometric flow of H2. ]n fact, the

level of 02 required for complete cleansing of the anode electrocatalyst is Iowcr

under conditions of low H2 flow, requir~ng only 2% of air [o eliminate poisoning

effects of 100 ppm CO. [ ] J] Analysis of anode exhaust gases for PEFC anodes fed with
}{2/CO/02 nlix[urcs has shown that CO is
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performance of PEFCS, particularly at low air pressures, can be most probably
achieved by further optimization of catalyst layer composition and structure.

3) Modeling of steady-state water profiles and resistive losses in ioncnneric
membranes in operating PEFCS reveal the advantage of thinner membranes in
preventing significant water losses near the anode at high current densities.
These advantages of thinner membranes have been verified experimentally.
Longevity of some PEFCS based on thin ( 50 ~m ) ionomeric membranes has
been demonstrated.

4) Elimination of CO poisoning effects at the anode electrociitalyst by continuous
bleeding of low levels of air seems to be z viable approach when operating
PEFCS on reformed methanol.
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