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Chapter 44

Cata yst coated composite me branes

2 THE M CRO REINFORCED
COMPOSITE GORE-SELECT®
MEMBRA E

i.e.; ionomer of equivalent wight (EW) ] ss than 1000)
to be used a. thin fi m membran _in practical applications.

a re ult th nfit of impro ed . trength and lower
res' tance tha hav b en valuabl to industrial applications
can now be achi ved IJ1 fuel c II app ication, . Gore-Se1ect®
melnb "ane have been demon. traled in fue cell at thick
ne s a low as 5 !.Lill.[2]

In order to realize th b n fit of t in composite mem
branes new typ f high P rformanc lectrode structure
and nembran I ctrode a mbly (MEA) manufacturing
te hnique ne d d 0 be de eloped, that were compati
ble with the e unique m m ran . Th Prim a Series
MEA based on the Gore-SeJect® m mbran , was at 0 first
introduced in 1995. Several MEA ri have now been
developed by Go e and demon trat d wid ly in all PEMFC
applications.15- I

Prior to the introduction of the eP E micro reinforced
comp sit p rfluoro sulfonic acid Gore-Select® membrane,
h practical membrane tbickne and choice of ionomers

u d for PEMFC m mbranes were dictated by the poor
m chanical prop rti s of ionomer membrane films. The
abilit to micro r inforce ionomer films provides numerous
phy i al and mechanical benefit for PEMFCs. Some of
th charact ri tics have been previously reviewed early
in Gore-Select® m mbrane development.[2J

s. Cleg or ,J. Kolde and W. Liu
w. L. Gore & A saciates, lktan, MD USA

The benefit of echanical reinforc m· nt of ionic mem
brane wa r alized early in he de eloprnent and appli
cation of p. rfluoro ionom rs for indu trial electrolytic
proc s., uch as ch or-alkali in the late 1970s.L1J Free-
tanding pur ionomeric films are typically weak and
susceptible to .welling when hydrated' hydration of the
membrane significantly reduce' trength due to h
pIa ticization of the ionomer. The . a r - chanical rein
forcement of iono e lne bran £< r industrial appli ation.
. today typically p rf< nn d with in rt chemically re i 
tant woven fabric uch a wo n polytetrafluoroethylene
(PTFE). Thi provid s the de ired phy kal strength and
all w. thinner membranes with lower re istance to be uti
lized with the further benefit of decrea ing material content,
and t erefoce cost of the membrane.

Woven reinforcement 0 macro reinforc ments ar cur
renly on the order of millimet r: in thickn s and are
consequently now regarded a order. of magnitude too
hick for tat -of-th -art po ymer electrolyte membrane

fuel cell (PEMFC) applications. In 1995 . Gore &
Associate, Inc. (Gore) introduced the Gore-Select® mem
brane, a new micro reinforced composite e panded poly
tetrafluoroethylene (ePTFE) p lymer electrolyt m. mbran
technology[2- ] targeted pecifi ally toward PEMFC appli
cations. Gore wa able to cr at tructur s considerably
hinner than traditional r inforc d industrial membranes

by UtiliZIDo a microporoll ePTFE membrane for support
rather tban a wo en, fabric-type reinforcement. The micro
reinforcement allows Gore-Select® membranes to utilize
ionomer that do not have sufficient mechanical propertie
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Figure 1. Comparison of dimensional stability of Gore-Select®
membrane' (25 IJ..m) and Nafion® 112 membranes 50 IJ..m) a a
fu, ction of relative humi:'ty 20-95~ relative humidity (RH))
in contact with water at amb'ent temperature and a fer b iling
in water for approximately 30 min. Dimensional changes are
referenced to 20~ RH at ambient temperature.
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Figure 2. Comparison of tear . trength for hydrated and dry
Gore-Select' m mbrane (25IJ..m) and Nafion® 1.2 membrane in
machine and transver e direction .

a) Permeation cell method. A membrane i used to
divid two compm1m· nts of a permeation cell, on
flowing hydrog nand tb otb r flowing n· trogen~ a
cam r gas. Hydrogen permeating through the mem
brane i transported by the carrier gas to a gas
chronlatographic detector. his method allow very
accurate control of temperature and relative humidity.
The results ( .igure 3), consi.stent with those obtained
by Broka et al.,[9] demon trate that hydrogen per
meability for afiol1® 112 increases as a function
of temperature and relative humidity. Gore-Select®
membranes follow the same trends as Nafion 1 2 at
80°C with respect to relative humidity. The presence
of the membrane reinforcement lightly decreases the
perrneabi ity of the membrane, as one might predict,

membrane using American Society for Testing and Materi
als (ASTM) test 1922-94a. The results indicate that both
membrane type~ are anisotropic and have greater tear re~ is
tanc in the machin direction. and both membrane types
at 0 have reduc d tear resi.· ance when hydrated. owever~

Gore-$ leet membran shows superior t ar r sistant prop
erti s to Nafton 112 membran . Ev n th hydrat d trans
v r e dir cHon for the Gore-Select® m mbrane is mor tear
re istant than the dry transver e direction for afion® 112
nembrale~.

Unde. tanding reactant (e pecially hydrogen) permeabil
ity through thin melnbrane . i of vital importance from
the per p ctive of fuel efficiency high voltage efficiency,
an hould a1 0 be onsidered in understanding membrane
durability. Membrane penneability is corrnllon.ly measured
at Gore by two techniques:
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The reinforced composite nature of the membrane
imparts significant x-y dimensional stability upon hydration
(Figure 1). This is important when consid ring ,he tol· ranee
requirem uts n c ssary ',n MEA manufactuling 0 .able
and convenient fuel cell stack assembly; here are numerous
stack failure mechanisms which can be attributed to poor
stack assembly tolerances. Membrane dimensional stability
may also be important in achieving a durable membrane
electrode interface for the MEA e peciaUy in dynamic
use, i wh'c cyclic welling of te ionomer i e pected.
The result" (Figure 1) demon trate Gore-SeIect® melnbrane
o be quite isotropic in nature (imilar dimensional

changes "n machine and tran verse directions); the extruded~

nonreinforced membrane is however, ani otropic and
was observed to swell con iderab y in th trans erse
direction. The anisotropic nature f the truded film
may r suIt in cons~d rable stt ~ s in th membrane in
appl"caf0 , leading to mechanical failures. The sl'ght
shrinkage measured in the machine direction on water
boiling was reproduced in all samples te ted, either ill the
as-received or heat-treated forms.

There are many po sibme membrane m chanical prop
ertie that could be considered when d igning PEMFC
membranes~ such as ten-ile strengthPJ One of the mo t

i.mportant criteria in identifying a practicallnembrane mate
rial for MEA Inanufacluring and membrane service is tear
trel1gth or tear re istance. Figure 2 compare the stres

required to propagate a m mbrane tear in thin reinforced
Gore-Slct® membran and nonreinforced Na6on® 112
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Figure 4. Hydrogen ero 0 er current d n 'ty a a functi n ' [
temperature and pres woe for a Gore-Select mef brane (25 ~m)

mea UIcd by the electrochemical technique at 100o/t relative
, umidity.
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Figure 5. hrough p an (~direction) c nductance a a function
of relative humidity at 80°C for a Gore-Select membrane
(25 ,~m) an· Nation 112 membrane.

fun' of te .. p ratu e and'elative hu .dity by a two
p int probe, big·· frequency i npedance technique. II J To
simulate operating fuel cell condition the membrane was
compressed to a l034kPa during the measurement.

Plotting conductance. K as a function of r lative humid
i y between 20 and 100~ at 80°C igure 5) for 25 f).ffi

Gore-Select® membrane and afion® 12 membrane. a
power law relationship can b derived: K = A X x b, wher
co fficient A and expon nt b ar fitted paramet t. A
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due to the incorporation 0 the imp rmeabl ePTFE
matrix with it a~ social d increa d gas tortuo it .

(b) Electroch mical m thod (p rform d in th. fu.l n
hard ar). Th fu 1 Uardwa' i operated with
hydrogen on one , ide of tbe membrane and nitrogen
on the other. A potential i applied acros the cell
so that hydrogen permeating through the membrane
is oxidized e1ectroch micaUy. M mbran p rm· abil
ity is d. t rmin d fro th lin,iti g urr nt d 'ty
for hydrog 0 idaHo. A . " a t hnique i pub~

li h d for mea uring n ethanol pe neabilityllOI and
provide a very useful in-situ :method (for more details
see Principles of MEApreparatioD Volume 3).

igure 4 cep011s re ult of measur. m nt. using thi
techniqu or a 251-!m Gore-Select m mbran a
a function of temp l'ature and pre ure. Con ider
ing th lTOI' as 0 iat d with th two technique, a
difference of 30% between the permeation and elec
trochemical measurement is ery reasonable. No:
1mAcm-2 of hydrogen crn sover is equival ot to
38 Barrer for a 25 IJ-ffi membrane at 101 kPa (76 cm
Hg) and 19Barrer for 50 ~m m mb.an s at lOLkPa
(76cm Hg)].

·gure 3. Compari on of hydrogen permeability a. a function
of measurement re ative humidity for Gore-Select membrane
25 ,~m) and afton 1 2 membrane mea ured at different em~

:' ratur 1Barr r = 10-10 em ( tan ard temp rature and pre -
ure ( TP)) em - cm-2 em[Ha ).

A key benefit of thin membran .. is th' increas d
ion'c conductan e. Th thr ugh-plane (z direction) men
bran ionic conductance has been mea ured for a 25 Jim
GO'e~Selec® membrane and Nafion® 112 membrane as a
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, igure 6. Arrhenius plot of conductance at 1OO~ relati e humid
ity as a function of temperature for a Gore-Select membrane
(25jJ.m) and afion® 112 membrane.

PERFORMANC ,0' P...',-,........&.;~c-.® MEAs,
B SED ON TGO...~-S L C ®

EINFOCED CO POSI E
MEMBRANE

3

For both membran types m mbran 'conduc ane
demonstrates an Arrh niU cOlTclation at ]OOlJ( r Iative
humidity for the t mp ratur rang 40-100°C (Figur 6),
With'n hi temperature rang an acti ati n nergy (Ea)

was alculat d to b 15,7 an 14.6 kJ mol- l for th 25 JLm
Gore-Select® mmbran and aflon® 112 m mbran •
respectively. (These alu. a1 0 d monstrat, agr em nt

ith th lit ratur )1 1)

Th Prim a ,rie 55 MEA ba· b en wid Iy adopt d
in many fuel cell application.. [5-~J Th sing] e U perfor

mance at a typical tationary fu I ell operating condition
is demon trated inFgun~ 7, with both h drog n and ~ im
mated r fonnate fuel . Reformat p rforman f Primea®
MEA. hac b n x n iv ~y r port d L h I ,r14.15] Tb

high pow r dens't achj v d i a r ult of th c mbination
of th high performan prop It1 of til . brane and
1 , r d, . n na ~ . stationa y fu 1 cell y tern to oper

at at high pow r d, n ity at ambl. nt prur w _ r t, tal
. tern fficienc can b maximiz .d.

For many ambi nt pr. "ur fu 1 cell app]icat~on ~

. uell a portabl p wand uninterrupt"bi p"'''''''
( _S)/back-up p w r comm r ia I a eepta, e require
d ,lopm nt of high ftl i ney high pow r d nsity
_ st mOe, An ob iou m thod y tem. simpJificatio
is to at au iI' ali ,uch ai humidification
and at' reco el te'·, Primea® Seri 55 A
ba ed n a 25 iJ1,.ffi' 0 -Se[e l® mem·' ran p rfOlmanc ,
i. ob do d man trate v ry littl e perfonna ce lo's
when cathode 'elative humidi y i reduced f'om OO~

to I than 20~ ( igure 8). Con pa"e . t t e Ie-ult
obtained· r he Nan® 12 m mbrane ba d M' A (with
tb atn ,Ie o'ode ). which exhib' t lower performance

'th atuat deactant inlets, but al 0 demon trate a large
10 in performance ate air relative humidi.ty i reduced.
These re ult directly demon trate le benefit of the th'n
rein oro d Gore-S lect® memb 'ane echnology.

When the airin~e' is fully sa urated, e lajor'ty of the
diff, r c in a, on® and Gore Select® lnembranepelfor
mane an be accoun' d for by the differ nee in measur d
membrane re istanc , Therefore. th ohnric drop (IR) COIll

P n ated voltages for the two Dlen brane families are very
similar at the satura~ed condition ( igure 9). When the air
inlet rdative humidity is reduced. the IR compensated volt
age for the Gore-Select® fiIe,mbrane hows little change
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determines the maxilTIUm achievable membrane conduc
tance when fully saturated at 100% relative humidity' the
values obtained are in agreement with pr iously publish d
data.D2. L] Th exponent b d . e ~b how fa t th c' n
ductanc of the embrane decrea es a relative humidity

educed. 25 !LID Gore-Select® membralleexhibits much
higher A and lower b when compared with a afion 1 2
membrane, which rnean that the composite membrane
provide both higher conductance in the full h drat d con
dition and 10 s conductanc at a s10 r r te than th

afton 1 __ 2 a r lati ve humid' ty is decrea ed.
Th r latilv conductivitie of the two difierent mem

brane «(J and (J ) can be beUer compared by combining
teu: power law relation hip (from Figure 5).

Thi illustrat ..hat 25 IIJ.. Gor ~Selec[ 11 mbran ha
th . am. conductiv'ty a a n® 2 membra e at 100%
rIal' ve humidity, The high conductivity of the Gore
Select® melnbrane with the in orporation of a nonconduc
tive ma .rix is achieved by u ing ionomers of I s than 1000
EW. The advantage of i.ncorporating low . W .onom ,r in
the Gore-Selec ® m mhrane i further d, mon trated in th
up rior c nducti it f thi n brane r lative hUI 'dity

i r due- d,
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cathode catalyst layer petformance under dry conditions;
water diffusion in Gore-Select® membranes is rapid enough
to mitigate this petformance loss.

The importance of membrane hydration uniformity in
achieving high fuel cell petformance has been previously
realizedJl6] However, at Gore thi advantage has also been
demonstrated to playa key role in membrane durability (see
next section).

The advantage of reducing polymer electro yte mem
brane thickness has similarly been demon trated by compar
ing MEA perrormance in full active area automotive stacks
(Figure 10). When polarization data in a pressurized stac
containing both Nafion® 112 and Gore-Select® membran
ba ed MEA operated with fully aturated r actants are

Figure 9. Compari on of ,afton 112 and Gore-Se ect mem
brane ba. ed fuel cell p rformance IR compensaed voltage as a
function of cathode air inlet relative humidity. Cell temperature
70°C, ambient pressure hydrogen and ai , with anode inlet at
1OO~ relative humidity.

Reformate: 43% N2, 16% CO2, 50 ppm
CO, 1.6% air and balance hydrogen
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Figure 7. Polarization and power den ity curves for Primea® MEA Series 5561 based on 25 ~m Gor -S lect® membranes assembled
with Carbel

tN gas diffusion media CL. Cell temperature 70°C. Ambient'pressure air at 2.5 x stoichiometric flow at 100~ RH. Ambient
pressure fuel at I.2 x stoichiometric flow of hydrogen at 100~ RH.

F'gure 8. Campa' SOD of· afton® 112 a d Gore-Select@ ,em
bra e based fuel cell current den ity at 0.6 V as a function of
cathode air inlet relative humidity. CeH temperature 70°C ambi
ent pre ure hydrogen and air, w'th anode in~et at OOo/t relative
humidity.

whil a ignificant d cr ase in th IR compensated voltage
is ob erved in the case of the afion 112 membrane. This
effect is more significant at higher current density.

The effect gives rise to an add~tional benefit of thin low
EW membranes beyond their increased conductance and the
lower rate of conductance oss for Gore-Se l ect® membrane

as relative humidity is decreased (fitted exponents, b,
in the equations in igure 5). . or the case of the thin
membrane technology rap'd water transport (diffusion)
is facilitated throughou the MEA. Therefore, melnbrane
and MEA hydration remain uniform and no significant
perrormance loss is observed at dry conditions. In till
experiment, when the cathode rdative humidity is reduced,
the performance loss unaccounted for by IR compensation
in the afion® 112 membrane is attributed to reduced

570 Part 3: Polymer electrolyte fl1.embrane fuel cell and ystems (PEMFC)
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Figure 10. Compar] on of afion 1]2 and Gor -Select membrane 25j.Lm ba . d ~A : "Polariza ion peJfonna~ce and diffe~'ence in
polarization peIfonnance in cell opera ed with either dry or 1009't RH cathode hUmIddicatIOn (100~ RH anode I both expenment ').
General Moto . (0 ) Global ,ternatlve Propul ion Cen er GAP ) 500 cm2 fuel cell tack at cell temperature 80 0 ,hydr gen and
air r actan at 2.0 x t ichiometric flow and 270 a operating pr sur.

More recent product development work at Gore has
focll ed on developing more durable products for

compared a gr a r tha 1 50 mV p rf, in ance difference .
ob rved at 1 -2. H wev,er. from th pIp ti of
automotiv y t m 'mplification lZ. eight and 11-
ciency it j tr m -1. advan ag u· t op rat a Itomoti
yst ms without xtelllal air hun!1idification.. comparison

of the IR comp n a d and non IR comp n ated voltage
difference wh n op rat" ng th cell with dry and fully humid
ified rcactan inl t. i aLo rep011ed (Fio:ur 10. When
op rating afton 112 m mbrane dr a fUf h rIo in fuel
ce,' performance is ob rved will h increa e as a func
tion of current den ity. gam IR compen ation doe not
fully account for th voltage difference observed between
operating aturated and dry. The voltage 10 s incurred.
which cannot be accounted for by IR compen a ion is also
ob erved to increase as a function of cell current den ity.
The performance d'fference between dry and humidified.
condition for cel 8 operated with Gore-Select® membrane
i' mall 00 illV at I A cm-2), and tm differelOe is elim
inated when the voltage difference are IR COinpen ated
(For related i sue refer to Beginning-o-I"j'e E perfor
Inance- Effie 'ency loss contributions Volume 3 .

cOlrunercial stationary fuel cell application .[17-I] ni'ally,
d j·n d .p riment w r u d to idenff th ke

ct r 'nflu nc'og m n ran liE and t d t rmin th
controlling M A degradatio 1 mechani illS. Thi work led
to d lopment of xperim ntal methods both in-c II and
out- f- II to aceel rat k y d gradation n· ch' . m . Th
accelerated tests were u ed a tool - to develop new ~ longer
life product .

C ntral to pI' duct d v ) pmen hac be n th und r I and
ing of factors influencing membrane life and the insig t
gained into fuel cell membrane degradation mec arnsms.
G ' thin compo,it m mbrancs hav b n found 0

have ig .fica It durabi ity advantage overlUch thicker
nonreinforced membranes. Results from accelerated mem
bran fuel cell te ts (Figur 11J 'ndicate ery dif 'erent
failur ~haracteri ti. wh n ompaling r infor d and on
reinforced melnbranes. In thi. test, the M A i operated
und r an accelerated t ._ t pro ocol, with periodic inter
ruption to pelfonnelectrochemical analy' of hyogen
era sover. A membrane i reported to lave failed when the
hydrogen era. so r curr nt density exceeds approximately
15 rnA m-2 (thi i an arbitrary· alu of hydr gen cro.. 
over u ed to provide a consi tent criteria to end te -t • even
though at thi hydrogen p rmeation rate, no 108 in fuel
c I p rforma c i ob· e ed), on r infore d embranes
(with thickness ranging fronl 25 to 90 !Lm) were all found to
fail unpredictab y and ,catastrophically in accelerated test
ing. It i very inlpOltant to report that the Nafi,on® 112

membrane (the only 1100 EW membrane tested) ba ed

AND
4 DURAB T 0 HE

GORE-SELECT@ ME BRA
PRIMEA® SERIES MEAs

I
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Th Hfetim. 0 reinforc d Gore-S ect® me lbrane· in
th ace rated te" ts were conelated to measured mem
bran !if tim s in fuel cens operated at realisfc stationary
condifor . (Fgure 12). The results show tat Gore-Select®
Inembrane A las a life of approximately 8000-9000 h at
realistic conditions while during accelerated testing tbi.
membrane fails at approximately 800-900 h. Th r fo it
appears that from testing Gore-Select membran. A, the
accel rated te t can b. u ed a. a p. dicti mean f e t'
rna ing me ban by u ing an acceleration factor of
lOx. C nfnmati nallife te ing i urrently underway for
th new long r life membrane developed for the Prilllea
S ries 5621 A (Gore-Select® membrane B),

Author 1201 have previously reported tha the fluodde ion
release ra e can be used to determine the ra.e 0 ch m'

cal degradation of ionom rs and to pr diet emb ane Ii
in PEMPCs. At both acc 1 at dad 11 ali lic perating
condition , flu lid rIa. ate in the fll I cell produ t
wat ram. a ured as a .'unct"o of . e, ov a tim ~

w "ght d a e· ag (Fgur 1). At e reali tic te ting con
dition ' e fluoride ion rele . e rate varies from 1 x 10-'
to 10 X 10-8 g (-) . m-- h- ~ while at the accelerated test

condition the fluoride ion release rate varie from 1 x 10-7

to 6 X 10-7 g (P-) cm-2 h-1. Ther fore, a a fir approx
imation, the rate of fluoride ion reI ase, and ther . re, the
rate of chemical degradation of th ionom r .ncrea d a. a
re ult of the har h op ra ing condi .on . f the ac lerated
iu c ll, t. we r wi hin a t t condo tion. he mea-

L) ed uoride·on relea e rate call vary up to an order of
magnitude within rep]icate tests even though these repli
ca e te ts demon !rate a ery reproducible membrane life.
Also within a single membrane life test at eit r accel
erated or reaH f c conditio a wid ra ,0" in 'brane

jure 2. Hydrogen ero 0 r cunent den-ity a a run lion of
tim in fuel cell tests (25 cm2 active area), comparing results
at reali tic condit" on (cell temperature 70 OCt f lly aturated
hydrogen and air at anbient pr sure) and accelerated conditions
('e·e Figure 11 for conditions).
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M A could no be operated at the pee' tied conditions
of the accelerated te t. In order to perform an experiment
with Nafion 112 membrane both cell temperatur I eft c
tively increasing RH) and op rating curr nt d n.. 'ty e
reduced to aUow thee 11 to run, th. . .or -, to fai ur
of this m -mbran eano t be direct campar d
e ed" It was concIud d that membrane EW ha a trong

ef£ t on it abilit to op _rat at d y conditio· . On com
pI tion of the t ., the afton memb 'ane w re typically
ob erved to ho a larg £ ar or hole. Reinfor ed mem
bran (Gore-S 1 ct membranes A and B) operated in
th ace Ierated te t were oberved to offer superior life.
For xampl, Gore-Sele t® melnbrane (A - 25 ~m thick)
fai d at 800 h ompared 0 the 500 life of a 90 ~m
nonreinf. r d melnbrane ( afion® 1035 membrane 1000
EW). Reinforced membrane failure are characterized by
a very mall gradual increase in hydrogen crossover CUf

f nt den ity as a function of time which does not lead
t acata ophic loss in mem rane in egrity. Thi gradual
inerea e in hydrogen cro sover allow . the life of reinforc d
membranes in this test to be predicted from monitoring
the rate of increase in hydrogen crossov r. Th r sulL
(Figure 11) also demonstrate a new Gore- .1 ct
beane B now incorporated in th new Primea M I A Selie
56 stationary ME, mch ha cIo.. to twic the life f
the standard m mbran in thL ace I rat· d t . ail at
1700 h) ..

Figure 11. Hydrogen cro over current d n ity a a .netion [ime
for fuel cell (25 cm2 active area) accelerated te t of a ser"e .

A ba ed on relnf Ie· d and nom-ein arced membran
(appro jmate thie e b tween 25 and 5 m with the e ccp' n
of the 90 IJ.,m afton 1035 membrane). Aceel. rated t t ondi
tion arc: Constant current den jty 800 mA cm-2 " CeIl temperature
90 °C with hydrogen and air reactant at 75~ RH and at 15 pig.

eproduc d from 'u et al. (200 )'[19J with pcrmi ion from Ecole
Po]yte hniq· e de· . ntre 1.
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Figure 13,. Fluoride ion release rate a a fun tion 0 f me in fuel
c n te t (25 cm~ active area op rated at reali tic and accelerated
tc't condition ( ,accelerated te t condition; RC. realistic test
condition).

5 C,OMMER,CIAL ASPECTS

the life of a pertluoro uUonic acid PEMFC m mbran
is strongly affected by the mechanical propertie of the
membrane.

Although this. chap er has on l y con ider d fu 1 c II
durability from the perspective of membrane durability, a
similar product development methodology ha. been appH d
to aU components of the MEA resu ting in development
of the Pritnea Series 56 MEA, designed for commercial
stationary y terns. [17 l &]

One f th large t barrier to the wide adoption of fuel
cell ha alway be n cost. The M A is a central com
ponent of the fuel cell system and strongly .ntluences
the . ost ize, weight and complexity of the overall y
tern. Ther,e are three way in which Gore' PriInea® M, A
technologie may inherently contribute to lowering y
tem co t to the level required for commercial"zation. The
first i direc ly related to the reduced Inaterial ·content of
thin me·' brane. t.Ii.zing thin Gore-Select® membranes
a unique combination of long life and high power den ity
is po ible as has been highlighted earlier in this chap-
er. However, an additional benefit associated with these

thin Inembrane i r duced ionomer content. A an exanl
pIe, a 20!-Lm Gor Selec ® composite membrane contains
about one third the iOl1omer content per quare meter as
the thinnest c0l111nercially available nonreinforoed mem
brane ( .afion® 112 membrane). Ionomer i one of the
most co tly rna erial in a fuel cell tack so minimizing
the amount of rna erial .s a 'ritical factor in reducing
tac co't.

The e ond ar,ea of cost aving made po sible by
Primea EA is in the area of total tack ,cost~ a
a re ult of higher power den ity. Gore' low re istance
memb'ane offer considerable power density advantages
o er competitive membrane . The re ult is that the fuel
cell . tac become mailer and ighter which i - cri ical
for 'om application' furthermOl'e fewer MAar needed
to produce the saIne amount of power, therefore materia
content in the lac is reduced. This i. valuable as it
not only reduces MEA material requirements (cataly t an
ionomer), but al 0 mean Ie bipolar plal,e materia· and
fewer ga diffu ion media ar, needed.

Th tina area where co t aving can be realized through
Primea EA technology i· in total y em co t as a
result of em implificat'on. A con iderable portion
of the . omplexity and cost of a fuel cell y tern is
as ociated in au "liary stack conditioning component,
w .d cr,eate an optimUln opera!"ng environment wit in
the tack. Example are' keeping the gas treams weB
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iuor"d 10 relea rate w r measured a a functi n
of line.

Th total p rc ntage ionomer los from a lllembrane ha
al o' n con id r ' I a m th d of predi ting membrane
lif at ac elera~ d 0 dition . Howe er 'ntilarproblem
hav b n ncoun r d, in that t t with th aIne mem
bran have. hown poor reproducibility and ther,e i n
c n lati n b tw en nlembrane life and total percentage
ionom r 0 s.L 191In conclu ion from OUI work to dae mem
bran r fe cannot ea ily be correlated to fluoride ion rele e
rat total ion m r 10 '8 and thus implying that membrane
li£ . n t go ern d by the rate of chemical degradation of
th ill mbran .

The diff. 'e t na ure of th mbrane fa'lur ob rv d
for r .of reed and 110nreinfor ed membrane the upe-
ior Ii£.. time of f in orced- on po ite Inembrane along

wi' th _ unpredi abl re ult of the fluor"de '011 r a
rat data, sugg t tha Ule fil mbrane failUI mechani n 'In
our t ts is ongly influ ne d by the m chanical prop-
rti of memb an . It i P ·op· ed that ill mbrane fail

ur occur a a r ult of phy ical defect f [nlation and
p' pagal"on to I'ailure. Phy ial defec may form in an
MEA during c n assenlbly O' as a re ult of ionome
d gradation during p ration ithe within the Inembrane
or on tb - m mbran surfac. In th ca e of nonr m
fore. d memb'a- '" , craek popaga'on fro the de' t
w'n rapid y I ad to cata troph'c membran failure. The
pr ence of the ePTFE reinforcem· nt ned in he com
po. it Gore-Sel c ® membrane tru ture may hinder or
.10' . down thi ,ra propagation and hence ignifica Itl
incr a. e th .~ of the P ,MFC membrane. Ther fore
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igure 14. P "mea erie 55 0 fuel cell p (, onnanc .ontrolchart for a rent 6 month production pc iod. Fuel cell voltage
at 700, _1 is r port d] all'll ambient pre urequality a. urance te t. (The conditi ns o' the te-t ae de c{ cd 'n th legend to

igure 7 for hydrogen fuel "

hUDl-idified, maintaining a low stack temperature, recovering
water from he ga strealn outlet. and removing ace
amount of impuriti uch a.· 0 which all add co _t
to a fu.1 cell sy t m. If the . tack can opera e under
more evere conditions- then many 01 tee au ..ary· ac r

COl Iponer s Cal b dOWI si d r Tn ina ed. Prim a

ME can op rate .ry en w·th reduced humidification

which allow hum'dification y te 1 to b . reduced or
.minated. and can ev n . rminat th n d for water

re overy technologie at the outlet stream, Becau e of
the reduced tendency to dry out, op ra'ng at high r

t mp ratur ~ i pos ibl. with Go .' ME which both

incr ases CO tolerance and reduces the cooling section
requirements of a system. A a r ult, t e y te ar und
a st ck with G r MEA an b a impler and lower co t
y tern.

The e three additive bene t : r due d mbrane t

through r duc. d material conten reduced stack cost
through higher power density. and reduced . yen ost
through .. y tern simplifi ation aU ontribut t ignificant

co t a ing. in a fu 1 cell sy rem. Gore has b en
producing high quality MEA in production volume for
over five yeat, and ha d lop d 7 . ry efficient hiah

olume production techniques. Although the industry is
just developing today, high quality stal dards mu be m t,
and evel big· .. andard will b requ·r d in th future.
Gar is continuously monitoring and inlprov:ng the quality
of its product, and has b en able to . e t tb n d of
the .merging PEMFC industry. Below is an example of

the type of batch-la-batch variability Gore measure on it
produc produoed and pro· ided to the indu try over the

1 ix month . At least one MEA from each production
run i tested in a fuel ceU 0 measure its output in a

standard ambient pres ure fuel cell test pr tocol d v. op d
at Gor . Th lot to lot rniability is very small with a

tandard deviation of 6 IIIV with all average pelformanc
of O.685mV a 700 -2 (Figure 14).
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