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20 products. A broad range of reactants can be used in fuel cells and such

reactants may be delivered in gaseous or liquid streams. For example,
the fuel stream may be substantially pure hydrogen gas, a gaseous
hydrogen containing reformate stream, or an aqueous alcohol, for
example methanol in a direct methanol fuel cell (DMFC). The oxidant

25 may, for example, be substantially pure oxygen or a dilute oxygen stream
such as air.

In SPE fuel cells, the solid polymer electrolyte membrane is

typically perfluorinated sulfonic acid polymer membrane in acid form.
Such fuel cells are often referred to as proton exchange membrane

30 (“PEM”) fuel cells. The membrane is disposed between and in contact
with the anode and the cathode. Electrocatalysts in the anode and the
cathode typically induce the desired electrochemical reactions and may
be, for example, a metal black, an alloy or a metal catalyst supported on a
substrate, e.g., platinum on carbon. SPE fuel cells typically also comprise

35 a porous, electrically conductive sheet material that is in electrical contact
with each of the electrodes, and permit diffusion of the reactants to the
electrodes. In fuel cells that employ gaseous reactants, this porous,

conductive sheet material is sometimes referred to as a gas diffusion
1
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i nsert20 motion due to the injection pressure and may damage the fibers in the gas :
diffusion backing, creating debris and possible shorting of the MEA if the
debris punctures the membrane. Since compression molding does not
involve high-pressure gradients and flow velocities, it does not generally
have these problems.
25 A need exists for a mold useful in compression molding, wherein
membranes that are substantially dimensionally unstable are used, that
does not result in a damaged unitized MEA because of the application of
heat in the compression molding process.
SUMMARY OF THE INVENTION
30 In a first aspect, the invention provides a mold for use in
compression molding comprising:
(a) aframe part with a hole through its center;
(b) a bottom plunger; and
(c) atop plunger; wherein the plungers are fabricated to fit
35 substantially snugly in the hole in the frame part, and
wherein at least one plunger comprises at least one low-
thermal conductivity insert.
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substantially snugly in the hole in the frame part, and
wherein at least one plunger comprises at least one low-

20 thermal conductivity insert;
whereby the sealing polymer is impregnated into the sealing edges of the
first and second gas diffusion backings, and the sealing polymer envelops
a peripheral region of both the first and second gas diffusion backings and
the polymer membrane to form a polymer, fluid impermeable seal. The

25 sealing polymer may be a thermosetting or curable resin polymer or a
thermoplastic polymer.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic illustration of a mold (40) used in
compression molding showing the positioning of low-thermal conductivity

30 inserts 44 and 44'.

Figure 2 is a schematic illustration of a expanded view of the mold
(40).

Figure 3 is a schematic illustration of plungers (42) or (43) showing
more than one insert in the same plunger.

35 Figure 4 is a schematic illustration of a multilayer sandwich (10)
comprising a first gas diffusion backing having sealing edges (13); a first
electrocatalyst coating composition (12); a polymer membrane (11); a
second electrocatalyst coating composition(12’); and a second gas

3




second el ectrocatal yst coating conmposition(12'); and a second gas 3 WO

03/ 061931 PCT/US03/01795 diffusion backing having sealing edges (13') used
to form twe oaweatysane el ectrode assenbly (MEA) Figure 5 i ®Ca/usosiertei i c
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of the press.,and 1 her &f PLGe v & hde 1RGN its center (41), a bottom ,
plunger (42), and a top plunger (43). The plungers are fabricated to fit
snuggly into the frame, and one of the plungers, typically the bottom
plunger (42), may actually be integral with it. Typically, a hole (45) or (45)
25 is provided in the frame or plungers where a thermocouple may be
inserted for the purpose of monitoring the sealing polymer temperature.
The plungers are typically to be heated and cooled at the same rate
in order to minimize warping of the product part. In one embodiment, this
can be most readily achieved by making their masses essentially equal.
30 Since the polymer membrane (11), such as an ion exchange membrane,
that is used to make the membrane electrode assembly is substantially
dimensionally unstable, it is important that the plungers be kept cooler in
their centers than at their periphery. to prevent it from degrading or
wrinkling. Plungers made with low-thermal conductivity inserts (44) and
35 (44’) in their central areas can achieve this, as the center of the mold may
be insulated from the heat of the press, and therefore remain at a lower
temperature than the metal parts throughout the process. Alternately, as

shown in Figure 3, the insert may be made up of a plurality of smaller
4




tenperature than the netal parts throughout the process. Alternately, as
shown in Figure 3, the insert may be nmade up of a plurality of smaller 4 WO
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prepared usi ean%nf@ljéalhﬁﬁﬁéteﬁaaféﬂa@s&a%der$ﬁ@%déﬁa|'ﬁ'e%tﬁzrémc§OrrprI sing a

first gas diffusion back v seali.n es a first
el ectrocat al egiygsimgy b%gﬁﬁat %ﬁd(t%l?)'nsgedtsp@l‘gﬁg‘? ﬁ‘éﬁ’d%‘é ut11); a second
el ectrocat al yahesioas im@stcnm)adheméslémdh a@@ifcen®sadimyivegaandithé usi on :

parymes. 1ot SR A8n S e Eivks R G o raush AR s o e

seal i 1§ pol yidter bondinghwith the plangepthesfiaice df she plunger (48) ia tmdfrepuh&tmtd ing or

curabl e resi PELSRRt LISl into the at
ot & port CodHg bR ISR iR ﬁ%aédr% @) 4T He bRLEEEIMES, L0 & trus on
backi ngs (13Memg'aneq‘ilectrademsse envel ops a peri pheral regi on of both

the first and secgpg Lﬂﬁﬁzéii MEASFS e Qwus'ﬂi%a(rﬁﬁml@y&séﬂaaw)oh @og, the

I mb ff backi
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oLy vsture: | TYRU 1 SEak eFSE e RapuZS, SpLBRAR PBBLS, S e
corrosion-r e§BSQrui1£Ja$rdthst|lcm befc}@mg hevingresating waigel (13’). The unitized
MEA also comprises a polymer fluid impermeable seal (14), shown in
Figures 5 and 6, wherein the sealing polymer is either a thermoplastic
25 polymer or a thermosetting or curable resin, and wherein the sealing
polymer is impregnated into the at least a portion of the sealing edges of
the first and second gas diffusion backings (13) and (13’), and the seal
envelops a peripheral region of both the first and second gas diffusion
backings (13) and (13’), and the polymer membrane (11).
30 Gas Diffusion Backing:

The gas diffusion backings having sealing edges (13) and (13")
include a porous electrically conductive material, typically having an
interconnected pore or void structure. Typically, the sealing edge of the
gas diffusion backing is the cut edge. The electrically conductive material

35 typically comprises a corrosion-resistant material such as carbon, which
may be formed into fibers. Such fibrous carbon structures may be in the
form of a paper, woven fabric, or nonwoven web. Alternatively, the

electrically conductive material may be in particle form. Mixtures of the
5




may be formed into fibers. Such fibrous carbon structures may be in the
formof a paper, woven fabric, or nonwoven web. Alternatively, the

el ectri cawby3merducti ve material nmay be in particle form PHIASos/es9df the 5
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el ect r ocat al Wfbbstini tRBrM0deSsticith ©f gmﬁéﬁmahéuoltfgeﬁ&lpqt alpy&diysi t eSPTFE
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binder may be, for example, a polymer such as Teflon®

polytetrafluoroethylene manufactured by DuPont.
First and Second Electrocatalyst Coating Compositions:

25 The electrocatalyst coating compositions (12) and (12’) include an
electrocatalyst and an ion exchange polymer; the two coating
compositions may be the same or different. The ion exchange polymer
may perform several functions in the resulting electrode including serving
as a binder for the electrocatalyst and improving ionic conductivity to

30 catalyst sites. Optionally, other components are included in the
composition, e.g., PTFE in particle form.

Electrocatalysts in the composition are selected based on the
particular intended application for the catalyst layer. Electrocatalysts
suitable for use in the present invention include one or more platinum

35 group metal such as platinum, ruthenium, rhodium, and iridium and
electroconductive oxides thereof, and electroconductive reduced oxides
thereof. The catalyst may be supported or unsupported. For direct
methanol fuel cells, a (Pt-Ru)Ox electocatalyst has been found to be
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carbon at ons afp%rllcatlons where the polymer is to be used for proton exchange as in
fuel cells, the sulfonic acid form of the polymer is preferred. If the polymer
in the electrocatalyst coating composition is not in sulfonic acid form when
25 used, a post treatment acid exchange step will be required to convert the
polymer to acid form prior to use.
Preferably, the ion exchange polymer employed comprises a
polymer backbone with recurring side chains attached to the backbone
with the side chains carrying the ion exchange groups. Possible polymers
30 include homopolymers or copolymers of two or more monomers.
Copolymers are typically formed from one monomer which is a
nonfunctional monomer and which provides carbon atoms for the polymer
backbone. A second monomer provides both carbon atoms for the
polymer backbone and also contributes the side chain carrying the cation
35 exchange group or its precursor, e.g., a sulfonyl halide group such a
sulfonyl fluoride (-SO,F), which can be subsequently hydrolyzed to a
sulfonate ion exchange group. For example, copolymers of a first
fluorinated vinyl monomer together with a second fluorinated vinyl
7
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variety of po
the membrane by any known technique to form a catalyst-coated

membrane. Alternately, the inks may be applied to the gas diffusion
backing. Some known application techniques include screen, offset,

25 gravure, flexographic or pad printing, or slot-die, doctor-blade, dip, or
spray coating. It is advantageous for the medium to have a sufficiently
low boiling point that rapid drying of electrode layers is possible under the
process conditions employed. When using flexographic or pad printing
techniques, it is important that the composition not dry so fast that it dries

30 on the flexographic plate or the cliché plate or the pad before transfer to
the membrane film.

A wide variety of polar orgaﬁic liquids or mixtures thereof can serve
as suitable liquid media for the ink. Water in minor quantity may be
present in the medium if it does not interfere with the printing process.

35 Some preferred polar organic liquids have the capability to swell the
membrane in large quantity although the amount of liquids the
electrocatalyst coating composition applied in accordance with the
invention is sufficiently limited that the adverse effects from swelling
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It has been found that the commercially available dispersion of the
acid form of the perfluorinated sulfonic acid polymer, sold by E.I. du Pont
25 de Nemours and Company under the trademark Nafion®, in a
water/alcohol dispersion, can be used, as starting material, for the
preparation of an electrocatalyst coating composition suitable for use in
flexographic or pad printing.
In the electrocatalyst coating composition, it is preferable to adjust
30 the amounts of electrocatalyst, ion exchange polymer and other
components, if present, so that the electrocatalyst is the major component
by weight of the resulting electrode. Most preferably, the weight ratio of
electrocatalyst to ion exchange polymer in the electrode is about 2:1 to
about 10:1.
35 Utilization of the electrocatalyst coating technique in accordance
with the process of the present invention can produce a wide variety of
printed layers which can be of essentially any thickness ranging from very
thick, e.g., 20 um or more very thin, e.g., 1 ym or less. This full range of
9



by weight of the resulting electrode. Mdst preferably, the weight ratio of
el ectrocatal yst to ion exchange polyner in the electrode is about 2:1 to
about 10:w0 03661981 | i zati on of the el ectrocatal yst coati ngPCeaisnd/quesin
accordance wth the process of the present invention can produce a w de
variety of printed |ayers which can be of essentially any thickness

rangi ng fromthimkpess banle proguce@Wvithoubevidenee vé cyadking) Joss of. adhkesjon,or

o5 1 TP o5 PRIER USRS ddigeposs can oo

produced wi thout evidenc _ _ S ( i _

| nhonogeni et | ¥BICtUTESc kAN Hpaasily achinyeg hycutiliainantietpatiery eegistratien ur es, can
{1 exogr aohi o TRElS s foxEL RPN e BRY PRRg Kt icth SThrpBUEh bR, (=1 19
deposi tgd ont'@y?’%é?eég)rgegr%‘goi'?ﬁ BR%E e S@é@??é@ &ﬁiqlﬁ%lﬂlgﬁﬁiﬁ ckness can be
obt aibned. an thhxkneg@ean rwmbtaﬁwW Tenftlﬁévoglﬁarﬂfaﬁh_?anly[Ehféwm/e?s BF nlgl e |ayer
can be used to produce very thin electrodes. ically in layer
rangi ng from &erﬁapﬁ apW%Jg%%r mﬁﬁgéad\?\?Pﬁow%ye%%'ﬂtqlﬂﬁr#eﬁh | ower %
sol i ds f or nul Bypically, asbindayegpiacwingfrent t &s2atm endybe pavdumpdowitipesch i onsdor
I nks are dis i , : | &] : menti one
above perm t 'ﬂgﬁ‘g‘e‘é"&m%a?%zﬁ%ﬁg? Q%%%@?ﬁo&oseg%yﬁplﬁ%%f&gg %%?ign for
exanpl €0t he caAlDEMONREHOIYT OhHinks iad® slisekrsed i8a1R6y330,860. vary with the

di stance from the sbaiUlfibfer SntetufBRTAEANShePIbORS Bernhif tidldi ti on,
hydr ophi | i ci t% ctan o change as_a fﬁ)gc I on of coating

t hi ckness, e.9%¢ r@téiigwgg@ql%dget\ga;\@ry HyCPBROEKEAIY EXBBIRIEERE EW can be
enpl oyed. Al ssancehtratich iof eretious ﬁtﬁt@ﬁ@@yst?@amwfgfvgtr{)?\gc@ifgn@gm gtei ]
A S e T ]
el ectr dtat al ywade dachenge aa ebfunction obcbating tHiekressyaty. dppéisawitas a function
Chanpes” n ooy EER ERENGRE Bonflr 18 AAPLG SO ARoP BRI Y
with the di sfyasioRUESistantitapdaysremaybe pppliediifethedingl iayeaiapplieatianse f uel
cell, \I\here.(ﬁqhé\gédﬁ(ﬁ@%yé‘ﬂﬁdgﬁhby to zero. By varyi ng coati ng conposition
mmde. bradual P GURPOSERN Ty PR RevPREGOr R edeng b nEER o i on
vari at2ons f relectrodztalyst edated drée bywontbllipgrthe apasuritepplispessafuedtionr by
o 06! " p B vBONBRoPE T Ron SR s SR L1 of e
accor dance wiahanges in coating applied per pass. This control is useful for dealing with
the discontinuities that occur at the edges and corners of the fuel cell,
where activity goes abruptly to zero. By varying coating composition or
25 plate image characteristics, the transition to zero activity can be made
gradual. In addition, in liquid feed fuel cells, concentration variations from
the inlet to the outlet ports can be compensated for by varying the
electrocatalyst coating across the length and width of the membrane.
Polymer Membrane:
30 A polymer membrane (11), for use in accordance with the
invention, can be made of the same ion exchange polymers discussed
above for use in the electrocatalyst coating compositions. The
membranes can be made by known extrusion or casting techniques and
have thickness which can vary depending upon the application and
35 typically have a thickness of about 350 ym or less. The trend is to employ
membranes that are quite thin, i.e., about 50 ym or less. The process in
accordance with the present in invention is well-suited for use in forming
electrodes on such thin membranes where the problem associated with
10
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extraction to remove trace residuals from any of the above earlier steps. If

the membrane dispersion or solution used was the precursor of the highly
fluorinated ionomer, after application of the solution or dispersion the
25 sandwich formed may be subjected to a chemical treatment to convert the
precursor to the ionomer.
Sealing Polymer:
Thermosetting or thermoplastic polymers may be used as the
sealing polymer. Figure 5 is a schematic illustration of a unitized MEA
30 (30) after its removal from the mold in the compression molding process.
Thermoplastic polymers are "materials that soften and flow upon
application of pressure and heat. Thus, most thermoplastic materials can
be remolded many times. The obvious advantage is that a piece that is
rejected or broken after molding can be ground up and remolded. In case
35 of a mis-molded part, thermoplastic materials also offer the option of
repair through application of heat. Some techniques for this include, for
example, contact heating, infrared energy, and ultrasonic welding. The

presence of electrical conductors in a fuel cell also offers the possibility of
11
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fl ow propert lmslt-plfdﬂ:eidsﬁbl@ngémlﬁﬁeqs?f@tve@%ggzﬁiﬂéégﬁcﬁﬁ&w Sg%énrg?égg :vtEA| 2r €
|hﬁ|t ?ogﬁl:g\c/iv t Q‘ﬁ%[@é@ qt'ﬁ'ggﬁiﬁa%t}%}%”gar‘ﬁ ?qt@éaeie{faﬁ'ﬁ?t”qenst gnt ly “upon contact
with tHese rel ati \Qﬂ!g'otthﬂ mest §ignfisanbadvaadagds mahemlamﬁﬁ thiel yrfFr s
thi's materi ol pREaRaths haRTBLIBRENES. | b PGt orthieblign fRfihY, 1o,
surface, and r@@ImaﬂdrM@ areeheld belpw ﬂpmmﬁﬂnt@ﬁmerawe@tfﬂwm@ted sealirgint ai n
flow' in pol yygmer £ R3S irfebduck8! ahe SalifhRiymér $0lidHs AMER RSNty
' upon contact with these relatively cool surfaces, and additional sealing
25 polymer continues to flow past these areas in the interior of the cavity
only. As this material reaches the flow front, it spreads apart, contacts
cooler surface, and solidifies there. This phenomenon, referred to as
"fountain flow" in polymer-processing literature, offers a unique advantage
for thermoplastics in this invention. The spreading-apart effect tends to
30 separate electrodes that were initially in or near short-circuit contact.
Further, the rapid solidification on contact with the MEA layers tends to
prevent sealing off of the catalyst layers. The electrode-separating action
of thermoplastic flow has been clearly seen in the products of this
invention through microscopic examination.
35 The thermoplastic polymers useable in this invention may be from
any of a number of classes. Melt-processible fluoropolymers such as
DuPont Teflon® FEP 100 and DuPont Teflon® PFA 340 may be used, as

well as partially fluorinated polymers, an example being polyvinylidene
12



for thernoplastics in this invention. The spreadi ng-apart effect tends to
30 separate electrodes that were initially in or near short-circuit

contact. wbwsibmwsl the rapid solidification on contact w PRTIUSe3/MES | ayer s
tends to prevent sealing off of the catalyst |ayers. The

el ectrode-separating action 8f t her nopl ast i Co fl ow has been clearly seen in
the product s foridiissichias/iéynare ¥ tOransiknai Elea 801 cnanufachued by. 35 The
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03/ 061931 PCT/ US03/01795 @ fl d h 10 d FI
2901 Mo moiCIRNEIToRpal TR eHER AR ol i eE kbonelS: a5 Sha P Rher oo st i ¢

fluor gel ast ormirsg pelyal‘yl(ﬁhé(aéthezket))na)lma‘viuﬂ“m‘t(lréd, byr’dmllfee(d\‘/ian@fdictw:dri? . Du
Pont Ne S
ol ass. A omaiiited GATRRRE, Shea YRl E R pvsyiiee bEeh abPBelone)
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f i t
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such as Bynel ene such as Bynel (r) 50E561,

bot h nihuf actrn@waskur@ﬂbw Mp@mm% @r@qraﬂoasC@@aéy rﬁ(lbwtez,sls 10
manuf act ur ed @hd‘@//&hé?ﬁﬁjpl&@tlcselﬁgtromrgtswn,as%g% ,Du‘pchﬂy tiguid- Q@ﬂia

h | d-
tpofglglrosa:fjl:fp g)g“ éﬁ‘?‘n“lleci‘??ggﬂ'% 'éql-‘%ﬁ% fﬂsg"f‘})%)'%?ﬁ {_ﬁuF{ lcjflfﬂ(% arogy 'cdr omatic

pol yam des smdlyeamdéytsabbra)s 2l (rmm@upona)mem slsolbe wsst]l. Ther npset Li ng
mat eri al s ar e e e t hat
subsequent ag-r{g%%ts o4 ?'In? ?ert?a' 'genrélg?éar iésihhra{é %gé h%£t§§ ggéﬁﬁ\g‘?#é?@ soften
and flbw. Th@prfbpt a@bsaﬂq@@t ppplications qaﬁmfataanéqbressme dohrotrmssisetthem
material s beggugfen arn%lﬁv&e¢hegméﬁ|5§9@g9|ym SSropeaR J%g ovgth a

nol onme exanpl es of

t her npsettin mat eri al cannot roun
t her noset ti nS hermQsatiing ma#%m%la@eéaw asreJe\mci AR apRef Riecexprgpapey

vul cani zed nawmfalthém’ftkmnn T aitéred icaRBoPiod grmjndmy aﬁﬂ%nhﬁdéwt S@ﬁﬁsl l'y
reinforced with fiber nICfI ers y either be

o hted + o0 heXTOS B ther Rt Bmdlerel B e eores et ene S Hindod

into tHe seavulggneEdymaturdetiobehand. Such reinforcenents can reduce war page

inthe 25 final BYdsedlngGSoigmer M 415 be!dpidhalkFfainiddy Gin @hdls ' s pl aced

in the center of the
fabrics, or inorganic fillers, which may either be placed in the mold during

the compression molding process or compounded into the sealing

polymer beforehand. Such reinforcements can reduce warpage in the
25 final part.

Process:

The multilayer MEA sandwich (10) is placed in the center of the
bottom plunger (42) with the frame part (41) around it. The plunger may
have a release surface or be optionally coated or lined with a release

30 agent, such as PTFE film, to allow easy removal of the part after molding.
The CCM or membrane is typically cut to be larger than the gas diffusion
backings. Several layers of the sealing polymer film are cut to the shape
of a frame to surround the gas diffusion backings (13) and (13’) but partly
overlap the extended portion of the membrane (11) all around its

35 perimeter. Alternatively, the sealing polymer may be introduced to the
process in a number of other forms, including powders, strips, fibers,
fabric, liquid, or paste. It is preferable that it be introduced in a precisely
metered manner, such as a die-cut film of controlled thickness or a
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bottom plunger (42) with the frame part (41) around it. The plunger may
have a rel ease surface or be optionally coated or lined wwth a rel ease 30
agent, swwboase®IFE film to all ow easy renoval of the paPCcTafSo®e17adl di ng.
The CCM or nenbrane is typically cut to be |arger than the gas diffusion
backi ngs. Several |ayers of the sealing polynmer filmare cut to the shape
of a frame tomsieningupdmphwithysebatictdamtiodforealiquidg I helsalinagpaliBe)isbut partly

over! ap the eXe@BASSHIROMcIEILIve!dift BEBW PBnbmblaft bufSMathding 1

perimeter. Alternafiyv , the sealing polynmer my

process in a $aHBHUSEN %@ﬂ%’ﬂgq-oﬁﬁﬂ‘,"th thel hattony PpoieeE(42), #ie fgpsplungeer s,

fabric, |iqui@3)enaprsiea reledss surRice'citecoptittially lcobfed Ot idwRR & N 2

pr eci se[).y nmet er ed manner Suc%ﬁ:}sﬁ die-cut filmof controlled thickness

or a 13°WOD 037%%31%33‘19 Y&h37 51795 Mret eri g punp with robotic control for

a |liquid. The seal The tgwplumger (43) qflthe dabliis puhin pratd, fitedzbingo ﬁ@fr@mtl?ow t he

menbr ane but I PANN G S 6 ' | . ] the ttom

ol ungor (42 , PR ERLE TP Bao i e irifferiis WARAL RS A ebE Aol

optional |y col@hkentde aboredheimelting point loé Hueseajingt polgmen csnpressed bym The

to | unger ; IROOF [ ' [t f part

(41)" The t oéﬁﬁég%“?ﬁ Pher e gRess, r B1RBle fdrafifcally Snd BBoldk R, P2

to heatOt o abdlgeet HBERIEBS MPYBE Aeaksd emenkeens sigedpwWhieh caseaptkesed by

rr:achani %s]ll anIUﬁgeﬂénEﬁ’@ﬁﬂ@l@Qﬁét isﬂféat?dﬂ@@ti@ahM@EtﬁlélfrirAlﬁPédhdducﬁﬂiﬂl %t@h'ed in 10
ace. e press _may be heated on only, one. side in i.ch. case on the

BI unger on Pkén%paee?/stmt[abfes%q{ ng?é'éd?egmﬂc} themeplagimzeal material i nsert .

Any press suimaplbe dsed inghts ingeatich. n8btrienkndvire ptdesesuintiadé ipresses!frarat eri al

may be used i IS d N FOLFINE d es . nclu resses from

Carver Inc., G@%}%gﬁnd1w3ﬁ’i%§?wgﬂﬂf%hﬁur%ﬁ % g&ﬂafé’?‘g%ﬂﬁon 15

Machi né?y Conldaahinent Gentiasyd Blaemfigids NilmA shim @toswhpwmyndyeb@placed  on t he

frame bet weenyd fifs framehetieeh tﬁQ‘i’o% ﬁ;ﬁgre@gﬁdttﬁem B B&terine ﬁfé;ent to

Sonpr essi on FPESELIANEN 465 MER Comiety e, compERSSABr T 3 SN BaNeh a
conpr essi on pusBacompregdionpréssuve ababbuBo NRa a@wth@ wstagmozél tTuhﬁ seal i ng
Phroughot by BRETEBSa T cesion HreFare e BEELR P RboLEATYIRG TEBY bfbisers
cool ed28uf f i cThmseglifgpolymerds heeferably heatedab justitegmioint,of icbenpletet i zed MEA,
The o el TERTBP eIk PRI s PRt AR, "
seal (14). THeAeq sudfistentizlontijo hrve shuctusalinearity, thewnitized MieAat ures i f
necessary, foghowRIFFiguidy 5 @RMEWABTTERBYed from the tool. As can be clearly
seen the unitized MEA (30) comprises the MEA sandwich (11) and an
25 integral seal (14). The unitized MEA may also be cooled to lower
temperatures if necessary, for example to reduce warpage.
Ridges, ribs and other features (not shown) may be provided on the
seal by having recesses in the plunger area adjacent the seal.
An example of a well-known industrial process of compression
30 molding was the production of phonograph records, which were typically
made from compounded polyvinyl chloride. An example of such a
process is described in Principles of Polymer Systems, 2nd Ed.,
Ferdinand Rodriguez, McGraw-Hill, New York, 1982.
Fuel Cell:
35 The unitized MEA (30) may be used to assemble a fuel cell.
Bipolar plates (not shown) are positioned on the outer surfaces of the first
and second (cathode and anode) gas diffusion backings having sealing
edges (13) and (13’). If the seals (14) and (14’) are provided with ridges,
14



Ri dges, ribs and other features (not shown) nmay be provided on the seal by
havi ng recesses in the plunger area adjacent the seal. An exanple of a

wel | - knowwoioaderssr i al process of conpression 30 nol di ng wa€ETiuse3/m7esiuct i on
of phonograph records, which were typically nade from conpounded pol yvi nyl
chl oride. An exanple of such a process is described in Principles of

Pol yner Syst efi@mesndbsdr otherestricianad faasdrdsyinet showay), dhe bipdlar platesyor k,

1982. Fuel Ceplay iBprbiftiddfhith FECh I8 thaChelMUubEnUSE fodtarass il godls ue

cell. Bipol a{jl45| ates (not shown) are positioned on the outer surfaces of
the first an @@Qr{d"’()cat hode and anode) gas diffusion backings having

sealing edges (13Beqadl fubcpls hiayt e comedcied tddethbe tydidally iArseries oy ded
with rlgges, 14 V\DOt /0619%& P /U%Dtﬁ/01795 Idoiﬁs, rib | or, ot hﬁr
structural feRF(FASS PRAVEL Wlfé,Tget dNBigSSETIP) @sassﬁﬂﬁf’}s@twt?@ ¥ied with
recesses t hat kmmgi agizt fuel belbstatkat ures on the seals (14) and (14').
Several fuel cells ERVAe] ' ' to 5

i ncrease the overa g&&épﬁaﬁ%ﬁ 8%,@@ éa@gg%qct#ﬁfLn%%ﬁs%nr%ﬁl?%ﬁé(ﬁ@& cally
known as a f uefthedinitizadaicA oistbednventiomuwilldbenBurtheg clarified vatiedereineet v
insert and mag i nirhi n\\fﬁé’? ' ' 4l d.abe
further clarifi ng%ﬁﬁ‘g”?%’(gm%% ngze'?ﬁe fo ?E%Hr%elzglgﬁ?pﬁdége a}ﬁﬁeérgxarrpl es
are med@ly i neidplendeddolimit thecsscops ¢idheiimiesii®B8d to Iimt the scope of the
i nvention. EXAMPLES Control 1: A pi exwnPEEgne nold was fabricated of tool
steel, havi nggan! @e rican lron and Steel Tnstitute (AISlI) specification of

H 13 heat tr ‘5 to RC 40-44, and manufactured by Carpenter Technol ogy
Cor por ati on, Readi Agictire-fraiffeemotdl was dalsiiceted obtodl istext, Iparingan a frane with

41 o £ o ToRin Ir oy ST iRte (S ncR iAo B L A B PRen " o
one sildle of HRCHAGA#, amdmanafacieratbly Geireenas Teakrology Gosporatienpur pose of
20 readi ng t hReABING, PATPThAHEIE cnsidled of tHres pfe — §?‘r%‘?tl1e WithEelayl ng an
equal thi ckneéss a(ra I?I acsgpon 9[&{)0?57'.!{%-6 si des < ;[the r amsr bet ween the
frame and theSA6P E\Otﬁlﬁ ol t P M AN eevRleeger ghdisdilhe MEA. A
three-layer sandhickh7 GocmrdiaimeterGqamntdh phingdal Aawdié wakldrilledBafdosie
401 o1, g oS4 B Rl iR B8 Tt A o B oo 05T o1
20 reading the mold temperature at this interface. Steel shims having an
equal thickness are placed on opposite sides of the frame between the
frame and the top plunger to limit the amount of compression in the MEA.
A three-layer sandwich comprising 0.2-mm-thick Nafion® 117,
DuPont, Wilmington, DE., between two layers of a carbon-fiber-based
25 diffusion backing, SGL "Sigracet” GDL 10AA, manufactured by SGL
Carbon Group, Manheim, Germany, was placed in the center of the
bottom plunger atop a 0.08-mm-thick PTFE release film, with the frame
part around it. This sandwich was in essence a "dummy" MEA, in that it
lacked the electrocatalysts necessary for fuel cell function, but could serve
30 mechanically and electrically to work in the same way.
The membrane had been cut to be about 7 mm larger than the
diffusion backings. Several layers of thermoplastic polymer film, Bynel®
40E529 polyethylene-containing seal material, manufactured by DuPont,
Wilmington, DE, were die-cut to square dimensions of 7.6 cm outside
35 diameter and 5.1 cm inside diameter; the films thus formed frames that
would surround the diffusion backings but partly overlap the extended
portion of the membrane all around its perimeter. These layers of sealing
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Carbon G oup, Manheim GCermany, was placed in the center of the bottom

pl unger atop a 0.08-mmthick PTFE release film wth the frame part around
it. This wandwsw®Bl was i n essence a "dumry” MEA, in that iPCTIwokedIs he

el ectrocatal ysts necessary for fuel cell function, but could serve 30
mechanically and electrically to work in the same way. The nmenbrane had
been cut to bROlEWitwereasa plaged in thenmoald ahtiviefarx! belobsitiei mgmbraes.efal

| f th i | $ :
ool yet hyl ene-e%ébarﬁﬂ%ﬁibﬁé &® gﬁ@n%agér fif) et Btaged on {5 ofthe sandwich. o\
DE, were die-cut toNedRPRINGEREhTeIRe! wasPUs in Rlase: Hited inde thae amer and 5. 1
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di ffusi gn backji ngs rt oV e .ext ende portion o e e
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PCT/ US03/ 01798ydrpuligaliyrangecanied froplalcac ddst befohe covliny, thé tsraparadutesinow t he
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sandw ch. The Eatp B edsuletiol i FBRDAMAEY PEOR. R N BB el e
frame. The tiB6IPraps-Rlataes trmperiature was RDA° Gadfier theframe tempearatyreal | owed

to heat to 5yadeevi BE° Rk i1t Wak MmBlel o B B! asti ¢ pol yrer,

d hyd | pcall nd cool ed in place. Just before cooling, the
Cemper Wure Tt hbE PRNEW R ARIRTRILE Wese b ciSebraru bieycorsotatedd 1 he
set point f orthermeplasﬁepgmnaéresw tmtrgofembur qrm»&ger%fh@@wtlzﬁf éegfdvéliia@fars?gg
t t ,the part was renpyed frgmthe tool,. .
s:m\?\ﬁr 2hu{:gnpfgﬂgﬁﬁgé‘§%(flgteﬁeqtdpst niie BYoF ﬁgﬁ@o'ﬁ? 1RTqae&ps 'E‘q’lte‘f'?fgﬁ astic
pol yner seal arousdfamyrddhe Bpecinesn. Thesh’ElhgsanerMamableftuldoyitmcap?ult ﬁt ed
t it d ; : ] r t y o e
apeci mep. - The Loy gr G inGieck TR G sl bddihgleferf PR, Fess
into b&h of WA REMMaisiereweken e Ryasdust specimesuwes signifinaintlyper i met er s.
However, the \ps@@dchng RS cBRRaMGHT éfﬂx@%bﬁ%&héfagﬁ%él%ﬁgri%gega‘h'aew£§”tra'

t of the nbr.ane appeared ri.ppl ed an S ark 1n color,
Pﬁ(rji cgti ng it OHQQ?%BQrfP%gé? ﬁ%’&f’égg'cﬁgﬁgrﬁﬂ@ 1beemAYeroratedyas repeated with
the fol | ow nexemeleti:on: the top and 20 bottom plungers of the tool were
pol yet hyl ene- cont 7o) CuaF "RRRTblIRH 18 folRE g ipeon hedRP anh 1 mi ngt on.
DE, we?@ st ediottonnglungess of thealioel weemmudiifierbsw onlythegaesasiichhtasting tIE@ckiblngs,

de of iorey: N L : i nabl e
\évle;gsngeram %H% a_ct%%ﬂ‘j;%g? ’rég]%ié(@srﬁélgﬁ@o?é%m?t%%(’%@gﬁ%ﬁ? , and the
i nner surfacgj oty Walrplegian, OEyawere steel. The inner square area adjacent the

gas diffusion backings, were made of a low-thermal-conductivity ceramic
Cotronics 914 machinable glass ceramic, manufactured Cotronics

25 Corporation, Brooklyn, NY, and the inner surface of this ceramic was
maintained at a much lower temperature than the steel portion throughout
the molding process. Further, the molding temperature was reduced; the
set point temperature was maintained at 145°C and the maximum frame
temperature was maintained at 137°C.

30 The specimen thus made was fully encapsulated, and the central
part of the membrane was smooth and flat, showing no ripples. However,
the specimen was still somewhat warped indicating that depending on the
components of the sandwich the mass of the top and bottom plungers
may have to adjusted to avoid warping of the unitized MEA formed.

35 Example 2:

Example 1 was repeated with the following exception: ‘the tooling
was modified such that the top and bottom plungers of the tool were the
same thickness, 4.1 cm, and mass. The frame was suspended high



mai ntai ned at a much | ower tenperature than the steel portion throughout
the nol di ng process. Further, the nolding tenperature was reduced; the set
poi nt termuperiaberal was nai ntai ned at 145C and t he maxi num PCarsos/owenper at ur e
was naintained at 137C. 30 The specinen thus nade was fully encapsul ated,
and the central part of the nmenbrane was smooth and flat, showi ng no
rippl es. HoweS@PUdh, UsingpRimsysHCdRatdts midpsittevamnearthesidpeiitadttheg t hat
dependi ng on MEA netsfweents of the sandwi ch the nmass of the top and bottom
plungers may have_to adjusted to ayoid [pi ng of the unitized MEA forned.
35 Exanpl e 2: Exaﬁ%rI’%SEemerf rﬂ‘@ée\)()ﬁs Uy enfapsaiedy aBd Mas nein: t he
tooling was wedied, addsheltentrat patef trepmentbranttveas Siobgeasd @hbt,t he t ool
were th sar%j‘,&,n' .1 cm and nass. The frane was suspended hi gh
16. V\D%B/ 061931 Wﬁ@?%’l?% enough, using shims, such that its
m dpoi nt was B¥amplend ni dpoint of the MEA materials. The specimen thus f

fully encapsy g@ . part o
?ﬁgengﬁts)raﬁe f ) g@m)ot h%ta%g’afsﬁg? ? s‘&@w?hn%@@%%%?%s@ B%Exﬁg%é@)@ Exanpl e
2 was repeat RIUAPeMVaR EeRlaredWith@reuempdifies: plungemeantaimingnasgeaminas
repl aced wi t materighnodi fi ed pl unger containing no cer am'dc material. 10 The
speci t hus nmade_was full ncapsul at ed, , but exhi bite m nor war pi ng,
aﬁd tﬂg§central pafie 3PGQIH‘§YW$§H5H§WE€%qg%gwawtﬁpapyt &Ry no
ri ppl es. Exanpirerarfingmphd tRe eentralgpaabethennembraae wald emboth srEaat i on:
i nstead of a iQq Ac %g’ck Nafion(r) menmbrane, a 0.05-mmthick menmbrane
coated on boﬁrﬁl) SII engHF{I ‘a plati numbased catal yst | ayer was used. This
catal yst- codexampiertir ane ( CCM) was designed for use in a PEMfuel cell.
The specimen thus mRdfoles walseadatoR Y RIGHII EkEDIbRS Hsldle] o £€1 | and
f ound generate el e ?I’I current. A polari za\{vl yn curve was %e erat ed
for this speci-fit mefhick afier® snermbiane, Red-OBrmen-tcl membgane cestashbhed i nt o
a_simlar celbotwsidestwigttlatplafaimarskatcataps iapoanas 8sed! frhwstaaaacki ngs.
17 Vo 03/ 06190%]3te|:)oc%/e%1 Or%t/ne](@ﬁ\ﬂ) was designed for use in a PEM fuel cell.

The specimen thus made was placed in a hydrogen-fueled test fuel
cell and found to'generate electric current. A polarization curve was
20 generated for this specimen and found to match that of a similar CCM
assembied into a similar cell with traditional gaskets and separate

diffusion backings.
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CLAIM5 What is clainmed is: 1. Anold for use in a conpression nol ding
apparatus conprising: (a) a frane part with a hole through its center; 5
(b) a botwomspbusger; and (c) a top plunger; wherein the PCEN$eI/6179F €
fabricated to fit substantially snugly in the hole in the frame part, and
wherein at | east one plunger conprises at |east one | ow thermnal
conductivity insert. 10 2. The nold ofCIAIMIn | wherein the at | east one

lowthermal  eapductiarhby id-nsert is present in the top plunger and the
bottom plunger. 3. The nold of claim1 wherein the plunger conprises a
plurality of |ow lheffeplddentsein aicoppraseen snoldingrappatetius esimprisings 3

wherein the at |east (hpwatthahB®arcRmdvaridi¥ thrbughdtsides@st is a ceranic. 5.
The nol d claim4 ngsrei ntﬁ?gggj;eram C d s selected fromthe group

consi sting of al um n&P) aPf YNE&t ¥ gl ass, zirconia, and boron
nitride. 6. The nold(of altapmplingdrewherein tiee plunigeesareofadricatedttoefitmal 20

conductivity insert is b . . 1e ol unger with an adhesive.
7. The nold of claim1l mﬁ%gggtlgrq{lglll?}emgl @@{@% ngesﬁaﬂl?r%art,aad}gzm ve. 8. A
process of preparing a umhereisdtieadicneslenget cadprisessatdebsiyonesiong

conpressi on nol di ng corrpgpe.'}' bo%ég&tﬁx)tyfir?é%ﬁ.”g a multilayer sa_ndwi ch
conpri si n% a first_gas I ffusion fack ng havi ng seal i ng~edges, a first
el ectrocatlal yst coat il R§ BepIainyh wherph thaat leastionglew-thermsak ond
el ect r ocat al ysdndieaivity hsefTo pséddrain tHRNMbpAIuRGECASH SRShtdhHimyerbacki ng
havi ng sealing edgﬁs andc@/({)fg((g%i c?‘) res|5| ﬁn nol di ncgwgorseal | n&&ol ;c/#rer to
the multilayer sandw el ref qreindng Plingsy 5597 BRSRIBY Of np) di ng
appar at us coripmﬂ-@esma(cc)n@dtiwﬁyrmsmhst Wi t h. a hole t hroughI i 'ﬁlsecgn;rere; (d)
abri cated to rii FosmadorPeRS BhERgTine ABaRLB PR PRESIRRORE . and
wherei n a5 | dasertia ceramiger conpri ses at | east one | ow thernal
conductivity insers THSmold of claim 4 wherein the ceramic is selected from the
group consisting of alumina, alumina silicate, glass, zirconia, and boron
nitride.
6. The mold of claim 1 wherein the at least one low-thermal
20 conductivity insert is bonded to the at least one plunger with an adhesive.
7. The mold of claim 1 wherein the adhesive is a fast cure
adhesive.
8. A process of preparing a unitized membrane electrode
assembly using compression molding comprising:
25 (a) forming a multilayer sandwich comprising a first gas
diffusion backing having sealing edges; a first
electrocatalyst coating composition; a polymer membrane;
a second electrocatalyst coating composition; and a
second gas diffusion backing having sealing edges; and
30 (b) compression molding a sealing polymer to the multilayer
sandwich, wherein the mold used in the compression
molding apparatus comprises:
(c) aframe part with a hole through its center;
(d) a bottom plunger; and
35 (e) atop plunger; wherein the plungers are fabricated to fit
substantially snuggly in the hole in the frame part, and
wherein at least one plunger comprises at least one low-
thermal conductivity insert;
18
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region of both the first and second gas diffusion backings and the pol yner

menbrane to faorm ther nopl astic polymer, fluid inperneable seal. 9. The
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adhesive.
15. The process of claim 8 wherein the first and second
20  electrocatalyst coating composition are coated on opposite sides of the
polymer membrane to form a catalyst-coated membrane.
16. The process of claim 8 wherein membrane and the first and
second gas diffusion backings having sealing edges are all the same size.
17. The process of claim 15 wherein the catalyst coated
25 membrane and the first and second gas diffusion backings having sealing
edges are all the same size.
18. The process of claim 8 wherein the membrane is longer than
the first and second gas diffusion backings having sealing edges.
19. The process of claim 15 wherein the catalyst coated
30 membrane is longer than the first and second gas diffusion backings
having sealing edges.
20. The process of claim 15 wherein the sealing polymer
comprises a thermoplastic polymer.
21. The process of claim 15 wherein the sealing polymer
35 comprises a thermosetting or curable-resin polymer.
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