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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
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Furt her, 2 assembly described in U.S. Pat. No. 6,057,054, in partlcular relies on the

use of curable or thermosetting sealing materials. Thermosetting

materials are materials that, once heated, react irreversibly so that

25 subsequent applications of heat and pressure do not cause them to soften

and flow. In this case, a rejected or scrapped piece cannot be ground up

O

and remolded.
The chemical nature of thermosetting materials may lead to
undesirable process and product attributes in the fuel cell application.
30 Such materials often require a relatively long time period for chemical
reaction to solidify them; they are commonly used for low-volume parts
manufacture, where fast cycle times are not important. Reacting
components in thermosetting materials may generate undesirable
gaseous emissions, requiring forced ventilation of the production area,
35 raising environmental issues, and forming bubbles in the solidified part.
The chemical nature and reactivity of residual low-molecular-weight
components in thermosetting materials present the possibility of

contamination of the membrane or catalyst in a fuel cell. Further,
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20 importantly, thermosettmg materials generally do not solidify during the
flow process but remain fluid throughout until the flow is stopped and the
cure progresses significantly. This causes the flow to be relatively
uniform, leaving the MEA components in essentially the same positions
they were in before the introduction of the resin. When a short circuit is
25 present before introduction of the resin, as from portions of the electrode
layers that inadvertently straddle the membrane, it remains sealed in
place after fabrication.
A need exists for polymers useful sealant materials for MEAs that
do not have the problems associated with thermosetting resins described
30 above.
SUMMARY OF THE INVENTION
In a first aspect, the invention provides a membrane electrode
assembly comprising:
(a) a first gas diffusion-backing having sealing edges;
35 (b) a polymer membrane;
(c) asecond gas diffusion-backing having sealing edges;




interface of the first gas diffusion backing and the polymer nenbrane; (e)
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di ffusion ba avl ng s_ea?i ng edges (13" used to formthe nenbrane
el ectrode assenbly (®ERrming a multilayer sandwich comprising a first gas diffusion

backing having sealing edges; a first electrocatalyst coating
composition; a polymer membrane; a second electrocatalyst

20 coating composition; and a second gas diffusion backing

having sealing edges; and

(b) applying a thermoplastic polymer to the multilayer sandwich
whereby the thermoplastic polymer is impregnated into the
sealing edges of the first and second gas diffusion backings,

25 and the thermoplastic polymer envelops a peripheral region

of both the first and second gas diffusion backings and the
polymer membrane to form a unitized membrane electrode
assembly having a thermoplastic polymer, fluid impermeable
seal.

30 In the second aspect, the invention also provides a process
wherein application of the thermoplastic polymer is by injection molding or
compression molding.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic illustration of a multilayer sandwich (10)

35 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
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Figure 2 is a schematic illustration of a typical injection nolding tool

(20) for preparing an MEA. 5 Figure 3 schematic illustration of a typical
i nj ecti orwowB™63280 t ool showi ng the positioning of the nulPCirltsy&o173@ndwi ch
(10). Figure 4 is a schematic illustration of a typical injection-nolding

tool show ng the nultilayer sandwi ch (10) and the thernoplastic seals
formed usi n@iffugietp a@ﬁn@%nadmggseaimgﬁ@%eﬁ@)weé te faenilne onambrager at i on of

a unitized Mefedide ggsre@,ﬁbq, (®meA)emoval fromt he i nj ection-nolding tool.
u of an o ue view.of a unitized MEA
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conductive materi al’ ore or void
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cut edge. Thmlﬂdngyé,rgé}aj\,{nthmlpuctl ve material 35 typically conprises a
corrosi on-resi sta§t materi al such aﬁlgcarbon e formed into

whi ch
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material mayedges (13); a first electrocatalyst coating composition (12); a polymer
membrane (11); a second electrocatalyst coating composition(12’); and a
second gas diffusion backing having sealing edges (13’). The unitized
MEA also comprises a thermoplastic polymer, fluid impermeable seal (14)
25 shown in Figure 4, wherein the thermoplastic polymer is impregnated into
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 )




further be optionally surface-treated to either increase or decrease its
surface energy, allowing it to have either increased or decreased 5

hydr opholbwoiog63280 bi nder is optionally used to provide thecstusopowrpe with
desired mechanical properties such as strength or stiffness. The binder

itself may be chosen to serve the additional purpose of a surface
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car bon bl acknﬁewﬁgn%? ab\é%can(r) XC72 manuf actured by Cabot Corporatlon or
acetyl ene car The pol yneric conmponent may be, for exanp
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DuPont . Firspnard b§ﬁ¢@ﬂ%&é%&lﬁﬂ§@hﬂ$é@éng@03ﬁh|§@oﬁm&ﬁﬁjﬁm@ e 25 The
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Qpt i odal Iy, ooating. cbmp@mmrwr@nbanmmmabmtyrpftth@ gasoiiesipnibasking tg. , PTFE

in particle f}@lrrmttﬁ!)ﬁﬂ‘faﬁgfmﬁcfhd\ﬁtcﬁlnh@ thlecé}PcSﬁLQ‘éhéh Hluch & sRRftgd based on

the particular 1nte | cat1on
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il il
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be 6 WO 03/ O%EL%%I s ’;7 %A@%Z&@ed pg‘?ﬁ?éﬂo’t Cﬁ?@opﬁﬁ)w @ét Wrlr &b ﬁed

cat al yst co rogen on car
exanpl e, oo Jé}ebmynw@cvqon%onent may be, for example a ﬂuoropolymer

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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plati num obtainable from E-Tek Corporation of Natick, MA These
conposi tions when enpl oyed accordance with the procedures described 5
herei n, pwowsdextsparticles in the el ectrode which are | es®Crhzsn3/di7pen i n
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(TFE),  hexaf Elele sy vsgre 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 monomets.
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
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can provide bRhighne. 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 organic 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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contact and nore secure application of the electrode to the nenbrane. A
variety of alcohols are well suited for use as the liquid nmedium 5 .
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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 um or less. This full range of
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can be nmade % Known exttr si,on ﬁégcastl ng techni ques and have thickness
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t hi ckness of aboutCdhpogitivwmdyesiso bEhariadenukrithe langtimaindywidth ofetiier anes t hat
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form during ﬂBGhQISPPBQwF'@%ﬁW %Pubah%ﬁreqﬁqsr@wdppfaré@g%pf the fusl eplef erred for
the pol ymer iwhere activity goes abruptly to zero. By varying coating composition or
plate image characteristics, the transition to zero activity can be made
25 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: '
A polymer membrane (11), for use in accordance with the
30 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
typically have a thickness of about 350 um or less. The trend is to employ
35 membranes that are quite thin, i.e., about 50 um 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

large quantities of solvent during coating are especially pronounced.
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the menbrane to be in acid formto avoid post treatnent acid exchange
steps. Suitable perfluorinated sulfonic acid polyner nenbranes in acid 5
form ar e woaBlet2Be under the trademark Nafion(r) by E |. @aTRSn3/0des
Nenours and Conpany. Alternatively, nenbranes nade froma variety of other
i on-conducting polymers could be used, for exanple sulfonated
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being fornmed. TheR@in?&%bemarﬂaté %@ USIa?wg@RQﬂm}/&bpﬁw%rﬁ&%}we@%@n( 12') may

be coated on the de variety of coating
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by pl aci ng t‘ﬁ@ a&%@?naggggﬁﬁ%@ﬁs "Hg:i%ggﬁ HARENEH]Sar 98 Has di ffusrgn
backld_n]gfs havirog \We &l. Quye enhgledsgdc®tes and., Elldoh.MCabad yedectiet ed nenbr anes or
gas diffusi g e Ie t osit

may be prow@%@&%%ﬁ lf%ﬁ?%%(r g'gmrﬁe— Fa{% ggsucﬂ; Igés]b%‘al @ﬁ%&pﬁ%&?g@pg‘r ons
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residuals frpgiewfy5c§47t5§1 ahge1anpskser steps. If  the menbrane di spersion
or solution used was the precursor of the hi %{ﬂyqfﬁfl uorinated ioponer,

after appli cat|on08¥a|1t’5f’§é70§§ﬁ%met5@1br6f‘e§|n¥1%*9% g bYCARIRE APPOSHGed may be
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rany Limes. J&%ngl’:bﬂé@ ﬂdém{%bg bfefaigng% BhafE polither henitthrg! ed or
(11) usmg a wide varlety of coatmg techniques. Some mclude screen-
printing, offset printing, gravure printing, flexographic printing, pad printing,
slot die coating, doctor blade coating, dip coating or spray coating. The
25 sandwich is then formed by placing the catalyst coated membrane
between two separate gas diffusion backings having sealing edges (13)
and (13’).
Catalyst coated membranes or gas diffusion backings coated with
electrocatalyst coating compositions may be provided with post treatments
30 such as calendering, vapor treatment to affect water transport, or liquid
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
sandwich formed may be subjected to a chemical treatment to convert the
35 precursor to the ionomer.
Thermoplastic Polymer:
Thermoplastic polymers are "materials that soften and flow upon

application of pressure and heat. Thus, most thermoplastic materials can
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f d ' | . , offers a
Lﬁl SL;eadagn?{Engﬁngﬁ%ﬁ%&%d lp%é/\/ﬂg)h&gﬁéi‘!ﬁgﬂag %gﬁg)aﬁéu?%rﬁ; (BF ©
spr eaddthg- ap@ﬁfméﬁb@t}ttot@?ﬁ% Ql’td ligagarandehighavechaiisalttbughnasse Manyi al ly in
or near shor tpghk or‘%@?é%\}e mo'a'dht@iﬁ{er ifh 6 haRi ?f r%%fbﬁief f?%h%‘n@n

contact with the revent sea e cataly

| ayers. The &P&&Y HS% F'aid mai%fm f?”@@cwr@wsomﬁw US03/ 01796 of
t her mopl ast i sidrlificantigchaegingctheMER thRknessl Fhrrillp w@Hebplaeticsd Bich aknvention

through m cr &L Brloce% e ﬁt?(%ro%glymers offer very durable electrical properties,
25 including dielectric strength and electrical resistance.

One of the most significant advantages for thermoplastics in this
application is their flow properties. In the process of injection molding, the
mold and MEA are held below the melt temperature of the injected
polymer as it is introduced. The polymer solidifies almost instantly upon

30 contact with these relatively cool surfaces, and additional 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

35 thermoplastics in this invention. The spreading-apart effect tends to
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
12



The thernoplastic polynmers useable in this invention may be from any of a
nunber of classes. Melt-processible fluoropolynmers such as 5 DuPont

Tef | on( r )wbEBR 04280 and DuPont Teflon(r) PFA 340 nmay be use@CTAS03/0bé as
partially fluorinated polynmers, an exanple being polyvinylidene fluoride
such as KynaQ({r)] 710 and Kynar Flex(r) 2801 nmanufactured b At of i na

Cheni cal s dheymaplastic Bow bas beesr clepilnseen irf theoproduaistafitbiss  such as

Kal rez(r) ananéﬁti%ﬂ(th)oudm%{fré%dﬂlé’@bef‘lrFatldn Du Pont de Nemours & 10

Company, Inc ng Into this class. Aronmatic
condensat i on pol\/\ffﬁ*@rtg gneplaglc pelyinaTs Iuseghis; indBisdRggntion @ﬁ‘YéB?afﬁ?fF‘e bei ng
pol yaryl (et hemnyajtRenukebp ot tiagsss!f MlisedebyibM Midrepolyaiais atiasng

L L f h Bynel
40525 hnd_ BYETYH T BESREP LR, Eﬁe@t&?ﬂaﬁﬁﬁ%%h?ﬁe\% FJ5Par Phe 15
ségch ast Scl aiwdlrgs ?éﬂ&lIpdlU;aBnatqundymemeaanMaéledeﬂ?em@ﬂély@Imhdri@wd; 3ch s

r poration
Hyt Pel (r) (Du@%lng? S%FI qui ycrys@%ﬁyhgpg@uc%ﬁgs ﬁ%ﬂ?l%)% tﬁ/
i qui d- cr yst dtofipChesieals( Kirmoph Frusaisd P4. oﬁh@rmomjastyaﬂw*@@@me@s

Zytel (1) HTNsuﬁ%%él}ezwan@’\ﬁt‘an@em&ﬁﬁactﬁ%d Eﬁﬁlw%ﬁﬁab%ﬂobﬂs‘?&?ds of
two or nore 20 of th ese ﬁnwt astic be used

t her m)]gﬂ ast i CYBPIME(INGR Yo Q)%t?@ﬁzi?'%t? é'"”ﬁﬁﬂséed\rmajilc f i bers or

l tno][]gam c fi Idoﬁgénsﬁﬁmhpbwhﬁrg@g@met;ﬁilﬁmv%(ém@wkétdn@oQageea@m pld ncr easeFt he
stiffness and stren seal, in the fi rocess For
Preparing t he<hf pg)lg/ggﬂ%élm{rejﬁgr %?té’@?? B @B%{JW Vfgreéé\yEAléflac er ent

t echni ques maymited UsattashirbpGreatiritain; tmadified/BalyolSmsesuekaagpBasel®ncl ude

I nj ection a”%o%%ﬁ@rﬁcglagu?@éﬁlé% %tﬁvﬁnﬁ’%}@fé&uré:q gybﬁﬁa@t%g Sdfind - The

conponents formn ayer 'sand ne size or

they nby be @uohlan%qzlém@ 2§|1§d®lythlﬁﬁélmgnuhﬁérﬁdjb&dﬂQMﬁ\ Qhemisials ng, t he
conponent s ar(%rbbﬁétﬁﬁa”@ Arbehlaec%%grtﬁé?ﬁ%mc dEMtoRRrd'BG&s a5zed. The

e e L, AT el o o
Cre ] 2, g Rt gty %"d"@bmnwme@%zh.mwzeat:‘ﬁe .
1 ze
RN D S e
ST eI
hed efale) s

PCT/ US03/ 01796 ction own in injection
mol di ng t ool f'(om oewa@@élllgrs | recna‘@rce(mqr)tsw| r@gupﬁmpa@ﬁ]ap@r ts (21)
and (22'), aiferedsé& &ya biiffiled® andstrength of the seal in the final unitized MEA.
Process For Preparing the Unitized Membrane Electrode assembly:
25 Several different technigues may be used to form the unitized MEA.
Some examples include injection and compression molding as shown in
Figures 2 through 7.
The components forming the multilayer sandwich may all be the
same size or they may be of different sizes. Typically, for injection
30 molding, the components are the same size or the CCM or membrane
may be undersized. The component layers may be placed directly on top
of each other as shown in Figure 3, or they may be positioned as shown in
Figure 8 so there is no overlap at the corners. This dislocation inhibits
shorting when the unitized MEA is assembled as a fuel cell. The sealing
35 edges of the gas diffusion backings may also be beveled to encourage
fountain flow of the thermoplastic polymer. Typically, in compression
molding, the CCM or membrane is longer than the gas diffusion backings.
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which the multilayer sandw ch is placed, and optionally posts or other 5
shaped features (24) and (24'). The injection ports (21) and (22') nmay be

| ocat ed awodBP6R8ENt points at the end or top of the | owePCramsh3/f299 with
the proviso that the thernoplastic polynmer can be easily delivered to its
desired location. Typically, the injection ports (21) and (22') are | ocated
at the end lofedtioa Molding:t ool (21) as shown, and preferably between the

|l ower 10 and top AQ%’homrlanqé'ﬁ%l dltﬁétlﬁﬁ&lldﬁ né%éﬂ%b?&@ﬁgng\éég the

product part. The inje rature bel ow
the melting iewientoold2) havipgiigiagtion Boﬁfﬁ K%W (%40 @umelsl ‘F%W tyi(@dtnon of the

El'ﬂgrrcne)ﬁlt ?Zf'\gn?ﬁtﬁgﬁﬁulg%?/efgéﬁawm is pflced( A dnéﬂyl ds@hﬂ‘@m?rg Fi gu:e 4.
mol d, cavi

(23) may hav%h%P‘%OE%@’ﬁlg% @%L?%‘? szoﬁmﬁée H?J%‘i'fg{b 2’%? t(% CL@? NBARERG t he

dlh ffusi ont bal@lsatmi atrdlﬁtamm,uomts tothd ead of &§) of $ledower th?K@U)rWItMtha)rrp! St gs

the injectiop 0 0 e provide

W th aJ roughprtog{gsto 598}‘3 %etr 'ﬁ?%giﬂS%@%%mh&p?ésn Q%n% %@ dgﬁ}’eré{j ?QHQI dpt he

di f f usi on badésirey losapdmcdypithby,the injeeljer peds (i Jend (@) arnedocatediaél d in

e ot 4 Caviriar?3? theABuP B2 PPadshlil R prelbldut bevdarkeNgulay no

seal i n edges @é} oatin os| tion

pol ymé nenb# @RmfOrd’eagé@dﬁﬂloé‘lcgéh@§€&{Qaf%@ledc\ﬁ Fhﬁgp@%ﬁb@@'ﬁl on (162i )
and a secondTgasn; e@h.ctrf HDI@Rg BeEIKROYisha\d feenSeraturd Hefslg @se meking pdivpi cal 1y,

Lﬁfyﬁéfchéﬁﬁq»éﬁg PRygT ?%@lﬁg?ﬁ@%t@éﬁ’o@@mﬁﬁﬁrté%éc%%‘?‘%yfc Sqﬁﬁt@%?hz” the
cat al yst coateefdrmntbaiyeaie( 149 apldaddy shetwwearFigine zga‘s':hdmhu«al surfdcki ngs

A ternat vel 5 FREE bricribered Wil uktnbl! SOz Stk ARl RA 5 S50
(13') 1fay betexbuatardenprovidedewith ep&eedamlq/&te @ﬁa@pndaacbmgdmpjmmsA( 12) and
(12") and theg foro g%gegn&ﬁﬁ. th#'éhgd&n%é{@sﬂﬂ% .ﬁygéﬁaﬂph%ﬁd.ﬁgtsélqgg%s'de of

t he pol yner e “coat de t owar nmer rane to

form the mul b?lt%%QO'éa%mﬁbf@'f(Olb? pravige@ uile %foq%teeﬁwﬁqra\y@ﬁ%@?dw ch
(10) so for e @Wé}%r@é@c&h@m the duﬂm@maw%gahldadez or adhesion to the

th | ast I t f ful .t d d 35
on el chot ce bf THEmuBRYet Pl T Bt in Rt to s FRIL BB B e "

]E reat mmont OLC@X]}DQS(E\S lalfasmas‘ mffusmtbamkingmwzg seammgjedgm(ma /flrséi):s)fgrl%gns
or use wt

As shown in ﬁfegﬁrg)%lﬁ%ﬁbgtnﬁ ? 8'4@8‘3&%'?{35%%&]%0% %Qﬁg'%?%t@qze% in the

mol d cavity gse@ndelestropatafyist §@a’rmg eevpasitigad’ ,fanféa@ﬁcgla@laﬁgs havi ng
seal i ng Edgeérffu%fb?ﬁ)bé’éklr(glﬁa\)mé%%@ﬁﬁé leugéym@yh 66i6h gﬁ hige @wcfcr@@ataﬁﬁ%) of the

mold cavity g:gat)lng compglsﬂlor?g ?12% cp ﬁ ZrSDare coa\{eé %n(tﬁe poFHrXer meﬁxrb?gllwed ed

25 to form a catalyst coated membrane (CCM), and the catalyst coated
membrane is placed between the gas diffusion backings having sealing
edges (13) and (13’) to form the multilayer sandwich (10). Alternatively,
the gas diffusion backings having sealing edges (13) and (13’) may be
coated with the electrocatalyst coating compositions (12) and (12’) and the

30 coated gas diffusion backings assembled on either side of the polymer
membrane with the coated side towards the polymer membrane to form
the multilayer sandwich (10). The edge of the multilayer sandwich (10) so
formed may be treated to improve wettability or adhesion to the
thermoplastic polymer that forms the seal. Useful treating agents depend

35 on the choice of thermoplastic used in molding; they include corona
treatment or oxygen plasma for most polymers, or fluoropolymer
dispersions for use with thermoplastic fluoropolymers.
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5 wth a rough texture or spikes to hold the gas diffusion backing adjacent
it in place. As best seen in Figure 4, a top tool (26) is placed over the
mul ti | ayewoanezsch (10). The surface of the top tool (26pcadjSavervét he
mul tilayer sandwi ch (10) may be provided with a rough texture or spikes to
10 hold the gas diffusion backing adjacent it in place. Recesses (not
shown) may be prO\ASjéldO\Nn in Figured: it nuftilayry saspiwieh 610)(ig@psitinded imhi ch t he

seal is formgge nf usc %%QSMM‘?%%F?MGP%Q&&% ﬁ%é h.ffdsfowbécmngg hgaﬁg (not

shown) on the sea ternate a so be

formed that vﬁqa“na@ §§ €1n°>)@ri@%a.f@sfnforlvﬁwdaqﬂasﬁr&gtsef%%ceéi?i ﬂfe cel |
fornmed using r’hbl@l (Sé&/ltﬁlQQB)?dThéllshrfégéoNa%ﬁnoW@a\h M@Sbe rcmﬂe/drer ls t hen

(12) ardi (1090 Had il @ﬁ%ﬁﬁﬁ%@h@a‘%s%beﬁ@ﬁﬁws‘é‘gﬁﬁ%‘#ﬁ'aﬂﬂ%% I the at

| east a portiinmplade.t he sealing edges of the fi rst and second gas diffusion

backings. The ther Bégtsdée(ﬁ lﬂqilégﬁﬂ}%)tcﬂ}@ B%%gatcﬁfer 'tl*? eral region of

both the first and secon pol ynmer menbrane

to forma fl unultliav@ésaﬁdww% 1QéaThemur@pem(ﬂnet@tqqhé2®rﬁcﬂaQ@ﬁ th&A (30) so
formed, Sho"‘ﬂnbmldﬁe%éﬁéw%h @09’ n@al M FFb\Adﬂrﬁj &vhﬁ%%@%ﬁ%kﬁxr@%% ¥PRes th! ui d

|rrperrreable seas (14 s remved ld cavity (23).
As canlbe eadidl§ @%Qﬁsi‘jﬁmﬁ'%‘a@dﬁngéﬁﬁﬁeﬁéﬁ”{ RiCeand (15') are may be
present in the sedRécdsbés (aaﬂshd rhaS/(bemmlbdllmlﬁé sgaﬁmbfm@rtbpg stack

nbl y, t f I t
ool ant " 0t ndPSLRENEAGET whlhe s bBraBa: ate aftso e tbraUr bRl ™t ne
uni tized MEA resulbgn poges(rlaiehod®)shdhaeseals (14 andl(d4hg AlteiateOrross

Ther nopl ast | Crglégis Eg%{éo’@é ?'drﬂ%]ot ﬁu%tt‘Wﬂl ?:9%’31’ i tp‘?@vénth@“ﬁ’md '|é‘afl$a*§;‘é frddustry

and i s descr usef ul

i nj ect 1dn noltbiedgelasidpaned usmggﬁhﬁea@ ﬁQﬁmledturtbtm@rihﬂEvﬂcﬂ yBlneeh ns: A
Processing G’chéﬁnoﬁlé@h@ﬁol’ mérSs thdif dté@'thr@bﬁmrﬁéétﬁ) Borts (VY afRy K, 35

conduct i ve nd2dd &N Fagiest " Qﬁﬁé%t%kﬁﬁéﬁﬁgéﬂ@bﬁg%aﬁéﬁegﬁgﬁastw feui i g
in the finishedydEAs iQne: egﬁa‘tetjdnmmlegﬂtl@aéﬂa sortion if ¢e BSaﬁr@ édgeNpb03/ 063280
DT o03! OLTSfe PR e TR A b Sl G famBe e o
sandwi 2h. Hmlewenyelbpe am@iphﬁfeb@gmsofdmihﬂlhe)waandc&&awd gas i nj ection
{Tﬁ'ed't ggl W ' | it G SEn HRACRIDE dEthEEsBNREEmenbraRb o $6r%% a HRd Rhp&aMEakigal nst
seal.
After cooling, the unitized MEA (30) so formed, shown in Figures 5
and 6, with the thermoplastic polymer, fluid impermeable seals (14) and
25 (14’) is removed from the mold cavity (23). As can be easily seen in
Figure 6, openings (15) and (15’) are may be present in the seals (14) and
(14’) to assist in alignment during stack assembly, or to serve as
manifolds for passage of fuel, oxidant, or coolant. Other openings where
appropriate may also be provided in the unitized MEA using posts (not
30 shown) in the molding tool (20).
Thermoplastic injection molding technology is well-known in the
industry and is described in detail in the open literature; an example of a
useful injection molding apparatus is given in Petrothene Polyolefins: A
Processing Guide, 39 Ed U.S. Industrial Chemicals Co., New York,
35 1965.
Due to the short distance across the membrane edge, small
amounts of conductive material may straddle the membrane and cause

short-circuiting in the finished MEA. One way to mitigate this problem is to
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5 surface, preventing polyner flowto that side. To prevent this, the

peri pheral edge of the nenbrane or catal yst coated nenbrane is supported
by structwpaB/oéxsatures in the tool (not shown) to assist poDrses 01796

flow ng onto both sides of it. Alternatively, the injection ports or gates
on the nold may be rel ocated and paired up such that the polynmer enters 10
the nol d j usnaxgtiBpdBembeansapeoet thandhaicondyribie eBRPARRES, suclethatdr si de of

Eﬂe ethendtedfd?ﬁTslta@fnsTultﬁitHQB{ﬁbb {gﬁﬁn@u C?Tbmrscfi %bdnmnb' @f@ﬁéggﬁ?\ﬁlicﬁw of :heb .
er nopl ast i 0 nt,0 both sides.o e .N rane.an . cont ac o
i 11 s on bablMRyE! el RESSHERS AR HRw OGNS NNESHPBmAding WY t ool i s
related to i&hdmtpush thel mestbeane,dh this\oasal ug@trei@v\ma)gﬂidiltthe toelirig]?he[]y of a
thin iinjection: ool d Vi are ne ge of the
sandw éh ar g&ﬂ_% érpg h?%tﬁ@r%@z%%g% erglrgnqp %{e)S'gél ;r?r)eerg\@géﬁ%&'és’éﬁ%er areas are
cont act ed bypefiehgyel gdge ohtheamembrane adwatalysticoated swmbiametis of t he
peri pheral f G0 gg,q.i? Meb ' igned to
be thicker tlgla tﬁéé&gl\ng%{}iht se] l?,éggﬂg?lWﬁ,at i LQ%%%A\W??Q%%%W‘%?S t hi cker
there. This thilQng&iitaRol sides ghd. dtarnativedn the dpjegijon parts of Datasng
fﬁ' yner, Endol?/iﬂhé rﬁc}?@@né;ﬂ%@@@lugﬁt@d%ﬁﬁgéi?@d dbfshteﬁeen?ﬁﬁetamymglr bheredge ?f

e . Foupt ain, Fl ow, escri ov.e . fountain-flow property
of théPnopl a&q @O'{Wég%é%ﬁ?“@a %?sgﬁb@‘fa (ﬁﬁ%@ﬁgaé‘?lnﬁé’ Pﬂ@'tgﬁhﬁ@@t ng | ayers
from one antitchextended pertwfithe neembike. Thiis widul¢ Bgatrhasquos sloki d)flthyhof ]
reparing th : r 1 r I t he ot her
Faygrs, guch&%rﬁ%m%ger&T%@@gh%%%gﬁﬁggga%&ﬁgadeiéﬁﬁg ﬁwﬁ%ér}% can push
the 30 conduberdiffapiantbackingsf ount ai n-f1 ow property of thernoplastic
processing is al Sﬂ_fuﬁﬁalt&ﬁ@hg%ﬁt%f%@ﬁged@%bud;ﬁgad?% r@BEaRsul ation, or

coating processes in which._t or nore solid p must be separated from
cont aé?. El egelinGabllacgmendiobseveal gatesyorpdihe perivharysdia thivl ar, can

benefit fronnjditon-msldiMeyadly daiiiatitosReas e tHe cdde beasd sandwigpnduct i ng
el enents fromone ar}H ctr, cal ctroni cs components can

otﬁer. u$h ehﬁ% and elﬁ

be manuf act uP S ETCTHEN PHeSRAE Tog gglymer&eg%rler&} &t 219838 Cone pair of

el ectrical coontactealisy the polymel dt athd Tapptycathis effeet, mapl efsthec pol yner to

the electri : 0 /1017 h

that “the pol Erigal faiietorel mofBed R ATIndRARIER | o et veen

each Blir of deyaaed tops thigker thandhe MERiseli sugh that the meld cavty, tom
i nfl ow ng pojsyARkeF Bere NTHRRGRCK RYIGERA BhH 30 LRI bCPRIHOWRHS: at | east
at their per ;I)glgrenreex},l ar?éj %ﬁ?l’ead to reduced pressure differences around the edge of
the MEA.
Fountain Flow:
25 As described above, the fountain-flow property of thermoplastic
processing can assist in separating the conducting layers from one
another in the unitized MEA. This offers the possibility of preparing the
membrane or CCM smaller, rather than larger, than the other layers, such
that the inflowing polymer undergoing fountain flow can push the
30 conductors apart.

The fountain-flow property of thermoplastic processing is also
applicable to other insert molding, encapsulation, or coating processes in
which two or more solid parts must be separated from contact. Electrical
and electronics applications, in particular, can benefit from this, as they

35 require separation of at least two conducting elements from one another.
Such electrical and electronics components can be manufactured by the
general process of placing at least one pair of electrical conductors in a
mold and applying a thermoplastic polymer to the electrical conductors in
16




5 Thus, in addition to fuel cells, structures such as capacitors,
batteries, and multi-conductor insulated wires all can utilize conductors
in closewprgnsazeiy to be nade by a fountain-fl ow processpPC3ush3/otios t hey
are separated by an insulating polyner. In the case of fuel cells,

capacitors, and batteries, an injection nolding process could be used For
multi 10 conduch erwaywtmt thepolymesds diseteddntonatieasta pettian of the mor e

appropri at e. vo NN 9@. B caﬁ@uﬁe@reﬁlﬁz; rfBuﬁ'tbﬁQﬂéWR%rti%ws

consi sts of 40) and a eate ress cture frame

mold is fabrPf:ﬁleéﬂ W'n@ P%‘E”@F can iR4e3 %m%sé\ﬁ’@rﬁg%ﬁ@t‘ﬁ’%” EPRYLFLEES,

t enper at ur esgpleathsat m@m@h&amﬁ@e@aw ng hi gh t her mal conduct Ivity,
t ypi caI ly a net aI uch a | s haV| ng Anerican

Y on o steer 1 nlbHs nEadif) (o Efuels sulielEhe Sibn B Graels. " 405, 5
and P-6, ar eba’etelﬁeed dmirmult@cmmﬂudnﬂdnsmatmj wiras atlicainsutities conducides #00 ser i es

t eel h | '

ol ude. Al unE RERmPIRITR pbE mage g f‘cﬁfnf%dﬂé“?% I YA e
2024, and Msemtedabygndmwlahngtpglym@ n h@case of fieel gsllel, qaparitgesner al |y
consists of sh§LBReRBE S mé@ctfdn%ldﬂ‘?é roties8 BultPhe usBAOTYR mdig- cent er

(41), a bottom _pl unger unger e plungers are

fabri d&t ed tBOFFQ’L!CtO%Wélgjb?@d V"r‘ﬂeé wiéifﬂ%wuI%Hauafveb%mqrﬁ@p@r%g?éﬁs may
act ual ly be CahegessiogMandindy:it. Typically, a hol e (not shown) is provided

in the frame or p ers where a therrmco ns fqr_the
pur pose of noni tojll-Hﬁ O{WGS%@PM]QIF{%%@F %onsfgfg OSIWBE{@%glaggte{/pi cally
t o be heat edhaadqueksdnaitshdven)s@he picttee-frameomokt istfabricatediofa war pi ng of

the broduct BRibral BeRefia8 WibsBRR wEaghita @hotshlyrucs) Bt slBkLa0 el

masses essen kept™ cooler in their

cent erl§ t hanaag hamgr lgbrth@}mlwonvh@tl\ﬂtyr m@al fa meiglsuch asdorab@tpelrenbranes
that are rel g hy@hidui. ”f@l@?dl@ﬂﬁ{nh ARSHSM ﬁoﬁtand1s&la,¢rnstuﬁﬁa gARSIYres, such as

I on- exchange nenpranes e vel erat yr to revent them
from degr adi ﬁ@eg%‘) k‘?fah&ud% H hﬁdg %@ %’%ﬁlg ‘&n?rﬁ qﬁ#\ﬂt EmOMSnducti vity
lt Rse: L S (44|) aaﬂgﬁoﬁélélrln)aterralé hmyrmclﬁdbr@o steﬂrrmeemh ch amwndmonqu 6con|t Sct

e thernop [ 0 an _achi.ev e e nold may
be. i noul at ed PPoin] ARATER: SAMeRERrd Alvenlis R RufERbE AR oA oer
t enper2ét ure {(Aahdesignatiore APHASS, AA WHAIABEB280arCHAB0B5.01796 t hr oughout
th Al t t f

€ process. SRR in Fﬂgnu:‘eﬁsﬁﬁﬁd f’f% &ﬁ%d@ﬂ?@)"%&{erﬁw Béﬁgnft%'éfy 0

smal l er inserts (not shown nmet al ke‘pt
i n contact mmrﬁemétSnemf%mpagtvwﬂ‘f ami%thrpygm dw ceptardft bl gpotkdBul ti ng from

the metal copluggler (42)aAHE BRhludget (@BY.eThalplufyerb@rd $@sticated to fit
snuggly into the frame, and one of the plungers may actually be integral
25 with it. Typically, a hole (not shown) is provided in the frame or plungers
where a thermocouple may be inserted for the purpose of monitoring the
polymer temperature.
The plungers are typically to be heated and cooled at the same rate
in order to minimize warping of the product part. This can be most readily
30 achieved by making their masses essentially equal. Optionally, they may
also be kept cooler in their centers than at their periphery. The purpose of
this is to keep membranes that are relatively dimensionally unstable at
higher temperatures, such as ion-exchange membranes, at a relatively
low temperature, to prevent them from degrading or wrinkiing. Plungers
35 made with low-thermal conductivity inserts (44) and (44’) in their central
areas, where they do not contact the thermoplastic polymer, 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
17




5 as the insert with the proviso that it keeps the MEA conponents at a

| oner tenperature. Sone useful materials include ceram cs selected from

the growwo®dMnei28di ng of alum na, alumna silicate, glasspCTiusodni7ag and

boron nitride. Sone useful ceramic materials may be purchased from

Col tronics Corporation, Brookl . glass ceramcs; Corning, Inc.,
Corni ng, 10 ftwvpugheut tberantess. sglltﬁrnat&lyerthemsart adwrharadecdr 0F3:  Maryl and

Lava Co !
Lava. Sonpaniuraity 8 smalfer Iy sHiAbt Sowh ) With O VALY thial theahouRegpnt ous

e tradenane Fabcra hesives nmay be

used to bondMaial qu,ié'? ganiast pithdae mpyparansds sut; éf’dﬂé@'@é’ssq WafRis® cure
adhesi ves Suk it monelhortloostacess mindadar Aes hendTalharbbsoll 15

dh f Cot ti I

et Sn o568 Lt 5 RO B BB il W 445051 T e
frane pftlrt ( fehperatuned $<bme‘[lsefudlma@aalsnayludbmamm%&la@ewmmm? or be

opt i c e t

ol ow easy r IS IRES b AGRRPGlioRErGhss  ARRRE dPtTorgh T | 2
typi cal |y cunittde. b%omartwfultmmm@a@wl@mamm @nrcm@mfmje CoBleqiel | ayers

of thernopla u h r surround
the gas di ff?grg%ﬁggﬁﬂﬁfocﬁdl)}{mweeg IaEQcéFé‘?mc§ g}r%{?‘nf?xb fd. gg?é% ext ended

porti df of the, @e@rtﬁeéfﬁ@"%slSQ§j L@dprg}q){;ﬁ@enqrge M@?q’r@e Matively, the
t her mopl ast i CaopepaHieStRst, Me), pheHstest, inc. ! Rendiehf grrmacg o%h’fér@@us powder,

fib fab h | ted,f h

ol d. above. éﬁﬁmsét%boa?wﬁas' RS vl o Ak SafeRcel " e
backi ngs. Asmay fve tibed Ilmbbnmt!pdemsgaehs iNpPce. Bometigefpl adigsivesdBYastay be
optionally C?Qée)egdl?é% ﬂé&? é&n@oﬁ@l ﬁ%%lveggﬁﬁ& Thé%baﬁdm%ﬁllp dgm 30 The

top pl unger ace tted 1nto the part
(41). ,15The t @dhegives fiagm @Oﬁﬂﬁ?@l%e(s@ﬁppaﬂit@nmafﬁ@‘ﬁynswfut in a press, aI I ovved

Lo Meat Lo, bove 1he ’“E‘r“"%’%?l B O e e e e Any
pr es; sui tngQRPG‘rleEQ?" n&' tE‘@I %%’H% p@ﬁ‘e(it L@F '&sﬁﬂ@ Fg‘é%ﬂer gy mat er i )altl
e eusehé@lla@eegurf Ssureplicrey doaess eslinad vitd emges f

Ca?/ver I nc. A4 g@;] Pﬁﬁéﬁé‘or I[:)‘ Induds@!t’a e%mh %%ﬁ?ﬁ 9 Slg?éﬁir,nnery
Conpany, Bl o@ﬂ?P FHCN ]5. ﬁ'i% t‘%% V%ﬁ%%”ﬂé&’ﬂ é%ﬂ (r:te e:ﬁ?ﬁ'@ rame

bet wvee@d t he Top @Cihgemeaniztanads fypivalytcot iBbe\Erger teBibe REMIEsioN01796
deter m ne th%ae%,hggt SeReM] :@%&%ﬁ%@@%@%@rﬁa&%ﬁeﬁhﬁn g%@%@@%ﬁgm I'f a shim

i s not used SSI1 ON pressure nore

typically a @bape@é§|fmmpﬁ@§yupén6ﬁh%@aaﬁlf@mm baglgags (t@cﬁrﬁisﬁwdw be
used. The thespRPhAStdpcthRENERIed BoRibhfT G herhBRIrRd(119 all ésdurdigs poi nt

perimeter. Alternatively, the thermoplastic polymer may be provided in the

25 form of strips, powder, fibers, fabric, or other easily melted form. The
polymer is placed in the mold, above and below the membrane but
surrounding the gas diffusion backings. As with the bottom plunger (42),
the top plunger (43) may be optionally coated or lined with a release
agent, such as PTFE film.

30 The top plunger (43) of the tool is put in place, fitted into the frame
part (41).' The tool (40) with the materials within is put in a press, allowed
to heat to above the melting point of the polymer, compressed by
mechanical action of the press, for example hydraulically, and cooled in
place. Any press suitable for heating and melting the thermoplastic seal

35 material may be used in this invention. Some known presses include
presses from Carver Inc., Wabash, IN; PHI, City Of Industry, CA; and
Johnson Machinery Company, Bloomfield, NJ. A shim (not shown) may

be placed on the frame between the top plunger and the frame to
18



5 of conmplete nelting throughout before cooling is initiated. After the

t hernopl astic polynmer is cooled sufficiently for it to have structural

i nt egrit ywotobeeyaart was renoved fromthe tool. The part negTaiSe®0tIge cool ed
to | ower tenperatures if necessary, for exanple to reduce warpage. 10 An
exanple of a well-known industrial process of thernoplastic conpression
mol di ng was determmmtm exianbto whbhdgea%Ammmntmr@nOW$wydfaal |y

made from co sally
r| nci pl es o bBbfipré&k.&.&ﬁ bpé'ssu%'oﬁésmdﬁoo){o aBH@N FHOPHA!

described in Fer di nand Rodri guez,
MG aw- Hi | | mqg@/twaﬁ"y qgemprq%ﬂ@a@re%m P of #heut3Hq fosBoWE BY)MAAY be

used to assepbled. f AL tﬁ@rﬁoplaaido@é@mephsap@se«aw hédeuny jagteh®esiriti oned on

t he outer surfaces cat e) gas

it uson backriBENa e EiphapSithaat paaidh gl ARIBRL 255 < (14
and (14') ar thegproplaktid polyrher isdgesded 20ffidimmily for it bs have strubmlralstructural
features (no | recesses

t hat mesh wi irﬁé&rﬁﬁ@%ﬁe&éﬁn@g?ghﬁf@ﬁg@ﬁy% jﬂeQS%Y |ane

el ect rol ysi sceeletdotawer feunerratinealfinecessarya exsammletw wee fuel cells,

t he unitizedm)glgﬁég this invention may alternatively be used in an
electrolysis ce 25 Several fuel cells may be connected toPet her,

typi cdOy in seri &8 exampled ceys-kpawndydysiiial Rrecess el Brermee aslicenbl y. This
assenbly is tyRiptaddion rﬂﬁwxwg Vs mef;bt@tiuﬁﬁdﬁ obpRGograprugbordeewhichi cal way

to fabricate a s%ack

' d t
hosentl et heess P CaVIBRYS TR empoyTHeH ROTWIRL Phidel v B350 I ¢ o
reverse thi ssaelgagroeess3is dasesibed irs Painkiptds ohPslgalee byisEsins, 2ralEd., be

assenbl ed frgg}&} ér%) d'r@ngpﬁltcb‘?é\ﬁi-ﬂ I@e@s\pcfrkah@i ate, a gas di ffusi on

backi ng; an e PP0Ca coating conposi pol ymer nenbrane; a
second5el ect Foeh€ellyst coating conposition; and a second gas diffusion

backing; this pat fr%runn%mgp@@%ﬁ Béuls,@a% a@Q@m‘bléTB fuéxecrew natl ng with a
final bipolar plate 5Nex t her

StIC pol mar vvoul applied to
this stack \Aﬁéi?@%"yp'af% W@PH’HB EQP%S'B‘HE Ptl%of‘ rsEhe at
| east a port aad s@tohb%catﬁ@délaﬁ\@&dﬂ@g@é d:ﬂmsuga@adk*hgsmwmmhggs and

the th | ast

i 1 s on backPres S e B BRa8 s (bt 9ol y UG SRE nbr anes,
and t 1 bi poldamqsl abesontmthboshmduraiéeaiupésaemt@howol) Mhenipdlbuplatésper neabl e
seal . Such a.st rpmc?\g@é)(fWltﬂtrw@ss%rsc{ﬁ??ﬁesﬁQ/HWH%%B?{%%{UL& gﬁ tp@gg%rsmed

t hrough i nj ectl g cases
conpr essi on ktA)Ansy(14’). Since electrolysis cells have fundamentally the same

structure as fuel cells, the unitized MEA of this invention may alternatively
be used in an electrolysis cell.

25 Several fuel cells may be connected together, typically in series, to
increase the overall voltage of the assembly. This assembly is typically
known as a fuel cell stack. Though the typical way to fabricate a stack
would be to first make unitized MEA's and then assemble them with
bipolar plates to form the stack, it is possible to reverse this sequence.

30 Thus, a stack of un-sealed MEA's could be assembled from a repeating
pattern of a bipolar plate, a gas diffusion backing; an electrocatalyst
coating composition; a polymer membrane; a second electrocatalyst
coating composition; and a second gas diffusion backing; this pattern
being repeated at least one time; terminating with a final bipolar plate.

35 Next, the thermoplastic polymer would be applied to this stack whereby
the thermoplastic polymer is impregnated into the at least a portion of the
sealing edges of the gas diffusion backings, and the thermoplastic

polymer envelops a peripheral region of the gas diffusion backings, the
19



5 Manufacture of the unitized MEA of the invention will be further
clarified with reference to the follow ng exanpl es. The exanples are
merely i lWoIBned2Bve and are not intended to |linmt the scopeTafS0d/bmaoe

i nvention. EXAMPLES Exanple 1: 10 A two-part injection-nolding tool was
fabricated for encapsulation nolding of a nenbrane el ectrode assenbly
(MEA) for a RElMﬁanemembranes Thd the dipalasplaéss prieomtatifesmaptastiavity with a

peri pheral 1 Qi ol ifipbfipe ! diof SHRA o s/Ack Brcapdiiafish Bfoceave! opi ng a

square centra k and Two gates
were pl aced PW?W“@@‘B@?@ eerfermeddroygbdniesticumaidipg, budnicesan A
t hree-1 ayer §@g};§/@@hd@@rﬂﬁﬂ§wng C@nﬁ;rggglbhlrﬁ&ﬂdM@ ton(r) 117, manufactured

by DuPgn Wl mn b r - based

di ffus?on backi ng’ ang Eb‘?%{':?e?ﬁ%éd_n'ﬁ@%ﬂ#@@t'm%'o%‘ym&i{@\%on G oup,
Mei tingen, Celarifiey withaeferéno8to the fatibeling exarmpies. Zlhaiexamplesssed st ate, was
placed in th ral I ' w ch was
P eesence aneianyRERe e Fraf:feehiFs BiftitHe kB8 e e hishidfy s o
necessary for fuel cell functlon Mﬁ@serve mechani cal | y and
electricall yEkamptg &k: in the same way. Al |ayers of the sandw ch were cut

h S ' f th
ool | Quch t hat -t Aayeea AR PoRiAg fod VP feP Aol pREA A 70 00 '

the mol d cavn@dlng@éatm@mmﬁ@eatectrpd@rﬁStS@miéyél%’l&vﬁéfora@ﬁ’mfuﬁtcgﬂy 20C. The
tool was cl o$gd 1o W£sede§gﬁga\4t&lfbrn~?!a'o‘éb&§/antﬁ%ﬁéﬁél&ér@gfréﬁneaéﬁbd?@P@”g it in

pl ace, and then rotated ut omat i cal Into. position in front o

i nj ect i on- molMiM HYCERNE B CM IR @Qn@ﬁ%rr’ @@V@'Ppme% %HP%??’E"%@%@LOUECI air(r)
79F hi gh- dengiozympothiek Ayd 6nesm inmaruhetet.uTes datediMte Grassddialtie Cor por at i on,
Cal gar ¥, Albertta &?na a ﬁt:h c% into the tool and allowed to cool
for d seconffd" eLRB 888??'%(5%9%%% & TN MPa. The part was then ejected
fromthe tool usArbreekdyanseadwichreonhprising 0. 2:muesthickdNafion&k11#,ane porti on
and the spru S re held

t oget her by ﬁ?n%f%errm asP?%nE%flmneQSn depﬁ orrre%“nygtiv\f/é\%er t he MEA
sandwi ch V\asCﬁf@anfthqr;baS@ﬁd%l’ﬁ@%ID&tb@Gk@g, I Pigracsy 2 eSDLy BB manufagisretished

ei ther agai ng%/smecm&fezguywe%g@azg@nﬁwL@&&{@@é@%ﬁmk ih2Rdiror | ower
tool (21) by the in-fl e S i ndeed

ed of
Lol b2 A eCsmbrssed e, B g Ife S Pohis 4188 QI Aab I B ont st
one of the diddl.uThiznsdratkcingvdsayesseate bidammyoiiiAs in THatdt gripdokedcan be

SRS b’?ﬁe%\@@%&ét@@s@ lllec?e%ggpﬁ%mtfﬁeloéell function, but could serve
mechanically and electrically to work in the same way.
All layers of the sandwich were cut to the same size, about 2 mm
25 larger than the square central area of the tool, such that they extended all
around into the thicker frame area of the mold cavity. The tool was at
room temperature, approximately 20°C. The tool was closed on the
sandwich, slightly compressing it and holding it in place, and then rotated
automatically into position in front of an injection-molding extruder. A
30 charge of thermoplastic polymer, Sclair® 79F high-density polyethylene,
manufactured by NOVA Chemicals Corporation, Calgary, Alberta,
Canada, was injected into the tool and allowed to cool for 10 seconds
under packing pressure of 4 MPa. The part was then ejected from the tool
using mechanical pins located under the thick frame portion and the sprue
35 area of the tool.
The sandwich components were held together by the thermoplastic
polymer seal thus formed. However, the MEA sandwich was not fully
encapsulated at its edges, rather it was pushed either against the upper
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5 the MEA within the tool; several neans of doing this are discussed in the
foll ow ng exanples. Exanple 2: A unitized MEA was prepared using the tool
and procewo odeex280 bed in Exanple 1 with the foll ow ng ex®eptiseno17%e dumry
MEA sandwi ch 10 was cut to be about 1 cmsnaller than the square central

area of the tool, such that the conponents did not extend as far as the
t hi cker fran‘éoash(%@) or [ohies tegidAgebynmiinefbwingtoadymet onperdae of die t he MEA

wer e SUpporAﬁQ% ol Wad ﬂﬁie@d%ﬁglé?r%hnde%ﬁ@éﬁé tHspdtmBRORS BB seen in

Exampl e 1 the I nj ect mer_ was, t hus eorretrlcall unable to
15 ful ly encaslsym%&véa% Hea &d@ézomaqtr@@emh@émw*% BGKING daveng ahHR®e and
bel 0}[/\/ it Tlht peRREaTRR HrobRith %é?tﬁwelﬁﬁmd%d?bytsbppumh tehlébcﬁﬂl ¥ r%of|h| o
poi nts. e,sa S were aga oun e er by
the tHRer mpr%w ﬁ’g}hﬂﬂﬂr@@q IseYﬁWém?ﬁ?We(g{J gl‘?é; Uit Wg&% visibl e
anywher e ar ofolbwimg examples. i ndi cating that the pol yrrer was able to 20
cont act bot hES'(bfnf l,lgbon backi ngs all around the sandw ch, holding themin

pl ace. The f FARE¥€a bei ng thi cker than the area in which the MEA
sandwi ch was suppévuritizep wastyeparas ysieg pae jord ant piacessodereribedal |

poi nt's. on N BEEBRE Yy o8GR EBENTRE THBRRITR. BIBMANG N 5 et hod

was pottedln seve aces epox Teeox

mi xt url® of cH&8iGHg te s 3’99%1&{“ sialiel fhan BT%SWG %@Habﬁ@aﬁi’ﬂ}ée%@
hardener, nagutiRgiadtrtre coynpdenBobild ndtssdend@iad acthe thikenaahmdarealY. The

f or mul at'on S arts 6 2 rts 558 har.de d 1l 59.

Bl ue- pi glment ﬁ%"sﬁaé%aﬁ%ggﬁ%@q FPMPRRE rg;s)@f%é‘?nﬁ% ﬁf%? ﬁags{’&‘?&?t h the

ot her conponeithin theyclbsed tow, addresSAgttogerdident sedrOindbXaraple shaki ng

vi gorously for 40

14%33 37- )5/) mnuﬁ%pﬂéﬁzh%wg?t&%t ?r@ustr eg@&'ﬁ?trﬁa mﬁ?ﬁ%to . It was
di ssolMed at fellyl enpdipsylade tflered@emf tl"terMEé‘f smlchmélomm@ ébog@éaﬂmens wer e
cut into Smi'btslow ﬁcl?épﬁegré@t%réﬁtéﬂﬁé §d}{1owahthrbb@h%@@d§@§aﬁan B6intg ect ed

t her nopl ast | of pi Cc
exam nati on Jﬁ%%@%‘ﬁ%é?'ﬂ?@ﬁ”%ﬁwﬁreﬁ%ﬁmﬁw F%@@N@t%it Brmpl etel y

surrounded t Iﬂaerﬁdgﬁaﬂfc ;bchym@egbalamas ffdil’méﬂinYhE|rﬁ@mbradm¢va§mib3/vslb|©ht ly
i ngressed into the di

b ld b ted t
hoi ove-al | "eruviE picEhER sBRHTp PRicallh hat e Ty RbuEs BRI D05, 01706
seal i ri2§ of f thetaghbdth diffdsivat feukénds all dmuhddhemedmmh Hnetdmgutmmi ng

hort - ci d
mechant cal |y Har TS TR ke rg (ORpcARIIAC afod InShRR HEMAEATS, | o0t
covering muc ﬁaaﬂwmhewa%tsup@oré%d appearadéyélelp the polymer flow arouhd to all

points on the periphery of the sandwich.
The specimen molded by this method was potted in several places

25 in blue-dyed epoxy. The epoxy was a mixture of casting resins with
designations 658, and 659 plus 558 hardener, manufactured by Von Roll
Isola USA, Inc., Schenectady, NY. The formulation was 3 parts 658, 2
parts 558 hardener, and 1 part 659. Blue-pigmented dye was dissolved in
the 658 before mixing it with the other components, by heating them

30 together to 50°-60°C and shaking vigorously for 40 minutes. The dye was
Atlasol Blue S (CAS no. 14233-37-5), manufactured by Atlantic Industries,
Inc., Nutley, NJ. [t was dissolved at a loading of 17 mg per cm3 of 658.
The potted specimens were cut into small pieces and microtomed through
the area where the injected thermoplastic polymer met the edge of the

35 dummy MEA. Microscopic examination of this specimen showed that the
injected polymer completely surrounded the edge of the membrane in
many places, but only slightly ingressed into the diffusion backings. This
effect would be expected to achieve all the desired characteristics of
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5 Exanple 3: Exanple 2 was repeated with the foll ow ng exception: The
menbrane in the dunmy MEA sandwi ch was cut to be about 0.2 cm |arger than
t he di f f .wwoon/ob®28ki ngs, such that it extended beyond thempalrlusonowand t heir
perineter. 10 The sandw ch conponents were held together by the

t hermopl astic polynmer seal thus forned, and it would be expected to have
no short- ci seaiing af thetweda andecaihodie fluidg froan lvngaardithen preventiagki ngs.
However, thep ré%anm Vl@e%w@%ﬁ tﬁé"ah&dé%@lpc%%@é%'fﬁ%idr{E%&éi'&ﬁs;’anﬁat her it

was pushed elt er arnst er or | ower ace I n-fl ow ng
15 t her mopl ameqhaﬁm holding dhe MEEA ta0ather 108 PPRREAGKASSeMbI Wit und
nearly the egbiémngRREhBMhe agtivdealdipit@pirasti c pol ymer was unable to

cont act_ one g thﬁ %IfoSI on backing layers at these points. To renedy this
pr obl er?\ sup tructures, such as ribs or dones, may be built into

both the top and E@@hm‘rwcmas }m:feae@mbhrtdetfhlﬁ)wmg d)(EépiskandWheh These
structures angRBekld AR dufuRl WEABRRAYEuAE i, JEABEARG Gt ext ends

beyond the d usion S aroun S perineter.

Thi s design wargedthazlntbwctlfrﬁ@smeenhmgasw@ thebitﬁmncte@i béyondothen aibt h si des
of the menbrg P&Jrﬁf‘ﬂi\e‘ifp Eﬁét%f(ore contact both diffusion backings. As in
wou

Exanple 3, this lLeve all the 25 desired characteristics of sealing

of f tH® anode and @Qt»"rﬁm’é‘”‘fl? aPaponesis weircheld degrther By e Hiarmgplastic
short-circui po n@n@eéewmuﬂwneawﬁdqwomatﬂeoe@e&bdfmﬁamnb%ﬁbnngs and

nmechani cal I'y hol ther f k asse
Al ternati vel §'rC‘t”ﬂBg %ﬁttvé%‘?'% %38 ﬂl?cfﬁ)@ﬁu kms gg?\éﬁv%{nd 30
pai red up sutte Mbntalmevm ymeﬁullgzreheapsulhtedrmhﬂ; edgms ocather devashe edge of

the diffusi on, BASKLAAS: a0Mnel HSIoR 4 e 51 BEEINRE RAlwif] L he

menbr ane n assur astic |l ymer onto
bot h slisdes ofchetrhmnmtmmmﬂendThe aﬁ@@tddhemembtﬁrferwesuhsltﬁe@mwgt Exanpl e
4: 35 El ectringgh wgﬁ rﬁeﬁ' ae% wﬂn%tas%etdamﬁéméwﬂaaeqky ngs of

t he speci nen re are

, | stance between them was
measured to S@n&ﬁceﬁf‘@rOft”F\%H'fﬁr@'%hﬂ?kaﬁy@é? ﬁh@‘eﬁé PAHBt circuit within

the unitized MEA Gki“féﬁ)edy&ﬂné@o@?érﬁﬁﬁﬁﬁfbrﬁ%@éhﬁ@t&kéﬂé%h dex@gdre 51 Exanpl e
2 is repeated with the lula gt an; r% g(ghefs ofS t he ngffusmn
backi nge. ar o opriesy nacpe Gl BoBiheRap BB B9thas L4 Rafle rblEalis ngt ne
menbr &0e and MiEaAsangwitior These staidtaresTarespasitipmesidal pinety the edge of the
membrane that extends beyond the diffusion backings in a number of
points around its perimeter. This design would allow the thermoplastic
polymer to flow onto both sides of the membrane and to therefore contact
both diffusion backings. As in Example 3, this would achieve all the
25 desired characteristics of sealing off the anode and cathode fluids from
one another, preventing short-circuiting between the anode and cathode
diffusion backings, and mechanically holding the MEA together for easy
stack assembly.
Alternatively, the injection gates on the mold may be relocated and
30 paired up such that the polymer enters the mold just outside the edge of
the diffusion backings, on either side of the extended part of the
membrane. This would again assure flow of the thermoplastic polymer
onto both sides of the membrane and to contact both diffusion backings.
Example 4:
35 Electrical contacts were placed against both diffusion backings of
the specimen prepared in Example 2, and the resistance between them
was measured to be greater than 40 Mohm, indicating no short circuit
within the unitized MEA (UMEA).
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5 be made by any of numerous nmethods and materials, nost preferably, by
use of a high-productivity process such as simnmultaneous application of a
bead of swealoan328¢ t hernoplastic nelt and cutting. This weardsayeuse t hat
nost of the UVEAs, wherein all conponents are the same size, nay be nade
W thout short_ circuits, even if the diffusion backings were cut no 10

smal | er thanEX@EmM@®brane. Exanple 6: Exanple 2 is repeated with the

fol I owi ng exceptl‘E'Skanfﬂléb?;‘?@@@ét@ﬂtvﬁﬂpfhetﬂ%ﬁo ﬁhth%ré‘dg%&%ftloned in

a skewed fas after flush- t| ng al | conponent
| ayers. That % 'f@ﬁ@nl%aﬁ‘é%% %‘ﬁeg'rggs%?'?aﬁ? We‘éﬁrgﬁ?g&m bers TEPMi r ecti on not
parallel to a’cmddrlng the medgb':rSne wparcausthg st cﬁd;l_ﬁtst i ed]jb%elal)ﬁ%f

caner > ai | PR R e tUnterots THoBRES Al hafe Bl k! Wl féyebxroi‘l ity
across the rrBBbrfﬁﬁefngﬂgmodﬂ@nvutylprm&%ch él'msnmLé’namedum}mphcamneﬁa
preferably uged 'o@s% iéln‘t'BFﬂ%é?H}d’Mlééhcﬁgeﬁ'a‘hg‘%{énﬁ@eEﬁﬁféﬁ{/éﬁlg a%gg%o{qta‘tng

structures or t er ocat e SCri
Exanpl e 2 wa§ostpéiedMEAH W'h%reﬁbﬁl 6AMRgneRtsepei tba: samsmaf rrtay(bg

menbrane was m;m@ ARRSLESCR SRMIEOEREH T8 i RiIPbERIRGS Werdeli RB(1) 25 112

menbr gne coat ed on both side pl ati num based ctrocatal yst coating
conpo rat i on PEIAYPT &L} hRdpe arl‘%e | n a PEMfuel cell. The electrocatalyst
coatings wer Exaompe@sed of a propr| etary m xture of platinum black and

Nafion(r) ionomner for stro rformance in
hydr ogen fuel cel égnﬁga %g §8§fﬁ&h§t Pﬁ %n@e%epﬁgg %@ than 1 ng/cn2 on
bot h el ect r odesponaentsndidhedEAandwictaaee posiposed innaskewed fdsish;’ohpa@d in

U.S. Patent %Hwﬁlﬁﬁggrtﬁé aTtBEﬂ@&?%h{{F@ élE&bﬁnﬁBﬁ@nt yér‘é ?{%{é‘“hom

addi ti onal gas cel |
st ack.l5Exanpmergbrage 'E)@H@W)éd@mﬁ&§dr @p%dtr@@ﬂ% oot wafélleldmw ofgtsexcept i on:

the dummy- MeAgeandrciheBier 8RlcaoaE. vwrtéﬂuﬁpeﬁ*élsét?od@isq&ek/\ﬁyeeén tlfy
hi gh- voi d- fr ct Techni mat " actured

di ff on back
by Lydall S ?@,aﬁe?fn:%nﬁ:é%l@@r‘é‘&e‘gﬂfi‘dﬂ{?t@'s Wﬁﬂ'&?fe@“é‘?ca @T‘S "‘T*??éet H%r nopl astic
23 WO 03/ 063280 eRCTOdSe Wdld D6 in pidsenmoxinsiedawass Bya eldmbrah@EalfR are

b " The spectiildtids ekl S mopt EPPRIATY B o BrR bt ™ The
pol ymgf. f r aneitharidepoembsanesuppotiogstricturas oudie tdlecatietifgatingn
described in Example 4.
Example 7:
Example 2 was repeated with the following exception: The Nafion®
membrane was replaced by a CCM comprising a 0.05-mm-thick Nafion®

25 112 membrane coated on both sides with a platinum-based electrocatalyst
coating composition layer designed for use in a PEM fuel cell. The
electrocatalyst coatings were composed of a proprietary mixture of
platinum black and Nafion® ionomer, chosen to be appropriate for strong
performance in hydrogen fuel cells. The loadings of platinum were less

30 than 1 mg/cm?2 on both electrodes. A number of appropriate compositions
are disclosed in U.S. Patent No. 5,330,860.

The specimen thus made could be used without additional gaskets
or seals between the bipolar plates of a fuel cell stack.
Example 8:

35 Example 2 was repeated with the following exception: the dummy-
MEA sandwich was replaced with a single thick layer of high-void-fraction
diffusion backing, "Technimat" 6100-200, manufactured by Lydall
Specialty Engineered Products, Manchester, CT. The thermoplastic
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S backing and had penetrated several hundred mcrons inward at all points.
However, the outside surfaces of the diffusion backing appeared to be

pol ymer - fwee3smeeso at the edges, indicating that all the p®Cymsn3/i1mge ession
was close to the central plane of the diffusion backi Rgd ghe spgchmsn was

r epar ed and am ned m croscopy using 10 the nethod described in
ICI%xagpl e 2. Y@@%%%‘i%@@rﬁyﬂq \&5 Y@Waﬁn%wt@mmlaﬁamﬂabol yner
had i ndeed flmmafaotﬂwdlbytlbul?bmdv%ﬁnﬁﬁf tcﬁf e di foSI on baC]le Pgrédngt into
t he surfaces. Further he salidifi t her no mar fo
carbon-fiber free C'WE\V’ h Wast%‘:ﬁﬁgéﬁ' W”ﬁ'&ﬁt?\’@ns of the
di f fusi on badke rpg»l}ema’rﬂraméh|'l§1q3pdgmar3coult5b®bebhehmmghaﬁéIdﬁfﬂ]‘dlcﬂw dubbed

d d t
of e Tt ocedacki il bl BelpFRRSettal ol Bl M Brorsnfafl ALl Bhirdie ™ 29
el ectrodes f ieaWaas, Kieopulside suitases, off"the wliférsion baclsngﬁppgachdmybw _
sandwi ches srmvwﬁemaé etvaa atmﬁée 8¢, .H cAlIRG %é’cg#l:ctﬁ '® OJrﬂ% dg.e-' ke

structures betwe I ngs avl ng

econ
seal i ng edgeé"’aén‘g%? tcbg'i rﬁﬁga'?‘? pEth %&HUS@EM'@ ectrocat al yst
coat | ngs, - separ at 1T ¢iementiasprdpered LhEoxanifed By BRIscHByUsRY <!

h tion. The fountain-fIlow property of
'? IhZ'; " ZSE i ?P%B'ggtgégldﬁacr '@eirﬁxa@ﬁiﬂe cHbFESET SRR, It WasdPunehthal ng,
encapsul at i ofthe Hrerowgpiastiy ppnlmneshed lmdeedZﬁowbd ohlyamm theaterityr 6ftheol i d parts
must be sepai@Rihd bggpqﬁglp h?tlﬁ C&gly F’%\ Ea cs, applications, in
e ,

particul ar, can ben t| on of at | east
two conduct i H@ermcmmﬂ%p@lvmer a‘ﬁfm%dwatcaémon—ﬂ@mﬂneem@ge; bavingmisbkdct r oni cs

I f | east
gggpgnept s ca b? g@@m ﬁﬁ&%@&h@gs Ibﬂﬁ]e &iﬁﬂ%ﬁn a%rkfd}fbe%??r? THlsg%ﬁgpgDpl Sotic
pol yner to tR ﬁ'lﬁ gpﬁ"?@%&l riOH”Ha'nsfM i thayflut Hteohﬁéloﬁol yner is
directed int titeahturessta @lsﬂm’ctadv@ntégei bthe\Hrbbe®s ilﬁech%i@ﬁff@?s?B ndirg of

fl tt fl ol ymer can
consuctors, MAE I AR AT i bl bbb I o
edges. Thus, tésts gaiiotdummydViEdesarabiitises showed tﬂnﬁsthéﬁwf&lmhg @Jwﬁ@ﬁm tors,

batteries, a@@ul@f%"fbrrﬁ‘?&%gﬁfeﬂﬁe lﬂé‘&t%&ﬁﬂe&‘b’éﬁﬁe&% e st 2t $R6fs &tyaf‘ng

f ount ai n- flow rocess are par at
pol yne?. 1n €H S@h@a@f'ng%éwle@|S|e§hn@@§g@$aadé)r hetwepathefiistandan 24 WO

03/ 063280 P%é&@&ﬁé@b?r&@atdlyﬁt%htn@g’s rgélpgmgu Phe ﬁ/ﬁh%%rt}c% ﬁSer“ﬁé’é’ For

mul ti -conduct@ i nstul ated w.res, R%é I on Wou usua € nore

appropri ate Qi dheatey JRlpnces %@aﬁh@doqkymﬁr W\%Ctlpﬁl | owi ng
exception: the 5 faetfoanaimbswqrbpakpuf tHrdhopastierrbesssiny & 88t er than the

diffusion applicable to other insert molding, encapsulation, or coating processes in

25 which a plurality of solid parts must be separated from contact. Electrical
and electronics applications, in particular, can benefit from this, as they
require separation of at least two conducting elements from one another.
Such electrical and electronics components can be manufactured by the
general process of placing at least one pair of electrical conductors in a

30 mold and applying a thermoplastic polymer to the electrical conductors in
such a way that the polymer is directed into at least a portion of the
volume between each pair of conductors. Utilizing a fountain-flow pattern
of the inflowing polymer can increase the separation between conductors,
at least at their peripheral edges. Thus, in addition to fuel cells, structures

35 such as capacitors, batteries, and multi-conductor insulated wires all can
be made by a fountain-flow process, such that they are separated by an
insulating polymer. In the case of fuel cells, capacitors, and batteries, an
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backi ngs, to take advantage of fountain flow while allow ng the diffusion
backings to firmy hold the nenbrane in place. The speci nen thus made was
att ached wblo3asxemd its perinmeter to the thernoplastic polrgmarsoyetbe
Exanpl e 10: 10 Exanple 2 was repeated with the follomjng exception: the gas
di ffusi on backi ngs had been pre-conpressed at their edges by manual |y
pressi ng therﬂﬂﬂ?@%ﬁn aoelding pracesacodldrifandsedyi Far mi-edgduaior tﬁlsmatt@ strip,

to forma soppebiababeis] ReurhailyheToe aogipriad matel y 1 mmui de was
conpr essed alg g Sll four edges of "the square gas diffusion 15 backi ngs.

The bevel ed f e diffusion backings was laid up innard in the

sgndw‘ ch, t]?mard t Bvearnp lreazme reﬂ)’bete}@lumﬂ@ﬁﬁa fr?‘uogvlnﬁexwptm thgr t her ta]lfe »
advant age o oW, ow ng, the diffusi,on sto irmy
hol d th% nenb%‘gﬁg)t@hgﬁ‘{afc%m%ﬁg?eﬁmrﬁeﬂ {5d d?ﬁa{ﬂ‘ete\/\é@a%mea@ﬁeﬁ' 211 around
i ts peri met erbaakingse to teenadladage optduptan flomawnhile aﬂoﬁx@r‘tpleedlfiusnomddi tional
features are ot S

The tool is ntgag}eklidla%dth ﬁ}nﬂ%ﬁPmlecrgéﬁb%ﬁi ﬁggsq{#b%%ﬁrﬂ?um on §a0k| ngs
are conpr esseas attached all gr Qj:rndlit%)eﬁmgtj%toﬁh@ﬁl@eramg}asitmpqlmmgs sady, when

the tool is @;@ﬁ le ey are expected to spring back to sone degree after
thus forned. The specinen

nol di n maki ng them st roud to th ea

t hus rrg e may be feg“%ﬁtrﬁpﬁaﬁegé'f" @1 odlpwing exaarticnathe sapol ar

pl ates, re- cajifiusiosibagkinge reid Hewn p feb@ﬂ&rd%d@itﬁad@&gé@@ﬁﬁémmlﬁl for good
i

ohi ch i< aciAIEeaDp &Tom o RonEE! afen SRS fich 198 <dBRf et S backed

up by shins fofmeasdroawhahbekeled shapbi A mlarginsapproximabelydseeh widdh a variety

of OoM and didd bsinBRedidkdibig Gl lefees o theNeubPObaQluifadp! @ 11 a has a

rough texture In usi on backi ngs.
Thi s t Ext ur e Back{nagesThebeyrlod facy)ef therdifiasian hgpckingsvies iand ppmardurl ng

nol di ng, eVGﬂn'tFﬁe%BﬁdM&fhr EBWér@ISthe(m rﬁr\BPéH@rTlﬁ’éP% * G9f stdie MEA is
unbal anced |r} E 03/ 063280 P 03/ 679 . The tool of
e eos] & hHBSRPEREAG robRae Brv ARy m%ts the

di f f usi on badiddkigys tiliffenﬁy)hhHSth_ermemesammeIEOe.be'hbwp)@cﬁﬁenlg’mst iPagenetrate
merbr ane. f%ﬁé@%’?eﬁéé PP BtBEH BoEr B DR RV AR SRR (n bl ace
duri ng20vol di riggarenient i:f t he t hernopl astic pol ymer pressure against the MEA
I's unbal anced i n tAiR6RA§EStures are applied to the tool and process described in
Example 2:
a. The tool is made with a uniform cavity thickness. The diffusion
backings are compressed to a strain of 1% to 90%, preferably 10% to
25 40%, when the tool is closed. They are expected to spring back to some
degree after molding, making them stand proud to the seal thus formed.
The specimen thus made may be assembled into a fuel cell stack with flat
bipolar plates, re-compressing the diffusion backings to a desired strain
for good electrical contact.
30 b. The tool of Example 11a has a cavity thickness which is
adjustable, through use of means such as a movable insert backed up by
shims of various thickness. This allows it to be used with a variety of CCM
and diffusion-backing thickness.
c. The tool of Example 11a has a rough texture in the central area
35 that contacts the diffusion backings. This texture provides the advantage
of holding the MEA in place during molding, even if the thermoplastic
polymer pressure against the MEA is unbalanced in the process.
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Exanple 12: Exanple 2 is repeated wth the follow ng exceptions: a. The MEA
conponents are cut with a zigzag edge to enhance 10 their bonding to the

i nfl owi ngwpaBgexse b. The MEA conponents are cut with a repgaiSesg7bobe
pattern on their edges to effect a nechanical interlock with the inflow ng

polymer. c. The MEA conponents are made with rough edges to enhance their
bondi ng to the i nd. Ow tapl pbExample 13adasTEherispikesinethedipntias atgeeiiaéal |y or
thermally tr ttRe dHTLIENS Bakiki b RGhi e%‘?gﬁ]féj he i nfl ow ng
pol ymer. Extggr%?ccéksltg? A unit ?g%@ﬁ%ﬁ’&b{%l@ﬁg}% | ast | cﬂis]%%%n{gs made by the
process of EnQEh 1 penatpierip the fbrgystifhsion SmEHbRENROL QNG h or

vm'éI hout .2(8@@ W@piéﬁﬁﬂhﬁ@rﬁe?b‘ﬁgrﬁéfﬁheﬂé'spmkefs@rbﬂmz??é@aulmagerufe?t_, :
under ich ¢ 1 tjo shrin in all .di mensions. er placing it into a
sandwi Sh vi tTO0FGINEMEAIR el G oA AT fe e RPLRE qui d

dropl ets, mpdlymer préasure iabpdt geesMEA isninmbedarcesdi indhelprosessdwi ch,

I ncreasi ng t@)g g&'eshlre content of the nenbrane. Under these conditions,

it expands t 25 length and width than the diffusion backings,
hel ping to el ect riexample 2 évreneated wénthe deHoyvieg gxeeptians: Opti onal |y, the

sandwi ch is hel'd jnrpl R‘/ﬁ_ﬂb\gSﬁfpoinbﬁts?%L&ﬂWHHQZ@Z&\%'&@MO@H%%(; magnet, or

other force priagr to 1ntroduction of the water. ™ This may take place within
the mdPd cavihef basdingio theriplewng RAYBE the mold 30 is closed. Exanple 14:

A picture-frame nplThaWEA abripoabatt &l dLaalithsh egpedtity 10be PatteAMeni can | ron
and Steel Instituie @I speC|f|catl|.on Iof H-%i heﬁﬁ t.r eat E’d to RC 40-44
and manuf act TEEPYGES @Egﬁarm%mﬁ JYeres Wb he JlowBS RONINSy  PA. The
nol d consi st ed of ctThebMRacosponanfsaeenade Wwith. ougmedogsdoenhahee a 4.1

-cmt hi ck 7'?‘%@3%”2’%%%@3@%@%@@5?' ungers. A hole was drilled into

one si de of ' |le was inserted for the purpose of
readi #§ the nol d d.ehpemarobrengtedas is ahemieallyce. thegnally ieaBE3280

PCT/ US03/ 0178hanietit] wehinioyaid Banssidako the ek Pb@nr&raced on opposite
sides of the rame between the franme and the top plunger to limt the

anount of cEX¥PREISN in the MEA. The frane was suspended hi gh enough,
using shins, so AhgitidddsMEiAdRh therwrsblagiarsdah & miadpdyntheqirotdss HEA

ol SERa Bl e R e BB Refhota i Sl ) 147
20 catalyst coatings, is first dried to low moisture content, under which
condition it shrinks in all dimensions. After placing it into a sandwich with
the diffusion backings, water in the form of liquid droplets, mist, or
humidified gas is introduced to the sandwich, increasing the moisture
content of the membrane. Under these conditions, it expands to larger
25 length and width than the diffusion backings, helping to electrically isolate
them from one another.
Optionally, the sandwich is held in place near its center with a
clamp, weight, magnet, or other force prior to introduction of the water.
This may take place within the mold cavity, either before or after the mold
30 is closed.
Example 14.:
A picture-frame mold was fabricated of tool steel having an
American lron and Steel Institute (AISI) specification of H-13 heat treated
to RC 40-44 and manufactured by Carpenter Technology Corporation,
35 Reading, PA. The mold consisted of three parts — a frame with 7.6-cm-
square hole, a 4.1 -cm-thick 7.6-cm- square bottom and top plungers. A
hole was drilled into one side of the frame where a thermocouple was

inserted for the purpose of reading the mold temperature at this interface.
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di ffusi on backing, "Sigracet" GDL 10AA, manufactured by SG. Carbon G oup,
Mei tingen, Germany, was placed in the center of the bottom plunger atop a
0. 08- Mm tWDOR/OESEBE rel ease film with the frane part 10 aPcwn$03/01796Thi s
sandwi ch was in essence a "dumy"” MEA, in that it |acked the

el ectrocat al ysts necessary for fuel cell function, but could serve

mechani cal | y Sted! ghiosthéavded bgualdhioknkss are pacedmm opposittheidesobtiene had

been cut to t??arﬁ%%‘értwgeﬁrm ﬁ%eg%r?ﬁ?n,{b @%Fﬁé%ﬁﬁﬁkﬁgﬁggoﬁ%d Sever al
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thI ar Iognd istuip@mtj, Weitraingtdrh) &3, betyees tab lppergraira Cirboarfibeaibased ?ced i P I
the nol d, abo n L ; e S t ease film
was pl aced onﬁﬁ%%og#)%?k@\iaﬁgﬁ%ﬁ? éfiﬂ-é Q@% ﬁggaecrt&l??j C@ﬁgéll‘og?ra\;?/g's put in
pl ace, fittedSiaupe Mdiindermr@ermartye wasablaoed n theccemieref theoationhi n was

|l aced in a t a.-h t f 4 ' f th
!to her no : asti 35 lg@?%/rr_régéb%’%F@gﬁﬁgg?ﬁgﬁﬁﬁc@ﬁ’gm gntggg{)%ﬁ%@rafﬁ pl age.
Just bl ore cBHNGE. This saBawichavas i essencre TumBYWAEARLDREY to be

appr oxi mat el YadiRGheddibctrbeatafbtsPRddtisshaf for Fillgl dlIgaRcRIA IR SoLRINGETAL Ur e
e was, bel ow 60C the part was renoved

200C. Aft the f t t
:‘N{rfigm t he toolﬁgwggﬁkﬁ%ﬁ%gg%gﬁgéwgm heRae et her by t he
conzo! i gat ed 30 ]['ﬁﬁ;’ nmhmrbmaawwr_ecuisteabe abost T mnteFﬂrimthe, t he MEA
sandwi ch was .ful. u ' : rane was
not visible da{ff@%lﬂﬁ b%%ﬁ@? t%é/%g%lZ%Yéﬁéiqf?%oﬂ%%é}ﬁ;eﬁ&g@g ?fg!)rf\,eﬁyrg&@gm act
and sl 1ght |y 40EGA%pclyetiytensetontainintheealimaigsiabmaaidfiachged HydrePantl ar ound

t hei r peri met\gfs, | o, t ntral part
of 35 the %?A%%Bﬁhé’ﬁi%éé?ﬁ'%ﬁﬁf@%ﬁ@%Eﬁ%@%@ﬁﬁ%@? (o mgs@ﬁ%@% e 15

Exanpl e 14 wedameiranchSyi ¢m ingide diameiardgediasshysforme e8dhpri sing a
055 . Ll ot bmgammer e o By it 4 M €321
Gescr i bed | n M REIE R REERT Foreddsae e theaf e ShebSinis
catal y30 - coavew ateoiptaeel ih@Emoldsakiess gnedeforr thesmenmbranPEM $emdindcel | .
W L 0 e R
for this specinen Eiltdopikageoohiedaot Was pot ineplere fitkad iotnthe frame.
The tool with the materials within was placed in a press, allowed to heat to
above the melting point of the thermoplastic polymer, compressed
25 hydraulically and cooled in place. Just before cooling, the temperature in
the frame was measured to be approximately 185°C, and the set point for
the press-platens temperature was 200°C. After the frame temperature
was below 60°C, the part was removed from the tool.
The sandwich components were held together by the consolidated
30 thermoplastic polymer seal thus formed. Further, the MEA sandwich was
fully encapsulated at its edges; the edge of the membrane was not visible
around any of the specimen. The polymer was able to contact and slightly
ingress into both of the diffusion backing layers all around their
perimeters. The specimen formed was not warped, and the central \part of
35 the membrane was smooth and flat, showing no ripples.
Example 15:
Example 14 was repeated with the following exception: a CCM
comprising a 0.05-mm-thick Nafion® membrane, coated on both sides
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assenbled into a simlar cell with traditional gaskets and separate

di ffusi on backings. Control 1: 10 A three-layer sandw ch conprising 17.15
cm t hi ck Wafozoed28) 117 proton-exchange nenbrane bet ween tPag/Usayer’ss of a
carbon-fiber-based diffusion backing, "Sigracet” GDL 10AA, nanufactured by
SG. Carbon G oup, Mitingen, Germany, was placed centered between two
thick plateswith amdaiimumrhaserratalkysi lﬁyermemé@rri@vthahdepw@ne@l idere all squares

Zf égpd'ogmﬂf%ﬁaﬁrg Iecmwéé‘dsé@?ns%éé 6$tH@ﬁ\%n$&ﬁﬁé%$oriE ﬂh@%& S?Pgﬁterg g][n
e o e Saaled Frbeana RS ey ¥ udedn @ PRVEUehePE T | bw

pr Oclgssabl edseal anThagpecingn thla’é\{néd@wa@fmehecﬂ ) ahyﬂlwmléﬁ Rt flegi n, |
manur acLure nect a Into t ap ar oun
'he " per P et er Sk aTh oLk “45818 g MRelnd Rty

appr oxi mat el ygeréeratagt for tluiarspaglmwn ahd foured eniredclothat of a amdan 6CM:| d could
be detected byg léd asn %r%@ﬁ% @ﬁ&ﬁal%sﬂ@% SéEBYeed fromthe

pl at es, cross- sec exam ne scanmming e ectron m croscopy. The
seal ant 25 rdfl éﬁlpalbW§%und to have flowed agai nst the edge of the
sandwi ch, unigghfibyq:perneating into the diffusion backings to a depth of

0.2-0.4 nm TThe carbon fibers of. the diffusi bac seen to renmin
in plad® adj acent'g‘lttwepﬂéy%ﬁﬁ%’cg'?mﬂ ﬁ@”‘rﬁa‘ﬁﬂ’rghﬂlzﬂ Q%E@CW' @/f& bl e

ev: dgn]ge of ;_fsﬁomn eRchmRd m@ﬁﬂ:fréhe(b@twéerﬁ Imgo ﬁm@ bﬁdQ&rbc&ﬁlﬂE@ﬁbéﬁwEx |
solidification , seouy S S att S arrp e
contrasted shqiﬁH \ﬁ%%%'qgna '95%% pg:ﬂ‘ ﬂ‘gﬂt Wﬁ:ﬁ%‘ﬁﬂ%ﬁ ?’g%‘l ﬁan)

03/ 063280 PC‘KBUSQBA\ﬂ)sjm@en Chadmay, Weet pliased cantezed |b®twaen Avarthick zed

nb |
(rjr:sf f Lglngnebgc [ nge%aw ng sem Lrg' Toe Saﬁgw lé&%r‘sr\ﬁéregé}ﬁ%c}uares O{
secondl@as didiamateind Bari ard Havpl ﬁ@e%\@arq ﬁ@@gg@idlamgt)ergbppygtcm A

el ectrocat al ygd @pﬁ\ﬁdmsgwaﬁhtwwmrswtab@tanQ@unurih@rp%ﬁﬁﬁe@foﬁth@ first
gas dlffu5|on b kl n menbr ane; (e) a second

el ectrocat al y%al ‘?fd”gB ﬁ"ﬁP%% IRE T&#IN- the interface of the second
gas diffusion backArmgraﬂd ﬂbhepropebs/astﬂe seefdnt ansterialn RTM 118, whiehnopl asti c

pol ymer, fl Uitﬂe}m%ﬁﬁs%gh, ﬁw%%lufaé’mreerdethE, Schenectady, NY, was injected
20 into the gap around the perimeter of the sandwich. This material was
allowed to cure approximately 16 hours, during which time emissions of
acetic acid could be detected by their odor.
The specimen thus molded was removed from the plates, cross-
sectioned, and examined by scanning electron microscopy. The sealant
25 material was found to have flowed against the edge of the sandwich,
uniformly permeating into the diffusion backings to a depth of 0.2-0.4 mm.
The carbon fibers of the diffusion backing were seen to remain in place
adjacent to the edge of the membrane; there was no visible evidence of
flow-induced separation of the electrodes.
30 The long solidification time, gaseous emissions, and flow pattern of
this Example contrasted sharply with that seen for the thermoplastic resin.
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15 the thernoplastic polynmer is inpregnated into at |least a portion of the
seal ing edges of the first and second gas diffusion backings, and the seal
envel ops wopanskeral region of both the first and seconacgasosidfdusi on
backi ngs’ and the polyner nenbrane. 20 2. The unitized nenbrane el ectrode
assenbly of Aaiml wherein the first and second gas diffusion backing
havi ng seal i ng edges conprise a poro@dAM&trically conductive material.

3. The uniti 2athrBERRE] §-ect rode assenbly of Claim2 wherein first and

second gas diffusion backjng having sealing edges conprise 25 fibrous
carbon struct ures, T-pat tNEFEABERRF MM SleClrRAR AgEeMbIV BPBBFISING: The uni ti zed
menbr ane el ectrode assenbly of Caim3 wherein fibrous carbon structures

are selected fromthe_grou onsi stin f paper.. woven fapric, and
nonwoven webs. 5. The@ nﬁﬁ?ﬁ&aﬁéséﬁ)‘f%%&%éPQEB?@e{g‘ga§%§wg| $Adaim?2
wherein 30 the poroub)elapolyimeairhgmboartycti ve material conprises a

m cr oporous conpone Ll . t ly of
C ai mp5 wher ei nrrpt heqm c%OS%%U%JQ%%H@%%H%&EQPgléﬁgdge%ﬂﬁ%%?ﬁgggr gup
consi sting of carbor{dpara fitst electrgcpisllyshsppting eapwesiion rredent atttbees

thereof. S5 7. The uni Ui zAgaRatirane fideplidSsian baERN Bld Heald fiepner el n
the polyneric conmponent is a fluoropolyrier. 29 WO 03/063280 PCIT/ 3/ 01796

8. The uni%i zed menbr ane ’E?E@ﬂ’?'&le assembly of Claim1 wherein the
el ectrocatal yst coati(ay @ﬁ@@ﬁtdél@ﬂtr@@é@fylsﬁeéata‘lq eorepbsiaeapRésit sand  an

i on exchange polyner. 9. ,The unitiz menbr ape e trode gssenbly of Caim
8 wherein 5 the ion excﬁgﬁd@e%f;?r?gﬂ]q ge%or}d"%ﬁ 9%853&? réQ:lap%Xh%xchange
pol ymer. 10. The uniti zqulymebmemebrehecéndde assenbly of Caim9 wherein
the highly fluorinat [ I%ﬁrg ; H%%? j ,Wg ge
groups. 11. The uni tﬁged%ngﬁﬁgﬁgglc%&'ro éﬂgg?g'gﬁ%%ry 0 ﬁ%éae%& V\Eg‘?ei n 10
the el ectldocat al yst coat ithg themrasticopelyaecs issipprestaiesh intp aideasia pri nti ng,

of fset printing, gravure gyrioh bfthe $4AMBHRIAI &F tRE it i syt | ng,
slot die coating, doctor bl ade cogtl ng, (gIHD coat i n% or s rag coating. 12.
The unitized menbrane el &ifyYaR PISKBEBI fhecpeg! @rvelgpsraPariPheral pol yner
nmenbrane is an ion exchanggiopadfibvth thd first 3nd Beeondiddszdiusienibaariege! ect r ode
?fﬁgﬂﬂngt gL- Claim 12 Vmee{ned t'ﬂetg]oefyrlngpmee \ange polymer is highly

20 2. The unitized membrane electrode assembly of Claim 1 wherein

the first and second gas diffusion backing having sealing edges comprise
a porous electrically conductive material.

3. The unitized membrane electrode assembly of Claim 2 wherein

first and second gas diffusion backing having sealing edges comprise
25  fibrous carbon structures, particulate carbon or mixtures thereof.

4. The unitized membrane electrode assembly of Claim 3 wherein
fibrous carbon structures are selected from the group consisting of paper,
woven fabric, and nonwoven webs.

5. The unitized membrane electrode assembly of Claim 2 wherein

30 the porous electrically conductive material comprises a microporous
component.

6. The unitized membrane electrode assembly of Claim 5 wherein
the microporous component is selected from the group consisting of
carbon particles, a polymeric component, and mixtures thereof.

35 7. The unitized membrane electrode assembly of Claim 6 wherein
the polymeric component is a fluoropolymer.
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14. The unitized menbrane el ectrode assenbly of Claim13 wherein the

hi ghly fluorinated i on exchange pol yner has sul fonate ion exchange groups.
20 15. Thwouwniotizgsed nenbrane el ectrode assenbly of C ai m PCRusSo&01196 t he

pol ymer nenbrane is a reinforced perfluorinated i on exchange pol yner

menbrane. 16. The yniti zed..nmenbrane el egtrode asse of Clgim1 wherein

t he thernopl astic fgol fnifige m%e?f@a‘ef?(i%ﬁr?%aaﬁ%ﬁ‘&%ré‘?% iqr}%h‘?ﬁe"}rel t- 25
processi bl e fthaelegacphayst;coadingiceinpoditiarocomptisss anle}mﬁrce;atalywargp} aséI ic
fl uoroel asto : ' nsation polyners; polyolefins; nodifie

pol yol ef i ns; %@Pn%%ﬁggblé@?m%?oners; | i quid-crystal polyners; aronatic

pol yani des; and bl%ndsa Waltized membraneeclecirade assarabiyrofddaisn 8ovherein
assenbly af Ghaiish éﬁgh&%&%&@ﬁ? ig Q%@mﬁﬂﬁ&mnagéalién eg&ryéﬁ‘de bSlymer.

pol yvi nyl i dene fl yoride.” 18. e uni tlzed nenpbrane el ectrode assenbly of
Claim 16 wherein'thd 1eén e aﬁmlaraa@fﬁ%rod%aw%wﬁf@{amp waarste) . 19.
The uni ti zed themigiay dueliestbd doie eRSISETIY YoloeFhasBulBnahiohaixehtihge

t her nopl ast i mer is polyethylene. 35 20. A process of preparing a

c. pal
menbr ane el ecqu'd assenbly conprising: (a) formng a nultilayer sandw ch
conprising a firstl.gdhe aififed memibracki electtada assesnblyiciCleilgésyherefni rst 30
WO 03/ 063280 é@(&%/ F% i LI Qn;. pol ymer
marrbrane?i% atgggl)n‘ e g%?ﬁ%ggtﬁ gg?is) cogﬁn%;é%o%%lggﬁgﬁsﬁﬁ@%%gﬁﬁ@geg’nd gas
di f f usi on bac¥fselPratindh@raeee mipteggdexogiaphic(wintiagppgd meinting releidipl asti ¢

polynmer to t t Hd@¥EDlad HCH; i ol astic polyner is
| mpr egnat ed ih%tagH hﬂé&t |§ g?@gﬂ\pﬁ%’rglp\éér%%(ﬁeibﬁtgbg%%%%ﬁboedges of the first

e
and second gas di ¥4 ugingnum Rgnbrang elegteode assaspbiyafiClaippl yhare®nvel ops
a peripheral thegolymef mehirané heaf idrséxchizthgegsipdieglas di f f usi on backi ngs

?Rgef' xaéSePOngﬁ3,gﬁ@%ﬁé@@éﬁﬁgﬁeéﬁ‘%@ﬁ l a%é%ﬁg%@éﬂ%ﬁ |1 ls'ltJI gnd second
el ect rocat al yshereiethierign esoiparsje polysearie highpyt fleatinaiedpposi t e si des of the
S e e L DL
appl i cati on o¥hargi the highly fluorinated ion exchange polymer has sulfonate ion

exchange groups.

20 15. The unitized membrane electrode assembly of Claim 1 wherein
the polymer membrane is a reinforced perfluorinated ion exchange
polymer membrane.

16. The unitized membrane electrode assembly of Claim 1 wherein
the thermoplastic polymer is selected from the group consisting of melt-

25  processible fluoropolymers; partially fluorinated polymers; thermoplastic
fluoroelastomers; aromatic condensation polymers; polyolefins; modified
polyolefins; thermoplastic elastomers; liquid-crystal polymers; aromatic
polyamides; and blends thereof.

17. The unitized membrane electrode assembly of Claim 16

30  wherein the thermoplastic polymer is polyvinylidene fluoride.

18. The unitized membrane electrode assembly of Claim 16
wherein the thermoplastic polymer is polyaryl(ether ketone).

19. The unitized membrane electrode assembly of Claim 16
wherein the thermoplastic polymer is polyethylene.

35 20. A process of preparing a membrane electrode assembly
comprising:

(a) forming a multilayer sandwich comprising a first gas
diffusion backing having sealing edges; a first
30



t hernopl astic polynmer is by injection nolding. 23. The process of Caim 20
or 21 wherein application of the thernoplastic polynmer is by conpression
nol di ng. WO 0246328the process of C aim 22 wherein nenbrane ®CTU®OAOYIE coat ed
menbrane and the first and second gas diffusion backings having sealing

edges are all the sanme size. 25. The process of Caim 22 wher ei n menbr ane
or catalyst coated menbelgaBOsaialivhPe@iNg FRIAPPRIECR] 2 POIVERRS EER @ Yas

di ffusi on backings 25 haéi's@@oﬁ@élédﬁ@c@ CoaﬁngEBmWsﬁﬁmséana Claim 23
wherein the nenbrane or catal yst %o rﬁ qu t han the first
and second gas diffusi onS® ‘I%d@ d Hﬁ\ﬂ @é’%ﬂ ﬂﬂngéﬁé Ng 699651 s ocess of
A ai m 22 wherein t hgbper aphigingla ﬂrbgmo@iaﬂtnb@olﬁﬁentexheanettﬂayecat al yst coated

nenbranenggs support ed byg%ﬁ%vﬁﬁfx%@ggby?ﬂétﬁe?ﬁto [bstug;bog?ﬂer {0 assi st pol yner

in flow onto both sid r oC ss 0 m 20 or 21 wherein
a portion of the surfacelmmegna’@dtlntﬂ thﬁatHBaSttatEOIﬁi@ndedb@|St99|"ﬂﬁis a rough

Lexture or spikes. 29. Theqd! BE@RSiel o 3b8APoAE dRfSUIELRUIES R0 Of

t he 35 nenbrane or catal coa e nbrane i s treated to HTE$
wettability or adhesion hteot eHBOPIREHEBRIYARSN NVSIRMm PefiRReral FRrgign Pﬁe seal .

31 WO 03/063280 PCT/ USO3h&thihe ﬂr§t0andTQ@cd?fd3Q@§§|fm%toﬂ t@amr?g% et n t he
nol ding tool is provided th | ow ther condycti vi rts N, I east

part of the area where |P¥’\fym%§“?f8 r3%h f@fmt% GHOP ¥ree o
The process of Caim22 inyesreneatiidiesgzdri pheral area of the tooI 5 caV| ty

is thick th I ted 32.
The process of A m 98 e of Gef B A heref Bfe BisfREdsebing}2P2 L PO ng
pol ymer i ncr elemérocatalys epating pomn@ettweerare Iﬁ’@pﬂ@dﬁ@ oppeasitesidag of §iss

di ffusion baﬁk}l}’ﬂ?@f rﬂémb?&téﬁf’l{grﬁﬂa %993@)?5 cblted He?ﬁbrﬁﬁg prief &fhrming

el ectrocat al }é/lts coatl ngs A tuel conpri sing un| tized
menbr anel®l e '%)é%fe?ﬁﬂ 'C -wherein the uniti zed menbrane el ectrode

assenbly conpri see Tae p’#oéééfsséf ORI brusi wiebsia lppdcdtivn oitheeal i ng edges;
(b) a polyne econd ig%s df[dffua on- backi ng havi ng seal i ng

edges; 15 (Hjerﬁ‘ofﬂk‘r‘gtc \@%’?F@ IySPNIBAINY conposi ti on present at the
i nterface of the2BirFhegasceld dfuCiaom 2iaak2 hyhaneintapplipatiomeirthemenbr ane; (e)

a second el egf(AeahANSEGRAE G COMBRSIddPRItiRgENt at -

20 24. The process of Claim 22 wherein membrane or catalyst coated
membrane and the first and second gas diffusion backings having sealing
edges are all the same size.

25. The process of Claim 22 wherein membrane or catalyst coated
membrane is smaller than the first and second gas diffusion backings

25  having sealing edges.

26. The process of Claim 23 wherein the membrane or catalyst
coated membrane is larger than the first and second gas diffusion
backings having sealing edges.

27. The process of Claim 22 wherein the peripheral edge of the

30 membrane or catalyst coated membrane is supported by structural
features in the tool to assist polymer in flowing onto both sides of it.

28. The process of Claim 20 or 21 wherein a portion of the surface
of the tool within the mold cavity has a rough texture or spikes.

29. The process of Claim 20 or 21 wherein the edge of the

35 membrane or catalyst coated membrane is treated to improve wettability
or adhesion to the thermoplastic polymer that forms the seal.
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the interface of the second gas diffusion backing and the 20 polyner
nmenbrane; and (f) a thernoplastic polymer, fluid inpermeable, seal, wherein
the ther mwploassizeo pol ymer is inpregnated into at |east a Pporusodmi7ed the
seal ing edges of the first and second gas diffusion backings, and the seal
envel ops a peripheral 25 region of both the first and second gas diffusion
backi ngs and t h80poiliedgrropesmhebGim3Z3 wharain e rullgisgdoelds praided i si ng

unitized ”E”Wt%ﬂémﬁhéﬁhép&ﬁﬁd@ﬁﬁ%{%'sértswgf %'a@t baﬁ I hd bzfé;vcvﬁér@ﬁane

el ectrode asserrb@y % ffusi on- ng havi ng
seal i ng edge8§0€8 OES?” ﬁﬁl?ﬁﬁ'ﬁtﬁ’é’ ynes a second gas
di f f usi on- backi n@“lhth@gprse@és OCRIEER2 whéfbin thd béﬁéh@aﬁéfﬁ@@ﬁh@'t&§ﬁ

t th t diff
backi ng and. EREOLEIEE® o Bbarad wisthl) h Bublavs” elbt e RpPesdcont i ng
conposi tion preséat ahe pgrheesnofeClainebivhetsin adoonthigdewdidtfansiobthdacki ng

her mop! abt i HTCREEDART, nfrRRe0 b palaidn HeCan M Aol R0 egbhd P act i

pol ymer is |gﬁs@ggml@mbaﬁkragabawgﬁeaéng;@dugtesoﬂned‘frsta@d seadichg edges of the

first and seepigrogatal éjlcbfagﬁ Obripfki ngs, and the seal envel ops a

eri pher 5 regi e first and second gas diffusion backings
gnd 'Ito he i&)l ymer nb?‘afHéPCQBCOmpW'B@é%“Z@Fj @?E&?&?”%&l%trﬁ@ﬁtqss@mwct or

el ectrical comepsiarthe Lmﬁlmdlrﬁeﬂ@ralﬁ@bld@lr@dewsémﬂlyﬁ?@ém fiBgs:pai r of
el ectrical conductor

I
polynmer to the el ect fﬁ‘) ?%'rgoﬁ?c?’uq:'ﬁég@% g{%ﬁ%‘ﬁ@gﬁﬁgp%ﬁaéé{f)g ggltly(r:rer S

directed into at |ef3t apeiyrhéomenibrahe; vol urre bet ween each pair of

conductors, and a fortqt aé%e%ﬂ&"gﬁ@%ﬁtﬁé?oﬁfbg 'MJH@%@? ﬁ?@%gmr

I ncreases the separat | e pair of
conduct ot$ at the p&d)i pﬁélrr%tlel@@tgwt@luétr@ﬂtmgmmmhm peasent et the ai m 35

wherei n application of tphgerfAdieonmRl st bfs ARSI backiky ah@ities bbRmdro! di ng.
membrane;

(e) asecond electrocatalyst coating composition present at
the interface of the second gas diffusion backing and the

20 polymer membrane; and

(f) - athermoplastic polymer, fluid impermeable, seal, wherein
the thermoplastic polymer is impregnated into at least a
portion of the sealing edges of the first and second gas
diffusion backings, and the seal envelops a peripheral

25 region of both the first and second gas diffusion backings
and the polymer membrane.
34. An electrolysis cell comprising unitized membrane electrode
assembly, wherein the unitized membrane electrode assembly comprises:
(a) a first gas diffusion-backing having sealing edges;
30 (b) a polymer membrane;

(c) asecond gas diffusion-backing having sealing edges;

(d) afirst electrocatalyst coating composition present at the
interface of the first gas diffusion backing and the polymer
membrane;

35 (e) asecond electrocatalyst coating composition present at
the interface of the second gas diffusion backing and the
polymer membrane; and

32



20 37. The process of Claim 35 wherein application of the thernoplastic
polymer is by extrusion. 38. A nulti-conductor electrical conmponent made
usi ng t hewprosoexso conprising: (a) placing at | east one pa&cCr/usbh3/el7ect ri cal
conductors in a nold; 25 and (b)applying a thernoplastic polynmer to the
el ectrical conductors whereby the thernoplastic polynmer is directed into
at least a portion @) thdhewheplesticpolymerctidd ip@ermeableoaealcwhesein and a

fountain {1 ow pattern of yidihehREbREGORRhu R AceaREe: ldsepar ati on

bet ween each conductor in at alr of conductqrs at
peri pheral edges thereoPoOrt @9‘Of'ffhﬁS@ﬁ"'ﬂg5§9ﬁﬁﬁéfllﬁf'r«§ﬁéearsieéﬁf‘d&@%onent of

Claim 38 wherein the nmublfuskBaskings, ineicthiel seall eﬁ@él‘bp@%r’rberl;meaalbattery 35

40. The |'ti-conductor electr 0 Claim t he
mul ti - cog%uct or electrich9 'Q%Rif)gﬂkhﬁ’qursg ‘5;13389 9839%?”%6%'8%% of
C ai m 38 wherein the nmul bnddoagobioer reeetiraneal conponent is a

mul ti-conductor | Su!‘\%@gg% Pnl'e:f)?étrm\gepﬁ{u%séaﬁgucﬁgél%gg%%n&%gonéﬁt A

process of prepari K" conprising a multilayer
sandwi ch comgphyirisinga repeating pattern of a bipolar plate, a first gas

di ffusion backing  hayi ;E?gﬁglat%s%a@@a.@oﬁélééﬁ.cgi SSLREHs h ¥shoRpat i ng 5

conposition; a poly a sec el ectrocatal yst coating
conposi til®n; and a seconé‘n as diffusion backing having sealing edges; this

g?; t gr naggl 28 (L )epg%le;d abp lyﬁﬁﬁé tl@élﬂndplé@c el ﬁ‘ieﬁ@dghw?l‘ﬁbtrh,aa final bipolar
; in r
Fl enent wher eby }hgptﬁepaﬁgﬁj%@ @Rgﬁ%\ﬁbﬁ tﬁgr ﬁ@?ﬁ%%oa?%ﬁ‘%rﬁ% éxre&ﬁg at
east ti th @rebiab (pasd rtbn o éh Jundh [Hé s dwdnc g,
the. thor opl asti c. pol yrmor - eouslone oy B ﬁ‘*;:,;‘ ot caaane o
8n8ug¥t8 %%daa nﬁf(‘frﬁéﬁ Sif Béﬁﬁfn %Hﬂ il lﬁgt os to

di f fusi on backi ngs, 15 t ranes, ol ar
forma @hernoplastic polpy’lmﬂel‘ nﬂcr@a@esmsmr@tl@ni@@weea@act\ fuel cel |

stack conprising: (a) a %h&bét@)’ﬁfaﬁéa%ﬁé‘ SRWPChbRiNGOR AEpeat i ng pattern
of a bipolar plate, a first gas diffusion Bac ki ng havi ng sealing
penpheral edges thereof.
36. The process of Claim 35 wherein application of the
thermoplastic polymer is by injection molding.
20 37. The process of Claim 35 wherein application of the
thermoplastic polymer is by extrusion.
38. A multi-conductor electrical component made using the process
comprising:
(a) placing at least one pair of electrical conductors in a mold;
25 and
(b)applying a thermoplastic polymer to the electrical conductors
whereby the thermoplastic polymer is directed into at least
a portion of the volume between each pair of conductors,
and a fountain-flow pattern of the inflowing polymer
30 increases the separation between each conductor in at
least one pair of conductors at the peripheral edges
thereof.
39. The multi-conductor electrical component of Claim 38 wherein
the multi-conductor electrical component is a battery.
35 40. The multi-conductor electrical component of Claim 38 wherein
the multi-conductor electrical component is a capacitor.
41. The product of Claim 38 wherein the multi-conductor electrical

component is a multi-conductor insulated wire.
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20 edges; a first electrocatal yst coating conposition; a polymer nenbrane;
a second el ectrocatal yst coating conposition; and a second gas diffusion
backi ng haoioage328eal i ng edges; and term nating with a fin&CThiSpabeeé pl at e;
wherein the repeating pattern is repeated at | east one 25 tine; and (b) a
t her nopl asti c pol érrer, fluid inpermeabl e seal wherein the thernoplastic
pol yner is inpredlatAProegss aftprepasnd & fugbeell ackronpsisial i ng edges of the

gas diffusion backings, foilfglahRultiifereBhasidCcatablisiRg LrRYekaRg a
peri pheral 30 region of th as dj ffusi backi.ngs, ,.t.he pal I menbranes,
and the bipolar plates. .p@tger% ofa blpo"jar p?ar][e, st sd;%fusnoﬁ%a%[a%g
having sealing edges; a first electrocatalyst coating
5 composition; a polymer membrane; a second
electrocatalyst coating composition; and a second gas
diffusion backing having sealing edges; this pattern being
repeated at least one time; terminating with a final bipolar
plate; and
10 (b) applying a thermoplastic polymer to the multilayer element
whereby the thermoplastic polymer is impregnated into
the at least a portion of the sealing‘ edges of the gas
diffusion backings, and the thermoplastic polymer
envelops a peripheral region of the gas diffusion backings,
15 the polymer membranes, and the bipolar plates to form a
thermoplastic polymer, fluid impermeable seal.
43. A fuel cell stack comprising:
(a) a multilayer sandwich comprising a repeating pattern of a
bipolar plate, a first gas diffusion backing having sealing
20 edges; a first electrocatalyst coating composition; a
polymer membrane; a second electrocatalyst coating
composition; and a second gas diffusion backing having
sealing edges; and terminating with a final bipolar plate;
wherein the repeating pattern is repeated at least one
25 time; and
(b) athermoplastic polymer, fluid impermeable seal wherein
the thermoplastic polymer is impregnated into at least a
portion of the sealing edges of the gas diffusion backings,
and the thermoplastic polymer envelops a peripheral
30 region of the gas diffusion backings, the polymer
membranes, and the bipolar plates..
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