WO 02/ 43171 PCT/ US01/51385 TI TLE PRODUCTI ON OF CATALYST COATED NMENMBRANES
FI ELD OF THE | NVENTI ON This invention relates to a nethod for the

producti oyoafz4gehial yst 5 coated nmenbranes for use in el egidiagdeeRiRe!
cells, especially catalyst coated nenbranes for use in fuel cells.

BACKGROUND OF THE | NVENTION A variety of electrochemcal cells falls within
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20  hydrogen-containing reformate stream, or an aqueous alcohol, for
example methanol in a direct methanol fuel cell (DMFC). The oxidant
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
25  typically perfluorinated sulfonic acid polymer membrane in acid form.
Such fuel cells are often referred to as proton exchange membrane |
(“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
30 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
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,
35 conductive sheet material is sometimes referred to as a gas diffusion layer
and is suitably provided by a carbon fiber paper or carbon cloth. An
assembly including the membrane, anode and cathode, and gas diffusion
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assenbly including the nenbrane, anode and cat hode, and gas diffusion 1 WO
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Essentially two approaches have been taken to form electrodes for
25  SPE fuel cells. In one, the electrodes are formed on the gas diffusion
layers by coating electrocatalyst and dispersed particles of PTFE in a
suitable liquid medium onto the gas diffusion layer, e.g., carbon fiber
paper. The carbon fiber paper with the electrodes attached and a
membrane are then assembled into an MEA by pressing such that the
30 electrodes are in contact with the membrane. In MEA's of this type, it is
difficult to establish the desired ionic contact between the electrode and
the membrane due to the lack of intimate contact. As a result, the
interfacial resistance may be higher than desired. In the other main
approach for forming electrodes, electrodes are formed onto the surface
35 of the membrane. A membrane having electrodes so formed is often
referred to as a catalyst coated membrane (“CCM”). Employing CCMs



35 of the nenbrane. A nmenbrane having el ectrodes so fornmed is often
referred to as a catal yst coated nenbrane ("CCM'). Enploying CCMs 2 WO
02/ 43171 RQOlJ4SPA/ 51385 can provide i nproved perfor mance peviawsoli 8135 Ng
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A variety of techniques have been developed for CCM manufacture
which apply an electrocatalyst coating solution containing the ion
exchange polymer in hydrolyzed form directly to membrane also in

25 hydrolyzed form. However, the known methods again are difficult to
employ in high volume manufacturing operations. Known coating
techniques such as spraying, painting, patch coating and screen printing
are typically slow, can cause loss of valuable catalyst and require the
application of relatively thick coatings. Thick coatings contain a large

30 amount of solvent and cause swelling of the membrane which causes it to
sag, slump, or droop, resulting in loss of dimensional control of the
membrane, handling difficulties during processing, and poor electrode
formation. Attempts have been made to overcome such problems for
mass production processes. For example, in U.S. Patent No. 6,074,692,

35 aslurry containing the electrocatalyst in a liquid vehicle such as ethylene
or propylene glycol is sprayed on the membrane while the membrane is
held in a tractor clamp feed device. This patent teaches pretreating the
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mass production processes. For exanple, in U S. Patent No. 6,074,692, 35 a
slurry containing the electrocatalyst in a |iquid vehicle such as ethyl ene
or propyl gefdkyqol is sprayed on the nenbrane while the miybgangdss hel d
in a tractor clanp feed device. This patent teaches pretreating the 3 WO
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menbr ane. Theswellingprokleins aggdciated grithflovown procksset and evhitleddedet | ayer
covering at lP&fﬁ | 438l eferably, the
raised relief p |rr?ta?&n}g'5|§c§g %Pﬁfugeagﬁn%@gﬁé)g%? gé?trg?(o ra%%&gﬂﬁﬁgmi ng. In a
preferredldrocess, the raiBRbER SUMVARY QFi HAEINV; BNd to form 25

mul tiple el ect rOdeThémWémi%ﬁV@bi/iG@sta"\&oééé@fd?%émﬁécﬁﬁﬁg%é'iél?é“t?cdéfted he
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el ectrode | aymemoﬁf‘é%hﬁﬁ NG RIBAFHY 27 & VitPsHNg CORPOSHIRR i vel y,
the raised retomprisingran elpctrdvatatyspend shyopeaehatege polyaiczdn adigeid ayer with
S ob eSeLer ™ REAATARG LRI Ak i S R BB SR B4 S,
wel | - 20 first surface of an ion exchange membrane. The raised relief printing
forms at least one electrode layer covering at least a part of said surface
of said membrane. Preferably, the raised relief printing technique
employed is flexographic printing.
In a preferred process, the raised relief printing is repeated to form
25 multiple electrode layers covering the same part of the surface of the
membrane. If desired, the process advantageously provides multiple
electrode layers which vary in composition. In addition or alternatively, the
raised relief printing advantageously provides an electrode layer with a
predetermined nonuniform distribution of electrocatalyst across the
30 electrode layer.
The process in accordance with the invention is extremely well-
suited fo high volume commercial manufacture of catalyst coated
membrane. Raised relief printing provides thin, well-distributed layers of
the electrocatalyst composition and avoids problems associated with
35 coating techniques which employ large quantities of solvent. The process
is extremely versatile and can provide electrodes in any of a wide variety
of shapes and patterns and, if desired, can have electrocatalyst or other
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suited to high volunme comerci al manufacture of catal yst coated nenbrane.
Rai sed relief printing provides thin, well-distributed |layers of the
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t echni ques which enploy large quantities of solvent. The process is
extrenely versatile and can provide electrodes in any of a wide variety of
shapes and paetesiradeanateriafs wbishrvady incamotiater edrepositiomarosstther ot her 4 WO
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or both. BRI EF DESCRI PTI 8RIE e DBRAWINGSschemati ¢ vi ew

showi ng tge use 01;I ngmé?gn&mrenmtwlewﬁsbmmﬁ@tr%ws@HEﬂéxdg?aﬁm&raerﬁctrodes
on one Si iscrete. ]e rane

resent i mvenpIe SAgTESt R bR o1t 005 sif AER IS e derathtous
process in auwonlanedn siccbrdameeiwithethiei presemiphegntian. menbr ane rlol I stgck
utilizin t hree dj t ' .ectrode

I ayers [ g a 10 coﬁ n%oz(uelgpdf’é&tﬁ é@ﬁ%@éﬁg%@éﬂ%ﬁﬁl‘o%&ﬁ IIﬁvent i on
provi des a praeeydanee M@rtbﬁal@\tamongemralpwnggneMa@e rolhstopk atiigingi ch

enpl oys rai sethregldigdrefe! prilitindCsth@SAR) oY rﬁQItlBléOéléctr&!i@!r‘%f PSR & yst
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particul atV i nf8%t ©R-a printing process adapted for preparl ng
catal yst coated nenbranes for fDETAHED DESCRIRTIONS. Rai sed relief

I nti dh h l 0 t
br Lypes of pr et of TP Fp il £BERRES A0pER IR ARV st rodletihe
shape or patt@emkranse thmemlblwss raisagbefiebprintingitezbnolegyito applyor dance wi t h
the present 'Ql‘é‘éﬂbb%iysttf&%afaﬁﬁ'\hﬁ@@oéﬁﬁ@%&:ﬁgo&ﬁ?g@'o?]\ttt?lorﬁéﬁrﬁﬂpeam ed by and

becone coated with g?f troc osiI thon and then
the rai setp argﬁén[%fﬁéeﬁf s '¢U{@'b'“€%ﬁ§’%!§tsuﬁht%Prt'mf@9 ﬁ’r@ﬁeéiéﬁaﬁ@d feenbr ane

to deposit thpre:p@lrmgsaa&aw@t aﬁt@d m@nﬂmfes&@efuel &éN applibations, the shape or

pattern defined bythe hg ar eas |S({E ¥f2 {?ransferredl the ion

exchange nmenbrane (5ir 'ﬁﬁprérl' B FHHRe 9'@’" FIFTS Paloresses Whiche j ef
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printing #bt hdee ghgq:qgrgance with the present mventlon e raised areas of the plate

are contacted by and become coated with a liquid electrocatalyst coating
composition and then the raised areas are brought into contact with the
ion exchange membrane to deposit the composition onto the membrane.
After drying, the shape or pattern defined by the raised areas is thereby

25 transferred to the ion exchange membrane to form an electrode layer. If
desired, the relief printing is advantageously employed to form an '
electrode that is a build-up of multiple electrode layers.

In accordance with a preferred form of the present invention,
flexographic printing is the raised relief printing method employed.

30  Flexographic printing is a well known printing technique used widely for
packaging applications which employs elastomeric printing plates and is
described in the Kirk-Othmer's Encyclopedia of Chemical Technology, 4th
edition, 1996, John Wiley and Sons, New York, N.Y., volume 20, pages
62-128, especially pages 101-105. Such plates include sheet

35 photopolymer plates, sheets made from liquid photopolymer and rubber
printing plates. Especially useful are flexographic printing techniques
which use photopolymer printing plates. The most preferred relief printing
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30 Fl exographic printing is a well known printing techni que used w dely for
packagi ng applications which enploys elastoneric printing plates and is
descri bedwigyafhenKi rk- & hner' s Encycl opedi a of Chem cal Taghngdo®gysss4t h
edition, 1996, John WIley and Sons, New York, N. Y., volune 20, pages

62- 128, especial |y pages 101-105. Such plates include sheet 35 photopol yrer
pl at es, sheet teahmipie empldyiscralid- E}iﬂ@@tpbo’(mwmamia‘rastmg:h agthent i ng pl at es.
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| engt h and/ or nmonot onj c or nti nuous.

The preci si oneigfgf’p@gak'ﬁlgh?"@f@mgnwﬁﬁ’?%?yef%e?'ﬁ%PPH@PSE@M@ € of being
very econom camount bheoatirg a[bpl[aulanerr@mlohwn may béhvaried. sThaaimountaf | y

mvent on. al soRE S BateRd AN el Wanss ife BN I of
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nmenbrane to fPrapRéciSiBATF f@&@gl‘%{pﬁ% pidtthd RSthe RANBF hB¥arRthgé 8RBkiry Part of
the opposite Sgrry eaccoeno(r)rl;lcélr}ﬁ the rurlge o?coa’ung solution, which is particularly
important for expensive electrocatalyst coatings.
The process of the invention also preferably includes the raised
25  relief printing of a catalyst coating composition onto the opposite surface
of an ion exchange membrane to form at least one electrode layer
covering at least a part of the opposite surface of the membrane in
registration with the electrode layer first applied to the membrane. Again,
the ability of flexographic printing to handle multiple applications in close
30 registration is useful for this aspect of the invention.

In the preferred flexographic printing method in accordance with the
invention using -solid-sheet photopolymer flexographic plates,
commercially-available plates such those sold under the trademark Cyrel®
are well adapted for use in the process. Cyrel® plates are thick slabs of

35  photopolymer uniformly deposited/bonded to 5 to 8 mil poly(ethylene
terephthalate) (PET), then capped with a thin easy-release PET

coversheet. The photopolymer itself is a miscible mixture of about 65%



registration with the electrode layer first applied to the nenbrane. Again,
the ability of flexographic printing to handle nultiple applications in
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pl at es such t acgdicgolymer{gk 300k actytiadeormmieCy) él%(dyes,?mit-iatmﬁilamﬂar)t ed for
use in the preafs I I ' S . ot opol yner

uni formy deposi tg’d’?bq(yrigég%%eorﬂﬁsg%%ﬁﬁ?é@pgﬁéﬁé%%?%ﬁg's’%?%s%epht hal at e)
(PET), then cRPppEpPAlreer plates of thisstyreel ease PET coversheet. The

P oB01] Brs8s. g GuRiGeSHBTIG IMaGELHb LRAS i %’n%‘%“aﬁié}a%sf“*%zf"%%ll

crylic % , 5% ,
i tiators) afEh DEARIIRGH by 3Gy St dre andgtheosegion gheegatyes, 637
di scl ose phoelgetriopivally plastheendbunlbits beygspechstig asefuts Lﬂg@\l;liwr@exﬁaggt% E)IO

h ' . . be ne ny suitable
Cbthod ang 1 nimelaR e ReBRd It dngr iRt 8ol et AeRund o be
especi al | y usEplpwinggemayal @f(»&’@sBEE covRrshegh urtexposeghtriarepolynmesized
pol ymeri zat i OfmA&KMRay Be%h%bd%ﬁ%ariet@f'n%?&s.r V@ﬁe%segr%eggr
i ze yoa

cover sheet, unexposed, .non-pol yne terial may be reérnove
vari ety 0#0 me . SWVW?@BSQsaé’@yalPléﬁée a¢ionesf deprayHaveloReshed away by t he

actign lof a ?memediwm ﬂf@hon-pél}lrﬂét hrwz@d mehwmgkh?atyr?&@ﬁwééﬂé%r b% hegtirﬁ@ggom

i ng. .an en, renove h ap absor bent wi
g%/er ?al I qxecgﬁglﬂg%% F%ﬁé"e‘g%‘f’l ?Wpe?te%pgfméi?ﬂ?hcé,COH%RTES?B}%hot ogr aphi c
resol uti on i sphoiepolymeraetef suface, netdesto photbgraphiaeeokitibn i tharsf er

el ectrocat al yglefadt TR rbRefAUMRRS §éfr9é's Mﬁg?é FPH(@%HBB&F\%?%&%M a print

applicator_ or to the substrate surface 1 ) of ma el ectrode
| ayer occlits BOMBPHIEcE figsn € gk appligatedtom prinhapplisatarar te dhpsubstrate of t he

el astomeri c psatfce M¥EN FoMREDN R aRtd|B&rdcAegsr 66&1@62'3%2% Wéﬁ@gpat tern
may be generat eqﬂ 8 .{Hnownht ei(éh | qﬁers gnclcg%n%l nol di ng Is t| d rubber plate
inthe 20 deS?YRIG %‘ﬁ IMPRNARICR\ CqmRIGSSIon) Aithe #IastorppEf 8latee desired shape
or pattern. The prWéessrubber pentingphiés E.I‘B/emioldy!edeﬂ‘rﬁd @?tﬁelrglergﬁgrl fealéfa]z al yst
orinti g prodeisr e B KAOWALSHAIRRES fhalind HiotbiRa AR AR Pt i e | on
exchange bl yéesirgchpattern ardn laser ahfationtaelyield thehdesired shapeargmtteshymer 25
performs several fyRgtrossss &F thEpréssitlitidiBion!pbibpsedcaokbydiyg serving as
a coating compositions which are adapted for use in the raised relief printing
process. The compositions include an electrocatalyst and an ion
exchange polymer in a suitable liquid medium. The ion exchange polymer
25  performs several functions in the resulting electrode including serving as a
binder for the catalyst and improving ionic conductivity to catalyst sites.
Optionally, other components are included in the composition, e.g., PTFE
in dispersion form.
Electrocatalysts in the composition are selected based on the
30  particular intended application for the CCM. Electrocatalysts suitable for
use in the present invention include one or more platinum 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,
35 a(Pt-Ru)Ox electocatalyst has been found to be useful. One particularly
preferred catalyst composition for hydrogen fuel cells is platinum on
carbon, 60 wt % carbon, 40 wt % platinum such as the material with this
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bi nder for the catalyst and inproving ionic conductivity to catalyst sites.
Optional ly, other conponents are included in the conposition, e.g., PTFE

i n di spergig/onim El ectrocatal ysts in the conposition arpeedogsixsg based
on the 30 particular intended application for the CCM El ectrocatal ysts
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Cor por at i on Neaiticles b aléo ahslstsharsecanm)g theedleatrode tatheemaeintdrah8eit jiy ocedur es

Lo s v, Bldlerabietd 468 ioPBleAd B Ay EEIThE ShARRHA b © | oo than

1 pmin size
el ectrocat al y§@mpgtlb|§aﬂlih1§1%l@ﬁ@<§hah@© p@é«rwsn e mamgrane. Mester for the

el ectrocat aI [ ode to
The menbr aae. i o RN, &E?%?%P@*@Sw%&n“@%ﬁiﬁééég% Fril

conposi ti tB‘eo'Qn GhPEYF PrYMETIA tlf“?lg‘qrﬁwaé‘?change pol yner in the
menbrane. Most pr Rj‘reeﬁbiaylgewmy‘mé@efopqtaI‘l’ﬁéécdrdah@@\mtﬂrfﬁéfprésérﬂ are the

S0l yers for Tvehfin Af BRIERRRP P HiEnaldL oo XRABaR HommERe “SHaRE abi y
highly fluori ﬁmr@té@'hmzoh&n@e&tﬂeﬂ@r@% of thd tg:mmunhbercoﬂum\taédﬁ means t hat

at |east 90% Qforﬁ’\i% %%tp%flyr%g??é fl@t{]nrfé”étpmseqﬁosﬁ%@?@rabﬁr Eﬂc?rep&g{rﬁ% ar e

fluorine atons é E?sf
al so pr ef by r egefflgeringted; dt fSU@SO @&fﬁﬁeﬁé@r tsReingurl erlissor the pelymessite onat e

i on exchange pa@iBsiforEe ncsreémhaﬁwefgmabg rm@ té?iﬁhé‘tﬁlﬂfhatél'i&iléb&hdn'ge' nt ended
to refer to elther,,suII or sul fon cid groups,

aC| Eﬁ s C Q\ﬁ
preferably al R4 nﬁ'g rﬂ ?'E%u'quﬁ(f aC'QF%PPB%PTSﬂts ere the
pol yner is tosmiﬁ)mtsedldfgmups atreferaklyhadkajiemetal ion aBimbnia saltd. skot he sul foni c

d form of
ol ect r ocat ol y2PIEBRHESInco e BbAICHS td be 3G G MBfdn. ekfhddB as e,
used, a pd¥st fueéaehlﬁartlﬂe §utf@nlé>a@|¢hf¢g@ @‘ttb@ palyimerse prefeuededf the palyivert t he
pol ymer to acjnhb&etrid=®RAlysicdttifg composition is not in sulfonic acid form when

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

25  polymer backbone with recurring side chains attached to the backbone
with the side chains carrying the ion exchange groups. Possible polymers
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

30 backbone. A second monomer provides both carbon atoms for the
polymer backbone and also contributes the side chain carrying the cation
exchange group or its precursor, e.g., a sulfonyl halide group such a
sulfonyl fluoride (-SO5F), which can be subsequently hydrolyzed to a
sulfonate ion exchange group. For example, copolymers of a first

35 fluorinated vinyl monomer together with a second fluorinated vinyl
monomer having a sulfonyl fluoride group (-SO5F) can be used. Possible
first monomers include tetrafluoroethylene (TFE), hexafluoropropylene,
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Preferably, the ion exchange pol yner enployed conprises a 25 pol yner
backbone with recurring side chains attached to the backbone wth the side
chai ns cayp/ing4he i on exchange groups. Possible pol ynerq,cjl/ﬁgbll/gijﬁs
honopol ymers or copol yners of two or nore nononers. Copolyners are
typically fornmed from one nononer which is a nonfunctional nonomer and

whi ch provi de¥inyhfluridesvimdiding fluavisiep siflueseetbplepac eilorairifivorsetryteheononer
provi des bot h éﬁrm(alkwmnimhéﬂyeand)mmm’és HRRRAONBoIledetBngont i but es

t he side chaln carr [ ON ou or 1 ts precursor, e.g.,

a sul fonyl halMi® réd C'Bg%ﬁ ‘éa”eéxnpfﬁwmtﬁgamyh@ f@fswh)sulmatﬁwman be
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a variety of fl UOFE@pé@dllyg;%férréﬂmﬁlfnwstfbr @sl% Irgtl‘@tﬁeséﬁtgngﬁmﬁ?ﬁ tgL gUDS
or precur
pol Smer fI‘ﬁe ﬁcﬁgf ?Tﬁhfﬂfﬁ%ﬂ ﬁﬁasmoﬁﬁgrﬁ%{'a@f ar"ﬂﬁfﬁﬁi E&D8Bes not

interfere wi tback’cmneamtlemdndmgbahu&pteamted by fiee fi:uhfmma(@—CF CFe%pange

desi Tod.  Espeg) ST s 1 2et eaneryipi it 73 e Efgeh sebiEAI !

desired. EspeC| aI I

p
i ncl ude a hi ghl 9r mp@@fﬂwcmaé@d aﬁw!sgrqmpehamg)n@ gérddrbon aternheds -cfar1bom

O 2GR 1 SCRIL SHET S foant, o et bt E“kﬁ?eyfége i " om .
C or ap Icﬁg?L é&?@ﬁbé 7%?6@#11 HaSi Ratents 4 396,545 #ich4849:825.a = 0, 1 or
2. The prefer@ad mefarrmfpolyﬁelmdmprfseé apafinbcafsury D oheSaH cPfh@j in 15

:)Jr Sf ef?tegn:)o?mag%h%@ gg%s%g%dzpy Itrﬁ% %W%oé‘%f@ﬁc‘ﬁgd@ﬁggfge&gl deogﬁal n

i s represent e@FpEFp :jl'd)r Molymers- aiRRiSFyBEa)e disclok2am? SCBHPafityners of this
copo i ST 0 ke SR A MR v
vinyl " et F“O—CFZC (CF3)-O-
perfluoro(3, magqrgs@imtﬂéﬁluam@seanmhfrﬁéwyl loteeneififony! fluoride)
(PDMOF), followed by conversion to sulfonate groups by hydrolysis of the
sulfonyl fluoride groups and ion exchanging to convert to the acid, also
known as the proton form. One preferred polymer of the type disclosed in
25 U.S. Patents 4,358,545 and 4,940,525 has the side chain —O-
CF2CF2SO3H. This polymer can be made by copolymerization of
tetrafluoroethylene (TFE) and the perfluorinated vinyl ether CFo=CF-O-
CF2CF2SOoF, perfluoro(3-oxa-4-pentenesulfonyl fluoride) (POPF),
followed by hydrolysis and acid exchange.
30 For perfluorinated polymers of the type described above, the ion
exchange capacity of a polymer can be expressed in terms of ion
exchange ratio ("IXR"). lon exchange ratio is defined as number of
carbon atoms in the polymer backbone in relation to the ion exchange
groups. A wide range of IXR values for the polymer are possible.
35 Typically, however, the IXR range for perfluorinated sulfonate polymer is
usually about 7 to about 33. For perfluorinated polymers of the type
described above, the cation exchange capacity of a polymer is often
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(PDMOF), followed by conversion to sulfonate groups by hydrolysis of the
sul fonyl fluoride groups and ion exchanging to convert to the acid, also

known as Haspspiion form One preferred pol yner of the typerdiseklxssed in 25
U S. Patents 4,358,545 and 4, 940, 525 has the side chain -0- CF2CF2SG3H.

Thi s polynmer can be made by copol yneri zation of tetrafluoroethylene (TFE)
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02/ 43171 PCT/ (B0 BEW1igshougrppe s d A preferired raifgectpuil XRI fenthisweolymer(€w . Fgr
th es ' ; : AR | ' iped to be
t he %{Sﬁf of agiﬁm o 2 ey T Y P dfbsttRe bl Aot D ek

equi val en 0 of 1 gP-Q ?d HS ase of a sulfonate pol yner where the pol yner
C%rrpc{: '23855(8:2 perfWheniqummgimﬁmbtﬁeeﬁafalglsﬁtdwtig @@tnfﬂt%lh 'itibniiféolnet - aht

- - - - - Jor a sa er epf equi v wei g
range whi ch c%?lgé‘gﬁ%tﬁgezf@%ﬁ“@lﬁﬂv@? |9f;e§s'tg' BSYR'%égg%S %’636‘? 700 EW
to about 2000nedium tpheivera sufficientiy Idvoboilixg point thal mpjrbdgyires of s ab(()gBOS to
about 23 (750 i TRr 15 to
1103 EW . (Thf%?gé?%%ﬁ%dﬁ%%'b%h@%ﬂ%yg@%gtﬁoﬁﬁgﬁggﬁg@w%%n IS one

sel ected 13 peravitashipwerehithat the copimesition cannot drusw fast dhgidhe for t he

medi um t o haveompssitibh @Rt dry tHeOrwliePpirting MaicBefohatrapsiel tb tHeyi ng of
el ectrode layers s 0S¥ bl e under the process conditions enpl oyed, 15
provi ded homemn?brﬁﬂgt t hgn EISW%IECBHSﬁ@ﬁH&ar&r? eqng&yeplﬂﬁle t he
conposi tion dselestiomshbeldrieke éfto pmyrgrocgseliskseadsetiated tiithrsifchr to the
T e AT SRS I gHE T 8 ™ "
especi al 130 si hbe mer%ymmcpul@(alsmb% suffigientiyistable iretheaprasgsee ohthesion
exchange polymer which, in the acid form, has strong acidic activity. The
liquid medium typically will be polar since it should be compatible with the
ion exchange polymer in the catalyst coating composition and be able to
“wet” the membrane. While it is possible for water to be used as the liquid
25 medium, it is preferable for the medium to be selected such that the ion
exchange polymer in the composition is “coalesced” upon drying and not
require post treatment steps such as heating to form a stable electrode
layer.
A wide variety of polar organic liquids or mixtures thereof can serve
30 as suitable liquid media for the electrocatalyst coating composition. Water
in minor quantity may be present in the medium if it does not interfere with
the printing process. 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
35 the invention is sufficiently limited that the adverse effects from swelling
during the process are minor or undetectable. It is believed that solvents
with the capability to swell the ion exchange membrane can provide better
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20 The nmedi um shoul d al so be sufficiently stable in the presence of the ion
exchange pol yner which, in the acid form has strong acidic activity. The
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contact anfl né¥e nskeianel aﬁ%ﬂr@ﬁn@h Most ﬁ@f@lr%!sr@ﬂ'@xﬁﬁoh he menbr ane.

variety of al cohol sThas ameght oﬁﬁqdl@%édh.lmtiﬁ%éléléch@céﬂaﬂ}ﬁt@oﬁ%‘éélﬁ@h \A?nef e”ed
liquid rredlalncludtﬁgﬁwtabl udi ng, n-, iso-,

k
sec- and tert -G & SYRsE o med WEHM?Y%‘}/%h%&PB%ﬂU%"Q%%%|s 1, 2- and
3- pent anol Zmpqdmdn tihedmm of mntmgrE;dwprmebmmpMyed désired elbetrodemerl c

S et - ! e ficRnoss rocees shepdiitlo” THE R0 HIREIINRIOVEE ITHAMR
4- et hyl - 15persiepssdenten wscpﬁléy pgth@eele@tr@atalyemmn@osh@w thad is verymeri ¢ C8

al cohol s. Wclxm@oabﬁ@fwé@m@ﬁ@h@@aw él@@h@de£ﬁ\ﬁhearﬁmqnﬁdn%m5§te10 are
n- but anol and \&hhex no| The a unt of liquid

um tainal Gambloss o e v medi,
nmediumin the @Bt”r ang| F&mrigiedes the flavidimediyah @ ¢eatingsoidsy pe of
medi um enpl oyexdmter’fte)fcfmmbbbu’em@ abbutt 18% byonpight Isi dpartichtarkyyrefigf printing

amount of 11 adodmstE b ITER JSeen stk SR Soud VREBST IV o the |
el ect r ocaffll ysindesirpblyilowdeadingtio irapid eeitling abihet catalytio padivles; @hlysighl qual ity
F! ectrodes w tlé‘al@n B%fﬂfq gﬁﬁﬂc%tor Wifaif BHL@RAAd Sre88BS GHgd as the
i quid medi um atln
un esnrably Iow print deposition weights. Furthermore, at levels of n-
butanol greater than about 91% by weight, undesirable swelling of
perfluorinated sulfonic acid membranes can result. Moreover, above
25 about 18 wt % coating solids, the electrocatalyst coating compositions
takes on a paste-like consistency with the associated handling problems,
irregular plate wetting, etc.
.Handling properties of the electrocatalyst coating composition, e.g.
drying performance, can be modified by the inclusion of compatible
30 additives such as ethylene glycol or glycerin up to 25% by weight based
on the total weight of liquid medium.
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
de Nemours and Company under the trademark Nafion®, in a
35 water/alcohol dispersion, can be used as starting material to prepare an
electrocatalyst containing coating suitable for use in flexographic printing.
The method of preparation involves the replacement of the lower alcohols
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content of fromabout 9 to about 18% by weight is a particularly useful
fl exographic printing range. Bel ow about 9% solids, viscosity is 20

undesi r abiwp d2a111eading to rapid settling of the catal yti epqaardongisss,
physical |eaking fromcoating applicator "fountain” in standard presses
and undesirably |low print deposition weights. Furthernore, at |evels of n-
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Conpany under beReldegddighyieldgaicoating composit®d with ex¢ellend ponting sper si on,
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coating sujtable for use in flexographic printing., . i
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&CT/ Usgé/5|1§8fhe a}mduw&lt@ffeléctrcbdﬁﬁalymd_, _?}kc&idrnge%}tﬂjlﬁnébbﬁd%mer si Ion with a
to a o i,sfillatiaon process. e result is a

hi ghly st abl ghmﬁi‘ﬁ%’ﬁgﬁ%’ grpr?%%‘rﬂeﬁfl@g?ﬁigg[eecérogaﬁaﬁ i'%ﬁfcmal%wqum a C4

to C8 al kyl by wstigit ofithé resulting:electrntenMost psefiehably A¥e weigbt tayipiafal 1y | ess
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di spersion as _ base e electr St coati1ng conmpositi on,
catal yti clret @Po 10:dar bon bl ack supported catalytic netal required to form

an el ectrode can belizgtiecoMhe dredticviatilyst coRdihy MECHRGRORH Atiddhdd
excel l ent print 0 roperties in the pracess of the present .invention. 10
In the el ect rW&tht E‘F;pg?c‘%&é?fltﬁﬁ PE éﬂ‘&”ﬁﬁ!" Gap F?erB?‘:egé’\” BIVANeY @ldj ust  the
amounts of el panteddayersyshich ican bexaftessgatiaity methickibsstrangingdmmeeents, i f
Phe resul t1 not it Eoag IThseiurBubRy uiif, & 7, B RSP PR Ohy paoe 8t O ©F
el ect r ocadthl yHicknesses cerbeprgduped witbput euvidaeceeogenaucbma, lassaffout 2:1 to 15
about 10:1.  adhesion, or other inhomogeneities. Thick layers, or complicated multi-
layer structures, can be achieved by utilizing the very precise pattern
registration available using flexographic printing technology to provide
multiple layers deposited onto the same area so that the desired ultimate
25  thickness can be obtained. On the other hand, only a few layers or
perhaps a single layer can be used to produce very thin electrodes.
Typically, 1-2 pum thick layers are produced with each printing.
The multilayer structures mentioned above permit the
electrocatalyst coating to vary in composition, for example the
30  concentration of precious metal catalyst can vary with the distance from
the membrane surface. In addition, hydrophilicity can be made to change
as a function of coating thickness, e.g., layers with varying ion exchange
polymer EW can be employed. Also, protective or abrasion-resistant top
layers may be applied in the final layer applications of the electrocatalyst
35 coating.
Composition may also be varied over the length and width of the
electrocatalyst coated area by controlling the amount applied as a function
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Utilization of the electrocatal yst coating technique in accordance wth
the process of the present invention can produce a wi de variety of printed
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in the fiflal 9 éﬂﬁ‘g?a@sm@éph%me BRYIMRESs discuissed abave for usssindbat i ng.

Olorrposi ti onI ebactilcatalipst ooaltihgd:oﬂ’!/p&)“siﬂc{?\l%_. | H?htétrﬁlemmbnﬁtscﬁéh l|@é nfjdb% by f y
tr t 0 . . in e anpu appl i as a function
T2V 031 431 SHOHERNERIGH G eaRtingrobhiiolpE Ao BB SR flEh ™ e
appl i cati on ¥agadegending uponiihe applicatien amd typidaliydaxe@ thickness ogfass. Thihs
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cdnes ang cosoom el arhd relitlic'to RPIGY MERiafs iHdtrd Wihe 0GR 5 L1
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transition tmasitionaswelliduiteddor Ose imfdﬁmiqéré@ﬁbdeé Bnag@htthin, in liquid
feed fuel cells,, concent ra%on VSI“ ations inlet.tot out| et
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polymer membranes in acid form are available under the trademark
Nafion® by E.I. du Pont de Nemours and Company.
Reinforced perfluorinated ion exchange polymer membranes can
25  also be utilized in CCM manufacture by the inventive printing process.
Reinforced membranes can be made by impregnating porous, expanded
PTFE (ePTFE) with ion exchange polymer. ePTFE is available under the
tradename Goretex® from W. L. Gore and Associates, Inc., Elkton MD,
and under the tradename Tetratex® from Tetratec, Feasterville PA.
30 Impregnation of ePTFE with perfluorinated sulfonic acid polymer is
disclosed in U.S. Patents 5,547,551 and 6,110,333.
While the process of the invention can be performed to make
discrete lengths of catalyst coated membrane with a limited number of
electrodes on each side of the membrane, the invention is
35 advgntageously carried out by performing the raised relief printing in a
continuous fashion using roll stock.
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350 pmor less. The trend is to enploy nenbranes that are quite thin, 15
l.e., 50 pmor |ess. The process in accordance with the present in

i nventi onyigsy8lji-suited for use in form ng el ectrodes on pg4GikeiRiRs
menbr anes where the problem associated with | arge quantities of sol vent
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di scr et elPengtrB asra @é{f ﬁgjwogmprmm Rlate, \mosﬁloaeducm a deumdBdeA of
el ectrodes omm&npharkd 98 Sichtdea mlfo?ih‘éted Qlﬂfdr{"c\lae'ﬁ'r%lymér frenfishsaBt ageousl y

d t b f th d t t
ashi on usi nd ABA foTguRch 1%%@@?%&% BBk g R d. 1 shows ¢ he
usg of fl ex?)@wfwntcdemenfoum and Gaynpamg positiontdron # retating desm did onet si de of
| screte nvention.
Shown 1 n Fi ga LB ind BERA8Ral S oS CRESs fa RIS Eﬂ%iphewiq. g
conposi t |16n plated 3pite keym apieluﬁ,f imege®rathiel embeane. 1The driedni leHimegel is a
st andar di zed skapls 4 ah féﬁ‘eogfddétc?ﬁ‘a}]é m@ug}réﬁe qms(&a‘ﬁ bé'lg?;?éatéd pR&Ci Sion
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may be formed on one side of the membrane and a cathode on the
opposite side of the membrane.
Figure 2 shows a continuous process employing rolls stock utilizing
25 three discrete printing stations to form multiple electrode layers in a
continuous fashion. As shown in Figure 2, the membrane to be coated is
unwound from roll 17, past the coating station 10 shown in Figure 1 and a
drying station 16. Additional coatings and drying can be accomplished as
shown in coating stations 10a to 10n and drying stations 16a and 16b, on
30 to the coated and dried membrane from coating station 10. Any number
of coating stations may be present between 10a and 10n depending of
the desired thickness of the electrode to be formed or different coating
compositions may be applied at each coating station to form different
electrodes on the surfaces of the membrane. In coating stations 10a and
35 10n respectively, electrocatalyst coating compositions 11a and 11n are
picked up by the anilox rolls 12a and 12n and transferred to relief printing
plates 13a and 13n, positioned on a drum 13a’ and 13n’. The coated and
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DuPont de Nenours and Conpany, positioned on a rotating drum 14 picks up
the el ectrocatal yst coating conposition 11 fromthe relief printing 15

pl ate 13, wign2f@t7n a relief image on the nenbrane. The dri g&meorgizss mage
serves as an el ectrode on the nenbrane. This can be repeated the desired
nunber of passes to produce the desired thickness of the electrocatalyst
coati ng conpdsedi membranafios coatjnghgtationd Ongaithemwound anterolt 18 past over for

appl i cat i on idof {3 P89 fS.hawns'm%Sm@ﬁqb@aﬁ@f@ggﬁén%%m& BPerCAEPRRH tion 11,
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df
ac orm known techniques. The cutting operation is preferably supplied with CCM
in roll form that is fed to appropriate slitting and cutting equipment to

achieve high volume manufacture.
25 EXAMPLES

Example 1- Preparation of Alcohol Dispersions of lon Exchange Polymer
(perfluorinated sulfonic acid polymer — acid form)
A 3 liter rotary evaporator flask is charged with 1000 g of a
perfluorinated sulfonic acid polymer dispersion (Nafion® - obtained from
30 DuPont), comprising 5 wt % 1100 EW perfluorinated sulfonic acid polymer
(PDMOF), in 50% water - 50% mixed alcohol (methanol, ethanol, 2-
propanol media)). Rotary evaporation is commenced at 60 rpm, 15 mm
Hg pressure, with the evaporation flask immersed in a 25°C H,0 bath. A
dry ice/acetone bath (-80°C) is used as the overheads condenser. After
35 several hours of slow, steady operation, 520 gms of H,O/mixed alcohols
is removed. As the solids level increased to a nominal 10% level, a
noticeable increase in viscosity. (3 — 20 cps) is observed. A slow
approach to this point is necessary to avoid irreversible gelation.
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whi ch upon cutting, is suitable for end use w thout necessary processing
steps. The product can be stored in roll formwhich facilitate handling

and/ or sulgequent processi ng operation. For some applicati posusogabgnderi ng
can be enployed to consolidate the electrode structure that is 15 useful

for inproving performance and this can easily be preformed on the product
stored in roll forAftaden2d gm sampienoithe @ veppralios fresiiiede remeovedasi | y
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vi scosity. to this point is
necessary @o avoi d I ﬁdé’ﬂ&”stpﬂh@ "@HP%@?F’(P@rfM@W‘ﬂ)QPﬂ@l'?ﬁCm'VJWI/ 51385

After a 50 gmoﬁﬁjﬁiélénqﬁ% B@hdéVG.F!OOEEWbelfeh@ab sﬁ@rfﬁlgftﬁérﬂlﬁorirfai@d’ﬂﬁw 450 9 of

-b |
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condi tions forpesﬁhxcqmﬂtedrsuﬁomoms:i polymier P DMEIF) afi tﬁ%c‘sohdsdueﬂ%Smﬁxé’ﬂB gns)
S obtained. | gyl "20uas thea3tbldes B fodulis® Sihidfiy, oo gggdensed

sol vent melgh , I ndrca i ce

condenser 20A mrqu;m%ﬂférsutf@m@racmbp%@@r oFélal\/g}F)tahe’apQ;msohgﬁm water and
nominal 800 EW perfluorinated sulfonic acid polymer (POPF) at 5% solids

in mixed water/alcohol make similar alcohol dispersions using the
procedure described above.
In place of n-butanol, other alcohols that were used successfully in
25 the above procedure are n- and iso-amy! alcohol (n- and iso-pentanol),
cyclohexanol, n-hexanol, n-heptanol, n-octanol, glycol ethers and ethylene
glycol.
Example 2 - Preparation of Electrocatalyst Coatings Compostions.
Using the above containing perfluorinated sulfonic acid
30 polymer/alcohol dispersions as basic component, catalyst coatings
suitable for flexographic printing of CCMs for use in fuel cells are prepared
as follows:
A 13.2 wt % solids perfluorinated sulfonic acid polymer (1100 EW -
PDMOF) in n-butanol dispersion, prepared as described above (28.94 g)
35 is combined with 77.31 g n-butanol. The resulting mixture is then cooled
down to ~10°C, well below the 35°C n-butanol flash point, by the addition
of dry ice. This serves to both lower the temperature and to displace the

16



recovered indicating sone butanol vaporization at the conditions chosen.
Repetitions of this basic procedure yield perfluorinated sulfonic acid 10
pol ymer d&v@pr#HEIDNS in n-butanol with solids contents of PETAL01/51385
approximately 13.5% by wei ght wi thout gelation. Viscosities of the

di spersions obtained are typically in the range of 500 to 2000 cps.
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prepared as dovhpasiion is ready for testing bhd pripéing loperatissed sul f oni ¢ aci d
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orous stirri
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texture, free from large particles, cracks, craters, repellencies and streaks.
Example 3 - Preparation of CCM's Utilizing Above Electocatalyst Coating
Compositions.
Cyrel® flexographic printing technology (DuPont Company) is used
25  with the above electrocatalyst coating composition to print directly on a
variety of perfluorinated suifonic acid polymer (acid form) film substrates.
The press used is a GMS Print Proof system as made by GMS Co.
(Manchester, England).
The as received Cyrel® flexographic plate stock is photo-imaged
30 via strong UV exposure to a precision pattern by a photographic contact
negative “tool”. Exposed areas of thick photopolymer mixed film are UV
crosslinked. The unexposed areas are next washed away by the
appropriate Cyrel® developer solution. Left behind is the cross-linked,
rubbery plate surface in sharp relief areas that act to transfer coating
35 compositions in precise patterns and thicknesses to a moving film
substrate. The flexographic plate is mounted on a roll which in rotary
motion prints the composition on the moving substrate. After printing the
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adsorption. (- 5 mnutes total). Conponent anmounts are calculated to vyield
a final solids content of 18.07 wt % The cal cul ated catal yst content on a
dry solidgdpaizprli s calculated to be 83.07 w % This m Xtpgmeydos/siIzen
conbined with 100 g of zirconia cylinders 10 (0.25 inch x 0.25 inch
diameter) grinding nedia in a 250 cn8 m Il jar. The jar is sealed and

pl aced on a MaeVingrpiate isirg-eoated-tyoeontacting a prraision esfldanapplicatarrofl. to 5
days. After tibescdiuftUpplientor i iR rédlyE0aelf, nfefdreaRidating | s eady for
testing and printi [}ﬁﬁ? r he final coati ng conpgsi ion at nom nal
18% sol i ds h&8TPOSH upp ¢

?thons. Thi ) ‘ _
¥ BB Sfationary. rasereicendouitaticy that neasures in

tS he I5 000 to 20, 00® @tlnjee thiss%]n@ printgndsvidy, ééém|p?r2ﬂdfgbgécfbdlgqgﬁ%f}0ds-
| e gravi i ec i S i 17, 0 .18..3% r ange.
ni Te coai nqOeERoHERT i mabE GoB R S ORE L A Tk ARprRGBTRIE o
further char &wdde aadt 12 langaisimountedionr theprintdirury. FhesCyretPl i cat on.( 1A 5
1 d Kni _ _ : ; i
e/ 220) ¢ J%‘fﬂﬁﬁ%ﬁ%ﬁ@?@ ﬂ#%@fe ée1°%§®%§§ﬁﬁﬂﬁ§?¢?%%§i§§jﬁ% cles
cracks, crat éf%/ Cig SAHRERSR SNCAUS ¥awgh CaERBGYRES Separr tdndn o
CCM s Uil i zigpgoAbmegerdreat arrtmhiesandpant draim GooMeRY id Shen tHaxr el (1)
flexograglc prlntlngpt chnol o DuPont %)n\‘;:)a%/ I.s"used . 25 with the )
above eli t r QSRRATGE '@%a'f‘?ﬁ@s éﬂ%&@ﬂ%ﬁ(ﬁ? %eﬁ{] g@g'?ﬁeﬁtvgcﬂftﬁe vari e':]y
of perfl uori panhedrumnhbiding tives mnilerayiee In Gasthgle fopinedirdr rdtagivh st sihgle.  The
d i | Nt . nchester,
Engi andy . T BSR4 8 rediforpBhflk 3e BB e dt Belfean PREURRE: o° 1 rmgea
30 via strongriovdexpiszere everdhe cyceslioningting seufiiny, scratbbesgteaphiie cont act
negative "t oplgte/ffRERAY Rfed ¥ abiibrk RGY ARAIKREIC Witketh dddifibase UV
crosslinked. _The upexposed” areas are next washed away by the appropriate
oyrel (r) leeve Bpept BEte/filnd gompeessignAviRg the infiial pressssatipkd@is isr ubbery

pl ate surfacerovidsd dymdi@tingfthe'GS driiiek raltto Frfbuhte’ﬁ§ﬁul@§traﬁ9@b¥:_§%nd35
conpositi onsﬁgg?ﬁ;‘r Je?gl se patterns and thicknesses to a noving tfilm

substrate. T graphic plate is mounted on a roll which in rotary
nmoti on prints the Themrikxtdetirconnt sélecieowasg 360 lists/iriah wihichdn ppntersi ng t he

ot ARSI gt i SagetTe e e °
recei ves2@ f tiegslateeiens aenmivakd iy® Loweaiibidkness opdhe apilex tol. aThkis adtonar y
reservoir or fiirh ®4rah Part transfers to the plate. The plate in turn transfers part of
this wet film layer thickness from the plate to the membrane substrate.
After printing, the plate surface is immediately re-coated by
immediate rotational contact with the anilox roll specifically chosen for
25  exact coating metering to Cyrel® flexographic plate surfaces. The typical
deposition thickness of dried coating composition to the membrane
substrate is about 0.7 to 0.9 microns with the 18% solids formulation
coating described above. To build increased catalyst layer thickness, with
typically 0.7 to 0.9 micron dried increments, with fixed coating/plate
30 conditions, printing is repeated one or more times with approximately
+/-0.2 mm registration on the first dried layer to yield additional layer(s).
Additional layers can be added in successive print/dry applications to
balance potential performance versus incremental catalyst cost. Multiple
prints also tend to smooth out any deposition non-uniformity associated
35 with the printing process. After the perfluorinated sulfonic acid polymer
film is printed with one or more layers to the desired thickness/density, it
may be turned over, remounted on the drum in very precise registration
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To utilize this GVs printing device, a cast perfluorinated sulfonic 5 acid
pol ymer menbrane (990 EWPDMOF), 1.5 mls thick, approximtely 3" w de and
10" |l ong w® ¢mgniied on the print drum The Cyrel (r) fl exggrrameg13gsat e
formul ation PLS was inaged to produce three 50 cn2 (7x7 cnm squares
aligned vertically, with each square separated by 4 cm of non-inmage area.
The pl ate an®ithrthatfirsirside gaoting,rand hequtt precassiepsatesidarfatra the at e

i mpr essi ons %é&oﬁ@s%"ﬁﬁﬁé‘tmr Wé‘&hﬁrég‘?ét?éﬂo‘ﬁrb@ent/é@for@s' l’ﬂéng’é's')m hol di ng

the menbrane. _In a s rymrotat]on 15 sing sions are
made. The rel1§t9rlﬂ§5/§ J@raﬂqugﬂ'&d%%wm ineg) kg @ H?ﬁlord&r 2N i s zero
over the cycle el ||mth1@waiyg;asg| étfq:cngged mmb.@m@g( H’é\ﬁa beemte/filmgap is

d d I I f
o at el 1111 coeauERg), r%taﬁmnﬁd% e ot Mg efwﬁg 8 Wadil oy e by
adj ust i ng t h&ll@Edflaorinaied salfonic @cicbpolyeer sobponants wepsusedlin thiei apidrent . The
ani |l ox cell i | | nters

‘F&‘M‘Eo?@é’t {af'éjls"i%sn% 0P rdr NBSL @&ﬁ’cﬁ%r&lpmb%t

term nol ogy gives - i C mcron jis in turn 20
translates to a nJﬂrﬁﬁdlthB te aisingycad Perfi Qflﬂ@é%swfpﬁ'%écﬁrﬁmmefoll This wet

filmlayer i ménblare, #nssamne da@awéleprmtmbetecmé]uelcah%e Perfeified sansfers part
ness rom eto ne substrate.

f thi t fil l.
S ter prithe apd'd i THeE exudeq BmbianB i it BEG) i ancsn JAne2 Mimed: ot o
rotational c@ntﬁ@:traﬁudréthylmea(rﬂ'ﬂﬁﬁélmaﬂdn@mnpbmteaﬂlhysuﬂm!@es.f or 25 exact

Coat 119, ot kg S Prlibloh bE S AR gagé_ﬁo% gwﬁmg ypi cal

substrat e i s Disprrsion, ElearagatalystGeatinafompos Mss f ornul ati on
coating described | ss, with
Cypi cally 0.7 to QraMicatihs ‘*J?*'i‘%@@‘%%“ﬁﬁﬁ? 9%%'%%“5 b A e 50
condi ti oig §¥¢ HEed fo prenatp aiy tRihsplids e leatiosatalyat Sofing, Cﬁﬂ'tﬂ%ﬁi%t ely

+/ - 0. 2 mm r egingtrhadifieations @:dsnsnétldf&épldbir@dw baiediol withy-Bégarfsl éndi onal
layer(s). Addition

n_successi ri.nt
appl i cati ons ?@ac'ﬂga}hﬁég)@&%\ﬁ &t ‘%%'98@??1’3'?1‘8@“@@% %Pl?p?‘ﬁwﬁfyﬁxecat al yst
cost. Multi plstartlpg solutioalwsith 980 equivaken adigittpertuyrirdded sulforio acid
non- uni f or m - 35 with the printing process. After the
per fl uori nat fon| c acid polymer filmis printed with one or nore
| ayers t80the des|Tm@de§mtlalrﬁé%<§rof@ﬁ@wtwommosmms e printe@@ndvdinch enount ed

on the drum iy Kefant BrRCoERTIRGIcK'd BsdtPRridstindRASNGHE hoRIdiRRY 51385
W e Irs S

ertbihel 1180 B PBRFOR ok forny By 058 Eieth SR b O ™ e

Example 3 except that 5 cm by 5 cm electrocatalyst impressions are
made. The flexographic plate contains 6 of the 5x5 cm squares;

25 5 contacts of the plate to the above membrane film gives 30 squares. To
build catalyst thickness, printing is done 4 times in precise register per film
side in a print/dry, print/dry series of steps. The amount of distortion
caused by alcohol swelling of the film is negligible. The thickness of the
final product was measured around the outer border of the electrocatalyst

30 composition squares and also at the center of the squares (Ono-Soki
Gauging system EG 225 with 1.0 micrometer accuracy/resolution). The
average substrate thickness measures 49.3 micrometers. The average
“substrate plus two-sided catalyst” thickness measures 56.7 micrometer.
By difference, the total catalyst thickness is 7.4 micrometer, which is

35 3.7 micrometer per side. By calculation, the dried catalyst thickness per
print impression is 0.93 micrometer.
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second side of the CCM The m s-registration observed for as nmany as 12
prints/side (or 24 on both sides conbined) is on the order of 0.2 mMm In
this way cpdpabysity coated nenbranes (CCM have been 5 reprogggiuBhiysiggchi ne
manuf actured at high speed with little or no waste. All perfluorinated
sul fonic acid polyner conponents were used in the acid formso that there
is no need forExamsledudntel Belridsfingof8@ds I n addition to using cast

perfluorinated sul foal i I }aﬁﬁo t g -cat t. arinting
t echni que can be pé??g?r?eﬁgb?nm%ré(%égrﬁqg@m r#%_lzltlg_é[égtrggdg% %ﬁe%%rcaeﬁe in the
aci d for m and hydragemairdusli gell ysing earbonscleibraasngiffusion rpeavig)solchender r )
conposite fil ﬁhémhﬁrﬁaﬁ@a?lmém&waﬁbh%d@ftﬁbmém Based | on
Exchange Pgl yner d.,[Dl spersion, Electrocatal yst Coating Conposition and CCMs.
Modi fi cati dns GNHUESpr ocedures as described in Exanples 1 and 2 15 are
used to prepare an 18% solids el ectrocatal yst coating conposition. The
nodi fi cati ons ?fnﬁéntgf ﬁgilﬁg I.ng n-butanol w th n-hexanol and replacing
the 1100 equi \%nr—mrg%p‘er&uori nated sul fonic acid polyner starting
sol ution w t h OB Celj Cramping Facteyred.G8P| uori nated sul fonic acid pol ymer
solution. 20 TR cAUtdhperflRct Bpoat al yst conpositions are printed on a 3
0

inch by 10 foot styri ml thick a cast perfluorinated sulfonic acid
pol yner #anwe(éﬁgﬁ 'F_*Vérlﬂﬁﬁﬂ:) (acid form) by the nethod described in
Exanpl e 3 excepiodd@hsSteizhiymaingemeb eepremlal yst i npressions are nade.

The fl exographj.c plgte contai of the 5x5 cm squares; 25 5 contacts of
the plate to %{boq?fb%{%s’ %ﬁﬁgsﬂ | mgives 30 squares. To build catalyst

t hi ckness, priGathadeiGasleddr 4 tinmes in precise register per film side in a
print/dry, pri 1 st Theamunt of distortion caused by
al cohol swel | i(%thg?gtﬁgkbﬁ%#% nzg%)?‘uté.pgﬁ'g The thickness of the final
product wds né%\%hpé@lpéﬁ%‘é}ﬁéﬁﬂmép(ﬁlter border of the el ectrocatal yst 30
conposi ti on squRiRSaddamlodie gsekfereaiilniitifel. t he squares (Ono- Soki

Gaugi ng system EG 225 with 1.0 mi croneter accuracy/resolution). The

average substrate thickness neasures 49.3 mcroneters. The average
"substrate plus two-sided cdtUly ©FLL RERFORBANGE DARAS6. 7 m cronmeter. By
difference, the total catalyst thickness is 7.4 mcroneter, which is 35 3.7

m cronet epgpercsj de. By cal cybgtd@n, the drigd &t al yst thi S per
print inpr essi\%haigg 0.93 mcroneter. 19 WO & r{&%?l PCT/ US e %85

(volts) (amps) amps/cm2 ~ watts/cm?
0.306 40.380 1.615 0.494

25 0.402 38.330 1.533 0.616
0.499 34.580 1.383 0.690
0.595 28.380 1.135 0.675
0.708 15.280 0.611 0.433
0.805 3.640 0.146 0.117

30 0.896 00.000 0.000 0.000
Example 6:

The procedures described in Examples 1, 2 and 4 were used to
prepare an 18% solids electrocatalyst coating composition based on n-
35 hexanol and 990 equivalent weight perfluorinated sulfonic acid polymer
solution with the catalyst being 60 wt % Pt on carbon as supplied by
Johnson Mathey under the designation FC-60. The dry catalyst to
polymer weight ratio was held at 5:1. This was printed on the same film
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Exanple 5 Fuel Cell Testing of CCMs A 5x5 c¢cm CCM prepared as in Exanple 4
is tested in a single cell hydrogen-air fuel cell using carbon cloth gas
di f fusi owoedlia7sol d under the trademark ELAT(r) by E- TeRCTOSQOI1385 on
under the following 5 conditions. Experinmental Conditions: Fuel Cell
Clanping Force = 4.0 ft-Ib Fuel Cell Tenperature = 80 C 10 Anode Gas =
Hydr ogen Anodeulsisaistas whixarepleyd with.tbe stz ﬂ#mg@apbﬁn@dhielanethemmns 15 PSI

Cat hode Gas = Cat hode
Pressure = 15 prﬁé’t’@g an,ﬁg ?ﬂ"@@’t‘{e\é@'o”\/\%%‘é‘ﬁ%ur@n‘a@? Sd'SEUEL CcELL
PERFORMANCE Dwm 140 m@srlncmmtémon@na thé hﬁbmcubwmcaw fsatsia inchensi ty

(vol tS) (awps)n@embﬁa%omﬁﬁe%/nﬁaﬁ Tﬂl%vi@@s?ﬁpa r@%%é}eﬁ%r%ﬁnf?mf’éi’z 38 330
0, 690 . 595 28. . 135 0.675 . 708

1.533 34,5 83
15. 280 o 6 1 8"2@?3300% én'g%s%faf% 0.117 30 O. 896 oo 000 O. ooo 0. 000
Exanpl e 6: The prot¢ddusamplisseeictakien frobx tipprscets aftenld44618peintised to

18 I t d - 35
hexanol_and oUOPGSIE ofie 1Brq RANEEtoiEM AReE IR PR ATt ol e
solution with mdt&twatya®9@pledé?lagﬂac6I®E) o datewnine platinunasontgnp/ nezh by
Johnson Mat hey 4R Bf‘ﬁ]edﬁ?hs?ﬁéfﬁ’r”htl ?&suo%e dry catalyst to polyner

wei ght ratio was he 'S was rlnte on the sane film20 WO
02/ 43171 BET/ U§§1"P§E§%B’er%ubstrate as in Exanple 4 with the sane

fl exographic plate on the sane equipnent with the foll ow ng exception: a

ani lox cel| CountPr‘iJnSteFImpressions Pt Loading (mg/cm2)
2 0.09
4 0.16
15 6 0.29
8 0.41

This set of data allows the following linear relationship (Y = mX +b)
to be formed for this particular ink/anilox combination with 98.56% R2
20  Correlation:
Pt Loading (mg/cm2) = 0.0545 x (# Print Impressions) -0.035
wherein Y = Pt Loading (mg/cm2); X = # Print Impressions
m (slope) = 0.0545; and b (intercept) = -0.035

25 In this fashion, by adjusting the number of impressions, using
different anilox roll sizes, altering the platinum content of the catalyst
particles, the catalyst/polymer ratio, the % solids of the composition etc.
the catalyst loading can be adjusted and controlled in a number of
different ways. The catalyst can be chosen to provide the required quality,

30  uniformity & productivity at the lowest overall cost.
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was140 lines/inch with nomnal 10.5 billion cubic mcrons /square inch

I nstead of a 300 lines/inch. This provides an approximate 17 pmink wet 5
t hi cknessw@uaidigriani | ox surface. Fil msanples were taken fpcangdoliisssspr ocess
after 2, 4, 6, 8 print inpressions. The dried printed catal yst areas were
anal yzed under Inductively Coupled Plasma (1 CP) to determ ne platinum
content / area as a function of the rGlAd®tS of print inpressions. 10 The
results were: | 3 ions Pt Loading (nmg/cn2 2 0.09 4 0.16 15 6
0.29 8 0.41 |d§%8{a@%83%ta allows the following linear relationship (Y =
nX +b) to be formid Adrroeesssiopaanufacitring giaialysiosoatedbnerabiang with 98. 56%
R2 20 Correl agb@Brisid: Loadi ng (nmg/cn) = 0.0545 x (# Print |npressions)

-0.035 _wherein = Loadi n C . = # Print lppressions m (sl ope)
020848 and b (i nt ePEBRIIEh YEREETRAVEfoTating Gorbhetion GomRdRES ihg |« he
n:mber of i rrpelesﬂ*b]?a’talysﬂahdgﬁn idhféxehange lﬁolyh\tef ina liquid nm}ium{ &mtli ng the

pl ati num content of t ' - 1 C t tal.yst er ratio,
the % solids of the Cgéﬁ%%cghqllegﬁhwggégélbﬁé&%&({cgﬁjgﬁaqoggﬁﬁﬁﬁa%ﬁebo@ adj ust ed
and cont r ol | edniona firsisubface of andom exckangevaegmbrane, said a¢lieftpriotingbe chosen
to provide th ' ' | f bt Ve | owest
overal |l cost. %r% %%sﬂg%%‘%ﬁ%é%rﬁfg%@ﬁﬁé‘ﬁs@g%{a%ﬂ %és{d%}lgqaﬁgd I S:

1. A phBcess pbsaiddASMREANG-i ng a catal yst coated nmenbrane conprising: 5
preparing an el ect 20CcTh@lpystessaFtCIaEn ¢ AUWRSISIr $40 raies8 relfef¥indAg is _

el ectrocat al yﬁt and an lon exchange polyner in a liquid nmediunt and raised
relief printi 8‘%90{98 'ézlpé@tt'lngcat al yst coating conposition onto a first
surface of an ion 8xchhageocassifdllaim davherei saidl rpisedtrelief printingiimg at | east

one el ectroderd Aufed ¥ MBlitle bRAAbAS 1A oBlertl the"tirh8pért dring" sal d
15 surface of said membrane.

4. The process of Claim 3 wherein said raised relief printing
provides multiple electrode layers which vary in composition among said
multiple layers.

5. The process of Claim 1 wherein said raised relief printing

20 provides an electrode layer with a predetermined nonuniform distribution
of electrocatalyst across the electrode layer.

6. The process of Claim 1 further comprising raised relief printing
at least one nonelectrocatalytic coating composition to form a
nonelectrocatalytic layer over at least part of the same area of the

25 membrane which is covered by an electrode layer.

7. The process of Claim 6 wherein said nonelectrocatalytic layer is
an abrasion-resistant coating covering said electrode layer.

8. The process of Claim 1 further comprising raised relief printing
said catalyst coating composition onto the opposite surface of an ion

30 exchange membrane, said relief printing forming at least one electrode
layer covering at least a part of said opposite surface of said membrane in
registration with the electrode layer on said first surface.

9. The process of Claim 1 wherein said ion exchange polymer in
said electrocatalyst coating composition and in said membrane comprise

35 highly fluorinated ion exchange polymer.
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2. The process of Claim1l wherein said raised relief printing is
fl exographic printing. 3. The process of Claiml|l wherein said raised relief
printing w®o2spgated to formnultiple el ectrode | ayers coparidagsijge sane
part of the 15 surface of said nenbrane. 4. The process of Caim3 wherein
said raised relief printing provides nultiple electrode |ayers which vary
in conposition andfig $héegrocadstaffliain dyhereirbsaidlien prcasge pbly@eainm 1
wher.ein said ' with a
or edet er i nedéﬁ‘gﬁeﬁﬁ?* Sl fodtotbrb M at aie Ty g LT Rbee
el ectrode | ayBgrflugringied 'BPG&@B@”@?pdwmﬁﬁJ.further conprising raised relief
printing at |east one nonel ectrocatal ytic coating conposition to forma
nonel ectrocatal ytic | ayer over at |least part of the same area of the 25
menbrane which is covered by an el ectrode |layer. 7. The process of Claimé6
wherein said nonel ectrocatal ytic layer is an abrasion-resistant coating
covering said electrode |layer. 8. The process of Claiml further conprising
raised relief printing said catalyst coating conposition onto the opposite
surface of an ion 30 exchange nenbrane, said relief printing form ng at
| east one el ectrode |ayer covering at |east a part of said opposite
surface of said nenbrane in registration with the electrode | ayer on said
first surface. 9. The process of Caim1l wherein said ion exchange pol yner
in said electrocatal yst coating conmposition and in said nmenbrane conprise
35 highly fluorinated i on exchange polyner. 22 WO 02/43171 PCT/ US01/ 51385
10. The process of Caiml wherein said ion exchange polyner in said
el ectrocatal yst coating conposition and in said nmenbrane conprise
perfluorinated ion exchange polyner. 23
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