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20 hy rogen 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

layers for each electrode, is sometimes referred to as a membrane
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Essentially two approaches have been taken to form electrodes for

SPE fuel cells. In one, the electrodes are formed on the gas diffusion

25 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
electrodes are in contact with the membrane. In MEA's of this type, itis

30 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
of the membrane. A membrane having electrodes so formed is often

35 referred to as a catalyst coated membrane (“CCM”). Employing CCMs
can provide improved performance over forming electrodes on the gas
diffusion layer but CCMs are typically more difficult to manufacture.
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of the menbrane. A nenbrane having el ectrodes so forned is often 35
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to overcone spqfyRLBRI STBIdRocatalyst coating solution containing the ion

exchange polymer in hydrolyzed form directly to membrane also in
hydrolyzed form. However, the known methods again are difficult to
employ in high volume manufacturing operations. Known coating

25 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
amount of solvent and cause swelling of the membrane that causes it to
sag, slump, or droop, resulting in loss of dimensional control of the

30 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,
a slurry containing the electrocatalyst in a liquid vehicle such as ethylene
or propylene glycol is sprayed on the membrane while the membrane is

35 held in a tractor clamp feed device. This patent teaches pretreating the
membrane with the liquid vehicle prior to the spraying operation to
decrease the swelling problems. However, processes employing such
pretreatment steps are complicated, difficult to control, and require the
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20 first electrode on the temporary support;

(d) drying the polymeric dispersion to form a sandwich comprising a
polymer membrane having a first and a second surface, at least one first
electrode, and the temporary support; wherein the first surface of the ion
exchange membrane is adjacent to the first electrode;

25 (e) applying at least one electrocatalyst coating composition to at
least a portion of the second surface of the polymer membrane;

(f) drying the electrocatalyst coating composition on the polymer
membrane to form a sandwich comprising the at least one second
electrode, the polymer membrane, the at least one first electrode and the

30 temporary support; and

(g) removing the temporary support to form a catalyst coated
membrane comprising a polymer membrane sandwiched between the at
least one first and second electrodes.

In the first aspect, the polymeric solution or dispersion is selected

35 from the group consisting of a highly fluorinated ionomer, a precursor
thereof, a mixture of the highly fluorinated ionomer with a fluorinated
polymer, for example, polytetrafluoroethylene (PTFE) fibrils, and a mixture
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el ectrode, the polyner nenbrane, the at | east one first electrode and the
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20 electrocatalyst across the electrode layer.
The process in accordance with the invention is extremely well-
suited to high volume commercial manufacture of catalyst coated
membranes. Flexographic printing provide thin, well-distributed layers of
the electrocatalyst composition and avoid problems associated with
25 coating techniques that employ large quantities of solvent. Alternately,
pad printing may be used to apply the electrocatalyst coating composition.
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 electrode materials that vary in amount or
30 composition across the electrode, through the thickness of the electrode
or both.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a process in accordance with the invention
35 employing dimensionally stable temporary substrate roll stock utilizing a
membrane forming dispersion application section and several discrete
flexographic printing stations to form multiple electrode layers in a
continuous fashion.
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The process is extrenely versatile and can provide el ectrodes in any of a
w de variety of shapes and patterns and, if desired, can have

el ectr ocawal 03a36@8 ot her el ectrode materials that vary i n rOmousee/3em3 30
conposition across the el ectrode, through the thickness of the el ectrode
or both. BRI EF DESCRIPTION OF THE DRAWNGS Figure 1 shows a process in
accor dance wiguretieshiowsthe use etllemgraghicgressreasiporeit ty farmmabl e t enpor ary
substrate 1 ollectisdek dif bihé eidithr JRERRE Rfyth OF Mdifioingper si on appl i cati on
section and several discrete | exographi ¢ printing stations to form
multiple electrode layers in a continuous fashion. 5 WO 03/036748
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of a second electrocatal yst coating mposi tion, and drylng the same to

f or m al0s andwiPEVeInpEMArage « drplication ef aseceid slediacataly qoafag el ect r ode,
the pol yner rBrpcRitn, and driitg theeantt © ehrpeendwite coeifRimy thesubstrate is
then renoved. to formtge cattal ?'(S ogrt ﬁd H%nbrane. 0] $articu| r interest
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fuel cell apptocdelaniodePridectesnfaranPspsirade itheofre@@Ved tddoshde i n
Figures 1, a_di [ %’ftﬁé 2] ma roll
unwi nd 1 and Cg;[)%r?or?a%?%/d ?“53’“@%@? a tre@?%%ﬁﬁ%%??%n%ﬁ@fa%rggggast at | east
one printi ng asiaatddolor preparniceatplyshcoated spempranesior fiuelegll station, and
dryi ng stati%@pﬁcaﬂd}fs( ared or forced air convection dryers of the type
typically used'in the printing or filmcoating industry would be used.
Vendors of such equi pnent include Mark-Andy or Pemarco from 25 basic
printing or Blrackss F& Prsieiatisn 8COMMd: & Meyer fromfilmcoating. [|f the

di mensional 1y st at){sesﬁoew m Ié‘@':ressuﬁj,sé H%gsigng&ess‘tagf%tsd%%Yr%tgﬂiiét‘i :

20 unwound from a roll unwind 1 and optionally fed past a treating station 2a,
and past at least one printing station 3, typically a flexographic printing
station, and drying station 7. Infrared or forced air convection dryers of
the type typically used in the printing or film coating industry would be
used. Vendors of such equipment include Mark-Andy or Pemarco from

25 basic printing or Black — Clausen or Bachoff & Meyer from film coating.
If the dimensionally stable temporary substrate 2 does not have built-in
adhesion or release properties, it may be treated with processes, such as
corona or electric discharge plasma treatment processes or agents such
as primer sprays or sub-coat layers that are either non-functional or can

30 be removed in downstream post-processing. The temporary substrate
has to adhere to the sandwich formed on it during the process steps, but
needs to be easily separated from the sandwich in step (g) without
destroying the sandwich. One example of a treatment for the temporary
substrate is an open array of Nafion® straight fluoro-ionomer “dots”

35 printed first on the substrate. Additional printing stations 3a, 3b to 3n and
drying stations 7a, 7b to 7n may be present to apply additional
electrocatalyst coating composition 20a, 20b, 20n to the temporary

substrate 2. The temporary substrate 2 with first electrode 21 formed
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adhesion or rel ease properties, it may be treated with processes, such as
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sandwich may then be chopped into discrete sized pieces at chopping
station 13 of the type used for high value plastic sheeting such as X-Ray
film, ink jet transparency stock etc.
25 The chopped film may then be provided post treatments such as
calendering, vapor treatment to affect water transport, or liquid extraction
to remove trace residuals from any of the above earlier manufacturing
steps. If the membrane dispersion or solution used was the precursor of
the highly fluorinated ionomer, after application of the solution or
30 dispersion the sandwich formed may be subjected to a chemical treatment

to convert the precursor to the ionomer.

Flexographic Printing:
Raised relief printing as used herein refers to processes which
35 employ any of a variety of types of pre-formed plates which have raised
areas which define the shape or pattern to be printed on a substrate. In
use in accordance with the present invention, the raised areas of the plate

are contacted by and become coated with a liquid electrocatalyst coating
7
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in cos20 changeovEhe flexyegrdphimntethasleoftdrs monaidiengple enkefits iexdoshsi bl e
substrates, changeover, speed, and ease of printing on thin extensible substrates,
such as ion exchange membranes and in the variety of electrodes that
can be printed. The printed area may be of virtually any shape or design,
regular or irregular, which can be transferred to the plate. Possible
25 shapes include circles, ovals, polygons, and polygon having rounded
corners. The shape may also be a pattern and may be intricate if desired.
For example, flexography may be used to print an electrode having a
shape that coincides with pathway of fuel and oxidant flow fields.
Multiple applications of the same or different coatings to the same
30 area are easily accomplished using flexographic printing. In existing uses
of flexography, it is common to apply multiple colors of ink in close
registration and these techniques are well-suited to the printing of
electrodes having overlying multiple layers. The composition and the
amount of coating applied per application may be varied. The amount of
35 coating applied at each pass may be varied across the coated area, i.e.,
length and/or width. Such variation need not be monotonic or continuous.
The precision of flexographic printing has the further advantage of being




such as ion exchange nenbranes and in the variety of electrodes that can
be printed. The printed area may be of virtually any shape or design,
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electromcally has been found to be especially useful. Upon UV exposure

through the negative, monomer polymerization occurs in select areas.
Following removal of the PET coversheet, unexposed, non-polymerized
25 material may be removed by a variety of methods. The unexposed areas
may be simply washed away by the action of a spray developer.
Alternatively, the non-polymerized monomer may be liquefied by heating
and then removed with an absorbent wipe material. A compressible
photopolymer relief surface, made to photographic resolution is thus
30 created. This relief surface serves to transfer electrocatalyst coating
composition from a bulk applicator to a print applicator or to the substrate
surface itself. Formation of an electrode layer occurs by simple wetting
coupled with mechanical compression of the elastomeric plate.
When rubber printing plates are employed, the pattern may be
35 generated by known techniques including molding said rubber plate in the
desired pattern or by laser ablation to yield the desired shape or pattern.
Figure 2 shows the use of flexographic press equipment to form

electrodes on one side of a discrete length of membrane in accordance
9




20 Negatives having imges to create the raised areas on the plate can be
desi gned by any suitable nethod and the creation of negatives
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Temporary Support:
The temporary support may be of any material that has

25 dimensional stability during the processing steps of the invention. The
support may have a release surface or be provided with a release surface
by treating or coating it with a substance that would assist in removal of
the temporary support from the CCM in step (g). Some suitable examples
include polyesters including polyethylene terephthalate, polyethylene

30 naphthanate; polyamides, polycarbonates, fluoropolymers, polyacetals,
polyolefins, etc. Some examples of polyester films include Mylar® or
Melinex® polyester films, E.l. duPont de Nemours and Company,
Wilmington, DE. Some temporary supports having high temperature
stability include polyimide films such as Kapton®, E.I. duPont de Nemours

35 and Company, Wilmington, DE.
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plate 5 and picks up the el ectrocatal yst coating conposition 20 fromthe
relief printing plate 5, to forma relief imge on the nenbrane. The dried
relief i mageosgaésMes as an el ectrode 21 on the tenporary suwgarvsaee4m@3 Thi s
20 can be repeated the desired nunber of passes to produce the desired

t hi ckness of the el ectrode. Tenporary Support: The tenporary support may be
of any mmat er Eldctidcatal Vst CRindi @empbsitiah: st abi ity during the processing
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PCT/ US02/ 3418§m8'5lsﬁﬁhr gﬁ}p#ygting%?é@gn(f‘gmosition: The process of the
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i onal |y, er. conpgnen i | 1. , PTFE
in di spersi O&qrgp%anfﬁgﬁgéfqrﬁfy%{n&?g%cﬁgc%%néﬁ%%g]@g &olﬁi {lﬁ%%ét%ﬁ/gt §1e ect ed
ba;edblldn ]Ehebepmjlppbdedam unsuppdded dpp1 dicat invgthaoe! fuekcalisive (Bi-Ed)Ogcat al yst s
sui table for | | ' i el y e
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metal s such al _ I'T1dl um an
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useful . Typi 88[‘]%?3&@@00@?@@5%% %’i"‘affseg( 8@%@%% Srl Naﬁékq@rgwgﬁg\ﬁ%éﬁf ugl
cel | s Are pl anployedaccathnoe withrtheyaogedrires described herein, provided
particles in the electrode which are less than 1 um in size, and 60%
platinum, 40% carbon obtainable from John Matthey as FC-60.
Since the ion exchange polymer employed in the electrocatalyst
coating composition serves not only as binder for the electrocatalyst

25 particles but also assists in securing the electrode to the substrate, e.g.
membrane, it is typical for the ion exchange polymers in the composition
to be compatible with the ion exchange polymer in the membrane. Most
typically, exchange polymers in the composition are the same type as the
ion exchange polymer in the membrane.

30 lon exchange polymers for use in accordance with the present
invention are preferably highly fluorinated ion-exchange polymers. "Highly
fluorinated" means that at least 90% of the total number of univalent
atoms in the polymer are fluorine atoms. Most preferably, the polymer is
perfluorinated. It is also preferred for use in fuel cells for the polymers to

35 have sulfonate ion exchange groups. The term "sulfonate ion exchange
groups" is intended to refer to either sulfonic acid groups or salts of
sulfonic acid groups, preferably alkali metal or ammonium salts. For

applications where the polymer is to be used for proton exchange as in
11



60 Wt % carbon, 40 wt % pl ati num such as the material with this conposition
obt ai nabl e from E- Tek Corporation Natick, MA which, when 20 enpl oyed

accor dancewom3tide4Be procedures descri bed herein, providedpqravsoess®s in the
el ectrode which are less than 1 min size, and 60% platinum 40% carbon
obt ai nabl e from John Matthey as FC-60. Since the ion exchange pol yner
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A I i R T B S M T e o et
a sul fadyl haperfleony @iyl sinyhethers @nfonixtures dioenedé (REGHHS sewbmadh can be

subsequent |y RyALQlYZ fliidh 2 variety of fluorinated vinyl ethers with sulfonate ion
exchange groups or precursor groups which can provide the desired side
chain in the polymer. The first monomer may also have a side chain
which does not interfere with the ion exchange function of the sulfonate
25 ion exchange group. Additional monomers can also be incorporated into
these polymers if desired.

Especially preferred polymers for use in the present invention
include a highly fluorinated, most preferably perfluorinated, carbon
backbone with a side chain represented by the formula —(O-CF,CFRp),—O

30 ~CF,CFR'/S03H, wherein Rrand R'rare independently selected from F,
Cl or a perfluorinated alkyl group having 1 to 10 carbon atoms, a=0, 1 or
2. The preferred polymers include, for example, polymers disclosed in
U.S. Patent 3,282,875 and in U.S. Patents 4,358,545 and 4,940,525.
One preferred polymer comprises a perfluorocarbon backbone and the

35 side chain is represented by the formula -O-CF,CF(CF3)-O-
CF,CF,S0O3H. Polymers of this type are disclosed in U.S.
Patent 3,282,875 and can be made by copolymerization of
tetrafluoroethylene (TFE) and the perfluorinated vinyl ether CF,=CF-O-
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15 sul fonate ion exchange group. For exanple, copolynmers of a first
fluorinated vinyl nmononmer together with a second fluorinated vinyl nononer
havi ng a wa @3mayi4sf | uori de group (-SO2F) can be used. Possida/eso2Bimst
nmononers include tetrafl uoroethylene (TFE), hexafl uoropropyl ene, vinyl
fluoride, vinylidine fluoride, trifluoroethylene, chlorotrifluoroethylene,
20 perfluoro Q@CN?GCR@)H@LCE@@E@SDzﬁnderﬂwou'm(ﬁeﬁ;-dtdxaF eof . Possi bl e second

rononer s | noliAfyGivabLehLs Bl HABHAR ENORY! ofbes yddiard gnat e T on

exchange groups Or’ precu es red side
chain in the q@kb‘ppa’a grcmlpé bry mgirolwﬁmféhe akjory! élyoride@r@um ded ai n whi ch

exchange 'g?f)ﬁé’&%ﬁ ftgr%’me“??ét@%‘?e'?”gww” B Tt PO These
pol ynery if d@%f | PRIYRSE O V%’redag fégé%qﬁ a¥e present

I nvggﬁl OBaCLEfJQW52?hHH§q2FéSédé Ummngwisen eog)‘ﬂefrrel!fﬁt:,bb{/rﬂwmbhLb(HOI ?:th?:ng )a
car

0 30 - CF2CER Mg BY cRRonEgy ‘OHr?g tﬁ"gf;“"aﬁ?’%ﬁwf?&‘gy Qﬁg—gmﬁgel ected fromF,
C or a perf |psofluorinatdd airkyy ethpr S ACRHOCH,Clo, 30k apdrfnoet(doxa-44 = 0, 1 or
2. Th f | d uU. S.
R N e R

prefer]rQed pol%)@ﬁﬁn@@nprl ses a perfluorocarbon backbone and the 35 si de

chain is representmgg ﬂéﬁl&é\‘ﬁwé‘r@ﬂ BehyEnere: dascAbeatfdvdSHHon Pol yner s
of this type are discl Oseg)f@ﬂ%PQ Pat ent 282, glr{ and ¢ n be made by

copol yner i zat9X6R2Bge CARAF! |GANCP] FRRESSEE N IREMSRTHPRor i nat ed vi nyl
et her CF2=CF-&chany©rfed 0BGRAS BB SRS deRRAEH @SHB)mber@f2CF2SO2F,

by’ conver st o RS glprismre b7 GaRE bEGRRNG Blatondp bR R bR (1 Cor Pde.
groupsland i groupx.chanigierrgnge of bdRealuasdor Hee polyther @irg poksiblen as t he proton

4,358, 545 and "o 0BE HEEe PRI KD BTl S ne ST er can

be rmade by d@@ily@bpukamahout%efpapﬁﬁwéﬁm Rel¥merses thenyPe he
per fluori nat efbsetipel apbler thefekiioh-xchbR&E %528& @!&égblyﬁié?(@oﬁéﬁ 4-

et A KL FCER = SN G NN R

20 application, equivalent weight (EW) is defined to be the weight of the
polymer in acid form required to neutralize one equivalent of NaOH. In
the case of a sulfonate polymer where the polymer comprises a
perfluorocarbon backbone and the side chain is
-0-CF45-CF(CF3)-O-CF,-CF,-SO4H (or a salt thereof), the equivalent

25 weight range which corresponds to an IXR of about 7 to about 33 is about
700 EW to about 2000 EW. A preferred range for IXR for this polymer is
about 8 to about 23 (750 to 1500 EW), most preferably about 9 to about
15 (800 to 1100 EW).

The liquid medium for the catalyst coating composition is one

30 selected to be compatible with the process. 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,
provided however, that the composition cannot dry so fast that the
composition dries on the relief printing plate before transfer to the

35 membrane. When flammable constituents are to be employed, the
selection should take into any process risks associated with such
materials, especially since they will be in contact with the catalyst in use.

The medium should also be sufficiently stable in the presence of the ion
13



exchange capacity of a polynmer can be expressed in terns of ion exchange
ratio ("I XR"'). lon exchange ratio is defined as nunber of carbon atons in
t he pol ynwo dsackiaene in relation to the ion exchange 15 grraupsso284mBde
range of | XR values for the polynmer are possible. Typically, however, the
| XR range for perfluorinated sulfonate polymer is wusually about 7 to about
33. For perf Immh’angem@lwodwhhnt dn diie abid foyrpehasiebong lae’tdii@bot'v\éty tThe cati on

h | ent
%Fgﬁ{‘g?aﬁp"’*@g‘i@ypﬁe’w ROREIT wli o boBDsrEY SRARE et aIe it Yo, o
(EW is defiried exgh @@JQ ﬁ@lymrgrmth%f:a&ah@t 096{) @gw@@mpﬁsé@n@wdcbwbl@cfm red to

c\gutrfﬂtlze ONyePOHeRALRIbrafs. Mﬁﬂé:}’g {s oéé’lﬂeﬁ@ﬁ@af@‘rt@b@%é‘é@%@ueﬂﬁiuédmrh
ere (0] I CQ ris uorocar ne a e.slde chain
0" o Tro” e of BiesSarablo B INUMHEAKS P REISAR Sphavaldds ISl ent 25
wei ght range Mhehgeqrdwﬁ@qndaetc@nmsitwﬁ ief‘cadlested uppradhging a4 het about

about 8 Lo angiprasoprioeteRELir ARSIl § S B0t 1

(800 to 1100 laygr. The |iquid nedi um for the catalyst coating conpositi on | S
one 30 selected tQ g, 9@@@%@0 rbEnliRuRIAGSB RS therddf YaRsaagous. for

the nmediumto have a su nt that ra ryi ng of

el ectr e |ay%&§u1ta§l%b%ldtm@dlaﬁaé et&i@%%ﬂ@b/ﬁ @Qﬂimgtwnaogﬁqm oY\éafer
provi ded howgMehinof Haénﬁitk)?nﬁﬁﬁé?ﬁ’ééérﬁm ﬂ?é‘ﬁ@duﬂﬁ)(f iB8o&apbt aferbhfith

t th | f t f to the 35
b ane. Cvindhe L So e ST P PaI3! SRRl B EHPaFR T S0l et i on
shoul d Itiake | cepabdlity tpswelk tree mesmraaesmmrgemanmymmph thatagowitf "
especl a SlI ! C S e
roa um shout deis e ooty e AR bt B5pfaL B Ao et . 1S o
03/ 036748 PCThesomdionds suﬁmﬁkydem’ml thabthe adyerse efficats tieindswalling has
strong acidi Cdt%ﬁ{g' bt;ﬁfoc%seﬁré mmar%rm@bfg&éme' %'@éh&béc‘%tﬁ)ﬁ PRl Since it

shoul d be conpatible I on exchange pol e catal yst coating
conposi tion aidh Bie eanability to syefl the joa Wﬁﬁéﬂemﬁ‘%@ fan |P§°VM§?BP% for

water to be usgflag@tarid®olé Qéd:@re\"_aﬁmdawﬁ of ihel ﬁe@ﬁ@d@t@bieembmbréﬁ@ VREdI umto
be sel ected such,t hat

coal esced: RUPy bR R T sulRR e B E he SuIReSEMEDS such ac
heati ng0to form a Rieirred b@dtmedia |n¢la§te|su1table C4 to C8 alkyl alcohols
including, n-, iso-, sec- and tert-butyl alcohols; the isomeric 5-carbon
alcohols, 1, 2- and 3-pentanol, 2-methyl-1-butanol, 3-methyl, 1-butanol,
etc., the isomeric 6-carbon alcohols, e.g. 1-, 2-, and 3-hexanol, 2-methyl-
1-pentanol, 3-methyl-1-pentanol, 2-methyl-1-pentanol, 3-methyl, 1-

25 pentanol, 4-methyl-1-pentanal, etc., the isomeric C7 alcohols and the
isomeric C8 alcohols. Cyclic alcohols are also suitable. Preferred alcohols
are n-butanol and n-hexanol. Most preferred is n-hexanol.

The amount of liquid medium in the electrocatalyst composition will
vary with the type of medium employed, the constituents of the

30 composition, the type of printing equipment employed,. desired electrode
thickness, process speeds etc. The amount of liquid employed is highly
dependent on viscosity of the electrocatalyst composition that is very
important to achieve high quality electrodes with a minimum of waste.
When n-butanol is employed as the liquid medium, a coating solids

35 content of from about 9 to about 18% by weight is a particularly useful
flexographic printing range. Below about 9% solids, viscosity is
undesirably low leading to rapid settling of the catalytic particles, physical

leaking from coating applicator “fountain” in standard presses and
14



A wi de variety of polar organic liquids or m xtures thereof can serve 10
as suitable liquid nedia for the el ectrocatal yst coating conposition. Water
in mnor Yoaosti3ésmy be present in the nediumif it does paarusoaternser e
with the printing process. Sone preferred polar organic |iquids have the
capability to swell the nenbrane in |arge quantity although the anount of
l'i qui ds the elretssirabbtlalwwintceabsitignoeeigbts. thwtherppire cat levelact or dance with

15 the inventjggy, nsgr%atémﬁéﬁ%btﬁéwme fuldeiagkesagnifg bpct s from
P i Pl O,

swel ling during_t ess are i eved t hat
solvents Wi tnerﬂ%emt%tﬁdtﬁU|lfpﬂg¢ athﬂ gteénbretnﬁé qa@rreést&h eowernﬁbaﬁe can

provide bett&ébotﬁ:qm\ﬁé he%icdmrr@ §cﬂra@r ﬁx@@l@btr@@ét'a%t et)aﬁrt@ec&h 55&.@#@ to the
rrerrbran E“et 0 sui ted for, use. as ui d

Toarum s 20 prieRes Phip BrsiBerAnSst ey He 138, PESENIRIRBINGI8 PipRiETSal cohol s
i ncl udi ng, n-irregsiar plate wettimgl dter Thieutisdosity obitee electibeaiap@iedating- car bon

otoo the i sommRshiol B A8 Rpaog o BOAN sdo BARIR 16 dof EbMbaisd ROLT DL 1
1- pent anol Hynteaﬂwyabqutwﬁ mwaibqutmeé)tmtrpmsqaehti mooe tydeatit 400Q tal 25
pentanol , erﬁnp@f%@kﬁel&tﬁ sg)lﬁéﬂ@ dti%gr??ﬁ } for Qgr}o?'hlﬁ%h’i’ % st he

i someric C8 | cohol a erre aI cohol s
are n- bt ano|coa?ﬁp%ﬂ%ﬁaﬁ@ﬁcrIM@ prepéncagplyst PPW@(thﬂsedﬂieC%[h@[]nt of

I:cqwg nedi uraupmoﬁaa/gﬁt gstaumﬁtoaéw?dt@t@g mlgamfaweldre?yahm u\téﬁh@tthe t%/pe
of medi um enpl o e .C uents o onposi tion € type o
printing equi ﬁ‘f’" ér?p‘l’%?@ﬁﬂo Ptoé‘&“éefré’&‘t'ggg@%ot%hl ckness, process speeds
etc. The anount OfHdam(djmgpbrepipH@ﬁ&ﬂthe eltecgtdcetalylﬁpmﬁagtcomposhtmﬁetgﬁy oflthe
el ectrocataly, A i igh quality
el ectrodes Wcﬁqmg lrﬂlrjtudrrﬁ%gf E%é oéﬁ%ég)y tﬂ%ﬁrﬁ%ﬁ%fyn ogcgﬁ&agéged as the

li qui dl¥redi urﬁdohilue@aauqhga%ethytmte:wy@@mr@mcemm dp tn2280by veight easedt 18% by

weight is a fHeCipk A hd eem?}graphm printing range. Bel ow about
kel e%é}vt/ét esdam ow | eading to rapid settling of the

9% sol i ds, viscosi t% _
catal ytic particldf a%?)ﬁ@ﬂc‘fﬁ‘l‘nd tt@ét @ §orvoRRciEy @ vadablgslisrarsion of Oftg@nt ai n"
N standar d picks & aNtheldoriiQ (9483 6THBNREKIAIBORARA1 85I tylasi ohy | ow
print deposit u%“ S urt her nor.e but anol greater than
Bbout 61" 56 by ePHTRIPS ERd e mhaRE UBHET e e e dh® R ea sul fonic acd
menbr ad@s canNatedachhol\blseemwn, caindveeused aatstdr@ingenafbtiabtoquaparegasol i ds,
the el ect ;368&@%@&@@ EMlinARAS0d 1(%?3&&@%(?& ¥ iR RASGRIPHiL e
printing. The method of preparation mvolves the replacement of the lower
alcohols and water in the commercially available dispersion with a C4 to
C8 alkyl alcohol through a distillation process. The result is a highly stable
25 dispersion of perfluorinated sulfonic acid polymer in a C4 to C8 alkyl
alcohol with a water content less than 2%, more typically less than 0.5%.
Solids content can be varied up to 20%. Using this modified dispersion as
base for the electrocatalyst coating composition, the catalytic metal or
carbon black supported catalytic metal required to form an electrode can
30 be added which yields a coating composition with excellent printing
properties in the process of the present invention.
In the electrocatalyst coating composition, it is preferable to adjust
the amounts of electrocatalyst, ion exchange polymer and other
components, if present, so that the electrocatalyst is the major component
35 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.
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irregular plate wetting, etc. The viscosity of the el ectrocatal yst coating
conposition is in the range of about 500 to about 16,000 centi poi se, nore
typi cal | ywabasuw3672800 t o about 8000 centi poise, still nore rGIPISHABEY34000 to
8000 centi poi se (Brookfield #3 spindle at 6 rpm for a nom nal 18% solids
10 conposition as descri bed above with catal yst powders based on carbon
supports with aboubtibgatian efiibatelad®mcatdgsh coating dectmigas irmaccardamee  nomi nal

5:1 catal yst {an ftﬂ\é'??&dé%‘%%ﬁﬁe‘ﬁ?éﬁ?ﬁ M\%tn‘tlBﬁ a:a'ﬁa&%b@é’ F%ﬂ@‘%ﬁbﬁﬁo@f the

el ectrocat al yst coa ositlo rmance
nodi fi ed by tR@n ﬁﬁdﬁwﬁmm Céarb&a@f Qﬂsgnm@"mw th!%@swanglag fmyeehe

gl ycol or gl ygd, @glPZD%ﬁér%d}é\)éWﬂm é)gseldum%*rlé&? Tﬁfsefhnw bf of
liquid |t has been nnerc aII rDt;[xle di spersi on

di
of he Soci o nitkoesess Rat be moadesd RitbaUEafitGnre ok ko cold by E I
du Pont de NedfesisncorbtBeniphoynogeisticsh e Hiclaksees, Iorlld@hpméfe)d muhi-a 20

o ect r ocat al yebeLSaHA, sERDL AR AT 1RlS WIVER FhtRp sl abhi ¢
printing. Theramtmi@noavadag&uang daxographicgyinting teelprh@ogmpro_orfdet he | ower
al cohol s and M@?tﬁi’l %e?ﬁ@eﬁ@%?ht@'tw SBU 5@%\'& %{La?'ﬂ?é %Fed"hltt%%em to

C8 al kyl al cohol I'at1 on proce IS a ghly

st abl e195 di sm%ﬁ C@f‘ beepbtainad. nande & qrd]ﬂr@ 88lye WWS Ph a C4 to C8

al kyl  al cohoperabl aasmgleﬂéy&ﬂéérﬁbé ukeg %o bt’@duc%/Verwﬁnﬂ élé(&rcfo@sl y less than
0.5% Solids.cant d|f|e

nt
di spersion as'Y ‘Hﬁ%@ o‘? %@‘ ich %&(@F%@gggeygrpdgggéb Wi Wé’? fi%n, the
catal ytic netal orTheanlitiayéf sichctargspoehtichedbboyd permigtd required to form

an el ectrode a tion with

excel l ent pri %It@&ﬁggat%&s?ggf%g‘ﬂ ‘%}Yﬁ’ﬁ%&‘ C gg’ﬂo dr{l%gﬁﬁﬂgg@ I nvention. In
t he el &8t roca@%%ﬁr%@atque@@hﬁ)m’tah astialypt cars vaiyesith tis (éstamca(ﬂ![amt t he
amounts of el ggtdeadbed ye*%; mb%r ﬁ@@ﬂ%epqwéﬂiftlcﬁp% BFdxﬁﬁllc;ltgggﬁcﬂéents i f

present, so that, the eleciroc y wei ght of

the resul ti ngM@A&dPHABIE S %P@P&SP?"'”@ H“gcl%,@rsghp g deyersgrith
Bbott 1001 1 03 Ay A e s g PSS, O, profaiRelor?: 1 10
2I ggt rocat al y%? \é\gé) i bs(%"f"ﬁﬁﬁﬂ RS iM% %3P85‘%|ﬁg‘ metaftwaﬁ,l]aé/eﬁraggﬁg%tlo&fs t he
pr esen0i nvenefitba G{latr:trqnabalus‘reccaatmgde variety of printed |layers which can
be of essentially @pddeitiokNRas i<y 08ridd 8TV EYiength and width of the
electrocatalyst coated area by controlling the amount applied as a function
of the distance from the center of the application area as well as by
changes in coating applied per pass. This control is useful for dealing with
25 the discontinuities that occur at the edges and corners of the fuel cell,
where activity goes abruptly to zero. By varying coating composition or
plate image characteristics, the transition to zero activity can be made
gradual. In addition, in liquid feed fuel cells, concentration variations from
the inlet to the outlet ports can be compensated for by varying the
30 electrocatalyst coating across the length and width of the membrane.

Polymeric Solutions or Dispersion:
Polymeric solutions or dispersions, for use in accordance with the
invention can be made of the same ion exchange polymers discussed
35 above for use in the electrocatalyst coating compositions. While the
polymer may be in alkali metal or ammonium salt form (precursor form)
during the application process, it is preferred for the polymer in the
membrane to be in acid form to avoid post treatment acid exchange steps.
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thick, e.g., 20 mor nore very thin, e.g., I mor less. This full range of
5 thicknesses can be produced w thout evidence of cracking, |oss of

adhesi on, war03g36m8 | nhonogeni eti es. Thick | ayers, or conplryarsed/3smoBti -

| ayer structures, can be achieved by utilizing the very precise pattern
regi stration avail abl e using fl exographic printing technology to provide
mul tipl e | ayeBuitabdp perfuedinatedsuifunic aoid pn1ymemntettad fdrreadesvailedleul ti mat e

10 Lhi ckness i SbaRRd nMBoky BUAL ehgRde LR LAYChRyeLs, o

per haps a sing e Iayer can uce Ver
Typi cal ly, 1-2 m tHieRolymgsicssaksiorber @smmdl&ﬂed%t@@én@npthm@rwg The

mul tilayer stddﬂﬁéﬁhg%fmbh@mr%%&o%ﬁmrt oEopLGCieRes 3l iptufepati ng to
vary in corrpom& ?\'ﬂ ﬁ ngle the 15 cot?cen rat1on of precious netal
catal yst can Qfdhg highly E“Pi'én%f? HeMBer Wiha %"@.ﬁfi??%@@r rgxa rane,
surface. |n aRTFEifiprls, Byidropitlifecot feqractreor ohthe RighlyTRgitais a funct I on
of coating thickness

can be enpl oﬂg'aomﬁr g/é)th apﬁ%?rm%@rg%&y%érgbr r%qu%gggg: ﬁﬁ(ﬂ%@gﬁﬁg S nay be

applied in tHe mixeal witahéghlyfipoiinated soromadtooformitbe globohenc solatigs br coat i ng.
Conposi ti on ’Iﬁ%’pcoaﬁe MRE 'ufgvé’i}é\%re bﬁ@eﬂ f?x'é%héhe%%%é"' (‘%'Brtét ®I Sm W

el ectrocat al ar ea contro € anmount as a “function
of thel®i starLechvrecﬁﬁdAésmhe@rlm Elkiondyd aedturw@rm%ﬁadgnamm as by

changes in cO‘qftetraﬁéx@?mdrﬁcre@@%e@%s@rbiné Fﬁ/spntrheﬂegn@tuaﬁ%ff@mi:@wﬁﬁal i ng
with 25 the discontinuiti hat occur at F 3 g cornrs of _the fuel
9@00@ ai& nga

cell, where Hofnafed sy O'&'Sr&lﬂﬂ Polymerie g tesue rﬁj" Tedbosi ti on
orOI pl at edi mﬁjl ehaoB3xe _rAﬁémQEely,tdﬁLécbr}il%ﬁéd? | érQe?ePﬂfFEGflanhiay ls@n be
made gradua n i ti | ee ue concentration

vari ations fr%“efjﬁ‘g%%?@&a? fh@q@ﬁq EENYAS C@Qﬁn%e conpensated for by
varyintdthe 30 el ectrocatal yst coating across the | ength and wi dth of the
menbrane. Pol yneric Solutions or DIERAMPLES Pol ynmeric sol utions or

di spersi ons é)?&fm 8€.in accor dance with the invention can be made of the
same ion excha'ngebipcrl-yrrers di scussed 35 above for use in the

el ect r ocat al yWepatgiion % Digne ; le chantg elvmay be in al kal i

metal or ameHm&lﬁhieof&Elf@rﬁ@éé"ﬁ%o?\%eif—Qra@d FOiA ng the application
process, it i's prer rred 1or the ane to be in acid

ol |
form t40 avoi d post™ Prlkef ks GX@PBP%QKM‘@%Paﬁ@edl\%'”‘?/\@@@m@?%
PCT/ US02/ 341 QskrflSuriritbd suienit!dond poighwat dispereibhgNadba@pabtamed fromaci d form

are avai | abl E‘DuPont) comprising 5 weight % 1100 EW perfluorinated sulfonic acid
polymer (PDMOF), in 50% water - 50% mixed alcohol (methanol, ethanol,
2-propanol media)). Rotary evaporation was commenced at 60 rpm,

25 15 mm Hg pressure, with the evaporation flask immersed in a 25°C H,O
bath. A dry ice/acetone bath (-80°C) was used as the overheads
condenser. After several hours of slow, steady operation, 520 gms of
HoO/mixed alcohols were removed. As the solids level increased to a
nominal 10% level, a noticeable increase in viscosity. (3 — 20 cps) was

30 observed. A slow approach to this point was necessary to avoid
irreversible gelation.

After a 50 gm sample of the evaporation flask residue was
removed, 450 g of n-butanol were added to the evaporation flask. The
clear liquid turns an opaque, milky white. The roto-vap operation was

35 continued under the same conditions for several more hours until a clear
liquid product (436 gms) was obtained. The final measured solids
content was 9.51%. The condensed solvent weighed 344 g, indicative of
some vapor bypassing the dry ice condenser. A thin butanol layer was
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under the trademark Nafion(r) by E. 1. du Pont de Nenours and Conpany. The
pol ynmeric solution or dispersion is selected fromthe group consisting of
a highly Wousroisémsed i ononer, a precursor thereof , a m xtRaTeUS02/301M03t he
highly fluorinated i ononmer with a fluorinated polymer, for exanple, PTFE
fibrils, and a m xture of the precursor of the highly fluorinated iononer
with a fl uoriokseeddon ymebslk Hi@ recpanee ihdidating sime Butang! vaperizationd wi t h
hi ghly fluori ' ormthe poI yneric solution or dispersion.
ePTFE is avai#qﬁgghbgﬁp%ﬁ%@%% adenane "Coretex(r)" fromW 10 L. Gore and
Associ at es I nc., Repattiensof this dagicderiocedere: vialdarrifteorimated sulfepic)acid r om

Telt ][ at ec, 3&&1 wallsgel%?%nsl MH-80 230 Witheoligs EbRteMts Bfug%fl uori gat ed

o110, 353 ASBTPLTESY - # o VRGNS WBH, aRlp OBy VispRtesralthe mmy be

?ilpplpi ed to _trms@ats‘basmbm@nbbav@‘eltgﬁicana,m]lgrtaeeang@bf 500 tdQOEW&MELES Exanpl e
. Preparati cQhol. r on. n :

(perfl gori naﬁgﬁ@aﬁlg%%ch'g% §&§8$;fll%g$g'%ngC| é} 'W:‘“&%mﬁé‘?‘ﬁ&e&’ ?%t ary

evapor at or f ltasMd°Gas Kandrigeer determinagiong irslicaie tptar fésidural i@ dostent oni ¢ aci d

ol yner dis I DuPont conprising 5 weight
‘E}o 1{00 EV\Ilpgfr?ﬁgmp at e%%gﬁlt%e Vet %@rékFr?é“r )) Inrrp56%|) vvgter -I gO%

m xed H cohol ( net‘hé\ﬁ@!tlo%ﬁoﬁﬁﬁdmd'Cat@dmﬁgé@fmatﬁéﬁlﬁwlc ol aplymsrapor at i on

was COI’ﬂTEI’lCEde er@i@ngg% sdidsl 9 100 By Pélﬁﬁﬁéﬁreestamﬁgkpdl%eﬁ‘éémbﬁé bpn flask
imersed in a,25C H2

/ d th
overheads | c SHGRATEENS TR bF Uéﬁé%cﬁyFbﬁgﬁ«%@%@?gew'?%rﬁagfw&%'ﬁewaé’féﬁn 20
gms  of | Tg(a/ mwwedlcaém@bolwnamnepersrmmedclués 990eEwbperdisiotinsield SLﬂlf@hR‘ﬁ)Sed t038
nom na % r er . . *o S) was
observed. A Sq%lﬁ%gl&%ﬁbﬁ?@?b ﬁt lé]% v{gs% O?%grgggda%gézopé?’h%%@é%&p
i rreveli bl e rgetliatproduce¥ sierilaa r@tml’@m &:mﬂgrlg, 10Q bV pedhmrinaitechstiferik
resi due_was c‘i’d“PMl?Hﬁer‘kﬁ@)l\@OPiafB@%t@élﬂLs Ml @&%ﬁo&%émﬁwomlon

flask. The turns an opaque Mite. The roto-vap
oper ation wa§’9§§UQ! ?ﬁ’n§él§0'&'ﬁ@é¥d Pﬂ'ém?ér(%’occ’tfr}cﬁttﬁ/eﬁ@@%m RSk al nore hours

until a cl earwatbl*/ﬁ!d;bﬁopmdufsﬁmﬂélr?&cﬁlﬁ@)dl?@&sﬁhbﬂsﬂ@thegmgcggg@ meagurefl
sSol ven wel ghe g, I ndlcatlve

sol i ds contgf 51 % The condens
of sorre vap SB\A%%%?P Y the dry ice condenser. A thin butanol |ayer was
In place of n-butanol, other alcohols that were used successfully in

the above procedure are n- and iso-amyl alcohol (n- and iso-pentanol),
cyclohexanol, n-hexanol, n-heptanol, n-octanol, glycol ethers and ethylene

glycol.

25 Preparation of Electrocatalyst Coatings Compostions:

Using the above containing perfluorinated sulfonic acid
polymer/alcohol dispersions as basic component, elecrocatalyst coating
compositions suitable for flexographic printing of CCMs for use in fuel
cells were prepared as follows:

30 A 13.2 wt % solids perfluorinated sulfonic acid polymer (1100 EW -
PDMOF) in n-butanol dispersion, prepared as described above (28.94 g)
was combined with 77.31 g n-butanol. The resulting mixture was 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

35 displace the ambient O, with the generated CO, gas, thus providing an
added margin of safety for the addition of the potentially pyrophoric
catalyst powder (platinum supported on carbon). To the cooled mixture,
18.75 g of 60/40 C/Pt (E-Tek Corporation) was added slowly with
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ethers and e ene

Conpost i ons: ?%ytfﬁagéﬁéf\%megg Gﬁﬁ?ﬁ@[ ﬂ?qc{%%lﬁé&%&f%\umﬁ cl:o

pol yrer / al cohaieotti gawressubﬁssnalse HE8 1 tHBPoraYe. Khitscostiigy cyrsheav;at I ng
el s were praglivBrsioneduemBR Gsill fitihef b el B tRalites
sul fonilZ aci ob@orq/n@mtrmgmwsawphcmax 5 milrdrewt knifel prodepes elgimssypr epar ed
as described @hew qet %éa@r?%%ncwo\ﬁﬁee dscglnﬁ’ﬂ/i%)%t%fgﬁblé%k ik ap@nol . The

resulting mxture elowthe 35C
n- but anol f1 &8kt %%ff?%e fiopn ange PRHIAIes. SRRGS, graterss eepetiensieseanibsireaksnot h

| ower the tenperature and to 35 displace the anbient 02 with the generated

gg)f e%? |Sal wu H \rg)%?rllzia;cd mgf &&M S eﬂ?zm%&)ve F?lectso%%?alystf cgahtn%ngr%%lotsftlgHsOf the

Alonq with Alcohol Dispersions of lon Exchange Polymer (perfluorinated
sulfonic acid polymer — acid form):

Cyrel® flexographic printing technology (DuPont Company) was
used with a similar electrocatalyst coating composition to the above to
print directly on a heavy gauge polyester (plain 500A Mylar®). The 18%

25 solids hexanol based composition was altered to provide a 1:1 weight ratio
of catalyst to fluoro-ionomer polymer. This change allows the initial 1 or
2 printed layers to serve as a “primer” to provide adequate adhesion for
the subsequent layers that follow. We had learned in past that printing the
standard 5:1 composition multiple times on Mylar® leads to layer

30 fracture/pick-off owing to inherent weak adhesion and the brittle, friable
nature of the porous catalyst structure.

Alternately corona treated Mylar® (DuPont, Wilmington, DE.) may
be used to boost the basic adhesion or a sacrificial primer coating that
could be H20 washed off (polyvinyl alcohol) as a final stepmay also be

35 used. Another approach may be to print pure Nafion dispersion as a
series of “Dots” that provide anchorage points the standard “5:1” catalyst
layers to follow. These dots would provide anchorage but also allow
critical access of the gases to the porous catalyst layers below.

19




catal yst powder (platinum supported on carbon). To the cool ed m xture,
18.75 g of 60/40 C/ Pt (E-Tek Corporation) was added slowy with 18 WD
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printing techwet laggry itarksfotre@dropaapiioxes! toysrirdingl gléteaarsd il tued to primer

el ectrocataly. a% S atlng conposition to the above to print directly on a
heavy gauge polyes ai{pl ain 500A Mylar(r)). The 18% 25 sol i ds hexanol
based gﬁ)rrpom tion M@‘I pf 6séandasd pata}ysiemarassionraawgm used whichajaveaa al yst to

f1 uoro-i ononeytGhkRREss SHL 9 &rh%?%ggqfé d5 tgggigelr R@.r%;ﬁ!‘ nt ed

| ayers to serve as a "prlner

subsequent | apEsed eoredtion naat gve st sad Pldﬁy g tullondalygt iSﬁUaW@ t he
standard 5:1 @@tmoBist Pt STleritllm|pee§S|c5W§ Diﬁ'e Mé)@hﬁﬁtéh%&étdr@ usB¥has30
fracture/ pi ck- (o] Q. |nuerent (i!e5|on and 't brittle, friable
nature of the. 8%&?%’%‘)&9 pup §¥Vre§c9rm @9 RTRELEA Qf é@rﬁeg(ﬂ"&?’é“’tafj‘é%ﬁ ed
Myl ar (2§ (II)uRdnyErs ¥ thei type typicdlly. Ysediein thed erintieg ot finbeoating relubtrgi ¢ adhesi on
Ol oLl ahaliaid 184a.cOBhADR SiMlion SftibleREintReABREANGY br (PO yVI nY!
Pemarco from basuc prmtmg or Black — Clausen or Bachoff & Meyer from
film coating.
No signs of any total layer fracture or press pick-off were seen with
25 this “primer” approach.
A sealing layer of straight Nafion® dispersion or 1:1 catalyst
formulation is applied, for example by printing, to seal the top surface of
electrode 1 prior to application of the membrane dispersion. The solvent
chosen should be very fast drying, e.g. butanol or even propanol with
30 highest practical solids content. This is expected to prevent/minimize the
seepage of the subsequent bulk coating of the membrane layer from
straight Nafion® dispersion from filling some of the pore structure of
electrode 1. This is believed to preserve the effectiveness/pore structure
of electode 1. Flexographic printing is effectively used to apply this
35 sealing layer. The press used is a GMS Print Proof system as made by
GMS Co. (Manchester, England).
To utilize this GMS printing device for this particular example, a
500A Mylar® base, 5 mils thick, approximately 6” wide and 10’ long was
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catal yst for § 0 sea he to p
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The sol vent Chos%éaﬁ%ﬂcé]?cé’lﬁ’f%eféﬁéd ﬂfrﬁh@%rm@er%eﬁ%rﬂﬁpéb&ie wHEN
b1 cvent/ m ni mOLIRGNCE aUBEAE BiTers CoRSALAR OB & BUBRn Suge BroKRe
menbr ape | ayeperfggoinch. This in turn translated to a nominal 8 y to 9 y wet thickness
on the anilox roll. This wet film layer in part transferred to the plate. The
plate in turn transferred part of this wet film layer thickness from the plate
to the membrane substrate.
After printing, the plate surface was immediately re-coated by
25 immediate rotational contact with the anilox roll specifically chosen for
exact coating metering to Cyrel® flexographic plate surfaces. The typical
deposition thickness of dried coating composition to the membrane
substrate was about 0.7 to 0.9 microns with the 18% solids formulation
coating described above. To build increased catalyst layer thickness, with
30 typically 0.7 to 0.9 micron dried increments, with fixed coating/plate
conditions, printing was repeated one or more times with approximately
+/- 0.2 mm registration on the first dried layer to yield additional layer(s).
The additional layers of standard catalyst were added with the
140 anilox roll as mentioned above to reach target platinum goal quickly in
35 the fewest number successive print/dry applications. This was a useful
. means of balancing potential performance along with physical quality
versus incremental catalyst cost. Multiple prints also tend to smooth out

any deposition non-uniformity associated with the printing process.
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straight Nafion(r) dispersion fromfilling sone of the pore structure of
electrode 1. This is believed to preserve the effectiveness/pore structure
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with the 18% solids
structure was then remounted on the GMS proof printer. The same

standard catalyst composition (5:1 catalyst / fluoro-ionomer ratio, 18%
solids, n-hexanol solvent) as described above was then printed using the

25 140 Ipi anilox roll. In the same 25 cm? pattern in precise registration with
electrode 1.

A simple forced convection heat gun was used to help dry the
electrode 2 “squares” on the last 2 or 3 print impressions to complete the
electrode 2 /Fluoro-ionomer membrane /electrode 1 structure completing

30 the CCM example.

With appropriate drying stages in between the above example
steps the basis for a continuous in-line method for CCMs, that takes
advantage of the inherent dimensional stability of the heavy gauge Mylar®
throughout the entire process, is established.

35 A cut section of this CCM / Mylar® structure was placed in a
22C/100%RH environment for ~ 1 hour. The CCM itself was easily
separated form the Mylar® carrier sheet cleanly with no residues from
electrode 1 left on the Mylar® surface.
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coating descri bed above. To build increased catal yst |ayer thickness, with
30 typically 0.7 to 0.9 mcron dried increnents, with fixed coating/plate
condi ti onw0 @36M48 Ng wWas repeated one or nore tines wth agwoesneseansgly +/ -
0.2 mmregistration on the first dried layer to yield additional |ayer(s).
The additional |ayers of standard catal yst were added with the 140 anil ox
roll as mentioned dbtivie way catalyst ceatgdtmeinatamesniGomM) hque bl in 35 the

f ewest number [ t t means
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deposi tion nommalBLidbrhtss s HaraieHo Wl fbhsu@ééque' @fc%?@gte

03/ 036748 PCT/ US02/ 34103 Alternately, anilox rolls o alned n1the

Har per Corp. or Dean Printing Supplies or Pemarco Inc. that can apply even
heavi er coats (100 Ipi, 90 Ipi, 80 Ipi) wth sone tradeoff in uniformty
and physical quality may be wused. 5 The m s-registration observed for as
many as 12 prints/side was on the order of 0.2 nm Follow ng the creation
of this first electrocatal yst layer on this geonetrically, environnentally
stable Myl ar(r) support, the coated nenbrane was renoved fromthe GVS
proof press and stretched flat on 10 a table top. A perfluorinated

sul fonic acid polynmer menbrane was knife cast froma 12% sol i ds dispersion
of 990 EW pol yner in n-butanol. The knife gap was set to 45 mls and the
liquid | ayer was applied 6" wi de over the entire 10" length of first

Catal yst/Mylar(r) filmstructure. Adjustable coating 15 knives of the width
& type used can be obtained fromthe Gardener Co. The wet coating was
protected from airborne dust/dirt by an internediate screen placed over
but out of contact with the wet surface. This sanple was placed in a |ong
fume hood and allowed to dry several days at 22C/ 40%H conditions. The
final menbrane dried thickness was 20 nmeasured at 1.8 to 2.0 mls in the
non-cat al yst areas. The fornmed fluoro-iononer nmenbrane / first Catal yst/
Myl ar structure was then renmounted on the GVS proof printer. The sane
standard catal yst conposition (5:1 catalyst / fluoro-iononer ratio, 18%
solids, n-hexanol solvent) as described above was then printed using the 25
140 Ipi anilox roll. In the same 25 cnR pattern in precise registration
with
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electrode 1. A sinple forced convection heat gun was used to help dry the
el ectrode 2 "squares" on the last 2 or 3 print inpressions to conplete the
el ect r odewd 03mBems o- i ononmer menbrane /el ectrode 1 structurrEeTeispBesng 30
the CCM exanple. Wth appropriate drying stages in between the above
exanple steps the basis for a continuous in-line nethod for CCMs, that

t akes advantage of the inherent dinerfSidiM$ stability of the heavy gauge
Myl ar(r) thro q% cldise@nti re process, is established. 35 A cut section of
this CCM/ Ml ar structure was placed in a 22C 100%=H environnment for -
1 hour. The CCM i tdel/ PiReessdsr WJ‘”U%%%@ acrata)ysh aapéednainianecar ri er
sheet cleanlyg reS|dues from electrode 1 left on the Mylar(r)

surface.. 22 WO O 03 8 PCT/ US02/ 3410 [.n thi tal yst caat ed
e 2 e O O B A P ekt b LA oS s peed
with little or no waste. tcﬁatrieesfada bopmnf dfupsunfatedf s dirhensionalby staplgl yner

conponents were used in %&M so that there is no need for
subsequent hydrol ysis steps p '036748 PCT/ US02/ 34103 CLAIMS Wat

is claimed is: 1. A ptced®ifpthenelaotreeatalyshepatingatainpesitionandtie menbr ane
conprising: 5 (a) applyi ”ﬂarﬁ‘éorjfa §15%p§&?toef ﬁ\tét‘?ééétﬁdésﬁrsf?%%%traae%‘Pl”pos't'0“

to at Ieast a portion of a sur I mensi onal tenporary
supportl0 (b) drying the ef FFHM@@IWP%atl ng conposition on the

tenporary support to (cgr nh?élyin@%bo@ﬁ%rfc‘é&@tldﬂ Gcdispaicito the dtfeadtenpor ary
support; (c) applying a

ri ol uti dIS ersion to the at |east
one first electrode on th8 ge 5’5 détﬂfbﬁ} emRpr B’r?h‘f?ﬂj)r{ ‘he pol ymeric

di spersion to forma éda)ndmwxiy tl‘ceqmdymmnoghs&pqnmbyrterfonmea‘mamdwnﬁavi ng a first
oot uecar e s pOLRHERSn BOSL Bl A o ditea! erorary
15 second surface, at least one first electrode, and the
temporary support; wherein the first surface of the ion
exchange membrane is adjacent to the first electrode;

(e) applying at least one electrocatalyst coating composition

to at least a portion of the second surface of the polymer
20 membrane;

(f)  drying the electrocatalyst coating composition on the
polymer membrane to form a sandwich comprising the at
least one second electrode, the polymer membrane, the
at least one first electrode and the temporary support; and

25 (g) removing the temporary support to form a catalyst coated
membrane comprising a polymer membrane sandwiched
between the at least one first and second electrodes.

2. The process of Claim 1 wherein the polymeric solution or
dispersion is selected from the group consisting of a highly fluorinated

30 ionomer, a precursor thereof, a mixture of the highly fluorinated ionomer

with a fluorinated polymer, and a mixture of the precursor of the highly
fluorinated ionomer with a fluorinated polymer.

3. The process of Claim 2 wherein the fluorinated polymer is a
PTFE fibril.

35 4. The process of Claim 1 further comprising the step of

chemically treating the precursor of the highly fluorinated ionomer to
convert it to its ionomeric form.
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exchange nmenbrane is adjacent to the first electrode; (e) applying at
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B eour sqr L hereol o mieparooeon e (B the A St With a
t a ure o e hi
Pl tor 1 nat ed pBiaptrar Bl Refipdeamposticfrt iukis spsgre raReatpgiporm
fl uori nat ed i ondtige elédttode Iﬁayamctm@n'iaggpelsgm pa?ofgﬁégazmmss of d ai ][n 2
wh in the fl Fnat P ioril. .35.4. € process o
d Slir(ranI 2 fu(rat helrjozzgprgrﬁﬁsjel ﬁga‘%éhggr"sft@%'ﬂb{’ J@%@h@&ﬁ@“ﬁ%ﬁ? Pﬂg‘et he precursor
of the hi ghl yefaciiecaiahitst¢onting eempositionandedying stepsiars repeated to éorfror m - 24
WD 03/ 036748 RIS ifobSayers tﬁa?v&ggﬁ%amﬂsn&?n%bﬁgggg ﬁgﬂ@]@e applying

at | east one el ectrocatal yst “coating nposition is acce by .
f1 exogridphi ¢ '@¥€f%ting. 6. The process of Claim1 wherein the application

of the 5 el ectrocgtalBtd proriss e OIEIRPOSIHdrem RBhpHlikhitsh st @RS are repeat ed
art of the surface.

to f | tipl | ect rode,.l ayers covering,the sanme i
7.0 Tﬁ(ramprggeslg%gﬁo%a%?ﬁt £ORHY PWPPH@OQF?@QQMMQO%GB% pydde @Fc—%@?’f&% al yst
coating conpokiyer vithanpretieyémgnet epsunifern eixtdsieibnt of dlettocatallti pl e

el ectrode | ay ' osition anong said nultiple 10 | ayers. 8.
The process O?E@sgﬁﬁ}éfﬁ’%ﬁép’gﬂﬁﬁ he application of the electrocatalyst

coat i nd3conposi ti 8n aHie Brogess of Cham pluiherecamprigies applying dtdgest oid h a

predet er m nednbRaEBIrb&4tBIyEL TobtiRy tbRIboRitio! B IR S Sl ELtro LIRSS 1dyaF

el ectrode | ayg\r/ér at least part of the same area of the substrate which is covered by an
electrode layer.

10.  The process of Claim 9 wherein said nonelectrocatalytic layer is

20 an abrasion-resistant coating covering said electrode layer.

11. The process of Claim 9 wherein said nonelectrocatalytic layer is
a sealant covering said electrode layer.

12.  The process of Claim 1 wherein electrocatalyst coating
composition applied onto the opposite surface of the membrane to form

25 the second electrode is in registration with the first electrode on the first
surface.

13.  The process of Claim 12 wherein catalyst coating composition
applied to the fist surface is different from that applied to the second
surface.

30 14.  The process of Claim 2 wherein the electrocatalyst coating
composition comprises an electrocatalyst, an ion exchange polymer and a
liquid medium.

15.  The process of Claim 2 wherein the highly fluorinated ionomer
comprises a perfluorinated ion exchange polymer.

35 16.  The process of Claim 1 wherein the electrocatalyst coating
composition has a viscosity of about 500 to about 16,000 centipoise.

17. The process of Claim 16 wherein the electrocatalyst coating
composition has a viscosity of about 2000 to about 8000 centipoise.

25



15 9. The process of Caiml further conprising applying at |east one

nonel ectrocatal ytic coating conposition to forma nonel ectrocatal ytic |ayer
over at |wasd3/pems of the same area of the substrate whiclrdRUusmeBerad by an
el ectrode | ayer. 10. The process of Claim9 wherein said

nonel ectrocatal ytic layer is 20 an abrasion-resistant coating covering

sai d el ectrode | 4§er .Thelprothes pf Gtaiss1 etheGhiaidryidgiibepadoctedial ambient

nonel ectrocat%ln@érgtd yer is a sealant covering said electrode |ayer. 12.

The process o alm_l wherein el ectrocatal yst coating conposition applied
onto the opposit &9surkhgecerosess réClaifbt uhereid the tempegary iseppeddhd el ect r ode

is in registradlboRdirdh thagrdup sbnaslsd 6088yeRet I dijdmidessur face. 13. The
process_of C aijm 1%th§£| n CatO?)lf{éSt coialtl n& Copgﬂ)(éﬁl I on a‘gﬁl,l ed to the
fist surface PRYERIPPBAS THPGROMHErsa pRIVAERIAS linsomnd Kalyifides. 30 14.
The process of CRai mThewhrecess of Tl t8 wheesinahy $$mpoairy BApp6@IEOSI ti on
conpri ses an Séﬁ(%#tre%cat al yst, an ion exchange polyner and a |iquid nmedium
15. The process aim2 wherein the highly fluorinated iononer

conprises a perfluorinated i on exchange polynmer. 35 16. The process of
Claim1 wherein the el ectrocatal yst coating conposition has a viscosity of
about 500 to about 16,000 centipoise. 17. The process of Claim 16 wherein
the el ectrocatal yst coating conposition has a viscosity of about 2000 to
about 8000 centipoise. 25 WO 03/036748 PCT/ US02/ 34103 18. The process of
Claiml wherein drying is conducted at anbient tenperatures. 19. The
process of Caim1l wherein the tenporary support is selected fromthe
group consi sting of polyesters; polyam des, 5 polycarbonates,

fl uoropol yners, polyacetals, polyolefins, and polyimdes. 20. The process
of Claim19 wherein the tenporary support is polyester. 26
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