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BACKGROUND 1. Field of the Invention. This invention relates to el ectrodes
and a process for manufacture thereof, and nore particularly to

el ectrochemi cal air cathodes for use in electrochemcal_ cells and a
process YOOV Lf acture thereof. 2. Background I nfor nmat FEHUROET ce) |

devi ce generates electricity directly froma fuel source, such as hydrogen

gas, natural gasgrpbfROCkEMIEAL FRiERTREDECORAMGEACER, dant, such as oxygen
or air. Since tTEeProcess does not purm the ruer to produce heat, the
thernodynanmic limts on efficiency are nuch higher than normal power

generation processes. N@tal/alﬁy%ﬂ?#xﬁﬂbls (See, for exanple, US Patent No.
5,250,370 to S. Faris, which is y incorporated herein by reference)
and batteries produce electricity by electrochemcally coupling in a cel

a reactive qetalbhgldaggd@héoiﬁqhﬁylonpathode through a suitable
electrolyte.. As is wel| known in'the-art, an air cathode is typically a

sheet - ITHdS FBVEBELIARYFAY2BEDOE? tRLeGHIOSEEs 2PEsBePTPGRFS f@%posed to the

at Wsphﬁrﬁltﬁ&&@uﬁ:@t &He@ﬁbﬁpuén@hﬁ&ﬁé Q.Jda)ﬁthﬁﬁ.afl?e\t,:ﬁCle' I, It nI vvh:c CPh( duri ng
ce Opera I on) atno eric gen I SSOCI. a Ile netal_ o0 e. ahode
oxi di z&8eC Ggﬁﬂﬁﬁ@ aa&§aﬁ?5h%¥ @QQ:WﬁﬁrFBn?iFFBRPFH?BﬁﬁﬁlexternaI

circui tdg&l@omachegrbebneeﬂofh@ammxﬁ@dtm&-bede The air cathode nust be
perneable to air but substantially hydrophobic (so that aqueous

el ectrolyte will not seep or |leak through it), and nust incorporate an
el ectrically®.l Background Information

A fuel cell device generates electricity directly from a
fuel source, such as hydrogen gas, natural gas, alcohol, or
metal sheet, and an oxidant, such as oxygen or air. Since
the process does not burn the fuel to produce heat, the
thermodynamic limits on efficiency are much higher than
normal power generation processes.

Metal/air fuel cells (See, for examplé, US Patent No.
5,250,370 to S. Faris, which is fully incorporated herein
by reference) and batteries produce electricity by
electrochemically coupling in a cell a reactive metallic
anode to an air cathode through a suitable electrolyte. As
is well known in the art, an air cathode is typically a
sheet-like member having opposite surfaces respectively
exposed to the atmosphere and to an aqueous electrolyte of
the cell, in which (during cell operatlon) atmospherlc

7oxygen dlssoc1ates whlle metal of the anode oxldlzes
providing a usable electric current flow through external
circuitry connected between the anode and cathode. The air
cathode must be pérmeable to air but substantially
hydrophobic (so that aqueous electrolyte will not seep or
leak through it), and must incorporate an electrically

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WO 01128011 PCTI USOQ 27497 |eak through it),
and nust “incor.porate an el ectrically conductive el enent for external
circuitwoos811 f or exanple, US Patent No. 5,053,375 tBCBHSNRA49 M L.
Rao. As described in U S. Pat. No. 4,906,535 in present-day commerci al

met al - ai.r I troc e t] | S commonly
"ot gl BREABRCTLERL a8 udl A5id S Rgrhls B cagBL000RL 15
d|SSOC|abndncpiUﬁDelemenatéwgwﬂgtennﬂﬁenunqm}tayf|n§b§,dfvrded hydr ophobi c

pol ymer 'e%aﬁB&S“% PQ- dni NEO! POI A NGy A P 'a.s%%ﬁc‘%eﬂ ag tRg, conductive

el ement vafiety o anode’ netals Tare used including iron, zinc,
magnesi um al um num alloys of alumnum etc. U S. Pat. No. 4,129, 633

di scl osgg %@%&Qg@!?f 9h argpaﬁwg W, £l R Isade suspRgsandLyapowder spread
onto a noving we d). D sadvantageously, this approach generally

requ.re§osrﬁ@ra=§élofne?céila@weﬂeéw i Geddt prasgire. teRddi¥o be
di fficuldath@adi 35" tBhBnl PecOhyr POV ot AVE ¥arboR. (R8tn &P. 4,339, 325

to Sol oman et al. descrihes gas diffusion electrodes and net hods for the

_preparaﬂ%&#othéPeéPdeﬁhgés?%?ﬁé%HﬁbFH%@%FPﬁEbcéﬁé ¥P5Y ms a porous,

coher entgontASniher ad £iHal @xialide® hrdit@shdbaeKipad h@ree ﬂéte%iﬁ)ll 'l ZE) ed
to

pol ytetr uoroeth | ene havin peni ngs rangin ron1abo

m crons. "T'#é'nlcz%@f’ iy PHe? u@%g g s%re%h(ﬁﬁ 9 %?@Puf:ﬁlf’ﬁr +#9°3h- el ect r ode.
However A tuagriehksc blfngnbayemegsnerﬁé YugtaP S nuliudihgvident heiagéy uct ure and
strength desired for re

n lIatlvei?é demandi Q ‘f|IC tions. U S. Pat. No.
4, 615, 9§EQﬁe§&P6ge§ I8 geR t2Y fio ‘%ﬁﬂf 3 an electrically
conductive, wetproofing |ayer conposed essentially of an intimate,
ConSO|ICE¥§¥j#3Qq %%§t4,129,633 discloses a method for preparing an
electrode using a dry powder spread onto a moving web (dry
method). Disadvantageously, this approach generally
requires the use of relatively complex equipment, and it
tends to be difficult to distribute the dry powder

uniformly.

U.S. Pat. No. 4,339,325 to Soloman et al. describes gas
diffusion electrodes and methods for the preparation
thereof. This reference describes and claims a porous,
coherent, unsintered, uniaxially oriented backing layer of
fibrillated polytetrafluoroethylene having openings ranging
from about 0.1 to 40 microns. The layer may be used as a
backing layer in forming an electrode. However, the
backing layer generally does not provide the structure and

strength desired for relatively demanding applications.

U.S. Pat. No. 4,615,954 discloses an oxygen cathode
comprising: an electrically conductive, wetproofing layer

composed essentially of an intimate, consolidated and heat



2 WO 01/ 28011 PCT/ US00127497 sintered m xture of carbon bl ack and
particul ate hydrophobic polyneric binder derived predom nant]y from

t et raf | uowodRsdiene, having at | east one anisonetric elpctosoamiuctive
reinforcing material incorporated therein. US. Pat. No. 4,877,694

di scl oses an.electrode . conprd Sing a porous as_ suppl.yi.ng | ayer containing
hydr ophobi c%%#?ﬁé?,ma WHih W & I%Slnyg aﬁgr%ﬂg %%’ﬁ]\f%lla er conprising
cat al yst cohydrophgbiarporynsariid dieserntienived yprduemichach tliyt £ xiowmdr ophi l i c
hal ogenat ed '995; .al.yzed o) ti Gl which intimte
blend is cggg%%ggﬁ?ﬁésal ‘dléar%{’i_\pe%%ﬁggerégwl'%%égaé}féiagatrﬂlast%énggﬁﬁgance bound
W t h hydr ophégttrpedydrstive) ngigfopgingNoatar ok Bicprpdyated s di scl osed an

el ectrode ippapbih;! ayes, fRueD dd aNa¥NPoenEANCRLdNLR 13kkrolgndi ng, the
el ectrode conprising a gas porous, pola{mar-cont al ni ng support layer, a

cat al yst - CORPEPRI R’ RRASHPr S86nSHPRIKENGCIANRY I18&aindng a gas porous
i nt er medi at gy8e8Eh&Ei ¢ PSIyricd)Siatld BE Blect PSI PP RNMIUs RHQRNORLEr

pol ymer. Al three of these patents rely on a relatively conplex
mul ti - st age%ﬁ“BEé%%ngf"o?tab]riésd%qu%atlﬁéngl gerPRIReridalas ﬁl"(‘}é@%eh

charact eri zgteRded Of 1EH thyd FSEHIQRROBRE 0§HRREEE PeaMer MAhdelrS fdki €d and
sintered, and t£§£%9e ositing a.fyrther_active Iayer on the dry support
t

active . )
| ayer whi ch®fE3 Pt iINAF TAdeSei KREFRAINRetpRlendy iss 312 701
di scl oses acombahédely sxinplastivieatielhest whieh opast ngllateasablsahhiceat i on

ond fuel  ceppBREOR B Rt 88 e E 0 b et Fattnofinudag2ientfoat i ng
there is disclosed an electrode in multi-layer form and
having enhanced inter-layer bonding, the electrode
comprising a gas porous, polymer-containing support layer,
a catalyst-containing and polymer-containing active layer
and a gas porous intermediate bonding layer consisting of
thermoplastic hydrophobic polymer. All three of these
patents rely on a relatively complex, multi-stage process
for preparing the electrodes, which process is
characterized by forming a hydrophobic support layer that
is dried and sintered, and then depositing a further active
layer on the dry support layer which is also then dried and

sintered.

U.S. Pat. No. 5,312,701 discloses a relatively complex
batch-style or single pass fabrication process for
preparing a gas diffusion electrode for metal-air batteries

and fuel cells.

US Patent No. 4,885,217 discloses a continuous web-coating
method for preparing an air cathode which is comprised of a

sheetlike laminate including two carbon layers having



met hod for preparing an air cathode which is conprised of a sheetlike
| am nate’including two carbon | ayers having 3 WO 01128011 PCT1US00127497

opposed woloisges, respectively exposed for contact w t hparusédiidisd
el ectrolyte and with air, and optionally having a hydrophobic m croporous

film This construction uses a carbon felt skeleton to which other
conmponent sCRP@S @ dek £agg/hFeFPechiyepyoBBRISeR nERT tIPHE o MLEf fBect i ve for

some appl 19@&1@@1@&%1@&@ &tﬂdngu%w a@m Qﬁa%ﬁtﬂ&l@ﬁw héswding acat hode
typically onI%/ %t?e from 50 A need exists for an

el ectrode P¥ACEP :I'%c,‘?'l’e‘fﬁ%md’él If§1m anahb?o‘é‘é%??‘b?t’f"d’br‘ﬁ?fft i°hg t he

el ectrode, chhBdn Pf OVt deice 1t @ethithuetHea! compomeriey léﬁd cfidddhat may be

fab t ed i -effect t , whi ch hi bi t
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el ectrode for,a ectro cell i rowi ded. Jrhe l.ec odg i ncl udes
a current 88%8@?0{;3’%}3% yurré'i‘lnigte &88' gﬁ ‘Egg%’ﬁng& 3‘%%5‘?\45 dl sposed
therein, and a m xture of carbon parti cI es and polyneric rrat erial located
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pores. I n a varration of I'S aspect O resen I nven
. el ectrodeaabsproaesadéer afawmmm ¢hei eﬁapbrods, rretmmtemeovwem 01/ 28011

PCT/ USO0/ 24487 SHPEE POSER: Y [h I QULERLSCOLhEE Ry 18 A {LAq the

current co ctor 1s rlcat rom neta : )
using cost- effectlve continuous processing, and which

exhibits operating current densities of over about 200
mA/cm?.

SUMMARY OF THE INVENTION

According to an embodiment of the present invention, an
electrode for an electrochemical cell is provided. The
electrode includes a current collector having a plurality
of interconnected pores disposed therein, and a mixture of
carbon particles and polymeric material located within the
pores. The polymeric material is sintered in-situ within

the pores.

In a variation of this aspect of the present invention, the

.electrode also includes a hydrophobic microporous membrane



I n anot her aspect of the present invention, a nethod is provided for
forming an el ectrode for an el ectrochenmcal cell. The nethod includes the
st eps of wgooisendi ng a current coll ector having a pl ural PCF/USH0/27497

i nt erconnect ed pores; disposing a carbon/polyner blend within the pores of

the substrate; and sinteri t he Y NeLI i.nder . of . b ol ymer

bl end in-sFFBeﬁPPﬁeahglggrgﬁkcﬁuﬁééﬁaJﬁﬁéé%fgggrle% o?&g§$%%Lagg%£ and ot her
f eat ures artirzdwnantaydecbérths sfabmiaattadodraim mebalhbeefoamdi |y apparent
froma reading of the follow ng detail ed description of various aspects of
the invention taken in conjunction with the acconpanying draw ngs. BRI EF
DESCR! PTI OnOAndEEeDRAVPACS ¢f gthe presendcHaventéopy edv BELROE i I ui t

i ncor por at i 119, A%e4erBEt EQPRIRG dM G ASKNe ifd¥eRhi 8DecEi8chenisarn

el evati onal® 'schematic view, onh an enlarged scale, of one enbodi ment of the
el ectrode ofelfi.g. The mpghod inchude\khg MYeRS O&that of Fig. 2, of an

alternate enbodiealinl hheuskest resEdtdhaaptiageat playenitpnot 5 WO
01/ 28011 PCT/ USO0/ 27497 Fig. 4 is a block diagram of process steps

utilized i AnteasoregctRg§ BAT&Péctrode of Figs. 1-3; and Fig. 5is a

gr aphi cal represgriiiag af chbBosgbdlymer fliemned thinopheepbpels nent of t he
el ectrochem cal _electrode qf the present invention conpared to that of a
convent i ondih&|¥STEELErR B8P el ect rode. DETAI LED DESCRI PTION OF THE
PREFERRED EMBODINENETZingether polyheribeoindpr ef sbe terbhnipolymer

acconpanylrgaend in-situ with the pores of the current collector.

The above and other features and advantages of this

invention will be more readily apparent from a reading of
the following detailed description of various aspects of
the invention taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of a circuit incorporating an

electrode of the present invention;

Fig. 2 is an elevational schematic view, on an enlarged
scale, of one embodiment of the electrode of Fig. 1;

Fig. 3 is a view similar to that of Fig. 2, of an alternate

embodiment of the electrode of the present invention;




Drawi ngs, the illustrative enbodiments of the present invention will be
described in detail hereinbelow. For clarity of exposition, like features

shown i Ryd@fagepcconpanyi ng Drawi ngs shall be indicated wéiisdodifpr reference
nunerals and simlar features as shown in alternate enbodinents in the

Drawi ngs shall be indicated wth simlar reference nunerals. Referring now
to Fig. 1,Fig+ciits B0oblesk pdrarad af Reeeesaistormelutddiizeshifery 12 t hat

i ncl udes afpy @ QALIMRFheMARltebast 68dpigs . €1-32 & hode) 14 of the present
i nvention, such as an air cathode as shown and described herein. The fuel

cell battery 12 includes a housing 16, the cathode 14, a netal fuel

(anode) 18pigndh ais |d qiraphalcadt repyteerfat Soi¢oBstiah @gueous sol ution of
pot assi um hydr oxi de and/ or so%&ugkchloriﬁe. nglnetal fuel .(anode) 18 is
Q eShe

connect ed BYFErMES® QAN & BEDE| P R EL e, 1 ght

bul b) 24, sbéetrdde taff thd precennethednbjon canshreddrt@Hatclofdiang a switch
28 to the _air_catho 4.t§10%i§g tge imﬁgch 28 conpletes an electrical
circuit fofR¥eHeteREh FHRFEHOTERT8deS1%C P WO 01/ 28011 PCT/ US00/ 27497
the netal fuel (anode) 18 via the electrolyte 20 to illum nate the |ight
bulb 24. Once t ) ) | fuel
(anode) may be g%ggﬁ%‘gg Pg§5§é€ﬁ%§e°l{ gﬁg%r@%?%@egﬁrsla§ y % power the
light bulb. The nmetal fuel (anode) 18 may be forned of a suitable anodic
material, sugh_as_zinc, .al umnum. magnesi . al S the |ike. The
metal fuel Efgﬁﬁﬁﬁ?él%oi%%@ég%g g géggg‘dl‘gpgﬁ%{,a%%? 8R4 ot i onshi D
with the chraweimegdd, thev il widiattizecembhdinbnt seefi the fpmwgsant to form a gap
for invention will be described in detail hereinbelow. For
clarity of exposition, like features shown in the
accompanying Drawings shall be indicated with like
reference numerals and similar features as shown in

alternate embodiments in the Drawings shall be indicated

with similar reference numerals.

Referring now to Fig. 1, circuit 10 incorporates a
metal/air fuel cell battery 12 that includes an
electrochemical electrode (i.e., a cathode) 14 of the
present invention, such as an air cathode as shown and
described herein. The fuel cell battery 12 includes a
housing 16, the cathode 14, a metal fuel (anode) 18, and a
liquid electrolyte 20, such as an aqueous solution of
potassium hydroxide and/or sodium chloride. The metal fuel
(anode) 18 is connected by an electrical conductor (line)
22 to a load (i.e., light bulb) 24, which in turn, is
connected by a conductor 26 including a switch 28 to the
air cathode 14. Closing the switch 28 completes an

electrical circuit formed between the air cathode 14 and



the electrolyte 20. The general arrangenent of the netal/air fuel cell
battery 12 may be substantially the sane as that of one of t.he cells of a
convent iwoalzsmiti - cell battery, such as described i n RCHBUS®R049Mt NO.
4,626,482, which is fully incorporated by reference herein. Referring now

(o Flo- 2 (the SLINCIULE Dl olS SWSHTEEL, §iocEloptoe cal electrode

substra’;_e SQluTniﬁaﬂe?tmetrn.@hmddum:’ I<24of Oneeethenmeta dfysk enadetth one or

more active (also referred to a e f
% hﬁaPSBlﬁ % g rriew %r?etraei Cftu \i )al'lg%@ Sogge]?erre (PQZOa surrace

34 thereof 9 m crop Srous to as a gas
di f fusi on cbayenpe360|gemesmbsegﬂentnxgmmm te ppuer3gheflight duldt. f oam
substrate 30. As also shown, as a variation of this enbodinment, an
optional reactive layer 33, of simlar construction though pr ef er abl y
thi nner i nTheemetahsfvede (anpdektibmay det Farmed phyarswitaklsy pe

super posed RghigRena cLOga 51l Lace 28 ANt B uHLALAD %98?'§eéﬁ}iﬁ” HoyHje netal

foan1substrate Serves as the current’ collector t he cathode 14, and
is formed of aheuliksle Feearetal Fraler(amoded df 48 RieRe¥ed st nl ess st eel

and the |'E§ac@@ Zpﬁ@ko153§9iiefxggi£¥¥3ﬁgﬁﬁ%7w1€&aﬂﬁéec@ﬁhédéLm4ab|e

substrate terial 'is a nickel netal fo n1avallable from RETEC. Por ous

Metal , Oni a/ithy aj disgapcenphareertirpeviEiichentatefeEBI2 -t al lic,
porous, el Q:q{er'eQ.%UtY:oQS}ﬁgugbl Vwmt@én&almyrahgembﬁtusedthas the substrate

30. The | b |
quoropoF;%%$£€r%3§ ayilﬁﬁi}?a%Yt§@$ aStthéPg Eéﬁ{%%#%%fg?ure pl astic

t _hat pr ef ersaldley atathat gEashet 62Nchdé | @yl iseryferaconeenabbural heulat-hode
sinterin
9 cell battery, such as described in U.S. Patent No.

4,626,482, which is fully incorporated by reference herein.

Referring now to Fig. 2, the structure of one embodiment of
electrochemical electrode (i.e., cathode) 14 is shown. The
cathode 14 includes a porous metal foam substrate 30,
formed with a network of interconnected pores, with one or
more active (also referred to as reactive) layers 32
disposed on a surface 34 thereof. A hydrophobic
microporous layer (also referred to as a gas diffusion
layer) 36 is disposed on opposite side 38 of the metal foam
substrate 30. As also shown, as a variation of this
embodiment, an optional reactive layer 33, of similar
construction though preferably thinner in the transverse
direction, to that of layer 32, may be superposed between

the surface 38 and the microporous layer 36.

The metal foam substrate 30 serves as the current collector
of the cathode 14, and is formed of a suitable metallic

material, such as nickel, stainless steel and the like. An
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temperature of typically about 250 degrees C. Such a high glass transition
t enper at ure advant ageously pernmts the mcroporous |ayer 36 to be applied
or ot her¥P8E28iksposed onto the substrate 30 prior to sPRI/EEIRFO7as will be
di scussed in greater detail her ei nbel ow. Turning now to Fig. 3, another

enbodi ment g&gﬁgs itdBee b%%ra%esﬁg‘é@r§§lel§cé rRchen Gale Al ectrode
114. ' T

(i.e., cat I's cathode 114 includes netal foam substrate 30
haV|ng r espeeni ¥eaihmele afrpmo RESEC ForguesMetal gnghs®. THe iubstrate 30 is

di sposed bébﬂ’@&ﬂ?ﬁﬁtéd‘”%owé@ﬁ it ! %yghlégbﬁgdnénsth@@éﬂ‘.id Ally identical
outer reactiv ayer 40 disposed on surfaces 34 and 3 respectlvely

Unl i ke cat RBEBYE4 ﬂ%%%i@%&&ﬂ OsSdewmaReriad pBRY ?%F?HEF USeqat hode
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oporous _| aye er. 36, Fi
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i mpr egnat edliwiculsisadt he gheaker detail herelnbelow

Turning now to Fig. 3, another embodiment of the present
invention is shown as electrochemical electrode (i.e.,
cathode) 114. This cathode 114 includes metal foam
substrate 30 having respective inner and outer surfaces 34
and 38. The substrate 30 is disposed between an inner
reactive layer 32 and a substantially identical outer
reactive layer 40 disposed on surfaces 34 and 38,
respectively. Unlike cathode 14 discussed hereinabove with
respect to Fig. 2, cathode 114 utilizes an outer reactive
layer 40 that does not have a hydrophobic microporous layer
{layer 36, Fig. 2) superposed therewith. This embodiment
of the present invention may be useful in the fuel cell and
battery art.

As shown in both Figs. 2 & 3, the cathodes 14, 114 of the
present invention preferably include a particulate
microstructure reinforced by relatively strong bonding
provided by sintering a polymeric binder particulate 42

within the three-dimensional interconnected porosity of the



di mensi onal porous substrate 30 with a solid |oading ranging from 40
ng/cnB to 1,200 ng/cnB. In a preferred enbodinent, solid 1oading ranges-
from 400 wgiean®io 1, 200 ng/cnB. The substrate 30, incl pdiroseerz®7pol yrmeric
bi nder particulate 42 i s squeezed by any suitable known neans, such as

conventi onal L9 ressi.n S di scusseqd | r eat er t

her ei nbel ow™et3 ngaﬁzs ]?1%: e(\Igd %n 5F¢ F5§8i9 ergl%o (‘%e %93) t hen
may be appl peesent| Lrvegt bory, thﬁtuﬁﬁae-dntBSSGnhlapormunmm&ﬂaﬂuﬂoamoat|ng
oper ati ons ol | 120 4+ ver eferred
enbodi nent, g@ﬁg@?g%t ?@Z’l’?“'té %r%ﬂﬁ&% % %ﬁﬁgiagogg%ﬁ urncl goagem 8m t he
sane nateri 3 MRs bnddevquSlaéﬁsianﬂﬁmmnﬁag@oabbyte&@@ﬂm&cnpnﬁruy @000l |
pressi ng op t [ t G4 Emt gito the
substrate gba&gﬁg g%%?t Iayers%!Zrb§8&ﬁ§d? 3%§1ﬁé?g§% %%he reactive
(or gas dif FB&i BhydﬁayaagtwleaWzﬂ@ l&slwemﬁgnage@h‘el@wmetrhq)atme@m ate 42,

are preferabliehaRbhsat §8rodd MALIGa2RMBONRE R al §olic§‘ _Rdi lar, these
materials may include ‘a hydrophobic_pol ymeric binder applied as a |iquid,

i.e., a di spAPgLBA, f§a@p’é91sm%/r%r tel 4r 200 By Fhe dor RapBESESErethd/ or 38 of
substrate 3@mbBYafBhes Qélﬁdlfibacﬁltﬂ alahgeayéfeﬁh@@o%@ﬁwn%l ¢, bopders

I ncl ude polégetrgflﬁﬁ{oeth | ene % and _fl uorinated ethylene- pr opyl ene
copol yrmer ( lﬁﬂggﬂraﬁﬁté r at RS+ v RA N BIFHREdRs PLBERT as

pol ychl or of buﬁrmetamatenez 14 xdquerzeef byt Bagestesalbbe NEyowd] seds,utilized. 9

i WD 01/ 280 1 PCT/USOO 274 f d . th d hobi
o ymeri o beRABr 25, Convat fer b n L BrRESG L cfa SFREh P8 s dubas dh PnOr

greater detail hereinbelow. Layers 32 and 36 (Fig. 2) or

O

layers 32 and 40 (Fig. 3) then may be applied utilizing any
suitable means such as conventional coating operations or
additional roll pressing steps. However, in a preferred
embodiment, the reactive layers 32, 40 and/or 33 are
fabricated from the same material as binder 42. This
advantageously enables a single roll pressing operation to
simultaneously impregnate the binder 42 into the substrate
30, and form the layers 32, 40 and/or 33 thereon.

The reactive (or gas diffusion) layers 32 and 40, as well
as the binder particulate 42, are preferably fabricated
from the same materials. In particular, these materials
may include a hydrophobic polymeric binder applied as a
liquid, i.e., a dispersion, suspension or slurry, to the
surfaces 34 and/or 38 of substrate 30. Examples of such
suitable hydrophobic polymeric binders include
polytetrafluoroethylene (PTFE) and flucorinated ethylene-
propylene copolymer (FEP). Other useful materials include
halocarbons such as polychlorofluorocethylene. Mixtures of

these resins may also be utilized.

R R AR 1 2 L



provided by blending the particulate carbon with either a liquid
dlsperS|on of finely-divided dry hydrophobic polymer, or with the pol ymer
in dry p¥yoAEs8tilorm The pol ymer preferably includes abBET/USW20497 about ~ 60
wei ght percent (w. 9% of the blend. This range generally provides
sufficient polyner to bind substantially all of the carbon particles,

W t hout unduly reducing gas porosity or otherw se |owering el ectrochem cal
per f or mand®. a pyeéevsed empodiment, pdra invdeorhobigr ppéympricchiadigzed by

any nunbery dﬁ%&hehﬂQﬂﬂhCBSEEYéﬁfhfﬂnﬂdfﬂ$ﬁ‘3 EBQSCQBHBEnhﬂloﬁ fanner
vvell-knovvn to t hose skill In the art. Exanple of such sujitable

cat al yst s ALAViggE Pﬂgﬁé§ﬂ9h¥6x?ﬂ% R?ﬁﬂEB“laQQI°@6P°H|FF§Peelbbﬁ¥|ﬁun1 cobal t

oxi de, and Iaafsp@ﬁ_*glohhSEeeineﬂwd&m&p\&ﬂyon@ugopﬂobiabrI cation steps
of the present |nvent|on are shown. Step 50 |ncI udes m xi ng the desired

conponent PXMEKe BENJEPpEPE; PO WPRE 420 Ct%.rm eXs fogiscud88d above, are
pref er abl oi%ﬁetxa@tﬁea:lelrhbwemhcmaaeé Oabdéite 2O ORSBIUE 60 aetigMe | ayers 32,
40, and/or Af t xI_n s.shown gt. 52, the slurry may then be
coat ed, rPr d ot ﬁérﬁfsgh?ﬁ]ﬁ}%@%m eﬂ’ﬁ%trc?ntgr?egﬁé‘?(’fﬁél%t al foam
subst r at e pHdwitiazy saxrﬂfleﬁeatvpbwmgr Oifo cmntd mambalagatanmgoﬁnd/ or
Ianinatinquetho s _known .t 3 t hose g Ki 4§$ such as bF not
linmited to % &3 6Wb§?Fﬁdc SFp wih ? n?ﬂ&%lﬁﬁ % g@SaPOHSSI 311 over
pl ate, or dmdtémermusre loWweriog elect:@schmhicable dgearfidrmanceo t hose skilled in
the art, the choice of such web coating/inpregnating 10 WO 01/28011

PCT/ USQQ 27497 net hods nmay be made based upon the thickness and desired
sol i d | oad¥auweowsfr t hdvef icagbosl pertbdiepravei@refodabdy ¢atalyzed by

any number of well-known catalysts applied to the carbon in
a manner well-known to those Skilled in the art. Examples

of such suitable catalysts include magnesium oxide (MnO,),-

silver nitrate, platinum, cobalt oxide, and combinations

thereof.

Turning now to Fig. 4, fabrication steps of the present
invention are shown. Step 50 includes mixing the desired
components of the binder particulate 42, (which, as
discussed above, are preferably substantially identical to
the components of active layers 32, 40, and/or 33). After
mixing, as shown at 52, the slurry may then be coated,
pressed or otherwise impregnated into the porous metal foam
substrate 30 using any of a variety of continuous web
coating and/or laminating methods known to those skilled in
the art, such as but not limited to, roll pressing, dip
coating, extrusion die coating, roll over plate, or knife
over roll, or etc. As will be familiar to those skilled in

the art, the choice of such web coating/impregnating
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mediumutilized in the liquid (i.e., slurry) may be water or a relatively
| ow boi | i ng- poi nt organi c sol vent such as isopropyl alcohol .or a bl end of
al cohol swgbmessdiurry is permtted to dry as shown at strerAS827aer or e
conrencing subsequent fabrication st eps. In the event the binder 42
utilizes a corrp05|t|on t hat tinct des r onposj tion of
the reacti WEthOggeFay RePaED W%f%&/t & F ﬂIS Pegs u?‘l'“(fii @?ﬁr%"t

particul ar sfdllmlos.bhtiﬁ!ﬂgdesfr'ehlefmnaineal@ctmde pikotthet. r emctiqueid ayers 32,

40 and/or 33.,.In this.reqgard, U t.ly ap
super i npos &FHm BFPIZH\F el?am% t?ggn %hé %bgggxta%{%ysbgﬁiyae mat eri al s.
For exanpl exr af treladdiyehy, 1ow hﬂceslxregi-pquma iorgragnasetvertrsuchdiasensi onal

porous netal h I d e

mat eri al , ﬁ?&?r%?y#egﬂo%x} ‘?f’T%rE%MCﬁg’eft %és?% ?ggusgg%igh%%%#!ﬁ}aﬁl?’ve to form
the micr opqremnatdtled gesddiyf aasshown Btersty®e 33 .shefarat commenking | ami nati on
or coating jRY %n@c%g %Eé@f@hL@ﬂéﬁglng any of the coating nethods

di scussed here| ove wth respect to step 52, as well as other

conventi onal Iam nation and pressing techniques. As shown at 56, the

entire comynatjoryehtt EﬁeSHPﬁaéﬁt@z 3fhi1ibledrdar chRpasst iy ersatdisposed

thereon, is then sintered by heating to a tenperature withjn a range of
about 200 tdsiEEctddgrmeshe, dﬁ?b#'%‘ileﬂﬂrﬁpqsét\h%ioﬁ 5BBuEe288 YD 350 degrees

C for a peljag, OfstQp55b0aﬂdh92"x§ dthtlhaahgeﬂe@trode 14, 114
of the present |nvent|on Preferr o i ments of this ctrode have a
final thiclareddqulag FHWH°§1Féﬂ@e Oy ORenfrft §O5° 15131'1

reactive layers 32, 40 and/or 33. 1In this regard,
subsequently applied layers may be superimposed or
otherwise laminated upon the previously applied materials.
For example, after drying, if desired, the impregnated
three-dimensional porous metal foam then may be laminated
or coated with a suitable material, such as Teflon® (PTFE)
sheet as discussed hereinabove, to form the microporous or
gas diffusion layer 36 as shown at 54. This lamination or
coating may be accomplished utilizing any of the coating
methods discussed hereinabove with respect to step 52, as
well as other conventional lamination and pressing

techniques.

As shown at 56, the entire combination of the substrate 30,
binder 42 and layers disposed thereon, is then sintered by
heating to a temperature within a range of about 200 to 350
degrees C, preferably to within about 230 to 350 degrees C,
for a period of 0.5 to 4 hours, to produce the final
electrode 14, 114 of the present invention. Preferred
embodiments of this electrode have a final thickness t

within a range of about 0.3 mm to 5 mm.
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WO 01/28011 PCT/ US00/ 27497 Al though the present invention is shown and
described herein primarily with respect to cathodes of an el ectrochenical
cell, i weHasdd be recogni zed by those skilled in the BET/USIRI4 he present
invention may be inplenmented with substantially:any electrode, i.e.,

cat hode or anode, of an electrochem cal cell, w thout departing fromthe
spirit and scope of the present invention. The followng illustrative
exanpl es a&lhaugmdde preseamvnsventitonel s asmovas pawt slesfcip@dpr esent

i nventi on. s : t () %@%@ houl d not be
construed haééﬁﬁdm%%lgn%%%&% %ggﬁgg?rtéa(?%g%e 0 tﬁa’%r esent invention
was fabri cetezttarhamieszlolcdeddi- ndtnahaeid e cerrr@nizad i édagienensi onal

porous netgl; ¥ QAN (RAURE aROkBUE VRbabSeséfE: inv@scidH mdugrRd into a
conti nuous we machine simlar to that disclosed in the “af orenenti oned

U.S. Pat enimiNeementgsh with sppssantiatdy| anynebegoreded e - r dadhasiee

herein) to,ef{esde COP IdH) e lldBRrRGABMI B 128811 ATyl o PP IHd ikhg The

i mpregnated m xture was, conpri sed of 45 grans of an aqueous di'spersion
(15% sol | ST BregPipidaand 3509 9fathgbPESFERM RITIHp. ), in 300
granms of deionized water to which was added 158 grans of 4% CoTMPP
(tetrakis(4-nmethoxyl,K phenyl)porphine cobalt), fol|owed b t he addition of
36 grans o?h%e#?%#%%3&§:é§}44§§®$1§8|F&?m?hég PER U RIS Idregnat ed

car bon/ pol g&msn St e thel efe rtia ifrh la@pe citismefis thsapr st Si et i Srpammas passed
t hrough an,oven . mai ntai ned at .a.t erature of from200 to.350 C, and
hence thetWeb®iRe p‘é&éeeﬂsr}t%o g %ggﬁeaeff?{??gﬁﬁr%%%uﬁ‘gfq%% R&eet  through
| am nat i ngconstsuad as pljmissisig.e of 100 pounds per

EXAMPLE 1
An air cathode of the present invention was fabricated in
the following manner.
A conductive three~dimensional porous metal foam (Retec
Porous Metals, Inc.) was introduced into a continuous web
machine similar to that disclosed in the aforementioned
U.S. Patent No. 4,885,217 (which is fully incorporated by
reference herein) to effect coating, impregnating and
drying operations. The impregnated mixture was comprised
of 45 grams of an agueous dispersion (15% solid} of Black
Pearls 2000 (available from CABOT Corp.}, in 300 grams of
deionized water to which was added 158 grams of 4% CoTMPP
(tetrakis(4-methoxyl phenyl)porphine cobalt), followed by
the addition of 36 grams of Teflon® T-30 (60%) solid. The
resulting impregnated carbon/polymeric binder in three-
dimensional porous metal foam was passed through an oven
maintained at a temperature of from 200 to 350 C, and hence
the web is passed together with a microporous Teflon sheet

through laminating rolls at nip pressure of 100 pounds per

12



12 WO 01/ 28011 PCTIUS®0127497 Ilinear inch at a tenperature of from250 to
350, to forman electrochenical cathode suitable for high power

appl i cat maner28fihe operating current density of this el ®CTUSHR27MTY be as
hi gh as 500 mA/cnR2, and the inproved nechanical strength enables the

el ectrode tg function a such hi gh-po or epnde erjod )

oper ati on ﬂﬁﬁﬁ@rCEﬁﬁﬁRﬂ#l?Et%%%W5%EHE%$ﬁ%3%ﬁgﬁﬁ?hnggugggﬁégoaﬁgﬁng

el ectrode hadoctgochemiea® csthodé uswel tatdecfomi babhcpopesiti on was
fabricated _usi.n he_ _dry i I.scl.o Lp, U.S. ent No.
4,129, 633. apﬁ‘]'el%ﬁécl;‘f’élrsr'ranggg\gggéﬂﬁlﬁéogcc@r%&é ?%gs%ﬁﬁr%g‘éﬁﬁzed by a plot
of vol t age elersusdeumagnbedaashigh amdWbmpeicad  t engdhtheelmR¥ewRik of t he
f or egoi ng Q?HI f ' d i 1248 qRr esephnkpyYERtdon. The
per for mancgﬁgo nﬁé"‘j‘i\ell gg%kgg{éﬁ ?g‘%}??%gt{e}% t%%ough t he drynpovvpler met hod was
found t o besugteldighreloyernferi exterdgdrrariasis € ORETRRBPP cBIBR t hr ough
the nmethod of the present invention, as shown in Fig. 5. The relatively
poor performance of electrode fabricated through dry powder nethod was
apparently due to poor unifor GPUPARRTIVE: EXAMP rel ative to that of the

T 7J

present i nygntddidbarfiisdn pukpbdesr M&thdhe TRtRee YavRayf ehavsare of
el ectrodes (cathodes) prepared_using wet, coatin nd d powder
processes. StHaGd1Ne F&ck GF‘ﬁﬁ‘hEélo@‘E‘Hg%sjc%ﬂt%d”é‘sf %ﬁ‘%’f‘c’:&?géd By PR Riet
coating progsspoiider dettbadr desk¥lbseg@eimfu.ls.v@atentVNol. s4appeps&3dat el y 500
md/ cn2, while the cell perfgrgﬁnce imlar ode {jagri cated by

y

the dry powd® RfTFQFI@ncg o %Ehﬁjr%%t%%% 3"95‘6s af%% Egléﬁ Apout 200
mV cn2.  Thess: Il Widitdgedivegtast batréde detsicnat iang propessdofo ttie
electrode of the foregoing Example 1 fabricated according
to the present invention. The performance of the electrode
fabricated through the dry powder method was found to be

relatively inferior compared to the one fabricated through

the method of the present invention, as shown in Fig. 5.
The relatively poor performance of electrode fabricated
through dry powder method was apparently due to poor
uniformity of the polymer relative to that of the present

invention.

Fig. 5 illustrates the respective performance of electrodes
(cathodes) prepared using wet coating and dry powder
processes. The cell performance of the cathode fabricated
by the wet coating process at a discharge voltage of 1 volt
(V) is approximately 500 mA/cm?, while the cell performance
of the similar cathode fabricated by the dry powder process
at a discharge voltage of 1 V is only about 200 mA/cm?.
These results indicate that the wet coating process of the
present invention is superior to dry powder processes in

fabricating high-performance air cathodes.

13



present invention is superior to dry powder processes in fabricating

hi gh- performance air cathodes. 13 |1l f WD 01/28011 PCT/ US0O0/ 27497 It has
been fouW@ @@dkllt here are nany advant ages associ ated wWPCHRUSPRR74%7ect r ode of
the present invention, such as higher current collection efficiency, and

t hus hi gher operating current density; and inproved bondi ng between netal
foam and conposite materials for a nore robust electrode structure, and

t hus ext enddd hggebaenn§orndethae thereing Manyr advRetapest addeckrtede

present inyaRii QRe BiQ¥LHEZeSHADEEe N ML HINEM veIneEbhOdguBRT HOT HBGKE, Wi th
I nproved mechani cal strength conpared with prior art electrodes’

El ect r odes G 3GHte§o2EE6EPRGEEHLEIRI G e thpge hiEBRThaRerBEERI shown to

produce SURA{rr@nt’ eeukity; " 8hat ineréved|RAidiode bekhabnUinkthzereamnvent i onal
nmesh supportlng structure/subg%;a es. Advant ageously, the

t hr ee- di merf1DFRPESEE6sMEEPHER T e QF 3 HPRS FONST RUVEREESASpr ovi des a
networ k of durhereae)eanadtpaseext&mdedropd i ingelidifievemg.hi gh surface area
avai l abl e for nechanically bonding to the sintered carbon/polynmer naterial
42 inpregnated therein. The superior results of the present invention are
t hus due i rird gageipaiar, othbeelettitodel of thppres@dnredhaeheabnstrength

Substrate BVISEY REBPLScREI hTHoR HHeT A oIS a T UeB AdEr tho.  These
el ectr odes iprndvedmesbanicaleatrength stongraxmadievitduperiioor aper f or mance
o oA BTURCOLARY Poat LAy oBe hlcprathap | bere
Mor eover, invention have been shown to produce superior results
relative to electrodes that utilize conventional mesh
supporting structure/substrates. Advantageously, the
three-dimensional porous structure of the present invention
provides a network of interconnected pores that provide
relatively high surface area available for mechanically
bonding to the sintered carbon/polymer material 42
impregnated therein. The superior results of the present
invention are thus due in large part to the relatively
improved mechanical strength provided by the three-
dimensional porous metal foam structure of the substrate
30, as interlocked with sintered polymeric binder 42.
These electrodes of the present invention also provide
superior performance relative to electrodes reinforced by
carbon fibers, as the carbon fibers tend to delaminate from
the metallic current collector portions thereof. Moreover,
in addition to providing robust structural integrity, the
three-dimensional porous metal foam substrate 30 tends to
improve current collection efficiency by providing a larger

surface area per unit volume than conventional flat or

14



in additi

on to providing robust structural integrity, the

t hr ee- di mensi onal porous netal foam substrate 30 tends to i mprove current

col | ecti oMO8¥280Hi ency by providing a |arger

t han conv
col l ector
mechani ca
fuel cell
requirene
havi ng ne
gas el ect
el ectroch
electroly
Mor eover,

surface ar eCTEIS00/2249% Vol ume

entional flat or 14 WO 01/28011 PCT/US00/ 27497 neshed current
LN - r co d cesses .or_ voi ds uch i nproved
eg{i‘%{% n‘glfﬁpé%% ncg(glel i Q:?:(;%lf %d ﬂ?gfﬁg orﬁ)jf;ftrfocnu A rtlef/: CFEEFG Fegn netal -air

repespes t@r ywoltpl i cati ons. For instance, nmechanical wear

and tear

nts may be particularly severe for electric vehicle applications
chanically rechargeable netal fuels (anodes). In this regard, the

fodk impreved IRedhandsaidnstxeayralhasRassd fgand &P bRe

?ﬂﬁﬁéul@iiy WME 6N TShettDSh ARt F@d] Yedlne weRt balt%a%?ge of
e ip netal-air, electrosynthesis cells or fuel ce

aPPEI PR LR - | NS aREE anPagRARATAL

syst ens.
&adbiaPrs tPABroved retention

of the categystenéntsy The8Mbelpai@icalkaly ncevdRrticy Yiegtane i nproved water

penetrati
art. Furt

0 resi stance and corrqQsi on resi stance

relative_to the_prior

n . )
RePiCIRPRR B R SAVILEH BRTERRH IRPeFEgrablet metadt eri al s

of the vafuels campdsent s Iro thasappbaed, tithe tdws Wilagdtirade i n a conti nuous

process p
provi des

primarily
shown and

rior t treat interin

sent invention thus

heat nt ).._.Lhe pr
IR yaﬁ%lﬂ%sosafn- gEP%@eeﬁ?%%%cgsw%lolr QETO(;‘ cing the inproved
cat hode f eieetrothentivai cadllcewhdchThest oswwomt arg iddder ppeventi s | nt ended

l%gﬁaggucgipo %s%tci{,oe].yé:lggﬁkr %E{:Qf*afij:t heQHe%@rt %&ax:tﬁé%?tsl 821{@5 been

escri bed W to an exenplary e

or fuel cell systems.

Moreover, the present invention advantageously exhibits
improved retention of the catalyst in systems using
alkaline electrolytes and improved water penetration
resistance and corrosion resistance, relative to the prior
art. Further, the present invention advantageously enables
the materials of the various components to be applied to
the substrate in a continuous process prior to heat
treatment (sintering). The present invention thus provides
a novel and cost-effective process for producing the

improved cathode for electrochemical cells.

The foregoing description is intended primarily for
purposes of illustration. Although the invention has been
shown and described with respect to an exemplary embodiment
thereof, it should be understood by those skilled in the
art that the foregoing and various other changes,
omissions, and additions in the form and detail thereof may
be made therein without departing from the spirit and scope

of the invention.
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thereof, it should be understood by those skilled in the art that the
foregoi ng and vari ous ot her changes, om ssions, and additions in the form
and det aMOQ1?8¢120f nay be nade therein wi thout departi pgrfusesmdve spirit
and scope of the invention. 15 ........ T iii; WO 01/28011

PCT/ US00/ 27497 Havi ng thus described the invention, what is clained is: 16
WO 01/28011 PCT/ US00127497 CLAIMS 1. An el ectrode for an el ectrochem cal
cel |, saif@viagethnsddesonpredithe imvantiem, wbbkeisoclémmédigis: plurality of
i nt erconnect ed pores disposed therein; a mxture of carbon particles and
polymeric material disposed within said pores; said polynmeric materi al
being sintered in-situ wthin said pores. 2. The electrode of claiml1,
further conprising a hydrophobic m croporous nmenbrane superposed with said
current collecting nenber. 3. The electrode of claim1l, wherein said
current collector conprises netal. 4. The electrode of claim3, wherein
said current collecting |ayer conprises netallic foam 5. The el ectrode of
claim1l1, wherein said current collector has about 50 to 98 percent
porosity. 6. The electrode of claiml1l, wherein said carbon

16



particles conprise catal yzed carbon. 7. The el ectrode of claim®6, wherein
said catalyzed carbon conprises a catalyst selected fromthe group

consi st iwgepesortignesi um oxi de (M02), silver nitrate, POV cobal t

oxi de, and combinations thereof. 8. The electrode of claim1, wherein said
polymeric material is non-fibrous. &AFEE% el ectrode of claim1l,.wherein
said carbon particles are non-fibr The el ectrode of claiml

frr;her conprLS|ng an air cathode for a fuel cell. 11. The el ectrode of
claim1, rthep,c Esbag Aoy agti thrR%8 0 0 urface of said
substrate. I? I %Q?Ei‘ll?.l%llllll éﬁ%flﬁlé Emﬁib§P é@glOlns/aZﬁ'B%ll

PCT/ US001274991leatxodeh €ompgdsinge of cIa|n111 mhereln said active |ayer

is fabricated from sgi dygaeROntPOlde®Ir Ha¥ligea pBurdhergleetrode of claim
11, further conprising an active |ayer, dis gé)sed on.a plurality of surfaces

of said substrat elntﬁchct?IchPPSﬁé 34 SROSE I ST Wt her conpri sing an

active |ayer disposed RNxeRpOSht ecHiins pairtialds andspobymerild. The
electrode of claiml1, wherej.n sa trate, rlses a current

collector. 16. A PR RIS Sgl‘?slg er‘E%t‘:%e‘T‘ﬁ’c%l t he cat hode
conprising: a Currenbaid|beBYmErIEHﬂﬁﬁeﬂiallbglagpbmnaéreq i-situ
I nt er connect ed por es thln saldJre of catalyzed carbon particles and a non-
2. The electrode of claim 1, further comprising a
hydrophobic microporous membrane superposed with said
current collecting member.
3. The electrode of claim 1, wherein said current
collector comprises metal.
4. The electrode of claim 3, wherein said current
collecting layer comprises metallic foam.
5. The electrode of claim 1, wherein said current
collector has about 50 to 98 percent porosity.
6. The electrode of claim 1, wherein said carbon
particles comprise catalyzed carbon.
7. The electrode of claim 6, wherein said catalyzed
carbon comprises a catalyst selected from the group
consisting of magnesium oxide (MnO2), silver nitrate,
platinum, cobalt oxide, and combinations thereof.
8. The electrode of claim 1, wherein said polymeric
material is non-fibrous.
9. The electrode of claim 1, wherein said carbon
particles are non-fibrous.
10. The electrode of claim 1, further comprising an air
cathode for a fuel cell.
11. The electrode of claim 1, further comprising an active

layer disposed on a surface of said substrate.

1 Hllllll lﬂlﬂ lllﬂ Hl!l ll llll
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fibrous polyneric material inpregnated into said pores; said polyneric
materi al being sintered in-situ wthin said pores; and a hydrophobic

m cr opowmial/2881tbr ane superposed with said current col IRIUSH2TE8Yer. 17. A
met hod of formng an el ectrode for an electrochem cal cell, said nethod
conprising, the step f. prowdi a,gur collectar V] plurality
of interc?)%hec X e'i)j'oer(%cal‘:s]:;0‘% %&Io%l%gmalgérﬁg%%%?y%r%r& %\cg'n evma%mgﬁ: t he pores
of the subst rat €abandasedt éromgsahed qrtbare/iricd yolerded xbfirehe car bon/ pol yner

bl end in-situ w rr T veidlB L 11O i lul f
112l SE3Y RS SISO o Al 595 0SBt FahPLatty ad || ai m 17,
wher ei n sai d afitdyestayest dpspededien jatlemadtidy of gusfpseanefasdid

conti nuous prRfRtSatel9. - The nethod of claim 17, further conprising the
step of (d) preparing the carbon/pol%ner blend as a ljquid prior to

i npl ement i Af- saTle RLpeLrofp ffeFledm 180, FrREReE: FYPHISNRIAR 19, wherein
sai d prepari ng+StRP 1aydr e98Bb5E8SoR SHFs NG tdiRIEALIFOBLRAI yner bl end as a
slurry or dispersion. "21. The nethod of claim 17, further conprising the
step of (d) SHR§IFSS®y an active layer on the current collector. 22. The

met hod of gkai MrRd, eYEEE Lbdle Sof E1HiFPAS| RBegbeRSshhd susstshtare ef fected
sinultaneouslg: .
omprises a current collector.

16. A cathode for an electrochemical cell, the cathode
comprising:

a current collector member having a plurality of
intexrconnected pores;

a mixture of catalyzed carbon particles and a non-
fibrous polymeric material impregnated into said
pores;

said polymeric material being sintered in-situ
within said pores; and

a hydrophobic microporous membrane superposed with

said current collecting layer.

17. A method of forming an electrode for an .
electrochemical cell, said method comprising the steps
of:

providing a current collector having a plurality of
interconnected pores;

disposing a carbon/polymer blend within the pores
of the substrate; and

sintering the polymeric binder of the
carbon/polymer blend in-situ with the pores of the

current collector.
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23. The nmethod of claim17, further conprising the step of superposing a
hydr ophobi ¢ mi croporous menbrane with the current collecting |ayer. 24."
The net hewb@fsatkai m 17, wherein said current collector PEHHSI0234R a
metallic material. 25. The nethod of claim 24, wherein sai d current

col |l ector ﬁgo fbégﬁ%getgjIfcEfé¥%n1726wh§88%§e§%9gerC [ wher ei n

said curre conprises abdut t p r03|Fy 27. The
met hod of cl afbh 13 ﬂmmﬂementednpnl@l$¥P$¢ﬂﬂﬁﬂﬂﬂiYOﬁ°n@aPaPy§|ng t he carbon
of the carbog&g e%%pr bl end. 28. The nmethod of claim 27, wherein the carbon
Is catalyze y roup of catalysts consisting esi um oxi de
(Mh02), siLPer ﬁherm@éh0®lQ§|¢ﬁﬁﬁm(%ﬂbaﬁprtbﬁFdﬁomEW&P%Rﬁﬂﬁhﬁﬂﬁﬁ@ﬁs°Fhereof

29. The metho fé i 7th\éhea§b8n7 SCIYIHR a@ORPNIE§RSdaPrabF cat hode
for a fuel ceﬂ? §Q 1jmat hod of clgfﬁﬁg7 further conp§|3|ﬁgrthe step of

superposing atQURmRﬁﬁmﬂﬂP}ﬁ% SrdPoABROFERS P i¥h the current coll ector.
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wherein the m croporous nenbrane,conprises .a ro olé{{gpFl 32. The net hod
a

of claim3l, (WeramPLsss PEEEAGHBIYHRT %ﬁﬁ&ﬂl&? 3 £Fur oet hyl ene.
33. A nethod §;urf§wdgruispér@heﬁtrode for an electrochemcal cell, said

met hod comprising the RbePse Sldid A7 PRk ELD9 BnSH LA G/ IREPHeMaving @
(d) disposing an active layer on the current collector.

22. The method of claim 21, wherein said disposing steps
(b} and (d) are effected simultaneously.

23. The method of claim 17, further comprising the step of
superposing a hydrophobic microporous membrane with the
current collecting layer.

24. The method of claim 17, wherein said current collector
comprises a metallic material.

25. The method of claim 24, wherein said current collector
comprises metallic foam.

26. The method of claim 17, wherein said current collector
comprises about 70 to 98 percent porosity.

27. The method of claim 17, further comprising the step of
catalyzing the carbon of the carbon/polymer blend.

28. The method of claim 27, wherein the carbon is
catalyzed by the group of catalysts consisting of
magnesium oxide (MnO2), silver nitrate, platinum, cobalt
oxide, and combinations thereof.

29. The method of claim 17, wherein the electrode
comprises an air cathode for a fuel cell.

30. The method of claim 17, further comprising the step of
superposing a hydrophobic microporous membrane with the

current collector.

7 ||II||II |I|I|| 1l I|I|I || |II|

et e L A S IHT



plurality of interconnected pores; (b) providing a polyneric binder; (c)
m xi ng carbon with the polyneric binder to form a carbon/ pol ymer bIend;
(d) prepwoiaagsathe carbon/ pol ymer blend as a liquid, di EESKART4DT sl urry;
(e) disposing t he carbon/polyner blend within the pores of the substrate;

(1) ef fect) 1953 o 308G, SLEPad Oty SHSHARLEBELY Gont | nuous

process sp05|ng an-actrve Tayer The ' Substt a and (h) sintering
t he poIynermembraderc@mpriﬁesGaﬂﬁmwkpvbynmerblend i n- S|tu with the pores of

the currgnt Gld eli®lod belbhhhh 3115 i ddild letbbrbbbh yie£0 20
comprises polytetrafluoroethylene.

33. A method for forming an electrode for an
electrochemical cell, said method comprising the steps
of:

(a) providing a current collector having a
plurality of interconnected pores;

(b) providing a polymeric binder;

(c) mixing carbon with the polymeric binder to form
a carbon/polymer blend;

(d) preparing the carbon/polymer blend as a liquid,
dispersion or slurry;

(e) disposing the carbon/peolymer blend within the
pores of the substrate;

(f) effecting said disposing step (e) in a
substantially continuous process;

(g) disposing an active layer on the substrate; and

(h) sintering the polymeric binder of the
carbon/polymer blend in-situ with the pores of the

current collector.
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