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ELECTRODE COVPOSI TE MATERI AL Cross-reference to
rel ated application [0001] The present application
wabk@snsoivhe benefit of the provisional applicaPCDRGLB7/000300
60/ 824,874 filed on the 9th of July 2006. The entire
content of this application is incorporated herein by
reference for all purposes. Field of the Invention The
present invention relates to a self-humdifying
el ectri cal | ELEUTRODIGOMPOSEIE MABERIARI for the
manuf acture of a fuel cell. Background [0002] A fue
cell is an electrical cell that converts the intrinsic

cheni cal ener gy,Qfrefdpbndets 15k apfRGItioan bet ween a
hydr ogen- cont ai ni ng fuel and oxygen directly into

[000i r ect Tdurprewnt emémamrcalau@nfép denefi of the REqViiengk application

s QR e G RORF 3 A 2 1 B a1 psffon i
umm@&@&@&mﬂﬁﬁﬁrdaﬁmmﬁbrMemnpﬁwelectrodes of a battery,

Its electrodes ideally remain invariant. As conpared
to other energy sources, fuel cells provide advantages

that include |OMIpoﬁﬁuiaﬂﬁehhkﬁhoﬁfflClency, hi gh
energy density and sinple fuel recharge. [0003] Proton
The Brestrrigecniientselates tpurebelfhumidifymgresiticallyocongdpeimeegprirgsite

mateg?ﬂff’?ue CSPEIC%QV\%“E%]%%& nbrane Fuel Cell) are a type

are believed to be the best type
of fuel cell as the vehicular power source to

eventual Iy replace the g%§oll and di esel interna
conbusti on engi nes. Fi pagker in the 1960s for the

[000 SAI Geﬁgiﬁ@l cgll gQE@BBectBEMFC?ftWt RofnHits @i Inyrirped dfigamical e?ergy
evel opea an enonstrate or syste .0 .

of thpy A e R D BT ePE N PUEecESP RS ue! &) DXy el into

dlrecg%ﬂitﬂérﬁr@eﬁ V?}]heﬁe b’eﬁt 5 Qb¥bRious Qhﬁlyﬁ@lﬂg@e@s | &s RERRE3hkscal

pr ot ons is saturated wth water, but it
defndmcm;oma;ntalms; dhn: fuck kelt shavid nefritsglf siederze whangss thek sgaplike the

elect{cfgg gﬁ g%Fe rl};s gllc tlr'loecﬂe§ I,1](ge:al ggmg)lﬁ'\ﬁ%ﬂa%‘{ h)(éj 08 %ﬂe(%%j other

Fogen | on (proton
enerby Souadtedfael ddile ph)&ddld)gﬁzﬁmﬁ@ésehaillﬁclucke lopl pdllukinn,chigh efficiency,

ydr ogen i on r s), and el ectrons. The hydrogen
hlghuea?rgyg@?%&{@ ‘%811 é’?{] f'e-ectrol yte to the cathode

[000@’1'” le tﬁ%tcﬁll Eﬁ&ﬁ&§§ Nik@Wahé TFQEE TCeh (BEVEIT) adlsC lréféltlid:d to as
oduceel ectric power. ygen is supplied t

t he
Polyom E&Q@OW@@h’iﬁnﬁ Egelffalh ater?efym eldpeliel, whigh are believed to be

the best type of fuel cell as the vehicular power source to eventually replace the gasoline
and diesel internal combustion engines. First used in the 1960s for the NASA Gemini
program, PEMFC'’s are currently being developed and demonstrated for systerﬁs ranging
from 1 Wto 2 kW.

[0004] PEM fuel cells use a solid polymer membrane as the electrolyte. This
polymer is permeable to protons. when it is saturglted with water, but it does not conduct
electrons or gases, such as oxygen and hydrogen. The fuel for the PEMFC is hydrogen
and the charge carrier is the hydrogen ion (proton). At the anode, the hydrogen molecule
is split into hydrogen ions (protons) and electrons. The hydrogen ions permeate acfoss the

electrolyte to the cathode while the electrons flow through an external circuit and produce
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t he hydrogen ions to produce water. The reactions at
the electrodes are as foll ows: Anode Reactions: 2 H2

wWE2008/050198 4e Cat hode Reactions: Q2 + 4 H+ + 4RCEHSGR07/000300

H20O Overall Cell Reactions: 2H2 + Q2 => 2 H20 [ 0005]
Conpared to other types ofy fuel cells, PEMFCs generate
nore power for a given volune or weight of fuel cell
Thi s hi gh-power density characteristic makes them
electri‘&ﬁﬁﬁﬁ*t O&?gbd ik ghppMeilgbtthe tathaiddintlicompirieh evithpthe &idctrgns and
enperature is |less than 1000C, which all ows
the hyfragan. iofs to prRee YRRT- (e APIPHER! 17 g ToGs Bl @BVS
change power output are some of the characteristics
that make the PEMFC the top candidate for autonotive
Puxﬁp@k@ﬁummd ot her 3pgpI5chHi orf¢. Ot her advantages result
t.he electro t.e, pel pd material, conpared
CMh?k%ghgu) id. ThekéeéTEngm%{q? gianode and cat hode
OWﬂga€a$Rbamsnmplerzm&ﬂhlaéstb@ el ectrol yte, and
therefore, |ess expensive to manufacture. The solid
electrolyte is also nore imune to difficulties with

[0004]" | ent atdnBRArNG JARS tFRVRI fill ekilse PEMIFC @g&@fd‘t@ﬁio%lpower for
conpared to many of the other el ectrol yt es,

a giverewelimg of weight ofifiyel celleThis Aigh-roveE Kensity ¢h arﬁ%fe@%]c “orties them

i f RAOEPEARE RSk We 100, which
com;%%g %e?%lﬁ Iﬁaddﬁ%l%d at 8§é} y the pr oironq%sgndlﬁlclt i Vi t“{/ ©
allowafrapifh etaﬂaipyﬂ?hﬂfse edaﬂs: andothy u‘m'lityembapidﬂg_changgqﬂoweputput are some

T T T

otheﬁiﬁ»!i@étxo% OabLe hdvaftadel Rdsalk firobd &iereléﬁtlﬁl}meﬂ beiap dusdlidvinktgrial,
protoni c_conductivjty inc

r s with the incre
compsfedRieci i, e ApalinEag theWnolF SR Fttheste SoaeSs IRRlEY Bk 4 rolid
electﬁ)lllﬁgl éﬁdaﬁlél%fdrgpﬂebseéxgeﬁﬁ% kg n{aﬁuﬁ@ﬁlref aaei Bli@ dRt¥Be is also

nper at ures above &_ 007] Basically, .
moret imanmeoweé@ﬁ@lﬂtmsaw@h oneatﬁ‘scpm ﬂtld ihns qyeer PEPBlems WiBhBRTERSion,

i nvol ves t i
compare 918 élaangl \I,I]\?e\ét:roll)% teﬂgn%%}cgl?mafrlé stack life.
[0000]errbr an'ﬂ'lefp’dﬁfﬁrﬁ]bﬂceﬂdsﬁidprot@ é;dmhamtmexdbrahy fadieell (PEMFC) is

X ctro-osnptic dra | eas reaS|
high Sl B Py GOHUISHORY §F Che AP SaeE G o Big g fes, A
poly}ﬂ'ér 'Ele@ﬁ’g@}e mERfraeTReEh Qf (NatedelyRkset Wagisnt ADuRok) glsed in
dragged with each proton is between 1 and 2.5.

fuel p@ldﬁr apquitrs suliagicteinouse of graieemeinEriirbhelr RRlelY %OﬁdH%UV“Y
The aé{%g)tnit : gﬁﬁdtﬁflt ré@s%é Wfeh t-ﬁgelﬁa@éa% S ehtéd QIhiche The

e cathode of the fuell cell isproportional
requtrempmtobbsuﬁilcmm avedert burply hilw ph[dm@n@nbnt isnoete fepsiblyyfo use

tempera%.lr%g alg:ol'{/rerS%n’tC to 90 °C.

[0007] Basically, the process of water transport in the polymer membrane

involves two pathways. One is that the water is dragged along with protons through
the polymer membrane from the anode to the cathode by the electro-osmotic drag
which increases with increasing current density and humidity (indicated in Fig. 1 with
H* + nH,0). The number of water molecules (n in Fig. 1) dragged with each proton is
between 1 and 2.5. The poorer the fuel cell performance the more severe-the electro-

osmotic drag will be. Thé water drag from the anode to the cathode of the fuell cell is
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density. The other process is that of the
back-di ffusion of water nolecules (indicated in Fig. 1

wowaok/0sd1es phrase "back diffusion H2O') from t heCosGHHod@00300

to the anode due to the concentration gradi ent which

IS built up by water prodgced at the cathode and the

drive of the electro-osnotic drag. The phenonenon of

wat er back diffusion across the polynmer nmenbrane from
proportiénat ab hadent ﬂox‘whz&ldaﬂmsl ghissphesumiehgn dhmnaswtat digher gurrent

t he wat er roduc a ode. As the.s
density TPy GRGEPIOGFSIh LD 9’{14183 gsf@‘ﬁlgﬂ o &é&?.%‘%}eﬁuéesvéa%dma‘“ed n
Fig. 1V\Qitﬁ B OGS vtk Hﬂﬁxsﬁ)ﬁtﬂwﬁ? fiontlthe(dafidide a6 @t duddEidge td the
w th the‘ghrase enerated"), it is |likely

concquiteasign raga nn Bichtis OR BB HoNateh Paedisad o 6‘?%?&0?1“‘1 the
drive q% G S1e8lo égﬁancggg ’fﬁﬂ%&%ﬁ%ﬁ& HFWQfe?'BQck cﬁl%gi%h aIfBé@ the

wat er ranelsaconplcae
polym&thEmbfdnel fom thmjcathodhabltha gmoﬁ@ ns Em dcemmnil duapyto the

To ayoi ccation ,of .the f
waterBrRa-br bt GrAAcon A Hher S EROGREY H’Leh‘g 1 Bgkh AR ken
reacti®B88 wakR! WBRh Rk A€ tHeGatholy @idec(ﬁidhca&dsheli@ 1 With the phrase
achi eve enough hydrat.i on, is normal ly HBéjr oduced

“HLOf gameraiely),dbisl likeky t%aahﬂpwngycwr% at thecythgfe side ée@@éﬁlon
occux%sat Itﬂdiq#{loqe ﬂe%‘f'ﬂ#eorﬂemﬁltaﬁ@m I ntr OdUCt I on and

£ion reactants by passing the hydrogen
[0008nd ai rTItula; ihe g»&aténhmlzdlcf: i ﬂE pembrang s egpmpliegjed fseue. It is a

majog, gilg,ll rn%% (};EJ@X% quro la%%id 1(fchgor>n§))f ttﬁé %élvc%:lly the

traditiSRY re@RANf @4 Rmal numctdﬁtatm dfahegztses; had lbepnlapp]n@ﬂuoqaeabtlcal
wat er, the water contgq{ygof a rane,in,a

Fucl eematatiy TP dericteProREs RRLRACHEh b LuTe A B Erd o the
cell {J@%Qlﬁy?b%/%%l:ie R f&hodz@hbh SPBHAH lif)BctfoRN stedth @Foduction and

ature, pressure, flowrate and electrical |oad,
humidifteajion pf oetanisdy pessing sr ydsogen and lairetbequ glyfpmidifiers ptior

toe %ﬁ;lcgtdii ell (ﬁu n@ﬁéatt 08 L Pagpgl]etﬂf)'g ﬁ%tlve y&sgﬁ ﬁﬁrﬁﬁé and

|cat|on rngs en to st ens,
therefSieit iiedhkeyndsotommosly wyd teelmlqhaxlnmgdmonsw extertally imroduced

e and ort Two feasi.ble ne

wateh, hE Pl €N QR L OROBP B AP AR T ek saisRgpdent
on s\l @tﬂér'féabﬂsoﬁc%% Quélr&n%%%ﬁtlng tpndi€ibhs (’tbtﬁpdiafuyct essure,

pol ynmer el ectrol yte nenbrane, |nter al d
ﬂowrrewn adidf qleciri¢ad rloacf/ GEPLD T RSt %‘P %ﬂne @W@ﬁﬁ%@&d efetrode

, Seki, Y. and Enori, M; J. Electrochem

(°°m§%Q‘|“g%)996 vol . 143; no.12; p.3847- 3852) first
[0009cvel opHdwavesrelﬂﬁeh@Medmeﬂyhmglmﬁcatlon brings a burden to fuel cell
systems, especially for those systems having constraints in size and portability. Two
feasible methods of alternate humidification of membrane without external humid-
ification were proposed: (1) self-humidifying polymer electrolyte membrane, (2)
internal humidification.
[0010] Watanabe et al. (Watanabe, M., Uchida, H., Seki, Y. and Emori, M.; J.
Electrochem. Soc.; 1996; vol.143; no.12; p.3847-3852) first developed a self-

humidifying membrane by recasting the solubilized Nafion ionomer and incorporating

in it nano-sized platinum (Pt) and metal oxide particles. The nano-sized particles of
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menbrane by recasting the solubilized Naf on iononer
and incorporating in it nano-sized platinum (Pt) and

woredoalo3ass de particles. The nano-sized parti cl PGT/6GR07/000300

and oxi des such as TiO2 or SiQ2 are both highly

di spersed in the thin eleatrolyte nenbranes. The

pl ati num and added oxi des provide a neans for
conmbining H2 and Q2 into water, and then retaining the

Pt anWalx@desisich he ThPg oo St@pire boxi Haehlyt dispaseat &i thet then wlatteslyte
cont eni} in the nenbra

memanes. RO PO IREHBY GHA%T BB E oy LRy ELRaE i O

into WRQYEHdSthaR!Bradifs MOl aRelih ARIMPERSEHAE obililee o afikihRaft the
pressure conditions when fed with hy ogen saturate

watemicontentaire rthatmenaandThe welxysiemh theiselidyaydifype mgmbrane

each
repoir%dt by, eﬁrge(seee d.iQ ag i%o?%e;ﬂa t?btr_l)? Qnd hi%xﬁ{??’% ﬁggfgé:e\é&{erel altngll:gamblent

pressiBNbsmtidops eqd&mafadom&t lﬁph‘og@‘[ satrmmhuadumght\mise at 20°C and

iry @5yeh o APt 661 BE SeOVBAFREH D, Ve fulkd g HoPbs,

this ARBL@hEATR é@dltfbnhﬁ?ﬁhﬁﬁémﬁfﬂﬁ@ s d fe@iub @lenmbimpropadati@t seps
generated from el ectrochenical reaction and the

for insduding\titose n@éﬁ’cé\lﬁ@én”fhﬁ weRbiafe i s feasible under re
[00113t rict eg% deﬁlg%ﬁﬁ)cp eklﬂ{kﬁta\l\”smﬂs%@&%& Ra0pEM fu@l’\bell

ates and erature or specific electrode/flow
opereftioﬁl dwillsi @narnaﬁo r enidifivagon BalsingantheSr vatey asgeneyapishi from
ni vasan

electwihela}lﬁii rqﬁgtlgn albd glf’as?l]fz"fa}?) zgé{?gﬁrg %nre%n Sgne 1511‘?% Ble under re-
stricted Qﬁl)'efhttlhﬁgcdnﬁﬁldi&@ st irddatd/ td bao Plokatatergamd E’HMtémlpﬁrature or

e SAUCIE BOm LTSS en, of LR SRSER AT

r f L o8l 14 31000 i MeAoped
s AR STENe1 BB, GBI 11 manrgrrm) obone

moddpfer grédintiny dre pogsdrlitydofofpergte & PRM el edl} without external
hum ﬁ%‘%\}rgat g th%]c §Q egh %g i ?C];%’t 1%1-{%n&'11 rvglqﬁg@nﬂlegﬂl%gll In their

nhum di f1 ed
expefitreht, @e}PEMr e tablveritic ur cemtentemd i MEA atsing. & a‘ﬁpn?}ién had

an d t Il with humdified i
dem et 9t P SRRt AFHoRGF d SO0 Py P el dgmper
atureR@P %Ettby60°@"ﬁ?'i1thedryaﬂeactﬁﬂ1§d%es Siblvevel] & wds 'foundV’ﬁht, the non-

. Power. Sour.; 2006; vol.. 158; 38
hunglgﬁ,@l @qugulb pﬁaﬁq@medf ]@pveléclgﬁgqt |de%’§y @F Q@V} it I;éngagnl degt?é/ ‘la cell

Wlth%%pﬁweﬁl %ﬁc‘?&t%’g\Mm iF8le a(fxeia&vv%.t@%hd t&hpérgﬁlké w@ﬁd@necﬂ?@et

I ons etween conductivity and water | oading,
RecmltyeICHanaetl mlg (&hen,r 8tht Mg Adiv Wetl,yZ Dund. Peveeri Seur.; 2006;

o (T B0 80E BRSBTS ST 558 on
humidified PEM fuel cell stack. In their model, the relationships between conductivity
and water loading, water loading and relative humidity, and relative humidity and air
stoichiometric number under different constant temperatures (25 °C to 40 °C) were
established. The results showed that the air stoichiometric number strongly affects the

conductivity of membrane which is performance related.
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established. The results showed that the air
stoichionetric nunber strongly affects the

w@eendostdi ty of menbrane which is perfor mancePCT/SG2007/000300

rel ated. [ 0012] Due to the aforenentioned problens
which still exist in the prior art, a need exists for
t he devel opnent of fuel cells in which the water
managenent is further inproved for stable operation of

oo12f Vel cglhd & meUIHRMEnBbnddRobleMEe RilieNsti10@4is] inlihe prior art, a
present invention provides an electrically conductln

need @(@&mfﬁmth@dmimw of Biel gellsia Which the gesigs rmeraﬁamelgrrs
1mpr°ﬁecf§ {ag 4 g"?l%ﬂ g&%%gugor ous base nmaterial; a noble

onto the porous base mat eri al
t her eby form ng an electrically conducting catal ytic

porous base mat er| al ; articles coated
with a proton- condmna Hé’qﬁg‘f ?H‘?@P% erein the coated
[0013]1Y 9" OSERP ifeseR ihveh@Sn PréviddaCa pdécaicatlyi edmdluttivgy composite

el ectrically conducting catal ytic porous base nateri al
metgrlaléomﬁlﬁbceélrce&msear l'y conducting conposite

kaldl&g&&c]tm'é dﬁ@%a&rrﬁéfé@a@d is an electrically

con osite material of the present i nventjon
Wlaemblermbthbcawmtdoat@dajntccﬁ]pajoyg:{s hass migterigl therebyfprming an

i.ridiu snm u fant al um rhodi um or
ele“rgﬁlltbh%%dﬂ?ﬁnglc%}%\g otRoRs DR Setlﬁeerrlrac}bl e netal catal yst
MayBesqdbRt bitigledr coatedowith I’bﬁtpm?tnn@énc}ub‘aﬂlg rpotpnzgndwherein the

{ 0015] Furth gt
conted EROERTDIRGPHBABL 415 BoSFRD IR AL SR AR

porou%ggeqhﬁfﬁeﬁ % ﬁJn@ﬁB@ bl%%l:élly%ﬁwhg Bempevitedtatirag e

teria graphite, carbon or netal foam Pg]{h
[0014N so pfuvh@auowde@rs &l el@rtrlp'ébr ?%Pdlé‘?}ﬁ’@u‘é’tml??ﬁ“%&i’b%? pethe
preselétI glé/{:ntlon Ihexleﬁlet thétﬂv l SQ%X‘@ %%eﬂ)lﬂtlﬂd'ﬁ? gold iridium,

rca con ng cata I C porous base materi al
osmuﬁﬂ,ysﬂi'@ﬂmintslmp lrlmdmmmrlrmthdadmom patibdar herndbld estal catalyst

[0017] Further rovr IS an. el ctrl cally conducting
may Qe 3&1°n&?pfaﬂ8urﬂra8%8ﬁ$ {'MVenti on wher ein

[oo1sjhe av %ﬁﬁ& ﬂbaiaea &d alofeletthlealgoemuaingt bremedsite tnateril lof the
conducting catal ytic orous base materi a

presepith énviepiieye varraih dhe ﬂ?ﬁ% Y SOBEHRE PRS0 1’3%33%5“8861( mgy be

lnEidrbgr provided is an electrically
gtap cohc?%lg%qﬁjogéncorrpo& te material of the

[0016] Also provided is an electrically conducting composite material of the
present invention wherein the electrically conducting catalytic porous base material may
comprise platinum loaded on carbon particles.

[0017] Further provided is an electrically conducting composite material of the
present invention wherein the average diameter of the pores of the electrically conducting
catalytic porous base material may be in the range of about 50 nm to about 2 pm or is
about 1 pm,

[0018] Further provided is an electrically conducting composite material of the
present invention wherein the coated hygroscopic particles may have an average diameter

in the nanometer range (nano-particle).
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present invention wherein the coated hygroscopic
particles may have an average dianeter in the

wma0veBties range (nano-particle).[0019] Furt hePCT/SG2007/000300

provided is an electrically conducting conposite

mat erial of the present ijivention wherein the
hygroscopic particles may conprise a netal oxide or

m xtures of netal oxides, like silica, titanium oxide

[00191°" Z" RuthbOBRNdelr ¥ bR @lecRicaly dailiubngabortbdat muteriabhuif ahe
conprises anh electrically conducting conposite

presentramentien véersdr diienfygrosconis partielah Mmay ncABHITISE P mgal ride or
.. this electrode fu > j a gas diffusion

mixtures, ok peta %@efﬁ%ieﬁﬁﬁcﬁeﬁ%é%g?’&&t%e} Zgrgg di ffusion Iayer.

[0020[2nd t MExr@kecirovided | iy ennelactddeg whivhowemipsises raat kachically

of the electricall onducting c osite ter]
condo Syt e oL SRR DR b e
may MR} BGhp e RGE difklbRndREENt i nvention provides a

menbr ane el ectrode assenbly (MEA) canprisin n_.anode
[0021] cat hpdwe asngcttbp gast GHuEeM i;iefeft qnﬂéhepﬂF??@ilyrfg?H%icé‘H% porous
base n\’k})ﬁéér{]aq of %eeé'lf)c(?ﬁcea yk&%Lm%ﬂéEBﬁg@sri‘@%tm atdBa8abhedeame or

rein at [east the anode conprises an electrically
differehondtegiaisng conposite material of the present invention
bei ng | n cgntact one si.de W,. lectrod
[0022]pr ot onY ngtfétaiswég rp][BT’ yFFé?nt 1y ntlE)H é)&gkﬁ%esaa membé?r%efe ectrode

nmenpr an gas usi on
assembBY VIERS| ddghpkiBing O agddeyvat dutlidde miihe pretboteomductihg polymer

el"'ectrically conducting conposi materjal ., [ 002
membapgb R YT eTHeR Dol P BN PR oS BT ANEERSt (e
anode\é\%%{ riseh Mﬁe&ﬁ@él%&?ﬂ%&t doRfpobied WERFiaBMMAE PAesent invention

|

rrses hygroscc articles. [0024] In another
being s pentactt dreotsr Hdemithi the ermipweondastitespalymehmepbEngand o gas

o electrically conduct | i & ted | ctraliy N®nducti
dlffusﬁ%negaé(ﬁ’i %Flﬂgelﬁlt Fon odyﬁl?ﬁgg%?jf%% ﬁ?e of an el gct rode, ©
compbdife nex@iddl € an anode and/or cathode. [0025] In stil

anot her aspect, .t.he present invention ref 0 .
[0023se of Adsonteridsdds & E’@Fﬁ’&aﬂ‘g %%C\é‘@ﬁ&?se(‘l\l?%&)%@éf) F/ﬁgl%m the
protoﬁ[@&“fu@ﬁﬁélﬁcﬁ?lxﬁér Bethbt@he Edthprised BAR6codib pagticksent

I nvention al so provides a nmethod of nanﬁfactu |n%_qﬁ 1
[00243 ect r i aidther caprsti el RSB LI ERINioht 1ort %P%Bﬁﬂ_ STHERY
conducPag! c%?nptog?e nokl-1 @k A Ylenftt Foit R laBGFachealol Yan

Conduc I'Nng porous base terral to formthe
electroll€ Ebrraxambleyancoodtmkiongathadeal yt i ¢ por ous base
[0025] In still another aspect, the present invention refers to the use of a
membrane electrode assembly (MEA) for the manufacture of a fuel cell.

[0026] The present invention also provides a method of manufacturing an
electrically conducting composite material comprising:

- Joading the noble metal catalyst onto the electrically conducting porous

base material to form the electrically conducting catalytic porous base

material;

- coating the hygroscopic particles with the proton-conducting polymer; and
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materi al; coating the hygroscopic particles with the
pr ot on- conducti ng pol yner; andi ncorporating the

why@so3aepi c particles coated with the PCT/SG2007/000300

pr ot on- conducting polyner into the electrically
conducting catal ytic porogs base material to formthe
el ectrically conducting conposite material. [0027]
Further provided is a nethod wherein the hygroscopic

parti cliesrpoeaing dhe/\]ilytgnosichplc peoictes-coand withi th@plmxwmducting
are manuf actured b rS|n t he r QSCOPI, C

partic ngg'“'feﬁ o glﬂ ‘%j?‘i 3 fcoflﬂ t5e (?f‘% & PRIRYR Fipfymaterial to
po | y me 'f@rnWE@ eRbichIREcoRehdtns@BmPbsitetBatpriadt On- con d ucting

IS prepared by djluti ng a stock sol uti on_ of
[00275) he pr @uﬁh@omawé@d g2 pesthore Whafoith thenh YaressARIF paftisipsggoated

with ‘&le n‘gro%ngé/ong&q E_gé z%ﬂgere earﬁarﬁl ] 2%0?191?6\&1 ﬁtﬂ@ h%}oscoplc

rises a ne ectroeass
partlcﬂxrsemem solirtiore of rthmpmmnmmﬂu@mgawlmen g’ghem rﬂaﬁe selhfierhof ghe

far a cell phon ter a
protopufistng ToPGs B e HYathiinect ¢tods Furi S5 RS bfesg
cond&ftmgbslyareawltﬁgﬁa[c@m9] Fig. 1 illustrates the set-up
fuel cell of the present |nvent|on whi ¢h

[00281 oni stAdspprogided bersi is2e skeatisahdsTifeaRECh payrises A menane
electl%ﬁg a&e M@@?on% gﬁ@&g @QOH' at ngtgtr‘ ?1% ?&W‘:‘wﬁﬁh is

used ﬁmad:ah tpham;p, g oo elalpmpea phétg catngray ‘gldeqc&tm@a or a vehicle.
el ectrically conducting conposite material is referred
to as catalyst layer. This figure shows the anode
where the hydrBgenDeseriitidnt ofithe Dratvéngsydr ogen ion (H+)

and the_electron, and the ¢athode re the, oxygen i
0028 S b e A e T BLAES, M

conm?{sQﬁ't gﬂ@%naé?@hé 138 A BRE (PE MR Sant oBE @66 athBHEBoth Rgode
circles represent the catal in this_ case

and qalthotdierrnercompiescd 8 at grs diffprign dasice |(@¥>me ejogiically pepducting
comptol,s]lteg ’ I%Sﬁlnf’ t p%lehéﬁgcrtrq?a‘:fﬁgéoﬁd?&ﬁl% c%lnf)gmfé%%ﬁﬂ 1Wr$f@rred

on-con uctlng
to asW’lpﬁd@}mmTh&ﬁguml ﬁﬁ)v\arthe |ahb¢eSWhat3€Ue asdlbeﬁng pbiting the

PEM ,i n ed bet ween. t h o)
hydsSie ot 0T g it A HEADF SR TS AR e BT g e
cathdd@SRd oRNee Fwitht 1Ae eRelvbihss alﬂpihe agdreeeh |1@1sft0 rprgd@iee svaaerdThe
el ectrons. The arrows at the |eft an t si

ﬁlledF[Fl@:leS i3 C@HW thecaiglysle &t fihcase platiaugawhe © \RAP E}hmbciesi With
the sgo d 1t = Biéeﬁ%d\?v Q?ﬁ 59%2&%%{% tgﬁh&@@ Covdr&P Wi‘tﬁt thy %er‘tonf:bﬁiucﬁng

he el ectrons which are
polyﬂnelam Hig. 1 tle Hygedscamé paraples hes ilneeaeedaas deimgtoapterl pvithgiafipn”®.

The ?}EI\/I is 1n(t:erposeg %etween the anode and the cathode and enbables the protons
and water to pass. However, the PEM is not permeable for gases and electrons. The
arrows at the left and right side of Fig. 1 show the direction of the gas flows which go
in énd out of the anode and cathode, respectively. Fig. 1 does not show the way of the
electrons which are leaving the fuel cell at the anode and enter it again at the cathode.
Fig. 1 also shows a graphical illustration of the Grotthus mechanism.

[0030}] Fig. 1a is a graphical representation of a humidifying mechanism which

illustrates the proton transfer process.
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Fig. 1 also shows a graphical illustration of the
G otthus nmechanism [0030] Fig. la is a graphical

w0 e@Be3Em ati on of a hum di fyi ng mechani sm whi BEIT/SG2007/000300

illustrates the proton transfer process.[0031] Fig.

2a-d depict TEM mi crographs of the size distribution

and nor phol ogy of Naf on(r) and silica particles.

Fig. 2a shows silica particles in ethanol of which the
[0031poundaFige82@an depiearTEMb ndécrogmphs Tole thé zezeofdigiiibutipq and
morplaqellééﬁég gﬂ agmhh ncglg)@}t?cégslg gga ﬁguﬁgggf \é\‘]é]tﬁlg o rt1cpe§én 8}]12\1%01 of

whictS el 6Gurfd8AEEL Bin !cféalggfb_e 1.1 The Eiz@ of2¢ilicah paticles ananol is
silica content in fion

Fi 2d sh
distrimodswhthigathe Ghraniersiof gt 2bH 3§ Bk 26, Govg S % of Siica

rat 3 2 dHBws
conte i B S B B
10 % fofi Bidich @ﬁnteflt mlNaﬁDa Chintsehig. P.miemahstramq:s(uh): homjpop¢negqus particle
ghe x-axis shows the silica content in a
dlStrﬂNH?"nlﬁh{ai%)on silica conposite/ % The left y-axis shows

[0032? he watpgs, 8PdigeYsO ik} dontaheasr ifgitioy- e isics hmment in
e water uptake/ mol (H 20 g _1. | n general

Nafiopon sidise C@ﬁlppﬁ'@ Nae x-@Hg |81)10W% i} glicte B?fﬁ%t§|1f‘ea g - Silica
compoﬁ?e/%a’f r?; il %}&)R@atﬁé Qatel BBtaRé/Li(BFORINTROHghtV-4t3@shows

asure wat er content 1S surprisrngly g
the Wammqml@dnmolﬁﬁﬁb)gd {io gerealyghcewatsoreonient of thei Nefien™- silica

comppﬂgi la}rzlcfré (.r%}c%;lg? i%l? Eg?e%ség The' %{wa Or%geél%gl {2 gﬁé&gurg% gaTEe Ofhe

water@htehtH3 sufpBisinBly iBcrdB08 c&ﬁﬁ-&)re&\kd bk \miteg kebntontef dinsilar Nafibs®-
| oose structure of formatj n of

mhcag@m@@gﬁqsgeﬁeg%?o )élyth? ﬁtétesngrt é &a g]{fsJeyl?cérochem Soc.;

2001! REPTRET 8L 8, tﬂl@s%b%' %chnﬁ@gﬂth& @uechr ihealobye structure of
tonduct’i ng _catalytic ‘porous base material of - the

formaloaatiNafont silica cpmppsitedryss by itbasnryyias methad; g to incorporate
the IE%(%H n‘;tc%J tggkzgeﬁks Iall fco {i\ﬁctlﬂg eéa?zﬁ%t Cgﬂ%l %e LIuchl%ﬁ] of the
elect1odt fo- ﬂ‘mmthh élydtlrilcgﬂlglcemiucou@&)mposith eaprieb eﬁthe pm@m frjvepfion.

i.n t he .conventi ona [
[00334 and 48 fafﬂgergo%;gp S g pg%/ Pnﬁ%‘ngﬁﬁgths? hs%l\%l ?’gﬁf}“@r&&?des
of th&lFR8dnk de@iﬁl&f‘ih cém ﬁaﬂg&ﬁ withake Sodentibieal alegitdiphlni Fig.Fagnd 4b,
4a and 4b shows the cell voltage/V wh reasthfﬂ}/ axi s b
the xcfxig M@llbgrg@fwho‘gﬁﬁxﬁéuf% JoBtibY MASHE t ﬁl}w B O Hiohgraph I

Fig. ﬁl\gfaﬁc? 0h-sh ?éﬁg&e mflég&/@f wﬁéﬂegssth@ &151 oF P gr%htb‘hbﬁ’ﬁ the

trolyte) se f-hum
powean ddwyW fdm%/athhe usursint-veléageo nh@rmtgnstxqs Neif isigle Voells using

Naﬁc%b?]llil | I gaz@ésgl S‘%%ﬁvng glﬂ_?c%kt\ﬁ %‘fbﬂ% diik 5@ Jgﬁ{ts in

, Naﬁ&@l—klﬁca\%&pagteupreite&meeimlrIhunhaiﬁedi é1i ach- hmmdlllﬁqdog@es is

shown. Fig. 4a shows the fuel cells working under externally humidified conditions
(65/60/60 °C (Tanode humidifier/ Teet/ Teathode humidifier) Whereas Fig. 4b shows the fuel cell
operation without any external humidification. The cells with 0%, 3% and 6% of silica in \
anode exhibit similar cell performance over the whole current density range. In contrast,
it can be taken from Fig. 4b that the fuel cell without silica in the anode shows the

poorest fuel cell performance when the fuel cell operates under non-humidified
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(65/ 60/ 60 0C (Tanode hum difier/ TW Cat hode hum difier)
whereas Fig. 4b shows the fuel cell operation wthout

wa@eopsesties nal humidif cation. The cells wth PO§/SG207/000300

and 6% of silica in anode exhibit simlar cell
performance over the whole current density range. In
contrast, it can be taken fromFi g. 4b that the fuel
cell without silica in the anode shows the poor est
condifiore. Ta6y lexpleityoindicatss thhenadding silical incthel elmaélwe@nductmg

under nQ di fiedcaonditio IS ex I
comppri BAERY e RIS EAGOSIFTES [Fh PERRTELP} fushqlonder non-
hurm&iﬁ@&'é&{dht% conposite material of the anode coul d

i nprove the performance of fuel cell

und

[0034r}|onhumFeg 3 ehpwsohairesulin of [faph 383l stabgfity 5es§hmgh {8 conducted
resuy ) h

i TSR L R iy S 01

an arﬁ)tié ivdithoao adding sﬂmﬂ) ﬁoxﬂléwnll dqnperatlusfo af @0 t°F /aﬁO dRoeeler non-

humi hé) g%n gdi rb%hjlo {%;ﬂﬁt&clgl i 4 ragc?es gte 6}{" &1 %&‘mws

the Vﬁlﬂgs ?écBrdfeG Qﬁlﬁh@ en-BHQ)falr tawliels isgrrad esl a&tméxl’b a sshvisel cell
t he val ues recor dp

dd f h whi ch
perfoypange gndes Wléwege %Pnétut’;;&‘}lag@ %Bc g?qo%ﬁe&%w e Tl o
humldlfﬁrz n&g% ?3?% cg‘%r‘l té Qf‘tﬁx@g olRrvif @tgbﬁf}ﬁlgstﬁ:l (%hﬁﬁ%@ carried out

e humdifier)- shows
undet the noe-buinidifyirg ¢dnditionlat owdlhigmperabire pt §0 (éﬁlf |4r1§; FingHy, aea v

o356 o B chBa A LA A gttt

with ﬁ{éos)wfl | -Huhgdiras g |af1§de]9cff thé ﬁretsﬁt; nm‘;egupﬂn a]sle lshms ?] h‘rgrl]lemolmge at
ce t enperature_of 50 The fu e ith. the
60 °E B oL 50 o1 Wi B SHb A RPBALESHE YRR ¢ Ly Yipe o
50 °(§ nD 3 ﬁmw 7t h@chiBOatthe G21 O HiBMhd RBthuatidifAnganode has
e cel th a normal anode displays a higher
achlevedaalgelﬁaantt’&@lf@@nmﬁ’mn&ﬁ@ﬂ at 60 C. It | ndi cat es t hat

[003%] chi e f uelk' C@ lslllov\ygl PQC&&?OF&%Em%s%g Né aﬁb@%ZS %m for

eved®a’ & gniticant se di fyl ng effect [0035
NlOFIS@ ph feNdMS2,tdne 89 ;ﬁmcfbr Dl 13D eort thiecthelesd pﬁfommoemlswg)the

sl HGRGERaSPOR PR § il capienp oF P a ity SRy e B

dens h{Aﬂaﬁfﬁ Ghbxh thed ﬂ-@ﬂi@sshmvh Rha céll IvioltBger ANkt exds fmﬁmﬁ%at the
e Xx-axi s shows t

e current density/ mA*c 121 %}ﬁre?s. h
thicknprs of -thsmembRBIRghas FEOTe BPPac B (RRINPIIPRCE Qs F Gifn ot HE
caset&]’ﬁ?&ﬂ' ckhgss fh%#] 1ﬁ@atﬂﬁ%@@r®n{%§ NS tlﬁﬁaﬁlbt GHitH R&ternal

or rance o e fuel cells in the case w t hout
hum:elxﬁcmhumht&ﬁﬁﬁ/@} Cl(hmumﬂe)(see synbol curve) than that

[003@11t h ex{,(,.er 8% ’s_. e pe#’o%% tatthe %él %{16&91‘[199‘16( %eif'l‘nmnﬁdifying

rve). erfor mance _
electfdﬂ%'(wﬁitmd% tMlﬂ;:i’) foihisotls ehcfdehhimcﬁhhf)&’e mgler dry reactant gas condition in

comparison with the fuel cells with self-humidifying anode only under the humidifying

condition (65/60/60 °C) and non-humidifying condition at 60 °C. The x-axis displays the
current density/mA*cm™ whereas the left y-axis displays the cell voltage/V and the right
y-axis displays the power density/W#*cm™. The arrows within the graph indicate to which
axis the different curves should be assigned. It is shown that the addition of particles at

the cathode can significantly improve the oxygen transport at the cathode in the fuel cell
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electrode (with 6% silica) for both anode and cat hode
under dry reactant gas condition in conparison wth

wao bh@sosmEbs cel | s with sel f-hum di fyi ng anode onP@T/sGzi®r/000300

the hum di fying condition (65/60/60 0C) and
non- hum di fyi ng conditioni@t 60 OC. The x-axis
di spl ays the current density/ mA*cm 2 whereas the |eft
y-axi s displays the cell voltage/V and the right
underydrgtxfetahk smhcﬁum tThe fpelveet] wien et sglf\Wuoridifying klectaodeoins both
within the ph indicate.to which
anodegdcadodn ea pagladi @H@H‘m Fae l?rg‘”éﬁ 8&?{%?"98?9 ﬁcu“em"than

the nﬁﬁfil LAaR0Ue G tHRAN A cell 8Rderihd BeerbahipaBA e NcEdgIvnf | cant |y
I mprove the oxygen transport at the cath

d
[0037 ueI c @Ilg Srebiemlays the ge@é@i srctedramppgHon ﬁggﬁqli’elmt‘,‘g?fft)
[ooséj" Sf&ﬁovg %‘e %%‘PE Oascélearllyb&ht}u@ﬁigf&%nﬁegte
at ho eac ant

finder t|on can provid
matetial fof e ﬂ»remsnt 1mgntmmr (refetred tozas cetabyshlayerain Fc&tﬁ)o@‘@h rneatnh e

el r t he ext er nal m. di f conditio
gas ‘{‘%m d?%aBF é]g,%(p{qg@ § : e meﬁr%f dr adbra%le Which is
1nter§d%5@9§t‘wteb19 [heoinoﬁlé‘fahd) fHer datHoB Bad tw)tucl{ ARG th&pehtord Mldovater

general set up _ of the electrically copduct,]j
to pae&)bmo’s}nﬁlewmt dermeabby for 1gases2ad @FﬁCtrPﬁﬁl)eth‘ﬁ gﬁur(e rdé\‘sgfraFeé dow

the hggrfogcsog):fca%ﬁ#)ﬁ%g cbzﬂ (Vrﬂhna lgﬂogmh&}ndu B oS, 4:8&iB8forated”

ayer. e proton-conducting
into ¢he Ipysfes for Iveids rod ttige vllbcptuballiy&onducang oswpositetasertal (¢aéalysh byar)-

Itis g(gthﬁﬁ{'hh %E%gg%l\éﬁg ic eg coat ij ogénggo;hdgggué"ﬁ}l%er

are n6t &Sh&éd%iﬁthe-Ehff‘écé bOhE eaﬂaly{suﬁtyér&h& pehennté the datadlyso bayopincits

particles coated with a proton-condu t|n r a
entiretyndgspdisaeisad FIRTGUHRR gY8FBLEH 2 T gEmo Hfégg%on of” the

electFJd%Ct JIxs @h&\yn G@ ntﬂb’ CdlbAGeaB9 AL SR g BéBhd Bhase GRtedial Ein this
is 1llustrated that the roscopic
exampder Ctanrbﬁné svhu:d;as baded with ﬁlepqobleenetelmq@wg (ip ghip srapmpds Pty Pntil

toda% gtheé %ggl tt ec% enctltolﬂeoe]%\% 2Gf t]ﬁg cTaQae c:ﬁ@&@l ?tanél Py, efs rQHtknown

’Iaerlnltsent rety.” This
W1thduts1©ﬁhﬁ@do dieHaruint L]btyl amiy tgermy aniscedicmedithaf themomnﬁldﬂl petween
tion of _the el ectrode

Pt a%‘?e%ﬂ? i acéﬂhVi}c%o?fB’&S‘ft’foﬁgb'ﬂoP%tug %’a?g’éc%‘foém P A {This, Rhysical
com@é@?}ﬂr)ﬁ@}tl ‘B?rtm? W Glr |V1|i€1aysgtﬁﬁ&db6b¥vbfh txh@pﬁlmbleﬁ omtthd other

catalyst (in this exanp|e Nt | e e a
hande:ﬂjlﬁﬁ@tahl serfagscafisedRn PRriiclen i %ﬁ%@gdﬁﬂné’%’ﬁ Aspp ﬁ‘fll%,f“l
to ab@?ﬁo (Wthout w shing to be bound by any t heor Y,

eved that the connection between Pt and Cis
a phyS| cal connection but not a chem cal connection.

Thi s physi cal ?)n tlpl Van der Waal s
force between tgﬂﬂggé?scgpgax e tvgﬁl er hand, the
[003vpuUgh sBésids Qh@&/at@ﬁmb@a"gemaﬁﬁmﬁﬂleeﬁolﬁmek elesmallyte lgaprand, the
hol e) m ght, al so_be hel pful to absorb FZLL % es;
water maniagemeént in the electrode is also very important. The ack of watér in the
jonomer material in the active layer of an electrode increases the polarization of the
electrode. In this regard, the present invention provides an improved design for self-
humidification of fuel cells, in particular the electrodes of a fuel cell.
[0040] Firstly, the present invention provides an electrically conducting

composite material for an electrode comprising an electrically conducting porous base



10

15

20

25

30

Det ai | ed Description of the Invention [0039] Besides
the water managenent in the polyner electrolyte

woreeoBiozmnes t he water nanagenent in the el ectr oP€r/862007/000300

al so very inportant. The |lack of water in the ionomer
material in the active layer of an el ectrode increases
the polarization of the electrode. In this regard, the
present invention provides an inproved design for
materSe] £ fobié Biefal cabliyarioafedfonel the pbtams base material chdrelyy fobming an

el ectrodes of f.uel . [004 Firstly, th
clotiep PR LBS BHHLS PIFPIEIDBIS THEAR] ok BRRTBIEPlfgPorteles ot
with 210 Rh-LEndBEES | RIyhE vieredd asb I @fdedC apRoESIpRY pafticles are

. ctrically conducting porous basematerial, a noble
incorparated iatthd lsetricahdeendseting ealytisopesnes brse ansignal ip dprm the
t hereby, form I ically conducting catal ytic

damﬁaﬁ%a%%%g%%;%ﬁ é%?% ?&ﬁég hygroscopi c particles coated
[0041) t h aThe eleticatindoadictige pohposite mhterigdi of theepressat axention

hygr oscapi articles are incaorparat.ed into the .
can TQBHETACER oy Dby Eer el Cabst (. o bOL bR sk ey Eylfigien
humilBicHRmBf el &tRAE kihEdH ihYurs QUEWS b bexger €@ATOSH dfProtons from the

~material. [0041] The electrically conducting conposite
activerdaysr jod] anofnedselnye dbe protprreniuctrs PalynTes RPRprIng dpterpased
betwée%%l% el&rtro%Q% &tﬁgtﬁ.{e?g&ﬁl. of a fuel cell which allows

Securing surficlen um dification of the el ectrode
[00421hi ch il tHewwonteat bt paeskutitreamtibn,cmy ptectricolly pewstugtizg porous

fromthe acti. | ayer of .an,anode .i.nto .th .
base atirahME R RPNy Hdteyiied Thiharar TSP SLasbise mples
of sulitile @R 1chR¢ @nddctih$ @ofous lbageembterihld Gcdidel but he nond exchns
__of the present inventjion, apy electrically .conducting.
limiteshop gErPBHS coaRae CrPriEsth pill body,aipiaed &Y b oyl i
poroﬁshxﬁet r)f?)ﬁtﬁrt%: | NY,SI%F QRinldsk |s{‘é§l?.,r1@t§§j ¥iBtaBXANGY ©3d @ form a metal
suitable e gctrlca 'y conducting porous base materials
foami ssclougles thumetal aserd) ablownedres flowriof sharge cagienphis glectrically
carbon, carboni.ze i ] is [
cond§ R kB ASRLEEA L LiogP Y BRI R GALIG: il
be digk@hnl ess steel). Any netal can be used to forma

nmetal fqQam as | o) t t al d J
100430 o of TEnRtETHES CUPs g Of B ror e ofclhf Pleaion R oy efe gorous
base RRAGIS i LR QB84 18he hPthedB ARt bR @r insostiporas) of the

the same but could also be different. [0043] The,

base avalFiaa) eareli abhfe toe RoogmBpriai HiceBArEFul iR d1Ygf ey dBtipyAl. In one

illust?acmfg %ﬁgﬂ‘@% 8 ragéjragé) ?ﬁ?lef@t()? gbl%ls of Thecufdall ic%ﬁ‘éiucﬂﬁg porous
ong as e pores of (at least sonme or nost pores) of

base iwterhhmay tatietheahnger o ahtpites Ot tcdbonhd dax: & apsher example, the

aver gaerdungel’tlclar%tf %ehgogésoc)sf(%ﬁg Ilnocrogsa éleecccrloaé basle a1 may be about 1 um.

[0044] As mentioned above the size of at least some of the pores of the

electrically conducting porous base material should be greater than the average size of the
hygroscopic particles coated with the proton-conducting polymer which are used in the
present invention to ensure that the hygroscopic particles can be incorporated into the
active layer (see Fig. 9) of the electrode (the incorporation can for example be achieved
by, using a gun spray method as illustrated in the experimental section of this

application). In contrast to the electrodes known in the art, the electrode is not simply
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illustrative exanple, the average dianeter of pores of
the electrically conducting porous base material may

wheoos3dibe range of about 50 nmto about 2 nmm PETSG2007/000300

anot her exanpl e, the average di aneter of the pores of

the porous el ectrode basejsaterial maybe about 1 m

[ 0044] As nentioned above the size of at |east sone of

the pores of the electrically conducting porous base
coate@ﬁeft etﬁé aurfadomlith e gﬁai?I dilyglbkmpidct bartizlee hrra@ereéi toehgtin but
. the hygroscopic particles coat i t e . .
“incopOges JEIh L £ REQIB FYTIER SARTAL P B el cPRcystige composit
materf] ER€ MfudeBV Gthi @ h9eRBSIPiE pahirtlest BescHYE FaeBE Below. The

particles can be incorporated into the active Ia¥er
electricaBy cPidicting comppsite miatesink sl genenl jahewr Hol & ivgh thagly The

for examl e | i t ;
couted BBy O G Rl F Al SR G RcR Qfosc

mater@) pf the@ldcode. | n contrast to the el ectrodes known in
the art

the electrode i.s not sipplyl 2 copated at, th
(0045 r  ac DG ERCHFALLYC GRRIGHRE @96%‘@0%?58 Blﬁl%ﬁa]glois&l?e?lg?tpgﬁly
condi®inB &ofipdsiBl inatdrAf Fulitr adoprist 8MindMides i 4 fobler el catalyst
system so that the electrically conducting conposite .
loadedmowse | said ipgrqusf esedmederipl Ehsecbhy frrmugop colepdieally) egpducting
cataly%?cs CrbRadlsd WLlhal PR AW oggﬁﬁleeﬂh?t%é lefeBirlcii1F QsHiElidg Borous
on%osmemaerlal I's |npgenera apbout 10-100 mm o
base tnftitettal uSdie tc saiped thygucbic opiat cptatyst ol g eleciridally conducting

penetrate .the whole electrically condueting . '
commrgtaF aria gt Hfeo gt Sieriof Gty S Wi iF BIRSH 4E gas
diffuGON et 6Ma SRS (RRSBriRReliw) Fafextiplepltanduld balpbssible to
conducting conposite pmaterjal further co ris(gs.grh bl
use piopus metad fopnp fsitiae gastdiffusion laysrdut jogi5a Serogm £qpded, ifh the noble
metapgatrﬁgs? D 8RE AL LE bt R dls s aiBCSS the @lebtrically
conducti-ng catdl ytic porous base material. It is also
condpomgicbmpositeanateripd. el ectrically conducting porous base
teri us to. su ri.t ] I t A
[004 he el ?cbterl?%? fnftai o %% 8{ PR 8%8%11?7%0 i ?Edlﬁfa%(sei?’l %ﬂ%’ Jr)rsg%lgm’
silveff tadaibd) ehodiaing rrrdieninhaand heixtvedsenidalalloys dteréod, daedkample
for the gas diffusion layer of an el ectrode (see
platipym/rlgaiPR| ow) . For exanple, it woul d be possible to
[004%iS€ POIAUSe BRimplef @8 réle_fcﬁ{caﬂﬂ Boriastint ddnhysoisidé nladerial cdiprises
to use carbon | oaded with the noble nmetal cafalyst ag the
I

a cadowlplatineml mixtesnuide v Figplrdtlanding of 9¢r BigsPheBe TRatori
catal?% d(%%l%g%aﬁ%terlg lcfl?é }a}igg ?PEBM D% GBSRAS2 fnl%/cmt B?'iﬁéreasing the

e noble ne catal yst may i nclude platinum
catalggl Idading i ithenrpleosovieuthe reifoxreamce todrthe (figh cellhesaitaiming such an

r ni ym.an I Xt ur .
electriggl yeconélluctlfalg %ogpostit% Satertal gs 1%clzr|ee(1)s\é§. thereof, for exanple

[0048] As already mentioned the coated hygroscopic particles can be
incorporated into the electrically conducting catalytic porous base material of the
electrically conducting composite material and not simply coated on its surface. To allow
tﬁose particles to be incorporated into this material the coated hygroscopic particles have
usually an average diameter in the nanometer range (nano-particles). The average
diameter of these hygroscopic particles can be in the range of about 5 nm to about 1000

nm (999.99 nm). In another example the average diameter of these hygroscopic particles
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pl ati num rut henium [0047] In one exanple, the
el ectrically conducting conposite nmaterial conprises a

w@ 20080801p8 at i num m xture with a catal yst | oadi PQI/662007/00300

nmg Pt/cn2. In general, the catalyst |oading can be in
the range of about 0.1 tormbout 1.2 ng/cnR. By
i ncreasing the catalyst loading in the el ectrode the
performance of the fuel cell containing such an
can b€ et rirge! df bewrridum iogbond AP asi, twhereint betvaén 2 9m and 5 nm of
i ncreased. [0048 already nmentioned the coated.
these RaqiB B i BMGHF CHUE QY a A DU CHEBF I SYSRCT SO0 FAih these
hygroSidptd TJafiflidsY afeOREAMEd.T MO GRL Bkathple, Y QusralasHarBeerdfathe
of "the el ectrically conducti ng conposite material and
hygrosespicparitles is chew@Sawm (o 5 wnepd s am qighe 2P g foiggun are made
rticles t i rs i Rl SndiBt 6F ki 1 i
up Oﬂc::)g}'ft gﬁ)t%ycéornggggl i g&glg\if&t?i 126{' :[ge ﬁg\g/lgg%s uazl?l y an av e?éa}%?eco?lc
partictisdsrafeait 20 mnt toeaboandmemeThe avegage(diemaepelrthe prosen comfigling
average di aneter_ of these hygroscopi c particl.e e
polymey pefabLast GeAtEe GBS AYECRART PRI rS 185 AL %@6?’3@“91 o
about™¥hm. I of&lahPle B%aTBlage Hhitheter e agit dirmuied eoudfS drhésecan
hygroscopi c particlescan be in the range of about 25
also herhighsr.about 35 nm wherein between 2 run and 5 nm of
hese i0TnatRL N 1B)Pokc6 B itdial a
[004%0' ymer \%ﬁ%fcf\%ﬂ?gﬁﬁgﬁi@ yg?%lscc?pi c paﬁg?clcfg}g are .
substawat which lattraptse wetern mpilesules hizomvibe sywoetidires pryirapfoenh ghrough
citieg AP REOS HFEBIoTS e EoRaTe i SO e tBic PR el
dissoRe® iR Rh& Yk GE iab o | thigBsropdrtyeis ddlied aleBqageende.abreli@rescent
of the hygroscopic partjcles is about. 20 nmto,about
matersgs e afi9e CBRAEIGIEd P HRE 4P TYETRSIIPIST off SEHWINTE ARyl 2re
TREFEhiGP ALY (RS Cafiigf BSCRBIsEurd ahlli willesbsorb
Subﬁ?@#%ﬂ%r als§1about 0.1 nm t% abog}{_ 5 nm In one
relatieslsipige antmamtsvesi wefer Eomrtheertmosphgrroift exposad tooitaBwapples of
. nm but can, al e hi , 491 5§48S
actiafGg Al oS for Mol AL m ool TRCH BTGS2
[00501Rt er i dllydrescapis phsicks cefembd ©hestin camdompaise er consisteld mstal
..fromthe surro i ng, envi ronnent through gither ..
oxide; g g Sr TR AT 817 SR g S, Biypdle sodium ethy!
sulfafty HaOFGRIMN Scetdidsilichn Bxi@B] titadituyt otides etirvsunh bxidbezinadideride,

| aBsQrbs: this property is called deljquescence. .
calcite qhjerelse SHAEn YR b o ighB S eTEo AE L Braydppaotessium

bispl‘%og}%ﬂsgtte}l, ?X%gﬁ@liﬁg %Q%Acﬁt%,clﬂ%sﬂﬁ)?&shﬁﬁ(ﬁ, Foffufh 56034, 30818/ acetate,

have a strong affinity for )
sodiumn kibitate,eposaseiumi dilicateh smehesiuh aulfaie nyaghesie oaifisuppleiupfoxide,
c:e:riu\glf\}l]{:ltoyeurde,f 21?1@)& %}e(id%tz%gﬁt%!] %{rgonlig, t%%gs?élegiotx&)del, tbaﬁlﬁﬁaggﬁh@,scobalt

chloride, bentonite, montmorillonite clay, silica gel, molecular sieve, monohydric

compounds, polyhydric compounds, metal nitrate salt, sodium ethyl sulfate organic salt,
polyethylene glycol, and combinations thereof. In one illustrative example, titanium
oxide, or ZrO, or silicon oxide (silica) is used as material for the hygroscopic particles.

[0051] The proton-conducting polymer which covers the hygroscopic particles
serves the function of transporting protons from the catalyst, such as platinum (Pt),

Jocated in the electrically conducting catalytic porous base material which forms the
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del i quescent materials are for exanple al so nentioned
in US 2005/ 0053821. [0050] Hygroscopic particles

WO 2G0e/0s@O8 t 0 herein can conprise or consi st of PEI/8&€20a1/000300

oxide or a material selected fromthe group consisting
of sodiumformate, sodiumethyl sulfate, magnesium
acetate, silicon oxide, titanium oxide, chrom um
oxi de, zinc chloride, calciumchloride, nagnesium
electrﬁﬁll@ rhcbﬁiﬁlﬁtlhg bhmpmme hhaeriad éntoctht pblymel retesirdiyte pombrse wiha
bi sphospha SSi acet at e, r ous Lde
fel callotirDIBTORE Gt Patc OH Pt Sl b%@a Brirer RS {1l polymer
serve P @l dith Sbf '\ﬁa'i&e,abmﬁﬁﬁﬂetéﬁh&w fae, oGRS produced by
oxi de, cal cium oxide, cerium oxide, silicon oxjde

electrodlisiniead reastipw oirthe cathedsofithm fuel pelk park:diffases fomothe &éth‘)de to
the ano%féaalstdegéﬂb%ﬁ g ﬁ'le C]Bﬁ@&u%% ?art 'HP%Q‘%@% b RH, tl@ls%%fbed by the

ar sie monohydri ¢ congoun S,
hygmﬁ@cbmmpimod:escdmpoahsdbed rmattm thwstpaattlye p;a‘hded sbsdi fom the Hypick-

sul fate arganic et and

ugioiBYosessily otbﬁlée'}ggﬁ to ﬁ tﬁ (Bglil ?%I%/qc téﬂgemembfane (PEM).
The hidraopid) Pariicles a0 Ehezba@?oderthas |HeIi>0Eb @ethidewftsi kvhea)usug, for

used as material for the hygroscopic parti Clrﬁ. 0051
examplee dpt oir 38 -tbo Auiderti NGpBYSPREPPIRAREPIESOR g, o constant

concent@liGy %Qa{ﬁ%le%t Ruld Qét@o‘i#sﬁ SMRS thd ?uefl %@Htﬁrﬁf@m%f the advantage of

ransp ng prot ons romthe catal St such
replepishing nwme]( Bly) badkodidfiusidni fromh ehee tabo @althfy aeacim trovgly the

at al u e Jmat er
mem %B%I%‘E‘f}r‘ Pg IT%} i@%ﬁ%ﬁ &&s ﬁlﬁ eoaél fitlg Hﬁ%{:ﬂ?l ¥ith 2node, it also
helpspc@ |yt ce G dte geheratre mbihanathofle solfringlthefdddinglpreblem at the

ygr oscopi.c part| cl es whi cg are covered by this
Cathoé?@t%ﬁ%‘@ﬂﬁd@tmﬁ ustory At olle gRPHCRRO ynct i on of wat er

[oosngs‘” pt Sﬁeé RE fifet ﬁ)@&l‘pﬁ@ﬁ/rewiﬁﬂntﬂéﬁvééﬁttﬁé h%r@ﬂ:@ﬁﬁ%ﬁynal and the

| ectrochem cal reaction at the cathode of the fuel
watemblechlas kardforisssrong bopd byidae den Jaealstiercenibe Fgyabspgbed by

the hé/%%%{:olgg% ?) rtlcleg Iaseeeltﬂé g&gl‘ﬁ%!aloﬁ%ls@ﬁﬁh (ﬁf it SR cathode and anode

I's a ygr oscopi c
showmahtﬂlg. 119 Swﬂl'ﬂoe sdaérsdy be desvab &k eV(eh as elowated ;enmemwrds; dhus, the

or, the backdi f f usi rocess,is al so benefi
clectl PARRE BB S G 4t B e Rt el S RERFE g ater
coulchyfgﬁﬁsﬁx@flinc tl‘ﬁ% ﬁcbéﬁcl@t aridh €odich QH’@ ptrcbwﬁs l’fslllqﬁwmg Glotthus
retain water en using, for exa ﬁ'@al r as.

mechsgisgapiodusadt # thy grigbsop tepelpsties! scqnéu?t %05%968% maéeﬂal
unde ﬂ&% %ﬁl%]{dlﬁ%rﬁ]gﬁ @Bﬁcﬁﬁérpgh@mﬂz%@tme@@&% 6 ?§§tﬁ‘lmeb $itht P6IaPSGter

bringing the advantage of replenishin
molevalee r:mld;l aﬂlgn ithehisEves i long er)mnS Hont aatherttetot anodedhigm

t hr.ou ane n
t
ProtQps 16, gﬂ@’ %Fgreerh{l%lgwo Wft(&% anoegullgﬁl dt%xggeﬁi éﬁaﬁﬁ}g p%ro ons
hlghlyqnom}éqn@blatmﬁ ee wigf Ei’)) gener ated at t he cat hode
Il ving_the fl oodi n% oP t .the c mﬁ?thoned

(0053, { he THR oIRODY Y TB PO BT PYED JFLE FORinE The By ERscopic
particles and/or as material for the proton conducting polymer membrane (also referred to
as “polymer electrolyte membrane” (PEM)), which is interposed between the electrodes
of a fuel cell, is characterized by its ability to conduct hydrogen ions (protons) but not
electrons as this would in effect “short circuit” the fuel cell. The electrolyte membrane is

also impermeable for gas and resistant to the reducing environment at the cathode as well
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[ 0052] Since the absorption/retention between the
hygroscopic nmaterial and the water nol ecules can form

w@2@B080198 bond by Van der Waal s force, the watB€T/SG2007/000300

absorbed by the hygroscopic particles (see the
graphical illustration ofigt in the cathode and anode
shown in Fig. 1) will not so easily be desorbed even
at elevated tenperatures. Thus, the electrically

as the GaoHE txidatioo npaistrngentat éhé ahodd. Bdsially,esgnprotonvemiiaging

associated with water could for roton transpor
polysiFg Bt A T M%%Oﬁh’atr&ﬁﬁ VPR g S 3 goes ot
interfBRGAAMLS Rt Wead cilscdfiepatiabyst in the electrically

conducting conposite material under non-hum dification
[00543 ondi t iQne exempledpiowmitaRls PrRthEeRdsRngORAYINGE 85 Rohygpers which

can o R B B B e R (P 6o ot oms o

easily junp between nei ghboring water nol ecul es,

Fig. la)). [0053] The ptoton-conducting pol ynmer which
is used for coating thelhygroscopic particles and/or
as material for the proien conducting pol ymer nenbrane
(also referred to as "pgLyner electrolyte menbrane”
(PEM ), which is interpgsed between the el ectrodes of
a fuel cell, is charactertzedtbptitts ability to
conduct hydrogen ions (protons) but not electrons as
this would in effect "short circuit" the fuel cell

The el ectrol yte nenbrane is al so i nperneabl e for gas

wher@ ﬁqhﬁa gﬁdré {ridierst selettee ffoadued DED,e00 int BrinEntgatselebied from 0 to
cat hode j

] as wellas the strong oxi dative .enviro n t

10 e oA G OBR G GRIFIFd P G BT SHRIGEEE Rt bl GngF 1 and
CHa; S REMRE FrokdH-cdniBotRYRORES 18 redddfedNyedahilla (1) Waikld @ond

as fong as It does not 'interfere with the action of
polyméreandyegmbietgischereeft i cl es. [ 0054] One exanpl e for

ui t abl roton-c [ I : I ol

100535 b Beeleq fitie, B o fToNAR S, Hofil i TRIacMRA oy
comgfriBingbraohdidting o€k 2tnifiRe Bavifiy a CRorit@EEbackbdrerwhish basdegprring

are integers,selected from1 .to, 100, 0 My i §an
pendpntgronms attaghed fherpie prgrepr ef%lt%lobyatha gﬁielrg(%%m?u&an@pi onal

group selected fromthe group consisting of H F, d

Br, I, and CH3; a blend of the praqton-conducting
pol yner represente&X€§R$hﬂﬁﬁBﬁf§@ﬂﬂmﬁth a second

where a=01to0 3, b=010 3, a+b = at least 1, Rrand R¢ are independently selected from
the group consisting of a halogen and a substantially fluorinated alkyl group having one
or more carbon atoms; a copolymer of the proton-conducting polymer represented by
formula (IT); a blend with a second polymer and combinations thereof.

[0056] In a further example, the proton-conducting polymer comprises a

repeating unit represented by the following formula (III):
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pol ynmer and conbi nations thereof. [0055] In another
exanpl e, the proton-conducting polyner is

web@sasties i zed by conprising or consisting of BCT/SG2007/000300

structure having a fluorinated backbone whi ch has
recurring pendant groups attached thereto and
represented by the general formula (I1):
-Q(CFRf" ) b- (CFRf)a- SOBH where a = 0to 3, b 0Oto 3, a
+ b =at least 1, Rf and Rf are i ndependently sel ected
fromthe group coh&istin ~aCHgt ogen and a
substantially fluorinated qjkyl group havi ng one or
nore carbon atons; a copol yner of the
proton-conducting pol yner represented by formula (11);
a blend with a second polyder and conbi nati ons
thereof. [0056] In a fuitt exanple t he

pr ot on- conducti ng pol yner nP §E§ repeating unit
represented by the follomnng ‘a (I11):where a is

whereihiffhil sorl ik 9% Hat 23 dre By e BroepeniRy snfey HHEF g0
or les% %O?BB&M 09@1@%&@5&6&1@@&&@’@@&%@%&&%&%%&@5 (i P

; a blendwth a second pol¥ner and conbi nati ons
blendtwidh @ efcond paisTEr 4 combingiignpibereot-ne pr ot on- conduct i ng

[005'f(iO| ymnmer o%e el;lgm Dfe! Eﬂe gf&g%ﬁﬁﬁ&% ?p% mﬁn E Y pdafib@Rifohic

DUPont as represente omn In Fig.
acid &)FsmeNaﬁdsm@r (]BuhPont\)a:ﬁs mpre(set)tect by sthe tfernofla tshewe in dig.ohsThe

tetrafl] uoroeth :

mates i NGRS QB REORE O e.a%yt%frag'f%ﬂ%ﬁ’wpene TTFE. Duponts
Teflon®)Ghie ShckbbSHA) Giid chMﬁstf COnrteEzt---CF\e-O‘FDJO&T@-bHGTb--- which
backbone to the third re and (ij.].). on clusters ¢
connegs tq Brolasylapbadkhproi thed TSRS cogWER Ph ENSRTOENEIDE ©
sulfoﬁﬁ%gﬂqﬁgﬁ Wﬁeﬂttﬁgge tnIBﬁmQ YELRGRhyHARS), {He HyBRgbMiond in the third

region becone no by bonding to fhe water nDIecuIes
regioanbleaomei n@bﬂetbseémn@ng ctes diev watay| melscelencind Fovingsbetween

succe?s%lv? >gu W?\é? geogqt by@?o(tgr; ‘ﬁﬂ)@é IE:C Q}'roc‘t‘ﬂus %H&Bgr)lsmpkupi 'a). A

| ran contal ns a wat
fully ﬂ{}iﬂﬁﬁed; iNufloa® nicanbrarek cmﬂztlﬁsr a( wsteaphesssichilay to tbglk Water (as

s B e BB s e R SR RALPRud & 2486
hydraﬁ{ofaicﬁg) rdengt %@rﬂ%hﬁi’f@d piyhder tdieh et sermehydiraidlobiolte iof ythe
he term nal sul fonic acid group of the Nafion(

tennmglesellfpmg acndaroumféh@Naﬁ@l t(ee Bigy bt Hepgsaedve ﬁévaa?@e%ff’ the
use gff %&mﬁggﬁahnf&hu@éﬂsTgétgggﬁggi ghe Qﬁ% %Heg?s b&d on PTFE

cture 1s f | uorosul fonic
backh«med pérﬁ’llﬁ&@)suhﬁcando peid éBF&Q&)emcmmeﬁS/ elteyrebltlwdm gtremgianst gahle in
both pﬁgiam(eb ?ﬁ 3 a(!:éljaf\ﬁ/ %ﬂ%ﬁ%&% eco t CV ;thﬂgggﬁﬁctléﬁg§&ﬂleved

in a well-humidified PFSA membrane can be as hlgh as 0.2 Scm™ at PEM fuel cell

operating temperatures. The high electronegativity (i.e. electron affinity) of the fluorine
atom, bonded to the same carbon atom as the SO3H group makes the sulfonic acid a
superacid (similar to trifluoromethane sulfonic acid).

[0058] Suitable proton-conducting polymers which can be used in the present .
invention include, but are not limited to, polytetrafluoroethylene (PTFE), Nafion® NRE-

212 membrane, Nafion®/polyaniline, sulfonated polysulfone, sulfonated poly(ether
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in a well-humdified PFSA nenbrane can be as high as
0.2 Scm1 at PEM fuel cell operating tenperatures. The

woe@h/osliegst ronegativity (i.e. electron affinitpgT/66G2001€00300

fluorine atom bonded to the sane carbon atom as the

SO H group nmekes the sul fonic acid a superacid

(simlar to trifluoronethane sulfonic acid). [0058]

Sui t abl e proton-conducting polynmers which can be used
sulforie)’l thﬁlﬂﬁ@sﬁﬁﬁne)fméﬁﬂél O(PVDE), ud&yaftouf/PAFE, noNafiomy/Keaox,

Poly(‘ﬁ% tug;kéq-?&ggﬂg: ;)tgitﬁ l %IGF }F%FE) Ji[’%ﬁacgléém%d&oroethy%ene

| €p t 1etd f /(4-dodecylb
(CTF@och?&H#%PI d%lﬁée&%}?ﬁ%rlg ol P\%() a@iNafl Og(rg??g)/(PT g ecylbenzene

sulfomaafacldr(fﬁﬁ)/l@%é sutfonsted, myqnﬁdéth@l)eﬂ? befieae)- %lllﬁ%%t%d styrene
fl Y |

(SEB%%,I_r 5 ly- y%,?gﬁlcie%; g(FEE)E ﬁ': @%1'8 (Lﬁng JJBI v-Gi lécrlleéle

fluori@d/ys1o! a):fy(lcﬂnﬂﬂld)d gRYIDTEPYRE)) eP&’D[Ff— g}BSSA@DilsdstyﬁEG) su(lﬂ'QB@/_\)amd)

sulfmfgl{I l f%g G ﬁ') gﬁﬁgl%ps hg#%ﬁ@ %%{ eg[e% cgl}z:&‘gersu ]%ne cardo,

sulfor% dy‘ﬁogbe(écrﬂ%’@ thdr P¥done R O uNbraydd I}Qarylene ether sulfone),

l'uori -aci-ylonitrile %FF%\'K]/@D%
disulfonDR polpBAEorbrSY PR NG irlenadiaionnalphsmicag oxide
(PPOS L}ffoe ggr cﬁ#réﬂ%r K&E)ﬁ) ?gpﬁ%e %Jg %?et lybenznmdazole

ers one car y aCrﬁ4 ene et
S

(PBI)s ubéllcypel)ylaldmlmhj fm’laﬁt)edpqﬂgétyﬁﬁnqﬂwmel f@’iEHi)er polyistzenne) | graﬂed
sul T onat e ene et her, ultTo

POIY( e f‘]tt‘)t?“f’gflg@ﬁ%‘&gn%Naf P%lﬁlvllwhbigili/phg%‘%/rf lene GYPRY  and

poly(ﬂEc?r@atedswyfeﬁB %ﬂ%@s pDiﬁk@érfﬁ &iindsedfoNgfion® such as Nafion N1135 or
SPEEK) / pol yhenzi m dazol e pol yb nzi %n‘fzol e F& %1%16 i

NllZpullth/h el gtle fipny Pyiynt) g g5 9Iué‘%3e gt ifidrganic

organ?é) i:é{‘% g%n%ré{ets &hich can be used as proton-conducting polymer for the

yl'ene-alt-tetrafl uoroethyl ene),
manu[ﬁfﬂrltly‘e vmﬁwha dlneically) mon@@upg’\@m)posﬁm dm@iemgl( and, dhg magnahyane

electrﬂg lﬁ%g&k@]@@g%f %\‘?ﬁ. %en% I{fltl ahﬁ%g ?ﬁeq{as;c/ea A rl%(;)%r‘%g Boas 65)

of th&ufdeRtof Viewarklea, BeandBHden AV s (200%y Bulbdiin of the Catalysis Society

i.no anlcor ani ¢ conposite nmenbranes which can be used
thl%léa‘iﬁ’?éﬂbﬁoé ducti ng pol yner for the manufacture of

[005§]he el egf relx %ﬂai/y ‘é@ﬁi@iﬁﬁﬁdﬂﬂ%f@ﬂ@@ﬁ%é@1ﬁ&ﬁ%ﬂa&ilwﬂnd piogon
nmbrane el ectrode assenbly (NMEA) of the prres

conduqimenmlmelaﬂ% the yseogf |Sﬂlc¢a%’|a@dlw(tba@@‘-§m6o s 8‘%5“’16‘!‘“0“ of

matelgglg PQ{ bdefi lu? cf%]xe}%aa‘f@fﬁ}r@ﬁﬁem&meﬁ '&Harliﬁle%ﬂoﬁ/bulﬁ)g% h5 can be

ysis Society of India, vol
seen |[n ﬁGeﬁﬁf)nmétﬁﬂFpﬁI]t ofithiexhiphtaomy I addisiona bihentyoes of Naﬁon have

aso pRe et R TORh M1t g o Ry SRR et P e ™

[006610TDI Nathi génepdl, MR @bh@hsS offahe biggiodsesid ﬁmemall am ithy groton-
experi nmental char acterization urpo es 13050/0 ks
conducting polymer is in a range of about 01 to about ?w/w In another

example, the content is about 3% to about 6%. In case the electrically cqnductmg

composite material of both electrodes include the coated hygroscopic particles, the
content of the hygroscopic material in the proton-conducting polymer can be different for
both electrodes (e.g. 2% at the cathode and 4,5% at the anode, or vice versa). In this

regard, when silica particles are used, it is noted that with a higher percentage of silica
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seen in the experinmental part of this application. In
addi tion, other types of Nafion(r) have al so been

waig@d/osnasrel yNafion (r) N1135, N112 andNI A ( apdT/66m07/000300

DuPont). [0060] In general, the content of the
hygroscopic material in tige protonconducting pol yner

is in a range of about 0.1%to about 100% (W w) . In
anot her exanple, the content is about 3% to about 6%

, N0Yg as endtherkelseadtudecaf | the camglec tis nﬁgnnmhméi togy nettost isafue

" of hoth. el ectrades, in coa r,0SCopi c .
agglowaliafl%q BSOS CGRPBN (B 20nd by BRBGEOH RN & 15 optinl
dlsmﬁulﬁ%npﬁpt BB- SRS RabXoRbosRN ﬂi)eth@l kfeetrrblly f@nducting

el ectrodes (e.g. 2% at the cathode anﬁ%}# 5% a]It
composhﬂ@ Iafrt@dfel fonelesirase PiepiEtioRiand ARaY ¢auEfag, reRIcEAn of Flegtzpde

perfo artd ﬁ{l%}% e & o#z? ?ﬂca d teln‘? a%@%%d/o IR onMchiPitRnldy 8B QEcreased,

age o a network structure of
howetzdaeaﬁ afpduesd asﬂlsztmmdl mdoburﬂmylghhmnnmmeag@ leoensppasied i the

I n variou cation g )., This c uId ntribu
presesto iy eRE. iﬁt&’hﬁfmg&’f";ttﬁ‘?sﬁ u‘iei“ﬁ% t*?8w %ﬁ Y l%i %:Ogdted
hygroR@pRs pRAMERSIih Ghd BletifiGals) S&Idhb&? tympaexite liﬁzitbﬂ‘ibj of the present

e

conposite material for electr protoni zati on and may
invenemse the reducti on of el ectrode performance. In the

[0061@ase SLyr: éﬂggé ¢ AnfHEbh nﬁlrtﬁgo\‘&‘eg%cé ha Gl‘é&gd&t b¥ 'at YudlBoell

e decreas owever can of course stil be usef ul
comp#isielg Sarc leldeiriphBy coodioting @meosité |hatend oquﬁ@semsmﬁ ipygation.

.present i.nyention.. In this re .
Besideh G et RaPAEEs SrBY e SRRy s SEaRee At 3pbiRe o
gas diff8siGh Q&feri Bald Yook i they gaendisive Iawdredridatheotletthieally
present 1 nvention, [Q061] The Pr esent .inventi

condyciipg fOFoUsease anafesial ﬁf é‘Fﬁ‘eE‘F?tBEPé Yofondueting cc@é{rqsﬁe material are
madecﬁmﬂé' gt:ng g)];% iBERAL fmbieAhl Yhé e umtiside lﬁﬂi"ﬁ@%bﬁe@ally made of

mat er | e pr esent invention. Besides t
carboslpeper dredith yhroeghdwbich rgcientpod reastiompIOfnEs dltfﬁée in and out of

the fﬁgl g]sg-?e gv%% hg{ﬁer %gt@E crllgsgec’ fa?sggfiléss{%;lé‘a %ﬁ?b%n aé {ﬂéfheg/r alldwh the
transpdrﬁ@ﬁﬂ‘eadiﬂit& yndmaﬁrdmntproﬂgcqs of ofiszlbalbe material of the

el ectri aII tin ite material, a
e e e ik
1llustlre§é€p in iFSg. OENE @ik Yrigmelat o 11@@5&1@@6 papéic elkcteicallyh conducting

through which reactants and reaction p oducts di ffuse 1
compjogitey iptesial comprises an rMctrically conggEpg catalyfin orots ery Flaleria

which ffgrrl%l 2 9at91?/§tsllagé(56ﬂ§§ chidl gt 1 er 15‘ Staclell QW thd 6n$ §1§9$@Qﬂi PEM
S a 1.

reactan reacti oducts of a fuel
and dnBé& Biheﬂ' kide &l ®gdsrdifffiesiaf layeheTlm dewncallyropaducting C%talﬁflﬁ perous

L ey

prot&l%%ﬁﬂﬁdtin@%olymer wherein said coated hygroscopic particles are mcorporated

into said catalyst layer.

[0063] The electrically conducting composite material of the present invention
can also be used for the manufacture of an electrode described above or more particular
an anode as well as a cathode and thus finally for the manufacture of a membrane

electrode assembly (MEA), the core component of a PEMFC.
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conposite material conprises an electrically
conducting catal ytic porous base material which forns

w@2@analiyst | ayer. This catal yst |ayer is attar¢tESGENT000300

the one side to an PEM and on the other side to a gas
di ffusion layer. The electgically conducting catalytic
porous base material in this exanple conprises further
hygroscopi c particles coated with a proton-conducti ng
[0064p0l ymerA whenkiane sdedrode aassdnlbiyg (EAQpiof thar presént sinyemion

i.ncorporated into sai g cat aﬁ&r. [0063+ T. e bein

compEPS F | Hoaft s COHAGE AP SETELEriEE wolsmfe opepiioe being

mterp%&ﬂfé@\tveén@éﬁf‘énb@@ arfPdai P8R dBevhisE af Rhstishi@ afededoapiisésean
an el ectrode described above or nore partjcular an

electramam sonduiofiag |composite dpatpi ©f Apki PYOREIY IRYSHREPT Peipg in @ﬁ@act on
f
one sSBHLEEAY 5Bl BaPRAR R0 500 e i

in coetaecmuhdﬁleashanhﬂq/ of WEid) eledtrically gmdeaing commsite @nﬂterlal In

ri n a t duct |
oot 5 B8 BB E o R BoBh Ha BB LGP
of th8Nsleset InFeatib® dRinghe E@ititt adn beaSides tiittl @litbqbﬁ)ton—conductmg
conprises an _electrjcall y conductin ﬁ tﬁ
polymeitraembipne fand eap didiisian 14y bope ahCCBg% n&ﬁ pofide gfpaid
electr‘? gy%b yﬂaé P?@@Sﬁe 2RLsq- conduct i ng poI ymer nenbrane,

ayer being in contact with the
[0065:]t her suHmve@ér saindntained beforsa itliy also nossis ﬂngt eByfesathede or

eri ot her. aspect . al so
A I R e R
mateREIQTERE pleldie itivedfiol &fhie g)r(btﬂn-eﬁmivﬂﬁbn polyore neivdeanai (PBEM, see

d prot duct Ly mh d .
Fig. 3 P 96§10 1 Cioh R O onSRET<A F B¢ b PRapY g cton

polyr?ér %@ﬁéﬁ & qsdd itGalday tl‘i‘é)'?ﬁg'x%tsédi‘)% QRFRASI tRkdMBl @id @lectrically
However, as nenti oned before, it is also

condmtslsucbnwomtﬂanatemlpfthﬁ@r%samﬁ@wt@n t he anode and the
[006@at hOdel%é Q&Stﬁg rfa?toﬂ?\{ 't 4 pr Argt%r{ lof r#é‘osg%lg#ﬁ}ﬁ@& and

onposi materi a ent I nveritl on
catalpst ohouhe CREM Ut desnnb)@ll ;mﬂre pmxbmar(eee( PEMWatmab¢iey al.] yupra)

fere nt..ar he .S
neceinER AU DML CAIBRT BorgTErgrg ediets embe aupifarfd Bevs.
it is AYGPHOSEIRItRat RRE bhl§ kiRsclettrally BohdiRtifg eGhpdsitainayerial comprises

conduct i ng conposite material of the

non-¢ag{edraricoAtcd yerseloPEaRT e T 8lsp 4t PMh (i itther increasing the
self- ﬁ%ﬁﬁ% %'ﬂ}e Nn e %M&E Pt QQM OnRaét b %s%sth@laﬁl\@&‘haahs\éﬁhclh& a

escr| inthe prior art (see e.
catal ¥t hkmbletmltmair any other ayitablecessalyyst ar evgtalysti mmbtn@twn mentioned
bOVcat al yst in nenbrane and tedi ous nenbrane preparation
&t eps, .
[0067] The use of the electrically conducting composite material of the present

invention in fuel cells allows to avoid the need of complex preparation steps for the
proton-conducting polymer membrane which is interposed between the anode and the
cathode as described in the prior art. The complex preparation of the proton-conducting
polymer membrane comprises doping of hygroscopic particles into the proton-conducting

polymer membrane by hydrolysis in sol gel reaction and subsequent rinsing and drying of
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it is also possible that not only the electrically
conducting conposite material conprises non-coated or

W@ o@sm8n1b8/gr oscopi ¢ particles but al so the PEMCT/RGH07/000300

further increasing the self-humdifying effect in the

whol e fuel cell. In such g case the PEM can al so

i nclude a catalyst, like platinumor any other

suitabl e catal yst or catal yst conbination nmentioned
the n@ﬁﬁb&‘ﬁms [BRSEY, Hihechusea afuch hrore| @edpléxc ptokyss dbard pepanig the

nposite rrater %J of the resent invention in fuel

elec“@‘éﬁ gognpsiigpaterial ohfg Hei% EPTof conpl ex preparation
[0068F1 €PS TR 3t QS dAL@IANHE FeHetd RemIINtiQAHBH offBiFVBAGYBMAISIng

i's interposed between the anode and the cat ho;:iha ai
hygrodezm ipameblesncedted priftor mioton-comdueiBep PelYISF dpailat FIBFHTICHLY

roton-co p [ ;

conddgi RoBlsPOys AL GPAnP LR, ABTERASHE MR Sfifnts in the
electriyallly @Bndatidy ebmpgsmahgmml detth pesenthigvdnicn ek ﬂa@hgr thg water

sol gel reaction a r.i nsi ng, and dryi,n
upteigiip B rerpP SR SRR T e e e e Bretio AR i8P show o
similBf &fFent ekfgﬁﬁn@ér%[ﬂlﬂﬁdl%gedcﬁﬁlt[&ﬁel €.00IRDS ik for example

material of the present Invention. %006

dry aie (nmslflgaﬂb)s Thﬁelmvmtpeaéeaomﬁﬁw?ﬁ h éffl‘Fho%‘liled;PatFﬁ gtygﬁgg(boplc
part1<yl\'{r1 on Y gt ?c{ygxs %?pcfug &%daﬁ%e&n‘a alfgdc ;Ig(ﬂlt@ material, the

on- con he e ectrl
electode dan tholtg nmameartthanrdbe rekahplof puﬁ ]ﬁﬁﬁ}mt r mdférlal/_\‘gnder non-

her t sili.ca ent.s | ectr C
humig iR S RBR Ga e At ol oy UREHERERH ¥s wsed for fucl
cell _@rﬁerﬂicﬂlh qgsuﬁ%‘ eho\ValcetrichiDf &Kﬁdﬂcﬁng hjo&lp@wﬂ) asitdral ot the i mrbsent
e fuel | s of theﬁﬁresent invention_ al so show a

invengion; palr owlyr e rAveRRENtish @& ranAdh bHL I TeTPLHTe JEHTHRSeHE, be

reduéedeb %&iﬂ u?drngx e, EXAEPI 8o Y Naiflon® SBRefdlUin the) anodé Eor
ntors dem)ns ated that with the coated

mcrehgl% hecol pa‘f@amncmat@enmnnmdlﬁceé@plwedm%%r of the
[()06%I ectri al ! gﬂ%orrs]% RSt deldndtE %:Fééllaémtht £ example, the

l ectro or € vva or exanpl e, pure
self- lh\lalﬁlﬂifmhg)anﬁaé demarstrates! emuchdnghan s(dah‘let voltdgorat caocrmhsftantoﬂment

not. artifi aI I um gf j
densﬁ% élamf %‘i"t ?’gg‘le @@I fellogeh ﬁtrl“oé??a ‘%g&} th effé’%?t Fl cexpfr%nents
carriEPHABS thE ShveRABROR chiEbd@dneIudad tHat thelfeel RER hta self- humldlfymg
i nvention, not onl y the over-potential of a u]ﬁ
anodg Hias mqabrtazher sebilisy ahewhapesd ¢sdl empERRYEe BP %ﬁﬁé cell gyith a
nornSX silica into the Nafion(r) materlal in the
ano e for i ncreasing the cell performance at

[0076pn- hunifwilfer alidclosed dereiti us @rmethpéoﬂglpaﬂﬂf@cwrmgem stegtrically
trat e t.-hat

| so denon h, for
Condg‘ﬁ%qoé‘ipolsﬁ%m%@fl "of B p&lesfe%} glr(l)g i 8#‘6 strates much .
- hi gherinst @bl eblohb@D atadsteort@ s elBstricallyr nmiducting porous base

material to form the electrically conducting catalytic porous base material;

- coating the hygroscopic particles with the proton-conducting polymer; and
- incorporating the hygroscopic particles coated with the proton-conducting
polymer into the electrically conducting catalytic porous base material to form

the electrically conducting composite material.
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density than that of the fuel cell with a normal anode
(Fig. 5. Fromthe experinents carried out by the

wO poosiswass, it can be concl uded that the fuel Pet/BG200t/M00300

a self-hum difying anode has nmuch higher stability at

enhanced cell tenperatureihan the fuel cell with a

normal anode. [0070] Further disclosed herein is a

nmet hod of manufacturing an electrically conducting
[0071F ONPOSTFiQlyRleebludbn 6f the Beot@-esrnttingpodyrhéran be mixed with the

conprising: - loading the noble nefal catalyst ont .
hygrogqqgicepaselfs isaleRared Y et ineg2 Sk Fean & it EBlogr B ucring
polynlsOV FLH 8 £5OCLS 16A! ciCOAi N s bl wihCarpalbenss, hiahexs

meterial; coating the hyg'roscogl C particles with the_ .
isoprapendloto- thendhsired muyl-pasicgmiation idiar rxamplss 4bgid tonk6 %. This

. y SCORI articles ' . . .
dlluteg Isg{uglﬂ{l é’g ﬁﬁ% Efolt(ﬁlg c%no gtar%,%oﬁg?é\f {sﬁggﬁ]e Fﬂé}éﬁidr ?v%:ﬂalllt <=y hYgroscop.m
particf@Nsll Gtiire@ it &t @lrydoni: tadh ouAlobvesenifoatetispatsidnooiitoy partidles in

el ectrically conductj ng ?on%o ite material. 00714 ¢ of the
the sqiptiay P thet PECSOARIIHE PDEME Bt BEGTREh 1981 1R §OBEPY REf
hygro%é/bp?‘ieﬁ)miélggisv‘ddﬁﬁtetd[}@ HANELEHRS BRI BirBB Ednk6 bE %.4. S, PI5eRA4.645,

uting a Stock solution of the proton-conducting
5.5 otk Yoreven Bigber ifdesire@lo t o 10% st ock solution, 3 to 5

old wi,th.an_ al I ' diltesion 1
2L 00 g U e SRR e
of thd .cfecfodeTbf shedpiesine dnweation. i Tieraforet ke gctrodn beckini sl @l a

|ymer_i.s than mixed with hy i i
poron, g QHPBY QPSR B s o AT e ki pEPagt o

polyrfkirS BE&HShOPTHE bh CluBAiddtéd efylehe tpiepya@leUlHER) iofprovided. The
prot on-conducting polyner. In the_mxin

electriaay spmdusting pemprsife susessisl eanghen be fasmet o é@% g%t ‘Ebﬂi%%n fpger

RRYY i ixBire 8.8 208 w95 PYT). Th
by p%rl.l 6?0%%}??%?68’&%21}({1% er“g??Tg%g?lﬁfeé‘i.@e 0072] Anot h()er ©
electpde thus bbtaived issthhodri¢danidstveredbelpeeribisiveed- of t he gas

i ffusion |ayer of t electr f..LL . .
wm:ﬁnvent ijt%rﬂncel*ﬁ%ﬁagf %’F l,nglasr?llu:[foélcchﬁg' eOSB%JngP %ﬁl%ngg%at%c% Wgh the
protoRQoRdting P81y fints itk klebyder tHeGDljtionhis dépostied oritd b surface

with a _carbon powder and optiopnal a pol yner uch a
of pBEAGHS lon GRBPRS: S Ut YR ENE by 5 B RRss fkbde and

protogfzgwséiﬁaumﬁi‘@hfé Slettrddedrépe &RBHU (det MElg C OTR@ENyE layer). After
material can'then b

e forned on this gas djffusign.
dryinigahe elegiyodeaihus ipragtuceds theeglaeinds was ot pesaedopasp ot sigaref 2
m Xt ure. . 0 % ) bout 130
L L e e
to abb@O8° CBmdisndkgfcpdifat2mithe final sol uti on of

[007 Ely gros C"IQ}PeI greggnrt t ih%n%%n Ca?s%t ?eq"er\ém t% hthte huese of a membrane/electrode

assembly (MEA) mentioned above for making a fuel cell as energy source that can be

used in electrical devices such as a cell phone, laptop, a 3G phone, a photo camera, a
video camera or in an vehicle, like a car.

[0075] The inventions illustratively described herein may suitably be practiced in
the absence of any element or elements, limitation or limitations, not specifically
disclosed herein. Thus, for example, the terms "comprising", "including", "containing”,

etc. shall be read expansively and without limitation. Additionally, the terms and
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pr ot on- conducting polymer into this electrode, the
solution is deposited onto the surface of the

web@snswee, for exanple by gun-spraying, to foreT/8GE07/000300

protoni zed el ectrode and protoni zed/ sel f-hum di fying
el ectrode, respectively (mee Fig. 9, catalyst |ayer).
After drying the el ectrode thus produced, the
el ectrode was hot pressed onto both sides of a '
expref3idab @ﬁ?kgﬁdi h%h]i’lgivabtqnmsed aﬂanﬂmnsaafgieéd?ﬁlﬁ))n shduoet of imitagon,
1 at, for exanple, abo 1 to about 140 0C.an
and thege dsPo fiBfenyOTT, .ﬁle[%ﬁ? ]S“?ﬁge‘mse%‘éﬁ?xﬂrﬁ%?‘é’ﬁ? %% r?xdli“g%g any
equivél@ﬂt? b8 tHeCrehtifes UBSwR hnd@ dSBAMYIaRSS Rt QB tha a6, BsSie ileyognized
MEA) nenti oned above for nmking a fuel cell as eneray.
that vessnscrodt Retionsare esshle uithin By OBF P& &I IBheR Slaghdh 1BS) i
cell ph : :
shoul g Gtcs R Sooy ARKIR el OO qp g L RTRER, difylosed
by priefeveat émbalimbhts stnd adptioably fedses; itedifitrtioni andnegriation of the

. suitably be practiced.in the absence of any el nt .o
invengors Eadiol tORELRSTER et TR CROREToR i DY SIae F gy i e
art, afttl 8t QRBAnHELEtIdns AAdIFaridtiohs &xasbhbi@ered hebé evifiiin the scope of

~ “conprising", "including", "containing", etc. shall be
this invenid@orexpansi vel y and without limtation. Additionally,

[007@ he terq u@\%ﬂﬁér? B%Zb}'é? ASscROR ﬂ%g&iyrﬁa %bﬁ%ﬂ&@ﬂ? h«%}.@ﬁnEach of

sed as térns Iption and hot of limtation

the n@r@ver kpeces mdranbganeen gioopingn fallieg withinghe gensiictdiscipsuigradso

expressions of excl udi any egqui.val.ent s . . :
form P of s P rmsi: SR AT FRoAm e REP Pt Softhe Hfpion wieh o
provisd of Segh@EORRItARG fehaliny ahy Gut§edrmitittr fradni the gerarseregardless of

possible within the scope_of the invention clained.

. scop
whethg ggnotjthe oA @aﬁeé‘abﬁc’f@?%ﬁ ¥ et hgiethough t he
[0077@ resentyy &Vﬁ'gﬁdafiﬂﬂeﬁ@ﬁreb\%ﬁﬁnstﬁs Golidveiak Invn JinfiGh® SLenpglys and

referred enbodi nents and optional features, . .
claimenkhi dddisinm, whernidatures oarsnsets of therimverinanre dasstibstbidieass of
t herein rei n..di $c . r - Dy:
MarkiF Pl B nREH B B AR e AR SAR b hy L i i erchy
describ@fliiAttbraissofdng iadiniinalemenibéroorbmbgiotihiafi nodrebest ofthedflarkush
this invention. [0076] The invention has been
El0URjescri bed broadly and generically herein. Each of the
narrower species and subgeneric groupings falling
within the generic disclosure also formpart of the
Experiments i on. This includes the generic description of

m07§rkiﬂAﬂ%ﬁB3f§HBﬂM th a proviso or negative limtation
HeﬁDVI g any subject matter fromthe genus, regardless
[0079]f whet e carbon potderHiledxges difisivat layéraionsistingpefcE-7@4 Farhon

o SSCL S BErBR SHRRLTEE A5 EHARE con
powder (Cabot Co.) and PTFE (60 wt. %, Aldrich) was chosen as the electrode backing.
The mass ratio of carbon to PTFE in the carbon paper was 2:1. The carbon loading in the
carbon paper was 6 mg/cm’. The catalyst layer contains a 20 wt.% Pt/C catalyst from E-
TEK (Pt catalyst supported on Vulcan XC-72) and 60% PTFE emulsion. It was formed
by painting method. Alternative to the painting method, the sprinkling method can be
used to form the catalyst layer. The E-TEK electrode GDE-LT could also be used for the

purposes of the present invention.
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claims. In addition, where features or aspects of the
invention are described in terns of Markush groups,

wob@se3Eks | 1ed in the art will recognize that PEESG2007/000300

invention is also thereby described in terns of any

i ndi vi dual nmenber or subgrpup of nenbers of the

Mar kush group. Experinents [0078] MEA preparation

[0079] An carbon powder-filled gas diffusion |ayer
[0080FONSi SEbhe @hs AEusiOd layar Cm?d]L)pBg&ete qoBPosedSifcRATHBERV¢r)and

PTFEL\%%gldggpa(r&g%hPs?&;%éyﬁi? p,%_CEy# ! () &%‘NE R g]:%\%g gthanol

(the lﬁg‘égsl%ﬂoa&" L6 b8 HEORE clfagdti 901 : 2(T)hﬁ1 ﬁﬂ&ﬂtris@hjcotaﬁli with a
carbon to PTFE in the carbon paper was 2;1. The ca

frequénom i 3 kila folﬂ@@dxytﬁddmgé’ﬁgﬁ epgdsign fRjp WISP?W@H@A%W E‘EOP

ont ai
il G4 STl S 208 5, 1B e
paperilﬁlibﬁn tbl;ie GD:Lt bmts pﬂaﬂﬁﬂblﬁdbymb mmﬁmque&trm‘f Hlel composite structure
erna ve to ti h
was PRSI SR B B POURGRTPHEPEaror R ruphges were
finaltFdribdaf] SHbiade348DE b 1 BOfsk ehaklngahdeatals@layienr t he

pur poses of the present i nvention.[0080] For .the

[0081di f f usiTorprepare rthe( gggt)'lc lypgglldgctgw@ggc @progérbgienm%tenal a
homo%em?ﬂg S nE TEEMaR Pa[tzﬁ ﬁr S 18 P&’ SHiftd PY#EC&Rulsion in

car powder |nt s et hanol (the mass
isopréphblowad maéas bp mipingced s'ulmmgttha nokturezsmlanzt@)rasonlcdnth at room

ul traso t h f k
tempefaH TR BLER St et ERar ey B LR ion i Battic
bath Y#eHRIa B&RE ldispsisionrdfibe pAtitles Wakakpendidie "Iﬂﬂsﬁ@msn was then

pressed into the PTFE treated c 0 er to.f
contelptope 4105 STl 1 it AR BN c HOBLE gfes difeed of oom

tempSGRAIPL ?drtlehrS FitdGkd 'B$ MRSt FBLALARI R 0do POESHIR lﬁlﬂelt thatﬂoaiﬁng
e carbon paper. hese COHpOSIte structures

of inért gad foyrethoive theadispession egeaticantaiggbinghe SITFE emaulxpl@p and finally
smterg? eaé{};?fpt%ef%;a%% lrl]%%go{h %ee[nogagg$ Thnd@e We?eoglra Ealjé@‘?n the same

Ing Ca I C porous
mamfﬁ“ﬁrdna' GX&I@PT@Q theganbet Eaﬂmgpfmsaxampkcf Pit datalyshtcal fhstelectrode
or exanpl nmul si o ro noI
was %éngﬂjmm ;;l;hﬁg ca&#astsl(olaalpgﬂ tﬁéarpﬁqgtw}désﬁptp Oélﬁ e ele\c’:\@i%ally

condHétIn‘?g%%@ﬂﬂlt& R4 Bhse hARRkT, @BPBE ad ﬂ{e&aﬁg}! of0abouhd. 1&61 dbout 1.2
kept at a IOM/tenperature for Use, of

mg/cm ¢ Bageera, phigher ¢y leading: F’é’?eaﬁﬁssfﬁ%lr %‘?ﬂowr’@fmﬂ?é since the
activhy %ft% Lngjchgn tlécﬂoﬁé‘ ﬁgﬁ%}éé@@ b Eﬁ&iné 913(2‘? %@ﬂa@@t \fiﬁstltlé 8L time, high
catalpeet loading T [my@seswhs th;ctmqj;mca?dthat elganmrfgfl cr:]onldlqgtmg catalytic
porous base material. The catalyst near the catalyst/membrane interface in about 10 pm is
effective for a fuel cell reaction. The PTFE content in the electrically conducting catalytic
porous base material can be in the range between about 5 to 50% (w/w). In one example
the content was about 20% (w/w) (based on the catalyst mass). The function of PTFE in
the electrically conducting catalytic porous base material is that of a binder increasing

hydrophobic pores in the electrode for fast gas diffusion. Instead of PTFE fluoroinated
ethylene propylene (FEP) could also be used.
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tenperature for 1 hr, followed by a heat treatnent at
240 OC for 0.5 h under the flowng of inert gas to

wo 2000801dhe di spersion agent contained in the RIF&EG2007/000300

emul sion and finally sintered at 340 OC for 0.5 h.
Bot h the anode and cat hodes were prepared in the sane
manner. |In one exanple, the catal yst |oading, for
exanple Pt catalyst, on the el ectrode was 0.4 ng/cnR.
The catal yst |oading, for exanpl e wth Pt, on the

el ectrically conduct t|c Qr ous base
[0082}pt er i Mam@yﬁ“’&’e"“ﬁ Hgfgo?a BYSPSE%QR 0.1 to about

[0083}- 2 NUAEMRntrdlh GRREN RImpositiBh @hﬂfouﬁﬁﬁr@ﬂﬁb&ig inpasiieg the silica
i ncreases fuel cell performanc% since the active-site
¥

powdemwashused| i dhe pigparption] pfthe ANad@nhpilica Fpsgnvion &ty gipydpent
1nstea?h%ft l%llﬁ}g z%nﬁtutﬂlgﬁm% ﬂ'eght € ghiid- éﬁﬁf §1H@éjgﬁﬁcléé éﬁedﬂg}%ﬁfi‘%?ﬁle

cKness ectrlca Yy CO Ctlng cat al ytIC
Naﬁoﬂor ﬁulﬁtlcbase"[hut arahalsized hesilocat abwdern ewps t fiast prepared by

t/ menbrane i fac
by eGP PR B0 g O HC!
solutiof af BR r@blﬁQE %&‘MMOH@WQ{UB& dREn€ Beqdryddce irPRICOA oban; et 105
material can be in the range between aboyt to %

°C. Thw/ wyple s gviepaesdarrpt ehanndispesirdelit g TS, FieR) was
prepa%%ﬁﬁgl ecpné gg/ P3hY Blu%ﬁ ?buPa—ll&F 3 WStHRA B thE WekirddNend

con uctl ng catal ytic porous base
concamiriion aif dbsut ﬂnatto ob % biithdieepropanobaby majxingdansppigbing in an

BRSSO L o R R AR nch i 0

in th@bgLhheiduERce £R82] T}M@maa@mrne i thetMafion® solution (the ratio of

oo SHeBRIShon 202 T8 SELLEL B o of

silica '@ﬁ tefit &ﬂ?@eﬁt@ﬁ‘%ﬁel‘ﬁ@ﬁmﬂﬁﬁ:@hélﬂ the preparation of the
| On r lica Susp (J]S| on I n @; hi s eXper| nment i nstead

[0084]f usi rApplivatipn of Nefiewdard Nafion t-silichsiispensionen diejelecirode
[OOSﬁart | Cllehs of r 0¥e 1 \/\Aﬂg E)&njiy'f 14\{%]:1519&’(1%85 Yitd &@ct of IR self-

ano- si zedm3| a po I'rst prepared
hunuhmﬂ:ﬂ ahydd @l the ﬁcéda nslbpdrfommeas@amidenthé conition of msufﬁcwnt external

a5 Ot b SRR ANy i v

gun—§di‘%/eﬁriﬂt@liﬁé suirfacy aEthd réle@ﬁﬁ)élllﬁboﬂ%ﬂ@@catﬂ?@c p@bi easasaterial

prepared was then dispersed. in the fi on(r ‘&I Utlﬁ?.}?ym
or impregnatadstopfepaitiea mEgtorizedtslerog9s PHH‘{IF? g

electﬂo?é P%g}%f)cu?el% C)A%ar Ak 481 B L%l&eﬁsﬁﬁgwﬁ%re@oﬂé‘fﬁ ke éﬁeétﬁﬂles

A)Wlt i sopr opanol mxmglap|e
wereqﬂadedumg viapuam owért ateRHE mdo@ltdwﬁttmroé@ndﬂef%érlat Nafign®-

f th -
e OB TSR, SRR STt
the dlésgrotieyf 1nth(e rtuds0 I[rUQbIM*al (thé VafiehP-o sitica $u§p|ensaort cdrpoeadion is

Naf i on(r) pol ymer) varledfromSO/P to 109% f thle 1d
aboug p&dS,Z mg emaflpgepergl a low amount of proton conduc 1ng polymer cou

provide less proton conducting paths in the electrically conducting composite material,
giving a high activation polarization to a fuel cell, but the excess amount of a proton
conducting polymer in the electrically conducting composite material would form a film
on the external surface of the electrode, giving an additional contribution to the overall

resistance of a fuel cell.
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silica content on the extent of self-humdifcation.
[ 0084] Application of Nafion(r) and Nafion(r)-silica

waeapesEPON on the el ectrode [0085] The main pRCPSEEOT/N00300

this exanple is to investigate the effect of the

sel fhum dified anode on the fuel cell performance

under the condition of insufficient externa

hum di fication. Thus, the diluted Nafion(r) solution
[0086nd NafNadioaP )sedied, iNH 35 N1éAsindnNweT €DgBonts preay edetiaated to

the surface of the el ectrical .con ti cat al yti
remoYso TS AR e BFL UHFCUS IO 51 QP wsed The
pro ceﬁF&toq Rhh@ak SekdaHent @@Qes&ﬁwd%]é%@{eq@ufet BLI,YBODII ,f Bﬂy@ Chem
ectrode, respectively. After the ian(r) &ﬁngot

Chelrsﬂgpehﬁ 16534 ﬁ?]aﬁ* pairopt thetapedesandqathode §es\ﬁgbe§1 a}f’l"&% @’as
press& C e f’p %r%%k x?%c &t@%gmaénllé%v@qhé REEbAP R fnbrdn@E fob Mmin at

I ca suspension I ncor porati on was
130 lm@/Cﬂﬁﬂﬁb@ﬁEdnﬂnfﬁ@ﬁgbm polyner m5|ght) for all the

el ectrodes in_ the stud Naf i on(r
[008; | j ca Cpsptsyization ?‘\46’8&[5 19 ‘f “’58'8&0 0} I4 (2 %) ny /

[oossarrﬂ I @ﬁgﬁ@h with ééébﬁtloaﬁatbﬁtofab cm{ZQi'ng nsh mld»m:ﬁctlg gvas used
nmer cou prOVI e less_proton C uc at.hs

in the h‘@Y@Iﬂé@tOf fucheel) perragets W&%ﬁ%@{sﬁeﬁ ‘5 SFJ?%E“ \ﬁt“rff‘&y'

state @mli]éng Roftf I_%e' ﬁ[l@&s Hieﬁﬁlv@erré £k COMIUcRAdnl dd6h sd@ild at ('6709(3 anB®.1

cess a proton conducting polyner in the
bars e(gacger [pmakliry) wnm(h:mgeng at:dhfpd@pd% andt @iri & theoathode rypder

t . o L.,
hurrual[ﬁ\fyptll]% gﬂncgggt? te %(rb encrélﬁ e%C ?m?er 1&(!1&1% %Ilélﬁgit/eg ?gcnldltlons. The
hydr(lﬁ\I g?ili lg?gés@t'ﬁ\lﬁ Elhédgfcogtrcﬁl\lllbdlbyd‘ﬂhi;) h{gth%ﬁn]ty plabsuonfegplate off €9]e-Parmer

an on wer e
(Max. SHEVEPISETH B! Pi’fb) ard f‘%%&clan SHAT S%}f%ﬁh @@afgffhééaf%ﬁlﬁed

have B8dLChigh %ﬁﬁﬂed: Q&@e.‘p ¢ e UL EamplCoBiges 8siER 00Ho.9BhIIARGydrogen
pretreatment s described el sewhere [Du et_a

pressRrey waCivenrdirdnatPhy harsy The 1208 @%vgilrectma. ¢n Beth; the agﬂ%% and
ath(% dar%al)ih QdeLe8G) | RS, a@fét Ee w.gt ;g'aéf P tratdé &t€dkebh af the

ress nmachine onto of the Nafion(r
stmchilen'iatran%uésowf R15rtimeaforli30 and 2400 foi vin oaelpatles@ml@eléﬁr at 1

[cnR2. [0087 aracte tlon n
A/crrévgﬁgasﬁ%w G 0111 dﬁglg] %céq éucceg(? %{epﬁfﬁe&fegcﬁlec onic
Loamelaulef(mZ@A f@ﬁl(zkrmﬁmnﬁlh@?tsjl el d vvashused in the
eval uation o ue ce pertormance ennanc
[0088Ls| f - huHrmesuREneRio Ao BrOtos: e e g 4 Eﬁg ?)%Hnald%ﬁ"n -
sﬂ1c %gﬁa[ﬂ{ Y réﬁ%ﬁcefﬂ)f Bk s8eRMEdiRh LSl RRAB wiA TR Gardig silica

1 bars (gauge pressure) of hydrogen at the
contam)ﬂema(hdz 5% saludmbi@ddmwm@wri’d iskp {iripagss iak ERopp femperature

in tlt %gﬂ{leingg ar?aneﬁ 8% m—%@sktﬁz.edfh%nggt%ntfb%{at/géi%&is{a{ ?ﬁilodel 273,
EG&G) equipped with a lock-in amplifier (model 5210, EG&G) was used in this

experiment. The films resistance was obtained by extrapolating the impedance data to the
real axis on the high frequency side (the impedance data were corrected for the
contribution of the empty and short-circuited cell).

[0090] The water uptake of Nafion®-silica composite was determined by the
gravimetric analysis. The sample was prepared by spraying the Nafion-silica suspension

onto one side of a glass plate with the dimensions of 4 x 4 cm followed by drying in a
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hydr ogen pressure was controlled by Mni high-purity
pressure regul ator of Col e-Parner (Max. out put

w@e@sssmes of 1 bar) and the back pressure gaugeCT/8G2002/000300

bar). The gases used have been high purified gases,
i.e. for exanple oxygen content of 99.99 % The

hydr ogen pressure was controlled at 0.1 bars. The gas
flow directions on both the anode and cat hode are of

vacuuﬁpé'fgnea[t -gol @Moradie. Th'Emi’lidae&ﬁteafst ing:hs sefrhpﬂw arat096. ker @o and
at ¢ he st0|ch|onet ic Vv p&, ? %ﬁ ﬁﬁ.f
10%. AR NaBpR HiSadEon gorh SRS e g JBF e pia | patk
t | 186l 1igtHd Watbingbct¥liafio e efer @ftiple and is
sﬂwaF§§g$§§g?§%#¥%%?%§f%é§trgnlC Load Modul e (ELO&%?pfrom
expresiebasn | nstrunents). [0089] The neasurenents of proton
conducti vi t;évvvere carried out on Nafion(r)- silica
[0091f i | M5 Q, ebltakn a ref er eno@ofmulatVip sel f-humi difying

el ectrode Wkt he varying silica contents fromO to
10% sandw ched hetween two

sks b
[0092] erper athgree Wit e Vg eqﬁcquq@mé#gﬁ@%?idﬁ gt Shiple,

yhe pat / (coRglBite2ibPer W& Ghubtracting th
and Wrents LR e tggh\?é[ﬁﬁﬁ%ﬁ%&? s (lhndgier B510. BoR0
welgm/aﬁ‘ ths edated gddss salaée(pvethu Nefian"-silige Fpmrihe eass Plagn da Qﬂé%r to

{ t
measfig 4 Mo Ui BT g 1 e T REGAREFRL A Bod B i68e b 1o
obtail 3hé AR veeiginr We e tof dsafnpite uklﬁg mmbkcﬂm,ttw chalaoée Kwoaﬁpt@asw

and short-cjr ed c | 0 er tak f
balangg SPEWEYS. & ¢ ?e%g B e IrmbRed b el 8y SPrg o ¥h o
obtai@ iR TREdid VANAbHsamPle. Tﬁemrwéseiemmepaemdwhg the sample

sprayi ng the belon silica suspension ont.o one si

from awaj¢ra§93 pempwng surfacenwalgr Meing; dygde pAper (this viag, ?aB‘F?%gWétdas
qu1ck(?3y s?ég sit¥e Itd’]?ﬁ\@%@xgs&fbr@t T8O vfeidtRlof Tvdler, V\h 3o Sisl dEdned

e sa are 0% 3% 6% and The

from Maf dxffera(n@ beivaen it wet aaicdrysawplhte oﬁa@nnlenﬁf“@rﬁvay Witla each
t hbflon S|I|ca conposite layer is
SamPrafrgYer‘éagalﬁiaﬁﬁ‘@eT Wa’ifflpg %k “accumul ation in the
[0093 e/) npl e ’H{édnb@h@&@f eBshch patidsd BOBE NaFon? selutior Fos exdnzined
sanpl e [ 0092] where i d
by a mwsmﬂmﬁ%réurqswpéég%éwo 1@@%@?"8 qﬁfV 5 tgles’of
the sﬂ\i% gelgéd H]&hzh'féi bRINGfidn™S/ $iliCAsRPERRSI W&e ldaige buMdSlﬁ Bopper

cting the weight of the coated glass plate with
gﬁdﬁﬁmdmanb$m@m¢nca fromthe glass plate, hi order to

[0094] Characterizations of Nafion-silica nano-composite

[0095] TEM images of Nafion-silica composite: The size distribution of silica
particle and the morphology of nano-silica particles dispersed in Nafion® solution with
different nano-scale silica weight percentage were observed by TEM and illustrated in
Fig. 2. It can be seen that the size of silica particles in ethanol is distributed within the
diameters of about 20 to 30 nm (Fig. 2a). The clear boundaries of silica particles are also
observed. For the Nafion®-silica suspensions, such as silica weight percentage of 3 % and
6 %, silica particles were homogeneously dispersed and embedded in the Nafion® matrix
(Fig. 2b and 2c). The composite particle size of the silica embedded in Nafion® ranging
from about 25 nm to 35 nm is a little bigger than that of pure silica in ethanol (Fig. 2a). It
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nmeasure the Wvater, the sanple was first dried in a
vacuum oven at 105 OC for 4 h to obtain the dry weight

waog/0af19sanpl e usi ng an el ectroni c bal ance ( SBCT/66200%000300

Basi ¢ bal ance, sensitivity of 0.1 ng), and then
imersed in the hot water2at 80 OC for 4 h to obtain
the wet wei ght Wwet of sanple. The Wwet was determ ned
by renoving the sanple fromwater, and renoving

is cleatiffanake WRt@se s idignetdrsefuthe peiler in( Nafisn Wecdutoar 1si éup tuthe

as i kla sibl e to.avoi d. weighing errors). The

COV"'IW& ‘gﬁ? @?85% f%fhscaé’ﬂg’ﬁr‘%ed fromthe

[009 f er @m@vaem @{ghklh&rmtagew siEY (168 110%4) Sheafetw@itpiracture

&y Wth each sanples five parallel anal¥ 3
of themmlqa@ irdead s{l@wg}wﬂg@ R étgyar@fus qcpfiens (Fig. 2d). It
couldpggnttlll&ltg So!d p%}e Nefolth OF)the ql]é’ﬁd(l@%ll Sna?ﬁﬂ %Hln?@gteb}h #he
Anam st ontel ectr on m cr oscope
electrﬂclima) comtludtig kc\inpcfsaaphaisndf farh elestirddec arocmm:pi@ps,edausmg the

reducgale ogﬁ egts?f%eperffﬁl o s/ua}snlr'l'(lgle\’z,f %8 Eﬂ]g? ﬂ gﬁn -fl!jgag%{spgnsmn

could33ah AGiRAPZRCH Af- afmﬂ&ai‘w paxtislel ds @BsdiARIOn ARTPESA ineages. This
[0095] TEM i mages of Nafion- S|I|ca®conp Si The s :% F
is bepfifisial itp @ehisye afwating effechontthe Nafighq cpﬁ@%tﬁlﬁﬁ filica

partlcTé%rIih 3’ t#n#}ﬁﬁe 1l ¢ &8 a&?&%ﬁﬁ)@ Qaﬂiﬂdé\!ﬁ{d'ep(‘;})eﬁtﬁag%gﬁdiﬁb@ n

ere nano-scale silica wei ercenta
[009%}er e oﬁﬁeei\/@]‘akyyof"ﬂEMoa ll;clalqgmppateed? ﬁmvaltarglptage 0 ﬂ‘{aﬁon -

see i r{ -Gl
i 5B f B ool SR B S o
the N2fo#i®siBOa suthidsite lay&a)mcra'ah&s ﬁbma(r 430mmmimth $nopdasimglthegilica

particles are al so rved, For the Nafion §I|I 0
contegt iibA sregpged &ngn of t% P%cgh Py &gé% L RPLS %’fn §ng,51%
for 6%] gf Qih%/ﬁ cShebht§ 81 Rafek 'aﬁio‘%ﬁtld‘i‘?fneth!iko ﬁﬁl@ﬁﬂ«'%)ﬁl&ﬂhslﬁ &r&Han

nbedded I ng t he fion matrix 2b and 2c

thoseKﬁ%%c%npm@lNaé”wBarand é% for 48%pf silea @q iyake et
[ n ovh
al. [2b’|6 {, tJ? Bl cheﬁi. gp@. Q4§{]82,{K%§f%oﬁ@0é§ Etooeﬁ% %0 ?ny theory,

& Orgger thnan pur ca | ano
the Higlieg. witer) abdotptncofethe d:dm;tostthe;ampbs glasthisi mpﬂ:nmt griglgf be

.th a |n solu
bR i ey e RPN ) PPN NRAV o e S THIOLDs Dby the
spra ﬁlleﬂib& Sthus[ H6R6latdiave¢pion Whd dbtdihgher percentage of
., 109 the netwoyk structure qof the sa

[009$]s f or etoynaow Ws@n@“ﬁ@@l'ﬁﬁé‘f SormgAgTe g, pendyet r(’ety of
Naﬁ%%s?lﬁc%ag&ﬁnﬁ sitd F'lhﬁﬁ)andértthg Ql%f&el’i:tot@hﬁigbéﬁv?roﬁlﬁe&s RO Rdported in

ution o fron(r)-silica nano- conp03|te in
Tabld¢ he el ectrically conductlng conposite material for
el ectrode protonization causi ng the reduction of

¢ rIpro o & d%tﬁ% F nred SR aYon Iﬁzﬁﬁms’ 'aln'dci‘@afioﬁ -silica
TR sfor fiBumc of

Ica S

composite films

) . 10 wt% of
Testing condition 0 wi% of SiO, 3 wt% of SiO; 6 wt% of SiO, SiO/;_) 0
In the water at the 0.0207 0.0177 0.0164 0.013
room temperature
InRHof 75% atthe 5083 0.0101 0012  0.0097

room temperature
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could form Nafion(r)-silica nano-conposite particle as
observed in the TEMimages. This is beneficial to

w@eisesam wetting effect on the Nafion(r) coveeT/6G2001@00300

surface of silica particles when they are applied to
t he anode and/or cat hode amder operating condition.
[ 0097] Water uptake of Nafion(r)-silica conposite: The
wat er uptake of Nafion (r)- silica conposite as a
[0099f unct i Bonofhesiables & camnbe véeni thatsthovaoniurtiFitgs of. Naflpn®-silica

compysyer Bliudrs tedentson  Be g e arEolRag fifly BYEhka
condlﬁbﬂ I(@e s(%gle% Ninhdtgdd e MRASHHIEwWERN GE (o ch)ni Oelﬂlﬁ)ﬁ/atuf’ébl,ethe

val ues % f or re flonﬁr) and 67% f 6% of
additigi lof sdice patielss jn ﬁ%t Blatezigh decseasemthe fon CE‘VIé‘ﬁi) of Nadip™

silica fg%p]g%l?e t;tf_ﬂgsg/olg%{ecfaﬁ Fot H%ﬁ sl 0ok, B EF H@f ot tdntBidin

| ca nt ent reported M yake et
NafioaP-silic2 Binposite Ele ahcromshe rwitlSaucreating( 8) the ABH p@ggm]t These

resaltgppebe B pfonid O s 2 eh SRt - BhABSL Bty o
hoppl'ﬁ'g glchREsn béddibut L ofedotddfducbion @t Bigh taites rcenlﬁlﬁt Th1s could be
formation of Nafon(r)-silica co 05|t®ela %
cxlasp ay et o s oot R ARG BRPSR B Mgt form
a looie %tgicﬁﬁg gg ﬁﬂgggﬁ-mﬂ:ep E&_ﬂi_]r)](g\es(i)cg S}J%Eéé);(if:{/ theoe(ggN%fléch[bn of silica in
high ‘Edmﬁf::mrf(srs)le\&m in tha Tmmsnmph iinh m Zldmdmy deh@uca.thff oraagon of

est i eg\i ronmen
contigsjoys &%@Bnﬁﬁﬁlc\)ﬁ )}Je( gﬁ‘ egscﬁlrlse on ﬁfa?n I on %Q)L&é\?]i fo
decrehigf iﬁﬂ?ér) Oﬁ%\i %‘;ﬁufﬁl%i[‘%&get %&cﬁbé é(g:hdilﬂbnﬂ\]tl% aw(fro&'mﬂbmpg‘ature and
condi tion o of Si W % OF § % of Si. Si
RIL qin75%he NoRESihes EHEDes 2B M, DEBETOREs T oSS (PgBripa of
Naﬁogleg%gga{cp 5eW heREs & cofimibiiitidsh@itl 0B 8refse0diOhe Qill2a Zontent

roomtenperature[0099] Fromthe table, it can
from &% wefP/ot bisttdetioased satidistiviey vibes fgthendicrar ) siliga) Goggent. This

o S STRAB B AR p PS8 3 Wi o

surrofadipgseand miwisgeake water hte ‘lvetqtlmedNa*m@ r filat wlmh cosny the silica
di tiqn of

G S S L b0 R S e PSS W g
mechiahism oTipréteAR taMPRRShd MehtidndB ab&RPThE dbdryast i thei @hductivity at
the hlghI Is1f1?a g(?nr’gén? r;rtughtel\"églﬁt Ifrforr} ’ph% svz\lglteerreas%gnats e’tﬂat unIAer fully hydrated
condition described above.

[00100] Performance of PEMFC’s with various silica contents in anodes
under humidified and dry reactant gas conditions

[00101] Fig. 4 shows the current-voltage characteristics of single cells using
Nafion®112 as the electrolyte and self-humidifying anodes with various silica contents in
Nafion®—silica composite operated on either humidified or non-humidified gases. Under
the externally humidifying condition at 65/60/60 °C (Tasade humitier/Teet/ Teathode humidified)s
the cells with 0%, 3% and 6% of silica in anode exhibit similar cell performance over the
whole current density range, i.e., cell voltage of 0.7 V at about 450 mA/cm® and the

maximum power density of about 0.47 W/cm?. However, the cell with 10% of silica in
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Nafion (r)-silica conposite filmincreases with
increasing in the silica content. These results appear

wa@ 2008030108 conflict with the G otthus nechani snPET/SG2007/000300

transport of proton by a hopping nechani smcontri butes
nore to conduction at higlp water content. This could
be explained by the introduction of silica particles
in the Nafion (r) material which mght forma | oose

anodeSshbwe tthe' focdést Padfforamands, fi-es ickll walt&gemfd&&ﬁt ¥. at Mbewighp@rmA/cm’
t he aggl oner at.i on of

o R 500, 5L 8 s, SRR e 1O

the s1f1@(f BRkdn® RaOfit16 @EEIH DAQHS ahkifel 28 h(eflae thayell pef@mahbewhen the
Il1ca particles causing _the proton condug

t
quantmects daweandhumidity Bnhighe It aneevrlpd Hrlaele Pﬁi\é":}@f e nano-
compra (sj etlsl CIQ;%I l?sgrveﬁ‘tm ROFENE %B&%ﬁ#ﬂ% Qc?nﬂlnali'érpflkg 814 proton

'ca conposite aveé hi gher
condubftﬁrdsiﬁnﬁlan/ itd ithes Nafian® trhateridf ml\ld‘fel olact(icallyf condugtiag sheposite

I ncreased, conductiviti the i f
materig] g 2Ol OR PFPEIRA TR P U P Bang gyl es to the
mem&%@url&wwe}ymemgﬁulﬁdr&@magensf @ﬂﬁ:@ innttei bicdla, cent K%, the
This can b e explained that the si]ica as hgghosco

performmee ofelall apiseneised Hselyshis taifte AREIErHIOnS 6 FHTHBIREES o
the eleagcz{lg} %%ﬁ&ctfng%o%Bﬁfe theMat thul @aLﬁlﬁffg' Bduded )prcftblll B LGty

articles to inprove the Nafion (r
of NaffiohPrsition dmmt—mm;toylte Thiss's pirentad by thestyislgace ¢fdhazeself pykable
mechani sm of proton transport, as nentioned above. The
1. decrease in the conductivity at the high silica
[001029Nt entRigl @Ehdv&sthlet difopinidee of anrtls meats saif-menidifaing anodes
under fu KW%ﬁéeq condi ti on scni ed.abgye. d that the
operatigg 2beAll ‘F’é‘PPfé S0 6w e B & f fupd tha
perfoﬁﬁgﬁcgé]to? thd) céﬂoﬂﬁ%aééngﬁﬁ tﬂéJ ﬁﬂc‘i‘éafsé @1@ N 6ilied Yo Nedioh®mhtio in

condi ti ons i shows the current
anodasdfrcura@slpcﬂoaﬁ"/aatee rtheswa l@ge mcrpgseé feaa P56 01§ Wit it 450

T T T T BSE IV It

ST FI'ca con ry-silica
furthmﬁmssetlﬁ siljee tatieht d0%eéduker ddwriviated pefbrovance as illustrated by

non- h fi.ed ga e Under_.t t er nal
the oo el 68 07 PO MGk i it Font iened Ty YA due
decrda6d Iﬁaéalaﬂﬁl S5 R Tdesdity! fFin 00 @BIOVSHEWEH. i borﬁtam kteer cetlewithout
performance over the whole current dens
silics inghe arasle|shewpt thageorsst petreelt nerloBBise- i cHiieth piigpgs tha
add%g\%i\gg)ﬁh r@tﬁﬁ"e&%\é?{all e(?%ﬁﬁé’tn%f cGRMtte Qné‘tgnélv §Mize anode could

0% of silica inanode shows the
imprpoothe perfpenhor ofifndeell under nop-dumidified eppditioh. 0. 65 V at

d
oot REySRENER ! 5| VBB AT g o
2dditidieoBiilibca GemlRRcalsohdictihe cahpaite maerddiefdho dmdarmould

hence the cell perfornanfe en tTe. . .
improve the water uptake of the Nafion™ material in the electrically conducting

composite material of the anode so that the proton conductivity could be increased under
a low humidity. This is in good agreement with the results on the characterizations of
water uptake and proton conductivity for Nafion®-silica composite as described above. It

can provide evidence that the Nafion®-silica composite in the electrically conducting

© composite material (of anode) would hold more water than the pure Nafion® material
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quantity is low and humdity is high. It is revealed
that the Nafion -silica nanoconposites, as clearly

wob®ensaos in the TEMimage (Fig. 2c), functi onpdT/Re2007@00300

proton conductor simlar to the Nafion(r) material in
the electrically conductiag conposite material and
provi de the passageways for proton transport fromthe
catal yst sites to the nmenbrane. However, with high
underp eliec @b#-AgRidificasivh | @aditiont Theawode, absorbed i Ot Nijgon®-silica

perfornmance of_ the cell js.ippaired |i t h
compgiA BHEPHRRAGER o Frien T s orarel e w bR i e
cathofO Rfte tdnB8: GORE Atdrana¥pbe Firfled fioRtitheGastmhbigatioacdiipesineated

proton conductivity of Nafion (r)-siljca
oxygeramed dodosst ta therinads) s The spontraee Bpulch smalippeancly By self-
humiail?i%?l rb?%ﬁ'é &Jafeptrgl?sgblﬁ?dlthrcgu%ﬁ]ipg%e ol e bAtk-GRANEN. 1R, not only

perfor mances o ell's w sel f-hum di fyi ng anodes
couldofher @vet-pofeatial ©flanodee hpethat erebrefie BEBE@DAE R geduces thar aging

.. hum dif ien. It is_foun hat the perfo f
slicage 8 Nop ik e PP TP sagad T CHORLoffatle ay the
non-N¥&ill@R4ton doRliition] On 8RAARS Hah@thOadtedtslic@%s a hyéroscdpiveagent

cell voltage increases from0.56 to 0,66 V. ﬁt about

would Siloriy refsmingnie et RaReHlN omesorgidaaple pack HHESID ¢ whPr
from?‘%lg gcghl%dQ-tg 0}3(% GBde HOMEY Shder’ HS/iREN0ddNEpEARRs] Thisi dfcl is

_ out 1 auses deteriorated perfornance as
partiduldrlysprofitned when tultes thiw neaseahecis [used, bécansseoffrediaed ngmben of

v b R 6 Dl P e geasts o

ultra ;ﬁlﬁﬁ&ﬂeﬁﬂiranet T?e ﬁlﬁbd cc?h:tddﬂ @hk]! its distribatibmirt the camlysielagérals® play
_the poorest fuel ce perfqrmance, This explicitl. .
an. iR BRoLs 1t e SRR S PP Per R aicg iy thy inerease in
the sARAVURIhNG HORRERIEISy PRREIR c&hpdshe ndfamie of el ghode allows
__Inprove the performdance of fuel cell under L
highercohatmesifeli Nafeah “clorremei isrconfagowls siligp ipatsigies ind Bitseys iy good
. he.bound [ ' i . a1
s pRARAE Y b B P05 bt e

y conducti ng
like stoup 06%t tendyeab doinabhggldmetatesghadeowld blagk ithppassageraw of proton

wat er, upt ake of the Nafion(r terial i he
condifisey 1 Bt 5P OOILRERRY o rpORTTE TP o bEfnpdy and thus
hind @B BerfRmbhdtofttheefull IO &ddiibncin the higheattest dessity region, the
increased under a low humdity. This is

voltagey e ieneellyi drap dfpser, wdgr ke eaver Withquf, sl ﬂﬁgglg‘giﬁsﬂ%@no‘fmh

incred@h&in aﬁ&P@ﬁ&sﬁp,Oésg&i%ﬂﬁ%ﬁéc%ays f@hout silica (see Fig. 4b).
atron(r)-silica conpositée as described above. It can

Withprowisbliag éw belbound biyteay thévey, Xbif ingght-bsicepsed bydhpwatier Bnbalance

. .the electr,ical,l 0 tin 0 j ot i1al .;
o S LS SSTRES B
the sBEth@fidbiRdatodt Réthrahadeitgy silidai coatehrandmpdive itenperfbimance of

wat er absorbed in the Nafi i |
the fuel cell under no externa{]humidi ying cggéi‘[i%n.SI lica

[00104] Stability test

[00105] A fuel cell stability test was conducted using the self-humidifying anode
added with silica contents of 6% (in comparison with an anode without adding silica) at
the cell temperature of 60 °C / 50 °C under non-humidifying condition for both H, and
air feedstock (Fig. 5). The fuel cells were operated at a constant current density of 600
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conposite mainly conmes fromthe water back-diffusion
t hrough the nenbrane fromthe cathode to the anode

w@ sms®3uet er nmay be fornmed fromthe reconbi nat PORS©1007/000300

per neat ed oxygen and hydrogen at the anode). The

menbr ane woul d simul taneously be selfhum dified by the
wat er transported through it due to the

back-di ffusion. Thus, not only could the

mA/cRY eid getcel vbitdge@hariiee Gerditcordad Baforb rt]am@ahib‘e'i testmgcibe eel

reduced_by adding silica into.the ) o ek a
cells |W?Tft H’@n g‘-’de“%‘l@ﬁr h‘ﬁﬂdéfg@gn Gondion: &f | %6?)) r ng}%@ e (gt Tanode
— ceu me”& 1 b CAbiONhiCe RehibV O sta b ﬁteheelmaambmqarea a
t'h oT 'ca as_a hydroscopi c agent, vvoul d
in the gtaavhntpﬁwtjlgt 1. Wagre rthese@eé»eliltamesﬂn&h@?ﬁ comes it ef cROn'

hurmcgtsg{ﬁ:l gcl) Of atvﬁ% el t gécfgtﬁ?e 8?%6] (D@efoﬁ%gch ByethQ&P at the cell

er no | ow opera | oNns is
tempe@@litel SFB0 aCI (yrep iy O ﬂiergﬂaph‘tﬁ‘rﬁgll ﬁ)xﬂaetrmqtanneaﬁﬂcafn eawsSwm &ept

because of r.educed ecul es per
ot thep ARG YRR b TRPGD" Sl A00A Pt B fughecls a
1 A/HRLBle 6N RBSwii e WhlthandidiFyindTRIBIE Aeonsthates Sinldh(:’rﬁgher stable
content and its distribution in the cataly

voltagdl @ qmmatyntammen@«éﬂns@mhandw qf the ﬁl@l P%WB él?@ﬁ?‘a%‘fmflﬁreT he
fuel ¢ ﬁlv&!lthr%ﬁr ge?frlgﬁlﬂ '%”3 &@Hl Ji’lgwk lﬂaQe LW & thbf hat at
8 e ectrica i

ont en y con |ng conposite
50 °Qyaihaleitled colif with & namned @enadd divydaysi aglluelnerwhhme@ 5@0"|C than that at

60 *Gr e itgBets LB BeL Ry B B LHERNEITE BB pe FRiRE =

signifi@ht SOEhEARBRIMEALAY.S Fotitid taARWItNa rhmglii siddiec ¢he enhanced
content |ike about 10%tends to form %glbro ner.at eeil {}ﬂt"c
voltaggyel] 1 HF tcduertn dhe)loweh Fatkay AT SBIEATOR PESHIE AR itsnoalpt

than ﬁla? %t do éb ¥]?1 t & MOWGE RYs GRSkt akBdt S0 @ WQtflldtU'é%llewated

s hinder the performance of the fu
Based: (ehlthe mdaokbhvehomd by Chahet.pli. Gioueeal rof e E@ﬁ@wtfvm@é See

154 {%Bﬁpo 3%5%-2 2PV%]cacfatr1h e gl l e the %r %af ?e?rp%fatdf@qgf stﬁﬂ@ 0?)@1%@.01’1 is

RO dif i catr on I ncreasli ng
abouf iy PERt tHdesptdivig cOBdHE6hok Yhik @fabﬁlltﬁtdsfs((dgis/ wj,t:iut 0.1 bar;
silica (see Fig. 4b). Wthout wi shing to be boundmxl
sto1cEBMetri&e@h§e, fot Hi, 9.9 gl fobeirSaiks 3dhbyu11r¢m devestityrrof 600 cm’;
[ ance in the cells due to the

|
sssub g vAge BORD APy eyt S B Bhrmplfemperatar
lowe&etﬁg kdhtivel Hi@ni&Ry bt Mot £ndde Gnaratiedetiambershancdaogpases the

ica content can inprove the perfao ce of tfg:@l‘f uel
condgesivity uefilelecirayiexmembEe s e y PRy cEbmerioIeRRee | GEst
sumr%rgbfhle'fh defSkich g%@éﬂ“ﬁ“ﬁ%ﬁﬁé af§dd hadt ARiH lntglrielt ﬁ%ﬂlw the

ducte usi ng the yi ng anode added with
enhasdddi ceH temprtretntasth@rﬁ tlﬁ%u(el cellcwrt?p arnosmml amiotley T furthes geoves that

the ano&e a%ﬁ \%th Nafo Sd’/ siliSs gan serve the self-humidifying function.

[00106] Effect of thickness of membrane

[00107] Fig. 6 shows the effect of the thickness of Nafion® membranes (25 pm for
N101, 50 pm for N112, and 89 pm for N1135) on the fuel cell performance using the

same self-humidifying anodes with the silica content of 6%. It was found that the
thickness of the membrane has more impact on the performance of the cells in the case

without external humidification (see symbol curve) than that with external humidification
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the cell tenperature of 60 C/ 50 C under
non- hum di fying condition for both H2 and air

wo e@doswek (Fig. 5). The fuel cells were oper ap@dS@r007000300

constant current density of 600mA/ cn2 and the cel
vol t age changes were recosgded. Before the stability
testing, the fuel cells were conducted under
hum di fying condition at 65 C/ 60 C/ 60 OC (T od for

at 65/ G(DYSU’C (linbEurtve). Tabimpevanat: &bl t6 tel coomlidedpietioriiternsduced

th h of Fig. 5). Then, t al
ot S e O SR i e L5 R
diffusfNof L Rp p@ﬁlchﬁﬁycﬁ{«l)rat)l@rfﬁq{lﬁﬁ Whie @émBEndQAf el gk dubrynt

tested at 'the ce erature of 50 OC (area gan t he
densityy thp incofased gject@yosniie drageapsasts SHes 1P ewhﬁélefé%la igtance of

the celileguez% the Q&at?r&?ﬂbgmrug%glte {hgﬁfléégﬂ’%géfﬁ 11] ]&térhﬂ%n{l@iﬁcﬁﬂ?on

s at
condifibeg thuelcawstlg thei d:eﬂnl ts/hlea@eﬂof drop rebdiptlyi begidgs dhle:e mass tranSport

demonstr.at es her stahl e vol t age. at a
imitegghy B i 5 CPRARIPRECD R e ey ity " ACEhEt te
1hmk&g§&ﬁheﬁﬁggﬁmeThe fuel cell with the self- hun1d|fy|ng

anode al so shows 1Vaﬁer voltqgg at 60 C than thaé %t
[001086) C, \WRerformppee @fe?l‘? Gswith self-amidifing e’d’FErBfi%\?g the both

anOdea fi]g%Péésié {"ﬁ&? (ﬁk rg%t% éélgl% &lﬁaﬁ ?the62elcf - IhLm difyin

[001(191]1 ode s Tasthivevtbe parfemgamlcé o€ alret fusk 411 mikhi thie fsglif-hgmidifying

clecipg Flb ks GePn apihé e iErF Snad Bl fearle S VRRGES n
comp%ﬁ&iﬁr ®ith ﬂ{éhﬁtépéﬁl'd rvﬁﬂi Eblﬁ-llilﬁmdﬁ’ylhg ?ﬁo&@oﬂ@ uhﬁemthf ﬂngjéndifymg
SO a e wat er 0SS | e ane .a
condifgnI(h5 BUSHICD R APBTmTEGERE SPHRD HoLL o Goted B the

addlt%a&' Lgéﬁlo—as;lhcaa%a%ﬂél&alat afe LARdE cﬁﬁtﬁﬁﬁﬁ@ﬂﬂy‘a{npﬁﬁﬁél thb)’oxygen

we can estimte the optlna

transpcehpeha‘tanhoeleﬁ@?heitld@b]é undes dax eaetantsonditon. The fok cgll withdhe
t

e GFOS SRRl ) N B

provﬂéldi fagger Elirmtlﬁg 3Brrant thae theimoendl cendetiy thé fBEl0caader ;the

um,ng/.val ue. 0. 09) in ®
exterp e G Recie: [ieogrhiet B e alith et witp petion
polyﬁl@rl ﬁtchfﬁgd@%ﬂhl@ HaYe 8drvé8vdRhbL @R gUeretintdng atated @eoduced at the
hanbers and decreases the conductivity of electrolyte
Cathmﬂ@ ad 60 enhanging thhexyrge Aiffision iy thercaiphghi@¥decr eases. " I'n
summary, the fuel cell with a self-humdifying anode
has much higher stability at the enhanced cel
tenperature than the fuel cell with a nornmal anode. It
further proves that the anode added wth
Nafion(r)/silica can serve the self-hum difying
function. [00106] Effect of thickness of nenbrane
[00107] Fig. 6 shows the effect of the thickness of
Nafi on(r) menbranes (25 nm for
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NNd, 50 mmfor N 12, and 89 mmfor N 135) on the
fuel cell performance using the sane sel f-hum difying

wearmde3x019sth the silica content of 6% |t was PCIIRGE2007/000300

that the thickness of the nenbrane has nore inpact on
the performance of the cetds in the case w thout
external humdification (see synbol curve) than that
with external hum dif cationat 65/60/600C (line

curve). The inprovenment is due to the conbi ned effect

of the reduced proton Cﬁg&ﬂ)i on length and the

i ncreased conductivity 55 consi der abl e back

di ffusion of water particularly favorable to ultra

thin nenbrane. At the high current density, the
Anrdectrically condsctingcasanasite BatprigloRHIsBE: a st eep rise of
the inter . ' que to the water

i nbal afic 813?451 c%lﬁgéoﬁrlgﬁ%{r@r? g%t}{ﬁ 3 gsreqﬁéggré%t er nal

huni di fai sablé areta ocatklyst dnadetihergo caids porgus hesec glaferial thereby
vo|ltage to drop abruptly besides the nmass transport

| e B flect R L qrebpting ANAC R U DA BRSHC e | o

i ncr eaﬁlggl%abp&e%araa%s Wbdtl il £ pifor-coridaetitghpaliunes shakin
t he nenbrane. [00108] Performance of PEMFCs vvl,&h )
sehid- lvapedi hydrpesopice pertislis aFe (IACOTPRIEIS o Rl e S8 g clectrically
cat dr L td ddubtin
7 B R b O EkRhaERY BT R Stk PR AR orihBing
S elofnphsite atbiydlng el ectrode (with 6% silica) for both
anode and cat hode under dry reactant gas condition in
conparison with the fuel cells with self-hum difying

TR LAY JBRdRting REmPYdHethhtziidlgaceadthigt foorlaim 1, wherein said
(65/ 60/ 600C) and. non- hum di f# ng condi é‘% cln.at 60?4(2_ .Jé.t
nehls ealcaiahyst Farelected Tep hei BPPPOTORSHRE 5 BIPELTY £01% FHE™

Rl S168! ARLRIE 3odind b HEAGkY, | nprove the oxygen
transport at the cathode in the fuel cell under dry
reactant condition. The fuel cell with the

el f-hum.difving el r.ode o) e.jandnsc €qai
TR SfRERE SERARE pn Sl RERBIARCER - ahARReia
Hoblé théthlgaeilyst Bplatinhanortpheinnormilenwat.hode i n t he fuel
cell under the external hum difying condition. It is

bel i eved that the nano-silica conbined with Nafion(r)
TR MBBAcAL SARRAEE WaPoditd ek kat@edibgo faun of itha re¢dding
retai ning wat er produced at the cathode an

deimarichereinisaid cleirirally @oduaEREROTPYS Haﬁ%memfvg?zl)ectefl from the
@pe&n%ﬁfé%gf n‘pg}ap}ﬁ%’ St b ERAblYfog@nduct i ng conposite

erra I'sing: an electrically conducting porous
base material; a noble netal catalyst |oaded onto said

B3 43R Rl R B T 0000 6510 8 bt

claims, wherein said electrically conducting catalytic porous base material comprises

platinum loaded on carbon particles.

The electrically conducting composite material according to any of the preceding
claims, wherein the average diameter of the pores of said electrically conducting

catalytic porous base material is in the range of about 50 nm to about 2 ym.
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7.

10.

11.

12.

hygroscopi c particles coated with a proton-conducti ng
pol ymer wherein said coated hygroscopic particles are
w0 p@eopuasat ed i nto said electrically conducti nBCT/SG2007/000300
catal ytic porous base material to formsaid
el ectrically conducting conposite material. 2. The
el ectrically conducting conposite material according
to claim1, wherein said noble netal catalyst is _
ThE E%Gﬁ'ieﬁil}f erdutings gclﬁﬂpmite ansdrsd aogprdihg pd ataimumwlgpodia said
iridium osnmum silver, tantalum rhodi um an
aypRacRBFET & Seihaowr 8k edid Gy ﬁmﬁﬁ%caé%?@%g?ﬁ"%s base
nf¥REl s @bo@qGREdi Ng to claim 2, wherein said noble
netal catalyst is platinumor platinumruthenium 4.
The el ectrically conducting conposite nmateri al
ccor di t f [ | ai ' [
TEF 08 oo s oA B RER PnEh LTy AT Elalhus PAGT,
véhetetiatticfatedrhyichscopioppticlenbavstanrayerege diamster irethe nanometer
carbon, and netal foam 5. The electrically conducting
ot ! Pwartifieri al according to any of the preceding
claims, wherein said electrically conducting catalytic
porous base material conprises platinum | adeg qg .
ToarekrshiicpHy cprdusting gommprate anatenial jaceqriipe g rjperein said
CONPOS | Al | | fithbout
SSRER Gl el BN R REbl fhitich & BIe Rlogh DPaiie ot £
1sand el ectrically conducting catal ytic porous base
material is in the range of about 50 nmto about 2
mm 7. The electrically conducting conposite materi al
A Clcidally teBndilcBihfcbmpudier Riterislaicdordingr gdaidi Bnwherinafkid
said pores of said eIecIricalIy cogductinp caig%ytic 5
anePEdiamESE O CRYSPSCPRIC RRTIGeS 1hiM tharangs al dhogt ¢4 1oabPR 2
nducti ng conposite material according to any one of
cllains 1 to 7, wherein said coated hygroscopic
particles have an average di aneter in the nanoneter
ange_(nano-parti cl . i | :
e B BlaE' Shngity FARE! SRbRAE Yps BT plebing
IRk agRerdinasail Bygrofcopii shriisiey osumpies apaateiidl stected from the

t he range of_. ahout.5 nmtq. about, 1 10. The s
BPGLIFIEES §f SOBREOTPHT S&gwabg“ﬁ%’lesu}ﬁ‘?e PR a et goon
3 g ng oxiMB &R RingRbA 8 viagdRoritiepatiam dfloridi thagnesium
hygr oscopic particles is in the range of,%?oqﬁ 25 to .
ide, Zighium chloride, calcium bromide, potassium biphosphate, potassium
acetate, phosphorous oxide, ammonium acetate, sodium acetate, sodium silicate,
potassium silicate, magnesium sulfate, magnesium oxide, calcium oxide, cerium
oxide, silicon oxide zeolite, zirconia, tungsten trioxide, barium oxide, cobalt chloride,
bentonite, montmorillonite clay, silica gel, molecular sieve, monohydric compounds,

polyhydric compounds, metal nitrate salt, sodium ethyl sulfate organic salt,

polyethylene glycol, and combinations thereof.

The electrically conducting composite material according to claim 11, wherein said

hygroscopic particles comprise a metal oxide or mixtures of metal oxides.
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why@so3epi c particles conprises a nateri al

13.

14.

15.

nm 11. The electrically conducting conposite nmateri al
according to any of the preceding clains, wherein said
SePErs€62h07/000300
fromthe group consisting of sodiumformate, sodium

et hyl sul fate, magnesium agetate, silicon oxide,
titani um oxi de, chrom um oxi de, zinc chloride, calcium
chl ori de, magnesium chloride, lithiumchloride,
ThaleRctHEnlby emdﬁetmga cémyssite makdriah axx:phhng to demaégI wherein said

acetate, sphor ou xi de, anmmoni tate, sodium
hygrascopls, Pagt&g‘? LHPPPTI? Elgfaeor o ox %@% at e,
magnesi um sul f at e, magnesi um oxi de, cal ci um oxi de,
cerium oxide, silicon oxide zeolite, zirconia

Tharelpstresally copductiag domppsiie BRicHal, accewing toc AmpPY e, preceding
ent on I I I I
BB h o (R0 ahe g Bl b RRIe8H, LR S
rﬂﬁ&&h&db?ﬂﬁﬁbmﬁﬂhKD SOdIUﬁIGthy| sul fate organic salt,
pol yet hyl ene gl ycol, and conbi nations thereof. 12. The
el ectrically conducting conposite material according
to claim1l, wher@-ntsardChydFdscopic particles
conprise a netal oxide ‘or Imi xtures of netal oxides. 13.
The electrically conductlﬁg conposite nateri al
according to claim 12, whegein said hygroscopic
particles conprise silicalor titanium oxide or Zr Q2.
14. The electrically cond@8ting conpOSIte mat eri a
according to any of the p @CSdIF% al.JTs, wherein said
pr ot on- conducti ng polyner 'select gﬁ fron1the group
represented by the fornula (1): where x and y are
integers selected from1 to 100,000, mis an integer
selected fromO to 10 and Ris a functional group
S e\k/dﬁéé'_gdanﬁryp et 1;1% S\ %Ul@ct@@ AShS 1 k9 A00b0od) m fis allinted selbcted

he copo éSEr of said proton conductln
pofrgm®rtorl@pnd Fohtae @;onﬁlogrm selqeped frem SheograuD Forising of H,

rot ondu e d
i nCh Bt QPR R o b B PoE A PRI RS gt bdtymer
Th@pﬁb@ﬂ:&dbmmylac(bnﬂbkend u@saumrpwsrdoadmme pplyimer represented
accor di 3, mhe e|n sai d
pr &t %ﬁ‘n@gﬁhd"é‘fa}? %ﬁecﬁ%‘fvﬂﬁw’i a§1d€ﬂ Hapigns ego%
conprising a structure having a fluorinated backbone

whi ch has recurring pendant groups ttached ther, % 13,
Birdelpepeadlyesonducting qomoglé%@ﬁfénafw g o qny.0 %‘( to

\tvl{grélg:sgldf Ql%foﬁ%'ﬁ'ductmg polymer is characterized by comprising a structure

having a fluorinated backbone which has recurring pendant groups attached thereto

and represented by the general formula (II):
-O(CFRf)u,-(CFRg),-SOsH

where a=01t0 3, b=0to 3, a+b = at least 1, Rf and Rf are independently
selected from the group consisting of a halogen and a substantially fluorinated
alkyl group having one or more carbon atoms; its copolymer, its blend with a

second polymer and combinations thereof.



where a = Oto 3, b =0to 3, a+b =at least 1, K
and Rf are independently selected fromthe group
w@oresiostidsg of a hal ogen and a substantially PCT/SG2007/000300
fluorinated al kyl group having one or nore carbon
atons; its copolyner, itssédplend with a second pol yner
and conbi nati ons thereof.16. The electrically
conducting conposite material according to any of
clains 1 to 13, wherein said proton-conducting pol yner
conprises a repeating unit represented by the. .
16. ThoPlRewrHly soIHIE JPopite waisial apepulig toymyol Jains 1 1o 13,
iy bdd | 8 a REHAEH S umh depkésgnted b
s o o L e et 1
the feldwwing fgolwa@l):and conbi nations thereof. 17. The
el ectrically conducting conposite material according
to any of clains 1 to 13, wherein said
proton-conductindﬁﬁﬁﬁ%neﬁjfgqg "ected fromthe group
of Nafon , polytetrafluorgethylene (PTFE), Nafion(r)
NRE- 212 menbrane, Nafion (r)/polyaniline, sulfonated
pol ysul fone, sul fonated pgfy(ether sul fone),
pol y(vinylidene)fluoride ¢(PVDF), Nafion (r)/PTFE,
Nafi on (r)/Krytox, PolS{Vihylidene)fl uoride-chloro
tetrafnoro ethyl ene, (PV Lfﬁ%@;ggﬁifluoroethylene
(CTFE) copol yner, pol y(ethylené glycol), poly(ethylene
gl ycol )/ (4-dodecyl benzene sul fonic acid (PEG/ (DBSA),
sul fonat ed _ st ne:- (et hyl ene- but yl.ene) - sul f ona .
S SYeBors O B 5300 S (LY SR a3t Se e btbat &t wy rato
PGL ¥ ¥ 18 B bp iV its Plehd wthraydetsteiglymer and combinations
fluoride/poly-acrylonitrile (PVDF/ PAN),
PVBFeef- PSSA( pol y(styrene sul fonic acid), sulfonated
pol y(et her ether ketone) (SPEEK), sulfonated
pol yet her sul fone cardo, sulfonated poly(acryl ene ether
17. Taeldamisp]ly dosdictiop abmposye nydtertal [aeensdiagiie any gf Clsipy 1 to 13,

i sul f t I I th f ' ®
5 SRR OB B BB g b g s,
polidmabedthytiny € NEE), kationt NREPEEKnemblapbeNafin detysindine,
sgg‘:)%/agqedzﬁa:ogﬁg&gﬁoe{ﬂ gsugtggt%q ;%gf(gé%lllz gé 81!16 ,o t})%E})(Vigglzl)l\l/(ﬁe)né:)ﬂuoride

Vi )b aeshl fl
Al s Yt et o o
etirynen 6 6P Fehlosotrifidorapthylane ECTHeY ewelymes, bofgiy ene glycol),
}j{%b’?@&%l%ﬂ@%? l gycg?)ﬁg%ﬁ%égﬂ)% ’ QEPRFLAR AR §PE6)/ (BBSAY, dullanated

wherel n sald hygroscopic
paeid-@lisgenedatydehe)istlfonategr cttpmaa o (3ERSS)ng ppbt(phetencoxide)s

GRS BB W BR AL Ttk Do
(PVDF/PAN), PVDF-g-PSSA(poly(styrene sulfonic acid), sulfonated poly(ether

ether ketone) (SPEEK), sulfonated polyethersulfone cardo, sulfonated poly(acrylene
ether sulfone), disulfonated poly(arylene ether sulfone), disulfonated poly(arylene
ether sulfone), Nafion®/Teflon®, Nafion®/polyphenylene oxide (PPO), sulfonated
polyether ~ ketone  (SPEEK)/polybenzimidazole, polybenzimidazole  (PBD),
poly(vinylalcohol)  (PVA), polyethyleneimine (PEI), polystzrene grafted
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19. The electrically conducting conposite materia
according to any of clains 1 to 13, wherein said

whygso3wepi c particles coated with a proton- cordusG20y000300

1

o)

19.

20.

21.

22.

23.

24,

25.

pol ymer consist of silica particles coated with the
pr ot on- conducting pol ynmer 3Nafion(r). 20. The

el ectrically conducting conposite material according
to any of clains 1 to 19, wherein the content of said

ey b icapl-teaupretylang). s ai polprdtbiderond fboridg  (PVDE),
}%ﬁﬁé{ﬂﬂ@"ina‘teﬁi dgglleﬁt; étggiﬂseangfmﬁgﬂéétth&e&t% to about 6% 21.

ectri ducti ng conposite materi al
according to claim 20, wherein said content is about

% b 6% 22. An i Si : ]
TR0, R e e Sl Rl R ot Wi o 13,

Wikeréif baidfhylehRcdie paticRg c6dted Wih adotohREndlcEEE HORIer consist
according to _claim 22, further conprising a %?s
ibyeiessapic pasgjees copted withethe p@é@&%@uﬁt&g&ogmg aiogf-ai m

23, wherein said gas diffusion |layer and said
el ectrically conducting porous base material of said

Bheedeatiiendlly| opnduntisig coinpgsiteomptesalt acomdingr toadny anfelaimeld tof13,

B30 Bt D B I RIS B comi

sfatlire pertiaid coatpd With theaRt@RebhdigtipehylRlkr Nefiki®ane bei ng

i nt er posed between said anode and sai d cat hode; wherein
at | east said anode conprises an electrically

TRNGLGHiNY CAIRIDLBIFBLRY hakeri AT it} ot Ry @M e1ddhs 1 to 19,
claims 1 fo 2 1 being in contact on one side wth said
whasein thecenntant of sjd pygpsopicrsmtiniemnia saiddbratogaondiictifgipolymer
. ' ' bt h the other side of said
lé?g%%?'§2{¥§%€%Egﬂ%?§%g%%%nposite material. 26. The
nmenbr ane el ectrode assenbly (MEA) according to claim

5, .wherein sai d proton-conducting polyner . rane.is.
TSR hentiotal PP ET R oL RO D, oo seid
chten®if abdiiS YTRIHOBNGY,E! ectrode assenbly (MEA)
according to claim25 or 26, wherein said

pr ot on- conducti ng pol yner nenbrane conpri ses

gygkgﬁﬁggk%%%gh icles. 28. The nenbrane el ectrode

assenbly ccording to claim27, wherein said
pr et electrionltiu ceridugtingpéopmmsiterenteriahacconling fos@y of the preceding
hyg&g&gopic particles as defined in

The electrode according to claim 22, further comprising a gas diffusion layer.

The electrode according to claim 23, wherein said gas diffusion layer and said
electrically conducting porous base material of said electrically conducting

composite material are made of the same or a different material.

A membrane electrode assembly (MEA) comprising an anode, a cathode and a
proton-conducting polymer membrane being interposed between said anode and said

cathode;
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26.

27.

28.

29.

30.

31.

32.

any of clains 8 to 13 and 18 to 21. 29. The nenbrane
el ectrode assenbly (MEA) according to any of clains 25

wo 000883019herei n said gas diffusion |ayer and seETSG2007/000300

el ectrically conducting conposite material conprise
the sane or different eleagtrically conducting porous
base material. 30. Use of an electrically conducting
conposite material according to any of the preceding
clvhérsl hioleatth eaidreamofla clompeisssf amrelestraetly owbedu@ing eeyppasite

a nmenbrane el ectrode asse define

OPAER ) TS E1s 28 oF HAi A S P Bt b i el aid
3ot -dTRHNA g Pol iR thaebriid a@l @ Pasediffdion ddjet Yeing in contact

conducting conposite nmaterial as recited in a&y of

civith e othergide of said mma%conﬁaﬁmgﬁ@n@awﬁf HYFE net al

catal yst onto said electrically conducting porous base

material to formsaid electrically conductlng ) )
TE&ﬁfr@ieranB plectonds dxasmblya@EEARlacaoding rtg alaiim 25, wherein said

gr osgo rtlcles with sai.d rot o n j
pysractag ST, poRkirhge SA0h g PRRTEDAE Hekielihn g of
cspat@dowrt h sai d protonconducting polymer into said

el ectrically conducting catal ytic porous base
material. 33. The nethod according to claim 32,

Tﬁ\@ [P 3 @tr!gcye%sgaﬁrﬁg (MEN bt RHRE t6 ORfR @smb $Rdréln said

on-con ner are manufactured
pdjt@p@mﬂuaglgqml}dndnyxgandsmmmomppa%thy‘grcésonlﬁP@’ﬂg $-uti on of
sai d proton-conducting polyner; wherein said solution
of said proton-conducting polyner is prepared by
Tdé | idrbiend cht@sde a@kmbiyo(MBA) satadingotoociaimoducthiersin said

pol ymer with an al cohol 34. An Iectrlca Ceefined in
P%%?Q@Pﬁ@‘gd’qlﬁéﬁﬁr%% iaie EorpRes B girePy Qaﬁh‘fiﬁjs as
{}l}%f&gﬁlslgr{oqg)én&)ﬁggdﬂ ms 25 to 29 as part of an energy
source. 35. The electrical device according to claim

34, wherein said electrical device is selected from

he grou t @/ﬂ@ RBARE to Bn§ UGS, 233‘[0 28,
Tﬁ" %Bbmﬁ)e %%&?%éecés:gre&?g& vﬁsﬂ (Lg}% canera gﬁd a vehicle.
wherein said gas dlﬁusmn layer and said electrically conducting composite material

comprise the same or different electrically conducting porous base material.

Use of an electrically conducting composite material according to any of the

preceding claims for the manufacture of an electrode.

Use of a membrane electrode assembly (MEA) as defined in any of claims 25 to 29
for the manufacture of a fuel cell.

A method of manufacturing an electrically conducting composite material as recited

in any of claims 1 to 21 comprising:
- loading said noble metal catalyst onto said electrically conducting porous
base material to form said electrically conducting catalytic porous base

material;
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- coating said hygroscopic particles with said proton-conducting polymer;
and

- incorporating said hygroscopic particles coated with said proton-
conducting polymer into said electrically conducting catalytic porous base

5 material.

33. The method according to claim 32, wherein said hygroscopic particles coated with
said proton-conducting polymer are manufactured by dispersing said hygroscopic
particles in a solution of said proton-conducting polymer; wherein said solution of

10 said proton-conducting polymer is prepared by diluting a stock solution of said

proton-conducting polymer with an alcohol.

34. -An electrical device comprising a membrane electrode assembly (MEA) as defined in
any of claims 25 to 29 as part of an energy source.
15
35. The electrical device according to claim 34, wherein said electrical device is selected
from the group consisting of a cell phone, a computer, a laptop, a photo camera, a

video camera and a vehicle.



