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particular, to a menbrane el ectrode assenbly with
control | ed water rranagerrent/i on flow. Background of

t he qm YWRIP THES
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El—%ﬂr@f—%&#ﬁ—@ﬂbh menbranes are | am nated, to provide
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the properties and materials at each point on each

t membranawiéstrode assembly ddthseartroied water m@agamntllon flow.

fef(:t ive er n%ﬂl ment within an el ectrochem cal
CBMM good performance. For exanple,

in a fyRInyCRNic ppRidr mentranés ikedhipaslecitotiemical ceIIs as an
hydr ati on control within the solid polyner electrolyte

(@E)rolymrqqs@orfslgepnlyepme @g@ygtmgt@nqlon aptiyg Apaterials’ are often
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ecul es. | ectro-osnot
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tméiwmeﬂ%raﬁale?edtm&%@fd&aearém ¥ap@. fuel cell

performance, by reducing ease of ion conduction in the _
SPE anEfﬁermmju M@t@xyrgenagemess wdhtmeanateﬂmimchsnnc@ cell is

wat er |sp d? r&the cat haode as i?result Io o
eNEEES S Held f&ﬂ" BSERMANCE hECh FXAMETR o 2 dVRb 8%' erformance
f tRdi Meavily &P APSateRa bontrial ithite ix¥blid polyepRstdsletirdigte (SPE).
ani oni ¢ exchange EAE) SPE, the situation is reversed,
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t
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two princ routes. Firstly, the fuel

' has
bE¥ehangsa &SEpe%Plfzolqa,gp%; e plede becomes prg e ¥o (?rylng and the

cathode to flooding. This impacts negatively on fuel cell performance, by
reducing ease of ion conduction in the SPE and impeding oxygen access to
the cathode. Since water is produced at the cathode as a result of the
electrochemical reaction; the problem of cathode flooding is compounded. In
a hydroxyl ion-conducting anionic exchange (AE) SPE, the situation is
reversed, but the problems remain the same: water is produced at the anode,
and used at the cathode, hence the anode is prone to flooding and the
cathode is prone to drying. '

Attempts to overcome these problems have been made via two
principal routes. Firstly, the fuel supply has been humidified to help deliver
water to the anode side of the SPE membrane, to reduce drying. This
requires considerable balance of plant, which increases device tost and
reduces power output, while introducing the risk of anode flooding. Secondly,
thinner SPE membranes have been pursued, supposedly to reduce the



water to the anode side of the SPE nenbrane, to reduce
drying. This requires considerabl e bal ance of plant,
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whil e introducing the risk op anode fl oodi ng.
Secondly, t hi nner SPE nmenbranes have been pursued,

SH@EQ&:% tte'f &Hgge ﬁﬁﬁgb@bﬁ&anogﬂﬁrﬁ a‘ﬁ%ﬂéjtd“é‘x’(@dé OHowever,
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be us as fuel cells. Sunmary of the Invention

Tﬁ%asﬁlés%ﬁ@gff'ﬁ'&gﬁ)(. on provi des a means whereby wat er

pr oduci/QD3/Po80 tdisciddedV IBfdrbprific apbRdrershaanenieinause in
a MEA can be controlled. In a first aspect of the

i mmnbra@ﬁ eleeieodrmassanedliesd MRAS) thgt caRibearsad infi@s fvel cells.

t nsm ssion of a liquid or gaseous
r i VentlcH and/or fromat | east one of the

el ect r gees preSeherimagntionl provides raien‘wmevmemby sestemiproduction

ani oni ¢ exchange material and catio e

manefar dne flawPirars acioss dne megn%r@@esoéﬁgliﬂﬁe“e 5 %ﬁntm"ed

o ol IFSSDEE, BPYSEyepuucl e s an ionicall

c imdative maiemldrfamlthe trandinissiors ofn & Hguick| br, gaseous reaction

S%S%p%'n%%{ td a tgi(l:"orr ff gr'nsé easE Io(r%g gff th" Olggf:rgdes /I\lternatively, the
membrane comprises an anionic exchange material and a cationic exchange
material, and these materials are separated by an ionically inactive material.
A distribution of hydrophilic but not ionically active material can control the
hydraulic conditions in the cell, specifically the redistribution of product water,
to maintain the efficient operation of the ionomer and prevent or reduce the
flooding of the catalyst electrode structure which is a common problem in solid
polymer fuel cells based upon Nafion (or other low water content, low water-
permeable membranes).

In a second aspect of the invention, the membrane comprises sheets or

layers of intrinsically ionically active material, e.g. one or more anionic

exchange materials in the form of one or more thin plane parallel layers and



to maintain the efficient operation of the iononer and
prevent or reduce the flooding of the catalyst
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pol ymer fuel cells based upon Nafion (or other |ow
wat er content, |ow waterperneable nmenbranes). In a

Eﬁ@@r rﬁé Eétl&ﬁlc t(r)'l?élehﬁl‘éeélgb‘ﬁ'i"thé ﬂ?rnﬂﬁfrer?r!ﬁ (REFEplateSparallel
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inionic contact and arranged so that the flow of ions

f matecale (sayedhe oAE) tis irheoptantr wite ther @edehe In this case, the
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anode. In this case, the predom nant char g% ?
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can osenlneed né to operate in a
efivelreatimting prdduot WEher wulhbe pnpéuumcbat the mterfdden betveeen the AE

o BT PGP L ooche Do Al Ao g groiem o
meSH gdonHeka%lyé%I&éétm fRiMeRN the AE and CE

el emen t he conposite nenbrane, thus avoiding the
pr obl erm @ndtheroaspectosf thee inventipystheMfcAripglides an electrically

" oAb o d R AR oS BBl 1B b8 inge Aot ons

T‘b'y%ﬂﬂ’ﬁh@%cémtalb[é/pbtéhﬂél diffatan®bkidsg pdreaf least of theassembly is
by rm%fa sui tabl e potential different across part

atqunt@a:b$n ke the duekling eaddureringiteehnigues rd@ﬁprtlmd above. It
R e

R)Sglffepfrbhi mel‘r‘gzltdﬁatlaﬂ probierhs éssmatesiuﬁltreotﬁerﬁﬁli kechnologies.
ydrati_on probl ens asso ted th ot her E .
t echnoll n@; gém, @rpéuqegpynpgsu%h assemblies, as a

Pl in'gﬁ(e E/fE/ﬁ BF Eta%ﬁ%ﬁé@éb‘?ﬁcorﬁéra’%e&ﬁr@é l&ellT"ﬁ’]e'\f':;e"ﬂ r%y be used

stac incorporated in a cell. The cell may be
usasdoasinoa fuel aelluet otleér etactrochemiasl ecalk; oe;gerarmlectrolyser or
cell el ectrol yser or photovoltaic cell. The
pPEORNO “%fﬁ/%?rhl on provides a conposite nenbrane that

may The present invention provides a composite membrane that may
comprise a plurality of active materials, cationic and anionic, and optionally
also a hydrophilic and/or a non-active materiai that is ionically inactive and
non-hydrophilic. =~ These may be formed from suitable precursors by
polymerisation in situ, to form a solid polymer composite electrolyte (SPCE),
or the precursors may be polymerised separately for inclusion into the final
membrane.

Use of a SPCE within an electrochemical cell may provide a route for
ion conduction through the ionically active phase(s). In the case of fuel cells,
electro-osmotic drag will occur here, as is the case in conventional SPE
materials. However, there is no ion transport through the ionically inactive



conprise a plurality of active materials, cationic and
anionic, and optionally also a hydrophilic and/or a

waonsazsdye nmaterial that is ionically inacti vVEBCEGHE2005/002356

10

15

20

25

30

non- hydrophilic. These may bg fornmed from suitable
precursors by polynerisation in situ, to forma solid
?hé@@(@ B?Wfﬁ’é’%%t@réll SFhERIYIE ik FY B@%éphlﬁ’cf idriiGally mactlve ﬁhases
ecurs rs nma ol ymerised separdtely for inclusio
|wtatert e ffemab msgrbtmrfmm Usighoto do@PCENoentrationgnthrough these
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th‘%n@tﬁﬁféooﬂurf A bpeRltion, WSt frﬁ’gr@ﬁ&@tthl%u@ha%g/\’phése will not be

occur here, as is the case in conventional

rrﬁnmcueg_ by ahestearesmotinairag Theieiseoaf hatarip@nd ERrages in the
t ] ' _ _
TS ar s PiokidRyh HERRRRF tsthe Jor HUSARBT ) while changing

WEdtRSs dlidws £ Qatiet mfg\faiéteprfddumldm/gbebommtlons
concentrations through these rel atlvel
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X %Ire%ﬁ"ogﬂ%ﬁl é'saél Q’%ﬂ% g\HéH‘Po not%%f bB8s n??tr@gul% YRitioPBI balance of
ebmm (Fovsaxamprte dmadyaulichstabdity wﬁthtthe &EEdnmips:IEath;reiuel cell

SN FArWR SehiRe oo frces diess il signges within the
VapPEeHYe 9% gffﬂh@rarﬂ RANMFIrb e, URKich FE I BEieled $o c"éhﬁlbut% towards

i nventi on ows effective vvat er rranagerrent wth
saéjammnamauofoﬂswenawst/@a& dntevfegea another commatvdailure mode

nghr&TRren SRl e RPRATRBraL PRIl o o 1 e

el I e?\hbﬂie@%antégér ad8dchated athl thb)invéritior iedhgeis allows for the
di nensi onal changes within the SPE due to dr and

r dirpglaeentramf elgcteachamicaleagtivity Pfrapcelbndn .nmy@l@rome drvention

IBHATCELIAY B whiaf 1§ htols oSl 4l SELAES: pARE! Bt of a fuel

ceeventional SPE materials. Another advant age
assomated vvlth he_ invention is that it allows for
5 f 1oL FeWids:t r ocheni cal activity of a
Ce' ' (‘i;ngéé t1' Qraretéé%r\'é&ﬁ@ﬁﬁti@%?f&\é‘nf’aﬁfon% dFh bfbodiment
Irectly control the electtical power output
obf me‘lmbntlm‘i | . Brief Description of the Draw ngs

Fi gure 1 and,2 are_each schematic re resentali of
an _enbbifyres: 3 and 5 are each schematic’ represen A0S ¥ circuits

embodylng the invention.
Figures 4A to 4C are graphical representations of results obtained in
operation of the invention.

Description of Preferred Embodiments

This invention describes a novel composite material which provides
improved hydration maintenance. There are three principal embodiments.

The first principal embodiment incorporates an ionically inactive
material which, if hydrophilic, provides a route for water migration within the
membrane, which is not impeded by electro-osmotic drag. In the case of CE
materials in a fuel cell, this permits back-diffusion of water from the cathode to
the anode. Drying of the anode is reduced, as some of the excess water



of the invention. Figures 3 and 5 are each schematic
representations of circuits enbodying the invention.
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results obtained in operatiog of the invention.
Description of Preferred Enbodi nents This invention

dentlibd ?th 91(?” W odfe? @Fﬁ%bg ChAE ﬂﬁfﬁgphv‘me‘: Rorpé 5/' ffktive active

i Nprove ation enance. e are t
pcbnmpbpaht erfﬂusllrn&lps gnaintaen fhigls tefficiency fay rranbimd’iingrhigh ionic

GORRIoR Erofdh YRSEE, Yo e crss GleRtermaieyAIR ino fusl cell, this
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ectro-osmotic drag. In the case of CE materials in a
f aelwhasl applied t© GErmatesialsa Additionali§led hupTidifigatéion fsrrehrequired.

- STl ol P SiereL i Ak Pk PRLEBCAY Fqgve. any such
Catéhsiemdtﬁé \SRGE baafadehdougbt réguiredviatalysiy. | Macionveydrophilic,
actlve conponent. This hel ps maintain high efficiency

byoricaliv KAV MatgRal GANCD® Gsiest I inarARSRigIYSisal Siength and
! lehé‘r‘?sﬁﬁéliks?%b @EU”F“ ﬁé \ilchal %nalcfr gbsﬁ&i' 'Tﬁéqar?ﬁmgrane may

pernt romt e ano he ¢

tberrmse bemafropsrowpplryondsydmbphlha,pmmmllyt aciBie material, for the
mat eri al mdlflcatlonls not
rér&[]?mé?f'o% W@ F Mnactive material is not

el ectr qh%@@oﬁﬁ'dr)hc?d‘él Ievrﬂ;ooﬁménfsumtse@r@@énmém mand CE
surface do not require catalysis. A non-hydrophil

i phases iry then&PGE, doeantrol the pmdubhoramdd.lseod wat%@éhe anode

h t t d. di t ity

bR fhad® R, S it alodh e r AR ldlt Bepghate; watey at the
MeafHRiRer M AENPatdHAE 08 IV\Pdtér a! @fél €athbde %‘hﬁl p/réduce water at the
material, for the transm ssion of water léﬂ){sca pi |

a@ﬂpdﬂn using diflerent TatipRQTAE angdekt rater Iﬁ”@\é@ tae control of

"3t t|8f1 ﬁEb dth(éEa Baéeac‘n Bnd h:%tl% QOnlc [ly inactive
IR Brodtl Hogend Al

producti on and UuSe of water a the

aptlasatshodrl Isé Used t&isepardte the fomd: phakés G;Elsrmtl.ed lbel tsydrophilic,
generate water at_the cathode @5 rraterl al

SR crhanCPwelax, FiEtSIoRn Prp PORYE QS @ PIoid Rparation and
t%HBEloﬂ'af §tférgq1f‘1 orr%ﬁmeﬁs@gal'aslfaﬁﬁ@ CE materials allows

e contro uctron'at both the anode and
t he cafllihedéirdArincpal emblo;dlmelat:mwh!es the use of a grid. This can be
used to control ion flow.

These three embodiments can be used separatély or together, to
provide a multifaceted approach to hydration control and ion flow through the
membrane.

A product of the invention may be produced by a prdcess which
comprises two stages, i.e. production of the ionically inactive phase(s), and
impregnation with ionically active hydrophilic polymer(s).

The ionically inactive active phase

The ionically inactive material may be hydrophilic or non-hydrophilic or
a combination, depending on the application.

The ionically inactive phase should be produced to dimensions

sufficient to allow effective water transport and to provide a reasonable area of



phase shoul d be used to separate the ionic phases;
this could be hydrophilic, to enhance water diffusion,
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addi tional strength or dinengional stability. The
third principal enbodi nent involves the use of a grid.
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e used separately or toget
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t WPh&ivAkF$10 lan8-20000 fHE tdn@p e side’ dfdEitwabh Y 00 160G 000 um.
phase(s), and | npregnation with ionically active

hJﬁlecnﬁHewmaypmyﬁenygyaomEhw ionically inactive active

hyar op fareeE Eele a0 Rt el e (TG coperising partcles

dependianteten behwedp i &4d 2000 e intervpepddd betwasdn ee ionically
phase shoul d be produced to di nensions sufficient to

aBrbve erRatedalsvrigidpaolYmeisalion and to provide a
(rjeasonﬂ)pésq g;;f)ﬁné’rfs' (Wndcaiﬂs rbaCEleé MRAGRF %L/enThfesc?e%cnbed as
i mensi ons

on the ap cat
t Ingdfdpmabigyr fodLnstanse, amirmcﬂymfars huecludlmgcshdsp which might be
i nactjve hase avi n a t hi ness of
| GORHEOTRIED e arp Bt SRsert Doy S araten o AflvTer must be
1QE1ddYy fHT?'na heQk&ter ﬂ%ﬁs@@rt?@ &8 i hheledrochemical cell.
further exanple is an ionical y I nactive powder,
conpr i Spegifitaekamptes of matdrialethat bes Vierigaly in@ctiveoaod non-

in ers et wee ionically active
mgmp&fﬁé‘: r&gcﬁyesﬁgr ﬁ'bﬁ)‘é)}?%ttﬁ fon. Mst polyners wll
absor b B@ffpl88idtrmeNGetd ha@ng! hyRREpHiic rprdp@rmbe tar@, amino-alkyl
for instance, nost polyners including those whi

miaghlates anshapthaceyates. Bépwﬂb’oﬁbﬁ%mmwh tr@o@byltgrggp has 1 to

9 R e L BB T S5 AT b oo or
c gLibstitbprt ahd @ng>xsutistitentis priferabyl & G1thaé|kyirgroup, e.g. methyl or

I o C? H,%Qleg%%t Ie\g(gm%rllgs ngrnehygr{'n%%gltl'l\yll Cazci:r[y ateOI glen?etﬁ{/la?mnoethyl
acrylate, methylaminoethyl methacrylate and diethylaminoethyl methacrylate.
Hydroalkyl acrylates and methacrylates may also be used as the hydrophilic
monomer and in these the alkyl group is preferably of 1 to 4 carbon atoms,
e.qg. methyl or ethyl. A specific example is hydroxyethyl methacrylate (HEMA).

Preferred hydrophilic monomers include N-vinylpyrrolidone (VP) and
other vinyl lactams, and acrylamide and methacrylamide and N-substituted
derivatives thereof. Substituted acrylamide and methacrylamide derivatives
may be mono- or di- substituted, and preferred substituents are alkyl,
hydroxylalkyl and aminoalkyl (including mono- and di-substituted aminoalkyl),
e.g. di-alkyl aminoalkyl groups. Preferably any alkyl group present contains 1
to 4 carbon atoms, methyl and ethyl being especially preferred. Examples of
such derivatives are N-methylacrylamide, N-isopropylacrylamide, N,N-
dimethylacrylamide, N,N-dimethylaminomethylacryamide, N,N-
dimethylaminoethylacrylamide and N-methylaminoisopropylacrylamide.



Exanpl es of nononers having hydrophilic properties are
am no-al kyl acryl ates and net hacryl ates, especially
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atons, e.g. nethyl or ethyl. 7The am no group may be
nono- or disubstituted and any substituent is

pr ef er giply leré aHeKPlef@ia® | tdtyhwdPlor &hi - hili
Specific eggwﬁeers areMaem&rﬁonﬁgﬁogrgry at e, ' & hydrophilic
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group’is preferably of 1 to 4 carbon atons, e.

mihenalkydr geaupy hasAfreedi 10 &4 SrEpN eatp@_ShﬁgomQ%thor ethyl, or
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N-substi t ut erivativ t hereof. Substityted
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0 ' ' | I ubstituents are
a{tﬁf‘%}bhtfﬁé}h\%ﬁégﬁ){({/?@ﬁ&ﬁ ﬁggﬁﬁsﬁggﬁﬂelﬁ (i ncludi ng nono-

and di {tsislpseferneddtiatiiienpalykets shauld bediross-kgked, and this may be
am _poal kyl groups. .Preferabl | Kyl group, present, .
canniavasy TaCoBBtatign o, SneolbRfine] s e HiPGeRsgs in the
evRsfdAer ¥yRERT ExXRible SO ItEB|eOEro8YSinKkIMYT Ayarits e énipounds
N- net hyl acryl am de, N-isopropyl acryl am de,

NERotaiRingy | twer ypanmpse  ethylenically unsaturated groups, e.g. allyl

W%ﬁ@fﬁﬁl ﬁgnepﬁ{m%ﬂﬁg yggi gﬁylé}#e glycol dimethacrylate,

Nt i dlpiopeineo primesHaaey gleamarde . thiretipyblprepandalr gimethacrylate.
preferably copoléners of two or nore hydrophili '

( hilic
mbtsiatly it '%.dgis"é leg gt rtheepolyBEYE  Should Pep FRlatiyelydiahtly cross-

DY o SBRIRS Sk B, LSRG RO o s

W1% bgweightydf the mydbradreensystemnhacr yl at e, especi ally one
i n whi roup has from1l to 4 carbon atons

th | Kyl
"o agretrenoll pgHmes Byaig B iepitelostal Bribriayases, such
alazGnBeobtaff PR deATBARMBandAeCi fic exanpl es of

sui tabl e copol ymers are copol yners of VP and net hyl
met hacy| carep¢$ite) matgrialP cantairiEyA, saynd methagrylict geidnean be

o Qi et &yalio s By FRegiePintt SpBRE) Witiefial A4S, uon. he

p@hét@ﬁéﬁis@@é&hﬁobi@e,fdd?ﬁéning_fﬂkﬂﬁ acngnd Rilkalingdmpenents as part of
achi eved by incorporating di- or poly-functional

c the ssame StigtrgentSHichnat faterial can be used as an ionically active
component within a SPCE or as a novel composite SPE in its own right.

Methacrylic acid may be polymerised via a number of routes including gamma
irradiation and thermal initiation, e.g. with one or more of acrylonitrile, MMA,
HEMA, N,N,N-trimethylammonium chloride, vinylbenzene trimethylammonium
chloride, water and allyl methacrylate. An example of such a material is
obtained from methacrylic acid, acrylonitrile, vinylbenzene trimethylammonium
chloride, water and allyl methacrylate. '
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met hacryl ate, divinyl benzeneg et hyl ene gl ycol
di met hacryl ate, trinethyl ol propane trinethacrylate and

tig r b IES : pHeseal 1y it i
dgﬁg %’éeé%}toﬁaét}qtﬁﬁzoﬁé%‘?/%)?gwseyh%ﬁ %e rel a%/i vel yS
|'i ght | Potyroemsatiokedf theehydropbilici idkicaly aipactivéephases may be

us for exanple, in an unt of about 1% by weight. . .
opeec GRS BT ayhestiedtin SRR ek RO3lhg Aeb st Rbiation, in
aiphidl Seasy eheftiierd NeutimgMEndrashs, infidtdr a8 edbssary.  Electro-
obtained fromacrylonitrile and VP. A conposite

mpelmernisaiontiaRISoRPSSHAg., et hacrylic acid can be

produced ] rat.| ' 3 4yt A

at er B PoREQERR Bt b, RpBMicd MifdoRbe BEGiBHfoRylpercarbonate
Cﬁhi‘ahi drigagidypdroxiaiel shsc‘mmlib BeRzby pjemsm@ell elh{l;&tiag zgaetnp@fatures in
the same structure. Such a materi can be used as an L
i & é%fpg%/oﬁépit9§%’§mﬁ6?féfﬁ?|w3§hti°n? L Copegeneraly sdiiahleend it is
CORBASHLSrabld &b%dﬁ&c?"iﬂw%rﬁéﬂ?%g Mebhashad iof dﬁ&%é’s RYincreasing
be pol ynerised via a nunber of “routes includl ng gama

i teraperdtiures. and thermal initiation, e.g. with one or

nor e of acri/l onitrile

MVA1 HE
NN N AR B TR R dhes, iR, ionhsted, a post-cure

t kigRrhENl MBI sfectbd 08.gdBy heatifg teBoRMmer!at a temperature of 85
nmet hacryl atée. An exanple of such a matérial is
olte 86 e dpreferablysuntes Macudmaci d, acrylonitril e,

inyl b ' ' |.qr.i de :
Tt LR Bl eBES TP A BER8TAY Frsd Bl FRfpus rorms o
| pagibtive rAgy ibee uebas e olovisiig $adiation &uchhgs UV light, X-rays or
hydr ophi lic ionicall P/ I nacti ve phases may be affected
b@ayeaofays. @ichertigiateiradiation aweh B3P laationy oprpigton beams.
U ol 5l?qh@?éc95tioﬁ ¥ i%ls&fbegé'rﬁﬁwﬁ%c‘ié}ﬁfn PGt 88b£\9§0 Burce or
i N CIATor 1S necessary. ropol’ynerisation 1s also
p@sbéedrneof dlepohs.cAftarl thedsdsic balynmernsatibariasabeen completed, a

initiat [ bi | t . [
pBOSKEWE ERITERS Moo oo ErdH Lanergatiatpm o ¢
: g”gg)?di‘%ﬁérié&i&rﬂ‘?rlard?él% Betwdent®1 G0 Nrfctéﬂ{ BBl usedd though

I's generally suitable and it is of

desostdlyldeophilic potymarstdre preterably palyraeseed &b dofses tofigeetween 1
atan'dnf rl\}?r"?‘SLrH% ;t)r% r?é tdlcj)gg %hould be applied over periods of between 1
hour and 10 days.

Commonly, the mixture subject to the polymerisation will consist of the
monomer or monomers, cross-linking agent and any initiator needed but, if
desired, a solvent for one or more of the monomers may be included, e.g.
water.

Once the ionically inactive active phase is prepared, ionically
conductive material can be used to fill the gaps provided by the ionically
inactive phase. This may then be polymerised in situ. Alternatively, the
phases can be polymerised separately and then combined to make a

membrane.



After the basic polynerisation has been conducted, a
post-cure treatnent may be effected, e.g. by heating

wa besppisyarer at a tenperature of 85 to 950C, prerl/eBaby02356
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under vacuum |f the polynerpsation is to be effected
by irradiation, various fornms of radiation may be

g?% mé&rsYor bQé‘b’r?fHégiohﬁQ}(I:;ﬁ{a&% Eh'%b as W light, X-rays

anma rays, or parti ate radiation such as
el ect r dhepz gpddwonmieacatederies esfaiohicallpeaatingi matesials, SAE SPE

I oni s/ radi ation froma.copalt [ -a

BB SEc S ushamails or 3Sngrel BuhylyPedeed Re rtent of
b@dicrt Q8 PirebRsbraedP Byt réfdfendel anBBHHHINE Yo Pehief iheehtesh, these
by further irradiation. Polynerisation irradiation

beatedalsoare waed zither separafelyuwétd, anHeoigallydsactive phase or in

RRBBRIcEE Ay C5eS, TAE Ay ShETCE s i) PRl FEa'a number of
s bifterenb poRpRdr erixtaves, Methi differet efievasroups hend different ionic

10 days. Commonly, the m xture subject to the
p8IroR8Ssati on wil | consist of the nonomer or

MDNOITENRS . 3 hinkl hai i
ron e pSSS AP FOUR0GRS oL S OB M sgended b on
miorocadlysinaetiven dydraphilite ghase,gusedhtvéth aCnydroghe and oxygen fuel

SRl i S IR I8 R0 2xEmple B PP Retg il LE Bna'AE, the
DE&MM’#@ re¥clidhes %ﬁid:@cbur.iﬂla%é whoBBaaeH, TRi 9 Hg(l? out; at the

then be polynerised in situ. ternatively, the ases
caathodepdIQnier i sed separately and then conbined to

k . Pol f ] i onj I
ot ve 1T k8 LIPS CsPhabh b iF Al okgen from the
| eatHodlel ahdigiddueesiatsr &t the cAthdele: \ARterGE alfddraggel across the
materials are described in WX03/023890, the content of

wHIRTAbIane; lQuaF oing: @aihede peRdiesHE Of ORRPEE® @G to this
| nvent ho, Aﬁgﬁﬁge'@e‘%rﬁ rSg8h FrofF Bk Shb4E :T%ﬁf%;%ﬁré‘rﬁtf Whter from
al'ly ve Imation. In

with an Toni I nact phase or In co
althe cathesle dritcpradidusss watepabihesamade. cAny aismaticradrapealso carries
with differe

8;\@%% rglhgﬂteic%?r%@ tF]g)r(ﬁtr}%rdgts ’r%wgrppluhc part]ft\wéysnél?ow water to
diffuse across the membrane.

A further example uses a 3:1 ratio of CE:AE ionic phases, separated by
a non-hydrophilic ionically inactive phase. In a hydrogen:oxygen fuel cell this
would result in the same amounts of water being produced at the anode and
at the cathode. With the correct ratio of AE:CE depending on electro-osmotic
drag levels, a system may be produced which obviates any need for any gas
hydration, and gives a self-hydrating SPE.

Polymerisation of the ionically active material for this second stage,
follows the same principles as those required for the hydrophilic phase.

The use of AE-CE laminates, whether or not physically separated
allows the catalyst on each electrode to be chosen separately for optimum
chemical response and may result in a higher open circuit potential from the
cell than would be available when using a single membrane. In addition,
when using hydrogen and oxygen as fuel and oxidant the product water is



A specific exanple is the use of AE and CE phases
separated by an ionically inactive hydrophilic phase,

wased1nsdh a hydrogen and oxygen fuel cell. ThPGI/GB2005/002356
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shown in Fig. 1. In the exanppe of a 1: 1 ratio of CE
and AE, the follow ng reactions would occur. At the

?I‘_ﬁfebq%é:eé Withih The %ﬁgaﬂét str fhatilitceddthekh: the AE and

hase 'uses drogen rom e anode, oxygen from
t GE& Iagéisod‘éheaedlapemdud:ldm foatext apart bidhe arydm;ﬁeatldlmessure of the

B EE WALSEER 4TS 8 Gelstiost FE0RH BRE W AEBHALAD fvelyes the
hyi86 o8 fitefdePtrahel ABRRRK sBUYEREs B fbriRtRS joff BEMERM the various
cat hode and produces water at the anode. "Any osnotic

dmgrsu and cmaintel viatesnalf rintegrite (bydrasdie ©adt rdectrierly. of the
The dro ilic pathways allow water to diffuse across
tﬁ% gﬂ'gd Ut urt her exanpl e uses a 3:1 ratio of

CE: AE rrﬁal furieXiaf ebetwaipaltiad eldnbuat@snenowdbepbtrbng enough to
ionically i1 nactive phase. In a hyd en: oxygen fue
c@rqvetnh@pm}m A ¢ walerididshnanghsantedugnt \Mié@ullc forces.

tbﬁhfég rTFH 5 lé\treé ?3 @écgge g géu.t‘ane SRhBeYE; bW td preferred
e cor Al depen
:ﬁyﬂémmsmnnterphrmgratw?iawoa( pp!ynmr]]w gyes}etmedpscmnmtm GB-A-
[ t ; ti d
o938l bR conishtLt MR hsancdBbles nelin oy arerefee

OREGHd Porsbi @Bgmaterial for this second stage,
folloms tﬁe sane principles as those required for the

hydr opln la cprpfmm eThteodJmenbf aAEektEofI &ne naventjorwtoomprises an

e DRl REOCHRLERd uH: kY bRl afitne cen

Cb@még‘é\bah PEEPSIRPEEroBB YN @Iédirbde and thegmf aQIDWhg the flow of
circurt potential fromthe cell than woul d

alagls agpes Wik mambragedodiengprirohadsr lﬁh%ffeqtntf@daﬂ@ ican be viewed
WF gcfé?é %’t %\?%g&?%@g%ﬁ&fﬁé‘ s Jf%chaélgrla)ﬁh e Cr?Bltéesmce it

hi n nmenbr &ne stru
abllcb\hg fihat @bweomhlpw\/&'ﬁntmheemﬁoabé @Ecurayaly scorftiuiied, thereby
layers will be forced apart by the hydrostatic

pi@@@l{if@tﬂe@%les fiIS@NEY- wat er and thus a preferred

?ﬁg%gﬁg C eﬁn%?:/vor Es’%?u%c%%‘r/gésbte Of rmﬁ%&f] gibae’ and may

bebmpeuset@e:aﬂaiystouﬁ inay dves caatedmwiitht ai mafeniabwiach is electrically

| gt r |or¥|cglli1)y Pers?s ~l=1r|1tc aﬁgvgnn%l IF {:o {nle ?naa%tameé a{s a different potential to
that of the membrane, without donating electrons to or removing electrons
from the system. Such a grid is particularly preferred when the membrane
conducts only a single ionic species, for example a proton exchange
membrane such as Nafion ®.

A particularly preferred embodiment of the invention is a laminate of
layers of AE and CE materials between which ions flow to the layers. Thus,
proton-conducting and OH-conducting layers can provide a laminate in which
water may be produced where the layers interface, rather than at the surface
of the membrane. In this way, flooding of any catalyst present can be
avoided. The two facing layers are essentially in ionic contact, e.g. through the

open spaces of a grid as described above. This arrangement provides a



conposite structure. The junction between the
| am nat es shoul d be strong enough to prevent

wezpanagion due to water buil d-up and consequertT/GB2005/002356
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hydraulic forces. This may beélachi eved by the use of a
sui tabl e adhesive, but a preferred systemis the

' Bbﬁfreﬁkﬁé Ff@él%‘énnﬁww 5|s8<a||&sw&!|fféaéﬁi éaia%?%ﬁ eratBReisith be used at
GB- A- , the content of whi i s I ncorporated

héﬁ&acathl@ﬂeraéfdether&f@deUse of a Control GidlIn a

Compr 1 456 ePRafbeR or, o Eheafien 1 U8 HOWGBE: &fsscibgd by way of

Wiekaimplé alyTedith asferaricet foeFige!d of thevaté®apanying h:ﬁ*awmgs This

appl i ed across an el ectrode and the grid, allow ng
 FEawion FbAwS ae dIaCaRhaming Rlé GOMRISIG RIPEras 1anand 1b,

e%é@&ate{i 9" hiinfiitanle ’T‘h@v\ﬁgg]ﬁb‘?aﬁé?tlsaas |41 Rinate of layers of an

ros i C screen. The use such
d asiorib ercisangeemateréd! [2avand becgtionier emmapge méateriae 2bethe layers

o8 FoniS Gt iR BPRQ SRegoBEhRAEtS. o Hedle of ion flow
((:gtcgrssgﬂ*éj)mé?ﬁb%b@éh fHebE:Sntré‘lﬂéh ByY asSying! ahepixgtﬁnﬁigl difference

yst. It nmay be coated with a frateria _
eleemassi galdligcteadsy and itb@igrial | theanremgemenhprmdeag aj gontrollable

intained at a different potential to that of
tﬁéecﬁ’a%?%%al t hout donating electrons to or
renovi Mmheel§s of @noritfa Grid8as YebaBhoWt b Aadé idlsighificant effect
particularly preferred when the nenbrane conducts only

a e¥PAgYRen gMmbeddpddn & mentiraeg Atyndoem nrepemiesx thaifgan AE-AE

rrggmé such as Nafion (r). A particularly preferred
I'mént of the invention is a |am nate of |ayers of

iAE and Mﬁﬁnmaer baésgrinatnv%ebevmsem % gn=xa plaowof gridken which the

ayers,. Thus r ot on- conducti n nd OH- conductin

! w@@la&aﬁ]aep Betean ihegeds O, DRAVESD JBe o ﬁs@ﬂg%slther of the
fb%%s"fgﬁﬁlﬁgttﬁél\h@(ers i nterface, rather tha_n at

the surface o e nmenbrane. In this way, flooding of
any catfakiynet- vwmappl@pbtenaab(amdlc potential) rhay ibegapplied, so

| SR BapiRatiia Sal iy b LM ERl bithan o Ben RipEHAMS is o
atihRGSYRRY (iR'<HEcH o dcmsmq bRl d/augpdtupdbmankfuel éelf’ffﬁbrmally an

al so al I'ow dlfferent atalyst materials to be used at

t irherentip dis dendcedhe anode.
The following Examples illustrate the invention.

Example 1 shows the effect of a single insulated control grid when used
in a fuel cell consisting of an AE-CE combination. In this case the output of the
cell can be varied widely as shown in the figures.

Example 2 shows the effect of an un-insulated gold grid in a membrane
of AE-AE construction. In this case the effective conductivity of the membrane
can be controllably varied by some 30%.

Example 1
Test Cell

The test cell comprised both CE and AE polymers separated, but not
isolated, by a metallic mesh (gold or platinum) coated to render it both
electrically and ionically isolated from both polymers. The CE polymer was



An enbodi nent of the invention will now be descri bed
by way of exanple only, with reference to Fig. 2 of

wa hwsazeerpanyi ng drawi ngs. This drawi ng showsP@RGB2005/002356
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el ectrochem cal cell conprisimng el ectrodes la and 1b,
separated by a nenbrane. The nmenbrane is a | am nate of

8480 ¥ SR S8 BT STHE Y s8I e ol sl

ayers in ionic

cﬁ‘maystwas plagihutrhizlack enategaaresarbbnalathi d 3. The rate
E ‘gw acy oss the menbrane can be controlled by
b‘f‘ﬁr'ﬁa "}9&' ntial difference across an el ectrode-

and thp g hdrmﬂ'édeﬁ‘\céf 'cORGENELIE \Rﬂt@gedﬁippas( Y Eohhahkg to the
el ectrochem cal cell. The use of a cont grid has

beentreltgsich Tle ﬁlmérlcaal sirguit 1si sheown ieffige8. even when
eq-‘gggﬁggnln? a menbrane of uniform prppertl es, I.e. in
r

ucture. More than one grid may be used,
S. g. aApan r Toe \gma@e betwebhchetfbel ¢alt anddelandscathpde ebs held
etween the grids. or tvveenth rids and either ) ,
the el ectr o&ggs tept &t rpg Y Hesing2 SAg 'QWEEWQFS’F'ﬁdO%‘ﬂ)pI I{)gang this

potenti al (ﬂ@%e Cef tdeﬁb%e'@ﬁ)’orﬁ%héﬁ@él' bwéQr«%&ﬂ’Hed over a

t he out put or t he consequent change
cel | proper 6i minute pEred. t ilhis- pmcysduge was effesated while applying

produci ng an..a/c output frgmth fueJ cell; normally
an i nher ent F{fieieRt ‘%@9@%}0% BCPIIQ(S% ng Exarrpl es

ilTustpate trpg Icn&@ﬂtbétWeeﬁxmlfaeil celowpotiBe apdf esthode was
of a single insulated control id when used in a fuel

cel | consi seprgedf peavemEngRheohw reft aay: . current hetwegsethe two.

in the i guite: 58 Sftred W FrbPotd a7t ARl BRGY Bost open

un-insul at edjregtd grid in a nmenbrane of AE-AE
construction. In this case the effective conductivit

of t heGlenbhedUgheelbwas AolarBedaINiNg FHiesisienip desade box. The

30% |
30% Exampl e} 5 Cahd \HiabHerd Sbboss id 3R BOLE: outpu

calculated.

The results from Test Regimes A to C are shown in Figs. 4A to 4C,
respectively. Each is a graph plotting cell current (mA) against potential
difference between oxidant electrode and control grid (V).

Example 2

A gold grid was compressed between 2 AE materials. The assembly
and electrical circuit are shown in Fig. 5. A Solartron Complex Impendence
test apparatus provided a 1V DC bias with 10 mV modulation. The current
through the grid was monitored to ensure it was always zero.

Initially, the PSU (power supply unit) was turned on, but the grid
disconnected, and the Solartron applied a frequency scan to the membrane to
establish the frequency at which the conductivity was completely real. This
was 130kHz.

Then the membranes were scanned at constant frequency of 130 kHz
for 5 mins, sampling every 5 seconds. After ~1 min, the conductivity stabilised
to 3.40 mScm™.



isolated, by a netallic nmesh (gold or platinum coated
to render it both electrically and ionically isolated

wd zombiseh pol ynmers. The CE pol ymer wasadj acentCT/GB2008002356
oxi dant supply and the AE wag3adjacent to the fue
supply. Catalyst was platinum black coated on carbon
cl oth. Tﬁ'eg?ﬂc{ \Ilvg’?lthé?l EGHr‘\éc[t@d 3 e PERLSRNSS/ was applied across it
controllabt e voltage supply was connected to th
c dher cdbngjantdfreGben®l ecanm vweasl reapeated.t Tree shodnctivity ingreased to
3., Test. Regines A) The vol tage between the fuel cel
afl&f cat hode was held constant at 0.3V using a

Pr odi gﬁheePﬁétWQQidisé&ﬂ%ctéal EhBgtHe cBnbiieRifyhgecrebEeatto 3.36
delivered fromthe fuel cell was recorded over a 5

5 mmBena ' pefhedridTwas reressegaies and the soadedtivity insreased to 4.77
ap %%mg different voltages to the control grid. B)
T rcuit between the fuel cell anode and cat hode
was opened, preventing the flow of any current between
the two. The cell voltage was recorded at 1 and 2
m nutes post open circuit. C The fuel cell was
pol ari sed using a resi stance decade box. The cel
current and vol tage were | ogged and t he power out put
calcul ated. The results from Test Reginmes Ato C are
shown in Figs. 4A to 4C, respectively. Each is a graph
plotting cell current (mA) against potentia
di fference between oxidant el ectrode and control grid
(V). Exanple 2 A gold grid was conpressed between 2 AE
materials. The assenbly and electrical circuit are
shown in Fig. 5. A Solartron Conplex |Inpendence test
apparatus provided a 1V DC bias with 10 nV nodul ati on.
The current through the grid was nonitored to ensure
it was always zero. Initially, the PSU (power supply
unit) was turned on, but the grid disconnected, and
the Sol artron applied a frequency scan to the nenbrane
to



establish the frequency at which the conductivity was

conpletely real. This was 13CkHz. Then the nenbranes
woeng1segned at constant frequency of 130 kHzPdTGEBH05/002356

m ns, sanpling every 5 secondg. After ~ 1 mn, the

conductivity stabilised to 3.40 nScmt 1 .The grid was

t nected to the PSU and 1 V was applied across

im@g}const ant frequency scan was repeated. The

cdnductA v mqmbraneeeleemod@ Zaszemihe mvthich TheorgprldeM§lectrodes

g;géﬁgrgt]e %ﬁ%rﬁgﬂoet %&gﬁﬁﬁw\é@tﬁgadgcr ea}i & compnses ameans

C%F@Hﬁﬁrbl”h? Yhd I6WASE ddtods the mesbBraneCLAI VG 1. A
nbrane-el ectrode assenbly which conprises el ectrodes

5 s@par aweuasgeratwuamoeitmﬁgl@lrﬁénmmfeln thegmembraneg irgludes, as

SPRLESERs BRIy SORUIGNI ALY L Cor di ng o
clzai m An ubsarably ddvordingtioansini aclwhdesin the gréid ¢ teates, with an

an el ectrically conductive grl d. 3. An assenbly
etastigally ans/en ignigaby re?Aﬂ@F‘ mAtei@ grid is coated with

a ele r

qAn agxgngb ?é ggg%&ﬁ féa':n)rg 2&ZF% mﬁgta%ébé’ihtloﬁ with a

10 asrmnsa’or pro\xmmg aapcuteahal dﬁﬁerepce\accbssgmn ablealst okthe assembly.
differ nce ac oss Ieast f the assenbly. 5. A
menbr a &8&% y co‘ﬁ%'rcﬁs ego'@Péﬁ?? oddgctrodes
S%E?égé ta}/a@tleéﬁaﬁo ‘]Wbr’s Wefoﬁl@%étéﬂép Wﬁér%byalbns can flow

s can flow between the el ectrodes and

abebssem the electroties andfaceassdbemterfage of admcenhlayers.

gi S? g? a%%’ré&%q%cé?d@é%@a% %"’%@gh chmg'&lsﬁg a Bifferent catalyst
15 Mreagneladterier ode assenbly in which the nenbrane
includes an ionically inactive material for the

t r7ansmps§iQi’ﬂbWea91P¢t(ﬁQﬁQl agpeghlyebuwhichathe memsapseHegtdes an
S@ﬁ%’)};fng]égg r ?o Cltl‘?@?rai;gm V#;r‘or? bEGt Ichﬁ@%r g?alsgﬁﬂs reaction

C eapipoment 'tcSaM@/befrom at least one of the electrodes

8. An assembly according to claim 7, wherein the reaction component is
20 water.
9. An assembly according to claim 7 or claim 8, wherein the ionically

inactive material is hydrophilic.

10.  An assembly according to any preceding claim, wherein the membrane

is a cationic exchange (CE) membrane.

25 11. An assembly according to any of claims 1 to 9, wherein the membrane

is an anionic exchange (AE) membrane.

12.  An assembly according to any preceding claim, wherein the membrane

comprises an AE material and a CE material.

13.  An assembly according to claim 5 or claim 6, wherein the layers are

30 respectively of CE and AE materials.

14.  An assembly according to any of claims 7 to 9, wherein the membrane

is a CE membrane, and wherein, in use, the ionically inactive material allows

product water to diffuse from the cathode to the anode.



9. An assenbly according to claim7 or claimS8,
wherein the ionically inactive material is

whymsopispd i c. 10. An assenbly accordi ng to anyPCT/GB2005/002356
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preceding claim wherein thejgenbrane is a cationic
exchange (CE) menmbrane. 11. An assenbly according to

£l A _ . ) .

28 o A6 sty eBotaitlf gt of BRRE TH9 duheref the membrane

afscanm AiE‘lguembrang, m@umreig, :;1 menthe\ﬁmﬂea}llyl inaitisveazniateriaé allows
n A ter nd a mat er | . .

Bt peseldo AR FomaheosRar e BrHose: whor i n ¢ he

L JC o SesERRAPbdRing © afyFpRiitdiva BRIk WAeiin Ue mébrane

t lehydroplniice i s a CE nenbrane, and wherein, in use,

the ionically,i ti teri [ .

{37, PRl BT 0 Bl Bl SHElg 48 embrane

agsSsBhst @s¢emdhieyg. to any of clainms 7 to 9 , wherein
the nenbrane is an AE nenbrane, and wherein, in use,

t A8. i oA Bark of assarpblas agaosding|to 2Ny RRRCeHBE GEIMwat er

tgqdi f e f cat : : -
ad Lo SR A B g Y e abBR g RE e i, @ or in
marfoelaced dreldoteslpgdri | i c. 17. An assenbly according to

any preceding claim wherein the nenbrane is at |east

0.5 mmthick. 18. A stack of assenblies according to

any preceding claim 19. Use of an assenbly or stack
according to any preceding claim as or in a fuel cell

or electrolyser.



