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N O 20051124893 PCT/ C820051002356 MEMBRANE ELECTRODE
ASSEI\/BLY W TH CONTROLLED WATER NMANAGEMENT/ | C]\I FLQN

., ‘g’gzof the Invention This invention rel ates
&l 2&YHdeni cal cell and, in particular, to 5’55538"""“""“”3‘6
menbr ane el ectrode assenbl y with control | ed wat er
managenentlion flow. Background of the Invention Many
i oniMEMBRANE BEBECTRODBE ASSEMBLY!WITH GONTROMULERIWATER

as an electrolyte ¢ n ive material.

I nactive materials éﬁgﬁg’f(?éw%hhy %é-%?vscaffol d and

MEGHRANr§Rd Ifdnehure for the active polyner. Some 10
such menpranes are | am nated, to provide differing

pr oper thihis irstendac meéa@sdotamelectrbmemIcabasibsnd tiheparticular, to a

e A e e

Efga%ﬁ ]rd{jhdl\@{tﬁé; ggment within an el ect rocheni cal
cé necessar é or good performance. For exanpl e,

in a ftﬁéanscewmc &Jr memisanas usell isselpeiandneynioal cells as an

h %[é)’;\‘nloii)%g {3%8% eloWbtt E+Q § cﬂ?gtsrﬁ%fﬁgsarghﬁgﬁ[v& hﬁgérr a% Y48 often
t lused s ahecSHdkd afd héehartcs] SuctiteYor tek aciid Polyresn  Some

wat er nmol ecules. This is known as el ectro-osnotic
dﬁﬂ@h beﬁéﬁsr@@uliqmlﬁﬁfﬁl o ;ﬂﬁ@ﬁ@ﬁeﬂ'ﬁﬁmﬁ oﬁ?roﬁﬁﬁiﬁél @t each

[ to j ; ¢

| IR T P LR RS proE RISy pRERARSE chGpeiit s each of
cmmh@temamtbdamebie@rodémwfacaaaoé thenegaei vel y on fuel

cell p or.mance, reduci nﬁ M se of |o conduct i

in t he EEBEIYR Waﬁ?fefnﬁﬁama RS 21 oe seHechem cell is
S'n@@@sé’@?efor' iocﬁf BedSAthRE, t Ber %ﬁéﬁg@? A% fudi el Eeﬁ&rmance

th ctrochem cal reaction; |'em of cat
f r@im !n@e\rsh/ Qo iyd@tida donkm! waihhrytheo&qﬂd polpmeo mirdidlytg (SPE).

- B B SOPORR R pE Mt AR AT URHESRE BRithpy g so. they
pradueRd tadmtRgtcr nesdesule@NThissie knatvit AceRatrbastencthee’. The

the anode is prone to flooding and the cathode is

pﬂéhée%t af %iﬁgohe/spmﬁvﬁﬂs feroeXarepieoifiea thielsa-GRnsibicing, cationic

PEXESRE (CEISOME RS W B BRLPook RSyl 6 g o tno
ma?b‘md'eotd ﬁeoangdeTsisdmpﬁctst rrtegSBEeiyeﬁb faslecelt perfecmaece by
Wi, £ R SEG0R SO uSREG 6 (S £ Sl BRRSgaaiyBen access to
gteﬁgdg%tathcm | esihBk rpateF 1§ GrbBgcdd Hf tRE @éiﬂgge fdsoedradit of the
eiectroc%emncas reacfion; 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 cathede, hence the anode is prone {o flooding and the
cathode is prone to drying. _

Altempts 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
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t hi nner SPE nmenbranes have been pursued, supposedly to
reduce the WD 2905/ 124893 PCT1C820051092356 2

di stance water woul d have to back-m grate, from
EIHYEE* 0 anode. However, el ectro-osnotic RGHGBOPFH62356
restricts water equilibratio2 via this nechani sm

while resulting in nechanically | ess stable SPE

medibtamos watet Woliddige (burickehigRse, iR catifodEN® MRldeadeowever,
produced by a fuel cell generally depends on the

el @SW%@ﬁﬁ’%ﬁiﬁééﬂfa@) stilbrasirigts yetenpduibsetiamyia thigeehaaism, while
f fl.cicenc t )

o SRR, RGP 8L Seoy5PE, mERBILY O R 6P cross
r esiest ance of the nmenbrane and how efficient the

transf of fuel is at th cat al yst - menbr ane

i nt erfatd W@gﬁoﬁé‘?ﬂa%’@pp s fuel pEaliugenesally rdepends on the
v ; : : ' r I

! SRR p LAY BN RaRrl ATR) Ine PREIRY LRy gatalyst
t hesece| The ourréryt produdedi mgtheheelicpends ph itsndffedtive dréa)éhe ionic

and . controllin .g. b [ to battery) .

cErisT e o1 e et e RPE ekl e Bl of 161 is at the
C QSO LMBERANE inteHbE T THCpORECBLIZR i€ a BFJAIRE bf Yhe voltage
for feasons of inefficiency. 15 WO03/023980 di scl oses

hyancopWirentc asgl prrermadidcontrelled by dhraitingesrfestiicting the rate of

2R B RO of "B/ oh a3, B e ST T bleff et anc
| moprollien (@f?\byd@mpingft@@bmy}?éﬂy WAbRY Mrpmsqbir%g;./_;\irements.

and/or the flow of 1ons across the nenbrane of a MEA
carhase sstheds |dqconiwling goper Autadipare widssiable, primarily for

i %Sé‘érjlsoé‘ﬁinéﬁﬁiéﬁ Trane includes an ionically

inactive material “for the transm ssion of a liquid or
gaseousVOEEI23980 cdisposEnt hydroghilié opolymers atandeaheir use in

o DipRbe S B s A Bl o B2 BB 55 e ot

e liangs, ofeahl@htiorpnd these naterials are separated

by @an conrcalTy Tnactive material. 25 A distribution )

of hydridghipresersunvertionc privices p asaEnsewhearadni slateraproduction
: L diti ._ I

C BB Moy V8 s SRR T35p B A S porwplpa

mai nt aiim & Aestefspeet entho pakatibenthel mehthrapsdRBitdesn ionically
prevent or reduce the flooding of the catalyst

el RGIVEd Enalerial oy dh@hiréRsmissiPre difmen ligkishl @myasesys i tpaction
[PHIRDeh!SS RIS BRSE REBoler B, REuside” Athaivel. he
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 iow 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 -




In a second aspect of the invention, the nmenbrane
conprlses sheets or layers of intrinsically ionically
ive material, e.g. one or nore anionic exchange

“r?a%”g?/ i24F% in the formof one or more thin pl EKE/CB2005002356
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3 one or nore cationic materials also in the form of
onenerormore (ationtc pakarldieblsol iathe Jormaotiobhder Inayrer ﬁlaﬂé eparal:ei
in ionic contact and arranged so that the flow of

f r BEEHh NG tBedasde argin ‘ﬁ@*céiqﬁ‘@d B8d Aapesd spdhat the flow of ions
(SHEH| RERIRNN hBpAIE SRt IR e LEDRERARL ors o
ot mexterfalnedes spdtefsi@py tie CAR)is irscomactonitratite andde aihe the other

anod In this case, .the redom_nant charge cgarrier
" omaterialy (Y g HEICE AR dCSIHaR WiBnthen ADRESAE TN tHig case, the

ar pRIAAIRA BRAGE ddildr (She PAbA!iMShe TE %ﬁ%ﬁkﬁ%@ﬂ?m AE.
can be chosen i ndependently, one to operate in an
acT¥ diseavangamentt mmm dhatHbe axataiysiopre packe sledinedancan be chosen
al I ron Ln.additipn, .in th se of .an

o BEhERgEMl, SR T8 Spatt® uEAR ci@rBateet whlE Sné it operates
bempéﬁ@mﬁieaénxlu*&ﬁméﬂt erjhasRiite, W8 QRe (cBge A arﬁﬁﬁyﬁ hydrogen
el enents of the conposite menbrane, thus avoiding t

priowi eallothe proguet watestwill e rradursd et Hieckterfare between the AE
Stéﬁ@?%%ierﬁ%ptggﬁttﬂc goﬁ@%%ggn.ﬁ%g@%é QH&Q% &%snrq‘ {?1% Mcbiem of

inclu an rve'grid

Thilsoding nbthehcatalygbélecingde sinictard. | ng the flow of | ons
15 by appl vyi a suitable potential different acros

part at % @%I@{‘l‘%ﬁfaspﬁét 85 é’%@r’é‘f“ﬂ?qt@nq & éﬂ%ﬁ‘ SDFIHEES a1 ,@{ectracai
t h@oﬁ&Uc%é'drfgfg?raé‘r%sd iRl ﬁr@&&?'lﬁ'&tﬁﬁ [rbmﬁg tRB % of ions

I's parti swt o use W th eren
hylat;r sphlylrigca &mﬁ@a!e @lomrmlaadlffetem c&cro%ﬁea‘r’eat !{eastmftthe assembly is

th Z(ijthf?ob% Pg’gﬁo %ggﬁw?ﬁé'g%ﬁdq%“nbﬂg%gﬂm@% gescribed above. it
pligrgaritiiany fiteh BSeRMMithephermtid hy%%;ﬁilms: hatéﬁ*s@swﬁét do not

or stack may be incorporated in a cel he cel
beSLtf%émnéﬁ'lQ)h}’qifﬁf'@ﬂ pt@lerﬁélassaetatﬂdwih @th@c t&%’ct@hﬂ@&gles
cell, MEAGhSS HellY 88" 1ot opggﬁi&*éﬂ i;%r-wqpﬁes as a
present |nvent|on provi des ‘a conpds rane

nas}acicomeMEAa:rrsltarﬁahayyaeahcza@brated lraaezleli ams:e cell may be used

cationic an i C, tiopall al so
il G e Ruetoal o oiBAC slatrehamic | &l i ds an electrolyser or
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ng{,éghée@@tlve and non-hydrophilic. These may be
rom sui table precursors by polynerisation in
S| t u, tbheé aresent ahvantipol pravidesorgpoompesidbeotandbgne that may

gg&gﬁ%ﬂ%ﬁf %r p&:?ﬁtﬁﬁ?%&?aiﬁ%ﬁﬁ% bg:aﬁf?zhiéréergd Sa?l%nic, and optlionally
also a hydrophilic and/or a non-active material that is ionically inactive and
non-hydrophilic. These may be formed from suitable precursors by
polymerisation in situ, to form a solid polymer compasite electrolyte {SPCE),
or the precursors may be polymerised separately for inclusion into the final
membrane. |
Use of a SPCE within an électrochemicai 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
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menbrane. 30 Use of a SPCE within an el ectrochem ca
ceII may provide a route for ion conduction through
ionically active phase(s). In the case of fue
“6’&"1’“%12489& ectro-osmotic drag will occur here PCREGHHS/002356
the case in conventional SPE4 materials. However,
there is no ion transport through the ionically

| npreisels) df‘&@Qﬂ&b&s@%?&e%v‘e@ﬁ@@ﬂf%ﬂ@%mcéli@h@@cﬂﬁ:@)phases
of the materl al. Therefore, in hydrophilic ionicaliy

| RIET VB Teac8s Mg dromshighelo fewntyicenialivem raigh these

o PRSP RFTII RS el OUe, (D88, nidaflic | Edfitln to be
t ondietaimed duang eﬁechimbn gWaj;@;r migration Wﬁbagh ithigrptasenwill not be
thr oush this phase wi.l

O b e P AP molic HRBSLTES wRe LB INAELHRS GE phases in the
gite SpEnplovRids & BfiRRaPodtd for hifidliod ehfiof Hhile changing
vaaim glinws axasetymf odiet pragloben/oserbombinatioss. The

2 o, AR O W R e o
NQfedtRtHbhfcA¢di$ | Maa r&ﬁb%ﬁ?d@és nP ré&tﬁ%t ad&ﬁénel balance of

exanpl e, hydraulic stability wthin the SPE helps
maantai rorfaxempie mycﬁﬂiﬂilmﬁ@bdw wﬁpmtam S%E sl magntain fuel cell

£ PSR, TR RN RPIR] oo (RiERRY giefiublg| eibfyét Hitnin the
C@ﬂ& dbgtte drpng el redejdraiing tidsioh eire bebowRt & y&itibhte towards
i nterface, another common failure node observed in

f gefangigrfian @fi thes cAGEYSPE tntgHare spRother csqramsn fedlure mode
SR Al e AR L Al SRy on 1<
eI ectr Mhﬁmrcmivaatﬂgevastsxacm‘temmblthe :rwenpanm thatalr alidvhsefor the

vent| on es. a rect|l 0
¢ ASE el B e Satieg Al of @ el | BRtucljarofhe fventon
DSpGides by JWieh B AeBEF cafrdl tHHre?éctﬂcaﬁ%w?erQﬂﬁ?ut of a fuel
each schemat’ic representations of an enbodi nent
t Belli nvent i on. Figures 3 and 5 are each schematic
_ enbodyi ng the invention.
aphi cal representations of

resul t Fagmé@n rmfdi 2 @ire %écn Rehainz6o reprelbatations bf barnembodiment

Description of Preferred Enbodi nents
of the invention,

Figures 3 and 5 are each schematic representations of circuits
embodying the invention.

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

'Description of Preferred Embodiments

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

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
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This invention describes a novel conposite nmateri al
whi ch provides inproved hydration nai ntenance. There

Lhr princi pal enbodi nents. The first principal
W BulithgR,

i ncorporates an ionically inactiv&C3@:B2i05/062356
material which, if hydrophilPc, provides a route for
water mgration within the nenbrane, which is not
| npedied BY tie¢ emthadesiiffiuses Dackg thrboght Meeciasizallty iREctive active
mat eri al s . i nﬁ fuel cell, t g_i'_s permts back-diffusion = .
of SYRREIENE o Mishiaelps Mataip Nigh 1edliGsrsYe by DRgintginii high ionic
a ; . . .
20 b S IS S ogadae ate PR elhaly 1Y fyel gl this
direrindte daskdiffugion frghn thieariodiei todhé gathodet theesaane benefits apply

N PR B CEoRRteT Rl AGeReralel punifbndbeot fequired
t [Bineasige Ainidiily TAs@eahatdrial & hdtedle@fd-therhitialy a%ﬁ{léf‘é%@ such

back-di ffusion fromthe anode to the cathode; the s

be¥iad$ 1 dpp| P GE asunianen dapnoti exiuire CRtalwsier i Al son-hydrophilic,
Addli 1] el q.di f.j.cati i,S,. not _requi red. i nc

¢ TONER el APl cahohe et srdRd bhidical g and

eldimensionhle stasilityy ifchénvaficialn¥ngoE NdedfeRRSTRE MENIBRE may
surface do not require catalysis. A non-hydrophilic,

i GRIMPAISPy 2 U PPY@USarerafdrephili conigaby addivenmederiad for the
p L&ad e 1k jonal stability, if

bi‘%‘i‘? ﬁ@%sﬁﬁ gﬁﬂ?‘oér? bg;%p}lggy@%éﬁ menbrane may 10

conpri §"éleasaﬁocld¢mfmcmm embodirhgrindiibes iaocofmininiatim Ikc))yAE and CE
aclLlLve mat.er or the _transm ssion, of water

c& ?f?%#@‘%??&ﬁ, terﬁ@ﬁ@@l:%ﬁopraa%ﬁawd ER8 SiWRIAL & the anode
Uhbi S&hode GREDI BHdOM fouéﬁcé!\“%%at@h%ﬁé%%gﬁ@%ater at the

SPCE, to control the production and use o
t Rathesedqnd ARdnateriasless wakey. atSha cathiodesarid ptodusel waBr at the

Lal s:.ge r_caf,t cat.hode d A

e EueobSrCaRER IS ardhe R R ERASTRBARM e portol o
avatdreprciuatien atshatd whel bes antiatheosatdbddE AaNtbriid&lly inactive
rm%erl als allows the control of _water production at -
bBIASE RECUAdREUSAR (Q REPREe BibdoNis PG TS oules hyarophilic,
p ) I 0 d I @ni nases. . i
Pheshheu! fale YEGKho SRRl bl ¥ P8 Edparaion an
dadditisnalrstramgtimondinyetrstqrial Istability.o provi de separati on

and 2Q additianal strength or dinmensional stabjlify.

The ¢ R H BN Oe” HBRE TR i A Teststhe! a8ich( THs can be
Ot 1ol Bbisres &6h pew. used to control ion flow These

t hree enbodi nents can be used separately or together,

to probeeR thrarulembcesdisents apprbacrsaco skpdratelyonr together, to
ORI 2 MktitRBtdd GBpioBERYS RybiPSion control and ion flow through the

membrane.

A product of the invention may be produced by a process 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 icnically 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
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25 menbrane. A product of the invention nmay be
produced by a process which conprises two stages,

e, production of the ionically inactive phase(s),
Vﬁﬁ@hﬁzﬁﬁﬁegnatlon with ionically active hydrd%WﬁQﬁ%W”mﬁ}m
pol yner(s). The ionically in&ctive active phase 30 The
ionically inactive material may be hydrophilic or

NoBnicuiy ofdtivel Malériald THREE! didtdnaibnsdaRendang @ébérhi@ng on the
application. The ionically inactive phase should be

pragplication of thenfina pesict.sufficient to all ow effective

o Al B Bl AR e s s
nPdfefét@ben Tigesei POOE NSh, CR] ParY siassyof bbtpesrd0Q apa 1005000 um.

.ﬁl‘lcatlon of the final product. An exanple of the
& BPISE MAXELIW SNYIURSE'S!Y. a mesh having a t hi ckness

2Bob2:12§?%&%0%[%nnﬁgqg #ﬂgng%ﬁ% W&tv@b&ﬁﬁe‘?f cOBbYERE particles

gaﬁr@tcilamet@rfhﬂﬂ.fben Exang| 2000suran mtempeaéddybeivmﬂn ire ionically
conp particles. of a dianeter between 10

arﬁf’t’ﬁﬁ(ﬁ‘@atﬁﬁ'ﬁrsr fs?lf'g'g%%"@@”%i%en the ionically

active hﬂ@&ter[};tﬂinﬁer@r\!vﬁ’!r dr3oR9! ¥omel Sv?étbpnevéﬁsﬁf descrabed as
pol ynmers w |I'l absorb sonme water even if described

1Chyidyaphiticbfa; mfstancensntwtcpqumss up@u;ﬂngrﬁ‘iqsﬁcwtimhngﬁght be

RS Bl B T T RABEATer s o

Sejchsdied té erdien e Wher whgpoﬂt r@qmmmntg @flth fs@icReiical cell.
an el ectrochem cal cell. Specific exanples of

mat eri a‘?o@equmatexaml%mf carlejials daati aee dpricalbhinactive and non-
a | yet hyl ene. 15 Exanpl e
AR & AR BB 28 e T es

C properties are

am no- ﬁﬂe)dlp[eamfmhahemew thauiety Ha,&:lwbiaue grogspiesiark| gmino-aikyl
those jn V\/nl ch the al kyﬁﬁsrou

4
at%‘vﬁﬂa &8 qnad mﬂﬁﬂfy giesg EERECI2 @Oéﬁ-l!rh W%éql'bhh% qgﬁ graup has 1 to
rb% QbmsS‘é %E&Fggr gﬂ/l amheSAAD Grée % tm‘a? be mlono—- or di-

preera yaC4a e.g. net
Speibsiiiuted radmEnyssudrstituamt nmptdigﬂabacaﬁﬂtﬁkyi group e.g. methyl or

rr@linEt waI &}eg%gtn mq?él |Crg at % nﬁwﬁ%{aﬁ&é% a%rllethylaminoethyl
Qﬂéﬂak%etﬁgia)ﬁhlﬁb@ﬁi ﬁﬁ‘éﬂ"@irbl@@é phat @ethyRimiabethybenethacrylate.
use

as the éropl nononer and in these the
alHydrogikpugcrytates @ﬁérfagih@cafiatfsman ateq Berivsachas the hydrophilic

ﬁy%nodx}ﬁéﬁ%bg%mtﬁ%%@ ! ?g@ﬁj?ﬂfwﬁs BEAORIRy bf 1 to 4 carbon atoms,
e.g. methyl or ethyl. A specific example is hydroxyethyl methacrylate (HEMA).
Preferred hydrophilic monomers include N-vinylpyrrolidene (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,
hydroxyialkyl and aminoalkyt (including mono- and di-substituted aminoalkyl),
e.g. di-alkyl aminoalkyt 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-
dimethylacryiamide, N,N-dimsthylaminomethylacryamide, N, N-

- dimethylaminoethytacrylamide and N-methylaminoisopropylacrylamide.
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Preferred hydrophilic nononers include
N-vi nyl pyrrol i done (VP) and 25 other vinyl |actans,
and acrglan1de and net hacryl am de and N-substituted

%fes thereof. Substituted acryl am de ZRA/GCBLHOS062356
met hacryl ami de derivatives ray be nmono- or di-
substituted, and preferred substituents are alkyl,

hydr oxyThaé Igdfymem ail’ﬂ pcﬁbﬂe}nly Comtﬂymérm@f ﬁ‘@DOt:-ar &nﬁe hydrophilic
- substi t ut ed a dy tggy , -al kyl am noal kyl

CBRBGTeR. ¢t 8 2 deea e atiye. 6 S pre e NgHIrhanomers

3Quitee cfhecéf th%‘reabf?@ m@é:ﬁé‘}s arp;gi su% th gpti:c monomer is

especi ally preferred. I'es o h de
a!r@mlymemg&chwﬁmmlapl adwlam)pzr mﬁmylateamsdeciany Nﬂe in which

Cr?vﬂl' %OEPHS/H- gff;‘r\e m norre’t 0 ame¥hyq] or ethyl, or

POTY PRY |66 bbawgae% f
P Gozooslormgsse A ey HeoAiR) Wihtirier” Becific examples

c ¢ Shitablescaoltgr saie m@pegfmaw op WPl and maﬂndrzthacrgiage (MMA),

SRSB4 00, ek R SeIEARRDL. LB s of

a téneghehlicl doid BP0 WPemal SiscCiep oliyamei sed with an al kyl
acryl ate or rrethacrtyl ate, especi allé one in which 5
©

the al Hyis Ryplemsdiha Wdﬁfﬁimer@ shogt be srepsoifkedeand this may be
”%EH?Q gerbﬁtrﬂé’érﬁgfﬁts nga&”é oéklzl%rmﬁ&fona B&S&Gg, S%?J[g% fs,in the

used as’ a co i € exXamnples

cop:uiqmeir system. (ﬁ)mhgimams saﬁabl@ c&osls-tmltlhglagents are compounds
| ate (MVA of VP a HEMA, and of VP,

nmet h&(@}/‘

styp dnd¥gcr A oﬁﬁofﬁ’l |€§’1yiQﬂjC§ﬁy| y'ﬁ%‘i’@uﬁed groups, eg. allyl
t c ac y sui e.

[ g{ %ﬁgérgﬁtgd t hgi?"?%nggngarrer gé t@ggehg éi c%ss [ Eghé} crylate,
atrdnem@!mabe trioaihacadatpy mdcémrpetlmiwlpg:paane drimethacrylate.

Ll e, AR BB ol b AP as Shyikbhg S BRN Wiy cross-

C RS HS crésyfriding BEehtIsbifg uBBd efcfbRY¥IPM Galdnyamount of about
unsaturated groups, e.g. allyl nmethacrylate,

dif VA Ry Meiehtet éheé"tQﬁW@fé?!@%ol di met hacryl ate, 15

trinet t

rhe E{z(]gl'xr‘? fgéig%\ﬂ:}‘?ol)% ﬁgﬂacr 7 rgtagségg%ferrfeij in spme_cases, such
dasmaibjtéambdtfrmtnecgdﬂrym anghBul d be rel ati veI y

lightly cross- .linked he cross-|inkin ent bein

usgd %(‘o (COTIRQRICe M ?tﬁ”éL %E‘Ft%@ﬁtngof 58ho arl‘%‘3‘52?S‘l5?y acid’ can be
V\Bﬂcﬂf‘ubeéfmwtz) o 5 c§\¥§ ﬁ r&fl 98- §$r5t?t5i%ﬁt ;yngg Such, the

systens are eferred Sone cases,
tmatertﬂémammomm aonigiromg both midrmd\AEJIkalAcommusntseas part of

”f%%g,%' gt?ﬁ&ﬂ'ren | "Qtch A 'ma erua Xl t')é: a?s%dd a5%0n qgmcal!y 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
Iradiation and thermal initiation, e.g. with one or more of acrylonitrile, MMA,
HEMA, N,N,N-trimethylammonium chioride, vinylbenzene trimethylammonium
chloride, water and allyl methacrylate. An example of such a material is
obtained from methacrylic acid, acrylonitrile, v:nylbenzene tnmethylammonfum
chioride, water and ailyl methacrylate. B
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produced incorporating its own integral pH control
material. As such, the material is a conposite,
‘Fg:ont aining both acid and al kali conponents as part of )
Yhe"a8%St ruct ure. Such a material can be usRE/GB04HM2356
ionically active 25 conponent8 within a SPCE or as a
novel conposite SPE in its own right. Methacrylic
ac FPolymegridatiop aff yireebnmafly hagtive atlileephade r out es
i ncl udi amma,. irradiation and thermal  initiation,
oo e P Bron s s rEroRiG: Il aRtve faRes may be
N, BEOELH HYRGY bASBRENER it A6: in@¥l; diation, |
trimet hylﬁgrﬁrmni um chF{)é]r Wea? zﬁ@epyg%§{;§§ﬁ§§p%se of radiation, in
mewhintr ydasee . noliineex hepling ofiosuah mitidorerisalnaces8fly.  Electro-
obt aj ned. fhom melt hacr é c acid, acrylonitrile,

%nfsr?ﬁ%taﬁ# nium chloride, water and
al 'yl nRihageNhd §atis‘(&£8@i'éﬁ%ﬁé&%nﬁ%r@ﬁ%é&%%gﬁ)@rcﬁbcnate

Pol ynmeri sation of the conically inactive active ase

PoPi & Organic perafide rechhadbepadyliperedde c ddajingraidemperatures in

p e y fect u f hem cal jnitjator .. .
R Ty PO g R e, S e el na it i
nepftdrerddafablenth @ond@n thei hesir il & BESES Bhrdlages at increasing
El ectro- 5 polynerisation is al'so possible. A

10 palemrarpld ey satisfactory chemical initiator is

oD enoAREY e BALROBBEeRENg] RAOWLG REIBIRS, S Postcure

as benzoyl" per oxi at tenperatures |
r aingetimeEnt 3tayt be @GECtedr efge balileatilg the pdiMeri & pnareakivye of 85

suitghle and it is. often desirable to conduct the
heigt(%%& Pﬁer}ﬁrasb&}‘%@erd‘facé't-iﬁ’ges at increasing 10
tenper af yre }olﬁﬁérﬁaﬁbh%ﬁ@%@ FRLIPhY %ﬁ%&!i%ﬂcﬁ RERYorms of

conduct ed, post - cure i treat nent e effected,

15 e.rgdidiipnhe@yi bey used, eay.yiosisiag radistopeushuas WF 18Hit, Xeays or

95 referably under ,vacuu If the polynerisation:i

¢ BT 1 ool BoMcrlas e ien urh s SR g PYdon beams.
I Rtcddriably thidyabiatios efioniry gh@MStdtiatictirdhl PotsAIEH0 38urce or
UV light, X-rays or gamma rays, or particulate

r &IPRBMOAT Sleekons. ehftart thenbasiC pRbiesrisalignslas been completed, a
5 STIUL PO @R1C pRTaRTIses: o
PIRIICBR robtiferdidhbl Qfrekitd S PR ARIIR, adi ati on

roma co rce or a ‘beam o ectrons. After

20 the bafRalymetiyatiori satdizivrhbstweear0.¢ama 20 &lf can be used, though

25

30

Rt GRS ORGP el esHDN RLUTREF o b SoRgs 9T Between 1
angheP N AR Prerereéd dob8r8lid be applied over periods of between 1
hour and 10 days.

Commonty, the mixture subject to the polymerisation will consist of the
monomer or monomers, cross4inking 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 tonicatly
inactive phase. This may then be polymerised in sifu. Alternatively, the
phases can be polymerised separately and then combined to make a
membrane. ' |




nost hydrophilic polynmers are preferably polynerised
at doses of between 1 and 4 M. This preferred dose
peri ods of between 1 hour and

uld be applied over 1d
w%g%@é9§%3®mmnl y, the mixture subject to th&CTGEBIOESG02356
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pol ynerisation will consist 8f the 25 nononer or

nmononers, cross-1linking agent and any initiator needed
buPglyiriers Beisedd theaiomigiallg atliieophasee or nore of the

nononer.s_ may be included, e.qg. water, Once the

oni cal [BETFIRIEL MmN CalegeHas i anirbp aPite mArdal AF SPE
COAHHICH BPEMBSGE ﬁiaté??q’i? e Wasdided iFl'\NOC{?V@Z the ‘content of
provided by the ionically ~30 inactive phase. This may

t hlich elsp dcpnperatast byn refetanceAl t Aceuadingety , thishényendions these

can.be. polyvnerised,separately and then .c ined to .

relRaeTiaR el i T S5 Sl B e cisa b K528 Phage o in
PadoyimnatidroinUgiEcasest e i Aal ElY phekbY fnda8BtalM e Sumber of
are two main categories of ionically active materials,

Arliffment palyroer oREUresy cwithadiferent sionice goaans idndd difierent ionic

vg%%*@§%§90, the content of which is incorporated by
referénce. According to this invention, these 5

nat er i A spacific lwedw_pw ishiie gspof AFehyd @ Iﬁ;haﬁeé %@bél&iﬁéﬁ’ by an
i nacti ve.phase or in_ conbination. In all cases, the

AEPRFRAIYCESHYR sy drpppiliconbase \ésasliniiara divdregarnt epgrexygen fuel
Y i i 0

Pl r s et in o 1. IEREEole £ 101 RBPOPCE and AE. the
uselimfingFeantbréEwphils escse pitr theednddge, afh Hzlh,i 9t aldyy, at the
i nactive drophilic phase, used with a hydrogen and
oSPa 8

2Wcel|. This is shown in Fig. 1. In the

exanpl gl GE lphhskaks A f '
reactions vvoull%l gccur% %yof&%&gﬁgcéhg’ tr%h%izmiaﬁ’, Q:%yéé%nﬂom the
ogathagie anbprosiiceewateratdhe cathotiae Vimepimaleousagged across the

O AR e e PRSP pd 2L
dr aggedhachB ghakbaisc8BiRiFr e fromemdsaidie, ealbet enaswater from
f Fah P8 AUBLPrOGUG BN AT CHLEE GORP oY, Hemblie R alsRcraries
gg\ﬁré?ci%&gfi&n"%ﬁé ehirdletBtheBRE8e. AR HUMHif HERNASHow 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
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water fromthe cathode to the anode. The hydrophilic
pat hways all ow water to 20 diffuse across the

L A further exanple uses a 3:1 ratio of CE: AE
‘%%pcj?%gas separated by a non-hydrophili FCTCBI00ST02356
ionically i nactive phase. In ig hydr ogen: oxygen fuel
cell this would result in the same anmounts of water
bemr@gupecd)mtbéuthatmermbrmdteuetnce abthetihterfaae etheeeNithh AE and

rr at o of dependi,ng .on .
CEterSemoeRt 1S e yerE Shar &) L hyriaptayis pressure of the
;ﬂ@ug@ﬁwmyr GndaRus at ;@@f@ﬂéﬁ BeRAdinéntat¥hi8aAvention involves the
hydratl on, and %I ves sel f-hydrati ng SPE.
PA¥SEnEl intespeetraed ﬂﬁth?fbrﬁfwiuf?S & farrethedoier betweeprthe various

npler i A el Pl PEVBRLL" Rl el of the
Akcdaipdsite fiafolgre. Whet her or not physical ly separated
30 allows the cat al%/iéﬁon each el ectrode to be chosen

separ at E19/ JeeptionpORIWRRN dheniasanatess papidd BRdstagg enough to
r jﬂéb%nﬂaﬁe;\?\%g‘ %‘ngeg@gﬁf Hf 815’1 V%‘é*ﬁ %Jr?qhgﬁéaecgeﬂmhgﬁﬁauﬁc forces.

mertis anay Hen aakidivéd dy, theMaree ofs anguifayply raghesra@dbuk)egpmferred
ant the pr odua(t ter is

S GHoT 48 95e PRl PRSI POBTRTOMREA dPaiiaec e GB-A-
ey A0G, ﬁrrerétﬁrérrt%f%;érhe Wé:gb&g@& he§é it rr‘efe'i‘@mfeﬁeand

CE layers. These layers wi orce rt by

hyldsersf aCiantrpf €s¢ure of the product vvater and thus a
preferred enbodi ment of .t hi nve [‘hl nvol ves th

use of Pn?e?'ﬁgﬁe&a“?@@ﬂg{%r@ §F u%f? S JNYRHOgy ﬁr‘:’ﬂﬁ’é'ses an
| dlectheliypesdubive YridodfspasbayRitsinaie FRiAbing of the call. A
internal integrity (hydraulic and electrical) of

corpase canshe applifcbacrorg grusierirede iadvibergridy @iicwsng the flow of
! qgﬁé‘%&r’b@ﬁ%ﬁ G?rgl?r\‘;agt%étgaocg@o?@? it a:]@r ef?écﬁvﬂé rjd can be viewed

separati o consequ
hytd et lais carf eiec&estatﬂ BeeamyThe weehifexet dyritihe dleseamle since it

e@?[w taﬁ}ﬁe adhesi ve, rqlft a preferred 10 sg%stem IS

MSe Rt PV AHapih B& ¢hiriospet apsa Yr%‘@fqﬂﬁd thereby
ent of which is incorporated
E@Tg’%"]*@@ re ?%lrée%?g{é% e of a Control Gid In a

pref er rTé@ grivh odiynipm imade obelmeffal (ehg poldd or icanbon fibre, and may

C el.ectically con ti |d dis

C 2BRI R MhtalBt ool TRV e SRR With s ShaBriEl JRESSs plectrically
appldi@donicabs festdtat BROWRESt &NBe H@n@rn&r a4 dfRdrast ;bcbt@ntral to
fl ow of ions across the menbrane to be controlled

efh@ice! theaaipbraneanithowydepating electrons to or removmg electrons
from the system. Such a grid is particularly preferred when the membrane

conducts only a single ionic species, for example a proton exchange
rnembrane such as Nafion ®.

A particutarly preferred embodiment of the invention is g laminate of
lavers of AE and CE materials between which ions flow to the lavers. 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 provi_des a
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to act as an electrostatic screen. The use of such a
grid is desirable since it allows the power output of
Wdhsssldot 0 be accurately controll ed, thereby

% ﬁ"’o@.“ﬁﬁ the cell's effici egﬁy 20 The gri d BRYGRRI0S/2356
rrade of a netal (e g. gold) carbon fibre, and may

coggrlse g@ﬁ Z It may be coated with a materi al
preliatis gl pelb dl rrn;w amoﬂil@w difierenbratalyst siateriais fo be used at

eﬁgo abﬂﬂ}?@a é’lt ained at a different potenti al
ane wi t hout donating el ectrons

to or rénoembgdeshaﬂtmfom ifveptibh heillshisiepe datehbad gby dvay of
erred when the menbrane 25

| ar |
?REQJEP C%’N?;V‘)ﬁ g’%ﬁ?@?@ﬁ BhFig- spet thesaceampasyangdeawings.  This
) e T SN

a $%ﬂﬁramdebpfa mmmmwof TAE mprhbChnerss er iah;&at@b‘ﬂﬂ@yws of an

h fl h
o Tinlc e nangs el e A hiatenierchgese malarish yithe layers
a ihaghvatentabt Mﬁb@@: #He %bﬁrsﬁéﬁ ?ﬁ :P?ﬁgb@edrﬂg‘fét@ &on flow

| ayers interface, rather tha rfac
n@ﬁi@%éhelfﬁeﬁﬁr@&/\ﬁw kg chirdgacbbymgpipagad yetential difference

10 DSBS AHPDBiodd LB e Thie AR e sonroteni

spHedsoaferdicgrddl. as descri bed above. This arrangemnent
provi de‘s a G3 i WD 2005/124893 PC116B2005/002356 I1 _
cont r ol 1hihrHee rfi @ cerdral aridt hampesin sbownl tovihale Bevignificant effect

ano ny\§ & errboéﬁjl {‘%O’F‘g{‘ﬁg’ﬁ%%ﬁ'{‘ﬁ%ﬁ“ 35? c%‘?h rﬁ%@vangeg ih'%h AE-AE

d@mctthred by way of exanple only, with reference to
Fig. 2 acco ng drawi ngs. This, 5 draw
15 shows gmSEﬁgqucEéayc@PIU%rpﬁﬁsﬁn@a’él%fc@fﬂ%é“s which the
a tdii ssgg
dtdritia ﬁ‘é@geﬁ\‘/ee% W @6y bgﬁu"’e Sr”@% bﬁdzﬁzthfg of the

| am nate of ayers of ni oni ¢ exc ange nat er |
airtpairasiesi formiogdhe Mige material 2b, the Iayers in

i onic o 0 t,he aces . The

rate o Hﬁ’“ﬁ‘r&@} %%?mggqutﬁgt’%e(sﬁﬁ %(ﬁeoog%mi%gmay pe app?:ed SO
C dmatr thiel @ﬁpwcﬁm@ oBling BeRriBhLaht SHdrider NG ér%pertses is also
a ir oss an el ectrode and the grid. This arrangenent

prBVA-YRY MY L0 Mfies! Pesieinger &lG outpeiriion theefuel chienomeally an
O?nl'%réﬁ{‘}ﬁfﬂde%ééi has been shown to have a significant
ef fect '

The following Examples illustrate the invention,

20

Example 1 shows the effect of a single insulated contro! grid when used
in a fuel cell consisting of an AE-CE combination, In this case the output of the
25 cell can be varied widely as shown in the figures.
Example 2 shows the effect of an un-insulated gold grid in 2 membrane
of AE-AE construction. In this case the effective conductivity of the membrane
can he controlfably varied by some 30%.
Example 1

30 TestCeli

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
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even when enbedded in a nmenbrane of uniform
properties i.e. in an AE-AE structure. 15 Mire than
g may be used, e.g. a pair of grids in which
fohé’" ’b%if‘é%tl al is applied between the grids JFCHEB 2356
the grids and either of the !&lectrodes fornming the
MEA. A tine-varying applied potential (an al/c
po&@atéiaﬂ Jo trey okidartpsuppiyl ansicthet ABtwad adiaatnuto tfe fuwt supply.

r the consequent change in cell properties is
al é@ta?% wawaww%%&(qqaf PREFENGAYEE ng an a/c
OUEfuidl !Eépﬁ}r&?ﬁ fuel cell; normally an inherently d/c
B .

devi ce ol | owi ng Exarrpl es illustrate the
i nvent i ArhlgEmmpuende stuniiolieble ﬁﬁf@at sigfpha veasngbrnected to the

|, at ed. t _ f uel [
5S¢ | nsu t&‘%ﬁﬂcgﬁ‘ rae;cie%%c%@rggﬁtlﬁ ﬁ?ﬁ"}’%fﬁ QﬁSt E?s g:se t he
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OUTMRQé"ﬁé@ 25 cell can be varied wi dely as shown
in the frgures. Exanple 2 shows the effect of an
un- i nsufat edTl'gealvalt@ﬁ between Wenfbehnel! apodamndEathode was held

construction 1t he Ct.i V. duct i vi . L.
ot he menoreanstert 8% Bsbd G Prbigh AEpEGNE JSad mpding this
30% Exanpl ajrhe 13 cliesht détiverethRomnesb 1aéll delicpadrésrded over a
both CE and AE pol yners sgpar ated, but not i solated,

by g mﬁt al : i% MiBYE PYOIH JhisPERGasuRY %aiﬁateeaﬁaﬁ Mé\g@ea:]pp!ymg
t t t t
ol yoers. - iRt Io S aanE 0 8 8¢ 1 rom bo

PCT/ GBZ2B)05f Ol Sfircuit 2heiteme the t el heslioenddat asd podatyeode was
and the AE was adjacent to the_fuel_ sup

was pl at i nurRR5N&Ek REBREFOoHE: BPHoff é‘PBt%YﬂeéiteQﬁtW%%Ithe two.
arcuit A NE cEPRLAAGE waLNLRLbAN e Al 29RiRIIPDbst open

was connected to the contro gri ectrl cal
circuit is m@m |n Fig. 3. Test Regines A) The

vol t ag uel ode and c¢ tho

ol d- Chet ATE e 6oV adsstiiee & tositant drpe box. The
| oad. Duri nq:emha:@rrerﬁtl dtti@ta@ér RNE Behbyeafd the oawde output
fuel cell was recorded over 10 5 mnute period. This

procedur e waigugedt ed whil e appl yi ng
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 controf 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 apolied a frequency scan to the membrane fo
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, samphng every 5 seconds After ~1 min, the conductmty stabilised
0 3.40 mScm | .'
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different voltages to the control grid. B) The circuit
between the fuel cell anode and cat hode was opened
“$%ﬁy% 4% g the flow of any current between the t )

vol tage was recorded at 1 and 2 n1nd?é§3%@§%m”3m
open 15 circuit. C) The fuell3cell was pol arised using
a resi stance decade box. The «cell current and voltage
wer e | ogfedridnas tﬁ@nmweectedttp e PS4l and 4fedas Hpplied across it

t o?ﬁ%fcsf”ﬁf?%@%@t@ﬁ "gsvéiﬁg?%%@égrﬂ%cwwqtﬁvng "a%'ﬁﬁsed to

cug Benhsem®) agai nst potential difference between
oxi dant_el ectrode and control grid (V). Exanple 2 A
gol d gride il v@spaissentedied \ansh tre ABnduativity afiecredsed to 3.36
as Yy C I [cuit e sh

S ATRSPRY  TRCy REY tecdivteliit oho 366 P8 dpgdasse 1o 477
pnuﬁcdéﬂ a 1V DC bhi as MAth 10 nV nodul ati on. The
current through the grid was nonitored to.ensure it
was al ways 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 30 was 130kHz. Then the
nmenbr anes were scanned at constant frequency of 130
kHz for 5 mns, sanpling every 5 seconds. After -1
mn, the conductivity stabilised to 3.40 nScm1. WO
2005/ 124893 PCT1GB2005/ 002356 13 The grid was then
connected to the PSU and 1 V was applied across it.
The constant frequency scan was repeated. The
conductivity increased to 4.66 nScnf'. The grid was
di sconnected and the conductivity decreased to 3.36 5
nScmi . The grid was re-connected and the conductivity
increased to 4.77 ntcm'. r.~

(@}




~6 14 CLAIM5S 1. A nenbrane-el ectrode assenbly which
conpri ses el ectrodes separated by an ion-exchange
menbrane, and which al so cgnprlses a neans of
controlling the flow of io ¢ across the nenbrane. 2.
An assenbly according to claim1 , wherein the

CLAIMS nenprane incl udes, as said neans, an electrically
conductive grid. 3. An assenbly according to claim 2,
wherein the grid is coated with an electrically and/or

1A me”ibé?ﬂec%P‘FtEPderaé§?’§Pfémh'ql?éP€\Piﬂﬁ¢S elgctrosgs sepasaiptl Py an ion-exchange

membran®C &1 #hidd alse BhiliRLa Meakd & d@n@olll dgi‘th%?l%@lcdf Rk Brods i @
nmeans for providing a potenti al fference across

membrangart at |east of the assembly. 5. An assenbly
accord| ng to any precedi ng claim wherein the nenbrane
is a cationic exchan menbrane. 6. An assenbly
2. An asssﬁ@araﬂ%&"tgd%wyn df: mgleéﬁtmrﬁvemrabwne isBides.pstsald means, an
electricallfREM RN hfd.an ani oni ¢ exchange (AE) nenbrane. 7. An
assenbly according to any preceding claim wherein the
menbrane is at least 0.5 mmthick. 8. A stack of

3. An assaﬁ@@rs@b@ramgqs entel '2”\9hér8m5tﬁé/g:@c§ RGRelcAif! A éBctr%aii%ﬁd/@rfromcaHy
an assenbly or stack according to any preceding clam

resistant mategal i n a” fuel cell or electrolyser.

4. An assembly according to claim 2 or claim 3, in association with a means for providing a

potential difference across part at least of the assembly.

5. An assembly according to any preceding claim, wherein the membrane is a cationic exchange

(CE) membrane.

6. An assembly according to any of claims 1 to 4, wherein the membrane is an anionic exchange

(AE) membrane.
7. An assembly according to any preceding claim, wherein the membrane is at least 0.5 mm thick.
8. A stack of assemblies according to any preceding claim.

9. Use of an assembly or stack according to any preceding claim, as or in a fuel cell or

electrolyser.




