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and preparatlon process for said polymer electrolyte ' The
invention relates to an el ectrochenical cell conprising 5 o0 a pair
of el ectrodes each having one el ectrode body made of porous base
mat eri al which essentially consists -~ 30f carbon particles held

toget her by a binder and has pores whi ch permt percol ation of

fluid through the el,ectrod i n whi,ch the. el ect ode body
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contacts the two electrode bodles electro- chenlcally acts as an
el ectrolyte and separator of the el ectrochem cal cell and is nmade
of a hydrophilli ke inventics: oxaletesct ity Pt ynelegkraghemicad, cell
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‘basis of pol (petﬁjﬁ%%)‘r ggéé&?ggﬁ% %ﬁ?om S € £&1, an intetlayerStberi%s of

further ne ane®P
provided between the mewbrane £ilm and the base material

with the catalyst deposited thereon,

o means for introducing a £luid into at least one of
the electrodes,

20 ° means for passing out a £luid £rom at least one of
the electrodes, and
o means for making electrical contact with the
electrodes.. ' '

The inventicn also ralatég to ‘a process for preparing the
25 material of the membrane £ilm of said electrochemical
cell.

An electrochemical cell of the abovementioned type is
known from US-A-4876115. This known cell employs, as an
electrolyte and separator, a membrane whose materlal is
30 a polymer material comprising substituted poly{per-
£luorcalkylene), some of the substituents being termi-
nally sulphonated. A membrane material preferred accord-
ing to US-A-4876115 is Nafion (trademark of DuPont),
which is documented, inmter alia, in REmpps Chemie Lexikon
35 and is there referred to as a membrane material on the
basis of poly(perfluorcalkylene)sulphonic acid. Forx
iistings of further membrane materials, reference is made



- 2- In US-A-4876115 to US- A-4337137. Such perfl uorinated
menbrane materials in accordance with US- A- 4876115 exhibit, owng to

t heir chem cal conpo- sition, at tnperatures up to 100[err] C, the

|l ong-term 5 stability required for operating the el ectrochem cal

cell, but they are very expensive. Moreover, £stablishing satisfactory
contact between such perfluorinated nenbrane~ materials and the

el ectrodes is verysd afgud o end vo peliallihgyhy, 10 Htherto no other
menbrane materi als have been di scl osed whi ch, in conjunction with

distinctly noré favourable production costs than for the perfluorinated
menbr ane mat er §wels perfinogicdated mehrlbriite oatldzfals, iwdtidiirdahiee with

desired long-term i Jd feOr eratl of . el 0- em

cells. The tiée%ﬁéﬁ/éialnd err%%gafl 381&*51%% tée% gﬁ%%%l i?%&r}enmhs%o'

brane materials, isiigphand c#tar tempaeabuane MR efeal 300°C, gidfa edonpt hegm

styrene derivagi veg@iich 14135 S vl 28aV £8r opedatiBy! DAL Q8 ech2dchRBRDcKDOWN

for along tinme, for fo exapple from"l| ntrodughon to SPE Cel | Tigh%gy"

by A B. La Corft§t}m bub; SRE¥GRFYVHY SFBRSEIVEe HRFapves. 8PLED ;

I\/eni ce, 15th to 1SdeivBadctbiss cpagestidetwsen such pérElubrd mattidewbmbrane
ong-term stabili ' ef L.ned s eLh I f_an
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cell caused bydi#fd.ewdtbr ane resi stance increases by | ess than 100 nV

in 1000 hours at a current density of 1 Alcnferr]. On the ot her hand,

t he nenbr ane terials known, for
£€ Hitherto no @t%er membrane materials bhave been disclosed

which, in conjunction with distinctly more £favoursble

production costs than £for the pezﬁiu@rinated membrane

materials in accordance with US-A-4876115, exhibit the

desired long-term stability for the cperation of electro-
15 chemical eells.

The thermally and temporally limited stability of mem-
brane materials, in particular of membrane materials
grafted with a styrene derivative and cross-limked with
divinylbenzene, hasg been known £for a long time, €£for
20 example freom ®Introducticn te SPE Cell Technology™ by
A.B. La Conti in “Proceedings of Oronzic de Noza
Symposium®, Venlce, 15tk to 18th May 1979, pages $4-127.

In this context, long-term stability is defined as
follows: the membrane of an electrochemical cell is

25 described as stable if the chmic loss in the cell caused
by the membrane resistance increases by less than 100 =V
in 1000 hours at a current demsity of 1 Afem?.

On the other hand, the membrane materials known, for
example, from US-A-4469579, US-A-4506035 or US-A-4605685
30 do show the desired long-texrm stability, but are very
expensive and therefore have not been applied on a major
scale. - These perfluorcalkylene polymers or perfluoro-
alkylene copolymers, radiation-grafted with an optiomally
£luerinated styreme radical and then sulphenated, would
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Ehem;c cal Icel I's giwaeﬁﬂsamept&aaé»éﬁ; Vs BeHEbiahe Hdtdnials £68deledtRer
eneficial propertie re ation o S use

as a 5 menbrf ané’r@gﬁ%l‘:ﬁl&l@ gi% p%’éﬁ? @g‘gggi% )T%%éagg&ifg el y
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hours, but at 80°C all the membranes studied (those of
¥.N. Blicki et al themselves and also those which they had
obtained commercially for comparative Qu@esgs) sufferad
rapid degradation. Thus none of the electrochemical cells
ptudied by ¥F.N. Bfichi et al exhibited adequate long-term
stability.

An electrochemical cell of the type mentioned at the
outset is known £rom "Chemical Abstracts"” 108(6):41131k
and JP-A-62-185855. The membrane f£ilm consists of ion-
exchanging polystyrene material Selemion MV (trademark
of Asahi Gaishi). On each of the twe surfaces of the mem-
brane £ilm a layer of sulphonated polystyrene is formed
by grafting. The electrodes and thelr base material, with
the catalyst deposited thereon, are impregnated with a
solution of the iomn-exchanging sulphonated material
Nafion (trademark of DuPont). Then the electrochemical
cell is assembled by the electrodes being joined to the
membrane f£film on both sides. Thus on both sides of the
membrane £ilm between it and the impregnated electrode an
interlayer is formed which consists of sulphonated
polystyrene which, accordimg to the documents cited, is
a gel, so that the interlayer penetrates into the elec-
trede and ensures an effective bond between the membrane
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‘'sol ution of the ion-exchangi ng sul phonated nmaterial 30 Naf-ion (trademark
of DuPont). Then the el ectrochem cal cell is assenbled by the

el ectrodes being joined to the menbrane fil mon both sides. Thus on
both sides of the - menbrane filmbetween it and the inpregnated

el ectrode an interlayer is formed whi.clp consi sts of sul phonated 35

pol ystyrene which, according to the docunents cited, is a gel, so that
the interlayer pefidsa am ithio él@a&m impregmm awfitenNafdenan This

effective bond be
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such as, for exanple, 5 _t0luenesulphonic_acid, Wile this known
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EP- A- 0483085, to lm@gﬁﬂt bebpyriour i@l eperslidon sbovhcreom temparatning

with the catal ystyg n@t d880akbed hBCALPNin Whd &1 \ddctheaksl NE ,
i on- exchangi ng sul phonated material Nafion (trademark of DuPont). This

di scl osure reports solely on the short-term behaviour of 15 the
el etrochem cdl ceald i ﬂ@imﬁy, ef ot BP-A 0483088, to impregnatesalind v

S with the expensi Vie%%‘:ﬁ&'g% '\é@%igﬁeiﬁkt base %{'géz?i [ CyRERV LGS ftatvet

contrlbutlontotghe SO pr o | ong-t er m behavi<o in

-operation above depesited thapeen: urithia selutdeon off §b§| @Tﬁs@ming 20
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Energy, 17/1F (:882plpptrédhed?8al celllist | addghbdyuetevated Homymar-

'?‘;rwﬁar}?;‘bra”e th® a0 Y1edyP e U Chach Al A YA le%a‘ﬁit@% it
therefore provides no contributicn to the sclution cf the
precblem ©f long-term behavicur in cperation above room
temperature with a ecost-effective material.

20 "Radiation Grafted Nembranes: Seme Structural Investiga-
tions in Relation to their Behavior in Iom-Exchange-
Membrane Water Electrolysis Cells® by G.6. Scherer et al
im Int. J. BRydrogen Energy, 17/2 (19%2) pp. 115-123
discloses the use, as the material of the membrane film,

a5 of a base polymer radiation-grafted with terminally
sulphenated'vinyl radicals, the base polymer used being,
on the ome hand, a poly(tetraflucrcethylemne)} (PTFE}, on
the other hand a low-demsity polyethylene (LDPE). The
long-term behaviour of the electrochemical cells £fabri-

30 cated therewith was studied only at room temperature in
the case of the LDPE-based material. In the case of the
PTFE-bagsed material comprising styrene as the vinyl
radical, the electrochemical cells failed at a tempera-
ture as low as 53°C. While in the case of the PIFE-based

35 material comprising trifluorostyrene as the vinyl radical
the electrochemical cells did prove themselves in terms
of Ilong-term behaviour above room temperature, the



sul phonated vinyl radicals, the base pol yner ‘used being, on the one
hand,, a pol y(tetrafl uoroethylene) (PTFE), on the other hand a

| ow- density pol yethyl ene (LDPE). The | ong-t erm behavi our of the

el ectrochem cal cells fabri- 30 cated therewith was studied only at room
tenperature in . the case of the LDPE-baged material. In the case of the
PTFE- based nmaterial conprising styrene as the vinyl radi cal, the

el ectrochem cal ¢ at r s [e -
Wiile in the cam%%éf%e P'T'%IE- bqélgeééd 5 %agterl aléﬁgi%ga lm\é(réi@éé £l
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sol ution of tBe pmabéximbi |ong-term behaw our in opera- tion above
room tenperature with a cost-effective 5 material. It is

t herefore an object of the invention to grogose an el ectrochem cal
cel | of the type REnt® Jeretene,sn pbiec aFee ctevantien to PEoBRERRRON

in particul ar abouketefdshemicdlenpelntof ctiv@kEgpe { mEnEtomed, 18 NEheypeg- nor e
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characterizedgi n LBgbative ﬁ&&%é%ﬁégﬂaﬁ@ B DL PEReLLd M LS aeﬂiéée
pol ymer 15 radi at | on%g%i vm t h termnally sul phonat ed Vi nyl

radi cal s, o afeEs #&rRGL4EYect ed from the group formed
by substituted and unsubstltuted polyoleflns substituted and

unsubst i tut ed vingl, pehyEGeseRRd LiShte CORR! YTRES-A0NRhonl cdE Yk Mo
¥ ni n’ers w% dg$

radi cal s being defive rom vinyl are sel ec romthe

group fornmed by stypeimentipned imdhsmapreseblet dé mcﬁgﬁéﬁ@ﬂsiﬂ thatind-
i s noreover charaghsr naedritlit R ¢the h@hﬁé&ﬁéerﬁih is a base polymer
is radiation-grafted with terminally sulphonated wvinyl
radicals, . :
¢ the base polymer being selected from the group formed
by substituted and unsubstituted polyolefing, substituted
and unsubstituted viayl pblymr@ and their ceopolymers and
20 ¢ the vinyl radicals being derived f£rom vinyl monomers
which are selected frxom the group formed by substituted
and unsubstituted vinyl monomers,
and is moreover characterized im that the interlayer
comprises a proton-coanducting hydrophillic eépolyme: of
25 poly(perfluorocalkylene) which is substituted with iom-
exchanging groups, and poly(perfluorcalkylemne) which is
substituted with non- ion-exchanging groups.

In this arrangement, the interlayer may preferably have
been applied to the membrane £ilm and/or in the case of
30 at least one of the electrode bodies may envelop the base
material with the catalyst deposited thereom, the elec-
trode " body being impregnated im its pores with the
proten~conducting hydrophillie copolymer.

Preferably, in this arrangement the base polymer iz a
- 35 polyelefin selected from  the group formed Dby



conprises a proton-conducting hydrophilfic copo]yner of 25

pol'y( petfl uoroal kyl ene) which is substituted with ion- exchangi ng
groups, and pol y(perfluoroal kyl ene) which is substituted with

non-i on- exchangi ng groups. In this arrangenent, the interlayer may
preferably have been applied to the oeghrane filmand/or in the case

of 30 at |l east one of the el ectrode bodies nay envel op the base

.material with thgﬂ@é@hﬂ@dﬁp@é@ﬁ %{j@é@ﬁ pbig (teteffluorodttydanky]y
being inpregnated in.its POE €3 WI¢
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10 Preferably, pLbg.. dh TWrohaE aﬁé tyydafli ation-grafted to the base
pol ymer are cross | 1 nked by radical’s derived froma cross-1inking
agent, the cross-linking agent preferably bei ng sel ect ed fromthe

group fornedgby §mfénﬂs§yzeme vinymrmgdigﬂé yaradhest

t hereof, the matg gt% éég:lee JIRI i’i cgll é&{éf@' éi'P

radlatlon- Iny nonomner cross ng a
radicals in a re@a@aselmm aged o, mi;hm @mﬂiﬁhﬁm@gent prefera

to approxi mat el yp§fadOgetected Fr8hChER Krllp THhbl

cont ai ns

and triallyl cyanurate and mixtures thereof, the material

i5 of the membrane £ilm preferably containing radiation-

' grafted vinyl monomer radicals and cross-linking agent

radicals in a relative weight ratio with respect te one
another of up to approximately 60:40.

Preferably the material of the membrane film contains
20 from 15 to 45% by weight of radiation-grafted vinyl
.moncmer radicals.

Preferably, the mewmbrane £iim bas a thickness of more
than approximately 50 um, in particular of from 80 to
170 pm.

25 The electrochemical cell is preferably either a £fuel
cell,

o one of the means for introducing a fluia being designed
as a means for introduéing a gasecus £fuel into the one
electrode,

30 o another of the means €for intre&ueing a £luid being
designed as a means for introducing a gasecus oxidant
inte the other electrode,

o one of the means for passing ocut a £fluid being designed
ags a means fer paséing cut zreaction products £rom the

33 combustion reaction between the fuel and the oxidant £rom



20 from 15 to 45% by wei ght  of radiation-grafted vinyl monomer

radical s. Preferably, the nmenbrane filmhas a thickness of nore

than approximately 50 [err]m in particular of from80 to 170 [err]m
25. The el octrochemi cal cell is preferably either a fuel cell, o]
one of the nmeans for introducing a fluid el ng desi gned as a neans for
introduci ng a gaseous fuel into the one el ectrode, 30 o anot her of
the neans for intbedeeenglectsedel being desi gned as a neans for

Itﬂte roduci n? a gasegua %Eﬂéﬂ%llyda%é&& Léw_as}iégﬁeaﬁsecgdzo%ssiag cht ane of
means for passing out a fJ Ul i ng desi gne as_a_neans f,or
passi ng out reac%i@ﬁapgggﬁgt g@éwah@ 3 m%ﬁ&u@??oﬁaﬁgg% iSHEbé’Wg’n t he

“fuel and the oxi gapesf rwirich have been supphizad nd thl thergameous oxidan&nd

optionally agot hg&egf ﬁage?aijggs i&égéé%?i ng out a fluid being designed

as a nmeans fOr pasSsing ou ner gdses, which have been supplied with
t he gaseous oxi d@ftis 8= eleghrelutin in@llel ectrode, or is an
electrolytic celb, the me@nst f8r "BaSodiind d OFlliGId belrld WichiaRieal agesal gned
as a means _for i trod%n% a startln% rrg%herial tto ?e

el ectrol ysed, 10™e8R8an&SFne ‘RERRGUPLPIna8si REREHERE f PAFEZHRL ng BesPned
as a neans &decpaelymegdout reaction products from the _

el ectrochenygal degoRaNGSH b [ kal i% .

el 'ectrochemlgal ge%ﬁ nayég#%{fgg% ia%éﬁa y&%pgggf%a bgia%ségas uedgll or

an el ectrol yti c 8elmeans |$orA paes put prensbion predustsfromf thee
nmenbrane film glectrochemical decomposition of the starting material.

The electrochemical cell may alsoc be é@tionally operable
as a fuel cell or an electrolytic cell.

15 A process for preparing the material of the membrane film
of this electrochemical cell is characterized by the
process steps of: selecting a base polymer to be
modified, £from the group formed by substituted and
ungubstituted polyeclefins, substituted and unsubstituted

20 vinyl polymers and thelir copolymers; selecting a vinyl
monomer f£rom the greup formed by substituted and unsub-
stituted vinyl moncmers; carrying out a grafting reaction
of the base polymer with the vianyl monomer in a mixture
thereof by exposing the mixture ¢to electrcmgnetic

a5 radiation to £form the radiation-grafted polymer; ' and
sulphonating the radiation-grafted polymer.

& first preferred desgign wvariant of this precess com-
prises the process steps of adding and blending the vinyl
moncmer into the base polymer to form the mixture, and
30 carrying out the grafting reaction in the mixture by
exposing the mixture to electromagnetic radiatien.

A second preﬁe:f:@é design variant of this process com-
prises the process steps of irradiating the base polymer
with electromagnetic radiation to form a graftable
s intermediate polymer, coocling the intermediate polymer to



_of this electrochenical cell is characterized by the process steps of:
selecting a base polyner to be nodi fied, fromthe group fornmed by
substituted and unsubstituted pol yol efins, substituted and
unsubstituted 20 vinyl polynmers and their copolyners; selecting a vinyl
nmononmer fromthe group formed by substitute® and unsub- stituted vinyl

. honomers; carrying out a grafting reaction of the base polé/mer with the
vinyl nmonomer in a tesperature helved Gy adding repd Helenddng cthe viayl
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while at the sanedidl pladed Iy lnddns @5 atrl Ieilba@falih&iag ageny| toafioeal s

radiat I on-graft e%ﬁ)nteorés%e 1%%?@%&0 %lgé aéimagrafted polymer.

15 A fourth preferred design variant of this process com-
prises the process steps of irradiating the base polymer
with electromagnetic radiation to form a graftable
intermediate polymer, cooling the intermediate polymer to
a temperature below 0°C, adding and blending the vinyl

20 monomer and the cross-linking agent into the cool graf-
table intermediate polymer toc form a cocol amixture, and
carrying out the grafting reaction in the mixture by
raising the temperature of the mixture to at least 20°C

_ while at the same time a cross-linkimg reaction of the

N 28 wvinyl radicals radiation-grafted oato the base polymerx

takes place by means of the cross-linking agent to form

the eross-linked radiatien-grafted polymer.

The electrochemical cells acecording to the invention
guite surgrisiagljr achieve adequate long-term stability.
3¢ The chmic loss due to the membrane resistance in the
electrochemical cells according to the invention rises by
less than 100 mV over a period of approximately
1000 hours at a current density of apps@ximgely 1 A/cm?
and an operating temperature up to approximately 80°C. As
35 has qust been said, this result comes as a complete
surprise, since aftexr all ot only was the



takes place by means of the cross-linking agent to form t he
cross-linked radiation-grafted pol yner. 15 A fourth preferred design

- variant of this process com prises the process steps of irradiating
the base pol ymer “with electromagnetic radiation to forma graf table

i nternedi ate pol ymer, cooling the internedi@ate polymer to a
tenperature bel ow O[err]C, adding and bl ending the vinyl 20 nononer and
the cross-|inki nglegtrpchembcahecedd| mgrbirane £ilmamskerindr dediaed B8l ymer

_ J;noxI 8;2“ gyCOO' m%%gliﬁv%ﬁgg?ekm@r Bﬂt”ﬂfh%hwéb%iéﬁ&ft%u@%tfe% e il th]eC
ure o e mx 0 a err

while at the sanﬁlﬁfgﬁ'ﬁ'gg hepical | Fﬁﬁﬁg %@cé?oﬁ’g@f aiﬁ& oW E%E% 5&9‘%& s

radi at : Qn[( graft e%a?@?@a%h@i@m st oviRie adelqukuk ég&eﬂ@aﬁ&:hys&mmiw ofhe '

cross-1linking ag r s-linked radiation-grafted

pol ymer. % %EF? 5?38??85%%%%? s according to the invention

quite surprisingly achieve adequate I ong termstability. 30 The ohm c |oss

due fo the membr3ee figshe Hifndded NEn _ thigCldEbafth latalueldibvighardi ng
e an .

to the invention ris eus over a per.iod of

approxj mately  tiomedo %@Glz@s&?‘@ab@'ur@r @"ht B@Shé’l efF ot W%ﬁq’rﬁlﬂe@““f’e

2/5 Cg% er L 1 t a@fé:@ﬁggyer@gxi ngt;assmlsr IAnd cboDat RypRPI Fﬁ@tmt aby s{cdm] C
as jus een_ sal esul t s as a c ete r

since after %FF tﬂﬁFg (ﬂ’ﬁ% é\% Partt%gniar' b OBk Shfaion 3¢ Ril®

-9- _ elléct r elleekicodis c didokepbacee ibi | thernsbuddes debidn ceicperimentst he

i nventi on known, d’ggFﬂ’B a %ﬁéxﬁiﬁo true of its use in el ectrochem cal

cells, and it was novvnt at this material did not provide
adequate long-termstability of 5 the electrochem cal cells. It

Ehogl a bg[ not ]edhcan{sbqlﬁeﬁamyexgttm ddte D Wec@mpacted ahdohed ditdmizesur e
y err]c et a Sl z t bol d
§€F§| suxpé&%i %?ﬁ u%g]e uslen of tt%ﬁ %ﬁéﬁé&@&i %ﬂf@% %% 0

type) that no sp npregnati on of
t he known per se, in an electr@@h@miéal cell previéed with

15 specially designed electrodes, whereby not only said
electrochemical cell, but also this special design of
their electrodes were known per se, would lead to
adequate long-term stability of the electrochemical cell
according to the imvention.

20 The invention enables the fabrication of am electro-
chemical cell whose membrane f£ilm which acts as electreo-
lyte and separator of the electrochemical cell, is
considerably less expensive than in the case of the
previous electrochemical cells, for example those pzo-

25 vided with Nafion (trademark of DuPont), the result being
that for an approximately equal capacity under approxi-
mately identical operating conditicns the costs of the
electrochemical cells are distinctly reduced. Typically,
under identical operating conditions and at a cell

30 voltage of approximately 0.5 V, an eleetr@chemiéal cell
according to the invention provides am output of
205 mW/cm®, and a conventional cell in accordance with
U8-A-4876115 comprising the membrane material Nafiom 117
{trademark of DuPont) pzovides an output of 225 mi/cm?,

35 the outputs obtained therefore being essentially
cemparable.




10 electrodes took place in the studies and experinments descri bed
therein. - Consequently, it was not to be expected and it is there-
fore surprising that the use of this material, which was known per se,
in an electrochem cal cell provided with 15 speci al ly desi gned

el ectrodes, whereby not only said el ectwgoehem cal cell, but also this
speci al design of their el ectrodes were known per se, would lead to
adequat e | ong-t er Cossdderably of daudend ecandchem'ml cebt-effectiovnr diamng t o

t he i nventi on. %% [ f 0-
chem cal cell V\hO%gnfst ran‘%}?1£$+££i %t S as eécotgzg%t 1Y tHe gélg%%r
separator of the &pewsr &HEhi B8+Ac4$9568%, in m dﬁhabﬂiﬂﬁ@?§ sPehei ve

than in the case g faktBgd is Eiéétm&@ e¢htQChENELah @eld Sehd Ogr@teAphe
t hose pro- e

d wth Nafi trade k of Pont e resul.t blng
that for an a§pro%’?ﬁﬁ?%?? d&u QEFF nGBE %”p % ﬂm i
i denti cal operati pggetndrtwbtis the M@slﬁxmmg reactbbrCt rochem cal cells
are distinctly reduced. Typically, under identical operating
conditions and at a cell 30 voltage of approximately 0.5V, an
el ectrocheni cal Waep Pf@&a%wrmﬁgﬁmwt‘ﬁ@'flﬁe&hq serhranied £ lan ofuthet of

205 mWcnferr], a&@eétﬁééﬂ%éﬂ'aéeiﬂ |a@'e%r§§ﬁ%a%n%é/“ ifvention it is

US- A- 4876115 conpi % g t he nenbr.ane rraterl al fi,on tb demark of
DuPont) provides &h*8¥tP8t &° Hoer r progged 128 t affed
therefore badng USskeé603885. For emglebl 2. mixture is used which, as

- 10 - Consiger ab easi effect SQQ
consequent |y .part ?@% ar yggdva a eous i s %%ﬁé procedu;r'e &¥§c% own from
US- A- 4605685, in mhirktebrafiverpethylans) and pely (hexaflvanopropydenedyo a

filmand the graf hN@heSvifPBChbRbués &t 48k cdid and e thid Bross-
optionally tQ9SkISE ALble! B8nER988 WiVih9nEaEle O rhis mixture is
i85 made into a £ilm having a thickness of approximately
50 pm and is irradiated with the gamma zadiation of a
co®® gource, in order to graft the styreme onto the
copolymer and to c¢ross-link the copolymer with the
divinylbenzene. The irradistiomn is carried out using a
20 radiation dosage of, for example, from 2 to 10 Mrad, if
irradiation takes pla.ee prior to grafting and crosgs-
linking, or from 0.1 te 1 Mrad, if grafting and cross-
linking take place during irradiation. Grafting and
cross-linking take place, for ezxample, at a temperature
25 of from 40°C to 80°C over a period of from 10 to 60
hours.

Then the radiation-grafted, cress-linked intermediate
material thus obtained is terminally sulphonated as
described in UB-A-4605685, for example st a temperature
30 of from 40°C to 90°C over a period of €£rom 1 to 10 hours.

The resulting material is used as electrolyte and sepa-
rator in an electrochemical cell which can be con-
structed, for example, as disclosed in US-A-4876115.

Illustrative embodiments of the invention are described
3s below in more detail with reference to the drawing.



When preparing the material of the nenbrane filmof the

el ectrochemi cal cell according to the invention it is i kewi se

possible to proceed as descri bed in 10 US- A- 4605685. For

exanple, a mxture is used which, as. t he base pol yner, cont ai ns

a ~ copol yner of poly (tet raf | uoroetﬁyl ene) and poly

Eﬂexafl uoropropyl'ene) as the vinyl nbnoner contains styrene and as
e Cross- a I [

e oross i ggkagl OpPheskp U AUTEY Uhabley| HOD AN Boalll @d@aﬂ&az@ 15

ving a, thickness of _approxi mat el [e d
irradiated with the gamma +adieatisms.of éggfgn @)F’Er?#g%‘?%ké@m% rr%?ﬁn 'S

graft the styrene onto theaccordixnpde rétie d¥etienoss-|ink the copol yner
with the di vi nyl benzene. The irradiation is carried out using a 20
radi ati on dosage of, for exanple, from2 to 10 Mad, if i rradi ation
takes place pri oAtdagiaﬁedr@ Rhgiuxs dssod Qlebal&m@imﬁééjmll 28 1
wrad, 11 0rakting: 8Be6E0a cal ce%inﬁ.;sg ﬁ@;agal 3A%IU | pai T bRCIeaboan.

Graftlng and Cross- |ngta exanple, at a te rature
25 of from 40[ ekrpéest 03880[3331’] @%e?ig@%ﬂl% 301 1 8P PFe 08%%9@ affour s.
TBten thg radlt atl@sgisaaiagsldy ﬂw%ﬂm@ Boéy nhuliclt 8a, 3bitBelvern thes
obtained is term ul phona as crkhbe 5, for
exanple at a ter‘rﬁ {:’%?§3§Oggbf Egr’o% 4§[eé§?'r tlh% %1@%#%&'6‘ %r%agggeﬁEl of
from1l to 10 houBb., a membrEne réeﬁemeéga&xﬁe&il@ orssheel {m inanntes| %@e and

sepa- r %f@or [ ﬁaﬁh@ﬁt beche @a&@'wi%ﬁ' andNiigh ag28nBRACER- such &l Wagt ed,
for exanple, osed in US A 4876 I1lustrative e’i[%é)dl nent s
of the invent | on ek cAnkas 38 eﬁ@FgﬁP’Wiﬁﬂe qpRtagt (WEEB, 8 o8 1 o
the draw ng. eleet:cdg bddige €34, sGkanerhe aldspdstiohs 1iket stuwstadre and

-partially e@nistiﬁé 8§0E£8n31§g§§8&8nb8§i§§ §Q§C§£O%Qam.t:ﬁ@| @fﬁe
brane 4 is pressed together between two approximately

15 bell-shaped container sectioms 5a, 5b, said container
sections 5a, 5b defining, together with the electrode
bodies 3a, 3b, respective cocmpartments 6a, 6b.

The electrode bodies 3a, 3b comprise porous base material
and this in turn essentlially comprises carbon particles
'20 held together by a binder and has pores which permit
percolation of f£luid through the electrode body and in
which the electrode body is charged with a catalyst
deposited on the base material as disclosed, for example,
in US-A-487611S5. " '

a5 Connected to the centainer sectionz 5a, 5b there are
feeders 7a, 7b which are designed for the introduction of
£iuid, optiomally under pressure, into the respective
compartment 6a, 6b, as shown by the arrows 8a, 8b. The
f£luid is thus introduced into the electrodes 2a, 2b and
30 passes through the porous electrode bodies 3a, 3b to the
membrane 4 which thus acts as elestrolyte and separator
of the electrochemical cell 1. Likewise cocmmected to the
container sections Ba, 5b are offtakes %a, 9%b which, via
the valves 12a, 12b, pass the £luid out from the respec-
35 tive compartment 6a, 6b, as shown by the arrows 10a, 10b.
Depending on the desired mode of operation of the



according to - the-invention. As depicted in Figure 1 and globally

destgnated by 1, an 5 electrochemcal cell is provided with a pair of

el ec- trodes 2a, 2b. The el ectrodes 2a, 2b are shaped as

essentially flat electrode body [sic] 3a, 3b. Between the el ectrodes
2a, *2b, or between the electrode bodies 3a, _ 3b, a nenbrane 4 forned as
a filmor sheet is inserted in 10 the mannér of a sandwi ch and is arranged
in such a way ch c Nk ac e

el ectrode bodi es é%%béT e san?é!% ?l kéﬂ%t?%%gﬁr%g Eh\é%%ﬁg%gsl |£ﬁ\ot ®the

el ectrode bodi‘es Qﬁﬂp%twq 2Bl supphigdete the plagtmpderdayhdb in

between two approxikaBt£dy Jb ddtldd ahapedneeriEabRer sections 5a, 5b, said

cont ai ner sections 5a, 5b defining, together with the el ectrode

‘bodi es 3a, 3b, respective conpartnments 6a, 6b. The el ectrode bodies

3a, 3b conprise pmimlliaﬁm Mese aﬁ@ahiwieﬂé@zﬂ@mical With

. conprises car gon PRt I%at hre th:‘a i, d thSiﬁ8¥ﬁ§@b'1%%fs aﬂﬂ%ha%l@rgée

" whi ch permt per co

rm@ e el’ectrode body "and 1n
whi ch the el ect roBECHHIgd | ¥oieh ars electgegssPradesndtne
base material as sbseieoaeﬁgrwéeeaaaabm eheseg@ﬁ #r48%8d%5t0 c&ﬁnact,

Connected to the % 5%ﬁ@§P EQeégf%%an%c}ﬁ fﬁ&% ?1\? %8

whi ch are designe e

pressure, into th@rcé@pﬁbtaawﬁhe catdodgar t nrent 6a, 6b, as shown by the
arrows 8a, 8b. The fluid is thus introduced into the electrodes 2a, 2b
and 30 passes through_the porou el ectrode bodies 3a, 3b tq

menbr ane 4 whfch TReseieptrgeh $orptd Q‘no@%%pgﬁapagzagg o@st He fuel

el ectrochem cal cedill. 1d ithdw easeoriie Gelidrd TahBerves CHoE Al inse88L8RS

5a, 5b are offtak a, 9 e _val b he
fluid out fromth ?%s%%cg %s%@uve cS%pg}‘[EgeﬁlF 6\a§%§6k])g% I’iow%%gg

“arrows 10a, 10b. m@thmnééhgtﬁ%ngaﬁh@%sthedm vist %@ré@péﬁ s#det he

compartment 6a into the one electrode or anode 2a,

15 whereas the feeder 7b serves for the introduction of a
gasecus oxidant such as, for example, oxygean or air via
the cathode-side compartment 6b into the other electrode
or cathode 2b. At the same time, the offtake %a merves
for passing out reaction products of the combustion

20 reacticon between the fuel and the oxidant, for example
carbon dioxide, from the one electrode or anocde 2a via
the anode-side compartment 6a, whereas the offtake $Sb
' gerves for passing ocut inert gases supplied together with
. the gaseocus oxidant, essentially water and the aitzogeﬁ

25 of the air, from the other elesctrode or cathode 2b via
the cathode side compartment €b.

The electrochemical cell 1 can aluso be operated as an
electrolytic cell. In this case, one or both feeders 7s,
7b serve for the intreduction of a starting material to
30 be electrolysed such as, f£for  example, water, acguecus
hydrochlozric acid solution and the li}ge, via the respec-
tive cocmpartment 6a, 6b intoc one or both electrodes Z2a,
2b, whereas the offtake 9a serves for passing cut reac-
tion products of the electrochemical decomposition of the
as starting material, for example oxygen, ozone, chlorine
and the like, from the one electrode or ancde 2a via the



S12- el'ectrochem cal cell 1, the fluid is therefore, in the

conpartnents 6a, 6b, supplied to the electrode 2a, 2b in - question or
duct ed away therefrom Finally, for the purpose of making electric
contact with- 5 the electrodes 2a, 2b, electric |l eads 11a, 11b are

provi ded which are enbedded in-the el ectrodf3 bodi es 3a, 3b or
‘otherwi se attached thereto, in order to confect, for exanple, the -

.’ el ectrode 2a as titfo Ceﬁt é@%@%ﬁ-eﬁeﬁe 6a, aaétr%@ee kel B8 leeebeéef@r 10

-The el ectrochem can” be oper ated_as

case the feeder mafsingesonbr naactior careducts of; oﬁ’*@%f ‘%eﬁégﬁﬁt&%"‘*
such as, for exangpddbmpgaed! rtgmn of ghaetgmﬁ,ﬁ@t watlexrdad, anéggéﬁgigmw a

the anode- si de art a one glectro r 2
wher eas t he feedé?y% FgF ﬁ?r% %%&g fa%%cg ggg %% %l&?dant
such as, for @xamﬁ@a@eﬁj@e compartment 6b. the cat hode- si de conpart nent

6b into the other el ectrode or cathode 2b. At the sane time, the off
t ake 9a serves for passi ng out reaction products of the cong%stion 20
reaction between Xinaklysl thajelagteachemtical seld, i pry. as a copBinatioRi de,

fromthe one el ecd# Oﬁﬁeortmﬁwﬁ@eé@ﬂﬁies stheednatheoval, d copoigaliin
whereas the off take

.' together with eﬁﬂafgoﬁs &ﬁdgﬁgi §§2§%P€%§€§F'%ﬁf%gc %%gjts'hzuﬁﬂ irggen

25 ."of the air, fromthe ot her el ectrode or cathode 2b via t he cat hode

si de conpart ment £irst E&i@nﬁm%héﬂé&éi@éé' 5@&1&@”2@' S@abe:0PgE at ed
as an el ectro ytlc cell I S case, one or both fee ler 7b

serve for th@j ntl%t@@n@gf these pay he iEpzegarted. dn g‘ igl thead
~such as, for exangdss wigt Qb mmwslmdeacsherp@;mmmeumaaezm t he

ey T2 the "ot sppeblnts FREPREIR I orShod W ﬂ%&%ﬁ%&%
tion products of ask éBe@r@@b@mcgm@EGQMSmpbﬂnée epalymer ngf
" material, for exaéfgig,e GorciitYienth WHiE is A5k &\ dok i €1 OBRDE
one eIectrode or 2a Vi a th
15 banging groups, and poly{perfluoroalkylene) which is
sujbgtiﬁuted with non-iom-exchanging groups, while the
membrane in turn comprises a hydrophillic proton-comduct-
ing polymer material which, as defined above, is an
opticnally cross-linked base polymer radiation-grafted
20 with terminally sulphonated vinyl radicala. Thus, im at
least ome of the electrode bodies 2a, 3a, the base
material, together with the catalyst deposited thereon in
the pores of the electrode body, in envejtcped by an

interlayer made of the said copolymer.

25 In a second design, this interlayer made of the said
copolymer may have been applied to the membrane £ilm and
cover it on ome or both sides.

Working exsmuples of the invention are given below. It
should be understocod that the invention is nedither

30 limited by these working examples or restricted to these
working examples.

Moreover, the relative weight ratioc between vinyl moncmer
radicals and cross-linking agent radicals, which results
in Examples 8 to 14, is very difficult to determine. It



- 13 - anode-si de conpartnment 6a, and the offtake 9b serves for

pasSi ng out reaction products of the el ectrochem cal ~deconposition of
the starting material, essentially hydrogen, fromthe ot her

el ectrode or cathode 2b via the 5 cathode-side conpartnent 6b.

Finally, the electrochem cal cell 1 may, as s& conbination . of the two
possibilities stated above, optionally be operated as a fuel cell or
an electrolytic cells. thereford méﬂdﬁedieahgahetmm rade dskeasiy?as 3a

o230 1At DU hSSE TN E LGRS SRR e

i mproves the effigteﬁ@ﬁngfspheeébgctrochen1cal cel | and is a
pr ot on- conducti ng hydrophillic copol ymer of pol y(perfl uoroal kyl ene)
which is substltutedrmnthllon- 15 exchangi ng groups, and poly

(per fluoroal kyl enGEERRABR%] S substituted with non-ion-exchanging
groups, whilesg heFiims M@r@ m&@gsscagpso S@s @@ﬂaepaflé idopolymer

 prot on- conduct - terlal ich.. as defin a IS an
ot onal Ly or oss- PEnkeEFRER Ao Kefeenienond S 0ER s
sul phonat ed vi nyl irzddéated thus Cof atchambé:saasitkonc dbsage eolfc@ dMamid.

bodi es 2a, 3a, th S r é)%% r %? 05ist ed
-thereon in thgh%gr ggshgof f?%gge%ctr i iéﬁﬂl tsg't1en§/I'J':;Yope %1% QQQ 3
i nterlayer made oPPPRE*EBRHEIBpLEYErin a ﬁ?@agl@ﬁ? £oz o oReERAS 1 d@éﬁ er

interlayer mage o¥ebke.said copol ynmer may have been appli ed to the
menbrane fil m and cover it on one or both sides. Vor ki ng
exanpl es of the invention are given below It shoul d be under st ood

that the inventiofuth acfilrws® plagnd datiey at gdses\weksel £iddad edtdr a
~restricted to theﬁixbure"‘@fksw W%t&% gﬁ gt r@ﬁée&&réﬂ rﬂl%ﬁe"%ﬁ

wei ght ratio between vinyl nonqQner cro | nki ng agent
radi cal s, which r bepEeRe; the glass vegsal previeusly hav ng been degaBsed

by a anumber of freezing and thawiag eyecles. The glass

18 vessel was then stored for 8 hours im a thermostat kept
at 60°C. The glass vessel was then opened, the £ilm was
removed and extracted for 5 hours using tolueme in a
Soxhlet apparatus. Then the film was dried in vacuo and
weighed. On the basis of the increase in weight, a degree

20 of grafting of 15%, based on the initial weight of the
FEP £ilm, was calculated.

The grafted £ilm was placed inte a glass wvessel which
contained a mixture of 70% by volume of 1,1,2,2-tetra-
chlorcethane and 30% by volume of chlorcsulphonic acid.

25 The f£film was sulphonated in this mixture, with stirring,
at 80°C for 5 hours. The £ilm was then removed, washed
and dried. The £ilm thickness was now 57 um. After a
swelling operatiomn in water, the thickness of the nem-
brane £ilm after swelling being approximately 80 um, the

g film was titrated with dilute base te the point of
neutralization. On the basis of the base consumed a
degree of sulphonation of 93% was caloulated.

Example 2
An FEP £ilm having a thickness of 125 um was irradiated

35 and grafted as in Example 1, whereupon a degree of



in Exanples 8 to 14, in very difficult to determne. It :

- 14.- was therefore indicated, in the exanples, not directly as

a weight ratio but indirectly via the volunme ratio in the grafting
sol uti on. Exanple 1.5 Filnms having a thickness of 50 [err]mand nade of
a copol yner of ‘tetrafluoroethyl ene andsBexaf! uoropropyl ene (FEP) were
irradiated in a Co[err] chanber with a dosage of 2 M ad. Then the

'fllcms Werefstored réfﬁi |6Et1|ﬂsl w48 E&ﬁcﬂiated. M%ﬁén@éﬁﬁ/@d Galier &-lkg '3
a freezer for a nu ys or we uc s pl ace
_into a glass vess@?’ ?‘P%Ee% & ai"n kﬂ&%ré'of"m%?%o?u%%’fe%t?%ene
and 40% by vol unesalphonatimnzeh6% wnmlcadeuletedl. previously having been
degassed by a nunber of freezing and thawi ng cycles. The glass 15

vessel was then storedfor 8 hours in a thernostat kept at 60[err]C
The gl ass vessel ZB8BBR@n3 opened, the fil mwas renoved and extracted

for 5 hours usi ng@%mrﬁwhaving §Oﬁlﬁiﬁhzéélé)%{@t755m-ﬁb£§ ifadidtadas
dried in vacuo an

asi s .of the increase, in i ght a
degree 20 of gr ag'tll r?@ma@i%&% b%@@ gﬁgth% frreeel ofei %ﬁ&%ﬁ t %Q ‘
film was cal cul gtefited as id rmmaeli. fBwen dwn pryoten ety ranieq wh@baason
vessel which d f 09 UgPy
chl or oet hane and %Ogg%&%\%olol? rg‘sz'ulég%gr#% acl d&hZ%té%'h @%é?m Was
.sul phonated in thggaﬁ’?%uﬁ%lmmm m@mﬁ; as gn Juresndiec i o wherpypes.

The filmwasjbhenar@s@gyesl ofasilythonativhd off 90€¢. wibBechltdldfedkness was now

57 [err]m After a swelling operation in water, the thickness of the
mem brane f|Imafter swel I'i ng being approxi rrately 80 [err]m the 30
li4 ute base to the point of neutralization. On

filmwas titrat edgnatsle
the basis of the Qﬁsﬁnﬁogiﬂeﬂa@hﬁg a thickness of 75 pm was irradiated
with a dosage of 7 Mrad and then grafted, at -20°C, in a

nixture of 40% by volume of a-methylstyrene and 60% by

15 wvolume of tolueme for 50 hours. After a further trsatment

as in Exsmple 1, a degree of grafting of 19% was calcu-

lated. Then the grafted £ilm was sulphonated as in

-Example 1, whereupon a degrea of sulphonation of 88% was

determined.

20 Exaxple 5
A £ilm made of polyethylene (PE} and baving a thickness
of 150 pym was irradiated as in Example 1, but with a
dosage of 2 Mrad, and them grafted as im Example 1, but
in a mixture of 60% by volume of styrene and 40% by

25 volume of benzene for 10 hours, whereupon a degree of
grafting of 31% was calculated. Then the grafted £ilm was
sulphonated as in Exam’.g:le 1, whereupon a degree of
sulﬁhémticn of 87% was calculated.

Exsmple §

30 A filwm made of poly{viayl £fluoride) (PVF) and having a
thickness of 100 um was irradiated as in Example 1, but
with a dosage of 4 Mrad, and then grafted as in Exauple
1, but for 10 hours, whereupon a degree of grafting of
29% was calculated. Then the grafted £ilm was sulphonated

35 as in Example 1, whereupon a degree of sulphomation of



degree' of sul phonati on of -93% was cal cul af ed. Exanpl e* 2 An FEP
fil'-mhaving a thickness of 125 [err]mwas irradiated 35 and grafted as in

Exanpl e 1, whereupon a degree of graf ting of 17% was

cal cul ated. Then the grafted fil mwas sul phonated as in Example 1,

wher eupon a degree- of sul phonati on of. 9g¥owas cal cul at ed. Example 3 5
An FEP film having a thickness of 75 [err]mwas irradi ated as I n

Exanpl e 1, but wglly sadosageuhateédM ad, and then grafted as in Exanple
1, but in pure styrene, whereupon a degree of grafting of 45% was

cal cul ated. Then the grafted fil mwas sul phonated as in Exanple 1,

wher eupon 10 a degree of sul phonation of 99% was cal cul at ed. Exanpl e 4
An FEP film havi pg g hlai gkness of 75 [err]mwas i rradl at ed with a

dosage of 7 Mad=and then grafted, at -20[err]C_in m xt re of 40% by
vol ume of [err] - ReBR¥ ﬁ%% e 26 Sbd.glmess Ao 1 vag) LEradinked ge
h?urs After. a flibt fmmgmtmnbue with |gf1 w eof, 12 megdeec amld Oiadd i NQ
of 19% was c ra p s in
Exanpl e 1, er egﬁ'gﬁtg % 3‘5” or St %n%ﬁat .t“gtn gbéé W ' r]%a%e%%m%head
Exanple 5 elgmes d@fofgqaﬁbﬁaghyﬁén@WEy&anc@WW@-t hFhaneshe

of 150 [err]m m%z‘arfrté@ 2436 %as Quﬁé&%&ée& afUin 1, ARSI Qin 2
M ad, and then gfafted as I.n E% p]!; |na ure of 60% by
vol ume of styren® S89T260P6y 5% at8frs, wher eupon

a degree of grafting of 31% was cal cuI at ed. Then the grafted filmwas

1¢ An FEP f£ilm having a thickness of 50 pm was irradiated as
in Example 1, but with a d@sage @f € Mrad, and then
grafted ss in Example 1, but in a mixture of 48% by
volume of styrene, 32% by volume of divinylbenzene and
. 20% by volume of benzene, whereupon a degree of grafting
is of 19% was calculated. Then the grafted £ilm was sul-
phonated as in Example 1, whereupon a degree of sulpho-
nation of 92% was calculated.

An FEP ﬁil:m baving a thieckness of 75 um was irradiated as

20 in Example 1, but with a dosage of 6 Mrad, and then
grafted as in Example 1, but in a mixture of 68% by
volume of styreme, 12% by volume of divinylfbenzene and
20% by volume of benzene, whereupon a degree of graftiag
of 25% was calculated. Then the grafted film was sulpho-

25 nated as in Example 1, whereupon a degree of sulphonatiecn
of 94% was calculated.

An FEP ﬁilm having a thickness of 75 ym was irradiated
and grafted as in Example 8, whereupon a degree of

30 grafting cf 19% was calculated. Then the grafted £ilm was
gulphonated as in Example 1, whereupon a degree of
sulphonation of 91% was ealeculated.




sul phonated as in Exanple 1, whereupon a degree of ~ sul phonati on of 87%
was cal cul at ed. Exanple 6 30 A filmnmade of poly (vinyl fluoride) (PVF)

and having a t hi ckness of 100 [err]mwas irradiated as in Exanple 1,
but . with a dosage of 4 Mad, and then grafted as.in Exanple 1, but
for 10 hours, whereupon a degree of graftiagupf- 29% was. cal cul at ed.

Then t he grafted fil mwas sul phonated 35 as in Exanple 1, Wnereupon a
degree of sul phonahs @EREilm having a thickness of 75 um was lrradiated as 94%

wes calculated  sBRERLELE 1. AEVELLL B NG S0k NeclBgas dndlOnen

[err] mwas |rrad|ated as a dosage of 10 M ad,

and then 5 graft dFaited ﬁaﬁ-ﬁl @3‘@@&& LorbBE Adurs, mé\ﬁ%\‘%%p@ﬁ #0% by
degree of grafti ngvdﬁuﬁ%@/\@ﬁyﬁéﬂxélém D% EWolﬁﬁe of m&wseﬁzeﬁem

sul phonat ed as in on re of hon of 86%
was cal cul at ed® %ég% %c‘égﬁ ﬁﬁﬁg%’:?pfﬁ %3959% % Séélg%gss of Y& r1m
was irradiated as calculptBdanfiibent th@ugxwﬁttaéaﬁééaayeSoﬁu@PMmtEQrﬁﬁtimn

grafted as in Exa@é&pb; QUL ywhBr@y té,”é‘%é 482 Rb1phonk®sBEERT 964 Yhdd e,
.32% by volunme of divin Igbenzenejgan%bﬁ /o%y vol urréP gf benzeﬁe er eupon

a degree of grafti%{} 8t84-199% was cal cul ated. Then the grafted fil mwas

sul - phonated as in Exanple 1, whereupon a degree of sul pho- nation
of 92% was cal cul g} arrpl e 9 An FEP film having a thickness of 75
[err]mwas irradi & 26 in Exanple 1, but with a dosage of 6 Mad, and
t hen 10 2axn ?E? £ilm having a thickness of 125 pm was irradiated

as in Example 1, but with a dosage of 6 Mrad, and then

grafted as in .Exmle 1, but in a mixture of 60% by

' volume of styrene and 40% by wvolume ‘of divinylbenzene,
- whereupor a degree of grafting of 19% was calculated.
i5 Then the grafted £ilm was sulphonated as in Example 1,

whereupon a degree of sulphomation cf 94% was calculated.

Example 13
An FEP £ilm having a thickness of 75 um was i:xadiated as

in Example 1, but with a dosage of 6 Mrad, and then
20 grafted as in Example 1, but in a solutiocn of 17.5% by
weight ©f triallyl cyaaurate in pure styrene, whereupon
a degree of grafting of 2%% was calculated. Them the
grafted f£ilm was sulphonated as in Example 1, whereupon
a degree of sulphonation of 88% was calculated. '

a5

An FEP film having a thickness of 75 um was irradiated as
in Example 1, but with a dosage of € Mrad, and then
grafted as in Example 1, but in a solution of 7.5% by
weight of triallyl oyanurate in a mixture of 10% by
30 volume of divinylbemsene and 3%0% by volume of styreme,
whereupon a degree of grafting of 40% was caleulated.
Then the grafted f£ilm was sulphonated as in Example 1,
whereupon a degree of sulphonatiocn of 90% was calculated.

Example 15
33 An PFEP £ilm hmring a thieknes@ @E ?5 pm was placed into



‘grafted as in Exanple 1, but in a mxture of 68% by vol ume of styrene,
12% by vol une of divinyl benzene and 20% by vol une of benzene, whereupon
a degree of grafting of 25% was cal cul ated. Then the grafted fil mwas
sul pho- 25 nated as in Exanple 1, whereupon a degree of sul phonation

of 94% was cal cul at ed. Exanpl e 10 An. RgP _filmhaving a thickness of
75 [err]mwas irradi ated ~and grafted as in Exanple 8, whereupon a

delgr ﬁe of 30 gr afat 'gmgs'ef véaé/%mm Gw&s’itﬁ(Ll@E'lmthh& gintire 4 Iswvf@ »
Sul p onated as in a ereu at I Ol’l (0] 0
Ei QER' &¢ étyrene a%%n 13%d§9 voeltsme @f7§§v££ % qg

was cal cul at ed.
havi ng a thi cknesyM§h7ﬁa§eth¢m degassed bynmednasof a numben gk émeﬁmg

with a dosage of %ﬁ@reéﬁﬁ,’é-. Q@i&&é’fe%dby VO?%&@&rﬂ&iéé&é

m xture of 3 0% by Ggne and
di vi nyl benzené and® 8 F%?@W cBRERPer o Q6T BoPegiatt ¢ h PRATOMN was
cal cul ated. Then haeegya&ne@gh@bmam%ﬁsﬁcﬁm@@g 88°CNwith RXFd¥agel of

wher eupon a degre atian of 90% cal cul at.ed nple 12
10 An Rep i ndo SgRiefin 00 cBlhell vaxallPen sugl PEl athe SRR |
Exanple 1, but w @Bmavédsa@d cixifravtasti Soxd Shdwurs uplig ctiolserne Exanmpl e
1, but in a mxtu 0

di vi nyl benzene, ggx%&g@ { xrat%eg%%f%raﬁgﬁ%?%@ﬁ%ed
15 Then theldr af reélghsdm the bagdsapédthe inrcmeanmpia veight, hdaunss
degree of sul phonggi g&aﬁiﬁé"/‘b\ﬂaﬂ,sﬁ| Gdstldedn thEXAHLtd al3 weighhn c%EFéhté I m

havi ng a thi cknes [err rradi ated as I n Exanple 1, but
with a dosage of %E%rgéiman‘ﬂa%h%%{f‘?é’ fted as in Exanple 1, but in a

-sol ution of 17.5% by wei ght of tri aIIyI cyanurate in pure styrene,
wher eupon The grafted £ilm was placed into a 'gla vessel which
contained a mixture of 70% by volume of 1,1,2,2-tetra-
15 chlorcethane and 30% by volume of chlorosulphonic acid.
The £film was sulphonated in this mixture, with stirring,
at 80°C for 5 hours. The £ilm was then removed, washed
and dried. After a swellng cperation in water, the film
was titrated with dilute base to the point of neutra-
20 lization. Om the basis of the base consumed a degree of
'gulphenati@n of 94% was calculated.

| With two porous gas diffusion electrodes (@f the type
ELAT from E-Tek in Natick mg., USA), the active side in

25 each case was sprayed, on a heatable support at 80°C,
with a solution of a commercially availabie polymer (from
S8olution Technology, MNendenhall, Pa., USA) based on
poly {perflucroalkylene) sulphonic acid of the Nafion type
{trademark of DuPont) by means of an atomigzer until an

‘30 increase in weight of 1’ mg/@mz of electrode area had been
achieved. The sprayed electrodes were then dried at 120°C

for 2 hours. Then the electrodes thua prépared were
installed, together with a membrane film produced accor-

ding to Exawmple 8 and subseguently swelled in water at

35 100°C, in an electrochemical cell corresponding to Figure
1. This electx‘o@hmieal cell was operated as a fuel cell
with hydrogenm and oxygen at atmospheric pressure at 80°C



a degree of grafting of 29% was cal cul at ed. Then 't he grafted fi I m was

sul phonat-ed as in Exanple 1, whereupon a degree of sul phonation of 88%
was cal cul at ed. Exanpl e 14 An FEP film-having a thickness of 75
[err]mwas irradiated as in Exanple 1, but with a dosage of 6 Mad, and
t hen grafted as in Exanple 1, but in a_sgkution of 7.5% by wei ght

of triallyl cyanurate in a mxture of 10% by 30 volune of divinyl benzene
and 90% by vol urre Qﬁasweee&md owiie i Heedod 8801680 Howrall tha eh:&@%ewas

\iﬁefghgz)ﬁda degree gﬁ?%ﬁ% g}gﬁho? ﬁ/ﬁ \A%E;%ﬁggﬁ?' ng"&mi@%eg ¥&rgs

An FEP fil m havi ngdetéhhisedsss of filhdtdon nivdhepbpesatimg obimes
a gl ass vessel which was filled with a m xture of 90% by vol une of
styrene and 10% by vol une of divi nyI benzene and whi ch was t hen

degassed by neans @Pexatim®ching (BHlsezi ng 20and28%awi NP ycI®s. THEOO

gl ass vessel wgs t@ﬁiériﬁé‘éa@ﬁﬂ [eﬁ]} )N a thagaospeged Cpasrriszhanierg
over a period of appr.oxi- ely 10 hours at approxinately 60[err]C

wi th a dosage of 0. 03 Mad. The gl ass vessel was then opened, the film

was renoved a@gamplieéaried for 5 hours using toluene in a Soxhl et

apparatus. Then the fil e 0.2
of the increase in hiﬁ"’ﬁ\él ge{?f%%"geg }eéé%a\@é%] gé&%#& V\E? (8% -
initial weight of imetalled;:e@geﬁhﬁx widhe gl am::e@@ £ilm prem@eg@r aﬁee&‘s

filmwas placed i na;e@? 6 €10 W& Neubseq@lt! 1@4 %%ﬂe@ ih%ﬁe@& 4%
by volune of 1,1,2 etra et h ne and 30%

chl or osul phon®& ac?‘@i as iﬁ?"@hﬁ\g Pgﬁg’??ﬁ?#%aﬁn%&%&r EOTRPCh
stirring, at Spomdidg fter Bidores.l Thmw relsztrobhenti eadbv atblvawhed

and dried. After a,suellild AP el del190hE" in! Bfadidid"16, with hydrogen
and oxygen at atmospherie pressure at 80°C and was tested
over a period of 1000 hours. At a current density of
- 15 1 A/em2 [sic], the following chmic losses were determined
as a function of the operating time:

Cperating time (h): 20 250 500 750 -1008
Chmie logs {(av [sis]): 218 232 244 248 2865

20 Two electrodes prepared according to Example 16 were
installed, tegether with a membrane f£ilm produced accor-
ding to Example 12 and subsequently swelled ‘in water at
100°C as in Exanple 16, in an electrochemical cell corre-
spending to Figure 1. This electrochemical cell was

25 operated as a fuel cell, as in Example 16, with hydrogen
and oxygen at atmospheric pressure at 80°C and was tested
over a period of 1000 hours. At a current demsity of
1 a/cm2 [sic], the following ohmic losses were determined
as a functiom of the operating time:

30 Operating time (h): 20 250 500 750 1000
Ohmie less {mv [sie]): 468 472 476 482 486

Two electrodes prepared according to Example 16 were




was titrated with dilute base to the point of neutra- 20 lization. On the
basis of -t he base consuned a degree of sul phonati on of 94% was

cal cul at ed. Exanpl e 16 Wth two porous gas diffusion el ectrodes (of
the type ELAT from E-Tek in Natick Ma., USA), the active side in 25
each’ case was sprayed, on a heatable supportgoat 80[err]C, with a
solution of a commercially avail able polyner (from Sol ution Technol ogy,

Mendenhal |, Pa., WaRkabased eagethee%ﬂweé fﬂﬂz%ilekfﬁiﬁeiré&ké&@ N dedill d
of the Naflontype trade neans of %égmzer unt|I

of
an 30 increase | 408 &#?t Expmp ﬁgﬂénﬁ?@r F@P@@%@F%f)d%"%ue%@
achi eved. The spr apedCehecis Eiaampiay as,hén & dbctirobMepienl Ceell édifré-

hours. Then the eI h r i_nst.a et W|th
a nmenbrane film p uce% agéo?@g&rgp%‘l %}&%?%Fg éE %%g %ﬁb&%nt

swel l ed in watfer aftes sweldisgr k@ingn R0 chtmgﬁm:@@i@al cell
corresponding to @a@ur%ez?atedl agh'a.s BIECT BREDEMy a'iﬁ?eﬁkaﬁﬁfeo&% CEH?‘S a

fuel cell ogen and ygen at at nbspheric pressure a err]C
-19- and was M@F@gé@v@ a@?EEEP@dQBf aﬁ’%@%ﬁﬁ% pygsapny, &% f
density of 1 A cniesr |tdstied]  ovdie &Opleedbd] ¥ ME00 OR6EEsVEAE a current

geterined a2 Uaghied. 8 BB bR Wf%omg wipys G5k Tl “”%f%ﬁ)

225 253 23 detempiped7as a fupctiantobhdds wpegatdagabiseding to

Exanpl e 16 were installed, together with a rrenbrane film produced
accor - ding tog Exan'gl e 1 and subsequentlray swelled in water at 10
100[err] C as in EPRFpREIRG afBtt ectrocheftal 22811 c8PPe-75¢ s ng

.to Figure 1. Thi scemtet m.eslsematgseuzwas 90 opamat ed assa fael celts as
I n Exanpl e 16, with hydrogen and oxygen at atnospheric pressure at
80[err] C and was tested

b\ mmbrane £ilm prduced according to Example 12 was
is coated, on a photoresist spin coater, a number of times
on one of its sides with the Nafion solution mentioned in
Example 16 in accordance with the spin coating method.
Then the other side of the membrane £ilm was coated in
the same way. The thickness of the Nafion layer on each
20 side of the membrane film was determined with a thickness
gauge (digital pressure foot from Heidenhain) and typi-
cally gave values betweea 0.5 and 5 um. The membrane was
then left in an oven for anm hour at 120°C. This membrane
£ilm now cocated on both sides with Nafiom was tested,
25 together with two porous gas diffusion electrodes not
impregnated (of the type ELAT from E-Tek in Natick, Ma.,
USA) in a fuel cell as in Exaemple 16. At & current
density of 1 A/cm2 [si@} . the following chmic losses were
determined as a function of the operating time:

30 Cperating time (h): 20 250 500 750 1000

Ohmic loss (mv [sicl): 471 474 477 473 483
Example 21

A membrane £ilm produced according teo Example 14 was
coated on both sides with Nafion, according to Example
35 20, and tested in a fuel cell. At a cuxrent demsity of



over a period of 1000 hours. At a current density of 15 1 Alcnferr] [sic],

the-followi ng ohmc | osses were determ ned as a function of the
operating tine: Qperating tinme (h): 20 250 500 750
1000 Chmc loss (v [sic]): 218 232 244 248 265 Exanpl e
18 20 Two el ectrodes prepared according to g4Exanple 16 were i nstal |l ed,
together with a nenbrane fil m produced accor- ding to Exanple 12 and
subsequently swel lge ?;/“e&zv‘@éfé] atthe £ol@,%h | Ghidfe i10dBeW Reee Idut dfinitied

el ectrochem cal ce corre- pondi ng éégure 1. This el ectrochem ca
cell was 25 oper @%@ ggﬂgt#9@|@§eF¥e 923$%t f¥® 16, with hydrogen

and oxygen at atnnspherlc pressure at 80[err]C and was tested over a

period of 1000 ho&@%? %§§Fe? denS|ty of é%&Vc Pr] 7E8i 1. 184

foll owi ng ohmc | as %+ &&ionof the operatlng
time: 30 OperatObmget &ma(n;nv {sic])s 20 9®5099 500311850136 100869

Chmc loss (nv [sic]): 468 472 476 482 486 Exanpl e 19

Two el ectrodes prepared according to Exanple 16 were

20 installed, together with a menbrane fil m produced accor- di ng
to Exanpl e 14 and subsequently swelled in water at 100[err]C as in
Exanple 16, in an electrochem cal cell corre- sponding to Figure 1,
the thickness of the nmenbrane film 5 after swelling being 170 [err]m
This el ectrochem cal cell was operated as a fuel cell, as in Exanple
16, with hydr ogen and oxygen at atnospheric pressure at 80[err]C and
was tested over a period of 1000 hours. At a current density of 1

Alcnjerr] [sic], the following ohm c | osses were 10 determ ned as a
function of the operating tine:



s

Operating tinme (h): 20 250 500 750 1000
[sie]): - 90 101 113 141 179 Exanpl e 20
prduced according to Exanple 12 was 15 coated, on a pl{h | ﬂ
coater, a nunber of times on one of its sides with !
mentioned in Exanpl e 16 in accordance-v@gz h-the spin coat| ng rret hod.
Then the other side of the nenbrane filmwas coated in the sane way..
' 'Cli'hte t hi ckgess ﬁf the Nafion | ayer on e¢atlen®Oclaims of the nenbrane filmwas
eterm ned wt ne e g ure foot from
Hei denhai n) and t ‘ﬁi Sﬁ%gcfhgmg’gég’ Sgﬁ%eéé%tfwéé%n%'fo 5 and Séf m ., The
hit

rregr ane was t hen qd efat @&imrﬁi)vél\e¢%?°®§ HeRRE HpaviRg FPe gode
menbr ane fil mnowscogrs o t
together with two porous a%ncE Bzéﬁﬂ%éé b thH{tialn whd 8h! essendti&bly

the type ELATSfrom E- 283 %tﬁf’%llig le %’Céx%ﬁi)s n%‘%léugP éﬁgggtéb?ném
E)k(]%ngl FoigesA;[Ne ?ecurrmder Sedshby gbrésAwiijchr et pererlationwhg
Qperating time (h): FRI %&'% ties%(é%#%%d@c b%%g Oaﬁ&aihnghléﬁethe 30
[sic]): 471 474  efipetzpie bodysds chapged oriih a @&Wﬁﬁr ﬁ? %gv
.gggglrjg:aﬁga;:gorlzggngl teoié{%ﬁé ajsag Waterialgoated on both sides with Nafion,
density of 10 P et Sk’ W L”%ﬁcg'ﬁé%{érﬁ gi?%‘&%&
followi ng ohmc | ossese:uﬁa:ﬁse,r mMowtaatsa ftlmect ity ofeleigbreger appﬁgesu me:
Qperating time (h): ele@t:oc,zaoemie%aciy, aeégoas 20 eleé%yte and sepa-
rator of the electrochemical cell and is made of a
hydrophillic, proton-conducting ﬁ@lymgr material, an
18 interlayer being provided between the membrane €ilm
and the base material with the catalyst deposited
thereon,
c means for introducing a fluid into at least one
of the electrcdes, '
20 o means for passing ocut a fluid from at least cne
of the electrodes, and
o means for making electrical ccmtact with the

electrodes,
characterized im that the material of the membrane
25 _ £ilm 4is a base polymer radiation-grafted with

terminally sulphonated vimyl radicals,

o the base polymer being selected from the group

formed by substituted and unsubstituted polyolefins,

substituted and unsubstituted vinyl polymers and
3¢ their copolymers and |

o the vinyl radicals being dexived £from vinyl

monomers which are selected from the group formed by

substitute& and unsubstituted vinyl monomers,

and in that the interlayer cemprises a proton-con-
38 ducting hydrophillic copolymer of

poly (perflucroalkylens} which is substituted with

jon-exchanging groups, and poly {perfluorcalkylene)

which is substituted with non-ion-exchanging groups.



Chmc loss (nmv [sic]): 93 99 115 136 .
- 22 - Patenet clains 1. Electrochem cal cell ccﬂ“ Mim!i

a pair of electrodes each having one el ectrode LR porous
base material which essentially 5 consi sts of carbon partlcles hel d
toget her by a : bi nder and has pores 2hi<€h permt percol ation of
fluid through the el ectrode body, and in which the el ectrode body
‘is charged with a 2at al§kactigybemicgl cell accopdifig basElapdmel; apbazge-

o a nenbrane f'|”1“h'ééfiﬁ§éﬁﬁmﬁﬂﬂ$¥tlﬁﬂémiﬂte&iﬁyeﬁ bas be@hCEbpRUER. to
contacts the tw ele trode bodi el ectrochem cally, acts as
an electrolyte and sepéz raner%i%@ *of the electrochemcal cell and is
‘made of a hydrophillic, proton-conducting polynmer material, an 15
interlayer being ovi r and se
material wth the%%ataﬁ§§¥£§? %H#Eﬁi %EEE %B%P%&iH% to Claim’l; éggﬁ%%ns
for introduci My a flui Eanimediin dbet dne the case off athaeaptconedes, the

0| ”?anz for pSSSI Ng OW1gtdoded ﬁdiﬁ@satt%faﬁt&l ayex gnvel%st%tﬁa?ﬁ
el ectrodes, an a maki el ectrica ntact w e
el ectrodes, cl’%‘%gﬁleﬁ%cﬁ ngkf%a‘?&?%e?%t ??%‘?i%?é) HReresiy afe 25
film is a base polynerelreatizaideo bogiyabeddg\itshregnated int étal pakéy with
sul phohat ed vi nyl radi - éﬁiﬁ% el ected
fromthe group Cﬁlﬁsarr?ggnbﬁogﬁggﬁ?%t‘gﬁ&a% i&%’siyu%ggl ut'e =

pol yol ef i ns, substituted and unsubstituted vinyl polymers and 30

their copolyngys and mlectrocheniB@lYeBYl &éébé@iﬁgbébnéléﬁﬁ'!?deﬁéﬁﬁés
Vi nyl nononer s ich.are s Iectﬁ fron1the oup f ormed

substituted and unsubsti8%d &8, iRy ¢ base poLyE nt i ?ﬁ%?g%ﬁgin
interlayer conprises a suleckedc ofzomlb the g@@@@tfb@m&d hnﬂrgpﬂyéthyleme,

copol yner of S th
i on- exchangi ng groups, ang%g fper%l’g{) ﬁ%lt?ﬁ%i &Q&&Qh}fgéé‘)b Eéé&iﬁeé‘“
p@ly tet:aflu@ro@thylene and polyethylene, and
15 e@clymer poly(tetrafluorocethylene) and
p@ly(hex&fluer@p:cpylen@).

5. Electrochemical cell according to Claim 1, charac-
terized in that the base polymer is a vinyl polymex
selected £from the group formed by poly(vianyl

20 fluoride), poly(vinyl chloride) amnd poly{vinylidene
difluoride).

6. Electrochemical cell according te Claim’ 1, charac-
terized im that the vinyl moncmer 1s selected f£rom
the group £formed by styrene, a-fluorostyrene,

28 a-methylstyrene and para-chlorcmethylstyrene.

7. Electrochemical cell according to Claim 1, charac-

' terized in that the vinyl radicals radiation-grafted
to the base polymer are cross-linked by rzadicals
derived from a cross-linking agent.

30 8. Electrochemical cell according to Claim 7, charac-
terized in that the cross-linking agent is selected
from the group formed by divinylbenzene and triallyl
cyanurate and mixtures thereocf.



which is éubst Ituted with non-ion-exchangi ng gr oups———— -

- 237 2. El ectrohem cal cell according to C.aim.1

terized in that the interlayer has been applied to A

film 3. El ectrochem cal cell according to J cla
terized in that in the case of at |east ong $£§ the el ectrode

bodi es the interlayer envel ops the base material with the
cat al yst deposited ! hemeetrobbenical cellChESsF DLy tt.@seil@aeagcwmegr@é ed

inits pores with t he to cti hydr.ophi I.l'i ¢, capol
10 4. El ect r ocheni &1 ER#Tac %Ztﬁréné' % r% Gatfrial of the Mem-

teri-zed in that the bismaesolfids contaips!|sadiition- gzafted vwkcmmbﬂex)m
the group fornmed by pol ne o, n
z&%@%ﬁ% and cross- l#@iﬁ% ( ?éé GadiRa i

(tetrafl uoroet hyl ene), copo af | uor oet ene) and
pol yet hyl ene, %nd 15 relﬂtiﬁ’@pﬂ%ﬁhﬁ ragko wits yespeethitiaongcrngthas)of

and poI y (hexgf lbaoappoRinaBely 6§0:40. OS. El ectrochem cal cell
according to Claim1l, charac- terized in that the base polyner is
a vinyl polyner . selected fromthe group formed by poly (vinyl 20

fluoride), poly(vidyl @il@@rﬁmheaida@ocgmlimtw@@ to any ocnedef | Chaiumie)
6. El ectrochem cal cgl lgpagor %ﬁéﬁdni:h Shar ﬁ%@ mteri §(rjé%§d
t or e

in that the vinyl nononer _is selected from oup
styrene,. [err]-fl uor os®prbrane film contping| £RgRnLF k9 ré? %d”éi@ht of

par a- chl or omegighy!| st yr er@diation-gfaftell ¢LhyD by re@ilcadacording to
Claim1, charac- terized in that the vinyl radicals

radi ati on-grafted
1l1. Electrochemical cell according to any ocne of Claims

1 to 10, characterized in that the membrane £ilm has
a thickness of more than approximately 50 um.

12. Elesctrochemical cell according te Claim 11, charac-
18 terized in that the membrane £ilm has a thickness of
from 80 to 170 gm.

13. Electrochemical cell according to any one of Clainms
i te 12, characterized in that it is a fuel cell,
o ome of the means for introdueing a £luid being

20 designed as.a means for introducing a gaseous fuel
int@ the one electrods,

o another of the means for introducing a ‘€luid being
designed as a means for introducing a gasecus oxi-
dant intc the other electrode,

25 © cne of the means for passing out a £luid being
designed as a means for passing out reactien pro-
ducts from the combustion reaction between the fuel
and the oxidant ffom the ome eleétrede,

o and optionally another of the means for passing

30 out a f£luid being designed as a means for passing
out inert gases, which have besﬁ supplied with the
gaseous oxidant, from the other eslectrede.

14. Eﬁleeﬁrgehemieai cell according teo any one of Claims
1 to 12, characterized in that it is an electrolytic



to the base polymer are cross-1inked by radical S /,der—l—ved—ﬁdm a
cross-1inking agent. 30 8. El ectrochem cal cell accordi

n ) \
char ac- terized in that the cross-linking agé LT R
fromthe group fornmed by divi nyI bonzene and triallyl ﬂ“‘“\m PR P
and m xtures thereof. - L

25
9. FElectrochemcal cell according to either daim7 or ,
characterized in that @tgllg material of the nem brate film

contains radi ati on- raft VI n no di

cross-1inking agent ’ °a 4‘5 %0925%@29&11@;%@61?' %gu%\% %‘%ﬁé} %Mi%:?%
respect to one anot hemsoh m@ms for mmduaépgomSMﬁipﬁmeri&l to be Q.
El ectrochem cal cell ﬁ%%% kg, any one of Cains 1to 9,
characterized in that @g af of the menbr ane _fil m_cont ai ns
from 15 to 45% by wei ght asd @@ means | £@¥,t PRRSLRGT OBF B nfit e g
radical s. 11. ddedghl @acla@mapa@aﬁ | £ Ok gty B nyemseiad e NS

1 to 10, characterize e fi ess
of more than appr oxi rr%“éalr%? %ﬁcf‘egﬁfrﬁ @eheéi@a%%gg@ggﬁ%%‘ig% éé‘ei |
according to Caimll stelrdding- maSerial. terized in that the nenbrane film
has a thickness of from80 to 170 [err]m 13.
El ectrochem cal cell accordi ng to any one of Ca to, 1
characterized in k%t Blecgtzoghepipalcpell according & féadms; ?1% %%n@’f or
I nt roduc:c nglm fluid b%ﬁﬁ'a%@e:ﬁized iﬂfﬁhﬂ@e%t&s anTedeetrbohemfitaddeelg a
gaseous fue i,nto the one e trode h of 1he
means for introduci ngv@iﬁ%g&nbgpﬁgeaaiiy Be bperated as & #0L&P ol

an electrolytiec cell.’ :

16. Process for preparing the material of the membrane
£ilm of the electrochemical cell according to Claim
s i, characterized by the process steps of:
o pelecting a base polymer to be modified, from the
group formed by substituted and umsubstituted poly-
olefins, substituted and unsubstituted vinyl poly-
mers and their copolymers,
20 ¢ gelecting a vinyl monomer from the group formed by
substituted and unsubstituted vinyl monomers,
o carrying out a grafting reaction of the base
polymer with the viayl monomer im a mixture therect
by exposing the mixture to electﬁmgngtié radiation
25 to form the radiation-grafted polymer, and
o sulphenating the radiation-grafted polymer.

17. Process according to Claim 16, characterized by
¢ adding and blending the vinyl momomer into the
base polymer to form the mixture, and
30 _ 6 earrying out the grafting reaction in the mixture
by exposing the mixture to electromagmetic
radiation.

18. Process according to Claim 16, characterized by
o irradiating the base polymer with electromagnetic
35 radiation to form a graftable intermediate polymer,



designed as a neans for introducing a gaseous oxi - ‘dant into the
ot her el ectrode, 25 o one of tHe neans for pagHl _ bl bei ng
desi gned as a neans for passing out reaction pro- ﬁmlmmmﬂgwnmﬂmthe '
conmbusti on reacti on between the fuel and tht oxidant fson¥t he one
el ectrode, o and optionally anal gy of the nmeans for passing 30

out a fluid being designed as a nmeans for passing out inert
gases, which have been guéBRkbgdchb!intdnediate polydidseausSaoxeetiatdded M

the other el ectrode. 0], . Electrochem cal cell according to any one
of C ains 113133’@1'2, haracterized in that it is an electrolytic
(215 . . cell, ¢ adding tdmd nbhesdimg ther vdayilngoxobieni dofel rfthe

esi gne as g,nma h gt | t | |
cloctrolysed, 5 - oP fRaERaphd ACHChRALE; iyl T O ol R
desi gned as & neans f &&%5888rn828ut reaction pro- ducts fromthe

E: eCE rOCEem Ca: deﬂ)rrm%&%?mngf chfethe grffei:félgt didaictgoRniar the .mixture 15.
ectrochem cal ce ccor to aiLns 13 and 14, characteri zed
inthat it is an el e%?’r o%#e%%l c%%l [cempaza umv\ﬁiﬁcﬁ&% n=SBEPER APy agte

6

operated as a fuel cellleast 20°C. an electrolytic cell. 16.
Process for preparing the material of the nenbrane filmof the
el ectrochem cal cell according to C.aim 15 aracterized by the

1, c
process steps of 18. Process, aggarding, 'é"bgé"@'iﬁ“ol%eggt"o BFERISIPH HPe 1 r om
t-he 10 group f elatesikl 6fhtid wekbsanadfihs Wi thieubkdepobyhenical

ol efins, substituted %nq&up‘%%?%ﬁ%éétgg &'% é)ol acterized BB S and their
e

copol ynmers, 20 VI nyT™ Aonoer OSTh T he group fornmed by
- o adding and blending the wvinyl monomer and the

cross-linking agent into the base polymer to form a
nixture,

i5 o carrying out the grafting reaction by exposing the
mixture to electromagnetic radiation while at the
same time a cross-linking reaction of the vinyl
radicalas radiation-grafted onto the base polymer
takes place by means of the cross-linking agent to

20 form the creoss-linked radlation-grafted polymer.

20. Process according te Claim 16 £or @ze_paring the
material of the membrane £ilm of the electrochemical
cell according to Claim 5, characterized by
e irradiating the base polymer with eleeéramagnetie

25 radiaticn to form a graftable intermediate polymer,
o cooling the intermediate polymer to a temperature
below 0°C,

¢ adding and blending the vinyl wmonomer and the
cross-linking agent into the cool graftable inter-
30 mediate polymer to form a cool mixture, and
o garrying out the grafting reactiom in the mixture
by raising the temperature of the mixture to at
least 20°C while at the same time a cross-linking
reaction of the wvimnyl radicals ‘radiation-grafted
35 onto the base polymer takes place by means of the
cross-linking agent to form the cross-linked radi-
ation-grafted polymexr.



substltutLd and unsubstituted vinyl nmononers, o carrying out a

grafting reaction of the base pol ymer with the vinyl nononer in

a m xture thereof by exposing the m xture to el ectromagnetic

radi ati on 25 to formthe radi ati on-grafted pol yner, and o]

sul phonating the radiation-grafted pol yner. 17. Process according to
Cl aim 16, characterized by o-a8di ng and bl endi ng t he vinyl

nononer into the base polyner to formthe m xture, and 30

o carrying out the graftlng reacti on ARSEEBEE xture by exposing

the mxture t&LE] HFVEIdt iQELL CONTAINING At POLYMER ELECMLY’E@QCGSS

scoording, o gL S A IR RES on Phap PO T e

i nternedi ate mgéyn&) whose electro&e body (3a, 3b) comsists 026@0"“0@8

ocoollngthelnter di at mer toate

O[err]C, ba mgnggd&ﬁ gwalh bt efid ﬁ’ay’?ﬁpgﬁp ﬁrﬁ?no%rcéﬁ tgﬁr"

cool graf tabtiéciapenBdtweenpthpneietbrbdem, a membra@e film fdktmade and
0 carrying ou gt ac n ' r al ing
the tenperat uée Q%ﬁ%&%@%ﬂj?g i‘.‘Bth cggaugkﬁ{ng 1g%nfz: m?ﬁ"cei?ifai i8
Process accorérﬁgngﬁd@?hiﬁhlgf‘f@@r a§r ejectrglyte F@ld separgfesri al of the
menbrane fil mof the el ectrochem cal cell according to Claimb5,
characterized by 0o addi ng and blendlng the vinyl nononer and the
cross- | i nki ng%@eﬁ@tﬁﬁ%élt RE Shee BemhFAne ¥orfthh is a’'base pRlyReE 15

0 carrying oWhmidg g@afﬁadmaﬁmlg@@f@ademw r@iﬁﬁmliy sulpBbXiteg to

el ectromagnetic¢ r d|a|,on vvh|I% el r’g i Me a ¢ross: Iénklng

reaction of t%k&E3Y n?? leals and is sa ected from the group fLformed
substituted and unsubstituted polyolefins, substituted

and unsubstituted wvinyl peolymers and their copolymers,

the wvinyl radicals being derived from vinyl moncmers
which are selected from the group formed by substituted
and unsubstituted vinyl monomers.

Between the membrane £ilm and the base material with the
catalyst deposited thereon an interlayer is provided
which comprises a proten-econducting hydrophillie
copolymer of poly(perfluorcalkylene) which is substituted
with ion-exchanging groups, and poly(perfiuorcalkylene)

which is substituted with nomn-ion-exchanging groups.

{(Fig. 1}
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radi cal s radi ation-grafted onto the base poI. ymer t akes pl ace by

nmeans of the cross-1linking agent to 20 formthe cross-1|inked

~ radi ation-grafted pol yner. 20. Process according to Claim16 for
preparing the material of the nmenbrane filmof the el ectrochem cal
cell according to Caimb5, characterized by ,4 o irradiating the base
polymer with el ectromagnetic 25 radi ation ggo forma graftable

“internmedi ate pol ymner, o cooling the i+t nedi ate polyner to a
tenperature bel ow O[err] C, j 0 addi ng and bl endi ng the
vinyl nononer anggthe f cross-linkihg agent into the cool graftable
.inter- 30 Oreqj atp polynmer to forma gool mxture, and o]
carrying out thegraftihg reaction in the xture by raising the
temperature of the mxture to at east 20[err] C whi g=at the sane

time a cross-I|inking ] rﬂc ionmvi nyl radicals e
“radiation-graf ted 35 ont o t(ﬁb}; 2ol yirer takes pl ace@ means of
t he s’ 0ss-1ipkj ng agent to the crpss-linked radssss
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