
Bleetrochenieal cell ccm.taining a polymer electrolyte, 

&ndlJ?resra~~.Qn_____Rl:oeesp fo_;: f8&id. polxmer_ ~l~~trol:r:tta 

The invention relates to an eleetrochmuiical cell 

cmapri9:Lng 

5 o a pair of.electrodes eneh having one el~etrode body 

nade of porous base material which essentially consists 
cf carbon particles held. together by a. l).iooer and has 

pores which. pe:ndt percolation of fluid through. the 

~lectrode body, and in which the electrode body is 

10 charged with a cata~yat depo~ited on the baso material, 

o a ·:membrane film which io arranged between the 

eleetrodefa, contacts the two electrode bodies electro~ 

ehemieally, aet~ aB an electrolyte and separator of the 

electroche;idcal cell and 1~ made of a hydrophillie, 

15 protcm.~condueting polymer :material, an interlayer being 

provided betW@tm. the membrane film and the base material 

with the catalyst deposited thereon, 
o me1m.B for introducing a fluid into at least one of 

t.l!u~ el@ctrode~, 

20 o maans for pae•ing out a fluid from at least one of 

the ~leetrodeo, and 

o ~~~ for making electrical contact with the 

0lee trodes ... 

The invcmticm also relates to _·a proee8~ for p:ii:&paring the 

25 naterial of the membrane film of said @lectroahemieal 

cell .. 

30 

An aloctrochmd.eai cell of the ahove:mentionad type. is 

known from US~A~4876115. Thie blmrm. cell mmploys, a~ an 

~leetrolyte ~d_separator, a mmi&bru.ne who8o material is 

a polymer :material campri~ing oub~tituted poly(per~ 

fluoroalkylcme), some of the substituenta· being tend~ 

nal~y ~ulphonated. A membrane ~terial preferred accord~ 

ing to US~A.~4876115 is Nafion (tradema%'k of DuPont), 

which iB doc:mmented, inter alia, in R&lappe Chtmie Lexikon 

35 and. i~ there referred to as a memb~mu~ material on the 

basis of poly(perflu~roalkylene)sulphonie acid. Por 

listings of further membrane materials, reference is :made 
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in US~A~4876115 to US-A~4331137e 

Such perfluorinated. membrane materials in accordance with 

Ul.hAe4876llS exhibit, owing to . their cb~cal cmrapo~ 

sit.ion, at temperatures up to 1oo•c, the long~tern 

S ~tability required. for operating the electrochemical 
cell, but. they are very mtptmaive .. Moreover, establishing 

Batis:faetory eontaet between such porfluoid .. nated membrane 

materials and the eleetrodelll is very laborious and 

difficult. 

10 Hitherto no otbor membrane :materials have been diaalosed 

whieb,, in e~june~ion with cU.e1t:l.netly more favourable 

production costs than for the perfluor:lnated membrane 

materials in accordance with US~Ae4176115,, exhibit the 
desired long .. term stability for the operation of electro-

15 ehmd.aal eella. 

~- t!lwr:mally and temporally l:bdted stability of mem~ 

br&me waterials, in particular of aembrane materials 

grafted with a styrene derivative ~d croGs~linked with 
divinylbcmzcm.e, has been mown :for a long time, for 

20 exmoople from llflJ:ntroducticm to SJ!ll Cell "loclmology 1111 by 

A.B@ La Conti in nprcceedJ.nga of Oron~io de Hora 

Sympo8ium11D, Venice, 15th to 18th May 1979, page11 94~127 .. 

In th:1'5 context, long~ter.. 11tab:llity is defined. as 

follows a the membrm.'le of ml eloct.rochmd.cal cell :ls 

25 de•eribed &• stable lf the ohmic loss in the cell caused 
by the membrane re8!&t&P.ee increase~ by less than 100 mV 

in 1000 hour• at a current. dcm.Bity o! l A/em.2• 

OD tho other hand, the •mll>ranc matl:orials mown, for 

~le, from US~A~44S9579, USeA~4SOG035 or US~A~4605695 

30 do nhow the desired J.cmgete%& otab1l.it.y, but are very 

oxpcm.eive and therefore have not beon applied on a major 
scale .. · These perfluoroalky1eme polymerig or perfluoro­

alkyleno copolymers,. rad:latimi-grafted with an opt.ion.ally 
fluorinated styrene radical and then 8ulphonated, would 



be desirable, however, a.a mmmrane :material~ for electro~ 

chemical cells given their nouldability, contactability 

and further beneficial properties. 

The preparation ~f such polymers and their use as a 

5 mmibrane material for electrochemical celle is extcm~ 

gively discussed, for example, in ~Radiation Grafted and 

Sulfonatod (FXPeg~polyBtyreno) An Alte~ative to 

Perfluorinatad Membranes for PIK l'uel Cell9?~ by 

l' .. N. Bfiehi et al in ll\IProaeed.ings of the 27th Intersociety 

10 Energy Conversion Zngineer:l.Dg Cemference, San Diego, 

August 3 ... 7, 1992, SD Taeimica.l Paper Series 929293, 

pp. 3.419~3.423~. P.N. BGehi Gt a.l report. that the 

~tahil:lty of their alectrcehemieal celll'j a.t op~rating 

temperatureo of S~°C ~aged to reach nore than 300 

15 hour•, but at 80°C all the aembra:mes •tudiod (those of 

F .. H .. BG.chi et al themselves u.d a.loo those which they had 

obtained c~reially for comparative purpose~) suffered 

rapid degradation. Thus none of the eleetrochemical cell9 

studied by 7.N'. Bdahi ot al exhibited adequate longste:nil 

20 ~tahility .. 

An elaetroehcmica.l cell of the type mentioned at the 

out~et i• known fro. mChemieal Abstract~~ 108(6):4113lk 

mid JP~Aa62slf5855. The mmlbrane film consi~ta of io~~ 

exchADging polystyrene ~terial Selmnicm. cMV' (tradem&rk 

25 of Asahi Gaish1) .. on eaeh of the two surface• cf the mtm­

hrane film a layer of ~ulphonatod poly•tyrene is formed 

by grafting .. The electrodes and their ba11e material, with 

the catalyat deposited thereon, arc bli:pregnated with a 

oolution of the ion~oxclMulging gulphonated material 

30 Nafion {tradmmrk of !DuPont.) .. "lhen the elect.rochemica.l 

cell i~ asfiembled by the oloetrodeB be~g joined to the 

xcmbrm:r.o fil• on both aideo@ '?hus on :both sides of the 

•~rm:r.o f11- between it and the impregnated electrode an 

inte%layer is formed which consieta of sulphonated 

35 polystyr~ne which,. according to th• document~ cited, is 

a gel, ~o that the interlayer p~uetrate8 into the.elec~ 

t.rode.and ensures an effective bond between the melllllbrane 
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film and the electrode impregn&ted with Nafion.. 'l'his 
ensures that no nsulphuric aeidm can leak out ~ in the 

ei ted doc.mnents th:lo obviously· refers to the possible 

brea.k~d.own products of the •m®ram.e aueh as, for example, 

S tolueneaulphonic acid. While ·thi• Im.mm. electrochemical 
cell docs ~olve the problem of long~tera b~haviour with 
rc~eat to leakage of ~aulphurie acidn, the problea of 
long~te~ behaviour in oporation abovo room· temperature 
iD not addreaued at all ·in the cited docwrum.ts .. 

10 It. is also known, from llP~A~C41308S, to impregnate the 

electrodes, or their .base material with the catalyst 

deposited thereon,·with a solution of the ion~mc:ehmiging 
8ulphcm.ated material Nafion (trademark of DuPont). This 
di~elosuro report• ool•ly on tbe short-te~ behaviour of 

15 the eloctrochmd.cal cell at a slightly elevated tempera~ 
turc And ~olely with the expensive.matorial Xafion, it 

therefore provides no contribution to the solution of the 
problml of long~te:an ~ohaviour in operation &hove room 
tm!!lporature with a eoBt~effeetive material. 

20 imaadiation Grafted Membrancuu Some Structural Investiga~ 

tiona in Relation to their Behavior in Ion~Bxchanga ... 
Kembrmie Water Eleetroly~io Cell~n by G.G. Scherer et al 
in :tnt.. J. Hydrogen Energy, 17/2 (1992) pp.. 115~123 

di~closes the use, as the ~tcrial of tho membrane f :Llm, 

25 of a base polymer ru.diation~graftod. with terminally 

~ulphonated vinyl radicals, the baee polymer u~ed being, 
on the cmo hand, a poly(tetrafluoroothylen~) (PTFX), on 
the other hand a low~dmud.t.y polyethylene (LDPE). The 

lc:mgate:ai& behaviour of the eleetrocheaieal cells fab~i-
30 cated therewith was atw:U.ed only at room. temperature in 

the case of the LDPBabase4 Material. J:n the case cf the 
P"l:TB~baBed material coapri1d.ng styrene as the vinyl 
radical, tho eieetroahemical cells failed at a tempera~ 

tu.re as low &9 S3°C. While in the ease of the PTFE~based 
35 material comprising trifluoroatyrene as the vinyl radic~l 

the ele~trochmd.cal cells did prove themselves in terms 

of lo~g-term behaviour above room ~emperature, the 
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:material in que•tion is expensive. Therefore this 
dinclosure likewi1u~ providcus no contribution to the 

Bolution of the problem of long~term behaviour in opera~ 

tion above room t~perature with & cost-effective 

S material .. 

It 111 therefore an object of the invention to propose an 
~lectrochaaieal cell of the type mentioned in the pre~ 
imlble, which in its operation in particular above roc:n 
temperature makes it posnible, mlllploying more cost~ 

10 ~ffeetive membrtw.e ~terial~ thml hitherto, to achieve 

adequate long-te~ stability. 

. 
To achieve this object, an eleetrochemieal cell of the 
type aonticm.ed in the preamble is characterized i~ that 

the material of the ~ran.a filn :Ls a baue polymer 
15 radiat.ionsgrafted with terminally sulphonated vinyl 

rAdieal~, 

o the ba•e polymer beiw.r selected from the group formed 
by 9ubstituted and. misulustituted polyolofixu~, substituted 
m>.d unsuboti tuted vinyl pol~er• amd th~ir copolymers wmd 

20 o the vinyl radicals being derived from vinyl :monomers 
which are selected from the group fo:aJ1ed by substituted 
mid unsubl!ltituted vinyl nonamer•, 
am.d i~ ~reover eharaeteri~ed. in that. the interlayer 
~cmprioe~ a proton-eow!uating hyd.rophillic e0polymer of 

25 poly(p~rfluoroalkylmie) which im ~ubatituted with iona 
exeham.ging groups, mid poly{perfluoroalkylcm.e) which is 
subotituted. with nonaicm.~oxchang!ng groupee 

In thio arrangem~t, tho interlarer may preferably have 
been applied to the ~rrm.e fibi fD:ld/or in the case of 

30 at lea~t one of the electrode bodies .ay envolop the base 
material with the aatalyat·depoeited thereon, the elec­
trode· body being inpregnat.ed in it.s poreo with the 
proton~conducting hyd.rophillic copolymers 

:Preferably* ·in this. arrang~t .. the bau~e polymer is a 

35 polyol~f in selected from the group formed by 



polyethylene, polypropylene, poly(tetrafluoroethylene), 

@opolymer of poly(tetrafluoroethyltm.e) and polyethylene, 

and ~opolymar of poly(tetr&fluoroethylene) and 

poly(he:u.fluoropropylcme) or a vinyl pol~er selected. 

S from the group formed by poly (vinyl fluorid.e) , poly (vinyl 

chloride) and poly (vinylidcme difluoride) , while t.he 

. vinyl monc::mier is preferably selected from the group 
. . 

fo:Dlled by 8tyrene, a~fluorogtyx-ene, a~•et.hylstyrene and 

para~chloronethylstyrene. 

10 Preferably, the vinyl radic•l~ radiation~grafted to the 

ba!!'#e polymer are ero1111.el:tnkedl by rndicals derived from ·a 

eross~linking agent, the erofis~linking agmJ.t prefGrably 

being selected from the group fora•d by divinylb~zene 

and triallyl· cyanurate IW.d. mxtures thereof, the material 

15 of the 21aombrane fi1- pref«arably containing radiation~ 

grafted vinyl liAOnomer radicals And aro&s~linking agent 

radicals in a relative weight ratio with re8pect to one 
another of up to approxbmt.ely 60:40 .. 

Prefernhly the material of the membrane film ecmtains 

20 from. 15 to 45!k by weight of ra.diation~grafted. vinyl 

.~on~r radicals. 

Prefer~ly, the mmnbrane film has a thickness of more 

t.Ww. approximately 50 p.m, in partieular of · frcm 80 to 

110 ,. .. 

25 Th.a alectrochmdeal call is preferably either a fut11l 

cell, 
o one of the :aeans for introducd.ng a fluid being de~igned 

a~ a moanl!I for introducing a g1u1eous fuel into the one 

electrode, 

30 o another of the means for introducing a fluid being 

de~igued ats a means for introducing a ·gaseous oxidant 

into the other electrode, 

o one of the aeans for passing out a fluid being designed 

&s a meuins for pasi1ing out :reaction products fro. the 

35 eombugtion rlntct:ion between the fuel and the oxidant from 
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the one electrode, 

o mid optionally another of the mel!W9 for passing out a 
fluid being designed as a xeans for passing out inert 
gatHHS, which have been supplied. with tho ga.1Jeous o:ld.dmlt, 

5 from the other electrode, 
or is ~ electrolytic cell, 
o tho maW':ls for introducing a fluid being deeigned as a 

•eans for introducing· a starting mat~rial to be 
electrolysed, 

10 o and the 211H11ans for paauaing out a fluid being designed as 

a meang for passing out reaction products from the 

electrochmdcal decomposition of the startiw.i material. 

The el~ctrochmn:lcal cell may al~o be optionally oper~le 
a8 a fuel coll or an electrolytic eelle 

15 A proce1u1 for preparing the ma.terial of the membrane film 

of thio olectrochemieal eell :118 characteri~ed by the 

steps of: selecting a base polymer to be 
fran. the group :fo~ed. by 11ubetitutod and 

'mluubstituted polyolofins, subgtituted and unsubotituted 
20 vinyl pol~rs and their copolymers; ~electing a vinyl 

~namer from the group formed by aub11tituted 1md una®~ 

fjtitut.e~ vinyl xc:m.omero; carrying out a grlll.fting re&ction 
of the base polymer with· the vinyl monomer in a mixture 
thereof by mcpo~ins;r the aixture to electromagnetic 

25 radiation to forn. the ratU.ation~grafted polymer; ·and 
gulphonating the ra.di.aticm. .. grafted polymer .. 

A first preferred design variant of this proaeoa cc:m~ 

pri1uu1 tho proces• 9tep11 of adding and blending the vinyl 
.encmer into the ~1u1e polymer to fo:.ca the mixture, and 

3 O ca:t"ry:i.ng out the grafting r@a.et.icm in the mixture by 

expoaing the .txture to electromagnetic rad.iatione 

A •ecc:md pref erred deaign variant of thi~ process co.~ 
priBes the proaess ~tepo of irradiating the base polymer 

with ~lectromagnetic radiation to foxm a graftahle 
35 intelfl!lledi~te polymer, cooling the int.e~iate poly.ex- to 



a temperature below· o•c, adding and blending the vinyl 

monomer into the eool graft~le intermediate polymer to 

fo:an a. cool mixture, aw.d carrying out the grafting 

re111etion. in the xixture by raisi~g the temp@rature of the 

S id.xtur@ to at. least 20°Co 

A third preferred deBign variant of thia process co~ ... 

prioen the process steps of adding and blending tho vinyl 

nonomor l!Wd. the ero1u11-linking agent into the base :polymex­

to foDlilL a ,Uxture, and carrying cut. the grafting reaction 

10 by exposing the :mixture to eleetromagn0tie radiation 

while at the same time a crc:uu1-... linking reaction of the 

vinyl radicals ~adi&tion ... graf ted onto the ha.Be pol~er 

tueo place by RO&nlli of the croosRli:wd.,ng agent to form 

the cro~s~liio.ked radiation~grafted poly.er. 

15 A fourth preferred degigu variant of thi~ process coa­

priseo the proees• steps of irradiating th8 b&&e polymer 

with olact~o!ID&gnetic radiation to forx a graftable 

intermodiate polymer, cooling the int~~diate poly.er to 

a t.emperat.ure below o•c,,. adding and blending the vinyl 

20 monmiler and the cros8~1:1.nking ag~t into the cool graf ~ 

tabla int@:nned:i.ate polymer to foxm a cool aixtwi:e, and 

carrying out the gr&fti:ng r~aeticm in the mixture by 

rai•ing the tenperature of tho mixture to at least 20°C 

while at the smne tiae a erosa5 linking reae~ion of the 

25 vinyl radieal8 radiaticm.~grafted cmto the base pol~@r 

take~ place by mean• of the erose~linking agent to form 

the eros•~linked radiaticm~grafted polymer. 

"the eleatrochmd.eal cell~ acmording to the invention 

quite Burprisingly &ehimre adequate lc:mg~t@rm stability. 

30 'rho ohmic loss due to the membrane resistance in the 

8lectroahmnical cell11 aocord:lng to the invention rises by 

lo~a t.1wn 100 •V ovor a period of approx:bmtely 

1000 hours at a current den•ity of approx:bm~ely 1 A/cm2 

and mil operating texperatu.:re up to approxim&tely ao•c. As 

35 h&l'i :just been said, this re9ult cc.es u.o a complete 

u.11 not only was the 



electrochemical cell membrane film :material defined in 

tho invention knmm, but thi~ wa~_also true of it.e use in 

electrochemical cells, and it. 1.fm.& also known that this 

material did not provide adequate long~te:nia stal>ility of 

5 the electroehemieal cell8s 

It. ohould be noted in this context that the abovmnen~ 

t.ioned disclosure by F.N. Bdchi et al emphasizes quite 

#lJt:rcmgly (in italics and bold type) that no special 

treatm~t. and,. in particular, no impregnation of the 

10 el~ctrodcus too:t place in the studiefi and experiments 

d@scribod therein. 

Con~equontly, it was not to bo expected m1d it ie there­

fore .surprising that the use of th:li'i :material, which wae 

known per ae, in u.n eleet~ochmnic&l coll provided with 

15 opecially designed olectrod.oll'I, whereby not only said 

elect.rochm1ical cell, but al.1110 this ~pec:l&l design of 

their oleatrod.tHI were lmmm per !BO, would lead to 

&di.equate long~te~ stW>ility of the electrochemical cell 

According to.the inventiono 

20 The invm7.tion enables the fa.bricaticm of am electro~ 

chemical cell whose membrane film which acts &8 electro~ 

lyte m>.d 11eparator of the el~ct.rochmnic&l cell, is 

considerably lees axpcm.aive th.rm in the case of the 

previou~ oloctrochemieal cell•, for ~plo those proe 

25 vided with Nafion (t.r&d.mu.rk of DuPont), the rcH1ult. being 

that for an approx:bm.tely eqw1.l c&p&city ~er approxi~ 

mately identical operating conditions tho costs of tho 

eloetroahmd.cal cells are distinctly redueede 'l'ypically, 

~der idmit:laal operating eondi tion• and at a eell 

30 voltage of approximately 0.5 V, an electrochmd.eal cell 

according to the invention provide~ ml output of 

205 •W/flf/#,2 , m>.d a ecmventimml cell in accorWm.ce with 

US~A~4876115 cmapri8ing the :membrane :material Nafion 111 

(tradmu.rk of DuPont) p:w:ovides an output. of 225 mW/CJ.'1'42 , 

35 t.h@ output.a obtained. therefore being essentially 

comparable .. 



Considerably easier and more cost~ef fective and 
conseqU!ently particularly advantageous is the procedure 
mown from US~A~4605685, in which the mixture to be 

grafted ia first :made into & film and the grafting 

5 reaation is then carried out in the film, optionally 
togetb~r with the aross~linking reaction. 

Wb.mt preparing the ·material of the me.brane film of the 

Qlectrochemioal cell according to the invention it ia 

likewise poBsible to proceed as de~eribed in 

10 US~Ae4605685. For mmnple, a mixture ia uaed which, aa 

the ha•e polymer, contains & copolymer of 
poly ( tetraf·luoroethylcma) and poly (hexafluoropropylcme) , . . 

a~ the vinyl monomer contains g«:yrene and a• the cross ... 
linking agent eontain• divinylben~~·· This mixture is 

l.S :!!M.d~ into a film having a t.hickicu:uss of approximately 

SO pm and is irradiated with the gmnu. radiation of A 

co'° source, in order to g:r:aft the fjtyrcme onto the 

copolyaor wid to crotHt .. liDk the c:mpolymer with the 

divinylbtm~ene. The irradiation is carried out u&ing a 
20 radiation do•age of, for example, from·2 to 10 Mrad, if 

irradiaticm takes place prior to graft.mg and eros11-
11nking, or from 0.1 to l Krad, if grafting and·eross~ 

l!Dking take place during irradiation. Gr&fting and 

erosselinking take place, for example, at a temperature 
25 of frml 40°C to ao•c over a period of from 10 to 60 · 

hour.I! .. 

Then the rad:lation ... graftod, crosa~linked interaediate 

matarial t.hua obtained. i• to~nally sulphonated. as 
deoeribad in US$Aa4605685, for ~le at a t.emporature 

30 of frmm 40°C to go•c over a period of from 1. to 10 hours. 

The re~ulting material iu uged au electrolyte a.nd. sep&e 

rator in an eleetrochmd.eal cell which can be con­
structed., for ~le,· &8 diaclooed b us~A.~4876115. 

Illugtrative embodinents of the invention are described 
35 below in xore detail with reference to the drawing. 
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Figure 1 echemat.:Lcally sh0w11, not to scale 1md partially 

in section, a design of an electrochmllllieal cell 

according to the invention. 

Aa depicted.in Figure land globally designated by·l, an 

5 olectroehml.ical cell is provided wit.h 11 pn.ir of elee~ 

trodee 2a, 2b.. The electrodes 2&, 2h are shaped. a5 

QfjfJentially flat electrode body hd.el 3a, 3b. Bet.ween the 

t11lectrode11 ·2a, 2h, or betwomi t.ha . electrod~ bcdie8 3a, 

lb, a ~rmie 4: foraed as a film or sheet itJ inserted in 

10 the mw:mer of a sandwich and i8 arranged in such a way 

that it makes electrochemical cont.a.et with the two 

elect.rode bodiem 3a, 3b. The sandwich .. like ai;tructure 

consi8ting of the electrode bodies la, lb 1md the ~~ 

brwie 4 is prGu!lsed. together batwecm. two approx.hu.tely 

15 bell~Ghaped container section~ Sa, Sb, •aid container 

oeations Sa, Sb definiJ'.g, together with the elect.rode 

bodiefi 3a, 3h, renpeetive em1partments 6a, 6b. 

The eleetrod.e. bodiea 3a, 3)) comprise porous ba.se :material 

Nld this in turn essentially comprises carbon particles 

2 0 held together by a bind.or ed ha.9 porea which pe:nd t 

percolation of fluid through tho electrode body and in 

which the electrode body is charged with a eataly8t 

depositod·on the base :material an disclosed, for exmraple, 

in us~.&~4876115. 

25 Coxmeetod t.o the ecmta:1ner seetion11 Sa, Sb there are 

:feed.erg 7a, 7b which are dos:lgned for the introduction of 

fluid, optioWl!.lly. under presBure, into the respective 

aompartaemt Sa, Sb, a& ahown by ~he arrows &a, Bb. Tha 

fluid i• thuB introduced. into the electrodes 2a, 2b 1m.d 

30 pa•ses through the porous electrode bodies la, lb to the 

~embram.e 4 which thuo aata as electrolyte and separator 

of the·oleetrochemieal cell l. Likewise connected to the 

container sections 5a, Sh are offtakes Sa, 9b which, via 

the valves 12a, 12b, paao the fluid out fro• the respec-

35 tive ~mnpartment Ga, Sb, as l!Jhmm _by ·the a.rrows 10a, lOb. 

Depending on the desired mod.a of operation of the 



eleatroehmnical eell 1, the fluid is ther@fore, in the 

em!Lpartments 6a, 6h, supplied to the electrode 2a, 2b in 

question or ducted away therefrom. 

Pinally, for the purpose of making electric contact with 

5 the el~etrodes 2a, 2b, electric leads lla, llb are 
provided which are embedded in tho electrode bodieu 3a, 

0 • 

lb or otherwise attached thereto, in order to cmm.ect, 

for mam1Plo, the eleetrode 2a a~ the &110de and tho alee~ 
trode 2b &B·the cathode~ 

10 The oloetrochmd.cal coll l c.m b@ operated as a fut11l 
cello In this caoe the ft1tede:t" 7o. serveo for the introduc .. 
tion of a gaseous fuel such as, for exuq>le, hydrogen, 

methane, natural ga.s and the like via the· anode~side 

eampart:.flmt 6& into tho one electrode or anode 2a, 

15 whoreas tho feeder 1h Borvefi for the introduction of a 
gaseou~ oxidant ~ucb a•, for ~le, oxyvcm or air via 

the eathode .. sido.compartment Sb into tho other electrode 

or cathode 2b. At the aa.e time, the offtake Sa aerve9 

for palising out reaction produetfii of tho combustion 

20 reaeticm between the fuel mid the oxidant, for e~le 
carbon dioxide, frc:m the one electrode or ~ode 2a via 

25 

tho anode .. uide compartnent. Ga, wherea1:1 tho offt.ake Sb 

serves for pamud.ng out bort. g&ljOll ~uppliod tog.et.her with 

the ga11oous 

of the air, 

the cathode 

. 
cxi&w.t, eseantially W§>ter e.wi the nitrogen 
fra. the other electrode or e~thode 2b via 

aide compartaant 6b6 

Tho eleet.rochmd.cal cell 1 c1m. also be operated as an 
electrolytic cell. Zn this ca•~, one or ·both feeders 7a, 
7b sorve for tlle :lntrcduetion of a atarting .at~rial to 

30 bo eleetrolyoed such as, for · exmnple, wator, 11queous 

hydrochlorie acid solution IUld the like, via the respec~ 
tive eamparbnent 6a, 6h into one or both ~lectrodes 2a, 

2b, whareaB t:he offtake !a ~erves for pausing out reac~ 

tion products of the electro~henical dloeompord. ticm of the 
35 otart.ing material, for e:Xample oxygen, o~one, chlorine 

and the like, f~mn the one electrode or anode 2a via the 



anode~side eomparment. 6a, and. the of ft.ake Sb serves for 

passing out reaction prod:ucts of the electrochemical 

deemc.pogition of the starting material, essentially 

hydrogen, from the other electrode or cathode 2b via the 

5 eathode~side compartment Sb. 

Finally, the electrochemical cell 1 may, as a combination 

of the two possibilitie11 stated above_, optionally be 

operated aa a fuel cell or m:1 electrolytic cell. 

In a firiit design, the electrode bodies -2a, 3a or at 

10 l@ast one of t:hese may be iupr~gna.ted, in ~uisentially the 

om!lle way as in tJSe.l.~4876115, in the pore~ with a ~terial 

which iaproves the ef ficioney of the aleet:i:oehmdcal cell 

and is a prcton .. eondueting hydrophillic copolper of 

poly{perfluo:t:"Oalkylene) which is Bubstitutod with ion~ 

15 ftXCb&Dging gX'OU.ps, and poly(perfluoroalkylene) which is 

oubstituted with non .. 1on .. exchanging groups, while the 

mabrane in turn ecmprises a hydrophillie protcm.~conduct ... 

ing polymer material which, As defined above, is an 

opticme.lly cross .. linked base polymer rad.iation .. g:ra:ft.ed 

20 with terminally sulphonated vinyl radiealo. '!hue, in at 

l~aBt one of · the electrode bodieo 2a., 3a,. the bn.se 

materie.l,. together with the catalyst deposited. thereon in 

the porcu1 of the elect.rode body, is enveloped by an 

interlayftr ma.de of the •a.id copolymer. 

25 In a soeond deriign, this intorlayer made of the said 

eopoi~r l!M.Y have been appliod to the ~rane film and 

cover it on one or both sides .. 

Working u:mDple11 of the invmition are given below. It 

should be understood. that the invention ia neithor 

30 lixited. by these working exnmplas or reBtrictad to these 

working exmnples. 

Moreover,. the relative weight. ratio between vinyl nonm111er 

radical~ and croos~linking agent radicals,. which results 

in Exaaplen I to 14, i~ v~ry difficult to determinee It 



was therefore indicated, in th@ examples, not directly as 

a weight ratio but indirectly via the volume r~tio in the 

grafting solution. 

~.x~-.1 

S l'ilm11 having a thickness of 5 O pm IW.d mn.de of u. copolymer 
of tetru.fluoroethylmie and hmmfluoropropylcme (PllP) were 
irradiated in a co60 chumer with a dosage of 2 Hrad. 

Then the filxa were stored in a polyethylene bag at 

approximately @60°C in a freezer for a number of <U.ys or 
10 we~kljo 

Sueh a film we.a placed. into a glaus veBsel·filled with a 

mixture of 60% .by volmi«t of tJtyr~ne and 40' by volume of 
benzene, the glass vessel previously having been degassed 
by a number of frecnd.ng and thawing eyeleu.. !'he glass 

15 vessel was them. stored for 8 hour~ in a the~stat kept 
at fH>°C .. The glas111 veauJel was then op~ed, the f:U.- was 

re.moved and extracted for 5 hourfj u~ing toluene in a 

S:oxhlet apparatus. Then the film was dried in vacuo and 

weighed~ on the ba~ia of ~ho increa~e in weight, a degree 

20 of grafting of 15,, based on the initial ~ight of the 

FRP film, ·wag calculated. 

The grafted film waa plac~d into a glaso vegsel whiah 
contained a mixture of 70, by volume of l,!,2,2atetra~ 
~hloroethane and 30% by volume of chlcro8ulphonic acid. 

25 The film was il!julphonated ln t.hi#J mixture, with stirring, 
at ao•c for s hours .. The film. was them. r~ved, washed 
tmd dried. The fila th:lck~uuu~ was now 51 /m• After a. 

8well~g operation in wa.tor, the thickness of the mew~ 

brrun.e film after swelling being approximately 80 µ.m, the 
30 film was titrated with dilute ba.se to the point of 

neutralization. On the baud.Ill of ·the bal!je consmned a 
degree of Bulphonation of 93t was calculatedo 

Jb:f.Yl'RlO ,,,J_ 

An FHP film having a thickne&o of 125 fDA wan irradiated 
35 and grllfted as in bml.ple 1, whereupon a degree of 
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grafting of 17% waa calculated .. '.rl!um. the gr~fted. fil• was 

sulphcmated. as in l!bmmple l, whereupon a degree of 

sulphcmntion of 96' was caleulat~d. 

~ 
5 Au J'BP fila having a thiab111u1 of 75 FA waa irradiated &8 

in Exmmple 1, but with a do1ut.ge of 6 Mrad, and then 

grafted. aB in Example 1, but in pure styrene, whereupon 

a degree of grafting of 4!5' was calculated.. '.rhcm. the 
gra.ftod film was sulphonated as in balple 1, whereupon 

10 a degree of sulph~nation of 99% wa~ cal~ulated • 

. 
AD PBP film having a thiebefig of 75 p;a wa#J irradiated 

with a douag-e of 7 Mrad and then grafted, at ~·20°C, in a 

Mixture of 40,.by vclmaa of a~aetb.ylstyrcme and 60% by 

15 vol um., of toluene for 50 hour•. After a further treatment 

a.8 in ~le 1, a degree of grafting of 19% was calcu~ 

lated.. '.rhen the grafted film was sulphmulted ·a,9 ~ 

.J:xuaple l, whereupon a dogrea of 9ulpho:wt.ticm of 88% wa1S 

determined. 

2 0 Bxamp_le )ii 

A f il.R made of polyethyltme (PB) and having a thicmeso 

of 150 p.m was irradiated as in · &xmaple 1, hut with a 

do11age of 2 MJ:ad, and them. gr&fted aui in b~le l, hut 

in a mxture of 60% · by volume of stp:mua and 40% by · 

25 volume of bmisHme for 10 hours, whereupon a degree of 

grafting of 31% ns ealaulatcd .. Then the grafted film was 

oul~h~~-ted as in B~le 1, whereupon a degree of 

nulphonation of 17' was calculated. 

Bxpple . .! 
30 A film made of poly(vinyl fluoride) (PVJ') amd having a 

thickness of 100 pm was irradiated as in Bxaaple l, but 
with a dosage of 4 Krad, mld. then grafted aa in Bxample 
l, but for 10 hourB, whereupon a degre~ of grafting of 

29' was calculated. 'fhen the grafted film was sulphonated 
35 a~ in Example l, whereupon a degree of sulphonation of 



1asmm1~i 

A PW film having a thiekne1Se of 100 am was irradie.ted &f;!j 

in bmwplo l, but with a dosage of 10 Mrad, and then 

5 graftod as in Bxm11plo 4, ·but for 60 hours, whereupon a 

d~gree of grafting of 28116 was calculated.. Then the 

grafted fi1- was sulphonated a• in Bxmnple 1, whereupon 

a degree of sulphonatic:m. of 16\ was calculated. 

~l-- 8 

:!LO An DP fib having a thickneiu1 of 50 p:IA was irracU.ated a.a 

in B~le 1, but with a dosage of 6 Krad, mid then 

grafted as in bmaple l, but in a mixture o:f 48% by 

volmu of istyrene, 32915 by vol1mae of divinylbenzene and 

2 0% by volume of bcm:ii!:ene·, whore~pon a degroe of graft:ing 

15 of 19' was calculated. Then the grafted film wa~ 8ul­

phonated a11 in Bxample 1, whereupon a degree of &ulpho~ 

nation of 92' wa• ealeulatodo 

Bx11mltt_ l 
An l!"llP fihl having a thiekne#jg of 75 pm was ;b:rad:lated &f:I 

20 in Bxmnple l, but with a do111age of G Mra.d, and. then 

grafted a~ in. Bxm;plo 1, but. in a mxt.uro of 6811; by 

volume of fityrone, 12' by volumo of divinylbenzene 1md 

20!1; by volume of bmuume, whereupon a d.egreo of grafting 

of 25\ was calculated~ Then the grafted fillllL was Buipho~ 
2 5 na t.ed. &8 in baaple l, whereupon a. degree of i!iulpbo:!Wl tion 

of 94' wa~ calculated .. 

lx•D?ll 10 
AD PBP f:lhli having a thiebuuui of 15 µa w1u1 irradiated 

and grafted. as in Jb:U1&Ple 8, whereupon a degree of 

30 grafting of l.9% was calculated .. Then t:he grafted fil• was 

~ulphonated as in Bxmaple 1, whereupon a degree of 

~ulphonation of 91% was calculated. 



1W. J'BP fib& having a thickness of 7.5 pm was irradiated a• 

in Example l, but with a dcusaga of 6 Mrad, and then 

grafted as in Bxa.ple 1, but :!,n a mixture of 30% by 

volume· of styrene and '70' by volume of divinylben~ene and 
S for 4 hours whereupon a degree of grafting of 15% was 

calculated. Then the grafted film wa~ sulphon&ted an in 

bmnple 1, whereupon a degree of 1m.lphonation o#! 90'ii was 

ealeulat@d .. 

ll:ump:L• ia 
10 An FZP fila having a thiakneao of 125 pa wao irradiated 

ag in Exmnpla 1, but with a dosage of 6 Mrad, and then 
grafted as in lbampla 1·, but in a mixture of 60% by 

volmlle of styrene and 40' by volume of divinylben~ene, 
whereupon a degree of grafting of 19% was calculated. 

15 Thcn the grafted fill.a was sulphcmatod ao in Bxample 1, 

whereupon a degree of BU.lphonation of 9411; W&l!j calculated. .. 

EX@mtWL~ 

An l'XP film having a thicbe&s of 75 pm was irradiated as 

in lb:~lc 1,, but with a do.11age of 6 >!rad, nnd then 

20 graft@d as in Example 1, but in a ~olution of 17.5' by 

weight of triallyl cymlurate in pure styrene, whereupon 
a d.egreG of grafting of 2911£ was calculated. Then the 
grafted fila wa.• sulphonated &8 in Bxmi!LPle l, whereupon 
a degree cf •ulph<m.aticm. cf 98' wa.~ ~alculated. 

25 ~ltl Ii 
An np fil.D. having a thicb:ui1H1 cf 15 pa wa~ :Lrrad:lated as 

in Exmaple 1, but with a doBage of 6 Kru.d, and then 

grafted ag in liX~le 1, but in_ a solution of 7.5% by 
weight of tr:lally1 aym:lurate in a mixture of 10% by 

30 volume of divinylben.Bene and 90% by volume of 8tyrene, 
whereupon a degree of grafting of 40'4; WA!I calculated .. 

'Then the grafted fil.R wa• sulphc:mated a~ in ~le 1, 
whereupon a degree of sulphonat.icm of 90% waa calculated. 

Exuml-Lli · 
JS An FBP film having a thicbeaa of 75 Jlltll was plaaed into 
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a gl&&8.veaael which was filled with a mixture of 90% by 

volm111e of styrene and 10' by vol'W!ile of divinylbei1.·u:ene and 

which wa~ then degasoed by nea».s of a number of freezing 
ru:id the.wing eyclea.. The gla1u1 V&lj&el wa• thflln irradiated, 

S in a thermostated co'0 ch.~er, over a period of approxi­

~tely 10 hours at approxhmat.ely 60°C with a do~age of 

0 .. 03 Mrad. The glass vessel was thtm opened, t.he filmwo.• 
. . 

removed and extracted for S hours using toluene in a 

Soxhlot a.pparatue. Then tho film \!m.S dried in v1:u':uo and 

10 weighad .. On the basis of thCill incrtHUHi in weight, a degree 
of g~afting of 18%, baned on the initial weight of the 
PXP fila, was calculated. 

The graftod film was placed into a glass vessel which 
contained a mixture of 70% by volume of l,l,2,2stetra~ 

15 chloroe~e and 30' by vo).mme of chloro~ulphonic acid. 
"rho fib\ was sulphcmated in thiD :mixture, with Bti:rring, 
at eo•c fo:t> 5 hours .. The film walii then removed, washed 

and dried@ After a owellng operation in water, the film 

was titrated with dilute baoe to the point of neutra~ 

20 lization. OD. the baeis of the base consWilod a degree of 

~ulphonation of 94t was· calculated. 

llXJJ&lO li 
With two porou11 ga11 d:Lffu•ion electrodes (of the type 

. ' 
RLAT frQ!lll. B~Tek in Hatick Ha., USA), the active ~ide in 

25 each ease was sprayed, on a heatable 8upport at ao•c, 
with a ~olution of a ccR.eraially available pol~or {from 
Solution Teelm.ology, Xendcmhall, Pas, USA). hiu11~d. on 

poly(perfluoroalkylene) •ulphonie acid of the Nafion typo 
{trad .. rk of DuPont) by meano of an atmd~ar until an 

30 increase in weight of l"mg/em.2 of electrode area had been 
achieved .. ~- 8prayed olectrode#J were than dried llt l.20°C 

for 2 hour11.. '.rh~n the electrodes thus prepa.red were 
inotalled, together with a membrane film produced accor­
ding to Jb:muple I And e'IW8e~ently swelled in water at 

35 1oo•c, in an electrochemical cell corresponding to Figure 
la Thie electrochemical cell was operated a~ a fuel cell 
with hydrogen and oxygen at ataospheric preotiure at ao•c 



and waB tested over a period of 1000 hour9. At a current 
denl'Jity of l A/~ [sic], the following obic losses were 

deter.mined as a f~etiOD of the operating time: 

Operating time (h): 

5 Ohmie los~ (mv [sic]): 

20 250 

184 218 

500 750 

225 253 

1000 

278 

Bxmqpl.~ 

Two elect.rodes prepared according to Zxmnple 16 were 
installed., together with a membrane film produced aecor~ 

ding to ~le 10 and subsequently &welled in water at 
10 lOO"C &#j in Example 1fh in an elect.roehemieal cell corra~ 

~ponding to l"igure 1.. This electrochmd.anl cell wa1: 

operated as a fuel cell, a~ in Dxmnple 16, with hydroge». 

And oxygen at ataospherie pre~usuro at so•c and was tested 
ov8r a p~riod of 1000 hour&.. At a current denaity of 

15 l A/~ [sic], the following abide losses were dete~ned 

a~ a function of the operating t~: 

Operating time (h)t 

Ohmie loss (mv [sic]): 

IDMPJJLIJ! 

20 250 

211 23-2 

500 750 

244 248 

-1000 

265 

20 Two electrodes prepared according to -~le 16 were 
installed, together with. a mmimb:rano fil.R produced acco:r~ 
ding' to bWiDple 12 and subsequently swelled '.tn water at 
l00°C as in Bxmaple 16, in an eleetroehmd.eal .eell eorre~ 
opond:lng to l'igure 1. Th:l:i electroch-.i.cal eoll was 

25 operated as a fuel cell, a.a in ~le 16, with hydrogen 
and. oxygen at. at.moopheric prtuHaure at so•c and wa,s teD·ted 

over a p~riod. of 1000 hours .. At a currcmt deinaity of 
1 A/ ml2 [sic] , the following ohmic losses were determined. 

a• a function of the operating time: 

30 Operating time (h): 

Ohmic loos (mv [sie]): 

Bxgple 19 

20 250 

468 472 

500 750 

476 482 

1000 

486 

Two electrodes prepared according to ~le 16 were 
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ixutta.lled, together with & mfmlb:ram.e film produced accor~ 
ding to :lxmq;>le 14 .and subsequently swell~d in.water at 

l00°C as in Exaaple 16, !~ ~ electrochtmdc&l cell corre~ 

sponding to Figure 1, tho thickness of the mmV>rane fila 

S after .swelling being 170·~· This electrochemical cell 

WAS operated. aa a fuol cell, as in Example 16, with 

hydrogen and oxygen at atmosphoric preseure at eo•c and 

wu.11 te~tod over a period of 1000 hours.. At a cmrrent 

denBity of 1 A/f:lf/J2. [sic], the following ohmic los~es were 

10 determined as a function of the operating time: 

Operating time (h): 

01Di1.ic lo~a (av [si~J)a 

Exmm.lft __ 2J! 

20 

90 

250 

101 

500 750 

113 141 

1000 

179 

A ~rane film prduced. aecord.i:ng to bU!Lple 12 waa 

15 coated, on a pho~orcsis~ Bpin coater, a. nu.bar of times 
on one of ito sides with the Nafion solution ~t:loned in 

:Example 16 in ae~ordanoe with the spin coating method. 
Them the other side of the mmlbrane film was.coAted in 

the o~ way. .The th:Lelmeas of. the Nafion layer on each 

20 ~ide of the am!!lbrane film was det@rmined with a thickness 

gauge (digital preoBure foot from Beidenhain} and typi­

cally gave valua11 between 0 .. 5 amd. S p.m .. The aed>rane was 
then left in an oven for an hour at 120°C .. This membrane 
film nQW coated ou. both •ides with Nafion was te~ted, 

25 together with two porou.11 gas d:lffuoicm electrodes not 

impregnated (of the type BLA-r from B ... 6fek in Natick, Ma., 

USA) in a fuel cell as in bmaple 16. At a current 

density of 1 A/am2 [sic],- the following olm&.c los1Ses were 

deter.nined. a• a !unction of the operating tiae: 

Operating tiMe (h): 

Ohmic losD (:mv [aic]): 

X:xmqple_21 

20 250 

411 474 
500 '150 

411 479 

1000 

483 

A m~rane film produced according to Example 14 was 

coated on both sides with Nafion, according to BxWilple 

35 20, and tested in a fuel ~elle At a current density of 
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:n. A/am2 [siel" the following Qbmie lo8ses were determined 

AS a function of the operating time: 

Operu.t:lng time (h)a 

Ohmie loss Cmv [sic]) a 
20 250 

93 9.9 

500 750 

115 136 

1000 

169 
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>.>atept glaiaa 

1. Blectrochemieal cell comprising 

o a pair of electrodes e&ch having one electrode 

body made of porous base material which essentially 

c:mnsist:s of carbc:m particles h~ld ·together by a 

binder and hatB pore• which permit percolaticm of 

fluid through the electrodft body, and in which the 

electrode body is charged with a eatalyst deposited 

on the base material, 

o a ~:r:ane film which is a.rranged between the 

electrodes, contacts the two eloctrode bodies 

eleetroehem.:leally, act~ as an electrolyte and sepa~ 

rater of the electrochemical cell And is :made of a 

hydrophillie, protcm~eonducting polymer material, an 

intorlayer bcd.ng provided betwecm the ~~ru.ne film 

and the base m&terial with the aatalyst·depoeited 

thereon, 
0 means for introducing a fluid into at least one 

of the electrodes, 
0 :means for paaud.ng out & fluid from at le&9t one 

of the electrodes, amd 

0 men.no for making electrical contact with the 

.elect.rodes, 

~acteriBedl in tha.t the :material of the membrane 

film io a base polymer radiation~grafted with 

te:ad.nally sulphoWlted vinyl radical~, 

o the baae poly.er being •eleetod from the group 

fo~ed_by 11ubstituted. and unoubot:ltuted polyolefin~, 

11ub~tituted and unimh•tituted vinyl pol~rs and 

their eopol~rs and 

o the vinyl radical• being derived from vinyl 

monomers which are Belcated frmn the group fo:r:med by 

9ubstituted and unsubstituted vinyl nonomero, 

and in that the interlayer comprises a proton~con~ 

ducting hydrophillic copolymer of 

poly(perfluoroalkylene) which is substituted with 

ion~exchanging groups, and poly(perfluoroalkylen~) 

which is substituted with non-ion~exchmlging groups. 
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28 Electrodhemical cell accordins to Claim l, charac~ 

terized in that: the interlayer ha·e been applied t.o 

the aembrane film .. 

3 .. 

4 .. 

s .. 

6 .. 

1. 

a. 

Blectrochemical cell according to Claia. 1, charac­

teri~ed in that in the caoe of at lea•t one of the 

elect~ode bod.iea the interlay~r envelops the base 
material with tho eatalyBt deposited thereon, the 
~leetrode body being impregnated. in its pores with 
the pro~OD.~cond.ueting hydrophillic copolymer. 

Xleetrochemieal cell according to Claix 1, charac~ 

teri~~ed in that the bas~ pol~er is a polyolefin 
iselec ted from the group formed by polyethylene, 
polypropy~lene,poly(tetrafluoroethylene),eopolymer 

of poly(tetrafluoroethylene) wmd polyethyl«me, and 

copolymer of poly(tfttr&fluoroethylene) 

poly{hexafluoropropylene). 

Blcctroehmdcal ·aall according to Claim 1, cllarae~ 

terized in that the ba8e polymer is a vinyl polymer 
~~lected from the group formed by poly(vinyl 
fluoride), poly(vinyl chloride) and poly(vinylidene 
d.ifluoride) .. 

Blectroehemioal cell according to Clab&' l, charac~ 
tori~ed in that th• vinyl monomer i~ aolected from 
tha group fo:r:med by styrone, a-fluorostyrene, 
aamethylstyrene and para~chlorcmiethylstyrene •. 

Bleetroaheiid.eal cell accordi?g to Claim. 1, charac­
terized in that the vinyl radicals radiation~grafted 
to the base polymer are c:roos~linked by radicals 

d&rived from. a croBs~linking agents 

Electrochemical cell according to Claim 7, charac~ 

terized in that the erose=linking agen~ is selected 
from. tho group formed by di v~nylben:r.ene and triallyl 
eyanurate and mixture8 thereof e 
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9e Blectrochemical cell according to either Cla~ 7 or 
8, ·aharacteri~ed in that the material of the mem~ 

hrmie film contains radiation~graf ted vinyl aonmuior 
radieal9 and cross~linking agent radicals in a 
relative weight ratio with respect to one another of 
up to approximately 60=40@ 

lOa Electrochemical cell according to any one of Clai~a 
l to 9, charaeteri~ed in that the material of the 

~rane f .ih!& contains from 15 to 45% by weight of 
10 . radiation~grafted vinyl mc:m.omor radicals. 

11. Blectrochmd.eal cell according to any one of Cl&ims 
1 to 10, characteri~ed in that the mm!llbrane film has 

a thickness of acre than approximately SO p.m. 

12 • Bloc·troehmd.cal cell a@eording to Claim 11, chara.ca 

:ts terized. in that the mmlllbrane f iln. hal!J a t.hiemeso of 
froa 80 to 170 pm. 

13& Bleetrochmd.aal cell according to any one of Claims 
l to 12, characterised in that it i~ a fuel cell, 
o one of the MfHW8 for :Wtrodueing a fluid being 

20 d~Bigned as.a aeane for introducing a gaaeoua fuel 
into the one electrode, 

30 

. . 
o anothe:r: of the mean~ for introducing a fluid being 
designed as a mem:ls for introducing a gaseous oxi~ 
daD.t into tho other electrode, 

o one of the means for paesing out a fluid being 
deoigned a~ a mean8 for passing out raaation pro~ 

ducto from tho emrabustion reaction botween the fuel 

and the oxidant from the one electrode, 

o and optionally another of the meane for passing 
out a fluid being deeigned as a mem'19 for passing 
out inert gases, which have been supplied with the 
gaseou~ oxidant, from. thft other electrode. 

14. Bleatrochemieal cell accord~ng to any o~e of Cl&ins 
1 to 12, characteri~ed in that it is an electrolytic 
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cell,· 

o the means for introducing a fluid being designed 

~~ a means for introducing ~ 9tarting .aterial to be 

electrolysed, 

o And ·the :means for pal!!u~ing out a fluid being 

dcaigned ao a xeana for paseing out reaction pro$ 

ducts fr~ the eloctrochamieal deccmpooition of the 

starting aa.terial. 

15e Eleetrochem.ical coll aeeording to Clahu 13 and 14, 

10 characterized in that it i~ ~ electrochemical cell 

which can optio~ally be operated as a fuel coli or 

an eloetrolytic cell.· 

16@ Procos• for preparing the ~terial of the.m~rane 

film of the electrochmd.cal cell according to Claim 

15 1, characterized.by the proees~ otepo of: 

o selecting a base polyaer to be :modified, from the 

group foJ."aad by substituted and ~gubotituted poly~ 

olefino, oub8tituted ~d 'Wlsub~tituted vinyl poly~ 

mera and their aopolyaer~, 

o 1Seleeting a vinyl monomer frOl!G the group for.ed by 

•ubstituted and unsub•titutcd vinyl monomer~, 

o carrying out a grafting reaction of the ba11e 

polymer with the viny~mcm.oaer in a -1xture thereof 

by expord.ng t.he mxture to olectrc:mmgnetic radiation 

25 to fora the radiation~grafted polymer, and 

o oulphcn&ting the radiation~graftod polymer .. 

17. ProeeBo according to Claim 16, ch&racteri~ed by 

c adding and blmid:lng the vinyl monomer into the 

ba•e pol~r to form the mixture, and 

30 o carrying out the grafting reaction in the mixture 

by exposing the mixture to ·electrom&gnetie 

radiation .. 

lie Process aaaording to Claim 16, characterized by 

o irradiating the ba8a polymer with el~ctromagn~tic 

35 :r&d:lation to fona a graftable .intermediate polymer, 
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o.eooli~g the intermediate pol~er to a temperature 

below o•c, 
o adding and blending t:b.e vinyl monome:r: into the 

cool graf tahle intermediate polymer to form a cool 

mixture, and 

o ea.rrying out tho grafting reaction in the mixture 

by raising the tenperature of the mixture to at 

least 20°c. 

19.. Proce~s according to Claim 16 for preparing the 

10 material of the ~rmlo film of the ele@trocheaical 

cell according to Claim S, eharaeteri~ed by 

15 

o adding and bltmcU.ng the vinyl .orumiier and the 

crons~linld.ng agent into the base polymer to fo:z:x a 

mxture, 

o carrying out the grafti:ng reaction by exposing the 

mixture·to electrmu.gnetie radiation while at the 

IJW!lle time a ero1H1-linkins; reaction of the vinyl 

radicals radiation .. grafted onto the base polymer 

takes p~ace by means of the cross-linking agent to 

20 form the cross-linked radiation~grafted polyner. 

25 

30 

35 

20 = Proee~~ according to Clab 16 for preparing the 

m&tarial of the membrane film of the el~ctroehemical 

cell according to Cla:bl 5, eh&raeteri~ed by . 
o irradiating the ha•e polymftr with electromagnetic 

radiation to form a graftabla intermediate polymer, 

o cooling tha intermediate polymer to a temperature 

below o0 c, 
o ad.ding and blending the vinyl monomer iUld the 

crosa~linking agent into the cool graftable inter~ 

·•@d.iate polymer to form a cool mxture, amd 

o carrying out the grafting reaction in the ~ixture 

by raising the temperature of the mxture to at 

l@a~t 20°C while at the omne time a crcss~linking 

reaction of the vinyl :t"adicials radiation~graft.ed 

onto the base pclyner takeB place by means of the 

erosB~linking agent to fo:it"m the cross~linked radi~ 

aticm.~grafted polymer. 


