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Electrochenmical cell containing a polymer electrolyte,
r gaid polymer electrelyte

preparation process fo:

The invention relates to an electrochemical cell
comprising .

°  a pair of electrodes each having ome electrode body
made of porous base material which essentially comsists
cf carbon particles held together by a binder and has
pores which permit percolatiom of f£luid through the
electrode body, and in which the electrode body is
charged with a catalyst deposited on the base material,
o a membrane f£ilm which is agganged between the

. electroden, contacts the twoc electroecde bodies eléctg@e

chemically, acts as an electrolyte and separator of the
electrochemical cell and is made of a hydrophillic,
proton-conducting polymer material, an interlayer being
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,

© 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
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
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
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
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in US-A-4876115 to US-A-4337137.

Such perflucrinated membrane materials in accordance with
US-A-4876115 exhibit, owing to  -thelr chemical compo-
sition, at temperatures up to 100°C, the long-texrm
stability required f£for operating the electrochemical
cell, but they are very expensive. Moreover, establishing
satisfactory contact between such perfluorinated membrane
materials and the electrodes is very laboriocus and
diffieult.

Hitherto no other membrane materials have 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-
chemical cells.

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
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
described as stable if the ohmic 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
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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be desirable, however, as membrane materials for electro-
chemical cells given their mouldability, contactability
and further beneficial properties. :

The preparation of such polymers and their use as a
membrane material for electrochemical cells is exten-
sively discussed, for exawple, in "Radiation Grafted and
Sulfonated (FEP-g-polystyreme} - An Alternmative to
Perfluorinated Membranes £for PEM Fuel Cells?” by
F.N. Blichi et al in "Proceedings of the 27th Intersociety
Energy Conversiocn Engineering Conference, San Diego,
August 3-7, 1992, SAE Technicel Paper 8eries 925283,
op. 3.419-3.423%, F.N. Blichi et al rzreport. that the
stabllity of their electrochemical cells at operating
temperatures of 60°C managed to reach more than 300
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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£ilm and the electrode impregmated with Nafion. This
ensures that no "sulphuric acid® can leak out - in the
cited documents this ocbviously refers toc the possible
break-down products of the membrane such as, for example,
toluenesulphonic acid. While this known electrochemical
cell does solve the problem of loang-term bshaviocur with
respect to leakage of "sulphuric acid", the problem of
long-tezm bebaviour in cperation above room temperature
is not addressed at all in the cited documents.

It is also known, from RP-A-0483085, te impregnate the
electrodes, or their base material with the catalyst
deposited thereon, with a solution of the iom-exchanging
sulphonated material Nafion {trademark of DuPont). This
diselosure reports sclely on the short-term behavicur of
the electrochemical cell at a SZightly elevated tempera-
ture and solely with the expensive material Nafiom, 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.

"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,
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-
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
material comprising trifluorostyrene as the vinyl radical
the electrochemical cells did prove themselves in terms
of Ilong-term behaviour above room temperature, the
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material im question is expensive. Therefore this
disclosure likewise provides no coantributien to the
solution of the problem of long-term bshaviour in opera-
ticn above room temperature with a cost-effective
material.

It is therefore an objeet of the inventien to propose an
electrochemical cell of the type mentioned im the pre-
amble, whick in its operation im particular above room
temperature makes it possible, employing more cost-
effective membrane materials than hitherto, te achieve
adequate long-st.em stability.

To achieve this cbject, am elect:@@h:@ieal cell of the
type mentioned in the preamble is characterized in that
the material of the mnembrane f£iilm is a base polymer
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
¢ 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
poly (perfluorealkylene) 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
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
polyelefin selected £rom the group formed by
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polyethylene, polypropyleme, poly{tetrafluorcethylene),

‘copolymer of poly{tetrafluocroetbylene) and pelyethylene,

and copolymer of poly (tetrafluorocethylene)  and
poly (hamfluércopsopylene) er a vinyl polymer selected
from the group formed by poly(vinyl £luoride), poly{vinyl
chloride) and poly({vinylidene diflucride), while the

. vinyl moncmer is preferably selected £rom the group

£ozrmed i}g styrene, a-f£lucrostyreane, a-methylstyrene and
para-chloromethylstyrene.

Preferably, the vinyl radicals radiatiom-grafted te the
base poelymer are eross-linked by radicals derived from a
eross-linking agent, the sross-linking agent preferably
being selected from the group ﬁ@m@é by divinylbenzene
and triallyl cyanurate and mixtures thereof, the material
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

fr@m 15 to 45% by weight of radiation-grafted wvinyl
.moncmer radicals.

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

The electrochemical cell is preferably either a £uel
cell,

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

o another of the means for introducing a £luid being
designed as a neans for intr@dueing' &8 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
combustion reaction between the fuel and the oxidant £rom
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o and optionally amother of the means for passiang ocut a
£iluid being designed as a means for passing out inert
gases, which have been suppliied with the gaseocus oxidant,
from the other electrode,

or is an electrolytic cell,

o the means for introducing a £luid being designed as a
means for introducing a starting material to be
electrolysed, ' _

¢ and the means for passing ocut a fluid being designed as
a wmeans for passing out reaction products £rom the
electrochemical decomposition of the starting material.

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

A process for preparing the material of the membrane £ilm
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
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
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
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
intermediate polymer, coocling the intermediate polymer to
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a temperature below 0°C, adding and blending the wvinyl
mopomer into the eool graftable intermediate polymer to
form a cool mixture, and carrying out the graftiang
reaction in the mixture by raising the temperature cf the
mixture to at least 20°C.

A third preferred design variant of this process com-
prises the process steps of adding and blending the viayl
moncmer and the cross-linking agent into the base polymex
to form a mixture, and carrying ocut the grafting reaction
by exposing the mixture to electromagnetic radiatiom
while at the same time a cross-linking reaction of the
vinyl radicals radiation-grafted onto the base polymer
takes place by means of the ezeaaliéking agent to form
the cross-linked radiation-grafted polymer.

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
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
vinyl 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.
The chmic loss due to the membrane resistance in the
electrochemical cells according to the invention rises by
less than 100 mV over a pericd of approximately
1000 hours at a current density of apps@ximgely 1 A/cm?
and an operating temperature up to approximately 80°C. As
has qust been said, this result comes as a complete
surprise, since aftexr all ot only was the
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electrochemical cell membrane f£ilm material defined in
the invention knowa, but this was alsc true of its use in
electrochemical cells, and it was also known that this
material did not provide adequate long-term stability of
the electrochemical cells.

It should be noted in this context that the abovemen-
tioned disclosure by ¥F.N. Blchi et al emphasizes quite
strongly (im italics and bold type) that no special
treatment and, in particular, no impregmatiomn of the
electrodes took place in the studies and experiments
described therein.

Consequently, it was not to be expe@téél and it is there-
fore surprising that the use of this material, which was
known per se, in an electrochemical cell provided with
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.

The invention enables the £abrication of an 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-
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
voltage of approximately 0.5 V, an electrochemical cell
according to the invention provides an 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?,
the outputs obtained therefore being essentially
cemparable.
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Considerably  easler and @more cost-effective and
consegquently particularly advantageous is the procedure
knowa £rom US-A-4605685, in which the mixture te be
grafted is first made into a film and the grafting
reaction is then carried out in the £1iim, optionally
together with the crosms-linking reactiomn.

When preparing the materisl of the membrane €£ilm of the
electrochemical cell according to the invention it is
likewise possible te proceed as described in
US-A-4605685. For example, a mixture is used which, as
the base polymer, containg a aopolymer of
poly (tetrafluoroethylene) and poly{hexafluoropropylene),
as the vinyl monomer ccantains styrené and as the eross-
linking agent contains divinylbenzene. This mixture is
made into a £ilm having a thickness of approximstely
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
radiation dosage of, for example, from 2 toe 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
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
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
below in more detail with reference to the drawing.
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Figure 1 schematically shows, not to scale and partially
in section, a design of an electrochemical cell
according to the iamventien.

As depicted in Figure 1 and globally desigmated by l, an
electrochemical cell is provided with a pair of elec-
trodes 2a, 2b. The electrodes 2a, 2b are shaped as
essentially flat electrode body [sic] 3a, 3b. Between the
electredes 2a, 2b, or between the electrcde bodies 3a,
3b, a membrane 4 formed as a f£ilm or sheet is inserted in
the manner of a sandwich and is arranged in such a way
that it makes electrochemical contact with the two
electroede bodies 3a, 3b. The sandwich-like structure
consisting of the electrode bodies 3&., 3b and the mem-
brane 4 is pressed together between two approximately
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
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. " '

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
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-
tive compartment 6a, 6b, as shown by the arrows 1l0a, 10b.
Depending on the desired mode of operation of the
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electrochemical cell 1, the fluid is therefore, im the
compartments 6a, 6b, supplied to the electrode 2a, 2b in
question or ducted away therefrom.

Finally, for the purpose of making electric comtact with
the electrodes 2a, 2b, electric leads 1la, 1lb are

. provided which are embedded in the electrode bodies 3a,

3b or otherwise attached thereto, in order to cenneet,
for example, the electrode 2a as the anode and the alec-
trode 2b as the cathods.

The electrochemical cell 1 can be operated as a fuel
cell. In thia case the feeder 7a serves for the introduc-
tion of a gaseous fuel such as, for .gxaz@le, hydrogen,
methane, natural gas and the like wvia the anode-gide
compartment 6a into the one electrode or anode 2a,
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 tlie same time, the offtake Sa mserves
for passing out reaction products of the combustion
reacticn between the fuel and the oxidant, for sxample
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 nitrogen

cf the air, from the other slesctrode or catheode 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
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
starting material, for example oxygen, ozone, chlorine
and the like, from the one electrode or ancde 2a via the
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anode-side compartment 6a, and the offtake 8b serves for
passing out reaction products of the electrochemical
decomposition of the starting material, essentially
hydrogen, from the other electrode or cathecde 2b via the
cathode-side compartment 6b.

#inally, the electrochemical cell 1 may, as a combination
of the twe possibilities stated above, cptionally be
operated as a fuel cell or am electrolytie cell.

Iin a £irst design, the electrode bodies 2a, 3a or at
least cne of these may be impregnated, in essentially the
same way as in US-A-4876115, in the pores with a material
which improves the efficiency of the electrochemical cell
and is8 a proton-comnducting hydrophillic copolymer of
poly{perfluorcalkylene) which is substituted with iom-
excbanging groups, and poly(perflucrocalkylene) which is
substituted 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
with terminally sulphbonated vinyl radicals. Thus, in at
least ome of the electrode bodies 2a, 3a, the base
material, together with the catalyst deposited thereon in
the pores of the electrode bedy., is enveloped by an
interlayer made of the said éepclymer. .,

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

Working exsmuples of the invention are given below. It
should be understocod that the invention is nedither
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
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was therefore indicated, in the examples, not directly as
a weight ratio but indirectly via the volume ratlio in the
grafting solutlen.

Exauple 1

Films bhaving a thickness of 50 ym and made of a copolymer
of tetrafluorocethylene and hexafluorcpropylene {FEP) were
irradiated in a €o%® chamber with a dosage of 2 Mrad.
Then the f£ilms were stored im a pélyethylene bag at
approximately -60°C in a freezer for a numbexr of days or
weeks .

Such a £ilm was placed intc a glass vessel f£illed with a
mixture of 60% by volume of styrene and 40% by volume of
benzene, the glass vessel previously having been degasséd
by a anumber of freezing and thawiag eyecles. The glass
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
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.
The £ilm 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
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

and grafted as in E=xample 1, whereupon a dJdegree of
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grafting of 17% was calculated. Then the grafted £ilm was
sulphonated as in Example 1, whereupon ‘a degree of
sulphonation of 96% was calculated.

in Example 1, but with a dosage of 6 Mrad, and then
grafted as in Example 1, but in pure styrene, whereupon
a degree of grafting of 45% was calculated. Then the
grafted f£ilm was sulphonsted as in Example 1, whereupon
a degree of sulphonation of 99% was calculated.

Example 4 :

An FPEP £ilw having a thickness of 75 pm was irradiated
with a dosage of 7 ¥rad and then grafted, at -20°C, in a
nixture of 40% by volume of a-methylstyrene and 60% by
volume of tolueme for 50 hours. After a further treatment
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.

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
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 §
A film 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
as in Example 1, whereupon a degree of sulphomation of
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$4% was calculated.

AL

A WP £film having a thickness of 100 um was irradiated as
in Example 1, but with a dosage of 10 ¥Mrad, and then
grafted as in Example 4, but for 60 hours, whereupon a
degree of grafting of 28% was calculated. Then the
grafted £ilm was sulphonated as in Example 1, whersupon
a degree of sulphonatiocn of 86% was caleculated.

in Example 1, but with a d@sége @é € 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, whereupen a degree of grafting
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.

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 divinylfbenzeng and
20% by volume of benzene, whereupon a degree of graftiag
of 25% was calculated. Then the grafted film was sulpho-
nated as in Example 1, whereupon a degree of sulphonatiecn
of 94% was calculated.

An
and grafted as in Example 8, whereupon a degree of
grafting cf 19% was calculated. Then the grafted £ilm was
gulphonated as in Example 1, whereupon a degree of
sulphonation of 91% was ealeculated.
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An FEP £ilm having a thickness of 75 um was irradiated as
in Example 1, but with a dosage of 6 Mrad, and then
grafted as in Example 1, but in a mixture of 30% by
volume of styrene and 70% by volume of divinylbenzene and
for 4 hours whereupon a degree of grafting of 15% was
calculated. Then the grafted £ilm was sulphonated as im
Example 1, whereupon a degree of spulphomation of 90% was
caleulated.

Ex le t4
An FEP £ilm having a thickness ¢f 125 um 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.
Then the grafted £ilm was sulphonated as in Example 1,
whereupon a degree of sulphomation cf 94% was calculated.

Example 13 .

An FEP film having a thickness of 75 um was irradiated as
in Example 1, but with a dosage of 6 Mrad, and then
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. '

An FEP £ilm 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
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.

Exauple 15 _ : B
An FEP £ilm having a thickuess of 75 um was placed into
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a glass vessel which was filled with a mixture of 90% by
volume of styreme and 10% by volume of divinylbenzene and
which was then degassed by means of a number of freezing
and thawing cycles. The glass vessel was then irradiated,
in a thermostated Cof® chamber, over a period of approxi-
mately 10 hours at approximately 60°C with a dosage of

. 0.03 ¥rad. The glass vessel was then opened, the £ilm was

removed and extracted for 5 hours using toluene in a
Soxhlet apparatus. Then the £ilm was dried in vacuo and
welghed. Cn the basis of the increase in weight, a degree
of grafting of 18%, based on the initial weight of the
FEP f£ilm, was calculated.

The grafted £ilm was placed into a 'gla vessel which
contained a mixture of 70% by volume of 1,1,2,2-tetra-
chlorcethane and 30% by voglume of chlorosulphoniec 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-
lization. Om the basis of the base consumed a degree of

'gulphenati@n of 94% was calculated.

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
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
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
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and was tested over a period of 1000 hours. At a current
density of 1 A/cm2 [sic], the £cllowing obmic losses were
determined as a function of the cperatimg time:

Operating time (b): 20 250 500 750 1000
Ohmiec less (mv [siel):s 184 218 225 253 278
Example 17

Two electrodes prepared according to Example 16 were
installed, together with a membrane £ilm preduced accor-
ding to Example 10 and subseguently swelled in water at
100°C as in Example 16, iz an electrochemiecal cell corre-
sponding to Figure 1. This electrochemical cell was
operated as a fuel cell, as in Exa@plé 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
1 A/em2 [sic], the following cihmic 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

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
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:

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
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installed, together with & membrane £ilm produced accor-
ding to Example 14 and subsequently swelled in. water at
100°C as in Example 16, in am electrochemical cell corre-
sponding to Figure 1, the thickness of the membrane £ilm
after swelling being 170 um. This electrochemical cell
wag 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
density of 1 A/om2 [sic], the following ohmic losses were
determined as a funmction of the operating time:

Operating time (h): 20 250 500 750 1000
Obmic loss (mv [sicl): 80 181 113 141 178

b\ rane f£ilm prduced according to Example 12 was

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
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,
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:

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
20, and tested in a fuel cell. At a current density of
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1 A/cm2 [sic], the following chmic losses were determined
as a function of the operating time:

Operating time (h): 20 250 500 750 1000
Obmic less {wv [sie]): 93 89 i15 138 i69
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Patent claims
Electrochemical cell comprising

e a pair of electrodes each having one electrode
body made of porous base material which essentially
consists of carbonm particles held together by a
binder and bas pores which permit percolation of
£iluid through the electrode bedy, and in which the
electrode body is charged with a catalyst deposited
en the base material,

o a mewbrane film which is arranged between the

electrodes, contacts the two electrode bodies
electrochemically, acts as an electrolyte and sepa-
rator of the electrochemical cell and is made of a
hydrophillic, proton-conducting ﬁ@lymgr material, an
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, '

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
£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
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-
ducting hydrophillic copolymer of
poly (perflucroalkylens} which is substituted with
jon-exchanging groups, and poly {perfluorcalkylene)
which is substituted with non-ion-exchanging groups.
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Electrochemical cell accordizng te Claim 1, eharac-
terized in that the interlayer has been applied to
the membrane £ilm.

Electrockemical cell according te Claim 1, charac-
terized in that in the case of at least one of the
electrode bodies the interlayer envelcps the base
material with the catalyst deposited thereon, the
electrode body being impregnated im its pores with
the proton-conducting hydrophillic copolymer.

Electrochemical cell according to Claim 1, charac-
teri-zed in that the base polymer is a polyoclefin
selected f£rom the group formed by polyethylene,
polypropy-lene, poly(tetraflucroethylene) , copolymer
of poly(tetraflucoroethylene) and polyetbylene, and
copolymexr of poly(tetrafluorocethylene) and
p@ly(hex&fluér@p:cpylen@).

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
fluoride), poly(vinyl chloride) and poly{vinylidene
difluoride).

Electrochemical cell accerding to Claim 1, charac-
terized im that the vinyl moncmer 1s selected f£rom
the group £formed by styrene, a-fluorostyrene,
a-methylstyrene and para-chlorcmethylstyrene.

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.

Electrochemical cell accordimg te Claim 7, charac-
terized in that the cross-linking agent is selected
from the group formed by divinylbenzene and triallyl
cyanurate and mixtures thereocf.
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Blectrochemical cell aéc@réing te either Claim 7 or
8, characterized in that the material of the mem-
brane £ilm contains radiation-grafted vinyl monomer
radicals and cross-linking agent radiecals in a
relative welght zratio with respect to cne another of
up to approximately 60:40.

Electrochemical cell according to any one of Claims
1 to 9, characterized in that the material of the
mexbrane £ilm contains from 15 to 45% by weight of

.radiation-grafted vinyl monomer radicals.

Electrochemical cell according to any cne of Claims
1 to 10, characterized in that the membrane £ilm has
a thickness of more than approximately 50 um.

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

Electrochemical cell acecording to any one of Claims
i te 12, characterized in that it is a fuel cell,

o ome of the means for introdueing a £luid being
designed as.a means for introducing a gaseous fuel
into the omne electrode,

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

© 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
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.

Eleeﬁrgehemieai cell according teo any one of Claims
1 to 12, characterized in that it is an electrolytic
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cell,
o the means for introducing a fluid being designed
as a means for introducing a starting material to be
electrolysed, .
o and the means for passing out a £luid being
designed as a means for passing out reaction pro-
ducts from the electrochemical deccmposition of the
starting material.

Electrochemical cell according to Claims 13 and 14,
characterized in that it is an electrochemical cell
which can optionally be operated as a fuel cell er
an electrolytiec cell.’

Process for preparing the material of the membrane
£ilm of the electrochemical cell according to Claim
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,

¢ 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

to form the radiation-grafted polymer, and
o sulphenating the radiation-grafted polymer.

Process according to Claim 16, characterized by

¢ adding and blending the vinyl momomer into the
base polymer to form the mixture, and

6 earrying out the grafting reaction in the mixture
by exposing the mixture to electromagmetic
radiation.

Process according to Claim 16, characterized by
o irradiating the base polymer with electromagnetic
radiation to form a graftable intermediate polymer,
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e .cooling the intermediate polymer to a temperature
belew 0°C,

o adding and blending the vinyl monocmer imto the
cool graftable intermediate polymer to form a cool
mixture, and

o carryling out the grafting reaction in the mixture
by raising the temperature of the mixture to at
least 20°C.

Process according to Claim 16 £for preparing the
material of the membrane film of the electrochemical
cell according to Claim 5, eharacte:::ized by

o adding and blending the wvinyl monomer aund the
cross-linking agent imte the basé polymer to form a
nixture,

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
form the creoss-linked radlation-grafted polymer.

Process according to Claim 16 £or preparimg the
material of the membrane £ilm of the electrochemical
cell according to Claim 5, characterized by

e irradiating the base polymer with eleeéramagnetie
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-

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
onto the base polymer takes place by means of the
cross-linking agent to form the cross-linked radi-
ation-grafted polymexr.



