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Pol ynmer el ectrol yte nenbrane, and process for the produc- tion thereof 5
The invention relates to polynmer electrolyte nmenbranes based on a
sul f.onafed aromatic pol yether ketorngj-X4%i on exchanger nenbranes are
enpl oyed, inter alia, in electrochemcal cells which use, instead of a
liquid electrolyte, a polyneric solid elec yt e as | o_n"conduc- 10 tor.
Exanpl es of thE8QECHST HETENGRRELIeFGHANTE %ﬁ FBxygerPr. f SBfWO
cells. Menbranes for this application nust sat [ sfy stringent denmands
with respect to chemical, electrochem cal and nechanical. stability and
proton conduct PESCGFIBEGOR his reason, hitherto only 15  fluori nat ed
menbranes whi ch pr|n0|pally contain sul fonic exchanger functions, have
successful |y been enpl oy g-term operat on,
chlor-al kal i eFoI¥sYy gi?g PEBF?ﬁﬁt tﬂre%‘ﬁaﬁ’lﬁ%‘?uc'
menbr anes 20 tdemsttlﬁsxteﬁfthe state of the art t hey have di sadvant ages
for use in solid electrolyte applications. In addition to t he "hi gh cost,
such materials having the above-required properties are, in nenbrane form
only avail &bl eThiet hindedntbon predatesr $q tPolinesselectireiyte cugelbraygsand
25 can be paagesea(l a MAllAHardd SARRER | 581 feendP ke fSng 0! ULl ONS.

is precisely app

However, it I cati ons as

Cation exchanger wmewbranes are employed, inter alia, in
electrochemical celle which use, instead of a liquid
electrolyte, a polymeric solid electrolyte as ion conduc-

10 tor. Examples of these are water electrolyzers and
hydrogen/oxygen fuel cells. Membranes for this
application must satisfy stringent demands with respect
to chemical, electrochemical and wmechanical stability and
proton conductivity. For this reason, hitherto only

15 fluorinated membranes which principally contain sulfonic
exchanger functions, have successfully been employed in
long-term operatioh, for example in chlor-alkali
electrolysis.

Although the use of fluorinated exchanger membranes
20 constitutes the state of the art, they have disadvantages
for use in solid electrolyte applications. In addition to
the high cost, such wmaterials having the above-required
properties are, in membrane form, only available with
defined parameters (thickness, exchanger capacity) and
25 can be processed mneither thermoplastically nor as
' solutions. However, it is precisely applications as a
polymeric solid electrolyte in -fuel cells/electrolysis'
that require membranes having modifiable properties,
enabling optimum matching of the membrane properties to

30 the requirements in ‘the cell.

The modifiable properties include variation of the
membrane . thickness, since, in particular at high current
densities, the resistance, which is proportional to the
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menbr anes having nodi fi abl e properties, enabling optinmum natching of the
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sol ution process| ng enabl e, menbranes. t e produced in any desired
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rane resistance

10 membrane. However, all chemically uncrosslinked membranes
(these also include commercial perfluorinated membranes)
have a limited ion exchange capacity in practice since
the membrane swells considerably with increasing value,
in particular at -‘elevated temperatures, and its

15 mechanical properties become inadequate. However, polymer

- materials which, after conversion into a membrane, are in
principle chemically crosslinkable offer the opportunity
of restricting swelling.

Although polymers typically used for cation exchanger
20 membranes, such as, for example, sulfonated polystyrenes,
can be prepared from liquid monomers and can be poly-
merized in membrane form of any desired thickness afterx
addition of crosslinker molecules, the hydrogen atoms on
_ the main aliphatic chain mean, however, that they do not
25 have the long-term chemical stability which is required.

Further properties which distinguish a good cation
exchanger wembrane are insemsitivity during operating.
" interruptions, resistance to delamination of a support
film and {(in the case of alkali metal chloride electro-

30 1lysis) insensitivity to brine impurities.

The object was therefore to provide ion-conductive
menbranes which are suitable for use as polymeric solid
electrolytes, have adequate chemical stability and can be
produced from polymers which are soluble in suitable
35 .solvents. It should preferably be possible to make these



materi@al s which, after conversion into a nenbrane, are in principle

chem cally crosslinkable offer the opportunity of restricting swelling.

Al.t hough polyners typically used for cation exchanger 20 menbr anes, such
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chem cal gtab can be pro rom pol ymers which are soluble in
suitable 35 solvents. t shoul d prefgrably be possible to ke these

- 3- .nenbranes nojg sta subsgqguent| it r eat hi s bJe t is qﬁhieved
by a process for hEﬂM' P orpr’ °“*'{%°“‘JT3" 0=dr ==

in which
Ar is a phenylene ring having p- and/or m-bonds,
Ar’ is a phenylene, naphthylene, biphenylene,

anthrylene or another divalent aromatic unit,

10 X, N and M, independently of one another, are 0 or 1,

Y is 0, 1, 2 or 3,

P is 1, 2, 3 or 4,

ig sulfonated, the sulfonic acid is isolated and dis-

.solved in an organic solvent, and the solution is
15 converted into a film. This process comprises converting

at least 0.05 sulfonic groups in the sulfonic acid into

sulfonyl chloride groups, reacting 0.05 to 0.25 sulfonyl :

chloride groups with an amine containing at least one

crosslinkable substituent or a further functional group,
20' subsequently hydrolyzing unreacted sulfonyl chloride

groups, isolating the resultant aromatic sulfonamide and

dissolving it in an organic solvent, converting the

golution into a film; and then crosslinking the

crogslinkable substituents in the film.

25 Asymmetrical membranes derived from a sulfonated,
aromatic polyether ketone are the sﬁbject-matter of
EP-A-182 506. However, the membranes described therein
contain no crosslinkable or crosslinked groups.

The sulfonation of the polyether ketone of the formula
30 (I} is preferably carried out by dissolving it in from 94
to 97 % strength by weight sulfuric acid, adding a



of a polyner electrolyte nenbrane from sul fonated, aronatic polyether
ketone, in which an aromatic pol yether 5 ketone of the formula (1) [err]
in which Ar is a phenylene ring having p- and/or mbonds, Ar'

i s a phenyl ene, naphthylene, biphenylene, anthryl ene or another divalent
aromatic unit, 10 X, Nand M independen%ly of one another, are 0 or 1, Y
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derived from a sulfonated, aromatic pol yether ketone are the

subj ect-matter of EP-A-182 506. However, the nmenbranes described therein
The aromatic polyether ketones indicated in the formula

{I) are readily accessible. They can- in principle be

10 built up by electrophilic peolycondensation by the
Friedel-Crafte wethod, in which an aromatic diacid
dihalide is reacted with an aromatic ether.

The polymer where p =1, X =0, M=1, Y=0and N = 0 is
commercially available under the name ‘Victrex. Polymers

15 inwhich N=1or ¥=3o0orp=4or X=1 can preferably
be prepared by a nucleophilic process.

It is preferred for all the divalent aromatic radicals
-Ar- in the polymer to be sulfonated to comprise phenyl-
ene, preferably 1,4—phenjr,1ene. ‘The sulfonating agent,

20 which serves to increase the sulfuric acid concentration
and for sulfonation, is preferably fuming sulfuric acid,
chlorosulfonic acid or sulfur trioxide.-

The concentration of the gulfuric acid used for the

dissolution is preferably from 96 to 96.5 %. The dis-
25 solution temperature depends on the ratio between the

number of ether bridges and carbonyl bridges. With

increasing proportion of ether groups relative to

carbonyl groups, the reactivity of the polyether ketone

main chain for électrophilic substitution {for example
30 sulfonation) increases.

The number of sulfonic groups which can be introduced
'depends on the number of aromatic rings bridged by oxygen
atoms. Only O-phenyl-O units are sulfonated under the
stated conditions, while O-phenyl-CO groups remain



contai i no crosslinkable or crosslinked groups. The sul fonation of the

pol yet her ketone of the formula 30 (I') is preferably carried out by
dissolving it in from94 to 97 % strength by weight sulfuric acid, adding a
-4- sulfonating agent to the resultant splgition until the concentration of
sulfuric acid is from98 to 99.5 % by wei ght, and working up the reaction
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preferably be gubbanatipp.a nucI eophi lic process. is preferred for all
the divalent aromatic radicals -Ar- in the polyrrer to be sul fonated to

conpri se phenyl -
After complete dissolution of the sample, the concentra-

tion of the sulfuric acid is increased, for example by
10 adding oleum, until the H,SO, concentration is from 98 to
99.9 % by weight, in particular from 98 to 99.5 % by
weight, preferably from 98.2 to 99.5 ¥ by weight. The
reaction temperature during the actual sulfonation can be
higher than during the dissolutioﬁ process. In general,
15 the sulfonation is carried out at frorﬁ 10 to 100°C, in
particular at from 30 to 90°C, preferably at from 30 to
80°C. Both an increase in the temperature and an exten-
gsion of the reaction time increase the degree of sulfona-
tion of the polymér’. Typical reaction tiwmes are between
20 0.5 and 10 hours, in particular between 1 to 8 hours,
preferably between 1.5 to 3 hours. Reaction times of
longer than 10 hours only increase the degree of sulfona-
tion to an insignificant extent. An increase in the
temperature of the solution to at least 50°C after
25 addition of the sulfonating agent considerably acceler-
ates the sulfonation.

The sulfonation is preferably carried out on homopolymers
of the formulae IV or V or VI. In a further embodiment of
the invention, the process described is employed for the

30 sulfonation of a copolymeric aromatic polyether ketone
built up from at least two different units of the formula
IV, V and/or VI

? —Q‘“Q-"+ (1)



ene, pfeferably 1,4-phenylene. The sulfonating agent; 20 which serves to
I ncrease the sulfuric acid concentration and for sulfonation, is preferably
fum ng_sul furic acid, chlorosulfonic acid or sulfur trioxide. The
concentration of the sulfuric acid used for the dissolution is preferably
from96 to 96.5 % The dis- 25 sol ution tenperature depends on the ratio
between the nunber of ether bridges and carbonyl bridges. Wth increasing

proportion of ether gr groups, the reactivity of

t he pol yet her ketlone ' ' iJjig substitution (for exanple
30 sulfonation) i 4 ups which be

I ntroduced depends o I c rings byi dged by oxygen atons.

Only O phenyl -O Units\are sulfon 3ed conditions, while
O phenyl - CO groups re ,-the tenperature.
during dis- solution of the. polyner is between 10 and 60[err]C, in
particul ar between 20 and 60[err]C, preferably between 30 and 50[err]C.
During this dissolution process, sulfonation of the 5 main chainis
substantially suppressed. Qur own NMR studies have shown that no
degradati on occurs durj ng sul fQnati op.

u |
O-HOY+

A further preferred embodiment of the process according
to the invention comprises employing a polyether ketone
built up from units of the formula V or VI and addition-
ally non-sulfonatable units. The sulfonation of copoly-

5 mers comprising monomer unite of the formula IV and
non-sulfonatable ether ketone units is described in
EP-A-41 780 and EP-A-08 895. For complete sulfonation of
a homopolymer of the formula IV, under the same condi-
tions, a fully water-soluble product having very high

10 swellability in water at room temperature which is very
difficult to isolate would be obtained. These properties
are undesired, for example, for use of polysulfonic acids
as hydrophilic ion exchanger membranes in electrolysis
cells, since significant swelling results in loss of the

15 mechanical stability of the membrane. On the other hand,
however, a high ion exchanger capacity in particular
requires a high degree of sulfonation.

Also in this process, the polyether ketone is dissolved
in from 94 to 97 % strength by weight sulfuric acid. A
20 sulfonating agent is added to the resultant solution
until the sulfuric acid concentration is from 98 to
89.5 % by weight. The reaction batch is worked up as scon
as the desired degree of sulfonation has been reached.



After conplete dissolution of the sanple; the concentra- tion of the
sulfuric acid is increased, for exanple by 10 addi ng ol eum wuntil the
Herr]SO err] concentration is from98 to 99.9 % by weight, in particular
from98 to 99.5 % by weight, preferably frpm98.2 to 99.5 % by wei ght. The
reaction tenperature during the actual sulfonation can be higher than
during the di sThéuniocmrgulfitasstable genttal préferallley havONBheOForimeRs ri ed
out at from 10 EQIAOO[GH]C’ in particular at from30 to 90[err]C,
preferably at ¥rom 30 to 80[err]C. Both an increase in the tenperature and
an exten- sion of fhe reaction tinme incregse the degree of sulfona- tion of

t he polyner. Typichl gegction tingsgxre bé¢tween 20 0.5 10 hours, in
particul ar bet ween}-l B—hQur s; (®~ @ bet ween 1.5 holi¥$1)
Reaction tinmes of than 10 Wstfs onlly increase the degree of sulfona-

tion to an insignificant extent. An increase in the tenperature of the
solution to at least 50[err]C after 25 addition of the sulfonating agent
consi derably acceler- ates the sulfonation. The sulfonation is preferably
carried out on honopol yners of the fornmulae IV or Vor VI. In a further

mbodi t of the i ' th ' d i bed | I d f the 30
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5 and are then derived from 4 -hydroxybenzosulfone.

The polymer of the formula IV is dissolved in from 95 to
96.5 % strength by weight sulfuric acid at a maximum of
25°C. In order to dissolve the polymer of the formula V
in from 94 to 96 % strength by weight sulfuric acid, a'__

10 temperature of 30°C is preferably used. The homopolymer
of the formula VI is preferably dissolved in from 95 to
96.5 % strength by weight sulfuric acid at from 25 to
50°C and is subsequently sulfonated at temperatures at
from 60 to 9%0°C. The polymers of the formula I are

15 dissolved at 25°C. The actual sulfonation is then carried
out at at least 50°C and at an acid concentration of at
least 98.5 % by weight of H,S0,. '

" The conversion of some of the sulfonic groups into
sulfonyl chloride groups is carried out by known methods.

20 For example, the isolated sulfonic acids can be reacted
with the calculated amount of PCl, or thionyl chloride in

- an inert solvent or in excess thionyl chloride. Suitable
amines which react with the sulfonic groups and introduce
creosslinkable substituents are all aliphatic or arcmatic

25 amines which contain the divalent, polymerizable radical



-6- A further preferred enbodi nent of the process according to the

I nvention conprises enploying a polyether ketone built up fromunits of the
formula.V or VI and addition- ally non-sul fonatable units. The sul fonation
of copo‘l y- 5 mers conprising nononer unitsgof the fornula IV and

non-sul fonatable ether ketone wunits 1is described in EP-A-41 780 and

EP- A-08 895. Fogucenp| etér @@Iamﬁamﬂpm@mﬁc Hn uﬁfri/ i@ hd V,

under the sane_condi-_tions, wat.er - sol tbl e pradt i ng very high
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Also in this process, the et her ketone |Is In from %
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% by wei ght . e reactlon IS worked .up as, soon
: functional groups. An example which may be mentioned of

10 an appropriate amine containing a functional group is
2 -aminomethylfuran, the N-furylmethylsulfonamide obtained
therefrom condensing with a substituted maleic anhydride
in a Diels-Alder reaction to form two non-aromatic six-
membered rings. If the functional group of the amine is

15 an aminc or alcohol function, dimerization with the aid
of a difunctional epoxide is possible,

The reaction of the sulfonyl chloride groups with the
amine is preferably carried out in an inert solvent, for
example in chloroform or dichlorocethane. Replacement of
20 a sulfonic group by a substituted sulfonamide group.
increases the solubility in organic solvents, for example
N-methylpyrrolidone or dimethyl sulfoxide. The dis-
solution of polymeric, aromatic aryl ether ketone
sulfonic acids (containing no further functional groups)
25 in organic solvents and further conversion of the solu-
tion into a film belongs to the prior art. Corresponding
solvents are indicated, for example, in EP-A-0 142 973.

The hydrolysis of unreacted sulfonyl chloride groups is
carried out by agueocus work-up.

30 The polymeric sulfonic acid prepared in this way prefer-
ably has the formula (VII)



as the desired degree of sulfonation has been reached. -7- The

non-.sul fonatabl e units preferably have the formula Xllla [err] and are t hen
formal |y derived from 4-hydroxybenzophenone or have the formula Xl 11b [err]
5 .and are then derived from 4-hydroxybengosul fone. The pol ymer of the
formula IV is dissolved in from95 to 96.5 % strength by weight sulfuric
acid at a maxi numof 25[err]C- In order to dissolve the polyner of the

[ sul furic acid, a 10

formula Vin from to 96 % strength

tenperature of . 30[ 4r ]C [ refe u honopol ynmer of the fornula

VI is preferably di b bstrength by weight sulfuric
acid at from25 to |5 [err and Iy subsgquently sul fonated at tenperatures

at from60 to 90[ert]C. Thegpel yners of the forfula | are 15 di ssol ved at
25[err] C. The actual sulfonatlon is thep, carried out at at |east 50[err]C

and at an acid conc o by weight of Herr]SJerr].
The conversi on of dnto sul fonyl chloriphg groups
is carried out by kno

where a ig a mumber from 0.15 to 0.95,
b is a number from 0.05 to 0.25,
c 'is a number from 0 to 0.8,
a + b is a numbexr from 0.2 to 1.0, and
5 a+b+ec= 1, and
R? ig selected from the radicals

—{C:>F-cu = CH - COOCH,

- CH, - CH = CH,

— CH; ﬂ

0

After the polymer electrolyte membrane has been produced
by said process according to the invention, the cross-
linkable substituents are crosslinked, advantageocusly by
16 means of high-energy radiation or heat, or the functional
groups introduced with the amine are subjected to a
condensation reaction, in particular a cycloaddition
reaction, by treatment with suitable compounds.

The crosslinking of the membrane very greatly reduces the
15 swelling in water, in particular at elevated temperature.
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20 For exanple, the isolated sulfonic acids can be reacted with the

cal cul ated anount of PCl[err] or thionyl chloride in an inert solvent or in
excess thionyl chloride. Suitable am nes which react with the sulfonic
groups and introduce crosslinkable substi tygents are all aliphatic or
aromatic 25 am nes which contain the divVval ent, polynerizable radical

-8- -CH=CH, fgg;:gXQ ' ;A ' nﬂgg Ld.an
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. functional group, this should be capable 5 of additional reaction to
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di functional efoxmataj s{BHdssiby esulfonation. The invention therefore

"furthermore relates to a process for the production of a

10 polymer electrolyte membrane based on a sulfonated

aromatic polyether ketone which contains no crosslinked

or crosslinkable groups. T¢ this end, an aromatic poly-

ether ketone is sulfonated, the resultant sulfonic acid

is isolated and dissolved in an organic solvent, in

15 particular an aprotic, polar solvent, and the solution is

converted into-a film. In an embodiment of this process,

the sulfonic acid used has the formula (II)

oo} 1o} -

where a = 0.2 to 1_.0, c =0 to 0.8, apda + Cc =1,

In a further embodiment of this process, the sulfonic
20 acid used has the formula (III)



The redction of the sulfonyl chloride groups with the anmine is preferably
carried out-in an inert solvent, for exanple in chloroformor

di chl orpoet hane. Repl acenent of 20 a sulfonic group by a substituted

sul fonam de group increases the solubility,in organic solvents, for exanple
N- et hyl pyrrol i done or dinethyl sulfoxide. The dis- solution of polyneric,
aromatic aryl ether ket one sul fonic acigs (co taining no further functional

groups) 25 ganlc solvents and f nver siqon of the solu- tion
into a f|In1beI ri gol vents are indicated,
for exanpl e, -A— H acted sul fonyl
chl ori de groups is carr ed out y aque The pol yneric
sul fonic acid prepared $0s8his way prefer- ably has the formil a (Vi)
[err] where a is a number fromO0.154 0 0.§Y%, |sanmmm from
0.05to 0.25, c [ a nu fromfl u8 +ibis a nunbergjron10 2
to 1.0, and 5 o o 0 - R-cC - | ected from
radicals [err]
S0sH SO, H
0
i
<0~ +-0-+{0-HO
where
a=20to 1,

b=0 to 1,
¢ =0 to 0.5, and
a+b+c=1.

It is obtainable by sulfonation of the homopolymexr of the
' formula V. The sulfonation first gives monosubstitution
products (b = 0) in which a is between 0.5 and 1 and ¢ is
between 0 and 0.5. a then reaches a maximum {about 1),

"10 while b remains low and ¢ drops back to low values.
Finally, disulfonation occurs, and the value b increases
at the expense of a. '

The polyelectrolyte membranes described contain sulfonic
groups and are derived from aromatic aryl ether ketones.
1is Irrespective of whether they additionally contain
crosslinked or uncrosslinked sulfonamide groups, they are
suitable as proton-conducting solid electrolyte membranes
in fuel cells or electrolysis cells. Since the polymeric
sulfonic acids are uncrosslinked at the time of their
20 further conversion, they are soluble in suitable polar
golvents, such as dimethylformamide, NMP, DMAc and DMSO.
The resultant solution preferably has a molarity of
between 50 and 450 g/l. It -is cast onto a substrate, and
subsequent evaporation of the solvent gives a homogeneous



After the polyner electrolyte nenbrane has been produced by said process
according to the invention, the cross- linkable substituents are

crossl inked, advantageously by 10 means of high-energy radiation or heat,
or .the functional groups introduced with {fe_amne are subjected to a
condensation reaction, in particular a cycloaddition reaction, by treatnent

with suitable S. Ok f e Ve t
g@mp. ATReraheIshi Pk MO fed AL IBADERAS S YorlEAt LY

reduces the 1 swelling in water, in particular at elevated tenperat ure.
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ketone is sul fonat'ed, t resultant sulffonic acid \
into contact with the abovementioned solution, and the

10 solvent 1is subsequently evaporated. In general, the
polymeric sulfonic acids and sulfonic acid derivatives
employed have molecular weights of at least 30,000.

The resultant membrane forms a special case of =a
polyelectrolyte membrane, whose material is obtained from

15 an aromatic polyether ketone of the formula (I} by
gsulfonation. These membranes can be employed as solid
electrolytes for fuel cells and electrolysis cells. If
the membrane has been produced from a solution of a
polymeric sulfonic acid of the formula (VII),

20 crosslinking in the polymer electrolyte membrane gives a
sulfonated aromatic polyether ketone of the formula
(VIII) |



is-isolated and dissolved in an organic solvent, in 15 particular an
aprotic, polar solvent, and the solution is converted into a film In an
enbodi ment of this process, the sulfonic acid used has the formula (I1)
where'a = 0.2 to 1.0, ¢c =0to0o 0.8 and a + c¢c = 1. In a further enbodi nent
of this process, the sulfonic 20 acid used3hds the formula (111) [err]
where a =0tol1l, b=0tol1l c¢c=0to 0.5 and 5 a+b+c=1 1t is
obt ai nabl e by sul fonati on of the honopol ynmer of the formula V. The

sul fonation first gi prosyibst it uhon products (B = Q) in which ais
between 0.5 and 1 and BBt ween 0Zand 0.5. a thef-—Faches a maxi num
(about 1), 10 while b ins low ahd c drops b o | ow val ues.
Finally, disulfonation rs, and the value b ind es at the expense of
a. The polyelectrolyte anes descri bed cont ai l*oni c groups and are
derived from aromati ™® etkwer ketones. 15 | PreepetN i ve of whether
they additionally contgin
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crossli‘nked or uncrosslinked sul fonani de groups, they are suitable as
proton-conducting solid electrolyte nenbranes in fuel cells or electrolysis
cells. Since the polyneric sulfonic acids are uncrosslinked at the tinme of
their 20 further conversion, they are soluble in suitable polar solvents,
such as di net hyl formam de, NVP, DMAc and DMSO. The resultant sol ution
preferably has -a nolarity of between 50-abdl 450 g/|1. It is cast onto a
substrate, and subsequent evaporation of the solvent gives a honbgeneous

- 12 - nmenbramBer® ternatively, the solution can, in order to set a defined

menbrane thi clgngss.a Gamhet rEPshed. P etot beagybstrate by neans of a hand
coater of defined wet-filmthicknes andgt&icknesses In the range of, for
h

exanple, 5 #df B (ARLYH HXoM, By 5pkea@n#Bved. By the same princi- ple,
support fabries i anmisiper ofBom 00 pRoOAS8gupport nenbranes, for exanple

made of paql yethyl ene, pol ypr -elene oLyt et paf L ugroet hyl ene or gl ass,
can be brgughﬁiﬁﬂ *ﬂnﬂeﬁghﬁﬁ hffﬁ% gbgvgéegfpbngﬁasolution, and the 10

solvent is swbgeduentd y=ebaporated. 1In general, the polyneric sulfonic
aci ds and sul fQpj | enivaj i oyedgh i I, O f at
| east 30, 000. e%glg%t tg'ntlsrrggnbé,gflaef orrp)sé ags_%ggitérgﬂl case o?vs:}’ Q&élg

addition. If a para-aminocinnamic ester was employed in
the reaction of the sulfonyl chloride groups and the

10 reactive terminal groups derived from this ester have
been dimerized by means of light or heat, A is a radical
of the formula (IX) |

—@-ca;cu—co,a_
l 1
aoc—cn-cu@-
il ix)

0

in which R is, in particular, hydrogen or methyl. If the
sulfonyl chloride groups have been reacted with 2-amino- .

15 methylfuran and the linking of the radicals derived from
this amine has been carried out with a bismaleimide, the
radical A has the formula (X)

| N—8— N | e

o « O CHp—

where B is a divalent radical, for example an alkylene
chain having 1 to 4 carbon atoms, a phenylene radical, a

20  diphenyl ether radical, a 2,2-bisphenylpropane radical or
a 2,2-bisphenoxyphenylpropane radical.



pol yel &ctrol yte menbrane, whose material is obtained from15 an aronmatic
pol yet her ketone of the formula (I) by sulfonation. These nmenbranes can be
enpl oyed as solid electrolytes for fuel cells and electrolysis cells. If

t he menbrane has been produced froma sol4&ion of a polyneric sul fonic
acid of the formla (vil), 20 crosslinking in the polyner

electrolyte WI@:’é’d‘iﬁa@i‘V@ﬁya suhikeqebed @ffomﬁdlqnm:w,t hegr&gidiakablkhe
formula (M11) %erré 14 .- where a s B r fron10 15 to
0.95, bis a ﬁHﬁﬁQnaqiﬁﬁ #8d; podyperic. | PEPRARS *ékﬁgik a +
b is a nunber é‘dlCﬁarDla ieldsocaﬁnﬁeacbmerued: joinuky whete q&embranésval ent
ring system fQIed fPacy r¥ a¥bleagl o< BhaT L0851 IARERG SRbgt1YPS
5 reduces the swelllng in water. For example, a crosslink-
able sulfonic acid derivative of the formula (VII) can be
combined with a sulfonic acid obtained from the sulfona-
tion of the compound of the formula (I). The resultant
mixture is converted into a membrane and (VII) is later
10 crosslinked. The uncrosslinkable sulfonic acid preferably
has the formula (II) and the crosslinkable sulfonic acid

derivative preferably has the formula (XII)

ool t-o-0)o]

a=

where R is a crosslinkable substituent, for example NH,R
is aliylamine or p-aminocinnamic acid, and a = 0 to 1,
15 c=0¢to0.5and a +c¢ = 1.

After the crosslinking (by light, heat or the effect of

crosslinking chemicale), the component comprising the

crosslinkable derivative of the formula XII is converted

into a crosslinked sulfonic acid derivative of the
20 . formula XI



the reaction of the sulfonyl chloride groups and the 10 reactive term nal
groups derived f romthis ester have been dinerized by means of |ight or
heat, Ais a radical of the formula (I1X) [err] in which Ris, in
particul ar, hydrogen or nethyl | f the suj¢onyl chloride groups have been
reacted with 2-am no- net hyl furan and the |inking of the radicals
derived fromthis an1ne has been carried out with a bisnaleimde, the

radi cal A has tpe fornula ( [egNy] where B is a d|v o , for
exanpl e an al ky hngit C rbo pl radi cal
a 20 diphenyl al sp ety di¢ a 2,

2- bi sphenoxyphe ro ane \adi cal/. Alterna I vel y/2 m xtelir es of
pol yneric, cros Ilnkaﬁﬂfesu f ondm des and polynerlc non-Cr ossl i hkabl e,

aromatic sul fonic acills can be converted jointly into menbranes. Here al so,
t he advant age occurs %at crosslinking greatly 5 reduces the swelling in
wat er. For exanpl e, a*crossllnk abl e sulfonic acid derivative of the
formula (VIl1) can be ronblned with a sulfonic acid obtained from @k
sul f ona-

in which b = 0.5 to 1, ¢ =0 to 0.5, b+ c =1, and A is
a divalent ring system formed by cycloaddition.

In this case, the proportion of (II) is advantageously
from 0.5 to 25 % by weight and the proportion of (XII) is
5 advantageously from 75 to 99.5 % by weight.

For use of the crosslinked membrane as a solid electro-
lyte in an electrolysis cell or fuel cell operating by
the SPE method, a catalyst must be applied to the mem-
brane surface. This application can be achieved, for
10 example, by installing the membrane in a coating cell in
such a way that the cell is divided by the membrane into
two compartments. If the readily reducible salt of a
catalyst metal, for example hexachloroplatinic acid, is
introduced on one side, and a reducing agent is intro-
15 duced on the other, the latter diffuses through the
membrane and deposits the catalytic active metal, for
example platinum, on the membrane surface. Such processes
have been indicated by H. Takinaka and E. Torikai imn
Japanese patent applications (cf. Chem. Abstracte 93(8):
20 83677v and Chem. Abstracts 103(26): 216571e). |



tien of*the compound of the fornmula (I). The resultant m xture is converted
inta a nenbrane and (VI1) is later 10 crosslinked. The uncrosslinkable
sul foni¢ acid preferably has the formula (11) and the crosslinkable

sul fonic acid derivative preferably has_.the fornmula (XII) [err] where Ris
a crosslinkable substituent, for exanple NHerr]R is allylamne or

p- am noci nnam £y g&i-fac 2pd1 ,—tﬁ t@adal Satifytad be Firien
After the crossli nklﬁ %bxzsﬁg t %eat}%r: <'fhe eff ect (ﬁicrosslel n%urF %y
t

chenical s), tHeresabBde PSFAGT hEOK 8¥MPARahPePRELLRNM F@a&ﬂ-%e

fgr ul a]c Xl : Sr&e8Vert eﬁ‘omnuom eooag/icAk edanubéoachiaved dey thdld wayof
the 20 fornu

c =1, and A ?‘s‘ﬁ(% BF?EF&H? rx{ﬁegséﬁ)lﬁ eﬁfo?ﬂ%déﬁ‘%mgﬂ‘a‘o]agfﬁcl?i 2 t?‘ﬂotaﬁ'l o
caze ht he %r orimrlmdotthélp:)essmgimagﬂmslw Hetweaeh 5 to 25 wilpbes ght
veight . For ud Sntal Nedetfppion B EHE 1M dd iBkid 15 GiN T

el ectrolysis G@lblebe u¥eagerr, Bperay §xfprd) 11 (1988), p. 132.

The coated membranes are tested in water electrolyzers or
hydrogen/oxygen fuel cells operating on the solid elec-
10 trolyte principle. The catalyst-coated membrane geparates
the two halves of the cells and is simultaneously
responsible for ion transport. After the membrane, each
half-cell additionally contains a metallic gas and
current. divider structure, a metallic current collector
15 and, in the case of water electrolysis, water feed/gas
discharge systems and in the case of hydrogen/oxygen fuel
cells, gas feed/water discharge systems. The cells can be
held at temperatures in the range from 20 to 80°C, and
the membranes are subjected to a defined current density
20 in the range from ¢ to 1 A/cm?® of membrane area. In the
- water electrolysis cell, it is possible to determine the
membrane registance in the cell by means of the impedance
spectroscopy method. The swelling value Q of the membrane

in percent is defined as: '

25 Q = (wet weight - dry weight) x 100 / dry weight

The invention is described in greater detail by means of
the examples.

Example 1:

96 % strength concentrated sulfuric acid was introduced
30 into a four-nmeck stirred apparatus with dropping funnel
and oil bath, and various aromatic polyether ketones were
dissolved. The acid concentration was then adjusted to
from 88.5 to 99.5 % by weight of H,S0, by titration with
oleum {(content 20 % of 80,). The sulfonation is



t he SPE net hod, a catal yst nmust be applied to the nem brane surface. This
appl-i cati on can be achi eved, for 10 exanpl e, by installing the nenbrane
in a coating cell in such a way that the cell is divided by the menbrane
inte two conpartnents. If the readily redygible salt of a catalyst netal,
for exanpl e hexachloroplatinic acid, is introduced on one side, and a
reduci ng agent,_ 4 S.1 al u @IC'IEE-IQ! ' aty | £ us

t hrough the nea_ér%jh%éaﬁ%ddg o_sigt %%'?’ﬁ% atgl %?@%ﬁ%ﬁgééﬁr&%ér eg‘glr?pl e
pl ati num on tHaakneuperaturgcdepends BPO%B§3§§SHSF§IH§eWW¥at ed by H.
Taki naka and E. Torikai in Japanese patent applications (cf. Chem

Abstracts 93(8): 20 83677v and C%;PT Abgtracts 1. 03%:%: 2 6571)_2&%. -
17 - Alternat iV y S¥RSTIZGNS s i0c AR LaPDe® c SATT by PEEi fy a
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/cnerr]. can, be _achi ,' his . L ' r [
gganm e, 1‘ om<. ¥&F Ié:%%giéod;ré%%dug%}eagpr%gggﬁsgéé%%??o%%ﬁ;E %!t\%te%{r‘]‘%gato 15
m nutes. A gentVal Thscexperbtmentstim Pakliei dgwerecearriedgoutnusingppl eby,
Yeager, E“ef%&@g&g&eélﬂél@ﬁ@f?ﬁ.,ui&?(yfhe £RA! £61 1 PLENEBLEEG 162S! o
ers or c

in water electro ydrogen/ oxygen ue& el |l s operatTng on the solid

el ec- tions have been used in the tables

Key:
10 DT = Digssclution temperature
RT = Reaction temperature
Time = Reaction time
Inh. v. = Inherent viscosity measured in conc.
‘H,80, at 25°C (0.1 %) .

15 Sulf. deg. = Degree of sulfonation, determined by
the sulfur content from elemental
analysis (proportion of sulfonated
O-phenylene-0O units)

Table 1

Acid | RT Time | Yield | Inh. v. | Sulf.
final | (°C) (h) (%) deg.
conc. ' ‘ (%)

(%) '

20 98.50 | 25 1.00 > 90 - 40
98.50 | 45-50 | 1.25 > 90 - 63
98.50 | 45-50 | 1.50 > 90 0.73 66
98.50 | 60 3.00 > 90 0.64 82
98.50 | 50 1..50 > 90 0.71 77
25

98.50 | 50 1.50 > 90 0.71 76
. z e



10 ° trolyte principle. The catal yst-coated nmenbrane separates the two

hal ves of the cells and is simultaneously responsible for ion transport.
After the nmenbrane, each half-cell additionally contains a nmetallic gas and
current divider structure, a netallic current collector 15 and, in the
case of water electrolysis, water feed/gas_d}gcbarge systens and in the
case of hydrogen/oxygen fuel cells, gas feed/water discharge systens. The
cells can be hehBlet 2t enperatures in the range from20 to 80[err]C, and the
menbranes are subjected to a defined current density 20 in the range fromO
to 1 Alcnferr] of nenbrane area. In-the water electrolysis cell, it is
possible to d 5 ' ' :
i npedance specf r oscopy BBt hpdAckde| K| | i ngTimeue Yieldt hadmrnbrapesabs.

percent is defff ned as: &6 inal | (@c (Yyet I ght dry weight) jx 100 /
dry wei ght Thefinven i%n ?s eég#iPédCPn régﬂgr de g?l y nmeans ¢f q%ﬂé

exanpl es. Exanple 1:| 96 % s} “<&¥$t-h| concentr at ed sul furicfacid was (%)
i nt roduced 30 intol a fourfnqag syirred apparatys with diroppi ng funnel ahd
oil bath, and imb araonptic pnl ot her ket aones i he acid
concentration fings then g6l ubtogd gl f90u9e08. b, P95 g4 b | ght  ¢f
Herr] Sqerr] titration Wi 3 tent 20 %ogf%s \évrer'??. Fhe 30
sul fonation is ry 30 |98.50}25-30| 6.00 { >90 | 0.74 0 |
III 30 98.50 | 50 1.00 > 90 0.76 46
5 v . 30 98.20 | 50 . 4.00 > 90 0.67 69
—— et ———ti
Table 3

10
v 45 |98.50| 60 | 4.00 | >90 | o0.80 28
vI 45 |98.10] 80 | 4.00 | > 90 | 0.60 Bl
viI 45 |98.95| 60 | 4.00 | >90 | 0.69 82

15




accel erated by a subsequent tenperature increase. The final tenperature
depends on the respective polyner. The experinents in Table 1 were carr
out using a honopolynmer of the fornmula (1V). The experinments in Table 5
were carried out using a honmopolyner of the fornmula (V). The experi nment
Table 3 were carried out using a honopol yner_of the formula (VI). The

fol |l owi ng abbrevi a- tions have been used inh $%he tabl es: Key; 10 DT

= Di ssol ution tenperature RT = Reaction tenperature Tine

i ed
2
S i.n

= Reaction tinme | nh, v. = | nherent viscosity nmeasured in conc.

H err] Sq err] Exampler2;cSpdfonarion ofSainf ethey ketoneDegree of
sul fonation, determ ned by the sulfur content fromel enental analysis
(proportion of_ sulfonated O phenyl ene-O.units) Table 1 DT =~ Acid RT
Time Yield 43% my ofsghiorppulfpejic prid werpeintrpducedhiinto @yl 1
deg. conc.  three-neck round-bottom flask f£i8ted with a KPG %?r g&&
25 1.00 , >90 . ﬁg | | 25 98. 50 _ 45-5 .f :
) 63 sion glass) stirrer and cooled to -14°C under nitrogen by
5 means of ice/sodium chloride. 25.0 g of polyether ketone
were added within 10 minutes, and rinsed with 20 ml of
chlorosulfonic acid. After 1 hour, all the polyether
ketone had dissolved, and the ice bath was removed. The
' reaction mixture warmed to 26°C and was then kept con-
10 stant at 24°C by means of a water bath. During the entire
reaction time, from 0.5 to 0.8 ml portions were removed
at intervals and precipitated in about 15 ml of water.

The flakes were filtered off with suction, washed with

50
> 90

water until pH~-neutral, rinsed twice with ethanol and

15 dried at 100°C in an oil-pump vacuum. Sulfur elemental
analyses were subsequently carried out,

After a reaction duration of about 9'hours, the entire
flask contents, with the éexception of about 15 ml, were
poured into 10 1 of stirred ice/water mixture. The
24 product which flocculated ocut was filtered off with
- suction and washed with ice-water until the washings werxe
pH-neutral. The product was then rinsed with ethanol and
ether and dried in vacuo at about 80°C. The 15 ml of
reaction soluticn were worked up correspondingly after
25 about 29 hours. The dependence of the degree of sulfona-
tion on the reaction duration is shown in Table 2. The
degree of sulfonation was calculated from the S/C ratijo

in the elemental analysis.

The solubility in hot dimethylformamide, dimethyl sulfox-
30 ide and N-methylpyrrolidone increases with an increasing
degree of sulfonation.



0.73

I11* 25 98.50 45-50 1.50 > 90 66 1V 40  98.50
60 3.00 > 90 0.64 82 V. 25 98. 50 50 1.50 >
90 0..71 77 25 \ 25 98.50 50° 1.50 > 90 0.71
76 - 19 - Table 2 DTR Acid RT Ti me Yield Inh. v. Sulf.
([err] O final ([err]C (h) (9 deg. conc.
% | 30 98.50 30-35 1.25 s 8 - 0.77 50 Il 30
98.50 25-30 : > 90 0.74 ., 60 Il ., .30 98.50 50
1.00 > 90 'Pq)bol(;% 2z Begrgg g% sulfonatiogyof dadiyidusl samples (o >
90 0. 67 69 Table 3 DT Aci d RT  Tiime Yield Inh. v.
Sulf. (©Q fi T 0 - deg. conc.
(%9 (% | 1. 80 . 21 |1
45  98.30 I 45 98.30 80
0.50 > 90 98. 30 80 1.50
> 90 0.67 4. 00 > 90 0. 80
28 .
-
10
15
20
' The sulfonation of the polyether ketone can also be
followed by means of the C-NMR spectra. The signal at
25 142.0 ppm demonstrates sulfonation of the hydroquinone
unit. The weak signal at 119.0 ppm is caused by unsuhsti-
tuted hydroguinone units. The same result is also given
by the signal at 159.7 ppm, which ias produced by the
carbon which is bonded to the hydroguinone unit via an
30 ether bond and has a keto function in the para position.

The corresponding carbon atom adjacent to a sulfonated
hydroquinone unit has signals at 161.5 and 162.8 ppm.



Vi. ¢ 45 98.10 80  4.00 > 90  0.60 81 VII 45

98. 95 60 4. 00 > 90 0. 69 82 VI I 45 98. 95 80

6.00 > 90 0. 57 75 15 45 98. 40 80 3.00 >
- 90 0.70 91 X ' 45 99 %% 1.00 > 90 0.62

76 Xl 45 98. 95 60 0.83 0 70 - - 20 -

Exanpl e 2: SU'}%&H@J‘.@% of ﬁQ@ioﬁeéfnﬁ ﬁégot tggf Fﬁ?é&ﬁg@ul fonl c acid

were introduce ree neck roun Itted with a KPG
(preci- sion glass) stlrrer and cooled to -14[err] C under nitrogen by 5

neans of ice/ sogl WM Chf Ofh %ﬁ%marﬂaep@haemedr&ﬁéoaﬁ pRreagddgddgeit hi n
10 mnutes, and rinsed with

f _chlorpsul.fonic_acid fter,1 hour, all
the pol yet her W&%n@%’tﬂ%s&ﬂ/eﬁg ang (He S bEPH Wiﬁ‘?tpém)%ﬁ ﬁ‘@
reaction m Xt Wetors NEfoino Example] @ a:tld aa2 lhahieapinesk - rdind-bbapbmat

24[err]C y ns of wat er th tpon ti from
0.5t0 0.8 nm Weres r%‘?r%‘g'g%a ‘gzﬁé}&é‘ﬁg %?%%l‘%f P8t 8§E gﬁsabout
15 m of yvater‘rhérhu:ttttak@smdpelledtéme@dﬁcﬂumttm@@ctgemlemeﬁém &h
vater until PHOAUA! 160 WClEW e  krdchatel abd Rided] | Yhed! the

100[err]C in an oi [ -punp vacuum Sul tur el emental anal yses were

tetrachloroethane are added, and the mixture is distilled

10 until a residue of about 250 ml remains. After cooling,
the reaction mixture is stirred into 2.5 1 of ether. The
colorless flakes are filtered off with suction, washed
with ether and dried in vacuo.

Yield: 12.4 g (95 %)

15 . Example 4: Reaction of the sulfonyl chloride polyether
ketone with primary {(?) amines (general. procedure)

1.60 g {32.6 mmol) of the sulfonyl chloride polyether
ketone from Example 3 are dissolved under nitrogen in
25 ml of chloroform. From 25 to 70 mmol of the amine are
20 subsequently added dropwise at about 0°C. After the
reaction mixture has been stirred at room temperature for
about 16 hours, it is poured slowly into 750 wml of
wethanol. The flake-form product is filtered off with
suction and treated with 600 ml of ether. The prbduct is
25 dried at about 80°C in vacuo.
Yield: 56 to 86 %

' Example 5 : Production of a menbrane

Sulfonated polyether ketone prepared -as described in
Example 2 {degree of sulfonation 90 %) was dissolved in
30 DMF (concentration: 100 to 300 g/l}, and the solution was
drawn over a glass plate using a 0.2 mm hand coater. The
DMF had evaporated within 15 hours. The glass plate was
then placed in water. The. polymer film detached itself
from the glass. After equilibration in agueous KCl



After d reaction duration of about 9 hours, the entire flask contents, with
t he exception of about 15 m, were poured into 10 | of stirred ice/water

m xture, The 20  product which flocculated out was filtered off with .
suction and washed with ice-water until_t washi ngs were pH-neutral. The
product was then ri nsed wi th ethanol and ether and dried in vacuo at about

so[err] C. The gy r@Hétf?ﬂms%yékﬁasﬁeﬁﬁs"‘gkﬁﬁﬂe!&pt‘ﬁ?'hr %%p% I ngly

after 25 about 29 ours. The dependence of th& degree of sulfbna- tion on
the reaction duration is shown in Table 2. The degree of sulfonation was

- calculated fraomeé hwatéf abisoption &aamany abf apaky Fidm B Bessbihahy in
hot ety g S, oL Sl LR SO O st Ry BT g e

Degree of sul fHowdvern, dfhe rtthmbnhm remailres stdable dbedpng wabekf abdegp-

SuI fur ([ejr7r] ®ion 'lg}f_( @em ée?eéé:qu.ty oflg,he meg%ﬁ*@%e is aggﬁtﬂfllﬁﬁo )

22_ 61.4 ‘The manlgﬂane is still soluble in dimethylformamide even
after irradiation with a 700 W mercury low-pressure vapor
lamp (30 min). The water absorption capacity ig not
changed by the irradiation.

10 Example 6: Production of a membrane

A sulfonamide of the formula (X1I) (a = about 0.95, ¢ =
about 0.05) in which the radical NHR is derived from
methyl p-aminocinnamate was prepared by the process of
Example 4. 20 g of the sulfonamide and 80 g of the

1s sulfonic acid of Example 2 were dissolved in 1 1 of DMF,
and films were produced from the solution by the process
of Example 5. After equilibration in KCl solution, the
film thickness was about 3 pm.

Irradiation for two hours at a distance of about S§ cm
20 with a 300 W UV lamp caused partial [2 + 2] -cycloaddition
of the cinnamic acid double bond.

Whereas the waterx absorptibn capacity of the film (at

85°C} was about 1800 % before the irradiation, it dropped

to 400 % after the irradiation. The perm selectivity of
25 the membrane is about 20 %.

Example 7

In ordexr to produce the cation exchangei:‘ membrane, 25 g
of sulfonated polyether ether ketone ketone having a
degree of sulfonation of 90 % are dissolved in 100 ml of
30 dimethyl formamide. The homogeneous solution is cast onto
a glass plate and distributed on the surface with the aid
of a hand coater having a wet-film thickness of 350 um.
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fol | owed by mddrickmesse oferthe- membrpoet raftemheeqigbabratios in4dig-ppm
demonstrates sy fO0RtLQPeP at NBoOMIE SRHLPAREYENhs Ige#mgak signal at 119.0

ppmis caused by unsubsti- tuted hydroqui none units. The same result is
al so given by the signal at 159.7 ppm which is produced by the carbon

whi ch i s bpndeghd cdtelfyer 08uapeleed by NOE Presfingehbtelspon] gndihas a

keto function in hE. ara position. The ¢ rgesg?nd; ng. carbqn atom a(%deacent

to a sul fonat &t ﬁéﬁ 65’3%0 WY FRSSsiYnaP s™ 519K gmaﬁ??.% Bpfe -
This membrane was installed in a water electrolysis test
cell having a membrane area of 1 cm?. '

In the measurements, the membrane exhibited a stable

10 behavior up to 80°C. The cell potential was 2.15 volts at
a temperature of 80°C and a current locad of 1 A/cm®. The
internal resistance in electrolysis operation at 80°C was
185 mohm.

During a long-term test at 80°C under a load of 1 A/cw?,
15 the membrane proved to be sgtable over a period of
191 hours.

Example 8

A membrane produced and coated as described in Example 7
was installed in a hydrogen/oxygen fuel cell having a

20 membrane area of 12 cm?. The membrane proved to be heat-
stable up to a temperature of 80°C. In coperation at an
excess pressure of 1 bar .on both the hydrogen and oxygen
sides, a cell voltage of 700 mV was produced at a load of
175 ma/cm®. '



- .22 -~ Exanpl of a sulfonyl chloride 250 m of thionyl
chl ori de andm u iﬂ'ﬂmre added with stirringto 12.5 g of the
sut f onat ed p om Exanple 2 in a 2 1 three-neck round-bottom

5 flask. This is acconpani ed by vi gorows evol uti on of gatOE Be/Fixvare is
boiled for 2 hours under gentle reflux, a further 150 m of vinyl chloride
are added, angithlegm xture is refluxed for a further 14 hours. 400 m of
tetrachl oroet hane are added, and the m xture is distilled 10 until a

resi due of about 250 ml remains. After cooling, the reaction mxture is
stirred into 2.5 | dofpxmdess five theopreductiereofage palymare@RCErQit h

suction, washed wi 4, tfeéh.ﬁémsi? Qr'ﬁ% nsnYPﬁS':‘PatJde' dromatd.d a/&héé

Exanpl e 4: Reaction e su chloride_ p et her ket one Efll mary
(?) anines (gener alkmdt}ﬁb)"h} ag P§W€tw¥lﬁPtPﬁ€ léﬁFPBﬁy’P chP®ri de
pol yet her ket one fr. { 3 are dissolved under nitrogen in 25 nml of

chloroform From 25.to 70 mol of the amne are 20 subsequent |y added
dropwi se at about O[err]C. After the reaction m xture has been stirred at

room tenperature-for about 16 hours, it is poured slowy into 750 of

Ar—n]-u .co-—ar'}n-—ar{cu—ar']—- —--{o—n—]—co-

r X : Y N
u
®
in which
Ar is a phenylene ring having p- and/or m-
bonds,

Ar’ is a phenylene, naphthylene, biphenyl-
10 ene, anthrylene or another divalent

aromatic unit,
X, N and M, independently of one another are 0 or

1,
Y ig 0, 1, 2 or 3,
i5 P : is 1, 2, 3 or 4,

is sulfonated, the sulfonic acid is isolated and
dissolved in an orgénic solvent, and the solution is
converted into a £ilm, which comprises converting at
least 5 % of the sulfonic groups in the sulfonic
20 - acid into the sulfonyl chloride groups, reacting the
- sulfonyl chloride groups with an amine containing at
least one crosslinkable substituent or a further
functional group, subsequently hydrolyzing unreacted
sulfonyl chloride groups, isolating the resultant
25 aromatic sulfonamide and dissolving it in an organic
| éolvent, converting the golution inteo a film, _and
then crosslinking the crosslinkable substituents in

the filwm.

2. A process for the production of a polymer



ks

methancl . The flake-form product is filtered off with suction and treated

with 600 mMl of ether. The product is 25 dried at about 80[err]C in vacuo.
Yield;, 56 to 86 % Exanple 5 : ‘Production of a nenbrane Sul fonated pol yet her
ket one prepared as described in Exanpl e_23¢degree of sulfonation 90 % was
di ssolved in 30 DMF (concentration: 100 to 300 g/l), and the solution was

drawn over a gl ass éﬂ.éé@r@ﬁjrﬂé riebrane Bl mﬁbeéulfaﬁa% hailoﬁ.&%&@! at ed
within 15 hours. The ass s then placged in water

i | m det ached it sel fP‘? ?\E &%@e'Af 18, "&‘dﬁ% |%?aﬁr(9‘f‘aﬁtr?'%q885

23 - solution, the ltetl:cmé hi & lenwdsfonmted) adice relshiditant hautf]omlch.elwtler
absor ption capaC|ty i t 50 @6 Q erature

about 1900 % at 80] er%}%lgibég\@erd%ét Z"%r?edr:ba?%ne re"éaﬁg.cg%ﬁ@eraﬁh ﬁé’ ter
absorp- 5%ion. Thetlpersoletioni it gooveritedrdmbcaree fiimbowbhe?Oito thiee
menbrane is still sgliyplgidn gigeﬁ afﬁé?agh ef8¥ﬁﬂléfkﬁ& irradiation with

a 700 Wnercury | ow pressure vapor m n). The vvater absor ption
capacity is not changed by the irradiation. Exanpl e 6: Production of a

o) Yo| 1o ool

where a = 0.2 to 1.0, ¢ = 0 to 0.8, and a + ¢ = 1.

so,

3. A process for the pr:aduction of a polyelectrolyte
membrane based on a sulfonated polyether ketone, in
10 which a polyether ketone is sulfonated, the
resultant sulfonic acid is isolated and dissolved in
an aprotic, dipolar organic solvent, and the
solution is converted into a f£film, wherein the

sulfonic acid used has the formula {(III)

Qi
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A sul fonami de of the fornula (XI1) (a = about 0.95, c¢ about 0.05) in which
the radical NHR is derived from nethyl p-am noci nnamate was prepared by

t he>process of Exanple 4. 20 g of the sul fonam de and 80 g of the 15

sul fonic acid of Exanple 2 were dissolved_ i,n 1 1 of DVF, and films were
produced from the sol ution by the process23f “Exanpl e 5. ﬁ“'ﬂil“ﬁ“““lmﬁ“lon
in KO solution, th@,% mthlckness was about 3 [err]m.

hours at a distance of about 5 cm20 with a 300 WW lafip & taused partlal
[2 + 2] -cycl oaddi tRoff 8f tPhdrcinnanic aci d doubl e bond. Wereas the water
absor pti on capacityhok gheef |1I m (at 85[err]C) was about 1800 % before the
irradiation, it dro ped to 48 % after the irradiation. The perm
selectivity of 25 tﬁeor’rﬁﬁb afe A®apout 90 % Exanple 7 In order to
produce tlg®e cati on axehbnget menmarane, 25 g of sul fonated pol yet her ether
ketone ketone having a degree of sulfonation of 90 % are dissolved in 100

m of 30 di nmet hyl f or mam de. The honbgeneous solution is cast onto a gl ass
pl ate and di st4i but Bheorpxoressr facechatimethelimi etlafim bandeloardin the ng a

wet-filmthickness g3 3a@hks’ kkTone of the formula (I) is dissolved in
from 94 to 97 % strength by weight sulfuric acid, a
sulfonating agent is added to the resultant soclution
10 until the sulfuric acid concentration is from 98 to
99.5 % by weight, and the reaction batch is worked
up as soon as the desired deqree of sulfonation has
been reached.. |

5. The process as claimed in claim 1, wherein the
15 polymer of the formula (IV)

lo-<0-+-0- .

is sulfonated until a degree of sulfonation of from
0.5 to 1.0 has :sbeen Teached, and the isolated
sulfonic acid is converted further.

6. The process as claimed in claim 1, wherein the
20 polymer of the formmla (V)

is sulfonated until a degree of sulfonation of from



Af-ter the nmenbrane had been dried at roomtenperature for 24 hours. it was
det.achable in a water bath. The nean thickness of theelmn ﬂg“ﬂﬂ:lmll
equilibration in dis- tilled water at room tenperatur A 5 The
catal yst 'is applied by hot pressing at 13 err]C, giving a platinum coating
rate of 5 ng/cnf.err] of nenbrane area. This nenbrane was installed in a

wat er el ectrol yﬁi S d.%tt&d.lo,hmfé%mﬂmb[aiﬂﬂfmﬁld G‘—Tﬂkﬂiﬁﬂ'leﬂx@-d)he]
measurenents, the nenbrane exhj bited a st e 10, . iqQr up tp.8 rr]C
The cell potential WS %Sa% ‘FE“af‘eﬁcflﬁﬁpef"ﬁ‘%luFé’eoﬁ'e%'ferer#@%ﬁﬁmgig -
current |oad of 1 Al eig |comiherted efumdthexsi stance in el ectrolysis
operation at 80[err]C was 185 nohm During a long-termtest at 80[err]C

under a load of 1 Alcnferr], 15 the nmenbrane proved to be stable over a
period of 191 hour SheEx prpcess Aaseaimedr dducetRrind looawbgradndeshei bed

I n Exanpl e 7 was | S 4 ﬁ]gyfgn%ﬁm%vgpn fuel cell having a 20

menbrane &rea of 1Z cmerr]. The menbrane proved to be heat- stable up to a
tenperature of 80[err]C. In operation at an excess pressure of 1 bar on
bot h the hydrogen and oxygen sides, a cell voltage of 700 nV was produced

at a |load of 175 mA err]. il _
O HO* B
2 /2 |

is sulfonated until a degree of sulfonation of from
0.5 to 1.0, preferab_ly from 0.6 to 0.8, based on the
sulfonatable O-phénylene—o unit, has been reached,
and the isolated sulfonic acid is converted further.

10 8. The process as claimed in claim 1, wherein the
crogslinking is effected by high-enerqgy radiation or
heat . ' '

9. The process as claimed in claim 1, wherein the amine
employed has an. olefinic double bond which is
15 susceptible to crosslinking.

10, The use of a polyelectrolyte membrane obtained from
an aromatic polyether ketone of the formula (I)

P X | { L |
]

- by sulfonation, where X, M, N, ¥, P, Ar and Ar’ are
as defined in claim 1, and the degree of sulfonation
20 is at least 0.5 sulfonic groups per recurring unit,



- 25 -7 HOE 92/F 172 Clains 1. A process for the production of
a polynmer electro- |lyte nmenbrane from sul fonated, aromatic, pol yet her

ketone, .in which an aromatic pol yether ketone of the 5 . formula (1)
[err] in which Ar i's a phenylepe,ging having p- and/or m bonds,
Ar' ' I s a phenyl ene, napht hyl ene, %lphenyl- 10

ene, anthrylene ofg aag:f[i“#g:‘rﬂ'n-éﬂnéﬂiocﬁﬂ%ga;?mtd %1%%&9%%5 .%ﬂgfl\a/klﬁ in o

i ndependently of one an are .

P is 1, Xuslpellsjgrsglechnotusipheeddbionic acid is isol ated
and di ssolved in an organic solvent, and the solution is converted into a
film which c rises converting at | eas % of the sulfonic groups in the
sul foni c 20 TR %uﬂQﬁi&W%F{heGE%??§h9#agﬁFor?Héfanﬁps?c%éacPﬁngthﬁe

sul fonyl chloride dfaxmslav {VXBp am ne containing at |east one
crosslinkabl e substituent or a further functional group, subsequently
hydr ol yzi ng unreacted

[i-o-to-ho
o

s0, - MHR?

i

{00!

¢
5 _ where a is a number from 0.15 to 0.95,
b is a number from 0.05 to 0.25,

c is a number frqm 0 to 0.8,

a + b is a number from 0.2 to 1.0, and
a+b+c=1, and
10 R? is selected from the radicals

-{::>r—cu - CH -~ COOCH;
- CHZ - CH bd C“z

“;c"z-ﬂ

0

A



sul f-onyl* chl ori de groups, -isolating the resultant 25 ~ _aromatite—m7r
sul fonami de and dissolving it in an organic solvent, conv

solation into a film and then crosslinking the crossl [ nk M ”Em””m;’mn
in the film 2. A process for the production

- electrolyte nenbrane based on a sul f onat 28, aronatlc polyether ketone I n
whi ch .an aromati c pol yether ketone is sulfonated, the resultant sulfonic
acid is isol at dd-and cﬂcsmes'ecblenmbyganhmnhm“enmadanﬂrbiﬁeasg.hyfbﬁa i's
converted into a fil wher, su id as the fornul 1)
[err] where a = 0. Zt{adl 0, ?0?“& % b&g?éﬁhgg +)U.f§:&§_in€ tw gE for
t he production of aﬁﬂﬂ%&#%%$¢oly?&oﬁéﬁﬁﬁan@oﬂagaﬁan1z#&#nﬁenu%ad the
-pol yet her ketone, irgdfingla pvrppl yether ketone is sulfonated, t he
resultant sulfonic acid is isolated and dissolved in an aprotic, dipolar
organic solvent, and the solution is converted into a film wherein the
sul fonic acid used has the formul a (III) [err]

Bt Q- {Q)Q]l
1° @

(Vi)
2
z - "HR
: il
2 e
5 where a is a gumber from 0.15 to 0.95,
b ' is a number from 0.05 to 0.25,
c is a number from ¢ to 0.8,

a + b is a number from 0.2 to 1.0, and
a+b+c=1, and
10 R* is selected from the radicals

—{C:>-cu - CH - COOCH;

- CH, - CH =~ CH,

— CH, ﬂ

0

13. The use of the pdl.yme:: electrolyte membrane produced -
by the process of claim 1 in fuel cells oar



where # = 0tol1l, b=0tol1l ¢c=0to 0.5 and 5 a+b+c=1 4.
The.process as clained in claim1l, wherein the pol yether ketone of the
formula, (1) is dissolved in from94 to 97 % strength by weight sulfuric
acid, a sulfonating agent is added to the resultant solution 10

until the sulfuric acid concentration is ijg198 to 99.5 % by wei ght, and
the reaction batch is worked up as soon as 't he desired degree of

sul fonati on has be cggﬁgﬁgg 119e process as clained in claiml,
wherein the 15 %ﬂjipo y rL%fcthleornula (I'V) is sulfonated until a
degree of sulfonation of fromO0.5 to 1.0 has been reached, and the isol ated

sul fonic acidjigs Cw\gﬁfﬁﬁfeﬁ lEIél@tEro te J&a:ﬂ@eeﬁédaswéai &eguiPoshai m 1,

wherein the 20 og¥ o gﬁla (\2 Lerr] Hlfﬁnateghuntll

a degree of sul f ondt§%n olye ketone, whic e
formula (VIII)

* € L M S %



- 28 - 0.51to 1.0, based on the sulfonatable O phenyl ene-O units, has been
reached, and the isolated sulfonic acid is converted further. 7. The
process_as clainmed in claiml1, wherein the 5 pol ymer of the fornula
(VMI') is sulfonated until a degree of sulLfggation of from0.5 to 1.0,
preferably from0.6 to 0.8, based on the sul fonatable O phenyl ene-O unit,
has been reached, and the isolated sulfonic acid is converted further. 10
8. The process as gclaiged in claiwl, wherej crosslinking is

ef fected by hi gh-ener —ad’at i on o heat. 9. po—¥r ocess as clainmed in
claim1l1, wherein the a enpl oyed™as an ol efi doubl e bond which is
15 suscepti bl e r ossl i nking. 10, The of a polyelectrolyte
menbr ane obt ai ned from romati ¢ pol yet her ket rof the formula (1)
[err] by sul fonation,®w®fre M N VY, P, Ar ea/wAr Nare as defined in

claim11, and the degree &ff sul fonation 20 Js at least 0.5 sulfonic
groups per recurring u .
o (-]

AR T



- 29‘ - ds a proton-conducting solid electrol yte nmenbrane in fuel cells or
el ectroliysis cells. 11. A polynmer, crosslinkable sulfonic acid of

the formula (VI1) [err] 5 where a is a nunber fromO0.15 to
0.95, b ~is a nunber fromO0.05 to 0.25, c is a nunber fromO to 0.8,
a+bis anunber from0.2 to 1.0, and & ®3b+ c = 1, and 10 R err]
Is selected fromthe radicals [err] 12. A polymer electrolyte rrenbrane

made from a sul f onawhege, a,artoraxtd oc s0d yas h@efikedona, clehey qll

sul f onat ed, aromatlggl e o} e formnul Vil) LE [err]
5 wher e gsé‘a"ﬂrt?g{Il er£f£r]§n$?’(%p?% ‘fll?(y y)"’llé’agdrﬁrﬂ?é} from
0.05 to 0. 25, c ‘is a nunber fromO to 0.8,

15. A polymer electrolyte membrane as claimed in claim-

14, wherein A is a radical of the formula (IX)

—@—ca—-cu—co,n
|
aba-—cu-—cn-@- {1x)

C

5 where R is hydrogen or methyl.

16. A polymer electrolyte membrane as claimed in claim
14, wherein A is a radical of the formula (X)

by -

where B is a divalent radical.

. 17. A polymer electrolyte membrane made from a sulfona-
10 .ted, aromatic polyether ketone, which comprises
a) a polymer of the formula (XI)

R WA



a*bis anunber from0.2 to 1.0, and a + b + ¢ = 1, and 10 R err]
is selected fromthe radicals [err] 13. The use of the polymer electrolyte
mertbr ang produced by the process of claimi1 in fuel cells or - 31 -

el ectrolysis cells. 14. A polyner el ect4 adgyte nenbrane nade froma sul fona-
ted, aromatic polyether ketone whi ch has the fornula (VIII) - 32 -
[err] CP4 -ta - 33 - where a, b and ¢ are as defined in

claim1l, where 'c l

x4

inwhich b=0.5to 1, ¢c=0to 0.5 b+c¢c=1, and
A is as defined in claim 14, which is crosslinked
via sulfonamide bridges and

b) a sulfonated polyether ketone of the formula (I},

e T e S ek

1 d X Y ]
" .

5 in which at least 20 % of the O-phenylene-0 units
are subatituted by an S0,H group, where Ar, Ar’, X,
N, M, Y and P are as defined in claim 1.

18. A polymer mixture containing a sulfonated, arcmatic
polyether Xketone, which comprises a sulfonic acid
10 (II) and a sulfonamide (XII)

* c L L] H *



A is a divalent ring system fornmed by cycloaddltlon 15. A pol yrer
eIectroLyte menbrane as clainmed in claim14, wherein Ais a radical of the
forgulay(1X) [err] 5 where R is hydrogen or nethyl. 16. A polyner
electrolyté nenbrane as clained in claimlgs wherein Ais a radical of the
formula (X) [err] where Bis a dlvalent radi cal . 17. A polyner electrolyte
menbr ane nade from a sul f ona- ted, aromatic pol yether ketone,

-whi ch conpri ses a pol yrey of m e fo a (XI) . in which b =
0:5to 1, ¢ = i ' 4, which
i's crosslinked v{g §G€E§Q aﬁ% b) sul ef heHl) ket one
of the fornula (F), [ekbn 5 in which at | east™ 20

O phenyl ene-O units are substituted by an SO err]H group, where Ar, Ar', X

N, M Y and P are as defined in cIa|n11 18. A polynmer mxture containing a
~sul fonated, aromatic

H@@)ﬂ{@{@}@

unn 000

e

where NH,R is allylamine or p-aminocinnamic acid and
a=0tol, c=0¢to0.5anda+ ¢ = 1.

19. A polymer mixture as claimed in claim 18, wherein

the proportion of (II) is from 0.5 to 25 % by weight

5 and the proportion of (XII) is from 75 to 99.5 % by
weight.

* 4 L M S *



pol yet her

ket one, which conprises a sulfonic acid. if
sul fonam de (XI1) -35- [err] where NH[err,]R Is a
p-am nocinnamc acid and a = 0to 1, ¢ = Ot'005'andMa+c = 1. 19
pol ynmer nmixture as clainmed in claim18, wherein the pr

b
fromO0.5 to 25 % by weight 5 and the propor |pn9p"? ?QI ?TP
to 99.5 % by wei ght.

36
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POLYMER ELECTROLYTE MEMBRANE, AND PROCESS FOR

THE PRODUCTION THEREOF

ABSTRACT
A process for the productlon of a polymer electro-
lyte membrane from sulfonated, aromatic polyether
ketone, in which an aromatic polyether ketone of the
formula (I)

Ar—ﬂ]—kr co--u'~]»o-xr‘{co-u']—-—-—[o-—ar—]—co
P

X Y L
‘ ®
. in which
‘Ar | is a phenylene ring having p- and/or m-
! bonds,
Ax” is a phenylene, naphthylene, biphenyl-

ene, anthrylene or another divalent
aromatic unit,

X, N and M, independently of one another are 0 orxr

1,
4 is 0, 1, 2 or 3,
P is 1, 2, 3 or 4,

is sulfonated, the sulfonic acid is isolated and
dissolved in an organic solvent, and the solution is
converted into a film, which comprises converting at
least 5 % of the sulfonic groups in the sulfonic
acid into the sulfonyl chloride groups, reacting the
sulfonyl chloride groups with an amine containing at
least one crosslinkable sgubstituent oxr a further
functional group, subsequently hydrolyzing unreacted
sulfonyl chloride groups, 3isolating the resultant
aromatic sulfonamide and dissolving it in an organic
solvent, converting Ehe solution into a film, and

then crosslinking the crosslinkable substituents in
the film.



