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Polymer electrolyte membrane, and process for the produc-
tion thereof

The invention relates to polymer electrolyte membranes
based on a sulfonated aromatic polyether ketone.

Cation exchanger wmewbranes are employed, inter alia, in
electrochemical celle which use, instead of a liquid
electrolyte, a polymeric solid electrolyte as ion conduc-
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
fluorinated membranes which principally contain sulfonic
exchanger functions, have successfully been employed in
long-term operatiah, for example in chlor-alkali
electrolysis.

Although the use of fluorinated exchanger membranes

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

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
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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membrane thickness, makes up a considerable proportion of
the electrical losses of the cell. Commercial perfluorin-
ated membranes typically have a thickness of from 170 to
180 pm; thicknesses of less than 0.1 mm are desirable.
Polymers which allow thermoplastic or solution processing
enable membranes to be produced in any desired thickness.

The modifiable properties include the degree of cross-
linking of the membrane. The low membrane resistance
required causes a high ion exchange capacity of the
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
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
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
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 wmetal chloride electro-
lysis) insensitivity to brine impurities.

The object was therefore to provide ion-conductive
membranes which are suitable for use as polymeric solid
electrolytes, have adequate chemical stability and can be

produced from polymers which are soluble in suitable

solvents. It should preferably be possible to make these
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membranes more stable by subsequent treatment.

This object is achieved by a process for the production
of a polymer electrolyte membrane from sulfonated,
aromatic polyether ketone, in which an aromatic polyether
ketone of the formula (I)

*,_,.}'., eo-.,-}o-.h{c._.,-]___[.,.....]_.,. o

X ¥ L]
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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,
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

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,
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.

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
(I} is preferably carried out by dissolving it in from 94
to 97 % strength by weight sulfuric acid, adding a
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sul fonating agent to the resultant solution until the
concentration of sulfuric acid is from 98 to 99.5 % by
weight, and working up the reaction batch as soon as the
desired degree of sulfonation has been reached. It is
favorable to work under conditions under which sulfona-
tion is substantially suppressed or under which sulfona-
tion does not yet occur.

The aromatic polyether ketones indicated in the formula
{I) are readily accessible. They can- in principle be
built up by electrophilic polycondensation 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
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,
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-
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
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
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unsulfonated. In general, the temperaiture during disg-
solution of the polywmer is between 10 and 60°C, in
particular between 20 and 60°C, preferably between 30 and
50°C. Durihg this dissolution process, sulfonation of the
main chain is substantially suppressed. Ouxr own NMR
studies have -shown that no degradation occurs during
sulfonation.

After complete dissolution of the sample, the concentra-
tion of the sulfuric acid is increased, for example by
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,
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
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
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
sulfonation of a copolymeric aromatic polyether ketone
built up from at least two different units of the formula
IV, V and/or VI

—O—-O-1F e
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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-
mers comprising monomer units 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
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
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
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.
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The non-sulfonatable units preferably have the formula
XIITa

+©>_co -@»o«'~ emia)  (vin)

and are then formally derived from 4 -hydroxybenzophenone
or have the formula XIITb

@so, —Oo+ PaBb)  (viit)

'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'__
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
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 carr_ied out by known methods.
For example, the isoclated 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
amines which contain the divalent, polymerizable radical
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~-CH=CH-, for example allylamine, p-aminocinnamic acid and
C,-C,-alkyl esters of p-aminocinnamic acid. If the amines
which react with the $0,C1 group contain a further (non-
crosslinkable) functional group, this should be capable
of additional reaction to further functional groups G.
Reaction of the resultant sulfonamide with a compound
G-E-G in which E is a bridging member links to two
polymeric aryl ether ketone sulfonic acids by means of
functional groups. An example which may be mentioned of
an appropriate anmine containing a functional group is
2 -aminomethylfuran, the N-furylmethylsul fonamide 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
an amino or alcobol 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

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)
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.

The polymeric sulfonic acid prepared in this way prefer-
ably has the formula (VII)
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where a ig a mumber from 0.15 to 0.95,
b is a number from 0.05 to 0.25,
c "ig a number from 0 to 0.8,

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

—{C:>F-cu = CH - COOCH,

- CH, - CH = CH,

— CH; 'JQ:TE;

0

After the polymer electrolyte membrane has been produced
by said process according to the invention, the cross-
linkable substituents are crosslinked, advantageocusly by
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
swelling in water, in particular at elevated temperature.
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This is favorable fpr_use of the membrane in fuel cells
or electrolysis cells.

For certain purposes, certain uncrossiinked, aromatic
polyether ketone sulfonic acids are also suitable as a
material for membranes. For example, DE-A-3 402 471 and
DE-A-3 321 860 describe cation exchanger membranes which
can be obtained from aromatic ether ether ketones of the
formula (IV) by sulfonation. The invention therefore

"furthermore relates to a process for the production of a

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
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)

SO,H

where a = 0.2 to 1,0, c =0 to 0.8, apd a+c¢c =1,

In a further embodiment of this process, the sulfonic
acid used bhas the formula (III)
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where
a=0+¢to 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),
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.
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
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
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membrane. Alternatively, the solution can, in order to
set a defined membrane thickness, be distributed over the

. substrate b_y means of a hand coater of defined wet-film

thickness, and thicknesses in the range of, for example,
from 0.05 to 0.4 mm can be achieved. By the same princi-
ple, support fabrics or microporous to porous support
membranes, for example made of polyethylene, polypropy-
lene, polytetrafluoroethylene or glass, can be brought
into contact with the abovementioned solution, and the
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 wmembrane forms a special case of a
polyelectrolyte membrane, whose material is obtained frc_)fn
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),
crosslinking in the polymer electrolyte membrane gives a
sulfonated aromatic polyether ketone of the formula
(VIII)
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where

b is a number from 0.05 to 0.25,

¢ is a number from 0 to 0.8,

a + b is a number from 0.2 to 1.0, and

a'+ hb+c=1, ,

and where A is a divalent ring system formed by cyclo-
addition. If a para-aminocinnamic ester was employed in
the reaction of the sulfonyl chloride groups and the
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_
o
aoc—cn-—cu-@-
[ x)

0

in which R is, in particular, hydrogen or methyl. If the

sulfonyl chloride groups have been reacted with 2-amino- .

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)

—CHy 0 0
| N—8—N | &

0 « 0 cH—

where B is a divalent radical, for example an alkylene
chain having 1 to 4 carbon atoms, a phenylene radical, a
diphenyl ether radical, a 2,2-bisphenylpropane radical or
a 2,2-bisphenoxyphenylpropane radical.
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Alternatively, mixtures of polymeric, crosslinkable
sulfonamides and polymeric, non-crosslinkable, aromatic
sulfonic acids can be converted jointly into membranes.
Here also, the advantage occurs that crosslinking greatly
reduces the swelling 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
crosslinked. The uncrosslinkable sulfonic acid preferably
has the formula {(II) and the crosslinkable sulfonic acid
derivative preferably has the formula (XII)

@il 0ol

L2}

where R is a crosslinkable substituent, for‘example NH,R
is allylamine or p-aminocinnamic acid, and a = 0 to 1,
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
formula XI '
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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
advantageously from 75 teo 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
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-
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):
83677v and Chem. Abstracts 103(26): 216571e). |
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Alternatively, the catalyst coating can be carried out by
pressing a metal powder. For example, a platinum coating
rate of from 1 to 20 mg/cm® can be achieved in this way.
The pressing pressure is, for example, from 1.1 to 8.8
bar and the pressing duration is between 5 to 15 minutes.
A general description of the pressing process is given in
Appleby, Yeager, Energy (Oxford) 11 (1988), 'p. 132.

The coated membranes are tested in water electrolyzers or
hydrogen/oxygen fuel cells operating on the solid elec-
trolyte principle. The catalyst-coated membrane ‘separates
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
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
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:

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
into a four-neck 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
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accelerated by a subsequent' temperature- increase. The

final temperature depends on the respective polymer.

The experiments in Table 1 were carried out using a
homopolymer of the formula (IV). The experiments in Table
2 were carried out using a homopolymer of the formuala

(V) . The experiments in Table 3 were carried out using a
homopolymer of the formula (VI). The following abbrevia-

tions have been used in the tables:

Key:

DT Digssclution temperature

RT Reaction temperature

Time Reaction time

Inh. v. Inherent viscosity measured in conc.
‘H,80, at 25°C (0.1 %)

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

Table 1

Acid | RT Time Yield | Inh. v. | Sulf,
final | (°C) (h) (%) deg.
conc. ' ‘ %)
(%)
98.50 | 25 1.00 > 90 - 40
98.50 | 45-50 1.25 > 90 - 63
98.50 | 45-50 1.50 > 90 G¢.73 66
98.50 | 60 3.00 > S0 0.64 82
98.50 | 50 1.50 > 90 0.71 77
98.50 | 50 1.50 > 90 0.71 76
%:r - e
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Table 3

V.

28

v 45 98.50 60 4.00 90 0.80
VI 45 98.10 80 4.00 80 0.60 Bl
VII 45 98.95 60 4.00 90 0.69 a2
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Example 2: Sulfonation of an ether ketone

230 ml of chlorosulfonic acid were introduced into a 1 1
three-neck round-bottom flask fitted with a KPG (preci-
sion glass) stirrer and cooled to -14°C under nitrogen bf
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-

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
water until pH~-neutral, rinsed twice with ethanol and
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
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
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-
ide and N-methylpyrrolidone increases with an increasing
degree of sulfonation.
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Table 2: Degree of sulfonation of individual samples

(%)

16.8
85 13 - 39.9 2.71

110 22 61.4 4.17
135 26 74.5 | 5.06
175 24 85.9 5.83

200 24 86.3 5.86
225 24 87.2 5.92

280 24 86.9 5,90
305 24 87.6 5.95
335 24 89.0  6.048

87.2
'89.4
, ' 88.5
470 24 88.7 6.02

500 . 24 89.1 6.06

530 24 90.0 6.11
' - 89,5

94.6

' The sulfonation of the polyether ketone can also be

followed by means of the C-NMR spectra. The signal at
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
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.
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Example 3: Preparation of a sulfonyl chloride

250 ml of thionyl chloride and 30 drops of DMF are added
with stirring to 12.5 g of the sulfonated polyether
ketone from Example 2 in a 2°'1 three-neck round-bottom
flask. This is accompanied by vigorous evolution of gas.
The mixture is boiled for 2 hours under gentle reflux, a
further 150 ml of wvinyl' chloride are added, and the
mixture is refluxed for a further 14 hours. 400 ml of
tetrachloroethane are added, and the mixture is distilled
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 %)

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
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
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
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
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solution, the film thickness was greater than 27 g

The water absorption-capa'c':ity of the film is less than
50 ¥ at room temperature and about 1900 $ at B80°C.
However, the membrane remains stable during water absorp-
tion. The perm selectivity of the membrane is about 90 %.
The membrane 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.

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
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
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
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
dimethyl formamide. The homogeneous sclution 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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After the membrane had been dried at room temperature for
24 hours, it was detachable in a water bath. The mean
thickness of the membrane after equilibration in dis-
tilled water at room temperature was 65 um.

The catalyst is applied by hot pressing at 130°C, giving
a platinum coating rate of 5 mg/cm? of wewbrane area.
This membrane wae installed in a water electrolysis test
cell having a membrane area of 1 cm?. '

In the measurements, the membrane exhibited a stable
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?,
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
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®. '
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Claimsg

1..

2.

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

] LS : Y N
‘ 0
in which
Ar is a phenylene ring having p- and/or m-
bonds,
Ar’ is a phenylene, naphthylene, biphenyl-

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,
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
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
aromatic sulfonamide and dissolving it in an organic
éolvent, converting the golution intec a film, and
then crosslinking the crosslinkable substituents in
the filwm.

A process for the production of a polymer
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electrolyte membrane based on a suifonated, aromatic
polyether ketone, in which an aromatic polyether
ketone is sulfonated, the resultant sulfonic acid is
isolated and dissolved in an organic solvent, and
the solution is converted into a film, wherein the
sulfonic acid used has the formula (II)

f-g-{oo} t-o-forhol}”

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

A process for the prﬁduction of a polyelectrolyte
membrane based on a sulfonated polyether ketone, in
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)

| : 0
' 1
-@-+-0-+(O-!
2
SO5H °
1000
S04H SO4K

* c L ] S *

Qi




T R O AR
% ¢ L K 0§ %

where

a=490 to 1,
b=0¢tol,

¢ =0 to 0.5, and
a+b+c=1.

4. The process as claimed in claim 1, wherein the
polyether ketone of the formula (I) is dissclved 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)

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
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0.5 to 1.0, based on the sulfonatable O-phenylene-O
units, has been reached, and the isolated sulfonic
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acid is converted further.

The process as claimed in claim 1, wherein the
polymer of the formula (VI) '

)

is sulfonated until a degree of sulfonation of from
0.5 to 1.0, prefer‘_ab_ly from 0.6 to 0.8, based on the
sulfonatable O-phenylene-O unit, has been reached,
and the isolated sulfonic acid is converted further.

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

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

The use of a po‘lyelectrolyte membrane obtained from
an aromatic polyether ketone of the formula (I)

X Y L |
'}

e ]t{][] 0

- by sulfonation, where X, M, N, ¥, P, Ar and Ar’ are

as defined in claim 1, and the degree of sulfonation
is at least 0.5 sulfonic groups per recurring unit,
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as a proton-conducting solid electrolyte membrane in
fuel cells or electrolysis cells.

11. A polymer, crosslinkable sulfonic acid of the
formula (VII) '

i

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

—©—cu = CH ~ COOCH,

- CHZ - CH - C“z

“;c"z@

A
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12. A polymer electrolyte membrane made from a sulfona-
ted, aromatic polyether ketone, wherein the
sulfonated, aromatic polyether ketone has the
formula (VII)

- 30 -

vii}

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
R* is selected from the radicals

—{C:>-cu - CH - COOCH;

- CH, - CH =~ CH,

— CH, ';ZZ?iES

0

13. The use of the pdlymn: electrolyte membrane produced -
by the process of claim 1 in fuel cells oar
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electrolysis cells.
14. A polymer electrolyte membrane made from a suifona-

ted, aromatic polyether ketone, which has the
formula (VIII)

* € L M S %
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where a, b and ¢ are as defined in claim 11, where
A is a divalent ring system formed by cycloaddition.

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-@- {x)

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)

— CHy 9

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



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

A polymer mixture as claimed in claim 18, wherein
the proportion of (II) is from 0.5 to 25 % by weight
and the proportion of (XII) is from 75 to 99.5 % by
weight.

* 4 L M S *
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