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The present invention relates to polymer electrolytes
comprising 2 sulfonated aromatic polyether ketone and to

5 processes for preparing these polymer electrolytes.

Sulfonated polyether ketones form cation ion exchangers.

" They are useful as membrane materials, for example for

ultrafiltration, for desalting and removal of micro-

organisms, since they are in many cases mechanically
10 stable even in the presence of water.

‘The preparation of sulfonated polyaryl ether ketones is

/-"-‘*‘t
15 dissolution ©process and the sulfonat;:, 011'

aobtained.. This solution is either left as §

same concentration. The reaction proceeds very slowly.

20 According to the authors, it took 10 weeks for about 90 %
of the sulfonable phenylene units to be sulfonated. The
numerical ratio of ether bridges to CO bridges was about
2:1 in the ether ketones used.

According to the process described in EP-A-41780 aromatic
25 polyether ketones - actually copolymers - are sulfonated
at elevated temperature. Only some of the monomer
units (A) undergoe sulfonation, whereas the monomer
units (B) are not sulfonated at all. The degree of
sulfonation can be controlled by the ratio of A to B.
30 However, in this case too the reaction conditions remain
unchanged during the dissolution process and thereafter.
Corresponding homopolymers (A) would be sulfonated to too
high a degree under the specified conditions and would
'n? z%,, ‘? 3
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on of sul fonated pol yaryl ether ketones-+s——described in
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conditions practically~dc not change during the course of
the reaction, a considerable proportion of the sulfonic
acid groups is introduced even during the dissolution
process. The disadvantage of these sulfonation processes
is that under mild conditions the reaction proceeds very
slowly, and undexr vigorous conditions sulfonated.products
are difficult to obtain pure._The use of concentrated
sulfuric acid as sulfonating agent and solvent has the
disadvantage that decomposition reactions and/or
crosslinking reactions occur during the treatment of the
polyether ketones (cf. EP 08 8395).

It is very important to monitor the degree of sulfonation
of the polyether ketones during the process. The
isolation of the products from the aqueous working-up
medium - becomes increasingly difficult with increasing
degree of sulfonation. Depending on the polymer
structure, the sulfonated products form in water,
starting at a certain degree of sulfonation, highly
swollen gels or emulsionlike precipitates that ére
unsuitable for example for producing membranes.

Marvel et al. (Journal of Polymer Science, Polymer Chem.
Bdition, Vol. 23, 2205-2223, (1985)}) report the
sulfonation of polyether ketones of various ether/ketone
sequences using chlorosulfonic acid or an S0;/triethyl
phosphate complex. With the last-mentioned system a high
degree of crosslinking as well as decomposition of the
polymer main chain was observed. By contrast, the chloro-
sulfonic acid route was more successful, though here too
the decomposition of the polymer main chain was a
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Cbrfesponding honopol ynmers (A) woul d be sulfonated to too hi gh a
degree under the specified conditions and woul d

-2- - thus vyield water-soluble conpounds. Since in this case
the sulfonation takes place during the polyner ‘di ssol ution
process, it is difficult to control the 3 - degree of sulfonation and
obtain only slightly sulfonated 5 products. Since in the
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mld condltlons theor eaction pr oceeds
ether ketones using chlorosulfonic acid.

5 It is an object of the present invention to provide a
process that permits a rapid and mild sulfonation of
aromatic polyetﬁer ketones. It is also an object of the
present invention to obtain novel sulfonated polyether
ketones by means of this process.

10 We have found that this object is achieved by a process
whereby aromatic polyether ketones of the formula I

—— -y

- .
~~—tfr—0 Ar{LO—Ar?}O—Ar{}O—Ai}“M-O-Ar-—CO——*{I)
P X Y

N

where
Ar is a phenylene ring with para and/or meta bonds,
15 Ar’ is a phenylene, naphthylene, biphenylylene,
anthrylene or another divalent aromatic unit,
X, M and N are, independently of one another, nought
or 1,
Y is nought, 1, 2 or 3,
20 p is 1, 2, 3 or 4,
can be sulfonated. This process comprises dissolving the
arcmatic polyether ketome in sulfuric acid of 94 to 97 %
by weight concentration, adding a sulfonating agent to
the resultant solution until the sulfuric acid
25 concentration is 98 to 99.5 % by weight, and working up

the reaction mixture as soon as the desired degree of
.sulfonation is reached.
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GB 1 387 303, WO 84-03 891, and the paper by Iwakura, Y.,

Uno, K. and Tahiguchi, T.J., Polym. Sci., Pat. A~1, 6,

10 3345 (1968).

The ether ketones can also be obtained by nucleophilic
aromatic substitution. For this purpose a corresponding
aromatic bisdiol is reacted with an aromati¢c dihalo-
genated ketone, as described for example in:

15 R.A., Clendinning, A.G. Parnham, W.F. Hall, R.N. Johnson
and C.N. Merriam, J. Polym. Sci. Al 5, 2375, (1967),
GB 1 177 183, GB 1 141 421, EP 0 001 879, US 4 108 837,
Us 4 175 175, T.E. Attwood, A.B. Newton, J.B. Rose, Br.
Polym. Journ., 4, 391, (1972); T.E. Attwood, P.C. Dawson.

20 J.L. Freemann, L.R.J. Hoy, J.B. Rose, P.A. Staniland,
Polymer, 22, 1096, (1981).

The polymer with p =1, X =0, M=1, Y =0, N=0 is
commercially available under the tradename ®Victrex.
Polymers in which N= 1l or Y= 3 or p =4 or X = 1 are

25 preferably preparable by a nucleophilic process.
The aromatic polyether ketones are preferably dissolved
in sulfuric acid under mild conditions, i.e. under
conditions in which sulfonation is largely suppressed or
does not yet take place. Details of the degree of

30 sulfonation in the sulfonation of the homopolymer of the
formula IV under various dissolution conditions are given
in the article by X. Jin, M.?T. Bishop, T.S. Ellis and
F.E. Karasz, British Polymer Journal, Vol. 17, (1985),
p. 4-10.

35 According to these authors, a degree of sulfonation of
4 % was found after 3.75 hours at 25°C in 94 % strength
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sulfonation of 32 % after 24 hours in 96.2 % strength
§ sulfuric acid. Preferred dissolution conditions for these
polymers are conditions leading to a maximum degree of

sulfonation of 35 &.

For the homopolymer of the formula VI, according to our
own investigations a degree of sulfonation of 14 % is
10 observed after 5 hours at 25°C in 95 % strength or 96.2 %
strength sulfuric acid. The concentration of the sulfuric
acid is thus of minor importance in this case. Preferred
dissolution conditions for this polymer are conditions
resulting in a maximum degree of sulfonation of 15 %.

15 Preferably all divalent aromatic radicals Ar of the
polymer -to be sulfonated are phenylene radicals, prefer-
ably 1,4-phenylene radicals. The preferred sulfonating
agent, which serves to increase the sulfuric acid concen-
tration and for the sulfonation, is fuming sulfuric acid,

20 chlorosulfonic acid or sulfur trioxide.

The concentration of the sulfuric acid used for the
dissolution is preferably 96 to 96.5 %. The dissolution
temperature depends on the npumerical ratio of ether

bridges to carbonyl bridges. With an increasing propor-
25 tion of ether groups relative to the carbonyl groups, the
reactivity of the polyether ketone main chain for an
electrophilic substitution (e.q. sulfoné.tion) increases.
The number of sulfonic acid groups that can be introduced
depends on the number of aromatic rings bridged by oxygen
30 atoms. Only O-phenyl-0 units are sulfonated under the
specified conditions, whereas O-phenyl-CO groups remain
unsulfonated. The temperature during the dissolution of
the polymer is generally from 10 to 60°C, in particular
from 20 to 60°C, and preferably from 30 to 50°C. A
35 sulfonation of the main chain is largely suppressed



10 W have found that this object is achieved by a process wher eby

aromati c pol yet her ketones of the formula I [err] wher e
Al -is a phenylene ring with para and/or neta bonds, 15 Ar' s a
phenyl ene, naphthyl ene, biphenyl yl ene, ant hryl ene or anot her

di val ent aromatic unit, X, Mand N-aré,-independently of one another,
nought or 1, Y is nought, 1, 2 or 3, 20 p is 1, 2, 3 or

4, can begguihgnahad qilso IS B S6uf 5af! MMRY 1hRRstiga-
tions have shown that no decomposition occurs during the
sulfonation.

After the specimen has completely dissolved, the sulfuric
S acid concentration is raised, e.g. by adding oleum, until
the H,S0, 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 in the
actual sulfonation may be higher than in the dissolution
10 process. Sulfonation is generally carried out at from 10
to 100°C, in particular from 30 to 90°C, preferably from
30 to 80°C. Both raising the temperature and prolonging
the reaction time increase the degree of sulfonation of
the polymer. Typical reaction times are from 0.5 to
15 10 hours, in particumlar from 1 to 8 hours, preferably
from 1.5 to 3 hours. Reaction times of more than 10 hours
increase the degree of sulfonation only slightly. Raising
the temperature of the solution to at least 50°C after

adding the sulfonating agent accelerates the sulfonatiocn
20 considerably. '

Preferably, homopolymers of the formulae IV, V or VI are
sulfonated. According to a further refinement of the
invention the described process is used to sulfonate an
aromatic polyether ketone that is a copolymer and is

25 . built up from at least two different units of the
formulae IV, V and VI
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A further preferred embodiment of the process according
to the invention is to use a polyether ketone that is
built up from units of the formulae V or VI and in
addition from non-sulfonable units. The sulfonation of
copolymers of monomer units of the formula IV and non-
sulfonable ether ketone units is described in EP-A-41780
and EP 08895. Complete sulfonation of a bomopolymer of
the formula IV would under the same conditions give a
fully water-soluble product having a very high
swellability in water at room temperature, which would
be extremely difficult to isolate. These properties are
undesirable if for example the polysulfonic acids are to
be used as hydrophilic ion exchange membraneg in electro-
lysis cells, since a high degree of swelling leads to
loss of mechanical strength of the membrane. On the other
hand a high degree of sulfonation is required in particu-
lar for a high ion exchanger capacity.

In this process too the polyether ketone is dissolved in

94 to 97 % by weight sulfuric acid. A sulfonating agent
is added to the solution until the sulfuric acid
concentration is from 98 to 99.5 % by weight. The reac-
tion mixture is worked up as soon as the desired degree
of sulfonation is achieved. .

The non-sulfonable units preferably have the formula VII

J{“,\-
; Q/ co —@»o-‘- (VII)

065 2@?1 GB
t he paper by

-

- This Sheet Has Been:

T



10 3345 (1968). The et her ketones can al so be obtai ned by

nucl eophilic aromati c substitution. For this purpose a correspondi ng
aromatic bisdiol is reacted with an aromatic di hal o- genated ketone,
as described for exanple in: 15 R A, Cendinning, A G Farnham WF.
Hal I, R N. Johnson and C.N. Merriam g Polym Sci. A 5, 2375, (1967),
GB 1 177 183, GB.1 141 421, EP 0 001 879, US 4 108 837, US 4 175 175,
T.E. Attwood, _AB wt on, J.B. Rose Br. Pol ym Journ , 391,

(1972); T.E APt wodRich ccmgsotbery jare rriemably M i\mi/ Fmom Rose,
P.A Stanil and,—hydro:@(ﬂeﬂw’pheiﬂmewﬂﬁ: thifi8have the f'Ehﬁmil& WEEIW th p =

1, X=0, M=1, Y=0, N=0is commercially avail abl e underthe
tradenanme [err]Victrex. Polymers in which N =1 or Y=3o0or p=4 or
X =1are 25 preferably prieparable by a nucl eophilic process. The
aromati c pol yether ketones fargleferably | ved in sul f(l;v f\ci d
under mld conditions, i.eqT , 0 ;conyi t Jond THwhi ch sulfonatlon I's

| argely suppressed or |doés—~ﬁot yet tak | ace. IDetails of the degree

of 30 sulfonation in the sulfonation of the honopol yner of the

in which case they are derived from 4-hydrophenyl
5 sulfone.

The polymer of the formula IV is dissolved in 95 to
96.5 $ by weight sulfuric acid at a maximum temperature
of 25°C. The dissolution of the polymer of the formula V
in .94 to 96 % by weight sulfuric acid is preferably
10 carried out at 30°C. The homopolymer of the formula VI is
preferably dissolved in 95 to 96.5 % by weight sulfuric
acid at from 25 to 50°C and is then sulfonated at temper-
atures of from 60 to 90°C. The polymers of the formula I
are dissoclved at 25°C. The actual sulfonation then takes
15 place at at least 50°C and at an acid concentration of at
least 98.5 % by weight H,SO,.
The aromatic polyaryl ether ketones obtained by the
process according to the invention are in some cases
novel. They have the formula I, at least 20 % of the
20 O-phenylene~0 units (Ar) however being substituted by a
SO;H group. The combinations p = 2, M = 0, N =0, Y=0
and also p=1, ¥ =1, X = 0, Y = 0, N = 0 should be
excluded.

In the sulfonation of the homopolymer of the formula VI,
25 the sulfonic acid of the formula II is formed
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for rruI a |V under various dissolution conditions are gr ven in the

article by X. Jin, MT. Bishop, T.S. Ellis and F.E. Karasz, British
Pol ymer Jour nal , Vol . 17, (1985), p. 4-10. 35 According to these
authors, a degree of sul fonation of 4 % was found after 3.75 hours at
25[err]C|n 94 % strength -9 -

-5- sul furic acid. According to our own |nvest|gat|ons a degree
of sulfonation of 25 %is observed after 30 hours at 25[err]Cin 95 %
strength sulfuric acid and a degree of sul fonati on of 32 ¢ after 24

hours in 96.2Z %strength 5 sul furic_acid. Preferred di ssol ut

conditions for these .’——po: are co o] g 0|a letlfr)
degree of —r}ga’r f\ona'tOrou UF —0—%& % }-9—/34 T T

! ]
- c i
i

SO, H

in which a is a number from 0.2 to 1, ¢ is a number from
0 to 0.8, and the sum a + ¢ = 1.

In the sulfonation of the homopolymer of the formula V,
5 the sulfonic acid of the formula III is formed

]

ot

(I11)

in which a is a number from 0 to 1, b is a number from 0
to 1, ¢ is a number from 0 to 0.5, and the sum a + b + ¢

= 1. .' —_—
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For the homopol ymer of the fornula VI, according to our own
|nvest|gat|ons a degree of sulfonatlon of 14 %is 10 observed after 5

hours .at 25[err]Cin 95 %strength or 96.2 %

The concentration of the sulfuric acid is thus of mnor inportance
this case. Preferred di ssol uti on cendti~ons for this polyner are

condi ti ons

resulting in a maxi mum degree of sulfonation of 15 %

strength sul furic acid.
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liHTAIRS in the ether/ketone ratio. The proportion of
SO0,H in the total weight of the polymers IV, V and VI
thus differs with the same degree of sulfonation. For
example, a sulfonated polyether ketone of the formula IV
having a degree of sulfonation of 40 % has an SO;H equiva-
lent of 1.25 mmol/g, whereas a sulfonated polyether
ketone of the formmla VI has an SO;H equivalent of only
0.94 mmol/g at a degree of sulfonation of 40 %.

Although the degree of sulfonation (proportion of sulfon-
ated O«phenyl-O units) is the same in ‘both cases, the
physical and mechanical properties are different. By
varying the ketone proportion in the polymer, in addition
to a lower reactivity a desired property profile can also
be more selectively established. The polyether ketone of
the formula VI can be sulfonated to extremely high levels
without ever becoming water-soluble. At a degree of
sulfonation of 85 % the polymer of the formula IV is
completely water-soluble, whereas a sulfonated polymer of
the formula VI with 85 % SOH groups can still be handled
and isolated from water.

At the same degree of sulfonation a sulfonated polynier of
the formula I with p = 2 is less soluble and less
swellable in water than a sulfonated polymer of the
formula IV
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trated sulfuric acid above a degree of sulfonation of
40 %. They are however insoluble in 25 % potassium
hydroxide, chloroform and tetrahydrofuran. The ether
ketones employed and also the sulfonic acids obtained
have molecular weights of at least 30,000.

The invention is 111ustrated in more detail by the
examples.

Bxamples:

86 % strength concentrated sulfuric acid was added to a
four-necked stirred apparatus provided with a dropping
funnel and oil bath, and various aromatic polyether
ketones were dissolved. The acid concentration was then
adjusted to 98.5 to 99.5 % by weight H,SO, by titration
with oleum (containing 20 $ S0,). The sulfonation is
accelerated by then raising the temperature. The final
temperature depends on the respective polymer.

The experiments of Table 1 were carried out with a
homopolymer of the formula IV. The experiments of Table 2
were carried out with a homopolymer of the formula V. The
experiments of Table 3 were carried out with a
homopolymer of the formula VI.

The following abbreviations are used in the tables:

Legend

DT = dissolution temperature

R temp. = reaction temperature

RT = reaction time

Y = yield

inh. v. = inherent viscosity measured in concen-

trated H,80, at 25°C (0.1 %)

i ons
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5 _acid concentration is raised,
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The reaction tenperature i.n the

concentration is from 98 to 99.9 % by weight,
particular from98 to 99.5 % by weight, preferably from

act ual

sulfo

in

t he

98.2 to 99.5
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sul fonati on may be
procd@s— Sul fonation is generally
in particular from30 to

deg¥ed 0080 s@u%imiroai SI ﬂaasﬁeeae
ncrease thgt51
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tany

times of nore than 10 hours tES gree of sulfonation only
slightly. Raising t he tem?era regl%o ets§l ution to at |east 50
[err]C after addi ng the sul fonating agent accel erates the sul fonation
20 consgderg@lbYe 1 Pref erably, honopol yners of the formulae 1V,
or VI are sul fonated. According to a further refinenment of the
i nvention thel@ E-Wﬁﬁﬁﬂ%ﬁ i
pol yet her ket ¢ne t EntemPg 28T  bui yt up idhoh
two different junitjs the f or myl \, ang
&y cond. ™ Y Y ) | @y0)
(%)
| 25 88.50 25 1.00 > 80 -
! 25 98.50 45-50 | 1.25 > 80 -
w| 25 9850 |4s50| 150 | >90 | 073 | es
v 40 98.50 60 3.00 { >80 0.64 82
Il \'4 25 98.50 50 1.50 > 80 0.71 77 |
I[ vi | 25 98.50 50 | 150 | >890 | 071 | 78
Table 2
A DT Acid final
(°C) conc.
(%)
| 30 98.50
] 30 98.50 25-30| 600 | > S0 0.74 SOJ
m | 30 98.50 s0 | 100 | >90 | o786 | 46
v 30 98.20 50 4.00 > 80 0.67 69
This Sheet Has Been Re laced
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l[err] ' [err] (V1)

‘A further preferred enbodi ment of the process according to the
<invention is to use a polyether ketone that is built up fromunits of
the formulae V or VI and in 5 addition fromnon-sulfonable units. The
sul fonati on of copol ymers of nononer Wdnits of the fornula |V and non-
Table 3
— { —— —— ey
0T Acid final |R temp. RT X inh, V Dg.
(°C) | comee 1O | M) | (8 | (/@) |sws. |
(%) (%)
| 45 98.30 60 100 > 90 0.80 21
| n | 45 | sea0 70 |os0| >0 | 080 | 31
| m | 45 98.30 80 |0s0] >90 | o7 52
f[ v | 45 98.30 80 |150| >s0 | os7 | 72
\' 45 98.50 60 1400} > 90 0.80 28
ﬁ Vi 45 98.10 80 1400)] >80 | 060 81
Vit 45 99.95 60 | 400 >80 0.69 82
VHI 45 99.95 80 | 600{ >890 0.57 75
X | 45 88.40 80 |300f >90 | 070 | o1
X 45 898,10 60 100 > 90 0.62 76
Xl 45 99.95 60 (083} >90 0.70 57
"l



st f-onabl e ether ketone units is described in EP-A- 41780  and EP 08895.
Compl ete sul fonation of a honopol yner of the for “ ““ “ r the
same conditions give a 10 fully water-soluble progw l :

| d

hi gh swellability in water at room tenperature, whi*th®wo

extremely difficult to isolate. These propgfties are qﬁg? Pﬁelbé for
exanpl e the polysulfonic acids are to be used as hydrophilic 1on
exchange nenbranes in elec ro 15 lysis cells, since a high degree of

swel 1ing | eads ¥h@t is d dRhani cal strength of the menbrane. On the
ot her hand a hi gh degree of sulfonation is required in particu- | ar

for a high ion exch ger It t cess t her
ketone is diss&rved fyﬁ%% ¥§?6§IB§Y%§|gEkﬁgﬁ{ L o Id&uiﬁBRLXS&
sul fonati ng agent aromzmsmknmuyemhqe ketoneonfuhbe| formudal ffuric acid
concentration is from98 to 99.5 % by weight. The reac- tion mxture

I's worked up. as soon as the desired degree of sulfaonation is achieved.
25 The non4sul fonabl e unirts preferabl y have the fornmula Vil

A{Ar-o}“r{co-“}o—k {CO—Ar}-—O-Ar--—CO- (1)
P X Y

N
—M : i
5 in which at least 20 % of the O-phenylene-0 units
have been substituted by a SO;H group, where

-

Ar is a phenylene ring with para and/or meta
bonds,

Ar’ is a phanyleﬁe, naphthylene, biphenylylene,
10 anthrylene or another divalent aromatic umnit,

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

Y is nought, 1, 2 or 3,
P is 1, 2, 3 or 4,

15 the combinations P = 2, M = 0, N = 0, Y = 0 and
P=1,M=1, X =0, Y =0, N= 0 being excluded.

2. A polymer electrolyte as claimed in claim I,
conforming to the formula II

———

e —

eet Has Been Re‘laced
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REPLACEMENT SHEET . Wse
rugyfoﬁgﬁlafg{r?lly derived from 4- hydrFéfonzophenone y-ha
Ehey are derived from 4-hydrophenyl - 15 - ”m"””,lﬂlmlmum

a is from 0.2 to 1,
c is from 0 to 0.8, and
5 a+c¢c=1.

3. A polymer electrolyte as claimed in claim 1,
' conforming to the fornmla III

0
1 . . ra .
- SO.H
% o ‘,"::\ 0 r\ {_\/j_ll)o_:l‘ (IIT)
=0 )
T

OO0}

w ---.

where This:Sheet Has Been Reﬂlaced
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5 -sulfone.

96. 5 % by wei ght s
The*di ssol uti on of
wei ght sul furic ac

at tenper- atu
are di ssolved at 2

" honopol ynmer of the forrmula VI is pref d6abl y dissolv ' )
by wei ght sulfuric acid at from25 to 50[err]Cand ' U' w

wei ght H err] SJ er

t he process according to the invention are in sonme cases

The polyner of the formula IV is dissolved in 95 to

ulfuric acid at a nmaxinum tenperature of 25[err]C.

t he polyner of the forrmula V in .94 to 96 % by

idis preferably 10 carried out at dU[err]p. The

r E?&@anQOtQ 90[err] C. The poly

5 err]

)

%
d
a l

he act U4l sul fonation then takes 15 place at

“at least 50[err]C and at an acid concentration of at | east 98.5 % by

'b.is fromhe @oboayti c pol yaryl ether ketones obtained by

novel .

They have the fornula I, at least 20 % of the 20 O-phenylene-0 units (Ar)
however bei ng substctUSeﬂrbv f to 0. SO[end]H group. The conbinations p

2,

M=0, N=0, Y=0 and also p = M=1, X=0, Y=0, N=0 should
be excl uded. In the sulfonatlon of the honopol ymer of the
formula VI, 25 theashlPoti€ acﬂd of the fornula Il is forned

5 4. A process for preparing a polymer electrolyte by

-

10

15
5.
6.

20

sulfonating an aromatic polyether ketone of the
formula I

N

""""TA r-01Ar {co-ar}o-—m{coq r} -—{o-ard~co-—~ (D)
— L X Y '
— M

where P, X, M, Y, ﬁ, Ar and Ar’ have the meanings
given in claim 1, which comprises dissolving the
polyether ketone in 94 to 897 % by weight sulfuric
acid, adding a sulfonating agent to the solution
obtained until the sulfuric acid concentration is
from 98 to 99.9 % by weight, and working up the
reaction mixture as soon as the desired degree of
sulfonation is xreached. |

The process as claimed in claim 4, wherein in the
formula I the radical Ar‘’ is exclusively phenylene.

The process as claimed in claim 5, wherein an
aromatic polyether ketone is ‘used that is a
copolymer that is built up from at least two
different units of the formulae IV, V and VI

i

T
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«9« [err] in which ais a nunber from0.2 to 1, cis a

= 1. In t hesut-fonration—of t he
honbpol yner of TM@&EQ e sulfonic acid o

T L

—HO-HO-H .
HO--o-)+

(VL) .

7. A process for preparing a polymer electrolyte by
5 sulfonating an aromatic polyether ketone in sulfuric
acid, which comprises using a polyether ketone that

is built up from units of the formulae

(O @-ﬁH

or

- Ho-Ho At -

and also from non-sulfonable units, dissolving the
polyether ketone in 94 to 97 % by weight sulfuric
acid and adding a sulfonating agent to the solution




ﬁér?]

¢

5 8.
9.
10
10.
15
11.
20 12.

RN O R

until the sulfuric acid concentration is from 98 to
99.5 § by weight, and working up the reaction

mixture as soon as the desired degree of sulfonation
is reached.

The process as claimed in claim 7, wherein an
aromatic polyether ketone is used whose
non-sulfonable units have the formula VII

|

The process as claimed in claim 7,
aromatic

wherein an

polyether ketone is used whose
non-sul fonable units have the formula VIXII

The process as claimed in claim 4 or 7, wherein the
sulfonating agent is chosen from fuming sulfuric
acid, chlorosulfonic acid and sulfur trioxide.

The process as claimed in claim 4 or 7, wherein the
temperature of the solution is raised to at least

50°C after adding the sulfonating agent, in order to
accelerate the sulfonation.

The proéess as claimed in claim 4, wherein a polymer
of the formula IV

-

. ————

Has Been Replaced
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fn“mhich ais anunber fromO to 1, bis a nunber fromO to 1, ¢cis a
nugber fromO to 0.5, and the suma + b + ¢ = 1,

- 10 - I'n the sul fonation nonosubstitution produe%s~fb———ﬁ?“€n1r“‘

“first of all obtained, in which ais from0.5 to 1 and ¢
0.5; a then reaches a maxi num (about 1),. Qg9 - renai ruuﬂ E‘ “ E“E
decreasing. Finally, disulfonation 5 occurs and the ses

at the expense of a.
'_ - . . . lol
, - 0 D ¢ l {IV)
is dissolved in 95 to 96.5 % by weight sulfuric acid

at a maximum temperature of 25°C.

13. The process as claimed in claim 4, wherein a polymer
5 of the formula V

0
l

(OO -

is dissolved in 94 to 96 % by weight sulfuric acid
at 25°C.

14. ‘The process as claimed in claim 4, wherein a polymer
10 of the formmla VI

©_°>j( <C:>>~l (vI)

OO

is dissolved in 395 to 96.5 % by weight sulfuric acid
at temperatures of from 25 to 50°C and is sulfonated

‘at temperatures of from 60 to 90°C.

This g
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The nDIecuIar wei ght of the recurring unit rises with an i ncrease in
it he~ether/ketone ratio. The proportion of SJerr]Hin the total weight
.of “the polyners 1V, V and VI thus differs with the sane degree of
“sul“fonation. For 10 exanple, a sulfonated pol yether ketone of the fornula
|V havi ng a degree of sulfonation of 40 % has an S err]H egg(fa-ms
lent of 1.25 mmol/g, whereas a sul fonated pol yet her ket one o

formula VI has an r i t of aonly 0.94 mml /g at a degree
of sulfonation‘g? g%L5£ Lglgﬂ Aﬁﬁ S fFUCRE degree of sul fonation
(proportion of sulfon- ated 0- phenyl O units) is the sane in both

cases, the  ppiygh EBI0RREC oLl OhBELE PR T ellat °LBHpriZe o

varying the ketone pro or |on I'n , Ina
reactivity a despléena 69er?$qmﬂﬁmq(3R9%YQ¥hR¥:KkekﬁﬂﬂnreGSGFecPﬁvemﬁe
establ i shed. ThegopghYgt her ketone of the fornmula VI can be sul fonated
to extrenely high levels W t hout ever becom ng water-soluble. At a
degree of sul fonation of 85 %the polynmer of the formula IV is

conpl etely water-sol uble, whereas a sulfonated polynmer of 25 the fornula
VI with 85 % err]H groups can still be handl ed and |so{1ied from

wat er . r —_ c__\ " _i
L 2-d2r o L<o-or)

(. L]

(1T)

$0,H

where _

A is from 0.2 to 1,

c is from 0 to 0.8, and
1. )

a + c

The polymer electrolytes are prepared by disseclving an
aromatic polyether ketone in 94-97 % by weight sulfuric
acid and adding a sulfonating agent, e.g. oleum, to the
solution until the sulfuric acid concentration is from 98
to 9%.9 % by weight.

—

ep\aceﬂ t‘!
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' Giog ot
At the same Q’EEEAQEMEQUI $%t|on a sul fonated pol yner of the foFMl a

< wthp=2}s ess solubleiadless swett-abl-e-ln.waler than a

sul fonat ed po|y FE - flormula 1V [ oor REPLACEMENT SIEFET T sa
The sul fonic he ds he for la 11, which atej‘dé’?"r«\lé@bﬂ.. b8 oMb e, ..
~ hornopol yrmer o VI°, are sol uble ini ”ﬂ?vE)IVF{,J; N-ebhy YL T, '“,gi o)
di net hyl sul f ¢xi de and concen- tratel sul f ufi ratigh)aboyss a q,equ”_%
sul fonation of= S ¥ Abstract ipaged 2. to ;_‘;;{,d -
Description : I DATE nr g

e LT

Polymer electrolytes and their preparation

The present invention relates to polymer electrolytes
comprising a sulfonated aromatic polyether ketone and to
5 processes for preparing these polymer electrolytes.

Sulfonated polyether ketones form cation ion exchangers.
They are useful as membrane materials, for example for
ultrafiltration, for desalting and removal of micro-
organisms, since they are in many cases mechanically
10 stable even in the presence of water. '

The preparation of sulfonated polyaryl ether ketones is
described in EP-aA-08895 and EP-A-041780. According to
EP-A-8895 the polymer to be sulfonated is suspended at
room temperature in 98 £ by weight sulfuric acid. The

15 dissolution process and the sulfonation proceed
simultaneously, a very viscous solution gradually being
obtained.- This solution is either left as it is or is
diluted at the same temperature with sulfuric acid of the
same concentration. The reaction proceeds very slowly.

20 According to the authors, it took 10 weeks for about 90 %
of the  sulfonable phenylene units to be sulfonated. The
mmerical ratio of ether bridges to CO bridges was about
2:1 in the ether ketones used.

According to the process described in EP-2-41780 aromatic
25  polyether ketones - actually copolymers - are sulfonated
at elevated temperature. Only some of the monomer
units (A) underge sulfonation, whereas the monomer
units (B) are not sulfonated at all. The degree of
sulfonation can be controlled by the ratio of A to B.
30 However, in this case too the reaction conditions remain
unchanged during the dissolution process and thereafter.
Corresponding homopolymers (A) would be sulfonated to too
high a degree under the specified conditions and would



5 40 % They 3 owever ingoluble in 25 % potassium hydr oxi de,

- chl orof orm an tetﬁthEBom an. {The et her ket ones enpl oyed and al so the
sul foni ¢ aci ds| opt ai ned adve nol ecul ar wei ghts of at |east 30, 000.

The invention rated in re detai4 by the 10 exanpl es.

Exanpl es: 96 % st -h—concentrated sul furic acid was added to a

four-necked stji Yﬂ&ﬁ&aﬁ#@eﬁiﬁﬁlﬂﬁﬂeWbbhpauﬂﬁﬁppﬁm%ce id UEREs @RdeD!
bat h, and vari ouys aro ether, 15 Kk tonesg&ere di ssql ved. he aci d

concentration W€ th% fora i!i? st &RKIP 98 P3ACE 9odar gy Wdigyht PO ymer
Herr]Sqerr] a;isbouutub@n procetsh oieus( cdmfan.aumg 2€b%c5ﬁtﬁfd]] ) théhe

sul fonation is acc then.r ture The fi.nnal

t enperature de88f465 tﬁE %ggﬁgﬁﬂlv%n% %‘f‘éﬁg cﬂ{} é’r PH&H’? 5'F¢I'abl e
1 were carbi edprotueitish a honopol ynmer of the forrrul a lV. The
experinents of Table 2 were carried out with a honopol ymer of the

formula V. The
Since in the aforedescribed processes the reaction

conditions practically do not change during the course of
the reaction, a considerable proportion of the sulfonic
acid groups is introduced even during the dissolution

180 process. The disadvantage of these sulfonation processes
is that under mild conditions the reaction proceeds very
slowly, and under vigorous conditions sulfonated products
are difficult to obtain pure. The use of concentrated
sulfuric acid as sulfonating agent and solvent has the

15 disadvantage that decomposition reactions and/or
crosslinking reactions occur during the treatment of the
polyether ketones {(cf. EP 08 B95).

It is very important to monitor the degree of sulfonation
of the polyether ketones during the process. The
20 isolation of the products from the agqueous working-up
medium becomes increasingly difficult with increasing
de(jree_ of sulfonation. Depending on the polymer
structure, the sulfonated products form in water,
starting at a certain degree of sulfonation, highly
25 swollen gels or emulsionlike precipitates that are
unsuitable for example for producing membranes.

Marvel et al. (Jdurnal of Polymer Science, Polymer Chem.
Bdition, Vol. 23, 2205-2223, (1985)) report the
sulfonation of polyether ketones of various ether/ketone
30 sequences using chlorosulfonic acid or an 80,/triethyl
phosphate complex. With the last-mentioned system a high
degree of crosslinking as well as decomposition of the
polymerx main chain was observed. By contrast, the chloro-
sulfonic acid route was more successful, though here too
35 the decomposition of the polymer main chain was a



exberinents of Table 3 were carried out with a honopol ynmer of the
.formula VI. 25 The follow ng abbreviations are used in the tables:

Legend DT = di ssol ution tenperature Rtenmp. =
reacti on tenperature RT = _rgaction tine 30 Y =
yield inh. V. = I nherent viscosity neasured in concen-

trated H[err]Sqer.r% at 25[err]C (0.1 % . . .

- 12 - D ignificant secondaiae reachiaron tuddesnbysBishopyet hal .,
Macromolecules, 18, 86-93 (1985) likewise found cross-
linking reactions to occur in the sulfonation of poly-
ether ketones using chlorosulfonic acid.

5 It is an object of the present invention to provide a
process that permits a rapid and mild sulfonation of
aromatic polyether ketones. It is also an ocbject of the
present invention to obtain novel sulfonated polyether
ketones by means of this process.

10 We have found that this object is achieved by a process
whereby aromatic polyether ketones of the formula I

——-{——Ar—-o Ar{CO—Ar}O.—’Ar CO-Ar F-—10-Ar-~CO-—71—(1)
' P X Y
L L .

N

where
Ar is a phenylene ring with para and/or meta bonds,
15 Ar’ is a phenylene, naphthylene, Dbiphenylylene,
anthrylene or another divalent aromatic unit,
X, M and N are, independently of one anothér, nought
or 1, |
Y is nought, 1, 2 or 3,
20 P is 1, 2, 3 or 4,
~ can be sulfonated. This process comprises dissolving the
aromatic polyether ketone in sulfuric acid of 94 to 97 %
by weight concentration, adding a sulfonating agent to
the resultant solution wuntil the sulfuric acid
25 concentration is 98 to 99.5 % by weight, and working up

the reaction mixture as soon as the desired degree of
sulfonation is reached.

—
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sul fur content obtained.fromelenentary
- (proportion

Table 1
([err]Q
(9
40

98. 50
1.50 > 90
0.71 76

5

10

15

20

25

30

35

of sul f onat ed O phenyl gne-O units)- -

DT Acid final Rterrp RT Y i 27 FEBOR9T |
conc. ( [err]C) (h)- ‘(% (di/g) }sulf . .
(9 98.5 25 1.'00—=>"90

I 0 > -
pes - SOTRé aroma?@lé iolyéi:&xeio két%ﬁes 89 the -lformPla.I are

60 easi U a°99§§

|V 40
'6 he Q;Qlymerlc ar;pmatzgq; ethergketgnes

@séd for/€he sulfonitionZban in PBihBiple bROobtdibld by
a Friedel-Crafts electrophilic polycondensation, in which
case an appropriate aromatic bisacid dihalide is reacted

with an aromatic ether. This possibility is described for

example in US 3 065 205, GB 871 227, US 3 441 538,
GB 1 387 303, WO 84-03 891, and the paper by Iwakura, Y.,
Uno, X. and Tahiguchi, T.J., Polym. Sci., Pat. A-1l, §,
3345 (1968). |

The ether ketones can also be obtained by nucleophilic
aromatic substitution. For this purpose a corresponding
aromatic bisdiol is reacted with an aromatic dihalo-
genated  ketone, as described for example ins
R.A., Clendinning, A.G. Parnham, W.F. Hall, R.N. Johnson
and C.N. Merriam, J. Pblym. Sci. Al 5, 2375, (1967),
GB 1 177 183, GB 1 141 421, EP 0 001 879, US 4 108 837,
Us 4 175 175, T.E. Attwood, A.B. Newton, J.B. Rose, Br.
Polym. Journ., 4, 391, (1972); T.E. Attwood, P.C. Dawson.
J.L. Freemann, L.R.J. Hoy, J.B. Rose, P.A. Staniland,
Polymer, 22, 1096, (1981).

The polymer with p =1, X =0, M =1, Y =0, N=0 is

‘commercially available under the tradename ®Victrex.

Polymers in which N =1 or Y= 3 or p = 4 or X = 1 are
preferably preparable by a nucleophilic process.

The aromatic polyether ketones are preferably dissolved
in sulfuric acid under mild conditions, i.e. under
conditions in which sulfonation is largely suppressed or
does not yet take place. Details of the degree of
sulfonation in the sulfonation of the homopolymer of the
formula IV under various dissclution conditions are given
in the article by X. Jin, M.?T. Bishop, T.S. Ellis and

F.E. Karasz, British Polymer Journal, Vvel. 17, (1985),
po 4_10.

- According to these authors, a degree of sulfonation of

4 % was found after 3.75 hours at 25°C in 94 % strength

e

90
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Tabl e 2 | DT Acid final ‘Rtenp RT

- ([err]C conc. ([err] O (h) (% (dl/qg)
(9 . (9 I
30-35 1.25 > 90 0.77 50 Lis 30 98.5
> 90 0.74 60 11 30 98. 50 50
46 0 4,00 > 90

Ivsul?fczn:ic a?:gdz.o Accorgzng to our own ipn'restigaggons a
degree of sulfonation of 25 % is obsexrved after 30 hours
at 25°C in 95 % strength sulfuric acid and a degree of
sulfonation of 32 % after 24 hours in 96.2 % strength

5 sulfuric acid. Preferred dissolution conditions for these
polymers are conditions leading to a maximum degree of
sulfonation of 35 %.

For the homopolymer of the formula VI, according to our
own investigations a degree of sulfonation of 14 & is
10 observed after 5 hours at 25°C in 95 % strength or 96.2 %
strength sulfuric acid. The concentration of the sulfuric
acid is thus of minor importance in this case. Preferred
dissolution conditions for this polymer are conditions
resulting in a maximum degree of sulfonation of 15 %.

15 ©Preferably all divalent aromatic radicals Ar of the
polyﬁer to be sulfonated are phenylene radicals, prefer-
ably 1,4-phenylene radicals. The preferred sulfonating
agent, which serves to increase the sulfuric acid concen-
tration and for the sulfonation, is fuming sulfuric acid,

20 chlorosulfonic acid or sulfur trioxide.

The concentration of the sulfuric acid used for the
dissolution is preferably 96 to 96.5 %. The dissolution
temperature depends on the numerical ratio of ether
bridges to cérbonyl bridges. With an increasing propor-
25 tion of ether groups relative to the carbonyl groups, the
reactivity of the polyether ketone main chain for an
electrophilic substitution (e.qg. sulfonétion) increases.
The number of sulfonic acid groups that can be introduced
depends on the number of aromatic rings bridged by oxygen
30 atoms. Only O-phenyl-0 units are sulfonated under the
specified conditions, whereas O-phenyl-CO groups remain
unsulfonated. The temperature during the dissolution of
the polymer is generally from 10 to 60°C, in particular
from 20 to 60°C, and preferably from 30 to 50°C. A
35 sulfonation of the main chain is largely suppressed
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. Dy.
(9
>90
45
80
0. 80
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Table 3 DT Acid final R tenp [ -
([err] O conc. ([err] © (h) (% 1 (dl/g S :
(% | 45 98§ 3p &/ )F§@ !!g‘)f?l. 0
0. 80 21 11 45 98. 30 70 0.50 >90 0.80.__.31;1
98. 30 80 0. 50 > 90 96.¢1- 52 1V 45 98. 30
1.50 > 90 0. 67 72V 45 98. 50 60 4.00 >90
28

10

15

20

25

during this dissolution process. Our own NMR investiga-—
tions have shown that no decomposition occurs during the
sulfonation.

After the specimen has completely dissolved, the sulfuric
acid concentration is raised, e.g. by adding oleum, until
the H,S0, 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 in the
actual sulfonation may be higher than in the dissolution
process. Sulfonation is generally carried out at from 10
to 100°C, in particular from 30 to 90°C, preferably from

. 30 to 80°C. Both raising the temperature and prolonging

the reaction time increase the degree of sulfonation of
the polymer. Typical reaction times are from 0.5 to
10 hours, in particmlar from 1 to 8 hours, preferably
from 1.5 to 3 hours. Reaction times of more than 10 hours
increase the degree of sulfonation only slightly. Raising
the temperature of the solution to at least 50°C after

adding the sulfonating agent accelerates the sulfonation
considerably.

Preferably, homopolymers of the formulae IV, V or VI are
sulfonated. According to a further refinement of the

invention the described process is used to sulfonate an -

aromatic polyether ketone that is a copolymer and is
built up from at least two different units of the
formulae IV, Vv and VI

lo- 00 =
Ho-H{o -

2



VI 45 99. 10 80 4.00 >090 0.60 81 VIl __45 99-9

.60 4.00 > 90 0. 69 82 VIII 45 99. 95 8 REﬁ_AQEMEﬂT SHEET
0. 57 75 I X 45 98. 40 80 3.00 > 90 0

5
99. 10 60 1.00 > 90 0.62 76 XI 45 o
0.83 >90 0.70 57 Whak 1s claimed |s f 27 Flﬁﬁ?q“ Y

Ho-Ho Y-

A further preferred embodiment of the process according
to the invention is to use a polyether ketone that is
built up from units of the formulae V or VI and in
5 addition from non-sulfonable units. The sulfonation of
copolymers of monomer units of the formula IV and non-
sulfonable ether ketone units is described in EP-A-41780
and EP 08895. Complete sulfonation of a homopolymer of
the formula IV would under the same conditions give a
-~ 10 fully water-soluble product having a very high
. swellability in water at room temperature, which would
be extremely difficult to isolate. These properties are
undesirable if for example the polysulfonic acids are to
be used as hydrophilic ion exchange membranes in electro-
15 lysis cells, since a high degree of swelling leads to
loss of mechanical strength of the membrane. On the aother
hand a high degree of sulfonation is required in particu-

lar for a high ion exchanger capacity.

In this process too the polyether ketone is dissolved in

20 94 to 97 % by weight sulfuric acid. A sulfonating agent
is added to the solution until the sulfuric acid
concentration is from 98 to 99.5 % by weight. The reac-
tion mixture is worked up as soon as the desired degree
of sulfonation'is achieved.

25 The non-sulfonable units preferably have the formula VII

-—l—(\@\— ¢o —@—o—i- (VII)
| =
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1. A polyner electrolyte conprising a sulfonated aromatic 7]
. pol yet her ketone of the fornula | [err] 5 in Whiéchrap =n7 '
| east 20 % of the O phenylene-O units have been substituted by a
S err]H group, where Ar is a phenylene ring with para and/or
nmeta - ' bonds, Ar' is8a-phenyl ene, napht hyl ene,
bi phenyl yl ene, 10 ant hryl ene or anot her divalent aromatic unit,

in which <case they are formally derived from
4-hydroxybenzophenone, or they have the formula VIII

‘*‘@r— 50, .,@0‘!_ (VIII)

in which case they are derived from 4-hydrophenyl
5 sulfone. |

The polymer of the formula IV is dissolved in 95 to
96.5 % by weight sulfuric acid at a maximum temperature
of 25°C. The dissolution of the polymer of the formula V
in 94 to 96 % by weight sulfuric acid is preferably
10 carried out at 30°C. The homopolymer of the formula VI is
preferably dissolved in 95 to 96.5 % by weight sulfuric
acid at from 25 to 50°C and is then sulfonated at temper-
atures of from 60 to 90°C. The polymers of the formula I
are dissolved at 25°C. The actual sulfonation then takes
15 place at at least 50°C and at an acid concentration of at
least 98.5 % by weight H,S0,.
The aromatic polyaryl ether ketones obtained by the
process -according to the invention are in some cases
novel. They have the formula I, at least 20 % of the
20 O-phenylene~0O units (Ar) however being substituted by a
S0,H group. The combinations p = 2, M =0, N =0, Y =0
and also p=1, M =1, X = 0, Y = 0, N = 0 should be
 excluded.

In the sulfonation of the homopolymer of the formula VI,
25 the sulfonic acid ¢f the formula II is formed



X, Mand N are, indépendently of one anot her, nought or 1,

Y is nought, 1, 2 or 3, P is 1, 2, 3 or 4, 15 t he
conmbi nations P =2, M=0, N=0, Y =0 and - P=1 M=1 X=0,Y
= 0, N=0 being excluded 2. A polynmer electrolyte as clained
in claiml, cmﬁmnnmtothef&ﬂMall

@‘*@}@H@{@}m}

in which a is a number from 0.2 to 1, ¢ is a number from
0 to 0.8, and the sum a + ¢ = 1,

In the sulfonation of the homopolymer of the formula V,
5 the sulfonic acid of the formula IIT is formed

-9-0-o0)
T@-@-o tolo] .

—

+-0-0-telo]
B

in which a is a number from 0 to 1, b is a number from 0

to 1, ¢ is a number from 0 to 0.5, and the sum a + b + ¢
= 1. )
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- 15 - [err] wher e ais from0.2 to 1, cis fromO

.to 0.8, and 5 a + c= 1. 3. A polynmer electrolyte as
claimted in claima1l, conformng to the fornula |11 [err]
- 10 -

In the sulfonation monosubstitution products (b = 0) are
first of all obtained, in which a is from 0.5 to 1 and ¢
is from 0 to 0.5; a then reaches a maximum (about 1}, b
remaining small and ¢ decreasing. Finally, disulfonation
5 occurs and the value of b increases at the expense of a.

The molecular weight of the recurring unit rises with an
increase in the ether/ketone ratio. The proportion of
SO, H in the total weight of the polymers IV, V and VI
thus differs with the same degqree of sulfonation. For

10 example, a sulfonated polyether ketone of the formula IV
having a degree of sulfonation of 40 % has an SO,H equiva-
lent of 1.25 mmol/g, whereas a sulfonated polyether
ketone of the formula VI has an SOH equivalent of only
0.94 mmol/g at a degree of sulfonation of 40 %.

15 Although the degree of sulfonation (proportion of sulfon-
ated O~phenyl-O units) is the same in both cases, the
physical and mechanical properties are different. By
varying the ketone proportion in the polymer, in addition
to a lower reactivity a desired property profile can also

20  be more selectively established. The polyether ketone of
the formula VI can be sulfonated to extremely high levels
without ever becoming water-soluble. At a degree of
sulfonation of 85 % the polymer of the formula IV is
completely water-soluble, whereas a sulfonated polymer of

25 the formula VI with 85 % SO.H groups can still be handled
and isolated from water.

At the same degree of sulfonation a sulfonated polymer of
‘the formula I with p = 2 is less soluble and less

swellable in water than a sulfonated i:olymer of the
30 formula IV

oo~}
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16 ais fromO to 1, bis fromO to 1, Cis

.fromO to 0.5, and a+b+c=1. 5 4. A process for preparing
a polynmer electrolyte by sul fonating an aromati c pol yet her ketone
of the formula I - -~ 11 -

The sulfonic acids of the formula II, which are derived
from the homopolymer of the formula VI, are soluble in
PDMF, N-methylpyrrclidone, dimethyl sulfoxide and concen-
trated sulfuric acid above a degree of sulfonation of

5 40 %. They are however insoluble in 25 % potassium
hydroxide, chloroform and tetrahydrofuran. The ether
ketones employed and also the sulfonic acids obtained
have molecular weights of at least 30,000.

The invention is illustrated in more detail by the
10  examples. ' '

Bxamples:

96 % strength concentrated sulfuric acid was added to a
four-necked stirred apparatus provided with a dropping
funnel and o0il bath, and various aromatic polyether

15 ketones were dissolved. The acid concentration was then
adjusted to 98.5 to 99.5 § by weight H,S0, by titration

~with oleum (containing 20 % SOS) . The sulfonation is
accelerated by then raising the temperature. The final
temperature depends on the respective polymer.

20 The experiments of Table 1 were carried out with a
homopolymer of the formula IV. The experiments of Table 2
were carried out with a homopolymer of the formula V. The
experiments of Table 3 were carried ont with a
homopolymer of the formula VI.

25 The following abbreviations are used in the tables:

Legend
DT = dissolution temperature
R temp. = reaction temperature
RT = reaction time
30 Y = yield
inh. V. =  inherent viscosity measured in concen-

trated H,80, at 25°C (0.1 %
P ( ) REPLACEMENT SHEET
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[err] where P, X, M Y, N, Ar and Ar' have the nmeanings 10
.given in claim1, which conprises dissolving the pot yet her ket one
in 94 to 97 % by weight sulfuric acid, adding a sul fonating agent
to the solution obtained until _t sul furic acid concentration is
from98 to 99.9 % by weight, and working up the 15 “reaction mxture as .
soon as the deS|red degree of sul fonation is reached. 5. The
process as cl @%re lrf-ecl %i m AegHes oPf isplignation, mepsured; by fihe

radical Ar' is excl usi vel y pfmwﬂnﬁdﬂecontentGothlele;ar Ofﬁéﬁ ea%n@xﬁiaf@fi in

claim5, wherein an 20 mat JC et he ket one s 1“:5
is a copol yner t hat ‘f AT ¢ ugp ot easPtt wo 5% Shiate
different units of the fornulQephenyderard \nm.ts)
5 Table 1
, : _
DT Acid final |R tempq RT Y inh. V Dg.
(°C) . conc. (°C) | @) (%) | (di/g) | sulf.
(%) (%)
i 25 98.50 25 1.00 > 80 - 40
] 25 98.50 45-50 | 1.25 > 80 - 63
m| 25 9850 |4s5s0)| 150 | >90 | 073 | es
w | 40 98.50 60 | 300 | >90 | 064 | 82
Vv 25 98.50 50 1.50 > 80 0.71 77 B
Vi 25 98.50 50 1 1.50 > 80 0.71 76
mm
Table 2
4 il
| DT Acid final -iR temp] RT Y inh. v | Dg.
(°C) conc. (°C) (h) (%) (di/g) | suif.
(%) (%)
| 30 98.50 30-35¢ 1.25 | >90 | 0.77 50
1] 30 98.50 25-30 | 6.00 > 80 0.74 60 4
1] 30 98.50 50 1.00 > 80 0.76 46
v 30 98.20 50




- 17 -

[err] (v
- 13 -
Table 3
m DT Acid final |R temp.‘i RT
coy | emee || @
| (%)
i | 45 98.30 60 | 1.00
" no| a5 98.30 70 |oso| >0 | 080 | 31
u m | 45 98.30 8o [o0s0| >90 | 071-| s2
IR 98.30 g0 [150| >0 | 067 | 72
v | 45 98.50 60 [400| >90 | 080 | 28
vi | 45 99.10 80 |400]| >90 | os0 | st
vit | 45 99.95 60 |400| >%0 | 060 | 82 |
Vil | 45 98.05 80 |600| >90 | 057 75
iX 45 .98.40 80 (300 >80 | 070 91
Lx 45 99.10 g0 |100| 90 | a2 | 7
I x | s 99.95 60 |083| >0 | 070 S?J
I ST B R e 1




7. .A process for prépari ng a polyner electrolyte by 5 sul fonating an

aromatic pol yether ketone in sulfuric acid, which conprises using a
pol yet her ketone that is built up fromunits of the fornul ae
[err] 10 ' [err]

wWhat is claimed is:

U

1. A polymer electrolyte comprising a sulfonated
aromatic pbl_vether ketone of the formula I

——r =3
.

-—{A r_o‘:l, Ar {co-gr 0—A r{tO-A ri]‘ -=l0-Ar-~CQ0-—— (1)
P X Y

N

—

5 in which at least 20 % of the O-phenylene-0 units
have been substituted by a SOH group, where

Ar is a phenylene ring with para and/or meta
bonds,

Ar’ is a phenylene, naphthylene, biphenylylene,
10 anthrylene or another divalent aromatic unit,

X, M and N are, independently of one another, nought
or 1, '

Y is nought, 1, 2 or 3,
P is 1, 2, 3 or 4,

15. the combinations P = 2, M = 0, N = 0, Y = 0 and
P=1,M=1,X=0, Y=0, N= 0 being excluded.

2. A polymer electrolyte as claimed in claim 1,
conforming to the formula IT




and al so from non-sul f onabl e units, dissolving the : polyether ket one

in 94 to 97 % by weight sulfuric acid and adding a su
agent to the solution
until the sulfuric acid concentration is ”fg“ 98 to ”"’"”""&"H!'EHM
wei ght, and working up the reaction m xture as soon as sired
degree of sul fonation I s reached. 5 8. The process as clained
in claim7, wherein an aromatic pol yether ketone is used
whose mon- sul fonabl e unlts have the formula V|
H -—o(‘ = _| Lom OO ) O '
= T (11)
3
where

a is from 0.2 to 1,

c is from 0 to 0.8, and

3. A polymer electrolyte as claimed in claim 1,
conforming to the formula ITI

{ 0 - |
(N I |
{-o-otehe]
- N ) ! 2 -

! b
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[erf] : 9. The process as clained in claim7, wherein an 10
aromati ¢ pol yether ketone S used whose non- sul f onabl e
units have the fornula VIII [err] : 10.

The process as clained in claim4 or 7, Wh%&?tﬂ thQN\\\\\\\\\fulfonating
agent is chosen fromfum ng sulfuric -

a is from 0 to 1, 0y WITIIII

¢ .
L
u s * : .

b is from 0 to 1,
¢ is from 0 to 0.5, and

1.'-

a+b+c

5 4. A process for preparing a polymer electrolyte by
sulfonating an aromatic polyether ketone of the
formula I ' '

— -
"""-%—_Ar—o Ar{CO-Ar}OMAr{CO-Ar:l‘—— 0-Ar-{~co-— (X}
— X v
- : — M

N

where P, X, M, Y, N, Ar and Ar’ have the meanings

10 given in claim 1, which comprises dissolving the
polyether ketone in 94 to 97 % by weight sulfuric
acid, adding ‘a sulfonating agent to the solution
obtained until the sulfuric acid concentration is
from 98 to 99.9 % by weight, and working up the

15 reaction mixture as soon as the desired degree of
sulfonation is reached.

5. The process as claimed in claim 4, wherein in the
formula I the radical Ar’ is exclusively phenylene.

6. The process as8 claimed in claim 5, wherein an

20 aromatic polyether ketone is ‘used that 38 a

| . copolymer that is built up from at least two
different units of the formulae IV, V and VI
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15 . acid, chlorosulfonic acid and sul fur tr|OX|de _m  11. The

process as clainmed in claim4 or 7, wherein the e“ll t he
solution is raised to at | east 50[err] C after l"@fl IH"WIH"I

sul fonating agent; in order to adckelerate the sul f 6nati oh. s
12. The process as clained in clai m4 wherein a pol yner. of the
formula IV -19 -

lf—\__ ||

' (IV)

0
l l

4@Hoc .
H @oa;k@@H -

7. A process for preparing a polymer electrolyte by
5 sulfonating an aromatic polyether ketone in sulfuric
| acid, which comprises using a polyether ketone that

is built up from units of the formulae

( @“’)’;{ @“g)‘z—“*' (v)

or

- HoHo -

and alsc from non-sulfonable units, dissolving the
polyether ketone in 94 to 97 % by weight sulfuric
acid and adding a sulfonating agent to the solution

e

REPLACEMENT SHEET

27 FEB 997

e e ——



[err] V) - I s di ssoelved-in- 95-%9—96—5

Z%by $ﬁ|ght sul furic ?Cld g - .at a maxi mumtenperature of 25[err

e process as clainmed in claim4, wherein a pon II H‘l
Formila v/ _ e S eret ™ fIIIIIIIIII | ﬂII
di ssolved in 94 to 96 % by weight sulfuric acid ~ at 5[err
14. The process as cl ai ned.i
formul a {)/I until 1:h|en sﬂla)‘.'uri% a\/(\:he %'or}\caerﬁ: Q’try.eorn ]ios from CHB ¢ he

99.5 § by weight, and working up the reaction
mixture as soon as the desired degree of sulfonation
is reached.

[%4]
o
L]

The process as claimed iIn claim 7, wherein an
aromatic polyether ketone is used whose
non-sulfonable units have the formula VII

7!’@‘ co —@-o+ (VII)

9. The process as claimed in claim 7, wherein an
10 : aromatic polyether ketone is used whose
non-sulfonable units have the formula VIII

16Ot o

10. The process as claimed in claim 4 or 7, wherein the
' sulfonating agent is chosen from fuming sulfuric
15 - acid, chlorosulfonic acid and sulfur trioxide.

11. The proéess as claimed in claim 4 or 7, wherein the
temperature of the solution is raised to at least
50°C after adding the sulfonating agent, in order to
accelerate the sulfonation.

20 12. The ptocess as claimed in claim 4, wherein a polymer
of the formula IV
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[err] ' is dissolved in 95 to 96.5 % by WEISW
2 Lemperatures of from 25 Lo SOerr]Cand is sul fonate
' e

%@°~©~o@ﬁ+

is dissolved in 95 to 96.5 % by weight sulfuric acid
_at a maximum temperature of 25°C.

13. The process as claimed in claim 4, wherein a polymer
5 of the formula V

(OHOM -

is dissolved in 94 to 96 % by weight sulfuric acid
at 25°C. '

14. The process as claimed in claim 4, wherein a polymer
10 of the formula VI

']I_{\ ©‘°;:‘( @"ﬁ):—" (v1)

!
is dissolved in 95 to 96.5 % by weight sulfuric acid
at temperatures of from 25 to 50°C and is sulfonated

at temperatures of from 60 to 90°C.
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20
ABSTRACT

POLYMER ELECTROLYTES AND THEIR PREPARATION

Polymer electrolytes are described that comprise a
sulfonated aromatic polyether ketone, e.g. of the
formula IX '

r _/::&_ (F‘\ g 1=\ 1 ﬁ
Lo q_j. M }E.?j @ EC} c) © ! (II)

-~

where

A is from 0.2 to 1,

c is from 0 to 0.8, and
a+c=1. '

The polymer electrolytes are prepared by dissolving an
aromatic polyether ketone in 94-97 % by weight sulfuric
‘acid and-adding a sulfonating agent, e. g.,oleum, to the
solution until the sulfuric acid.concentration is from 98
to 99.9 & by weight.
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