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(54) Bezeichnung: STUFENWEISE ALKYLIERUNG VON POLYMEREN AMINEN
(57) Abstract

The invention relates to the following: a method for step-by-step alkylation of primary polymeric amines by step-by-step
deprotonation with a metallo-organic base and subsequent reaction with an alkyl halide; a method for modifying the inventive tertiary
polymeric amines with other functional groups; polymers with secondary/tertiary amino groups and with quartemary ammonlum groups;
polymers with secondary/tertiary amino groups and other functional groups, especially cation exchanger g [
of the above polymers, thesc membranes being un—cross-linked, ionically cross-linked or covalently crcss-]mk:d a method for producing
acid-base-blends/acid-base-blend membranes consisting of the inventive basic polymers with polymers containing sulphonic acid,
phosphonic acid or carboxyl groups; inventive acid-base blends/acid-base blend membranes, whereby said blends/blend membranes can be
also covalently cross-linked; the use of the inventive ion exchanger polymers as membranes in membrane processes, for example in polymer
electrolyte membrane fuel cells, direct methanol fuel cells, in redox batteries and in electrodialysis; the use of the inventive hydrophilic
polymers as membranes in dialysis and reverse osmosis, nanofiltration, diffusion dialysis, gas permeation, pervaporation and perstraction.

(57) Zusammenfassung

Gegenstand der Erfindung sind: Verfahren zur stufenweisen Alkylierung von priméren polymeren Aminen durch stufenweise Depro-
tonierung mit einer metallorganischen Base und nachfolgender Reaktion mit einem Alkylhalogenid; Verfahren zur Modifikation von den
erfindungsgemissen tertidren polymeren Aminen mit weiteren funktionellen Gruppen; Polymere mit sekundren/tertidren Aminogruppen
sowie mit quartemiren Ammoniumgruppen; Polymere mit sekundiren/tertidren Aminogruppen und weiteren funktionellen Gruppen, ins-
b dere Kati hergruppierungen; Memb aus den obigen Polymeren, wobei die Membranen unvernetzt, ionisch vernetzt
oder kovalent vemnetzt sein konnen; Verfahren zur Herstellung von Saure-Base-Blends/Saure-Base—Blendmembranen aus den erfind-
ungsgemassen basischen Polymeren mit Sulfonsiure~, Phosphonsiure— oder Carboxylgruppen enthaltenden Polymeren; erfindungsgemisse
Saure—Basc—Blcnds/Séurc-Base—BIcndmembmncn wobei die Blends/Blendmembranen zusétzlich noch kovalent vernetzt sein kénnen; Ein-
satz der erfind isch lymere als Membranen in Membranprozessen wic in Polymcrtl:ktroly\mcmbmnbmnnstof-
fzellen, Dlrckrmclhanolbrcnnstoffzcllcn in Redoxbatterien und in der Elcktrodialyse; Einsatz der erfindung: hydrophilen Polymere
als Membranen in Dialyse und Umkehrosmose, Nanofiltration, Diffusionsdialyse, Gaspermeation, Pervaporation und Perstraktion.
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DESCRIPTION OF THE INVENTION

1. Subject-matter of the invention

The invention relates to:

(1) Process for the stepwise alkylation of primary
polymeric amines by stepwise deprotonation with an
organometallic base and subseguent reaction with an
alkyl halide.

(2) Process for the modification of tertiary polymeric
amines prepared by process (1) with further functional
groups.

{3) Polymers with secondary and/or -tertiary amino
groups, and with gquaternary ammonium groups, obtained
by the process (1).

(4) Polymers with secondary and/or tertiary amino
groups and further functional groups, in particular
cation exchanger groups, obtained by the process (2).
(5) Membranes of the polymers (1), (2), (3), (4},
where the membranes may be uncrosslinked or ionically
crosslinked or covalently crosslinked. v

(6) Process  for the preparation of acid-base
blends/acid-base blend membranes of the basic polymers
(1), (2), (3), (4) optionally containing further
functional groups, with polymers containing sulfonic
acid, phosphonic acid or carboxyl groups.

(7) Acid-base blends/acid-base blend membranes,
obtainable by the process (6), where the blends/blend
membranes may additionally also be covalently
crosslinked.

(8) Use of ion exchanger polymers (3) (4) (5) (7) as
membranes in membrane processes, such as in polymer

electrolyte membrane fuel cells (PEFC), direct methanol
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fuel cells (DMFEC) , in redox Dbatteries and in
electrodialysis.

(9) Use of the hydrophilic polymers (3) (4) (5) (7) as
membranes in dialysis and reverse osmosis,
nanofiltration, diffusion dialysis, gas permeation,

pervaporation and perstraction.

2. Technical problem to be solved by this invention

If primary amines are alkylated by means of known
processes, tertiary amine and quaternary ammonium salts
are also formed 1in addition to secondary amine.
Mixtures of low molecular weight primary, secondary and
tertiary amines can be separated from one another, for
example, by means of distillation. If, however, the
primary amino groups of a polymer are alkylated by
means of customary processes, following the reaction,
primary, secondary and tertiary amino groups may be
present simultaneously on a macromolecule. Thus, using
customary alkylating processes, it is not possible to
obtain secondary or tertiary polymeric amines from
primary polymeric amines in a targeted manner. This

technical problem is solved by this invention.

3. Prior art and its disadvantages

There are a number of processes for introducing primary
amino groups into polymers. Two of these shall be
mentioned at this point:

. Reduction of the nitro groups of nitrated polymers
with reducing agents suitable for this purpose,
for example with sodium dithionite (Naik, H.A.;
Parsons, I.W.: Chemical Modification of
Polyarylene Ether/Sulphone Polymers: Preparation
and Properties of Materials Aminated on the Main
Chain, Polymer 32, 140 (1991}).
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. Introduction of the azide group in lithiated
polymers, for example lithiated polysulfone
(Guiver, M.D.; Robertson, G.P.: Chemical

Modification of Polysulfones: A Facile Method of
Preparing Azide Derivatives From Lithiated
Polysulfone Intermediates, Macromolecules 28, 294-
301 (1995)) and subsequent reduction of the azide
group with sodium borohydride to give the amino
group (Guiver, M.D.; Robertson, G.P.; Foley, S.:
Chemical Modification of Polysulfones II: An
Efficient Method for Introducing Primary Amine
Groups onto the Aromatic Chain, Macromolecules 28,
7612-7621 (1995)).
Tertiary amino groups can be introduced into polymers
by reacting lithiated polymers with aromatic ketones,
aldehydes or carboxylic esters which contain tertiary
amino groups (Kerres, J.; Ullrich, A.; H&ring, Th.:
Modifikation wvon Engineeringpolymeren mit N-basischen
Gruppen und mit Ionenaustauschergruppen in der
Seitenkette [Modification of Engineering Polymers with
N-basic Groups and with Ion Exchanger Groups in the
Side Chain], German Patent Application 198 365 14.4
dated August 12, 1998).
From the prior art, no reaction is known with which
secondary amino groups can be introduced into a polymer
in a targeted manner, nor 1is a reaction known from the
prior art with which it 1is possible to produce a
polymer with secondary amino groups from a polymer with
primary amino groups, and to produce a polymer with
tertiary amino groups from said polymer with secondary

amino groups.

4. Object of the invention

As a result of this invention, polymers are accessible
which contain secondary amino groups and/or tertiary
amino groups and/or guaternary ammonium groups which
can be obtained stepwise from the polymer modified with
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primary amino groups. In addition, using this
invention, polymers are accessible which, in addition
to containing tertiary amino groups which have been
obtained by stepwise alkylation of the primary and of
the secondary amino groups, also contain further
functional groups which, following generation of
tertiary amino groups, have been introduced in a
further reaction step or in two or more further
reaction steps. Furthermore, membranes of the
abovementioned polymers and from further polymers which

can be admixed are accessible with this invention.

5. Object achieved with the invention (description of

the invention)

For reasons of «clarity, the description of the

invention is divided into 3 parts:

a Stepwise alkylation of the primary amino groups of
polymers to the secondary and tertiary amino
groups and to the guaternary ammonium salt

b Introduction of further functional groups into the
polymer containing the secondary and/or tertiary
amino groups

c Acid-base blends of the basic polymers containing
the secondary and/or tertiary amino groups with
polymers which contain sulfonate, phosphonate or

carboxylate groups

a Stepwise alkylation of the primary amino groups of
polymers to the secondary and tertiary amino
groups and to the guaternary ammonium salt

Surprisingly, it has been found that aminated
polysulfone PSU, dissolved in tetrahydrofuran (THF)

which can be prepared using (Guiver, M.D.; Robertson,
G.P.; Foley, S.: Chemical Modification of Polysulfones
II: An Efficient Method for Introducing Primary Amine
Groups onto the Aromatic Chain, Macromolecules 28,
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7612-7621 (18995)), can be selectively deprotonated by
n-butyllithium at the amino group to give the salt
PSU-NH'Li*. The addition of an equimolar amount of
methyl iodide to the salt PSU-NHLi® gives the secondary
polymeric amine PSU-NH-CH;. This secondary polymeric

amine can, surprisingly, in turn be deprotonated with

n-butyllithium to give the salt PSU-N-CHs, which can be
reacted with methyl iodide to give the tertiary PSU-
amine  PSU-N(CHj):. 1f, during the preparation of
secondary polymeric amine from the primary polymeric
amine, the use of a molar deficit of, for example,
n-butyllithium 1leads to not all NHy-groups being
deprotonated to NHLi* (the deprotonation yield of
n-butyllithium is wvirtually 100%), following addition
of the methyl iodide, polymers can be obtained which,
in addition to the alkylated groups NHCH;, also contain
primary amino groups NH; in the desired NHCH3:NH; ratio.
If, during the preparation of the tertiary polymeric
amine from the secondary polymeric amine, the use of a
molar deficit of, for example, n—butyllithium.leads to
not all NHCH; groups being deprotonated to NCH;Li®
following addition of the methyl iodide, polymers can
be obtained which, in addition to the tertiary group
N(CHi),, also contain secondary amino groups NHCH; in
the desired N(CH;),:NHCH; ratio.

The tertiary PSU-amine can be reacted further to give
the quaternary ammonium salt by means of customary
processes: (Goerdeler, J.: Herstellung von quarterndren
Ammoniumverbindungen [Preparation of quaternary
ammonium compounds], Houben-Weyl, Methoden der
organischen Chemie [Methods of organic chemistry],
Volume XI1/2 Stickstoffverbindungen II [Nitrogen
compounds II]), Georg Thieme Verlag, Stuttgart, p. 591
f. (1958)). Fig. 1 shows the stepwise alkylation of
aminated PSU to give the tertiary PSU-amine, and fig. 2
shows the quaternization of the tertiary PSU-amine.
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b Introduction of further functional groups into the
polymer containing the secondary and/or tertiary

amino groups

The polymer containing the secondary and/or tertiary
amino groups can now be modified with further
functional groups. Thus, for example, PSU containing
secondary and/or tertiary amino groups can be modified
with further functional groups by means of
electrophilic substitution reactions. Fig. 3 shows the
electrophilic sulfonation of PSU containing tertiary
amino groups with concentrated sulfuric acid.

The polymer containing tertiary amino groups can be
metalated with  organometallic reagents, and the
metalated polymer containing tertiary amino groups can
be reacted with virtually all electrophilic reagents,
as described in (Guiver, M.D.: Aromatic Polysulfones
Containing Functional Groups by Synthesis and Chemical
Modification, Dissertation, Carletown University,
Ottawa~Ontario Canada (1987); Guiver, M.D.; Kutowy, O.;
Apsimon, J.W.: Aromatische Polysulfonderivate und
Verfahren =zu ihrer Herstellung [Aromatic polysulfone
derivatives and processes for their preparation], DE
laid-open 36 36 854 Al (1987)) for only lithiated,
nonaminated PSU. Fig. 4 shows the 1lithiation of
tertiary PSU-amine with subsequent reaction of the
lithiated PSU containing tertiary amino groups with
SO,Cl, to give the PSU which, in addition to tertiary
amino groups, also contains S0,Cl groups. The PSU-amine
sulfochloride can be hydrolyzed in a further step to
the PSU-amine-sulfonic acid.

The reaction of lithiated PSU which contains no
tertiary amino groups with 8S0,Cl, to give the PSU
sulfochloride and further to give the PSU-sulfonic acid

is described in a patent application (Kerres,J.;
Schnurnberger, W.: Modifizierte Polymere und
Polymermembranen [Modified Polymers and Polymer
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Membranes), German patent application 198 09 119.2
dated March 4, 1998).

Polymers according to the invention which, in addition
to the tertiary amino group, also have other,
preferably acidic, groups (examples: SO0;Y, PO;Y;-, COOY
groups, Y=H, monovalent metal cation)) may additicnally
also be covalently crosslinked according to the
following process: the polymer containing the tertiary
amino group and the preferably acidic groups is
dissolved in the salt form (Y=Li, Na, K) in a dipolar-
aprotic solvent (for example dimethyl sulfoxide DMSO,
sulfolane, N, N-dimethylformamide DMF, N,N-dimethyl-
acetamide DMAc, N-methylpyrrolidineone NMP) . A
dihaloalkane X-{(CHj;),-X where X=Br or I and n=3-12 is
added to the polymer solution in a concentration of
from 0.1 mol per mole of tertiary amino group to
0.5 mol per mole of tertiary amino group. During
evaporation of the solvent at elevated temperature, the
dihaloalkane reacts with the tertiary amino groups with
the simultaneous formation of guaternary ammonium
groups and covalent crosslinking sites (Fig. 5).

If the acid-base polymer/acid-base polymer membrane is
converted to the acid form by after-treatment in dilute
mineral acid, i.e. the X "“microions” are replaced by
“macroions” of the acidic groups of the polymer, then
intra- and intermolecular ionated crosslinking of the
acid-base polymer 1is obtained in addition to the
covalent crosslinking of the polymer, significantly
increasing the mechanical and thermal stability of the

polymer.

c The acid-base blends of the basic polymers
containing the secondary and/or tertiary amino
groups with polymers which «contain sulfonate,
phosphonate or carboxylate groups

The secondary and tertiary polymer amines according to

the invention can then be combined with acidic
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polymers, which may contain S03Y, PO3Y; or COOY groups
(Y=H, monovalent metal cation or NRsH* (R=H, alkyl,
aryl)) to give acid-base blends and acid-base blend
membranes, for example in accordance with (Kerres,J.;
Cui, W.: Sdure-Base-Polymerblends und ihre Verwendung
in Membranprozessen [Acid-base polymer blends and their
use in membrane processes], German patent application
198 17 376.8 dated April 18, 1998). In this connection,
the resulting acid-base blends and blend membranes can
also additionally be covalently crosslinked by means of
the following method: an amine according to the inven-
tion or any desired polymeric tertiary amine (which may
also be a polymer with the pyridine radical) is
dissolved in a dipolar-aprotic solvent (for example
dimethyl sulfoxide DMSO, sulfolane, N,N-dimethylform-
amide DMF, N,N-dimethylacetamide DMAc, N-methylpyrrol-
idineone NMP) together with a polymer which can contain
S0;Y, POs;Y, or COOY groups (Y=H, monovalent metal cation
or NRsH* (R=H, alkyl, aryl)). A dihaloalkane X-{(CH:z),-X
where X=Br or I and n=3-12 is added to the polymer
solution in a concentration of from 0.1 mol per mole of
tertiary amino group to 0.5 mol per mole of tertiary
amino group. During evaporation of the solvent at
elevated temperature, the dihalcalkane reacts with the
tertiary amino groups with the simultaneous formation
of quaternary ammonium groups and covalent crosslinking
sites (P1=polymer radical of the basic polymer

containing tertiary basic nitrogen):

X x-
Pi-NR; + R-(CHe-X + RoN-P; ~——m> Py-NRp(CHy)o KR Py

This means that the basic component of the acid-base
blend/acid-base blend membrane covalently crosslinks
with itself and is ionically crosslinked with the
acidic component if the acid-base blend/acid-base blend
membrane is converted to the acid form, i.e. the X

“microions” in the above reaction equation are replaced

-10-
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by “macroions” of the acidic component (below: -S03

macroions) of the acid-base blend:
X X -0,5-P, +058-P,
P;-RiR o~ (CH)- RRo-P) + 2 Pp:S05°Y+ --——;%5%1—»1’1-?5 Ry -(CHp, Oiz P

The above ionic and also covalent crosslinking of these
blends/blend membranes leads to very good mechanical
and thermal stabilities.

6. Working examples

6.1 Reaction of diaminated PSU (NH») 2 with

n-butyllithium and subsequently with methyl iodide

to give the secondary PSU-amine PSU (NHCH3)»

Mixture:

9.44 g of diaminated PSU (0.02 mol)
500 ml of anhydrous THF

4 ml of 10M n-BuLi (0.04 mol)

7.6 ml of iodomethane (0.12 mol)

37 ml (0.5 mol) of triethylamine

Experimental set-up:
11 glass reaction flask, mechanical stirrer,

condenser, argon inlet, mercury bubbler valve

Experimental procedure:

The diaminated PSU is dissolved in THF under argon. It
is then cooled to -70°C. The solution is titrated with
2.5 M n-Buli until the deep red color of the PSU-NH'Li"
ion arises. The 10 M n-Buli solution is then injected
into the polymer solution. The solution is stirred for
30 minutes. The methyl iodide is then injected into the
solution. The solution decolorizes. The solution is
allowed to warm to room temperature, and the triethyl-
amine is injected in in order to destroy excess methyl
iodide. The mixture is heated to 40°C and stirred for
1 hour. The reaction solution is then precipitated in

2 1 of isopropanol. The mixture is stirred for 1 hour

11-




10

15

20

25

30

35

..lo_

and the polymer precipitate is filtered off. The filter
residue is slurried in 1 1 of isopropanol and stirred
for 1 day (24 hours). The mixture is then filtered
again, and the filter residue is stored for 1 day at
70°C in a drying cabinet in 1 1 of water in order to
wash amine residues out of the polymer. The mixture is
filtered again and washed with water until the washing
solution shows a neutral reaction. The polymer is dried
to a constant weight at 70°C in a vacuum drying

cabinet.

6.2 Reaction of diaminated PSU (NHCH3) » with
n-butyllithium and subsequently with methyl iodide

to give the tertiary PSU-amine PSU(NHCH3):

Mixture:

10.04 g of diaminated PSU PSU(NHCHs), (0.02 mol)
500 ml of anhydrous THF

4 ml of 10M n-BuLi (0.04 mol)

7.6 ml of iodomethane (0.12 mol)

37 ml1 (0.5 mol) of triethylamine

Experimental set-up:
11 glass reacticn flask, mechanical stirrer,

condenser, argon inlet, mercury bubbler valve

Experimental procedure

The diaminated PSU is dissolved in THF under argon. It
is then cooled to -30°C. The solution is titrated with
2.5 M n-BuLi until the deep red color of the PSU-NHLi®
ion arises. The 10 M n-BuLi solution is then injected
into the polymer solution. The solution is stirred for
30 minutes. The methyl iodide is then injected into the
solution. The solution decolorizes. The solution is
allowed to warm to room temperature, and the triethyl-
amine is injected in in order to destroy excess methyl
iodide. The mixture is heated to 40°C and stirred for

1 hour. The reaction solution is then precipitated in

12-
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21 of isopropanol. The mixture is stirred for 1 hour
and the polymer precipitate is filtered off. The filter
residue is slurried in 1 1 of isopropancl and stirred
for 1 day (24 hours). The mixture is then filtered
again, and the filter residue is stored for 1 day at
70°C in a drying cabinet in 1 1 of water in order to
wash amine residues out of the polymer. The mixture is
filtered again and washed with water until the washing
solution shows a neutral reaction. The polymer is dried
to a constant weight at 70°C in a vacuum drying

cabinet.

Characterization results of the reaction products from
6.1 and 6.2
. Elemental analysis

Tab. 1 gives the results of the elemental analysis of
PSU (NH3) 2, PSU(NHCH3); and  PSU(N(CHs3)2)2. Agreement
between the calculated and experimental elemental

analysis data is good.

Aminated PSU 3C $H SN 3S
PSU (NH3) 2 calculated 68.6 5.1 5.9 6.8
found 66.8 5.3 6.4 6.5
PSU (NHCH3) 2 calculated 69.6 5.6 5.6 6.4
found 68.3 5.9 6.1 5.9
PSU (N (CH3) 2) 2 calculated 70.4 6.1 5.3 6.1
found 68.4 5.8 5.9 5.2

. FTIR

The IR spectra of PSU (NH,) 2, PSU (NHCH3) 5 and
PSU(N(CH3)2)2 are shown in fig. 6. They have significant
differences. The differences are particularly evident
in the wavenumber range 3300 to approximately 3550 cm},
the region of N-H stretching vibrations. Thus, in the
case of the primary PSU-amine, adjacent symmetrical and
asymmetrical N-H stretching vibrations arise, while in
the case of the secondary PSU-amine only one N-H

stretching vibration is of course present, which in the

-13-
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case of the tertiary PSU-amine should have disappeared
completely. In the tertiary PSU-amine spectrum, a N-H
stretching vibration is present which 1is markedly
attenuated relative to the IR spectrum of the secondary
PSU-amine. This indicates that only a small proportion
of secondary amino groups is still present in the

tertiary PSU-amine.

6.3 BAcid-base blend membrane of the reaction products

from 6.1 and 6.2 with sulfonated PSU in the SOQ3;Li

form

4.5 g of sulfonated PSU Udel® in the SO03Li form
(IEC=1.6 meq of SO3Li/g of polymer) are dissolved in
25 g of N-methylpyrrolidineone. 0.5 g of the reaction
product from the reactions 6.1/6.2 (2 groups per PSU
repeat unit) is then added to the solution and stirred
until dissolved. The [lacuna) is then filtered,
degassed and applied in a thin film to a glass plate.
The solvent is then evaporated at 120°C. The glass
plate is then placed into a bath with demineralized
water, and the polymer membrane formed detaches from
the glass plate. The membrane is then after-treated at
70°C firstly in 10% strength sulfuric acid and then in
demineralized water. The membrane is then characterized

(see below)

Characterization results:
Tab. 2: Characterization results of prepared PSU-
NR,/PSU-SOs3H membranes

Mem- | Type of PSU~- | Content of IECreasured Swel- RgpH™*
brane NR, PSU-SO;L1 [meq of ling [Q*cm])
[No.] [% by wt.}] S03H/g) [%)
M2 Comparison: 90 1.432 22.2 32.4
PSU(NH;) ,
M3 PSU (NB(CH3) 90 1.235 19.5 23.4
M4 PSU (N (CH3) ) 2 90 1.255 23.9 29.5

14-
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* measured in 0.5 N H;S0,

Fig. 7 shows the thermogravimetry (TGA) curves of the
three membranes listed in Tab. 2.

6.4 Tonically crosslinked acid-base blend membrane of
the reaction product 6.2 and from sulfonated

polysulfone in the SO3H form

2.7 g of sulfonated PSU Udel® in the SOs;H form
(IEC=1.67 meq of SO0;H/g of polymer) are dissolved in
15 ml of n-methylpyrrolidineone (NMP). 0.63 ml of
triethylamine is then added to the solution in order to
neutralize the sulfonic acid groups of the sulfonated
PSU. 0.3 g of the reaction product from the reaction
6.2 (PSU(N(CHi3),), is then added to the solution. The
mixture 1is stirred until the reaction product has
dissolved. A film is then drawn from the polymer
solution on a glass plate, and then the solvent is
evaporated at temperatures of 70-90-120°C in a drying
cabinet at a pressure below atmospheric pressure of,
ultimately, 50 mbar. After the solvent has evaporated,
the glass plate with the polymer film is left to cool
and then placed into a waterbath so that the polymer
film detaches from the glass plate. The membrane is
then after-treated for 24 h at 70-80°C in 10% strength
sulfuric acid and then for 24 h at 60°C in water. The

proton resistance of the membrane is then measured.
Characterization result: RSPH"=83 Q*cm

6.5 Covalently and ionically crosslinked acid-base

blend membrane of the reaction product 6.2 and

from sulfonated polysulfone in the SOs3H form

2.7 g of sulfonated PSU Udel® in the SOsH form
(IEC=1.67 meq of SO03H/g of polymer) are dissolved in
15 ml of N-methylpyrrolidineone (NMP). 0.63 ml of

-15-
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triethylamine is then added to the solution in order to
neutralize the sulfonic acid groups of the sulfonated
PSU. 0.3 g of the reaction product from the reaction
6.2 (PSU(N(CH3)2)2) is then added to the solution. The
mixture 1is stirred until the reaction product has
dissolved. 37.4 pl of diiodobutane are then injected
in. The mixture is stirred for half an hour. A film is
then drawn from the polymer solution on a glass plate,
and then the solvent is evaporated at temperatures of
70-90-120°C in a drying cabinet at a pressure below
atmospheric pressure of, ultimately, 50 mbar. After the
solvent has evaporated, the glass plate with the
polymer film is left to cool and then placed into a
waterbath so that the polymer film detaches from the
glass plate. The membrane is then after-treated for
24 h at 70-80°C in 10% strength sulfuric acid and then
for 24 h at 60°C in water. The proton resistance of the
membrane is then measured.

Characterization result: Ry,H'=107 Q*cm

7. Novelty of the invention

The abovementioned novel secondary and tertiary polymer
amines and the process for the preparation thereof have
hitherto not been described in the literature. Neither
have any polymers which, in addition to the secondary
and tertiary amino groups according to the invention,
also contain further functional groups, in particular
cation exchanger groups, become known. Neither have any
acid-base blend membranes of the secondary and/or
tertiary polymer amines according to the invention and
from polymers containing cation exchanger groups (SO0sY,
PO3Y,” or COOY groups, Y=H, monovalent metal cation or
NR3H" (R=H, alkyl, aryl)) become known. Likewise, no
simultaneously ionically and covalently crosslinked
acid-base polymers and acid-base polymer blends have

become known from the literature.
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8. Advantages of the invention

The advantages of the invention are:

. Secondary and/or tertiary polymeric amines can be
produced in a targeted manner from primary
polymeric amines. The yields of the reaction are
good, and in the case of mixed polymeric amines
according to the invention, the ratio between
primary and secondary and between secondary and
tertiary amino groups can be adjusted in a
targeted manner.

] From the resulting tertiary polymeric amines it is
possible, in a targeted manner, to prepare
quaternary ammonium salts which are uncrosslinked
or crosslinked to the desired degree (anion
exchanger polymers and membranes).

. Further functional groups can be introduced in a
targeted manner into the secondary and/or tertiary
polymeric amines according to the invention by
means of an electrophilic reaction.

. Further functional groups can be introduced in a
targeted manner into the tertiary polymeric amines
according to the invention by means of metalation
and subsequent reaction with a desired
electrophilic agent.

. The polymeric amines according to the invention
can be reacted with polymers containing cation
exchanger groups as desired to give acid-base
blends.

. The acid-base polymers and acid-base polymer
blends according to the invention <can be
simultaneously covalently and ionically

crosslinked.

9. Key words

polymeric amine

amino polymer
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aminated polymer

amine alkylation

secondary polymeric amine
tertiary polymeric amine
organometallic compounds
butyllithium

lithiation

aryl main chain polymers

anion exchanger polymers

anion exchanger polymer membranes
cation exchanger polymers
sulfonic acid groups

phosphonic acid groups

carboxzyl groups

cation exchanger polymer membranes
acid-base polymers

acid-base polymer blends
acid-base polymer blend membranes
metalated aryl main chain polymer
membrane fuel cells

membranes

membrane processes

covalent crosslinking with quaternization

covalent and ionic crosslinking
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Claims

1. A polymer or polymer membrane containing secondary and/or tertiary amino groups, and
containing electrophilically induced functinnal groups, which is obtained by the following;
deprotonating a primary amino 'group on a polymeric amine first with an organometallic
hase and then reacting with an alkyl halide to give a secondary amino group;
deprotonating the secondary amino group again with the organometallic base and reacting with
an alkyl halide to give a tertiary amino group,
wherein an electrophilic agent is introduced after formation of the tertiary amino
group to form an electrophilically induced functional group; wherein the electrophilic
agent comprises SO,Cl; or SO, and at Joast one other agent selected from the group
consisting of SO3, SO, $0;Clz, SOC13, CO;, COCY;, PCl3, PCls, POCI,, CI-PO(OR),,
aromatic ketones, aromatic aldehydes, aromatic carboxylic esters, and aromatic

carhonyl chlorides.

2. A polymer comprising tertiary amino groups, sulfinate groups, and at least one group selected
from the group consisting of sulfonate groups (-SO5Y), phosphonate groups (-P0:Y>), and
carboxylic groups (-COOY), wherein Y represents a hydrogen atom or a monovalent metal

cation.

3. A polymer according to claim 2 comprising an aryl main chain polymer

7
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4, A polymer according to claim 3, wherein the aryl main chain polymer compnises at least one

of the following Raromatic and at least one Roridge from the following building blocks:

Raromatic: Rpridge =

4 ) e
!

.

wherein R; and R, each individually comprise a hydrogen, methyl, phenyl,
naphthyl, pyridy), or trifluoromethyl group, or a group having the formula CoHans

nig from 1 to 20.

S. Polymer comprising tertiary amino groups, sulfinate groups and at least one group selected

from the group consisting of sulfonate

groups (-SO;Y), phosphonate groups (-PO;Y) and carboxylic groups (-COO0Y) wherein
Y represents a hydrogen atom or a monovalent metal cation, wherein the number of
tertiary amino groups in the polymer is between 0.1 and 4 per polymer repeat units.

1%

COMS ID No: SBMI-01024419  Received by IP Australia: Time (H:m) 10:31 Date (Y-M-d) 2004-12-03
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6. A pervaporation, perstraction, gas separation, dialysis, ultrafiltration, nanofiltration, or reverse

osmosis thin film, membrane or hollow fiber comprising the polymer according to claim 2.

7. A proton-conducting fuel cell electrolyte membrane, electrolysis membrane, aqueous or non-

aqueous electrodialysis membrane, or diffusion dialysis membrane comprising the polymer

according to claim 2,

COMS 1D No: SBMI-01024419  Received by IP Ausiralia: Time (H:m) 10:31 Date (Y-M-d) 2004-12-03
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Fig. 1: Alkylation of primary PSU-amine to give the
tertiary PSU-amine '
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Fig. 2: Quaternization
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of tertiary PSU~amine

the quaternary ammonium salt
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Fig. 3: Electrophilic sulfonation of PSU

containing

tertiary amino groups with concentrated

sulfuric acid (R=H or alkyl, preferably methyl)
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Lithiation of tertiary PSU amine with
subsequent reaction of the lithiated PSU
containing tertiary amino groups with S0,Cl, to
give the PSU-tertiary amine sulfochloride and

further by hydrelysis to give the PSU-tertiary
amine~sulfonic acid
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Fig. 5: Covalent «crosslinking of acid-base polymers
with the formation of a quaternary ammonium
salt
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Fig. 6: IR spectra of PSU (NH3) 5, PSU (NHCH;3) »
PSU(N(CH3)2) 2
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Fig. 7: TGA curves of M2, M3 and M4. Heating

conditions: 20°C/min, medium, air
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