COMPOSITES AND COMPOSITE MEMBRANES

State-of-the-art

‘Ionomer membranes are used in many processes for example in
.membrane'fuel'cells; in electrodialysis, in'diffusion
_dlaly31s, in electroly51s (PEM electroly51s, chlorlne ‘alkali

electroly31s) or in electrochemlcal processes.

A dlsadvantage of the actual membranes is however, that their
: proton conduct1v1ty at temperatures above 100 C in most cases
decreases rapldly due to drylng up of membranes Temperatures
.above 100°C are, however, very 1nterest1ng for fuel cell
_ appllcatlons of ionomer membranes, because above 100°C the
temperature regulatlon of fuel cells is greatly s1mpllf1ed and ;
~ the catalysis of the fuel cell reaction is substantlally
1mproved'(excess voltage decreased, no CO -loading anymore,'.

which poisons the'catalYSt).

_ Only a few examples of membranes Wthh Stlll exhibit good
proton conductlv1ty even above 100°C are known from the
‘literature, for example poly(phenylen)es having carbony1-1,4—-
phenylene—OXthenyl;4—sulfonic acid side.groups. However_the
proton conductivity.of these'membranes decreases_rapidly.above
- 130°C and the_reason for‘the'good proton_conductivity between
100°C and 130°C is also not clear. |

Proton conductivity is based on the'Grotthus mechanism with
orotons in acidio.media and hydroxyl ions in alkaline media
-acting as charge carriers. There exists a structure cross-
linked via hydrogen'bondseenabling the actual charge |
'_transport._ That means the water contained_in the membrane

plays an important part in the charge transport: without this



addltlonal water there is no mentionable charge transport
across the membrane in these commerc1ally available membranes, .
they loose their function. Other new developments which use
phosphate backbones 1nstead“of a fluorohydrocarbon backbone
also need water as an additional network 'builder. (Alberti et
al., SSPC9, Bled, Slowenia, 17.-21:8.1998, Extended Abstracts,
_ p. 235). While the addition of smallest S5iO; particles to the
above mentioned membranes (Antonucci et al., SSPC9, Bled,

' Slomenia, 17.-21.8.1998, Extended Abstracts, p. '187):leads to
a stablllzatlon of proton conductlv1ty up to 140° C, this only
applies under operatlng condltlons of a pressure of 4,5 bar.

. Without increased operating pressure these membranes also
loose their water network above 100 C and dry up. A
-substantlal disadvantage of all the above mentioned membrane
types is therefore_that'even under beést Operating'conditions

" they are usable at applioation temperatures of up to max.

100°C."

In the same manner.as mentioned above Denton et al. (us -
"6,042,958) prepared compdsites.from ion'conducting polymers
and porous substrates. As silica containing'components they-'
used glass, ceramics or silica. 1In the examples'described'p

_ therein the operating temperature'was not increased ahove

g8o°c.

While in the direct methanol fuel cell (DMFC) suff1c1ent water
is present, methanol crossover through the membrane, however,

. results in a substantial decrease of power.

If composites of sulfonated polyaryletheretherketone-membranes
(EP 0574791 Bl) or sulfonated polyethersulfone and silica are:
prepared, the membrane swells at an cation-exchange capacity

of 1,5 [meq/g] to'anpextent that it'isIultimately.deStroyed.



_ The advantage of the composrtes according to the 1nventlon and
the membranes prepared herewith is the incorporation of an
~organic component, espec1ally of protonated nitrogen bases
into the-cavities of ‘the phyliosilicates which is a cross-
llnklng component, when the base 1s provrded on a polymer_
_ backbone. Furthermore the selective incorporation of cations

- or metal hydroxides with subsequent reactlon to the

' correspondlng metal oxides permits to vary the Lewis ac1d

. broperties and srze of the membrane cavities 1n a wide range.
Moreover the phy11051llcates can be functionalized to interact
‘with ionomers in which they are embedded or to influence the

surroundlng medium accordlng to their functional group.

Phyllosilicates fclay mineraIS) have some interesting

properties: | ' |

& They can ‘bind hydrate water up to 250°Cc
" In these materlals metal catlons and metal oxides can be
addltlonally incorporated 1ndu01ng hereby an 1ntr1n51c
proton conduct1v1ty accordlng to the general scheme-
DP*UQO) -> (M-OH) =L+ 4 g+ [Zeollte, clay and heteropoly
acid 1n organic reactlons, Y.Izumi, K. Urabe, M Onaka; 1992;'
Welnhelm, VCH-Verlag, p. 26] _ '

. Phyllosrllcates having Lew15 acid cav1t1es may. 1ntercalate.
by acrd -base 1nteractlon with the bas1c groups of basrc
polymers [Kunststoffnanokomp051te, symp051um Von der

| Inventlon zZur Innovatlon, ‘Publication at the Symp031um of
the Fonds of the Chemlcal Industry, 6™ of -may 1998 in
- Cologne] ' '

Due to this. property some types of phy1103111cate/polymer

comp051tes have been synthesrzed Muhlhaupt et al made



~composites from montmorillonite and polypropylene,
montmorillonite'and polyamide, and montmorillonite and
Perspe2 'In these composites, for example, the Perspex
becomes hardly flammable due to the admixture with
montmorillonite because the incorporated phy11031llcates are

barriers to the pyroly31s_gases formed on combustion.

Object of the present invention

-Based.on this prior art the object of the present_invention
was to provide composites'which possess a high_ion.
.conductivity (especially proton conductivity) and.
51multaneously limited swelllng ablllty and permlt an

:operatlng temperature in electrochemical cells of above 100 C.

The invention relates thus to an 1on conductlng comp051te
contalnlng an acid and/or an organic base and a o
phy11051llcate, characterized in that the composition of the
acid-base part is contained with 1 to 99.weight % and the

-thllosilicate‘is-contained with 99 to 1 weight %.
'”Description of the invention (productgdescription)

(a) The ac1d may be

a cation exchange- polymer (hav1ng catlon exchange groups -SOﬁL
—COOH, -PO3H;, wherein the polymer can be modlfled w1th only -
one of the described catlon exchange groups or with a blend of_
the described cation exchange groups), wherein the polymer can
be not cross-linked~or covalently cross—linked The ion
exchange capac1ty in general is comprlsed between 0 1 and 12
"meq/g, more preferably between 0,3 and 8 meq/g, most _
: preferably between 0,5 and 2 meq/g. Particularly preferred as

'.backbone are thermoplastics.



(b) The acid can also be an organic or inorganic low molecular
acid. In the inorganic acid case sulfuric and phosphoric acid
are particularly preferred. In the organic acid case all low
molecular'acids that are sulfonic or carboxylic acids are
taken into con31derat10n,.espec1ally all amino sulfonic ac1ds

and the amlnosulfochlorldes as their precursors

(c).The base may;be

an anion-exchange polymer'(having anionhexchange groubs -NR3*
(R=H, alkyl, aryl), pyrldlnlum PyrR+ imidazolium ImR*, |
pyrazolium PyrazR+ trlazollum TrJ.R+ and other organic basic
aromatic and/or non- aromatlc groups (R=H, alkyl, aryl),

wherein the polymer can be modified with onlyfone of the
described-anion exchanqe'groups or With a blend of the
deScribed.anion exchange groups)'; whereln the polymer can be
non-cross-linked or covalently cross-llnked The anion’
exchange capacity. hereln is preferably between 1 and 15 meq/g,-'
more preferably between 3 and 12 meq/g, most preferably ' .
between 6 and 10 meq/g _ Prererred as backbone are agaln all

thermoplastlcs, partlcularly polysulfone, _ ,
polyetheretherketone,.polyben21m1dazole and polyvinYlpyridine.

(d) The base can be an organlc or 1norgan1c low molecular

base As organie low molecular base all guanidine derlvatlves'

are.partlcularly preferred.

(e) Thethnctional group of the acid and the base'may be in
the same molecule This molecule can be low or high
molecular If it is a polymer, then on the polymer chaln
there are anion exchange groups from (c) as well as cation

exchange groups from (a).



(f) The above-mentioned acids and bases of (a) to (e) may be
blended in the.composite..'Any mixing ratio can be chosen.
The blend can be further covélently cross-linked in addition

to the ionic cross-linking.

(g) If both the acid and the base are low molecular there is

in addition an unmodified'polyﬁer-contained in the composite.:

(h) The inorganic active filler is a phyllosilicate=based on

montmorillonite, smectite, illite,-sepiolite,_palygorskite,

" muscovite, allevardite, amesite, hectorite, talc,

fluorhectorite, saponite, beidelite, ﬁohtronite, stevensite,e

bentonlte, mica, vermiculite, fluorvermlcullte, halloy31te,

- fluor containing synthetlcal talc types or blends of two or.

more of the abovefmentloned phy1103111cates._ The

ph?llosilicate can be delaminated or?pillared._;Particularly

-preferréd is mbntmorlllonlte

The weight ratio of the phyllosilicate is preferably from 1 to.

80 %, more preferably from 2 to 30 % by weight, most '

preferably from 5 to 20 %.

- Description of the functionalized phyllosilicate:

The term "a phyllosilicate" in general means a'silicate,'in-.
which the Si0O, tetraeders are connected in two-dimensional

infinite networks.. (The empitical'formula for the anion is

(Siﬂkzﬁn) The 51ngle layers are llnked to one another by the

catlons p051t10ned between them, Wthh are usually Na, K Mg,

Al or/and Ca in the naturally occurring phy11051llcates.

By the term "a delaminated functionalized phyllosilicate”" we

understahd'phyllosilicates.in which the layer distances are at -

first increased by reaction with so-called functionalisation



- _agents. Tne_layer thickness of such silicates before
delamination is preferably'Slto 100 angstrom, more preferably -
5 tq_SO and most preferably 8 to 20 angstrom. To increase the
layer distances.}hYdrcphobisation)'the phyllosilicates are
reacted (before production of the composites according to_the'
invention) with so-called functionalizing hydrophobisation'

agents which are often also called onium ions or onium salts.

The cations of the phyllosilicates-are:replaced by organic .
functionalizing hydréphobieation agente wherebyfthe desired
layer dlstances which depend on the kind of the respectlve
'functlonallzlng molecule or polymer which is to be

1ncorporated into the phy11051llcate can be ad]useed by the

kind of the organic re31due

The exchange of the metal ions can be complete or partlal
Preferred is the- complete exchange of metal. ions. The '
quantlty of -exchangeable metal ions is usually expressed as
milli equlvalent (meq) per 1 g of phylloslllcate and is

referred to as ion exchange capac1ty

Preferred are phyllosilicates having_a_cation exchange

capacity of at least 0,5, preferably 0,8 to 1,3 meg/qg.

Suitable organic functionalizing hydrophobisation agents are
derived from oxonium, ammonium, phosphonium and sulfonium '

ions, which may carry one or more organic residues.

As suitable functionalizing hydrophobisation agents those of.

general formula I and/or II are mentioned:
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. Where the substltuents have the follow1ng meanlng

;Rl, R2, R3, R4 are. 1ndependently from each other hydrogen, a

straight chain, branched, saturated or unsaturated hydrocarbon
radical with 1 to 40, preferably 1 to 20 C atoms, optionally
carrying at least one functional group or 2 of the radlcals
are linked with each other, preferably to a heterocyclic

residue having 5 to 10 C atoms, more preferably.having ehe or

" more N atoms.

represents“phdsphorous or nitrogen,
represents oxygen.or sulfur,
is an integer. from 1 to 5, prererably 1 to 3 and

is an anion.

Suitable functional groups are hydroxyl,_nitro or sulfo
groups, whereas carboxyl or sulfonic acid groups are
especially preferred, 'In the same way sulfochloride and

carboxylic acid chlbride'groups_are especially-preferred.

Suitable anions Z are derived from proton delivering acids; in

-particular mineral acids, wherein halogens such as chlorine,

bromine, fluorine, iodine, sulfate, sulfonate, phosphate,

phosphonate, phosphite and carboxylate, especially acetate are

preferred."The phyllosilicates used as starting materials are
generally reacted as a suspension. . The preferred suspending

agent is water, optionally mixed with alcohols, especially



lower alcohols having 1 to 3 carbon atoms. If the
fuhctioﬁalizing hydrophobisation agent is not water-soluble,
then a solvent is preferred in which said agent is soluble._'
In such_céses, this ié especially an aprotic solvent. Further
examples for suspending agénts a#e ketones and hydrocarbons.
Usually a suspending agent misciblefwith water is prefeiréd.
On addition of the hydrophobizing agent to the phyllosili;ate,
ion-éxchange-occurs'whereby the phyllosilicate usualiy
.precipitates frdm_the_Solution. ‘The métél salf-reéulting aé a
' by—prodﬁct.of-thé ion exchange is preferably Water-soluble,'so
that the hydrophobized phyllosilicate,can be separated as a

crystalline-solid, for example, by filtration.

The iqﬁ.exchange.is moétly indépendent_frbm the reaction
temperature. The temperature_ié preferably above thé
crystailization point of the medium and below the boiling
point.theredf. _For.aquéous'systems the,témperature is between

0 aﬂd'100°c, preferably between 40 and 80°C.

For a cation and énion-exchange polymér alkylammonium ions are
préferred, in ﬁarticular if as a functional group additionally
a cérboxylic acid chloride or sulfonic-acidjchloride"is |
present in the same molecule. The alkylammonium'ions can be
obtained via usual methylétion reagenfs such as methYl iodide.
Suitéble ammonium ions are omega-aminocarboxylic acids,
'especialiy preferred are omega-aminosulfonic acids and Omega—
- alky;amihosulfonicuaéids. Omega-aminosulfonic acids and -
omega—alkylaminbsulfonic acidS-Can be obtained with usual
_ minéral acids, for example hydrochloric acid, sulfuric acid or
phosphoric acid or by methylation reagents such as methyl

iodide.



Additional preferred ammonium ions are pyridine and
laurylammonium ions. After hydrophobizing_the'layer distance
of the phyllosilicates is in general between 10 and 50

angstrom, preferably 13 and 40 -angstrom..

Tbe hydrophobiéed and functionalized phyllosilicate is freed
of water by drying. In general a thus treated phy1103111cate
still contains a re51dual water content of 0- 5 welght % of
'water. Subsequently the hydrophoblzed phy11051llcate can be
mixed in.form of a suspension in a'suspending agent which is
free as much as possible from water. with the mentioned
polymers and be further processed According to the 1nventlon
the polymers, espec1ally preferably the thermoplastic.
functlonallzed polymers (ionomers) are added to the suspension
of the hydrophobized phyllosilicates | This can be done using
already dissolved polymers or the polymers are dlssolved in
the suspenSLOn 1tself Preferably the ratio: of the
phy11051llcates is between 1 and 70 weight %, more preferably
between 2 and 40 welght % and most preferably between 5 and 15'

- weight %.

Process for.producing_the composite

‘The present invention concerns furthermore a process for
producing composite'membranes. In_the_following.prQCeSS
examples to produce proton conducting composites having high -

proton conductivity are described.

1) An amlnoarylsulfochlorlde is dlssolved in tetrahydrofuran.
Then a corresponding quantlty of montmorillonite K10 is added.
The montmorlllonlte is proton exchanged and dried. Then
stlrrlng.for several hours follows. The time of stirring

depends on the molecular size of the aminoarylsulfochloride_
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and the ratio of the amino group to the catron.exChange
capacity of the montmorillonite. 'During the stirring process
the amino group intercalates into the cavities of the -
montmorillonite; To the suspension sulfochlorinated
polysulfone dissolved in tecrahydrofuran is-then added. Tﬁe
sulfocﬁloride conteot-of the tﬁermoplastic is approximately
0.5 groups per repeating unit. The suepension'is stirred,
'gently degassed and knife-coated into a film on a glass plate.
The tetrahydrofuran is evaporated at room temperature. The
content of montmorillonite is chosen- to be_between 5 and 10
weight % of the added sulfochlorinated polysulfone. Once the
film is totally dried the film is peeled off in deionised
water aﬂd cdred in 10%.hydrochloric_acid at 90°cC. .Hereby the
eulfochloride groups'are hydrolyzed and reacted to sulfonic
acid groups. The resulting membrane is addltlonally cured in
water of 80- 90 C untll hydrochlorlc acid is no longer

detectable. :

A sulfochlorinated polysulfone having 0,5 S0 Cl groups per

repeating unit- corresponds after hydrolysis to a cation

exchange capacity of 1,0 mllllequlvalent_per gram. -Due to ‘the -

additional sulfonic acid groups from the .
aminoarylsulfochlbride'the cation exchange capacity:increases
remarkably corresponding to the quantity thereof end is not
water-soluble'- At the same cation exchange capacity

exclu31vely sulfonated polysulfone is water-soluble.

2) Sulfonated polyetheretherketone havind.a_cation exchange
capacity (IEC) of 0.9 milliequivalent per gram is dissolved in
hot (T>80°C) N-methylpyrrolidone (NMP). The_sulfochlorinated
form having such a content'is'not_eoluble in THF. Polymeric
sulfonic acids and their salts are not or only to a very small

extent soluble in THF. To this solution a sﬁspension of

11



montmorillonite K10, loaded with an aminosulfonic acid,'in NMP
is.then added. Herein the sulfonic acid groups are present on
the surface, whereas the amino groups are in.the oavities of"
the montmorillonite. The compoSition'of'the suspension is.
again chosen for a solid content to be between 2 and ZOIWeight
% of the polymer content.' It'depends on the application for
‘which the membrane is used. The suspension is.processed to a
.membrane as above. The solvent is evaporated”in,a drying
'board at a temperature between 80°C and 150°C The membrahe
is peeled off from the glass plate and cured in deionized |

- water for 12 hours at 90 C.

3) Sulfochlorinated-polysulfone and aminated polysulfone are
dissolved in THF. Then 10 weight_%'of-montmorillonite K10
-(dried'and in.protonated form) is added. The Suspension is
stlrred, degassed and processed to a membrane as above The
membrane is peeled off from the glass plate and then .cured in
diluted HC1l at 80°C, whereby the sulfochlorlde.group is '
rehydrolyzed to-the'sulfonic acid. 'Then the membrane is agarn
further treated w1th delonlzed water until all the '

hydrochlorlc acid is removed from the membrane

It has now been found that the comp051tes relatlng to the"'

invention have’ surprlslng propertles _ . '

. The composites have excellent ionic conductlv1t1es even at
temperatures far beyond 100 C. lEspec1ally the proton
conductivities of the composites are still excellent:in this
.temperature range due to-on one hand the water storing
properties of the clay materials and on the other hand the
self-proton conducting properties’ of the clay materials.

The good proton conductlv1t1es permit the use of these

composites in membrane fuel cells in the above mentioned

temperature range.

12 .



Due to the silicates forming cavities the chemical,

mechanical and thermal stability of composite membranes is
significantly increased, becauseithe polymer molecules-and
the clay minerals and zeolites, respectlvely, can interact
with each other in the cavities. Especially ionomer blends
containing basic polymers and. base polymer components'may'
intercalate into the Lewis acid Cavities of .the silicates
due to the interaction of the base groups, whereby an 1on1c

cross-llnklng between the acidic silicate and the’ basic

- polymer chaln is formed, which depending on the system may

be pH independent contributing to an increase in mechanical,

chemical'and thermal stability, in particular if the

comp051te membranes are’ used in a strongly acidic or

“alkaline medium.

Used in DMEC the composite membranes relating to the
invention'show'a reduced.methanol.permeability and gas-
through -diffusion across the membrane. Thereln the methanol

permeablllty and the permselect1v1ty of the membrane can be

fine tuned at will by :

_The kind of phyllosilicate / tectosilicate

‘The mass percentage of the silicate in the composite

Targeted 1ncorporatlon of spacer molecules and'bifunctional-'
molecules into the silicate cavities. The kind-and strength
of the interaction of the spacer molecules with the permeate
molecules hereby depends on the ‘kind of thelr functlonal

groups fac1ng outwards and the kind of the functional groups

of .the. permeate molecules. For example, an aminosulfonic

'ac1d or an amino carboxylic acid is coupled with the amine
_function in exchange of alkali-bentonite on the bentonite
-surface. The second functlonal group is avallable for the

'reactlon w1th polymers or for proton transport in

electromembrane processes.

13



e The membranes according to the invention show a strongly-
decreased fouling (microbial'attack of the ionomer membranes
by fungi and bacteria) in comparison to conventional ionomer
membranes, and this already at a content of 2-5% of silicate
(montmorillonite) in the ionomer membrane. This property is
due to the clay minerals blended with the compositer, It has
been known for long that clay minerals may act as soil -

~ improving agent by strongly slowing down the microbial_'
.degradation; especially by.fungi._’It_is:surprising that
this property of clay minerals is'also'shown in membranes
which contain clay minerals. Due to this property of the
'composites according to_thefinvehtion their use in membrane -
separation processes in'water and waste water applications
is possible ahd also in any'other oxidizing ehvironment,
lcontaining e.g. hydroxy radicals and/or hydrogeh peroxide

e The catalytic properties of the s1llcate Lewis ac1ds, from

'which the clay mlnerals accordlng to the 1nventlon are made,
can also be used in the composites according to the

invention.
Examples for applications

1. | Sulfonated=polyetheretherketone (sulfonatiom degree 70%)
is: dissolved mith 5-weight % of montmorillonite in DMAc and
‘knife-coated to a membrane of 50 Hm thlckness after
‘evaporation of the solvent - This membrane is put into an -
'naqueous medium contamlnated_with_fUngi; No attack by fungi is
identified. The blank without montmorillonite is heaﬁiiy.

colonized and attacked.

2. a) ‘Sulfonated polysulfone in salt form and.
polyv1nylpyr1d1ne is blended in such a ratio that the flnal

capac1ty is 1 mllll equlvalent [H*] per gram of the total

14



blend. Both polymers are dissolved in DMAc and processed to a
membrane. The specific resistance of this membrane is-33'[ohm
x cm]. |

b). To an ldentlcal blend as in 2. a) addltlonally 8 welght %
of activated montmorlllonlte 1s added and the blend obtained

is processed to a mémbfane_as in 2.a). The specific

- resistance is 27,7 [ohm x cm].

3. Polyben21m1dazole dlssolved in DMAc is mlxed with 10 .
welght $ of activated montmorlllonlte and as a blank without
~ the phyllosilicate. Either blend is processed to a membrane
and the resistances. are measured by 1mpedance spectroscopy.
Without the phyllosilicate the resistanée is 588 [ohm x'cm];

with the phyllosilicate 276 [ohm x cm].

15



AN i

- 1. A proton conducting composite containing an acid and/or an
organic base and a phyllosilicate / tectosilicate,

- characterized in that the composition of the acid?base
_portion ie contained with 1 to 99 weight % and the
phyllos1llcate / tectosilicate is contained with 99 to 1l

L welght %

Z.A.process for the preparation of compositee.and composite
~ blend membranes, characterized in that the solution of an
ionomer or the solution of a precursor of the 1onomer is
mixed with a phyllosrllcate or tect05111cate or a blend of

both and the solvent is evaporated from the resulting
suspension. ' B o
Whereln the lonomer can- be'.
(a) a cation exchange polymer (w1th the cation exchange
groups -SOszH, —COOH, -POsH,, wherein the polymer can be
‘modified with only one of the described cation exchange
groups or with a blend of the descrlbed catlon exchange
‘groups); wherein the polymer can be non-cross-linked or

.. covalently cross—llnked, the polymer backbone can be a vinyl
polymer, an aryl main'chain polymer,.polythiazole,-.
polypyrazole, polypyrrole, polyanlllne,,polythlophene or any
blend of these. _ _ '
(b) an anion exchangempolymer (with anion exchange groupe

- -NR3* (R=H, ,'alk.yl, aryl), pyridinium'PyrR"",_ imidazolium
ImR¥, pyrazolium PyrazRt, triaiolium TriR* and other organic
basic aromatic and/or non- aromatlc groups (R=H, alkyl,
'aryl), wherein the polymer can be modified w1th ‘only one of
the described anion exchange groups or w1th a blend of the

described anion exchange groups); wherein the polymer can be
This Sheet Has Been
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non-cross-linked or covalently cross—linked; the polymer

backbone can be a vinyl polymer, an aryl main chain polymer,

‘polythiazole, polypyrazole, polypyrrole, polyanlllne,

polythlophene or any blend of these. ' . |

(c) a polymer,-that carries on the polymer chain both anion

exchange groups from (a) and cation exchange groups from

(b):; wherein the polymer backbone can be a v1nyl polymer, an

aryl main chain polymer, polythlazole, polypyrazole,

polypyrrole, polyanlllne, polythlophene or any blend of

-these. o _ '

(d) a blend of (a) and (b), whereby the mixing ratio can

range from 100% (a) to 100% (b) The blend can ‘be

covalently cross- llnked in addition to the ionic cross-

linking; the polymer backbone can be a vinyl polymer, an

aryl main chain polymer, polythlazole, polypyrazole,

_polypyrrole, polyanlllne, polythlophene or any blend.of

. these; ‘ - '

whereln'the precursor of the ionomer can be:

(a) the precursor of a cation exchange polymer

(al) a polymer with. COHal, CONR; or COOR groups (R=H, alkyl,

aryl, Hal=F, Cl, Br, I)

(a2) a polymer w1th SOZHal SOzNRz or SOzoR groups (R=H,

alkyl aryl, Hal =F, C1, Br, I) -

(a3) a polymer w1th POsHal,, POj3 (NRz)z or PO3(OR)2 groups (R-'H

alkyl, aryl, Hal=F, Cl, Br, I)

.'(b) the-precursor of an anion exchange polymer-(with the

groups —NRZ (R=H, alkyl aryl), pyrldyl Pyr, 1m1dazolyl Im,

pyrazolyl Pyraz, trlazolyl Tri and/or other organic bas1c

aromatic and/or non-aromatic groups (R=H, alkyl, aryl) _

Herein the lnorganlc component can be a phyllosrllcate or a-

tect051llcate or any blend of both .
\
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. a) The process accordingito élaim 1, characterized in that

from the group of phyllosilicates the group of bentonites is

preferred and the montmorlllonlte/beldelllte serles is more.

preferred montmorlllonlte is most preferred.

b) The process according to claim 1, characterized in that

pillared phyllosilicates are used.

. a) The process according to clalm 1, characterlzed in that
_from the group of tect05111cates the group of zeolltes is

preferred and clinoptilolite is more preferred

b) The process according to clalm 1, characterlzed_in that

pillared tectosilicates are used.

. The process according to at least.one of claims 1 to 4
characterized in that both natural as. well as synthetic .~

phyllosilicates are used.

. The process according to claim 1,-charaeterized in that the

basic component contains imidazole, vinylimidazole,
pyrrazole, oxazole, carbazole, indole, ieoindele,
dihydrooxazoie, iseoxaiole, thiezole, benzothiazole, _
isothiazole, benzoimidazole, imidazolidine,'indazole, 4,5-
dihydropyrazole,'1;2,3-oxadiazole, furazane, 1,2, 3- |
thiadieiqle,_1,2,4—thiadiazole, 1,2,35benzotriazble, 1,2,4-
triazole, tetrazole, pyrrole, aniiine,'pyrrqlidine or '

'pyrrazele groups.

. The prOCess according to cleim 2} characterized in that és
ionomers acid-base blends (d) and the clay mineral
montmorillonite-of both synthetic and natural origin are

preferred and in that it is functionalized.
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‘8. The process according to claim 2, characterized in that as
ionomers acid- base blends (d) and as a zeollte

. clinoptilolite are preferred.

9. The process accordiﬁg to at least one of claims 1 to 8,
characterized in that the pelymer backbone of the acidic
polymer is selected from the group of aryl main chain

'.polymers. . The possible cemposing units of eryl main chain

polymers are (Fig. a)-:

: .-Rarom'ati'c . _ B .Rbri_dge=

. R

Rs: \O/

N N C
Ro: r Ry: "
o
SN Iy ' - F@ ‘\\\ ’,/’
‘Fig. a comp051ng unlts of aryl main chaln polymers

Possible aryl main chain polymers combined of the composing

units of Fig. a are :

- poly(etheretherketone) PEEK Vlctrex® ( [R5-Ro-R5-Ro~ R7]n,
x=1, Rg=H), :
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-  poly(ethersulfone) PSU Udel® ([R1-R5-R2-Rg-R2-Rsln;: Rp:

x=1, Rg=H), ) |
- poly(ethersulfone) PES VICTREX® ('[_R2—R5—R2—R5]r.1: Ry: x=1,
Rg=H), o :
- ;e poly(phenylsulfone) RADEL R® ([(Rz)g-Rs-Rz R5 R2ln: R2:
' x=2, Rg=H), ' :

= "_polyetherethersulfone RADEL A® ([Rg-~Ro- R5-R2-Rgln— [R5 Ro-
. Re-R2lms R2: x=1, Rg=H, n/m=0,18),

- poly(phenylenesulfide) PPS ([R2-Rgln; R2: x=1, Rz=H)

- poly (phenyleneoxide) PPO ([R2-Rslp: R4=CH3)

10. The process according to ciaims 1 and 2, characterized in
.that the polymer backbone of the basic polymer is selected
from the group of aryl main chain polymers (Fig. a) or from .
the group of hetaryl main chain polymers.. The possible ‘
composing ﬁnite of the hetaryl main chain polymers are (Fig.

b):
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Fig b s Composing units of hetarylpolymers (1 imidazole, 2

behzimidazole, 3 pyrazole, 4 benszrazole, 5 oxazole, .
6 benzoxazole, 7 thiazole, 8_benzthiazole; 9
triazole, 10 benzotriaiole, 11 pyridine, 12
bipyridyle, 13 phthalic acid imide)

As hétarylpolymers accoidiﬁg to the invention the following

polymers are suitable :

polyimidazoles, polyben21m1dazoles

_polypyrazoles, polybenzpyrazoles._

polyoxazoles, poiybenzoxazoles

- polythiazoles, polybenzthiazoles

polythiophenes, polybenzthlophenes

polypyridines o ”‘*“*“‘“-~‘\5‘\‘_

polyimides This Sheet
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11. "The process according to claims 1 to 10, characterized in
that in the acid-base blends ac1d polymers of claim 9 (Fig. a)
are combined with ba31c_polymers of claim 10 (Fig. b) and .

- claim 6.

12. Non?ionic-conducting composites and composite blend
membranes, obtainable from the base polymers'used in claims 1
to 11 in an amount of 20 to 98 weight % and phy11051licates /
tect05111cates in an amount of 2 to 80 weight % for use in
‘membrane and membrane separation processes

13. Composites and'composite blend membranes in at least one
-of the claims 1 to 11, characterized in that they are used in
membrane fuel cells (H2 fuel cells or direct methanol fuel

cells) at temperatures of from -40°C- to 200 C.

. 14. The process-according to at least one of claims 1 to 12,

characterized in that composites and composite blend membranes -

- are used in (electro)membrane separation processes such as
dialysis, diffusion dialysis, gas separation, pervaporation,
perstraction, micro-, ultra- and nanofiltration as well ‘as in

reverse osmosis.

15. Composites and composite blend membranes-according to at
least one of the claims 1 to 12, characterized in that they
are used as catalytical. membranes or in membrane reactors.

16, A composite according to at least one of claims 1 to 12
for coating of flat structures, especially membranes, f01ls.

and electrodes

17. A process for. the preparation of a composite according to
claim 1, characterized in that the organic component and the
silicate component according to the invention are brought in
contact in a solvent or optionally solvent-free at |

temperatures of from -40°C to 300°C.
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18. A composite containing a proton conductor according to at
- least one of claims 1 to 17 having thermal resistance up to

400 C.

19. Preparation of a composite membrane according to claim 16
or of a composite,_characterized in that a membrane composed
of a corresponding blend or solely of one of the compohents of
claims 2, 6, 9, 10, and Il.is coated with the silicate |
component in solution or in dispersion or solvent-free.

20. Preparation of-a'composite membrane according to claim 16
or of a composite characterized in that the silicate component
is coated with a solution or dispersion or solvent-free alone
or with a blend of the components of -claims 2, 6,;9,,10, and
11. C

21. A preparation-of a composite characterized in that it is
used in membrane and (electro)membrane processes such'as

dialysis, diffusion dialysis,'gas.separationy pervaporation,
perstraction, micro- ultra- and nanofiltration as well as in
reverse OsmOSlS and are stable against mlcroblal degradation

or ox1dat1ve attack

22. A preparation of a composite according to atlleast one of
claims 1 to 21 to vary permselect1v1ty in the membranes

prepared herewith.

23. A.preparation'of a composite according to at least one of
the claims 1 to 22 characterized in that the inorganic

component is blended with at least twb different basic ;
components, wheérein the basic components can be low or high |

molecular.

24. A process characterized in that the above mentioned
‘composites are processed to moulded articles of any kind.
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