; e3ezf GAMBBCt EEF6GTT GUv! +28 Novenber 2003 COWPOSI TES AND COWPOSI TE MEMBRANES
State-of -the-art |ononer nenbranes are used in many processes for exanple
in nmenbrane fuel cells, in electrodialysis, in diffusion dialysis, in

el ectrolysis (PEM el ectrolysis, chloripne al kali el ectr gigpdvember 2008

el ectrochem cal processes. A disadvantage of the actual nenbranes is
however, LE prot tivity. at tenperatures above 100C i n nost
case s dé%?@%%%@fé%pﬁ%ﬁyegﬁgSEg¥grb?héxaBEBf menbranes. Tenperatures above
100C are, however, very interesting for fuel cell applications of iononer
menbr anes, because above 100C the tenperature regulation of fuel cells is
greatly SiTAiSTiled-hfmR e catalysis of the fuel cell reaction is
substantially inproved (excess voltage decreased, no CO | oadi ng anynore,

whi ch poi the catalyst). Onl f ew exanpl es of nenbranes which stil
exhi bi t &%gl?j’%ﬁoffben“%cfcﬁ%%ﬁ%tig%gew JPHVE QDOESEFBSkAGWN efeomn tdhein

li terat upembiraheexaml e4100 y/( £ i n diffrsd
carbonyl-1,4pheny|ene-oxypheng??2¥%ﬁ?%%ﬁ?%gg%ggséi58 §t6d5S 1% 0owever t he

pr ot on C@ﬁé&&ﬁﬂ@bt}ﬂﬁehaﬂﬁﬁﬂlﬁﬂiﬂaﬁﬁ@ﬂkﬂﬁ@%&@$y5@@idtMl@Q@ﬁ@ 130G and the

reason fg h Q roton conductivity petween 100C and | 30C is al so not
cl ear. PF% %ﬁgggﬁégéﬁi6¥ifii§mﬁﬁﬁﬁ9” R GREIRRSSABehani smwith protons

in acidic media and hydroxyl ions in alkaline media acting as charge
carriers. There exists a structure crosslinked via hydrogen bonds enabling
the act udl dehafyantrarspdr ttheTkatt usamenttemeas s contairaed tAakhe agRbr ane

pl ays an.j t art _i.n the charge transport: wthout this 28 Novenber
2003 ad3$%$€§glg§é9§FtﬁﬁéFg PS TETRERE AR ek gel? ransponesaccessst he

menbranedéoréhese eapmENG @blky ravaikahl ¥ e, | opse their
function.. O her neM/deve?Bpnents wﬁ#%%gﬁégygﬁ%sp alghgg%kbo TP PRELEAES0f a

f 1 uor chy@t ®¢ar bdn BagkBenkouakye rnese ryatiert sae sani raddi ¢+ onad 1 nes wor k
bui | der. | i . SSPC9, Bled, Slowenia, 17.-21.8.1998, Extended
Abst r actaséﬁpfg‘éyﬁsg V\ﬁlkl &P RECAJBRTPSA TGS s PRI SE SH79akid cfetheo t he

above nmerdmpmnest meabr 89852 ¢ ABRoBYCE 8t cal 1, P a s TROVE L
17.-21.8.1998, Extended Abstracts, p? 187) Feagggﬁgxgh§g§%$$|?a?%§ﬁ 8Pd

pr ot on lﬁﬁ?%&Y@i%pofothﬂoéye@htslénEyaapﬁbMeiaunkHsﬂaﬁﬂfﬁiDg

condi ti gRE,Qf p ~bar. Wthqut increased operating pressure
t hese neg%?aaggjapg%ﬁ%%%sgé%ﬁ%gf aﬁFﬁﬁaﬁggmoP? %951?%ﬂﬂﬂ§aﬁﬁﬂ%ﬁ?eup. A
subst antirdlchdipszicdsamg agles ofad8dlyshe. above mentioned menbrane types is

t herefore that even under best operating conditions they are usable at
application tenperatures of up to nax. 100C. In the sane manner as

ment i onéa labey & derd:mele @l o f (hSnSr 9425 958) <R g}Ei&‘id SQMRAY) Les kromion
Sl

conductin% pol yners and porous substrates. As ica contalni O%%nponents
they usBFCGPEs £ONERIGHH st vresen | @2ovenlfheCeranpkaswdeseicmbethd herein t he

oper ati ng +L.eaRes AL ur J i ncreased above 80C, VWile in the direct

net hanol f uel cé%lt (%VF%% %Jf%é%ﬁ}’?%ﬁé???g)Bﬁegéﬁtlpgn@taﬁé’t%wjﬂbs%over
t hr oughptike yiemsr-angpHonwevef st esethis 4Riad §98§tggbh%§.de%%%% f._.nower .
| f conpgosites of sul fonated pol yaryl et her et her ket one nbranes ( 4791

Bl) or B0PFERaCERFPEYStiHer il fiores arerbranas adecprepased otk yrertrane
swel | s aggpan gﬁﬁiq@égﬁggﬂﬂgg £ ity 1.5 (nmeql/ é to_an extent that it
is ultimtely destroyed. 2 'f%pﬂgeéﬁ%§%d2%ﬁ%£%ﬂec§ Ghfitagd ter Aafeveen
conposi €8 "&ceoddilAg "o itshe= s endti arl @anel. t he menbranes prepared herewith
is the incorporation of an
?rotgn conductivity is based on the Grotthus mechanism with
protons in acidic media and hydroxyl icns in alkaline media
acting as charge carriers. There exists a structure cress-
linked via hydrogen bonds enabling the actual chargs
transport. That means the water contained in the membrane

plays an important part in the charge transport: without this




organi c conponent, especially of protonated nitrogen bases into the
cavities of the phyllosilicates which is a crosslinking conponent, when the
"base is provided or. a polyner backbone. Furthernore the selective .
i ncorporation of cations or nmetal hydroxides with SUbS%%W@ﬂkﬂﬁﬁ?%bb?” to
the correspondi ng netal oxides permts to very the Lewis acid properties
and size of the nenbrane cavities in a wde range. Mirreover the

phyll osilicates can be functionalized to interact with ionomers in which

t hey ar edhbletuedl orateri hhkegende tite manybumddhg Pedrom Sceordioyxd to their
functioggl{ggou N PhyllgsiLigatgﬁ (clay. mnerals ha¥e.§gggci%te g@%L%g
proper t i85 7> They® CAHCBF nd=hy dr &€ “RateF U 10 250C ' Th Tt heSe "RRFarT &I°g

et al cations gk metal - oxi;esiean beraddi tionatdy=1MewepoEal;ed chndyei ng
hereby an intrinsic proton conductivity according to the general schene:

Mt( H, O Phosevia9 HacityenesHinpzesk oé, |y héferapody bBeFdbPhReor gani c
reactions,. Y.lzum , K U abe, M Onaka, 1992' \inhe-im . VCH V . 26] .
Pyl | 08P dATEE AR TR Lot &7 At e ST P ed Sy A et S b by BEP A bags

i nterackilQn wddrd hesthasi csospupsaof 1basizg . @alywwy,s Extended Abstracts,

[ Kunst st of f nanokonposite, synposium Von der |nvention zur |nnovation,

Publ i caPi-0R 3&t -t héhSipodiaina diithenFoAdsmefl lewes Gidin ealrtilsddst rip, Wish of
may 1998, logne) .. Due to_thi K one types

phyl | os?PPf&lgtcg“r%gllf?)‘rﬁﬁr%‘o%%*ﬁ 38 ﬁ*a@ggbééﬁisgﬁt ﬁéis'i’zesgp%hl%la%%’t et al.

made 3 sl13&szNewenber -2003 coypwsitesshoem pbBtracitls,opi.t € gnd leads to

pol ypropyl ene, nontnerillonite and pol yam de, and nontnorillonate and

Per spex? FhaPhéicatdmposift e Ot EXRAPFELIVERE PBr §pex e loned Fardtyy

f | ammab e .t h 1 XU it r il gni.t. use t;h :
i ncor po%g?gggﬁhgfl%gi ??)?ariéé:s*rgq gﬁ%ﬁgéggt %Lft %ebﬁérsglg% ?‘géégs, “ormed on
conbustiwobho b entrekskhie gpeasaning nyest sone Bahedzonetbirenprsl arisrt the

obj ect of the present invention. was to proyide conposites which possess a

hi gh i orPRRdELCEFTi VFEEEsFEG™ATY 3RVt Ddn! RbndudBFVAEY) Yand & nul t aneous! y
lim tedy %Eghﬁga'fbggggpn%@&a OpgL al) 00ot GOREE BAhUKE b rane

A # .'
el ectrochem cal cel above 100C. e Invention relates thus to an ion
conducttiyme oiposheesfontaithiang sareracirdi@andios t anperganng basdigndna

phyl |l osilicate, chaéfcterized i.n that the conposition_of the acid-base part
i s cont I TEFTF (HSAPLE 98 REPGHEd &Y TP ST DS I PEAER FQ BBffrained with
99 to Lowight s. Description of the invention (product descri ption)

In the sams manner as menticned above Denton et al. (US‘
65,042,858) prepared compocsites from ion conducting polymers
and porous substrates. A2As silica containing components they
used glass, ceramics or silica. In the examples described
therein the opsrating température was not increased above

go°c.

While -in the direct methancl fuel cell (DMFC) sufficient water
is prasent, methanol crossover through the membrane, however,

- results in a substantizl decrease of power,

If composites of sulfonated polyaryvletheretherketcone membranses
(EP 0574791 B1l) or sulfonated polvethsrsulfone and silica are
prepared, the membrane swells at an cation-exchange capacity

of 1,5 [meg/g] to an extent that 1t is ultimately destroyed.




(a) The acid may be a cation exchange pol ymer (having cation exchange
groups -S@3H, -COCH, -P®H2, wherein the polynmer can be nodified with only
one of the described cation exchange groups or with a blend of the

descri bed cation exchange groups); wherein the polynmer gsaQohentRtoons
cross-linked or covalently cross-linked. The ion exchange capacity in
general is conprised between O, 1 and 12 neq/g, nore preferably between C 3
and 8 nmeq/g, nost preferably between 0,5 and 2 neq/g. Particularly
preferred as backbone are thernoplastics. a 28 Novenber 2003 (b) The acid
car. al s, de:ah:0f 9a8i §£OEHENBKHGRRISE tleWaaeulay &sithel Dn-bacinar gagi c
acid case sul furic and phosphoric acid are particularly preferred. In the
organi c tdd dnamiseeg$ Poarabkdcukievathds st R dmesipdoat £car oéafBoxylic

acids are taken into consideration,,especially a ] O opLg.aci ds and
he. am KOS 1oUHI D OS2 FROPFLBF&euPRoFes SCar b Toacs Why Do 21
ani on- exehaNaePUNES i 4hayEnghanponiexehange tgsoupsi ciNRBs 4 Retbsabkyl

aryl), pyridiniumPyrR+, imdazoliumlnR+, pyrazoliumPyrazR+, triazolium
Tri R+ aRdndtingr compmiienbasiieear shat basandsobrAgA@omit iz E@?joms%r ( R=H,

al kyl, aryl), wherein the pol r.can,be.opditied. w e.of.
describ 3%§k95ﬁ'exéhﬁﬁagaﬁﬁ%n%gg%? %T%%”gg%geﬁé“%F%%%gigg%zfﬁgéﬁgéﬁégn

exchangergmeups) nydmialeidls et Posywesgeant beenenieross> lgheked or
coval ently cross-linked. The ani on exchange capacit%‘herein is preferably
&

bet weenceTrIRGCPS HEG F e titbr ©pres 2redry) bet WeeH8Yakrd 12 S8 ga,CJ_rﬁ)st
pfefefg\ekés peteen £ AN &?g{rg% gL eLsedoas: packbene L Aga A |

t hermopt asStrcs, particularTy p one, polyetheret herket one,

pol ybenmt: pedazel ehanghpalnos iyl gyrd diden fel) fThe:baseldardhe can mregatic or
i norgani ¢ | ow mol ecul ar base. As organic | ow nolecul ar bas? al | guani di ne
derivat¥¥es aPBOoB&Frei cil afAFipridiesf et Feyedhed s dhct PordftLgPERs o' he
acid ang 1he . he, i ; I . fdRE8; 8BLec an be | ow or
hi gh nn?%%U$583§ﬁ9nﬁ¥drgjggg%¥§ﬁ§§?ffﬂgHﬁgﬁifhglﬁgﬁiggégcﬁg?#% there are
ani on exchange groups from(c) as viell as cati.on exchanhge groups from (a).
5 28 Novenber 2003 ( The abovzﬁ&?ntioned aci ds, and bases of (a) to (e)

[ 2 f) T
may be %W%%H%ﬁlihcﬁﬁgscéﬁﬁﬁéiF@ﬁe i NG r3TD tanth&SERBSen. The bl end

can beljgiﬁépgi govalently cross-linked in addition to the ionic
cross- 11 nki ng. %g) If both the acid and the base are | ow nol ecular there is

in addis i ghean cammedidd ety @odyeeraeontapned pA0fhe conposite. (h) The
inorganic active filler is a phyllosilicate based on nontnoriilonite,
snect i tee, Inl tihtes gepicotialbs matyhyorskiees and metal oxides can be

additicnally incorpeorated inducing hereby an intrinsic
prdton conductivity according to the general scheme:

MY (H,0) -> (M-OH) ™VY* + H' [Zeolite, clay and heteropoly
acid in organic reactilons, Y.Izumi, XK.Urabe, M.Onzkz; 1592;
Weinheim, VCHE-Verlag, p.26].

e Phyllosilicates having Lewis acid cavities may intercalate
by acid-base interaction with the basic groups of basic
polymers [Kunststofinanckomposite, symposium: Von der
Invention zur Innovation, Publication at the Sympcsium of
the Fonds of the Chemical Industry, 6 of may 1998 in

Cclogne].

Dus to this property some types of phyvllesilicate/polymer

compesites have been synthesized. Mdhlhaupt et al. made




muscovite, allevardite, anesite, hectorite, talc, fluorhectcrite, saponite,
beidelite, nontronite, stevensite, bentonite; mca, vermculite,
" fluorvermculite, halloysite, fluor containing synthetical talc types or
bl ends of two or nore of the above-nentioned phyllosilifa{8semdd®003
phyll osilicate can be del am nated or pillared. Particularly preferred is
nmontnorillonite. The weight ratio of the phyllosilicate is preferably from
1to 80 % nore preferably from2 to 30 % by weight, npst preferably from5
to 20 %oDeseriyd orroh mhetrardtilenalticz &R pMA LGS PPEaER®  The term "a
phyl losilicate" .i,n _general -8-silicate Jnwhich the. S 44t etraeders
are conﬁ‘@g‘t%én(f%‘r%}t%%-etdef n%‘ﬁ%?%ﬁgi“ﬁﬁ i Ni t%gltdraléatdv%r—#sg. I’I'(It;]éf%rrpigﬁflcal formul a
for thepamris@rxd.s (15 236253 NYompbeisksgl €drayersnalre, |inkeletopeme anot her
by the canons positioned between them which are usually, I\E K, My, A
or/and Gaciomerh&arslyr of 13mdeeler fRg PRy EsiATEAt e B the term "a
del am aated functionalized p | osLI i e S skl peates in
whi ch tﬂgnﬁgﬁgﬁ‘ F%gdﬁ%éé Eggggt“?%r%ﬁgpngﬁg%§§£p§§%$§2g??gﬁ&aftE Egécalled
functi opakirsatisor b «he2& NovEybes 2863sadentec e daysrstihdrkness of such
silicates before delam naticn is preferably 5 to | 00 angstrom nore
preferably 5 to 50 and nost preferably 8 to 20 angstrom To increase the
| ayer dj es r obi satjon).1the phyllosilicates are reacted (before
pr oductel)%ﬁggg ?ﬁe%%n%?;‘%%erg@a%&%ﬁ%ﬁgnto the invention) with so-called
functionalizing hydrophobi sati on agents which are often also called onium
ions orpggbymrsakhss e atd.on et biejpbyl bdskhiecatresarte ireptateadn by
organi c functionalizing hydrophobi sati on agents whereby the desired |ayer
di st ancesswhpchr@epesd CORRIE 18 hd'bECEhROF E8FECE Y& Ut onal i zi ng
mol ecul e_or. pol. yoer ich i.s i.ncor - ,n t hyl l osilicate
car. bé:%%?hggéﬁggy 3%5 E“H'Jb t e¢b§§a§?§§ﬁggé?dﬁg) %ﬁgpexchange of the
netal ionsuteBnbeueorpliete wd pardialng Peef 2itedans peemddan@iret e exchange
of metal ions. The quantity of exchangeabl e petal ions is usually, expressed
as m | |9pehur Al eReMPREG- BE 1 geJoﬁcfp%?‘Fil%?-F?gaF@iiﬁd s A& eT rje@(t " as
i on exchange capacity. Preferred are phyllosilicates having a cation
exchange .

The invention relates thus to an ilon conducting ccmposite

containing an acid and/or an organic base and a
phyllosilicate, characterized in that the composition of the

2

acid-base part is containad with 1 to 99 weight % and the

Q

phyllesilicate is contained with 99 to 1 weight $%.

Description of the invention (product description)

(a2} The acid may b=

a cation exchange poiymer (having cation exchangs groups -S03H,
~COOH, -POsH., wherein the polymer can be modiZied with only
cne of the describad caticn exchange groups or with a blend of
*he described caticn exchange groups); wherein the polymer can
be not cross-linked or covalently cross-linked. The ion
exchange capacity in general is comprised between 0,1 and 12
maq/g, more preferakly between C,3 and 8 meg/g, most
praferably between 0,5 and 2 meq/g. Particularly prefexred as

backbons are thermoplastics.

>




capacity of at least 0,5, preferably 0,8 to 1,3 neq/g. Suitable organic
functionalizing hydrophobi sati on agents are derived from oxoni um ammoni um
phosphoni um and sul foniumions, which nay carry one or nore organic
resi dues. As suitable functionalizing hydrophobisation of
general fornmula | and/or =l are nentioned: 7 28 Nove egg%%aggﬁ%ﬁng\R~
Zn0 Rs Rz | n~ R ~Y~ Zn0 R3 Rz Il Where the substituents have the

foll owing neaning: Rl, R2, R3, R4 are independently from each ot her
hydrogen, a straight chain, branched, saturated or unsaturated hydrocarbon

radical hthel 0400 el erably Lnt0,20rCatomndptd onallsy G LYEAY:al

| east one’'functional group or of the“radicals arelinked with each other,
pref er abkyct o Za heteriopyeiirci ¢ est ddechawi agl5urd cl@ @ attovaphawie acia
preferably having one or nore N qéo : theBLesents p_hgfphorous.lor1 w

ni t r ogeAL2YPREPEESERES 10 oreQul ar FPR PEYRR eSS T to D

pref er lEXeéuE9r3a@@%FZHH%&”EE@"§@lf§Hi&aQEecB¥B%My@¥@ acdlpsrar e
hydroxyl, nitro or sulfo groups, whereas carboxyl or sulfonic acid groups
are espegkahl ynpreternsadie dat idre, saseewayl syl AddhEodinde sand CerdBGA4E aci d
chl ori de %roups are esqgckﬁjhyqpreferred. Suitable anions Z are derived
from pretentael FRefPRY dQds S Sarts cul ar - niPhEFAF °8&Pds, wherein hal ogens
such as chlorine, brom ne, fluorine, iodine, sulfate, sulfonate, phosphate,
phosphonat e, phosphite and carbohyl ate, especially acetate are preferred.
The phyltpsthecates msgdbas starting materials are generally reacted as a

suspensi on. The preferred suspending agent is water, optionally m xed w th
al cohola; @spertakthangs polymer (having anion exchange groups -NR3 .

(R=H, alkyl, aryl),_pYridinium PyrRT, imidazelium ImRY,
pyrazelium PyrazR™, triazolium TriR* and other organic basic
aromatic and/or non-aromatic groups (R=H,‘alkyl, aryl),
wherein the polymer can be modified with only cne of the
described anion exéhange groups or with a blend of the
described aniocn exchange groups) ; whe:ein the polymer can be
non-cross-linked or covalently cross-linked. The anion |
exchange capacity herein is preferably between 1 and 15 meq/q, -
more preferably between 3 énd 12 meg/g, most preferably
between & and 10 meg/g. Preferred as backbone are again all
thermoplastics, particularly polysulfone,

polyetheretherketons, polybenzimidazole and polyvinylpyridine.

(d) The base can be an organic or inorganic low molecular

base. As organic low melecular base all guznidine derivatives

are particularly preferred.

(2) The functional 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 pelymer chain

thers are anion exchange groups from (c) as well as cation

exchange grours from (a).




8 28 Novenber 2003 | ower al cohols having 1 to 3 carbon atons. If the
functionalizing hydrophobi sati on agent is not water-soluble, then a solvent
is preferred in which said agent is soluble. In such cases, this is
especially an aprotic solvent. Further exanples for suspag %;erp,%eag és are
ket ones and hydrocarbons. Usually a suspendi ng agent m scible W|t IS
preferred. On addition of the hydrophobizing agent to the phyII05|I|cate,

i on exchange occurs whereby the phyllosilicate usually precipitates from
the solution. The netal salt resulting as a by-product of the ion exchange
i s pref eFablryawabercsalaihl & s ahaﬁstheah;bdeeph@lﬁ Zed phyl [@sihegadte can
be separated as a crystalline solid, for exanple by filtration. The i on
exchanggél P§Gﬁ§sPPy-hﬁdéﬁ%ﬁﬂ%ﬁ%“qfonﬂﬁﬁemFeacﬁlSﬁHﬁanﬁﬁ*tQEthQ'

Lenper apyreph s pr eber all v ahoye theyerystal] bzaskon pala jof dde:fdium and
bel ow t he boi Il ng "poi rit” tthéreot”. For aqueoﬂs systens the tenperature is

bet weent® and 100€- prefser-dhlnkiet ween 40 and 80C. For a cation and anion
exchange pol yner al kyl anmoni umions are preferred, in particular if as a
functional group additionally a carboxylic acid chloride or sulfonic acid
chloride, 1519r8§€ﬂtth9 EE%S%'I% mlea & The abkyhamaenium ionscan be

obt ai ned’ Vi a" usual met hylati on reagents such as methyl iodide. Suitable
amoni uin | ansiaten oafﬁgaﬂmmdrma@rdb@qﬂ]yrmezaccc@lrstaespecr_al Ity epcefarasdd car e
onega- am nosul foni ¢ aci ds and omegaal kvl am nosul f oni ¢ aci ds.

Onega- anmi nosul foni ¢ acids and onega- al kyl am nosul foni ¢ acids can be

obt ai ne M of usiiad - 5% her al-+aclkds, 1f | en rochleeire acisdd swl furic
acid orgbhogm%orlc_%%%ggogkby%ﬁe?ﬁ%lg?igﬁgﬁgage%¥g guch as nethyl iodide. 0
28 Noverdrerm 003! Al ¢ j oaabcpneber ridd idrevord e ¢ bhke ar e2pyerdiske tend |

| auryl anmoni um ions, . After dro ohi_zi nqh% e |ayer distance of .the-

phyl | o&H3 €< i sa"r%eijﬁﬁgra erifeko If)la‘:ﬁ’gs?‘?bﬁ{ preferably 13 and

90 angsiinQimn thes hydr OPE'QBbﬁ@@eanQefl@%ﬂtﬂf@a'd@r@tﬂr@ﬂﬂﬂtéstteeéfﬂ%ﬂé freed
of water by drying. In general a thus treated phyllosilicate still contains

a resi theed tamtier, content vefmd)CBlWeEthleyQﬁVﬁmle?u—%se@@bhﬂvsﬂﬂiﬁe
hydr op b|ze II05|I|cat an_b ed.in for spen n
%ﬂ%gliy?ﬁg'é re‘fuga)j‘c TressT e 18hds (?f §L;8

suspen h~as romwat er Wlt

nment i OH@C}eOQﬂ/rEQfé a@f&v@%méﬂﬁibﬁéd%@%&%@ilﬁ&oﬁﬂ Ngri® the i nventl on t he
pol ymers, especially preferably the thernoplastic functionalized poI ymers

(i onorremy_@rselametcﬁ t@AT hee sdS pamsnanesf the inyldriGishobi 2@t icularly
phyl | osi Li at es Thlmo C“”}P ?ﬁ dQQEtQS' ng al ready dissolved polyners or the
ponrrerDs SOl Ve e Suspension itself. Preferably the ratio of

t he ph;rhleoanelngeﬁtecsauls:a b;ﬁefv\eee ﬁhamdoﬁul\z\magﬂet is, mfem:eheréb@y betaween 2
and 40 wei ght % and npbst preferably bet and . wei ght. % Process for
pr oducPRg %t hECEENpeE & APeY pr 69BNt FAvE t| ofr ¥c & fitther nore a

procesgrg% erably from 5 to 20 %.

Description of the functionalized phyllcsilicate:

The term "a phyllosilicate" in general means a silicate, in
which the $i0, tetraeders are cennected in two-dimensional
irnfinite networks. (The empirical formula for the anicn is
(S1i-0:°7).). The single layers are linked tTo one another by the
cations positioned ketween them, which are usually Na, X, Mg,

Al or/and Ca in the naturally occurring phyllcsilicates.

By the term "a delaminated functionalizad phyllosilicate” we
understand phvllosilicates in which the layer distances are at

first increased by reaction with so-called functionalisation




produci ng conposite nenbranes. In the foll ow ng process exanples to produce
proton. conducting conposites having high proton conductivity are
described. 1) An am noaryl sul fochloride is dissolved in tetrahydrofuran.
Then a correspondi ng quantity of montnorillonite K10 i spgfdeshbdi®os
nmontnorillonite is proton exchanged and dried. Then stirring for several
hors follows. The time of stirring depends on the nol ecul ar size of the
am noaryl sul fochlarid V. er- the._ratio-qf _the am no
group tc%Q$&F%atlg §8H§ﬁg§ GéSQC|q§C%T%§£ nnntﬁ%rl %o%grg “During the
Stirring4roeesst Lot hesaphrBF gReUR iNntwr dal @tescs Nt omt heoeavictiees rebithe
montrnorillonite. To the suspension sul f ochl ori nat ed polysulfone di ssol ved
in tetrahydht of Urakd i BosheRr4dGEGOIThE i fA0LATGHS deCBont €At ~6FrERES the

t her mopl,astic Xi Ly r p n nj he..
suspensﬁbz'ls : ?f$£ o gﬁ&ﬁr gagége qgﬁl knf{g 5 a% e E %Lglfgrﬁ1or a

gl ass plr@ta@tethe }:ﬁeedeﬁ@yldf:QﬁLitaﬂth OQV&DLQFMO&ilﬂ’QEm&@W@iﬂ@UEG thee
content of nmontrnorillonite is chosen to be between 5 and 10 wei ght o of the

added s&ll’lf‘-’(%mlcﬁfl naft-e‘ahp%@y@éﬂ-i@ﬁe*ua%éoﬁ’ﬁé’ﬁﬂrﬁ @%ﬁfww—m &8t he film
I's peel ?ﬁ dﬁeﬂ on egf“‘%eélé‘@dﬁgh‘ig 4:90" chpdyyﬁmag%ﬁ at 90C.
& sulfoc reac

Her eby ori'de groups aré hydro o sulfonr¢ acid
groups. The resulting nmenbrane is addltlonally cured in water of 80-90C
until hydrochloric acid is no |onger detectable. A_sulfochlorinated

pol ysul FBRe“h&vioig ®% Bep@h gt bepsl peR-PEPEALI AFFURTE T At XSS af t er

hydr ol yfhﬁc’éﬁgﬁa‘iﬁ‘z‘#&jﬁé‘%ﬁoﬁf@é&BM 9&?11& Ll-lequival fa“g?f;g—fcﬁ]gram

Due to t tiona oni‘c acrd groups-from the annoaryl su chl ori de

t he catLageexdhan@@a@axMhlqh|dmm@@s95nrenarkabﬂyodotWQsp@m¢au;iunthe
quantity thereof and is not water-soluble. At the sanme cation exchange
capaci t L@?EFQ§F@éF}Q§HWQﬂﬁﬂQﬁFFﬁﬁy%%}Y%%e ngﬁﬁtéP $61 &5 e. 2) Sulfonated

pol yeth tane C e paci
mlli eqﬁlﬁc\g/glpéﬁggﬁé? gl:ﬁ?rg chl%&gﬂ%dﬁ?n&ﬁgg %gl'gB%% 1c;ﬁl\él-J%et hy pyr ro] i done

(NVP) . Hhedsaoff obkl origeatied farimudhavi ng such a content is not soluble in
THF. Polyneric sulfonic acids and their salts are not or only to a very
smal | extent soluble in THF. To this solution a suspension of

The exchange of the metal icns can be complete or partial.
Preferred is the complete exchange of metal ions. The
guantity of exchangeable metal icns is usually expressed as
milli eguivalent (méq) per 1 g of phyllosilicate and is

referred to as ion exchange capacity.

Preferred are phyllosilicates having a cation exchange

capacity of at least 0,5, preferably 0,8 tc 1,3 meq/g.

Suitable organic functicnalizing hydrcphobisaticn agents are
derived from ecxonium, ammonium, phosphonium and sulfonium

ions, which may carry one or more crganic residues.

As suitable rLﬂctlonal;_lqg hydrophobisation agents those of

general formula I and/cr II are mentioned:




1i 28 Novenber 2003 nmontnorillonite K10, | oaded with an am nosul fonic
acid, in NVF is then added. Herein the sulfonic acid groups are present on
t he surface whereas the am no groups are in the cavities of the
montnorillonite. The conposition of the suspension is agasdhRsefotor a
solid content to be between ¢ and 20 weight O of the polyner content. It
depends on the application. for which the nenbrane is used. The suspension
is processed to a nenbrane as above. The solvent is evaporated in a drying
board at a tenperature between 80C and 150C. The nngrane is peeled off
fromthe glass plate and cured in deiohi zed gnat er r 12 hours at 90C 3)
Sul f ochl or onat ed pol ysulnfone and aninﬂted pQllysul fone are dissolved in THF.
Then 10 meigﬁtR&Qof Rp tnnr%f onite K0 (driyed an i iz Protonated form a
added. The ﬁtﬁge %LQ stérred, degassd@jﬁnd iRy ocessed to a nenbrane as
above. The $ ane ™% jpeel ed off fronhthe gl ass jplate and then cured in
diluted HO at 80C, whereby the sulfochloride group is rehydrolyzed to the
sul fonic acid. Then the nmenbrane is again further treated with deionized
water until all the hydrochloric acid is renbved fromthe nenbrane. It has
now been found that the conposites .elating to the invention have
surprising properties: The conposites have excellent ionic conductivities
even at ur ar. S ;v r n conductivities
of thezggggg %s gggkstfﬁf exce %?%g%nFnEgﬁygbfe gfgﬁﬁggprange due to on
one handlfhgzmaggy EHOEIrRg ipraypsstdest bY fhemcbay“nwmmenﬂﬁydﬂﬂgiﬂbtme

Go0d prigh S EORARBRE P | PEETSTAAA THE HEECRT OFhea8 Cagoas 5 T AT hne.
fuel cellg; in the.above mantioned-1emperajucg pangeatbéds, optionally
carrying at least one functional group or 2 of the radicals
are linked with each other, preferably toc a heterocyclic_
residue having 5 to 10 C atoms, more preferably having one or

more N atcoms.

X represents phosphorcus or nitrogen,
Y repressnts oxygen or sulfur,
n is an integer from 1 to 5, preferably 1 to 3 and

is an anion.

Suitable functional groups are hydroxyl, nitrc or sulfo
groups, whereas carboxyl or sulfonic acid groups are
especially preferrad. In the same way sulfochloride and

carboxylic acid chloride groups are especizlly preferred.

Suitable aniocns Z are derived from proton delivering acids, in
particular mineral acids, wherein halogens such as chlorineg,
bromine, flucrine, icdine, sulfate, sulfonate, phosphate,
phosphonate, phosphite and carboxylate, especially acetate are
preferred. The phyllosilicates used as starting materials are
The preferrsd suspending

agent is water, optionally mixed with alcohels, especially




28 Novenber 2003 Due to the silicates formng cavities the chem cal
mechani cal and thermal stability of conposite nenbranes is significantly

i ncreased, because the pol yner nol ecules and the clay mnerals and
zeolites, respectively, can interact with each other inz%ﬁﬁv&ﬁy%ﬁiﬁﬁ-
Especi al |y ionomer bl ends containi ng basic polyners and base pol yner
conponents may intercalate into the Lewis acid cavities of the silicates
due to the inte ' Jthe ha rups, - wher ansizopi.c cross-|inking
bet ween %%350?%$§£é??igéfég ng ?%é%%asfb(%olyﬁgﬁybhagﬁ ?é formed, which
dependi ng.0F+ i &Ll By shgNhiray obé opH sizndependentt contnobutvengri-ecdiairer ease
in mechanical, chem cal and thermal stability, in particular if the

conposi tid#renbraneseal el GsBISER T4 26t AongInt Htithd oF 98 kal PFnECHEd-Em  Used
in DMFC { he ite anes _relati Lovent i W aedue
nethanofhge$%§gggfééﬁ’gﬁ éagfhféggﬁg P??ﬂ%?%%ﬁab?agg %ﬁgvﬁggﬁragg$g$h§?ein
t he net hanols ey neabi ik syenadnghecpetssalrectiatidne ofandhenfinectwhedsat wil |
by The kind of phyllosilicate / tectosilicate _The mass. ercentage.of t he

si i cat ¥54prlthe 2 TR et edl NACBE BoF alil 6/ 167 Sspacer fotecut sPHof BEGFEs into
the silicate cavitie ; Lhewiknteracti f . e cL &
nenbranéﬁhéﬁiJgnég%ﬁ%%i%%gaﬁga%?fﬁggfﬁgﬁgla %ﬁg'éﬁgqgﬁfgﬁg¥%ﬂ§%$ﬁy%ﬁg ’
per neat € oiplecit a8y herebyr slepeadsbont hbepkiydd cefi ltiheire fumecd 1bpal groups
facing outwards and the kind of the,functional;gr;yps,of t he ﬁerneate

mol ecul &2 FE tedafpl & CTantfi FOstiF#8Rr ¢ A8FATE 3an SGmitno- cHf boky¥i €5 ati d
S coupked Wi dhe e Tunclloflahdeexshangeohoalkaldedienionkes ozss he
bent oni t urface. The second functitnal group is available for the

react i omhaitt hheolhynercserorb f0xd prloy bhot £ Ahspoet cen Sleecaramirans a
processes. 28 Novenber 2003 The nbr anes.accor.ding to the invention
show a §Fﬁéﬁ&ﬁ}%ﬁﬁnﬁﬁ%ﬁﬁifé%ﬁi?ﬁﬁ?ﬁf%ro%yaglégfgg%ogf t he i ononer
menbranes by fungi and bacteria) in conparison to conventional ionomer
menbranes, and this already.at a content of 2-5%of silicate

(mont moEhkl aninl excharidee i morerlyreihhd apendTht s Epeopanty rHeg cdue o the cl ay
mnerals blended with the coggosi;e. It ha§ngeen gnog% %%ybk%pg that clay
mi ner al SSREGTACETEs sANS i MPFoRA Tt 6geht By STFoRgly =58P0 Tg “down t he

m crobi ak-degr adaticarn eshen ald ey delOim didi BeSUWptingl B@illatg this
property of clay mneral's is also shown in nmenbranes which contain clay

m ner al poiDbetherehifs properaguesfuy Hey ToRpostEest aEREFATtHE St & St e S RRht i on
their use_i ane separ.at.i o cess ' er. and waste water
applica@iﬁﬂg ggggéssFﬁﬁggﬁﬁ%ﬂéi%@ﬂﬁ%%ﬁyfét @?wgéigfzing envi ronnent ,
containing e.g. hydroxy radical s and/or hydrogen peroxide. The catalytic
properties of the silicate Lewis acids, fromwhich the clay mnerals

accor di hgrt 8 chAtipAvent Gmise arEdanIarP el €6 he? tEEd3TROThEMCc oiPSs ALEEs
according t0 Lhe ipyentian. . & ﬁgrp%.*i LongrdupSubhionated: 1
polyetﬂgf%f Eikgfogé ?%m%%%é%?ﬂﬂ'déﬁ{gi 70e #ég%?sgolégd wth 5 meight-o
of nmonta@oektbonil eci acBAcHdnd ilds feer codtBrhio achénbhaneide 56 um

t hi ckness after evaporation of the solvent. This nmenbrane.is_put _ipto an
aqueousP TRaF i LBntaR ﬁéfﬂédmlﬁﬁuﬁﬁngi Te% %Jtlf%ﬁ%‘“bwﬁﬁ%g%oasi Gt PFi ed.
The Dbl ank: wi £ houg gﬂﬂw_@&' Lie@ni g 18 rheauidah 9| onizeds apdrayt ackedd=2. a)
Sul fonated polysulfone i n salt formand pol yvinyl pyridine is blended in
such a 3attabidasmhbeibitndencapas oo “Ryidda eepiyal entciEsl per gram of
the tcné%pecially preferred are omega-aminosulfonic acids and omega-
alkylamihosulfonic acids. Cmega-aminosulfonic acics ard
cmega-alkylaminosulfonic acids can be obtained with usual

mineral acids, for example hydrochloric acid, sulfuric acid or
phosphoric acid or by methylaticn reagents such as methyl

icdide.

\o




ie 28 Novenber 2003 bl end. Both polynmers are dissolved in DNAc and
processed to a nenbrane. The specific resistance of this nenbrane 1S 33
[Chmx cnm. b) To an identical blend as in 2.a) additionally 8 wei ght of -
activated nortnorillonite is added and the blend obtain §IN0§ o el ed to a
nmenbrane as in 2.a). The specific resistance is 27,7 [o %n‘f’

Pol ybenzi m dazol e dissolved in DMAc is mxed with 10 melght o of activated
nontnorillonite and as_a blank wi t hout the phyII03|l icate. Either blend is
pr ocesséfd - Foenb? BRES ARE Tt RETOESIUE diides &re Meastdred BYS npedance

spectros ut._t hyl hosi.li ¢a L 84l:@hm-xCcni,
wth the%Rﬁ§ﬂ%ﬁﬁ$?c%?eb§9g [ohn1x c?}41%§Hb£f§E§ ﬁ%@gnﬁgﬁégogg CEZ&NB

| on condﬂtWhﬁgghyﬁk5$ib_canp5|ssngr(g}waqaﬂ3b&ﬂwe¢f3¢&naacldOand/or a
base and (C) a phyllosili gnd/ or tectosilicate, wherein in the case of

usi ng a WWW”tW‘aET:F%t% ahds 6F BaGs -é’r“bup t he conponents (A) and
(B) can be conbi ned, mhereln based the sum of acid and/or base and

phyll osilicate and/or tectosilicate 2 to 99 weight % of acid and/or. base
and 80 Tael weirgimhdbifephyhdiosuhttateadndkear chedtlesilicaee ate Coatdi ned,
characterized in that an acid_and/or a basg is incorp

at.e nto,the
cavi ti eSTof'atRE FRYIAWEINT cat & aRd7 oF Stebt §Pﬁléaﬁgt%§ %?%el%%E%rdlng

to claigihicharactierd zed-ddy fhbai @s-arpebyrent( A tohesr e,ualsgweegl &n i ononer
or a precursor of a i1ononer) wherein the iononer is selected fromthe group

consi stwageof Cak secvari oy ebdmlalm:g@?cpphyherietiaphnr@-@Sdaitllqataax@&fraﬁ@% group
- SO3H, -COOH and/.or__-PQ3H, wherein. the noncross: | i,nked or

coval enfi§Eer 08sEPrRed = aﬁjﬁ%ﬁ??ﬂﬁb&%rlﬁaék68ﬁ888aﬁ“€e%?w?ﬁnﬂ 1561 yher |

aryl mefpeghaknmpehysRr o 20l T azade, wPOLYPYE BROLRBe BRNYRWIM €,
pol yani i ne, polythiophéne or any blend of these; (b) an anion exchange

pol ymerpdilhylmgaaandnb@n zm&m@@mewmﬁcmmlagkym tém-)qvqcswcm ni um

PyrH , imdazolium.l Illun y4 i azZ iy and/ or ot her
or gani ctl'b‘:as?g %ﬁ“%ﬁu Ssg’r‘:fd'/ (??L aerro By g?%%pg %hﬂggﬁﬁg %ar yl.); wherein
the pO'ﬁﬁétﬁ@ﬂaD@z@@”p@&?&@ﬂd n(&eﬁmaﬁe»e@yaée@té&deaoaal ltﬂlée@u&ﬁt@“lwﬁwrel n

t he pol yner backbone can Vi ny ynmer, an _aryl main chain polyne

pol yt hiezotke potiypphakéred @MKA%Q&%N%Sa{ﬁﬁyaﬁfmiﬁecnﬁop?tﬁPBﬁhéﬁénﬁr any
blemj(g ébg§§ cls§§1®Q&e”%%r %9%301 the polymers are dissolved in

the suspension itself. Preferably the ratio of the
phyllosilicates is between 1 and 70 weight %, more preferably
between 2 and 40 weight % and most preferably betwesn 5 and 15

welght %.

Brocess for producing the composite

The present invention concerns furthermeore a process for
producing compcsite membranes. In thes following process
examples to produce proton conducting composites having high

roton conduciivity are described.

1) An amincarylsulfochloride is dissolved in tetrahydrefuran.
Then a corresponding guantity of montmorillenite K10 is added.
The montmorillonite is proton exchanged and dried. Then
stirring for several hours Zcllows. The time of stirring

depends on the molecular size ¢f the aminoarylsulfochloride

10



c) a polymer containing on the polyner chair. both ani on exchange groups
From (a) and cation exchange groups from (b), wherein the polyner backbone
can be a vinyl polymer, an aryl main chain polyner) polythiazole,
pol ypyrazol e, pol ypyrrole, polyaniline, polythiophene .
these; (d) a blend of (a) and (b), wherein each nixingq$%??%y@%%@@8§
reached, wherein the blend can be covalently crass-linked in addition to an
ionic cross-linking arid the po] ymer backbone can _be a vinyl_ polyner, an

2 ol e

aryl mefRCchafnipotymdt ol vt a2 ¥ £°UBoF §phEz 6 ~Pol iyt
pol yani Line.; pol ythicophene, .or~.any bl end, of pt hege; ~wherein the; precusor of
the iononer 1s selected fromthe group consisting of: (a) the precursor of
a cati omhexahangegpolynmem fsaldz la tpod yirero wid COHalk 1eGONR tdre COOR groups
aryl) Hal=F, G, Br, 1) (a2) .a polyner with S |, .50=1 VR, or SO=OR groups
ar=rl, B ERGrEYLOE EoY % —H?mgl PDERKL ST E§§P}Ofé§afe pol yner with
PO~Hm’bof)‘hi%@?&1d9%58@%€@0@h:Iéﬂféﬂﬁﬂfﬁfoanaﬁ¥|th@ﬁléﬁhe@l1 Hhe 1)

0

(R=z, (b) the precursor an ani on exchange polynmer (with the groups -NR
(R=H, addyffgcamiytidepypndghntPyr, tins dazsindplast pgr a2obpbreyiaatetini azol yl
Tri an%{ ot her organic baiLc aromati c .and/ or non-aronaticégroup (H

al kyl , ag£F3¥O%PSGB%50§?P§a cCFr HiMg 't o K1 FH PO 29 chdr SECEFSZ&d i n t hat

the phyldsiy}igatesisqazcenpanent seleet athdd amthemgsoup gf sBentonrickes. 4.
Conposite according to claim3) wherein nontnorillonite is used. 18 28
Novenb8he2 OGS B Conpdsk e Ascervdprgat-eccladi macrort anpeharateeri Zeéd in that

pillared phyllosilicates a used. .6. nposi.te.according to claiml,
char acf&A _i?FtWﬁﬁtTﬂeliiepogﬁlFéaFE%ﬁ?%f%%&ﬁ%%ﬁﬁw%%?egt%Bsf?gn!the
group pkizeel id ess the Conmesi teiaseandirigaie Ll g H:1 £has actentaednin that
clinoptilolite is used. 8. CbnEOS|pe according to any of clains 1 to 7,
char actéiirzé¢ iapabty borhedathealfiand isyperdetalhhn |diertagds are
used. water and cured in 10% hydrochloric acid at 90°C. Hereby the

sulfochloride groups are hydrolyzed and reacted to sulfonic

acid groups. The resulting membrane is additionally cured in

water of 80-30°C until hydrochloric acid is no longer

detectable.

A sulfochlorinated bolysulfone having 0,3 50;C1 groups per
repeating unit corresponds after hydrolysis to a caticn
exchange capacity of 1,0 millieguivalent per gram. Due to the
additional sulfonic acid grcoups from the
aminoarylsulfochloride the cation exchange capacity incresases
remarkably corresponding to the guantity therecf and is not
water-solukle. At the samé cation exchangs capacity

exclusively sulfonated polysulione is water-soluble.

2} Sulfonated polvetheretherketone having a cation exchange
capacity (IEC) of 0.9 millieguivalent per gram is dissolved in
hot (T»>80°C) N-methylpyrrolidone (NMZ). The sulfochlorinated
form having such a content is not soluble in THF. Polymeric
sulfonic acids and their salts are not or cnly to a very small

extent soluble in THF. To this solution a suspension of




9. Conposite according to claim2; characterized in that the basic
conponent contains imdazole, vinylimdazole, pyrrazole., oxazole,
carbazol e, indole, isoindole, dihydrooxazole, isooxazole, thiazole,

benzot hi azol e, isothiazole, benzoim dazole, imdazolidi &Rk
4, 5-di hydropyrazoi e, 1,2, 3-oxadi azol e, furazane, 1,2,3-?ﬁyadﬁgzole
1,2, 4t hi adi azol e, 1,2.3-benzotriazole, 1,2g4-triazole, tetrazole, pyrrole,

| di
s e gRULEAAHAR O, USROS, 0 (SRR pepnisl g0 12 sl

phyl | osiiécakeni saaBAL WD'H':'rleCiﬂi tehe ldul E@ﬁp@sat@aa@cz@uﬂm& 40 ©F akdm2, on
characterized in that as iononers blends (d) are used arid the
phyl | ositheagerfacel i nbpeelkd ithe amigmo 28r<més7émaéﬁ 2003 NE2. CEGb-rﬁ)b%$t@f

accordlr@ﬁ;qmgp m8£1 %8[”% 2 tqh%; gﬂg# cle g qutg%t %Qﬁsgﬁg gplg?§[

i s used, ‘the po yIer ~backbore of Whi S se ed “fro

mai N chadgn ol ymes sn conpr ass@gﬁdh%d‘rﬁjér@wm b@m’p@swagnum tagid Req onatgle: !
Roridge =. R5: 0 ~00,~wn ~ 0 ~3i 20 28 Novenber 2003 13. Conposite

accor di rig 3% Elraipsdymeharaafrenitzed Ith d9R&7%S baki ERBopyRed s Lged o4 he
pol yrer Jackbane. of wbichois. sebected-fyomLhe, g up; of 3Lyl sl ghal n
pol ymer s "accor ?o ctarm 128 ron1 e grooup of hefe oaryl chain
pol ynermc&wﬁunélm dhevéol I_@Wéngoqa@wmlm atdsrated in 2 arymg

board at a temperature between 80°C and 130°C. The membrane

is peeled off from the glass plate and cured in desionized

water for 12 hours at 50°C.

3) Sulfochlorinated polysulfone ahd aminated polysulfone are
disscolved in THF. Then 10 wzight % of montmorillonite KiO
(dried_and in protconated form) is added. The suspension is
stirred, degassed and processed to a membrane.as abocva. The
membrans is peeled off from the glass plate and theﬁ cured in
diluted HCl at B80°C, whereby the sulfochloride g¢roup is
rehydrolyzed to the sulfonic acid. Then the membrane is again
further treated with deionized water until all the '

hydrochleric acid is removed from the membrane. -

It has now been found that the compesites relating to the

invention have surprising properties:

e The composites have excellent ionic conductivities even at
temperatures far beyond 100°C. Especially the proton
conductivities of the compesites are still excellent in this
fLemperature rangse due to cn one hand the water storing
properties ¢f the ¢lay materials and on the other hand the
seli-proton conducting properties of the clay materials.

The good proton conductivities permit the use of these
composites in membrane fuel cells in the above mentioned

Temperature range.

12
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N g 10 11 12 O I NO 13 14. Conposite according to any of clains 1 to 13,
characterized in that in the acid-base blends acidic polymers according to
claim 12 are conbined with basic polynmers according to sd RbiBrserdagdscl ai m
9. 15 lon conducting conposite according to claim11 having thermnal

resi stance up to 4000C. 21 28 Novenber 2003 16. Conposite according to at
| east one of the claing_1 to i5, characterlzed in_that.it.contains organlc

nodi fi ed f%ﬁ%t?%n%T?zé&*ﬁﬁﬂQQﬁﬂﬂq Tat'es entt o © ?eEPOsFtF@éFéé’ 17.
Conposi te accoLdi Ag; t 96l %"1@*%’@ charactery Zed ¢arbbat t bt mepRb-aims alsgani ¢

modi fi ed functionalised phyllTosilicates arid/or tectosilicates having the
generaJ f os igmh Af L candlyr ibkreas a0 @a@ausevﬂ%e~PQhﬁm8N\m2h@CLl€°Rénﬁz RS
R the clay minerals and zeolites, respectively, can Interac
with each other in the cavities. Especially lonomer biends
containing basic polymers and base polymer components may
intercalate into the Lewls acid cavities of the silicates
due to the interaction of the base groups, whereby an ionic
cross-linking betwesn the acidic silicate and the basic
pelymer chain is formed, which depending on the system may

be pH incdependent contributing to an increase in mechanical,

chemical and thermal stability, in particular if the
com;osite membranes are used in a strongly acidic cr
alkaline medium:.

s Usad in DMFC the composite membranes relating to the
invention show a reduced methancl permeability and gas-
through-diffusion across the membrane. Therein the methancl
permeability and the permselactivity of the membrane can be
fine turned at will-by

e The kind bf phyllosilicate / tectosilicate

e The mass percentage of the silicate in thes composite

e Targeted incorpcration 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 con the kind of their functional
groups facing outwards and the kind of the functional groups
of the permeate molecules. For example, an aminosulfenic
acid or an amino carboxylic acid is ccoupled with the amine
furction in exchancge of alkali-bentonite on the bentonite
surface. The second functicnal group 1s available for ths

reaction with peolymers or for proton transport in

electromembrane processes.,

V8]




| 1l and wherein the substituents are characterized in that Rl, R2, R3, R4
i ndeperdently of each other represent hydrogen; a straight chain branched,
saturated or nonsaturated hydrocarbon radical with 1 to 40 C. atons, which
if necessary carries at |least a functional group or 2 i S are
| i nked together) and in which, X represents phosphorusq%%hnl'ﬁ%%é%ﬁhY
represents oxygen or sulphur, nis an in integer nunber froml to 5 and Z

is an aniopn. 18. Conposite _accqrd) tq at. legst; gpe ~he el to 17)
charactériﬁ%% ?ﬁ@?ﬁ%f‘?taﬁggggﬁ“géggéfgﬁgﬁge Eapﬁgﬁtigégn%rﬁged bégkeen 0,1
and 15 nmeqd;rasss€l abed:he the ctetalz Insscafk the thapdshbasrlMeTISENEE a
conposite according to claim1l in fuel cells at tenperatures of, tgg é%OC
to 200C. 20 fkesbfaadcbapssiria ) adtoridig o ¢l af th 1°FH=er-ECfroyrerbrane
separati on pr.ocesses ch di,al ysis, .- df 0Nt ab ySsbSEs0ag separatieon,
pervaporaf??WBr“nii'p%$§tF§§ igﬁf% d??éi 6{3529§ﬁgtﬁ%no filtration as well
as in revefse08sP5i on2ie) Usa ehea iconpesi teerdocordi ngThéschaio@eity 1S
characterized is that they are used as cat kyiic nenbranes:o%pin ne ne
reactors. RE T 0gesscidF FhESPEefalatiorof & tompost teP38E5Fdi ng t 0-¢l ai m
L, characterlzed i), that {h6;0¢gani 160MRARN, ANdnd fea phykbogbtilcat e

e

conponent ard/ or ectosiFicate conponent are brought into contact in a
sol vent 0.ipgpidenad | 3 st vent streagaty tsérpemat woesn ofhé rvbhtrabEato 300C
23. Preparation of a conposite_ accordi.ng to claim], charag%gri%ggtin t-hat

the inorgﬂﬁQ?Qﬁﬁﬁkﬁﬁmte$§eﬁi?ééympfhf Yreasttwo difterent Basic
o i s e DackeayCRIARRANLS 162010 idhoorsh Overblessbar.
which contain clay minerals. Due to this property oI the
ccmpesites zccerding to the invention their use in membrane
separation processes in water and wastz water applications
is possible and also in any other oxidizing environmernt,
containing e.g. hydroxy radicals and/or hydrogen peroxide.
0. The catalytic properties of the zilicate Lewis acids, from
which the clay minerals according to the invention are made,
can also be used in the composites according to the

irventiocn.

Examples for applications

1. Sulfonated polyethefetherketone (sulfenation degree 70%)
is dissolved with 5 weight $ of montmorillonite in DMAC and
knife-coated to a membrans of 50 um thickness after
evaporation of ths solvent. This membrane i1s put into an
aguecus medium contaminated with fungi. No attack by fungi is
identified. The blank without mentmorilleonite 1is heavily

coleonrizaed and attacked.

2. z) Sulfonated polysulfcne in salt ferm and
3 i i I ) 1
polyvinvlpyridine is blended in such a ratio that the final

capacity is 1 miili equivalent (H*7 per gram of the total

}—l
H>
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/NFw/N,O/Nl/NMNlj/N,/Nf/ij/|\|/N&j/ij/|\U/|\|0/|\|/Nj/Mc/?&ﬁ%ﬁ“@%&lf)ﬁc/mc/N
-/ Ni c<O1l4E#"!'g h

AC-}xsnid_ Z]ca]ca]cg%gg%&a]ca%ca]@é]ca]cagéakcakggl%@éxgxgggﬁ;gglgg]ga]ca]

ca] ca] caFEafcal 4] attafca)
Ch|}xsnh%mzygﬂéxﬂfng(gﬂ;EQca&caigaig§$@a]@a]cahcah@&bwﬂxéﬂm@]ca]pa@ma]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7n: <=>DEGHWK {vgl gb] X] ca] ca] ca] ca] ca] ca
]ca]ca]eapma]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caLﬂca]ca]ca]ca]ca]ca]ca]c
a] calU] cal)*@\BCl J$% O" fL

}LsmU]d ?])] ca ]a@a]léla"]"ctal]cc’a‘] T A cal]l ca] ca] &5 ca]aca]yca] caj car] ca cal ca
] ca] ca] ga] ﬁékﬁ%]a%@dcﬁl&aﬂn@@ﬂfﬁl&ﬁiﬁ@/pﬂé +#$67) ziﬁﬁl d1Z] paapea)cre] iajed] ca] ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
J]cal =is processed tc a memdrang &s 1ln spe
"1(1CDoolplttItInnn A
ca]ca]cﬁ?ﬁgf53f53]&5]@arca]%xg]8%] J]Ca]garigf?Lf2Lfggfggfigfggfigfggfa]CfL
, H2RHAH#HH SV &( &9& &UEVEWE] &\ &&&&&&&} xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca
gl colg slaaaslasa o gen o e

d(k Z '
a]ca]ch%h?%g§ggf%a g%f Q{ ca cgfgaZQ% Jé} CQI%Z %L %g gg%%g%@ﬁ%ﬁ:}g:}g
alcal))q9na)pa¥y Iid‘&ilicczt% +, £i%her Llend Xi:sq usfece)xsadcw] Ecapodlrera] cal ca]

oo el el cal sl el e alnled ey oo ol salesl el eal e on el

| cal cal i EaFEar B M‘é%&%ﬁ%%“ﬁ%ﬂ%ﬁf ze%?lﬁ‘%‘zzzzéééEédiiikﬁ%ﬁf%L%‘é‘%ﬁé‘LE?]e}? 7
~7|mwnh@laﬂ]c@écphca]@ahcak@ahcapéancahca]caﬂca]ca]ca]ca]cAa]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal~788888888889 999:

; }xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]cal
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!;;<<<<::*:+:7:8:::A::::
>0>GH>K>L>f >g>>>>>>7???} xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ??;
?<Y?_?p???7??772?77??7 @D @ @B @D @CEECHA @aaaahAAl wr mhe”Y] ] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca]ca] ca] ca] ca] caU]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! AFBGnBBC) CUCVCCCCCDDDDDDDEE
, E- EKEEEUEVEEEEEEE} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! EFF* F+FG-FHFRFSFXFi FqFr
FFFFFdGE GHxHy HHHHH?1 @ 1 JJJgJhJJJ| wr mhc”™Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca! JIJKDKFK|
K} KKKKKK* L5L6LhLi Lt LuLLLLM M MBM MBMCMVMVWN vgl gb] X] ca] ca] ca] ca] ca] ca] cal] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]
ca! NTNUNVNWNNN246 P8 PP
QQ' BQ Q@ QOQRQSATY Qg Qo QRRAQRORR~xsnid_ZU] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] ca] ca] ca] ca] cal] ca] ca] c”a] caU] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
I RRgSr SSSSSSSSSSSSSSTTT/ TOTDTETFTI Tj TKTpTQTTTTT| wr mhc”Y] ca] ca] ca] ca] ca] ca]c

a]J ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca! TUUUUDUEUGUHUYUZU] W\ UUUVWV
VVWVWWIM-X. X1 X3X6X7XPXxXy X} xsni d_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! y XXXXXXYRYSYY
$2%+2Z- Z=2?79Zn¥~2727777Z{ vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a)J ca] c™a] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ZZzZZZ
77777777777[ [<[=[ QA RIAB\1$]18]?1111111}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca!]

ANNNORENN=AL NGANNNNNANNAN A4 5 h | _(Q }xsnid_Z]c]]ca]ca]ca]ca]lca]ca]c
a)J ca] ca] ca] ca] ca] ca] caj ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca! (/79N _“wx T uawaaabb! b#b;

b<bCbDb| wr | gb] X] c] ca] ca] ca] ca] c*a] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Dbbbbbbb™ cqccccecceccececceccecccceccc
cccd

dDd} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] cd]cca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! DdEdsdt dddddddddddddde! e;

e<ei ej er eseueveeeeeeee} xsni d_Z] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca



f H 16#10% & () - SHVS#10% &' () - @#10% & ()-"10% & ()-0910% & () -Z10% & () -
 F109%& ()- !fHL6#10% & ()-s, <7T#109%& ()-fO#10%& ()-*Y% 109 ()- :$10% () -
83% 8 18‘ (1)0‘ 10" G J16#10% & ()-sO| ! 109& ()-d0 ! 109& () - LO#109%& () -
' ()- 1010101 >s109%& () - 7ndEi J16#10% () & 10%: () - 3Y
109& ()-|!109%& ()-|!109%& ()-|! 1090& ()%p#lo%&' 0)-. dvﬁgl%%vfwﬁém% 10
101 >s10%&’ ()-18 109%&' ()-0 109%& ()--"10%& ()-*!10%& () -/ Of { JEYNCL6#10% &
)10% & ()- "10% & ()-#10%f& () - vlo%&' ()-"10% & () -
ML0% & () -=bCLl6#10% & V$109& ()-: nmlO% ()- 10} 10}

10} >s10% & (’*)I*’S" “V$10% & ()-S, V310% & ()-=Q= |11 cDICLE#10
10f >s109%&' ()-14"109%& ()-cli 109& ()-f.#10%& ()-#10%& ()-
ﬁg:’;ﬁg(Nfi ()16! L1 24N <1098 () -) " 109%& () - #109%& () - ZSH10%&' () -" 109%& () -
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)92;3%&()@; f(l;ao}fdf Ea( (BHE_.e! a};g%)/é@)p%f%%;?e?#l#d@WSaf&{or

101 +" 10%":(6)0@-169% d: “*%7‘&"{) }i%%???? T}/é(‘%‘%’ & ?ﬁig% with an
acidic¢ and/or Da51c group the components (4) and (B) can be
combined, wherein based the sum of acid and/or base and
phvllosilicate and/or tectosilicate 1 to 32 weight % of acid
and/or base and BC to 1 weight % of phyllosilicate and/or
tectosilicate are contained, characterized in that an acid
and/oxr a base is incorporatad inte the cavities of the
phyllosilicate and/or tectosilicate.

2. Composite accoxrding to claim 1, characterized in that as a
polymer (&) there is used an icnomer or a precursor of a
ionomer, wnerein the ilonomer is selected £rom the group

consisting of:

(a) a cation exchange pelymer having a cation exchange group
-80,H, -COOH and/oxr -PQH,, wherein the polymer can be non-
cross~linked or covalently crossliinksd and the polymer
‘bpackbone can be a winyl polymer, an aryl main chain
polymer, polythlazole, polypyrazole, polypyrrole,
pelyvaniline, polythiophene or any blend oI thesse;

(h) an anlion exchange peolymer having an anion exchangs group
-NR,” (R=H, alkyl, aryl), pyridinium PyrH, imidazolium
ImR™, pvrazolium PyrazR', triazolium TriR"™ and/er other
organic basic aromatic and/or norn-aromatic groups (H,
alkyl, arvl), wherein the polymer can be non-cross-linked
or covalently crosslinksd and wherein the polvmer backbone
can be a vinvl volymer, an aryl main chain polyvmer,

polvthiazole, polypyrazole, polypyrrole, polyaniline,

polythiophene or any blend of these;
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¢) a polymer containing on the polymsr chain both anion
exchaage groups Ifrom (a) and cation exchangs groups from
(b), wherein the polymer backbone can ke a vinyl polymer,
an aryl main cnain pclymer, polvthiazole, polypyrazole,
polypyrrole, colyaniline, polythiophens or any blend o=

these;

(&) =z blend of (a) and (b). wherein each mixing ratic can be
reacred, wherein the blend can ke covalently cross-linked
in addition to an icnic cross-linking ard the polymer
hackbone can be a vinvl polymer, an aryl main chain
_polymer; polythiazola, polypyrazole, polypyrrole,
polyaniline, pelythiophene or any blend of these;

wherain the brecursor of the ilonomer is selected from the group

consisting of:

(a) the precursor of a cation exchange polymer

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

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

(aZ) Dol“vmer with S0,Hal, SONR, oxr SQ,0R groups (R=H, alkyl,
arvl, Hal=F, <Cl, Bxr, I)

(a3) a polymer with PO Halz, PO, (NR,), oxr PO,(CR}, groups (R=3H,
alkyl, arvl, EHal=rF, Cl, Br, I}

(b} the precursor of an anion exchange polymer (with the
groups -NR, (R=H, alkyl, aryl), pyridvl Pyr, imidazolyl
Im, pyvrazolyl Pyraz, triazolyl Tri and/or other crganic
basic aromatic and/or non-aromatic groups {(H, alkyl,

aryl) .
3. Composite accoxrding to claim 1 or 2, characterized in that
the phyllosilicate is a component selected from the group of

bentonites.

4. Composite according to c¢laim 3, whersin montmorillcnite, is

used.
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5. Composite according to claim 1 or 2, characterized in that

pillared phyvllosilicates are used.

g. Composite according to claim 1, echaracterized in that the

tectosilicate is a component selected from the group of

zeolites.

7. Composite according to claim 6, characterized in that

clinoptilolite is used.

8. Compesite according to any of claims 1 to 7, characterized
in that both natural and synthetical phyllosilicates are used.

9. Composite according to claim 2, characterized ir that the
basic component contains imidazole, vinylimidazole, ﬁyrrazoléq
oxazole, carbazole, indole, iscindole, dihydrooxazole,
isocxazole, thiazole, benzothiazole, iscthiazole,
benzoimidazole, imidazolidine, indazole, 4,5-dihydropyrazole,
1,2,3-oxadiazole, furazane, 1,2,3-thiadiazole, 1,2,4-
thiadiazole, 1,2,3-benzotriazole, 1,2,4-triazole, tetrazolse,
pyrrole, aniline, pyrrolidine or pyrrazole groups.

10. Composite according to claim 2, characterized in that as
ilonomers blends (d) are used and the phvllosilicate is

“montmoxrillonite.

11. Composite according to claim 2, characterized in that as
ionomers blends {d) are used ancd the phyllosilicate is

clinoptilolite.
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12. Composite according to any of claims 2 to 11,
the polymer

characterized in that an acid peolymer iz used,

- ain chain
backbene of wnich is selected from ths group of aryl m

polymers comprising the following composing units:

Raromatic  : Rbridge =
3 Re: \O/
|
Re TN
O
~s"
Ra: R ”
0
\ -~ % RB \S/
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i3 Compesite according to claim 1, charactzerized in that 2
basic polymer is used, the polymer backbona of which 1s
selec-ed from the group of aryl main chain pPOLymars according
o claim 12 or frem the group of hetercaxyl main chalin polymers

comprising the follewing composing units:

& O Y Oow
¢y O O OO

14. Composite according To any of claims 1 to 13,
charactarized in that in the acid-base hlends acidlc pelymers
zaccording to claim 12 are combined with basic polymers

aceording to claim 13 and claim 9.

Ton ceaduncting composite according to claim 1 having

3
thermal resistance up to 40C°C..
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characterized in that it contains organic modified
functionalized phyllesilicates and/or tectosilicates.

17. Composite according to claim 16, characterized in that it
contains organic modified functienalised phyllosilicates and/ox

tectesilicates having the general formula I and/or II:

ne
j n® [ ?1
Ra~ /H1} ne Y. zhe
RS/ \RQJ ‘L 3 2
I II

and wherein the subétituenis are charactefize& in thakt Ri, RZ,

R3, R4 independently of each otker represent hydrogen, a

straight chain branched, saturated or nonsaturated hydroccarbon
. zadical with 1 to 4G C atoms, :which if necessary carries at

least a functional group or 2 of the radicals ‘are linked

together, and in which,

X represents phosphorus or nitrogen,

Y represents oxygen or sulphur,

n is an integer rnumber from 1 to 5 and

Z is an anion.

18. Composite according te at least one of the claims 1 to 17,

characterized in that it has an lon exchange capacity

comprised between 0,1 and 15 meg/g, as related to the total

mass of the composite.

19. Use of a composite according to claim 1 in fuel cells at

temperaturas of from -40°C to 200°C.

20. Use of a composite according to claim 1 in
" (electro)membrans separation processes suqh_as di§lysis,

diffusion dialysis, gas separation, pervapcration,
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perstraction, micro, ultra and nano filtration as well as in

reverse oOSmoOsSis.

21. Use of a composite according to claim 1, characterized in
that they are used as catalytic membranes or in membrane

reacstors.

22. ©Procass for the preparation ¢f a composite according to
claim 1, characterized in that the organic component and the
rhyllosilicate component and/or the tectosilicate component are
brought into contact in a solvent or cptiocnally solvent-free at

temperatures of from —-40°C te 300°C.

23. Preparation of a composite according teo claim 1,
characterized in that the inorganic component is mixed with at

. least twoe different hasic components, wherein the basis-
components can be high or low molecular.
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polymeric kbases, functionalized silicates.




