1200900386 EVONIK GOLDSCHMIDTGmbH, Essen Composite silicone membranes with high
separation action Prior art Silicone membranes are suitable for a multiplicity of sepajati esses.
One advantage of silicone membranes is, in partiCLi]Iar, that they are resistant to a ?mgglggf organic
solvents and therefore can be used largely without problems in solvent-based membrane processes
for example, of organophiicvhaniflitratiGneLa gs 3¢ pamnmon. Gelvent-besed nanoflitration is a
pressure-driven separation process based on membranes, which separates molecules dissolved in
organic solvents on the molecular level. Currently, solvent-resistant membranes are 10 used, in
particulaCamipesibe dilchrstryn pethrenesiwity, thelckepacatsoindiukionand for producing
pharmaceutical active ingredients in the pharmaceutical industry. In addition, silicone membranes are
used for gas separation (GS). Typical gas 15 separation processes are separating off nitrogen from
air, hydrdyjéar @dovery, air drying, processes for resolving hydrocarbons and removing volatile organic
components. Compared with other polymers that are used in gas separation processes, silicone

membranes generally have a significantly higher permeability, but generally have a lower selectivity.
Various SplifieRgoMeh phiarrIdbEgsiditaide pharafomareipkatyintfdSARRIREIQA tRECEARREMg ARG ature

source: |pdvERthden8msinesne’ phefibfitre, K0 PaRBEMPPIAE aselvrbasgsaanaitsation for

which silicone membranes are suitable is hexane recovery in the production of vegetable oils. By using

25membFAiBESH HleFERVET O REka RN TATEIRSRINIME SeEHeIRAPRI% HENS BT aRIE TSt step in
oil produpigo igepit- HdErelione Puragehs cxdametinrothaaitypiew dhateyine preiadnavet witidiexane.
This gives a solution of the. oil in.hexa ebBOW ich is % 0 ﬁrmed miscella. The dissolved oik.contains
p to vl RhER RS braey SRE L2 R B HEME kel VR Py iR
2200900888 dsEA) apa@mentsnsiaitmta neaybatinydna e griatiesn srexelcdésy adiasoiv prbdinicts gbeieof. The

miscella coMPLReS AR AAALP %2l 2BENEXRDS RIMRETRAAESE membranes are
10 used, in particular, in the food industry, petrochemistry, the chemicals industry
and for producing pharmaceutical active ingredients in the pharmaceutical

industry.

In addition, silicone membranes are used for gas separation (GS). Typical gas

15 separation processes are separating off nitrogen from air, hydrogen recovery, air
drying, processes for resolving hydrocarbons and removing volatile organic
components. Compared with other polymers that are used in gas separation
processes, silicone membranes generally have a significantly higher permeability,
but generally have a lower selectivity. Various applications in the field of gas

20 separation are described in detail in the following literature source: Ind. Eng.
Chem. Res., Vol. 41, No. 6, 2002.

One example of a solvent-based nanofiltration for which silicone membranes are
suitable is hexane recovery in the production of vegetable oils. By using
25 membranes in the recovery of hexane, significant amounts of energy may be

saved.

The first step in oil production is oil extraction. During the extraction, the oily raw
materials are admixed with hexane. This gives a solution of the oil in hexane
30 which is also termed miscella. The dissolved oil contains up to over 95% of

triacyl glycerides and, as minor components, phospholipids, free fatty acids



5 for example, by a multistage separation by distillation. This requires a comparative high energy
consumption for vaporizing the hexane. If, in contraast, a membrane is used for sepm ?{é%t least a
majority of the hexane, a considerable amount of efiergy may be saved. 10A probl |9 can occur
in the use of silicone membranes is insufficient long- term stability in hexane-containing systems, and
also the ypR)tesi gernts)laiearofssuksitngasdeatt meoteinse stidfacegragatkenofsiicoaes
composite membranes, also termed composite silicon 15 membranes, in the vegetable oil industry is
well knowhS'R8Search which has taken place in this field is described, for example, in the following
literature reference: Fett. Lipid 98(1996), pp. 10-14, JAOCS 79(2002) pp. 937-942. The relationship

between g ?ﬁ@%%ﬁﬁ%%ﬁ?ﬁ? iSiWe%%‘ééhSt‘f’%U{B “?gg%gl 6‘?|98§1F%’é§{%§e°@ tﬂ%@%’@;?é?g%@é‘igg‘;en;“

soya oil miscella solutions has been escribed In lowing literature references.’in
Sirfacesion: RxpsitRIeheicakPana EbighagsingeRspetizn20ay200izj8iadonA fliftiser eaiines of

SO'Ve”tj%?ﬁ%é}%ﬁRfH”ﬁi@WMW%‘F&E@%W?P@PQ%}%% TR S FHitaplednBHRCIRLE I
separating off homogenéous catalysts, 25 e.g. from hydroformulation reaction mixtures: Elements,
Degussa®ciBREENER_IdferSed, fonossmyatngmi1at d8ast72; MsHP it c@inthixtifxs BEmatathesis:

Recoverygh &ataeiad hefodveiatrsigycaialysis dydanofiltration in an Eco-Friendly Solvent, A.
Keraani, T. Renouard, C. Fischmeister, C. Bruneau, M. Rabiller-Baudry, ChemSusChem 2008, 1, 927,

EP 1817097; from Suzuki 30 coupling reaction mixtures: Solvent-Resistant Nanoflltration of Enlarged

(N1C)Pdiagyeliére antpiexesios &iassGaeplisg Beatitons RiduiracessisViakadyirighBashgk, Katrin
Ebert, H%rbert Pl n'ol.PrganorD?etallics_ZOO 28, 3922 ortfrom telom riz??tion rﬁpaction mixtl]gsre(i
U52000 53B468%P 1Y " AR extrG0E SOV B JaricHs §lent-BA%ed HaRofith Giorn Brieds&ds
(Organicstaeatidlandfitratian @SN histgvere mpthe dtetafare reference: Chem. Soc. 3200900386
Rev., 2008, 37, 365-405. Here, it is also stated that the silicone membranes of the prior art at best
retain 90% of the trig lycerides from a hexane solution at the membrane. The triglycerides described
there areltistingigisiadd biicnolar FRBHOSIHE QD0 1E8%0)a BO e rmedifasarepsitsilisdiaon

membrangs Hiataesaviiable Qa daedBRIksH s Gt amiantaghsil-C RBELEFEIMARNN ThSSilicone

separation layer of their membraries is produced, for example, using the process described in DE

Patent 19809B8la¢etHR fRieelis]dnis stigsrdbashtifeis ghaBmRIRIoNAIVTED (GbRYinkeditsyatid@ation.
The swellisrg @ifke: SP@&Eaﬂ%dWSSi@% /eBbCaiainn IR 93 360 fo its reduced ihergby.

Nevertheless, the membranes swell significantly in hydrophobic media such as, for example,

low-mol&IRHARTGMR n BREMFED aHefsigiiassty ¥ SeqRaitiBnc83fhd HRfenfbr MYatehbPines, in
addition, @rapenehydrephetic ndrebrigadssiortigaifiganbla ascumsdation shydiepheliciamponents
on.the membrane surface, e.g., in a miscellg or during concentrati f pharmaceutical active
Qtectier 5! RSHe BonbEnt RN BB nHRERo E ELET Eoey R VA (1D do eI AERT i dyes.
In the Pakbysikppheatiars biS 20071 00OTA§A R A 204@10820FHP4A1 979 851, 20membranes are
described in which a separating layer is produced by curing silicone acrylates. In this process, silicone

acrylates are used that are solely modified at the chain ends. Indications are also
A further example of solvent-based nanofiltration applications for which silicone

membranes are suitable in principle is separating off homogeneous catalysts,
25 e.g. from hydroformulation reaction mixtures: Elements, Degussa-
ScienceNewsletter, 18, (2007) 30-35, EP-A1-1 931 472; from reaction mixtures
of metathesis: Recovery of Enlarged Olefin Metathesis Catalysts by Nanofiltration
in an Eco-Friendly Solvent, A. Keraani, T. Renouard, C. Fischmeister, C. Bruneau,
M. Rabiller-Baudry, ChemSusChem 2008, 1, 927, EP 1817097; from Suzuki
30 coupling reaction mixtures: Solvent-Resistant Nanofiltration of Enlarged
(NHC)Pd(allyl)Cl Complexes for Cross-Coupling Reactions, Dirk Schoeps,
Volodymyr Sashuk, Katrin Ebert, Herbert Plenio, Organometallics 2009, 28, 3922
or from telomerization reaction mixtures US2009 0032465A1.
An extensive survey of various solvent-based nanofiltration processes (Organic

35 Solvent Nanofiltration, OSN) is given by the literature reference: Chem. Soc.



methods, wherein all methods share the fact that must be evaporated off during production. This is
25solvent vapours must be disposed of. Furthermoge, it has been found that such @[@ﬁ?ﬁﬁ%ﬁ%
selectivity over DE19507584 or other membranes 6t the prior art. Sufficient selecti strial
separation tasks generally only occurs when significantly more than 95% of the components that are to
be retainre\are2etsnay p368-30Hembranat Al prayviousynpantsiicsinieo ne siiepnsranedats-based

b do.not h ffici ti ity f id lications. , . Against thi
packaroda, BAE Bt P 1B Dt oV A Pt bane o EiralH T B
separaternffrableast. 9bbe di-ighpgeoitast skavnioed 26se andadistassumived thanrB80 g/matsesn an

organic s Ola i 4200900386 mass < 200 g/mol, preferably < 150 g/mol, particularly
preferablc)g;éegg Zﬁn%%@r@éles of such solvents are tetrahydrofuran, hexane, heptane, isopropanol,

toRiene, dichloromethane, acetone and ethyl acetate. 5The object was additionally to reduce the high

tendencydQeS R IRk e PER RN KPR ﬁE%?tW@Q@éil%@UﬂP&rﬂ&k& AlIRiNiC

solvents, such as, e.g. hexane and heptane, by suitable crosslinking. The successful reduction of

swelling MefbspairBitio b vERE 8BV aletha 0 $H 90 eeteRPSNBIANe SfRira®dn BidPerties
over timenMemABES @CGRsiNG 4@ thedprieharexdibil, g ihtherderss feradhsspvantigluene to

the intensely-swelling_solvent hexane, a doubling of the molecular exclusion limit (90% retention of a

polystyrefE et oSHe&sbndiRg MYk cRERFERht ISV EHICORGer RAERGSe RIGhtEALHRARMS. This
applies exfigitiyiadso toymeraldiation. 15 meéhighvaleryodaceskacsasdingitn ER &4 lid8dopidiaugh it is
asserted here that a reduced tende cLy t% swellin E%eeg\)})r&duce . The eﬁ mples djsclosed in EP
1 741 a8 1OHB B VR R oR LA iRc Ry daHES TIREFer NEYSHALR A S SRS BRSecds.
_Brief qong'vdeltaﬁigmiﬁiamtwpfii@iemdmpmtmnimemaﬁarted_@ﬁw, :fo_orezweibltg. @NThmdﬁnem ref _the
'”Ve”t"’”v&%iaﬁg'“%ﬂﬁlé’tr?e%‘?”%ﬁ‘ﬁ? Q?ﬁn‘{ﬁ%ﬂé’ldm%‘s%b'c rﬁ%ﬁ IS e, previousiydnows ailicone
membranés 1 favout of hydrophilicity ylncorpgratlng hydrophilic components Into the membrane
polymer.r28Surpaisasglyint rekdibéam fomed thaitysilicpdropinpaisite witinibraedswitich dignéicaetor more
spparating mempLan IRyers Brys AU, SHYARgRURPRBRTIRSR e ranted gf the 4
objectives. The object of the'invention is therefore achieved by silicone composite

miscella or during concentration of pharmaceutical active ingredients or in the

concentration of homogeneous catalyst systems or in the concentration of dyes.

In the Patent Applications US 2007 0007195, EP 1 741 481 and EP 0 979 851,
20 membranes are described in which a separating layer is produced by curing
silicone acrylates. In this process, silicone acrylates are used that are solely
modified at the chain ends. Indications are also given there to production
methods, wherein all methods share the fact that a solvent is also used that
must be evaporated off during production. This is disadvantageous, since the
25 solvent vapours must be disposed of.
Furthermore, it has been found that such membranes do not possess improved
selectivity over DE19507584 or other membranes of the prior art. Sufficient
selectivity for industrial separation tasks generally only occurs when significantly
more than 95% of the components that are to be retained are retained at the
30 membrane. All previously known silicone- or silicone acrylate-based membranes

do not have such a sufficient retention capacity for said applications.

Against this background, the object of the invention was to provide membranes
based on silicones that can separate off at least 95% of components having a

35 molecular mass lower than 800 g/mol from an organic solvent having a molar



30 membranes which have one or more separating membrane layers if at least one separating
membrane layer was produced by curing laterally néaodified silicone acrylates of the%ggéaglégrmula l.
5200900386 R1 R2-Si-0 Si0 Si0 Si0SiR2

mass < 200 g/mol, preferably < 150 g/mol, particularly preferably < 120 g/mol.
Examples of such solvents are tetrahydrofuran, hexane, heptane, isopropanol,

toluene, dichloromethane, acetone and ethyl acetate.

5 The object was additionally to reduce the high tendency to swelling of the
previously known silicone membranes, in particular, e.g., in aliphatic solvents,

such as, e.g. hexane and heptane, by suitable crosslinking.

The successful reduction of swelling in the abovementioned solvents is revealed

10 in the retention of the separation properties over time. Membranes according to
the prior art exhibit, e.g., in the change from the solvent toluene to the
intensely-swelling solvent hexane, a doubling of the molecular exclusion limit
(90% retention of a polystyrene of the corresponding molecular weight MWCO)
under otherwise identical conditions. This applies explicitly also to membranes

15 which are produced according to EP 1741 481, although it is asserted here that a
reduced tendency to swelling has been produced. The examples disclosed in
EP 1 741 481 show that the retention capacity changes, which verifies that
swelling certainly proceeds. Brief consideration is not sufficient here for the
asserted effect = non-swelling.

20
The object of the invention is additionally to decrease the very hydrophobic
properties of the previously known silicone membranes in favour of hydrophilicity

by incorporating hydrophilic components into the membrane polymer.

25 Surprisingly, it has been found that silicon composite membranes which have
one or more separating membrane layers have particularly advantageous

properties in the context of the objectives.

The object of the invention is therefore achieved by silicone composite
30 membranes which have one or more separating membrane layers if at least one
separating membrane layer was produced by curing laterally modified silicone

acrylates of the general Formula I.



R1 R1 aR3 Ra 141 Formula | 5wherein: a = 25-500, preferably 25-300, in particular 30-200, b =
1-25, preferably 1-15, in particular 1-8, ¢ = 0-20, pr;ferably 0-10, in particular 0O, @@ﬁgﬁ %%nt of
one another identical or different alkyl or aryls having 1 to 30 carbon atoms which o{) § ar ether
and/or ester and/or epoxy and/or alcohol functions, preferably identical or different alkyl or aryl radicals
having 1 to 30 carbon atoms, in particular met ylfor Phe vl Rg =T ndependent of one another identical
or different radicals from the &Sp RI, R@ and R ,| R |de ticalfor different organic radicals
which bear one or more acri@atéi2 Bily3 iﬁu ﬁle@%neral Formula Il or I, 9
-cH2cH2cH20cH2cH(OH)CH2- QCCH ﬁ2 Far u@ll 9l- (RHZ) -(0)RYCR62)f-CR6g(R
OCCH=CH2)h Formula llld =0to 12, e =0 oF& 4 = 0-1®, g = 0-2th = 1-3,

Formula I

5 wherein:

a = 25-500, preferably 25-300, in particular 30-200,

b = 1-25, preferably 1-15, in particular 1-8,
c = 0-20, preferably 0-10, in particular O,

10
R! = independent of one another identical or different alkyl or aryls having 1 to
30 carbon atoms which optionally bear ether and/or ester and/or epoxy and/or
alcohol functions, preferably identical or different alkyl or aryl radicals having 1
to 30 carbon atoms, in particular methyl or phenyl,
15
R? = independent of one another identical or different radicals from the group:
R!, R® and R?,
R® = identical or different organic radicals which bear one or more acrylate
20 groups, preferably substituents of the general Formula II or III,
Q
_CH2CH2CH20CH2CH(OH)CHz‘OCCH=CH2
Formula II
25
Q
—(CH2)d(0)e~(CR®,)¢~CR®G(R’OCCH=CHy)n
Formula III
30

d=0to12,e=00r1,f =0-12,g=0-2, h=1-3,



6200900386 wherein: g + h = 3, R6 = independent of one another identical or different alkyl or aryl
radicals S5having 1 to 30 carbon atoms or H, R7 = i%entical or different divalent hydrg&g@@ggé dicals,
preferably -CR62-, in particular -CH2- 10R4 = identical or different polyether radicals, ly
identical or different polyether radicals of the general Formula IV
-(CH2),--0-(CH2CH20)J-(CH2CH(CH3)0)k-(CH2CHR80)1-R9 15Formula IV i = 0-12, preferably 3-7, in
particular 3, | =.0-50, k = 0-50, | = 0-50, 20R8 = identical or different alkyl or aryl radicals having 2-30
carbon afd 'g?H}ef%rZibll‘S/_et yl and phenyl, R9 = identical or different alkyl or aryl radicals having 2-30
carbon atoms, or H or alkanoyl radicals, preferably methyl, H or acetyl. 25 The invention also relates to
compositgsme es produced hy curi ilic o Ja r | that ar ed of a
plurality o Iay_/grlg %%%gréﬁ S?Iaﬁcéﬁae a%%rt%s'l‘. %%%H%é{ig itiig‘:, aitrfﬁgaieﬁge%]l unémtk%a?t\/g ggﬁllgu arly
advantagenindainily 30 gikcone @i@mntsrandd, may be produced if this is performed by curing a mixture
of different silicone acrylates. By means of the selection of the mixture, the properties cutoff limit,
degree of crosslinking and hydrophilicity may be set virtually steplessly in previously unknown ranges.
7200900886-THdeardea! tresdiffrianio e RIRAE hefiecry Bt oFrdictifaoR el ataRl¥rafds thaiave one
or more sRpgkatige negmbrane layers which have been produced by curing a mixture of different

silicone acrylates. Particularly advantageously, the mixture of the different silicone acrylates
5comprises at least the following components:
10 R* = identical or different polyether radicals, preferably identical or different

polyether radicals of the general Formula IV
—(CH2)i~O—(CH2CH,0);~ (CH,CH(CH3)O)x~ (CH,CHR®0),~R®
15 Formula IV

i = 0-12, preferably 3-7, in particular 3,
j = 0-50, k = 0-50, | = 0-50,

20 R® = identical or different alkyl or aryl radicals having 2-30 carbon atoms,

preferably ethyl and phenyl,

R® = identical or different alkyl or aryl radicals having 2-30 carbon atoms, or H or

alkanoyl radicals, preferably methyl, H or acetyl.

25
The invention also relates to composite membranes produced by curing silicone
acrylates of the Formula I that are composed of a plurality of layers of different
silicone acrylates.

30 In addition, it has been found that a particularly advantageous family of silicone

membranes may be produced if this is performed by curing a mixture of different
silicone acrylates. By means of the selection of the mixture, the properties cut-
off limit, degree of crosslinking and hydrophilicity may be set virtually steplessly
in previously unknown ranges.

35



a) one or more silicone acrylates having a silicon content of on average > 29% by weight, preferably
one or more silicone acrylates having a silicon conufnt of on average > 29% by Weig@gbgé%g\?neral
Formula I, in 10particular one or more silicone acrylates having a silicon content of 0 eight of
the general Formula Il whereb=c=0, Si0Si0Si0IlllRIR3hR4a R1SiR2R1

Therefore, these inventions further relate to silicone composite membranes that
have one or more separating membrane layers which have been produced by
curing a mixture of different silicone acrylates.

Particularly advantageously, the mixture of the different silicone acrylates

5 comprises at least the following components:

a) one or more silicone acrylates having a silicon content of on average

> 29% by weight, preferably one or more silicone acrylates having a

silicon content of on average > 29% by weight of the general Formula I, in

10 particular one or more silicone acrylates having a silicon content of > 29%

by weight of the general Formula I whereb = c =0,

R! R! R! ] [Rl ] R!
| | | | |
R?Si-O—Si-OTSI-OT T Si-OT—Si-R?
R! R! R3 J {R“ J R!
a b C
15 Formula I

wherein, for the component a:

a = 25-500, preferably 25-300, in particular 30-200,
20 b = 0-15, preferably 0-8, in particular 0

¢ = 0-20, preferably 0-10, in particular 0

with the proviso that when b = 0, R? = R?,

25 b) one or more silicone acrylates having a silicon content of < 27.5% by
weight, preferably one or more silicone acrylates having a silicon content
of < 27.5% by weight of the general Formula I, in particular one or more
silicone acrylates having a silicon content of < 27.5% by weight of the
general Formula I where ¢ > 3,

30

wherein, for the component b:



15Formula | wherein, for the component a: a = 25-500, preferably 25-300, in particular
30-200, 20b = 0-15, preferably 0-8, in particular O c_= 0-20, preferably 0-10, in partigu| ikh the
proviso that when b = 0, R2 = R3, 25b) one or morg silicone acrylates having a silic%(#]aégs)rq%% of <
27.5% by weight, preferably one or more silicone acrylates having a silicon content of < 27.5% by

weight okthe gereyalgrefaralely, iB-partipalaicenerty pefepdisigne@aylatasdhayvipg @isilieena@ntent of

gzzc)zg%ggg\iejg%?flta? %Intigtlol?olrg)qlﬁarl)gvr i%L aCr> 3, 30 wherein, for the component b:

b = 0-25, preferably 3-10, particularly preferably 3, 4, 5, 6, 7 or 8,
c = 0-20, preferably 0-10, particularly preferably 0 or 1, 2, 3 or 4,
5 with the proviso that when b = 0, R? = R3.

Preferably, the components a) and b) are present in the mixture in a mass ratio
of 10 to 1 to 1 to 10, in particular in the ratio 2 to 8 to 8 to 2.

10 The structural formulae stated are polymers having a molecular weight
distribution. The indices a, b, ¢, j, k and | are therefore mean values and may not

be integral.

The different monomer units of the components stated in the formulae (siloxane
15 chains or polyoxyalkylene chain) can be composed blockwise among one another
having any desired number of blocks and any desired sequence, or be subject to
a statistical distribution. The indices used in the formulae must be considered to

be statistical mean values.

20 The silicon content of the silicone acrylates is influenced by the degree of organic
modification. The more organic ligands are bound to the siloxane backbone, the
lower the silicon content. It has been found that silicone composite membranes
having advantageous properties are obtained when they have a separating layer
which is produced by curing a mixture of different silicone acrylates. In this case,

25 one or more relatively highly modified silicone acrylates having a Si content of
less than 27.5% by weight (component b) are cured as a mixture with one or
more relatively less-modified silicone acrylates having a Si content of > 29% by

weight (component a).

30 The properties of the membranes that are obtained using a mixture of silicone
acrylates according to the invention has advantageous properties, as is shown

hereinafter.

Particularly advantageous properties result if, as component a), silicone acrylates

35 are used that are only modified at the chain ends, what are termed a,w-modified



a = 1-24, preferably 5-20, particularly preferably 10-20, and in particular 10, 11, 12, 13, 14, 15, 16 or
17, in particular b = 0-25, preferably 3-10, particulagly preferably 3, 4,5, 6, 7 or 8, czzqa-?%%ﬁgferably
0-10, particularly preferably 0 or 1, 2, 3 or 4, 5with the proviso that when b = 0, R2 = R3."Preferably,
the components a) and b) are present in the mixture in a mass ratio of 10 to 1 to 1 to 10, in particular

in the ratili2dad tacByiatdsl OTheRititbHal farvaHesgsiated pre metyiaeradeaving & pealect)lagsveight
distribution. The indiﬁt?eiz b, c g Kk artlf | ?ie ﬁherefore m% n values and may not be integral. The
different FR%B%% t e?t'tﬁreag rﬂ?)% 'gﬁ A e Rmutas {“’sﬁﬁ) ane 15 chains or
polyoxyalkylene chain) can be composed blockwise among one another having any desired number of

block . : iofical distribut e i th
formuine O £ SRR SER R e YR SRS R S B hsiich.
acdvylatessishipfaaesedushtias dégrexamrgarid @i disichibne Mhecalor DRpanigigém @sar@tasund to

the siloxapgacKRaAIPe MEnIQVERT iR RIKOR LORGR T 18D RERIRIGHNS MBFSHIGRAG Lomposite

membranes having advantageous properties are obtained when they have a separating layer which is
produced by curing a mixture of different silicone acrylates. In this case, 25 one or more relatively

highly megifigd-siicanm aentiRieBaviees RbveNE&thpllsss Mamdfaiéow M hblcomprRaait b) are

cured as a mixture with one or more relatively less-modified silicone acrylates having a Si content of >
29% by WERIFERVAHBAVES. §Eﬁ"h@rﬁr858i¥r!§§8f B eSRRAB raieS 18P SR BRSIRE R UBRG Y Fnixture
of Gilicongfagiidetes aggedzy to the invention has advantageous properties, as is shown hereinafter.

9200900386 sili . | . In addition, ad ' displayed if,

oy, laterel§ WO B PRI S PP S RS i) % G P M) oBs SUeRR e
exped_ienhﬁtalddla nambgummha@wbamceﬁsgchllas, Exrleaammsjsftﬂmts, stabdiizer_stmmeurs or
organic %%L%@%ioﬁaﬁhesg}%&'ﬁ?e{ NS FlMetion is.not %Osbesﬁﬁg Asi6d cRmprellensivg:  gthe

present inve escribes novel composite membranes which have at’least one separating Tayer that
are prodnesavey epecial Biliowfidteatigates oftaafilkiato noofesiieoireacoylsera e poduchoasof the

CRENPOSIiEMEMDEARESAGFEHING NEIPYABIGY. GHIL!m AL, BR RUBIG S Cap Agsrally

solvent-resistant porous three-dimensional structures which can serve as supporting material such as
nonwoveP3!8P@iiBoflltration or ultraflltration membranes or separators, such as 15battery separators
such as Separion(r) (trade mark of Evonik Degussa GmbH) or

In principle, all structures provided for filtrations and/or phase separations are
suitable which can be modified by the special silicone acrylates according to the

20 invention to form composite membranes.

The invention further relates also to composite membranes that are obtained by
curing the silicone acrylates according to the invention of the Formula I using a
photoinitiator by electromagnetic radiation at a wavelength that is less than
25 800 nm, and/or by electron beams. In particular, the curing proceeds via UV

radiation at wavelengths below 400 nm.

The invention further relates also to the composite membranes containing the
cured silicone acrylates according to Formula I that, as support membranes,

30 have an ultrafiltration membrane.

In particular, the use of mixtures of different silicone acrylates permits the
properties of the membranes to be set in a targeted manner. By setting a
defined mixing ratio it is possible to adapt the membrane to certain requirements

35 and to address special separation problems.



Solupor(r). In principle, all structures provided for filtrations and/or phase separations are suitable
which can be modified by the special silicone acrylates according to the 20inventlo%[g%%r§é§(% posite
membranes. The invention further relates also to composite membranes that are o uring
the silicone acrylates according to the invention of the Formula | using a photoinitiator by
electromagnetic radiation at a wavelength that is less than 25800 nm, and/or by electron beams. In

particular, the. %hégn%c%?% e&ng bﬁ iation at wavelengths below 40@ I e inyention further
relates afsh{o g f) MBrand %&nt%lﬁ]HH] F OleGdINBHE'S Vylgyeas'g %ramglot%eFormula
| that, asa:mmﬂmteaﬁ)mtaem|B£Glbiavﬁbatpltdtiaﬂltrgtmemnbrahmacdnrprbng:udnthmmueemm|xtures of

different silicone acrylates permits the properties of the membranes to be set in a targeted manner. By
setting a defined mixing ratio it is possible to adapt the membrane to certain requirements 35and to

addiress Syeital sppedaits mORYPRIK 1G20090DBEH: E%ﬁ%@l&cﬁﬁ@%rﬁlﬁ]—l 968rs BE@iber of

commergigily, aiaiignie siligene gsrylates thabarg sutakle,ir pradycing RIRDIRARS,agFOT H](? to the
mvenﬂon@ ical products of Evonik Goldschmldt GmbH are TEGO(r) RC 902, TEGO(r) RC 715.

TEGO(r) i Afdthe iy rRods T RRAINESF S8gnhas dRilRoD @R AR RN fiéor XBE@in ends.
TEGO()$26,90¢ W@?'Hﬁwm@n@ FarsexagpleilRb ¥ Ry WRIENERRETEGRFIR G Xdpdias a

silicon fraction of, for example, 32% by weight - these are products that are modified to a

comparaYK?éﬂhﬁ)W ERRSR. 218 PIRIHFSIOAkRT 8l TxREe thdPnaveCnamtah Yel¥i S beXSEBkample,
26906 by \%@@lﬁé ave[alﬁaxwagahiaaﬂihg ﬁmlm%)wggrgg;mﬁﬂ%@WQfg%%(gﬁ@@WMW
compare e Sllicon oxiae an corr

e o e SRR IR S SSRLEL o B2 s SUBROE By LS o R YR Horent
silicone ddghatesrararadeit MeselaxsahStatefallyamdmm PEGDEr! CPea ol TEG@ ca@porEnt b).
The abo"%#%%%%%d %Foggn‘ilcm e % ”@ﬁ@‘qjﬁa‘ﬁﬁf{ﬁdﬁ’ﬁogHﬁb%Q&iﬁ%%“&%&rﬂ%?%”s pupRort

materlals e.g the’basis o on or u ation membranes or s tors As support
material teanpandet lpdvMhahigwixsgras of different silicone acrylates are used, whereas

15 laterally modified polymers correspond to the component b).

The above-described silicone composite membranes are produced by coating of
porous support materials e.g. on the basis of microfiltration or ultrafiltration
membranes or separators. As support material that can be used in this case are
20 in principle all known macro porous materials: K.-V. Peinemann and S. Nunes,
Membrane Technology in the Chemical Industry, Wiley-VCH Verlag GmbH, 2006.
Particularly suitable, as porous support materials are membranes selected from
the group of the following materials: polyacrylonitrile (PAN), polyimide (PI),
polyether ether ketone (PEEK), polyvinylidene fluoride (PVDF), polyamide (PA),
25 polyamide-imide (PAI), polyethersulfone (PES), polybenzimidazole (PBI),
sulphonated polyether ketone (SPEEK), polyethylen (PE), polypropylen (PP), and
also inorganic porous materials and/or ceramic membranes or polymer ceramic
membranes produced using aluminium oxide, titanium dioxide, zirconium
dioxide, silicon oxide and/or titanium nitrite, and also mixtures and/or

30 modifications or composites of the named various support membrane materials.

The above-described silicone composite membranes are suitable for separation
tasks in organic solvents. Depending on the embodiment, they are able to
separate off or retain with a retain fraction rate of at least 90% by weight,

35 preferable > 95 weight percent, more preferable > 98 weight percent and in



20 in principle all known macro porous materials: K.-V. Peinemann and S. Nunes, Membrane
Technology in the Chemical Industry, Wiley-VCH Verlag GmbH, 2006. Particularly ?Lélég;@§ porous
support materials are membranes selected from thje group of the following materials: § onitrile
(PAN), polyimide (PI), polyether ether ketone (PEEK), polyvinylidene fluoride (PVDF), polyamide (PA),
25 polyapudedmigeXBA Wepghteteetsitoor RS awlhsazimidaaeier & Bl nrphnantadigolyether
ketone (SPEEK), pol en (PE), polypropylen %PP , @nd also inorganic parous m ria# and/or
et AT TPt BT O T e v AR St T oat
dioxide, thvaanitif00iogithaptilieord opistian i dy titprefenabtyitenahecales nhaitires andfolecular
30modificati ite ? med various support membrane materials. The
above-de@%|r$i)]r‘)%§d8 éiﬁeg%%reeﬂggmgpﬁi g membranes are suitable for separation tasks in organic solvents.
Dépending on the embodiment, they are able to separate off or retain with a retain fraction rate of at

least 90%byaWB;‘9J{EFc§%ng%?£¥8rFe%5 WRIBBHRRER o MeRR PIRIRIGHKL> % WeigGheetehand in

11200900386 particular >99 weight percent of dissolved molecules having a molecular weight of less

than 2000'8/RRII2RRSIAEEN ditdetuERe Ry HAR o EQITAICRBIgRNSNIE S THAIF 2000 dnalscalsd
particulary-aeeferahh raplecties Naving amaegHIaE gkt Iassidhar B80/0/BroLdnpshapttdcularly

preferred embodiment of the invention, by means of the membranes according to the invention, from

compondtR¥ I BEdRTERAE THAE TR nissSe EAR 309 ALEMN B3R RforgRAIRRAM Ak, RIfis5eoYs of

conponeidsihgvingriviaplecssar masolessibanBieiaimelymsehe searated ofg preferably 19 having

a molar mass < 200 g/mol, particularl preéfefrabl I< 150 1g/mol, nd in _particular < 120 %/mol. Examples

of such rEEHHABR solventd e (& TIfcro r A ERang heptiie, KORBBMB, BERES  dre

dichloronetieng] adatane ahe etimgd, acktaits peefeistpedp@vie otdiapta)e. dEherdesbhatk,

moleculeg %?ﬁr{g gﬁqq&m% g&g&gle Pé?é %E%Sigﬁ%bg?— ilq A Heespective solvent. Therefore, the
rther relates to' th p membral

invention tu e use of the silicone composite ranes according to the invention
e.g. for separating off homogeneous catalyst systems from reaction mixtures, for separating

thglyceriqes AL SRNENSIIKR A BEXARCHRARIBRE HRINANA OleRERIGIPLA0 SARBIBIAGRE

oligomers from monomer solutions, or for separating off (pharmaceutical) active ingredients or
precursof§tReFEYEfr6R| veaktidhaistares sheoineAsioThéURhaitioRpéRitetoateiuifferab ENEse of the

silicone-Ralyapky A RRsERASHE AP FAREWERRBS IR /1GIRHT AU SRPBIAIENG . Of J105epRrREAYSSHRtaly St
systems from reaction mixtures, for separating triglycerides from solvents having a molecular weight of
less thar"HOOGRIGICHST sEFARNiflg oTY SlgdtnerS B RAIABY sBNXBHESor 10 TseSERANRSBA
(pharmaegigliced) idlelév EringTestdnés By PIRC U sersidrseef, fioapteacticstinainblres aicabwienTor
?H%Ereferred soFll_ents u?fd ip these processes are h%drocar ons with 1 to E carbon ?égms, prféerred
ane c?relﬁ’gﬁ HE it150RePE TS mxtlrBY of RS EED. SOHWP eamp?{sit e {'8cc8 ing to
the inventpite ancaseitdidel )i pavicingreidiepusifymprecdostans e esiact ffonexaagtleranfiked rieesparation
paramet<=8r§ SL{S@] gégs temperature, pressure and solvent, molecular weight fractions below fixed
12200900388 ranges may be separated off from solutions in a targeted manner. Under typical system
conditions such as, e.g., 30C, 30 bar pressure (TMP - Trans membrane Pressure), in this manner

moleculagyreightIagiops Adess bR AR eimpl, frelerahly Jrrd Hap S99 Gimale ahip agtticular

less than 300 g/mol, can be
25 membranes for retaining or separating of homogeneous catalyst systems from

reaction mixtures, for separating triglycerides from solvents having a molecular
weight of less than 200 g/mol, for separating off oligomers from monomer
solutions, or for separating off (pharmaceutical) active ingredients or precursors
thereof from reaction mixtures or solutions.

30 Preferred solvents used in these processes are hydrocarbons with 1 to 8 carbon

atoms, preferred hexane or heptane, its isomers or mixtures, or else CO,.

The composite membranes according to the invention are suitable, in particular,
for purifying substances, since, for example at fixed separation parameters such

35 as temperature, pressure and solvent, molecular weight fractions below fixed



5separated off from solutions in n-heptane. Proceeding from a mixture of laterally modified and

terminally a,w-modified silicone acrylates, the mer;]r%rane separation efficiency mayé?&%g%%
targeted manner (within broad limits) for the differerit solvent systems (see in this c 0 Figure 1

or Figure 2). 10 The invention further relates to a process for producing a composite membrane,
wherein aasigRpOFhEEd el coateff \ihalkisiasioreifilicanegatedate=ofiibe. kovaudaysiadlor
mixtures of yarious silicone acrylates, and i%ﬁk},lefe ?grllt!y cured at r temperature

(568 €am 15

b
electromg\é?l radiatioA Enars efSetod v BoR TR LHi aEryI'ﬁ@somFggtﬁ)?gﬂﬁate the
silicone &rsdate@)ixiorehdsoptianaty addetwih ecigh diracawsnbfolas®ldresyst@@0ag/isnol,

conventi nE:4. oati ti-stick coati par. ja r lapelling use -
20 partc D AR e SR bt Edced in
advance senaeastic ot faorisel uBg madans-bepi@nsller system, the silicone acrylate is applied to the

membrane pateriabinaper thickngsses of Gk I AMRIESANhis GWrediRYIA e ARt ed

mechanism by means of UV radiation or electron beam radiation. Further thermal energy is not 25
required STORRAIGHHY¥ AEPFIatl s MR IRMGcBRRBIV HABr PASIHRG INFBRY P S PEABLIBIRFRRHBRT. In the

reaction G fiRR e Silesiese WHaRehartayEsDClRY aidhieqsas iritssepialie ierize

the reaction chamber with nitrogen. 30Examples In the examples described hereinafter, the present
inventiorA7R BEHERCiBEJ 1B ifudiration of the invention, without intending to restrict the invention, the
rapge of application of which results from the entire description and the claims, to the 35embodiments

cited in t% examples. If ranges, eral formulae or c#asses f 13200900386 compound are cited
nereinafkPHELE SHORIEHELIRE Ealee SRy PiRs R iR G SRS PRI S ESMB5aRGS that
are mentonexkixplistypbut asorddrsnbrisgesataad sithgatupa sif cnengdicote velucat@ndfetbbtained
by extraction of,individual values (ranges) or_compounds. If, in th ntext of the 5 ent
descripti(grcl) 'r ouc,!énﬂfen @@r%'iﬁgé : ?ggco%?tgﬁ E'@egre%'#%ﬁgf% b%c{r}ljg%r%gfa%}% C(Iamps)\ie%’%af’rj]et?%y
disclosureuoéth@prresemt hevepeaortUfeirbthe attoxnaf tedipreadiatinveatioipcoptgioosbaath as, e.g.,
ofganically jnadified silicone acrylate are described that can have multiple various monomer units,
these can occur statistically distributed (statistic oligomer) or arranged (block 10 oligomer) in these
compounds. Statements on the number of units in such compounds must be taken to mean statistical

mean vaities, SpoedhacRYRAR Qe srspTRRRdIG canmRAndsriTERausiRRLRE e srmREmes 15

On the basis of ultraflltration membranes available on the market that are made of polyacrylonitrile

obtainabRFFEH VE. GPiEBRPANFBIAT Eh&iRIGE S 6P EE- B8 TR ANEIRN AN AUfigiBided by the

companyféresaloging, Rulizehitky.ceraiitgs Werswpprivtmed withh EEfRE sdiepnaassyiags fsem-Evonik

l[dschmidt. 20 GmbH. The coatings were carried out in layers with a smoqgth-roll applicatio

i ol e RV gttt S R S

coatings preveorirsstonked adal edUw  Edwp nicendnrd wilioges attmgspbey Roedhis plithesslkesuitable

PhotointEor SHENRY fhedhd YpSHEELORS: 1RTdaT 19 HeeTHSRATASRACIRIRAD ROty & 1/200
thicknesses of 0.3-2 micrometres and is cured by a free-radical mechanism by
means of UV radiation or electron beam radiation. Further thermal energy is not

25 required. The silicone acrylate is cured immediately after passing through the
reaction chamber. In the reaction chamber, free radical sites are quenched by
oxygen, for which reason it is essential to inertize the reaction chamber with

nitrogen.
30 Examples

In the examples described hereinafter, the present invention will be described for
illustration of the invention, without intending to restrict the invention, the range
of application of which results from the entire description and the claims, to the

35 embodiments cited in the examples. If ranges, general formulae or classes of



25 on the silicon mass. In this manner, on the basis of said ultraflltration membrane, composite
membranes are generated that have different mixtl% es and layer sequences of co 'gﬁand
component b) corresponding to the silicone acrylates. The following coatings Werenm% aving
different mass fractions of the component a) and component b) in each case based on the total

BOaT]otgmo@ﬁﬁBi%ﬁdae ar?/gatﬂzeao%ér?ewgﬂétﬂ) &ﬁ% gsmaight bh&);rrﬁﬁ%ebl ymigh?crﬂ)/& 2080 byI
weight b), with additional 3% by weight of ingrganic filler ed on the total amount of silicone acrylate;
P S R A S e T A
based oratbe tethlarhcamges sdicdneudgytatpsaraf vwitimopbinuigamibifierszamalsobifl@&dbpyveight
b). 5 Th ! ' | in.th [
ettt EoOn B M AAdRLf A 8 8 8 AR E s 5 TR 2 SREL8 Ao
(CH2)3-PEgent (CR9s)i@iono - @) 0reatH232S -gitate ntth 84 coni eriswdhgite0bmptrienbe)a = 13,

b =5, ¢ F{RIordRed™Lltbletely in the difsePPHUSY Hreuling i Eoimilak 1hSkgantent =
23.8 % per weight The components are produced usma methods according to the prior art, as

describe80fEkAhSREIP S SY2 TGN BP M o0ZUM FHIEN, afic8-HasAigemigadly Fopslifiestive type
of a membiapROHEE RIET &vb ddeRMEaNeweTsHHaddhAt A Brodreast exfdndMedy Qhthe basis of

TEGO(r) RC 902 corresponding to component a). 25 The membranes produced were characterized by

what is tERRES RONRAEHDISFIEHRR Yt YR 6)(FHetiRNCiPHIRPENOTIR TANGES AR is
d_ﬁscribegligﬂraééa)nghe,thb&@ @Wbﬁgﬁlagrasmeiﬁamgl @hMm"ﬁbf&ﬂﬂliﬁﬂ‘ieﬁﬁelﬁﬂtHZW &J@@d -125.
The method is based on measuring the retention of varjous 30styrene oligomers in dependence on
thorr ol R IRPYRIGCHTL 28 G B, (AR AESIER) EHOa 7 REBod8 5o e e To what
extent a dissoblédsuhstaorodimgdompalefded molecular weight may be separated off. In Figure 1 and
Figure 2, the molar mass (Mw) of the dissolved substances, here

Production of the membranes
15
On the basis of ultrafiltration membranes available on the market that are made
of polyacrylonitrile obtainable from, e.g., the company GMT, Rheinfelden or
GE-Osmonics, Vista, USA, distributed by the company Desalogics, Ratzeburg,
coatings were performed with TEGO silicone acrylates from Evonik Goldschmidt
20 GmbH. The coatings were carried out in layers with a smooth-roll application
appliance having 5 rolls. The coatings were performed at a coating weight of 0.6
to 1.5 g/m? The coatings were crosslinked via a UV lamp in an inert nitrogen
atmosphere. For this purpose, a suitable photoinitiator such as, e.g., a
hydroxyketone, is added to the silicone acrylates in an amount of 1/100 based
25 on the silicon mass. In this manner, on the basis of said ultrafiltration
membrane, composite membranes are generated that have different mixtures
and layer sequences of component a) and component b) corresponding to the
silicone acrylates. The following coatings were produced having different mass
fractions of the component a) and component b) in each case based on the total
30 amount of silicone acrylate:
« 90% by weight a) & 10% by weight b);
« 80% by weight a) & 20% by weight b), with additional 3% by weight of

inorganic filler based on the total amount of silicone acrylate;



15200900386 polystyrenes, are plotted against the retention at the membrane studied in each case, in
% by weight, derived from concentrations by mass The stability of the separating | S
determined by determining the MWCO 5curve and]ﬁlle permeability of the membrar%%géﬁé%ang
period in n-heptane. The membranes were tested by means of a cross-flow filtration. The operating
temperature.wagBRChyn o tgttaaprae Bivarsypresgiie b) MRiHa daitidh thesmngiemeigkredsments, a
pressure of 10 bar was .en,‘_: loye .Thg membretn s, 10 wer\(; c?nditioned usir‘% ure olvaflltsgntil a
steady-state flu\RELRhidVetr SRS q%ﬁﬁﬁ R abmggp efit W 'g%ﬁlgc?&ﬂ Efpeaaﬁ\ tite'8HSolvent
and oligostyrenenmdjeaiorfibéter anstedsly-state flux was again achieved, samples of permeate and
feed stream.weiqi%egapmg{b% fraction of styrene oligomer determined by analogy with the
MWCO method. [ and 2 show the results of the retention capacity for polystyrenes having
different molecular weights, and also the solvent fluxes of the silicone acrylate membranes of different
compositieq, BStAeAEHgU isuhepiRneraiE eresHitl Mgy dereriiviabhsnipreriagof the
separating membrane layers can be set in a targeted manner by a mixture of the various TEGO RC
productstherfed eMeRh FaMS eI an excellent separation efficiency, but a low flux, to a membrane
having a high flux, but a lower separation efficiency. In this manner by mixing the various silicone
acrylates, the property profile of the 25membrane may be set in a targeted manner for an application.
It can be(;‘é'é}ﬁ’%ﬁ‘?ﬁﬂfMW@O: el fdl tieTriéntbranfaving the highest fraction of the
coonponent a) of 90% has th@foweggtHejatweartealicH) (0Rsdvghest paeamase, flux. On the other
hand, a membrane that cons%t_s of OO%_% 3 g/omgonent R has virtually no longer any permeate
flux for n-heptane and a very |§ﬁ Eelitior 4 Boits"SHEW of the 20/80 and 30/70 mixtures with
and without fillers show that the properties can be set virtually steplessly. 16200900386 (100% a))
were carg in n-heptane as degscribed abov ter g, furt 11 days of constant operation of the
membranEe(8 géq%i%j gzrﬁ agﬁd 30% in r?(?)(a%ne_, t%’e%/ﬁ/\%g{ te§ﬁ§va§h§1ﬁr‘ﬁed out again. 5The results shown in
Figure 2 demonstrate that th& hrerabhstisugiiordieer cinbdmermonentls a separation limit shifted

sjgpificantly to lower moleculat weights; Lt fggqgvs/grgg}.mgia]@(rked shift of the separation curve of the
prior art

The components are produced using methods according to the prior art, as
described, for example in DE 3920294 C1.

20 As inorganic filler, silica was used.

As a comparative type of a membrane of the prior art, a membrane was studied
that was produced exclusively on the basis of TEGO® RC 902 corresponding to

component a).

25
The membranes produced were characterized by what is termed the molecular
weight cut-off (MWCO) method in n-heptane. The MWCO method is described,
for example, in the following literature: Journal of Membrane Science
291(2007)120-125. The method is based on measuring the retention of various
30 styrene oligomers in dependence on their molecular weight (MWCO curve).

By using the MWCO method, it is possible to estimate to what extent a dissolved
substance having a defined molecular weight may be separated off. In Figure 1

and Figure 2, the molar mass (Mw) of the dissolved substances, here



membrane to higher molecular weights and increase in permeate flux that this 10 membrane is not
stable in heptane. The membrane according to the,invention shows no relevant ch%ﬁbgweate
flux performance and in separation properties as a function of operating time, whiclv e

stability of the membrane in n-heptane. 15 17200900386 Claims: 1.Composite membrane having a

separatingmethsaas, layer plod-ad agpoishgnabrarsvibichtheve anentsraecestapgaratinggaembrane 5
layers, characterized in that at least. one separating membrane layer is produced by curing laterally
oo OB o DA B b LN T G 005 By as8) Feg

The stability of the separating layer was determined by determining the MWCO

5 curve and the permeability of the membrane over a long period in n-heptane.

The membranes were tested by means of a cross-flow filtration. The operating
temperature was 30°C and the transmembrane pressure (TMP) 30 bar. In the
long-term experiments, a pressure of 10 bar was employed. The membranes
10 were conditioned using pure solvents until a steady-state flux was achieved.
Subsequently, the pure solvent was replaced by a mixture of solvent and oligo-
styrene indicator. After a steady-state flux was again achieved, samples of
permeate and feed stream were taken off and the fraction of styrene oligomer
determined by analogy with the MWCO method.
15
Figures 1 and 2 show the results of the retention capacity for polystyrenes
having different molecular weights, and also the solvent fluxes of the silicone

acrylate membranes of different composition. Permeate liquid is n-heptane.

20 The results in Figure 1 verify that the properties of the separating membrane
layers can be set in a targeted manner by a mixture of the various TEGO RC
products from a membrane having an excellent separation efficiency, but a low
flux, to a membrane having a high flux, but a lower separation efficiency. In this
manner by mixing the various silicone acrylates, the property profile of the

25 membrane may be set in a targeted manner for an application.

It can be seen from the MWCO curves that the membrane having the highest
fraction of the component a) of 90% has the lowest relative retention and the
highest permeate flux. On the other hand, a membrane that consists of 100% of
30 component b) has virtually no longer any permeate flux for n-heptane and a very
high retention. The results shown of the 20/80 and 30/70 mixtures with and

without fillers show that the properties can be set virtually steplessly.

The comparison test of the membranes according to the invention having a

35 composition 30% b) & 70% a) with silicone membranes according to the prior art



Si0 Si0 Si0O WR1aR3 R4 141 10 Formula I wherein: 15a = 25-500, b = 1-25, ¢ = 0-20, =
independent of one another identical or different alkyl or aryl 20radicals having 1 tOZ? r atoms
which optionally bear ether and/or ester and/or ep and/or alcohol functions, R2 = Rggéﬁéent of
one another identical or different radicals from the group: RI, R3 and R4, R3 = independent of one
another igemioal 2y) divtere iizerganicuadicalshapieih derr aaseibed ey |argtgrodfirther 11

days of constant operation of the membrane at 10 bar and 30°C in hexane, the

MWCO test was carried out again.

5 The results shown in Figure 2 demonstrate that the membrane according to the

invention has a separation limit shifted significantly to lower molecular weights.

It follows from the marked shift of the separation curve of the prior art
membrane to higher molecular weights and increase in permeate flux that this
10 membrane is not stable in heptane. The membrane according to the invention
shows no relevant change in permeate flux performance and in separation
properties as a function of operating time, which verifies the stability of the

membrane in n-heptane.

15



R4 = identical or different polyether radicals. 2.Composite membrane according to Claim 1,
characterized in that, as substituent R3, use is preferably made of radicals of gener%ggé%% [l or I,
18200900386 9 -cH2cH2cH20CH2CH(OH)CH2-OCCH=CH2 Formula 11 59
-(cH2)d-(0)e-(cR62)f-cR6g(R70ccH.cH2)h Formula lll 10d=0to 12,e=00r1,f=0-12,9g=0-2, h =
1-3, whe@#ings+ h = 3, 15R6 = independent of one another identical or different alkyl or aryl radicals
having 1 to 30 carbon atoms or H, R7 = identical or different divalent hydrocarbon radicals, preferably
-CR62-, in particular -CH2- 20 3.Composite membrane according to either of Claims 1 or 2,
charactetlized in tBatha® sieicah &% irdreermbtey ingseaissapdebingemicah bratiferaytepolgathearadicals

of the general FO%{@@L}/ %ﬁ-é%lai rﬁé(’)-g@i CEI;léQ&é—z(%Hééo(’Z!EECéﬂggg)kg%%lél?aqmra’S%Je-ﬁgljéﬂrénuIa A\

i =0-12, preferab , In particula
5 layers, characterized in that at least one separating membrane layer is

produced by curing laterally modified silicone acrylates of the general

Formula I
R? R? R? ] [ R? ] R?
[ [ [ [ [
R%Si-O—Si-OTSi-OT T Si-OT—Si-R?
R! R? R3 J { R* J R!
a b C
10
Formula I
wherein:
15 a = 25-500,
b =1-25,
c = 0-20,
R! = independent of one another identical or different alkyl or aryl
20 radicals having 1 to 30 carbon atoms which optionally bear ether and/or
ester and/or epoxy and/or alcohol functions,
R? = independent of one another identical or different radicals from the
group: R, R® and R?,
25
R® = independent of one another identical or different organic radicals
which bear one or more acrylate groups,
R* = identical or different polyether radicals.
30

2. Composite membrane according to Claim 1, characterized in that, as
substituent R3, use is preferably made of radicals of general Formula II
or III,



19200900386 R9 = identical or different alkyl or aryl radicals having 2-30 carbon atoms, or H or
alkanoyl radicals, preferably methyl, H or acetyl. Ciguposite membrane according tg@éﬁz%t ge of
Claims 1 to 3, characterized in that this is composéd of a plurality of layers of differéntsi |§
acrylates. Composite membrane according to Claim 4, characterized in that this is composed of a
mixture of different silicone acrylates. Composite membrane according to Claim 5, characterized in
that two different silicone acrylates are used, wherein as compon§nt a) terminally a,w-modified silicone
acrylates are used and as component b) laterally modified silicong acrylates according to the Formula |
are used. Composite membra Elf ngQ&UE@hKQW@!’%%QHﬁ?@Hm that it contains at least
one of the following components: a) one or more silicone acrylates having a silicon content of on
average > 29% by weight of the general Formulal R1 Fz Fz Fz R2-Si-0 01 01 Si R2 01 R1 Ri

Formula II
5
Q
—(CH3)d=(0)e~(CR®;)¢~CR®G(R’OCCH=CHy)n
Formula III
10
d=0to12,e=00r1,f =0-12,g=0-2, h=1-3,
wherein: g + h = 3,
15 R® = independent of one another identical or different alkyl or aryl
radicals having 1 to 30 carbon atoms or H,
R’ = identical or different divalent hydrocarbon radicals, preferably
-CR®,-, in particular -CH,-.
20
3. Composite membrane according to either of Claims 1 or 2, characterized
in that, as radical R* in Formula I, use is made of identical or different
polyether radicals of the general Formula IV
o5 —(CH2)i~O—(CH2CH,0);— (CH,CH(CH3)O)x~ (CH,CHR®0),~R®
Formula IV
i = 0-12, preferably 3-7, in particular 3,
30 j = 0-50, k = 0-50, | = 0-50,

R® = identical or different alkyl or aryl radicals having 2-30 carbon

atoms, preferably ethyl and phenyl,



a R3 Ral41 25Formula | wherein, for the component a: a = 25-500, 30b = 0-15, ¢ = 0-20, with the
proviso that when b = 0, R2 = R3, 20200900386 B,ggone or more silicone acrylates ?@&g&% |con
content of < 27.5% by weight of the general Formuta | 5wherein, for the componen

0-25, ¢ = 0-20, 10with the proviso that when b = 0, R2 = R3. 8.Composite silicone membranes
according to Claim 7, characterized in that the components a) and b) are present in the mixture in a

mass ratio of 10 tQ,1 toltoJ8 ?. ﬁ?f os,éte brane ccor to an O,{"%alm 1to 8,
characterized in that fhegﬁfe 2 a8|:yl t frjecﬁ }ﬂugirnga5y h&t ﬁ‘-ﬁatBP r'gle &55
radiation having ateene)emgth ovhatkas dgssdadara B)p refeaablpmbytblgicttbobeaatyl.

5 4. Composite membrane according to at least one of Claims1 to 3,

characterized in that this is composed of a plurality of layers of different

silicone acrylates.

5. Composite membrane according to Claim 4, characterized in that this is
10 composed of a mixture of different silicone acrylates.
6. Composite membrane according to Claim 5, characterized in that two

different silicone acrylates are used, wherein as component a) terminally
a,0-modified silicone acrylates are used and as component b) laterally

15 modified silicone acrylates according to the Formula I are used.

7. Composite membrane according to Claims 4 or 6, characterized in that it

contains at least one of the following components:

20 a) one or more silicone acrylates having a silicon content of on average

> 29% by weight of the general Formula I

R1 R! Rl w R! w Rl
| | |
R%Si-O—Si-O T Si-OTSi-O1T—Si-R?
R! R! R3 J {R"' J R1
a b C
25 Formula I

wherein, for the component a:

a = 25-500,
30 b = 0-15,
c = 0-20,

with the proviso that when b = 0, R? = R?,



20 10. Composite membrane according to any one of Claims 1 to 9, characterized in that the support
membrane is a solvent persistent porous three-dir:%géﬂsional support structure selec%%;%e group
of nonwovens or micro-filtration membranes or ultrafiltration membranes or 25sepa

Composite membrane according to any one of Claims 1 to 10, characterized in that the porous support
material is selected from the group of the following materials: polyacrylonitrile (PAN), polyimide (PI), 30
polyether ether k one (PEEK vm lidene fluoride (PVD amlde %) olya %e ide
(PAT). polyethersiitor AR5 o ST B BB A I I o D ketoce 2R ),
polyethylen (PE), m,olyprgpyleﬁt(rFEPgemHMraarmmrbus materials and/or ceramic membranes or

polymer ceramic membranes produced using aluminium 35oxide, titanium dioxide, zirconium dioxide,
silicon oxide and/or titanium 21200900386 12. 5 13. 10 1514. 15. 20

5 wherein, for the component b:
a = 1-24,
b = 0-25,
c = 0-20,
10 with the proviso that when b = 0, R? = R®,
8. Composite silicone membranes according to Claim 7, characterized in

that the components a) and b) are present in the mixture in a mass ratio
of 10 to 1 to 1 to 10.
15
9. Composite membrane according to any one of Claims 1 to 8§,
characterized in that the silicone acrylates are cured using a photo-
initiator by electromagnetic radiation having a wavelength which is less
than 800 nm and/or by electron beams.
20
10. Composite membrane according to any one of Claims 1 to 9,
characterized in that the support membrane is a solvent persistent
porous three-dimensional support structure selected from the group of
nonwovens or micro-filtration membranes or ultrafiltration membranes or

25 separators.

11. Composite membrane according to any one of Claims 1 to 10,
characterized in that the porous support material is selected from the
group of the following materials: polyacrylonitrile (PAN), polyimide (PI),

30 polyether ether ketone (PEEK), polyvinylidene fluoride (PVDF), polyamide
(PA), polyamide-imide (PAI), polyethersulfone (PES), polybenzimidazole
(PBI), sulphonated polyether ketone (SPEEK), polyethylen (PE),
polypropylen (PP), or inorganic porous materials and/or ceramic
membranes or polymer ceramic membranes produced using aluminium

35 oxide, titanium dioxide, zirconium dioxide, silicon oxide and/or titanium



16. 25 nitrite, and also mixtures, modifications or composites of the named various support
membrane materials. Use of the composite membrgne according to any one of Claj §l& t(? 1% for
retaining dissolved molecules having a molecular weight of less than 2000 g/mol w t% gl raction
rate of at least 90% by weight. Use according to Claim 12 for retaining or separating off homogeneous
catalyst systems fipAteeagHdn austuneist ioese pavediinia dtigiys e b e esoliopd Sitbeeris hiaringaanadlecular
weight of less than_200 g/mol, for separating off O(E amers from monomer solutions, or for separating
off (pharmaceutic\é r?&%é%&%&i g rs&%mg %’rﬁqgreof from reaction mixtures or solutions. Use
according to Claim 13 characterized in that hydrocarbons with 1 to 8 carbon atoms, its isomers or

ixt | ) ' f Clai ] , terized
i that mbfbcular DR FE oY e M L ey S Gt PO P Bl St epiane
at 36C, 30 bar préssuirtamvinge désfsr peddnudteralesnmpasite mentiesnéascueidigab leskdbaone of

Claims 1 to 11, C%@Gtﬁyﬁﬁq Wimaé Q&gﬂp@;&g@@ﬂt}rﬁ%edﬁ gpfgggtvgigm/g\tdg%&@?ﬁ_silicone acrylate

of the Formula | and/or mixtures of various silicone acrylates, and is subsequently cured by
electromagnetic radiation and/or electron beam radiation.

13. Use according to Claim 12 for retaining or separating off homogeneous
catalyst systems from reaction mixtures, for separating triglycerides

10 from solvents having a molecular weight of less than 200 g/mol, for
separating off oligomers from monomer solutions, or for separating off
(pharmaceutical) active ingredients or precursors thereof from reaction

mixtures or solutions.

15 14. Use according to Claim 13 characterized in that hydrocarbons with 1 to 8

carbon atoms, its isomers or mixtures or else CO, are used as solvent.

15. Use according to any one of Claims 12 to 14, characterized in that
molecular weight fractions of less than 1000 g/mol are separated off

20 from solutions in n-heptane at 30°C, 30 bar pressure.

16. Process for producing a composite membrane according to at least one
of Claims 1 to 11, characterized in that a support membrane is coated
with at least one silicone acrylate of the Formula I and/or mixtures of

25 various silicone acrylates, and is subsequently cured by electromagnetic

radiation and/or electron beam radiation.





