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

25membPABEGH fPfe%Q%”v\&r?%Wﬁ@iﬁr?é?%iHﬁﬁ@%f%ﬁ%ﬁ@ &ﬁ@ﬁet‘@ﬁﬂﬁ%y"ﬁ&"@é{ﬁeaf‘ﬁmérﬁ‘& step in
oil produpiien sepit- Heisretione Murage 1e-codsetiofo thaaityplay snaejiais praliadmaixetliwitidiexane.
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) ap@imentsnstaitmta neaybatydna e graties srexelcdérs adiatoih pb dinicts gaeieof.

solvents on the molecular level. Currently, solvent-resistant 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



The miscella comprises hexane at 70 to 75%. Oil and hexane can be separated, 5 for example, by a

multistage separation by distillation. This requires a?scomparative high energy ConS%Br%g :If%r
vaporizing the hexane. If, in contrast, a membrane f5 used for separating off at leas rﬁ}o 9of the

hexane, a considerable amount of energy may be saved. 10A problem which can occur in the use of
silicone rEmAhrapegiseinsyffistent lon-desohyidtitias in bexnescentdinigsyatains andalsashe
unwanteggaccu ulation of substances on the membrane surface. The use of silicone composite
membra Sr%? 0 termed composite silicon 15 membranes, in the vegetable oil industry is well known.
Research which has taken place in this field is described, for example, in the following literature

reference; Feft, Linid 98(1996). by, 10-14, JAQES 79(2002) pp 937:942, The relationshin hefween the
o hisielia comp 1

surface hy City and'the accumulation or components on membrane surface in soya oil
miscella fylutRyaEhRle bebv 28davtritisid gethedpioaling litbvatsristiditienced:his Cogaidisesda

Surfaces, & BaysiRAC RGN Cehans) FaiRaRTBRoASRACIRBBAAR 2R b Arbrther pasblag!

solvent-based nanoflltration applications for which silicone membranes are suitable in principle is
separatiry BIERYRBREnBoks e tdR/steeRI LT rOM RfdiSRTMalaisadhetidh ke iendents,

DegussagaigiiaiiBIestielntBof 2MHEry 3 BEE-Ad4931 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,

E® 1817093 deenSutiikh 38rc@dling feantiesabityiass SelveainBesitiant Nesufitiatiensid=nlarged
(NHC)P% ally0C1 Complexes fqr Cross-Coypling Reactigns, Dirk Schoeps, Volpdym rSgElEuuk, Katrin
Ebert, HOREE PSA o gdRom SRS 2E000K 05 SHHIL o er AaB OO ARRIFEL
US2009 8682468#¢1on of dubskiemsy®suiveyadvditians solvMaactbased nanoflltration processes
(Organic 35Solvent Nanoflltration, OSN) is given by the literature 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%hef theetrigfly sélitiurefraonapasinerssintivn reshealsombeanedr heomgloséddesiligescribed

there ar%qé?ﬂ'BQHi%L‘%dihme'Qfé?t;‘é‘l%&% 5IPARAUTR, (19 %Wef KRG IRATRIACILIER of G Mas

membranes that are available on the market is GMT Membrantechnik GmbH (Germany). The silicone
separatidak&yetr€Reinnidisbfitldsin FRAMIRA fooExaNRIIRPI8sing tHeepfedevynstvsadureDE
Patent 19efifafietn fBig PLASREDSEoIEIONSHCORINGS AR 6¢dlioopdy 32 CHpsstnked py irgdation.

The swelling of the separation layer in so vent-containing systems is said to be reduced thereby.

NevertheiB &L iR MRt MBS S wEIsigifiRaRly I HRRBBRIHHY nfftfia S0€h 3sCrsPeiatinple Of
low-molegstapaaightisnaikane snii g Adicanty desmpesipmancaisasl ke tesliribnEN e seepdranes, in

ition, are very hydrophohic, which leads fo significant 15 accumulation of hydrophobic components
HBine RSl g1 L e REe] CBFES i F BRaAAceueaFaEave
ingredieritb ysito the ciceieatidtiirg ofdeninggaspects A0dZD8¥3Bams$lor in the concentration of dyes.
In the Patent Applications US 2007 0007195, EP 1 741 481 and EP 0 979 851, 20membranes are

described in which a separating layer is produced by curing silicone acrylates. In this process, silicone
acrylatesfaforiibed gxarameaslklgolvent-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.



modified at the chain ends. Indications are also methods, wherein all methods share the fact that must
be evaporated off during production. This is 2550Iv%nt vapours must be disposed b%gfggg@r ore, it
has been found that such membranes selectivity over DE19507584 or other mem e prior
art. Sufficient selectivity for industrial separation tasks generally only occurs when significantly more
than 95°/RefltheoompeaerasshaoareHeﬁee reﬁ@irmgbaseaﬁaimadtatﬁhesammmhﬁemp%ihesewcusly

known silicone- or SI|ICOI‘] br do npt have such a sufficien retent| capacity

for said ADEEHRAR. BBt AL O Ll FRE S DL T A HES AU MHEmbranee

based omaadmcbmaeehaﬁramrsjalpam:tden‘fcmsleabe%%eﬁacampdrsemtgmahed; by3Emdtdecmassaass lower

than 800 %é} qé solvent having a molar 4200900386 mass < 200 g/mol, preferably <
articllar

150 g/m era ly < 120 g/mol. Examples of such solvents are tetrahydrofuran, hexane,
heéptane, |sopropanol toluene, dichloromethane, acetone and ethyl acetate. 5The object was

add't'°”adi-‘r‘.éorﬁ%ﬁ’HﬁS%Q@&@WQSHEV%%?HW&OEHQF e YOYRLLROQUN SUIGRIADERERRES, In

particular, e.g., in aliphatic solvents, such as, e.g. hexane and heptane, by suitable crosslinking. The

successfM%deéMﬁch@{ﬂ/eﬁﬁ@hH tHeGEFBRMSNtShed SHIGERE iSepREalen 16remeaktdhaln of the

separation graneies %er;%%éé@mh‘iﬁf”eéé?ﬁﬁfé'”%%e@f@fﬁé@@b'aé&rd@dh@rﬁhﬁge from
the solvent toluene to the intensely-swelling solvent hexane, a doubling of the molecular exclusion limit

(90% retBABR ot 2P OySFrer® ofthe chr%%‘fa%dlrlEBﬁ’no‘f’é’&ﬁ&rewéiﬁﬂpWcéﬁ%nagpaﬂaﬁ/{}%e

identical ediiioned Thig amd'tﬁawmlcrﬂuealsw@lmgmbradeé ééwahmrelay@dumd@ﬂoerﬁmg to EP
1741 481, although it is asserted he e th ta reduced 0 sw ha been duced. The
SR 5 R St R e U S Rt

swelling serddindygpiificaadly. Brldimnmdettanommtsuxfhmes,t lieredrathplasdenedeltenilar-
non- swelllr%g%ﬁfo Th%lﬂgjleﬁ% of g}‘e Inye b‘? I(?JE é%ﬁddqlopeallﬁgo f%eﬁrl(% & the the Very. QE dlpghoblﬂpropertles
a a

of the previo yknown Siidoné merbtanes in favour of Rydrophi by Incorporating hydrophlllc
componengnivittathesmembeaaltitisalymte  very hydrophoblc WhICh leads to significant

15 accumulation of hydrophobic components on the membrane surface, e.g., in a
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



25Surprisingly, it has been found that silicon composite membranes which have one or more

separating membrane layers have particularly advaftageous properties in the cont
objectives. The object of the invention is therefore achieved by silicone composite

P SIE T

which have one or more separating membrane layers if at least one separating membrane layer was

produceariyssudrzplatgy eyl modifie sijcene sTry/ates, ob sheweaatabreferals. <5200090386.
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xamples of such solvents are tetrahydrofuran, hexane, heptane, isopropanol,

toluene, dichloromethane, acetone and ethyl acetate.

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
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
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.

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.

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
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



Si0 Si0SiR2R1R1aR3 Ral41 Formula | 5wherein: a = 25-500, preferably 25-300, in particular
30-200, b = 1-25, preferably 1-15, in particular 1-8, ¢ = 0-20, preferably 0-10, in parrgtg@?}éé) =
independent of one another identical or different alkyl or aryls having 1 to 30 carbo ?(ﬁﬁ’ich
optionally bear ether and/or ester and/or epoxy and/or alcohol functions, preferably identical or
different alkyl or aryl radicals havjng 1 tp 30 carbén gtoms, in par cular {nethyl or phenyl, R2 =
independent of one another idefical or|different afficals froM the|grofp: RI, R3 and R4, R3 =
identical or different organicRﬁdfd:aQ iéhi 152 j oD ' $b¢i6ups, preferably
substituents of the general Forrpdla 1l of |19 - (OHYTH2-OCCH=CH2

o

2RA2cH20¢42¢

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,



Formula Il 7 9 -(cH2)d-(0)e-(CR62)f-CR6g(R OCCH= CH2)h Formulallld=0to12,e=0o0r1,f=
0-12, g =0-2, h = 1-3, 6200900386 wherein: g + h = R6 = independent of on 16 édentlcal
or different alkyl or aryl radicals 5having 1 to 30 cal%on atoms or H, R7 = identical gom § divalent
hydrocarbon radicals, preferably -CR62-, in particular -CH2- 10R4 = identical or different polyether
radicals, preferably identical or different polyether radicals of the general Formula IV

-(CH2), --Oé_{CHZCHZO)\?1 (Q?OZCH(CHS)O)k-(CHZCHR80)1-R9 15Formula IV i = 0-12, preferably 3-7, in
particula ﬁ 'B:58, & | = 0-50, 20R8 = identical or different alkyl or aryl radicals having 2-30
carbon atoms, preferably ethyl and phenyl R9 = identical or different alkyl or aryl radicals having 2-30

carbon ajams, ‘? H@rgto%ﬁ G813 Rie] rfaPJXrﬁP% Yot 8@‘%?83({) ﬁﬁif‘%m‘é‘? fio giggitelates to

composite mem es produced by curing s icone acrylates 0 hat a e composed of a
plérality @ﬁmmﬁdmﬁfé@ﬂbgﬂmqndﬂes 30In addition, it has been found that a particularly
advantageous family of silicone

R’ = identical or different divalent hydrocarbon radicals, preferably -CR®-, in

particular -CH,-

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



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 cutoff limit, degree of crosslinl%g%%}&?t|
hydrophilicity may be set virtually steplessly in prev?ously unknown ranges. 72009 %?efore
these inventions further relate to silicone composite membranes that have one or more separating

membrarrmme/yfﬂnhsl@améﬂaa msoieiedryetaténtpasinibduee b wiffestet Alizppeaacrylates.
Particularly advanta eous the mix ure of the ifferegt silicone agg? ylates 5comprises, at least the

following rﬁp%ﬂgn S 33 e Orfote HidbhE" 6%}?& g\f]eﬁn\gbi %oR?e (H"gﬂ agé > 29%
by Weightupnetj,eaam;b(mleemfrdcﬁfemhrtmibcau@rlatsslbwmg a silicon content of on average > 29% by

nelon ol g TmB L adyarlerue s lcoRpebnle oA e conen

RD comprlses 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

10

15

20

25

30

35
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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, particularly preferably 3, 4, 5, 6, 7 or 8,

c = 0-20, preferably 0-10, particularly preferably 0 or 1, 2, 3 or 4,

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

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.

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
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.

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,
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).

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

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



¢ = 0-20, preferably 0-10, in particular O with the proviso that when b = 0, R2 = R3, 25b) one or more
silicone acrylates having a silicon content of < 27.5% by weight, preferably one or r%%%?ﬁgg%e
acrylates having a silicon content of < 27.5% by weight of the general Formula |, in ne or
more silicone acrylates having a silicon content of < 27.5% by weight of the general Formula | where ¢

> 3, 30 vdikceime feickyeatesponeatditida009a038 g colidpiypéetaldly ard0dpaytisrdarlyfpraterably
10-20, and in particular 10, 11, 12, 13, 14, 15 16 or 17, in particular b = 0-25, preferably 3-10,
particulat g ISR b, 1PEE N BPSEY SO NSRRI Fe e uiary preferably 0 or 1. 2, 3 o
4, 5with the proviso that when b = 0, R2 = R3. Preferably, the components a) and b) are present in the
mixture in a S rati ] [ rti i atiQ 2 t tryctural
formuinelSang aed g he Aecr pefiichel IEGH R RREITE fRid o BB
théreforestiestanedsesumhdanafatoe ey réillarse sitibibperaoconerutitsubiRicaefbaEss stated

in the forpauiRe (RkARE FRCOALIN SFRAYCRY ALY IS 6 BaHYI GBI RS EATBPEREH dREKWISE 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. 20The

silicor! CQ"H@’E@%SWQ@HE&WM@@%%&”HH@BPQQ@Eé@&@%éﬁ@b}&ﬁ&aﬂ}ﬁiHPPPlEK‘P@tB?c”I-e'EB? more
organic ligands are bound to the siloxane backbone, the lower the silicon content. It has been found

that silicHE STRAGRHE Mg dhes REGIRGCAHAE AR SRS PR piles e R KAt Re PvRe M KEY Rave a
separating kiyesmdigtriggreaguced by curing a mixture of different silicone acrylates. In this case, 25

one or more relatjvely highly modified silicone acrylates having a Si content of less than 27.5% by
veiont (AT B B TP T B PGS TGRSR SR e
acrylateshatenigla Siasontrtisiftec?9eé byareeighe fevaiyonsntanBoEhistarmipe piesoasttheéhmesabranes

that are %F?ﬁ%%%%%l‘%i#@& §s0f®\‘4%%”ec%‘%{y'%§r§/8cca°§ digg I8 PEHEVeRIags adyantageous
properties, as IS shown hereinafter.

nonwovens or microfiltration or ultrafiltration membranes or separators, such as
15 battery separators such as Separion® (trade mark of Evonik Degussa GmbH) or

Solupor®.

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.



9200900386 silicone acrylates. In addition, advantageous properties are displayed if, as component
b), laterally modified silicone acrylates are used. i@ addition to the silicone acrylat %5@1 l%
expedient to add a number of other 5substances such as, for example, fillers, stabi q % rs or
organic acrylates to the mixture. This enumeration is not to be considered comprehensive. The
present invention describes novel composite membranes which have at least one separating layer that

are prod ced silic or a mixture 100t silicone acry|ates. For production of the
oS RS ER Aer CiB h R no LT1E551c AR Ot AT 5t aly
solvent-resistiate pdhaisatte eertiabEn o @aicst iaing es evhinta cas secoedis s upibriimyveratiemal such as
nonwovens or microflltration or ultraflltration membranes or separators, such as 15battery separators

such as Separion(r) (trade mark of Evonik Degussa GmbH) or Solupor(r).  In principle, all structures
prbvided Fypitierativies uatiopphBrenikpratitseh aris suGaple-wiich 3" MBEIfiS8 By fFiéQ@@mal

silicone aaryIpfes qeEeaAiingdodhs %%V‘?E&f't%@rﬂﬁoﬁ?ﬂoﬁﬁéép%iym WRRCIEGLgR {Hrther

relates also to composite membranes that are obtained by curing the silicone acrylates according to

the inveroN §ias @ 5h0 RAIDSAG R PRSESINitREP By didstrorikepfEAeiivaieh A0h vaRlgth that
is less th@ﬂo%%?%g;gr@%@fﬁ@d@wmrﬁés lp BAvtisH IR che s WingdPresarsisiviasty, ragiation at
ow

wavelengths be 0 nm. The invention further relates also to the composite membranes

containing & EuredN§fR oRfee aRFPAHE S RGNS taMasiiemh 1anar SR RATEN herttasseRbhave an
ultvaflitratieteraeip bratafid pﬂf@ﬁal‘%stﬂﬁaluﬂﬁaﬁfelmﬁur@@rﬂf@ﬁﬂ&ﬂbﬂ|Iﬂﬂﬂé>@ﬁdb@é(?52ﬂ%mﬁ,‘5 the

properties Ogﬂi% emr[l%ranes f? ﬁ t manner. settln Zeflned mix £ |t is

possible Y6"5I4pf the® 8rﬁBPa{ ‘8c il F5HbRe é’ﬁ%aﬁé%ﬁ %088 %E%b?& '§ep‘%ﬁ? tionY

problemsigh compared to the silicon oxide backbone. TEGO® RC 902 and TEGO® RC 715
correspond, for example, to the linear chain-end-modified polymers of the
component a) when mixtures 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



10200900386 Evonik Goldschmidt GmbH offers a number of commercially available silicone acrylates
that are suitable for producing membranes accordi %to the invention. 5Typical pro%@gﬁ onik
Goldschmidt GmbH are TEGO(r) RC 902, TEGO(r;‘1 C 715. TEGO(r) RC 902 and r 715

are linear polymers which are only modified at the chain ends. TEGO(r) RC 902 has a silicon fraction

of, for exparpieui34% b9 weighitapert&t Qff JdREolEdh Asoresilinan Hepatianpioleexsampiaigrto by

ight - t ts that ified t ly | tent. 10 Laterall dified
ciovaneSlrEER AT SN Aer o PSP ERARISIE et B WA reTaidoh SR8, PhiSRaction o
organic dibwapoh&03/gybHunes, isaethtivetyibidgarop nprafe datol yhersilieonl exidebaukbenendEGCHr) RC
902 and %?g&(@ﬁ&gjﬁﬁ&g%ﬁﬁpﬁﬂ%&or example, to the linear chain-end-modified polymers of the

component &) when mixtures of different silicone acrylates are used, whereas 15laterally modified
pdlymers correspond to the component b). The above-described silicone composite membranes are

produceqd by £ogURG- Al YO SHRP BRIBHAIRS o8 the dafis ShHIRIOTHIatign-fysulsafijation

membranes or separators. As support material that can be used in this case are 20 in principle all
known nRGE BEOES MEterdiRI KOl R¥ATRERNArHCS) NORRRONRSHD R EiffFEERKDIBYRIGAU R

Chemicah{pessirntier/ Gidsvrias AmhH o298k sbligairasuiaile 2/ e UspHpPRENRAterials

are membranes selected from the group of the following materials: polyacrylonitrile (PAN), polyimide
(P1), poly2EN L RMRESHE (PERFS, IpaR IMARAR MBIRIeTBYRS), S5asRiRfk pPaprotsrably
E_t.ﬂb/ami(deaw@ed%&hf%bee)smo{wgﬁ%?)peedld)mazldiynilﬂ@f@l%l(ulRBl%, s@phgnaisd e?tyeﬂ&?r
etone (SPEEK), polyethy, PE), polypr en (PP), also inorganic pprous materials and/or
coramic RN bs 5 pekgher SLTShe hSHBRIRSS 1iba St s AR R SEIARE il
dioxide, tet@hyvdraofioxahe, sHiexwanasiddaptioetitaisopropaite| andodlsng)ixtdieslanoiioethane,
30modificati 0 it e [ r ane materials. The
above-dés%cgr?geﬁg éﬁgcr)]%%ﬁﬂ)r%%pegéi%’rﬁgérﬁgléﬁgé’s%%%azﬂ%ﬁglé I'(fl;g)ertgs.ﬁ%Zaration tasks in organic solvents.
Depending on the embodiment, they are able to separate off or retain with a retain fraction rate of at

Iqast 90% by WelglilePRBIEEAS 27 el ApTesht QP%dﬂEeléﬁfé?'ﬁwét9§r\é’9§8h}5?8rﬁ‘?%%”d in

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

than ZOOlﬁgﬁﬁéﬁYﬁ'eﬁé’ﬂé{BWﬁma;lé%[ﬁé%rﬁa\ﬁh@ dﬂﬁ@l@é@ﬂhrfWéw Felakgeshh l'@f@ouéﬁnéf ahe
particulagy;splerabiy sBeles HesheMing & seelaiing weiah oflRsiban 90 imelp SR Aasticularly

preferred embodiment of the invention, by means of the membranes accordin%ég the invention, from

compondREVEEREANY meAkalel masdEfat HRMisSEREIOR afmBr§HrS sollint, SRR48F GGy, of
componefhigleyingea melecwaaass lags hign $gfvoliepydir satiaiel off, aceteibdlyrdP having

| 200 g/mol, particularly preferably < 150 g/mol. and in particular < 120 g/mol. |
A uch (ECRRGEHE Gol et JAP By AP FREIS, KA S0 fopaon, TRAREM O+

dichloronjetizanes caeticad) autieth yh quadideat prefgradde rsexantd erdufpicom. reaction mixtures

or solutions.

The invention relates also further to a use of the silicone-polyacrylate composite
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



15The dissolved molecules can in principle be all molecules that are soluble in the respective solvent.

Therefore, the invention further relates to the use cicféhe silicone composite membmgg)%%ging to

the invention e.g. for separating off homogeneous Catalyst systems from reaction t :

separating triglycerides from solvents like e.g. hexane, heptane, ethanol or acetone, for 20 separating

off oligorpeng&omhayo bemsepaeittansfiof-irhseparating pff{ aayuaas utiaah active igregdisoss or

precursors thereof fr%rg reaction mixtures or. %Q)ltlrti ..Ihe invention ﬁ}ﬁ,tes Iso further to a use of the
[

silicone-ﬁg &ﬂ/l‘é?g 'i%%sﬁ{‘éc ??hgn%ra% sfob et%ﬂ{iﬁé'%srsgéﬁag g of ﬁgﬂ?ogé?’n@ lﬁg%%talyst
systems Prasste@jtion nipitures,foesapatatintatriglgcgnid ésafrtionsobfe teshathiang 4 0@dleg{raolyveight of
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(pharmaceu Ive Ingre precursors om reaction mixtures or sclufions.
30Prefersepaciedtsfiifeennspkiioprotessbepliengydrocarbons with 1 to 8 carbon atoms, preferred

hexane g BeRLAIRg tFASAME SAREKLUIGS: IQE&JEﬁ;pr?odifigﬁeé%?@‘FE@ﬁiFﬁHHﬁV“?lf%@?ﬁcﬁﬁﬁ%jmg to

the invention are suitable, in particular, for purifying substances, since, for example at fixed separation
paramet&HiGQith 3gadatafphaURe PRIGNASERATSSIvENE iR M@ et felkciford Bugareked

1220090R3HhERN@RRHTIRY Rsn donaiads ot HemirrluinsdR aneEgeteen aeee idrie chiieat system

conditions such as, e.g., 30C, 30 bar pressure (TMP - Trans membrane Pressure), in this manner
moleculafFRigALTatiGhd BYE8%than 1000 g/mol, preferably less than 600 g/mol, and in particular
lags than 300 g/mol, can be 5separated off from solutions in n-heptane. Proceeding from a mixture of
laterally modified and tegminally a,w-modified silicone acrylates, the membrane. separation efficiency
may be skl IMEPYAR VLRI S A BroaB RS 137 (RSN S SRR e TR s
context aldoeFajnre $ugypgaguraehn b ides naatisoh Viitth et relase soteeagiliocaesdorypade afirng e
Compos"fofr'?ﬁ”]?ra}.“ nAnet eH%if%t%‘#@g%‘fmv%rﬂ%h%“es.‘ﬁc%%%t?gcvr""i%t%‘s'e%ﬂé’”.S 3 '&‘qos %&8%‘@9 of the
Formula 1 ana/or mixturés of various silicone acrylates, and is su seqdent?y cured at’room temperature
by electronragneticrradiatiemaatAiuete tyorbetiom agadititiora diatiasilicmet @icrglecsronifegspropriate
the silicopgagnylate mixture is optionally added with co-use of a solvent to a roller system as is
conventionally used, e.g., for coating anti-stick coatings of support materials for, e.g., labelling use -
20 particularly advantageously, for this purpose, no further solvent is used. A photoinitiator is added in

advancepdhg miispnaasdaieoByrrapprs aidte ISR dhs Riiconmaandate ipaprlisg to the

membrane material in layer thicknesses of 0.3-2 micrometres and is cured by a free-radical

mechani@fAsH MEEhSJTUTE PARatR S tet8ch oR Iamy SRR ISFERMEE ROV eretdy & %ot 25
required fdhe-sligaGe actieiris eustm s madiaiplyiterRassiag tenigb. the naaelipngchaaber. In the
rggction chambi?r],tlree radical sites%re ()Jguench_ed by oxygen, forfyvhtig% reason it is_essent'alﬁ inertize
the reactRSt CHARBYr ARYANEASEN S0 M RS 1R HIB Bkm PR s HES S e W Kin et esent
inventionpivdkbim itzdonbiecatided in advance to the silicone acrylate. By means of the roller
system, the silicone acrylate is applied to the membrane material in layer
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



illustration of the invention, without intending to restrict the invention, the range of application of which
results from the entire description and the claims, tp_the 35embodiments cited in thég&gﬁﬁgggg If
ranges, general formulae or classes of 13200900386 compound are cited hereinafter, € Should

comprise not only the corresponding ranges or groups of compounds that are mentioned explicitly, but

also all sebrapgesdnc reibgriedds ¢lereinpiatds widsh cambelabtaimehAyextragtionmf/individual
values (ran es%?or ompounds. If, in the contfext of the 5 present description, documents are gited,the
contonts ELE SR e eSS T ReP LB AR, IRAHE R GG FESo TR B8 E TR B i he
context dltte piesmriiriangationndompobgrossudt asomgourrganvealth maatifidrk siibbaim edryibgte are
describe t have multiple vari it isti isthuted
(st S DR BB R S e o
urfits in sPiIEFEDIMPAEBLENTIaBE belegkenaotmearestalikgidal theancealterystakingreed nsdwadl oae all

correspoping,6PRBAURGR STERENCAN PG sefbhranss 1ROpibsResiRiAtiballitiptiqn rmgmbranes

available on the market that are made of polyacrylonitrile obtainable from, e.g., the compa_rP/ GMT,
Rheinfel §8RHE PIGEM MRS NESRY *IEIRANiSRTPRRIINEY thetbAhaPyP D eRHIAHIES) IR Hedified

coatings yueFsrReriernatewihe TE&ErtlierrRACRAAGRaVeMRIAPIk GRldsEsMidndPiembHitdhe
coatings were carried out in layers with a smooth-roll application appliance having 5 rolls. The coatings

were perfBRARdANa UG RERTHON0 BT PG LSS UL RNGRMRIL BFo8E[AREEYiARIATY lamp in
ﬁxtgnert Etrmmaﬁrggsgh@se. Eo?ib'amwol&a@ew'éabée ﬁhomfeit';wmﬁ%gﬁm;smms, T]w Slilch
ydroxyketone, is ed tg the silicone acrylates in an amqunt of 1/100 based, 25 on the silicon mass.
1 o mGARETOR e BHEt B < T A AA0n ARUBFARD, QRO P BB e GRFthated tha
have different atlixtomesspod dityg rceeqpenoes.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 30amount of silicone acrylate: 90%
by weighPe0d& atdge lof Wsighen)bi8imgsby weight a) & 20% by weight b), with additional 3% by weight
of gnorganic filler based on the total amount of silicone acrylate; 14200900386 70% by weight a) &
30% by weight b) with additional 3% by weight of inorganic fillers based on the total amount of silicone

acrylate it thrnerRgimefgakiefillértiandrarivbrangs |y gt BN e cskfiolaitaEs ards)
aCCOfdi“gftOJQWB@WI%ﬁFEHH%e%B’céh@a%m%ﬂﬁ,h@\.’ﬁ.'EhQH@'|QW}HBWS@Mﬂ9nRQ@mF@HSHt ar=83,b
=0 Cz%llfr—eozr%yn?ibs, 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;



10R2 = (CH2)3-0-CH2-C(C2H5)(CH20-C(0)-CH=CH2)2 Si-content = 34.2 % per weight Component
b)a=13,b=5,¢c=0,R1=R2=CH3 R3 = substituent accordingct&ﬁ gqll
15Si-content = 23.8 % per weight The componentslére produced using methods a %@% he prior
art, as described, for example in DE 3920294 CI. 20As inorganic filler, silica was used. As a
comparatives typEOGh abypenigitez0f B1e3prer syt weergembianatwasdelitiied tewes prerdteds
exclusively on the basis OE.IIEG r REjC 90 coir%spondi%g) co, onentg#.(%%%/l’he mer%:rar;c\es
produced were CHERRETZ! &'ch SEiSmMed % ASIBENa WalgH? LTteSf @6? MERdd in
n-heptane. Theibkg2@imkllerd endesisdbed, for example, in the following literature: Journal of
Membrane S.cieflgso%%éz\%?ﬁ%ﬁg%— 25. The method is based on measuring the retention of various
30styrene oligomers In deperdencé on their molecular weight (MWCO curve). By using the MWCO
méthod, it is possible to estimate to what extent a dissolved substance having a defined molecular

weight maybe 3ABRKURHOL %Ei%r%écéﬂﬁrfdgw%ﬁ«r{ﬂﬁa{“f’!éé mass M OihadbiselYerle

substances, here 15200900386 polystyrenes, are plotted against the retention at the membrane
studied ikheat|e44BIic OB BIEWERGHt, derived from concentrations by mass. The stability of the
separating layer was determined by determining the MWCO 5curve and the permeability of the
membrane over a long period in n-heptane. The membranes were tested by means of a cross-flow

filtration. GHERPREA Y tempBratdd Was $bE and e Fahblmembrane pressure (TMP) 30 bar. In the
laing-term experiments, a preg3use aHLY; bar @s-ealeyr e HL s opeaaresH 13 were conditioned

using pure solvents until a st a_da/-sé%teFfl_u \%/grs]?chieved.. bsequently, the pure solvent was
replaced by a mixture of solv ACRAEH gﬁé%y SrifiEatSr R ter a steady-state flux was again

achieved, samples of permeate and feed stream were taken off and the fraction of styrene oligomer
determinegl%;% &q&!&gg)with thzl\/!l\%/,CbO=m§,thcog. 6,5 R! = R? = CH;

R*® = substituent according to Formula II
15 Si-content = 23.8 % per weight

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



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 gcrylate membranes of differentgﬁgéé%sgjg%n.
Permeate liquid is n-heptane. 20The results in Figdre 1 verify that the properties of ing
membrane layers can be set in a targeted manner by a mixture of the various TEGO RC products from

a membrasly $1gvingean sxcelloticepatatien eiticieneltibut atlenellme hobranensbranedhiavisgea high
flux, but a_lower sg/pgration @fg;ﬁgc% I fthis manner %/ gixigﬁ)the various silicone acrylates, the
property f)?aﬁle'%f the oM 2! ea(j; b Ve MY ga &8N A F3r an application. It can be seen
from the MWCO curves that the membrane having the highest fraction of the component a) of 90%

consiots T SO0 (1 0 MbaR et B R el P e Ao naeate T R M o

veby hightreaneng. theepesmenbildiwobtieerrorsbrang Iy/F0 anikng eniid dnawiendantlers show
that the properties can be set virtually steplessly. 16200900386 (100% a)) were carried out in
n-heptane as described above. After a further 11 days of constant operation of the membrane at 10

bar and IO IMREX2RAGRNATRCESIESt R sTBEATS] FuPagARSSIe FES@EOsShollifiP PRIakS

demonsttalg 6@%EUWB@W§?@F ding Mng&ﬁwﬁm}grﬁ@a&@saﬁparwminybsbgwdxﬁi&n@canﬂy to
lower molecular weights. It follows from the marked shift of the separation curve of the prior art

membratS HGAR Y BRIENER iWeighRraRaURR r85stdAn B s SR BYadhid "o TemBFaRE&Ss not
stable in Reptarenditomeaiiping ancardirgvierthe inventiorishaysdtatelevantehangehieaaimeate

Stabity S A 506 "5 368ED R R ool T P a
separatirgl;ympriamkis_cmym ahﬁasappbeadrpm@meclwhiohdsa\@am carchiemzdepmmp\lgsnembrane 5
layers, C'@S%fr%%eartéegﬂ.% tPeaé(ﬁ?:Fr%%‘rR’\ﬁ?S 0%5@%&? SRETIRIAOR 'SR R BFURS e Chiggratprally

modified silicone acrylates of the general Formu
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



WR2-Si-0 SiR2 Si0 Si0 Si0 WR1
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15

16 200900386

(100% a)) were carried out in n-heptane as described above. After a further 11
days of constant operation of the membrane at 10 bar and 30°C in hexane, the

MWCO test was carried out again.

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
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.



a R3 R4 141 10 Formula | wherein: 15a = 25-500, b = 1-25, ¢ = 0-20, = independent of one
another identical or different alkyl or aryl 20radicali aving 1 to 30 carbon atoms W%iﬁ@c?ﬂi%éally bear
| the

ether and/or ester and/or epoxy and/or alcohol fun

ons, R2 = independent of one ntical or

different radicals from the group: RI, R3 and R4, R3 = independent of one another identical or different
organic ragiaals:which bear one or more acrylate groups, 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 general Formula 1l or 11, 18200900386 9
-CH2cH2tH2 O CHZPh{{OHibEC HADRCaCHRVINng a separating membrane layer and a

10

15

20

25

30

support membrane which have one or more separating membrane
layers, characterized in that at least one separating membrane layer is

produced by curing laterally modified silicone acrylates of the general

Formula I
R1 R1 R1 ] [Rl ] R1
| | | | |
R%Si-O—Si-OTSi-OT T Si-OT—Si-R?
RL R1 RS J {R“ J R1
a b C
Formula I
wherein:
a = 25-500,
b =1-25,
c = 0-20,
R! = independent of one another identical or different alkyl or aryl

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?,

R® = independent of one another identical or different organic radicals

which bear one or more acrylate groups,
R* = identical or different polyether radicals.
Composite membrane according to Claim 1, characterized in that, as

substituent R3, use is preferably made of radicals of general Formula II
or III,



Formula Il 5 9 -(cH2)d-(0)e-(cR62)f-cR6g(R70ccH.cH2)h Formula lll 10d=0to 12,e=0o0r 1, f=
0-12,g9 =0-2, h = 1-3, wherein: g + h = 3, 15R6 = E&jpendent of one another iden%cg?iﬁ(ﬁé%%rent
alkyl or aryl radicals having 1 to 30 carbon atoms , R7 = identical or different di ocarbon
radicals, preferably -CR62-, in particular -CH2- 20 3.Composite membrane according to either of
Claims 1 or 2, characterized in that, as radical R4 in Formula |, use is made of identical or different
polyether radicals of the general Formula 1V 25-(CH2);
--0-(CH2CHZ20)i-(CH2CH(CH3)0)k-(CH2CHR80)1-R9 Formula I\E I = 0-12, preferably 3-7, in
particular 3, 30j = 0-50, k =0-5011'< @b‘,z@@ﬂbﬂﬁtﬂ(ﬁ@é@ Ri=QertitalCiaifferent alkyl or aryl
radicals having 2-30 carbon atoms, or H or alkanoyl radicals, preferably methyl, H or acetyl.
Composite membrane according to at least one of Claims 1 to 3, characterized in that this is
composed of a plurality of layers of different sifie6Rt!EcA}ates. Composite membrane according to
Claim 4, characterized in that this is composed of a mixture of different silicone acrylates.

O
1
—(CH2)4¢~(0)e~(CR®;)¢~CR®(R’OCCH=CH,)

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,



Composite membrane according to Claim 5, characterized in that two different silicone acrylates are
used, wherein as component a) terminally a,w- moqléled silicone acrylates are use g[’w%%{?#g ponent
b) laterally modified silicone acrylates according to'the Formula | are used. Compo

according to Claims 4 or 6, characterized in 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 Formula Ikg R—l |§ér|1:t%c§ R2 I1“Peren 1a§l|<y Zé)rl aerlelrgJch%Eallé\l/ing 2-30 carbon

atoms, or H or alkanoyl radicals, preferably methyl, H or acetyl.

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?,



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) one or more_ silicone acrylates having a sili

27.5% by weight of the general Formula | 5wherei q‘or the component b: a = 1- 24%%@?&%

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 to 1 to

1to 10.1509. Com osite membrane a cordlng tof one of Clalm 1to 8, c aract nzz%g{/ at the
SIS B el

silicone acrylates re Qfed Dﬂ%rg

SO i 3led 6%9a8n% fE?Qd%’t‘bﬁrha\‘?mg

of <
0-20,

elength

which is less tharb@08aightiod/drébgeecabRdreants. 120 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

menrfbranes or ultdfineinofonéhthrameparea¥skbparators. 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: polyacrylonltrlle (PAN), polyimide (PI),

10

15

20

25

30

35

10.

11.

a=1-24
b = 0-25,
c = 0-20,

with the proviso that when b = 0, R? = R3,

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 10to 1 to 1 to 10.

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.

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

separators.

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),
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

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



30 polyether ether ketone (PEEK), polyvinylidene fluoride (PVDF), polyamide (PA), polyamide-imide
(PAT), polyethersulfone (PES), polybenzimidazole {PBI), sulphonated polyether kezmg K),
polyethylen (PE), polypropylen (PP), or inorganic porous materials and/or ceramic % or
polymer ceramic membranes produced using aluminium 35oxide, titanium dioxide, zirconium dioxide,

silicon oxide and/pittitaniund2 dRHF0ABes)triieo difidalivm snigturesmposificatishstar caimpesites of
the named various S?EE)L%O” mem?rane rBateriaIs. se of the composite membrane according to

any one of Claim¥ 418 P1>5RP9E aﬁﬁ% J%E&\'?é%tﬁ{&? Tules having a molecular weight of less than

2000 g/mol with a retain fraction rate of at least 90% by weight. Use according to Claim 12 for retaining

or separating off 0 t L ixtures, far ing.triglycerides
10 from go vents al\g/}ggqah%ogétc%jﬁ ﬁéiﬁé%@é&%h@a%g%%ﬂg%n%é%? soe;%aéﬁi%%%%ol}gg%mgfs from
morfomer solutioffier deteiriagadissr) il (phelenutrsuhicalingcevaivig@damweadg pkeafulessstirreof from

reaction mixtureSﬁ(ﬁ?I&}W.MH%er@ggmqpég%IQ@{@ 1.@ gpgégg{eg@%i Eﬂ/%ﬁ grocarbons with 1

to 8 carbon atoms, its iSomers or mixtures or else CO2 are used as solvent. se according to any
one of Claims 12 to 14, characterized in that molecular weight fractions of less than 1000 g/mol are

separategDff 20f(g8 sRILHRNS i trGBIANE 2t RICe38i R PSS RIREE SO s
composite membrane according to at least one of Claims 1 to 11, characterized in that a sugport

membrane is coat3aM a‘fYéE%’ﬂ?nérﬁﬁaoﬁ%a&E%tM%?ﬁorﬁﬂﬁIaS?BﬁE%WHli)&UQé%C@F rious
siligone acrylatesfrand ischubsesuritiigusedrhyleleatprarggrticoratigtiothand Zo@lggtias, basm
radiation. . . . .
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.





