1 CRCSS- LI NKED POLYMER, MEMBRANE AND PROCESSES OF FORM NG THE SAME
TECHNI CAL FIELD 5 [0001] The present invention refers to a process
for making a cross-linked polyner, to a , nenbrane conprising the
cross-1linked polynmer nade by the process and use of the nenbrane in
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functions for separation processes, S$AMBEs ultrafiltration, gas
separation, reverse osnosis, and pervaporation, as it has nany

advant ages such as appreci abl e energy savings, clean technology with
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polynmers for nenbranes, such as synthesis of novel polynmers with

wel | - def Infepargtionprogess, advanced nenbrane surface functionalization,
use of tenplates to create tailored barrier or surface structures

for nmenbranes, and preparation of nmbranes with
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Consequepins SRl efARRE Wik BME R RAYE o hange and chemical
coul d betrestmenf the criteria for active pharmaceutical ingredients

ac by the USFoo and dmnistration (EFDA). .
ThenSt or HOBST Shek A& it P olagarteBithe % b SBet REMeiranss. various
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product purity, and overcome |im'tations of batch processes.
structures for membranes, and preparation of composite membranes with synergistic

20 combination of the functions of individual components.
[0004] In particular, demands of pharmaceutical industry have provided the impetus to
develop enantioselective membranes suitable for chiral separation, as majority of the active
pharmaceutical ingredients are chiral in nature. Chiral chemicals, otherwise known as
enantiomers, have the same chemical structure but are mirror images of each other. As a result,

25  they may possess different biological properties and efficacies. Use of an isomer with a
different chirality can result in adverse or even fatal consequences. In time to come,
enantiomerically pure drug compounds could be one of the criteria for active pharmaceutical
ingredients to be accepted by the US Food and Drug Administration (FDA). Therefore,
research on chiral separation has received worldwide attention. Traditional methods to isolate

30 the desired enantiomer are asymmetric synthesis, preferential crystallization, chromatography,
and capillary electrophoresis. There continues to be a need for new technologies to lower

production costs, increase product purity, and overcome limitations of batch processes.

[0005] It is therefore an object of the present invention to provide a process for making



[0005] It is therefore an object of the present invention to provide
a process for making 2 polyners, to devel op novel nmenbrane materials
whi ch can be used in separation processe t hat overcone, or at |east
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[0010] In a fifth aspect, the invention relates to the use of a membrane in separation processes.

The membrane is a membrane according to the fourth aspect.

[0011] The invention will be better understood with reference to the detailed description when

considered in conjunction with the accompanying drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1A is a field emission scanning electron microscopy (FESEM) picture of neat
MATRIMID® membrane. Fig. 1B is a field emission scanning electron microscopy (FESEM)
picture of MATRIMID®/B-cyclodextrin membrane with 5 wt% S-cyclodextrin. The membrane
was modified with B-cyclodextrin through physical mixing. Fig. 1C is a field emission
30 scanning electron microscopy (FESEM) picture of MATRIMID®/S-cyclodextrin membrane
with 5 wt% f-cyclodextrin. The membrane was modified by S-cyclodextrin through cross-

linking. It can be seen that phase inversion phenomenon is present in membrane formed from



with 5 wt % 0-cycl odextrin. The nmenbrane was nodified by

O-cycl odextrin through cross- linking. It can be seen that phase

i nver si on phenonenon is present in nenbrane formed from3
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exposi ngintrhelifiédtivieing 0 t he cross-linking agent under conditions so

as to forma cross-linked polymer via the reactive group. As a

result, a cross-linked pol is formed. 20 [0016] The use of a
cross-1inking agenDEEﬂI&%@é%@&?H‘JQN@FéngrI NEIQN cheni cal
durability and anti-swelling properties for the resultant polyner,

due to interaction between the polyner and reactive group on the
cross-| |Wm$iglnafgéimt aspéet.ctie mr@@@tnmselmoglsm‘pmdﬁ@n mocqsahgorc@éklaa@x@rpﬁ&wlmked

el %y ' }%n&h & SEésgrEo'ﬁ%er% @ Qg)g 5’%9&9§ﬁk91%e%%@ﬁt. The, cross-
Cross- en Ccros pol'ynmer, s I ng of
t he poI ylmiamg agmumledeacetteldast Bhe cwloﬂ@dmmnmetynﬁhetcyclﬁﬁemﬂm mnqdctgvdadéfzs at
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agent " refers to an agent which induces cross-linking. The

cross- | i hiPpglizgd Pl informedst one cycl odextrin noiety. The
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and anti-swelling properties for the resultant polymer, due to interaction between the polymer
and reactive group on the cross-linking agent, which prevents dissolution of the cyclodextrin
moiety into the reaction solution. In addition, because of the cross-linking between cross-
linking agent and polymer, swelling of the polymer is counteracted. The cyclodextrin moiety

25 also provides enhanced separation efficiency due to its molecular discrimination properties.

[0017] The term “cross-link™ as used herein refers to an interconnection between polymer
chains. The term “cross-linking agent” refers to an agent which induces cross-linking. The
cross-linking agent has at least one cyclodextrin moiety. The cyclodextrin moiety may be
either of o-, §- or y- form, which contains six, seven or eight glucopyranose units respectively.
30  Alternatively, it can be macrocycle of oligosaccharides containing more than eight
glucopyranose units. Examples of cyclodextring moieties that are suitable include, but are not

limited to, o~cyclodextrin, S-cyclodextrin, y-cyclodextrin, dimethyl-c-cyclodextrin, trimethyl-



30 Alternatively, it can be macrocycle of oligosaccharides containing
nore than eight glucopyranose units. Exanpl es of cycl odextrins
noieties that are suitable include, but gre not limted to,

a-cycl odextrin, f3-cyclodextrin, y-cyclodextrin,
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het eroat ons. An unsaturated aliphatic group contains one or nore
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[0020] The term "aliphatic" means, unless otherwise stated, a straight or branched
hydrocarbon chain, which may be saturated or mono- or poly-unsaturated and include
25 heteroatoms. An unsaturated aliphatic group contains one or more double and/or triple bonds
(alkenyl or alkiny! moieties). The branches of the hydrocarbon chain may include linear chains
as well as non-aromatic cyclic elements. The hydrocarbon chain, which may, unless otherwise
stated, be of any length, and contain any number of branches. Typically, the hydrocarbon
(main) cham includes 0 to 3, to 6, to 8, to 12, to 15 or to 18 carbon atoms. Examples of alkenyl
30 radicals are straight-chain or branched hydrocarbon radicals which contain one or more double
bonds. Alkenyl radicals generally contain about two to about eighteen carbon atoms and one or
more, for instance two, double bonds, such as about two to about ten carbon atoms, and one

double bond. Alkynyl radicals normally contain about two to about eighteen carbon atoms and



(rmain) chain includes 0 to 3, to 6, to 8, to 12, to 15 or to 18

carbon atons. Exanples of al kenyl 30 radicals are straight-chain or
branched hydrocarbon radi cals which contain one or nore double
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cycl oal k@py! <41l asd"eﬁls&hmemd&sh%yclaameﬁsnsm&@a eghiel CihhC are unsaturated cyclic
hydr ocar bons, ich generally contain about three to about eight ring

carbon albyskiecarase, piichix gensradlyf ponsainraboik thee do chewlopight oing . carbon atoms,  for
Cychgal k&ﬁplé ﬂg% 89% Een pdaﬁi% éfo%?v(%ﬁo ?i Ieadpc%ﬁdtgt%aﬂﬁ H&'verae&&ﬁ)‘fé bt in

ring sys Cycl oa urn
Exanpl esthefrespactive rimgi sgstbms Oymlohlﬂs[dleyl rhri.walamay moturh bcrsmlwtitttte.d Examples of such

A om0t ERIETHRL B0y Rl Y PR, Lﬁﬁﬁ%@%%ﬁ iodecenyl.
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al kéjj ﬁ;?/(lf?"é‘]ﬁﬁﬁ%%ﬁk%‘ﬁﬁm X}galﬁ(l)p g ri)OSnOI( E{Bﬁl.lsne)d rcfnhg%I ?hl né:rllnuaroma? & agb includes
alkylaryl. Typically, the hydrocarbon (main) chain includes 5, 6, 7 or 8 main chain atoms in
one cycle. Examples of such moieties include, but are not limited to, cylcopentadienyl, phenyl,
or naphthalenyl. An example of an alkylaryl moiety is benzyl. The main chain of the cyclic
hydrocarbon moiety may, unless otherwise stated, be of any length and contain any number of
30  heteroatoms, as for instance N, O and S. Examples of such heteroaromatic moeities (which are
known to the person skilled in the art) include, but are not limited to, furanyl-, thiophenyl-, or
naphtyl-. By the ferm "arylaliphatic" is meant a hydrocarbon moiety, in which one or more
aromatic moieties are substituted with one or more aliphatic groups. Thus the term
"arylaliphatic" also includes hydrocarbon moieties, in which two or more aryl groups are

35 connected via one or more aliphatic chain or chains of any length, for instance a methylene



one cycle. Exanples of such noieties include, but are not limted to,
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25 include primary amine groups. Specific examples of aliphatic amine groups include, but are

not limited to, methylamine, ethylamine, propylamine, isopropylamine, butylamine,
isobutylamine, cyclohexylamine,  dimethylamine, diethylamine, dipropylamine,
diisopropylamine, ethylene diamine, and mixtures thereof. Specific examples of aliphatic
aromatic amine groups include, but are not limited to, meta-xylylenediamine, para-

30  xylylenediamine, and mixtures thereof.

[0025] In one illustrative embodiment, ethylenediamine-B-cyclodextrin is used (see also
Example 1). In another illustrative embodiment, m-xylenediamine-8-cyclodextrin is used (see

also Example 2).

[0026] In principle, all types of polymer that can be made into membranes by common
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25 [0028] In one embodiment of the present invention, the polymer is a polyimide. It can be a
polyimide having a similar structure as that of MATRIMID®. In another embodiment, the
polymer is a poly(amide imide). It can be a poly(amide imide) having a similar structure as
that of TORLON®.

[0029] The polymer and/or cross-linking agent can be provided in a suitable solvent. The
30  polymer and/or cross-linking agent may also be dissolved in a suitable solvent. Methods such
as mechanical stirring, heating and ultrasonic mixing may be used to aid in dissolving. The
solvent can be an organic solvent such as ketone, for example acetone, or a polar solvent such
as water, or any solvent that is suitable for dissolving the polymer and/or cross-linking agent,

such as alcohols, acetic acid, acetone, formamide, tetrahydrofuran, methyl ethyl ketone, ethyl
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25 about 2, about 95 to about 5, about 90 to about 10, about 85 to about 15, or about 80 to about

20. The amount of polymer in the solution can also be expressed as a mole ratio of the

polymer repeat unit with the cross-linking agent. For example, in one embodiment at which
MATRIMID® is used as the polymer and ethylenediamine-3-cyclodextrin is used as the cross-

linking agent, the mole ratio of polymer repeat unit to cross-linking agent in the solution is

30 about 42 to about 1. This amounts to about 2 wt% (weight percentage expressed in terms of

the combined amount of cyclodextrin and polymer) of cyclodextrin in the cross-linked

polymer. As a further example, for about 5 wt% of cyclodextrin in cross-linked polymer, in

which MATRIMID® is used as the polymer, mole ratio of polymer repeat unit to cross-linking

agent in the solution is about 35 to about 1. Both the weight ratio of polymer to cross-linking

35 agent and mole ratio of polymer repeat unit to cross-linking agent can depend on several



the range fromabout 1 wt%to about 20 wt % about | W %to about 15
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about 5(0038] In a second aspect, the invention provides a process for making a cross-linked polymer.
The process comprises providing a polymer which is present in solid form. The polymer can,

for example, be in the form of a membrane, a sheet, rod, tube or molded article. The polymer

25 is exposed to a cross-linking agent. The cross-linking agent includes at least one cyclodextrin
moiety. The cyclodextrin moiety carries at least one reactive group. The process also includes

exposing the polymer to the cross-linking agent under conditions so as to form a cross-linked

polymer via the reactive group. As a result, a cross-linked polymer is formed.

[0039] The membrane may be neat or modified. The membrane may be in the form of a flat
30 sheet, a dense film, asymmetric film, asymmetric hollow fiber, dual layer hollow fiber,
composite membrane, or any form suitable for use in fluid separation systems or fluid/particle
separation systems. The membrane can be exposed to the cross-linking agent by immersing the
membrane in a solution containing the cross-linking agent over a suitable amount of time. The

amount of cross-linking agent in the solution and the exposure time can be determined
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25 [0043] In a fourth aspect, the invention accordingly also provides a membrane formed from a
cross-linked polymer as described above. The membrane may be formed from any method,

such as, but not limited to, film casting, extrusion or melt blowing.

[0044] In one embodiment, the membrane is formed by film casting method. The cross-linked
polymer may be provided in a solvent to form a casting solution. The solvent may be N-
30 methyl-2-pyrrolidone. The casting solution is degassed to suppress cavitation. The degassing
step may be carried out by leaving the casting solution to stand at room temperature and
pressure for a period of time, or it may be carried out under vacuum. The time period required
for degassing is dependent on the quantity of casting solution and concentration of cross-

linked polymer in the solvent. The casting solution may then be cast by conventional



10 and concentration of the cross-linking agent, a reaction
equilibriummy be reached in the cross-linking reaction, wherein a
maxi mum degree of reaction is achieved afja certain reaction period.
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undertaken for a tinme period in th ran e fromabout 3 seconds to
about 36U%8# serms |d&%ﬁrwgov ARk Hmike e dtsh H6Te § T tentiaR Mhidgrage of such

about  30terms and expressions of excluding any equivalents of the features shown and described or

portions thereof, but it is recognized that various modifications are possible within the scope
25 of the invention claimed. Thus, it should be understood that although the present invention has
been specifically disclosed by preferred embodiments and optional features, modification and
variation of the inventions embodied therein herein disclosed may be resorted to by those
skilled in the art, and that such modifications and variations are considered to be within the

scope of this invention.

30 [0047] The invention has been described broadly and generically herein. Each of the narrower
species and subgeneric groupings falling within the generic disclosure also form part of the
invention. This includes the generic description of the invention with a proviso or negative
limitation removing any subject matter from the genus, regardless of whether or not the

excised material is specifically recited herein.



m nutes to about 36 hours, about 1 hour to about 36 hours, about 2
hours to about 36 hours, about 6 hours to about 36 hours, about 12
hours to about 36 hours, and about 18 hoyys to about 36 hours. The
drying step nay be undertaken at a tenperature in the range from
about 25{W0d8] IBhabeoubodDO@s arnetithth thg Hilowingbdaims50G nan- dboiting 2006Gples. In
about 100C.t.o about .200C, abou 0C to.about, 200C, . about to
Sbout 150G I (A PR e GO defing o RAH: of Mahh grqus
i nvent i ofhokekiaties id thetRewiiSRcoinize thaniheaneentidn deaks itieebyadRuebddnin terms of
separation processes. Exanples of separation ﬁystens i ncl ude, but are
not | i ni psaindyidual mepet efrsubsione pmembersafithmManais 81Ut r at i on,
ultra-filtration, gas separation, pervaporatiqon water treatnent, 15
and Pevell049hdnwedd thathe JavapHam andyake Teaghy awgersioad apd ruhitptggpactical effect,
bi of uel sppuEih! GRbddMents SR A6RHeRRs@ibell %?Wysof tB Mo RSt drGh il examples.
i somers and stereol sonersn and pharnmaceutical chiral separation
separ at i Bris ohddrstapd thet xrodifeestiomafideaih araatbegadsawitheit dlepdrtingnfionuthgscope of
[ 0046] TQ]% 11'1‘51%\[(121815' ons illustratively described herein nay suitably be

[

practice € ‘absence of any elenent or elenents, limtation or
limtations, not specifically di sEk%@fthgr ein. Thus, 20 for
exanple, the terns "conprising”, "including", "containing", etc.

shalih bepismpeerkRAnIhatl of cRoMd-BHKEINO A enlt efliyidietAmin&Fdyclddatdy . the
terms and expressions enpl oyed herein have been used as terns of

descri pt [(pBOPBRL: 8P6-00hohdtddyl-BldyeRdeaRH (MWRHS-OF s BCDNHANheA&1 10173°0€and an
use of such terns and eé§%e55|ons of excludlgg any equival ents of

the feat &¥es ynow: Qhaldesehylpedianine GEPA) otRs apte: ddter 4giprs; the sgaction was
recogni z r

25 of 't e loel B UhEHITREV I FRAVANG Glof P AT Kot 30 ol o Soctone
al t houghwahedded ¢s recipitateght EOA-B4D phelaned Sackthapretipitaied EDds LD yormed a

referred enmbodi ts .and, optional features, .podification
ISt CbsBrRRRLTTRG SPRe o ien B Pkt BuriflRP obkeRh 200 gy wg used
r ezor t epltot _@e}ﬁyaté lBIS&B-:SELﬁbmgtHenﬁ%m :aﬁ’c?]quwlﬂly,t hadtorzu ma? rmﬁihéd o&f frons the
an varl ati ons are. consi dere to e..W I.nt s¢gcope O t.hi s .
i nvent i offPtEHeE0BYy fher REscIniigieh VIR %%Sgi%eew ag%)cm(fb denmsthing! gygture. The

gener i cableyiph®id fnd EREMNRIn pBedids WAVREpeafROCl Q8] @6k RURARNAGbsidual EDA.
groupings falling within the generic disclosure also form 3art of the

i nvent i ohhe Fanple; sorgiedsing the lgfs raelecolgeady wgs idsisd ¢t SOHe Hhvetyp gn vacuum.
wi t hpa i or . ne ' L1 A ' i j.ect matter
Fron’ hor SRE AR fersd BBl W DR A0 bR Teri ol s
specifically recited RefeqiesH N, [0048] Ot her enbodinents are within
the fol | ow W--; and rfon-> | Pm ting exanples. In addition, where
features or faspeet’s of the invention are described in terns of
Mar kush gr se skilled in the art will recognize that the

Yer eby described in terns of

i nvention i

25 Example 2: Synthesis of cross-linking agent m-xylenediamine-3-cyclodextrin

[0051] 5 g of 6-0-p-toluenesulphonyl-B-cyclodextrin was added to an excess amount (30 ml)
of m-xylene diamine (XDA) and stirred for about 4 hours at 75 °C for 4 hours to form m-

xylenediamine-3-cyclodextrin (XDA-B-CD), having a chemical structure as shown:

30

HNHch,c HoNH,



any individual nmenber or subgroup of nenbers of the Markush group. 5
[00491 In order that the invention may be readily understood and put
into practical effect, particular enbodjyrents will now be described

by way of the following non-limting exanples. It is understood that
nmodi f i catifienraafticiewas tomplytebathradstun whoaltovdeparchbhg rbomfempeatico 36 ml of

of the invention. ES 10 ; nt hesi,s.of ¢ross-.l.inki
opent ot RO Rt RS ven MATTE Broshiiele ARPHGA T DL AR sfhbe e HREaiptded Ra-
6- 0- MoNoBAHY | foridedC ! REtistonnin( Merwientien-fol) maturbeatcettrifigre/Sferant at
an exceﬁéoﬁrmunt (30 M) of ethylenedi am ne (EDA) .was added. K After 4

hours, tRBOPRERIR VEH Wigtsto sepmpicdhe ldhd-¢Rdram sheli@ihahesafishdbe festone was

cool st 0 FRMBILEIRRI @b gfeggit%@s WerOlisSyedd iAGEIPRLwaldBtheABHE0nbPure present in a
precipitate the EDA-% - produced. Since the precipitated EDA- (5) CD

formed al:d5weighpmtiei dhe ipreciiiationlane wissolutios praasdurenivas tepeated several times to
centrifu I , r . t I - $- o

From t neRiRiERGTRoA, TR OB RIARR i ERY aBER B FabiN S0 oc ors
centri f udeys iandcuune gudeXDARE-ETewasvebtaindd sath yvield ¢fabauB3P0 rd about 80 wi%. The

wat er - net hano i . . The recipitation and dissol ution procedure
has 1 epekeio ST B opdecoBinchi Jep Peef ul Peremale’s siib Saprig of bies a
sepapat eghich thé Brecpthticiy fldediSo R yWRSIs dédetdd ahd BRG d19he 3£ dalyéntided. The
vacuum 20 Et hyl enedi am ne-0-cycl odextrin forned has a chem cal .

st r uct ur BuERer SR GRfyamipaEip apeaypentyopdedia enexyclodetria gpajeqyfe can be increased

Cross-|i 'd}sr@a]saﬁ si{BF% |ﬁé‘§@?&l M abs SHRaRgextrin [00511 5 g of
6- 0- p-t ol uenesul phony %‘§C clodextrin was added to an excess anount
(30 M) Edmpledt@arral potdmrre m-eﬁﬂﬁn%f%&lﬁﬂn&%ﬂ?&@w-mﬂdﬁ Yheneat

75 Cfor 4 hours to formm xyl enedi am ne-0-cycl odextrin (XDA-,3-CD),

havi ng a[ooBeN).0ad gSiirddielerediadsinS Bayyolod kil WNI2AdedHZNM2 413 o f AdIv&ft n-methyl-
reaction vvaf conpl e(i)ed, éhe, m xture, was al %?owed tq cool to room
t enper at BiFeldigeng ang sstirred | uging: magntic sETei 198 bPBE B RGUST @R £@OTH Hgmperature.

XDA- f1 - CRLREQHHAS D o PisNFe: HAISInREE SlaRil e AT DR, GRihL T BRnkdE structure as
suspension in the sol vent/non-sol vent m xture, a centrifuge operating
at 20, 090%Hm was used to separate the XDA-0-CD fromthe |iquid.

Thereafter, the acetone was 5 drained off and the precipitates were

dissolved in 4 30 mMl watgr/nethanol mxture preseft in a 1:1 weight
ratio. The precif sol uti oncprocedur e was repeat ed
several tines|tc : M The s e ;separated in the
Ias&ocycl e of . adat A0 r | P
o 0
HsC™ CHs

was added to the mixture and stirred for about 24 hours. The amount of cyclodextrin, polymer
and solvent are based on the final polymer/cyclodextrin concentration in solvent and the ratio

of polymer to cyclodextrin.

25 [0053] The mixture was then degassed under vacuum for about 4 hours, after which it was
cast on a glass plate using a casting knife to form a membrane with about 2 wt% of
cyclodextrin loading in polymer matrix. The membrane was put into a vacuum oven at 100 °C
for about 30 minutes. Subsequently, it was allowed to cool before it was peeled from the glass

plate and put between two wire meshes.

30 [0054] The membrane was then put back into the furnace where it was maintained at a
temperature of 100 °C - 200 °C for about 36 hours, after which the membrane were cooled to

room temperature and then removed from the furnace.



days in vacuum and XDA-0-CD was obtained with yield of about 20 to
about 80 wt% The vyield of XDA-$-CD obtained can be dependent on
paraneters such as nunber of tines at 104hich the precipitation and

di ssolution cycle is repeated and the .vol unme of solvent used. The
nunber oExgropleadri riynthresispofowan Ineevbbrani omdleshhtsequoemd tteatmenie xithi ¢ross-linking
nol ecul e can be increased if nore reaction sites on the cyclodextrin
are actiBH%d. Exanpl e 3: CGeneral procedure for treatnent of polyner

Wi th crogszlipki . .00 . )
et hyl ene@lﬁgn]i ﬂé@%@?ﬁgﬁl X%C%%Jﬁl{%égﬁgcéﬁgggltog' 12.4 g of sol vent
n- met hyl - 15.pyrol i di none and sty petic stirrer for

ed using mag

about 24 hourp nper at urje[ %Subsefjuent| 0.97 g of a
pol ysni de maperial-WATRI M '“ii} hayt iy~ ay Chesi g structure as
shown: 0O [O:]} YN\ NO 9 S. added to the m xture

and stirred!fior about 24 hours.

and sol vent are based on the firmal pol yner/cycl ocdextrin concentration
in solvent and the ratio of polyner to cyclodextrin. 25 [0053] The

m xture was then degassed under vacuum for about 4 hours, after which
it was wastdded ta glselventpr-atethylipyrdidenooadNiMi) &mi Steredo ffroaboun24 hours. The

menbrane with % pf clodext ri oadi ng-tL.n | yer teix
The monbFanEt RELCRRON G E a2 a0 Che PSR b BB g Pl Geglssea
m nuo es. urQub sasiuentor i, hdurs, Wiier alhlicwhe rhitue® las kedt @hea plassplatep@figedl casting
fromthe g!ass ﬁlate and gut,bet en t wi re neshes. 30 00544 The
menbr an stotRER 2pifat BRERDPIHC JNERY ARG MR ahADPEM i iIo\REMRFETS VAT REGINtO 2
at a tefRehatder aP10d06 £r abRR Q’O%ﬁfes.a@@déqéﬁtlgqg’lé featdslBmet SBmbrane

t he nenbrane were cooled to roomtenperature an hen renoved from

t he fur naesetllorgd tErenhbebre it vagmepled fonothe glass pletenand awe beteensitswie ash.
treatnment with cross-linking agent [0055] TCRLCN(I%, ha%lng a )
cheni cal [088¢lubheupeat sy Bieticmembrge, wapdhgn put back into the furnace where it was

15  maintained at a temperature of about 100 °C — 200 °C for about 36 hours, after which the neat

asymmetric membrane was cooled to room temperature and then removed from the furnace.

[0057] m-xylenediamine-3-cyclodextrin was added to water at 50 °C to form a 2 mmol
solution. The neat asymmetric membrane was immersed in the m-xylenediamine-£-
cyclodextrin cross-linking solution for cross-linking reaction to occur between the membranes
20  and the cross-linking agent. Through variation of the reaction temperature and time, the

grafting amount of cyclddextrin and degree of cross-linking can be controlled.
Example 5: Pervaporation cell experimental set-up

[0058] A static pervaporation cell and a commercialized Sulzer Pervaporation System were
used to test membrane performance at room temperature. A testing membrane was placed in
25 the stainless steel permeation cell with an effective surface area of 15.2 cm’. The system was
stabilized for 2 hours before collection of samples. Thercafter, permeate samples were
collected by a cold trap immersed in liquid nitrogen at 1 hour interval for 5 hours. The samples
were weighted by a Mettler Toledo balance. The sample compositions were analyzed with
three parallel injections by a Hewlett-Packard GC 6890 with a HP-INNOWAX column
30 (packed with cross-linked polyethylene glycol) and a thermal conductivity detector (TCD).
Finally, the data of flux and composition were averaged. The feed content varied less than I
wt% during the entire experiment and can be therefore considered as constant during the

experiment because of the large quantity of feed solution comparing to the permeate sample.



was added to a solvent n-nethyl-pyrolidinone (NW) and stirred for
about 24 hours. The anmount of TORLON(r) used was 28 wt % of the NWP
solution. The m xture was then degassed ;510 under vacuum for 4 hours,
after which the m xture was cast on a glass plate using a casting

kni fe to[d0spTheracat tesyfmmets that rdetdpmarethe Theformatceasy ampdrvaporation system;

menbr ane ) into a .vac aven .at 100 for about 30
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cross-linking agent. Through variation of the reaction tenperature

and tinme, the grafti ngmggnrﬁte of cycl odextrin and degree of
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comgrci alized Sul zer Pervaporation Systemwere used to test

menbr ane performance at roomtenperature. A testing nmenbrane was
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Example 6: Characterisation of polymer membranes

Isopropanocl dehydration properties of cross-linked MATRIMID® membranes

25 [0062] Table 1 shows isopropanol dehydration properties in terms of flux of penetrant
normalised by membrane thickness (units in g/m’-hr) and separation factor of neat
MATRIMID membrane®, MATRIMID® membranes modified by physical mixing of
cyclodextrin at 2 wt%, 5 wt%, 10 wt% and 20 wt% (denoted as 5-CD, wt % in parenthesis)
and cross-linked MATRIMID® membranes at 2 wt%, 5 wt% and 10 wt% (denoted as N-(-

30 CD, wt % in parenthesis). The weight percentages denoted are expressed with respect to total

weight of the membrane.



Q At Equation (1) a2l11 = Y2 /Y1 Equation (2) x2 / x|l 10 wherein, J
Is flux, Qis total mass transferred over tine t (hour), Ais the
menbrane area (rn), a is separation facLé)r of menbrane for Conponent
2 to Conponent 1, x2 and y2 are the weight or nole fractions of
Component 2 in the feed and perneate, Ta&dgkctively, and X, and yi are
the weight or nmole ThagiyRRs of Conmponent TriLR( %/Hﬁhﬁ-ﬁed an

per neat e, respectively. 15 [0061] Driving force Tor pervap r%@ﬂa&ﬁméar
be expresse¢ 'I{Io F vapor PhERSUle, dirfference ‘Wﬁ FECT ST ENt s fantotot K

vr\ﬁr\"\vr\lﬂr [ IELv:

si des of t Rhe—erbrane—1 FeVH-oUS—+e € —Hegbrape—H

defi ned by |[-Ehuhtion PEJLY r ackdf? 7o [t he BRnbrlane 1,623 |
productivity, For dense nenbrane, flux{is additionally dependent on
t hi ckness of 2nenbr MATRIVEY &/61Q) (2)o al | owl #82 a| noi.87neani ngiifi2 ana
accur at e conpari soMATRIMIDERIBEIPES)f or nences18 hi ¢knesg2normal igzsd 20
flux is usedsWni ChyoarRIMEIDC@IA-DAf6f USi ngj Bgpatiionpkdps Nor mal hzed
flux = Flu JI X Vil COHTEqg o (3) hererm, 'S
the flux def |S|n e qf'ai'at ] u@ bbe(gﬁll s :‘%ﬁm ame LQ:%;S*L?‘:IIC S ||6|51|9||
Exarrp| e 6: Chatacterisation—-of nnl ver menbranestl-sopropa
e ot Loh Be b N A TRV B ReB ) Uen hatoiss el dLhs e Fol37

[0062] Table’1! shodATREWHD GANSCIRIENydriat i bASGr oper 0422 i n| t ed HBSbf
flux of pene8rant MAIRINAIL ©Ad-FBYDrigfbr ane t80Ekness Z2.89i ts| i n 3,406
g/ n2-hr) and separation factor of neat MATRI M D nenbrane(r),

MATRI M DKGO)SSh’éIMm dnide lpoetalts ebtaingd sleynonstadte ifiak M@TMMIQ@cm@ubr)ama gengtally

2245 S S PSR S R b0 ¢

and 10 vm:ykﬁc(déenmt tddag Afdrl wBhCRembtano pe]fqnmmmt HetsrisjatesTFor WAAGRIMID®

perc nta es, denot e ed Wthr ect to total ight o .
he. Renol GBIERT mogicy PRSI AMENE: BROERR Co msgpit it | Bt g Elodextrin
Descri ptd@ﬁbﬂé&ﬁt@ﬂ his OpéreRRN e ﬂe@@hﬂéncel Mg atrobAERtN D{ATRAMAS® #eBBranes,

1,623 2 I\/ATRII\/ID(r)/OCD&Z 482 2.97 3,252
membranes containing up to 5 wit% cyclodextrin ‘demonstrated an increase in performance.

b

Membrane 5, which was modified by physical mixing of cyclodextrin at 20 wt%, however,
showed a decrease in separation factor, which could be caused by phase separation of
10 cyclodextrin as a result of its high loading in the membrane. This leads to poorer membrane
performance. When comparing between membranes of equivalent weight % of cyclodextrin
obtained using the two methods, there is an improvement of separation factor for cross-linked
membranes at 2 wt% (1.9 times) and 5 wt% (2.4 times) cyclodextrin loading. Membrane 8,
which was cross-linked with 10 wt% of cyclodextrin, shows a decrease in performance
15 compared to the membrane physically mixed with an equivalent amount of $-CD. One
possible reason is that with the high amount of cross-linked cyclodextrin, covalent bonding

between cyclodextrin and MATRIMID® interferes with MATRIMID® chain packing.

Field FEmission Scanning Electron Microscopy (FESEM) pictures of cross-linked

MATRIMID® membranes

20 [0064] Figures 1 A, B and C show the FESEM pictures of neat Matrimid® membranes and
Matrimid®/cyclodextrin composite membranes. From the figures, it can be seen that phase
inversion phenomenon is present in Matrimid®/3-CD membrane modified by physical mixing
as shown in Figure 1B, and which is not observed with Matrimid®/N-§-CD formed from
cross-linking reaction shown in Figure 1C. This means that the membrane as formed by one

25 embodiment of the present invention provides a membrane that does not phase separate, which



3 MATRRMD (r)/0-CD (5) 1,618 1.62 6,512 4 MATRIM D 0//3-CD (10)
1,567 0.4704 21,722 5 MATRIMD (r)/0-CD (20) 933 92.34 65.9 6

MATRI M D (r)/N-R-CD (2) 845 0.846 6,137 |/ MATRIM D (r)/N-0-CD (5)
1,056 0.422 15,351 8 MATRIM D C/ N-0- CD%lO) 1,603 2.89 3,406 [0063]
Fr om Tabisent of tiesurbblsme bh@untteddgnoasbraatewhich tardid diivdl By physieatiorizings
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of separation factor tor cross-linked nenbranes at w% (1.9 tines)
andip % (2.4 ti rres) cycl odextrin | oadini) I\/Errbrane 8, Whl ch was
cross- | i nkegwith 10 W% of cyctodextrim, sh ﬁ? 0@@@8 Mg :
performance 15 conpar ed Membhgemenbr ane phys| ca Re th ‘ﬁi’ﬁ‘m on
equi val ent |lanount of a-CD. One possible reason is that vmth aeten gh
anount of ¢NossDPkesanipéidncycl odextrin, coval ent niboteibhgt-bbebaleen
cycl odextrin ahtieAMATdRIoM D(r) interferes with| MSIRVYM D(rd.4¢hajin 1.11

packi ng. Fleld! Fghss @D@%@@Iﬁdﬁ% BEeehtamiM Eroscopy| (FESEM| pict ur eg
of cross-|{Akefl RIM D(r) rrem;raeﬁ@syzo [0.’)64% 8ﬁingre%“l A Blafhd ¢

show t he FESEWV T T —menbranes—and
Matrimd(r)leye E())Iéée Sﬁfréffém& gl(;.éér}btelﬂle rhér’%ﬁgdnes Fr.ein t he 4.88ures, 1.66
can be see| Y ih L is present |
Matrimid(r)q43t wlmﬁwaﬁ@%mefm ified bRy si cal | @i xi ng howp 5N
Fi gure 1B, | and] ¥hlAR-CR watdr solusienved wi t h Mafri mmi d( ')/q\'l?%- ap for ned
from cross-linking reaction shown in Figure IC._This neans that the

nmenbr anel0886k predably bnwsgt ebfamad rsnongrate HbatpT@Bé&Nf@ rivenbiages show an
rovi des: (0] Tl
Ehe o ool AR R Rl P poR R AR RSl S orhh 0

m Xi ng. dense membranes of equwalem weight % of cyclodextrm obtamed using the two methods,

7

there is an improvement of separation factor of 1.9 times. The dense membrane after surface
15 modification with this cyclodextrin derivative shows depressed flux compared to the neat
membrane. However, by applying surface modification on asymmetric membranes, enhanced

permeation flux is obtained.
Example 7: Thermogravimetric analysis (TGA) of membranes

[0067] Thermogravimetric analysis was used to characterize neat poly(amide imide) (PAI)
20 membrane and cross-linked poly(amide imide) (PAI-CD) membranes. The cross-linked PAI-
CD membranes were modified using m-xylenediamine-G-cyclodextrin (XDA-3-CD) under
various exposure times. Figure 2 is a graph showing TGA characterization curves of neat
poly(amide mmide) (PAI) membrane, cross-linked poly(amide imide) (PAI-CD) membrane and
m-xylenediamine-G-cyclodextrin (XDA-3-CD). The TGA curve of neat PAT membrane shows
25 an almost negligible weight loss of about 0.50 wt% during this temperature range. The TGA

curve of pure XDA-5-CD shows a main weight loss of about 56 wt% between the temperature



But anol i soner separation properties of cross-linked TORLON(r)
menbranes [ 0065] An experinent was carried out to investigate butanol
| somer separation properties of cross-ljgnked TORLON(r) nenbrane, in

both asymmetric and dense form conpared to neat 5 TORLON(r) and

dense TORDEM(af) 24tk i 380’ Groldikéwisel tiet araged eguAvECEhonatle upessdinked PAI-CD
cycl odexhlh et MIXSHSRL i M (JARkE R, PARLS 1l BBk FATRE mass of
separatron proper Fes’ih t1efns o ux of  penetrant S in

g/ m2hr) AHhh-gefibpadficdpnfikeinombofmeneat TORLON(r) menbrane, TORLON(r)
dense nenbrane nodified by cyclodextrin by physical mxing, cross-

| i nked TIORGENThy redesipnsiep carcbererpoesactbusamglEquatio 8 {4) askKellbWORLON(r) dense
menbrane. 10 Table 2 Menbrane Flux (g/ nR2-hr) Separation factor No.
Descfi ption n-butanol tABuhahOhag - Neal X Toedvoh 120206, 49 1. 11  lequation (4)
Torl on/ 0- CD dense nenbrane (physical 3.86 3.11 1.24 mxing) 11

Torl on aWieasEy AMeuinis sy ok weislit dess @btained frogghe TEE cusye; moanang mopmefers to
wat er sojut

Yon (- sl b ShiGIE TR R SRR SRR b bn T Frdiften sifhce
denonst reesleectihelw, Cﬁmhﬂn@r%mmﬁheweghs l@ewpanentagqsrquateml thembrane and pure
separat i r di t I trd n, Lin

et eon <Anes bR Rl LA Olm ik Rl oS BRRR fimorane area
obt ad nedwu§ talgulated, gm:n tiiet flotie, TGARemPles o1 die crﬂmlmkeﬂmfﬁmbﬁnes were prepared
separatron factor of 1.9 times. The dense nenbrane after surface 15

modi fi catitBihsdans IPW@aE?%r%dext rin derivative shows depressed fl ux
conpar ed [ weve

o 11 calt0Bal el inmPRPL Siine SRETed amati Sl eyblo Bl oo i sutiog area of
obt ai nedecrofx iR PAL-ChaEmBEgha vihd@t variou@ RRIdYEdasion TiaR) Tob csmiteanemunts of
[ 0067] Therrmgravr metric anal ysSi s vva sed to har cter ze neat
pol y(am %q%ﬁ@)pe(pmt)sur%%q’f{@af@ #’Gedc’r‘%%% é%rnﬁ g%‘gﬁa fygan be seen

imode) ({BA afdnt TRRPEISNSErn phCwE! K8fhicd meh%sﬂcrga%s w@mﬁeﬁw@mu about

modi fi ed using m xyl enedi am ne- (3-cycl odextrin (XDA-, 6-CD) under
various bxXposubebsequantly, Fidgsreas® ip samougk spfheoxhusiarig T‘@A observed with further

g Pg ; 2c]t ?%E&@%%tg({hy%% ﬁ@ef%fﬁ{eg g?&oﬁ_}ﬁg kéééﬁ?é@rgﬁ% rﬂgfre]gte% f t&g Bl TEARLABE; reaction

equilibrium exists in the cross-linking reaction, wherein a maximum degree of reaction is

achieved at about 1 hour.

20 [0070] The invention illustratively described herein may suitably be practiced in the absence
of any element or elements, limitation or limitations, not specifically disclosed herein. Thus,
for example, the terms “comprising”, “including,” containing”, etc. shall be read expansively
and without limitation. Additionally, the terms and expressions employed herein have been
used as terms of description and not of limitation, and there is no intention in the use of such

25 terms and expressions of excluding any equivalents of the features shown and described or
portions thereof, but it is recognized that various modifications are possible within the scope
of the invention claimed. Thus, it should be understood that although the present invention has
been specifically disclosed by exemplary embodiments and optional features, modification and
variation of the inventions embodied therein herein disclosed may be resorted to by those

30 skilled in the art, and that such modifications and variations are considered to be within the

scope of this invention.

[0071] The invention has been described broadly and generically herein. Each of the narrower
species and subgeneric groupings falling within the generic disclosure also form part of the

invention. This includes the generic description of the invention with a proviso or negative



m xyl enedi am ne-, 3-cycl odextrnn (XDA-(3-CD). The TGA curve of neat

PAI menbrane shows 25 an al nost negligi ble weight | oss of about 0.50

W% during this tenperature range. The TA curve of pure XDA-$-CD

shows a main weight | oss of about 56 wt % between the tenperature 18

range of limdetierp r@ﬁ@vi@ any kebicste matthie figma theegeMbAragaciess roft whether or not the

Cross- I|nk gses during this tenperature
Ffs‘{%ﬁ mater hs[ nFoss by rfegl?edﬂ'g@ ot

range, e Wei hass of XDA-$-CD grafted on the

gg”?gf‘rgw%%@ﬁgﬁr %oﬁﬁ%ﬁé %S%Hmc%%)fﬁﬁmgﬁ%rﬁ%ﬁﬁd Ity %Eﬁﬁﬁo%%ﬂge%%&% or

(4) wheaspects Afithe, inyentisn atveddsatitsd meergistof] IMa?rkushbgraupsedlofse @kﬂlemm th&art will

o Ty B TR P B kR AR s o

G nenbr gmgdagaﬂm@mﬁaﬁbmﬁégﬁﬁmbﬁﬁgngercentages of neat PAl nenbrane
and pure XDA-0-CD. Using Equation (4), estimated anmount of

cycl odextrin per unit nenbrane area 10 was cal cul ated, given that al
the TGA sanples of the cross-1inked nmenbranes were prepared wth the
sanme nenbrane area. [00691 Figure 3 is a graph show ng esti nmated
anount of cyclodextrin per unit surface area of cross-linked PAI-CD
menbr ane under various nodification tinme. The estimted anounts of
cycl odextrin per unit surface area were cal cul ated using TGA. From
the figure, it can be seen 15 that amount of cyclodextrin per unit
surface area increases with nodification tine until about 1 hour.
Subsequent |y, a decrease in anmount of cyclodextrin was observed with
further nodification tinme. Therefore, according to one enbodi nent of
t he present invention, reaction equilibriumexists in the
cross-linking reaction, wherein a maxi nrum degree of reaction is

achi eved at about 1 hour. 20 [0070] The invention illustratively
descri bed herein may suitably be practiced in the absence of any
el ement or elements, limtation or limtations, not specifically

di scl osed herein. Thus, for exanple, the terns "conprising”,
"including," containing", etc. shall be read expansively and w thout
limtation. Additionally, the terns and expressions enployed herein
have been used as terns of description and not of limtation, and
there is no intention in the use of such 25 terns and expressi ons of
excl udi ng any equi val ents of the features shown and descri bed or
portions thereof, but it is recognized that various nodifications are
possible within the scope of the invention claimed. Thus, it should
be understood that although the present invention has been
specifically disclosed by exenplary enbodi nents and opti onal
features, nodification and



variation of the inventions enbodied therein herein disclosed may be
resorted to by those 30 skilled in the art, and that such

modi fications and variations are considejged to be within the scope

of this invention. [0071] The invention has been described broadly

and gene€lamis| y herein. Each of the narrower species and subgeneric
groupings falling within the generic disclosure also formpart of the

i nventio Thi?.in | udes the generic description of the invention

with a prodt 8GamehSgative 19 Iinitation renoving any subject matter
fromthe genus, regardl ess of whether or not the excised material is
specifically recited herein. [00721 O her enbodinents are within the
follow ng cl aA?oceE@fo?%ng%roé@ﬂﬁfk@?\/&@ F §Re Bloce@TBRGEHSNE! the
invention are described interns of rkush groups, those Skilled in
the art will 5 recognize that the invention is also thereby

descfhi bed i n t emnsexpbsiagythengolyinduato rme rniyes-liokings afpgt.oulpe affossdimiergs agent
of the Markush group. 20 ai What s clai.ned,is: 1. A.process far.
meki ng a cross-1i n%gnaprgg}gyagé?ets{?qﬁaecyﬁtog@ggg RS g i© (&o%enggybe&iz%ammg
the polymer to a cgtQ&t bhdehdiFeagaup, and he cross-1inking agent
conprising at |east one cyclodextrin noiety, the cyclodextrin noiety
containing at |east one reactive group, and b. allow ng the polyner
and the cross- | ibnkalieging dhetpohanereae the/frass-Fking agant {eregetotipthegenchive gepup
formthe cross-1inke r. 23l cess of claiml1l, wherein
the reactive group§V%tQ%#é@?%&“%?&%??%@ﬁgggﬁp consi sting of an am no
group, a hydroxyl group, an allyl glycidyl group, an epoxide group,

a thool graupThamrevesd afieclgfroup, wikreih nthermsadtive=gogp ol pselaatddefiotonele group
C=C group, an allyl group, an allyl gl cfd | ether group, an .
nternal | C gr SUSSULE OEAMARING Erolle & GpBiny! B ithAld) Y dve. an cpoxide
-C=C C=C- gr opBup,aa the1 B\, ak QBad grobep, CanGriferndl '(OMP gRfup, dRrminal C=C group,
substituted derivatives théereof. 3. The process of claim1l, wherein

the cross-|i n¥l aldylagesn anadlyl Bbcohethsar groypnen ntermal =greumarerminal C=C
wherein X is i i i e phath.Cr ~am
alicyclic, anégﬁ%%%?ﬁgﬁhigﬂq%$&?%¥%Sﬁgt %%'%%ﬁ%ﬂgﬁéagb%?|§?qéf§gb?“mp°r
havilfg a mai nsubktduredaferindsogs tier¢od. about 30

3. The process of claim 1, wherein the cross-linking agent has the general Formula 1:
X-NH-R-NH;

wherein X is a cyclodextrin moiety, R is one of an aliphatic, an alicyclic, an aromatic,
an arylaliphatic group and a silyl group, having a main chain of about 1 to about 30

20 carbon atoms and 0 to about 10 heteroatoms selected from the group consisting of N,
0O, S, Se and Si.

4. The process of claim 3, wherein the moiety X of the cross-linking agent is (-

cyclodextrin.

5. The process of claim 1, wherein the polymer is selected from the group consisting of
25 optionally substituted polyamide, optionally substituted polyimide, polyamide-imide,
polyetherimide, polycarbonate, polysulfone, polyethersulfone, polyester, polyurethane,

polyetherketone, poly(phenylene oxide), cellulose acetate, cellulose triacetate, rubbery



20 carbon atonms and O to about 10 heteroatons selected fromthe group
consisting of N, 0, S, Se and Si. 4. The process of claim3, wherein
the noiety X of the cross-linking agent 4;s ,S- cyclodextrin. 5. The
process of claim1, wherein the polyner Ts selected fromthe group
consi sting ofpoigﬁeppmit)drpiﬂjrryers pbBAiet fiioeganpo Ifjlanindeed aptrizomadtérial, copolymer
substituted poI i mde, po }zam' de-imde, polyetherimde,
pol ycar bonat " "Fg éfﬁ‘hB pol yet her sul fone, pol yester,
pol yur et hane, polyetherketone pol y(phenyl ene oxi de), cellul ose
acetate, cell I AVAE1 ¢
pol ymer /i n?r ggirlleior%19 és:é b?gﬁﬁﬁigﬁhﬁgtﬁﬁﬁiyﬂgﬁj& ?% ﬁm%gil)}gwy(gr}year pcR?da mnide)
m xtures thereof. 6. The process of claim5, wherein the poI ymer is a
pol y(i m de)’. ofhapmekss(afrangeonien fdddims 71 toTﬁ,ewbcmtneﬂ]s apdssdimkingnegeaf and/or the
cl ai$ns 1 to 6, wherein t{ge% cros |Inli agent and/or the 5 polyner

ovi d s

isp ed iFPIEMELF PLH BP\?B gble e process of claim7, wherein
the solvent is one of a ketone, aI cohol acetic acid, formam de,

tetrahydrofguryp, %Qéé'ofaeqﬁﬁta’? ewh&@ﬁtt%'séfvbhtels cgt'e%ftahblétm%”aﬁc%ﬁbﬂ%cenc acid,
hexane, benzene diethyl ether, diethylene gly di met h

met hyl ene chl forinamidec detirbidrofusam aethylopéatie, @crem:ﬂhtrltﬁr db@lhgliyi ﬁelfOXIde " hexane,
N- et hyl rr
nyt py ‘t?ért%l i éﬁne?l%ae?l?e V\ﬁlteﬁl&len% [ col-ﬁtﬂrﬁetﬂ{glfé%tﬁglg rl{f?ﬂﬁ&h}%%t?éy&ﬂ%l(?ruileh carbon

wherein the 05S-97 nkin

t he sol vent itstrachldride, trivhipeo ohyled) dN-mkthyt pyirdidatame; ardOvateo of t he
conmbi ned anount of cross-1inking agent, polyner and sol vent. 10. The
process accordlng to an% one of clai in the process

wher ei
cole ses Jpr'b¥§ BraFEsSal é’mé"/}?ﬁﬁﬂggﬁ? P‘%M‘?fit @n%‘ﬂtcﬁ‘% gogplnkingpagent and

conpri sing a gJ1988r faltBKsdMknt &n@g@%gé of A d widclto a‘ﬁoﬁ’toi()y'm% of the combined
obt ai nabl e by a process according to any one of clains - 12. The

pol ymer of clamennt of cippelieliing ageat.ponumer aof selyentodext rin |n the
polymer is in the range of about 0.01 vvt%to about 50 wt % of the
conbi ned a t olt cycl odrf\? in and gg Ié Bl t20 13heThet rg 138 o8 rises
claim 11, erdi RERE 4D Htggfm@/ygtl in H??h‘g 681“y PP ]tnﬁ
range of abougroQiddik aviéniteagbiaudo liliSfowin%ooihichea m@zﬁtmlnn@dn}ﬁmﬁ cﬁfss -linking
cyclgdextri n and pgﬁl1 mer. 14. The polymer of claim1l, wherein the

iht of cyctEs8EREFYSY i n the polymer is in the

11. A polymer obtainable by a process according to any one of claims 1 - 9.

12. The polymer of claim 11, wherein the amount of cyclodextrin in the polymer is in the
range of about 0.01 wt% to about 50 wt% of the combined amount of cyclodextrin and

polymer.

20 13. The polymer of claim 11, wherein the amount of cyclodextrin in the polymer is in the
range of about 0.01 wt% to about 15 wt% of the combined amount of cyclodextrin and

polymer.

14. The polymer of claim 11, wherein the amount of cyclodextrin in the polymer is in the
range of about 0.01 wt% to about 5 wt% of the combined amount of cyclodexirin and

25 polymer.

15. The use of a polymer according to any one of claims 11 - 14 in formation of a

membrane.



range of about 0.01 wt%to about 5 w % of the conbi ned anount of
cyclodextrin and 25 polyner. 15. The use of a polymer according to
any one of clains 11 - 14 in formation oj> a nenbrane. 22 16. A
menbr ane obt ai nabl e by the process according to claim10. 17. The use
of a menbr difeAasemiyend elainable byl rocess ad®@rding thedaigeplr ati on of
isomers. 18. The use of a menbrane as recited in claim15 or 16 in
t he separatj.on of structural isonmers..5 . e use of a nenbrane as
recited in idt ﬁl“’n’r‘%ﬁérm P E° ;}EFE‘W?J% 0615%&‘ g}ee‘}SP%WE’r 150T4g515
20

18. The use of a membrane as recited in claim 15 or 16 in the separation of structural

isomers.

5 19. The use of a membrane as recited in claim 15 or 16 in the separation of stereoisomers.

10
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