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ASYMVETRI C MEMBRANES FOR USE | N NANQFI LTRATI QN Fi el d
of the Invention The present invention relates to

wa@sgomresssi ¢ menbranes for nanofiltration, partPCTIGBRI0J/050218

nanofiltration of solutes dissolved in organic
sol vents. Background to the Invention Menbrane
processes are well known in the art of separation
science, and can be applied to a range of separations
of species ofagtaVimRIOMIgBRANBYEH@EOESEI N |iquid and
gas phases (see Tor exanple "Menbrane Technol ogy and
Appl i cations" 2nd ENNAMAFILERAEINer , John W1 ey and
Sons Ltd, |SBN 0-470-85445-6). Nanofiltration is a
menbrane process utilising nenbranes whose pores are
Fieldefi dredbdeytiom t he range 0.5-5 nm and whi ch have
nol ecul ar wei ght cut-offs in the region of 200-2000
Dal t ons. Mol ecul ar wei ght cut-off of a nenbrane is
Thegpanaldvyndaf iened tassinnget1® heeibraks Wi @Abfilehtich, particularly
npl ecul e that would exhibit a rejection of 90% when
nanglilgptn fgolutss AistdYSdIin PLgenis OIS he menbr ane.
Nanofiltration has been widely applied to filtration
of aqueous fluids, but due to a |lack of suitable
Backpoyrdhto the Iapdngioprenbr anes has not been wi dely appli ed
to the separation of solutes in organic solvents. This
is despite the fact that organic sol vent
Memanoé plotesadsi ann welOEN)wihastheram yf pphearion sdienagphd cat boapplied

i n_manuf act.uri i ndustry. i ncludj ng spl vent .exchan
(0 a2 ps ) SePAPAICRY ARY e AT ¥ rdips Mgy Ulap PSRt (P and G afhses
(secCON&@MHpIa M @tFaneARLMioggl@sd Apyeati@sn2usadiom RIS Balked, John
form menbranes used in separation processes,

Wilgwand ogp bidh {PRYRE-44&gHatPons, and al so for separations
of liquids. US 5,264,166 and US

Nanofiltration is a membrane process utilising membranes whose pores are generally in
the range 0.5-5 nm, and which have molecular weight cut-offs in the region of 200-2000
Daltons. Molecular weight cut-off of a membrane is generally defined as the molecular
weight of a molecule that would exhibit a rejection of 90% when subjected to
nanofiltration by the membrane. Nanofiltration has been widely applied to filtration of
aqueous fluids, but due to a lack of suitable solvent stable membranes has not been widely
applied to the separation of solutes in organic solvents. This is despite the fact that
organic solvent nanofiltration (OSN) has many potential applications in manufacturing
industry including solvent exchange, catalyst recovery and recycling, purifications, and

concentrations.

Polyimides have been used widely to form membranes used in separation processes,
particularly gas separations, and also for separations of liquids. US 5,264,166 and US
6,180,008 describe processes for the production of integrally skinned asymmetric
polyimide membranes which are claimed to be stable in solvents such as toluene, benzene,

xylene, methyl ethyl ketone (MEK) and methyl iso butyl ketone (MIBK). These
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6, 180, 008 descri be processes for the production of
integrally skinned asymmetric polyi m de nenbranes

wohigch2se claimed to be stable in sol vents sup@T/&B82007/050218

t ol uene, benzene, xylene, nethyl ethyl ketone (MEK)
and nethyl iso butyl ketone (M BK). Thesenenbranes are
prepared as flat sheet nenbranes on a supporting
substrate using a phase inversion technique, which

mehBi@itstase propAd 44! %&hﬂn@mtx@ﬁ’esl(ﬁﬁ%pﬁfrtlﬁ%"'ﬁlb§¥§a‘{mﬂgr 4 Fhase
menbr ane c%aracterlsed by pore sizes ow5 nmin

inverpigpreclaqueavhish réspltsigt o traiie tapdpasr ahde agnunaiiieaeaprane
chaw.lc{eﬁseﬁ lﬂl%ﬁ eﬁ&e@b fogv £ Rlﬂqhtd a%tep gAi@(ig%&trnaqu‘?‘ SR n%lglgbllaﬂes are

ent cond I'tioni ng agent mai ntal ns ne
treapudopem nogasvolagite qvadiobnihg ageni dssobkd irmmlvﬂmi @hnnoadltmmng hgent
luteslIron1or an&c SO|§ﬁ @r 9 rane
ma‘P‘éﬁ‘”‘é " ProYiedey S o B odnd l?fhﬂ °§’de ard‘?f‘i}g t38 £5 rom
orgdii€ SRvaasy BREAIToG (REAIDIBARS tobeEprotediedBslore® ah@Ndletih atdyy
for the separation of |ow nolecul ar wei ght organjc

statprpkhepq agy@mgiricrnembraes afy aimggiqypave jupliyar thy ﬁa@r@@e ooy
mol%lé&rga@%ﬂt biyThie %a\’e%rdfssxnm 4 ﬁol@&llﬁ%gﬁﬁ iRk %& 9do-0avidns

ons. The app ication of these nenbranes to
frorg gblvemts widicooleeufarf weight| af peounid| 10i IPalioas. elicaapplichéise of e

mellnf;]rau%lJ % tg as'i)ﬁ/gltlt J\?o%ergft I%(?IQ 11?636 Q%%Ftr%?e% a?és gescébe% :h l§§ Z’a ﬁ{:ﬁos

recovery
5,3@),330f 6]494 566‘-:§ W1t8ﬁ73a1m101h1ythmoﬁ¢m htmhrramxe"‘SWmit eeobyé:?sy from

tand oS By R, d R BT Ao Sy € koot of

MeinBiage B@¥nck oI POASRgEI DRI ONovadver pfimSdealiérbrimes drned in
solvents. In particular, they are not stable in

thissws/ Be PhRSE RPN AIse10b stblenl d SOeRS nlg RapiukBribease not
stablSinSBIVR & wiiaR Yne ]ﬁ)ﬁ]}qmtd% féﬂ’ﬁhé R mEthe At ST efhhﬂ;] tend to

such solvents. In gas separatlon appllcatlons

sweplgir gvami difsslve arsubesdyedtspl asti ci zed, thereby | osing
their desirable separation properties. Crosslinking of
pol yi m des has been investigated as a neans to

In @v eepmﬁntabb&ammb belmnilid\esg@s lﬁ'ﬁpm‘ ahstivedpihbicbyaldsmg Sheir
res - chemi cal

Pat . . 717
des\‘f@iﬁé §ra]t181} pfqp&rtlg§ o@fgs nkipg o P Hﬁlpf:% 45, BN JRvestigated as a
med¥@1id bdddale this problem in gas separation applications. U.S. Pat. No. 4,717,393

presents photo-chemical methods for the cross-linking modification of particular
polyimides containing benzophenone groups and hydrogen donor groups such as methyl
groups. U.S. Pat. No. 4,981,497 describes a process to modify polyimide membranes as
used for the separation of gases with amino compounds including mono-, di-, tri- or
polyamines. U.S. Pat. No. 4,931,182 discloses a class of polyimide membranes for gas
separations containing copolymerizable, surface-modifiable units containing both
aromatic diamines and alkenylated diamines having a vinyl or vinylaryl group preferably
positioned ortho to an amine functionality. The polyimide units can be crosslinked by
treatment with an activating force such as a high energy electromagnetic irradiation or
with a free radical source to impart high selectivity to the membrane without causing a

large decrease in composite permeance. US 6,660,062 discloses a method for crosslinking
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pol yi m des cont ai ni ng benzophenone groups and hydrogen
donor groups such as nethyl groups. U S. Pat. No.

W@ 2@8123687 descri bes a process to nodify pol yi PbETI&B2007/050218

menbranes as used for the separation of gases with
am no conpounds i ncludi ng nmono-, di-, tri- or
pol yam nes. U. S. Pat. No. 4,931, 182 di scl oses a cl ass
of polyi m de nmenbranes for gas separations containing
a dGANeY MBI aHe, witkls LS f MRdia &ér@ki’sl 8 pé uhﬁieC@jmc@ﬂtEUtﬂﬂg the
both aromatic di ani nes and al kenyl at e di am nes havi ng
polamidenipyerowitlyjan polygnyine.gysiisn amr@@eé? aicp st peacHing Hee
methBraf w?tH‘ et HRRE | BRALA lo¥ an ff;hﬁf&'-a)fbxﬁltfie nﬁlﬁe. CEE Bkt
crosslinked by treatnment wth an activath ng force suc
Aprasata)nththené@(lﬁwléVEét Abndighetd @ proceadif@at ireatingra yxbltyilmiae
ee radlc ource to inpart hi selectivity to t
iyl R BEC s Prg PR ¥ RutRe cthth rhibordetift ¢
mulfi@noREAr amitds Gn&ailiddel2 Pdbikali@s a80a20081000820f &1 discloses a
cr ossl i nki nga dual | ayer hollow fibre, where one of
Progie qr;gg;@f» linkjng aapqurg,qlenl?yd@cpoggg HIN PSS H’é‘@ﬁé‘g%lwmﬁ?%‘ég
onel 8Y @or¥M dnfin@ JPlpy.amisne 93@%5919115%109&0%860\)&1&19 Rerosslinking of
conpri ses contacting h nmbrane with an al coholic
polypidgs ipsrsesf ingipllawi %lvratm@nlaa@ﬁatsing qeblaleaneyier, cryslimgt eibhe
' 4
croﬁ?@%ﬂ&é@ft éo%?mf#%g??%a?agg% g@%ﬁ%ﬁ? 2hdAI ang rbg«%lec(l) chgseg in the open
htelelelm:i rfommampla:rmhymeatbd dogineldofpdbmbmne Sciwie cligo r(@@()l) 231-239

v, CONS| St f mul tifunctio nes. Internati
CHER] S e ST Ob gDty A iy es B ARt B e Bp <
al. ou@SBfi MkhhignaSdaalky 278 de0Hy 7epesieatd of (Eroismnﬁm@rnﬁlﬁﬁﬁcatmn
| i nki ng agent conprising one or nore amne gro

on gis §para g P gRRss 85 MapENie eabEes e PRAOST rindquig! g Niémbrane
ScidRl ¥4 m%@@ PRe%s mfra'ngbol?t%rl)]%\f’ﬁés | PR TRARG %@ﬁnﬂdé hfhbranes

col val ent 'ester crosslinks. The crosslinking of
indyyedl iyniliffiercga sensegtiansatof Ghanwewaaﬁ e@ﬂﬁisd@ﬂsmerbee&hao et al.

i.scl ps . the li.ter , np (i
JoufuP S bPO §hlerltlardeNCSARED, el 1 @) © 8l DL CHATE tfe"531°é§353
Cyclbﬁhﬁﬂétﬂ:&ainethylaﬁlmeb imokifiegyionmowhi gas eahspon anfl pD@ﬂlcyzatllbﬁl ees1stance

nbr anes gas separatio Tin e r
of REHBI GG ebrBrand 5 oot Mgt eeakt g QDB W2 isss
“Sofifl B&se |ARNKEMICFREL fukat bOPolyimide Membranes for Carbon Dioxide

Plasticization Reduction”. In all the above prior art the membranes are either hollow

fibres or dense film membranes.

Summary of the Invention

The present invention provides asymmetric polyimide nanofiltration membranes which
are particularly suitable for use in organic solvents. Membranes are provided in which
least a fraction of the polyimide groups have been treated with a crosslinking agent and in

which the membrane is impregnated with a conditioning agent.

In a first aspect, the invention provides a membrane for nanofiltration of a feed stream
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on gas separation performance of Matrim d nmenbranes”;
Shao et al. Journal of Menbrane Science 238 (2004)
waa@Aas367 Transport properties of cross-|i nkedPCT/GB2007/050218
pol yi m de menbranes induced by different generations
of di am nobut ane (DAB) dendriners"; Shao et al.
Journal of Menbrane Science 267 (2005) 78-89 "The
effects of 1, 3- cycl ohexanebi s( et hyl am ne)
solUHichipiddihONsWend @RI difBRSH N1hie AR sfhb@ﬁfg'\;fwiéf&@ﬁtia@ Rejection of
resi stance of polyimde nenbranes” and Wnd et al. .
the Modtiesmat agieas (e8P Pl compasing ang@gegralyl skinmidapymmetric
. | ose- Linki i S
po R e § g A T . SR BB ATER, i ar
crosalioked apd thepolyimiid¢ isempreginteinesh accadigivhingngdnol | ow fi bres
or dense film nenbranes. Summary of the Invention The
present invention provides asymetric polyi m de
In dhathof adpeéiathcomverioh manedes Whpobesalfér foaminigCanl @tdgyally skinned
suitable for use in orqgnic sol vents. Menbranes are
asy@%ﬁcd%lqr??e\ﬁﬂ’ﬁ sehyepteigaglilatongeonngising theysirgs B%I yi m de
(a) SHEOHRS a?awﬁn@@@(sbetsaﬁag@&brmfsﬁga crosslinking agent and
in which the nmenbrane is inpregnated with a
condia pdnimde pgJemer, and (g 4 poluant gespase for saisepelyivedst whigh is
Pr QViides fenbrane for nanofiltration of a feed
st reansol ut’on conprising a solvent and di ssol ved
(b) swling €8lnavidasihiopt sudutipneherasoppaling @pecitd; on of t he

sol utes at .anbi ent. tenperature, conprising an .
(©) iy B PPy st a1 st O T o il goseulating
medidngf ein at least a fraction of the imde groups of the

ol yi mde are crosslinked and the polyimde is
(d) freaying dredeaeing s HmEetEs A¥Mbraaa g aagﬁgfﬁ{*t. COMRIigi AR Pt more of

a mBSP8Elri- 4iRe AVERRAMM:0MIgdes a process for form ng
an 1ntegrally skinned asymmetric menbrane for sol vent

(e) rieepietfd Ithe asinonectric onpnbranengvithhe washipbathf or baths progpasing
cmn%ﬁﬁﬁh%Qghge dope sol ution conprising: (i) a polyimde
pol'yners and (ii) a solvent system for said polyimde
which is
Membranes of the invention can be used for nanofiltration operations in organic solvents.
In particular, they can be used for nanofiltration operations in solvents in which the base
polyimide is soluble. This is advantageous with respect to the prior art asymmetric solvent
nanofiltration membranes, which lose structure and dissolve in typical dope solvents such
as DMF and NMP, and exhibit low or no flux in some chlorinated solvents such as
dichloromethane. Membranes of the present invention however are stable in these
solvents, offering acceptable flux and rejections. Yet a further advantage of the
membranes of the present invention is that they may exhibit higher fluxes than known

membranes when mixtures of water and organic solvent are being processed.

Brief Description of the Drawings
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water mscible ; (b) casting a filmof said dope
sol ution onto a supporting substrate; (c) after an

we@eapoessi on period, imersing the filmcast oPCT/B82007/050218

substrate into a coagul ating nedium (d) treating the
resulting asymmetric nenbrane with a sol vent
conprising one or nore of a nono-,di-,tri- am ne
and/or a polyanine; and (e) treating the asymmetric
FighB ND&RRe pMhdacnnash pDhat Byv@rimahiis refRIB b hidkeR compounds
condi tioning agent. Menbranes of the invention can be
vergys guirfrgilecylan weight eaerpestnksdd catinp it pakyimgdgapingbranes operated
a0 359 A IBBRLLLGY) a7, They can be used for
nanofiltration operations in solvents in which the
base polyimde is soluble. This is advantageous wth

. respect tq the prior art asynmmetric s ent . .
v b ey Ak offhisiiiah s Rt Tn P 2 TRbipide spgpbrane
crodiigiealwig 0. Nmbygal Ctlcradapking@bseat ® twich as DMVF and NWVP,
and exhibit low or no flux in sone chlorinated
sol vents such as dichl oronet hane. Menbranes of the
Figtt €5 §lthwsi MY @Rt QT HOVBMEE: RILhekRR ! Bndaling PESBluene flux and
sol vents, offering acceptable flux and rejections. Yet
MWL grvper30ddveanst e of the menbranes of the present
invention is that they may exhibit higher fluxes than
known menbranes when m xtures of water and organic
Figwo|4v gnws ahe floeiand NWeEke st edmbBine M 1 (Dasdiffephi amané stlwents
aw ngsFi e 1 shows perneate flux of DVF over tine
m“%%ﬂ%$%ﬁ%@€?g;b%f mar ker conpounds versus their
nol ecul ar wei ght for crosslinked Lenzing P84 polyimde
~ menbranes gperated at 300C and 30 bar applied
Figye asheirsethe frgedaM Y (hotienbrane Mhgin Billegid 1dMI'dat a for a
Lenzi ng P84 polyimde nmenbrane crosslinked with 0.1

nol eqv. of crosslinking agent at 30 bar.
Figure 6 shows the effect of temperature on membrane performance of membranes from

batch M10 in DMF.

Iigure 7 shows the effect of treating membranes with different aliphatic diamines on

membrane performance.

Figure 8 shows the molecular weight cut off curve of membrane made from Matrimid

5218. Flux at 30 bar in a dead end cell test with DMF as s solvent 20 Lmh™.

Description of Various Embodiments

Asymmetric membranes will be familiar to one of skill in this art and include an entity
composed of a dense ultra-thin top "skin" layer over a thicker porous substructure of the
same material, i.e. as being integrally skinned. Typically, the asymmetric membrane is

supported on a suitable porous backing or support material.
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Figure 3 shows the effect of crosslinking and thermal
anneal ing on toluene flux and MACO curve at 30 bar and

waeez128Bsyure 4 shows the flux and MACO of mnmenPCEHOB2007050218

in different organic solvents tested in dead end at 30
bar. Figure 5 shows the flux and MACO of nenbrane MO
in THF and DMF. Figure 6 shows the effect of
tenperature on nenbrane perfornmance of nenbranes from
PolAatideNmMhGRahdd $Mbe ifeBUSEcah B PNAudebarddf faafintef of polyimide
treating nenbranes wth different aliphatic diam nes
polyper ravftsahiee ientfiss patick PolFmgiraee Breschddn thedrigdfibdagluding
g r ¢
USSR F O 54K 9] ARTARET TR O BLI T e
5,2@s166, Bl Yao. BOSQL.AIR LS. Pat. NOe4807, 7151 UrS. 8ht. Nard, B13sts8, U.S.

PacoNB LR (P EnNe: &PFobh L weP s oan ZApT ey S PO No.

3, 113)063[398&81 Faf. No. gense1ul UisaPhhiNe. tmm m«ms ]Pa&yIGB Q&H’BO@
i cker gorous substruct ure of
US; Eatbé\ﬁ ng2rhe By tab | Bat-oXe- %%2&20%91 cgf“I 910 ?ﬁé3 ?a%”yﬁﬂ%ﬁflfl&h
PatdRNBI ARy 429 supported on a suitable porous backing or
support material.Polyin de menbranes of the invention
can be produced from a nunber of polyi m de pol yrmer
0 a
A @&E{rﬁcﬁﬁmﬂﬂﬁe 8‘1?&%1: 'H%: r§%§£ &PlantX{ﬂB{Qoes Bfegqg v gﬁ}&?qs
availlhb®: asFMhtrlan S2R 86h Hlﬁlﬁ,mahl (&rpd?attonl\ldihtﬁstﬁﬁﬁl,ré)ﬁﬁhowh Below.
4,166 . S.. Pat. No. 6 008, ., U. S. f.
“ﬁ@?ﬁyl%l@d% h%% Khowy & tH%B?l.y mﬁb‘."&@ 1 f%?)zfgé‘muﬁpéenyg'a%’ﬁg'h&m
1,3,3.(é881 @Yﬂlm&hyﬁlHHﬂden Nemind abdt6,510ahonldbis- 1, f@bben&\ﬁfurandlone
3,179 . Pat. No. 3,179,633, U S. Pat.
(CAS §2@b<21@292%0%6> Phtcompgon nemeqfgr dbgimid 318 py the Nsymer with
d1a1§rn§%t§: g%an64n§ beIPz%{JhenN‘Ra teé’ac%ﬁ)gxyg&%’lanyy&de Pat . No.
3,822,202, U S. Pat. No. 3,853, and British

O O
—NN O
O o) O

Most preferably, the membranes of the invention are prepared from a polyimide polymer
described in U.S. Pat. No. 3,708,458, assigned to Upjohn. The polymer, available from
HP polymers Gmbll, Austria as Lenzing P84, is a copolymer derived from the co-
condensation of benzophenone 3,3',4,4'-tetracarboxylic acid dianhydride (BTDA) and a
mixture of di(4-aminophenyl) methane and toluene diamine or the corresponding
diisocyanates, 4,4-methylenebis(phenyl isocyanate) and toluene diisocyanate. 'The
obtained copolyimide has imide linkages which may be represented by the structural

formulae:
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Patent No. 1,434,629. A preferred polyimde polyner

useful to prepare the nenbranes of the invention is
war@rhasbe as Matrim d 5218 from Hunt sman Cor pPCHGBI7/050218

The structure is shown below. The polyimde is al so

known as the polymer with 1 (or

3)-(4-am nophenyl)-2, 3-di hydro- 1,3,3 (or

,1,3)-trinmethyl-lIHinden-5-am ne and

5,5' -carbonyl bi s-1, 3-i sobenzof urandi one ( CAS Nunber

62929-02-6). A common nane for Matrimd 5218 is the

pol@rer with di anmi nophenyl i(ddane and benzophenone
et acarboxyllc di anhydridg] n Mst preferably, the

opad! yner deri vigd fron1the ocondensati on of
ben@phenone 3.3 ,4,4' -tet @Qcar boxylic acid
di anhydri de (BTDA) and a mxture of di(4-am nophenyl)
nmet hane and tol uene di am ne or the correspondi ng

di i socyanates, 4,4'-nethylknebi s(phenyl isocyanate)
and tol uene diisocyanate. The obtai ned copol yi m de has
i mde |inkages which nay be represented by the

structural @ormul ae: wherei n theycopol yner conprises
from abopt 10 to 90% I and 90 t|p 10%] | Cldgeferably
about 20po | )-8 ANOT pol yi m de usef ul
to prepafrg|a or daiN h the invention
is a pol po GapH, Austria

as Lenzi % polyner is the co-canhdensati on
of |H, 3HBe@o[l,2-c:@, 5- c']di®uran-1,3,5, 7-tetrone
with 5,5 -carbonyl [ bisl, 3- |sobenzofurand|one] 1, 3-
di i socyanat o- 2- net hyl benzdhe and
2, 4-dii socyanat o-1 - met hyl benzene. The structure of the
polyi mde is shown bel ow.

wherein the copolymer comprises from about 10 to 90% I and 90 to 10% II, preferably

about 20% I and about 80% IL. Another polyimide useful to prepare a membrane in
accordance with the invention is a polymer, available from HP polymers GmbH, Austria
as Lenzing P84 HT. The polymer is the co-condensation of 1H,3H-Benzo[1,2-c:4,5-
c'l|difuran-1,3,5,7-tetrone with 5,5'-carbonyl[bis1,3-isobenzofurandione], 1,3-
diisocyanato-2-methylbenzene and 2,4-diisocyanato-1-methylbenzene. The structure of

the polyimide is shown below.

Q 0 CHs
'+}N llli! ‘l!lll N'{: | ‘
O O O

AND
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ANDMenbr anes of the invention can be nade by
di ssolving the desired polyimde polyner in a solvent

wo ogetiiss7 Wi t h optional viscosity enhancers, opeT/GBa007/050218

voi d suppressors, and optionally discrete particles of
an immscible matrix, to give a viscous, polyner dope
sol ution, spreading the solution upon a porous support
to forma film partially evaporating the solvent, and
quenching the filmin water. This precipitates the
polymer and forms an asymmetric menbrane by the phase
i nversi on proce@s. The |n¢ant|on incl udes a process
for formng q d T
crosslinked N Il tration menbrane,
conpri si ng a pol yi mde
dope sol utid 3 (1) a
pol yi m de pqly present iiln amounts ok|5 to 30% by
wei ght of sdid @ope soluti@n, (ii) a sal'went system
for said polyimde which is water mscible, (iii)
optionally, a viscosity enhancer present in anounts
Mellngltsaﬁes Jf %Ipe évélfﬁf(){?l 8 @eﬁ%gdedogrpcﬁssglg ggtféeg(?esg%d %&%thc%e S'pog_}ffmer in
a s«bl&&ﬁ tbgmlrer 1\01% bytl(mal ghtostf esbamterdopgticnal ubitl CHtlppréss))rs and
.oEthqgall act ant R esent in anounts of H d
opLpH %r%é Pé\%lf fu" 8t "Sard B‘ém%‘of%{%‘uVSr? VRO PO yHIeE dope
solutph) ep@dding tid dblsGseluBod NOHERGE GuPForOi@ABINE a8l Partially
suspended I n the dope solution at an anount of | ess

evapq{gfpgzt@e/os@yeqkeqngmue@u{gﬁ@e &p dn dofse By gﬂep@]ﬁateS( tBy polymer
and(fétﬂs aﬂ QS}%Ifléthmnglfnbﬁﬂé gy @e Bfase Blviikion DrRBLO @ support i ng

substrate; (c) ter an evaporation period, inmersing
the film cast on the substrate into a coagul ati ng

The invention includes a process for forming an integrally skinned asymmetric
crosslinked polyimide solvent nanofiltration membrane, comprising the steps of:
(a) preparing a polyimide dope solution consisting essentially of :
(1) a polyimide polymer present in amounts of 5 to 30% by weight of said dope
solution,
(ii) a solvent system for said polyimide which is water miscible,
(iii) optionally, a viscosity enhancer present in amounts less than 5 wt% of said
dope solution,
(iv) optionally, a void suppressor present in amounts of less than 10% by weight of
said dope solution,
(v) optionally, a surfactant present in amounts of less than 5% by weight of said
dope solution,
(vi) optionally, a discrete inorganic or organic matrix suspended in the dope
solution at an amount of less than 20% by weight of the said dope solution;
(b) casting a film of said dope solution onto a supporting substrate;
(c) after an evaporation period, immersing the film cast on the substrate into a coagulating

medium;
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medium (d) treating the resulting asymmetric nenbrane
wWith a solvent containing a nono-,di-,trior polyam ne;
w@ ejo7tizsat i ng the asymetric nenbrane with a weshGBad0h/050218
or baths containing a conditioning agent. Optionally,
the nmenbranes may be dried as a further step (T)
followng step (e). The polyi m de pol yner dope
sol ution may be prepared by dissolving the polyimde
(d) ROAMBRe dedul@Rde s AhmBritimehib e Hithdf GRRhCcoR @YY Sono-,di- tri-
including the foll owi ng water-m sci bl e sol vents:
or pRLyaBngy | - 2- pyrrolldone herei nafter referred to as
© Qb bt Phine REL 5 3 b of ROl o2 ine
agegti met hyl sul f oxi de, N,N-dlnetylacetan1de, 1, 4 di oxane,
gamma. - but yrol act one, water, alcohols, ketones, and
formam de. The wei ght percent of the polyi m de pol ymer
Optidhal$Q kHetrh@ibrifRy niag 8@ eriddrQ et QeBA@Yollbwind8eproadest
sense, although a 16%to 28% range is preferable and
an 1896to 26% range is even nore preferred. Additives
TheS P& nﬁe’fe bISROSubpe SIMRACKHLP bgﬁﬂeﬂaﬁedpﬁ}ﬁﬁﬁmlwhg tl@e”BMEhtnﬁde
up to 10 y weight of the said polyi'mde mer
polygr up oph oh thixte e orgaoicudyeps| lywdwg tlmfﬁﬂwmgi Wﬁ@gmlsmble
solx%g ay% Hﬁé h?pf g%lr &1811@ %anéﬁe?t Ilg?e%é toAgsdll\tIMﬁ,n %{#a}{ drofuran,
itives su as voi d suppressors may used 1M
her@mapignteserted to @s $HFON N-Himerbgifginhanadle, Shaledlaﬁeli nyerrbdi&) as DMF

iRty AENG R B s " EORG RRO PR Vv

alcchulsf R€dnas) tasd forhGide] nf |l uence the pore structure, may
be used in anbunts up to 5% of the weight of said
pol yi m de pol yner dope solution, for exanple Triton

Th&‘vé?tglp(&ﬁ\é@ drakd ]901{7151@([@ ﬁl}gﬁ@ n &lgﬁdncﬁa}%néé Bom 5% to 30% in

phenoxy- pol yet hoxyet hanol )
the broadest sense, although a 16% to 28% range is preferable and an 18% to 26% range

is even more preferred.

Additives such as viscosity enhancers may be present in amounts up to 10% by weight of
the said polyimide polymer dope solution and these include polyvinyl pyrrolidones,
polyethylene glycols and urethanes. Additionally additives such as void suppressors may
be used in amounts up to 5% of the weight of said polyimide polymer dope solution, and
in this case maleic acid produces the desired results. Additives such as surfactants, which
influence the pore structure, may be used in amounts up to 5% of the weight of said
polyimide polymer dope solution, for example Triton X-100 (available from Sigma-

Aldrich UK Ltd. (octylphenoxy-polyethoxyethanol)).

Organic or inorganic matrices in the form of powdered solids may be present at amounts
up to 20wt% of the said polymer dope solution. Carbon molecular sieve matrices can be
prepared by pyrolysis of any suitable material as described in US Pat.No. 6,585,802.

Zeolites as described in US Pat. No. 6,755,900 may also be used as an inorganic matrix.
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Organic or inorganic matrices in the formof powdered
solids may be present at anounts up to 20wt % of the

wa@ ahod/1pesbymer dope sol ution. Carbon nol ecul ar BCEGB2007/050218

matri ces can be prepared by pyrolysis of any suitable
material as described in US Pat.No. 6,585, 802.
Zeolites as described in US Pat. No. 6,755,900 nay

al so be used as an inorganic natrix.Metal oxides, such

Meﬁﬁoilaésagucﬁrﬁb G nd Biox @k NEn X Bl€arANGli ®h ldi QR rﬂé}DB’é €84, for
e used, for exanple the materials avail able from

examéu@% Mapgals @iy from HoRepsse Hi { Grmragelorndsh deisdhespig] and
Adltléfn%dt?ﬂl@fng&s Ml)?%ﬁqmgﬁt %Jldeg)gug? s ?nlllftﬁreg%f %Mrzqt%oﬁflm and
cerium zirconium and magnesi um nmay be used.
mag%ﬁs'ﬁrerme;dbfrramdi Cedermd| thatbees pwillt bec pagelesekss thamrl.OLicron in
preferably less than.0. i crons
ainf S, Pkrertlf 1R 0 PRI IR iR ol Bspnly BSiER 01
micgting il tidimetet. Mn SENHE c43&S R Maly e ABYanQc@” (@ OLspEROMUS nfatrices in a
di sperse the matrices in a _separate solutlon fromthe
SCPYYP éo%%ir?fa ihe ‘Eﬂpéis%lfl%‘m Ve&ﬁat&)‘ g pieanis stlyaah tolany prdghen
sub@qgelmgl Q04 HPSRABRNS | h)é d@f;@sdmioﬁ caﬁxhlmﬂgcme myrh&emdaqﬁ@femd
sol ution contai ni ng ol ymsr pre erred
embogiyat ﬂéﬁ'talswry@@malpagtud@s ﬁop@rgaml @stn@f fosirexpmple grgplites or
r..e es, 0 \/
mefPLEU; ghQoeTBIR A £ PPk TR AP WS £IRYnb Rore
sollItle aohd pleis slmbazt’smm solutandsubquenﬂlyapmdsto o &Pk Woliden containing
supsequ o the dope solution containing th
the FBREr T e sl S, GG Rl cBripr e b Byt pfit
nandphr@l@atisfersedl Me e WoiiAunBNOQRAA t phabee SIndid perie@edr | frefehied
continuous |iquid phase. In yet a further preferred
em@ﬁwefalf ehiolvephid whirk, g matx itiliparsehmayhg yelatilp.sand it may be

rem%e?ﬂ%rﬁ gl dHﬁ&soﬁlﬁm}{ aligt b nfembBRd chdinBY 01ra§(')HJV ed from
the dope solution prior to menbrane casting by

evaporation. Once the polyinide polynmer is dissolved

Onégﬁlééa E(?l??ﬂgéev oqgfmésryss 81%{81\%%38 Eﬂe S%R/entasgggrg élteéc%ggcl ﬁd oglonally

nor gani ¢ nRtrl ces are nto 't
orgaid artih@pgarsombthiads ardreldedintd the operseluvied so wHatsiemseicks ard well
[ ast onto a su%&%ble orous support Qr substrat

isppfg Bt oniSkh HURE PoRY FUPAR oF SRUT roPhe BB R ke the
forIRE @k ikt pMius MR whRh dBésnge hindBehd p&sa8er pbmialcBdL
the tmrlzgn%lrja%g and does not react with the membrane material, the casting solution, the
gelation bath solvent, or the solvents which the membrane will be permeating in use.
Typical of such inert supports are metal mesh, sintered metal, porous ceramic, sintered
glass, paper, porous nondissolved plastic, and woven or non-woven material. Preferably,

the support material is a non-woven polymeric material, such as a polyester, polyethylene,

polypropylene, polyetherether ketone (PEEK), polyphenyline sulphide (PPS), Ethylene-

®
ChloroTriFluoroEthylene (Halar ECTFE), or carbon fibre material.

Following the casting operation, a portion of the solvent may be evaporated under
conditions sufficient to produce a dense, ultra-thin, top "skin" layer on the polyimide

membrane. Typical evaporation conditions adequate for this purpose include exposure to
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t he nmenbrane and does not react with the nenbrane
material, the casting solution, the gelation bath

w@od07aet3s7 or the sol vents which the nenbrane wdT/GB2007/050218

permeating in use. Typical of such inert supports are
netal nmesh, sintered netal, porous ceramc, sintered
gl ass, paper, porous nondi ssol ved plastic, and woven
or non-woven material. Preferably, the support
air f(‘Sﬁﬁ Biafbn f3esd (AN OWNERI PRIy 165s MBS0 s@dond S BETEt ASurdher
£ ester, polyethylene, &ely propyl ene, pol yet heret her
prefigeedh pmbydipit) air pﬁoblywn NG Thp @ncsbrasi; seaqeppdPC [ BY M@ her-a
mn%ﬂ%(§p%§&gggd(£&ﬁ&oEthylene (Hal ar ECTFE), or carbon
I bre materia ol | owi ng the casting operation, a
portion of the solvent may be evaporated under
Theccgggulléti?g%qﬁegl;lgbg glre%gl%lwt 2 O)I)f’l%#]c g/a% E?]l Elt%goilglixtdres
thereVA RO matli Bradaived tucans sauereauai e.4. OMrifoh®SX 100 F@&Eable from
i ncl ude exposure toair for a duration of |ess than_ 100

Siewg e, Ulbdd dpappienpaseolysapryghanod oiigsondionsdpr gfecting

coabiddngre WOEERWned 1RIPQH I8N he aftl I 1S bl own over the
menbr ane surface at 15C to 25 OC for a durati on of

| ess than 30 seconds. The coagul ati ng or quenchi ng

Them%gtbfﬁgﬂng% #iA8 #r?e&nb?afne Frﬁgd ca%(})%%?al iled Jé%r&ﬁﬁ?o & e following

ures -t er eo as V\B as a ves SucC
techmifuba cliypithidy, a evagpr-solible toogafiic) coXippb 0l el ak [lab hevldcnlmweight

[ -Aldrich UK Lt - .
PR a5kt Reliiter dn Beshyol-ngl RappPisR e
metBYIE@EI kelGhe &0 agkluRs ildicodbfd BRhds WiOWatet Gant ROSEd Sdfirbth&dng
in the art. The asymetric @plylnlde menbr anes f or nmed

the gesiqupleeagigngriely i 8 BMYY fios! AEICPBrangvi g4 el hpegbrane

may! YR $&hLY vAMVBLEE.- REOhORI & rOf8aRkiGuaf QTRAYNIRHE Ign@,s relg Bif%
mol ecul ar wei ght al cohol s and ketones incl udi ng but

sucgpotivd iwabht édbntle inret lnevenntial esplvanfobxchingo pprogranoBoth membrane

efﬁ%%?ckgﬂ)?ute ﬁ CHX]#)%}IH %l:rrr}ég%?l%% gte fcgﬂ %(et é’iﬁlgﬁ%e& B$ P)%gjfrop%p g)lvent

e use renovi n
exchangé pitwadss.cast i ng sol vent (e.g. DWF) fron1the menbr ane.
Al ternatively the nenbrane

Suitable amine crosslinking agents for treating the polyimide incorporate primary and/or
secondary amines. Suitable amine agents include those reported in WO 2006/009520 A1
and US Pat. No. 4,981,497, The functionality of such materials encompasses mono-, di,
tri-, tetra-, and polyamines. Examples of suitable amino-compositions include ammonia,
hydrazine, aliphatic amines, aliphatic-aromatic amines and aromatic amines. Specific
examples of aliphatic amines include diaminobutane, diaminopentane, diaminohexane,
diaminoheptane, diaminooctane, diaminononane, diaminodecane, methylamine,
ethylamine, propylamine, isopropylamine, butylamine, isobutylamine, cyclohexylamine,
dimethylamine, diethylamine, dipropylamine, diisopropylamine, ethylene diamine, N,N'-
dimethylethylene diamine, N,N'-diethylethylenediamine, diethylenetriamine,
triethylenetetraamine, tetraethylene pentaamine, pentaethylenehexamine,

polyethyleneimine, polyallylamine, polyvinylamine, 3-aminopropyldimethylethoxysilane,
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may be washed with water. Renoval of the residual
casting solvent may require successive wash blends in

wa@2@eqesnt i al sol vent exchange process. Bot h neohGB2@®7/050218

efficiency (solute rejection) and perneate flow rate

can be enhanced by the proper sol vent exchange

process. Suitable am ne crosslinking agents for

treating the polyimde incorporate primary and/or
3-aimfe O¥eNsNaR, Sui t aRhRHIALMR i SethfGkinde, t hoses.

rep%??gd |nﬁ%0 2006/ 009520 21 gﬁ@Z Pat . &Qk.
amigopygayltigthox ypanet unHtm%lwéfrmmypr@wyl@a@ﬁwmlém al §-aminopropyl

di i .

e RSB R aprsg b 1 YRR cxa BB BRI Bomai
amlaemmnhuaq bdslygl]nalmen a],etaaiyil)pehathamuarrparesylylenedlamme and the like.

e CRARES B AR Pl BeF PR mirt o iiies. phenyiene

diardinadynfeelittha aRnilide, asydaprid dehe IiheaMhdygbRXaNSnino compounds
di am nohept ane, di am nooct ane, dlan1nononane

“e&FQﬁWﬁ68@E%ﬁ@SCWE?W?S&ﬁFﬁ%mn@PﬁVWQHﬁHé tB@Qﬁ?ﬂQﬁﬁH@“ or

ahph§tf&%91ﬁ3¥&rﬁ§b6}f€am@g'§¥$ @%ﬁl%’grdu%QM ydommcal%on atoms.
cycl ohexyl am ne, dinethyl am ne, diethylam ne,

di propyl ami ne, diisopropylanmine, ethylene diam ne,

y .
T ) RSO AC Gt goniabp g ovon. e
solvent @int‘qel angpeta scavnnn ehostrefromadtetopkbe resheme aAltatails, 0e any solvent

pe. t hyl enehexam ne ol yet hyl enei m .ne .
thatp§1|s ﬁ{ aﬁ'ioﬁsgmﬁb%l a}%l?tn% gnl?rﬁg?ée emlbgghmeht, the solvent in the

cros’shﬂﬁmgwwt@awld a8yl Hehopmabtia ﬁ%nﬁraﬁlmmﬂpﬁo@y)kl PeRita@dn
silane, N nethylam no ropyltrlnethox¥§|lane
of t rﬁgbp]gb%,pgem 1@%/ §(97§:m| HAe In a preferred embodiment, the solvent 1S an

aledoMRAOMI @M fﬂl?tﬁérgﬁéﬁaﬂréd RIS Ink 30 Gent & rﬁ&hih%%%hol The
term nat'ed pol ydi net hyl si | oxanes, and t

con@pgraiidn of ewashanleg agentahutbmtqswnam@rmtutlenam H@esadnqﬁt@ﬂu@él
resp%gt t%ythgﬁ"yepl%ﬁ/ éioef 1él¥(ley As ﬁ%[ﬁu%ﬁbralgzpto be, added qlume of

par a- Xy ne an ecific e
solwibn Aihnrddrite camroh@s: éxnamt utlerosdlinking ehat &dkd plaee, so that the ratio

derivatives, ny Ie e dla es met hyl ene di anili ng,
bet‘ﬁ‘??i}cﬁn&ﬁ‘? E‘FOH%S E‘n Fﬁk!{’é 6P‘éf“8 O Wi h e membrane

treaf@N QR KIS rZABE 0] OtUHIOOC g&wmy Rl $heCAREAD.01 NG 18 BB ¢ more

am no qloups and 6 t 0 carbon atons, or
preferably in the

range 0.1 to 5.

The time for crosslinking can be varied between (0.5 and 120 hours, more preferably
between 1 and 30 hours, yet more preferably between 3 and 60 hours. The temperature of
the crosslinking can be varied between 0°C and the boiling point of the solvent, preferably

between 0°C and 60°C, yet more preferably between 10°C and 40°C.

The asymmetric membrane is then conditioned by contacting the membrane with a
conditioning agent dissolved in a solvent to impregnate the membrane. The conditioning
agent is a low volatility organic liquid. The conditioning agent may be chosen from

synthetic oils (e.g., polyolefinic oils, silicone oils, polyalphaolefinic oils, polyisobutylene
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al i phatic conpounds containing 2 to 6 am no groups and
1 to 40 carbon atons. The crosslinking agent nay be

wale@sokizet in a solvent to forma crosslinki ngpCT/GB2007/050218

sol ution. The solvent can be an organic sol vent chosen

from ketones, ethers, alcohols, or any solvent that

di ssol ves the crosslinking agent. In a preferred

enbodi ment, the solvent in the crosslinking solution
01lsWs$/ﬂth@1|cSQa)§ WRInlerdi i1 S ¥aFedilsi SndTRIKDI &0Gati® odtk) AMngepdils

Cﬁgﬁggratlon of the crosslinking agent into the

gheent |refingd ppilst endr BylrerpeseicAennerat [9ds sofl \ieHplepy wax

- r r
LT AR et AT R 81 £XRO T
hepedassdl), nklyewgolagemt giyeols h@udr as ﬁdbrpkopmlgng dlyblsompotyaihylese

A N R

incle@® blcHM, kiefond, dR¥makics, Q@ﬂﬁoﬁzﬁboﬂlsh@r axttemt t@feof. The use of a
cr.osslinking that t akes pl ace, so that the ratio

conidipiag ﬁgeamwcgﬂ%ﬁémmhet iR ALY SACUHBPIS BTG Siratiurg fybe

malhmnd,@ ik ‘alép§atb Janfl fb@odm@ésbar Anehtd aRh®thnk SvilhNinfph& el @e%mty
. to 100, preferably in the range 0.01 to 10 and

mw&@mmﬁﬁﬁbﬂﬁﬁﬁﬁé@ably inthe range 0.1 to 5. The tine
for crosslinking can be varied between 0.5 and 120
hours, nore preferably between 1 and 30 hours, yet
Follopirg (paafear aioh yhebehdigeringagnd teOndmguars:. is Hipally dried in air at
tenperature of the sslinking can be varied between
mm%ﬁ%f%%@“?ﬁg”B@PWPﬁﬁ&ﬁgfﬁYm%f the solvent, preferably
bet ween 00C and 600C, yet nore preferably bet ween 100C
and 400C. The asymretric nenbrane is then conditioned
Heah (reatintaBay 4t erisedrioniBrrasse e membrarcoisisrionotisatyteagatier the

conﬁ‘ﬂﬂ%ﬁ&ﬁ% V&M thdmBmBhd BN bd RealeiRE BARELE sHRE BT @NE bet-\rx}a@n
conditioning agent 1s a lowvolatility organic |iquid

| mithiee andAdiotisoni ng agent may be chosen from synthetic
oils (e.g., polyolefinic oils, silicone oils,
pol yal phaol efinic oils, polyisobutyleneoils, synthetic
Metbianéssalinge dheendor san dstuerd BirInaneidatiwhkyferasipmnptuiticularly in

| oils cl.ud |n solvent refined oils
ore i oo e SR sEdr i HERU™ df £ I P oteaim ey wil

allow the passage of solvents while retarding the passage of larger solute molecules, when
a pressure gradient is applied across the membrane. This may be defined in terms of
membrane rejection R;, a common measure known by those skilled in the art and defined

as:

1

R, =[1—%j x 100% (1)

Ri

where Cp; = concentration of species i in the permeate, permeate being the liquid which
has passed through the membrane, and Cr; = concentration of species i in the retentate,
retentate being the liquid which has not passed through the membrane. It will be

appreciated that a membrane is selectively permeable for a species i if R; > 0. It is well
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i sonerate oils), vegetable fats and oils, higher
al cohol s (such as decanol, dodecanol, heptadecanol),

w@hkoocaes3bs, and gl ycol s (such as pol ypropyl eneP@l/geoi03/050218

pol yet hyl ene gl ycol s, polyal kyl ene glycols). Suitable
sol vents for dissolving the conditioning agent include
al cohol s, ketones, aronmatics, hydrocarbons, or

m xtures thereof. The use of a conditioning agent in

undB&0d 83 neee Wilidy ih AR dinyaah&ua dnqy\@ pRc8&Yiit FRIcB aPRA® one
structure to be maintained in a éastate nd

solyse palsede i with p atoleshlapweighlip theranagi?Dh- 2i0RP e ad s retained at the
surf%é ext bl hlkﬁﬁbﬂﬁéj o0and! 09 HOALRELCLS %ﬁdtfkg > okl I}Fg\éﬁl”%phed
treatment wt he condi tioni ng agent rane 1 s
pressynes Dalahgfilgationdange fi@inr S bdr t@hbbant condltlons to renove
residual solvent. Heat treatnent nay al so be used to
i ncrease the nmenbrane rejection of solutes. After the
ThecCtomd i‘dolventi” g1l St &2l unbastoenby dBavdrmye skitlel @ati@thnl (Dncludes an
bet ween 1500C and 3000C for between 1 m nute and 2
OrgHi PisaduRRdgide kit mojeran Weighitlry HhanaiPOddaligag dt | d’lnderStOOd

thatrlﬁ@t‘éfrh Lt lRDinPRELalhQRSe oRBIEAEGUl arly i n organic
solvents. By the term"nanofiltration"” it is nmeant a
menbr ane process which will allow the passage of
I r 0 I
y 38y TR A B0 B AL RERRRRR Rl IR B
chl(trhlatedesrbwmtse esToi, Sethay bmimgef innakts,i raldbha)rdms p]flenmsnbmadm

ti R1 K th |l e
carfof VT K BP0 g S By b ol SRR e s

ther@df, species i in the perneate, perneate being the
l'iquid which has passed through the nmenbrane, and CR 1
= concentration of species i in the retentate,

By way of non-limiting example, specific examples of solvents include toluene, xylene,
benzene, styrene, anisole, chlorobenzene, dichlorobenzene, chloroform, dichloromethane,
dichloroethane, methyl acetate, ethyl acetate, butyl acetate, methyl ether ketone (MEK),
methyl iso butyl ketone (MIBK), acetone, ethylene glycols, ethanol, methanol, propanol,
butanol, hexane, cyclohexane, dimethoxyethane, methyl tert butyl ether (MTBE), diethyl
ether, adiponitrile, N,N dimethylformamide, dimethylsulfoxide, N,N dimethylacetamide,
dioxane, nitromethane, nitrobenzene, pyridine, carbon disulfide, tetrahydrofuran,

methyltetrahydrofuran, N-methyl pyrrolidone, acetonitrile, water, and mixtures thereof.

The term “solute” will be well understood by the average skilled reader and includes an
organic molecule present in a liquid solution comprising a solvent and at least one solute
molecule such that the weight fraction of the solute in the liquid is less than the weight
fraction of the solvent, and where the molecular weight of the solute is at least 20 g mol™

higher than that of the solvent.

The membrane of the present invention can be configured in accordance with any of the

designs known to those skilled in the art, such as spiral wound, plate and frame, shell and
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retentate being the |iquid which has not passed
through the nenbrane. It wll be appreciated that a

woreebnaise’ i s sel ectively perneable for a speciPGI/iGBRG07/050218

Rl > 0. It is wellunderstood by those skilled in the
art that nanofiltration is a process in which at | east
one solute nolecule i with a nolecular weight in the
range 200-2,000 g nol 1 is retained at the surface of

wbd, AR ARG RNRsiGNBherddt, | €ast one sol vent, so that Rl >
0. Typical applied pressures in nanofiltration range

from5 bar to 50 bar. The term"solvent" will be well

The%ﬂ&%ﬁ%%?ﬂnﬁys iR @G&uﬁ Il1ed reader and includes

an organic or aqueous liquid with nolecul ar wei ght
| ess than 300 Dal tons. It is under st ood that the term

t
tn RGP bt REte Sartbhy bRl fa Lt o8l
flovalcKan 8gembtgicanes, oigicyiﬁ@ gea 1@hdn@t ivead @d ®wolieeNila, sheets and
esters, ethers, anines, nltrlles aldehéwggfaﬁheno

placgdiipiact crosy o Fricmaeries A ked saitian cqngss U % of test

sohfdésp\%sacrha%% Hid ﬁ SN antat &lreu1 AR atna HEWLRS ok here ﬁlfm
By way of non-limting exanple, specific exanples of

usingcl dignhragni mmnm@ié/dtacﬂ?@lb Neéanngsy U8 Ag Presewre emée C@iswafé rgenerated
o R e BRSPS SN 'L e
preﬁm}qcmffm?csr@&ghd 4 atd}itev?ﬁ eneam'\r)lemgol bedt;dgeer::la:)nk@ﬁ bare Thd/EK)irculating
ﬁquefﬁa %&y@t atgiohgﬁ?}él gh eﬁe"f‘%}fﬂé‘? E‘b‘?"@p%%?@ ntbeu‘iogh%l%mn% axahgas

remoy&l Bhaxanalatifd pekhoxyst ane hoteivhydut taplslpm@ hy Ipresduebnd
(MIBE), diethyl ether, adiponitrile, N N

discyrding 9|11f1§5q,1 PETREE: Dap%pwqtg)m Pé‘él%lpfa% sanppleg were collected from

1nd1%dﬁ9ts%bl§r%%o§tglfd}%achcgr@s§ 3R cellahd fﬁg?étaﬁ%ﬂ@ sample was taken from
nitrobenzene, pyridine, carbon disulfide,

the festl tartky Blred:roudlaﬂmnmf ﬁylme@thrqhgl tep fiepessary twmt:mm effects of
I nj ur.es
confphblh S8R P R0 ol Cond Bl el Bt aesupgpy
aftet 2 mwdraagenuskd bpedione adledxpamiderit oleted@mdanedos @ardi chr. The
nol ecul e present .in a liquid solution conprising a
solgBY et iRy ot lrgp i eabiiny o

Vv
v 2

Where V = volume of a liquid sample collected from the permeate stream from a specific

cross-flow cell, t = time over which the liquid sample is collected, A= membrane area.
EXAMPLE 1

A viscous solution consisting of 16 wt % Lenzing P84 polyimide (HP polymers GmblH,
Austria), 2 wt % polyvinlypyrrolidone (PVP), 60.4 wt % 1,4 dioxane and 21.6 wt %
dimethylformamide (DMF) was stirred continuously at 50°C overnight to obtain a
homogeneous solution. The polymer solution was allowed to stand for a further 24 h at

room temperature to remove air bubbles. Polymer films of 200 pum thickness were cast on
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nol ecul e such that the weight fraction of the solute
inthe liquid is less than the weight fraction of the

waodovaeids7 and where the nol ecul ar wei ght of theCEHGBRM0/050218

is at least 20 g nmol 1 higher than that of the
sol vent. The nmenbrane of the present invention can be
configured in accordance with any of the designs known
to those skilled in the art, such as spiral wound,
a p@lkégte@ RABEnd MAR®ial %ﬁ@lyltexamt)y REing ARhafBabN aJa!;t}h% Qﬁfé' &Ngn
er eof e followng Exanples illustrate the
autqupafis FMRPliqarpr EXAyept wds allpwsd 40 cyappeaisFam dioysusagsl of the film
i I it. .
o ARSI AOIRLch 1FheIh MRl BRIy s AR
wateelragh gtuboro uempferapume f Mambshediss vairtda glameedoi Hto were cug®m

flo ol ution .consis
the JaQphefS 5 bRpPERY R el Rt RGeS P agpadt or
meth@ioK (180 Ghly &rdCii,§ Gidmatoecladt (adink k@hidatatio afs toleeql. ) Mildnglcare
using a di aghrg%m punp (Hydra-Cell, Wanner, USA).

not fsy gllody e MPRbRaAGIOKEY P dyERe RislReat ed usi ng a

backpressure regul ator which was | ocated down-stream
of a pressure gauge. The pressure drop across the 4
Aftgretiringulessoliiag ar dUCtier héays dbsmembran@disc way washipin methanol

to Ireﬁlo% aff r@sﬁdﬁﬁp mlo'squlcﬂg Vﬁgntk%?% n%nb% %Cd1pé/ was I'lﬁé’:ht soaked 1n

exchan e conditioning agent
isopreprmovledP by far - Imurs: tillatved @y poinersgol mensolditam <a“n6(hm’u r% hght

. Wt hy pp! yi ssur and di scar dj
minffy} oF 4P GOt 20BN els PRt e g St
werdEdrthe o ne@bedesf 160 drydiiHotiad admg éMBe EAMlBNEMhg@aaR
cross-flow cell and the retentate sanple was taken

thesesgipleheowld aef Reahrd fopddraign disting kg copslinkive nibppiegibeges

werdB8u L6 E $RAEKidnOe bt U eod HEo1GHIE R IISMPT 1 GOMBRAGE @rﬂneh&l 2-
achi eve steady staté fluxes and rejections. Steady

pyﬂ@llémenw\ﬁ{MBb%lr dieidoropethagf (€M 2Thiarmepfbrenss Mermfmber tested
for e gﬁ%t IJ t Aig the c?ﬂ%g rﬂOWrrel{g}lgf 1 0% u g%g&%%&? % %Vg us1%4 at‘ker

e SO was ca ate rom e equ
con{p@uﬂd-s (12decan01, tetraoctylammonium brom1de and brilliant blue R) at low

concentrations (1 wt %) in DMF, The results are shown in Figure 1.
EXAMPLE 2

Crosslinked Lenzing P84 polyimide membrane was prepared as in Example 1 with the
following variations; 18 wt % Lenzing P84 polyimide was used in the dope solution and
an amine to imide ratio 1.5 mol eqv. of 1,8 diaminooctane was used for crosslinking.
After crosslinking, the membranes were found by immersion testing to be insoluble in
DMEF, 1,4 dioxane, 1-methyl-2-pyrrolidinone (NMP) and dichloromethane (DCM). The
membranes were further tested for flux and rejection under crossflow using 3 marker
compounds (1-decanol, tetraoctylammonium bromide and brilliant blue R) at low

concentrations (1 wt %) in DMF, The results are shown in Figure 1.
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At Where V = volune of a liquid sanple collected from

the perneate streamfroma specific cross-flow cell, t
we2a07es3ever which the liquid sanple is col |l ece€dGB2607/050218

menbrane area. EXAMPLE 1 A viscous sol ution consisting

of 16 wt % Lenzing P84 polyimde (HP pol yners GrbH,

Austria), 2 w % pol yvinlypyrrolidone (PVP), 60.4 wt %

1,4 dioxane and 21.6 w % di net hyl f or mam de (DWVF) was

TheSdrbssi8&d PO RehBHAMSINswaY &Qiosgabﬂﬁﬁ (DO anll e @Y nRU Refrations
honogeneous sol uti on. ﬁ | ymer solution was all owed

in theynagpplygtipmrange. fie preaybrapgs Hwa/@d e 6Nt elngraradatineaficpseveral
wedk€IPNEn @ity Rybf-es. Polymer filnms of 200 mm thi ckness
wer e cast ona pol yester backing material (Hollytex
3329) using an adjustable casting knife on an
5 ﬂ@&%ﬁ&;i c filmapplicator. Solvent was allowed to
te fromthe surface of the filmat controlled
|nterval s of between 10 and 70 seconds before

mersion into a preC| pitation vvater bath at room
Croﬁ%ﬁ%@r@%@@“ Neishrepad g Berdixampls 2avigh Gerllgpingsvagatogs: the

amiRe &@ infidd rddoowast J;h%e& b3 tusb Qﬁftfere#aa%uﬂf@ o Qaﬁﬁm%%cag@ﬁs The
washed in water and imersed into a bath of hanol

resylty gge whowraind Tablg ldiFdux anslode dﬁ@fq(&mnﬁl@culér weigllecyt-gtt) gvere

10 detel-mﬁl aRl EG¥% )the fn%'ﬁhﬁge G e @&% s IQw tQ)Wtht he 1E§<§H%faﬂaﬁlene
gI out ur|n I ng. ter stirri ?

conEanlmg asm@t ond)@leé«bm katesy sactt el mertr MWéCOl 8o stsned by

plotga% ﬁ]ee reﬁ%grmt E‘beiagh éltagl?argg @R%cges? Wrset %Ergoiecuﬁr C\)Vse%hlt rg) ea
spe¢isQPrepasRtul{rd RA)phf @6rré§p(51@1ﬁfg5 tf @l leRvRsh bY oDIRES if6URd] By
a solution of 60 v/iv % mneral oil / 20%v/v |IPA
lntelp‘)@@‘%‘9?‘1/15ﬂ6‘PtEféWérab}FHeaSﬁ1§%’6m was then air-dried.
15 Cracks were fornmed in nmenbranes left to dry w thout
the addition of the conditioning agent and these
Tabdakrglobisnaciher ahd W (Qekofipsesdlirfkod mieinbtanett i on t est i ng.
After crosslinking, the nenbranes were found by
i mersion testing to be insoluble in DM, 1,4 di oxane,
| - met hylAmeunt of Crosslinking

Membrane  agent (amine to imide mol ~ Flux (L m>hr') MWCO SOIUbﬂitj in
eqv.) DMF
1 - 224 510 S
2 0.5 107 510 PS
3 0.75 91 510 IS
4 1 78 510 IS
5 In excess (10 wt % of 0 _ IS

crosslinking agent in

solvent)

“S: soluble, PS: partially soluble, IS: insoluble

20  This shows that crosslinking does not affect the MWCO but does reduce flux.

Advantageously, crosslinking also improves stability in DMF'.
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pyrrolidinone (NW) and dichl oronet hane (DCM . The
menbranes were further tested for flux and rejection

WO r0orhes36T oss-fl ow nanofiltrati on unit descri brdI/aBonwe050218

usi ng 3 marker conpounds (1-decanol,
tetraoctyl amoni um brom de and brilliant blue R) at
| ow concentrations ( 1w % in DVF. The results are
shown in Figure 1. EXAMPLE 2 Crosslinked Lenzing P84
pol yi m de nmenbrane was prepared as in Exanple 1 with
the follow ng variations; 18 wt % Lenzi ng P84
EXAMRLEA de was used in the dope solution and an ami ne
toimde ratio 1.5 nol eqv. of 1,8 diam nooctane was
used for crosslinking. After crosslinking, the
Cropsghimkedaprd g mider membonamad vogre iprapened iap ipert Exsamphg 1 tvathbée following

insoluble in DVF 1,4 di oxane, . . .
varipliR3 #01C ! T aiesdndho e RS o oo aon P st b amine
to () molT by reErdissasngnvescat. f Tiet hiefbiagstved thaEd fd uxdeadmdnd
. rejectjon under crossflow using 3 marker conpounds
filtrptony glh hior C%né?CP%chtfgl‘imé‘rﬁ‘}p RYSlEh BB Ge %ﬂ%@nﬁr fefhaney and
dictbidfefRhnit Alt@l\ﬂa&qga@@ttétﬁb&@%n&)ﬁ&nmo%c}e! (fro@w)d T \IVIJWﬁresent

results are shown'in Figure 1. The crosslinked P
as  the mbprdiere somprome d oy desa ter eh injeitbyang rstabVIty asrd dgeimfiegdnbyl the

mmﬁﬁﬂﬁ%%&&%%ﬁﬁh@»hﬂe nanofiltrati on range. The nenbranes
showed no signs of degradation after several weeks of

i mrersion in DMF. EXAMPLE 3 Crosslinked polyi mdes

i S (PR PE e BT o P g Gyel Bmbrane

remdibd Gtablk fih @¥@VIt(i.amunbsfi@ht 6ia88 kd TRABY régeioh) anthgrovided
results are shown in Table 1. Flux and the MACO
botly bigh Buxas apd qree iyt redgtionef YONBY e det er mi ned by testing
the nenbranes in the cross flow unit with a solution
of toluene containing a series of dissolved n-al kanes,
EXANBWEA 1 wt % MACO was obtained by plotting the
rej ection of each n-al kane speci es versus the
nol ecul ar wei ght of each
Lenzing P84 polyimide was purchased from HP Polymer GmbH (Austria) and used

without any further treatment or purification. All diamines and all other solvents were
purchased from Sigma Aldrich. The diamines used in this example are as follows: 1,2-
ethylenediamine (EDA), 1,3-propanediamine (PDA), 1,6-hexanediamine (HDA) and 1,8-

octanediamine (ODA).

Lenzing P84 polyimide and maleic acid were dissolved in DMF and 1,4-dioxane
(approximately 1:3) and stirred continuously at 50°C overnight to obtain a homogeneous
dope solution containing the polymer concentrations given in Table 2 and a maleic acid
concentration of 2 wt%. The polymer dope solution was allowed to stand for a further 24
h. Membranes M0 — M6 were cast on a bench top laboratory caster. The dope solution
was used to cast films of 200 um on a non-woven backing material using an adjustable
casting knife on an automatic film applicator (Braive Instruments). Solvent was allowed

to evaporate from the surface of the film at controlled time intervals before immersion
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speci es. The nol ecul ar wei ght corresponding to a
rejection of 90% was found by interpolation and is

wee@wraes3snh Table 1 as the MACO. Table 1. Tol ueP€T/GBa007/050218

and MACO of crosslinked nmenbranes. Anount of
Crosslinking Solubility in Menbrane agent (amne to
imde nol Flux (L m2 hr 1) MACO r>MrFa eqv.) 1 - 224
510 S 2 0.5 107 510 PS 3 0.75 9 1 5101S 4178510 1S

into2 priciSeEES %a(eﬂ@atﬂ\'ﬁt r%f@rﬁftengjeratﬁr@ MEASShds N DY1IBGRRE cdston a
solvent) a S: sol uble, artially soluble, IS

confipupyh Gilag THiCking Matfsthe ﬁdkower}golsaéamqwﬁ st Eeladty .7 et

Lﬁnglﬁ%f'é!f/é‘(}@{('%ﬁ %1 83 LEGUG erEJuf@%fBé‘él\{;ﬂQ&o%%? {M(MDE%CA

rosslinking also |npro es stabilrty in
Crossl i nked poly|n1de menbr anes were prepared as per

Ex 1 th th | ti : wt %
oo SBTRG el ' Ba iR A oot S gy gpmenea
1nt0Wi Edﬂl ot riletﬁ:ﬁfﬁil ﬁlﬁ‘l digminsifee) Hm|am‘BQMt te@peratu@s Thé MkinB @ imide
nbrane was tested in a dead-end

ratl? m t%l‘f’ g‘gfql Wﬁs &I‘@}ll]ld 1%k mebrpuielspisy Eherpgmbrage; wis tapapragved from
the YR8k inD ®ahodnV &MsBed R 8RMHan@NE remove residual diamine. Following

this, the membrane was then immersed into a bath of DMF for 24 h to check for solvent
stability before finally being immersed into a bath of DMI/polyethylene glycol (PEG) 600
(20/80 v/v %) to prevent the membranes from drying out. The membranes were then air
dried to remove excess solvent. Membranes allowed to dry out without the impregnation
of the preservative (PEG600) curled up and cracked rendering them unsuitable for further

use. A summary of the membrane preparation parameters is given in Table 2 below.
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di chl oronet hane in alternate cycles;
tetraoctyl anmoni um brom de (TOABr) was present as the

worawoRaessepnpound for nonitoring nmenbrane stabi PCT/GB2@3/050218

determ ned by the nenbrane rejection of TOABr. This

data (Figure 2) shows that the 0.1 nol equiv

cr ossl i nked pol yi m de nenbrane renai ned stable in DCM

(i.e. no significant change in TOABr rejection) and
T DGRl BRp ks, and excel | ent rej ection of

TOABr. EXAMPLE 5 Lenzing P84 polyimde was purchased

from HP Pol ymer GnbH (Austria) and used w thout any

Mg%r
al |0t heply sl waRhENET © BaksRased from Signa Algigh.
B’ehcﬂl di am nes used in this exanpl e &ismias fol l ows: 1, 2-
é/l enedi am(Wé%Q EDA), I3t opanedi ami ne (PDK)UHUOUS cast
'hexanedi ami ne (HDA) and 1, 8- octanedi ani ne ( ODA).
LM()2| ng P84 pobyl m de and ppal el ¢ acipggawer e di ssgbyid
in DMF and 14d|oxane(ap roxwrate 1:3) and stlrred
Mhtinuously 32 500C over difght to oﬁﬁ%ﬁn a hormp§e¥éous
d@pe sol utionjssontai ni ng tFl"ps pol yneggoncent r at gong
given in Table 2 and a maleic acid concentration of 2
W8 The pol yR8r dope sol Uti on was &N%wed to sBamd
fl\% a further §4 h. Menbr s MO - I&)vvere cast pon, a
bench top Iabor atory caster. The dope soI ution was
uged to cast figl ns of 200H1fm on a nopAwven bacRemgy
materi al using an adjusta e castin nife on an
alPormatic fil %pappl i cat or EBr aive | unent s) . bench
Sahvent was alijkowed to evgporate fremA he surf@mgn@fus
the filmat controlled tinme intervals before .
iMPrer si oni nto 18 precipitathfon water PPt h at r dewfinuous
t@gperature. Nenbranes M/ pp M O wer ‘?st on %ontmuous
conti nuous casting machine with the | owi n

yb/aeraneters Cd@tl ng vel ociRPy O 5 @A ; Lengidnumfous

as t e solvnt and

dioxane as the
co-solvent (DMF/dloxane. 1/3)

» Non-woven backing material: PE = Hollytex 3329, PP = Polypropylene/polyethylene
backing: Viledon FO 2471.

Initial immersion testing was carried out on non-crosslinked (M0O) and crosslinked (M1
and M2) membranes to determine their stability in various polar aprotic organic solvents.
Table 3 shows the physical observations of the membranes after immersion in the solvents
for 72 h. It was observed that MO readily dissolved in solvents leaving the backing un-
dissolved. However, crosslinked membranes M1 and M2 showed excellent solvent

stability and remained un-dissolved in the various polar aprotic solvents.
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Thereafter the nenbranes to be crosslinked (M - M
and ¥ - MO were imersed into a bath of nethanol

wae@7desai ne for 24 h at anbi ent tenperature. FOEGRAI0MO50218

to imde ratio in the bath was around 20:1 nol

equi val ents. The nenbrane was then renoved fromthe

crosslinking bath and washed wi th nethanol to renove

residual diamne. Following this, the nenbrane was
Tabld 8 MmidRRINS&E fdr 10 Arsdolaé b@ies Molﬁlchbro%é sblvéfs. check for

solvent stability before finally being i Mmersed into a

bat h of DMF/ pol yet hyl ene gl ycol (PEG) 600 (20/80 v/v

ﬁ%’i‘?.’)‘iaﬁ es V&% hen air dried toYd excess

|rrpregnat| on of the preserv Ve CPEGHT curl’éd up
ant(cr acked I’DMAder i ng theﬁblynlsudmﬁbjeeleﬁmngbastktnger use.

A synmmary o nmenbr ane _pr epa ara ers is
gi ven in Ta%MtéIZ)Z bel ow. TaBB](r%( Crh galr%%‘ﬂﬁr ation
panvet er s. pMexdr ane Pol ymferynfépm@s%meg ﬁ:twlﬁ bBaRki ng
Bench / batch- Diamne a (wt % nateri al conti nuous

caM! number NMP22 PE NV A Bench MN@ghapge cpa Bench M
22)\fP ODA Bgpgh M3 20 PE CDA Bencj, Mh,J8 PE CDA Bench
Mb 18 PP ODA Bench Mo 20 PE N A Bench

M1 DMSO No change
M1 DMAc No change
M2 NMP No change
M2 DMF No change
M2 DMSO No change
M2 DMAc No change

® NMP:  N-methyl-2-pyrrolidone, DMF:  N,N-dimethylformamide, = DMSO:
dimethylsulfoxide, DMAc: N,N-dimethylacetamide

Nanofiltration experiments were carried out using both dead-end and cross-flow filtration
at 30 bar and 30°C to determine the flux and molecular weight cut off (MWCO) curves of
the membranes. In both systems, membrane coupons with an active membrane area of
0.0014 m? were used. In all cases the membranes were immersed in the solvent of use for
24 h prior to testing. Dead end testing of the membranes was carried out in a SEPA ST
(Osmonics, USA) dead-end nanofiltration cell. Crossflow experiments were carried out in

a METecell cross flow system (Membrane Extraction Technology, UK).

A feed solution consisting of a homologous series of styrene oligomers was used to obtain
the MWCO curve during nanofiltration. The styrene oligomer mixture contained a
mixture of 1 g of PS580 and PS1050 (purchased from Polymer Labs, UK) and 0.1 g of o
methylstyrene dimer (purchased from Sigma Aldrich, UK). The styrene oligomers were

all fully soluble in the tested solvents at this concentration except in methanol where the
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M7 18 PP EDA Conti nuous MB 18 PP PDA Conti nuous MD 18
PP HDA Conti nuous M O 18 PP ODA Conti nuous a Dope

W@ edoat123367 consi sting of Lenzing P84 with DVF aBCT/682007/050218

sol vent and di oxane as the co-sol vent (DVF/ di oxane:
1/3) b Non-woven backing material: PE = Hollytex 3329,
PP = Pol ypropyl ene/ pol yet hyl ene backi ng: Vil edon FO
2471. Initial imersion testing was carried out on
conB@RaGsOfad hak&d Adikisaditne s88ski dieBlels MyasahghiddBdut using a
~menbranes to determne their stability in various
Gilyes IFHE-Cayyptem; vethoy @isend 1 & 1M/ ¥lstdstectyy SpRaraios 9h ks ofigemers was
L . h i .
wehRONERGRL aP DR L1800 Blonh TR BHE A iy T80
ACTeddl yAdivebidd \pbekei nf S| weltt sanklyawdl ngradchevdvackndn@S vol%

e RERERTLBRRIRES S it PP ARy TERAS R g0 el

waslkot i seotlvieth ofrecther. var i ous pol ar aprotic
solvents. Table 3 : Imersion test for 72 hrs for
menbranes in polar aprotic solvents. Mnbrane Sol vent
Tabfe PR ahé QaredHNYR R M LondéRB0bY 88 thea)HDBnABC Kk Nk
MO Pol ynmer di ssol ves | eavi ng backi ng MO DVSO
cropkedurendiranesl ves | eavi ng backi ng MO DVAc Pol yner
di ssol ves | eaving backing M NMP No change M DMF No
change M DMSO No change

Table 4: Effect of polymer concentration on membrane performance.

Polymer concentration Flux (Lm~h™) b
Membrane MWCO
(wt%) Water DMF?

M2 22 - - -

M3 20 65 17 250
M3 20 54 16 250
M4 18 126 27 420
M4 18 90 18 420

“ All membranes were insoluble in DMF,
P MWCO determined in DMF using dead end filtration at 30 bar and interpolating to the

MW corresponding to 90% rejection.

Iigure 3 shows the effect of crosslinking and thermal annealing on the flux and MWCO
of M4. Toluene was used to compare between the different treatment conditions as both
the non-crosslinked and crosslinked membranes were stable under these conditions. In
both instances, the flux of the membranes was observed to decrease with crosslinking and
thermal annealing. The MWCO of the crosslinked membranes was observed to increase
slightly. Whilst crosslinking has the desired effect of rendering the resultant membrane
insoluble in polar aprotic solvents, this has also resulted in some loss in solvent flux of the

membranes. This may be due to a reduction in polymer chain flexibility via the
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M DMAc No change M2 NWP No change M2 DMF No change M2
DVMSO No change M2 DMAc No change a NWVP:

wOReERsb7 2- pyrrol i done, DVF: N, N-di met hyl f or ne@1/d®82007/050218

DVMSQO  di met hyl sul f oxi de, DMAc: N, N-di net hyl acet am de
Nanofiltration experinments were carried out using both
dead-end and cross-flow filtration at 30 bar and 300C
to determ ne the flux and nol ecul ar wei ght cut off

intrbdNEED ofdvMER cREsitnRe menbranes. I n both systemns,
menbr ane coupons with an active nmenbrane area of

0.0014 n2 were used. In all cases the nenbranes were

F1g1{11g1193f1§\95dth%23% Q{glnlgg\l'é@ A thgfme faﬁrésoiﬁélﬁﬁeréht Bf;gia t s19ents test%d

esti ng. testing o ranes was carrie
in agdend-emd AlUBEFACCHT ReDeialrly,as additsy) todebantenttcady commonly used

. ofiltration cell. Crossflow experinents wer .
in OISV APt o &° ey and glkng S meBR wevaRe e in
solvieXfs kaditds QPetdRCAIBgbo g thahdDCMY, Dagdargiol-¢thyl @p@oHssRi(NAD)
of a honol ogous serjes of styrene oligoners was used
andggveagnod sepa QHWE@“&E‘uW@éana‘EIP'?ﬁ)Q TEHBEMAY r-at i on. The
styrene oligomer m xture contained a m xture of 1 g of
PS580 and PS1050 (purchased from Pol yner Labs, UK) and
Figge b shows thg-fluprean MWL efnibe giopdink¢domeabranes dn THGmngilyvid at
. 3 e A rL.e . .
30 S P SIFG, KohimbIE T S RTENE MR Hud ] Kioion
meaxemphts itdkemetthanodntiphemide styacoing @ndpeaics orroraseivad ved . the
Anal ysis of the styrene oligoners was carried out
te“l?%‘il?% a Glson HPLC systemwith a Glson 118 W/ Vis
detector. Separation of the oligonmers was achieved
~using an ACE 5-C 18-300 colum (Advanced
Figem dohav o e bRy of epnnbiedeinpaatugeon, the yx and the M We Ogtyagdor
the Henrank@kSerR0 &) YNIE AL 2 GORER. ‘Pﬁéh%f 185 B3e UQlided at elevated

temperatures of up to 50°C and no change in the separation performance was observed

under these conditions.

Figure 7 shows the effect of treating the membrane with different diamines on the
performance of the membranes. Of the different aliphatic diamines tested, there was little
difference in terms of MWCO curves. However, treating membranes with EDA resulted

in membranes with a higher flux than was obtained using the other crosslinkers.
EXAMPLE 6

Membranes were formed as described in Example 5, using either HDA or ODA dissolved
in methanol, except that the conditioning agent and conditioning agent solvent were
varied. White light mineral oil, Aldrich UK CAS 8042-47-5 and PEG 600 were used as
conditioning agents, dissolved in DMF, acetone, and methyl ethyl ketone (MEK). The
MWCO curves and fluxes of the membranes were obtained as in Example 5, using DMF

as a solvent. These showed that all the membranes had a MWCO in the range 250-350 g
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tetrahydrofuran (AnalaR) was used with 0.1 vol %
trifluoroacetic acid. The UV detector was set at a

woawelizizgr h of 264 nm Table 4 shows the effecPCDGBRIVS 050218

pol ymer concentration on the performance of the
crosslinked nmenbranes. Table 4 : Effect of polyner
concentration on nenbrane performnce. Pol yner
concentration Flux (LmV ) Menbrane MACCb (wt % Water

molD!VEn"H Mk ed Between 40 M1 801,652 &7 a?@wa?tQ n04istEn N0 diverehe
126 27 420 M4 18 90 18 420 a Al nenbranes were

dueijtrsgidiftoning jagenORACONBIVINDEE dgenesolieRed i n DMF usi ng dead
end filtration at 30 bar and interpolating to the MV
corresponding to 90% rejection. Figure 3 shows the

EXAMPREL7 of crosslinking and thernmal annealing on the
flux and MACO of M4. Tol uene was used to conpare
between the different treatnment conditions as both the

A iBRus roisibh ndoasls@d oL r8s si i nkpduiBabsaRe BolvRIige JHalk@an
under these conditions. |n both instances, the flux of

Corppratiops MiSrarme ¥ Hraalpis cait\( Mt Gsseber dng grixpierpt 14-dioxane and
dlm@{hsJﬁ&lrﬂaHJﬂen@m)d(abﬁ%gﬁﬁkeba9ne@J {8l6me) W8 MR RheidddBsly at

crossl i nked nmenbr anes was observed to increase
50°g |0|ngghyto QIR gthompgﬁslswswmungn hids pohency eeliiqagwasf 4lleged to

stan%ffor £ u(r:t 'A% tt IQoeomr t%%l%!:rta% Pongqultgrr 1% of 200 pum thickness were cast
on a polyester backing material (Hollytex 3329) using an adjustable casting knife on an
automatic film applicator. Solvent was allowed to evaporate from the surface of the film
at controlled intervals of between 10 and 70 seconds before immersion into a precipitation
water bath at room temperature. Membrane sheets were washed in water and immersed
into a bath of isopropanol and EDA to provide an amine to imide ratio 20:1 mol
equivalent for 24 hours. The membrane was then removed and washed thoroughly with
methanol to remove residual diamine. Following this, the membrane was then immersed
into a bath of DMF for 24 h to check for solvent stability before discs were used to test

nanofiltration performance in DMF as described in Example 5.

The resultant membranes were found to be stable in DMI* and not to re-dissolve upon
immersion into DMF. The membrane had a stable flux of 20 L. m™>h™. Iigure 8 shows
that the resulting membrane had a useful MWCO curve in the nanofiltration range when

in contact with a DMF solution.

EXAMPLE 8

Membranes were prepared as in Example 5 using Lenzing P84 polyimide. The dope
solution was prepared containing 16wt% P84, Hollytex 3329 was used as the backing and

the diamines were provided as a methanol solution in the amounts shown in Table 5.

Octyldiamine (ODA) and p xylylenediamine (XDA) were used as cdiamines. The MWCO
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i nsol uble in polar aprotic solvents, this has also
resulted in sone loss in solvent flux of the

woreoobn233es. This nmay be due to a reduction in pPoOl/GBe07/050218
chain flexibility via theintroduction of coval ent
crosslinks. Figure 4 shows the flux and MACO of the
menbranes in different organic solvents tested in a
dead-end filtration cell. Remarkably, in addition to

curi@la@ N water RREAWIn6® BRREIbed $EHxdripl SN 30 Bhd Srafsi®R8d using
such as nethanol and tol uene, the nenbrane was al so

tolugreds| the jofvesign garees withdle membrars: dhereswis @ e st -
(DCM, DMF and 1-ethyl-2-pyrrolidone (NEP) and gave
good separation within the NF range of 200 - 1000 g

Tabiaod: Elfect dFidgwiriges 5n dlopwsmembrandsux and MACO of t he
crosslinked nenbranes in THF and DVF at 30 bar and
300C. Continuous testing was carried out over 120 h

wth flux and rej eCAnotntbeasihliareNt s Todked lux
Membrenami t (aosslinker St abl e seEarating properties wer ¥WCO
observed over the test ¥ ¢t¥d. Fi gure ETshows the
(FCU Oof operating tenperature on the hEHX an g0
MACO curve for the nmenbranes formed in DWW as a
Mrlvent. HOIWer fluxes wet@d achi eved at l&) evated 330

%&gyeraturgalgf up to SOogband no chang%xgn t he 330
separati on‘perfornmance was observed under these

conditions. Figure 7 shows the effect of treating the
menbrane with different diamnes on the performance of
the nmenbranes. O the different aliphatic diam nes
tested, there was little difference in ternms of MACO
curves. However, treating nmenbranes with EDA resulted
in menbranes wth a higher flux than was obt ai ned
usi ng the other crosslinkers. EXAMPLE 6 Menbranes were
formed as described in Exanple 5, using either HDA or
ODA di ssol ved in nethanol, except that the

condi tioni ng agent and conditioning agent solvent were
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varied. Wite light mneral oil, Aldrich UK CAS
8042-47-5 and PEG 600 were used as conditioning

w@e@ntissdeti ssol ved in DMF, acetone, and mnet hyl P€t/bpR007/050218

ketone (MEK). The MACO curves and fluxes of the
menbr anes were obtained as in Exanple 5, using DW as
a solvent. These showed that all the nmenbranes had a
MACO i n the range 250-350 gnol 1 , and fl uxes between
CLABi@nd 60 L m2 h 1 at 30 bar, with no discernable
difference due to conditioning agent or conditioning
agent solvent. EXAMPLE 7 A viscous sol ution consisting
of 0 - vimi .
L Cor bt ity Rk T T S bR 1 sl pand
dissolved sotutxs andeshoWing prefeteromahre@caerdofdhareitigs 4t eamhignt tekeperature,

conlpghek AlERy T oS 0ar e HRCLBER R HsRbnenkais

fracGiOh W | tad imilid Sxr@@s YaTethe $0lyithide nrsvafosdinkenasl ke siabne is

. for a further 24 h at roomtenperature. Polymer filns

impggenaleh WHE CPRERPBEELEMr e cast on a pol yester backi ng
mat eri al (Hollytex 3329) using an adjustabl e casting
knife on an automatic filmapplicator. Solvent was

2. al 1owethbrage escapbreatoecldimanvhible skaysfstpbte ihx inpperpiignynger 30

. intervals of between 10 and 70 seconds

mﬂ%@ﬁ%§§h+§ﬁ%rsion into a precipitation water bath at
roomtenperature. Menbrane sheets were washed in water
and, i rsed into a bath of isopropano nd E

3. B Gy IHEDERS S5RLR: § PR deShifiok SGPE N Mok have

molb@ilarZ¢i dhoih $he rdi}e 20B200@EHMOWAS t hen renpved and washed
t horoughly with nmethanol to renove residual diam ne.
Followi ng this, the nmenbrane was then imersed into a

4, bat m@fnb% aéc%fdh?g‘ltorhngf O EhR&k {oof, vﬁl@feﬁleﬂ% s§1§7@rﬂ) hd 4 Mganic
before discs were used to test nanofiltration

solygat fnd threinerrbrine iDKEbladettescri bed i n Exanple 5. The
resul tant nmenbranes were found to be stable in DW and
not to re-dissolve upon imersion into DMF. The

5. membnendranadccardigaiol aay prevedigf clath n whi2h lthelpolyifidgus & 18&st

oneS Qgg\oﬁymer derived from (a) the co-condensation of benzophenone 3,3'.4,4-
tetracarboxylic acid dianhydride and a mixture of (i) di(4-aminophenyl) methane and
toluene diamine, or (ii) a mixture of 4,4'-methylenebis (phenyl isocyanate) and toluene
diisocyanate; or (b) the condensation of 1H,3H-Benzo[1,2-c:4,5-c'|difuran-1,3,5,7-tetrone
with 5,5'-carbonybis|1,3-isobenzofuranidione], 1,3-diisocyanato-2-methylbenzene and

2,4-diisocyanato-1-methylbenzene.

6. The membrane according to any of claims 1 to 5, wherein the polyimide has the

following formula:
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that the resulting nmenbrane had a useful MACO curve in

the nanofiltration range when in contact wwth a DW
wa@eloati2sn7 EXAMPLE 8 Menbranes were prepared aBCT/6B2007/050218

Exanpl e 5 using Lenzing P84 polyimde. The dope

solution was prepared containing 16wm % P84, Hol | ytex

3329 was used as the backing and the di am nes were

provi ded as a nethanol solution in the anpbunts shown

in_Table 5. Cctyldiamne (ODA) and p xylyl enedi ami ne

(XPA) were used as cdiam nes. The { s and f|l ux
we 9 01 : 30 har
pr gct
Wi e |5.
Ta ghes

AN

Crpssliaker MACOq nol eqv.Q (LmV ) M0 - - 260 310
M2IL_ODA 4.7 110 330 M22 XDA 4.0 80 330CLAIM5 1. Aln

menbrane for nanofiltration of a feed stream sol ution
conprising a solvent and di ssol ved sol utes and show ng

preferentjal rejection of the solutes at anmbient = .

7. P e rUane ARBETS g M BgPal Ly OKD EOMmide s &

pol AENIFEBHAl{GerROMptiTh BB TR 0% of Wherei n at | east a
fraction of the imde groups of the polyimde are
craSel i nked and the nenbrak is inpregnated with a

Hnbr ane according to claiml

whi ] Z2 Lroper a ndej{ 30
aRpl i eq . NC

5 O 0O O
and from 90% to 10% of
O O
CHg
—{hl ||li: [i].l Nw: ‘ ‘
O O O
10 8. A membrane according to any of claims 1 to 5, wherein the polyimide is a

polyimide copolymer comprising about 20% of
O O
Hy
N N C
O O O
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3. A nenbrane according to claiml1l or claim2, wherein
t he di ssol ved sol utes have nol ecul ar weights in the

WO amga23360- 2000 g nol 1 . 4. A nenbrane accor dP@GB007/050218

any of clainms 1 to 3, wherein the solvent is an
organi c solvent and the nenbrane is stable thereto. 5.
A nmenbrane according to any preceding claimin which
the polyimde is at | east one copol ymer derived from
and(@Bdut’8sb&® £0- condensati on of benzophenone 3,3 ,4,4" -

tetracarboxylic acid dianhydride and a m xture of (i)
di (4-ami nopBenyl) met hane and t@l uene dkggine, or (ii)
a mxturp off 4,4~ nethyl epebis [( phend  4$d8yanate) and

t ol uene atie; or bf sat i pn of

| H 3H- B i -tefrone wth
5,5" - car pon) ni dine

|, 3-diisbécy and 2, 4-di4 socyanat o-
1- met hyl ben? according to any of

clainms 1 to 5, wherein the polyimde has the follow ng
formula: 7. The nenbrane according to any claiml to 5,

9. Whex giembidie aROldingioday pecei ROd ¥ whereGOP@kHERE broanic matrix
~conprising from10 to 90% of and from 90%to 10% of 8.
is digperpsdgp f1veraelbed Py ntids asipmsHic apeaptyane pt fgounts yoHe PR 7ndy
weibR®r RR4 HicfbBGei S @ polyi nide copol ymer conpri sing
about 20% of and about 80% of 9. A nenbrane according
to any preceding claim wherein a discrete organic

matyix i.s di rsed in th rossl.inked pol yi.m . .
10,20 il ZRELEE b BEE° bl SRR LS fporgpi
matsiaiiddingnded am ehe ci@slinkedrpoibinddeasgoaerti m@nbraneaa imounts up to

ecedj ng cl ai m ﬁperein a discrete inorganic matrix
“”?Eya?@ %$§@83Pm”? % ossl i nked pol yi ni de asymmetric
menbrane at anounts up to
11. A membrane according to claim 9 or claim 10, wherein the average particle size of

the discrete matrix is less than 0.1 micron.

12. A membrane according to any preceding claim, comprising crosslinks formed
from the reaction of aliphatic amines, aliphatic-aromatic amines and aromatic amines with

the polyimide polymer.

13. A membrane according to any of claims 1 to 9 which contains amide bonds
formed from the reaction of imide groups on the polyimide polymer with any of the
following: aliphatic or aromatic amines, diaminobutane, diaminopentane, diaminohexane,
diaminoheptane, diaminooctane, diaminononane, diaminodecane, methylamine,
ethylamine, propylamine, isopropylamine, butylamine, isobutylamine, cyclohexylamine,
dimethylamine, diethylamine, dipropylamine, diisopropylamine, ethylene diamine, N,N'-
dimethylethylene diamine, N,N'-diethylethylenediamine, diethylenetriamine,
triethylenetetraamine, tetraethylene pentaamine, pentaethylenehexamine,

polyethyleneimine, polyallylamine, polyvinylamine, 3-aminopropyldimethylethoxysilane,
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50% by wei ght of said dope solution. 11. A nenbrane
according to claim9 or claim 10, wherein the average

w@arowiltzdde7 si ze of the discrete matrix is | ess POEHGBR00L/050218

m cron. 12. A nenbrane according to any precedi ng
claim conprising crosslinks fornmed fromthe reaction
of aliphatic am nes, aliphatic-aromatic am nes and
aromatic amnes with the polyimde polynmer. 13. A

3- aﬁﬁﬁﬁﬂb@fl&e@@ﬁﬁﬂﬁieﬂg t 0 ahe@ylafliRipfpylih&hSkydiline h RE
contal ns anmide bonds forned fromthe reaction of imde

amlg@mm@tnetﬁoméaqsol yNrifeylgeingirepyliynehoayslags  t Aeminopropyl
terngl%t!ecpﬁﬁol HmefH SH B(l:s Hflffer%l? %@ﬁiy%lmglﬁ %ﬁae)?llylenedmmme para-

I am ut an opent ane, ane
xylyderamamatweqmlame anlhlmeamrwamwlsaptenyldmeaqummnm nmegileylene dianilineor
o 8 nodecane, nethylam ne, ethylam ne, propyl am ne,

XYHRABPSpyl ami ne, butyl ami ne, isobutyl am ne,
cyclohexylanlne di met hyl am ne, di et hyl am ne,

di propyl am ne, diisopropyl am ne, ethylene djam ne,
14. N, N Megpras Fﬁ?Prélt%)IP AvePregeding ﬁ]éum wheréln the conditioning agent is a

mmNmMUMMfﬁ$ylethylenedlan1ne di et hyl enetri am ne,
triethyl enetetraan ne, tetraethyl ene pentaani ne,

pentaethylenehexanine polyethyleneinine,

ol yal |
155 PR RATT ron B R PR P pesin o srspirineces
selegsil| &nm, oﬂ&!—m‘ahbtylcdrsymbqarcoqn;sl (hrciluoliatghm)lyﬁefinmels 3Hicone 01ls,
am noprapyltrieth i | ane, . . . .
PR R Ta W1 QISR BB YRS A Sgmegife iy sy ils and
alkyll erdth iRt 66) Pahinelemeiihyhgidiox asesic rpfibiediBbing hydroprocessed

.benz¥lan1ne met a- xyl yl enedi am ne, paraxyl yl enedi am ne
minggyd pilngnd RePlePReV el reriess), Vpsrebl Brendiodi highsr alcohols

(sudi‘ledts Ia}féaﬁgledéﬁe@fmoi %Eﬁ@({ec%)ﬁdél%&dlé Rfd \Mgll}ébls (%uapﬁtyo%ﬁ)pylene

according to any preceding clalm éerein
glyeobsnpolydtipénaglyaglentoljatkylenggiycaldl ati | e |i qui d. 15. A
menbrane according to any preceding claim wherein the
condi tioning agent is
16. A process for forming an integrally skinned asymmetric crosslinked polyimide

membrane for solvent nanofiltration, comprising the steps of:
(a) preparing a polyimide dope solution comprising:
(1) a polyimide polymer, and (ii) a solvent system for said polyimide which is
water miscible;
(b) casting a film of said dope solution onto a supporting substrate;
(c) after an evaporation period, immersing the film cast on the substrate into a coagulating
medium;
(d) treating the resulting asymmetric membrane with a solvent comprising one or more of
a mono-,di-,tri- amine and/or a polyamine; and
(e) treating the asymmetric membrane with a wash bath or baths comprising a

conditioning agent.

17. A process according to claim 16, wherein the polyimide polymer is present in
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sel ected fromone or nore of synthetic oils (including
pol yolefinic oils, silicone oils, polyal phaolefinic
wW@R003/123361 yi sobut yl ene o0ils, synthetic wax i SOPET/&B2007/050218
oils, ester oils and al kyl aromatic oils) , mnera
oils (including solvent refined oils and
hydr opr ocessed mineral oils and petrol eum wax
i sonerate oils), vegetable fats and oils, higher
amGh &I 0H o ABHENW %h@ﬁ@ﬁ@@hxnﬂﬁﬂsﬁan0| hept adecanol ),
gl ycerols, and glycols (such as pol ypropyl ene glycols,
pol yet hyl ene gl ycol s, polyal kyl ene glycols). 16. A
pr Qe ' ' ral
.0 SRR ] QRaE LR 2 e R AL
tri- pelpohiné.t rati on, conprising the steps of: (a) preparing
a pol yi m de dope solution conprising: (i) a polyimde
polymer, and (ii) a solvent system for said polyimde
19. Whi /€ Broc&ss \WadodingtoSanydf 1airg9 ) 6 € s, itiihed compiiigf (f5adythg the
dope solution onto a supporting substrate; (c) after
mergags; apor at i on period, imrersing the filmcast on the
substrate into a coagul ating nmedium (d) treating the
resulting asymmetric nmenbrane with a sol vent
20. confprresessgacsprdingr tonglpien @ty af isios 16ito, % jincledmanbeating the

10 merﬂﬁqn% Of aBollQ %(ﬁ @?r \ﬂ%&ﬁ@@%{fzﬁﬁafr h{g%?tté k) go&rg] € asy mretric

rane W hs™ conpri sing a
condltlonlng agent. 17. A process according to claim

Lot AGREGatsE e Rtk o Bal dEene B B AT T e

ﬁﬂp@@g@@ﬁmapcordlng to clain116 or claim17, wherein the
pol yam ne is a nono-,di-, tri- polyamne. 19. A
prpcess according to any of clains 16 to 18, further

cofrprispng (T) drying theg i i

22. A process according to any of claims 16 to 20, wherein the polyimide is a

15

polyimide copolymer comprising from 10 to 90% of:

O Q i
O O @) ]

20  and from 90% to 10% of:
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menbrane. 20. A process according to claimany of
clains 16 to 19, including heating the nenbrane to

W@bwat12s8600C or hi gher, preferably for up to 3P¢iDGB2007/050218

21. A process according to any of clains 16 to 20,

wherein the polyimde has the follow ng formula: n 22.
A process according to any of clains 16 to 20, wherein
the polyimde is a polyimde copol yner conprising from

10 to 90% ofy and from 90%to kg@bofzzs. A process
according tg any of clalns 16 tp 20, mhé)Hé t he
pol yi m de is~< ' S er ' g about
20% of : _apg < A N acc.rdlng to

any of c|algs ‘
sol uti onLcofpri ses so vents chasen from
N- et hyl - 2-@yrrol i dong, t et r ahy@r of ur an
N, Ndi et hyl f or mam de, ~di net hyl sul f oxi de,
N, N- di met hyl acet am de, 1,4 di oxane, ganmma. -
but yr ol act one, . wat er cohol on
23.¢ o hicde. S50ng (5 gite 3L SRR P Aab STaky BF Rl e
polﬁ@ucﬁa‘%opdﬂ&lﬁét&:bﬂlphhﬁ auy20% 8e d0pe sol ution further
conprises a VISCOSIty enhancer in amounts of up to 10%
by wei ght of said dope solution.26. A process
6 to 25, wherein the

and about 80% of:

Q 0 CHg
O O O

24, A process according to any of claims 16 to 23 wherein the polyimide dope
solution comprises solvents chosen from N-methyl-2-pyrrolidone, tetrahydrofuran, N,N-
dimethylformamide, dimethylsulfoxide, N,N-dimethylacetamide, 1,4 dioxane, gamma.-

butyrolactone, water, alcohols, ketones, and formamide.
25. A process according to any of claims 16 to 24, wherein the polyimide dope

solution further comprises a viscosity enhancer in amounts of up to 10% by weight of said

dope solution.
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solution further conprises a void suppressor used in
anounts up to 5% of the weight of said polyimde dope

wa@eloati2ssn7 28. A process according to any of tP€T/GB2007/050218

preceding clains 16 to 27, wherein the polyimde dope
solution further conprises a discrete organic matrix
di spersed in the polyimde dope solution at anmounts up
to 20 %y wei ght of said dope solution. 29. A process
26. aCCOLRRE iRo@dy ©f adyher Aligced rU2s| whd¥sin ke 1HBlyAfide dope
wherein the polyimde dope solution further conprises
solygionj fyethest @nipHisRsga riEoTt ¢hRNgr sheses depnp polyMimyb oy elidioegs.
pol{GREnE B 1 A pATRHTLS LR bR e B atinodi B o
10%baveaeRdf ssihdom solutihe aver age particle size of the
discrete matrix is less than 0.1 mcron. 31. A process
according to any of clainms 28 to 30 in which the
27.di s¢ipedcessn@tartidgi e dny rst crispes s€do] Whaeidahy @blyiraiae dope
subsequent | y added to t he dope. solution. 32, A process
soludiop dytfieh QOI?HISE? 3V SSUHPT?SHOWF%FP FRINOIR M 85@8 vegght of

Salﬂ@qﬁ[&%@g}@lﬁ;@ﬁcr ete matrix is renoved fromthe
pol’yi m de dope sol ution by evaporation. 33. A process

according to any of clainms 16 to 32 in which the am ne

g.cl %ﬁ;lrédéé‘si Q&oﬁigg‘ioa:aﬁy GPaRe Brec&ﬁ;g% AR 8- tohé‘fjr%ké‘x? 'the

allp I'C am hati c-aro i'C am nes
polamadraddpe samtine SuiBkr cAmprigs es gisacte mrghnmgmamxaahypemfed in the

porfits e ot P i el it 2 e i B o ST Rans Rl Bk, 20t

di am nohexane, di am noheptane, di am nooct ane,
di am nononane, di am nodecane, nethylam ne, ethyl am ne,

29. pr O%W%ﬂ%ffsnéccoﬂéllﬁpf'ooﬁw Shrithge presfgﬁlgg g]ﬁc}fﬁse 16'to 27, wherein the

polylﬁ%uao\bla %H‘uﬂ@n fTES W%Esaﬁndﬁ@petedﬂngl%ﬁﬁw ln?a%)n Bispersed in the
hyl'am ne, di propylam ne, diisopropylam ne,

polsemhvlden@sqhit@mah@nomtswp-t@l B%tbhweahhyﬂ seivaloplé stitive,
N, N - di et hyl et hyl enedi am ne, diethyl enetriam ne,
triethyl enetetraam ne,

30. A process according to claim 28 or claim 29, wherein the average particle size of

the discrete matrix is less than 0.1 micron.

31. A process according to any of claims 28 to 30 in which the discrete matrix is first

dispersed in a solvent and subsequently added to the dope solution.

32. A process according to claim 31 in which the solvent used to disperse the discrete

matrix is removed from the polyimide dope solution by evaporation.
33, A process according to any of claims 16 to 32 in which the amine crosslinking

agent is chosen from ammonia, hydrazine, aliphatic amines, aliphatic-aromatic amines

and aromatic amines.
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tetraet hyl ene pentaam ne, pentaethyl enehexan ne,
pol yet hyl enei m ne, pol yvi nyl am ne, 3-

wanpionapizepyl di met hyl et hoxysi | ane, PCT/GB2007/050218

3- am nopr opyl di et hoxysi | ane,

Nmet hyl am nopr opyl t ri net hoxysi | ane,

3-am nopropyl tri et hoxysil ane,

Nret hyl am nopr opyl tri met hoxysi | ane and 3-am nopr opyl

34. t erArhRRaES AeRRiNE LRty Slaln@XBNRS33 iB3yhich Mk AGRKScrosslinking
according to any of clains 16 to 34 in which the am ne

ageplr g $HPSCh Kiowy diaganpbutase, iz pongaigng. slisnigedieyangt diaggohgptane,
dlarﬁ nggc%?h% Qﬁﬁlﬂ{oqb t(ﬁarﬁﬂXdeggneC !n@{hgﬁmﬂ'%, %&gﬁﬁﬁne%ﬁ%?laﬁlune
Issolved In a's

e am he crossliAki ng agent vent
lsombmmnef r ohvtglatnonees, 1seitdtbéarr31nand Ca(tldwlxy)llalslin637 difyethylamine,

. process..accardi ng,.to any of cl a ms 16
iR R PP Bir i Frr SRl R et S elPe Mo
d1aﬁ1ﬁh@ pPaV \i-dicG@letBpirheRaging,S adjisdnegiamel hadicthiien@siagine,
imde nol ratiojis in the range 0.01 to 10. 38. A
tetr?ﬂ‘@@é‘% PRYRY PR AT Iensexgming B‘Plﬁ% yignepgng polyyinghamine. 3-
amlhmomﬂluhwme&ysﬁmene cr ossi hikbpdpAdRbbxHage, to treal.

ol yimi de nenbrane is adjusted so that the amine
methﬂammpﬂr@pﬂmmqﬂaﬂtxmlan@s i n t hé-amipguopylicthpxysilangg, A N-

' any of icl ai in '
maﬁﬂgﬁﬁﬁﬁgsggﬁ&%%%gmﬁﬁ%k|ng %s chog§n£$(%ﬁxﬁgtmeenggﬁgmai
polyindeth@fildyenass. 40. A process according to any of

claims 16 to 39 in which the tinme for crosslinking is
chosen from between 3 and 60 hours.41. A process

35. aCOhbiceg ab@rdiRy @hnyChadlmms 16 b 3440 whichMdb @hhideh@osslinking
tenperature of crosslinking solution is held between 0

agetriydigodied impsolgnpr ocess according to any of clains 16
to 4 1 in which the conditioning agent is a

non-vol atile |iquid.
36. A process according to any of claims 16 to 35, wherein the amine crosslinking

agent is dissolved in a solvent chosen from ketones, ethers and alcohols.

37. A process according to any of claims 16 to 36 in which the quantity of amine
crosslinking agent used to treat the polyimide membrane is adjusted so that the amine to

imide mol ratio is in the range 0.01 to 10.
38. A process according to any of claims 16 to 37 in which the quantity of amine
crosslinking agent used to treat the polyimide membrane is adjusted so that the amine to

imide mol ratio is in the range 0.1 to 5.

39. A process according to any of claims 16 to 38 in which the time for crosslinking is

chosen from between 0.5 and 120 hours.

40. A process according to any of claims 16 to 39 in which the time for crosslinking

is chosen from between 3 and 60 hours.
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43. A process according to any of clains 16 to 42
wherein the conditioning agent is selected from one or
worerog/12836synt hetic oils (including pol yol ef i ni BCDGB207/050218
silicone oils, polyal phaolefinic oils, polyisobutylene
oils, synthetic wax isonerate oils, ester oils and
al kyl aromatic oils), mneral oils (including solvent
refined oils and hydroprocessed mneral oils and
petrol eum wax i sonerate oils), vegetable fats and
oil s, higher alcohols (such as decanol, dodecano
41. heph REseEnBICYrding| Yewwodlsclaiandl iy d8lis whigh Heagmperawre of
, hyl ene gl ycol s,
Cm%ﬂlil%g%wlgﬁ%%?dy%eg\%eéoa gl@f? process according to any
of clains 16 to 43 |n whi ch the resulting menbr ane is

2. £ e PR D gl B Bofhyat B e R
nonARMdilElRRidf any of clalns 1 to 15 for nanofiltration

of a feed stream solution conprising a solvent and
di ssol ved solutes. 46. Use according to claim46,

43, Whex Biolest REcofhy @Mnyiof @nPNBANUE whBleMARL conditioning agent is
selected from one or more of synthetic oils (including polyolefinic oils, silicone oils,
polyalphaolefinic oils, polyisobutylene oils, synthetic wax isomerate oils, ester oils and
alkyl aromatic oils), mineral oils (including solvent refined oils and hydroprocessed
mineral oils and petroleum wax isomerate oils), vegetable fats and oils, higher alcohols
(such as decanol, dodecanol, heptadecanol), glycerols, and glycols (such as polypropylene

glycols, polyethylene glycols, polyalkylene glycols).

44, A process according to any of claims 16 to 43 in which the resulting membrane is

configured as spiral wound, plate and frame, shell and tube, or derivative designs thereof.

45. Use of a membrane of any of claims 1 to 15 for nanofiltration of a feed stream

solution comprising a solvent and dissolved solutes.

46. Use according to claim 46, wherein the solvent is an organic solvent.
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