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ASYMVETRI C MEMBRANES FOR USE | N NANCFI LTRATION Field
of the Invention The present invention relates to
asynmetric nmenbranes for nanofiltration, particularly
nanoftltration of solutes dissolved in organic

woahyenss7 Background to the I nvention Menbr @08/GB2007/050218

processes are well known in the art of separation
science, and can be applied to a range of separations
of species of varying nol ecular weights in |liquid and
gas phases (see for exanple "Menbrane Technol ogy and
Appl i cat i ons ASyNEETRICOMEMBRANBS KR USIOhn W | ey and
Sons Ltd, |SBN 0-470-85445-6 Nanofiltration is a
menbr ane process u@ﬂﬂﬁggﬁgiﬁéqgignes whose pores are
generally in the range 0.5-5 tun and whi ch have

~nol ecul ar weight cut-offs in the region of 200-2000

EieidofitheJaventi@a ecul ar wei ght cut-off of a membrane is
generally defined as the nol ecul ar weight of a

nmol ecul e that woul d exhibit a rejection of 9096mhep
The; pEspeat {eNtop THReh ey IMERA Ty {0 @aprititigheparticularly
naiddAfidd dri@kkORsARS ReRRANIMsGedYs. appl i ed to filtration

of aqueous fluids, but due to a |lack of suitable

sol vent stabl e nenbranes has not been w dely applied

B&%%ﬂhmﬁn%ﬁﬁaﬁﬁﬁ&pn of solutés in organic solvents.
IS Is despite the fact that organic sol vent
nanofiltration (OSN) has many potential applications
Melfbr8P BISLAGS Uhel A1 ldi 51 Y ol BF Lopikih SRhNLAII GX ARl
catalyst recovery and recycling, purifications, and
to Bageor sepatariensio pEciePy] viyinzdeadechlay weigie i ligyiddmdistpgihgees
d A %@%'s’oi"d BAiR6E R Baker, John
(%%g?%gggkar y-§§§§?§%§%%??onggan al so for o0
Wik pat Sons bidsISBN (0-47§85d85-6)US 5, 264, 166 and US 6, 180, 008
descri be processes for the production of integrally
skinned asymmetric 30 polyim de nenbranes which are
Nawgdfidti-anenl ist omiyebrateapybesd wtilisiol; wembsineuehpse poreo kg gpeerally in
benz xyl en t - KELORG: {HMeDeoi t
theimsrl © @&t% y?m’k‘r"é1 gﬁgh%e%@%ﬂaﬁé)gg& érurg%sr é\ln es ?ggf Rt 204
Dajpmepdpiechlaa svefghatutsffedta memiyargrie geroralla dsfiged @s thermgolecular
substrat e usi a_phase .nversion tech '?g]
Wm?@éﬁfﬁsmfﬁm%%qﬁ¥tV§g ﬁ%ﬁb%6b J%%%%(%faﬁ%gﬁggfﬁﬁt AN
nanoRiat@nsy &b aleanbi-ae.| Badliloytigohe wéw eslelyedppliedso rfiltration of

di aneter.. After. formation,.the nbr an r r .
o o g st Al PR R e BB AREARSS, L forkaifdy
applied wett .sephision @ dbltileo i dgardg esltent. NHhin isaidespiterterifaca et

roperties for _na i.I.tration of.|ow.mol ecul ar_wej ght
oreft it FopPar Rt Gt Bl SRS 1 BhoutEhitRl
indiEBR ARt DIVeR: HLREES sadlyststarvast aad techdind) pdificatioas, dny
state. These asymmetric nenbranes are clainmed to have
CONGRNIAYANS £ or the separation of | ow nol ecul ar wei ght
organic materials with a nolecular weight in the
range 300-400 Da!tons from solvents wi.th nol ecul ar
Polyidon thayst begp Ji§eeh WidSty oot ARCmbTRES H3sH| 1P SERATBIGR Jpocesses,
pari S A0 FRENNENEE A0 fHi0lep@Rionk O BYBdy TS G6h UbEami US
filtrates are described in US Patent Nos 5, 360, 530; .

6,180,005 4desgEe BrogR3¥es gipy they pepdnciiophel gl ¢ (EERC

polyisifle W brah ECRAME e E1RRRY L0 H2QtaBlelin olVehis 88 @%s WideRe, Benzene,
pol yi m de nmenbrane” Wiite L.S., Nitsch AR, Journa

.S
xylepe. MisHBE sl Sepr CMERY cand JoeByl 5 dudy] D yono 7AMIBRY Khs?
pol yi m de nmenbranes fornmed in this way from phase
i nversion are not stable in all solvents. In
particular, they are not 15 stable in solvents in
whi ch the polyimde formng the nmenbrane i s sol uble.
They tend to swell or eveh dissolve in such sol vents.
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In gas separation applications, polyimdes can becone
pl asticized, thereby | osing their desirable
separation properties. Crosslinking of polyimdes has
been investigated as a 20 neans to overcone this

WpPr20l1125%67 n gas separati.on applications. U. SPCP&IB20(Q@50218

4,717,393 presents photo-chem cal nethods for the
cross-linking nodification of particular polyimdes
cont ai ni ng benzophenone groups and hydrogen donor
groups such as nethyl groups. U S. Pat No. 4,981, 497
nwdﬁﬁmmmhqsqﬁmpmmﬂmsﬁatmmnbdm&ympcmmwnhﬁemwﬂnhm&n&sP@Ee

used for th e aratlon a a
mvenisilgp E?&l?ff‘u‘b“e etﬁsh Ip u&ts in apul uf%m tl%n %()Eéayero ?f;héemiyﬁﬁ%e%g @%g{mg‘
chdihwnﬂed%bo&&&eﬂbm sslaslnahatﬂle&sst\m fpmbyiniyibel gnembranes are
ranes f as,. s aratians. c
weiBE R v P SO PR AEmh SRl A ‘B iy T cesiioaing g
mabmda iRk lpeopdnuamw @snodfiltchiiad kElowl sleshiag ivaivhnadates from
a vin or vin Iar rou I :
gy oot Ghpe e Srebrt b e o] £ Bighed in 2 ary
stal@ Ol hehd Aspt8metil hﬁmﬁﬂﬁesb@e claiaes hd hﬂvedu]ﬁxy f(ﬁrrtﬁeatepﬁﬁlionvdfﬂdw
an activating force such as

ener
moleralpr el FfRTHG RatpRalLHiiL pg "F %ﬁé&%“‘%‘&?‘&"&f
froMOielvems bwith iiidahlar Me@he SRAr8&Hd 100t yalioss. tThe apiﬂimroanﬁ these

wi t hout cau3|ng a |l arge decrease in_co %}
e B 6 VTS FOBEEDTPL (HIGUS ST IRETRG 4P 3y Patent Nos
5, 3@(5 O%sk uokg8Y 5,681, analand By ek dﬁéﬂ liwidvd By Q;omhﬁeawe@efmi

fa ers 1s a %éralde ontactln

lubwﬂyﬁlmatefe Wity Polvmﬂil Fepbrapem Ly A %cé%ﬂal of

MeYMBEGD SGRRP 119506005 PR od 7.0, Hb\eevepmm@ nmﬂbﬁnmomed in
al coholic solution of an aliphatjic-aromatic

thlspmi)yﬁ‘?ﬁl iphase U epipneat npAbleciatdlowivertsh . Indartioners ey s
i UoRELOREShich BE PSSRTad Bfmihg AR iR brade ROMIIE By Rend to

ne rane usi ng %en drimers or hyperbranched pol yners,
swelkrir evendisyoleson Sichsolggnts.

In gas separation applicatidns, -polyimides can beco;ﬁe plasticized, thereby losing their
desirable separation properties. Crosslinking of polyimides has been investigated as a
means to overcome this problem in gas separation applications. U.S. Pat. No. 4,717,363
presents photo—cﬁemical 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 aﬁd alkenylated diamines having a vinyl or vinylaryl group prefei'ably
positioned ortho to an amine functonality. 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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mul tifunctional am nes. International Publication WO
2006/ 009520 Al discl oses a process for crosslinking a
pol yi m de by exposing it to a cross |inking agent
conprising one or nore am ne groups. US 6,932, 859
di scl oses the coval ent crosslinking of polyimdes
present in hollow fibre nenbranes using col val ent
ester crosslinks. The 10 crosslinking of polyimnde
gas separation nmenbranes has al so been disclosed in
the open literature, for exanple in; Liu et al.
Journal of Menbrane Science 189 2001% %91 é%ﬁn the

a duilQhriholidw fibroswhdr ke ﬁbthﬁd@’P‘lsllﬁ R O Vi de

anes..for s which @@npfses cﬂ»ﬂmtinglﬂxeof
Pﬂly%%g#’&‘?ie wil g gog’%ﬁlfg’e&?%oogz%% 90 * Ef fpfcts o{JS patent
menfBfafs Sith ian llcoplivomivtive af 2o lllhﬁu‘gﬁgm%r%’ VRGN - A
per fo C rA fophaarigy a golyimide
@P%Wné‘m e’@@‘k%lrh@%% Iﬂs ééaﬁ enceﬁ‘g%g' (2004)@153 163
membrihed RSP dendHnmpe rdr| Ej@e!btan@%s@ sjeftk RGO Y nf B

menbr anes. i nduced. b Ndvod emBiadd20n81 afiscloses a
mm@“ﬁ?%%@ﬁaﬁgw den 0?rers ; Shao et al. Jaurnal

'procé%§ fVefianey Sebigindd: 5_}6%1)@@&05)0 ﬂgo%gn]ﬂ%égeg ?og@pgn%f

1, 3- cycl ohexane Ho@Qfnehy 98S
one (O m&@fﬂeaﬁﬂuﬁﬁl gg;ts %?3%5;?9 gﬁh&g&s |tﬁsE?gdr¥%1 ee&gf Opol yi nmi de

poly FRERHRARES tn AAHWIRE Mémbadnes b mﬁwleetsﬁtﬂéscr@él@oééﬁ

(D

POVTESS 71888 20 " Sol i d-Sta c%%!] qgﬁg j
. crosgHpHing @ﬁmh/mwéqwﬁﬂﬁa??@?“f”bmé oXI P a%(hngilfézau on

literaR e ‘f&féx fe irt ﬁ;niilaﬂ a1t JaGrnahd Weenfbrine Science 18h ORI 238

aré ' eit hoI ow fibres. or den e
| “Ch@mmapﬁyﬂ lmkmg wadifipajiah ph iY“E’ée §%nre§£ogg%s ggﬁggg@}gs ?Peet
a8 m(r%l:;é m%ﬁﬁ@ﬁ&"’% eobajiTriod eEfan of érbdstlaking modification
ranes

ich are particul arly. sui glaP

n
on gBBE@Miicn medbeneesol Wéﬁ%’é’raﬁ?ﬁe’ SB?OOQH (’Jle(’él'mﬂI &r\%l C ﬁanl:
Y loftereke-lighted polyiridey meibbrares
Sc‘e‘ichii ggoz{hl?%i a crossl | n%?%e ag %%g d .i.n whi §h|aotep%1
induded rHyr differentsgenerpliang rfdt @W@W“%%g Eﬁdﬂ'ﬁlﬁ% d ‘agent
“The effects of 1,3-.

Journal of Membrane Science 267 (2005) 78-89
cyclohexanebls(methylamme) modification on gas transport and plasticization
of polyimide membranes” and Wind et al. Macmmolecules 36 (2003) 1882 — 1888
g of Polyimide Membranes for Carbon Dioxide

resistance

“Solid-State Covalent Cross-Linkin

Plasticization Reduction”, In all the above prior art the membranes are eiFher hollow

fibres or dense film membranes.

Summary of the Invention

The present disclosure 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 condmomng agent.

In one embodiment, the present disclosure provides a membrane for nanofiltration of a

feed stream
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30 In one enbodi nent, the present disclosure provides
a nmenbrane for nanofiltration of a feed stream

sol ution conprising a solvent and di ssol ved sol utes
and showi ng preferential rejection of the solutes at
anbi ent tenperature, conprising an integrally skinned
asymmetric polyitnide nenbrane, wherein at |east a
fraction of the im de groups of the polyinmde are
crosslinked and the polynnide is inpregnated with a
condi tioni ng agent. In one aspect, there is

provi ded a nenbrane for ofll ration
soluipy eomprisiag & eql¥gRt é‘%ﬂw‘b’fsf’]é’?dr:i?? %‘3‘%“% PL %“’“%a't‘g g of

the %ﬁ&@' Y etuial Ub@seratnd, Shomisng ar Gift@rﬂlyt skdnined easwmtom

the solutes at anbient tenperature

polydnidp mewbuase, wherpiRa IR p RHCHOR Pmé e SRRSO ? m‘y‘?ema?%e
pOffhigs B: {eh Jwith B @ordRIHA QAL S st able in

o8 Jﬁggﬁlc SO veﬁ?#é%?ii)lat ?east a fraction of the

|n1de groups of the polyimde are crosslinked; and

In ché hd ):ctttﬂﬁ'e ﬁoﬂr&h%ddae meSabtiB ’f(ﬁ‘glﬁﬁiﬁﬂﬂtlw Mha f@ed stream solution
congltlonlng agent that funct 0 P % &%oﬁof
comptisingan greanicosdhenhrdrsseirdpoius 5."%%“’%% B ANd ™

the 8519%% deSBichl R¥phherd iR nRheehe tansARen bigtaly skinned

anot her aspect, there is provided a process for
asy et pefyiamds rerehyang FYEreiRi nned asymmetric cross- | i nked

(gtgghéﬁﬁ&gﬁsa&m@&@mﬁméﬁﬁ”§ﬁkﬁﬁnt nanofiltration,
onprising the steps of: 0 arlng1 ol dlﬂ de -
(iD) etdgaet asfeictien Qfﬁheclmﬁﬂgr%apﬁ gEthey f %Yl'ﬂ@?ﬁeﬁf RIREK and
{ 9 Eordioling agei ‘imhtcﬁinmbnx:h al]$vw the
(111)216%1\%?1@% l\éc Icé}él%ﬁ‘}mc asting a@@% I m Stah ; Bgmne
' porseiugiicdn bomeiptained ngﬁ ﬁtﬁtﬁgﬂ%%‘gikis étﬂé’“ @ SFT Sle
evaporation period, imersing the f|In1cast on the

substrate into a coagul ati ng medi um (4) treatlng
In 4nbfher @§Mb kRG: assymwxeauacpfmmbrfaméomngharwm@enQMe

ri sing. one or
asylalﬁ%g@, Fross- l%gf:c%, ED e memb r'(x%e)zfg sroég?[ fz‘i’thaém% Sc)!n? n‘?reﬁ{%grtﬁe

“step§Bfibrane with a wash bath or bathsrconpr|S|ng a

(a) prepanng a polyimide dope solution comprising: | A
@) a polyimide polymer, and (ii) a solvent system for said polyimide which is
water miscible; ) ' o ., -

(b) casting a film of said dopé solution onto a Supporting substrate;

(c) after an evaporation period, immersing the film cast on the substrate into a coagulating

- medium;

(d} l:re.atmg the resultmg asymmetnc membrane with a solvent comprising one or more of

‘a mono-;di-,tri- amine and/or a polyamine; and
(e) treamng the asymmetric’ wembrane with a wash bath or baths compnsmg a

conditioning agent.

In yet another aspect, there is provided the use of a membrane as defined above for

nanofiltration of a feed stream solution comprising a solvent and diSsolfed soluies.



condi ti oni ng agent. In yet anot her aspect, there

is provided the use of a nenbrane as defined above

for 30 nanofiltration of a feed stream sol ution

conprising a solvent and.dissol ved sol utes.

Menbranes di scl osed herein can be used for

nanofiltration operations in organic solvents. In

particul ar, they can be used for nanofdtration

operations in solvents in which the base polyinmde is

soluble. This is advantageous with respect to the

prior art asymretric solvent nanofiltration

menbr anes, which | ose structure and dissolve-in

typi cal dope solvents such as. DVF and .NVE, and '
Mergixicbiliclpsshespin A 19 53 1ok SEBREEH GFFRAE Sogars shens
In pﬁﬂ&ﬁaralﬁ?ﬂéa% Il QERTBE DAGrarlda BBEraReS inGblvdieinphirhein base

I nventi owever are stable in t esesolventsb Ivent
polyarifieisiselgble Thisge adyrriagepys K TEFPPGS {OSRS Prigh &t asyARpeige solven

fabts fuant RETRED iBeGe itlysed age dothanseiuch
nmﬁ@ﬁ%ﬁ%ﬁm%hey hggﬁggﬁﬁiit hi gher quxes'thaq knovu\gl}s
as DNERrand DB, \whé rexhibix ey 65 no lufdh &P ARG SPIEEoTH At
..are hein [ S - BT Desel indkkven aff sthdke in th
dmh%Fo egﬁ’ﬂ% .g%?% %dtshﬁo%ée%elrnrreate Tlux of DVF over
solvéritsTEofRAfk aejepable ofuxo AndrErjéctipnse o ¥ A gEhey cadvapiast (98 the

nol ecul.ar wei ght for crosslinkeg:lenzi 4.
menghwingt rAissostre HETENSs 8h Yt B S50 GRELE ByE & den known
merdiitlel §HePHBESIOE water drid@igapic2olsbrows bbibgiproemsgbdr ej ect i on
ata for a L,enzing P84 polyimde nmenbrane
crosslinked with 0.1 nmol eqv. of crosslinking agent

Briefbesabtidabs thEDegawiees3 shows the effect of crosslinking
and thermal annealing on toluene flux and MACO curve
at 30 bar and 30C. Figure 4 shows the flux and | Vf WCO
of menbrane MLO in different organic solvents tested
in dead end at 30 bar. Figure 5 shows the flux and

MACO of menbrane MLO in THE and DVF. Figure 6 shows

the effect of tenperature on nenbrane performance of

menbranes from batch MLO in DVF. Figure 7 shows
the effect of treating nmenbranes with different

al i phatic diam nes on 20 nenbrane perfornmance. Figure

8 shows the nol ecul ar wei ght cut off curve of

menbrane made from Matrinaid 5218. Flux at 30 bar in

a dead end cell test with DVWF as s sol vent 20 Lin-2h*

25 Description of Various Enbodi nents Asymetric

menbranes will be famliar to one of skill in this

art and include an entity conposed 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 asymretric
menbrane is 30 supported on a suitable porous backing
or support material. '

4a
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Pol yi m de nmenbranes of the invention can be produced
froma nunber of polyimde polynmer sources. The
identities of such polyners are presented in the
prior art, including U.S. Pat. No. 4,981,497, U S.

wO3bo710867 4 931,182, U S Pat No 6, 660 062, PECBGR2007/050218

Pat . No. b5, 264 166, U. S. Pat.No. 6,180,008, U S. Pat.
No. 4,307,135, U S. Pat. No. 3,708,458, US. 5 Pat.
No. 3,789,079, U S. Pat.” No. 3,546,175, U S. Pat. No.
3,179,632, U S. Pat. No. 3,179,633, U S. Pat. No.
Flggreglzgho%g- ern{éatg ﬂu';?aif DN} ovﬂ* %%%atg%%ectgngf Iﬁpﬁ%ﬁl’ cbiﬁpounds
U. . a
versnsg@g nzc@%ulaweght Fﬁfatcrosmkedéﬁ%% B4 polyimpite Bpphrres "Pe‘"aied
ERBONG- apdiicAdxle- 10 A preferred polyi m de
mfﬁQ?yngP gél %ﬁg prepare the nenbranes of the
inVention is available as Matrimd 5218 from Hunt snan

FlgS%r@%ﬁ&;r eﬂ{?x a q ldoHCh Gori S SHOME IR ﬁMﬁmnTcﬂ:emembrane

ol yim I's "al s6 _known as the po ymer with 1 (or

-crog)ml@snathﬁnnm:pn@nyﬂgmszh@ﬂmaﬁw &3 (or

1,1,3)-trinmethyl-1H i nden-5-anm ne and
5,5' -carbonyl bi s-1, 3-i sobenzof ur andi one ( CAS Nunber
Fig62 F0 $hoB2-t) effedt ob mwestinkiagrand thermyh eariepting ®ptpipenss flyp gnd
ner m nophenyl i ndane and benzophenone
Lﬂ?@b%ﬁ@%ﬁ%@%@f@% gygnhydrlde Most preferably, the
menbranes of the invention are prepared froma

ol |n1d r [
rigfp% A0y e il TR P00 SRS ho s ek ordflc oo
&médmnmkﬂmﬂatMMHrs GTbH, Austria as Lenzing P84, is a
copol ynmer derived fromthe co-condensation of
benzophenone 3,3',4,4' -tetracarboxylic acid
Figtle 3Ryl thel@ux (abd DPWCGMI mambiangd Mil @indf Find MM nophenyl )
nmet hane and tol uene diam-ne or the correspondi ng :
di i socyanates, . 4, 4' - net hyl enebi s( phenyl isocyanate)
Figald @ shok @B effeti bﬁﬁmpa‘ﬂlﬂfeean nidnebrd pedidrmpnve @f membranes from
copﬁiélnf de has i m de |inkages which may be
y the structural formulae: WO
2007/125367PC T/ GB2007/ 050218 5 11 wherein the

opol ymer. conpr.i ses from abou % 1 ,.and to
Fisto P e BT PAe a0 g P b B
meB@hd R oy, M de useful to prepare a nenbrane in

accordance with the invention is a polyner, avail able

from HP pol ymers GrbH, Austria as Lenzing P84 HI. The
Fighe !y i#iBs iR Iﬁ(kl&:ul-‘a@ vﬁé@ﬁd&ﬂ&ﬁﬁ ¢upve dfmembrane made from Matrimid

1H, 3H Benzol 1, 2 |furan1357teh{one W th
5218, Igux g 3P B@fﬁwfl‘@i‘lﬂd it b DB aAYEhE] T

di i socyanat o- 2- et hyl benze e and

2 4 thlsocyana%o 1- nethylbenzene The structure of 15

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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Menbranes of the invention can be nade by dissol ving
the desired polyimde polyner in 5 a sol vent together
with optional viscosity enhancers, optional void

suppressors, and optionally discrete particles of an

WOE07RIRs36T € matrix, to give a viscous, polymPCTHIRIG07/050218

sol ution, spreading the solution upon a porous
support to forma film partially evaporating the
sol vent, and quenching the filmin water. This
preci pitates the polyner and fornms an asymetric

PoREAIY 8RbRYks ) ehdd hasion RMEHS pRGudPd GRESS nurkber T golyimide
I nvention_includes a process for form

PORYRETSGRIEs) Jhea st HEs T SUSPROBIIPS AT CRTES LY még‘aplb% 145 Wrigdie

U. § qiav %t 4,980 2 PhioNo meoiquw 17, SCRAMNO @samg)siz he.ssPaps.

aring a‘ﬁ i mde do e salutio
. No. 4,307, 35 U.s. Pat(l\io)BglOS 458, U.S.

patp@ioymsd@zgp@@rﬁf N, 8581174, mgnpxenN§ :pthsatzou%O%tbwﬂ

g@ sai d _dope 15sol ut %éh %
3,18%63%e K- ?9%11\@@9 2 aUeS- g8t ;Nf’m“d@ 8 U iPat- gy 8816303,
U.STPaC INAl B240,d1l4] 11)s. PRY NBNARIN20280 81 BRORD. Y$BIYRANGE British
present in ampunis | ess than 5 wt% of sai d dope
Paters Ngt |.634,629. (iv) optionally, a void
suppressor present in-ampunts of |ess than 10% by
wei ght of 20sai d dope solution, (v) optionally, a
A pafefred pelyitiider podemtr Uspfub proDiepase dfe IDeiBlyanen ph tBD4nyention is
avaﬂﬁgtggst MBfimePs A s RRE HE R @&ﬁ(}rmcm The{ Sudtu@RE ER0A Ibedbw.
Iscrete 1horganic or orgahic matrix suspended in
The Inéymhobes Sl loivoras gte mlynmrmthtl (orf 3)i(&-aminophenyl PBGedBydro-

- 13}5%019{1& -lim %? do n%erg B&lﬂ%%&%lso&bogéélp)l BQQU%EﬁzBﬂlrﬁdmne

e so ution onto a supporting
(CAS% Dstobaxt @929 m)-ﬁ)aﬁét ermrgen mna:pfor Muairpnid (51§ sothe pobmerswitly

diafyd SRR 3ha G IREn AL RRALAL Sl M Ar§020L) 21 N9

res ymetric
nenbrane with a solvent contai ning a nono-,di-,trior
pol yam ne; (e) treating the asymretric nenbrane W th
pash bath or baths containing a conditioning ent .
thlo@ally, the nenbrar@s may be drisd as a further

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 GmbIl, 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 -ioluene 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

formuiae:



10 solvents: N-nethyl-2-pyn-olidone, hereinafter
referred to as NWP, tetrahydrofuran, hereinafter
referred to as THF, N, N-di net hyl f or manai de,
herei nafter referred to as DMF, dinethyl sul f oxi de,
wi AsAboet vl acet ami de, 1, 4 di oxane, _ PCT/GB2007/050218
ganana utyrolactone wat er, al cohols, ketones, and
formam de. 15 The wei ght percent of the polyirnide
polymer in solution may range from5%to 30%in the
br oadest sense, although a 16%to 28%range is
preferable and an 18%to 26% range is even nore
preferred Addi tives such as viscosity enhancers may
be pyesent in amounts up t@ 10% by wei ght of 20 the
arn_polyrnrde pol ymer dop‘ solutlon and these

resﬁDts Addi t (Jes such assurfactants, which

i nfluence the pore structure, may be used in anmounts
up to 5% of the weight of said polyimde polyner dope
solution, for exanple Trilon X-100 (available from

Si gma- Al drich UK Ltd.

(octyl phenoxy- pol yet hoxyet hanol )) Crganlc or
inorganic r@trices in the forMof pomd.éed sol i ds may
be presept |4t apunts u 0 20Mt % oft

dope sol 5 mat rli ces can be
30 prep ateri al as
descri be ) ~P \ ' 802. as
described iR US Pat hb 6, 7553900 nay al So be used

as an inorgdanic mat r k. Met al “oxi des, such as
titani um dioxi de, zinc oxgde and silicon dioxi de may
be used, for exanple the materials available from
Degussa AG (Germany) under their Aerosol and AdNano
whirk@ A EYpl eﬂ\éoﬁfgﬂse@f%ﬁl iR AP @%ha@%omo Xlt)%rﬁspréﬁambly
cerrun1 zirconium and magnesi um nay be used
abopr @0%rIr d aveutr§0fel. Winptherppolyimide] wspfakto) pregarg Aaperbrgge in
acclldGic %t'h'?he% génﬁ&leltsed gﬂ{e?fae&ﬁmeﬁohleﬁﬁ pbIRABs Q}IﬂbH Austria |
mcrons in di anet er, d preferably [ess than 0.01
as bbromgnids4i HT.dTkempolemer i rihe epreondgrsetion; of higfHienzol1,2-c:4,5-
ABNANAIRRSL O i PC! 58 LlbGoiblyi 5GP BrofmBBRA! At 4 3.
10t T°6n Trom t he ope soluti'on, preferably
dmmqgamoeImﬂ®ﬂem$msthQﬂehmmaﬂdﬂthEﬁmﬂhﬁgeﬁuéﬁ@W?U%@ﬁ(ﬁ
the Iwm inss%&%@e%o t he dope sol ution containing the
“B8rYie n a preferred enbodi nent crystals or nanop
artlcles of an inorganic matrix, for exanple zeolites
or 10 netal oxides, nmay be grown to a selected size
in a separate solution fromthe dope sol ution, and
‘this dispergion solution subsaguently aﬁﬁed'to t he
1%

dope solptilpn containing Lhe pgl yne § separate
sol ution| ng an Ani ¢ |sol vent
with na N uous liquid
phase. | ef - ed eff T , the

sol vent ¥n |ch thellmatri x i s~di spersed y be

vol atile, add it mayChe 15 reﬁaved fromthe dope

sol ution prior to menbrapgpcasting by evaporation.
Once the polyimde polyner is dissolved in the

sol vent system descri bed, and optionally organic or
inorganic natrices are added into the dope sol ution
so that the matrices are well dispersed, it is cast
onto a suitable porous support or substrate. The
support can take the 20 form of an inert porous

mat eri al whi ch does not hinder the passage of
perneate through the nmenbrane and does not react with
the nenbrane material, the casting solution, the
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gl ass, paper, porous nondi ssol ved plastic, and woven
or non-woven material. Preferably, 25 the support
material is a non-woven polyneric material, such as a
“pol yester, polyethyl ene, polypropyl ene, :
wbabdrakdef et her ket one (PEEK), pol yphenyl i ne peuiBhiod@so21s
(PPS), Ethylene- ChloroTriFl uoroEthyl ene
(Hal ar (r) ECTFE), or carbon fibre material. Foll ow ng
the casting operation, a portion of the solvent may
be evaporated under 30 conditions sufficient to
produce a dense, ultra-thin, top "skin" |layer on the
pol yi m de nmenbrane. Typical evaporation conditions
adequat e for t Ds purposeli ncl ude exposure to air

for a duratijon _ L hE 3 , preferably
| ess than 3 2CORT ' preferred

enbodi nent , [ ' menbj ane surface at

s : n 30 seconds. 5
The coagul afi nd! or quenchilng nedi um maly consi st of
wat er, al coltol Oket ones. dP m xtures tRereof, as well
as-addi tives such as surfactants, e.g., Triton(r)
X-100 (available from Sigma-A drich UK Ltd

MefiBhas) TR0l 6 hadyt datioiny Yhe dbtied poiythids mhgnd or

effectigg %g gul ation are well known ose skille

t
2 spiery ee PR SRS oo P de SRSt =8

- optiofdiledscead phgcvashedinatedidmagix! ® gitea fddewpdlgner dope

_techniques. Typically a water-sol uble §{ angﬁ all
solytighy SRIFINSU B 3040008 (WIRB | L PHTCRT SIRPPENE HFeohdHe- AR
eva&hpage kdifdnt dhd guddbting '@t fillrh i Wagr. TRisrpRécdiaaes the polymer

et hanol , isopropanol, acetone, nethylethyl ketone or
andfprps 3p Sy MKEICIBTNbENY b e RASe VPROWBICEFS can be used

for renoving the . residual casting solvent (e.g. DVF)

fromthe nmenbrane. Alternatively the menbrane 15 n%%%

“Thep dnvgpaliche incliides aygarossss R FopuRe op wirerafly ke a0mwpq

croSRhE PhlyBYe doRUMinhRoMHHEER S SmMandVasipriding AidStebio@
sequential solvent exchange process. Both nmenbrane
(a) prepario e pelyingidagiope wolytion semsistrg eseRtply&f eate flow rate
can;) ?)E}H Al BY b dd6: iRTaBREks SP% ¥ERI% 8% GRAMIS said dope
prggeg?.'ZO gﬁ??ab?e aﬁine crosslinki%g%ag%nts for
i r eplutiery t he pol yi mi de i ncorporate primary and/ or
seqeNaa ' hirakl e vHEnnewadsRtdnkNCl ude those
regorte3¥F%g%§§§68§¥Bo§%%o Al ang US Pat. No. 4
4, 982 on@opallyT hevisconiiy teiopnest iprejerd in. amemisnigsdhana] wt% of said
en mono-, di, tri-, tetra-, and pol yam nes.
Exan%?%@ﬁgi sui tabl e am no-conpositions include
amiiyhoptiondlyda wmd sppressor prergnt i amprngies less than 10% by weight of
al i tic-aromatic am nes and aromati c am nes.
Spgggﬁﬂﬁsﬁgﬁékanples of aliphatic am nes include '
di d@wi epobriigesurédetantiproge it amawtsdil dav o & Sayyevyeight of said
digﬁ1§§§§§tane, di am nooct ane, di am nononane,

i A hodecane, nmet hyl am ne, ethyl am ne, praopyl araine,
i SOE) @pydnany, e disérett \ih@gdniveor pigadic malrmuspended in the dope
cycl.ohexyl am ne i met h é ni_n Let hyl.an I
a PO At meoisypt e Rl X PER DR QR Do,

(b) SdsiNg anfiinhvf ksl hopleaslatich aum ax@pporting substraté;
N -di ethyleth di.am di et hyl tri.am
© 2T 8 P Qe FPRESOB T LU F e SR AT Gty

mediythenehexam ne, pol yet hyl énei rni ne, polyallyl am ne,
pol yvi nyl am ne, 3-am nopropyl di net hyl et hoxysi | ane,
3-am nopr opyl di et hoxysi | ane, N- et hyl ar ni nopr opyltrinme
t hoxysi | ane, 3- am nopropyl tri et hoxysi |l ane,
N- naet hyl am nopr opyl tri met hoxysi | ane, 3- am nopr opy!l

. term nated pol ydi net hyl si$ oxanes, and the |ike.
Speci fic exanples of aliphatic aromatic
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am nes include benzyl am ne, neta-xylyl enedi am ne,
par a- xyl yl enedi arnine and the like. 5 Specific
exanpl es of aromatic am nes include aniline, aniline
derivatives, phenyl ene di am nes, nethylene dianiline,
WB’&X{H ﬁg}gp ne and the |like. The preferred ampgqicrro07050218
npounds are aromati ¢ conpounds containing 2 or 3
an1no groups and 6 to 30 carbon atons, or aliphatic
conpounds containing 2-to 6 am no groups and 1 to 40
carbon atons. 10 The crosslinking agent may be -
(d) gre Sng lﬂ}{eergsu é%ssyﬁﬁllle@cr%erﬁbq AV aasoﬁgﬁ%gﬁt‘lnmﬁ Iagnono Jdi- -
IO vent can be an organi c solvent
mﬂ@ﬁmm fron1ketones, et hers, alcohols, or any sol vent

t hat ssol ves th CI.OSS, I nk
© W O 300, BB o R AE

“agewt. | | al so swell the asymetric nmenbrane to all ow good

penetration of the crosslinldng agent into the
menbrane. In a preferred enbodi nent, the solvent is
Optdhally; 1| nteaideines @mcbeidied/ @ta fartifer steh@r folbovahestere@).
enbodi nent” the solvent is methanol or ethanol. The
concentration of crosslinking agent in the '

The pIsislideNpslifer SEIpH tsbRtiorC a:iay e Iﬁ@ﬂmﬂtl@d&m’olvingr s malyumlti@

the quantity, of p asynme tane to
PolyRREdR Opofr 4 i B okt ey s e oLy R
sol s © N-methylCY \aslitidhe] Bereinhieds ichkees tpl aCNMEOtetdﬂ@tiroﬁhm

, b h
herS AT TGP ALY Lt & DD PR, AERBRA St a3 P

dinfethylsflfdx i@, NAQABnddy1Rbain@e 100, dipkat.epakhy. huryrcnmne awger
51 to 10 and yet nore preferably in the range O.

akﬂﬁkéﬁﬁmﬁé“ﬁﬂﬁp¢%¢3cros slinking can be vari ed
between 0.5 and 120 hours, nore preferably between 1
and 30 hours, yet nore preferably bet ween 3 and

- Theweigts perpeis of Eepelipide golperss S?lhféfmc%'s@vserfmnh %é‘é??g%éﬂ _

the \Bﬂfaﬂtggscgs%t Xl&%ﬁg@ﬁ@@% 28@@1‘&9&' ik bR H 281 8%“8 26% range
sol vent, preferably between O0C and 60C, yet nore-

ﬂeﬁﬂ@ﬁ@?ﬂ@ﬁvﬁ%etmeen 10C and 40C. The asynmetric
menbrane is then conditioned by contacting the

‘menbrane with a condltlonlng agent dissolved in a
Additoy sweh 25 Bis¢asity enancers mayde RERE Hrpenour 8p o Hih by wREk P

the ?kgldg‘@ﬁﬁom ﬁpo@ynhe?vﬁo}fé) lsgibﬂld Eﬁﬁ @k pAiviflyl Pya@lidones,

ent " may be chosen from synthetic oils

: polfedlyg:ne gb@ﬂ],g/@jdsfrq:thangs diddigionatly [afi¢igyss sesh|ag void suppressors may

l er S()u On an
be B8 %ﬁhe A V\g?d 9, G e véxghp&‘ sxld%gﬂﬂﬁﬁié il Q!obé judo d

syn X Tsonerat€ oils, ester oils and
in this oa riakicoicldgyrodunts iy desiresi tesltd. iAvd]tiven sygh %Soﬂuiféfﬁftms Which
refu n r e r
oGRS DY BEEPSFOTNE oPploap 1 i
polylmicE poliingghn elopa sclofivel, $or( sramhleadFritge ca Y (avelisbleclamp |Sigma-

neBPURIESRBenP EREB S PIR) ne S Vool o

pol yal kyl ene glycols). Suitable solvents for

di.ssol vi n the con
Orggut S1Bgre RBETCS, %f)(/)'gg Olrc]]g) %on tmﬂdg gny %E%Qt ereo|
up ibIOwLes ef ok sad @olydict dopn isoigticang Emboi mOEgd@rrswaﬂ omtrigey dan be
t he invention.allows i re.st t
mrepgg APRBER A Ayt abiened v S PR UL PhE s s
ZedliRE by @naibell ThUB mat. 0lee6l733, %R iniyl ailab)be amd dan atiowgaglc matnx
characteristics. 10 Following treatment with the
condi tioni ng agent, ‘the nenbrane is typically dried
in air at anbient conditions to renove residua
sol vent . Heat treatnment nay al so be used to
i ncrease the nmenbrane rej#ction of solutes. After the
15 conditioning step, the nmenbrane may be heated to
bet ween 150C and 300C for between 1 mnute and 2
hours. Menbranes of the invention can be used for
nanofiltration operations, particularly in organic
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20 al l ow t he passage of solvents while retarding the

passage of |arger solute nol ecul es, when a pressure

gradient is applied across thé nmenbrane. This may be
~defrmed in terns of nmenbrane rejection 121, a comon

woBasHE8ekNnown by those skilled in the art aROT/GBRNTOHN218

as: 25\ 1- -t-t) x 100% 1) where Cp,, =

concentration of species i in the perneate, perneate
bei ng the Iiquid which has passed through the
menbrane, and CR, 1 =- concentration of species i in

Mk BxiA&L fok & GranibRIERKIR] AndelidOant hﬂlcd)ﬂ @jukide why bhudedSfor
not passed throu&h t he nmenbr ane

exazmplsr Be puiceds evealebla GognBrayra 4G G é‘@%ﬂm “v‘éﬂrﬁebfe’g%%% o

AdNDo GadSRERL 8%ixbd iktaRATAQ: subll ad Fixe@bd of coRdAS 5ﬁ@aﬂnbynd,
those skilled in the art that nanofdtration

magnesBsa b v AHelaped Basieesonl ReopHas doe dith L5 et ip

diaPhelP RGUIRY 10 AR, 1 RidbB ih AERR08M rélBAbIg 168 ithani &01
retalned at the surface of the nenbrane over at .| east
miqyons is diemeten In sometchses i(Rnaybedvan(ageous, fo difnerse dig matrices in 2
t B 0& o i OB vendaakutién abdih
sqﬁ&ﬁ%ﬁg&ﬁﬁthgEg?&%%h%%ﬁghﬁaa f egmell uﬁaergtood b?l
subsdngently eddidyis selefion odhe donel ecriutamomﬁe% depolypen [ympreETEt
l | 1855 8xabipRNzedf
em %ﬁﬁ&ﬁ§n$¢§Q#gm%%%H$§?g§ aaﬂ§ﬁgﬁ%%rn1solven% aléém
meizhokidele s1p brigrtvar & @fselgczs¢d\/@m i a spaplp spijiopfirom the dope
on-11Lm. Qofd QIFRbh 660
solf} okt Tt bR RO R oty B, HERoB TR Sonaining
theelyzites., Tie¢ haparsie smmmesnayna;anpmfesvateam amomssic S9hepfowih

nangpﬁgtﬁtgr TS 2 XX | tlhe c%ﬁﬁt%%ﬁs Wg S’h&' anélfl %@stﬂ&d preferred

Fotic solve xtures

embdiheqfthe sbﬁieﬁyn m;cholﬁe mmnx fisi (hspﬁltsf,tgmgb(w}aéﬂe g]p!el(g oy ge

e BT e Qe aicn iy et T B sl

dichlorobenzene chloroforn] di chl or onet hane,

O“Sﬁ' 'f B o Oe‘i?g?%ﬁﬁer gﬁ\s@&vﬁc oneeSO mmﬂl d?sh%ﬁl%eal SO %H&%lhy

orgh@é GmMiorgMdBgmicen ae tadded mtetlhydblm’selugbry&odhzs theeuaha:n@*re we]l

met hanol , propangl., but anol hex I €1 .
dlsgﬁnﬁag,t 1['16)89%10?1% ﬁtesmtaﬂ)%et ?ﬁﬁ’“s sg?rtlort U strau% he'r% s%%ﬁég% take the
forfll @ tah Yert 20ro8é M@ierial agi@oduics ﬁ(btlhﬁ],deﬂ\thé\lpassage of permeate through

di met hyl f or mam de, | f oxi de
the PaRbFRy 14 4905 R} Pt “Gﬁnlg‘h%ﬁ’émg???? PG B "as'.mg solution, the
celtidnABERRBME or M¥soRERE whﬁ:ﬁrtb@ﬁaeﬂbﬁhﬂ ﬁv[ll:lbf; permeanng in uvse.

tetrahydrof uran, nethyltet fur
TypiA o FIeD e, ook G F) BEh GRS i TRt G R simered
bV 5480 horodd WndiSioMed pRELL Bnd Winleh obfonwebilen lmmaBPaﬁdabhy
t he average skilled reader and.includes ﬁrggp
0 § €ne,

theﬁHPP@ﬁ aageriplisa BOR-WPYFL OGRS HaterAl f5ha 208
polSAbEAEL, ihedethb e RGSneQPERRY | palyBhdibiiR CulpRids uuzﬁ’sn Beiylene-
e ‘weight” fraction of the solute in the liquidis
ChloRASiFfubRNHERE: WRlGNECTFD Wricapornfibre heesd) vent , and
where the nol ecul ar wei ght of the solute is at | east
20 g noFt higher than that of the solvent. 30 The

nb f th t ;
POl B e o Do o o b, S0 e Qb e

desi g nown ose
corfilitiohd edfidight tidn @r(ﬂl‘ltte, a ﬂetrsh. @S a-ghyri, reeyl "skmu iafer pi dteepcdyitide

f ; %an g‘-pfplpﬁ lev apgrr‘):\uon con tIOIIS a&gqua?er #Ol\'/ 18 pu%oge %Clg(ﬂb exposure to

10



10

15

20

30

The follow ng Exanples illustrate the invention. 5 In
Exanples 1 to 4, a |laboratory scale cross-flow
nanofiltration unit was used with 4 cross fl ow cells.
Menbrane di scs, of active area 14 cna2, were cut out

Wb it sheets and placed into 4 cross fl| epreskdesesoz1s

In series. A feed solution consisting of <1 wt % of
test solutes was charged into a 5 L feed tank and
re-circulated at a flowrate of 1.5 L using a
di aphragm punp (Hydra Cell, Wanner, USA). Pressure in
mr%(!?gd\gﬁ{ldn%f zﬁssﬂlﬁle eHhBly&ss M@@Q@ﬁmqﬂgf@afmﬂler
vvas Ioca

regu ed down-stream of a pressure
prefgarad) emboTiireenp raisgs dlowndrventbe dresbsang jgarfage @116 thgs © for a
ss than 0 5 bar. The re-circul ating
urFEnog%gsqhin%lgg%OL%t 30C by a heat exchanger. Duri ng
start-up, the conditioning agent was renoved by

Tlrler ceoac Ilzlrtf::lu' 1%1{1'690%1 %eﬁmﬁp n}?&gmgt% w@iér QRH{OI Vlﬂe&)ﬂé%lbfr mixtures

ssurea Iscarding the initial

memef meateﬂ as @ddluwg socpleasmurﬁaﬁant%; eergr,emten@, ahpie@vyijable from

ol l.ec di
SisBguEE PO, EE DB Eb P By AR, e PAknd R caERe
coapbtilaontaeevdldacvi @nkose Mridsdgothdiatti oni ng of t he menbranes
was necessary to reduce the effects of conpaction to
achi eve steady state fluxes and rejections. Steady

ﬁéis@h@e%@ol@;hﬁ@mmbrmh yormbd en bkAvasied @fcopdimg o thedfgowing
t
S GO VR legeieh e SO & R QUL el

| alc@ﬁMan&két’cﬁn%& mAh&HEI&Et@oMnmte&dGb m&amﬁ emahmlqlmpdopsmi:pﬂcgone

me@?%flgglcl%eﬁ)ga;{%ﬁtérgfm e(gf Qﬂﬁg%ge{} s w1 aw%frr c?aﬁ] @ u§‘e%q811 efngvmg

e l'lqg
the $@&iRhICaktihg 661l dn€ (4. HMPFrdiE b namebraar. e@ltenﬁW’ihE niembgaGe

A viscous solution consisting af % Zj
map ey Vishere Wit 18210 IRF H’é’?’é g%ﬁeﬂi‘ﬂi’itcﬁ"ﬂ? 8005“”“ 5‘)9 e
suc@&hyé/ iwabny BIhdsOln daguehftlY F§01veﬁIO exchitze %prdceds. dlotix arebanel

21.6 wt % di rnet hyl f or (
e gGhAY RS S1B1 SRR G P PABPAR B o R A
exchgbbio@ds, The pol ymer solution was allowed to stand
for a further 24 h at 30 roomtenperature to renove
air bubbles. Polyner filnms of 200 gmthickness were

SuibBR lanf@ie cr@slﬂﬂl‘in%ea%&%r fol ﬁ@iﬂn@ Gha Rileini da lincotpotateyprinarCaaby \

v i e Bt iS85 AR o

and 92’5& Re. soiifa9ermfruiddBndity o0 sath maRtiAIObdcoEpdsss @ional, &,
it ween 10 and 70 seconds before inmersjon.into

a
- e @dtmtymwewwplawﬁnwmbh? vBiP CeRpRstigpLngude ammonia,
hyd&@]ﬁr %Fq%a&’d &Hﬁeé""ah A HRIRE GmiRE Ad GRONMAE Qniét. Sgecift

ach menbrane di sc was washed in
examgies rof aliphafigrrminge ihclude dlamirpbrane fdiapppepspigte. dppeRopfapne,
dlaI%ﬂlghegptaﬁedl ARAIBOQE: 2N QiahARHnBRank O Hmn%d&ﬁﬁd 0 rhedyidihe,

ki'ng care not to al | ow t he menbrane to dry
ethymmdmromfgmhm @HOpwgylalAﬁlﬁse‘PuUéW? i Iﬁ@UEYH@m%eo |°¥f%<?hewl%ltme
TRhANS:sGlirs SRS, WagbRMiidine, NN

dml%%ﬁnaglngl &ftgﬁ%{% ngrvggqany regl éﬁ%l crosslinking

deglshthyleffehe niaminane il eliefdetimediapiared idisthylenetriamine,
S anol (1P hou o owed %étﬂﬁ@g@kgﬂne
me{hﬁ’gg\m’so u |on oé‘%%eﬁ?% % | aﬂl&rﬁ{ener aI oi | 20% v/ v
polydfyldneiROfd pélyaltybhuiren eolyﬂimémmfr momkbm@hylahoxysﬂaﬂe

air-dried. Cracks were forned in nenbranes left to

dry without the addition of the conditioning agent

and these sanples could not be used for filtration

testing. After crosslinldng, the nenbranes
11
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15 were found by inmmersion testing to be insoluble in
DMF, 1,4 clioxane, 1-nethyl-2- pyrrolidinone (NW)
and di chl oronet hane (DCM . The nenbranes were further
"tested for flux and rejection in the cross-flow~

woanofizssér ati on unit described above using 3PEHERN7050218

conpounds (1-decanol, tetraoctyl ammoni um brom de and
brilliant blue R) at |low concentrations (1 w 9% in
DMF. The results are shown in Figure 1. 20 EXAMPLE 2
Crosslinked Lenzing P84 polyimnm de nenbrane was

3- aﬂfnﬁﬁﬁﬁﬁﬁe@&ykﬂ&n&x anpl eN- memymmb@ﬂmihﬂemm:ysgm

t %
i ORI 85 on NAHEERE AR T %XXY%%Q%J’?Z%““%%%P%P

tenﬁiﬁitecﬁﬁ)l dnﬁéthﬂsﬁxﬁbﬁ hd) Eﬁo&b aﬂlﬁcﬁammﬁﬂiﬁ of @liphatic aromatic
Cross

nki n After crqgssl.inldn th nhr ane
amipes ifefudsy G S BLHRGApEe: R “‘%ﬁ%’e“k%
Sp%lﬁé helgéh&ﬂ@m Sﬁh m&ma?iD%x%neQ gﬁyxﬂe @hiligk, naitide (Ckhlﬁ)lf Vel ghenylene
i chl or onet hane e e urt her
diapiges, ggthylgre dipniine orydipni W%%?@? E‘i\fg’é ASPT
are TRIISEE o&%ﬁﬁé%ﬁtaﬁlﬂ'{g@e&ﬁmﬁhmo tgﬁiupﬁﬁmlt 6’ anfmmm’b(mmwms or
brom de and brilliant blue R) at

alipheficcamPUats GRENTE 24p 6%“11%‘%9?:3’1‘111% 4 ‘é%‘ﬁﬂ“taé"’%fr e shown.
in Figure 1. The crosslinked PI nenbranes showed

good stability in DMF and perforned separations. |n
The dresshipdingfapsnt may PofssolRgEL 2 SPHENGTR MFIATE a’éﬁ%ﬂ\%égl
sol v%htg%ﬁ/r_bg fan %%f'&l@ @@1%1:9 Rh@bd §hmS@WREA bihtye eHShEIE, dr AR Edvedn

Crossl i nked polylrnldes wer e
thatpdwm@eagoq@@m@( WE‘I dn 2 pefered pabdiment, ihp g';olvent in the

%ﬂn? ! QyihTbHE mebiafle WaSoW BbddEkndidat
crogs sin !%R@'%F%ﬂ§ﬂgﬁ%gﬁ?% of crossllnklgg ;ggnfﬂaﬁhe .
n
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'I‘hé time for crosslinking can be varied betweerni 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 ¢an be varied between 0°C and the boiling point of the solvent, preferably
between 0°C and 60°C, vet 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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eqv.) Flux (L m2 hr-1) MACO Solubility in DMFa 1
224 510 S 2 0.5 107 510 PS 3 0.75 91 510 IS

WO 2007/125367 PCT/GB2007/050218

~oils, synthetic wax isomerate oils, ester oils and alkyl aromatic oils), mineral oils

(including solvent refined oils and hydroprocessed mineral oils and _pe‘moleum wax
isomerate oils), vegetable fats and oils, higher ﬁlcohols (such as decanol, ‘dodecanol,
heptadéc‘anol), 'glycerols, and glycols (such as polypropylene glycols, polyethylene
glycols, polyalkylene glycols). Suitable solvents for dissolving the conditioning agent.

" include alcohols, ketones, aromatics, hydrocarbons, or mixtures thereof. The use of a

conditioning agent in accordance with the invention allows a suitable pore structure {0 be
maintained in a dry state, and produces a flat sheet membrane with improved flexibility

and handling characteristics.

Following treatment with the conditioning agent, the membrane is typically dried in air at

ambient conditions to remove residual solvent,

Heat treatment may also be used to increase the membrane rejection of solutes. After the
conditioning step, the membrane may be heated to between 150°C and 300°C for between

1 minute and 2 houss.

Membranes of the invention can be used for nanofiltration operations, particularly in

organic solvents. By the term “nanofiltration” it is meant a membrane process which will

* 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 Ry, a common measure known by those skilled in the art and defined

as:

R, =[1—%i] x 100% (D

Ri

where Cp; = concentration of species i in the permeate, permeate being the liquid which
has paSsed through the membrane, and Cg; = 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 1 if Ry > 0. It is well
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4 1 78 510 IS5 In excess (10 wt % of crosslinkin. g
agent in solvent) 0 - IS S soluble, PS: partially
soluble, I'S: insoluble 20 This shows that :
crosslinldng does not affect the | VIWCO but does

w0 ®oueessh | ux. Advant ageously, crosslinl ci ng BEEEB2007/050218

i nproves stability in DM EXAMPLE 4 Crosslinked
pol yi-m de menbranes were prepared as per Exanple 1
with the following 5 variations: 22 wt % Lenzing P84
was used in the dope solution‘together with 0.1

undér@Fad thade billed@n (il (e vanofiftratioross s ipravkss iy whigh At leasTpng

nmenbr ane was tested i -
solute molecole i with a molecular weig:}t?n Y?lg %gee%—l()(}(} g mol™ is retained at the

surface of the membrane over at least one solvent, so that R; > 0. Typical applied

pressures in nanofiltration range from 5 bar to 50 bar.

The term “solvent” will be well understood by the average skilled reader and includes an
organic or aqueous liquid with molecular weight less than 300 Daltons. It is understood

that the term solvent aiso includes a mixture of solvents.

By way of non-limifing example, solvents include aromatics, alkanes, ketones, glycols,
chlorinated solvents, esters, ethérs, amines, nitriles, a;[dehydes, phenols, amides,
carboxylic acids, alcohols, furans, and dipolar aprotic solvents, water, and mixtures

thexeof.

By way of nén-iimiting example, specific examples of solvents include toluene, xylene,

‘benzene, styrene, anisole, chlorobenzene, dichlorobenzene, chloroform, dichloromethane,

dichloroethane, methy! acetate, ethyl acetate, butyl acetate, methyl ether ketone ‘(MEK),
methyl iso butyl ketone (MIBK), acetone, éthylene glycols, ethanol, methanol, propanol,
butanol, hexane, cyclohéxane, dimethoxyethane, methyl tert butyl ether (MTBE), diethyl
ether, adiponitrile, N,N dimethylformamide, dimethylsulfoxide, N,N dimethylacetamide,
dioxane, nitromethape, nitrobenzene, pyridine, carbon disulﬁde, tetrahydrofuran,

methyltetrahydrofuran, N-methyl pymrolidone, acetonitrile, water, and mixtures thereof,

The term ‘;solute” wﬂl 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
molecale 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 20g 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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‘was present as the marker conpound for nonitoring

woBiPiagg, stability, as determined by the 10 pgRrd2i7®s0218

-rejection of TOABr. This data (Figure 2) shows that
the 0.1 nol equiv crosslinked polyin de nmenbrane
remai ned stable in DCM (i.e. no significant change in
TOABr rejection) and provided both high fluxes and
r ¢of TOABr. 15 EXAMPLE 5 Lenzin
um%é%&d&ﬁﬂ&wuﬁ%ﬁﬁg% purchased from HP Pol ymer GrbH )
(Austrla) and used mnthout any further treatnment or -

.ThQHh'£%g%§$%ﬂs 1m%m hamnes,and all other solvents

wer e purcchase Fom. |gna Al drich. The di am nes
used in this exanple are as follows: 1, 2-

i GRS RS ATHRR A Pk n)e B 4RRMEL A 35 LM 4 oo

,ﬂo@GEmQJdaﬂmmwnmw§%ﬁapmkymﬂ1Hbmﬁh&mwamepw:@@ndhméﬁéwimd

di_ssol ved n t &l
plasig o Pt B0 Ab AT b IRy s ge B AP o
soloBd @hscharghdage f & ofdsd dﬂpmdsmlcutulnm garfles nieng 1He min”

o B BRSO Ve Tl i GBS

usifOh bidBBssi Segalatod Watth tvars Sdcaadl d(ﬁ\mf—staarfl m" a lpmssuaaztgaluge The
Menbr anes cast on a abor ¥%g

. pregsyEsydipp acﬁ?ggﬂgrfgﬁ%l\%?{ﬂl? 0% 655 P 0 ThE TP

ligiad GragRBpO Rt 38°(MBNa Mvmhh@&k Digng@drep, aie cummmrgragent was
adj ustable 30 casting knife on apn autonmatic fil d
Te“ﬁ’ﬁ‘ﬁﬂ ¥ B Greulpieuge SQLVRSE Fog B sy W WGl R A PP RS

diséati Sy AP Hidd! Berbe QB iR g DHErhRME pdinedid@amiplek Rea collected from
controlled time.intervals before i nmer

indbigytyad) sgg}ggm—l}o@ eressitiyneed and the retentate sam{)]le was taken from
the feed tank, Pre-conditioning of the membranes was necessary to reduce the effects of

. compaction to achieve sieady state fluxes and rejections. Steady state was observed only

after 12 hr of continnous operation. All experiments were conducted over 24 hr. The
solvent flux N, was calculated from the equation:

N, =L @)

b Ar
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 GmbH,
Austria), 2 wt % polyvinlypyrrolidone (PVP), 60.4 wt % 1,4 dioxéne 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 um thickness were cast on
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into a precipitation water bath at roomtenperature.
Menbranes M7 - MLO were cast on a continuous casting
machine with the follow ng paraneters: Casting
velocity : 0.5 ns-1-, Length of evaporation zone: 0.3

- woeodeBRper ature of precipitation water bath: PQUGB29BE0218

5 Thereafter the nenbranes to be crosslinkecl (M -
Mb and M7 - MLO) were imersed into a bath of

met hanol and diamine for 24 h at anmbient tenperature.
The amne to inaide ratio in the bath was around 20:1

a pt ste?%ﬁkihi%! xﬁ;{(lér&l (fgﬁ@rt?iﬁﬂggﬁmg/m adjimesbler @ping dohife rooran
e crosslinking bat shed with neth I
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‘watgrrhatlira g RBergurs aMpmbRoefipss p‘%ihf: 1%{}?%% r?t?gw%%ﬁ ce“l(t 5%&

the gr Ssih%%o%%? _xh’e!TIﬁbra@eheO «ir'Tng i Q4SIRid ihhﬁtdmﬂbh manes:dfifom bath of
. . me ranes t i i

meibasU 0 Bl &8 SHPHORT N B O Ty AR oo
notWaﬁlP\gg!le hdorinRS &9 PalduaR: Rhdkige preservative (PEGS00)

cur up and cracked rendering them unsuitable for
further use. A sunmary of the nenbrane preparation

Aft(%g%?g[h% IStulich 4208 Yo! ﬁ‘ds@@,%@m@mﬁ}%&ﬁéé whad washdlnemethanol

ne preparation parameters. Menbrane batch

to rewptzeayPhigived reresginksataeanti dhe (RMbUPe BisE Y4 oM PBkThn
isop?op%)'noqm% fglegl (flgmé GiRWel BY QisheRRRlin MRl b 60 viv % light

mineral oil / 20% viv TPA / 20% v/v toluene. The membrane was then air-dried. Cracks
were formed in membranes left to dry without the addition of the conditioning agent and
these samples could ﬁot be used for filtration testing. After crosslinking, the membraﬁes
were fdﬁnd by immersion testing to be insoluble in DMF, 14 diéxane, 1-methyl-2-

pyrrolidinone (NMP) and dichloromethane (DCM). The membranes were further tested

- for flux and rejection in the cross-flow nanofiltration unit described above using 3 marker

compounds (1-decanol, tetracctylammoniom bromide 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 crosslink‘ing, the membranes were found by immersion testing to be insoluble in
DMF, 1,4 dioxane, 1-methy1—2—pyrrb1idjn0ne (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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The crosslinked PI membranes showed good stability in DMF and performed separations
in the nanofiltration range. The membranes showed no signs of degradation after several

weeks of immersion in DMF.
5 EXAMPLE 3

Crosslinked polyimides were prepared as per Example 2 with the following variations: the
amine to imide ratio was varied by using different amounts of crosslinking‘agent. The
results are shown in Table L. Flux and the MWCO (molecﬁlar weight cut-off) were
10 determined by testing the membranes in the cross flow unit with a solution of toluene
contaim'ﬁg a series of dissolved n-alkanes, each at 1 wt %. MWCO was obtained by
plotting the rejection of each p-alkane species versus the meolecular weight of each
- species. The molecular weightréorresponding to a rejection of 90% was found by
interpolation and is quoted in Table 1 as the MWCO.
15
Table 1: Toluene flux and MWCO of crbss]inked membranes.

Amount of Crosslinking - :
5y 1 o Solubility in
Membrane agent (amine to imide mol Flux (Lm™“hr’) MWCO
C . DMF*
eqv.) '

1 - - : 224 - 510 S

2 0.5 T 107 . 510 Ps

3 0.75 ‘ 91 510 - IS

4 1 78 510 IS

5 In excess (10 wt % of 0 - IS

crosslinking agentin
solvent)

“ §: soluble, PS: partially sojuble, IS: insoluble

90 .This shows that crosslinking does not affect the MWCO but does reduce flux.
Advantageously, crosslinking also improves stability in DMF.
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ODA Bench Mo 18 PP ODA Bench Mo 20 PE N A Bench M7 18
PP EDA Conti nuous M3 18 PP '
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EXAMPLE 4

Crc;sslinked polyimide inembranes were prepared as per Example 1 with the following
variations: 22 wt % Lenzing P84 was used in the dope solution together with 0.1 (amine
to imide) mol éqv. of crosslinking agent. The membrane was tested in a dead-end
filtration cell for comsecutive filtration cycles usi'ng the solvents methanol and
dichioromethane in alternate cycles; tetraoctylammonium Bmmide {TOABr) was present
as thé marker compound for monitoring membrane stability, as determined by the

membrane rejection of TOABr. -

This data (Figure 2) shows that the 0.1 mol equiv crosslinked polyimide membrane

- temained stable in DCM (i.e. no significant change in TOABT rejection) and provided

both high fluxes and excellent rejection of TOABI.

EXAMPLE 5

Lenzing ‘P84 polyimide was purchased from HP Polymer GmbH (Austria) and used
without any further treatment or pﬁriﬁcation. All diamines anﬁ all other solvents were
purchased from Sigma Aldrich. The diamines used in this example are as follows: 1,2- -
ethylenediamine (EDA), 1,3—propanedi_aminé (PDA), 1;6—hexanediamine (HDA) and 1,8-
octanediamine (ODA).

Lenzing P84 polyimide and méleic 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 MO — M6 were cast on a bench top laboratory caster. The dope solution

was used to cast films of 200 pm 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 intervais before immersion
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backi ng Vil edon FO 2471. Initial imrersion testing
was carried out on non-crosslinked (M) and
crosslinked (ML and M2) nenbranes to determi ne their
stability in various polar aprotic organic solvents.

.into#%régaﬁktﬁm%a&h% attrbéin RipSiatied. MpbbenewallT oivel Ooferd daet on a
nbra '

nes after imersion in the s_oévglr]}t sel&qg _7(125 B
conlimopsaesigserchiag MR dhe IBOVERRRAPEFs s Ve d T sol vent’s
eavi ng 1he  hackk pg Tinskisse oy gesipitdomewaer batr 2&sPifked
Iﬂnk}g%éﬁ‘gﬁgs I\/If and % shgévved excel | ent sol vent
stability and remai ned un-di ssolved in the various

negagh%rme Lris SObY ERkSinked @l £M3:and MVEF §il0Nwére $tmérsyd
: rs tor menbranes in polar aprotic solyents. . .

into a bath of methanol and diamine for 24 h at ambient temperature. 1he anune to, 1m1de
ratio in the bath was around 20:1 mo! equivalents. The membrane was then removed from
the crosslinking bath and washed with methano] 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 finally being immersed into a bath of DME/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 uns_uitable for further

use. A summary of the membrane preparation parameters is given in Table 2 below.
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20X PAVTERINe propit@onGRfaiie@f. Out using both dead-end and
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the flux and nol ecul ar weight cut off (MACO curves
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W t h anPalghércendemrdipane Backig of 0. 0014 nR2 wer Bengbéd.

beicnl | caseg .t he rrerrbranet%ﬂay\ere i e d incogﬁu
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testing of the menbranes was carried out in

ous cast
ad end

(®6roni cs, USA dead- end Panofil trd¥fon cel | . Benck
QQssflow expgyinents wergscarriedogt in a Mpkagi |
cross flow system (Menbrane Extracti on Technol ogy,
UMR. Afeed soPution consi®ting of @Monol ogoudBesdti es

of zstyrene ol hgoners was psed to obpal n 15 t hegACO
curve during nanofiltration. The styrene oligomner

mvbdt ur e cont alhed a mi xt PR of 1 gOBA PS580 arfniis
1191%0 (pur chas?éal from Pol yger Labs, op) and 0. pgapf
a_

M6 20 " PE ‘N/A Bench
M7 18 PP EDA Continuous -
M8 18 PP DA Continuous
MQ 18 ' PP HDA _ Continuous
M10 18 PP ODA Continuous

® Dope solution consisting of Lenzing P84 with DMF as the solvent and dioxane as the
co-solvent (DMF/dioxane: 1/3) '
 Non-woven backing material: PE = Hollytex 3329, PP = Polypropylene/polyethylene

“backing: Viledon FO 2471,

Tnitial immersion testing was carried out on non-crosslinked (MO0) 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. Tt 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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nmet hyl styrene di ner (purchased from Sigma Al drich,
UK). The styrene oligoners were all fully soluble in
the tested solvents at this concentration except in
met hanol where the concentration was hal ved.
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using a Glson HPLC systemwith a Glson 118 UVYN s
detector. Separation of the oligonmers was achi eved
usi ng an ACE 5-C18-300 col um (Advanced :
CEromat og(r)aphy Technol ogi es, ACT, UK). A nobile phase
%ﬁ’ﬁf}é 0 f=Ta [ | % 5
Tal?e? Ta y%éf%?%kyi(%grﬁ) vvaesswﬁg(ggagmﬁtq %ﬁgve\f@vol %
trifluoroacetlc acid. The Uv detector ‘was set at a

—wavetengthof 264urnm—Tabl e 4 ows The effect of
Meaet b”&PynerSOlc‘,’S‘ﬁcentrau on on th bf)%‘fﬂfuorrmnce of the

Cr gt ked ygpbranes TG ARk les‘blveh‘eﬁ\@ﬁba@l&ngom ymer
concentrati on on nenbrane performance nbr ane

PolMOver cond®ration FI (eksmer dipgplviey leayiRadtackipgut o4

V\atl\% DNIFt DMlg% 22. Polymer dissolves leaving backing
MO DMAc " Polymer dissolves leaving backing
M1 NMP . Nochange’
M1 DMF No change
M1 DMSO . No change
M1 DMAc - No change
M2 NMF No change
M2 DMF - No change
M2 - DMSO B No change
M2 DMAc No change

- * NMP:  N-methyl-2-pyrrolidone, = DMF: N,N—dimethylfonnamide, DMSO:

dimethylsulfoxide, DMAc: N,N-dimethylacetamide

Nanofiltration experiments were carried out using both dead-end and crds s-flow filoration
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 immprsed 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 METcell 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 panofiltration. The styrene oligomer mixture contained a
mixture of 1 g of PS580 and P51050 (purchased from Polymer Labs, UK) and 0.1 g of o~
methylstyrene dimer (purchased from Sigmzi Aldrich, UK). The styrene oligoniers were

all fully soluble in the tested solvents at this concentration except in methanol where the
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concentration was halved. Analysis of the styrene oligomers was carried out using a
Gilson HPLC system with a Gilson 118 UV/Vis detector. Separatlon of the oligomers was
achieved using an ACE 5 C18-300 column (Advanced Chromatography Technologies,
ACT, UK). A mobile phase of 35 vol% analytical grade water and 65 vol%
tetrahydrofuran (AnalaR) was used with 0.1 vol% trifluoroacetic acid. The UV detector

was set at a wavelength of 264 nm.

Table 4 shows the effect of the polymer concenlraﬁon on the performance of the

crosshnked membranes

“Table 4: Effect of polymer concentration on membrane performance.

Polymer concentration Flux (Lm'zh'l) 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.
b MWCQ determined in DMF using dead end filtration at 30 bar and interpolating to the
MW corresponding to 90% rejection.

Figure 3 shows the effect of crosslinking and thermal annealing oﬂ 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 instanées, the flux of the membranes was observed to decrease with crosslinking and
thermal annealing. The MWCO of the crosslinked mémbranes was observed to increase
slightly. Whilst crosslinking has the desired effect of rendering the resultant fnembrane
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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18 420 Al | -menbranes were insol uble in DW.
MACO determ ned in DMF using dead end filtration at
30 bar and interpolating to the 15 MW correspondi ng
to 90% rejection. Figure 3 shows the effect of -
| dng and thernmal annealing on the fPCmGBINGT/050218
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different treatnment conditions as both the
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testfpedal, € 5 shows the flux and MACO of the crosslinked
menbranes in THF and DM at 10 30 bar and 30C
Conti nuous testing was carried out over 120 h with

Fighte $sh&WAThE Bif@ESfl PBrating temperature on the flux and the MWCO curve for

" the membranes formed in DMF as a solvent. Higher fluxes were achieved at elevated

temperéturés 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
[Serformmce of the membranes. Of the different aliphatic diamines tested, there was litte
differen'oe in terms of MWCQ curves. However, treating membranes with EDA resulted

in membranes with a hi gher flux than was obtained using the other crosslinkers.

EXAMPLE6

Membranes were formed as described in Example 5, using either HDA or ODA dissolved
in methanol, except that the conditioning agent and condifioning agent solvent were
varied. White light mineral 6i1, Aldrich UK CAS 8042-47-5 and PEG 600 were use;d as
conditioning agents, dissotved in DMF, acetone; and methyl ethyl ketone (MEK). The
MWCO culvés 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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measurenents taken intermttently. Stable separating
properties were observed over the test period. Figure
6 shows the effect of operating tenperature on the

flux and the MACO curve for 15 the nenbrane I
woin7ib36ms a sol vent. Higher fluxes were acﬁ%@(‘fg}&&gﬂmzm

el evated tenperatures of up to 50C and no change in
the separation performance was observed under these-
conditions. Figure.7 shows the effect of treating the
menbrane with different diam nes on the 20

mol'D@Rd DiNERBEGecaf40tane 68T A 30 ba, wite neydisgegalgdifference

al i phatj-c di am nes test%%{e was little - ‘
due @lCP?déti"éWéég‘inhor CS? curves. However, treating
membranes with EDA resulted in menbranes with a

hi gher flux than was obtai ned using the other ‘
i nkers. EXAVMPLE 6 25 Menbranes were formed as

descri bed in Exanple 5, usi ng ei t her HDA or ODA

A di ssol ved i n net ha oI t e t dikn
A visgeist SORIIGn cORRITHRE o ﬁ% VX\tg nt () ?e#tllg\/\g@gﬁgdgrlt}gﬁﬁ

ccraé[édnhg c%s Ah wfr%nﬁfgab a@il (VAR dibsolodd UK mAGe @0 2.2-diprans 23l d
were use as CO 1 on|
cimy oo EPG PR HED | PRr AP R R e
50°c3 velt a&bﬁtﬂﬁﬁ haEi)i(iGgeﬁl}bdle gau@dn msepqim selniéen Wraélowed to
as |1 n a e S| a
an e o urewsie v PP otaHB T AR R Here e
on wl)%gterztg&%lﬁ% Qlﬂ@nﬂ\eﬁoﬁﬁégid2@?m7ﬁ%fuﬁm9 Oaktinb AL an

xes between 40 and 60 L_ 11
autchatic film apiplientordSadwar wasollewed £ %fﬁ%%fra‘ﬁéh"t \§‘]'fa°e o W film
at c%ﬁﬁgr nL0 gf REERE 18 indCANEEdnliORIRginaa2Hn Bl a\pembipltatlon

A Vviscous sol ution consis %

waté/&iaﬂ:l mabnsem@em Mpimibeang ShAsts IYREh W e ’J&r‘gﬁf&'ﬂ& ‘“E%i{fed

%_ naki ¢ (M. 1o JirSa@ %Edmind @ iffidet afie 201 mol
into)2 E,%tg A REWEPAT g %Fn%@%flof or mam de ( DVF)

equivapRrfox ARt Fh@membapne whaie) repe¥cdsrfaghpd thoroughly with
metg%gttltorrgtﬁ us| é(ﬁlal (? O%in8. \@%ﬁl%ﬁg khil, QreOBrtiriheaydd GivR gRNesHE

nmer solution was allowed to __
into a bath of DMF for ’)4 hto 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 DMF and not fo re-dissolve upon
immersion into DMF. The membrane had a stable flux of 20 L m* Figure 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 contammg 16wt% P84, Hollytex 3329 was used as the backing and
the diamines were pr0v1ded as a methanol solution in the amounts shown in Table 5.

Octyldiamine (ODA) and p xylylenediamine (XDA) were used as cdiamines. The MWCO



10 stand for a further 24 h at room tenperature.

Polymer filnms of 200 1.111i thickness were cast on a

pol yester backing material (Hollytex 3329) using an

adj ustabl e casting knife on an automatic film
W@g@%} Lor . Sol vent was al | owed to evapor at ectigBrodrose2is

éce of the filmat controlled intervals of

between 10 and 70 seconds before imersion into a

precipitation water bath at roomtenperature.

Menbr ane sheets were washed in water and i mmersed 15
into bat h R and ikiA
curyes ap P&%ﬁwwﬁy% 5?%@%%0“8 The§
mlmr@wmm tdnent widntby membragk. Wapgn@éfs wﬁéwwglhﬂyblexﬁt h

" nethanol to renove residual diamne. Follow ng this,
.the nmenbrane was then imersed irnto a bath of DV for
Tatdds:Eiea of Biatitef af fhsaif wembrasesabi | ity before discs were
used to test nanofiltration performance in DVF as
described in Exanple 5. 20 The resultant nenbranes
Were found to be stahduatdéfrrdivinkand Moluepediuxe- dwde
Membrand mmélresslowed nt o DME. . The, nenbr an&lggal% a st
flux of 20 L1112 11 1@%4te 8 sho dt_the
repgl ting nmenbrane had a useful MACO cléve in thélO
nanofiltrati on range when _n contact (F
sHRuti on. EP/EXAVPI P 8 KEnbranes were L epared in
Em?g‘pl e 5 ygiAg Lenzing R84 pol yin de. gbhe dope 330
ution was prepared cont
3329 was used as the backing and 30 the di am nes were
provi ded as a methanol solution in.the amunts shown
in Table 5. Octyldiam ne (ODA) and p xylyl enedi am ne
(XDA) were used as cdiam nes. The MACO curves and
flux were determ ned as described in Exanple 5, at 30
bar pressure and using toluene as the solvent in '
contact with the nenbrane. The results are shown in
Table 5. Table 5: Effect of diamnes on flux of
menbr anes 5
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Menbrane Crosslinker Anmount of crosslinker ffno

- eqv.) Toluene flux In.-211-1) MACO M2O MR

ODA XDA 4.7 ) 1 W2
CLAIMS

L. A membrane for nanoﬁltrahon of a feed stream solution comprising an orgamc

solvent and dissolved solutes and showing preferenhal rejection of the solutes at ambient
temperature, the membrane _comprising an integrally skinned asymmetric polyimide
membrane, wherein: -

(i) the membrane is stable in the organic solvent;

(ii) at least a fraction of the imide groups of the polyimide are crosslinked; and

(iii) the polyimide is impregnated w1th a conditioning agent that functions to allow the
pore structure to be mamtamed in a dry state and provides a flexible flat sheet

membrane.

\ 2. . A membrane according to claim 1 which shows stable flux in operation under 30

bar applied pressure.

3. A membrane acéording' to claim 1 or claim 2, wherein the dissolved Solutés have

~ molecular weights in the range 200-2000 g mol ™.

4. A membrane according to any preceding claim in which the polyimide is at least

- one copolymer 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 (i) a mixture of 4 4'-methylenebis (phenyl isocyanate) and toluene

diisocyanate; or (b) the condensation of 1H,3H-Benzo[1,2-c:4,5-¢"|difuran-1,3,5,7-
tetrone with 5,5'-carbonylbis{ 1,3-isobenzofurandione], 1.3-diisocyanato-2-

methylbenzene and 2,4-diisocyanato-1 -methylbenzene.

5. The membrane according to any of claims 1 to 4, wherein the polyimide has the

following formula:

26



4.0 260 110 80 310 330 330 CLAIM 1.A nenbrane for
nanofiltration of a feed stream sol ution conpri sing

an

or gani c sol vent and di ssol ved sol utes and

showi ng preferential rejection of the solutes at .
anbient 5 tenperature, the nenbrane conprising an
integrally skinned asymetric polyimde nenbrane,

wher ei n: (i) the menbrane is stable in the

or
i m
(i

co
po
pr

ac

jani c solvent; (ii) at least a fractio
de gpups of t he poly|n1Ge are crossli
S pol imde is.inprg

' e—shr uct i Aed )
DV d_e Bl_e i d2A _rrenbr ane

erati &4 under 30 bar appled pressure. 15 3. A

op
me

Fbrane according to claiml1l or claim2, wherein the

di ssol ved sol utes have

6.

The fnembrarie according to any claim 1 to 4, wherein the polyimide is a

polyimide copolymer comprising from 10 to 90% of

10 7.

A membrane according to any of claims 1-to 4, wherein the polyimide is a

polyimide copolymer comprising about 20% of

27
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nol ecul ar weights in the range 200-2000 g 20 4. A
menbrane according to any preceding claimin which
the polyimde is at | east one copol ymer derived from
(a) the co-condensation of benzophenone 3,3',4,4"-
tetracarboxylic acid dianhydride and a m xture of (1)
and%do&?ié@/%lo@om aenyl) nethane and tol uene di am ne, or
(17) a mxture of 4, 4Lnet hyl enebi s (phenyl
I socyanat e)(yand tol uene di i socyddat e; or(ép? t he
, 3
P5

condensat i an of
1H, 3H Benzof
t et r onew -i s b
S alo et hybenzene—¢
2, 4-di i spcygnat oThnet hiyl benzene. 5. The menbr ane
according tg any of clqims 1 to @, wherein the
pol yi mi de has the fol Fowing fornula: 6. The menbrane -
according to any claim1l to 4, wherein the polyimde

is a polyimde copol yner i Sj

G o S oEe XTSRS, M A s
. .according to an ' 1 i 0
s afisteupdte o gRte po A RsTa it e o1 ng about
by vkt OF said membrane.

randi one] , 1,

9. ‘A membrane according to any preceding claim, wherein a discrete inorganic
matrix is dispersed in the crosslinked polyimide asymmetric membrane at amounts up to

50% by weight of a dope solution.

10. A membrane according to claim 8 or claim 9, wherein the éverage particle size of

the discrete matrix is less than 0.1 micron.

11. 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.

12. A membrane according to any of claims 1 to 8 which contains amide bonds
formed from the reaction of imide groups on the polyimide polymer with any of the
following: aliphatic ~amines, diaminobutane, diaminopentane, —diaminohexane,
diaminoheptane, diaminooctane, diaminononane, diaminodecane, —methylamine,
ethylamine, propylamine, isopropylamine, butylamine, isobutylamine, cyclohexylamine,
djmethﬂamine, diethylamine, dipropylamine, diisopropylamine, ethylene diamine, N.N'-
dimethylethylene diamine; N,N'-diethylethylenediamine, diethylenetriamine,
triethylenetetraamine, tetracthylene pentaamine, pentacthylenchexarmine,
polyethyleneimine, polyallylamine, polyvinylamine, 3-

aminopropyldimethylethoxysilane,
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and about 80% of 8. A nmenbrane according to any
preceding claim wherein a discrete organic matrix 5
is dispersed in the crosslinked polyimde asymretric
menbrane at anmounts up to 50 % by wei ght of said
menbrane. 9. A nenbrane according to any precedi ng

. Clai 1erein.qa discrete. | ' SXthb8vsi 3-

s-at Lo iR ER S occ 1Rk RRaRM bR Rysilne,

m&sg%?ﬁ%@xgﬁmm SN4iethylarhfhop By hyimetiogiileant, a 3cwpaopropy!
sol u

1on. 10. A menbrane accordi to claim,8 or,. .
terrpinatetpolyditnehesosanes: avetra bl H?&Fﬁgﬂ% g}ﬂ?@éxsé?le{lwéme, para-

iRt G TRUGL Xarlifind &SR ab RN Rond o Qfeiines! Erelibidhe dianiline or

cording to any p Ing claim conprising
oxvalz@8flel nks fornmed fromthe reaction of aliphatic
“anmi nes, aliphatic-aromatic am nes and aromatic ani nes
with the polyimde polynmer. 12. A nenbrane according
. to | B b CPhfivhsreahd @oRdNGEng Agent is
llfor%g%3 f%%%%%gﬁ?é%%ﬁfgﬁﬁg%g?ﬁide groups on the &l
a n@elylatifedguidol ymer with any of the follow ng aliphatic
am nes, di am nobutane, di am nopentane, di am nohexane, -
di am nohept ane, di am nooct ane, di am nononane,

14.di api } BhHydia, Reherdi Gy domiditl - ing agent
14.i So%}rﬂ&ﬂ?ﬁﬁ@@eeo bu%]% &y PRcedit er

opyl'am ne, yl axni ne, isobutylamne, = . . )
is selgcicd hizooyt caion wq@iﬁﬁtﬂtﬁ@ﬁ%@m@m@&ypl&gﬁeﬁeo O.lls, silicone oils,
pol%:l]%gao ugcmoﬂse, 'po 3|fiéo R ey(;il%p] sfn%heﬁ%tvb%i %Bﬁiega't@!}i]léj &ster oils and
alkfl{i él%gﬂﬁl: iRy | BRI %ﬂsn@mclﬁcﬁné\sﬁ.}\féhetéﬁﬂeét diisl anletiydroprbeessed
15 Fdl 0

I ethylenetriamne, = v 1
mirterd] eflh phé petralewaatnisomerawlty Yeerepleratant ils phigheg glcohols,

hyl enehexam ne, )
glyﬁ%??eﬁ%ﬁ %Crnﬁglsi‘m ne, pol yal | yl ani ne, pol yvi nyl ami ne, 3-

am nopr opyl di et hyl et hoxysi | ane, :
3- am nopropyl di et hoxysi |l .ane, N- met.hy] am n rog'ltr'net P
15-hox&§hﬁ§h@}gg according t%)/ Scllaim 14, Whereln)g:le cond%)o gy agenlt' is’a higher

alcohol selected from the group consisting of decanol, dodecano! and heptadecanol.

16. A membrane according to claim 14, wherein the conditioning agent is a glycol
selected from the group consisting of polypropylene glycols, polyethylene glycols and
polyalkylene glycols. -

17. 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:
(i) 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

29



am nopropyl tri et hoxysi | ane,

N- et hyl am nopr opyl tri nmet hoxysi | ane, 3-am nopr opyl

t enni nat ed pol ydi net hyl si | oxanes; preferably

benzyl am ne, neta-xylyl enedi am ne, par a-

xyl yl enedi am ne aniline, aniline derivatives,

phenyl ene di am nes, nefhyl ene dianilinpe.or . .
(e) maﬁ%mﬂﬁ HEMMPIN ﬁewg%c%r‘ﬁ?slr}?gg?% %3}”‘5 compnising a
coniiBREDI BGyCl @i m wherein the conditioning agent is a

non-vol atile liquid. 10 14. A nenbrane according to

any preceding claim wherein the conditioning agent

is selected fromone.or -more of .synihetic oils. .
18. (R PIRIFIGBRT P SAPE 131 Pocrel] 15 eOnarisgepgBme is present in

pol yal phaol efm ¢ 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 sonmerate oils), vegetable fats and

oil's, higher alcohols, 15 glycerols, and glycols.

15. A nenbrane according to claim 14, wherein the

condi tioning agent is a higher alcohol selected from

the group consisting a decanol, dodecanol and

hept adecanol . 20 16. A nenbrane according to clai m 14,

wherein the conditioning agent is a glycol selected

fromthe group consisting of polypropyl ene glycols,

pol yet hyl ene gl ycol s and pol yal kyl ene gl ycols. 17.A

process for fowing an integrally skinned asynmmetric

crossl i nked pol yi mide 95 nenbrane for sol vent

nanofiltration, conprising the steps of: (a)

preparing a polyimde dope solution conprising: (i) a

pol yi m de polyner, and (ii) a solvent systemfor said

~polyimde which is water mscible; (b) casting a film

‘of said dope solution onto a supporting substrate;
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30 (c) after an evaporation period, imersing the
filmcast on the substrate into a coagul ating nmedi um
(d) treating the resulting asymmetric nenbrane with a
sol vent conprising one or nore of a nono-.di-,tri-
am ne and/or a polyamne; and (e) treating the
gqu% i@t h or baths
anmyn@%?ﬁ?ﬁ%QOa ongggV%E%ﬁﬁﬁhégﬁPt 18. A process
accordlng to cIa|n117 wherein the polyinide pol yner
IS present in _anobu 10, to OW b [ [
19. doph PERtet ASAIARE (oG ?2 PBE‘@EE %%n\rq%l t% Yaag?ersng {mono
. or claim18, wherein the polyan1ne is a nono-5 tri-
“pol yamine 20. A process according to any of clains
tn-ﬁ&ymﬁnﬁQ further conprising (f) drying the menbrane.
10 21. A process according to claimany of clains 17
to 20, including heating the nmenbrane to about 150C
20.9f &P%%%%a adcQFdittPed ShySofnuihs: 1728. 19Afptiee esspasoo (lidngng the
to a lains 17 to 21, wherein the polyimde has
uwﬁmmméoIIOMAng for mul a: 23 A process according to
“any of clains 17 to 21, wherein the polyimde is a
pol yi m de copol yner conprising from10 to 90% of: ‘
21. andy f 46689 Q% dr@ink08$ 6laim any of claims 17 to 20, including heatmg the

membrane to about 150°C or higher, for up to 3 hours.

22. A process according to any of claims 17 to 21, wherein the polyimide has the
following formula:
T ]
0 O
—~~ O+
. X 7
0 9] s
23, A process acéording to any of claims 17 to 21, wherein the polyimide 1s a

polyimide copolymer comprising from 10 to 90% of:

fo odoeol

and from 90% to 10% of:
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24. A process according to any of clains 17 to 21,
wherein the polyimde is a polyimde copol ynmer
conpri sing about 20% of: and about 80%of: 25.A
process according to any of clainms 17 to 24 wherein
the polyini de dope solution conprises solvents chosen
from N et hyl-2- pyrrolidolle, tetyrahydrofuran,
N, Ndi met byl
N, N- di r net hj
ganmabut yr @l ac
f or mam
clains 1
further eonprises a vilscosity enmancer in anounts of
up to 10% by wei ght ofOsai d dope sol uti on. 27. A
process according to any of clains 17 to 26, wherein
the polyimde dope solution further conprises a = .
g Vi %gﬁ%éggs §ERRANEE Mo GRS 6N clairam1foloy1.nyherein the polyimide 1s a
" pyrrolidones, pof_’yet hyl ene gl ycol s and uret hanes
pohyasiétecopolytriee cqopyiing akowddf® ol ution at anmounts up to
. 10% by wei ght of said dope solution. 28. A process
according to any of clainms 17 to 27, wherein the

pol yi

0O ' O

~and about 80% of:

0 0 s |
thon crher]
0 0 0

25. A précéss according to any of claims 17 to 24 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.

26. A process according to any of claims 17 to 25, 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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30. A process according to any of the preceding

clains 17 to 28, wherein the 15 polyi m de dope

solution further conprises a discrete inorganic

matri x di spersed in the polyimde dope solution at

amounts up to 20% by wei ght of said dope solution.,
a7 31, ﬁo&gfﬁg&%iﬁg GarGiyner tiained a7 o 28, ovheedimithe olymmide dope
7t wherern e average particle size. of .the |scr1e§§noﬁdones
solutiat further Sorhpris thaisesity PRIARER Chogen Bom ROISYIBXG :

polynenc o epting{ p@ SR DEyles Bopeiopichie s o0

sed in a sol vent and

o 10%1?1 %gﬁp&ﬂs\éj@&&ﬁ@otﬁohhe dope sol ution. 33. A

cess according to claim32 in which the sol vent

used to disperse the discrete 25 matrix is renoved

fromthe polyimde dope- solui oniPy7 exagemathe qolyimidk dope
28. A Prgeess o _‘é)]rnéi ﬁgm&o&an(g&g% claims 17 to 33 | n}m it of
solutthl GRRENGNAFBE 2 GORSSppRiss gsabBrrmaEILT Ho Ketyof i E'E
~ ammoni a, hydrazine, aliphatic am nes,
said polyjrhide depeatobitiii ¢ ami nes and aromatic anmines. 35.A

process according to any of clainms 17 to 34 in which

t he am ne crosslinking agent is chosen fraom 8. wherein the
29, di AMpRselit anexdisd ami mopeh tienpreceligrichimExEnd =5, Wheret

di am nohept ane, dj am nooct ane,. di am ONARBx dispersed in the
polyiinidei dopel solbien Ehefy FIRPTHES ae?ﬁ?fﬁ%ﬁlﬁgﬂ pr op?l asr% ne,

L Sopropyl am ne f ¥isamit8@0 95 by weight of said dope solution. .

PMYHW@Eﬂ?ﬁ%%ﬁ%gﬁgﬁg?gbyka i ne, di nethYl et hyl enedi ami ne

triethyl enetetraan ne, tetraethyl ene

pol yet hyl enei m_ne, pol yvi pyl am neq cygl;phexy kgmgnesherein the -
'30.diﬁ9@ﬁyﬁﬁhﬂ%@ﬁﬁagéﬁiﬂéﬂOﬁﬁwﬁg&%ﬁg?ﬁy %%gtrianine,

IyRt ad%g% @S}uﬁﬁgtféﬁﬁ&yéo%ﬁﬁﬁ@é( aniisteete inorganic matrix dispersed in the
polygiide, dc propy inethyletho%%ﬁjlanegg- . Ltion
polyafiidzaippe pyl iriorestrrmxyusid umie, 2AnEY R h?frﬁ%ir ‘éﬂﬂ?lsf’r %8t ho

xysi | ane, 3-

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

the discrete matrix is less than 0.1 micron.

32." A process according to any of claims 29 o 31 in which the discrete matrix is first

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

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

matrix is removed from the polyimide dope solution by evaporation.

34. A process according 10 any of claims 17 to 33 in which the amine crosslinking
agent is chosen from ammonia, hydrazine, alipbatic amines, alipbatic-aromatic amines

and aromatic amines.

W)
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10 am nopropyl triethoxysil ane,

N- et hyl am nopr opyl tri nmet hoxysi | ane, 3-am nopr opyl

t erm nat ed pol ydi net hyl si |l oxanes. 36. A process

‘according to any of clainms 17 to 35 in which the

am ne crosslinking agent is dissolved in a sol vent.
35.15 A3focels BEREBAS 1@EBO6Michimb d 7an\B4ah veltiedi the dine orosslinking

36, wherein the ami ne cross|inking ggent is dissongg
agenhisachostn Bom GHBHORUERS HiNBIGREYNCe (g ROk gne, diaminoheptanc,
.. al cohol s. ;. . A Dr rdj ol a ine
aiafy B iapfinafiofr QAERRARRRST MGl P RimiGl BBy amine.
isofbp@shim cimgylageny, usebltylantineat cydieheuplayiimd, dedimethylamine,

menbrane i s adjusted so_that the amn i mde no

et ,
diclbalBming.o {GAPTORMATEge SHIOMEPHETITE. 5ocbXies oo dlgmine, NN

dm&%%&ﬁ{tﬁ#lg& to cﬁé}}{m‘éf Clﬁﬁmﬁi%}ﬁl&ﬁﬂ%ﬂe&ﬁnﬂ@! ch di&Bylenetriamine,

y of amne cross g agent used to treat )
triethytenpRbyaminde  mendretylire adj pettednize, t hatpentaethshehgxamine,

pol A e bl B, g, -

' fali%h ﬁ?aat or cr oSRlinBlkkRehihSpre e RActhé:GRllane, 3-
W@%@ggn .(%é and 120 houftﬂ.rlg% 41.%pir3]%cess_ a}?gjor di ng
aminoprapyltodthatyailae:, 1 7NtetBgaimpnagppsfitrmpshaxysiganeor 3-aminopropyl
crossli g@g i S..chosen from between 3 and 60 hours.

terpipate PBB’ §§ﬂ§%@8W8$ng to any of clains 17 to 41 in
whi ch the tenperature of cfosslinking solution is
hel d between 0 and 60C. 43, A process according . _.

36.t 0 Amyoass eteirding 17 any ofiglaims WAlite A 5t IReViieh Ehet FBHE rpsslinking
ageg¢ iﬁrg.a qﬁn- olatile liquid. 44. A process '

AgCRLIE SHEPEC T SWY*™Bf claims 17 to 43 wherein the
conditioning agent is selected fromone or nore of
synthetic oils (including polyolefinic oils, silJicone. ..

37.0i | &, prpesisy abqshdive &9 gpx: 0biclaims 3| §i¥e i ffie gping crosslinking
synthetj.c.wax_i.SQ I t [ 0 al kyl

aa B/ ePLE4I Ty FRARER Bin} ReiofiS, PhefRend aBD
refined oils and hydroprocessed mneral oils and

__petroleumwax isonerate oils),. vegetable.fats and. ;

38.0i | 4, PrReeshaccoafivgre |y of| ol st gﬁgﬂ‘ @‘&’W‘o quantity of amine

crodPinkie HeQGHERS4 @(Pﬁge[t%@go}kﬂniﬁé A mutdnd BRIt dtsB 8hat the amine to
con |F|§n|ng agent is I gher 15 al cohol sel ected

imifi¢ ol tdie igimihp rampedi.Eltiorld. of decanol, dodecanol and
hept adecanol . 46. A process according to claim 44,
wherein the conditioning agent is a glycol selected

39.from e;er@eIsg raeébqfﬁg%la%yld?thsppﬁ PR PRY haié Glkymahity of amine
pol yet hyl ene glycols and ol yal kyl ene gl ycols. 20. 47. |

croséslinking ementased talireny thopelpimide nednalirare 1§ Adiusted pojthat the amine to

__mhicg the re uItinq)ﬂEﬂ?rane Is configured as spiral

il Aoy Tt 18 {5 PP 2 shel | and tube, or derivative

desi gns t her eof
40. - A process according to any of claims 17 to 38 in which the time for crosslinking

is chosen from between 0.5 and 120 hours.

41. A process according to any of claims 17 to 39 in which the time for crosslinking

is chosen from between 3 and 60 hours.
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25 48.Use of a menbrane of any of clainms 1 to 14 for
nanofiltration of a feed stream sol ution conprising a
sol vent and dissol ved sol utes. 49.Use according to
clai m 48, wherein the solvent is an organic sol vent.
30 _
42. - A process according to any of claims 17 to 41 in which the temperature of

crosslinking solution is held between 0 and 60°C.

43. A process according to any of claims 17 to 42 in which the conditioning agent is

a non-vo_lﬁtile liduid.

44, A process according to any of ciajms 17 to 43 wherein the 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 (includiﬁg solvent refined oils and hydroprocessed
mineral oils and petroleum wax isomerate oils), vegetable fats and oils, higher alcohols,

glycerols, and glycols.

45. A process according to claim 44 wherein the condifioning agent is a higher

alcohol selected from the group consisting of decanol, dodecanol and heptadecanol.

46. A process according to claim 44, wherein the conditioning agent is a glycol

selected from the group consisting of polypropylene glycols, polyéthylene glycols énd
polyalkylene glycols. '

47. A process according to any of claims 17 t0 44 in which the resulting membrane

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

\ thereof.

48. Use of a membrane of any of claims 1 to 14 for nanofiltration of a feed stream

solution comprising a solvent and dissolved solutes.

49.  Use according to claim 48, wherein the solvent is an organic solvent.



