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{54) Title: METHOD
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{57) Abstract: There is provided a process for mod-
ifying a first organic composition comprising i) at
- least one first solvent, (i1} at least one solute, and (iii)
optionally, at least one second solvent to produce a
modified organic composition in which the concen-
tration of the at least one first solvent is reduced and
the concentration of the at least one second solvent
is increased, comprising the steps of: (a) providing
a selectively permeable membrane having a first sur-
face and a second surface; (b) transferring a portion of
the first solvent and optionally a portion of the solute
from the first smface to the second surface across the
membrane by contacting the first organic composition
with the first surface, wherein the pressure at the first
surface is greater than the pressure at the second sur-
face, and wherein the membrane is a selectively per-
meable membrane such that the membrane rejection
(R) of the solute is greater than 0%; (c) adding a por-
tion of the second solvent to the organic composition
retained at the first surface of the membrane.

a
(i)

| east one second solvent to



tration of the at |east one first solvent is reduced and StheFﬁoqgﬁgtration
of the at- | east one second solvent s increased, conprigiﬁgﬁ & ps of:
(a) providing a selectively perneabl e nenbrane having a first sur- face
and .a second surface; (b) transferring a portion of the first solvent and
optionally a portion of the solute fyomthe first surface to the second
surface across the nenbrane by contacting the first organic conposition
with the first surface, wh ' I he first surface is
greater than the pressure'§§E¥§%i2§%%%§iéggggég%%, and wherein the menbrane
is a selectively per- neable nmenbrane such that the menbrane rejection (R
of the solute is greater than 0% (c) adding a por- tion of the second

sol vent tBhetieseRinveniion relgiep i salyeshexchangaiprasepsest Int avether spect.dtirelatgsdo of t he
‘menbr ane. e 0, ] NGE P SS.Th resent invention
ol ot os 15 AT Shertlt Sondes A oXIE, SN e Iute® BTk ec ' bo
concent r ahérbramef. laragathércasp@! ir€isics B ANIFRAIE 08O bivRBeSsoliShtd o &0 bisamt
resistant nanofiltration nmnenbranes. |n another aspect it relates to

addi t i on b ptPRingFeRite gindesobvenisgloahapgey i eempopition @f dbhmaktitendn sol ut es
‘and sol v C -1 i xture . |n articular the
o ocess darduls® ENAIAR: LA ERTRATM Bl el bt Frioh ek e 1o
al ter theltei the mbxeurebf Sdlente iif whithonstor eldredpRited lis difdbleeds 0l Ut es i s di ssol ved.
Many organi ¢ syntheses take place through nultiple sequential stages. These
stages may conprise for exanple sequential reaction stages, or reaction
stages fq| purl fl I . C s~th rgani c
nDIgculeguaﬁw%%m§¥%m%ﬁ%%g%% &%ggmgﬁﬁggﬁppg$aggﬁ%5gﬁggéT%?§§%l df%Ssol ved as
sol ut es icomarifd fet csahplenequentisl fdatGdn SOEMENSr FaXlidh Stagds FdlRBwWedoBPl et i on of

the first stage. The second, follow ng stage may coqErise for exanple

purification stages. In many cases the orgamc molecules which are the products of a first

stage arc present dissolved as solutes in a first solvent or a first solvent mixture at the
completion of the first stage. The second, following stage may comprise for example
purification or another reaction stage. In many cases, this second stage may require that
the products of the first stage are dissolved in a second solvent or a second solvent
mixture different to that used in the first stage. Altering the solvent or solvent mixture
composition from the first solvent or solvent mixture to the second solvent or solvent

mixture requires a solvent exchange operation,

In general, two important cases can be identified for solvent exchange operations,
- depending on the boiling points of the first solvent and the second solvent. The first case
s when the first solvent has a lower boiling point than both the second solvent and the
solute. In this case, distillation can be employed to remove aliquots of the first solvent.
_ Aliquots of the second solvent can be added to replace the first solvent as it is boiled off,
and the process will eventually result in a mixture comprising the solute dissolved in the
second solvent. The second case is when the first solvent has a higher boiling point than
the second solvent, but lower than the solute. Here it is not possible to exchange solvents
by progressively distilling and adding the second solvent, as the condensed distillate will
tend to be rich in the second solvent and so the first solvent will not be removed. To

‘overcome this difficulty, it may be necessary to use vacuum distillation coupled with a




purification or another reaction stage. In many cases, this second stage
may require that the products of the first stage are di $sspigader 2008 second
~solvent or a second solvent mxture different to that used in the first
stage. Altering the solvent or solvent m xture conposition fromthe first
sol vent w0 ®616388nt m xture to the second sol vent or setweBézo1zsXt ure
requires a solvent exchange operation. In general, two inportant cases can
be identified for sol vent exchange operati ons, dependlng on the boiling
points of the first solvent and the s&cond solvent. The first case is when
the first solvent has a | ower boiling point than both the second sol vent
and the s:mﬂtpﬂd @urficp dtitri te ropee, essihtiallyl allahe Hst edvenbpri@np laddigglatycoftienove
aliquots of th ﬁigsolvent- uots of the second, sol vent can be added
to repl ac&® Ihds Ye{s FRFER s e‘ltfm OnFERIRg andnpy resulh i the, solpesbeings vy | |

event ual | Yoot teinBeratufel Mhgher HhR TR Hbht] td@@ngﬁt b taﬁe%f&ﬁggq%mﬂl t he

second solvent. The second case 1s when the sol I gher
boi li ng p@ﬁh@allsmms off predustsctbronigls tiexneah decompbsitionaér canttemntiérstosbbytie. Here it

t I I tilli d
it ng F roied B P o AR St e Brelphs G SEGR lend othne okl o b
rich in tmeaemrwhe&ﬁu\ssmntasﬁ&uﬁég dri3gvekdl ga%n%%éfﬁfegenw the AR} e, fremoved.  To

overcone this difficulty, i t may be necessary to use vacuumdistillation
coupl ed wintthe secgndsgipges abh by b@tndsdmm;mzyscemaa@lﬁﬁg/nmxmm&z@mpmped
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result in the solutes being exposed to tenperatures higher than their
thermal deconposition tenperatures, which may cause |oss of products
throudf tMemhsane mopespas a5 welblmowrt indhmarbef sspateliont ssistcd yndern 13 apklidd ed in the

‘art that | t f t
2(r)l ven'ii a&r% %a@%sec%glgﬂé%lo\;gé eso %‘ﬁﬁ%@‘%"m%fe‘w@if m??ﬂ%ﬂ’? %r elsreflt in
the first(sstfog exam]ﬂe “Memibhe Sl%elﬁﬂﬂ)g?t ﬁﬂﬁlrk Wihind: BadyBlopbdi 6ﬁ‘¢héxﬂxc§y5t ens

mvolwng{nhFl solvents azeotroE formwhich further conplicate
di stillati QE%Y 4digiion; Y935 Vek L6 sRﬂEQﬁe 5- %y ¥angéiltration i pispemteansr ocesses

are vel | JRown ik lﬁf‘enﬁ;ﬁne?&rhés@%@fe@ye%th%%n%n%%-S YAt RB RIS
15 cutoffs of 200-1000 Daltons. 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 fo separation of solutes in organic solvents.

- US 5,205,934 and US 5,265,734 describe processes for producing composite

20 nanofiltration membranes which comprise a layer of silicone immobilised onto a support,
preferably a polyacrylonitrile support. These composite membranes are claimed to be
solvent stable and are claimed to have utility for separation of high molecular weight
solutes, including organometallic catalyst complexes, from organic solvents. The

- performance of these composite membranes in separating solutes from methanol solutions

25 has been described in the open literature (“Nanofiliration studies of larger organic
‘microsolutes in methanol solutions”, Whu J.A., Baltzis B.C., Sirkar KK. Journal of
Membrane Science 170 (2000} pages 159-172), and their performance in permeation of
pure solvent phases has also been reported (“Effect of solvent properties on permeate flow
 through nanofiltration membranes. Part I — investigation of parameters affecting solvent

30 flux” Machado D.R., Hasson D., Semiat R. Journal of Membrane Science 163 (1999)

pages 93-102). The application of these membranes to recovering solvents from




to a range of separations of species of varying nolecular weights in liquid
and gas phases (see for exanple "Menbrane Technol ogy" i 8 SRpicibex s
Encycl opedi a of Chemical Technology, 4t' Edition 1993, Vol 16, pages
135-193). Nanofiltration is a nmenbrane process utilising nenbranes whose
por es ar &0 w/ovdsgs range 0.5-5 nm and whi ch have MWV 15pcwsbfm21ef 200- 1000
Dal tons. Nanofiltration has been widely applied to filtration of aqueous
fluids, but due to a lack of suitable solvent stable menbranes has not been
widely applied to separation of solufes in organic solvents. US 5,205,934
and US 5, 265, 734 descri be processes for producing conposite 20
nanof i | t r aomatogephic aysteansvibhdestribed iUS SE7@832ayer of silicone immobilised
onto a support, preferably a polyacrylonitrile support. These conposite
- menbranes are clainmed to be solvent stable and are clainmed to have utility
for separ gtd ' ' . b ncl udi nonetallic
catal yor oo e SR o HE Bheiol O Wy st A RS O
conposi t e whinhtareeigimei to begpiatiaii solyeso buch @s tdlicns) berzdaa,noflens,ahethyi @lsl 25 has

been described in the open literature ("Nanofiltration_ studjies of |arger
organi o KPERGOBHN el R kit kelone (MIBRA - Thesnasyometric mambrancs o5 C.
Sirkar K. Kainkdyé ity fMeab : SCI ) ggg -J#£2), and
their perfornancg@ier?ggtgr matfﬁ@%ﬁ%&ﬁ%ﬁ@o@%ﬁ%ﬁ%@%ﬁr esq%ée;rg%l‘éo een

reported goEchlecweight indhy smge Bty frore soloentp svittrandleculdr owight bf arogril
nanofiltr | nvesti gation par aneters affecting

| i i
- sol vent 3364%?%‘ réﬁ??{ﬁ@f tb‘leasg‘ﬁqﬁg ﬁf%?Oives W&Y?UR%OMH?%%H figrateR@For ane
- Science 1Gchred390S MRRYERoS336003D: S,Iﬁgjgggﬂb%ﬁ&%&%@gﬁ gﬁ%@{nanes to

recovering solvents from 8 Sepfenbér romat ogr aphi ¢
syst enld i sSalheestrecysty from UdesildilBatearith PENYCROMOMBhfie”UBhife .64 Nitséh descri bes

- processes ,fpr .t he uctiopn .of ric | m de menbranes which are
cl ai med té"lgéj%%%ﬁlgwg%? WE@@@W@S%&Z‘F benzene, xylene, nethyl
ethyl 5 ketone (MEK) and nethyl iso butyl ketone (MBK). These asymetric

menbranes_are clainmed to have utili tg for the separation of |ow nol ecul ar
wei ght  or geaise ohee@praagssto wfnatatescatalysts from organic solvents is known in the art and

has been described in the open literature. “Reverse Osmosis in Homogeneous Catalysis”
15 Gosser L.W., Knoth W.H., Parshall G.W. Journal of Molecular Catalysis 2 (1977) pages

253-263 describes experiments using selectively permeable polyimide membranes to

separate soluble transition metal catalysts from reaction mixtures by reverse osmosis.
“Modeling of nanofiltration - assisted organic synthesis”, J.A. Whu, B.C. Balizis, K.K.
Sirkar, Journal of Membrane Science, 163 (1999) 319-331 describes modelling used to
20 investigate the potential application of solvent stable nanofiltration membranes to catalyst

separation and recycle.

The patent literature also describes the use of membranes to separate catalysts from
| organic solvents. US 5,174,899 discloses the separation of organometallic compounds
.25 and/or metal carbonyls from their solutions in organic media with the aid of semi-

permeable membranes made of aromatic polyamides.

US Patent Nos 5,215,667; 5,288,818 5,298,669 and 5,395,979 describe the use of a
hydrophobic membrane to separate water-soluble noble metal ionic phosphine ligand
30 complex catalysts from aldehyde containing hydroformylation reaction medivms

comprising aqueous solutions, emulsions or suspensions of said catalysis. US 5,681,473




nol ecul ar weight in the range 300-400 from solvents wth nol ecul ar wei ght

of around 100. The application of these nembranes to sol\eptemberd®®ry from
| obe oil filtrates are described in US Patent Nos 5, 360, 530; 5,494, 566;
5,651,877, and in the open literature in 10 "Sol vent recovery from cube oil
filtrates with a polyimde nenbrane” Yhite L.S., Nitsch A R . Journal of
Menbr ane Science 179 (2000) pages 267-274. The use of nenbranes to separate
catal ysts fromorganic solvents is known in the art and has been descri bed
i n the opésclibds ethatappkratiiRey ebkent@ssitait SconmpobiThgebRaws tdCadpatayish T 15
CGosser L.W, Knoth WH., Parshall G W Journal of Ml ecular Catalysis 2
(1977) pagféanicsogbitigg! thedivpiomsgorheprtite vamplex galplys avd fise pigaadnposrditaeabl e

pol yi m deli anptﬁ,ro?nnae%oto separ at e SOthQJcE tr%?si tion ne.tﬁ\l:r catal ysts from
reacti on NPXtures: By revers e baSer Y iy et P h 81 BB T 1 t rati on -
assisted organic synthesis", J.A Wu, B.C Baltzis, K K Sirkar, Journal

of Membr apemSeabeRCHior HE3 rchB9A) sgr%?a'ti%ﬁ]hfagﬁﬁcﬁéeg%ﬁpﬁg&%lsloiv@ﬁi Hepfhet 0 20

i nvestigate the potential application of solvent stable nanofiltration
menbr anesprbeesedt al yst  separation and recycle. The patent literature al so
describes the use of nenbranes to separate catalysts from organic
solvents. _US 5,174,899 discl oses the separation of organonetallic conpounds
. 25 and/ oFPsRsesgnt igusbign gidsessesdhs prakiems ebthaPrignat-i n organic nedia with the
aid of sem - perneabl e nenbranes nmade of aromatic pol yam des. US Patent Nos

5,215, 667; 2 5.298,.669..and 5,395, 979 descri the use of .a
hydr opho bllhcéﬂr?ef%%?‘g #ge tp(gesgng oAVRPE REPUES SHPIETS etfs% B?ogl%r'f’@% &l Hrfto Hie&™Bhosphi.ne

li gand 30compailiarconptighy 8f & 1da6m AlORRLEe (6 Aiea: Bhé‘?}lyﬂé‘,‘%@fﬁ% kAL i on

reaction nediuns conprising aqueous sol utions, enulsions or suspensions of
sai d cat adngsseondSobe68 1t04 pBd8cSapeniiftrd 202bicd coapwitidnesn tWidctappti cati on
of sol vent-resistant conposite nenbranes to separation of

or gani c- SEPEHBITRIELe thaguicathons Gahspmen phradecedomg Itescangenitalian obibe 2 r ee
g h p 9 l.] I h ' dr of, | at i
or ganop Ol%% | g cg ﬂ f.om eneo non- ac OUS.% r oL or. atl on
reaction m XU UF %PTCO{’ n&p e gb%ggas%d?ig%rgp%ﬂgﬁﬁ%ﬁt Sr%aiﬂga??reoffé "ll%er%ech‘é Y not been
applied t@naebkeheme xabandtg Br PESHERe and a second surface; (b) transferring a
portion of the first solvent from the first surface to the second surface across the
membrane by contacting the first organic composition with the first surface, wherein the
pressure at the first surface is greater than the pressure at the second surface, and
_ wherein the membrane is a selectively permeable membrane such that the membrane

rejection (R) of the solute is greater than 0 %; (c) adding a portion of the second solvent

to the organic composition retained at the first surface of the membrane.

In a preferred embodiment the organic composition resulting from stép (c) is further
enriched in the second solvent relative to the first solvent by the steps oft (d) providing a
selectively permeable membrane having a first surface and a second surface; (e)

- transferring a portion of the first and second solvents from the first surface to the second
surface across the membrane by contacting the organic composition from step (c) with
the first surface, wherein the pressure at the first surface is greater than the pressure at
the second surface, and wherein the membrane is a selectively permeable membrane such
that the membrane rejection R of the solute is greater than 0 %,; (f) adding a portion of the
second solvent to the organic composition retained at the first surface of the membrane

in step (e).




The present invention addresses the problens of the prior art. In one
aspect the present invention provides a process for nodi ﬁﬁen@ﬂebefiw&i
organi ¢ conposition conprising (i) at least one first solvent, (ii) at
| east one solute, and (iii) at |east one second solvent, to produce a
nodi fied organic conposition in whichsthe concentration of the at | east
one first solvent is reduced and the concentration of the at |[|east one
second solvent is increased, conprising the steps of (a) providing a
. selectively perneable nenbrane having a first surface and a second
surface; (b fitrthangkefrmed ngbadimpdrat pootionodf at hasifdnt sblueedd wanterfeddront the fir st
surface tg t he seco d sur{{g}gte across the nenbrane by contacting the first
organic ¢ 6'§ﬁ°FHht freRm apq geEqss dhgrpegpbtaneaherein the pressure at the
first surface is greater than the pressure at the second surface, and
wherein the menbrane is a selectively perneable nmenbrane such that the
menbr ane By dcdem osleptielorermepbled &) is pisanta fg‘?f@?iﬂl@rwhlﬁaﬁﬂkﬁlw the pasgagdi ng a
-portion off the.sesand r§tQ11dY fhe ﬁags g@%f% chf'lo 51 bl cﬁrﬁ%ﬁﬁ*;ﬂ%g at the
first surface of the nenb pre erre odi nent the organic
conposi t | differcagudan iba gmﬂn@mbs tthmc’(vcr)t flogv dcust kfennenﬂxrmmcﬁmdemnsdldfueivﬂgc ond
sol vent atj.ve t flrs ent. by the.steps of viding a
sel ect i ve % peﬁr{me eggﬁ rane aV| iRats ?58}65?0%]37?%5%“%2’38?3%‘8}% sur f ace;
(e) tranB)fEthdsitgleﬂupmretart(hﬂdﬂéﬁﬂehesfI rst and second solvents fromthe first
surface to the second surface across the nmenbrane by contacting the .
organi c conp sikj fromstep (c) with the first surface, wherein the
pressure &= Ejlhemfit stoossir face is greater thamthe pressure at  the second

~surface, and\whérel n the nenmbrane is a selectively perneabl e nenbrane such
that the nmenbrane rejection R of the solute is greater than 0 % (f) adding

a porti onyRdre Ne= ch8&AAoSH sﬁ@aﬂém19tﬁe%ngéa%ge&e%mgnggltﬁe'zégg%lﬁ@fg@%iﬁeg at the

first surface of the menbrane in step ( Sept e

furt her pvrkitkheedasesdbtdiugkrihe acmbrank, o:mddeR,,a* chrgasitationef $pécidsal insthe
transferre first surf ot second rface across the

nenbr ane.”’ %Iq%éet?néﬁﬁ}m% S50 iﬁub}e Wﬁgﬁ?se“‘o" P’[‘SS?‘@: ghthepsbpieane whi ch
Wil al | opviiin8e RASSAIK! thith nRRbMERISseliively p&haivill 19 tHRiPAG829e of sol utes,
such that a solute concentration

By the term “solute” it is meant an organic molecule with a molecular weight in the range

200 - 2000 Daltons which is present dissolved in at least one solvent, such that the

concentration of the solute in the resuitant organic liquid mixture is less than 20wt%.

By the term “solvent” it is meant an organic liquid with molecular weight less than 300

Daltons in which the solute can be dissolved to a concentration of at least 0.1 wt%.

In a further aspect the present invention provides for carrying out a solvent exchange by
* omitting step (b), so that the at least one second solvent is added to the organic liquid

prior to membrane filtration step (¢).

In yet a further aspect the process may be carried out continuously so that steps (b) and (c)

or (e) and (f) are performed simultaneously.




di fference can be produced by the solvent flow across the nenbrane. The
termselectively perneable may be defined in ternms of nBBepmmber2§0cti on
R, -a comon neasure known by those skilled in the art and defined as: 11-

CP" x 100% CR (1) where Cp,i = concentration of species i in the
per neat ew@ernnssst e being the organic liquid which hascpasead2ishr ough t he
menbrane, and CR, = concentration of species i inthe retentate, retentate

being the organic liquid which has not passed through the nenbrane. It

wi |l “be appreciated thata menbrane isbselectively perneable for a species
if R>0. By the term"solute"” it is neant an organic nolecule with a

nol ecul ar weight in the range 200 - 2000 Daltons which is present

di ssolved_in a ast one solvent, such that the concentration of the

sol ute |nh’t¥?éa%‘€é’ﬁ‘iatsﬁ?ﬂ Rj%ﬁ?ﬁ%nw‘walawﬁmdeﬁcenwows&és than 20wt % By the
term"solvent” it is neant an organic liquid with nol ecul ar wei ght |ess
than 300 Daltons in which the solute can be dissolved to a concentration
of at | ea¥t ysdafurthedsspean, morétllanlonesedmﬁmtypdﬁnwbﬂnfm&ﬁwanémuﬁmé:mmfloﬁdpvi des for

carryi ou sol vent exc tt|n te b so that the at |east

one. Secontt LBRE PR iGh oDt 8 6f e?rezgea?s o 10p ) iRtheane

filtrati opifkeRP Thi) allow? tﬂ@he%bfa%g@?é cﬁ&gﬁ"&% g %’%@&%ﬂmﬁa{? garried out
continuously so that steps are pertorned

si mul tane&ﬁ'sﬂnyﬂu}earﬂeqoiMmﬁmﬂﬁ)Sa SMCITID 20N FEHRB cﬁ ﬂkenorg&mc Hquidiphdseto aspect,

t he proce ri ed,out disco ousl / /0 215 In yet a.
further E?)(é ,teﬁdpﬁlaﬁ"ﬁﬁ}?mg@es% ueY ?{Fl-ﬂ ii%é;@%}ge{e rig §n°r1’§§h°oe

enpl oyed, firsbsolent 13k ckdhn m&rﬁémo%%qedoﬂd 81508, thheRPEnd Gbd fRfhd N

mul tiple repeats of step (e), be different. This allows the menbrane to

be chd¥enfirsbiilyetdarn dep Phmapbs @h%@rmM\mdecahlgﬁ tolusot framtwifile ubc raewbram ut e
reject| O-ncﬂcogen f3r (B (saeccblfld Ao I(tf:)I n?gy b%fchgsgg tooprrgwg h%gh%lu aihas eto

It is understood that the at least one first solvent may be replaced by a first mixture of
solvents, or the at least one second solvent may be replaced by a second mixture of
15 solvents, or both first solvent and second solvent can be replaced by a first mixture of
solvents and a second mixture of solvents respectively, such that the first mixture of
solvents and the second mixture of solvenis vary in composition, without materially

affecting the nature of the invention.

20  In yet further cases there may be more than one solute present in the organic liquid, and
more than one of these solutes may be retained at the first surface of the membrane
employed. In yet other cases, there may be more than one solute present in the organic

liquid, only some of which are retained at the surface of the membrane.

25 We have found that in some cases during the membrane separation steps (b) or () the
solute can attach itself loosely to the membrane surface. In these cases it can be readily
washed off using fresh second solvent provided in the subsequent step (c) or (£f). We have
also found that in some cases during membrane separation steps (b) or (e) the solute can
begin to form crystals or other solids as solvent passes through the membrane and solute

30 concentration in the retained liquid rises. In these cases the solids may be re-dissolved in

the fresh second solvent added during a subsequent step (c) of ().




be contacted with the nmenbrane. By way of non-limting exanple, where
toluene is the first solvent to be exchanged for net han8lSepsmbes2@dnd

sol vent, the nmenbrane used for the 10 first filtration step (b) may be
chosen to provide a high toluene flux, while the nmenbrane chosen for the
second fildnatdsgn step (e) may be chosen to provide aphigBo@ithanol f1 ux.
It is understood that the at |east one first solvent nmay be replaced by a
first mxture of solvents, or the at | east one second solvent nay be
replaced by a second mixture of 15 sdlvents, or both first solvent and
second solvent can be replaced by a first m xture of solvents and a second
m xture of solvents respectively, such that the first mxture of solvents
‘and the second m xture of solvents vary in conposition, without materially

af f ect i ng@tYyba Auher grcbired paboginsph ithsrmemlyage mpe be pagkiinghed ysisg sitksier e nay be
nore tha r Bt he ' hqui d, and nore than one of
-t hese SO{’S&%@O@%&JE@%@%{Z@%&Q{H %‘él%?rﬁgérggéufrl ace of the nenbrane
enployed. In yet other cases, there may be nore than one solute present in

t he organﬂnc l@/‘lé‘ﬂ'ﬁllﬁd’ onlﬁles_orre_of which are retained at the surface of the

 menbr ane. 028t T 8SPPeufi IRYREOG WaY; berapniisd de selvat sychapgss whgsiathe

separ at i QostERN *coktSihin Gy ' 9sely to the
menbr ane S%IH# acﬁzlgl.ld nt@rﬁecg]é caggge fut%p%:dﬁlcﬁhe regé%’l?%%%/\%@ﬁjé%a% iind ufél ng fresh

second sciyntbesis ipaction amtiwheneih fitds dashacbigueechiangd @bvefiis o @sechid solvéat faimne al so

found that,,i,n.sonqe cases durjng nmenbrane separation steps (b) or (e) .the

sol ute cd?@c%tB%FﬂEtFﬁg??ﬁ’%?lb%egé?@%P"%@W&S"Wﬁp&@e%s sol vent passes

t hrough the nenbrane and solute 30 concentration in the retained |iquid

rises. In these cases the solids nay be re-dissolved in the fresh second

sol veh® duldene chses ihman be nbesaydnhes bepool de cganidf JquiBprie pd enzet wEH05, WO

02/ 076588, PCT/ 02/.01%16 In%e a further, preferred enbodi nent, the
menbr ane “WaiPBE AR R RS HBY of & nEOfeF%SFFeP’W v ftsigllisgioa 1s cmpiexidy

deposi t e@olWiﬂ%&@enﬁéﬂhﬁd@,r@%Y bloVX useBul 1O hdt@ theRed o sHEnt ?ﬁ&e&tstegg he
may

i nvention e appliedto solvent exchanges wherein th organic liquid
m xt ure €OrE &) thwinemasing soBte whibility tand thén tcheubsajuently deersask tenfpemtmran or gani ¢

following steps (¢) or () to effect crystallisation.

15
Preferably the solute will have a molecular weight of above 200 Daltons; yet more
preferably above 300 Daltons, and yet more preferably above 400 Daltons.

The solvents will be chosen with regard to solubility of solutes, viscosity, and miscibility
20  with other solvents, among other factors such as cost and safety. Suitable inert solvents
are numerous and well known to those skilled in the art. By way of non-limiting example,
suitable solvents include aromatics, alkanes, ketones, glycols, chlorinated solvents, esters,
ethers, amines, nitriles, aldehydes, phenols, amides, carboxylic acids, alcohols and dipolar
aprotic solvents, and mixtures thereof. |
2 |
By way of non-limiting example, specific examples of solvents include toluene, xylene,
benzene, styrene, anisole, chlorobenzene, dichlorobenzene, chloroform, dichloromethane,
dichloroethane, ethyl acetate, methyl ether ketone (MEK), methyl iso butyl ketone
(MIBK), acetone, cthylene glycol, cthanol, methanol, propanol, butanol, hexane,
30 = cyclohexane, dimethoxyethane, methyl tert butyl ether (MTBE), diethyl ether,
adiponiuilg*, N,N dimethylfomamide, dimethyl sulfoxide, dioxane, nitromethane,




~synthesis reaction and wherein it is desired to exchange solvents to a
second solvent from which the solute will be crystallisd&®Bepemer 2005urify

the solute species. 10 In sone cases it may be necessary to heat or cool

the organic liquid prior to contact wwth the nmenbrane in steps (b) or (e).

For casesyg#ponsgeh a crystallisation is enployed fol bepcRekegakvent
‘exchdgge, it may prove useful to heat the second solvent prior to steps

(c) - or (f), thus increasing solute solubility, and then to subsequently
decrease tenperature following steps8(c) or (f) to effect crystallisation.
15 Preferably the solute wll have a nol ecul ar wei ght of above 200 Dal tons;

yet nore ppfobbiad| Yy ahay ecablh [LALIARS . BB ddRiral0 NemehGl %yﬁ@ idongbove 400

Dal tons. The solvents will be chosen with regard to sol ubilTity of sol ut es,
Vi SCOSi ty,acﬁ%ﬁhlﬁ sigiepiand mixturesibergdft h ot her sol vents, anong other factors
such as cost and safety. Suitable inert solvents are numerous and wel |
known to those skilled in the art. By way of non-limting exanple,

sui t abl e gtk vieRibfank BE theGeesatt AvRhtichSan Bk K@ﬂ%ﬁsed‘i@h&ﬂ%mce%ﬂ?ﬁiysofﬁéﬂ ori nat ed
solvents, esters, ethers, amnes, nitriles, aldehydes, phenols, am des,
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di chl or obgemestg, chl orof orm di chl oronet hane, dichl oroet hane, et hyI
acetate, nmethyl ether ketone (MEK), nethyl iso butyl ketone (M BK), _
acetone, ethyl ene egcoI et hanol , net hanol, propanol, butanol, hexane, 30

g%/ﬁle?hexagﬁpom tri I e, Xﬁ%@%ﬁt@t@ﬁ{u{aﬁ mrf%’?ngedaeg% f%q\%? M@ Hlbda{ngf gigne
ni t r onkk hSmm,bleSnﬁeﬁn‘mmsbaﬁ hﬂﬁ@ﬁejemn.f héabRast Bﬁérédm@ gtdate? fHan 894)iyktr obenzene,

pyridine, carbo %’hsm fide, tetrahydrofuran, N nethyl ¥rro| | done
acet oni t r %€ PW%I" Y EEAG magt@/@ge%/m%@peferably greater "than 70%, yet more

preferably greater than 90% and yet more preferably greater than 99%.

The membrane of the present invention may be formed from any polymeric or ceranﬁc
15 material which provides a separating layer capable of preferentially separating the solute
from the solvent in steps (b) or {e). Preferably the membrane is formed from or comprises
a material selected from polymeric material suitable for fabricaiing microfiltration,
ultrafiltration, nanofiltration or reverse osmosis membranes, including polyethylene,
polypropylene, polytetrafluoroethylene (PTFE), polyvinylidene difluoride (PVDEF),
20 polyethersulfone, polyacrylonitrile, polyamide, polyimide, cellulose acetate, and mixtures
thereof. The membranes can be made by any technique known to the art, including
sintering, stretching, track etching, template leaching, interfacial polymerisation or phase
inversion. Yet more preferably the membrane is prepared from an inorganic material such
as by way of non-limiting example silicon carbide, silicon oxide, zirconium oxide,
25  titanium oxide, or zeolites, using any technique known to those skilled in the art such as

sintering, leaching or sol-gel processes.

In a preferred aspect the membrane is non-porous and the non-porous, selectively
permeable layer thereof is formed from or comprises a material selected from modified
30 polysiloxane based elastomers including polydimethylsiloxane (PDMS) based elastomers,

ethylene-propylene diene (EPDM) based elastomers, polynorbomnene based elastomers,




The nenbrane of the present invention can be configured in accordance with
any of the 5 designs known to those skilled in the art, 8Secptender 3@i5 al
wound, plate and frane, shell and tube, and derivative designs thereof The
menbranes may be of cylindrical or planar geonetry. The nenbrane of the

present wuwenbésen nay be a porous or a non-porous nenpEaggezoike Suitabl e
menbranes will have a rejection for the at | east one solute greater than
0% vyet nore preferably greater than 40% yet nore preferably greater than
70% vyet nore preferably greater thah 90% and yet nore preferably greater
than 99% The nenbrane of the present invention may be fornmed from any

pol yneri ¢ pelyosténamiot based afBiners) pdiyirthald Hakalvélktsnads, SRMicAb 208 vigker capabl e
of preferentially separating the solute fromthe sol vent in steps (b) or

(e). Pref bntadipse fyhbermbaisd alastomers orarsdl Tubben dutyt cmlyher chaged glagtemersi al

sel ected I I t|n | tration,
ultrafil t&ﬂ? {Eﬂéﬁ% r%%@ﬁg}'[e%}a {gﬁéged'a%eﬁ %%%rl{ée\?%r lghgrso%% gﬂjg)bgm rﬂ?tel udi ng
pol yet hyl elaﬁomem,qbdlﬁﬂ@lmé,%@prdpﬂbﬂd, @bly&frbﬂlﬂﬁ'&ﬁyib)ﬁb Wﬂ)m%yildene

" pol yvi Ildene d|fluor|de PVDF) , ol yet her sul f one ol yacrylonitrile,
pol yam% V) ased Glaﬁ%eracmlzﬁt@r logdamidss (RERAX), et aspdureh e
rrenbranesﬂfépegﬂbe made by any techni que known to the art, including
~sintering, stretching, track etching, tenplate | eaching, interfacial

pol ynerisation or phase inversion. Yet nore preferably the nenbrane is

prepared froman inorganic material such as by way of non-]linmiting exanple
silicon chr wa‘zerreélasz’% Hhe gusTehwane,ompeines nTeoraiog Toerial eeleRiuh ORI Mo, or

zeol i tes, oysi @sﬂ%n&%ﬁ@%ﬁ%’ﬁ#@?%@cg%@j%ﬁ:ﬁagg&s'ff‘ﬂoﬂnﬂ G%ﬁﬁ% @Uch as

si ntering, eac i ng or pre arred aspec
menbr alle slxeetaoﬁuqhotubwsmasiﬁbetts haaynbeﬂ r¢inforpad to dmdrexgd ithedr purstppesmaeDlfer | ayer

thereof is fo dfr rises..a nateri selected. fromnodified 30
pol ysi | ox‘é?ﬁﬂlpi?ng%d’vﬁrl E‘é‘ﬁ%@ﬁ’ €S USRE Jrgsgo Vgloﬁé’cl%V%SW BY FFYIYIRENE) based -
el ast omer §pporghdink &8 fireR¥¢lisene di ene (EPDM based el ast oners,

pol ynorbornene ased el astoners, * Septenber 2005. WO 02/ 076588

~PCTI GB02/ 01216 9

When the membrane comprises a non-porous layer and an additional component, the

15  additional component may be a supporting layer. The supporting layer may be a porous

support layer. Suitable materials for the open porous support structure are well known to

those skilled in the art of membrane processing. Préferably the porous support is formed

from or comprises a material selected from polymeric material suitable for fabricating

microfiltration, ultrafiltration, nanofiltration or reverse osmosis membranes, including

- 20 polyethylene, polypropylene, polytetrafluoroethylene (PTFE), polyvinylidene difluoride
(PVDF), polyethersulfone, polyacrylonitrile, polyamide, polyimide, and mixtures thereof,

Selectively permeable membranes useful for the present invention are disclosed in US
Patent Nos 5,205,934; 5,265,734; 4,985,138, 5,093,002; 5,102,551; 4,748,288; 4,990,275;

25 4,368,112 and 5,067,970. Preferred inembranes are produced by WR. Grace & Co and are
described in US Patent 5,624,166 and WO 00/06293.

- 'The rejection performance of the membrane may be found to be improved by pre-soaking
the membrane in one or more of the solvents to be used in the solvent exchange.

- 30

The process may be performed in a continuous, semi-continuous or discontinuous (batch




pol yoct enaner based el astoners, pol yurethane based el astoners, butadi ene
and nitrile butadiene rubber based el astoners, natural BulsEptmbebd9ds

rubber based el astomers, polychl oroprene (Neoprene) based el ast oners,

epi chl orohydrin el astomers, polyacrylate elastoners, polyethylene,

pol ypr opwaeena;zesgol yt et r af | uor oet hyl ene (PTFE), pol yvi pgticeermne2s di fl uori de
(PVDF) based el astoners, polyetherblock am des (PEBAX), and m xtures
thereof In a preferred aspect the nmenbrane conprises a reinforcing nmateri al
sel ected froman external nmesh and $Qipport. This is particularly

advant ageous for honogenous tubes or 10 sheets. Such tubes or sheets may be
r ei nf or cetlodedmamer.ease their burst pressure, for exanple by overbraiding
tubes using fibres of nmetal or plastic, or by providing a supporting nmesh
for flat sheets. Wen the nenbrane conprises a non-porous |ayer and an

addi ti onafheGRBRMRBY be pformta uéﬁlg | deb 2GR orcc%E-?faﬁ”ﬁmQ@ﬁ. he cfled WEGE! ting

| ayer. The supporting layer may be a porous support Tayer. Suitable :
mat er i al sdepdend fliratipreds pesddbs pespipo may dersupglied ahwogh weduitabinowaptod  t hose
skilled i e_ar f. menbrape ocessi ng., Preferably the porous support is
for msolg | f%ﬁgb?’ SE%SH%FPE &8 §F %é‘f“%p 8y °§'Ef| ‘%@F& &eSFgl’S&t‘béfeytrPé?We ﬁ%@%r i al

sui t abl e firsirsuffglalof hatmditbrandl crofiltration, ultrafiltration, nanofiltration
or reverse osnosis nenbranes, including 20 pol yet hyl ene, pol ypropyl ene,

pol yt etrafl uoroet hyl ene (PTFE), polyvinylidene difluoride (PVDF),

ol yet hergul jtrike ol 1 ol,yimde, a m_xt ures
!to he>r/eof. %I@%@%ﬁ%@ﬁ%@%&é}%ﬁ% Wg%tgg&'@ﬂ%q%ﬁ@;ﬁ rﬁletaﬁ‘?geﬁmgﬂ% % nvention
are di scltbssattingolgtic Batid brefeblyorefd 1RAS0%D 285 stédi; -of/gm%iiq&ia,%et 5,093, 002;
5,102 &51; 4,748, 288; 4,990,275, 25 4,368,112 and 5,66 , 970." Preferred
menbr Afle J00GF & SEgich hapd 0t o€ thegstatiingerganie diquideevenimad preferdldy Pat ent

5, 624, 16%‘%&?&%%{?@%%&@%%@%@%& on performance of the nmenbrane nay be

~found to be inproved by pre-so the nenbrane in one or nore of the

solvents to be used in the solvent exchange. 30 The process nay be
erformed,in_a continuou em.- cont i nuoys or di scontinuous (batch 8
ge pt enber %@n@@ WQP 59%3@8&3"“"5& by way of cxample only, with e 1 the

accompanying drawings in which:

15
Figure 1 is a schematic of an apparatus operating the process of the present invention,
Figure 2 is a schematic of an apparatus operating the proéess of the present invention,
Figure 3 shows graphs,
Figure 4 shows graphs,

20  Figure 5 shows graphs, and
Figure 6 shows graphs,

Figure 1 shows a schematic of one embodiment of the process. The organic Hquid mixtute
containing the first solvent and dissolved solute is fed (1) to a pressure cell (4) containing
25 amembrane (5), so that the organic liquid mixture is contacted with the first surface of the
membrane. Pressure is applied to the orgénic liquid through an inert gas (3). The organic
liquid above the membrane is kept stirred using a stirrer (2) to reduce fouling of the
membrane surface. A portion of the organic liquid passes through the membrane and exits
the cell (6). The second solvent is fed to the cell through line (7) via a pump (8). A second
30 pump (10) removes organic liquid from the cell through line (9). The process can be
operated with any of the flows through lines (1), (6), (7), (9) continuous, or discontinuous,




PCT/ GB02101216 10 node) manner. The process nmay be perforned using dead-end
or cross-flow filtration. In cases where dead-end filtr &tSeptember 28Ed t he
pressure nay be supplied through a suitable punp or 5 through a

pressuri zing gas, or through any other device designed to exert pressure at
the firswo&uwrdssce of the nenbrane. The portion of organicsodiige d renoved
during steps (b) and (e) nmay be greater than 30% of the starting organic
liquid, preferably greater than 50% of the starting organic liquid, yet 10
nore preferably greater than 70% of he starti ng organic |liquid, even nore
preferably greater than 80% of the starting organic liquid The invention

will now il h}(gsmﬂﬁbgdnd mgtpv\pkll\xigghﬂlé prEssungdsaequirey ﬂlngllhiﬁeﬁ)eTmmfece@@int he _

acconpanyj,n raw.ngs i.n ich: 15 Figure 1 i SC tic_of an, apparatus
 operat | neirenPRERdE SRdn e R RoR, Gisproe o FETHOR Ehemat | ¢ of
an appar ajsyosehe tdpeni: ﬂlﬁﬁmeé@m&h% tﬁab&uﬂfg%ﬁ&ﬁi‘ﬁlﬁbﬁ'&i?ﬁﬁgg&:ggﬁl%steﬁﬁﬁur e 3

shows graghs_, Figure 4 shows graphs, 20 Figure 5 shows and Figure
6 shows gagsien of Folegnt & forceth owieof shesuprairaliquid mixtwe es perbeett (@NThis stylehe

rocess. IThe or.ganic,liguw d mxture . containi t.he first sqlvent and
gi ssol ?ed(’tgo eﬁpgn gy §¢ giﬁ)(ufﬂm{% S%‘F%Eb'gﬁ?‘ﬁe E%ﬁngg‘f‘%?n CRFFAES SOEO8HY.a nenbr ane
(5), so thah thd'Bate HRBISS Hel @likedmby ehd i bR PN ALYEDIMLE BultlE of iest surface

of the nenbrane. Pressure is applied to the organhic liquid through an
i nert gasmembranerasdt becguas eoncentrgigd én tb oaentatt Hlawemtry trvdll povideptsobveitr r ed usi ng
a stirrer ce. foul i of. the nenbragne.surface. ,A portion of the
organi c I?Xéﬁ%ngg %atéggeis etq?grgaa%tﬂ?ﬁog%%ia@ﬁ%ss 3‘??@3 BsGng §ss SF??é‘dé%l\B ot 6) . The
second solvent is fed to the cell through Iine (7) via a punp (8). A second
- 30 punB (10) renoves organic liquid fromthe cell through line (9). The
procedy cHgpé sheypemgthacenpiodimenhsf the progess. flhe organin Houig miktineesntgining” (6), (7),

(9) cont i BUBHS so1Pdnt IhSHQ %sis&yé%f“ls%hte is fed (20) to a mixing tank (21) where second
solvent is added (23). The organic liquid mixture is recirculated (24) by a pump (25)

through a membrane module (26) containing a selectively permeable membrane (27). A
portion of the organic liquid permeates through the membrane under the pressure applied
15 by the pump and exits the module (28). The organic liquid concentrated in solute (29) is
returned to the mixing tank. Organic liquid containing the second solvent, small amounts
of first solvent, and solute, is withdrawn from the mixing tank (22). The process in this
example is operated as a cross-flow filiration process. In this configuration it is possible to
use the cross-flow velocity of the membrane to avoid the build-up of layers of solute on
20 the surface of the membrane. Any or all of flows (20), (22), (23), (24) may be continuoué

or discontinuous.

Figure 3 relates to Membrane Solvent Exchange of toluene for methanol using
STARMEM™ 122 as a membrane at 30 bar applied pressure, 20°C, and an initial
25 concentration of 0.01M TOABr. Rejection of TOABr was measured as > 99.9% for ail

filtration runs,

Figure 4 relates to Membrane Solvent Exchange of methanol for ethyl; acetate using
STARMEM™ 122 as a membrane at 30 bar, 20°C, and an initial concentration of 0.01M
30 TOAB:. Rejection of TOABr was measured as > 99.9% for all filiration runs,




8 Septenber 2005 WO 02/076588 PCTI GB02/ 01216 11 and by renovi ng and
reappl ying the pressure as required through line (3). Th& Sepeadss2005 this
exanple is operated as a dead-end filtration process. In this dead-end
configuration it 1is possible to operate the process in batch so that

duri ng eq@uziotdsés ati on stage a substantial fraction eéraphMesnt i1S forced
out. of the organic liquid mxture as perneate (6). This style 5 of
operation may |ead to | ower fluxes than the same configuration operated
continuously, as in the batch proce§s the solute may tend to build up as a
| ayer on the surface of the nenbrane as it beconmes concentrated in the

- retent at eFighlevievahites tot Matblan® ISoleleR:Rh@@k \6E thethano! for. o) G Qising t he sane
degree as_t he confi nuous process while using | ess second solvent. 10 Figure

2 shows anbtRYENEEdi anatrendrane 1gb3basi0s and pe inifia) sercentration pH0- MMt ur e
i gt acpABDReleeict o B s MEbAEL 1050 Bl Btothadhs. SERLERY | | 0,7

m xt ur e ifrindividualrimad R ehdwddon phts Belgwinp (25) through a menbrane nodul e (26)
- containing a selectively perneabl e nenbrane (27). A portion of the organic
l'i qui d5per meat es through the nmenbrane under the pressure applied 15 by the
punp and gxitS k i LA Q%;O;f . n solute
(29) is rgét“urne tsgBt gﬁ%&é?ﬁalvgﬁgﬁiﬂﬁ%ﬁgggi%&ﬂ#aﬁIfog C n%‘lgt%%ﬁ"gmghe second
sol vent , MBBEIQ assarmenibmne ef 30 bars 20°€phndest inithh dorwohttition of .00t TBIABWN from t he
mxing tank (.22)...The process in this exanple is operated as a cross-flow
filtrati %J#%@@Xﬁwsmw%wpéﬂ%@mﬁh raflgn BP¥ssi bl e to use the

cr 0ss- f1 oeViab b it ndvh e MRERbA Ltk Il Injn?%a rs of
solute on 50 t he surfa%e o? tﬁ% m%?‘gﬁggﬁ%&% l%ﬁhé;?‘?ﬂoo P%st g), (22),
(23), 1p24xamplesbe continuous or discontinuous. Figure 3 relates to

Menbr ane Sol vent Exchange of toluene for nethanol using STARMEM 122 as a

" menbrane at 30 bar applied pressure, 20C, and an initial 25 concentration
of 0. OIMEBOMRPIERe] ection of TOABr was neasured as > 99.9% for all

filtration runs, Figure 4 relates to Menbrane Sol vent Exchange of nethanol
for ethyl; acetate using STARMEM 122 as a nmenbrane at 30 bar, 20C, and an

initial gapgepfration of 0.01M
15
The solvent flux and rejection of various membranes is demonstrated in this example, The
solute is TetraOctylAmmonivmBromide (TOABr), MW = 546 Daltons. Membranes

selected for this study are listed in Table 1, showing membrane properties:

20 Table 1 — Membrane Properties (Manufacturer’s Data)
Manufacturer | Membrane | MW | Membrane Rejection

type cutoff | property (%)

Koch MPF-50 |700 |hydrophobic | 70 (Sudan IV, MW=384, in ethyl
| (USA) ' acetate)

Osmonics Desal-DK {350 | hydrophilic | 96 (Sucrose, MW=342, in water)

(USA) ‘

WR Grace 142A 220 | hydrophobic | 62 (2% n-decane, MW=142, in

toluene)
(USA) 142B 200 | hydrophobic | 74 (2% n-decane, MW=142, in

toluene)




30 TOABr. Rejection of TOABr was neasured as > 99.9% for all filtration
runs, 8 Septenber 2005. WO 02/076588 12 PCT/ GB02/ 01216 Fisdiepeeniber 206 es to
Menbrane Sol vent Exchange of nethanol for ethyl acetate using STARMEMt N
122 as a nmenbrane at 30 bar, 20C, and an initial concentration of 0.01M
TOABr. Reyeehoegs of TBABr was neasured as .> 99. 5% f opcphggodidibisr @t i on runs.
Rejections for individual runs R shown on plots below. Figure 6 relates to
Menbrane Sol vent Exchange of nethanol for ethyl acetate using MPF50 as a
menbrane at 30 bar, 20C, and an initiidl concentration of 0.01M TBABr.

Rej ection of TBABr is shown at base of plot for each filtration run. The

I nvent i on pyp- | REthbi r [ ko W
P T e et L e A A
rejection 16%3 wgmboanes prepapdaniag niethodegenerally daseribeil in UR iPatead&69d] 166 afthe  sol ut e
Is Tetra I ' r of} TOABr), MWN = 546 Dal tons. Menbranes selected
for thi sﬁ%gmgﬁf%dﬁa‘%aﬁ?ﬁ %1, showi ng menbrane properties: 20 Table
1--- Menbrane Properties (Manufacturer's Data)

Manuf act ur er Menbr aneMAVenbr aneRej ect i on t ypecut of f pr operty/ 0)
KochMPR 5&eousnrndfhees werodqtamingd uking andsBadcs/DasaldiBp) SERSATdew tall e)

b S IS I TR e T

active membrane area of 16.9 cm”, All experiments were carried out in a fume cupboard.

- The cell was pressurised with compressed nitrogen gas at pressures of 5-50 bar. The
volume of feed solution was 100 mL and the volume of permeate was measured with a
10 measuring cylinder. The solvent flux (J) was obtained by

na
Ar

where V is the volume of permeate (solvent), A is membrane area and t is time. This

2)

results in an “average” flux being arived at — in general fluxes were higher at the start of
an experimental run than at the end.

15
All experiments were performed using a starting concentration of solute (TOABY) of
2wt%. All toluene filirations were at 20°C, all other solvents at 30°C. 10 ml Wés retained

as permeate in each filiration and 90 m] withdrawn as permeate.
20 Results from these tests are shown in Table 2 below:

Table 2 — Results for flux and rejection. Fluxes are measured in L m? b at 30 BarG,
Solute Rejection of TOABr(R)is defined in equation (1).

Solvent ‘Toluene Methanol Ethyl Acetone Iso-propanol
Acetate

I Membrane |R(%) {Flux IR Flux |R Flux | R Fhx | R Flux

1424 99.8 | 349 |99.8 | 254 |100 |43.7 | 100 |66.7 | 100 |49

1428 99.7 148.6 {999 [197 [100 [57.3 {99.9 [1144]- -

| Desal DK unsiable 88.1 | 15.8 | unstable unstable - -




(USA) 142B200hydr ophobi c74 (2% n decane, MAMA142, in toluene) 8 Septenber
2005. WD 02/076588 13 PCT/ GB02/ 01216 MPF-50 and Desal - DK 8dtcptembai 2@ e from
menbrane suppliers. WR Grace 142A and 142B nenbranes prepared using

met hods generally described in US Patent 5,624,166 and WO 00/06293, both
to WVR G aeo2angsdo. 5 Retention and fluxes were deterpgnedowsiipg an

Gsnoni cs/ Desal (USA) SEPA- ST test cell Menbrane discs were cut from A4
sheets in circular discs 49 mmin dianeter, giving an active nenbrane area
of 16.9 cnR. Al experinents were carHied out in a fume cupboard. The cell
was pressurised with conpressed nitrogen gas at pressures of 5-50 bar. The
vol ume of| Jodedt sol LTslgehevas 10HaoRNd BthA VOl UNRcQbndPer MEad-grop@e] Teasur ed
with a 230 neasuripg cylinden. The soljyvent flux{(J) was gbtained by (2) J=
At where [V is the yolune of perneate (|s&eteént), A is nenfjrane areajand t is

time. Thi sttt 1 Uldg:" fHox b,lllg Hvet—at——1 er al ]

fl uxes vver%ém}‘?n gher}a qﬁ ?Stclrt of  an ‘expérineptal frun tt?gnd gtlgﬁha end. 15

Al'l experinents were performed using a starting concentration of Solute

(TOABr) of 2w% All toluene filtrations were at 20C, all other solvents

at 30C. 13amd ewtheseresiliseerch of these msatbemnemiscmithblé fort usatwithnatdlsast 968

W t hdrawn [g%l%ate 20 Results fromthese tests are shown in Table 2

bel ow. Table sI’for flux and rejection. Fluxes are nmeasured in L

m 2 h71 at 30 BarG Solute Rejection of TOABr(R)is defined in equation

()., Sol vent Tol ueneMet hanol Et hyl Acet onel so- pr.opanol _ L
EXAMPLE 2

The overall solute recovery possible during a solvent exchange operation carried out
following the process of the inventioﬁ is demonstrated in this example. A solution of 2
wi% TOABr in toluene was used as an initial organic liquid. A 100 ml sample of fhis
10 organic liquid was filtered once using Membrane 1 so that 90 ml was withdrawn as
permeate and 10 mL remained as retentate. To this 10 mL retentate, 90 mL of fresh
second solvent was added. The filiration of the resulting 100 mL of organic liquid was
carried out using Metﬁbrane 2 so0 that 90 ml was withdrawn as permeate and 10 mL
remained as retentate. 90 mL of fresh second solvent was added to this retentate to
15 provide 2 100 ml final organic liquid containing TOABr solute. The recovery (W) of

solute in this fraction is defined as;

(FmalMassSolutemSecondSolvent)

X100%
(InitialMassSoluteinFirsiSolvent) ’

20 The concentration of toluene in the final organic lignid was less than 1 wi%. Data for

solute recoveries (W) are shown in Table 3.




‘Acet at e MenbraneR (% FlI uxRFl uxRFI uxRFI uxRFI ux

142A99. 834. 999. 825. 410043. 710066. 71004. 9 142 8 September 2005

B99. 748. 699. 919. 710057. 399. 9114. 4- - Desal

DKunst abl e88. 115. 8unst abl eunst abl e- 8 Sept enmber 2005 WD 02/ 076588 14

PCT/ GBO2/Mai@lBes80| vent Tol ueneMet hanol Et hyl Acet onel sorpr/apenatisAcet at e
MPF5096. 587. 7---97.4 15.1 Based on these results, each of these nenbranes
is suitable for use with at |east one _ solvent-solute conbinati on. EXAMPLE
2 The overall solute recovery possi bl ¥ duri ng a sol vent exchange operation
"carried out follow ng the process of the invention is denonstrated in this
exanpl e. Alablsi it Sdute PecavernW (5oT duidig spivent ckdhengs finmsa fisesbheest Gotudnait i al

organic liguid.~ A 100 m .sapple of .thi,§ .1 ot l¢ .liguid.was filtered
once usi ngaﬂ%gﬁﬁ)rtgﬁéecfngaol‘feﬁ 8%9 m&&@%ﬁ‘)ﬁﬂ&#ﬁ’?@é@@ agﬁ}fpr?ﬂglte’éts'and 10 niL
remai ned as retentate. To this 10 niL retentate, 90 nL of fresh second
~solvent was—added._The filtration of the resulting 100 m of organjc liquid
was car r|iMemlatesusi ng Menbr|a¥ecorgl Spbvenhat 90 nL was wi t hdrawn as pgrneat e
and 10 mMigrenainethasret te 90 —of-fresp—second-—solvent—was added
to this fofeRTaE: 1%&@wﬁfﬁ etigpol o nEtfyl Aqetate ~ [aeeiane | i dorkiovagel bi ni ng
TOABr solluyga The fegmaery (\We of Sphgige Tn thiggdracti gngkS deTThed as: W
N (Final NassSol ut e nSec}ondSoI yvent) ,100% (lnitjalMassSollutei nFirst Sol vent)
20 The cqddeBtrati ph2B "t ol UMD in the6.Tinal orlg@B c |iqli-d was | ess than 1
WM %, Dat gior L

142B 979 98.8 979 -
1428 142A 94.8 96.7 96.7
1424 DK 463 N - -
142A MPF50 - - - 615
1428 MPF50 - . - 615

(1) Same membrane disc as used in first filiration.
-~ EXAMPLE 3

The process of solvent exchange is demonstrated in this example. The solutes are
TetraOctylAmmonivmBromide  (TOABr), MW = 546  Daltons, and

10 TetraButylAmmoniumBromide (IBABr) MW = 322 Daltons. Membranes used are
STARMEM™ 122 supplied by W.R.Grace, and MPF-50 from Koch Membrane Systems
(USA). STARMEM is a trademark of W.R.Grace. '

Retention and fluxes were determined using an Osmonics/Desal (USA) SEPA-ST test cell

15 Membrane discs were cut from A4 sheets in circular discs 49 mm in diameter, giving an
active membrane area of 16,9 cm®. All experiments weze carried out in a fume cupboard.
The cell was pressurised with compressed nitrogen gas at pressures of 5-50 bar. The
volume of feed solution was 100 mL and the volume of permeate was measured with a
measuring cylinder. The solvent flux (D was obtained by

V
20 ' J:-——
yr )

where V is the volume of permeate (solvent), A is membrane area and t is time. This




~solute recoveries (W are shown in Table 3. 8 Septenber 2005 WO 02/ 076588
15 PCT/ GB02/ 01216 Table 3 - Solute Recovery W (% duri ng8sebteatber 205hange
froma first solvent (toluene in all cases) to a second solvent (as shown

in Table). Solute is TOABr in all experinents. MenbranesSecond Sol vent
- Menbr anewIhR@bisggne 2Met hanol Et hyl Acet at eAcet onel so- PropaBmisi2is
142A142A96. 998. 898. 898. 8 142B142B95. 996. 795. 8- 142A142B97. 998. 897. 9
142B142A94. 896. 796. 7 142ADK46. 3-- 142AMPF50--61.5 142BMPF50--61.5 (1) Sane
nmenbrane disc as used in first filtrdfion. 5 EXAMPLE 3 The- process of
sol vent exchange is denonstrated in this exanple. The solutes are
Tet r aCct y tesnitsdm au feBe@ps” dhx(bEDARI)ved A ingeher@l Mxkd were higher at 1 start of
Tet r aBut yl Ammoni ur{%ro L de (. TBABr) MWN = 322 Dal tons. Menbranes used are
. STARMVEM 13%CREBFE bR RS9 ce, and MPF-50 from Koch Menmbrane Systens
(USA). STARMEM is a trademark of WR Grace. Retention and fl uxes were
determ ned usi ng an Gsnoni cs/ Desal (USA) SEPA-ST test cell 15 Menbrane
di scs wer @heselverrasphangesdinmesodvenhl toi soyei@rwek soged4st amfollowsdi amet er, gi vi ng
an 20 act} menbrane .area of 16.9 cnP. . Al |l experinents were carried out in
a furre%g ugégsé‘rlﬁl% @ﬂé“]c?g thn%go]lﬂt?@scgﬁ@n%ﬁowetaﬁﬁg W%@ﬁn‘i‘ﬁt‘?‘f%&en gas at
pressures of 5-50 bar. The .

retenfate volume of 20ml in the pressurised membrane cell;

_ (2) The membrane cell was depressurized, the 20ml retentate was made up to 100ml by
adding the solvent 2 and mixing well;
(3) Repeat steps (1) and (2) until the purity of the second solvent (measured using gas
10 chromatography) is judged sufficient.
| All filtration steps in this study were carried out at 30 bar applied pressure and room

temperature (around 20 °C).

Solvents, soluies and membranes employed are shown in Table 4 below:

15
Table 4 Solvent Exchanges
Exchange Solvent 1 Solvent 2 Membrane Solute
#1 toluene methanol STARMEM 122 | TOABr
#2 methanol ethyl acetate | STARMEM 122 | TOABr
#3 methanol ethyl acetate | STARMEM 122 | TBABr
#4 methanol ethyl acetate MPF50 TBABr
The results are shown in Figures 3 to6.

20

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system of

the invention will be apparent to those skilled in the art without departing from the scope




vol une of feed solution was 100 nL and the vol unme of perneate was neasured
with a neasuring cylinder. The solvent flux (3) was obt &iSepihmbyr 2005V At
(2) where Vis the volunme of perneate (solvent), A is nmenbrane area and t
is tinme. This 8 Septenber 2005 WD 021076588 16 PC s/ @B02/ 01216 results in
an "aver sged2/ofdssex being arrived at - in general fluxegcwesedizigher at the
start of an experinental run than at the end. The sol vent exchanges from
solvent 1 to solvent 2 were carried out as follows: (1) An initial 100 m
of starting solution containing solutl@ at 0.01M was concentrated to a
retentate volunme of 20m in the pressurised nenbrane cell; (2) The nenbrane

cel | was dejwpiitof thedentis A0 the iR aitivh dayBén naséﬁbmntc@nnk&mmw addi ng
t he sol ventﬁé an%_ m xing well; (3) Repeat ste %and (2) until the
purity of SREFEC %@@B‘PW nty, iedoudde ‘%ﬁrﬁ@ogzﬂ!ﬁl Inyertones sitagthy) i s
dged d out at
Judged subiogl 6B -boAkhaiy | i o LR Bedifle L] b?)dﬁﬁelﬂgsy \é\ﬁld%dca\én]oﬁ out a

30 bar applied pressure an round vents,

sol ut es anddifiestions néthe desotiedanbdas ﬁ)m!aﬁmig ou thkeibVeditién bich\wie dbviota ) € 4
- .Sol vent Eﬁ)@ha%(ﬂga hanp eSoI ven 1So| vent 2Menbr anesol ute

#1t ol uéne Sid figlslsareniradet ioyre witkinghe sORRVERR 22TOABr
. #3met hanofgab Mk oBGAL at eSTARI\/EM 122TBABr #4met hanol et hyl acet at eMPF50TBABr
The results are shown in Figures 3 to6.




20 Al'l "publications nentioned in the above specification are herein

incorporated by reference. Various nodifications and vaBiSapteatter 2005 he

descri bed net hods and systemof the invention will be apparent to those

skilled in the art without departing fromthe scope 8 Septenber 2005 WO

02/ 076588 PCT/ GB02101216 17 and spirifg of the invention. Although the

i nvention has been described in connection with specific preferred

enbodi nents, it should be understood that the invention as claimed should

not be unduA¥MiSi mted to such specific enbodi nents. |ndeed, various

nodi fications of the described nodes for carrying out the invention which

are obvious to 5 t hose skilled in chemstry or related fields are intended

. to be mﬁtpﬁy $C ngﬁjp foIlomnng Flalns 8 Septenber 2005. 18
CLAI VB 1 Bogm%‘” ?YW§&|?VPHEH§(PFP T RPN  onposi ti on conpri si ng

(i) at least ofe fijft¥dasSlVRikoivédti) at least one solute, and (iii) at

| east one second sol vent, to produce a nodified organic conposi tion in

whi ch t he conc@ntranmmmxﬁksmbe aid | east one first solvent is reduced and
the concentration of the at | east one second solvent is increased,
conpri si ng trmﬁ%kep%l%ﬁtm¥é$mﬁ¢8¥Y@%ng a sel ectively perneabl e menbr ane

having a f | ucéS urn}ogl%eed ohgémlﬁcor%cc?sntm in Whl(?lctﬁ? ﬁ%bérg%éﬁ%gé?} {aig:gst 38 ortion of

t he flrst OLOTVER rom t I R =T - oss the

menbr ane fp 6QRMMRGE irfificdd 8nd tHeSEonBE@RNbE o WA IdaitOfhechhdt btvdnk st
surface, wherein the pressure at the first surface is greater than the

pressur e iatreised @mpnsxdg tharsfepcef:
(a) providing a selectively permeable membrane having a first surface and a second
surface;
(b) transferring a portion of the first solvent from the first surface to the second surface
across the membrane by contacting the first organic composition with the first surface,
wherein the pressure at the first surface is greater than the pressure at the second surface,
and wherein the membrane is a selectively permeable membrane such that the membrane
'rejection (R) of the solute is greater than 0 %;
(c) adding a portion of the second solvent to the organic composition retained at the first

surface of the membrane.

2. A process according to claim 1 where the organic composition resulting from step (¢) is

further enriched in the second solvent relative to the first solvent comprising the steps of:

(d) providing a selectively permeable membrane having a first surface and a second

surface;

(e) transferring a portion of the first and second solvents from the first surface to the
~ second surface across the membrane by contacting the organic composition from step (c)

with the first surface, wherein the pressure at the first surface is greater than the préssure

at.the second surface, and wherein the membrane is a selectively permeable membrane

such that the membrane rejection R of the solute is greater than 0 %;

(f) adding a portion of the second solvent to the organic composition retained at the first

surface of the membrane in step (e).




and wherein the nmenbrane is a selectively perneabl e nenbrane such that the
menbrane rejection (R) of the solute is greater than 0 %Sepenbad2iddiy a
portion of the second solvent to the organic conposition retained at the
first surface of the nmenbrane. 2. A process according to claiml where the
organi ¢ conposition resulting fromstigp (c) is further enriched in the
second solvent relative to the first solvent conprising the steps of: (d)
provi ding a sel ectively perneabl e nenbrane having a first surface and a
second surX proegss peprdingaostamrli arglamPowtidrein a @brtiohef fdid st leandnseband
sol vents fron1the flrst surface to the second surface across the nmenbrane
by cont act {rAgsfere Tyttt seiss 4o thesprond sfase apopdhe magpbang he fir st
‘surface, wherein the pressure at the first surface is greater than the
pressure at the second surface, and wherein the menbrane is a selectively
per meabl e1. e plean fccosdid td Natm bve HRAD ARG, Jeﬁbﬁﬁﬁﬂ &ﬁclﬁinpﬁ ih RRicRahdit e i's
greater than. 0 % (f) adding a portion of the second solvent to the
or gani ¢ ctapp @ficontestinggha iorpadicatontphsitibn mith the weléaivelygferhéublenmehbane i n st ep
(e). 8 Septenmber 2005 19 3, A process according to claiml or claim2
wher ei n dP“BBVrHYFSéWeaP adding fesh Sé‘"a%“ﬁ‘ sghyentes ﬁ’?‘éﬂtedi upti] thgfppbeqneent®ienm t he
first Suroff%eeﬁtltsp sc}I\na- t Ichet%g %g a%.{ércf aﬁ%sﬁgn str% ? be nbr an ?ﬁmlneAd elx’h?egess

e en t he

accordi ng to clarm pen on C

steps of raemaa&mam&éﬁaamxganh@se@&mwehﬂ lg%émrgﬁlé&%m%ﬁh&?tl vel y perneable
‘menbrane under pressure and adding fresh second solvent are repeated until

the fi.nal concentratlon of the first solvent in the organic conposition is
reduced hel ow a etermned value _relative to the concentration of the

~second sof (ECEF aCtc ‘%rtﬁéhl% e Shplaas § imdsn &‘Penﬁ"ﬂbfr@@é‘é@ma%ébﬁh%é to claim
2, orcl %%}ﬁ m qﬁ ﬁieeggl rr%c [r?e(fﬁ!ﬂgdegﬂélé dm%mbrgne is use’d for covx\{gelzc% 1vermre than

one sel ectivel y perne consecut I've Nenbrane
flItratl@mmﬂia@eﬁumﬁmsﬁga{ocess according to any one of the preceding

~claims in which the first solvent is a first mxture of solvents.
6. A process according to any one of the preceding claims in which the first solvent is a

first mixture of solvents.

7. A process according to any of the preceding claims in which the second solvent is a

second mixture of solvents.

8. A process according to any one of the preceding claims in which there is more than one
solute present in the organic composition which is retained at the surface of the

membrane,

9. A process according to any one of the preceding claims in which there is more than one
solute present in the organic composition which is retained at the surface of the

membrane, and in which at least one solute is not retained at the surface of the membrane.

10. A process according to any of the above claims in which at least one solute present in

the organic composition attaches itself to the membrane or otherwise precipitates out of




7. A process according to any of the preceding clains in which the second
solvent is a second m xture of solvents. 8. A process a@Septhimbgr 2@05any one
of the preceding clains in which there is nore than one solute present in
the organic conposition which is retained at the. surface of the nenbrane.
9. A process according to any one of jhhe preceding clains in which there is
nore than one solute present in the organic conposition which is retained
at the surface of the nenbrane, and in which at | east one solute is not
retai ned tht ctrthposgionfdacieg affiltritenneph aehi. re-iQsolfedb adtsonodiCidsH ise@nd 0 any of

- the above clains in which at | east one solute present in the organic
conpositﬁ@HmEPP&éH@§@FW%%ﬁ$ to the nmenbrane or otherw se precipitates out
of 8 Septenber 2005. 20 the conposition during a filtration step, and is
re-di ssolved by addition of fresh second solvent in a subsequent step. 11.
A process;1ack Qhrébeftd adBr@RY &Ry Unet mt}ﬁrﬁ@@éaid%gclﬁirﬁy Uherhenf! &tggrﬁ@ organt c

conposition containing the first solvent” and at | east one solute result

from an owoggnsigon sgntdimegitise fistiedlvoin and 2t leAsthe el readic Goal digorgmiany one of
the preceding.clains wherein at | east one organic solute is separated from:
the or garvBthesdigseiofi on produced fromthe process by crystallisation. 13.

A process according to any of the above clains in which the solute has a

nol ecul ar wei ght above 200 Daltons. 14. A process according to any of the

above cl aimB grétc¥dicehrdind8o 80 BiofMBS pRcdlLGMhR wheldil SNEasPBRV &R0 Dal tons.

15, A process according to any of the above clains in which the solute has
a nol eculsakte weisghtatabdioen 406 ofmnicokempdsBion Arogdnecle §smadeoprhicesy bp any of
t he above clains in which the first or second solvents are independently

chosen ffﬁﬁ#@F%%ﬁ%ics, al kanes, ketones, glycols, chlorinated sol vents,

esters, ethers, amnes, nitriles, aldehydes, phenols, am des, carboxylic
aci ds, al cohols and

13. A process according to any of the above claims in which the solute has a molecular

weight above 200 Daltons.

14. A process according to any of the above claims in which the solute has a molecular

weight above 300 Daltons.

15. A process according to any of the above claims in which the solute has a molecular

weight above 400 Daltons.

16. A process according to any of the above claims in which the first or second solvents
are independently chosen from aromatics, alkanes, ketones, glycols, chlorinated solvents,
esters, ethers, amines, nitriles, aldehydes, phenols, amides, carboxylic acids, alcohols and

dipolar aprotic solvents, and mixtures thereof.

1'7. A process according to any of the above claims in which the first or second solvents
are independently chosen from toluene, xylene, benzene, styrene, anisole, chlorobenzene,
dichlorobenzene, chloroform, dichloromethane, dichloroethane, ethyl acetate, methyl
cther ketone (MEK), methyl iso butyl ketone (MIBK), acetone, ethylene glycol, ethanol,

methanol, propanol, butanol, hexane, cyclohexane, dimethoxyethane, methyl tert butyl




di pol ar aprotic solvents, and m xtures thereof. 17. A process according to
any of the above clainms in which the first or second sol ¥&epembar 2005

i ndependently chosen fromtol uene, xylene, benzene, styrene, anisole,
chl-orobenzene, dichl orobenzene, chloroform dichl oronethane,

- di chl oroet hane, ethyl acetate, nethyl,, ether ketone (MEK), nethyl iso butyl
ketone (M BK), acetone, ethylene glyégl, et hanol , . net hanol, propanol,

but anol , hexane, cycl ohexane, di nmethoxyethane, nethyl tert butyl 8

Sept enber BAOMTRE), alchst oMl BEbonifi&IVY d8h&8YIfonDeHiBO With&thl Sulthhiad)

di met hyl f omam de, di nethyl sul foxide, dioxane, nitronethane, nitrobenzene,
pyri di ne, digzatieo mitchingthahié,deifrob@tzemah peridiher earborNdisniidhy tetrplyydrefluiad oive,
acetonitrile, water, and m xtures thereof. 18. A process according to any
of the ab%’gy]cﬂyé‘i’oﬁémiena‘iﬁfﬂnéﬁlet Hates apdrixtvies (resal-neabl e menbrane has
cylindrical or planar geonetry and is configured as spiral wound, plate and
frame, shell and tube, or derivative designs thereof. 19. A process

accor di ng18. o\ pi¥esdfacddd@in@bOMEy &1l thé BRovR®hifs ANEhRE hDEecRlel} BEnlEBRRIBT ane
separation steps is operated in a dead-end filtration node. 20. A process
accor di ngmewbragg/hagfeyiinveicayo pngl geomrstrwviherie carfigued asgpiel wbutdhglatwentr ane
separatiog steﬁ IS o.erq%fd in a cross-flowfiltration node. 21. A process
accor di ng 8% &N B e oLtsEyd e dsiiEs thetedthi ch the sel ectivel y permeabl e
menbr ane separates solutes with nol ecul ar wei ghts greater than 200 Dal t ons
from sol t i . I i l, e han 200 Dal t.ans. 22. A process.
accor di ngygt?% %ﬁ%s%)?cc'tgﬁ%%g%g\% Oﬁ\ﬁlgigﬁé‘%l crllau\?ﬁ iv%:hﬁlaet%lg Oge et tﬁ\g%fnﬁmpgrn freabl e
menbr ane spgradal ©s SOk ialdbadTBldeRIhiain M&ieght s greater than 300 Dal tons
from solvents with nol ecul ar weights | ess than 300 Daltons. 23. A process
according to any of the above clains in which the selectively perneable
menbr ane 30s Afperstladepuingdto poy pie iabovgrclaims sl amatoemiosd of tBdmebpnocess

according to any of .the abave clains jn which the selectively perneabl e
menbr ane TRAFLITREDS 5 G IEGﬁB’F?“QB‘ngtrWé’P‘idSi sel ected from pol ymeric

material suitable for fabricating mcrofiltration, ultrafiltration,
nanof i | t rat A0 toQss h&EHEinStoOmY DT tiRe above claims in which the selectively permeable

membrane scparates solutes with molecular weights greater than 200 Daltons from

solvents with molecular weights less than 200 Daltons.

22. A process according to any of the above claims in which the selectively permeable
membrane separates solutes with molecular weights greater than 300 Daltons from

solvents with molecular weights less than 300 Daltons.

' 23. A process according to any of the above claims in which the selectively permeable

membrane is formed from a polymeric or ceramic material.

24. A process according to any of the above claims in which the selectively permeable
membrane is formed from or comprises a material selected from polymeric material
suitable for fabricating microfiltration, ultrafiltration, nanofiltration or reverse osmosis
membranes, including polyethylene, polypropylene, polytetrafluoroethylene ‘(PTFE),
polyvinylidene difluoride (PVDF), polyethersulfone, polyacrylonitrile, polyamide,

polyimide, cellulose acetate, and mixtures thereof.




menbr anes, including polyethylene, polypropyl ene, polytetrafluoroethyl ene
(PTFE), polyvinylidene difluoride (PVDF), polyethersulf@rsptember 2005

pol yacrylonitrile, polyam de, polyimde, cellulose acetate, and m xtures

t hereof. 8 Septenmber 2005 22 25. A process according to any one of the
precedi ng clains wherein the nenbrane2 consists essentially of a polyimde
pol ymer based on any of the follow ng:“ (i) a polyner based on

5(6)-am no-1-(4' -am nophenyl)-1, 3-trinethylindane and benzophenone
‘tetracar boxyhiGo@sd dicofdiha tRaMObYTBF 1M $leclideOliBhis wherein the membrang .

(4-am nophenyl) -2, 3-di hydro-1,3,3 (or 1,1,3)-trinethyl-1H inden-5-am ne
and 5,5' - cansboregiepiiglyl of 3-pobahidn palfymeahdedoeany(dfithc) foRowiagpol yner derived from
the co-condensation of benzophenone 3,3',4,4'- tetracarboxylic acid

di anhydri & an8°imsi xbasek oF HPlaviseindpaeinpphenydt hxtneidindsicuand  di ani ne

- of the COE&&&@&H&%QQnQQ%EQﬁ%%Q }es, 4,4' -net hyl enebi s (phenyl isocyanate)
and toluene diisocyanate;” (iVv)’ a copolyner derived fromthe

co- condenggtd %ﬂyrﬁér whith BltbBeN @0 mknckhenyt)-23Gidydrddl B ur ; gfgrone with
5,5'-carbggyl is[1,3-isg%e%ggfuréﬁhigﬁzr, 1?éfg%?gé%€é%§§g;n§P#§PLyIbenzene
and 2, 4- dindee8ypanratand I5;5retthydyiie ni ShieobeRbifurdAndiordcess accordi ng to any of
clainms 1-23 in which the selectively perneable nenbrane is fornmed from or
conpr i sesU [farebqlypers dprdvede fory dha Forcerdaratiopnpk tieatorhapape abp et for

oS L 1 e {1 ARG R R R € Sl ) U Ao GO (SABE U (Bl 20"

oxi de, _zirconi um ox I'tanium oxi de, a

accor di ngdib@ireny e cdﬁb@p@ﬁ%%ii%@hﬁﬁes‘, A, 4cAR1dn b8 SRRtk hatdIehaEabl e
menbrane is a conposite nenbrane. 28. A procéss according fo any one of
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26. A process according to any of claims 1-23 in which the selectively permeable
- membrane is formed from or comprises a material selected from a ceramic material
suitable for constructing microporous membranes including silicon carbide, silicon oxide,

zirconium oxide, titanium oxide, and zeolites.

27. A process according to any of the above claims in which the selectively permeable

membrane is a2 composite membrane.

28. A process according to any one of claims 1-23 in which the membrane is non-porous
and is formed frdm or comprises a material selected from modified polysiloxane based
¢lastomers including polydimethylsiloxane (PDMS) based elastomers, cthylene-propylene
diene (EPDM) based elastomers, polynorbornene based elastomers, polyoctenamer based
clastomers, polyurethane based elastomers, butadiene and nitrile butadiene rubber bésed
elastomers, natural rubber, butyl rubber based clastomers, polychloroprene (Neoprene)
based elastomers, epichlorohydrin elastomers, polyacrylate clastomers, polyethylene,
polypropylene, polytetrafluoroethylene (PTFE), polyvinylidéne difluoride (PVDF) based

elastomers, and mixtures thereof.
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el astonmers, pol yethyl ene, polypropyl ene, polytetrafl uoroethyl ene (PTFE),
pol yvi nyl i dene difluoride (PVDF) based elastoners, and m xtures thereof. 8
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clains wherein the nenbrane conprises a reinforcing material selected from
an external nesh and support. 30. A process according to any one of the

pr ecedi ng2%| Aimmecewharceidng fveanyeodsr afthei gea@ding oilgims ivlerdie nhy armbeAapri sing a
porous support and at | east one non-porous layer. 31. A process according
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polyacrylonitrile, polyam de, polyimde, cellulose acetate, and mxtures

thereof. 32. A process according to any one of the preceding clains wherein

the process is perforned in a continuous manner. 33. A process according
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Exanpl es ¢ ), polyethersulfone, polyacrylonitrile, polyamide, polyimide, cellulos¢ acetate, and

mixtures thereof.

32. A process according to any one of ‘the preceding claims wherein the process is

performed in a continuous manner.

33. A process according to any one of claims 1 to 31 wherein the process is performed in

a discontinuous manner.

34. A process according to any of the preceding claims in which the membrane is pre-

treated by soaking in a constituent of the organic composition prior to use.

35, A process according to any one of the preceding claims wherein backflushing of the

membrane using either solvent or gas is used to improve membrane flux.

36. A process as substantially hereinbefore described with reference to any one of the
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